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ABSTRACT

Interstitial lung disease (ILD) comprises many chronic lung diseases with
various degrees of inflammation and fibrosis. Idiopathic pulmonary fibrosis (IPF) is a
specific lung disorder characterized by progressive fibrosis leading to end-stage lung
disease, respiratory failure, and fatal outcome. The toll like receptor (TLR) family
serves as an important regulatory role in the innate immune system. Recently, several
studies implicated TLR signaling in the proinflammatory response of a variety of
endogenous and exogenous stimuli within the lung. Innate immune activation via TLR4
contributes to lung injuries but its role in tissue remodeling during ILD is still unclear.
The current study aimed to investigate role of lung TLR4, nuclear factor kappa B (NF-
kB), transforming growth factor-p (TGF-B) and interleukin 1B (IL1B) in the
pathogenesis of IPF. We examined the expression pattern of TLR4, NF-kB, TGF and
IL1B after one and three weeks of bleomycin-induced pulmonary fibrosis in a mouse
model. Expression of TLR4 and its downstream modulator NF-kB were markedly
elevated. Consequently, expression of profibrogenic cytokine TGF-B and inflammatory
cytokines IL1B were induced in all grades of pulmonary fibrosis of mice model.
Furthermore, there was an increase in interstitial collagen deposition side by side with
induction of the activity of some pathophysiological enzymes and uric acid. In
conclusion, our findings exhibit the importance of TLR4/NF-kB as significant
mediators in fibrotic lung injury and open the door for future studies that can improve
the lifestyle of IPF patients.
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1. Introduction

Interstitial lung diseases (ILDs), a heterogeneous group of disorders
characterized by inflammatory and fibrotic lung diseases with high morbidity and
mortality, also defined as diffuse parenchymal lung disease(Ge et al., 2020). The most
extensively studied type of ILD is idiopathic pulmonary fibrosis (IPF), which occurs
mainly in adults aged over 60 years and is characterized by progressive pulmonary
fibrosis, decline in lung function and high mortality(Kolb et al., 2019).

The model of bleomycin (BLM)-induced lung fibrosis represents the most
commonly applied experimental model. BLM is a chemotherapeutic antibiotic that has
been identified as a pro-fibrotic agent. A recent An Official American Thoracic Society
Workshop Report confirmed that there is a consensus view of the intratracheal BLM
model as “the best-characterized animal model available for preclinical
testing”(Tashiro et al., 2017).

Tissue damage and inflammation are important triggers for regeneration and
fibrosis. Tissue damage not only induces inflammation in general, it also determines the
type and polarization of inflammation by recruiting and activating a variety of different
cells types of the innate and adaptive immune system(Mack, 2018).

The toll like receptors (TLRS) have crucial roles in activating the innate immune
system, and at least 10 members of the TLR family have been identified in humans.
These receptors are activated by several ligands and modulate inflammation. TLR4 is
one of the TLRs that is expressed on the cell surface of both immune and vascular cells,
smooth muscle cells, and inflammatory cells(Mitsui et al., 2020). It is amazing that the
expression of TLR mRNA are not restricted to immune tissues but distributed in all
tissues including lung(El-Zayat et al., 2019).

Nuclear factor kappa B (NF-xB) is a family of dimeric DNA binding
transcription factors that modulate diverse biological responses to cellular stress by
regulating the expression of hundreds of effector genes controlling these processes
(Mulero et al., 2019). The TLR4 and NF-kB are involved in inflammation and
apoptosis. The activation of TLR4 can induce the secretion of inflammatory cytokines,
including interleukin 1B (IL1B) which are mediated by NF-xB(Luo et al., 2019).

The transforming growth factor-B (TGF-B) signaling pathway plays a central
role in the initiation and progression of tissue fibrosis(Jiang et al., 2019). Injury of
alveolar epithelial cells results in activation of several pro-inflammatory, pro-coagulant,
and pro-fibrotic mediators, of which TGF-B1 is the most established. TGF-B1 has been
localized to areas of fibrosis in both experimental and human pulmonary fibrosis(Reed
et al., 2019). TGF-B1, a main profibrogenic cytokine in the progression of IPF, induces
differentiation of pulmonary fibroblasts to myofibroblasts that produce high levels of
collagen, leading to concomitantly loss of lung elasticity and function(Wei et al., 2019).

