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between the TIM-3 rs10515746 single-nucleotide polymorphism and the severity and mortality of
coronavirus disease 2019 (COVID-19) among Iranians.

Materials and Methods: Genomic DNA was extracted from peripheral blood nucleated cells of 828
COVID-19 patients and 166 healthy controls without COVID-19. The T/M-3 polymorphic site was
analyzed using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
method. To determine whether genetic variation was associated with hepatitis A virus cellular receptor
2 (HAVCR-2) messenger ribonucleic acid (mRNA) expression, total RNA was extracted from 175
COVID-19 patients and 65 healthy controls, and HAVCR-2 expression levels were quantified using
reverse transcription-polymerase chain reaction (RT-PCR).

Results: The genotypic frequencies of TIM-3 574A>C (rs10515746) polymorphism were in
accordance with the Hardy-Weinberg equilibrium in the healthy control subjects (P>0.05). No
significant difference was observed in their distribution frequencies of rs10515746 between the
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Introduction

he third coronavirus epidemic in the last

decade, severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection,

poses a fundamental threat to global health,

economy, and society. According to the
World Health Organization (WHO), as of April 2024,
there were over 775 million COVID-19 patients and
over 7 million deaths worldwide. The complex interac-
tion between SARS-CoV-2 and the host immune system
activates various inflammatory pathways, leading to
excessive inflammation and a cytokine storm [1]. The
immune system plays a vital role in the development
of COVID-19, and the severity of the disease may cor-
relate with the dysregulation of inflammatory immune
responses [1-3].

The human transmembrane immunoglobulin and mu-
cin domain (7/M) gene family comprises T/M-1, TIM-3,
and TIM-4, located on chromosome 5q33.2. These cell-
surface glycoproteins have specific structural elements,
including the transmembrane region, mucin domain,
immunoglobulin domain, signal peptide, and intracel-
lular tail containing a phosphorylation site. T cell recep-
tors and co-stimulatory signals [4], along with TIM pro-
teins, control the growth and effector functions of Th1/
Th2 cells [4]. Despite the critical role of the 7IM gene
family products in immune responses, there is limited
knowledge regarding 7IM regulation in disease devel-
opment [5, 6].

TIM-3 is an immune checkpoint molecule that regu-
lates innate and adaptive immune responses [7, 8]. This
immunoregulatory protein is the first specific surface
molecule to identify human and mouse Th1 cells, binds
to its ligands, galectin-9 and phosphatidylserine, and
inhibits T-cell activation and proliferation. Also, TIM-3
promotes T-cell exhaustion and apoptosis, leading to im-
mune dysfunction [7]. Th17 cells may also express lower
levels of TIM-3 than Thl cells [9]. Other immune cells,
such as CD8+ T cells, regulatory T cells, monocytes,
natural killer cells, dendritic cells, and mast cells, may
also express TIM-3 [6, 10]. Many viral infections show a
positive correlation among TIM-3 levels, viral load, and
disease progression, thereby supporting the proposed in-
hibitory role of this protein [11-13]. Due to its essential
role in regulating the host’s immune response, excessive
or suppressed inflammatory responses resulting from
dysregulation of TIM-3 expression may lead to an au-
toimmune disorder or viral evasion; however, an exact
mechanism is unclear [10, 14].
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The human hepatitis A virus cellular receptor 2
(HAVCR-2) gene encodes TIM-3, a member of the im-
munoglobulin superfamily [15]. Previous investigations
have reported that polymorphisms in HAVCR-2 are as-
sociated with some cancers, allergic diseases, and auto-
immunity [16, 17]. The most prevalent type of genetic
variation in the human population is single-nucleotide
polymorphisms (SNPs) [7]. Previous association stud-
ies have identified specific genetic variations, known
as SNPs, associated with the mortality rate of COV-
ID-19 in Iranian patients. These SNPs include the CC
genotypes of angiotensin-converting enzyme 2 (ACE2)
1s2285666, TT genotypes of ACE2 152074192, CC
genotypes of interferon-induced transmembrane protein
3 (IFITM3) rs12252, T allele of IFITM3 rs34481144,
G allele of IFITM3 rs6598045, AA genotypes of ABO
15657152, CC genotypes of transmembrane serine pro-
tease 2 rs12329760, and tripartite motif containing 22
variants (rs7113258 TT, rs1063303 GG, and rs7935565
GQG) [18-27].

