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Pesome. LlutomeramoBupyc yenmoBeka (hCMV) sBisieTcst pacIpoCTpaHEHHBIM BUPYCOM, TTOPasKaIOIIM
0OJIBIIIYIO YacTh HacesieHus1 Bo BceM Mupe. EctecTBeHHble KiaeTKU-Kuaepbl (NK) mpencraBiasiior coboit
VUMMYHHbBIE KJIETKH, KOTOPbIE UTPAIOT pelialollyo poib B 0oproe ¢ nHdekmeit hCMYV. HecMmoTtpst Ha mim-
pokoe pacripoctpaHeHre hCMV-uHpeKInu, JaHHBIX O B3aUMOCBSI3U BPOXKICHHOTO M agallTUBHOTO UM-
MYHUTETa JI0 CUX MOp HeA0CTaTOYHO. B 3TOM McciaenoBaHnM M3ydyaaach B3aMMOCBSI3b MEXIY 9KCIIpeccueit
NK-KJIETOUHBIX MapKepPOB U TYMOPaJTbHBIM UMMYHUTETOM BO BpeMs nHpekunuu hCMYV. bouio mpoaHanm-
3upoBaHO 33 oOpasiia, MOJYYEHHBIX OT 300POBBIX BOJOHTepoB. Tutp anti-CMV IgG anTuTen usmepsiics
B oOpa3irax CEIBOPOTKHM KpoBH, a akcrpeccuss NKG2C, HLA-DR, CD57, KIR2DL2/DL3 u KIR2DLI1 Ha
noBepxHocT NK-kietok (CD56"CD3-) uccnenoBanack B oopasiax PBMC MeTogoM IIpOTOYHOI IIMTOME-
Tpun. [T aHaMM3a MPOLICHTHOTO COMepXKaHUST pa3IMUHBIX cyorromyssiiunii NK-KiIeTok B 3aBUCUMOCTHU OT
tutpa IgG npenBapuTelbHO ObLIa MIPOBEACHA KJIaCTepU3allvs BCeX MOJTYYEHHBIX JaHHBIX, IO pe3yabTaTaM
KOTOpOW OBUIO BBIAEICHO 4 OCHOBHBIX KjlacTepa. BriaeneHHbIe KiIacTephl MPOJeMOHCTPUPOBAIN 3aBUCH -
MOCTB OT ypoBHsI aHTUTE] K hCMYV, o KoTopoii ObLIN CIpyIIIIMPOBaHbI KJIACTEPhl, COOTBETCTBYIOIINE CEPO-
HeTraTUBHBIM U HU3KO TMOJOXUTEIbHBIM obOpa3iam. MccienoBanue rnokasano, yto uHduumupoBanue hCMV
IPUBOINT K yBenudeHUo nomyissuuit NK-kireTok, skcrpeccupytommnx mapkep NKG2C, yTto KoppeanpyeT
¢ 6osee BbIcOKUMM ypoBHsIMU oTBeTa IgG Ha hCMV. MHTepecHOo, 4TO MBI BhisiBUIM noBbilieHue HLA-DR”*
u cHmxkenne KIR2DL1*NK-xierok co cpenauMm ypoBHeM tutpa IgG kK hCMYV 1o cpaBHeHUIO ¢ 0Opasiia-
MU, TTIOJIyYEHHBIMU OT CEPOHETaTUBHBIX M HU3KO TMOJIOXKUTEIbHBIX ToOHOPOB. KpoMe Toro, 6b11a 0OHapyKeHa
CTATUCTUYECKU 3HaUMMasi oTpuliatesabHas koppessuus mexay NK-kimetkamu KIR2DL1* u TutpoM aHTU-
hCMYV IgG anTuTen, B TO BpeMsI Kak IoJoKuTeabHas koppensanus mexay HLA-DR u ypoBHeM aHTUTEN
OblIa OTMeYeHa TOJIbKO 0e3 KjacTepa, COOTBETCTBYIOIIETO BbICOKOMY ypoBHIO aHTU-hCMYV IgG. OaHako
B JIJaHHOM MCCJIEJOBAaHUM He OBbIIIO0 OOHapyxKeHOo cBa3M Mexny akcrpeccueit KIR2DL3 n CD57 na NK-
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kieTkax 1 ypoBHsaMU IgG-otBeTa Ha hCMV uHdexk1no. DTo yKa3blBaeT Ha TO, YTO pa3Hble CyONOMYISILIUU
NK-KJIeTOK MOTYT BBIOJHSTH pa3JinyHbI€ POJIU B PETYSIIMU TyMOpaibHOro uMMyHUTeTa K hCMV. B neiom
pe3yabTaThl ATOTO UCCJIENOBAHUS TAI0T LIEHHYIO MH(MOPMAIIMIO O KOOPpIAUHALIUY dKcIpeccun MapkepoB NK-
kJeTok u otBeta IgG npu nHdexkuum hCMV.

