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ORIGINAL  ARTICLE

INTRODUCTION

Antiphospholipid syndrome (APS) and the an-
tibodies against different phospholipids (aPL) have 
been studied in multiple reports during the past four 
decades. The majority of them investigated the di-
agnostic value of antibodies in primary (PAPS) and 
secondary (SAPS) antiphospholipid syndrome and 
their importance for the treatment. Only a few stud-
ies were focused on the methodological issues, i.e., 
the performance of tests, the quantitative evaluation 
of the data, reference ranges and the changes in aPL 
levels with age. The data for the most frequently 
investigated aPL – anticardiolipin (ACL) and anti-
beta-2-glycoprotein-I (B2), have been studied more 
thoroughly. The aim of our study was to investigate 
the levels of different aPL in healthy persons in dif-
ferent age groups. 

MATERIALS AND METHODS

We studied the serum levels of IgG and IgM an-
ticardiolipin (ACL), anti-beta-2-glycoprotein-I (B2), 
anti-phosphatidyl serine (PS), anti-phosphatidyl eth-
anolamine (Eth), anti-annexin V (AnnV), and anti-
prothrombin (Pr) using an ELISA method (Orgentec, 
Germany) in 125 healthy volunteers (62 male and 63 
female), divided in the following age groups: 0 -10 
years – 12; 11-20 years – 17; 21-30 years – 34; 31-40 
years – 26; 41-50 years – 12; 51-60 years – 12; 61-
70 years – 12 persons. Statistical analysis was per-
formed using Standart Excel package for Windows 
SPSS 13. Following statistical methods were used: 
chi square, descriptive statistics and Student’s t test. 
Values for p below 0.05 were accepted for statisti-
cally significant. 

CHANGES IN ANTIPHOSPHOLIPID ANTIBODY LEVELS WITH AGE –  
A PILOT STUDY

M. Baleva
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Abstract. We investigated the following antiphospholipid antibodies (aPL) in the sera of 125 
healthy children and adults (62 male and 63 female): anticardiolipin (ACL), anti-beta-2-glyco-
protein-I (B2), anti-phosphatidyl serine (PS), anti-phosphatidyl ethanolamine (Eth), anti-annex-
in V (AnnV), and antiprothrombin (Pr). The healthy volunteers were divided in the following 
age groups: 0-10 years – 12; 11-20 years – 17; 21-30 years – 34; 31-40 years – 26; 41-50 years 
– 12; 51-60 years – 12; 61-70 years – 12 persons. We found no differences in the mean levels of 
the investigated antibodies between men and women, except for IgM B2 that were found higher 
in women (p < 0,05). With the age the levels of these antibodies fluctuate and reach their peak in 
different aged groups in a different manner. We discuss the importance of local reference ranges 
for aPL for every laboratory and the need for separate referent ranges for the described antibo
dies for children, people in advanced age and pregnant women. 
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RESULTS
The mean values of the investigated antibo

dies in the sera of whole group of 125 healthy 
children and adults are presented in table 1. These 
results are discussed in “DISCUSSION”. The 
mean values of aPL in men and women are pre-
sented in table 2 and in different age group – in 

table 3 and fig. 1. We found no statistically signifi-
cant differences in the mean levels of the IgG and 
IgM antibodies among men and women, except 
for the elevated IgM B2 in women (p < 0,05). The 
statistically significant changes in serum antibody 
concentration in different age groups are present-
ed in table 4.

Table 1. Mean values of the investigated antibodies (U/ml ± SD)

IgG ACL IgM 
ACL IgG B2 IgM B2 IgG PS IgM PS IgG 

AnnV
IgM 

AnnV IgG Pr IgM Pr IgG Eth IgM Eth

4.36 ± 
4.08

3.86 ± 
3.82

3.1 ± 
2.2

2.9 ± 
2.44

2.51 ± 
2.29

6.39 ± 
7.35

3.37 ± 
2.91

3.07 ± 
3.12

5.84 ± 
4.56

3.69 ± 
3.18

4.94 ± 
5.19

6.19 ± 
7.04

Table 2. Mean values of the investigated antibodies in men and women (U/ml ± SD)

IgGACL IgM ACL IgG B2 IgM B2 IgG PS IgM PS IgGAnnV IgMAnnV IgG Pr IgM Pr IgG Eth IgM Eth

♂ 4.7 ±  
3.54

3.76 ± 
2.36

3.17 ± 
2.22

2.32 ± 
1.79

2.87 ± 
2.1

5.71 ± 
7.31

3.04 ±  
2.05

2.45 ±  
1.55

5.4 ±  
3.22

3.17 ± 
2.46

5.27 ±  
6.9

6.99 ±  
8

♀ 4.15 ±  
4.4

3.93 ± 
4.51

3.05 ± 
2.2

3.26 ± 
2.72*

2.28 ± 
2.4

6.82 ± 
7.4

3.58 ±  
3.34

3.45 ±  
3.75

6.13 ± 
5.2

4.01 ± 
3.53

4.74 ±  
3.7

6.53 ± 
6.41

Table 3. Mean values of the investigated antibodies in different age groups (U/ml ± SD).

Group 0~10 11~20 21~30 31~40 41~50 51~60 61~70
IgG ACL 4.2 ± 3.9 3.9 ± 3.4 4.1 ± 3.9 5.1 ± 4 4.3 ± 3.8 2.3 ± 2.1 11 ± 8
IgM ACL 3.5 ± 3.2 3.7 ± 3.1 3.1 ± 3 4.7 ± 4 5.1 ± 4.8 3,1 ± 3 6.7 ± 5.8
IgG B2 2.3 ± 2 2.3 ± 1.9 3.1 ± 3 3.2 ± 3 5.1 ± 3 3.1 ± 3 5.4 ± 4.3
IgM B2 2.7 ± .2.3 1.7 ± 1.6 3.3 ± 3 3.2 ± 3 3.4 ± 3.1 2.9 ± 3 3.1 ± 3
IgG PS 3.9 ± .3.3 2.8 ± .2.3 2.1 ± .1.8 2.6 ± 2.5 2.5 ± 2.4 1.7 ± 1.5 3.6 ± 3
IgM PS 6 ± 6.1 3.5 ± 3 8.2 ± 8 6.6 ± 6.3 6.7 ± 6.2 4.4 ± 4 4.3 ± 4.1

IgG AnnV 3.1 ± 3 3.7 ± 3.2 2.8 ± 3 4.5 ± 4.3 2.9 ± 2.8 2.1 ± 2 3.1 ± 3
IgM AnnV 2.7 ± 2.3 1.9 ± 1.5 3.3 ± 3 4.7 ± 4.3 1.3 ± 1.3 1.4 ± 1.3 1.4 ± 1.2

IgG Pr 5.6 ± 5.3 4.7 ± 4.2 5.7 ± 5.4 6.9 ± 6.3 6.6 ± 6.3 4.6 ± 4.3 7.7 ± 7
IgM Pr 3.1 ± 3 3.4 ± 3.2 4.3 ± 4.3 3.6 ± 3.3 4.2 ± 4.3 2.2 ± 2.3 2.9 ± 2.3
IgG Eth 9.8 ± 9 3.3 ± 3.2 4.5 ± 4.3 4.7 ± 4.3 4.9 ± 4.8 4.5 ± 4.3 11.5 ± 11
IgM Eth 10.9 ± 9.3 4.8 ± 4.3 6.2 ± 6 7.2 ± 7 4.8 ± 4.3 4.1 ± 3.9 3.6 ± 3.3

Table 4. Significant statistical changes of aPL serum levels between different age groups

Group 1 Group 2 p
0-10 y ↑Ig G Eth 11-20 y  < 0,05 
0-10 y ↑IgG PS, ↑IgG Eth 21-30 y < 0,05
0-10 y 41-50 y ↑Ig M AnnV < 0,05
0-10 y ↑Ig M AnnV 51-60 y < 0,05
11-20 y 21-30 y ↑IgM B2, IgMPS, IgM AnnV < 0,05
11-20 y 31-40 y ↑IgM AnnV < 0,05
11-20 y 41-50 y ↑IgG/IgM B2 < 0,05
11-20 y 61-70 y ↑IgG B2; IgG Eth < 0,05
21-30 y 41-50 y ↑IgG B2 < 0,05
21-30 y 61-70 y ↑IgG ACL < 0,05
31-40 y 61-70 y ↑IgG Eth < 0,05
41-50 y 61-70 y ↑IgG ACL < 0,05
51-60 y 61-70 y ↑IgG ACL < 0,05
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With the age, the levels of different antibodies 
fluctuate and reach their peak in different age groups 
in a different manner. There are several statisti-
cally significant differences between some groups, 
but not for all (table 4). These fluctuations are well 
demonstrated on fig. 1. For example: IgG/IgM Eth 
are increased in 0-10 y group, decreased – in 11-20 
y, plateau in the groups 21-30 and 31-40 years and 
again elevation for IgG Eth in 61-70 y. Such plateau 
is characteristic for the middle aged groups 21-30, 
31-40 and 41-50 y for IgG/IgM ACL, IgM B2, IgG 
PS. High levels of IgM PS are characteristic for 21-
30 y, and of IgM AnnV – for 31-40 y (fig. 1).

Fig. 1. Age variations of antiphospholipid antibodies

DISCUSSION

Standardization of the methods for determi-
nation of aPL
The standardization of the methods for deter-

mination of aPL has long history. Several scientific 
meetings between 1986 and 1998 were focused on 
this issue [1, 2, 3, 4]. IgG ACL > 80 GPL and IgM > 
50 MPL should be referred to as high-positive, IgG 
ACL between 15 and 80 GPL and IgM ACL between 
6 and 50 MPL – medium-positive, and IgG ACL < 
15 GPL and IgM aCL < 6 MPL – low-positive [1]. 
Some authors do not recommend the use of semi-
quantitative methods [2]. Until the end of the XX 
century [5], and even at present, there are no offi-
cially standardized methods, verified by a widely ac-
cepted organization (WHO, IUIS, CDC). 

In the beginning of the XXI century, a consen-
sus protocol for the determination of aPL has been 
developed [6, 7] – concerning all reagents, duration 

of the different phases of incubation, dilution of sera, 
double testing, the need of local cut-off values (even 
for commercial kits), quality control, etc. It is im-
portant to know that the reference ranges depend on 
the characteristics of the tested population. In 2006, 
IgG/IgM ACL were considered positive above 40 U, 
and IgG/IgM B2 – above the > the 99th percentile 
[8], and for both antibodies two separate test should 
be performed, at least 12 weeks apart. The testing for 
B2 could be performed with both commercial and 
home-made ELISA methods [9, 10, 11], but the sera 
should be double-tested, control and calibrators are 
needed, and a large number of individuals should be 

tested in order to determine refer-
ence ranges. In 2010 the need for 
international units and reference 
tests for the determination of an-
tibodies to B2 glycoprotein I is 
recommended [12]. The data on 
antibody standardization concern-
ing all other types of aPL, i.e. PS/
Pr, are scarce, but it is well-known 
that the results of commercial and 
home-made ELISA methods are 
not comparable, especially for IgM 
antibodies [13].

Many studies adopted the ref-
erence ranges of the manufacturers 

of commercial aPL kits [14, 15, 16, 17], but other 
investigators recommend the creation of own nor-
mal ranges for healthy individuals from the specific 
population [11, 12, 18, 19, 20]. T. Descloux et al. 
[21] investigated ACL using two different reference 
ranges – before 2000 and for the period 2000 – 2006.

After 2009, other methods for the determination 
of aPL were developed – chemilumiscence, fluo-
rescence immunoassay, Luminex based methods, 
ALBIA (Addressable Laser Bead Immunoassay), 
and the question of their comparability with ELISA 
emerged, along with the need for new reference 
ranges [23, 24]. Meanwhile, the number of laborato-
ries using semi-quantitative methods decreased [24]. 
Despite the efforts of many work-groups to stan-
dardize the methods for ACL and B2 investigation, 
the results are not very promising [24]. 

Antibodies to phospholipids in healthy
For ACL antibodies our results are similar to 

those of some authors [23, 38, 44, 46], but the data 
of others are higher [14, 15, 37, 43, 49]. Results for 
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antibodies to B2 glycoprotein I in some authors are 
higher than ours [45, 49, 50, 52], but other report 
similar data [14, 23, 38]. The differences between 
our data and those in the literature are observed for 
other antibodies – PS, Pr, AnnV [14, 16, 38, 39, 
40, 49, 52]. All of these reports are only on healthy 
adults. Of note, in our group of 125 controls are in-
cluded 29 young persons: 12 – aged 0-10 y and 17 
– aged 11-20 y. Our results support the opinion that 
every laboratory needs for own reference group in 
the investigation of aPL antibodies [11, 12, 18, 19, 
20]. Our data reveals comparable aPL levels in men 
and women, except for IgM B2, that are higher in 
women – p < 0,05 (table 2). According to M.N. Ma-
noussakis et al. [22], IgG ACL in women aged 67-95 
years are lower than those in men.

Antibodies against phospholipids in healthy 
children
The literature data on aPL antibodies in healthy 

children are quite diverse and are presented in table 
5. The majority of studies in this field investigated 
ACL and B2 and there are anecdotal studies on Pr, 
PS, Eth, and AnnV. In many cases the normal levels 
for adults are adopted for children [25, 26] but there 
are studies using specific reference ranges for chil-
dren [27,28, 29, 30]. According to others [27, 28], 
the reference ranges in children differ from the ones 
recommended by the manufacturer. According to S. 

Becker et al. [27], IgG B2 are above 15 U/ml in 30% 
of the children aged 0-3 years. T. Avcin et al. [28] 
have found no differences in the serum levels of ACL 
and В2 antibodies of preschool and adolescent chil-
dren, but emphasize that in 11.4% the antibodies are 
lower than the pre-defined cut-off values. According 
to R. Caporali et al. [29], the upper normal level of 
the reference range in healthy children should be de-
fined as the sum of the medium value and the 5-fold 
value of the standard deviation. Having in mind the 
differences in ACL levels in children and adults, Е. 
Rapizzi et al. suggest correction for age of anticar-
diolipin antibodies cut-off points [31]. 

The comparison of our results for children (0-10 
years) and adolescents (11-20 years) with the litera-
ture data show comparable levels of ACL and B2, 
except for IgG ACL in preschool children and ado-
lescents, found by T. Avcin et al. [28], ACL in chil-
dren aged 1 year 5 months to 17 years 11 months, 
found by R. Caporali et al. [29] and E. Rapizzi et al. 
[31] in children form 6 months to 16 years, found by 
R. Duran et al [15]. M. J. Simchen et al. [32] detect-
ed higher levels of both ACL and B2. С. Nalli et al. 
[33] suggest that the peak of IgG B2 is reached at the 
sixth month of life and the antibody levels decrease 
gradually until month 26 of life, forming plateau 
subsequently. And vice versa, the titers of IgG ACL, 
IgM B2 and IgM ACL do not correlate with the age 

Table 5. Serum aPL levels in healthy children

Author Antibody
S. Becker et al. [27] – 2005 IgG ACL 1 – 3.6 U/ml; IgM ACL 1 – 4.7 U; IgМ В2 – 1-2.3 U.

T. Avcin et al. [28] – 2001 

Preschool children:
 IgG ACL-7.6 U; IgM ACL-3.3 U;
IgG B2-4.2 ng/ml; IgM B2-13,1 ng/ml
Adolescents: 
IgG ACL-7.2 U; IgM ACL-4 U; 
IgG B2 - 3.2 ng/ml; IgM B2 - 13.1 ng/ml

R. Caporali et al. [29] – 1991 Children 17 months to 17 year and 11 months (mean 8,3 y):
IgG ACL – 8-15AU**; IgM ACL – 5-15 AU

O.F. El-Rasheidy et al. [30] – 2004 
Children 5-15 y (mean 8 ± 3,5 y)
IgG ACL - 5.25 ± 1.9 GPL; IgM ACL 4.21 ± 2.0 MPL
IgG B2 - 5.51 ± 1.9 U/ml; IgM B2 - 1.6 ± 0.6 U/ml

J. Cabiedes et al. [34] – 2002*
Children 1month - 8 years
IgG ACL-3.5 AU; IgM ACL-4.5 AU
IgG B2 – 1.85 AU

E. Rapizzi et al. [31] – 2000 г. Children 6 months - 16 y (mean 5.5 ± 3.5 y)
IgG ACL – 27.7 GPL; IgM ACL – 7.5 MPL

B. Vurbanova et al. [35] – 1994 ACL – 0.32 OD***
L.M.A. Campos et al. [36] – 2003 IgG/IgM ACL – 10 GPL/MPL
R. Duran et al [15] – 2005 IgG/IgA/IgM ACL 15.96 PL**** units/ml

M.J. Simchen et al. [32] – 2009 IgG/IgM ACL – 20 GPL/MPL;
B2– 15-20 U/ml

*The data is for the 99-th percentile; **AU-arbitrary units; ***OD – optical density; ****PL-phospholipid units
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of the child. The authors suggest that the changes in 
IgG B2 with age support the hypothesis for the „de 
novo synthesis of ‘‘innocent’’ auto-antibodies that 
do not cause any thrombotic events“. One of the ex-
planations for the antibody production between the 
6-th and the 26-th month of life are the routine vac-
cinations and the infectious diseases, characteristic 
for this age group [33]. 

Antibodies against phospholipids in healthy 
adults
Table 6 presents the data on aPL levels in 

healthy adults of several authors. The comparison 
with our data shows that we have detected slightly 
lower ACL, B2 and AnnV values, yet comparable 
with those of other investigators, except for the 
higher levels published by L. Statkute et al. [37], 
A. Tsutsumi et al. [38], and W. Zammiti et al. [16]. 
A.Tsutsumi et al. [38] and M. Kopytek et al. [39] 
detected much higher PS/Pr levels. In the accessible 
literature we found no studies on serum levels of Eth 
in healthy adults. 

Changes in aPL levels with age
According to the literature data, ACL are de-

tected in 12-51.6% of the healthy adults [22, 53, 54]. 
According to K.K. Chakravarty et al. [55], the serum 
levels of ACL are not increased among healthy Brit-
ish adults. T. Quéméneur et al. [64] have found posi-
tive ACL more frequently in adults below 65 years 
of age, but the mean values of antibodies below and 
above this age are comparable. Obviously the con-
centration of different investigated by us aPL fluctu-
ate with age, but some of them reach peak values or 
plateau in a different manner (fig. 1). 

