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Уважаеми колеги и читатели,

Пред вас е първият брой на Bulgarian Journal of Clinical immunology (BJCI), списанието на 
Българската асоциация по клинична имунология. BJCI е продължител на Годишника на БАКИ 
и има за цел да заеме своето място като форум, на който да бъдат представени новите научни 
постижения в имунологията и в науките, свързани с нея. 

Вероятно звучи клиширано, но както много клишета и това е факт – имунологията в 
България е на едно напълно приемливо ниво спрямо световните тенденции и определено е 
давала, дава и ще дава своя принос в тях. Ако имаме желание да развием това списание, не 
мисля, че биха липсвали качества и следователно не мисля, че биха липсвали оптимистични 
перспективи за Bulgarian Journal of Clinical immunology. 

В последна сметка списанието ще бъде това, което ние направим от него.
Проф. д-р Доброслав Кюркчиев, дмн

Главен редактор на Bulgarian Journal of Clinical Immunology

Dear Readers and Contributors,

The year 2020 is a very special jubilee anniversary for the Bulgarian Association of Clinical Im-

munology (BACI) and on the behalf of the Board of Directors I have the pleasure to announce the 
publication of the first issue of the Bulgarian Journal of Clinical Immunology (BJCI). For the past 15 
years Bulgarian immunologists have achieved great success in science and clinical practice. For this 
relatively long period of time the Yearly Book of BACI has become an official tribune for announcing 
this success. 

Bulgarian immunological community has contributed for the development of immunology in 
Bulgaria and abroad. We have performed intensive studies in the fields of fundamental immunology, 
autoimmunity, immunology of infectious diseases and reproduction, immune deficiencies, molecular 
biology, immunogenetics, immunooncology, transfusion and transplantation immunology, etc. This 
dynamic development has lead to the need for transforming the yearly book into scientific journal and 
thus to promote the achievements of Bulgarian immunologists and give researchers from around the 
world the opportunity to publish their work. 

We are aware that we are making the first step in a long journey towards accreditation of our 
journal in Bulgaria and abroad and we are about to face serious competition. Nevertheless, I am 
convinced of the potential of Bulgarian immunologists and for the past 15 years of team work I have 
gained confidence that together we shall make BJCI a distinguished scientific journal.

Good luck! 

Professor Elissaveta Naumova, MD, PhD, DSci
President of Bulgarian Association of Clinical Immunology



Dear Dr Kyurkchiev,

I was so happy to hear about the launching of the new journal; Bulgarian Journal of Clinical Im-

munology (BJCI). Every birthday of a new scientific journal is a moment to celebrate. These journals 
help to spread knowledge, to bring collaborations and to help the research and academic world. Bul-
garian were always significant contributors to the world of science and especially in autoimmunity. 
Enough to mention their experience in harnessing IVIG for therapy and their deep knowledge in the 
field of autoimmune reproductive world. I am pretty sure that this journal will flourish and will ful-
fil the expectations and I wish the editorial board great success. Yours always.

PROF. (EMER.) YEHUDA SHOENFELD, MD, FRCP, MAACR
Zabludowicz Center for Autoimmune Diseases,

Sheba Medical Center
(Affiliated to Tel-Aviv University)

Tel-Hashomer Israel
Past Incumbent of the Laura Schwarz-Kipp Chair for

Research of Autoimmune Diseases, Tel-Aviv University, Israel
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GB-MsC IsoLAteD FRoM GLIoBLAstoMA MuLtIFoRMe AFFeCt FoxP3-t 

ReGuLAtoRy suBPoPuLAtIon AnD IL-10 seCRetIon In PBMC IsoLAteD 

FRoM heALthy DonoRs

K. Tumangelova-Yuzeir1, E. Naydenov2, E. Ivanova-Todorova1, E. Kurteva1, G. Vasilev1,  

S. Nachev3, D. Kyurkchiev1

1Laboratory of Clinical Immunology, University Hospital “Sv. Ivan Rilski”,  
Department of Clinical Immunology, Medical University – Sofia, Bulgaria 

2Clinic of Neurosurgery, University Hospital “Sv. Ivan Rilski”, Medical University – Sofia, Bulgaria  
3Laboratory of Clinical Pathology, University Hospital “Sv. Ivan Rilski”,  

Medical University – Sofia, Bulgaria

Abstract. Aim and object: Glioblastoma multiforme (GBM) is one of the most difficult to treat 
tumors of the central neural system. Recent data indicates that mesenchymal stem cells (MSC) 
are one of the major cell populations playing a role in the suppressive function exerted by GBM. 
The MSC have well known suppressive functions on immune system’s cells. The aim of our 
study was to investigate the effect of cell contact and soluble factors secreted by MSC isolated 
and cultured from GBM (GB-MSC) on T-effector cells (Teff) and FoxP3 negative T-regulatory 
subpopulation (FoxP3- T regulatory cells) in the composition of peripheral blood mononuclear 
cells (PBMC) isolated from healthy volunteers. The alteration of IL-10 secretion in the cell cul-
ture supernatants was investigated using the different experimental approaches. Materials and 

Methods: We isolated GB-MSC from 10 patients with GBM, and cultured and PBMC were iso-

lated from 10 healthy volunteers. Human PBMC were co-cultured with GB-MSC and GB-MSC 
supernatants for 72 hours and subsequently different T-helper subpopulations were investigated 
using flow cytometry. The supernatants from our experiments were investigated for availability 
of IL-10 using ELISA method. Results: Our experiment showed a significant increase in FoxP3- 
T regulatory cells percent when co-cultured with GB-MSC (p < 0.001) whereas cultivation with 
GB-MSC supernatants did not show a significant difference. IL-10 demonstrated a significant 
raising only whenPBMC were co-cultured with GB-MSC. There was not a significant differ-
ence in the Teff cultured neither with GB-MSC’s supernatants, nor co-cultured with GB-MSC. 
Conclusion: Our results clearly show that GB-MSC can affect one of the T helper regulatory 
population. Although in vitro studies do not represent completely the interactions in tumor mi-
croenvironment, we can claim that MSC isolated from GBM provoke an increase of the pool of 
suppressive cells, like FoxP3- T regulatory cells in tumor stroma. Another demonstration of GB-
MSC modulating properties is the detected elevation of IL-10 secretion from healthy donor’s 
PBMC under cell-contact conditions.

Key words: Glioblastoma multiforme, GB-MSC, Tregs, Teff, FoxP3- T regulatory cells

Correspondence address: Kalina Tumangelova-Yuzeir, Laboratory of Clinical Immunol-
ogy, University Hospital “Sv. Ivan Rilski”, Sofia, 15 Ivan Geshov Bul, Tel: +359894655702,  
e-mail: kullhem000@gmail.com
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IntRoDuCtIon

Glioblastoma multiforme (GBM) is the most 
common primary brain tumor according to the WHO 
and encompasses 15% of all intracranial neoplasms. 
This tumor is а stage IV astrocytoma, characterized 
by high propensity to invade the surrounding normal 
brain as well as resistance to therapy [1]. There are 
several theories concerning the GBM origin. Among 
them considered as most reliable is the Cancer stem 
cell theory, postulating that population of neural 
stem cells detected in the subventricular zones of the 
brain (or partially differentiated progenitor cells) can 
transform into the so-called cancer stem cells (CSCs) 
and give rise of GBM. GBM have heterogeneous 
cellular composition and plenty of mechanisms for 
immune escape, including attraction and induction 
of different immunosuppressive cell populations like 
macrophage/microglia, myeloid-derived suppressor 
cells (MDSC), Treg, and tolerogenic dendritic cells 
(DC) have been also described. The glioma micro-

environment alters the surrounding cells in a tumor 
favorable direction, a process known as “stromal 
corruption” [2]. Another expedient applied is the 
secretion and expression of cytokines and other im-

munosuppressive factors like interleukin 6 (IL-6), 
IL-10, vascular endothelial growth factor (VEGF), 
transforming growth factor (TGF-b), prostaglandin 
E2 (PGE2), indoleamine 2,3 dioxigenase (IDO), 
programmed death ligand-1,2 (PD-L1,2), cytotoxic 
T-lymphocyte antigen-4 (CTLA-4), NKG2A, and 
galectin-1 [2, 3, 4, 5]. 

With regard to the cell populations forming the 
tumor bulk, there is a growing body of researches 
indicating the presence of another stem cell popu-

lation in GBM’s microenvironment - that of mes-

enchymal stem cells (MSC) [6]. MSC exist in most 
tissues including CNS and their main function rep-

resent tissue regeneration in healing. The minimal 
criteria needed to define a cell population as MSC 
according the International society of cell therapy 
(ISCT) include a typical phenotype of adherent 
fibroblast-like cells, differentiation in adipogenic, 
chondrogenic and osteogenic directions, expression 
of CD105, CD73, CD90 in more than 95% of the 
cell in the culture and negative findings for CD45, 
CD34, CD14 or CD11b, CD79a or CD19, HLA-DR 
which should be less than 2% of cultured cells [7, 
8]. Furthermore, it is well known that MSC possess 
immunosuppressive function and it has been found 
that MSC favor tumor progression and function. In 

2004, Studeny et al. found for the very first time that 
bone marrow derived MSC can recruit to tumors [9]. 
Recent data confirms that the most promising source 
of tumor associated MSC is the bone marrow [10]. 
On the other hand, there are evidences that pericytes 
in CNS, are in fact MSC, because of their ability to 
express specific markers and differentiate into cells 
of the mesenchymal lineage [11].

In the literature there are two basic approaches 
for GBM cancer stem cells (CSC) isolation and cul-
turing. The first is applied for neuro spheres (NS) for-
mation and include serum-free medium supplemented 
with epidermal growth factor (EGF), basic fibroblast 
growth factor (bFGF) and B27. Another medium is 
supplemented with 10% fetal bovine serum (FBS) 
and the outcome of its application is adherent cell cul-
ture formation (AC) [12]. Plenty of data claim that 
NS are closer model to in vivo CSC, because of mu-

tual genetic alterations as the primary tumor, higher 
tumorigenic and self-renewal capacity compared with 
the AC. Recent data elucidate the reason for observed 
variations in GBM stem cell cultures growing in vitro. 

A lot of researchers and we as well claim that the cells 
known as “adherent cells” de facto present normal or 
“corrupted” mesenchymal stem cells [6, 13]. 

Our team has vast experience in the investiga-

tion of stem cells isolated from GBM. We proposed a 
new model of cell culturing combining the two clas-

sical models. For cultivation of GBM isolated stem 
cells we used medium supplemented with FBS, EGF 
and bFGF. The cell culture obtained had the morpho-

logic characteristics of fibroblast-like adherent cells, 
fulfill the minimal criteria for MSC according ISCT 
and possessed cytokine secretion typical for MSCs 
IL-6, IL-8, TGFβ1, PGE2, CCL-2 and sVEGF-α. 
These glioblastoma derived MSC was abbreviated 
as GB-MSC [6, 14]. Our studies were also directed 
to examination of GB-MSC immunoregulatory ac-

tivity exerted on T helper cell populations. It was 
used peripheral blood mononuclear cells (PBMC) 
collected form healthy donors, which were co-cul-
tured with GB-MSC or GB-MSC media. We found a 
significant increase in classical CD4+CD25+FoxP3+ 

T regulatory cells (Treg) under the both experimen-

tal approaches. With regard to Th17, which were de-

terminate by their positive expression of CD3, CD4, 
CD161 and CD196, we observed significant reduc-

tion only in the experiment of co-culturing with GB-
MSC [6]. Based on our results, we can claim con-

vincingly that MSC not only participate in formation 



7GB-MSc isolated from glioblastoma multiforme...

of GBM stroma, but actively support adaptation of 
tumor and immune survey escape.

The presence and the elevated quantity of Treg in 
GBM microenvironment is indisputable fact. This T 
helper cells population at least in part can mediate the 
failure of GBM immune response and could be related 
to prognosis and survival of the patients [15]. Besides 
Treg are able to modulate the effector T cell popula-

tion occupied in exerting anti-tumor immune response. 
However, there are others suppressive T helper subsets 
like T helper 3 cells (Th3), Type 1 regulatory T cells 
(Tr1), and CD4+CD25+ FoxP3- T cells that participate 

in different malignant processes and could be an object 
for further exploration in context of altered immune 
response against glioblastoma [16, 17]. CD4+CD25-

FoxP3- T effector cells (Teff) are part of tumor infil-
trating lymphocytes, but little is known about their 
function in GBM milieu and need additional research 
clarifying the role of this cell population [18].

Our previous results demonstrate that tumor as-

sociated MSC have a significant role in formation 
of the immunosuppressive properties of the tumor. 
In this point of view the interest of our team in the 
present study was directed to investigate two T cell 
subsets – Teff and CD4+CD25+FoxP3- T regulatory 
cells under the influence of GB-MSC media and co-
culturing with GB-MSC.

MAteRIALs AnD MethoDs

sample Collection

Tissue samples from ten patients (seven women 
and three men, aged 50-76 years) with histologically 
proven GBM were collected during surgical resection 
of the tumor in the Clinic of Neurosurgery at Univer-
sity hospital ‘‘Sv. Ivan Rilski’’ Sofia, Bulgaria (Fig. 
1). All patients signed an informed consent accord-

ing to the requirements of the Hospital Ethical Com-

mittee. Tumor samples (1-3 cm3) were incised from 
a specific tumor region described as “viable” zone, 
which represent the area of intensive tumor growth 
and invasion [19]. The samples were delivered to the 
laboratory immediately after the surgical intervention.

Peripheral blood mononuclear cells (PBMC) 
from ten healthy volunteers (eight women and two 
men, aged between 30 and 50 years) were isolated 
from peripheral blood by Ficoll – density gradient 
centrifugation (BD Vacutainers CPT; NC: 1 ml, Fi-
coll: 2 ml; BD, USA). PBMC were adjusted at a con-

centration of 1.105 cells per well.

Fig. 1. MRI diagnostic of GBM (Clinic of Neurosurgery, Uni-
versity Hospital “Sv. Ivan Rilski”)

GB-MsC Isolation and Cultivation

The procedure of isolation and culturing of 
MSC from GBM was describedin details in our 
previous work. [20]. The culture media contained 
DMEM/F-12 medium (PAN-Biotech, Germany), 
10% (v/v) fetal bovine serum (FBS) (PAA Labora-

tories), 20 ng/ml bFGF (Abcam, UK) and antibiotic/
antimycotic 100 IU/l (PAA Laboratories, Austria).

study model

For the purposes of the study, were used GB-MSC 
adherent cell cultures that reached a confluency of more 
than 80% at the 1st passage. Then the fresh culture su-

pernatant was collected at the 72nd hour and transferred 
in an adjacent empty well. PBMC, from healthy donor, 
were divided in tree equal portions and transferred to 
GB-MSC cells (first portions), with 72nd hour GB-MSC 
supernatant (second one) and third portion was used as 
a control (Fig. 2). After 72 hours of cultivation under 
standard conditions (37°C, 5% CO

2
, and 95% humid-

ity) the PBMC were collected, centrifuged at 280g for 
10 min, washed, and analyzed by flow cytometry.

Flow Cytometry Analysis 

PBMC from each well were prepared and sur-
face-stained with anti-CD4-PerCP, anti-CD25-FITC, 
and then intracellular-stained with anti-FoxP3-PE 
(BD Pharmingen, USA) by using Cytofix/Cytoperm 
Fixation/Permeabilization kit (BD Pharmingen, 
USA) strictly following the manufacturer’s instruc-

tions. At the end of the procedure cells were fixed 
with CellFix (BD, USA), and analyzed by FACS-

Calibur flow cytometer (BD, USA), software Cel-
lQuest and WinMDI 2.
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Immunoenzyme Assay (eLIsA)

Supernatants from each experimental approach: 
GB-MSC/PBMC, PBMC with GB-MSC media and 
control PBMC were collected after 72 hours of cul-
tivation and subsequently tested for availability of 
IL-10 (Gen-Probe Diaclone SAS, France), follow-

ing the manufacturer’s instructions. Ten experiments 
were provided.

statistical Methods

For the statistical and graphical processing of 
the data obtained, the Statistical Package for the 
Social Sciences (SPSS) version 21 and GraphPad 
Prism 6 were used. Thenormality of the distribution 
of the variables was investigated using the Shap-

iro–Wilk test. Due to the relatively small number of 
paired samples (n = 10), the hypotheses were tested 
using the non-parametric Wilcoxon signed-rank test. 
Exact p values were computed and level of signifi-

cance was set up for α = 0.05 for two-sided test. 

ResuLts

Influence of GB-MSC and GB-MSC media 
on the percentage of FoxP3- t regulatory cells

The detection of FoxP3- T regulatory cells in the 
composition of healthy donors PBMC were based on 

their positive expression of CD4 and CD25 and ab-

sent expression of the intracellular marker FoxP3. 
They were showed as a percent of CD4+ lympho-

cytes (Fig. 3). The flow cytometric and statistical 
analysis of the investigated population showed a sig-

nificant increase in percentage value when co-cul-
tured with GB-MSC compared with the control cells 
2.9% (IQR 2.5-3.5%) vs. 1.5% (IQR 1.3-2.3%), p = 
0.001. No significant difference was observed in per-
centage of FoxP3- T regulatory cells in the pool of 
PBMC cultured with GB-MSC supernatants vs. con-

trol PBMC, 1.4% (IQR 1.3-2.3%) vs. 1.5 % (IQR 
1.3-2.3 %) (Fig. 4 A).

Influence of GB-MSC and GB-MSC media  
on Teff
The percentage of Teff in the pool of PBMC was 

determined by positive expression of CD4 and nega-

tive expression of CD25 and FoxP3. In comparison 
with the Teff in control well neither co-cultivation 
with GB-MSC nor the culturing with GB-MSC me-

dia showed a significant difference (Fig. 3).

Influence of GB-MSC and GB-MSC media  
on IL-10 secretion by PBMC

PBMC’s IL-10 secretion was compared between 
the cells in the control wells and PBMC in the both 

Fig. 2. Study model. Stage I: isolation and cultivation of GB-MSCs. Stage II: Isolation of healthy donor’s PBMC and their separation 
on 3 equal portions. Cultivation of each of PBMC portion with 1) GB-MSC adherent culture, 2) GB-MSC fresh supernatant and 3) 
culture medium (DMEM/F12 with 10% FBS and bFGF). Stage III: Collection of each experimental approach’s PBMC after 72 hours 
of cultivation and analysis
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experimental approaches. It was established a signif-
icant elevation in IL-10 levels when PBMC were co-
cultured with GM-MSC vs. control PBMC, 6.9 pg/
ml (IQR 6-9.43 pg/m) vs. 4 pg/ml (IQR 3.5-4.4 pg/
ml), p = 0.001. There was no significant difference in 
IL-10 levels in PBMC cultured with GB-MSC me-

dia vs. control PBMC, 3.7 pg/ml (IQR 3.3-4.71 pg/
ml) vs. 4 pg/ml (IQR 3.5-4.4 pg/ml) (Fig. 4 B).

DIsCussIon

GBM have a well-defined immunosuppressive 
effect exerted on a local and systemic level. One 
of the most representative features of this tumor is 
its ability to recruit different cell populations and 
to modulate their fate/phenotype in the process of 
“stromal corruption” steering the immune response 
of the organism in a tolerogenic direction [2]. The 
tumors are often described as “wounds that never 
heal” and from this point of view GBM’s stroma is 
an attractive target for MSC when they provide their 

regenerative and immunosuppressive function [21]. 
MSC possess strong immunosuppressive effect and 
a variety of soluble factors and cell-contact mecha-

nisms for influence the surrounding cell populations. 
As we mention above our previous work shows a 
significant elevation of the population of classical 
Tregs in the pool of healthy donors PBMC as a re-

sult of both soluble factors and cell-contact mecha-

nismswhen cultured with GB-MSC. GB-MSC have 
a great secretion of TGFβ1, CCL-2,PGE2, and IL-6 
which are considered as factors that provoke the in-

duction of naïve T cells in inducible Treg. On the 
other hand, GB-MSC express PD-L1 that participate 
in PD-L1/PD-1 interaction and have essential role in 
the conversion of T cells toward Tregs. Moreover, 
the cellular contact with GB-MSC reduces the num-

ber of Th17 probably as a result of their conversion 
in Treg [6]. 

In the literature there are data for the existence 
of at least three suppressive FoxP3-T helper subpop-

Fig. 3. Representative flowcytometric dot plot analysis of FoxP3- T regulatory cells and Teff in the pool of healthy donor’s PBMC

A.  B. 

Fig. 4. GB-MSC provoked an increase percent of FoxP3- T regulatory cells (A) and of IL-10 secretion (B) when co-cultured with 
PBMC. There is no effect on FoxP3- T regulatory cells amount or IL-10 secretion in the experimental approaches of PBMC cultivated 
with GB-MSC medium. Data are expressed as median (IQR), *p < 0.05 (Wilcoxon sign-rank test)
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ulations different from Treg. One of them is the so 
called Th3, characterized by preferential expression 
of TGFβ, but low expression of CD25 [17]. Another 
suppressive subtype, Tr1, produces IL-10 and TGFβ, 
and is generated by immature dendritic cells produc-

ing IL-27 [22]. Both populations are found in the 
environment of different tumors. There is accumu-

lating evidence demonstrating the existence of third 
suppressive CD4+CD25+Foxp3- regulatory T cells-

derived from CD4+CD25- T cells. These cells exert 
their functions by IL-10 secretion [16]. In the current 
study we focus on the influence of GB-MSC on the 
former suppressive T helper subtype, namely FoxP3- 
T regulatory cells. Тo our knowledge this is the first 
report in the literature for influence of MSC isolated 
from GBM on CD4+CD25+FoxP3- T regulatory cells. 
Our results demonstrate that under co-cultivation with 
GB-MSC an elevated amount of FoxP3- T regulatory 
cells is observed. The GB-MSC culture supernatants 
do not seem to have the same effect. 

MSC secrete a variety of factors to suppress the 

multiple T cell populations. One of these is the nitri-
coxide (NO) for which it is known to inhibit T-cell 
proliferation via the NO-Stat5 pathway [23] and to 
induce CD4+CD25+Foxp3- regulatory Tcells from 
CD4+CD25-T cells via p53, IL-2, and OX40. It is 
considered that FoxP3- T regulatory cells induction 
plays a role in regulation of Th1 expansion under in-

flammatory conditions [16]. One of peculiarities of 
NO that can explain the absence of FoxP3- T regu-

latory cells proliferation in our experiments under 
the influence of GB-MSC media is that it is highly 
unstable. NO can lose its activity in culture media 
before it influences T cells [23]. Furthermore Sid-

diqui et al. found an association between increased 
tumor infiltration by FoxP3- T regulatory cells and 
tumor stage, size and survival of patients with renal 
cell carcinoma [24].

