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THE RS17713054 AND RS1800629 POLYMORPHISMS OF GENES LZTFL1 AND TNF ARE ASSOCIATED
WITH COVID-19 SEVERITY
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Both genetic and non-genetic factors are responsible for high interindividual variability in response to SARS-CoV-2. Despite the fact that multiple genetic
polymorphisms have been identified as risk factors of severe COVID-19, such polymorphisms are still insufficiently studied in the Russian population. The study
was aimed to identify genetic determinants associated with severe COVID-19 in the sample of patients from the Russian Federation. The correlation of the
rs17713054 polymorphism in gene LZTFL1 and rs1800629 polymorphism in gene TNF (tumor necrosis factor) with the COVID-19 severity was assessed. DNA
samples obtained from 713 patients (324 males and 389 females) aged 18-95 with COVID-19 of varying severity were analyzed. The rs1800629 polymorphism of
gene TNF (OR = 1.5; p = 0.02) and rs17713054 polymorphism of gene LZTFL1 (OR = 1.60; p = 0.0043) were identified as risk factors of severe disease. The TNF
polymorphism rs1800629 and LZTFL1 polymorphism rs17713054 could be considered as potential predictive biomarkers. The rs17713054 G > A polymorphism
was strongly associated with severe disease. In the future the findings may provide the basis for the development of test-systems for prediction of the risk of severe
viral respiratory diseases.
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NONNMOP®N3MbIl RS17713054 N RS1800629 'rEHOB LZTFL1 W TNF ACCOLNPOBAHbDI
C TA>XXKECTbIO TEMEHUSA COVID-19
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8 Hay4Ho-1ccnenoBaTenbCkuii UHCTUTYT CKOPOiA MomoLLm UveHn H. B. CknmdhocoBckoro

[eHeTn4eckme 1 HereHeT4eckre (akTopbl OTBETCTBEHHbI 3a BbICOKYIO MEXMHAVBUOYaIbHYIO BaprabensHocTb oTBeTa Ha SARS-CoV-2. XoTa MHOro4MCNeHHbIe
reHeTn4ecKne NoIMMopPMK3Mbl Obv MASHTUMULIMPOBaHDBI Kak (hakTopbl prcKa Tshxenoro TedeHns COVID-19, oM ocTaloTCd HEAOCTATOYHO U3YHYEeHHbIMU B
poccuinckor nonynauumn.  Lienbto gaHHoro nccnenoBanust 6bin0 BbISIBUTL reHETUHECKNe AeTepMUHaHTbI, aCCOUMMPOBaHHbIE C TshxenbiM TedeHnem COVID-19 Ha
BblOOpKe NauweHToB 13 Poccuinckon ®enepaupmn. [NposeaeHa oLeHka CBA3N reHeTUYeckx nonnmMopdunamos rs17713054 B reHe LZTFLT v rs1800629 B reHe
TINF (tbakTop Hekposa oryxoni) ¢ TshxecTeto COVID-19. Beinmn nccneposansl 06pasubl JHK 713 nauvieHTos (324 My>xxHmHbl 1 389 »eHLLyHbI) Bo3pactom 18-95 net ¢
COVID-19, npoTekaBLLe ¢ padHoii cTeneHbto TsxxecTu. neHTuduupmpoBarsl rs1800629 TNF (OR = 1,5; p =0,02) n rs17713054 LZTFL1 (OR = 1,60; p = 0,0043)
Kak (hakTopbl prcka Tsxenoro TedeHrst. Monumopdmambl TNF rs1800629 n LZTFLT rs17713054 MOryT 6bITb NOTEHUMAbHBIM NPEAVKTUBHBIM 1 NPEANKTUBHBIM
Onomapkepamu. NokasaHa cunbHasa accoumauma rs17713054 G > A ¢ TshkenbiM TedeHneM. [onydeHHble JaHHble MOryT B JaNbHElLWeM CTaTb OCHOBOW ON1s
pa3paboTKy TECT-CUCTEM MPEACKa3aHNs PYICKOB TSXKECTU TEHEHUS BUPYCHBIX 3ab0NeBaHunin pecnmpaTopHOro TpakTa.
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In the past decades it was shown that human genome
variation contributes to heterogeneity emerging in response to
infectious diseases.