There is no consensus on the reference ranges 
and possible biological variations of aPL. This re-
quires wider range of determination, especially hav-
ing in mind the different normal values for different 
age groups. This is important in both children and 
elderly. The fact that aPL are frequently detected in 
elderly but rarely are accompanied with manifesta-
tions of autoimmune disease is probably explained 
by the aging of the immune system [22, 53]. Healthy 
children are another interesting group in whom the 

Table 6. Serum levels of aPL in healthy adults

Author Antibody
J. Kaburaki et al. [40] – 1997 IgG AnnV – 7.4 U/ml

A.M.C. Horimoto et al. [14] – 2020 
IgG/IgM ACL – 20 U/ml
IgG/IgM B2 – 8 U/ml
IgG/IgM AnnV – 8 U/ml

Y. Emad et al. [41] – 2018 IgG AnnV – 8.3 ± 3.1 AU/ml
I. Palomo et al. [42] – 2006 IgG, IgA, IgM ACL – 15 U
Y. Berkun et al. [43] – 2006 IgG/IgM ACL – 20 GPL/MPL
CA Roldan et al.[44] – 1992 IgG ACL 8 IU; IgM ACL – 10 IU.
L. Statkute et al. [37] – 2005 IgG ACL – 15 GPL/ml;IgM ACL – 12,5 MPL/ml.

S. Loizou et al. [45] – 2000 IgG ACL – 14 U; IgM ACL – 10 U; 
IgG В2- 12,6 U; IgM В2- 9,5 U.

J. Swadzba et al. [46] – 1997 IgG/IgM ACL – 10 U/ml.

A.Tsutsumi et al. [38] – 2006 Pr-17.95; PS/Pr – 17.83; В2/ACL -0.57; IgG ACL-15.43; 
IgM aCL – 5.69 U.

M. Kopytek et al. [39] – 2018 IgG/IgM PS/Pr-30 U.

M.Baleva et al. [47] – 2014 – women from 23 to 40 y

IgG Pr- 7.59 ± 7.18 U; IgM Pr-3.99 ± 3.66 U;
IgG PS-2.21 ± 1.94 U; IgM PS-5.77 ± 5.19 U;
IgG Eth-4.02 ± 2.31 U; IgM Eth-5.61 ± 5.19 U
IgG AnnV-4.42 ± 4.24 U; IgM AnnV-3.11 ± 3.1 U

W. Zammiti et al [16] – 2006 IgG/IgM AnnV – 20 U

M.N. Manoussakis et al. [22] – 1987 Healthy 67-95 y: men IgG ACL 142.2 ± 87.4 BU*
women IgG ACL – 92.7 ± 51.4 BU

D. Pleguezuelo et al. [48] – 2019 Healthy pregnant women – IgG PS/Pr-27.25 U; IgM PS/Pr-38,7 U.
A.Serrano et al. [49] – 2019 IgG PS/Pr – 29 U/ml, IgM PS/Pr-40U/ml; ACL and B2 (IgG/IgM) – 18U/ml.
G.Egiziano et al. [50] – 2020 IgG ACL till 40 GPL U, IgG B2- till 25 GPL U
O. Cabrera-Marante et al. [23] – 2019 IgG ACL-8 U/ml; IgM ACL-13 MPL; IgG B2-5.5 U/ml; IgM B2-13.2 MPL 

M. Baleva, K. Nikolov [51] – 2018 IgG ACL/B2/IgGPr- 22 U; IgM ACL/B2/Pr – 11 U; 
IgG PS – 6 U; IgM PS – 16 U 

A. Vlagea A et al. [52] – 2013 40 GPL/MPL for ACL and 20U/mL for B2.
PS/Pr-10 AU/mL for IgG and 15 AU/mL for IgM 
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aPL levels are different in preschool, school age and 
adolescence, and especially after infections and vac-
cinations [28, 33, 57]. That is why Е. Rapizzi et al. 
[31] suggest that the ACL cut-off levels should be 
corrected in accordance with age. 

Pregnant women are a very special group of in-
dividuals when determining aPL. The antibody pro-
file follow-up during pregnancy is very important in 
APS and the results should be compared with both 
healthy women and with healthy pregnant women in 
the corresponding term of gestation [47, 58]. During 
normal pregnancy aPL could be normal all through 
the pregnancy, could increase or decrease during dif-
ferent trimesters or one antibodies could decrease 
while other could increase, but in the majority of 
cases despite the fluctuations, aPL remain within the 
normal range [59, 60, 61].

It is important to admit that the number of ar-
ticles on the reference range of the so-called „non 
criteria aPL“ (i.e., PS, Eth, AnnV, Pr) is very small 
and their diagnostic and prognostic significance in 
APS, including the “non-criteria APS” is unknown. 

In conclusion, Despite the relatively small num-
ber of healthy individuals investigated, our study 
reveals the importance of local reference ranges 
for aPL for every laboratory. The reference range 
should take into account the age-related differences 
in healthy individuals. This is very important for the 
IgM aPL in the first three decades of life, for IgG and 
IgM antibodies after 50 years of age, and for preg-
nant women with clinical data for APS. 
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INTRODUCTION

Public Cord Blood Banks play an important role 
to ensure the efficient functioning of any Stem Cell 
Transplant Center. Due to fast spreading of SARS-
CoV-2 and its impact on donation, it is necessary to 
consider strategies for providing a secured stem cell 
product together with risk assessment of mother-to-
child transmission of infection. Bulgarian National 
Public Stem Cell Bank (BNPSCB) performs routine 
infectious disease testing of the mother’s blood sam-
ples and/or cord blood units (CBUs) according to 
the recommendation of FACT-NetCord Standards as 
well as the local legal regulations. Since COVID-19 
is spreading rapidly worldwide, BNPSCB has the re-

sponsibility to take additional precautions, including: 
screening donors for COVID-19 through medical 
history questionnaires, continuing safe practices to 
allow ongoing donations, and testing of all mothers 
and donated CBUs for IgM and IgG SARS-CoV-2 
antibodies. So we aimed to investigate the infectious 
status of the CBUs collecting within the BNPSCB in 
order to consider strategies for providing a secured 
stem cell product in the SARS-CoV-2 pandemic.

MATERIALS AND METHODS

Our study included 75 women who donated 
umbilical cord blood to BNPSCB in the period 
February’2020 – January’2021. Routine testing 
of infectious diseases markers for HIV I/II, Hepa-
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Abstract. Viral infections can lead to severe outcomes in high-risk populations, including he-
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titis B, Hepatitis C, Syphilis-TPHA and anti-CMV IgG of cord blood units (CBUs) donated to 
the Bulgarian National Public Stem Cell Bank. Although vertical transmission of SARS-CoV-2 
seems to be rare, we performed screening for corona virus of donors of CBUs, collected during 
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data published in the literature on the prevalence of CMV seropositivity, as 70.67% of all tested 
samples were positive for anti-CMV IgG. Regarding SARS-CoV-2 we found two cases of pas-
sive transmission of CMV IgG antibodies, in the absence of clinical manifestations both in sero-
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cautions in banking practices is necessary for the safe treatment of allogeneic HSCT recipients.
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titis B, Hepatitis C, Syphilis-TPHA and CMV-IgG 
was performed using high reliability methods. The 
information for infectious status of all suitable for 
transplantation CBUs is entered into the donor reg-
istry database of World Marrow Donor Association 
(WMDA), which currently contains data on over 37 
million potential donors. SARS-CoV-2 antibodies 
were detected using SARS-CoV-2 IgG II QUANT 
and AdviseDx SARS-CoV-2 IgM quantitative che-
miluminescent immunoassays (Abbott, USA).

RESULTS AND DISCUSSION

The need for investigation of infectious status of 
cellular products for transplantation arises from the 
risk of possible complications in patients. Therefore, 
in the setting of unrelated stem cell transplantation, 
donor selection criteria require information on the 
donor/CBU infectious status to be entered into the 
WMDA database. The results for HIV I/II, Hepati-
tis B, Hepatitis C and Syphilis-TPHA of all tested 
samples in our study were negative. Testing for anti-
CMV IgG antibodies showed a prevalence of sero-
positive samples (53/75, 70.67%). It is worth noting 
that CMV is one of the most frequently reported op-
portunistic viral pathogens in immune-deficient pa-
tients, including hematopoietic stem cell recipients 
[1]. Moreover, CMV is very common herpes virus 
in people of all ages, and the infection is generally 
asymptomatic. Reports on the spread of CMV have 
been published already in the 1970’s. Recent stud-
ies confirm the high CMV prevalence [2] with an 
estimated 60-95% of adults worldwide having been 
infected [3]. Regarding maternal CMV infection/se-
ropositivity, the data suggests no impact of maternal 
CMV infection on the increased risk of adverse fetal 
effects [4]. Our findings are in line with the published 
data on the CMV spread. Furthermore, as it could 
be expected, the units from babies of seropositive 
mothers were also positive for CMV IgG antibodies, 
due to passive antibody transmission.

Our additional study on SARS-CoV-2 antibod-
ies revealed only two cases in which maternal serum 
tests showed positive results: 1) anti-SARS-CoV-2 
IgG – 569.5 AU/ml (Ref.value ˃ 50 positive); anti-
SARS-CoV-2 IgM – 4.86 AU/ml (Ref.value ˃ 1.0 
positive) and 2) anti-SARS-CoV-2 IgG – 621.5 AU/
ml; anti-SARS-CoV-2 IgM – negative.

Exposure to a number of viruses during preg-
nancy has been shown to affect the mother and fetus. 
The infection with other coronaviruses (SARS and 

MERS) led to significant adverse maternal outcomes, 
which were associated with fetal growth restriction 
and perinatal death [5]. Although viral diseases dur-
ing pregnancy increase the risk of harmful effects on 
the child, studies comparing pregnant women with 
confirmed COVID-19 versus unconfirmed cases did 
not show significant differences in the rates of ad-
verse outcomes in newborns [6]. The reported data 
showed that most pregnant women were asymptom-
atic or with only mild symptoms [7], and the lack 
of a universal testing strategy for COVID-19 means 
that many cases may remain undetected.

As a next step, we examined CBU samples of 
the two babies of SARS-CoV-2 seropositive moth-
ers. The results were as follows: 1) anti-SARS-
CoV-2 IgG – 434.7 AU/ml; anti-SARS-CoV-2 IgM – 
negative; 2) anti-SARS-CoV-2 IgG – 340.5 AU/ml; 
anti-SARS-CoV-2 IgM – negative. Medical history 
of the mothers indicated an asymptomatic course 
with SARS-CoV-2 infection. No clinical manifesta-
tions of COVID-19 were observed in infants. 

Reports with positive neonatal results for SARS-
CoV-2 [8, 9] do not reveal whether the infection oc-
curs in utero or during delivery. Some babies have 
elevated concentrations of both SARS-CoV-2 IgM 
and IgG [10], and while IgG can be passively trans-
ferred in utero, IgM cannot cross the placenta. These 
cases of circulating IgM suggest vertical transmis-
sion of virus, although all the infants have been PCR 
negative for SARS-CoV-2 at birth [10]. Our results 
do not support a vertical transmission of the virus 
and suggest passive transplacental transmission of 
SARS-CoV-2 IgG in the absence of clinical mani-
festations in mothers and their infants.

So far, there have not been any reports of trans-
mission of SARS-CoV-2 from donor to recipient 
either in transplantation or transfusion of blood 
products, tissues or cells. However, in line with 
WMDA recommendations and based on our expe-
rience, BNPSCB considers that donor screening 
for corona virus is necessary for CB banking in the 
SARS-CoV-2 pandemic. Our strategies for provid-
ing a secured stem cell product include: exclusion 
of the donor from the donation in case of diagnosis 
of COVID-19; exclusion from CB donation for at 
least 28 days if the donor has been in contact with a 
person with SARS-CoV-2 [11]; testing of all moth-
ers/CBUs for SARS-Cov-2 antibodies in order to as-
sess the safety of the positive banked CBUs based 
on future data.
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CONCLUSION

To date, most studies are encouraging and show 
that the risk of severe COVID-19 during pregnan-
cy does not appear to be greater than in the general 
population. To assess this risk, molecular mecha-
nisms of the disease need to be considered within the 
modulated maternal immune response. Cord blood 
banks should work in accordance with established 
safe practices, together with additional precautions 
in order to carry out quality donations. Further in-
formation is needed to determine the full impact of 
COVID-19 on cord blood donation and banking.
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INTRODUCTION

Mesenchymal stem cells (MSC) are fibroblast-
like cells that can adhere to cell culture dishes and 
multiply in vitro. They possess two main properties: 
self-renewal – the ability to surpass multiple rounds 
of cell division without differentiating themselves 
and multipotency – the ability to differentiate into 

specialized cell types in vitro – osteoblasts, adipo-
cytes, and chondroblasts [1]. MSC have a typical 
phenotype expression of surface molecules (CD105, 
CD73, and CD90), but at the same time lacking he-
matopoietic markers CD45, CD34, as well as CD14, 
CD19, and human leukocyte antigen (HLA-DR) 
molecules. 
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OF HUMAN UMBILICAL CORD MESENCHYMAL STEM CELLS
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Abstract. Introduction: Human mesenchymal stem cells (MSC) have become an attractive 
therapeutic tool, being easily isolated and cultured in vitro. They can adhere to plastic culture 
dishes, proliferate and differentiate into osteoblast, chondroblasts, and adipocytes under ap-
propriate culture conditions. MSC can be isolated from a wide variety of tissues, including 
bone marrow, adipose tissue, and umbilical cord. Inflammation is a protective strategy and an 
essential immune response by the host that enables the removal of harmful stimuli as well as 
healing of damaged tissue. Inflammation has evolved as a beneficial strategy for the host in re-
sponse to any potential danger and the inflammatory response is normally terminated as soon 
as the potential danger is eradicated. If the resolution of inflammation fails for any reason, the 
acute inflammation turns into a chronic stage. Objectives: The study aimed to evaluate wheth-
er priming human MSC isolated from the umbilical cord (UCMSC) with interferon-gamma 
can lead to any chromosomal instability in the cell cultures. Methodology: Human umbili-
cal cord MSC from five healthy donors were isolated and expanded in vitro. Cell cultures 
were treated with IFNγ for 10-14 days. Cytogenetic analysis was performed on the harvested 
metaphases. Results: Our results showed that the pro-inflammatory cytokine IFNγ alone did 
not cause any clonal chromosome instability in the UCMSC for the period of treatment and 
the stem cell cultures appeared genetically stable. Conclusion: IFNγ alone is not sufficient to 
cause any chromosomal instability to umbilical cord mesenchymal stem cells cultured in vitro 
detected by GTG banding. 
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Mesenchymal stem cells hold great promise for 
their use in different cell-based therapies and have 
some major advantages at the same time. They can 
be cultivated in vitro during which their phenotype 
and functional properties are kept stable for multiple 
passages. Mesenchymal stem cells can be isolated, 
using their characteristic plastic adherent type of 
growth, from multiple adult tissue sources, includ-
ing skin, dental pulp, muscle, Wharton’s jelly, endo-
metrium, decidua, amnion, and heart [2, 3]. Some of 
these tissues, like adipose tissue and the umbilical 
cord, represent major alternative sources to the bone 
marrow MSC because they are easily accessible 
with minimally invasive methods. Moreover, MSC 
can be used in allogeneic therapies, since they are 
not immunogenic. Hence, MSC are a promising tool 
with various clinical application in the field of stem 
cell-based therapies and tissue engineering. 

In recent years multiple publications are dis-
cussing the possible application of MSC as a thera-
peutic tool for acute and chronic diseases, includ-
ing autoimmune disorders [4, 5]. Recently, the focus 
of MSC therapeutic potential has been more in the 
center of their immunomodulatory properties and 
less about their differentiation potential. MSC have 
unique immunomodulatory properties and can affect 
the functions of the main immune cell types (den-
dritic cells, T cells, B cells, and NK cells). 

Inflammation is the body’s natural mechanism 
to cope with bacterial and viral agents. While acute 
inflammation provides the organism with critical de-
fense against foreign invaders, chronic inflammation 
can lead to the development of diseases and tumori-
genic processes. This is to the greatest extent due to 
all the cytokines, chemokines, growth factors, and 
other regulatory proteins produced during chronic 
inflammation. Cytokines with growth factor activity 
may promote replication stress favoring the forma-
tion of double-strand breaks (DSBs). Also, several 
cytokines (Il-1β, TNFα, IFNγ) induce the forma-
tion of reactive oxygen/nitrogen species (RONS) 
which in turn can cause DNA damage, including 
DNA cross-links, single or double-strand breaks, 
and oxidative DNA damage [6]. IFNγ can promote 
reactive oxygen species (ROS) through the induc-
tion of NADPH oxidase 1 (NOX1) [6]. Inflamma-
tion increases not only mutagenic DNA lesions but 
also negatively impacts the DNA repair machinery 
by inhibiting several important DNA repair enzymes 
[7]. Chromosomal aberrations, including structural 

instability or aneuploidy, were detected in signifi-
cantly earlies passages under hypoxic conditions 
than under normoxic culture conditions [8].

Numerous reports are pointing out that the 
priming of MSC with pro-inflammatory cytokine is 
a necessary and key step so that MSC can perform 
their immunosuppressive functions [9, 10]. The 
treatment of MSC with the pro-inflammatory cyto-
kine interferon-gamma (IFNγ) is a standard method 
for the evaluation of the immunosuppressive effect 
of MSC in vitro, recommended by the International 
Society for Cellular Therapy (ISCT). 

IFNγ is a cytokine, which is mainly produced 
by cells of the immune system. The receptor IFNγ 
(IFNγR) is expressed on most cell types and so this 
proinflammatory cytokine can act on different tis-
sues in the human body. The overall effect of IFNγ 
is determined by its effect on the specialized tissue 
cells and the immune cells invading these tissues. 
The effects of IFNγ are dependent on the surround-
ing tissue and can vary among different homeostatic, 
pathological, or inflammatory conditions.

Based on our results that IFNγ affects the pro-
liferation and apoptosis rate of UCMSC (data not 
shown) we wanted to study whether these effects 
can be accompanied by any chromosomal instabili-
ties that could persist in the cell cultures and affect 
the overall genomic stability of the stem cells.

