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On the introduction of the Editorial Manager 
system for eJIFCC manuscript handling
János Kappelmayer, Harjit Pal Bhattoa

In the past years, the eJIFCC has become in-
creasingly visible among laboratory specialists 
worldwide. This, on the one hand resulted in 
the increase of the number of downloads of 
papers published since the eJIFCC is a platinum 
open access forum and on the other hand, it re-
sulted in a considerable increase in the number 
of submissions. We detailed the progress in the 
advancement of the scientometric parameters 
of the journal in a review in the eJIFCC in Issue 4 
of 2021. In order to cope with the increase in 
submissions we decided to advance our man-
uscript handling process, and recently sub-
scribed for the Editorial Manager (EM) man-
uscript handling system. As most people are 
aware, Editorial Manager is a long-established 
and one of the best-known editorial submis-
sion and manuscript processing program that 
belongs to the Aries systems and was founded 
in 1986 and is headquartered in North Andover, 
MA. It is a very popular manuscript handling 
system that manages all kind of scientific jour-
nals, which is more than 1000, for details see: 
https://www.ariessys.com/journals-list/.

The introduction of the Editorial Manager sys-
tem will have profound effects in at least two ar-
eas. As a trial period, from January 1 to February 
28, 2023, we request all contributing authors to 

submit their manuscripts both via the traditional 
email submission system as well as by uploading 
their submission on the Editorial Manager sys-
tem as detailed below. Starting March 1, 2023, 
only submissions via the Editorial Manager sys-
tem will be allowed.

INFORMATION 
FOR CONTRIBUTING AUTHORS

Each author has to register for the program. For 
the registration there are two possible ways: with 
an ORCID ID, or with an email address. 

To finalize the registration, a few questions will 
be asked that will be necessary for later commu-
nication and work-flow handling. The following 
questions can be expected during the end of the 
registration: workplace, contact details (email 
address, phone number), professional qualifica-
tions and availability lists.

You will receive a system message about the 
successful registration.

If you encounter any problems, or registration 
fails, log in to the site or if you would like to ini-
tiate the deletion of your account, you will be 
able to communicate it to us on the following 
e-mail address: ejifcc.editorialoffice@ifcc.org.


https://creativecommons.org/licenses/by-nc/4.0/
https://www.ariessys.com/journals-list/
mailto:ejifcc.editorialoffice@ifcc.org
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INFORMATION 
FOR EDITORIAL BOARD MEMBERS 

Each Editorial Board member also has to register 
for the program. For the registration there will 
be two possibilities: with an ORCID ID, or with 
an e-mail address. To finalize the registration, 
a few questions that will be asked that will be 
necessary for further communication and work. 
The following questions can be expected during 
the end of the registration: workplace, contact 
details (e-mail address, phone number), profes-
sional qualifications and availability lists.

Everyone will receive a system message about 
the successful registration.

If you have any problems with the registration, 
with the log in or if you would like to initiate 
the deletion of your account, you will be able 
to communicate it to us on the following e-mail 
address: ejifcc.editorialoffice@ifcc.org.

After a plagiarism check (with the iThenticate 
software) and a general technical check by the 
Editoral Office, manuscripts will be forwarded 
for evaluation to Reviewers. An email message 
will inform you that an article has been added to 
your account for a review. After logging into the 
program, you will be able to download it and do 
the evaluation.

After logging into the EM, you can start under 
the Main page item via the following steps:

1.	 On the main menu, click on the 
Submissions with required Reviewers 
complete menu

2.	 Click on the Submit Editors’s decisions 
and comments

3.	 In the upper part of the page, you can 
see the participants and the status of 

the review of the manuscript or if any 
previous decisions were made previ-
ously (major or minor revision).

4.	 By scrolling down, you will see 
two boxes: confidential comments 
to the Editor appear and Comments 
to Author in which you can enter 
your opinion about the manuscript 
as a Reviewer. In this part you 
can also see the other’s comments 
below.

5.	 The manuscript must be scored in the 
next menu item.

6.	 Choose from the Editor decision 
phrases menu. 

After completing each menu item, you will see 
a summary section based on the completed 
evaluation. There will be an option to still edit 
here. If you find it appropriate, please press the 
proceed button.

7.	 In the last menu, you can modify the 
letter you want to send to the Editor-in-
Chief about your decision and add an 
attachment if you want to.

We sincerely hope that both the Authors as well 
as our Reviewers will benefit from this advance-
ment, and are looking forward to receive any 
comments.

János Kappelmayer 
Editor-in-Chief, eJIFCC

and

Harjit Pal Bhattoa 
Assistant Editor, eJIFCC
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Methods of low-density lipoprotein-cholesterol 
measurement: analytical and clinical applications
S.M. Touhidul Islam1, Bremansu Osa-Andrews1, Patricia Mary Jones1,2, 
Alagar R. Muthukumar1, Ibrahim Hashim1, Jing Cao1,2
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A R T I C L E  I N F O A B S T R A C T

Among the five major classes of lipoprotein particles, 
low-density lipoprotein-cholesterol (LDL-C) is the pri-
mary lipoprotein risk factor for the development of 
cardiovascular diseases (CVD) through the promo-
tion of atherosclerotic pathogenesis. Therefore, it is 
of paramount importance to accurately measure the 
plasma concentration of LDL-C using an appropriate 
method to examine the risk of CVD and determine 
the efficacy of therapeutic interventions to reduce 
the cholesterol level and examine the risk assess-
ment strategy. At present, there is a wide variety of 
methods available for LDL-C measurement. In this re-
view, we have outlined the commonly used methods 
of LDL-C measurement. These methods have been 
classified into non-automated analytical methods, 
calculation methods, and automated direct measure-
ment of LDL-C. We have also described some recently 
proposed promising calculation methods which are 
being considered for clinical adoption. This current 
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review could assist the clinicians to have a bet-
ter understanding regarding the measurement 
techniques and comparative utilities of differ-
ent methods of LDL-C measurement and guide 
them to select an appropriate method based on 
accuracy, turnaround time, and cost of test. 



INTRODUCTION

Lipids are essential for tissue structure and dif-
ferent aspects of function, including energy 
storage, cellular membrane formation, insula-
tion of nerve conduction and heat dissipation, 
and hormone production (1). Lipids are either 
synthesized or absorbed from the diet and 
then transported to different tissues to meet 
their metabolic needs. Because of a relatively 
insoluble nature of lipids, they are transported 
in blood to different tissues through packaging 
into lipoproteins which are heterogeneous par-
ticles composed of proteins and lipids. Solubility 
of lipoprotein is determined by the location of 
proteins and polar lipids (e.g., phospholipids, 
sphingolipids, fatty acids (FAs) and cholesterol) 
at the outer surface of the particles. On the 
other hand, nonpolar triglycerides and choles-
terol esters are retained at the core of particles 
(2). Based on their hydrated density and elec-
trophoretic pattern, lipoproteins are divided 
into five major fractions including chylomicron, 
very low-density lipoprotein [VLDL], intermedi-
ate-density lipoprotein [IDL], low-density lipo-
protein [LDL], high-density lipoprotein (HDL), 
and lipoprotein (a) [Lp (a)]. Triglycerides and 
cholesteryl esters-containing chylomicrons and 
VLDL are generated by the intestines and liver, 
respectively. Endothelial lipoprotein lipase ac-
tivity in the capillaries of peripheral tissues 
converts triglycerides in lipoproteins into free 
FAs which is taken up by the tissues with a high 
demand for lipids. After losing some triglycer-
ides, chylomicron and VLDL are converted into  

smaller and denser remnant lipoproteins and 
IDL, respectively, which are taken up and recy-
cled by the liver. The taking up of remnant lipo-
proteins and IDL by the liver is mediated by the 
interaction between apolipoprotein E (apoE) on 
remnant lipoproteins/IDL and hepatic low-den-
sity lipoprotein receptor (LDLR) or LDLR-related 
protein. However, if remnant lipoproteins/IDL 
loses nearly all of their triglycerides through the 
lipoprotein lipase-mediated conversion of tri-
glycerides into free FAs while they are still in cir-
culation, they become too small to carry apoE 
which results in an inappropriate clearance of 
remnant lipoproteins/IDL from circulation by 
the liver. These smaller and denser lipoproteins 
are called LDL which is rich in cholesteryl ester/
cholesterol (2). 

In the clinical context, the term ‘lipids’ is kind of 
synonymously used for cholesterol due to the 
long-studied association between cholesterol 
and cardiovascular disease (CVD). Although a 
remarkable progress has been made in its treat-
ment and prevention, CVD remains the single 
most common cause of death in the United 
States. Plasma cholesterol has an essential bi-
ological function as a structural component of 
cellular membranes and a precursor of many 
essential compounds including vitamin D, bile 
salts, and hormones. However, plasma choles-
terol can accumulate on arterial wall leading 
to plaque formation which can eventually re-
sult in myocardial infarction upon rupture (3). 
Because LDL is the principle carrier of choles-
terol in blood, low-density lipoprotein-choles-
terol (LDL-C) level is used as a major risk factor 
for future CVD development (4). Due to the 
strong and positive association between LDL-C 
and CVD, the 2018 American Heart Association/
American College of Cardiology (AHA/ACC) 
guideline on managing blood cholesterol em-
phasizes target level of LDL-C as a benchmark 
on directing prevention and management strat-
egies of the Atherosclerotic CVD (5). Therefore, 
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a precise and accurate measurement of the 
concentration of circulating LDL-C using an ap-
propriate method has become the cornerstone 
of cardiovascular risk assessment for the past 
decades. As per the recommendations of the 
National Cholesterol Education Program (NCEP) 
Working Group on Lipoprotein Measurement, 
methods used to measure the plasma level of 
LDL-C should give results equivalent to those 
used to establish the epidemiologic database 
that was used to develop the recommenda-
tions for risk evaluation (6). Currently, a variety 
of methods of LDL-C measurement are clinically 
available. In the present review, we have delin-
eated widely used methods of LDL-C measure-
ment which are classified into non-automated 
analytical methods, LDL-C calculation, and au-
tomated direct measurements including their 
merits and limitations.

NON-AUTOMATED ANALYTICAL METHODS

The analytical methods of LDL-C measurement 
are usually considered as reference methods. 
Commonly studied analytical methods are Beta-
quantification, vertical spin density gradient 
ultracentrifugation-based vertical auto-profile, 
gradient gel electrophoresis, high-performance 
liquid chromatography, proton nuclear magnet-
ic resonance spectroscopy (1H-NMR), and ion 
mobility (Table 1). Due to their long turnaround 
time, non-suitability for automation, and re-
quirement of expert technologists for opera-
tion, these non-direct methods are not used in 
a regular clinical laboratory setting. Rather, they 
are used as reference for the validation of other 
clinically suitable methods of LDL-C measure-
ments using method comparison.

Beta-quantification

Beta-quantification is the precursor to the con-
temporary reference method adopted by NCEP 
in 1995. The name of the assay is originated 
from the location of LDL in the beta region upon 

electrophoretic migration of lipoprotein parti-
cles in early studies. This is the gold standard 
method for LDL-C measurement adopted from 
the National Institute Health (NIH) laboratory 
(6-8). An aliquot of plasma at native density of 
1.006 g/mL is ultracentrifuged which separates 
VLDL and chylomicrons on the floating layer 
(d < 1.006 g/mL) over the infranatant contain-
ing IDL, LDL, Lp (a), and HDL (d > 1.006 g/mL). 
Concentration of cholesterol in the bottom lay-
er fraction is measured by treating with hepa-
rin and manganese (II) chloride solution to pre-
cipitate the apoB containing particles (IDL, LDL, 
Lp (a)) and the precipitate is removed by cen-
trifugation. After centrifugation, HDL is the only 
particle that remains in the solution. Then the 
concentration of HDL cholesterol is measured, 
and the concentration of LDL cholesterol is de-
termined by subtracting the HDL concentration 
from the cholesterol concentration measured 
in the bottom fraction containing IDL, LDL, Lp 
(a), and HDL [d > 1006 g/mL cholesterol] (equa-
tion Ι). Concentration of VLDL-C in the discarded 
ultra-centrifugal supernatant fraction is mea-
sured by subtracting the cholesterol concentra-
tion measured in the bottom fraction [d > 1006 
g/mL cholesterol] from the total concentration 
of cholesterol measured in the initial aliquot 
of plasma before ultracentrifugation (equation 
ΙΙ) (9). It is preferred to calculate VLDL-C than 
direct measurement in the ultra-centrifugal su-
pernatant as it is difficult to recover cholesterol 
in this fraction, especially at a high concentra-
tion of triglyceride.

[LDL-C] = [d > 1006 g/mL cholesterol] – [HDL-C]  (Ι)

[VLDL-C] = [Total cholesterol] - [d > 1006 g/mL 
cholesterol]  (ΙΙ)

Because beta-quantification of LDL-C ignores 
the amount of IDL and Lp (a) in the precipitate, 
the term non-HDL-C is widely used, which re-
flects the cholesterol contents of all atherogenic 



eJIFCC2022Vol33o4pp282-294
Page 285

S.M. Touhidul Islam, B. Osa-Andrews, Patricia M. Jones, Alagar R. Muthukumar, Ibrahim Hashim, Jing Cao
Methods of low-density lipoprotein-cholesterol measurement: analytical and clinical applications

lipoproteins (non-HDL = TC-HDL-C) in several 
guidelines. One important shortcoming of beta-
quantification is the heterogeneity and lack of 
molecular specificity as it cannot distinguish the 
concertation of LDL-C from the concentration of 
IDL-C and LP (a)-C. Both IDL and Lp (a) particles 
contribute to the total cholesterol measurement 
in the precipitated fraction. Thus, the measured 
concentration of LDL-C is always higher than the 

actual concentration, particularly in the cases of 
patients with CVD and the individuals who are 
at risk of developing CVD because of dyslipid-
emias. However, the elevated concentration of 
LDL-C measured by beta-quantification due to 
the inclusion of IDL-C and Lp (a)-C is considered 
beneficial to the clinical performance as both 
of IDL-C and Lp (a)-C are atherogenic in nature 
(9, 10). Furthermore, the NCEP Working Group 

Table 1 Merits and limitations of  different analytical methods 
of  low-density lipoprotein cholesterol measurement

Analytical methods Merits Limitations

Beta-quantification Highly standardized and high 
resolution

Cannot distinguish LDL-C from 
IDL-C and LP (a)-C

Tedious and requires large 
amount of sample

Vertical spin density gradient 
ultracentrifugation-based 

vertical auto-profile

Separate LDL-C from IDL-C and 
LP (a)-C

Directly measures cholesterol 
in different fractions of 

lipoproteins

Tedious and requires large 
amount of sample

 

Gradient gel electrophoresis Can determine both particle 
concentration and diameter

Tedious, time consuming, 
and resource intensive

High-performance liquid 
chromatography

Can determine both particle 
concentration and diameter

Resource intensive and requires 
expertise

Proton nuclear magnetic 
resonance spectroscopy

High throughput quantification 
of particle size/concentration

No preanalytical sample 
preparation is required

Cholesterol concentration cannot 
be not directly measured

Requirement of costly 
equipment and expertise

Ion mobility
High resolution separation 

and measurement of particle 
concentration and size

Cholesterol concentration cannot 
be not directly measured and 

requires special equipment and 
expertise
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on Cholesterol Measurement has suggested 
that LDL-C values should not be corrected for 
the presence of other atherogenic lipoproteins 
so that they could also be kept under consid-
eration, not only LDL-C, during the treatment 
regimen (11). 

Vertical spin density gradient 
ultracentrifugation-based vertical auto-profile

In vertical spin density gradient ultracentrifuga-
tion method, lipoprotein particles are separated 
and analyzed in three distinguished steps. First, 
a two-layer density gradient is established by 
dispensing saline solution in a tube and then un-
der-layering with diluted serum. Then the tubes 
containing two-layer density gradients are ultra-
centrifuged. Second, following centrifugation, 
different layers of lipoproteins (HDLs being the 
particles of highest density are located at the 
bottom, VLDLs being the particles of least den-
sity are located at the top, and LDLs having the 
density between HDLs and VLDLs are located 
at the middle of the tube) are drained from the 
bottom of the tube and analyzed for determin-
ing cholesterol concentration using a continuous 
flow of cholesterol-specific enzymatic reagent 
through a narrow bore tubing. This instrumen-
tation is called vertical auto-profile (VAP) analyz-
er. Third, as the reaction mixture flows through 
the tubing, absorbance of the corresponding 
colored-product, which is directly proportional 
to the cholesterol concentration of each class of 
lipoproteins, is measured using a spectrophoto-
metric detector.

Because it directly measures the concentration 
of cholesterol in different fractions of lipopro-
teins, vertical spin density gradient ultracen-
trifugation-based VAP gives a high accuracy of 
LDL-C. Another important aspect of vertical 
spin density gradient ultracentrifugation-based 
VAP is that it separates IDL and Lp (a) from LDL, 
therefore, the cholesterol concentration of LDL 
particles is not confounded with that from IDL 

and Lp (a). Thus, VAP may represent a better 
reference method of LDL-C quantitation than 
beta-quantitation (12, 13).

