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ABSTRACT
Objective: The consideration of the principles of risk management 
in the analytical process is a current trend. The aim of this study was 
to evaluate whether the risk management index (RMI) for various 
laboratory parameters can be influenced by interventions that change 
the internal quality control (IQC) strategy.

Methods: We selected 10 laboratory parameters associated with 
cardiovascular disease for the study (myoglobin, N-terminal fragment 
of the pro B-type natriuretic polypeptide, cardiac troponin T, creatinine 
kinase, lactate dehydrogenase, glucose, triglycerides, total cholesterol, and 
low-density lipoprotein and high-density lipoprotein cholesterol). The study-
specific interventions included changing the IQC rules and changing the IQC 
schedule. This was a one-armed intervention study in which changes in the 
RMI, a measure of patient harm risk, was recorded over time.

Results: Before the intervention, the mean RMI was 1.022 (95% 
confidence interval [CI], 0.269–1.776). After the intervention, the 
mean RMI was 0.934 (95% CI, 0.088–1.956). The RMI values 
before and after the intervention were not significantly different 
(P =.89).

Conclusion: The study-specific interventions did not lead to an 
improvement of the RMI in the clinical routines of a medical laboratory. 
There is a great need to further explore this subject area with 
interventional studies to clarify how the risk of unintended patient harm 
can be measurably improved.

Keywords: analytical quality, patient harm, quality control, rejection 
rules, risk management, intervention study

 

In a medical laboratory, analyses are performed to support 

medical decisions.1 The results of laboratory analyses are 

an aid to diagnosis, prognosis estimation, and therapy con-

trol.1-3 It is important that the laboratory values obtained are 

analytically correct.1 To ensure the quality of analysis, med-

ical laboratories participate in external quality assurance 

programs and use daily internal quality control (IQC).4-6 The 

use of appropriate IQC strategies has been accepted in 

medical laboratories for decades4-6 and has been included 

in international recommendations and guidelines.7,8 The 

term IQC strategy is defined as (i) the number of IQC mater-

ials to measure, (ii) the number of IQC results and the IQC 

rule to use at each IQC event, and (iii) the frequency of IQC 

events.7

A current trend with regard to the IQC strategy in a 

medical laboratory is the consideration of the principles 

of risk management in the analytical process.8-10 In the 

literature, the term risk management index (RMI) has been 

introduced in this context.11,12 The RMI is the predicted 

probability of harm (predicted P
H
) divided by the accept-

able probability of harm (acceptable P
H
).11,12 According 

to the literature, one should aim for an RMI ≤1.11,12 An 

RMI ≤1 would mean that the capability and reliability of 

the respective measurement system combined with the 



IQC strategy of the medical laboratory maintains the risk 

of unintended patient harm at an acceptable level.11,12 An 

RMI >1 would indicate that the medical laboratory has not 

reduced the risk of accidental patient harm to an accept-

able level.11

There is, however, no scientific evidence in the form of 

published studies showing that changing the IQC strategy 

will have an impact on the RMI in the clinical routine of 

a medical laboratory. Thus, the aim of this study was to 

evaluate, under routine clinical conditions, whether the RMI 

for various laboratory parameters can be influenced by 

interventions that change the IQC strategy.

Materials and Methods

Study Design

This prospectively conducted study was performed at the 

Department of Clinical Pathology, Hospital of Bolzano, 

Italy. Before starting the study, the local ethics committee 

approved the study protocol. In the study, we collected the 

RMI over time for several laboratory parameters. The study 

hypothesis was “By tightening the IQC strategy, the RMI 

will decrease.” The null hypothesis was “By tightening the 

IQC strategy, the RMI will not decrease.” The study-specific 

interventions were staggered, and they included a change in 

the applicable IQC rules and a change in the IQC schedule. 

The study period spanned April 30, 2019, to September 2, 

2019 (ie, 18 weeks). This was thus a single-arm interven-

tion study in which changes of RMI were recorded over 

time. The study design is detailed in Figure 1. To calculate 

the RMI at different points in time, we used the commer-

cially available software solution Mission Control 2 (Bio-Rad 

Laboratories, Plano, TX), which we also used routinely in the 

Department of Clinical Pathology, Hospital of Bolzano, Italy, 

before initiating the study.

Laboratory Parameters

To test the study hypotheses, we selected 10 laboratory 

parameters that were (i) associated with cardiovascular dis-

eases; (ii) determined in daily routine diagnostics on 1 of the 

2 clinical chemical analyzers in the laboratory, a Cobas 8000 

(Roche Diagnostics, Rotkreuz, Switzerland) with Roche 

reagents; (iii) checked with “third-party” IQCs by Bio-Rad 

Laboratories; and (iv) subject to the same IQC rules.

The following laboratory parameters were investigated 

in this study: myoglobin, the N-terminal fragment of the 

pro B-type natriuretic polypeptide (NT-proBNP), cardiac 

troponin T (cTnT), creatine kinase (CK), lactate dehydro-

genase (LDH), glucose, triglycerides, total cholesterol, 

low-density lipoprotein cholesterol (LDLC), and high-density 

lipoprotein cholesterol (HDLC).

We determined myoglobin, NT-proBNP, and cTnT by 

electrochemiluminescence immunoassays on a Cobas e801 

system (Elecsys Myoglobin, Elecsys proBNP II, and Elecsys 

Troponin T highly sensitive) in lithium heparin plasma. 

According to the package inserts, the total coefficient 

of variation (CV) is <3.1% for myoglobin and <12.6% for 

NT-proBNP. According to the package insert, the total CV of 

cTnT at the 99th percentile of a healthy reference population 

of 14 ng/L is <10%.

We determined CK, LDH, and glucose with UV tests on 

a Cobas c702 (CK, LDHI2, and Gluc3) in lithium heparin 

plasma. According to the package insert, the total CV 

is <1.4% for CK, <2.7% for LDH, and <1.8% for glucose.

We determined triglycerides, total cholesterol, LDLC, and 

HDLC with enzymatic color tests on a Cobas c702 (trigl, 

Chol2, LDLC3, and HDLC4) in lithium heparin plasma. 

According to the package insert, the total CV is <2.0% for 

triglycerides, <1.6% for total cholesterol, <2.3% for LDLC, 

and <1.8% for HDLC.

During the entire study period, we used only 1 batch of 

reagents for myoglobin, NT-proBNP, CK, LDH, glucose, 

triglycerides, total cholesterol, LDLC, and HDLC. For cTnT, 

we used 2 different batches of reagents during the study 

period; one lot (number 345850) was used until May 4, 

2019, and another lot (number 370695) was used thereafter.

IQC Material

We purchased third-party IQCs from Bio-Rad Laboratories. 

For the parameters CK, LDH, glucose, triglycerides, total 

cholesterol, LDLC, and HDLC, we used “Multiqual 1,2,3” 

(batch number: 45800; date of expiry: October 31, 2020). 

For myoglobin and NT-proBNP, we used “Cardiac Markers 

LT” (batch number: 31440; date of expiry: April 30, 2020). 

For cTnT, we used “Cardiac Troponins” (batch number: 

56330; date of expiry: March 31, 2020). Thus, for all 10 
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laboratory parameters we used the same IQC material 

during the entire study period without any change to the 

batches.

Study-Specific Interventions

Figure 1 highlights the different study periods and the 2 

study-specific interventions.

Prestudy Period

Since April 2, 2019 we used the Westgard Rules4 1
3s

 and 2
2s

 

as rejection rules for all 10 laboratory parameters. Beginning 

April 2, the IQC rules were related to the laboratory mean 

(which was a mobile mean) and the corresponding standard 

deviation (SD) of the laboratory. For the parameters myo-

globin, NT-proBNP, and cTnT, we measured IQCs with 2 

different concentration levels at 7:00 a.m. every operating 

day. For the parameters CK, LDH, glucose, triglycerides, 

total cholesterol, LDLC, and HDLC, we measured IQCs with 

2 different concentration levels at 7:00 a.m. and 12:30 p.m. 

every operating day.

Observation Period A

From April 30 to June 10, 2019, inclusive (ie, during a study 

period of 6 weeks), we evaluated the IQC of all 10 labora-

tory parameters using Westgard Rules4 1
3s

 and 2
2s 

as rejec-

tion rules (Figure 1) and the same IQC timetable as in the 

prestudy period. In observation period A, the IQC rules were 

still related to the laboratory mean (which was a mobile 

mean) and the corresponding SD of the laboratory. If a con-

trol had violated the 1
3s

 or 2
2s

, then the analytical process 

had to be interrupted and the cause of the rule violation had 

to be determined and corrected.

Intervention 1 (Change in the Rejection Rules)

In the afternoon of June 10, 2019 (after the analyzer had 

been shut down), the rejection rules for all 10 laboratory 

parameters were changed. As of this date, the 1
2s

-repeat 

was activated as a rejection rule13 and the 1
3s

 and 2
2s

 were 

disactivated (Figure 1). For the parameters myoglobin, 

NT-proBNP, and cTnT, we measured IQCs with 2 different 

concentration levels at 7:00 a.m. every operating day. 

Likewise, the rule remained that for the parameters CK, 

LDH, glucose, triglycerides, total cholesterol, LDLC, and 

HDLC, we measured IQCs with 2 different concentration 

levels at 7:00 a.m. and 12:30 p.m. every operating day.

Observation Period B

From June 11 to July 22, 2019, inclusive (ie, for a study 

period of 6 weeks), the IQC of all 10 laboratory param-

eters were evaluated using the 1
2s

-repeat as a rejection 

rule (Figure 1) and the same IQC timetable as in the 

prestudy period and in observation period A. Even in 

observation period B, the IQC rules were based on the 

laboratory mean (which was a mobile mean) and the 

corresponding SD of the laboratory. If a control violated 

Intervention 1:
Tightening the

IQC strategy by
applying stricter
rejection rules

Prestudy
period

4 weeks
10 parameters
myoglobin, NT-
proBNP, cTnT,

CK, LDH, glucose
triglycerides,
cholesterol, 
LDL, HDL)

Rejection
rules:

13S and 22S

Observation
period A

6 weeks
Determination

of RMI

Rejection
rules:

13S and 22S

Observation
period B

Observation
period C

6 weeks
Determination

of RMI

Rejection
rules:

12S-repeat

6 weeks
Determination

of RMI

One additional
IQC cycle per
working day

Rejection
rules:

12S-repeat

Intervention 2:
Tightening the
IQC strategy by
conducting IQC
more frequently

Time

Figure 1

Study design—interventions and observation periods.
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the 1
2s

-repeat, then the analytical process had to be 

interrupted and the cause of the rule violation had to be 

determined and corrected.

Intervention 2 (Change in the Frequency of IQC)

In the afternoon of July 22, 2019 (after the analyzer had 

been shut down), the IQC system was changed in such a 

way that from the following day onward, not only 1 IQC but 

2 IQCs with 2 different concentration levels were measured 

for the parameters myoglobin, NT-proBNP, and cTnT every 

day of operation at 7:00 a.m. and 12:30 p.m. Likewise, the 

rule for the parameters CK, LDH, glucose, triglycerides, 

total cholesterol, LDLC, and HDLC was changed to the ex-

tent that on each operating day, not only 2 but 3 IQCs with 

2 different concentration levels each were measured at 7:00 

a.m., 9:30 a.m., and 12:30 p.m. In contrast, the rejection 

rule for all 10 laboratory parameters remained unchanged 

in comparison with observation period B (Figure 1). The 

1
2s

-repeat was still valid as the rejection rule.

Observation Period C

From July 23 to September 2, 2019, inclusive (ie, for a 

study period of 6 weeks), the IQC of all 10 laboratory 

parameters was evaluated using the 1
2s

-repeat as the 

rejection rule (Figure 1) and the IQC schedule described 

in the paragraph above. As in observational periods 

A and B, the IQC rules were based on the laboratory 

mean (which was a mobile mean) and the corresponding 

SD of the laboratory. If a control violated the 1
2s

-repeat, 

then the analytical process had to be interrupted and 

the cause of the rule violation had to be determined and 

corrected.

Bias and CV

The bias and CV of the 10 laboratory parameters were de-

termined using the software solution Unity Real Time (Bio-

Rad Laboratories, Plano, TX). In Unity Real Time, the bias 

for all 10 laboratory parameters at 2 concentration levels in 

the 3 observation periods was calculated with the following 

formula:

Bias =
(Lab mean−Group mean) � 100

Group mean

In this formula, “Lab mean” was the mean of our own IQC 

controls and “Group mean” was the mean of the homo-

geneous group of all other laboratories with the same 

analytical method in Unity Real Time (ie, a consensus group 

that encompasses all laboratories using the exact same 

methodology, instrument, and reagents). To calculate the 

bias for the observation periods A, B, and C in Unity Real 

Time, we formulated the setting in such a way that the time 

used to calculate the bias in the Group mean was 6 months, 

and in the Lab mean it was exactly the time of the re-

spective observation period (Figure 1).

In Unity Real Time, the CV for all 10 laboratory parameters 

at 2 concentration levels in the 3 observation periods was 

calculated with the following formula:

CV% =

Å
SD

Lab mean

ã
· 100%

In this formula, “Lab mean” was the mean of our own 

IQC controls and “SD” was the corresponding SD of our 

own IQC controls. To calculate the CV for the observation 

periods A, B, and C in Unity Real Time, we formulated the 

setting in such a way that Lab mean and the corresponding 

SD referred exactly to the time of the respective observation 

period (Figure 1).

The RMI

As explained in the introduction, the RMI is the predicted P
H
 

divided by the acceptable P
H
:11,12

RMI =
predicted PH

acceptable PH

The formula for calculating the predicted P
H
 is published 

elsewhere.11,12 The acceptable P
H
 is derived from a 5-part 

scale for both the probability of the occurrence of unin-

tended patient harm and the severity of that patient harm 

from CLSI EP23-A.9,11 We determined the RMI values of all 

10 laboratory parameters by using Mission Control 2. In the 

input screen of Mission Control 2, we had to fill in the fol-

lowing 7 fields for each laboratory parameter: We changed 

“QC Per Day” and “QC-Rules” in time course according to 

the study design (Figure 1). We did not change the inputs 

“Number of Patients,” “TEa,” “Mean Time Between Failures 

in Days,” “Severity of Harm,” and “Probability of Harm 

Given an Unreliable Result” for the duration of the study 

(Table 1).

Detailed information on the RMI in general and how we cal-

culated the RMI can be found in the Supplementary Material 

for this article.
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Statistics

For testing the study hypothesis, we chose an alpha error level 

of 0.025 (instead of the usual alpha error level of 0.05) because 

of the 1-sided testing of the hypothesis. For the statistical ana-

lysis, we used the Student t-test for dependent samples. We 

compared the RMI of the 10 laboratory parameters in obser-

vation period A with those in observation period C. The data 

set consisted of 10 pairs of RMI values that were compared. 

We used IBM SPSS Statistics Version 24 (IBM Germany, 

Ehningen, Germany) and MedCalc version 17.2 (MedCalc 

Software, Ostend, Belgium) for data entry and statistics.

Results

Table 2 lists the study results for all 10 study parameters 

in terms of bias, CV, and RMI. In observation period A, the 

Table 1. Input Variables for Mission Control 2 Necessary to Calculate RMI

ND TEa MTBF Severity of Harm Acceptable P
H

P
h|u

Myoglobin 14 10% 90 days Serious 0.0001 5%
NT-proBNP 22 20% 90 days Critical 0.00001 5%
cTnT 40 18% 90 days Critical 0.00001 5%
CK 27 5% 30 days Serious 0.0001 5%
LDH 107 5% 30 days Serious 0.0001 5%
Glucose 107 4% 30 days Critical 0.00001 5%
Triglycerides 143 6% 6 days Serious 0.0001 5%
Total cholesterol 139 6% 7 days Serious 0.0001 5%
LDLC 52 6% 120 days Serious 0.0001 5%
HDLC 105 6% 30 days Serious 0.0001 5%

RMI, risk management index; ND, estimated number of patients who are run (on average) each day on the study analyzer; TEa, allowable total error; MTBF, mean time between failures; 
acceptable P

H
, acceptable probability of harm; P

h|u
, probability of harm given an unreliable result; NT-proBNP, N-terminal fragment of the pro B-type natriuretic polypeptide; cTnT, cardiac 

troponin T; CK, creatine kinase; LDH, lactate dehydrogenase; LDLC, low-density lipoprotein cholesterol; HDLC, high-density lipoprotein cholesterol.
Listed specifications for input variables remained unchanged for the duration of the study (input variables “QC Per Day” and “QC-Rules” not listed because both were changed during the study).

Table 2. Bias, CV, and RMI in the 3 Observation Periods

Period A Period B Period C

Parameter IQC Level and Meana Bias CV (%) RMI Bias CV (%) RMI Bias CV (%) RMI

Myoglobin 1 → 47 ng/mL +0.07 2.45 0.849 +3.69 2.02 0.070 +4.44 1.76 0.110
2 → 84 ng/mL –3.43 2.62 +0.68 1.80 +1.82 1.93

NT-proBNP 1 → 121 pg/mL +7.87 3.52 1.110 +10.94 3.62 7.980 +3.63 3.29 0.010
2 → 284 pg/mL +3.02 4.16 +5.18 3.61 +4.02 3.29

cTnT 1 → 15 pg/mL +3.31 5.26 0.817 +3.53 4.81 0.832 +4.27 5.51 2.680
2 → 96 pg/mL +4.49 2.23 +4.66 2.93 +2.66 3.38

CK 1 → 77 U/L +1.40 1.46 0.344 +1.65 1.24 0.109 +2.38 1.31 0.990
2 → 614 U/L +0.70 0.82 +0.64 0.69 +0.87 0.83

LDH 1 → 127 U/L –0.25 1.68 0.599 +0.00 1.27 0.014 +0.28 1.09 0.001
2 → 420 U/L –0.44 1.29 –0.50 1.00 -0.47 0.90

Glucose 1 → 60 mg/dL –0.31 0.94 0.342 –0.55 1.08 0.954 -0.94 0.98 1.260
2 → 352 mg/dL +0.02 0.91 –0.36 0.94 -0.44 0.97

Triglycerides 1 → 98 mg/dL –1.31 1.23 0.060 –1.24 1.17 0.003 -1.35 1.34 0.067
2 → 207 mg/dL –0.56 1.17 –0.53 0.87 -0.65 1.27

Total cholesterol 1 → 111 mg/dL –2.37 1.57 1.270 –2.42 1.20 0.075 -2.53 1.07 0.034
2 → 268 mg/dL –1.28 1.27 –1.16 0.93 -1.52 0.91

LDLC 1 → 76 mg/dL –4.11 0.83 3.820 –3.50 0.92 0.997 -2.99 0.75 0.026
2 → 184 mg/dL –3.72 0.96 –3.36 0.93 -2.68 0.90

HDLC 1 → 21 mg/dL –2.67 1.49 1.010 –1.75 2.11 7.860 -1.19 1.81 4.160
2 → 51 mg/dL –0.50 1.56 –1.12 2.18 -0.66 2.28

aGroup mean (i.e., mean of the homogeneous group in “Unity Real Time”).
CV, coefficient of variation; RMI, risk management index; NT-proBNP, N-terminal fragment of the pro B-type natriuretic polypeptide; cTnT, cardiac troponin T; CK, creatine kinase; LDH, 
lactate dehydrogenase; LDLC, low-density lipoprotein cholesterol; HDLC, high-density lipoprotein cholesterol.
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mean RMI was 1.022 (95% CI, 0.269–1.776). In observation 

period C, the mean RMI was 0.934 (95% CI, 0.088–1.956). 

The RMI values of observation period A and observa-

tion period C were not significantly different (paired t-test; 

P =.89). Figure 2 shows the graphical presentation of the 

RMI for all 10 laboratory parameters in the 3 observation 

periods of the study.

Table 3 lists (i) in how many instances an IQC identified vio-

lations of the rejection rules applicable during the respective 

observation period (A, B, or C) and (ii) in how many cases 

the IQC could be brought back into the acceptable range by 

the respective technician who operated the device. During 

observation period A, there were 28 situations in which an 

IQC violated a rejection rule; in all 28 cases, the IQC could 

be brought back into the acceptable range by the techni-

cian who operated the device. During observation period B, 

there were 35 situations in which an IQC violated a rejection 

rule—in 33 cases the IQC could be brought back into the 

acceptable range by the technician, but in 2 cases it was 

not possible. During observation period C, there were 30 

situations in which an IQC violated a rejection rule—in 26 

cases the IQC could be brought back into the acceptable 

range by the technician, but in 4 cases it was not possible.

Discussion

The study hypothesis was that by tightening the IQC 

strategy—ie, by applying stricter rejection rules and by con-

ducting IQC more frequently—the analytical quality would 

improve, represented by a smaller RMI. This hypothesis 

could not be confirmed with the available results. In prin-

ciple, therefore, this is a study with negative results.

Although we did not find a global reduction in RMI across 

the 10 laboratory parameters, it is interesting to note (Table 
2)  

that the change in RMI varied dramatically by assay, with 

some parameters showing a large reduction in RMI and 

others showing a large increase in RMI. In comparing 

the RMI values in observation period A and observation 

period C, we found that the RMI of 5 parameters de-

creased (myoglobin, NT-proBNP, LDH, total cholesterol, 

and LDLC) and that the RMI of 5 parameters increased 

(cTnT, CK, glucose, triglycerides, and HDLC). If we treated 

the RMI as a qualitative variable with a cutoff value of 1 

(ie, RMI ≤1, meaning that the capability and reliability of 

the respective measurement system combined with the 

IQC strategy of the laboratory maintains the risk of unin-

tended patient harm at an acceptable level, and RMI >1, 

meaning that the laboratory has not reduced the risk of 

accidental patient harm to an acceptable level), then we 

found that 4 parameters remained in the same category 

after the study intervention (myoglobin, CK, LDH, and tri-

glycerides), 3 parameters moved into the better category 

(NT-proBNP, total cholesterol, and LDLC), and 3 param-

eters shifted into the worse category (cTnT, glucose, 

and HDLC).

Because this is a study with negative results, a funda-

mental question arises as to whether a change in the IQC 

strategy in the clinical routine of a medical laboratory leads 

to a change in the RMI at all or whether perhaps the design 

of the present study was not optimal for addressing this 

question.

In our study we tried to establish a study plan that was as 

simple and comprehensible as possible for our research 

question. To test our study hypothesis, we tried to change 

only the IQC rules and the IQC schedule but otherwise keep 

all other variables necessary for the calculation of the RMI 

constant throughout the study. This effort was to ensure that 

A B

Observation Period

R
M

I

C

0.0001

0.001

0.01

0.1

1

10

P = .89

Figure 2

Graphical presentation of RMI for all 10 laboratory parameters in 

the 3 observation periods. All values plotted as open circles. Red 

horizontal lines indicate the mean RMI of each observation period 

and corresponding black whisker bars represent the 95% CI of the 

mean. RMI, risk management index; CI, confidence interval.
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only the impact of changing IQC rules and frequency on the 

RMI was evaluated.

It is of course possible that the theoretical assumptions 

of the IQC strategy described in the relevant scientific lit-

erature would be correct under very specific ideal condi-

tions but would be so weakened in clinical routine, with 

all its deviations from ideal conditions, that the intended 

effect would be very small or even nonexistent. Possible 

reasons for the nonfunctioning of a tightened IQC strategy 

in clinical routine could theoretically include a batch change 

in reagents, a batch change in IQC (did not occur during 

this study), defective measuring instruments (did not 

occur during this study), or faulty work by the instrument 

operators.

However, an answer to the question of whether the tight-

ening of an IQC strategy in clinical routine generally has 

no significant effect on the RMI cannot be determined with 

the available results. In this sense, the answer must be 

restricted to concluding that the 2 study-specific interven-

tions (the replacement of rejection rules 1
3s

 and 2
2s

 by the 

rejection rule 1
2s

-repeat and the change in the frequency 

of IQC—ie, the introduction of an additional daily IQC 

cycle) have produced a negative study result. Other inter-

ventions might have resulted in the study hypothesis being 

accepted.

In this study, the RMI was treated as a metric value (ac-

cording to the formula on which it was based). Perhaps this 

approach should be reconsidered. To date, the literature 

has provided only sparse descriptions of how to use or 

interpret the RMI.11,12 One could argue that the RMI should 

be treated as a qualitative value rather than a quantitative 

value. Further, it may make sense not to subject parameters 

with an RMI ≤1 to any change in the IQC strategy because 

the risk is acceptable anyway. It is thus possible that only 

those parameters with an RMI >1 should be subjected to 

a tightened IQC strategy (in this study, these would have 

been NT-proBNP, total cholesterol, LDLC, and HDLC). 

Furthermore, only 1 RMI was calculated for each analyte 

(Table 2), but the severity of harm and the probability of 

unintentionally harming patients could be different based 

on concentration level. Because Mission Control 2 does not 

allow this calculation, this restriction might be a limitation of 

our study.

Another possible limitation of our study is that we defined 

the TEa before starting the study by consensus. In labora-

tory medicine, TEa is a commonly used key figure that 

defines the quality requirements of a laboratory parameter 

with regard to the medical use of this parameter. There are 

no generally accepted limit values for TEa, but it is the task 

of laboratory management staff to determine the max-

imum analytical error that may occur for each laboratory 

Table 3. Frequency of IQC-Identified Violations of Rejection Rule 

Period A Period B Period C

Parameter Number of cases 
in which IQC 

had violated a 
rejection rule

Number of cases 
in which IQC 

could be brought 
back into the 

acceptable range

Number of 
cases in 

which IQC 
had violated a 
rejection rule

Number of 
cases in which 

IQC could 
be brought 

back into the 
acceptable 

range

Number of 
cases in 

which IQC 
had violated a 
rejection rule

Number of 
cases in which 

IQC could 
be brought 

back into the 
acceptable 

range

Myoglobin 0  12 10 0  
NT-proBNP 3 3 0  0  
cTnT 0  0  3 3
CK 3 3 0  4 1
LDH 11 11 2 2 0  
Glucose 4 4 0  8 8
Triglycerides 2 2 10 10 5 5
Total cholesterol 2 2 4 4 2 2
LDLC 3 3 2 2 1 1
HDLC 0  5 5 7 6

IQC, internal quality control; NT-proBNP, N-terminal fragment of the pro B-type natriuretic polypeptide; cTnT, cardiac troponin T; CK, creatine kinase; LDH, lactate dehydrogenase; LDLC, 
low-density lipoprotein cholesterol; HDLC, high-density lipoprotein cholesterol.
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parameter without influencing medical decisions.4-7,9 

However, the criteria we used to define the TEa do not 

comply with some recent international consensus recom-

mendations. For our study, the absolute value of TEa was 

not of primary importance because we used it as a “com-

puting parameter” that was not changed during the entire 

study period. In addition, throughout the entire study period 

we did not use the TEa values as rejection rules.

Conclusion

The current study did not prove that applying stricter rejec-

tion rules and conducting IQC more frequently improves the 

RMI in the clinical routine of a medical laboratory. This is 

therefore a study with negative results. However, the results 

of this study are important because they provide indica-

tions for future studies on the topic. There is a great need to 

further explore the subject area with interventional studies 

to clarify how the RMI in the clinical routine of a medical 

laboratory can be measurably improved. LM
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ABSTRACT
Objective: Many studies have investigated lower 25-hydroxyvitamin 
D (25[OH]D) levels in patients with Alzheimer’s disease (AD) compared 
with those in control patients. In the present study, we aimed to evaluate 
serum free and bioavailable 25(OH)D levels in patients with AD and in 
healthy control patients.

Methods: The AD group consisted of 85 patients aged >60 years 
who were diagnosed with possible AD according to National Institute 
on Aging-Alzheimer’s Association criteria and 85 healthy control 
patients. Serum levels of total 1,25-dihydroxyvitamin D, total 
25(OH)D, vitamin D binding protein (VDBP), parathormone, calcium, 
phosphorus and albumin, free 25(OH)D, bioavailable 25(OH)D, and 
the bioavailable 25(OH)D/total 25(OH)D ratio were compared in both 
groups.

Results: Total 25(OH)D, free 25(OH)D, bioavailable 25(OH)D, and the 
bioavailable 25(OH)D/total 25(OH)D ratio were significantly lower 
(P <.001, P <.001, P <.001, P <.05, respectively) in the AD group, 
whereas the VDBP level was significantly higher (P <.05) in the AD than 
in the control group.

Conclusion: Free and bioavailable 25(OH)D detected at lower levels in 
patients with AD limit the target central effects of 25(OH)D; this result 
suggests that reduced levels of the active free form of vitamin D may be 
a risk factor for AD and dementia.

Keywords: Alzheimer’s disease, free 25-hydroxyvitamin D, bioavailable 
25-hydroxyvitamin D, cognitive impairment, dementia, vitamin D 
binding protein

 

Alzheimer’s disease (AD) is a neurodegenerative disease 

that is the most common cause of dementia.1 Accounting 

for 60% to 80% of all dementias,2 AD is a chronic degen-

erative and inflammatory brain disorder that leads to in-

flammation, oxidative injury, neuronal dysfunction, and loss 

that is linked to the accumulation of fragments amyloid beta 

fragments (Aβ) and tau protein derivatives.3

Vitamin D is a steroid hormone that plays a role in calcium 

homeostasis, bone mineralization, and immune system 

differentiation. It is synthesized in the skin by the effect of 

sunlight from 7-dehydrocholesterol, which is the precursor 

of cholesterol. Taken from the skin by synthesis or diet, 

vitamin D binds to the vitamin D binding protein (VDBP) 

and is transported to the liver, where its 25-hydroxyl-

ation occurs with cytochrome P450 enzymes (CYP27A1, 

CYP2J2, CYP3A4). The main circulating metabolite of 

vitamin D is 25(OH)D.4

In the kidneys, 25(OH)D is rehydroxylated with the other 

cytochrome P450 enzyme, CYP27B1, and the synthesis 

of the biologically active form 1,25 dihydroxyvitamin D 

(1,25[OH]2D) occurs.5 Renal synthesis of this biologically 

active form is regulated by whether 25(OH)D is bound to 

VDBP. The uptake of 25(OH)D-bounded VDBP into renal 

proximal tubule cells is mediated by the endocytic re-

ceptor megalin. In the absence of megalin, the free form of 

25(OH)D and 1,25(OH)2D enters the target cell by diffu-

sion. Although vitamin D bounded to VDBP is taken up by 

megalin in the proximal tubule, the physiological import-

ance of the free form in intestinal absorption is even more 



prominent. In this case, the level of free vitamin D may 

be very important for the efficiency of biologically active 

vitamin D for calcium and phosphate homeostasis and for 

other important functions such as anti-inflammatory and 

immunomodulatory effects.

The optimal level of 25(OH)D is unknown; this level is 

influenced by factors such as binding proteins, vitamin 

D receptor genetic polymorphisms, and metabolic 

enzymes. Therefore, 25(OH)D serum levels are insuffi-

cient to measure vitamin D activity, but it is important 

to evaluate them together with free-form and binding 

proteins.6-8

Although the primary function of vitamin D is known to 

be the maintenance of calcium and phosphate homeo-

stasis, other functions of vitamin D include anti-inflam-

matory and immunomodulatory effects, control of cell 

growth, differentiation and apoptosis, and defense against 

tumorigenesis.9 Oxidative stress, inflammation, and 

neuronal calcium signaling defects are known to play an 

important role in the pathogenesis of AD. Vitamin D shows 

an anti-inflammatory effect via apolipoprotein A1 and the 

proinflammatory cytokine tumor necrosis factor-alpha.10 

It protects the brain from oxidative stress by reducing 

the formation of reactive oxygen species with its antioxi-

dant effect through nitric oxide synthase and glutamyl 

transpeptidase.11 

The interaction of vitamin D with Aβ, which is at the center 

of AD pathology, has made vitamin D an attractive mol-

ecule in the pathophysiology of AD.12 Vitamin D and its 

metabolites show neuroprotective effects by inhibiting the 

abnormal accumulation of amyloid fibrils that are respon-

sible for the pathogenesis of AD via amyloid phagocyt-

osis and clearance and by regulating the activation of the 

phosphatase-2A enzyme that dephosphorylates the tau 

protein.13,14 Vitamin D receptors are expressed in several 

regions of the brain that play a key role in cognition—pri-

marily in the hippocampus, but also in the prefrontal 

cortex, cingulate gyrus, caudate-putamen, thalamus, 

substantia nigra, hypothalamus, lateral geniculate gan-

glion, and cerebellum.15

In the present study, our objective was to draw attention 

particularly to the levels of the effective form of 25(OH)D 

in AD by measuring serum levels of free and bioavailable 

25(OH)D in patients with AD and healthy volunteers.

Materials and Methods

Study Design and Participants

The study was performed in the Neurology Outpatient 

Clinic of Akdeniz University, Faculty of Medicine in Antalya, 

Turkey. After informed consent, all participants were rou-

tinely examined at the Neurology Outpatient Clinic and 

evaluated in terms of inclusion and exclusion criteria. 

Eighty-five patients who were diagnosed with AD according 

to the National Institute on Aging-Alzheimer’s Association 

criteria (AD group) who were evaluated using the Mini 

Mental State Examination (MMSE) and 85 control patients 

with normal cognitive function (control group) were in-

cluded in the study. Patients with severe depression, other 

medical or neurological conditions (eg, seizures, stroke, 

head trauma) that would cause cognitive impairment were 

excluded from the study, as were those with renal and/or 

hepatic impairment and those with malignancies.

Demographic data, examination findings, medications 

(including anticholinesterases and preparations containing 

calcium and vitamin D), and concomitant diseases of the 

participants were recorded. Neurocognitive tests were per-

formed in a quiet room so as not to distract the patients. 

The MMSE was used to evaluate cognitive areas such as 

place-time orientation, recording memory, attention and 

calculation, anterograde and retrograde memory, verbal 

fluency, language and visuospatial abilities, clock-drawing, 

perceptual abilities, recall, and recognition.

Patients with AD were divided into stages according to 

their MMSE scores: MMSE scores between 20 and 24 were 

considered as early-stage dementia, scores between 10 

and 19 were considered as intermediate-stage dementia, 

and scores between 0 and 9 were considered as advanced-

stage dementia.

Blood Specimens and Serum Investigations

Venous blood specimens of the participants were collected 

into Becton-Dickinson serum separator tubes (Becton-

Dickinson, Franklin Lakes, NJ). Serum was separated by 

centrifuging the specimens at 4°C at 4000 rpm for 4 minutes 

and storing them at −80°C until analysis. Serum levels of 

total 25(OH)D, total 1,25(OH)2D, VDBP, parathormone (PTH), 
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calcium, phosphorus, and albumin were measured in all 

patients.

Serum total 25(OH)D levels were measured by chemilumin-

escence immunoassay with the Siemens Centaur XP device 

(Siemens Healthcare Diagnostics, Forchheim, Germany). 

Intra- and inter-assay coefficients of variations (CV) of the 

25(OH) vitamin D3 ELISA kit were 3.9% (control value: 

46.1 ng/mL) and 6.1% (control value: 46.1 ng/mL), respec-

tively. The minimal detectable serum 25(OH) vitamin D3 level 

was 4.2 ng/mL.

Serum PTH levels were measured by chemilumines-

cence immunoassay with the Siemens Centaur XP device 

(Siemens Healthcare Diagnostics, Forchheim, Germany). 

The minimal detectable limit of the PTH kit was 2.5 pg/mL. 

Intra- and inter-assay CVs of the PTH kit were both 4.3% 

with the same control value of 107.6 pg/mL.

Serum calcium levels were measured by the spectro-

photometric method using the Siemens Advia Chemistry 

XP device (Siemens Healthcare Diagnostics, Forchheim, 

Germany) based on the measurement of the colored com-

pound formed by calcium ions with an arsenazo III reagent. 

The minimal detectable serum calcium level was 0.9 mg/

dL. Intra- and inter-assay CVs of the calcium kit were 0.6% 

(control value: 8.9 mg/dL) and 0.9% (control value:  

8.9 mg/dL), respectively.

Serum phosphorus levels were measured using the spectro-

photometric method, based on the principle that phosphorus 

ions form phosphomolybdate complex with molybdate in a 

sulfuric acid medium, using the Siemens Advia Chemistry XP 

autoanalyzer (Siemens Healthcare Diagnostics, Forchheim, 

Germany). Intra- and inter-assay CVs of the phosphorus kit 

were 0.6% (control value: 2.31 mg/dL) and 0.4% (control 

value: 2.31 mg/dL), respectively. The minimal detectable 

serum phosphorus level was 0.3 mg/dL.

Serum albumin was measured by the bromocresol green 

dye-binding method using the Siemens Advia 2400 

autoanalyzer (Siemens Healthcare Diagnostics, Forchheim, 

Germany). The minimal detectable serum albumin level 

was 1.0 g/dL. Intra- and inter-assay CVs of the albumin kit 

were 1.8% (control value: 2.3 g/dL) and 0.6% (control value: 

3.6 g/dL), respectively.

Serum 1,25(OH)2D levels were measured using the enzyme-

linked immunosorbent assay (ELISA) method with a kit 

specific for recombinant human 1,25(OH)2D (Elabscience 

Biotechnology Co, Ltd, Hubei Province, China). Intra- and 

inter-assay CVs of the kit (catalog number E-EL-0016; lot 

number AK0017APR17020) were <10% for both. The min-

imal detectable serum 1.25(OH)2D level was 4.7 pg/mL. The 

kit was stored at 2°C to 8°C until use.

Serum vitamin D binding protein levels were measured 

using ELISA with a recombinant human vitamin D binding 

protein–specific kit (Elabscience Biotechnology Co, 

Ltd, Hubei Province, China). The intra- and inter-assay 

CVs of the kit (catalog number E-EL-H1604; lot number 

AK0017APR17021) were <10% for both. The minimal 

detectable limit of the vitamin D binding protein level was 

2.35 ng/mL. The kit was stored at 2°C to 8°C until use.

Free and bioavailable 25(OH)D levels in serum were calcu-

lated using the formula by Bikle et al16:

Free 25 (OH)D =
Total 25 (OH)D

1+ (6 x 105 × [albumin]) + (7 × 108 × [DBP])

Bioavailable 25 (OH)D = (6× 105 × [albumin] + 1)
× free 25 (OH)D

[Albumin] : Serum albumin in g/L÷ 66, 430 g/mol
[DBP] : Serum DBP in g/L÷ 58, 000 g/mol

Statistical Analysis

Descriptive statistics were presented as frequency, per-

centage, mean, standard deviation (SD), median, and min-

imum and maximum values. Results of measured parameters 

were given as mean ± SD. Fisher’s exact or Pearson χ 2 tests 

were used to analyze categorical data. Normality assump-

tion was evaluated using the Kolmogorov-Smirnov test. 