The pandemic of severe acute respiratory syndrome
caused by the SARS-CoV-2 coronavirus has killed millions of
people all over the world.

The disease caused by the novel coronavirus infection
(COVID-19) is characterized by high variability of clinical
manifestations (World Health Organization, 2021). The
majority of patients, specifically 81%, are asymptomatic or
develop mild disease, while 14% have severe disease and
5% develop critical illness [1]. The most common symptoms
include fever, dry cough, and fatigue; ageusia, anosmia, and
gastrointestinal symptoms have been also reported. Severe
COVID-19 is characterized by respiratory failure requring
mechanical ventilation or the use of high flow oxygen.

There is a constant search for the risk factors associated with
the disease. Initially it was assumed that elderly males having a
history of cardiovascular disorders developed severe disease,
but it turned out that genetic background contributed just as
much. Numerous studies have shown that polymorphisms
of genes encoding the host factors essential for realization of
the viral life cycle, such as ACE2, TMPRSS2, AR, and genes
involded in the innate immunity, such as TNF, TLR7, may be
associated with the COVID-19 severity [2].

The first genome-wide association study (GWAS) of the
COVID-19 severity that compared 1980 patients from Italy
and Spain who developed severe infection with the control
population with the unknown status of the SARS-CoV-2
infection revealed two loci significant at the genome-wide level,
which were mapped to the 3p21.31 region comprising six
genes (SLC6A26, LZTFL1, CXCR6, CCR1, CCR3, CCR9) and
the 9934.2 region comprising the ABO blood group locus [3].

The signal at the 3p21.31 locus remains the most stable
and strong in numerous studies, this is associated with both
susceptibility to infection and the disease severity. In this locus,
allele C of the rs10490770 variant is associated with the highest
risk of severe COVID-19-associated pneumonia [4].

The genome-wide association studies (GWAS) have
shown that the 3p21.31 region is associated with the twofold
increased risk of respiratory failure [5].

The role of the host factors determining both susceptibility
and infection severity has been shown for many pathogens,
including Mycobacterium tuberculosis, HIV, Candida albicans,
and many more [6].

It is known that the risk of severe infection is associated
with the genes involved in the immune and imflammatory
responses. Thus, the role of the minor alleles of TLR7 [7] and
the interferon system genes [8] is well-known.

Along with the risk alleles, there are variants that have a
protective effect. Thus, the TT genotype of the rs5443 SNP in the
gene GNB3 is associated with protection against COVID-19 fatality
[9]. Polymorphisms in the regulatory regions of the genes encoding
pro-inflammatory cytokines capable of affecting the expression of
mRNA of this genes, such as C-572G rs1800796 in the promoter
region of the gene IL-6, are associated with protection against
severe COVID-19 and COVID-19 fatality in the Asian population [10].

METHODS

Clinical and demographic characteristics
of surveyed patients

The patients admitted to the intensive care units (ICU) of the
Sklifosovsky Research Institute for Emergency Medicine, Medsi

Clinical Hospital Ne 1, City Clinical Hospital Ne 40 together with
the staff members of the Sistema Public Joint Stock Financial
Corporation and the Sistema BioTech laboratory were enrolled.
A retrospective study was carried out (the disease outcome
was known) that involved 713 patients (n = 713). Inclusion
criteria: coronavirus infection of varying severity. Exclusion criteria:
comorbidities of various types capable of dramatically affecting
the patient's overall condition (cancer, CAD, immune defects).