In the literature there is another point of view 
about the properties of CD4+CD25+Foxp3- cell pop-

ulation. DeLeeuw et al. define these cells as effector 
T cellswith a “highly exhausted phenotype”due to 
chronic antigen exposure. They find a strong posi-
tive association between CD25+FoxP3- T helpers 

and ovarian cancer survival. CD25 expression can 
be induced on T cells by TGFβ, which is highly de-

tectable in GB-MSC media [25]. 
We speculate that detected in our experiments 

CD4+CD25+Foxp3- cell population is more likely 
to be with a suppressive phenotype, because of the 

elevation observed only under co-cultivation with 
GB-MSC. This assumption agrees better with the 
first theory for NO FoxP3- T regulatory cells induc-

tion. In our study TGFβ is detected in great amount 
when PBMC were cultured with GB-MSC media 
and co-cultured with GB-MSC (data not shown) and 
an equal effect can be expected in both experimen-

tal approaches. In all cases CD4+CD25+Foxp3- cell 

population has not been studied thoroughly and ad-

ditional researches are needed to elucidate its exis-

tence and properties in GBM microenvironment.
Our results have revealed an increase in the 

quantity of IL-10 only when PBMC were co-cul-
tured with GB-MSC. Because there are data affirm-

ing an IL-10 secretion from FoxP3- T regulatory 
cells a correlation test between increase of FoxP3- T 

regulatory cells and elevated amount of IL-10 was 
performed. A significant relation was not estab-

lished. (data not shown) A possible explanation of 
this phenomena can be the involvement of another 
IL-10 producing cells in the pool of PBMC. IL-10 
has crucial role in diverse regulatory processes of the 
immune system. Our previous studies indicate that 
GB-MSC do not secrete IL-10 themselves [6]. On 
the other hand, they provoke a rise of Treg subtype 
in the composition of healthy donors PBMC. Treg 
are one of the main populations that can secrete IL-
10 [26, 27]. There are a lot of other potential IL-10 
producing populations like tolerogenic DC, another 
regulatory T helper subtypes and even B cells and 
NK cells [26]. Further experiments are required to 
clarify the exact IL-10 secreting cell subpopulation.

Our experiments do not demonstrate a change 
in the number of Teff in different approaches. Al-
though, we cannot convincingly affirm that this re-

sult is equal to the lack of effect, exerted by GB-
MSC on T effector populations. As we discussed 
above under the action of GB-MSC there was ele-

vated number of Treg. It is well described that Treg 
have different mechanisms for inhibiting Teff activa-

tion. Moreover our previous data revealed that under 
the influence of GB-MSC the monocytes in the pool 
of healthy donors PBMC have an altered expres-

sion of B7 receptor [6]. At this point of view one 
classical hypothesis postulates that the induction of 
tolerogenic DC and Tregs both secreting IL-10 leads 
to lack of expression of CD28 on Teff. The outcome 
of this alteration is induction of anergy in Teff [28]. 
This speculation requires additional investigation 
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for establishment of Teff functional status under the 
influence of GB-MSC.

ConCLusIon

To the best of our knowledge and according 
to the accessible literature, this is the first report 
on the effect of MSC isolated form GBM on a re-

cently described FoxP3- T regulatory cell popula-

tion. We found an elevation of the former under 
cell contact conditions with GB-MSC. In addition, 
our results have revealed under the same experi-
mental approaches an increase of IL-10 amount in 
culture media. Besides there are data determining 
CD4+CD25+FoxP3- as exhausted Teff cells we as-

sume that the suppressive phenotype is more reliable 
for this cell population. 
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Abstract. Apart from autoimmune reactions, the role of infections as an aetiological fac-

tor in the development of vasculitic syndromes has been suggested. The most convincing 
evidence points to an aetiological connection with Staphylococcus aureus. On the other 
hand, anti-neutrophil cytoplasmic antibodies (ANCA) are an incidental finding in patients 
with infections, regardless of the presence of vasculitis. Our aim was to study the fre-

quency of severe infections in patients with ANCA-associated vasculitides (AAV) in the 
Bulgarian population and to discover the predictors of severe infections among patients 
with AAV. We also aimed to establish the association between perinuclear ANCA (pAN-

CA) and infections. We studied a total of 142 patients with vasculitis – 84 females and 
58 males, respectively, which were treated in the Clinic of Rheumatology at University 
Multi-profile Hospital for Active Treatment (UMHAT) "Sv. Ivan Rilski" in Sofia, Bul-
garia. Thirty-three (23.24%) patients with AAV had at least one severe infection, while 
six (4.23%) had several episodes of recurrent infections throughout the first six months 
after the diagnosis had been established. Bacterial infections were the most common type 
– 96.6% of cases, followed by fungal and viral infections. The most commonly isolated 
strain was Staphylococcus aureus – in 8 cases, followed by Klebsiella and Streptococcus 
(6 cases of each). The most common causes of fungal infections were Candida albicans 
and Aspergillus fumigatus. In patients with signs of chronic kidney disease (CKD), in-

fections were registered significantly less frequently compared to patients with normal 
kidney function (р = 0.015). Patients suffering from infections had significantly higher 
mortality than those without infections (р = 0.025). In patients with Wegener’s granulo-

matosis (WG) suffering from infections, pANCA were found more often than in patients 
without infections, however the difference was not statistically significant (p = 0.1227).
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IntRoDuCtIon

Apart from autoimmune reactions, the role of 
infections as an aetiological factor in the develop-

ment of vasculitic syndromes has been suggested. 
The most convincing evidence points to an ae-

tiological connection with Staphylococcus aureus. 
The link between Wegener’s granulomatosis (WG) 
(or granulomatosis with polyangiitis, GPA) and the 
carriage of Staph.aureus was first suggested by We-

gener himself. It has been reported that the carriage 
of this Gram-positive bacterium in the nasopharynx 
is three times higher in patients with WG compared 
to healthy individuals and is also a risk factor for 
disease relapse [1-4]. Data from case reports have 
outlined several other infectious diseases which may 
be related to the occurrence of AAV, including Rick-

ettsiae, Enterococcus, and the Epstein-Barr virus. 
Recent studies have found evidence of molecular 
mimicry between the human LAMP-2 epitope (spe-

cific for ANCA) and the bacterial adhesion FimH 
(originating from many Gram-negative microorgan-

isms) [5]. Multiple studies have suggested a link be-

tween GPA and viral infections. Indeed, a number of 
authors have pointed out that infection with the cy-

tomegalovirus or its reactivation is associated with 
an exacerbation of GPA. On the other hand, ANCA 
are an incidental finding in patients with infections, 
regardless of the presence of vasculitis. They have 
been found in the sera of patients suffering from in-

fections with Staph. aureus, bacterial endocarditis 
[6], leprosy [7], tuberculosis [8], viral infections [9, 
10], amoebiasis [11]. Infections were responsible for 
50% of death cases in patients with AAV in four clin-

ical studies conducted by the European Vasculitis 
Study Group over the period 1995-2005 [12]. How-

ever, a link between a distinct antibody and a spe-

cific bacterial microorganism was not established.
In line with these previous reports, out aim was 

to study the frequency of severe infections in pa-

tients with AAV in the Bulgarian population and to 
discover the predictors of severe infections among 
patients with AAV. We also aimed to establish the 
association between pANCA and infections and to 
calculate the mortality among patients with AAV and 
infectious diseases.

MAteRIALs AnD MethoDs

The present study involved 142 patients with vas-
culitis – 84 females and 58 males, respectively. They 

were diagnosed and treated in the Clinic of Rheumatol-
ogy at UMHAT "Sv. Ivan Rilski:  in Sofia, Bulgaria. 

The study represents a prospective and retro-

spective analysis of patients with vasculitis who 
were treated in the Clinic of Rheumatology over 
the period 2009-2018. The diagnosis was estab-

lished based on the classification criteria created 
by the American College of Rheumatology (ACR) 
(ACR, 1990) and the nomenclature of vasculitides 
introduced by the Chapel Hill Consensus Confer-
ence (CHCC). In some patients, the diagnosis was 
confirmed by the histopathological picture of vas-

culitis on biopsy specimens obtained from a suit-
able material and through an appropriate technique 
– nasal mucosa, bronchoscopy, renal biopsy, skin 
and muscle biopsy. Laboratory tests were conducted 
in the clinical and immunological lab of UMHAT 
“Sv. Ivan Rilski”, Sofia, Bulgaria. They were used 
to determine disease activity (complete blood count 
(CBC) with differential count, erythrocyte sedimen-

tation rate (ESR), C-reactive protein (CRP)), as well 
as systemic involvement and disease severity (cre-

atinine, urea, liver enzymes, urinalysis - sediment, 
proteinuria, creatinine clearance). The presence of 
ANCA was confirmed through indirect immunofluo-

rescence (IIF) in ethanol-fixed neutrophils and veri-
fied through enzyme-linked immunosorbent assay 
(ELISA) by automated analyser Alegria® (ORGEN-

TEC Diagnostika, Germany) for antibodies against 
proteinase 3 (PR3) and myeloperoxidase (MPO). 
The microbiological tests were conducted at the 
Department of Microbiology at UMHAT “Aleksan-

drovska”, Sofia, Bulgaria.
Demographic, clinical and laboratory data were 

conducted upon the establishment of the respective 
diagnosis.

The statistical analysis was conducted with 
SPSS 13.0. A descriptive analysis was made based 
on the grouping of one or more signs, summarizing 
the relative percentage and the mean. We also per-
formed a diagnostic analysis to test for difference in 
the empirically calculated relative percentages. Our 
conclusions were also confirmed with alternative 
assessments of the empirical levels of significance 
(Clopper-Pearson method), which do not depend on 
the traditional ones based on approximations. An 
analysis of the means was also conducted and the 
statistical significance of the obtained differences 
was evaluated with tests comparing the means (t-
test). In order to analyze the level of significance 
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of given empirical characteristic features, we used 
levels based on our hypotheses regarding the distri-
bution of the tested signs. The significance level (α) 
was set at 0.05, unless a different value was explic-

itly stated. The respective assessments of the sig-

nificance of a given empirical characteristic feature 
of the above tests were compared to this borderline 
value of 0.05. In cases where it was below 0.05, the 
tested difference was considered to be statistically 
significant; if it was above 0.05, the difference was 
not considered to be statistically significant.

ResuLts

Using the criteria determined by ACR and 
CHCC, we found that a total of 142 patients with 
AAV had been treated in the clinic. Seventy-eight 
(78) of them had been diagnosed with WG, fifty-one 
(51) – with microscopic polyangiitis (MPA), eight 
(8) – with Churg-Strauss syndrome (CSS) (or eo-

sinophilic granulomatosis with polyangiitis, EGPA). 
Five (5) patients had signs of vasculitis and presence 
of ANCA but could not be classified into either of 
the nosological entities based on the clinical presen-

tation and the conducted laboratory, immunological 
and instrumental examinations.

Thirty-three (23.24%) patients with AAV had 
at least one severe infection, while six (4.23%) had 
several episodes of recurrent infections throughout 
the first six months after the diagnosis had been es-

tablished. Patients with WG who contracted serious 
infections were twenty-five (75.76%), with MPA – 
seven (21.21%) and with CSS – one (3.03%). Out of 
all these patients, 16 were male and 17 female. The 
mean age in male patients with infections was 45.50 
years and in female patients – 49.41 years. The mean 
age of patients without infections was 52.90 in male 
patients and 51.43 in female ones.

Fig. 1. Distribution of the infections per disease in patients di-
agnosed with AAV

A large portion of the patients with infections 
were treated with pulse therapies with methylpred-

nisolone (PTMP) – a total of twenty-three (69.70%), 
while a total of eight patients received immunosup-

pressive medication (24.24%) – four of them cyclo-

phosphamide, three – methotrexate and one – my-

cophenolate mofetil. Immunosuppressants were 
always taken along with a high dose of corticoste-

roids (starting dose of 1-2 mg/kg of body weight 
daily). It was expected that the frequency of infec-

tions would be higher in patients managed with im-

munosuppresants, since the induction therapy with 
cyclophosphamide and the high corticosteroid doses 
are known to be prerequisites for more frequent in-

fections [13]. This, however, was not supported by 
the evidence in the present work. This is related to 
the fact that the initial establishment of the diagno-

sis often coincides with the diagnosis of different 
infections and the presence of an infectious disease 
makes it impossible to conduct immunosuppressive 
treatment in these patients. Patients with recurrent 
infections over the course of prolonged immunosup-

pressive treatment represented a small share of the 
group of patients with AAV and infections (six out 
of thirty-three – 18.18%).

table 1. Comparison between the key characteristic features of 
patients with severe infections and without infections. ANCA 
– anti-neutrophil cytoplasmic antibodies; BVAS – Birmingham 
Vasculitis Activity Score; CKD – chronic kidney disease

Characteristic 

features

Patients with 

infections

n = 33

Patients without 

infections

n = 109

р

Age 47.2 52 0.096

Sex (F:M) 16:17 67:42 0.308

ANCA 29 (87.88%) 95 (87.16%) 0.923

BVAS 17.61 16.29 0.358

Anaemia 22 (66.67%) 77 (70.64%) 0.664

CKD 11 (33.33%) 63 (57.80%) 0.015

Haemodialysis 6 (18.18%) 21 (19.27%) 0.889

Mortality 7 (21.21%) 8 (7.34%) 0.025

Risk factors for severe infections

The mean age at diagnosis did not differ between 
the two groups of patients (Table 1). We did not re-

port statistically significant differences with regard 
to the presence of ANCA. Among patients without 
infections, we noted a higher percentage of patients 
with CKD (Table 1). We found that in patients with 
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CKD, infections were diagnosed significantly less 
often compared to patients with normal kidney func-

tion (р = 0.015). In the group of patients with AAV 
who underwent haemodialysis (twenty-seven pa-

tients), infections were reported in 22.22%, which 
was comparable with the group of patients without 
infections and the difference was not considered sta-

tistically significant (р = 0.3901). A multiple logistic 
analysis was conducted in order to evaluate the link 
between the occurrence of infections and the factors 
indicated in Table 1, which confirmed the results of 
the single analyses. The occurrence of infections is 
influenced significantly only by the occurrence of 
CKD, with the chance of occurrence of an infection 
in the case of CKD being 0.128 of the chance of oc-

currence of an infection in case no CKD is present. 
Our data show that the chance of patients with CKD 
developing an infection is not higher. Only six (or 
22.22%) out of all patients on haemodialysis (27 pa-

tients) had an infection.
Previous studies showed that older age at diag-

nosis and impaired kidney function decreased patient 
survival [14]. The presence of severe infections was 
higher in patients with end-stage renal disease and 
represented a serious risk factor and predictor of poor 
prognosis. It is considered that CKD leads to an im-

paired immunity and is in itself a risk factor for in-

fectious diseases [1,15]. Our study confirmed that 
mortality was significantly higher in patients with in-

fections (р = 0.025). End-stage renal disease and hae-

modialysis do not increase the risk of an occurrence 
of an infection in patients with AAV (p = 0.889).

Key pathogenic microorganisms

The pathogenic microorganisms responsible for 
the infections in the patients studied herein included 
bacteria, viruses and fungi (Table 2). In one patient 
we reported rickettsiosis. Most frequently observed 
were the bacterial infections – 96.6% of all cases, 
followed by fungi and viruses. The most common 
isolated microorganism was Staphylococcus aureus 
– in eight cases, followed by Klebsiella and Strepto-

coccus (six cases of each). The most frequent fun-

gal infections were caused by Candida albicans and 
Aspergillus fumigatus. The main organ localizations 
of the infectious process were the upper airways 
(nasal cavity, ears, sinuses), lungs and skin and the 
biological materials which most often led to growth 
of microorganisms included nasal swab, sputum and 
secretion from the skin lesions. The most frequent 

CT findings in our patients were sinusitis – in 18 in-

dividuals, pulmonary infiltrates – in 16 individuals 
and nodules – in 14 individuals.

table 2. Strains of pathogenic microorganisms

Pathogenic 

microorganism
strain

number of 

patients

Bacteria Staphylococcus aureus 8

Streptococcus 6

Pseudomonas aeruginosa 6

Klebsiella pneumoniae 4

Mycobacterium tuberculosis 2

Haemophilus influenzae 2

Mycoplasma pneumoniae 1

Enterobacter 1

Borreliaburgdorferi 1

Fungi Candida albicans 5

Aspergillus fumigatus 3

Viruses Hepatitis C virus 2

Herpes zoster virus 1

Herpes simplex virus 1

Cytomegalovirus 1

Fig. 2. Analysis of the infections and the respective antibodies 
by pathogenic microorganism

Association between pAnCA and infections

ANCA are considered one of the key markers 
of AAV, with cANCA being strongly associated with 
and specific for WG. On the other hand, pANCA are 
less specific and are found in patients with a wide 
spectre of other autoimmune disorders which do 
not belong to the group of the idiopathic small-ves-

sel vasculitides, such as anti-glomerular basement 
membrane disease, systemic lupus erythematosus 
(SLE), drug-induced glomerulonephritis, inflamma-

tory bowel disease (IBD), primary sclerosing chol-
angitis and autoimmune hepatitis [16]. Furthermore, 
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pANCA are diagnosed in a number of non-autoim-

mune conditions, such as infectious diseases and are 
also found in healthy individuals [17].

In the group of patients with infections we re-

ported a total of twenty-nine (87.88%) cases of 
ANCA. Eleven (37.93%) of them were pANCA, 
fourteen with cANCA (48.28%), and in four patients 
the antibodies were not determined as either pAN-

CA or cANCA. No statistically significant difference 
was reported between the two types of antibodies. 
As mentioned above, cANCA are associated with 
and are considered specific for WG (according to 
McLaren [18], they are present in 64% of cases). Out 
of the eleven patients with pANCA in the present 
study, five were diagnosed with WG and five with 
MPA, i.e. 45.45% of patients with WG and presence 
of ANCA had pANCA (Table 3), which is usually 
observed in 21% of patients (according to McLaren 
[18]). In the group of patients with WG but without 
infections, pANCA were reported in five out of for-
ty-six cases (10.9%), while cANCA were found in 
forty-one patients (89.1%), i.e. in patients with WG 
but without infections cANCAwere found signifi-

cantly more often (p = 0.0060). In patients with con-

comitant infections, cANCA were again found more 
frequently (in 73.7%), however the incidence of 
pANCA was more than two times higher compared 

to the group of WG without infections. The differ-
ence was not statistically significant (р = 0.1227).

We investigated whether a link existed among 
the different types of ANCA and the various bacteri-
al microorganisms but no statistically significant dif-
ferences were reported and a link between a specific 
antibody and a distinct bacterial microorganism was 
not established. Аnti-PR3 ANCA were found more 
often in the case of infections with Staphylococ-

cus, Klebsiella and Haemophilus, while anti-MPO 
ANCA were more frequent in the case of Streptococ-

cus and Enterobacter. 

DIsCussIon

Our results indicated that the risk of infection 
among patients with AAV is not so increased (in-

fections were registered in 23.24% of our patients 
which is a lower number than the one reported in 
earlier studies [14]). Six of them had subsequent epi-
sodes of recurrence of the same or development of 
other infections in the following months. The most 
commonly found pathogenic microorganisms in-

cluded Staphylococcus aureus (in eight cases) fol-
lowed by Klebsiella and Streptococcus (six cases of 
each). The major organ localizations of the infec-

tious process included the upper airways, lungs and 
skin. It is a well-known fact that the induction ther-

table 3. Analysis of pANCA(+) and pANCA(-) patients

Group pAnCA (+) pAnCA(-) p

Patients with infections 11 (44.0%) 14 (56.0%) 0,4004

Patients without infections 36 (42.9%) 48 (57.1%) 0,0660

Patients with WG and infections 5 (26.3%) 14 (73.7%) 0,0060

Patients with WG but without infections 5 (10.9 %) 41 (89.1%) 0,0060

Fig. 3. Analysis of pANCA (+) and pANCA (-) patients with Wegener’s granulomatosis (WG)



18 Ts. Yoneva, Ya. Zdravkova, D. Kalinova et al.

apy with cyclophosphamide and the high corticoste-

roid doses constitute a prerequisite for the develop-

ment of infections. In our patients, the larger portion 
of the infections were diagnosed at the onset of the 
disease which did not allow us to conduct systemic 
cyclophosphamide treatment. In fact, only four pa-

tients received cyclophosphamide, while the others 
were treated with milder immunosuppresants, such 
as methotrexate and rituximab. Six patients present-
ed with recurrent infections over the course of pro-

longed immunosuppressive treatment. The main risk 
factor for development of infections among patients 
with AAV was end-stage renal disease and haemo-

dialysis treatment. Patients with early CKD did not 
have a higher risk of infection – on the contrary, se-

vere infections were diagnosed significantly less of-
ten. No statistically significant difference in disease 
activity as determined through BVAS was observed 
between the two groups. It is accepted that patients 
with AAV and severe infections have a poorer prog-

nosis [14], which is confirmed by the results reported 
in our patients. It appears that rapidly developing or 
advanced renal failure increases the risk of infection 
and represents a poor prognostic marker. This is also 
confirmed by the results of our study. Mortality in 
patients with AAV and severe infections in the pres-

ent study was approximately three times higher than 
that in patients without infections. 

We also analyzed the link between pANCA and 
infections. The presence of ANCA was confirmed 
in 87.88% of patients with infections. We did not 
report a predominance of either antibody based on 
the staining pattern on IIF – the number of cases of 
perinuclear and cytoplasmic staining were almost 
equal, which actually points to a higher percentage 
of pANCA than expected [19]. It is believed that 
cANCA are more closely associated and more spe-

cific for AAV and WG in particular. We did not find 
a definitive association between pANCA and vascu-

litides with concomitant infections. What we noted, 
however, was that 45.45% of our patients with WG 
and presence of ANCA had pANCA, which is signif-
icantly higher than the percentage usually reported 
for patients with this particular disease. 

ConCLusIons

1. We found that patients with AAV suffer more 
frequently from infections of the upper airways, 
lungs and skin.

2. The most common bacterial microorganism was 
Staphylococcus aureus, followed by Klebsiella and Strep-

tococcus.

