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Abstract

This study aimed to investigate the role of the TGF-B1 gene in SARS-CoV-2 infection. A total of 178 individuals
diagnosed with Covid-19 participated and, they were divided in two groups related to the outcome (discharge or
death). Genotyping of rs1800468 and rs1800469 polymorphisms of TGF-B1 gene was performed in 178 samples,
using the allelic discrimination technique and, gene expression analysis was performed in 93 samples by Real Time
PCR. There was no association between the genotypic frequencies of TGF-p1 gene polymorphisms analyzed with the
prognosis of patients with Covid-19. There was no significant difference between gene expression and the clinical
data evaluated. A statistically significant difference was observed in the expression of the TGF-B1 gene between the
CT and TT genotypes of the rs1800469 polymorphism, with lower gene expression in the presence of the TT
genotype. Regarding the rs1800468 polymorphism, no statistically significant difference was observed in the
expression of the TGF-B1 gene in relation to the analyzed genotypes. The present study concluded that the rs1800468
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and rs1800469 polymorphisms of the TGF-B1 gene are not associated with the prognosis of patients with Covid-19
and which the TT genotype of the rs1800469 polymorphism reduces the expression of TGF-B1.
Keywords: Covid-19; Cytokines; Genetic polymorphism; SARS-CoV-2; TGF-B1.

Resumo

Este estudo teve como objetivo investigar o papel do gene TGF-B1 na infeccdo por SARS-CoV-2. Participaram 178
individuos diagnosticados com Covid-19, que foram divididos em dois grupos relacionados ao desfecho (alta ou
6bito). A genotipagem dos polimorfismos rs1800468 e rs1800469 do gene TGF-B1 foi realizada em 178 amostras,
utilizando a técnica de discriminacgdo alélica e, a analise da expressao génica foi realizada em 93 amostras por Real
Time PCR. N&o houve associacdo entre as frequéncias genotipicas dos polimorfismos do gene TGF-B1 analisados
com o prognostico de pacientes com Covid-19. Nao houve diferenca significativa entre a expressdo génica e os dados
clinicos avaliados. Foi observada diferenca estatisticamente significativa na expressdéo do gene TGF-B1 entre os
genodtipos CT e TT do polimorfismo rs1800469, com menor expressao génica na presenca do gendtipo TT. Em
relacdo ao polimorfismo rs1800468, ndo foi observada diferenca estatisticamente significativa na expressdo do gene
TGF-B1 em relacdo aos gendtipos analisados. O presente estudo concluiu que os polimorfismos rs1800468 e
rs1800469 do gene TGF-B1 ndo estdo associados ao progndstico de pacientes com Covid-19 e que o genétipo TT do
polimorfismo rs1800469 reduz a expressdo do TGF-p1.

Palavras-chave: Covid-19; Citocinas; Polimorfismo genético; SARS-CoV-2; TGF-31.

Resumen

Este estudio tuvo como objetivo investigar el papel del gen TGF-B1 en la infeccion por SARS-CoV-2. Participaron un
total de 178 personas diagnosticadas con Covid-19 y se dividieron en dos grupos segun el desenlace (alta 0 muerte).
Se realizo el genotipado de los polimorfismos rs1800468 y rs1800469 del gen TGF-B1 en 178 muestras, utilizando la
técnica de discriminacion alélica y, el analisis de expresion génica se realiz6 en 93 muestras por Real Time PCR. No
hubo asociacion entre las frecuencias genotipicas de los polimorfismos del gen TGF-B1 analizados con el pronostico
de los pacientes con Covid-19. No hubo diferencia significativa entre la expresién génica y los datos clinicos
evaluados. Se observé una diferencia estadisticamente significativa en la expresion del gen TGF-B1 entre los
genotipos CT y TT del polimorfismo rs1800469, con menor expresion génica en presencia del genotipo TT. En cuanto
al polimorfismo rs1800468, no se observé diferencia estadisticamente significativa en la expresion del gen TGF-B1 en
relacion a los genotipos analizados. El presente estudio concluy6 que los polimorfismos rs1800468 y rs1800469 del
gen TGF-B1 no estan asociados con el pronostico de los pacientes con Covid-19 y que el genotipo TT del
polimorfismo rs1800469 reduce la expresion de TGF-B1.

Palabras clave: Covid-19; Citocinas; Polimorfismo genético; SARS-CoV-2; TGF-B1.