The difference between the groups was analyzed using the 

independent-samples t-test for normally distributed vari-

ables and the Mann-Whitney U test for variables that were 

not normally distributed. The Kruskal-Wallis test was used to 

analyze the difference in free, bioavailable, and total 25(OH)

D levels of patients with AD in different stages of the disease. 

All analyses were performed with SPSS Version 23.0. We 

considered P <.05 statistically significant.
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Results

The mean ages of the AD and control groups were 

75.46 ± 8.66 and 70.16 ± 6.06 years, respectively. Among 

patients, 31% were using donepezil, 10.7% were using 

rivastigmine, 20.2% were using rivastigmine plus memantine, 

34.5% were using donepezil plus memantine, and 3.6% were 

using ginkgo biloba. Both patients in the AD group (23.5%) 

and patients in the control group (28.2%) were receiving 

vitamin D replacement at 6000 IU/day (P =.484). Demographic 

characteristics of both groups are shown in Table 1.

Serum levels of measured biochemical parameters are 

shown in Table 2. Serum 25(OH)D levels were significantly 

higher (23.9 ± 12.7 ng/mL) in the control group compared 

with the AD group (16.8 ± 12.0 ng/mL; P <.001). However, 

in the control group there was no significant difference in 

25(OH)D levels between women (19.8 ± 13.8 ng/mL) and men 

(21.0 ± 11.7 ng/mL; P =.208). In the AD group, 25(OH)D levels 

were 16.5 ± 13.5 ng/mL in women and 17.3 ± 9.7 ng/mL  

in men (P =.251); 70.6% of patients in the AD group and 

41.2% of patients in the control group had 25(OH)D defi-

ciency (vitamin D deficiency was defined as a serum concen-

tration <20 ng/mL based on the cut off of the kit).

When 25(OH)D levels of patients with AD in different 

stages of disease were analyzed, we found that 25(OH)D 

levels were 18.6 ± 13.4 ng/mL in the early-stage AD group, 

14.9 ± 10 ng/mL in the intermediate-stage AD group, and 

15.0 ± 10.6 ng/mL in the advanced-stage AD group. There 

were no significant correlations between disease stages and 

25(OH)D levels (P =.278).

The VDBP levels were significantly higher (P =.035) in the 

AD group (192.6 ± 151.1 µg/mL) compared with the con-

trol group (146.5 ± 129.6 µg/mL). However, 1,25(OH)2D 

levels were similar (P = .689) in both the AD and the 

control groups (72.6 ± 37.1 pg/mL vs 71.1 ± 39.7 pg/mL, 

respectively).

There were significant differences in the levels of free 

25(OH)D and bioavailable 25(OH)D and the bioavail-

able 25(OH)D/total 25(OH)D ratios between the groups; 

free 25(OH)D (9.4 ± 9.3 pg/mL) and bioavailable 25(OH)D 

(3.6 ± 3.7 ng/mL) levels in the AD group were significantly 

low (P <.001 for both) as compared with those in the control 

group (17.8 ± 14.8 pg/mL and 6.9 ± 5.9 ng/mL, respect-

ively). Bioavailable 25(OH)D/total 25(OH)D ratios were also 

significantly low (P =.041) in patients with AD compared 

with control patients (0.2 ± 0.2 vs 0.3 ± 0.2 in AD and con-

trol groups, respectively).

Whereas 25(OH)D levels in study participants receiving 

vitamin D replacement were 21.5 ± 9.4 ng/mL, they were 

20.0 ± 13.8 ng/mL in those not receiving vitamin D replace-

ment. However, there was no significant difference (P =.155) 

between the AD and control groups.

Table 1. Demographic Characteristics of Groups

Groups

Control Patients Patients 

n % n %

Sex Female 40 47.1 50 58.8
Male 45 52.9 35 41.2

Age, y Mean 70.16   75.54
Minimum–maximum (61–84) (60–99)

Disease stage Early stage   44 51.8
Intermediate stage   26 30.6
Advanced stage   15 17.6

Drugs used Ginkgo biloba   3 3.6
Donepezil   26 31.0
Donepezil + memantine   29 34.5
Rivastigmine   9 10.7
Rivastigmine + memantine   17 20.2

Vitamin D replacement (6000 IU/d) No 61 71.8 65 76.5
Yes 24 28.2 20 23.5
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Serum calcium, phosphorus, albumin, and PTH levels 

did not differ significantly between the groups (P >.05) 

(Table 2).

Discussion

In the present study, we found that serum total 25(OH)

D, free 25(OH)D, and bioavailable 25(OH)D levels and the 

bioavailable 25(OH)D/total 25(OH)D ratio were significantly 

lower in patients with AD than in control patients. However, 

VDBP levels were significantly higher in the AD group than 

in the control group. Although 25(OH)D levels were signifi-

cantly lower in patients with AD as compared with con-

trol patients, we did not find a significant relationship in 

1,25(OH)2D, the active form of vitamin D, between the AD 

and the control groups. In contrast to previous studies, in 

the present study we used several biochemical parameters 

including 25(OH)D and the active form 1,25(OH)2D, the free 

and bioavailable forms of vitamin D, and the binding protein, 

which limits the effectiveness of free hormone levels.

Previous studies have shown a correlation between AD 

and low vitamin D levels. Vitamin D has been shown to 

play a role in the etiopathogenesis of AD through different 

mechanisms: by regulating calcium-sensitive receptor 

expression, increasing clearance of amyloid beta pep-

tides, decreasing and regulating matrix metalloproteinases, 

increasing heme oxygenase 1, regulating oxidative stress 

and neurotransmission, and modulating immune and 

inflammatory processes, ultimately improving cognitive 

functions.17-20

It is estimated that approximately 50% of the adult popula-

tion has vitamin D deficiency in the world globally. Previous 

studies have shown that serum total vitamin D levels were 

lower than normal in approximately 70%–90% of patients 

with AD.21,22 In the present study, we also found 25(OH)D 

deficiency in 70.6% in our group of patients with AD and in 

41.2% of our control patients.

We found no significant difference in levels of 1,25(OH)2D, 

the active form of vitamin D, between patients with AD and 

control patients. Many tissues express 1α-hydroxylase 

and can locally convert circulating 25(OH)D into its active 

form. Therefore, it is possible that total or free 1.25(OH)2D 

levels in circulation are not good indicators of vitamin D 

efficacy.23 This consideration is also supported by the find-

ings of our study. In previous studies, 25(OH)D was found 

to be the best indicator of the depot form of vitamin D in 

the liver.24

Table 2. Results of Biochemical Parameters in Patient and Control Groups (N = 85 in each group)

 Mean SD Median Minimum Maximum P Value

Calcium (mg/dL) Control 9.2 0.7 9.3 6.4 10.9 .738
Patient 9.2 0.6 9.3 6.8 10.5

Phosphorus (mg/dL) Control 3.5 0.7 3.4 0.5 5.2 .645
Patient 3.5 0.6 3.6 1.9 4.7

Albumin (g/dL) Control 4.2 0.5 4.3 2.6 5 .520
Patient 4.2 0.4 4.3 3.0 5.0

1,25(OH)2D (pg/mL) Control 71.1 39.7 60.5 20.9 217.7 .689
Patient 72.6 37.1 62.7 23.6 186.1

VDBP (µg/mL) Control 146.5 129.6 103.5 2.3 512.3 .035
Patient 192.6 151.1 145.6 9.7 521.7

25(OH)D (ng/mL) Control 23.9 12.7 23.5 5.6 70.4 <.001
Patient 16.8 12.0 13.0 4.4 78.1

PTH (pg/mL) Control 59.3 37.6 49.0 8.6 201.9 .803
Patient 63.8 52.9 51.7 8.7 411.4

Free 25(OH)D (pg/mL) Control 17.8 14.8 13.8 1.2 82.1 <.001
Patient 9.4 9.3 7.0 1.1 58.8

Bioavailable 25(OH)D (ng/mL) Control 6.9 5.9 5.7 0.4 36.0 <.001
Patient 3.6 3.7 2.6 0.4 24.1

Bioavailable 25(OH)D/total 25(OH)D ratio Control 0.3 0.2 0.2 0.06 0.9 .041
Patient 0.2 0.2 0.2 0.05 0.7

SD, standard deviation; 1,25(OH)D, 1,25 dihydroxyvitamin D; VDBP, vitamin D binding protein; 25(OH)D, 25-hydroxyvitamin D; PTH, parathormone.
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In the present study, VDBP levels were found to be in-

creased in the AD group compared with the control group. 

Because VDBP binds vitamin D, the increase in its levels 

reduces the effective free fraction of vitamin D. In this case, 

hormone activity decreases as the free form decreases 

even if there is sufficient vitamin D in serum. Formulas for 

calculating bioavailable 25(OH)D have been developed in 

previous studies. However, these methods define the bio-

available hormone as both the free and the albumin-bound 

fraction; that is, the fraction not bound to circulating binding 

proteins such as VDBP.25 We calculated serum levels of 

free 25(OH)D and bioavailable 25(OH)D and the bioavailable 

25(OH)D/total 25(OH)D ratio based on this information and 

found that they all were significantly lower in patients with 

AD. These findings suggest that even if serum total vitamin 

D concentrations are sufficient, vitamin D may not be ef-

fective if the levels of its free form are low.

Some studies have shown that cerebrospinal fluid VDBP 

levels are increased in patients with AD.16,26 Others have 

also shown that VDBP injected into mice limits the bio-

logical activity of 1,25(OH)2D.27,28 Therefore, the increased 

levels of VDBP in the patients with AD in our study are in 

agreement with previous studies and support the view that 

such increased levels of VDBP may limit the effects of the 

free and effective forms of vitamin D. Although it has been 

reported that the normal serum levels of VDBP are slightly 

higher in women than in men,29 we could not show a sig-

nificant difference in VDBP levels depending on sex in the 

present study. Because all of the female patients with AD 

and female control patients included in our study were in 

the postmenopausal period, this finding may be attributed 

to the effects of estrogen on VDBP levels.

Although many studies conducted to show a correlation 

between cognitive impairment and vitamin D deficiency 

have shown lower levels of 25(OH)D in patients with AD 

compared with those in age-matched healthy control pa-

tients, free 25(OH)D that corresponds to the effective forms 

of vitamin D and bioavailable 25(OH)D and the bioavailable 

25(OH)D/total 25(OH)D ratio have not been studied be-

fore. In the present study, by studying 1,25(OH)2D, VDBP, 

bioavailable 25(OH)D, and the bioavailable 25(OH)D/total 

25(OH)D ratio in addition to 25(OH)D we have provided 

evidence in support of the view that the effective form of 

vitamin D is lower in patients with AD compared with that in 

control patients.

We found no significant relationship between vitamin D 

levels and sex. There are contradicting results in the litera-

ture; although the majority of studies investigating the rela-

tionship between vitamin D levels and cognitive functions 

have reported sex differences,30–32 some studies have ar-

gued that sex differences were not important.33,34 Although 

the reasons for these conflicting results are not clear, factors 

such as lifestyle and sociocultural factors of the participants 

and the locations where different studies were performed 

may have some role in the observed findings.

Neurotrophic, neuroprotective, and neuromodulating ef-

fects of vitamin D are well known. In considering the effect 

of vitamin D deficiency in the etiopathogenesis of AD, one 

can argue that vitamin D deficiency may be a risk factor in 

the development of AD and dementia because it may be 

more common in the geriatric population because of poor 

dietary intake, malabsorption, and difficulty in oral intake. 

Therefore, it can be proposed that follow-up of serum 

vitamin D levels and vitamin D replacement in patients with 

vitamin D deficiency may improve cognitive function and 

protect against dementia.

Conclusion

We showed that serum 25(OH)D, free25(OH)D, and bio-

available 25(OH)D levels were lower in patients with AD. 

We also found increased VDBP levels in these patients 

compared to control patients. Increased VDBP may 

reduce the bioavailability of vitamin D by reducing the 

levels of the free and effective forms of vitamin D. Taken 

together, our findings suggest that vitamin D efficacy 

may be limited in patients with AD because of reduction 

in serum vitamin D including the serum free and bio-

available hormone levels, which are the effective forms 

of vitamin D. Findings of the present study also suggest 

that serum 1,25(OH)2D levels are not a good indicator 

of vitamin D activity, whereas the levels of free and 

bioavailable 25(OH)D may be more accurate measures 

of active and effective vitamin D. Long-term follow-up 

studies measuring baseline vitamin D levels (total, free, 

bioavailable 25[OH]D) in healthy control patients without 

dementia together with those assessing cognitive status 

in patients receiving replacement therapy for vitamin D 

deficiency may shed light on our findings. LM
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ABSTRACT
Objective: Hyperbilirubinemia is associated with protection against 
various oxidative stress-mediated diseases. We aimed to investigate the 
association between bilirubin and novel electrocardiography (ECG)-
based ventricular repolarization parameters.

Methods: We enrolled 201 healthy men with mild hyperbilirubinemia 
(group 1) and 219 healthy men with normal bilirubin levels (group 2). 
The Tpeak-Tend (Tp-e) interval (defined as the interval from the peak 
of the T wave to the end of the T wave), corrected (c) Tp-e interval, QT 
interval, cQT interval, and Tp-e interval/QT interval ratio were measured 
from leads V

5
 and V

6
 with 20 mm/mV amplitude and 50 mm/second 

rate.

Results: The Tp-e interval, cTp-e interval, and Tp-e interval/QT interval 
ratio were significantly lower in group 1 compared with group 2. The 
cTp-e interval showed a significant negative correlation with total bilirubin, 
conjugated bilirubin, and unconjugated bilirubin. The cTp-e interval (odds 
ratio [OR], 0.900; P =.002) and Tp-e interval/QT interval ratio (OR, 0.922; 
P =.04) were significantly associated with mild hyperbilirubinemia.

Conclusion: We showed the association of mild hyperbilirubinemia 
with decreased novel ECG-based ventricular repolarization parameters.

Keywords: bilirubin, Tp-e interval, Tp-e interval/QT interval ratio, 
QT interval, ventricular arrhythmia, ECG

 

Bilirubin, the final product of hemoglobin catabolism, 

was considered a threatening sign of an underlying liver 

and gallbladder diseases for years. However, recent data 

suggest that it is also a potent endogenous antioxidant 

because of a system of conjugated double bonds within its 

molecule.1,2 There is growing evidence that bilirubin con-

centrations are associated with protection against various 

oxidative stress-mediated diseases, including cardiovas-

cular diseases, diabetes, certain cancers, and autoimmune 

diseases.3,4 In addition to the aforementioned diseases, 

accumulating evidence suggests a link between oxida-

tive processes and cardiac arrhythmias.5,6 In contrast to 

emerging data about the relationship of bilirubin with atrial 

fibrillation (AF) and with predictors of AF,7-9 clinical trials 

studying the association of bilirubin with ventricular ar-

rhythmia are limited.

In the past 2 decades, some ventricular repolarization 

markers have been found to be useful to predict ar-

rhythmias, including the QT interval, QT dispersion, and 

T-wave alternans.10,11 Recent studies have suggested 

that new indexes such as the Tpeak-Tend (Tp-e) interval 

(defined as the interval from the peak of the T wave to 

the end of the T wave), corrected (c) Tp-e interval, and 

Tp-e interval/QT interval (Tp-e/QT) ratio may be asso-

ciated with ventricular arrhythmias in various clinical 

scenarios.12-16

No trial has evaluated the Tp-e interval, cTp-e interval, and 

Tp-e/QT ratio in patients with mild hyperbilirubinemia. The 

aim of this study was to investigate the association between 

serum bilirubin levels and ventricular repolarization using 

the Tp-e interval and Tp-e/QT ratio.

Abbreviations:

ECG, electrocardiography; c, corrected; Tp-e, Tpeak-Tend; OR, odds ratio; 
AF, atrial fibrillation; BP, blood pressure; BMI, body mass index; HR, heart 
rate; ROS, reactive oxygen species; HF, heart failure; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; bil, bilirubin.
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Materials and Methods

Study Population and Study Protocol

The study population consisted of outpatients who were re-

ferred to our Army Check-Up Center for general youth health 

screening from January 2019 to July 2019. A total of 890 male 

patients whose age range was between 20 and 44 underwent 

electrocardiography (ECG), blood pressure (BP) measurement, 

basic transthoracic echocardiography, hepatic ultrasonog-

raphy, and routine biochemical tests.

Of these patients, 201 patients with mild hyperbilirubinemia 

(total bilirubin level > 1.2 mg/dL and indirect bilirubin level > 

1 mg/dL), normal hepatic enzymes, reticulocyte level < 2% 

measured by reticulocyte smear, lack of hemolytic disease, 

and normal hepatic ultrasonography were considered as 

group 1. There were 219 age-matched otherwise healthy 

patients with normal bilirubin levels included as the control 

group (group 2).

A total bilirubin level > 5.3 mg/dL, a history of coronary 

artery or valvular heart disease, systolic heart failure 

(HF), diabetes mellitus, liver disease, gallbladder disease, 

chronic renal disease, alcohol or drug abuse, hypo- or 

hyperthyroidism, previous use of antihypertensive drugs 

or statins, hypoalbuminemia, hematologic disease such 

as myelodysplastic syndrome, leukemia, lymphoma, and 

vitamin B
12

 deficiency were the exclusion criteria.

The study was approved by the Institutional Ethic 

Committee. All patients were informed and gave written 

consent. Patient age, height, and weight were recorded. 

Patients were questioned for smoking history. Smokers 

were defined as those who smoked ≥1 cigarettes per day 

or those who had quit smoking within < 2 years previously. 

The BP of all patients was measured with a sphygmoman-

ometer following at least 15 minutes of resting. Body mass 

index (BMI) was calculated by dividing body weight in kilo-

grams by the square of the height in meters (kg/m2). Blood 

for biochemical analysis was taken after fasting for 12 

hours. Routine biochemical investigations and cholesterol 

parameters of the patients were calculated using the Abbott 

ARCHITECT c16000 (Abbott Laboratories, USA) auto-

analyzer. The hematologic tests were performed using the 

Abbott Cell Dyn Ruby analyzer (Abbott Diagnostics, USA). 

Thyrotropin test was performed using the chemiluminescent 

microparticle immunoassay method of the Abbott Architect 

I 2000 immunology analyzer (Abbott Diagnostics, USA). 

Serum bilirubin levels were measured 1 week later in pa-

tients with mild hyperbilirubinemia to confirm the diagnosis.

ECG

Twelve-lead resting ECGs were performed, with 20 mm/

mV amplitude and 50 mm/second rate with standard lead 

derivations, on an ECG machine (Hewlett Packard, Page-

writer, USA). Patients were not allowed to talk during the 

ECG. The ECG measurements of Tp-e and QT intervals and 

heart rate (HR) were performed manually using a magnifying 

Glass (TorQ 150 mm Digital Caliper LCD) by 2 cardiolo-

gists blinded to the clinical data. Patients with U-waves 

on their ECGs were excluded from the study. The Tp-e 

interval was defined as the interval from the peak of the T 

wave to the end of the T wave using precordial lead V
5
.17,18 

Measurements of the Tp-e interval were performed from 

precordial lead V
5
 and corrected for HR using the Bazett 

formula: cTp-e = Tp-e√(R-R interval). The QT interval was 

measured from the beginning of the QRS complex to the 

end of the T wave in precordial lead V
6
, which best reflects 

the transmural axis of the left ventricle19 and was corrected 

for HR using the Bazett formula: cQT = QT√(R-R interval). 

The Tp-e/QT ratio and cTp-e/cQT ratio were calculated 

from these measurements. Interobserver and intraobserver 

coefficients of variation were each < 5%, respectively.

Statistical Analysis

Continuous variables were presented as mean ± standard 

deviation or median, and categorical variables were ex-

pressed as number and percentage. The Shapiro-Wilk test 

was used to identify the normally distributed variables. The 

continuous variables were compared across the groups 

using the Student’s t-test or the Mann-Whitney U test. 

The categorical variables were compared using the χ 2 

test. Spearman correlation analysis was performed to find 

the correlations between the cTp-e interval and bilirubin 

levels. To determine the independent predictors of mild 

hyperbilirubinemia, binary logistic regression analysis with 

the Enter method was performed. Variables that were found 

to be statistically significant in the univariate analysis were 

entered in the regression model. The results of the regres-

sion analysis were presented as odds ratio (OR) and 95% 

confidence interval. All data were analyzed with SPSS v16.0 

for Windows (SPSS Inc, Chicago, IL). A P value <.05 was 

considered statistically significant.
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Results

A total of 201 patients with mild hyperbilirubinemia as 

group 1 and 219 patients with normal bilirubin levels 

as group 2 were included in our study. Baseline demo-

graphic and clinical characteristics are shown in Table 1. 

Baseline characteristics of the study groups were similar 

regarding age, systolic BP, diastolic BP, BMI, smoking 

history, glucose, cholesterol panel, thyrotropin, creatinine, 

alanine aminotransferase, aspartate aminotransferase, 

sedimentation, and hematocrit. Total, conjugated, and 

unconjugated bilirubin levels were significantly higher in 

group 1 than in group 2 (P <.001). Patient ECG findings 

are shown in Table 2. The QRS interval and QT interval 

were similar between groups. The HR and cQT interval 

were lower in group 1 compared with group 2, but those 

findings did not achieve statistical significance. The Tp-e 

interval, cTp-e interval, and Tp-e/QT ratio were signifi-

cantly lower in group 1 compared with group 2 (P <.001). 

Furthermore, in the Spearman correlation analysis, the 

cTp-e interval showed a significant negative correl-

ation with total bilirubin (r = 0.555; P <.001), conjugated 

bilirubin (r = 0.529; P <.001), and unconjugated bili-

rubin (r = 0.521; P <.001). Multivariate logistic regres-

sion analysis showed that the cTp-e interval (OR, 0.900; 

P =.002) and Tp-e/QT ratio (OR, 0.922; P =.04) were 

significantly and independently associated with mild 

hyperbilirubinemia (Table 3).

Discussion

In this study, we compared the repolarization parameters 

(Tp-e interval, QT interval, Tp-e/QT ratio, cTp-e interval, 

and cQT interval) among otherwise healthy men with a 

normal bilirubin level and otherwise healthy men with mild 

hyperbilirubinemia. Our study is the first report to show 

the relationship between cTp-e interval, Tp-e/QT ratio, and 

mild hyperbilirubinemia. First, we found a significantly lower 

Tp-e interval, cTp-e interval, and Tp-e/QT ratio in group 1 

(patients with mild hyperbilirubinemia) compared with group 

2 (patients with normal bilirubin levels). Second, the cTp-e 

interval showed a significant negative correlation with bili-

rubin levels. Third, the cTp-e interval and the Tp-e/QT ratio 

showed a significant and independent association with mild 

hyperbilirubinemia.

Previous research had suggested that bilirubin was a 

nonfunctional waste product of hemoglobin metabolism 

Table 1. Baseline Demographic and Clinical Characteristics of Study Groups

Group 1c Group 2d P Value

n = 201 n = 219

Age, ya 26.96 ± 3.87 27.51 ± 4.27 .35
SBP, mm Hgb 120 (96–140) 120 (101–140) .53
DBP, mm Hg b 75 (50–89) 74 (53–93) .99
BMI a 24.17 ± 2.50 24.47 ± 2.45 .52
Smoking, n (%) 35 (52.2) 37 (50.7) .85
Fasting glucose a 87.81 ± 8.49 89.27 ± 8.73 .32
Total cholesterol a 164.34 ± 31.56 160.94 ± 39.78 .57
Thyrotropin b 1.66 (0.45–4.00) 1.44 (0.3–4.95) .41
Creatinine a 0.86 ± 0.14 0.82 ± 0.14 .95
Total bil b 1.72 (1.37–3.82) 0.52 (0.23–1.00) <.001
Conjugated bil b 0.31 (0.14–0.73) 0.21 (0.04–0.43) <.001
Unconjugated bil b 1.41 (1.2–3.54) 0.34 (0.07–0.58) <.001
Aspartate aminotransferase b 15.0 (6–35) 14.0 (8–24) .42
Alanine aminotransferase b 18.0 (6–43) 19.0 (9–40) .92
Sedimentation b 3 (1–19) 4 (4–11) .25
Hematocrit a 52.27 ± 2.9 51.88 ± 2.9 .43

SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; bil =  bilirubin.
aMean ± standard deviation.
bMedian (min-max). 
cGroup 1 = patients with mild hyperbilirubinemia. 
dGroup 2 = patients with normal bilirubin levels. 
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and that hyperbilirubinemia was even neurotoxic. However, 

Stocker et al suggested that bilirubin was also a potent 

endogenous antioxidant because of a system of conjugated 

double bonds within its molecule in their landmark study.1 

Other researchers also showed that bilirubin was more 

effective in protecting low-density lipoprotein against oxida-

tion by reactive oxygen species (ROS) than several known 

antioxidants.2,20 An inverse relationship between serum 

bilirubin and the risk of myocardial infarction, coronary 

artery disease, and peripheral vascular disease risk was 

found in several previous studies including the Framingham 

Offspring Study.21-25 Although not as robust as the data 

regarding the aforementioned diseases, emerging data also 

link bilirubin to cardiac arrhythmias. Serum bilirubin levels 

were shown to be lower among patients with AF in a recent 

study by Demir et al.8 Cüre et al9 showed that increased 

bilirubin levels were associated with a decrease in HR, QT 

interval, and P-wave dispersion, a novel predictor of AF, in 

patients with mild hyperbilirubinemia. Ours is the first study 

linking bilirubin to the Tp-e interval and the Tp-e/QT ratio.

 Ventricular arrhythmias, a common cause of sudden car-

diac death, may present in apparently healthy individuals. 

It may be possible to predict the development of ven-

tricular cardiac arrhythmias by analyzing several ventricular 

repolarization indicators in ECG. Of these, the QT interval, 

the cQT interval, and QT interval dispersion have been ex-

tensively studied in previous trials.10,11 Recent studies have 

suggested the Tp-e interval as a novel index of the trans-

mural dispersion of repolarization. A prolonged Tp-e interval 

has been shown to be associated with ventricular arrhyth-

mias in various clinical scenarios.12-16

The relationship of mild hyperbilirubinemia to a de-

creased cTp-e interval and Tp-e/QT ratio, as shown in the 

present study, may result from the antioxidant properties 

of bilirubin. It is well known that arrhythmic conditions 

are associated with systemic and cardiac oxidative stress 

caused by ROS.5 Excess amounts of ROS can result in 

focal activity by modifying many of the ionic currents in 

cardiomyocytes, cardiomyocyte coupling, and important 

elements of the extracellular matrix.26,27 In addition, ROS 

may promote cardiac fibrosis and impair gap junction func-

tion, resulting in reduced myocyte coupling and facilitation 

of re-entry. The resulting heterogeneous action potential 

duration has been shown to be a possible mechanism 

for re-entry in oxidative stress.28 Any situation associated 

with decreased oxidative stress may relate to less re-entry 

and subsequent ventricular arrhythmias. Interestingly, 

functional re-entry has been shown to be the underlying 

mechanism for arrhythmogenesis associated with a pro-

longed Tp-e interval.29,30 We found a powerful association 

between mild hyperbilirubinemia and a decreased Tp-e 

interval. Our results suggest that hyperbilirubinemia, a 

potent antioxidant, may decrease re-entry–associated 

ventricular arrhythmias by lowering the cTp-e interval and 

modulating ventricular repolarization characteristics.

Moreover, recent trials using antioxidants as a potential 

antiarrhythmic drug may support the results of the present 

study and the potential benefits of bilirubin.31,32 An ex-

perimental study showed that pretreatment with bilirubin 

significantly prevented bufadienolide (a novel anticancer 

drug)-induced premature ventricular complexes, ventricular 

tachycardia, ventricular fibrillation, and death.33 Bakrania 

et al34 showed that hyperbilirubinemia was associated with 

a negative inotropic effect on the heart of a male Gunn rat 

and decreased the levels of ventricular malondialdehyde 

and protein carbonyl content, indicating lower levels of 

cellular oxidative stress. In light of these findings, it is pos-

sible that the association of mild hyperbilirubinemia with 

a decreased cTp-e interval as shown in the present study 

may reflect the favorable impact of bilirubin on ventricular 

repolarization as a potent antioxidant.

Table 2. ECG Findings of Study Groups

Group 1 Group 2 P Value

HR, bpma 71.42 ± 12.51 74.12 ± 11.55 .18
QRS interval (ms)b 100 (80–120) 100 (80–130) .87
QT interval (ms)b 360 (290–420) 360 (320–420) .86
cQT (ms)a 391.64 ± 26.49 402.52 ± 27.04 .018
Tp-e (ms)b 80 (60–110) 100 (75–150)  <.001
cTp-e (ms)a 90.79 ± 13.80 112.18 ± 15.34  <.001
Tp-e/QT ratioa 0.23 ± 0.03 0.28 ± 0.03  <.001

ECG, electrocardiography; HR, heart rate; Tp-e, T-wave interval from peak to end; c, 
corrected.
aMean ± standard deviation. 
bMedian (min-max). 

Table 3.  Multiple Linear Regression Model 
Identifying Independent Factors Associated with 
Mild Hyperbilirubinemia

Variable Β Value (95% confidence interval) P Value

cQT 1.016 (0.995–1.037) .136
Tp-e 0.984 (0.924–1.049) .627
cTp-e 0.900 (0.843–0.961) .002
Tp-e/QT 0.922 (0.816–0.975) .04

c, corrected; Tp-e, T-wave interval from peak to end.
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Interestingly, bilirubin may be related to worse outcomes in 

some circumstances. Okada et al35 showed that patients 

with acute decompensated HF with elevated bilirubin had 

a significantly higher rate of the composite endpoint of all-

cause mortality or readmission compared with those with 

normal bilirubin. The same inverse relationship was also 

shown in patients with chronic HF and with acute myo-

cardial infarction.36,37 There is an apparent paradox that 

bilirubin may become antioxidant in certain situations, par-

ticularly when it is present in blood at moderately increased 

concentrations, which may reflect adverse outcomes in 

some pathological states. All patients in the present study 

were otherwise healthy, and their hepatic enzymes were 

in normal limits. The results of the present study may 

highlight the aforementioned paradox that hepatic func-

tions should be normal to obtain antioxidant properties 

of bilirubin. In addition, the previous studies proved that 

hyperbilirubinemia because of underlying abnormal liver 

function did not only result in protection against vascular 

diseases but also eliminated the protective effects of bili-

rubin on all-cause mortality.38,39

The most important limitation of our study is the small number 

of patients enrolled. Although we used 2 blood specimens 

for measurement in the patients with mild hyperbilirubinemia, 

plasma bilirubin concentrations are known to exhibit sub-

stantial variability. We also could not assess the association 

between ventricular arrhythmias and the cTp-e interval and 

Tp-e/QT ratio because the study patients were not followed 

up prospectively for episodes of ventricular arrhythmias. 

Finally, this study sample is not representative of the general 

population. The enrollment of only men younger than age 45 

years without comorbidity may limit the scope and generaliz-

ability of the present study. Large-scale prospective studies 

involving both men and women with multiple risk factors and 

comorbidities are needed to reveal the relationship between 

hyperbilirubinemia and ventricular repolarization parameters 

more clearly. Although specific bilirubin-based therapeutic 

approaches seem to have big therapeutic potential, further 

research targeting good clinical outcomes is required to un-

cover this promising field completely.

Conclusion

The present study showed the association of mild 

hyperbilirubinemia with a decreased cTp-e interval and 

Tp-e/QT ratio. Hyperbilirubinemia may decrease the inci-

dence of ventricular arrhythmias by its antioxidant prop-

erties. The protective role of hyperbilirubinemia in the risk 

of ventricular arrhythmias needs clarification in further 

studies. LM
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ABSTRACT
Objective: To validate a novel rapid molecular testing method 
for differentiation of homozygous hemoglobin (Hb)E and 
HbE/β 0-thalassemia genotypes using multiplex melt curve combined 
with high-resolution melt (HRM) analysis in a single test tube.

Methods: All 10 genotypes contained (β N/β N; n = 95), (β N/β 3.5-kb; n = 71), 
(β N/β 45-kb; n = 28), (β N/β E; n = 10), (β E/β 3.5-kb; n = 6), (β E/β 45-kb; n = 4), 
(β E/β 41/42; n = 28), (β E/β 17; n = 9), (β E/β IVSI#1; n = 6), and (β E/β E; n = 76) 
were recruited for validation. A proposed strategy for rapid differentiation 
of β 0-thalassemia/HbE disease and homozygous Hb E in specimens with 
HbE greater than 80% and variable HbF levels was demonstrated.

Results: In the validation method, all genotypes showed 100% 
concordance, compared with the conventional reverse dot blot (RDB) 
and gap–polymerase chain reaction (PCR) methods.

Conclusions: Our newly developed method could be useful in routine 
laboratory settings. The method is rapid, simple, and cost effective; 
does not require a post-PCR step; and can be applied in routine 
settings.

Keywords: HbE/β0-thalassemia, homozygous HbE, HRM analysis, melt-
curve analysis, 3.5-kb deletion, 45-kb deletion

 

Hemoglobin (Hb)E is a common hemoglobinopathic mani-

festation in Southeast Asian populations, especially in 

Thailand, where the prevalence has been reported to be 

as high as 50% in some areas.1,2 This condition is caused 

by a single base substitution of GAG for AAG at codon 26 

(HBB:c.79G>A) of the β-globin gene, resulting in changing 

glutamic acid to lysine substitution. Clinical manifestation 

of heterozygous HbE is usually asymptomatic; however, 

homozygous HbE can present with mild anemia and 

hypochromic microcytic erythrocytes.1 

The combination of HbE and β-thalassemia (HbE/β-

thalassemia) results in a wide variety of clinical disorders, 

depending on the type of β-thalassemia mutation.3 Screening 

for HbE is performed with the dichlorophenolindophenol 

(DCIP) precipitation test, and confirmation testing is carried 

out using high-performance liquid chromatography (HPLC) 

or capillary electrophoresis (CE). Normally, the levels of HbE/

A2 and HbF in patients with homozygous HbE (Hb type: EE) 

range from 80% to 100% and less than 5%, respectively; 

those levels in HbE/β 0-thalassemia (Hb type: EF) range from 

40% through 70% and 30% through 60%, respectively.4,5 

However, some cases of homozygous HbE or HbE/β 0-thal-

assemia (Hb type: EE/EF) have shown variable HbE and HbF 

levels, causing a frequent problem at routine Hb analysis 

among Southeast Asian populations.6,7 Thus, further mo-

lecular analysis needs to be performed for differential diag-

nosis of these conditions. 

The genotyping of HbE is usually performed using the 

amplification-refractory mutation system (ARMS) or reverse 



dot blot (RDB) analysis to detect point mutations. However, 

HbE with large deletional β 0-thalassemia can show similar 

results to homozygous HbE in those methods. Thus, the 

complete HbE genotyping should be performed using those 

techniques and gap–polymerase chain reaction (gap-PCR), 

respectively.8–12

These multiple techniques required to accurately deter-

mine the HbE genotype require considerable time, labor, 

and cost. In this study, we developed a new molecular 

analysis technique that can differentiate between homo-

zygous HbE and HbE/β 0-thalassemia, which are prevalent 

among Southeast Asian populations, using multiplex melt 

curve and high-resolution melting (HRM) analysis in a single 

test tube.

Materials and Methods

Specimens

Ethical approval of the study protocol was obtained from 

the Human Research Ethics Committee (HREC), Faculty 

of Medicine, Prince of Songkla University (REC 62-073-

5-2), Songkla, Thailand. Archival DNA specimens were 

obtained from the Thalassemia Service Unit, Department 

of Pathology, Faculty of Medicine, Prince of Songkla 

University. Identification of β-thalassemia is routinely per-

formed in our laboratory using RDB analysis to detect point 

mutations and gap-PCR to detect large deletions, as de-

scribed elsewhere.10–12

A total of 333 DNA specimens from healthy individuals 

and patients with β-thalassemia were used in this study. 

HbE/β 0-thalassemia genotypes were selected based on 

their high prevalence in this region (ie, β E/β 41/42, β E/β 17, 

β E/β IVSI#1, β E/β 3.5-kb, and β E/β 45-kb). Further, we selected 

specimens that were heterozygous for large deletion 

β 0-thalassemia, heterozygous HbE, and wildtype for val-

idation of our novel testing method. Among these 333 

specimens, 95 had a healthy beta globin gene (β N/β N), 71 

specimens had heterozygous β 3.5-kb-thalassemia (β N/β 3.5-

kb), 28 had heterozygous β 45-kb-thalassemia (β N/β 45-kb), 

10 had heterozygous HbE (β N/β E), 6 had HbE/β 3.5-kb-

thalassemia (β E/β 3.5-kb), 4 had HbE/β 45-kb-thalassemia 

(β E/β 45kb), 28 had HbE/β 41/42-thalassemia (β E/β 41/42), 9 

had HbE/β 17-thalassemia (β E/β 17), 6 had HbE/β IVSI#1-

thalassemia (β E/β IVSI#1), and 76 had homozygous HbE 

(β E/β E). All specimens were anonymized before being 

used for validation with our newly developed method, to 

avoid interpretation bias.

Development and Validation of Multiplex Melt 
Curves and HRM Analysis

A novel method based on melt curve and HRM analysis 

was developed. We designed a process to differentiate 

β 0-thalassemia (3.5-kb deletion), β 0-thalassemia (45-kb 

deletion) and the β-globin gene (codon 26 fragment) using 

melt-curve analysis based on PCR product amplicons 

(melting temperature [Tm]). HbE was continually geno-

typed by HRM analysis based on selected PCR product 

amplicons of the β-globin gene (codon 26 fragment). The 

3 primer pairs and PCR product details are shown in Table 
1. Detection of β 0-thalassemia large deletions and HbE 

(HBB:c.79G>A) genotyping was performed using real-time 

PCR machine which is Quantstudio5 product of Thermo 

Fisher, systems. The single tube of multiplex melt-curve and 

HRM reaction mixture (20 μL) contained 2 μL of 20 ng per 

μL genomic DNA, 10 μL of 2X Sensifast HRM kit (Bioline), 

0.4 μL of 10 μM primer pairs of β 0-thalassemia (45- and 

3.5-kb deletion) (F1, R1, F2, R2), 0.2 μL of 10 μM primers 

pairs of codon 26 fragments (F3 and R3), and distilled water 

for the remainder. Thermal cycling was performed on mean 

real-time PCR namely Quanstudio5 (a model of Thermo 

fisher product), starting with the holding stage (95oC for 

Table 1. List of the Primer Pairs and PCR Product Details

No. Primer PCR Product Method Specific Fragment

Forward (5′ > 3′) Reverse (5′ > 3′) bp Tm (°C)

1 (F1) AGACCTTATGATCTTGATAGGGA (R1) ATCCTTTATTTCTTTCTCTTGCC 58 72.0 Melt-curve analysis 45-kb deletion
2 (F2) TCCCCAGTTAACCTCCTATT (R2) CGGCTGCAACATGAATATTAG 140 77.0 Melt-curve analysis 3.5-kb deletion
3 (F3) ACGTGGATGAAGTTGGTG (R3) GCCCAGTTTCTATTGGTCTC 85 80.5 Melt-curve and HRM analysis Condon 26 fragment

PCR, polymerase chain reaction; Tm, melting temperature; HRM, high-resolution melt.
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3 minutes) for activation of enzyme Taq polymerase by 

heating before PCR steps, followed by 40 cycles of PCR 

(95oC for 5 seconds, 64oC for 15 seconds). The final step 

was the melt-curve stage, which was started at 95oC for 

10 seconds, followed by a melting cycle from 50oC to 95oC 

with temperature incrementation (rate, 0.025oC/seconds). 