3. There was no significant difference in disease ac-

tivity in patients with and patients without infections.
4. CKD and haemodialysis were not associated with 

a higher risk of severe, life-threatening infections.
5. No definitive association existed between the 

presence of pANCA and the development of infections 
in patients with vasculitis. However, 45.45% of patients 
with WG and presence of ANCA had pANCA, which sup-

ports the association between pANCA and infections. 
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CASE REPORTS

IntRoDuCtIon

Blood donation is a humane, gratuitous act of 
mercy and human solidarity. Since ancient times, 
people have shown an undisguised interest in 
blood, but only in the XVIII century for the first 
time a blood transfusion took place.In 1958, the 

beginning of gratuitous blood donation was set in 
Bulgaria. On February 8, 1959, the first organized 
blood donation took place and was held under the 
auspices of the Bulgarian Red Cross, health work-

ers and public organizations. In 1958 the „City 
Blood Transfusion Station“ was established. In 
1959, the latter integrated with the Research Insti-

IMPLeMentAtIon oF nuCLeIC ACID testInG FoR sCReenInG  

oF tRAnsFusIon tRAnsMItteD InFeCtIons AMonG BuLGRIAn  
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Abstract. Nucleic acid testing (NAT) is a molecular technique for blood donation screening 
aiming to reduce the risk of blood transfusion infections (HBV, HCV, HIV etc). The method was 
introduced in the developed countries in the late 1990s and early 2000s, and nowadays increas-

ing numbers of countries around the world are introducing NAT into their blood donation sys-

tems. Currently, more than 60 million blood donations per year are tested with NAT. In 2019, 
the program for implementation of NAT technology for diagnostics of donated blood in Repub-

lic of Bulgaria started. As an initial step of this endeavor, a pilot study was conducted aiming 
to validate and evaluate the effectiveness of the method. This research was conducted with the 
participation of representatives of the Medical Universities and the Centers for transfusion he-

matology. We present the results of testing of 30 810 blood donations in the National Center 
for Hematology and Transfusiology, comparing NAT with currently used screening methods. 
In general, the results showed that screening initial step based on nucleic acid detection (but 
not discriminanatory part) have lower sensitivity than screening by serological tests. However 
NAT technology yielded 21 more cases of Hepatitis B infection and 2 cases of Hepatitis C 
infection additionally to serologically positive subjects (0.07%). This rate of successful detec-

tion of serologically negative infectious donors was significantly higher than reported in other 
countries and predicts high future effectiveness of the newly introduced NAT technology for 
biosafety ensuring in our country.
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tute of Hematology and Blood Transfusion and was 
renamed the Republican Center for Blood Trans-

fusion and Hematology. In 1996, the Republican 
Center was transformed into the National Center 
for Transfusion Hematology (NCTH). Ensuring 
infectious safety is among the priorities of NCTH 
and of the five other centers for transfusion hema-

tology (CTH) on the territory of the country.The 
departments for diagnosis of transmissible infec-

tions disease (TID), in the structure of CTH, are 
responsible for testing the units of donated blood 
and preliminary the control of the regular blood do-

nors for TID in accordance with the Regulation № 
18/2004 of the Ministry of Health. In 2007-2008, 
within a National strategy „Safe Blood“, a project 
for additional technological equipment of the CTH 
and wards of transfusion hematology at the region-

al multidisciplinary hospitals was developed and 
implemented. The initiative was under a project of 
the Ministry of Health „Reform in the health sec-

tor“, also funded by the World Bank.
According to officially published reports for 

2019, approximately 169 787 blood donations have 
been realized, 39 721 of which in National Center 
for TransfusionHematology, and the number has re-

mained approximately the same in the last 5 years. 
The total amount of discarded blood products due to 
TID for 2019 was 246 886 L.

Currently, the screening of donors for trans-

missible infections in the CTH in our country is 
performed by serological tests using two methods: 
1) enzyme-linked immunosorbent assay (ELISA) 
and 2) chemiluminescence method (CLIA). These 
diagnostic methods are sensitive and specific, but 
the hidden „window“ period (the time from infec-

tion of the donor to the time of detection of the in-

fection in the donor`s blood), in which no infection 
can be detected, is long. For example, the detection 
“window” period for HCV is 65 days, for HIV1/2-
19 days and for the accumulation of HBsAg is 
around 30 days [1].

Nucleic acid testing (NAT) is a molecular tech-

nique adapted for the purpose of blood screening 
thus reducing the risk of TID and providing an addi-
tional layer of biosafety. It was introduced in the late 
1990s and early 2000s. The main goal of the NAT 
testing of the donated blood is to increase the qual-
ity and safety of blood and blood components, in 
order to meet the highest standards currently avail-
able worldwide. In 2019, implementation of NAT 

technology in CTH started in agreement with the 
draft Medical Standard “Transfusion Hematology” 
2018. This standard includes the requirements for 
testing of infectious markers by NAT of each unit 
of donated blood (according to the provisions of 
EU Directive 2016/1214 (governing specifications 
of standards for blood centers quality system). The 
project is a part of the National Scientific Program 
„Development of a methodology for introduction of 
NAT technology for diagnostics of donated blood in 
the transfusion system of the Republic of Bulgaria“ 
at the Ministry of Education.

The objective of our work was to assess the ef-

fectiveness of using NAT as a screening test for de-

tection of HCV, HBV and HIV infection in donated 
blood in NCTH as a part of a pilot study.

MAteRIALs AnD MethoDs

The study period covered the time from 

10.02.2020to 30.04.2020. Total number of samples 
tested was 30810. Sample collection was performed 
by an operator (a phlebotomist nurse) in a vacutainer 
with an anticoagulant during each blood donation 
and placed into specially designed adapter of the 
satellite blood bag. The blood volume was sufficient 
to release 2 ml. serum. For the purposes of the proj-

ect, an informed consent was signed by all voluntary 
donors participating in this study. Two main blood 
screening methods intended for diagnostic use and 
for screening of blood donations/human serum and 
plasma were used and subsequently compared: sero-

logical and NAT based. ELISA screening for HIV-
1 and HIV-2 was performed by The GenscreenTM 
ULTRA HIV Ag-Ab qualitative enzyme immunoas-

say kit. Combined screening kit for anti-HCV anti-
bodies and the capsid viral antigen of the Hepatitis 
C (MonolisaTM HCV Ag-Ab ULTRA qualitative 
enzyme immunoassay) was used in order to detect 
HCV infection. For identification of HbsAg, Mono-

lisaTM Hbs Ag ULTRA assay was applied. All sam-

ples tested positive were futher analysed by chemi-
luminescent microparticle immunoassay (CMIA) on 
Architect System with the following consumables: 
HIV Ag/Ab Combo for the simultaneous qualita-

tive detection of HIV p24 antigen and antibody to 
HIV1/2 virus, qualitative detection of antibody to 
Hepatitis C virus and quantitative determination of 
Hepatitis C virus core antigen, and HbsAg Quali-
tative II assay for detection of Hepatitis B surface 
antigen. Alternative confirmatory test applied were 
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Western blot analysis for HCV and HIV1/2 and virus 
neutralization assay for HBV.

NAT technology was applied for all samples on 
ProcleixR PantherR System (Hologic and Grifols) 
using Procleix Ultrio Elite test. The assay is essen-

tially multiplex NAT, developed to detect DNA/
RNA from HCV, HBV and HIV1/2 simultaneously. 
The methodology was adapted and implemented in 
five CTH on the territory of the country thanks to 
the close cooperation between the teams of these 
centers, the supplier company and representatives of 
Medical Universities.

The Procleix Ultrio Elite screening test includes 
three main steps that take place in one tube:

1. Sample preparation - target capture.
2. Transcription-mediated amplification (TMA).
3. Detection of amplification products (ampli-

cons) with Hybridization Protection Assay (HPA).
Samples that formed a reaction in the Procleix 

Ultrio Elite screening test were run in separate Pro-

cleix Ultrio Elite HIV, HBV and HCV discrimina-

tory tests to confirm whether they were positive 
for HIV, HBV, HCV or a combination of all three.
Discriminatory tests use the same three main steps 
as the Procleix Ultrio Elite test (sample preparation 

- target capture, TMA and HPA). The same test pro-

cedure is followed as well with the difference that 
HIV-, HBV- and HCV-specific reagents were used. 
Discriminatory testing of samples that tested posi-
tive for HIV infection does not distinguish between 
HIV type 1 and 2.

ResuLts

In a study of 30801 donor samples for HIV1/2, 
the screening serological test (ELISA) reported a 
positive result in 18 samples (0.06% of all samples 
tested), while chemiluminescent technology con-

firmed positivity in 5 samples (0.02%). When the 
samples were re-screened with nucleic acid detec-

tion technology, 25 (0.08%) samples were detected 
positive, of which in the discriminatory analysis, 
HIV1/2 was confirmed in the same 5 donors (Table 
1) as did the serological methods.

A total of 30 913 donors were tested for HBV in-

fection. Of these, 139 (0.45%) were positive for ELISA 
test and 117 (0.38%) for CMIA test. Newly introduced 
NAT screening detected HBV positivity in 170 (0.55%) 
samples, of which 138 (0.45%) were confirmed with 
the discriminatory option of the same technology (or 
21 additional diagnosed cases) (Table 1).

table 1. The results of HIV1/2, HBV and HCV testing with Serological and NAT methods

test Result
serology nAt

frequency % frequency %

HIV1/2      

 Negative 30,776 99.92% 30,769 99.90%

 Confirmed positive 5 0.02% 5 0.02%

 Screening positive 18 0.06% 25 0.08%

 Unacceptable sample 2 0.01% 2 0.01%

 Overall 30,801 100% 30,801 100%
      

HBV      

 Negative 30,655 99.53% 30,624 99.43%

 Confirmed positive 117 0.38% 138 0.45%

 Screening positive 139 0.45% 170 0.55%

 Unacceptable sample 2 0.01% 2 0.01%

 Overall 30,913 100% 30,934 100%
      

HCV      

 Negative 30,738 99.80% 30,760 99.87%

 Confirmed positive 14 0.05% 16 0.05%

 Screening positive 56 0.18% 34 0.11%

 Unacceptable sample 2 0.01% 2 0.01%

 Overall 30,810 100% 30,812 100%
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For the presence of Hepatitis C virus 30 810 
samples were analysed. Of the 56 (0.18%) samples 
positive for ELISA screening, only 14 (0.05%) were 
confirmed by chemiluminescent technology. Nucleic 
acid screening gave a positive result in 34 (0.11%) 
samples, of which, following the discriminatory test-
ing, 16 (0.05%) of the blood donors were tested pos-

itive (2 additional HCV positive donors) (Table 1).
Two samples were of poor quality and were 

marked as unacceptable. For these samples the anal-
ysis was not possible (Table 1).

DIsCussIon

NAT was initially introduced in Germany in 
1997 for detection of HCV and 96 blood donations 
were screened [2]. With the advent of commercial 
kits, including for other viruses, many countries 
around the world have introduced NAT screening 
technology to test donated bloodpools [3]. Recently, 
data from 33 countries which had implemented NAT 
were collected, thus covering nearly 300 million do-

nations [4]. According to these data within 10 years 
a total of 2808 virus-infected donors were identi-
fied which would have be further transfused without 
NAT testing. It was estimated that thanks to this tech-

nolohy so-called „window period“ for HIV, HBV 
and HCV could be shortened up to 3-5 days.NAT is 
commonly used to detect mainly HIV and Hepatitis 
C; the main goal is to uncover potentially infectious 
units obtained from donors during the antibody-neg-

ative window period. Even not routinely applicable 
in every particular screening program, HBV NAT 
testing has two potential applications: to detect units 
of the Hepatitis B surface antigen (HBsAg) window 
period-negative donors and occult HBV infection [5, 
6] which is of the greatest importance in countries 
with a high prevalence of Hepatitis type B. 

We have performed a pilot study on the results 
of the introduction of the NAT test as an additional, 
„upgrading“ test in comparison with the serological 
methods, routinely used in current practice and re-

main mandatory. The results showed that both sero-

logical and NAT screening methods gave the highest 
percentage of false-positive reports for HCV testing 
(0.13% and 0.16% respectively), followed by HBV 
false-positivity (0.07% for ELISA and 0.1% for 
NAT). HIV1/2 screening demonstrated the lowest 
frequency of false positive result (0.04% and 0.06%) 
respectively. However the introduction of NAT add-

ed 21 more cases of Hepatitis B infection and 2 cases 

of Hepatitis C infection to serologically confirmed 
subjects. In general, it could be concluded that 
screening initial step based on nucleic acid detection 
(but not discriminanatory part) have lower sensitiv-

ity than screening by serological tests. On the other 
hand, however, thanks to the use of the newly intro-

duced technique, 21 donors were detected in „win-

dow period“ of HBV infection (HBV-DNA positive 
but HbsAg negative) and 2 donors were found to be 
in a „window period“ of HCV infection which can 
be assumed as higher specificity. The other option 
for the additionally HBV NAT confirmed positive 
subjects is that they could be carriers of occult infec-

tion (existence of low quantity of HBV-DNA in the 
serum (< 200 IU/mL), immune cells or liver tissue in 
subjects with serological markers of previous infec-

tion (anti-HBc and/or anti-HBs) and the absence Hb-

sAg). To distinguish the two conditions, NAT yield 
positive cases need to be tested over time.

Shang et al. previously reported results on 41 
301 blood donations from Shenzhen, South Chinaus-

ing commercial HIV/HCV-RNA and HBV-DNA 
Real-Time PCR NAT assays. All donors who were 
HIV or HCV sero-negative wereHIV or HCV-RNA 
negative as well, but two HBV-DNA positive/HB-

sAg negative blood donors were found [7]. Zou et. 
al. reported that during the 10 year-period (1999-
2008), nearly 66 million blood donations in United 
States were NAT screened. There were 32 HIV-DNA 
and 244 HCV-RNA positive donations identified with 
this technology [8]. Another study on more than 11 
million serological negative blood tested with NAT 
revealed 181HBV-DNA positive subjects [9]. Work-

ing Group for NAT Study in Thai reported that the 
NAT yield rates for HIV-1 was 1 in 97 000, for HCV 
1 in 490 000 and for HBV 1 in 2800 respectively [9]. 
In comparison to these reports, as well as to a num-

ber of others with similar results, it is clear that our 

study found a significantly higher number of HCVand 
HBV NAT yield positive cases than expected. This 
finding raised the question of the epidemiological fre-

quency of infection with Hepatitis B and C viruses in 
our country and imposed even more the urgent need 
for the use of NAT screening of blood donors in the 
Republic of Bulgaria. Cost-effectiveness needs to be 
evaluated further, though it seems to be more expen-

sive technology, given the results of our pilot study. 
However the cost-effectiveness needs to be calculated 
carefully taking into account many other factors as fi-

nancial recourses spend on: treatment of patients with 
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Hepatitis B, Hepatitis C, HIV/AIDS; reagents for the 
diagnosis of the infection and for the production of 
plasma medicinal products for 2018; average per-
centage of patients with Hepatitis B and Hepatitis C 
due to blood transfusion etc. So, it can be reasonably 
concluded that the introduction of NAT technology in 
the transfusion system of the Bulgaria will save over 
50% of the funds spent so far from state budget for 
the treatment of TID and related additional activities. 
In terms of safety and security of diagnosis and blood 
products obtained, the method has no alternative. The 
lives saved and the increase in the level of Bulgarian 
healthcare could not be valued either.

ConCLusIon

Globally, blood transfusions are a major cause of 
transmissible infections - in 10-15% of all patients. In 
Bulgaria, according to the annual analyzes of acute 
infectious diseases of NCIPD for 2015, 2016 and 
2017 (https://ncipd.org) patients with Hepatitis B and 
Hepatitis C due to blood transfusions are on average 
12% of all cases for which there are established data 
on the cause of the infection (for 2015 they are 13%, 
for 2016 – 14%, for 2017 – 9%). These data confirm 
the global incidence trend and prove that, although 
in many cases life-saving, blood transfusion carries 
risks that must be adequately addressed. The result 

form current study confirmed the high effectiveness 
of NAT. The routine application of this technology 
will: increase the security of donated blood and blood 
components; preventlosses from destruction of ex-

pensive processed blood components obtained by in-

novative methods and of infected pooled pools of hu-

man plasma for the production of medicines;prevent 
the need for repeated tests performed by serological 
methods;prevent the need for costly long-term medi-
cal treatment of patients with transmissible infections 
due to transfusion of infected blood; help in creating a 
database for the epidemiology of TID among healthy 
blood donors in our country. 
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CASE REPORTS

IntRoDuCtIon

Systemic lupus erythematosus is a systemic or-

gan non-specific autoimmune disease characterized 
by a wide variety of clinical manifestations. It affects 
the skin, the peripheral joints, the internal organs, 
the central and the peripheral nervous system, the 
blood vessels, the immune system, the hematopoi-
esis and the clotting system. The diagnosis is based 
on a complex of clinical and immunological corre-

lations grouped in several consensus systems. Each 
classification system reflects the current knowledge 
on SLE in different time periods: 

 − Аmerican College of Rheumatology (ACR) 
classification criteria – 1982 and 1997 [1, 2], 

 − SLICC (Systemic Lupus International Col-
laborating Clinics) classification criteria for the di-
agnosis of SLE, 2012 [3]

 − EULAR/ACR classification criteria, 2019 [4]
The immunological criteria for the diagnosis 

of SLE according to the SLICC criteria, 2012, are 
[3]: high antinuclear antibody (ANA) titer ≥ 1:160, 

positive anti-dsDNA antibodies, positive anti-Sm 
antibodies, lupus anticoagulant (LA), high antiphos-

pholipid (aPL) antibodies – anticardiolipin (aCL), 
anti-beta-2-glycoprotein-I (aB2GPI) antibodies, 
false-positive test for syphilis, low C3 and C4 com-

plement fractions, low CH50 complement levels, 
positive Coombs test. 

High ANA titer is one of the key immunological 
criteria for the diagnosis of SLE – with sensitivity 
of 95.8% and specificity of 86.2% at titer 1:160 and 
86% and 96.6% at titer 1:320 [5]. In over 95% of 
the SLE patients ANA are detected positive. Yet, in a 
small proportion of SLE patients ANA remain nega-

tive long after the diagnosis of the disease. These 
patients are referred to as “ANA negative”. In the 
majority of ANA negative SLE patients in the past 
the antibodies were tested using indirect immuno-

fluorescence technique (IIF) on rat or mouse organs 
[6, 7, 8, 9, 10]. After the introduction of IIF on Hep-
2 tumor cells, the percentage of seronegative SLE 
showed marked decrease [11]. 

Аna neGaTIve SySTeMIC lupuS eryTheMaToSuS
M. Baleva, M. Nikolova

Medical University – Sofia

Abstract. Systemic lupus erythematosus (SLE) is a systemic organ non-specific autoimmune 
disease characterized by a wide variety of clinical manifestations. It affects all tissues and organs 
with a predilection towards the blood vessels. The diagnosis is based on a complex of clinical 
and immunological correlations grouped in several classification systems. Antinuclear antibod-

ies (ANA) are one of the milestones of the diagnosis SLE, but in some patients they remain 
negative. These SLE patients are defined as ANA negative, or seronegative. The authors present 
a patient with ANA negative SLE with renal involvement and discuss the main cause of sero-

negativity in SLE.
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The current paper presents a female patient with 
SLE and lupus nephritis (LN) with negative ANA 
that remained negative for a long time, despite the 
fact that the patient fulfilled other criteria for the di-
agnosis of the disease. 

CLInICAL CAse DesCRIPtIon

Thirty-years-old female patient was referred for 
diagnostic evaluation and treatment of edematous 
state (anasarca), marked dyspnea, anemia (hemo-

globin of 80 g/L) – reference range 120-160 g/L, 
leucopenia (3.0 G/L) – reference range 3.5-10.5 
G/L with marked lymphopenia (0.6 G/L) – refer-
ence range 1-4 G/L and acute worsening of renal 
function – serum creatinine 400 mcmol/L (reference 
range < 96 mcmol/L), with nephritic range protein-

uria of 6 g/24 h (reference range < 0.2 g/24h) and 
nephritic urinary sediment with erythrocyturia and 
casts. For the past several years the patient reported 
joint pain. For several months she had weight reduc-

tion and fever and received antibiotic and diuretic 
treatment for bronchopneumonia, pericarditis and 
pleural effusion, but the treatment was ineffective. 
About a month ago the patient noted defluvium and 
severe joint pain, vertigo and headache. More than 
10 years ago the patients was treated for pulmonary 
tuberculosis. The patient reported several episodes 
of deep vein thrombosis (DVT) and an episode of 
pulmonary thromboembolism (PE). At presentation, 
the patient had negative ANA, (IIF-HEp-2 cells-Or-
gentec), negative anti-dsDNA, anti-Sm, anti-RNP, 
anti-Ro60, anti-Ro52 and anti-La antibodies (ELI-
SA – Orgentec). IgG and IgM aCL were negative 
but aB2GPI were positive – IgG aB2GPI – 60 U/
ml (reference range < 22 U/ml), IgM aB2GPI – 24 
U/ml (reference range < 11 U/ml). All clinical and 
laboratory data according SLICC criteria [3] are pre-

sented in table 1. The patient underwent renal biopsy 
and the renal histological examination revealed the 
presence of lupus nephritis III А/С ISN/RPS-2003 
with granular deposition of C3, C4, IgG, IgA and 
IgM along the glomerular basal membrane and in the 
mesangium, and C3 deposition in arteriolar vessel 
walls. 

Despite the negative ANA, anti-dsDNA, anti-
Sm, anti-RNP, anti-Ro and anti-LA antibodies, the 
clinical data for arthralgia, alopecia, photosensitiv-

ity, headache, polyserositis, proteinuria with nephrit-
ic urine sediment, low leukocyte and lymphocyte 
count, renal biopsy findings, past history of DVT 

and PE with positive aPL allowed us to diagnose the 
patient with SLE – renal, articular, lung and heart 
form, secondary antiphospholipid syndrome (SAPS) 
with DVT and PE. 

table 1. Clinical and immunological data of a 30 years-old fe-

male patient diagnosed with SLE according to the SLICC cri-
teria [3]

symptom In our patient Prevalence

Acute skin lupus erythematosus / 
photosensitivity (+) 60-70%

Chronic skin lupus erythematosus (-) 15-30%
Alopecia (+) 30-50%
Oral ulcerations (-) 15-45%
Arthritis / joint pains (+) 90%
Serositis (+) 30-60%
Renal involvement (+) 40-60%
Neurological symptoms (+) 15-20%
Autoimmune hemolytic anemia (-) 5-10%
Leukopenia / lymphopenia (+) 15-20%
Low platelet count (-) 15-20%
ANA ≥ 1:160 (-) 98%
anti-ds DNA (-) 60-70%
anti-Sm (-) 20-30%
LA and/or aCL and/or aB2GPI and/
or false (+) test for syphilis (+) 30-50%

Low complement levels (C3,C4 or 
CH50) (-) 55-60%

(+) direct Coombs test in the absence 
of hemolytic anemia (-) 10-30%

The patient received intravenous corticosteroid 
pulse treatment (120 mg methylprednisolone for 
three consecutive days), intravenous cyclophospha-

mide pulse (400 mg), intravenous heparin 1000 E/h 
followed by subcutaneous enoxaparin and sincoumar, 
and supportive treatment with oxygen, gastroprotec-

tion, diuretics, antibiotics and the clinical symptoms 
and laboratory abnormalities gradually subsided: the 
whole blood count, renal function and urinary find-

ings returned to normal. The patient continued cor-
ticosteroid and cytotoxic treatment (overall cumula-

tive dose of cyclophosphamide 3 600 mg, followed 
by 9 months treatment with azathyoprine). After six 
months treatment with corticosteroids and monthly 
intravenous cyclophosphamide pulses, the follow-up 
studies revealed low-positive ANA of 1:160 (refer-
ence range < 1:160) and positive anti-dsDNA antibod-

ies – 200 U/ml (reference range < 20 U/ml). The pa-

tient remained aPL positive for the following one year 
and subsequently the levels of aB2GPI were detected 
negative. The patient was diagnosed with Hashimoto 
thyroiditis – hypothyroid stage, and remained on le-

vothyroxine supplementation. 
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DIsCussIon

In 1976, S. R. Koller [12] first described 20 pa-

tients with positive LE test and negative ANA (IIF 
test on mouse liver) with clinical signs and symp-

toms suggesting SLE. During the next decade, mul-
tiple reports presented ANA negative SLE patients 
with use of the following methods: IIF on human 
granulocytes [13], rat liver and mouse kidney [9], 
mouse liver, human spleen, KB cells [7], rat liver 
[8], mouse liver [9, 10], HEp-2 cells [14, 15, 16], 
HEp-2000 cells [17]. 

