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Abstract

In the pathophysiology of COVID-19, immunomodulatory factors play a vital role. Viruses have epigenetic effects on
various genes, particularly methylation. Explaining the changes in immunological factor methylation levels during viral
infections requires substantial consideration. HLA-C is a crucial determinant of immune function and NK cell activity and
is primarily implicated in viral infections. This research focused on studying HLA-C methylation in COVID-19 patients
with different severity. Peripheral blood samples were collected from 470 patients (235 men and 235 women) with RT-
gPCR-confirmed COVID-19 test and classified into moderate, severe, and critical groups based on WHO criteria. Also, one
hundred (50 men and 50 women) healthy subjects were selected as the control group. Peripheral blood mononuclear cells
were used for DNA extraction, and the methylation-specific PCR (MSP) method and gel electrophoresis were used to
determine the methylation status of the HLA-C. Significant statistical differences in HLA-C methylation were observed
among cases and controls and various stages of the disease. HLA-C methylation in men and women has decreased in all
stages (p < 0.05). In comparison with control, HLA-C methylation in both genders were as follows: moderate (women:
41.0%, men: 52.33%), severe (women: 43.42%, men: 64.86%), critical (women: 42.33%, men: 60.07%), and total patients
(women: 45.52%, men: 56.97%). Furthermore, the methylation levels in men were higher than in women in all groups
(p < 0.05). Significantly, among all groups, the severe group of men participants showed the highest methylation per-
centage (p < 0.05). No significant differences were detected for different disease severity in the women group (p > 0.1).
This study found that HLA-C methylation was significantly lower in COVID-19 patients with different disease severity.
There were also significant differences in HLA-C methylation between men and women patients with different severity.
Therefore, during managing viral infections, particularly COVID-19, it is critical to consider patient gender and disease
severity.
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1 Introduction

Since December 2019, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has extremely infected many
people and resulted in the COVID-19 pandemic (Cucinotta
and Vanelli 2020). It has been established that SARS-CoV-
2 invades several organs, including the lungs, gut, heart,
testis, kidneys, bladder, esophagus, liver, and brain, since
various cells and tissues types express the SARS-CoV-2
receptor (ACE2: angiotensin-converting enzyme 2)
(Jafarzadeh et al. 2021a, b; Sharif-zak et al. 2022).

Extended author information available on the last page of the article

COVID-19 has numerous consequences ranging from
minor to severe and possible mortality in severe cases. One
of the most challenging conditions is acute respiratory
distress syndrome (ARDS) development with different
disease severity. According to World Health Organization
(WHO), four severity stages for COVID-19 patients are
defined as mild, moderate, severe, and critical concerning
symptoms (Table 1). The classification is based on com-
mon, less common, and serious symptoms of patients
(Jafarzadeh et al. 2021a, b). Most COVID-19 cases are
mild, and the clinical manifestations emerge after a five-
day latent period (Organization 2021). On the other hand,
some individuals progress to the moderate, severe, and
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critical stages, which can result in various organ dysfunc-
tions, including ARDS (Organization 2021).

Several investigations have revealed different approa-
ches for treating COVID-19 and its severity minimizing.
For instance, in some severe COVID-19 cases, combining
Traditional Chinese Therapy (TCM) with Western medi-
cine appears to be a promising treatment. (Zaman et al.
2020). Lianhuagingwen with Arbidol Hydrochloride has
also been reported to be an effective treatment for COVID-
19 at different stages (Khan et al., 2020). Nevertheless, the
most effective treatments include antiviral drugs, support-
ive treatment, extracorporeal membrane oxygenation
(ECMO), and plasma and oxygen therapy (Zhang et al.
2020).

Many inflammatory cells (monocytes, macrophages,
lymphocytes, and neutrophils) infiltrate the respiratory
system during the COVID-19 progression (Jafarzadeh et al.
2021a, b). Hyper-inflammatory responses and cytokine
storm play a fundamental role in COVID-19-related com-
plications (Choustermanet al. 2017; Mitra et al. 2020).
Furthermore, several genes play a role in organ inflam-
matory and antiviral defense processes, influencing the
clinical outcome (Pairo-Castineira et al. 2021). The human
leukocyte antigen (HLA) system plays a vital role in the
immune response (Cho and Gregersen 2011; Heidecker
et al. 2011). HLA-C presents various antigens to cytotoxic
T lymphocytes (CTLs) and may prevent the lysis of natural
killer (NK) cells and CTLs, which are primary cells in viral
and inflammatory diseases (Kulpa and Collins 2011).