MATERIALS AND METHODS

UCMSC Isolation and Culture
Human umbilical cord mesenchymal stem cells 

(UCMSC) were isolated from healthy donors (gesta-
tional age 37-40 weeks) after obtaining a signed written 
informed consent approved by the Ethics Committee of 
Medical Complex Dr. Shterev. Umbilical cords’ pieces 
(about 20 cm in length) were briefly washed with 70% 
ethanol and then stored in a sterile saline solution. Blood 
vessels were carefully removed and the rest of the tissue 
was cut into small pieces, which were then incubated in 
0,25% (w/v) collagenase I (Genaxxon, Germany), 40 
mg/ml hyaluronidase (Genaxxon, Germany) and 1% 
Penicillin/Streptomycin/Amphotericin B Mix (PAN 
Biotech, Germany) at 37°C in a humidified, 5% CO2 
incubator, on a shaker, for two hours. Next, homoge-
nized tissue was diluted with sterile saline solution and 
filtered through 70 µmcell strainer (Greiner bio-one, 
Austria) to remove large tissue pieces. Samples were 
centrifuged for 10 minutes at 300 x g and cell pellets 
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were seeded in 25 cm2 cell culture flasks (EuroClone, 
Italy) at a density of 1 x 104/cm2 in DMEM/F12 (PAN 
Biotech, Germany) supplemented with 10% fetal bo-
vine serum (FBS, PAN Biotech, Germany), 10 ng/ml 
rHuFGF-b (Genaxxon, Germany) and 1% Penicillin/
Streptomycin/Amphotericin B Mix. Cell cultures were 
maintained in a humidified, 5% CO2 incubator at 37°C. 
When cultures reached 80-90% confluence, cells were 
harvested (0,05% Trypsin/0.02% EDTA, PAN Biotech, 
Germany), counted and expanded. UCMSC at first and 
second passages were used for the subsequent analyses. 

MSC Priming
UCMSC were treated with the recombinant (E. 

coli) inflammatory cytokine interferon gamma (IFNγ, 
Roche, Switzerland) at a concetration of 100 IU/ml for 
10-14 days. The used concentration of IFNγ was cho-
sen based on published reports [11, 12] and our own 
preliminary results (data not shown). Primed cells were 
cultured in DMEM/F12 (PAN Biotech) supplemented 
with 10% FBS and 1% Penicillin/Streptomycin/Am-
photericin B Mix. Cell culture medium was changed 
every 48-72 hours and fresh IFNγ was added. 

Karyotyping
The effect of the inflammatory cytokine IFNγ 

on the karyotype of UCMSC was evaluated at cell 
passages one or two. UCMSC seeded at a concentra-
tion of 1 x 105 cells/cm2 and cultured in cell culture 
medium supplemented with IFNγ for 10-14 days 
were then harvested after reaching ~70% conflu-
ence. Control cell cultures were kept in DMEM/
F12 supplemented with 10% fetal bovine serum and 
1% Penicillin/Streptomycin/Amphotericin B Mix. 
Demecolcine solution, 10 μg/mL in HBSS (Sigma, 
USA) was added to block microtubular formation 
and cells were incubated for ~3.5 hours in a CO2 in-
cubator at 37°C. The exact incubation time with the 
colcemid solution was determined based on regu-
lar observation on an inverted microscope – when 
multiple round double cells were clearly visible, 
cells were ready to be harvested. After mitotic ar-
rest, the cells were detached from the cell culture 
flasks using 0,05% Trypsin/0.02% EDTA. The col-
lected cells were centrifuged and the resuspended 
in warm 0.075M KCl for 10 minutes at 37°C. Fol-
lowing centrifugation, the supernatant was slowly 
replaced with ice-cold fixative solution (methyl al-
cohol/acetic acid, 3:1) and suspensions were incu-
bated for 15 minutes at room temperature. Samples 
were washed with fixative at least three times be-

fore spreading them on slides. The karyotype was 
analyzed by G-banding technique. Slides were left to 
dry and age for a few days at room temperature and 
were incubated at 37°C for two hours prior staining. 
In order to obtain high quality G-bands slides were 
immersed in 0.05% Trypsin for 30 seconds, washed 
briefly with cold phosphate buffered saline solution 
and then quickly immersed in cold Giemsa solution 
(1:7) producing trypsin and Giemsa (GTG) bands. 
The band quality was evaluated under microscope 
and the trypsin and staining times were adjusted if 
necessary. Overall, at least 11 metaphases were ana-
lyzed for each sample. A chromosomal aberration 
was defined as clonal when at least two metaphases 
showed the same aberration and described in accor-
dance with the International System for Human Cy-
togenetic Nomenclature (ISCN, 2013).

RESULTS

Isolation, expansion and morphology  
of UCMSC
UCMSC from five donors were collected and 

processed. Following the initial isolation, adher-
ent cell morphology and growth were observed on 
an inverted microscope on a daily basis. On day 
3 attached cells adopted fibroblast-like morphol-
ogy, typical for the MSC (Fig. 1A). In a week UC-
MSC reached nearly full confluence and had to be 
passaged (Fig. 1B). For the karyotype analysis to 
be performed cell cultures had to be maintained 
in their active exponential growth phase in which 
multiple doublets of newly dividing cells could be 
observed. 

Cytogenetic analysis of UCMSC
In order to determine whether treating the cells 

with IFNγ influenced karyotype stability, metaphas-
es harvesting and trypsin and Giemsa staining were 
performed on control cultures (cultivated in regu-
lar cell culture medium) and on primed with IFNγ 
UCMSC. Summary of all the karyotypes obtained 
is in Table 1. Overall, 67 metaphases were analyzed 
from the control untreated cells and 56 for from the 
IFNγ treated UCMSC. All karyotypes were found to 
be normal (Fig. 2). We detected just one metaphase 
with missing chromosome 22 in IFNγ treated cells 
(45, XX, -22), which is most probably due to cell 
culturing and metaphase harvesting and is not suf-
ficient to be determined as clonal karyotype aberra-
tion according to International System for Human 
Cytogenetic Nomenclature (ISCN, 2013).
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Fig. 1. Population of cells isolated from human umbilical cord – cells exhibited spindle-shaped morphology on day 3 of initial isolation 
(A) and reached confluence on day 7 (B) (magnification x 50)

Table 1. Karyotypes of human umbilical cord mesenchymal stem cells, analyzed in the absence or presence of the pro-inflammatory 
cytokine IFNγ

Fig. 2. Representative metaphase images of the karyotypes obtained from control and treated with IFNγ UCMSC (magnification x 1000)
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DISCUSSION

The potential and possible usage of adult 
stem cells in research and therapeutic applications 
highly rely on their genomic integrity and stabil-
ity. Cells have to be expanded in vitro to achieve 
their expected therapeutic effect. There is a high 
mortality rate of transplanted cells after trans-
plantation that occurs through apoptosis or mac-
rophage actions. Unfortunately, cell culture also 
represents a risk ‒ prolonged exposure to stress-
ful conditions during the cell enrichment and dif-
ferentiation process has raised concerns about the 
safety of stem cell therapy [13]. Up to now, there 
are few and contradictory data on genomic and/
or chromosomal instability of cultivated MSC 
[14]. Long-term cultures alter MSC nature, induc-
ing changes in their genome at the molecular and 
chromosomal levels that may lead MSC to immor-
talization [14]. Although it has been shown that 
MSC derived from bone marrow and adipose tis-
sue can be continuously cultured for ~20 passages 
[15], it is unclear how many passages can be per-
formed before the cells quire chromosomal insta-
bility or lose multipotency; karyotypic aberrations 
have been observed in MSC cultures derived from 
mice and rat [16, 17]. Some attempts have been 
made to examine such defects using different pas-
sage densities; however, the results of the studies 
are controversial. While some groups have shown 
retention of genetic stability up to passage 3 or 4, 
others have shown that human MSC appear ge-
netically stable in prolonged culture and maintain 
normal karyotype right up to passage 20 [16, 18]. 
Despite these data, we found it reasonable to test 
the effect of IFNγ on the chromosomal stability of 
UCMSC at earlier passages to avoid the prolonged 
culture of the cells in vitro.

Chromosomal aberrations are hallmarks of 
cancer [19] and sporadic reports of chromosomal 
changes occurring during passaging highlight the 
risk of cancerous transformation in stem cells 
grown in vitro [20]. The majority of these reports 
have focused on embryonic stem cells, although 
several reports focused on adult human MSC [21, 
22]. An increased risk of chromosomal aberrations 
has also been reported in culture, warning against 
extended passaging for the enrichment of stem 
cells [23]. Safety checks of manipulated stem cells 
and the evaluation of chromosome aberrations need 

to be regularly performed. The guidelines for stem 
cell therapy recommend that related tests be per-
formed to ensure the safety of stem cells, includ-
ing conventional G-banding, array comparative ge-
nomic hybridization (array CGH), FISH analysis, 
and cDNA arrays [24]. 

The evaluation of chromosome aberrations 
typically involves conventional chromosome anal-
ysis, also known as G-banding, which is cost-effec-
tive and performed routinely. Our results showed 
that IFNγ alone did not cause any chromosomal ab-
errations that can be detected using the GTG band-
ing technique. However, a critical limitation is that 
it can only detect chromosomal aberrations in the 
cells that have entered metaphase, and the number 
of cells in metaphase represents only a small por-
tion (~0.1%). Since the entire process of inflamma-
tion is extremely complex and mediated by many 
factors, it would be beneficial to further explore its 
long-term effect on the genome stability of stem 
cells, which are known to react and get activated 
by inflammatory cytokines. Perhaps, more complex 
techniques with higher resolution for the detection 
of genomic instability should be used to evaluate 
the effect of prolonged inflammation on the mesen-
chymal stem cells.
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АBNORMALITIES IN T- AND B-CELL ACTIVATION SIGNALING  
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Abstract. Common variable immunodeficiency (CVID) is a heterogeneous syndrome with 
unknown pathogenesis. Certain T- and/or B-cell defects suggesting impaired antibody syn-
thesis with or without autoimmune manifestations have been suggested. Our previous studies 
have demonstrated marked changes in a number of cell populations in patients, including 
T-cell defects associated with impaired activation by T-cell receptor signals. To expand our 
knowledge in current study we examined the lymphocyte intracellular signaling pathways in-
volving the JAK/STAT cascade and mitogen activated protein kinases (MAPK) in patients. We 
introduced a method for flowcytometric determination of spontaneous and induced expression 
of phosphorylated proteins-ERK1/2, STAT3, STAT5 and STAT6 in CD4+, CD8+ and CD19+ 
lymphocytes in 10 patients and 10 controls. The results of the analysis of cell populations 
in patients compared to healthy showed the following statistically significant disturbance in 
signal transduction: increased spontaneous ERK activation of B cells (p = 0.048) and CD4+ 
T cells (p = 0.045); increased IL-2 induced STAT5 activation (p = 0.001) in CD4+ cells (p = 
0.023); increased IL-2 dependent STAT5 activation index in CD8+ T cells (p = 0.001) due to 
decreased basal STAT5 activation (p = 0.028); decreased IL-6 induced STAT3 activation (p = 
0.024) in B lymphocytes (p = 0.01); decreased IL-4 induced STAT6 phosphorylation in CD8+ 
T cells (p < 0.001). The disturbances we found could explain changes in the cytokine Th1/Th2 
balance in the disease, as well as changes in the number, phenotype and function of helper, 
cytotoxic and B-lymphocytes in CVID. We believe that the results obtained are important for 
elucidating some of the mechanisms of impaired cell signaling, cooperation and function in 
the pathogenesis of CVID. Such a research approach, applicable to a larger group of patients, 
would be of significant methodological, scientific and clinical application with a view to de-
veloping new therapeutic options.
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phospho-flow cytometry
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INTRODUCTION

Nonfamilial hypogammaglobulinemia, also 
known as Common Variable Immunodeficiency 
(CVID), is a heterogeneous immunodeficiency syn-
drome characterized by hypogammaglobulinemia, 
recurrent bacterial infections, and a variety of im-
munological defects [1]. To date, the exact pathoge-
netic mechanisms leading to its development have 
not been established, suggesting a major impairment 
in B cell differentiation and function. The role of T-
cell subpopulations in the mechanisms of disease 
development is poorly understood. Our previous 
studies demonstrated marked changes in a number 
of cell populations, including T-cell defects, asso-
ciated with impaired activation induced by CD3/
CD28 stimulation [2]. These data, as well as others 
presented in the literature, could not fully explain the 
impaired T- and B-cell maturation and cooperation 
and the lack of antibody synthesis in patients. There-
fore, it is necessary to study cell activation and dif-
ferentiation outside the classical activation pathway, 
including the study of the subtle intracellular mecha-
nisms of signal transduction. One of these mecha-
nisms is the phosphorylation of tyrosine, serine and 
threonine residues of protein molecules. The effect 
of this process is the control of gene regulation asso-
ciated with various cellular processes such as T- and 
B-cell activation, apoptosis, growth, cell cycle con-
trol, interaction with cytokines and chemokines, and 
stress responses. The Janus kinase/signal transducer 
and activator of transcription (JAK-STAT) signal-
ing pathway, which plays a key role in transmitting 
the signal from the cell membrane to the nucleus, is 
particularly important for immune function – from 
resistance to infection to maintaining immune tol-
erance, strengthening the protective functions and 
prevention of malignant transformation. Disor-
ders in the JAK-STAT system are associated with a 
number of autoimmune and malignant diseases. In 
recent years, primary immune deficiencies (PIDs) 
have been reported due to impaired function in the 
JAK-STAT signaling pathways associated with the 
phosphorylation of various proteins [3]. Deficiencies 
range from severe combined immune deficiency in 
cases of mutations in JAK3, through the moderately 
severe phenotype of hyper IgE syndrome associated 
with STAT3 mutations, to the heterogeneous clini-
cal picture in patients susceptible to mycobacterial 
infections due to impaired STAT1 activity [4, 5].

Studies on the immunological and infectious 
phenotype of patients with PID often confirm knowl-
edge about the function of these molecules. Thus it 
could be assumed that impaired antibody synthesis 
and cell dysregulation in patients with CVID is а 
complex process. On the one hand it is disturbance 
of B-cell differentiation, and on the other a defect in 
T- and B-cell activation and regulation. It depends 
on the system for phosphorylation of tyrosine, serine 
and threonine residues with subsequent disruption in 
T- and B-cell maturation and inefficient interaction. 

The aim of the study was to investigate cyto-
kine-induced T- and B-lymphocyte signaling involv-
ing the JAK/STAT signaling cascade and mitogen 
activated protein kinases (MAPK) in patients with 
nonfamilial hypogammaglobulinemia. Character-
ization of intracellular signaling pathways in CVID 
could reveal functional disturbances relevant for the 
pathogenesis of the disease.

MATERIALS AND METHODS

Clinical material
The present study included 10 patients with a 

confirmed diagnosis of Common Variable Immune 
Deficiency, which is based on the criteria of the Eu-
ropean Society of Immune Deficiency (ESID) and 
the Pan-American Group for Immune Deficiency 
(PAGID). The demographic data of the patients was: 
men – 4, women – 6, mean age – 43.7 years, the 
youngest patient was 27 y and the oldest was 63 y. 
The mean age of onset of symptoms was 21.8 years, 
with two patients having symptoms before the age 
of 10. Six of the patients were followed in the De-
partment of Clinical Immunology at the University 
Hospital „Alexandrovska“, Sofia in the last 10 years, 
three were registered 3 years ago and one was newly 
diagnosed. Initial and subsequent episodes of infec-
tion in each patient were recorded with information 
on the relevant pathogens in available microbiologi-
cal studies. At the time of testing, patients had no 
active infection. Clinical manifestations included 
involvement of various organs and systems, but the 
group was relatively homogeneous. In nine of the 
patients, the leading clinical symptoms were respira-
tory infections (mainly pneumonia and bronchitis), 
with bronchiectasis being diagnosed in 40%. Four 
patients had mild splenomegaly and 5 had gastro-
intestinal manifestations. None of the patients had 
lymphomas, solid tumors or autoimmune cytopenia. 
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During the study, 9 of the patients were on regular 
subcutaneous human immunoglobulin replacement 
therapy and one patient was therapeutically naive. In 
all patients, IgG levels were monitored monthly and 
reflected the good clinical effect achieved with ther-
apy. An exception was a patient in whom, despite 
treatment, severe pulmonary complications occurred 
and subsequently he died.

The control group included 10 clinically healthy 
unrelated individuals, comparable in sex and age 
with the studied patients. Selection criteria for 
healthy volunteers were the lack of clinical and lab-
oratory data on the presence of infection at the time 
of the study, as well as the lack of anamnestic data 
on immunomediated disease or on medications that 
may affect the immune response. Written informed 
consent was obtained from all study participants.

Multicolor flow cytometric analysis  
of phosphorylated signal-transducer  
molecules and protein kinases
The study of intracellular signaling pathways 

(MAPK and JAK/STAT) of T- and B-cell activation 
was performed with the BD Phosflow T-cell activa-
tion kit (Becton Dickinson, USA). The expression 
of the following phosphorylated proteins involved 
in signal transduction were determined – ERK1/2 
(extracellular signal-regulated kinase), STAT3 
(Signal transducer and activator of transcription 3), 
STAT5 and STAT6. The testing was performed ac-
cording to the manufacturer instructions, as previ-
ously described [6]. In brief, whole blood samples 
(200 mkl) were incubated in a 37º C water bath for 
15 minutes with specific activators – 2 μg/ml phor-
bol 12-myristate 13-acetate (PMA, Sigma) stimu-
lating ERK1/2 and 100 ng/ml recombinant human 
IL-2, IL-4 or IL-6 (BD Pharmingen, USA), stimu-
lating STAT5, STAT6 and STAT3, respectively. Af-
ter the activation, erythrocytes were lysed and leu-
kocytes fixed by adding 4 mL of pre-warmed Lyse/
Fix Buffer at 37°C for 10 to 12 minutes, and cells 
were washed with PBS. Permeabilization was per-
formed with 1 mL of cold Perm Buffer on ice for 30 
minutes followed by cell washing with Stain Buf-
fer. Thenafter cells were stained by incubation with 
20 μl cocktail of antibodies and 20 μl of the corre-
sponding phospho-specific antibody at room tem-
perature for 1 hour. CD4+ and CD8+ T-cell subsets 
were identified using a CD4 PerCP-Cy™5.5/CD8 
Alexa Fluor® 488/CD3 PE combination of fluores-

cent monoclonal antibodies provided with the kit. 
Phosphorylated cell-signaling proteins were deter-
mined by single-color Alexa Fluor® 647-conjugat-
ed fluorescent monoclonal antibodies specific for 
ЕRK1/2, STAT3, STAT5 and STAT6. To determine 
the activation of both T and B lymphocytes in one 
sample, we modified the procedure and included in 
the antibody cocktail a CD19 monoclonal antibody 
labeled with BV421 fluorochrome. Positive control 
cells (expressing upregulated levels of the targeted 
phosphoproteins) and negative control cells (ex-
pressing basal levels of the phosphorylated pro-
teins) provided in the kit were used in each experi-
ment. BD FACSCanto II flow cytometer and FACS 
Diva software were used for acquisition of events 
and analysis of data. Prior to running samples, the 
instrument was calibrated and fluorescent compen-
sations were adjusted using unstained cells to ad-
just the scatter and fluorescence setting, and control 
beads to set compensation.

