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EDITORIAL

Evolution and Reflection

Laboratory Medicine 2022;53:5; https://doi.org/10.1093/labmed/Imab112

Something Old, Something New
This issue of Laboratory Medicine introduces changes that include the
ninth cover design for the journal since its inception in 1970, and the
first redesign since 2012. At 10 years, the previous “Lab Medicine” cover
was the longest running cover design in the journal’s history, eclipsing
the original and “LABMEDICINE” covers, both of which lasted 8 years.

This new cover design incorporates certain features of past designs
yet represents an entirely new look for the journal. Perhaps the biggest
change is that the title has reverted to its original “Laboratory Med-
icine,” the name under which the journal has always been registered
with the National Library of Medicine. The title on the cover was
changed to LABMEDICINE in 2004, but now returns to its original,
more stately and complete form. The basic color scheme remains the
same as the previous design, with the formality of a black background,
along with the dark blue-highlighted “Medicine” in the title, which
also has returned to the top of the cover. The cover image now extends
to the left and right borders. Subtle changes have been made to the
formatting of papers published in the journal, to improve readability
and aesthetics. The text has been slightly compressed to accommodate
more articles, as the number of submitted manuscripts continues to
climb commensurate with the steadily improving Impact Factor for the
journal.

I sincerely hope you like the new look and share my pride in Labora-
tory Medicine.

A Momentous Milestone

The year 2022 marks the 100th anniversary of the American Soci-
ety for Clinical Pathology (until 2001, the organization was called the
American Society of Clinical Pathologists). The centennial will be cel-

ebrated in several ways throughout this year, reaching a climax at the
ASCP Annual Meeting Chicago, IL, September 6-8, 2022. The Society has
much to celebrate in its 100-year history. Dr Fred Rodriguez, a former
ASCP President, and Dr John Ball, former ASCP Executive Vice Presi-
dent, compiled an impressive list (Lab Med 2007;38:596-601) of ASCP
“firsts,” including:

The first certifying agency for laboratory personnel, the Board of
Registry, created in 1928

Creation of the American Board of Pathology in 1934

Creation of the College of American Pathologists in 1946

Election of Dr Emma Moss as president of the ASCP, the first female
president of any national medical organization

Creation of the National Accrediting Agency for Clinical Labo-
ratory Sciences (NAACLS), formerly the ASCP Board of Schools,
in 1973

Creation of the Resident In-Service Exam (RISE) in 1983
Accreditation of the Board of Registry by the American National
Standards Institute (ANSI) in 2007

Throughout its history, the ASCP has been the premier profes-
sional organization for pathology and laboratory medicine, true to
their founding goal to “achieve greater scientific proficiency in clin-
ical pathology, and to maintain the status of clinical pathologists
on an equal plane with other specialties.” On behalf of the Edito-
rial Board, editorial office, and Oxford University Press, our pub-
lisher, I extend my sincerest and heartiest congratulations to the
leadership and members of the ASCP for reaching this momentous
milestone.

Roger L. Bertholf, PhD
Editor in Chief

© American Society for Clinical Pathology, 2021. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

www.labmedicine.com
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'Department of Biotechnology, Kyoto Institute of Technology, Kyoto 606-8585,
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Laboratory Medicine 2022;53:6—11; DOI: 10.1093/labmed/Imab043

ABSTRACT

Background: Bilirubin is a catabolic product of heme metabolism
that circulates in the bloodstream in its unconjugated or glucuronide-
conjugated form. Because the accumulation of bilirubin in the blood
is a common symptom of liver diseases, its measurement in plasma
(serum) is important for the diagnosis of these diseases.

Method: We developed a method to assess total bilirubin levels in se-
rum and urine, using the fluorescent protein UnaG and (3-glucuronidase.

Results: Our results indicate good correlation in serum total biliru-
bin levels between UnaG and the conventional bilirubin oxidase (BOD)
methods. We found low levels of conjugated and unconjugated biliru-
bin in the urine of healthy subject individuals. Urinary bilirubin levels
were elevated in patients with liver or bile duct diseases. A simple
spot test of bilirubin using serum and urine showed a strong signal in
patients with liver diseases.

Conclusion: The proposed method to assess bilirubin levels in serum
and urine will contribute to the accurate diagnosis of health conditions
such as jaundice, anemia, and liver disease.

Bilirubin is a yellow pigment and the catabolic product of heme metab-
olism, which is formed by the breakdown of heme in hemoglobin, my-
oglobin, cytochromes, catalase, peroxidase, and tryptophan pyrrolase.’
Bilirubin circulates in the bloodstream in its unconjugated insoluble
form (indirect bilirubin) or glucuronide-conjugated soluble form (direct
bilirubin).”* Serum bilirubin is mostly unconjugated and is tightly bound
to serum albumin. It is taken up by hepatocytes and is conjugated with
glucuronic acid by the enzyme 3-glucuronyltransferase, producing con-
jugated bilirubin. This process is clinically important because bilirubin
accumulates in body tissues and is elevated in the blood of most patients
with jaundice. The accumulation of this substance in the blood is a com-
mon symptom of liver diseases.** Thus, bilirubin in plasma (serum) has
potential as a marker of these diseases. The accurate measurement of
blood bilirubin levels is also important, particularly in the treatment of
neonatal jaundice, because the decision to initiate or discontinue treat-
ment is often based on bilirubin levels.””

Most bilirubin is secreted into bile and delivered into the small in-
testine. After several modifications, the metabolite, urobilinogen (or
urobilin) is excreted by the kidneys into urine.”® Normal urine contains
as much as 4 mg urobilinogen per day; excessive amounts of urobilinogen
in urine indicate hepatic damage and increased red blood cell (RBC) de-
struction. Accompanied by an increase in excreted urobilinogen, bili-
rubin levels in urine may be elevated by several diseases, including he-
molysis, as well as hepatic and renal dysfunctions.” However, because
individual laboratories establish their own normal reference values and
the data obtained are dependent on the method performed, this is not
a reliable index of diseases.®” Thus, a suitable method for measuring
urinary bilirubin has not yet been established.

The eel fluorescent protein UnaG binds with high affinity to biliru-
bin""'% thus, the quantification of bilirubin in tissues and serum by the
reaction of UnaG with heme oxygenase has been suggested as a use-
ful application. We previously reported a simple and sensitive assay of
heme oxygenase activity."® Other investigators'*'” also demonstrated
the use of UnaG to measure unconjugated bilirubin in serum. We have
continued our research on the availability of UnaG for bilirubin assays
and herein describe a simple method to measure total bilirubin levels in
serum using only a small amount of serum (<1 pL) and UnaG. Urinary
bilirubin levels markedly differed between patients with liver diseases
and healthy subjects.

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,

please e-mail: journals.permissions@oup.com

www.labmedicine.com
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Materials and Methods

Control urine specimens were obtained from healthy volunteers (age,
12-70 years). Also, urine specimens were obtained from patients with
liver diseases or bile-duct neoplasms, and all serum specimens were
obtained from Toyooka Hospital (Hyogo, Japan). All subjects enrolled
in the present study provided informed consent; the study protocol was
approved by the Ethics Committee on Human Research of Toyooka Hos-
pital.

Serum (1 pL) or urine (1-25 pL) was placed in the wells of a 96-plate
analyzer, and was diluted with 50 mM Tris-HCI, pH 8.0, at the final
volume of 100 pL. The mixture was incubated without or with 1 unit
of E. coli B-glucuronidase (Wako Pure Chemicals Co., Tokyo, Japan)
at 37°C for 30 minutes, followed by incubation with UnaG (100 pg
of protein)."”"® The fluorescence of the unconjugated bilirubin-UnaG
complex was directly measured using an Enspire Multilabel Reader
(PerkinElmer, Inc). The fluorescence was examined at 530 nm, with
an excitation at 480 nm.

For spot testing of bilirubin, 1 puL of serum or urine treated
without or with B-glucuronidase was incubated with UnaG (10 pg
of protein) in 50 mM Tris-HCI (pH 8.0). An aliquot of the mixture
was drawn and spotted onto filter paper, which was then exposed
to a Fluoro blue/green LED lamp (Nippon Genetics Co.). Total and
conjugated bilirubin levels in serum specimens were also examined
using the bilirubin oxidase (BOD) method (Kanto Chemicals
Co0.).'®" The difference in absorbance at 450 nm plus/minus BOD
was examined with a ND100 spectrophotometer (Thermo-Fisher
Scientific Inc.).

In case of the examination of urinary bilirubin, a urinalysis dipstick
test for urobilinogen (Uropaper o III, Eiken Chemicals Co., Ltd.) was
performed as a reference. Creatinine (Cr) corrections were performed
for the aforementioned values using urinary Cr with a colorimetric
method (Cayman Co.).

A statistical analysis (¢ testing) was conducted with GraphPad Prism
software, version 5.02 (GraphPad Software, Inc). Correlation of total bil-
irubin level between the UnaG method and BOD method was assessed
by Spearman rank correlation coefficient. P <.05 was considered statis-
tically significant.

Results

Deconjugation of Conjugated Bilirubin

UnaG was incubated with some forms of bilirubin, followed by
measurements of the UnaG-bilirubin complexes by a fluorometer, and
was shown to bind to unconjugated bilirubin but not conjugated bili-
rubin or the artificial-conjugated bilirubin, known as ditaurobilirubin
(Supplemental Figure 1). Therefore, the deconjugation of conjugated bil-
irubin is required to assess total bilirubin levels in serum with UnaG.
A previous study report'® stated that Escherichia coli p-glucuronidase ef-
fectively hydrolyzed conjugated bilirubin into bilirubin and glucuronic
acid at an alkaline pH.

Serum was incubated with E. coli f-glucuronidase at 37°C to hy-
drolyze conjugated bilirubin. The formation of UnaG-bilirubin in
B-glucuronidase-treated serum increased in a time-dependent manner
and reached a plateau at the 15-minute incubation (Supplemental Fig-
ure 2A). To confirm the loss of conjugated bilirubin by -glucuronidase,
we examined the BOD-dependent oxidation of conjugated bilirubin be-
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cause BOD oxidizes conjugated bilirubin to biliverdin at acidic pH but

16,17 .
B-Glucuronidase-treated serum was

not unconjugated bilirubin.
mixed with 0.1 M sodium citrate buffer (pH 4.0), and the mixture was
then incubated with BOD.

As shown in Supplemental Figure 2B, biliverdin was not produced
after the treatment of serum with [-glucuronidase. Thus, increases in
unconjugated bilirubin with UnaG were consistent with decreases in
conjugated bilirubin with BOD. The treatment of serum from patients
with alcoholic liver disease with 3-glucuronidase also increased the level
of the bilirubin-UnaG complex, in parallel with a decrease in conjugated
bilirubin (unpublished observations). Thus, the treatment of serum with
B-glucuronidase, followed by the UnaG method, enabled the quantita-
tive analysis of total bilirubin levels.

To assess the intraday and interday precision of the UnaG method,
3 serum specimens with different concentrations of total bilirubin were
used. The reference method used was the BOD method at neutral pH for
the measurement of total bilirubin. All coefficient variation values were
less than 10% (Supplemental Table 1).

The present method showed that the level of total serum bili-
rubin increased linearly with that of standard bilirubin up to 2 mg
per dL, using 1 pL of serum. In the case of higher concentrations
of bilirubin, the dilution of the specimen was required for the es-

timation.

Level of Bilirubin in Serum
Unconjugated bilirubin and total bilirubin levels in serum were assessed
using UnaG. Serum (1 pL) treated without or with B-glucuronidase was
incubated with UnaG, and the bilirubin-UnaG complexes formed were
measured using the fluorospectrometer. FIGURE 1A shows the level of
bilirubin treated without or with (3-glucuronidase in healthy subjects. In
total, 15% to 28% of total bilirubin consisted of conjugated bilirubin in
all specimens from healthy controls. In the control experiment, serum to-
tal bilirubin was measured with BOD under neutral conditions (pH 7.2).

The results obtained by analyzing 1 pL of serum via the UnaG
method were consistent with those by the conventional method (FIG-
URE 1B). Total bilirubin levels in healthy control serum specimens
were less than 0.3 mg per dL (FIGURE 1A), which was consistent with
the data obtained with the standard for the healthy controls.®

We then examined total bilirubin levels in serum specimens (0.05—-
1 pL) from patients with liver diseases who had obstructive jaundice.
These diseases included bile duct disease, alcoholic liver disease, hepatic
cancer, choledocholithiasis liver failure, and gallbladder disease. Total
bilirubin levels of those patients were markedly higher than those of the
controls (FIGURE 1A) and correlated with the levels obtained using the
enzyme method (R = 0.984828842; P <.001) (FIGURE 1B). Thus, less
than 1 pL of serum was sufficient to measure serum bilirubin levels via
the UnaG method. By using [3-glucuronidase, the UnaG method allowed
for simultaneous data to be obtained on total and unconjugated biliru-
bin. Due to the high specificity of UnaG for bilirubin, precise data on
total bilirubin levels were obtained from patients with liver diseases.
These results indicated that we simultaneously obtained accurate data
on conjugated and unconjugated serum bilirubin using a small blood
specimen (<1 pL).

Level of Bilirubin in Urine
Examination of urinary urobilinogen was the general method as a
marker of the excretion of the bilirubin metabolite. Bilirubin is gen-
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FIGURE 1. Comparison of unconjugated and total bilirubin levels in serum by UnaG and bilirubin oxidase (BOD) methods. A,
Serum specimens from healthy control individuals and patients with liver diseases treated without or with (3-glucuronidase

(1 unit) were incubated with UnaG (50 pg of protein) at 37°C for 5 minutes. Fluorescence was directly measured. Total and
conjugated bilirubin levels in sera were also examined via the BOD method. Values for unconjugated bilirubin, as meansured
by the BOD method, were obtained based on the difference between total and conjugated bilirubin. Data are shown as the
mean (SD) of triplicate experiments. Column 1-5, sera from healthy controls; 6, serum from a patient with bile duct disease;
7, serum from a patient with alcoholic liver disease; 8, serum from a patient with hepatic cancer; 9, serum from a patient with
choledocholithiasis liver failure; 10, serum a patient with gallbladder disease. B, Correlation of total bilirubin in serum via the

UnaG and BOD methods (n = 52).
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erally not detectable in the urine of healthy individuals, whereas
urine from patients with liver diseases contains conjugated biliru-
bin.’"® We examined the level of urinary bilirubin from healthy
subjects using BOD, but bilirubin was actually undetectable, due
to low sensitivity. Because UnaG exhibits extremely high affinity
for bilirubin, and the fluorescence of UnaG associated with bil-
irubin is highly sensitive (limit of detection, ~10 ng), the UnaG
method described herein may be applicable to the measurement
of urinary bilirubin using a small volume of urine. The incubation
of urine from healthy subjects with UnaG showed a fluorescence
profile similar to that observed in serum (Supplementary Figure
1A), indicating that urine from healthy subjects contained a small
amount of unconjugated bilirubin.

When urine from healthy controls was treated with [3-glucuronidase,
bilirubin levels were several-fold higher than those in untreated urine,
indicating that a major proportion of bilirubin in normal specimens is
conjugated. When urine was separated into a supernatant and pellet
by centrifugation at 12,000g for 10 minutes, and both fractions were
incubated with UnaG, 80% to 90% of bilirubin was detected in the su-
pernatant. Because unconjugated bilirubin is not water-soluble, most
bilirubin may associate with excreted compounds, including peptides,
lipids, and organic materials, in urine.

In our experimental results, we demonstrated that 0.009 to
0.028 mg/dL of total bilirubin was detected in normal urine, and the
average was estimated to be 0.037 mg/g * Cr of total bilirubin, via the
UnaG method (FIGURE 2, part A and part B). The ratio of conjugated
bilirubin to unconjugated bilirubin varied by 1.2- to 10-fold.

Next, we examined urinary bilirubin from patients with liver
diseases (FIGURE 2, parts A and B), including bile-duct disease,
alcoholic liver disease, chronic hepatitis, choledocholithiasis liver
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failure, and gallbladder disease. In urine from these patients, the
urobilinogen test result was positive, and conjugated bilirubin and
unconjugated bilirubin levels were 50- to 200-fold higher than those
in healthy controls, reaching as much as 2.8 to 19 mg/g * Cr of total
bilirubin (FIGURE 2B). The ratio of total to unconjugated bilirubin
was 1.1- to 1.6-fold.

Other study reports'®”’ revealed that urinary bilirubin was excreted
as the conjugated form. The present data from this study show that con-
jugated bilirubin levels in urine specimens from healthy subjects were
much higher than those of unconjugated bilirubin. In contrast, 70%
to 85% of total bilirubin was detected as the unconjugated form in the
urine of patients with liver diseases.

The ratio of urinary conjugated to unconjugated bilirubin was sim-
ilar to that in serum. Excess bilirubin in blood did not change to other
metabolites, with liver damage and remaining unmetabolized bilirubin
leaked (excreted) into urine (FIGURE 1A and FIGURE 2B), thereby
decreasing the ratio of conjugated to unconjugated bilirubin. Although
urinary bilirubin from healthy subjects was not detected via the BOD
method, the UnaG method enabled us to examine small amounts of
unconjugated and total bilirubin. Further, comparisons of total biliru-
bin levels in the urine of patients with liver damage between the UnaG
and enzyme methods revealed good agreement (FIGURE 2C). Thus, the
examination of bilirubin with UnaG contributes to the sensitive detec-
tion of bilirubin.

Spot Test of Bilirubin in Serum and Urine

We performed a spot test of bilirubin in serum and urine as a simple
examination to estimate bilirubin levels. After the incubation of bili-
rubin with UnaG for 5 minutes, the mixtures were spotted onto filter
paper. Supplemental Figure 3A shows the fluorescence of the bilirubin-
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FIGURE 2. Unconjugated and total bilirubin levels in urine. A, Urine (10-25 pL) from healthy controls (n = 51) and urine (1 pL)
from patients with liver diseases (n = 21) were treated with or without f3-glucuronidase and then incubated with UnaG at 37°C
for 5 minutes. The fluorescence of the bilirubin-UnaG complex was measured. B, Creatinine corrections were performed;
urinary bilirubin is expressed as bilirubin (mg) by Cr (g). C, Comparison of total bilirubin in urine by the UnaG and bilirubin
oxidase (BOD) methods. Urine specimens from patients with liver diseases were analyzed, as described herein. Data are shown
as the mean (SD) of triplicate experiments. Serum specimens (listed by column number) are from the following individuals: 1,
urine from a patient with bile duct disease; 2 and 3, urine from patients with alcoholic liver disease; 4, urine from a patient with
choledocholithiasis liver failure; and 5, urine from a patient with gallbladder disease.
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UnaG complex exposed to the Fluoro blue/green LED lamp. The fluores- [-glucuronidase lead to a small difference in the intensity of the fluores-
cence intensity increased with the increase in the amount of bilirubin. cence (Supplemental Figure 3B).
We confirmed that the fluorescence intensity was higher in the sera of Regarding urine from the patients, the high background of the
the patients with liver diseases than in those of control subjects (FIG- broad fluorescence due to the presence of unknown metabolites
URE 3A). The treatment of serum from patients with liver diseases with was observed without UnaG, but the treatment with UnaG led to an
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FIGURE 3. Spot test of serum and urinary bilirubin with
UnaG. Sera and urine specimens were treated without or
with UnaG (10 pg). The mixture was drawn and spotted onto
filter paper, which was then exposed to the Fluoro blue/green
LED lamp. A, Effect of the serum volume. Serum specimens
(listed by column number) are from the following individuals:
1-3, healthy controls; 4, a patient with alcoholic liver disease;
5, a patient with chronic hepatitis; and 6, a patient with
gallbladder disease. B, Effect of the urine volume. Urine
specimens (listed by column number) are from the following
individuals: 1, 2, healthy controls; 3, a patient with alcoholic
liver disease; 4, a patient with gallbladder disease.
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increase in the green fluorescence derived from bilirubin (FIGURE 3B
and Supplemental Figure 3C). Therefore, fluorescent images obtained
using this simple method provide useful information for estimating
bilirubin levels in blood and urine.

Discussion

Several methods to measure bilirubin have been widely used; however, the
findings obtained varied in a method-dependent manner.”'° We developed
the UnaG fluorescene-based method for the determination of bilirubin in
serum and urine, and found that the treatment of with (3-glucuronidase
led to the simultaneous measurement of unconjugated and conjugated bil-
irubin. The advantage of this method is that it enables simple, rapid, and
accurate measurement with a small volume of specimens.

There is a limitation in the proposed method. The total bilirubin
in serum by the UnaG method did not include d-bilirubin, covalently
bound to albumin. §-Bilirubin increases in the sera of patients with se-
vere jaundice.”’ Because only unconjugated bilirubin is associated with
UnagG, values of total bilirubin, as determined by the UnaG method, were
lowered, compared with those by the enzyme method (FIGURE 1B).

The conventional methods using chemical reagents or enzymes often
led to false negatives and positives by various ingredients in urine.””’
During the present study, the urinary bilirubin from healthy controls

Laboratory Medicine

was undetectable by the BOD method due to low sensitivity, or false val-
ues for bilirubin were observed due to the broad substrate specificity of
the enzyme. Because UnaG has extremely high specificity for bilirubin
with high affinity, its use is advantageous for this measurement.

We found that urine from healthy subjects contained low levels of con-
jugated and unconjugated bilirubin, and obtained 0.037 mg/g * Cr of total
bilirubin as the normal value in control urine. Urinary bilirubin levels in
urobilinogen-positive urine markedly increased with liver damage (50-
to 200-fold that of the controls). Although conjugated bilirubin is easily
excreted into urine, the results of this study showed that unconjugated
bilirubin was the major form in urine specimens from patients with liver
diseases. Due to the appearance of urinary bilirubin in several disorders,”
such highly sensitive measurement of urinary bilirubin can be useful to iden-
tify the microdamage in biliary, glomerular, or other extrahepatic tissues.

Previous study reports'*?

mentioned that the presence of urinary bil-
irubin strongly correlated with elevations in serum bilirubin levels. In our
study findings, we demonstrated that liver dysfunction (including alcoholic
liver disease, chronic hepatitis, choledocholithiasis liver failure, gallblad-
der disease, and biliary obstruction) increased urinary bilirubin levels in
a manner that was dependent on changes in urobilinogen levels. However,
the urinary bilirubin level was not predictive of an abnormal liver function
test result because the serum bilirubin was also elevated by hemolysis.

The presence of urinary bilirubin was shown to be highly specific for
elevated serum bilirubin levels due to hepatocellular or biliary tree injury
rather than intravascular hemolysis. However, an increase in urobilinogen
is attributed to hemolysis.”’ Otherwise, findings obtained from urinary bil-
irubin via urinalysis dipstick testing are ambiguous. We did not have any
opportunities to examine urinary bilirubin in patients with hemolysis.

Because the UnaG method is highly sensitive, it will be interesting
to examine the relation of variations of urinary bilirubin to those of
urobilinogen of patients with hemolysis. The simple spot test of urinary
bilirubin with UnaG showed that urinary total bilirubin levels may fa-
cilitate the differentiation between RBC hemolysis, liver diseases, and
biliary obstruction. The accurate diagnosis of internal diseases, such as
jaundice and other disorders, may be achieved by extending the UnaG
method to urine and serum.

In conclusion, we have established procedures that combine the
UnaG method with the deconjugation enzyme method for the examina-
tion of total bilirubin in urine and serum. This highly sensitive technique
has application in the estimation and/or detection of a trace amount of
urinary and serum bilirubin in patients with various diseases, for which
usual methods give ambiguous results.
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ABSTRACT

Objective: Patients who develop interferon-gamma autoantibodies
(IFN-¥ autoAbs) in adult-onset immunodeficiency (AOID) syndrome are
more likely to develop opportunistic and recurrent intracellular infections.
The assay to detect IFN-y autoAbs is essential for the diagnosis and
therapeutic monitoring of AOID syndrome. Therefore, this study applied
the QuantiFERON assay for the detection of IFN-y autoAbs.

Methods: Serum from patients with AOID syndrome (n = 19) and se-
rum from healthy patients (n = 20) was collected and applied using 2
neutralizing platforms of enzyme-linked immunosorbent assay (ELISA)
kits (the BD ELISA and the QuantiFERON ELISA) for IFN-y autoAbs
detection.

Results: The pooled serum from patients with AOID syndrome showed
>50% inhibition at 1:5000 dilution (positive), whereas the pooled serum
from healthy patients showed <50% inhibition at 1:5000 dilution (neg-
ative) according to the neutralizing QuantiFERON ELISA. Each spec-
imen showed the same result according to both the neutralizing BD

ELISA and the neutralizing QuantiFERON ELISA. Moreover, the patient
serum showed a variation in titer ranging from 1:5000 to >1:5,000,000
according to the neutralizing QuantiFERON ELISA.

Conclusion: The QuantiFERON ELISA kit could be applied for the de-
tection of IFN-y autoAbs for the diagnosis and therapeutic monitoring
of AOID syndrome.

Interferon-gamma (IFN-¥) plays a crucial role in host defense against
intracellular organisms, especially mycobacterial infections." Patients
who develop IFN-¥ autoantibodies (IFN-¥ autoAbs), especially
among Asian populations, gain the risk of recurrent disseminated
nontuberculous mycobacteria (ANTM) infection.*® Research has shown
that IFN-¥ autoAbs have the ability to neutralize and disturb the activ-
ity of IEN-¥ function.”®"" The first reports of neutralizing anti-IFN-¥
autoAbs (nAIGA) associated with the dNTM infection were published in
2004.'%" More recently, nearly 200 patients with high levels of the IgG
antibody against IEN-¥ were reported.® The amount of IFN-¥ autoAbs
influences clinicians’ decision regarding treatment.'" The high titers of
IFN-v autoAbs (>1:100,000 dilution) indicate a high chance for recurrent
dNTM infection."" Therefore, the amount of IFN-¥ autoAbs is necessary
to determine for monitoring the disease. Moreover, recent studies have
shown that the presence of nAIGA capacity is more important than the
antibody concentration itself for determining the predisposition for a
disease.”” Those patients with negative HIV status who develop IFN-¥
autoAbs associated with the dNTM infection are diagnosed with what is
called adult-onset immunodeficiency (AOID) syndrome.w16

The diagnosis and treatment for AOID syndrome is challenging be-
cause of the variation in the analytical assays.'”'? Several methods that
have been developed, such as the in-house assays, eg, the particle-based
assay, the enzyme-linked immunosorbent assay (ELISA), the Dot-ELISA,
and flow cytometry, are limited only to a few laboratories.” %! Most
previous studies applied the neutralizing ELISA for the detection of IFN-
¥ autoAbs.'®?*? However, there has been no standard method, and the
variation between each method makes the result difficult to compare.

QuantiFERON-tuberculosis (TB) is one of the IFN-¥ release assays
based on the ELISA part of the assay to measure IFN-¥ in response to the
specific TB antigen”’ and has been used as the worldwide commercial test
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B.”?* According to Suérez and colleagues,'® the

for the diagnosis of latent T'
mitogen component of the whole blood QuantiFERON-TB in-tube assay
can be used for the detection of clinically relevant IFN-¥ autoAbs. By using
QuantiFERON-TB, the IFN-¥ autoAbs levels are readily measured and there
is less variation in the test results. This study focused on the utilization of
QuantiFERON-TB for the detection of nAIGA in patients with ANTM infec-

tion by using only the ELISA part of the QuantiFERON-TB assay.

Methods

Study Population

Nineteen specimens of serum from patients with AOID syndrome and
20 specimens of serum from healthy patients were included in this
study. All patients had an average age of 54 years (ranging from 40 to
65 years). Seven patients with AOID syndrome were female (37%) and
12 were male (63%). All patients had HIV-negative status with a history
of recurrent intracellular pathogen infection (ANTM, Mycobacterium
spp., Salmonella spp., Cryptococcus spp., herpes simplex virus, and her-
pes zoster virus) as shown in Supplemental Data Table 1.

The bacterial pathogens were detected from blood or tissue culture
and the virus by was detected using real-time polymerase chain reaction.
The bacterial species (spp.) were identified using a standard biochemi-
cal technique except for Mycobacterium spp., which was identified using
a sequencing technique. Serum from healthy patients was obtained from
participants ages 20 to 50 years without underlying disease, no current
drugs taken, and testing negative for anti-HIV antibodies, hepatitis B an-
tigen, and anti-hepatitis C antibodies (Architect i2000 analyzer). This study
was conducted through the approval of the Ethics Clearance Committee on
Human Right related to research involving human patients at the Faculty of
Medicine, Ramathibodi Hospital, Mahidol University (Bangkok, Thailand).

Specimen Collection and Preparation

The specimens from the patients with AOID syndrome and the healthy
patients were centrifuged at 1000 g for 10 minutes. The specimens were
separated, aliquoted, and stored at -70°C before use. The pooled patient
serum was the pool of equal volume (10 pL) from each patient’s speci-
men (n = 19). The pooled healthy serum was the pool of equal volume
(10 pL) from each healthy patient specimen (n = 20). Both of the pooled
serum specimens were used to determine the optimal dilution for IFN-
¥ autoAbs detection and served as the positive and negative control in
each experiment.

Standard Curve of BD and QuantiFERON ELISA

For the BD ELISA standard curve, 100 mL of each standard IFN-¥ antigen at
0,9.4,18.8,37.5, 75,150, and 300 pg/mL were added into each well. For the
QuantiFERON standard curve, 50 mL of standard IFN-¥ at 0, 0.25, 1 and 4
international units (IU/mL) were added into each well. Each concentration
of standard was done in duplicate. The following steps were carried out as
described per the instruction manual of each company. The instruction man-
ual of the BD ELISA (catalog number 555142) can be found at https://www.
bdbiosciences.com/ds/pm/tds/555142.pdf, and the instruction manual of
the QuantiFERON ELISA (catalog number 622130) can be found at https://
www.quantiferon.com/us. The 4-parameter logistic curve fit was used to
create a standard curve. The graph was plotted between the concentrations
of the standard IFN-¥ antigen on the x axis and the optical density (OD) was
plotted at 450 nm on the y axis. In addition, the QuantiFERON ELISA kit
had its own acceptable quality control criteria (TABLE 1).

Neutralizing BD ELISA

The OptEIA human IFN-y ELISA kit II is a sandwich ELISA used to de-
tect the IFN-¥ antigen in human serum (BD Biosciences, San Diego, CA).
The procedure was adapted from the original manual protocol by adding
a neutralization step for [FN-¥ autoAbs detection. The patient serum at
dilution 1:5000 was incubated with 100 pg/mL of the standard IFN-¥
at a final volume of 100 p L at 37°C for 1 hour. The following steps were
performed as described in the instruction manual. The results were re-
ported as the percentage of inhibition. The formula for percentage of in-
hibition is 100 — {[OD of neutralizing specimen (pg/mL)/OD of standard
IEN-¥ 100 pg/mL] x 100} as used for these calculations.”” Any patient
serum with a percentage of inhibition of >50% was defined as positive.

Neutralizing QuantiFERON ELISA

The QuantiFERON-TB gold plus (QFT-Plus) was applied, and only the
ELISA part was used for the detection of IFN-¥ autoAbs by adding
the neutralization step (the diluted serum was incubated with stand-
ard IFN-¥) (Qiagen, Hilden, Germany). The optimal dilution for IFN-¥
autoAbs detection was attained using 10-fold serial dilution of the pooled
patient serum and the pooled healthy serum from 1:50 to 1:500,000,000.
Each dilution was incubated with 2 IU/mL of standard IFN-y antigen at
37°C for 1 hour. The following steps were performed as described in the
instruction manual. The optimal dilution at 1:5000 was further used in
each serum specimen to detect IFN-¥ autoAbs. The results were reported
as the percentage of inhibition. The formula of percentage of inhibition
is 100 - {[OD of neutralized serum (IU/mL)/OD of standard IFN-¥ 2 IU/

TABLE 1. Passing Criteria of QuantiFERON ELISA Standard Curve and Results of Quality Control

Correlation coefficient

q . s Results
IFN-¥ Concentration Passing Criteria (Mean = SD)°
0 1U/mL 0D <0.15 0.008 + 0.005
02sWmM. . Varitonofduplicate OD°'<004 . 001+0006
11U/mL
4 1U/mL

0.999 + 0.001

ELISA, enzyme-linked immunosorbent assay; IFN-v, interferon-gamma; OD, optical density; SD, standard deviation.
\ariation of duplicate OD was the absolute different value between the duplicates.
bPercentage of coefficient of variation (%CV) was calculated from SD/mean x 100 of the duplicates.

°Mean + SD of the 10 standard curves (each standard curve passing all criteria)
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mL] x 100} used for calculation.” Any patient serum with a percentage of
inhibition of >50% at a dilution of 1:5000 was defined as positive.

Statistical Analysis

The correlations between the percentage of inhibition from the BD
ELISA and the QuantiFERON ELISA were analyzed by STATA 15 using
the Pearson correlation coefficient.

Results
Different concentrations of standard IFN-¥ were used to create the stand-
ard curves: 0 to 300 pg/mL with the BD ELISA, and 0 to 4 IU/mL with the

QuantiFERON ELISA. The graphs were plotted between the concentrations
of the standard IFN-y antigen on the x axis and the OD was plotted at
450 nm on the y axis. The correlation coefficient (r) of the standard curves
by 4-parameter logistic curve fit with the BD ELISA and the QuantiFERON
ELISA were nearly equal to 1 (FIGURE 1). Ten standard curves with the
QuantiFERON ELISA passed all quality control criteria, and the results are
represented by mean + standard deviation (SD; TABLE 1).

To evaluate the optimal dilution for the detection of IFN-¥ autoAbs
using the neutralizing QuantiFERON, the percentage of inhibition of the
pooled patient serum and the pooled healthy serum at dilutions of 1:50
to 1:500,000,000 were performed. The pooled patient serum (as positive)

FIGURE 1. The standard curve of the BD ELISA (A) and the QuantiFERON ELISA (B). The standard concentration of human
IFN-¥ antigen at a concentration of 0 to 300 pg/mL using the BD ELISA and 0 to 4 IU/mL using the QuantiFERON ELISA were
plotted on the x axis against the OD at 450 nm on the y axis. ELISA, enzyme-linked immunosorbent assay; IFN-v, interferon-

gamma.
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FIGURE 2. The optimal dilution of the neutralizing
QuantiFERON ELISA. The pooled patient serum (positive)
and the pooled healthy serum (negative) at the dilution
of 1:5000 showed clear discrimination, whereas the
dilution of > 1:50,000 showed an equivocal result with no
discrimination. ELISA, enzyme-linked immunosorbent
assay.
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FIGURE 3. The comparison of percentage of inhibition using
the neutralizing BD and the neutralizing QuantiFERON ELISA. The
result shows the percentage of inhibition of each patient serum
specimen (n = 19) and each healthy patient serum specimen (n = 20)
at the titer of 1:5000 using the neutralizing BD ELISA (triangles) and
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the same specimen. ELISA, enzyme-linked immunosorbent assay.
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and the pooled healthy serum (as negative) at a dilution of 1:50 to 1:5000
clearly showed discrimination, whereas the dilution at 1:50,000 showed an
equivocal result with no discrimination (FIGURE 2).

Both the neutralizing BD and neutralizing QuantiFERON ELISA
discriminated between the patient serum (>50% inhibition) and the
healthy serum (<50% inhibition) at a dilution of 1:5000 in all specimens
(FIGURE 3). The percentage of inhibition of the 19 specimens from
patients with AOID syndrome using the neutralizing BD ELISA was
96.1% * 4.2% (mean * SD) and using the neutralizing QuantiFERON
ELISA was 94.1% + 2.8%. The percentage of inhibition of the 20
specimens from healthy patients using the neutralizing BD ELISA was
11.9% * 5.3% (mean * SD) and using the neutralizing QuantiFERON
ELISA was 12.8% + 4.3% (mean + SD). The percentage of inhibition
using these 2 assays had a strong correlation (r = .992, P >.05).

The titer was the last dilution with >50% inhibition and in each pa-
tient showed the variation of the IFN-¥ autoAbs titer. For example, the
patient titer numbers 1, 6, 14, and 19 were 1:5000, 1:50,000, 1:500,000,
and 1:5,000,000, respectively (FIGURE 4). The titer of IFN-¥ autoAbs
from the 19 patients with AOID syndrome was equally distributed along
the range of 1:5000 to 1:500,000 (4-5 patients per titer) except for the
titer >1:5,000,000 (only 2 patients; TABLE 2).

Discussion

The standard curve for IFN-¥ measurement of the BD ELISA and the
QuantiFERON ELISA used the different units of concentration (pg/mL
and IU/mL); however, IU/mL could be converted to pg/mL by multiplying
with 40 ()(40).26 From the results, the efficacy of IFN-¥ measurement
using the QuantiFERON ELISA was not better than the efficacy using
the BD ELISA, but the advantage of the QuantiFERON ELISA over the
BD ELISA was the quality control system. The quality control system and
passing criteria of the QuantiFERON ELISA were defined by the manufac-

FIGURE 4. IFN-y autoAbs titers in patients with AOID
syndrome using the neutralizing QuantiFERON ELISA.

The graph shows the percentage of inhibition of patient
numbers 1, 6, 14, and 19 at serum dilution 1:5000, 1:50,000,
1:500,000, and 1:5,000,000, respectively and * was the titer of
each patient. AOID, adult-onset immunodeficiency; ELISA,
enzyme-linked immunosorbent assay.
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TABLE 2. Amount of Patients with AOID Syndrome at Each
Serum Dilution Titer of IFN-v autoAbs.

i Serum Dilutions Number of Patients

| >1:5,000,000 § 2

AOID, adult-onset immunodeficiency disease; IFN-» autoAbs, interferon-
gamma autoantibodies.

turer as being designed for in vitro diagnostic purposes, whereas the BD
ELISA manual does not mention the quality control system and passing
criteria because it was designed for the research use only. The quality con-
trol system of the QuantiFERON ELISA was based on the passing criteria
of the standard curve, as shown in TABLE 1. All criteria must pass be-
fore an experiment was performed to ensure that no variation of reagent
lots or a poor laboratory skill could affect the results. Each criterion of the
quality control system had its own purpose. For example, the criterion of
the standard IFN-¥ 0 IU/mL with an OD <0.15 indicated acceptable back-
ground signaling. An OD >0.15 could result from an inadequate washing
step or from nonspecific absorption of reporting antibodies. The criterion
of the standard IFN-¥ 4 IU/mL with OD 20.6 indicated the stability of the
reagents (especially the standard IFN-¥). An OD <0.6 could result from
degraded reagents. In addition, the criterion of the duplicated IFN-¥ 0 and
0.25 IU/mL with an OD difference <0.04 indicated an acceptable variation
of a repeated result (precision) when measuring the IFN-¥ at a low con-
centration.”” An OD >0.04 could result from inconsistency in the testing
process, such as a pipetting error, over/inadequate washing, or improper
time of incubation/stopping reaction.”’ The criterion of IEN-¥ 1 and 4 IU/
mL with a percentage of coefficient of variation (%CV) <15 indicated ad-
equate precision when the IFN-¥ was measured at high concentration; a
percentage of coefficient of variation >15 could result from an inconsist-
ency in the testing process. Finally, the criterion of the correlation coeffi-
cient 20.98 indicated an excellent interpolation of the standard curve. If
the correlation coefficient was <0.98, then the standard curve could not
correctly predict the concentration of the unknown. The cause could be
any of the above errors, and a new standard curve could be generated.
Weused IFN-¥ 2 IU/mL in the neutralizing step of the QuantiFERON
ELISA because IFN-¥ 2 IU/mL was the concentration around the mid-
dle of the standard curve (FIGURE 1). When [FN-¥ was neutralized by
IEN-¥ autoAbs, the change in the OD value (percentage of inhibition)
was more conspicuous than the concentration at the upper end or the
lower end of the standard curve. In addition, IFN-¥ 100 pg/mL (2.5 IU/
mL) was used in the neutralizing step of the BD ELISA for the same rea-
son (FIGURE 1). The pooled patient serum (positive control) and the
pooled healthy serum (negative control) were used to determine the op-
timal dilution for IFN-¥ autoAbs using the neutralizing QuantiFERON
ELISA. The serum dilution at 1:5000 was selected because it was the
last dilution that could clearly discriminate between the patient se-
rum and the healthy serum (FIGURE 2), and this dilution was also
utilized in previous research.”” The serum dilutions at 1:50 and 1:500
could also discriminate between the patient serum and the healthy se-
rum (FIGURE 2) but were not used to avoid the false-positive results
in some healthy serums.”® The purpose of the pooled patient serum
was only to define the optimal dilution (not for diagnostic purposes)
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to evaluate the diagnostic performance at this particular dilution; the
individual patient serum was measured and interpreted separately.
Both the neutralizing BD and the neutralizing QuantiFERON ELISA
could discriminate between all the patient serums and all the healthy
serums without the false-positive or false-negative results. Moreover,
the results from both assays were concordant, with a strong correla-
tion (r = 0.992; FIGURE 3). Therefore, the neutralizing QuantiFERON
ELISA could be interchangeable with the neutralizing BD ELISA (refer-
ence method) for IFN-¥ autoAbs detection. The titer of IFN-¥ autoAbs
was able to monitor and follow up the treatment in patients with
AOID syndrome.®'>'® The variable of IFN-¥ autoAbs titers (ranging
from 1:5000 to 1:5,000,000) could be detected using the neutralizing
QuantiFERON ELISA (TABLE 2). The range of titers corresponded to
those in previous studies that ranged from 1:400 to 1:6,553,600." The
appropriate range and ratio of dilution were required for further study
to validate the severity of the disease and the response to treatment.

The limitation of this study was the small amount of patients with
AOID syndrome (because of the rare disease), so the false-positive and
the false-negative results were not observed. The blank signals in the
ELISA were not measured and were not subtracted from each OD re-
sult. However, there was little effect on the percentage of inhibition
because it was derived from the difference between the nonneutralizing
OD result and the neutralizing OD result (the background signal was
partly subtracted). The appropriate range and ratio of dilution were not
investigated. Moreover, the 2 patients with AOID syndrome with an
IEN-¥ autoAbs titer >1:5,000,000 were not defined at the end point
titer, because the result may be prone to dilutional error.

Conclusion

Both the commercially available test kits, QuantiFERON ELISA and BD
ELISA, can be utilized for IFN-¥ autoAbs detection and showed a the
strong correlation between the assays. However, the QuantiFERON
ELISA was better than the BD ELISA for in vitro diagnosis because of the
quality control system that could guarantee the accuracy of the results.
Moreover, the QuantiFERON ELISA is available (usually for the diagno-
sis of latent TB) in many laboratories. Hence, the test is readily accessi-
ble without the need to maintain another test kit (especially for a rare
disease such as AOID syndrome) and can present the results as a single
standard.

Supplementary Data
Supplemental figures and tables can be found in the online version of
this article at www.labmedicine.com.
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ABSTRACT

Objective: The global emergence of drug resistance in Neisseria
gonorrhoeae has resulted in the use of a range of antibiotics and is now
a public health concern because this pathogen may become untreat-
able in the future. This study aimed to detect antimicrobial-resistant
determinants in N. gonorrhoeae directly from endocervical specimens.

Methods: Three hundred seven pregnant women were enrolled in this
study. Endocervical swabs were collected from consenting women
and used for the detection of N. gonorrhoeae. Molecular indicators
associated with penicillin, tetracycline, ciprofloxacin, azithromycin,
spectinomycin, cefixime, and ceftriaxone resistance were detected by
polymerase chain reaction.

Results: Of the 307 women, 24 (7.8%) tested positive for
N. gonorrhoeae. The tetM gene carried on the American-type
plasmid was shown to be present in all the specimens. Approxi-
mately 87.5% of the specimens carried the penicillinase-producing
African-type plasmid, and the gyrase A gene carrying the Ser-91
mutation was shown to be present in 37.5% of the specimens.
Mutations associated with azithromycin, spectinomycin, cefixime,

and ceftriaxone resistance were not detected in the study

specimens.

Conclusion: The detection of resistance determinants without the
need for culture may prove to be more feasible for future epidemio-
logical investigations focused on tracking antimicrobial susceptibility
patterns in N. gonorrhoeae.

Neisseria gonorrhoeae, the etiologic agent of gonorrhea, is reported to be
the second most prevalent bacterial sexually transmitted infection (STI)
globally." The World Health Organization conducted an STI surveillance
in 2018 that revealed an estimated 87 million new gonorrhea infections
globally during 2016, with an incidence of 20 infections per 1,000 pop-
ulation (uncertainty interval, 14-28 per 1,000 population) in women.”
A study conducted in South Africa and Zimbabwe reported an overall prev-
alence of 0.7% for N. gonorrhoeae infections in women from the general
population.’ The same study reported an overall incidence rate of 2.4 per
100 woman-years for N. gonorrhoeae infections. A higher incidence rate
was observed in South African women (3.7 per 100 woman-years) when
compared with women from Zimbabwe (1.3 per 100 woman-years).?
Other studies conducted in South Africa have reported prevalence rates for
N. gonorrhoeae ranging from 3% to 11% in women.*”

A population of women attending antenatal care in Shiraz, Iran pre-
viously reported a prevalence of N. gonorrhoeae of 1.3%.° Untreated
N. gonorrhoeae infections have been reported to have an association with
a range of adverse pregnancy outcomes such as conjunctivitis, fetal growth
impedance, spontaneous abortion, stillbirth, prematurity, low birth weight,
postpartum endometritis, and increased risk of HIV transmission from
mother to child during birth."*"*

asymptomatic, thereby allowing the survival of this organism to persist be-

N. gonorrhoeae has been reported to be

cause asymptomatic infections are not treated as per standard of care.”