Gradient gel electrophoresis

Using gradient gel electrophoresis, not only the 
cholesterol concentration of lipoprotein but 
also the size of the lipoprotein particles can be 
determined. In this method, serum samples are 
mixed with a loading solution, and then load-
ed to 2%-16% polyacrylamide gradient gels. To 
determine the size of particle, different stan-
dards having different diameters are used, such 
as bovine albumin, thyroglobulin, and serum 
VLDL. Besides, it is also important to use an in-
ternal standard, e.g., thyroglobulin is added to 
each serum sample. To distinguish LDL, gels are 
stained with Sudan Red after electrophoresis. 
To measure the concentration of LDL-C, gels are 
treated with reagent containing cholesterol es-
ter hydrolase, cholesterol oxidase, and catalase 
which results in the elimination of HDL, VLDL, 
and chylomicrons, whereas LDL is protected. 
Then, the concentration of LDL-C is determined 
using CHOD-PAP method. To determine the di-
ameters of LDL particles, LDL bands are com-
pared with the calibration curve plotted on the 
basis of migration of standards on the gel (14).

LDL particles are heterogeneous due to their 
variation in size, density, and lipid composition. 
Gradient gel electrophoresis recognizes two dif-
ferent phenotypes of LDL particles. First, pheno-
type A comprises of large and buoyant LDL par-
ticles with a size of more than 25.5 nm. Second, 
phenotype B comprises of small and dense LDL 
with a size of 25.5 nm or less. Small and dense 
LDLs are considered atherogenic because they 
readily penetrate the arterial wall. It has been 
reported that the risk of coronary artery dis-
ease (CAD) is increased 2 to 3-fold in patients 
with short and dense LDL (15, 16). Unlike other 
non-automated analytical methods of LDL mea-
surement, gradient gel electrophoresis can be 
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used not only to determine the concentration 
of LDL-C but also the diameter of lipoprotein 
particle.

High-performance liquid chromatography

High-performance liquid chromatography can 
determine the lipoprotein profile which in-
cludes both size and composition. To separate 
the lipoprotein particles, serum or plasma sam-
ples are pumped into tandemly connected gel 
permeation columns. The size of the particles 
is determined based on the retention times of 
the peaks on an observed chromatogram. To 
determine the lipoprotein composition, column 
effluent is equally split into two lines by a mi-
cro splitter. Each effluent flowing through two 
individual split lines are then separately used to 
react with cholesterol or triglyceride reagents. 
Then, the concentration of cholesterol or tri-
glyceride in an individual split line representing 
a particular class or subclass of lipoprotein par-
ticle is determined spectrophotometrically by 
continuously monitoring the absorbance (17, 
18). Likewise gradient gel electrophoresis, high-
performance liquid chromatography can be 
used to determine both size and composition of 
lipoprotein particles. Moreover, it can separate 
not only the classes but also the subclasses of 
particles. This method can identify six LDL sub-
fractions based on their variation in particle size 
(16-30 nm) (17, 18).

Proton nuclear magnetic 
resonance spectroscopy

Because of a number of various analytical ad-
vantages, 1H-NMR spectroscopy has emerged 
as a valuable technique for measuring lipo-
proteins in plasma and serum samples. In this 
method, 1H-NMR uses the characteristic signals 
generated by different lipoprotein classes of dif-
ferent size as the basis of their quantification. 
Each class of lipoproteins has Triglycerides and 
cholesterol esters inside the particles and has 

limited mobility, giving rise to the broadening of 
the NMR signals based on the aggregate number 
of methyl groups. Cholesterol esters and triglyc-
erides which are located at the core of particles 
contribute 3 methyl groups each, whereas phos-
pholipids and unesterified cholesterol which are 
located at the surface of the shell contribute  
2 methyl groups each. The size of the lipopro-
tein particle determines the number of methyl 
groups and thereby, the methyl NMR signals. 
Thus, the methyl NMR signals emitted by large 
and less dense lipoprotein particles (e.g., VLDL 
and LDL) are different from the methyl NMR sig-
nals emitted by smaller and denser lipoproteins 
(e.g., HDL).

These signals are independent of the varying 
composition and relative amounts of choles-
terol esters, triglycerides, and phospholipids, 
and degrees of unsaturation of the lipid fatty 
acyl chains. Therefore, the methyl NMR signal 
generated by a particular class of lipoproteins 
provides a direct measurement of the concen-
tration of that specific class (19-21). Patients 
with insulin resistance, observed in metabolic 
syndrome and type-2 diabetes, contains a rela-
tively higher number of particles of small dense 
LDL (sdLDL). Therefore, LDL particle number is 
a better measure of LDL as compared to the 
LDL-C (22). Besides LDL particle number, HDL 
particle number measured by NMR is also an 
important parameter for CVD risk assessment. 
In fact, as per key epidemiological and clinical 
trials, NMR-measured HDL particle number is a 
better parameter of CVD risk assessment than 
HDL-C (23). A limitation of 1H-NMR is that it does 
not separate different classes of lipoprotein, and 
therefore it only estimates, but does not truly 
measure, the class-specific concentration of 
cholesterol (20, 21).

Ion mobility

In ion mobility, also known as gas phase differen-
tial electrical mobility, gas phase electrophoresis 
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is used to separate lipoproteins based on their 
size. First, singly charged lipoprotein particles 
on aerosol are generated in the electrospray 
chamber. The particles are then carried in the 
airflow to the differential mobility analyzer. As 
the particles pass through the differential mo-
bility analyzer, an electric potential across the 
sheath flow causes the particles to drift toward 
a collection slit. At any given electrical poten-
tial, particles of a particular size can successfully 
be transported through the collection slit and 
finally enter a separate air stream that carries 
them to a particle counter. In the counter, each 
particle is detected by light scattering. Then, 
the data is analyzed to provide results on par-
ticle dry diameter, particle concentration, and 
mass concentrations. Ion mobility can be used 
for high-resolution separation and direct quan-
tification of full spectrum of different subclasses 
of LDL. Because ion mobility cannot isolate dif-
ferent fractions of lipoprotein particles, it is not 
useful for measuring class-specific cholesterol 
concentration. LDL-C is estimated based on total 
cholesterol and percentage of LDL out of total 
lipoproteins. Furthermore, multistep preanalyti-
cal sample processing required for lipoprotein 
isolation and ionization is an important limita-
tion (24, 25). 

AUTOMATED DIRECT MEASUREMENT

Unlike the analytical methods, automated direct 
measurement methods are easily adoptable to a 
clinical setting. Heterogeneous selective precipi-
tation and homogeneous methods are the two 
well-known types of automated direct measure-
ment of LDL-C (Table 2).

Selective precipitation

There are several methods of LDL-C measure-
ment based on selective precipitation. One im-
portant method is to selectively precipitate LDL-C 
with polyvinyl sulfate or heparin at low pH and 
then directly measure cholesterol concentration 

in the precipitate. It can also be calculated as a  
difference between the concentration of total 
cholesterol and that in the supernatant (26). 
A more specific method is to use polystyrene 
beads coated with polyclonal antibodies to apo 
A-Ι and apo E to immunoprecipitate VLDL, IDL, 
and HDL and then measure LDL-C is in the filtrate 
(27). Selective precipitation method was in good 
agreement with beta-quantification, but due 
to the requirement of a separate pretreatment 
step, it is now outmoded by direct homogeneous 
methods (27).

Homogeneous methods

Direct homogeneous methods use autoanalyz-
ers to selectively measure the cholesterol con-
centration in LDL particles. Since the inception 
of homogeneous assays in 1998, various meth-
ods are now commercially available used by dif-
ferent manufacturers differing in employed de-
tergents, modified enzymes, and other reagents 
allowing selective blocking and solubilization 
of lipoprotein classes to achieve LDL specifici-
ty. In Kyowa Medex method, LDL-C concentra-
tion is directly measured by suppressing other 
lipoproteins. α-cyclodextrin sulfate is used to 
mask cholesterol in chylomicron and VLDL and 
polyoxyethylene-polyoxypropylene polyether is 
used to block the cholesterol in HDL. Thus, cho-
lesterol from LDL selectively produces colored 
product measured spectrophotometrically (28, 
29). In Waki and Deika-Senken method, LDL-C 
is selectively masked from the initial enzymatic 
reaction.

All the non-LDL-C produces hydrogen peroxide 
which is consumed by catalase. Deprotecting 
reagent removes the protecting agent from 
LDL. Then the LDL-cholesterol generate hydro-
gen peroxide which eventually produces a col-
ored complex (29-32). Similarly, in International 
Reagents Corp. method, first reagent containing 
calixarene (a detergent) forms a soluble com-
plex with LDL. Cholesterol esters of HDL-C and 
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VLDL-C are hydrolyzed resulting in conversion of 
cholesterol to cholestenone hydrazone. Second 
reagent, containing deoxycholate, breaks up 
the LDL-calixarene complex allowing LDL-C to 
produce cholestenone and β-NADH (29, 30). In 
Daiichi method, esterase and oxidase present in 
the reagent react with the cholesterol from non-
LDL producing colorless product. On the other 
hand, cholesterol from LDL generates hydrogen 
peroxide producing colored product (29, 30). 

Direct homogeneous methods are fully automat-
ed, easy to use, and cost effective. Because of 
being automated, they have improved precision 
from non-manual pipetting, and accurate con-
trol of timing and temperature (30). However, 
direct homogeneous measurements are not 
free of inaccuracies, particularly in the case of 
dyslipidemias. Bias between 13% and 46% has 
been reported between different direct homo-
geneous methods (7, 33). Compared to the cal-
culation methods, direct homogeneous meth-
ods require additional steps of measurement. 
Therefore, homogeneous methods must dem-
onstrate obvious advantages in performance 
and economics to replace calculation methods. 

CALCULATION METHODS

Because inclusion of LDL-C in basic lipid panel 
would result in an increased turnaround time 
and additional cost, it is a regular practice to 
calculate LDL-C from the currently used compo-
nents of basic lipid panel. To date, Friedewald 
and Martin/Hopkins are the commonly used 
methods for calculating LDL-C. Recently, the 
Sampson and extended Martin/Hopkins equa-
tions have been reported to provide more ac-
curate calculations of LDL-C at hypertriglyceri-
demia (Table 3).

Friedewald equation

Friedewald et al. published a groundbreak-
ing article in 1972 which described an equa-
tion to calculate LDL-C concentration to avoid 
the use of tedious ultracentrifugation-based 
methods (34). Considering its lower cost and 
shorter turnaround, Friedewald calculation has 
currently become the most widely used meth-
od for routine quantification of LDL-C. In this 
method, LDL-C is calculated by subtracting the 
concentration of cholesterol within all lipopro-
teins other than LDL from the concentration of 

Direct methods Merits Limitations

Selective precipitation In good agreement with 
beta-quantification

Requires additional 
pre-treatment

Homogeneous methods

Fully automated and rapid

Improved precision/accuracy 
from automated pipetting and no 

sample preparation

Cost for extra reagents

Table 2 Merits and limitations of  different methods of  direct measurement 
of  low-density lipoprotein cholesterol
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total cholesterol. In fasting condition, the major 
lipoprotein particles are LDL, HDL, and VLDL.  
Therefore, subtraction of concentration of cho-
lesterol in HDL and VLDL from the total choles-
terol concentration represents the estimate of 
LDL-C. But, only total cholesterol, HDL-C, and 
triglycerides are included in the basic lipid pan-
el. VLDL-C is not a part of basic lipid panel, but 
it can be calculated from the serum concentra-
tion of triglycerides. VLDL particles carry most 
of the circulating triglycerides in normal fasting 
condition. Cholesterol within VLDL particles are 
reported to be contained with triglycerides in a 
ratio of [triglycerides]:[cholesterol] = 5 (for mg/
dL unit) or 2.26 (for mmol/L) (34-36). Therefore, 
VLDL-C is calculated by dividing the concentra-
tion of triglycerides (mg/dL or mmol/dL) by 5 or 
2.26, respectively (equation ΙΙΙ). Then, LDL-C is 
estimated by subtracting the concentration of 

HDL-C and calculated VLDL-C from the concen-
tration of total cholesterol (equation ΙV).

VLDL-C = [Triglycerides]/5  (ΙΙΙ)

LDL-C (mg/dL or mmol/L) = [Total cholesterol] – 

[HDL-C] – [Triglycerides]/5 or 2.26  (ΙV)

In Friedewald calculation, it is assumed that the 
subject is fasting, and the triglyceride concen-
tration is less than 400 mg/dL (37). The require-
ment of a fasting condition significantly reduces 
the likelihood of triglyceride contribution by 
chylomicron. But in non-fasting condition, cir-
culating triglyceride is remarkably contributed 

Table 3 Merits and limitations of  different methods of  calculation 
of  low-density lipoprotein cholesterol

Calculation methods Merits Limitations

Friedewald equation
Good alternative of direct assay 

Quick turnaround and less cost
Not acceptable when 

triglyceride > 400 mg/dL 

Martin/Hopkins calculation
Gives a more accurate calculation 
than Friedewald due to the use of 

adjustable factor

Not acceptable when 
triglyceride > 400 mg/dL 

Sampson equation Applicable at the triglyceride 
concentration up to 800 mg/dL

Not free of cholesterol 
contami-nation from IDL-C, 

and Lp (a)

Extended Martin/Hopkins 
calculation

Applicable at the triglyceride 
concentration up to 800 mg/dL

Greater accuracy than the 
Friedewald and Sampson

Not free of cholesterol 
contami-nation from IDL-C, 

and Lp (a)



eJIFCC2022Vol33o4pp282-294
Page 291

S.M. Touhidul Islam, B. Osa-Andrews, Patricia M. Jones, Alagar R. Muthukumar, Ibrahim Hashim, Jing Cao
Methods of low-density lipoprotein-cholesterol measurement: analytical and clinical applications

by chylomicron, 90% of which by mass is triglyc-
eride (38).

In that case, the actual ratio of [triglycerides]: 
[cholesterol] in the blood would be higher than 5. 
Likewise, when triglyceride concentration is high-
er than 400 mg/dL (e.g., in hypertriglyceridemia), 
the actual ratio of [triglycerides]:[cholesterol] 
would also be higher than 5. In such conditions, 
[Triglycerides]/5 is not an appropriate estimate 
of VLDL-C. Under those circumstances, using 
[Triglycerides]/5 as a fixed factor would overesti-
mate VLDL-C and thereby, underestimate LDL-C. 
In fact, the Friedewald calculation of VLDL-C has 
been found to be most accurate in patients with 
a triglyceride concentration of less than 200 mg/
dL (39).

Martin/Hopkins calculation

In Friedewald calculation of LDL-C, triglyceride 
concentration is divided by a fixed factor to de-
termine the concentration of VLDL-C assuming 
an invariable ratio of triglyceride:VLDL-C. Given 
the inaccuracy of the fixed denominator in the 
case of triglycerides levels higher than mg/dL, 
Martin/Hopkins calculation was formulated 
which replaces the fixed denominator with an 
adjustable factor X (equation V). This adjustable 
factor X changes following an empirically derived 
180-cells strata based on the varying concentra-
tion of triglyceride up to 400 mg/dL and non-HDL 
up to 220 mg/dL (40). Although the use of this 
adjustable factor improves the accuracy of LDL-C 
calculation to some extent compared to the 
Friedewald equation, Martin/Hopkins equation is 
still not a completely accurate calculation meth-
od and inapplicable in the case of triglyceride 
level beyond 400 mg/dL (40, 41). On top of that, 
Martin/Hopkins calculation formula for LDL-C is 
not available to users/laboratories for free.

LDL-C = [Total cholesterol] – [HDL-C] – 

[Triglycerides]/X (V)

Sampson equation

Sampson LDL-C equation, also known as the 
National Institutes of health equation, used TG 
and non–HDL-C as independent variables and 
multiple least squares regression to develop a 
bivariate quadratic equation for VLDL-C (equa-
tion VΙ). The equation for VLDL-C was then used 
in a second equation for LDL-C calculation (equa-
tion VΙΙ). Sampson calculation of LDL-C is similar 
to Friedewald calculation in terms of subtract-
ing VLDL-C and HDL-C from total concentration 
of cholesterol. Additionally, Sampson equation 
includes an intercept and allows the coefficients 
to vary for each term which made this equation 
a better fit with beta-quantification compared 
to Friedewald equation. 

Whereas negative biases are sometimes ob-
served for hypertriglyceridemic patients in the 
cases of other calculation methods, Sampson 
calculation is almost free of such negative bias. 
Thus, the use of continuous variables has made 
Sampson equation a superior method of calcu-
lation at triglyceride concentration up to 800 
mg/dL (42).

VLDL-C = [Triglycerides]
/8.59 +

[Triglycerides] x [non-HDL-C]/2250
 – 

[Triglycerides2]/16500
 (VΙ)

 

LDL-C = [Total cholesterol]
/0.948 – [HDL-C]/0.971 – 

([Triglycerides]/8.56 + [Triglycerides]

x [non-HDL-C]/2140 – 

[Triglycerides]^2/16100) – 9.44 (VΙΙ)
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Extended Martin/Hopkins calculation

Extended Martin/Hopkins calculation is a modi-
fied version of the Martin/Hopkins calculation. 
Likewise, Martin/Hopkins calculation, Extended 
Martin/Hopkins calculation uses an adaptable tri
glyceride to VLDL-C ratio instead of a fixed one used 
in Friedewald equation (equation V). Extended 
Martin/Hopkins equation was validated against 
vertical density gradient ultracentrifugation for 
LDL-C up to 800 mg/dL using an empirically de-
fined table of 240/560/1040-cells of median ra-
tios of TG:VLDL-C based on the varying number 
of TG and non-HDL-C strata (41). In a cross-sec-
tional study, the extended Martin/Hopkins cal-
culation was demonstrated to calculate LDL-C  
with a greater accuracy as compared with the 
Friedewald and Sampson equations in patients 
with triglyceride levels of 400 to 799 mg/dL (41).

