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Introduction: Currently pulmonary fibrosis in post-COVID individuals represents a crucial milieu of investigation 
due to long-term associated complications and worse clinical outcome. Lack of studies in Indian population 
confers a crucial need for elucidating possible targets and mechanisms to explore better management and 
outcome. Hence, this study aimed to explore the role of circulating miRNA-21 in patients from South India after 
COVID-19 recovery, while targeting TGF-β signaling pathway involved in the development of pulmonary fibrosis. 
Methods: This prospective, single centre, hospital-based study enrolled a total of 50 participants in the age group 
of 50 to 60 years including 25 non-infected controls and 25 patients who were recovered after 3–6 months of 
COVID-19 infection and presented radiological pulmonary abnormalities. Quantification of miRNA-21 and 
selected gene transcripts (TGF-β, Col1A2, Col3A1, and α-SMA) was performed in plasma samples of both patients 
and controls. 
Results: Significantly increased expression levels of miRNA-21 was observed in patient samples compared to 
controls (4.50 ± 1.03 vs 12.60 ± 3.52, p < 0.0001) with 72.10% sensitivity and 80.10% specificity. Further, 
significantly increased levels of central fibrosis regulatory gene transcript TGF-β (0.56 ± 0.27 vs 1.83 ± 0.98), 
two crucial collagen transcripts Col1A2 (0.62 ± 0.19 vs 1.56 ± 1.00) and Col3A1 (0.61 ± 0.27 vs 1.54 ± 0.89), 
and α-SMA (0.46 ± 0.17 vs 1.20 ± 0.78) was observed in patients compared to controls. Western-blot analysis 
also showed almost similar observations at proteins levels. 
Conclusion: Circulating miRNA-21 may provide crucial insights for elucidating TGF-β mediated pulmonary 
remodeling involved in the fibrosis development and achieve better clinical outcome for post-COVID patients 
after recovery, in real-time with high diagnostic accuracy.   

1. Introduction 

Pulmonary fibrosis is a genetically predisposed, and fibroprolifer-
ative disease with a well-known impediment of acute respiratory 
distress syndrome (ARDS). Since the pandemic of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), causing coronavirus disease 
(COVID-19) has been reported to induce ARDS in 17.2 to 31% of 
infected patients (McDonald, 2021). Recent studies have demonstrated 
that more than one-third of patients who recovered after COVID-19 
often encompass pulmonary sequelae at 12 weeks after discharge, and 
may lead to irreversible fibrotic lesions in some cases (Baratella et al., 

2021; Korkmaz and Kele¸s, 2021; Zou and Li, 2021). A nationwide, 
multicentre, and observational study in 600 COVID-19 patients in Indian 
population has reported 13.66% pulmonary fibrosis after six weeks of 
discharge post-COVID-19 (Patil et al., 2021). Men had predominantly 
higher rate of pulmonary fibrosis compared to women participants 
(85.36% vs 14.64%, p < 0.0001). Similarly, individuals above 50 years 
of age showed significantly higher proportion of pulmonary fibrosis 
compared to age below 50 years (80.49% vs 19.51%, p < 0.0003). 
Furthermore, duration of illness has been greatly associated with the 
development of pulmonary fibrosis and requires time-dependent anal-
ysis of such individuals in population-based studies (Rumende, 2021). 
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Based on these findings, the occurrence of post-COVID pulmonary 
fibrosis is estimated to be 2–6% after moderate disease, and it can be 
assumed that pulmonary fibrosis could be one of the major long-term 
consequences of COVID-19, even among asymptomatic individuals 
(Bazdyrev et al., 2021). Despite the utmost efforts of the global medical 
community, currently there is no appropriate treatment modality for 
COVID-induced pulmonary fibrosis. The relevance of anti-fibrotic 
medication therapy for patients with active SARS-CoV-2 infection or 
those who have been cured of residual pulmonary fibrosis is still being 
defined and remains uncertain; the scientific basis for introducing, 
maintaining, or terminating therapy is also obscure (Vitiello et al., 2020; 
Bazdyrev et al., 2021). These findings warrant further evaluation of 
recovered COVID-19 individuals in longer duration with pulmonary 
involvement to determine potential genetic fingerprints. 