The expression of intracellular phosphory-
lated proteins was determined by a histogram of 
Alexa Fluor 647 anti-phosphoprotein antibody. For 
each of the gated populations, the percentage and 
geometric mean fluorescence intensity (geo MFI) 
were analyzed (Fig. 1). The proportion of fluores-
cent cells in activator-treated blood samples was 
determined by the percentage shift of their histo-
gram relative to that of unstimulated cells. How-
ever, almost all cells (95-100%) showed activation 
of signaling pathways during brief stimulation (15 
minutes, 37° C). Therefore, we used another ap-
proach to assess the degree of phosphorylation – a 
comparison of the fluorescence intensity (geomet-
ric mean fluorescence intensity – geo MFI) of cells 
before and after stimulation with cytokines or PMA 
and the ratio (geo MFI index) between the values of 
these two indicators.

Statistical analysis
Non-parametric Mann-Whitney test and Stu-

dent’s t-test were used for comparison between two 
groups with non-normal and normal distribution, re-
spectively. The data were analyzed with SPSSv.16 
software. Although almost all studied parameters 
have Gaussian distribution, due to the small number 
of studied individuals in addition to mean ± sd we 
presented the results as the mean ± standard error 
(se) of the mean as well. P value < 0.05 was accepted 
as statistically significant. 
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RESULTS AND DISCUSSION

In the present study we evaluated constitutive 
and induced signaling using phospho-specific flow 
cytometry or the so-called „phospho flow“. This 
innovative approach provides clear advantages re-
lated to two key features of flow cytometry: multi-
parameter measurements and single cell level res-
olution. By measuring 10 or more parameters for 
each individual cell, „phospho flow“ allows a sen-
sitive and efficient analysis of signaling proteins. 
The kit used by us in principle enables analysis of 
phosphorylated ERK1/2, p38MAPK and STAT1, 

-3,-5,-6 in CD4+ and CD8+ T-cell subsets by flow 
cytometry. We optimized this phosphoflow assay 
in order to detect in a single sample T-cell as well 
B-cell signaling pathways phosphorylation. Our re-
sults for levels of phosphorylation were presented 
as geometric mean fluorescence intensity and geo 
MFI index of treated (stimulated) and untreated 
CD19+, CD4+ and CD8+ cells. Using these ap-
proaches some significant aberrations of intracel-
lular signal pathways activation in patients with 
CVID compared to healthy controls were observed 
shown in tables 1, 2 and 3. 

A. 	 B. 

Fig. 1. Representative histogram of basal (A) STAT5 activation (unstimulated lymphocytes) and IL-2 (100 ng/ml) induced STAT5 
phosphorylation, (B) Red histogram – lymphocytes; green histogram – T cells

Table 1. Comparative analysis of the activation of ERK1/2, STAT3, STAT5 and STAT6 signaling pathways in CD19+ cells in patients 
with CVID and controls

Parameter CD19 (U) Geo MFI
P

CD19 (T) Geo MFI
P

Geo MFI index
P

Tested patients controls patients controls patients controls
ERK

mean ± sd 13.44 ± 4.04 10.4 ± 1.96 0.048 92.33 ± 43.75 94.2 ± 33.12 0.919 7.3 ± 3.27 9.2 ± 3.35 0.22

Sd 4.04 1,96 43,75 33,12 3.27 3.35

mean ± se 13.44 ± 1.35 10.4 ± 0.62 92.33 ± 14.58 94.2 ± 10.66 7.3 ± 1.09 9.2 ± 1.06
STAT 3
mean ± sd 8 ± 0.12 7.7 ± 0.68 0.997 11 ± 1.58 13 ± 1.94 0.024 1.4 ± 0.22 1.7 ± 0.25 0.01

Sd 0,12 0,68 1,58 1,94 0.22 0.25

mean ± se 8 ± 0.37 7.7 ± 0.21 11 ± 0.53 13 ± 0.62 1.4 ± 0.07 1.7 ± 0.08
STAT 5

mean ± sd 13.33 ± 1.32 12.6 ± 1.65 0.298 13.11 ± 1.69 12.6 ± 1.26 0.471 0.98 ± 0.05 1 ± 0.08 0.44

Sd 1,32 1,65 1,69 1,26 0.05 0.08

mean ± se 13.33 ± 0.44 12.6 ± 0.52 13.11 ± 0.56 12.6 ± 0.4 0.98 ± 0.02 1 ± 0.03
STAT 6
mean ± sd 7.44 ± 1.01 7.3 ± 0.82 0.739 34.22 ± 2.68 33.7 ± 6.26 0.814 4.67 ± 0.74 4.63 ± 0.82 0.91

Sd 1,01 0,82 2,68 6,26 0.74 0.82

mean ± se 7.44 ± 0.34 7.3 ± 0.26 34.22 ± 0.89 33.7 ± 1.98 4.67 ± 0.25 4.63 ± 0.26
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Activation-induced signaling responses in B 
cells of CVID patients and healthy individuals
Significantly increased constitutive ERK 

phosphorylation levels (13.44 ± 4.04 vs. 10.4 ± 
1.96, p = 0.048; table 1) were observed in CD19+ B 
cells of CVID patients compared to healthy controls. 
Extracellular signal regulated kinases or classical 
MAP kinases are widely expressed protein kinase 
intracellular signaling molecules that are involved in 

the regulation of meiosis, mitosis and post-mitotic 
functions in differentiated cells. At the B-cell level, 
ERK play a key role in the differentiation of B lym-
phocytes into antibody-producing plasma cells by 
Blimp-1 protein (B lymphocyte-inducing maturation 
protein 1) [7]. Our results for elevated basal ERK 
activation of CD19+ cells in CVID patients are sup-
ported by two reports [8, 9]. Visentini et al. [8] found 
that constitutive phosphorylated ERK (pERK) levels 

Table 2. Comparative analysis of the activation of ERK1/2, STAT3, STAT5 and STAT6 signaling pathways in CD4+ cells in patients 
with CVID and controls

Parameter CD4 (U) Geo MFI
P

CD4 (T) Geo MFI
P

Geo MFI index 
P

Tested patients controls patients controls patients controls

ERK

mean ± sd 11.3 ± 3.59 8.5 ± 1.78 0.045 68.1 ± 36.55 86.6 ± 39.61 0.292 7.25 ± 4.48 115 ± 4.96 0.118

mean ± se 11.3 ± 1.14 8.5 ± 0.56 68.1 ± 11.56 86.6 ± 12.53 7.25 ± 1.42 115 ± 1.57

STAT 3

mean ± sd 11 ± 1.94 9.9 ± 2.69 0.509 47.2 ± 13.63 50.4 ± 8.76 0.541 4.33 ± 1.23 5.31 ± 1.21 0.089

mean ± se 11 ± 0.62 9.9 ± 0.85 47.2 ± 4.31 50.4 ± 2.77 4.33 ± 0.39 5.31 ± 0.38

STAT 5

mean ± sd 27.3 ± 8 28.9 ± 8.96 0.679 312.7 ± 42.15 239.2 ± 40.08 0.001 12.54 ± 4.34 8.66 ± 1.78 0.023

mean ± se 27.3 ± 2.53 28.9 ± 2.83 312.7 ± 13.33 239.2 ± 12.68 12.54 ± 1.37 8.66 ± 0.56

STAT 6

mean ± sd 7.2 ± 2.15 6.7 ± 1.06 0.521 27.2 ± 3.26 31.1 ± 6.66 0.12 3.94 ± 0.72 4.7 ± 1 0.068

mean ± se 7.2 ± 0.68 6.7 ± 0.34 27.2 ± 1.03 31.1 ± 2.11 3.94 ± 0.23 4.7 ± 0.23

Table 3. Comparative analysis of the activation of ERK1/2, STAT5, STAT6 and STAT3 signaling pathways in CD8+ T cells in patients 
with CVID and controls

Parameter CD8 (U) Geo MFI
P

CD8 (T) Geo MFI
P

Geo MFI index
P

Tested patients controls patients controls patients controls

ERK

mean ± sd 12.4 ± 4.11 9.9 ± 1.85 0.097 60.2 ± 29.92 82.1 ± 41.89 0.197 5.64 ± 3.23 8.33 ± 3.99 0.116

mean ± se 12.4 ± 1.3 9.9 ± 0.59 60.2 ± 9.46 82.1 ± 13.23 5.64 ± 1.02 8.33 ± 1.26

STAT 3

mean ± sd 8.8 ± 0.79 9.3 ± 2.63 0.576 43.9 ± 21.24 51.6 ± 6 0.285 4.96 ± 2.33 5.82 ± 1.23 0.317

mean ± se 8.8 ± 0.25 9.3 ± 0.83 43.9 ± 5.12 51.6 ± 1.9 4.96 ± 0.74 5.82 ± 0.39

STAT 5

mean ± sd 16.2 ± 3.26 23 ± 7.93 0.028 294.1 ± 28.6 277.8 ± 38.79 0.300 18.77 ± 3.77 12.81 ± 2.79 0.001

mean ± se 16.2 ± 1.03 23 ± 2.51 294.1 ± 9.04 277.8 ± 12.27 18.77 ± 1.19 12.81 ± 0.88

STAT 6

mean ± sd 7.42 ± 1.17 8.7 ± 4.76 0.421 19.9 ± 2.42 27.5 ± 5.06  < 
0.001 2.73 ± 0.41 3.57 ± 1.12 0.045

mean ± se 7.42 ± 0.37 8.7 ± 1.51 19.9 ± 0.77 27.5 ± 1.6 2.73 ± 0.13 3.57 ± 0.35

Tables legend: mean – mean value; sd – standard deviation; se – standard error; U – unstimulated cells; T – cells treated with activa-
tors; Geo MFI – geometric mean fluorescence intensity; Geo MFI index – index of the geometric mean fluorescence intensity = Geo 
MFI of treated cells/Geo MFI untreated cells
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were increased in naive and IgM+ memory B cells in 
CVID patients compared to those in healthy donors, 
while BCR-induced increase in pERK was relatively 
limited. The authors noted that the B cells of CVID 
patients with an expansion in the low CD21 express-
ing population (CD21Low) resemble „anergic B 
cells“ based on high basal pERK expression. In ad-
dition, IgM+ memory B cells in patients, especially 
those with CD21Low phenotype, have a defect in 
BCR endocytosis, probably caused by dysregula-
tion in ERK signaling. On the other hand, „anergic 
B cells“ exist as different immunophenotypes. For 
example, in patients with rheumatoid arthritis and 
CVID, „anergic“ cells are predominantly CD21-/
Low naive B cells that have never been involved in 
the immune response, while „anergic“ cells isolated 
from healthy or from individuals with chronic in-
fectious diseases have predominantly CD21−/Low 
IgG memory phenotype [10]. In previous studies on 
the same CVID patients we have observed very low 
numbers of circulating mature (CD21+CD24+) and 
isotypically switched memory (IgM-IgD-CD27+) 
B cells and high levels of non-class switched 
(IgM+IgD+CD27+) memory B cells [2]. Given the 
already established predominant phenotype of non-
class switched memory B-cells and the present data 
of increased constitutive levels of pERK, we could 
assume that this phenomenon may be responsible 
for B-cell anergy in this disease. However, it should 
be noted that 9/10 of our patients are treated with 
immunoglobulin replacement therapy. Experiments 
in vitro demonstrated sustained ERK activation in-
duced by treatment of normal B cells with IVIG 
[11]. Moreover, intravenous administration of im-
munoglobulins induces up-regulation of pERK 
expression in B cells of CVID patients, which are 
thought to be intrinsic feature of CVID B cells [11]. 
Taking in consideration the above mentioned find-
ings we could speculate that our observation of in-
creased basal pERK may be also explained with the 
effect of immunoglobulin replacement therapy.

Another finding concerning B cells was a low 
IL-6 induced STAT3 activation in patients com-
pared to controls (Geo MFI: 11.0 ± 1.58 vs. 13.0 ± 
1.94, p = 0.024; Geo MFI index: 1.4 ± 0.22 vs. 1.7 ± 
0.25, p = 0.01, table 1, fig. 1). Results obtained from 
B-cell STAT3-deficient mice showed that STAT3 
signals in B cells are essential for the formation and 
function of germinal centers, as well as for antibody 
response [12]. Furthermore, dysregulation of STAT3 

pathway resulted in defect in plasma cell differen-
tiation and decreased autoantibody production by 
STAT3 deficient autoreactive B cells. Studies in hu-
mans also demonstrated that inactivating mutations 
in STAT3 lead to impaired IL-10 and IL-21-medi-
ated differentiation of naive B cells in plasmoblasts 
[13]. In the present study we found reduced IL-6 
stimulated phosphorylation of STAT3 in CD19+ B 
lymphocytes of CVID patients compared to healthy 
controls. It is known that in B-cell responses, IL-6 
interacts sequentially with JAK1, JAK2 and Tyk2, 
which are phosphorylated and activate subsequent 
elements of the signaling pathway, in particular 
STAT3. However, activation of JAK1 is not a pre-
requisite for the activation of this cascade [14] and 
in this case we could partially rule out defects in the 
JAK system responsible for the disturbances we ob-
served. 

Like us, Borzutzky et al. [15] observed defec-
tive activation of STAT3 in the B cells and suggest-
ed that this may contribute to the impaired antibody 
response in CVID. Opposite to these findings, Cle-
mente et al. [16] reported increased STAT3 phos-
phorylation in CD27+ B cells in patients with CVID, 
but this process is associated with еxperimentaly in-
duced modifications in T-dependent, T-independent 
and BCR signaling by IL-21. Thus, the deficiency 
in IL-6-STAT3-mediated signaling found in our 
study could explain the defective B-cell maturation 
and immunoglobulin production reported in CVID 
patients. IL-2-induced p-STAT5 and IL-4-induced 
p-STAT-6 in B cells of our patients were similar to 
those of healthy controls (table 1). Our results are 
supported by the same observation for IL-4-stimu-
lated pSTAT-6 [9]. The above findings gave reason 
to these authors and us to suggest that the failure 
to secrete antibodies in patients with CVID is not 
associated with defects in these cytokine signaling 
pathways.

Activation-induced signaling responses in T 
cells of CVID patients and healthy individuals
Characteristics of CVID T-cell abnormalities in-

clude decreased T-cell count, decreased lymphocyte 
proliferation in response to mitogens and antigens, 
defective T-cell signaling, decreased regulatory T-
cells (Tregs), uncontrolled T-cell polarization, in-
creased activation markers as well as abnormalities 
in cytokine production due to gene polymorphism 
[17]. It has been found that signal strength by TCR 
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can affect the type of cell differentiation in T cells. 
Strong and prolonged ERK signal stimulation leads 
to the transformation of Th1 cells, while weak an-
tigen stimulation or attenuation of the ERK signal 
causes IL-2-dependent STAT5 phosphorylation [18]. 
Loss of ERK2 severely impairs Th1 differentiation 
and at the same time stimulates the development of 
induced Foxp3+ Tregs (iTregs). Our data showed 
higher basal ERK phosphorylation in CVID 
CD4+ cells as compared to CD4+ cells in healthy in-
dividuals (11.3 ± 3.59 vs. 8.5 ± 1.58, p = 0.45; table 
2). We could suggest that the increased constitutive 
ERK signaling found in helper lymphocytes may fa-
vor a Th1 cytokine polarization in CVID patients. 
In this way, although indirectly, our results support 
existing data on the prevalence of Th1 phenotype in 
this PID. 

Different members of the STAT family have 
specific roles in determining T-cell differentiation in 
response to certain cytokines. In general, Th1 cell 
differentiation is mediated by the IFN-γ-STAT1 and 
IL-12-STAT4 axes, Th2 differentiation by the IL-4-
STAT6, Th17 and IL-6-STAT3 axes. Treg regulation 
is performed by the IL-2-STAT5 interaction [19].

The signal transducer and transcription activa-
tor 5 (STAT5) refers to two interconnected protein 
molecules, STAT5a and STAT5b [20]. Although 
STAT5a and STAT5b are encoded by different genes, 
their proteins are 90% identical at the amino acid se-
quence level. STAT5 has been shown to be critical 
for the survival of virus-specific CD8 T cells and the 
expression of Bcl-2. In contrast, the number of ef-
fector CD4 T cells under viral infection conditions 

remained unaffected by the absence of STAT5a/b. 
TGF-β, IL-2 and STAT5 are key regulators of Treg 
differentiation in the thymus and periphery. STAT5a 
binds directly to the Foxp3 gene, thus activating its 
expression [21]. In addition, STAT5a/b regulates 
IL2ra, the expression of which is also critical for 
Treg cells. At the same time, IL-2 interaction with 
STAT5a/b has been found to be an important nega-
tive regulator of Th17 differentiation. Stimulation 
with IL-2 has been found to be critical not only for 
the control of Treg formation, but also for the dif-
ferentiation of CD4+ T cells in effector populations 
after antigen-mediated activation. With respect to 
CD8+ T cells, IL-2 signals optimize both the genera-
tion of effector T cells and their differentiation into 
memory cells [22].

In the present study we found elevated IL-2 
induced STAT5 phosphorylation in CVID CD4+ 
cells compared to healthy individuals (Geo MFI: 
312.7 ± 42.15 vs. 239.2 ± 40.08, p = 0.001 and 
STAT5 activation index: 12.54 ± 4.34 vs. 8.66 ± 
1.78, p = 0.023; table 2, fig. 2). In contrast to our 
data other investigations revealed low expression of 
p-STAT5 in CVID patients [23], especially in Tregs 
[24]. It is worth noting that decreased p-STAT5b 
phosphorylation was associated with impaired Treg 
function that was characteristic feature for CVID 
patients with autoimmune diseases [25]. Moreover, 
decreased number of Tregs was observed in patients 
with STAT5b deficiency but normal STAT5a levels 
[26]. Also significantly increased pSTAT5 levels in 
resting Tregs (CD45RA+FOXP3low), non-Tregs 
but not in activated Tregs (CD45RA−FOXP3high) 

А. 	 B. 
Fig. 2. STAT3 signaling in CD19+ B cells. Levels (A. geo MFI, p = 0.024; B. geo MFI index, p = 0.01) of STAT3 phosphorylation in 
healthy controls and patients with CVID



27Аbnormalities in T- and B-cell activation signaling pathways...