Since COVID-19 is primarily caused by a dysregulated
immune response and inflammatory cytokine storm,
genetic variations in genes involved in T cell-mediated
immunity may affect COVID-19 severity and mortality
[15]. The rs10515746 polymorphism, with a MAF>0.05
and located in the promoter region of the HAVCR-2
gene, has been the subject of most investigations. Allelic
polymorphic variation from rs10515746 (C/A) disrupts
Th1/Th2 cell differentiation and causes macrophage ac-
tivation dysregulation [6].

Study objectives or hypotheses

Given the adverse co-stimulatory effect of TIM-3 on
T-mediated immune responses and the significant im-
pact of TIM-3 574A>C (rs10515746) on susceptibility
to certain diseases, this study proposes that this genetic
variation may also be associated with the development,
progression, or outcome of COVID-19. Accordingly, in
this study, we examined the genotype and allele frequen-
cies of rs10515746 and HAVCR-2 mRNA expression in
an Iranian COVID-19 population.

Materials and Methods

In the present cross-sectional study, we recruited 828
Iranian COVID-19 patients between January and June
2020. The COVID-19 infection was confirmed by a posi-
tive SARS-CoV-2 reverse transcription-polymerase chain
reaction (RT-PCR) test, a pulmonary infiltrate on a chest
x-ray (limited to inpatients), and a clinical assessment by
an infectious disease specialist. The exclusion criteria were
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exposure to other infectious diseases, experimental sample
loss, and non-Iranian patients. Based on the disease sever-
ity, according to the WHO interim guidance and compre-
hensive national guidelines for the diagnosis and treatment
of COVID-19, sixth edition [28], the patients were further
classified as non-intensive unit care (ICU) admitted (mild:
n=297; moderate: n=406) vs ICU admitted (severe: n=44;
critical: n=81), and outpatients (mild: n=297) vs inpatients
(moderate: n=406; severe: n=44; critical: n=81) groups. Be-
cause sampling occurred during the initial peak of SARS-
CoV-2 infection in Iran, none of the patients had previously
contracted the virus or received vaccinations. The control
group included 166 healthy, ethnically matched adults with
no underlying diseases or a history of SARS-CoV-2 infec-
tion who tested negative for COVID-19 using RT PCR.
Informed consent was obtained from all participants. This
study was approved by the Research Ethics Committee
of Shahed University, Tehran, Iran.

Genomic DNA extraction and rs10515746 genotyp-
ing

Genomic DNA was extracted from 3 to 5 mL of periph-
eral blood collected in tubes pretreated with ethylenediami-
netetraacetic acid (EDTA) from all participants using the
GeneAll® Exgene™ Kit (Korea) according to the manufac-
turer’s instructions and then stored at -20 °C.

The PCR-restriction fragment length polymorphism
method was used to determine the genotypes of rs10515746
located in the promoter region of HAVCR-2. The desired
DNA sequence was amplified using forward (5’-TCACT-
CAAATCAGTCCCTTCATC-3") and reverse (5° TG-
GCTGGAACTCAACACTTTC-3’) primers to produce a
486 bp amplified DNA fragment of HAVCR-2. A reaction
mixture of 20 pul. was prepared, containing master mix

2025. Vol 8

(TEMPase Hot Start 2x Master Mix A, AMPLIQON) (10
uL), primers (10 pM), and genomic DNA (0.02-0.04 pg).
The mixture was then subjected to amplification using a
PCR thermocycler (Bio-Rad, USA) under the following
conditions: 15 min of initial denaturation at 95 °C, followed
by 35 cycles of denaturation at 95 °C for 30 s, annealing at
55 °C for 30 s, extension at 72 °C for 60 s, and final exten-
sion at 72 °C for 5 minutes.

BCC-I, an allele-specific restriction enzyme (New Eng-
land Biolabs, USA), was used to digest the PCR product
(486 bp) to identify the polymorphic site. Briefly, 10 uL.
of the PCR product was mixed with 0.5 pL of BCC-I
restriction enzyme, 2.5 pL of its 10X buffer, and 12 pL
of nuclease-free water. The mixture was incubated at 37
°C for 16 h. Subsequently, the reaction was made inactive
for 20 min at 65 °C. After electrophoresis on a 2% aga-
rose gel, the digested fragments were visually examined
under an ultraviolet transilluminator/gel documentation
system. The A allele fragment remained intact, while the
C allele was fragmented into 128 and 357 bp pieces (Fig-
ure 1). Meanwhile, 10% of the amplified DNA samples
were sequenced to validate the accuracy of the results.
The results were completely consistent.