The global emergence of the drug resistance of N. gonorrhoeae to
beta-lactams (including cephalosporins), tetracyclines, and quinolones
is a public health concern because this infection may become untreata-
ble in the future.'®'" A recent study conducted in KwaZulu-Natal, South
Africa indicated antimicrobial resistance (AMR) toward ciprofloxacin
(70%), penicillin (60%), and tetracycline (100%) for pure isolates of
N. gonorrhoeae.” The South African STI management guidelines use

a syndromic approach for the diagnosis and management of STIs."

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,

please e-mail: journals.permissions@oup.com
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Gonorrhea is associated with abnormal vaginal discharge, which ac-
cording to South African guidelines is treated with an intramuscu-
lar single dose of 250 mg ceftriaxone and the oral consumption of 1 g
azithromycin, together with 12-hour oral doses of 400 mg metronida-
zole for 7 days.'? Patients who are allergic to penicillin stop ceftriaxone
and are recommended to use a single oral dose (2 g) of azithromycin."
A gynecological assessment is suggested if pain persists after 48 to 72
hours of treatment."”

Previous AMR studies on N. gonorrhoeae have been based on culturing,
which was the gold standard against which other diagnostic tests were
compared. However, other nonculture tests have been in demand because of
the difficulty in maintaining the viability of N. gonorrhoeae during transpor-
tation and storage."® Many countries have now shifted to performing nucleic
acid amplification assays for the identification and association of AMR in
N. gonorrhoeae.” ™ It is highly likely that previous studies that have reported
on AMR patterns in N. gonorrhoeae may have missed a significant proportion
of positive specimens because of the drawbacks of culturing. Therefore, this
study was aimed at detecting the resistance determinants associated with
penicillin, tetracycline, ciprofloxacin, spectinomycin, cefixime, ceftriaxone,
and azithromycin from the molecular level using a primary endocervical swab
specimen. There is no published South African study that has used this ap-
proach to determine patterns of resistance, especially in pregnant women.

Materials and Methods

Ethics Approval

Full ethics approval for this study was granted by the Biomedical Re-
search Ethics Committee of the University of KwaZulu-Natal (Durban,
South Africa; BE355/18).

Study Setting and Population
The study population included 307 pregnant women recruited from the
antenatal clinic of the King Edward VIII hospital in Durban, South Africa
from November 2018 to July 2019.

Specimen Collection and Processing

Each enrolled woman underwent a pelvic examination during which an
endocervical swab specimen was to be collected. The swab was immersed
in 2 mL phosphate-buffered saline (pH 7.4) and vortexed to dislodge
the specimen material from the swab, and the cervical fluid was stored
at —20°C until further molecular analysis. The molecular assays were
conducted at the School of Clinical Medicine’s Research Laboratory at
the University of KwaZuu-Natal.

DNA Isolation from the Endocervical Specimen

The PureLink Microbiome DNA Purification kit (ThermoFisher Scien-
tific) was used for DNA extraction from the swabs. The manufacturer’s
instructions were followed without any modifications.

Detection of N. gonorrhoeae from the Endocervical
Specimen

The predesigned commercially available TagMan quantitative polymerase
chain reaction (qPCR) assay, developed specifically for N. gonorrhoeae (as-
say identification number Ba04646252_s; ThermoFisher Scientific), was
used. Amplification was performed on a Quant Studio 5 real-time PCR

system.

Detection of Molecular Markers/Genes Associated

with AMR

Detection of Beta-Lactamase-Producing Plasmid Types

A multiplex PCR was used to detect beta-lactamase-producing plas-
mid types (Africa, Asia, and Toronto) using specific primers and

protocols previously described by Lawung et al'® and Tanaka et al'®

(TABLE 1).

Detection of Tetracycline Resistance

TetM tetracycline resistance plasmid types (American and Dutch) were
detected by PCR using the primers shown in TABLE 1. Detection of
the specific plasmid type was performed by the digestion of the PCR
amplicon with Hinfl (New England Biolabs,).

TABLE 1. Primer Sequences and Targeted Genes for Antibiotic-Resistant Determinants

Antibiotic Primer Name Primer Sequence (5’-3’) ; Targeted Gene

Azithromycin gonrRNA-F ACGAATGGCGTAACGATGGCCACA Point mutations in 23S rRNA regions in allele 2%
"""""""" 23S ANAR-allele2 | GCGACCATACCAAACACCCACAGG |

Cefixime and ceftriaxone AT CGATATGATCGAACCTGG . penAgene®
""""""""""""" PA2 | ACMCTCGTTGATACTCG |

‘Spectinomycn . sF TGGCAAMCATGAAATTGAAG msEgene®
"""""""""""" 5SR | GCCATGETTAACTCCCAAMA |

PeniciinG . GIF MCTCACGGACAAAATCACGE | [-lactamase-producing plasmid™®
"""""""""""" GC2F | CACCTATAMTCTCGCAAGCC |
""""""""""""" G | AACGCAAGCAGGACGAAATC |
""""""""""""" G4R | CCTCCACCTTCATCCTCAGC |

Tetracycie e ACTGTTGAACCGAGYAMCCT tetMgene
N X TCTATCCGACTATTTGGACGACG |

Ciprofloxacin GyrAF CGGCGCGTACTGTACGCGATGCA gyrase Agene®

"""""""""""""""""""""""""""""" GrAR | ATGICTGCCAGCATTTCATGTGAGA |
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Detection of Ciprofloxacin Resistance

The gyrase A gene was amplified using the primers described in TABLE
1. Detection of the Ser-91 mutation, which confers ciprofloxacin resist-
ance, was performed by the digestion of the PCR amplicon with Hinfl
(New England Biolabs).

Detection of Azithromycin, Spectinomycin, Cefixime, and
Ceftriaxone resistance determinants

The 23S rRNA gene was amplified to identify mutations that are re-
sponsible for conferring azithromycin resistance, and the rpsE gene was
amplified to identify spectinomycin-resistant determinants (TABLE 1).
The penA and por genes were amplified to identify resistant determinants
for cefixime and ceftriaxone. The PA1 and PA2 primers were used for the
amplification of the penA gene (TABLE 1).

Statistical Analysis

The data analysis was performed using R Statistical Computing soft-
ware, version 3.6.2. Because of the smaller sample size and consequently
a low power, the demographic, behavioral and clinical factors were sim-
ply described either as overall or stratified by the resistant profiles. Age
was the only numerical measure and was skewed, which was sugges-
tive of summarization by minimum, maximum, and quartiles only. The
other categorical demographic attributes were summarized in the form
of counts and percentage frequencies.

Results

Detection of Resistance Targets

Of the 307 specimens tested, 24 produced positive amplification using
the TagMan qPCR assay. The prevalence of N. gonorrhoeae among the
participants was 7.8% (24/307). Overall, all the specimens tested
produced a PCR product for at least 1 of the target genes. TABLE 2
shows the results of the PCR assays for the targets investigated.

All 24 positive specimens produced a PCR amplicon of 700 bp cor-
responding to the tetM gene (TABLE 2). Sanger sequencing of the
PCR amplicons confirmed the identity of the PCR product (99% match
with the American-type tetM conjugative plasmid; accession number:
GU479464.1). The restriction digestion pattern (600 bp and 93 bp) of
the tetM gene confirmed the presence of the American-type conjugative
plasmid in the study specimens (TABLE 2).

An amplicon size of 737 bp was obtained using the multiplex PCR for
the beta-lactamase-producing plasmid. This amplicon was shown to be
present in 87.5% (21/24) of the specimens analyzed (TABLE 2). Sanger

sequencing confirmed that the specimens carried the N. gonorrhoeae
strain African-TEM 1-MIC16 plasmid PJD5, complete sequence (acces-
sion number: MK973084.1).

A PCR amplicon of 278 bp corresponding to the gyrase A gene was
amplified in 41.6% (10/24) of the positive specimens (TABLE 2). The
amplicons were confirmed to be the gyrase A gene from N. gonorrhoeae,
DNA gyrase subunit A, partial (N. gonorrhoeae) (accession number:
APU93729.1). According to the restriction digestion analysis, the 278 bp
fragment remained undigested in 90.0% (9/10) of the gyrase A-positive
specimens, indicating the presence of the Ser-91 mutation associated
with ciprofloxacin resistance (TABLE 2).

The penA gene, which carries mutations associated with cefixime and
ceftriaxone resistance, was detected in 9/24 (37.5%) of the specimens.
The penA amplicons were confirmed to be the penicillin-binding protein 2
of N. gonorrhoeae (GenBank number AFJ54623.1). However, none of the
mutations associated with resistance to these antibiotics were detected after
the sequencing of the PCR amplicons, indicating a lack of emerging patterns
of resistance to ceftriaxone and cefixime. Similarly, mutations associated
with resistance to spectinomycin and azithromycin were not detected in the
study specimens. The PCR amplicons were confirmed to be N. gonorrhoeae
strain 32380 23S ribosomal RNA gene, complete sequence (GenBank num-
ber KT954110.1) and N. gonorrhoeae strain 3mut_SPC 30S subunit riboso-
mal protein S5 (rpsE) gene (GenBank number GU395615.1).

Detection of Dual- and Triple-Resistant Profiles

According to the data, a monoresistance profile was observed for 1 specimen.
Only the tetM determinant related to tetracycline resistance was identified
in this specimen. With respect to the specimens exhibiting a dual-resistance
profile, it was shown that 66.6% (16/24) specimens carried at least 2 of the
resistant determinants. A lower percentage of the specimens (29.1%; 7/24)
carried determinants for all the resistance markers tested (ie, tetM, gyrase A,
and beta-lactamase-producing plasmid; TABLE 3).

Description of Behavioral and Clinical Factors by
Resistance Profile

A description of the 24 study participants who were positive for
N. gonorrhoeae stratified by overall resistance in relation to demograph-
ics and behavioral and clinical factors is shown in TABLE 4. The results
showed that the majority were unmarried (91.7%; 22/24), with 79.2%
(19/24) of the participants having completed high school. A high pro-
portion (79.2%; 19/24) of the women had their first sexual experience
at age 15 to 20 years. Condoms were mostly used “sometimes” by 66.7%
(16/24) of participants. The majority (58.3%; 14/24) reported having
2 to 4 lifetime sex partners. The results also showed that a high pro-

TABLE 2. Summary of Antibiotic Resistance Profiles Generated for Endocervical Swab Specimens Testing Positive for

N. gonorrhoeae in Study Population

Antibiotic Targeted Gene Type

Penicillin G {-lactamase-producing plasmid African

Tetracylne ey American | 2424 |

Ciprofloxacin gyaseA Mutation Ser-91 | 924 |
""""""""""" Wid-type | 124 |

Adtwomyen 2salee2 nNA 54

spectmomycn wsE NA 54

Ceftriaxone and cefixime perA A o4

N/A, not applicable.
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TABLE 3. Results of PCR Amplification Reactions for Individual Specimens and Resistance Profiles Generated

PCR Results for Resistant Determinants
PSP gyraso A ymorany (ol POLIINISS g BN PR P
G003 Positive Yes Positive Positive Negative Negative | Positive Positive Negative i Negative
G007 | Negave | .. | Posiive.  Negatve | Negave |  Negatve Negative . Negative | Negative & Negative
st Positve | Yes | Postive| | Positve | Posive | Negative | | Postive | Postive | Negative @ Negative
et Positve | Yes (P ositive | | Positve | Negative |  Negative | | Posive | Postive | Posive | Negative
w9 Positve | Yes  Posive!  Negae | Negatve . Negave | | Posive | Postive | Negative | Negative
6132 Negave | .. | Posiive | Posive | Negative | Negative | Negative = Negative . Negative & Negative
6133 Negave | .. | Posiive | Posive | Negative | Negatve | | Postive | Postive | Negative | Negative
6134 | Negative | .. | Posive Positve | Negative |  Negative | Negative = Negative . Negative = Negative
R Positve | Yes | Posive| Positve | Negative |  Negatve | Negative = Negative . Negative = Negative
G138 Negative | ..  Posive Positve | Negatve |  Negatve | Negative . Negative . Negative . Negative
G141 Negave | .. | Posiive | Positve | Negaive |  Negatve Negative = Negative | Negative & Negative
G142 | Negative | .. | Posivel Positve | Negatve |  Negatve | Negative = Negative . Negative = Negative
- Positve | Yes Posve  MNegave | Negatve |  Negatve | Negative = Negative . Negative = Negative
G144 | Negative | ..  Posivel Positve | Negatve |  Negatve | Negative . Negative . Negative . Negative
G145 | Negave | .. | Posiive | Positve | Negative | Negative Negative = Negative | Negative = Negative
G148 Negave | .. | Posiive | Positve | Negative | Negative Negative = Negative | Negative & Negative
G151 | Negative | .. | Posvel Positve | Negative | Negative | Negative = Negative . Negative = Negative
G153 Negative | .. P ositve | | Positve | Negative | Negative | Negative = Negative . Negative = Negative
G154 | Negative | ..  Posivel Positve | Negative | Negative | Negative = Negative | Negative = Negative
G160 | Negave | .. | Posiive | Postive | Negative | Negative Negative = Negative | Negative & Negative
W Positve | Yes | Posve! | Postive | | Postve | Negative | | Posive | Posive | Negative @ Negative
G0 Positve | Yes | Posive. | Positve | | Positve | Negative | | Posive | Postve | Posive | Negative
606 Positve | | No | Posive | Positve | | Positve | Negative | | Positve | Postve | Posive | Negative
a7 Positve |  Yes | Posive| | Positve | | Positve | Negative | | Positve | Postve | Posive | Negaive

PCR, polymerase chain reaction.
Specimens highlighted in blue indicate dual resistance. Specimens highlighted in red indicate triple resistance.

portion of participants (83.3%; 20/24) were asymptomatic for infection
(ie, they did not present with symptoms of abnormal vaginal discharge).
A high proportion 18/24 (75%) reported no previous treatment for any
STIs; however, 41.7% (10/24) reported past STI symptoms. No woman
was reported to have had spontaneous abortion, and most participants
(79.2%; 19/24) were reported to be in their third trimester of pregnancy.

Discussion

The worldwide clinical management of N. gonorrhoeae infections is becom-
ing increasingly challenging because of resistance to various classes of avail-
able antibiotics. These include sulfonamides, beta-lactams, tetracyclines,
macrolides, fluoroquinolones, and more recently expanded-spectrum
cephalosporins.””'® The ability of N. gonorrhoeae to exhibit drug resist-
ance to a wide range of antibiotics results from this bacterium’s remarkable
phenotypic and genotypic variability, which gives it an added advantage in
evading host responses.”” The genotypic variability of N. gonorrhoeae has
been linked to the acquisition of new genetic material.”

The emergence of drug-resistant N. gonorrhoeae is a global con-
cern.” For pregnant women, this concern is escalated because untreated
N. gonorrhoeae infections can have severe consequences on reproductive
health, such as an increased risk for acquiring HIV and other STIs and
obstetric morbidity.”” Currently, there are limited published data in South
Africa on the molecular detection of AMR determinants in N. gonorrhoeae

www.labmedicine.com

from primary genital swab specimens. This study provides evidence for
the detection of resistant determinants associated with penicillin, tet-
racycline, and ciprofloxacin from the molecular level using a primary
endocervical swab specimen collected from pregnant women.

In this study, N. gonorrhoeae was detected in 24/307 (7.82%)
endocervical swab specimens. The tetM gene was detected in all 24
specimens. The prevalence of tetracycline resistance in this study popu-
lation was 100%. Similar findings were reported by Rambaran et al,’ who
found that the prevalence of tetracycline resistance was 100% in a popu-
lation of men and women from South Africa. Further analysis of the tetM
gene revealed that the tetM gene was carried on the American-type plas-
mid. The findings of our study are similar to those of other African stud-
ies."! A study conducted in a Moroccan female population revealed a
100% prevalence of the American-type plasmid carrying the tetM gene.”’
A study conducted in South African men also reported a high prevalence of
the American-type tetM plasmid and a lower prevalence of the Dutch-type
tetM plasmid." Previous studies have suggested that the Dutch-type tetM
plasmid is more prevalent in Asian countries (such as Thailand, the Philip-
pines, China, and Bangladesh), whereas the American-type tetM plasmid
is more prevalent in European and African countries.””** A recent study
conducted in South Africa showed that the tetM gene was detected in 92%
of their isolates with a 90% predominance of the American variant, cor-
responding with previous findings suggesting that the American variant
of the tetM originated in Africa.”” These studies provide evidence for the
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TABLE 4. Demographic, Behavioral, and Clinical Factors
of Positive N. gonorrhoeae Specimens that Displayed
Resistance Profiles

Variables Overall (n = 24)

Agel)
Median (Q1-Q3) 27.5(24.8-32.3)

 Min-mex . 200400

Currentabnormal discharge
No 20 (83.3%)

Y 4wem

Level of education

_ Didmtatendschool 1620
High school : 19 (79.2%)

© College, universty . 4(167%)

Marital status

22 (91.7%)

Has a regular sex partner

No 11 (45.8%)

Yes 13 (54.2%)

Cohabitating with partner

17 (70.8%)

19 (79.2%)

L < Y N, 5(208%) .
Number of lifetime sexpartners
L S 8(333%) .
SO SSSS N 14(08.3%)
b 288
Condomuse e
L O N 16(@6.7%)
L. N 6@5%)
Always 2(8.33%)

Trimester of pregnancy

CSecond 5(208%)
CThed 19792%)
Past preterm delivery &
N 19792%)
DY 5(208%)
Past miscarriage .
N 18(750%
CYes 650%)
Past spontaneous abortion

N

_Experienced past symptoms of STIS .
N 14(583%)
DY 10@7%)
Previous treatment forsTls &
N 18(750%

Yes § 6 (25.0%)

STI, sexually transmitted infection.
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nonuse of tetracycline for future treatment of N. gonorrhoeae infections
because of such high levels of resistance to this antibiotic.
Beta-lactamase-producing plasmids were shown to be present in 87.5%
of the specimens analyzed in this study. The prevalence of penicillin resist-
ance observed in this study was higher than reports from a recent study
conducted in a male population from South Africa in which penicillin re-
sistance was 33%.”° The African-type plasmid related to penicillin resist-
ance was observed in the current study. A 2010 study conducted in South
Africa showed the presence of the African-type (35.2%) and the Toronto-
type plasmids (44.4%) and a new Johannesburg-type plasmid (20.3%)."
Ciprofloxacin resistance has been increasing and has been reported
on a worldwide scale, with locations such as Asia overall (93.8%) and He-
fei, China in particular (100%) exhibiting high levels of resistance.””*®
In this study, the gyrase A gene was detected in less than half of the
study specimens (41.6%). The sensitivity of the PCR for this gene was
shown to be low and will require further optimization to obtain the
desired results. Mutations within the gyrase A gene (Ser-91) have been
linked to ciprofloxacin resistance.””’ The mutations associated with
ciprofloxacin resistance have been previously described.’”'**%° Despite
the limited number of positive amplicons obtained, the Ser-91 muta-
tion that is associated with ciprofloxacin resistance was present in 90%
of the specimens analyzed. A Moroccan study conducted from 2013 to
2015 showed an extremely high level of ciprofloxacin resistance, with
77.9% of the specimens exhibiting the Ser-91 mutation.'" Despite the
lack of detection of resistant mutations to ceftriaxone, spectinomycin,
and azithromycin, PCR detection and DNA sequencing without the need
for culture can be used to track emerging resistance to these antibiotics.
According to the behavioral and sociodemographic data collected in this
study, the majority of participants were unmarried, had a secondary level of
education, had between 2 and 4 lifetime sex partners, and had sometimes
used condoms during sex. In addition, these women who were associated
with AMR were predominantly in the third trimester of pregnancy, were
asymptomatic, and had not been treated for STIs in the past. There is a lack
of published data that have compared sociodemographic and behavioral risk
factors in association with AMR patterns. The majority of published stud-
ies have focused on demographic, behavioral, and clinical factors associated
with the prevalence of N. gonorrhoeae infections.”***° Our study provides
data on the demographic, behavioral, and clinical characteristics of preg-
nant women associated with AMR, thereby adding to the current literature.

Limitations

A major limitation of the study was the inability to amplify the genes
associated with ciprofloxacin, azithromycin, cefixime, spectinomycin,
and ceftriaxone resistance in all the study specimens tested. To advocate
for the use of molecular-based techniques for the detection of emerging
patterns of AMR in N. gonorrhoeae, the PCR reactions will need to be
optimized to conduct mutation screening. Once optimized, molecular-
based detection assays for AMR will have a significant impact on the
public health responses and clinical management for this pathogen.

Conclusion

Because of the limitations associated with culture-based techniques (such as
loss of viability of the gonococcus) for identifying susceptibility/resistance
patterns in N. gonorrhoeae, the detection of resistance determinants from the
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molecular level without the need for culture may prove to be more feasible for
future epidemiological investigations focused on tracking antimicrobial sus-
ceptibility/resistance patterns for this pathogen.
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ABSTRACT

Objective: To investigate the interpretation differences of germline-
shared somatic variants.

Methods: A total of 123,302 COSMIC variants associated with
hematologic malignant neoplasms were used. The pathogenic-
ity and actionability of shared variants were analyzed based on the
standardized guidelines.

Results: The overall frequency of variants shared in ClinVar/HGMD
and COSMIC was 10%. The pathogenicity of 54 shared variants was
pathogenic/likely pathogenic (P/LP; n = 30), variants of unknown sig-
nificance (n = 3), and benign/likely benign (n = 21). In total, 30 P/
LP variants were reclassified to tier I/tier 1l (83%) and tier Ill (17%)
variants.

Conclusions: This is the first study about different clinical
interpretations of shared variants based on the current standard

guidelines. This study takes a meaningful step in bridging the interpre-
tation gap between the somatic and germline variants.

Germline and somatic variants have been extensively catalogued in
patients with cancer by using genomic technologies such as mas-
sively parallel sequencing. The Cancer Genome Atlas (TCGA) project,
comprising 9423 tumor exomes across 33 cancer types, has reported
that actionable somatic alterations were identified in 57% of tumor
specimens.’ Moreover, it has been reported”® that germline pathogenic
or likely pathogenic (P/LP) variants in cancer genes were identified in
4% to 16% of tumor sequencing specimens.

Distinguishing somatic and germline variants is important because of
their different clinical meanings. The main purposes of the germline and so-
matic sequencing are different in the clinical settings. The aims of germline
testing for cancer are typically to inform cancer predisposition and to guide
therapies in pharmacogenomics. However, tumor testing primarily focuses
on the discovery of oncogenic driver mutations and actionable alterations
associated with diagnosis, prognosis, and/or therapeutics. Also, there are
differences in interpretation between the germline and somatic variants.*’

A recent study report® has revealed that a total of 336,987 variants
were shared between the germline genome from gnomAD and somatic
exomes from TCGA. The investigators have demonstrated that shared
variants arise from statistical independence (34%), basic mutation
types (50%), extended nucleotide contexts (4%), potential germline
leakage (4%), and unexplained reasons (9%).6 Considering that chemical
vulnerabilities to DNA are basically same regardless of the origin, identi-
cal variants could have occurred in the germline and somatic setting, de-
spite the differences between the germline and somatic mutation rates.”

Several study reports have stated that there is an overlap between
somatic driver mutations and germline pathogenic variants in solid
cancers, including lung cancer and Costello syndrome (CS)-associated
cancers.®? For example, the EGFR T790M mutation, which is associated
with gefitinib resistance, has been reported as germline mutation and
as somatic mutation in lung cancer.®10! Also, HRAS mutations were
most commonly identified at codons 12 and 13, regardless of variant
origins.”'? The HRAS G12S, G12A, and G13C are found in patients with
CS-associated cancer as oncogenic somatic or germline mutations.”"?
However, NRAS and KRAS mutation data have shown that there is little
overlap between germline and somatic variants. Somatic NRAS mutations
have been frequently observed at codons 12, 13, or 61, whereas germline
NRAS variants in patients with Noonan syndrome-associated malig-
nancy have been commonly identified at codons 24, 34, 50, and 60.

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,

please e-mail: journals.permissions@oup.com
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FIGURE 1. The overall workflow. COSMIC indicates the Catalog of Somatic Mutations in Cancer; HGMD, Human Genome
Mutation Database; P/LP, pathogenic or likely pathogenic; VUS, variant of unknown significance; B/LB, benign/likely benign;
AMP/ASCO/CAP, the Association of Molecular Pathology, American Society of Clinical Oncology, and College of American
Pathologists; ACMG/AMP, American College of Medical Genetics and Genomics and Genomics and the Association of

Molecular Pathology.

COSMIC variants associated with
hematologic malignancy
(n = 123,302)

'

Shared variants in both
COSMIC and HGMD/ClinVar
(n = 12,776)

+ Germline interpretation: i .

i ACMG/AMP guideline Shared variants reviewed by :

: ClinGen expert panel :

: (n =56) Drug |:

: response |

B ‘ ‘ (n = 2) :

: P/LP vus | [ ens 5

: (n = 30) (n=3) [ | (=21 :

: Somatic interpretation: ‘ ‘ .' H

» AMP/ASCO/CAP guideline :

: Tier | Tier Il Tier lll | | Tier | | Tier IV ;

: (n=21) n=4) (n=5) (n=3) n=21) '

TABLE 2. Pathogenic Variants of Unknown Clinical Significance in Cancer
: . Amino | . : g o : : : Germline : Somatic

Gene Nucleotide Acid Clinvar iHGMD Evidences for pathogenecity COSMIC GENIE Oncogenecity §classification §classification
PTPN171} ¢.922A>G | p.N308D: Pathogenic: DM | PS2,PS3,PP2, PP3,PM2,PP1 | COSM24612 Somatic Neutral Pathogenic Tier Il
PTPN11!¢.1530G > C | p.0510H | Pathogenic | DM PP2, PP3, PM2,PM6, PM5 | COSM1318058 |  Somatic Not characterized | Pathogenic Tier Il
BRAF ic.1741A>G ip.N581D iPathogenic : DM :PS3,PP2, PP3, PM1, PM2, PM6 iCOSM6964515 i Somatic Not characterized Pathogenic Tier lll
BRAF | p.G469E | Pathogenic | DM | PS2,PS3,PP2, PP3,PM2,PM1 |  COSM461 Somatic | Conflicting evidences | Pathogenic Tier Il
BRAF | c.735A>C | p.L245F |Pathogenic | DM | PS2,PP3,PP2, PM2, PM1,PS4 | COSM3634278 | Not available | Conflicting evidences | Pathogenic | Tier Il

HGMD, the Human Genome Mutation Database; DM, disease-causing mutation; COSMIC, the Catalog of Somatic Mutations in Cancer; GENIE, Genomics

Evidence Neoplasia Information Exchange.

2The Tier Ill variants are defined as variants of unknown clinical significance regarding diagnosis, prognosis, and therapeutics of cancer.

Hematologic malignant neoplasms were previously considered spo-

13-15
315 it has been

radic rather than inherited. However, in recent studies,
reported that germline predisposition is associated with approximately
10% of patients with hematologic malignant neoplasms, as a whole.
Further, new diagnostic categories, such as myeloid neoplasms with
germline predisposition, have been added to the revised World Health Or-
ganization (WHO) classification.'® Currently, germline-shared somatic
variants have been reported in a small number of genes such as NRAS
and EGFR, especially in solid cancer. The study of the shared variants
in hematologic malignant neoplasms was previously underappreciated.

Currently, little is known regarding the frequency of specific var-
iant overlapping between the germline and somatic databases. One
previous study about shared variants® was designed to investigate
the questions using a control-population database, such as gnomAD,
rather than a disease-associated germline database. Further, there is a
lack of data comparing the differences between somatic and germline
interpretations of specific variants."”

The aim of this study was to investigate the frequency of variants
shared between germline databases and somatic databases for hematologic

Laboratory Medicine

malignant neoplasms. Also, the differences in the clinical interpretations
of shared variants were evaluated using the current standard interpreta-
tion guidelines in the germline and the somatic contexts, respectively. In
particular, the author focused on pathogenicity, oncogenecity, and clinical
actionability of the shared variants.

Materials and Methods

The Catalog of Somatic Mutations in Cancer (COSMIC, release v91, April
2020) variants and the Human Genome Mutation Database (HGMD,
professional version 2019.01) variants were downloaded. A total of
123,302 variants associated with hematologic malignant neoplasms
were used for the analysis of shared variants (FIGURE 1).

All studied variants were located in 99 genes associated with he-
matologic malignant neoplasms according to the WHO classification
and National Comprehensive Cancer Network guideline/European
LeukemiaNet: ABL1, ABL2, ALK, ANKRD26, ASXL1, ATM, BCL2, BCL6,
BCOR, BCR, BIRC3, BRAF, CALR, CBFB, CBL, CCND1, CDKN2A, CDKN2B,
CEBPA, CRLF2, CSFIR, CSF3R, DDX41, DEK, DHX15, DKC1, DNMT3A,

2022;53;24-29 | DOI: 10.1093/labmed/Imab020
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EBF1, EP300, ETNK1, ETV6, EZH2, FGFR1, FIP1L1, FLT3, GATA2,
GATA3, IDH1, IDH2, IKZF1, IL3, IL7R, JAK1, JAK2, JAK3, KDM6A, KIT,
KMT2A (MLL1), KRAS, MECOM, MGA, MKL1, MLLT3, MPL, MTCP1,
MYC, MYD88, MYH11, NF1, NOTCH1, NPM1, NRAS, NTRK3, NUP214,
PBX1, PCM1, PDGFRA, PDGFRB, PHF6, PML, PRPF8, PTPN11, RAD21,
RARA, RB1, RBM15, RUNX1, RUNXIT1, SETBP1, SF3B1, SH2B3,
SMC1A, SMC3, SRSF2, STAG2, STAT3, TAL1, TCF3, TERC, TERT, TET2,
TLX1, TLX3, TP53, TYK2, U2AF1, WT1, ZBTB7A, ZRSR2."*'®?" The
annotations of COSMIC variants were performed using the ANNOVAR
and InterVar software (intervar_20180118).%"

The HGMD, ClinVar (clinvar_20190305), and Online Mendelian In-
heritance in Man (OMIM, 2020.08) were used as germline databases;
COSMIC and Genomics Evidence Neoplasia Information Exchange
(GENIE, version 8.0, June 2020) were used as somatic databases.
A germline-shared somatic variant was defined as a variant with identical
genomic position and nucleotide alterations in the germline databases
and somatic databases.

A somatic variant was defined as a variant that is present in tu-
mor specimens but absent from nontumor specimens from the same
individuals. To avoid the possibility of spurious shared variants due to
the contamination of germline variants into COSMIC databases, the
origin of the shared variants was analyzed using GENIE. If COSMIC
variants were present in the nontumor and tumor specimens from the
GENIE database, the variants were considered to be spurious COSMIC
variants with germline nature.

The germline interpretation of shared variants was analyzed based
on the American College of Medical Genetics and Genomics and Ge-
nomics and the Association of Molecular Pathology (ACMG/AMP)
guideline: P/LP, variant of unknown significance (VUS), benign/likely
benign (B/LB).” To avoid the possibility of subjective interpretation
of the variants, selection of germline variants were restricted to pre-
viously reported HGMD variants or ClinVar variants reviewed by
an expert panel with the definitive evidences based on ACMG/AMP
guidelines.” The somatic interpretation of the shared variants was
classified into 4 tiers based on the Association of Molecular Pathol-
ogy, American Society of Clinical Oncology, and College of American
Pathologists (AMP/ASCO/CAP) guideline: tier I (Variants of Strong
Clinical Significance), tier II (Variants of Potential Clinical Signifi-
cance, tier IIT (Variants of Unknown Clinical Significance), and tier IV
(Benign or Likely Benign Variants).”

The evidences of variant oncogenicity and clinical actionability of
the shared variants were extracted from the following knowledge ba-
ses (assessed in June 2020) and the previous large scale in vitro func-
tional studies: the Cancer Genome Interpreter Cancer Biomarkers
Database (CGI), Clinical Interpretation of Variants in Cancer (CIViC),
Precision Oncology KnowledgeBase (OncoKB), Jackson Laboratory
Clinical Knowledgebase (JAX-CKB), Database of Evidence for Preci-
sion Oncology (DEPO), My Cancer Genome (MCG), Precision Medicine
Knowledge Base (PMKB), and the Pharmacogenomics KnowledgeBase
(PharmGKB)."** %

Results

The number of germline-shared somatic variants from COSMIC and
ClinVar/HGMD was 12,776 (10% of the COSMIC variants and 6% of the
HGMD variants) (FIGURE 1). Among the shared variants, 2 variants

associated with drug response were excluded, and the germline patho-

www.labmedicine.com

genicity of 54 variants was reviewed based on the ACMG/AMP guideline
with definitive evidence (FIGURE 1). Further, GENIE dataset analysis
revealed that the shared variants were somatic in origin; a total of 30
variants among 54 variants were also identified in GENIE datasets, and
there were no spurious COSMIC variants. The variant allele frequency of
the shared variants in tumor specimens ranged from 4 to 62% (median,
23%), according to the GENIE database.

Interpretation of a total of 54 shared variants were categorized
as follows: 30 P/LP, 3 VUS, and 21 B/LB. A total of 30 P/LP germline
variants were reclassified to tier I (21/30 [70%]), tier II (4/30 [13%]),
and tier III (5/30 [17%]) somatic variants (FIGURE 1, TABLE 1, and
TABLE 2). Three VUS and 21 B/LB germline variants were reclassified to
tier Il and tier IV, respectively (FIGURE 1). Among the shared variants,
the germline P/LP and tier III variants include the PTPN11 c.922A > G
(p.N308D) and ¢.1530G > C (p.Q510H); BRAF ¢.1741A > G (p.N581D),
¢.1406G > A (p.G469E), and c.735A > C (p.L245F) variants (TABLE 2).

Discussion

This study investigated the frequency of germline-shared somatic
variants associated with hematologic malignant neoplasms and dis-
covered that 10% of the COSMIC variants and 6% of HGMD variants
could be interpreted in germline and somatic contexts. Meyerson et al®
have reported that 6% of gnomAD variants and 21% of TCGA variants
were shared between the germline and somatic databases. The data
by Meyerson et al were from control-population databases, such as
gnomAD as a germline database, and were not limited to specific can-
cer type.® However, this study was performed using disease-associated
databases, such as HGMD as germline database and focused on genetic
variants with hematological malignant neoplasms. The differences in
frequency of the shared variants could be attributable to the difference
of databases, number of analyzed variants, and cancer type. It should
be noted that this study focuses on shared variants between disease-
associated germline and somatic databases, rather than overlapped
variants between germline polymorphisms and somatic databases.

Also, this study directly compared the germline and somatic
interpretations of the shared variants according to the current stand-
ard guidelines. The author noted that 17% of P/LP variants in germline
context were reclassified into tier III somatic variants in terms of clin-
ical actionability. The PTPN11 ¢.922A > G (p.N308D), and ¢.1530G > C
(p.Q510H) and the BRAF c.1741A > G (p.N581D), ¢.1406G > A
(p.G469E), and c.735A > C (p.L245F), which were interpreted as tier
III somatic variants, were also associated with RASopathies, including
Noonan syndrome, LEOPARD syndrome, and cardiofaciocutaneous syn-
drome in the germline context.

RASopathies are a group of developmental disorders with an increased
risk of multiple neoplasms, including rhabdomyosarcoma, acute lym-
phoblastic leukemia, and juvenile myelomonocytic leukemia (JMML).”*?
This information in the germline setting could inform the risk of he-
reditary cancer predisposition. However, the clinical significance of
these variants would be missed by the single use of the AMP/ASCO/
CAP guideline in tumor-only sequencing. Considering the difference in
clinical significance between germline and somatic interpretations, dis-
tinguishing somatic and germline variants are crucial for shared variant
interpretations, especially in tumor-only sequencing.

The AMP/ASCO/CAP interpretation guideline has recommended
sequencing of normal tissues for definitive classification of potential
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germline variants.” In patients with hematologic malignant neoplasms,
testing using peripheral blood cannot distinguish germline variants from
somatic variants. Although DNA from skin fibroblasts is an ideal source
of germline testing for hematologic malignant neoplasms, skin biopsy is
impractical due to the invasiveness of the procedures. Currently, family
history, clinical features, and certain mutations provide some important
clues to genetic predisposition to hereditary hematologic malignant
neoplasms.”> However, negative family history does not exclude the
genetic predisposition to hematologic malignant neoplasms.*" Recogni-
tion of the shared variants might be an alternative red flag warning of
hereditary hematologic malignant neoplasms in tumor-only sequencing.
Future studies regarding the roles of germline-shared somatic variants
will be required in the clinical settings.

It should be noted that there was 1 additional interpretation challenge,
in PTPN11 c.417G > C (p.E139D). Considering the alterations of protein
binding properties, the variant was determined to be pathogenic in the
germline context.*”** However, considering no changes in cell proliferation
and viability, oncogenecity of the same variant was not established in the
somatic context.*’ Although oncogenic impact of the variant was neutral,
the same variant was assigned as tier II because the variant was frequently
reported in patients with JMML and associated with poor survival.***° This
finding suggested that the oncogenecity and clinical actionability should be
interpreted in a different aspect in the somatic context.

In this study, the clinical interpretation was performed in a small
subset among a total of 12,776 shared variants. Currently, it has been
recommended that the interpretation of germline variants identified
from tumor sequencing be based on the ACMG/AMP guideline, rather
than the AMP/ASCO/CAP guideline.*” However, it has been reported™
that germline interpretation, even based on the ACMG/AMP guideline,
could be different across laboratories; initial concordance of ACMG-
AMP guidelines-based variant classification was only 34%. To avoid con-
troversial interpretation of germline variants, this study selected only
54 shared variants that had already been reviewed by expert panels from
ClinGen and determined to have definitive evidence of pathogenicity.

Conclusion

This study directly compared the germline and somatic interpretations
of variants shared in ClinVar/HGMD and COSMIC. Germline-shared so-
matic variants should be simultaneously interpreted in germline and so-
matic contexts. Distinguishing somatic and germline variants is crucial
for shared variant interpretations, especially in tumor-only sequencing.
This is the first study, to the best of my knowledge, regarding different
clinical interpretations of shared variants based on the current standard
guidelines. The current study takes a meaningful step in bridging the in-
terpretation gap between the somatic variants and germline variants in
cancer. I recommend further prospective clinical studies be conducted to
investigate the clinical implications of shared variants.
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ABSTRACT

Objective: To clarify the prognostic values of hemostatic parameters
to predict the survival of patients undergoing orthotopic liver trans-
plantation (OLT) for hepatitis B virus (HBV)-related hepatocellular car-
cinoma (HCC).

Methods: The data of 182 consecutive adult patients who underwent
OLT for HBV-related HCC were subjected to univariate and multivar-
iate analyses.

Results: Ascites and fibrinogen levels on postoperative day (POD) 1
were independent predictors of postoperative 2-year mortality (both
P <.05). Kaplan-Meier survival analysis showed that the higher the
fibrinogen level on POD 1, the better the 1- and 2-year survival of
patients with ascites (P <.05), whereas the fibrinogen level on POD 1
was associated with 1-year (P <.05) but not 2-year survival of patients
without ascites.

Conclusion: Fibrinogen on POD 1 is a predictor of 2-year post-OLT
survival of patients with HBV-related HCC with ascites.

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related
death worldwide." Epidemiological studies have shown that hepatitis B
virus (HBV) infection is the main cause of HCC, especially in regions
throughout Asia.”® Furthermore, HBV-related HCC is more common
in male than in female patients.” Because the liver is the major organ
that synthesizes coagulation, anticoagulation, and fibrinolytic factors,
patients with HCC usually present with decreased synthesis of pro- and
antihemostatic proteins by the diseased liver, reduced platelet (PLT)
levels, and altered structures of synthesized coagulation factors and
inhibitors. These changes are correlated with the degree of hepatocellular
damage.”

Orthotopic liver transplantation (OLT) has become the opti-
mal treatment option for unresectable HCC and liver cirrhosis. Most
patients have multifactorial hemostatic disorders during liver trans-
plantation.® Concomitantly, the simultaneous decreases in procoagu-
lant and anticoagulant factors create a state of so-called rebalanced he-
mostasis. However, this rebalanced hemostatic system is more fragile
than that of healthy individuals, resulting in either hypocoagulability or
hypercoagulability.”’ Because the liver is the primary organ regulating
hemostasis, pre- or postoperative hemostatic parameters can be used
to monitor patients undergoing OLT.® Furthermore, depending on the
function of the transplanted liver, post-OLT hemostatic parameters may
be more useful to predict patient survival. However, relatively few stud-
ies have investigated hemostasis parameters in the post-OLT period.* "’
A study by Novakovié-Anucin et al® showed that investigated labora-
tory parameters normalized within 7 to 14 days after transplantation,
whereas Moia et al® observed that the activated partial thromboplastin
time at day 8 post-OLT was an independent predictor of 6-month sur-
vival.

The aim of this retrospective analysis of short-term dynamic
changes in the hemostatic system after OLT in patients with HBV-
related HCC was to determine the predictive value of hemostatic
parameters during the early postoperative period as markers of sur-
vival after OLT.

Patients and Methods

Study Patients
The study cohort consisted of 276 consecutive patients with HBV-related
HCC who underwent OLT from June 2012 to May 2017 at the Depart-

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,
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ment of Hepatic Surgery of the First Affiliated Hospital of Zhejiang Uni-
versity (Hangzhou, China). Transplants were performed using the classic
or modified piggyback technique® with a strict anesthetic protocol. All
patients received homogeneous treatment in the intensive care unit af-
ter surgery. Patients aged <18 years (n=3) and those with diabetes melli-
tus (n=15), acute inflammatory disease (n=18), a second primary tumor
(n=3), or complications such as thrombosis (n=36), along with those
who underwent surgery within 3 months before enrollment (n=4), un-
derwent a second or subsequent OLT (n=38), or had died during surgery
(n=7) were excluded from the analysis. In total, 182 patients were in-
cluded in the study. All patients were followed up until the date of death,
loss to follow-up, or July 10, 2019. The study protocol was approved by
the Institutional Research Ethics Committee of the First Affiliated Hos-
pital of Zhejiang University and performed in accordance with the prin-
ciples embodied in the Declaration of Helsinki. Written informed con-
sent was obtained from all patients before surgery.

Clinical and Laboratory Variables

Preoperative characteristics, laboratory variables, perioperative man-
agement, surgical procedures, and postoperative laboratory test results
(postoperative day [POD] 1 to POD 7) from all patients were retrieved
from the hospital electronic medical record system. The laboratory
variables included serum levels of alpha fetoprotein (AFP), creatinine,
total bilirubin (TB), white blood cells (WBCs), neutrophils, lymphocytes,
hemoglobin (Hb), PLTs, plasma fibrinogen, and D-dimer in addition to
prothrombin time (PT), international normalized ratio (INR), and acti-
vated partial thromboplastin time (APTT).

Serum levels of creatinine (enzymatic method) and TB (colorimetric di-
azo method) were measured using a Hitachi 7600 analyzer (Hitachi Ltd.,
Tokyo, Japan) with commercial kits (Roche Diagnostics, Mannheim, Ger-
many). The levels of PT (coagulation method), INR (coagulation method),
APTT (coagulation method), fibrinogen (Clauss method), and D-dimer
(immunoturbidometric method) were measured using the Sysmex CS 5100
coagulation analyzer (Sysmex Corporation, Kobe, Japan) with dedicated
reagents (Siemens AG, Marburg, Germany). Serum levels of AFP were deter-
mined using a chemiluminescent microparticle immunoassay with the AR-
CHITECT i2000SR System (Abbott Laboratories, Chicago, IL). Serum levels of
WBCs, neutrophils, lymphocytes, Hb, and PLTs were measured with a Sysmex
XE-2100 automatic hematologic analyzer with reagents and protocols from
the manufacturer (Sysmex, Kobe, Japan). The model for end-stage liver dis-
ease (MELD) score was obtained using the following formula: R = 3.8 x In [TB
(mg/dD] + 11.2 x In (INR) + 9.6 x In [Cr (mg/dD)] + 6.4 x cause (cause: O for
cholesteric cirrhosis and alcoholic cirrhosis, 1 for virus and other reasons).'

Statistical Analyses

Data are expressed as the mean + standard deviation or the median
and interquartile range if the distribution of the continuous variables
was skewed. Categorical variables are expressed as numbers with
percentages. The time-series laboratory data were compared between
groups by 2-way repeated-measures analysis of variance. Cox regression
analysis (stepwise forward method) was performed to analyze the re-
lationship between patients’ clinical characteristics, perioperative man-
agement, laboratory variables, and risk of death after OLT. Spearman’s
rank correlation coefficient was used to evaluate the relationships be-
tween parameters. The optimal cutoff value and diagnostic performance
of the laboratory variables were determined using the area under the re-
ceiver operating characteristic (ROC) curve. The sensitivity and specific-
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ity of laboratory variables to predict survival after OLT were calculated.
Patient survival was compared using Kaplan-Meier curves, and statis-
tical significance was assessed with the log-rank test. GraphPad Prism
5 software (San Diego, CA) and SPSS software version 16.0 (SPSS Inc.,
Chicago, IL) were used for analyses. A probability (P) value of £.05 was
considered statistically significant.

