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Abstract
Introduction. It is established that the severity of SARS-CoV-2 infections varies between individuals without 
underlying health conditions and those with chronic illnesses like asthma. 
Aim: to assess the gene expression of COVID-19 patients with and without asthma. 
Materials and Methods. 20 patient profiles out of a total of 288 were selected from Gene Expression Omnibus 
(GSE178399). All patients have positive PCR tests and were divided into 4 groups. GEO2R was used to estimate 
the comparison between groups. STRING tool was used to measure the correlation between genes. The 
phylogenetic tree was extracted using iTOL. The heat map was extracted using iDEP.96. 
Results. MMP10 (Matrix metalloproteinase-10), TNFRSF11B (Tumor necrosis factor receptor superfamily 
member 11B), CCL23 (C-C motif chemokine ligand 23), CD274 (Programmed cell death 1) CX3CL1 (C-X3-C motif 
chemokine), and IL17C (Interleukin-17C) had down-regulation for all patients. Transcriptome data conducted no 
correlation between the expression of MMP10 and asthma, although there is a significant correlation between 
the expression of MMP1 and sensitivity. The expression of IL17A, which is strongly related to allergic asthma, is 
decreased in non-asthmatic individuals but elevated in asthmatic patients, notably in survivors. Patients who were 
not asthmatic had significantly higher CXCL9 levels. 
Conclusions. The study revealed a disparity in the relationship between imbalanced gene expressions in the 
groups examined. The gene expression of asthma patients who survived and died was not significantly different.
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Подавление протеомной активности, связанной  
с пациентами с COVID-19, страдающими астмой,  
на основе паттерна экспрессии генов
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Аннотация
Введение. Инфекция SARS-CoV-2 была связана с различными хроническими и иммунозависимыми забо-
леваниями, включая астму. 
Цель исследования — оценка экспрессии генов у пациентов с COVID-19 с астмой или без нее. 
Материалы и методы. 20 профилей пациентов из 288 были выбраны из Gene Expression Omnibus 
(GSE178399). Все пациенты имели положительные ПЦР-тесты и были разделены на 4 группы. GEO2R 
использовался для оценки сравнения между группами. Инструмент STRING применялся для измерения 
корреляции между генами. Филогенетическое дерево было извлечено с использованием iTOL. Тепловая 
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карта была построена с помощью iDEP.96. 
Результаты. MMP10 (матриксная металлопротеиназа-10), TNFRSF11B (представитель суперсемейства 
рецепторов фактора некроза опухоли 11B), CCL23 (лиганд 23 хемокина мотива CC), CD274 (запрограм-
мированная гибель клеток 1), CX3CL1 (хемокин мотива C-X3-C) и IL17C (интерлейкин-17C) подавлял ак-
тивность у всех пациентов. Данные транскриптома не выявили корреляции между экспрессией MMP10 
и астмой, хотя существует значительная корреляция между экспрессией MMP1 и чувствительностью. 
Экспрессия IL17A, тесно связанная с аллергической астмой, снижена у лиц, не страдающих астмой, но 
повышена у больных астмой, особенно у выживших. У пациентов, не страдающих астмой, уровни CXCL9 
были значительно выше. 
Выводы. Исследование выявило несоответствие во взаимосвязи между несбалансированной экспрес-
сией генов в исследованных группах. Экспрессия генов у выживших и умерших пациентов с астмой суще-
ственно не различалась.

Ключевые слова: SARS-CoV-2, экспрессия генов, астма, CXCL9, интерлейкин, снижение регуляции.
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Introduction
Even though the occurrence of COVID-19 infec-

tions has decreased, this doesn't eliminate the possibil-
ity of new variants emerging [1]. The alterations that 
occurred in the virus were responsible for both the in-
crease and decrease in fatalities. Vaccines also played a 
significant impact in the decrease of the epidemic [2, 3].  
Medical conditions that had been related to a higher 
risk of hospitalization and death from COVID-19 infec-
tion have been found through epidemiological research 
[4]. Patients with underlying health issues, such as car-
diovascular disease, hypertension, asthma, or advanced 
age, had a greater chance of dying. Current research in-
to the molecular pathways triggered by SARS-CoV-2 
infection is actively evaluating genomic and proteomic 
patterns [5].