TLR4 enhances TGF-B signaling and hepatic fibrosis(Seki et al., 2007), we
sought to suggest the same pathway in lung and determine the expression of both
pulmonary TLR4 and TGF-p after one and three weeks of BLM, and explore the impact
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of TLR4 and its downstream regulator NF-kB expression on early and late lung injury
by BLM in a mouse model.

2. Materials and Methods
2.1. Animals and experimental design

Fifteen male balb/c mice (age, 6-8 weeks; weight, 25-32 g) were purchased from
the laboratory animal colony, Assiut University, Assiut, Egypt. Mice (5 per cage) were
acclimated for one week at a regulated environment (25 °C, 12 h light/dark cycle) with
free access to standard pellet diet and tap water. All animals received professional
human care in compliance with International Ethical Guidelines for Animal Care (US
Naval Medical Research Center, Unit No.3, Abbaseya, Cairo, Egypt) accredited by the
Association for Assessment and Accreditation of Laboratory Animal Care International.

2.2. BLM-Induced Pulmonary Fibrosis Mouse Model

Subsequent to acclimatization, mice were randomly assigned into 3 groups as
follow: one week group (n=5), three weeks group (n=5) and Sham-operated group
(n=5). The model was performed under intraperitoneally anesthesia with an anesthetic
solution that contained 100 mg/kg ketamine and 10 mg/kg xylazine. The anesthetized
animal was positioned supine on a dissection plate, heated by artificial lighting, and the
neck skin was cleaned, shaved and disinfected with iodine alcohol. To induce
pulmonary fibrosis, mice were treated with a single sublethal dose of BLM (Bleocel 15,
Celon, India) (3 mg/kg) via intratracheal infusion in sterile isotonic saline (50 pL per
animal) was intratracheally instilled by a 1 mL syringe to each animal at the start of the
study (day O)(Liu et al., 2017a; Liu et al., 2017b). The mice in sham control group
were treated with an intratracheal instillation of equivalent saline.

After one or three weeks of model or sham operation, blood samples were
collected from retro-orbital plexus for serum preparation and the mice were sacrificed
by cervical decapitation under ketamine/xylazine anesthesia, autopsy was performed,
and lung tissues were harvested and immediately washed with physiological saline. The
excised lung was divided into 3 parts; one part was stored in 10% neutral buffered
formalin solution and subjected for histopathological examination. The other two parts
were stored separately at —80 °C for subsequent biochemical and molecular assays.

2.3. RNA lIsolation and qRT-PCR:

Total RNA was extracted from lung tissues using RNeasy Mini kit reagent
(Qiagen, Germany) per manufacture instructions. RNA concentrations were determined
spectrophotometrically by Nanodrop (Thermo Fisher Scientifics, Waltham, MA).
Synthesis of double-stranded cDNA was achieved by using High Capacity cDNA
Reverse Transcription kit (Qiagen, Germany) according to manufacture instructions.
Produced cDNA was subjected to qPCR using a StepOnePlus™ Real-Time PCR system
(Applied Biosystems, USA) with Maxima SYBR Green qPCR Master Mix (Qiagen,
Germany) according to the standard protocol. A list of primers sequences is provided in
table (1).
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Table (1): primer sequences for mice TLR4, NF-kB, IL1B, TGF-p and house-keeping
GAPDH used for gRT-PCR analysis of their mRNA expression in BLM-induced
pulmonary fibrosis in mice.