LDL-C belongs to the category of non-HDL-C that 
contains all atherogenic lipoproteins, including 
chylomicron, VLDL, LDL, IDL and lipoprotein(a). 
In primary CVD prevention, a number of pro-
spective observation studies have reported that 
non-HDL-C predicts risk with equal or superior 
performance compared to LDL-C. Since VLDL in 
non-HDL represents particles rich in triglycer-
ide, which is an independent risk factor of CVD, 
current guidelines list non-HDL-C as secondary 
therapeutic target of CVD prevention in addi-
tion to LDL-C. The clinical utility of non-HDL-C is 
beyond the scope of this review (43-45). 

CONCLUSION

Due to the long-established connection be-
tween LDL-C and CVD, it is critically important to 
accurately measure the concentration of LDL-C 
for a proper cardiovascular risk assessment and 
management. To date, there is a sizable prefer-
ence of analytical, calculation, and direct meth-
ods for LDL-C measurement. Although each of 
these methods have their own merits over the 
others depending on the existing analytical or 

clinical setting, none of these methods are free 
from limitations in terms of operational exper-
tise, accuracy, turnaround time, and cost. This 
review has briefly illustrated different methods 
of LDL-C measurement which gives a clearer un-
derstanding on available methods of LDL-C mea-
surement in addition to their comparative appli-
cation. Given the necessity of accuracy, shorter 
turnaround time, and affordability of LDL-C mea
surement, it demands further investigation to de
velop an improved alternative.


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Purpose

Serum albumin is in contact with practically all cells 
in the human body, including tumor cells in cancer 
patients. The purpose of this study was to explore 
whether cancer cells affect post-translational modi-
fications (PTMs) of albumin.

Material and methods

Mass spectrometry was used to identify the PTMs. 
Purified human serum albumin was incubated with 
human breast cancer cells MDA-MB-231, MDA-
MB-468, MCF7, or kept in water or in cell culture 
media. PTMs which were affected upon exposure of 
the albumin to cancer cells were identified. Three-
dimensional analysis was performed to locate PTMs 
in albumin. 
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Results

We report here that an exposure to human 
breast cancer cells affected post-translational 
modifications (PTMs) of 14 peptides of human 
serum albumin (HSA). PTMs at 8 peptides were 
observed upon exposure of HSA to metastatic 
MDA-MB-231 and MDA-MB-468 breast cancer 
cells. PTMs at another 6 peptides were lost in 
MDA-MB-231 and MDA-MB-468 cells, while 
these 6 PTMs were observed in HSA exposed 
to conditionally tumorigenic MCF7 cells, or in 
HSA kept in water or a cell culture medium. 
Cancer cell altered phosphorylation, deamida-
tion followed by methylation, acetylation, myri-
stylation, palmitoylation, methylation, cysteine 
persulfide, and S-6-FMN cysteine modifica-
tions were detected in HSA. These PTMs locate 
predominantly in IB and IIA domains of HSA. 
Three-dimensional analysis showed that this 
region corresponds to the lipid-binding site and 
Sudlow’s site 1. 

Conclusion

Data reported here show that 14 PTMs of hu-
man serum albumin can be modified upon its 
exposure to human breast cancer cells. 



1. INTRODUCTION 

Tumor cells modulate the matrix, the enzymatic 
and biochemical composition of the extracellu-
lar environment in a tumor [1, 2]. This modula-
tion may include changes of post-translational 
modifications (PTMs) of proteins in the extracel-
lular environment. PTMs may reflect the func-
tional status of a tumor and serve as markers 
for the diagnostic and prognosis of cancer [3]. 

The number of reported PTMs in human serum 
albumin (HSA) is higher than 120 (reviewed in 
ref. [4]). The high number of PTMs indicates that 
there are many different forms of HSA due to 

different combinations of PTMs in a given HSA 
molecule. The diversity of PTM types is also broad 
and includes at least 30 types of PTMs, such as 
phosphorylation, acetylation, methylation, gly-
cosylation, myristylation, palmitoylation, farne-
sylation, and PARylation [4-9]. Some of these 
PTMs in HSA have confirmed marker values for 
diagnosis and monitoring of diseases, e.g., the 
end glycation of HSA is the marker of diabetes 
[6-8]. Many other albumin PTMs do not have 
yet established links to physiological conditions.  
PTMs may be generated by enzymatic or chemi-
cal reactions. Phosphorylation, glycosylation, 
and ADP-ribosylation are examples of enzyme-
dependent PTMs. Generation of advanced end 
glycation products is an example of non-enzy-
matic PTM. Oxidation of serum albumin at Cys34 
is regarded as the marker of oxidative stress-re-
lated diseases [10, 11]. 

Serum albumin is the most abundant protein in 
human plasma [12, 13]. Albumin is highly abun-
dant in the interstitial fluid of tumors, with albu-
min concentration reaching up to 60% of its con-
centration in plasma [12]. PTMs of albumin can 
be observed even in early-stage tumors, if these 
PTMs are stable in the interstitial fluid, lymph, 
and plasma. Protein acetylation and methyla-
tion are examples of such relatively stable PTMs 
[14]. Aggressive breast tumors often release 
circulating tumor cells in the bloodstream [15]. 
When the circulating tumor cells interact with 
albumin, it may be an additional opportunity to 
generate cancer relevant PTMs in albumin, in 
addition to PTMs that would be generated in the 
tumor. Therefore, presence of albumin in the in-
terstitial fluid of tumors and in plasma, and the 
contact of albumin with tumor cells may lead 
to post-translational modifications of albumin. 
These tumor specific PTMs may serve as cancer 
markers. 

Search for phosphorylation and acetylation in 
albumin from cancer patients identified a num-
ber of modified sites, even though the cancer 
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specificity of these PTMs has to be confirmed 
[4, 16-20]. The specificity issue is underlined by 
the possible impact of different non-cancerous 
conditions of the tested patients, e.g., diabe-
tes, inflammatory diseases, renal or liver im-
pairment. The use of an experimental model 
with only tumor cells may solve the specificity 
concern. 

The published reports show that PTMs of al-
bumin are frequent, and these PTMs may be a 
sensing mechanism for the status of a tumor. 
Therefore, it is important to explore whether  
human cancer cells affect PTMs profile of se-
rum albumin. If PTMs of HSA are changed upon 
exposure to cancer cells, PTMs identification 
would be required for further clinical study of 
these PTMs as markers.

Here we report alterations of 14 PTMs of hu-
man serum albumin due to HSA exposure to hu-
man breast cancer cells. 

2. MATERIALS AND METHODS

2.1. Materials

Human serum albumin was purchased from 
Abcam (Abcam ab205808, accession number 
P02768, 609 amino acids). Chemicals and re-
agents were purchased from Sigma Aldrich, 
Merk, and ThermoScientific, and were of analyti-
cal grade. This work was performed under an IBC 
permit from Qatar University (QU-IBC-2019/023). 
MCF7 (HTB-22), MDA-MB-231 (HTB-26), and 
MDA-MB-468 (HTB-132) human breast cancer 
cells were obtained from American Type Culture 
Collection (ATCC, Manassas, USA). 

The cells used in this study were in culture for 
less than one year. The cells were regularly test-
ed for contaminations by mycoplasma, bacte-
ria, and fungi. The cells were cultured in DMEM 
medium supplemented with 10% fetal bovine 
serum, penicillin, and streptomycin, as recom-
mended for these cells.

2.2. Preparation of albumin 
samples and electrophoresis

Aliquots of albumin were prepared in deion-
ized (Millipore) water followed by glass-distilled 
water (pH 7.0-7.2), and stored frozen at -200C. 
Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) was performed as 
described earlier [9]. 10% acrylamide gel was 
used. Dithiothreitol (DTT) and iodoacetamide 
(IAA) pre-treatment of samples is frequently 
used in SDS-PAGE to break Cys-Cys bonds in 
proteins. However, this pre-treatment may 
also modify cysteine PTMs, as such we did not 
do pre-treatment of albumin samples with di-
thiothreitol (DTT) and (IAA). This preserved 
PTMs that could be affected by DTT and/or IAA. 
Staining with Coomassie Brilliant Blue R-250 
was used to detect proteins separated in gels. 

2.3. Cell culture and electrophoresis 
of albumin

Cells were seeded in 10 cm dishes to form con-
fluent. The cells were washed 2 times with 
serum-free DMEM, then incubated with fresh 
serum-free DMEM for 3 hrs. The medium was 
changed to the fresh serum-free DMEM with 
added 5% human serum albumin. The cells 
were incubated for 24 hrs. The medium was 
collected and centrifuged for 10 min at 21,000 
g (15,000 rpm). 10 mL of the cleared medium 
was subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) as 
described earlier [9]. 

2.4. Mass spectrometry

MALDI-TOF MS (Ultraflextreme, Bruker Dal
tonics, Bremen, Germany) mass spectrometry 
was used for the analysis of albumin samples. 
Albumin samples were prepared by in-gel di-
gestion with porcine mass spectrometry-grade 
trypsin (sequence grade, Promega, USA), as de-
scribed previously [9]. In brief, protein bands 
of interest in gels were excised and collected 



eJIFCC2022Vol33o4pp295-308
Page 298

Surya Kannan, Serhiy Souchelnytskyi
The exposure to human breast cancer cells altered 14 post-translational modifications of human serum albumin

in tubes. Gels were destained, washed with 
water, 50mM ammonium bicarbonate, and 4 
times with 100% acetonitrile. After the removal 
of acetonitrile, the gels were air-dried. Solution 
of trypsin (5 to 10 µl; 0.1-0.2 µg) was added 
to the dried gel, and incubated for 18-24 hrs 
at 370C. Digest of the protein was extracted by 
adding 30-50 µl of 50% acetonitrile and 0.1% 
trifluoracetic acid (TFA) in water. Extraction was 
for 2-3 hrs under gentle agitation. The extracted 
digest was loaded on a MALDI target (polished 
steel) with matrix α-cyano-4-hydroxycinnamic 
acid (Sigma Aldrich, USA).

Matrix-assisted laser-desorption ionization 
(MALDI) mass spectrometry was performed with 
Ultraflextreme instrument (Bruker Daltonics, 
Bremen, Germany). Mass spectra were collected 
in the range from 500 to 3,500 m/z values, posi-
tive mode, single protonated, and with a collec-
tion of a minimum of 10,000 laser shots for every 
single spectrum. For calibration, tryptic autodi-
gestion peptides were used (842.51, 1045.56, 
and 2211.10 Da). Spectra were collected by using 
FlexControl software (Bruker Daltonics, Bremen, 
Germany). Analysis of spectra was performed 
with FlexAnalysis software (Bruker Daltonics, 
Bremen, Germany). Collected mass lists were 
used for identification by using ProFound and 
Mascot search engines. NCBIr database (version 
by October 2021) was used in the searches, and 
the significance of identification was set to p<0.5. 
Mass tolerance was +/-0.1 Da for peptide mass 
fingerprinting, the database was set to “human”, 
with no restriction of pI, and molecular mass 
was set to +/- 50 kDa of the experimental migra-
tion position. For identification, the number of 
matched peptides and coverage of the identified 
protein with detected peptides were considered.

2.5. Prediction of PTMs

For the identification of modified peptides, we 
used FindMod tool that predicts PTMs in the ex-
perimentally measured peptide masses (https://

www.expasy.org/resources/findmod) [21]. We 
included only PTMs that confirmed to the rules 
of PTMs identification by mass spectrometry, 
including statistical significance of identification 
set by FindMod to p<0.5 [21]. Manual curation 
of assigned PTMs was also performed to exclude 
false assignments. For example, if a PTM would 
interfere with the tryptic digestion and genera-
tion of a predicted peptide, such a PTM would be 
excluded. Mass spectrometry and PTMs assign-
ment data were collected after 3 independent 
collections of cell culture experiments (see sec-
tions 2.1, 2.2, and 2.3) and analysis of mass spec-
tra from independent samples from 2 mass spec-
trometry acquisitions and assignment of PTMs 
(see sections 2.4 and 2.5). Only reproducible 
data were used. Note that the mass spectrom-
etry experiments, e.g., mass list generation and 
analysis, were set to statistical significance p<0.5. 

2.6. Three-dimensional analysis 
of PTMs location

Protein Data Bank (PDB) was used to retrieve 
a 3-dimensional structure of human albumin. 
The structure deposited at PDB with accession 
number 1E78 for human serum albumin (doi: 
10.2210 /pdb1E78/pdb) was used as a template 
for the analysis of identified PTMs. ChimeraX tool 
was used for allocation of the identified PTMs 
in the 3D structure of albumin (https://www. 
rbvi.ucsf.edu/chimerax) [22].

3. RESULTS

3.1. Preparation of albumin samples.

Presented here and our previously published [9] 
data, show that solubilization of HSA in water or 
in a cell culture medium DMEM did not affect the 
PTMs profile of albumin purified from the serum 
of healthy individuals. This allows efficient detec-
tion of PTMs in albumin incubated with human 
cancer cells, and comparison of its PTM profile 
with HSA that was kept solubilized in water or in 

https://www.expasy.org/resources/findmod
https://www.expasy.org/resources/findmod
https://www.rbvi.ucsf.edu/chimerax/
https://www.rbvi.ucsf.edu/chimerax/
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a cell culture medium (Figure 1). This compari-
son of PTMs profiles leads to the identification of 
PTMs affected by an exposure to cells. 

We did not observe differences in migration in 
SDS-PAGE for HSA solubilized in water, medi-
um, or exposed to different breast cancer cells 
(Figure 2A). This indicated the absence of PTMs 
affecting the molecular mass of HSA more than 
for a few thousands Da. The recovery of HSA in-
cubated with the cells was estimated to be more 
than 95% of the initially added to the cells, and 
as compared to HSA prepared and kept in the 
medium without incubation with the cells. The 
low loss of HSA is due to adding HSA at a con-
centration that is similar to the concentration 
in human serum (i.e., 5%) [12, 13], and due to a 
relatively low albumin adhesion to the surface of 
the plates and cells. 

As was expected, MCF7, MDA-MB-231, and MDA-
MB-468 cells did not change their morphology, 

neither showed signs of cell death during in-
cubation with 5% HSA in DMEM. These cells 
are extensively used in breast cancer research, 
and are known to tolerate incubation condi-
tions that are similar to the used in this work. 
Incubation in a serum-free culturing medium for 
24 hrs could inhibit cell proliferation but does 
not affect cellular viability and cellular tumori-
genic properties. 

Large quantities of recovered HSA after its in-
cubation with cells, e.g., 30 to 50 µg in a single 
electrophoresis lane, allowed robust mass spec-
trometry analysis. The mass spectra provided 
confirmatory identification of human serum al-
bumin (accession number P02768). The collect-
ed mass spectra of albumin samples showed a 
similar pattern of main peaks for all 5 experimen-
tal conditions (Supplementary Figure S1, this fig-
ure can be retrieved at https://doi.org/10.6084/
m9.figshare.21552372.v1).

Figure 1 Workflow of  the project: the main steps of  this study are shown

Samples were prepared by incubation of human serum albumin with human breast cancer cells, or by keeping albumin 
solubilized in water or a cell culture medium. The recovered albumin was separated by SDS-PAGE, and subjected to mass 
spectrometry for identification of post-translational modifications. Modeling of the location of the identified PTMs in the 
3-dimensional model of human serum albumin was performed.

https://doi.org/10.6084/m9.figshare.21552372.v1
https://doi.org/10.6084/m9.figshare.21552372.v1
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After optimization experiments, the experi-
ments with the established protocol were re-
peated 3 times and are presented here. Thus, 
the protocol of this study allowed the genera-
tion of reproducible and representative mass 
spectra of HSA of 5 tested conditions, e.g., albu-
min exposed to MDA-MB-231, MDA-MB-468, 
and MCF7 cells, or kept in water or in the cell 
culture medium.

3.2. Exposure of albumin to cancer cells 
altered PTMs in 14 peptides of albumin 

The mass spectra of HSA exposed to human 
breast cancer cells, solubilized in water or in 
the cell culture medium were used to search for 

post-translational modification of HSA. We ap-
plied FindMod tool which is one of the most used 
tools for PTMs assignment with mass spectrom-
etry data [21]. FindMod is known for the appli-
cation of stringent criteria for PTMs prediction. 
We generated PTMs profiles for HSA retrieved in 
each experimental condition. Then, we removed 
all PTMs that were not affected by exposure of 
HSA to the cells in comparison to HSA in wa-
ter or the cell culture medium. These removed 
PTMs were not altered by exposure to cells. We 
repeated mass spectrometry experiments with 
independent samples from 2 different experi-
ments, and only reproducibly detected PTMs 
were considered for analysis.

Figure 2 Separation of  HSA and mass spectrometry analysis

A) Separation of human serum albumin (ALB) samples in SDS-PAGE gel is shown. The arrow and annotation “ALB” 
indicate the migration position of HSA. The annotation of samples is indicated at the top of the gel. Migration of 
molecular mass markers is indicated as “markers”. B) Two mass spectra show representative spectra of albumin re-
covered after exposure to MDA-MB-468 cells and water solubilized HSA. Representative mass spectra of all 5 types of 
albumin samples are shown in Supplementary Figure S1. The intensity of peaks and m/z values are indicated. Inserts 
show examples of peaks with assigned PTMs. See Table 1 for annotation of all PTMs. 
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The analysis showed 14 modified peptides of 
8 types of PTMs (Table 1; Supplementary Table 
S1, this table can be retrieved at https://doi.
org/10.6084/m9.figshare.21552414.v1).