RNA extraction and HAVCR-2 expression

The association between the rs10515746 polymor-
phism and HAVCR-2 mRNA expression in 175 con-
firmed COVID-19 patients (mild = 61, moderate = 61,
severe=17, critical=36) and 65 healthy controls without
underlying diseases was investigated using real-time
PCR. The patients and controls belonged to the same
ethnic group. A stratified sampling technique was used to
select the samples because there were few patients in the
higher-severity subgroups. The GeneAll® Hybrid-RTM

hiviuNoREGULATION

Figure 1. TIM-3 rs10515746 polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) genotyping
Note: Lane L: DNA ladder (50 bp); Lane No. 1 is genotype AA (486 bp), Lane No. 2 is genotype AC (486 bp, 357 bp, and 128

bp), Lane No. 5 is genotype CC (357 bp and 128 bp).
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Kit (Cat. No. 305-101, Korea) was utilized to extract to-
tal RNA from 3 mL of peripheral venous blood in tubes
that had been pretreated with ethylenediaminetetraacetic
acid (EDTA) according to the manufacturer’s guidelines.
A spectrophotometer (Nanodrop, Thermo Scientific,
USA) was used to measure the concentration and purity
of the isolated RNA. Next, a bioanalyzer (ABI, USA)
was used to evaluate the sample’s integrity. According
to the manufacturer’s guidelines, 1000 nanograms (ng)
of RNA was converted to complementary DNA (cDNA)
using the high-capacity cDNA reverse transcription Kit
(ABI, USA). Subsequently, they were kept at -20 “C.
Real-time PCR reactions were conducted in a 20 pL
mixture containing 10 uL of SYBR Green real-time
PCR master mix (AMPLIQON), 2 uL of cDNA diluted
at a ratio of 1:10, 5 pM of each primer (forward primer:
5'- TTCCAAGGATGCTTACCA -3', and reverse prim-
er: 5'- CCTGCTCCGATGTAGATG -3'), and 6 pL of
nuclease-free water. It was performed on a StepOne™
real-time PCR system (ThermoFisher Scientific, USA).

The best thermal cycling conditions were as follows: A
16-minute initial denaturation at 95 °C, followed by 40
cycles of denaturation at 95 °C for 30 s, annealing at 61 °C
for 1 minute, and extension at 72 °C for 30 s. All samples
were tested thriplicate. Human B-actin mRNA expression
was used as a reference gene for internal controls.

Statistical analysis
The allele and genotype frequencies of rs10515746

among the study groups were calculated using the
Pearson chi-square test in SPSS software, version 26.0

Table 1. Demographic characteristics of COVID-19 patients

IMMUNOREGULATION

(SPSS Inc., Chicago, IL, USA) and SNPStats. The re-
lationship between rs10515746 genotypes and the se-
verity and mortality of COVID-19 was reported using
odds ratios and 95% confidence intervals (CI). In ad-
dition, Hardy-Weinberg equilibrium deviations in the
study groups were evaluated using the online SNPStats
software [29]. The Mann-Whitney U test was used to
compare HAVCR-2 expression across rs10515746 geno-
types. Statistical significance was defined as a P<0.05.
Diagrams were created using GraphPad Prism software,
version 8.0.1.

Results
Subject characteristics

Table 1 presents the population characteristics of pa-
tients with COVID-19 and controls. No significant dif-
ferences were observed in gender or body mass index
between the groups (P>0.05). However, the mean age
was significantly higher in COVID-19 patients than in
controls, inpatients than outpatients, ICU-admitted pa-
tients than non-ICU-admitted patients, and non-survi-
vors than survivors (P<0.001).

