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Abstract. Hepatitis C virus (HCV) infection remains a serious global healthcare challenge, often leading to chronic disease
with complications such as liver cirrhosis, hepatocellular carcinoma, and extrahepatic manifestations. According to the
World Health Organization (WHO), an estimated about 50 million people lived with chronic HCV infection in 2022,
highlighting the ongoing need to understand the immune mechanisms driving disease progression. HCV may evade
of immunosurveillance, so that disease progression is linked to specific immune response, whereas reactivation risk after
antiviral therapy exists, which together account for a need to gain understanding of underlying immune mechanisms.
HCV may infect lymphocytes primarily B-cells serving as a virus reservoir and result in diverse systemic complications.
The current study focused on analyzing peripheral blood CXCR3* B-cells at various differentiation stages in patients with
chronic HCV infection to assess a potential link to clinical and laboratory markers of disease progression. Blood samples
collected from 58 patients with chronic HCV infection and 27 healthy controls were examined. When analyzing flow
cytometry data, we noted a significant B-cell redistribution in HCV infection compared to control samples presented
as a shift towards activated mature, resting memory and ‘double negative’ B-cells characterized by increased expression
of chemokine receptor CXCR3. Flow cytometry analysis revealed no significant difference in total B-cell (CD19%) but
elevated memory B-cells (CD27°CD19%) (p = 0.037). CXCR3 expression peaked on memory B-cells and increased across
all B-cell subsets in HCV patients (p < 0.001). Redistribution toward differentiated B-cell subsets — double-negative
(CD38-CD27), resting memory (CD38-CD27"), and activated mature (CD38*CD27*) B-cells was observed, with elevated
CXCR3" percentage in the latter two subsets (p = 0.017 and p = 0.001, respectively). HCV viral load correlated positively
with CD38" B-cells and CXCR3* naive/activated mature subset counts but inversely with CD38" B1/B2/memory cell
levels. Genotype 1 and advanced fibrosis (F3/cirrhosis) were associated with reduced B2 cells and increased CXCR3* B1/
B2 subset levels. These findings suggest that chronic HCV infection drives B-cell differentiation and CXCR3-mediated
recruitment to the liver, implicating CXCR3 in disease progression.
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CYBNONYNALMN CXCR3* B-KJIETOK MEPUDEPUHECKOU KPOBU BOJIbHbIX XPOHUYECKUM
BUPYCHbIM FrENATUTOM C
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Pesiome. Mndpexkus, BeizBanHasa BupycoM renatuta C (BI'C), saBnsieTcsa cepbe3Hoit TmobalibHOM mpobiemMoii 3apa-