We observed PTMs that discriminated HSA ex-
posed to MDA-MB-231 and MDA-MB-468 from 
albumin exposed to MCF7 cells, or kept in wa-
ter or in the cell culture medium. MDA-MB-231 
and MDA-MB-468 cells represent aggressive 
breast cancer and form tumors in animal stud-
ies, while MCF7 cells are conditionally tumori-
genic and much less aggressive [23, 24]. PTMs 
identified in HSA solubilized in water represent 
important controls of PTMs present in HSA from 
healthy individuals. The cell culture medium 
contains chemicals that theoretically may affect 
PTMs, e.g., by oxidation and chemical addition 
reactions. The Table 1 shows that the PTMs in  

HSA that originated from the healthy individu-
als were also present in the albumin solubilized 
in the cell culture medium. It means that the 
cell culture medium did not interfere with PTMs 
described in Table 1. However, the exposure of 
HSA to the cells affected these PTMs. 

Eight PTMs were observed after exposure to 
aggressive cells, e.g., phosphorylation, palmi-
toylation, and cysteine persulfide modification. 
Other 6 PTMs were observed in albumin ex-
posed to non-aggressive MCF7 cells and for HSA 
non-exposed to cells, e.g., deamidation followed 
by methylation, acetylation, and S-6-FMN cyste-
ine modification (Table 1).

The distribution of the identified PTMs in the 
sequence of albumin showed localization of 
PTMs mostly in the IB and IIA domains of HSA 
(Figure 3).

Table 1 Post-translational modifications of  human serum albumin detected 
after exposure of  HSA to breast cancer cells

PTM* Peptide
Position 
(peptide)

Position 
(site)

MCF7
MDA- 
MB- 
231

MDA- 
MB- 
468

Water Medium

6FMNC CCTESLVNR 500-508 C501 Yes - - Yes Yes

DEAME CASLQK 224-229 Q228 Yes - - Yes Yes

METH YICENQDSISSK 287-298 C289 Yes - - Yes Yes

DEAME ADLAKYICENQDSISSK 282-298 Q292 - - - Yes Yes

ACET HPYFYAPELLFFAKR 169-183 K182 Yes - - - -

MYRI LVRPEVDVMCTAFHDNEETFLKK 139-161 K160 Yes - - - -

PHOS AEFAEVSK 250-257 S256 - Yes Yes - -

PHOS YICENQDSISSKLK 287-300
S294, 
S296, 
S297

- Yes - - -

https://doi.org/10.6084/m9.figshare.21552414.v1
https://doi.org/10.6084/m9.figshare.21552414.v1
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PHOS AAFTECCQAADK 187-198 T190 - - Yes - -

PALM AVMDDFAAFVEKCCK 570-584 C582, 
C583 - Yes Yes - -

ACET EQLKAVMDDFAAFVEK 566-581 K569 - Yes Yes - -

CYSP CCKHPEAK 461-468 C462 - Yes Yes - -

METH ADLAKYICENQDSISSK 282-298 K286 - Yes Yes - -

MYRI AAFTECCQAADK 187-198 C192, 
C193 - Yes Yes - -

MCF7 are conditionally tumorigenic, and less aggressive as compared to invasive and highly tumorigenic MDA-MB-231 
and MDA-MB-468 cells. PTMs in HSA that was solubilized in water or medium are shown to indicate the presence of 
these PTMs in HSA from healthy individuals (Water), and no impact on these PTMs of the chemicals in the cell culture 
medium (Medium). In bold and underlined are indicated modified amino acids. “Yes” indicates detection of a peptide, 
“-“ indicates absence of a peptide. A peptide position in HSA sequence is indicated.
* 6FMNC, S-6-FMN cysteine modification; DEAME, deamidation followed by methylation; METH, methylation; ACET, 
acetylation; MYRI, myristoylation; PHOS, phosphorylation; PALM, palmytoylation; CYSP, cysteine persulfide modification.

Figure 3 Distribution of  the identified 14 PTMs in the sequence 
of  human serum albumin

Panels show the distribution of PTMs annotated in Table 1. The upper panel shows 8 PTMs observed in HSA exposed 
to aggressive breast cancer cells MDA-MB-231 or MDA-MB-468. The lower panel shows 6 PTMs identified in HSA 
exposed to conditionally tumorigenic MCF7 cells, or kept in water, or in the cell culture medium. The sequence of HSA 
(accession number P02768) corresponds to a pro-form of albumin of 609 amino acids length. PTMs are colour coded, 
the same colour coding is used in Figures 3 and 4.
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This contrasts with the relatively uniform dis-
tribution of PTMs in HSA from the serum of 
healthy individuals [4, 9, 18-20]. The focus on 
IB and IIA domains indicates functional impli-
cation of this region in modifications by cancer 
cells, by promotion of PTMs upon exposure to 
aggressive cancer cells, or by removal of PTMs. 
The 8 PTMs that appeared in HSA after its ex-
posure to aggressive cancer cells have not been 
detected in HSA from healthy individuals [4, 9, 
18-20]. 

3.3. Three-dimensional modeling shows 
location of PTMs at the Sudlow’s site 1

The 3-dimensional model of human serum albu-
min [25, 26] is an excellent tool for the evalua-
tion of the potential impact of identified PTMs 

on albumin functions. Structural regions in-
volved in interactions with fatty acids, drugs, and 
metals have been identified in HSA [25-28]. We 
observed that the location of identified PTMs 
may affect lipid-binding sites in HSA by cyste-
ine persulfide modification (CYSP), methylation 
(METH), and phosphorylation (PHOS) after ex-
posure to MDA-MB-231 and MDA-MB-468 cells 
(Figure 4). In HSA incubated with MCF7 cells or 
kept in water or cell culture medium, one of the 
lipid-binding sites (Sudlow’s site 1) is also af-
fected by deamidation followed by methylation 
(DEAME), methylation (METH), and S-6-flavine 
mononucleotide (FMN) conjugation to cysteine 
(6FMNC) (Figure 4). 3D model shows the loca-
tion of myristylation (MYRI) and palmitoylation 
(PALM) on the top of the ‘heart’ structure of 
HSA.

Figure 4 3-dimensional modelling of  location of  the 14 identified PTMs

The left panel shows 3D modelling of the location of PTMs at 8 modified peptides that were observed in HSA exposed 
to MDA-MB-231 and MDA-MB-468 cells but not in HSA exposed to conditionally tumorigenic MCF7, or solubilized in 
water or in the cell culture media. The right panel shows 3D modelling of the location of PTMs at 6 modified peptides 
that were observed in HSA exposed to conditionally tumorigenic MCF7 cells or were kept in water and in the cell 
culture medium. PTMs are colour coded as indicated in the images. The 3D model of non-PTM modified human serum 
albumin, accession number 1E78 (doi: 10.2210/pdb1E78/pdb; 585 amino acids representing 25 to 609 amino acids 
of HAS, was retrieved from Protein Data Bank (PDB) under open access permit. ChimeraX tool was used to locate 
reported here PTMs in the 3D model of HSA.
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These modifications (MYRI and PALM) are con-
sidered as a mechanism for tethering proteins to 
a membrane. It remains to be explored whether 
these modifications affect the distribution of 
albumin. 

4. DISCUSSION

Our data show that HSA exposed to cancer cells 
acquires novel PTMs. Our identification of en-
hanced phosphorylation of HSA upon exposure 
to aggressive cancer cells (Figure 3; Table 1) is 
in an agreement with the enhanced activities 
of many kinases in growing tumors [29]. The 
reported here phosphorylation of HSA at T190, 
S256, S294, and S297 was observed in non-small 
cell lung cancer tumors [18]. Phosphorylation at 
S256, S294, and S296 was detected in pancreat-
ic cancer tumors [19]. Phosphorylation at T190, 
S256, S294, and S296 were observed in samples 
of breast cancer tumors [20]. However, none of 
the published reports [18-20] showed a depen-
dency of the phosphorylation on tumor cells, or 
in comparison to HSA from healthy individuals. 
Our data demonstrate that the phosphorylation 
mentioned in Table 1, was observed only after 
exposure of HSA to aggressive cancer cells, and 
no phosphorylation was observed in HSA ex-
posed to conditionally tumorigenic MCF7 cells 
or in HSA kept in water or in the cell culture 
medium (Table 1). Our data suggest that the 
phosphorylation at T190, S256, S294, S296, and 
S297 may serve as a marker of advanced breast 
cancer. 

The sequences surrounding the phosphory-
lated residia (Table 1, Figure 3, Supplementary 
Table S1) differ from consensus sequences re-
ported for SerPro-targeting kinases. Only 1% of 
reported phosphorylation sites have functional 
information, e.g., information about a kinase 
and/or its functional role (www.phosphonet.
ca). Therefore, the prediction of the kinase(s) of 

HSA and/or functional impact of the 3 identified 
phosphorylated peptides await further studies.

We observed HSA acetylation at K182 and K569 
only after its exposure to cells (Table 1, Figure 
3). Acetylation at K182 was observed in hu-
mans [16, 17] and at K569 in rats [30]. In hu-
mans, K182 acetylation was described in data-
sets of mass spectrometry studies of liver and 
colorectal cancer [16, 17]. These reports did 
not explore the dependency of K182 and K569 
acetylation on tumorigenesis. Our data show 
that this acetylation is detected only after HSA 
contact with cancer cells. 

Modifications with lipids were described for 
HSA [9]. Our finding of myristylation at C192 or 
C193 has not been described earlier. A tripep-
tide CCK with C582 and C583 was identified 
as palmitoylated, with C583 as the probable 
site of palmitoylation, due to unlikely trypsin 
cut with adjacent palmitoylated cysteine [9]. 
Detection of the peptide consisting of 15 amino 
acids, with a lysine before C582 and possible 
no-cut by trypsin after lysine followed by the 
palmitoylated C582, indicates that the C582 is 
the most probable palmitoylation site in HSA 
exposed to cancer cells. Both S-palmitoylation 
and S-myristylation were detected for HSA that 
was exposed to aggressive cancer cells MDA-
MB-231 and MDA-MB-468 (Table 1, Figure 3). 
We also observed a lysine-myristylation at K160 
in HSA exposed to conditionally tumorigenic 
MCF7 cells. N-myristylation is associated with 
cancer progression. The enzyme lysine myris-
toyltransferease NMT1 was associated with 
the aggressive development of human breast 
cancer [31]. The location of the modifications 
at the top of the “heart” structure of albumin 
(Figure 4) may indicate their potential interac-
tions with membranes.

Ten methylation sites were reported for HSA 
[32], however, without a confirmed dependen-
cy on cancer. We observed methylation at C289, 
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and methylation after deamidation at Q228 and 
Q292 in HSA that was kept in water or the cell 
culture medium, or was incubated with MCF7 
cells, but no detection of these PTMs in HSA 
that was incubated with aggressive cancer cells. 
(Table 1, Figure 3). Deamidation followed by 
methylation at Q292 was observed by us earlier 
in HSA [9]. This suggests that demethylation 
and/or inhibition of deamidation at Q292 could 
be associated with the exposure to aggressive 
cancer cells. K286 was found methylated in HSA 
incubated with MDA-MB-231 or MDA-MB-468 
cells (Table 1, Figure 3). The detected cancer 
cell-relevant differences in methylation are in 
the Sudlow’s site 1 in HSA (Figure 4), suggesting 
modifications of interactions via this site. 

Cysteine persulfide modification is the result of 
the action of reactive sulfur species, and is one of 
the oxidation mechanisms of cysteine. Our data 
predicted the formation of a cysteine persulfide 
at C462 in HSA exposed to aggressive cancer 
cells (Table 1, Figure 3). No data about this PTM 
in HSA was reported earlier. However, Fukuoka 
et al. observed an increased level of cysteine 
persulfide in colon tumors, as compared to a 
normal colon tissue [33], which may indicate 
the relevance of this PTM to cancer. Doka et al. 
showed that cysteine persulfide modification is 
involved in the regulation of protein functions 
and growth factor responsiveness [34]. Our de-
tection of cysteine persulfide modification in 
albumin exposed to aggressive cancer cells but 
not in HSA exposed to MCF7 cells, suggests that 
this modification may be explored as a marker 
of aggressive development of breast cancer. 

S-6-flavine mononucleotide (FMN) conjuga-
tion to cysteine (6FMNC) at C501 in albumin is 
an example of another oxidation-dependent 
PTM. We observed this modification earlier in 
HAS from healthy individuals [9]. 6FMNC at 
C501 was absent in HSA after exposure to the  
aggressive cancer cells. Flavine mononucleo-
tide is involved in the regulation of the redox 

potential in cells, and this modification may in-
dicate 6FMNC modification of HSA due to high-
er oxidation potential in tumors or in the tumor 
microenvironment. 

Hypoalbuminemia is a marker of aggressive de-
velopment of cancer [12, 13, 35]. End glycation 
of HSA serves as a marker of diabetes [6, 8]. 
Oxidation of Cys34 in HSA is considered a sen-
sor of oxidative stress-related diseases [10, 11]. 
These observations are sufficient proof of the 
clinical value of HSA PTMs. The 14 PTMs report-
ed here show that HSA is engaged by the mi-
croenvironment of cancer cells. We show that 
the cells can affect PTMs of albumin. This is an 
important finding that opens for further study 
of PTMs clinical marker value.
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A R T I C L E  I N F O A B S T R A C T

Background

This study was planned to investigate how the posi-
tivization time of a SARS-CoV-2 rapid antigen self-test 
may correlate with SARS-CoV-2 nucleocapsid (N) an-
tigen concentration measured with a quantitative 
laboratory-based immunoassay. 

Methods

Paired nasopharyngeal (healthcare-collected) and na-
sal (self-collected) samples were taken from patients 
undergoing routine SARS-CoV-2 testing. The concen-
tration of SARS-CoV-2 antigen nucleocapsid (N) was 
assayed with Liaison SARS-CoV-2 Antigen test, whilst 
the time of positivization of COVID-VIRO ALL rapid di-
agnostic test (RDT) was concomitantly measured and  
then compared SARS-CoV-2 viral load measured with 
Liaison SARS-CoV-2 Antigen test and expressed as 
Median Tissue Culture Infectious Dose (TCID50)/mL. 
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Results

The study sample consisted of 32 paired speci-
mens which tested positive with COVID-VIRO 
ALL IN RDT and had SARS-CoV-2 N protein con-
centration measured with Liaison SARS-CoV-2 
Antigen test. A highly significant correlation was 
found between SARS-CoV-2 viral antigen con-
centration and RDT positivization time (r=-0.64; 
95%CI, -0.81 to -0.38; p<0.001). At the >1500 
TCID50/mL threshold of the Liaison SARS-CoV-2 
Antigen test, the positivization time of the 
COVID-VIRO ALL IN RDT displayed high accuracy 
(93.7%). A positivization time <42 sec enabled 
to identify patients with high SARS-CoV-2 anti-
gen concentration (i.e., >1500 TCID50/mL) with 
91.3% negative and 100% positive predictive 
values. 

Conclusion

Self-testing using COVID-VIRO ALL IN RDT could 
be reliably used for garnering valuable informa-
tion on the actual SARS-CoV-2 viral antigen con-
centration in respiratory samples.



INTRODUCTION

The continued development and availability of 
fast, decentralized, relatively inexpensive and 
accurate severe acute respiratory syndrome 
coronavirus disease 2 (SARS-CoV-2) rapid di-
agnostic tests (RDTs) is imperative, since the 
volume of routine and urgent molecular tests 
that need to be performed all around the world 
largely outweigh the current capacity of most 
clinical laboratories. An ongoing worldwide sur-
vey promoted by the American Association for 
Clinical Chemistry (AACC), aimed at defining the 
state-of-the-art of the coronavirus disease 2019 
(COVID-19) testing capacity, highlights that over 
two-third of responding laboratories are still 
facing problems in obtaining enough reagents 

and test kits for routine diagnosis of SARS-CoV-2 
infection [1], thus paving the way to planning 
and validating alternative strategies that may 
overcome the bottleneck caused by the rela-
tively long turnaround time and low through-
put of molecular testing. Recent guidelines and 
recommendations, such as those of the World 
Health Organization (WHO) [2] and International 
Federation of Clinical Chemistry and Laboratory 
Medicine (IFCC) [3], have endorsed the possible 
use of SARS-CoV-2 RDTs under specific circum-
stance, such as for population screening (i.e., be-
fore large mass gatherings or prior to accessing 
healthcare facilities) and epidemiological pur-
poses. One major and well-recognized limitation 
of these tests, along with their lower diagnostic 
accuracy [4], is represented by the generation of 
qualitative test results (i.e., negative or positive), 
which would then encumber the possibility to 
obtain information on SARS-CoV-2 viral load, a 
useful parameter for predicting infectivity, moni-
toring the course of disease and stratifying the 
risk of unfavourable disease progression [5]. 
Nonetheless, interesting evidence is emerging 
that the time to positive reaction of RDTs may 
be used for roughly predicting the SARS-CoV-2 
viral load (i.e., the faster the positivization time, 
the higher the viral load) [6,7]. To this end, we 
planned this study to verify how the positiviza-
tion time of a SARS-CoV-2 rapid antigen self-test 
may correlate with SARS-CoV-2 nucleocapsid (N) 
antigen concentration measured with a quanti-
tative laboratory-based immunoassay.