HbE genotyping was selected at the specific melt curve of 

the β-globin gene (codon 26 fragment); then, we continued 

with HRM analysis performed on High Resolution Melt 

Software, version 3.1 (Thermo Fisher Scientific Inc.).

We determined the limits of detection (LOD) for our method 

using a DNA 10-fold serial dilution of 10 ng per reaction to 

0.001 ng per reaction across duplicate dilutions. We calcu-

lated 4 genotypes with LOD, namely, (β N/β 3.5-kb), (β N/β 45-kb), 

(β E/β 41/42), and (β E/β E). The values between Ct and log[DNA 

concentration] scatterplots were created by MINITAB stat-

istical software, version 14.12.0. A total of 333 leftover DNA 

specimens collected at our routine setting were examined in 

masked trials with the developed method, and the results of 

genotyping were compared with conventional routine RDB 

and gap-PCR assay results.

Results

Our method, based on multiplex melt-curve analysis, 

differentiates 3 specific amplicons, namely, β 0-thalas-

semia (45-kb deletion), β 0-thalassemia (3.5-kb deletion), 

and the β-globin gene (codon 26 fragment). The amp-

lified products were aligned according to Tm: 69.0°C 

to 74.0°C specific for β 0-thalassemia (45-kb deletion), 

74.0°C to 78.0°C specific for β 0-thalassemia (3.5-kb 

deletion), and 78.0°C to 82.0°C specific for the β-globin 

gene (codon 26 fragment; Figure 1). The specific melt 

curve of the β-globin gene (codon 26 fragment) was 

further investigated for differentiation of HbE genotyping 

based on HRM analysis. HRM analysis related to HbE 

(HBB:c.79G>A) genotyping demonstrated 4 different 

patterns—GG, GA, AA, and GA—with β IVSI#1-thalassemia 

(Figure 2). HbE/β 0-thalassemia (point mutation) and 

heterozygous HbE displayed a GA pattern, and homo-

zygous HbE and HbE/β 0-thalassemia (large deletion) 

showed an AA pattern. The normal β-globin gene 

codon 26 showed a GG pattern. Further, primer pairs 

of the β-globin gene (codon 26 fragment) could also be 

amplified to cover the common β 0-thalassemia mu-

tation (β IVSI#1-thalassemia) in Southeast Asia. Thus, 

HbE/β IVSI#1-thalassemia would show the specific HRM 

pattern, as mentioned herein.

To assess the sensitivity of the method we developed, we 

determined LOD values, as shown in Figure 3. 10-fold serial 

DNA dilutions were started, with 10 ng per reaction for each 

of the 4 genotypes (β N/β 3.5-kb, β N/β 45-kb, β E/β 41/42, and β E/β E). 

The LOD of the developed assay was 0.01 ng per reaction 

in all genotypes. To assess the correlation coefficient, a 

standard curve was also included for these serial dilutions. 

The results showed that R2 values of 0.995, 0.997, 0.998, 

and 0.996 were related to β N/β 3.5-kb, β N/β 45-kb, β E/β 41/42, and 

β E/β E, respectively (Figure 3).

The developed method was validated with 333 

deidentified specimens. As the results show in Table 2, 

all 10 genotypes recruited in the study showed 100% 

concordant results, compared with the conventional RDB 

and gap-PCR methods, as described. Melt-curve analysis 

results revealed that 71 heterozygous β 3.5-kb-thalassemia 

(β N/β 3.5-kb) and 6 HbE/β 3.5-kb-thalassemia (β E/β 3.5-kb) 

specimens had the same specific melt curve as β 0-thal-

assemia (3.5-kb deletion). Also, 28 heterozygous β 45-kb-

thalassemia (β N/β 45-kb) and 4 HbE/β 45-kb-thalassemia 

Figure 1

Melt-curve analysis with amplified products was aligned according 

to temperature melting, including 69.0°C–74.0°C specific for 

β 0-thalassemia (45-kb deletion), 74.0°C–78.0°C specific for 

β 0-thalassemia (3.5-kb deletion), and 78.0°C–82.0°C specific for 

the β-globin gene (codon 26 fragment). The specific melt curve of 

the β-globin gene (codon 26 fragment) was further investigated for 

hemoglobin E (HBB:c.79G>A) genotyping based on high-resolution 

melt (HRM) analysis.
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(β E/β 45-kb) specimens had the same specific melt curve of 

β 0-thalassemia (45-kb deletion). 

All 333 deidentified specimens represented the melt curve 

of the β-globin gene (codon 26 fragment) and were further 

investigated using HRM analysis. HRM specific to the G/G 

pattern was related to 95 specimens of β N/β N, 71 of β N/β 3.5-

kb, and 28 of β N/β 45-kb. For the G/A pattern, HRM specificty 

was observed in 10 specimens of β N/β E, 28 of β E/β 41/42, and 

9 of β E/β 17. In contrast, the  A/A pattern was found in 76 

specimens of β E/β E, 6 of β E/β 3.5-kb, and 4 of β E/β 45-kb. Finally, 

6 specimens of HbE/β IVSI#1-thalassemia were represented 

to be specific to the G/A genotype pattern with the β IVSI#1-

thalassemia pattern (Figure 2).

A proposed strategy using rapid melting curve combined 

HRM analysis for differentiation of β 0-thalassemia/HbE and 

homozygous HbE was demonstrated in Figure 4. According 

to the diagram, based on Hb analysis with EE or EE/EF, HbE 

of greater than 80% was usually diagnosed as homozygous 

HbE in molecular detection; however, β 0-thalassemia/HbE 

was rarely reported in these groups.7,14,15 Thus, this strategy 

is suitable for rapid completely genotyping of homozygous 

Hb E in a single test tube. 

Next we compared the cost-effectiveness of the conven-

tional vs developed method. In our setting, the costs per 

specimen of RDB and gap-PCR methods are currently 

US$24.80, and US$16.00, respectively. The overall cost 

per specimen of molecular testing using the conven-

tional method would be US$40.80, whereas the devel-

oped method would be US$4.30. Then, we compared 

the time consumed per test between the 2 methods. The 

conventional method takes more than 6 hours per run 

to perform. whereas our novel method takes less than 2 

hours per run. This finding seems to be of such magnitude 

to merit the implementation of our method in the field, to 

realize a significant reduction in terms of time and cost.

Discussion

A high frequency of HbE, heterogeneity of β-thalassemia, 

and genotype interaction of β-globin gene defect in HbE 

and β-thalassemia have been observed in Southeast 

Asian populations.13 The clinical manifestation of HbE is 

dependent on genotype (ie, heterozygous HbE usually 

presents with normal Hb levels and mean corpuscular 

volume [MCV], whereas homozygous HbE is usually asso-

ciated with a low Hb level or mild anemia and presents with 

hypochromic microcytic RBC). Coinheritance of HbE with 

β 0-thalassemia is called HbE/β0-thalassemia disease, which 

has a wide clinical manifestation ranging from mild anemia 

to severe thalassemia disease.1,3 

Routine Hb analysis is used for initial differentiation 

of HbE genotypes based on HbA, HbE, and HbF. For 

homozygous HbE, the EE type (Hb F less than 5%) and 

compound heterozygous HbE/β0-thalassemia disease, 

EF type (Hb F more than 20%) is usually used as diag-

nostic criterion in routine settings. However, HbF levels 

ranging from 5% to 20% have also been found in these 

genotypes.4,5,7 Recently, the results of 2 studies14,15 have 

suggested a simplified method using a score index for 

A B

with Hb E(GA)

with Hb E(GA)

Figure 2

Hemoglobin E (HBB:c.79G>A) genotyping using high-resolution melt (HRM) analysis on the β-globin gene (codon 26 fragment). The 

differentiation of genotypes (GG, GA, AA, and GA with β IVSI#1-thalassemia) is shown in aligned melt curves (A) and difference-aligned melt 

curves (B).
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differentiation of homozygous HbE and HbE/β 0-thalas-

semia. However, some cases of E/β 0-thalassemia that 

was coinherited with α-thalassemia (ie, HbH disease) 

showed limited results using these scores, resulting from 

lower levels of HbA2. Further, another limitation of these 

scores is that they can only be used to calculate cases in 

A B

Figure 3

Limit of detection (LOD) values for our novel assay method. To determine the LOD, DNA 10-fold serial dilutions were started with 10 ng/

reaction to 0.01 ng/reaction across duplicate dilutions for each of the 4 tested genotypes (β N/β 3.5-kb, β N/β 45-kb, β E/β 41/42, and β E/β E) (A), To 

assess the correlation coefficients, the results showed that R2 values of 0.995, 0.997, 0.998, and 0.996 were related to β N/β 3.5-kb, β N/β 45-kb, 

β E/β 41/42, and β E/β E, respectively (B).
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which Hb analysis is performed by a method capable of 

reporting HbA2 (ie, CE but not HPLC).15 Thus, differenti-

ation of both genotypes needs to be solved by accurate 

diagnosis using DNA analysis.

DNA analysis for differentiation of homozygous HbE and 

HbE/β 0-thalassemia is also performed based on ARMS 

or RDB analysis.8–10 However, a limitation of HbE/β 0-thal-

assemia (large deletion [ie, 3.5-kb, 45-kb deletion]) was 

observed when it was interpreted as homozygous HbE 

when only the ARMS or RDB analysis is used alone. Hence, 

β 0-thalassemia with common large deletion should be also 

applied in DNA analysis. 

Two conventional tests, RDB and gap-PCR tests for large de-

letion are normally performed in our routine setting; however, 

both methods are time-consuming, labor-intensive, expensive, 

and require a further post-PCR step. Our newly developed 

method, validated in the study described herein, can detect 

HbE genotyping and large deletion in a single test tube, for dif-

ferentiation of homozygous HbE and HbE/β 0-thalassemia. This 

novel method requires less time and labor and incurs lower 

cost, with no need for a post-PCR step, compared with the 

conventional RDB and gap-PCR methods. Further, gap-PCR 

in the conventional method should be replaced by our novel 

method for investigations of heterozygous large deletional 

β 0-thalassemia, as observed in a case with high HbA2 levels.9

LOD analysis was performed in our newly developed 

method on 4 genotypes: β N/β 3.5-kb, β N/β 45-kb, β E/β 41/42, 

Figure 4

A proposed strategy using rapid melting curve–combined high-

resolution melt (HRM) analysis for differentiation of β 0-thalassemia/

hemoglobin (Hb)E and homozygous HbE.
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and β E/β E (Figure 3). DNA concentration more than 0.01 

ng per reaction is represented with accurate results in our 

newly developed method. However, DNA concentrations 

are measured before performing molecular analysis in our 

practical routine. DNA specimens are usually used when 

the concentration is more than 5 ng per μL. Further, the 

standard curve plotted between Ct and log[DNA concentra-

tion] of 10-fold serial dilutions showed that all 4 genotypes 

had high correlations with R2 values of 0.995 to 0.998.

As shown in Table 2, the newly developed method showed 

100% concordant results in all anonymized specimens, 

compared with the conventional RDB and gap-PCR 

methods. For validation, all genotypes were selected 

based on common β 0-thalassemia mutations in this re-

gion. Although a rare β 0-thalassemia at codon 26 mutation 

(GAG>TAG) has been reported in Thailand, this mutation 

has the lowest incidence in this region, with only 1 docu-

mented case.16 Thus, a rare mutation (codon26; GAG>TAG) 

with HbE could have been expected to present in HRM 

analysis with a different pattern from the developed method. 

However, no specimen material was available from the 

archived specimen for validation of this theory. 

For reduction of bias in the validation method, we performed 

the study using different researchers to assign the codes 

and laboratory practice (one researcher designs the code 

for de-identify and another one does the experiment). In our 

differentiation of homozygous HbE and HbE/β 0-thalassemia, 

specimens with G/A pattern, as determined by HRM ana-

lysis, could be identified as having HbE/β 0-thalassemia and 

should be further investigated for β 0-thalassemia mutations. 

In contrast, the A/A pattern could definitely be identified 

as homozygous HbE. Further, the HbE/β IVSI#1-thalassemia 

variant that is common in this region also showed a specific 

HRM pattern; thus, there was no need to further confirm the 

identification by performing RDB or ARMS. Sequencing-

based confirmation is mandatory to claim the validation of 

the methodology and to avoid annotation errors in globin 

genes, as previously described.17 Nevertheless, in this 

study, such confirmation was not available in all specimens. 

However, the other β 0-thalassemia mutations were also con-

firmed via RDB in our routine setting.

In conclusion, our newly developed method, which uses 

multiplex melt curve and HRM analysis, is rapid, simple, and 

cost-effective; does not require a post-PCR step; and can 

be performed using a single test tube, all of which present 

advantages compared with conventional methods. Further, 

this novel method was validated in several genotypes in 

the study results. Thus, this method could be applied in 

routine settings where heterogeneity of HbE disorder and 

β-thalassemia are common. LM
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ABSTRACT
Objective: In this study, we assessed whether a hepatitis C virus (HCV) 
RNA test could replace recombinant immunoblot assay (RIBA) and 
reduce unnecessary supplemental tests as the signal-to-cutoff (S/Co) 
ratio from anti-HCV antibody (Ab) tests.

Methods: Anti-HCV Ab tests were performed to screen for HCV 
infections, and RIBA and real-time polymerase chain reaction were 
performed for HCV RNA to confirm HCV infection. Receiver operating 
characteristic curves were evaluated to determine the optimal S/Co 
ratios for predicting HCV infection.

Results: The cutoff value for the S/Co ratio was 3.63 for predicting RIBA 
results and 10.6 for predicting HCV RNA results. Our data suggested that 
an S/Co ratio ≥10.6 indicated a high risk of active HCV infection. An S/
Co ratio of 3.63 to 10.6 needed further evaluation and repeat HCV RNA 
testing. No further testing was required for S/Co ratios <3.63 or ≥10.6.

Conclusion: We determined that the S/Co ratio of the anti-HCV Ab test 
provides useful information to confirm HCV infections, including the need 
for further laboratory testing or clinical follow-up.

Keywords: HCV infection, RIBA, Anti-HCV Ab, S/Co ratio, HCV RNA, RT-PCR
 

Hepatitis C virus (HCV) is a major cause of chronic liver disease 

globally and associated morbidity and mortality.1 Laboratory 

testing is important in diagnosis and follow-up of patients with 

HCV infections. The methods for diagnosing HCV infection 

are detecting circulating antibodies (Abs) against HCV and 

detecting HCV RNA.2 The traditional approach to HCV testing 

is initial screening for anti-HCV Ab followed by supplemen-

tary testing using a recombinant immunoblot assay (RIBA), 

because of the chance of false positives from anti-HCV Ab 

tests. Physicians use HCV RNA tests to monitor responses to 

treatment and sometimes to confirm anti-HCV Ab positivity. 

However, the strategy for diagnosing HCV infection changed 

after discontinuation of the RIBA reagent in the United States. 

In 2013, the Centers for Disease Control and Prevention (CDC) 

updated its guidelines for testing for HCV infections, recom-

mending that a reactive result for an anti-HCV Ab test should 

be followed by an HCV RNA test.3 Meanwhile, the CDC stated 

that more studies are needed for a strategy to confirm a 

diagnosis of HCV infection.3 Therefore, patients with negative 

HCV RNA tests are required to have confirmation by further 

evaluation. Several studies have suggested that RIBA can be 

substituted with the signal-to-cutoff (S/Co) ratio of the anti-HCV 

Ab concentration.4 In this study, we analyzed whether HCV 

infection could be diagnosed correctly with an anti-HCV Ab test 

and an HCV RNA test without RIBA and evaluated the diag-

nostic performance with and without RIBA and the usefulness 

of the S/Co ratio.

Materials and Methods

Anti-HCV Ab Tests

The Centaur anti-HCV assay is an indirect 2-wash sand-

wich immunoassay that uses 2 recombinant antigens, c200 

(derived from NS3 and NS4) and NS5, and 1 synthetic HCV 



core peptide (c22). Specimens with a calculated index value 

of <0.8 were considered nonreactive. Those with an index 

value of 0.8 to 1.0 were considered equivocal, and those 

with a calculated index value >1.0 were considered reactive. 

We reviewed the S/Co ratio of all positive anti-HCV tests. 

For supplemental tests, specimens were stored at –70°C 

until testing.

The RIBA

Specimens that tested positive by the Centaur anti-HCV 

Ab assay were analyzed using the HCV BLOT 3.0 RIBA 

(MP Biomedicals, Illkirch, France). This assay uses nitrocel-

lulose strips containing recombinant HCV proteins for the 

core, NS3-1, NS3-2, NS4, and NS5 antigens. The intensity 

of the reactive bands was compared to the intensity of the 

control bands of anti-IgG and IgG. The test results were 

interpreted according to the manufacturer’s criteria: the 

absence of bands of 1+ or greater reactivity was considered 

negative, 1+ or greater reactivity to ≥2 HCV antigens or 2+ 

or greater reactivity to the core band only was considered 

positive, and any single band of 1+ or greater reactivity 

that did not meet the criteria for positivity was considered 

indeterminate.

HCV RNA Tests

Serum specimens were tested for HCV RNA using the 

COBAS AmpliPrep/COBAS TaqMan HCV Quantitative tests 

(Roche Diagnostics International Ltd, Rotkreuz, Switzerland) 

on a COBAS AmpliPrep/COBAS TaqMan Analyzer. This test 

detects genotypes 1 through 6 of HCV viral RNA with a de-

tection range of 15 IU/mL to 1 × 108 IU/mL.

Data Analysis

The Ab S/Co ratio was evaluated and compared with the 

RIBA and HCV RNA status. Receiver operating character-

istic (ROC) curves were constructed by plotting sensitivity 

vs 1-specificity; the ROC curves and the area under the 

ROC curves with a 95% confidence interval were deter-

mined using IBM SPSS20 (IBM Corp, Armonk, NY).

Results

We analyzed a total of 165 serum specimens that were 

positive for anti-HCV Ab for this study. The demographic 

characteristics of donors are shown in Table 1. Of the 165 

positive anti-HCV Ab specimens, 119 (72.1%) showed 

normal levels of alanine aminotransferase at 40 IU/L and 

46 (27.9%) had levels ≥40 IU/L. One hundred twenty-five 

specimens (75.8%) were RIBA-positive, 7 (4.2%) were 

RIBA-indeterminate, and 33 (20.0%) were RIBA-negative. In 

addition, results indicated that 72 specimens (43.6%) were 

positive for HCV RNA according to polymerase chain reac-

tion (PCR) and that 93 (56.4%) were negative.

The status of HCV infection was defined according to the 

results of the RIBA and HCV RNA tests among the anti-HCV 

Ab-positive specimens (Table 2). Of patients who provided 

anti-HCV Ab-positive specimens, 72 (43.6%) had current 

infections and 33 (20.0%) had false positives. If both RIBA 

and HCV RNA were negative, then false positive anti-HCV 

Ab tests were considered: 53 patients (32.1%) with RIBA-

positives and HCV RNA-negatives were considered to 

be from “accidental finding of RIBA positivity” after chart 

reviews. Among these 53 patients, 18 received treatment 

for HCV infection and 35 had no history of infection. Seven 

cases were indeterminate for RIBA and were considered to 

need repeated tests.

The cutoff values for the S/Co ratio were determined by 

ROC curve analysis based on RIBA and HCV RNA results. 

The cutoff value for the S/Co ratio for predicting RIBA re-

sults was 3.63 (sensitivity 95.2%, specificity 67.5%), and 

Table 1.  Clinical and Laboratory Characteristics 
of Patients Who Were Anti-HCV Ab-Positive 
(n = 165)

Characteristics Number

Male:female 90:75
Age, y (mean ± SD) 9–89 (56.2 ± 17.7)
Alanine aminotransferase (IU/L), median (range) 24 (2–1910)
 <40 119 (72.1%)
 ≥40 46 (27.9%)
HCV Ab test (%)  
 1.0 ≤ S/Co ratio < 3.6 33 (20.0)
 3.6 ≤ S/Co ratio < 10.6 30 (18.2)
 S/Co ratio ≥10.6 102 (61.8)
RIBA (%)  
 Negative 33 (20.0)
 Positive 125 (75.8)
 Indeterminate 7 (4.2)
HCV RNA (%)  
 Not detected 93 (56.4)
 Detected 72 (43.6)

Ab, antibody; HCV, hepatitis C virus; RIBA, recombinant immunoblot assay; S/Co, 
signal-to-cutoff; SD, standard deviation.
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the cutoff value for the S/Co ratio for predicting HCV RNA 

results was 10.6 (sensitivity 97.2%, specificity 65.6%). The 

results for RIBA and HCV RNA according to S/Co ratio are 

shown in Table 3.

Discussion

Accurate diagnosis of HCV infection is not simple. Anti-

HCV Ab acts as a screening test for HCV infection, but this 

serology test is not definitive, only suggestive. The current 

standard for diagnosis of HCV infection is a combination 

of immunoassays for anti-HCV Ab and molecular assays 

for HCV RNA.3 A reactive HCV Ab result indicates a current 

HCV infection or a past HCV infection that has resolved 

or is a false positive. Up to 25% of patients with HCV 

Ab-positive tests have undetectable HCV RNA because 

they have cleared the infection spontaneously.5 A nega-

tive result does not exclude acute infection.6 For anti-HCV 

Ab-positive and HCV RNA-negative tests, RIBA-positive 

results mean spontaneous healing from an HCV infection. 

However, because HCV RNA tests may be temporarily 

negative even during progression from acute hepatitis C 

infection to chronic hepatitis, even for RIBA-positive or HCV 

RNA-negative tests, HCV RNA testing should be repeated 

after 4 months to 6 months to confirm natural healing.7 Note 

that this strategy risks missing patients with HCV infection 

because the RIBA is not available at this time in most coun-

tries. Therefore, investigators are considering and applying 

various methods to replace RIBA.4,6

We analyzed whether HCV infection could be diagnosed 

correctly with an anti-HCV Ab test and an HCV RNA test 

without using RIBA. In patients with anti-HCV Ab-positive 

but negative HCV RNA tests, determining the infection 

status is difficult. These patients accounted for 93/165 

(56.3%) of the specimens in our study (Table 2). Of the 93 

specimens, 33 were negative on the RIBA test and were 

considered false positives for anti-HCV Ab. A review of 

medical records suggested that among the 53 patients with 

positive RIBA, 18 patients had a resolved HCV infection 

and the remaining 35 were positive for anti-HCV Ab without 

symptoms or liver function test findings. It was likely that 

there were HCV occult infections, so further testing and 

follow-up were necessary. The remaining 7 patients with 

HCV RNA negativity had tests read as indeterminate per the 

RIBA, so additional testing was needed.

After RIBA discontinuation in the United States, HCV RNA 

PCR has become the supplementary test for diagnosis of 

HCV infections. However, ruling out low levels of viremia 

or HCV occult infections for HCV RNA-negative tests is 

difficult. Previous studies have reported that depending on 

the S/Co ratio of anti-HCV Ab tests, HCV infection could be 

diagnosed without additional RIBA.4,8 In these studies, RIBA 

was not necessary to confirm a negative anti-HCV test for 

S/Co ratios <3.0 or to confirm a positive test for ratios ≥20. 

In our study, we used ROC curve analysis to determine the 

optimal S/Co ratio of anti-HCV to predict HCV infection. 

We determined that an S/Co ratio of 3.63 was the optimal 

cutoff for RIBA-positive HCV infections (Figure 1 and Table 
3). When the S/Co ratio was >10.6, all HCV RNA tests were 

positive and we confirmed HCV infections.

Table 2.  HCV Infection Status of Patients Who 
Were Anti-HCV Ab-Positive

RIBA HCV RNA Number

False-positive HCV Ab screening N N 33 (20.0%)
Probably resolved state P N 53 (32.1%)
 Treated HCV infection   18
 Accidental finding of RIBA positivity   35
Current HCV infection P P 72 (43.6%)
Indeterminate I N 7 (4.2%)

Ab, antibody; HCV, hepatitis C virus; I, indeterminate; N, negative; P, positive; RIBA, 
recombinant immunoblot assay.

Table 3. Results of RIBA and HCV RNA PCR According to HCV Ab S/Co Ratio

RIBA S/Co <3.63 3.63 ≤ S/Co < 10.6 S/Co ≥10.6

HCV RNA-positive HCV RNA-
negative

HCV RNA-positiveHCV RNA-
negative

HCV RNA-positiveHCV RNA-
negative

Positive 1 5 1 17 70 31
Indeterminate 0 3 0 4 0 0
Negative 0 22 0 10 0 1

Ab, antibody; HCV, hepatitis C virus; PCR, polymerase chain reaction; RIBA, recombinant immunoblot assay; S/Co, signal-to-cutoff.
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For patients with negative HCV PCR results, the reported S/

Co ratios for anti-HCV Ab tests may provide valuable infor-

mation.4,8 An S/Co ratio <3.63 in anti-HCV Ab-positive/HCV 

RNA-negative patients usually indicates a false-positive 

reaction, as suggested by studies showing that very low Ab 

titers reliably indicate false positivity.9,10 In contrast, a nega-

tive HCV RNA result with an S/Co ratio >10.6 means clear-

ance of a past HCV infection. In our study, 97.2% (70/72) of 

patients with HCV RNA-positive tests had S/Co ratios >10.6 

and 1 HCV RNA-positive patient had an S/Co ratio <3.63. 

Therefore, our data suggested that a S/Co ratio ≥10.6 car-

ries a high risk of active HCV infection and that no further 

testing is required if the S/Co ratio is <3.63 or ≥10.6. 

Patients with HCV RNA-negative specimens and anti-HCV 

Ab S/Co ratios ≥10.6 should repeat testing in 6 months 

to rule out active HCV infection because previous studies 

have reported that HCV RNA may not be detectable in 

some patients during the acute phase and that intermittent 

HCV positivity has been observed in patients with chronic 

HCV infection.8,11,12 In addition, patients with anti-HCV Ab 

S/Co ratios between 3.63 and 10.6 need further evaluation 

and repeated HCV RNA tests. However, because the S/

Co ratio for HCV confirmation varies with reagents, the 

appropriate cutoff must be determined in each laboratory. 

In addition, when conducting tests for HCV infection, phys-

icians should consider the limitations of each test method. 

Each laboratory should adopt criteria and report results 

appropriately.

The limitations of this study include the fact that the number 

of specimens was relatively small to set the cutoff. Because 

the anti-HCV Ab test, RIBA, and HCV RNA were difficult 

to perform simultaneously, it was not easy to collect the 

specimens. In addition, because the anti-HCV Ab test was 

performed using only the Centaur anti-HCV Ab assay, it is 

difficult to apply the same cutoff value in a laboratory using 

other equipment. Therefore, more appropriate cutoff values 

can be obtained if more specimens are evaluated using 

various equipment.

Conclusion

We proposed the S/Co ratio for anti-HCV Ab tests as a 

method to help confirm HCV infection along with HCV RNA 

tests after discontinuation of the RIBA. To confirm HCV 

infection, specimens with an S/Co ratio between 3.63 and 

10.6 should be followed up with HCV RNA tests when using 

the Centaur anti-HCV assay. However, if specimens have 
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Figure 1

S/Co ratio of anti-HCV Ab tests. Image A, RIBA ROC curve. 

Image B, HCV RNA test ROC curve. The cutoffs of the S/Co ratios 

were 3.63 and 10.6. The areas under the curve were 0.927 (95% 

confidence interval [CI], 0.883–0.971) and 0.813 (95% CI, 0.747–

0.880). Ab, antibody; HCV, hepatitis C virus; RIBA, recombinant 

immunoblot assay; ROC, receiver operating characteristic; S/Co, 

signal-to-cutoff.
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an S/Co ratio <3.63 or ≥10.6, then physicians can confirm 

negative or positive results, respectively, without supple-

mental tests. We determined that an S/Co ratio for an anti-

HCV Ab test can provide useful information to confirm HCV 

infection, including the need for further laboratory testing or 

clinical follow-up. LM
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ABSTRACT
Objective: Placenta accreta is a pregnancy-related disorder with 
extreme trophoblast invasion and the adherence of the placenta to 
the uterine wall. This study aimed to investigate the serum level of 
transforming growth factor-beta 1 (TGF-β1) and interleukin (IL)-35 in 
patients with placenta accreta.

Methods: Thirty-one women with placenta accreta and 57 healthy 
pregnant women were enrolled. The serum levels of TGF-β1 and IL-35 
were measured using the enzyme-linked immunosorbent assay method.

Results: The serum levels of both TGF-β and IL-35 were significantly 
higher in the placenta accreta group compared with the group of healthy 

women (1082.48 pg/mL vs 497.33 pg/mL and 4541.14 pg/mL vs 
1306.04 pg/mL; P <.001, respectively). Moreover, the level of TGF-β1 
positively correlated with the IL-35 level but other factors such as age, 
gestations, live births, and abortions did not correlate with IL-35 and 
TGF-β1 levels.

Conclusion: The serum levels of IL-35 and TGF-β1 may contribute 
to the pathogenesis of placenta accreta and could be considered as 
potential targets in clinical and diagnostic approaches.

Keywords: pregnancy, placenta accreta, interleukin-35, transforming 
growth factor-beta 1

 

Placenta accreta is a life-threatening condition occurring 

during pregnancy and characterized by extremely invasive 

placentation, adherence of the placenta to the uterine wall. 

and hemorrhage.1,2 The frequency of this disease is dra-

matically increasing. Recent reports estimate that placenta 

accreta affects more than 0.3% of all pregnancies.3 Several 

factors including previous Caesarean section, trauma, 

curettage, and in vitro fertilization pregnancy have been 

proposed as main risk factors for the occurrence of pla-

centa accreta.4,5 Although the pathophysiology and etiology 

of placenta accreta are not fully understood and need more 

investigation, several mechanisms have been suggested 

to be involved in these processes. Extreme angiogenesis, 

uncontrolled proliferation signaling, increased invasion 

capacity of trophoblast cells, suppressed apoptosis, and 

changes in immune cell proportions at the feto-maternal 

interface are thought to be responsible for the occurrence of 

placenta accreta.1

The immune system and its components, such as 

immune cells and cytokines, play critical roles in the 

pregnancy process from conception to delivery.6 In a 

successful pregnancy, a local and controlled inflamma-

tion is needed for conception and placentation in the 

first trimester.7 During pregnancy and especially in the 

second trimester, a shift toward Th2 and regulatory T 

cells (Tregs) is critical to protect the fetus from rejec-

tion and to support fetus growth. In the third trimester, 

especially during the final days, a Th1 response is 



required for successful delivery and a normal conclusion 

of pregnancy.7 It is well documented that dysregulations 

in immune cells and their products, including cytokines, 

could lead to pregnancy-related pathological conditions 

such as intrauterine growth restriction, preterm birth, 

and pre-eclampsia.8-10 In the case of placenta accreta, 

although few investigations have been conducted to 

spotlight the relationship between placenta accreta and 

the immune system, an increased level of Treg cells and 

a decreased level of T cells, decidual natural killer cells, 

and CD209 cells have been shown to be associated with 

placenta accreta.11

As noted earlier, cytokines play critical roles in a suc-

cessful pregnancy. Transforming growth factor-beta 

1 (TGF-β1) is one of the important cytokines pro-

duced mainly by Tregs.12 This cytokine contributes to 

anti-inflammatory responses and induction of tolerance 

during pregnancy. Dysregulated levels of TGF-β1 have 

been shown in pregnancy-related complications.13,14 In 

addition to its immunological roles, TGF-β1 seems to be 

critical in regulating the balance between proliferation 

and apoptosis in a large number of cells15 and plays a 

role in angiogenesis, trophoblast proliferation, and inva-

sion.16 In the case of placenta accreta, 1 study investi-

gated the expression of TGF-β1 in the maternal tissues of 

patients with placenta accreta and reported higher levels 

of TGF-β1 in myocytes of patients with placenta accreta 

compared with healthy tissues.17

Interleukin-35 (IL-35) is a member of the IL-12 cytokine 

family with anti-inflammatory properties.18 The expression 

of IL-35 was first reported in Tregs but recent findings 

introduced the trophoblast cells as a constitutive producer 

of IL-35.19 Research has indicated that IL-35 seems to be 

a critical player in the maintenance of normal pregnancy, 

and dysregulation of this cytokine is reported in associ-

ation with several pregnancy-related complications.20 In 

pre-eclampsia, a condition with impaired placentation and 

inhibited trophoblast invasion, a reduced level of IL-35 

expression has been documented.21 However, no study 

has investigated the role of IL-35 in women with placenta 

accreta so far. Therefore, to advance an understanding of 

the pathophysiology of placenta accreta and considering 

the importance of IL-35 and TGF-β1 in normal and com-

plicated pregnancy, the current study was set as the first 

study to determine the serum levels of IL-35 and TGF-β1 

in women with placenta accreta.

Materials and Methods

Study Population

In the current unblinded case-control study, 31 patients 

with placenta accreta and 51 healthy pregnant control pa-

tients were recruited from the gynecology department of 

Shiraz University of Medical Sciences. Patients and control 

patients were matched for age. Magnetic resonance im-

aging and sonography reports were used for diagnosis and 

confirmation of placenta accreta. Diagnosis of placenta 

accreta was confirmed by an expert gynecologist based on 

radiology specialist reports. Furthermore, after the cesarean 

section, placenta paraffin-embedded specimens were 

checked by a pathologist, and patients with the absence of 

pathological features of placenta accreta were excluded. 

Patients and control patients with other complications such 

as pre-eclampsia, intrauterine growth restriction, gesta-

tional diabetes mellitus, inflammatory or connective tissue 

disorders, thromboembolic disease, ischemic heart disease, 

cerebrovascular disease, and drug or substance abuse 

were also excluded from the study. All patients were also 

checked for anemia, and none were diagnosed with an-

emia. Clinical and demographic data such as age, number 

of gestations, live births, stillbirths, abortions, and previous 

Caesarean sections were recorded for all participants. 

Patients and control patients were Caesarean section can-

didates. All patients participated voluntarily, and the whole 

process was conducted under the supervision of the ethical 

committee of Shiraz University of Medical Sciences (ethical 

code: IR.SUMS.MED.REC.1397.342). Moreover, informed 

consent was obtained from all of the participants.

Specimen Collection and Cytokine Assay

We collected 5 ml peripheral blood from each patient at the 

34th week of gestation. Blood specimens were centrifuged, 

and sera were separated and preserved at –70°C for further 

experiments.

The TGF-β1 and IL-35 were measured in the sera using 

commercially available enzyme-linked immunosorbent 

assay kits (Bioassay Technology Laboratory, China). 

Cytokine assays were performed in duplicate according 

to the manufacturers’ protocols. The sensitivity of kits for 

measuring TGF-β1 and IL-35 was 5.11 pg/L and 0.047 pg/

ml, respectively.
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Statistical Analysis

Sample size calculation and data analysis were done using 

SPSS version 16 (SPSS Inc, Chicago, IL), and graphs were 

designed by GraphPad Prism version 5 (GraphPad Software 

Inc, San Diego, CA). We assumed 80% power for this study 

to calculate the sample size. To check the differences be-

tween the 2 participant groups, we used the independent-

sample t-test and Pearson correlation test to evaluate the 

potential correlation between independent values. We con-

sidered P <.05 as significant.

Results

Patients and control patients were first checked for any poten-

tial differences in age, number of gestations, live births, abor-

tions, and previous Caesarean sections. Results showed no 

differences regarding the studied parameters between patients 

and control patients. Detail data are presented in Table 1.

The evaluation of the TGF-β1 serum level indicated a signifi-

cantly higher mean level of TGF-β1 in the placenta accreta 

group when compared with healthy women (1082.48 pg/mL 

vs 497.33 pg/mL; P <.001). Similarly, the mean level of IL-35 

was significantly increased in patients with placenta accreta 

in comparison with healthy pregnant women (4541.14 pg/

mL vs 1306.04 pg/mL; P <.001). Data are summarized in 

Figure 1.

An analysis of correlations between the studied cytokines 

showed a positive and significant correlation between TGF-

β1 and IL-35 levels (r = 0.537; P <.001). Other factors such 

as age, number of gestations, live births, abortions, and 

previous Caesarean sections showed no significant correl-

ations neither either IL-35 or TGF-β1.

Discussion

Generally, the findings of the current study indicated an 

increase in both IL-35 and TGF-β1 in women diagnosed 

with placenta accrete, whereas other factors such as age, 

number of gestations, live births, abortions, and previous 

Caesarean sections showed no differences between pa-

tients and healthy women.

In the case of TGF-β1, just 1 previous study investigated the ex-

pression of this cytokine in maternal tissue at the feto-maternal 

interface.17 In accordance with our findings, the study showed 

the expression of TGF-β1 in myocytes isolated from patients 

with placenta accreta. Another study investigated the frequency 

of immune cells in placental tissue specimens from patients 

with placenta accreta.11 Interestingly, that study showed a high 

frequency of Tregs in the investigated specimens. Considering 

that Tregs are the main source of TGF-β1 cytokines, this finding 

could also be considered in line with our results.22

Because the uncontrolled and extreme invasion of tropho-

blast and angiogenesis are 2 main features of placenta accreta 

pathology, factors contributing to trophoblast invasion and 

angiogenesis may be involved in placenta accreta etiology. 