BooxpaHeHus. [1o maHHBIM BcemupHoit opranmn3anuu 3apaBooxpaHeHus 3a 2022 roa, B Mupe okoso 50 MJIH 4eJI0BeK
KUBYT ¢ XpOHMYeCKMM BUPYCHBIM renatutoM C. MHdunmposanue BI'C gacTo mpuBoaUT K XpOHUUECKOMY TEUCHUIO,
COTIPOBOXKAAIONIEMYCS TAKUMY OCJIOXXHEHUSIMU, KaK IUPPO3 TTEUEHH, TeMaTOLEUTIONIpHAs KaplIMHOMA U BHETeve-
HouHBIe TiposiBNicHUsT. BI'C crmoco0eH YKIOHATBCSI OT MMMYHHOM CUCTEMBI, TIPOTPECCUpOBaHMe 3a00IeBaHUS CBSI-
3BIBAIOT C peajn3allieii MMMYHHOTO OTBETA, IIOCJIe IPOTUBOBUPYCHOM TepaITuU CYIIECTBYET PUCK PeMHPEKIINH, 3TH
MIPUUYMHEI 00yCIaBIMBAET HEOOXOMMMOCTD IIOHMMAHUsI MMMYHHBIX MEXaHU3MOB, OIPEIC/ISIONINX pa3BUTHE 3200-
neBanus. BI'C cnocobeH nHGUIMPOBATh TUM@OLIMTHI, B YAaCTHOCTU B-KJIETKM, MPUBOJS K Pa3IMUYHBIM CUCTEMHBIM
OCJIOXXKHEHUSIM, KpoMe Toro B-kiyieTku MoryT siBasiThest pe3epByapoM st BI'C. Takum obpa3om, 11eiblo McciaenoBa-
Hug ctano uzydenue cyononynsaunit CXCR3™ B-k1eToK pa3nudyHbIX cTaguil aud@epeHnpoBKU B epudepuyeckoit
KPOBU MAaLIMEHTOB ¢ XPOHUYECKUM BUPYCHBIM TrernatutoM C U cB3u cyomonnyassuuii B-xjieTok ¢ KIMHUYECKUMU
1 JIabopaTOpHBIMKU MapKepaMM IIPOrpeccupoBaHus 3a001eBaHus. B uccienoBaHMM UCTIOIb30BaHbI 00pa3iibl KPOBU
OT 58 MalMEHTOB ¢ XPOHUUECKUM BUPYCHBIM TernatutoM C u oT 27 yCIIOBHO 3I0POBBIX JIMIL. AHATU3UPYS pe3yibTa-
THI IPOTOYHON LIMTOMETPUU, MBI OOHAPYKUIJIM 3HAYUTEIbHOE TIepepacnpeneieHue cyononynsnuii B-numdonnton
IIpY XpOHUUYECKOoi MHbeKnu, Bei3BaHHONW BI'C mo cpaBHeHMIO ¢ KOHTposeM. Habmrogaacsa ciBUT B CTOPOHY aK-
TUBUPOBAHHBIX 3pEJIbIX, TOKOALIMXCA KJIETOK MaMATH U «IBOMHBIX OTpULATEIbHBIX> B-KileTok. Ha 31X KjeTkax
OBlJIa MTOBBIIIIEHA 3KCITpeccust xeMoknmHOBoOro pererntopa CXCR3. He BrISIBICHO CYIIeCTBEHHON pa3HUIIEI B 00IIEM
konmuectBe B-knetok (CD19%) mo cpaBHEHUIO ¢ KOHTPOJIEM, HO KostnuecTBO B-kietok mamsitu (CD27°CD19%) 6b110
nosbiieHo (p = 0,037). Oxcnpeccuss CXCR3 6b11a HanboJee BLICOKON Ha B-KiieTkax maMsTé ¥ MOBBIIIEHA BO BCEX
cyononynsuusax B-ki1eTok y mauueHToB ¢ XxpoHnyeckuM BUpycHbIM rernatutoM C (p < 0,001). YeranosiaeHo nepepac-
npeaenaeHre B CTOPOHY AucGepeHIIMPOBAHHBIX CYONONYIsLUi — naBax bl HeraTuBHBIX (CD38-CD27-), moKosmux-
cs kaetok namaTtu (CD38-CD27%) u aktuBupoBaHHBIX 3penbix (CD38"CD27%) B-kaeTok. belia mpoaeMoHCTpupoBa-
Ha TMOJIOXUTEIbHAas KOppeasus MexXay BUPYCHOI Harpy3koi u yposHem CD38" B-numdonurtos, a Takxke CXCR3*
HaWBHBIX/aKTUBUPOBAHHBIX 3pesbIX cyononynsaiuii. Knerku mamsatu CD38" Bl/B2 nponeMoHCTpupoBaiu oTpUlla-
TeJIbHYI0 KOPPEJISLIMIO C BUPYCHOM HArpy3koii. J1ist reHotumna 1, mporpeccust puodpo3sa (F3/uuppo3 6blia accouupo-
BaHa co CHIXeHneM B2 ki1eTok u moBeimeHHBIM coaepxkanneM CXCR3* B1/B2 cyononynsiimii. JlaHHBIE pe3yIbTaThl
MIpeATIoIararoT, UTo IIporpeccupoBaHny BupycHoro rematurta C 3ageiictBoBan perentop CXCR3.

