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Abstract. A study assessing differences in the immunopathogenesis of chronic opisthorchiasis with or without genetic
polymorphisms in patients associated with predisposition to type II diabetes mellitus and lipid metabolism disorders
was carried out. Venous blood samples from 89 patients were collected to analyze immunological parameters and ge-
netic polymorphisms by using pyrosequencing. In the presence of mutations affecting regulation of carbohydrate me-
tabolism, patients with opisthorchiasis had less pronouncedly increased phagocytic activity, a lower monocyte count,
higher total T-lymphocyte count, lower T-cytotoxic cell and B-lymphocyte counts, lower IgA, IgG but higher IgM con-
centration. This indicates a moderately compromised nonspecific resistance, imbalanced effector T- and B-immunity,
but in most cases (PPARG, TCF7L2 rs12255372, CDKALI1, CDKN2A/2B, SLC30A8) aggravated humoral immune
reaction to invasion particularly revealed by lower B-lymphocyte count. The presence of polymorphisms that alter lipid
metabolism regulation bidirectionally affects the parameters of immune response. An increased B-lymphocyte count
and other indicators of humoral immune activation to invasion, which are detected in groups with mutations in the
APOE (rs429358), PCSK9, ABCA1, APOC3 rs2854117 genes, can contribute to a more effective response to sustained
antigenic stimulation. Changes in the T-lymphocytes subpopulations, characteristic of opisthorchiasis invasion, are
aggravated in the presence of mutations in the PCSK9, ABCA1, and APOC3 rs2854117 genes. Mutations in the genes
APOC3 rs5128, LPL rs268 activate patients’ nonspecific resistance, although this effect may also be associated with
exhaustion of neutrophil bactericidal reserve. In general, minor alleles of the APOE (rs429358), APOC3 rs2854117, LPL
rs268, LPL rs328, PON1 rs662 genes can be considered “protective” for the immunopathogenesis of chronic opisthor-
chiasis. Thus, patients with chronic opisthorchiasis with different genotypes predisposing to carbohydrate and lipid me-
tabolism disorders had significant differences in immune system parameters, which can also affect the disease course.
Mutations in different loci of the PCSK9, ABCA1, APOE, APOC3, and PONI genes have opposite effects on the
analyzed immune parameters. In the presence of mutations in other genes (PPARG, TCF7L2 rs12255372, CDKALL,
CDKN2A/2B, SLC30AS8, LPL), opisthorchiasis invasion leads to more pronounced alterations in immune response;
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mutations in the lipoprotein lipase gene may have some “protective” immune-related effect in opisthorchiasis. The ef-
fect of all studied genetic polymorphisms associated with a predisposition to developing type II diabetes mellitus was
predominantly negative.

Key words: immune system indicators, chronic opistorchiasis, genetic polymorphisms, lipid metabolism disorders, diabetes mellitus type 11,
innate immunity, adaptive immunity.

NMOKA3ATEJIN UMMYHHOW CUCTEMbI Y BOJIbHbIX XPOHUYECKMM ONMUCTOPXO30M

B SABUCUMOCTU OT TEHETUYECKUX NOJIMMOP®PU3MOB, ACCOLMNPOBAHHbIX

C HAPYLWWEHWUEAMMW YTNEBOOHOIO N 1MNUWAHOIO OBMEHA

Bakmranosckas U.B., I'puropsena C.A., Crenanosa K.b., Crenanosa T.®D., O3eposa A.H., Kaasruna I'.A.,
Kypnaesa JI.B.

DHYH Tromenckuii HayuHo-uccaed08amenbCKull UHCMUmMym Kpaeeoii ungexyuonnoi namoaoeuu Pocnompebnadsopa,
2. Tromensw, Poccus