Regarding TGF-β1, there are several pieces of evidence 

indicating the role of TGF-β1 in both trophoblast invasion and 

angiogenesis.23,24 One previous study documented that the 

TGF-β1/SMAD signaling pathway is one of the main regu-

lators of trophoblast proliferation and invasion and that TGF-β1 

promotes the expression of downstream factors contributing 

to the proliferation and invasion of HTR-8/SVneo, a human 

trophoblast cell line.16 In another study investigating the effects 

of TGF-β1 on JEG-3, another human trophoblast cell line, re-

searchers showed that TGF-β1 not only induces downstream 

signaling pathways involved in the proliferation and invasion of 

trophoblast cells but also promotes the expression of matrix 

metalloproteinases, which are critical for invasion processes.25

Table 1. Comparative Analysis of Demographic and Clinical Data between Patients and Control Patients

Patients  
(n = 31)

Control Patients  
(n = 57)

P Value

Age, y 34.25 ± 5.76a 32.03 ± 4.41 .067
Gestation 3.77 ± 1.54 3.45 ± 1.03 .30
Live birth 1.7 ± 0.73 1.68 ± 0.68 .87
Abortion 0.83 ± 0.89 0.71 ± 0.88 .55
Previous Caesarean section 1.74 ± 0.85 1.57 ± 0.68 .36
aData are presented as mean ± SD.
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In the absence of sufficient evidence about the serum level of 

cytokines in patients with placenta accreta, it may be useful to 

compare the findings of the current study to other pregnancy-

related complications such as preeclampsia. Whereas in 

placenta accreta extreme and invasive placentation is the 

main feature, pre-eclampsia is associated with defective 

trophoblast invasion and incomplete placentation.1,26 In terms 

of TGF-β1, previous studies have indicated a reduced level of 

TGF-β1 in the sera of patients with pre-eclampsia and have 

suggested that this reduced serum level of TGF-β1 is a bio-

marker in these patients.21 This finding could count as an in-

direct documentation of the association of the TGF-β1 serum 

level in the placentation process with placenta accreta.

The higher level of IL-35 in patients with placenta accreta 

was another main finding of the current study. This is the 

first report on IL-35 in patients with placenta accreta. 

Research has shown that IL-35 was first noted as a cyto-

kine produced by Tregs. Later investigations showed 

that trophoblast cells are the main source of IL-35 during 

pregnancy. These studies showed a higher level of IL-35 in 

normal pregnancies and suggested IL-35 as a key regulator 

of fetal-maternal immune tolerance.19,20 

Although the effects of IL-35 on the placentation process, 

trophoblast invasion, and angiogenesis during pregnancy 

need further investigation, evidence from other diseases 

such as cancer may help elucidate the roles of IL-35 in in-

vasion and angiogenesis. One study showed that a higher 

serum level of IL-35 contributes to the aggressive form of 

hepatocellular cancer and a higher invasion capacity of 

cancer cells.27 Furthermore, another study showed that 

IL-35 induces proliferation and invasion in cancer cells and 

is involved in the angiogenesis process in the tumor mi-

lieu.28 Similar to TGF-β1, IL-35 is also documented as being 

downregulated in patients with pre-eclampsia.21,29 This factor 

may indirectly explain the role of IL-35 in the placentation 

process and consequently in placenta accrete, but more 

investigations are needed to understand the role of IL-35 in 

trophoblast proliferation and invasion and extreme placenta-

tion in patients with placenta accreta.

Conclusion

Together, the current study proposed TGF-β1 and IL-35 as 2 

cytokines involved in the pathogenesis of placenta accreta and 

introduced them as potential targets for further diagnostic and 

therapeutic studies and approaches. However, there are still 

several questions to be answered in further studies. Assessing 

the expression level of these cytokines in the placental tissue 

of patients with placenta accreta and investigating the direct 

effects of these cytokines in human primary trophoblast cells 

will provide a better perception of their roles in the induction of 

placenta accreta. We also recommend investigating other in-

flammatory or anti-inflammatory cytokines that may contribute 

to the placentation process. Investigating other cytokines will 

help provide a more comprehensive understanding of the role 

of the cytokine network on placenta accreta. LM
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Figure 1

Comparison of IL-35 (A) and TGF-β1 (B) serum levels between placenta accreta and healthy women. Both IL-35 and TGF-β1 were 

significantly elevated in women complicated with placenta accreta.*** indicates P values less than .001.
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ABSTRACT
Objective: Discordant variant classifications among public databases 
is one of the well-documented limitations when interpreting the 
pathogenicity of variants. The aim of this study is to investigate 
the level of germline variant misannotation from the Human Gene 
Mutation Database (HGMD) and the annotation concordance between 
databases.

Methods: We used a total of 188,106 classified variants (disease-
causing mutations [n = 179,454] and polymorphisms [n = 8652]) in 
6466 genes from the HGMD. All variants were reanalyzed based on the 
American College of Medical Genetics and Genomics (ACMG) guidelines 
and compared to ClinVar database variants.

Results: When variants were classified based on the ACMG guidelines, 
misclassification was observed in 3.47% (2289/65,896) of variants. 
The overall concordance between HGMD and ClinVar was 97.62% 
(52,499/53,780) of variants studied.

Conclusion: Variants in databases must be used with caution when 
variant pathogenicity is interpreted. This study reveals the frequency 
of misannotation of the HGMD variants and annotation concordance 
between databases in depth.

Keywords: classification, ClinVar, database, Human Gene Mutation 
Database, pathogenicity, variant

 

Accurate variant classification and identification of a patho-

genic variant are essential for medical decisions such 

as tailored therapy, risk stratification, and diagnosis of 

diseases.1 However, researchers’ understanding of the clas-

sification and interpretation of variants is far from perfect. In 

a clinical laboratory, germline variant classification is based 

on professional guidelines such as the American College 

of Medical Genetics and Genomics and the Association for 

Molecular Pathology (ACMG-AMP) guidelines for the stand-

ardized interpretation of these variants.2

To find pathogenic (or benign) evidence and prioritize disease-

associated variants, disease databases such as the Human 

Gene Mutation Database (HGMD; http://www.hgmd.cf.ac.

uk/ac/index.php) and ClinVar (http://www.ncbi.nlm.nih.gov/

clinvar/) are routinely annotated. In addition, general popu-

lation databases such as the 1000 Genomes Project of the 

International Genome Sample Resource (1000GP; http://



www.internationalgenome.org), the National Heart, Lung, and 

Blood Institute Exome Sequencing Project Exome Variant 

Server (http://evs.gs.washington.edu/EVS/), and the Genome 

Aggregation Database (gnomAD; http://gnomad.broadinstitute.

org/) are used to filter out common benign variants. However, 

the information in the databases should be used with caution 

because of the risk that the variant classification may not be 

correct.3-9 It is important to understand the frequency of mis-

classification or annotation discordance in public databases 

before the assignment of variant pathogenicity.

There have been several efforts to investigate the misclassi-

fication of variants from public databases and re-evaluate 

the pathogenicity in several genes.3-9 A study by Shah et al4 

showed that ClinVar includes a significant number of misclas-

sified variants that lead to the overestimation of pathogenicity. 

Another study revealed that up to 27% of BRCA1 and BRCA2 

variants have discordant classification between ClinVar and 

a commercial testing laboratory.3 On the other hand, other 

studies have shown that pathogenic variants have been identi-

fied in general population databases such as gnomAD.7-9

Currently, little study regarding the classification of the HGMD 

variants, which are widely used as a comprehensive collec-

tion of germline pathogenic variants causing human inherited 

diseases, has been performed.10,11 There are 6 variant an-

notations classified by the HGMD curators: disease-causing 

mutations (DM), likely disease-causing mutations but with 

questionable pathogenicity (DM?), disease-associated 

polymorphisms (DP); in vitro or in vivo functional poly-

morphism (FP), disease-associated polymorphisms with sup-

porting functional evidence (DFP), and retired records (R).10 

Several studies have reported that many disease-associated 

variants in the HGMD have little or no effect on clinical pheno-

type.1,12,13 This finding might be explained by the possibility 

of variant misclassification and variable penetrance. Here we 

aimed to investigate the level of annotation discordance of the 

HGMD through the application of ACMG-AMP guidelines as 

the current standard criteria. In addition, we evaluated whether 

variant type and allele frequency were associated with an-

notation discordance. Finally, we evaluated the annotation 

concordance between the HGMD and ClinVar.

Materials and Methods

We used a total of 190,157 classified variants, which 

were annotated as DM, DP, DFP, and FP among a total of 

229,161 variants in 6970 genes from the HGMD (profes-

sional version 2019.01). We removed the DM? (n = 38,630) 

and R (n = 347) variants. For simplicity, we grouped the 

variants into 2 sets: the mutSet (consisting of the DM 

variants; n = 180,092) and the snpSet (sum of the DP 

[n = 3677], DFP [n = 2293], and FP [n = 4095] variants; 

n = 10,065; Figure 1). In addition, a total of 2051 vari-

ants within noncoding RNAs and intergenic areas were 

excluded. A total of 188,106 HGMD variants in 6466 

genes (mutSet [n = 179,454] and snpSet [n = 8652]) were 

selected for the analyses (Figure 1).

First, the ACMG-AMP criteria were applied using the 

ANNOVAR and InterVar software (intervar_20180118), 

which generates an automated interpretation of vari-

ants.14,15 In this study, we considered pathogenic and 

likely pathogenic classification as equivalent and grouped 

these variants together as P/LP. Similarly, benign and likely 

benign variants were considered equivalent and categor-

ized as B/LB. After manual reviews of the evidence of 

pathogenicity, a total of 122,210 unclassified variants were 

excluded for more simplified and clear analyses. Finally, a 

total of 65,896 variants (P/LP [n=62,509] + B/LB [n=3,387]) 

in 4214 genes were analyzed to investigate the frequency 

of misannotated variants (Figure 1). Misclassified vari-

ants were defined as either mutSet variants that would be 

changed into B/LB variants or snpSet variants that would 

be interpreted as P/LP variants. Because the sample-level 

information was not available in variant call format down-

loaded from the HGMD professional version, we calculated 

the frequency of misclassified variants among the total 

studied variants.

Second, to assess annotation concordance between 

databases, we selected 70,026 variants that were regis-

tered in both the HGMD and ClinVar (clinVar_20190305: 

available from March 2019). ClinVar variants with uncertain 

significance (n = 8374) and ClinVar annotations including 

conflicting interpretations of pathogenicity (n = 2945), others 

(n = 375), and not provided (n=4552) were excluded. ClinVar 

annotations with risk factor, affects, association, protective, 

or drug response (n = 596) were considered as clinically 

significant polymorphisms. Finally, a total of 53,780 variants 

were considered to check for concordance between HGMD 

and ClinVar (Figure 1).

All studied variants were assigned a pathogenicity cat-

egory as follows: “P/LP and B/LB” according to ACMG-

AMP guidelines and ClinVar annotations were described 
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as “aP/aLP and aB/aLB” and “cP/cLP and cB/cLB”, 

respectively. (Figure 1). Differences in variant type be-

tween discordance and concordance and differences 

in the ClinVar review status between discordance and 

concordance were analyzed using the χ 2 test. The statis-

tical significance was analyzed with MedCalc ver11.5.1.0 

(Mariakerke, Belgium)

Results
When ACMG-AMP guidelines-based variant classifica-

tions were applied to HGMD variants, overall discordance 

was observed in 3.47% (2289/65,896) of the variants: 

3.24% (2134/65,896) of mutSet and 0.24% (155/65,896) 

Annotated variants
from the HGMD

(n = 229,161)

according to
ACMG-AMP
guidelines

Variants in
4,214 genes
(n = 65,896):

aP/aLP
(n = 62,509),

aB/aLB
(n = 3,387)

Frequency of misannotated

in the HGMD
(3.47%, 2,289/65,896)

1. mutSet – aB/aLB
    (3.24%, n = 2,134/65,896)
2. snpSet – aP/aLP
    (0.23%, n = 155/65,896)

Variants with uncertain
signifcance or retired

records: DM?
(n = 38,630),
R (n = 347)

Variant within non-coding
RNA and intergenic

areas (n=2,051)

variants due to
limited evidences

(n = 122,210)

Varinats with
both HGMD and

ClinVar annotation
(n = 70,026)

Varinats without
ClinVar annotation

(n = 118,080)

Concordance between
HGMD and ClinVar

(97.62%, 52,499/53,780)

1. mutSet – cP/cLP
    (94.40%, n = 50,770/53,780)
2. snpSet – cB/cLB and csSNP**
    (3.21%, n=1,729/53,780)

ClinVar variants with
uncertain annotations
(n = 16,246): Uncertain

of pathogenicity (n = 2,945),
Others (n = 375), Not
provided (n = 4,552)

Categorization of
classified variants

from HGMD
(n=190,157):

mutSet
(DM, n=180,092),

snpSet  [DP, DFP,
or FP (n=10,065]

HGMD variants
in 6,466 genes
(n=188,106)*:

mutSet
(n=179,454),

snpSet
(n=8,652)

Figure 1

Overall workflow. *Variants with exonic, intronic, promoter, 5 prime, and 3 prime untranslated regions. ** ClinVar annotations with risk factor, 

affects, association, protective, and drug response (n = 596) were considered as clinically significant polymorphism (csSNP).
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of snpSet (Table 1). The discordance was identified 

in 20.03% (844/4214) of the genes studied. When the 

misannotated HGMD variants were further compared 

with the available ClinVar variants (n = 1,128), the 46.81% 

(1,128; n = 528) of variants was concordant with the 

ClinVar annotations [mutSet–aB/aLB–cB/cLB (n = 496) 

or snpSet–aP/aLP–cP/cLP (n=32)]. Among a total of 496 

variants misannotated as DM from the HGMD (mutSet–

aB/aLB–cB/cLB), a total of 33 variants reviewed by expert 

panel from ClinGen were shown in Table 2. About 21.45% 

(491/2289) of variants with discordance between the 

HGDM and ACMG-AMP guidelines were located in 41 

known clinically actionable genes; APC, APOB, BRCA1, 

BRCA2, COL3A1, DSC2, DSG2, DSP, FBN1, GLA, 

KCNH2, KCNQ1, LDLR, LMNA, MEN1, MLH1, MSH2, 

MSH6, MUTYH, MYBPC3, MYH11, MYH7, MYL2, PCSK9, 

PKP2, PMS2, PTEN, RB1, RET, RYR1, RYR2, SCN5A, 

SDHD, STK11, TMEM43, TNNI3, TNNT2, TP53, TSC1, 

TSC2, and VHL (Table 2, complete data available upon 

request).15

Discordance differed substantially by variant type (P 

<.0001; Figure 2). A total of 65,845 variants in exonic and 

splicing regions were analyzed. Loss-of-function variants 

such as frameshift, nonsense, and splicing variants were 

more observed in concordant variants than discordant 

variants, and missense and synonymous variants were 

more common in discordant variants (frameshift: 27.37%, 

n = 17,393/63,557 vs 0.35%, n = 8/2288; nonsense: 

34.96%, n = 22,219/63,557 vs 2.49%, n = 57/2288; splicing: 

3.70%, n = 2354/63,557 vs 0.09%, n = 2/2288; missense: 

33.49%, n = 21,288/63,6557 vs 81.38%, n = 1862/2288; 

and synonymous: 0.48%, n = 303/63,557 vs 15.69%, 

n = 359/2288; Figure 2A). This pattern was replicated in the 

comparison data between the HGMD and ClinVar (Figure 
2B).

In addition to variant type, discordance differed by ClinVar 

review status: the lower the ClinVar review status, the higher 

the discordance rate (P <.0001; Figure 3). Discordance 

was more common in variants for which the ClinVar review 

status was described as no assertion criteria provided (0 

gold stars); criteria provided, single submitter (1 gold star); 

and criteria provided, conflicting interpretations (1 gold star). 

On the other hand, concordance was frequently shown in 

the ClinVar variants, for which the review status was criteria 

provided, multiple submitters, no conflicts (2 gold stars); re-

viewed by expert panel (3 gold stars); and practice guideline 

(4 gold stars) (Figure 3).

Overall concordance between the HGMD and ClinVar was 

97.62% (52,499/53,780; Table 1). Among a total of 1281 

discordant variants between the HGMD and ClinVar, a total 

of 62 variants that were reviewed by expert panel (in ClinVar, 

3 gold stars) are shown in Table 3. Clinically actionable 

variants were observed in up to 13.11% (168/1281) of the 

variants with discordance between the HGMD and ClinVar. 

These 168 variants were located in 33 known clinically ac-

tionable genes; APC, APOB, BRCA1, BRCA2, CACNA1S, 

COL3A1, DSP, FBN1, GLA, KCNH2, LDLR, MEN1, MLH1, 

MSH2, MSH6, MUTYH, MYBPC3, MYH7, PCSK9, PKP2, 

PTEN, RB1, RET, RYR1, RYR2, SCN5A, SDHD, TMEM43, 

TNNI3, TP53, TSC1, and TSC2 (Table 3; complete data 

available upon request).15

Table 1.  Concordance of Variant Annotation between HGMD and ACMG-AMP Guidelines-Based 
Classification and ClinVar

HGMD vs ACMG-AMP (n = 65,896) HGMD vs ClinVar (n = 53,780)

Concordant, % (n) Discordant, % (n) Concordant, % (n) Discordant, % (n)

mutSet     
 DM 91.62% (n = 60,375) 3.24% (n = 2134) 94.40% (n = 50,770) 2.20% (n = 1183)
snpSet     
 DFP 1.12% (n = 741) 0.03% (n = 20) 1.04% (n = 558) 0.05% (n = 25)
 DP 2.68% (n = 1764) 0.05% (n = 31) 1.53% (n = 821) 0.04% (n = 23)
 FP 1.10% (n = 727) 0.16% (n = 104) 0.65% (n = 350) 0.09% (n = 50) 
Subtotal 4.90% (n = 3232) 0.24% (n = 155) 3.21% (n = 1729) 0.18% (n = 98) 
Total 96.53% (n = 63,607) 3.47% (n = 2289) 97.62% (n = 52,499) 2.38% (n = 1281) 

ACMG, American College of Medical Genetics and Genomics; AMP, Association for Molecular Pathology; DM, disease-causing mutation; DP, disease-associated polymorphisms; FP, 
functional polymorphism; DFP, disease-associated polymorphisms with supporting functional evidence; HGMD, Human Gene Mutation Database.
Concordance includes both mutSet-P/LP pairs and snpSet-B/LB pairs. Discordance includes both mutSet-B/LB pairs and snpSet-P/LP pairs.
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Discussion

This study highlighted the annotation discordance between 

databases and the misclassification level in the HGMD. Our 

findings revealed that the overall discordance was less than 

4% of the total studied variants of the HGMD and that the 

annotation concordance between these public databases 

was approximately 98%. It is interesting that the frequency 

of discordance in mutSet (from DM to aB/aLB, 3.24% 

[2134/65,896]) was higher than those in snpSet (from DP/

DFP/FP to aP/aLP, 0.24% [155/65,896]). This reflects the 

tendency of the ACMG-AMP guidelines to minimize false 

positives and a curation policy of the HGMD that aims to 

minimize false negatives.10

Furthermore, classifications of 47% of these discordant 

variants were supported by ClinVar annotations, indicating 

that concurrent use of multiple databases including the 

HGMD and ClinVar would be recommended for the ac-

curate classification of germline variants. In particular, infor-

mation about the review status of ClinVar could contribute 

significantly to the concordance between databases and 

the accuracy of germline variant interpretation (Figure 3).
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Figure 2

Comparison of HGMD variant type and concordance. A, HGMD annotations vs ACMG-AMP guidelines-based variant interpretation.  

B, HGMD annotations vs ClinVar annotations.
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Comparison of review status of ClinVar and database concordance. Number of gold stars: none (no assertion criteria provided), 1 (criteria 

provided, single submitter or criteria provided, conflicting interpretations), 2 (criteria provided, multiple submitters, no conflicts), 3 (reviewed 

by expert panel), or 4 (practice guideline).
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Table 3. Examples of Discordant Variants Between the HGMD and ClinVar

Gene  
Symbol

Transcript NT AA Type dbSNP Review  
Status

ClinVar HGMD

DPYD NM_000110.3 c.2846A>T p.D949V Missense rs67376798 3 Drug response DM
DPYD NM_000110.3 c.1905 + 1G>A NA Splicing rs3918290 3 Drug response DM
DPYD NM_000110.3 c.1679T>G p.I560S Missense rs55886062 3 Drug response DM
MSH2 NM_000251.2 c.4G>A p.A2T Missense rs63750466 3 cB/cLB DM
MSH2 NM_000251.2 c.279_281delTCT p.(Leu94del) Nonframeshift deletion rs267607919 3 cB/cLB DM
MSH2 NM_000251.2 c.304G>A p.V102I Missense rs193922373 3 cB/cLB DM
MSH2 NM_000251.2 c.593A>G p.E198G Missense rs63750327 3 cB/cLB DM
MSH2 NM_000251.2 c.1690A>G p.T564A Missense rs55778204 3 cB/cLB DM
MSH2 NM_000251.2 c.2714C>G p.T905R Missense rs267608022 3 cB/cLB DM
MSH6 NM_000179.2 c.161G>C p.G54A Missense rs63751098 3 cB/cLB DM
MSH6 NM_000179.2 c.1019T>C p.F340S Missense rs61753793 3 cB/cLB DM
MSH6 NM_000179.2 c.1403G>A p.R468H Missense rs41295268 3 cB/cLB DM
MSH6 NM_000179.2 c.2398G>C p.V800L Missense rs61748083 3 cB/cLB DM
MLH1 NM_000249.3 c.-107C>G NA 5 prime UTR rs587778886 3 cB/cLB DM
MLH1 NM_000249.3 c.803A>G p.E268G Missense rs63750650 3 cB/cLB DM
MLH1 NM_000249.3 c.845C>G p.A282G Missense rs63750360 3 cB/cLB DM
MLH1 NM_000249.3 c.977T>C p.V326A Missense rs63751049 3 cB/cLB DM
MLH1 NM_000249.3 c.1733A>G p.E578G Missense rs63751612 3 cB/cLB DM
MLH1 NM_000249.3 c.1742C>T p.P581L Missense rs63751684 3 cB/cLB DM
MLH1 NM_000249.3 c.1853A>C p.K618T Missense rs63750449 3 cB/cLB DM
MLH1 NM_000249.3 c.2074T>C p.S692P Missense rs587779957 3 cB/cLB DM
MLH1 NM_000249.3 c.2101C>A p.Q701K Missense rs63750114 3 cB/cLB DM
MYO6 NM_004999.3 c.2836C>T p.R946C Missense rs141845119 3 cB/cLB DM
EGFR NM_005228.4 c.2369C>T p.T790M Missense rs121434569 3 Drug response DM
CFTR NM_000492.3 c.220C>T p.R74W Missense rs115545701 3 Drug response DM
CFTR NM_000492.3 c.330C>A p.D110E Missense rs397508537 3 Drug response DM
CFTR NM_000492.3 c.577G>A p.E193K Missense rs397508759 3 Drug response DM
CFTR NM_000492.3 c.1736A>C p.D579A Missense rs397508288 3 Drug response DM
CFTR NM_000492.3 c.2930C>T p.S977F Missense rs141033578 3 Drug response DM
CFTR NM_000492.3 c.3154T>G p.F1052V Missense rs150212784 3 Drug response DM
CFTR NM_000492.3 c.3179A>C p.K1060T Missense rs397508513 3 Drug response DM
CFTR NM_000492.3 c.3199G>A p.A1067T Missense rs121909020 3 Drug response DM
CFTR NM_000492.3 c.3208C>T p.R1070W Missense rs202179988 3 Drug response DM
CFTR NM_000492.3 c.3209G>A p.R1070Q Missense rs78769542 3 Drug response DM
CFTR NM_000492.3 c.3222T>A p.F1074L Missense rs186045772 3 Drug response DM
CFTR NM_000492.3 c.3454G>C p.D1152H Missense rs75541969 3 Drug response DM
PTEN NM_000314.6 c.235G>A p.A79T Missense rs202004587 3 cB/cLB DM
PTEN NM_000314.6 c.1026 + 32T>G NA Intronic rs555895 3 cB/cLB DM
TECTA NM_005422.2 c.701A>G p.Q234R Missense rs144682235 3 cB/cLB DM
PTPN11 NM_002834.4 c.925A>G p.I309V Missense rs201787206 3 cB/cLB DM
PTPN11 NM_002834.4 c.1678C>T p.L560F Missense rs397516797 3 cB/cLB DM
BRCA2 NM_000059.3 c.231T>G p.T77= Synonymous rs114446594 3 cB/cLB DM
BRCA2 NM_000059.3 c.1395A>T p.V465= Synonymous rs11571641 3 cB/cLB DM
BRCA2 NM_000059.3 c.4656T>C p.G1552= Synonymous rs41293491 3 cB/cLB DM
BRCA2 NM_000059.3 c.5710C>G p.L1904V Missense rs55875643 3 cB/cLB DM
BRCA2 NM_000059.3 c.7992T>A p.I2664= Synonymous rs80359800 3 cB/cLB DM
BRCA2 NM_000059.3 c.8969G>A p.W2990* Nonsense rs80359148 3 cP/cLP FP
BRCA2 NM_000059.3 c.9256G>T p.G3086* Nonsense rs80359192 3 cP/cLP FP
MYH7 NM_000257.3 c.77C>T p.A26V Missense rs186964570 3 cB/cLB DM
CDH1 NM_004360.4 c.892G>A p.A298T Missense rs142822590 3 cB/cLB DM
CDH1 NM_004360.4 c.1018A>G p.T340A Missense rs116093741 3 cB/cLB DM
CDH1 NM_004360.4 c.2413G>A p.D805N Missense rs200894246 3 cB/cLB DM
CDH1 NM_004360.4 c.2494G>A p.V832M Missense rs35572355 3 cB/cLB DM
BRCA1 NM_007294.3 c.5095C>A p.R1699= Synonymous rs55770810 3 cB/cLB DM
BRCA1 NM_007294.3 c.4955T>C p.M1652T Missense rs80356968 3 cB/cLB DM
BRCA1 NM_007294.3 c.4910C>T p.P1637L Missense rs80357048 3 cB/cLB DM
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Even if the number of discordant variants was relatively 

small, it is important to acknowledge these variants. 

Considering that some of the discordances were identified 

in clinically actionable genes such as BRCA1, they are not 

negligible (Table 2). Because accurate variant interpretation 

is critical in medical decision-making regarding procedures 

such as prophylactic bilateral salpingo-oophorectomy or 

cancer screening, careful use of annotations from public 

databases is required.

The current classification of germline variants is based on 

the allelic data, clinical data (de novo data, segregation 

data), functional data, computational data, and population 

data.2 Different databases and a number of computational 

methods have been used to annotate germline variants, and 

annotation resources and databases are continuously up-

dating and improving at different intervals. Furthermore, the 

databases do not share the same collection of variants and 

have different curation policies. In addition, the HGMD and 

ClinVar have different systems for variant classification: the 

HGMD has 6 classifications—DM, DM?, DFP, DP, FP, and 

R—and the ClinVar has a set of clinical significance terms 

such as uncertain significance, not provided, benign, likely 

benign, likely pathogenic, pathogenic, drug response, histo-

compatibility, other, confers sensitivity, risk factor, associ-

ation, protective, and affects. Here, ClinVar annotations with 

risk factor, affects, association, protective, or drug response 

were considered as clinically significant polymorphisms.

A recent study using the ClinVar database revealed that 

variant types, clinical testing methods, and penetrance 

could affect concordance rates of within-database annota-

tions.16 We have shown that loss-of-function variants such 

as nonsense variants were frequently observed in con-

cordant variants compared with discordant variants. This 

finding is in line with the results from the previous study.16 

It may reflect that the PVS1 criterion, which was defined as 

“null variant in a gene where loss-of-function is a known 

mechanism of disease” is very strong criteria in ACMG-AMP 

guidelines-based classification and indicates that further 

application of the PVS1 criterion could improve the reliability 

of HGMD annotation.

The current study has some limitations. First, both the aP/

aLP and aB/aLB variants defined by the 18 criteria from the 

ACMG-AMP guidelines were included and 122,210 unclas-

sified variants were totally excluded for a more simplified 

workflow. To minimize the controversial interpretation of 

variant pathogenicity, the variants of unknown significance 

(VUSs) were excluded and both P/LP variants and B/LB 

variants by criteria were included. The discordance rate in 

this study may be underestimated because of the exclu-

sion of a number of VUS. A previous study showed that the 

discordance rate of BRCA1 and BRCA2 variants between 

a public database and single laboratory was 14%.3 In com-

parison, the discordance rate of this study was low (<4% 

vs 14%).3 The lower rate of discordance can be attributed 

to the differences in the studied genes, the number of 

genes studied, the databases used, and the inclusion or 

exclusion of VUSs.

Second, we used computational tools such as ANNOVAR 

and InterVar, which is based on 18 criteria to diminish in-

terpretation variability. Even if these tools have been widely 

used for variant annotation, automatic tools may generate 

annotation errors.17,18 For example, InterVar considered the 

variant of NM_004360.4(CDH1):c.2494G>A (p.V832M) to be 

a P/LP variant. However, we concluded that the variant was 

B/LB with manual annotation per classification under the 

BS1 and BS2 criteria and per the review status of ClinVar 

(considered as reviewed by expert panel). Comprehensive 

annotation depends on the databases used and the 

Gene  
Symbol

Transcript NT AA Type dbSNP Review  
Status

ClinVar HGMD

BRCA1 NM_007294.3 c.3022A>G p.M1008V Missense rs56321129 3 cB/cLB DM
BRCA1 NM_007294.3 c.2322T>A p.G774= Synonymous rs397508958 3 cB/cLB DM
BRCA1 NM_007294.3 c.1865C>T p.A622V Missense rs56039126 3 cB/cLB DM
BRCA1 NM_007294.3 c.1486C>T p.R496C Missense rs28897676 3 cB/cLB DM
BRCA1 NM_007294.3 c.736T>G p.L246V Missense rs28897675 3 cB/cLB DM
MAP2K2 NM_030662.3 c.818A>G p.K273R Missense rs539555837 3 cB/cLB DM

B/LB, benign/likely benign; DM, disease-causing mutation; FP, functional polymorphism; HGMD, Human Gene Mutation Database, NA, not applicable; P/LP, pathogenic/likely pathogenic; 
UTR, untranslated region.

Table 3. Continued
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evidence available for variant interpretation. To avoid in-

accurate classification, we manually reviewed the evidence 

of pathogenicity using multiple databases. In the current 

study, it was not possible to consider complicated genetic 

factors or clinical information. Further studies are recom-

mended to improve the process of variant annotation.

Third, the current ACMG-AMP guidelines-based classifica-

tion is not complete.2 Previous research has reported that 

the initial concordance of ACMG-AMP guidelines-based 

variant classification was only 34% across laboratories.19 

Furthermore, all variants with an allele frequency >0.05 in 

population databases are classified as benign variants in 

the current ACMG-AMP guideline. However, a recent study 

revealed that a few pathogenic variants with an allele fre-

quency >0.05 were associated with hemochromatosis or 

deafness.20 Rule BA1, which is defined variants with allele 

frequency >5% in control databases could result in an 

overestimation of the discordance in certain genes. In this 

study, discordance because of rule BA1 occurred in 0.01% 

(8/62,509) of the DM variants. 

MMoreover, the cutoff of the PM2 criterion, which is defined 

as “the variants with extremely low frequency from controls” 

in population databases, applied in this study was <0.005, 

as previously described.15 However, there is no defined 

cutoff in the guidelines.2 Previous studies have reported that 

ethnicity-specific criteria and gene/disease-specific criteria 

should be applied to the cutoff of allele frequency to inter-

pret pathogenicity.21,22 Ethnicity-specific allele frequency 

was not available in this study. Although some criteria are 

subjective and uncertain, ACMG-AMP guidelines are the de 

facto method for clinical variant interpretation.

Conclusion

In summary, the present study adds to the discussion on 

the possible risks of interpreting germline variants using 

public databases. Variant classification from public data-

bases must be used with caution. We found that a sig-

nificant number of benign variants were misannotated as 

pathogenic variants, whereas pathogenic variants were 

misannotated as polymorphism in the HGMD. This study re-

vealed a misclassification burden of the HGMD variants and 

an annotation concordance between databases. Although 

a number of unclassified variants were excluded, this study 

contributes to germline variant interpretation by providing a 

valuable resource for accurate variant classification. Further 

clinical studies using well-characterized datasets and up-

dating resources are recommended to improve the process 

of variant annotation and establish uniform standards for 

variant classification. LM
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ABSTRACT
Objective: Serum human epididymis protein 4 (HE4) is associated with 
immune and inflammatory responses. This study aimed to assess the 
performance of serum HE4 in the early detection of cardiovascular (CV) 
events in patients with chronic obstructive pulmonary disease (COPD).

Methods: Serum HE4 levels were measured in 199 patients with COPD, 
all of whom were prospectively followed up for a median period of 
36 months (range = 3 months–38 months). Logistic regression analysis 
was performed to assess the association between cardiovascular 
disease (CVD) history and HE4 in patients with COPD. Cox proportional 
hazard analysis was performed to assess the prognostic value of serum 
HE4 for predicting CV events.

Results: Serum HE4 levels were higher in patients with COPD with CV 
events than in those without CV events (252.6 pmol/L [186.4–366.8] 
vs 111.0 pmol/L [84.8–157.1]; P <.001). The multivariate logistic 
regression model revealed that serum HE4 (odds ratio = 1.639; 95% 
confidence interval [CI], 1.213–2.317; P

trend
 =.009) was independently 

associated with CVD history after adjusting for age, sex, body mass 

index, current smoking status, current alcohol consumption status, 
admission systolic blood pressure and diastolic blood pressure, 
hyperlipidemia, left ventricular ejection fraction, primary diseases, 
and laboratory measurements in patients with COPD at baseline. The 
multivariate Cox proportional hazard analysis revealed that serum 
HE4 (hazard ratio = 2.012; 95% CI, 1.773–4.469; P <.001) was an 
independent prognostic factor for CV events in these patients. The 
Kaplan-Meier analysis showed that the rate of CV events was higher in 
patients with COPD with HE4 levels above the median (187.5 pmol/L) 
than in those with HE4 levels below the median.

Conclusion: Our results showed that serum HE4 was significantly and 
independently associated with CVD history and had independent predictive 
value for CV events in patients with COPD. Serum HE4 may enable early 
recognition of CV complication development among patients with COPD.

Keywords: human epididymis protein 4, chronic obstructive pulmonary 
disease, cardiovascular events, cardiovascular events, C ox regression, 
prognosis

 

Chronic obstructive pulmonary disease (COPD) is one of the 

main causes of morbidity and mortality worldwide. Patients 

with COPD are at increased risk of cardiovascular disease 

(CVD).1,2 The early detection of CVD in patients with COPD 

may provide an opportunity to develop strategies to reduce 

medical burden and improve prognosis.

Human epididymis protein 4 (HE4), encoded by the WFDC2 

gene located on chromosome 20q12-13.1, is a secretory 

protein highly expressed in the human epididymis.3 The 

HE4 sequence shows a similarity to proteinase inhibitors, 

which suggests that HE4 may be involved in sperm mat-

uration.4 The mature HE4 protein is a 20 to 25 kDa glyco-

protein found in the cytoplasm and on membranes of cells 

and in circulation. Studies have reported that HE4 is highly 

expressed in malignant tumors such as ovarian cancer and 

endometrial cancer tumors.5,6 In addition, some studies 

have shown that HE4 is moderately expressed in multiple 

normal and abnormal tissues in the human body, such as 
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the respiratory tract, convoluted tubules of the kidney, and 

other tissues,7,8 and it plays a very important role in pro-

cesses related to immune defense. 

Other WFDC proteins with antiproteinase activity have also 

been correlated with inflammatory processes.9-11 It has been 

widely recognized that inflammation is involved in the occur-

rence and development of CVDs. As a chronic inflammatory 

disease, COPD can hasten the progression of atherosclerosis 

and contribute to a higher rate of CVD death.12,13 Several pre-

vious studies have suggested that serum HE4 is associated 

with worsening cardiac function in patients with heart failure 

(HF) and has a predictive value for progressive HF.14-16 Given 

the close association between HE4 and inflammation,7,8 we 

hypothesized that HE4 may be associated with cardiovas-

cular (CV) outcomes in patients with COPD. However, to 

date, no relevant study has explored the relationship between 

serum HE4 and CV events in patients with COPD. The aim of 

this study was to investigate whether increased HE4 levels 

contribute to the increased risk for CV events, independent of 

confounding factors. This was also the first study to explore 

the prognostic value of HE4 for predicting CV events in pa-

tients with COPD.

Materials and Methods

Study Population

We studied 199 patients from the National Population 

Health Science Data Center database in China who were 

hospitalized because of COPD in an acute stage between 

January 2015 and December 2016. This database contains 

the original data of various medical industries in China, so 

this study has sufficient data to be analyzed. All patients 

with COPD had been stable for 3 months without other 

serious acute illnesses before admission. After standard-

ized hospital treatment, all patients were clinically stable 

during hospitalization and were prospectively followed up 

after discharge. The diagnosis of COPD was performed by 

2 respiratory specialists who used the same diagnostic cri-

teria for these patients according to the Global Initiative for 

Chronic Obstructive Lung Disease.17 Of these patients, 40 

had a history of CVDs. For the purposes of the study, CVD 

history was defined as myocardial infarction (n = 16), stroke 

(n = 14), and HF (n = 10). Patients with a history of acute 

or chronic kidney disease, neoplastic diseases, or other 

serious diseases were excluded, including 14 patients with 

chronic kidney disease, severe liver or lung diseases, or 

ovarian cancer or other malignant diseases.

The diagnosis of primary diseases, including coronary 

heart disease, hypertension, and diabetes mellitus, was 

based on patients’ current or previous medical records. 

Other data on clinical characteristics, including age, sex, 

body mass index (BMI), current smoking status, current 

alcohol consumption status, blood pressure (BP), hyper-

lipidemia, and left ventricular ejection fraction (LVEF), 

were collected from patient interviews or medical records. 

According to the Declaration of Helsinki guidelines, the 

Ethics Committee of Mindong Hospital of Fujian Medical 

University approved this study, and all patients gave 

written informed consent.

Follow-Up

All patients were prospectively followed up for a median 

of 36 months (range = 3 months–38 months) by telephone 

or review of the medical record 3 times a year until the oc-

currence of endpoints (ie, CV events). The endpoints in this 

study were myocardial infarction, stroke, HF, and CV death, 

which was defined as death because of myocardial infarc-

tion, stroke, or progressive HF confirmed by 2 attending 

doctors.