1. Introduction

The Corona Virus Disease 19 (Covid-19) was initially related in Wuhan, China, in the end of December 2019, as a
pneumonia of unknown cause. The causative agent was quickly identified as a p-coronavirus genera, was then called SARS-
CoV-2 because of its closed relation with severe acute respiratory syndrome (SARS) (Rai et al., 2021). This disease,
transmitted mainly by respiratory droplets, has a rapid spread, which made the World Health Organization (WHO) officially
declare Covid-19 as a public health emergency of international concern in early 2020 (Karunasagar, 2020).

The clinical spectrum of this disease variates of asymptomatic to symptomatic cases and, the severe complications are
more frequently in elderly patients and/or with associated comorbidities (diabetes mellitus, cardiovascular diseases, obesity
and Kkidney diseases), suggesting which inefficient immune responses can play an important role in infection outcome
(Ferreira-Gomes et al.,2021; Khadke et al., 2020). The Covid-19 has a particular feature, mainly in severe cases, which is an
exacerbated inflammatory response, where abnormal levels of different cytokines such as IL6, IL8, TNF-o e TGF-B1 have
already been related (Costela-Ruiz et al., 2020; Di Maria et al., 2020).

The TGF-B1 is a multifunctional cytokine with regulatory functions including proliferation, differentiation, migration
and apoptosis (Morikawa et al., 2016. It performed an important role in tissue repair after lesions in multiple organs, including
lungs, where its acting in tissue repair is fundamental for the fibroproliferative response development (Shull, et al., 1992;
Broekelmann et al., 1991). The literature shows which TGF-B1 has a crucial role in respiratory complications caused by

Covid-19, because it promotes the activation of bronchial mucosal cells and inducing the production of large amounts of thick
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mucus and pulmonary. Also, the clinical manifestations of this disease are highly consistent with the increase of TGF-p1
activity, reinforcing its key role in the cytokine storm resulting of SARS-CoV-2 infection (Shen et al., 2021).

The TGF-B1 gene is localized in 19913.2 chromosome and genetic variants in this gene have been associated with
susceptibility to several diseases such as rheumatoid arthritis, hypertension (Li et al., 1999), multiple sclerosis (HE,1998) and,
osteoporosis (Yamada et al., 2000). It is believed which the individual genetic profile plays an important role in determining
the clinical response to the virus. However, the establishment of molecular mechanisms involving TGF-B1 are still not fully
understood and require further studies (Casanova, et al., 2020). Therefore, the aimed of this study is to evaluate the role of
TGF-B1 gene in the prognostic of patients infected by SARS-CoV-2.

2. Methodology
Ethical considerations

This study was approved by the Research Ethics Committee of Clinical Hospital of the Federal University of
Triangulo Mineiro (CAAE 31328220.8.0000.8667), and the participants signed the consent form.

Sample characterization

This is an observational, cohort study. A total of 178 patients diagnosed with Covid-19 were included, according to
the guidelines established by the Ministry of Health (BRASIL, 2020) treated in hospital units in the city of Uberaba-MG, from
May 2020 to November 2021. Data such as age, pre-existing diseases, period of hospitalization, outcome (death or discharge)
and severity were obtained through a survey of medical records. To define severity, the following parameters were used: mild
condition — patient in good general condition, saturation above 95%, without the need for mechanical ventilation; severe

condition — patient requiring mechanical ventilation.

DNA Extraction and Genotyping

Samples of 10mL of peripheral blood were collected by venipuncture, in sterile collection tubes containing
ethylenediaminetetraacetic acid (EDTA). The patients genomic DNA were extracted using Wizard® Genomic DNA
Purification kit (PROMEGA® — EUA), according to manufacturer recommendations.

The genotyping of TGF-B1 gene and, the polymorphisms rs1800468 and rs1800469 were performed in 178 samples,
by the allelic discrimination technique with TagMan® SNP Genotyping Assays System (ABI, EUA) by Real-time PCR using
the 7500 equipment (ABI, EUA). The probes and the primers were designed by Applied Biosystems (Assay ID:
C_ 8708473 _10; C__8708474_20). The PCR reactions were performed according to the manufacturer recommendations.