Primer Sequence
Forward:5-GGACTCTGATCATGGCACTG-3

TLR4 (mouse)
Reverse:5-CTGATCCATGCATTGGTAGGT-3

Forward:5-GCCTCTTCTCATTCCTGCTTG-3

NF-kB (mouse)
Reverse:5-CTGATGAGAGGGAGGCCATT-3

Forward:5-AGTTGACGGACCCCAAAAG-3

IL1B (mouse)
Reverse:5-AGCTGGATGCTCTCATCAGG-3

Forward:5-TGGAGCAACATGTGGAACTC-3
Reverse:5-GTCAGCAGCCGGTTACCA-3

Forward:5-GGGTTCCTATAAATACGGACTGC-3

TGF-B (mouse)

GAPDH (mouse)
Reverse:5-CCATTTTGTCTACGGGACGA-3
2.4. Assessment the effect of BLM on pathophysiological markers in lung injury
model

Serum uric acid was assayed by colorimetric procedure using a kit provided
from Spinreact (Santa Coloma, Spain). Serum Creatine Kinase (CK) was assayed by
kinetic procedure using a kit provided from Reactivos GPL (Barcelona, Spain). Serum
Lactate Dehydrogenase (LDH) was assayed by kinetic procedure using a kit provided
from Spectrum Diagnostic (Cairo, Egypt). Serum Gamma-glutamyl transferase (GGT)
was assayed by kinetic procedure using a kit provided from Spectrum Diagnostic
(Cairo, Egypt). Serum Alkaline Phosphatase (ALP) and serum Aspartate
aminotransferase (AST) were assayed by kinetic procedure using a kit provided from
Chema Diagnostic (Monsano, Italy).

2.5. Histopathological examinations of lung tissue

For histopathological examination, lung tissues were fixed in 10% neutral
buffered formalin solution. Washing was carried out in sterile tap water, and then in
serial dilutions of alcohols (methyl, ethyl and absolute ethyl) which were used for
dehydration. Specimens were cleared in xylene and embedded in paraffin at 56 °C in a
hot air oven for 24 hours. Paraffin bees wax tissue blocks were prepared for sectioning
at 4 microns thickness by a sledge microtome and the obtained tissue sections were
placed on glass slides, deparaffinized, stained by hematoxyline & eosin (H&E) stain and
Masson’s trichrome and then examined under light microscope (Olympus, USA) by a
histopathologist who was blinded to the groups arrangement for assessment of
histopathological changes(Page, 1983).

2.6. Statistical analysis

Statistical analyses of the data were carried out using GraphPad prism version
8.0 (Graph pad software San Diego, USA). Data comparisons were performed using
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analysis of variance (ANOVA) followed by Dunnett's test. The levels of significance
were accepted with p < 0.05 and all relevant results were graphically displayed as mean
+ SEM.

3. Results
3.1 Histopathological assessment

Lung tissue in control sham group showed normal pulmonary tissue containing
normal bronchioles (B) and normal alveoli (A). Note, normal and thin inter-alveolar
septum (arrow) with H&E stain X100 as in figurel A. Masson’s trichrome stain x100 of
lung tissue in control sham group showed normal pulmonary tissue containing normal
bronchioles and normal alveoli. Note, fine collagenic fibers between around the
bronchioles and blood vessels as in figure 1B.

Lung tissue in one week treated group showed pulmonary tissue suffered from
degenerative changes in the lining epithelium of bronchioles (B) and few alveoli
(arrowhead) the others appeared normal (A). The inter-alveolar septum appeared thicker
(arrow) with H&E stain X100 as in figure 1C. Masson’s trichrome stain x100 of lung
tissue in one week treated group showed pulmonary tissue contained collagenic bundles
around bronchioles (arrow) and penetrating between the alveoli in the inter-alveolar
septum (arrowhead) as in figure 1D.

Lung tissue in three weeks treated group showed atlectatic pulmonary tissue
containing a marked number of atrophied alveoli (A) and few emphysematous alveoli
(E). Note, cellular infiltration (arrow) in the atlectatic tissue with H&E stain X100 as in
figure 1E. Masson’s trichrome stain x100 of lung tissue in three weeks treated group
showed pulmonary tissue compensated by proliferative collagenic bundles around
bronchioles and the alveoli (arrow). Note, marked number of atrophied alveoli (A) and
few emphysematous alveoli (E) as in figure 1F.