Knroueswvie cnosa: NK-kaemxu, hCMV, IgG, NKG2C, HLA-DR, CD57, KIR2DL2/DL2, KIR2DL 1, kaacmepHbiii ananus,
KOPPeAsUUOHHbLI AHANU3
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Abstract. Human cytomegalovirus (hCMYV) is a prevalent virus that affects a large proportion of the population
worldwide. Natural Killer (NK) cells are essential immune cells that play a crucial role in controlling hCMV
infection. Despite the wide spread of hCMYV infection, there is still not enough data related to the association
between innate and adaptive immunity. This study investigated the coordination between some of the NK cell
markers expression and humoral immune response during hCMYV infection. Thirty-three samples obtained from
different healthy donors were investigated. The anti-hCMYV IgG antibody titer was measured in serum samples,
and expression of NKG2C, HLA-DR, CD57, KIR2DL2/DL3, and KIR2DL1 were analyzed in CD56"CD3-
cellsin PBMC samples by flow cytometry. To evaluate the dependence of proportions of different NK cell subsets
on IgG titers, cluster analysis was first performed on all the obtained data, resulting in the identification of four
main clusters. The identified clusters demonstrated a dependence on the levels of hCMV antibodies, according
to which clusters corresponding to seronegative and low-positive were grouped. The results confirmed that
hCMYV infection leads to an expansion of NK cell populations expressing the NKG2C marker, which correlates
with higher levels of IgG response to hCMYV. Besides, we identified increased HLA-DR™* and decreased of
KIR2DLI1* NK cells proportions in the middle anti-CMV-IgG level group compared to samples obtained
from seronegative and low-positive donors. Moreover, the statistically significant negative correlation was
found between KIR2DLI1*NK cell percentage and anti-CMYV IgG antibody titer, while the positive correlation
between HLA-DR*NK cell proportion and the IgG level was noticed only without the cluster corresponded
to high level of anti-hCMYV IgG. In this cohort, we did not find any association between KIR2DL3 and CD57
expression in NK cells and levels of IgG response to hCMYV. This may indicate that different subsets of NK
cells may have distinct roles in regulating humoral immunity to hCMYV. Overall, the results of the study provide
valuable insights into the coordination of NK cell marker expression and IgG response in hCMYV infection.

Keywords: NK cells, hCMV, IgG, NKG2C, HLA-DR, CD57, KIR2DL2/DL2, KIR2DL 1, clusterization assay, correlation assay
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Introduction

NK cells are able to perform an immune
response against virus-infected and tumor cells
without prior sensitization [9]. Many activating and
inhibitory receptors are involved in the recognition

of pathogens and altered cells [7]. The pool of NK
cells is characterized by significant phenotypic and
functional diversity. However, the phenotype of NK
cells changes during differentiation and activation.
This process is regulated by the interaction of NK
cell receptors with their ligands. Phenotypic and
functional diversity is formed not only by the cellular
and cytokine environment, but also by the pathogens
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that the organism encounters during life. Human
cytomegalovirus infection (hCMYV) occupies a special
place among such pathogens.

hCMYV is a ubiquitous herpesvirus that infects
approximately 60% of adults worldwide. While usually
asymptomatic in healthy individuals, h\CMYV can cause
severe disease and even death in immunocompro-
mised patients, such as transplant recipients or those
with HIV/AIDS [3]. Despite its prevalence and
clinical significance, the immune response to hCMV
remains poorly understood.

