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Abstract: Previously, we described a 19-base pair double-stranded RNA with 3’-trinucleotide overhangs, 
acting as immunostimulatory RNA (isRNA). This molecule demonstrated notable antiproliferative effects on 
cancer cells, inhibited tumor growth, and elicited immunostimulatory and antiviral responses by inducing 
cytokine and interferon production. Within this study, we compared the efficiency of lung fibrosis 
development, initiated in mice by BLM or LPS using different schemes of induction. Then we compared the 
effect of isRNA used in a preventive or therapeutic regimen on the development of fibrosis in selected BLM- 
and LPS-induced mouse models and showed that isRNA can be used in pathological conditions accompanied 
by the development of inflammation and the risk of fibrosis formation, without adverse side effects. 
Prophylactic regimen of isRNA application is beneficial for prevention of the development of pulmonary 
fibrosis. 
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1. Introduction 

Pulmonary fibrosis is a chronic, progressive lung disorder comprising a large number of chronic 
respiratory pathologies accompanied by connective tissue growth in various lung compartments and 
characterized by lung architecture disruption and respiratory failure [1]. Pre-existing lung 
inflammation caused by a wide variety of etiological factors, including viral and bacterial infections, 
is considered to be a key factor in pulmonary fibrosis initiation and development [2]. 

In response to lung injury or infection, macrophages, the first sentinel cells contacting external 
pathogens, undergo a transition into the pro-inflammatory M1 phenotype and secrete pro-
inflammatory cytokines (TNF-α, IL-6, and IL-1) and chemokines (IL-8, CCL7, and CCL2), attracting 
monocytes and neutrophils to alveolar spaces [3]. In turn, neutrophils release numerous 
inflammatory mediators, reactive oxygen species, and proteinases, which destroy surfactant, basal 
membranes, and the epithelia-endothelial barrier [4]. The most common outcome of acute 
inflammation is its successful resolution and the restoration of altered tissues. However, acute 
inflammation transforms into chronic inflammation if the etiological factor cannot be eliminated. 

One of the most dangerous consequences of chronic inflammation is the development of fibrosis, 
which, according to modern concepts, is associated with the deregulation of wound healing [5]. After 
tissue damage, myofibroblasts migrate to the site of injury and synthesize extracellular matrix (ECM) 
components in response to cytokines and chemokines secreted by inflammatory and resident cells 
[6]. After resolution of inflammation and restoration of lung tissue, myofibroblasts undergo 
elimination through apoptosis [7]. However, under chronic inflammation, myofibroblasts evade 
apoptosis, inducing aberrant wound healing, hyperproduction of ECM, and, as a result, pulmonary 
fibrosis [8]. 
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Immunostimulatory nucleic acids (INAs), including immunostimulatory RNA (isRNA), can 
modulate the fibrotic process by stimulating the innate immune system, which participates in defense 
against pathogens and tissue damage. The innate immune system recognizes INAs as pathogen or 
danger signals and activates pathways leading to the expression and secretion of interferons and 
cytokines. Interferons have antiviral, antiproliferative, and immunomodulatory effects [9]. Cytokines 
regulate inflammation, cell growth, differentiation, and survival [10]. Some of the interferons and 
cytokines induced by INAs, including interferon gamma (IFN-γ), interleukin 10 (IL-10), and tumor 
necrosis factor alpha (TNF-α), have anti-fibrotic properties [11]. 

Previously, we described a 19-base pair double-stranded RNA with 3’-trinucleotide overhangs, 
acting as isRNA. This molecule demonstrated notable antiproliferative effects on cancer cells, 
inhibited tumor growth, and elicited immunostimulatory and antiviral responses by inducing 
cytokine and interferon production [12]. 

The impact of isRNA on cytokine levels, encompassing both pro-inflammatory and anti-
inflammatory mediators, has been substantiated [13]. Unraveling the mechanisms underlying the 
augmentation of cytokines assumes paramount significance. Given the propensity for heightened 
cytokine levels during inflammation, augmentation may precipitate a cytokine storm, culminating in 
an allergic shock and posing a life-threatening risk. On the other side, augmentation of IFN-α- levels 
by isRNA treatment unveils promising avenues for its application in combating infections and 
malignancies [13]. These pathologies are closely related to inflammation and fibrosis, so the 
application of isRNA that affects the synthesis and secretion of inflammatory mediators, as well as 
anti-inflammatory and anti-proliferative cytokines and chemokines, can have both positive and 
negative effects on the development of fibrotic changes in tissues. 

isRNA can interact with fibrosis by activating the innate immune system and inducing the 
expression of anti-fibrotic interferons and cytokines, which can inhibit the fibrotic process by 
targeting the fibroblasts and the ECM. However, there are also some challenges and limitations in 
the use of INAs for fibrosis prevention and treatment, such as increased inflammation or toxic effects. 
Therefore, a more detailed study of the safety of INAs and their preventive and therapeutic 
significance is required. 

Currently, a number of pulmonary fibrosis mouse models have been successfully established. 
Bleomycin (BLM), an antitumor antibiotic synthesized by the bacteria Streptomyces verticillus, and 
lipopolysaccharide (LPS), the main component of the outer membrane of Gram-negative bacteria, are 
the most commonly used inductors of this pathology [14]. BLM damages the cells through single- or 
double-strand DNA breaks, leading to cell cycle arrest and direct cell damage followed by necrosis 
or apoptosis of epithelial and endothelial cells, lung inflammation, and, as a result, pulmonary 
fibrosis development [15]. LPS acts as a powerful activator of innate immunity through the TLR4-
dependent pathway, causes local and systemic inflammatory response, making this model 
appropriate for the study of lung inflammation and associated fibrosis, similar to the one during 
bacterial infections [16]. 

Within this study, we compared the intensity of lung fibrosis induced in mice by BLM or LPS 
using different schemes of induction. Then we evaluated the effect of isRNA application in a 
preventive or therapeutic regimens on the development of fibrosis in selected BLM- and LPS-induced 
mouse models. 