Previous research has established a link between HLA
genetic variants and a variety of viral disease symptoms,
including the influenza virus SARS-CoV-1 (Lin et al.
2003), HIN1 (Dutta et al. 2018), and Hantaan virus (Ma
et al. 2012). HLA-B has been reported to exacerbate
SARS-CoV-2 infection (Nguyen et al. 2020), and it has
also been found to promote patients with SARS-COV-1 to
severe stages (Gonzalez-Galarza et al. 2010). Therefore,
HLA alleles are one of the suspected factors that may be
implicated in aggravating the condition of COVID-19
patients. In humans, HLA-C was formed by duplication of
the HLA-C homologs and HLA-B gene (Carter 2011). In
immunity defense and NK cell activity, HLA-C is a sig-
nificant determinant associated with many diseases, espe-
cially viral infections (Apps et al. 2013; Israeli et al. 2014;
Kulkarni et al. 2013 McINTYRE and FAUL 1983).

Epigenetics strongly influences gene expression and
function, and DNA methylation is one of the most signif-
icant epigenetic alterations (Lande-Diner et al. 2007). Viral
infections cause unwanted DNA methylation, which is a
fundamental event in such diseases (Okamoto et al. 2014).
Furthermore, DNA methylation of specific genes, espe-
cially immunomodulatory genes such as HLA-C, might
reflect the viral disease severity (Okamoto et al. 2014).
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Earlier research on the HLA-C gene found a substantial
link between inflammatory conditions and irregular DNA
methylation (Mervis and McGee 2020). Since COVID-19
is widely recognized as a severe inflammatory disease that
causes multi-organ damage, it is worthwhile to evaluate the
potential role of SARS-COV-2 in epigenetic changes.
Given the importance of HLA-C in the induction and
regulation of inflammatory responses, this case study
evaluated the methylation levels of HLA-C in the periph-
eral blood samples collected from COVID-19 patients. In
addition, this study approach clarifies the association of
HLA-C methylation levels with disease severity and gen-
der in COVID-19 patients.

2 Material and Methods
2.1 Subjects

This case—control study was conducted on 470 subjects
(235 men and 235 women; aged 20-80 years) with quan-
titive real-time PCR (RT-qPCR)-confirmed COVID-19
who were referred to Imam Khomeini hospital of Jiroft (a
city located in the southeast of Iran) in July 2021. Exclu-
sion factors for the patients were a history of other
inflammatory diseases, negative RT-qPCR, or personal
dissatisfaction. These patients were divided into three
subgroups according to the WHO guidance concerning the
COVID-19-related clinical symptoms and management,
including moderate, severe, and critical patients (Table 1).
In addition, we selected 100 healthy individuals (50 men
and 50 women) without any inflammatory diseases as the
control group. Peripheral blood samples were collected
from participants for DNA extraction. The Ethics Com-
mittee of Kerman University of Medical Sciences evalu-
ated and approved the research protocol registered with
IR.KMU.REC.1400.411.

2.2 DNA Extraction and Methylation-Specific
PCR

According to the manufacturer’s instructions, we used
Favorgen Kit (Cat No. FABGKO001) for DNA extraction
from peripheral blood samples. To determine the quantity
and purity of the extracted DNA, the absorbance of the
DNA samples was measured at 260 nm and 280 nm using
a NanoDrop (Thermo Scientific NanoDrop 1000 spec-
trophotometer). PCR assay was performed in a Biometra
TOne Gradient 96 Thermal Cycler (AnalyticJena) using the
Yekta Tajhiz PCR master mix kit (Cat No. YT 1551).
We used methylation-specific PCR (MS-PCR) for the
methylation study, which is based on DNA reaction with
sodium hydrogen sulfite (sodium bisulfite). Sodium
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Table 1 Classification of patients according to their COVID-19 patterns

