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Abstract

The outburst of the immensely communicable COVID-19 has proposed a consequential challenge to
the world’s health, particularly for those who are already countering any disease and are thus
immunocompromised. COVID-19 uses human ACE2 (angiotensin-converting enzyme 2), an
epithelial cell of the lungs with receptors, to gain entry into human cells, which is the first step of viral
infection. In this study, we have evaluated the levels of ACE2 in serum and its gene expression to
confirm that high ACE2 levels and its gene polymorphism could be risk factors for COVID-19, or
those patients, who were COVID-positive and immunocompromised, have more ACE2 levels in
comparison to non-COVID-patients with same population. Secondly, we assessed the levels of
micronutrients, which showed the risk factors for COVID-19. Our data revealed that the gene
expression of the ACE2 enzyme and its genotype G8790A polymorphism are associated with the
progression of the disease. The levels of micronutrients were also found to be linked with COVID-19
progression in immunocompromised patients. The findings of the study have suggested that if levels
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of ACE2 enzyme and micronutrients are controlled, then the progression of the disease can be
decreased.

Keywords: COVID-19, ACE2, Vitamin D, Immunocompromised, Vitamin B12

1. INTRODUCTION

COVID-19 became a global pandemic and resulted in a huge lockdown globally [1]. The virus belongs
to the family Coronoviridae, and is known to be the largest single-stranded RNA virus of its kind. The
most common symptom of this disease is congestion of the respiratory system and shortness of breath
[2], 3]. Its mortality rate is low, however, the age of an individual plays an important role in the
severity of the disease. People with lower immunity face complications such as interstitial pneumonia
and alveolar destruction [4-6]. The majority of the ACE2 variant has demonstrated greater binding
affinity with the COVID-19 virus S-protein [7]. The virus particle is known to enter the cells through
the ACE-2 receptor, which is a type | transmembrane glycoprotein and consists of a single
extracellular catalytic domain with 805 amino acids [8]. The lower level of ACE2 enzyme is observed
in different organs of the body, such as the heart, kidneys, testes, and tissues, especially the lung and
colon [9, 10]. The human Xp22 chromosome contains the gene that codes for the ACE2 protein. Its
40 kB of genomic DNA is made up of 20 introns and 18 exons [11]. The pathologies of the RAAS
system, such as essential hypertension, are linked to polymorphisms in the ACE2 gene [12]. The
geographic polymorphism of a gene has been linked to the degree of ACE2 expression, and results
show that ACE2 expression is higher in East Asian populations than in European populations. As a
result, various populations can be connected to the virus' susceptibility. In the human genome, ACE2
is a polymorphic gene having about 140 single nucleotide polymorphisms (SNPs) [13]. Several
studies have observed the ACE2 polymorphism associated with COVID-19 [14-16]2020), and the
most commonly studied SNPs were rs2106809 and rs2285666 [17, 18]. The G8790A polymorphism
(rs2285666) is found in intron 3 on chromosome Xp22. Since this intron is crucial in the splicing
mechanism, changes to its polymorphism affect how genes are expressed [19]. Some ACE2 mutations
affect the enzyme's affinity for the SARS-COV-2 virus [20,21]. The ACE2 binding affinity for SARS-
CoV-2 is also known to be influenced by the SNP rs2285666 [22]. The second SNP that is frequently
researched is A2350G (rs4343), which is found on exon 17 of the ACE1 gene [23], It can be inferred
that this variant may be more vulnerable to COVID-9 based on the effects of this polymorphism on
the serum levels of the ACE-1 enzyme [24,25]. The expression of this gene is found to be associated
with the development of kidney diseases, hypertension, and viral diseases. Moreover, the
polymorphism associated with this gene is also reported to increase the risk of COVID-19. A region
of ACE2 on the cell membrane interacts with the SARS-CoV-1 spike protein [26]. That results in the
increased expression of Ang 11, which promotes cell growth and the proliferation of lung fibroblasts
[27]. Ang Il increases the expression of transforming growth factor-p (TGF-p), reactive oxygen
species, and the release of pro-inflammatory cytokines [28]. This entire procedure demonstrates how
ACE?2 expression is decreased when a virus penetrates cells. The ratio ACE/ACE2, which is critical
to cell physiology, serves as a marker for the expression of ACE and ACE2. A rise in this ratio during
infection with COVID-19 may impair the cell's function [4]. Vitamin D3 is essential for the healthy
functioning of the body, including muscles and bones. The loss of muscle mass and strength is
associated with low levels of this vitamin [29]. Additionally, it is essential for preserving hormone
levels and has been linked to bone turnover by raising certain hormones [30]. Lower back pain has
also been linked to vitamin D3, and a Saudi Arabian study found that taking vitamin D pills reduced
symptoms by 95% [31]. Vitamin D has a potential role in many metabolic processes, including the
immune system. The immune cells possess targets for active vitamin D and also produce it. They also
activate this hormone in a local fashion. Hence, it has an established role within the immune system
[32]. Vitamin B12 is the most complex form among all the vitamins in its class [33, 34]. Vitamin B12
is mainly involved in the formation of red blood cells. Additionally, it has been linked to other
metabolic pathways such as cell proliferation, division, and myelin production. Additionally, Vitamin
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B12's immune system benefits are well-established [35]. The powerful effect of Vitamin B12 in the
removal of viral particles from host cells has been demonstrated in numerous investigations [36]. In
this study, we measured the serum levels of ACE2 enzymes to better understand the function of ACE2
in COVID-positive and negative immunocompromised individuals. After contracting the COVID-19
infection, immunocompromised patients who are recognized for having weaker immunity owing to
any cause, such as an organ transplant or prior chemotherapy sessions, create extreme symptoms.
Therefore, we examined the ACE2 gene polymorphism as well as the serum concentrations of
micronutrients including vitamin D3 and vitamin B12.