2. Results 

2.1. Bleomycin (BLM)- and Lipopolysaccharide (LPS)-Induced Lung Fibrosis – Model Establishment and 
Selection 

At the initial stage of this work, modeling of pulmonary fibrosis in vivo was carried out using 
two agents with different mechanisms of fibrosis induction: bleomycin (BLM) and lipopolysaccharide 
(LPS) (Figure 1A). For each inducer, three administration schemes were used (Figure 1A, for more 
details, see Materials and Methods). BLM was administered once at a dose of 1.5, 5, and 10 U/kg 
intranasally (i.n.) according to the dose range most commonly used [17–21]. LPS was instilled daily 
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at a dose of 5 mg/kg five times intraperitoneally (i.p.) and one time i.n., similar to the dosage and 
administration route according to [22–25]. Combined scheme consisted of three consequent 
instillations of LPS at a dose of 1.5 mg/kg i.n., 5 mg/kg i.p., and 1.5 mg/kg i.n. each other day was also 
applied [26–28]. Histological assessment of morphological changes in the lung tissue was carried out 
on days 14 and 28 after induction. 

 
Figure 1. Morphological changes in the lung tissue of mice during the development of lung fibrosis 
induced by bleomycin (BLM) and lipopolysaccharide (LPS). (A) Experimental setup. BLM was 
administered intranasally (i.n.) one time at a dose of 1.5, 5, or 10 U/kg. LPS was administered five 
days at a dose of 5 mg/kg daily intraperitoneally (i.p.) or one time i.n. at the same dose. Combined 
route of administration consisted of three consequent instillations of LPS at a dose of 1.5 mg/kg i.n., 5 
mg/kg i.p. and 1.5 mg/kg i.n. every other day. On day 14 and 28 after induction mice were euthanized 
and lung tissue was collected for histological analysis. (B, C) Inflammatory and fibrotic changes in 
the lung tissue of mice with BLM- and LPS-induced fibrosis with different schemes of induction. To 
assess the intensity of inflammatory and fibrotic changes in the lungs, the following semi-quantitative 
histological scoring system was used: 0 – no pathological changes, 1 – mild inflammation and fibrosis, 
2 – moderate inflammation and fibrosis, 3 – severe inflammation and fibrosis. 

Morphological changes in the lungs during the development of BLM- and LPS-induced fibrosis 
are generally represented by two processes: leukocyte infiltration of the lung tissue and subsequent 
collagen fiber deposition around the bronchi and blood vessels. During fibrotic transformation 
progress, the intensity of preceding inflammation decreases and fiber accumulation intensifies. 

Histological examination revealed that a single intranasal administration of BLM effectively 
causes the development of inflammation and subsequent fibrotic transformation in the lungs, 
especially at doses of 5 and 10 U/kg (Figure 1B). Since no statistically significant differences in the 
intensity of pathological changes were observed between these doses, the use of BLM at a dose of 5 
U/kg can be considered appropriate for fibrosis induction. As for LPS, five-time intraperitoneal 
administration and single intranasal administration of this inducer at a dose of 5 mg/kg caused 
fibrotic changes in the lungs of almost the same severity (Figure 1C). Moreover, it was found that 
intraperitoneal administration of LSP causes only mild inflammation in the lung tissue. A combined 
scheme of fibrosis induction with LPS lead to moderate intensity of both inflammatory and fibrotic 
changes tended to decrease on day 28 after induction. So the optimal regimen for pulmonary fibrosis 
induction with LPS included one i.n. administration of LPS at a dose of 5 mg/kg. 

Thus, according to histological scoring, the optimal regimen for fibrosis induction with both 
BLM and LPS is a single i.n. instillation at a dose of 5 U/kg and 5 mg/kg, for BLM and LPS, 
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respectively, since only these regiments cause pathomorphological changes in the lungs 
(inflammatory and fibrotic) that most closely correspond to the typical picture of fibrosis 
development. Moreover, it was found that it is rational to assess the intensity of fibrotic changes in 
the lungs 28 days after induction, when fiber deposition is pronounced and inflammatory infiltration 
is declining. So these schemes were chosen for the evaluation of the antifibrotic effect of isRNA. 

2.2. Effect of isRNA on the Development of BLM- and LPS-Induced Pulmonary Fibrosis in Mouse 

Cationic liposomes (2X3-DOPE) consisted of the polycationic amphiphile 1,26-bis(cholest-5-en-
3-yloxycarbonylamino)-7,11,16,20 tetraazahexacosan tetrahydrochloride (2X3) and the lipid-helper 
dioleoylphosphatidylethanolamine (DOPE) were used for the delivery of isRNA into cells. These 
liposomes have exhibited proficient delivery capabilities for a diverse set of nucleic acids, both in 
cellular models (in vitro) and in living organisms (in vivo) [29]. To evaluate the antifibrotic effect in 
vivo, pre-formed isRNA/2X3-DOPE lipoplexes (hereinafter, isRNA; see Materials and Methods 
section for details) were administered to mice using two schemes (Figure 2). 

 
Figure 2. Experimental scheme. One day before the induction of fibrosis (day -1), two distinct groups 
of mice received 10 μg of isRNA/2X3-DOPE or 2X3-DOPE i.v. (prophylactic scheme, p.s.). 
Subsequently, on day 0, all experimental groups were subjected to the introduction of fibrosis by 
either lipopolysaccharide (LPS) at a dose of 5 mg/kg i.n. or bleomycin (BLM) at a dose of 5 U/kg i.n. 
In the treatment scheme (t.s.), on days 2 and 9, two other groups of mice received 10 μg of isRNA/2X3-
DOPE or 2X3-DOPE i.v. Termination of the experiment on the day 28th to ascertain the progression 
of fibrosis. Histological analysis of the lungs and the analysis of bronchoalveolar lavage fluid (BALF) 
were conducted post-termination. Body weight measurements were recorded bi-daily for all 
experimental groups over the duration of the experiment. 

The prophylactic scheme was presented by a single intravenous (i.v.) administration of isRNA 
24 hours before the fibrosis induction. The treatment scheme included two i.v. administrations of 
isRNA 2 and 7 days after induction. Lung fibrosis was initiated by a single i.n. instillation of BLM at 
a dose of 5 U/kg or LPS at a dose of 5 mg/kg. Mice with lung fibrosis without treatment and the ones 
received of 2X3-DOPE alone were used as controls. Morphological changes in the lungs were assessed 
28 days after induction. 

The examination of body weight changes over a 28-day period following the induction of lung 
inflammation with BLM revealed minimal fluctuations in relative body weight post-injections 
(Figure 3A). A slight drop in weight was observed 5 days after induction in the groups control, isRNA 
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p.s., 2X3-DOPE p.s., and 2X3-DOPE t.s., but this fluctuation did not exceed 5%. Mice from the isRNA 
t.s. group did not lose weight after BLM induction and then demonstrated weight gain comparable 
to that of the healthy group. 