Recent studies have demonstrated involvement of epithelial and 
endothelial injury as a starting point for the fibrotic development 
(Mostafaei et al., 2021; Spagnolo and Oldham, 2021). Transforming 
growth factor-β (TGF-β) has been identified as one of the most crucial 
pro-fibrotic factors released during the endothelial injury which also 
helps to maintain fibrotic processes throughout the life cycle (Leach 
et al., 2013). Hence, TGF-β has been proposed as the most crucial target 
to disclose the development and progress of pulmonary fibrosis. How-
ever, the role of TGF-β in COVID-19 recovered individuals remains 
elusive and requires revelation of more comprehensive targets affected 
by TGF-β pathway. The current advancements in identifying circulating 
cell-free microRNAs (miRNAs) have revealed its potential utility in non- 
invasive and real-time assessment of several disease conditions 
including pulmonary fibrosis while influencing TGF-β signaling by 
regulating the expression of TGF-β1, and TGF-β receptor (Ong et al., 
2017a, 2017b). Among different miRNAs, miRNA-21 has been reported 
to amplify TGF-β signaling in a positive feedback fashion (Xu et al., 
2021a, 2021b), and represents a crucial target to be investigated. Hence, 
in this study we aim to investigate differential expression of miRNA-21 
in plasma samples of patients from South India after 3–6 months of 
COVID-19 and evaluated involvement of well-known TGF-β signaling to 
explore a possible mechanism responsible for the development of pul-
monary fibrosis. 

2. Materials and methods 

This prospective hospital-based study was conducted in individuals 
from South India after taking approval from Institutional Review Board 
(IRB) of Deccan College of Medical Sciences, Hyderabad, Telangana, 
India. Signed Informed Consent forms were collected from each study 
participant before collecting samples. 

2.1. Study population 

A total of 25 individuals who were recovered after 3–6 months of 
COVID-19 infection and considered healthy and tested negative for se-
vere acute respiratory syndrome coronavirus 1 (SARS-CoV-1) were 
included as patients in this study. The patients were enrolled only after 
confirmation of the persisting radiological pulmonary abnormalities 
using a chest X-ray and high resolution computed tomography (HRCT) 
scan according to the revised guidelines on the clinical management of 
COVID–19 (Government of India, 2020). Study participants reported for 
positive CT chest findings of COVID-19 along with the confirmed 
negative diagnosis by RT-qPCR test. CT imaging features included 
fibrotic strips; bronchovascular bundle distortion, traction bronchiec-
tasis, interlobar septal thickening, and architectural distortion were 
recorded as suggestive of pulmonary fibrosis. Pregnant women, with 
severe respiratory motion artifacts on CT images, patients with history 
of chronic interstitial lung disease, and patients with any other chronic 
medical conditions such as DM, hypertension, and autoimmune disease 
were excluded from the study. Furthermore, 25 age- and gender- 
matched non-infected individuals were enrolled as controls for 

comparative analysis. All the study participants included both men and 
women of age range between 50 and 60 years. 

2.2. Sample collection 

A total of 5 mL of peripheral blood samples were collected in EDTA- 
coated vacutainer tubes. From each blood sample, plasma was separated 
within 30 min after blood collection through centrifugation at 1200 xg 
for 15 min at room temperature and processed within 4 h. 

2.3. RNA extraction and complementary DNA synthesis 

The extraction of miRNA was performed using mirVanaTM RNA 
Isolation Kit (Applied Biosystems, CA, USA) according to the manufac-
turer’s instructions in both patient and control plasma samples. While, 
total RNA was extracted using GITC method for quantifying selected 
gene transcripts. Both the types of extracted RNAs were eluted or dis-
solved using 50 μL of nuclease-free water. The concentration and purity 
of extracted RNA was determined using a NanoDrop ND-1000 spectro-
photometer (Nanodrop Technologies, Wilmington, DE, USA) at 260 and 
280 nm wavelength. 