Results

Patient Characteristics

The final cohort consisted of 173 (95.1%) men and nine (4.9%) women
with a mean age of 51.3 years. All patients were diagnosed with HBV-
related HCC. The patients’ preoperative characteristics and laboratory
variables, in addition to perioperative transfusion management, are
presented in TABLE 1. Tumor recurrence was observed in 28 (15.4%)
patients. The 1- and 2-year postoperative survival rates of all 182
patients were 65.9% and 50.5%, respectively.

Dynamics of Fibrinogen Levels After OLT

Longitudinal analysis of fibrinogen levels was carried out at 1, 3, 5, and
7 days after OLT according to survival at postoperative years 1 and 2
and HCC recurrence. As shown in FIGURE 1, fibrinogen levels gradu-
ally increased from the day before surgery to POD 7 in the >1 year and
>2 year survival time groups and the non-HCC recurrence group, but
they were significantly decreased on POD 1 as compared with preop-
erative levels in the <1 year and <2 year survival time groups and the
HCC recurrence group (all P <.01). Furthermore, there were signifi-
cant differences in fibrinogen levels at each observation point from the
day before surgery to POD 7 between the >1 year and <1 year survival
time groups (all P <.05), on POD 1 and POD 5 between the >2 year and
<2 year survival time groups, and on the day before surgery between the
HCC and non-HCC recurrence groups (all P <.05). Finally, there were sig-
nificant differences in the dynamic changes of fibrinogen levels from the
day before surgery to POD 7 between the >1 year and <1 year survival
time groups, the >2 year and <2 year survival time groups, and the HCC
and non-HCC recurrence groups (all P <.05).

Independent Prognostic Factors for Death

The median values were used to dichotomize the levels of age, body mass
index, AFP, intraoperative blood loss, creatinine, TB, INR, MELD score,
WBCs, neutrophil-lymphocyte ratio (NLR), Hb, PLTs, PT, APTT, fibrino-
gen, and D-dimer on POD 1. The results of univariate analysis revealed
that the size of the largest tumor, ascites, intraoperative blood loss,
intraoperative transfusion of fibrinogen concentrate, and fibrinogen
levels on POD 1 were associated with postoperative death. The results of
multivariate analysis showed that ascites and fibrinogen levels on POD
1 were independent predictors of postoperative death (both P <.05;
TABLE 2). FIGURE 2 shows the survival rates of the 182 patients
undergoing OLT according to the range of fibrinogen levels on POD 1. As
the fibrinogen level on POD 1 increased, the 1- and 2-year survival rates
both gradually increased.

Correlation Between Fibrinogen Levels and Clinical
Parameters on POD 1

Potential correlations between several clinical parameters and fibrino-
gen levels on POD 1 were also investigated. As shown in FIGURE 3,
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TABLE 1. Demographic and Clinical Characteristics of 182
Participants

. Patients Undergoing

Variables OLT (n=182)

Sex (M/F)

Survival at 2y, n (%) 92 (50.5)

AFP, alpha fetoprotein; APTT, activated partial thromboplastin time;

BMI, body mass index; EGV, esophageal and gastric varices; FEU,
fibrinogen-equivalent units; FFP, fresh-frozen plasma; Hb, hemoglobin;
HE, hepatic encephalopathy; HRS, hepatorenal syndrome; INR, interna-
tional normalized ratio; MELD, model for end-stage liver disease; NLR,
neutrophil-lymphocyte ratio; PLTs, platelets; PT, prothrombin time; RBCs,
red blood cells; SBF, spontaneous bacterial peritonitis; SD, standard
deviation; TB, total bilirubin; WBCs, white blood cells.

Data are expressed as mean + SD, medians with interquartile ranges, or
the number of patients (%).

fibrinogen levels on POD 1 were positively correlated with WBCs, NLR,
Hb, and PLTs but negatively correlated with the MELD score, PT, APTT,
and D-dimer (all P <.05).

Laboratory Medicine

FIGURE 1. Dynamics of fibrinogen levels in patients
undergoing OLT according to postoperative survival time
and HCC recurrence. The error bars represent standard
deviations. HCC, hepatocellular carcinoma; OLT, orthotopic
liver transplantation.
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Determination of Cutoff Values
The fibrinogen levels on POD 1 were significantly higher in patients who
survived for 1 year (2.31 + 0.94 g/L vs 1.58 + 0.52 g/L; P < .001) and

2022;53;30-38 | DOI: 10.1093/labmed/Imab052
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TABLE 2. Cox Regression Analyses of Coagulative Parameters on POD 1 After OLT for Prediction of Death at Year 2

Univariate Analysis Multivariate Analysis
Variables HR (95% CI) | | HR (95% CI) | P Value
Sex (F vs M) § 1.701 (0.742-3.898)
Age(>510yvs<510y® . 12000793-1815, . 388 .
BMI(>221 kg/m?vs <221 kgmd® 0777 (0506-1193 . 249 .
AFP(>313pg/mLvs <313 pg/ml* 1443(0951-2192) . 085 | 1430(0933-2193)
‘Size of largest tumor (>5cm vs <5 emp | 1704(1008-2644 o017 1479094323200 | 088
Tumornumbers (3vs <3° 0883(0580-1344) . s62 .
Vascularinvasion (VvsN® 0892(0584-1363) . s7 .
Complications L
 Asotesvusn® 1840 (11452959 | o1z 1682 (1.037-2.730) | 035
COREVWSNT 10230579-1810) e
CosBP(YwNE 1691(0781-3664 . A8 .
COWRS(WSN® 1447063203313 . 382 .
CEGVOOVSN® 0582(0202-1159) . A24 .
Intraoperative blood loss (>1.10Lvs <t.10L) - 1621(1068-2462 | 028 . 1300(0835-2.022)
Intraoperative transfusion L
CRPYBSN 1016(0632-1632) . Ly S
CoRBGs(YwN) 1283(0841-1.955) | . FY 2
CoPTsvwN 1822(0914-3630) . 08 . 09190386-2190) | . 849
© Fibrinogen concentrate (YvsN) 2355 (1307-4243) . o4 1693(0939-3.053) | . 080
Creatinine (>89.5 pmolLvs <895 pmold) | 0910(0597-1.386) . ee0 .
TB (785 pmolLvs <785 pmol) 1199(0787-1.826) 37
NR(-136vs<136) . 1116073-1e8n . 603 .
NLR (>28.83 vs <28.83) 0.808 (0.531-1.232)
WE%oLvs<Bgl) 0755(0476-1.199) | . 2
PUTs 72X 0L vs<T2x 10 1418(0928-2166) | . w7
PT(-158svs<1588) 1032 (0.682-1560 | . 8
AT (-426svs<265) 1258(0.831-1903 | . 28
Fibrinogen (187 gLvs <18791) | 0478(0314-0729) . 001 | 0499 (0.321-0773) | 002
D-dimer (-662mg/L FEUvs<662mg/) FEY) | 07850510-1208 . 211 .

AFPF, alpha fetoprotein; APTT, activated partial thromboplastin time; BMI, body mass index; Cl, confidence interval; EGV, esophageal and gastric varices;
FEU, fibrinogen-equivalent units; FFP, fresh-frozen plasma; Hb, hemoglobin; HE, hepatic encephalopathy; HR, hazard ratio; HRS, hepatorenal syndrome;
INR, international normalized ratio; MELD, model for end-stage liver disease; NLR, neutrophil-lymphocyte ratio; OLT, orthotopic liver transplantation; PLTs,
platelets; POD, postoperative date; PT, prothrombin time; RBCs, red blood cells; SBF, spontaneous bacterial peritonitis; TB, total bilirubin; WBCs, white
blood cells.

2Clinical characteristics at baseline.

2 years (2.25 + 0.93 g/L vs. 1.87 = 0.80 g/L, P = .004) as compared with at 1 year and 2 years was significantly correlated with fibrinogen levels
those who did not. The ROC curve analysis determined that the fibrin- of 21.82 g/L as compared to <1.82 g/L (72.1% and 50.8% vs 40.0% and
ogen levels on POD 1 were significantly correlated with 1- and 2-year 38.3%, respectively; P <.001 and P =.011) in patients with ascites (FIG-
survival of patients with ascites (FIGURE 4A and 4B) and with 1-year URE 5A). However, in patients without ascites (FIGURE 5B), survival

survival of patients without ascites (FIGURE 4C), whereas no correla- at 1 year but not at 2 years was significantly correlated with fibrinogen
tion was observed between fibrinogen levels on POD 1 and 2-year sur- levels of 22.18 g/L as compared to <2.18 g/L (93.8% and 65.6% vs 75.9%
vival of patients without ascites (FIGURE 4D). and 58.6%, respectively; P =.049 and P =.390).

Survival Rates According to Fibrinogen Levels on POD 1

To determine the ability of fibrinogen levels on POD 1 to predict 2-year Discussion

postoperative survival, the median values of patients with ascites It is widely known that HCC is associated with severe hemostatic
(n=121) and without ascites (n=61) were used to dichotomize the levels defects.’ Although several studies have shown that the transplanted
of fibrinogen on POD 1. The Kaplan-Meier curve showed that survival liver has sufficient synthetic capacity early after OLT,*® marked

www.labmedicine.com
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FIGURE 2. Distribution of 1-year and 2-year survival rates according to fibrinogen levels on POD 1. POD, postoperative date.
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differences in hemostatic capacity have still been observed as compared
to that of healthy individuals."* An imbalance in hemostasis was even
observed in patients at 1 year after liver transplantation.” Previous
studies have reported correlations between preoperative fibrinogen
levels and tumor recurrence and clinical outcomes in patients with
HCC after liver transplantation, although the results were inconsist-
ent.">"® The results of the present study were in agreement with the
findings by Mao et al'® and Ayala et al,'” showing that no significant
associations were observed between preoperative fibrinogen levels and
overall survival after OLT. However, relatively few studies have focused
on the relationships between hemostatic parameters in the immediate
postoperative period and the outcomes of patients with HCC after OLT.
Therefore, in the present study, the values of hemostatic parameters to
predict the survival of patients after OLT were further investigated.

Of the 182 patients with HBV-related HCC who were included for
analysis, there were obvious discrepancies between men and women, be-
cause men are more likely to develop HCC among patients with chronic
hepatitis B infection.'® The results of this study showed that fibrinogen
levels on POD 1 were significantly higher in patients with 1- and 2-year
survivals, as compared with those of patients who died. The results of
multivariate analysis revealed that ascites and plasma levels of fibrin-
ogen on POD 1 were independent predictors of postoperative death.
Wang, Zhao, et al*’ and Novakovié-Anucin et al® found that fibrinogen
levels significantly decreased during OLT but gradually returned to nor-
mal during postoperative week 1. Moia et al® found no association be-
tween fibrinogen levels on POD 8 and survival at 6 months. However,
the latest findings by Groeneveld et al”* showed that lower fibrinogen
levels on POD 1 were associated with higher incidences of postopera-
tive liver dysfunction and mortality within 90 days after liver resection.
The findings of the present study revealed a similar prognostic value of
fibrinogen on POD 1 in patients undergoing OLT. This report is the first
study to show a close relationship between fibrinogen levels on POD 1
and the prognosis of patients with HBV-related HCC undergoing OLT.

Fibrinogen is a soluble plasma glycoprotein synthesized by
hepatocytes that plays important roles in thrombosis, inflamma-
tory responses, and immune 1regulation.22‘23 The negative correlations
of fibrinogen levels with the MELD score, PT, APTT, and D-dimer on
POD 1 indicated that fibrinogen levels on POD 1 partially reflected the
postoperative recovery of liver function and deficiencies in hemostatic

Laboratory Medicine
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components after OLT. As important effectors of immunity and inflam-
mation, both fibrinogen and NLR partly reflect the dynamic homeosta-
sis of the immuno-inflammation system during OLT. However, there
was no association between NLR on POD 1 and 2-year postoperative
death by Cox regression analysis, suggesting that NLR on POD 1 might
not be the proinflammatory factor affecting the prognoses of HCC
patients undergoing OLT. Fibrinogen levels may increase in any form
of inflammation as an acute-phase protein and play a proinflammatory
role in cancer.”” By serving as an extracellular matrix, fibrinogen depo-
sition in tumor tissues enhances the interactions between PLTs and tu-
mor cells and protects tumor cells from natural killer cytotoxicity, which
may facilitate the recurrence and metastasis of HCC.” Several studies
have shown close relationships between high plasma fibrinogen levels
and tumor progressions and poor patient outcomes in several cancers,
including HCC.">*® Notably, inconsistent with previous reports, we
found no significant association between preoperative fibrinogen levels
and 1- and 2-year survival after OLT but significant associations be-
tween low fibrinogen levels on POD 1 and mortality after OLT, which
may indicate that the predictive potentials of fibrinogen for patient
outcomes after OLT were not exclusively attributed to its association to
proinflammatory roles.

Accumulating evidence from in vitro and in vivo studies suggests
that an impairment of hepatic regeneration after liver surgery is asso-
ciated with liver dysfunction and postoperative mortality in patients
undergoing liver resection.’”?® During initiation of liver regenera-
tion, fibrinogen and “platelet-coagulation cross-talk” seem to be of
crucial relevance. The mechanism may be that coagulation-dependent
intrahepatic fibrinogen deposition drives PLT accumulation and liver
regeneration after partial hepatectomy.”” Low postoperative fibrin-
ogen levels, resulting in the lack of intrahepatic fibrinogen deposi-
tion in the regenerating liver, may be linked to liver dysfunction and
mortality after OLT.”" In fact, except for fibrinogen, von Willebrand
factor and tissue factors are also required for adequate PLT accumu-
lation and concomitant liver regeneration after liver surgery.*® Our
results suggested that fibrinogen induced both regeneration of the
transplanted liver and tumor progression. With respect to the current
literature, this led us to hypothesize that the stimulating effect of fi-
brinogen on liver regeneration may be of greater significance than that
on tumor progression, at least during the early postoperative phase
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FIGURE 3. Correlations of fibrinogen levels with clinical parameters on POD 1. Data are shown as scatterplots and 95%
confidence intervals. The coefficient r was derived from the Spearman’s correlation test. APTT, activated partial thromboplastin
time; Hb, hemoglobin; MELD, model for end-stage liver disease; NLR, neutrophil-lymphocyte ratio; PLTs, platelets; POD,
postoperative date; PT, prothrombin time; WBCs, white blood cells.
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for patient outcome after OLT. Even so, crucial details regarding the
mechanisms by which fibrinogen stimulates liver regeneration are as
yet not fully understood. More research on this topic and large clin-
ical examinations need to be performed to validate this hypothesis.
Moreover, given the central role of fibrinogen in both hemostasis and
thrombosis, little is known about whether or how plasma fibrinogen or
intrahepatic fibrinogen deposits contribute to the progression of liver
disease through mechanisms traditionally linked to thrombosis.*" Fur-
ther data are also needed to clarify the close associations of the hemo-
static system with liver regeneration and postoperative outcomes in
patients undergoing OLT.*

Low perioperative fibrinogen levels are associated with massive
bleeding and the need for transfusion,® which have been controver-
sially shown to be risk factors for postoperative death.** Several stud-
ies have found that the use of fibrinogen concentrate was beneficial for
massive bleeding during liver transplantation."*® Researchers have
even supposed that supplementation with fibrinogen concentrate be-
fore or during resection may be a novel clinical approach to target failing
regenerative responses for patients undergoing liver resection.***” De-

www.labmedicine.com

504 r=-0.515
. P < .001
40
o
5 30 1
@
a 20
o
s 10
0 T
6
-10 Fibrinogen (g/L)
1004 r=-0.312
P < .001
= 80+ . e
60
3 1.°
TE: 40 4 .O " as .
]
£
?
[=]
-20 Fibrinogen (g/L)
600 r=0.366
P < .001
L]
< 4004 .
=
x
0
5 200+
o
0- T
0 6

Fibrinogen (g/L)

spite this hypothesis, an imbalance between coagulation and fibrinoly-
sis early after liver transplantation may exist because of the relatively
slow recovery of depleted anticoagulant proteins, such as proteins C and
S, and antithrombin. Therefore, patients tend to be in a hypercoagulable
state even with decreased fibrinogen levels.* It is plausible that anti-
coagulant administration early after liver transplantation may be im-
portant for the prevention of thrombus formation after OLT.***
Unfortunately, the patients included in this study did not undergo com-
prehensive examinations of blood clotting or the anticoagulation sys-
tem. Thus, we were unable to assess changes in coagulation factors and
the anticoagulation system after OLT.

Ascites is a well-known predictor of cirrhosis-related mortal-
ity."! However, relatively few studies have investigated the effect of
preoperative ascites on mortality after liver transplantation. Ling
et al*? reported that moderate ascites was an independent risk fac-
tor of 3-month mortality after liver transplantation. Similarly,
Somsouk et al*® found that preoperative ascites was associated with
a higher mortality rate after liver transplantation, consistent with
the findings of the present study. Because ascites is a crude indica-
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FIGURE 4. ROC curve of fibrinogen levels on POD 1 to predict 1- and 2-year survival of patients with ascites (A and B) and
without (C and D) ascites. POD, postoperative date; ROC, receiver operating characteristic.
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orthotopic liver transplantation; POD, postoperative date.
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tor of underlying circulatory dysfunction, it is likely that the patients

with ascites were compromised by more severe end-stage liver dis-

ease and may be temporarily contraindicated for liver transplanta-

tion.”*** Clinicians should therefore carefully consider the timing of

liver transplantation, because patients with ascites may require more

aggressive monitoring.

Several limitations to this study should be noted. First, the retro-

spective, single-center design of this study may have introduced bias;

thus a prospective, randomized controlled trial is needed to validate the

results. Second, note that surgical duration, anesthesia time, wound

healing, and other factors such as anticoagulant factors, which may in-

fluence clinical outcome, were not included because of the lack of suffi-

cient data. Third, because of the small sample size, the results need to be

interpreted with caution.

Conclusion

The results of this study suggested that ascites and fibrinogen levels on

POD 1 were independent predictors of postoperative death after OLT.

Furthermore, fibrinogen on POD 1 was a predictor of 2-year post-OLT
survival of patients with HBV-related HCC with ascites. The results of
the present study may help guide the management of coagulation dur-

ing and after OLT and to predict the outcome of surgery. Further studies

are required to confirm and increase our knowledge of the effect of fi-

brinogen on liver regeneration and tumor progression and its predictive

impact in patients undergoing OLT.
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ABSTRACT

The emerging role of long noncoding RNAs (IncRNAs) in cancer, es-
pecially in lung adenocarcinoma (LUAD), is attracting increasingly
more attention as a potential therapeutic target. However, whether
IncRNA LINC00205 regulates the malignancy of LUAD has not been
characterized. In this study, we discovered that LINC00205 was mark-
edly upregulated in LUAD tissues and cell lines and correlated with poor
prognosis of patients with LUAD. Our data showed that LINC00205
promoted the migration and proliferation of LUAD cells in vitro and tumor
growth in vivo. Notably, the tumor suppressor miR-185-5p was found to
be a direct target of LINC00205. In addition, miR-185-5p diminished the
promotion of cell proliferation and migration mediated by LINC00205,
whereas miR-185-5p inhibition had the opposite effect. In summary, our
results show that LINC00205 contributes to LUAD malignancy by spong-
ing miR-185-5p, which provides new insight into LUAD progression.

Lung cancer is the leading cause of cancer-related mortality worldwide,
and non-small cell lung cancer (NSCLC) accounts for approximately 80%
of newly diagnosed patients with lung cancer.”” According to the World
Health Organization classification, the main histologic types of NSCLC
include lung adenocarcinoma (LUAD), lung squamous cell cancer, and
large cell carcinoma, and LUAD is the most common histologic type

of lung cancer.>" Despite the advantages achieved in the treatment of
LUAD, because most patients with LUAD are diagnosed at a late stage
and with metastasis, the overall 5-year survival rate of LUAD patients
is low.”® However, the precise molecular mechanisms leading to tumor
malignancy of LUAD remains incompletely understood, limiting the de-
velopment for effective drugs and therapies against LUAD.

With the rapid development of multiple computational tools, an
increasing number of noncoding RNAs have been widely applied to the
detection of coding driver mutations in lung cancer.”® The IncRNAs are a
subtype of noncoding RNAs of >200 nucleotides in length without pro-
tein coding capacity.” Over the previous decade, an increasing amount of
evidence has indicated that IncRNAs play critical roles in modulating gene
expression, epigenetics, RNA processing, and chromatin structure, along
with protein activities and multiple cellular processes, including prolifera-
tion, cell cycle progression, invasion, and migration.'” " Notably, emerging
evidence has shown that these IncRNAs participate in the initiation and
progression of cancer, and several cancer-associated IncRNAs have been
proven as potential biomarkers and therapeutic targets in the pathol-
ogy of lung cancer."*" For example, previous studies found that IncRNA
AK126698 inhibits NSCLC cell proliferation and migration by repressing
the Wnt/B-catenin signaling pathway," and some IncRNAs such as
MALAT1, SCAL1, and LINC00301 are considered important regulators
of lung cancers."®'® Hence, the identification of lung cancer-associated
IncRNAs and the investigation of their biological functions and molecular
mechanisms are vital for obtaining a better understanding of lung cancer.

Micro RNAs (miRNAs) are a class of post-transcriptional regulators
and exert crucial effects in tumor progression, including lung cancer.'’
In addition, an increasing number of studies has indicated that the func-
tional regulation that IncRNAs exert is to affect target protein expres-
sion by miRNAs as molecular sponges, or competing endogenous RNAs
(ceRNAs). For instance, the IncRNA DGCR5 mediates cancer stem cell
(CSC)-like properties through regulating miR-330-5p/CD44 in NSCLC
and LINC00319 aggravates LUAD carcinogenesis by regulating the miR-
450b-5p/EZH2 signal pathway.””*! This study aims to reveal potential
IncRNAs and miRNAs that may lead to tumor malignancy of LUAD, and
to explore their role in the pathogenesis of LUAD.

In the present study, we observed that the expression of LINC00205
was upregulated in LUAD-derived cell lines as compared with nor-
mal cells and that the increased LINC00205 expression was positively
correlated with a poorer prognosis for patients with LUAD. Moreover,
our data revealed that the aberrant expression of LINC00205 promoted
cell proliferation and migration in LUAD cells through interaction
with miR-185-5p. Overall, we reveal the role that LINC00205 plays in
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LUAD and provide a novel target for further development of biological
diagnostics and therapeutics.

Materials and Methods

Online Data Mining

The expression data of LINC00205 in LUAD tissues were obtained and
analyzed using starBase.”” The survival analysis was performed on the
TANRIC platform.” The prediction of IncRNA-miRNA binding was

performed using LncBase Experimental v.2 and starBase3.”*”*

Cell Lines and Human Specimens

The LUAD cell lines (A549, PC9, H1975, and H1993) and a normal
human bronchial epithelial cell line (BEAS-2B) were originated from
ATCC. The cells were cultured in Roswell Park Memorial Institute
1640 or Dulbecco’s Modified Eagle’s Medium (Gibco, Life Technology)
supplemented with 10% fetal bovine serum (FBS), 100 pg/mL penicillin,
and 100 pg/mL streptomycin. All cells were incubated in a humidified
incubator at 37°C with an atmosphere of 5% CO,. Paired LUAD and adja-
cent nontumor tissues were obtained from 36 patients undergoing open
or thoracoscopic surgery. None of the patients had received radiother-
apy or systemic chemotherapeutic treatment before the surgery. Tissue
specimens were collected, then immediately snap-frozen in liquid nitro-
gen and stored at —-80°C for RNA extraction.

Vector Construction

The LINC00205 was cloned into the pSIN-EF2-puro vector using the fol-
lowing oligos. LINC00205 F: 5-CCCGGACGAATTCTTCGAACCGCAGCG
GCTAGAGGTT-3’; LINC00205 R:5-TGCGGATCACTAGTGCTAGCTGAT
GCTGACATATTATTTATAATAGGGATGTAATTACCCAAAA-3. The AKT1
was cloned into the pSIN-EF2-puro vector using the following oligos.
AKT1 F: 5-CCCGGACGAATTCTTCGAAATGAGCGACGTGGCTATTGT
GAAG-3’; AKT1 R:5-TGCGGATCACTAGTGCTAGCTCAGGCCGTGCCG
CT-3’. The short hairpin RNA (shRNAs) targeting LINC00205 was cloned
into the PLKO.1-puro vector using the following oligos. ShRNA#1 F:
5-CCGGGAGGGCTGTATCTAGAATATACTCGAGTATATTCTAGATACAG
CCCTCTTTTTG-3";ShRNA#1 R: 5-AATTCAAAAAGAGGGCTGTATCTA
GAATATACTCGAGTATATTCTAGATACAGCCCTC-3". ShRNA#2 F: 5-CC
GGTTCCAGCTCTCAACGAATTTACTCGAGTAAATTCGTTGAGAGCTGG
AATTTTTG-3'. ShRNA#2 R: 5-AATTCAAAAATTCCAGCTCTCAACGAA
TTTACTCGAGTAAATTCGTTGAGAGCTGGAA-3.

Transfection and Generation of Stable Expression

Cell Lines

The mimics and inhibitor of miR-185-5p were obtained from RiboBio
(Guangzhou, People’s Republic of China). Transfections of the mimics and
inhibitor were performed using Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA) per the instructions. Vectors for the overexpression of
LINC00205 and AKT1 and vectors of shRNAs were introduced using len-
tivirus. To generate stable expression cell lines, the infected cells were
cultured in a medium containing 1.0 pg/mL puromycin.

Quantitative Real-Time Polymerase Chain Reaction

Total RNA was extracted from cells using TRIZOL reagent (Invitrogen),
following the manufacturer’s protocol. The RNA was reverse-transcribed
by the Prime Script TM RT Master Mix (TaKaRa Bio Technology, Dalian,

Laboratory Medicine

China), and quantitative polymerase chain reaction (qQPCR) was detected
by qPCR kits (Invitrogen). The gene GAPDH was used as an internal con-
trol. Primer sequences used for quantitative real-time PCR analysis were
as follows: LINC00205 F 5-TGTCAAGACCCACAGCAGTC-3’, LINC00205
R 5-ATGAGCACATCGGACATCAA-3’,GAPDH F 5-CCTGCACCACCAAC
TGCTTA-3',GAPDH R 5-GGCCATCCACAGTCTTCTGAG-3". The miRNA
was isolated using the miRNeasy Mini Kit (Qiagen, Duesseldorf,
Germany), and c¢DNA was synthesized using the Mir-X miRNA
First-Strand  Synthesis Kit (Takara, Japan). MiR-185-5p F
5-TGGAGAGAAAGGCAGTTCCTGA-3’,miR-185-5p R 5’-GGCCAACCGC
GAGAAGATGTTTTTTTTT-3.U6F5-CTCGCTTCGGCAGCACATATACT-
3,U6 R 5-ACGCTTCACGAATTTGCGTGTC-3. The 2**“ method was
used for quantification, and the fold change for the target genes was

normalized by internal control.

MTT Proliferation Assay

A Cell Proliferation Reagent Kit I (methylthiazolyldiphenyl-tetrazolium
bromide [MTT]) assay was used to monitor cell proliferation accord-
ing to the manufacturer’s protocol. Cells were seeded in 96-well plates
and MTT solution was added to the plates 24, 48, 72, and 96 hours
later. The cells were cultured for 4 hours at 37°C. Then the medium was
discarded and dimethyl sulfoxide (DMSO) was added and oscillated for
15 minutes. Optical density was detected using an enzyme-labeled ana-
lyzer. The experiment was performed in triplicate and repeated 3 times.

Colony Formation Assay

For the colony formation assay, the containing approximately pretreated
cells were placed in 6-well plates for approximately 14 days, and the me-
dium was replaced every 4 days. After 14 days of culture, the cells were
fixed in methanol and stained with crystal violet, and colony formation
was determined by counting the number of stained colonies. The experi-
ment was repeated 3 times independently for each group.

Transwell Migration Assay

Cell migration was detected using transwell chambers (8 pm pore size;
Millipore). A total of 1 x 10° cells in serum-free medium was seeded
in the upper chamber of an insert. Medium containing 10% FBS was
added to the lower chamber. After incubating for 24 hours at 37°C, the
migrated cells were fixed with 4% methanol and stained with 0.1% crys-
tal violet. The cell numbers were determined by counting the migrated
cells under a microscope at 200x magnification in random fields in each
well. The experiment was performed in triplicate and repeated 3 times.

Luciferase Reporter Assay

The human IncRNA LINC00205 was amplified and cloned into the pGL3-
reporter luciferase vector. The cells were subjected to cotransfection with ei-
ther the miR-185-5p mimics or mimics-negative control (NC) and pmirGL3-
wild type (WT) LINC00205 or pmirGL3-mutated type (MUT) LINC00205
plasmids for 48 hours. The luciferase activities were detected using the
dual-luciferase reporter assay kit (Promega, Madison, WI) according to the
manufacturer’s instructions. Experiments were performed in triplicate.

Western Blot

The treated cells were collected and boiled in standard sodium dodecyl
sulfate (SDS) specimen buffer and Western blot for detection of the
following antigens: antibodies against AKTI, cyclin D1, CDK2, and
MMP2/9 (Cell signaling technology). After incubation with a secondary
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antibody, the immunoreactive bands were exposed to the Odyssey CLx
Imager for image capture.

Mouse Model

The LINC00205 overexpression or knockdown LUAD cells were subcutane-
ously injected into the flanks of male BALB/c-nude mice (4-5 weeks old).
Tumor volumes were measured every 3 days, and tumor volumes were cal-
culated as length x width? x 0.5 (mm°). At the indicated time point, mice
were killed, and the subcutaneous growth of each tumor was examined. All
experiments were conducted under the guidelines outlined by the committee
on the use and care of animals. Standard guidelines for laboratory animal
care followed the Guide for the Care and Use of Laboratory Animals.

Statistical Analysis

Statistical analysis was performing using the SPSS (version 19.0) soft-
ware package. The variables were expressed as mean + standard devi-
ation. One-way analysis of variance and Student’s t-test were utilized
to compare differences among groups. Overall survival curves were
generated using the Kaplan-Meier method, and the log-rank test was
performed. Values of P < .05 were considered statistically significant.

Results

LINC00205 Overexpressed in LUAD and Correlated with
Poor Prognosis of Patients with LUAD

Bioinformatics databases (starBase) were used to predict putative IncRNAs
that might regulate LUAD tumorigenesis. In this study, we analyzed the
expression levels of LINC00205 in human LUAD tissues using sequencing
data downloaded from starBase and found that LINC00205 expression
levels were significantly upregulated in LUAD tissues compared with nor-
mal tissues (FIGURE 1A). To verify this finding, we measured the ex-
pression of LINC00205 in 36 paired LUAD tissues and adjacent normal
tissues. The expression of LINC00205 was consistently upregulated in
LUAD tissues (FIGURE 1C). Next, we examined the LINC00205 expres-
sion level in 4 human LUAD cell lines and 1 human bronchial epithelial
cell line (BEAS-2B), and we found a higher level of LINC00205 expres-
sion in the LUAD cell lines than in BEAS-2B (FIGURE 1D). Further, we
conducted the Kaplan-Meier survival analysis in patients with LUAD
based on LINC00205 expression. Notably, the results showed that high
expression of LINC00205 was correlated with worse overall survival (FIG-
URE 1B). These results indicate that LINC00205 may represent a poten-
tial oncogene and a novel indicator of poor prognosis for LUAD.

LINC00205 Promoted Migration and Proliferation of LUAD
Cells and Tumorigenesis In Vivo

To further investigate the role of LINC00205 in the oncogenesis of LUAD,
we generated stable-expression A549 cells with LINC00205 and H1993
cells with LINC00205 knockdown. The expression of LINC00205 in these
stable-expression cells was detected by quantitative real-time PCR (FIG-
URE 2A and 2C). First, to investigate the effect of LINC00205 on LUAD
cell migration, the transwell migration assay was used. As shown in FIG-
URE 2B and 2D, the upregulation of LINC00205 promoted the migra-
tion of LUAD cells, whereas the knockdown of LINC00205 suppressed this
process. We further examined whether LINC00205 regulated the prolifer-
ation of LUAD cells. A cell-counting assay revealed that the upregulation
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of LINC00205 improved the growth of A549 cells (FIGURE 2E), whereas
the downregulation of LINC00205 significantly repressed the prolifera-
tion of H1993 cells (FIGURE 2F). In addition, data from the colony for-
mation assay also revealed that LINC00205-overexpressing A549 cells
formed more colonies than the control group (FIGURE 2G); however,
the colony formation was inhibited in shRNA-LINC00205-treated H1993
cells (FIGURE 2H). Taken together, these data indicated that LINC00205
promoted migration and proliferation ability in the LUAD cell lines.

Then, to further verify whether LINC00205 could impact tumor-
igenesis, we performed an in vivo tumorigensis assay in nude mouse
models in which LINC00205 overexpression or knockdown LUAD cells
were introduced. The results showed that overexpression of LINC00205
increased tumor growth of LUAD cells whereas the knockdown of
LINCO00205 decreased the growth (as valuated by monitoring the tumor
volume; FIGURE 2l and 2J). These in vivo data supported the in vitro
findings and showed that LINC00205 can increase the tumor growth of
LUAD cells in vivo by accelerating cell proliferation. To further identify
our findings, we performed Western blot and found that upregulation of
LINCO00205 increased the expressions of cyclin D1, CDK2, and MMP2/9
in LUAD cells whereas the knockdown of LINC00205 decreased this ex-
pression (FIGURE 2K). These data indicated that LINC00205 promotes
the migration and proliferation of LUAD cells and tumorigenesis in vivo.

LINC00205 Served as a Sponge for miR-185-5p in A549
and H1993 Cells

An increasing number of studies have indicated that IncRNAs, as mo-
lecular sponges or ceRNAs, regulate miRNAs and downstream protein-
coding genes. The prediction of IncRNA-miRNA binding was performed
using LncBase Experimental v.2 and starBase3. It was predicted that
miR-26a-5p, miR-26b-5p, and miR-185-5p were the potential interacting
miRNAs of LINC00205 (FIGURE 3A). Among these 3 miRNAs, miR-
185-5p was able to reduce at least half of the luciferase activities of
LINC00205 (FIGURE 3B). The predicted binding sites of miR-185-5p
to the LINC00205 sequence are illustrated in FIGURE 3C. In addition,
a dual-luciferase reporter assay indicated that miR-185-5p impeded the
luciferase activity of WT LINC00205 rather than that of the MUT in the
A549 and H1993 cells (FIGURE 3D). We then detected the expression
of LINC00205 and miR-185-5p in LUAD tissues and found that the ex-
pression of LINC00205 and miR-185-5p was significantly negatively
correlated (FIGURE 3E). Meanwhile, our results also showed that the
upregulation of LINC00205 decreased the expression of miR-185-5p in
A549 and that the knockdown of LINC00205 increased the expression
of miR-185-5p in H1993 cells (FIGURE 3F and 3G). These results sug-
gest that LINC00205 may function as a sponge to miR-185-5p.

LINC00205 Regulated the miR-185-5p/AKT1 Pathway

to Promote Migration and Proliferation of A549 and

H1993 Cells

First, we found that the overexpression of LINC00205 elevated
the expression of AKTI in A549 cells and that miR-185-5p mimics
reduced LINC00205-induced AKT1 expression (FIGURE 4A).
Meanwhile, the knockdown of LINC00205 in H1993 cells treated
with shRNA decreased the expression of AKT1, whereas the miR-
185-5p inhibitor abolished this effect (FIGURE 4B). To fur-
ther validate whether the effects of LINC00205 on LUAD were
mediated by miR-185-5p/AKT1, we performed rescue assays. In
brief, the miR-185-5p mimics were transfected in LINC00205-
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FIGURE 1. LINC00205 was overexpressed in LUAD and correlates with poor prognosis of patients with LUAD. (A) LINC00205
expression levels in LUAD tissues and normal tissues were analyzed using starBase. (B) Association of LINC00205 expression
with overall survival of patients with LUAD. (C)The expression of LINC00205 in LUAD tissues relative to adjacent normal
tissues in 36 patients. (D) The expression of LINC00205 in LUAD cell lines and human bronchial epithelial cell line. LUAD, lung

adenocarcinoma.
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upregulated A549 cells with or without the overexpression of
ATK1, whereas the miR-185-5p inhibitor was transfected in
LINC00205-downregulated H1993 cells with or without the
overexpression of AKTI. First, we found that miR-185-5p mimics
suppressed the expression of AKTI1 that was upregulated by
LINC00205 overexpression (FIGURE 4A), whereas the miR-
185-5p inhibitor partially recovered the expression of AKT1 that
was downregulated by LINC00205 knockdown (FIGURE 4B). To
further verify the rescue effect, we examined the proliferation
and migration of these cells and related control cells. Data from
these experiments showed that the miR-185-5p mimics partially
suppressed the effect of LINC00205 on cell proliferation and mi-
gration, whereas the expression of AKTI recovered this effect of
LINC00205 (FIGURES 4C, 4E and 4G). Meanwhile, the miR-185-
5p inhibitor erased the effect of LINC00205 shRNA on cell prolif-
eration and migration, whereas the expression of AKT1 recovered
this effect (FIGURES 4D, 4F and 4H). The above results suggest
that LINC00205 promotes the migration and proliferation of A549
and H1993 cells by regulating the miR-185-5p/AKT1 pathway.
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Discussion

Recent studies have suggested that the dysregulation of IncRNAs is
involved in the development of human disease, especially cancer, and
that many IncRNAs can be used as a cancer therapeutic or prognostic
biomarker.”>”°In lung cancer, an increasing quantity of IncRNAs has
been reported to participate in cancer progression and tumorigenesis.
Recent studies have shown that LINC00205 modulates the expression
of EPHX1 through the inhibition of miR-184 in hepatocellular carci-
noma as a ceRNA.?>” However, whether and how LINC00205 functions in
LUAD progression remains unknown. In the present study, we explored
the role of LINC00205 in LUAD and its underlying mechanism.

We determined that IncRNA LINC00205 is an oncogene that is
overexpressed in LUAD tissues and cell lines. More important, a high
level of LINC00205 expression in patients with LUAD was positively
correlated with a poor prognosis. This is the first report of a relationship
between LINC00205 expression and LUAD. We also detected the expres-
sion levels of LINC00205 in several LUAD cell lines to select certain cell
lines for use in subsequent experiments and found that LINC00205 was
increased in LUAD cell lines (A549, PC9, H1975, and H1993) compared
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FIGURE 2. LINC00205-promoted migration and proliferation of A549 and H1993 cells. (A) The expression of LINC00205 was
evaluated after cells were transfected with pcDNA LINC00205 in A549 cells. (B) Transwell migration assays were performed,
and the numbers of cells that migrated were calculated in A549 cells. (C) The expression of LINC00205 was evaluated after
cells were transfected with 2 shRNAs individually in H1993 cells. (D) Transwell migration assays were performed, and the
numbers of cells that migrated were calculated in H1993 cells. (E and F) An MTT assay was used to evaluate the proliferation of
A549 and H1993 cell lines. (G and H) Colony formation assay was used to evaluate the colony formation of A549 and H1993 cell
lines. (I) Tumors and the tumor volume curve from mice injected with lentiviral vector (LV)-LINC00205 or LV-vector A549 cells.
(J) Tumors and the tumor volume curve from mice injected with LINC00205 shRNA (sh-LINC00205) or empty-vector H1993
cells. (K) The expression of cyclin D1, CDK2, and MMP2/9 was measured by Western blot analysis in a different group of A549

and H1993 cells. ***P < .001, ****P < .0001.
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with the normal human bronchial epithelial cell line BEAS-2B. Mean-
while, we identified the expression of LINC00205 in 36 pairs of LUAD
and adjacent normal tissues and found that the level of LINC00205 was
significantly upregulated in LUAD tissues. These findings indicated that
LINC00205 may function in an oncogenic role in LUAD progression.
Adenocarcinoma of the lung, the most common subtype of NSCLC
(approximately 50% of all NSCLCs), is the leading cause of cancer death
worldwide.” It is characterized by high infiltration and destructive
growth, the invasion of blood vessels and lymphatic vessels, and blood
and lymph metastasis.”’ The function of IncRNAs, including transcrip-
tional and post-transcriptional control, covers the series of proliferation,
apoptosis, invasion, and metastasis in cancer.* We therefore speculated
that LINC00205 may play an important role in tumor cell proliferation
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Days Post Injection
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and migration in LUAD. To better understand the biological functions
of LINC00205 in LUAD, we detected cell proliferation and migration by
the knockdown and overexpression of LINC00205 in LUAD cells and
tumor growth in vivo. Moreover, because LINC00205 was more highly
expressed in H1993 cells and less expressed in A549 cells, we selected
H1993 cells to establish a knockdown cell line and A549 cells to estab-
lish a overexpression cell line. Subsequently, we found that LINC00205
overexpression in A549 enhanced proliferation and migration abilities,
tumor growth in vivo, and the expression of cyclin D1, CDK2, and
MMP2/9, whereas LINC00205 knockdown with shRNA inhibited the
proliferation and migration activity of H1993 cells, tumor growth in
vivo, and the expression of cyclin D1, CDK2, and MMP2/9. The above
findings indicate that LINC00205 could enhance the proliferation and
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FIGURE 3. LINC00205 served as a sponge for miR-185-5p in A549 and H1993 cells. (A) The prediction of IncRNA-miRNA binding
was performed by using LncBase Experimental v.2 and starBase3. (B) Luciferase reporter assay for identifying miRNAs that
were able to bind to the LINC00205 sequence. (C) The predicted binding sites of miR-185-5p to the LINC00205 sequence. (D)
A549 and H1993 cells were cotransfected with miR-185-5p mimics or mimics NC and a PGL3 vector (pmirGL3)-LINC00205-WT
or pmirGL3-LINC00205-MUT. Luciferase activity was detected using the dual luciferase assay. (E) The expression of LINC00205
and miR-185-5p in LUAD tissues was measured by quantitative real-time PCR. The correlation of the expression of LINC00205
and miR-185-5P was analyzed. (F and G) The expression of miR-185-5p in LINC00205 overexpression and knockdown cells was
measured by quantitative real-time PCR. **P < .01, ***P <.001, ****P <.0001. LUAD, lung adenocarcinoma; MUT, mutant; PCR,

polymerase chain reaction; WT, wild type.
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migration activity of LUAD cells. However, the molecular mechanism
through which LINC00205 contributes to proliferation and migration
in LUAD still requires further investigation.

Despite lacking protein coding ability, IncRNAs indeed orchestrate
protein levels and thus modulate abundant signaling pathways. Consist-
ent with previous reports, evidence from this study shows that sponging
miRNA is an important regulatory mechanism of IncRNA functions and
indirectly promotes target protein expression through an miRNA/pro-
tein axis.*"*? For instance, overexpression of IncRNA SNHG1 has been
involved in regulating NSCLC progression by directly binding to miR-
145-5p,%” and IncRNA TP73-AS1 promotes NSCLC progression by com-
petitively sponging miR-449a/EZH2.%* Another example is that miR-184
represses the luciferase activity of WT LINC00205, and miR-184 and
LINCO00205 may affect each other in the progression of hepatocellular
carcinoma.”’ Through investigation, we predicted that miR-26a-5p,
miR-26b-5p, and miR-185-5p were the potential interacting miRNAs of
LINCO00205, and the luciferase reporter assay validated the prediction.
Meanwhile, the luciferase reporter assay also found that miR-185-5p
could reduce at least half of the luciferase reporter activities, suggesting

Laboratory Medicine

that miR-185-5p and LINC00205 could affect each other. Moreover, we
also showed that miR-185-5p mimics repress the luciferase activity of
WT LINCO00205 in A549 and H1993 cells and found that the expression
of LINC00205 and miR-185-5p was significantly negatively correlated,
implying a direct interaction between miR-185-5p and LINC00205. To
further elucidate the relationship between the LINC00205-promoted
cell proliferation and migration and miR-185-5p in LUAD cells, we
treated A549 cells with LINC00205 overexpression in the presence of the
miR-185-5p mimics and treated H1993 cells with shRNA LINC00205 in
the presence of the miR-185-5p inhibitor. We found that miR-185-5p
reversed the LINC00205-mediated cell proliferation and migration.
Research has shown that AKT is a serine/threonine protein kinase
that plays a significant role in the regulation of cell functions.** The ac-
tivation of AKT isoforms is responsible for inducing tumorigenesis and
development by affecting different hallmarks of cancer such as lung and
breast cancer.*>*® Furthermore, some recent reports have shown that
AKT was the target gene of miR-185 in some cell lines.*’ Interestingly,
in the current study miR-185-5p reversed the LINC00205-mediated ex-
pression of AKT1, indicating that AKTI may be responsible, at least in

2022;53;39-46 | DOI: 10.1093/labmed/Imab041

G20z Arenugad gz uo 1senb Ag 0862Z€9/6€/1/ES/BI0NIE/POUIGE]/L0D"dNO"OILISPEDE//:SARY WO} PAPEOUMOQ



FIGURE 4. LINC00205 regulated the miR-185-5p/AKT1 pathway to promote the migration and proliferation of A549 and H1993
cells. (A and B) The expression of AKT1 was measured by Western blot analysis in different groups of A549 and H1993 cells. (C
and D) Transwell migration assays were performed, and the numbers of cells that migrated were calculated in different group
of A549 and H1993 cells. (E and F) An 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide (MTT) assay was used
to evaluate the cell viability of A549 and H1993 cell lines in different groups. (G and H) Colony formation assay was used to
evaluate the colony formation of A549 and H1993 cell lines in different groups. ***P < .001, ****P < .0001.
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part, for the effects of LINC00205. Furthermore, the overexpression of and migration via the miR-185-5p/AKT1 axis in LUAD cells. However,
AKT1 could negate the effect of miR-185-5p on cell proliferation and mi- further investigation is needed to better understand the specific mech-
gration. It is conceivable that LINC00205 may regulate cell proliferation anism of AKT1 and activity changes of other AKT family members.
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Conclusion
In summary, our results show that IncRNA LINC00205 is aberrantly
overexpressed in LUAD tissues and cell lines, which contributes to the tu-

mor malignancy of LUAD by acting as a sponge of the tumor suppressor

miR-185-5p. Notably, these findings provide additional insights into the
importance of LINC00205 in LUAD and point out that LINC00205 could
be developed as a potential therapeutic target for LUAD.
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ABSTRACT

Objective: Irinotecan (CPT-11) is an important drug used in the treatment
of several solid tumor types. To minimize its toxicity, therapeutic drug
monitoring of CPT-11 and its major metabolites (SN-38, SN-38-glucuronide
[SN-38G], and APC) has been proposed. We aimed to develop a liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method for the
quantification of CPT-11 and its major metabolites in plasma.