Patients Moderate Severe Critical
Symptoms  Pneumonia with cough, Severe pneumonia with cough, dyspnea, fever, Acute respiratory distress syndrome (ARDS),
fever, dyspnea, fast fast breathing), respiratory rate > 30 breaths/ Chest imaging with bilateral opacities, lobar or
breathing) and min; severe respiratory distress; or SpO2 < 90% lung collapse, or nodules, and Oxygenation
SpO2 > 90% impairment
Male 106 96 33
(n = 235)
Female 130 70 35
(n = 235)
Total 236 166 68
(n = 470)

bisulfite converts cytosine to uracil and subsequently con-
verts to thymidine during PCR, while methylated cytosine
remains unmodified (Paydar et al. 2019). Hence, extracted
DNA was treated with sodium bisulfite based on the Tiwari
et al. method (Tiwari et al. 2009). Then, PCR was per-
formed to amplify modified DNA sequences with specific
methylated and unmethylated primers (Table 2). Methy-
lated primers detect unchanged cytosines. Thymines,
derived from modified cytosines, are identified by
unmethylated primers. PCR products were loaded on 1.6%
agarose gel to perform the electrophoresis. At the end, the
results were interpreted based on detecting the presence or
absence of the relevant band in agarose gel. The intensity
of electrophoresis bands was calculated using Imagel
software.

2.3 Statistical Analysis

All statistical analyses were carried out using SPSS soft-
ware version 21 (Chicago, IL). Data were analyzed by
independent-samples T-test and one-way ANOVA test

following Tukey post hoc test. P values less than 0.05 were
considered significant.

3 Results and Discussion
3.1 HLA-C Methylation Levels in Total Patients
The results were interpreted for moderate, severe, and

critical groups based on the presence or absence of the
relevant band in the agarose gel and represented in Fig. 1.

Table 2 Primer sequences used for methylation-specific PCR

The results highlighted that the methylation of HLA-C in
the peripheral blood samples from all COVID-19 patients
was significantly lower than that in the healthy control
group (p < 0.05) (Fig. 2).

From the beginning of the COVID-19 pandemic, the
relationship between genetic host factors and SARS-CoV-2
infection has been considered a serious issue. The associ-
ation between severity forms of COVID-19 patients and
molecular changes is crucial. Alteration in the different
genes’ methylation levels is a remarkable aspect of dis-
eases and malignancies (Abolhassani et al. 2019). It is
widely acknowledged that epigenetic changes and alter-
ations in the HLA-C methylation levels occur in response
to multifactors including immune response, environmental
factors, etc. (Foley et al. 2009). The current study detected
a significant decrease in HLA-C methylation in the DNA
extracted from peripheral blood samples of all COVID-19
patients compared to the healthy control group. Different
studies have shown that HLA-C in immunity defense and
NK cell activity is a major determinant that is highly
expressed and is associated with many diseases, especially
viral infections (Papichova et al. 2019). Overall, the
studies have provided reasonably consistent evidence of an
association between HLA-C and viral diseases such as
hepatitis C virus (HCV) and human immunodeficiency
virus (HIV), which is in line with our study (de Wit et al.
2016; Walter and Ansari 2015). It is noteworthy that HLA-
C is a ligand for killer immunoglobulin-like receptors
(KIRs) and, thereby, is associated with natural killer (NK)
cells that are great interferons producers and implicated in
both innate and acquired immunity (Chen et al. 2016;
Yawata et al. 2006).

Gene name Primer sequence (5° — 3’) sense Primer sequence (5° — 3’) antisense T™M (°C) Product size
HLA-C Methylated GATCGGAGAGAGTTTTAGTCG  GCTAAATAATCTAAACCGCGA 53 240
HLA-C Unmethylated ~ GATTGGAGAGAGTTTTAGTTG AACTTACACTAAATAATCTAAACCACAA 51 260
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Fig. 1 Electrophoresis picture of the methylation statuses of the HLA-
C gene in women and men. The methylated band is 240 bp, and the
unmethylated band is 260 bp. M: methylated band; U: unmethylated
band

All patients

100
o 907
S 809
B o 70-
28 60-
- <
(] @ 50 -
=0
= 40—
(&N}
< & 304
= -
T 20
10
0-

1
Control Total
patients

Fig. 2 HLA-C average methylation percentage in total patients with
COVID-19. Lower HLA-C methylation levels were found for
COVID-19 patients than in the control group (*p < 0.05). * indicates
significant difference in different groups (*p < 0.05); values represent
means = SEM