NK cells play an important role in immune
defense against human cytomegalovirus infection
(hCMYV). NK cells express various activating and
inhibitory receptors, which allow them to recognize
and eliminate virus-infected cells while sparing
healthy cells. Recently, a special subpopulation
of “adaptive” NKG2C*NK cells was identified
that reacts to hCMYV infection and possesses some
properties of immunological memory [2]. The term
“immunological memory” implies an enhanced or
in some way reprogrammed, prolonged and antigen-
specific response. Adaptive NKG2C*NK cells are
highly differentiated; they express carbohydrate
antigen CD57 and the KIR family receptors [5].
The HLA-DR as an essential activating receptor on
the surface of NK cells [1] may also characterize the
response of NK cells to hCMV. In addition, hCMV-
specific antibodies, particularly of the IgG isotype,
are crucial for controlling hCMYV replication and
preventing disease progression [10].

However, the exact interplay between NK cell
activation and the humoral immune response in hCMV
infection is not well understood. Understanding this
connection could be crucial for developing more
effective therapies against hCMYV. Therefore, in this
study, we investigate the potential coordination of NK
cell markers expression and IgG response in hCMV
infection. By exploring the connection between these
two arms of the immune system, we hope to provide
new insights into the immune response to hCMV.

Materials and methods

1. Samples

Peripheral blood mononuclear cells (PBMC)
and plasma samples of volunteer healthy adults of
different genders with median age 31 years were
collected. Oral informed consent to participate in the
study was received from each donor. The participant
cohort included 33 subjects, the main characteristics
of which are listed in Table 1.

TABLE 1. CHARACTERISTICS OF HEALTHY VOLUNTEERS

Donor Gender Age lgG to hCMV
1 female 53 13.448
2 female 24 0
3 female 38 3.388
4 female 61 3.558
5 female 54 1.958
6 male 57 3.498
7 female 22 0.792
8 male 42 2.448
9 female 69 3.832
10 female 24 4.894
1" male 45 1.364
12 female 23 1.358
13 female 26 8.954
14 male 28 0
15 female 18 9.616
16 female 49 12.732
17 male 65 0
18 male 23 0
19 female 30 1.272
20 female 25 8.763
21 female 27 0.398
22 male 59 7.942
23 female 27 0
24 female 31 12.656
25 male 27 8.672
26 female 30 0.359
27 female 48 3.515
28 female 53 9.985
29 male 27 2.82
30 female 29 8.788
31 female 41 5.731
32 female 39 7.582
33 female 59 9.935

575



Yemwucanuna M.O. u dp.
Ustiuzhanina M.O. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

2. ELISA

The hCMV-specific IgG levels in plasma samples
of the healthy volunteers were measured using hCMV
IgG Fluorescent Immunoassay kit (Vector-Best,
Novosibirsk, Russia).

3. Phenotype analysis

PBMC samples were stained with the following
fluorescent-labeled antibodies: CD3-PerCP (clone
HIT3a, Sony Biotechnology San Jose, CA, USA),
CD56-APC-Vio770 (clone REA196, Miltenyi
Biotec, Bergisch Gladbach, Germany), NKG2C-
FITC (clone REA205, Miltenyi Biotec, Bergisch
Gladbach, Germany), HLA-DR-PE-Vio770 (clone
REA332, Miltenyi Biotec, Bergisch Gladbach,
Germany), KIR2DL2/L3-APC (clone DX27, Sony
Biotechnology, San Jose, CA, USA), CD57-Vio-Blue
(clone TBO03, Miltenyi Biotec, Bergisch Gladbach,
Germany), KIR2DLI1-PE (clone HP-MA4, Sony
Biotechnology, San Jose, CA, USA). Samples were
analyzed using a MACSQuant 10 flow cytometer
(Miltenyi Biotec, Germany) equipped with lasers
A =405 nm, A =488 nm, A = 635 nm.