To reveal the association of the studied variants with the
severe and critical course of the disease, we divided the
patients into two groups: the control group that included two
categories of patients (patients with mild-to-moderate disease)
and the experimental group (patients with severe disease).
The patients were allocated to groups in accordance with
the computed tomography-based (or MSCT-based) visual
assessment scale for the lung damage developed during the
pandemic of novel coronavirus infection by the experts of the
US center for diagnosis and telemedicine after assessing CT
images of 13,003 people who constituted the core sample. This
classification is also widely used in the Russiam practice [24].
The lung CT scan data were the criteria of the disease severity:
CT1 and 2 for the control group, CT3 and 4 for the group of
patients with the severe disease. The main characteristics of
the studied cohort are provided in Table. 1.

Genomic DNA isolation

Venous blood stabilized with EDTA was used as biomaterial for
extraction of genomic DNA.

DNA was extracted using the DiaGene kit (Dia-M; Russia)
for DNA isolation from whole blood. The extracted DNA purity
was determined with the NanoDrop OneC spectrophotometer
(Thermo FS; USA). The A260/280 ratio was between 1.8-1.91,
and the A260/230 ratio was between 1.62-2.28. DNA
concentration was measured using the dsDNA BR kit in the
Qubit Flex fluorometer (Thermo FS; USA). The concentration
values varied between 15-300 ng/uL. The concentrations of all
DNA samples were adjusted to 2 ng/uL.

DNA genotyping

DNA genotyping in the region of the studied polymorphic
markers was performed by the real-time PCR with fluorescence
detection using the TagMan SNP kits for genotyping analysis
(Thermo FS; USA). PCR was performed in the CFX96Touch
System (BioRad; USA).

A number of markers was genotyped that was later
confirmed by Sanger sequencing. The primers were
constructed using PrimerBlast (https://www.ncbi.nlm.nih.
gov/tools/primer-blast/ (as at 24 September 2020)). The
BigDye Terminator v3.1 kit (Thermo FS; USA) was used for
cycle sequencing; sequencing was performed in the Genetic
Analyzer 3500 system (Thermo FS; USA).

Statistical data processing

The two-tailed Fischer's exact test and chi-squared (x?) test
were used to calculate the statistical significance of differences
in allele frequency. The calculations were performed for both
minor allele (AA vs. Aa+aa; dominant model) and the minor allele
homozygous genotypes (AA+Aa vs. aa; recessive model). The
odds ratios (OR), 95% confidence intervals (Cl), and significance
levels were calculated for the groups in which significant
differences were revealed. Calculations were performed using
the SNPStats web tool (https://www.snpstats.net/ (as at
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Table 1. The main age and gender parameters selected for the study. The patients are divided into two groups based on the disease severity (the control group and
the group of patients with severe disease), gender, and age

n=713
Control group Group with severe disease
Total 373 (52.31%) 340 (47.69%)
MALES 154 (41%) 170 (50%)
FEMALES 219 (59%) 170 (50%)
Age 21-94 18-95

20 September 2021)) designed to reveal the associations
between the single nucleotide polymorphisms and the risk
of the disease. The Holm-Bonferroni method was used to
adjust the OR values of significant polymorphisms for multiple
comparisons. The samples, including all polymorphisms,
were tested for the sample size sufficiency. The analysis was
performed in the Statsoft Statistica 12 software package. To
analyze the sample size required to achieve a power of 80%, we
used the two-sample t-test for comparison of two population
means (the null hypothesis was p1 = p2). The features of the
SNPstats software package were taken into account, along
with the values used: the means with the Akaike information
criterion (AIC) values and Bayesian information criterion (BIC)
values.

RESULTS

Table 1 describes the studied sample in terms of the sample
diversity.

The two-tailed Fischer's exact test and x® test were
used to calculate the statistical significance of differences in
allele frequency. Statistical calculations were based on the
dominant model (involving identification of the risk allele) and
recessive model (involving identification of the risk genotype).
Furthermore, the odds ratios (OR), 95% confidence intervals
(Cl), and significance levels (p) were calculated for the groups in
which significant differences were revealed.