CD4+ T-cell subsets from patients with SLE were 
observed, that may confer proliferation of conven-
tional T cells over activated Tregs [27]. In the cur-
rent study we analysed pSTAT in total CD4+ cells 
and we could not distinguish between STAT5a and 
STAT5b phosphorylation. On the other hand, only 
one of our patients was with a presumably autoim-
mune pathology (seronegative RA). The above find-
ings may partly explain the lack of a reduced pSTAT 
level in CD4+ cells of our CVID patients. 

Increased STAT5 phosphorylation in CD8+ 
T cells was also observed by us (MFI index: 18.77 
± 3.77 vs. 12.81 ± 2.79, p = 0.001; table 3) in re-
sponse to IL-2 but this is mainly due to a lower 
basal pSTAT5 (16.2 ± 3.26 vs. 23.0 ± 7.93; p = 
0.028). Activation of STAT5 has different effects 
on CD8+ and CD4+ T cells. While STAT5 in CD4 
cells is important for Treg survival, its activation 
in CD8 is associated with selective expansion of 
CD8+ memory-like T cells [28]. Therefore elevat-
ed IL-2/STAT5 signaling observed in CD8+ cells 
could be one of the reasons for the changes in the 
cell subsets of our CVID patients described by us 
in previous studies, related to expansion of terminal 
effector (CD8+CD45RA+CD62L-) T cells, memo-
ry/effector (CD8+CD28-CD27-) and terminally 
differentiated (CD8+CD57+) T lymphocytes [2].

Fig. 3. STAT5 signaling in CD4+ T cells. STAT5 phosphory-
lation levels in healthy controls and patients with CVID  
(p = 0.001)

Like other STAT proteins, STAT6 is phos-
phorylated by tyrosine from the JAK kinases 
JAK1 and JAK3. STAT6 can exist in different iso-

forms depending on the tissues and cells in which 
it is tested. Although the main activators of STAT6 
are IL-4 and its similar IL-13, other stimuli have 
been reported that can activate STAT6. STAT6 
deficient T helper cells are unable to differenti-
ate into Th2. IL-4-dependent differentiation of T 
helpers to Th2 has been shown to require activa-
tion of STAT6, for which several transcriptional 
regulatory factors such as GATA-3 and c-maf are 
important [29]. In addition, STAT6-deficient ani-
mals are unable to develop an immune response 
to helminth parasites. IL-4 and STAT6 also play a 
role in the pathogenesis of allergic asthma. Given 
its function of transmitting IL-4-mediated signals, 
STAT6 is an important regulator of Th9 cells [30]. 
These cells have been suggested to be important 
for immunity against helminthic/parasitic infec-
tions and/or initiation of an inflammatory process 
[30]. STAT6 signaling is also important for the 
activation of CD8+ T cells, most likely in the di-
rection of regulation of antigen presentation [31]. 
Other data suggest that STAT6 is required for the 
in vitro differentiation of CD8+ cells in IL-4 se-
creting cytotoxic cells of type 2 [32]. 

Our results indicated a significant decrease 
in the level of IL-4 induced p-STAT6 expression 
in CVID CD8+ T cells demonstrated by lower geo 
MFI (19.9 ± 2.42 vs. 27.5 ± 5.05, p < 0.001, table 
3, fig. 3) and as a consequence a decreased geo 
MFI index (2.73 ± 0.41 vs. 3.57 ± 1.12, p = 0.045; 
table 3, fig. 3, 4). These data are consistant with the 
observations of  Taraldsrud et al. [33] who iden-
tified a subgroup of CVID patients with impaired 
IL-4-induced p-STAT6 in CD8 and CD4+ T cells. 
Since this disturbance persisted over years and was 
not related to constitutively activated STAT6 phos-
phorylation the authors discussed as a mechanism 
an impaired IL4 signaling in T cells. Provided that 
STAT6 promotes the differentiation of lymphocytes 
in type 2 secretory populations, as well as promotes 
the maturation and differentiation of IL-9-produc-
ing T lymphocytes, impaired functional activity of 
this activator could be the cause of the gastrointes-
tinal pathology observed in CVID associated with 
colonization with Giardia lamblia and Blastocystis 
hominis. Last but not least, a significant proportion 
of the patients studied also reported allergic pathol-
ogy, which could be related to impaired STAT6 sig-
naling as well.
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Clinical relevance of signaling pathways 
abnormalities in individual patients with CVID. 
CVID is the most heterogeneous immune deficien-
cy in terms of symptomatic manifestation. In some 
cases patients with CVID could be subdivided into 
clinical phenotypes for better prediction the dis-
ease course and possible complications. Although 
the group of patients we studied was not large, we 
assigned patients to one of the four main well es-
tablished clinical phenotypes: 1. Lack of other dis-
ease-associated complications (infections only); 2. 
Cytopenias (thrombocytopenia, autoimmune hae-
molytic anemia, and/or neutropenia), manifestations 
of autoimmunity; 3. Polyclonal lymphoproliferation 
(granuloma, lymphocytic interstitial pneumonia, 
persistent, unexplained lymphadenopathy) 4. Unex-
plained enteropathy. 70 % of the patients belonged to 
type 1, one patient had phenotype 3 and two patients 
had phenotype 4. Phenotype 2 was not observed at 
all. The analysis of the data from the studied sig-
naling pathways of the individual patients did not 
establish a close correlation with a certain clinical 
phenotype (data not shown). However, we observed 
the following trends: the two patients identified with 
phenotype 4 had similar profiles of changes in sig-
nal transduction, associated mainly with increased 
STAT5 signaling activity, with no other significant 
deviations in the other pathways studied. Based on 
our knowledge of STAT5 regulation, we could as-
sume that Treg cell dysfunction could be predomi-
nant in these patients. Four out of the 7 phenotype 1 

patients had similar changes in signaling pathways, 
namely low STAT3 activation capacity combined 
with increased STAT5 phosphorylation. Unifying 
clinical features in these patients were severe in-
fections of the respiratory system and the develop-
ment of bronchiectasis in three of them (one of the 
patients died due to complicated bronchiectasis), as 
well as the presence of splenomegaly. It is possible 
that the IL-6-STAT3-mediated signaling associated 
with impaired B cell maturation in patients in com-
bination with the imbalance in Treg cell populations 
may predetermine the more severe course of infec-
tions. In addition, disorders in STAT5 could lead to 
chronic inflammation. In three of the four patients, 
there were signs of persistent inflammation, includ-
ing increased catabolism, despite control of infec-
tious pathology and immunosubstitution. 

A similar approach to data interpretation could 
contribute to the introduction of a new patient cate-
gorization algorithms, and possibly the development 
of new therapeutic options. Neveretheless it should 
be emphasized that for a correct interpretation of the 
changes in activation signal pathways in the context 
of clinical manifestation, the study of cytokine se-
cretion and capacity in patients is essential as well.

CONCLUSION

Thanks to a modern methodology for assessing 
the intracellular signals responsible for the sponta-
neous and induced immune response, the signaling 
profile of patients with primary hypogammaglobu-

	
Fig. 4. STAT6 signaling in CD8+ T cells. Levels (geo MFI) 
of STAT3 phosphorylation in healthy and patients with CVID 
(p < 0.001)

Fig. 5. STAT6 signaling in CD8+ T cells. STAT6 phosphory-
lation index (geo MFI index) in healthy controls and patients 
with CVID (p = 0.045)
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linemia was studied. Detailed analysis of the JAK/
STAT signaling cascade and mitogen activated pro-
tein kinases (MAPK) in patients with CVID showed 
a number of abnormalities that could underlie the 
pathogenesis of this disease and could predetermine 
immunological and clinical variations. The limita-
tion of the current research is the relatively small 
number of studied patients and controls respectively, 
which is mainly due to the low population frequency 
of the disease. More in-depth and extensive studies 
in a larger group of patients, and analysis of the genes 
encoding these signaling pathways also needed to 
clarify the changes we have observed. Investigation 
in this direction would lead to the introduction of a 
new approach in patient’s assessment and categori-
zation, including the development of new strategies 
for therapeutic interventions.
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CASE REPORT

INTRODUCTION

Systemic lupus erythematosus (SLE) is a sys-
temic autoimmune disease characterized by autoan-
tibody production and varying clinical features [1]. 
Over time, a clearer picture of early SLE has emerged 
due to our improved knowledge of autoantibodies 
and comprehensive immune mechanisms anticipat-
ing disease pathogenesis [1]. Combining clinical and 
serological criteria has led to improved diagnostic 
sensitivity and hence to enhanced ability to recog-
nize disease while still displaying only unspecific or 
early symptoms [2]. Fever could be considered one 
such unspecific symptom that often (41%) accompa-
nies SLE [3]. However, a variety of conditions can 

cause fever, and in case of it, it is mandatory to rule 
out infectious disease. 

This case report aims to present a clinical case 
of a patient expressing clinical and serological fea-
tures of SLE and Q-fever concurrently, thus bringing 
a substantial burden to the diagnostic and therapeu-
tic process. Both conditions: autoimmune disease 
and infectious disease, also pose the need to examine 
the relationship and causal link between SLE and Q-
fever in turn as a possible triggering factor. 

Q-fever is a zoonosis caused by Coxiella bur-
netii [4], an intracellular bacterium. Upon inhalation, 
40% of infected patients develop acute Q fever, and 
1-5% develop chronic Q fever, characterized by the 
persistence of C. burnetii. Acute Q fever manifests 
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with high fever, hepatitis, pneumonia, and chronic 
Q fever, often with endocarditis [5]. According to 
the literature, Q-fever is often accompanied by au-
toimmune phenomena and various autoantibodies 
and B-cell dyscrasia such as cryoglobulinemia [6]. 
The prevalence of autoantibodies during Q-fever is 
generally high; anti-cardiolipin antibodies are found 
in 47-81% of cases [6], ANA 13%, and the highly 
specific anti-dsDNA antibodies 4% [6].

CLINICAL CASE DESCRIPTION

A 51-year old female presented with high fevers 
with chills about a year and a half ago. Initially, no 
organ symptoms were displayed. Moderately elevat-
ed inflammatory markers and mild anemia were also 
registered: CRP – 21,4 mg/L (< 6); HGB-117g/L 
(120-160 g/L); Percentage of Lymphocyte – 10,2% 
(20-48%); Ferritin – 159 µg/l (30-140 µg/l); D-Di-
mer – 1,71(< 0,55 mg/L). After ruling out the com-
mon causes by both diagnostic screening tests and 
usual treatment with no effect, she was admitted to 
an infectious disease department. All types of viral 
hepatitis, mononucleosis, Brucellosis, HIV showed 
negative serologically. Quantiferon TB Gold Plus as 
a screening test for tuberculosis infection was also 
performed, and the result was negative. However, 
antibodies for Coxiella burnetti were borderline – 
both II phase IgM and IgG were 1,2 mg/l (Negative 
< 0,8 mg/l). According to the guidelines, the patient 
was treated with fourth-generation cephalosporin 
during the hospital stay and Doxycycline afterward. 

Besides screening test for Antinuclear Autoan-
tibodies (ANA) also was performed. Indirect immu-
nofluorescence (IIF) on HEp-2 cells (HEp2, Biosys-
tems, Spain) as a screening method for the detection 
of ANA was applied and of the immunofluorescence 
staining pattern (anti-cell pattern, AC) according 
to the International Consensus on ANA Patterns 
(ICAP) [7] was determined. ANA in titer of 1:640 
was observed. However, given the positive Q-fever 
results and the lack of other symptoms, it was inter-
preted as „infectious“ antinuclear antibodies. Cryo-
globulinemia was not detected. 

Over the following year, the patient continued 
experiencing variable grade fever unresponsive to 
antibiotic treatment even though treatment guide-
lines for Q-fever were repeated several times with 
fluctuating serological response. Along the way, yet 
another symptom emerged – chest pain and dyspnea, 
which turned out to be caused by bilateral pleural 

effusions but no parenchymal or interstitial lung 
changes. A small pericardial effusion was found as 
well. This polyserositis had a fluctuating course, not 
always following the therapeutic endeavors. Eventu-
ally, extended immunological testing was performed 
along with Coxiella burnetti RT-PCR (Real Time 
Polymerase Chain Reaction). ANA titer tested above 
1:1280, with a homogenous or AC-1 immunofluo-
rescent staining pattern, 200 U/ml anti-dsDNA an-
tibodies by ELISA, and several specific antibodies 
tested positive as well: against Nucleosomes (35 rU/
ml, cut-off 10 U/ml), histones (12 rU/ml, cut-off 10 
U/ml), anti-Ro60 (35 rU/ml, cut-off 10 U/ml) and 
anti-Ro52 (38 rU/ml, cut-off 10 U/ml) according to 
the immunoblot. The patient was weakly positive 
for anti-cardiolipin antibodies (14,3 U/ml, cut-off 
10 U/ml). She had slightly decreased levels of C4 
(0.12 g/l, RR 0.13-0.39), while C3 was in reference 
ranges. Anti-neutrophil cytoplasmic antibodies on 
indirect immunofluorescence ANCA were negative, 
as well as anti-PR3 and anti-MPO autoantibodies. 
However, RT-PCR for Coxiella burnetti tested posi-
tive as well. The patient denied contact with animals 
as a possible mechanism of disease transmission. 

After several consultations with infectious dis-
ease specialists, active Q-fever was ruled out un-
equivocally given the lack of typical symptoms, 
the borderline result regarding the anti-Coxiella 
antibodies and the several adequate antibiotic regi-
mens have undergone. For that reason, the diagnosis 
of systemic lupus erythematosus was considered as 
more explanatory in compliance with the principle 
of the novel ACR/EULAR 2019 additive criteria 
[8]. Hence, we initiated treatment with low dose oral 
corticosteroids, and we observed an immediate ef-
fect on fever. 

However, the patient was somewhat reluctant 
to admit systemic lupus as a possible diagnosis and 
insisted on further testing via PET-CT scanning. To 
minimize the risk of blurring any PET scan results, 
steroids were tapered and stopped. While wait-
ing for the appointed procedure, a new symptom 
emerged – pain and swelling in the left jaw and ipsi-
lateral cervical lymph nodes. Dentists removed one 
tooth and performed a small incision of the gingiva, 
which proved a picture of a not severe granuloma. 
The PET-CT scan revealed high metabolic activity 
in the jaw, and cervical nodes, mildly enlarged and 
active spleen, few focuses in the lungs described as 
convalescent compared with the lung‘s previous CT 
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scan, and few abdominal and pelvic lymph nodes. 
The radiologists interpreted all these as inflamma-
tory changes in the first place. 

Table 1. Patient‘s symptoms under ACR/EULAR 2019 cri-
teria

ACR/EULAR 2019 CRITERIA FOR SLE

CRITERIA SYMPTOMS Weight Score 

ENTRY CRITERION*

¾¾ ANA titer of 1 ≥ 80 (IIF, Hep-
2 cells)

ANA titer > 
1:1280 AC-1

Entry 
criterion

ADDITIVE CRITERIA**

ClINICAL DOMAINS AND 
CRITERIA

¾¾ CONSTITUTIONAL FEVER 2 2

¾¾ CUTANEOUS DOMAIN / / 2

¾¾ ARTHRITIS DOMAIN / / 2

¾¾ NEUROLOGIC DOMAIN / / 2

¾¾ SEROSITIS DOMAIN PLEURAL 
EFFUSION 5 7

¾¾ HEMATOLOGIC DOMAIN / / 7

¾¾ RENAL DOMAIN / / 7

IMMUNOLOGIC DOMAINS

¾¾ ANTIPHOSPHOLIPID ANTI-
BODIES ACL  2 9

¾¾ COMPLEMENT PROTEINS 
DOMAIN 3 12

¾¾ HIGHLY SPECIFIC ANTI-
BODIES

Anti-dsDNA 
> 200 6 18

*Еntry criterion: if absent, do not classify as SLE. If present, 
apply additive criteria.

**Additive criteria: the single occurrence of a criterion is suf-
ficient to count as SLE; where multiple criteria occur, they need 
not be present simultaneously. To improve sensitivity, an SLE 
classification requires at least one clinical criterion. Criteria 
are weighted according to their relative contribution to an indi-
vidual‘s SLE classification; only the highest weighted criterion 
within a domain is counted. Score > 10 suggests SLE.

DISCUSSION 

The described case constitutes a diagnostic 
challenge given the lack of specific symptoms and 
organ changes, on the one hand, and overlapping and 
somewhat contradicting laboratory (i.e., serological, 
immunological, and microbiological) changes on 
the other. On top of that, a tooth infection appears 
to interfere and pose additional questions. In terms 
of differential diagnosis, we see four possible expla-
nations: systemic lupus with false-positive tests for 
Q-fever as secondary phenomena and an occasional 
tooth granuloma; Q-fever with false-positive lupus 

tests as secondary phenomena and occasional tooth 
granuloma; systemic lupus, which began by a Q-
fever cured over the course and an occasional tooth 
granuloma; last and least plausible – smoldering 
tooth granuloma (which emerged only after steroid 
therapy) with secondary serological and immuno-
logical changes. 

Systemic lupus erythematosus and secondary 
Q-fever changes. The patient unequivocally meets 
the 2019 ACR/EULAR classification criteria for 
SLE [8]. She has a fever, pleurisy, possible pneu-
monia, polyserositis, and even mild arthralgias 
combined with high ANA titer, high ANA speci-
ficities, low complement, and high anti-cardiolipin 
antibodies. Furthermore, fever and pneumonia have 
been described as often the initial symptoms of SLE 
[3]. Thus a question about false-positive antibodies 
against Coxiella burnetti emerges and evens more – 
about false-positive RT-PCR results. However, there 
are no described cases of such phenomena – neither 
for antibodies nor for PCR testing. Furthermore, 
even if a possible similarity between antibodies or 
antigens could be considered, there would be no 
plausible explanation for detecting a specific part of 
the Coxiella burnettii‘s DNA in the peripheral blood.

Q-fever with secondary lupus-specific antibod-
ies. Q-fever is a universal zoonosis, and infected 
animals excrete the organism in the feces, urine, and 
milk. The usual route of human infection is the inha-
lation of pseudospores. It is asymptomatic in many 
patients (up to 50% in some series), and most cases 
occur as an acute process, which presents with fever 
and pneumonia or liver disease. Diagnosis often re-
lies on indirect techniques; one of the most widely 
used is indirect immunofluorescence, which shows 
a 97% sensitivity and specificity of 100% for phase 
II IgG in some studies. In acute infection, it is com-
mon to find elevated antibody titers to phase II an-
tigens, while those directed to phase I antigens are 
more characteristic of chronic infection. In the acute 
phase, real-time PCR from blood culture provides a 
diagnosis. The patient has them both positive.