 

Figure 3. The dynamic alterations of the body weight over a 28-day experimental period after 
administration of BLM (A) and LPS (B). Body weight measurements were performed each other day. 
The y-axis represents the percentage change in the body weight, calculated as [(Final Weight - Initial 
Weight)/Initial Weight] × 100. 

All mice in LPS treated groups exhibited a sharp decline in relative body weight at the day 5 
after LPS introduction (Figure 3B). However, there were no discernible differences in the recovery 
trend between the experimental groups (both prophylactic and treatment) and the control group. 
These findings shed light on the different impacts of prophylactic and treatment regiments on body 
weight alterations after lung injuries induced by different agents. 

Histological examination of the lungs after van Gieson staining confirmed that a certain number 
of connective tissue fibers are present in the normal lung structure (Figure 4, 5). On the day 28 after 
intranasal administration of both BLM and LPS the inflammatory changes in the lungs are presented 
by the infiltration of lung tissue by lymphocytes and macrophages. The consequential outcome of 
inflammation caused in both cases was the development of reliable fibrotic changes in the lung tissue 
of control mice, represented by excessive deposition of extracellular matrix (ECM) components and 
the expansion of connective tissue fibers mainly around the blood vessels and bronchi (Figure 4, 5, 
control, black arrows). 

isRNA administered in a prophylactic scheme to BLM-treated mice caused a decrease in the 
severity of residual inflammation in the lungs of 1.4 folds compared to the control and 1.5 folds 
compared to 2X3-DOPE, as well as a 1.3-fold decrease in the intensity of fibrotic changes compared 
to the control and a 1.4-fold decrease compared to 2X3-DOPE (Figure 4). However, the differences 
were not statistically significant and represented only a positive tendency with regard to pathological 
changes in the lungs caused by BLM. Administration of isRNA according to the treatment scheme to 
BLM-treated mice had no effect on inflammatory or fibrotic changes in the lungs (Figure 4). 
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Figure 4. The effect of isRNA on the inflammatory and fibrotic changes in the lung tissue of mice with 
BLM-induced lung fibrosis. (A) Representative histological images of lung sections of healthy and 
BLM-challenged mice without treatment and after isRNA/2X3-DOPE administration using 
prophylactic scheme (p.s.) and treatment scheme (t.s.) 4 weeks after induction. Van Gieson staining, 
original magnification ×200. The black arrows indicate the fiber expansion in the lung tissue. (B) The 
intensity of inflammatory and fibrotic changes in the lungs of mice of control and experimental 
groups, assessed by semi-quantitative method, where 0 – no pathological changes, 1 – mild 
inflammation and fibrosis, 2 – moderate inflammation and fibrosis, 3 – severe inflammation and 
fibrosis. The number of samples studied was five for each experimental group. 

isRNA administrated according to the prophylactic scheme to LPS-treated mice caused a 2- and 
1.8-fold decrease in the inflammatory changes in the lung tissue compared to the control and 2X3-
DOPE, respectively, which were not statistically significant (Figure 5). Assessment of fibrotic changes 
in the lungs of the same groups revealed that the administration of isRNA 24 h prior to LPS challenge 
caused a pronounced, statistically significant suppression of fiber deposition in lung tissue by 2 and 
2.2 fold compared to the control and 2X3-DOPE, respectively (Figure 5). isRNA applied according to 
the treatment regimen affects neither lung inflammation nor fibrosis development. However, isRNA 
used in the treatment regimen does not aggravate these processes and can be used to activate the 
innate immune system to combat infectious pathogens. 
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Figure 5. The effect of isRNA on the inflammatory and fibrotic changes in the lung tissue of mice with 
LPS-induced lung fibrosis. (A) Representative histological images of lung sections of healthy and LPS-
challenged mice without treatment and after isRNA/2X3-DOPE administration using prophylactic 
scheme (p.s.) and treatment scheme (t.s.) 4 weeks after induction. Van Gieson staining, original 
magnification ×200. The black arrows indicate the fiber expansion in the lung tissue. (B) The intensity 
of inflammatory and fibrotic changes in the lungs of mice of control and experimental groups, 
assessed by semi-quantitative method, where 0 – no pathological changes, 1 – mild inflammation and 
fibrosis, 2 – moderate inflammation and fibrosis, 3 – severe inflammation and fibrosis. The number of 
samples studied was five for each experimental group. The statistical analysis was performed using 
the two-tailed unpaired t-test; * p ≤ 0.05. 

3. Discussion 

Immunostimulatory nucleic acids (INAs) are low in toxicity and stimulate the body’s innate 
immunity by operating on natural mechanisms. INAs represents a promising class of prospective 
medications for the treatment of viral and tumor diseases [30]. The repertoire of nucleic acids that 
directly interact with immune system components is growing with advancements in the processes of 
nucleic acid synthetic production and the elaboration of their derivatives with improved properties. 

The effect of INAs depends on many factors, including their nature, structure, sequence, mode 
of delivery and intracellular localization. A particular 19-bp isRNA duplex with 3’-3-nt overhangs 
was previously described by our group [12,31–33]. This isRNA lacks significant similarity with 
human or mouse mRNAs and is one nucleotide longer than canonical siRNAs, since that it cannot 
alter the pattern of gene expression through RNA interference. The immunostimulatory, interferon-
inducing, antiproliferative, anticancer, and antiviral properties of this isRNA were confirmed in vitro 
and in vivo. Despite the pronounced therapeutically beneficial effects of isRNA, increased expression 
of a number of cytokines may be of concern due to their potentially undesirable effects, including 
inflammation enhancement and fibrosis induction. 
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Previously, we analyzed the cytokines released in mouse blood after i.v. administration of 
isRNA pre-complexed with cationic liposomes [13]. The main cytokines whose levels significantly 
increased in response to isRNA were found to be monocyte chemoattractant protein 1 (MCP-1) and 
interferons α and γ; the cytokines IL-6 and IL-10 were moderately activated, and a slight activation 
of IL-1α and TNF-α was also noted. Thus, agents with pro-fibrotic (MCP-1, IL-6, IL-1α), anti-fibrotic 
(interferons α and γ, IL-10) or dual (TNF-α) effects can be found among the cytokines whose 
expression is stimulated by isRNA. 