To quantify miRNA-21 expression, complementary DNA (cDNA) was 
prepared using universal stem loop and U6 primers, while OligodT was 
used for analyzing selected gene transcripts separately. In brief, both the 
types of RNA from each sample was mixed with the primers as described 
above and incubated at 65 ◦C for 10 min in a thermal cycler followed by 
2 min of snap cooling of the reaction. Further, a reaction mixture of 10 
mM dNTPs, 1× reaction buffer with DTT and 1 unit of MMLV reverse 
transcriptase enzyme was added in each reaction mixture and incubated 
at 42 ◦C for 45 min followed by 72 ◦C for 10 min. The integrity of 
constructed cDNA was checked on 1% agarose gel and 2 μL of cDNA was 
used for SYBR Green-based real-time quantitative polymerase chain 
reaction (RT-qPCR) to quantify miRNA-21 and selected gene transcripts 
expression using respective cDNA. 

2.3.1. RT-qPCR of miRNA-21, and targeted gene transcripts 
RT-qPCR was performed using a Real-time PCR machine (ABI 7500, 

Applied Biosystems, USA) using specific oligonucleotide sequences such 
as miRNA-21, forward: 5′-CGGGATCCTGGGGTTCGATCTTAACAGGC- 
3′; reverse: 5′- CGGAATTCCCACAATGCAGCTTAGTTTTCC-3′), and 
endogenous U6 snRNA, forward: 5′-CGCTTCGGCAGCAGCACATA-
TACTA-3′, reverse: 5′- CGCTTCACGAATTTGCGTGTCA-3′; TGF-β, for-
ward: 5′-CCCAGCATCTGCAAAGCTC-3′, reverse: 5′- 
GTCAATGTACAGCTGCCGCA-3′; Col1A2: forward: 5’- 
GGTGGTGGTTATGACTTTGG-3′, reverse: 5′-TCTGGGTGGCTGAGTCT-
CAA-3′); Col3A1, forward: 5’-GCTCTGCT TCATCCCACTATTA-3′, 
reverse: 5′-AACATTCTCCAAATGGAATT-3′; Col3A1, forward: 5′- 
GCTCTGCTTCATCCCACTATTA-3′, reverse: 5′-AACATTCTCCAAATG-
GAATT-3′; α-SMA, forward: 5′-CATCACCAACTGGGACGACATGGAA3′, 
reverse: 5′-GCATAGCCCTCATAGATGGGGACATTG-3′; and β-actin, for-
ward: 5′-GTCCTCTCCCAAGTCCACAC-3′, reverse: 5′-GGGA-
GACCAAAAGCCTTCAT-3. Each reaction was performed in triplicate for 
each sample in a total of 20 μL reaction mixture separately. Following 
reaction conditions were set to determine cycle threshold (Ct) values of 
each miRNA: A single step of initial denaturation at 94 ◦C for 2 min 
followed by 40 cycles of denaturation at 94 ◦C for 30s, annealing at 
54 ◦C–58 ◦C for 30s and extension at 72 ◦C for 30s. Further a single step 
of 10 min of melting curve was set to differentiate between primer-dimer 
and amplicons. 

2.4. Western blot analysis 

Western-blot of all 4 selected proteins was performed in plasma 
samples of both patients and controls using standard protocol. Briefly, 
protein concentration in each plasma sample was determined using BCA 
protein assay kit (Catalog #: 23225, ThermoFisher Scientific, USA). 
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Fixed volume of plasma protein samples were mixed with 2× Laemmli 
sample buffer, boiled at 100 ◦C for 5 min and loaded into the wells of 
12% SDS-PAGE gel. Proteins were allowed to run for 1–2 h at 100 V until 
proper resolution. Polyvinylidene fluoride (PVDF) membranes were 
activated with methanol for 60s and rinsed with transfer buffer before 
assembly into the cassette. Proteins were transferred from SDS-Page gel 
to PVDF membrane under constant voltage. Membrane was removed 
from the cassette and blocked for 60 min at room temperature using 
blocking buffer and incubated with appropriate dilutions of primary 
antibodies (β-actin, Catalog #: MAB8929-SP, R&D System, USA; TGF-β, 
Catalog #: ab92486, abcam, USA; Col1A2, Catalog #: ab96723, abcam, 
USA; Col3A, Catalog #: ab27099, abcam, USA; α-SMA, Catalog #: 
ab5694, abcam, USA) in blocking buffer overnight at 4 ◦C. Following 
washing the membrane with TBST buffer, membranes were incubated at 
room temperature with the recommended dilutions of conjugated sec-
ondary antibody (HRP–conjugated goat anti-rabbit secondary antibody, 
dilution 1:5000) in blocking buffer for 60 min. Membrane was washed 
thrice with TBST buffer. Recommended substrate was added to develop 
the color and images were captured. 