Karouesvie caosa: B-kaemku, CXCR3, ecenamum C, npomounas yumomempus, 8UpycHas Haepy3xka, puobpos neveHu.

Introduction

Hepatitis C virus (HCV) infection remains a seri-
ous problem for global healthcare. The disease is of-
ten chronic, with the development of liver cirrhosis,
hepatocellular carcinoma and/or extrahepatic com-
plications. According to World Health Organization
(WHO) data, in 2022 there were 50 million HCV pa-
tients worldwide [23].

Despite being known for tropism to liver tissues,
HCYV replicates not only in hepatocytes, but also
in various types of immune cells. HCV infects the cell
through interaction with CD81 receptor on the sur-
face of hepatocytes and B lymphocytes. Some au-
thors suggest that B-cell virus tropism leads to vari-
ous systemic complications, such as mixed cryoglo-
bulinemia [7], rheumatoid factor production [15],
Ilymphoproliferative disorders [24], B-cellular lym-
phoma [20, 21]. In addition, it is likely that B-cells
may act as an additional reservoir for HCV survival

in the host [9]. Therefore, B lymphocytes can play
a significant role in the immune aspects of chronic
hepatitis C development and its complications.

Studying B-cell subsets and their role in deve-
lopment of infectious diseases is an object of high
interest, correlating with clinical and laboratory
markers of disease activity. However, subsets of pe-
ripheral B lymphocytes in chronic hepatitis C are
poorly studies compared to other infections. In the
classical way of B lymphocyte differentiation into
subsets of Bl, B2 and memory B-cells receptors
CD5 and CD27 are used as markers. B2 cells (CD5-
CD27-) form the main subset of B lymphocytes and
play a major role in the humoral immune response.
Memory B-cells expressing CD27 are more sensitive
to antigen stimulation, they proliferate quickly and
form plasma cells [5]. CD5-expressing Bl cells are
associated with production of autoantibodies; their
increase considered to be related with autoimmune
pathology [10].
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Another B lymphocyte differentiation scheme ac-
cording to the stages of maturation is based on co-
expression of CD27 and CD38 [8]. The smallest sub-
set is transitional B-cells (CD38%&"CD27—). This
population migrates from bone marrow to secondary
Iymphoid organs as the earliest subset of B lympho-
cytes that appears in peripheral blood. The largest
subset is “naive” mature B-cells (CD38"CD27-) with
signs both of “naive” and mature B-cells. A subset
of activated mature B-cells (CD38"CD27") can be
differentiated into a subset of resting memory B-cells
(CD38-CD27%) or plasma cells (CD38e"CD27").
The final subset is “double negative” B-cells (CD38~
CD27-) with no clearly described features [12].

This classification allows to better characterize
both stages of maturation and B-cellular immune re-
sponses in chronic hepatitis C.

One of the most well studied chemokine receptors
in HCV infection is CXCR3. The expression of this
chemokine receptor increases significantly on B lym-
phocytes and, especially, on memory B-cells during
chronic infection [16]. This reflects migration and
involvement of these cells in damaged liver tissue and
their participation in immunopathogenesis of chron-
ic hepatitis C [13]. We, too, previously published data
on B-cellular subsets and CXCR3 expression [l].
Within our previous study, we explored Bl, B2 and
B memory subsets between HCV infected individu-
als and controls. We noted no statistically significant
differences between these groups. However, the per-
centage of CXCR3* cells was higher in patients with
HCYV infection. To further investigate these finding,
we improved the gating strategy by adding CD38.
The use of current gating strategy based on CD27
and CD38 expression allows to determinate all main
peripheral blood B lymphocyte subsets and measure
CXCR3 expression. Moreover, we added severity
of liver fibrosis and the viral load into analysis.

The purpose of this study is to investigate chang-
es in the peripheral B and CXCR3* B-cell subsets
in chronic HCV patients and explore a relationship
between clinical and laboratory markers of disease
activity.

Materials and methods

For this study, we used blood samples from 58 pa-
tients with chronic hepatitis C infection. All patients
were positive for HCV RNA, had not received anti-
viral therapy, and were not infected with HBV and/
or HIV.

The control group included 27 healthy donors not
infected with HCV, HBV and/or HIV. All partici-
pants lived in the North-West region of Russia.

Data acquisition was performed with flow cyto-
meter Navios™ (Beckman Coulter, USA) equipped
with 488 and 638 nm diode lasers. The following
monoclonal antibodies (mAbs) were used with cor-
responding mouse IgG isotypes: CD5-FITC (clone

BL1A), CD38-PE (clone LS198-4-3), CD3-ECD
(clone UCHTI), CD27-PE/Cy7 (clone 1A4CD27),
CXCR3-APC (clone G025H7), CD19-APC-Alexa
Fluor 700 (clone J3—119).

All above-mentioned mAbs were manufactured
by Beckman Coulter (USA), except for CXCR3-
APC (by BioLegend, USA). Sample preparation was
performed according to the standard procedure [2].
The gating strategy for the main B-cell subsets was
described previously [11]. We used VersalLyse lysing
solution (Beckman Coulter, USA) for erythrocyte
lysis. At least 50 000 lymphocytes were analyzed
in each sample. The absolute number of cells was
determined using FlowCount™ reagent (Beckman
Coulter, USA).