2. EXPERIMENTAL

Sample Collection and Processing

An ethical approval was obtained from the Ethics Review Board, SZABIST Karachi, Pakistan (ref.
no. IERB(8)/SZABIST-KHI(LIFE)/1930104/210052) prior to the study. The blood samples were
collected at Al-Mustafa Medical Center for immune-compromised patients, whowere dependent on
malignant hemodialysis, and had chronic diabetes. Healthy controls (HCs) (h = 30) were>18 years
and had no prior history of any type of infection within six months (i.e., viral bacteria). Whereas,
immune-compromised patients with active COVID-19 infection (n = 30) (ICP-CP) and immune-
compromised individuals with inactive COVID-19 infection (n = 30) (ICP-CN) were selected as
cases. A total of 5 mL of whole blood was drawn into a purple top tuve from each patient by following
all standard SOPs. The whole blood was centrifuged at 14000 g for 15 minutes at 4°C, and plasma
was collected for the ELISA. Half of the whole blood was utilized for the DNA extraction. The
samples were allotted 400 uL per tube and stored at -80°C for further experimentation.

DNA Extraction and Estimation

For the lysis of the cells, 100 pl of whole blood was mixed in 1 ml of DNAZOL reagent and gently
mixed with pipetting up and down. The mixture was centrifuged at 10,000 g for 10 min. The obtained
pellet was washed with 0.9% NaCl. DNA was precipitated with the addition of 0.5 ml of 100% ethanol
per 1 ml of DNAzol reagent. Sample tubes were inverted and stored at room temperature (1-3 min).
The solution was centrifuged at 4000 g for 1-2 min at 4 °C for DNA precipitation. The DNA pellet
was washed twice with 0.8-1.0 ml of 75% ethanol. During each wash, the suspended DNA was
carefully inverted 3-6 times. After some time, the DNA was allowed to settle down and the etanol
was collected by pipetting or decanting. The dried DNA pellet wasdissolved in a 100 pl TE buffer.
The samples were run on 1% agarose gel electrophoresis to determine the integrity of the DNA and
were quantified in a nano-drop.