Pestome. [TpoBeneHo uccienoBaHue pa3iWuvii B UMMYHOIIATOTeHE3¢ XPOHUYECKOTO OMUCTOPX03a MPU HAJTUIUU
M OTCYTCTBUU Y OOJBHBIX TEHETUYECKUX TOJTUMOP(MU3MOB, CBSI3AHHBIX C TPEIPACIIONOXEHHOCThIO K CaXapHOMY
nuabety Il Tuna v HapymeHusiM oOMeHa TUIUA0B. B 00pa3iax BeHO3HOI KpoBU 89 MallMEHTOB OMPEAeIsIIn KOMILIEKC
MMMYHOJIOTUYECKMX ITOKa3aTesieil, TeHeTUYeCKKre MOJMMOP(MU3MBI BBISIBISIN METOIOM INUPOCEKBEHMPOBAHMSI.
[Mpy HanMUYMM MyTaluuil, U3MEHSIOIMX PETYISUIO YIJIEBOAHOIO 0OMEHa, Y OOJbHBIX OMUCTOPXO30M BBISIBICHBI:
MeHee BbhIpaxkeHHOE IMOBbIIIEHUE (DaronuTapHOil aKTUBHOCTHU, MEHbIIIee KOJTUYECTBO MOHOLIMTOB, OOJIbllee 00IIee
KoJanuecTBO T-TMMGOIIMTOB, MEHbIIEEe KOJIMYECTBO T-IIUTOTOKCUUECKUX KJIETOK M comepxkaHue B-mumboiuTos,
MeHbInasg KoHueHTpauus IgA, IgG u Gonpmas — IgM. BTo cBUIETENLCTBYET 00 YMEPEHHON HEI0CTATOYHOCTU
HecIennpuIecKon pe3suCcTeHTHOCTH, Tucbanance ahdekTopHoro T- u B-3BeHbeB UMMYHMTETa, HO B OOJBIINHCTBE
cayuaeB (PPARG, TCF7L2 rs12255372, CDKALI, CDKN2A/2B, SLC30A8) — 006 ycyryojaeHUm peakuuu
TYMOpPAJIbHOTO UMMYHHUTETa Ha MHBA3WIO, B YACTHOCTH, MEHbBIIIeM unciie B-mumbonntos. Hannane monmmoppn3MoBs,
HapyHIAoNUX PETyasSIUIo JUTTUIHOTO 00OMEHa, pa3HOHAIIPABJIEHHO BIMSET Ha MMOKa3aTed MMMYHHOTO OTBETa.
[MoBbIlIeHHOE KOTMYECTBO B-1MMQOIUTOB U Apyrue Mmoka3aTelu aKTUBAIlMU T'YMOPAJTbHOTO 3BeHAa UMMYHUTETA
B OTBET Ha WHBA3MI0, KOTOPbIEC BHISBISIOTCS B rpynmnax ¢ HaauuyueMm MyTtauuil B reHax APOE (rs429358), PCSKO,
ABCAI1, APOC3 152854117, moryT croco0cTBoBaTh 0osiee 3(PHeKTUBHON peaklMu Ha MOCTOSHHYIO aHTUTEHHYIO
cTuMmyasiuio. M3MeHeHUsT CcyOnmomyasiiMOHHOTO cocTaBa T-TUM(MOIMTOB, XapaKTepHbIe JIsI OMKUCTOPXO3HOM
WHBa3UM, YCyryonstorcs npu Haauuuu mytauuit B reHax PCSK9, ABCAI, APOC3 rs2854117. MyTauuu B reHax
APOC3 1s5128, LPL rs268 akTuBHpYIOT HecHelM(PUYECKYIO PE3UCTEHTHOCTh OOJBHBIX, XOTS 3TOT 3(DQEKT
MOXET OBITh CBSI3aH M C UCTOILEHHEM O0aKTepUIIMIHOTO pe3epBa HeUTpoduaoB. B 1eaoM, «IpOTEeKTUBHBIMU» IS
MMMYHOIIAaTOTeHe3a XPOHUUYECKOTO OMMCTOPX03a MOXHO CUYMTAaThb MMHOpHBIC ajjenu reHoB APOE (rs429358),
APOCS3 rs2854117, LPL rs268, LPL rs328, PONI1 rs662. Takum 00pa3oM, y OOJIbHBIX XPOHUYECKUM OITMCTOPXO30M
C pPa3HBIMU TEHOTUIIAMU, TIPEAPACIIONATAIOIINMY K HapyIIEHUSIM YIJEBOIHOTO W JTUIHUIHOTO OOMEHA, BBISIBICHBI
CYIIECTBEHHBIC Pa3IMIMS B IIOKA3aTeIsIX QYHKIIMI IMMYHHOI CICTEMBI, YTO MOXET BIUSTh M Ha TeUCHUE OOJIC3HU.
Mytauuu B pa3Hbix jokycax reHoB PCSK9, ABCA1l, APOE, APOC3 u PONI oka3biBaloT NpOTUBOHAMPABIEHHOE
BO3MIEHCTBUE HA UCCIEJOBAHHBIE MOKA3aTeIM UMMYHHOTO oTBeTa. [1pu Hanuuuu myTtanuii B ipyrux reHax (PPARG,
TCF7L2 rs12255372, CDKALI, CDKN2A/2B, SLC30A8, LPL) omucropxo3Hass MHBa3Ws IPUBOAUT K OoJee
BBIPaKeHHBIM OTKJIOHEHUSIM UMMYHHOTO pearupoBaHMSs; MyTalluy B T€HE JIMIIONPOTENHOBOI JIMITa3bl, BO3MOXHO,
OKAa3bIBaIOT HEKOTOPBIN «IIPOTEKTUBHBIN» 3(P(HEKT Ha UMMYHHYIO CUCTEMY OOJIBHBIX OIMMUCTOPX030M. D(GhEKT Beex
HCCACIOBAaHHBIX TEHETMYECKUX MOJIMMOP(MU3MOB, CBSI3aHHBIX C MPEAPACIIONOXEHHOCThIO K Pa3BUTUIO CaXapHOTO
nuateTta Il TMma, okasancs mMpeuMyILIECTBEHHO HEraTUBHBIM.