MATERIALS AND METHODS

Study population

The study population consisted of a series of 
outpatients presenting to the Pederzoli Hospital 
in Peschiera del Garda (Verona, Italy) for un-
dergoing routine SARS-CoV-2 testing between 
August 2 and September 3, 2022, when SARS-
CoV-2 Omicron BA.5 prevalence was >90%. A 
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nasopharyngeal (healthcare-collected; Virus 
swab UTM Copan, Brescia, Italy) and nasal (self-
collected; COVID-VIRO ALL) samples were taken 
upon patient admission, the former for being 
assayed in the local laboratory with Liaison 
SARS-CoV-2 Antigen test, the latter for perform-
ing COVID-VIRO ALL IN RDT, thus allowing faster 
screening of patients upon hospital presenta-
tion. All patients were instructed to correctly 
use the self-device by reading a quick utilization 
notice [8].

DiaSorin Liaison SARS-CoV-2 Antigen test

The immunochemical detection of SARS-CoV-2 
in nasopharyngeal samples was carried out us-
ing DiaSorin Liaison SARS-CoV-2 Antigen test 
(DiaSorin, Saluggia, Italy), a fully-automated che-
miluminescence sandwich-immunoassay (CLIA) 
that specifically developed for detecting SARS-
CoV-2 nucleocapsid (N) protein in nasal and 
nasopharyngeal swabs, as described in details 
elsewhere [9]. The test, locally adapted for use 
on a DiaSorin LIAISON XL immunochemistry plat-
form, displays an analytical sensitivity (i.e., limit 
of detection [LOD]) and a diagnostic threshold of 
22.0 and 200 Median Tissue Culture Infectious 
Dose (TCID50)/mL, respectively. A recent clinical 
investigation, assessing the cumulative diagnos-
tic performance of this immunoassay during a 
period of SARS-CoV-2 Omicron predominance 
revealed that the diagnostic sensitivity and 
specificity were 0.93 and 1.00, respectively [10].

COVID-VIRO ALL IN RDT

COVID-VIRO ALL IN (AAZ-LMB, Boulogne-
Billancourt, France) is a vertical flow immuno-
assay based on immunochemical detection of 
SARS-CoV-2 core (C) antigen in nasal specimens. 
The device could be used by healthcare profes-
sionals but is also suitable for self-testing due 
to its relatively simplicity of use, as comprehen-
sively described elsewhere [11]. Briefly, after 
inserting the soft sponge at the upper part of 

the device in each nostril for 15 sec, the test kit 
is directly activated by pressing firmly the bot-
tom of the holder (and hence without the need 
to twist the specimen in the reaction buffer and 
applying drops of the sample to the device, as 
for most RDTs), which breaks the buffer capsule 
and starts the reaction. After 15 min, the pres-
ence of two-coloured bands in the control (C) 
and test (T) windows reflects test positivity, their 
combined absence mirrors test failure, while 
the presence of a single coloured band in the 
control (C) windows defined test negativity. The 
testing procedure typically takes around 1 min 
and test results are within 15 min. According to 
data published in a recent clinical assessment 
this test, the positive predictive value (PPV) and 
negative predictive value (NPV) were 100% and 
96.2%, respectively [11]. For this specific study, 
the positivization time of the RDT was measured 
with a manual chronometer by a healthcare pro-
fessional, defined as the period between device 
activation to appearance of a coloured band in 
the test (T) windows, always accompanied by si-
multaneous presence of a coloured band in the 
(C) control window.

Statistical analysis

Test results were finally reported as median 
values and interquartile range (IQR). The agree-
ment between antigen nucleocapsid concentra-
tion measured with Liaison SARS-CoV-2 Antigen 
test and time of positivization of COVID-VIRO 
ALL RDT was analyzed using Spearman’s cor-
relation and receiver operating characteristic 
(ROC) curve analysis. Since the test results dis-
played a non-normal distribution as assessed by 
Shapiro-Wilk test, they were transformed using 
natural logarithms before being analyzed. The 
correlation between the two measures could 
obviously only be conducted using COVID-VIRO 
ALL IN RDT positive samples, in which a numeric 
value of positivization time could be measured. 
The following statistical analysis was carried out 
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with Analyse-it software (Analyse-it Software 
Ltd, Leeds, UK). The study was conducted in ac-
cordance with the Declaration of Helsinki, un-
der the terms of relevant local legislation, and  
was part of larger study protocol previously ap-
proved by the Ethical Committee of Verona and 
Rovigo Provinces (971CESC; Approved July 25, 
2016).

RESULTS

The study sample consisted of 32 consecutive 
paired specimens which tested positive with 
COVID-VIRO ALL IN RDT (appearance of two bands 
in the control and test windows, respectively) 
and having also SARS-CoV-2 N protein concentra-
tion measured with Liaison SARS-CoV-2 Antigen 
test (median age 44 years, IQR 35-52 years; 75% 
women). The median SARS-CoV-2 viral antigen 
concentration was 1006 (IQR, 339-7169) TCID50/
mL, whilst the median time of positivization of 
COVID-VIRO ALL IN RDT was 64 (IQR, 35-156) sec. 
No correlation was found between presence of 
symptoms (n=20) and TCID50/mL values (r=0.01; 
95%CI, -0.34 to 0.36; p=0.940).

The association between SARS-CoV-2 viral anti-
gen concentration and RDT positivization time is 
shown in Figure 1, evidencing a highly significant 
inverse correlation between these two mea-
sures (r= -0.64; 95%CI, -0.81 to -0.38; p<0.001). 

At the >1500 TCID50/mL threshold of Liaison 
SARS-CoV-2 Antigen test, which was earlier 
shown to reflect high viral antigen concentra-
tion and thereby greater risk of both infectivity 
and unfavourable clinical outcomes [12,13.], the 
diagnostic accuracy of COVID-VIRO ALL IN RDT 
positivization time was 93.7% (95%CI, 79.2 to 
99.2%), with an area under the curve (AUC) of 
0.88 (95%CI, 0.71 to 1.00; p<0.001) (Figure 2). 

The best cut-off for predicting SARS-CoV-2 vi-
ral antigen concentration >1500 TCID50/mL 
was <42 sec of RDT positivization, which was 

associated with 91.3% (95%CI, 75.0-97.4%) NPV 
and 100% (95%CI, 100-100%) PPV, respectively. 

DISCUSSION

Several lines of evidence now attest that the use 
of SARS-CoV-2 RDTs may represent a potential 
solution to overcome the current shortage of 
technical (and even human) resources needed 
as the COVID-19 pandemic progresses unremit-
tingly [14]. The surge of SARS-CoV-2 infections 
sustained by recent and highly mutated lineag-
es, especially BA.4/5 and BA.2.75 [15], is impos-
ing a dramatic pressure on medical laboratories 
and other testing facilities, thus persuading 
several governments and health organizations 
worldwide to endorse the use of decentralized 
self-testing for widespread community testing 
as well as for optimizing the length of quaran-
tine and/or isolation [16,17].

The generation of qualitative data, in terms of 
negative or positive test results, which are usual-
ly reflected by absence or presence of a colored 
band in the test window of the device, is a widely 
recognized shortcoming of RDTs, which does not 
implicitly consent to garner information on the 
actual viral load expressed by positive subjects. 
A tentative solution to this limitation has been 
provided by two preliminary investigations. 
Akashi et al. measured the positivization time 
of the QuickNavi™-COVID19 Ag RDT in 84 con-
secutive patient nasopharyngeal samples [6], 
and found a linear association between the viral 
load (i.e., cycle threshold values of SARS-Cov-2 
N2 gene) and time to achieve a positive result 
(p< 0.001). Predictably, the positivization time 
of the RDT was longer in samples bearing a high 
viral load (cycle threshold values ≤31). In a fol-
lowing investigation, Salvagno et al. measured 
the positivization time of Roche SARS-CoV-2 
Rapid Antigen Test in 106 patients with SARS-
CoV-2 infection [7], and also found a significant 
correlation between the cycle thresholds values 
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of SARS-CoV-2 E and S genes and the RDT posi-
tivization time (r= 0.70; p<0.001), displaying an 
overall agreement of nearly 71% for identifying 
samples with high viral load (i.e., cycle thresh-
olds values <20).

Taken together, the results of the present in-
vestigation support and extended the validity 
of these earlier findings, using a different SARS-
CoV-2 RDT (most suited to be used as a self-test), 

self-administered, and in a period characterized 
by high prevalence of the SARS-CoV-2 Omicron 
BA.5 lineage.

In brief, we confirmed that SARS-CoV-2 viral an-
tigen concentration and RDT positivization time 
obtained with self-testing are highly inversely 
correlated (i.e., r= -0.64), such that the soon-
er the coloured band will appears in the test 
window, the higher is the viral load expressed 

Figure 1 Spearman’s correlation between positivization time of  COVID VIRO ALL 
IN rapid diagnostic test (RDT) and viral load expressed as Median Tissue 
Culture Infectious Dose (TCID50)/mL and measured with DiaSorin Liaison 
SARS-CoV-2 Antigen test
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as SARS-CoV-2 N protein concentration. We 
also found that setting a positivization time of 
this device at <42 sec may enable identification 
of patients with high viral antigen concentra-
tion (i.e., >1500 TCID50/mL) with over 90% NPV 
and 100% PPV, respectively. Interestingly, we 
also noticed that the IQR of COVID VIRO RDT 
positivization was much shorter (i.e., 35-156 
sec) that the time window suggested by the 

manufacturer for test result availability (i.e., 15 
min). This is a general aspect of all SARS-CoV-2 
flow lateral immunoassays, in that the time win-
dow for reading results provided by manufactur-
ers is typically longer than the effective time of  
positivization. This is probably due to legal rea-
sons, for ensuring that the patients will wait a  
sufficient amount of time before reading the fi-
nal test results.

Figure 2 Receiver operating characteristics (ROC) curve analysis 
of  positivization time of  COVID VIRO ALL IN rapid diagnostic test (RDT) 
for identifying samples with >1500 SARS-CoV-2 Median Tissue Culture 
Infectious Dose (TCID50)/mL
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CONCLUSIONS

The evidence that emerged from this study, com-
bined with earlier published data which demon-
strated that negativity or positivity of SARS-CoV-2 
antigen tests may reflect the absence or presence 
of replication-competent virus [18], ultimately 
suggests that measuring the positivization time 
of the novel and user-friendly COVID-VIRO ALL 
IN RDT could be used for garnering valuable in-
formation on the actual SARS-CoV-2 viral RNA 
[19] and antigen concentration, even outside a 
specific healthcare setting, and thus providing 
a possible solution to relief the high workload 
currently caused by the ongoing COVID-19 pan-
demic [20].
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A R T I C L E  I N F O A B S T R A C T

Isolated increase in thyrotropin stimulating hormone 
(TSH) in a clinically euthyroid patient may be caused 
by the formation of a macromolecule between TSH 
and autoantibodies causing discordant thyroid func-
tion test results. Despite the effort to eliminate in-
terferences in immunoassays, these assays are still 
vulnerable to different interferences. Immunoassay 
interferences may cause erroneous results and lead 
to misdiagnosis which may subject a patient to unnec-
essary investigations and treatment. Immunoassays 
are affected by multiple substances; these may be 
endogenous or exogenous such as heterophile anti-
bodies, autoantibodies, macromolecules, and human 
anti-mouse antibodies. This case reports a 47-year-
old African woman who presented with a persistent 
elevated TSH with thyroid hormones within normal 
reference limits. She was found to have a macro-TSH 
which was associated with IgA paraprotein. 
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INTRODUCTION 

An increased TSH in the presence of normal free 
T4 (fT4) commonly suggests subclinical hypo-
thyroidism. However, other causes such as TSH  
resistance, poor compliance to thyroxine, recov-
ery phase of non-thyroidal illness, and assay in-
terference need to be excluded (1). Automated 
immunoassays are prone to various interferenc-
es resulting in erroneous results. Some of these 
assay interferences include heterophile antibod-
ies, anti-mouse antibodies, and macromolecules 
e.g., macro-TSH. Macro-TSH is a macromolecule 
as a result of the complex binding of TSH to im-
munoglobulins, which results in increased TSH. 
Even though macro-TSH has poor biological ac-
tivity, and circulates longer, it retains the ability 
to react with antibodies used in immunoassays, 
causing falsely elevated results (1, 2). This case 
reports a 47-year-old South African woman who 
presented with a persistent elevated TSH with 
thyroid hormones within normal reference lim-
its. She was found to have a macro-TSH which 
was associated with IgA Kappa paraprotein. This 
case reports the potential interference on as-
says, if not identified, may have adverse ef-
fects on the patient clinical outcomes. Also, 
it emphasises the need for laboratory profes-
sionals to work closely with clinicians. 

CLINICAL-DIAGNOSTIC CASE

A 47-year-old woman was referred to the En
docrine Unit, for evaluation of abnormal thyroid 
function test results. She denied any history of 
weight gain, hoarseness of voice, and cold intol-
erance. She reported no headaches and blurred 
vision. She reported no personal or family history 
of thyroid or autoimmune diseases. Examination 
was unremarkable. 

Thyroid function tests revealed markedly elevat-
ed thyrotropin stimulating hormone (TSH) with 
free thyroxine (fT4) and free triiodothyronine 
(fT3) within reference intervals. Her anti-thyroid 

peroxidase antibodies were negative (Table 1). 
Since she was clinically euthyroid, no medication 
was prescribed. 

Due to discordant thyroid function results on 
repeated measurements with no symptoms 
suggestive of thyroid disorder in the patient, an 
interference was suspected. In our patient, thy-
roid function tests were measured using a Roche 
Cobas c602 (Roche Diagnostics, Mannheim, Ger
many, Figure 1A). 

To screen for laboratory interference, the mea-
surements of TSH and fT4 from the same serum 
sample were repeated on Siemens Advia Centaur 
(Siemens Medical Solutions Diagnostics, USA) 
which utilizes a two-site sandwich immunoas-
say using direct chemiluminometric technology 
(Figure 1B). TSH levels were significantly lower 
compared to Roche platform (Table 1) while fT4 
remained within reference intervals; this further 
strengthened the suspicion of the presence of 
interference. 

We further performed serial dilutions (1/2, 1/5, 
1/10, and 1/20) of the serum using a diluent rec-
ommended by the manufacturer. We obtained 
non-linear results which suggested the presence 
of assay interference (Table 2). Unfortunately, 
non-linear recovery cannot differentiate the het-
erophile antibodies from macro-TSH and rheu-
matoid factor interferences. 

To exclude macro-TSH, the serum of the patient 
was subjected to polyethylene glycol (PEG) 6000 
solution (25% w/v) using a well described proce-
dure commonly used for macroprolactinemia. 
Briefly, in this procedure an equal amount of the 
patient sample and PEG solution was mixed and 
incubated for 10 minutes at room temperature. 
Then the mixture was centrifuged at 10900 rpm 
(9430 g) speed for precipitation to occur and 
the supernatant was analysed. The post-PEG 
TSH was 2.92 mIU/L (reference interval, 0.27-
4.20 mIU/L, 2.9% recovery) suggesting that the 
interfering antibodies were in the macro-form. 
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Figure 1 The schematic representation of  differences between Roche Cobas (A) 
and Siemens’s (B) TSH assays

A. TSH in the sample is incubated with biotinylated monoclonal TSH-specific antibody and a monoclonal TSH specific an-
tibody labelled with ruthenium (1) to form a sandwich complex (2).  Streptavidin-coated microparticles are added, a com-
plex becomes bound to the solid phase via interaction of biotin and streptavidin inducing chemiluminescent emission (3).
B. TSH binds firstly to a monoclonal mouse anti-TSH antibody with acridinium and secondly to a polyclonal sheep anti-TSH 
antibody-coupled with paramagnetic particles, measuring the concentration using the chemiluminometric technology.

TSH, thyroid-stimulating hormone, fT4, thyroxine, fT3, free triiodothyronine, Anti-TPO Abs, Anti-thyroid peroxidase 
antibodies.

Table 1 Measurements of  thyroid function test on different instruments

On 
admission 

(Roche)

1-month 
later 

(Roche)

1-month 
later 

(Siemens)

5-months 
later 

(Roche

1-year 
later 

(Roche)

Reference 
intervals

Test Results

TSH >100.0 >100.0 7.40 >100.0 >100.0 0.27-4.20 mIU/L

fT4 17.2 14.3 14.2 12.9 12.0-22.0 pmol/L

fT3 4.9 4.7 3.1-6.8 pmol/L

Anti-TPO Abs 5 <34 U/mL
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Table 2 TSH results after serial dilutions analyzed on Roche instrument

Test
Without 
Dilution 

1/2 Dilution 1/5 Dilution 1/10 Dilution 1/20 Dilution
Reference 
Intervals

TSH >100 >100 103.2 113.6 115.6 0.27-4.20 mIU/L

Table 3 Biochemical results before and after 
polyethylene glycol (PEG) precipitation

Test Before PEG After PEG Reference Intervals (RI)

TSH 99.54 2.92 0.27-4.20 mIU/L

Prolactin 510.7 136.0 4.8- 23.3 µg/L (Post-PEG 3.5-18 µg/L)

TSH, thyroid-stimulating hormone, PEG, polyethylene glycol.

Figure 2 Serum immunofixation image depicting two IgA Kappa monoclonal 
gammopathy (arrows)
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The recovery of TSH post-PEG was calculated as 
(post-PEG TSH ÷ pre-PEG TSH) x 100%. Because 
we suspected the presence of a high molecular 
weight interfering substance might affect other 
hormones, we ordered prolactin, since macro-
prolactin is commonly encountered in clinical 
practice compared to other hormones. Prolactin 
concentrations were markedly high 510.7 µg/L  
(4.8- 23.3) using Roche Cobas e602 (Table 3). She 
was not pregnant or breastfeeding or any medi-
cation known to increase prolactin. The post-
PEG prolactin was 136 µg/L (post-PEG intervals: 
3.5- 18) which is 26.6 % recovery (Table 3). No 
further investigation was done since the patient 
was not complaining of the headaches and had 
no blurred vision that would have suggested a 
prolactinoma. 