The most common clinical manifestations (Table 2)
of COVID-19 patients were fever (56.4%), dyspnea
(54.4%), weakness (47.9%), dry cough (47.5%), my-
algia (41.9%), chills (33.1%), anorexia (31.4%), head-
ache (26.2%), diarrhea (17.3%), and anosmia (14.7%).
Regarding disease severity, the frequency of dyspnea
(P<0.001), headache (P=0.005), myalgia (P=0.038),
anosmia (P=0.021), and diarrhea (P=0.011) was higher

Mean+SD/No. (%)

MeanzSD/No. (%)

Variables P P
COVID-19 Patients (n=828) Healthy Control (n=166) Inpatients (n=531)  Outpatients (n=297)
Age 53+17 46114 <0.001 57116 44+14 <0.001
BMI (kg/m?) 26.49+4.59 26.2914.37 0.64 26.7115 26.14+3.83 0.11
Female 328(39.6) 62(37.3) 205(38.6) 123(41.4)
Gender 0.59 0.43
Male 500 (60.4) 104(62.7) 326(61.4) 174(58.6)
MeantSD/No. (%) MeanzSD/No. (%)
Variables ICU Admitted Patients Non-ICU Admitted P Survivor Patients Non-survivor P
(n=125) Patients (n=703) (n=742) Patients (n=86)
Age 6117 51+16 <0.001 5116 65114 <0.001
BMI (kg/m?) 27.28+5.7 26.35+4.35 0.13 26.44+4.51 26.915.26 0.44
Female 47(37.6) 281(40) 301(40.6) 27(31.4)
Gender 0.62 0.1
Male 78(62.4) 422(60) 441(59.4) 59(68.6)
"P<0.05 significant. DiviuNoREGULATION

Mirsharif ES, et al. Association of Transmembrane Immunoglobulin and Mucin Domain rs10515746 With COVID-19 Severity and Mortality. Immunoregulation. 2025; 8:E17.



http://immunoreg.shahed.ac.ir/

IMMUNOREGULATION

Table 2. Frequency of underlying disease and clinical manifestation in COVID-19 patients

Variables %
Hypertension 29.7
Diabetes mellitus 24.3
Heart diseases 17.1
Respiratory diseases 8.2
Renal diseases 7.3
Underlying disease
Thyroid disease 4.2
Immune diseases 2.9
Cerebrovascular accident 2.6
Cancer 2.5
Liver diseases 1.8
Fever 56.4
Dyspnea 54.4
Weakness 47.9
Dry cough 47.5
Myalgia 419
Chill 33.1
Anorexia 314
Headache 26.2
Diarrhea 17.3
Clinical manifestation
Vomiting 16.4
Anosmia 14.7
Pharyngitis 11.8
Chest pain 115
Productive cough 6.5
Abdominal pain 6.1
Nausea 6.1
Rhinorrhea 4.6
Vertigo 3.1

IMMUNOREGULATION

in ICU-admitted patients than in non-ICU-admitted pa-
tients. The most common underlying diseases (Table 2)
among COVID-19 patients were hypertension (29.7%),
diabetes (24.3%), and heart disease (17.1%).

Association of T cell immunoglobulin and mucin
domain-containing protein 3 (TIM-3) 574A>C
(rs10515746) polymorphism with COVID-19

The genotype frequencies of the TIM-3 574A>C
(rs10515746) polymorphism were in Hardy-Weinberg
equilibrium in healthy control subjects (P> 0.05). In con-
trols, the minor allele frequency (MAF) of rs10515746
was 0.16, which is consistent with the 1000 Genomes
(0.15) and HapMap (0.19) projects [30]. No significant

differences were observed in the genotype and allele fre-
quency distributions of TIM-3 574A>C (rs10515746)
between COVID-19 patients and control subjects, or
among COVID-19 subgroups, under different genetic
models (Table 3, Supplementary Table 1). Subsequent
analysis using logistic regression adjusted for age,
gender, and comorbidities, showed no significant dif-
ferences between our study groups across the different
inheritance models. As previously mentioned, a signifi-
cant difference was observed in the mean age among
the study groups. Further analysis, after dividing the age
range into < 40, 40-80, and >80 years, revealed that age
variation did not confound the results.