3.2 Gender Affects the HLA-C Methylation

As illustrated in Fig. 3A, the levels of HLA-C methylation
were significantly decreased in women patients with
COVID-19 compared to healthy women participants
(p < 0.05). The analysis revealed no significant difference
among women patients with severe, critical, and moderate
forms of COVID-19 for HLA-C methylation (p < 0.05).
Figure 3 summarizes the preliminary analysis results. It
shows that HLA-C methylation levels in men with
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Fig. 3 A HLA-C average methylation percentage in women patients
with COVID-19 according to disease severity. A significant decrease
in HLA-C methylation represents in comparison with the healthy
group (*p < 0.05). B HLA-C average methylation percentage in men
patients with COVID-19 according to disease severity. A significant
decrease in HLA-C methylation represents in comparison with the
healthy group, and different methylation was shown in different
stages of diseases (*p < 0.05). C) Comparison of HLA-C methylation
percentage between women and men patients with various forms of
COVID-19. Men patients show higher methylation levels for HLA-C
in different stages(*p < 0.05). D HLA-C average methylation
percentage in total patients with different COVID-19 severity. Severe
stages show higher HLA-C methylation levels. * indicates significant
difference in different groups (¥*p < 0.05); values represent
means + SEM

moderate, severe, and critical COVID-19 forms were lower
than in the control group (p < 0.05) (Fig. 3B). However, in
comparison with the healthy group, all different stages
showed a significant decrease in HLA-C methylation
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(p < 0.05) (Fig. 3B). It was conclusively shown that in the
men with moderate and critical forms of COVID-19, there
are higher levels of HLA-C methylation than in women
with the same disease forms (p < 0.05) (Fig. 3C). Also,
previous studies suggested that in some viral infections,
such as human immunodeficiency virus (HIV), low
expression of HLA-C is related to higher disease progres-
sion (Apps et al. 2013; Kulpa and Collins 2011).

Our findings confirm that in both women and men
patients with COVID-19, HLA-C methylation significantly
decreased in different forms of COVID-19. HLA-C
methylation in men showed higher levels than in women in
moderate, severe, critical, and total patients (p < 0.05)
(Fig. 3C). Since the female sex in COVID-19 disease is
associated with better outcomes and less mortality (Peck-
ham et al. 2020), It could support our findings that HLA-C
methylation is higher in men with all forms of disease
severity than in women, especially in severe cases
(Fig. 3C). Moreover, as reported, our evidence proves that
in men, the severe form has more HLA-C methylation than
the mild forms of the disease. These findings could point to
additional possible variables that have a role in developing
different forms of COVID-19 severity. The immune system
has critical mediators such as cytokines and chemokines.
They are striking interveners in antiviral immunity that
excessively increase during COVID-19, known as the
cytokine storm. Cytokine storm is widely accepted as the
major cause of severe form in patients and disease pro-
gression (Ye et al. 2020).

On the other hand, HLA-C has been identified as a
significant contributing factor leading to worse outcomes in
patients with HIV (Kulpa and Collins 2011). Also, killer
immunoglobulin-like receptors (KIRs) are the other
implicated mediators in HLA-C action in infectious dis-
eases. Further analysis of our results showed that in men
patients, the methylation of HLA-C in severe, critical, and
total patients was significantly more than in moderate
(p < 0.05) (Fig. 3B).

3.3 Effects of Disease Severity on HLA-C
Methylation

What stands out in Fig. 3D is the higher rate of HLA-C
methylation in severe patients compared to moderate,
critical, and total patients (p < 0.05). Both male and
female patients had lower methylation levels than healthy
volunteers, as seen in Fig. 3. Furthermore, there were
substantial differences in HLA-C methylation levels in
peripheral blood samples from patients with different
COVID-19 patterns based on gender (p < 0.05).