2.5. Statistical analysis 

All the data are presented as mean ± standard deviation (SD). Stu-
dent t-test was used to compare two groups while one way ANOVA was 
used to compare multiple groups and calculate the statistical signifi-
cance (i.e. p value at 95% confidence interval [CI]). Relative operative 
curve (ROC) analysis was performed to predict diagnostic value of 
oncomiR-21 expression in both tissue and plasma samples. A total of 

three experimental repeats and two biological repeats were performed 
for each analysis to enhance the reproducibility of the data. All the 
statistical analysis was performed and data were presented using 
GraphPad Prism software (version 8.4.2). The statistical significance for 
all the groups was set ≤0.05 at 95% CI. 

3. Results 

3.1. Difference in cell-free circulating miRNA-21 expression levels 

Qualitative analysis of cell-free circulating miRNA-21 showed 
consistently low expression, identified by the presence of low intensity 
amplicons on agarose gel in all the control samples following to PCR 
(Fig. 1A). In contrast, persistently higher expression levels of miRNA-21 
were observed in all the post-covid patient samples which was identified 
by intensified amplicons on agarose gel (Fig. 1B). These findings were 
validated using SYBR-Green based quantitative PCR which clearly 
demonstrated significantly increased expression levels of miRNA-21 in 
patient samples compared to controls (mean ± SD, 4.50 ± 1.03 vs 12.60 
± 3.52; CI, 4.08–4.93 to 11.15–14.06; p < 0.0001, Fig. 1C). Further, 
ROC analysis showed circulating miRNA-21 expression level as an ideal 
clinical discriminator between control and patient samples with 72.10% 
sensitivity and 80.10% specificity (Fig. 1D). 

3.2. Validation of miRNA-21 targeted fibrotic pathways 

We validated quantitative expression of 4 crucial gene transcripts 
involved in pulmonary fibrotic pathways. RT-qPCR analysis showed 

Fig. 1. Qualitative and quantitative PCR analysis of miRNA-21 expression. (A) Gel image showing miRNA-21 amplicons in control samples (B) Gel image 
showing miRNA-21 amplicons in patient samples (C) RT-qPCR analysis plot showing difference in Ct values of miRNA-21 expression compared to U6 between control 
and patient samples (D) ROC curve showing diagnostic significance of analyzing miRNA-21 between control and patient samples (***p < 0.0001). 
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Fig. 2. RT-qPCR analysis of fibrotic pathway genes between control and patient samples. Plots showing difference in expression levels of (A) TGF-β, (B) 
Col1A2, (C) Col3A1, and (D) α-SMA. ROC curves showing predictive diagnostic significance of (E) TGF-β, (F) Col1A2, (G) Col3A1, and (H) α-SMA. (***p < 0.0001, 
**p < 0.001). 
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significantly increased levels of central fibrosis regulatory gene tran-
script TGF-β (0.56 ± 0.27 vs 1.83 ± 0.98, p < 0.0001), 2 crucial collagen 
transcripts Col1A2 (0.62 ± 0.19 vs 1.56 ± 1.00, p < 0.0001) and Col3A1 
(0.61 ± 0.27 vs 1.54 ± 0.89, p < 0.0001), and α-SMA (0.46 ± 0.17 vs 
1.20 ± 0.78, p < 0.001) in patient samples compared to controls 
(Fig. 2A–D). However, ROC curve analysis showed relatively lower 
levels of sensitivity and specificity for all the 4 selected gene transcripts 
when compared between control and patient samples. ROC of TGF-β 
showed 65.33% sensitivity and 70.35% specificity with 0.8704 AUC 
(Fig. 2E). Similarly, other transcripts such as Col1A2 showed 63.1% 
sensitivity and 67.9% specificity with 0.8128 AUC (Fig. 2F), Col3A1 
showed 59.64% sensitivity and 72.47% specificity with 0.8208 AUC 
(Fig. 2G), and α-SMA showed 55.68% sensitivity and 70.63%% speci-
ficity with 0.7208 AUC (Fig. 2H). 