RNA Extraction and Gene expression
The RNA extraction was performed in 93 samples, using extraction kit SV Total RNA Isolation System (PROMEGA
- EUA), according to manufacturer recommendations. The reverse transcription for cONA obtaining were performed with
High Capacity cDNA Reverse Transcription Kit (Applied Biosystems™, EUA), according to manufacturer instructions.
Relative quantification of the TGF-B1 gene was performed by real time PCR, using the 7500 Real Time PCR System
(Applied Biosystems™) equipment. The ACTB reference gene was used as an endogenous control. Assays containing specific
primers and probes for each gene (ACTB and TGF-B1) were pre-designed by Applied Biosystems (Hs99999903 m1 and

Hs00998133 _m1, respectively) and performed according to the manufacturer recommendations. Relative quantification (RQ)
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was performed by the 2°2°t method (Schmittgen & Livak, 2008), where the threshold cycle (Ct) is the cycle in which the
fluorescence level reaches sufficient quantity for sample detection.

Statistical Analysis

Continuous variables were described as mean + standard deviation and categorical variables were expressed as
percentage. Statistical comparisons between two groups were performed using the Mann-Whitney test and for comparisons
between more than two groups the Kruskal Wallis test was used. For qualitative variables, statistical comparisons were

performed using the chi-square test. The statistical significance was defined as p<0.05.

3. Results

Sample characterization

In this study, 178 patients diagnosed with Covid-19 participated. It was 108 men (60,7%) and 70 women (39,3%)
participated. The mean age was 59 years (+17,5) and was a statistical significative difference relative to age and the outcome
(death) of patients, p=0.001. The ethnicity of patients was reported in 136 cases, as follows: white (59%), oriental (3,6%),
black (3,6%) and, mixed race (33,8%). Regarding the outcome of the patients, it was found that 90 died (50.6%) and 88
patients were discharged (49.4%). Regarding comorbidities, 131 (73.6%) had one or more comorbidities: 82 with systemic
arterial hypertension, 42 with diabetes mellitus, 75 with other comorbidities (obesity, hypothyroidism, asthma), and 47 had no

comorbidities. There was a significant difference between the outcome (death) of patients with comorbidities,p=0.005.

Analysis of TGF-p1 gene polymorphisms (rs1800468 and rs1800469)

The polymorphisms rs1800469 and rs180046 in the TGF-p1 were analyzed in 178 samples. The genotypical and
allelic frequencies to the polymorphisms compared to the outcome of patients are presented in the Table 1. No statistically
significant difference was observed between genotypic frequencies and patient outcomes for the investigated polymorphisms
(p=0.248 and p=0.921). Both polymorphisms are in Hardy Weinberg Equilibrium: rs1800468 (High Group: %2=0.56, p=0.45;
Death Group: x2=0.31, p=0.58); rs1800469 (High Group: x2=0.0014, p=0.97; Death Group: x2=0.90, p=0.34).
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Table 1 - Distribution of genotypic and allelic frequencies of rs1800469 C>T and rs1800468 G>A polymorphisms in the TGF-
B1 gene in relation to outcome.

Polymorfism Discharge n(%o) Death n(%o) p

rs1800468
GG 75 (85,2) 80 (88,9)
GA 13 (14,8) 10 (11,1) 0,248
AA 0 0

rs1800469
cC 11(12,5) 12 (13,3)
CT 40 (45,5) 36 (40,0) 0,921
TT 37 (42,0) 42 (46,7)

Allelic frequencies

rs1800468
G 163(49,0) 170 (51,0)
A 13 (56,6) 10 (43,4)

rs1800469
C 62 (50,9) 60 (49,1) 0,79
T 114 (48,7) 120 (51,3)

Chi-squared test. Source: Authors.

TGF-p1 gene expression
Comparison between TGF-B1 gene expression and clinical data

The relative quantification of the TGF-B1 gene was performed in 93 samples. TGF-B1 gene expression was compared
for outcome (discharge and death), severity (mild and severe) and, presence or absence of comorbidities. There were no

significant differences between gene expression and the evaluated data (p=0.65, p=0.65 and p=0.53) (Figure 1).

Figurel — Comparision between TGF-B1 gene expression and: (a) patient’s outcome, (b) severity of cases, (c) presence or
absence of comorbidities. Mann-Whitney test.
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Comparison between TGF-B1 gene expression and genotypes of polymorphisms rs1800468 and rs1800469

The expression of the TGF-p1 gene was compared with the genotypes of the rs1800469 and rs1800468
polymorphisms. A statistically significant difference was observed in the expression of the TGF-B1 gene between the CT and
TT genotypes of the rs1800469 polymorphism, with lower gene expression in the presence of the TT genotype (p=0.03). In
contrast, in the rs1800468 polymorphism, no statistically significant difference was observed in the expression of the TGF-p1
gene in relation to the GG and GA genotypes (p=0.91) (Figure 2).

