
Saudi Pharmaceutical Journal 16 (2023) 101816
Contents lists available at ScienceDirect

Saudi Pharmaceutical Journal

journal homepage: www.sciencedirect .com
Original article
Interferon-k3 rs12979860 can regulate inflammatory cytokines
production in pulmonary fibrosis
https://doi.org/10.1016/j.jsps.2023.101816
1319-0164/� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: khaled_thabet@mu.edu.eg (K. Thabet).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Eman Hamdi a, Amany A. Bekhit a, Aliaa Higazi b, Abo Bakr F. Ahmed c, Ahmed Hussein Kasemd,
Mustafa A.M. Najim e, Thamir M. Alshammari f,g, Khaled Thabet a,⇑
aDepartment of Biochemistry, Faculty of Pharmacy, Minia University, Minia 61519, Egypt
bDepartment of Clinical Pathology, Faculty of Medicine, Minia University, Minia 61519, Egypt
cDepartment of Microbiology and Immunology, Faculty of Pharmacy, Minia University, Minia 61519, Egypt
dDepartment of Chest Diseases, Faculty of Medicine, Minia University, Minia 61519, Egypt
eDepartment of Medical Laboratories Technology, Faculty of Applied Medical Sciences, Taibah University, Medina, Saudi Arabia
fMedication Safety Research Chair, King Saud University, Riyadh, Saudi Arabia
gCollege of pharmacy, Almaarefa University, Riyadh, Saudi Arabia

a r t i c l e i n f o
Article history:
Received 19 June 2023
Accepted 1 October 2023
Available online 6 October 2023

Keywords:
Lung fibrosis
Interstitial lung diseases
Interferon lambda-3 (IFN-k3)
CTD-ILD
IPF
a b s t r a c t

Pulmonary fibrosis (PF) is the last phase of interstitial lung diseases (ILDs), which are a collection of pul-
monary illnesses marked by parenchymal remodeling and scarring. Treatment can only halt the func-
tional decline of the lung, raising the necessity of identifying the basic processes implicated in lung
fibrogenesis. The Interferon lambda-3 (IFNL3) gene variant, rs12979860, was determined to be related
to an elevated risk of fibrosis in different organs, but the mechanism through which it mediates fibroge-
nesis is not clear. In the current research, we aim to figure out some of the mechanistic pathways by
which IFN-k3 mediates ILDs. 100 healthy controls and 74 ILD patients were genotyped for IFNL3
rs12979860. Then the mRNA expression of IFNL3 and some other proinflammatory mediators was exam-
ined according to genotype in the peripheral blood mononuclear cells (PBMCs) of ILDs patients. The IFNL3
rs12979860 genotype distribution of healthy individuals and ILDs patients was shown to be in Hardy-
Weinberg equilibrium (HWE) with a minor allele frequency (MAF) of 0.293 and 0.326, respectively.
Furthermore, the CC genotype was demonstrated to be linked to enhanced IFNL3 expression. Also, the
CC genotype was linked to an increase in the mRNA expression of TLR4 (P = 0.03) and the inflammatory
cytokines IL-1b and TNF-a (P = 0.01 and 0.04, respectively) and had no effect on the NF-kB level (P = 0.3).
From these results, we can deduce that IFN-k3 may mediate tissue fibrosis via increasing the expression
of IFN-k3 itself and other proinflammatory mediators. This stimulates a self-sustaining loop mechanism
which includes a reciprocal production of IFN-k3, TLR4, IL-1b, and TNF-a leading to persistent inflamma-
tion and fibrosis.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

PF is the final consequence of several ILDs, which are also called
diffused parenchymal diseases (Wuyts et al., 2013). ILDs are a wide
collection of chronic pulmonary illnesses marked by lung
parenchymal tissue restructuring and/or fibrotic change. ILD
patients have a loss in lung function, worsening symptoms, a poor
response to therapy, a diminished quality of life, and a high rate of
death. ILDs can be idiopathic or linked with systemic or connective
tissue diseases (CTDs) such as rheumatoid arthritis (RA), sclero-
derma, and systemic lupus erythematosus (SLE). Idiopathic pul-
monary fibrosis (IPF) is the predominant ILDs type (Ozaki and
Glasgow 2022). IPF is a chronic, fatal condition marked by perma-
nent pulmonary fibrosis and decreased lung function. It is most
likely caused by numerous loops of epithelial cell damage and
unregulated healing (Raghu et al., 2011). Up to 30% of newly diag-
nosed ILD cases have CTDs in which all lung areas (bronchioles,
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Table 1
List of primers sequences used for RT-PCR.