Next, we validated selected 4 targeted protein expressions through 
western-blot analysis in serum samples between control and patients 
(Fig. 3). This analysis showed almost similar observation to RT-qPCR 
analysis. The protein expression levels of TGF-β, Col1A2, Col3A1, and 
α-SMA was found enhanced in patient samples compared to controls 
which are evident by protein intensity on the blotted membranes. 

4. Discussion 

The present study describes a crucial link between circulating cell- 
free miRNA-21 levels and TGF-β signaling cascades, and elucidates 
possible diagnostic significance in the development of pulmonary 
fibrosis in individuals after recovery from COVID-19. This study was 
conducted due to long-term pulmonary sequelae identified in form of 
radiologic pulmonary abnormalities in discharged individuals after 
COVID-19 infection, and was tested negative for COVID-19. Earlier 
studies have reported that men at older ages are at higher risk for worse 
outcomes in patients with COVID-19 (Chen et al., 2020; Patil et al., 
2021). However, it remains unclear about the gender-based distinctive 
outcomes in such individuals. Importantly, age still continues to be the 
most crucial risk factor due to involvement of several comorbidities 
including diabetes, hypertension, and other age-related conditions. 
Furthermore, it remains unclear why certain individuals recover from 
COVID-19 without development of pulmonary fibrosis. 

Our study is the first in South Indian population which explores 
crucial molecular fingerprints in recovered COVID-19 individuals in age 
range of 50–60 years who presented with radiologic abnormalities be-
tween 3 and 6 months of discharge from the hospital. Our interest in 
TGF-β pathway relies on its involvement in the accumulation of myofi-
broblasts and extracellular matrix (ECM) which represent major 
contributing factors in the development of fibrosis (Fig. 4A). Moreover, 
studies have reported that miRNA-21 is directly in TGF-β signaling 
cascades through regulation of macrophage/monocyte activity in 

different organs/tissues (Liu et al., 2010; Cho et al., 2011; Loboda et al., 
2016). Smooth muscle contraction is another landmark feature of pul-
monary fibrosis which is due to production of α-SMA from the myofi-
broblasts (Sun et al., 2016). Hence, post-COVID pulmonary fibrosis is 
now considered as a potential concerning sequela among survivors due 
to the development of permanent lung architectural distortion and 
irreversible pulmonary impairment (Ojo et al., 2020; Georg et al., 2020). 
Recent studies have also provided evidence for the involvement of 
several canonical and noncanonical signaling pathways in ECM depo-
sition and the development of fibrosis (Finnso et al., 2020; Xu et al., 
2021a, 2021b). Among noncanonical pathways miRNAs have been 
shown to play central role in the fibrotic pathogenesis and treatment; 
hence investigation of miRNA-based regulatory mechanisms has gained 
enormous attention in recent years (Yang et al., 2016; Henry et al., 
2019). Similar to our findings, miRNA-21 has been shown to play crucial 
role in the development of lung fibrosis through interaction with diverse 
pathways (Cutroneo et al., 2007; Liu et al., 2016). Yamada et al. (2013) 
has also demonstrated that miRNA-21 is enhanced in lung epithelial 
cells during the development of pulmonary fibrosis and it promotes 
epithelial-mesenchymal transition which further worsen the disease 
condition. This study further provided evidence that exogenous injec-
tion of a miRNA-21 inhibitor suppresses the up-regulated production of 
vimentin and alpha-smooth muscle actin under conditions that induce 
epithelial-mesenchymal transition. 