Measurement of HE4

Fasting venous blood specimens from patients with 

COPD were obtained in the early morning within the first 

24 hours after admission. The specimens were prepared 

immediately by centrifugation and processed for deter-

mination of HE4 levels. Serum HE4 levels were tested by 

electrochemiluminescence immunoassay (Cobas e 601, 

F. Hoffmann-La Roche Ltd). Specimens with HE4 levels >1500 

pmol/L were tested again (coefficient of variation of preci-

sion = <5%; measurement range = 15 pmol/L –1500 pmol/L; 

detection limit = 5 pmol/L). To further ensure the reliability of 

HE4 measurement, serum HE4 was measured twice in each 

patient’s serum specimen, and the final HE4 value was the 

average of the 2 results, which was analyzed in our study.

Laboratory Measurements and Definition

The venous blood specimens were also tested for hemo-

globin (Hb), blood glucose (FBG), and albumin (ALB) with 
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the use of the Siemens ADVIA 2400 automatic biochemistry 

analyzer (Siemens AG). The N-terminal prohormone of the 

B-type natriuretic peptide (NT-proBNP) levels were meas-

ured by immunoassay on an ELECSYS2010 instrument 

(ELECSYS proBNP, Roche Diagnostics, Germany). The 

estimated glomerular filtration rate (eGFR) was calculated 

using the Modification of Diet in Renal Disease formula.18 

The homeostasis model assessment of insulin resistance 

(HOMA-IR) was used to calculate insulin resistance.

Statistical Analyses

The normality of the data was analyzed by the 

Kolmogorov-Smirnov test combined with Q-Q plots. The 

data that were not normally distributed were expressed as 

the median (interquartile range) and analyzed by the Mann-

Whitney U test. Data are presented as the mean ± SD for 

normally distributed data and were analyzed by inde-

pendent t-test. Categorical variables were analyzed by 

the χ 2 test. Multivariate logistic regression analysis was 

performed to identify the independent association be-

tween serum HE4 levels and CVD history in patients with 

COPD at baseline. The Cox proportional hazard model 

was used to identify the independent prognostic factors 

for CV events in patients with COPD. The factors (P <.05) 

by univariate analysis were entered into the Cox propor-

tional hazard analyses. In addition, we also adjusted for 

clinical data relevant to CVDs even if the factors were not 

significantly associated with CV events in the univariate 

analysis because they are key clinical variables and may 

be associated with CV events in the multivariate but not 

univariate analyses. We constructed CV event-free curves 

according to the Kaplan-Meier method and compared 

them using the log-rank test. All of the analyses were per-

formed using SPSS 24.0. A P ≤.05 was considered to be 

statistically significant.

Results

Clinical Characteristics of Patients at Baseline 
(N = 199)

To evaluate the serum levels of HE4 in patients with COPD, 

212 age and sex-matched patients who underwent physical 

examination without COPD or any other severe illnesses 

were selected as the control group. Our results showed 

that serum HE4 levels in patients with COPD were signifi-

cantly higher compared with those in the control patients 

(Table 1). The clinical characteristics of patients with COPD 

are presented in Table 2. We identified CV events in 115 

(57.8%) patients with COPD. All the patients with COPD 

were divided into 2 groups: those with and those without 

CV events. Patients with CV events tended to be current 

alcohol consumers, be older (76.2 [68.7–84.3]), and have 

a higher BMI than patients without CV events (P <.05). 

Patients with CV events had lower LVEF, eGFR, Hb, and 

ALB levels and higher HE4, NT-proBNP, FBG, and HOMA-IR 

levels than those without CV events (all P <.001). There 

were no significant differences in other variables, including 

sex, current smoking status, hyperlipidemia, and primary 

diseases including hypertension, diabetes mellitus, and cor-

onary heart disease, between patients with COPD with and 

without CV events (all P >.05).

Independent Association of HE4 with History of 
CVDs 

Multivariate logistic regression analyses were performed 

to determine the association of serum HE4 levels in pa-

tients with COPD with a history of CVDs (Table 3). Model 

1 indicated that higher serum HE4 levels were significantly 

associated with CVD history after adjusting for age and sex. 

After adjusting for age, sex, BMI, current smoking status, 

current alcohol consumption status, admission systolic BP 

and diastolic BP, hyperlipidemia, LVEF, and primary dis-

eases (eg, hypertension, diabetes mellitus, coronary heart 

disease), the results of Model 2 were similar to those of 

Model 1. This association remained statistically significant 

and changed minimally after adding laboratory measure-

ments to Model 2 (to create Model 3). The fully adjusted 

odds ratio of CVD history in Model 3 was 1.639 (1.213–

2.317) in quartile 4 (the highest) vs 1.104 (1.001–1.382) 

quartile 1 (the lowest) of the serum HE4 levels.

Table 1. Baseline Characteristics of Patients with 
COPD and Control Patients

Variables Control Patients 
(n = 212)

Patients with 
COPD (n = 199)

P 
Value

Age, y 73.7 (64.9–78.5) 74.2 (66.3–80.4) .764
Sex (male/female) 108/104 110/89 .844
HE4 (pmol/L) 74.3 (44.5–99.6) 187.5 (146.9–282.4) <.001

COPD, chronic obstructive pulmonary disease; HE4, human epididymis protein 4.
Data are presented as mean ± SD for normally distributed data and as median 
(interquartile range) for nonnormally distributed data.
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Cox Proportional Hazard Analyses of CV Event 
Prediction 

All included patients (n = 199) were prospect-

ively followed up for a median period of 36 months 

(range = 3 months–38 months). We found that CV events 

occurred in 115 of the patients with COPD. Twenty-two pa-

tients died, and 20 of those deaths were caused by CVDs, 

which included progressive HF (n = 3), myocardial infarction 

(n = 9), and stroke (n = 8). In addition, 95 events requiring 

rehospitalization (myocardial infarction, stroke, and progres-

sive HF) took place during the follow-up period.

To determine the risk factors for CV events, univariate and 

multivariate Cox proportional hazard regression analyses 

were performed (Table 4). Univariate analysis showed 

that higher HE4 levels were significantly associated with 

a higher risk of CV events (hazard ratio [HR] = 2.316; 95% 

confidence interval [CI], 1.125–5.247). Moreover, age, BMI, 

current alcohol consumption status, LVEF, CVD history, 

eGFR, NT-proBNP, Hb, FBG, HOMA-IR, and ALB were 

associated with the endpoints (ie, myocardial infarction, 

stroke, HF, and CV death). The multivariate Cox propor-

tional hazard analysis revealed that HE4 (HR = 2.012; 95% 

CI, 1.773–4.469; P <.001) was an independent prognostic 

factor for CV events after adjustments for age, BMI, current 

smoking status, current alcohol consumption status, hyper-

lipidemia, history of CVDs, LVEF, admission systolic BP, 

NT-proBNP, FBG, HOMA-IR, Hb, ALB, and eGFR. Kaplan-

Meier analysis showed that patients with COPD with serum 

HE4 levels above the median had a significantly higher rate 

of CV events than patients with serum HE4 levels below the 

median value (log-rank test, P <.001; Figure 1).

We performed an additional sensitivity analysis to evaluate 

the association of serum HE4 with CV events in patients 

with COPD who did not have a previous CVD history 

(n = 159). In these patients, the number of total CV events 

was 78. The multivariate Cox analysis showed that higher 

HE4 levels were still independently associated with a higher 

risk of CV events (data not shown). Similarly, compared 

with patients who had HE4 levels below the median value, 

Table 2. Comparison of Clinical Characteristics Between 199 Patients with COPD at Baseline

Variables All Patients  
(n = 199)

COPD without CV Events 
(n = 84)

COPD with CV Events 
(n = 115)

P 
Value

Age, y 74.2 (66.3–80.4) 72.3 (63.8–75.3) 76.2 (68.7–84.3) .021
Sex (male/female) 110/89 45/39 65/50 .679
BMI 25.3 (22.3–26.2) 24.2 (21.5–25.3) 26.9 (23.7–27.8) .016
Current smoker, n (%) 30 (15) 12 (14) 18 (16) .790
Current drinker, n (%) 85 (43) 32 (38) 53 (46) .010
LVEF 60.4 ± 7.51 61.4 ± 6.33 59.3 ± 8.71 .049
CVD history 40 (20.1) 14 (16.7) 26 (22.6) .009
Hyperlipidemia, n (%) 60 (30) 27 (32) 33 (29) .601
Admission systolic BP (mm Hg) 126.3 (109.3–144.1) 125.6 (107.3–143.4) 127.3 (110.2–146.9) .707
Admission diastolic BP (mm Hg) 77.6 (70.1–85.4) 76.4 (67.2–79.1) 78.5 (75.4–87.2) .400
Primary diseases     
 Hypertension, n (%) 46 (23) 20 (24) 26 (23) .788
 Diabetes mellitus, n (%) 61 (31) 25 (30) 36 (31) .674
 Coronary heart disease, n (%) 38 (19) 15 (18) 23 (20) .076
 Others, n (%) 21 (10) 8 (9) 13 (11) .601
Laboratory measurements     
 eGFR (mL/min/1.73 m2) 57.93 (46.09–64.85) 64.01 (58.25–69.07) 61.34 (54.48–68.73) <.001
 NT-proBNP (pg/mL) 733 (539–892) 548 (388–781) 799 (632–1022) <.001
 Hb (g/L) 116 (102–130) 124 (109–137) 112 (96–123) <.001
 ALB (g/L) 39.0 (36.5–42.1) 40.1 (38.3–44.9) 38.2 (35.1–40.2) <.001
 FBG (mmol/L) 5.41 (4.19–7.37) 5.24 (4.02–6.20) 6.40 (4.82–8.33) .010
 HOMA-IR 2.25 ± 0.94 2.04 ± 0.74 2.45 ± 1.15 <.001
 HE4 (pmol/L) 187.5 (146.9–282.4) 111.0 (84.8–157.1) 252.6 (186.4–366.8) <.001

ALB, albumin; BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; CVD, cardiovascular disease; eGFR, estimated glomerular 
filtration rate; FBG, fasting blood glucose; Hb, hemoglobin; HE4, human epididymis protein 4; HOMA-IR, homeostasis model assessment of insulin resistance; LVEF, left ventricular 
ejection fraction; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide.
Data are presented as mean ± SD for normally distributed data, as median (interquartile range) for nonnormally distributed data, and as n (%) for categoric variables.

Science

www.labmedicine.com Lab Medicine 2021;52;263–266  263 
DOI: 10.1093/labmed/lmaa076



Kaplan-Meier survival curves showed that the rate of CV 

events was still higher in patients with HE4 levels above the 

median (log-rank test, P <.001; data not shown).

Discussion

Our results suggested that patients with COPD with CV 

events had higher serum HE4 levels than those without 

CV events. Serum HE4 was independently related to CVD 

history in patients with COPD in the multivariate logistic re-

gression analysis. The multivariate Cox proportional hazard 

analysis suggested that HE4 was an independent prog-

nostic factor for CV events (myocardial infarction, stroke, 

and HF). Kaplan-Meier analysis showed that patients with 

COPD with higher HE4 levels had a significantly higher rate 

of CV events.

Research has shown that CVDs such as ischemic heart 

disease and stroke are increasing in prevalence and are 

responsible for one-quarter of deaths globally.19 Despite 

advances in the understanding of risk factors, CV events re-

lated to atherosclerosis remain unacceptably common. Risk 

is particularly high among patients with proinflammatory 

comorbidities, including COPD,20 and COPD is a leading 

cause of CV complications because of sympathetic acti-

vation, oxidative stress, and systemic inflammation.21,22 

Chronic vascular inflammation is the main pathophysio-

logical basis of CV events. Disproportionate increases in 

inflammation play an important role in the occurrence and 

Table 3.  Logistic Regression Analysis of 
Relationship Between CVD History and HE4 in 
Patients with COPD

Variables Model 1 Model 2 Model 3

Serum HE4 level    
 Quartile 1 (low) 1.000 (referent) 1.000 (referent) 1.000 (referent)
 Quartile 2 1.193 (1.009– 

1.589)
1.136 (1.005– 

1.497)
1.104 

(1.001–1.382)
 Quartile 3 1.365 (1.124– 

1.813)
1.304 (1.109– 

1.744)
1.244 

(1.072–1.640)
 Quartile 4 (high) 1.853 (1.352– 

3.348)
1.730 (1.285– 

2.884)
1.639 

(1.213–2.317)
P trend <.001 <.001 .009

BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary 
disease; CVD, cardiovascular disease; HE4, human epididymis protein 4; LVEF, left 
ventricular ejection fraction.
Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, BMI, current 
smoker, current drinker, admission systolic BP and diastolic BP, hyperlipidemia, 
LVEF, and primary diseases (hypertension, diabetes mellitus, coronary heart disease 
and other diseases). Model 3: Adjusted for age, sex, BMI, current smoker, current 
drinker, admission systolic BP and diastolic BP, hyperlipidemia, LVEF, primary 
diseases (eg, hypertension, diabetes mellitus, coronary heart disease), and laboratory 
measurements.

Table 4.  Univariate and Multivariate Cox 
Proportional Hazard Analyses of Predicting CV 
Events in 199 Patients with COPD

Variables HR 95% CI P 
Value

Univariate analysis    
 Age (per 1-year increase) 1.227 1.081–1.634 .037
 Sex 1.180 0.791–1.176 .418
 BMI (per 1-year increase) 1.402 1.113–1.984 .013
 Current smoker 1.186 0.762–2.168 .346
 Current drinker 1.313 1.102–2.054 .023
 CVD history 1.809 1.071–3.490 .017
 Hyperlipidemia 0.731 0.604–1.436 .147
 LVEF (per 1-SD increase) 0.404 0.282–0.827 .002
  Admission systolic BP (per 1-SD 

increase)
1.752 1.103–2.342 .069

  Admission diastolic BP (per 1-SD 
increase)

1.304 0.709–1.367 .205

Primary diseases    
 Hypertension 1.209 0.907–1.847 .490
 Diabetes mellitus 1.181 0.922–2.334 .366
 Coronary heart disease 1.125 0.604–1.434 .355
 Others 1.303 0.712–1.471 .216
Laboratory measurements    
 eGFR (per 1-SD increase) 0.966 0.958–0.974 <.001
 NT-proBNP (per 1-SD increase) 1.002 1.002–1.003 <.001
 Hb (per 1-SD increase) 0.974 0.965–0.983 <.001
 ALB (per 1-SD increase) 0.955 0.918–0.992 .018
 HE4 (per 1-SD increase) 2.316 1.125–5.247 <.001
 FBG (per 1-SD increase) 1.452 1.110–3.048 .030
 HOMA-IR (per 1-SD increase) 1.847 1.202–3.153 .018
Multivariate analysis    
 Age (per 1-year increase) 0.995 0.972–1.019 .205
 BMI (per 1-year increase) 1.402 1.113–1.984 .013
 Current smoker 1.142 0.701–1.981 .409
 Current drinker 1.151 0.803–1.903 .078
 Hyperlipidemia 0.822 0.712–1.525 .309
 LVEF (per 1-SD increase) 0.485 0.251–0.68 .003
  Admission systolic BP (per 1-SD 

increase)
1.524 1.042–1.957 .090

 History of CVDs 1.793 1.019–3.291 .019
 FBG (per 1-SD increase) 1.350 1.100–2.942 .098
 HOMA-IR (per 1-SD increase) 1.307 1.092–2.244 .064
 NT-proBNP (per 1-SD increase) 2.310 1.833–3.092 .008
 Hb (per 1-SD increase) 0.994 0.982–1.007 .360
 ALB (per 1-SD increase) 1.020 0.971–1.071 .432
 HE4 (per 1-SD increase) 2.012 1.773–4.469 <.001
 eGFR (per 1-SD increase) 0.723 0.552–0.912 <.001

ALB, albumin; BMI, body mass index; BP, blood pressure; COPD, chronic obstructive 
pulmonary disease; CV, cardiovascular; CVD, cardiovascular disease; eGFR, estimated 
glomerular filtration rate; FBG, fasting blood glucose; Hb, hemoglobin; HE4, human 
epididymis protein 4; HOMA-IR, homeostasis model assessment of insulin resistance; 
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal prohormone of B-type 
natriuretic peptide; SD, standard deviation.
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development of CV events in patients with COPD.12,13 As 

a small-molecule and secretory protein, HE4 can be easily 

secreted from tissues and enter the circulating blood in mul-

tiple normal or abnormal tissues in the human body, such as 

the respiratory tract, convoluted tubules of the kidney, and 

other tissues, which play a very important role in the pro-

cess of immune defense.7,8 For instance, serum HE4 levels 

were found to be increased in patients with pelvic inflamma-

tory disease and upper respiratory tract infection.23,24 Other 

WFDC proteins have also been correlated with inflammatory 

processes.9

 In our study, we first showed that serum HE4 had a close 

association with CVD history at baseline and CV events by 

multivariate analyses, which may be partly or mostly ex-

plained by the mechanistic research performed in previous 

studies.21,22 These studies have shown that chronic vascular 

inflammation caused by COPD promotes atherosclerosis-

related CVD events. Increased HE4 levels may be the result 

of the aggravation of inflammation in patients with COPD, 

which promotes the occurrence of CV events.7,8,12,13 Some 

studies have also suggested that higher serum HE4 levels 

are associated with worsening cardiac function in patients 

with HF patients. Higher serum HE4 levels have been con-

sidered an independent factor for predicting the prognosis 

in patients with HF.14-16 Previous studies have proven that 

HE4 is not overexpressed in normal or abnormal cardio-

vascular tissues.5-8 Increased HE4 levels are not mainly 

attributable to pathological changes in CV tissue itself. 

The mechanism of chronic inflammation may be a better 

explanation of increased HE4, which is consistent with our 

hypothesis and results. 

In addition, some studies have suggested that increased 

HE4 levels are closely related to renal dysfunction.16,25,26 The 

eGFR of our COPD patients was normal, so the negative 

influence of renal function abnormalities on our results was 

excluded. Studies have also reported that HE4 is associated 

with cancer (eg, ovarian, cervical, lung, and breast cancers) 

and other serious diseases.5,6,8,10,24 To eliminate the impact 

of the diseases on this study, patients with COPD with these 

diseases were excluded from the baseline assessment. It is 

of great clinical significance to determine the independent 

risk factors or predictors of CV events in patients with COPD. 

The early detection of CVDs in these patients may provide 

an opportunity to develop strategies to reduce the medical 

burden and improve prognosis. Our results seemed to imply 

that serum HE4 is a highly sensitive biomarker for the early 

recognition of CV events in patients with COPD.

This study has some notable strengths. We first found that 

serum HE4 can be used as an effective prognostic factor 

for CV events in patients with COPD, and the serum test is 

simple and convenient for patients. In addition, the study 

population exhibited a broad spectrum of risks, including 

primary and secondary prevention populations. We ensured 

comprehensive follow-up and rigorous adjudication of CV 

events. Finally, the HE4 assay chosen for this analysis is 

both widely available and analytically stable (with a coeffi-

cient of variation of precision <5%).

Limitations

The limitation of the study is the small sample size. More 

studies must be performed to identify the value of serum 

HE4 for predicting CV events. Given the close relationships 

between serum HE4 and many malignant tumors or renal 

function, the results of this study are not applicable to the 

general population.

Conclusions

Serum HE4 is an independent prognostic factor for 

predicting CV events in patients with COPD. Serum HE4 
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may enable the early recognition of patients with COPD at 

risk of developing CV complications. LM
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ABSTRACT
Objective: To verify the differences in serum levels of urea, creatinine, 
and uric acid (UA) between pregnant and nonpregnant women and 
establish specific reference intervals of serum urea, creatinine, and UA 
for pregnant women, and thus help for the detection of kidney disease 
in pregnancy.

Methods: Based on the selection criteria, 1312 apparently healthy 
pregnant women and 1301 nonpregnant women were enrolled in this 
study. The levels of serum urea, creatinine, and UA were compared 
between the pregnant and nonpregnant women. The differences in the 
3 indicators among different age groups and trimesters in pregnant 
women were studied. Finally, reference intervals were established by 
nonparametric methods according to the recommendation of Clinical 
and Laboratory Standards Institute guideline C28‐A3.

Results: Compared with nonpregnant women, pregnant women had a 
significantly lower level of serum urea, creatinine, and UA (all P <.01), 

and no significant age‐related differences in the 3 indicators were 
observed among the pregnant women (P >.05). However, the levels of 
these indicators were significantly different among the 3 trimesters (all 
P <.01 or P =.01). Accordingly, trimester-specific reference intervals 
of serum urea (1.6–4.4 mmol/L; 1.6–4.2 mmol/L; 1.6–4.4 mmol/L), 
creatinine (36–68 μmol/L; 34–66 μmol/L; 36–68 μmol/L), and UA 
(122–297 μmol/L; 129–327 μmol/L; 147–376 μmol/L) for trimesters 1, 
2, and 3, respectively, were established.

Conclusion: These newly established reference intervals will be 
valuable for the detection and monitoring of kidney disease in 
pregnancy.

Keywords: pregnant women, reference intervals, urea, creatinine, 
uric acid, kidney disease

 

Abbreviations:

UA, uric acid; GFR, glomerular filtration rate; CLSI, Clinical 

and Laboratory Standards Institute. 

Chronic kidney disease is a public health problem with high 

morbidity and mortality worldwide. It affects up to 6% of 

women of childbearing age in high-income countries and 

is estimated to affect 3% of pregnant women.1 Biomarkers 

are often used to detect renal function and prevent severe 

damage to the kidneys because no obvious clinical symp-

toms can be observed in the early stages of the disease.2 

Clinically, serum urea, creatinine, and uric acid (UA) are 3 of 

the most widely used biomarkers to evaluate renal function. 

Among these, serum urea and creatinine are classical 

biomarkers for their relatively higher accuracy, and UA, 

which is renally excreted and related to renal dysfunction, 

can also be used to indicate kidney damage.3,4 In add-

ition, serum creatinine is recommended by the kidney dis-

ease: improving global outcomes (KDIGO) 2012 clinical 

practice guidelines to estimate the glomerular filtration rate 

(GFR) for disease assessment.2 Therefore, the evaluations 

of these 3 biomarkers can provide essential information for 

clinical decisions regarding kidney disease.

Reference intervals are critical for the interpretation of 

clinical biomarkers for kidney disease. Whereas most 

reference values of biomarkers are usually defined based 

on blood specimens from healthy men or nonpregnant 

women, reference intervals for pregnant women are 

scarce but are prerequisites for their specificity in as-

sessing physiological characteristics during pregnancy.5 

Compared with levels in nonpregnant women, renal blood 



flow and GFR levels can increase significantly during 

normal pregnancy.6 Furthermore, blood volume and com-

position vary even in different trimesters during preg-

nancy.7 As a result, the levels of biomarkers for kidney 

disease such as serum urea, creatinine, and UA may be 

significantly different between pregnant and nonpregnant 

women.8,9 However, reference intervals of serum urea, 

creatinine, and UA in pregnant women are rarely estab-

lished or are measured in few participants.5,10,11 Moreover, 

the International Federation for Clinical Chemistry and the 

Clinical and Laboratory Standards Institute (CLSI) also 

recommend that each laboratory should establish its own 

reference intervals.12,13

To help clinicians detect and monitor kidney disease in 

pregnant women, we recruited 1312 apparently healthy 

pregnant and 1301 nonpregnant women to (i) verify the 

differences in serum levels of urea, creatinine, and UA be-

tween pregnant and nonpregnant women and (ii) estab-

lish specific reference intervals for these biomarkers for 

pregnant women.

Materials and Methods

Patients

We recruited apparently healthy pregnant women who 

were examined in our hospital from May 2018 to February 

2019. The inclusion criteria were as follows: (i) aged 20 to 

45 years, and (2) normal pregnancy test results (ie, routine 

blood and urine tests; routine biochemical tests, eg, total 

protein, albumin, total cholesterol, alanine aminotransferase, 

aspartate aminotransferase triglycerides, fasting blood glu-

cose). The exclusion criteria were as follows: (i) major organ 

diseases such as liver, kidney, heart, and lung disease; (ii) 

positive urine protein ; (iii) recent medication, surgery, or 

other treatments; (iv) acute trauma or acute or chronic in-

flammation; (v) history of hypertension and diabetes before 

pregnancy; (vi) other complications, eg, ectopic pregnancy, 

gestational diabetes, or gestational hypertension (including 

preeclampsia, eclampsia, chronic hypertension with preg-

nancy, chronic hypertension with preeclampsia, or hem-

olysis, elevated liver enzymes, low platelet count syndrome); 

and (vii) infectious diseases such as hepatitis B virus, hepa-

titis C virus, and human immunodeficiency virus. Patients 

were divided into 3 groups according to trimester: first tri-

mester (1–12 weeks), second trimester (13–27 weeks), and 

third (28–40 weeks).

To prove the necessity of establishing specific reference 

intervals for pregnant women, we also recruited healthy 

women aged 20 to 45 years who were not pregnant during 

the same period. The levels of serum urea, creatinine, and 

UA of these nonpregnant women were all within normal ref-

erence intervals.

Physical examination and certain clinical laboratory tests 

were performed for all participants. Through the selec-

tion criteria, 1312 apparently healthy pregnant women 

(first trimester, n = 431; second trimester, n = 429; third 

trimester, n = 452) and 1301 nonpregnant women were 

included in our study. We also divided the ages of the 

pregnant women into 4 groups (ages 20–25 years, n = 155; 

ages 26–30 years, n = 699; ages 31–35 years, n = 331; 

ages 36–45 years, n = 127) to analyze whether serum urea, 

creatinine, and UA levels were age-related during preg-

nancy. The study was approved by the ethics committee 

of The First Affiliated Hospital of Zhengzhou University and 

conducted in accordance with the ethical standards of the 

Helsinki Declaration.

Laboratory Analysis

Venous blood specimens were taken from all patients after 

fasting for 8 to 12 hours. Blood specimens were collected 

using 5 mL tubes with separating gel (BD Bioscience, 

Franklin Lakes, NJ). All the specimens were centrifuged 

at 3500 rpm for 5 minutes and tested within 8 hours. 

All the tests were measured by using the Roche Cobas 

c701 system and reagents (Roche Diagnostics GmbH, 

Mannheim, Germany). The calibrators and controls were 

also provided by Roche. The laboratory conducted internal 

quality control every day and participated in the national ex-

ternal quality assessment every year, and all analytes were 

qualified. The lower limits of detection of urea, creatinine, 

and UA were 0.5 mmol/L, 5 μmol/L, and 11.9 μmol/L, 

respectively. The details of the 3 analytes are shown in 

Supplementary Table 1.

Outlier Test

According to the recommendations of CLSI guideline C28‐
A3,13 outliers were detected by the Dixon method. Outliers 

were removed when D/R ≥ 1/3, where D was the absolute 
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difference between an extreme value (smallest or largest) 

and the next value (small or large) and R was the range of all 

observations. This process was repeated on the remaining 

data until all outliers were deleted.

Statistical Analysis

The Kolmorov-Smirnov test was used to determine the 

normality of the data, and all the data were shown to 

be nonnormally distributed. Continuous variables were 

expressed as means ± standard deviation and were 

compared using the Mann-Whitney U test or the Kruskal-

Wallis H test. Reference intervals were established by 

nonparametric methods according to the recommen-

dation of CLSI C28‐A3.13 All statistical analyses were 

conducted using SPSS 19.0 (SPSS, Chicago, IL). All tests 

were 2-tailed, and P <.05 was considered statistically 

significant.

Results

A total of 2613 participants (1312 pregnant women and 

1301 nonpregnant women) were included in this study. 

The characteristics of the participants are shown in 

Table 1. The distributions of urea, creatinine, and UA for 

nonpregnant women and pregnant women each are shown 

in Figure 1. Compared with the nonpregnant women, 

the pregnant women had a significantly lower level of 

urea (2.75 ± 0.70 mmol/L vs 4.07 ± 0.95 mmol/L; P <.01), 

creatinine (48.97 ± 8.10 μmol/L vs 60.75 ± 8.97 μmol/L; 

P <.01), and UA (213.35 ± 53.99 μmol/L vs 

246.26 ± 48.67 μmol/L; P <.01), respectively. Therefore, it is 

essential to establish specific reference intervals of these 3 

indicators for pregnant women. 

When we compared these indicators in the different age 

groups among the pregnant women, we observed no sig-

nificant age‐related differences (P >.05; Table 1). However, 

the levels were significantly different among the different tri-

mesters (all P <.01 or P =.01, respectively; Table 2, Figure 1).  

Therefore, different reference intervals of urea, creatinine, 

and UA should be established according to trimester. For 

urea and creatinine, further comparisons revealed that there 

were no significant differences in levels between the first 

and third trimester (all P > .05). However, when urea and 

creatinine levels during those trimesters were each com-

pared with levels during the second trimester, there were 

significant differences for both the first and the third tri-

mester (all P <.05). Thus, the first and third trimester should 

use the same reference intervals for urea and creatinine, 

respectively (Table 3). For UA, there were significant dif-

ferences between any 2 trimesters (All P <.01). Thus, it is 

essential to establish 3 different reference intervals for UA 

according to trimester. The results are shown in Table 3.

Discussion

With the dramatic hormonal and hemodynamic changes 

of pregnancy, renal function is altered, and these changes 

must be considered when assessing renal function in 

pregnancy.14 Because blood volume begins to increase 

after conception, renal blood flow and GFR also increase 

significantly: During normal pregnancy, renal blood flow 

and GFR can be increased by 50% to 85% and 40% to 

65%, respectively.6 As a result, serum urea, creatinine, and 

UA are vastly decreased during pregnancy.8 In this study, 

significantly lower levels of serum urea, creatinine, and UA 

were observed (P <.01) during pregnancy, which confirmed 

the necessity of establishing specific reference intervals of 

Table 1. Characteristics of Pregnant and Nonpregnant Participants

Parameters Pregnant  
Women

Nonpregnant  
Women

P Value Pregnant Women Divided by Age (y) P Value

20–25 26–30 31–35 36–45

Participants 1312 1301 … 155 699 331 127 …
Age, y 29.66 ± 4.12 30.15 ± 4.86 .07 23.48 ± 1.65 28.13 ± 1.31 32.53 ± 1.52 38.16 ± 1.86 <.01
Urea, mmol/L 2.75 ± 0.70 4.07 ± 0.95 <.01 2.72 ± 0.69 2.73 ± 0.68 2.79 ± 0.73 2.79 ± 0.72 .33
Creatinine, μmol/L 48.97 ± 8.10 60.75 ± 8.97 <.01 47.65 ± 7.33 48.38 ± 8.93 49.29 ± 7.62 49.91 ± 8.54 .06
UA, μmol/L 213.35 ± 53.99 246.26 ± 48.67 <.01 209.00 ± 52.50 215.62 ± 54.04 210.69 ± 54.8 213.11 ± 53.43 .36

UA, uric acid. 
Continuous variables were compared by Mann-Whitney U test (comparison between 2 groups) or Kruskal-Wallis H test (comparison among 3 groups).
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these indicators for pregnant women. However, the vari-

ations in these 3 indicators during different periods of preg-

nancy are not completely consistent.

Urea is the major product of protein nitrogen metabolism 

and is freely filtered by the glomeruli, and approximately 

50% of urea is reabsorbed by renal tubules under normal 

conditions.15 Apart from being affected by kidney disease, 

serum urea levels can also be influenced by a high-protein 

diet or by oral corticosteroids.16 Nevertheless, as a clas-

sical indicator that has been used for decades, serum 

urea level can still reflect renal function to some extent, 

and it is increased during acute and chronic renal disease. 

Compared with the nonpregnant women in our study, 

pregnant women had a significantly lower level of serum 

urea (2.75 ± 0.70 mmol/L vs 4.07 ± 0.95 mmol/L; P <.01), 

indicating that serum urea in pregnant women may be re-

duced by approximately 32%. Moreover, patients in their 

second trimester showed the lowest levels of serum urea; 

their serum urea concentrations were considered to ex-

ceed the upper limit of normal if they were >4.2 mmol/L. 

However, the upper limit of normal for serum urea in the 
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Data distributions of serum urea (A), creatinine (B), and UA (C) for nonpregnancy and pregnancy.
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general population of our hospital is 8.2 mmol/L. This 

finding means that large numbers of pregnant patients with 

potential renal damage may miss a diagnosis without there 

being specific reference intervals for pregnant women. 

Similar to our results, Dai et al11 also found that preg-

nant women had a significantly lower level of serum urea 

nitrogen, especially in the middle of the trimester (13–35 

week). Both these results confirm that it is essential to 

establish specific reference intervals of serum urea for 

pregnancy.

Creatinine is one of the most widely available and com-

monly used biomarkers of renal function.17 It is a decom-

position product of creatine phosphate in muscle and is 

usually produced at a relatively constant rate by the body 

(depending on muscle mass). Under normal conditions, 

creatine is freely filtered by the glomeruli and is not reab-

sorbed by the tubules. Moreover, outside of pregnancy, 

serum creatinine concentration is used to estimate GFR, 

which can be further used for the diagnosis of chronic 

kidney disease and the grading of kidney disease severity.2 

However, creatinine-based equations to estimate GFR may 

misclassify renal function during pregnancy because they 

depend on a steady state of creatinine balance (dietary pro-

tein intake, muscle mass,  plasma volume and glomerular 

filtration).18 In addition, a 24-hour collection of urine (collect 

the total urine of the patient within 24 hours) to measure 

creatinine clearance is impractical.19. Accordingly, phys-

icians typically rely on serum creatinine levels measured at 

routine visits during pregnancy.7,20 

In this study, serum creatinine levels during pregnancy 

were significantly lower than those in the nonpregnant 

patients (48.97 ± 8.10 μmol/L vs 60.75 ± 8.97 μmol/L; 

P <.01), which is consistent with other studies.11,20,21 

Furthermore, pregnancy in the second trimester showed 

the lowest level of serum creatinine. Wiles et al7 also 

found the lowest level of serum creatinine to be in the 

second trimester, and the upper limits of normal of serum 

creatinine in their study were 76 μmol/L, 72 μmol/L, and 

77 μmol/L in sequential trimesters. In contrast, in the cur-

rent study, the upper limits of normal for serum creatinine 

were 68 μmol/L, 66 μmol/L, and 68 μmol/L in sequential 

trimesters. The inconsistency may come from different pa-

tient populations (eg, different regions, countries, races), 

Table 2. Levels of Serum Urea, Creatinine, and UA Among Different Trimesters

Parameters First Trimester, Group A Second Trimester, Group B Third Trimester, Group C P Value

Participants 431 429 452 …
Age, y 29.49 ± 4.01 29.71 ± 4.03 30.05 ± 4.27 P =.08a

Urea, mmol/L 2.77 ± 0.69 2.67 ± 0.70 2.81 ± 0.70 P =.01  
P

AB
 =.02  

P
AC

 =.45  
P

BC
 <.01

Creatinine, μmol/L 49.91 ± 8.32 47.32 ± 8.04 49.63 ± 7.72 P <.01  
P

AB
 <.01  

P
AC

 =.84  
P

BC
 <.01

UA, μmol/L 192.79 ± 44.33 205.11 ± 49.28 240.78 ± 55.45 P <.01  
P

AB
 <.01  

P
AC

 <.01  
P

BC
 <.01

UA, uric acid.
Continuous variables were compared by Mann-Whitney U test (comparison between 2 groups) or Kruskal-Wallis H test (comparison among 3 groups).
aP, P value of comparison among the 3 groups; PAB, P value of comparison between Group A and Group B; PAC, P value of comparison between Group A and Group C; PBC, P value 
of comparison between Group B and Group C.

Table 3.  Reference Intervals of Serum Urea, 
Creatinine, and UA for Pregnant Women

Analytes First  
Trimester 

Second 
Trimester 

Third 
Trimester 

Urea, mmol/L 1.6 (1.6–1.7)–  
4.4 (4.2–4.5)

1.6 (1.5–1.7)–  
4.2 (4.0–4.4)

1.6 (1.6–1.7)–  
4.4 (4.2–4.5)

Creatinine, 
μmol/L

36 (34–37)–  
68 (67–71)

34 (32–35)–  
66 (63–69)

36 (34–37)–  
68 (67–71)

UA, μmol/L 122 (114–127)–  
297 (286–316)

129 (114–136)–  
327 (317–335)

147 (138–154)–  
376 (353–389)

UA, uric acid.
Numbers in brackets represent 90% confidence intervals.
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reagents, and methods, which also further indicates the 

necessity for each laboratory to establish its own refer-

ence intervals.

Research has shown that UA is the final product of urine 

metabolism and is renally excreted.3 Therefore, elevated 

serum UA levels are seen in patients with kidney disease. 

The well-known effects of elevated UA levels on the kid-

neys include nephrolithiasis and acute kidney injury in the 

setting of tumor lysis.22 Moreover, recent data suggest 

that UA may be an important factor in the pathogenesis 

of acute kidney injury in general and of chronic kidney 

disease and hypertension.3,22 Therefore, the establishment 

of a correct reference interval of serum UA is helpful for 

detecting renal damage early. In this study, compared with 

the nonpregnant patients, pregnant women had a signifi-

cantly lower level of serum UA (213.35 ± 53.99 μmol/L vs 

246.26 ± 48.67 μmol/L; P <.01). However, serum UA began 

to increase significantly in sequential trimesters (Table 3). 

These results were similar to those of other studies, and 

the increased serum UA concentration in late pregnancy 

may be related to an altered renal handling concentration of 

urate.10,11

Aside from the changes in UA levels, we noticed that the 

differences in urea and creatinine levels were not very large 

across all 3 trimesters. This slight renal impairment is easy 

to neglect based on serum creatinine and urea because 

of their insensitivities in the early stages of kidney dis-

ease (serum urea and creatinine levels may not increase 

with mild renal impairment).4 The small increases above 

the normal (ie, for nonpregnancy) reference interval levels 

of these 2 indicators may have indicated renal impair-

ment,5,11 although the values were minimal. Thus, trimester-

specific reference intervals of serum creatinine and urea 

may improve the detection rate of kidney disease during 

pregnancy.

Conclusion

We have verified the necessity of establishing specific 

reference intervals of serum urea, creatinine, and UA for 

pregnant women and trimester-specific reference inter-

vals of these 3 indicators. These findings will be helpful 

for clinicians to detect and monitor kidney disease in 

pregnancy. LM
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ABSTRACT
Objective: In multiple myeloma (MM), stimulation of osteoclasts and 
bone marrow (BM) lesions lead to hypercalcemia, renal failure, and 
anemia. Co-culture of the myeloma cells in both hypocalcemia and 
hypercalcemia concentrations with bone marrow-mesenchymal stem 
cells were evaluated.