Moreover, several clinical cases are described 
with a definite Q-fever diagnosis displaying more 
than one lupus-specific antibody and similar symp-
toms, which resolved after proper antibiotic treat-
ment [9, 10]. In one of them, specific ANA persisted 
about a year after [9]. Of course, such cases bring 
up the question of causality – the ANA antibodies 
may have been present before the infection. This 
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is particularly valid for one of the cases where the 
symptom onset was two weeks before the diagnostic 
procedures, which may be too short to form ANA. 
Moreover, there is no follow-up to see whether later 
an overt SLE has developed as it is well-known that 
ANAs appear long before symptoms [11]. In our pa-
tient, making a diagnosis of an isolated Q-fever ap-
pears not to be the case for two reasons. First, lung 
involvement is not typical as there is no interstitial or 
parenchymal disease, only bilateral effusions. Sec-
ond, the patient underwent multiple adequate antibi-
otic regimens without definite symptom resolution. 

Systemic lupus, which developed after initial Q-
fever. Given all previously discussed, we believe a 
Q-fever has triggered systemic lupus that overtook 
the condition‘s symptoms. Moreover, the positive 
RT-PCR result, but the lack of typical symptoms for 
latent Q-fever and borderline result for anti-C. bur-
netii antibodies, can be explained with a normal res-
olution phase of C. burnetii infection and subsequent 
attenuation of the anti-C. burnetii immune response. 
On the other hand, we do not know for how long 
the patient has had ANA. It is a well-recognized fact 
that it is often an infection that arouses the immune 
system, and in our case, this is the Coxiella burnetti, 
parts of which are undisputedly found present in pa-
tient‘s peripheral blood (PCR) along with the proof 
that the immune system has met it (the specific im-
munoglobulins). 

Smoldering tooth granuloma, accelerated by 
corticosteroid therapy. This hypothesis seems very 
unlikely to explain the condition from its beginning 
as the patient has not experienced even mild local 
complaints. Besides, such an infection would have 
evolved into a systemic inflammatory syndrome, yet 
blood cultures tested negative.

CLINICAL PEARLS 

Nowadays, there is a tendency in diagnostics to 
rely too much on specific tests. In a way, we believe 
that the deeper we dive into pathogenesis by measur-
ing its „pivotal players“, the more unequivocally we 

can make the proper diagnosis. However, the above-
described case, together with the referenced ones, 
demonstrates that only by considering everything 
altogether – from clinical features, through immu-
nology and genetics, and ending with PET-CT scan 
– can we hope to interpret the puzzle of the patient‘s 
condition correctly. 
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SCIENTIFIC REVIEW

INTRODUCTION

In the year 2002, Dunn and Schreiber developed 
the concept of ”cancer immunoediting” [1].

Cancer immune surveillance is now thought to 
be a part of a more general process of cancer immu-
noediting. With the prevention of tumor formation, 
the immune system selects tumor variants with re-
duced immunogenicity. This allows the cancer cells 
to escape detection and elimination by the immune 
system [1]. Therefore cancer progression is a result 
of the interactions between the protective mecha-

nisms of the host on one side and on the other side 
– the tumor mechanisms that lead to development of 
malignancies.

Major histocompatibility complex (MHC), 
also known as Human leukocyte antigens (HLA) 
in humans, are molecules specialized in antigen 
presentation to T-cells. The TCR interacts with 
peptides derived from processed cellular and exog-
enous proteins to monitor self and non-self status. 
As natural killer (NK) cell ligands, HLA molecules 
also determine the degree of activation and killing 
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capacity of NK cells by interacting with NK recep-
tors. Any change in the HLA profile of tumor cells 
may therefore have a profound influence on the im-
mune recognition and immune rejection of cancer 
cells [2].

Heterogeneity of cell populations in primary 
tumors and the generation of many variants with 
different HLA phenotypes, selected through meta-
static colonization, leads to difficulties and chal-
lenges in the development of specific and effective 
therapies [3].

The aim of this review is to summarize the lit-
erature data about the role of HLA in cancer immune 
modulation. 

CANCER IMMUNOEDITING AND TUMOR 
VARIANTS DEVELOPED IN THE  

EQUILIBRIUM PHASE 

In interactions between the host and tumor cells, 
there are three distinguished phases called the three 
E’s: elimination, equilibrium and escape [4] (Fig. 1). 

If the elimination process is successful, the 
developing tumor will be completely eliminated. 
Elimination deals with the invasive growth of the tu-
mor, which induces inflammatory signals and innate 
system cells to gather into the site. Natural killer T 
cells (NKT), NK, γδ T cells, macrophages and den-
dritic cells recognise transformed cells and begin 
producing interferon-γ (IFN-γ). Then, IFN-γ induces 
production of chemokines (CXCL10, CXCL9 and 
CXCL11), which are able to block the angiogenesis 
within the tumor, and tumor cell debris is ingested 
by dendritic cells. After that, tumor cells are killed 
by tumor necrosis factor-related apoptosis-inducing 
ligand perforin, and reactive oxygen and nitrogen in-
termediates. At the end, cytotoxic T lymphocytes in 
the tumor site destroy the remaining antigen-bearing 
tumor cells [1].

Resistant to immune effector cells variants are 
formed through the equilibrium. They are capable 
of surviving in immunocompromised hosts, which 
explains the paradox of tumor formation in immune 
intact individuals. The pressure of immune selection 
gives preference to tumor cell clones with a non-
immunogenic phenotype. The equilibrium phase is 
the longest and can continue for years [5]. During 
this selection phase, many of the original variants of 
the tumor cell are destroyed, but new variants arise, 
carrying different mutations that provide increased 
resistance to immune attacks. 

In the final phase (escape), tumor variants with 
epigenetic changes start dividing in an uncontrolled 
manner, which results in the development of a ma-
lignant disease [1].

Fig. 1. Phases of cancer immunoediting. Legend: N – normal 
cell, T – tumor cell, NK – natural killer, M – macrophage, CD8+ 
– T cytotoxic cell, CD4+ –T helper cell, DC – dendritic cell, TAs 
– tumor antigens, Treg – T regulatory cell

MECHANISMS OF HLA CLASS I  
EXPRESSION LOSS IN TUMOR TISSUES

The occurrence of HLA class I antigenic dis-
ruptions is one of the main mechanisms for immune 
evasion and destruction by the immune system of 
human cancer cells. The mechanism is clinically 
relevant, due to its association with poor prognosis 
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in different cancer types. The disruption in expres-
sion, regulation and/or function of components of 
this mechanism is associated with the development 
of resistance to T cell-based immunotherapies [6].

HLA is located in the distal part of the short 
arm of the sixth chromosome (6p21.3) and covers 
over 4Mb of DNA. There are more than 220 genes 
separated into 3 regions, according to the structure 
and function of their coded molecules. HLA class I 
and class II regions encode polymorphic membrane 
glycoproteins, involved in antigen presentation on 
T lymphocytes, through which they induce immune 
response (Fig. 2). HLA class I proteins (HLA-A, -B 
and -C) present peptides from endogenous proteins 
to cytotoxic T lymphocytes. HLA class II proteins 
(HLA-DQ, -DR and -DP) present peptides derived 
from exogenous proteins to CD4+ helper T cells [7].

The HLA class I region is located at the telomeric 
end and contains the three classical HLA class I genes 
(HLA-A, -B, -C), coding the α chain of classical class 
I highly polymorphic molecules (Ia), that have a cen-
tral role in adaptive immunity. In this region there are 
also non-classical class I genes (HLA-E, -G, -F), cod-
ing the heavy chain of the non-classical class I mol-
ecules (Ib), characterized by limited polymorphism 

compared to classical ones [8]. The class I region also 
includes two class I chain-related genes – MICA and 
MICB. They have restricted expression only in epi-
thelial cells and fibroblasts and are characterised with 
significant polymorphisms [9].

The determined high levels of somatic muta-
tions in HLA genes, strongly affects the functions of 
HLA. Cancer can “deceive” the immune system to 
protect itself from its attacks. Many studies report 
loss or downregulation of HLA class I expression 
in a lot of cancer types with different origin. These 
defects are frequently associated with progression 
of the disease, reduced survival of patients and the 
level of tumor infiltrating lymphocytes (TILs). A 
bigger part of the information that exists is related to 
the frequency of defective HLA class I heavy chain 
and β2-microglobulin expression in different tumor 
types, followed by analysis of transporter associated 
with antigen processing (TAP1 and TAP2) subunits 
and tapasin. In contrast, the expression of protea-
some subunits low molecular weight polypeptide 2 
and 7(LMP2, LMP7) and the chaperones calnexin, 
calreticulin and ERp57 are less investigated in tu-
mors [6].

Shukla et al. developed a hypothesis that 
mutations in HLA with loss of function most 
likely develop as a result of selective pressure 
from the immune system against the tumor. A lot 
of studies show that the higher levels of mutation 
in cancer induces the emergence of more immu-
nogenic epitopes, and immune responses against 
them have a clinical advantage [10]. Such im-
mune responses result from presentation of epit-
opes derived from the tumor to antigen present-
ing cells. For this reason, it is believed that the 
tumor will evolve to escape recognition and kill-
ing by tumor recognizing T or NK cells [11].

A few different phenotypes of disrupted 
HLA expression are identified in tumor cells. 
They include full loss of expression of HLA 
class I molecules or selective loss of one or more 
loci or alleles. The synthesis and expression of 
HLA class I molecules involves a complex bio-
synthetic pathway. Mechanisms, underlying the 
basis of the disruptions of HLA class I expres-
sion of tumor cells, affect almost all steps in this 
pathway [12].

Generally, these mechanisms can be clas-
sified in two major groups: one involving 
structural genetic mutations and the other – 

Fig. 2. Structure of the HLA gene complex and HLA class I and class 
II antigens
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disruption in regulation of expression of normal 
genes. It is believed that this classification is im-
portant for tumor immunotherapy, because regu-
latory defects with structure gene defects require 
manipulation of the defect genes in order to regain 
their function. In both cases, the defect may lead 
to loss of expression of all class I molecules or 
selective loss of expression of particular class I 
molecules. There are 7 characteristic phenotypes 
shown on Fig. 3 [12]. 

Fig. 3. Tumor HLA class I phenotypes

Tumor phenotype I is characterized by HLA 
class I total loss. Tumor cells are able to lose the 
six HLA class I alleles. In order for expression in 
HLA class I loss to arise, both copies of the β2-
microglobulin (β2-m) gene should be defective. 
This involves loss of one copy of the gene and a 
mutation in the other β2m gene. Loss of hetero-
zygosity (LOH) in β2m gene is an early event 

in the development of the tumor and combined 
with a mutation in other β2m genes, leads to the 
described phenotype [13]. In melanoma and mi-
crosatellite instable colorectal carcinoma (MSI-
H CRC) this tumor phenotype is caused by the 
mechanism described above, but microsatellite 
stable (MSS) colorectal cancer defects in TAPs 
or LMPs lead to the described phenotype. The 
absence of TAP expression prohibits transport of 
peptides from the cytosol of the cell to the endo-
plasmic reticulum (ER). As a result, HLA class 
I molecules cannot connect peptides and are re-
tained in the ER. 

In prostate, bladder and lung carcinomas the 
phenotype is caused by transcriptional downregula-
tion of the antigen processing machine (APM) and 
HLA class I/ β2m genes [14]. In conclusion, this 
well-known HLA class I phenotype can arise as a 
result of different molecular mechanisms, most of 
which are not regulated by cytokines.

Phenotype II is characterized by HLA hap-
lotype loss. LOH related to chromosome 6 may 
affect a large region of 6p (caused by macro- or 
microdeletion), sometimes it affects even 6q. 
HLA haplotype loss probably arises in the early 
stages of tumor development and may appear in 
combination with other genetic disturbances in 
HLA, which may lead to a combined phenotype. 
Haplotype loss can be detected with polymerase 
chain reaction (PCR) of polymorphic short tan-
dem repeats (STRs), located near the HLA region 
[15]. This phenotype is described in 30-40% of 
different malignancies. A duplication of the re-
maining chromosome masks the LOH, which can 
be detected by direct HLA typing of tumor tissue. 
Phenotype II is highly malignant, because these 
tumor cells can escape T cell mediated responses 
by losing one HLA-A, -B or -C allele, and the 
remaining haplotype is able to inhibit NK cells. 
The phenotype can be produced by a combination 
of early LOH and downregulation of HLA class I 
gene transcription as it is in lung carcinoma [14]. 
In colorectal carcinoma, ”partial” HLA class I 
downregulation is linked to a poor prognosis [13].

Tumor phenotype III represents HLA-A, -B or 
C locus downregulation. The expression of HLA-
A, -B or C genes is switched off on a transcrip-
tional level. The low expression of transcriptional 
factors, which connect to motifs of locus-specific 
DNA can cause HLA-B locus downregulation. 
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In melanoma, selective HLA-B locus downregu-
lation correlates with increased transcription of 
the oncogene c-myc. Mechanisms causing HLA 
alteration, which generate phenotypes I and III, 
represent 1/3 of altered tumor phenotypes in solid 
tumors and cell lines [13].

Tumor phenotype IV is caused by HLA allelic 
loss. In some cases tumors can lose only one HLA 
class I allele out of six, expressed by somatic cells. 
A single HLA class I allele loss can be enough to 
escape a T cell response when the restricting ele-
ment presenting the “strong tumor rejection anti-
gen” is missing. This phenotype provides an escape 
route from NK cells as the remaining HLA-B and -C 
alleles act as inhibitory signals for killer immuno-
globulin like receptors (KIRs) [13].

Tumor phenotype V is a compound HLA pheno-
type, frequently seen in different tumors. This phe-
notype is a combination of at least two different dis-
ruptions, for example HLA haplotype loss of HLA-B 
and -C locus downregulation (combination of phe-
notype II and III). Garrido et al. recently reported 
that HLA haplotype loss, together with a transcrip-
tional downregulation of HLA-A, -B and -C genes, 
is responsible for HLA class I loss in 60% of the 
small cell lung carcinoma samples [12].

Tumor phenotype VI is characterized by unre-
sponsiveness to IFN. IFN-γ secreted by T cells is 
important for tumor rejection. Defects in the fac-
tors of signal transduction in type I and II IFNs 
can be a frequent cause for loss of answer of tu-
mor cells to these cytokines. The frequency of this 
defect in human solid tumor tissues is not known. 
Around 25% of melanoma tumor tissues do not 
display IFN mediated upregulation of HLA class I 
molecules [15].

Tumor phenotype VII is caused by absence of 
classical HLA-A, -B, -C and aberrant expression of 
HLA-Ib molecules. This phenotype enables cancer 
cells to escape cytotoxic T lymphocytes (CTL) re-
sponses by losing the HLA-A,-B and -C molecules 
and at the same time render tumor cells resistant to 
NK lysis by engaging HLA-G and -E molecules with 
NK inhibitory receptors [13].

HLA expression in different tumors is analysed 
with immunohistological and molecular techniques 
and has provided information about the frequency 
and underlying mechanisms of HLA class I down-
regulation. The percentage distribution of HLA class 
I loss in different tumors is shown in Table 1.

Table 1. HLA class I loss in different human tumors. Data ob-
tained by reports of different laboratories on HLA class I total, 
HLA-I locus specific and HLA-I allelic losses [13]

Human Cancers % HLA class I loss
Bladder 77
Breast 84

Cervical 90
Colorectal 78

Gastric 68
Laryngeal 77

Lung 93
Lymphoma 75
Melanoma 69
Pancreas 86
Prostate 91
Renal 15

Thyroid 70

EXPRESSION OF HLA CLASS II  
ANTIGENS IN CANCER CELLS AND  

IMMUNE SELECTION OF HLA CLASS II 
DEFICIENT TUMORS

The malignant transformation of cells is not as-
sociated only with changes in HLA class I, but also 
with class II antigen expression. The frequency of 
these changes varies among different hematopoieti-
cal and solid tumors, according to their origin and/or 
molecular phenotype [16].

The class II region (HLA-D) is divided into a 
few areas – DP, DQ and DR, each of which con-
tains at least one pair of genes – A and B, coding 
α and β chains of class II molecules (Fig. 2). Three 
more regions are described – DO, DN and DM. 
DMA and DMB genes show around 30% sequenc-
ing identity with classic class II genes and code a 
heterodimer, which participates in the connection 
of peptides with classical class II molecules. It is 
though that DNA (DOA) and DOB genes regulate 
the joining of peptides to class II molecules. There 
is also a group of four genes in the class II region 
– LMP2, LMP7, TAP1 and TAP2, whose products 
have a role in the processing of antigens, presented 
by classical class I molecules. Class II antigen pro-
cessing presents antigen peptides to CD4+ T cells, 
which have a supporting function, but they can also 
be effectors and recognise HLA class II antigen-ex-
pressing tumor cells. Thus, HLA class II antigen ex-
pression of tumor cells leads to tumor antigen (TA) 
specific immune answers, and the clinical course 
depends on the type of cancer. In some, there is loss 
of HLA class II expression, which can be caused 



40 A. Ormandjieva

by structural defects or disrupted regulation, affect-
ing different components of the HLA class II APM 
complex and/or absence of cytokine(s) in the tumor 
microenvironment [16].

Currently, there are five different HLA class II 
phenotypes in human tumors, which are character-
ized by (1) strong cytokine-independent homogen-
ic overexpression, (2) total loss of expression, (3) 
downregulation, (4) disturbed induction of IFNγ, 
and (5) lack of IFNγ induction. [16]. Molecular 
mechanisms leading to selective lack or downreg-
ulation of constitutive and IFNγ mediated upregu-
lation of HLA class II antigens, by cancer cells, is 
characterized to a limited extent. They are mediated 
by structural abnormalities, epigenetic, transcrip-
tional and post-transcriptional regulation of HLA 
class II molecules and/or APM components, and by 
genomic instability. In tumor types, different than 
CRC, structural disturbances are observed in HLA 
class II antigen regulatory genes. In melanoma, 
the change of A with G in the 5’ flanking region of  
CIITA-PIII (class II trans-activator) is associated 
with high levels of constitutive HLA-DR expression 
[17].Rearrangements of CIITA are associated with 
HLA class II antigen downregulation. This leads to 
shorter survival, which coordinates with the reduced 
immunogenicity of affected tumor cells [18].