Figure 2 — Comparison between TGF-B1 gene expression and genotypes of the rs1800469 C>T polymorphism. Kruskal Wallis
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4. Discussion

Comorbidities are conditions which actively affect manifestations and clinical outcomes of patients infected with

SARS-CoV-2. Tian and collaborators (2020) evaluated data from 13.077 individuals with Covid-19 at nine hospitals of
Wuhan, China, between January and March 2020. They observed which diabetes, hypertension and cardiovascular disease
were highly prevalent among patients, predisposing them to poor clinical outcomes (Tian et al., 2020).
Similarly, a systematic review realized with data of 18.012 patients with Covid-19 concluded which diabetes, hypertension and
cardiovascular diseases are important risk factors for severity and mortality in people infected (de Almeida-Pititto et al., 2020).
These data are in line with those observed in the present study, where it was found that hypertension and diabetes were the
predominant comorbidities, demonstrating the influence of certain risk factors on the outcome of the infection.

Considering which TGF-B1 plays an important task in innate and acquired immunity (Wahl et al., 2006) and,
rs1800468 and rs1800469 polymorphisms regulate protein expression levels (Luedecking et al., 2000), increasing and
decreasing, respectively, the production of TGF-B1 (Loeys et al., 2006; Grainger et al., 1999), we expected to find correlation
between the presence of these polymorphisms and disease severity, which was not observed.

However, although the present study did not find an association between the evaluated polymorphisms and Covid-19,
the influence of genetic polymorphisms on the susceptibility to SARS-CoV-2 infection has been demonstrated. Gmez and
collaborators found an association between the rs2285666 polymorphism of ACE2 gene and the risk of developing severe
Covid-19, in a study realized in Spain with 204 patients (137 non-severe cases and 67 severe ICU cases) and 536 controls
paired by age. That study suggested that ACE-ID polymorphism was associated to the risk of severe Covid-19 development,
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depending on hypertension status. The ACE rs2285666 variant was associated with hypertension in the elderly population,
with no significant difference between patients with Covid-19 mild and severe (Ferreira-Gomes et al., 2020).

Another example is a study conducted by KIM and collaborators in South Korea to find genetic biomarkers for Covid-
19 severity. It was evaluated a populational-level correlation between Covid-19 fatality rate and genetic polymorphisms of
several potential genes related to Covid-19, including IFITM3, ACE2, TMPRSS2, IL6, LZTFL1 and, the ABO genes. These
correlations were investigated with the numbers of Covid-19 cases and deaths from the WHO Covid-19 panel and calculated
the fatality rate for each ethnic group. The allelic frequencies of polymorphisms evaluated were obtained through the 1000
Genomes Project. Three SNPs of the IFITM3 gene, rs12252, rs34481144, and rs6598045, were strongly correlated with
mortality. This gene is classified as a member of small interferon-stimulated genes for (ISGs) and plays a primordial role in
defense against enveloped viruses, including influenza A virus (Kim & Jeong, 2020).

The influence of TGF-Blgene polymorphisms, rs1800468 and rs1800469, and Covid-19 has not available data yet
however it has already been analyzed in other diseases. Juarez and collaborators in Spain (2021) evaluated these same
polymorphisms in plasma samples from 108 patients with gastric adenocarcinoma and observed an association between the
G/A genotype of the rs1800468 polymorphism and the worse disease prognostic. It was also noticed which this polymorphism
promotes lower production of TFG-f1, increasing chances of metastasis development and, concluded that these SNPs can help
to identify patients at risk of developing advanced disseminated disease and shorter life expectancy, requiring surgical and
therapeutic more aggressive approach from the beginning (Juarez et al., 2021).

A review study, by meta-analysis, investigated a potential correlation between the TGF-Bf1 gene rs1800469
polymorphism and lung cancer. This study concluded which this polymorphism is not implicated in lung cancer susceptibility
in the general population, however, the analysis indicated that it decreases the risk of lung cancer in patients with NSCLC
(non-small cell lung cancer). Individuals with the TT genotype have a slightly lower incidence of lung cancer compared to
individuals with the other genotypes, suggesting a possible protective role of the TT variant for lung cancer susceptibility in
patients with NSCLC. (Chen et al., 2019).