Genotyping

ACEZ2 gene polymorphism Through RFLP: The ACE2 gene in the DNA samples of participants was
amplified using PCR. The allele-specific primers for the ACE2 gene were selected as mentioned in
[37]. The sequence of the forward primer was 5’-CATGTGGTCAAAAGGATATCT-3’ and the
reverse primer was 5’-AAAGTAAGGTTGGCAGACAT-3’. The PCR cycle program was set as
initial denaturation at 95°C for 1 minute, followed by 34 cycles of denaturation at 95 °C for 40 seconds,
annealing at 61°C for 30 seconds, and extension at 72°C for 30 seconds. For RFLP, the PCR products
were digested at 37°C for 8 hours straight by using 1.5 units of Alul restriction enzyme for the
detection of SNP G879A in the ACE2 gene. Only one DNA fragment of 466 bp in the agarose gel
was considered the reference G allele genotype; while two DNA fragments of 281 and 185 bp were
considered as the A allele genotype. Enzyme Linked Immunosorbent Assay (ELISA) The levels
of ACE2, vitamin B-12, and vitamin D3 were evaluated by using a human ACE2 ELISA kit, 25
Vitamin B12 ELISA kit, and 25-OH Vitamin D ELISA Kit, respectively, by following the
manufacturer’s instructions, Statistical Analysis: All the statistical analysis was done on SPSS v. 21.
One-way ANOVA was applied to identify the significant differences between groups, and a value less
than 0.05 was considered significant. For allele and genotype frequencies, Microsoft Excel was used
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and values were identified manually by analyzing the gel electrophoresis images. The chi-square value
and odd ratios (OR) were also identified on SPSS by applying multinomial logistic regression.