Methods: Specimen preparation consisted of protein precipitation,
evaporation, and reconstitution. Analyses were performed on a C18
column using reverse-phase gradient elution. Electrospray ionization
and multiple reaction monitoring in positive mode were used for MS.
The following heavy isotope—labeled internal standards were used:
CPT-11 D10, SN-38 D3, SN-38G D3, and APC D3.

Results: We found that CPT-11, SN-38G, and APC eluted at ~4.6 to
4.7 minutes, and SN-38 eluted at ~5.1 to 5.2 minutes. A second peak

for SN-38 was detected at ~4.6 to 4.7 minutes. Given that the struc-
ture of SN-38 is found in CPT-11, SN-38G, and APC, and in the CPT-
11 D10 used here, in-source fragmentation was the likely cause. In ad-
dition, we found that a low-level SN-38 impurity was present in CPT-11
D10 and to a lesser extent in SN-38 D3.

Conclusion: When developing methods for CPT-11 and its metabolites,
it is important to consider the effects of in-source fragmentation and
the choice of internal standards.

Irinotecan (CPT-11) is a semisynthetic water-soluble derivative of the
natural product camptothecin used in the treatment of several solid
tumor types, mainly colorectal cancer." It is a prodrug and is conver-
ted to its active metabolite SN-38 by liver carboxylesterases; SN-38 is
converted into SN-38-glucuronide (SN-38G), an inactive metabolite,
by UGT1A1 and excreted into the bile. Research has shown that SN-
38G may be converted back into SN-38 in the intestine by bacterial
[-glucuronidases. Cytochrome P450 3A4/5 enzymes convert CPT-11 di-
rectly into inactive metabolites, the major one being APC.?

Accumulation of SN-38 because of polymorphic variances in
UGT1A1 is thought to be responsible for the gastrointestinal and
hematopoietic toxicity of CPT-11.>* Patients with a higher biliary
index, ie, [CPT11] x [SN-38]/[SN-38G], which reflects a lower rate
of SN-38 glucuronidation, presumably have higher biliary SN-38
concentrations, and it has been shown that higher biliary indices cor-
relate with gastrointestinal toxicity (diarrhea).” To minimize toxicity,
in addition to UGT1AI genotyping, it has been proposed to measure
CPT-11 and metabolite concentrations and adjust CPT-11 dosing for
individual patients if required, a process known as therapeutic drug
monitoring (TDM).®

There are no commercial immunoassays for monitoring
concentrations of CPT-11 or its metabolites. Given their structural sim-
ilarity, it would be difficult to construct an immunoassay specific for
CPT-11 that would not react with metabolites or vice versa. Liquid chro-
matography (LC) with fluorescence detection has been used to meas-
ure CPT-11 and metabolites”®; however, with excellent sensitivity and
specificity, LC-tandem mass spectrometry (LC-MS/MS) has become the
method of choice.

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,

please e-mail: journals.permissions@oup.com
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We aimed to develop an LC-MS/MS method for the quantifica-
tion of CPT-11 and its major metabolites in plasma. In contrast to
previous methods,” " we used stable heavy isotope-labeled internal
standards (ISs), which are generally thought to be superior to struc-
tural analogs.

Methods

Standards and Reagents

We purchased CPT-11, SN-38, and SN-38G from Cayman Chemical and
APC, CPT-11 D10, SN-38 D3, SN-38G D3, and APC D3 from Toronto
Research Chemicals. Dimethyl sulfoxide (DMSO), LC-MS-grade aceto-
nitrile, methanol, and acetic acid were purchased from Sigma-Aldrich.
The LC-grade water was from Honeywell.

Instruments and Analytical Conditions

Analyses were carried out on an Agilent Autosampler and Binary Pump
1260 Infinity coupled with an AB SCIEX API 3200 triple quadrupole
mass spectrometer.

Chromatographic Conditions

A C18 reverse-phase 2.6 um, 50 x 4.6 mm column (Phenomenex) was
used for chromatography. Specimens were eluted with 0.1% acetic acid/
water (MPA) and 0.1% acetic acid/acetonitrile (MPB) at a flow rate of
0.3 mL/min and a linear gradient separation as follows: 95% MPA for
0.5 minutes; to 5% MPA over 5.0 minutes; constant for 0.5 minutes; to
the initial condition of 95% MPA over 0.5 minutes and a 2.5 minute hold

reconditioning step. The total run time was 9 minutes.

MS Conditions

Electrospray ionization in positive mode was used. The TurbolonSpray
source was operated at 750°C with an ion spray voltage of 5500 V. Cur-
tain gas was set at 20 psi, nebulizer and heater gas were set at 45 psi,

TABLE 1. Monitored lon Transitions for Each Analyte and IS

Analyte
CPT-11

Precursor lon (m/z)
587.2

Daughter lons (m/z)

CPT-11, irinotecan; IS, internal standard; SN-38G, SN-38-glucuronide.

Laboratory Medicine

and collision gas was set at medium intensity. The monitored transitions
(quantifier and qualifier) are shown in TABLE 1. Data acquisition and
processing was performed by Analyst and PeakView (SCIEX).

Calibrators and Quality Control

Stock solutions were prepared at concentrations of 1000 pg/mL for CPT-
11, CPT-11 D10, SN-38, and SN-38 D3 in DMSO, and at 500 pg/mL for
APC, APC D3, SN-38G, and SN-38G D3 in 50% DMSO/50% methanol.
All stock solutions were stored at —80°C. Calibration curve standards
and quality controls (QCs) were prepared in drug-free EDTA plasma
pooled from 5 healthy volunteers. The standard curve for CPT-11 ranged
from 4.9 to 2500 ng/mL, from 1.0 to 500 ng/mL for SN-38/SN-38G, and
from 2.4 to 1250 ng/mL for APC. Three QCs were prepared at different
concentrations; CPT-11: 100, 400, and 1000 ng/mL; SN-38/SN-38G: 40,
100, and 400 ng/mL; APC: 40, 200, and 400 ng/mL.

Specimen Preparation

Specimen preparation was performed by protein precipitation, evapo-
ration, and reconstitution. Briefly, 745 pL of 0.1% acetic acid/methanol
solvent solution spiked with 5 pL IS mix (CPT-11 D10, SN-38 D3, SN-
38G D3, and APC D3 at final concentrations of 100, 50, 200, and 100 ng/
mL, respectively) was added to 250 pL of standard or QC. This mixture
was vortexed for 10 seconds, followed by centrifugation for 10 minutes
at 4°C at 16,000 g. Supernatant (900 pL) was transferred, evaporated
to dryness for 30 minutes under nitrogen flow, and then reconstituted
with 100 pL of mobile phase mix: 70% MPA/30% MPB. This combina-
tion was centrifuged at 16,000 g for 10 minutes, after which 90 uL was
transferred to an autosampler vial and 10 pL was injected into the high
performance liquid chromatography system.

Performance Metrics Evaluation

Method performance was evaluated with respect to linearity, matrix
effect, recovery, accuracy, intra- and interday precision, and carry-
over. The calibration curve was constructed by plotting the analyte
concentration vs the analyte-IS peak area ratio. Assay linearity was
determined on 5 different days, and mean calibrator concentrations
were graphed with standard deviation. Matrix effect and extrac-
tion recovery were determined according to Matuszewski et al.’” as
follows: Matrix effects were evaluated by comparing peak area ratios
obtained from 6 different blank human plasma specimens to a mobile
phase solution, both spiked with standards and IS postextraction,
at 3 different concentrations (CPT-11: 100, 400, and 1000 ng/mlL;
SN-38 and SN-38G: 40, 100, and 400 ng/mL; APC: 40, 200, and
400 ng/mL). The relative extraction recovery was calculated for all
compounds at these 3 concentrations by comparing the peak area ra-
tio of each analyte from the same plasma spiked with standards and
IS postextraction to pre-extraction. Spike-recovery accuracy of QC
specimens and intra- and interday precision were evaluated by trip-
licate analysis of QCs on 5 different days. Carryover was determined
by injection of a blank specimen after each calibrator.

Results

The total method run time was 9 minutes, of which the last 3 were for
reconditioning. When analyzing QC specimens, we noted that there
were 2 peaks for SN-38 and SN-38 D3, one peak eluting after ~4.6
minutes and one after ~5.1 minutes (FIGURE 1A). Given that the

2022;53;47-52 | DOI: 10.1093/labmed/Imab059
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FIGURE 1. Analysis of QC specimen with standards and ISs. A, For both the standards and the ISs, 2 peaks are present for
SN-38 (D3). The arrow marks the peak that likely results from the in-source fragmentation of other standards and ISs. CPT-11:
100 ng/mL; SN-38, SN-38G, and APC: 40 ng/mL; CPT-11 D10: 500 ng/mL; SN-38 D3 and SN-38G D3: 50 ng/mL; and APC D3:
200 ng/mL. B, Structures of standards and ISs used in this study. CPT-11, irinotecan; IS, internal standard; SN-38G, SN-38-

glucuronide; QC, quality control.
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structure of SN-38 is found within SN-38G, APC, CPT-11, and CPT-11
D10 (FIGURE 1B), and because all these compounds eluted at ~4.6
to 4.7 minutes, the additional peak for SN-38 likely resulted from in-
source fragmentation of these compounds. The structure of SN-38 D3
is found within APC D3 and SN-38G D3, and similarly the additional

www.labmedicine.com
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peak for SN-38 D3 likely resulted from in-source fragmentation of these
compounds.

When analyzed by themselves, SN-38 and SN-38 D3 eluted at
~5.1 to 5.2 minutes, with no additional peak at ~4.6 minutes (FIG-
URE 2A). Analysis of the ISs individually confirmed in-source frag-
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FIGURE 2. Individual analysis of SN-38 and ISs reveals in-source fragmentation and pre-LC existence of SN-38 in ISs. A,
Separate analysis for SN-38 (left panel) and SN-38 D3 (right panel) shows that only 1 peak is present. SN-38 D3 contains a
minor quantity of SN-38 (inset). B, Analysis of SN-38G D3 (left panel), APC D3 (middle panel), and CPT-11 D10 (right panel)
shows in-source fragmentation of these compounds and the presence of SN-38 D3 and SN-38 before LC separation. The
inset shows a zoom-in of SN-38 in CPT-11 D10 analysis. C, Estimation of SN-38 in a blank specimen spiked with ISs. SN-38
concentration was estimated using a small low-end calibration curve (right panel) with specimens spiked with 0 (left panel), 1,
2, and 4 (middle panel) ng/mL SN-38. CPT-11 D10 and APC D3: 100 ng/mL; SN-38 D3: 50 ng/mL; and SN-38G D3: 200 ng/mL.
CPT-11, irinotecan; IS, internal standard; LC, liquid chromatography; SN-38G, SN-38-glucuronide.
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mentation for SN-38G D3, APC D3, and CPT-11 D10 (FIGURE 2B).
In addition, SN-38 D3 found at ~5.2 minutes was present in SN-
38G D3 and APC D3, indicating that it was present before LC sep-
aration and present within the IS. Similarly, SN-38 found at ~5.2
minutes was present in CPT-11 D10 and to a lesser extent in SN-38
D3 (insets in FIGURE 2A and 2B), indicating that it was present
before LC separation.

Because SN-38 and SN-38 D3 are chromatographically well separated
from the other compounds, the additional peak at ~4.6 to 4.7 minutes
did not cause quantification issues. The pre-LC existence of SN-38 D3
in SN-38G D3 and APC D3 was not a problem because the quantity
of SN-38 D3 far exceeded the quantity of what were likely impurities
in these ISs. However, the presence of SN-38 in CPT-11 D10 (and to a
lesser extent in SN-38 D3) may be an issue when analyzing low SN-38
concentrations. Even after reducing CPT-11 D10 5-fold (from 500 to
100 ng/mL), there was still a detectable SN-38 peak at ~5.2 minutes

Laboratory Medicine

Time (min)

Time (min)

when a blank plasma specimen was spiked with ISs (CPT-11 D10 and
APCD3:100 ng/mL; SN-38 D3: 50 ng/mL; and SN-38G D3: 200 ng/mL;
FIGURE 2C, left panel). Using a small low-end calibration curve (FIG-
URE 2C, middle and right panels), we found that the concentration of
SN-38 in an IS spiked sample was ~0.7 (0.011/0.016) ng/mL. Calculated
from the relative peak areas as shown in FIGURE 2A and 2B, >90% to
95% originated from CPT-11 D10. Based on these results, we decided to
change the lower limit of the measurement interval (LLMI) for SN-38
from 1.0 to 2.0 ng/mL (area ratio approximately 4 times over blank) and
omit the lowest calibrator in subsequent experiments.

Other than the described issue with SN-38 at the low end, we found
no major issues in the experiments evaluating performance metrics.
Standard curves for CPT-11, SN-38, SN-38G, and APC with a concen-
tration range of 9.8 to 2500 ng/mL, 2.0 to 500 ng/mL, 2.0 to 500 ng/
mL, and 4.8 to 1250 ng/mL, respectively, were used. For APC, the cal-

culated calibrator concentration based on the calibration curve was 79%

2022;53;47-52 | DOI: 10.1093/labmed/Imab059
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FIGURE 3. Linearity for CPT-11 and its main metabolites SN-38, SN-38G, and APC. Measured concentrations were the mean of
5 different days and were calculated from the calibration curve. Inset: linearity for APC after removal of the highest calibrator.

CPT-11, irinotecan; SN-38G, SN-38-glucuronide.
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at 1250 ng/mL. After the removal of the highest calibrator for APC, cali-
brator concentrations for all analytes were within 15% deviation and the
¥’ was >.99 (FIGURE 3). Notably, these measurement intervals cover a
large range of the expected concentrations in human plasma specimens
for up to 50 hours after administration (CPT-11: ~10 to 3000 ng/mL;
SN-38: ~1 to 30 ng/mL; SN-38G: ~5 to 200 ng/mL; APC: ~2 to 250 ng/
mL>%"®). Intra- and interday precision coefficient of variations (CVs) of
QC specimens were all below 10%, except for the interprecision of SN-38
at the lowest concentration (40 ng/mL), for which the CV was 11.3%.
Spike-recovery accuracy of QC specimens was 85% to 115%, except for
APC at the lowest concentration (40 ng/mL), for which it was 120%.
The mean extraction recovery was in the range of 85% to 115% for all
analytes, except for APC at the middle concentration (200 ng/mL), at
which it was 116%. Similarly, the mean matrix effects were between 85%
and 115%, except for SN-38G, for which it was 118% and 117% at the
middle and high concentrations (100 and 400 ng/mL), respectively (the
CVs for the matrix effects were not greater than 10%). There was no car-
ryover for any of the analytes (0 ng/mL results for blank specimens after
injection of the highest calibrator).

Discussion

Our study shows that LC-MS/MS assays for the quantification of CPT-
11 and its major metabolites can potentially be used in pharmaco-
kinetic and pharmacodynamic studies, to evaluate CPT-11 in clinical

trials for novel anti-tumor applications, and for TDM for individuals
taking CPT-11.

www.labmedicine.com

Concentration (ng/mL)

We used heavy isotope-labeled ISs and found that relatively small
quantities of SN-38 were present in CPT-11 D10 and to a lesser extent
in SN-38 D3. The concentration of SN-38 in a blank specimen spiked
with ISs was ~0.7 ng/mL. When a criterion of an area ratio 4 times over
blank was used, it constrained the LLMI for SN-38 to ~2.0 ng/mL; for 5
times over blank, this result was ~2.5 to 3.0 ng/mL. Using the structural
analog camptothecin as an IS*"! would solve this issue. Detection and/
or correction of matrix effects may be less efficient using camptothecin;
however, we have not evaluated this hypothesis.

Given that the structure of SN38 is found in CPT-11, SN-38G,
and APC, and in the CPT-11 D10 IS used here, the in-source frag-
mentation of these compounds can lead to interference in the SN-
38 channel. Chromatographic separation of SN-38 from CPT-11,
SN-38G, and APC is important if in-source fragmentation is pres-
ent. We used a relatively high source temperature of 750°C, as de-
termined during compound optimization in method development,
which is a possible reason for the observed in-source fragmenta-
tion. By comparison, Marangon et al.” used a source temperature
of 650°C (AB Sciex 4000 API), and Zhang et al'® and Atasilp et al'!
used a source temperature of 550°C (AB Sciex 4000 Q-Trap, AB
Sciex 3200 API, respectively).

Conclusion

When developing methods for CPT-11 and its metabolites, it is impor-
tant to consider the effects of in-source fragmentation and the choice of
internal standards.
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ABSTRACT

Objective: Performing autocontrol with a reflex direct antiglobulin test
(DAT) or directly performing IgG DAT only for alloantibody detection
has been a matter of institutional preference. The aim of this study is
to evaluate antibody identification (ABID), local cost, and staff time
savings of both processes.

Methods: We retrospectively reviewed all positive indirect antiglobulin
tests with corresponding ABID, DAT, autocontrol, and patients with
newly identified antibodies in 2014 and 2016. The number of tests
performed, ABID, and the cost differences between methods were
compared. Cost analysis was estimated from direct material costs,
labor costs, and time spent per ABID workup.

Results: Annual costs and time saved by performing direct IgG DAT
only were $8460 and 180 hours, respectively. The percentage of new
ABID in 2014 and 2016 was identical (3.3%).

Conclusion: Removing autocontrol with reflex DATs at our center
reduced costs and staff time while maintaining a comparable rate of
positivity of ABID.

Pretransfusion testing for allogeneic transfusion is vital to patient
safety." A significant component of pretransfusion testing is to iden-
tify red blood cell (RBC) alloantibodies, which are demonstrable in ap-
proximately 2% to 9% of transfused individuals.”” It is estimated that
only 30% of induced RBC alloantibodies are detected, given alloantibody
production and evanescence, different test methodologies with varying
sensitivities, and the absence of a centralized antibody registry in the
United States.’ These alloantibodies may clinically impact future trans-
fusion, forcing a need for alloantibody testing to be completed in ad-
vance of planned procedures that may require blood, increasing the
amount of time needed to complete antibody testing, possibly requiring
antigen-negative blood to be ordered from a community donor center
at an increased cost, and potentially resulting in hemolytic transfusion
reactions.

The AABB Standards for Blood Banks and Transfusion Services stip-
ulate requirements for pretransfusion testing to detect the presence
and identification of newly formed clinically significant antibodies.®
The most recent edition of the AABB Technical Manual lists the autolo-
gous control (autocontrol) and direct antiglobulin test (DAT) as impor-
tant components of basic antibody identification.” In the autocontrol, a
patient’s own plasma (which contains any autologous or allogeneic red
blood cell antibodies the patient has) is added to a patient’s own RBCs. If
the patient has autologous RBC antibodies, then they will bind to their
own RBCs, causing the autocontrol to be positive in vitro. In a DAT, anti-
IgG or an antibody against the third component of complement (C3) are
combined with a patient’s RBCs to detect whether IgG or C3 have been
bound to the RBCs in vivo.

There is no prescribed standard testing protocol, and specifics
are determined by individual institutional policy and available test-
ing platforms. Autocontrol and DAT were routinely included in
pretransfusion testing algorithms historically, based on the premise
that these tests would identify early manifestations of alloantibody
production.”® By the early 1980s, the utility of the autocontrol for rou-
tine pretransfusion testing was being questioned and the use of an IgG
DAT was suggested in lieu of polyspecific (PS) DAT for the purposes of
alloantibody detection.” In a review of more than 65,000 pretransfusion
blood specimens, Judd, Barnes, and colleagues® argued that the use of
monospecific DAT without autocontrol for early alloantibody detection
would be clinically equivalent and cost effective. It became a matter of
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institutional preference whether to perform autocontrol with reflex to
DAT or DAT alone as a part of antibody screening; the routine use of
an autocontrol, a DAT test, or both decreased from 58.8% in 1995 to
54% in 1998."° As of 2001, Shulman and colleagues'® reported that only
36.3% of laboratories included autocontrol and DAT tests in antibody
screening procedures.’

For those laboratories that have ceased the use of autocontrol and DAT
as a part of their routine antibody screening, we suspect that many con-
tinue to use both to evaluate positive antibody screens. We theorized that
this practice represents an inefficient and clinically unnecessary process
and considered whether we could show equivalent antibody detection and
cost and time savings with the removal of autocontrol with reflex DAT
for ABID. In 2014, our pretransfusion testing policy outlined 2 pathways
for antibody identification after a positive antibody screen. The policy
stated that technologists should preferably perform antibody identifica-
tion using the same method that had returned the initial positive indirect
antiglobulin test (IAT). If they performed antibody identification in tube
or by gel, then a PS DAT including IgG and C3 was performed reflexively
with a concurrent positive autocontrol. Alternatively, if antibody iden-
tification was performed with solid phase, then autocontrol testing was
bypassed using PS DAT alone. If the PS DAT was positive, then monospe-
cific testing with IgG and C3 was subsequently performed. In 2016, our
institution stopped routinely performing autocontrols with reflex DAT,
alternatively switching to performing an IgG DAT only with each positive
antibody screen. We anticipated that our simplified workflow would re-
duce overall costs and time while maintaining a comparable rate of posi-
tivity of ABID for new (not previously identified) RBC alloantibodies.

Materials and Methods

Workflow

In 2014, a positive IAT (solid phase or column agglutination) resulted
in the performance of either a PS DAT (tube) or an autocontrol (col-
umn agglutination). The PS DAT was performed if the initial positive
IAT was performed in solid phase. The autocontrol was performed if
the initial IAT was performed in column agglutination. If the PS DAT
was positive, then the monospecific IgG DAT and monospecific C3 DAT
were performed by tube. If the autocontrol was positive, then the PS
DAT (tube) was performed with reflex to tube IgG DAT and C3 DAT if
positive. In 2016, a positive IAT (solid phase or column agglutination)

resulted in an IgG DAT alone (solid phase or column agglutination; see

FIGURE 1).

Data Collection, Calculations, and Estimation

We retrospectively reviewed blood bank records to collect data on the
total number of ABIDs, DATs, autocontrols, and patients with newly
identified antibodies from 2014 and 2016. Patients from 2015 were
excluded because we began to switch processes in mid-2015 and wanted
to compare 2 full years of data right before and after switching processes.
Newly identified antibodies were defined as antibodies not identified his-
torically and identified by ABID and/or elution from a positive DAT. At
our institution, DATSs are performed not only as a part of ABID workup
but also for a physician order and for transfusion reactions. Physician-
ordered DATs and those performed for transfusion reactions were
excluded from the data set to ensure that the time and cost differentials

calculated were only for those tests associated with ABID workups.

Laboratory Medicine

The total number of DATs during the study period was extracted
from our blood bank operating system. In 2016, test names for a
physician-ordered DAT and an ABID-associated DAT were available.
In 2014, there was no discriminator between physician-ordered DATs
and ABID-associated DATs in the blood bank operating system. There-
fore, the number of ABID-associated DATs that were deemed positive
in 2014 was estimated by the total number of positive PS DATs minus
the estimated number of positive physician-ordered DATs. The number
of positive physician-ordered DATs in 2014 was estimated by using the
percentage of positive physician-ordered DATSs in 2016 multiplied by the
total number of physician-ordered DATs performed in 2014. In 2014
and 2016, the number of monospecific C3 tests was used as a proxy for
the number of positive PS DATs because this test was only performed
when a PS DAT was deemed positive.

Time and Cost Calculations

The unit cost to perform 1 ABID was calculated from direct labor costs
and the costs of the direct materials required for each workup. The costs
of materials for automated solid-phase technology (NEO, Immucor Inc.,
Norcross, GA), column agglutination (Ortho Workstation, Ortho-Clinical
Diagnostics, Raritan, NJ), and tube testing (reagents by Immucor Inc.,
Norcross, GA), including reagents and controls, were compared and bro-
ken down by cost per individual ABID workup. Labor costs were deter-
mined by the average hourly rate for technical staff (which was the same
in 2014 and 2016) and the average hands-on time necessary to perform
testing. Equipment cost was excluded. This included the Immucor Echo
Calileo on which IAT and ABIDs were performed, the Immucor Neo that
performed all the same tests as the Echo plus IgG DAT, and the Ortho
Workstation, on which IAT, ABIDs, and autocontrols were performed.
The costs of direct labor and materials were summed and averaged by the
total number of ABIDs per year.

Time was compared for each individual testing modality performed in
2014 and 2016. Hands-on time was estimated using time measurements
of staff performing each type of test in 2018 and defined as the time
during which the technologist was performing the test (did not include
the time waiting for the test to run, when the technologist might be
working on other tasks). Two time measurements were taken for each
test, after which direct measurements were averaged and used to calcu-
late the total time to perform ABID workups. Annual time savings were
calculated by multiplying the total automated solid-phase technology
and column-agglutination DATSs in 2016 by the difference of the average
time per ABID in 2014 and 2016. All calculations were performed in a
spreadsheet (Excel, Microsoft Office).

Results

Process 1 (2014): Autocontrol with Reflex PS IgG and

C3 DAT

In our 2014 process, a positive antibody screen (n = 1185) led to the
performance of an autocontrol in 69.8% (n = 828) of workups, with
the remainder of positive ABIDs (n = 357) leading to the direct perfor-
mance of a PS DAT (FIGURE 1). Of the 828 autocontrols performed,
54.5% (n = 452) were positive and resulted in the performance of a PS
DAT in addition to the autocontrol. Of the estimated 809 total PS DATs
performed either as a direct result of a positive antibody screen or as a
result of a positive autocontrol, 440 (54.3%) were positive and required
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FIGURE 1. Workflow of pretransfusion workup in patients with positive IAT results in 2014 vs 2016. In 2014, workups for
positive IAT were chosen at the discretion of the technician using either PS DAT by the tube method or autocontrol by the
column agglutination method. Of the 828 autocontrols performed in 2014, 452 reactive specimens triggered a reflex PS DAT
(highlighted by red arrow), along with 357 workups that bypassed autocontrol for a sum of 809 PS DATs. Positive PS DATs
triggered a reflex monospecific IgG and C3 tube DAT testing, resulting in the detection of 39 new antibodies in 2014. In 2016,
the new policy required only an IgG DAT to be performed, either by SPRCA or the column agglutination method, resulting in the
detection of 30 new antibodies in 2016. C3, third component of complement; IAT, indirect antiglobulin test; PS DAT, polyspecific

direct antiglobulin test; SPRCA, solid-phase red-cell adherence.

2014 2016
Positive IAT Positive IAT
(1,185) (900)
: l | i l i
PS DAT Autocontrol lgG DAT lgG DAT
(357 + 452 = 809) | «—— (828) (510) (390)
tube Column SPRCA Column
agglutination agglutination
Negative | | Positive Positive | | Negative
(369) (440) (452) (376)
lgG DAT C3 DAT
tube tube

No. of new antibodies (%)
39 (3.3%)

additional monospecific IgG and C3 testing. In 2014, the number of new
RBC antibodies identified by the serological workup was 39 (representing
a 3.3% rate of new RBC antibodies found per ABID workup; FIGURE 1).

Process 2 (2016): IgG DAT only

In the 2016 process, a total of 900 IgG DATs were performed as a result
of a positive antibody screen, and there were 30 new RBC antibodies
identified (representing a 3.3% rate of new RBC antibodies found per
ABID workup; FIGURE 1).

Cost and Time Savings
All costs were calculated in U.S. dollars. The total costs of 828
autocontrols, an estimated 440 positive PS tube DATs, and an estimated
369 negative PS tube DATs in 2014 were $2070.00, $11,000.00, and
$4059.00, respectively, with a sum of $17,129.00, resulting in a cal-
culated average cost of $14.45 per ABID in 2014. In contrast, the
total costs of 510 automated DATs and an estimated 390 column-
agglutination DATs in 2016 amounted to $4545.00, resulting in an av-
erage cost of $5.05 per ABID in 2016 (TABLE 1). Time measurements
are also shown in TABLE 1.

The total hands-on time of performing 828 autocontrols, an
estimated 440 positive PS tube DATs, and an estimated 369 negative

www.labmedicine.com

No. of new antibodies (%)
30 (3.3%)

PS tube DATs in 2014 accumulated to 1656; 10,120; and 4797 minutes,
respectively, with a sum of 16,573 minutes. The calculated average time
per ABID workup in 2014 was 14 minutes. The total hands-on time
of the 510 automated DATs and 390 gel DATs in 2016 amounted to
1800 minutes. The average time per ABID in 2016 for the 900 DATs,
performed by either automated solid-phase technology or manual col-
umn agglutination, was 2 minutes.

Discussion

Pretransfusion compatibility testing has been shown to comprise as
much as 3% to 11% of laboratory costs.'>"® In our center, we found that
the small change of performing an IgG DAT with each positive antibody
screen rather than a PS DAT or an autocontrol with reflex to additional
DAT testing saved money and technologist time. The cost savings from
reduced technologist time between 2014 and 2016 primarily resulted
from the transition from manual tube DATSs performed in 2014 for all
positive ABIDs or positive autocontrols to automated (solid phase) or
semi-automated (column agglutination) testing. Although not directly
measured in our study, we hypothesize that the saved technologist time
allowed for the reallocation of staff and resources to other functions
such as blood component processing, testing, clerical checks, or admin-
istrative duties. Thus, periodic review of the necessity, efficiency, and
efficacy of routine testing could be of value to individual laboratories.
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TABLE 1. Cost and time savings of performing DAT only (2016) instead of autocontrol with reflex to DAT (2014)

| Variable : 2014 : Time and cost difference (2016-2014) | 2016

Number of ABID workups ‘ 1185 ‘ 1 900

CAdocontol
B NA
CCostpertest gm0y WA
""" Tmepertest . 2mm . NnA
CPSDAT
CoNmber L moe NA
. Costperpostvetest s500 NA
. Costpernegatvetest sio0 NA
""" Time per positvetest . 28mmn . NA
""" Time per negativetest . 3mn . NA
Monospecificlg6 DAT—Gel
CoNmber L NA L k0
© Costpertest NA L 250
""" Tmepertest WA . omn
Monospecificlg6 DATI—SPRCA
CoNmber NAL s
. Costpertest A 700
""" Tmepertest . NA . amn
Mverage costper ABDworksp siss $5.05 |
© MBDtotalcostperyear sizi2000 $4545.00
""" ABD tofal cost savings perworkup . gges
""" Amnual cost savings estimate . s
MveragetmeperABDworkup 4 2

Annual time savings estimate

10,800 min (or 180 h or ~4.5 wks/y)

ABID, antibody identification; DAT, direct antiglobulin test; PS, polyspecific; SPRCA, solid-phase red-cell adherence.

Cost and time per test, quantity of each test performed per year, and cost and time-savings estimate of performing direct antiglobulin test (DAT) only (2016
process) instead of autocontrol with reflex to DAT (2014 process), are shown. For 2016, cost and time values were calculated using an estimated number
of DATs performed as a reflex from of positive antibody identification (ABID). For 2014, the average cost for polyspecific (PS) DAT calculated based on
whether the test resulted as positive or negative. The positive PS DAT test reflexed to a monospecfic C3 DAT (tube) and monospecific IgG DAT (tube). The

negative PS DAT resulted in performance of IgG check cells.

One of the significant limitations of this study was that the num-
ber of positive PS DATs resulting in monospecific IgG and C3 DATs
performed in 2014 as a part of ABID (as opposed to physician-ordered
DATs) was not known. We therefore had to assume that the percent-
age of positive physician-ordered DATs in 2014 would be the same as
in 2016 and used that percentage to estimate the number of positive
DATs performed for a physician order in 2014. We then utilized that es-
timation to calculate the number of positive PS DATs and the resulting
monospecific IgG and C3 DATs performed as a part of ABID workups
in 2014. The direction of bias on the number of DATs performed as a
part of ABID workup in 2014 was unknown. However, the general rate
of positive DATs ordered by physicians was expected to show minimal
fluctuation in 2014 vs 2016.

There were also limitations with the cost savings calculation. These
cost savings were relative to local labor costs and institution-specific
reagent contracts that are not generalizable to other institutions but
could serve as sn impetus for others to review their own potential cost
savings from adopting an IgG DAT-only workflow. Data on the volume
of each test performed in 2014 vs 2016 were acquired from a retro-
spective review of paper and electronic records. Based on the volume

Laboratory Medicine

derived from the retrospective review, the automated solid-phase tech-
nology DAT cost was calculated based on the worst-case assumption
that only 1 DAT was run per DAT strip. At maximum, 4 DATs and 4
controls can be performed on a single strip (8 wells per strip). This proc-
ess would result in underestimating the cost savings if a strip was used
to run more than 1 DAT for at least some of the tests and would bias
the calculations toward the null hypothesis and likely have a minimal
effect on the cost calculations. Data for the exact average hands-on time
necessary to perform testing for each ABID workup performed in 2014
and 2016 was unavailable for evaluation. Therefore, the average hands-
on time for each test was utilized instead. The effect on time savings
would be expected to influence both the 2014 and 2016 calculations
because averages were used for all tests. In addition, the cost of equip-
ment wear and tear was excluded, possibly leading to overestimation of
cost savings, which would affect both the 2014 and 2016 calculations. In
the 2014 calculations, the instrument was used exclusively to complete
autocontrol results. In 2016, approximately 75% of the process was
completely automated on the instrument. However, this finding was ex-
pected to affect the calculations minimally. There were also limitations

to the time calculation savings. The reduced technologist time mostly
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resulted from the transition from manual tube DATSs to automated and
semi-automated (gel) testing.

In our institution, moving to an IgG DAT-only workflow was easy to im-
plement and reduced pretransfusion antibody identification resource utili-
zation. The annual costs and time saved after switching to the new model
were calculated as $8460 and 180 hours, respectively. The percentages
of new antibody identification in 2014 and 2016 were identical (3.3%),
suggesting that the new process does not compromise patient safety. In
addition, our new workflow eliminates technologist variability and the am-
biguity of decision-making by improving standard operative procedures.

Conclusion

In conclusion, we observed that removing autocontrol with reflex
DAT in favor of an IgG DAT alone reduced laboratory costs and saved
employee time while maintaining patient safety at our institution.
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ABSTRACT

Objective: To assess the circulating micro-RNA-150 (miR-150) ex-
pression in patients with chronic myeloid leukemia (CML) in relation
to imatinib response.

Methods: Sixty patients with CML and 20 age- and sex-matched con-
trol subjects were enrolled. Circulating miR-150 levels were assessed
by quantitative real-time polymerase chain reaction on days 0, 14, and
90 of imatinib therapy for patients and once for control subjects.

Results: The baseline miR-150 expression was significantly lower
in patients with CML than in control subjects with subsequent ele-
vation at 14 and 90 days after the start of imatinib treatment. Early
treatment response (ETR) at 90 days was the main study outcome.
The miR-150 expression had a significantly higher level in patients
with CML with ETR. On multivariate analysis, miR-150 on day 14
was significantly related to ETR in patients with CML with predictive
efficacy (area under the curve = 0.838, 72.9% sensitivity, and 84.2%
specificity).

Conclusion: We found that miR-150 expression on day 14 of imatinib
treatment is a useful early predictive candidate for imatinib response
in patients with CML.

Chronic myeloid leukemia (CML) is a chronic myeloproliferative disor-
der with an estimated annual incidence of 0.78 patients/100,000 world-
wide." The condition is caused by a chimeric fusion protein known as
BCR-ABL. This protein is involved in the activation of ABL tyrosine ki-
nase, which mediates the uncontrolled cellular proliferation in CML.’
The recent introduction of tyrosine kinase inhibitors (TKIs) has dramat-
ically changed the course of CML, and most patients are now able to
enjoy a normal life expectancy.’

Among others, the earliest target of TKI treatment is to achieve ma-
jor molecular response after 90 days of treatment. Patients who fail to
achieve the therapeutic target can use another TKI. In fact, resistance
to TKIs is not an uncommon event. It can affect ~10% of patients and is
usually associated with poor outcomes. Early identification of patients
susceptible to TKI resistance can minimize treatment costs and improve
treatment outcomes.*’

Micro-RNAs (miRs) are small noncoding RNA fragments that serve as
epigenetic regulators of gene expression and cellular signaling pathways.
They are commonly dysregulated in human malignancies.® In CML, miRs
can modulate the expression of BCR-ABL, Crk family proteins, SOS
proteins, K-Ras proteins, Raf-1 protein, and mitogen-activated protein
kinases/extracellular signal-regulated kinase proteins.’

Research has shown that miR-150 is known for its role in hemato-
poiesis, and its dynamic expression changes play a major role in myeloid,
B-, and T-cell differentiation.® The genetic pathways involved in miR-150
actions include eukaryotic translation Initiation Factor 4B, forkhead box
protein 04, and protein kinase C alpha pathways.” Furthermore, miR-150
is repressed by BCR-ABL with subsequent upregulation of its target, on-
cogenic transcription factor MYB, resulting in the progression of CML."
Therefore, miR-150 has been found to be downregulated at CML diagno-

sis™"'? and has been implicated in treatment response to imatinib ther-

apy.13,14

resulted in the marked inhibition of leukemic growth and the induction

Normalization of miR-150 expression levels after treatment has

of leukemia cell apoptosis. The present study aimed to assess the levels of
circulating miR-150 in a cohort of Egyptian patients with CML and to un-
cover their relation to treatment outcome in response to imatinib.

Methods

Study Cohort
In this study, 60 patients with newly diagnosed CML in the chronic
phase were recruited from Kafr El-Sheikh University Hospital, Egypt

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,
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as the CML group (group 1). They were diagnosed based on the revised
World Health Organization criteria for CML from 2016." Patients with
synchronous malignancy or hepatic or renal diseases were excluded
(n = 15). In addition, 20 healthy participants were recruited and served
as control subjects (group 2). The study cohort was recruited as illus-
trated in FIGURE 1.

Clinical and Laboratory Assessment

The included participants were asked about their personal history
and underwent complete clinical examination and ultrasonography
to assess the presence and extent of splenomegaly. Complete blood
count with blast cell count and quantitative estimation of BCR-ABL1
by quantitative real-time polymerase chain reaction (rt-PCR) at days 0
and 90 of imatinib therapy were performed. The Sokal score was calcu-
lated, and patients were defined as low (<0.8), intermediate (0.8-1.2),
and high risks (>1.2)."° The Sokal score is a prognostic score that is
used to determine the relative risk and decide on therapy based on
the National Comprehensive Cancer Network guidelines for CML."”
It is calculated using simple clinical and hematological data such as
age, splenic size, platelet count, and blast cell percentage.'® Circulat-
ing miR-150 levels were relatively quantified at day O (baseline), day
14, and day 90 of imatinib therapy for patients with CML and once for
control subjects using rt-PCR.

Relative Quantitation of miR-150 Expression

We obtained 3 mL of venous blood under complete aseptic conditions
from both patients with CML and control subjects and delivered them
into a K3BEDTA vacutainer tube. The plasma was separated by centrif-
ugation and total RNA, including miR isolation, was carried out using
the miRNeasy Mini Kit (Qiagen, catalog number 217004) according to

FIGURE 1. Study flow chart according to the international
Standards for Reporting of Diagnostic Accuracy Studies
guidelines.

Potentially eligible

participants
(Total: 95)
75 cases with CML
20 healthy controls Excluded
(n=15)

Abnormal liver
or kidney functions

Finally eligible for
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(Total: 80)

60 cases with CML
20 healthy controls

BCR-ABL at 90
days after Imatinib

treatment
|
Responder Nonresponder
(ETR) (no-ETR)
(n =48) (n=12)
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the manufacturer’s protocols. The RNA yields were measured using the
NanoDrop2000 Spectrophotometer (Thermo Scientific), and RNA pu-
rity was further determined by dividing the absorbance at 260/280 nm.
The purified RNA was reversely transcribed into ¢cDNA using a small
RNA-specific, stem-loop reverse transcription primer from the TagMan
Small RNA Assays and reagents from the TagMan MicroRNA Reverse
Transcription Kit. The expression level of miR-150 was assessed by rel-
ative quantitation PCR on the Stratagene Mx3000p real-time instru-
ment using the TagMan Small RNA Assay together with the TagMan
Universal PCR Master Mix II. An internal control (RNU48) was used for
normalization. The cycle threshold (Ct) of miR-150 and RNU48 in both
patients with CML and control subjects was detected, and miR-150a
expression was relatively quantified using an arithmetic formula (27
where ACt = Ct . 150 ¢ RNU48'18

Study Outcomes

Achievement of early treatment response (ETR) at day 90 was the main
outcome in this study. The criteria of ETR were early molecular re-
sponse (3-month BCR-ABL1 transcript <10%).'? The included patients
with CML were divided according to ETR at day 90 into 2 groups: (i)
group 1A: those who achieved ETR, and (ii) group 1B: those who failed
to achieve ETR.

Ethical Statement

This study was approved by the ethics committee of the Faculty of Med-
icine, Kafr El-Sheikh University, and performed in accordance with the
1964 Declaration of Helsinki and its later amendments. All participants
in this study signed informed consents.

Statistical Analysis

Statistical analysis of data was carried out using IBM SPSS soft-
ware package version 22.0 (IBM Corp.) and GraphPad Prism 7.0 soft-
ware (GraphPad Software, San Diego, CA). The normal distribution of
variables was analyzed using the Kolmogorov-Smirnov test. For nor-
mally distributed variables, the Student’s t-test and an analysis of vari-
ance were used for comparing 2 groups and more than 2 groups, respec-
tively; otherwise, the skewed data were compared between 2 groups or
more than 2 groups using the Mann-Whitney U test and the Kruskal-
Wallis test, respectively. Qualitative data were described as number and
percentage and compared using the %’ test. Independent predictors
for imatinib response were assessed by univariate analysis; significant
variables with P <.05 were included in multivariate logistic regression
models. The predictive value of miR-150 in imatinib response was de-
termined by receiver operating characteristic (ROC) curve analysis, and
the maximal Youden’s index was used for determining the optimal cutoff
value. All analyses were 2-sided; a P value of <.05 was considered statis-

tically significant.

Results

Basic Group Characteristics

In this study, 60 patients with CML were recruited (group 1) and
comprised 33 women (55.0%) and 27 men (45.0%) with a mean age of
55.15 + 10.95 years. Their hematological profile revealed a mean hemo-
globin level of 10.95 g/dL (range, 9.0-12.0 g/dL), a mean platelet count
of 430.75 x 10°/L, (range, 250.0-600.0 x 10%/L), a mean white blood cell
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(WBC) count of 91.23 x 10%/L (range, 50.0-164.0 x 10%/L), and median
blast cells of 2.0% (range, 0%—6.0%). Their mean Sokal score was 1.08
(range, 0.7-1.53). Ultrasonographic findings revealed a mean splenic
size of 12.2 + 3.35 cm. In addition, 20 healthy subjects were recruited as
a healthy control group (group 2) and comprised 10 men and 10 women
with a mean age of 51.2 + 9.25 years. They were age- and sex-matched
with the CML group.

Predictors of ETR in Patients with CML

Patients with CML were divided according to ETR at day 90 based
on BCR-ABL1 transcript level results into group 1A—patients with
CML with ETR (n = 48)—and group 1B—patients with CML with
no ETR (n = 12). As shown in FIGURE 2, there was a significant
difference between both groups regarding the baseline WBC count,
splenic size, Sokal score, and BCR-ABL1 transcript level at day 90
(P <.001), with no significant difference regarding patients’ age,
baseline hemoglobin level, platelet count, blast cell count, and base-
line BCR-ABL1 transcript level (P >.05). Patients’ age and Sokal

score were significantly related to ETR in univariate analysis; how-
ever, in multivariate analysis, the Sokal score (odds ratio [OR], 18.6;
95% confidence interval [CI], 2.14-37.0) was the only independent
significant predictor of ETR in patients with CML (TABLE 1).