During viral infection, HLA-C surface expression and
subtle alterations of its peptidome change strongly by KIRs
and natural killer (NK) cells that could be different in

various stages of viral and infectious disease (Hilton and
Parham 2017), which can be a satisfactory explanation for
different levels of methylations in different forms of dis-
eases in the present study. Also, it is observed that prior
infections such as influenza impair the NK cell’s functions.
For instance, a study indicated that influenza infection
results in increased superinfection susceptibility due to NK
cell response defects in the lung (Small et al. 2010). Such
findings could explain why, even though HLA-C methy-
lation is reduced in all COVID-19 patients, they show
different degrees of disease severity, as shown in the cur-
rent study. Moreover, it claimed that genetic changes in
some genes, such as HLA-C, are related to susceptibility to
infectious diseases such as COVID-19 or result in severe
outcomes (Bonaccorsi et al. 2021).

Several studies focused on the level of methylation in
the promoters of genes implicated in antiviral responses.
(Medina-Gali et al. 2018; Spalluto et al. 2017). It is also
demonstrated that the other related respiratory viral infec-
tions, including influenza and MERS-CoV, lead to various
responses in infected patients through epigenetic modula-
tion (Menachery et al. 2018). In addition, it is indicated that
the HLA-C locus is linked to hypnagogic hallucinations
and sleep paralysis in post-HIN1 narcolepsy type 1 indi-
viduals (NT1) (Juvodden et al. 2020). Despite its long and
close relationship with HLA-A and B, HLA-C expression
on the cell surface is significantly lower than HLA-A and B
(Apps et al. 2015). HLA-C plays a vital role in the adaptive
and antigen-specific T cell responses. As a result, it can
explain some changes in HLA-C methylation seen in our
research.

As described in Fig. 3D, lower rates of HLA-C methy-
lation were detected in moderate form of the disease. Based
on current reports, COVID-19 susceptibility or protection
is related to particular HLA genotypes (Barquera et al.
2020; Lorente et al. 2021; Shkurnikov et al. 2021).
Although our study showed that HLA-C methylation levels
were reduced in COVID-19 patients according to the dif-
ferent forms of the disease, it is indicated that HLA-C
polymorphic changes are also varied in COVID-19 pro-
gression and severity. Hence, Weiner et al. found that
COVID-19 patients with the HLA-C*04:01 polymorphism
had more severe COVID-19 and a higher chance of SARS-
CoV-2 intubation than other patients (Weiner et al. 2021).
Moreover, in the case of SARS-COV-1, it has been proved
that patients with various HLA polymorphisms have dif-
ferent severity of SARS (Lin et al. 2003). Also, previous
studies described that HLA-C is a hetero-trimer with a high
polymorphism rate, with approximately 5,600 alleles that
could be different in various persons (Snary et al. 1977,
Zemmour and Parham 1992).

In addition, a recent investigation in HLA-C genotyping
claimed that two types of HLA-C polymorphism have
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different associations with the various forms of the disease;
for instance, HLA-C*06 has a protective effect; on the
other hand, HLA-C*17 has a crucial role in increasing the
severity of COVID-19 patients (Bonaccorsi et al. 2021). In
addition, Sakuraba et al. revealed that HLA-C*05 fre-
quency and the distribution pattern with the KIR2DS41fl as
the receptor strongly correlate with COVID-19 severe
stages and mortality (Sakuraba et al. 2020).

Therefore, these reports show that in addition to HLA-C
methylation, other related factors are implicated in
enhancing the severity of COVID-19, contributing to
additional evidence. Moreover, it could be presumed that
more severity stages in COVID-19 patients might produce
hypermethylation in HLA-C instead of hypomethylation
with an unexplained mechanism. It may explain why some
patients with a lower methylation level showed higher
disease severity in the present study. Hence, more research
is required due to the multiple reasons for the intricacy of
HLA-C and its methylation.

4 Conclusion

In summary, our research has highlighted the significant
relationship between the methylation of HLA-C and dif-
ferent forms of COVID-19. HLA-C methylation was sub-
stantially decreased in COVID-19 patients with moderate,
severe, and critical forms of the disease. The most signif-
icant finding from this study is that the changes in HLA-C
methylation levels are gender-related. Regarding HLA-C
methylation, there were significant differences between
men and women patients with various disease severity.
These findings imply that when managing COVID-19, the
gender of the patients and the severity of the disease should
be considered appropriately. Further exploration of the
HLA-C gene expression and epigenetic changes is required
to confirm its specific advantages or disadvantages for such
viral infectious disease outcomes.
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