Karouesvle caosa: nokaszamenu UMMYHHOU CUCMEMbL, XPOHUHECKULL ONUCMOPX03, 2eHEMUYECKUe NOAUMOPDUIMbL, HAPYUEHUS
AUNnUOH020 00MeHa, caxaphblii duabem Il muna, pojcoenmbiil uMMmyHUmem, A0aNMUBHbLI UMMYHUIMEM.

of neutrophils in a spontaneous test with nitroblue
tetrazolium (NBT), increased relative and abso-

Introduction

In previous studies, we identified the features
of the immune response during opisthorchiasis inva-
sion. Among the indicators of nonspecific resistance
are: an increase in the concentration in the blood
serum of total circulating complexes; increased ac-
tivity of the enzyme myeloperoxidase (MP) of neu-
trophils; increased activity of bactericidal systems

lute number of eosinophils. In patients with chronic
opisthorchiasis (CO), the relative and absolute num-
ber of lymphocytes and cytotoxic (CD3*CD8") lym-
phocytes, B-lymphocytes (CD3-CD19) and DN-T-
lymphocytes decreases; the relative number of T helper
cells (CD3*CD4%) (and, accordingly, the CD4*/CD8"
index), as well as T lymphocytes with a late activation
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marker (CD3*HLA-DR), increases, and interleu-
kin balance is disrupted [6]. Relationships have been
found between indicators of the functioning of the im-
mune and hepatobiliary systems, reflecting the degree
of activity of the pathological process and immune re-
actions caused by invasion [1]. Conducted studies [2,
5] suggested the influence of genetic polymorphisms
associated with a predisposition to the development
of non-infectious diseases on the response of the im-
mune system and metabolic processes of patients with
CO to invasion. In this work, in order to test this as-
sumption, we studied polymorphisms associated
with disorders of carbohydrate and lipid metabolism
(the development of type I1 diabetes mellitus (T2DM)
and atherogenesis), which, according to the literature,
also affect immunopathogenetic processes.

In particular, the expression of the SLC30AS8
gene can be suppressed by cytokines such as 1L-1B
and IFNy [18]. The PPARG gene product is an an-
tagonist of nuclear transcription factors that regulate
gene expression during the cell’s response to external
influences, including the immune response, which
underlies their anti-inflammatory and potentially
anti-atherosclerotic activity [17, 22, 29]. PPARG li-
gands reduce the expression of proinflammatory
cytokines by T lymphocytes, reduce IL-2 produc-
tion, and reduce inflammation in the intestine by
switching from a Thl- to Th2-response. PPARG
selectively controls the activity of Thl7 cells, stimu-
lates the transformation of effector T cells into regu-
latory ones, and is expressed in B lymphocytes [28].
Apolipoprotein E (APOE) suppresses inflamma-
tory activation of phagocytes. Expression of APOE
reduces the polarization of macrophages towards
the pro-inflammatory M1 phenotype, characteri-
zed by the production of the cytokines IL-1p, IL-6,
TNFo, and increases their polarization towards
the anti-inflammatory M2 phenotype, characteri-
zed by the production of the cytokines I1L-4, IL-10.
Apolipoproteins (including APOB) are acute phase
proteins [9]. Paraoxonase-1 (PONI) hydrolyzes oxi-
dized phospholipids of the plasma membrane of mac-
rophages with the formation of lipolactones (modu-
lators of the local inflammatory process and stimu-
lators of reverse cholesterol transport) [4]; weakens
phagocytosis and necrotic death of macrophages,
suppresses their proinflammatory reactions [14].

The purpose of the study was to identify differ-
ences in the immunopathogenesis of CO in the pres-
ence and absence of genetic polymorphisms in pa-
tients associated with a predisposition to T2DM and
lipid metabolic disorders.

Materials and methods

A comprehensive study of immunological pa-
rameters was carried out in venous blood samples
of 89 patients diagnosed with opisthorchiasis, chron-
ic phase of the disease.

The study was conducted with the voluntary in-
formed consent of the patients. The study was ap-
proved by the ethical committee of the Tyumen
Research Institute of Regional Infectious Pathology
of Rospotrebnadzor (protocol No. 2 of 02/01/2023).