4. RESULTS

Blood samples were collected from 90 individuals (including 30 HCs, 30 immune-compromised
COVID-19 positives, and 30 immune-compromised COVID-19 negatives), with the mean ages of
27+2, 42+12, and 286 years, respectively. Demographic details of all three groups are shown in
Table 1. The immune-compromised patients were cancer and/or hemodialysis patients ACE2 G8790A
Polymorphism through RFLPThe PCR amplification product of the ACE2 gene was 466 base pairs
(bp) in size. The genotypic pattern of the ACE2 gene was determined on the basis of the digestion
pattern of PCR products with the restriction enzyme Alul at 37 °C for 8 h. The gel electrophoresis of
all these groups; healthy population, COVID-19 positive, and COVID-19 negative, is shown in
Figures 1A, B, and C. Genotype and Allele Frequency of the ACE2 G8790A Polymorphism
Among the HC, ICP-CP, and ICP-CN patients The genotype distribution of HC (HC) showed 76%
GG, 8% GA, and 16% AA, while immunocompromised COVID positive (IC-CP) showed 48% GG,
12% GA, and 40% AA, and immunocompromised COVID negative (IC-CN) revealed 56% GG, 3%
GA, and 40% AA. The results showed that the genotype distribution between HC and IC-CP was
found to be significant (p-value <0.05), while the difference between HC and IC-CN was not
significant (Table 3). Furthermore, the allelic frequency of the IC-CP group was significant (p-value
<0.05) as compared to HC; IC-CN again showed a non-significant pattern (Table 2). We have found
significant differences in the allelic frequency in all the groups with a p-value of <0.001 and an Odd
Ratio (OR) of 4.413 in IC-CP and 5.63 in IC-CN patients (Table 3). The significant differences in
both genotypic and allelic frequencies show the positive contribution of the ACE2 G8790A
polymorphism in the progression of the SAR-Cov-2 virus. The same polymorphism of the ACE2 gene
in diabetes mellitus is found, and the role of the allele is considered a risk factor in the progression of
diabetes mellitus. Enzyme-Linked Immunosorbent Assay (ELISA): ACE2 Gene, Vitamin B12,
and Vitamin D3 Levels in the Serum ELISA was performed for the determination of ACE2 levels
in the serum of a healthy population, Immune-compromised patients (ICP), COVID-19 positives, and
COVID-19 negative patients. The results showed that immune-compromised patients with positive
COVID-19 had significantly lower levels of ACE2 (p-value< 0.05) (Figure 7) compared to the healthy
group. While the positive COVID-19 patients showed a significant decrease in ACE2 compared to
the COVID-19 negatives (p-value< 0.001) (Figure. 2A). No significant difference was observed
between HC groups and ICP-CN groups. In the comparative analysis of vitamin B12 in serum in the
healthy population with ICP-CP and ICP-CN patients, the result showed an overall significant
decrease of vitamin B12 in ICP-CP and ICP-CN (p-value <0.001) compared to the HC group (Figure
2B). Whereas, the comparative analysis of serum levels of vitamin D3 in the healthy population
compared ICP-CP and ICP-CN patients, showed an overall significant decrease of vitamin D3 in both
the 1C-CP and IC-CN groups (p-value <0.001) compared to the HC group (Figure 2C). Association
of Three Genotypes With Serum ACE2, Vitamin B12, and Vitamin D3 Levels To analyze the
association of three genotypes (GG, GA, and AA) with the serum levels of ACE2, vitamin B12, and
vitamin D3 in three groups, a one-way ANOVA test was applied between them. However, no
significant difference in ACE2 expression was found among the genotypes. The serum ACE2 levels
and genotypic polymorphism also revealed no association between them (Table 4). The One-way
ANOVA test was performed to analyze the significant differences in vitamin B12 with all three
genotypes. The data revealed that there was a significant difference in the AA genotype as compared
to the reference genotype GG (P-value < 0.05). These results indicate that the A allele is a positive
contributor and risk factor in the absorption of vitamin B12 in immunocompromised individuals
(Table 4). The statistical data analysis of three genotypes with vitamin D3 levels revealed that the AA
genotype is significant as compared to the GG genotype, which is set as a reference. These results
indicate that the A allele is a positive contributor and risk factor in the absorption of vitamin D3 in
immunocompromised individuals (Table 4). Gender Association WithACE2 LevelsTo analyze the
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expression pattern in males versus females, the statistical test was applied. The comparative analysis
between the males and females showed that the Females had a higher serum concentration of ACE2
as compared to men, however, the results were non-significant (p-value > 0.05) (Figure 3A). The
serum levels of vitamin B12 were not significantly different (p-value >0.05) between males and
females (Figure 3B). The independent student t-test was performed to find out the significance
between males and females in their vitamin D3 levels, and the results showed that women have
comparatively lower vitamin D3 levels as compared to men (p-value = 0.0064) (Figure 3C).
Correlation Analysis: The Pearson correlation analysis was performed to find out the positive and
negative correlation between ACE2 serum levels, vitamin D3 levels, and vitamin B12 levels. Our
results showed that ACE2 levels were positively correlated with vitamin D3 levels (R2 = 0.0567, p-
value = 0.033) (Figure 4A). The correlation analysis between both vitamins, B12 and D3, was also
found to be significant and positively correlated with each other (R2 = 0.0235,p-value of < 0.01)
(Figure 4B). However, ACE2 serum levels were not found to be significantly correlated with Vitamin
B12 levels (R2 = 0.4679, p-value > 0.05) (Figure 4C).