MiR-150 as a Predictor for ETR in Patients with CML

A comparison between the patients and the control subjects re-
garding baseline circulating miR-150 levels revealed a significantly
higher expression of miR-150 in the control subjects (FIGURE 3A).
Subsequent evaluation of miR-150 levels at day 14 and day 90 af-
ter the start of imatinib treatment revealed a significant elevation
of miR-150 levels (median and interquartile range [IQR], 0.0046;
range, 0.000002-0.1989 at baseline; median and IQR, 0.1698; range,
0.0002-8.574 after 14 days; and median and IQR, 0.9372; range,
0.11-12.55 after 90 days of treatment, respectively (FIGURE 3B).
The miR-150 expression level at day 90 was inversely correlated with
the BCR-ABL1 expression level (r = -.344; P = .007). The miR-150 ex-
pression level was significantly higher in group 1A than in group 1B

FIGURE 2. Clinical, ultrasonographic, and hematological characteristics in ETR group (group 1A) vs no ETR group (group 1B) of
patients with CML. CML, chronic myeloid leukemia; ETR, early treatment response; Hb, hemoglobin; WBCs, white blood cells.
ns: P-value is non significant. *P-value <.05 and >.01 ***P-value <.001.
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TABLE 1. Predictors of Imatinib Response in Patients with CML

Univariate Analysis Multivariate Analysis
. OR(@%C) . Pvaue . OR(5%ClH  PValue
Age 0.99 (0.94-1.06) :
ST 50(.19-209) | o2 263(043-1633 | 298
W 087040187 . 78
Platelets
wss 1.03 (0.99-1.06)

Blast cells% 1.38 (0.91-2.11)

Sokal score 38.4(11.1-44.2)

Baseline BCR-ABL1 1.03 (0.99-1.08)
miR-150 at 14 days (0.0-0.13) 0.0 (0.0-0.924) 029°
miR-150 at 90 days § 0.51 (0.24-1.11) § .090

2P <.05 was significant. Cl, confidence interval; CML, chronic myeloid leukemia; Hb, hemoglobin; miR-150, micro-RNA-150; OR, odds ratio; WBCs, white
blood cells.

FIGURE 3. Relative miR-150 expression in patients with CML vs healthy control subjects (A), baseline vs day 14 and day 90 of
imatinib treatment (B), in ETR group (group 1A) vs no-ETR group (group 1B) of patients with CML at day 14 (C), and at day 90 of
imatinib treatment (D). CML, chronic myeloid leukemia; Ct, cycle threshold; ETR, early treatment response; miR-150, micrp-
RNA-150. ***P-value <.001.
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FIGURE 4. ROC curve analysis of miR-150 at day 14 and day 90 of imatinib treatment in patients with CML. CML, chronic
myeloid leukemia; miR-150, micro-RNA-150; ROC, receiver operating characteristic.
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at day 14 (FIGURE 3C) and day 90 (FIGURE 3D). The miR-150 ex-
pression level at day 14 was detected to be a significant predictor of
ETR in patients with CML in univariate and in multivariate analysis
(OR, 0.0; 95% CI, 0.0-0.924; TABLE 1).

The predictive value of miR-150 in the detection of ETR in patients
with CML was further evaluated using ROC curve analysis (FIGURE
4) and revealed that the area under the curve (AUC) of miR-150 at day
14 was 0.838 (95% CI, 0.720-0.920) with 72.9% sensitivity and 84.2%
specificity at a cutoff value >0.088, whereas the AUC of miR-150 at day
90 was 0.799 (95% CI, 0.675-0.891) with 72.9% sensitivity and 75.0%
specificity at a cutoff value >0.61.

Discussion

Although CML is characterized by a distinct cytogenetic feature, the
underlying molecular mechanisms of its progression remain to be
elucidated.”” The achievement of early molecular response is crucial
in predicting the prognosis and determining the treatment plan for
patients with CML. In this study, 12 out of 60 patients (20%) who re-
ceived imatinib therapy failed to achieve ETR. The response rate to
imatinib varies greatly among studies. Similar findings to our study were
reported by Marin et al”® in 282 consecutive newly diagnosed patients
with chronic-phase CML treated using frontline imatinib; they found
that 68 patients (24%) failed to achieve ETR. A similar figure was re-
ported by Hanfstein et al,”’ in a cohort of 1303 patients as part of the
German CML IV study, and found that 28% of the patient group had
a BCR-ABL1 transcript level >10%. In addition, Vieira-Mion et al? re-
ported that in a study of 1403 patients, 80.8% of patients achieved the
optimal response (BCR-ABLI < 10%) from 3 to 5 months after begin-
ning imatinib treatment. In contrast, Shao et al,23 found that 24 out of
40 (60%) patients with CML failed to achieve ETR. In addition, in an-
other study, only 21 out of 70 patients with CML achieved molecular
response at or before 18 months of treatment.”* Moreover, 281 out of
412 patients with CML (68.2%) achieved a <10% BCR-ABL1I transcript
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level at 3 months.” This discrepancy among studies seems to be caused
by differences in sample size and follow-up duration.

Recently, molecular markers have been introduced in the field of can-
cer diagnosis, prognosis, and precision medicine.” >’ The miRs have a
major role in regulating cellular functions including growth, differentia-
tion, migration, and apoptosis, and they are also involved in cancer pro-
gression.*’ The present study aimed to explore the role of circulating miR-
150 expression in the treatment outcomes of patients with CML under
imatinib therapy. At baseline, patients had significantly lower miR-150 ex-
pression in comparison to control subjects. The low or absent expression
of miR-150 in patients with CML was previously reported.'”'**" Those
earlier studies suggested that miR-150 promotes myeloid differentiation
and that its low or absent expression may result in blocking myeloid dif-
ferentiation with subsequent myeloid neoplasm progression such as acute
myeloid leukemia and the blastic crisis of CML.*"

Research has shown that miR-150 mediates myeloid differentiation
by several mechanisms. It activates transcription factors, cytokines,
and growth factors that are implicated in myeloid differentiation such
as C/EBPA, C/EBPE, interleukin 1B, and granulocyte-macrophage col-
ony-stimulating factor.’” In addition, miR-150 inhibits MYB, an onco-
genic transcription factor that blocks myeloid cell differentiation and
mediates BCR-ABL1-dependent leukemogenesis.®> Moreover, miR-150
may induce other miRNA expression such as miR-223 to promote my-
eloid differentiation.**

In fact, the role of miR-150 in CML extends beyond the diag-
nostic implications. It has been suggested that the alteration of
miR-150 expression can be used as a treatment approach in CML.*
Furthermore, miR-150 expression had a significant increase 2 weeks
after imatinib treatment in this study. This finding is concordant
with Flamant et al,'® who reported similar observations. Moreover,
the present study revealed that miR-150 expression showed sus-
tained elevation at day 90 of imatinib therapy, which is negatively
correlated with BCR-ABL1 transcript levels as reported in Machova
Polakovi et al."

2022;53;58-64 | DOI: 10.1093/labmed/Imab040
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Interestingly, the present study identified miR-150 expres-
sion at 14 days after imatinib treatment as a significant predictor
of treatment response in patients with CML. These conclusions are
supported by Yurt et al,"* who reported significantly lower miR-150
expression in their patients who were nonresponsive to imatinib
treatment in comparison to their responsive counterparts. We found
that measuring miR-150 expression at day 14 of imatinib treatment
could be a valuable early predictor of imatinib response in patients
with CML with an AUC of 0.838, 72.9% sensitivity, and 84.2% spec-
ificity. Notably, our study reports for the first time that the elevated
miR-150 expression levels at day 14 are of high predictive value for
ETR in patients with CML patients.

The significant elevation of miR-150 after treatment by TKIs is
attributed to their inhibition of ¢-MYC. Increased ¢-MYC expression
results in genomic instability and promotes error-prone repairs through
an augmented expression of the alternative form of the nonhomologous
end-joining pathway.*® More specifically, it has been shown that c-MYC
occupies the regulatory regions -11.7 kb and -0.35 kb in the miR-150
gene. This occupancy is markedly enhanced through BCR-ABLI activity,
resulting in the downregulation of miR-150 expression in the CD34+
and CD34- cells of patients with CML.*’

The results of the present study are limited by the relatively small
size and short follow-up period. However, this study was conducted
at only 1 center. Future multicentric studies with longer follow-up are
advocated.

Conclusion

The present study suggests that miR-150 expression at day 14 of
imatinib treatment may be a useful predictive candidate of imatinib re-
sponse in patients with CML.
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ABSTRACT

The purpose of this study was to determine whether circular RNA hsa_
circ_0002874 could serve as a novel biomarker for the diagnosis of gas-
tric cancer (GC). The expression level of hsa_circ_0002874 mean (in-
terquartile range [IQRY]) in the plasma of patients with GC, patients with
benign gastric lesions, and healthy individuals was 3.482 (IQR, 1.524-
9.048), 1.261 (IQR, 0.817-2.000), and 1.00 (IQR, 0.726-1.382), respec-
tively, whereas there was no significant difference between the latter 2
groups. The plasma expression level of hsa_circ_0002874 was signifi-
cantly correlated with tumor stage (U = 234.0; P <.001) and lymph node
metastasis (U =240.0; P<.001). The receiver operating characteristic
(ROC) curve showed that the sensitivity of the combined determination of
hsa_circ_0002874 and the serum markers CEA and CA19-9 was 95.8%
in patients with GC compared with that of the healthy group and 93.0%
compared with that of patients with benign gastric tumor lesions. The
specificity of hsa_circ_0002874 in differentiating GC from benign lesions
was 98.3%. The results showed that plasma hsa_circ_0002874 may
prove to be a useful biomarker for auxiliary diagnosis, the grading of ma-
lignant neoplasms, and the prognostic prediction of GC.

Gastric cancer (GC) is one of the most common malignant tumors. Sta-
tistics show that the mortality rate of GC ranks third worldwide, with

a tendency to increase gradually yearly. Because of the insidiousness of
symptoms in the early stages, most patients with GC are already in an
advanced stage at the time of diagnosis'; in these patients, the 5-year
survival is only 25% to 30%.” Therefore, early detection and treatment
are primarily important to improve the prognosis of patients with GC.
Currently, early screening of GC is mainly through endoscopic exami-
nation. But because endoscopy is invasive, it is difficult for it to be gen-
erally accepted as a routine screening method. Some serological tumor
markers such as CEA and CA19-9 currently used in clinical practice are
likely to cause missed detection or misdiagnosis because of insufficient
sensitivity and specificity. It is therefore necessary and urgent to find
a more sensitive, more specific, and less invasive marker for early di-
agnosis, prognostic prediction, and therapeutic monitoring of patients
with GC.

Circular RNA (circRNA) is a type of new noncoding RNA molecule
discovered in recent years that extensively exists in eukaryotic cyto-
plasm. Most circRNAs are generated from exons without containing the
5 and 3’ ends. They are closed in a circular form with stable properties
and high conservation and can regulate the expression of target genes
through the “sponge effect” of microRNA.* Studies have shown that
circRNA plays a role in many diseases and shows a close association
with cancer development and progression. The characteristic properties
of circRNA make it a new potential molecular marker for the diagno-
sis of malignant tumors. However, few studies have reported the use of
circRNA as a biomarker for the diagnosis of GC. Research has shown that
hsa_circ_0002874, also known as hsa_circ_GLIS3_003, is derived from
the GLIS3 gene, a member of the Gli-like zinc finger protein family. The
GLIS3 gene plays a dual role in organisms, both inhibiting and activating
protein transcription. The aim of the present study was to explore the
feasibility and clinical value of hsa_circ_0002874 as a new molecular bi-
omarker for the diagnosis of GC by detecting its expression level and
analyze its association with malignant behavior in patients with GC.

Materials and Methods

Patients

Plasma specimens were collected from 71 patients (49 male and 22 fe-
male; ages 43-86 years) who were pathologically confirmed as having
GC and had not received radiochemotherapy before admission to the af-
filiated hospital of Nantong University (Nantong, China), 59 patients
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with benign gastric lesions (19 male and 40 female; ages 43-85 years),
and 60 healthy individuals (23 male and 37 female; ages 40-89 years) as
the control patients.

In addition, we collected 48 pairs of cancer and para-cancer tissues
from patients (36 male and 12 female; ages 44-85 years) who were path-
ologically confirmed as having GC between January 2018 and Novem-
ber 2019 and had not received any radiochemotherapy or other adjuvant
therapies before surgery. Three GC cell strains (HGC-27, BGC-823, and
MKN-45) and a normal gastric epithelial cell strain (GES-1) were used
in this study.

This research protocol was approved by the Ethics Committee of
Nantong University Affiliated Hospital (Nantong University Affiliated
Hospital Ethical Approval for Scientific Research number 2016-061).
Informed consent was obtained from all participants in the study.

Specimen Collection

Peripheral blood (3-5 mL) was collected from each participant, immedi-
ately placed in a tube containing EDTA-K , and centrifuged at room tem-
perature and 3000 g for 10 minutes. The plasma (300 pL) in the upper
layer was sucked and placed in a 1.5 mL eppendorf tube for RNase inac-
tivation and stored at -80°C for use. Surgically resected GC tissues and
gastric mucosa tissues 5 cm from the tumor with a thickness <0.5 cm
were placed immediately in 1 mL RNA Fixer solution and stored at -80°C
for use.

Expression of Hsa_circ_0002874

Total RNA (10 pL) was extracted and reverse-transcribed. Briefly, total
RNA was extracted from the plasma specimens, tissues, and cell strains
according to the protocols of the RNA reagent kits. The RNA was reverse-
transcribed into cDNA according to the kit instructions under the follow-
ing conditions: reaction buffer 4 uL, deoxyribonucleotide triphosphate mix
(10 mM) 2 pL, random primer 1 pL, RevertAid RT 1 pL, and RiboLock RI 1
uL, then add RNase-free H20 to make up to 20uL with total RNA 500 ng at
42°C for 60 minutes and at 70°C for 5 minutes. The complementary DNA
thus obtained was used for the polymerase chain reaction (PCR) assay.
real-time quantitative PCR (RT-gPCR) was as
follows:  hsa_circ_0002874-F: 5-AATCCTGGGAAAGGCTTATA-3,
hsa_circ_0002874-R:  5-GTCCGGTGGAGACTCATGCT-3’,  18s-F:
5-CGGCTACCACATCCAAGGAA-3’, 18s-R:5-GCTGGAATTACCGCGGCT-3.

The reaction system was as follows: SYBR (sybr green I nucleic acid gel

Fluorescence

stain) Green I Master mix (Rox) 10 pL, diethypyrocarbonate 3 pL, for-
ward primer 0.5 uL, reverse primer 0.5 pL, and complementary DNA 6 pL,
totaling 20 pL at 95°C for 5 minutes, 95°C for 15 seconds, 58°C for 30
seconds, and 72°C for 30 seconds, totaling 45 cycles. The relative quantity
of hsa_circ_0002874 expression was calculated using the 248 method:

AACt = mean value of study group (Ct, -Ct,, )-mean value

sa_circ_0002874
of control group (Ct, =~ i"Ct,s)- Reagents used in this study in-
cluded reverse transcrif)tic;n kit (Thermo Fisher), hsa_circRNA_0002874

primer and 18s primer (Shanghai Sangon Biotech).

Detection of Serum CEA and CA19-9
Serum expression levels of CEA and CA19-9 were detected using the
ARCHITET 12000 SR (Abbott, Chicago, IL).

Statistical Analysis

Statistical analysis was performed using SPSS 25.0 and GraphPad
Prism?7. Data for normal distribution were analyzed using the K-S test

Laboratory Medicine

and were expressed as mean * standard deviation. Nonnormally dis-
tributed data were expressed as the median (IQR). Comparison of 2 in-
dependent specimens was performed using the Mann-Whitney U test,
and the comparison of multiple specimens was performed using the
Kruskal-Wallis H test. Correlations between variables were analyzed
using Spearman correlation analysis. The statistically significant differ-
ence was set at P <.05.

Results

Methodological Evaluation of miR-92a-3p in Plasma
Exosomes

For better clinical application, we first evaluated the RT-qPCR method,
which is generally used to detect hsa_circ_0002874 expression. The
hsa_circ_0002874 was constructed, the linearity of which was assessed
by using serial 10-fold dilutions of complementary DNA. The R? of the
hsa_circ_0002874 standard curve was 0.9992, and the regression equa-
tion was Y = -2.942X + 25.598.

In addition, we evaluated the coefficient of variation (CV) of hsa_
circ_0002874 between the intra-assay and the interassay. As expected,
the interassay CV and intra-assay CV were <5%. The amplification curve
was unimodally specific, meaning that the results were representative

(TABLE 1).

Expression of Hsa_circ_0002874 in GC Cell Strains, GC
Plasma, and Pathologic Tissues

Microassay analysis revealed several differentially expressed
circRNAs, among which hsa_circ_0002874 was highly and differ-
entially expressed. The RT-qPCT showed that hsa_circ_0002874
expression in HGC-27, BGC-823, and MKN-45 was significantly dif-
ferent from that in GES-1 expression (P <.05). The expression of
hsa_circ_0002874 in MKN-45 was the highest among the 3 GC cell
lines (FIGURE 1A). The relative expression of hsa_circ_0002874
in the 71 patients with GC, 59 patients with benign lesions, and 60
healthy control patients was 3.482 (IQR, 1.524-9.048), 1.261 (IQR,
0.817-2.000), and 1.00 (IQR, 0.726-1.382) respectively, showing
significant differences between the GC group and the benign and
healthy groups (both P <.001) and no significant difference be-
tween the benign and healthy groups (P =.077; FIGURE 1B). The
relative expression of hsa_circ_0002874 in the GC and para-GC tu-

TABLE 1. The Intra- and Interassay Repeatability of hsa_
circ_0002874 and Reference

Hsa_circ_0002874

18s®

Intra-assay

Mean + SD 35.78 + 0.923 | 11.94 +0.335

218S was selected as the internal reference for RT-PCR to remove some
systematic errors. 18S is rich in content and stable in any case, so it is
less affected by external regulation, and the background is more stable in
semi-quantification.

CV, coefficient of variation; SD, standard deviation.
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mor tissues was 2.892 (IQR, 1.814-4.808) and 0.977 (IQR, 0.479- (2) Analysis of correlations between hsa_circ_0002874 expression

2.376), respectively, showing a significant difference between the 2 in GC tumor tissues and clinicopathologcial characteristics in the
groups (P < .001; FIGURE 1C). 48 patients with GC showed that the relative expression of hsa_

circ_0002874 was not significantly correlated with sex (P =.153),
Correlations Between Relative hsa_circ_0002874 age (P=.131), or tumor size (P=.107) but was significantly
Expression and Clinical Characteristics of Patients with correlated with TNM stage (P = .009) and lymph node metastasis
GC (P <.001; TABLE 3).

(1) Analysis of correlations between hsa_circ_0002874 expression
and clinicopathological parameters in patients with GC showed Correlation Between Relative Plasma hsa_circ_0002874
that the relative expression of hsa_circ_0002874 in the plasma of Expression and CEA and CA19-9 in Patients with GC
the 71 patients with GC was not significantly correlated with sex The concentration of CEA and CA19-9 in patients with GC, patients with

(P =.296), age (P = .639), or tumor size (P = .988) but was signifi- benign gastric lesions, and healthy control patients are shown in FIG-
cantly correlated with TNM stage (P <.001) and lymph node metas- URE 2. Nonparametric Spearman correlation analysis showed that the
tasis (P <.001; TABLE 2). relative expression of hsa_circ_0002874 in the plasma of patients with

FIGURE 1. Expression of hsa_circ_0002874 in GC cell strains, plasma, and pathological tissues of patients with GC. A, hsa_
circ_0002874 expression in GC cell strains. B, Relative expression of hsa_circ_0002874 in initially diagnosed patients with GC,
patients with benign gastric lesions, and healthy control patients. C, Relative expression of hsa_circ_0002874 in GC and para-
GC tumor tissues. *P <.05, ***P <.001, ****P <.0001.
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TABLE 2. Correlation Between Relative Expression of Plasma hsa_circ_0002874 and Clinical Characteristics of Patients with
GC

Clinicopathological Characteristics : n : Hsa_circ_0002874 Expression, Mean (IQR) : U Value ' P Value
Sex § § : 455.0 296

e 3681 (16089517
B 2392(1.454-7395
Aey) L 5360 | 639

2.549 (1.454-10.541)

Size (cm)

>5 § 13 § 2.549 (1.504-14.103)
<5 § 58 § 3.544 (1.524-8.125)
Tumor stage 234.0

1.791 (1.430-3.871)

No § 21 § 1.524 (0.649-3.117)

GC, gastric cancer; IQR, interquartile range.
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TABLE 3. Correlation Between Relative Expression of hsa_circ_0002874 in GC Tissues and Clinical Characteristics of Patients

with GC

Clinical Characteristics n

Hsa_circ_0002874 Expression, Mean (IQR)

U Value P Value

1.319 (0.850-2.319)

GC, gastric cancer; IQR, interquartile range.

FIGURE 2. Correlation between the relative expression of plasma hsa_circ_0002874 and CEA and CA19-9 in patients with GC.
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GC was not significantly correlated with CEA (P =.122; r = 0.113) and
CA19-9 (P = .639; r = -0.034).

ROC Curve Analysis

The ROC curve analysis of the relative expression of hsa_circ_0002874
and the concentration of CEA and CA19-9 in the plasma of patients
with GC vs healthy control patients showed that the area under the
curve (AUC) of the relative expression of hsa-circ-0002874 in patients
with GC was 0.836 (IQR, 0.764-0.908), using 1.402 as the cutoff value;
0.686 (IQR, 0.595-0.777) for CEA, using 1.850 ng/mL as the cutoff
value; and 0.537 (IQR, 0.437-0.636) for CA19-9, using 6.15 U/mL as
the cutoff value. These results indicate that the diagnostic value of hsa-
circ-0002874 was the highest in the hsa-circ-0002874, CEA and CA19-9.

The ROC curve analysis of therelative expression of hsa_circ_0002874
and the content of CEA and CA19-9 in the plasma of patients with GC
vs patients with benign gastric lesions showed that the AUC of the rela-
tive expression of hsa-circ-0002874 in patients with GC was 0.792 (IQR,

Laboratory Medicine

CA199
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Relative Expression of
hsa_circ_0002874

0.714-0.870), using 3.373 as the cutoff value; 0.620 (IQR, 0.524-0.717)
for CEA, using 8.300 U/mL as the cutoff value; and 0.572 (IQR, 0.474-
0.670) for CA19-9, using 22.4 U/mL as the cutoff value. These results
indicate that the diagnostic efficacy of hsa-circ-0002874 was superior to
that of the other 2 (FIGURES 3 and 4).

Diagnostic Efficacy of Plasma Hsa_circ_0002874, CEA, or
CA19-9 Alone and in Combination

Analysis of the sensitivity, specificity, accuracy, positive predictive value,
and negative predictive value of hsa_circ_0002874, CEA, or CA19-
9 both alone and in combination showed that the sensitivity of hsa_
circ_0002874 in differentiating the healthy control group was 87.3%,
which was higher than that of CEA and CA19-9. In addition, the sensitiv-
ity of two (CEA + CA19-9, hsa_circ_0002874 + CEA or hsa_circ_0002874
+ CA19-9) and three-combination (hsa_circ_0002874 + CEA + CA19-9)
was higher than either of the three indices alone, and when the 3 indi-

ces were detected in combination, the sensitivity was 95.8%. The diag-

2022;53;65-70 | https://doi.org/10.1093/labmed/Imab062
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FIGURE 3. ROC curves differentiating the healthy control

group.
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FIGURE 4. ROC curves differentiating the benign gastric

lesion group.
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nostic efficacy of two- and three-combination in differentiating patients
with benign gastric lesions from the other 2 patient groups was higher
than that of either of the three alone, and three-combination offered the
highest value (93.0%). The specificity of hsa_circ_0002874 was high as
98.3% (TABLE 4 and TABLE 5).

Discussion

Early diagnosis and treatment are extremely important to improve
the prognosis of patients with GC. Gastroscopy is one of the common
methods for the clinical screening of GC, but its application is limited
by invasiveness.® The detection of biomarkers in peripheral blood is less
invasive, more convenient, and less expensive, but its clinical value is
mainly reflected in monitoring therapeutic efficacy rather than in di-
agnosis.” Cancer diagnosis and classification have entered a molecular
era.®’ Most recent studies have reported the participation of circRNA
and other noncoding RNAs as oncogenes or tumor suppressor genes in
the development and progression of cancer and that they are promising
as tools for the diagnosis and prognostic prediction of tumors.'*"’

In the present study, we used microarray screening to iden-
tify differentially expressed circRNAs in GC tissues and found that
hsa_circ_0002874 was most differentially expressed in GC tissues
as compared with that in normal tissues. There is no study reporting
the correlation between hsa_circ_0002874 expression and tumors.
In addition, we found that hsa_circ_0002874 was highly expressed in
the GC cell strains HGC-27, BGC-823, and MKN-45. Subsequently, we
detected the relative expression of hsa_circ_0002874 in the plasma of
71 patients with GC, 59 patients with benign gastric lesions, and 60
healthy patients and found that the expression level of hsa_circ_000287
in the plasma of patients with GC was significantly higher than that in
the other two groups. In addition, we detected the relative expression
of hsa_circ_0002874 in 48 pairs of GC and para-GC tissues in patients
who were confirmed as having GC by the department of pathology of our
hospital and found that the relative expression of hsa_circ_0002874 in
GC tissues was significantly higher than that in para-GC normal tissues.

Furthermore, we grouped the patients with GC and analyzed the cor-
relation between the relative expression of plasma hsa_circ_0002874
and their clinicopathological characteristics. The results showed that the
relative expression of hsa_circ_0002874 in plasma was not correlated
with sex, age, or tumor size but was significantly correlated with TNM
stage and lymph node metastasis. In addition, the later the TNM stage
the higher the expression level of hsa_circ_0002874 in plasma. The lack
of correlation between tumor size and plasma hsa_circ_0002874 level

may be related to the small sample size, pathological grossing error, or

TABLE 4. Diagnostic Efficacy of Plasma Hsa_circ_0002874, CEA, and CA19-9 in Differentiating Healthy Control Patients

Molecular Markers Sensitivity (%) : Specificity (%) : Accuracy (%) : PPV (%) . NPV (%)

hsa_circ_0002874 87.3 (62/71) : 76.7 (46/60) : 82.4 (108/131) 81.6 (62/76) 83.6 (46/55)

A es2¢mmy . es0@we0) 656(86/131) | 60.1(47/68 | 61.9(39/63)
om99 L ws3awmy L eereeen 542(71A31) | 887(1315) | 50.0 (58/116)
CEA+CA99 . 718(U7) . 633(3860) 679(89131) | 6995173 | 65.5 (36/58)
hsacirc 0002874+ CEA | 958871 . 4s0(ik0) 72505131 | 673(68/101) | 900 (27/30)
hsa_circ_0002874 + CA19-9 | 887(6371) | 733440) | 8170107131 | 797(6379) | 846 (44/52)
hsa_circ_0002874 + CEA+ CA19-9 | 958(6871) | 4332660 718(04131) | 667(68/102) | 897(26/29)

NPV, negative predictive value; PPV, positive predictive value.
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TABLE 5. Diagnostic Efficacy of Plasma Hsa_circ_0002874, CEA, and CA19-9 in Differentiating Benign Gastric Lesion Group

i Molecular Markers Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)
' hsa_circ_0002874 52.1 (37/71) 98.3 (58/59) 73.1 (95/130) 97.4 (37/38) 63.0 (58/92)
CEA 52.1 (37/71) 72.9 (43/59) 61.5 (80/130) 69.8 (37/53) 55.8 (43/77)
cat99 srmy 74644559 | 57775130 | o 67.4(31/46) | 52.4(44/84) |
| CEA + CA19-9 71.8 (51/71) 54.2 (32/59) 63.8 (83/130) 65.4 (51/78) 61.5 (32/52)
hsa_circ_0002874 80.3 (57/71) 71.2 (42/59) 76.2 (99/130) 77.0 (57/74) 75.0 (42/56)
+CEA
hsa_circ_0002874 77.5 (55/71) 72.9 (43/59) 75.4 (98/130) 77.5 (55/71) 72.9 (43/59)
+CA19-9
! hsa_circ_0002874 93.0 (66/71) 52.5 (31/59) 74.6 (97/130) 70.2 (66/94) 86.1(31/36)

. +CEA + CA19-9

NPV, negative predictive value; PPV, positive predictive value.

size by imaging only. Similarly, we analyzed the correlation between the
relative expression of hsa_circ_0002874 in the GC tissue of the patients
from whom the 48 pairs of GC and para-GC tissues were collected and
their clinicopathological characteristics. The results were the same as
those obtained from the plasma. All these results clearly show the po-
tential of using the plasma level of hsa_circ_0002874 expression as a
molecular marker of GC tumors.

In addition, in this study, we found that there was no statistically
significant difference in the plasma hsa_circ_0002874 between men and
women but that the median of men was higher than that of women. In
future studies, we will further expand the sample size for further study.

The ROC curve analysis differentiating the healthy control group
showed that the AUC of hsa_circ_0002874 was significantly higher than
that of CEA and CA19-9, and the sensitivity was higher than that of CEA
and CA19-9. In addition, the combination of these 3 factors offered the
highest sensitivity (95.8%). The specificity of hsa_circ_0002874 reached
98.3%, which was higher than that of CEA and CA19-9.

Conclusion

In summary, the detection of the relative expression of hsa_
circ_0002874 in plasma may prove to be a new less invasive and trau-
matic biomolecular marker for the diagnosis of GC. The action mech-
anism of hsa_circ_0002874 as a brand-new circRNA in tumors is not
clear, nor is there a study reporting its association with GC. In our on-
going study, we plan to further confirm the application value of hsa_
circ_0002874 in GC in larger patient samples by focusing on seeking tar-
get mRNAs and signaling pathways of hsa_circ_0002874 and analyzing
its action mechanism in GC to provide evidence-based clues for finding

new therapeutic targets of GC.
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ABSTRACT

Objectives: To compare the levels of serum pepsinogen (PG) in
patients with gastric cancer (GC), patients with atrophic gastritis (AG),
and healthy donors. Also, we explored the clinical value of PG detec-
tion for the diagnosis and treatment of GC.

Methods: The PG level in peripheral blood from patients and heathy
donors was determined using an Abbott automatic chemilumines-
cence instrument. The study included 117 patients with GC confirmed
by gastroscopy and histopathology, of whom 13 patients had cancer
at stage |, 47 at stage Il, 41 at stage Ill, and 16 at stage IV. The AG
group included 122 patients, and the control group had 120 healthy
donors. The relationship between serum PG levels and the occurrence
and development of GC, as well as the evaluation of the clinical value
of diagnostic tests based on serum PG detection, were investigated
by receiver operating characteristic (ROC) curve analyses.

Results: Pepsinogen | (PGI) levels gradually decreased from the con-
trol group, the AG group, and the GC group.

PGl exhibited high diagnostic value for GC (area under the curve [AUC],
0.834; cutoff, 51.2 ng/mL, sensitivity, 81.7%; specificity, 68.4%), PGlI

(AUC, 0.587; cutoff value, 13.05 ng/mL; sensitivity, 65.8%; specificity,
53.8%), and PGR (AUC, 0.752; cutoff, 5.65; sensitivity, 54.2%; spec-
ificity, 87.2%). The occurrence of GC was negatively correlated with
serum levels of PGl (B = —-0.054; OR = 0.947; 95% confidence interval
[Cl], 0.925-0.970; P <.001) and PGR (B = -0.420; OR = 0.657; 95% Cl,
0.499-0.864; P = .003).

Conclusions: The combined detection of PGI, PGll, and PGR has im-
portant clinical value for the screening, prevention, and diagnosis of GC
and could allow for earlier detection, diagnosis, and treatment of GC.

Gastric cancer (GC) has a high incidence in China. Patients with GC
tend to be young; the incidence of GC is typically due to stress, diet, and
Helicobacter pylori (HP) infection. Reducing the incidence of and mortal-
ity from GC is a major public health issue; early diagnosis and treatment
remain the best strategies."” Identification of new diagnostic markers
that can rapidly translate into clinical applications and meet the needs
for diagnosis and treatment has become a highly dynamic and cutting-
edge field in biomedical sciences.

Many studies aim to provide a simple, sensitive, and specific method
for the early diagnosis of GC. To date, a range of tumor-related factors
have been adopted in clinical practice and have become important assets
to tumor diagnosis and treatment. However, their sensitivity and speci-
ficity have not reached sufficient reliability.*~

Pepsinogen (PG), an aspartic protein enzyme secreted by gastric mu-
cosa cells, is an inactive precursor of pepsin in gastric juice. It is com-
posed of 375 amino acids, has a molecular weight of approximately
42 kDa, and can be divided into 2 subgroups according to differences
in biochemical and immune characteristics: PGI (groups 1-5) and PGII
(groups 6 and 7). Gene expression sites of PGI and PGII are different,
located on chromosomes 11 and 6, respectively.

After synthesis, PG is primarily released into the gastric cavity,
with a small proportion entering the blood circulation through the
capillary of gastric mucosa.®” PG can reflect the function and state
of the gastric mucosa and is closely related to gastric lesions. Xingjie
S et al® studied the serum PG content of patients with GC before and
after endoscopic treatment and found that PG content after treat-
ment was higher than before the operation. Chunchun C et al” re-
ported that the serum PG content of patients with gastric ulcers was

relatively high.

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,

please e-mail: journals.permissions@oup.com

www.labmedicine.com

G20z Arenigad gz uo 1senb Aq 00¥89€9/ 1L L/1/ES/910IME/PaWE)/Woo"dno-olwapede//:sdny Woly papeojumoq

71


mailto:344783222@qq.com?subject=
mailto:mali0105@163.com?subject=

72

Serological testing of PG has the advantages of being noninvasive
and inexpensive, allowing for convenient and dynamic monitoring,
and being well accepted by the patients. It also has cost-effectiveness
compatible with large-scale screening in areas with high incidence of
atrophic gastritis (AG) and GC."” To assess the clinical value of tests
based on serum PG measurement, we investigated the diagnostic accu-
racy of these tests for GC diagnosis, the relationship between serum PG
levels and the occurrence and development of GC, and the feasibility of
implementing a dynamic detection to perform serological monitoring.

Using the pathological examination of gastric mucosal biopsy as a
diagnostic reference standard, we compared PG levels in healthy donors
and patients with precancerous lesions or GC and explored the relation-
ship between serum PG levels and the occurrence and development of
GC. Although previous publications have reported the clinical value of
serum PG measurement, most studies were single-centered and lacked
validation. Therefore, we conducted a multicenter study to provide a
stronger reference for clinical diagnosis and treatment.

Materials and Methods

Inclusion Criteria

Patients with GC were diagnosed by combining clinical symptoms, en-
doscopy, and histopathology. A specimen of the cancer tissue and its sur-
rounding tissues were taken with forceps and stained with hematoxylin-
eosin (H&E), observed under a microscope, and diagnosed according
to the morphology and structure of tissues and cells (loss of polarity,
disordered arrangement, nuclear atypia, increased nucleoplasmic ratio,
and condensed chromatin). The diagnosis of GC, AG, and other related
diseases met the consensus for pathological diagnosis of chronic gastri-
tis and epithelial tumor gastric mucosa biopsy." ™

No patient experienced serious disease such as liver or kidney fail-
ure, other tumors, or had a history of chemotherapy or gastrointesti-
nal surgery, radical treatment of HP, pernicious anemia, intake of drugs
acting on the digestive system, or anticancer drugs during the 2 weeks
preceding the test." All of the procedures complied with medical eth-
ics requirements. For healthy donors, routine blood tests and liver
and kidney function were normal (test results were within the normal
ranges: total protein [TP], 65-85 g/L; alanine aminotransferase [ALT],
8-40 u/L; aspartate aminotransferase (AST), 15-35 u/L; total bilirubin
[TBIL], 3.5-19 pmol/L; creatinine [CREA], 60-80 pmol/L; uric acid [UA],
202-339 pmol/L; blood urea nitrogen [BUN], 3.0-8.2 mmol/L). There
were no space-occupying lesions in any organ, liver, kidney, or digestive
tract diseases.

Tumor-node metastasis (TNM) staging of patients with GS was di-
vided into 4 groups according to the latest cancer-staging standard of
the American Joint Committee on Cancer (stage I group, stage II group,
stage III group, and stage IV group).">'® On gastroscopy AG showed a
pale mucosa, vascular permeability, small folds or rough surface, ery-
thema, and mucus. Pathological examination showed gland atrophy and
hyperplasia. Combined symptoms, such as gastric distension and ane-

mia, completed the diagnosis.'”'®

Cases and Grouping

In total, 117 patients with GC confirmed by gastroscopy and pathologi-
cal examination between February 2017 and October 2018 were selected
from the Anting Hospital of Shanghai, Ruijin Hospital of Shanghai, The

Laboratory Medicine

First Affiliated Hospital of Suzhou University, and the Kunshan Branch
of Shanghai Cancer Hospital. The GC group included 59 men and 58
women aged 32 to 81 years with a median age of 64 years. Amongst
these patients, 13 had GC stage I, 47 patients had stage II, 41 patients
had stage III, and 16 patients had stage IV. During the same period, 120
donors (including 60 men and 60 women; age, 24-72 years; median age,
47 years) with normal physical examination indices were enrolled in the
healthy control group. There were no significant differences in age and
sex composition of the groups (P> .05).

Equipment and Methods

The tests were run on an Abbott ARCHITECT i-2000sr automatic
chemiluminescence immunoassay system (AbbVie Inc.) that had
passed performance verification. The reagents were provided in the
kit associated with the instrument. The ARCHITECT Pepsinogen as-
say is a 2-step immunoassay for the quantitative determination of
PG in human serum using chemiluminescent microparticle immu-
noassay (CMIA) technology with flexible assay protocols, referred
to as Chemiflex. In the first step, specimen, assay-specific diluent
and antihuman PG antibody-coated paramagnetic microparticles
are combined. PG present in the specimen binds to the antihuman
PG antibody-coated microparticles. After washing, anti-human PG
antibody-acridinium-labeled conjugate is added in the second step.
Following another wash step, pretrigger and trigger solutions are
added to the reaction mixture. The resulting chemiluminescent reac-
tion is measured as relative light units (RLUs).

A direct relationship exists between the amount of PG in the spec-
imen and the RLUs detected by the ARCHITECT i optical system. The
concentration of PG in the specimen is determined using a previously
generated ARCHITECT pepsinogen-calibration curve. Interlaboratory
quality assessment and indoor quality control were conducted, to ensure
the results were controlled. The reportable range was as follows: PGI, 0
to 1000 ng/mL; PGII, 0 to 500 ng/mL. The uncertainty of calibration is
1.99 when PGI is between 0 and 70. When PGII is between 0 and 5, the
uncertainty of calibration is 0.13.

The batch numbers of the PGI kits were 73266LI00 and 80439LI00,
with the respective expiration dates as April 12, 2018, and January
12, 2019. The batch numbers of the PGII kits were 73371LI00 and
79586LI00, with the respective expiration dates of April 17, 2018 and
December 22, 2018.

Fasting venous blood was collected using disposable evacuated
blood-collection tubes (BD vacuum red cap [Becton, Dickinson and Com-
pany]), and centrifuged at 2664g for 10 minutes. After centrifugation,
the serum was collected and stored at -20°C for later use. Hemolysis,
lipemic, and other specimens that may affect the results were excluded
to eliminate the influence of interfering substances such as bilirubin,
hemoglobin, albumin, and triglycerides. Before testing, the specimens
were allowed to reach room temperature and centrifuged at 2664g for 10
minutes. Serum PGI and PGII concentrations were determined with an
Abbott ARCHITECT i-2000sr automatic chemiluminescence analyzer,
and the PGI/PGII ratio (PGR) was calculated. Results were available

within 2 hours.

Statistical Analysis

SPSS statistical software, version 21.0, was used to analyze the results.
Serum PGI and PGII levels were expressed as mean (SD). The Stu-
dent t test was used for comparison between 2 groups with normal
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distributions, and ANOVA was used for comparison between multiple
groups. Bivariate correlation analysis was conducted between the 2
variables. The data were compared by X? testing. P <.05 was considered
statistically significant. The diagnostic efficacy of PG was evaluated by
receiver operating characteristic (ROC) curve.

Results

Serum PGl, PGIl, and PGR Levels
Serum PGI and PGII levels in the specimens from 120 healthy donors,
122 patients with AG, and 117 patients with GC were determined,
and the PGRs were calculated. Levels from the AG and GC groups were
compared with levels from the control group, as well as to each other
(TABLE 1, FIGURE 1 and FIGURE 2).

As shown in TABLE 1, PGl levels between the AG and control groups
were significantly different (P = .003). Although the difference in PGII
level was not statistically significant between the 2 groups (P = .21), PGR
was significantly lower in the AG group (P = .005). Similarly, PGI levels
and PGR were significantly lower in the GC, compared with the control
group (P <.001) where the PGII levels were not significantly different
between the 2 groups (P =.07). Comparison between the GC and AG
groups showed significant differences in PGI levels and PGR (P <.001),
but no differences were observed in PGII levels (P = .46).

As shown in FIGURE 1, levels of PGI and PGII and PGR decreased
gradually. The highest values were in the control group, intermediate
values in the AG group, and lowest values in the GC group. As depicted
in FIGURE 2, PGI levels and PGR showed a decreasing trend from the
control group to the AG group to the GC group, with no significant dif-
ference in PGII levels across the 3 groups.

ROC Curve Evaluating the Diagnostic Efficacy of PG
Measurement in GC

Using pathological diagnoses as the most reliable reference standard,
we conducted a comparative analysis between the GC and the con-
trol groups and created the corresponding ROC curves (FIGURE 3).
The area under the curve (AUC) was the largest for PGI levels (0.834),
followed by PGR (0.752), and PGII levels (0.587), suggesting that serum
PGIlevel and PGR have high diagnostic value for GC detection (FIGURE
3 and TABLE 2).

The point of an ROC curve closest to the top left corner represents
the optimal cutoff value for the diagnosis of GC based on serum PG level.
The cutoff values obtained with this method for the diagnosis of GC are
shown in TABLE 3.

The cutoff values of PGI, PGII, and PGR were 51.2 ng/mL, 13.05 ng/
mL, and 5.65, respectively. These corresponded to detection sensitivities
and specificities of 81.7% and 65.8% for PGl levels, 54.2% and 68.4% for
PGII levels, and 53.8% and 87.2% for PGR, demonstrating the clinical
value of PG for the diagnosis of GC.

To improve the sensitivity and specificity of the test, we performed
parallel and serial multiple judging. With the parallel method, multi-
ple results are run at the same time. If a specimen scores positive in 1
result, it is considered positive. This method improves the sensitivity
of the diagnostic test. Conversely, serial judging consists in perform-
ing multiple results successively. Only the cases repeatedly positive

www.labmedicine.com

are considered true positives. This method improves the specific-
ity of the diagnosis. The results of these combined approaches are
shown in TABLE 4.

When PGI and PGR were combined to detect GC, the sensitivity of
parallel judgment was significantly higher than that of serial judgement,
and the number of false negatives was reduced. Conversely, the specific-
ity was higher with serial judgements.

Correlation Between GC and Serum PGl and PGR Levels
To further evaluate the value of PG for the diagnosis of GC, we set the
control group as the reference. We also used serum PGI and PGR levels
as variables for logistic regression analysis (TABLE 5).

Discussion

In the early stages, GCs are easy to miss because they do not manifest
any obvious symptoms or because symptoms are nonspecific (upper
abdominal discomfort and fever) and similarly found in other chronic
diseases such as gastritis and gastric ulcers. Therefore, the discovery of
highly sensitive and specific screening methods is crucial to improving
the early diagnosis of and remission in patients with GC.'**° Although
endoscopic biopsy is regarded as the criterion standard, it is not suitable
for screening and early diagnosis because of its low sensitivity and the
possible occurrence of trauma and complications such as pneumothorax
or cancer-cell proliferation and transplantation. Because of these associ-
ated risks, patients tend to avoid this procedure, an attitude that affects
the diagnosis and treatment of the disease.”’**

Serological examination is not only convenient but also noninva-
sive and could provide early warning of tumor occurrence. Still, there
is still not enough positive evidence to prove that PG can be used for
mass censuses.'’ However, screening for high-risk individuals can not
only overcome the shortcomings of pathological diagnosis such as
trauma but can also detect lesions early, which is conducive to diag-
nosis. In 2009, the Chinese Technical Plan for Cancer Screening, Early
Diagnosis and Treatment, issued by the Bureau of Disease Control and
Prevention of the Ministry of Health of the People’s Republic of China,
recommended the use of PG serological tests as a primary screening
method in GC.”>*

By comparing the levels of serum PGI and PGII and PGR from 117
patients with GC, 122 patients with AG, and 120 healthy donors, we
found that serum PGI level and PGR in the AG group were significantly
lower than in the control group (P <.01), whereas there was no differ-
ence in PGII level between these 2 groups (P> .05). Similarly, compari-
son between the GC and the AG groups showed a significant difference
in serum PGI level and PGR (P <.01), but no difference in PGII level
(P = .46). The differences in serum PGI level and PGR between the GC
and the control groups were also statistically significant (P <.01), con-
trary to the difference in serum PGIIlevel (P = .07).

The decrease in serum PGI levels in AG and GC may be explained
by long-term atrophy or damage of the gastric glands, resulting in
decreased number and quality of mucosal cells secreting PGI. Another
explanation could be that damaged glandular cells lead to decreased
gastric-acid secretion, resulting in decreased serum PGI.

