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Effect of OTR4120 on pulmonary fibrosis in mice 

Abstract 

Background: Pulmonary fibrosis is a condition characterized by dysregulated tissue 

repair and remodeling leading to lung tissue scarring. Here, we tested the antifibrotic 

effect of OTR4120 in a bleomycin-induced mouse model of pulmonary fibrosis. 

Methods 

Swiss mice were randomly divided into four experimental groups: a saline-treated control 

group, an OTR4120 group, a bleomycin-induced fibrosis group with  OTR4120 and a 

bleomycin-induced fibrosis group without OTR4120. Lungs were compared using the 

lung/body weight index, and the extent of interstitial injury area was graded using 

histopathological assessment of haematoxylin & eosin-stained lung tissue sections. Lung 

tissue Collagen I and Collagen III levels, and blood cytokine levels were measured using a 

Collagen colorimetric kit and a Cytokine colorimetric kit, respectively.  

Results 

The group treated by OTR4120, alone were used as a control. The clinical signs in all animals 

resolved gradually on day 17 after Bleomycin injections and 6 days after OTR4120 treatment,  

and disappeared almost completely at day 24 after Bleomycin injections and day 13 after 

OTR4120 treatment. Lung/body weight index values were significantly lower in the 

bleomycin-OTR4120 treated group versus the bleomycin only group (respectively 7.31; 9.97 

and 7.63 mg/g, p<0.01). Histopathological analyses suggest that OTR4120 treatment 

ameliorated the increased inflammatory cell infiltration, and attenuated the interstitial 
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thickening  associated with bleomycin-induced fibrosis. Collagen III and cytokine levels were 

decreased in the OTR4120 group versus the fibrotic (bleomycin only) group.  OTR4120-

treated animals were less affected in their behavior, did not lose weight nor appetite, and 

recovered overall activities within 6 days of OTR4120 treatment, while none of the vehicle-

treated animals recovered.  

 

Conclusion:  OTR4120 is a potential candidate to reduce lung fibrosis 

 

Keywords : OTR4120, pulmonary fibrosis, Bleomycin, SARS-CoV-2 

 

Introduction 

Pulmonary fibrosis is a common outcome of various known or still unknown causes [1]. 

Idiopathic pulmonary fibrosis (IPF) is characterized by progressive dyspnea and loss of 

pulmonary function [2,3]. Median survival in patients with IPF is only 3–5 years [5], and 

disease related morbidity and mortality has risen gradually over recent years [5]. The 

mechanisms underlying the pathogenesis of pulmonary fibrosis often include the 

accumulation of inflammatory cells in the lungs, and the generation of pro-inflammatory and 

pro-fibrotic mediators, resulting in alveolar epithelial cell injury and fibroblast hyperplasia, 

and ultimately excessive deposition of extracellular collagen [6]. Corticosteroids and other 

immunosuppressive drugs are used in the treatment of some inflammatory pulmonary 

fibrosis, but inefficient in IPF. Thus, antifibrotic drugs may be a better approach to slow the 

fibrotic process [7]. However,  they often have poor efficacy in patients, and the mortality 

rate remains high, up to 40% within 5 years of diagnosis [7]. Lung transplantation is an 
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effective means of treating pulmonary fibrosis; however, its application is limited due to 

complications, infection, high costs, and particularly, a lack of donated organ resources [8]. 

The interest of new approaches for the treatment of pulmonary fibrosis has recently been 

increased by the novel human coronavirus disease, which mainly affects the respiratory 

system. SARS-CoV-2, causes a respiratory disease characterized by cough (mostly dry), 

dyspnea, fatigue, and, in severe cases, pneumonia or respiratory failure (corroborated by 

radiographic bilateral ground-glass opacity) [9-11]. Damage to the airway tract and lungs was 

evident during biopsy and autopsy studies [9-11]. Diffuse alveolar damage (DAD) and airway 

inflammation have been reported both in humans and in nonhuman primates [9, 12]. The 

leading cause of mortality for SARS-CoV-2 is respiratory failure from acute respiratory 

distress syndrome (ARDS) [13]. ARDS can be related to airway remodeling caused by 

pulmonary fibrosis and systemic inflammation [14-16]. 

We are currently developing the ReGeneraTing Agent (RGTA) OTR4120, a carboxymethyl 

sulfated dextran, as a medicinal product [17-18]. These agents are biopolymers engineered 

and selected for their ability to mimic the biological activities of heparan sulfate (HS) which 

are key elements of the extracellular matrix (ECM) scaffolding and natural sites for the 

storage and protection of most communication peptides. Indeed, through their interaction 

with the HS  Binding Site of the ECM structural proteins (such as collagens, Elastin, Laminin 

etc.), HS are key players in the organization of the ECM scaffold, and for the positioning and 

protection of communication peptides (growth factors, chemokines etc.) that locally 

regulate tissue homeostasis. Moreover, as structural and functional analogues of natural HS, 

one of the most crucial properties of RGTA is their resistance to enzymatic degradation [19]. 