(= F - -

Figure 1: Histological analysis of BLM-induced lung injury after one and three weeks.
Representative images of H&E (A,C and E) and Masson’s trichrome stain (B,D and F)
X100 for sham , one week and three weeks group of lung sections respectively after
intratracheal saline or BLM administration to male balb/c mice.
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3.2 Biochemical indices of lung injury

Serum activity of ALP, GGT, LDH, CK and AST with Uric acid concentration
exhibited an increase as early as one week after surgery compared to sham group, which
remained increased after three weeks in serum uric acid concentration, ALP, GGT and
LDH activity. A nonsignificant change of serum CK and AST activity was observed
after three weeks compared with sham group.
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Figure 2: Effect of BLM-induced lung fibrosis in mice model on pathophysiological
markers in serum as ALP activity (A), GGT activity (B), LDH activity (C), CK activity
(D), AST activity (E) and Uric acid concentration (F) compared with normal control
group. Data are expressed as mean + SEM (n=5; ***p<0.001; ****p<0.0001) compared
to control group.

3.3 Lung mRNA expression of TLR4, NF-kB, IL1B and TGF-p

TGF-B1 mRNA expression was overexpressed in BLM-induced lung fibrosis mice
when compared with that in normal mice. In addition, BLM instillation significantly
upregulated the mRNA expression of the key receptor to induce a proinflammatory
response which called TLR4 leading to translocation of a fundamental cellular mediator
NF-kB which is activated by a variety of extracellular stimuli including IL1B.
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Figure 3: Effect of BLM on mRNA expression of TLR4, TGF-B, NF-kB and IL1B in
mice lung tissues in different groups which normalized to mRNA of GAPDH; (A)
Expression of TGF-B mRNA in lung tissue. (B) Expression of TLR4 mRNA in lung
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tissue in different groups. (C) Expression of NF-kB mRNA in lung tissue in different
groups. (D) Expression of IL1B mRNA in lung tissue in different groups. Data are
expressed as mean £ SEM (n=5; *p< 0.05 **p< 0.01; ***p<0.001; ****p<0.0001)
compared to control group.

4. Discussion

IPF is a specific form of chronic progressive fibrosing ILD of unknown cause. A
chronic inflammatory process of the lung has long been considered the main mechanism
underlying IPF. However, there has been a conception in IPF pathogenesis that
fibrogenesis inflammatory driven process results from recurrent microinjury of alveolar
epithelial cells followed by repair processes. (Balestro et al., 2016).

BLM model is the most extensively used animal model due to its ability to
reproduce many aspects of IPF and other fibrotic ILDs, good reproducibility, and ease
of induction. Previous studies used the BLM model to identify many of the cellular and
molecular mechanisms involved in the pathogenesis of IPF and other fibrotic ILDs, as
well as novel therapies for these diseases, including two recent drugs approved for
treatment of IPF(L.iu et al., 2017c).

In the present study, we investigated the expression pattern of different
inflammatory and fibrotic molecules which may affect fibrosis developments due to
BLM. Our results revealed that progressive interstitial fibrosis and inflammation were
increased as the time increased.

Lung samples that analyzed for collagen fibers accumulation demonstrated the
progression of fibrosis and collagen fibers accumulation. Three weeks of BLM
instillation resulted in a significant increase in proliferative collagenic bundles around
bronchioles and the alveoli indicating an excessive fibrotic lung damage.

In fact, tissue damage and inflammation are important triggers for regeneration
and fibrosis. Tissue damage not only induces inflammation in general, it also determines
the type and polarization of inflammation by recruiting and activating a variety of
different cells types of the innate and adaptive immune system(L.iu et al., 2017c).

In our study, elevated LDH and ALP in lung tissue of BLM-induced lung
fibrosis mice model are consistent with that of lung tissue isolated from patients with
IPF. In addition, in vitro overexpression of LDH in primary human lung fibroblasts
induces activation of TGF-B1 and myofibroblast differentiation(Judge et al., 2018).

Furthermore, the increased uric acid level in all grades of model accompanied by
IL1B production. Therefore, BLM-induced lung inflammation and remodeling are
largely mediated by uric acid, which represents a major danger signal likely released
from dying pulmonary cells upon injury and a new target to control inflammation upon
lung(Gasse et al., 2009).