Materials and Methods: Viability and survival of myeloma cells were 
assessed by microculture tetrazolium test and flow cytometric assays. 
Mesenchymal stem cells (MSCs) were extracted from normal and 
myeloma patients and were co-cultured with myeloma cells.

Results: Myeloma cells showed less survival in both 
hypocalcaemia and hypercalcemia conditions (P <.01). The 

paracrine and juxtacrine conditions of demineralized bone matrix-
induced hypercalcemia increased the proliferation and survival of 
the cells (P <.05). Unlike myeloma MSCs, normal MSCs reduced 
the survival of and induced apoptosis in myeloma cells (P <.1).

Conclusion: Normal healthy-MSCs do not protect myeloma cells, but inhibit 
them. However, increasing the ratio of myeloma cells to MSCs reduces their 
inhibitory effects of MSCs and leads to their myelomatous transformation.

Keywords: myeloma line, hypercalcemia, co-culture, mesenchymal 
stem cells, demineralized bone matrix

 

Multiple myeloma (MM) accounts for nearly 20% of plasma 

cell dyscrasias that are distinguished by International 

Myeloma Working Group criteria.1 The new definition of ac-

tive multiple myeloma is clonal bone marrow (BM) plasma 

cells >10% or biopsy-proven bony or extramedullary 

plasmacytoma, and any one or more of the following 

features and myeloma-defining events (MDE): evidence of 

end organ damage that can be attributed to the underlying 

plasma cell proliferative disorder, specifically CRAB [C) 

Hypercalcemia: serum calcium >0.25 mmol/L (>1 mg/dL) 

higher than the upper limit of normal or > 2.75 mmol/L 

(>11 mg/dL), R) Renal insufficiency: creatinine clear-

ance < 40 mL/min or serum creatinine >177mol/L (>2 mg/

dL), A) Anemia: hemoglobin value of >2 g/dL below the 

lowest limit of normal, or a hemoglobin value <10 g/

dL, and B) Bone lesions: one or more osteolytic lesion 

on skeletal radiography, computed tomography (CT), or 

positron emission tomography (PET)/CT. If bone marrow 

has <10% clonal plasma cells, more than one bone lesion 

is required to be distinguished from solitary plasmacytoma 

with minimal marrow involvement. Any one or more of 

the following biomarkers of malignancy (MDEs): i) ≥60% 

clonal plasma cells on BM examination, ii) Serum involved/

uninvolved free light chain (FLC) ratio of ≥100, provided 

the absolute level of the involved light chain is at least 

100 mg/L (a patient’s involved FLC, either κ or λ, is above 

the normal reference range; the uninvolved FLC is typically 

in, or below the normal range), and iii) More than one focal 



lesion on magnetic resonance imaging (MRI) that is ≥5 mm 

in size.2 

Myeloma cells originate from BM plasma cells that continu-

ously receive growth and survival factors, such as B cell 

activating factor, A proliferation-inducing ligand , Insulin-like 

growth factor-1 (IGF-1), Interleukin-6 (IL-6), Vascular endo-

thelial growth factor (VEGF), and IL-21 from BM myeloma 

niche cells, which leads to the activation of nuclear factor 

kappa-light-chain-enhancer of activated B cells (NF-κB), 

Janus kinase/signal transducers, and activators of tran-

scription and phosphoinositide-3-kinase/RAC-alpha serine/

threonine-protein kinase signaling pathways.3 At times 

this pathway is sustainably activated due to quantitative 

and qualitative chromosomal abnormalities and mutations 

in regulatory proteins, which in turn activate the parallel 

signaling pathways, and cause myeloma neoplasms. 

Malignant plasma cells can stimulate osteoporosis severely, 

and lead to the development of BM lesions by producing 

Dickkopf homologue-1 (DKK), Receptor activator of nuclear 

factor kappa B ligand (RANKL), IL-3, Growth/differentiation 

factor 15 (GDF-15), Transforming growth factor beta (TGF-

β), and parathyroid hormone related protein (PTHrP), direct 

and indirect stimulation of osteoclasts, and the inhibition of 

osteoblasts. All these are manifested by increased blood 

calcium level, kidney damage, anemia, and other symptoms 

of hypercalcemia. CRAB tetrad, especially hypercalcemia, 

is a symptom that is exclusively observed in MM and not in 

any other plasma cell dyscrasia.4 

Considering the exacerbation of hypercalcemia in MM 

patients along with progression of the disease, the ques-

tion is whether hypercalcemia or hypocalcaemia can affect 

the proliferation and survival rates of myeloma cells, and if 

hypercalcemia in MM acts as a growth factor and positive 

feedback? To answer these questions, mild and severe 

hypocalcemia conditions were induced by calcium che-

lators such as sodium citrate and ethylene diamine tetra 

acetic acid (EDTA), respectively. Also, calcium chloride and 

calcium lactate were used to create various concentrations 

of hypercalcemia. Meanwhile, culture media treated by 

3-dimensional-demineralized bone matrix (DBM) scaffolds 

were employed to imitate BM environment and to create 

hypercalcemic conditions. The proliferation and survival of 

myeloma cells (vitality and viability) in each mode were ana-

lyzed by a methylthiazole tetrazolium test or microculture 

tetrazolium test (MTT) and flow cytometric assays, re-

spectively. Myeloma cells acquire their immortality and 

survival properties partially from BM niche cells. Therefore, 

co-culture of mesenchymal stem cells (MSCs) derived from 

normal and myeloma BMs with human myeloma cell lines 

(HMCL) in different ratios was the target of another investi-

gation. For this purpose, combined Roswell Park Memorial 

Institute-1640 (RPMI-1640) and Dulbecco’s modified Eagle 

medium (DMEM) culture media were used. Another differ-

ence in calcium concentration is the condition of cell culture 

in the two RPMI-1640 and DMEM media. Calcium concen-

tration in DMEM is nearly 4.5 times that of RPMI-1640. Cell 

survival and proliferation in both media were compared by 

MTT assay, and then co-culture effects of normal and mye-

loma MSCs on HMCL was assessed.

Materials and Methods

Culture and Treatment of Myeloma Cells in 
Different Calcium Concentrations

The human myeloma cell lines (HMCLs) used in this study 

include RPMI-8226, JJN-3,U266, LP-1, L-363, KMM-1, and 

KMS-12BM. The myeloma cell is a post-germinal B lympho-

cyte, so a pre-germinal center B lymphocyte (Nalm-6), a 

non-B lymphocyte (Molt-4), and a nonlymphocytic myeloid 

cell (K562) were used as controls to determine the pos-

sible effects of calcium concentration for each lineage in 

similar conditions. Incubated with 5% CO
2
 in 37°C and 85% 

humidity, cells were cultured in RPMI-1640 media supple-

mented by fetal bovine serum (FBS) 10%, penicillin 100 U/

mL, and streptomycin 100 µg/mL. Calcium concentrations 

in all media were measured by Ion Selective Electrode (ISE) 

method (Table 1), despite the fact that the concentration 

of total calcium in RPMI, DMEM, and blood is known to 

be 0.4 mM (1.6 mg/dL), 1.8 mM (7 mg/dL), and 2–3 mM 

(8–10 mg/dL), respectively. In order to create hypocalcemic 

condition (Ca <2.5 mg/dL), sodium citrate (molecular 

weight: 294.1) and EDTA (MW: 372.24) (Sigma Aldrich-

Germany) were used. Hypercalcemia condition (Ca >10  

mg/dL) was created by using cell culture-specific calcium 

lactate (MW: 218.2) and calcium chloride (MW: 147.02) 

(Sigma Life-Science). Working solutions were prepared from 

a 10 mM initial stock using C1V1 = C
2
V

2
 formula. The basic 

medium of all wells was RPMI-1640 supplemented with 

10% FBS. According to the designed experiment (Table 1), 

certain amounts of EDTA, sodium citrate, calcium chloride, 
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and calcium lactate were added to each well, and the con-

centration of calcium in each well was measured. 20 × 103 

cells per microliter (95% viability) were transferred to 96W 

plate wells, and the above treatments were made. After 24 

and 48 h, MTT and trypan blue tests were performed for 

each well. Cell apoptosis was examined by flow cytometry 

after 48 h for KMS-12BM cell line (as selective sample).

Co-Culture of Myeloma Cells in 
DBM-Containing Medium

DBMs are allograft bones converting to a 3D matrix with 

40%–60% porosity, lacking blood, cells and minerals, but 

containing collagen I and noncollagen proteins such as 

adhesion proteins osteonectin, matrix metalloproteinase-2 

(BMP2), and BMP-7 (belonging to TGF-β family) during 

decalcification with acid extraction, which are osteogenic 

and can be used to repair bone defects as well as in tissue 

engineering and regenerative medicine. 

Simultaneously, with the study of the effects of 

hypercalcemia conditions on proliferation, metabolism, 

and survival of myeloma cells, DBM scaffold (Hans 

Biomed, DFDBA) was used to investigate a similar ef-

fect. For this purpose, 20 × 103 KMS-12BM myeloma 

cells were added to each well of 48W plates containing 

RPMI-1640 media supplemented with 10% FBS. Then 20 

DBM beads were added to the wells in direct contact and 

discrete conditions through 0.3 µ meshed Transwell to 

provide new physicochemical conditions (juxtacrine and 

paracrine) for the proliferation and survival of myeloma 

cells in addition to DBM-conditioned media (DBM-cm). In 

this media, which is a combination of DBM, RPMI-1640, 

and FBS, calcium and other factors leak into and enrich 

the media. In fact, meshed transwells inhibit the juxta-

position of cells and DBM (paracrine condition). Treated 

and control cells (lacking DBM) were cultured for 48 h in 

37°C incubator with 5% CO
2
. After 48 h, DBM beads and 

transwell were removed from the main wells by a sterile 

forceps and MTT assay was performed on all cells. Given 

the impossibility of taking 2D images, 3D images of DBMs 

in terms of their interaction and attachment to myeloma 

cells were taken and evaluated by scanning electron 

microscope (SEM).

Isolation and Identification of MSCs from BM

To isolate MSC cells, a standard protocol was followed. 

1.5 mL of BM aspirate of an MM patient and an asymp-

tomatic Normal Healthy individual were cultured in a T75 

flask containing 15 mL of DMEM (Gibco, UK) containing 

20% FBS (Gibco, Germany), NaHCO3 (3.7 mg/mL), and 

L-glutamin and penicillin/ streptomycin (100 U/mL and 

100 mg/mL, respectively) (Sigma) in 5% CO
2
 and 37°C. 

The adherent elongated cells, MSCs, exhibited homo-

geneous fibroblast-like morphology with a spindle or 

triangular-shaped cell bodies, large and ellipse nuclei, 

and growing outward in a “swirling fibroblast-like” pat-

tern. The nonadherent cells were removed after 48 h 

with medium change. After 3–4 days, the cultures at 

80%–90% confluence were tripsinized using 0.05% 

trypsin/1 mM EDTA, and then passaged at 1:2 ratios into 

fresh 25 cm2 culture flasks. Subculture was repeated till 

passage 3 when sufficient cells were provided for the 

next stage of experiment. Finally, having been passaged 

3 times, cells authenticated by multi lineage differenti-

ation and flowcytometric analysis of CD105, CD29, CD73, 

CD44, CD45, and CD34 were used for the next stages of 

the study (Figures 1 and 2).

To promote multi lineage differentiation, MSCs at passage 3 

were plated in a concentration of 3×104/mL in 6-well culture 

Table 1. Calcium Concentrations in Each of the Conditions Under Study

Ca Concentration  
(mg/dl)

Culture Media Ca Concentration  
(mg/dl)

Culture Media

5.1±0.2 DMEM=RPMI+10%FBS 14.1 ± 0.2 FBS
5 ± 0.2 RPMI+10%FBS+3µl Ca Cloride 10mM 1.6 ± 0.2 RPMI-1640
10 ± 0.5 RPMI+10%FBS+6µl Ca Cloride 10mM 2.7 ± 0.2 RPMI+10%FBS
15 ± 1.1 RPMI+10%FBS+9.2µl Ca Cloride 10mM 0.8 ± 0.2 RPMI+ 3µl K3EDTA+10%FBS
20 ± 2.2 RPMI+10%FBS+12.5µl Ca Cloride 10mM 0.3 ± 0.1 RPMI+6µl K3EDTA+10%FBS
5 ± 0.2 RPMI+10%FBS+2.3µl Ca Lactate 10mM 1.9 ± 0.2 RPMI+20µl Citrate3.2%+10%FBS
10 ± 0.6 RPMI+10%FBS+4.6µl Ca Lactate 10mM 1.4 ± 0.2 RPMI+40µl Citrate3.2%+10%FBS
15 ± 1.2 RPMI+10%FBS+7µl Ca Lactate 10mM 7.0 ± 0.2 DMEM-High Glucose
20 ± 2.3 RPMI+10%FBS+9.6µl Ca Lactate 10mM 7.8 ± 0.2 DMEM+10%FBS
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plates until 70%–80% confluence. The proliferation medium 

was replaced by adipogenic differentiation (consisting of 

DMEM supplemented with 10% FBS, 50 µg/mL ascorbic 

3-phosphate, 0.5 mM isobutyl-methylxanthine, 100 nM 

dexamethasone, and 50 µg/mL indomethacin), Osteogenic 

differentiation (DMEM medium supplemented with 10% 

FBS, 50 µg/mL ascorbic 3-phosphate, 10 nM dexametha-

sone, 0.5 mM isobutyl-methylxanthine, and 10 mM β gly-

cerol phosphate), and chondrogenic differentiation (DMEM 

supplemented with 10% FBS, 10 ng/mL TGF-β1, 0.1 µM 

dexamethasone, 50 µg/mL ascorbic acid, and 50 mg/mL 

Insulin, Transferrin, Selenous acid (ITS+) premix (Becton 

Dickinson), 6.25 µg/mL of insulin, transferrin, and selenius 

acid, each) media (all from Sigma-Aldrich). The cultures 

were kept for 3 weeks during which differentiation medium 

was changed twice weekly, and then specific staining was 

performed and identified under an inverted microscope 

(Olympus, Meridian).

The first sign of the adipogenic differentiation became 

evident 2–3 weeks after culture when lipid droplets ap-

peared in the differentiating cells. Eventually, the lipid-rich 

vacuoles within cells combined together and filled the 

cells. Accumulation of lipid in these vacuoles was assayed 

histologically by oil red O (ORO) staining (Merck). Briefly, 

the intracellular accumulation of lipid-rich vacuoles was 

stained with 0.3% Oil Red O solution. To this end, the cells 

were washed by PBS and fixed in 40% paraformaldehyde 

for 20 min, washed and dehydrated with 70% isopopanol 

for 5 min, and stained with 2% oil red O solution in 99% 

Figure 1

Top: Phase contrast image and right-Giemsa staining of primary culture of NH-MSC cells at the surface of the well with 70% 

confluency by 50, 100, and 400x magnification, showing spindle or triangular-shaped cell bodies, large and ellipse nuclei and 

growing outward in a “swirling fibroblast-like” pattern with transparent cytoplasm lacking granules. MSCs showed a varying cellular 

morphology from spindle-shaped towards more cuboidal fibroblast-like cells. Elongated fusiform cells were mostly observed after day 

5 of the culture. Bottom: Compared with undifferentiated control MSCs (A), Osteogenic differentiation showed marked morphological 

changes and extensive extracellular calcium deposition in BM derived MSCs as demonstrated by positive Alizarin Red S staining (B). 

In adipogenic cultures, formation of lipid droplets within the cytoplasm of the cells was quite slow and were gradually occupied the 

whole cells. Accumulation of intracellular lipid droplets was determined as red loci following oil red O staining (C), in chondrogenic 

culture, the metachromatic nature of the matrix was determined by the toluidine blue staining of glycos-aminoglycans as purple 

stained loci in bone marrow (D).
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isopropanol for 10–15 min at room temperature. After 3 

times washing with PBS, the intracellular lipid-rich vacuoles 

were stained as red foci.

At the end of the osteogenic period, the number and size 

of mineralizing nodules were maximized. To evaluate min-

eralized matrix, cells were stained with 2% Alizarin-Red 

S (ARS) solution (Behnogen). Briefly, the differentiated 

cells were washed twice with PBS and fixed with 40% 

paraformaldehyde for 15 min at room temperature. The 

cells were then washed thoroughly with PBS and stained 

with 2% ARS (pH = 4–4.2) within 0.5% NH
4
OH for 2–5 min. 

After 2 min or 3 times washing by water, the mineralized 

matrix was identified by the presence of red foci in stained 

specimen.

At the end of chondrogenic period and for the presence 

of glycosaminoglycans within the extracellular matrix, 

the cells were stained with Toluidine blue. Briefly, the dif-

ferentiated cells were fixed with 10% formalin for 10 min 

at room temperature. After washing, the cells were ex-

posed to Toluidine blue for 30 sec at room temperature. 

Acid mucopolysaccharides and sulfated mucopolysac-

charides within the extracellular matrix were stained as 

violet foci.

Co-Culture Effect of MSCs on Proliferation, 
Survival and Metabolism of Myeloma Cell Lines

Since in normal conditions, myeloma cells proliferate in BM 

in presence of BM stromal cells, co-culture of KMS-12BM 

myeloma cells with mesenchymal stem cells from a Multiple 

Myeloma patient (MM-MSC) and a Normal Healthy sub-

ject (NH-MSC) were used to study the effects of MSCs. To 

provide simultaneous paracrine and juxtacrine conditions, 

we used direct culture of KMS-12BM cells on NH-MSC and 

MM-MSC adherent layers. For pure paracrine conditions, 

KMS-12BM cells were cultured in meshed 0.3 µm pores in-

sert transwells (SPL Polyester/ PETE membrane). Myeloma 

cells also create autocrine conditions, but this effect was 

not investigated because of its uniformity in all 3 conditions. 

In fact, this test was conducted in duplicate for 3 modes: 

1) single myeloma type, 2) myeloma cell line on MSC, and 

3) myeloma cell line in transwell within an MSC-containing 

well, followed by MTT assay and the evaluation of the 

results.

First, in 2 series of 96W wells, 5 × 103 adherent MSCs 

were cultured from 2 MM patients and an apparently 

healthy person (DMEM media supplemented with 10% 

FBS). After 24 h and reaching 80% confluence, by 

changing the old culture medium, 10 × 103, 20 × 103, 

and 40 × 103 KM-12BM myeloma cells simultaneously 

suspended in 100 µL of 1:1 combined culture medium 

(DMEM + RPMI1640 supplemented with 10% FBS) were 

added to i) an empty well, (ii) on MSCs, and (iii) meshed 

insert transwells on MSC surface. After 48 h, myeloma 

cells were detached from transwell and MSC surface, 

and transferred to empty wells of 96W, and MTT assay 

was then performed on all 3 modes. Because DMEM 

and RPMI-1640 are specific culture media for MSCs and 

Figure 2

Immunophenotype of MSC that were positive for CD73, CD44, CD29, CD105, CD34, and CD45 that authenticated based on literature.
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myeloma cells, and given the lack of significant inter-

actions of partly high calcium levels in DMEM on myeloma 

cells, a 50% combination of the two culture media was 

used in co-culture stage.

Methylthiazole Tetrazolium Test (MTT Assay)

To perform the MTT, the old culture medium of cells is 

discharged to remove the metabolites, drugs, and poten-

tially reducing agents, leaving live cells as the only reducing 

agents of tetrazolium in the environment. For this purpose, 

the plate content is precipitated in a special centrifuge at 

200 G for 10 min, so that the cells are not discarded while 

removing the culture medium. Subsequently, 100 µL of fresh 

culture medium and one-tenth of the culture medium volume 

(equivalent of 10 µL) MTT solution (Sigma) at 50 mg/mL con-

centration, with final dilution of 5 mg/mL are added to each 

well. The plate coated with aluminum foil is incubated for 4 h 

in cell culture incubator for the formation of formazan crystals 

on the surface and interface of the cells. After centrifuging, 

the whole supernatant of wells is discarded, and 100 µL of 

solvent and lethal dimethyl sulfoxide (DMSO) is added to the 

cells. The plate is covered with foil and placed on a rotator 

for 15 mins so that all cells are killed and cannot form new 

crystals. Previously formed crystals by live cells are dissolved 

in DMSO. The plate is placed in enzyme-linked immuno-

sorbent assay (ELISA)-Reader (Biotek-ELx800) and read at 

570 and 630 nm wavelengths. OD630 (reference) related to 

the absorbance of plastic plate and the color of medium are 

subtracted from OD 570 to obtain final OD. The data are ana-

lyzed in Excel and Gen5™ Data Analysis softwares (Biotek), 

and the following formula is used to calculate the inhibition 

percentages:

% Inhibition =


1−

Absorbance of
(Test dose− initial plating)

Absorbance of
(Control− initial plating)




× 100%

Study the Number and Viability of KMS12BM 
Cells by 0.4% Trypan Blue Staining in 
Hypercalcemia and Hypocalcemia Treatments

The final OD obtained in the MTT assay depends on the 

metabolism of the cells, as well as their numbers, there-

fore less absorbance may not be only due to cells’ death, 

but to their decreased metabolism. As a result, a total cell 

count and the percentage of live cells (vitality) should be 

separately measured along with the MTT assay. For this 

purpose, we cultured 20 × 103 KMM-1 cells (as a cell with 

moderate to high sensitivity to hypercalcemia and hypo-

calcemia) in each well of a 96w plate.In order to induce 

hypercalcemia and hypocalcaemia, 7 and 40 µL of 10 mM 

calcium chloride and 3.2% sodium citrate were respect-

ively added to each well, and the cells were cultured in 

standard conditions for 24 and 48 h. At the end of each 

treatment, 50 µL of cell suspension of each well was re-

moved and mixed with 50 µL of 0.4% trypan blue vital dye 

(Invitrogen). After 2 min, 50 µL of the mixture was removed 

and loaded between stone lamella and hemocytometer 

(modified Neubauer). After 2 min, total cell count and the 

number of blue (dead) cells were counted to calculate the 

vitality of cells (100 minus percentage of dead cells), using 

the following formula. In this test, dead cells are not able 

to pump trypan blue dye due to the lack of ATP, and they 

turn blue because of dye penetration:

Percentage of dead cells = (number of blue cells ÷ total 

number of cells) × 100

Flow Cytometric Analysis of Apoptosis by 
Annexin-V/PI Staining

The KMM-1 cell line was used to assess the apoptotic 

stage induced by hypercalcemia and hypocalcemia be-

cause of moderate sensitivity of these cells to both con-

ditions. After 24-h treatment, the cells were collected and 

centrifuged at 200 g for 10 min. 100 µL of binding buffer 

containing 1 µL Annexin-V (5 mg/mL) and 1 µL propidium 

iodide (1 mg/mL) dye was added to cells precipitate fol-

lowing the removal of supernatant and rinsing with PBS 

buffer. After incubation in dark and RT for 15 min, the 

percentage of live, preapoptotic, and apoptotic cells was 

evaluated by BD-FACS Calibur (USA) and analyzed using 

FlowMax software.

Preparation of SEM Images of 3D DBM 
Structures After Culture with KMM-1 
Myeloma Cells

To prepare 3D images of DBM treated with myeloma cells, 

the medium was first gently removed from the surface 

of the cells and initial fixation was performed in 2.5% 

glutaraldehyde solution (for 1.5 h at 4°C). After rinsing, sec-

ondary fixation was done in 1% osmium tetroxide solution 

(2 h at 4°C). The samples were each placed in acetone with 

ascending purity (30, 50, 70, 80, 90, and 100%), for half 
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an hour to eliminate water from DBM. After dehydration, 

the samples were transferred to and kept for 72 h in 80°C 

freezer. Cells were then quickly transferred to a lyophilizing 

device to desiccate the samples in vacuum for 6 h. The 

opposite side of the sample was embedded in silver glue 

and attached on metal stabs. The samples were placed in a 

desiccator for 12–24 h to be dried. Biological samples were 

enclosed in a thin layer of carbon or heavy metals such as 

gold to acquire electron dispersion capacity. To this end, 

the samples were transferred to Spoter Coatering (Bal-Tec 

Company) to coat them with an approximate 12 nm thick-

ness of gold. The coated samples were transferred to an 

SEM (Model XL30 of Philips, Netherlands) to take pictures 

of DBM surface.

Statistical Analysis

All experiments were performed as two or three inde-

pendent tests and expressed as mean ± SD. For statistical 

analysis, Mann-Whitney and Kruskal Wallis tests were done 

using Statistical Package for the Social Sciences (SPSS-21) 

and Excel. P <.05 indicates that the mean difference be-

tween the experimental group and the control, and smaller 

P value, lower probability of random findings, and their 

higher significance are significant.

Results

Hypercalcemia and Hypocalcemia Decrease 
the Metabolism and Survival of Myeloma Cells 
in vitro

Both hypocalcemia and hypercalcemia conditions caused 

a decrease in metabolism and survival of myeloma cells 

(Figures 3 and 4); so that after 24 hours, the mean vitality of 

myeloma cells in 10, 15, and 20 mg/dl of calcium chloride, 

compared to controls, reduced to 78%, 69%, and 56%, 

respectively (P <.01). The vitality of the cells in similar con-

centrations of calcium lactate reduced to 69%, 61%, and 

55%, respectively (not shown in the figure). Similarly, after 

48 h, the mean vitality of myeloma cells (in same concentra-

tion of calcium chloride as above), decreased to 83%, 73%, 

and 58%, respectively (P <.01). The vitality of cells in similar 

concentrations of calcium lactate decreased respectively to 

75%, 64%, and 58% after 48 h. As for nonmyeloma cells, 

this reduction in vitality was 81%, 69%, and 62% in calcium 

chloride (Figure  5) and 71%, 65%, and 61% in calcium 

lactate (not shown in the figure). Inhibitory and detrimental 

effects of hypocalcemia conditions were much more 

Figure 3

Evaluation of the effects of different concentrations of hypercalcemia on myeloma cells after 24 and 48-hour treatment in RPMI-1640 

culture medium supplemented with 10% FBS. The vitality of myeloma cells in 10, 15, and 20 mg/dl concentrations of calcium chloride was 

78%, 69%, 56%, respectively, and it was 83%, 73%, and 58% after 48 hours (P <.01). These numbers in similar concentrations of calcium 

lactate were 69%, 61%, 55% after 24 hours and 75%, 64%, and 58% after 48 hours (not shown). The survival of cells after 48 hours was 

5% more than that after 24 hours. Cells showed higher survival rate (6%) after calcium chloride treatment compared to calcium lactate 

treatment, which was not meaningful (P >.5). however it was an indactor for compensatory and regulatory mechanisms for adaptation to 

hypercalcemia.
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Figure 5

Evaluation of the effects of different concentrations of calcium on non-myeloma cell lines (NM) after 24 and 48-hour treatment in RPMI-

1640 culture medium supplemented with 10% FBS. The vitality of non-myeloma cells in 10, 15, and 20 mg/dl concentrations of calcium 

chloride (81%, 69%, 62%, after 24 hours and 74%, 66%, and 60% after 48 hours, respectively) and calcium lactate (71%, 65% and 61% 

after 24 hours and 68%, 61% and 56% after 48 hours, respectively) showed a meaningful reduction (results of calcium lactate treatment are 

not shown). The inhibitory effect of hypocalcemia was so evident in Molt-4 cells (P <.001). the mean survival of NM cells in hypocalcemia 

conditions (1.9 and 0.8 mg/dl) was 31.5% and 8.5% after 24 hours and 45.1% and 16.6% after 48 hours, respectively. This shows a 

significant increase after 48 hours in citrate treated conditions.

Figure 4

Evaluation of the effects of different concentrations of hypocalcemia on myeloma cells after24 and 48-hour treatment in RPMI-1640 culture 

medium supplemented with 10% FBS. The vitality of myeloma cells was 19.8% in citrated condition and 7.5% in EDTA containing culture 

(P <.01). this shows a moderate reduction to 40.9 and 10.1% within 48 hours. In both myeloma and non-myeloma cells inhibitory effects of 

hypocalcemia and hypercalcemia were more significant after 24 hours compare to 48 hours.
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significant than hypercalcemia conditions, so that 1.9 mg/

dL and 0.8 mg/dL concentration of calcium treated with 

sodium citrate and EDTA reduced cell survival to 19.8% 

and 7.5% within 24 h and 40.9% and 10.1% within 48 h 

(P <.001), respectively. Surprisingly, lower inhibitory effects 

are seen over longer time intervals. Vitality of nonmyeloma 

control cells, in similar conditions, decreased to 31.5% and 

8.5% within 24 h and 45% and 16.6% within 48 h. Among 

the nonmyeloma cells Molt-4 cell line showed a high sensi-

tivity to hypocalcaemia (Figure 5). RPMI-8226 and LP-1 re-

spectively showed the highest sensitivity to hypercalcemia 

and hypocalcemia conditions among myeloma cells. In both 

NM and MM cell lines, inhibitory and perhaps cytotoxic ef-

fects of calcium lactate which induced hypercalcemia were 

on average 6 ± 3% higher than calcium chloride, which was 

not significant (P >.5). 

Another important point in this study was a brief reduction 

in inhibitory effects of hypercalcemia and hypocalcemia 

with an increase in treatment time from 24 to 48 h, which 

in all cases (except for citrate) increased metabolic rate 

and cell viability by 5 ± 3%. An explanation to this could 

be the regulatory effects of cells in reducing the influx 

and increasing the efflux of excess calcium, and calcium 

chelation by cell metabolites and acidic proteins, as well 

as adaptation of cells to new conditions. In case of citrate 

hypocalcemia, relative to 24-h treatment, the increase in 

metabolism and survival within 48 h was nearly 17 ± 5%, 

which could be attributed to the use of citrate as a nutrient 

metabolite in Krebs cycle.

The Number and Vitality of KMM-1 Cells 
are Decreased During Hypercalcemia and 
Hypocalcemia Treatments in vitro

The result of the MTT test not only depends on the number 

of live cells, but their metabolism and the level of formazan-

producing NADH and NADPH; therefore, a decline in MTT 

may not exclusively be due to the death of the cells but to 

reduced metabolism of cells as well. As a result, in addition 

to MTT assay, the cell count/survival (Vitality) and apoptose 

kinetic (Viability) should be determined by trypan blue and 

flow cytometric tests, respectively. In this experiment, 

KMM-1 cells after 24 and 48 h of incubation in hypercalcemia 

(12 mg/dL) conditions showed a 27 ± 3.8% and 23.4 ± 3% 

reduction in the number and survival of cells relative to con-

trol, respectively. In terms of hypocalcemia (1.4 mg/dL), these 

values respectively showed 74 ± 6.6% and 65 ± 4/8% reduc-

tion, which was about three times higher than hypercalcemia 

in reduction of cell count and vitality (Figure 6). it was found 

that hypercalcemia reduced simultaneous cellular count 

(27%) and survival (18%) in 24 h, therefor MTT’s decline 

(50%) is not just due to cell death or hypometabolism alone 

(Figures 6 and 7). Also hypocalcemia reduced simultaneous 

cellular count (74%) and survival (61%) in 24 h, therefore the 

reduction of MTT (88%) is likely due to decreased prolifer-

ation and number of cells (increased apoptosis) as well as 

reduced cellular metabolism.

The Ratio of Late-Apoptotic to Preapoptotic 
Cells in Hypocalcemia is Reversed Relative to 
Hypercalcemia 

Assessment of apoptosis by flow cytometry analysis 

of KMM-1 cell line in hypocalcemia (1.4 mg/dL) and 

Figure 6

Assessment of the number of live KMM-1 cells in hypercalcemic 

and hypocalcemic conditions after 24 and 48 hours culture in 

RPMI-1640 medium supplemented with 10% FBS. The number of 

control cells increased by 1.4 times from 20000 to 28,000 cells after 

24 hours. Under hypercalcemic condition, and over the same span; 

however, number of treated cells decreased by 27% to 21,500 

cells (P <.05). Under hypocalcemic conditions, after 24 hours, the 

number of cells reduced 74% to 7900 cells (P <.01). In case of 

48-hour treatment, the number of control cells increased 2.2 times 

(from 20,000 to 45,000 cells). However the number of cells under 

hypercalcemic and hypocalcemic conditions, reduced 23% (to 

34,800) (P <.05) and 65% (to 15,700 cells) (P <.01), respectively. 

In both cases vitality was higher compared to 24-hour treatment. 

The average and standard deviation of the results from triplicate 

runs calculated and the P value indicate the meaningfulness of the 

results statistically compared to the control sample (* equivalent to 

P <.01 and ** equivalent to P <.001).

Science

www.labmedicine.com Lab Medicine 2021;52;281–289  281 
DOI: 10.1093/labmed/lmaa060



hypercalcemia (12 mg/dL) revealed that hypercalcemia 

significantly induced preapoptosis more than late-apoptotic 

conditions (41% to 19%) and compared to hypocalcemia, 

it probably has a delayed phase of apoptosis (P <.01). 

However, hypocalcemia-induced late-apoptosis compared 

to preapoptosis (61% to 32%) during 24 h (fast effect), but 

the total number of dead cells (late-apoptotic plus pre-

apoptotic) is 1.5 times higher in hypocalcemia (Figure 7).

Figure 7

Study of viability and apoptosis status of KMM-1 cell line in 2 different conditions of calcium. Hypercalcemia induced pre-apoptosis more 

than late-apoptotic conditions (41 to 19%) but hypocalcemia induced late-apoptotic relative to pre-apoptotic conditions (61 to 32 %) 

over a culture period of 24 hours. The P value for the difference between apoptotic and preopoptotic conditions in hypercalcemia and 

hypocalcemia conditions was 0.003 and 0.05, respectively (meaningfulness).
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DBM Containing Medium Increases Metabolism 
and Survival of Myeloma Cells Creates a Mild 
Hypercalcemia Conditions

Interaction between KMS-12BM cell line and DBM in 

direct contact and discrete conditions through 0.3 µ me-

shed transwell, provide new juxtacrine, paracrine, and 

physicochemical conditions for the proliferation and survival 

of myeloma cells in addition to DBM-cm. The MTT assay 

showed 146% (P <.05) and 132% (P <.01) increase of me-

tabolism and survival of cells in juxtacrine and paracrine 

conditions, respectively (Figure 8). This finding suggests 

that, in addition to DBM-derived growth factors, higher 

localized concentrations of factors and physicochemical 

structure of DBM play a role in juxtacrine proliferation of 

myeloma cells. In the last day, calcium concentration was 

measured in the culture medium containing DBM, which 

in both cases was 7.3 mg/dL and nearly 4.6 mg/dL higher 

than control medium.

DBM images show spongy and high porosity surfaces, 

which do not indicate any connection of myeloma cells 

to the surface (Figure 9). Imitation of three-dimensional 

conditions, calcium leakage and some inorganic factors on 

average increased the proliferation and survival of myeloma 

cells in direct contact of cells with DBM by 146%; however, 

under conditions without direct contact, the mean increase 

in vitality was 132%.

Unlike MM-MSCs, Co-Culture of NH-MSCs with 
Myeloma Cell Line Decreases Metabolism and 
Survival of Myeloma Cells in vitro

Contrary to MM-MSCs, survival of KMS-12BM cells after 

48-h co-culture in 4:1 ratio to NH-MSC was not increased. 

Survival and vitality rate of these cells in juxtacrine and 

paracrine conditions reduced by 46% and 12%, which 

was significant in direct contact conditions (P <.01), but 

the survival of cells in the presence of MM-MSC increased 

by 133% and 121%, respectively (Figure 10). Increased 

ratio of myeloma cells (8:1) reduced the inhibitory effects 

of NH-MSC and increased metabolism and survival of 

cells by 103% and 117% relative to baseline, respectively, 

while MM-MSC increased this value by 125% and 115%. 

The inductive effects of juxtacrine conditions were higher 

than paracrine (contrary to normal MSCs). In 2:1 ratio, the 

inhibitory effects of NH-MSC and the inductive effects of 

MM-MSC were significantly high in both juxtacrine and 

paracrine conditions; nevertheless, due to the difficulty in 

removing all myeloma cells from the surface of mesen-

chymal cells in juxtacrine conditions, precision and repro-

ducibility of the test were low and of negligible significance 

because of coefficient of variation (CV) higher than 45%.

Discussion

Calcium is the most abundant mineral in the human body 

that plays a role in coagulation, contraction, conduc-

tion of electrical current, sleep regulation, bone forma-

tion, signaling, intracellular activation, and apoptosis.5 

Approximately 90–140 g of total calcium is found in bones. 

Calcium level in the body is regulated through 3 hormonal 

systems in kidney, intestine, and bone. Calcium regulating 

factors include calcitonin, parathyroid hormone (PTH), and 

parathyroid hormone-related protein (PTHrP). PTHrP is 

produced by malignant cells such as myeloma, breast, and 

lung carcinoma, causing hypercalcemia and increasing cel-

lular adhesion in these patients. PTH and PTHrP stimulate 

adenylate cyclase and PLC enzymes to produce RANKL 

and inhibit the production of osteoprotegerin (RANKL 

antagonist) in osteoblasts.6,7 RANKL binds to RANK on 

Figure 8

Paracrine and juxtacrine effects of 3D-DBM scaffold on metabolism 

and survival of KM-12BM cell line, showing a meaningful increase 

in cell survival up to 132% (P <.01) and 146 % (P <.05). Unlike 

simple hypercalcemia condition, increase in cell survival is evident. 

According to Mann-Whitney test P value was .3 and meaningless.
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osteoclasts and stimulates the production of carbonic acid 

by carbonic anhydrase enzyme, leading to bone destruction 

and calcium release. In contrast to PTH and PTHrP, sodium 

pamidronate inhibits calcium reabsorption, which increases 

bone density and repairs bone lesions in patients with 

myeloma.8 Hypercalcemia in MM can also be a function 

of local osteolysis or humoral changes, thereby increasing 

IL-6 and PTHrP and decreasing PTH and consequently 

1,25(OH) 2-Vit-D3, as well as the percentage of renal tubular 

reabsorption of phosphate (%TRP) and calcium/creatinine 

(C
ca

/C
cr

) clearance. Although PTH level is normal or de-

creased in 94% of patients (<68 pg/mL), it increases in 6% 

of cases, which is often associated with a poor prognosis. 

