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Background: Exploring the pathogenetic mechanisms behind severe lung damage in COVID-

19 is crucial. In this study, we decided to focus on two molecular markers that affect

surfactant metabolism and lung development: the surfactant protein B (SFTPB) and the

glucocorticoid receptor (NR3C1) genes. The aim of our study was to determine the effect of

SFTPB (rs11130866) and NR3C1 (rs41423247) gene variants on the course of the disease in

patients with COVID-19, and the treatment measures they required.

Methods: The study group included 58 patients with a diagnosis of severe “viral COVID-19

pneumonia.” Determination of SFTPB and NR3C1 gene variants was performed using the

PCR-RFLP method.

Results: Our results indicate that the presence of the SFTPB gene CC genotype increases the

risk of developing acute respiratory distress syndrome in patients with COVID-19 (c2 ¼ 4.03,

p ¼ 0.045, OR ¼ 3.90 [1.19e12.78]). However, patients with the SFTPB gene TT genotype

required respiratory support for a shorter period of time. Patients with the NR3C1 gene CC

genotype underwent a longer glucocorticoid therapy. Moreover, for patients with the CC

genotype, a longer stay in the intensive care unit was detected before lethal outcome.
ion; ARDS, acute respiratory distress syndrome; COVID-19, coronavirus disease 2019; GR,
mmatory response syndrome.
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Conclusions: The obtained results confirm the influence of the SFTPB (rs11130866) and NR3C1

(rs41423247) gene variants on the therapy, course, and severity of the disease in patients

with COVID-19. Of course, these results require further study, analysis, and larger, com-

plex, systematic research.

© 2022 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.
1. Introduction

Coronavirusdisease2019(COVID-19), causedbytheSARS-CoV-2

virus, quickly grew into a global pandemic with serious socio-

economic consequences. To date, more than 550 million cases

have been reported [1]. Most infected patients have mild to

moderate, flu-like symptoms. However, some of the patients

develop severe lung damage. This clinically severe manifesta-

tion is accompanied by hyperproduction of multiple cytokines

(“cytokine storm”), loss of parenchyma, immune infiltration,

and fluid filling of the alveoli, leading to the development of

acute respiratory distress syndrome (ARDS) and death [2].

Numerous histopathological studies based on post-mortem bi-

opsies of the lungs of such patients indicate the presence of

diffuse alveolar damagewith interstitial edema [3,4]. Therefore,

the current studies examining the pathogeneticmechanisms of

severe lung damage in COVID-19 are especially relevant. The

predictors and triggers of its genetic determinism will help

develop effective etiological and pathogenetic therapies for the

severe forms of the disease, with a personalized approach to

prevent severe somatic complications of organs and systems.

A teamof researchers investigating the biological processes/

pathways which are disrupted by SARS-CoV-2 infection identi-

fied four biological pathways that could significantly affect the

condition of patients with COVID-19: response to hypoxia, lung

development, respiratoryprocesses,andsurfactantmetabolism

[5]. In this study,we decided to focus on twomolecularmarkers

that affect surfactant metabolism and lung development: the

surfactant protein B (SFTPB) and the glucocorticoid receptor

(NR3C1) genes.

SFTPB is a gene that encodes the pulmonary-associated

surfactant protein B (SP-B), essential for lung function. In

particular, it promotes the formation and maintenance of a

phospholipid-rich film at the alveolar aireliquid interface [6].

To date, more than 5500 variants of the SFTPB gene have been

identified [7]. The study of the common single nucleotide

substitution c.392C > T (or C1580T, rs11130866) in exon 4 of the

SFTPB gene is of the most interest. This leads to the replace-

ment of threonine (Thr) with isoleucine (Ile) at the 131th po-

sition and causes an altered modification of the N-linked

glycosylation site of the protein. Researchers believe that the

presence of this variant of the gene affects the processing,

secretion, and folding of SP-B in certain diseases [8].

The NR3C1 gene encodes the glucocorticoid receptor (GR),

which might function both as a transcription factor and as a

regulatorofother transcription factors. This receptor is involved

in inflammatory responses, cellular proliferation, and differen-

tiation in target tissues. Bridges et al. revealed the cellular and
molecular mechanisms by which GR signaling regulates fetal

lung maturation [9]. To date, more than 55,000 variants of the

NR3C1 gene have been identified [7]. Among them, the variant

g.41503C > G (also C646G or BclI, rs41423247) is one of the most

common and extensively studied. This variant is located in

intron 2 of the NR3C1 gene resulting in the substation of nucle-

otide C with G at position 1184 þ 646. This variant significantly

affects theprocessofalternativeNR3C1genesplicingandwithin

thatmechanismincreases the sensitivity to glucocorticoids [10].