To further characterize interfering antibodies, 
immunoglobulins were ordered. The immuno-
globulins results show markedly elevated IgA: 
9.39 g/L (0.7-4 g/L) while IgG: 12.32 g/L (7-16 
g/L) and IgM: 0.40 g/L (0.4- 2.3 g/L) were within 
the reference intervals. These results suggested 
the presence of TSH-IgA macro-TSH interfer-
ences. This was further confirmed with the im-
munofixation which confirmed the presence of 
two IgA Kappa paraproteins (Figure 2).

DISCUSSION

Interferences in the measurement on immuno-
assays are common [1, 2]. Since interferences 
are common, grossly increased TSH should be 
investigated when the isolated elevation is not 
consistent with the rest of thyroid function 
tests and the clinical presentation. 

Commonly, immunoassays are interfered with 
by endogenous and exogenous substances. 
Substances such as heterophile antibodies, hu-
man anti-mouse/animal antibodies, anti-strep-
tavidin antibodies, mega doses of biotin, and 
rheumatoid factors have been implicated [2]. 

The increased use of biotin supplementation, 
especially mega doses has created huge chal-
lenges on laboratory assays [3]. The effect of 
biotin on immunoassays has been recognised by 
manufacturers. In particular, Roche assays have 
been improved to tolerate higher biotin levels 
without significant interferences. In our patient, 
the new versions TSH, fT4 and fT3 assays were 
utilised making biotin interference unlikely. Also, 
high biotin levels cause a negative interference 
on TSH [3], which was not the case in our patient. 
In addition to biotin interference, heterophile 
antibodies needs to be considered. Heterophile 
antibodies are classified as a group of natural 
antibodies and autoantibodies, and have ability 
to react with heterogeneous and poorly defined 
antigens of different compounds. They either af-
fect the antigen binding to the antibody in im-
munoassay or act as an antigen due to polyre-
active nature [2]. To elucidate the presence of 
heterophile antibodies, firstly, the sample can 
be analysed on the different platform. Secondly, 
the serial dilution to demonstrate nonlinear re-
sults in the presence of interfering antibodies. 
Thirdly, the test is analysed after incubation with 
heterophile blocking agents/tubes [4], these 
agents aid in removal of heterophile antibodies. 

Repeating analysis on another analyzer by a dif-
ferent manufacturer often reveals the presence 
of interference. Assays from alternative manu-
facturers are mostly likely to use different anti-
bodies and targeting at different epitopes [5]. 
In our case we analysed the same patient sam-
ple on a different instrument and TSH results 
were different, providing the clue to possible 
interference. 

Another approach to screen for interference 
is through serial dilution using recommended 
manufacturer specific diluents. Nonlinear se-
rial dilution provides a clue of the presence of 
the interference [6]. We observed a nonlinear 
dilution pattern, indicating assay interference. 
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This method is not perfect, only 60% of patients 
may show lack of linearity [5, 6]. 

Macromolecules such as macroprolactin and 
macro-TSH have been described as causes of 
immunoassay interference [7, 8]. Macro-TSH 
is estimated to have prevalence between 0.6-
1.6% [6]. When monomeric TSH combines with 
immunoglobulin (Ig), commonly IgG forms mac-
ro-TSH. Unlike the monomeric, bioactive form 
which is 28 kDa, macro-TSH has a large molecu-
lar weight of approximately 150 kDa. Because 
of the molecular weight, the renal clearance 
of macro-TSH is markedly reduced, hence cir-
culating longer. The immunoreactivity of the 
TSH-Ig complex is retained [6, 9, 10]. Currently, 
the available immunometric assays will not be 
affected to the same degree by macro-TSH as 
shown as shown in our patient (Siemens TSH 
was 7mU/L, while Roche TSH was >100mU/L). 
Therefore, macro-TSH has the ability to react 
with antibodies used for measurement causing 
elevated TSH. However, the biological activity of 
macro-TSH is low, and the patient remains clini-
cally euthyroid [9]. The pitfall of this procedure 
is that interferences from other molecules such 
as heterophile antibodies and rheumatoid fac-
tors may give similar results. In addition, linear 
dilutions have been reported in the presence of 
macro-TSH. We were able to demonstrate non-
linear recovery in our patient. Unfortunately, 
we were not able to exclude the presence of 
heterophile antibodies due to unavailability 
and cost of heterophile blocking tubes. 

The common and easy method to screen for 
macroprolactin is the use of polyethylene gly-
col (PEG) precipitation which has been adapt-
ed to screen for macro-TSH [11]. Briefly, the 
PEG solution is added to patient serum. Even 
though PEG precipitation is easy to use, the 
low recovery needs to be confirmed by gel fil-
tration chromatography. However, the latter is 
costly and not widely accessible. Compared to 
other methods, PEG precipitation is commonly 

performed because of ease of use, cost effec-
tive, and correlates well to gel chromatogra-
phy which is considered a gold standard for 
macroprolactin [12] but it remains to be seen 
if same result will be achieved for macro-TSH. 
At this stage, there is no single method that re-
liably identifies macro-TSH. Therefore, various 
diagnostic strategies are often applied to rule 
out the presence of macro-TSH [13]. 

Once macro-TSH was detected in this patient, 
we searched for the involvement of other 
hormones. Since prolactin is a frequently de-
tected macroform, it was performed of which 
was found to be elevated as well. The patient 
had no clinical features that suggested hyper-
prolactinaemia and not on medication known 
to increase prolactin. The post-PEG was higher 
above the upper limits of post-PEG reference 
intervals suggesting true hyperprolactinaemia 
even though 26.6% which is less than the 40% 
cut-off commonly used. Studies are now advo-
cating for use of post-PEG reference intervals 
rather than recovery percentage after precipi-
tation to establish the presence of true hyper-
prolactinaemia or macroprolactin [14]. At this 
stage no reference intervals for post-PEG TSH 
have been established. Despite the absence of 
a protocol to screen macro-TSH, Mills et al. has 
suggested that macro-TSH should be suspected 
when TSH is >10mIU/L with thyroid hormones 
within the reference intervals [8]. However, this 
approach may be costly since the prevalence of 
macro-TSH is low. 

CONCLUSIONS

In conclusion, this case demonstrated the im-
portance of considering interferences when 
biochemical results, especially analyzed on 
immunoassays are discordant with the clinical 
presentation before costly and potentially in-
vasive investigations are performed. In addi-
tion, strong interaction between clinicians and 



eJIFCC2022Vol33o4pp317-324
Page 323

Xikombiso Nkuna, Zodwa Dire, Siyabonga Khoza
A macro-TSH: a clinical diagnostic dilemma

laboratory professionals is necessary to iden-
tify interferences and costly investigations. 

TAKE-HOME MESSAGES/ 
LEARNING POINTS 

1.	 Isolated TSH with normal thyroid hormones 
should trigger the suspicion of the inter-
ference, especially in the clinical euthyroid 
patient. 

2.	 Some immunoassays are unable to differ-
entiate macroTSH from the bioactive TSH 
molecule. 

3.	 MacroTSH is a rare phenomenon that should 
be exclude to avoid unnecessary manage-
ment and possible invasive investigations. 
Therefore, collaboration between clinician 
and laboratory professional is vital. 

4.	 Measurement of TSH after addition of PEG 
precipitation can reveal the presence of 
macroTSH. This method has been used for 
diagnosis of macroprolactin due to low cost 
and high accessibility. 



Author disclosures & contributions 

Written informed consent was obtained from 
patient for publication of this case.

Ethical clearance was obtained from the Medical 
Human Research Ethics Committee, University 
of the Witwatersrand - clearance certificate no. 
M210758. 

X Nkuna wrote the first draft of the manuscript. 
X Nkuna, Z Dire, and SP Khoza edited the sub-
mitted manuscript. All authors reviewed and 
approved the final manuscript for publication. 

The authors declare that they have no compet-
ing interests.



REFERENCES 
1. Levy MJ, Koulouri O, Gurnell M. How to interpret thy-
roid function tests. Clin Med (Lond). 2013; 13:282–6.

2. Tate J, Ward G. Immunoassay interferences. Clin Bio-
chem Rev 2004; 25:105-20.

3. Zhang Y, Wang R, Dong Y, Huang G, Ji B, Wang Q. As-
sessment of biotin interference in thyroid function tests. 
Medicine. 2020; 99: e19232.

4. Paczkowska K, Otlewska A, Loska O, Kolačkov K, Be-
lanowski M, Daroszewski J. Laboratory interference in 
the thyroid function test. Endokrynol Pol. 2022, 71(6): 
551-560. 

5. Ward G, Simpson A, Boscato L, Hickman PE. The inves-
tigation of interferences in immunoassays. Clinical Bio-
chemistry. 20176;50.

6. Favresse J, Burlacu M-C, Maiter D, Gruson D. Interfer-
ences with thyroid function immunoassays: clinical im-
plications and detection algorithm. Endocrine Reviews. 
2018; 39:830-50.

7. Gulbahar O, Degertekin CK, Akturk M, Yalcin MM, Ka-
lan I, Atikeler GF, et al. A Case With Immunoassay Inter-
ferences in the Measurement of Multiple Hormones. J 
Clin Endocrinol Metab. 2015; 100:2147-53.

8. Mills F, Jeffrey J, Mackenzie P, Cranfield A, Ayling R. An 
immunoglobulin G complexed form of thyroid stimulating 
hormone (macro thyroid-stimulating hormone) is a cause 
of elevated serum thyroid-stimulating hormone concen-
tration. Ann Clin Biochem. 2013; 50:416-20. 

9. Hattori N, Ishihara T, Shimatsu A. Variability in the de-
tection of macroTSH in different immunoassays systems. 
European Journal of Endocrinology. 2016; 174:9-15.

10.  Loh TP, Kao SL, Halsall DJ, Toh SES, Chan E, Ho CS, et 
al. Macro-Thyrotropin: A Case Report and Review of Lit-
erature. JCEM. 2012; 97:1823-8.

11. Giusti M, Conte L, Repetto AM, Gay S, Marroni P, 
Mittica M, et al. Detection of Polyethylene Glycol Thyro-
tropin (TSH) Precipitable Percentage (Macro-TSH) in Pa-
tients with a History of Thyroid Cancer. Endocrinol Metab 
(Seoul) 2017; 32:460-5.

12. Beltran L, Fahie-Wilson MN, McKenna TJ, Kavanagh L, 
Smith TP. Serum Total Prolactin and Monomeric Prolac-
tin Reference Intervals Determined by Precipitation with 
Polyethylene Glycol: Evaluation and Validation on Com-
mon ImmunoAssay Platforms Clinical Chemistry. 2008; 
54: 1673–81.

13. Ohba K, Maekawa M, Iwahara K, Suzuki Y, Matsushita 
A, Sasaki S, et al. Abnormal thyroid hormone response 



eJIFCC2022Vol33o4pp317-324
Page 324

Xikombiso Nkuna, Zodwa Dire, Siyabonga Khoza
A macro-TSH: a clinical diagnostic dilemma

to TRH in a case of macro-TSH and the cut-off value for 
screening cases of inappropriate TSH elevation. Endocr J. 
2020; 67:125-30.

14. Šostarić M, Bokulić A, Marijančević D, Zec I. Optimiz-
ing laboratory defined macroprolactin algorithm. Bio-
chem Med (Zagreb). 2019; 29:020706.



eJIFCC2022Vol33o4pp325-333
Page 325

This is a Platinum Open Access Journal distributed under the terms of the Creative Commons Attribution Non-Commercial License which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Deletion in the BCL11B gene and intellectual 
developmental disorder with speech delay, 
dysmorphic facies, and t-cell abnormalities 
– a case report
Adriel Roa-Bautista1*, Mónica López-Duarte2, Nerea Paz-Gandiaga3*, 
David San Segundo Arribas1, J. Gonzalo Ocejo-Vinyals1

1 Division of Immunology, Marques de Valdecilla University Hospital, University of Cantabria, 
   IDIVAL, Santander, Cantabria, Spain
2 Division of Hematology, Marques de Valdecilla University Hospital, University of Cantabria, 
   IDIVAL, Santander, Cantabria, Spain
3 Division of Genetics, Marques de Valdecilla University Hospital, University of Cantabria, 
   IDIVAL, Santander, Cantabria, Spain
* These authors share first authorship.

A R T I C L E  I N F O A B S T R A C T

Herein we described a retrospective analysis of a 
13-year-old female patient with facial dysmorphia 
and immune disorder caused by BCL11B gene muta-
tion. The patient upon physical examination present-
ed a particular face (thin eyebrows, small mandible, 
and widened eye distance), delayed language and 
motor development. Supplementary examination 
showed expansion of CD8+, absence of type 2 Innate 
Lymphoid Cells, increased IgG and altered distribution 
of T cells. Genetic testing revealed a heterozygous 
frameshift variation in exon 4 of the BCL11B gene;  
c.1887_c.1893delCGGCGGG (p.Gly630Glyfs*91).  
Finally, a BCL11B gene mutation could lead to ab-
normal development of the nervous and immune 
systems, therefore, it is necessary to consider this 
syndrome in patients with the clinical and immuno-
logical phenotype described below.
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INTRODUCTION

The Chromatin Remodeling Complex Subunit 
BCL11B is essential for the normal development 
of the immune and central nervous system, par-
ticipating in processes of activation, differentia-
tion, cell apoptosis and working as a modulator 
of early thymocyte development [1]. 

Currently, the scientific literature has few re-
ports on BCL11B germline variants, Punwani 
et al. (2016) reported a male infant carrying a 
nonsense mutation in BCL11B with severe de-
velopmental delay, absent corpus callosum, cra-
niofacial anomalies, and severe combined immu-
nodeficiency (SCID)[2], while Lessel et al. (2018) 
reported 13 patients with distinct heterozygous 
mutations in BCL11B, all exhibit intellectual dis-
ability, developmental delay, and impaired T-cell 
development [3].

Finally, variants in BCL11B are associated with an 
autosomal dominant pattern of inheritance with 
immunodeficiency 49 (IMD49), describing a syn-
drome produced by a heterozygous mutation in 
this gene. IMD49 is related to severe combined 
immunodeficiency and intellectual disability. In 
the same manner is associated with Intellectual 
developmental disorder with dysmorphic facies, 
speech delay, and T-cell abnormalities [4].

CLINICAL CASE

A 13-year-old female patient, result of a twin 
pregnancy, with no paternal history of consan-
guinity or autoimmune diseases had a history of 
late independent ambulation (17 months), de-
lay in language development (single words at 41  
months), abnormal psychomotor development  
accompanied by dysmorphic facies, psoriasi-
form dermatitis with focal spongiosis, compat-
ible with subacute eczema, left lacrimal obstruc-
tion and primary VZV infection during childhood.

She was admitted at nine months due to vom-
iting, liquid stools and significant paleness. 

A battery of laboratory tests was carried out 
where normochromic-normocytic anemia was 
observed, accompanied by consumption of hap-
toglobins, a positive direct Coombs test (IgG) and 
positive irregular antibodies. Eventually, autoim-
mune hemolytic anemia (AHA) was diagnosed. 
One month later, she was admitted to the emer-
gency room due to symptoms similar to the one 
described previously, where a hemoglobin (Hb) 
of 5.3mg/dl was found, which later dropped to 
3.7mg/dl. These AHA episodes later recurred at 
one year of life. Two years later, she was admit-
ted due to ecchymosis secondary to a viral illness 
and was diagnosed with idiopathic thrombocy-
topenic purpura (ITP). Finally, the diagnosis of 
Evans syndrome was established, and the patient 
remained under closed control until she was five 
years old, when she again presented with ecchy-
mosis and petechial accompanied by platelets 
<10,000/mm3.

At six years of age, the patient was diagnosed 
with hypothyroidism due to autoimmune thy-
roid diseases (AITD), short stature and preco-
cious puberty, for which replacement therapy 
was started with Levothyroxine 75 mcg/day and 
monthly administration of Decapeptyl 0.8 ml. 
AITD was diagnosed due to positivity to thyroid 
peroxidase antibodies (TPOAb), thyroglobulin 
antibodies (TgAb) and thyroid stimulating hor-
mone receptor antibodies (TRAb).

At the age of nine, the patient was again admit-
ted due to petechial on the chest and extremi-
ties, accompanied by intermittent abdominal 
pain, with the symptoms ceasing after adminis-
tration of immunosuppressive treatment. 

During that year, the patient debuted with ve-
sicular and some bullous lesions grouped on 
an erythematous base compatible with herpes 
zoster, affecting several dermatomes from L2 to 
L5. Initially treated with oral and topical medi-
cation, but due to lack of response, she was 
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admitted for intravenous treatment with subse-
quent improvement.

Additionally, at 13, she was admitted with a 
platelet count of 6,000 per μl and symptoms 
similar to previous events. During this episode, 
the patient was referred to the clinical immu-
nology team. The patient presented dysmor-
phic facial features on physical examination, in-
cluding myopathic facies, thin eyebrows, small 
palpebral fissure, prominent nose, extended fil-
ter, thin upper lip, and abnormal dentition, with 
a visible slowing of the verbal processing of in-
formation and difficulty in the development of 
cognitive tasks (Table 1).