Significant activation of MCP-1 expression, which may contribute to fibrosis development, is a 
cause for concern. It was demonstrated, that MCP-1 mediates and promotes renal [34], liver [35] and 
pulmonary [36] fibrosis by recruiting monocyte, promoting the activation and transdifferentiation of 
macrophages. The infarcted myocardium exhibits a notable induction of MCP-1, which is crucial for 
both infarct healing and post-infarction remodeling [37]. Important steps in the development of renal 
fibrosis may be influenced by IL-6 trans-signaling. The loss or inhibition of IL-6 was found to decrease 
renal fibrosis [38] and to alleviate BLM-induced pulmonary fibrosis in mice [39]. In several tissues, 
including the lungs, the IL-1 cytokine family is known to play an important role in mediating 
inflammation and fibrosis [40]. It has been demonstrated that mice treated with BLM exhibit an 
increase in IL-1α; conversely, IL-1α knockout mice do not develop BLM-induced lung fibrosis [41]. 

Our data showed that an increase in the levels of pro-fibrotic cytokines (MCP-1, IL-6, Il-1α) 
caused by exposure to isRNA does not increase inflammation or the development of fibrosis in the 
lungs, either with a single prophylactic administration or with a two-time therapeutic regimen 
(Figures 4, 5). This indicates the safety of isRNA application for the treatment of tumors and infectious 
diseases. Chemotherapy components used for the treatment of tumor diseases can damage non-
malignant-sensitive cells and cause the subsequent development of fibrosis as side effects [42] (as 
modeled in BLM-induced fibrosis). In infectious diseases, both viral and bacterial, the production of 
interferons and cytokines is induced by the pathogen itself; however, many pathogens are equipped 
with mechanisms to evade the immune response [43], and in this case, INAs can activate the immune 
system without undesirable consequences (as modeled in LPS-induced fibrosis). 

The anti-fibrotic molecules (interferons α and γ, IL-10) can exert their effects by directly targeting 
the fibroblasts or indirectly affecting the microenvironment [11]. Thus, IFN-γ inhibits the 
differentiation of fibroblasts into myofibroblasts and reduces the expression of ECM proteins and 
profibrotic factors, including transforming growth factor beta (TGF-β) and connective tissue growth 
factor (CTGF) [44]. It was documented, that idiopathic pulmonary fibrosis may benefit from inhaled 
interferon-γ aerosol [45]. Adeno-associated virus expressing human interferon-gamma demonstrated 
potential effects, which could inhibit the progression of hepatic fibrosis in experimental hepatic 
fibrosis in vitro and in vivo [46]. IL-10 suppresses the production of pro-inflammatory cytokines such 
as interleukin 1 beta (IL-1β) and interleukin 6 (IL-6), which can stimulate fibroblast activation and 
ECM synthesis [47]. The hydrogel containing IL-10 suppressed TGF-β driven collagen production by 
lung fibroblasts and myofibroblasts and reduced collagen deposition in mice model of bleomycin-
induced lung fibrosis [48]. TNF-α induces apoptosis of fibroblasts and myofibroblasts and promotes 
the degradation of the ECM by activating matrix metalloproteinases (MMPs) [49], however, 
according to recent studies, treating fibrotic disorders either directly or through targeting TNF or its 
receptors may be a promising strategy [50]. 

Our data showed that significant decrease in the deposition of fibrotic fibers occurs only with 
the prophylactic regimen of isRNA application (Figures 4, 5). The advantage of the prophylactic 
regimen can be explained by the formation of a state of refractoriness to repeated immunostimulation 
after administration of isRNA, which alters the cytokine response to the stimuli. Previously, we 
observed the refractoriness to the induction of interferon α in mice by the subsequent isRNA injection 
within 72–96 hours after its first administration [12]. These data are in good agreement with the 
observations of Jeljeli et al. [51] on a mouse model of systemic sclerosis. They demonstrated, that low-
dose LPS training reduces inflammation and fibrosis. Additionally, co-culturing fibroblasts from 
mice and patients with systemic sclerosis with low-dose LPS-trained macrophages lowers their fibro-
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inflammatory profile, suggesting that immunity training could be a way to treat autoimmune 
disorders and inflammatory fibrotic diseases. 

Our data demonstrated, that the prophylactic isRNA treatment had a more notable favorable 
effect in the case of LPS-induced fibrosis, than in BLM-induced fibrosis. The observed variation could 
potentially result from distinct dynamics in the development of the pathological process induced by 
different stimuli, although, at the final point of the experiments, the parameters of fibrotic and 
inflammatory alterations in mice challenged with BLM or LPS were almost identical. The action of 
BLM primarily causes cell damage, after which they undergo apoptosis, in the later stages of which 
damage-associated patterns (DAMPs) are released. At the next stage, the signaling pathways leading 
to the synthesis of cytokines, chemokines and interferons are activated and inflammation develops. 
A different situation is observed when mouse lungs are exposed to LPS, which is a component of the 
bacterial wall belonging to the pathogen-associated pattern (PAMPs). PAMPs bind to pattern 
recognition receptors (PRRs) and immediately trigger the synthesis of signaling molecules and the 
development of inflammation. Presumably, in the case of BLM-induction, the major peak of cytokines 
occurs later, lasts longer, or is less pronounced, and so extends beyond the duration of the isRNA-
induced refractory state. This assumption is supported by the data of Kimura et al. [52], who studied 
the effect of BLM and LPS and their combined effect on the induction of fibrosis and showed that the 
levels of cytokines such as MCP-1, KC (keratinocyte-derived cytokine), and IL-6 in the 
bronchoalveolar fluid of mice were higher after exposure to LPS than to BLM. It can be assumed that 
the positive effect of isRNA in the case of BLM-induced fibrosis could be increased by varying the 
time intervals in the prophylactic regimen. 

Thus, a comparison of the effects of immunostimulatory RNA used in a preventive or 
therapeutic regimen on the development of fibrosis in selected BLM- and LPS-induced mouse models 
showed that isRNA can be used in pathological conditions accompanied by the development of 
inflammation and the risk of developing fibrosis, without burden conditions. Prophylactic regimen 
of isRNA application can be beneficial for prevention of the development of pulmonary fibrosis. 
However, further research is needed to determine dosing regimens and select optimal lipid 
formulations to potentiate in full isRNA activity against specific pathology-inducing agents. 