No. Gene Sequence

1 GAPDH Fw; 50-GACTAACCCTGCGCTCCTG-30

Rev; 50-GCCCAATACGACCAAATCAG-30
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alveoli, and parenchyma) are affected (Kalchiem-Dekel et al., 2018,
Mira-Avendano et al., 2019).

Numerous ILDs have an immunopathogenesis that is still poorly
understood and may be caused by one or more than one of several
factors, e.g., immunological dysregulation, inappropriate regenera-
tion, prolonged inflammation, and frequently in the context of
genetic predisposition (Sweis et al., 2023).

ILDs have diverse prognoses in general, although some exhibit
fibrosis and are distinguished by disease progression. IPF is the
prototype of them, but other ILDs, including autoimmune-related
ILDs, may also exhibit a progressive fibrotic pattern (Case 2022).
In this study, we will focus on ILDs related to the phenotype of pro-
gressive pulmonary fibrosis, especially IPF, rheumatoid arthritis-
related ILDs (RA-ILDs), and systemic lupus erythematous-related
ILDs (SLE-ILDs).

Fibrogenic mechanisms are still elusive and unsatisfactory, so a
limited number of drugs target fibrosis specifically (Bellan et al.,
2019). Up until now, only a couple of antifibrotic medicines, ninte-
danib and pirfenidone, were licensed for the management of pro-
gressive fibrosing ILDs (Wilfong and Aggarwal 2021).
Unfortunately, these medications are not able to give a full cure
and are linked to concerns about tolerability. They have the poten-
tial to reduce the pace of functional deterioration in the lungs, but
they can’t stop the scar tissue from accumulating (Spagnolo et al.,
2020). So, there is a great necessity for identifying the possible bio-
logical systems involved in fibrogenesis to cover the unmet need
for innovative medicines to treat ILDs.

Interferon lambda-3 (IFN-k3) is an interferon lambda family
member; it is a protein encoded by the interferon lambda-3 (IFNL3)
gene and has varied expression caused by single nucleotide poly-
morphisms (SNPs) (Honda et al., 2010). rs12979860 is a variant
in the IFNL3 gene that was recently found to be related to sever
hepatic inflammation and fibrosis in different disease etiologies
(Noureddin et al., 2013, Eslam et al., 2015). It was additionally
observed that IFNL3 rs12979860 correlates with the onset of fibro-
sis across different epithelial tissues. In the lung, it has been related
to an elevated hazard of PF caused by systemic sclerosis (Metwally
et al., 2019). Regardless of the tissue involved, the pathophysiology
of fibrotic diseases is largely the same (Razzaque and Taguchi
2003). As a result, we anticipate that IFNL3 rs12979860 may also
contribute to the pathophysiology of PF in fibrotic ILDs.

Inflammatory cytokines constitute essential elements in the
pathological process of PF. They are capable of influencing many
biological processes in lung fibrosis (Fathimath Muneesa et al.,
2021). It was proved that Inflammatory mediators, e.g.,
interleukin-1b (IL-1b) and tumor necrosis factor-a (TNF-a) cause
epithelial-mesenchymal transition (EMT) in fibrotic foci (Rieder
et al., 2011). NF-kB has been linked to the synthesis of proinflam-
matory cytokines and chemokines, in addition to immune cell
attraction (Simmonds and Foxwell 2008). TLR4 is a pattern-
recognition receptor (PRR) that induces the release of a variety of
proinflammatory cytokines in macrophages and fibroblasts upon
activation, resulting in the activation of more fibroblasts and
macrophages (Bolourani and Brenner 2021).