Mirsharif ES, et al. Association of Transmembrane Immunoglobulin and Mucin Domain rs10515746 With COVID-19 Severity and Mortality. Immunoregulation. 2025; 8:E17.



http://immunoreg.shahed.ac.ir/

2025. Vol 8

IMMUNOREGULATION

Table 3. The frequency of the rs10515746 genotypes among COVID-19 patients’ subgroups under hereditary models” analysis

No. (%)
Genotypes p® OR (95% CI)
COVID-19 Patients (n=828) Healthy Control (n=166)
cc 583(70.4) 118(71.1) 1
Codominant model AC 212(25.6) 44(26.5) 0.58
1.32(0.77-2.27)
AA 33(4) 4(2.4)
cc 583(70.4) 118(71.1) 1
Dominant model 0.86
AC+AA 245(29.6) 48(28.9) 0.78 (0.42-1.46)°
CC+AC 795(96) 162(97.6) 1
Recessive model 0.3
AA 33(4) 4(2.4) 2.90 (0.37-22.55)
AA+CC 616(74.4) 122(73.5) 1
Overdominant 0.81
AC 212(25.6) 44(26.5) 1.11 (0.59-2.10)?
C 1378(83) 280(84) 1
Allele frequency 0.62
A 278(17) 52(16) 1.08 (0.79-1.48)
No. (%)
Genotypes p® OR (95% Cl)
Inpatients (n=531) Outpatients (n=297)
cc 378(71.2) 205(69) 1
Codominant model AC 133(25.1) 79(26.6) 0.79
1.08 (0.80, 1.46)
AA 20(3.8) 13(4.4)
cc 378(71.2) 205(69) 1
Dominant model 0.51
AC+AA 153(28.8) 92(31) 0.91 (0.63, 1.32)*
CC+AC 511(96.2) 284(95.6) 1
Recessive model 0.67
AA 20(3.8) 13(4.4) 1.11 (0.5, 2.48)°
AA+CC 398(75) 218(73.4) 1
Overdominant 0.62
AC 133(25.1) 79(26.6) 1.08 (0.73, 1.61)
C 889(84) 489(82) 1
Allele frequency 0.49
A 173(16) 105(18) 1.10(0.85, 1.41)
No. (%)
Genotypes p® OR (95% Cl)
Non-ICU Patients (n=703) ICU Admitted Patients (n=125)
cc 91(72.8) 492(70) 1
Codominant model AC 31(24.8) 181(25.8) 0.55
1.12 (0.76, 1.65)
AA 3(2.4) 30(4.3)
cc 91(72.8) 492(70) 1
Dominant model 0.52
AC+AA 34(27.2) 211(30) 0.92 (0.58, 1.46)°
CC+AC 122(97.6) 673(95.7) 1
Recessive model 0.32
AA 3(2.4) 30(4.3) 1.61 (0.46,5.55)
AA+CC 94(75.2) 522(74.2) 1
Overdominant 0.82
AC 31(24.8) 181(25.8) 1(0.63, 1.63)
C 213(0.85) 1165(83) 1
Allele frequency 0.37
A 37(15) 241(17) 1.18 (0.82, 1.69)
No. (%)
Genotypes P® OR (95% CI)
Survivor Patients (n=742) Non-survivor Patients (n=86)
cc 520(70.1) 63(73.3) 1
Codominant model AC 189(25.5) 23(26.7) Unreliable
0.79 (0.49,1.28)°
AA 33(4.5) 0
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No. (%)
Genotypes p® OR (95% Cl)
Survivor Patients (n=742) Non-survivor Patients (n=86)
cc 520(70.1) 63(73.3) 1
Dominant model 0.54
AC+AA 222(29.9) 23(26.7) 1.10 (0.64, 1.92)°
CC+AC 709(95.5) 86(100) 1
Recessive model Unreliable
AA 33(4.5) 0
AA+CC 553(74.5) 63(73.3) 1
Overdominant 0.8
AC 189(25.5) 23(26.7) 1.15(0.66, 2.02)°
c 1229(83) 149(87) 1
Allele frequency 0.21
A 255(17) 23(13) 0.76 (0.49, 1.18)

Abbreviations: ICU: Intensive care unit; ORs: Odds ratio; CI: Confidence interval.

iviuNoREGULATION

“Logistic regression analyses were used for calculating odds ratios, adjusted for age, gender, and comorbidities, °P was calcu-
lated by x? test; It should be noted that statistical analysis was not feasible for cases labeled as ‘unreliable’ due to the absence of

the AA genotype among non-survivor COVID-19 patients.

Association of TIM-3 574A>C (rs10515746)
polymorphism with HAVCR-2 expression in
patients with COVID-19

The HAVCR-2 expression in COVID-19 patients was
markedly decreased compared to healthy controls. To
explore the impact of the TIM-3 574A>C (rs10515746)
polymorphism, located in the promoter region of
HAVCR-2, on HAVCR-2 mRNA expression, nRNA lev-
els of HAVCR-2 were evaluated in patients with different
rs10515746 genotypes. According to the data presented
in Table 4, based on disease severity and mortality, no
significant differences in HAVCR-2 mRNA levels were
observed among patients with different genotypes across
all COVID-19 subgroups (P>0.05).