The aim of our study was to determine the effect of SFTPB

(rs11130866) andNR3C1 (rs41423247) genevariantson thecourse

of the disease in patients with COVID-19 along with the treat-

mentmeasures they required.
2. Patients and methods

2.1. Clinical characteristics of the patients

The study included 58 patients (26 women and 32 men) who

were treated in the intensive care unit of the Poltava Regional

Clinical Infectious Diseases Hospital within December

2020eJune 2021. Patients were not vaccinated against SARS-

CoV-2. Inclusion criteria were: age �18 years, confirmed se-

vere COVID-19 pneumonia (using computed tomography of

the lungs or radiological examination), need for respiratory

support. Conversely the exclusion criteria were pregnancy in

women or the patient refusing to give informed consent. This

study was approved by the Ethics Committee of the Ukrainian

Medical Stomatological Academy (protocol No. 188 of

November 25, 2020) and all the patients provided informed

consent.

In the department, on the first day of hospitalization

(marked as 1d in the text) and during daily treatment (marked

as 2d, 3d, etc. in the text) all the patients underwent clinical

and laboratory examinations. Instrumental screening

methods were used for all patients to verify the diagnosis of

viral pneumonia, namely CT scan of the lungs and X-ray ex-

amination. The average age of the patients was 63.9 ± 14.3

years (65.4 ± 13.5 years for women, 62.7 ± 15.0 years for men)

and the average BMI 29.7 ± 6.6 kg/m2 (32.6 ± 7.2 kg/m2 for

women, 27.4 ± 5.0 kg/m2 for men). Clinical parameters of all

the patients included in the study group during hospitaliza-

tion are shown in Table 1.

Fifty patients (86%) had a history of comorbidities, such as

cardiovascular disease, cancer, tuberculosis, and type II dia-

betes. Forty-four patients (76%) had already received oxygen

therapy (using an oxygen mask) on admission to the hospital.

In nineteen patients (33%), hospitalized owing to the severity
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Table 1 e Clinical parameters of patients on the first day
of hospitalization.

Indicator
Patients (n ¼ 58)

Temperature 1d, �C 37.6 ± 0.8

Respiratory rate 1d, per minute 23.2 ± 2.7

SpO2/FiO2 1d, % 167.7 ± 79.1

SOFA scale score 1da, in points 2 [2e3]

Glasgow coma scale 1da, in points 8 [7e8]

a Values are presented as the median [25the75th percentile].
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of the condition and respiratory failure, respiratory support

was initiated in the form of artificial lung ventilation (ALV).

Twenty-two patients (38%) died from complications caused by

COVID-19, while other patients (36 [62%]) were subsequently

transferred from the intensive care unit to the somatic unit

depending on the complications associated with underlying

disease and comorbidities.

Before hospitalization, the study participants had taken

mucolytics, non-steroidal anti-inflammatory drugs (paraceta-

mol), and symptomatic therapy according to existing chronic

diseases, namely antihypertensives for hypertension and hy-

poglycemic drugs for type II diabetes. After hospitalization, pa-

tients received therapy according to the algorithm for providing

inpatient care for COVID-19 in Ukraine: optimal supportive

therapy in an intensive care unit/ward; oxygen support; oral or

intravenous systemic corticosteroids (dexamethasone or

equivalent doses of hydrocortisone, methylprednisolone); low

molecular weight heparins based on blood coagulation param-

eters; if the bacterial flora was involveddantibacterial or anti-

fungal agents according to local epidemiology; sedative and

narcotic drugsddexmedetomidine, midazolam, morphine

hydrochloride; antiarrhythmicsdbeta-blockers, sympathomi-

metics; other symptomatic therapies.

2.2. Genotyping

Genomic DNA for molecular genetics research was isolated

from peripheral blood using the commercial Quick-DNA

Miniprep Plus Kit (Zymo Research, Irvine, CA, USA). Determi-

nation of SFTPB (rs11130866) and NR3C1 (rs41423247) gene

variants was performed using the PCR-RFLP method, in

accordance with previously described protocols [11,12]. The
Table 2 e Patient characteristics based on ARDS presen

Indicator

Sex Male

Female

Age, years

BMI, kg/m2

COVID-19 vaccination

Comorbidities Cardiovascular

Oncology

Tuberculosis

Type II diabetes

ARDSdacute respiratory distress syndrome.
same sequences of primers (Metabion, Bayern, Germany) and

restriction enzymes (Thermo Scientific, Waltham, MA, USA)

were used in this work. DreamTaq Green PCR Master Mix (2X)

(Thermo Scientific) was used for the PCR reaction. Digested

products were separated using agarose gel electrophoresis

and visualized on a UV transilluminator.