4. Materials and Methods 

Mice 

Female 6–8-week-old C57Bl6 mice with an average weight of 16-18 g were obtained from the 
Vivarium of Institute of Chemical Biology and Fundamental Medicine SB RAS (Novosibirsk, Russia). 
The mice were housed in plastic cages under standard 12/12 h light/dark conditions. Water and food 
were provided ad libitum. Experiments were carried out in accordance with the European 
Communities Council Directive (ECC Directive 2010/63/EU). The experimental protocols were 
approved by the Committee on the Ethics of Animal Experiments at the Institute of Cytology and 
Genetics SB RAS (Novosibirsk, Russia) (protocol No. 51 from May 23, 2019). 

BLM- and LPS-Induced Lung Fibrosis 

Mice (n = 5 in each group) were challenged with BLM (B5507, Sigma-Aldrich, USA) or LPS 
(055:B5, Sigma-Aldrich, USA). To select the optimal regimen for fibrosis induction, both agents were 
administered to mice according to three schemes. BLM was administered once at a dose of 1.5, 5, and 
10 U/kg intranasally (i.n.). LPS was administered five times at a dose of 5 mg/kg intraperitoneally 
(i.p.) and once i.n. at the same dose. Combined route of administration consisted of consequent 
instillations of LPS at a dose of 1.5 mg/kg i.n., 5 mg/kg i.p. and 1.5 mg/kg i.n. each other day. All i.n. 
instillations were carried out under isoflurane anesthesia. On day 14 and 28 after induction mice were 
euthanized and lung tissue was collected for histological analysis. 
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Synthesis of isRNA 

The synthesis of oligoribonucleotides (Strand 1: 5’-GUGUCAGGCUUUCAGAUUUUUU-3’, 
Strand2:5’-AAAUCUGAAAGCCUGACACUUA-3’) was performed as previously established 
described in [34]. Subsequently, siRNAs (50 µM) were annealed in 30 mM HEPES-KOH (pH 7.4), 100 
mM sodium acetate, and 2 mM magnesium acetate. The annealing process involved heating at 90 °C 
for 5 minutes, followed by gradual cooling to room temperature. The resulting siRNA preparations 
were stored at -20 °C until used. 

isRNA/Liposome Complexes Preparation 

The isRNA/liposome complexes were formed at N/P ratios of 6/1 before use. The equal volumes 
of isRNA solution, with a final concentration of 3.5 µM in serum-free OptiMEM medium (Invitrogen, 
Waltham, MA, USA) and the liposomes solution, with a final concentration of 150 µM in the same 
medium, were mixed and incubated for 20 minutes at room temperature. 

Histology 

For the histological study, lung specimens were fixed in 10% neutral-buffered formalin 
(BioVitrum, Moscow, Russia), dehydrated in ascending ethanols and xylols and embedded in 
HISTOMIX paraffin (BioVitrum, Russia). Paraffin sections (up to 5 µm) were sliced on a Microm HM 
355 S microtome (Thermo Fisher Scientific, Waltham, MA, USA). The extracellular matrix deposition 
and fiber expansion was determined using van Gieson’s staining. All the images were examined and 
scanned using an Axiostar Plus microscope equipped with an Axiocam MRc5 digital camera (Zeiss, 
Oberkochen, Germany) at magnifications of × 200. 

The intensity of inflammatory infiltration and fibrotic changes in the lung tissue was assessed 
by a semi-quantitative scoring system where 0 – no pathological changes, 1 – mild inflammation and 
fibrosis, 2 – moderate inflammation and fibrosis, 3 – severe inflammation and fibrosis. The 
quantification was performed at a magnification of × 200 in 5 test fields for each lung sample; the 
number of samples studied was five for each experimental group. 

Statistical Analysis 

The variables were presented as the mean ± standard deviation (SD). In the case of in vivo 
experiments, statistical analysis was performed using the Mann–Whitney unpaired test. GraphPad 
Prism version 9.5.1 (528) (GraphPad Software, Inc., San Diego, CA, USA) was used for the statistical 
analyses. 

Author Contributions: Conceptualization, E.L.C.; Funding acquisition, M.A.Z.; Investigation, A.V.S., A.B., 
I.A.S.; Resources, M.A.Z.; Supervision, E.L.C.; Writing—original draft, A.V.S., A.B., E.L.C.; Writing—review and 
editing, M.A.Z. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by the Russian Science Foundation (grant #19-74-30011) and project ICBFM 
SB RAS #121031300044-5 (synthesis of isRNAs). 

Institutional Review Board Statement: Experiments with animals followed the guidelines established by 
Directive 2010/63/EU of the European Parliament and the Council of 22 September 2010 and were approved by 
the Ethics Committee at the Institute of Cytology and Genetics (Novosibirsk, Russia; protocol No. 51 from May 
23, 2019). 

Data Availability Statement: The data presented in this study are available in this article. 

Acknowledgments: The authors thank Dr. Mariya I. Meschaninova (Institute of Chemical Biology and 
Fundamental Medicine SB RAS) for the synthesis of oligoribonucleotides used in the work, Prof. M.A. Maslov 
(Lomonosov Moscow State University of Fine Chemical Technologies) for liposomes 2X3-DOPE preparation of, 
and Alexandra G. Mozhnaya for animal handling. 

Conflicts of Interest: The authors declare no conflict of interest. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 April 2024                   doi:10.20944/preprints202404.1228.v1

https://doi.org/10.20944/preprints202404.1228.v1


 11 

 

References 

1. Yan, P.; Liu, J.; Li, Z.; Wang, J.; Zhu, Z.; Wang, L.; Yu, G. Glycolysis Reprogramming in Idiopathic 
Pulmonary Fibrosis: Unveiling the Mystery of Lactate in the Lung. International Journal of Molecular Sciences 
2024, 25, 315, doi:10.3390/IJMS25010315. 

2. Savin, I.A.; Zenkova, M.A.; Sen’kova, A. V. Pulmonary Fibrosis as a Result of Acute Lung Inflammation: 
Molecular Mechanisms, Relevant In Vivo Models, Prognostic and Therapeutic Approaches. International 
journal of molecular sciences 2022, 23, doi:10.3390/IJMS232314959. 

3. Zou, S.; Jie, H.; Han, X.; Wang, J. The Role of Neutrophil Extracellular Traps in Sepsis and Sepsis-Related 
Acute Lung Injury. International immunopharmacology 2023, 124, doi:10.1016/J.INTIMP.2023.110436. 