Phagocytic activity of neutrophils (PAN) was de-
termined by the ability of cells to absorb latex particles
with d = 10 um (DIAEM LLC, Moscow) — the per-
centage of neutrophils out of 200 analyzed containing
latex particles. The metabolic activity of neutrophils
was determined by the cytochemical method of re-
ducing nitroblue tetrazolium to diformazan (NBT
test, spontaneous and stimulated with a 10% pyroge-
nal solution) [10]. The spontaneous NBT test reflected
the degree of activation of oxygen-dependent metabo-
lism and the associated production of free radicals,
while the stimulated version (in vitro) characterized
the functional reserve [10]. The stimulation index is the
ratio of the % of positive cells in the stimulated NBT
test to the % of positive cells in the spontaneous NBT
test (NBTstim./NBTspont.). The level of neutrophil
myeloperoxidase was detected by spectrophotome-
try [13]. The study of lymphocyte phenotype was car-
ried out by flow cytometry of whole peripheral blood
using monoclonal antibodies (Beckman Coulter, USA)
labeled with FITC (fluorescein isothiocyanate), PE
(phycoerythrin), ECD (phycoerythrin-Texas Red-X)
and PC5 (phycoerythrin-cyanin5) on flow cytometer
“Cytomics FC-500” (Beckman Coulter, USA). Three-
color immunophenotyping panels were used: CD3/
CD4/CD45, CD3/CD8/CD45, CD3/CD16%56/CD45,
CD3/HLA-DR/CD45 and CD3/CD19/CD45. Main
Iymphocyte phenotypes: T lymphocytes (CD3"CD19-
CDI16/56-CD45%), T helper cells (CD3*CD4"CD45%),
cytotoxic T Iymphocytes (CD3*CD8"CD45%), NK
cells (CD3-CDI16/56*CD45"), activated T-lympho-
cytes (CD3"HLA-DR*CD45"), B-lymphocytes
(CD3-CD19°CD45). The number of DN-T cells
(CD457CD3"CD4-CD8") was determined by subtract-
ing the relative number of CD4" and CDS8* lymphocytes
from the relative number of CD3" lymphocytes) [11].

Absolute values were obtained using dual-platform
technology using the results of hematological analy-
sis. The concentration of immunoglobulins M, G,
A, and E (IU/ml) in blood serum was determined by
the enzyme immunoassay method using commercial
kits “Immunoscreen-G, M, A-ELISA-BEST” and
“IgE-total-ELISA-BEST”  (Vector-Best, Russia).
The concentration of cytokines (IFNy, IL-4, IL-8,
IL-10 (pg/ml)) was determined by enzyme immu-
noassay using commercial kits “Gamma-interferon-
ELISA-BEST”, “Interleukin-4-ELISA-BEST”, “Inter-
leukin-8-ELISA-BEST”, “Interleukin-10-ELISA-
BEST” (Vector-Best, Russia).

Isolation of total human DNA from blood samples
was carried out using the commercial AmpliPrime
DNA-sorbB kit. Genetic polymorphisms were iden-
tified by pyrosequencing using the PyroMark24 ge-
netic analysis system and commercial reagent kits
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“AmpliCenc  Pyroscreen”: “DIABET-2-screen”
and “DIABET-2D-screen”, “LIPO-screen-B” and
“LIPO-screen-D”, designed to assess genetic predis-
position to the development of type Il diabetes mel-
litus by detecting polymorphisms in the loci:

— 185219 of the KCNJ11 gene (ATP-dependent

potassium channel);

— 151801282 of the PPARG2 gene (receptor

gamma transcription factor);

— 187903146 and rs12255372 of the TCF7L2 gene

(transcription factor 7);

— 187756992 of the CDKALI gene (cyclin-

dependent kinase);

— 1510811661 of the CDKN2A/2B gene (cyclin-

dependent kinase inhibitors);

— 131111875 ofthe HHEX gene (transcription factor);

— 154402960 of the IGF2BP2 gene (growth factor

regulator);

— 1813266634 of the SLC30A8 gene (zinc ion

transporter),
and also to assess genetic predisposition to heredi-
tary forms of lipid metabolism disorders by detecting
polymorphisms in loci:

— 18429358 and rs7412 of the APOE gene

(apolipoprotein E);

— 185742904 and rs754523 of the APOB gene

(apolipoprotein B);

— 1511206510 of the PCSK9 gene (serine protease);

— 152230806 ABCAI1 gene (ABCAI transporter);

— 152854116, rs2854117 and rs5128 of the APOC3

gene (apolipoprotein C3);

— 15268 and rs328 of the LPL gene (lipoprotein

lipase);

— 18854560 and rs662 of the PONI1 (paraoxo-

nase-1) gene.

Statistical processing of the results was carried
out using the on-line calculator https://www.stat-
skingdom.com. For each of the studied indicators
and identified polymorphisms, groups with the pres-
ence and absence of minor alleles were compared

using tests for independent groups: with a normal
distribution confirmed by the Shapiro—Wilk test,
the Student’s T-test (T-test) was used, taking into
account the assessment of equality of variances us-
ing the F-test (indicate the mean and standard error
of the mean); otherwise, the nonparametric Mann—
Whitney Test (U-test) was used (the median value
and IQR were indicated — the interquartile range
between the Ist and 3rd quartiles). “n” means num-
ber of patients in the group. A significance level of p <
0.05 was taken as statistically significant differences.

Results

The identified significant differences in the studi-
ed parameters between the groups of CO patients
with and without minor alleles for individual poly-
morphisms are shown in Table.

For the rs5742904 polymorphism of the APOB
(apolipoprotein B) gene, no mutant alleles were found
among the examined patients; for the rs754523 poly-
morphism, on the contrary, they were detected in all
patients except one. This does not make it possible
to compare the values of immunological parameters
in groups with and without mutations, but suggests
that these mutations can affect the body’s vulnerabil-
ity to infection by the opisthorchiasis pathogen.