2.3. Statistical analysis

Statistical data processing was performed using the SPSS v. 27

software and Microsoft Excel ProPlus 2016. The mean

value ± standard deviation was calculated for analysis of the

basic clinical characteristics. To compare the frequency dis-

tribution of genotypes among the groups we used descriptive

statistics and calculation of Pearson's c2 criteria. The strength

of the association between genotype and the risk of devel-

oping the disease, its clinical manifestations, and the need for

medical interventions was assessed through the odds ratio

(OR) at a 95% confidence interval. The distribution of the

studied parameters was checked for normality using the

KolmogoroveSmirnov test. In case of a normal distribution,

the probability of differences in the quantitative results was

determined using one-way analysis of variance. If the studied

parameter did not meet the criteria for a normal distribution,

the comparison of this trait in carriers of different genotypes

was performed using the KruskaleWallis test followed by

post-hoc analysis with the Bonferroni correction. For all ana-

lyses, statistical significance was set at p < 0.05.
3. Results

ARDS is the main complication leading to the high mortality

rate in patients with COVID-19. Therefore, we separately

analyzed the characteristics of patients who had this

complication and, accordingly, those who did not (Table 2). No

significant differences were found in this subgroup of pa-

tients; however, patients with ARDS tended to be older and

have a higher BMI.

The molecular genetic analysis revealed that the rates of

the SFTPB variant rs11130866 genotypes were 36.2% CC, 43.1%

CT, and 20.7% TT. For the NR3C1 variant rs41423247, the

following rates were determined: 34.5% CC, 48.3% CG, and

17.2% GG.
ce.

Patients

No ARDS (n ¼ 41) With ARDS (n ¼ 17)

23 (56.1%) 9 (52.9%)

18 (43.9%) 8 (47.1%)

62.1 ± 15.4 68.3 ± 10.1

28.7 ± 6.0 32.2 ± 7.3

No No

21 (51.2%) 8 (47.1%)

5 (12.2%) 2 (11.8%)

2 (4.9%) 1 (5.9%)

7 (17.5%) 4 (23.5%)
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We analyzed the effect of the investigated gene variants on

the risk of complications in patients with COVID-19 pneu-

monia in the described study group (Table 3). Our results

indicate that the presence of the CC genotype in the SFTPB

variant increases the risk of developing ARDS in patients with

COVID-19 by almost four times. Conversely, theNR3C1 variant

was not associated with the development of severe compli-

cations in the patients we examined.

Next, the effect of the gene variants on clinical parameters

in patients with COVID-19 was analyzed. The following were

examined: temperature (in degrees Celsius: 1d, 2d, 6d); respi-

ratory rate (per minute: 1d, 2d, 6d); SpO2/FiO2 (in percentage:

1d, 2d, 6d); SOFA scale score (in points: 1d, 2d, 6d); Glasgow

coma scale score (in points: 1d, 2d, 6d); dose of glucocorticoids

(dexamethasone or another glucocorticoid in equivalent dose,

mg/day); duration of glucocorticoid therapy (days); duration of

ALV (days); duration of oxygen therapy using an oxygenmask

(days); total duration of oxygen support (days) (Table 4).

Therefore, for the rs11130866 variant of SFTPB, the rela-

tionship between genotype and total duration of oxygen

support in patients was determined as: CT vs. TT, 9.0 ± 6.0 vs.

4.1 ± 6.2 days, respectively (p¼ 0.022). Hence, patientswith the

SFTPB TT genotype required respiratory support for a shorter

period.

Several significant associations have been identified for the

rs41423247 variant of NR3C1. Patients with the NR3C1 CC ge-

notype underwent a longer glucocorticoid therapy: CC vs. CG,

13.8 ± 5.0 vs. 9.0 ± 5.0 days, respectively (p ¼ 0.033); or CC vs.

CG þ GG, 13.8 ± 5.0 vs. 9.3 ± 4.8 days, respectively (p ¼ 0.018).

Also, for patients with the CC genotype, a longer stay in the

intensive care unit was detected before lethal outcome: CC vs.

CG, 24.4 ± 9.6 vs. 11.9 ± 10.8 days, respectively (p¼ 0.037); or CC

vs. CG þ GG, 24.4 ± 9.6 vs. 12.9 ± 10.0 days, respectively

(p ¼ 0.014).
4. Discussion

An interdisciplinary and multimodal approach is needed to

meet the challenges posed by the COVID-19 pandemic. It is

already well known that in various manifestations of infec-

tious diseases, in addition to factors such as the general state

of health, age, sex, and virulence of the pathogen, the indi-

vidual genetic constellation plays a key role [13,14].