In contrast, PGII is more broadly secreted by different gastric areas,
including the main cells of the fundus gland, the mucous neck cells,
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TABLE 1. Serum Concentrations of PGl, PGll, and PGR in Control, AG, and GC Groups

: : Mean (SD)

Group : Cases, no. e EE ey e e e r e gmenmmsssesoiemososaooiiai
: : PGI (ng/mL) ; PGl (ng/mL) ; PGR

Healthy control | 120 | 89.24 (39.42) | 17.64 (11.27) | 6.03 (2.59)

AG | 122 75.40 (32.79)° | 15.84 (9.02) | 5.25 (1.86)"

GC § 117 § 47.74 (20.18)*° § 14.87 (10.99) L 3.85(1.70%

PG, pepsinogen; PGR, pepsinogen I/Il ratio; AG, atrophic gastritis; GC, gastric cancer.
2Comparison with the healthy control group; P <.01.
bComparison with AG group; P <.01.

FIGURE 1. Histogram showing the levels of serum pepsinogen (PG)I, PGll, and pepsinogen I/ll ratio (PGR) in the healthy control,
atrophic gastritis (AG), and gastric cancer (GC) groups.

1401 P < .001 H Healthy control group
m AG group
120 W GC group
100 -
<.001
80 -
60- P=.075
P <.001
40 -
P =.206 P = .458
P =.005 p < .001
A

PGl PGIl PGR

FIGURE 2. Scatterplot showing serum levels of pepsinogen (PG)l and PGll, and pepsinogen I/l ratio (PGR) in the control,
atrophic gastritis (AG), and gastric cancer (GC) groups.

250 | @ GC group PGl X AG group PGl Healthy control group PGl
B GC group PGll ® AG group PGIl ¢ Healthy control group PGl
A GC group PGR + AG group PGR Healthy control group PGR

200+

the mucous cells of the cardiac and pyloric glands, and the upper du- pseudopyloric gland, and hyperplasia. Local lesions or pathologic mag-
odenum. The secretion of PGII is associated with atrophy of the gas- nification caused by single etiologies do not significantly modify the
tric basal-gland duct, metaplasia of the gastric upper dermis or the level of secreted PGII. Thus, although changes in PGII levels in GC are
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FIGURE 3. Receiver operating characteristic (ROC) curves
for the evaluation of gastric cancer (GC) diagnosis based on
measurement of serum pepsinogen (PG) concentration.
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TABLE 2. ROC Curves for PGI, PGll, and PGR in the GC
Group

Group Area : SE P\Value 95% Cl
PGI 0.843 ‘ 0.025 <.001 .78-.88

el 0587 0037 | 02 | . 51-66

PR 072 0031 <001 | 69-81

ROC, receiver operating characteristic; PG, pepsinogen; PGR, pepsino-
gen I/ll ratio; GC, gastric cancer; Cl, confidence interval.

TABLE 3. Cutoff Values, Sensitivity, and Specificity for Levels
of PGl, PGiIl, and PGR in GC Diagnosis

Group Cutoff Sensitivity, % | Specificity, %
PG | 5120ng/mL 81.7 § 68.4
PGl 1305mgmL 658 538
PR 55 sa2 | 812

PG, pepsinogen; PGR, pepsinogen /Il ratio; GC, gastric cancer.

minor, the concentration of serum PGI decreases, resulting in decrease
of PGR. These results are consistent with those in the study report
by Miki et al,”” which showed that changes in the serum levels of PGI
and PGII reflect the degree of gastric mucosal atrophy, and that PGR
diminishes as gastric mucosal-gland atrophy progresses. Thus, serum
PGI level and PGR can be used as indicators of the degree of gastric
mucosal-gland atrophy,”’*° and serum PGI, PGII, and PGR can be used
as detectors of AG.

There is an irreversible point in the development of GC (FIGURE
4), past which it becomes difficult to effectively control the progres-
sion of GC.*'"* The risk of developing cancer in patients with AG is 4
times higher than that of healthy individuals, and in severe cases of AG,
this risk factor can be as great as 90 times higher.**** Therefore, early
screening of precancerous gastric mucosal lesions and identification of
gastric mucosal diseases are important to preventing the occurrence of
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GC. The most effective way to do this is to make a clear diagnosis that
enables early treatment and intervention in patients with AG, thereby
preventing the development of GC.

FIGURE 3 shows that the AUC for PGI was the largest (0.834),
followed by the AUC for PGR (0.752), and the AUC for PGII (0.587).
The cutoff values of serum PGI, PGII, and PGR were 51.2 ng per mL,
13.05 ng per mL, and 5.65 ng per mL, respectively. The sensitivities of
tests based on PGI, PGII, and PGR were 81.7%, 65.8%, 54.2%, respec-
tively, and their specificity was 68.4%, 53.8%, and 87.2%, respectively.
In the literature,* the diagnostic sensitivities of tests based on quantifi-
cation of CA724, CEA, and CA199 are 60%, 76%, and 68%, respectively,
with corresponding specificities of 74%, 53%, and 69%. These data sug-
gest that diagnostic sensitivity based on serum PG is higher than those
based on CEA, CA724, and CA199, which already have high predictive
values in GC diagnosis.

Shikata et al®’ followed up with more than 2000 community
residents in Japan for an average period of 10 years and identified cut-
off values for GC screening of PGI of 59 ng/mL or less and PGR of
3.9 or less. By this standard, the sensitivity and specificity, compared
with the actual incidence of GC, were 71.0% and 69.2%, respectively.
In their study of a sample population of Kazakhs in Xinjiang, China,
Juan et al*® reported cutoff values for GC screening of PGI of 64 ng/
mL or less and PGR of 4.5 or less, corresponding to a sensitivity and
specificity of 80.5% and 89.8%, respectively. Fariborz et al*’ reported
good sensitivity and specificity for cutoff values of 70.95 ng/mL for
PGI levels and 2.99 for PGR.

Finally, Li et al*” used ROC curves to determine cutoff values for GC
screening in the Liaoning Province of China, and found PGI 94.3 ng/
mL or less and PGR of 9.3 or less, conferring sensitivity and specificity
of 81.4% and 35.0%, respectively, to the initial screening of GC. Over-
all, these results are in a similar range as our findings. The differences
across the different studies may reflect regional and population var-
iability, among other factors. Therefore, for practical implementation,
the screening criteria should be adjusted according to the local clinical
specifics of each population.

TABLE 4 shows that for the diagnosis of GC, the combined use of
PGI and PGR is more valuable than single indicators for reducing the
time before GC diagnosis and improving prognosis. For GC screening,
early detection and diagnosis are crucial for treatment success. There-
fore, lowering diagnostic criteria to improve the sensitivity would be the
best option to reduce the chance of false negatives.

The quality of a diagnostic test also relies on its specificity. Parallel
judging improves the sensitivity of the predictive test and reduces the
rate of false negatives, but it also reduces the specificity and increases
the rate of false positives. Serial judging improves the specificity but
decreases the sensitivity, thereby increasing the rate of false negatives
and reducing the rate of false positives. Combined approaches help to
balance sensitivity and specificity according to different priorities, and
to achieve comprehensive testing.

After excluding confounding factors such as sex and age, analysis by
logistic regression indicated that the occurrence of GC was negatively
correlated with serum PGI level and PGR. PG levels can also be affected
by gastric mucosal damage, gland atrophy, ethnicity, cancer cells, and
HP, among other factors. We hypothesize that atrophy of the gastric
glands leads to a decrease in the production of PG. Gastric ulcer or gas-
trectomy may lead to gastric mucosal damage and promote the release
of more PG into the peripheral blood, thus affecting the content of PG in
the peripheral blood. It is unknown whether sex, age, smoking status, al-
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TABLE 4. Sensitivity and Specificity of Serum PGl and PGR in the Detection of GC

Type of Test Decision Thresholds Sensitivity Specificity
Parallel PGl <51.2 ng/mL or PGR <5.65 91% 60%
Series PGl <51.2 ng/mL and PGR <5.65 45% : 94%

PG, pepsinogen; PGR, pepsinogen I/Il ratio.

TABLE 5. Logistic Regression Analysis Results of the Relationship Between GC and PG®
Variable Regression Coefficient : SE P Value : OR 95% Cl
PGI —-0.054 0.012 <.001 0.947 0.925-0.970
PGR -0.420 0.140 003 0.657 0.499-0.864

GC, gastric cancer; PG, pepsinogen; Cl, confidence interval; PG, pepsinogen; PGR, pepsinogen I/ll ratio.
#This analysis showed negative correlations between the occurrence of GC and the level of serum PGl (B = -0.054; odds ratio [OR] = 0.947; 95% Cl,
0.925-0.970; P <.001), and the PGR (B = —0.420; OR = 0.657; 95% CI, 0.499-0.864; P =.003).

FIGURE 4. Progression of gastric mucosal pathology.
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cohol consumption, or dietary habits influence PG levels and how these
various factors affect PG levels. Answering these questions requires fur-
ther study to more accurately and comprehensively assess the relation-
ship between changes in serum PG level and GC progression.*"*?

In conclusion, serum PGI and the PGR levels showed a gradual de-
crease from the healthy control group to the AG group to the GC group.
The differences in PGI level and PGR between the GC and the control
groups were significant, suggesting that tests based on PGI level and PGR
have good clinical application value and can be used as indicators for the
early diagnosis of GC. Moreover, detection of PG level can be indicative
of precancerous diseases such as AG. This diagnostic tool is a feasible way
to prevent GC and reduce its incidence and mortality rate by detecting PG
abnormalities before the irreversible point of GC development is reached.

Conclusion
This study established the clinical value of PG as a biological marker for
the prevention, diagnosis, and prediction of GC. This method is conven-

Laboratory Medicine

ient, rapid, inexpensive, noninvasive, and easily accepted by patients.
It can be used for auxiliary diagnosis, as an effective supplement to en-
doscopy and X-ray examination, and is worthy of popularization and
broader application.
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ABSTRACT

Objective: To evaluate post-transplantation graft functions
noninvasively by using urine C-X-C motif chemokine 10 (CXCL10) and

metabolome analysis.

Methods: The 65 living-donor kidney-transplant recipients in our
cohort underwent renal biopsy to investigate possible graft dysfunc-
tion. The patients were divided into 2 groups, according to pathology
reports: chronic allograft dysfunction (CAD; n = 18) and antibody-
mediated/humoral allograft rejection (AMR; n = 16). The control
group was composed of renal transplant recipients with stable health
(n = 33). We performed serum creatinine, blood urea nitrogen (BUN),
cystatin C, urine protein, CXCL10, and metabolome analyses on
specimens from the patients.

Results: BUN, creatinine, cystatin C, urine protein, leucine + isoleu-
cine, citrulline, and free/acetyl/propionyl carnitine levels were signifi-
cantly higher in patients with CAD and AMR, compared with the con-
trol individuals. CXCL10 levels were significantly elevated in patients
with AMR, compared with patients with CAD and controls. CXCL10
(AUC = 0.771) and cystatin C (AUC = 0.746) were significantly higher
in the AMR group, compared with the CAD group (P<.02).

Conclusions: CXCL10 and metabolome analyzes are useful for eval-
uation of graft functions. Also, CXCL10 might be useful as a supple-
mentary noninvasive screening test for diagnosis of allograft rejection.

The best choice for the treatment of end-stage kidney disease is kidney
transplantation. However, despite the current use of strong immuno-
suppressant drugs, a frequent complication is allograft rejection in the
posttransplantation period." Allograft rejection is the most common
cause of chronic graft dysfunction and subsequent graft loss when un-
treated.” Routine kidney-function parameters (RKFPs), used in the eval-
uation and monitoring of graft function are serum creatinine, serum
blood urea nitrogen (BUN), serum cystatin C, urine total protein, and
glomerular filtration rate (GFR).

The gold standard diagnostic method for the diagnosis, typing, and
differentiation of allograft rejection from chronic allograft damage or
other pathologic manifestations is biopsy. However, due to the invasive
nature of biopsy, new noninvasive genomic, proteomic, and metabolomic
analysis studies have been conducted to identify biomarkers that can de-
tect the graft damage and its causes at an early stage.®®

The C-X-C motif chemokine 10 (CXCL10) is a cytokine belonging to
the CXC chemokine family that is secreted by activated B lymphocytes,
monocytes/macrophages, endothelial cells, and fibroblasts in response
to interferon gamma (IFN-y). It is also known in the literature as small-
inducible cytokine B10 and interferon gamma-induced protein 10. CXCL10
has chemoattractive effects for monocytes/macrophages, T cells, nat-
ural killer (NK) cells, and dendritic cells via cell surface chemokine re-
ceptor CXCR3. Urinary chemokines have been evaluated as noninvasive
inflammatory markers for rejection.” Study results”'® have shown that
urinary levels of CXCL10 are associated with renal injury, allograft rejec-

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,
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tion, and subclinical tubulitis, compared with normal graft function. Ac-
cording to the gene list published in the 2017 Banff Classification,"" the
results of certain studies have shown increased urinary CXCL10 levels in
antibody-mediated and T-cell-mediated rejections.

Carnitine (3-hydroxy-4-N-trimethylamine butyrate) is a metabo-
lite that regulates translocation of long-chain fatty acids into the mi-
tochondrial matrix for -oxidation. L-carnitine is a small, polar, and
non-protein-binding molecule, so it is eliminated from the body via
glomerular filtration. In total, 95% of the carnitine in the glomerular
ultrafiltrate is reabsorbed by the sodium-dependent carnitine trans-
porter (OCTN2) from the proximal tubule.'?

Also, the kidney has a major role in the homeostasis and metabolism
of plasma amino acids. This role is ensured by the synthesis, degradation,
filtration, reabsorption, and urinary excretion of amino acids. Proximal
tubules recover 50 g to 70 g of amino acids in 1 day by reabsorption of al-
most all (97%-98%) filtered amino acids.'® The results of multiple stud-
ies®'*% have revealed that the levels of urinary metabolites (amino acids
and free/acyl carnitines) increased significantly in graft inflamation, cel-
lular/humoral rejection, and chronic allograft dysfunction. In this study,
we aimed to evaluate post-transplantation graft functions noninvasively
by using urine CXCL10 and metabolome analysis (amino acids and free/
acyl carnitines) in addition to the routine renal function parameters that

are currently evaluated.

Materials and Methods

In this prospective study, we studied 65 living-donor renal-transplant
recipients, who had undergone renal biopsy and were older than
18 years, in our transplant center from May 2017 to October 2018. Renal
biopsy indications were performed based on suspicion of graft dysfunc-
tion, in accordance with laboratory (serum creatinine level >25% of the
patient’s basal level, >3.5 g of urine protein/day) and clinical evaluations.
Spot midstream urine and venous blood specimens were collected from
all kidney-transplant recipients before biopsy. Twenty-one of the 65
recipients, who had urinary tract infection (UTI), a history of malignant
neoplasms, and who had started rejection treatment before we had col-
lected their specimens, were excluded from the study.

According to pathology reports that used the Banff Classification, the
patients were divided into 2 groups: those with chronic allograft dysfunc-
tion (CAD) and those with antibody-mediated/humoral allograft rejec-
tion (AMR). Other than these 2 groups, 10 patients with other patholog-
ical diagnoses (BK-virus infection, focal segmental glomerulosclerosis,
cellular rejection, etc) were also excluded from the study.

In the remaining 34 recipients, the CAD group (3 women, 15 men;
mean age, 41.50 years) consisted of patients with mild (n = 10) and mod-
erate (n = 8) interstitial fibrosis/tubular atrophy (IF/TA). Also, the AMR
group (7 women, 9 men; mean age, 39 years) consisted of individuals
with C4d" acute/active humoral rejection (n = 4) and C4d" chronic ac-
tive humoral rejection (n = 12). The control group consisted of 33 living-
donor renal-transplant recipients in stable health (13 women, 20 men;
mean age, 40.97 years) with paired urine and blood specimens, without
suspicion of any health problems or and graft dysfunction.

Blood and urine specimens collected from all participants were
centrifuged for 5 minutes at 1792g and for 5 minutes at 448g, respec-
tively. All specimens were stored at —-80°C until analysis. Serum and
urine creatinine, serum BUN, and urine total protein levels (mg/dL)
were analyzed by using original commercial kits with a Siemens ADVIA
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Chemistry XPT autoanalyzer (Siemens Healthineers Diagnostics Ltd).
Serum cystatin C levels (mg/L) were analyzed by using the particle-
enhanced immunonephelometric (PENIA) method in a BN II Nephelom-
eter (Siemens Healthcare Diagnostics Ltd). Urine CXCL10 levels (pg/
mL) were analyzed using the ELISA method (Human CXCL10/IP-10;
Quantikine ELISA R&D Systems). The minimum detectable dose of hu-
man CXCL10/IP-10 ranged from 0.41 to 4.46 pg/mL.

Urine metabolome analyses (umol/L) were performed by tandem
mass spectrometry (MS/MS) method on a Shimadzu 8040 model lig-
uid chromatography (LC)--MS analyzer (Shimadzu Corporation). The
results of metabolome analysis, consisting of 13 amino acids and 28
carnitine derivatives, are shown in TABLE 1. Urine specimens were
thawed on ice at room temparature, vortexed, and then centrifuged
at 18,920g. We loaded 20 pL of urine supernatant onto the kit’s filter
paper and dried it overnight. After taking 1 punch (3.1-mm diame-
ter = 3 uL) from the urine specimens to the plate wells, we added 200 pL
of deuterium-marked internal standard (Immuchrom GmbH) and mixed
the contents in a shaker for 26 minutes at 37°C. After adding 60 pL
butanolic HCL, the contents were dried using nitrogen gas, dissolved
into a 100 pL acetonitrile-water mixture, and analyzed using the MS/
MS method.®'®

Urine total protein, CXCL10, and metabolite concentrations were
normalized by urine creatinine for dilutional correction. Estimated
glomerular filtration rates (eGFR) were calculated using the serum cre-
atinine-based Chronic Kidney Disease Epidemiology Collaboration
(€GFR p crc,
ney Disease Epidemiology Collaboration (eGFR
(mL/Dk/1.73m?)."

We analyzed the study data using SPSS software, version 23.0,
for Windows (IBM Corporation), MedCalc software, version 18.11.3
(MedCalc Software Ltd); P =.05 was considered to be statistically sig-
nificant. Next, we performed Kolmogorov-Smirnov testing to assess

) and the serum creatinine-cystatin C-based Chronic Kid-

CKD-EPI CrnysC) formulas

the deviation from normal distribution. Quantitative variables were
summarized as mean (SD) for parametric data, or as median (minimum-
maximum) for nonparametric data.

Parametric continuous data were analyzed using ANOVA and Stu-
dent t testing. We analyzed nonparametric continuous data using
Kruskal-Wallis and Mann-Whitney U testing. P values were corrected
according to the Bonferroni method; P = .02 was considered statistically
significant in binary group comparisons. We performed analysis of cor-
relation via Spearman or Pearson testing. ROC analysis was performed
to estimate the sensitivities and specificities of parameters in evaluation
of CAD and AMR.

The study has been approved by the Institutional Clinical Research
Ethics Committee (Approval No. 2017/5-327) of Akdeniz University
and conducted in accordance with the Helsinki Declaration. Written
informed consent was obtained from all participants included in this

study.

Results

General patient characteristics and demographic features are shown in
TABLE 2. There was no statistically significant difference between the
groups in terms of age, sex, body weight, months after transplantation,
and immunosuppressant agent. TABLE 3 summarizes the parameters,
showing significant differences in serum BUN, creatinine, cystatin C,

eGFRCKD’EPI o eGFRCKDEPI Croysc? and urine total protein, CXCL10,
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TABLE 1. Amino Acids and Acyl Carnitines Analyzed in the
Study

Amino Acid

Free/Acyl Carnitine

Valine

CO (free carnitine)

Glutamic acid

C18:1-0H (hydroxioctadecenoyl-L-
carnitine)

C5-M-DC (methyl glutalyl carnitine)

amino acids, and carnitine-derivatives levels, among the CAD, AMR,
and control groups.

Serum BUN, serum creatinine, cystatin C, and urine total protein
levels were significantly higher in patients (CAD and AMR groups)
compared with the control group, as we had expected. However, the
eGFR values in the patient groups were significantly lower (P<.001).

Urine CO, C2, C3, leucine +isoleucine, and citrulline levels were found
to be significantly higher in the CAD group, compared with the control
group (P<.005). Urine CO, C2, C3, leucine + isoleucine, citrulline, and
CXCL10 levels were found to be significantly higher in the AMR group,
compared with the control group (P<.01). Urine C10 vs C10:1 levels were
significantly lower in the AMR group, compared with the control group
(P =.002 and P = .006, respectively); we observed and no significant
differences between the CAD and control groups.

When we compared the CAD and AMR groups, we found cystatin C
and CXCL10 levels to be significantly higher in the AMR group (P = .02
and P = .007, respectively); however, no significant differences were
observed for other RKFPs and metabolome parameters. Correlation
results of the parameters that showed statistically significant differences
among the CAD, AMR, and control groups with RKFP in all patients

Laboratory Medicine

were presented in TABLE 4. Urine CXCL10 and leucine + isoleucine val-
ues showed moderate significant correlation between all RKFPs.

ROC analysis was performed for all parameters that differed signif-
icantly between the AMR and control groups; all results are given in
TABLE 5. Among the RKFPs, eGFR Cyac had the highest AUC
value (AUC = 0.968; P<.001), and among the other parameters, CXCL10
had the highest AUC value (AUC = 0.805; P<.001). ROC analysis was
performed for all parameters that differed significantly between the
CAD and control groups.

Among the RKFPs, cystatin C had the highest AUC value
(AUC = 0.922; P<.001). Also, among the metabolome parameters, leu-
cine + isoleucine had the highest AUC value (AUC = 0.835; P<.001). In
the AMR group, CXCL10 and cystatin C levels were significantly higher
than in CAD group as mentioned earlier herein (TABLE 3).

The sensitivities and specificities of both parameters were calculated
to predict AMR, and the cutoff values were determined by ROC analysis.
For predicting AMR, the optimal cutoff level for CXCL10 was found to be
greater than 0.928 pg/mL; for this value, the sensitivity was 81.25%, the
specificity was 72.22%, and the AUC was 0.771 (95% CI, 0.595-0.897;
P<.001). The optimal cutoff level for cystatin C was found to be greater
than 2.31 mg/L; for this value, the sensitivity was 68.75%, the specificity
was 76.47%, and the AUC was 0.746 (95% CI, 0.565-0.881; P=.001) for
the differentiation of AMR from CAD (TABLE 6).

Also, we evaluated the correlation of cystatin C and CXCL10 with
GFR 1) ppr o, in both groups separately. Although there was a significant
correlation for cystatin C in both groups (CAD: r = -0.504, P = .04; AMR:
r = -0.847, P<.001), there was no significant correlation for CXCL10 in
either group (CAD: r = -0.147, P = .57; AMR: r = -0.035, P = .90).

Discussion

In our study findings, cystatin C and eGFR were revealed to

CDK-EPI Cr-CysC
be the parameters with the highest diagnostic performance among the all
RKEFPs in differentiating the control group from the patient groups. In the
study findings published by Christensson et al,'® in the renal-transplant
recipients with stable health, serum cystatin C showed a significantly
higher correlation with iohexol clearance than did serum creatinine. In

Rodrigo et al,

dynamic follow-up of renal-transplant recipients revealed
that serum cystatin C levels are more robust predictor than creatinine in
evaluating graft loss. Also, in another study to evaluate the clinical sig-
nificance of serum cystatin C for the diagnosis of acute rejection after re-
nal transplantation,” cystatin C was found to be a more sensitive marker
than serum creatinine for detecting changes in kidney function.

Our results were compatible with those in the literature. Also,
cystatin C was significantly higher in patients with AMR, compared with
CAD, and was found to be a promising parameter in the distinction of
those pathological groups. However, there was a high negative corre-
ckp.gpr e 1 the AMR group
and also a moderate negative correlation in the CAD group. In addition,
GFR

CKD-EPI Cr
group, although the value was not significant. Thus, higher cystatin C

lation of serum cystatin C levels with GFR

levels was lower in the AMR group, compared with the CAD

levels could reflect reduced kidney function.

CXCL10 levels, measured in spot urine specimens, were significantly
elevated in the AMR group, compared with the CAD and control groups
(P =.007 and P = .001, respectively). According to our ROC-analysis
results, CXCL10 had the highest diagnostic performance after RKFP in
differentiating the AMR group from the control group (AUC = 0.805).

2022;53;78-84 | https://doi.org/10.1093/labmed/Imab049
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TABLE 2. General Characteristics and Demographics Features of Patients®

Characteristic . All Patients (n =67) | Group 1: CAD (n=18) | Group 2: AMR (n=16) : Group 3: Control (n =33) | P Value
Age (y), mean (SD) | 40.49(13.22) | 41,50 (12.99) | 39.00 (11.97) | 40.97 (14.70) Y
. 7o
Female 1 2BE% s @ L 1BE%

Male : 44 (66%) : 15 (83%) : 9 (56%) : 20 (61%)

1-5 | 54 (81%) | 14 (78%) | 13 (81%) | 27 (82%)

6 o(a%) 307% 30 3@
RRTtme(mo),mean (SD) | 6834(11639 . 4122(627 5492(5487) . 108884159 | 43
mmunosuppressantTherapy 8
Tacrolimus . 58@™%) . 15@%) 361% . 0@%
Cyclosporine 30

Siolmes . 836%) 16w o

CAD, chronic allograft dysfunction; AMR, antibody-mediated allograft rejection; HT, hypertension; DM, diabetes mellitus; HLA, human leukocyte antigen;
RRT, renal replacement therapy.
#Percentages may not total 100 because of rounding.

TABLE 3. Study-Parameter Values Among the CAD, AMR, and Control Groups

Median (minimum-maximum) P Value

Analyte . Group1:CAD . Group2AMR Group3:Control . Groups . Groups = Groups . Groups

: (n =18) : (n = 16) : (n =33) Dooqlemml 1 = 1 g==P 1 aEb
Serum BUN, mg/dL | 29.355 (12.86-8.91) 36.67 (20.7-83.98) 1577 (11.35-87.000 | <05 | NS [ <001 <.001
‘Serum creatinine, mg/dL | 1.78(0.90-3.24) |  206(109-554 | 102061296 | <05 | NS | <001 | <001
SeumcystatnC,mgl | 204(119-426) | 249(141-512) 126(080-39) | <05 . 02 | <001 | <001
Urine total protein, mg/dL | 26.65 (360-171.00) | 76.15(7.0-3647) | 850(170-307.100 | <05 . NS | <001 | <001
©GFR o MUDKTT3 | 4550(18.00-10400) = 37.50(0.00-6400) |  79.00(2200-12500 | <05 . NS | <001 | <001
m ‘ ‘ ‘ ‘ ‘
Ry OB EE) 606108 <05 NS <00t <o
CXCL10, pg/mL L 0.81(0.27-1.44) 1.22 (0.37-2.68) 0.57 (0.15-2.30) [ <05 | 007
c© | 07950016-0356) | 0581(0.014-3482 | 011900051784 | <05 | NS . 001 | 005
c© | 03410003128 | 0.190(0.005-1.137) | 0041(0.002-0715 | <05 | NS . 002 | 007
© | 0090(0010-0681) | 0071(0.004-0.424) | 0026 (00040193 | <05 | NS . 002 | 008

0.002 (0.001-0.01) | 0.0010 (0.0004-0.0050) |  0.0020 (0.0004-0.1250)

Citrulline 0.121 (0.021-0.591) 0.095 (0.024~1.300) 0.043 (0.005-0.381)

CAD: chronic allograft dysfunction; AMR, antibody mediated allograft rejection; BUN, blood urea nitrogen; NS, nonsignificant;

eGFFfC epicp SErUm creatinine-based Chronic Kidney Disease Epidemiology Collaboration formula; eGFR serum creatinine-cystatin C—
based Chronic Kidney Disease Epidemiology Collaboration formula; CXCL10, C-X-C motif chemokine 10.

2When comparing among the 3 groups, P<.05 was considered statistically significant.

®According to Bonferroni correction, P<.02 was considered statistically significant in binary group comparisons.

CKD-EPI Cr-CysC’
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TABLE 4. Correlation Results of the Parameters Among the CAD, AMR, and Control Groups with Routine Renal Function
Parameters

Analyte se’“'(‘;lg;fif_‘)i“i"e s‘:"]‘l';‘; d':_')’" se’“"(‘:glsl_‘;‘ﬁ“c “’i"e(;‘]’;:lt)"’tei“ GFR 1, (ML/DK/1.73m7) GFR ) 11 1.0y (ML/DK/1.73M7)
CXCL10 | 0.317° L 0.426° | 0.434° | 0.377° | -0.358° | -0.421°

© 02re 0492 037 . N . 030 -0328°
© 02548 0457 032 . N o2 0316
e 027" 0534 038 . N . o3 0357
c¢o . —3” . N . —031t® . NS . o030 03038
¢t 036" . NS | 037 . -o3te' . o034 . 035"
Lewne+ 0s2 | o042 | oart . o | -om0' -0460°
isoleucine ‘ ‘ ‘ ‘ ‘ ‘

Ciruline 0378 | o046° | 0470° N o2 0463

CAD, chronic allograft dysfunction; AMR, antibody mediated allograft rejection; BUN, blood urea nitrogen; eGFR kool op SEUM creatinine-based Chronic
Kidney Disease Epidemiology Collaboration formula; eGFR,, | ., .. oysc SEMUM creatinine-cystatin C-based Chronic Kidney Disease Epidemiology Collab-
oration formula; CXCL10, C-X-C motif chemokine 10; NS, nonsignificant.

%P<.001 was considered statistically significant.

bp< 05 was considered statistically significant.

TABLE 5. ROC Analysis Results of All Parameters That Differed Significantly Between the AMR and Control Groups, and the
CAD and Control Groups

Parameter : Cutoff : AUC (95% CI) : Sensitivity . Specificity @ P Value
For AMR | eGFR | <51 | 0.968 (0.873-0.997) | 100 | <.001

Serum cystatin C >1.84 0.962 (0.865—-0.996) 93.75
0.948 (0.844-0.991) 93.75
0.939 (0.832-0.987)

0.936 (0.827-0.986

0.773 (0.631-0.880

0.748 (0.604-0.861)

0.746 (0.602-0.860)

0.741 (0.595-0.855

0.739 (0.593-0.854]

0.737 (0.591-0.852

0.723 (0.577-0.842)

0.922 (0.810-0.979)

0.911(0.796-0.973
0.865 (0.738-0.945

,,,,,,,,,,,,, oo ST 084070 w3
BUN >23.77 0.840 (0.711-0.928)
Leucine + isoleucine >0.431 0.835 (0.705-0.924)
Urine total protein >0.162 0.800 (0.664-0.899)
co >0.381 0.790 (0.653-0.891)
C2 >0.171 0.769 (0.630-0.876)
C3 >0.034 0.763 (0.623-0.870)
Citrulline >0.159 § 0.737 (0.595-0.851) § 50.00 § 93.94 L .002
AMR, antibody mediated allograft rejection, CAD, chronic allograft dysfunction; eGFR KD-EPI Cr-Gys SEMUM creatinine-cystatin C—based Chronic Kidney
Disease Epidemiology Collaboration formula; eGFFiCKD_EPI o Serum creatinine-based 8hronic deney Disease Epidemiology Collaboration formula; BUN,
blood urea nitrogen; CXCL10, C-X-C motif chemokine 10.
CXCL10 and cystatin C were 2 parameters found to be significant in Also, CXCL10 did not show a significant correlation with GFR in

CKD-EPI Cr
the distinction of AMR from CAD. The diagnostic power of CXCL10 was either of the pathological groups when evaluated separately. This finding

higher than that of cystatin C, according to our ROC-analysis results. suggests that unlike cystatin C, the increase of CXCL10 in AMR could be

Laboratory Medicine 2022;53;78-84 | https://doi.org/10.1093/labmed/Imab049
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TABLE 6. Predicting Performances of the Parameters with Significant Difference Between the CAD and AMR Groups, for

Predicting AMR

Parameter Cutoff AUC (95% Cl) Sensitivity Specificity P Value
CXcL10 >0.928 0.771 (0.595-0.897) 81.25 72.22 002
Serum cystatin C >2.31 0.746 (0.565-0.881) 68.75 76.47 006

CAD, chronic allograft dysfunction; AMR, antibody-mediated allograft rejection; CXCL10, C-X-C motif chemokine 10.

due to inflammation independent of eGFR levels. CXCL10 is an inflam-
matory marker that is released from leukocytes as a result of developed
inflammatory process.'*”’

In a prospective study in 137 renal-transplant recipients by Ho
et al,® there was a gradual increase in urinary CXCL10 levels parallel to
the severity of the graft inflammation in patients who developed graft
rejection. In another study conducted by Ho et al,”* of CXCL10 in renal-
transplant recipients, there was no significant difference between trans-
plant recipients with normal histology and the IF/TA groups. However,
there was a significant difference between transplant recipients with
normal histology and the tubulitis groups. In another study report in
the literature, it was revealed that CXCL10 was markedly elevated in
adults and children experiencing acute rejection, compared with allo-
graft recipients in stable health and allograft recipients with IF/TA.* All
of those study findings are consistent with our results.

Our metabolome analysis results showed that leucine + isoleucine,
citrulline, CO, C2, and C3 levels were significantly higher in both patient
groups, compared with the control group (P<.02). Also, among the me-
tabolome results, only leucine + isoleucine showed significant correla-
tion with all RKEPs.

Leucine and isoleucine are reabsorbed via the SCL6A19 receptor in
the proximal tubule. Because the expression of the SCL6A19 receptors
decreases in the case of tubular damage, the reabsorption of leucine and
isoleucine decreases, and their amount in the urine increases.”>**

There are many studies in the literature regarding metabolome
analysis in transplant recipients. In the results of the study conducted
by Landsberg et al,"* some amino acids (especially leucine, ornithine,
and arginine) and acyl carnitine (especially C4:1, C5:1, and C6:1) uri-
nary levels were found to be elevated in transplant recipients with IF/
TA. In the study by Ho et al® in renal-transplant recipients, urinary
hexose, C2, C8:1, and C3-DC/C4-OH levels were found to be signif-
icantly higher in the group with graft inflammation, compared with
the group without graft inflammation. There are some differences in
significant parameters between our study and those in other studies
in the literature; we believe that this difference is due to differences
in pathological groupings, evaluated metabolites, and analytical
processes.

The relatively small number of patients was the key limitation in our
study. Second, due to having few patients in the cohort, our pathological
subgroups were limited. For instance, cellular rejection, viral infections
(such as BK virus), and systemic inflammatory diseases were not in-
cluded due to insufficient number of patients having those conditions.
The inclusion of these pathologic manifestations, in which increased in-
flammation is observed, may affect the sensitivity and specificity values
of CXCL10 in pathological differentiation.

Third, our patients could not be evaluated with long-term dynamic
follow-up, and concurrent serum levels of parameters measured in urine
were not analyzed. Further studies are needed to confirm our preliminary
study results by cross-validation in different centers with larger patient

www.labmedicine.com

numbers and pathological subgroups. CXCL10 analysis in spot urine
testing with ELISA method and metabolome analysis using the MS/
MS method in dried spot urine yield same-day results. Last, for CXCL10
analysis, although the ELISA method with assay procedures can provide
same-day results, separate analysis for each patient is impractical and not
cost-effective in routine practice. In the future, it will be appropriate to
develop immunoassay methods that yield results within a shorter turna-
round time and that can be applied in a more practical manner.

In conclusion, high levels of leucine + isoleucine, citrulline, CO, C2,
and C3 in urine, along with RKFPs, are significant in diagnosis of graft
dysfunction although inadequate in pathological distinction. In path-
ological distinction, serum cystatin C and urinary CXCL10 levels were
found to be significant for AMR; also, the diagnostic performance of
CXCL10 was higher. This result has potential as a noninvasive differenti-
ator of the causes of graft dysfunction.
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ABSTRACT

Objective: To illustrate the changes in stat laboratory procedures over
a 10 year period.

Materials and Methods: We implemented 5 different interventions: re-
porting total bilirubin through the icteric index, replacing total proteins
for albumin, reporting albumin-adjusted calcium in hyper- or hypocal-
cemia, using lipase as a first marker and amylase-selected scenario,
and measuring magnesium in hypocalcemia, hypokalemia, or high li-
pase values.

Results: Only 9.9% of total bilirubin that was requested was meas-
ured, which resulted in savings of $22,492.83. There were 30,036 al-
bumin tests measured, and $15,625.18 was saved replacing total pro-
tein. There was $41,374.38 spent to measure lipase and amylase; the
difference in costs from the lipase establishment was $16,929.62. Fi-
nally, $382.30 was spent for magnesium: 717 magnesium levels were
measured given hypocalcemia or hypokalemia (42.8% hypomagne-
semia), and 123 tests were added because of high lipase (35% hypo-
magnesemia). Overall, $53,374.15 was saved.

Conclusion: Progressive changes in stat laboratory procedures
resulted in more efficient resources expenditures.

One of the main concerns for most health care organizations is to im-
prove patient care efficiency in the emergency department (ED)." The
overall ED patient care process is a complex, multiphasic procedure,
with many contributing different stakeholders, including the clinical
laboratory.

Two of the main features of a stat laboratory request are (1) the rele-
vance for testing, because results may change patient treatment, and (2)
the need for a short turnaround time (TAT).?

Technology advances and management tools® and the focus on
improving stat laboratory procedures” have considerably and signifi-
cantly reduced TAT, which needs continuous monitoring over time’ to
reach ED dlinicians’ needs.’®

However, laboratory testing is significantly increasing worldwide,
and so is demand inadequacy. This phenomenon could result in signifi-
cant testing delays, which could in turn have dramatic consequences for
critically ill patients in the ED, negatively impacting the global outcome
efficiency of patients in the ED.

Testing in the ED laboratory is highly variable, with rates of stat test
ordering significantly different among providers.”’ This variability and
lack of homogeneity in test ordering could result in prolonged TAT and
consequently a potential overall failure to review stat clinical laboratory
reports on time and appropriately.®

Research conducted by the College of American Pathologists showed
that laboratories offer an average of 206 tests.” The fraction of the test
menu offered stat varied from 29% at the 10th percentile to 97.8% at
the 90th percentile, with a median of 73.3%. This variation could be
improved with standardization and optimization, in an effort to utilize
stat testing based on a balance between safe and efficient patient man-
agement and resource expenditure.’

We hypothesized that with consensus from ED physicians, the lab-
oratory could progressively improve utilization of stat laboratory tests
without increasing costs. The purpose of this investigation was to illus-
trate the changes and improvements in the menu and utilization of stat
laboratory tests during a 10 year period and the consequent benefits in

patient management and expenditure.

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,

please e-mail: journals.permissions@oup.com
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Materials and Methods

Study Design

This was a retrospective longitudinal study to evaluate the impact of
changes in the stat laboratory test menu on test utilization and impact
on patient care from January 2010 to December 2019.

Setting

The stat laboratory is an independent laboratory located in the main lab-
oratory in a university hospital in a health district of Alicante, Spain. The
stat laboratory serves a population of 234,403 inhabitants, processes
requests for inpatients and patients in the ED, and is staffed by 12
technicians, organized into 2 shifts. They process, verify, and report every
hematology, coagulation, blood gas, urinalysis, and chemistry test. Labo-
ratory requests are generated online, and the reports are sent electroni-
cally from the laboratory information system to the patient’s electronic
medical record. The ED care providers can automatically consult the report
via the intranet. In 2010, the stat laboratory workload was 620,511 tests,
and in 2019, the workload was 749,726 tests.

In 2010, the stat laboratory tests menu included 15 chemistry tests
in plasma: alanine aminotransferase, amylase, C-reactive protein, cal-
cium, chloride, creatine kinase, creatine kinase MB, creatinine, glucose,
potassium, procalcitonin, sodium, total bilirubin (tBil), total protein
(tProt), and troponin. In 2019, the number of tests in the stat labo-
ratory portfolio included 16 chemistry tests in plasma: CK-MB was
removed from portfolio, lipase and magnesium were added and tProt
were replaced for albumin.

Interventions

Based on bibliography and clinical guidelines,'*"***

the laboratory staff
detected the inappropriate requests of some stat laboratory markers and
in consensus with ED physicians designed and established 5 strategies
for corrections. Every intervention was monitored and evaluated.

Intervention 1, established January 2012, consisted of not measuring
tBil when the icteric index was below 2 mg/dL (34.2 pmol/L)"° and report-
ing through the following comment in the laboratory report: “With a confi-
dence interval of 99%, tBil result is below 1.2 mg/dL (20.5 pmol/L).”

Intervention 2 was established in October 2013. We removed tProt
from the stat laboratory tests menu, and we included albumin. This
strategy was also agreed upon with the gastroenterologists on staff.

Intervention 3 was established in July 2014. The laboratory would re-
port albumin-adjusted calcium in patients with low and high total calcium
values <8.0 mg/dL or >9.5 mg/dL (<2 mmol/L or >2.37 mmol/L). The for-
mula to calculate adjusted calcium is calcium + 0.8 x (4—albumin).

Intervention 4, established in November 2014, enacted sequential
testing for pancreatic enzymes: lipase measurement was measured as
the first marker, and amylase would be only measured when lipase val-
ues were between 393 and 787 IU/L."

Intervention 5 was established in February 2016. Magnesium
would be measured when hypocalcemia and hypokalemia were less
than 7.5 mg/dL and 2.5 mEq/L, respectively (less than 1.87 mmol/L and
2.5 mmol/L, respectively).'” Starting in July 2019, magnesium was also
measured when lipase was greater than 600 IU/L.

Data Analysis

For Intervention 1, we counted the number of tBil tests that were
requested and measured and calculated the savings, accounting for the

Laboratory Medicine

cost of the reagent per measured tBil (average cost in the 10-year period
of 0.24 dollars per test).

For Intervention 2, we evaluated the number of measured albumin
levels and tProt levels and calculated the savings through the difference
in costs for the reagent for both markers (average cost, 0.32 dollars per
test for albumin and 0.84 dollars per test for tProt over the study per-
iod). We also evaluated the number of patients with albumin <3.5 g/dL.

For Intervention 3, we counted the number of reported albumin-
adjusted calcium tests and calculated the costs for the additional albu-
min tests that were measured. We also counted the number of patients
with corrected hypo- or hypercalcemia.

For Intervention 4, we evaluated the number of measured amylase
and lipase tests and calculated the difference in reagent costs (average
cost, 1.35 dollars per test for amylase and 0.92 dollars per test for lipase
over the study period).

For Intervention 5, we counted the number of patients with hypo-
magnesemia and calculated the reagent costs to measure magnesium
(average cost, 0.45 dollars per measured test over the study period).

The average costs over the years were calculated taking into account
the increase in the retail price index. Finally, a global balance of costs
was calculated for all the above strategies. The study was approved by the
Hospital Research Committee.

Laboratory Methods

In the stat laboratory, tBil, the icteric index, tProt, albumin, calcium,
lipase, amylase, and magnesium were measured using a Dimension RxL
Max (Siemens Healthcare Diagnostics, Barcelona, Spain).

Statistical Methods

The statistical analyses were conducted with SPSS version 20 for Windows
(SPSS Inc., Chicago, IL). The statistical analysis included a descriptive analy-
sis of the variables. Normal quantitative variables were expressed as average
and standard deviation. Categorical variables were expressed as percentages.

Results

Intervention 1: Over the 10 year period, 120,723 tBil tests were requested.
We found that 108,409 (89.8%) of those were reported by means of the
icteric index. FIGURE 1 shows the total number of tBil tests conducted
and reported through the icteric index since January 2012. Thanks to this
intervention, $22,492.83 were saved ($2249.28 per year).

Intervention 2: We found that 30,036 albumin tests were conducted
instead of tProt tests. The cost of performing albumin tests was
$9500.63. The cost of performing the same number of tProt tests would
havebeen $25,125.82 over the 10 year period. Consequently, $15,625.18
dollars was saved ($1562.52 per year). The number of patients with albu-
min <3.5 g/dL was 14,718 (49%).

Intervention 3: Since July 2014, the average percentage of reported
albumin-adjusted calcium levels was 19.7%. FIGURE 2 shows the
monthly reported albumin-adjusted calcium levels. There were 2480
(63.2%) and 3 (1.5%) patients with corrected hypo- or hypercalcemia,
respectively. We found that $1299 were spent in the albumin that meas-
ured additionally ($236.18 per year).

Intervention 4: FIGURE 3 shows the number of amylase and li-
pase tests that were measured during the study period. We found that
$45,421 was spent to measure amylase until November 2014 and since
then, $41,374.38 ($8007.95 per year) were spent to measure lipase
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FIGURE 1. Number of tBil tests conducted and tBil levels requested and reported through the icteric index for 8 years (2012~

2019).
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FIGURE 2. Number of reported albumin-adjusted calcium tests conducted since the establishment of the intervention.
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and amylase. The savings from the establishement of lipase testing was
$16,929.62 ($3276.70 per year).