In patients with the rare T allele of the rs5219 poly-
morphism of the KCNJI1 gene, a significantly lower
percentage of cytotoxic T lymphocytes (CD3*CDS8*)
was detected than in homozygotes for the normal allele.

In the group with the rare G allele for the rs1801282
polymorphism of the PPARG gene, the level of im-
munoglobulin A was significantly lower.

Inthe groupwiththe rare T allele forthe rs12255372
polymorphism of the TCF7L2 gene, a lower relative
number of B-lymphocytes (CD3-CD19") and a high-
er relative number of T-lymphocytes (CD3*) were
detected compared to the group of patients without
the mutation

Table. Immunological parameters in patients with chronic opisthorchiasis with different genotypes
for polymorphisms associated with predisposition to carbohydrate and lipid metabolism disorders
(meanzxstandard error of the mean or median (IQR), n — quantity in group)

Group
Without mutation With mutation Comparison of groups

Polymorphism indicator, genotype genotype without and with mutation, p
unit of measurement
KCNJ11rs5219C>T CC(n=15) TCandTT (n=25)
CD3*CD8*, % 33(24.5-38.5) 22 (19-29) 0.020 U-Test
PPARG rs1801282C > G CC (n=34) GCand GG (n=7)
IgA, mg/ml 2.4 (1.48-3.09) 1.5(1.23-1.66) 0.019 U-Test
TCF7L2rs 12255372G>T GG (n=30) TGand TT (n=15)
CD3-CD19%, % 11.17+0.80 8.33%1.01 0.040 T-test
CD3*, % 75+1.25 80.8+1.18 0.008 T-test
CDKAL1 rs7756992A > G AA (n=29) AG and GG (n = 36)
Monocytes, cells/pl 276 (192-354) 205.5 (137.2-277.5) 0.047 U-Test
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Polymorphism indicator,
unit of measurement

Group

Without mutation
genotype

With mutation
genotype

Comparison of groups
without and with mutation, p

CD3-CD19*, cells/ul 185.6 (141.6-241.9) 140.1 (122.2-195.6) 0.045 U-Test
CDKN2A/2Brs10811661T>C TT (n=48) TCand CC (n=16)

1gG, mg/ml 17.55 (11.38-21.26) 11.25 (8.94-14.41) 0.015 U-Test
IGF2BP2rs4402960G>T GG (n=32) TGand TT (n =28)

FAN, % 83.4%1.12 79.7+1.49 0.046 T-test
SLC30A8rs13266634C>T CC(n=24) TCand TT (n = 40)

IgM, mg/ml 1.69 (1.22-2.24) 2.06 (1.69-2.88) 0.042 U-Test
APOErs429358T>C TT (n=44) TCand CC (n=14)

CD3-CD19*, cells/ul 158.4 (122.4-231.7) 226.5 (176.3-240.6) 0.033 U-Test
CD3-CD19%, % 9.56+0.60 12.14+1.08 0.038 T-test
Ig E, mg/ml 10.5 (4-27) 40 (19.25-76.75) 0.012 U-Test
DN-T, cells/ul 41(0-62.3) 57.7 (42.2-103.1) 0.048 U-Test
PCSK9rs11206510T>C TT(n=18) TCand CC (n=3)

CD3*CD8*, cells/pl 450.3 (324.5-535.1) 288 (253.4-309.4) 0.035 U-Test
CD4/CD8 ratio 1.90+0.21 2.78+0.08 0.001 T-test
CD3-CD19%, % 9.5+1.09 16.3+1.76 0.025 T-test
ABCA1rs2230806 G > A GG (n=38) AGand AA (n=18)

CD3*CD8", cells/pl 4777 (344.8-610.7) 375.9 (289.4-440.6) 0.048 U-Test
CD3*HLA-DR", cells/pl 168.3 (113.7-291.7) 109.3 (75.7-180.4) 0.029 U-Test
CD3'HLA-DR+, % 10 (7-14.5) 8 (6-9) 0.032 U-Test
IL-8, pg/ml 1.15(0.35-3.38) 3 (1-6) 0.044 U-Test
CD3-CD19%, % 9.2+0.66 12+1.13 0.027 T-test
APOC3rs2854116C>T CC(n=5) TCand TT (n=35)

Myeloperoxidase, a.u. 923 (856-1708) 608 (366-894.5) 0.022 U-Test
NBT stimulated/NBT spontaneous 3(2.56-3.3) 2 (1.37-2.62) 0.019 U-Test
CD3*HLA-DR*, % 11 (11-13) 8 (6-11) 0.034 U-Test
IgA, mg/ml 2.6+0.26 1.92+0.12 0.041 T-test
APOC3rs2854117C>T CC(n=12) TCand TT (n=27)

NBT stimulated/NBT spontaneous 1.8+0.14 2.39+0.19 0.017 T-test
CD3*CD8*, % 21.5(20.25-22.75) 26 (21-33) 0.039 U-tect
IgA, mg/ml 1.95+0.29 2.16£0.13 0.033 T-test
APOC3rs5128G>C GG (n=10) GCand CC (n=47)