In this study, we focused on the molecular markers SFTPB

(rs11130866) and NR3C1 (rs41423247). The SFTPB gene encodes

SP-B, which is essential for lung function. Previous studies

have indicated that the SFTPB variant rs11130866 is associated

with numerous pulmonary diseases, such as idiopathic pul-

monary fibrosis lung diseases, hypersensitivity pneumonitis,

chronic obstructive pulmonary disease, and acute respiratory

distress syndrome [15e18]. The NR3C1 gene encodes GR,

which has a broad spectrum of biological action. The

rs41423247 variant of this gene is associated with a risk of

high-altitude pulmonary edema, bronchial asthma, and in-

fluences the progression of lung function in cystic fibrosis

[19e21]. Therefore, we hypothesized that the SFTPB

(rs11130866) and NR3C1 (rs41423247) gene variants might be

associated with treatment features or adverse disease course

in patients with COVID-19.
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Table 4 e Effect of the studied gene variants on clinical parameters in patients with COVID-19.

Clinical parameters Genetic variant Results of
statistical
analyses

SFTPB rs11130866 NR3C1 rs41423247

CC CT TT CC CG GG

Temperature 1d, �C 37.6 ± 0.8 37.6 ± 0.8 37.8 ± 0.8 37.8 ± 0.9 37.5 ± 0.7 37.6 ± 0.8 p > 0.05

Temperature 2d, �C 37.3 ± 0.6 37.3 ± 0.6 37.2 ± 0.6 37.3 ± 0.5 37.2 ± 0.6 37.4 ± 0.7 p > 0.05

Temperature 6d, �C 36.8 ± 0.4 36.8 ± 0.5 37.0 ± 0.7 37.0 ± 0.5 36.8 ± 0.4 36.7 ± 0.5 p > 0.05

Respiratory rate 1d,

per minute

23.8 ± 3.7 22.8 ± 1.8 23.0 ± 2.0 23.6 ± 3.5 23.3 ± 2.2 22.2 ± 2.2 p > 0.05

Respiratory rate 3d,

per minute

23.4 ± 4.0 23.1 ± 2.0 22.3 ± 2.5 23.8 ± 3.9 22.9 ± 2.3 21.8 ± 1.5 p > 0.05

Respiratory rate 6d,

per minute

23.5 ± 3.1 23.2 ± 2.8 22.8 ± 2.2 23.6 ± 2.7 22.8 ± 3.0 23.8 ± 2.3 p > 0.05

SpO2/FiO2 1d
a, % 183.2 ± 102.0 150.4 ± 57.2 173.07 ± 68.7 174.7 ± 81.2 159.2 ± 82.1 178.9 ± 71.3 p > 0.05

SpO2/FiO2 2d
a, % 217.2 ± 130.8 195.3 ± 106.5 210.1 ± 131.7 196.5 ± 105.0 201.1 ± 116.0 238.0 ± 155.6 p > 0.05

SpO2/FiO2 6d
a, % 235.4 ± 141.7 196.8 ± 123.5 225.3 ± 143.1 218.2 ± 119.5 219.1 ± 143.4 192.2 ± 139.8 p > 0.05

SOFA scale score 1da,

in points

3 [2e3] 2 [2e2.5] 2 [2e3] 2 [2-2] 2 [2e3] 2.5 [2e3] p > 0.05

SOFA scale score 2da,

in points

3 [2e3] 2 [2e3] 2 [2e3] 2 [2e3] 2 [2e3] 2.5 [2e3] p > 0.05

SOFA scale score 6da,

in points

3 [2e3] 2 [2e3] 2 [2e2.5] 2 [2e3] 2 [2e3] 3 [2e3] p > 0.05

Glasgow coma scale

score 1da, in points

8 [7e8] 8 [7e9] 8 [7e9.5] 8 [7e8.3] 8 [6e9] 8 [7e8] p > 0.05

Glasgow coma scale

score 2da, in points

8 [6e8.3] 8 [7e9] 9 [6.5e10] 8 [7e8] 8 [5.5e10] 8 [6e9] p > 0.05

Glasgow coma scale

score 6da, in points

7.5 [5.3e8] 8 [7e9] 8.5 [5.8e13.5] 8 [7e8] 8 [4.3e9] 8 [4.5e8] p > 0.05

Dose of glucocorticoids,

mg/day

6.3 ± 1.9 6.2 ± 1.5 6.9 ± 1.0 6.3 ± 1.8 6.0 ± 0.6 8.0 ± 2.8 p > 0.05

Duration of

glucocorticoid

therapy, days

11.5 ± 6.7 11.0 ± 4.6 10.0 ± 5.7 13.8 ± 5.0 9.0 ± 5.0 11.5 ± 4.2 p ¼ 0.038

Duration of ALV, days 7.4 ± 6.0 5.0 ± 4.9 3.3 ± 2.6 5.8 ± 5.9 5.1 ± 4.8 6.3 ± 5.9 p > 0.05