GGT is an enzyme present in serum and on the outer surface of cells from
different organs such as the liver, pancreas, intestine, lungs and kidneys. Serum GGT is
not only a traditional marker of alcohol consumption and hepatobiliary diseases, but
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several studies have also shown an association between elevated serum GGT levels and
cardiovascular disease, diabetes mellitus, hypertension and metabolic syndrome. GGT
levels is a predictor of mortality in the general population; in fact, this enzyme has
recently been included as one of a set of biochemical parameters that predict mortality.
Furthermore, serum GGT levels could help to interpret high ALP values of unclear
origin(Caravaca-Fontan et al., 2017). Our findings support a crucial role of GGT
which is the enzyme responsible for the hydrolysis of extracellular reduced glutathione
(GSH), one of the main intracellular antioxidants in mammals, enabling the precursor
amino acids to be subsequently used for new intracellular GSH synthesis. We found
that, increased GGT which is an expression of intracellular GSH depletion and,
therefore, GGT could be considered as a marker of oxidative stress(Bulusu et al.,
2016).

Elevated CK activity in our model supported the previous studies that exhibited
the association of collagen vascular disease with elevated CK in IPF patients (Mittoo et
al., 2009). CK plays a key role in the energy metabolism of smooth muscle and non-
muscle tissues and cells(Fireman et al., 2001). CK catalyzes the reversible
phosphotransfer between the ATP/ADP and Creatine/Phosphocreatine systems which
BB-CK is a widely distributed type in smooth muscle (Teixeira et al., 2012).

TLRs play a fundamental role in the innate immune response and respond to
conserved microbial products and endogenous molecules resulting from cellular damage
to elicit an effective defense against invading pathogens, tissue injury, or cancer(Li et
al., 2019). TLRs are expressed in a variety of cells, including type Il alveolar epithelial
cells, airway epithelial, smooth muscle cells, and fibroblasts (Ahmed et al., 2016).

Recent studies suggest that TLR4 is the key mediator in the onset of IPF
(Hanson et al., 2019). Our studies exhibited that the TLR-mediated activation of innate
immune cells leads to the production of pro-inflammatory factor NF-Kappa B, which is
a major transcription factor that regulates various cell processes such as embryonic
immunity, apoptosis, angiogenesis, development and proliferation.

On the other hand, we found that NF-Kappa B is necessary for the gene
expression of many inflammatory mediators, such as IL1B which is consistent with the
previous studies (Tang et al., 2018). TLR4 is a key regulator of the pro-inflammatory
transcription NF-xB and plays a dominant role in mediating sterile tissue
damage(Ahmed et al., 2016).

In addition, we found that the activation of TLR4 signaling in explanted
fibroblasts resulted in enhanced collagen synthesis and increased expression of multiple
genes involved in tissue remodeling and extracellular matrix homeostasis. Also, TLR4
dramatically enhanced the sensitivity of fibroblasts to the stimulatory effect of TGF-p1
as (Bhattacharyya et al., 2013).

The enhanced expression of TGF-B as a fibrotic molecule and potent
profibrogenic cytokine from one week group to reach its maximum in the late stage
three weeks group encouraged lung fibroblasts to secrete collagens or induce
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transformation of fibroblasts to myofibroblasts that express a-smooth muscle actin (a-
SMA). Both are crucial steps in the pathogenesis of lung fibrosis(Raish et al., 2018).

Finally, the elevated TLR4 and NF-xB expression in fibrotic lung tissues
strongly supports a role for TLR4/NF-xB pathway in mediating pulmonary fibrosis.

5. Conclusion

In conclusion, we found a strong association of TLR4, NF-kB, TGF-$ and IL1B
expression with the development and severity of lung fibrosis in BLM -induced
pulmonary fibrosis. our findings also exhibiting the importance of TLR4/NF-kB as
significant mediators in fibrotic lung injury and open the door for future therapy that can
improve the lifestyle of IPF patients.
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