From an immunological point of view, an expan-
sion of CD8+ with an anergic/senescent pheno-
type (CD8+CD62L-CD45RA+), absence of type 2 
Innate Lymphoid Cells (ILC), increased IgG, al-
tered distribution of T cells, low levels of NK cells 
(Figure 1, Table 2) and anti-nuclear antibodies 
(homogeneous pattern AC-1 ICAP 1/320) was ob-
served. Extractable nuclear antibodies (ENA) test  

was performed obtaining positivity to anti-SSa/
Ro, more specifically for Ro52 cytoplasmatic 
protein, anti dsDNA, anti-histone or anti nucleo-
some antibody tests were not performed. Even  
though the pathogenic role of the Ro antigen in 
autoimmune disorders is not fully dilucidated [5] 
it has been reported in few patients with auto-
immune thyroiditis [6].

Previous cytogenetic analysis revealed normal 
female karyotype. Chromosomal array analysis 
by comparative genomic hybridization (CGH) 
was performed with negative result for patho-
genic copy number variations. Genomic DNA of 
the proband, and both parents was extracted 
from peripheral blood for genetic analysis.

Clinical whole exome sequencing (WES) was 
achieved revealing a germline heterozygous de-
letion within exon 4 of the BCL11B gene. The 
variation involved a deletion which consequent-
ly generated a frameshift mutation in the DNA 
sequence and a premature stop codon, which 
is expected to results in a truncated protein 

Table 1 Description of  the clinical features

Neurological 
features

Skin 
disorders

Morphological 
changes

Autoimmune 
alteration

Immunological 
findings

Abnormal 
psychomotor 
development 

(Late independent 
ambulation)

Delay in language 
development

Slowing of the 
verbal processing 

of information

Difficulty in the 
development 

of cognitive tasks

Psoriasiform 
dermatitis

Left lacrimal duct 
obstruction

Primary infection 
with varicella 
zoster virus 

with reactivation 
later in life

Short stature

Myopathic facies

Thin eyebrows

Small palpebral 
fissure

Prominent nose

Thin upper lip

Abnormal 
dentition

Evan syndrome 
(Thrombocytopenia 

and hemolytic 
anemia) 

Autoimmune 
thyroid disease 

(AITD)

Positive 
antinuclear 

antibodies (ANA) 
with Ro52 positive

Expansion 
of CD8+ with 

anergic/
senescent 
phenotype

Deficiency of 
innate lymphoid 

cells type 2

Altered 
distribution 

of T cells

Low NK cells
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Table 2 Analytical results

Determination Rank Result

Expanded lymphocyte subpopulations

CD3 [62.6-80.4%] ↑ 90.38

CD4 [32.6-51.5%] ¯ 30.65

CD8 [19-29%] ↑ 58.56

CD4/CD8 [1.21-2.64%] ¯ 0.52

CD19 [11.9-21%] ¯ 6.72

NK [4.3-16.2%] ¯ 0.77

Absolute number of lymphocytes [1340-3173 cells/ul] ↑ 4498

Absolute number CD3 [954-2332 cells/ul] ↑ 4042

Absolute CD4 number [610-1446 cells/ul] 1379

Absolute number CD8 [282-749 cells/ul] ↑ 2634

Absolute number CD19 [173-685 cells/ul] 299

Absolute number NK [87-504 cells/ul] ¯ 3. 4

Expanded memory T subpopulations

T Recent Thymic Migrants Cells [31-81%] ¯ 9.26

CD4 naïve [37-97%] ¯ 21.32

CD4 TCM [13-76%] 22.93

CD4 TEM [0.49-25%] ↑ 54.71

CD4 TEMRA [0-5.8%] 1.05
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Absolute number, Abs. Terminally Differentiated Effector Memory T Cells, TEMRA. T helper cells, Th. Innate lymphoid 
cells, ILCs. Central Memory T Cells, TCM. Effector memory T cells, TEM.
¯,↑ Used to illustrate levels of the different determination, low and high respectively. 

CD4 Regulatory T cells [4-20%] ¯ 1.14

CD8 naïve [20-95%] ¯ 5.99

CD8 TCM [0.42-18%] 0.91

CD8 TEM [4-100%] ¯ 1.29

CD8 TEMRA [9-65%] ↑ 91.81

T Recent Thymic Migrants Cells Abs [150-1500 cells/ul] 374

CD4 naïve Abs [200-1700 cells/ul] 294

CD4 TCM Abs [120-740 cells/ul] 316

CD4 TEM Abs [5-210 cells/ul] ↑ 754

CD4 TEMRA Abs [0-51 cells/ul] 14

CD4 Regulatory T cells Abs [33-190 cells/ul] ¯ 16

CD8 naïve Abs [78-640 cells/ul] 158

CD8 TCM Abs [16-810 cells/ul] 24

CD8 TEM Abs [16-810 cells/ul] ¯ 3. 4

CD8 TEMRA Abs [35-420 cells/ul] ↑ 2418

Innate Lymphoid Cells (ILCs) subpopulation

ILC 1 % 0.172

ILC 2 % ¯ 0

ILC 3 % 0.132
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(NM_138576.3: c.1887_1893delCGGCGGG; p. 
(Gly630Thrfs*91). The variant was absent from 
the gnomAD databases and pathogenicity score 
prediction software analysis disclosed that the 
variant could be a disease causing variant. The 
variant has been previously reported as patho-
genic in a 2-year-old boy and is described in the 
ClinVar database as a pathogenic variant (ID 
1275761) diagnosing Intellectual Developmental 
Disorder with Speech Delay, Dysmorphic Facies, 

and T-Cell Abnormalities [1]. PCR and Sanger 
sequencing was finally applied to validate the 
mutation and the pedigree analysis (Figure 2.A). 
The results showed that the mutation in BCL11B 
arose de novo, which was not observed in both 
parents (Figure 2. B). This study was approved 
by the Ethics Committee of the Marques de 
Valdecilla University Hospital, and informed writ-
ten consent was obtained from the parents of 
the patient. 

Figure 1 Flow cytometry panel of  peripheral blood mononuclear cells (PBMCs) 
obtained from index case

Graph 1.A, Panel for regulatory T cells (T reg), obtaining a total of 1.14% of CD4+CD25+CD27low cells.
Graph 1.B, Panel for subtypes of memory T cells (T men), obtaining a total of CD4+ (A) lymphocytes (purple) of 21.32% 
naive T cells; 22.93% of central memory T cells (TCM); 54.71 of effector memory T cells (TEM) and 1.05% of recent thymic 
migrating T cells (TEMRA). For CD8 (B) lymphocytes (blue), 5.99% of naive T cells; 0.91% of TCM; 1.29% of TEM and 
91.81% of TEMRA.
Graph 1.C, Panel for B memory (B men), obtaining a total of 21.87% of naive B cells; 9.47% of unswitched B cells and 
37.91 of switched B cells.
Graph 1.D, panel for innate lymphoid cells (ILCs), obtaining an absence of type 2 ILCs (EvILC2).
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DISCUSSION

Variants in BCL11B are associated with Intellec
tual Developmental Disorder with Speech Delay, 
Dysmorphic Facies, and T-Cell Abnormalities. 
This syndrome is characterized by psychomo-
tor developmental delay, intellectual disability, 
speech delay, autistic features, anxiety, and oth-
er behavioral abnormalities. Some of the cases 
described in the literature usually present slight 
delay in walking, with spasticity and abnormal 
movements [7][8].

Other peculiarities of this disorder are dysmor-
phic characteristics, which include thin eyebrows, 
small palpebral fissure, hypertelorism, epicanthal 
folds, prominent nose, and dental anomalies. 
Although this disorder is not an immunodefi-
ciency, frequent infections, allergies or asthma 
have been observed [8].

From an immunological perspective, these pa-
tients may present an increase in eosinophils, al-
terations in the T cell compartment, a decrease 
in type 2 ILCs and, in some cases, exaggerated 
response of T helper 2 cells. Importantly, in our 
case, we described low counts of NK cells with a 
reshaping in the distribution of T cell. Alteration 
levels in NK cell has been previously discussed 
by Holmes TD et al (2021) [9]. This paper ex-
posed the possible role of BCL11b in driving the 
differentiation of NK cells, finding that loss of 
BCL11b could substantially impact the genera-
tion and durability of mouse and human adap-
tive NK cells, suggesting the role of this gene in 
adaptive NK cell differentiation [9].

We also described variations in the percentage 
and total number of T cell lymphocyte, finding 
elevated absolute number of T cells lympho-
cyte, but more importantly, low levels of CD4+, 

Figure 2 Genetic study of  the index case

A. Pedigree and mutation analysis of the family. Deletion arose de novo in heterozygosity in affected proband pointed 
with an arrow.
B. Sanger sequencing showing that the index case (II.1) carried a frameshift mutation (c.1887_1893delCGGCGGG), which 
was not found in reference chromatogram observed in both parents (I.1 and I.2).
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CD8+ naïve T cells, and regulatory T cells, resem-
bling data described by Yang, Sai et al (2020) [10]. 
This discrepancy of our results, with few clinical 
cases reported in the literature, exposed the het-
erogeneity of this syndrome, and the function 
of the gene. Admittedly, BCL11b deficient mice 
show an arrest at the double negative stage of 
the thymocyte development [11]. Surprisingly, 
according to Lessel, Davor et al (2018), all ana-
lyzed individuals in their cohort (n=13) exhib-
ited a severe reduction of peripheral ILC2 and 
impaired T cell development, but only two de-
scribed low T cell percentage [3].

The variant identified in heterozygosis it is a 
loss-of-function variant that generates a pre-
mature stop codon that presumably causes the 
loss of 175 amino acids of the normal protein, 
thus being able to generate a non-functional 
truncated protein [12].

Our study of the patient with a mutation in 
BCL11B adds new data to the small group of 
subjects reported with this pathology, thus con-
tributing to clinical advice and surveillance of 
this group of patients.

LEARNING POINTS

•	 Mutation on BCL11B must be considered 
when patients present a physical or immu-
nological phenotype similar to the one we 
previously described.

•	 A heterozygous variant within exon 4, NM_ 
138576.3: c.1887_1893delCGGCGGG p. (Gly
630Thrfs*91) of the BCL11B gene has been 
currently described in the literature as a 
plausible cause of this syndrome. 

•	 A multidisciplinary approach to patients with 
Intellectual Developmental Disorder with 
Speech Delay, Dysmorphic Facies, And T-Cell 
Abnormalities, including immunologists, he-
matologists, pediatricians, etc., is essential for 
a comprehensive approach to this syndrome.
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A R T I C L E  I N F O A B S T R A C T

An M-protein identified on electrophoresis is conven-
tionally quantified by integrating the M-spike from 
baseline (PD), invariably including some irrelevant/
background proteins. The use of an alternative ap-
proach that skims the M-spike tangentially thereby 
excluding the background proteins (TS), however, has 
been scanty. We report herein a case in which PD over-
estimated the M-proteins inconsistently, leading to 
confusion over relapse in a multiple myeloma patient. 

At diagnosis, a 65-year old male had an IgG kappa 
M-spike of 44 g/L which decreased to 6 g/L (PD) fol-
lowing chemotherapy. Six weeks after autologous 
stem cell transplantation (ASCT), two M-spikes mea-
suring respectively 10 and 5 g/L emerged. Together 
with decreases in hemoglobin and blood cell counts, 
a relapse was suspected. Bone marrow examinations, 
however, did not reveal any significant plasmacytosis 
or clonal restriction. Re-analyses by TS reduced the 
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original M-protein estimations by 12% and 88% 
pre- and post-ASCT respectively, and corrobo-
rated the disease activity/status consistently.



Abbreviations

M-spike: monoclonal spike; PD: perpendicular 
drop (M-spike integration from baseline); TS: 
tangential skim (M-spike integration from a 
tangential line drawn between two inflection 
points); SPE: serum protein electrophoresis; CZE: 
capillary zone electrophoresis; AGE: agarose 
gel electrophoresis; MM: multiple myeloma; 
BM: bone marrow; ASCT: autologous stem cell 
transplant; ISS: International Staging System; 
RSV: Respiratory Syncytial Virus; Hb: hemoglobin. 



INTRODUCTION

Quantification of monoclonal immunoglobulins 
(M-proteins) by serum protein electrophoresis 
(SPE) plays an important role in the diagnosis, 
prognosis and management of monoclonal gam-
mopathies such as monoclonal gammopathy of 
undetermined significance (MGUS), multiple  
myeloma (MM), and Waldenström’s macroglob-
ulinemia [1-3]. It is conventionally performed 
by integrating the areas under the demarcated 
M-protein peak (M-spike) on the electropho-
retogram all the way to baseline perpendicular-
ly, hence referred to as the perpendicular-drop 
(PD) method. This approach invariably includes 
both the M-protein and uninvolved background 
proteins above baseline, leading to a variable 
degree of overestimation depending on the 
amount of background proteins present. While 
an alternative tangential-skim (TS) method that 
excludes most of the background proteins has 
been described and shown to be more reliable, 
especially at low M-protein concentrations [4-
7], its adoption in clinical practice has remained 

surprisingly scanty [9-11]. We, herein, describe a 
case of clinical confusion over relapse and stem 
cell transplant failure in a multiple myeloma pa-
tient whose M-protein was monitored by PD. 
This case also exemplifies the susceptibility of 
PD to errors due to background proteins (mostly 
uninvolved polyclonal immunoglobulins), par-
ticularly when they change over the course of 
a monoclonal gammopathy. 

CLINICAL-DIAGNOSTIC CASE

A 65-year-old male was referred to Hematology 
with a one-year history of bony pain, particularly 
in the left femur. An X-ray demonstrated osteo-
lytic lesions and SPE demonstrated an IgG kappa 
M-protein of 46 g/L. His medical history also in-
cluded thalassemia minor, gout, hypertension 
and hernia. Myeloma survey confirmed osteo-
lytic/sclerotic lesions on left femur and evidence 
of involvement of other areas including the left 
tibia, right clavicle, right femur head, left T1 ver-
tebral body and right proximal tibia. MRI provid-
ed further evidence of myelomatous infiltrations 
within the marrow with additional focal lesions 
at T8, T10 and T11. Initial blood work at our cen-
tre showed significant anemia (Hb 109 g/L), an 
IgG kappa M-spike of 44 g/L (PD integration on 
the Sebia Capillarys II Electrophoretic System), 
reduced IgA and IgM, elevated beta2-microglob-
ulin at 3 mg/L and a grossly elevated free kappa 
to free lambda ratio of >100 (The BindingSite). 
Bone marrow examinations reported 10% clonal-
ly-restricted plasma cells and cytogenetic studies 
detected translocations between chromosomes 
11 and 14, t(11, 14). A diagnosis of stage 1 (ISS) 
MM was formally made. He received prophylactic 
intramedullary nailing of the femur, followed by 
radiation therapy. He was treated with 4 cycles of 
chemotherapy comprising of Cyclophosphamide, 
Bortezomib and Dexamethasone (CyBorD) with a 
plan for autologous stem cell transplant (ASCT). 
He achieved a partial response with the M-spike 
decreased to 6 g/L and a normal free light chain 
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ratio of 1.64 (0.26-1.65). ASCT was then arranged 
at a regional referral centre. He unfortunately 
developed deep vein thrombosis requiring an-
ticoagulation and his ASCT was delayed by one 
month. He received an additional cycle of CyBorD 
prior to transplant. 

Four weeks after ASCT, he developed autoim-
mune hemolytic anemia, which was thought to 
be related either to medication (colchicine) or 
a viral infection (RSV). He also developed two 
flares of gout post-transplant. Six weeks after 
ASCT, routine lab monitoring at our centre 
showed a large increase in total IgG to 30 g/L 
(by immunoturbidimetry), and two M-spikes 
(both of the same original IgG kappa isotype) 
measured 10 and 5 g/L, respectively (PD), had 
emerged on SPE. The free light chain ratio in-
creased to 5.64 while both RBC and platelet 
counts were decreased. This was initially at-
tributed to a brisk immune reconstitution. As 
he was also monitored by the transplant centre 
at ten weeks post-transplant, the two increased 
M-spikes were confirmed at their laboratory us-
ing a gel-based electrophoresis system (Sebia 
Hydrasys Electrophoresis System); both demon-
strated the same IgG kappa isotype as his origi-
nal disease and measured 9.6 and 8.6 g/L (PD), 
respectively. By then, Hb had dropped to 67 g/L 
and platelet numbers to 72x109/L. The clinical 
picture was somewhat confounded by another 
gout flare occurring at the same time as well as 
a new onset of scrotal bleeding. However, given 
the confirmation of M-protein increases at two 
institutions more than 4 weeks apart, a relapse 

post-transplant was suspected. He was started 
on second line treatment and a bone marrow 
aspirate and biopsy was performed a week later 
to confirm the suspected myeloma progression. 

The bone marrow examination surprisingly re-
vealed no significant plasmacytosis (1%) or clon-
al restriction. At the same time, SPE once again  
demonstrated two M-spikes at 9.5 and 8.3 g/L, 
respectively (gel-based, PD). Attempts to recon-
cile the conflicting findings led to discussions with 
the Clinical Biochemist overseeing electrophore-
sis, and resulted in re-analyses of all M-spikes 
originally quantified by PD since diagnosis us-
ing the alternative TS method. TS yielded much 
lower M-protein concentrations than PD; an av-
erage reduction of 12% and 88% pre- and post-
ASCT, respectively. TS eliminated the M-spike 
overestimations due to background polyclonal 
immunoglobulins and gave consistent results 
that corroborated the disease status and other 
laboratory findings. See Table 1 for a summary 
of general laboratory findings. PD overestimated 
the M-protein concentrations inconsistently over 
the course of the disease as the background poly-
clonal immunoglobulin concentrations changed, 
particularly after ASCT. Selected electrophoreto-
grams at different time points and the trending 
of M-protein concentrations are shown in Figure 
1 and 2, respectively. 