FIGURES, TABLES AND SCHEMES

Fig. (1). Agarose gel (2%o) electrophoresis results of HC (A), ICP-CP (B), and ICP-CN (C).
The single band at 466 bp in a sample represents a dominant G allele genotype; two bands of
281 and 185 bp in a sample represent a recessive A allele genotype. All three bands (466, 281,

and 185 bp) in a sample represent a heterozygous GA allele genotype
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Table 1. Demographic Characteristics of Immuno-compromised Patients and HCs

Characteristics HC IC-CP IC-CN | Total

N (relative percentage) | 30 30 30 90 (100%)
Age (mean) 2712 | 42+12 2846

Male (n) 16 14 16

Female (n) 14 16 14

Table 2. The genotypic distribution of three alleles (GG, GA, and AA) in all three groups;
Control, Immunocompromised COVID Positive, and Immunocompromised COVID

Negative).
Groups | Genotype Frequencies (n %)
Gene () GG GA AA X2 p-value
Control | 20(74.1) |2(7.4) |5(18.5)
IC-CP 10(38.5) | 3(11.5) | 13 (50) 0.029 | 0.036
IC-CN 14(46.7) |0 16(53.3) | 0.013 | 0.186

Table 3. The allelic distribution of the three alleles; (GG, GA, and AA) in all the three groups.

Allelic frequencies (%0)
Gene Groups () -5 A X2 [p-value | OR (95% CI)
Control 29 (82.9) 6 (17.1)
ACE2 IC-CP 22 (56.4) 17 (43.6) 00003921 0023  3.735 (1264 to 11.03)
A . . . . 735 (1. .
IC-CN 25(58.1) 18 (41.9) 0.0006569 0.026  5.63 (2.46 to 12.86)

Table 4: Association of GG, AA, and GA genotypes with serum ACE2, Vitamin B12 and
Vitamin D3 levels