Duration of oxygen

therapy using oxygen

mask, days

6.1 ± 2.9 6.4 ± 4.0 5.2 ± 6.4 6.9 ± 4.1 5.4 ± 4.2 6.0 ± 4.0 p > 0.05

Total duration of oxygen

support, days

5.3 ± 7.1 9.0 ± 6.0 4.1 ± 6.2 10.6 ± 8.4 5.4 ± 4.2 4.2 ± 5.1 p ¼ 0.013

a Values are presented as the median [25the75th percentile]; ALVdartificial lung ventilation 1d, 2d, 6ddday.

r e s p i r a t o r y i n v e s t i g a t i o n 6 1 ( 2 0 2 3 ) 1 0 3e1 0 9 107
We found that for the SFTPB variant, there is a rela-

tionship between genotype and risk of ARDS (increased

risk with the СС genotype) and total duration of respira-

tory support (shorter with the TT genotype) in patients

with COVID-19. In modern scientific literature, there are

not studies on SFTPB variants in patients with COVID-19.

Meanwhile, To et al. showed that the CC genotype is an

independent risk factor for severe influenza A (H1N1)

infection [22]. Another study by Lin et al. also points out

that the C allele may be viewed as a susceptibility factor

for ARDS [18]. Moreover, interesting results were obtained

by Ge et al.dthey studied the functional susceptibility of

transgenic mice to bacterial pneumonia and showed

in vivo that the presence of the C allele is associated with

a higher susceptibility to bacterial pneumonia than that of

the T allele [23]. Therefore, our results are consistent with

those of previous studies and indicate that the presence of

the CC genotype is an aggravating factor in the risk of

lung injury in patients with COVID-19. Moreover, SP-B

concentration in the blood of premature infants depends

on SFTPB variants, and in infants with the TT genotype the
average content of surfactant protein B is significantly

higher than in those with the CC genotype [24]. In addi-

tion, the results of exogenous pulmonary surfactant use in

COVID-19 PCR-positive ARDS patients are very encouraging

[25]. Although a recent meta-analysis suggests that exog-

enous surfactant administration in adults with respiratory

distress syndrome does not reduce mortality and improve

oxygenation rates, it is probably necessary to continue

research based on genetic polymorphism [26]. Analyzing

these data, we can assume that the use of exogenous

pulmonary surfactant in patients with complicated COVID-

19 is promising, and it is likely that patients with the

SFTPB CC genotype will need higher doses of this drug.

The results of our study indicate that patients with the

NR3C1 СС genotype underwent a longer glucocorticoid ther-

apy. At the same time, the length of hospitalization of these

patients in the intensive care unit, among those who died

from complications caused by COVID-19, was 24.4 ± 9.6 vs.

11.9 ± 10.8 days before lethal outcome, hence they lived

longer. In literature, there are currently no studies on NR3C1

gene variants that can cause pulmonary complications in

https://doi.org/10.1016/j.resinv.2022.10.008
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patients with COVID-19 or other viral diseases. A group of

researchers showed an association of the “G” allele of the

rs41423247 variant with increased risk of high-altitude pul-

monary edema, the development of which may be associated

with hypoxia-induced inflammatory cytokines at high alti-

tude [19]. The GG genotype is also associatedwithmore severe

lung damage in patients with cystic fibrosis [21]. Regarding

treatment, most scientists studying the effect of NR3C1 gene

variants on the effectiveness of glucocorticoid therapy in

various diseases (i.e., pemphigus vulgaris, chronic obstructive

pulmonary disease) did not find any significant association

[27,28]. In contrast, a glucocorticoid susceptibility study in

healthy volunteers revealed that the mean dose of cortisol-

inhibiting dexamethasone was higher in homozygous G-

allele carriers compared to heterozygous CG and homozygous

CC carriers [29]. In severe inflammatory bowel disease, the GG

genotype is associated with an increased response to gluco-

corticoid treatment [30]. These data may indicate that the

NR3C1 variant rs41423247 may have different effects,

depending on the disease, tissue, and ethnicity. Because the

rs41423247 variant is intronic, its effect on NR3C1 activity may

be indirect. Some authors suggest that this variant may affect

the NR3C1 promoter by selectively acting on either repressor

or enhancer sites [21].