NBT spontaneous, % 13.7£1.45 20.5+1.10 0.009 T-test
NBT stimulated/NBT spontaneous 3.2(2.5-3.4) 2.1(1.4-2.75) 0.003 U-tect
CD3*CD16/56%, % 18 (12-20) 11 (8-15) 0.049 U-tect
DN-T, cells/pl 17.4 (0-42.3) 51.9 (31.8-89.8) 0.040 U-tect
LPLrs268A> G AA (n=47) AGand GG (n=9)

NBT stimulated, % 39.2+1.32 48.8+1.52 0.0001 T-test
CD3*HLA-DR", cells/pl 125.6 (93.2-186.3) 190.8 (153.9-346.3) 0.025 U-tect
DN-T, % 3(2-5) 0(0-2.5) 0.042 U-tect
DN-T, cells/pl 52.5(33.1-78.2) 0(0-38.2) 0.004 U-tect
LPLrs328C>G CC(n=31) CG and GG (n =26)

NBT spontaneous, % 19 (15.5-27.5) 16.5 (11.25-21) 0.045 U-tect
NBT stimulated/NBT spontaneous 2 (1.37-2.56) 2.64 (2.16-3.08) 0.005 U-Tect
PON1 rs854560 A>T AA (n=22) ATand TT (n = 36)

FAN, % 78.7+1.77 83.0£1.19 0.041 T-test
NBT spontaneous, % 19.4 (13.1-24.1) 12.7 (10.6-21) 0.048 U-tect
PON1rs662A>G AA (n=28) AG and GG (n=30)

CD3'CD4', cells/ul 764.6 (612.5-879.8) | 856.7 (763.4-1053.9) 0.044 U-tect
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In the group with the CDKALI1 gene mutation
(rs7756992), lower absolute numbers of monocytes
and B-lymphocytes (CD3-CD19%) were found.

In the presence of a mutation in the CDKN2A /2B
gene, lower production of total immunoglobulin G
is observed.

The presence of a mutation in the IGF2BP2 gene
leads to less phagocytic activity of neutrophils in pa-
tients with opisthorchiasis.

In patients with the SLC30A8 gene mutation,
a higher concentration of total immunoglobulin M
was detected than in the group with the normal allele.

If the genotype contains a rare allele for the
first polymorphism rs429358 T > C of the apolipo-
protein E gene, the relative and absolute numbers
of B-lymphocytes (CD3-CD19%), the concentration
of total immunoglobulin E and the absolute number
of DN-T-lymphocytes are significantly higher.

In patients who are carriers of the minor allele
of the serine protease gene (PCSK9 rs11206510),
a higher relative number of B-lymphocytes and an
even greater decrease in the absolute number of cy-
totoxic T-lymphocytes were found than in patients
with CO without this mutation, while the CD4/CDS§
index is naturally higher.

When patients with opisthorchiasis have a mi-
nor T allele in the ABCALI transporter gene (ABCI
rs2230806), a lower absolute number of cytotox-
ic lymphocytes, an absolute and relative number
of T lymphocytes with a marker of late activation
(CD3*HLA-DR"), and a higher relative number
of B lymphocytes, as well as IL-8 levels.

The presence of a minor allele in the APOC3
gene (rs2854116) leads to significantly lower val-
ues of neutrophil myeloperoxidase enzyme activity,
stimulation index in the NBT test, relative number
of activated T lymphocytes, and total immunoglobu-
lin A during invasion. Patients with another APOC3
mutation (rs2854117) have a significantly higher
neutrophil stimulation index in the NBT test, as
well as the number of cytotoxic T-lymphocytes and
immunoglobulin A concentration. In patients with
the APOC3 rs5128 mutation, the spontaneous NBT
test index is higher, and the stimulation index in the
NBT-test below; the relative content of natural killer
cells (CD37CD16/56") is lower, the absolute number
of DN-T lymphocytes is higher.

In patients who are carriers of the G allele in the
lipoprotein lipase gene LPL (rs268), the bactericidal
activity of neutrophils in the stimulated version of the
test with nitroblue tetrazolium is significantly higher,
as well as the absolute number of T-lymphocytes with
a marker of late activation, and the absolute and rela-
tive number of DN-T-lymphocytes is lower. In the
presence of a mutation in another polymorphism
of the same gene (rs328), the bactericidal activity
of neutrophils in the spontaneous version of the NBT
test is lower than in patients without this mutation,
but the stimulation index is higher.

When the function of the PONI gene is impaired
due to the presence of the minor allele rs854560
in patients with opisthorchiasis, an increase in the
absorption activity of neutrophils is observed, but at
the same time the rate of the stimulated NBT test de-
creases. The presence of a minor allele in another lo-
cus of this gene (rs662) leads to a significant increase
in the absolute number of CD3"CD4".

Discussion

When studying immunological parameters,
it was found that significant deviations of their valu-
es in groups of patients with opisthorchiasis with
the presence of rare alleles for various genes associ-
ated with the risk of diabetes mellitus and lipid me-
tabolism disorders from the values in groups without
mutations can both bring the indicators closer to nor-
mal values and aggravate changes caused by invasion
in comparison with a group of healthy individuals.