The main reasons for ANA-negativity in these 
patients can be divided in two groups: due to the meth-

ods used (I) and due to the clinical symptoms (II). 
i. The causes associated with the methods used 

include: 
 − The low sensitivity of the methods. For in-

stance, the change of substrate from rodent tissues 
to KB cells (a human epithelial cell line) – ANA are 
negative [18], because the first substrate lacks nuclear 
antigens. Currently the “gold standard” for ANA de-

tection is considered IFF on HEp-2 cells [18, 19], that 
was used in our patient. After the introduction of this 
method, the cases of false-negative ANA decreased 
dramatically [18] and the sensitivity of the test in-

creased [20]. Compared to the IIF on animal organs, 
HEp-2 tests are more sensitive, because they express 
more antigens and use a human tumor line. The mouse 
and rat organs do not express Ro antigens and centro-

meres and nucleolus are better presented on the HEp-
2 line. Yet, in a small proportion of the patients ANA 
remain negative, because of the presence of anti-Ro 
and anti- La antibodies, that sometimes cannot be de-

tected on this cell line [10, 21]. This methodological 
limitation can be solved using the HEp-2000 cell line 
that contains these antigens [22]. 

 − The substrate fixation procedure [12] – the re-

actants used can destroy some of the antigens. 
 − The prosone effect in immunofluorescence 

methods [23].
II. The second group of causes includes:

 − The proteinuria in renal involvement - loss 

of antibodies with the urine [24]. The appearance 
of ANA with the decrease of proteinuria proves this 
hypothesis in our patient (before treatment – 6 g/24 
h, after six monthly courses with intravenous cyclo-

phosphamide – 0.3 g/24 h). In our patient we ob-

served the appearance of ANA after the initiation of 
immunosuppressive treatment and with the appear-

ance of therapeutic effect on renal involvement (with 
the decrease of protein loss). 

 − Loss of ANA in other body compartments – 
ANA can be detected in pleural effusions but not in 
the blood of SLE patients [25, 26].

 − The corticosteroid and immunosuppressive 
treatment [13, 27] could inhibit ANA synthesis, but 
in our patient the pathogenetic treatment was admin-

istered at the background of initially negative ANA. 
 − Deposition of ANA in the affected tissues and 

organs (in the deposited immune complexes) and 
therefore are not present in the circulation [28].

ANA negative SLE patients with LN have been 
presented by many authors. According to S.C. Sim-

mons et al. [29] these patients can be divided in 
two groups: I – with LN with or without extrarenal 
symptoms of SLE, and negative ANA that do not 
turn positive during the follow-up [30, 31, 32, 33]; 
II – with LN with or without extrarenal symptoms 
for SLE that subsequently develop positive ANA 
[29, 34, 35, 36, 37]. ANA could turn positive within 
different periods of time after the initial presentation 
[31], sometimes within years [34, 37], and could re-

main negative for a long period of time, up to two 
years [30] or six years [37]. In such cases, it has 
been proposed that ANA remain in very low levels 
in the circulation that do not allow the detection of 
the antibodies, even with the most sensitive meth-

ods. Some authors even suggest that in such patients 
ANA do not participate in the pathogenesis of LN 
[30]. In ANA negative patients with LN seroconver-
sion is usually observed after the decrease of urine 
protein loss [35, 36]. According some authors ANA 
negative SLE patients are more frequently anti-Ro 
antibody positive, they have skin symptoms, and 
rarely develop lupus nephritis or central nervous 
system involvement [7, 38] but other authors did not 
find such associations [17, 28, 30]. According T.T. 
Provost and M. Reichlin [38], “These ANA nega-

tive, Ro(SSA) – positive lupus patients generally 
demonstrate a prominent widespread photosensitive 
dermatitis and are frequently initially seen and eval-
uated by a dermatologist”. Of note, the early studies 
on anti-Ro antibodies were made with “home-made” 
techniques and may be this is one of the reason for 
such observations. 

CLInICAL PeARLs

Our patient presented with LN and serositis at 
the absence of ANA, dsDNA, anti-Ro and anti-La 
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antibodies. She had multiple clinical symptoms that 
suggest the presence of SLE, including photosensi-
tivity, polyserositis, arthritis/arthralgia, alopecia, 
headache, DVT/PE with positive aPL, proteinuria, 
leucopenia, lymphopenia. The renal biopsy find-

ings confirmed the presence of LN and the patient 
was diagnosed with SLE with SAPS. Therefore, 
the presented patient could be classified as group 
II type, according to the classification of S.C. Sim-

mons [29] – patient with LN with negative ANA 
that turn positive after several months after corti-
costeroid and cytotoxic treatment and decreased 
proteinuria. We think that such rare patients are of 
great interest in clinical immunology and rheuma-

thology. They need of further characterization and 
discussion. 
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SCIENTIFIC REVIEWS

IntRoDuCtIon

Hereditary angioedema (HAE) is a rare im-

mune-mediated disease characterized by edema of 
subcutaneous tissues, respiratory tract and bowel 
resulting from increased vascular permeability. The 
extremely severe swelling can block the digestive or 
respiratory tract and become life-threatening. Such 
cases require immediate emergency treatment. HAE 
is due to the deficiency of C1 inhibitor (C1-INH), 
a glycosylated serine protease inhibitor that plays 
a regulatory role in the complement system, brady-

kinin system and the intrinsic coagulation cascade. 

Hereditary angioedema is an inherited disease that 
is transmitted in an autosomal dominant manner. It 
is due to mutations in the gene for the C1 esterase 
inhibitor - SERPING 1-11q12-q13.1 chromosome. 
More than 450 different types of mutations have 
been described [1].

The disease was first described as a special form 
of H. Quincke‘s edema [2] by W. Osler [3] in 1888. 
In 1963, VH Donaldson and RR Evans [4] proved 
that the cause of the disease was reduced serum con-

centration of the C1 esterase inhibitor. The following 
other names of the disease are also known: heredi-
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tary angioneurotic edema, hereditary angioedema, a 
special form of Quincke‘s edema. The disease mani-
fests in the following forms:

Type I – The gene mutation causes the produc-

tion of an insufficient amount of the C1 esterase in-

hibitor with low activity. In this case, the changes 
affect the entire gene.

Type II – The gene mutation causes the produc-

tion of an inactive inhibitor with a normal concen-

tration. The mutations are in exon 8 near the active 
site. In both types, the levels of serum C2 and C4 
fractions of complement are reduced [5].

Type III – The gene mutation affects coagula-

tion factor XII (controls the production of Hage-

mann factor). In this type, bradykinin production is 
increased, the C1 inhibitor is with normal function 
and concentration, the levels of C2 and C4 fractions 
of complement are normal. This type is estrogen-de-

pendent, occurring mainly in women. It is described 
by K. Bork et al. [6] in 2000 and was proven in 15-
20% of patients with HAE.

HAE belongs to the group of Primary Immu-

nodeficiency Diseases (PID) with an incidence of 1/ 
10,000 – 1/150 000. There is no difference between 
men and women, as well as racial affiliation [5, 7, 8]. 
In Bulgaria, according to the research of B. Bozhkov 
et al. [9] the incidence is 3/100,000.

Our review focuses on the link between auto-

immune phenomena and autoimmune diseases and 
HAE in patients with I and II form.

heReDItARy AnGIoeDeMA  

AnD AutoIMMunIty

According to various authors, various autoim-

mune diseases can be observed in patients with HAE 
– in 2% [5] to 12% of cases [10], most frequently 
systemic lupus erythematosus (SLE).

SLE and HAE

This association seems infrequent. Thus, ac-

cording to Y. Suzuki et al. [11] in Japan, 13,000 pa-

tients with SLE were reported in 1983, while there 
were only 10 families with HAE, suggesting that the 
simultaneous occurrence of both diseases was rare. 
Since the 1970s until now, mainly case reports of 
patients with HAE and SLE have been published:

 − In 1974, two research groups reported twins 
with HAE and lupus – P. F. Kohler et al. [12] and  
G. B. Rosenfeld et al. [13]. The twins described by 
P. F. Kohler et al. were boys with discoid lupus and 

HAE. The laboratory tests at 13 years of age detected 
low serum levels of the C1 inhibitor and C4 comple-

ment fraction, positive ANA, elevated anti-ssDNA 
levels and immunoglobulin deposition in healthy 
skin, and evidence of discoid lupus. In their mother, 
at the age of 22, SLE was diagnosed during preg-

nancy. She also had symptoms typical of HAE. Her 
parents, as well as the boys‘ father, were healthy. Ac-

cording to the second report [13], one twin had no 
clinical data on HAE, but C4 values   were reduced. 
The other twin had symptoms of HAE from the age 
of 6, a significant decrease in C4 and C2, and subse-

quently got ill from SLE. 
 − 25 years later T. R. Pacheco et al. [14] de-

scribed the daughter of one of the twins from 
Kohler’s study [12]. She had symptoms for HAE 
and SLE. 

 − V. H. Donaldson et al. [15] reported three 
women with SLE-like disease and HAE data in 1977.

 − In 1986 Y. Suzuki et al. [11] described a fam-

ily with a deficiency of C1 inhibitor, positive LE 
cells, dsDNA antibodies, ANA and nephropathy. 
One of the women in this family had a 17-year his-

tory of systemic lupus, extremely low serum levels 
and functional activity of the C1 inhibitor, decreased 
serum C4, but no edema. Her mother, aunt and 
brother had characteristic angioneurotic swellings 
on the face, larynx, arms and intestines, as well as 
low levels of the C1 inhibitor. None of the relatives 
of the lupus patient had LE cells.

 − S. Khan et al. [16] described four HAE pa-

tients with uncontrolled angioedema and low levels 
of serum C4, who developed lupus or lupus-like syn-

drome. 

 − In 1982 M. C. Massa and S. M. Connolly also 
described two patients with HAE and SLE [17].

HAE and other diseases with possible autoim-

mune involvement

Isolated reports of idiopathic pancreatitis, par-
tial lipodystrophy, chronic chorioretinitis, alopecia 
[5], glomerulonephritis [18, 19, 20], rheumatoid 
arthritis [21, 22], catastrophic antiphospholipid syn-

drome and scleroderma [23], etc.
Over the years, a number of studies with a larger 

number of patients have been accumulated (Table1), 
and in some cases data on clinical symptoms of au-

toimmune and other immunomediated diseases have 
been found in patients with HAE, and in other publi-
cations only autoantibodies have been identified.
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hoW AutoIMMunIty APPeARs In hAe

Many explanations for the development of 
autoimmune diseases in patients with have been 
proposed. SLE and HAE have common immune 
pathogenesis, associated with autoimmune reac-

tions: altered clearance of immune complexes due to 
complement deficiency, altered removal of apoptotic 
cells, estrogen action and polyclonal B activation. 
Some authors believe that in HAE, the inability of 
the C1 inhibitor to stop the action of the C1 fraction 
of complement leads to increased consumption of 
C2 and C4 fractions, which prevents the purification 
of immune complexes (IC) and their deposition in 
tissues. The latter is a prerequisite for the develop-

ment of an autoimmune process [10, 30, 36], as ob-

served in autoimmune diseases. In our 1991 publica-

tion [27], we found circulating immune complexes 
(CIC) in 5/26 (19%) of HAE patients. J. E. Fabiana 
et al. [37] found high CIC in 56% of patients, and 
D’Amelio et al. [38] – at 7/23 (30%). C. M. Brick-

man et al. [24] also established CIC in some patients 
with HAE. The low levels of C2, C4 and deposition 
of CIC in tissues and organs is typical for SLE.

According to others, the altered removal of 
apoptotic cells is important in HAE [39], as well as 
the link of bradykinin with the the complement sys-

tem [40]. The problem with the removal of the apop-

totic cells is described in SLE patients too. Given 
the fact that in women with HAE clinical symptoms 
worsen during puberty, menstruation, pregnancy, 
ovulation, childbirth, breastfeeding and contracep-

tive use, the role of estrogen stands out in the fore-

ground [41, 42, 43]. It is well known that serum es-

trogen levels influence the immune cell proliferation 
in autoimmune diseases, mainly SLE.

Changes have also been found in the cell-medi-
ated immune response in HAE patients. C. M. Brick-

man et al. [24] found polyclonal B cell activation, as 
well as some changes in T cell function, and A. Kes-
sel et al. [31] – higher expression of CD69, CD5 and 
CD21 on memory B cells, as well as high amounts of 

table 1. НАЕ and association with autoimmune and other disorders

Authors year number of patients/% Autoimmune disorders/autoantibodies

V.H. Donaldson et al. [15] 1977 3/220 (1.3) Dermatologic data for lupus
C.M. Brickman et al. [10, 24] 1986 19/157 (12 %) Lupus, thyroiditis, SS, JRA, PA, UC, CD, Raynaud 

phenomenon
M.F.Muhlemann et al. [25] 1987 3/91 (3.2%)

8/91 (8.8%)
12/91 (13%)

Hypothyroidism
Tg Abs 
TPO Abs

L. Fontana et al. [26] 1989 2/58 (3.4%) Lupus, GN
B. Bozkov et al.[27] 1991 2/26 (7.6%)

2/26 (7.6%)
5/26 (19%)

DNA Ab

SmAb

CiC

А. Agostoni, M Cicardi [28] 1992 2/235 (0.9%) RA, SS

E. W. Nielsen et al. [29] 1996 53% of patients with HAE and 12% of their healthy 
relatives had rheumatic complaints, but none of them was 
found positive for18 autoantibodies studied in the article

Н. Farkas et al. [30] 2011 15/130 (11.5%) CD, celiac disease, HT, LD, MGUS, CLL, Ig AD

A. Kessel et al. [31] 2012 7/61 (11.4%)

47.5% 

SLE, celiac disease, MCTD, CD, scleroderma-like 
disease

ANA, RF, aCL, TTG Abs, anti-endomysium Abs, 
anti-Saccharomyces cerevisiae Abs, Thyroglobulin Abs, 
ANCA

Dortas Jr SD et al. [32] 2012 6/13 (46%) ANA, aCL
P. Triggianese et al. [33], I.G. Sérézal et al. [34] 2014/2015 6/143 (4.2%) Lupus, SD, PsA, MCTD, APS
Y. Luo et al. [35] 2019 0.66% Angioedema in SLE due to HAE
M. Murdjeva (personal communication) 2019 1/7 (14%) HT, positive ANA,TgAbs, TPO Abs, RF

Abs – antibodies, ANA – antinuclear Abs, aCL – anticardiolipin Abs, ANCA – anti-neutrophyl cytoplasmic Abs, APS – antiphospholipid syndrome, CD 
– Crohn disease, CIC – circulating immune complexes, CLL – chronic lympholeucosis, HT – Hashimoto thyroiditis, JRA – juvenile rheumatoid arthritis, 
GN – glomerulonephritis, LD – lupus discoides,MGUS – monoclonal gammopathy of undetermined significance, IgAD – IgA deficiency, MCTD – 
mixed connective tissue disease, PA – pernicious anaemia, PsA – psoriatic arthritis, RA – rheumatoid arthritis, RF – rheumatoid factor, SS – Sjogren’s 
syndrome, Tg Abs – thyroglobulin Abs, TPO – Abs to thyroid peroxidase,UC – ulcerative colitis
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TLR-9 in them, increased total phosphotyrosinase in B 
cells. Moreover, the expression of TLR-9 on memory 
B cells is higher in patients with autoantibodies. The 
polyclonal B cell activation is characteristic for SLE.

CLInICAL ChARACteRIstICs  

oF PAtIents WIth hAe AnD sLe 

SLE and HAE can occur simultaneously [10, 
12, 44, 45], but HAE could also precede lupus [10, 
13, 46, 35]. The time between HAE diagnosis and 
the detection of autoimmune conditions is could 
vary between 9 and 30 years [34]. In many cases, 
other family members have SLE or both diseases 
[12], in others – the relatives of patients with lupus 
and HAE have only HAE [10, 11]. The major clini-
cal manifestations of HAE are: edema of the subcu-

taneous tissues, respiratory tract and bowel. Accord-

ing to one study, overall 81% of patients with HAE 
and lupus had skin manifestations, 25% had renal 
involvement, and 28% received systemic steroids to 
treat lupus [34]. However, in HAE patients lupus is 
not severe and the skin symptoms predominate [34]. 
In more recent publications, the concomitant mani-
festation of angioedema with low levels of C1 inhib-

itor in some patients with lupus is thought to be due 
to the formation of antibodies against the C1 inhibi-
tor [46]. The treatment of SLE (with corticosteroids, 
immune suppressors, intravenous immunoglobulin, 
etc.) does not affect the HAE symptoms and the 
treatment of HAE with danazol does not modify the 
lupus symptoms [47]. According to H. Farcas et al. 
the use of plasma derived C1-INH (pdC1-INH) in 
patients with HAE and coexisting autoimmune dis-

orders has a positive impact on the autoimmune dis-

ease via normalizing complement concentration and 
thus improving autoimmune symptoms [48].

It is very important to be aware of and diagnose 
the rare coexisting of HAE and SLE. The early de-

tection of autoimmune markers in HAE patients may 
direct to eventual change in therapeutic plan. On the 
other hand, in SLE patients with life-threatening 
edema symptoms, the choice of adequate treatment 
for HAE is of great practical importance. 

ConCLusIon

The decreased levels of C1-INH and other com-

plement components as C3, C4 and C1q in HAE 
could lead to inadequate clearance of immune com-

plexes. Their excess in the tissues results in inflam-

matory damage and release of autoantigens that may 

trigger autoimmune responses and the appearance of 
autoimmune diseases, mainly lupus, or autoantibod-

ies – ANA, RF, TTG, ANCA, Tg, TPO, aCL, etc. 
The occurrence of autoimmune conditions in HAE 
patients may worsen the disease severity enhancing 
the complexity of care. Further investigations were 
needed to investigate the immunological pathways 
as well as the clinical features of the autoimmune 
manifestations in HAE patients. New insights on the 
autoimmune mechanisms involving the complement 
components could reduce the delay in both reaching 
a diagnosis and detecting an autoimmune complica-

tion, thereby improving the clinical and pharmaco-

logical management of HAE patients. 
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SCIENTIFIC REVIEWS

IntRoDuCtIon

Th17 cells actively participate in multiple 
physiological processes in the gastrointestinal tract 
and in many pathological conditions in the organ-

ism. Along with T regulatory cells (Tregs), Th17 fill 
the niches in the pathogenesis of many autoimmune 
disorders in gastroenterology, allergy, rheumatology, 
pneumology, dermatology, etc.

IL-17 was first described by Fujino et al. in 2003 
in intestinal biopsies and sera of patients with gas-

trointestinal pathology, especially IBD, infectious 
colitis, and at lower levels in healthy intestinal tis-

sue. The primary source of IL-17 were identified to 
be T-helper cells - Th17 cells. They secrete several 
cytokines: in addition to basic IL-17A (IL-17), IL-
17F, IL-22, IL-6 and TNF-α [1]. The IL-17 family is 
represented by a wide range of cytokines - IL-17A, 
IL-17B, IL-17C, IL-17D, IL-17E (IL-25) and IL-

17F [2], where human IL-17 is a glycoprotein with a 
molecular weight of 20 kDa.

Through the production of their signature cyto-

kines, they stimulate epithelial and some of the in-

nate immune cells to secrete IL-1, IL-6, along with 
G-MSF and IL-8 [1]. Therefore, by recruiting neu-

trophils and activating the pro-inflammatory cas-

cade, they act as a nexus between the adaptive and 
innate immunity [2]. On the contrary, IL-22, a cyto-

kine that is an IL-10 family member, exerts protec-

tive functions by enhancing antimicrobial defense 
and epithelial barrier integrity [3].

However, it was shown that under different po-

larized conditions of the environment, Th17 cells 
express distinct gene profiles that may impact their 
function in many ways. The combination of IL-6 
and TGFβ tends to generate non-pathogenic Th17 
cells involved in immune homeostasis, whereas the 
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simultaneous presence of IL-6 and IL-23 is linked to 
pathogenic Th17 cells [4].

Furthermore, the balance between the Th17-
Treg interactions is crucial for the maintenance of 
immunological homeostasis.

th17 CeLLs AnD Gut MICRoBIotA

When clinical trials of antibodies against anti-
IL-17A or its receptor in patients with Crohn’s Dis-

ease (CD) showed controversial results, including 
no improvement or even worsening of symptoms 
[5, 6], we learned some valuable lessons. First, these 
outcomes verified the protective role of Th17 cells 
on the intestinal mucosa. Furthermore, the emerging 
data shows that Th17 cells are essential for the gut 
and immunological homeostasis, even under inflam-

matory conditions [1]. Second, these results shed 
light on the potential protective interactions between 
Th17 cells and gut microbiota. Third, the results are 
disappointing clinically, but they reveal opportuni-
ties for new approaches targeting Th17 cells and 
their cytokines. Therefore, both pro-inflammatory 
and anti-inflammatory properties of intestinal Th17 
cells have to be taken into account when targeting 
Th17 pathways as a treatment for many inflamma-

tory IL-17-related conditions.
It was shown that germ-free mice do not have 

Th17 cells, demonstrating that the microbiota may 
be in charge ofthe generation of this subset, and par-
ticularly the segmented filamentous bacteria (SFB) 
[7]. SFB, inhabiting the ileum, are a potent induc-

er of Th17 cells in the intestines. Moreover, early 
after SFB colonization, Th17 cells expressing the 
transcription factor RORγt are induced in the tissue-
draining lymph nodes and then distributed all over 
the gut mucosa. Interestingly, SFB also induce in-

testinal IgA responses along with Th17 responses in 
lymph nodes and gut mucosa [8]. Therefore, SFB 
are responsible for maintaining gut homeostasis 
by non-specific IgA production and multiple Th17 
cell responses. However, these findings demonstrate 
that intestinal Tregs can also express RORγt but in 
a highly microbiota-dependent way, although their 
functions are related to promoting host immunity. 
Nevertheless, RORγt is not useful for Tregs iden-

tification since the existence of RORγtTregs is ob-

served under inflammatory conditions [9]. However, 
other commensal bacteria, such as altered Schaedler 
flora, can also encourage intestinal Th17 cell differ-
entiation [9].

In addition to the impending role of microbial 
antigen stimulation, specific Toll-like receptors 
(TLR) such as TLR5 in the small intestine expressed 
by CD11chighCD11bhigh and CD172α+ dendritic 
cells in lamina propria can induce Th17 cells. The 
precise mechanism of this induction is not fully 
elucidated. It is assumed that when stimulated with 
LPS, CD11chighCD11bhigh secrete several cyto-

kines, such as IL-6, which may favor the differentia-

tion of Th0 to Th17 cells. These TLR-ligand inter-
actions were also shown to promote intestinal IgA 
production [11].

In some cases of microbiota alterations, such 
as administration of antibiotics during infection, 
resident microbiota is changed, which leads to post-
antibiotic expansion of the pathogens. Not only the 
loss of overall diversity, but even a shortage of single 
bacterial species, can increase the susceptibility to 
gastrointestinal infections [10]. All these events can 
lead to the expansion of Th17 cells and Tregs and 
higher bacterial burdens.

To sum up, the adaptive responses that involved 
Th17 and Treg cells against commensals and patho-

gens are an integral component of mucosal immu-

nity. Furthermore, a gastrointestinal infection can 
modulate microbiota specific adaptive immunity 
by inducing long-lived commensal-specific T cells 
in parallel to specific adaptive responses reactions 
against the pathogen [10]. However, in a dysbiosis 
setting, even anadaptive response specific to com-

mensal microbiota could contribute to excessive in-

advertent inflammation, showing the impact of mi-
crobiota on Tregs and Th17 cells.