Discussion

In this study, we investigated the association between
the TIM-3 rs10515746 polymorphism and COVID-19
risk and clinical outcomes. To the best of our knowledge,
this study is the first to assess the role of the rs10515746
polymorphism in TIM-3 in COVID-19 severity and
mortality. No significant alterations were found in the
genotype and allele frequency distributions of TIM-3
574A>C (rs10515746) between patients with COVID-19
and controls or between COVID-19 subgroups. Our re-
sults suggested that this polymorphism may not affect
the risk and progression of COVID-19 among Iranians.
To the best of our knowledge, no study has examined the
association between this polymorphism and COVID-19
or other viral diseases. Several studies have investigated
the association between rs10515746 and susceptibility
to respiratory disorders and autoimmune diseases. The
results of the meta-analysis showed that in the dominant
genetic model, TIM-3 rs10515746 was significantly cor-
related with an increased risk of asthma development in

Asians [31]. Sadri et al. reported a substantial correlation
between asthma susceptibility and the TIM-3 574G>T
polymorphism [32]. Additionally, based on literature
reviews, there was no significant association between
TIM-3 rs10515746 and autoimmune conditions, such as
Behget disease [33], theumatoid arthritis [34], systemic
lupus erythematosus [6], and type 1 diabetes [5].

Furthermore, based on the location of rs10515746
(-574A>C) in the HAVCR-2 promoter region, we evalu-
ated the association between HAVCR-2 mRNA levels
and COVID-19 severity and mortality by genotype dis-
tribution. Although our results showed that HAVCR-2
mRNA levels in COVID-19 patients were significantly
lower than those in healthy participants, no significant
differences in HAVCR-2 mRNA expression were ob-
served among the COVID-19 subgroups with differ-
ent genotypes. Accordingly, our results suggest that
rs10515746 may not be a functional polymorphism that
influences HAVCR-2 mRNA levels.

Similarly, we found that in the same COVID-19 pa-
tients, SNPs in other immune checkpoint genes, such
as CTLA-4 rs231775 and PD-1 rs10204525, were not
associated with mRNA levels of CTLA-4 and PDCD-1
[19, 35]. To date, no study has examined the effect of the
rs10515746 polymorphism on HAVCR-2 mRNA expres-
sion in COVID-19 patients. Moreover, there are conflict-
ing reports on the relationship between the rs10515746
polymorphism and the transcriptional activity of the
HAVCR-2 gene. Zhang et al. demonstrated no significant
relationship between rs10515746 and HAVCR-2 mRNA
expression [36]. In contrast, another study reported sig-
nificantly lower HAVCR-2 mRNA expression in mono-
cytes, CD4+ T cells, and CD8+ T cells in individuals
with the rs10515746 CA genotype compared to those
with the CC genotype [37].
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Table 4. HAVCR-2 mRNA levels in COVID-19 patient subgroups according to rs10515746 genotypes

AA AC cc
Variables . . . p? p? p?
2 MeantSD (Median) S MeanSD (Median) 2  MeanSD (Median)
" < Healthy control 0 . 21 098:048(091) 52 1.33+0.87 (1.16) - - 0123
d <9
SR
> o
TESQ All patients 8  126£0.53(1.06) 47  102:¢0.82(0.79) 133  1.15:0.94(0.82)  0.09 0.149 0.403
Q
Hospitalized patients 1274041(1.26) 32  1.08t0.96(0.75) 88  1224109(0.81) 0208 0275 0478
(inpatients)
£ Non-hospitalized pa- 125¢07(0.96) 15  091:0.34(0.93) 45 1.03+051(0.83) 0453 0342 0.746
b tients (outpatients)
5
a Non-survivors 0 - 10 051:029(0.45 23 1.04+1.15 (0.62) . - 0136
i
5 Survivors 8  126£0.53(1.06) 37  1.16+0.86(0.93) 110  1.18t0.89(0.86) 0278 0218 0.952
o
(&)

Non-ICU admitted

8 1.26+0.53 (1.06) 31 1.28+0.88 (1.01) 91 1.25+0.94 (0.98) 0.614 0.383 0.764

patients

ICU admitted patients 0 - 16

0.520.27 (0.52) 42

0.94+0.92 (0.68) - - 0.072

viuNoREGULATION

IComparison between AA and AC genotypes, 2Comparison between AA and CC genotypes, *Comparison between AC and

CC genotypes.