The multi-organ inflammatory response that 
results from the patient's immune system reaction 
to COVID-19 is a substantial contributor to the dis-
ease's severity. Several types of research have hint-
ed at the part played by circulating immune cells in 
pandemic severe respiratory syndrome [6, 7]. During 
the early phases of SARS-CoV-2 infection, the im-
mune response primarily targets the spike glycopro-
tein. A cross-sectional study revealed that individuals 
with COVID-19 exhibited a decreased proportion of 
T-helper cells producing IFNγ. However, the actual 
impact of immune cell responses on infection out-
comes hasn't been definitively confirmed through clin-
ical results [8, 9].

It is well established that in response to a patho-
gen, immune cells release cytokines and immunologi-
cal complexes. Thus, the over-secretion of these immu-

nological complexes onto normal cells of the body may 
expose the human to an immune setback [10, 11].

The significance of immunity complexes in 
COVID-19 patients could be better understood if the 
interplay of key immunological axes were studied, es-
pecially in individuals with specific chronic diseases 
like asthma. The severity of asthma and the ability to 
control asthma are two distinct but related aspects of 
each patient's condition [12]. Asthma exacerbations and 
deterioration in symptoms are linked to factors like re-
sistance to therapy or the existence of risk factors such 
as viral respiratory infection. When respiratory infec-
tions or other diseases trigger asthma exacerbations, 
the patient's health deteriorates and their prognosis  
worsens [13].

The purpose of this research is to assess gene ex-
pression between COVID-19 asthma and non-asthma-
tic patients.

Materials and Methods
A pilot study was conducted to detect thousands of 

genes using microarrays in samples оf 288 COVID-19 
positive patients. Within this group, there was a subset 
of individuals who had asthma at varying degrees of 
severity. From this larger cohort, a specific subset of 
20 cases was selected for further analysis. Among these 
cases, some individuals had unfortunately passed away 
due to severe asthma, which was characterized by an 
increased presence of Th2-cells. Another separate sub-
set comprised individuals with asthma in a moderate 
state, who had managed to overcome both COVID-19 
and asthma with relatively few complications. These 
distinct subgroups were then compared to individuals 

 



134 135ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2024; 101(1) 
DOI: https://doi.org/10.36233/0372-9311-399

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

who did not have asthma. This comparison included 
individuals who had died from COVID-19 as well as 
those who had successfully recovered from the disease. 
The experimental study was carried out to detect thou-
sands of genes using microarray. Gene expression data 
from DNA microarray or other sources is the input. Key 
features include data pre-processing, data exploration, 
differential expression analysis, pathway analysis, and 
data visualization [14]. The information about the pa-
tients was retrieved and analyzed from the gene expres-
sion omnibus (GEO) with the ID (GSE178399) [15]. 
20 patient profiles were chosen for the investigation, 
as shown in Table 1. The PCR tests for SARS-CoV-2 
were positive for all patients. Patients were categorized 
into the following four groups: non-asthma patients 
survived, non-asthma patients deceased, asthma pa-
tients survived, and asthma patients deceased.

GEO2R was used to evaluate and estimate the 
comparison between groups. GEO2R is used to iden-
tify genes that express differently under different ex-
perimental settings. The results are summarized in a 
table that lists the top 92 genes, sorted according to 
their P-value. These genes have significantly the lowest 
P-value.

Ten genes out of a total of 92 were selected to be 
tested for expression across 20 selected samples. The 
online STRING tool was used to measure the correla-
tion between genes. The phylogenetic tree for genes 
was extracted using iTOL and STRING servers. The 
heat map of the expressed genes was extracted using 
iDEP.96.

Results
The information regarding the expression of 92 

genes for 20 samples was supplied in the supplementa-
ry file. This information included the adj. P value, the 
P value, and the spot Id. A volcano graphic visualizes 
differentially expressed genes by displaying statistical 
significance with (–log10 P value) vs the amount of 
change (log2 fold change). Figure 1, a depicts normal 
expression as black dot genes and down-regulation as 
blue dot genes. Uniform Manifold Approximation and 
Projection (UMAP) is a technique for reducing the 
number of dimensions that is beneficial for visualizing 
how different samples are related to one another. In-
dicated within the plot is the total number of nearest 
neighbors that were factored into the calculation. The 
variance in gene expression was not significantly dif-
ferent across any of the patient groups (Fig. 1, b). The 
limma (Venn diagram) method is used to investigate 
and download the overlap in important genes between 
various comparisons. By selecting the relevant con-
trasts, the genes in each Venn diagram region can be 
downloaded. The study's findings show that no num-
ber of genes are linked to each other among the patient 
groups (Fig. 1, c). The box plot was used to disperse the 
values of the chosen samples. Colored samples were 

distributed in groups. The distribution's width can be 
utilized to determine whether the selected samples are 
suitable for differential expression analysis. The values 
of the patient samples centered on the median indicate 
that the data are standardized and mutually comparable, 
implying that all of the selected samples have an equal 
value distribution. The graphic depicts the data after log 
transformation and normalization, Fig. 1, d.