4. Meyer, N.J.; Gattinoni, L.; Calfee, C.S. Acute Respiratory Distress Syndrome. The Lancet 2021, 398, 622–637, 
doi:10.1016/S0140-6736(21)00439-6. 

5. Bochaton-Piallat, M.L.; Gabbiani, G.; Hinz, B. The Myofibroblast in Wound Healing and Fibrosis: 
Answered and Unanswered Questions. F1000Research 2016, 5, doi:10.12688/f1000research.8190.1. 

6. Habiel, D.M.; Hogaboam, C.M. Heterogeneity of Fibroblasts and Myofibroblasts in Pulmonary Fibrosis. 
Current Pathobiology Reports 2017, 5, 101–110. 

7. Upagupta, C.; Shimbori, C.; Alsilmi, R.; Kolb, M. Matrix Abnormalities in Pulmonary Fibrosis. European 
Respiratory Review 2018, 27, doi:10.1183/16000617.0033-2018. 

8. Kumar, V.; Hertz, M.; Agro, A.; Byrne, A.J. Type 1 Invariant Natural Killer T Cells in Chronic Inflammation 
and Tissue Fibrosis. Frontiers in Immunology 2023, 14, doi:10.3389/FIMMU.2023.1260503. 

9. Mertowska, P.; Smolak, K.; Mertowski, S.; Grywalska, E. Immunomodulatory Role of Interferons in Viral 
and Bacterial Infections. Int J Mol Sci 2023, 24, 10115, doi:10.3390/ijms241210115. 

10. Kany, S.; Vollrath, J.T.; Relja, B. Cytokines in Inflammatory Disease. Int J Mol Sci 2019, 20, 6008, 
doi:10.3390/ijms20236008. 

11. Ding, X.; Ren, Y.; He, X. IFN-I Mediates Lupus Nephritis From the Beginning to Renal Fibrosis. Frontiers in 
Immunology 2021, 12. 

12. Kabilova, T.O.; Sen’kova, A.V.; Nikolin, V.P.; Popova, N.A.; Zenkova, M.A.; Vlassov, V.V.; 
Chernolovskaya, E.L. Antitumor and Antimetastatic Effect of Small Immunostimulatory RNA against B16 
Melanoma in Mice. PLoS ONE 2016, 11, e0150751, doi:10.1371/journal.pone.0150751. 

13. Bishani, A.; Makarova, D.M.; Shmendel, E.V.; Maslov, M.A.; Sen‘kova, A.V.; Savin, I.A.; Gladkikh, D.V.; 
Zenkova, M.A.; Chernolovskaya, E.L. Influence of the Composition of Cationic Liposomes on the 
Performance of Cargo Immunostimulatory RNA. Pharmaceutics 2023, 15, 2184, 
doi:10.3390/pharmaceutics15092184. 

14. Degryse, A.L.; Lawson, W.E. Progress toward Improving Animal Models for Idiopathic Pulmonary 
Fibrosis. American Journal of the Medical Sciences 2011, 341, 444–449, doi:10.1097/MAJ.0b013e31821aa000. 

15. Liu, T.; De Los Santos, F.G.; Phan, S.H. The Bleomycin Model of Pulmonary Fibrosis. In Fibrosis. Methods in 
Molecular Biology; Rittié, L., Ed.; Humana Press, New York, NY, 2017; Vol. 1627, pp. 27–42. 

16. Ye, R.; Liu, Z. ACE2 Exhibits Protective Effects against LPS-Induced Acute Lung Injury in Mice by 
Inhibiting the LPS-TLR4 Pathway. Experimental and Molecular Pathology 2020, 113, 104350, 
doi:10.1016/j.yexmp.2019.104350. 

17. Leem, A.Y.; Shin, M.H.; Douglas, I.S.; Song, J.H.; Chung, K.S.; Kim, E.Y.; Jung, J.Y.; Kang, Y.A.; Chang, J.; 
Kim, Y.S.; et al. All-Trans Retinoic Acid Attenuates Bleomycin-Induced Pulmonary Fibrosis via 
Downregulating EphA2-EphrinA1 Signaling. Biochemical and Biophysical Research Communications 2017, 491, 
721–726, doi:10.1016/j.bbrc.2017.07.122. 

18. Cahill, E.F.; Kennelly, H.; Carty, F.; Mahon, B.P.; English, K. Hepatocyte Growth Factor Is Required for 
Mesenchymal Stromal Cell Protection Against Bleomycin-Induced Pulmonary Fibrosis. Stem Cells 
Translational Medicine 2016, 5, 1307–1318, doi:10.5966/sctm.2015-0337. 

19. Lin, C.; Von Der Thüsen, J.; Isermann, B.; Weiler, H.; Van Der Poll, T.; Borensztajn, K.; Spek, C.A. High 
Endogenous Activated Protein C Levels Attenuates Bleomycin-induced Pulmonary Fibrosis. J Cellular 
Molecular Medi 2016, 20, 2029–2035, doi:10.1111/jcmm.12891. 

20. Shen, L.; Lei, S.; Huang, L.; Li, S.; Yi, S.; Breitzig, M.; Huang, M.; Mo, X.; Sun, H.; Zheng, Q.; et al. 
Therapeutic Effects of the rhSOD2-Hirudin Fusion Protein on Bleomycin-Induced Pulmonary Fibrosis in 
Mice. European Journal of Pharmacology 2019, 852, 77–89, doi:10.1016/j.ejphar.2019.03.001. 

21. Gouda, M.M.; Rex, D.A.B.; Es, S.P.; Modi, P.K.; Chanderasekaran, J.; Bhandary, Y.P. Proteomics Analysis 
Revealed the Importance of Inflammation-Mediated Downstream Pathways and the Protective Role of 
Curcumin in Bleomycin-Induced Pulmonary Fibrosis in C57BL/6 Mice. J. Proteome Res. 2020, 19, 2950–2963, 
doi:10.1021/acs.jproteome.9b00838. 