In this research, we tried to identify the role of the IFNL3
rs12979860 genotype in the PF pathogenesis within ILDs patients
and tried to identify some of its mechanistic pathways.
2 IFNL3 Fw; 50-TGCCTGTCGTGTACTGAACCA-30

Rev; 50-GAGCGCGGAGTGCAATTC-30

3 TLR4 Fw; 50-CCCTTCTCAACCAAGAACCT-30

Rev; 50-GCCCTCTAGAGCAGATTTGT-30

4 NF-kBp65 Fw; 50-TCATGAAGAAGAGTCCTTTCAGC-30

Rev; 50-GGATGACGTAAAGGGATAGGG-30

5 IL-1b Fw; 50-ACAGATGAAGTGCTCCTTCCA-30

Rev; 50-GTCGGAGATTCGTAGCTGGAT-30

6 TNF-a Fw; 50-CAGGGACCTCTCTCTAATCA-30

Rev; 50- GTAATAAAGGGATTGGGGCA-30
2. Materials and methods

2.1. Study population and study design

From November 2021 to January 2023, this study enrolled 174
participants, including 100 healthy controls (49 male and 51
female) have an average age of 35 years and 74 ILDs subjects (19
2

male and 55 female) have an average age of 51 years. The study
included only patients suffering from fibrotic ILDs, according to a
CT scan and before starting any antifibrotic drugs regimens. Our
exclusion criteria were: 1) non-ILD chronic lung disease patients,
e.g., chronic obstructive pulmonary disease (COPD) and chronic
asthmatic patients, 2) cases with other organ fibrosis such as kid-
ney or liver fibrosis, and 3) patients with non-fibrotic ILDs. All
patients were from Middle and Upper Egypt. The Ethics of Scien-
tific Research committee, Faculty of Pharmacy, Minia University,
approved all experiments.
2.2. Sample collection

10 mL of peripheral blood was collected at day time, usually
from 10 to 11 a.m., and transferred under cooled conditions and
stringent aseptic conditions using EDTA as an anticoagulant and
divided into two parts: 2 mL were stored at �20 �C for DNA extrac-
tion, followed by a TaqMan� SNP genotyping allelic discrimination
assay, and 8 mL of fresh blood for PBMCs separation, then the
extracted RNA was kept at �80 �C till the RT-qPCR step.
2.3. Genotyping

Firstly, we extracted the DNA by column extraction with the
GeneJET DNA extraction, 50 preparation kit (Cat. No. K0781, Ther-
moFisher, USA) as the producer’s instructions. Secondly,
rs12979860 was genotyped by the TaqMan� SNP assay (Cat. No.:
4351379, Assay ID: C-7820464–10, ThermoFiher, USA) following
company guidelines using the StepOnePlusTM RT-PCR equipment
(Applied Biosystems, USA).
2.4. Quantification of the mRNA expression of the examined genes

Firstly, density gradient centrifugation was used for PBMCs sep-
aration on Ficoll� Paque Plus (Cat. No. GE17-1440–03, Sigma-
Aldrich, Germany) as producer’s instructions. Secondly, we
extracted total RNA following the company’s protocol by using
the RNeasy Kit (Cat. No. 74104, Qiagen, Germany). Thirdly, cDNA
was synthesized using the RevertAid First Strand cDNA Kit (Cat.
No. K1622, ThermoFisher, USA) in accordance with the company’s
protocol. After that, SYBR� green qPCRmaster mix (Cat. No. SQ103-
0100, GeneDireX, USA) was used for qPCR in the StepOnePlusTM RT-
PCR apparatus (Applied Biosystems, USA). GAPDH was used as a
housekeeping gene to normalize the CT values from qPCR. Then
gene expression of IFNL3, IL-1b, TLR4, TNF-a, and NF-kB was mea-
sured by DCT = CT (GAPDH) - CT (target), finally represented as 2
DCT. Table 1 lists the utilized experiment’s primers.