Intervention 5: We found that 717 magnesium specimens
were measured for hypocalcemia or hypokalemia. The strategy
identified 307 patients (42.8%) with hypomagnesemia. In the last

www.labmedicine.com

6 months of 2019, 123 magnesium tests were added in patients who
presented with lipase >600 IU/L. Of these 123 patients, 43 (35%)
showed magnesium deficiency, which was severe in 2 patients. In all,
$374.15 was spent on magnesium reagent ($748.30 if extrapolated
to 1 year).
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FIGURE 3. Number of measured amylase and lipase tests conducted since January 2010.
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TABLE 1. Summary of Strategies Implemented and Economic and Activity Results
Intervention Date Summary Workload Results STl Other Results
: : : Results ($)
1 January Not measuring tBil when the icteric index is <2 mg/dL 104,602 tBil tests requested; 10,322 tBil +22,492.83
2012 (34.2 pmol/L) and reporting through a comment tests conducted; 94,280 1Bil tests not
© conducted and reported through a comment |
2 i October Remove tProt from the stat tests menu and include 30,036 albumin tests conducted as a sub- +15,625.18 14,718 patients (49%)
2013 ¢ albumin stitute for the tProt measurement showed albumin <3.5 g/
dL
3 July 2014 Reporting albumin-adjusted calcium when there are 20,905 calcium tests conducted; 4124 cal- -1299.33 2480 patients corrected
3 low and high total calcium values ‘ cium tests corrected per albumin for
hypocalcemia, 3
patients corrected for
hypercalcemia
4 November Lipase measurement as a first marker and amylase Until November 2014, 34,341 amylase +16,929.62
2014 : just when lipase reaches certain values . tests conducted; since November 2014,
: 41,962 lipase tests and 1497 amylase tests !
; i conducted ‘
5 (1) February Measuring plasma magnesium test: 717 magnesium levels measured for hypo- -374.15 350 patients diagnosed
i 2016,(2) | | calcemia or hypokalemia; 123 magnesium | with hypomagnesemia
+ (1) when hypocalcemia and hypokalemia are present;  levels measured for lipase values >600 IU/L :
July 2019 and ! :
(2) when lipase is >600 IU/L

tBil, total bilirubin; tProt, total protein.
Total economic balance: $53,374.15.

TABLE 1 shows a summary of the strategies implemented and
the economic and activity results. Regarding the overall aggregated fi-
nancial implications, $53,374.15 was saved because of all the above
interventions, when compared to the initial pattern.

Laboratory Medicine

Discussion

This study shows the consecutive interventions that involved labora-
tory tests in patients in the ED over a 10 year period. These changes
involved test replacement such as plasma albumin for tProt and lipase
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as the first marker for a pancreatitis diagnosis instead of amylase; newly
offered tests, namely albumin-adjusted calcium and magnesium; se-
quential test measurement such as for amylase and albumin-adjusted
calcium after lipase and calcium certain values were calculated; and fi-
nally test measurement at zero cost when reporting tBil through the ic-
teric index. All these interventions resulted not only in the detection
of relevant disorders that would otherwise have remained hidden, such
as hypomagnesaemia and hypoalbuminemia, but also in economic
savings. Stat testing needs to be adapted to advances in knowledge and
technology, and hence changes in the stat laboratory test menu over the
years are mandatory. The icteric index, a quantification of bilirubin or
“icterus” interference, is currently measured in most of the chemistry
analyzers at zero reagent cost. It identifies patients with abnormal tBil
values, and only in these patients will the test will be conducted; it has a
high efficiency in our stat laboratory, as were just measured 15% of the
requested tests.

tProt replacement for albumin was agreed upon not just ED
physicians, who pointed out its importance regarding patient progno-

sis when admitted to the hospital,

but also with gastroenterologists,
who suggested it would help with better management of patients in
the ED with ascites. Moreover, albumin can be utilized as part of a
prediction model for 30-day mortality in older patients in the ED."
This intervention resulted in 3 important achievements: savings in
reagent use; identification of a significant number of patients with
low albumin values, suggesting potential malnutrition; and finally, al-
though the best marker for hypocalcemia is ionized calcium, report-
ing albumin-adjusted calcium in patients with hypo- or hypercalcemia
could avoid a second phlebotomy for ionized calcium measurement.

Amylase has been traditionally used in Spain as the stat laboratory
marker for abdominal pain.”'! This trend is likely because lipase was
introduced later than amylase in automatic chemistry analyzers.'® Cur-
rently, however, it is not only included in the analyzers menu but is also
considered a more economic test, with additional sensitivity and spec-
ificity’ in the detection of pancreatitis. The proposed algorithm, with
lipase as a first marker and amylase when lipase is abnormal, improves
the diagnosis of acute pancreatitis'' at a lower cost than when using am-
ylase alone.

The last intervention involved magnesium, a very important cation
that intervenes in more than 600 body reactions.”” However, magne-
sium is still the forgotten test in medicine.'” The high detection rate of
hypomagnesemia indicates that it is mandatory to include magnesium
in the stat laboratory menu or at least to conduct testing in patients
with hypocalcemia, hypokalemia, and pancreatitis."?

These interventions have been published individually by the
authors”%1°'% however, this article aims to show how, all together and
over time, they contribute to improving patient management and reduc-
ing laboratory costs.

This study had certain limitations. Recently, there has been a trend
for core laboratories to centralize rather than maintain dedicated stat
laboratories focused on the ED; this trend may partially invalidate the
generalization of our results. However, management experiences and
interventions for a more efficient use of laboratory tests in the ED, especially
when improving patient outcomes and use of resources, need to be shared.

Another limitation is that although there is still debate about
whether it is better to measure albumin-adjusted calcium or ionized cal-

www.labmedicine.com

cium, ionized calcium should become the reference method for meas-
uring actual calcium status.'® Nevertheless, measuring ionized calcium
was a challenge because no specimens were available.

Finally, there are some other plasma stat tests, such as for car-
diac markers, that were not considered in this study. And for the
economic study, we only counted the cost of the reagent, but addi-
tional expenditures in personnel, specimen transport, and so on were
not considered.

Conclusion

By using current laboratory knowledge and technologies, and in agree-
ment with ED providers, changes and adaptations of the stat laboratory
test menu in the complex and evolving ED setting resulted in the detec-
tion of new disorders and also economic savings.
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ABSTRACT

Silent corticotroph adenoma (SCA) is as an aggressive pituitary tu-
mor. A 48 year old man developed hypogonadotrophic hypogonad-
ism. The basal morning adrenocorticotropic hormone (ACTH) was
elevated, but the basal morning and peak after ACTH (1-24) stimu-
lation cortisol were normal. A 3.7 cm sellar mass with evidence of in-
ternal hemorrhage, encasement of the right internal carotid artery, and
invasion of the right cavernous sinus were identified, resected, and
stained positive for ACTH. Over the next 5 years, the basal morning
ACTH and cortisol were normal, and imaging revealed the presence of
a small residual tumor. One year later, the patient became fatigued and
nauseated, with elevated ACTH. An overnight metyrapone stimula-
tion test (OMST) revealed glucocorticoid insufficiency, without further
increase in ACTH. Symptoms resolved with hydrocortisone treatment.
This case study suggests that SCA can secrete an ACTH precursor
that is detected by clinical assays but is not active biologically. Post-
operative OMST reveals glucocorticoid insufficiency in this context.

Silent corticotroph adenoma (SCA) is an adenohypophyseal tumor that
expresses pro-opiomelanocortin (encoding the POMC peptide) and
produces adrenocorticotropic hormone (ACTH) but is not marked by

clinical evidence of excess ACTH and cortisol action (ie, Cushing dis-

ease is absent). Because there is no accompanying clinical syndrome of
cortisol excess, the immunohistochemical detection of ACTH may be
inadvertently skipped on pathological examination of the resected tu-
mor. Nevertheless, when identified, SCA is found to have a consistently
aggressive natural history, with high rates of recurrence and a need for
repeat surgery and radiotherapy."” This state makes recommendations
for adjuvant therapies imprecise and counseling for long-term outcomes
incomplete. Because SCA often recurs, firm diagnosis can improve ther-
apeutic decisions. Indeed, in a large cohort of SCA, higher preoperative
ACTH levels predict a higher recurrence rate.’ The molecular basis for this
more aggressive natural history is not known but may related to the gene
regulatory network active in the tumor. Indeed, to improve diagnostic
and therapeutic outcomes, the 2017 World Health Organization Classifi-
cation of Tumours of Endocrine Organs emphasized the hormonal lineage
of adenohypophyseal tumors.* Central to this classification guideline is a
call for consistent staining of tumor specimens with hormonal and tran-
scriptional regulator antibodies (the latter, once fully standardized and
available commercially) for better diagnostic and prognostic yield.
Herein is a case study of SCA that was anticipated by comprehensive
presurgical biochemical analyses undertaken for an initial presentation
of hypogonadotrophic hypogonadism. The preoperative investigation re-
vealed a repeatedly elevated basal, morning plasma ACTH with normal
serum cortisol and a normal response to ACTH (1-24) stimulation test-
ing. Appropriate immunohistochemical staining of the tumor specimen
detected ACTH production. Repeated evaluation of basal and metyrapone-
stimulated ACTH, cortisol, and (in the latter case) 11-deoxycortisol estab-

lished the presence of glucocorticoid insufficiency 5 years after surgery.

Case Report

A previously eugonadal 48 year old man was referred for evaluation of
weakness, fatigue, and hypogonadotrophic hypogonadism identified with
2 sets of morning gonadotrophins and total testosterone: Inappropriately
low-normal follicle stimulating hormone (1.7 and 1.9 mIU/mL or 1.7 and
1.9 IU/L; normal range, 0.7-11.1 mIU/mL or 0.7-11.1 IU/L) and lutein-
izing hormone (1.3 and 1.0 mIU/mL or 1.3 and 1.0 IU/L; normal range,
0.8-7.6 mIU/mL or 0.8-7.6 IU/L), in light of very low total testosterone
(57 and 42 ng/dL or 1.98 nmol/L and 1.46 nmol/L; normal range, 241-
827 ng/dL or 8.4-28.7 nmol/L) were found. The patient was euthyroid
(thyrotropin, 1.06 pIU/mL or 1.06 IU/L; normal range, 0.358-3.74 p IU/
mL or 0.358-3.75 mIU/L). His prolactin was slightly elevated (20.9 ng/
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mL, or 20.9 pg/L; normal range, 2.93-21.9 ng/mL or 2.93-21.9 pg/L) and
his IGF-1 was normal for age and sex (106 ng/mL or 13.9 nmol/L; normal
range, 61-200 ng/mL or 8-26.2 nmol/L), respectively.

The basal morning ACTH and cortisol were measured 3 times. The
ACTH was increased, and because the patient did not seem to have
cortisol excess on clinical examination, this isolated increase in ACTH
raised the possibility of imminent adrenocortical failure (TABLE 1).
To evaluate the zona fasciculata’s function, 250 pg of ACTH (1-24)
was administered intramuscularly (ACTH stimulation test), and the
rise in cortisol from a baseline measurement was assessed 30 and 60
minutes later. The peak cortisol in response to this injection was nor-
mal, 26.8 pug/dL (739 nmol/L), exceeding the minimum value (218 mcg/
dL; 497 nmol/L) expected in a state of glucocorticoid sufficiency.

A 31 cm (craniocaudal) x 3.7 c¢m (anteroposterior) x 3.2
(mediolateral) sellar mass with evidence of internal hemorrhage
encasing the right internal carotid artery, invading the right cavernous
sinus, and causing leftward stalk deviation was identified on magnetic
resonance imaging (FIGURE 1). The optic chiasm had antero-superior
displacement; visual field testing did not reveal deficits and there was
no evidence of increased intracranial pressure on dilated eye exam. The
sellar mass was resected by a trans-sphenoidal approach. Stain for ACTH
(1-39) was positive but negative for prolactin, human growth hormone,
or thyrotropin beta subunit. The day after surgery (February 2, 2013),
the patient’s ACTH and cortisol were elevated. He was treated with tes-
tosterone cypionate 150 mg intramuscularly weekly.

Over the next 5 years, the basal morning ACTH ranged from 27.5 to
79.0 pg/mL (6.05 L-7.4 pmol/L; normal range, 7.2-63.3 pg/mL or 1.58—
13.9 pmol/L), and the cortisol ranged from 7.19 to 12.2 pg/dL (198-
337 nmol/L; normal range, 6.2-19.4 pg/dL or 171-535 nmol/L); the thy-
rotropin ranged from 0.69 to 2.88 IU/L, and the free thyroxine ranged
from 0.66 to 0.88 ng/dL (8.5-11 pmol/L; normal range, 0.76-1.46 ng/
dL or 9.8-18.8 pmol/L). In the sixth year after surgery, the patient be-
came fatigued and nauseated; the 7 AM ACTH was elevated, but the
cortisol was low (TABLE 1; May 21, 2018). His thyrotropin was normal
twice (2.89 IU/L and 0.958 IU/L), but his free thyroxine was low (0.69
and 0.66 ng/mL, respectively; 8.9 and 8.5 pmol/L). Serum sodium, po-

tassium, and glucose were normal. The urine free cortisol excretion was
at the lower end of the normal range: 6 pg/24 hours (165 nmol/24 hours;
normal range, 5-64 pg/24 hours or 138-1,770 nmol/24 hours) in a valid
specimen containing 2.65 g (23.4 mmol) creatinine. A 4 g (exceeding the
usual 3 g limit because the patient’s mass was 153 kg, bringing the dose
to 26 mg/kg, close to the usual 30 mg/kg dose) overnight metyrapone
stimulation test (OMST) showed an insufficient rise in 11-deoxycortisol
and low concurrent cortisol. The elevated ACTH did not increase in com-
parison to a value obtained 3 weeks earlier (TABLE 1).

Hydrocortisone was initiated at 20 mg at 8 AM and 10 mg at 5 PM
for 6 months and then decreased to 20 mg at 8 AM and 5 mg at 5 PM.
The final daily hydrocortisone dose was 10 times the body surface area
(in mg), a standard replacement amount. Subsequently, the patient be-
gan levothyroxine (1.5 pg/kg/day). All symptoms resolved. Eight years
after the resection, the residual tumor did not show evidence of growth.

Discussion

Since its first description in autopsy specimens,” SCA has been found re-
peatedly to represent approximately 10% of seemingly nonfunctioning
pituitary tumors."*° Careful radioimmunometric studies with assorted
antibodies detecting POMC fragments have convincingly revealed that
these tumors can produce precursors of ACTH (1-39) that fail to cause
Cushing disease (ie, they fail to activate the melanocortin 4 receptor
and cause a clinical syndrome of cortisol excess).” Unfortunately, these
immunometric reagents for detecting POMC fragments are not avail-
able commercially. Conversely, commercial ACTH-detecting immune
reagents cross-react variably with POMC fragments.® Thus, at present,
SCA remains a diagnostic challenge and may even be missed if system-
atic staining of the tumor is not performed postoperatively. Fortu-
nately, direct measurement of ACTH is in development,” and this liquid
chromatograph-tandem mass spectrometry (LC-MS/MS) quantification
of ACTH(1-39), ACTH(1-24), pro-ACTH, or POMC fragments will be
useful in SCA. As discussed below, metyrapone stimulation is the best
option for evaluating the development of central glucocorticoid defi-

ciency after resection of an SCA.

TABLE 1. Select Basal, ACTH-Stimulated, and Metyrapone-Stimulated Laboratory Tests.
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ACTH (7.2-63.3 Cortisol (6.2-19.4 . . . . . . ‘11-Deoxycortisol
. Cortisol 0 Min Cortisol 30 Min : Cortisol 60 Min
Date Time pg/mL; 1.58-13.9 pg/dL; 171-535 " (ng/dL; nmol/L)® | (ng/dL; nmol/L)® | (ug/dL; nmol/L)° (ng/dL, >7;
pmol/L)® nmol/L)° : ’ : ’ : ’ : 203 nmol/L)°
July 16, 2012 08:30 117.8 (25.92) 7.66 (211) : :
August 13, 08:40 95.0 (20.9) 7.18 (198)
2012
November 2, 10:12 8.01 (221) 24.32 (671) 26.8 (739)
2012
November 23, 08:13 100.7 (22.15) 9.55 (263)
2012
February 2, 12:20 290.0 (63.8) 33.6 (927)
2013
May 21, 2018 08:01 159.1 (35.0) 2.9 (80)
June 11,2018 08:01 154.3 (33.95) 2.2 (61) 6.36 (184)

ACTH, adrenocorticotropic hormone; OMST, overnight metyrapone stimulation test.

A 250 ug ACTH (1-39) stimulation test was performed on November 2, 2012. The patient ingested metyrapone 4 g at 11 PM on June 10, 2018, with labo-
ratory collection the next morning. Normal value ranges for ACTH and cortisol are for morning, unstimulated specimens; for 11-deoxycortisol, the normal
response from a 30 mg/kg OMST test is shown.

#ACTH was measured by electrochemiluminescence immunoassay, LabCorp, Phoenix, AZ.

bCortisol was measured by electrochemiluminescence immunoassay, an in-house assay.

°11-deoxycortisol was measured by high-pressure liquid chromatograph-tandem mass spectrometry (Esoterix, Calabasas Hills, CA).
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FIGURE 1. Coronal (upper) and sagittal (lower) T1-weighed presurgical (left) and 6 years postsurgical (right) magnetic
resonance imaging. Note that the presurgical sagittal image was obtained after an injection of gadolinium.

The patient had high preoperative ACTH that prompted the perfor-
mance of an ACTH(1-24) stimulation test to exclude glucocorticoid de-
ficiency before surgery. He tolerated trans-sphenoidal resection without
administration of preoperative glucocorticoid therapy and had clearly
and appropriately elevated cortisol immediately after surgery.

This patient was unusual for several reasons. First, there was no
recurrence of the SCA despite several predictors of recurrence. Specif-
ically, the initial presentation of a macroadenoma that had undergone
internal hemorrhage and had invaded several structures and the ele-
vated preoperative ACTH were not accompanied by recurrence after a
single resection.’ Second, there was sufficient normal ACTH production
to cause elevated cortisol immediately postoperatively, indicating that
there was biologically active ACTH (1-39) production immediately pre-
operatively. Third, there was a 5-year delay between surgical resection
and the development of glucocorticoid (and thyroid) deficiency.

Identifying persons with post-pituitary surgery central glucocorti-
coid deficiency is a challenge in that measurements of early-morning
cortisol and ACTH are inadequate predictors of the ability to mount a

www.labmedicine.com
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response to stress in this axis. As advocated in earlier research based
on an analysis of cohorts subjected to various dynamic endocrine tests,
compared to ACTH (1-24) stimulation testing, OMST is a superior test
for establishing postpituitary surgical glucocorticoid insufficiency, ex-
ceeding the utility of repeat ACTH (1-24) stimulation testing in both
positive and negative predictive value.'”*? The best receiver operating
characteristic is achieved when the sum of cortisol and 11-deoxycortisol
exceeds 15 pg/dL (approximately 400 nmol/L), excluding the glucocor-
ticoid deficiency with the greatest confidence.”" The diagnostic value of
this sum of clinically measured hormones after OMST recapitulates the
observations made by the initial developers of the single-dose OMST,
who also observed a high ratio of reduced (active) to administered
metyrapone in normal responders.”® With concurrent measurement of
ACTH (outside the rare patient with SCA with incompletely processed
ACTH), the OMST allows one to define a partial central glucocorticoid
state that might require stress dose therapy during intercurrent ill-
ness or surgery but no treatment otherwise."" One important caveat to
interpreting OMST results is the 15 pg/dL cutoff: This cutoff was devel-
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oped using immune assays for 11-deoxycortisol and cortisol that had
known high cross-reactivity.’ Because the patient’s 11-deoxycortisol was
measured in a commercial laboratory using an industry-standardized
LC-MS/MS platform, additional studies are needed to refine and per-
haps redefine the results of OMST.

More broadly, repeated testing, especially in asymptomatic patients
post-pituitary surgery seems warranted. In a series of 32 patients
who had undergone resection of adenohypophyseal masses (excluding
corticotroph adenomas), OMST or a 9 AM intravenous insulin toler-
ance test (as adjudicated by cortisol) seemed to identify more patients
who had central glucocorticoid deficiency."* This finding may reflect
how the OMST was scored: 11-deoxycortisol >7.25 pg/dL (210 nmol/L)
was deemed normal, and all patients achieved a cortisol suppression to
<7.25 pg/dL (210 nmol/L), but the sum of 11-deoxycortisol and cortisol
was notreported or analyzed. Nevertheless, long-term follow-up showed
no difference in the ability to remain off hydrocortisone treatment in
those patients (7 of 26) who failed the OMST but had normal responses
to insulin-induced hypoglycemia. In a previous head-to-head compari-
son of OMST (using the same cutoff of 11-deoxycortisol >7.25 pg/dL,
or 210 nmol/L) and insulin-induced hypoglycemia, 1 of 17 patients with
a normal OMST had a subnormal response to insulin-induced hypogly-
cemia, and no patients who failed the OMST but had normal responses
to insulin-induced hypoglycemia were reported (total cohort excluding
primary adrenal insufficiency was 380 patients)."’

More recently, a 4-hour, 40 mg/kg metyrapone stimulation test
(MST) was reported. Patients (11 of 25 with pituitary adenomas)
ingested 40 mg/kg metyrapone at 8 AM, and their ACTH and cortisol
levels were measured at 0, 60, 120, and 240 minutes. From a receiver
operating characteristic analysis, plasma ACTH concentration exceed-
ing 87.1 pg/mL (19.2 pmol/L) at 120 minutes was predictive of the
lack of need for exogenous glucocorticoid therapy.'® Critically, cortisol
was suppressed maximally between 60 and 240 minutes in this 4-hour,
40 mg/kg MST, suggesting that 0- and 120-minute measurements of
ACTH and cortisol might suffice in using this MST. This 4-hour, 40 mg/
kg MST may prove particularly helpful in evaluating the much larger
population of patients experiencing iatrogenic central glucocorticoid
deficiency and seeking a firmer prognosis on if or when they can taper
exogenous glucocorticoids. This study did not include measurement of
11-deoxycortisol and thus would not help in the evaluation of patients
with SCA and elevated ACTH precursors.

Conclusion

This case study shows that SCA poses diagnostic challenges in
that preoperative ACTH may be clearly elevated, yet there are no
features of glucocorticoid excess. Conversely, the biological activ-
ity of the measured ACTH may be diminished because of incom-
plete processing to the mature hormone. Because this tumor has
an aggressive natural history, firm biochemical and histopatholog-
ical diagnoses are required. If the elevation of ACTH persists after
surgical treatment, then an MST will be superior for establishing
postsurgical central glucocorticoid deficiency because it safely
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interrogates all 3 levels of the corticotropin-releasing hormone
neuronal-corticotroph cellular-adrenal zona fasciculata axis.
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Variant Acute Promyelocytic Leukemia Presenting
Without Auer Rods Highlights the Need for Correlation
with Cytogenetic Data in Leukemia Diagnosis
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ABSTRACT

Variant acute promyelocytic leukemia (VAPL) is a rare leukemia
characterized by rearrangement between RARo and a non-PML
partner gene. This type of leukemia can be difficult to recognize by
histomorphologic evaluation, particularly in patients with few or no Auer
rods, and by flow cytometry, but it can be identified by distinct cytoge-
netic features. Herein, we report on a patient with vVAPL with t(11;17)
(923;921) who presented an initial diagnostic challenge. Detailed flow
cytometry findings are presented for this rare entity. Our case study
also presents novel treatment (chemotherapy in combination with
venetoclax) chosen based on mechanistic data from preclinical studies.

Clinical History
A 44 year old male patient presented with a flu-like illness. Leukocyto-
sis and thrombocytopenia were identified on complete blood cell (CBC)
count. Based on a bone marrow biopsy performed and interpreted at
an outside facility, he was diagnosed with chronic myelomonocytic leu-
kemia (CMML) with increased blasts. After 5 cycles of decitabine over
5 months, he was admitted to our institution with hip pain.

We reviewed the original bone marrow biopsy in conjunction with a
repeat bone marrow biopsy performed at our institution to assess the sta-
tus of disease. Review of the original bone marrow biopsy slides revealed

a hypercellular marrow with numerous (67%) atypical promyelocytes
and immature cells at the promyelocyte-myelocyte stage (FIGURE 1A).
Auer rods were not identified on careful review. Megakaryocytes were
decreased, and there were scant erythroid precursors. Flow cytometry
reportedly showed an abnormal granulocytic maturation pattern with
decreased CD16 and CD10 expression and partial CD56 expression (plots
not received for review). The peripheral blood was notable for leukocyto-
sis, anemia, and mild thrombocytopenia (CBC data presented in TABLE
1). Numerous atypical leukocytes consistent with promyelocytes and
myelocytes and hypogranular mature segmented neutrophils were seen
on review of the peripheral smear. By report, fluorescence in situ hybrid-
ization (FISH) analysis of the peripheral blood was negative for t(15;17)
fusion but revealed 3 copies of chromosome 17, and karyotype analysis
showed 45,X,-Y,t(11;17)(q23;q21)[20]. A karyotype on the bone marrow
was attempted but had an insufficient number of cells for culture.

The bone marrow biopsy performed at our institution after 5 cycles
of decitabine was processed for morphologic evaluation using stand-
ard methods. Bone marrow aspirate slides were Wright-Giemsa stained
using an automated slide stainer (ELITechGroup/Wescor Model 7152;
Puteaux, France). The findings were similar to the original biopsy with
80% atypical promyelocytes and cells at the promyelocyte-myelocyte
stage. However, in contrast, there were occasional easily identifiable
Auer rods within atypical mononuclear cells in the repeat bone mar-
row (FIGURE 1B). Flow cytometric analysis of the patient’s bone mar-
row was performed using a 6-color FACSCanto II (Becton Dickinson
Biosciences, BD, San Jose, CA) analyzer using our standard 4-tube my-
eloid panel, listed in TABLE 2. The flow cytometry was interpreted as
“no increase in myeloid blasts” based on the evaluation of a CD45dim by
low side-scatter gate and CD34 expression. Although not evaluated at
the time, the high side-scatter “granulocyte-gate” was evaluated retro-
spectively and shown to have the following immunophenotype: positive
for CD4 (dim), CD9, CD13 (bright homogeneous), CD15 (partial), CD33
(bright homogeneous), CD56, CD64, CD117 (partial), and CD123 (par-
tial), and negative for CD11b, CD11c, CD34, CD14, and HLA-DR. Flow
cytometry plots are shown in FIGURE 2.

Cytogenetic and molecular analysis was performed on the bone mar-
row aspirate using standard methods. A comprehensive FISH analysis
for CMML-associated abnormalities was performed, and all probe sets
showed normal signal patterns. Furthermore, FISH using a standard
dual-color dual-fusion t(15;17) probe set indicated an additional RARa
signal (FIGURE 1C). Given bone marrow morphology, this finding

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology. All rights reserved. For permissions,
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FIGURE 1. Bone marrow morphologic findings and results of FISH/karyotype analysis. (A) Aspirate smears from original bone
marrow biopsy showed numerous atypical mononuclear cells with round nuclear contours, fine to moderately condensed
nuclear chromatin, and abundant cytoplasm with secondary granules. (B) Aspirate smears from the repeat bone marrow biopsy
performed after 5 cycles of decitabine showed similar findings; however, there were darker and more abundant cytoplasmic
granules and occasional cells with multiple Auer rods (inset). (A and B, 100x objective, Wright-Giemsa stain). (C) FISH analysis
on interphase nuclei using a standard dual-color, dual-fusion probe set for t(15;17) revealed the presence of 2 red signals (PML)
and 3 green signals (RARA), consistent with an atypical RARA translocation. (D) G-banded karyotype analysis revealed the
presence of a t(11;17)(g23;q21) (arrowed) and a loss of the Y chromosome. FISH, fluorescence in situ hybridization.

TABLE 1. CBC Values

WBC (K/uL) RBC (M/uL) Hb (g/dL) Hct (%) MCV (fL) P'atelif_';s Y
W w2 & & we @
Presentation at our institution (after 5 cycles of decitabine) | 82 B 84 B3 G 109 1%
Reference range 411 . 4662 | 1418 | 40-52 | 8395 |  150-450

CBC, complete blood cells; Hb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; RBC, red blood cells; WBC, white blood cells.
TABLE 2. Flow Cytometry Myeloid Panel

FITC ; PE 1 PerCP-Cy5.5 1 PE-Cy7 1 APC
S S, O3S oS R Cs6 g oour

oes ] ere o s AR N s6 e

o s s AN S LN N 20
HLA-DR CD9 D19 CD5 cD2 CD45

APC, allophycocyanin; APC-H7, APC-cyanine conjugate; FITC, fluorescein isothiocyanate; PE, phycoerythrin; PerCP-Cy 5.5, peridinin chlorophyll protein
complex-cyanine conjugate; PE-Cy7, PE-cyanine conjugate.
All antibodies are from BD Biosciences.
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FIGURE 2. Flow cytometry findings. Flow cytometry scatterplots from the repeat bone marrow biopsy. Lymphocytes are blue,
monocytes are green, and the population of interest with high-side scatter is purple. The canonical blast gate (CD45 dim and
low side-scatter) showed only few cells with a heterogeneous staining pattern. CD34 and CD19 staining in the PerCP-Cy5.5
channel was interpreted as high background; unfortunately, neither an isotype control nor a fluorescence minus one tube could
be performed because of the retrospective nature of the evaluation.
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suggested a disruption of RARx because of a translocation with a non-
PML partner rather than an additional copy of the RAR«a locus. Sub-
sequent karyotype analysis identified a t(11;17)(q23;921), confirming
vAPL, and loss of the Y chromosome in 18 of the 20 cells examined
(FIGURE 1D). We did not perform additional testing to confirm the
ZBTB16/RARa gene fusion. Next-generation sequencing of the bone
marrow aspirate using a 54-gene panel revealed an NRAS p.G12D vari-
ant (NM_002524.4; variant allele fraction [VAF] = 24%) and a CDKN2A
splice-site variant (NM_058197.4; c¢.193 + 1G > A; VAF = 54%).

The patient was started on a novel acute myeloid leukemia (AML)
regimen using fludarabine, cytarabine, granulocyte-colony stimulat-
ing factor (G-CSF), idarubicin and venetoclax." On day 2, the patient
developed disseminated intravascular coagulopathy as a complica-
tion of G-CSE. He received blood products per standard thresholds
with no evidence of bleeding or thrombosis. He tolerated the remain-
der of chemotherapy well, but subsequent G-CSF was held. Day 21
(D + 21) bone marrow biopsy showed necrosis without leukemia.
Upon count recovery (D + 34), the bone marrow was 70% cellular
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with normal trilineage hematopoiesis and no increase in blasts or
blast equivalents, consistent with complete remission (CR). The FISH
to evaluate for an extra RARa signal was negative, and measurable re-
sidual disease testing by flow cytometry from the aspirate was nega-
tive. After 3 cycles of consolidation with fludarabine, cytarabine, and
venetoclax and 6 months of follow-up, his disease remains in CR with
continued measurable residual disease negativity.

Discussion

Research has shown that vAPL is a rare leukemia characterized by rear-
rangement between RARa and a non-PML partner gene. Less than 5% of
APLs lack the classic translocation t(15;17) and are instead characterized
by non-PML translocations involving the RARa gene. Described vari-
ant fusion partners include ZBTB16 (previously termed PLZF), NPM1,
NUMA1, and STAT5b, among others, with ZBTB16/RARa being the
most common. Leukemia morphology and response to all-trans reti-
noic acid (ATRA) depend on the variant partner.” Studies have shown
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that ZBTB16/RARa APL blasts are distinct from classic APL, with more
regular nuclei with condensed chromatin and abundant cytoplasm with
coarse granules and fewer Auer rods.” If a pathologist is not attuned to
the possibility of this morphology, then the blasts could be interpreted
as atypical monocytes or dysplastic granulocytes. Patients with few or
no Auer rods can be particularly challenging. The identification of Auer
rods on standardized College of American Pathologists proficiency test-
ing surveys shows high proficiency among participants; however, vari-
ation in staining methods used among special hematology laboratories
may introduce variability in Auer rod visualization. Stains other than
Wright-Giemsa have been proposed in the past to aid in the detection of
Auer rods™’; however, these are not in routine clinical use.

Compounding the difficulty in recognizing this entity are the flow
cytometry features. Flow cytometry features in APL with t(15;17)
have been well described.®® In classic APL with t(15;17), there is typi-
cally a predominant population of atypical promyelocytes with mark-
edly increased side-scatter, sometimes mistaken for normal maturing
granulocytes. The classic APL blast population is predominantly posi-
tive for CD13, CD33, CD64, and CD117 and negative for HLA-DR,
CD10, CD11b, CD11c, and CD14. Small subsets of patients are positive
for CD2, CD4, CD34, and CD56. In hypogranular APL or in patients
with the bcr3 transcript of the PML-RARA fusion gene, the blasts
are frequently positive for CD2 and CD34. Sainty et al’ assessed the
immunophenotypic features of 7 patients with vAPL with ZBTB16/
RARa fusion. The patients were universally negative for HLA-DR and
CD34 and positive for CD13, with 6/7 positive for CD33 and 4/6 pos-
itive for CD56; the results of CD117 and CD15 staining were not pro-
vided. Other reports have documented CD117 staining in ZBTB16/
RARA vAPL.? Immunophenotypic profiling of granulocytes was not a
standard part of our flow cytometry evaluation, delaying the identifi-
cation of the population of interest and somewhat limiting the inter-
pretation (isotype controls and additional immunophenotypic markers
could not be added). Our patient showed bright and homogeneous CD13
and CD33 expression and partial CD117 but lacked CD11b, compatible
with a cell at the promyelocyte-myelocyte stage. There was aberrant ex-
pression of CD4, CD56, and partial CD123 and partial CD15 expression.

This case study emphasizes the vital importance of correlation with
cytogenetic analysis in the diagnosis of a new leukemia. Most AML
FISH analyses employ standard t(15;17) probe sets, which reveal an ad-
ditional signal for RARa in variant APLs, as in our patient. Correct inter-
pretation of this additional RARa signal as a disruption of RARa, rather
than an additional copy of the RARa locus, is key to the timely and ac-
curate diagnosis of variant APL. Karyotype analysis aids this interpre-
tation by indicating a translocation involving the RARa locus (17q21).
Karyotype analysis also indicates the putative translocation partner by
ascertaining the t(11;17) (q23;q21). Direct confirmation of the ZBTB16/
RARa fusion requires custom FISH probes or polymerase chain reaction
primers, which are unavailable in most clinical laboratories because of
the rarity of this entity.

Research has shown that vAPL with ZBTB16/RARA shows poor
response to ATRA and arsenic-based APL treatments and traditional
AML regimens.'® Preclinical work suggests key functional differences
between PML/RARa and ZBTB16/RARa fusion proteins underlying
the refractoriness of ZBTB16/RARa vAPL. Both RAR« portions are
identical; they recruit nuclear corepressors that complex with his-
tone deacetylases and form corepressors that downregulate targets

Laboratory Medicine

of retinoic acid, preventing transcription and eventual cellular dif-
ferentiation.'! In vAPL, ZBTB16 recruits additional corepressors via
its POZ/BTB binding domain. This binding cannot be reversed by
ATRA, leading to ATRA insensitivity.'”” The ZBTB16/RARa fusion
protein has also been shown in vitro to have anti-apoptotic activity,
supporting the survival of quiescent immature cells. This activity
has been proposed as a contributing mechanism to myeloid differ-
entiation resistance.'

Although strong treatment guidelines for vAPL are lacking, the cur-
rent recommendation is management with AML-like approaches in

. . 10,14
ATRA-resistant variants.

Interestingly, our patient was first treated
for 5 months with decitabine, a hypomethylating agent, with minimal
clinical improvement and without any evidence of disease remission.
Decitabine has been used in the treatment of vAPL as part of combina-
tion chemotherapy and has been reported to successfully treat a patient
with vAPL using a STAT5B/RARA fusion transcript, with achievement
of molecular remission.”*"® After the vAPL diagnosis at our institution,
the patient was treated with fludarabine, cytarabine, G-CSEF, idarubicin
and venetoclax, a regimen recently shown to result in high rates of CR
in the setting of relapsed/refractory AML." Based on preclinical studies,
we hypothesized that the G-CSF component of this regimen could over-
come the differentiation block in vAPL, as was shown in in vitro murine
32Dc13 cells expressing the ZBTB16 gene.'* In retrospect, G-CSF should
have been avoided during induction, given the risk of disseminated in-
travascular coagulopathy that our patient experienced.'® In addition, we
hypothesized that venetoclax, a BCL-2 inhibitor and promoter of apop-
tosis, may be effective in combating apoptosis dysregulation inherent to
these variant cancers.'®

This case report presents a challenging morphologic and flow
cytometric presentation of vAPL, emphasizing the vital importance of
both awareness of this entity and correlation with cytogenetic findings.
Detailed flow immunophenotypic data are presented for this rare entity.
In addition, our case study presents the novel treatment of this entity
with chemotherapy in combination with venetoclax, based on mechanis-
tic data from preclinical studies.
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ABSTRACT

Unusual presentations of otherwise common hematopoietic neoplasms
areawell-recognized diagnostic challenge. Herein, we present a case study
of a previously healthy 64 year old woman with myeloid sarcoma whose
diagnosis was delayed by an unusual immunohistochemical staining
pattern, including cytokeratin expression, by the neoplastic cells and by
possible anchoring bias introduced by radiographic and flow cytometric
immunophenotyping reports. This case study emphasizes the need to
integrate clinical, radiographic, histologic, and immunophenotyping data
for rapid and accurate tissue diagnoses while being wary of the lack of
specificity for many common immunophenotypic markers.

Unusual presentations of otherwise common hematopoietic
neoplasms are a well-recognized diagnostic challenge. The challenge is
compounded when there is overlap between the immunohistochemical
staining patterns of hematopoietic and nonhematopoietic neoplasms.
Anchoring bias, the tendency to rely too heavily on an initial piece
of information, and overreliance on radiographic or other laboratory
findings to guide the microscopic pathology workup can introduce di-
agnostic errors and delays.” Herein, we present a patient whose ulti-
mate diagnosis of myeloid sarcoma was delayed by both an unusual
pattern of immunohistochemical staining and bias introduced by
suspicion for lymphoma described in radiologic and flow cytometric

immunophenotyping reports.

Clinical History

A previously healthy 64 year old female patient presented to her
primary care physician with a painful right inguinal lump associ-
ated with swelling in her right leg that had appeared over the previ-
ous week. Review of systems was essentially negative. On physical
exam, the woman was described as appearing well, with normal vital
signs including normal oxygen saturation levels. Notable findings
included a palpable inguinal mass and leg swelling. Laboratory stud-
ies including an automated complete blood count with leukocyte
differential, routine chemistries, liver function tests, and urinalysis
were all within normal limits. A computed tomography scan of the
abdomen and pelvis performed with contrast showed right-sided in-
guinal (up to 10 cm), pelvic, retroperitoneal, and axillary lymphade-
nopathy. The radiologist interpreted the findings as concerning for
lymphoma.

Right inguinal lymph node biopsy was performed immediately af-
ter the radiographic studies. The local pathologist examined a frozen
tissue section, requested additional tissue, and forwarded fresh tissue
to a reference laboratory with instructions that paraffin blocks were to
be sent to the same reference laboratory the following day. Fresh tis-
sue analyzed by flow cytometry at the reference laboratory identified
a population of cells that was suspicious for, but not diagnostic of, a
clonal B-cell population. The report noted the possibility of B-cell lym-
phoma, with the caveat that interpretation was limited by poor cell
viability.

A final tissue diagnosis was delayed for some weeks. Although the
patient was initially managed symptomatically as an outpatient, devel-
opment of symptomatic anemia, thrombocytopenia, coagulopathy, and
elevated serum lactate dehydrogenase (LDH) prompted transfer to our
institution.

At the patient’s admission to our hospital, we did not have access to
the original diagnostic material but were able to see the outside pathol-
ogy report, which described a metastatic high-grade malignant neoplasm
expressing multiple cytokeratins and S-100 by immunohistochemistry
(IHC) and offered a differential that included melanoma and poorly
differentiated carcinoma. In addition, our own clinical team noted the
possibility of B-cell lymphoma, primarily based on a review of outside
electronic medical records.

Because the original tissue biopsy was not readily available for
our review, needle core biopsy of an enlarged right inguinal lymph
node was repeated, with specimens sent for permanent sections

and flow cytometry. On review of our flow cytometry and IHC,
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we verbally communicated our findings to the clinical team and
recommended evaluation of the patient’s bone marrow. On the sev-
enth hospital day, bone marrow biopsy confirmed the diagnosis of
myeloid sarcoma with bone marrow involvement by myeloid leuke-
mia. However, by this time, the patient had developed severe lactic
acidosis. At the request of her family, life support was removed and
the patient died.

Laboratory Evaluation

Lymph Node Needle Core Biopsy

Hematoxylin and eosin (H&E) stained sections of the lymph node
core biopsy showed complete effacement by large atypical cells with
morphologic characteristics suggestive of blasts, and focal necrosis
(IMAGE 1, A). Immunohistochemical stains were positive for the

IMAGE 1. Stained sections from needle core biopsy of lymph node. A, H&E; B, CD45; C, AE1/AE3; D, BCL6; E, S100; F, CD30; G,
CK8/18; H, CD43; I, CD4; J, lysozyme. H&E, hematoxylin and eosin.
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cytokeratin markers AE1/AE3 and CK8/18; positive for BCL-6, CD43,
CD4, and lysozyme; and equivocal for S-100 (very weak staining
of cytoplasm only with this antibody). Staining was negative for
CD45 and CD30 (IMAGE 1, B-J) and for CD3, other T-cell markers
(CD2, CD5, CD7, and CD8), CD20, CD34, CD68 KP-1, CD117,
CD123, CD138, PAXS5, and MPO (not illustrated). Flow cytometric
immunophenotyping performed on tissue from the needle core bi-
opsy using B- and T-cell tubes was noncontributory because of poor
cell preservation.

Peripheral Blood and Bone Marrow Aspirate

Rare neoplastic cells were identified on a blood smear IMAGE 2). How-
ever, flow cytometric immunophenotyping performed on blood using
B-cell, T-cell, and myeloid tubes was again noncontributory, likely a re-
sult of the small number of circulating neoplastic cells present.

A Wright-Giemsa stained bone marrow aspirate smear showed
trilineage hematopoiesis with dysgranulopoiesis and a high propor-
tion of atypical blasts (IMAGE 3). The bone marrow had abundant
viable neoplastic cells, so a sufficient number of cells survived proc-
essing to form a discrete population for analysis by flow cytometric
immunophenotyping. Overall, flow cytometry showed an abnormal cell
population with high forward-scatter expressing bright CD4 and CD45
but lacking CD56 (FIGURE 1). However, the size/complexity of the
cells combined with some degree of autofluorescence made it difficult
to reliably interpret antigen expression/intensity for all antigens tested.
Therefore, for the purposes of this report, only select antigens from
the T-cell tube are presented because we could confidently distinguish
the expression of these antigens from nonspecific staining of nonvia-
ble events.

The H&E and immunoperoxidase stains for the bone marrow clot
section showed focal and interstitial marrow infiltration by atypical
blasts. In addition to immunohistochemical stains performed on the
lymph node needle core biopsy, CD33 immunoperoxidase stain was
performed on the bone marrow clot section (Allina Laboratories, Min-
neapolis, MN). Blasts in bone marrow clot sections showed the expres-

IMAGE 2. Circulating myeloid blast on blood smear.
s ~'|
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sion of CD43, lysozyme, and CD33 (IMAGE 4). Neoplastic cells in bone
marrow trephine biopsy sections also showed the expression of BCL-6,
CD4, and weak CD45 (not illustrated). The discrepancy between bright
CD45 expression as detected by flow cytometry and weak expression as
interpreted by IHC was attributed to the use of different monoclonal
antibodies (RPD/18 for IHC and HI30 for flow cytometry). Slides for
this patient’s original lymph node biopsy were not available for review.

Discussion

Herein, we describe a patient with acute myeloid leukemia (AML)
presenting as myeloid sarcoma in a lymph node where the ultimate
diagnosis was delayed and the outcome was poor. The consulting
pathologists’ comments in the initial lymph node biopsy report raise the
possibility that diagnostic delays and interpretations of possible carci-
noma, melanoma, and lymphoma may have resulted from a combina-
tion of the unusual immunoperoxidase staining pattern with keratin
and S100 expression by the tumor cells as interpreted by their labora-
tory, along with anchoring bias based on the reported flow cytometric
immunophenotyping.

This case study highlights common diagnostic challenges for
pathologists that all practicing physicians need to be aware of. Unusual
presentations of otherwise well-recognized and treatable malignancies
can lead to delayed and/or inaccurate diagnoses, particularly when:

- There is an unusual pattern of immunoperoxidase staining, as was
seen in this patient.
- There is anchoring bias based on suspicions described in radiology or

other laboratory reports.

Myeloid sarcoma (de novo presentation of AML outside of the bone
marrow) presenting in a lymph node is a well-recognized diagnostic
challenge." Expedient and accurate diagnosis is critical; large series and
case reports have established that myeloid sarcoma can be highly treata-

ble and even curable.** Rapid and accurate diagnosis of any malignancy

2022;53;100-106 | DOI: 10.1093/labmed/Imab025
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IMAGE 3. Bone marrow aspirate smear. A, Bone marrow
aspirate smear showing dysgranulopoiesis; B, Bone marrow
aspirate smear showing high proportion of large and atypical
blasts.
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in the current era requires clinicopathologic correlation and the ability
to discern useful from nonuseful data.

A careful review of the medical literature reveals a substantial
overlap in immunostaining patterns between hematopoietic and
(IMAGE 5).

staining of myeloid neoplasms in addition to T-cell lymphomas with

nonhematopoietic neoplasms Nonspecific/aberrant
cytokeratin markers in paraffin tissue sections has been described in the
medical literature.”® However, there are only a handful of case reports
describing myeloid sarcomas that express cytokeratins.”'’ In addition,
recently published algorithms for the use of immunoperoxidase stains
to accurately diagnose poorly differentiated large-cell neoplasms may
not fully address CD45-negative hematopoietic neoplasms that express
cytokeratins."!