Statistical significance was calculated using two models,
the dominant and recessive ones, for all polymorphisms
(depending on the patients' division into groups). The model
was based on estimation of the risk of transition from mild to
severe disease; allele frequencies were compared in patients of
the control group and patients of the group with severe disease
(Table 2).

Since multiple hypotheses were tested during the study using
the same dataset, the Holm-Bonferroni correction was used due
to the multiple comparison problem in order to avoid type | errors.

As for two markers, the presence of the minor allele and
homozygous genotype were associated with the increased
risk of severe disease. These were rs1800629 in the gene
TNF (OR = 1.5; p = 0.02) and rs17713054 in the gene LZTFL1
(OR = 1.60; p = 0.0043), however rs17713054 appeared to
be pathogenic in the recessive model (OR = 4.56; p = 0.0025).

As for marker TLR2, the minor allele homozygous genotype
exerted protective effect in the dominant model.

All the markers identified are the risk factors of both disease
susceptibility and the transition from mild to more severe
disease, however, only the variants provided in the above
tables are significant.

Furthermore, the studied sample was also tested for
deviations from Hardy-Weinberg equilibrium (n = 713), the
analysis was performed for 10 studied markers (Table 3).

Summation of the Hardy—Weinberg disequilibrium coefficients
and their significance levels (P) revealed deviation from
equilibrium for IFIHT (p = 0.0047), CCR2 (p = 0.049), and
significant deviation from equilibrium for IFITM3 (p = 0.000583).

Thus, the TNF rs1800629 and LZTFL1 rs17713054 variants
may be considered as probable candidates for further assessment
involving larger samples (Table 4).

DISCUSSION

Our study demonstrates evidence of the human 3p21.31
locus involvement in pathophysiology of COVID-19 based on
assessing the independent cohort of patients and the control
group comprising people from the Russian Federation.

Our previous research has analysed the distribution of
10 SNPs and the association of these SNPs with the disease

Table 2. SNPs used in the model for assessment of the risk of severe disease in two groups (control and experimental)

Dominant model Recessive model
(AA vs. Aa+aa) (AA+Aa vs. aa)
Gene/SNP

(95(2/?(]) Cl P-value (9500/? c) Cl P-value
TNF/rs1800629 1.5 1.06-2.12 0.02 11 0.35-3.44 0.87
IFIH1/rs1990760 1.2 0.88-1.63 0.26 1.4 0.98-2.01 0.07
IFITM3/rs12252 0.87 0.55-1.38 0.56 1.66 0.46-5.92 0.43
CCR2/rs1799864 1.27 0.91-1.78 0.16 1.33 0.57-3.11 0.51
STAT3/rs744166 0.94 0.70-1.27 0.71 0.53 0.32-0.88 0.01
STAT6/rs324011 0.93 0.68-1.26 0.62 117 0.75-1.81 0.48
TLR2/rs1898830 0.72 0.53-0.98 0.04 0.73 0.48-1.11 0.13
C3AR1/rs7842 1.13 0.84-1.52 0.41 1.37 0.77-2.42 0.28
TMPRSS2/rs75603675 1.23 0.90-1.68 0.19 0.85 0.57-1.27 0.43
LZTFL1/rs17713054 1.6 1.16-2.21 0.0043 4.56 1.51-13.76 0.0025

Note: Cl values are provided only for odds ratios.