For a study of B-cell subsets content and CXCR3
expression depending on HCV genotype all patients
were divided into two groups — genotype 1 (n = 35)
and “non-1” genotype (n = 23). The stage of liver fi-
brosis was assessed via METAVIR scale (FO — ab-
sence of fibrosis, F1 — weak fibrosis, F2 — moderate
fibrosis, F3 — severe fibrosis and F4 — cirrhosis) [22].
Based on fibrosis stage, patients were divided into
three groups: FO—F1 (n = 27), F2 (n = 12) and F3-
F4 (n = 10). All patients were tested for viral load.
Data were analyzed using Navios Software v.1.2 and
Kaluza™ v.1.2 (Beckman Coulter, USA). Statistical
analysis was performed using GraphPad Prizm 6
(GraphPad Software, USA). Data are presented as
median, interquartile range (25; 75%), minimum and
maximum values. Statistical significance between
groups was determined by Mann—Whitney test,
differences were considered significant at p < 0.05.
Correlations between parameters were assessed using
Spearman correlation analysis.

Results

The strategy of peripheral B lymphocyte sub-
set analysis included separation of B-cells from
other lymphocyte subsets based on CDI9 ex-
pression. Then, using dot plot for a distribution
of B-lymphocytes numbers of B1 (CD5"), B2 (CD5~
CD27°) and B memory (CD27*) cells were deter-
mined by expression levels of CD5 and CD27. Based
on co-expression of CD38 and CD27, we analyzed
transitional cells (CD38reCD27-), “naive” mature
cells (CD38*CD27°), resting memory cells (CD38~
CD27"), activated mature cells (CD27"CD38") and
“double negative” cells (CD38-CD27-) (Fig. 1).
Expression of the chemokine receptor CXCR3 was
determined on a separate histogram for each subset
of B-cells.

The total number of B-cell subsets (CD19") in pe-
ripheral blood of HCV patients was not significantly
different (p = 0.68) from the control group. When
B lymphocytes were divided into Bl (CD5*CDI19"),
B2 (CD5-CD27-CDI19") and B memory cells
(CD27*CDI19%), elevated numbers of memory B-cells
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Figure 1. Adistribution of the main B cell subsets by
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were seen in HCV patients (p = 0.037). CXCR3 ex-
pression was different among B-cell subsets in both
groups (Fig. 2). Memory B-cells expressed CXCR3
at high levels, whereas the expression for Bl and B2
cells was comparatively less. In HCV patients, an in-
creased number of all three subsets of B-cells ex-
pressing CXCR3 (p < 0.001) was noted.

Numbers and percentages of transitional
(CD38enCD277), “naive” mature (CD38"CD27-),
resting memory (CD38-CD27%), activated mature
(CD38"CD27%), “double negative” B-cells (CD38~
CD27-) and subsets of these cells expressing CXCR3
were determined. In HCV patients, a redistribution
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Figure 2. B lymphocyte subsets in peripheral blood of chronic HCV patients and healthy donors

[Me (Q,5—Qys5)]

Note. A: The percentage of B cell subsets of total B lymphocytes (CD19%); B: The percentage of CXCR3* cells of B cell subsets;
C: The percentage of CXCR3* B cell subsets of total B lymphocytes (CD19*). *p < 0.05; **p < 0.01; ***p < 0.001.
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Note. A: The percentage of B2 cells (CD5-CD27-) of total B lymphocytes; B: The percentage of memory B cells (CD27*) of total
B lymphocytes; C: The percentage of CXCR3* B cell of B1 lymphocytes (CD5CD19); D: The percentage of CXCR3* B cells of B2

lymphocytes (CD5-CD27-).
of liver fibrosis.

of B lymphocyte subset composition was seen, from
“naive» resting B-cells towards more differentiated
subsets of “double negative”, resting memory and ac-
tivated mature B-cells. The percentage of CXCR3"
cells was also elevated among resting memory B-cells
(p = 0.017) and activated mature B-cells (p = 0.001).

The content of CD38" cells of B lymphocytes (this
subset includes transitional, “naive» and activated
mature B-cells) correlated with HCV viral load (r =
0.453; p=10.014), and the content of CD38" cells of Bl
(r=—-0.401; p = 0.031), B2 (r = —0.538; p = 0.003)
and memory B-cells (r = —0.403; p = 0.030) inversely
correlated with HCV viral load. Correlations were
observed also between HCYV viral load and the con-
tent of “double negative” B lymphocytes (CD38~
CD27-) (r = 0.453; p = 0.014), CXCR3* B lympho-
cyte subsets: CXCR3" “naive” mature B-cells (r =
0.394; p = 0.034) and CXCR3* active mature B-cells
(r=0.477,p=0.009).