These patients also have a higher ratio of BM plasma cells, 

β2 microglobulin (β 
2
-MG), creatinine, lactate dehydro-

genase (LDH), Igλ and IgA involvement, and paraprotein 

concentration, but their survival rate is decreased by 50%, 

and they are often in ISS-III stage (β 
2
-MG >5.5mg/L). PTH 

hormone stimulates RANKL, IL-6, and fms like tyrosine 

kinase 3 (FLT-3) production, which increase the proliferation 

of plasma cells and decrease the apoptosis of plasma cells 

and hematopoietic stem cells. As a result, in patients with 

hyperparathyroidism, the risk of gammopathy is increased 

and the plasma cell ratio is higher in MM patients having 

high PTH levels.4

Myeloma cells produce DKK1, RANKL, IL-3, macrophage 

inflammatory protein 1-alpha (MIP-1α), MIP-3α, activin-A, 

GDF-15, TGF-β, hepatocyte growth factor (HGF), secreted 

frizzled-related protein 2 (sFRP2), sclerostin, VEGF, IL-6, 

IL-7, tumour necrosis factor-alpha (TNF-α), and can inhibit 

osteoblasts, stimulate osteoclasts, and induce osteolysis; 

therefore, serum calcium levels are highly increased which 

can affect the proliferation, survival, and activity of cells, 

as well as clinical symptoms of hypercalcemia.9,10 A cal-

cium level higher than 12 mg/dL (equivalent to 3 mmol/L) 

is called hypercalcemia, which is associated with dry 

mouth, polydipsia, polyuria, nausea, and anorexia. Calcium 

Figure 9

A) SEM image of DBM scaffold (post juxtacrine treatment with KMS-12BM) on B) 500μm, C) 200μm, D) 100μm, E) 50μm and F) 10μm 

scales magnifications with 30–40% porosity and surface area of   35–40 g/cm2. As it can be seen, no connection and interaction is observed 

between DBM and KMS12BM myeloma cells and DBM increased the proliferation of myeloma cells by 132 ± 6% through paracrine effect 

and secretion of humoral factors; however, the growth conditions in juxtacrine phase was 12% higher than paracrine (146 ± 4.3%).
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levels >15 mg/dL (equivalent to 4 mmol/L) indicate acute 

hypercalcemia which is a medical emergency, and is ac-

companied by heart disease, crisis, and coma.11

The 48 h survival rate of myeloma and nonmyeloma cells 

lines in citrated and EDTA-containing hypocalcemic medium 

show significant reduction. on the other hand, inhibitory 

effects of hypocalcaemia and hypercalcemia were lower 

within 48 h than 24 h, which may be related to the compen-

satory effects, cellular compatibility, and the re-release of 

chelated calcium in 48 h. In this regard, a study was con-

ducted indicating that somatic cells have a number of cal-

cium influx channels, for example, Orai, Transient Receptor 

Potential-Canonical (TRPC), N-methyl-D-aspartate receptor 

(NMDA), voltage-operated channels (VOC), and mitochon-

drial calcium uniporter (MCU), as well as calcium efflux 

channels [e.g., Na+/Ca2+ exchanger (NCX) and plasma 

membrane Ca2+ ATPase (PMCA)] that during hypercalcemia, 

increasing expression of efflux channels and decreasing 

expression of influx channels cause adaptation to condi-

tions.12–15 To verify this phenomenon in myeloma cells, a 

similar study was conducted in line with calcium metab-

olism in myeloma cells, the results of which will be released 

in the future, but no clinical and in vivo studies have been 

conducted in this area.

In this study, the myeloma cells better tolerated 

hypercalcemia than hypocalcemia; nevertheless, these 

conditions did not increase their proliferation and survival 

in vitro and myeloma-induced hypercalcemia, resulting 

neither a positive feedback nor a vicious cycle. Obviously, 

moderate hypercalcemia caused by DBM slightly increases 

Figure 10

Unlike MM-MSCs, proliferation and survival of KMS-12BM cells in 48-hour coculture with 4:1 ratio to NH-MSC, was not increased. vitality 

of these cells in both juxtacrine and paracrine modes was decreased by 46% and 12%, respectively. This shows that the reduction in 

survival of myeloma cells in direct contact (juxtacrine) conditions was significant (P <.01). However, survival of these cells in both juxtacrine 

and paracrine modes increased by 133% and 121%, respectively in the presence of MM-MSC cells. As the ratio of myeloma cells (8:1) 

increased, the inhibitory effects of NH-MSC decreased and the survival of cells increased by 3% and 17%. MM-MSC increased these 

values to 125% and 115%, although the induction effects of juxtacrine mode were greater than paracrine (contrary to NH-MSCs). Indeed, 

a high ratio of myeloma cells to MSC changed the nature of NH-MSC to a form similar to MM-MSC through the production of certain 

cytokines causing myeloma progress, in which the number of KMS-12BM cells increased to a level higher than baseline. In 2:1 ratio, the 

inhibitory effects of NH-MSC and the inductive effects of MM-MSC were high in both juxtacrine and paracrine conditions; however, due to 

the difficulty of removing all myeloma cells from the surface of mesenchymal cells in juxtacrine conditions, precision and reproducibility of 

the test were low and of lower significance because of CV higher than 45%. By calculating Kruskal-Wallis H and conducting Mann-Whitney 

test, P values between paracrine and juxtacrine groups of MMSs were calculated. The P value indicate the meaningfulness of the results 

statistically compared to the control sample (* equivalent to P <.01 and ** equivalent to P <.001).
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the metabolism, survival, and vitality of myeloma cells, 

which is due to the release of growth factors and the ex-

pression of certain adhesion molecules in loose connec-

tion of DBM with myeloma cells. Therefore, this effect was 

greater in juxtacrine than paracrine conditions (146 ± 8% vs. 

132 ± 7.3%), but this difference is not significant (P >.05). 

DBMs are allograft bones converting to a 3D matrix with 

40%–60% porosity lacking blood, cells, and minerals, but 

containing collagen I and noncollagen proteins such as ad-

hesion proteins osteonectin, BMP2, and BMP-7 (belonging 

to TGF-β family) during decalcification with acid extrac-

tion, which are osteogenic and can be used to repair bone 

defects, as well as in tissue engineering and regenerative 

medicine. In addition, among the 4 cell lines of B lympho-

cyte, T lymphocyte, myeloid and myeloma, the Molt-4 T-cell 

line had a higher sensitivity to hypocalcaemia. Apoptosis rate 

is concentration-dependent, and EDTA treatment showed 

more severe effects in comparison with citrate, which may be 

associated with chelation of other ions such as Mg and Mn, 

along with the degradation of calcium-containing proteins.

Despite general similarities, RPMI-1640 and DMEM media 

have significant differences in their ingredients; for ex-

ample, DMEM lacks biotin, para-aminobenzoic acid (PABA), 

cobalamin, calcium pentothenate, asparagine, aspartate, 

glutamine, glutamate and proline, and in turn has 2-fold 

glucose, leucine, serine, isoleucine, methionine, magne-

sium sulfate, and riboflavin, 3-fold glycine, histidine, lysine, 

tryptophan, and tyrosine, and 4-fold phenylalanine, calcium, 

nicotinamide, thiamine, pyridoxine, threonine, and folate. 

Unlike DMEM medium, RPMI-1640 lack iron.16 The final 

calcium level measured by the ISE method in pure and 

FBS-supplemented RPMI-1640 was 1.6 mg/dL and 2.7 mg/

dL, respectively, and these values for DMEM were 7 mg/

dL and 7.8 mg/dL, respectively. Combination of the two 

culture media reached calcium concentration to 5.1 mg/

dL, and according to the optimum culture of myeloma cells 

in RPMI-1640, cell survival was favorable in these condi-

tions; nevertheless, calcium reduction to a threshold lower 

than pure RPMI-1640 significantly reduced cell survival.17 

At Ca >10 mg/dL concentration, a slight reduction in me-

tabolism and survival of cells was also observed, which 

rejected the hypothesis of induced effects of myeloma 

hypercalcemic conditions.18–21

Hence, to kill myeloma cells, first their connection to 

mesenchymal cells and myeloma niches should be dis-

engaged, followed by their sensitization to chemotherapy 

or bortezomib by anoikis support.22 The development of 

myeloma can be secondary to myeloma niche and vice 

versa. In other words, the mutation and transformation 

of plasmacyte niche to myeloma niche both amplify and 

activate plasmacyte signaling, causing its malignancy, or 

myeloma cells produce and secrete cytokines and growth 

factors providing for transformation of the natural niche to 

myeloma niche, forming a vicious circle developing mye-

loma.23 At the onset of these myeloma changes, epigenetic 

and genetic changes such as aneuploidy, translocation, 

and mutations are of paramount importance. The ex-

pression of a large number of genes is different between 

MM-MSC and NH-MSC cells, including an increase in the 

expression of IL-6, DKK1, GDF-15, IL-10, IL-1β, Homeobox 

B (HOX-B), MMP-2/4–6, and TNF-α and the decrease of 

FGF expression in the former.24 Application of NH-MSC 

in cell therapy not only kills MM cells but leads to differ-

entiation into osteoblast, which improves the disease.25,26 

Alternatively, low FasL NH-MSC can be differentiated into 

supportive MM-MSCs, and increases the proliferation and 

survival of myeloma cells. The higher the expression of 

Fas-L/CD178 on the surface of normal MSCs, the greater 

their inhibitory effects on myeloma cells, which even in-

creases the expression of Fas/CD95 on the surface of mye-

loma cells, while MM-MSCs show lower Fas-L expression 

and increase the survival of myeloma cells.27–30

In this research, based on the article by Anderson and 

Jakubikova, articlit was found that mesenchymal cells de-

rived from myeloma patients act as a niche or a promoting 

factor for myeloma, but mesenchymal cells of healthy individ-

uals are inhibitors of myeloma, which may lead to the devel-

opment of a new strategy for the treatment of these patients 

via injection of normal MSCs into MM patients.31 Obviously, 

a higher number of myeloma than mesenchymal cells over 

longer treatment periods changes the nature of NH-MSCs to 

MM-MSC such as forms with the production of certain mye-

loma inducing cytokines in which the number of KMS-12BM 

cells compared to baseline increases. Indeed, multiple mye-

loma in the long run causes the niche to change in its own 

right and contribute to the progression of myeloma. The pro-

liferation and survival of KMS-12BM cells in 48-h co-culture 

with 4:1 ratio to NH-MSC did not increase in contrast to 

MM-MSC, and the metabolism and survival of these cells in 

juxtacrine and paracrine modes decreased significantly in 

direct contact condition (juxtacrine), But the proliferation and 

survival of cells in presence of MM-MSC cells increased. 

Alternatively, with the increase in the ratio of myeloma cells 

(8:1), the inhibitory effect of NH-MSC was decreased, and 

the metabolism and survival of cells increased relative to 
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baseline. MM-MSC increased this value. Moreover, the 

induction effects of juxtacrine conditions were higher than 

paracrine (contrary to normal MSC). In 2:1 ratio, the inhibi-

tory effects of NH-MSC and inductive effects of MM-MSC 

were greater than 4:1 ratio in juxtacrine conditions and 

inhibitory effects of normal mesenchymal cells is attributed 

to high expression of FasL by them, which was not investi-

gated in this study.

In the MM mouse model, treatment of MSCs with highly 

expressed Fas ligand (FasLhigh MSCs) showed remarkable 

inhibitory effects on MM indenization in terms of extending 

the mouse survival rate and inhibiting tumor growth, bone 

resorption in the lumbus and collum femoris, and MM cell 

metastasis in the lungs and kidneys. In addition, reduced pro-

liferation and increased apoptosis of MM cells were observed 

when co-cultured with FasL high MSCs in vitro. Furthermore, 

mechanistically, the binding between Fas and Fas Ligand 

(Fas-L) significantly induced apoptosis in MM cells, as evi-

denced through an increase in the expression of apoptosis 

marker and Fas in MM cells. In contrast, FasLnull MSCs 

promote MM growth. Fas-L/Fas-induced MM apoptosis plays 

a crucial role in the MSC-based inhibition of MM growth. it is 

possible that the higher stromal culture is just “sucking” up 

the hypercalcium either by cell influx or chealation by acidic 

proteins on the much larger cell surface of MSCs.32

Although MTT or a specific statistical study was not con-

ducted for the survival of mesenchymal cells, there was 

evidence of an increase in apoptotic and degenerated 

NH-MSCs (narrow and dark cells) despite the increase in 

their number. But in the case of MM-MSC cells, the number 

of apoptotic cells was much lower (not shown). It was found 

that hypercalcemia in MM does not increase the prolifer-

ation or survival of myeloma cells, but the increase in the 

number of myeloma cells in BM or in vitro leads to the 

production of growth and differentiation factors, converting 

normal and anti-malignant stroma to myeloma promoting 

stroma exacerbating hypercalcemia and associated 

complications in MM by stimulating myeloma cells and 

osteoclasts.33

The main function of MSCs in BM is formation of endosteal 

and perivascular niches. Both of these niches are disrupted 

in MM, as evidenced by neoangiogenesis, osteolytic le-

sions, impaired hematopoiesis and immunosuppression, 

and the changes allow a subset of MM cells to escape 

dormancy and proliferate. BM MSCs can differentiate 

into adipocytes, which increase with age, and are con-

sidered negative regulators of hematopoiesis. MM induces 

proliferation and expansion of MSCs, but other studies 

showed that MM cells elicit a premature senescence 

phenotype in MSCs. Osteoblasts and osteocytes are sup-

pressed, particularly in areas of MM involvement. Yaccoby 

et al. showed that MSCs from patients with MM had 

changes in expression of genes associated with cellular 

proliferation, and a higher proportion of senescent cells and 

lower proliferative potential than those from age-matched 

healthy donors. Co-culturing normal MSCs with myeloma 

cells suppressed MSC differentiation to adipocytes and 

osteoblasts, and reduced expression of insulin-like growth 

factor-binding protein 2 (IGFBP2) and adiponectin.34

Drucker and Attar showed that BM resident mesenchymal 

stem cells (BM-MSCs) are altered in MM, and in vitro 

studies indicate their transformation by MM proximity is 

within hours. The response time frame suggested that pro-

tein translation may be implicated. BM-MSCs (ND and MM) 

co-cultured with MM cell lines displayed elevated prolifer-

ation and death, as well as increased expression/activity of 

major translation initiation factors (eIF4E, eIF4GI). MM cell 

lines co-cultured with MM-MSCs also displayed higher pro-

liferation and death rates coupled with augmented transla-

tion initiation factors; in contrast, MM cell lines co-cultured 

with ND-MSCs did not display elevated proliferation only 

death and had no changes in eIF4GI levels/activity. EIF4E 

expression was increased in cell lines. there is direct dia-

logue between the MM and BM-MSCs populations that 

includes translation initiation manipulation and critically 

affects cell fate.35

Multiple myeloma MSC gene expression signatures can dif-

ferentiate multiple myeloma from monoclonal gammopathy 

and smoldering multiple myeloma (SMM), as well as 

from healthy controls and treated multiple myeloma pa-

tients who have achieved a complete remission. Schinke 

and Yaccoby identified a prognostic gene score based 

on 3 MSC specific genes, type IV collagen alpha, natri-

uretic peptide receptor 3 (NPR3), and integrin beta like 1 

(ITGBL1), that was able to predict progression-free survival 

(PFS) in multiple myeloma patients, and progression into 

multiple myeloma from SMM. A MSC gene score derived 

from overexpression of COL4A1, and underexpression of 

NPR3 and ITGBL1 in multiple myeloma microenvironment, 

had a significant impact on PFS and was also able to reli-

ably predict the PFS of treated multiple myeloma patients 

who had achieved a complete remission (CR). Furthermore, 

a high-risk MSC gene score was associated with progres-

sion of MGUS/SMM patients to multiple myeloma. These 

results emphasize that progression of MM towards a more 
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aggressive phenotype and of SMM to MM does not solely 

rely on intrinsic plasma cells factors, but are independently 

impacted by the biology of the surrounding microenvir-

onment. COL4A1 interacts with other extracellular matrix 

components, controls the formation of new capillaries, 

and also regulates HIF-1α and VEGF expression (anti-

angiogenic effect) and modulates progression of MGUS 

to MM. NPR3 and ITGBL1 play important roles within the 

extracellular matrix, though few reports suggest they con-

tribute to tumor growth and carcinogenesis.36

Cell–cell communication is mediated by exosomes (Exs). 

Rocarro and Anderson showed that MM BM-MSCs release 

exosomes that are transferred to MM cells, thereby result 

in modulation of tumor growth in vivo. Exosomal microRNA 

(miR) content differed between MM and normal BM-MSCs, 

with a lower content of the tumor suppressor miRNAs.37 

MM patients exhibit distinguishable elevations in some of 

their contents such as miR-21, miR-146a, let-7b and miR-

18a, while some molecules such as miR-15a are markedly 

downregulated in EXs of MM patients compared to healthy 

individuals. These findings make EXs desirable biomarkers 

for early prediction of disease progression and drug resist-

ance in the context of MM.38 In addition, MM BM-MSC-

derived exosomes had higher levels of oncogenic proteins, 

cytokines (chemokines including CXCL1, IL6, IL-8, IP-10, 

MCP-1, and CCL-5), and adhesion molecules compared with 

exosomes from the cells of origin. Importantly, whereas MM 

BM-MSC-derived exosomes promoted MM tumor growth, 

normal BM-MSC exosomes inhibited the growth of MM cells. 

In summary, exosome transferred from BM-MSCs to clonal 

plasma cells represents a previously undescribed and unique 

mechanism that highlights the contribution of BM-MSCs 

to MM disease progression. a positive feedback loop be-

tween MM cells and MSC. MM cells promote the increase 

of miR146a in MSC which leads to more cytokine secretion, 

which in turn favors MM cell growth and migration.39

In the 3D model of Jakubikova and Anderson, MSC with con-

served phenotype (CD73 + CD90 + CD105+) formed compact 

clusters with active fibrous connections, and retained lineage 

differentiation capacity. Extracellular matrix molecules, integ-

rins, and niche-related molecules including N-cadherin and 

CXCL12 are expressed in the 3D MSC model. Furthermore, 

activation of osteogenesis (MMP13, SPP1, ADAMTS4, and 

MGP genes) and osteoblastogenic differentiation were con-

firmed in 3D MSC model. Co-culture of patient-derived BM 

mononuclear cells with either autologous or allogeneic MSC 

in 3D model increased proliferation of MM cells, CXCR4 

expression, and SP cells. Importantly, resistance to novel 

agents (IMiDs, bortezomib, carfilzomib) and conventional 

agents (doxorubicin, dexamethasone, melphalan) was ob-

served in 3D MSC system, reflective of clinical resistance.31

Conclusions

In this study, both hypercalcemia and hypocalcemia con-

ditions decreased the survival of myeloma cells in vitro, 

although hypercalcemic conditions showed better results in 

these cells. The proliferation and survival of myeloma cells 

depend on stromal cells which are transformed into malig-

nant forms, so NH-MSCs cannot protect, but inhibit mye-

loma cells. However, increasing the ratio of myeloma cells 

to MSCs reduces the inhibitory effects on MSCs and leads 

to myelomatous transformation. More studies are required 

to answer the questions in this field. LM
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ABSTRACT
Objective: Acute promyelocytic leukemia (APL) with variant RARA 
translocation, eg, t(11;17), is not sensitive to all-trans retinoic acid and 
requires distinct chemotherapy. However, there are some leukemic entities 
that may mimic aspects of the clinical and/or laboratory picture of APL and 
cause confusion because of karyotype nomenclature. Therefore, recognition 
of such entities may be of therapeutic and prognostic significance.

Methods: We present 2 cases of acute myeloid leukemia (AML) 
with t(11;17) that were clinically concerning for APL based primarily 
on clinical presentation but were ultimately diagnosed as AML with 
monocytic differentiation. 

Results: Both leukemias harbored KMT2A translocations, one located 
near but not involving RARA and the other with SEPT9.

Conclusion: In leukemias that clinically and/or immunophenotypically 
mimic APL, identification of specific gene translocations can lead to the 
correct diagnosis and may carry therapeutic/prognostic implications.

Keywords: acute myeloid leukemia, RARA variants, acute promyelocytic 
leukemia, genetic sequencing, karyotype, fluorescence in situ 
hybridization, molecular diagnostics

 

De novo acute myeloid leukemia (AML) with t(11;17) 

mimics other leukemic entities, creating a difficult diag-

nostic approach.1-3 Specifically, morphologic findings may 

be nonspecific, creating confusion regarding the leukemic 

cell lineage (myeloid, monocytic, or promyelocytic), and 

could potentially lead to inappropriate therapies early in the 

disease course. Translocations involving the KMT2A gene 

(previously known as MLL), if not specifically identified, can 

be misconstrued as variant acute promyelocytic leukemia 

(APL), especially when there is a similar clinical presenta-

tion.2 We report 2 cases of de novo AML with KMT2A trans-

locations that illustrate these points by their clinical features, 

which were suggestive of APL. We reviewed the literature 

from 1961 to the present for acute leukemias with KMT2A 

translocations (11q23) involving either 17q12 or 17q21 

(near or involving RARA) and 17q25 (SEPT9), research for 

which also reported the results of immunophenotyping and 

morphology.

Case Series

Case 1

A male patient aged 26 years presented with new-onset 

weakness, decreased appetite, weight loss, rigors, and dia-

phoresis, but no bleeding was noted. His white blood cell 

count was 5.5×103/µL (reference range [rr] = 4–10×103/µL) 

with 44% blasts, hemoglobin 3.6 g/dL (rr = 12 g/dL–18 g/

dL), and platelets 103×103/µL (140–440×103/µL). 



Coagulation studies were normal. The hematologist re-

viewed the blood smear (Figure 1A, Image A) and was 

concerned for APL; however, blasts were strongly positive 

for nonspecific esterase (NSE) staining (Figure 1B, Image B) 

and negative for myeloperoxidase (MPO) by cytochemical 

staining. The patient refused a bone marrow examination. 

Immunophenotyping of blood showed CD34- HLADR++ 

blasts (Table 1) with additional markers that favored the 

diagnosis of acute monocytic/monoblastic leukemia (AMoL). 

Blastic plasmacytoid dendritic cell neoplasm in leukemic 

phase was also considered based on dim CD56 expression.

Fluorescence in situ hybridization (FISH) was negative 

for t(15;17) and t(9;22). Specifically, FISH for t(15;17) was 

performed using dual color probes for the PML gene at 

15q24.1 and for the RARA gene at 17q21 (Cytocell Inc). Of 

the 200 interphase cells examined, 100% had the normal 

pattern of 2 independent signals for each probe consistent 

with absence of fusions; this result also ruled out RARA 

gene rearrangement. Final cytogenetics (Table 1) showed 

a t(11;17)(q23;q12) translocation in all 15 metaphase cells 

examined with KMT2A (11q23; Cytocell Inc) rearrange-

ment in 89% of blood leukocytes (200 interphase cells 

examined; Figure 2). The karyotype was 46,XY, t(11;17)

(q23;q12)[15]. Next-generation sequencing (NGS) using our 

in-house custom 49-gene panel (See Supplemental Table 

1), including commonly mutated genes in AML, did not de-

tect pathologic variants. The final diagnosis was AMoL with 

t(11;17) translocation. After red cell transfusion but before 

specific therapy, the patient left against medical advice and 

was lost to follow-up.

Case 2

A female patient aged 70 years presented with acute-onset 

left-sided abdominal pain. Her white blood cell count was 

71×103/µL with 30% blasts, hemoglobin 10.5 g/dL, and 

platelets 61×103/µL. Computed tomography revealed 

hemoperitoneum. Coagulation studies were abnormal 

(prothrombin time 20.2 seconds [rr = 9.6–12.4 seconds], 

d-dimer 23.78 mg/L fibrinogen equivalent units (FEU) 

[rr = <0.75 mg/L FEU], and fibrinogen 94 mg/dL [209 mg/

dL–444 mg/dL]), interpreted as being consistent with dis-

seminated intravascular coagulation (DIC) by the primary 

team and raising clinical suspicion for APL (among other 

leukemic entities). Blood cytochemical stains showed 

MPO-positive, NSE-negative blasts. Immunophenotyping 

showed blasts to be CD34- and HLADR+ with additional 

markers favoring AMoL (Table 2).

In the marrow, polymerase chain reaction (PCR) detected 

an FLT3 D835 mutation, and FISH/cytogenetics showed 

a t(11;17)(q23;q25) rearrangement within a hyperdiploid 

karyotype (Table 2). The patient’s final karyotype was 

48,XX,+6,t(11;17)(q23;q25),+13[15]/50,idem,+4,+8[3]/4

6,XX[2]. Through NGS, we detected a pathogenic EZH2 

variant and confirmed the FLT3 D835 variant. The final 

diagnosis was AMoL with an FLT3 tyrosine kinase mu-

tation, a presumptive KMT2A-SEPT9 translocation, and 

an EZH2 variant. The patient achieved complete remis-

sion after induction but relapsed 2 months later with 60% 

blasts of the identical immunophenotype and acute intra-

cranial hemorrhage; she died within 24 hours of admission.

Discussion

Certain clinical scenarios prompt pathologists to err on 

the side of caution by favoring a more actionable diag-

nosis, such as APL, in the scenario of a new leukemia with 

distinctive morphological and immunophenotypic charac-

teristics. Certainly, when coagulation studies in a patient 

with de novo leukemia suggest DIC, as in case 2, there is 

strong suspicion for APL, which can also show monocytic-

like morphology. Even when the blast immunophenotype 

is compatible with AMoL, the presence of a possible APL 

variant translocation creates a diagnostic challenge.4 

Although rapid PCR testing may be an aid in this setting, 

it is generally specific for the product of t(15;17); therefore, 

FISH is a better and more broad-based tool for variant APL. 

Specifically, if a patient has a translocation involving 17q, 

then FISH studies are necessary for confirming whether 

or not the RARA gene is actually involved. A significant 

number of genes have been associated with AML transloca-

tions of 11q23 within the 17q12–25 region, including MLL‐
LASP1, MLL‐MLLT6/AF17, and MLL‐ACACA.5,6 Previous 

research in patients with AML has shown that the break-

points in these regions do not directly involve the RARA 

gene.7,8 These variant translocations generally do not result 

in all-trans retinoic acid (ATRA) sensitivity of the leukemia; 

hence, it is necessary to identify these specific AML trans-

locations to institute appropriate therapy.9

AML with t(11;17)(q23;q12 or q21)

Per our literature review, we identified 6 individual case 

reports where a KMT2A (MLL) gene rearrangement was 
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Figure 1A

Image A. Hematoxylin and eosin 1000×. Peripheral smear from case 1 showing blasts with open chromatin, prominent nucleoli, basophilic 

cytoplasm, and occasional vacuolization.

Figure 1B

Image B. Hematoxylin and eosin 400×. Blasts showing strong positivity for nonspecific esterase staining.
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shown and partnered with a region of the RARA gene 

or in close approximation to the RARA gene, showing 

a t(11;17) rearrangement (Table 1). We emphasize that 

our case (Case 1) did not involve the RARA gene, as 

was confirmed by negative RARA FISH, yet the trans-

location was in close proximity to the RARA gene. Like 

Figure 2

Fluorescence in situ hybridization image from case 1 showing a normal cell with 2 KMT2A fusions and abnormal cells showing KMT2A 

break-apart.

Table 1. Summary of Reported Patients with t(11;17)(q23;q12 or q21) 

Case 
Reference

Age Sex  Cytogenetics Diagnosis  
(WHO  
2016)

NSE/ 
ANAE

Immunophenotype by Flow Cytometric Analysis Reported 
Outcome

CD34 CD13 CD33 CD117 HLA-
DR

CD56 MPO CD4 CD14 CD64

Reeves et al10 4mo M 46,XY, t(11;17)
(q23;q11-21)

AMoL NR - + + NR + + - NR NR NR NR

Shekhter-Levin  
 et al 11

39 M 47,XY,+5,t(11;17)
(q23;q12) in 22 cells; 
47,XY, +5,t(11;17)
(q23;q12),del(9)(q34) 

AMoL + dim+ + NR + + NR + + NR NR <1 week to 
death

Dal Cin et al12 36 M 46 XY, t(11;17)(q23;q21) AMoL + NR - + NR + NR NR NR NR NR Remission 
after 
transplant

Dubé et al8 13 F 46,XX,t(4;20)
(q2?1;p11.2),t(8;16)
(q11.2;p11.2),t(11;17) 
(q23;q21),t(11;18)
(q13;p11.2)

AMoL NR NR NR + + + NR NR NR NR NR Remission 
after 
transplant

Classen et al13 11 F 46, XX,t(11;17)
(q23;q21) 

AMoL NR + - + var + var -a NR + + Remission 
after 
chemotherapy

Kang et al2 61 F 46XX,t(11;17)(q23;q21) AMoL + + - + var+ + var+ NR + + + Relapsed 
disease 
8 months after 
chemotherapy

b 26 M 46,XY,t(11;17)(q23;q12) AMoL + - dim+ + + + - var+ dim+ dim dim+ NR

M, male; F, female; AMoL, acute monoblastic/monocytic leukemia; -, negative; +, positive; ++, bright positive; var, variable; dim+, dim positive; NR, not reported; NSE/ANAE, nonspecific 
esterase/alpha naphthyl acetate esterase; MPO, myeloperoxidase.
aBy cytochemical stain. 
bCase 1 of the current report.
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our patient in case 1, these 6 unique patients all had 

normal coagulation parameters and no evidence of 

DIC. Further, all 6 leukemias showed morphologic and 

immunophenotypic features consistent with a diagnosis 

of AMoL.2,7,8,10-13 The NSE/ANE (non-specific esterase/

alpha naphthyl acetate esterase) cytochemistry stains 

were positive in all reported case reports, also consistent 

with monocytic differentiation.2,12,14 Flow cytometry 

showed consistent expression of HLA-DR, which further 

aids in establishing the diagnosis of AMoL and essen-

tially eliminates the possibility of acute promyelocytic 

leukemia. Notably, all but 1 of the patients survived at 

least 1 year after diagnosis, consistent with the prog-

nosis of AMoL.

The majority of patients with APL have a canonical t(15;17)

(q22;q21), formerly known as t(15;17)(q22;q12),15 but sev-

eral variant translocations have been described. The most 

common variants are RARA with the alternate fusion part-

ners ZBTB16 (11q23.2), NUMA1 (11q13.4), NPM1 (5q35.1), 

and STAT5B (17q21.2).16 These variant t(11;17) are reported 

mostly in patients with ATRA-resistant APL and most fre-

quently involve the (q23;q21) region resulting in fusion of 

ZBTB16-RARA.17,18 The majority of these ATRA-resistant 

t(11;17)(q23;q21) leukemias show a morphology distinct 

from classic APL, but some can be indistinguishable from 

the classic t(15;17).18,19 Patients with ZBTB16-RARA often 

exhibit normal nuclei, Pelger-like neutrophils, and granularity 

but absence of Auer rods.19,20

AML with t(11;17) (q23;q25) KMT2A-SEPT9

We identified 8 unique case reports of AML with the 

KMT2A-SEPT9 rearrangement found in our second case 

(Table 2), all of which included immunophenotyping. The 

presentation of bleeding with DIC in our second case 

clearly shifted the initial diagnostic concern toward APL. 

Research on 2 other patients with AMoL with t(11;17)

(q23;q25) and DIC on presentation similarly noted APL at 

the top of their differential diagnosis,1,21 although 1 case 

report did not note immunophenotyping. Morphologically, 

the blasts in case 2 had a monocytic appearance, yet 

NSE was negative, further suggesting the possibility of a 

variant APL.

Two of the 8 literature case reports identified atypical 

promyelocytes,1,2 unlike our patients, including 1 of the pa-

tients with DIC. 1 Immunophenotypic expression of HLA-DR 

Table 2. Summary of Reported Patients with t(11;17)(q21;q25) 
Case 
Reference

Age Sex  Cytogenetics Diagnosis 
(WHO 2016)

NSE/
ANAE

Immunophenotype by Flow Cytometric Analysis Reported 
Outcome

CD34 CD13 CD33 CD117 HLA-
DR

CD56 MPO CD4 CD14 CD64

Baer et al4 19 M 46, XY, t(11;17)
(q23;q25)

AMoL NR - + - NR + -  dim+ + + Alive 4 months from 
diagnosis

Yamamoto 
et al25

64 M 46, XY, t(11;17)
(q23;q25)

AMML + NR + + NR NR NR + a + + NR Alive 18 months 
from diagnosis

Kang et al2 57 M 46, XY,t(11;17)(q23;q25) AML weak+ - + + + dim+ - + a - - - Complete 
remission after 
2nd chemotherapy 
induction

Kurosu et al6 32 M 46, XY,t(11;17)(q23;q25) AMoL NR NR + + NR + NR NR NR + NR Alive 10 months 
from diagnosis

Saito et al25 71 M 46,XY,t(11;17)
(q23;q25)/46,XY,t(1;6)
(p36.3;q23)

AML NR + + NR NR NR NR NR NR NR NR Alive 33 months 
from diagnosis

Lee et al26 72 M 45,XY,-7,t(11;17)
(q23;q25)[5]/46,XY,-
7,+8,t(11;17)(q23;q25)
[15]

AMML + - + + - NR NR -a NR + NR Conservative care 
because of patient 
condition

Forlenza 
et al27

2 F 46, XX, t(11;17)
(q23;q25)

Acute 
megakaryoblastic 
leukemia

NR NR NR NR + NR NR NR NR NR NR Remission after 
transplant

Altahan et al1 21 F 46,XX,t(11;17)(q23;q25) AMoL NR - NR + + + - + + NR + Remission after 
transplant

b 70 F 46,XY,t(11;17)(q23;q12)
[15]

AMoL dim+ dim+ + + + + var+ dim+ dim+ dim+ dim+ Relapsed 2 months 
after induction and 
died

M, male; F, female; AML, acute myeloid leukemia; AMoL, acute monoblastic/monocytic leukemia; AMML, acute myelomonocytic leukemia; -, negative; +, positive; ++, bright positive; 
var, variable; dim+, dim positive; NR, not reported; NSE/ANAE, nonspecific esterase/alpha naphthyl acetate esterase; MPO, myeloperoxidase.
aBy cytochemical stain. 
bCase 2 of the current report.
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was present in all of the patients tested, but only half of 

the 8 case reports noted this result, unlike all the case re-

ports noting HLA-DR positivity in the patients with t(11;17)

(q23;q12 or q21).

The t(11;17)(q23;q25) resulting in a KMT2A-SEPT9 fusion 

transcript is consistent with the cytogenetic abnormality 

seen in our second case. SEPT9 belongs to the septin 

family of genes and has been previously described in 

cases of secondary AML, de novo AML with or without 

monocytic differentiation, and myelodysplastic syn-

drome.1,2,22,23 Unlike in the patients with RARA trans-

location, acute leukemias with KMT2A-SEPT9 gene 

rearrangement include variants of AML in addition to 

AMoL. 2,24-27 Specifically, 1 instance of KMT2A-SEPT9-

rearranged acute megakaryoblastic leukemia (identified 

by targeted RNA sequencing) in a child without trisomy 21 

was reported by Forlenza et al.27

Our review suggests that acute leukemias with KMT2A-

SEPT9 gene rearrangement have a shorter survival com-

pared to those showing KMT2A-RARA rearrangement. The 

overall survival for 11q23 KMT2A gene rearrangements in 

AML has been reported to be approximately 8.5 months.28 

Patients with KMT2A-SEPT9 gene rearrangement have 

a reported survival of 44% at 1 year postdiagnosis com-

pared to a survival of 83% in those with the KMT2A-RARA 

rearrangement. The latter resembles the survival of pa-

tients with AML with t(9;11)(p21;q23) (the KMT2A-MLLT3 

rearrangement), which has the best overall survival among 

KMT2A gene rearrangements.29

Conclusion

Research has shown that AML with KMT2A translocated 

to chromosome 17q is a rare entity that presents with 

a highly variable immunophenotype. Reported cases of 

patients with these leukemias involve a region near the 

RARA gene in the translocation. It is not surprising that the 

former can emulate APL characteristics; indeed, the 17q25 

rearrangements involving the SEPT9 gene can present 

with a clinical and morphologic scenario resembling APL. 

An AML with monocyte-like morphology and/or DIC is 

concerning for APL, but the presence of t(11;17) by simple 

karyotyping is insufficient for diagnosis. The combina-

tion of morphologic, immunophenotypic, and molecular 

findings should be considered in reaching the correct 

diagnosis. LM
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Detection of a Cryptic EP300/ZNF384 Gene 
Fusion by Chromosomal Microarray and Next-
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ABSTRACT
Zinc-finger protein 384 (ZNF384) gene fusions with EP300 have 
recently been described as a recurrent fusion in B-cell acute 
lymphoblastic leukemia (B-ALL) with a good response to conventional 
chemotherapy, suggesting a favorable prognosis. Herein, we report 
on a female patient aged 12 years with uninformative conventional 
chromosome and B-ALL panel fluorescence in situ hybridization studies 
with chromosomal microarray showing multiple copy number gains, 
including relative gains in the ZNF384 (12p13.31) and EP300 (22q13.2) 

gene regions, suggesting a cryptic EP300/ZNF384 fusion. Ultimately, a 
next-generation sequencing assay, mate pair sequencing, was utilized 
to confirm EP300/ZNF384 fusion in this B-ALL clone, which may confer 
a favorable overall prognosis and potential targeted therapy.

Keywords: B-cell acute lymphoblastic leukemia (B-ALL), EP300, 
ZNF384, chromosomal microarray, next-generation sequencing, mate 
pair sequencing

 

Clinical History

A female patient aged 12 years with a history of bilat-

eral knee pain for approximately 1 year, diagnosed with 

Osgood-Schlatter disease and initially treated with steroids 

and nonsteroidal anti-inflammatory drugs (NSAIDs), presented 

to the emergency department with 1 week of worsening pain 

that had moved to the left ankle and right hip that was un-

relieved by NSAIDs. The patient reported increased fatigue, 

drenching night sweats, and a 15-lb weight loss. She was 

febrile, and her physical exam revealed bilateral posterior 

cervical lymphadenopathy, subtle hepatomegaly of 1 cm, and 

decreased range of motion of the right hip. Imaging of both 

knees did not show any fractures. A complete blood count 

revealed mild anemia (hemoglobin, 9.1 g/dL; reference 11.8 g/

dL–14.8 g/dL) with normal white blood cell (6.0 × 103/μL; refer-

ence, 3.5 × 103/μL –10.5 × 103/μL) and platelet (232 × 103/μL; 

reference, 150 × 103/μL –450 × 103/μL) counts. However, her 

peripheral smear contained 16% blasts with large nuclei, 

open chromatin, and scant cytoplasm. Based on these find-

ings, a hematology workup was initiated.