Fig. 1. IFNL3 rs12979860 genotype association with IFNL3 mRNA expression in ILD
patients’ PBMCs. The IFNL3 mRNA expression was relative to GAPDH by RT-qPCR.
The two-tailed Mann-Whitney test was utilized for calculating the result, which
was visualized using GraphPad Prism 8 software. P value less than 0.05 was chosen
as the measure of significance. (*) denotes a P-value less than 0.05.
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2.5. Statistical analysis of the study findings

To determine the suitable sample size for this study, the two-
sample t-test formula was employed. This formula considers a sig-
nificant level (alpha) of 0.05, a standard deviation (r) of 1.32, and
the desired power of 0.90. For descriptive statistics, the
median ± interquartile range (twenty-fifth to seventy-fifth per-
centile) was used to represent continuous variables. The Mann-
Whitney U test was used to assess the difference in median values.
The dominant model (CC versus CT/TT) was used for the explana-
tion of the functional role of the IFNL3 rs12979860 genotype on
ILDs, as previously reported (Eslam et al., 2015, Metwally et al.,
2019). All statistical analysis was carried out using GraphPad Prism
version 9 (GraphPad Software, USA). Statistical significance was
considered when a P-value was less than 0.05.

3. Results

3.1. Patient characteristics

The study enrolled 174 participants, including 100 healthy con-
trols and 74 ILD patients. Genotyping was successful for all sam-
ples except one healthy control sample. The IFNL3 rs12979860
genotype distribution of both healthy control and ILD patients
was found to be in HWE with a MAF of 0.293 for healthy control
and 0.326 for ILD patients. These findings agreed with those of
the 1000 genome project’s healthy population (https://browser.
1000genomes.org) and show no deviation from HWE (P = 0.7).

In terms of rs12979860 genotypes, Table 2 indicates IFNL3
rs12979860 genotype distribution in both healthy controls and
patients.

ILD patients and healthy controls have P-values of 0.6 and 0.8,
respectively. The chi-square test was employed to determine P-
values; P > 0.05 signifies no divergence from HWE.

3.2. IFNL3 rs12979860 genotype association with the IFNL3 mRNA
expression of ILD patients

To investigate the functional effects of IFNL3 rs12979860 in
ILDs, the dominant model of inheritance was used as previously
reported, and the rs12979860 variant was classified as CC versus
CT/TT (Eslam et al., 2015, Metwally et al., 2019).

Our findings revealed a substantial elevation in IFNL3 mRNA
expression in the [CC] genotype over the [CT/TT] genotypes
(P = 0.03), as shown in Fig. 1.

3.3. Association of IFNL3 rs12979860 genotype with pro-inflammatory
mediators’ mRNA expression in ILD patients

Based on rs12979860 genotype, we examined the expression of
TLR4 and some inflammatory mediators, including NF-kB, IL-1b,
and TNF-a in ILD patients’ PBMCs to comprehend the potential
functional impact of IFN-k3 in ILDs.

Under the dominant model, the [CC] genotype was found to be
linked with a significant increase in the amount of IL-1b mRNA in
comparison to the CT/TT genotypes in ILD patients’ PBMCs (Fig. 2a;
Table 2
IFNL3 rs12979860 genotype distribution in healthy controls and ILD patients.

IFNL3 rs12979860 ILD (n = 74) Healthy control (n = 99)

CC 34 (46%) 49 (49.5%)
CT 31 (42%) 42 (42.4%)
TT 9 (12%) 8 (8.1%)
[C] 67.4 % 70.7 %
[T] 32.6 % 29.3 %

3

P = 0.01). In addition, the [CC] genotype was shown to be related to
a substantial elevation of TLR4 mRNA in comparison to the CT/TT
genotypes in ILD patients’ PBMCs (Fig. 2b; P = 0.03). Moreover,
the [CC] genotype was linked to a considerable rise in TNF-amRNA
expression over the CT/TT genotypes in ILD patients’ PBMCs
(Fig. 2c; P = 0.04). However, NF-kB mRNA level was not signifi-
cantly affected by IFNL3 genotypes in ILD patients’ PBMCs
(Fig. 2d; P = 0.3). Table 3 shows all these data.

Median and interquartile range (twenty-fifth to seventy-fifth
percentiles) were used for statistical representation of our data.
The two-tailed Mann-Whitney U test was used to figure out the
difference in median values. Statistical significance was defined
as P-values less than 0.05.