However, Th17 cells and Tregs can differentiate 
in mucosa independently of the influence of com-

mensal microbiota but induced from dietary antigens 
or mechanical damage. Nevertheless, oral dysbiosis 
is strongly associated with periodontal inflammation 
due to excessive Th17 cells expansion, like in many 
other chronic diseases related to mucosal inflamma-

tion [9].

th17 CeLLs AnD MuCosAL  

InFLAMMAtIon 

A unique feature of the complex interaction be-

tween the mucosal immune system and microbiota 
is their co-evolution resulting in adequate immune 
responses against external insults, maintaining the 
barrier surface integrity, and avoiding an exagger-
ated inflammation [11]. 
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However, mucosal inflammation depends 
strongly on the adaptive immune responses, since 
they are required to elicit inflammation in the con-

trast of innate immune mechanisms which are in-

volved in the regulation of intestinal homeostasis 
alone. In line with this, a central role in establish-

ing and sustaining inflammation play the T-helper 
cells [1, 10]. 

Before describing the importance of Th17 cells 
in shaping mucosal barrier integrity, maintaining 
immune homeostasis and host protective functions 
in mucosa, the pathogenic role of these cells was 
identified in IBD in 2003 by Fujino et al. Moreover. 
The authors reported the significantly higher levels 
of IL-17 cytokine in patients with different chronic 
autoimmune disease, which results were further con-

firmed by many investigators, including us [12-15].
Although evidence for the involvement of Th17 

cells in tissue-damaging immune responses in IBD 
patients is accumulating, the mechanisms of their in-

fluence upon immune dysregulation and the underly-

ing pathogenesis are far from fully understood.
It was shown that IBD lesions are character-

ized by the excessive synthesis of Th17 cells – re-

lated cytokines and chemokines such as IL-17A, 
IL-17F, IL-22, and IL-26, IL23R, CCR6 and IFN-γ, 
where IL-17A can also encourage the production of 
extracellular matrix-degrading proteases [16, 17]. 
However, why Th17-cytokine blockers, including 
neutralization of IL-17, or blocking both IL-12 and 
IL-23, failed in patients with active CD, despite the 
pro-inflammatory properties in the gut, remains un-

known. Still, some explanations are linked to the 
harmful effects of blocking IL-17 that contribute to 
the disturbed intestinal barrier integrity, as well as 
to the IL-17A-driven Th1 and IFNγ-induced inflam-

mation [17]. In fact, a more coherent approach for 
treating inflammation in IBD patients is to target si-
multaneously both Th1 in CD (or Th2 in Ulcerative 
Colitis, UC) and Th17 rather than a single cytokine 
or cell subset. 

The picture becomes even more complicated 
when taking into account the existence of transdif-
ferentiation among Th cell subsets. These transdif-
ferentiated Th cells not only express signature tran-

scription factors and cytokines related to more than 
one population but also show plasticity related to 
multifaceted immune responses that are difficult to 
predict. There is evidence for the presence of IFNγ-
secreting Th17 cells, as well for the FoxP3+Th17 

cells [18, 19], that have been deeply involved in tis-

sue-specific immune responses of damage and toler-
ance in both murine models and patients with IBD. 
In line with this, it is worth considering to target IL-
17+IFNγ+ Th cells since both cytokines are essential 
forthe induction of colitis [1].

Along with the cytokine milieu, to the devel-
opment and plasticity of the Th17 cell also contrib-

ute different transcription factors, such as Fosl2, 
IRF4, BATF, HIF-1, Jmjd3, RORc (human), RORγt 
(mouse), IKZF3 (Aiolos) [19]. MicroRNAs that di-
rectly regulate the expression of many genes critical 
for the differentiation of Tregs and Th17 cells is an 
exciting field for investigation. Some of these mi-
croRNAs that have been shown to influence Th17 
development and plasticity are miR10, miR17-92 
cluster, miR29, miR126, miR132/212 cluster, mi-
R146a, miR155, miR210, miR301, miR326 [19]. 
However, all this data requires further investigation 
and validation. 

To sum up the role of Th17 cells in IBD, we are 
far from receiving all answers regarding the plastic-

ity of this T cell subset under various conditions, as 
well as their pro-inflammatory and anti-inflamma-

tory properties, which question the related thera-

peutic opportunities. However, we have to take into 
consideration that Th17 cells are not equivalent to 
a single cytokine involved in pathogenesis, such as 
IL-17 or IL-23. For example, IL-23 does not only 
maintain Th17 cells but also has an impact on in-

nate lymphoid cells, neutrophils and Tregs, leading 
to various immune responses. This was confirmed 
in multiple models of experimental colitis [1]. But 
these observations also raise the insight that to treat 
Th17-mediated chronic inflammatory diseases, it 
is not enough to block their related cytokines, but 
to promote tissue repair by proper wound healing 
and epithelial restitution. Some of the unexpected 
side effects regarding blocking therapy in chronic 
inflammatory conditions were attributed to the de-

crease incritical tissue repair factors, such as the 
cytokine IL-22 and IL-6. Another treatment ap-

proach is to target the transcription factor RORγt 
that is a prerequisite for Th17 cell differentiation. 
RORγt antagonists have been developed and the 
data on their ability to inhibit colitis need further 
investigation [20]. 

In conclusion, both pro- and anti-inflammatory 
functions of intestinal Th17 cells require further in-

vestigation; moreover, recent studies on their func-
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tions have revealed new, exciting and even surpris-

ing information. 

th17 CeLLs AnD CoLoReCtAL  

CARCInoMA

It is well-known that chronic inflammation in 
IBD may be a predisposition for the development 
of colorectal cancer (CRC). The underlying mecha-

nism is the long-lasting mucosal injury along with 
healing, which leads to increased cell turnover, 
tissue dysfunction and carcinogenesis [21]. Th17 
cells and their cytokines are involved not only in 
intestinal inflammation but in carcinogenesis, as in-

creased Th17 cells were shown to correlate with the 
advanced stages of CRC [22], as well as with poor 
prognosis for patients [23, 24]. IL-17, aside from its 
regenerative and physiological functions in the gut, 
also promotes carcinogenesis in the colon. The di-
rect tumorigenic effect of IL-17 was demonstrated 
in experimental models [24]. The oncogenic proper-
ties of IL-17 are also supported by the barrier defect, 
bacterial translocation, IL-23 secreted by many cell 
types, including dendritic cells and macrophages 
[25]. The IL-17A-associated production of the pro-

angiogenic factor vascular endothelial growth factor 
(VEGF) was also demonstrated. Furthermore, func-

tional studies identified that the primary mediator of 
IL-17 in promoting colorectal tumorigenesis is the 
type A receptor for IL-17 (IL-17RA) [24].

It should be declared that in the intestine, Th17 
cells function as promotors of homeostasis or as 
pathogenic subsets involved in infection, autoimmu-

nity or carcinogenesis. Nevertheless, the behavior of 
Th17 cells is dependent on the upstream stimulators. 
In line with this, we have to mention some studies 
that demonstrated the antitumor activities of IL-17. 
Faster growth and increased lung metastasis were re-

ported by Kryczek et al. in IL-17-deficient mice [26]. 
Other investigators emphasized that the anticancer 
properties of IL-17 can be related to enhanced re-

cruitment and activity of lymphocytes, natural killer 
(NK) cells, and DCs into the tumor site and produc-

tion of the antitumor cytokines, such as IFN-γ [27]. 
Thus, profound knowledge of the immunopathogen-

esis of CRC and Th17 cell involvement would be 
beneficial to improve the designing of novel transla-

tional treatment approaches for the patients.
Surprisingly, described as a tissue-protective 

cytokine, IL-22 exerts some pro-inflammatory and 
oncogenic properties in the intestines. Innate lym-

phoid cells 3, as a source of IL-17A and IL-22 si-
multaneously, are increased in mouse models of IBD 
and patients with IBD, whereas IL-22-mediate dac-

celerated tumor growth was demonstrated in murine 
models of colon cancer, independently of the source 
– innate lymphoid or Th17 cells [28]. Furthermore, 
in vitro studies showed that IL-22 could directly en-

courage cancer cell lines growth. However, further 
research is required to understand the role of IL-22 
in human carcinogenesis. Therefore, the role of IL-
22 in the CRC pathogenesis remains controversial.

Although the majority of published studies stat-
ed that Th17 and IL-17 are involved in triggering 
and augmenting the inflammatory and tumorigenic 
processes in the CRC, 

Lin et al. suggested that higher IL-17 levels in 
CRC patients are a sign of good prognosis in con-

trast to lower IL-17 levels [29]. 
Cui et al. in several studies showed a similar 

expression pattern of Th17 differentiation-stimulat-
ing factors such as IL-6, IL-23, and IL-1β, but not 
TGF-β in colorectal adenomas. Furthermore, the in-

creased IL-17 was shown to be associated with dys-

plasia grading scores in adenoma [30]. Genetic stud-

ies revealed that heterozygous rs10484879 variants 
of IL-17A gene are associated with increased risk of 
developing CRC, whereas the rs3748067 genotype – 
with reduced risk [31].

The hot topic for the role of Th17 cells in CRC 
metastasizing and relapsing is critical since about 
50% of CRC patients die for these reasons even af-
ter resection of primary tumors. Moreover, most of 
the CRC patients have systemic metastases at the 
time of diagnosis. Experimental animal models of 
CRC revealed that IL-17 could exert some tumori-
genic properties with Th17 cells promote CRC de-

velopment, whereas blocking of IL-17 inhibits the 
hyperplastic and neoplastic lesion formation [32]. 
The investigators suggest that Th17 cells along with 
IL-17, facilitate the formation of premalignant and 
subsequently, CRC lesions. Some of the possible ex-

planations for these observations are the ability of 
IL-17 to activate the metastasis-related genes, such 
as NF-κB, CCR6, TNF-α, and MMP-2, -7, -9, and 
-13 [30]. As we mentioned above, the increased pro-

duction of VEGF stimulated by IL-17 is responsible 
for both tumorigenic and metastatic effects. Recent 
studies shed light on these mechanisms. Razi et al. 
demonstrated that IL-17 actively improves angio-

genesis but not by direct stimulation of the vascu-
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lar endothelial cells growth. Instead, IL-17 potently 
stimulates the migration and cord formation of endo-

thelial cells [33]. Moreover, IL-17 can remodel the 
stroma of CRC and stimulates the myeloid-derived 
suppressor cells that create a favorable milieu for 

CRC progression [34].
Similarly to IL-17A, IL-17F is involved in CRC 

development and progression. However, IL-17F role 
was firstly identified as protective, since increased tu-

mor growth in IL-17F-deficient mice was found [42] 
probably through reduced levels of IL-1β, Cox-2, and 
IL-17 receptor C expression and diminished intrusion 
of immune cells in the lamina propria [35]. Genetic 
studies of Nemati et al. establishthe IL-17F T7488 al-
lele as a protective for CRC and tumor progression, 
whereas the AG genotype of the IL-17A G197A SNP 
as a risk factor for CRC development [36].

Other cytokines, such as IL-9, IFN-γ, or IL-10, 
which can be secreted by Th17 cells under certain 
circumstances, can also impact the CRC develop-

ment. However, since many other T-helper cells can 
produce various cytokines and can influence and 
regulate Th17 cells, the cytokine network is more 
than complex, which makes therapy opportunities 
challenging and targeting single cytokines ineffi-

cient. However, targeting Th17 and their respective 
cytokines remain a promising approach for future 
CRC immunotherapy [37]. Recently, we showed 
that IL-6 upregulation is essential for both IBD and 
CRC development, whereas the upregulation of oth-

er Th17/Treg related genes (such as TGFb1, IL-10, 
IL-23) is a crucial primarily for CRC development. 
In line with this, anti-IL-6 drug can be beneficial for 
both IBD treatment and prevention of CRC develop-

ment as well [38].
Regarding chemotherapy, cisplatin-based anti-

cancer therapy is a primary strategy in the treatment 
of CRC. It was shown that elevated concentrations 
of IL-17 could increase the chemoresistance in CRC 
by targeting phosphorylated protein kinase B (p-
Akt), Bax and Bcl-2 (that act as apoptosis regula-

tors) and the serine/threonine-protein kinase mTOR 
[39]. In line with this, clinical studies demonstrated 
that CRC patients with high percentages of Th17 
cells systemically and locally in the tumor are as-

sociated with a shorter disease-free survival rate and 
early relapse even after early curative surgery is per-
formed [40].

Although all these findings point out the poten-

tial therapeutic benefit of targeting IL-17, several 

factors make it challenging to translate the data into 
clinical trials. Among these aspects are the heteroge-

neity of Th17 cells, both pro- and anti-tumor activity 
of IL-17, the involvement of a multivarious array of 
other cytokines in the growth, proliferation, progres-

sion, and metastasis in CRC. Therefore, before initi-
ating clinical trials, the potential immunotherapeutic 
options of Th17 cells and related cytokines should 
be further elucidated. 

th17 CeLLs AnD CeLIAC DIseAse

Celiac disease is an autoimmune disease that 
develops in genetically susceptible individuals, 
where the possible immune mechanisms involve T 
cells specific to naive or deamidated gliadin, result-
ing in lymphocyte activation and secretion of pro-

inflammatory cytokines such as IFNγ, IL-17, IL-21, 
etc. [41]. Specific autoantibodies to gliadin, deami-
dated gliadin peptides, tissue transglutaminase, etc., 
are formed [42].

Th17 effector cells were described recently as 
players in celiac disease pathogenesis along with 
the well-known Th1 cells. Different studies report-
ed conflicting evidence for the capacity of gliadin-
specific cells to produce IL-17A. However, high 
concentrations of IL-17 in the gut mucosa of celiac 
patients were demonstrated [43, 44], confirming the 
involvement ofTh17 cells in celiac disease patho-

genesis.
Castellanos-Rubio et al. [51] extensively re-

searched the involvement of Th17 cells in celiac dis-

ease with increased expression of many Th17-relat-
ed cytokines. Later, Monteleone et al. [43] showed 
that the major sources of IL-17 are Th and double-
positive CD4+CD8+ T cells. Moreover, they dem-

onstrated that in celiac disease, the pathogenic Th17 
cells also secrete IFN-γ, whereas IL-21 is an essen-

tial autocrine factor for Th17differentiation. Many 
other authors reported elevated IL-17/Th17 cells in 
celiac disease patients, including us [42, 44-47].

Controversially, it was shown that IL-17 is not 
secreted by gliadin-specific Th cells, but Th17 cells 
are activated through by stander effects. However, 
gluten-specific IL-17A+ cells were observed in the 
duodenum of celiac disease patients [48]. Except 
for the production of the pro-inflammatory cyto-

kines IFN-γ and IL-21, gliadin-specific Th17 cells 
also secrete mucosa-protective IL-22 and regulatory 
TGF-β. This once again raises the plasticity of Th17 
cells in various diseases. 
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It is well-known that TGF-β is a critical signal-
ing cytokine for the differentiation of both Th17 and 
Treg cells. Firstly considered as antagonistic subsets, 
later, it was shown that two subsets could express 
transcription factors and secrete cytokines typical 
for the other population. Although Tregs have been 
identified in the mucosa of celiac patients in an at-
tempt to control the intestinal inflammation, they are 
not functionally suitable and sufficient in numbers 
to prevent disease. Furthermore, TGF-β activity is 
weakened by the IL-15; thus, the role of this cyto-

kine might be compromised.
In summary, even though Th17 cells are proved 

to be involved in celiac disease pathogenesis, still, 
their role remains ambiguous, and further studies 
should be conducted to elucidate the possiblethera-

peutic intervention regarding Th17 cells for celiac 
patients.

th17 CeLLs AnD otheR  

GAstRoIntestInAL DIsoRDeRs

Th17 cells are implicated in other gastroin-

testinal diseases, although the studies are lacking. 
Eosinophilic esophagitis (EoE) is a chronic inflam-

matory condition characterized mainly by Th2 cell 
implementation and causing generally dysphagia 
and foregut symptoms [49]. It was shown that H. py-

lori downregulates Th2 responses but increases Th1 
and Th17 populations [50] since the increased inci-
dence of this infection in certain countries is associ-
ated with the increase EoE incidence recently [51].

The sole infection with H. pylori, however, and 
cytotoxin-associated gene A and urease subunit B 
lead to activation of Th17 cells through MyD88 and 
other pathways and cytokines secretion. Similarly, 
the number of Tregs is also increased due to infec-

tion [50]. Th17 cells are critical players for resolu-

tion of H. pylori infection by recruiting neutrophils 
and expanding inflammatory response, necessary 
for the clearance of the bacterium. In line with this, 
Th17 cells are of particular importance in H. pylori 
infection, participating in pathological responses 
during the clearance of the bacterium, such as muco-

sal damage, carcinogenesis, and the occurrence and 
development of H. pylori-related diseases – gastritis, 
peptic ulcer disease and gastric cancer [50].

For the pathogenesis of EoE, it is assumed that 
a mixed Th1 and Th17 responses are also available 
during the development of the disease. However, the 
role of Th17 cells/IL-17 still remains unclear, even 

though a recent study demonstrated the role of these 
cells in the pathogenesis of the disorder [51]. Other 
studies showed the role of IL-23 in EoE by maintain-

ing Th17 cells, and that PBMCs of patients with ac-

tive EoE upregulated their expression of IL-17 [52].
In inflamed mucosa of EoE patients, dysfunc-

tions in the regulation of Th1 or Th17 responses-

generate unregulated inflammatory pathways and 
recruitment of innate immune cells, where the Treg 
cells are insufficient and cannot restore the immune 
homeostasis [68]. The secreted cytokines stimulate 
tissue damage by oxidative processes and action of 
proteolytic peptides and enzymes. The concomitant 
Th2 pathway implicates plasma cells with further 

antibodies production, for example, against glycan. 

ConCLusIon

Th17 cells actively participate not only in physi-
ological processes in the gastrointestinal tract, but 
they are also players in many pathological conditions. 
The adaptive responses that involved Th17 are an in-

tegral component of mucosal immunity. However, it 
was shown that under different polarized conditions 
of the environment, Th17 cells express distinct gene 
profiles that may impact their function differently.

To sum up the role of Th17 cells in human 
chronic inflammatory and autoimmune disease, we 
are far from receiving all answers regarding the plas-

ticity of this T cell subset under various conditions, 
as well as their pro-inflammatory and anti-inflamma-

tory properties. 

Nevertheless, targeting Th17 and their respective 
cytokines remain a promising approach for future im-

munotherapy. However, both pro-inflammatory and 
anti-inflammatory properties of intestinal Th17 cells 
have to be taken into account when targeting Th17 
pathways as a treatment for many inflammatory IL-
17-related conditions, since the cytokine network is 
more than complicated, which makes therapy oppor-
tunities challenging and targeting single cytokines 
inefficient. Therefore, profound knowledge of the be-

havior of Th17 cell involvement would be beneficial 
to improve the designing of novel translational treat-
ment approaches for the patients. 
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SCIENTIFIC REVIEWS

IntRoDuCtIon

Every tissue injury is accompanied by a process 
of inflammation, which is followed by activation of 
immune cells, not only macrophages and neutrophils, 
but also cells from the adaptive immune responses, 
including CD4+ T cells, CD8+ T cells and B cells 
that are attracted by factors secreted from apoptotic 

cells, necrotic cells and destroyed microvasculature. 
In the meantime, phagocytic cells produce inflam-

matory factors such as IFN-γ, TNFα, IL-1β, free 
radicals, chemokines and leukotrienes. As a result of 
the ongoing inflammatory processes, the MSCs are 
being mobilized to the injury site. MSCs suppress T 

cell activation, induce T cell negative signaling, shift 
T cell phenotype from pro-inflammatory Th1 to anti-
inflammatory Th2, interact with antigen-presenting 
cells, and upregulate T regulatory cells. MSCs are 
not spontaneously immunosuppressive. Priming of 
MSCs with inflammatory cytokines (IFN-γ, together 
with TNF-α and IL-1) is required for the MSC-me-

diated immunosuppression [1]. 
IFN-γ is a cytokine that is mainly produced by 

immune system cells of the innate and the adap-

tive immune responses. Signalization is through 
the IFN-γ receptor, which has two subunits (IFN-
γR1 or CD119 and IFN-γR2), that are expressed on 
most if not all cell types. In innate-like lymphocytes, 
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the secretion of IFN-γ can be induced by cytokines 
(mainly IL-12 and IL-18) or following the activation 
of pattern recognition receptors (PRRs), which leads 
to an early increase in IFN-γ secretion even before 
the manifestation of an antigen-specific immune re-

sponse. In all studied cell types activation of IFN-γR 
activates the JAK-STAT signaling pathway. 

MesenChyMAL steM CeLLs

Mesenchymal stem cells (MSCs) were initially re-

ported by Friedenstein et al. in 1968 as a small fraction 
of heterogeneous cells isolated from bone marrow. Re-

searches described them as fibroblast-like cells that ad-

hered to cell culture dishes and multiplied in vitro. Later 
in 2006, the International Society of Cellular Therapy 
defined a minimum set of criteria to define MSCs. 
First, MSCs must be plastic-adherent during culture 
and present a fibroblast-like shape. Second, MSCs 
must possess a specific phenotype by the expression 
of surface molecules CD105, CD73, and CD90, but at 
the same time lacking hematopoietic markers CD45, 
CD34, as well as CD14 (CD115b), CD79b (CD19) and 
human leukocyte antigen (HLA-DR) molecules. Last 
but not least, MSCs must have the in vitro capacity for 

trilineage mesenchymal differentiation, hence the po-

tential to differentiate in vitro into osteoblasts, adipo-

cytes, and chondroblasts. Although MSCs were initial-
ly isolated from bone marrow, multiple fetal and adult 
tissue sources contain MSCs, including skin, dental 
pulp, muscle, Wharton’s jelly, endometrium, 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 because they 
are easily accessible with minimally invasive methods. 
MSCs occupy the perivascular spaces in situ and play 
a crucial role in tissue regeneration and homeostasis. 
They have a broad clinical potential, and their admin-

istration is not followed by formation of teratomas and 
allogeneic rejection. Moreover, MSCs can transdiffer-
entiate into various cell types, including nerve cells, 
insulin-producing β cells and hepatocytes. Presently, 
there are no ethical issues concerning the isolation and 
usage of MSCs, as in the case of embryonic stem cells 
(ESCs), which makes them an excellent candidate for 
tissue regeneration applications.

IMMunoMoDuLAtoRy PRoPeRtIes 

oF MsCs

In 2002, it was stated that MSCs can modulate 
the immune response. The research showed that ba-

boon MSC can inhibit the mixed lymphocyte reac-

tion in vitro and can prevent the rejection of alloge-

neic skin graft in vivo [4]. Since then, several authors 
have published papers on MSCs being immunosup-

pressive in other animals and humans as well [5].
MSCs prevent the maturation of dendritic cells 
(DCs) by inhibiting the expression of MHC class II, 
CD1-α, CD40, CD80, and CD86, and suppressing 
proinflammatory cytokine secretion. MSCs also in-

duce the IL-10 producing macrophages and secrete 
soluble factors such as TGF-β and prostaglandin E2 
(PGE2), which suppress NK cells. In adaptive im-

mune responses, MSCs inhibit the proliferation of T 
cells, by suppressing the IFN-γ secretion and induc-

ing Tr1 cells and FoxP3 regulatory cells [6]. MSCs 
inhibit the expression of early T cell activation mark-

ers CD25, CD38, and CD69 [7]. The soluble MMP-
2 and MMP-9 secreted by MSCs cleave CD25 of T 
cells and thus inhibit T cell activation [8]. 