The lower percentage of cytotoxic T lymphocytes
in patients with the KCNJ11 rs5219 mutation may be
due to the fact that with defectsin the ATP-dependent
potassium channel, opisthorchiasis invasion is char-
acterized by a more significant decrease in the activ-
ity of the effector cell component of immunity.

In the presence of a mutation in the rs1801282
polymorphism of the PPARG gene, which enhances
the negative effect of chronic opisthorchiasis invasion
on the activity of alpha-amylase and bile secretion pa-
rameters [2], a lower level of immunoglobulin A was
detected, that is, the humoral link of adaptive immu-
nity in CO reacts with an even greater decrease in its
activity. This may be due to the expression of PPARG
in B lymphocytes and the effect on lymphocyte pro-
liferation, as well as their antigen-specific response
during inflammation [28].

A lower relative number of B-lymphocytes and
a higher relative number of T-lymphocytes in the
group with the rare T allele for the rs12255372 poly-
morphism of the TCF7L2 gene (this mutation is as-
sociated with both T2DM and obesity and markers
of inflammation [7]) indicates an even more pro-
nounced activation cellular immunity and decreased
humoral immunity. The TCF7L2 gene product
is a component of the Wnt-dependent signaling path-
way, the abnormal activation of which is associated
with tumor development in colorectal carcinoma [23].

Lower absolute numbers of monocytes and
B-lymphocytes in the group with the CDKALI
gene mutation (rs7756992) may be due to the fact
that the mutation aggravates the immune system’s
response to invasion and has an unfavorable effect:
a decrease in the number of monocytes can lead
to immunological deficiency, because one of the
most important functions of cells of the monocyte-
macrophage link — antigen presentation. A smaller
number of B-lymphocytes under conditions of high
antigenic load in opisthorchiasis may be caused by
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enhanced transformation into plasma cells or a de-
crease in proliferative potential under the influence
of mutation. CDKALI expression in immune cells,
especially CD4* and CDI19* lymphocytes, has been
shown to be downregulated when they are activated
by proliferation signals [26].

In the presence of a CDKN2A/2B gene mutation,
the response of the humoral immune system to inva-
sion is probably less pronounced, since a lower con-
centration of total immunoglobulin G is detected.

Since neutrophils constitute the first line of de-
fense against the penetration of infectious agents
and are responsible for the elimination of damaged
cells [8], their lower absorption activity in the pres-
ence of a mutation in the IGF2BP2 gene in patients
with opisthorchiasis is unfavorable, but the absolute
value of the differences is small (4.4%), it can be as-
sumed that it does not make a significant contribu-
tion to the change in nonspecific resistance in pa-
tients with the mutation.

A higher concentration of total immunoglobu-
lin M in patients with the SLC30A8 gene mutation
may indicate some impairment in B-lymphocyte
differentiation [12].

So, in the presence of the mutations we studied
that alter the regulation of carbohydrate metabolism,
patients with opisthorchiasis revealed various chang-
es in the immune system (less pronounced increase
in phagocytic activity, lower number of monocytes,
higher total number of T-lymphocytes, lower number
of T-cytotoxic cells and B-lymphocytes, a lower con-
centration of IgA, IgG and a higher concentration
of IgM), which indicate a moderate lack of nonspe-
cific resistance, an imbalance of the effector T- and
B-links of immunity, but in most cases (PPARG,
TCF7L2 1s12255372, CDKALI, CDKN2A/2B,
SLC30AS8) aggravate reaction of humoral immunity
to invasion, in particular, a decrease in the number
of B-lymphocytes.

If the genotype contains a rare allele for the first
polymorphism rs429358 of the APOE gene, there
appears to be a positive change in the adaptive hu-
moral immune response to invasion (a higher num-
ber of B-lymphocytes and the concentration of total
immunoglobulin E). A larger number of DN-T lym-
phocytes can also be considered a protective change,
since this is a minor subpopulation of highly effec-
tive suppressor cells and regulators of the intensity
of the immune response, which suppress prolifera-
tion, change the metabolism, characteristics, effector
functions of CD4-T-lymphocytes and shift the CD4-
T-lymphocyte phenotype. Lymphocytes towards
the resting one, thereby inducing peripheral toler-
ance [16], which is important for preventing autoim-
mune complications (probably including opisthor-
chiasis). There is also evidence in the literature [25]
that APOE can suppress cellular immunity by exert-
ing an antiproliferative effect on mitogen-stimulated
Ilymphocytes.

In patients who are carriers of a minor allele of the
serine protease gene (PCSK9 rs11206510), which
is involved in the regulation of immune system func-
tions [27], disturbances in the subpopulation compo-
sition of T-lymphocytes characteristic of CO are ag-
gravated, and the humoral component of immunity
apparently tends to restore.