The restricted HLA class II presentation, caused 
by disturbances in the processing pathway, may limit 
CD4+ T cell help for induction of CD8+ T cell an-
swers [19]. Intracellular invariant chain – Ii expres-
sion and binding to the HLA class II antigen with 
class II-associated invariant chain peptide (CLIP) 
and also low basal levels of gamma interferon in-
ducible lysosomal thiol reductase (GILT), interfere 
negatively with the activation of CD4+ T cells re-
active against acute myeloid leukemia (AML). This 
leads to immune tolerance to leukemic antigens and 
to significantly low disease-free periods, for pa-
tients with AML or with diffuse B cell lymphoma. 
In contrast, some CLIP tumor cells can process Ii 
independent endogenous antigens, generated by the 
proteasome, for HLA class II restricted presentation, 
and in this way, to activate tumor associated antigen 
(TAA)-specific CD4+ T cells [20].

Limited information is available for the role of 
immune selection of HLA class II antigen expres-
sion on tumor cells. Seliger et al. showed one ex-
ample [16] which suggests that immune selection 
favours the expansion of HLA class II antigen-nega-

tive tumor cells: MSI-H CRCs are characterized by 
an antitumor immune answer, which is mediated by 
the large amount of mutation induced neoantigens. 
In MSI-H CRCs, the CD4+ T cell infiltration is as-
sociated with loss of HLA class II antigens, induced 
by the transcription factor RFX5 or CIITA mutations 
[21, 22].

The association between CD4+ T cell infiltra-
tion and loss of HLA class II antigen expression by 
tumor cells, may reflect on the role of immune selec-
tion in the generation of tumors, without detectible 
HLA class II antigen expression [16].

The selective pressure imposed by CD4+ cells 
on the tumor cell population can lead to elimina-
tion of MSI-H CRC cells, expressing HLA class II 
antigens from related CD4+ T cells and to help for 
expansion of tumor cells, which have lost the pos-
sibility to express HLA class II antigens. This is sup-
ported by the detection of mutations in HLA class 
II regulatory genes in tumor cells, which do not 
express HLA class II antigens. Human TAA, recog-
nized by related CD4+ T cells, are effective in induc-
ing a TAA-specific immune answer and mediating 
tumor rejection through an antigen-specific CD4+ T 
cell answer [22].

Not only the conventional recognition of HLA 
class II molecules by CD4+ T cells, but also the ex-
pression of HLA class II antigens, can have conse-
quences from the interactions between tumor and 
immune cells, and the survival of tumor cells. For 
example, the interactions between LAG3, a surface 
molecule expressed by worn out lymphocytes, and 
HLA class II antigens, can raise the survival and re-
sistance to apoptosis of melanoma cells [16].

Although there are big differences in HLA class 
I and II APM pathways, the interactions between 
the two pathways are identified, which allows cross-
presentation of antigens as a main characteristic for 
induction of TAA and virus antigen specific CD8+ T 
cell answers [23].

The role of HLA class II antigen expression by 
tumors, and the clinical significance, remain contra-
dictory and it seems that they depend on the tumor 
type, including its genetic determinant. There is in-
creasing evidence that HLA class II antigens in tu-
mor cells form TAA-specific antitumor immune an-
swer, which suggests that HLA class II antigens may 
be a new therapeutic target [16]. Table 2 presents the 
clinical relevance of HLA class II expression in vari-
ous types of tumors.
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Table 2. Clinical relevance of HLA class II expression [16]

Tumor type HLA class II level Prognosis

Colorectal carcinoma High Favorable

Larynx squamous cell  
carcinoma High Favorable

Oropharyngeal squamous 
carcinoma High Favorable

Melanoma High Poor

Cervical cancer High Poor

Osteosarcoma High Controversial

Pediatric adrenocortical tumors Low Poor

ASSOCIATIONS OF HLA 
POLYMORPHISMS WITH CANCER

HLA gene polymorphisms are associated with 
cancer, autoimmune and infectious diseases. Poly-
morphisms in the HLA genes impacts the ability of 
the immune system to detect tumor cells and direct 
T cells to eliminate them. Knowledge of HLA as-
sociations in cancer does not immediately suggest 
clinical significance, but these findings may direct 
further investigation of the role of the adaptive im-
mune response against cancer [24].

HLA allele frequency varies greatly among 
populations, thus population specific studies are es-
sential for identifying HLA associations with dis-
eases [24]. Each HLA allele has the capability of 
presenting a limited repertoire of peptides derived 
from self and non-self proteins [25]. Due to the role 
of HLA molecules in tumor antigen presentation, 
HLA could emerge as markers for susceptibility and 
disease control [26].

Polymorphisms within the non-coding promot-
er regions of HLA genes may affect the expression 
of various alleles for each locus. This may represent 
a further mechanism that determines inter-individ-
ual differences in efficiency of antigen presentation 
to T lymphocytes. The presence of disease asso-
ciations with the same HLA alleles, among differ-
ent populations, indicates that polymorphisms are 
likely important for the pathogenesis of the disease. 
Considering the importance of immunoediting dur-
ing the development of cancer, some individuals 
inheriting specific alleles or haplotypes of the HLA 
genes may be exposed or may be resistant to spe-
cific types of cancer [27]. Table 3 summarizes the 
associations of different types of solid tumors with 
HLA alleles and haplotypes.  

A common neoplasm, with rising incidence over 
the last decade, is skin cancer (melanoma and non-
melanoma). Non-melanoma skin cancer (NMSC) 
refers to basal cell carcinoma (BCC) and squamous 
cell carcinoma (SCC). Other types of skin cancer are 
classified according to their tissue origin. NMSC oc-
curs in all parts of the globe and affects all races. 
HLA is shown to be associated with the development 
of this type of cancer, although the exact mechanism 
is still not very clear [30]. Lee et al. found a posi-
tive association between HLA-DQB1*03:01 and 
increased risk of melanoma in American patients. 
Another study in a Spanish population, suggests that 
homozygous HLA-DQA1 can be considered a risk 
factor for tumor development. Lombardi research 
was on the Italian population where an increase of 
HLA-DQB1*03:01 was detected in melanoma pa-
tients, compared with healthy controls.  In Japanese 
populations with melanoma, Luli et al. found posi-
tive associations with HLA DQB1*03:02 and nega-
tive with DQA1*01:01/01:04 and DQA1*04:01. 
HLA-DQB1*03:03 is found with increased frequen-
cy in the British Caucasian population and two series 
of Italian patients with an increase in DQB1*05:01 
[28].

It is established that patients with tonsillar and 
base of tongue cancer, who are positive for human 
papillomavirus (HPV), have a better outcome than 
those with HPV-negative tumors (80% vs. 40% 
5-year disease free survival, treated with radiothera-
py). Tertipis N. et al. analysed HPV and HLA-A*02 
as prognostic factors for tonsillar and base of tongue 
cancer. They concluded that the absence of HLA-
A*02 could be a favourable prognostic factor for 
patients with HPV-positive tumors [29].

Esophageal carcinoma (EC) ranks among the 
10 most frequent fatal cancers worldwide. Among 
the risk factors are EC-related genetic polymor-
phisms, gene mutations, and/or chromosomal in-
stability, such as loss of heterozygosity seen more 
commonly in EC cases and their healthy relatives 
than in healthy persons.  In a study by Hu S. et al., 
HLA-A*11 was identified as an allele, strongly as-
sociated with EC risk [30]. In a study by Hu J., a 
positive association between esophageal squamous 
cell carcinoma (ESCC) and HLA-DRB1*15:01 and 
HLA-DQB1*03:01 alleles in a Chinese population 
was observed. The study suggests that these alleles 
may influence the immune response to the specific 
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tumors and HPV-encoded epitopes and affect the 
risk of ESCC [31].

Yang H. et al. conducted meta-analysis to es-
timate the relationship between HLA-DRB1 poly-
morphisms and nasopharyngeal carcinoma (NPC), 
an epidermoid cell lineage carcinoma at the naso-
pharynx. The results showed that 4 alleles are sig-
nificantly associated with NPC ‒ HLA DRB1*03, 
HLA-DRB1*09, and HLA-DRB1*10 may increase 
the risk of NPC while HLA-DRB1*01 has the op-
posite effect [32].

Hepatocellular carcinoma (HCC) is the third 
most common cause of cancer-related deaths world-
wide, with about 600,000 patients dying from the 
disease annually and the most common primary tu-
mour of liver. Estimates suggest that the incidence of 
HCC will continue to rise in the foreseeable future. 
Family clustering of HCC suggest the possible ge-
netic predisposition to HCC. Lin Z. et al. performed 
meta-analysis that suggests that HLA-DRB1*07 and 
DRB1*12 alleles are risk factors for HCC in whole 
populations, especially Asians [33].

Gastric cancer (GC) also remains a common 
disease throughout the world. The 5 year survival 
rate of GC still remains low. For this reason, further 
exploration of biological features of GC is needed to 
improve the diagnosis and management. Both envi-
ronmental and genetic factors are crucial in the mul-
tistage model of gastric tumorigenesis [35]. Poly-
morphisms in HLA genes may increase the risk of 
the development of gastric cancer, especially if the 
H. pylori strain contains virulence factors associated 
with enhanced inflammatory response [36].

Wu M. et al. investigated the role of HLA 
in gastric carcinogenesis, with respect to H. py-
lori infection in the Taiwanese population. HLA-
DQB1*06:02 is associated with gastric cancer espe-
cially in male Taiwanese, while HLA-DQB1*03:01 
may have a protective role in gastric cancer, proba-
bly because of resistance to H. pylori infection [35]. 
Kocak B. et al. suggested that HLA-DQA1*01, 
HLA-DQB1*06 increase the risk of gastric cancer 
based on multivariate logistic regression results.
However, the HLA-DRB1*04 allele was suggested 
to be a protective allele, which decreased the risk of 
gastric cancer [36]. Tong F. reported that the HLA-
DQB1*02 allele was associated with colorectal 
cancer susceptibility [37].

Breast cancer is one of the most common fatal 
and malignant diseases in women. Age, family histo-
ry, exposure to endo- and exogenous hormones, diet, 
benign mammary disease and environmental and 
genetic factors are all associated with breast cancer 
development. Because of that search for genetic risk 
factors in the sporadic cases is still continuing [38].

Gun F. et al. found a significant positive correla-
tion between HLA-DRB1*13 and HLA-DQB1*06 
alleles and progesterone receptor positivity, and 
a significant negative correlation between HLA-
DQB1*03 allele and progesterone receptor positiv-
ity in breast cancer in the Turkish population. While 
HLA-DRB1*03, HLA-DQB1*02, HLA-DRB1*13 
and HLA-DQB1*06 alleles are involved with good 
prognosis, HLA-DQB1*03 and HLA-DRB1*04 al-
leles were found to be related to poor prognosis. As a 
summary, systematical screening and follow up sys-

Table 3. Associations of HLA with solid tumors

Solid tumors Associated HLA allele Reference

Skin cancer DQB1*03:01, DQB1*03:02, DQB1*03:03, DQB1*05:01
DQA1*01:01/01:04, DQA1*04:01 [28]

Tonsillar and base of tongue cancer A*02 [29]

Esophageal carcinoma A*11
DRB1*15:01, DQB1*03:01

[30]
[31]

Nasopharyngeal carcinoma DRB1*01, DRB1*03, DRB1*09, DRB1*10 [32]
Hepatocellular carcinoma DRB1*07, DRB1*12, DRB1*11 [33, 34]

Gastric cancer DQB1*03:01, DQB1*06:02
DRB1*04, DQA1*01

[35]
[36]

Colorectal cancer DQB1*02 [37]

Breast cancer
DRB1*03, DRB1*04, DRB1*13, DQB1*02, DQB1*03, DQB1*06
DRB1*07-DQA1*02:01-DQB1*02:01
DQB1*06:02, DQA1*03:01, DQA1*05:05

[38]
[27, 39]
[39]

Cervical cancer B*07
DRB1*07, DQB1*02, DQB1*03

[40]
[41]



43Immunomodulation of cancer by HLA molecules

tems can be developed for patients with high risk of 
developing breast cancer [38].

Harriath A. et al., studied Tunisian patients, and 
their results revealed a negative association between 
HLA-DRB1*07-DQB1*02 and the occurrence of 
breast cancer. This association could be linked to 
the role of HLA class II molecules in the anti-tumor 
response, or explained by linkage disequilibrium be-
tween these markers and the susceptibility or protec-
tive genes [27]. In a study by Mahmoody M. et al. on 
Iranian patients, HLA-DQA1*03:01 allele is found 
to be associated with the development of breast can-
cer in entire patients and HLA-DQB1*06:02 appears 
to protect against the early-onset of the disease. Be-
sides that, they found out that HLA-DQA1*05:05 
and HLA-DQB1*06:02 alleles are involved in pro-
tection against the disease in their younger popula-
tion. Also, DRB1*07-DQA1*02:01-DQB1*02:01 
haplotype is established frequently in patients with 
early onset of breast cancer [39].

Among several high risk alleles, Qui X. et al. 
found out that in women with familial cervical can-
cer, HLA-B*07 is a high risk allele and has strong 
potential for use as a molecular biomarker [40]. In 
another study by Zhang Y. et al., they concluded 
that HLA-DRB1*07, HLA-DQB1*02 and HLA-
DQB1*03 may be the superior genes in HPV16 
infected women with middle or advanced cervical 
cancer [41].

In Table 4 are listed some of the hematologic 
malignancies and associations with HLA alleles.

Chronic lymphocytic leukemia (CLL) displays 
among the highest familial predispositions of all 
hematologic malignancies, yet the genetic basis for 
these differences is not clearly defined. Gragert L. et 
al. found out that several HLA alleles and haplotypes 
are associated with development of CLL across dif-

ferent US populations shown in Table 4 [24]. Inter-
actions between HLA variants and myeloma sub-
types/somatic mutations may also impact efficacy 
of emerging immunotherapy in multiple myeloma 
(MM) [25].

CONCLUSIONS

The clarification of structural and functional 
changes that appear in the tumor microenvironment 
will help prevent the tumor escape from the immune 
system, and will improve efficiency of different im-
munotherapeutic strategies. The development of 
strategies for provocation of HLA class I expression 
is important, because it will lead to answer and de-
stroying of the tumor by cytotoxic T lymphocytes. 
The restoring of the expression of HLA in tumors is 
a serious challenge for the future because HLA mol-
ecules have a main role in antigen presentation and 
tumor surveillance [12].

HLA typing helps for predicting the answer to 
inhibitory therapy of the immune checkpoints. The 
genotype of the patient can be useful for the devel-
opment of personalised anticancer vaccine, as well 
as discovering an immunotherapeutic biomarker. In 
the last few years, molecular typing techniques have 
improved and identify HLA alleles at DNA level 
with high-resolution power.

The field of genomic research of HLA will con-
tinue to expand in the future with the aim for a bet-
ter understanding of the intra and extra-HLA gene 
interactions and their effects in human cancer. In the 
HLA research, next generation sequencing (NGS) 
technology facilitates the sequencing of HLA, and 
it is expected to improve the understanding of the 
mechanisms, with which HLA genes are modulated. 
The study of the role of HLA in cancer will provide 
valuable insights into tumor immunoediting and it 

Table 4. HLA associated hematologic malignancies

Hematologic cancers Associated HLA alleles Reference 
Hodgkin’s disease DPB1*03:01, DPB1*04:01, DPB1*09:01

[42]
Acute lymphoblastic leukemia DPB1*02, DPB1*05
Burkitt’s lymphoma A*01, B*12, DR*07
Enteropathy-associated T-cell lymphoma DQB1*03, DQA1*05:01, DQA1*02:01

Chronic lymphocytic leukemia A*02:01, DRB4*01:01,
DRB4*01:01-DRB1*07:01-DQB1*03:03 [24]

Multiple myeloma
B*15-C*04, B*38-C*12,
DRB3*02-DRB1*11-DQB1*02,
B*07, B*44, B*58, C*05, C*07, DRB5*01

[25]

Diffuse large B-cell lymphoma B*44, DRB1*01 [26]
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will assist the development of new immunothera-
peutic approaches.
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INTRODUCTION

L-asparaginase (ASNase) has been a milestone 
in polychemotherapy of acute lymphoblastic leuke-
mia (ALL) for many years now. This malignancy is 
caused by uncontrolled growth of progenitor lym-
phoid cells – blast cells. Leukemia is the leading 
cancer type among children worldwide with high-
est incidence of childhood acute lymphoblastic leu-
kemia (cALL) [1]. Its onset is frequently at age 2 
to 6. There are two main subtypes of cALL accord-
ing to the blast phenotype – B-cell and T-cell with 
prevalence of the B-subtype in younger age. With 
the development of treatment protocols, overall 

survival (OS) of cALL patients has increased pro-
gressively from 54% in mid-1970s to almost 90% 
in the 21st century [2]. Non-relapse related mor-
tality is about 3.6% [3]. Far worse are treatment 
outcomes by relapse of the disease, which occurs 
in 15-20% of cALL patients, due to increased re-
sistance of blast cells to chemotherapeutic agents. 
Thus, the chance for cure drops to 50% by second 
relapse, and OS rates are getting lower by every 
following relapse [4].

ASNase is part of the standard cALL chemo-
therapy and its antileukemic effect is due to the lim-
ited potential of blast cells to produce the non-es-
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sential amino acid – asparagine. The enzyme causes 
deamination of serum asparagine to aspartic acid 
and ammonia. Additionally, ASNase deaminates 
glutamine as well. Lymphoblast cells have low lev-
el of expression of asparagine synthetase and thus 
their abilities to produce asparagine are limited [5, 
6]. Panosyan et al. described that deamination of 
glutamine correlate swith superior ASNase therapy 
outcomes [7]. Glutamine is a donor of ammonium 
group in de novo synthesis of asparagine in he-
patocytes, bone marrow mesenchymal stem cells 
[8] and other cell types, where expression of as-
paragine synthetase is higher. Additionally, another 
group described that ASNase treated cells undergo 
apoptosis likelybecause glutamine and asparagine 
starvation leads to inhibition of protein synthesis 
and pyrimidine metabolism. Thus, leukemic cells 
are dependent on serum amino acids-asparagine 
and glutamine to supply their needs for DNA, RNA 
and protein synthesis. The first publication on the 
application of the enzyme on a cancer patient was 
made in 1966 and over time the use of this drug has 
proven its potential to increase the probability of 
event free survival (EFS) in cALL patients [9].