The presence of IFN-γ is crucial for the upregu-

lation of PD-L1 expression from MSCs, so they can 
deliver a negative regulatory signal and inhibit T cell 
proliferation and function. Francisco et al. demon-

strated the role of PD-L1 for the maintenance, devel-
opment, and functioning of inducible T regulatory 
cells (iTregs) [10]. It can be hypothesized that the 
higher expression levels of PD-L1 on MSCs can po-

tentially induce functional Tregs, which are strongly 
immunosuppressive and thus allowing MSCs to in-

hibit T cell immune responses indirectly. 

eFFeCt oF IFn-γ on MsCs AnD theIR 

IMMunoMoDuLAtoRy PRoPeRtIes

Mesenchymal stem cells in the inflammatory 
microenvironment

Acute tissue damage is usually followed by an 
infection, even when it is not related to an infectious 
agent. Cell components, released by the necrotic 
cells and microvasculature damage lead to increased 
vasopermeability and infiltration of macrophages 
and neutrophils. Cells from the adaptive immune 
system (B cells, CD4+ T cells, and CD8+ T cells) are 
involved in the processes happening at the site of 
the injury [11]. Phagocytosis of necrotic cells leads 
to the release of pro-inflammatory factors, such as 
TNF-α, IL-1, various chemokines and leukotrienes, 
and free radicals [11]. 

An inflammatory environment precedes the 
ability of MSC to suppress the immune responses. 
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IFN-γ, in combination with some others proinflam-

matory cytokines such as TNF-α, IL-1α or IL-1β, 
can stimulate MSCs to secrete high levels of im-

munosuppressive factors. The expression of che-

mokines and adhesion molecules is upregulated, in-

cluding CXCR3 ligands, CCR5 ligands, intercellular 
adhesion molecule-1 (ICAM-1) and vascular cell ad-

hesion molecule-1 (VCAM-1). All this leads to ac-

cumulation of immune cells in proximity to MSCs. 
There are some other factors that also play a role in 
the immunosuppressive function of MSC – PGE2, 
IL-10, PD-L1, and Il-6 [5]. MSCs can suppress 
the T cells also by using cell-to-cell mechanisms, 
including programmed death ligand-1 (PD-L1)/
programmed death-1 (PD-1) pathway, the negative 
co-stimulatory molecule B7-H4, CD200/CD200R 
axis, toll-like receptors (TLRs), and the FAS-L/FAS 
interaction [9].

In recent years, MSCs have been gaining fame 
for the main cell type in tissue repair [11]. When 
there is tissue damage, nearby MSCs or those com-

ing from the bone marrow migrate to the injury site. 
El Haddad et al.’s research showed that MSCs ex-

press matrix metalloproteinases (MMP) to invade 
the extracellular matrix and chemokine receptors, 
which allow them to relocate towards the site of in-

flammation [12]. There they interact with different 
stromal cells and pro-inflammatory cells [11]. The 
exact mechanisms are not fully understood yet, but 
MSC-derived factors play a crucial role. In animal 
models, conditioned medium from MSC can, to 
some extent, mimic the therapeutic effect of MSCs 
[11]. Genetic ablation of some specific factors such 
as TNF-inducible gene six protein (TSG6) leads to 
the inability of MSCs to repair tissues [11]. 

MSCs can achieve their regeneration and im-

munomodulatory effects using the paracrine or en-

docrine secretion of cytokines and growth factors, 
such as epidermal growth factor (EGF), fibroblast 
growth factor (FGF), platelet-derived growth fac-

tor (PDGF), vascular endothelial growth factor 
(VEGF), transforming growth factor-β (TGF-β), he-

patocyte growth factor (HGF), insulin growth fac-

tor-1 (IGF-1), stromal cell-derived factor-1 (SDF-1), 
and angiopoietin-1 (Ang-1). Most of these are trig-

gered in nuclear factor (NF)-κB-dependent manner 
by inflammatory stimuli, such as IFN-γ, TNF-α, li-
popolysaccharide, or hypoxia [11]. The pro-inflam-

matory cytokines IFN-γ and TNF-α differentially af-
fect cytokine secretion and migration properties of 

MSCs. Exposure to IFN-γ induces the expression of 
chemokine receptors CCR1, CCR3, CXCR4, CCR5 
and CCR10 on MSCs. It also leads to increased mi-
gratory potential towards CCL5/RANTES, CCL28/
MEC, and CCL12/SDF-1α [13]. MSCs-γ have a bet-
ter homing potential towards the sites of inflamma-

tion and greater regenerative potential. Microarray 
analysis using a murine model showed that IFN-γ 
treated MSCs enhanced their expression of the che-

mokine CXCR7, MMP, and the adhesion molecule 
lectin [14]. 

Inflammatory cytokines can induce apopto-

sis and autophagy in MSCs. IFN-γ synergistically 
increases the TNF-α induced apoptosis in MSCs, 
which prevents the MSCs from mediating bone re-

pair. IFN-γ, together with TNF-α induced autophagy 
in MSCs through the upregulation of Beclin-1 (Bcl-
1) expression, while at the same time, the process of 
autophagy hindered the immunosuppressive poten-

tial of MSCs. Knocking down Beclin-1 significantly 
improved the effect of MSCs on experimental en-

cephalomyelitis (EAE) [15]. 
Inflammatory microenvironment can lead to 

degenerative diseases and malignant tumors. Pro-
inflammatory cytokines IFN-γ and TNF-α synergis-

tically alter the ability of MSCs to regenerate and 
differentiate through NF-κB-mediated activation. 
Prolonged exposure to high levels of IFN-γ and 
TNF-α led to increased susceptibility to malignant 
transformation in MSCs, because of the NF-κB up-

regulation of the oncogenes c-Fos and c-Myc. In 
ovariectomized mice, the depletion of IFN-γ and 
TNF-α eliminated the tendency of malignant trans-

formation in MSCs [16]. 
Krampera et al. reported, for the first time, 

the role of IFN-γ for the immunosuppressive func-

tions of MSCs [17]. The ability of MSCs to inhibit 
CD4+ T cell proliferation and to suppress CD8+ T 
and NK cells suggests that the IFN-γ secreted from 
the immune cells potentially modulates the immu-

nomodulatory role of MSCs. It is well established 
that IFN-γ enhances the immunosuppressive proper-
ties of MSCs. Moreover, Sheng et al. demonstrated 
that activated lymphocytes secrete high levels of 
IFN-γ and that when MSCs are co-cultured with 
IFN-γ-deficient T cells, the immunosuppressive ef-
fect of MSCs ablated [18]. IFN-γ upregulates the 
expression of MHC class I and MHC class II. Preac-

tivated with IFN-γ MSCs (MSCs-γ) modulate T cell 
responses directly or indirectly. 
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MSCs-γ and IDo
Kynurenine pathway (KP) of tryptophan me-

tabolism is associated with antimicrobial effects and 
modulation of the immune responses. Indoleamine 
2,3-dioxygenase (IDO) is an enzyme that is induced 
by IFN-γ, and it depletes the tryptophan, thus inhib-

iting T cell proliferation. MSCs do not express IDO 
constitutively, but its secretion is induced by IFN-γ 
[19]. IDO is very important for the immunomodu-

latory function of MSCs, which is proven by using 
antagonists [20]. MSCs need a sufficient amount of 
IFN-γ to activate their immunosuppressive role in 
vitro. Blocking the receptor for IFN-γ completely 
ceases the immunosuppressive effect of MSCs, a 
function mainly mediated by the tryptophan catab-

olizing enzyme IDO [14]. The effect of IFN-γ on 
MSCs is time and dosage-dependent. Prasanna et al. 
demonstrated in vitro that the development of MSCs 
is built on the dosage of IFN-γ with the highest IDO 
secretion after pretreatment of MSCs with 500 IU/ml 
IFN-γ [21]. When MSCs were treated ex vivo with 
IFN-γ, the secretion of IDO was unlocked, which al-
lowed them to fulfill their immunosuppressive func-

tions [22]. When the anti-IFN-γ antibody was used, 
the expression of IDO was minimal, which proved 
that the activation of IDO expression was through 
the JAK-STAT1 pathway [22]. When the signaliza-

tion through the IFN-γ receptors was blocked, there 
was a significant decrease in IDO activity and the 
immunosuppressive functions of MSC. This obser-
vation proved the importance of the inflammatory 
stimulus and IDO in particular [23].

MSCs express IDO1 and IDO2 that are strongly 
regulated by type I (IFN-β) and type II (IFN-γ) inter-
ferons. IFN-γ inhibits the proliferation and alters the 
differentiation of murine MSCs through the activation 
of IDO. Researchers attempted to differentiate human 
and murine MSCs into nerve cells, adipocytes, and 
osteocytes in the presence of IFN-γ, IDO1, and IDO2 
inhibitors. Treating MSCs with 100 IU/ml IFN-γ led 
to the inhibition of secreted phosphoprotein 1(SPP1) 
andintegrin-binding sialoprotein (IBSP) gene expres-

sion in murine and human MSCs. Blocking the IFN-
γ-induced IDO secretion with norharmane inhibitor 
significantly increased the expression of SSP. This 
data pointed out the role of IDO in the potential of 
MSCs for osteogenic differentiation. Similarly, IFN-γ 
inhibited the expression of adipocytic markers adip-

sin, adipoQ, and Fabp4 on a transcriptional level in 
murine and human MSCs. Using the IDO inhibitor, 

norharmane improved the levels of expression of the 
adipocytic markers [19].

IDO activity (secreted by MSCs) correlated with 
the differentiation of monocytes into IL-10 secret-
ing M2 immunosuppressive macrophages (CD14+/
CD206+). These macrophages are related to the sup-

pression of T cell proliferation and, thus, increasing 
the immunosuppressive effect of MSCs [24].

effect of MSCs-γ on immune cells
When MSCs-γ are co-cultured with mitogen-

stimulated T cells, the expression of CD28 co-stim-

ulatory molecule on T cells reduces, while the levels 
of the activation marker CD69 do not change [14]. 
The decreased CD28 signal on T cells suggests that 
MSCs-γ induce T cell anergy. Moreover, upregulation 
of the negative T cell co-stimulatory molecule cyto-

toxic T lymphocyte antigen 4 (CTLA-4) was report-
ed in these co-cultures of MSCs-γ and T cells [14]. 
MSCs-γ cut the levels of IFN-γ and TNF-α and in-

crease the secretion of IL-10. When mice were treated 
with autologous and allogeneic MSCs-γ, a significant 
depletion of local inflammatory levels (IFN-γ, TNF-α, 
IL-17A, and IL-6) was observed, while the anti-in-

flammatory Th2 cytokines IL-4 and IL-10 were up-

regulated [14]. IFN-γ also upregulates the expression 
of CD200 from MSCs. Although the CD200/CD200R 
interaction is not considered essential for T-cell im-

mune response inhibition by MSCs, when this inter-
action is augmented under the effect of IFN-γ, MSCs 
become better immunosuppressors [14]. 

MSCs have little or no immunogenicity when 
cultured with peripheral blood mononuclear cells 
(PBMCs), and the inflammation does not have a sig-

nificant effect on the allorecognition of MSCs [21]. 
Treating MSCs with IFN-γ and TNF-α increased the 
ability of BM-MSCs to suppress mitogen-induced 
lymphocyte proliferation and made them more ef-
fective at the downregulation of IFN-γ secretion 
from PBMCs [21]. The secretion of IL-10 was up-

regulated when cells were primed with IFN-γ [21]. 
When PBMCs were co-cultured with BM-MSC-γ, 
the positive co-stimulatory ligand CD28 on T cells 
disappeared, although a subpopulation of CD28high 
lymphocytes was noticed at the early stages of the 
co-culture, but it only lasted shortly. Co-culturing 
Wharton’s jelly MSCs-γ (WJ-MSCs-γ) with PBMC 
led to significant changes in the kinetics and the ex-

pression levels of the negative co-stimulatory signal 
CTLA4 [21].
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IFn-γ effect on MSCs gene expression
Karyotyping the MSC-γ, did not show any chro-

mosomal changes compared to the untreated control 
cells [21]. Gene expression profile of primed BM-
MSCs is significantly affected – some authors found 
512 upregulated genes, 4 of which were involved 
in the immunosuppression of MSCs – chemokine 
ligands CXCL9, CXCL10, CCL8 and IDO [22]. 
IFN-γ affected the expression of various genes by 
AT-MSC. Some guanylate binding proteins (GPB5, 
GPB4, GPB2, and GPB1) and myxovirus resistant 
genes 1 and 2 were strongly upregulated. The ex-

pression of TNF superfamily (TNFSF) member 10 
and member 13B was also increased. IFN-γ affected 
the expression of T cell chemoattractants (CXCL9, 
CXCL10) with a lower effect on the neutrophils, 
monocytes, and eosinophils chemoattractant 
(CXCL1 and CXCL6). Proinflammatory cytokines 
significantly lowered the synthesis of 13 types of 
collagen out of the 45 types that were tested. The au-

thors did not observe any effect of IFN-γ on the gene 
expression of MSC-surface markers CD90, CD105, 
and CD166 and on the potential for differentiation 
[25]. When MSCs from the human fetal heart (hfc-

MSCs) were treated with IFN-γ, the cells exhibited 
significant transcriptional changes, mostly related to 
the expression of genes involved in antigen presen-

tation, cell cycle control, and interferon signaliza-

tion. Under prolonged treatment with IFN-γ, MSCs 
express high levels of IFN-γR1 and human leuko-

cyte antigens. hfcMSCs-γ also express PD-L2. The 
depletion of IFN-γ and the cultivation of the cells 
for 48 hours led to a significant decrease of PD-L2 
and PD-L1 MFI. IFN-γ increased the expression of 
soluble programmed death ligand-1 (sPD-L1) and 
sPD-L2 [26].

effect of IFn-γ on the stemness of MSCs  
and their immunosuppressive properties 

MSCs from different tissues have compatible 
immunomodulatory properties. Nevertheless, they 
can react differently to the process of inflammation. 
When MSCs from bone marrow (BM-MSCs) were 
cultured in vitro and treated with pro-inflammatory 
cytokines such as IFN-γ and TNF-α, a change in 
their morphology was described, although other 
authors did not find any transformations [21, 22]. 
MSCs-γ were bigger, with more cytoplasm and ir-
regular shape. In contrast, cells from Wharton’s jelly 
(WJ-MSCs) did not show any morphological chang-

es when primed with the pro-inflammatory cyto-

kines. BM-MSCs-γ had weaker proliferative poten-

tial than the unprimed cells, but despite the observed 
changes, none of the cell types lost their ability to 
differentiate into osteoblasts, chondroblasts, and adi-
pocytes [21]. MSC-γ had the same level of expres-

sion of CD73 and SSEA4 as the unprimed cells [21]. 
Inflammatory conditions affected the morphology 
and proliferation rate of AT-MSC, while their ability 
to differentiate and produce trophic factors was not 
affected. When cultured with IFN-γ, AT-MSCs in-

creased their diameter, while at the same time, their 

numbers dropped [25]. Treatment of dental pulp 
mesenchymal stem cells (DP-MCSs) with IFN-γ 
significantly reduced their differentiation potential. 
The BM-MSCs homing potential was increased 
when cells were co-cultured with IFN-γ-treated DP-
MSCs. RNA expression analysis showed an increase 
in Cxc16 and Cxcl12 levels in BM-MSCs. Besides, 
there were higher levels of proangiogenic factors 
VEGF and FGF secreted from DP-MSCs that had 
been exposed to IFN-γ. The proliferative potential of 
IFN-γ-primed DP-MSCs was not affected [27].

CIITA (the main regulator of MHC class II ex-

pression) was induced only in MSC-γ, which cor-
related with the lack of HLA-DR in control cells and 
the TNF-α treated MSCs [28]. Low levels of CIITA 
transcripts were detected in WJ-MSCs-γ, although 
no surface expression of HLA-DR was found. It was 
also noted that WJ-MSCs-γ secreted higher levels of 
PGE2 compared to the unprimed cells [21].

MSCs generally express low levels of MHC 
class I and lack the HLA-DR and the co-stimula-

tory molecules CD80 and CD86. In MSCs-γ, the 
expression of CD54 was strongly upregulated, but 
CD95 and CD50 were absent [21]. In BM-MSCs, 
the expression of HLA-DR increased due to IFN-γ 
exposure [21]. Human fetal MSCs also express HLA 
class I, but not HLA class II molecules. Supplement-
ing the growth media with IFN-γ for two days led 
to intracellular synthesis of HLA-II, but there was 
not any superficial expression until day seven of the 
IFN-γ treatment [21]. 

Under the influence of IFN-γ, MSCs can behave 
like antigen-presenting cells (APC) because of the 
upregulated expression of MHC class I and II [28]. 
Le Blanc et al. demonstrated that MSCs were posi-
tive for MHC class II after treating them for seven 
days with IFN-γ but this did not lead to allogeneic T 
cell response, since they lacked the co-stimulatory 
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molecules CD80, CD86, and CD40. Furthermore, 
MSCs express constitutively PD-L1 (the negative 
regulator for T cell activation), and its expression in-

creases after treatment with IFN-γ. MSC-γ could not 
stimulate allogeneic T cells to proliferate. Adding 
a PD-L1 blocking factor or IDO inhibitor 1-MT (1 
methyl tryptophan) abrogated the immunosuppres-

sive ability of MSCs [29].
However, Stagg et al. indicated that MSCs 

could become conditional APC [30]. After IFN-γ 
binds its receptor IFN-γR1 and R2, the receptor-
associated Janus kinase-1 and -2 (Jak1 and Jak2) 
activate with the subsequent activation of STAT1 
[28]. As a result, the specific transcriptional factor 
interferon-regulatory factor-1 (IRF-1) binds to its 
enhancer sequence in the IFN-γ activation sequence 
(GAS) element and leads to the transcription of CII-
TA [28]. The CIITA expression is necessary for the 
transcription of the MHC class II gene. IFN-γ acti-
vates other genes as well – IFN-γR1 and R2, dou-

ble-stranded RNA-dependent protein kinase (PKR), 
and 2’,5’-oligoadenylate synthase [28]. Researchers 
noted that the antigen-presenting property of MSC 
occurred during a narrow window at low levels of 
IFN-γ and before these levels go up. APC assays us-

ing IFN-γ-knockdown MSC and anti-IFN-γ recep-

tor antibody confirmed that the expression of MHC 
class II requires autocrine stimulation with IFN-γ. 
Lowering the level of IFN-γ correlated with the 
downregulation of MHC class II expression from 
MSCs [31]. Following treatment with IFN-γ, adi-
pose tissue mesenchymal stem cells (AT-MSCs) and 
human amnion MSCs showed significantly higher 
anti-proliferative potential by expressing markers 
of nonprofessional antigen-presenting cells (HLA-
DR+CD40med+CD54high) with a possible regula-

tory phenotype (PD-L1+PD-L2+) [32].
When undifferentiated MSCs were treated with 

IFN-γ, more than 90% of the cells expressed MHC 
class II. MSCs differentiated into adipocytes ex-

pressed HLA-I and HLA-II weakly, and no change 
in the expression was observed after exposure to 
IFN-γ. Authors published similar results for MSCs 
differentiated in vitro into osteoblasts and chondro-

blasts. Undifferentiated and differentiated MSCs had 
an immunomodulatory effect on allogeneic MLC 
(mixed lymphocyte culture), which was enhanced by 
IFN-γ [33]. The exposure of MSCs to IFN-γ does not 
hinder the suppression of T lymphocytes by MSCs, 

but instead, it induces the expression of HGF and 
TGF-β1, which repress allo-responsiveness [20]. 

IFN-γ upregulates the secretion of PGE2, HGF, 
and TGF-β from MSCs [34]. The secretion of im-

munosuppressive molecules from MSCs is probably 
dependent on cell-to-cell contact with activated T 
lymphocytes [34]. However, the immunosuppres-

sive effect of MSCs is not contact-dependent, and it 
requires the presence of IFN-γ secreted from T cells 
and NK cells. Even activated B cells become suscep-

tible to the immunosuppressive activity of MSCs-γ. 
The suppressive effect of MSC correlates with the 
secretion of IDO, which downregulates the prolif-
eration of activated T cells and NK cells [17].

IFN-γ is produced at high concentrations by NK 
cells and CD8+ T cells and lower concentrations by 
CD4+ T cells. B cells do not secrete IFN-γ. The addi-
tion of IFN-γR mAb inhibited the suppressive effect 
of MSCs on CD4+ and CD8+, and even on NK cells 
[17]. NK cells produced exceptionally high concen-

trations of IFN-γ, and they partly could escape from 
the mAb-mediated blocking of the IFN-γR [17]. 
MSCs were able to suppress the proliferation of 
peripheral blood CD4+CRTH2- T cells containing 
a mixture of cells, including those able to produce 
IFN-γ. MSCs did not exhibit an inhibitory effect 
on the proliferation of purified CD4+CRTH2+ Th2 
cells, secreting IL-4, but not IFN-γ. Adding exog-

enous IFN-γ to the cultures made the B lymphocytes 
susceptible to the suppressive effect of MSCs [17]. 
IDO and PGE2 inhibitors were not able to complete-

ly abolish the MSC-mediated immunosuppression. 
However, the inhibition of IFN-γ abrogated the sup-

pressive function of MSCs completely [17].
Researches established that IFN-γ and TNF-α 

modulated the immune properties of murine MSCs 
differentially. Both pro-inflammatory cytokines did 
not affect the ability of the MSCs to suppress the al-
loantigen-driven proliferation in mixed lymphocyte 
reaction as well as the mitogen-driven proliferation 
of T cells. Both IFN-γ and TNF-α upregulated the 
expression of COX-2 and PGE2 from MSCs. How-

ever, the surface expression of PD-L1 and the secre-

tion of IDO were induced only by IFN-γ. By using 
blocking antibodies and biochemical antagonists, the 
authors showed that while inducing the expression 
of PD-L1 was not essential for the IFN-γ-mediated 
MSC immunomodulation, secretion of IDO was re-

quired [35].
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IFN-γ and TNF-α synergistically upregulate the 
expression of CD54 from MSCs, allowing the CCR6 
chemokine ligand CCL20 to induce the adhesion of 
Th17 cells to MSCs in vitro. Hence, during an inflam-

mation, MSCs mediate the adhesion of Th17 cells 
through CCR6 and exhibit an anti-inflammatory ef-
fect by inducing Treg phenotype in these cells [36].