This study presents some limitations. We included only

patients with severe COVID-19 because this study was con-

ducted in an intensive care unit, sowe could not comparewith

less severe forms of the disease. Despite these limitations, we

report the relevance of SFTPB and NR3C1 genetic variants in

the severity of COVID-19. The conducted intragroup study

among patients with severe COVID-19 pneumonia allowed to

determine the influence of the investigated genes on the dis-

ease course and may help personalize a new approach to

treatment in the future.
5. Conclusions

We conclude that the results confirm the hypothesis of the

influence of the SFTPB (rs11130866) and NR3C1 (rs41423247)

gene variants on therapy, course, and severity of the disease in

patientswith COVID-19. Of course, these results require further

study, analysis, and larger, complex, systematic research.
Ethical approval

Research involving human subjects complied with all relevant

national regulations, institutional policies and is in accor-

dance with The Code of Ethics of the World Medical Associa-

tion (Declaration of Helsinki, as revised in 2013), and was

approved by the Ethics Committee of the Ukrainian Medical

Stomatological Academy (protocol No. 188 of November 25,

2020). Informed consent was obtained from all individuals

included in this study.
Conflict of Interest

The authors declare no competing interests.
r e f e r e n c e s

[1] Johns Hopkins Coronavirus Resource Center. http://
coronavirus.jhu.edu/map.html; [accessed 01 July 2022].

[2] Katsura H, Sontake V, Tata A, Kobayashi Y, Edwards CE,
Heaton BE, et al. Human lung stem cell-based alveolospheres
provide insights into SARS-CoV-2-mediated interferon
responses and pneumocyte dysfunction. Cell Stem Cell
2020;27:890e904.e8. https://doi.org/10.1016/
j.stem.2020.10.005.

[3] Mohanty SK, Satapathy A, Naidu MM, Mukhopadhyay S,
Sharma S, Barton LM, et al. Severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) and coronavirus
disease 19 (COVID-19)danatomic pathology perspective on
current knowledge. Diagn Pathol 2020;15:103. https://doi.org/
10.1186/s13000-020-01017-8.

[4] Konopka KE, Nguyen T, Jentzen JM, Rayes O, Schmidt CJ,
Wilson AM, et al. Diffuse alveolar damage (DAD) resulting
from coronavirus disease 2019 infection is morphologically
indistinguishable from other causes of DAD. Histopathology
2020;77:570e8. https://doi.org/10.1111/his.14180.

[5] Islam ABMMK, Khan MA. Lung transcriptome of a COVID-19
patient and systems biology predictions suggest impaired
surfactant production which may be druggable by surfactant
therapy. Sci Rep 2020;10:19395. https://doi.org/10.1038/
s41598-020-76404-8.

[6] Nesslein LL, Melton KR, Ikegami M, Na CL, Wert SE, Rice WR,
et al. Partial SP-B deficiency perturbs lung function and
causes air space abnormalities. Am J Physiol Lung Cell Mol
Physiol 2005;288:L1154e61. https://doi.org/10.1152/
ajplung.00392.2004.

[7] dbSNP: the NCBI database of genetic variation. https://www.
ncbi.nlm.nih.gov/snp/; [accessed 06 May 2022].

[8] Wang G, Christensen ND, Wigdahl B, Guttentag SH, Floros J.
Differences in N-linked glycosylation between human
surfactant protein-B variants of the C or T allele at the single-
nucleotide polymorphism at position 1580: implications for
disease. Biochem J 2003;369:179e84. https://doi.org/10.1042/
BJ20021376.

[9] Bridges JP, Sudha P, Lipps D, Wagner A, Guo M, Du Y, et al.
Glucocorticoid regulates mesenchymal cell differentiation
required for perinatal lung morphogenesis and function. Am
J Physiol Lung Cell Mol Physiol 2020;319:L239e55. https://
doi.org/10.1152/ajplung.00459.2019.

[10] Panek M, Pietras T, Fabijan A, Miłanowski M, Wieteska L,
G�orski P, et al. Effect of glucocorticoid receptor gene
polymorphisms on asthma phenotypes. Exp Ther Med
2013;5:572e80. https://doi.org/10.3892/etm.2012.809.

[11] Hu R, Xu Y, Zhang Z. Surfactant protein B 1580
polymorphism is associated with susceptibility to chronic
obstructive pulmonary disease in Chinese Han population. J
Huazhong Univ Sci Technolog Med Sci 2004;24:216e8.
https://doi.org/10.1007/BF02831993. 238.

[12] Cherniavska YuI, Pokhylko VI. Genetic determinants of
metabolic syndrome in children. In: Challenges and
achievements of medical science and education: Collective
monograph. Riga: Baltija Publishing; 2020. p. 361e82. https://
doi.org/10.30525/978-9934-26-024-7-18.