4. Discussion

The mechanistic pathway of IFNL3 in mediating fibrosis in gen-
eral and lung fibrosis due to ILDs in particular has not been obvious
until now and needs further investigation. In this study, initially,
we elucidated the genotype distribution of IFNL3 rs12979860.
Genotype distribution was found in HWE. Our results showed that
there was a non-significant difference in the MAF of ILD patients
(MAF = 0.326) compared to healthy controls (MAF = 0.293). These
results revealed no deviance from HWE and were consistent with
those of the healthy population from the 1000 Genome Project
(Auton et al., 2015).

PBMCs can reflect the response of the body to various diseases.
So, it can be used for gene expression profiling as a source for
biomarkers (Bolen et al., 2011, Mosallaei et al., 2020). Hence, we
demonstrated that the INFL3 rs12979860 genotype and INFL3
mRNA expression in PBMCs from ILDs individuals are related. We
found the CC genotype enhances the expression of IFNL3 signifi-
cantly more than the CT/TT genotypes. This result supports prior
studies that indicated patients who have the IFNL3 rs12979860
CC genotype secrete higher amount of INFL3 in their serum and liv-
ers than these ones with CT or TT genotypes (Langhans et al., 2011,
Eslam et al., 2017, Metwally et al., 2019). Thus, the risk CC geno-
type has been found to enhance IFN-k3 expression.

The lung has a completed set of toll-like receptors (TLRs) that
can distinguish between self-danger-associated molecular patterns

https://browser.1000genomes.org
https://browser.1000genomes.org
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Fig. 2. Association of the IFNL3 rs12979860 genotype with mRNA expression levels of proinflammatory cytokines in ILD patients’ PBMCs: (a) IL-1b mRNA expression level
according to rs12979860 genotype, (b) TLR4 mRNA expression level according to rs12979860 genotype, (c) TNF-amRNA expression level according to rs12979860 genotype,
and (d) NF-kB mRNA expression level according to rs12979860 genotype. The mRNA expression was normalized to GAPDH by RT-qPCR. The two-tailed Mann-Whitney test
was utilized for calculating the result, which was visualized using GraphPad Prism 8 software. P less than 0.05 was chosen as the measure of significance. (*) denotes a P-value
less than 0.05.

Table 3
Quantification of mRNA expression of IFNL3, IL-1b, TLR4, NF-kB, and TNF-a in PBMCs of ILD patients according to the rs12979860 genotype under the dominant model.

Genotype IFNL3 IL-1b TLR4 NF-kB TNF-a

CC 0.0033 ±
(0.0008–0.0185)

0.0031 ±
(0.0017–0.0044)

3.109 ±
(1.831–4.943)

0.0199 ±
(0.0068–0.0422)

14.94 ±
(5.144–48.33)

CT/TT 0.0006 ±
(0.0002–0.0032)

0.0081 ±
(0.0011–0.0029)

2.145 ±
(1.380–3.069)

0.0097 ±
(0.0020–0.0442)

7.154 ±
(1.471–20.15)

P-value 0.03 0.01 0.03 0.3 0.04
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(DAMPs) and exogenous pathogen-associated molecular patterns
(PAMPs) because it is continually exposed to a variety of host-
derived risk stimulator and foreign bodies. Furthermore, TLRs are
involved in the pathogenesis of non-infectious lung illnesses like
ILDs (Kovach and Standiford 2011). TLR4, one of the most
researched TLRs in lung fibrosis, has been demonstrated to have
a pro-fibrotic effect whenever triggered by DAMPs and PAMPs
(Lu et al., 2008, He et al., 2009). LPS stimulation of TLR4 in
monocyte-derived dendritic cells (MDDC) has been shown to
increase the synthesis of IFN-k3 (Coccia et al., 2004). Accordingly,
we expect TLR4 to be one of the mechanistic pathways through
which IFN-k3 mediates lung fibrosis. In concordance with this,
we observed a substantial elevation in TLR4 mRNA expression in
the rs12979860 CC genotype over the CT/TT genotypes. In line with
our findings, earlier in vitro research deduced that IFN-k3 induces a
pro-inflammatory phenotype in macrophages, resulting in overex-
4

pression of TLR4, TNF-a, and IL-1b (Read et al., 2019). In addition,
IFN-k3 enhanced interferon-stimulated genes’ (ISGs) expression
and the response to bacterial, fungal, and viral PAMPs, according
to in vitro findings. This could be done via synergistic activation
of inflammasome pathways (Caspase 1 activity and IL-1b cleavage)
(Read et al., 2021). This data, together with our findings, show that
IFN-k3 has a crucial role to maintain the inflammatory responses.