In this case study, we were guided to a diagnosis of myeloid sarcoma/
AML upon detecting a strong surface expression of both CD4 and CD43
in the absence of other T-lineage markers. Uniform surface staining of
neoplastic cells by CD43 has been shown to be specific and sensitive for
the detection of hematopoietic neoplasms. However, focal weak nuclear
staining has been described for some carcinomas,'” and CD43 has not
been described as being expressed in all reported patients with mye-
loid sarcoma.” The CD4 expression appears specific for neoplasms of
hematolymphoid origin and has not been described as being expressed
for any cell types other than those of T-cell, histiocytic, or myeloid lin-
eage. Histiocytic sarcoma should also be considered in the differential
diagnosis of undifferentiated large-cell neoplasms that express S-100
protein along with lysozyme and cytoplasmic CD4. Our patient’s condi-
tion can be distinguished from having histiocytic sarcoma by the expres-
sion of the myeloid marker CD33 and the absence of staining for CD68,
as described in the current World Health Organization classification."*

FIGURE 1. Representative histograms from flow cytometric immunophenotyping of bone marrow aspirate. NK cells, natural

killer cells.
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IMAGE 4. Bone marrow aspirate clot section. A, H&E stain of bone marrow with subtle interstitial infiltration by blasts;

B, H&E stain of bone marrow with focal effacement by blasts; C, CD45 immunostained section of bone marrow; D, CD43
immunostained section marrow; E, Lysozyme immunostained section of marrow; F, CD33 immunostained section of marrow.
H&E, hematoxylin and eosin.

Flow cytometric immunophenotyping represents a powerful di-
agnostic tool that has become standard for evaluating specimens
from lymph nodes, blood, bone marrow, and/or any tissue speci-
men suspected of harboring a hematopoietic neoplasm. Nonetheless,
published series of flow cytometric analyses presented by respected ref-
erence laboratories have identified patients suspected of having a diag-
nosis or classification of a lymphoid neoplasm that was subsequently
excluded by microscopy and IHC."'® Notably, pathologists or other
practitioners not specifically trained or experienced in the interpreta-
tion of flow cytometric immunophenotyping may be unaware of the
limitations of this modality.

Anchoring bias, defined as an overreliance on the initial informa-
tion offered, may have played a role in the delay of a specific diagnosis
for the patient described in this report.” Although the authors did not
have the opportunity to review this patient’s original excisional lymph

104 Laboratory Medicine
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node biopsy, both clinical physicians and pathologists at our institution
were expecting to confirm the outside diagnosis based on the original
radiographic, flow cytometry, and surgical pathology reports that were
available in the electronic record. It was only when flow cytometric
immunophenotyping performed on a repeat lymph node needle core bi-
opsy showed low viability and autofluorescence that we paused to con-
sider unusual presentations of neoplasms in lymph nodes and gathered
additional information before making a specific diagnosis.

Conclusion

A previously healthy woman presented to her primary care practitioner
with concerning findings on physical exam. A rapid clinical laboratory
and radiographic workup with diagnostic lymph node biopsy were
performed by her community health system. Unfortunately, deadly

2022;53;100-106 | DOI: 10.1093/labmed/Imab025
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IMAGE 5. Immunohistochemical Staining in Select Neoplasms.'*'*'7% *The purpose of this table is to provide current available
data on published findings for immunohistochemistry and does not necessarily reflect published immunophenotyping by flow

cytometry methods.

Non-Small Melanoma

CK AE1/AE3

complications occurred while the diagnosis of her potentially treatable
neoplasm was delayed, with an unusual immunohistochemical staining
pattern and anchoring bias as likely contributors. We emphasize the
importance of the integration of clinical, radiographic, histologic, and
immunophenotypic data to arrive at a comprehensive diagnosis for the
patient.
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ABSTRACT

Antibody testing for SARS-CoV-2 has been established as a tool with
broad utility in the surveillance and control of the COVID-19 pandemic.
However, because of limited knowledge about the duration of humoral
immunity to COVID-19 and the existence of unique individual immune
responses, the potential role of antibody testing in the diagnosis of
current and past infections of COVID-19 remains ambiguous. Herein,
we describe a unique case of an asymptomatic patient showing a
persistent positive total antibody test for SARS-CoV-2 while testing
negative for SARS-CoV-2 RNA and IgG-specific antibodies. This case
study shows how a combination of tests can be employed to identify
a false positive and draw conclusions about a patient’s COVID-19 sta-
tus. It also highlights the complexity of using antibody testing for the
diagnosis of COVID-19.

The infectious disease COVID-19, caused by SARS-CoV-2, has spread rap-
idly around the world, causing a pandemic. Many recent studies have fo-
cused on the utility of SARS-CoV-2 antibody testing for identifying current
and past infections."” In addition, antibody testing has been explored as
a tool for obtaining information on the stage of disease progression,” for
identifying undiagnosed infections past the point of viral shedding,>® and
as a promising option for monitoring the portion of a population previ-
ously infected.”® However, despite the development of tests offering high
levels of sensitivity and specificity for SARS-CoV-2 antibodies,” many lim-
itations exist for these potential uses. These include a lack of knowledge of
the duration of SARS-CoV-2 antibodies after infection'® and the impact of
low population seroprevalence on the ability to make accurate predictions

using antibody testing.” In addition to these limitations, multiple unique
cases have been reported that illustrate the complexity and lack of clarity
of the role that antibody tests should play in diagnosing COVID-19 infec-
tion.*"" Additional research is needed to explore the factors that influence
antibody test accuracy and to clarify how to manage patients in whom
the test results do not give a straightforward answer. Here, we report a
unique case of a patient with no evidence of current or past infection with
COVID-19 who persistently tested positive for SARS-CoV-2 antibodies on
1 test while testing negative on another.

Case Report

On June 10, 2020, a 45 year old woman and her husband and daugh-
ter presented to a testing clinic in Dallas, Texas to undergo testing for
COVID-19. She reported a potential exposure to COVID-19 approxi-
mately 10 days prior through a close interaction with a family member
who had direct exposure to someone diagnosed with COVID-19. The pa-
tient received a SARS-CoV-2 reverse transcription-polymerase chain re-
action (RT-PCR) test using a self-administered throat swab that returned
negative. She was also evaluated using a plasma total antibody (Ab)
Elecsys Anti-SARS-CoV-2 serology test supplied by Roche Diagnostics
(Rotkreuz, Switzerland), completed according to the manufacturer’s
instructions. The total Ab test results came back positive with a cutoff
index (COI) of 3.51. The patient’s husband and daughter received neg-
ative results on both the SARS-CoV-2 RNA and total Ab tests. On June
12, 2020, the patient’s 3 other children received the SARS-CoV-2 RNA
and Roche total Ab tests, and all results came back negative.

Because the patient and her family showed no evidence of SARS-
CoV-2 infection, the patient’s immune response was re-evaluated on
June 15, 2020 with a fresh serum specimen using the Abbott ARCHI-
TECT i2000sr platform from Abbott Laboratories (Chicago, IL) to test for
plasma IgG Abs. This test was performed according to the manufacturer’s
instructions and returned negative. The specificities of the total Ab assay
and IgG assay to specimens with SARS-CoV-2 were determined as 99.7%
(1151/1154) and 99.2% (1145/1154), respectively, by testing SARS-
CoV-2-negative serum specimens collected before the outbreak.’

To minimize the probability of laboratory error for the Roche total
Ab test, the serum from the June 10 blood draw was retested on June
17 and returned positive with a COI of 3.54, confirming the result of the
previous test. Because a false positive was suspected for the Roche test,
a third serum specimen was collected on June 19. Portions of this spec-
imen were sent to 2 laboratories: One conducted a Roche total Ab test
and the other conducted a Roche test and an Abbott IgG test. The Roche
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total Ab test returned positive for both laboratories, with COI values
of 3.36 and 3.6. The repeated Roche tests with similar COI values con-
firmed that laboratory error was likely not the cause of the positive re-
sult. The Abbott IgG test returned negative with a COI of 0.1, confirming
the original Abbott results. The median COI value for each type of anti-
body test was compared to characteristic COI values for different spec-
imen types, as shown in TABLE 1. As of late August 2020, neither the
patient nor her family had exhibited any symptoms of COVID-19.
Retrospectively, the patient disclosed experiencing flu-like symptoms
in early February 2020 that included 3 to 5 days of fatigue, weakness,
runny nose, and chills. Two of the patient’s children experienced simi-
lar symptoms approximately 1 week later and tested positive for the flu
by point-of-care testing of viral RNA. The patient reported a quick re-
covery with no enduring symptoms. The patient reported no history of
chronic medical conditions or serious illness, does not regularly take any
medications other than melatonin, has no known allergies, and does not
believe she was exposed to previous outbreaks of SARS-CoV-1 or MERS-
CoV. The patient also reports no other potential exposures to COVID-19.

Discussion

We report a case of a patient who persistently tested positive for SARS-
CoV-2 total Abs despite no evidence of previous COVID-19 infection, a
negative SARS-CoV-2 RNA test, and a negative IgG Ab test. The combi-
nation of the repeated test results and the clinical presentation suggest
that the patient did not have COVID-19 and that the Roche total Ab test
returned a replicable false positive. Although it is currently unclear how
many patients develop antibodies to SARS-CoV-2 after infection, some
literature suggests it is possible for 100% of patients with COVID-19 to
produce detectable antibodies.>* However, there is also evidence that

some patients may not develop antibodies™"

or may show a delayed
antibody response.® Although the immune response to SARS-CoV-2 in-
fection is not uniform, it is unlikely that none of the patient’s family
would have tested positive for total Abs if some or all had contracted
COVID-19 in February or June 2020. It is possible that the patient could
have contracted COVID-19 independently of her family if she was able
to successfully isolate herself from them during her symptomatic period
in February 2020 or postexposure in June 2020. However, given that
the patient had no symptoms of infection in June 2020 and was nega-
tive for viral RNA and IgG-specific Abs, the positive result on the total
Ab test alone is not consistent with the unique patients in whom anti-

6911 Burthermore, the lack of

body response is delayed or undetectable.
detectable IgG Abs for this patient indicates that infection in February
2020, when she experienced flu-like symptoms, was also reasonably un-

likely. IgG Abs are indicative of the long-term immune response to an

infection,” and recent data have shown that up to 90% of patients with
a positive SARS-CoV-2 PCR test continue to exhibit detectable levels of
anti-SARS-CoV-2 IgG Abs between 40 and 199 days after testing posi-
tive."

In a typical patient with COVID-19, testing positive for total Abs—
antibodies of any kind—but not IgG alone may indicate that the infec-
tion is active and recent.’ However, median seroconversion times for
total Abs and IgG Abs to SARS-CoV-2 have been reported at 11 and
14 days after symptom onset, respectively,’ making it unlikely that this
patient would continue to test negative for IgG 9 days after the first pos-
itive total Ab test and 20 days after potential exposure. In addition, data
reported by Roche Diagnostics shows that the COI (a ratio of a speci-
men readout to the cutoff value for a positive result) for the total anti-
body test, although not directly indicative of antibody concentration,
continues to increase for up to at least 35 to 40 days after diagnosis."
However, the patient’s repeated Roche total Ab tests showed negligible
change in COI value over time, and her result more closely matched the
median COI for a false positive test than for a true positive, according
to research conducted by Perkmann et al’ that compares the Roche and
Abbott antibody tests (TABLE 1).

Notably, Perkmann et al’ also reported that of 12 specimens in their
data set that returned a false positive on either the Abbott test or Roche
test, none returned a false positive on both. Given that both antibody
tests have comparable sensitivities and use the same viral protein,’
the discrepancy is not likely caused by differing abilities to detect low
concentrations of antibodies. One possibility is that the replicable false
positive is caused by some aspect of the composition of the Roche test, or
the particular recombinant SARS-CoV-2 protein it employs, that is sig-
nificant to the patient’s serum and that the Abbott test does not share.
For example, antibodies to a similar virus or nonspecific heterophile
antibodies in the patient’s serum could bind to the recombinant pro-
tein, leading to an apparent positive result despite SARS-CoV-2-specific
antibodies being absent. Alternatively, anti-antibodies in the patient’s
serum could interfere by binding to any antibodies utilized in the im-
munoassay, although this mechanism of interference is only minimally
likely for antibody tests; most use indirect detection methods, where se-
rum is washed away before the addition of any secondary antibodies.
The details of antibody test composition are not publicly available and
thus cannot be analytically compared, precluding our ability to make
a definitive conclusion on what could have caused the false positive
result. However, this hypothesis would explain the discrepancy be-
tween manufacturers for the patient and the lack of other evidence of
COVID-19 infection.

In summary, we report a unique case in which a patient had a per-
sistent test-specific false positive result for SARS-CoV-2 antibodies. This

TABLE 1. SARS-CoV-2 Antibody Test COI Values for Positive and Negative Serum Specimens

Serology Specimen

Median COI Value

Patient

Confirmed negative®

COl, cutoff index; T-Ab, total antibodl.

@Cutoff represents the smallest COI value at which the specimen is considered positive for SARS-CoV-2 antibodies.
Median COI data taken from Perkmann et al.® Values in parentheses indicate the interquartile range for the COI values of the specimens in this category.
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case study addresses the complexity of interpreting antibody test results
and suggests that additional testing with another brand or manufacturer
of antibody test would be a useful strategy for confirming a suspected
false positive. It is important to consider several factors, including RT-
PCR, clinical presentation, antibody test results, exposure timeline, pop-
ulation seroprevalence, and the progression of SARS-CoV-2 antibody se-
roconversion when attempting to make a diagnosis and issue guidance
to a patient. False positive results on an antibody test can give patients
a false sense of security that they are protected from future COVID-19
infection and thus can encourage behaviors that carry a higher chance of
infection.® Further research and surveillance are needed to address the
causes of test-specific false positive results and to clarify the use of an-
tibody tests for the diagnosis of COVID-19 in patients with ambiguous
combinations of test results.
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ABSTRACT

Mycobacterium mucogenicum is a nontuberculous mycobacterium
that is ubiquitous in nature. However, M. mucogenicum infection in
patients with orthopedic trauma is rarely reported in the literature.
Herein, we describe a 48 year old male Han Chinese patient whose
right leg was squeezed by agricultural machinery, resulting in open tib-
ial fractures. Postoperative antimicrobial treatment was administered
because the wound had been contaminated by soil. However, no long-
term wound closure occurred, and a culture of the wound exudation
tested positive for M. mucogenicum. We established the clinical treat-
ment plan according to the characteristics and drug sensitivity test
results of M. mucogenicum, and the patient was discharged unevent-
fully. Increasingly, more reports of infection caused by nontuberculous
mycobacteria are being published; however, to our knowledge, this is
the first report of an orthopedic infection caused by M. mucogenicum.
Because the treatment process of M. mucogenicum infection is long
and complex, isolation and identification of M. mucogenicum are of
great significance to effective clinical treatment.

Nontuberculous mycobacteria (NTM) are mostly conditional patho-
genic bacteria that are routinely found in water, air, soil, and other
features of the natural environment. In recent years, the incidence
of NTM-related diseases has substantially increased.”” More than 30
species of NTM have been found to cause infections. Most of these
NTM are conditional pathogenic bacteria; only a few are pathogenic
bacteria. NTM are divided into slowly growing mycobacteria and rap-
idly growing mycobacteria, all of which are closely related to nosoco-
mial infections.

Clinical infections are commonly caused by rapidly growing
mycobacteria. The symptoms of NTM infections and the laboratory
identification of NTM are similar to those of Mycobacterium tuberculo-
sis; therefore, NTM is easily misdiagnosed. Routine culture may fail to
identify NTM, resulting in an infection that is difficult to control. Thus,
isolation and identification of NTM are of great significance to achieving
a correct clinical diagnosis.

Mycobacterium mucogenicum was first reported in 1995. This species
is a rapidly growing type of mycobacterium that shows mucoid colo-
nies on agar.” Although uncommon, infections by M. mucogenicum most
commonly occur in immunocompromised individuals and frequently in-
volve the skin and soft tissue. Few reports have described orthopedic
infections caused by M. mucogenicum.

Herein, we present the first case in the literature, to our knowledge,
of an M. mucogenicum—-associated soft-tissue infection in a patient with
an open fracture. Our purpose in reporting this case is to provide a ref-
erence for laboratory identification and clinical treatment. We have re-
ceived and archived written patient consent forms in this study, along
with approval by the ethics committee of Weifang People’s Hospital, Wei-
fang, Shandong, China, for the use of specimens from human patients.

Case Report

Case Description

A 48 year old Han Chinese man was injured when his right leg was squeezed
by agricultural machinery, resulting in skin defects of approximately 20 cm
in size, soft-tissue defect, and pollution of the wound by a large amount of
silt. He was admitted to the hospital for an emergency operation.

On presentation, the patient had no fever (his temperature was
36.8°C) and had a pulse of 62 beats per minute, respiratory rate of 18
breaths per minute, and blood pressure of 162/104 mmHg. Physical ex-
amination results were unremarkable. The patient had no consciousness
disorder, dizziness, headache, chest tightness, or suffocating discom-
fort. He underwent open reduction with plate fixation for treatment of
the tibial fractures, along with surgical debridement.

Approximately 2 weeks after the first-stage surgery, the infec-
tion remained uncontrolled, and the patient presented with wound
nonclosure but no obvious wound exudate. Routine antibiotic treatment
had no obvious effect, and the fractured end of the bone was unstable.

The patient underwent a second-stage surgery involving debride-
ment, external fixation of the tibial fractures, and application of an-

tibiotic bone cement. Approximately 2 weeks after the second-stage
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surgery, poor wound healing and soft-tissue infection were observed.
Antiinflammatory and other conservative treatments did not result in
significant improvement.

The patient underwent a third-stage surgery involving soft-tissue
debridement and negative-pressure vacuum-sealing drainage. Thorough
debridement was performed to remove contaminants, foreign mat-
ter, and dead tissues. The patient received systemic antibiotic therapy
throughout this treatment.

Laboratory Examinations

Laboratory-study findings showed leukocytosis (10.78 x 10%/L) with
78% mneutrophils, a procalcitonin concentration of 42.5 pg/L, and an
erythrocyte sedimentation rate of 80 mm per hour. X-ray examination
showed fractures of the right tibial plateau.

A swab specimen was collected for culture of the wound. Eleven days
after the first-stage surgery, the bacterial culture of the wound exudate
tested positive for Pseudomonas putida. The wound remained unhealed af-
ter antibiotic treatment. However, 9 days after the third-stage surgery, an-
other wound swab specimen was inoculated on Columbia blood agar, and
slender mucoid colonies were observed after 48 hours (FIGURE 1A). Af-
ter 72 hours, the colonies appeared waxy and grayish white, and exhibited
a round protuberance, uneven edges, and rough surface (FIGURE 1B).
Gram staining showed weakly colored gram positive bacilli (FIGURE 2A),
and Ziehl staining revealed positivity for acid-fast bacilli (FIGURE 2B).

Examination of the bacteria under a microscope revealed slender,
straight, or slightly curved microorganisms with different thicknesses and
occasional branching. MALDI-TOF mass spectrometry (MS) showed that
the bacterial strain was M. mucogenicum (FIGURE 3). The strain showed
100% similarity to M. mucogenicum, as determined from a phylogenetic
tree of rpoB genes linked in a series (FIGURE 4). The in vitro susceptibil-
ity to antibiotics was measured by the disk diffusion method on Mueller
Hinton II agar. The results are shown in TABLE 1. The bacterium showed
susceptibility to kanamycin and high concentrations of ethambutol and
ofloxacin; however, it was resistant to first-line antituberculosis drugs.

Clinical Treatment
The antibiotic treatment was adjusted according to the literature and
drug sensitivity test results. The patient was treated with 2 months of

intravenous amikacin, clarithromycin, cefoxitin, and moxifloxacin, af-
ter which the treatment was changed to oral clarithromycin and oral
moxifloxacin for 18 months. Complete wound healing was achieved, and
the infection did not recur during the 1-month follow-up.

Discussion

As illustrated in the present case (long-term nonhealing wound after
treatment of open tibial fractures), the clinician must maintain a high
index of suspicion for NTM whenever considering an infection as the
cause of a nonhealing open wound. Because NTM infections are similar
to tuberculosis in terms of clinical symptoms, imaging findings, smear
results, pathological-examination findings, and other characteristics,
isolation and identification of NTM are necessary for a diagnosis. The
treatment should then be selected according to the species of NTM with
which the patient is infected.

The current NTM practice guidelines do not explicitly describe a
specific treatment protocol for M. mucogenicum but they do state that
most isolates are susceptible to multiple antimicrobial agents, includ-
ing macrolides, quinolones, linezolid, amikacin, cefoxitin, imipenem,
doxycycline, compound sulfamethoxazole, and some other drugs.’
Drug-sensitivity results have been reported to varying degrees, and a
high rate of drug resistance has been noted.” Also, the use of combina-
tion antimicrobial regimens is reportedly superior to monotherapy and
tends to be associated with a lower relapse rate.

Although the incidence of NTM infections is increasing, the lack of
awareness of these pathogens and the difficulty of isolating NTM by cul-
ture may lead to diagnostic delay, threatening successful treatment. In
a retrospective review of 31 cases of atypical mycobacterial infections
of the upper extremity (mean diagnostic delay, 10 months), delays and
inappropriate management resulted in a higher risk of treatment failure
(as high as 68%).° The authors considered that a lack of clinical suspicion
of NTM infection until the primary infection, which did not resolve with
administration of the initial antimicrobial treatment regimen, may have
led to a much higher diagnostic delay and treatment-failure rate than
the actual values typically observed in such cases.

NTM species are ubiquitous environmental organisms found in
soil, water, and dust. Out-of-hospital infections are usually associated

FIGURE 1. Bacterial cultures of wound exudate (Columbia blood agar). A, 48-hour culture colony. B, 72-hour culture colony.

www.labmedicine.com

G20z Arenuged gz uo 1senb Ag 8€1L0GE9/79/1/€G/BI0NIE/POWICE]/L0D"dNO"OILISPEDE//:SARY WO} PAPEOUMOQ

eb



e6

FIGURE 2. Staining images (original magnification, x1000). A, Gram stain. B, Acid-fast bacilli.

FIGURE 3. The result of MALDI-TOF mass spectrometry (MS) analysis.
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FIGURE 4. A phylogenetic tree of rpoB genes linked in a

series.

70 Mycobacteroides chelonae strain NCTC946
Mycobacterium chelonae strain ATCC 19237

Mycobacterium mucogenicum strain ATCC 49651

29 Mycobacterium mucogenicum strain ATCC 49650T

Mycobacterium mucogenicum strain ATCC 49649

100 Isolated strains

TABLE 1. Results of Drug Sensitivity Testing for
Mycobacterium mucilage (Absolute Concentration Method)

Antimicrobial Agent Concentration (ng) Results
Streptomycin 10 R
100 R
loniazid 1 R
10 R
Rifampin 50 R
250 R
Ethylaminobutyl alcohol 5 R
50 S
Ofloxacin 2 R
20 S
Canamycin 10 S
100 S
P-nitrobenzoic acid +
Thiophene-2-carboxylate hydrazine +

Laboratory Medicine
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with skin trauma or injuries, and nosocomial infections are related to
contaminated hospital equipment and water supplies. The hospital
water supply can contaminate medical devices, such as endovascular
mcatheters, peritoneal dialysis equipment, central venous catheters,
and hemodialysis equipment. The water supply may be the main source
of nosocomial NTM infections.”*

Most investigations have involved NTM contamination of water, which
was found to be closely related to clinical infection. Hospitalized patients
with NTM infections were studied together with drinking-water specimens
from their respective areas of residence. Dovriki et al’ indicated that drink-
ing water may be linked to NTM cases in humans. Thorough disinfection
of hospital water and medical devices is necessary to prevent nosocomial
infection caused by NTM. Disinfectants must be strictly prepared according
to the requirements and standardized operations. After medical devices are
disinfected, they should be washed with sterilized water to prevent second-
ary contamination.

M. mucogenicum rarely produces clinical disease; however, it has been
shown to cause a wide spectrum of infections in immunocompromised
hosts.'® Because of the slow growth of mycobacteria, the diagnosis is
often difficult and delayed. Appropriate wound cultures are critical, and
verification with repeat cultures may be required.

A significant number of NTM infections are misdiagnosed as tuberculosis;
however, M. mucogenicum is resistant to antituberculosis drugs.” Therefore,
antituberculosis therapy is not effective against NTM. These patients are then
misclassified as having chronic or multidrug-resistant tuberculosis, which ad-
versely impacts not only their health status but also the associated health care
costs." It is therefore important to correlate M. mucogenicum isolates with the
patient to ensure clinical significance of the isolates.

2022;53;e4-e7 | DOI: 10.1093/labmed/Imab031
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Conclusions

Application of MALDI-TOF MS and sequencing technology for the iden-
tification of microbial strains in recent years has greatly improved the
speed and accuracy of laboratory NTM identification, which has played
an important role in the formulation of reasonable clinical treatment
plans. Awareness should be raised among clinicians and microbiologists
to avoid considering M. mucogenicum as a contaminant and to choose the
appropriate antibiotic treatment. Improvement of the detection rate of
NTM is crucial for effective clinical treatment.
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ABSTRACT

Objective: To describe and quantify the effect of quality control
(QC) metrics to increase testing efficiency in a high-complexity,
Clinical Laboratory Improvement Amendments—certified labora-
tory that uses amplicon-based, next generation sequencing for
the clinical detection of SARS-CoV-2. To enable rapid scalability
to several thousands of specimens per day without fully automated
platforms, we developed internal QC methods to ensure high-
accuracy testing.

Methods: We implemented procedures to increase efficiency by
applying the Lean Six Sigma model into our sequencing-based
COVID-19 detection.

Results: The application of the Lean Six Sigma model increased lab-
oratory efficiency by reducing errors, allowing for a higher testing vol-

ume to be met with minimal staffing. Furthermore, these improvements
resulted in an improved turnaround time.

Conclusion: Lean Six Sigma model execution has increased labora-
tory efficiency by decreasing critical testing errors and has prepared
the laboratory for future scaling up to 50,000 tests per day.

Demand for robust screening for the SARS-CoV-2 virus has increased
during the COVID-19 pandemic and with the lockdown measures; such
screening will be needed to enable the reopening of society and provide
surveillance for outbreaks and for future pandemics. The need for a
highly scalable and high-throughput screening test led to the develop-
ment of SwabSeq." Unlike reverse-transcription quantitative polymer-
ase chain reaction (RT-qPCR) methods, SwabSeq uses barcoded primers
to amplify viral RNA and then pools the barcoded amplicons for detec-
tion of the virus using next-generation sequencing. This quantitative
readout allows for improved accuracy and sensitivity, even with unpuri-
fied specimens, without sacrificing the limit-of-detection of the assay.’
One key aspect of SwabSeq is that it is flexible and rapidly expandable
to take advantage of an existing genomic core facility infrastructure that
was underutilized at many universities at the start of the pandemic.
Therefore, maintaining the flexibility of such core facilities can allow for
the rapid deployment of massive testing protocols in the early phases
of a pandemic without overwhelming clinical and health care settings.

To meet the demands of COVID-19 population screening, we
implemented operational efficiency methods in a newly deployed Clinical
Laboratory Improvement Amendments laboratory, the University of Cali-
fornia Los Angeles (UCLA) SwabSeq COVID-19 Testing Laboratory, using
the Lean Six Sigma model. The testing process was and continues to be
optimized through the application of the model’s 5 phases: define, measure,
analyze, improve, and control.” At the deployment of testing in November
2020, we made plans to scale up our capacity to >10,000 tests per day.

In this article, we outline our individualized quality control plan
(IQCP)? and our use of Lean principles to improve our workflow as we
scaled up to >4,500 tests per day over a 3-month period by optimizing
critical steps in our process (Lean principles represent a 5-step thought
process to improve operational processes, and include identifying value,
mapping the value stream, creating a flow, establishing pull and seeing

© The Author(s) 2021. Published by Oxford University Press on behalf of American Society for Clinical Pathology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/

licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For

commercial re-use, please contact journals.permissions@oup.com

www.labmedicine.com

G20z Arenigad gz uo 1senb Aq 16185€9/89/1/€G/910IME/PaWAE)/ W00 dno-olwapese//:sdny Woly papeojumoq


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-9687-9122
mailto:VArboleda@mednet.ucla.edu?subject=
https://www.lean.org/WhatsLean/Principles.cfm)﻿

perfection: https://www.lean.org/WhatsLean/Principles.cfm). In addi-
tion, we suggest fixed times for processes that are value-adding and non-
value-adding. In this way, the steps necessary to scale up, such as hiring
and training more staff, in addition to increasing consumable inventory,
can be anticipated.” Although few laboratory tests leveraging next gen-
eration sequencing are performed at significant scale, we have devel-
oped flexible, non-automation-dependent processes that can be rapidly
deployed for future surveillance needs.

Methods

To further the efficiency of our testing system, we built upon the exist-
ing quality control (QC) measures by using the Lean Six Sigma model’
and its tools. Three sets of variables were defined for the entirety of our
process: necessary but non-value-adding operations (NNVAs), non-
value-adding operations (NVAs), and value-adding operations (VAs). The
NNVAs include heat inactivation, making swabseq reaction master mix,
the time on the thermal cycler, and the time needed for sequencing. The
NVAs include inventory, kit assembly, collections, and accessioning. The
VAs include pipetting and library preparation. We used these variables
to execute Lean Six Sigma’s analysis phase by calculating our turnaround
time (TAT) and determining how to produce more test results simply
by hiring more staff. The QC was validated using tools such as weekly
huddles and QC forms.

Results

A value stream map was created to identify key people, resources, ac-
tivities, and information flows required to deliver test results (FIG-
URE 1).” The SwabSeq test begins with materials that are received
from the supply chain being added to the running inventory with an-
ywhere from a 2- to 6-week lag time. Critical supplies are warehoused
on site, maintaining a capacity for scale. The SwabSeq customer serv-
ice team is responsible for managing kit assembly and works with
staff from our testing clients to coordinate delivery of test collection

materials for their sites. Each organization can use nasal swabs or
neat saliva specimens that are collected into the same receptacle: a
double-barcoded, internally threaded collection tube. Using PreciseQ
Technologies, Inc., an electronic health care operations system, our
clients can directly place order information for patient tests and we
can auto-upload results. Specimens arrive racked in 96-well format
on ice at the UCLA SwabSeq COVID-19 Testing Laboratory by ship-
ment services or by client-supplied couriers. Each rack of specimens
is accessioned on a 96-specimen scanner into the SwabSeq laboratory-
developed database.

SwabSeq Testing Platform

After accessioning, specimens are heat-inactivated in a circulating wa-
ter bath at 85°C to 95°C for 30 minutes. Simultaneously, another staff
member will make swabseq reaction mastermix consisting of TagPath
1-Step RT-qPCR swabseq reaction mastermix CG (Thermo Fisher), a
synthetic RNA S2 standard developed and manufactured by Octant Bio,
and Ambion Nuclease Free Water. After heat inactivation, the pipetting
event can take place. After all specimens have been pipetted, each Ap-
plied Biosystems MicroAmp EnduraPlate 384-well plate is placed on a
Thermo Fisher Veriti 384-well thermal cycler for an endpoint PCR with
50 cycles for 1 hour and 20 minutes.

SwabSeq currently uses 1536 unique dual indices (UDI), separated
into four 384-well plates.” The primer sets were designed by Octant
Inc. and manufactured by Integrated DNA Technologies. The 384-well
plate is divided into 4 quadrants of 96 specimens. The 96-well racks
received by the laboratory are designated as either A, B, C, or D. The
letter determines which quadrant the rack is pipetted into and can be
identified by specific water tube placement and our workbook file (FIG-
URE 2). Two specimen tubes containing nuclease-free water are placed
into each of these 96-well racks in a location based on the assigned
primer set, quadrant, and time of testing (Supplemental Figure 1).

Finally, to clearly distinguish each 384-well PCR plate, we desig-
nate a specific color to ensure that no duplicates of the same molecu-
lar indexes are sequenced simultaneously. The water tube barcodes and

FIGURE 1. SwabSeq value stream map showing the process of testing from supply chain to specimen collection, testing, and
reporting results. Each heart represents the number of staff members required for that step. We also describe the timing for
each run to indicate the feasibility of running 3 runs per day with minimal staff.
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FIGURE 2. The 384-well plate organizational setup using four
96-well racks. Each 384-well plate is made up of 4 racks of
specimens, each with 96 tubes. Each rack must be oriented
properly at the pipetting stage and at the scanning stage to
ensure that the correct specimen tube is associated with the
correct plate and location.

Quadrant Quadrant
A B

96-well rack 96-well rack

384-well plate primer set 1

Quadrant Quadrant
C D

96-well rack 96-well rack

location are recorded during the scanning step. Therefore, during data
analysis we can confirm that the expected locations of the water tube
barcodes match their locations on the PCR plate. If the location of the
water tubes (aka, negative control specimens) does not match the water
tubes’ expected location on the plate, we can definitively see that there
has been an error in either pipetting of the plate or the scanning of the
plate. This simple and low-tech visualization method allows us to iden-
tify potential plate misorientation errors before reporting results.

Library preparation for the Illumina sequencers can begin as soon
as the thermocycler program is completed. The Illumina NextSeq or
MiniSeq can then be run, with results de-multiplexed using a continu-
ously running informatics pipeline, developed in-house.” The informat-
ics pipeline creates a series of plate visualization heatmaps for the inter-
pretation of results and quality control. After reviewing the results, staff
manually upload them into an internal network drive where an inter-
nally developed script automatically uploads results into PreciseQ every
5 minutes. Upon this upload, results are sent to the patient’s preferred
method of contact and the California Department of Public Health.

To interpret results, the SwabSeq automated analysis pipeline
outputs a heatmap with the read counts for each of the amplicons that
are sequenced associated with their plate and well position.’ The 3 pos-
sible amplicons we detect correspond to PCR products that represent
the S2 (virus), S2-standard (internal control), and RPP30 (human in-
put control). Therefore, for a positive virus specimen, we would expect
to see a high read count of the S2, and RPP30 amplicons. The absence
of reads in the RPP30 (FIGURE 3, dark purple-grey) indicates that no
human specimen is present in that well. The absence of reads in S2-
standard suggests that the well did not have sufficient S2 primer or
swabseq reaction or that there was a significant PCR inhibitory effect on
amplification. Finally, the presence of reads for the S2 amplicon of the
SARS-CoV-2 virus suggests that there is virus present; however, a final
determination of a positive or negative result is based on the ratio of
the number of S2/S2-standard reads that must be above our designated
threshold from internal validation.

e10 Laboratory Medicine

Quality Improvement Using Lean Six Sigma

Improvements to our testing process were implemented after the iden-
tification of errors that occurred during testing. Before the first scale-
up in the laboratory, our minimal QC resulted in errors such as plate
flips and the incorrect placement of water tubes. One such error was
identified in our early testing (FIGURE 3). Here, we observed that for
a plate that was run in duplicate, one plate was misoriented during the
pipetting event but not during scanning. Therefore, we observed that
the location of the id_tubes (FIGURE 3A) did not match the locations
with no RPP30 reads (FIGURE 3B, red circles). Therefore, the Plate 1B
rack was oriented incorrectly, causing a 180° flip of each specimen and
thus a misidentification of specimens with their corresponding results.
In addition, the location of high viral reads (yellow/orange) seems to be
flipped between plates 1 and 4 (FIGURE 3B). The proper placement
of water tubes provides valuable information that links the pipetted
specimens to the plate to the specimen identifier and allows us to detect
errors at the scanning and pipetting stage (FIGURE 3).

To alleviate these errors, the improve phase of the Lean Six Sigma
model” was applied. We assigned specific roles to staff to ensure that
quality system cross-checks were completed during each stage of the
testing process. The staff member assigned the role of “support” is re-
sponsible for accessioning, heat inactivation, and setting up the pipetting
event. This includes the placement of water tubes. The support role also
ensures that plate flips, specimen mis-scans, and incorrect water tube
placement are minimized by visually checking each orientation. The sec-
ond role is that of the “pipettor.” This staff member is expected to make
swabseq reaction master mix for the runs, pipette during the pipetting
event, and place the 384-well plate onto the thermal cycler. After the
run is set up, the pipettor verifies that each of the tasks performed by
the support role is correct before progressing with the pipetting process.

To further minimize plate flips and specimen mis-scan occurrences,
rack orientation checks and Al specimen position tracking are
implemented. The proper rack orientation is confirmed by the sup-
port role employee, who checks that the Al position on the 96-well
rack and the Al position on the plate holder of the pipetting instru-
ment match. In addition, this staffer ensures that the quadrant being
plated corresponds to the correct position of the 384-well plate primer
set to prevent manual plate flips. The Al specimen position tracking
form confirms that the physical tube in the Al position and the bar-
code scanned into the workbook for the Al position match, verifying
that an informatic plate flip has not occurred (Supplemental Figure 2).
These elements are all checked both at the time of pipetting and after
all pipetting is completed, allowing 2 independent checks of the plate
orientation.

Finally, because of the high volume of plates per run, we developed
a visual management system through a custom-designed 3-dimensional
rack template to ensure that water tube placement was in the correct
row and column® and thereby reduce errors in the location of water tube
placement. To further verify the correct water tube placement, water
tube QC forms were also added (Supplemental Figure 2).

Control Phase of Lean Six Sigma

The control phase of Lean Six Sigma” was accomplished through the cre-
ation of QC variances, clinical laboratory scientist (CLS) review of QC
testing forms (Supplemental Figure S2), development of a validated
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FIGURE 3. (A) Each run has a designated control water tube placement with prevalidated water tubes (id_tubes). The

location is indicated by the green color (true), which confirms that these tubes were present at the expected orientation (see
Supplemental Figure 1). In this example, we have two 96-well racks that were mirrored, meaning that they should have the
same water tube placement (A) and location with low RPP30 reads on heat map (B). The location of the negative control water
tubes within the 96-well plate do not match between plate 1B but do match between plate 4B. Plate 1 had a misorientation,
resulting in a 180° plate flip identified by the rotated location of the water tubes. Comparing the S2 virus read heatmap of both
plates, the plate flip is further realized because the locations of positive specimens are altered. The colors expressed in the
log10 count correspond to the high presence of amplicons, purple equating to a low read count and yellow equating to a high
read count. The S2 amplicon is the viral SARS-CoV-2 gene present in the specimen. The S2-standard amplicon is SwabSeq’s
in vitro RNA standard to normalize viral read counts within each well. The RPP30 amplicon serves as a human-input control to
determine whether a patient specimen is present in each well.

A Plate 1 id_tubes B Plate 4
B EFalse B
A ETrue
B
© c 2
) 2
; >
& E e
F »
G
H
01 02 03 04 05 06 07 08 09 10 11 12
Column 96 '
=] g
© i
Plate 4 2 L E
B 3 i s
=} 17
A o« i
1 (7]
B - )
c ) [
© —
L)
§ E
F [=]
G 2
H &
010203 04 05 06 07 08 09 10 11 12
Column 96 ! Lt [ -
01020304 0506 07 0809101112 01 02 03 04 05 06 07 0809 10 11 12
log10 (Count)
4
3
2 = water
1 tubes
0

TABLE 1. Performance Metrics After the Implementation of the Lean Six Sigma Model

Month Pipetting Time Total TAT from Accession to Result Water Tube Placement, % oretey (i;;ecks SIENEE
December 2020 1.1 17 95 (10.45/11) 88
January 2021 1.2 18 95.4 (41/43) 100
February 2021 1.1 18 97.7 (43/44) 96
March 2021 0.8 16 95.7 (45/47) 99

Times listed are averages in hours.

training program, and weekly staff huddles. The QC variances are given ensure that newly hired staff are fully trained in all roles and are aware

after the review of QC testing forms by CLS or CLS trainees if errors are of the QC systems implemented and their importance. Weekly huddles
identified. The use of QC variances allows staff to identify errors and en- allow for the discussion of roadblocks faced in the laboratory and how

sure that recurrence of that error is minimized. New training protocols to overcome them. During these huddles, metrics are discussed to col-
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FIGURE 4. TAT improves after implementation of improved QC metrics. Our goal TAT is 24 hours from when specimens are
accessioned to when they indicate results, which is represented by the blue line. Comparing the January 2021 TAT (A) to the
March 2021 TAT (B), an increase in efficiency is observed after an increase in specimens and implementation of Lean Six

Sigma. QC, quality control; TAT, turnaround time.
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laboratively identify sources of testing error and to implement fixes to
increase the efficiency of the laboratory.

After the execution of the identification and control phases of
Lean Six Sigma, we moved on to the measurement phase to deter-
mine how the implemented solutions impacted the efficiency of

e12 Laboratory Medicine

the testing process. The following variables were measured: average
times of pipetting, total TAT from accessioning to result, the percent-
age of correct water tube placement, and the percentage of signed
orientation checks. Average pipetting time continually decreased from
1.1 hours in December 2020 to 0.8 hours in March 2021 (TABLE 1).
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TAT also decreased from 17 hours in December 2020 to 16 hours in
March 2021. In January 2021, we had an increase in specimen volume
during a scale-up, altering our pipetting time and TAT. The percent-
age of water tube placement increased overall, but in March 2021 new
staff training accounted for the small decrease. Improvements in ori-
entation checks were also seen as the months progressed.

The acceptable TAT from accessioning to result is 48 hours, and
the goal TAT is 24 hours. Comparison of the January 2021 TAT (FIG-
URE 4A) and March 2021 TAT (FIGURE 4B) indicated that most
runs resulted within our goal TAT of 24 hours. March 2021 had an in-
flux of specimens, further indicating that Lean Six Sigma optimization®
improved efficiency.

Discussion

Our Lean Six Sigma’ approach identified common points of error
within our testing processes. We developed quality control metrics in
our process and analytics with the placement of water tubes (Supple-
mental Figure S1), several layers of independent checks in our testing
processes (Supplemental Figure S2), and the development of a 3-dimen-
sional printed model to ensure the correct placement of these tubes. Our
approaches have improved efficiency and TAT within our laboratory.

To continue scaling up, it was important to identify variables in accord-
ance with Lean Six Sigma Optimization guidelines.” In our lab, we per-
form up to 3 runs per day during operational hours of 7:00am to 8:30pm.
Some of the times in our assay are fixed, such as those for heat inactiva-
tion, the thermal cycler, and the sequencer run, adding up to 295 minutes.
Accounting for an additional 50 minutes for accessioning and resulting,
the fixed time is 345 minutes. The value added events during pipetting
takes approximately 65 minutes per run, and library preparation takes 60
minutes per run. Therefore, a total of 470 minutes are thus allocated for
total production, encompassing pipetting and library preparation. At this
rate, with 1 staff member in the support role and 2 in the pipettor roles, we
can perform 3 runs, each of which can test up to 1,504 specimens. There-
fore, 4,512 tests can be conducted across 3 runs. By creating 2 teams, each
team having 1 staff member in the support role and 2 staff members in the
pipettor roles, laboratory staff can conduct a total of 9,024 tests per day.

Each team will follow the same processes, but by increasing staffing,
the results will be doubled. At the writing of this article in June of
2021, the UCLA SwabSeq COVID-19 Testing Laboratory has conducted
over 140,000 tests, with 6 full-time and 6 part-time testing staff, oper-
ating Monday through Friday from 7:00am to 8:30pm.

One key aspect to the SwabSeq approach is that deployment did not
require full-scale automation to achieve 10,000 specimens per day. Our
testing protocols require sequencing and liquid handlers as part of the
critical infrastructure. However, our process is distinct enough from tra-
ditional RT-qPCR approaches that our supply chain has remained robust

www.labmedicine.com

throughout the pandemic. Our assay uses 1 pipette tip per specimen
when running extraction-free protocols, which decreases our reliance on
these critical consumables that continue to be limited across clinical and

research laboratories.®”

Conclusion

Herein, we have discussed the rapid deployment and scaling of our high-
throughput COVID-19 testing program. Lean Six Sigma approaches’
were key to developing a robust IQCP program to improve the efficiency
of our testing processes and decrease critical laboratory errors. Although
we have found solutions to the issues encountered in our first scale-up
to a capacity of up to 3,000 specimens per day, we are continually adding
fail-safes to this procedure.
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On LabMedicine.com

Several articles featuring practical information are now
available on Labmedicine.com.

This month, the website features papers on COVID-19
relevant to today’s laboratory professionals and pathologists.
First, McMurry et al present the case of a patient with a
presumptive false-positive anti-SARS-CoV-2 test in “A
Persistent Positive Antibody Test in a Patient with No History
of COVID-19 Infection.” In “Lean Principles to Improve
Quiality in High-Throughput COVID-19 Testing Using
SwabSeq: A Barcoded Sequencing-Based Testing Platform,
Jones et al use the Lean Six Sigma model to prepare their
laboratory for increased SARS-CoV-2 testing. And finally,

”

Li et al present the case of a patient with Mycobacterium
mucogenicum infection.

Check out these articles, podcasts, and more on
Labmedicine.com.

Lablogatory

Recent contributions to the blog for medical laboratory
professionals include discussions microaggressions in
medical school and pathology training, microbiology case
studies, and laboratory safety. To see why over 350,000

readers visited Lablogatory in 2020, visit labmedicineblog.

com.

© American Society for Clinical Pathology, 2022. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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