ASNase forms are derived from bacterial source 
– E. coli and Erwinia chrysanthemi, which makes 
them highly immunogenic to humans. The frequent 
exposure to this foreign protein during chemother-
apy may lead to the formation of antibodies (Abs) 
against it in some patients. The earliest emergence 
of anti-ASNase Abs was detected after the second 
dose [10] in the induction phase and at the latest af-
ter the third dose in the second intensification [11]. 
The time of Ab formation in a patient appears to be 
individual, but still most researchers describe peaks 
around the end of the induction phase and at every 
next re-exposure in consolidation or second intensi-
fication, which is related to recurrent enzyme admin-
istration and the development of humoral immunity. 

Anti-ASNase Abs can mediate allergic reac-
tions to the drug or silent inactivation with decrease 
of enzyme activity without any clinical symptoms 
of hypersensitivity. Both adverse events may result 
in the discontinuation of treatment with ASNase and 
thus compromise the overall efficacy of the therapy. 
Therefore, many studies describe the benefits of in-
dividualized dosing and drug monitoring of patients 
on ASNase treatment [11, 12]. However, there are 
many questions still to be answered. The role of 
anti-ASNase Abs and their correlation with enzyme 

activity, allergic reactions and OS in patients with 
cALL is very controversial in different studies.

The aim of this review is to summarize the in-
formation for available forms of ASNase, as well as 
their characteristics and the most common adverse 
immune-mediated events affecting the therapy with 
the enzyme. Hypersensitivity and silent inactivation 
as main adverse reactions are targets for therapy im-
provement and the recommendations for their man-
agement are outlined as well. 

FORMS OF ASNase

There are 3 forms of ASNase available – native 
E. coli asparaginase, Polyethylene glycol (PEG) as-
paraginase and E. chrysanthemi asparaginase. The 
first two forms are derived from the same bacteria 
– E. coli. PEG that is covalently linked to native 
E. coli ASNase decreases its immunogenicity and 
elongates the half-life (T1/2) of the enzyme. It is 
0,65 days for E. chrysanthemi, 5,73 days for PEG 
ASNase and 1,28 days for native E. coli ASNase 
[13]. All three ASNase forms can be applied intra-
venously and intramuscularly. Intramuscular appli-
cation is preferable due to a lower rate of allergic 
reactions and the prolonged absorption. There are 
no excretion or elimination mechanism described 
in the literature yet.

IMMUNOGENICITY AND IMMUNE  
RESPONSE

Since all available forms of ASNase are derived 
by bacteria – E. coli and E. chrysanthemi, they are 
highly immunogenic. Additionally, the treatment 
protocols for cALL include frequent application of 
ASNase, which often causes sensitization/immuni-
zation of the patient and production of Abs against 
it. Anti-ASNase Abs have always been a hot topic 
in cALL therapy since they are responsible for aller-
gic reactions and silent inactivation of ASNase [14]. 
On the other hand, the scientific data on the Th1 re-
sponse to this enzyme is highly insufficient. Figure 
1 present schematically the development of adaptive 
immune response to this foreign enzyme and its con-
sequences.

Hypersensitivity reactions to ASNase vary in 
their spectrum from redness and swelling at injection 
site to anaphylactic shock and can be a reason for 
discontinuation of therapy. Moreover, silent inacti-
vation – neutralizing or diminishing enzyme activity 
by anti-ASNase Abs without development of overt 
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clinical allergy symptoms can also compromise the 
treatment of cALL patients [11]. The role of anti-
ASNase Abs for treatment outcomes in the literature 
is very controversial among different studies, as well 
as the data for Absʼ incidence – from 5% up to 70 % 
of cALL patients [17, 22, 30].

According to some researchers, the appearance 
of anti-ASNase Abs is a sign of preserved immuno-
reactivity and correlates with higher OS and EFS 
[15, 16]. Furthermore, the incidence of Ab producers 
was higher in the standard risk arm patients, where 
treatment regimens were lighter, and the count of 
blast cells was lower [17]. In these cases, the im-
mune system of the patients was less suppressed by 
therapy and disease. 

Additionally, it was reported that ASNase in 
complexes with IgG-rabbit antibodies in vitro is still 
active and such complexes in vivo could even de-
lay the elimination of the enzyme [15]. In antibody-
ASNase complexes and precipitates with human IgG 
and IgM Abs, ASNase activity is still present but it 
is assumed that accelerated clearance of these com-
plexes through the reticuloendotelial system can still 

be a reason for depletion of enzyme activity [10]. 
Other groups pointed out that hypersensitivity reac-
tions are less important for OS if treatment continues 
with Erwinase immediately after allergy to E. coli 
ASNase is detected [17-22].

On the other hand, a few studies reported high 
incidence of silent inactivation among patients 
with antibodies against ASNase, which correlates 
with undetectable ASNase activity and thus with 
lower EFS [23, 24, 25]. Some groups describe 
higher relapse rate among children with IgG Abs 
against ASNase [26, 27]. The scientific data on 
this subject is very controversial and most of the 
studies cover an insufficient number of patients. 
Figure 2 presents the impact of anti-ASNase Abs 
on OS according to the available scientific litera-
ture. It is notable that the production of immuno-
globulins against ASNase may have a negative 
consequence (if any) on OS of cALL patients. 
Still in every individual study summarized on the 
figure, the number of patients and the investigated 
relations are different and such a generalization of 
the results leads to inaccuracies.

Fig. 1. Summary of adaptive immune response to ASNase and its consequences



49Clinical importance of anti-L-asparaginase...

A number of investigations have proven that 
higher titers of immunoglobulins were associated 
with allergic reactions. Most of the hypersensitiv-
ity cases were observed later in treatment e.g. 7th 
week [28], late in induction [19] and by re-exposure 
to the enzyme in the reinduction phase [28, 29, 30, 
31]. IgG is the prevalently described immunoglob-
ulin class, that is produced in patients treated with 
ASNase in contrast to the expected IgE class, which 
typically mediates type I hypersensitivity reaction.

 A few articles reported the presence of IgE, but 
no significant correlation between this Ab class and 
hypersensitivity reactions or increased clearance of 
ASNase was found [26, 30, 38]. Rodriquez et al. 
observed that among 51 patients on ASNase treat-
ment IgG was the decisive factor for lower EFS. In 
the same study 32 out of 51 patients were positive 
for IgE assessed by skin prick test and intradermal 
skin test due to lack of assay for anti-ASNase Ab 
of class IgE. Furthermore, only 3 of 32 IgE positive 
patients experienced clinical symptoms of atopic 
reaction. The availability of IgE Abs did not corre-
late with OS in contrast to IgG. The small number 
of patients, the method of IgE measurement and the 
fact that cALL patients are immunosuppressed and 
often are medicated with antihistamines and cor-
ticosteroids may contribute to the results that the 
majority of IgE positive patients did not experience 

clinical symptoms of allergy in this study [26]. In 
another trial (n = 65) Walenciak et al. showed that 
IgG Abs were significantly higher in patients with 
allergic reactions, while higher IgE levels correlated 
rather with inadequate ASNase acitivity. In induc-
tion and reinduction phase the titers of IgG and IgM 
antibodies were higher than IgE, which underlines 
the hypothesis that hypersensitivity to ASNase is not 
IgE mediated. Early in the induction phase allergic 
reactions were rarely observed, but IgM Abs forma-
tion and subsequent inactivation of ASNase were de-
scribed [30]. Another investigation pointed out that 
in adults, hypersensitivity reactions to ASNase and 
silent inactivation of the enzyme have higher inci-
dence than in the children population [15]. 

Given the time point of common hypersensi-
tivity reactions and the class of Abs that determine 
them, it can be assumed that both hypersensitivity 
and silent inactivation result from adaptive immune 
response to the bacterial enzyme and maturation of 
immunoglobulinsʼ affinity. IgM Abs are the first to 
be expressed by B-cells against foreign antigens as 
a part of the adaptive humoral immunity. Later on, 
B-cells switch to IgA, IgE or IgG class synthesis. 
In the light of hypersensitivity to a foreign protein 
administered intramuscularly or intravenously IgE 
and IgG class switch appears to have a more signifi-
cant role since IgA class is related to its secretory 

Fig. 2. Impact of anti-ANSase Abs on OS
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function and mucosal immunity. Only one research 
group describes the appearance of anti-ASNase IgA 
Abs [10]. Muller et al. showed that IgG mediate the 
silent inactivation of ASNase and atopic reactions 
[32]. Furthermore, they investigated subclasses of 
IgG that were present in patients on ASNase treat-
ment and showed that they have high titers of specif-
ic IgG1, IG3 and IgG4. No IgG2 were found, since 
this subclass is restricted to reactions against poly-
saccharide antigens [33]. In addition, other research-
ers observed correlation between IgG3 Abs and the 
high incidence of clinically manifested allergies dur-
ing ASNase therapy, which matches its high poten-
tial to induce proinflammatory response [33, 34]. A 
clinical study pointed out the association of the IgG4 
subclass and the incidence of disease relapse and 
hypersensitivity reactions [35]. The IgG4 subclass 
is known to be induced by cytokine IL-4 and CD40 
ligation. Both signals mediate IgE class switch by 
atopic reaction as well. It appears that IgG4 and IgE 
are produced simultaneously in development of the 
humoral immune response to the allergen [36]. In 
the sera of some cALL patients on ASNase both im-
munoglobulin classes are formed and additionally, 
IgG4 Abs are produced after chronic exposure to 
certain antigens and seem to be related to immune 
tolerance. This subclass is present in the serum of 
patients on desensitization therapy and is common-
ly found in immune reaction to drugs with protein 
structure such as monoclonal antibodies, factor VIII, 
IX and obviously ASNase [37]. IgG mediated im-
mune response to ASNase was proven in a study of 
24 patients monitored for IgG and IgM Abs, as well 
as for complement activation. Eight of the children 
experienced allergy and were meanwhile positive 
for both immunoglobulin classes and furthermore 
in 7 of them significant complement activation was 
observed, measured by C3 split product ‒ C3d in pa-
tients’ sera [38].

In summary, the adaptive immune response to 
ASNase is assumed to be primarily humoral and the 
IgG Ab class appears to have a main role. Still IgE, 
IgM immunoglobulins and Th1 mediated response 
may contribute to final immune reactions to this for-
eign enzyme. The controversial data published by 
different research groups is probably due to the fact 
that the development of the immune response is an 
individual process, which is influenced by multiple 
factors. The fate of the formed immune complexes 
between different Ab classes and the enzyme is ob-

scure. In addition, the data on cell-mediated immune 
response to ASNase is insufficient. Anti-ASNase 
Abs influence the treatment with ASNase. Their 
monitoring and enzyme activity measurement can be 
crucial for treatment outcomes [11]. However, silent 
inactivation and hypersensitivity can be managed by 
switching to different ASNase molecules. Further in-
vestigations will be needed to determine the role of 
different antibody classes in ASNase therapy. With 
even more frequent use of modern drugs such as en-
zymes, Abs and other enhanced protein molecules 
the spectrum of hypersensitivity reactions appears to 
widen. The adaptive immune response to these high-
ly immunogenic agents leads to complement activa-
tion, direct mast cell and basophil degranulation and 
other non-IgE mediated hypersensitivity reactions. 
The elucidation of these immune processes may bet-
ter our understanding of allergy against ASNase and 
the mechanism of silent inactivation [39].

CROSS-REACTIVITY

The cross-reactivity of Abs with different  
ASNase forms available on the market appears to be 
of great importance for therapy improvement in case 
of hypersensitivity and silent inactivation. Wang 
et al. reported that Abs produced against native E. 
coli ASNase are reactive to PEG-ASNase in more 
than 50% of patients, while these immunoglobu-
lins do not interplay with ASNase from E. chrysan-
themi [40]. In a small group of cALL patients (n = 
16) treated with native E. coli ASNase was demon-
strated that 11 patients experienced hypersensitivity 
symptoms in the reinduction phase. Nine out of 11 
children formed Abs against the native E. coli en-
zyme. Six of them were simultaneously reactive to 
PEGase. Neither of the patientsʼ sera were reactive 
to Erwinase [41]. Another study confirmed that Er-
winase application is beneficial after atopic reac-
tion to native ASNase [42]. Consistently with these 
results other groups showed that since Erwinase is 
derived by different bacteria, its use in the reinduc-
tion phase, after previous administration of native E. 
coli ASNase in the induction phase, significantly de-
creases the incidence of allergic reactions and silent 
inactivation. When the treatment was switched to 
PEG-ASNase in the reinduction instead to Erwinase, 
only around 30% of 66 patients appeared to have 
ASNase activity under the expected limit probably 
due to cross-reactivity but still no hypersensitivity 
was observed [44, 45]. It was assumed that the appli-
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cation of PEG-ASNase after immune reaction to the 
native form of the enzyme is still beneficial for the 
patients in settings of ASNase activity monitoring. 
The need of drug activity measurement is due to the 
higher incidence of silent inactivity among Ab posi-
tive children since both forms of ASNase derived by 
E. coli share common epitopes. 

PEGYLATION OF L-ASPARAGINASE

Pegylation of drugs is a process widely used in 
pharmaceutical industry. The covalent binding of 
polyethylene glycol (PEG) to protein molecules is 
favorable since it creates a hydration layer with wa-
ter molecules through hydrogen bonding. This layer 
covers many antigen epitopes and thus, it lowers the 
immunogenicity of drugs and prolongs their half-life 
by reducing the clearance. 

Pegylated ASNase is a typical example of the 
advantages of this modification compared to its na-
tive form. By application of PEG-ASNase the inci-
dence of hypersensitivity reactions and anti-ASNase 
Abs formation, as well as their titers are lower [43, 
44, 45]. It has 5 times longer half-life than the na-
tive enzyme [13]. As expected, pegylated enzyme 
activity remains higher than 0,01 IU/ml in more than 
90% of patientsʼ sera on PEG-ASNsae, whereas 
only approximately 20% of patients on native E. coli  
ASNase reach this threshold [45]. The superiorities 
of PEG-ASNase and its correlation with higher EFS 
make it a drug of first choice for cALL therapy in 
many countries. At first, it was assumed that PEG 
was not immunogenic at all, but later many studies 
described anti-PEG Abs formation after frequent ex-
posure to pegylated molecules. Many monoclonal 
antibodies, enzymes and other molecules are com-
mercially available in pegylated form in order for 
their pharmacokinetic properties to be improved. 
Thus, the phenomenon of anti-PEG Abs formation 
is more often observed by different researchers. Sci-
entific data reveals that the main immunoglobulin 
classes responsible for hypersensitivity reactions 
and accelerated clearance of pegylated drugs are 
IgG and IgM. In addition, pre-exited anti-PEG Abs 
were described in non-ASNase treated individuals 
probably as a consequence of prior treatment with 
pegylated drugs. IgM and IgG mediated reactions to 
PEG remind of immune response to other ASNase 
forms [46, 47].

In conclusion, it appears that some of the cases 
of allergic reactions and enzyme inactivation of PEG 

ASNase are possibly mediated by anti-PEG Abs. 
In these situations switching to the native form of 
the enzyme or Erwinase can still be recommended. 
Therefore, the monitoring of anti-PEG Abs will be 
favorable for differential diagnosis of hypersensitiv-
ity reactions and decision making in cALL therapy.

GUIDELINES FOR DETECTION AND 
MANAGEMENT OF HYPERSENSITIVITY 

AND SILENT INACTIVATION

The exact immune mechanisms of hypersen-
sitivity reactions to ASNase and its silent inactiva-
tion remain obscure. Both events can affect patientsʼ 
safety and treatment outcomes and thus their early 
recognition and management are crucial for higher 
EFS of cALL patients [11, 48]. Recommendations 
by experts for ASNase drug monitoring and ad-
verse events management were summarized by 
Sluis et al. in “Consensus expert recommendations 
for identification and management of asparaginase 
hypersensitivity and silent inactivation” [11]. Their 
guidelines outline that ASNase activity is the most 
appropriate marker for routine therapeutic monitor-
ing in clinical practice. It is reliable, reproducible, 
correlates best with treatment outcomes. Validated 
tests are commercially available in many developed 
countries [29]. Additionally, the authors described 
that an ASNase activity level ≥ 0,1 IU/mL appears 
to be safe for patients and meanwhile it provides a 
complete ASNase depletion. According to Panosyan 
et al. ASNase activity threshold > 0,4 IU/mL is more 
beneficial for patients, because it provides in addi-
tion almost complete depletion of glutamine, which 
is the main donor of ammonia group for asparagine 
de novo synthesis [7].

The measurement of asparagine levels in pa-
tients sera is not feasible in clinical practice due to 
technical complexity and lack of available tests on 
the market [49]. The presence of anti-ASNase Abs 
on the other hand is not always associated with hy-
persensitivity or enzyme inactivation. 

According to the guidelines ASNase activity 
monitoring for diagnosis of silent inactivation is 
helpful for every patient on ASNase. The measure-
ment must be made in two independent samples. 
The low ASNase activity in the first sample must 
be interpreted as insufficient dosage [50]. After the 
reassessment of the schedule of drug administration 
further low enzyme activity is already suspicious for 
silent inactivation.



52 B. Vergov, Y. Sbirkov, H. Burnusuzov et al.

In case of hypersensitivity reaction Grade 1 
(CTCAE) test for ASNase activity is advisable. Al-
lergic reactions in spectrum Grade 2-4 require direct 
switch to other forms of ASNase. The changing of 
preparations is reasonable to include the switch from 
native E. coli enzyme to PEG-ASNase or Erwinase. 
For patients on pegylated form, switching to native 
ASNase is not recommended and thus the only op-
tion remains Erwinase. Premedication with antihis-
tamines and glucocorticosteroids is advisable only in 
settings of further ASNase activity monitoring, since 
it could lead to higher incidence of silent inactivity. 

CONCLUSION

Besides hypersensitivity reactions and silent 
inactivation other immune-mediated adverse events 
like anaphylactoid reactions may appear following 
ASNase administration, as this is a highly immu-
nogenic foreign protein. Furthermore, nonimmuno-
logical factors such as different ASNase resistance 
mechanisms – increased asparagine efflux by the liv-
er or enhanced expression of asparagine synthetase 
in different tissues may affect therapy outcomes. All 
these conditions must be considered by clinicians 
when analyzing treatment failure. Monitoring of 
ASNase therapy has already proven its benefits for 
cALL patients. Further improvements and develop-
ment of new assays will allow precise recognition of 
different adverse events and therefore will advance 
their management. Future perspectives for the bio-
pharmaceutical industry are the derivation of new 
forms of ASNase from different bacterial sources 
and the synthesis of enzyme formulas with better 
pharmacokinetics and lower immunogenicity simi-
lar to PEG ASNase.
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