In the presence of a mutation in the ABCAI trans-
porter gene (involved, in particular, in the mecha-
nism of action of tumor necrosis factor on cells [24]),
changes in the parameters of the cellular part of the
immune system, characteristic of patients with CO,
deepen — there are even fewer effector cells of adap-
tive immunity, and activated T-lymphocytes are re-
duced to a level lower than in the whole group of pa-
tients with CO, which is not justified under conditions
of sufficient antigenic load. The humoral component
of the adaptive immune response (relative number
of B lymphocytes) and nonspecific resistance (IL-8
level) are activated.

Mutations in different loci of the APOC3 gene
(the level of expression of which depends on cytotoxic
T cells and varies significantly in tumor tissues [30])
have different effects on immunogram parameters
in patients with CO. The differences identified in pa-
tients with the APOC3 rs2854116 mutation may in-
dicate that their innate immune response is less pro-
nounced, the potential of neutrophils is depleted, and
the reactions of the cellular and humoral components
of the adaptive immune response are reduced. In pa-
tients with the APOC3 rs2854117 mutation, the bac-
tericidal potential of neutrophils is higher than in pa-
tients without the mutation (and than in the general
group of patients with CO), changes in the number
of cytotoxic T-lymphocytes and the concentration
of immunoglobulin A are characteristic of the acti-
vation of cellular and humoral immunity, apparently
this demonstrates the protective effect of this muta-
tion on immune response parameters. In patients
with the APOC3 rs5128 mutation, NBT test indi-
cators indicate activation of the bactericidal ability
of neutrophils, and a low number of natural killer
cells, on the contrary, indicates a decrease in innate
resistance. A higher number of DN-T lymphocytes
(leading to the development of tolerance [16]) can
also be considered a protective change to prevent au-
toimmune complications of opisthorchiasis, as with
the APOE rs429358 mutation.

In patients with the LPL rs268 mutation, NBT
test indicators indicate stimulation of nonspecific re-
sistance, and a greater number of T lymphocytes with
a late activation marker indicate a greater participa-
tion of adaptive cellular immunity. An increased re-
action of these components of the immune response
may be associated, among other things, with a lower
absolute and relative number of DN-T lymphocytes,
which can lead to hyperstimulation of the immune
response (as well as autoimmune diseases) [16].
In the presence of a mutation in another LPL poly-
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morphism (rs328), apparently, with a slightly lower
bactericidal activity of neutrophils, their potential
bactericidal activity has a certain reserve. This sug-
gests a “protective” effect for the immune response
to opisthorchiasis invasion of this “antiatherogenic”
minor allele of LPL, associated with favorable chang-
es in lipid composition (lowered triglyceride levels
and increased HDL levels [19, 21]), as well as with
lipid-associated macrophages [20] and inflammatory
processes [15].

In CO patients with the PON1 rs854560 mutation,
the bactericidal activity of neutrophils is reduced and
an increase in the absorption activity of these cells
can be considered as a compensatory mechanism.
Perhaps such effects are associated with the involve-
ment of paraoxanase-1 in the functions of innate
immunity noted in the literature: it is believed that
it protects against bacterial infection by destroying
signaling molecules that produce gram-negative bac-
teria for invasion into human tissues and the forma-
tion of colonies [3, 4]. The presence of a minor al-
lele in another PONI1 locus (rs662) leads to a higher
number of T helper cells, approaching those of the
control group of practically healthy people. The im-
mune response in chronic opisthorchiasis is generally
characterized by an increase in the relative number
of T-helper cells.

Thus, the presence of polymorphisms that disrupt
the regulation of lipid metabolism has a multidirectional
effect on the parameters of the immune response, pos-
sibly shifting the development of the immune response
in different directions (T-helper cells type 1 or 2, etc.).
At the same time, the approach of indicators of different
parts of the immune system to the “normal” level in the
presence of chronic parasitic invasion cannot always be
interpreted as a positive effect of one or another poly-
morphism due to possible compensatory shifts in differ-
ent parts of the immune system. However, an increased
number of B-lymphocytes and other indicators of acti-
vation of the humoral immune system in response to in-
vasion, which are detected in groups with mutations
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LPL rs328, PONI rs662 can be considered “protective”
for the immunopathogenesis of CO.

As a result of the study, significant differences
in the indicators of immune system function were
identified in patients with chronic opisthorchiasis
with different genotypes predisposing to disorders
of carbohydrate and lipid metabolism, which may
also affect the course of the disease. Mutations in dif-
ferent loci of the PCSK9, ABCAI, APOE, APOC3
and PONI genes have opposite effects on the stud-
ied parameters of various components of the im-
mune response. When mutations cause dysfunc-
tion of a number of proteins (PPARG, TCF7L2
rs12255372, CDKALI, CDKN2A/2B, SLC30AS,
LPL), opisthorchiasis invasion leads to more pro-
nounced deviations in the immune response; muta-
tions in the lipoprotein lipase gene may have some
kind of “protective” effect on the immune system
of patients with opisthorchiasis. At the same time,
the effect of all studied genetic polymorphisms as-
sociated with a predisposition to the development
of T2DM turned out to be predominantly negative.
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