Human MSCs express the immunomodulatory 
molecule heme oxygenase-1 (HO-1). It is related to 
the MSC-induced induction of Tr1 and Th3 cells. 
MSCs that were pre-cultured in media derived from 
mixed lymphocyte reaction had lower levels of HO-
1. Adding IFN-γ restored the expression of HO-1 
and partially the immunosuppressive potential of 
MSCs. Unconditioned naïve MSCs-γ had signifi-

cantly increased expression of HO-1 and Nrf2. How-

ever, their immunosuppressive functions stayed the 
same. IFN-γ upregulated the secretion of enzymatic 
antioxidants: catalase and superoxide dismutase. In 
addition, MSC-γ expressed more COX-2, which is 
related to the PGE2 secretion [37].

The immunological checkpoint molecule PD-
L1 is a crucial regulator of T cell immune response. 
The binding of PD-L1 to the PD-1 receptor on T cells 
suppresses their proliferation and leads to apoptosis. 
Inflammatory licensing leads to an increase in the 
surface expression and secretion of PD-L1 related 
to upregulated posttranslational N-glycosylation, 
which has a key role in the transportation of PD-L1 
to the cell surface and its secretion from MSCs [38].

MSCs secrete exosomes, which can have dif-
ferent effects on the inflammatory processes. Hu-

man amnion-derived MSCs cannot secrete enough 
immunomodulatory factors without being primed 
with IFN-γ. IFN-γ treatment induces the expression 
of PD-L1 and IDO and upregulates different exome-
derived miRNAs. Using miRNA–target network 
analysis, authors found that nine of deregulated 
miRNAs were involved in the regulation of key pro-

teins, which control T cell activation/anergy and the 
pathways for monocyte differentiation [39].

An illustrative outline of IFN-γ effect on mesen-

chymal stem cells is represented in Figure 1. 

theRAPeutIC PRoMIses AnD ChAL-

LenGes oF MsC-γ

Several reports are pointing out that allogeneic 
MSCs are immunogenic because of MHC II expres-

sion. The therapeutic effects of allogeneic and au-

tologous MSCs-γ are quite contradictory in vivo, 

and one of the reasons is that MSCs-γ express more 
MHC class II molecules making them probably more 
immunogenic. During allotransplantation, the infu-

sion of allogeneic MSCs combined with the immu-

nosuppressive drug mycophenolate mofetil (MMF) 
prolonged the survival of the graft [40]. Eggenhofer 
et al. suggested that the enhanced immunosuppres-

sive effect of MSC/MMF is because MMF does not 
alter the production of IFN-γ from activated T cells 
and IFN-γ serum levels in vivo. On the other hand, 
combing MSCs and CsA (completely blocks the 
IFN-γ production from T cells) resulted in less ef-
ficient suppression of immune responses [40].

When mice were co-transplanted with hPBMC 
and MSC-γ, they showed a better survival rate com-

pared to mice transplanted with PBMC only. More-

over, co-transplanting hPBMC and MSC-γ effective-

ly reduced the clinical symptoms and the infiltration 
of immune cells into the skin and colon of GVHD 
mice. MSC-γ could home the tissues in these GVHD 
mice and successfully fulfill their immunosuppres-

sive functions through the secretion of IDO [22]. 
MSCs pretreated with IFN-γ were used as a 

therapeutic agent in dextran sodium sulfate (DSS) 
and trinitrobenzene sulfonate (TNBS)-induced colitis 
in mice. Mice treated with MSCs-γ had less devel-
oped clinical manifestation of DSS-induced colitis. 
MSC-γ treated mice also had increased weight, lower 
colitis score, and a better survival rate than the un-

treated ones. Moreover, the serum levels of amyloid 
A protein and local pro-inflammatory cytokine levels 

Fig. 1. Effect of IFN-γ on mesenchymal stem cells
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in colonic tissues were significantly lower after the 
administration of MSCs-γ. Moreover, MSC-γ showed 
better migration ability than the untreated cells. Prim-

ing MSCs with IFN-γ increased their capacity to in-

hibit Th1 pro-inflammatory immune response, which 
led to less-developed mucosal tissue damage [41].

Graft versus host disease (GVHD) mediated by 
donor T lymphocytes after allogeneic transplantation 
of hematopoietic stem cells is associated with high 
morbidity and mortality rate. MSCs can be used as a 
treatment for GVHD due to their ability to suppress 
the donor T cell proliferation. BM-MSCs suppress 
the development of GVHD when administered after 
the donor T cells have recognized the antigen [42]. 
IFN-γ is required to induce MSCs efficiently. Suf-
ficient levels of IFN-γ are required for the activation 
of the immunosuppressive behavior of MSCs, con-

firmed in vivo on graft versus host disease cases. Al-
logeneic MSCs injected at the time of bone marrow 
transplantation are ineffective because of the low 
serum levels of IFN-γ [42]. When mice were treat-
ed with IFNγ-/- T cells, they did not respond to the 
MSCs treatment and developed GVHD. In contrast, 
MSC-γ activated rapidly and suppressed the GVHD 
more efficiently. When MSC-γ were administered at 
the time of the bone marrow transplantation, they 
were able to prevent GVHD mortality (100% sur-
vival rate). MSCs activation was dependent on the 
IFN-γ exposure level with higher exposure correlat-
ing to better suppression of GVHD [42]. 

Preactivated MSCs restored the tensile strength 
of the aged mice to that of a young one. MSCs-γ ex-

ercise their effect on wound tensile strength through 
host macrophages. This effect is due to the property 
of MSCs that redirects pro-inflammatory macro-

phages towards the alternatively activated macro-

phage phenotype, which have demonstrated stronger 
reparative properties, increased IL-10 secretion, and 
ability to suppress the production of pro-inflamma-

tory cytokine IL-1β and IL-17 [43].
In a murine model of systemic lupus erythe-

matosus (SLE), BM-MSCs were able to inhibit the 
antigen-dependent proliferation into plasma cells of 
follicular and marginal zone B cells in vitro. This ef-

fect was IFN-γ-dependent and was mediated by cell-
to-cell contact with the involvement of the PD-1/
PD-L1 pathway [44].

MSCs require a sufficient ongoing inflamma-

tory process to exhibit their immunosuppressive 
function. In an entirely allogeneic model, transplant-

ed hearts were rejected early when recipients were 
pretreated with MSCs because of T cell activation 
in vivo. When conditions were set towards inflam-

mation with high doses of concanavalin A (ConA) or 
pro-inflammatory cytokines IFN-γ, IL-2, or TNF-α, 
MSCs were able to inhibit the proliferation of T cells. 
This effect of MSCs was dosage dependent [45].

IFN-γ primed human BM-MSCs induced tumor 
cell apoptosis in vitro through TNF-related apopto-

sis-inducing ligand (TRAIL pathway). They mediat-
ed the apoptosis via the activation of caspase-3 in the 
tumor cells. However, when MSC-γ were injected in 
mice, the growth of the tumor was much more rapid 
compared to the control group injected only with tu-

mor cells [46].
MSCs-γ can be used as a potential treatment 

for stroke. Treatment with MSCs-γ led to signifi-

cant functional recovery in animal models. Animals 
had smaller infarct size and inhibition of microglial 
activation. Treatment with MSCs-γ suppressed the 
hypoxia-induced pro-inflammatory phenotype of 
microglia more effectively than with naïve MSCs. 
More importantly, using MSCs-γ led to the recruit-
ment and differentiation of oligodendrocyte progeni-
tor cells to myelin-producing oligodendrocytes in 
vivo. Only MSCs-γ upregulated neuron-glia antigen 
2, an essential extracellular signal [47].

ConCLusIon

Priming of MSCs with proinflammatory cyto-

kines is critical for their immunosuppressive func-

tions. IDO is a critical mediator of MSCs immu-

nosuppression in vivo. Highly immunosuppressive 
MSCs-γ have better homing and reparative prop-

erties and prolong allograft survival in experimen-

tal models. The immunomodulatory properties of 
MSCs-γ are dependent on their origin and the par-
ticular inflammatory processes ongoing at the tissue 
damage site. Understanding the behavior of MSCs 
under the influence of IFN-γ is of great importance 
so that better and more precise protocols for stem 
cells clinical applications can be designed. 
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SCIENTIFIC REVIEWS

IntRoDuCtIon

Mesenchymal stem cells (MSCs) are hetero-

geneous population of adult multipotent stem cells 
with fibroblast-like morphologyand with great thera-

peutic potential in cell-based therapies of immune 
mediated, inflammatory and degenerative diseases 
due to their immunomodulatory and regenerative 
properties. In 2006, the International Society for 
Cellular Therapy (ISCT) provided 3 criteria for the 
definition of human MSCs according to which: (1) 
they must be plastic-adherent after their isolation 
and maintenance under standard culture conditions 
in tissue culture flasks; (2) ≥ 95% of the MSCs 

populationmust express surface markers like CD73 
(ecto-5’-nucleotidase), CD90 (Thy-1), CD105 (en-
doglin), but to be negative for the expression of he-

matopoietic lineage-specific markers such as CD34 
(transmembrane sialomucin expressed on hemato-
poietic and vascular-associated cells), CD45 (leu-
kocytecommon antigen), CD14 (lipopolysaccharide-
binding protein, made mostly by machrophages), 
CD11b (integrin alpha M, ITGAM), CD79a (B-cell 
antigen receptor complex-associated protein alpha 
chain or MB-1 membrane glycoprotein), CD19 (B-
cell marker) and HLA-DR; and last (3) MSCs must 
have the potential to differentiate in vitro into osteo-

blasts, adipocytes and chondroblasts after stimula-
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tion with specific differentiation factors [1]. MSCs 
that fully meet these minimum criteria can be iso-

lated from a variety of tissues such as bone marrow, 
Wharton’s jelly of umbilical cord, placenta, adipose 
tissue, dental pulp, skin, muscle etc. [2]. MSCs are 
also referred as “Medicinal Signalling Cells”, since 
they can be isolated from different tissues and at the 
same time perform a lot of functions of therapeutic 
importance through the secretion of different me-

diators on sites of injury or inflammation [3]. The 
paracrine effects of MSCs are mediated through a 
production of variety of molecules and factors with 
immunomodulatory, anti-inflammatory, angiogenic 
and anti-apoptotic properties [2].

One of the most significant characteristics of 
MSCs is their ability to regulate and modulate both 
innate and adaptive immune responses. Additional 
to T-cells, B-cells are also anintegral part of the 
acquired immunity, where they are responsible for 
humoral immune response through a production of 
antigen-specific immunoglobulins. Over the last few 
years, the focus of attention have shifted to B-cells 
as target for the treatment of immunemediated dis-

orders, especially for autoimmune diseases, where 
they are the key component of our immune system 
with the production of pathognomonic autoantibod-

ies. MSCs with their immunomodulatory and anti-
inflammatory potential could hold out a hope in this 
area of research andthe question how they communi-
cate with B-lymphocytes is gaining more popularity 
and gradually expands the knowledge in the field. 
This review presents literature data, which have con-

tributed to a deeper understanding and insight into 
the fine details of MSCs/ B-cells interactions.

InFLuenCe oF MsCs oF DIFFeRent 

tIssue oRIGIn on B-CeLL  

DeVeLoPMent, PRoLIFeRAtIon  

AnD DIFFeRentIAtIon

While there is a considerable amount of infor-
mation on the MSCs interaction with other immune 
cells, the literature data about the influence of MSCs 
on various aspects of B-cell fate, beginning with the 
early development of B-cells, their proliferation, dif-
ferentiation and functional activity, are quite limited, 
yet extremely controversial.

B-cell development starts in the fetal liver dur-
ing fetal development and subsequently continues in 
the bone marrow for the rest of human life. For the B-
cell lineage, microenvironment in the bone marrow 

is exceedingly significant, since the bone marrow 
is not only essential part of our body where B-cells 
originate from hematopoietic stem cells (HSCs) and 
subsequently mature with undergoing antigen-inde-

pendent differentiation, but also the organ in which 
plasma cells return, thus helping to maintain a long-
lasting humoral immune response. Paracrine signals 
and molecules produced by stromal cells found in 
the bone marrow microenvironment are necessary 
for these processes to take place. Normally, MSCs 

in vivo reside in perivascular locations. For ex-

ample, in the bone marrow MSCs are localized in 
close proximity to the sinusoidal vessels and recent 
data further indicate that interactions between B-
cell progenitors and IL-7+mesenchymal progenitor 
cells can control B-cell development [4]. Indeed, 
mesenchymal-lineage stromal cells in the bone mar-
row including CXCL12-abundant reticular (CAR) 
cells and osteoblasts are a source of many trophic 
factors essential for B-cell lymphopoiesis, such as 
CXCL12 (stromal cell-derived factor 1 SDF1), the 
stem cell factor (SCF) also known as kit ligand, in-

terleukin-6 (IL-6), interleukin-7 (IL-7), and insulin-
like growth factor-1 (IGF-1) [5]. Interestingly, a ge-

netic in vivo model reveals partly the mechanism by 
which bone marrow-MSCs (BM-MSCs) contribute 
to the differentiation of HSCs into precursor B-cells. 
The CCAAT/enhancer-binding β protein (C/EBPβ) 
is expressed on BM-MSCs membrane and its defi-

ciency results in decreased production of CXCL12. 
The levels of Flt3-L, SCF and IL-7 were also lower 
in C/EBPβ deficient BM-MSCs and for that reason 
the survival of leukemic precursor B-cells was sup-

pressed [6]. On the other hand, MSCs could attenu-

ate B-cell generation with the helpof activin A, a 
member of transforming growth factor beta (TGF-β) 
family for which B-lineage cells express activin A 
receptors – type IIA and typeIB [7].

With regard to the impact of MSCs on B-cell 
proliferation, the scientific reports that demonstrate 
MSCs immunosuppressive potential have been pre-

dominant. A study of human BM-MSCs effect on pu-

rified B-cells stimulated with CpG oligonucleotide, 
recombinant CD40L, anti-immunoglobulin antibod-

ies and cytokines IL-2 and IL-4, show that the in-

hibited proliferation is due to blocking in the G0/
G1phases of cell cycle [8]. Moreover, in this work it 
was observed that immunosuppressive effect is a re-

sult of released soluble factors by MSCs and super-
natants from pure human MSCs grown at confluence 
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did not inhibit B-cell proliferation, which indicates 
that MSCs/B-cells crosstalk is needed for MSCs ac-

tivation and stimulation of their immunosuppressive 
action. Indeed, MSCs are a source of many immu-

nosuppressive factors that may be involved in the 
inhibition of B-lymphocytes such as TGF-β, inter-
leukin-10 (IL-10), prostaglandin E2 (PGE2) and the 
immunosuppressive enzyme indoleamine 2,3-dioxy-

genase (IDO) [2]. In this regard,it has been observed 
thatin a transwell culture system the humoral factors 
produced by MSCs have immunosuppressive effect 
on proliferation and terminal differentiation of LPS-
stimulated splenic B-cells into plasma cells, but their 
action does not lead toplasma cell apoptosis [9]. It 
is extremely important to note also that the MSCs 
effect on B-cell biology depends on cells donors, 
whether they are healthy or diseased. BM-MSCs 

isolated from healthy donors and patients with au-

toimmune disease reduce the proliferation in vitro of 

previously stimulated PBMCs, including B-lympho-

cytes in a cell-dose dependent manner [10]. Contrary 
to this finding, however, there are data according to 
which MSCs isolated from patients with Systemic 
Lupus Erythematosus (SLE) are less likely to sup-

press B-cell proliferation than MSCs from healthy 
donors and also MSCs from healthy donors fail to 
attenuate the proliferation of lupus B-cells [11].

One of the most important B-cell functions 
associated with the induction of a humoral im-

mune response through production of antibodies 
is also affected by the action of MSCs. In in vitro 
CpG+MSCs stimulated cultures, MSCs tend toin-

hibit B-cell differentiation, followed by suppressed 
secretion of IgG, IgMa nd IgA antibodies found in 
culture supernatants [12]. An interesting finding is 
the fact, that depending on the tissue source, MSCs 
also show functional differences. For example, Bo-
chev et al., 2008 reported that adipose tissue-MSCs 

(АТ-МSCs) suppress differentiation and antibody 
production of mitogen-stimulated B-cells, while 
BM-MSCs showed less potential [13]. Similar re-

sults for dendritic cells (DCs) differentiation were 
observed when they were co-cultured withAT-MSCs 
or BM-MSCs [14].

Suppression of antibody production by MSCs 
could be used to treat a number of diseases in which 
there is a strong pathological B-cell immune re-

sponse.The benefits of MSCs transplantation for the 
treatment of autoimmune diseases such as SLE have 
been demonstrated in many in vivo experiments, 

generally with decrease in serum levels of anti-
dsDNA antibodies and improvement of the overall 
clinical picture with alleviation of the autoimmune 
pathogenesis [15, 16]. However, some opposite re-

sults have been reported in this area, such as those 
from Youd et al., 2010, who observed increased lev-

els of anti-dsDNA antibodies and plasma cells in 
bone marrow along with increased production and 
deposition of immune complexes after allogeneic 
MSCs treatment, which fail to prevent the develop-

ment of lupus disease in mice [17]. In addition to the 
stimulatory effect of MSCs on in vitro B-cell differ-
entiation with subsequent immunoglobulin produc-

tion it should be noted that it may depend on cell-cell 
contact [18] and/or the production of soluble factors 
such as PGE2 but not IL-6 [19]. Indeed, Zhang et 
al., 2020 quite recently reported the involvement 
of a key negative mediator of various cytokines in 
MSCs-mediated regulation of B-cells [20]. The 
knockdown of the suppressor of cytokine signaling 
1 (SOCS-1) in MSCs is associated with promoted 
PGE2 production and cancelled inhibitory effect of 
MSCs in the last stage of B-cell differentiation [20].

All those conflicting and varying findings 
clearly reveal the need for additional studies aimed 
at better understanding of the complex interactions 
that occur between these two cell types. However, 
it should be noted that, these contradictory data 
are probably due to the various cell sources, differ-
ent starting B-cell population (purity and isolation 
method), the stimulation used to induce B-cell pro-

liferation and differentiation and last but not least, 
the MSCs/B-cells ratioin various co-culture experi-
ments. On the other hand, in MSCs transplantation 
studies, it should be taken into account the source 
of MSCs (autologous or allogeneic transplantation), 
the number of injected cellsalong with the number of 
injections administered and whether MSCs are co-
administered with an immunosuppressive drug [21].

CeLLuLAR AnD MoLeCuLAR  

MeChAnIsMs InVoLVeD In  

MsCs-MeDIAteD B-CeLL  

IMMunosuPPRessIon

When entering into more details at molecular 
level, certain molecules, patterns and pathways that 
seem to be involved in MSCs immunomodulation of 
B-cells are revealed. MSCswith the involvement of 
important molecular mechanisms significantly influ-

ence B-cell functions. This is evidenced by the study 
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of Rafei et al., 2008, which indicates that C-C mo-

tif chemokine ligand 2 (CCL2/MCP-1) and partly 
CCL7, are key molecules involved in MSCs-medi-
ated immunosuppression towards antibody-produc-

ing cells [22]. At the heart of this inhibitory effect 
mediated by CCL2 on plasma cells is the activation 
of T cell-protein tyrosine phosphatase (TC-PTP), 
which impacts negatively the JAK/STAT signalling, 
through dephosphorylation of the signal transducer 
and activator of transcription 3 (STAT3), followed 
by decreased expression of B-lymphocyte induced-

maturation protein-1 (Blimp-1) and elevated levels 
of paired box protein (PAX-5), a key regulator of B-
cell identity and differentiation [22] (Figure 1).

In the context of this, as mentioned before re-

garding the importance of stem cell donors, it is not 
surprising that MSCs isolated from bone marrow 
of lupus-like mice and patients with SLE, failed 
to suppress B-cell proliferation and differentia-

tion and the reason behind this failure are the de-

creased CCL2 levels [23]. In fact, it is also evident 
that CCL2 function depends on the processing 
performed mainly by MSCs-derived proteolytic 
enzyme matrix metalloproteinase-1 (MMP-1) and 
N-terminal peptides of CCL2 are found in the su-

pernatants of normal human MSCs, while in super-
natants of SLE MSCs both N and C terminal pep-

tides are present [23]. Furthermore, studies in lupus 
patients have been able to shed lighteven at gene 
level on another defect in MSCs. BM-MSCs from 
patients with SLE express high levels of Olfactory 
1/early B-cell factor-associated zinc-finger protein 

(OAZ) gene and after silencing the expression of 
that gene B-cell proliferation, differentiation and 
immunoglobulin production together with antinu-

clear antibodies (ANA) levels decreased whereas 
the levels of CCL2 increased [24]. This finding in-

dicates that OAZ gene is associated with MSCs-
mediated regulation of B-cells and MSCs which 
overexpressed OAZ are characterized with inability 
to suppress B-cells [24]. It is not difficult to assume 
that CCL2 decreased expression in lupus-MSCs, 
along with the overexpression of OAZ gene could 
be a potent target for restoring immunosuppressive 
function of MSCs in patients with SLE. 

In relation to other transcription factors, the ex-

pression of X-boxed binding protein 
1 (Xbp-1) or Bcl-6 was not altered 
on activated B-cells co-cultured 
with and without MSCs, isolated 
from umbilical cord (UC-MSCs) 
[25]. Likewise, after the addition 
of UC-MSCs, the phosphorylation 
of two proteins, involved in B-cell 
proliferation and differentiation – 
phosphorylated protein kinase B 
(p-PKB), also known as Akt kinase 
and phosphorylated protein – 38 
(p-p38), was prevented by MSCs 
[25]. Аnother molecular pathway 
involved in MSCs-B-cells interac-

tions is part of the cell-cell contact. 
The PD-1/PD-L1 signaling path-

way is responsible for MSCs-mediated interruption 
of  T- and B-lymphocytes activation and prolifera-

tion [26]. Thus, the mechanisms of action of MSCs 
are diverseand include the activation and modulation 
of various molecular pathways. Furthermore, there is 

a very interesting suggestion in a study about the in-

volvement of a carbohydrate-binding protein in this 
complex interaction between the two cell types. Ac-

tivation of MSCs with IFN-γ results in up-regulation 
of lectin with immunoregulatory function, known as 
galectin-9 (Gal-9), which is associated with the inhi-
bition of B-cell proliferation and antigen-dependent 
immunoglobulin release in mice [27]. One of the 
possible mechanisms is through Gal-9 binding to the 
linear N-glycans of CD45 molecule on B-cell sur-
face which results in inhibition of B-cell activation 
[28]. However, further studies are needed to under-
stand the exact partner for Gal-9on B-cells involved 
in their interaction with MSCs.

Fig. 1. Effect of CCL2 chemokine produced by MSCs on antibody-producing cells. The 
secretory molecule CCL2 derived from MSCs suppresses antibody production in plasma 
cells via STAT3 inactivation, followed by decreased Blimp-1 expression and increased 
expression of PAX-5
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hoW MsCs MoDuLAte  

B-CeLL ACtIVAtIon AnD suRVIVAL?