plotDensities was utilized to estimate the dis-
tribution values of the selected samples based on the 
colored group. This plot complements the boxplot for 
data normalization verification before differential ex-
pression analysis. There is no difference in the distribu-
tion of density curves in the current investigation. The 
plot depicts the data after log transformation and nor-
malization have been completed, as seen in Fig. 2, a.  
The limma (qqt) plot compares the quantiles of the 
dataset to the theoretical quantiles of the t-test distri-
bution. This plot aids in evaluating the quality of the 
limma test results. The dots in Fig. 2, b are optimally 
aligned along a straight line, indicating that the values 
for the moderated t-statistic derived from the test con-
form to their theoretically predicted distribution. After 
a linear model has been fitted, the Vooma plot is used 
to assess the mean-variance relationship of expres-
sion data. This graphic can assist determine whether it 
is worthwhile to use precision weights to account for 
the trend of mean-variance. Each black dot in the data 
represents a gene, and the red line is an approximation 

Table 1. Profiles of COVID-19 patients, 0 = Non-asthma,  
1 = Asthma

Sample Accession no. Age Asthma Outcome

1 GSM5389989 41 0 Survived

2 GSM5389990 38 0  = 

3 GSM5389991 39 0  = 

4 GSM5389992 63 0  = 

5 GSM5389993 25 0  = 

6 GSM5389998 59 0 Deceased

7 GSM5380013 63 1 Survived

8 GSM5380021 46 1  = 

9 GSM5380024 65 1  = 

10 GSM5380031 47 0 Deceased

11 GSM5380032 46 0  = 

12 GSM5380049 82 1  = 

13 GSM5380054 87 1 Survived

14 GSM5380059 57 1 Deceased

15 GSM5380063 54 1 Survived

16 GSM5380070 50 1 Deceased

17 GSM5380077 78 0  = 

18 GSM5380083 66 0  = 

19 GSM5380127 49 1  = 

20 GSM5380273 58 1  = 
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Fig. 1. a: Volcano plot: Prevalence of genes, black dots indicate normal gene expression, blue dots indicate down regulation. 
b: UMAP plot presents the distribution of sample related to their colors. c: Limma plot for the groups of patients represents 

without correlations between groups in P adj. value < 0.05. D: Box plot of the patients’ profile represents the standardized and 
mutually comparable.

 

 
Fig. 2. a: plotDensities: Distribution of samples divided into four groups according to color. b: limma (qqt): Arrangement of 

dataset to the theoretical quantiles of the t-test distribution. c: Vooma plot: The mean correlation variance of the expression 
data.

As a result of the variation in gene expression be-
tween samples, ten genes were chosen to investigate 
the variation in gene expression that exists between the 
four patient groups, as shown in Fig. 4. The expression 
of ten genes and their accession numbers are listed in 
Table 2.

According to the criterion of P < 0.05, ten genes 
(MMP10, TNFRSF11B, CCL23, CD274, CX3CL1, 

of the variance direction that can be taken into account 
during differential gene expression analysis. The blue 
line depicts the continuous variation shown in the illus-
tration in Fig. 2, c.

The heatmap of the expression genes for the se-
lected samples is shown in Fig. 3. Changes in gene 
expression are shown by a scale ranging from –3 for 
down-regulation (green) to 3 for up-regulation (red).
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IL17C, MMP1, IL10, CXCL9, and IL17A) were identi-
fied as being associated with an increased risk and war-
ranting further investigation. Heat maps illustrating the 
relationship between these shared genes based on sample 
expression revealed that a large proportion of the genes 
with down-regulated expression were shared (Fig. 5). 
The type and strength of the relationship between the 

10 immune genes are depicted in Fig. 6, a. Seven of ten 
genes were shown to have a distinct cumulative asso-
ciation after clustering, as shown in Fig. 6, b. Proteins 
whose gene expression is associated across a wide range 
of tests. Figure 7 illustrates coexpression scores based 
on protein co-regulation and RNA expression patterns. 
Proteins that coexpress the 10 genes under study are as-

Fig. 3. Heatmap of the 20 samples gene expression. The scale of expression is between (–3 down-regulation  
to 3 up-regulation).