4. Statistical analysis

The data was analyzed using FlowJo, GraphPad
Prism X 10.0.7r2, and R language. The clusterization
analysis was performed via construction of a heatmap
using the library (pheatmap), which constructs a
heatmap based on the numeric values in the sample
matrix. The “row Z-score” scaling method was
used to scale each row to have a mean of 0 and a
standard deviation of 1. The analysis of percentages
was carried out with a nonparametric Kruskal-Wallis
test. Correlation analysis was done using Spearman
correlation for nonparametric samples. The value of
p < 0.05 was considered statistically significant.

Results and discussion

1. Clusterization of samples with following pheno-
typic analysis

Surface expression levels of NKG2C, HLA-DR,
CD57,and KIR2DL2/DL3 in NK cellswere analyzed
in PBMC samples obtained from 33 volunteer
healthy adults by flow cytometry. NK cells were gated
as CD56"CD3- cells. The hCMYV serological status
was determined by ELISA kit to hCMV-specific IgG
level. Pre-log normalized data on anti-hCMYV IgG
antibody titers together with the percentages of the
NKG2C, HLA-DR, CD57, and KIR2DL2/DL3
were used for clustered heatmap analysis with
hierarchical relationships between samples in order
to divide the donor into groups (Figure 1A). The four

main clusters were identified (Figure 1A) and anti-
hCMYV IgG antibody titer to hCMYV among clusters
was analyzed. The highest anti-hCMYV IgG antibody
titers were found in cluster 4, which significantly
differed from the cluster 1 and cluster 2 IgG levels
(Figure 1B). The cluster 3 also showed higher anti-
hCMYV IgG levels compared to the cluster 1. The
cluster 1 corresponded to the sero-negative status
of donors, and the cluster 2 represented the low-
seropositive hCMYV status. Taking into account that
no differences were observed between the clusters 1
and 2 (Figure 1B), for further analysis of relationships
of the IgG levels and NK cell subset proportions the
clusters 1 and 2 were combined.

The highest percentage of NKG2C*NK cells was
observed in cluster 4 (Figure 1C), which has been
noticed by different research groups previously [4,
6, 8]. Another important thing in antiviral response
is the activation state of the cells. The HLA-DR is
an essential activation marker of NK cells [1]. The
HLA-DR expression was increased in samples of
cluster 3 compared to the cluster 1 and 2, while there
were no differences between cluster 4 and other
clusters (Figure 1D). We revealed that the percentage
of HLA-DR*NK cells was increased in cluster 3 with
middle anti-hCMYV IgG antibody titers compared to
undetectable and low anti-hCMYV IgG antibody titers,
which indicated that the NK cells were activated in
cluster 3. At the same time, in cluster 4 containing
samples with high anti-hCMV IgG antibody titers
the percentage of HLA-DR*NK cells did not differ
significantly compared to samples from clusters 1 and
2 (Figure 1D). These findings may indicate that higher
adaptive B cells immune response is associated with
lower NK cell activation level and vice versa the high
NK cells response indicates lower adaptive B cells
response. We did not find significant differences in the
percentages of both KIR2DL2/DL3" and CD57*NK
cells between all studied groups (Figure 1E, F).
Additionally, we decided to analyze the KIR2DL1
expression in NK cells in part of the donors. The
level of KIR2DLI*NK cells showed the tendency
to decrease in cluster 3 compared to the group that
united clusters with undetectable and low anti-hCMV
IgG antibody levels (Figure 1G).