TIM-3 plays a vital role in modulating the immune sys-
tem’s reaction. The TIM3/Gal-9 axis primarily regulates
the inflammatory process triggered by interferon (IFN)-
producing CD4+ and CD8+ T cells. Previous studies
have reported increased TIM-3 expression on CD4+
and CD8+ T cells in COVID-19 patients [38-40]. Some
studies have reported a correlation between COVID-19
severity and sTIM-3 levels. Chavez-Galan et al. report a
significant elevation in the levels of soluble programmed
cell death-ligand 1 (sPD-L1), soluble TIM-3 (sTIM-3),
and matrix metalloproteinase 7 (sSMMP-7) in severe CO-
VID-19 patients [41]. Reanalyzing the single-cell RNA
sequencing datasets of COVID-19 patients revealed a
decrease in natural killer T (NKT) cells and an increase
in TIM-3 +NKT cells, which correlated with disease
severity and mortality [42]. Although previous research
has shown that TIM-3 expression on immune cells is
significantly higher in COVID-19 patients, our results
showed no significant differences in HAVCR-2 mRNA
expression between COVID-19 subgroups stratified by
rs10515746 genotypes. Therefore, further research on
other genetic variants that may be associated with chang-
es in HAVCR-2 expression in patients with COVID-19
is needed.

Conclusion

In conclusion, we demonstrated that COVID-19 is not
associated with the TIM-3 574A>C (rs10515746) gen-
otype and allele frequencies in the Iranian population.
However, larger-scale studies across different ethnic

groups are required to validate our findings. Further-
more, regarding TIM-3’s role as a negative immunoreg-
ulator in regulating inflammatory immune responses, it
is also suggested to investigate additional TIM-3 SNPs
and to explore the gene’s function and precise mecha-
nisms in patients with COVID-19.
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Supplementary Table 1. The Frequency of the rs10515746 Genotypes Among COVID-19 Patients With Different Severity
Under Hereditary Models” Analysis

Severity
Genotypes Mild Moderate Severe Critical
P PL P2 P3 P4 P5 P6
No. (%)
cc 205(69) 287(70.7)  34(77.3) 57(70.4)
Codominant model, AC 79(26.6) 102(25.1) 8(18.2) 23(28.4) 0.75 0.89 0.47 0.33 0.58 0.31 0.26
AA 13(4.4) 17(4.2) 2(4.5) 1(1.2)
@c 205(69) 287(70.7) 34(77.3) 57(70.4)
Dominant model 0.73 063 025 0.82 035 0.95 0.4
AC+AA 92(31) 119(29.3) 10(22.7) 24(29.6)
CC+AC 284(95.6) 389(95.8) 42(95.5) 80(98.8)
Recessive model 0.61 0.9 0.96 0.14 0.91 0.15 0.26
AA 13(4.4) 17(4.2) 2(4.5) 1(1.2)
ST AA+CC 218(73.4)  304(74.9) 36(81.8) 58(71.6)
Ve:nzzl'lnan 061 066 022 075 029 054 02
AC 79(26.6) 102(25.1) 8(18.2) 23(28.4)
C 489(82) 676(83) 76(86) 137(85)
Allele frequency 0.66 036 0.51 0.47 0.69 0.7
A 105(18) 136(17) 12(14) 25(15)
Data are presented as No. (%). ImmuNoREGULATION

P: Comparison of the frequency distribution of genotypes and alleles among COVID-19 patients with different severity.

P 1: Comparison of the frequency distribution of genotypes and alleles between mild and moderate COVID-19 patients.
P 2: Comparison of the frequency distribution of genotypes and alleles between mild and severe COVID-19 patients.

P 3: Comparison of the frequency distribution of genotypes and alleles between mild and critical COVID-19 patients.

P 4: Comparison of the frequency distribution of genotypes and alleles between moderate and severe COVID-19 patients.
P 5: Comparison of the frequency distribution of genotypes and alleles between moderate and critical COVID-19 patients.
P 6: Comparison of the frequency distribution of genotypes and alleles between severe and critical COVID-19 patients.
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