Table 2. Expression selected genes and their IDs

ID Adj. P. Val P. Value Frequency Common name of gene Node 
degree Expression

P09238 0.0804 0.000874 7.0282 MMP10 (Matrix metalloproteinase-10 ) 2 Down Regulation

O00300 0.1472 0.003633 5.47 TNFRSF11B (Tumor necrosis factor 
receptor superfamily member 11B)

3 Down-Regulation

P55773 0.1472 0.005515 5.036 CCL23 (C-C motif chemokine ligand 23) 3 Down-Regulation

Q9NZQ7 0.1472 0.006401 4.8835 CD274 (Programmed cell death 1) 3 Down-Regulation

P78423 0.2214 0.016846 3.9207 CX3CL1 (C-X3-C motif chemokine ) 4 Down-Regulation

Q9P0M4 0.2462 0.024484 3.5608 IL17C (Interleukin-17C) 1 Down-Regulation

P03956 0.4652 0.157531 1.8485 MMP1 (Matrix metalloproteinase-1 ) 4 Normal

P22301 0.3639 0.090973 2.3426 IL10 (Interleukin-10) 9 Normal

Q07325 0.3014 0.066121 2.6331 CXCL9 (C-X-C motif chemokine 9) 5 Normal

Q16552 0.6217 0.405465 0.999 IL17A (Interleukin-17A) 6 Normal
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Fig. 4. Expression levels of the ten profile genes studied are varied significantly between the four patient groups.
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Fig. 5. Heatmap of expression genes shows the correlation 
of high significant of down regulation.

Fig. 6. Multi-interactions views between nodes of immune genes. 
a — the pop-ups provide information regarding the nodes and edges between genes; b — 7 cluster genes appear in red color with high 

affinity and cluster with 2 genes in green.

Fig. 7. The correlation between coexpression genes with human pattern and some organisms.
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Discussion
The purpose of this study is to investigate the 

pathogenetic processes and genetic pathways in 
COVID-19 patients with and without asthma issues 
from several biological viewpoints. Transcriptome data 
have recently been often employed in investigations re-
lating to COVID-19 comorbidity. 

Asthma is distinguished by the prolonged inflam-
mation of air passages, leading to chest constriction, 
wheezing, and coughing. Individuals with persistent 
asthma have displayed notable decline in lung capacity 
and resistance to steroid treatments, underscoring the 
need for novel approaches in developing anti-inflam-
matory therapies [16].

After choosing 20 patients from this study, split-
ting them into four groups, and determining the gene 
expression levels of 92 genes, it was discovered that 6 
immune genes out of the 92 had down-regulation of ex-
pression (MMP10, TNFRSF11B, CCL23, CD274, CX-
3CL1, and IL17C). The distribution of gene expression 
is balanced among the patients who were chosen. In the 
overall distribution, the number of linked genes was 
low, but compared to the quantiles, a mathematical in-
crease with a significant theme was detected at P < 0.05. 
Then, a heatmap was used to quantify gene expression, 
and a stark contrast was seen between unregulated (red) 
and down-regulated (green).

Because of this discrepancy, 10 genes were selec-
ted, knowing that 6 of these genes were the weakest. 
The degree of the node varied among (1- 9) genes and 
this is what was observed in Table 2. In terms of both P 
and adj.P values, the six genes were the most prevalent.

 

 

Fig. 8. Phylogenetic tree of 10 genes. 
Each collection of genes is color-coordinated.

Fig. 9. Gene co-occurrence of gene families whose distribution patterns across genomes are comparable to one another.

sociated in a way that is distinct from that seen in other 
organisms. Figure 8 depicts a phylogenetic tree of the 
10 immune-correlated immune genes. Clade Coverage 
for collapsed groupings of genomes in the phylogenetic 
tree shows the lowest and highest similarity within that 
clade as two different hues. Each gene of interest has a 
color corresponding to the similarity of its best hit inside 
a specific STRING genome. Interactions can be predict-
ed based on the correlations between these presence/
absence profiles. Gene co-occurrence of the correlat-
ed gene families with comparable occurrence patterns 
across genomes is shown in Fig. 9.
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Figure 4 depicts the expression of the ten immune 
proteins in patients, however, in general, the expression 
of the proteins is nearly the same in the coronavirus 
group. MMP10 expression was higher in the second 
and fourth groups, i.e., in deceased patients, indicating 
that this gene is not linked to asthma. The identical out-
come was conducted for the proteins CX3CL1, IL17C, 
MMP1, and IL10. There is a clear increase in MMP1 
expression in the first and second groups, but a decrease 
in expression in the third and fourth groups, indicat-
ing that this gene is directly associated with asthma 
disease. Even though the expression of IL17A protein 
was reduced in non-asthmatic patients, an increase in 
its expression was seen in asthmatic patients, particu-
larly in survivors, indicating that this gene is intimate-
ly associated with asthma sensitivity. In contrast to the 
prior case, it was observed that non-asthmatic patients 
expressed CXCL9 at a much higher level than asthmat-
ic patients. This result also suggests that this gene is 
associated with asthma, but in a reverse way.