2. Correlations between NK cell markers and anti-
hCMYV IgG antibody titers

The Spearman correlation assay of NKG2C*,
HLA- DR*, CD57*, KIR2DL2/DL3", and KIR2DLI*NK
cell percentages vs anti-hCMV IgG antibody titers
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was performed. Positive correlation was identified
between NKG2C* cells and hCMV-specific 1gG
levels (Figure 2A). It was shown earlier that the
NKG2C expression is mostly associated with CD57
expression in hCMYV infection [4]. However, we have
not observed any dependence of CDS57 expression
on anti-hCMYV IgG antibody titers (Figure 2C). By

A

Data clusterization

CETTT T cluster

contrast, a negative correlation was observed between
KIR2DLI1 expression and anti-hCMYV IgG antibody
titer (Figure 2B). No correlations were found for
KIR2DL2/DL3 as well as HLA-DR to IgG to CMV
(Figure 2D, E). However, further analysis of HLA-DR
expression on the samples from clusters 1, 2 and 3
revealed the positive correlation between HLA-DR
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Figure 1. Clustering analysis of the NK cells phenotype in hCMV infection

Note. (A) Hierarchical clustering of log-normalized anti-hCMV 1gG antibody titers and percentage of HLA-DR, NKG2C, CD57 and KIR2DL2/DL3
NK cells for 33 samples using heatmap reveals 4 discrete sample-level clusters. (B) anti-hCMV IgG antibody titers to hCMV in PE/ml among

4 clusters. (C) NKG2C expression on NK cells among 4 clusters. (D) HLA-DR expression on NK cells among 4 clusters. (E) KIR2DL2/DL3
expression on NK cells among 4 clusters. (F) CD57 expression on NK cells among 4 clusters. (G) KIR2DL1 expression on NK cells among 4
clusters. Data are presented as the mean (+ SD). Kruskal-Wallis statistical tests for nonparametric samples were used. * p < 0.05, ** p < 0.01, ****

p <0.0001.

577



Yemwucanuna M.O. u dp. Meoduyunckas Ummynonoeus

Ustiuzhanina M.O. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya
A B C
Correlation of IgG to CMV vs NKG2C Correlation of IgG to CMV vs KIR2DL1 Correlation of IgG to CMV vs CD57
50 r=0.66 . 50 r=-0.56 80~ .
p <0.0001 . p =0.008 e
4] oy i 604 ° °o e e,
T“S :;301 @ f\ci Oooc & ODD
S = 5404 © .
x 2 g 2 8 [} ¢
= >4 =
10 104 2] °
1 1 0 00 T T 1
0 5 10 15 0 5 10 15
IgG to CMV, PE/mL IgG to CMV, PE/mL IgG to CMV, PE/mL
D E F
Correlation of IgG to CMV vs KIR2DL2/DL3 Correlation of IgG to CMV vs HLA-DR Correlation °(f:|'3§etr°102'\"3v vs HLA-DR
60- o 129 127 r=053
50 ’ *p=0.009
e ° 9' e 9'
& 40 o . E ES
Boale °° g i i
N30+ . e 4Q 6 4 6
a o ® . o < <
g204 * PO T . T % —
< gear ° 31 .' .: ° 5 31 -7-77-:‘6_."‘._/ L ¥ & .
0 1 1 1 0 u T = T - 1 C - 1 L] T ) 1
0 5 10 15 0 5 10 15 0 2 4 6 8 10
IgG to CMV, PE/mL IgG to CMV, PE/mL IgG to CMV, PE/mL

Figure 2. Correlation assay of NK cells in hCMV infection

Note. (A) Spearman correlation between the percentage of NKG2C and IgG to CMV in PE/mL. (B) Spearman correlation between the percentage
of KIR2DL1 and IgG to CMV in PE/mL. (C) Spearman correlation between the percentage of CD57 and IgG to CMV in PE/mL. (D) Spearman
correlation between the percentage of KIR2DL/2DL3 and IgG to CMV in PE/mL. (E) Spearman correlation between the percentage of HLA-DR and
IgG to CMV in PE/mL. (F) Spearman correlation between the percentage of HLA-DR and IgG to CMV in PE/mL among clusters 1, 2, and 3.

and anti-hCMV IgG antibody titers (Figure 2F). Conclusion

What may possibly indicate that the high adaptive Further research is needed to fully understand the

role of NK cells in the complex immune response
degree of NK cells activation, while the high NK cells {5 hCMV infection. Taken together, our results
response corresponds to the indicated lower adaptive indicate the coordination of NKG2C, HLA-DR, and
B cells response. KIR2DLI1 expression in hCMYV infection.

B cells immune response is associated with lower
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