BULLETIN OF RSMU | 6, 2022 | VESTNIKRGMU.RU




OPUTMHAJIbBHOE NCCJIEOOBAHWME | TEHETUKA

Table 3. Estimation of allele frequencies of 10 studied markers based on the dominant and recessive models, HOM1/HET/HOM2 genotype distribution, and significance
of deviations from Hardy-Weinberg equilibrium (HWE p-value). Assessment was performed in the experimental (n = 340), control (n = 373), and combined (n =713) groups

Comparison of the control group and the group of patients with severe disease
Allele frequency Genotype distribution HWE p-value
Gene?/allele all control experiment all control experiment all control | experiment
variants
TNF (G/A) 0.87/0.13 0.89/0.11 0.85/0.15 | 0.02/0.22/0.76 0.02/0.18/0.8 0.02/0.26/0.73 0.86 0.42 0.83
IFIH1 (T/C) 0.57/0.43 0.59/0.41 0.54/0.46 | 0.21/0.44/0.35 | 0.18/0.45/0.37 | 0.24/0.43/0.33 0.0047 0.13 0.016
IFITM3 (A/G) 0.93/0.07 0.93/0.07 0.94/0.06 | 0.88/0.11/0.01 | 0.87/0.12/0.01 | 0.89/0.09/0.02 0.00053 0.081 0.0012
CCR2 (G/A) 0.85/0.15 0.87/0.13 0.84/0.16 | 0.03/0.23/0.74 | 0.03/0.21/0.76 | 0.04/0.25/0.71 0.049 0.12 0.22
STAT3 (A/G) 0.66/0.34 0.64/0.36 0.68/0.32 0.42/0.47/0.11 | 0.42/0.45/0.13 | 0.43/0.49/0.08 0.24 0.65 0.019
STAT6 (C/T) 0.62/0.38 0.62/0.38 0.62/0.38 0.37/0.5/0.13 0.36/0.51/0.12 | 0.38/0.48/0.14 0.13 0.078 0.82
TLR2 (A/G) 0.59/0.41 0.57/0.43 0.62/0.38 | 0.34/0.52/0.15 0.3/0.53/0.17 0.37/0.5/0.13 0.062 0.11 0.25
C3AR1 (T/C) 0.72/0.28 0.73/0.27 0.71/0.29 | 0.07/0.42/0.51 | 0.06/0.41/0.53 0.08/0.42/0.5 0.46 0.43 0.9
TMPRSS2 (C/A) 0.59/0.41 0.6/0.4 0.58/ 0.42 0.16/0.5/0.34 | 0.17/0.46/0.36 | 0.15/0.53/0.32 0.54 0.52 0.094
LZTFL1 (C/T) 0.84/0.16 0.87/0.13 0.8/0.2 0.7/0.27/0.03 0.75/0.24/0.01 0.65/0.3/0.05 0.68 0.37 0.39

severity [11]. In this study involving the use of the larger
sample and the extended set of polymorphisms, the TLR7
polymorphism was excluded, and the polymorphism LZTFL1
polymorphism was added; the study revealed that only two
polymorphisms in the genes LZTFL 1 and TNF showed a strong
association with severe COVID-19.

Among the studied polymorphisms, only two were strongly
associated with severe disease. It is interesting to note that the
results for some polymorphisms obtained during the earlier
study [11] turned out to be non-significant after the sample
expansion to 713 patients. However, the equally strong signal
was found in the rs17713054 (gene LZTFL1, locus 3p21.3).
The secong most important was the TNF rs1800629. It is
known that both polymorphisms are associated with severe
COVID-19, and carriers of the minor alleles are at high
risk of developing severe COVID-19 [12]. The rs17713054
polymorphism is located in the enchancer that regulates gene

expression in this locus, including the expression of LZTFL1,
SLC6A20, and genes encoding chemokines.

This polymorphism results in the emergence of the new
binding site for the C/EBP beta transcription factor, which
leads to the increased expression of LZTFL1 and neighbouring
genes in this locus [13]. The LZTFL1 gene is involved in the
ciliary function of the lung epithelial cells, which is important for
airway virus clearance[14].