Based on the HCV genotype, the group with geno-
type 1 there demonstrated a reduced (p = 0.009) per-
centage of B2 cells 55.57% (48.44; 59.32) compared
with the group of healthy donors 68.96% (59.6; 72.43).

In the group of HCV patients with fibrosis FO
and F1, there were increased numbers of memory B
subset (p = 0.015) and a reduction of B2 subset (p =
0.012) compared with the control group. In the group
of HCV patients with F3 fibrosis and liver cirrhosis,
an elevation of memory B-cell subset (p = 0.015)
and reduction of B2 cell subset (p = 0.004) were seen
compared to the HCV patients with FO and F1 fibro-
sis. The numbers of CXCR3* Bl and CXCR3* B2
subsets in the group of patients with F3 fibrosis and
liver cirrhosis were elevated compared with the group

*n <0.05; **p < 0.01; ***p < 0.001; FO-F1, F2, F3-F4 — groups of HCV patients at different stages

with FO and F1 fibrosis (p = 0.050; p = 0.027). There
was a trend towards a rise in the numbers of CXCR3"
B1 and CXCR3* B2 cells as the fibrosis progressed
(Fig. 3).

Discussion

The available studies on memory B-cells in HCV
patients are contradictory. Our results are most con-
sistent with the results of Rosa et al., 2005 and show
an increased percentage of memory B-cells in pe-
ripheral blood of HCV patients compared to the con-
trol group [16]. This is also consistent with the fact
that CD27" B-cells are less prone to apoptosis than
CD27- B-cells [14] which explains their elevation
in the peripheral blood. Memory B-cells are quickly
activated by antigen stimulation.

In the group of HCV patients a reduced percent-
age of B1 cells was noted when compared to the total
number of B lymphocytes. This finding, we believe,
is most likely due to the increase in memory B-cells.
Other studies either unchanged [18] or increased
numbers of Bl cells [25] in peripheral blood of HCV
patients. This could occur if the group included pa-
tients with systemic complications associated with
the dysregulation of B-cellular immunity. In the
meantime, HCV patients demonstrated a reduced
number of less differentiated B-cell subsets (e.g.,
transitional and “naive» mature) and an increase
in more differentiated (activated mature, “double
negative” B-cells). Our results demonstrate that
chronic hepatitis C is associated with the redistribu-
tion (or an imbalance) in B-cellular fractions towards
more differentiated cells.
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CXCR3 expression is higher on more differenti-
ated B-cell subsets, and our findings on CXCR3 ex-
pression suggest that these B-cell subsets are attracted
to the infected liver tissues. Their presence in tissues
and the degree of attraction varies: resting memory
B-cells, activated mature B-cells, less “double nega-
tive” B-cells, and least CXCR3-expressing cells are
transitional and “naive» mature B-cells.

CXCR3 is involved in B lymphocyte transmigra-
tion through the endothelium of sinusoidal capillaries
of liver [4]. Our results on the expression of CXCR3
on B lymphocytes and memory B-cells confirm al-
ready existing studies [14, 19].

Previously, we have published a review article
on CXCR3 expression in various infections, and
although it focuses mostly on CXCR3 expression
in T cells, there are some points to be made concern-
ing HCV [17]. For HCV infection, CXCL9, CXCL10,
and CXCLII are key ligands for CXCR3 that are el-
evated [6]. The persistent inflammation driven by
CXCR3 ligands in HCV could influence B-cell ac-
tivation, antibody production, and possibly autoan-
tibody formation. High serum levels of CXCLI10 are
associated with advanced liver fibrosis and extrahe-

patic manifestations like vasculitis and autoimmune
thyroiditis in HCV patients [3]. CXCLI1O0 levels cor-
relate with liver fibrosis scores and enzyme concen-
trations, suggesting a role in disease progression.
Targeting CXCR3 or its ligands could be a potential
therapeutic approach to modulate B-cell responses
in HCV.

We believe that B lymphocytes, specifically their
more differentiated subsets, are either constantly
present, or migrate into the infected liver tissues dur-
ing HCV infection.

Conclusions

We discovered that CD38 and CXCR3 expression
on B-cells is dependent on viral load. In addition, we
have demonstrated that the late stages of liver fibro-
sis are followed by the depletion of memory cells and
an upsurge in CXCR3* Bl and B 2 cells. When tak-
ing HCV genotype into account, patients with HCV
genotype 1 demonstrated higher levels of B2 subsets.
These relationships require further investigation
and we encourage our readers and fellow colleagues

to join the research of this topic.
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