B-cell activation is the first step in the trigger-
ing of humoral immune response, leading to B-cell 
proliferation with subsequent differentiation into an-

tibody-producing cells and memory B-cells. Infact, 
it is well known that 3 signals are required for the 
activation of naive B-cells. The first signal comes 
from the specific recognition of antigen by B-cell 
membrane receptor (BCR). The interaction between 
CD40 co-receptor expressed on B-cell membrane 
and CD40L (CD154) on T-cell surface is relevant 
for the second signal and occurs with the help of T-
lymphocytes. The co-stimulatory interaction is cru-

cial for the fate of B-cells. If B-cells do not receive 
a signal from this interaction, they remain in the so-
called state of anergy, i.e. they are alive but function-

ally inactive. The third signal is obtained by bind-

ing the appropriate cytokines released by T-cells, 
to their specific receptors expressed on the B-cell 
membrane. Depending on the nature of the antigen 
and whether it is a T-dependent or a T-independent 
antigen, B-cells can also be activated without the 
help of T cells, through Toll-like receptor (TLR) 
activation (bacterial components, CpG, dsRNA). B-
cell activation as a process is extremely important 
not only to maintain the antibody-mediated immune 
response and enhance the effector cell functions, but 
it can also be used as a target for future therapies 
of diseases where B-cells play an essential role. For 
instance, the suppression of B-cell activation is ex-

tremely important and helpful for the regulation of 
hyperactive B-cells found in autoimmune diseases.

MSCs from different tissues may have diverse 
immunomodulatory effects even on B-cell activation, 
which can be assessed by the expression of important 
activation surface markers. Indeed, evidence suggest 
that human BM-MSCs and AT-MSCs affect negative-

ly B-cell activation in vitro, whereas MSCs isolated 
from umbilical cord matrix (UCM) do not have such 
effect [29]. Besides, B-cell activation is affected also 
after MSCs infusion which is associated with inhib-

ited expression of the early activation marker CD69 
and CD86 (B7-2) co-stimulatory molecule predomi-
nantly on donor B-lymphocytes in acute graft versus 
host disease (aGVHD) mice model [30].

In regard to B-cell activationit should be noted 
that this process takes place in the secondary lym-

phoid organs (SLOs), such as spleen and lymph 

nodes. Significant decrease was observed in B-
cell expression of chemokine receptors CXCR4, 
CXCR5, CCR7 together with impaired chemotaxis 
towards their ligands CXCL12, CXCL13 and CCL19 
after B-cell co-culture with MSCs [8]. Thus, MSCs 
could aid in the recirculation of B-lymphocytes and 
prevent indirectly their activation through impaired 
chemotaxis to SLOs, where other major processes 
with a significant immunological role also occur. 
Moreover, CXCR4 is required for the subsequent lo-

calization of plasma cells in bone marrow, and sup-

pressed expression of this receptor by MSCs would 
disrupt the maintenance of long-lived plasma cells.

In addition, one of the main regulators involved 
in B-cell activation and survival is soluble TNF-
family cytokine B-cell activating factor (BAFF), 
also known as B-lymphocyte stimulator (BLyS), 
and MSCs appear to be able to influence favorably 
the status of autoimmune patients by affecting DCs 
and lowering serum BAFF levels [31]. Although 
BAFF is expressed by restricted cell types such as 
DCs, T-cells, monocytes and macrophages, MSCs 
also appear to be a source of this regulatory factor 
and the mechanism behind the increased expres-

sion of BAFF in MSCs is related to the priming of 
the receptor engaged in the innate immunity-TLR-4 
[32]. In this publication the authors reported that the 
activation of TLR-4 in human and murine MSCs 
triggers downstream signaling pathways like NF-
kB, p38, MAPK, JNK which are associated with 
TLR-4-regulated BAFF expression. It is also pos-

sible that the differentiation potential of MSCs may 
alter their immunoregulatory properties. According 
to Wang et al., 2011 the soluble factor BAFF found 
in supernatants of adipogenic-differentiated MSCs 
(adi-MSCs), could promote alloantigen or mitogen-
stimulated proliferation of T- and B-cells, as well as 
antibody production by B-cells, whereas undifferen-

tiated MSCs lead to their suppression [33].
Apart from BAFF, again other soluble factors 

produced by MSCs could modulate B-cell activation 
and survival. MSCs are a source of vascular endo-

thelial growth factor (VEGF) and this is one possible 
mechanism for promoting B-cell activation, prolif-
eration and survival. The increased production of 
VEGF by MSCs leads to increased phosphorylation 
of Akt kinase, preventing the activation of caspase 
3 and thereby inhibiting B-cell apoptosis [34]. On 
the other hand, cytokine-mediated suppression of B-
cell apoptosis could be induced by MSCs because 
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they are sources of cytokines associated with cell 
survival, such as IL-6 – an inflammatory and at the 
same time anti-apoptotic cytokine. Therefore, MSCs 
cannot be defined solely as immunosuppressive, as 
they are also a source of pro-inflammatory and pro-
survival mediators. Another factoris interleukine-1 
receptor antagonist (IL-1RA), a protein that sup-

presses the signaling pathway of IL-1by blocking 
IL-1receptors. It turns out that IL-1RA may have a 
direct relationship with B-cell survival and MSCs-
mediated inhibition of apoptosis. This is evidenced 
by a knockout mouse model where MSCs with an 
inability to express IL-1RA lead to an increased 
number of B-cells undergoing apoptosiss [35]. Con-

versely, the number of dead B-cells was lower when 
they were co-cultured in the presence of wild-type 
MSCs with unaffected IL-1RA expression. Although 
IL-6 is an anti-apoptotic factor, the authors conclud-

ed that these pro-survival effects of MSCs are rather 
due to IL-1RA than to IL-6 cytokine [35].

the eFFeCt oF MsCs on otheR  

B-CeLL FunCtIons

In addition to the production of antibodies, a 
deeper understanding of the B-cell biology reveals 
that these lymphocytes have the privilege of per-
forming other functions through the production of 
cytokines and by participating in the vital process 
of antigen presentation using molecules like a ma-

jor histocompatibility complex (MHC). Together 
with macrophages and DCs, B-cells are referred 
to as professional antigen presenting cells (APCs), 
which can express both MHC class I and MHC class 
II molecules on their surface and can respond to both 
intracellular and extracellular antigens. The presen-

tation of antigens is an extremely important immu-

nological process that helps to develop an immune 
response and remove unwanted pathogens from the 
body, but it can also be harmful, contributing to the 
development of an autoimmune reaction against the 
body’s own antigens. In this relatively undesirable 
process, B-cells can participate also as cells that rec-

ognize autoantigens, followed by the production of 
autoantibodies, and as antigen-presenting cells that 
trigger an autoimmune response. For this reason, 
further knowledge on the influence of MSCs on the 
antigen-presenting function of B-cells would be use-

ful to elucidate the mechanisms underlying these 
processes and to develop future therapies aimed at 
suppressing this particular B-cell function. Unfortu-

nately, the literary data in this direction are not very 
encouraging. It seems that MSCs do not affect the 
expression of molecules involved in antigen pre-

sentation on activated B-cells. Corcione et al., 2006 
report that most B-cells cultured in the absence of 
human MSCs were found to express HLA-DR and 
the large majority of them expressed CD40 and 
CD86. Аs for CD80 molecule, it was detected in ap-

proximately half of the cells [8]. When B-cells are 
co-cultured with human MSCs the results obtained-

did not changewith respect to the expression of these 
surface markersand even the cytokine secretion by 
B-cells [8]. None the less, as previously mentioned, 
MSCs can affect in vivo alloantigen presenting func-

tion of B-lymphocytes to T-lymphocytes by down 
regulation of CD69 and CD86 molecules on B-cells 
in a murine a GVHD model [30]. Altogether, this 
finding and the fact that MSCs are hypoimmuno-

genic, give a little hope for their use in cell therapy. 
However, another study demonstrates that BM-
MSCs have an enhancing effect on CD40 expression 
on B-cells stimulated with LPS and inhibitory effect 
on CD40 ligand (CD40L) ectopic hyperexpression 
on B-cells from BXSB mice [36]. Therefore, further 
studies in this area and some more clarity are needed 
to conclude whether MSCs could suppress antigen-
presenting function or rather stimulate it.

Another function that may be affected by MSCs 
action is the ability of B-cells to inhibit excessive 
inflammation. Such immune regulation involves the 
participation of specific small population of B-cells, 
called regulatory B-cells (Bregs), which together 
with T regulatory cells (Tregs) have the potential to 
produce anti-inflammatory cytokines such as IL-10, 
TGF-β and IL-35. Furthermore, unlike Tregs, there 
is no single phenotype marker distinguishing this 
B-cell population and for that reason diverse Bregs 
cell subsets exist according to the expression of cer-
tain surface markers and cytokine production. The 
immunomodulatory effect of MSCs leading to the 
generation of different subsets of B-cells with anti-
inflammatory and regulatory function is supported 
by in vivo and in vitro experiments. For example, a 
new subset ofBreg cells is induced by BM-MSCs, 
characterized by the expression of CD23+ CD43+ 

phenotype markers, along with increased produc-

tion of immunosuppressive cytokine IL-10 [37]. Ad-

ditionally, according to this study the cell-cell con-

tact and COX- /PGE2 pathway are involved in the 
mechanism of increased CD23+ CD43+ Bregs and 
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after intraperitoneal injection of human MSCs in a 
murine model of experimental colitis, there is alle-

viation of intestinal inflammation with an increase 
of this particular Breg subset [37]. Generally, deter-
mining the exact mechanism by which MSCs lead 
to the generation of Bregs would complement the 
overall picture of MSCs-mediated immunosuppres-

sion. According to other studies, MSCs stimulate the 
regulatory action of B-cells through involvement of 
various molecules and mechanisms such as SDF-1α 
and CXCR-7[38], production of immunoregulatory 
enzyme IDO [39] or EBV-induced gene 3 – EBI3, 
a β subunit of IL-35 [40]. The distinct mechanisms 
involved in the MSCs-induction of Bregs observed 
in the above mentioned studies are probably due to 
the generation of different Bregs subsets, which may 
differ not only in phenotype markers but also in the 
manner of inducing immunosuppression through 
the production of anti-inflammatory cytokines and, 
hopefully, the answers of those suggestions will be 
given in the very near future.

otheR CeLL tyPes InVoLVeD  

In MsCs-B-CeLLs InteRACtIon

As previously mentioned, the effects of MSCs 
on B-cells also depend to a large extent on the cell 
source, the isolation method and the purity of the 
B-cell population. Quite often, an enriched B-cell 
system comprising PBMCs isolated from periph-

eral bloоd or spleen is used in co-culture experi-
ments, where in addition to B-lymphocytes other 
mononuclear cells are found and thusit largely re-

sembles in vivo conditions. The described system 
of co-cultivation with other immune cells, but not 
only B-cells, could contribute for a deeper under-
standing of the participation of other cells as inter-
mediates in MSCs/B-cells interactions. According 
to some researchers, the presence of functional T 
cells and the contact between BM-MSCs and T-
cells, but not B-cells, are determinant for B-cell 
inhibition. When sorted B-cells were co-cultured 
with MSCs+CpG, the immunosuppressive effect of 
MSCs was absent and restored after the addition of 
T-cells [12]. Additionally, MSCs isolated from adi-
pose tissue also appear to inhibit B-cell differentia-

tion with T-cell assistance [41]. As a matter of fact, 
B-cells can receive additional help not only from T-
lymphocytes but also from DCs. Interestingly, when 
B-cells were in vitro co-cultured with plasmacytoid 
dendritic cells (pDCs), their differentiation poten-

tial was stimulated together with an increased level 
of cytoplasmic immunoglobulin and decreased lev-

els of key markers for early B-cell differentiation, 
such as CD19 and CCR7. However, when MSCs 
were added to the culture system, the effects of DCs 
on B-cell biology were eliminated [42]. Therefore, 
MSCs appear to be able to prevent DCs-mediated 
immunoregulation on B-lymphocytes but the exact 
mechanism involved in these intertwined cellular 
relationships is yet to be revealed.

the ConneCtIon BetWeen  

DIFFeRent IMMunoLoGICAL  

ConDItIons, exteRnAL sIGnALs, 

MsCs AnD B-CeLLs

The effect of MSCs on B-cells depends largely 
on the environmental conditions and the signals, 
that MSCs receive under different circumstances. 
For example, inflammatory conditions observed in 
vivo or induced in the cell cultures in vitro could 
alter the immunomodulatory functions of MSCs. It 
is well known that MSCs have the ability to receive 
such inflammatory signals in vivo and migrate to 
the sites of inflammation in the body where they 
can exert their regenerative effects. Interferon-
gamma (IFN-γ) is a pro-inflammatory cytokine 
which is known to stimulate the immunosuppres-

sive properties of MSCs and that is why a lot of 
experiments involve IFN-γ pre-activated MSCs. 
In this connection, experiments examining the ef-
fect of MSCs on B-cells are no exception. Upon 
stimulation of AT-MSCs with INF-γ in vitro, in-

creased secretion of the tryptophan-catabolizing 
enzyme IDO is observed, which leads to trypto-

phan depletion with subsequent inhibition of B-cell 
proliferation and IgG production [43]. However, 
according to some other authors, MSCs-mediated 
B-cell inhibition is IFN-γ dependant but it is not 
related to the IDO influence [44]. Another possible 
mechanism is the upregulated expression of B7-H1 
(PD-L1 or CD274) molecule observed after stimu-

lation of MSCs with IFN-γ that leads to inhibited 
proliferation of CD19+ B-cells and plasma-cell dif-
ferentiation. This effect is mediated by direct cell-
cell interaction because B7-H1 is one of the ligands 
forPD-1 (CD279) expressed on B-cell surface and 
together they are part of the key molecular pathway 
as previously mentioned [45] (Figure 2).
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Fig. 2. Juxtacrine signaling between MSCs and B-cells. Upon 
IFN-γ stimulation, PD-L1 expression is increased in MSCs and 
this ligand directly interacts with PD-1 on B-cell membrane, re-

sulting in inhibited proliferation and plasma-cell differentiation

Оn the other hand, other pro-inflammatory cyto-

kines may also alter the immunomodulatory proper-
ties of MSCs towards B-cells. For instance, culture 
medium from TNF-α stimulated MSCs mediates 
suppression of IgE and IgG production from B-cells 
in experimental allergic conjunctivitis (EAC) [46]. 
This finding emphasizes the clinical application of 
MSCs even in allergy-mediated conditions and one 
of the antiallergic mechanisms of MSCs is through 
inhibition of B-cells, which are involved in patho-

physiology of allergic diseases, primarily via secre-

tion of IgE antibodies.
Extremely interesting is the fact that bacterial mi-

croorganisms found in MSCs media can have signifi-

cant consequences on the functional activity of stem 
cells. For example, it has been evidenced through re-

search that infected with Mycoplasma arginini MSCs 
can secrete different factors such as C3 component 
of the complement system and regulate antibody 
production in IL-4/LPS – stimulated B-lymphocytes 
[47]. In addition, C3 inhibits antibody production in 
B-cells by blocking B-cell differentiation into plasma 
cells, because together with C3 inhibitory effect there 
has been a downregulation of BLIMP-1 by infected 
MSCs. These results show that bacteria could affect 
immunomodulatory properties of MSCs and probably 
this may be part of the bacterial strategy to avoid its 
detection and subsequent elimination.

extRACeLLuLAR VesICLes

Communication of MSCs with other cell types 
can be accomplished not only via direct cell con-

tact and/or secretion of soluble 
factors, but also by the release of 

membrane vesicles (MVs) into 
the extracellular space. Typically, 
such MVs are found in MSCs su-

pernatants and they might have a 
promising clinical application as a 
diagnostic tool and provide another 
option for MSCs-based therapy. 
These extracellular vesicles can be 
used as therapeutic agents that de-

liver drugs at well-defined sites in 
the body or as sources of biomark-

ers for a number of diseases. Only a 
few reports in literature demonstrate the influence of 
such MVs derived from MSCs on B-cells.

In vitro results from human BM-MSCs co-cul-
tured with PBMCs indicate that the immunosuppres-

sive effect of MSCs against B-cells is largely due 
to the secretion of extracellular membrane vesicles 
from stem cells. According to the authors, these 
vesicles contain IL-6 and IL-8, but it is not known 
whether this effect also extends to the presence of 
other cells in a PBMCs culture. Although MVs were 
found to be associated with the B-lymphocytes but 
not with other cell phenotypes, further studies are 
needed to determine whether these vesicles can be 
used as a safer therapeutic agent [48]. Moreover, 
it should be noted that, the capacity of MVs to 
modulate B-cells is much less successful than that 
of MSCs from which they originate [49]. Indeed, a 
very recent study does not support the idea that the 
immunosuppressive effect of MSCs toward B-cells 
is due to the extracellular vesicles. Soluble protein 
factors are those that are more likely to contribute 
to B-cell suppression, because they had a similar ef-
fect to MSCs via encouraging IL-10 production by 
B-cells, which the extracellular vesicles failed to ac-

complish [50]. Thus, we can conclude that due to the 
limited data available, the contribution of MVs to 
the interaction of B-cells and MSCs still requires a 
better understanding.

ConCLusIon

The immunomodulatory effect of MSCs on a 
variety of immunocompetent cells has been stud-

ied by many scientists for a long period of time, 
but in the last few years, special attention has been 
paid to their effects on the cells, part of humoral 
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immunity. Based on all these findings reported in the 
present review, the main conclusion that can be drawn 
is that MSCs modulate various aspects of B-cell biol-

ogy in a positive or negative way, through a variety 
of signalling pathways and mechanisms, involving 
both soluble factors and/or molecules that require di-
rect contact between cells. Given the complexity and 
diversity of the mechanisms governing the delicate 
crosstalk between these lymphocytes and MSCs, to-

gether with the conflicting results presented by dif-
ferent authors, further studies are required for the bet-
ter understanding of their interaction under different 
physiological and pathological conditions.
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INSTRUCTIONS TO AUTHORS 
 

The following genre types are accepted for publishing: original articles, reviews, clinical case reports, reference papers, book reviews, short 

communication papers (letters to the editor, etc.). The first three genres are subject to peer review (with standardized forms), and the rest are 

submitted to expert evaluation on behalf of the editorship.  

Corresponding author shows contact data (e-mail, optionally – postal address and telephone) and declares that the material has not been published 

previously, except in the form of an abstract for a scientific event, and has not been submitted to other journal. Authors assume the responsibility for 

the contents of their publications. Presented papers and the studies described in them should comply with the established ethical standards on 

performance of the clinical and/or experimental studies on human subjects (the Helsinki Declaration) and experimental animals. Patients must not 

be referred by names and initialsm, and images on which they can be identified must not be presented. Authors must warrant that they submit for 

publication their own studies and in case different author's data and/or text are used, these are specified by citations. Strict adherence to copyright 

issues is maintained – texts including more than 10% of literal replication of different publication are returned for reprocessing. 
 

Volume (approximately) of submitted papers: 

Type of publication Word count in the main text Word count in the abstract Number of references 

Original article 2500-5000 200-300 30 

Review 3000-6000 100-200 50 

Clinical case report 1000-3000 100-200 20 

Short communication, reference paper, review 500-1000 – 10 
 

MS Word files are acceptable. No specific requirements on the font size and type, spacing, margins and other formatting are defined. 

An article starts with the title (without abbreviations), the names of authors (without academic or other titles), their workplaces designated by 

numeric indices, abstract, key words. Title of a scientific paper, irrespective of its genre determination, should attract the attention, be 

understandable, short, and exact – it represents the study object. A subtitle can be prepared for extended informativeness. Abstract contains the 

specific features of the study in a concise manner – aim/subject matter, methods used, main results and findings. It is distributed also through 

secondary informational titles (data bases), i.e. it should include the main elements of the scientific contribution. It should not contain either citation 

or illustrative material, or abbreviations, which can be precluded. Key words are used for topical categorization of a paper in data bases (and other 

secondary titles) and related search in inquiries. The objective of the author is to propose the most significant concepts of his work in a synthetic 

manner. Key words to any kind of publication range between 3 and 8; they can be single words or short word-groups, which are commonly 

accepted in the specific area of knowledge. 

Original scientific articles necessarily review a unique material according to thoroughly described methods. The format of Introduction/preface 

+objective – Materials and Methods – Results – Discussion – Findings/Conclusion is of a normative character. In the end of the paper, authors can 

express acknowledgements to individuals or authorities providing intellectual contributions or a material or financial support. Statistical methods 

must be described sufficiently so the informed reader with access to original data can check the presented results. The results must be presented 

quantitatively (if possible) by appropriate indicators for the measurement error or uncertainty (e.g., confidence intervals). Avoid using only p-values 

in the verification of a hypothesis since this approach does not generate sufficient quantitative information. Quoting the correct p-values in addition 

to the appropriate confidence intervals is desirable. The number of measurements (sample size) is mandatorily given and the method of calculation 

is justified. Statistical programs for the performance of analysis must be described. The used statistical terms, abbreviations and symbols should be 

defined unambiguously. Illustrative material (tables, figures, images) is positioned at the corresponding places within the text with captions and 

legends. Captions of figures must not be shown within the image. Images with good quality (at least 300 dpi) and appropriate file format (.jpg, tif, 

.png) are required. Tables must be presented in an editable format rather than as images.Specific abbreviations used in the text are introduced in 

round brackets with the first appearance of the entire designation. Measurement units should follow the SI system. 

Reviews summarize the contents of a number of sources dedicated to a single subject during a defined period of time. Discussion of authors and 

text should be in compliance with the thematic and problematic relevancy to the study aim. It is intended to review the experience, current state and 

trends in a given problem, asses the material by an argued manner and suggest the specific, practicable conclusions and recommendations. A 

logically linked, consistent narration, without mechanically retelling the sources, is expected. Subtitles are thematic. 

Clinical Case Reports consist of Introduction, Clinical Case Description, Discussion and Conclusions. An extended review section is used to 

demonstrate the significance of the presented case. The telegraphic style with duplication of a case history, is unacceptable. 

Short communication genres follow approximately the structure of an original article. Letters to the editor discuss a scientific issue, which is 

unsolved at the time, in a critical manner or consider other papers. 

The list of literature references at the end of the work has to embrace only the publications virtually used and required to delineate the basis, on 

which the study is designed. Avoid presenting abundant references at the account of their up-to-dateness. Minimize self-citation. Citing (familiarity 

with) Bulgarian sources is strongly recommended, too. 

Citation of bibliographic references within the text is designated by numbers in square brackets following the order of appearance. Bibliography is 

arranged following the order of appearance of the sources within the text. Each source is written in a new line, with an Arabic number. Sources are 

structured in the following manner: 

– Articles: Author(s). The article title. Journal title (abbreviated under the Index Мedicus), year, volume, number (issue) in round brackets, papers 

(from-to). Example: Yakub YN, Freedman RB, Pabico RC. Renal transplantation in systemic lupus erythematosus. Nephron, 2019, 27(1):197-201. 

– Papers from an edited book: Author(s). Title. In: The edited book title. Edition number, editors. Place of publication (city), publishing house, year 

of publication, pages (from-to). Example: Wilkinson AH. Evaluation of the transplant recipient. In: Handbook of Kidney Transplantation. 6th ed. G. 

M. Danovitch (Ed.). Boston, Little, Brown and Co., 2019, 109-122. 

– Books. Author(s). Title. Place of publication (city), publishing house, year of publication, pages (from-to). Example: Sheytanov Y. Systemic 

Vasculitis. Sofia, Medicina i Fizkultura, 2019, 8-11.  

In cases of not more than three authors, their surnames followed by their initials (without periods) are written. In cases of more than three authors, 

“et al.” is written after the name of the third author. For translated books, also the original book language and the translator are written. 

Manuscripts should be sent to the e-mail: dsk666@gmail.com 
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