22. Li, Y.; Li, H.; Liu, S.; Pan, P.; Su, X.; Tan, H.; Wu, D.; Zhang, L.; Song, C.; Dai, M.; et al. Pirfenidone 
Ameliorates Lipopolysaccharide-Induced Pulmonary Inflammation and Fibrosis by Blocking NLRP3 
Inflammasome Activation. Molecular Immunology 2018, 99, 134–144, doi:10.1016/j.molimm.2018.05.003. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 April 2024                   doi:10.20944/preprints202404.1228.v1

https://doi.org/10.20944/preprints202404.1228.v1


 12 

 

23. Hu, X.; Xu, Q.; Wan, H.; Hu, Y.; Xing, S.; Yang, H.; Gao, Y.; He, Z. PI3K-Akt-mTOR/PFKFB3 Pathway 
Mediated Lung Fibroblast Aerobic Glycolysis and Collagen Synthesis in Lipopolysaccharide-Induced 
Pulmonary Fibrosis. Laboratory Investigation 2020, 100, 801–811, doi:10.1038/s41374-020-0404-9. 

24. Xu, Q.; Mei, S.; Nie, F.; Zhang, Z.; Feng, J.; Zhang, J.; Qian, X.; Gao, Y.; He, Z.; Xing, S. The Role of 
Macrophage–Fibroblast Interaction in Lipopolysaccharide-Induced Pulmonary Fibrosis: An Acceleration 
in Lung Fibroblast Aerobic Glycolysis. Laboratory Investigation 2022, 102, 432–439, doi:10.1038/s41374-021-
00701-7. 

25. Wan, H.; Xie, T.; Xu, Q.; Hu, X.; Xing, S.; Yang, H.; Gao, Y.; He, Z. Thy-1 Depletion and Integrin Β3 
Upregulation-Mediated PI3K-Akt-mTOR Pathway Activation Inhibits Lung Fibroblast Autophagy in 
Lipopolysaccharide-Induced Pulmonary Fibrosis. Laboratory Investigation 2019, 99, 1636–1649, 
doi:10.1038/s41374-019-0281-2. 

26. Cao, Y.; Liu, Y.; Ping, F.; Yi, L.; Zeng, Z.; Li, Y. miR-200b/c Attenuates Lipopolysaccharide-Induced Early 
Pulmonary Fibrosis by Targeting ZEB1/2 via P38 MAPK and TGF-β/Smad3 Signaling Pathways. Laboratory 
Investigation 2018, 98, 339–359, doi:10.1038/labinvest.2017.123. 

27. Zhu, M.; An, Y.; Zhang, X.; Wang, Z.; Duan, H. Experimental Pulmonary Fibrosis Was Suppressed by 
microRNA-506 through NF-Kappa-Mediated Apoptosis and Inflammation. Cell Tissue Res 2019, 378, 255–
265, doi:10.1007/s00441-019-03054-2. 

28. Li, Y.; Song, D.; Bo, F.; Deng, M.; Tang, X. Diazepam Inhibited Lipopolysaccharide (LPS)-Induced 
Pyroptotic Cell Death and Alleviated Pulmonary Fibrosis in Mice by Specifically Activating GABAA 
Receptor Α4-Subunit. Biomedicine & Pharmacotherapy 2019, 118, 109239, doi:10.1016/j.biopha.2019.109239. 

29. Vysochinskaya, V.; Shishlyannikov, S.; Zabrodskaya, Y.; Shmendel, E.; Klotchenko, S.; Dobrovolskaya, O.; 
Gavrilova, N.; Makarova, D.; Plotnikova, M.; Elpaeva, E.; et al. Influence of Lipid Composition of Cationic 
Liposomes 2X3-DOPE on mRNA Delivery into Eukaryotic Cells. Pharmaceutics 2023, 15, 8, 
doi:10.3390/pharmaceutics15010008. 

30. Bishani, A.; Chernolovskaya, E.L. Activation of Innate Immunity by Therapeutic Nucleic Acids. IJMS 2021, 
22, 13360, doi:10.3390/ijms222413360. 

31. Kabilova, T.O.; Vladimirova, A.V.; Zenkova, M.A.; Chernolovskaya, E.L.; Vlassov, V.V. Antiproliferative 
and Interferon-Inducing Activities of Unique Short Double-Stranded RNA. Dokl. Biochem. Biophys. 2011, 
436, 8–11, doi:10.1134/S1607672911010042. 

32. Kabilova, T.O.; Kovtonyuk, L.V.; Zonov, E.V.; Ryabchikova, E.I.; Popova, N.A.; Nikolin, V.P.; Kaledin, V.I.; 
Zenkova, M.A.; Vlassov, V.V.; Chernolovskaya, E.L. Immunotherapy of Hepatocellular Carcinoma with 
Small Double-Stranded RNA. BMC Cancer 2014, 14, 338, doi:10.1186/1471-2407-14-338. 

33. Kabilova, T.O.; Meschaninova, M.I.; Venyaminova, A.G.; Nikolin, V.P.; Zenkova, M.A.; Vlassov, V.V.; 
Chernolovskaya, E.L. Short Double-Stranded RNA with Immunostimulatory Activity: Sequence 
Dependence. Nucleic Acid Ther 2012, 22, 196–204, doi:10.1089/nat.2011.0328. 

34. He, S.; Yao, L.; Li, J. Role of MCP-1/CCR2 Axis in Renal Fibrosis: Mechanisms and Therapeutic Targeting. 
Medicine 2023, 102, e35613, doi:10.1097/MD.0000000000035613. 

35. Kang, J.; Postigo-Fernandez, J.; Kim, K.; Zhu, C.; Yu, J.; Meroni, M.; Mayfield, B.; Bartolomé, A.; Dapito, 
D.H.; Ferrante, A.W.; et al. Notch-Mediated Hepatocyte MCP-1 Secretion Causes Liver Fibrosis. JCI Insight 
2023, 8, e165369, doi:10.1172/jci.insight.165369. 

36. Inoshima, I.; Kuwano, K.; Hamada, N.; Hagimoto, N.; Yoshimi, M.; Maeyama, T.; Takeshita, A.; Kitamoto, 
S.; Egashira, K.; Hara, N. Anti-Monocyte Chemoattractant Protein-1 Gene Therapy Attenuates Pulmonary 
Fibrosis in Mice. American Journal of Physiology-Lung Cellular and Molecular Physiology 2004, 286, L1038–
L1044, doi:10.1152/ajplung.00167.2003. 

37. Ying Xia; Nikolaos G. Frangogiannis MCP-1/CCL2 as a Therapeutic Target in Myocardial Infarction and 
Ischemic Cardiomyopathy. IADT 2007, 6, 101–107, doi:10.2174/187152807780832265. 