[13] Aguiar VRC, Augusto DG, Castelli EC, Hollenbach JA, Meyer D,
Nunes K, et al. An immunogenetic view of COVID-19. Genet
Mol Biol 2021;44:e20210036. https://doi.org/10.1590/1678-
4685-GMB-2021-0036.

[14] Novelli G, Biancolella M, Mehrian-Shai R, Colona VL, Brito AF,
Grubaugh ND, et al. COVID-19 one year into the pandemic:
from genetics and genomics to therapy, vaccination, and
policy. Hum Genom 2021;15:27. https://doi.org/10.1186/
s40246-021-00326-3.

http://coronavirus.jhu.edu/map.html
http://coronavirus.jhu.edu/map.html
https://doi.org/10.1016/j.stem.2020.10.005
https://doi.org/10.1016/j.stem.2020.10.005
https://doi.org/10.1186/s13000-020-01017-8
https://doi.org/10.1186/s13000-020-01017-8
https://doi.org/10.1111/his.14180
https://doi.org/10.1038/s41598-020-76404-8
https://doi.org/10.1038/s41598-020-76404-8
https://doi.org/10.1152/ajplung.00392.2004
https://doi.org/10.1152/ajplung.00392.2004
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/snp/
https://doi.org/10.1042/BJ20021376
https://doi.org/10.1042/BJ20021376
https://doi.org/10.1152/ajplung.00459.2019
https://doi.org/10.1152/ajplung.00459.2019
https://doi.org/10.3892/etm.2012.809
https://doi.org/10.1007/BF02831993
https://doi.org/10.30525/978-9934-26-024-7-18
https://doi.org/10.30525/978-9934-26-024-7-18
https://doi.org/10.1590/1678-4685-GMB-2021-0036
https://doi.org/10.1590/1678-4685-GMB-2021-0036
https://doi.org/10.1186/s40246-021-00326-3
https://doi.org/10.1186/s40246-021-00326-3
https://doi.org/10.1016/j.resinv.2022.10.008
https://doi.org/10.1016/j.resinv.2022.10.008


r e s p i r a t o r y i n v e s t i g a t i o n 6 1 ( 2 0 2 3 ) 1 0 3e1 0 9 109
[15] Gandhi CK, Chen C, Amatya S, Yang L, Fu C, Zhou S, et al.
SNP and haplotype interaction models reveal association of
surfactant protein gene polymorphisms with
hypersensitivity pneumonitis of Mexican population. Front
Med 2021;7:588404. https://doi.org/10.3389/
fmed.2020.588404.

[16] Yang J, Wang B, Zhou HX, Liang BM, Chen H, Ma CL, et al.
Association of surfactant protein B gene with chronic
obstructive pulmonary disease susceptibility. Int J Tubercul
Lung Dis 2014;18:1378e84. https://doi.org/10.5588/
ijtld.13.0569.

[17] Selman M, Lin HM, Monta~no M, Jenkins AL, Estrada A, Lin Z,
et al. Surfactant protein A and B genetic variants predispose
to idiopathic pulmonary fibrosis. Hum Genet
2003;113:542e50. https://doi.org/10.1007/s00439-003-1015-4.

[18] Lin Z, Pearson C, Chinchilli V, Pietschmann SM, Luo J,
Pison U, et al. Polymorphisms of human SP-A, SP-B, and SP-D
genes: association of SP-B Thr131Ile with ARDS. Clin Genet
2000;58:181e91. https://doi.org/10.1034/j.1399-
0004.2000.580305.x.

[19] Yang Y, Du H, Li Y, Guan W, Tang F, Ga Q, et al. NR3C1 gene
polymorphisms are associated with high-altitude pulmonary
edema in Han Chinese. J Physiol Anthropol 2019;38:4. https://
doi.org/10.1186/s40101-019-0194-1.

[20] Mohamed NA, Abdel-Rehim AS, Farres MN, Muhammed HS.
Influence of glucocorticoid receptor gene NR3C1 646 C > G
polymorphism on glucocorticoid resistance in asthmatics: a
preliminary study. Cent Eur J Immunol 2015;40:325e30.
https://doi.org/10.5114/ceji.2015.54594.

[21] Corvol H, Nathan N, Charlier C, Chadelat K, Le Rouzic P,
Tabary O, et al. Glucocorticoid receptor gene polymorphisms
associated with progression of lung disease in young
patients with cystic fibrosis. Respir Res 2007;8:88. https://
doi.org/10.1186/1465-9921-8-88.

[22] To KKW, Zhou J, Song YQ, Hung IFN, Ip WCT, Cheng ZS, et al.
Surfactant protein B gene polymorphism is associated with
severe influenza. Chest 2014;145:1237e43. https://doi.org/
10.1378/chest.13-1651.