Our study findings elucidated possible involvement of such crucial 
signaling pathways in pulmonary fibrosis while regulating ECM 
remodeling through miRNA-21 expression leading to increased pro-
duction of TGF-β signaling proteins. We found >8-fold increased 
expression levels of miRNA-21 in overall patient samples compared to 
controls (p < 0.0001); while, gender-wise difference was not observed. 
This finding also showed high diagnostic value with >72% sensitivity 
and over 80% specificity. Although our results from validation studies at 
transcript expression and protein levels showed significantly higher in 
patients similar to miRNA-21, the difference was comparatively less and 
several values were superimposed with controls representing their poor 
diagnostic significance. Our findings of TGF-β signaling transcripts 
expression showed 1.27 fold increased expression of TGF-β, 0.94 fold of 
Col1A2, 0.93 fold of Col3A1, and 0.74 fold of α-SMA in patients 
compared to control individuals. These analyses also had relatively 
lower sensitivity and specificity than miRNA-21 analysis; however, 
represented a crucial role in activation of TGF-β signaling leading to-
wards pulmonary remodeling and development of fibrosis. These find-
ings were supported by earlier studies wherein altered TGF-β-induced 
miRNA regulation and differential expression of miRNAs has shown one 
of the mechanisms underlying aberrant tissue repair and ECM remod-
eling in pulmonary fibrosis (Ong et al., 2017a, b & 2019). 

Although several recent studies have explored several pleiotropic 
effects of miRNA-21 in ECM remodeling, none of them have provided 
such crucial targeted mechanistic approach in COVID patients in the 
development of pulmonary fibrosis (Jiang et al., 2019; Derda et al., 
2021; Dingsdag et al., 2021). Our study explored crucial involvement of 
miRNA-21 in regulating TGF-β pathway essential for the development of 
pulmonary fibrosis. More importantly, early quantification of miRNA-21 
in circulation may provide crucial diagnostic value in real-time disease 
progress along with radiological findings in clinical settings. 

Despite, our study provided essential clue to understand pulmonary 
fibrosis in post-COVID patients with high diagnostic value; the study was 
limited to the enrollment of very less number of participants in only age 
range of 50 to 60 years in a single centre which avoids population-bias in 
different regions of the country. Furthermore, study couldn’t discrimi-
nate gender-wise significance similar to other studies (Patil et al., 2021). 
Quantifying miRNA-21 in large number of patients in multi-centre 
studies may provide more authentic value based on the gender and 
different age range. 

In summary, our study demonstrated that miRNA-21 may play an 
important role in pulmonary remodeling, making it a good candidate 

Fig. 3. Western-blot showing difference in protein levels of TGF-β, Col1A2, 
Col3A1, α-SMA, and β-actin between control and patient samples. 
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miRNA for further research in COVID-19 patients after getting dis-
charged from the hospital for 3–6 months. We tried to derive role of 
miRNA-21 in pulmonary remodeling from a variety of clues specifically 
targeting TGF-β pathway which provides a direct evidence for its 
involvement of pulmonary fibrosis. In accordance with the findings of 
current study, we postulated that maintaining balance between degen-
erative and regenerative mechanisms by inhibition of miRNA-21 and its 
target molecules such as Col1A2, Col3A1, α-SMA, including TGF-β 
pathway such as myofibroblast activation and macrophase/monocyte 
growth, and accumulation of overactive cells may provide crucial 
strategy to eliminate pulmonary fibrosis development in early stages 
with better treatment outcome (Fig. 4B). Therefore, our study represents 
need for an experimental exploration into the aforementioned factors, 
with the goal that such unique insights may be valuable for future 

research in this field. 

5. Conclusion 

Our study findings demonstrated that quantifying circulating 
miRNA-21 may provide crucial insights for elucidating TGF-β mediated 
pulmonary remodeling involved in fibrosis developments and achieve 
better clinical outcome in real-time with high diagnostic accuracy. 
Hence, by modulating miRNA-21 and their targets, it may be possible to 
explore better diagnostic, prognostic and therapeutic approaches that 
may influence post-COVID complications in the future. 

Fig. 4. (A) Schematic representation showing different cascades of cellular and molecular events participating in pulmonary fibrosis which act as crucial targets of 
miRNA-21. (B) Representation showing regulation of crucial signaling pathways bases on our study findings to evolve better strategy for reducing the progress of 
pulmonary fibrosis in patients post-COVID to achieve better outcome. 
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