38. Chen, W.; Yuan, H.; Cao, W.; Wang, T.; Chen, W.; Yu, H.; Fu, Y.; Jiang, B.; Zhou, H.; Guo, H.; et al. Blocking 
Interleukin-6 Trans-Signaling Protects against Renal Fibrosis by Suppressing STAT3 Activation. 
Theranostics 2019, 9, 3980–3991, doi:10.7150/thno.32352. 

39. Han, D.; Gong, H.; Wei, Y.; Xu, Y.; Zhou, X.; Wang, Z.; Feng, F. Hesperidin Inhibits Lung Fibroblast 
Senescence via IL-6/STAT3 Signaling Pathway to Suppress Pulmonary Fibrosis. Phytomedicine 2023, 112, 
154680, doi:10.1016/j.phymed.2023.154680. 

40. Borthwick, L.A. The IL-1 Cytokine Family and Its Role in Inflammation and Fibrosis in the Lung. Semin 
Immunopathol 2016, 38, 517–534, doi:10.1007/s00281-016-0559-z. 

41. Suwara, M.I.; Green, N.J.; Borthwick, L.A.; Mann, J.; Mayer-Barber, K.D.; Barron, L.; Corris, P.A.; Farrow, 
S.N.; Wynn, T.A.; Fisher, A.J.; et al. IL-1α Released from Damaged Epithelial Cells Is Sufficient and Essential 
to Trigger Inflammatory Responses in Human Lung Fibroblasts. Mucosal Immunology 2014, 7, 684–693, 
doi:10.1038/mi.2013.87. 

42. Boopathi, E.; Thangavel, C. Dark Side of Cancer Therapy: Cancer Treatment-Induced Cardiopulmonary 
Inflammation, Fibrosis, and Immune Modulation. IJMS 2021, 22, 10126, doi:10.3390/ijms221810126. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 April 2024                   doi:10.20944/preprints202404.1228.v1

https://doi.org/10.20944/preprints202404.1228.v1


 13 

 

43. Kobayashi, S.D.; Malachowa, N.; DeLeo, F.R. Neutrophils and Bacterial Immune Evasion. J Innate Immun 
2018, 10, 432–441, doi:10.1159/000487756. 

44. Shi, X.; Young, C.D.; Zhou, H.; Wang, X.-J. Transforming Growth Factor-β Signaling in Fibrotic Diseases 
and Cancer-Associated Fibroblasts. Biomolecules 2020, 10, 1666, doi:10.3390/biom10121666. 

45. Diaz, K.T.; Skaria, S.; Harris, K.; Solomita, M.; Lau, S.; Bauer, K.; Smaldone, G.C.; Condos, R. Delivery and 
Safety of Inhaled Interferon-γ in Idiopathic Pulmonary Fibrosis. Journal of Aerosol Medicine and Pulmonary 
Drug Delivery 2012, 25, 79–87, doi:10.1089/jamp.2011.0919. 

46. Chen, M. Adeno-Associated Virus Mediated Interferon-Gamma Inhibits the Progression of Hepatic 
Fibrosis in Vitro and in Vivo. WJG 2005, 11, 4045, doi:10.3748/wjg.v11.i26.4045. 

47. Steen, E.H.; Wang, X.; Balaji, S.; Butte, M.J.; Bollyky, P.L.; Keswani, S.G. The Role of the Anti-Inflammatory 
Cytokine Interleukin-10 in Tissue Fibrosis. Adv Wound Care (New Rochelle) 2020, 9, 184–198, 
doi:10.1089/wound.2019.1032. 

48. Shamskhou, E.A.; Kratochvil, M.J.; Orcholski, M.E.; Nagy, N.; Kaber, G.; Steen, E.; Balaji, S.; Yuan, K.; 
Keswani, S.; Danielson, B.; et al. Hydrogel-Based Delivery of Il-10 Improves Treatment of Bleomycin-
Induced Lung Fibrosis in Mice. Biomaterials 2019, 203, 52–62, doi:10.1016/j.biomaterials.2019.02.017. 

49. Ågren, M.S.; Schnabel, R.; Christensen, L.H.; Mirastschijski, U. Tumor Necrosis Factor-α-Accelerated 
Degradation of Type I Collagen in Human Skin Is Associated with Elevated Matrix Metalloproteinase 
(MMP)-1 and MMP-3 Ex Vivo. European Journal of Cell Biology 2015, 94, 12–21, doi:10.1016/j.ejcb.2014.10.001. 

50. Steele, H.; Cheng, J.; Willicut, A.; Dell, G.; Breckenridge, J.; Culberson, E.; Ghastine, A.; Tardif, V.; Herro, 
R. TNF Superfamily Control of Tissue Remodeling and Fibrosis. Front. Immunol. 2023, 14, 1219907, 
doi:10.3389/fimmu.2023.1219907. 

51. Jeljeli, M.; Riccio, L.G.C.; Doridot, L.; Chêne, C.; Nicco, C.; Chouzenoux, S.; Deletang, Q.; Allanore, Y.; 
Kavian, N.; Batteux, F. Trained Immunity Modulates Inflammation-Induced Fibrosis. Nat Commun 2019, 
10, 5670, doi:10.1038/s41467-019-13636-x. 

52. Kimura, T.; Nojiri, T.; Hosoda, H.; Inoue, M.; Shintani, Y.; Miyazato, M.; Okumura, M.; Kangawa, K. 
Exacerbation of Bleomycin-Induced Injury by Lipopolysaccharide in Mice: Establishment of a Mouse 
Model for Acute Exacerbation of Interstitial Lung Diseases. Eur J Cardiothorac Surg 2015, 48, e85–e91, 
doi:10.1093/ejcts/ezv261. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 April 2024                   doi:10.20944/preprints202404.1228.v1

https://doi.org/10.20944/preprints202404.1228.v1

	1. Introduction
	2. Results
	2.1. Bleomycin (BLM)- and Lipopolysaccharide (LPS)-Induced Lung Fibrosis – Model Establishment and Selection
	2.2. Effect of isRNA on the Development of BLM- and LPS-Induced Pulmonary Fibrosis in Mouse

	3. Discussion
	4. Materials and Methods
	Mice
	BLM- and LPS-Induced Lung Fibrosis
	Synthesis of isRNA
	isRNA/Liposome Complexes Preparation
	Histology
	Statistical Analysis

	References