[23] Ge L, Liu X, Chen R, Xu Y, Zuo YY, Cooney RN, et al. Differential
susceptibility of transgenicmice expressing human surfactant
protein B genetic variants to Pseudomonas aeruginosa induced
pneumonia. Biochem Biophys Res Commun 2016;469:171e5.
https://doi.org/10.1016/j.bbrc.2015.11.089.

[24] Mazulov OV. Pathogenetic role of surfactant protein В in the
formation of bronchopulmonary pathology in children [PhD
dissertation]. Vinnytsya: National Pirogov Memorial Medical
University; 2018. Ukrainian. Available from: https://dspace.
vnmu.edu.ua/123456789/4087.

[25] Piva S, DiBlasi RM, Slee AE, Jobe AH, Roccaro AM, Filippini M,
et al. Surfactant therapy for COVID-19 related ARDS: a
retrospective case-control pilot study. Respir Res 2021;22:20.
https://doi.org/10.1186/s12931-020-01603-w.

[26] Meng SS, Chang W, Lu ZH, Xie JF, Qiu HB, Yang Y, et al.
Effect of surfactant administration on outcomes of
adult patients in acute respiratory distress syndrome:
a meta-analysis of randomized controlled trials. BMC
Pulm Med 2019;19:9. https://doi.org/10.1186/s12890-018-
0761-y.

[27] Fang SY, Li CL, Liu XS, Chen F, Hua H. Correlation
between polymorphisms of the NR3C1 gene and
glucocorticoid effectiveness in patients with pemphigus
vulgaris. Sci Rep 2017;7:11890. https://doi.org/10.1038/
s41598-017-12255-0.

[28] Russo P, Tomino C, Santoro A, Prinzi G, Proietti S, Kisialiou A,
et al. FKBP5 rs4713916: a potential genetic predictor of
interindividual different response to inhaled corticosteroids
in patients with chronic obstructive pulmonary disease in a
real-life setting. Int J Mol Sci 2019;20:2024. https://doi.org/
10.3390/ijms20082024.

[29] Chriguer RS, Elias LL, da Silva Jr IM, Vieira JG, Moreira AC,
de Castro M. Glucocorticoid sensitivity in young healthy
individuals: in vitro and in vivo studies. J Clin Endocrinol
Metab 2005;90:5978e84. https://doi.org/10.1210/jc.2005-
0067.

[30] De Iudicibus S, Stocco G, Martelossi S, Drigo I,
Norbedo S, Lionetti P, et al. Association of BclI
polymorphism of the glucocorticoid receptor gene locus
with response to glucocorticoids in inflammatory bowel
disease. Gut 2007;56:1319e20. https://doi.org/10.1136/
gut.2006.116160.

https://doi.org/10.3389/fmed.2020.588404
https://doi.org/10.3389/fmed.2020.588404
https://doi.org/10.5588/ijtld.13.0569
https://doi.org/10.5588/ijtld.13.0569
https://doi.org/10.1007/s00439-003-1015-4
https://doi.org/10.1034/j.1399-0004.2000.580305.x
https://doi.org/10.1034/j.1399-0004.2000.580305.x
https://doi.org/10.1186/s40101-019-0194-1
https://doi.org/10.1186/s40101-019-0194-1
https://doi.org/10.5114/ceji.2015.54594
https://doi.org/10.1186/1465-9921-8-88
https://doi.org/10.1186/1465-9921-8-88
https://doi.org/10.1378/chest.13-1651
https://doi.org/10.1378/chest.13-1651
https://doi.org/10.1016/j.bbrc.2015.11.089
https://dspace.vnmu.edu.ua/123456789/4087
https://dspace.vnmu.edu.ua/123456789/4087
https://doi.org/10.1186/s12931-020-01603-w
https://doi.org/10.1186/s12890-018-0761-y
https://doi.org/10.1186/s12890-018-0761-y
https://doi.org/10.1038/s41598-017-12255-0
https://doi.org/10.1038/s41598-017-12255-0
https://doi.org/10.3390/ijms20082024
https://doi.org/10.3390/ijms20082024
https://doi.org/10.1210/jc.2005-0067
https://doi.org/10.1210/jc.2005-0067
https://doi.org/10.1136/gut.2006.116160
https://doi.org/10.1136/gut.2006.116160
https://doi.org/10.1016/j.resinv.2022.10.008
https://doi.org/10.1016/j.resinv.2022.10.008

	SFTPB (rs11130866) and NR3C1 (rs41423247) gene variants as potential clinical biomarkers for personalized treatment strateg ...
	1. Introduction
	2. Patients and methods
	2.1. Clinical characteristics of the patients
	2.2. Genotyping
	2.3. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	Ethical approval
	Conflict of Interest
	References