DISCUSSION

M-protein quantification plays an important role 
not only in diagnosing but also in prognosticating 

Table 1 Laboratory findings at selected time points 
following the diagnosis of  multiple myeloma

Tests
At 

Diagnosis*
At 

ASCT

6 weeks 
post-
ASCT

10 weeks 
post-
ASCT

11 weeks 
post-ASCT# 
(BM exam)

Reference 
interval

Total Proteins, g/L 100 60 80 83 82 64-83
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Albumin, g/L 36 36 37 34 34 35-50 

Creatinine, µmol/L 98 64 74 72 74 44-106

LDH, IU/L 121 203 370 296 425 100-250

Hb, g/L 109 79 83 67 91 130-180 

RBC, 1012/L 5.18 3.75 3.59 2.85 3.77 4-6

WBC, 109/L 4.6 8.2 5.9 3.8 3 4-11

Platelet, 109/L 152 214 105 72 94 150-400

IgG, g/L 57.9 8.99 30.22 - - 6.00-16.00

IgA, g/L <0.2 0.23 0.4 - - 0.70-4.00

IgM, g/L 0.14 0.21 0.4 - - 0.40-2.50

sFLC

FK, mg/L 212.5 10.5 98.2 - - 3.3-19.4

FL, mg/L <2.0 6.4 17.4 - - 5.7-26.3

FK/FL ratio >100 1.64 5.64 - - 0.26-1.65

M-protein, g/L

CZE (PD) 44.3 6 10.3, 5.4 - - ND

AGE (PD) - 4.4 - 9.6, 8.6 9.5, 8.3 ND

M-protein, g/L 
(Re-analysis)

CZE (TS) 43.4 4.9 0.8, 0.9 - - ND

AGE (TS) - 3.6 - 1, 1 0.9, 1 ND

*Diagnosis confirmed with BM examination, followed by 5 cycles of Cyclophosphamide, Bortezomib and Dexametha-
sone; # Initiation of second line chemotherapy with Daratumumab, Lenalidomide and Dexamethasone; ASCT: autolo-
gous stem cell transplant; LDH: lactate dehydrogenase; Hb: hemoglobin; sFLC: serum free light chain assays; FK: free 
kappa light chain; FL: free lambda light chain; CZE: capillary electrophoresis; AGE: agarose gel electrophoresis; PD: 
perpendicular drop (the default method); TS: tangential skim; ND: not detected.
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Figure 1 Electrophoretograms showing M-spike quantifications using both 
PD and TS methods at selected time points during the course of  disease

M-protein concentrations were estimated by demarcating the corresponding M-spikes (highlighted) using the perpen-
dicular drop (PD) and subsequently the tangential skim (TS) (inset) methods at different time points during the course 
of treatment: (A) when a diagnosis of multiple myeloma was first established, (B) At autologous stem cell transplant 
(ASCT), (C) 11 weeks post-ASCT when a bone marrow (BM) examination was performed for the suspicion of disease 
progression, and (D) 15 weeks post-ASCT when the M-spikes were barely discernible. Major serum protein fractions 
from left to right were albumin, alpha1, alpha2, beta1, beta2 and gamma.
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and monitoring monoclonal gammopathies. For 
instances, M-protein greater than 15 g/L is a 
predictor for disease progression in MGUS [12] 
while < 30 g/L in the absence of end organ dam-
age defines MGUS and ≥ 30 g/L is considered 
smoldering or active MM, depending on the 
presence of end organ damage [1,2]. In patients 
with MM undergoing treatment, a 25 % de-
crease in M-protein concentration is considered 
as a minimal response, while a 50 % decrease 
as partial, and a decrease of 90 % or more as 
a very good partial response [2]. A measurable 
disease is defined as having a serum M-protein 
≥ 10 g/L and/or an M-protein excretion in urine 
of ≥ 200 mg/24 h, and that it should be tracked 
by changes in the M-protein concentration [13]. 

While SPE is generally preferred over total im-
munoglobulin determinations for estimating the 
M-protein concentrations, most clinical guide- 

lines do not explicitly specify which SPE integra-
tion method should be used [1-3]. Yet, drastic 
differences between PD & TS have been report-
ed based on observations from patient studies 
[5, 12] as well as spiked sample analyses [6, 8]. 
These studies have highlighted the differential 
effects of background proteins (mostly poly-
clonal immunoglobulins in the gamma fraction 
of SPE) on M-protein estimations by PD and TS, 
with the former being most adversely affected 
when the background is high. 

In disease diagnosis and monitoring, when the 
M-protein concentration is relatively high and/
or the background protein concentration is 
low and stable, there is little clinical impact as 
the difference between PD and TS is minimal.
However, when the background protein concen-
trations change during the disease course, the 
accuracy of the M-protein determination can be 

Figure 2 Trending of  M-protein concentrations as determined 
by PD and TS on two different electrophoretic systems

(A) Trending of M-protein concentrations as determined by both PD and TS methods on a capillary electrophoresis 
platform at the home institution since diagnosis; (B) Trending of M-protein concentrations by both PD and TS methods 
using agarose gel electrophoresis at the referral centre where stem cell transplant (SCT) was performed. BM: bone 
marrow examination.
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jeopardized leading to confusion. In the current 
case, the patient had suppressed polyclonal im-
munoglobulins due to immune paresis at diagno-
sis but the uninvolved immunoglobulin concen-
trations increased, likely due to a combination of 
the successful ASCT and the inter-current con-
ditions including, but not necessarily limited to, 
the gout flare-ups and the autoimmune hemo-
lytic anemia. Moreover, changes in the concen-
trations of these uninvolved immunoglobulins 
during the course of a monoclonal gammopathy 
may occur more often than what we anticipate, 
and the causes are plenty: infections, autoim-
mune diseases, inflammatory conditions, SCT, 
as well as immune paresis caused by expanding 
tumors and/or chemotherapy. Unfortunately, 
as demonstrated in this case, these uninvolved 
immunoglobulins may affect the M-protein de-
termination by PD to such an extent that the 
care providers can be misled into performing 
additional invasive investigations. TS is a simple 
but robust alternative that would obviate such 
scenarios without introducing extra cost in labo-
ratory instrumentation or analysis. However, PD 
continues to be recommended by some authori-
ties for routine M-protein determinations on the 
sole basis of a marginally improved reproducibil-
ity [13, 14]. This factor alone is unlikely to trans-
late to clinical benefit, especially if the patient is 
monitored at the same institution.

In summary, we reported a case in which the PD 
method of M-protein determination produced 
erroneous results that led to clinical confusion, 
unwarranted investigations and an unnecessary 
change in the care path. The alternative TS ap-
proach was shown to produce results that were 
in line with the patient’s clinical development 
and other laboratory findings such as the bone 
marrow examination results. While our case 
provided one particular scenario in which the 
use of TS could have prevented the confusion 
over relapse, the resistance of TS to the interfer-
ences of background proteins in general would 

provide more consistent and reliable M-protein 
estimations especially for disease monitoring, 
and should, thus, merit a wider acceptance into 
routine practice. 

LEARNING POINTS/ 
TAKE-HOME MESSAGES

•	 Changes in concentrations of polyclonal im-
munoglobulins affect adversely the accura-
cy of the conventional M-protein quantifica-
tion by PD in electrophoresis.

•	 Polyclonal immunoglobulin concentrations 
do change over the course of a monoclonal 
gammopathy, probably more often than we 
expect, and can cause erroneous M-protein 
quantifications, leading to confusion over 
disease activity and treatment response. 

•	 TS requires no extra hardware or software 
for implementation, and remains one of the 
most reliable and accessible approaches for 
minimizing the effect of polyclonal immuno-
globulins on M-protein quantifications.
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A R T I C L E  I N F O A B S T R A C T

Anti-HMGCR, which was first identified in 2010, has 
emerged as an important mechanism of myopatho-
genesis in patients with exposure to statins. The 
availability of new detection methods has expanded 
the phenotypic spectrum with a subtype of popula-
tion that hasn’t been exposed to the drug and whose 
clinical, analytical, and pathological manifestations 
are similar. The observation by immunofluorescence 
of a highly specific pattern known as HALIP (HMGCR 
Associated Liver Immunofluorescence Pattern) can 
be useful in the detection of these antibodies.
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INTRODUCTION

Idiopathic inflammatory myopathies (IIM) are 
a group of low-prevalence diseases resulting 
from autoimmune inflammation and muscle 
damage. They can be categorized into polymyo-
sitis, dermatomyositis, autoimmune necrotizing 
myopathy, and inclusion body myositis based 
on clinical and myopathological features (1).

More than 15 myositis-specific antibodies (MSA) 
are considered important in the mechanism 
underlying IIMs. Among the antibodies respon-
sible for these diseases, we find anti-3-hydroxy-
3-methylglutaryl coenzyme A reductase (anti-
HMGCR), an enzyme involved in cholesterol 
synthesis. Statins, a medication frequently used 
to treat hypercholesterolemia and other lipid 
metabolic disorders, are typically linked to the 
development of these antibodies in patients 
who have received this pharmacotherapy. 

The association of anti-HMGCR and statins gives 
rise to a myopathy histologically compatible with 
immune-mediated necrosis, whose clinical mani-
festations are proximal, symmetric, and progres-
sive muscle weakness with hight creatine kinase 
(CK) values (>1,000-10,000 U/L) (2).

The new chemiluminescence tests (CIA) avail-
able on the market, which allow quantifying of 
anti-HMGCR levels, have increased the determi-
nations of these antibodies, which has resulted 
in the appearance of new subsets of patient 
populations, such as children and young people 
not exposed to statins. The identification of a 
new immunofluorescence pattern, called HALIP 
(HMGCR Associated Liver Immunofluorescence 
Pattern), can also guide its diagnosis.

We present the case of a 17-year-old male where 
incidental finding of hypertransaminasemia and 
HALIP led to the diagnosis of anti-HMGCR myop-
athy. This myopathy in persons not taking statins 
is an infrequent finding. 

CASE REPORT

A 17-year-old male with no clinical history or 
treatment of interest went to Urgent Care due 
to abusive alcohol intake. Neurological, cardio-
vascular, and imaging exams without alterations. 
Laboratory tests revealed moderate leukocytosis 
(19.500/mL) and increased alanine transaminase 
(ALT) of 199 U/L (reference interval 3-50 U/L), so 
he was referred to Gastroenterology Service.

In the analytical liver function follow-up, elevat-
ed values of transaminase ​​were maintained with 
an ALT value of 233 U/L and aspartate amino-
transferase (AST) value of 161 U/L (reference in-
terval 5-50 U/L), although total bilirubin (TB), al-
kaline phosphatase (ALP) and gamma-glutamyl 
transferase (GGT) levels were normal. Other an-
alytical parameters and infectious serology were 
without significant alterations. A liver biopsy 
was performed in which minimal inflammatory 
infiltrates were found, with dilation, sinusoidal 
congestion, and slight dilation of the centrilobu-
lar veins.

To exclude the possibility of autoimmune liv-
er disease, a study of antinuclear antibodies 
(ANAs) was performed by IFA using HEp-2 cells 
(ANA-Mosaik 1A EUROPattern, Euroimmun®) 
where no pattern was detected at 1/80 titer. 
Autoimmune liver blot (EUROLINE Autoimmune 
Liver Diseases, Euroimmun®), which was nega-
tive, and triple tissue IFA (Mosaic Basic Profile 3C 
EUROPattern, Euroimmun®) were also request-
ed. The presence of immunofluorescence in the 
cytoplasm of dispersed hepatocytes of rat liver 
was evidenced with a centrilobular distribution, 
a pattern known as HALIP (Figure 1).

Given this finding, CK (4738 U/L, reference inter-
val 46-171 U/L) and aldolase (42.8 U/L, reference 
level<7.6 U/L) were determined. Anti-HMGCR 
(321.6 CU, reference level<20 CU) were also 
quantified by Quanta Flash CIA assay® HMGCR 
(Inova, Werfen®). 
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The patient was finally treated by the Neurology 
Service and a neurological evaluation revealed 
a loss of scapular strength with unusual move-
ments during the examination. 

A muscle MRI and electromyography were 
performed with no pathological findings, and 
a muscle biopsy, with a report of “Unequivocal 
immunostaining with autoimmune necrotiz-
ing inflammatory myopathy: C5b9 deposits in 

necrotic fibers and preserved myofiber mem-
brane” (Figure 2).

Anti-HMGCR led to the diagnosis of autoim-
mune necrotizing myopathy and the patient was 
treated with immunoglobulins and low-dose 
corticosteroids with favorable evolution. During 
follow-up, CK and anti-HMGCR levels were mon-
itored. Although concentrations decreased after 
treatment, they remained elevated (Figure 3). 

Figure 1 HALIP: pattern of  immunofluorescence 
in the cytoplasm of  hepatocytes with centro-lobular distribution 
(yellow arrow) in rat liver stain (dilution 1/80)
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Figure 2 (I) Hematoxylin and eosin stain of  muscle biopsy with necrotic 
and regenerative muscle fibers (orange arrow). (II) Immunostaining 
with sarcolemmal C5b–9 (MAC) deposits in necrotic fibers (red arrow)
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Figure 3 CK levels (I) and anti-HMGCR levels (II) 
during follow-up after Urge Care (Day 1)
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DISCUSSION

The intake of statins, one of the most frequently 
prescribed drugs, has increased worldwide in 
recent years, which has also caused an increase 
in the incidence of its intolerance, which is 
around 9.1% (3). One of its most frequent side 
effects is muscular toxicity (4), which includes 
anti-HMGCR myopathy, a rare condition that is 
caused by the action of antibodies against this 
essential enzyme of cholesterol synthesis. An 
increase in the HMGCR expression as a con-
sequence of HMGCR inhibition by statins has 
been suggested as a possible cause of muscle 
toxicity (5).

Anti-HMGCR antibodies were first described in 
2010 in a population of patients with a biopsy 
consistent with necrotizing myopathy and nega-
tive for other autoantibodies (6). Although they 
were initially associated with taking statins, due 
to their higher prevalence in this type of pa-
tient compared to other myopathies (2-3 of ev-
ery 100,000 patients treated with statins), new 
subtypes of patients such as unexposed adults, 
adolescents, and even children were emerging 
(2). The estimated incidence of anti-HMGCR is 
1.94-10.3 per million adults per year, depend-
ing on the testing criteria (7) and the proportion 
of patients who have been exposed to statins 
and have anti-HMGCR antibodies positive var-
ies by geographic region, ranging from 44.4% to 
72.7% in the European population, with a simi-
lar percentage in the North American popula-
tion, and a lower association in Asian popula-
tions (8), where higher consumption of foods 
rich in natural statins, such as mushrooms or 
red tea, may act as triggers of non-drug anti-
HMGCR myopathy (2). 

Genetics can also play a role in anti-HMGCR 
myopathy. A higher predisposition has been 
observed in adults with the MHC class II allele 
DRB1∗11:01, whereas this risk is associated 
with DRB1∗07:01 in pediatric patients (9-10). 

However, given the high prevalence of this loci 
in the general population (7-15%), its determi-
nation in this type of patient does not seem 
useful.

Patients without exposure to statins have simi-
lar clinical symptoms to patients exposed to 
these drugs, although it has been shown that 
young patients have more severe disease and 
slower recovery (11). The titers of anti-HMGCR 
antibodies in IIM patients were also significant-
ly higher in statin users (12). Some patients may 
have sustained elevated CK levels without mus-
cle weakness, and in both groups, CK levels cor-
related with muscular strength (13). Although 
the appearance of HALIP could suggest the 
presence of autoimmune hepatitis due to im-
munofluorescence in hepatocytes, few cases 
have been described in the literature associat-
ing these antibodies with liver disease (14).

Unlike other mechanisms of intolerance to 
statins, drug withdrawal does not usually re-
solve patient symptoms, and immunosuppres-
sants and intravenous immunoglobulins are 
necessary to prevent disease progression. The 
measurement of CK is useful during the moni-
toring of the disease, but not anti-HMGCR, 
which usually does not normalize despite clini-
cal improvement (2). 

Anti-HMGCR were initially discovered by im-
munoprecipitation, which remains the gold 
standard technique, but other techniques such 
as ELISA and CIA are currently used for their 
determination. A more common alternative to 
the above tests is indirect immunofluorescence 
on triple tissue with rat liver, in search of the  
characteristic HALIP (HMGCR-Associated Liver 
Indirect Immunofluorescence Pattern). This pat-
tern has demonstrated high specificity (98.7%) 
(15-16), making it a fast and cheap alternative 
for screening myopathies in patients treated 
with statins. 
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The determination of anti-HMGCR is a highly  
specific test (99.7%) and it is not found in pa-
tients with other related diseases. Its study, ei-
ther by CIA or HALIP, should be included in the 
differential diagnosis of IIM that includes a pop-
ulation of any age with suspected myopathy and 
not limited to statin users.

TAKE-HOME MESSAGES

•	 In patients treated with statins, anti-HMGCR 
antibodies may develop with symptoms of 
necrotizing autoimmune myopathy. This 
condition has also been observed in patients 
without exposure to statins.

•	 The finding of the HALIP pattern, specific to 
this type of myopathy, constitutes a fast and 
cheap alternative in its diagnosis.
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