In the present study, no difference was found between the expression levels of the TGF-B1 gene and the outcome,
severity or presence of comorbidities in patients with Covid-19. However, a study carried out by Villalba et al. (2020), in
Cuba, with 45 patients positive for SARS-CoV-2 (divided into two groups: asymptomatic and symptomatic) and 20 controls,
evaluated the early inflammatory response in the upper airways through the analysis of the expression of IFN-y, TGF-p1 and
RANTES genes. It was demonstrated which the expression of TGF-B1 was significantly lower in patients positive for SARS-
CoV-2 than in the control group. According to symptoms, the concentration of TGF-B1 mRNA did not differ significantly
between the groups, although the expression was lower in asymptomatic people compared to symptomatic cases (Montalvo
Villalba et al., 2020).

A previous study by Ghazavi and colleagues in Iran, with 63 adult patients with Covid-19 and 33 healthy individuals
matched for gender and age, showed that TGF-B1 increased significantly in patients with the severe form of the disease,
possibly due to the infiltration of immune cells. in the lungs, which can release TGF-B1 into the blood of patients (Ghazavi et
al., 2020). Zheng et al., in a study carried out in China with 285 patients with sepsis (119 patients with severe sepsis and 166
patients with mild sepsis) and 285 healthy individuals (control group) found plasma levels of TGF-B1 higher in patients with
severe sepsis, indicating that the higher concentration of this cytokine contributes to the worsening of the condition (Zheng, Fu
& Zhao, 2021).

Regarding the genotypes of the rs1800468 and rs1800469 polymorphisms and the expression of the TGF-B1 gene, in
the present study it was observed that individuals with the TT genotype of the rs1800469 polymorphism expressed
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significantly lower amounts of TGF-B1 compared to the other genotypes. Conversely, JUAREZ et al. observed lower amounts
of TGF-B1 in individuals with the CC genotype of the rs1800469 polymorphism. As for the rs1800468 polymorphism, no
homozygous mutant was identified and no statistically significant difference was observed in gene expression between the GG
and GA genotypes.

A study carried out in China in patients with sepsis associated the rs1800469 polymorphism of the TGF-B1 gene to
lower plasma levels of this cytokine and a reduced risk of susceptibility to sepsis. However, the same study observed that the
rs1800468 polymorphism was associated with higher levels of TGF-B1 and greater susceptibility to sepsis (ZHENG, et al.
2021), a result that is different from the result found in our study.

The fact that the present study had not found an association between the rs1800469 and rs1800468 polymorphisms of
the TGF-B1 gene and the outcome, nor with the gene expression with the outcome, severity, or presence of comorbidities in
individuals with Covid-19, can be attributed to the complex network of interaction in the activation of the immune response to
infection. Thus, the broad phenotype observed in patients infected with SARS-CoV-2 is possibly the result of inter-individual,
genetic, and acquired differences, which influence the clinical course of the disease, where different patients with Covid-19
and even the same patient at different stages of the disease can present diverse pathogenesis and clinical manifestations.

As limitations of the study, the sample size and the scarcity of data in the literature on the contribution of the TGF-B1
gene and its polymorphisms to the prognosis of patients with Covid-19 made it difficult to interpret the data found. However,
we highlighted the novelty of this work in evaluating the rs1800468 and rs1800469 polymorphisms of TGF-B1 gene and its
expression in individuals with Covid-19 in a Brazilian population. Thus, more studies comparing the expression of TGF-p1 at
different times of infection, in addition to studies which evaluate the influence of polymorphisms in this gene in different
ethnic groups are necessary to better characterize the role of molecular alterations involving this gene in the pathogenesis of
the disease.

5. Conclusion

This study concluded that there is no association between rs1800468 and rs1800469 TGFf1 polymorphisms with
prognostic of patients with Covid-19. Besides, the presence of comorbidities, severity and outcome did not influence the gene
expression of TGFp1 in the samples evaluated. Thus, we concluded that individuals with TT genotype of rs1800469
polymorphism has lower levels of TGFS1. Despite our results, further studies are needed to conclude the importance of these

polymorphisms with the prognosis of patients with Covid-19.
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