The current study's findings demonstrate that the 
linked genes in COVID-19 individuals with asthma do 
not change significantly between the survivors and the 
deceased. In non-asthmatic patients, there is a clear and 
significant difference in most genes, where the expres-
sion was high in the deceased patients, except IL17A, 
where the expression was low in both survivors and 
dead individuals. The down-regulation of TP53BP1 
(NK) was observed to inhibit the responses of Th17 
cells and natural killer cells. Th17 cells primarily func-
tion through IL-17 to carry out their activities. Individ-
uals with COVID-19 might exhibit increased levels of 
IL-17, indicating that focusing on this cytokine could 
potentially serve as a therapeutic approach to address 
this disease [17].

Protein-protein interactions (IPP), as illustrated in 
Figure 6, include gene neighborhood, gene co-occur-
rence, protein co-expression, text mining, and protein 
homology, depending on the quality of the binding 
between proteins. A cluster analysis of the proteomes 
revealed that two sets of three genes are associated in 
different ways: the first set of seven genes is shown in 
red, while the second set of two genes is shown in green 
according to the linking formula.

Since immune systems are found in so many dif-
ferent types of species, we needed to determine how 
the prevalence of these proteins in humans compares 
to that of other types of organisms. According to the 
degree of similarity scale, there is a clear similarity be-
tween the genes of various creatures.

In a cohort of patients admitted with COVID-19, 
we demonstrate that there is a substantial difference be-
tween the cytokine profiles of those who died and those 
who survived. Our results provide insight into how to 
best target COVID-19 therapy and prevention efforts 
for certain subsets of patients [18]. Furthermore, our 

findings propose a potential association among certain 
genes that were initially disregarded across all patients. 
It was observed that psoriasis patients exhibiting high-
er-than-average Th17 responses also displayed height-
ened severity of allergic asthma. Additionally, IL-17 
was found to reduce the inhibition of ACE-2 expres-
sion, which is a receptor crucially involved in the cellu-
lar entry of SARS-CoV-2 [19–21].

A study of 220 asthmatic COVID-19 patients 
found that asthma was not linked to a higher risk of 
hospitalization after age, gender, and other diseases 
were taken into account [22]. The incidence of hospi-
talizations and fatalities attributable to COVID-19 was 
surprisingly low, even among patients with the most 
severe clinical symptoms, which was found in another 
study of asthmatics treated with biologicals.

It is crucial to establish a clear understanding of 
how SARS-CoV-2 infection progresses in individu-
als with asthma. This involves examining the impact 
of asthma itself, any related health conditions linked 
to asthma, and the treatments used for asthma, all of 
which may collectively influence the outcomes associ-
ated with COVID-19 [23].

While more research is required to determine the 
exact mechanisms underlying the altered clinical man-
ifestations of COVID-19, our findings indicate a cor-
relation between an imbalance in gene expression and 
mortality as compared to a surviving group. Clinical 
trials might present potential defenses against negative 
viral impacts [24].

Conclusions
Infection with the coronavirus has been linked to a 

variety of conditions that affect the immune system, in-
cluding asthma. According to the findings of this study, 
there are immune genes whose expression can shift in 
a positive or negative direction depending on the na-
ture of the patient, the type of infection, and whether 
or not the individual suffers from asthma. There is no 
correlation between the expression of MMP10 and 
asthma, although there is a significant correlation be-
tween the expression of MMP1 and sensitivity. Patients 
were found to have similar levels of expression for the 
proteins CX3CL1, IL17C, MMP1, and IL10. Patients 
showed identical expression of the proteins CX3CL1, 
IL17C, MMP1, and IL10. The expression of the IL17A 
protein is reduced in non-asthmatic patients but raised 
in asthmatic patients, particularly in survivors, which 
is closely associated with allergic asthma. In contrast, 
CXCL9 levels were much greater in non-asthmatic 
patients. This discovery also suggests that this gene is 
linked to asthma. The study found that the unbalanced 
gene expression was associated with mortality relative 
to the rest of the group. There is no substantial differ-
ence in gene expression in asthmatic patients who sur-
vive and those who deceased.
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