Gene Genotypes HC IC-CP IC-CN P-value
GG 1.9+1.18 1.31+0.55 1.72+1.01

ACE2 AA 1.64+0.42 1.03+0.38 2.06+0.98 1
GA 1.5+£0.14 0.75x0 0 0.374
GG 491+194 92+29 214+26

Vitamin AA 4214213 213+114 20757 0.03586

B12 GA 459+148 148+67 0 0.94481
GG 42+16 17+4 28+4

Vitamin AA 377 1143 267 0.005

D3 GA 48+2 1143 0 0.972

5. DISCUSSION

COVID-19 became a global pandemic, and a challenge to health care [38]. Angiotensin-converting
enzyme 2 (ACE2) in humans (and rodents) is an endothelium-binding carboxymonopeptidase with a
single active catalytic region. Its expression is predominantly restricted to animal endothelial cells of
the arteries, arterioles, and venules in various organs, including the heart, lungs, and kidneys [39].
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The ACE2 gene encoded endothelial receptor plays a vital role in the entrance of Sars-2 virus
[38,40,41]. Several studies have been conducted to check the ACE2 expression pattern in COVID-19
patients [39,41-49], These studies suggest the ACE2 expression pattern is an important factor not only
for the entrance of the virus, but also that it may result in other complications, i.e., cardiac diseases
(arrhythmias, sudden cardiac death, and systolic and diastolic dysfunction) [39], hypertension, and
acute respiratory distress syndrome (ARDS) [43]. This study was conducted to evaluate the serum
levels of ACE2 in 90 participants who were normal/healthy individuals (HC), immunocompromised
patients with COVID-19 positives (ICP-CP), and COVID-19 negatives (ICP-CN). Moreover, along
with the serum levels of the ACE2 enzyme, other micronutrients such as vitamin B12 and D3 were
also evaluated. The significantly lower serum levels of ACE2in the ICP-CP compared to the HC and
ICP-CN were observed in our results. These findings are consistent with the findings of Chaudhry et
al (2020). The lower levels of the ACE2 receptor, which is the main entry point for SARS-CoV-2,
and SARS-CoV, might lead to other complications like cardiac diseases, hypertension, and ARDS.
Moreover, SARS-CoV-2 infection was reported to lower the ACE2 enzyme, which leads to
ACE1/ACE2 imbalance [50]. The SNP tested in our study, G8790A (rs2285666), has an endogenous
structure and this mutation can alter mRNA binding as well as affect gene expression and ACE2
protein levels [11,51]. In a study conducted to find the association between the polymorphism of
ACE2 and T2D patients, the AA genotype was found to play a significant role in T2D progression
compared to the other genotypes [52]. As per our study, the genetic polymorphism of ACE2 G8790A
indicates that the significant association of the A allele with the levels of vitamin B12 and D3 can be
a risk factor in the progression of severe symptoms in COVID-19. A significant role of G allele was
reported to be associated with the prevalence and risk of SARS-CoV-2 infection by Alimoradi et al.,
conducted in Iran [53], and also in Indian and Caucasian populations [18,54]. However, the variables,
which confirm previous studies, did not influence disease severity or COVID-19 mortality [55]. Our
study also revealed the non-significant association of genotypic and allelic frequency with the
expression of ACE2 protein levels. The gender-wise statistical analysis was also performed to see the
impact of the COVID-19 on serum level of ACE2. Several studies report that the expression of ACE2
is dependent on gender (Sex differences in renal angiotensin-converting). Men who have conditions
such as diabetes, hypertension, and other conditions are more likely to have severe COVID-19
symptoms as compared to women [56]. However, some studies have shown that gender is not linked
to the severity of the disease [55]. The differences in the lifestyles of both women and men are also
responsible for catching infectious diseases such as COVID-19 [57]. The males are more involved in
smoking tobacco, which could trigger the development of pneumonia. On the contrary, females are
known to have stronger innate immune systems compared to males, which could justify the lower
expression of ACE2 in males than in females [55,58]. These  micronutrients, which are
classified as vitamins or minerals, play an important and necessary role in metabolism, immune
function, wound healing, antioxidant activity, cellular differentiation and proliferation, and blood
coagulation. Therefore, additional therapies must be introduced to compensate for the loss created by
virus molecules in a cell [59]. Micronutrients in our body modulate and manipulate the immune
response of an individual. The lower level of these micronutrients demands additional supplements
for the immunocompromised individuals in order to strengthen their immune system and fight back
the virus with greater efficiency [60-62]. Which may increase the survival rate, and decrease the
mortality rate in elderly individuals as well as immunocompromised patients [63,64]. Micronutrients
such as Vitamin B12 and D3 were also found to be associated with the expression of ACE2 enzymes.
The fluctuations in the vitamins of immunocompromised individuals also increase their susceptibility
to the virus. For instance, Vitamin B12, which is usually obtained from meat, plays an important role
in immunity. A deficiency of vitamin B12 affects the outcomes and progression of infectious diseases
[65]. There are several studies that explain the potent role of Vitamin D3 in the body. A meta-analysis
and systematic review suggested micronutrient deficiency, i.e., vitamin D3, is associated with the
progression of COVID-19 disease. The elderly people with Vitamin D3 deficiency are especially
likely to get severe symptoms of COVID-19 [66]. Similarly, the lower levels of vitamin D3, found in
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this study, could cause severe illness in people with lower immunity. Moreover, its significance can
be highlighted as lower levels of this vitamin can cause mortality [67]. The genotypic profiles, along
with the levels of micronutrients in the body, were found to be positively linked with the progression
of the disease. In order to understand the complete pathophysiology of the disease, the levels of other
micronutrients must be studied. Manipulating these micronutrients could stop the progression of the
disease, which can ultimately help in lowering the mortality rate.

CONCLUSION

Low levels of ACE2 and gene polymorphism were found to be associated with COVID-19
progression and severity as lower levels of serum ACEZ2 levels, vitamin D3, and B12 were observed
in COVID-positive immunocompromised patients as compared to healthy controls. In COVID-
negative individuals the levels were also found to be comparatively lower as compared to normal,
however, non-significant suggestions after treatment ACE2, Vitamin B12, and Vitamin D3 levels
were restored to the normal condition. It is also noteworthy that the lower levels of ACE2, Vitamin
B12, and Vitamin D3 were associated with the severity of the disease. As per our findings, the severity
of the disease could be controlled by giving vitamin D3 and vitamin B12 supplements, which may
strengthen the immune system of COVID-19 patients.
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