LZTFL1 is widely expressed in the lung epithelial cells,
including the ciliated epithelial cells that have been identified
as one of the key cellular targets of the SARS-CoV-2 infection.
Furthermore, a homozygous deletion of LZTFL1 causes the
classic ciliopathy, the Bardet-Biedl syndrome [15]; it is known
that respiratory viruses may affect mucociliary clearance.
LZTFL1 encodes the cytosole leucine zipper protein that binds
to E-cadherin (epithelial marker) and is involved in the transport
of numerous signaling molecules. It is also known that LZTFL1

Table 4. Estimation of the significance of differences between the experimental and control groups in 10 studied polymorphisms

Gene/SNP Allele Experiment Control P-value Odds ratio Cl

G 665 581

TNF/rs1800629 0.03801 1.398585 1.009831-1.941277
A 81 99
T 442 370

IFIH1/rs1990760 0.06881 1.217995 0.9818877-1.5111842
C 304 310
A 695 636

IFITM3/rs12252 0.8319 0.9427985 0.6060591-1.4617779
G 51 44
G 647 571

CCR2/rs1799864 0.1536 1.247354 0.9192725-1.6940554
A 99 109
A 478 460

STAT3/rs744166 0.1627 0.8531148 0.6806029-1.0687811
G 268 220
C 464 423

STAT6/rs1898830 1 0.999678 0.8020877-1.2457747
T 282 257
A 423 424

TLR2/rs1898830 0.03094 0.7908369 0.6357947-0.9831671
G 323 256
T 547 481

C3AR1/rs7842 0.2877 1.137109 0.8959515-1.4432459
C 199 199

TMPRSS2/ c 445 397

rs75603675 A 07 Py 0.628 1.053809 0.8482685-1.3092215
C 649 546

LZTF1/rs17713054 0.0007003 1.641442 1.223191-2.208574
T 97 134
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activation in the context of malignant neoplasms inhibits the
epithelial-mesenchymal transition (EMT) pathway, which is
known to be a part of the mechanisms underlying both wound
healing and immune response [16]. The study of postmortem
lung biopsies obtained from patients who died from the
COVID-19 complications showed a widespread epithelial
dysfunction with the signs of EMT [13]. According to several
studies, the signal in the 3p21.31 locus remains the most
stable and strong. This is associated with both susceptibility to
infection and the disease severity [17].

[t has been shown that the rs17713054 risk allele A in
the LZTFL1 gene enchancer is largely responsible for the
increased risk of respiratory failure in COVID-19 patients that
is associated with 3p21.31 [13]. LZTFL1 is widely expressed in
the lung epithelial cells, including the the ciliated epithelial cells
that have been identified as one of the key cellular targets of the
SARS-CoV-2 infection SARS-CoV-2 [18].

The analysis of other LZTFL1 polymorphisms, such as
rs11385942, revealed the increased risk of hospitalization
(o < 0.01; OR = 5.73; 95% CI: 1.2-26.5 based on the allelic
test) in the Colombian [19] and Latvian [20] populations; the
rs35280891 intronic variant (p = 6.88 x 107; OR = 19.846,
95% Cl: 5.728-68.761) was associated with severe disease in
the Serbian population [21].

It is interesting to note that the rs17713054 minor
allele A is a part of the extended haplotype inherited from
the Neanderthals. Today, this haplotype is the major risk
factor associated with developing severe symptoms after the
SARS-CoV-2 infection. The differences in the haplotype
frequencies between the populations of South Asia and East
Asia led to a speculation that certain selective pressure,
probably related to cholera, resulted in the haplotype spread
across the population of South Asia [22].

Our study confirmed the rs17713054 strong association with
severe disease (OR = 4.56; p = 0.0025) in the recessive model.

[t was also shown that both the minor allele T of the TNF
rs1800629 variant and the minor TT genotype were the risk factors
of severe disease in all the variants of samples (OR = 1.5; p = 0.02).

[t is known that the rs1800629 variant of the gene TNF is
associated with the need for respiratory support and the longer
duration of respiratory support in patients with COVID-19 [23].
Along with the pathogenic variants, we also found the TLR2
rs1898830 variant that exerted protective effect (OR = 0.72).
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