IFN-k3 is mostly produced by immune cells (Yoshio et al.,
2013). Also, the IFNL3 CC, or risk variant, has been found to increase
the involvement of immune cells at the inflammation site, which in
turn results in more IFN-k3 synthesis by these cells and explains its
role in mediating inflammation and fibrosis progression (Eslam
et al., 2017). It has been clearly suggested, based on the evidence
gathered from numerous human studies and animal models, that
immune cells can regulate the inflammatory and fibrotic responses
already present in ILDs via inflammatory cytokines generated by
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these cells (Bagnato and Harari 2015, Desai et al., 2018). Thus, to
figure out the potential importance of the IFNL3 rs12979860 vari-
ant in ILD pathogenesis, we investigated the expression levels of
some inflammatory mediators, e.g., TNF-a, NF-kB, and IL-1b in
PBMCs from ILD patients based on the rs12979860 genotype. From
our results section, we observed that the IFNL3 CC genotype con-
siderably boosts IL-1b and TNF-a mRNA expression in the PBMCs
of ILD patients when compared to the CT/TT genotypes. However,
while the NF-kB mRNA level was found to be higher in the CC
genotype, the difference was not statistically significant when
compared to the CT/TT genotypes.

Based on these findings, we may conclude that the risk geno-
type has been related to greater levels of pro-inflammatory medi-
ators’ expression that aid in the occurrence and progression of PF.
Further, the rs12979860 CC genotype appears to perform its profi-
brotic role through its impact on TLR4, IL-1b, and TNF-a. In agree-
ment with our results, an in vitro study found that after being
treated with IFN-k3, plasmacytoid dendritic cells survive longer
and release CXCL10, IFN-a, and moderate amounts of TNF-a
(Finotti et al., 2016). Furthermore, In bleomycin-induced PF mice
model, we reported in previous research that IFNL3 mRNA was
remarkably increased in this model and positively linked to the
expression of TGF-b, IL-1b, and TNF-a (Hamdi et al., 2022).

Our study has limitations, particularly the absence of lung biop-
sies from ILD patients, as currently the diagnosis of ILDs is done
using non-invasive techniques like lung CT scan.

From our current study findings, we can deduce that IFNL3 has
a vital contribution to the fibrotic and inflammatory pathways of
ILDs because of its effect on immune cells. It transforms the lung’s
homeostatic milieu into a self-sustaining loop of IFN-k3 secretion
followed by TLR4, TNF-a, and IL-1b upregulation. Moreover, the
rs12979860 CC genotype was linked to increased expression of
IFN-k3 itself and other inflammatory markers connected to the
onset and progression of PF.
5. Conclusion

The IFNL3 rs12979860 CC, risk genotype, is shown to be related
to enhanced expression of IFNL3, TLR4, IL-1b, and TNF-a. However,
it has no significant impact on NF-kB mRNA levels in PBMCs from
ILD patients. Furthermore, IFN-k3 may be mediating tissue inflam-
mation and fibrosis by maintaining a self-perpetuating loop of IFN-
k3 release and TLR4, IL-1b, and TNF-a upregulation. To sum up the
main implications of our findings, our research highlighted IFN-k3
blockade as a novel target for new drug development. These drugs
targeting IFN-k3 will have limited side effects as the expression
pattern of IFNL receptors has been restricted to epithelial tissues,
limiting the action of IFNLs to these tissues (Eslam and George
2015). Also, early screening of ILD patients for the rs12979860
CC genotype will be beneficial for identifying patients who are at
higher risk for pulmonary inflammation and fibrosis, which will
be a helpful advance in personalized therapy for these patients
and enhance their lives.
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