Abbreviations:

B-ALL, B-cell acute lymphoblastic leukemia; FISH, fluorescence in situ 
hybridization; NSAIDS, nonsteroidal anti-inflammatory drugs; Ph-like, 
Philadephia-like; MPseq, mate pair sequencing; NGS, next generation 
sequencing.
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Hematopathology Evaluation

Flow cytometric analysis of the patient’s peripheral blood 

showed an immature population of B-cells expressing 

surface CD10 (partial), CD19, CD22 (dim), CD33 (partial), 

CD34, CD38 (partial, dim), CD45 (dim), and HLA-DR, with 

intracellular expression of TdT and CD79a (Figure 1, Image 
A and Figure 1, Image B). This population lacked expres-

sion of all T-cell markers tested, including CD3 (surface 

and cytoplasmic), CD4, CD5, CD7, and CD8, and was 

also negative for CD13, CD14, CD15, CD16, CD20, CD22 

(cytoplasmic), CD56, CD61, and CD117. Bone marrow 

aspirate smears showed hypercellularity and were essen-

tially replaced (>90%) by medium to large cells consistent 

with blasts (Figure 1, Image C). Flow cytometric ana-

lysis of the bone marrow confirmed involvement by B-cell 

acute lymphoblastic leukemia (B-ALL). Marrow blasts 

expressed surface CD10 (partial), CD19, CD22, CD33, 

CD34, CD38 (dim), CD45, and HLA-DR. Morphologic re-

view of the patient’s cerebrospinal fluid was negative for 

malignant cells.

Cytogenomic Analyses

A bone marrow aspirate was received for conventional 

chromosome and B-ALL panel fluorescence in situ hy-

bridization (FISH) studies. The B-ALL FISH panel included 

locus-specific (CDKN2A/D9Z1, TP53/D17Z1, D4Z1/D10Z1/

D17Z1), break-apart (KMT2A [MLL], IGH, MYC, ETV6, 

CRLF2, P2RY8), and dual-color dual-fusion (BCR/ABL1, 

PBX1/TCF3, ETV6/RUNX1) probe sets. Cells from the diag-

nostic bone marrow aspirate specimen were processed 

using standard cytogenetic and FISH techniques according 

to specimen-specific protocols.

Conventional chromosome analysis revealed the following 

complex karyotype: 45,XX,t(1;13;11)(q25;q14;p11.2),der(6)

(6pter→6p25::6q13→6p25::6q13→6q15:: 21q11.2→21qter,-

12,der(18)t(12;18)(q13;q23),der(21)t(6;21)(q15;q11.2)[2] 

/44,idem,+1, der(1;22)(q10;q10)[3]/46,XX[9]. The B-ALL 

FISH panel studies identified a loss of the ETV6 gene re-

gion (12p13.2) and a gain of the PBX1 gene region (1q23) 

in 55.4% and 3.4% of the interphase nuclei, respectively. 

Because no primary genetic abnormality was identified, 

a Philadelphia-like (Ph-like) FISH panel was performed 

to evaluate the IKZF1, PDGFRB, JAK2, and ABL2 gene 

regions. A heterozygous IKZF1 deletion was observed 

in 11.5% of the interphase nuclei, suggesting a possible 

subclone; the remaining Ph-like probes were normal.

Chromosomal microarray studies were subsequently 

pursued because no primary genetic abnormality had been 

identified. The patient’s DNA was processed using the 

Applied Biosystems CytoScan reagent kit, the CytoScan 

Amplification kit, and was hybridized to a CytoScan HD 

Array (Life Technologies, Carlsbad, CA). Data were gen-

erated (hg19 genome build) and analyzed using the 

Applied Biosystems Chromosome Analysis Suite (Applied 

Biosystems, Foster City, CA). Multiple copy number abnor-

malities were observed involving chromosomal regions 12p, 

12q, 13q, 18q, 21q, and 22q. Notably, a relative gain (82 kb) 

that encompassed the ZNF384 gene region (12p13.31) 

(Figure 2, Image A) and a relative gain (44 kb) that encom-

passed the EP300 gene region (22q13.2) (Figure 2, Image 
B) were observed. 

To further interrogate the suspected cryptic EP300/

ZNF384 gene fusion, mate pair sequencing (MPseq) was 

pursued. The patient’s DNA was processed using the 

Illumina Nextera Mate Pair library kit (Illumina, San Diego, 

CA), multiplexed at 2 specimens per lane and sequenced 

on the Illumina HiSeq 2500 on rapid run mode. Data were 

aligned to the reference genome (GRCh38) using BIMA 

V3, and abnormalities were identified and visualized using 

SVAtools and Ingenium, both in-house developed bioinfor-

matics tools.1,2 The MPseq detected a 12;22 translocation 

with breakpoints located within the EP300 gene (intron 6, 

NM_001429) at 22q13.2 and within the ZNF384 gene (intron 

2, NM_133476) at 12p13.31 (Figure 3, Image A), predicting 

an EP300 (exons 1–6)/ZNF384 (exons 3–10) gene fusion 

(detailed mechanism in Supplemental Figure 1). A sche-

matic diagram of the EP300/ZNF384 chimeric protein fusion 

has also been provided (Figure 3, Image B).

Discussion

The evolution of cytogenetic analysis from conventional 

chromosome analysis to molecular methodologies, 

including next-generation sequencing (NGS), has provided 

superior genomic resolution and the ability to identify 
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innumerable underlying genetic aberrancies. Many of 

these recurrent cytogenetic abnormalities also have unique 

morphologic and immunophenotypic features, so sev-

eral subtypes of B-ALL are now defined by the presence 

of such abnormalities.3 More important, because these 

recurrent abnormalities are increasingly identified as part 

of routine diagnosis and staging of B-ALL, predictions for 

response to conventional treatment and recurrence risk 

stratification are possible. More appropriate stratification 

allows clinicians to mitigate the potentially lifelong conse-

quences of chemotherapy-associated toxicity, decreasing 

exposure for patients with lower risks of recurrence while 

increasing treatment intensity in patients with a high risk of 

recurrence.

The leukemogenic properties of many cytogenetic abnor-

malities have been elucidated and are commonly associ-

ated with alterations in cell signaling pathways, regulation 

of transcription, cytokine receptors, and differentiation 

capability.4,5 Although prognostic significance is well docu-

mented for several characteristic cytogenetic abnormalities 

such as ETV6/RUNX1 and BCR/ABL1 and multiple Ph-like 

B-ALL-associated abnormalities, many emerging recur-

rent abnormalities warrant further investigation to confirm 
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Figure 1

Morphologic and immunophenotypic evaluation. A, Bone marrow aspirate smear stained with Wright-Giemsa, showing frequent medium- to 

large-sized blasts with large nuclei and scant cytoplasm (magnification, × 40). Peripheral blood flow scatter plots show blasts (black) with 

uniform positive CD19 and CD34 expression (B) and blasts with dim CD45 expression (C). Other cell populations include normal B-cells 

(blue), T-cells (light green), and granulocytes (dark green).
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prognostic significance and predict potential therapeutic 

intervention.6 Recent studies have noted that a minor per-

centage of precursor B-ALL harbors a ZNF384 gene fusion, 

with several fusion partners identified, including genes in 

the TET family genes such as Ewing sarcoma breakpoint 

region 1 (EWSR1, t[12,22]), TATA box binding protein-

associated factor (TAF15, t[12;17]), and transcription factor 

3 (TCF3 or E2A, t[12;19)]).4,7-9 These studies indicate that 

approximately 6% of BCR/ABL1-negative/Ph-like-negative 

B-ALL harbors an EP300/ZNF384 fusion, associated with a 
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Figure 2

Chromosomal microarray evaluation of the EP300 and ZNF384 gene regions. A, Relative gain (82 kb; arrow) that disrupts the ZNF384 gene 

region (12p13.31). B, A gain (44 kb; arrow) that disrupts the EP300 gene region (22q13.2). These combined results suggest a cryptic EP300/

ZNF384 gene fusion.
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characteristic immunophenotype of weak CD10 expression 

with aberrant CD13 or CD33 expression.6,7,9,10 

In addition, Hirabayashi et al9 observed this characteristic 

immunophenotype in all B-ALL patients with ZNF384-

related fusion genes. Patients with the EP300/ZNF384 

gene fusion typically present as adolescents (67%; > age 

10 years) and with lower initial white blood cell counts 

(78%; < 20 × 103/μL). In contrast to other ZNF384 fusion 

partners, patients with EP300/ZNF384 fusions have signifi-

cantly higher 5-year event-free survival and overall survival 

(83.3% and 100%, respectively), strongly suggesting a 

more favorable prognosis.7,9 

Thus, the identification of this fusion is of clinical import-

ance because it conveys a more favorable prognosis, 

despite the adverse features of advanced age of presenta-

tion. In our patient, an IKZF1 deletion was also observed in 

a subset (11.5%) of the interphase nuclei. Although IKZF1 

deletions are associated with an unfavorable prognosis, the 

clinical significance of IKZF1 deletions in a subset of the 

interphase nuclei is uncertain.11

Most EP300/ZNF384 fusions are not identified by classic 

cytogenetic analysis such as conventional G-banding 

or by FISH testing because of the lack of commercially 

available probes to these gene regions.9 As illustrated in 
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Figure 3

An MPseq evaluation and schematic diagram of EP300/ZNF384 chimeric protein fusion. A, Junction plot showing breakpoints located 

within the EP300 gene (intron 6, NM_001429) at 22q13.2 and within the ZNF384 gene (intron 2, NM_133476) at 12p13.31. This translocation 

resulted in a predicted EP300 (exons 1–6)/ZNF384 (exons 3–10) gene fusion. B, Schematic diagram of the EP300/ZNF384 chimeric protein 

fusion, generated with ProteinPaint.12 MPseq, mate pair sequencing.
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our patient, despite harboring a complex karyotype, the 

12;22 rearrangement was not of value and comprehen-

sive FISH panels for both B-ALL and Ph-like targets were 

noncontributory other than providing the identification of 

an IKZF1 deletion. Chromosomal microarray characterized 

multiple copy number abnormalities and was ultimately 

helpful in the prediction of potential cryptic EP300/ZNF384 

gene fusion because of subtle relative gains involving por-

tions of the ZNF384 and the EP300 gene regions. However, 

MPseq was required to characterize the presence of the 

EP300/ZNF384 gene fusion.

This case study illustrates that chromosomal microarray and 

NGS-based technologies, such as MPseq, can be critical to 

identify cytogenetic abnormalities undetected by traditional 

methodologies, and that the detection of these cryptic 

rearrangements can have important prognostic and thera-

peutic implications.

Patient Outcome

The patient was classified as National Cancer Institute high 

risk and was treated on the Children’s Oncology Group 

high-risk ALL chemotherapy protocol; she went into com-

plete remission after her second phase. Her treatment was 

complicated by pancreatitis. LM

Supplementary Data

The supplemental figure can be found in the online version 

of this article at www.labmedicine.com.

Supplemental Figure 1. Reconstruction of EP300/ZNF384 

fusion. The left panel shows the reconstruction of the 

EP300/ZNF384 fusion. Green lines indicate the path of 

the reconstruction. Green dashed lines (J1 and J2) indi-

cate junctions called by the MPseq pipeline connecting the 

EP300 gene region of chr22 to the ZNF384/CHD4 gene 

regions of chr12. The breakpoints for each junction are indi-

cated by horizontal red lines, and the exact called locations 

are given in the bottom left of the figure (hg38). Dashed blue 

lines indicate areas of chr12 and chr22 that are gained as 

part of rearrangement. Genes are depicted as light blue or 

light red boxes if they are on the forward or reverse strands 

of the chromosome, respectively. The right panel shows 

the final reconstruction of the der(22) chromosome and 

the EP300/ZNF384 fusion with the red solid line indicating 

regions derived from chr22 and the blue solid line indicating 

the region of insertion derived from chr12. MPseq, mate pair 

sequencing.
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ABSTRACT
A Black male patient aged 21 years with a history of sickle cell 
disease and HIV was admitted to the hospital with vaso-occlusive 
crisis. A transfusion reaction was called after the patient developed 
a fever (39.5°C), tachycardia, chills, and hematuria after receiving 
300 mL of red blood cells. A posttransfusion specimen was submitted 
to the Immunohematology Reference Laboratory for investigation. 
Antibody identification revealed an anti-Leb as the probable cause 
of the immediate acute hemolytic transfusion reaction. Lewis 

antibodies are considered clinically insignificant. This case shows 
the importance of considering cold antibodies, including Lewis 
antibodies, as a possible cause of an acute hemolytic transfusion 
reaction.

Keywords: Lewis b, hemolysis, transfusion reaction, antibodies, 
immunohematology, sickle cell disease

 

Patient History

A Black male patient aged 21 years with a history of sickle 

cell disease and HIV was admitted to the hospital with a 

diagnosis of vaso-occlusive crisis. Specimens from the 

patient with a history of cold and warm autoantibodies and 

an anti-M (IgM) were submitted to the Immunohematology 

Reference Laboratory (IRL) at OneBlood Inc (Orlando, FL) for 

antibody investigation. Approximately one year prior the IRL 

provided 3 compatible red blood cell (RBC) units previously, 

and no antibodies were identified at this time. The antibody 

identification was resolved, and no new alloantibodies or 

apparent unexpected results were noted at the low ionic 

strength saline (LISS)- anti-human globulin phase of testing. 

Two units that were phenotypically matched for the clinically 

significant common blood group antigens (E-, K-, Fy (a-), 

Jk(b-), and S-) and crossmatch-compatible at tube LISS-

indirect antiglobulin testing (IAT) for RBC units were issued.

Shortly after physicians started to transfuse the first unit, a 

transfusion reaction was called. The patient developed a fever 

(39.5ºC), tachycardia, chills, and hematuria after he received 

300 mL of RBC. A transfusion reaction investigation was 

initiated by the hospital. The clerical checks on the blood 

container and compatibility labels were in agreement. The 

pretransfusion specimen was icteric, and the posttransfusion 

specimen was hemolyzed. The pre- and posttransfusion 

direct antiglobulin testing results (DAT) were both positive and 

characterized as weakly reactive. Laboratory results showed 

an elevated lactic acid dehydrogenase (LDH) level of 2476 U/L 

(normal level, 34 U/L–246 U/L) and a decreased haptoglobin 

level of less than 31 mg/dL (normal level, 30 mg/dL–200 mg/

dL). Urinalysis showed large blood and bilirubin (normal nega-

tive). Because of the findings in the posttransfusion specimen 

and the blood and urine analysis, this overall condition was 

reported as an acute hemolytic transfusion reaction and was 

treated with methylprednisolone. We report here a case of an 

acute hemolytic transfusion reaction because of a hemolytic 



anti-Leb that was not identified in the pretransfusion antibody 

evaluation but was strongly reactive in posttransfusion testing.

Methods

After the patient experienced the transfusion reaction, a 

posttransfusion specimen was collected by the hospital and 

submitted to the IRL for antibody identification. When the initial 

assessment of the transfusion reaction results and the patient’s 

medical and transfusion history were evaluated, the IRL de-

termined that additional testing was warranted. This panel of 

testing included, from both pre- and posttransfusion patient 

specimens and donor units, ABO Rh, antigen typing, and DAT 

on the patient’s cells using monospecific anti-IgG (Immucor, 

Norcross, GA) and anti-C3b,-C3d (Immucor, Norcross, GA); 

repeat crossmatch; 0.01 M dithiothreitol (DTT) (Sigma Aldrich, 

St. Louis, MO) treatment of plasma; comparative testing with 

serum vs plasma at LISS 37C; neutralization; and acid elution.

Antibody detection and identification were performed ac-

cording to standard IRL techniques and protocols. The 

patient’s plasma was tested against reagent RBCs per-

formed at immediate spin (IS; screen cells only) in tube 

saline and tube polyethylene glycol-IAT (Immucor, Norcross, 

GA), enhancement (screen and panel cells), and tube LISS-

IAT using monospecific anti-IgG to determine or exclude 

any additional antibody specificities. We used 0.01 M DTT 

to treat the patient’s serum to determine if the Lewis anti-

bodies were solely IgM or a combination of IgG and IgM. In 

addition, neutralization using the Lewis Blood Group System 

(Immucor, Norcross, GA) was used per manufacturer instruc-

tions to aid in the exclusion of additional alloantibodies.

Results
The patient was A Rh (D)-positive, and the historical red cell 

antigen profile had been previously performed (Table 1). As 

previously determined, the patient had a history of cold and 

warm autoantibodies and a directly agglutinating anti-M that 

was most likely an IgM antibody as previously determined 

by testing with 0.01 M DTT–treated plasma. Two phenotyp-

ically matched units that were crossmatch-compatible at 

LISS-IAT were issued to the referring hospital. By chance, 1 

unit previously tested was M–, and the other was untested.

Early the next morning, the IRL was notified that the patient 

had a transfusion reaction and that specimens would be 

submitted for additional antibody identification. After receipt 

of the posttransfusion specimen in the IRL, a clerical check 

showed no evidence of discrepancy when compared with 

the pretransfusion specimen. The pretransfusion spe-

cimen seemed icteric, and the posttransfusion specimen 

was hemolyzed (Image 1). Both pre- and post-DAT were 

positive; however, they were recorded as invalid because 

the saline control was reactive. After treatment with 0.01 

M DTT, the pretransfusion specimen was negative and the 

posttransfusion specimen remained invalid (spontaneously 

agglutinated). Although the IgG DAT was negative or invalid, 

an eluate was prepared from the pre- and posttransfusion 

specimens. The resulting eluates were nonreactive with 

all cells tested. The blood types of the patient and donors 

were retested and found to be A-positive and to match the 

patient’s type. The crossmatch was performed at LISS-IAT 

with a tube test and found to be compatible.

However, because the posttransfusion specimen was 

hemolyzed and the patient seemed to have an acute trans-

fusion reaction, additional investigation was performed. 

The pretransfusion workup was evaluated, and it was noted 

that the auto control and an Le (a–b–) cell were the only 

negative reactions. The phenotype of the patient was Le 

(a–b–), and Lewis antibodies were the suspected cause of 

the transfusion reaction. Subsequent tube testing using 

the patient’s pretransfusion serum specimen was per-

formed with an array of M– panel cells of varying Le types 

(Table 2). Anti-Lea and Leb were identified. The serum was 

treated with 0.01 M DTT, and it was determined that the 

anti-Lea was both IgM and IgG whereas the anti-Leb was 

only IgM in nature. Lewis neutralization was performed 

using a commercially available Lewis substance to exclude 

additional common alloantibodies. The 2 units previously 

Table 1. Patient’s Historical Antigen Profile 

D C c E e K  Lea Leb Fya Fyb Jka Jkb M N S s

+ + + 0 + 0 0 0 0 + + 0 0 + 0 +

The patient also had a history of cold and warm autoantibodies and an anti-M (IgM).
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sent for transfusion were typed for Lewis antigens and 

found to be Le (a+b–), and Le (a-b+). The unit implicated in 

the transfusion reaction was Le (a–b+); M–. The patient’s 

veno-occlusive crisis resolved, he was discharged from 

the hospital 6 days later, and additional transfusion was 

not needed.

The clinical significance of the anti-M was not definitively 

determined. Because the anti-M was directly agglutinating 

at IS it was most likely IgM in nature; moreover, M+ cells 

that were previously tested with 0.01 M DTT–treated serum 

were nonreactive. Based on these results, the anti-M was 

not considered clinically significant by the IRL. In addition, 

the unit implicated in the transfusion reaction was M–. 

A specimen was not submitted for monocyte monolayer 

assay (MMA) studies of the anti-M because the MMA assay 

performed by the testing laboratory only assessed the clin-

ical significance of IgG antibodies and did not assess the 

clinical significance of IgM antibodies.

Discussion

Similar to a case previously described,1 the following 

evidence strongly suggested that this patient’s hemolytic 

transfusion reaction was caused by anti-Leb: (i) the antibody 

was hemolytic in vitro, seen with almost all clinically sig-

nificant Lewis antibodies; (ii) the units the patient received 

at the time of the first transfusion were positive for Leb and 

negative for M, as was the unit involved with the hemo-

lytic transfusion reaction; (iii) the patient’s phenotype was 

Le(a–b–), the most common type that produces Lewis anti-

bodies; and (iv) the patient was not taking any medications 

that could be implicated in drug-induced hemolysis.1

In general, Lewis antibodies are not considered clinic-

ally significant.2 Red cells that are compatible in tests at 

37ºC, regardless of Lewis phenotype, are expected to 

have normal in vivo survival.2 It is not necessary to trans-

fuse antigen-negative red cells in most patients.2 Unlike 

ABO antigens, Lewis antigens are extrinsic glycolipid 

antigens that are readily eluted and shed from transfused 

red cells within a few days of transfusion.3 Lewis antigens 

in transfused plasma can neutralize Lewis antibodies in the 

recipient.2 For these reasons, hemolysis in vivo is very rare 

after transfusion.2 We have found only 5 other reported pa-

tients with anti-Leb causing hemolysis.1,4-7 All, including the 

one presented here, were hemolytic transfusion reactions, 

Image 1

The pretransfusion sample (right) appeared icteric and the post-

transfusion sample was hemolyzed (left).

Table 2. Tube Testing Using Pretransfusion Serum Specimen 

Reaction Phase IS 37ºC LISS LISS-IAT PeG-IAT

Le (a+b–), M– 3+ Hemolysis 3+ 3+
Le (a–b+), M– 3+ Slight hemolysis 1+ 3+
Le (a–b–), M– 0 0 0 0

PeG, polyethylene glycol.
Testing used an array of M– panel cells of varying Lewis types.

Case Study

www.labmedicine.com Lab Medicine 2021;52;305–306  305 
DOI: 10.1093/labmed/lmaa070



either acute or delayed. Note that in reviewing the literature, 

we found only 6 published hemolytic reactions to anti-

Lea.3,8-13 Anti-Lea is more frequently associated with acute 

hemolytic transfusion reactions than is anti-Leb.4,8-13 

This case study shows the importance of investigating Lewis 

antibodies as a possible cause of a hemolytic transfusion reac-

tion. Both anti-Lea and anti-Leb have been associated with mild 

hemolytic disease of the fetus and newborn.14,15 In addition, 

when cold autoantibodies are present, it is critical to continue 

to include direct agglutination testing at 37ºC. The auto control 

will serve as a guide to the acceptable reactivity. This study also 

highlights the fact that current platforms for automated testing 

use plasma. This means that at least in this particular case, the 

clinically significant Leb would have escaped detection by auto-

mated methods. Two general takeaways for directly agglutin-

ating antibodies are that first, what matters most is that if there 

is true reactivity at 37ºC, then the antibody is possibly clinically 

significant, regardless of antibody class (eg, IgM and/or IgG). 

Second, it is important to consider evaluating serum, when 

available, instead of plasma specimens at 37ºC to observe for 

hemolysis. The patient should be advised to carry an antibody 

identification card for any hospital admissions where there may 

be a need for blood transfusion. LM
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ABSTRACT
Cording is a phenomenon in which acid fast bacilli grow in parallel 
and was previously used as a means of presumptive microscopic 
identification of Mycobacterium tuberculosis (TB). However, 
this process has been shown in multiple other nontuberculous 
mycobacterial (NTM) species. Here we present the case of an 
immunocompromised adult who presented with wrist pain, weight 
loss, and cough. A positron emission tomography scan showed 
uptake in the right ulna, multiple soft tissue sites, and the left 
lung. Biopsies and cultures were obtained from multiple sites, 

and the patient was ultimately diagnosed with disseminated 
Mycobacterium chelonae infection. The organism showed cording 
in culture. As seen in this patient, cording may occur in multiple 
NTM species and is not reliable as the sole indicator of the 
presence of TB.

Keywords: Mycobacterium, Mycobacterium chelonae, cording, 
transplant, nontuberculous mycobacteria, stem cell transplant

 

Clinical History

A male patient aged 64 years with a history of chronic 

lymphocytic leukemia with transformation to diffuse 

large B-cell lymphoma presented to the outpatient clinic 

6 months after stem cell transplant (SCT) with right wrist 

pain of 6 weeks duration. He reported a weight loss of 30 

pounds since his SCT and a mild cough. He had no fevers, 

chills, night sweats, or diarrhea. His wife noted that she had 

tested positive for latent tuberculosis (TB) many years ago 

and was not treated; she had no cough.

His wrist pain was initially thought to result from gout, but 

when he did not improve with treatment, magnetic reson-

ance imaging was performed showing a possible tumor in 

the right ulnar bone. A positron emission tomography (PET) 

scan showed highly metabolic uptake of the right distal 

ulna, soft tissue uptake in both thighs and the anterior ab-

dominal wall, and nodular opacities in the left lower lobe of 

the lung. He was thus admitted to the hospital for further 

workup. Upon hospitalization he had normal vital signs 

with the exception of a reduced oxygen saturation of 92% 

on room air. Physical examination found the patient to be 

weak and deconditioned, with two nodular skin lesions on 

his bilateral thighs and painful swelling of the right wrist. 

Laboratory results showed white blood cells of 1.5 × 103/µL 

(reference range, 3.5–11.0) with a left shift (78% neutrophils, 

8% lymphocytes, and 13% monocytes), hemoglobin of 

6.0 g/dL (13.5 g/dL–17.5 g/dL), and platelets of 60 × 103/µL 

(150–450). Kidney and liver function were normal.

Biopsies of the right ulnar and left thigh lesions were obtained 

for pathology, bacterial culture, and acid fast bacilli (AFB) 

cultures. Direct AFB smears were positive with 4+ AFB from 



the thigh and 2+ from the arm. A sputum smear was positive 

for 1+ AFB, and AFB grew in blood cultures as well. Bone 

marrow biopsy revealed hypocellular marrow and rare AFB. 

A 16S rRNA sequencing at the reference laboratory confirmed 

that the patient had disseminated Mycobacterium chelonae 

infection. Cultures of the bone, skin, sputum, and blood were 

ultimately positive and showed cording (Images 1, 2).

This patient was initially started on rifabutin, isoniazid, 

pyrazinamide, ethambutol, and azithromycin. When cul-

tures revealed M. chelonae, antibiotics were changed to 

imipenem, amikacin, and clarithromycin. Susceptibility 

results showed sensitivity to amikacin, tobramycin, 

doxycycline, linezolid, and clarithromycin, intermediate 

resistance to imipenem, and resistance to cefoxitin, 

fluoroquinolones, and trimethoprim-sulfamethoxazole. His 

regimen was changed to azithromycin, doxycycline, and 

linezolid, but linezolid was later stopped because of bone 

marrow suppression. The patient has continued on this 

therapy with improvement in symptoms, and treatment was 

ultimately stopped when a repeat PET scan showed reso-

lution of the prior areas of uptake.

Discussion

Most often described with Mycobacterium tuberculosis, 

cording is a phenomenon in which AFB grow in parallel, 

end-to-end and side-to-side, forming ropelike structures in 

liquid culture media.1-3 Although this process was thought 

to primarily occur in TB and was used as a means of pre-

sumptive microscopic identification of TB,1,2 it has been 

shown in multiple other nontuberculous mycobacterial 

(NTM) species.2-5 Cording is linked to increased virulence 

with enhanced intracellular survival in macrophages, more 

extracellular replication, and the ability to evade the immune 

system via the formation of abscesses and granulomas.3,4

M. chelonae is a rapidly growing mycobacterium found in 

the environment.6 It most commonly causes infection of 

the skin, bone, and soft tissue. Disseminated disease can 

also occur in patients who are immunosuppressed, often 

accompanied by a characteristic skin lesion. Pulmonary 

disease can occur, but less commonly than with other NTM 

species. There have also been patients with keratitis as-

sociated with contact lenses and eye surgery. Treatment is 

generally multidrug therapy based on susceptibility testing, 

and surgical debridement may be necessary.6

As shown in this case of disseminated M. chelonae infec-

tion, cording may occur in multiple NTM species and is not 

reliable as the sole indicator of the presence of TB. LM
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Image 1

Wide view of AFB smear. AFB, acid fast bacilli.

Image 2

Magnified view of AFB smear. The arrows indicate the presence of 

cording. AFB, acid fast bacilli.
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ABSTRACT
FLT3 mutations are considered a prognostic and predictive marker. 
Here we report on a patient with a rare FLT3 germline variant in 
the context of relapsed acute myeloid leukemia (AML). A female 
patient aged 57 years presented with AML with mutations in the 
IDH2, ASXL1, and DNMT3A genes. She underwent allogenic 
hematopoietic stem cell transplant but relapsed 2 years posttransplant. 
Targeted next generation sequencing identified a new missense 
variant in the FLT3 tyrosine kinase domain c.2440G > T (p.A814S). 
The treating team considered the possibility of patient eligibility for 
an FLT3 inhibitor. Because both somatic and germline mutations 

can be identified in tumor tissue with high-throughput sequencing, it 
becomes important to distinguish the origin of these alterations when 
possible—especially, in this challenging case, to define the treatment 
modality. Simultaneous tumor/germline sequencing allows for the 
identification of rare germline mutations and may help in determining 
their significance in the pathogenesis of disease.

Keywords: Hematopathology, Molecular pathology, Highthroughput 
sequencing, Somatic vs Germline alterations/mutations, FLT3, 
Cytogenetically normal (CN)-AML

 

Acute myeloid leukemia (AML) is the most common leu-

kemia in adults, involving clonal myeloid precursor prolif-

eration with a decreased capacity to differentiate. It is a 

heterogenous group of diseases with variable prognoses; 

for example, acute promyelocytic leukemia has a good 

prognosis, with complete remission rates of 100% and cure 

rates exceeding 80%,1 whereas AML with mutations in 

TP53 or RUNX1 has a worse prognosis.2 Historically, AML 

was classified based on morphology and cytogenetics ana-

lysis,3 which together provided diagnostic and prognostic 

markers.4 However, the majority (50%) of AML is cytogen-

etically normal (CN-AML), lacking structural abnormalities.4 

For these patients, it is difficult to predict the prognosis and 

define the treatment modality.

With the recent advent of high-throughput sequencing, 

new mutations in AML are identified, and many of these 

mutations help in defining the prognosis and treatment 

regimen. Many of these recurrent mutations are present 

in FLT3, DNMT3A, IDH1, IDH2, and others. Some mu-

tations are considered in the most recent World Health 

Organization (2016) AML subtype classification, such 

as AML with mutated NPM1 and biallelic mutations of 

CEBPA.5 The previously recognized cytogenetics risk 

(t(15;17), t(11;19), monosomy karyotype) and recent 

identification of molecular subtypes (NPM1 mutation, 

biallelic CEBPA mutation) are used in the 2016 World 

Health Organization guidelines5 for AML risk stratification 

(favorable, intermediate, and adverse).

The clinical presentation overlaps in different subtypes of 

AML, but patient management is complicated and based on 

these recent molecular subsets and available drug targets. 

We report a challenging case of a patient with an unusual 

FLT3 alteration. In this study, we discuss the relevance of an 

FLT3 germline alteration in relapsed AML and the signifi-

cance of this finding on patient therapy.

Abbreviations:

AML, acute myeloid leukemia; CN-AML, cytogenetically normal acute 
myeloid leukemia; ITD, internal tandem duplications; TKD, tyrosine kinase 
domain; VAF, variant allele frequency; RTK, receptor tyrosine kinase.
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Case Report

A female patient aged 57 years presented to our hospital 

with a recent diagnosis of AML. Cytogenetics and fluor-

escence in situ hybridization revealed CN-AML. Molecular 

profiling, performed at a reference laboratory, revealed 

mutations in the IDH2, ASXL1, and DNMT3A genes but no 

internal tandem duplications (ITD) or codon 835 tyrosine 

kinase domain (TKD) recurrent hotspot mutations in FLT3 

(Table 1). The patient received Fludarabine, Arabinofuranosyl 

cytidine (cytarabine), granulocyte colony-stimulating factor 

(FLAG) treatment as a second induction therapy that con-

sisted of fludarabine and cytarabine daily on days 1 to 5 and 

then an allogenic hematopoietic stem cell transplant. The 

donor was a related donor with a 12/12 allele match.

Eighteen months after her discharge from the hospital with 

a successful engraftment, the patient developed leuko-

penia that fluctuated; almost 2 years after the first engraft-

ment, a bone marrow biopsy was performed that revealed 

relapsed disease with a blast population of approximately 

10%. In-house targeted next-generation sequencing iden-

tified the previously reported IDH2, ASXL1, and DNMT3A 

mutations with a variant allele frequency (VAF) corres-

ponding to 5 to 10%, consistent with the reported blast 

percentage (Table 1). In addition, a missense variant, 

c.2440G > T, in the FLT3 TKD resulting in p.A814S was 

detected at a VAF of approximately 50% (Figure 1). The 

treating team considered the variant as a newly evolved 

variant and raised the possibility of eligibility for a clinical 

trial with an FLT3 inhibitor. 

Previous research has reported FLT3 p.A814S in 1 patient 

with myelodysplastic syndrome in the COSMIC database 

and has not been reported in the general population (ExAc 

database).6 In-silico algorithms modeling predictions 

such as SIFT and Polyphen2 predict deleterious/probably  

damaging effect of FLT3 p.A814S. However, these pre-

dictions are not confirmed by functional studies, and their 

biologic effect has not been characterized.

In our patient, the variant was present at a VAF of 40 to 

50%, higher than the expected VAF from the blast per-

centage of 10%, raising a possibility that this variant was 

present in the germline. A sequencing analysis of FLT3 exon 

20 on DNA extracted from a buccal swab revealed that 

the patient was heterozygous for variant c.2440G > T, with 

similar amounts of each nucleotide. Based on these results, 

an FLT3 inhibitor was not favored. The patient received sev-

eral lines of treatment and eventually was able to proceed to 

a second allogenic hematopoietic stem cell transplant with 

a matched unrelated donor. Seven months posttransplant, 

the patient is doing well.

Discussion

Research has shown that FLT3 is a member of the class III 

receptor tyrosine kinase (RTK) family. It contains 5 func-

tional domains: immunoglobin-like loops, the transmem-

brane domain, the extracellular domain, the juxtamembrane 

domain, and the tyrosine kinase 1 and 2 domains, similar to 

other members of the RTK family such as KIT and PDGFR. 

The FLT3 gene is expressed in early myeloid progenitor cells 

and the hematopoietic stem cell compartment.7 The FLT3 

ligand is a growth factor for immature myeloid cells and 

stem cells. The FLT3 receptor binds to the FLT3 ligand and 

induces the downstream signaling pathways, activating pro-

teins like STAT5 and ERK, that are responsible for growth 

and proliferation, of early hematopoietic progenitor cells.7

Targeted high-throughput sequencing has identified many 

recurrent mutations in AML, including FLT3, NPM1, CEBPA, 

DNMT3A, IDH1/2, and TET2.8 One study identified FLT3 

mutations in 30% of patients with AML,8 most of whom had 

a normal karyotype. In another study, mutations in FLT3 in-

cluded ITD in the juxtamembrane domain, identified in 25% 

of patients with AML, and point mutations in the TKD at 

codon 835, in approximately 7% of patients with AML.9 Both 

ITD and TKD mutations lead to constitutive activation of tyro-

sine kinase9 and therefore present a potential for therapeutic 

Table 1. Summary of Molecular Findings at Initial 
Diagnosis and Relapsed Disease

Gene Initial Diagnosis Relapsed

IDH2 p.R172W (25%) p.R172W (5-10%)
DNMT3A p.S770L (30%) p.S770L (5-10%)
FLT3-ITDa negative negative
FLT3-TKDa negative p.A814S (40-50%)b

ITD, internal tandem duplication; PCR, polymerase chain reaction; TKD, tyrosine kinase 
domain.
aITD was detected by using PCR followed by detection and fragment size analysis using 
capillary electrophoresis. TKD mutation (codon D835) was identified by amplification 
of exon 20 followed by EcoRV digestion (This restriction enzyme recognizes GAT^ATC 
sites to cut) with detection and fragment size analysis using capillary electrophoresis.
bFLT3 TKD (p.A814S) was identified by using a next-generation sequencing platform.
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targets. Patients with AML with FLT3 mutations historically 

have had significantly worse outcomes compared to those 

with FLT3 wild type; however, with the advent of FLT3 inhibi-

tors, the prognosis has improved.10 These mutations may 

be redefining the management and prognosis of AML with 

intermediate prognosis (mostly in CN-AML).10 

US Food & Drug Administration–approved FLT3 inhibitors 

are available for FLT3-mutated AML as a first-line therapy 

in relapsed and refractory AML and recently as a first-line 

treatment with chemotherapy in primary AML.11 There are 2 

generations of FLT3 inhibitors available based on their spe-

cificity. Type II inhibitors such as sorafenib work against only 

FLT3 ITD, whereas Type I second-generation inhibitors such 

as crenolanib and gilteritinib work in the presence of either 

ITD or TKD with higher potency.12 Thus, identifying FLT3 

mutations to identify potential targeted therapy is important 

for patient management.

Our patient had an unusual FLT3 alteration in the TKD. Her 

condition initially caused some confusion among the treat-

ment team because the initial molecular profile failed to re-

port this unique FLT3 germline variant because the assay was 

designed to detect only hotspot mutations. The detection of 

this variant at relapse was initially thought to be a newly ac-

quired disease-associated mutation. Germline testing using 

DNA extracted from a buccal swab revealed that the variant 

was constitutional. Research has shown that FLT3 somatic 

mutations are a common occurrence in AML, but the role of 

an FLT3 germline mutation is poorly understood. This case 

study illustrates the importance of distinguishing germline 

and somatic mutations and highlights the significance of 

reporting potential germline variants in next generation 

sequencing conducted on tumor tissue only or of reporting 

confirmed germline variants when side-by-side testing is 

performed. In addition to alerting the healthcare provider and 

patient about a germline variant over time, these data provide 

Figure 1

Integrative genomic viewer of FLT3 exon 20. In-house myeloid comprehensive panel, consisting of 50 genes, uses target enrichment with 

Agilent HaloPlex HS, and next-generation sequencing was performed on the Illumina MiSeq instrument.11

Case Study

www.labmedicine.com Lab Medicine 2021;52;e55–e56  e55 
DOI: 10.1093/labmed/lmaa080



evidence to help distinguish which rare germline gene/vari-

ants may predispose a patient to cancer.

Conclusion

With the advent of high-throughput sequencing, the ability 

to distinguish between somatic and germline variants is 

crucial for patient management and will aid in the under-

standing of predisposition to cancer and tumorigenesis. LM
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Erratum

Laboratory Medicine 2021;52:e57

DOI: 10.1093/labmed/lmy084

In the article “Case Report and Literature Review of 

Nodular Hiradenoma, a Rare Adnexal Tumor That 

Mimics Breast Carcinoma, in a 20-Year-Old Woman”, the 

word “Hidradenoma” was misspelled as “Hiradenoma” 

in the initial publication of this article. This has been 

corrected.
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