Together, these properties allow RGTAs to maintain their structure and activity even in the 
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microenvironment of chronic wounds, characterized by unrestrained proteolytic activity 

[19]. In injured tissue, HS, present at the cell surface and within the ECM and other ECM 

components and required for tissue healing and homeostasis, are destroyed by locally 

secreted proteases and glycanases. Introduced at the site of injury, RGTA can replace 

destroyed HS, reversing the hostile microenvironment and fostering tissue healing. Here, we 

present the use of one specific RGTA, namely OTR4120 which was shown to enhance the 

speed and quality of healing in a bell-shaped dose-dependent manner after a single or 

weekly systemic administration of 1–2 mg/kg by various routes [17-18].  They also induce 

extracellular matrix remodeling and anti-fibrotic activity in several preclinical models and 

reduce scar formation in patients for aesthetic mastectomy [19]. 

Here , the effects of OTR4120 on development of pulmonary fibrosis in response to 

bleomycin were evaluated compared with healthy control mice and a fibrotic (bleomycin-

induced) control, with the aim of revealing potential new options for the treatment of 

pulmonary fibrosis in clinical drug therapy.  

Materials and methods 

Animals 

Adult Swiss mice (male, nK=K20), weighing 18–22 g, were provided by Janvier Laboratories 

(Le Genest, St. Isle, France). The animals were housed in cages with a 12-h:12-h light–dark 

cycle at a controlled ambient temperature of approximately 20–26°C and relative humidity 

of approximately and relative humidity of approximately 40–70%  with free access to food 

and water.  
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Animal experiments were conducted according to the established guidelines and approved 

by the Animal Care Committee of French University (Paris, France)( file reference #19838). 

Bleomycin fibrosis model and treatment protocol 

Lung fibrosis was induced in pathogen-free male Swiss mice by two intraperitoneal (i.p.) 

injections of bleomycin, diluted in 0,9% saline (0,1 mg/Kg)  or saline solution, at days 0 and 2. 

At day 11, after bleomycin injection, the treatments with OTR4120 (1 mg/kg) or vehicle 

(saline) were initiated. The doses used and the protocol consisting of various i.p. injections 

have previously been described [21]. 

Briefly, OTR4120 was dissolved in saline solution (vehicle) immediately before the injections. 

Mice received an injection of OTR4120 or vehicle on days 11, 14, 17, 21 and 24, and were 

killed at day 28. Mice were divided randomly into the following experimental groups (five 

mice per group): a) saline only, b) OTR4120 (1Kmg/Kg) c) bleomycin (0,1Kmg/Kg), and d) 

bleomycin (0,1Kmg/Kg) + OTR4120 (1Kmg/Kg) (see Figure 1). 

 General behavior and clinical signs, including food intake, body weight and inactivity were 

monitored daily in each group for 28 days. To observe food intake, the groups were housed 

individually. Mice were weighed every 4 days and their food intake was measured by 

offering daily known weights of food, and separating and weighing any leftover food in the 

box twice a week. 

Pain and distress were evaluated as described by Burkholder et al. [22] with minor 

modifications by using the following scoring: 0 = no signs of stress, mouse is active and in 

good condition, calm and has normal appetite; 1 = no/mild signs of stress, mouse is active 

but shows some signs of restlessness; 2 = mild pain and distress, mouse is not groomed well 
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and slightly hunched, less appetite; 3 = moderate stress, mouse moves slowly and shows 

signs of depression; 4 = severe pain, mouse loses significant weight and shows non-response 

reaction when touched. If symptoms became worse, mice were excluded from the analysis 

and euthanized. 

Lung specimen collection 

A panel of tests was used to analyze the induced pulmonary fibrosis in mice, including 

lung/body weight index, histopathology, collagen, TNF and IL6 levels. After euthanasia, a skin 

incision was made in each mouse, along the center line of the thorax and the sternum or 

ribs, to expose the lungs in each mouse and allow observation of the pathological lung 

tissue. The lung was fixed by in toto immersion in 10% formaldehyde for 48 h, then 

dehydrated and paraffin-embedded using standard methods. Tissue sections of 

approximately 4 μm thickness were then cut and stored at 4°C for subsequent 

histopathological analysis.  

 

Lung /body weight index 

The lung/body weight index was determined according to the mass of the lungs in mg and 

the body weight of the mouse in g using the formula : Lung indexK=Klung mass (mg)/body 

weight (g) [23]. 

Histopathology 

The grade of lung fibrosis was determined by histopathology, and  the numerical fibrotic 

score was determined as described previously [24]. Briefly, the left lung was fixed, 
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embedded, and sectioned as described above. After dewaxing with xylene, hydration was 

performed using a series of graded concentrations of ethanol (100% ethanol for 5 min, 95% 

ethanol for 1Kmin, 80% ethanol for 5 min, 75% ethanol for 5Kmin and distilled water for 

2Kmin). Standard haematoxylin and eosin (H&E) staining was performed at room 

temperature for 12 min, then the sections were dehydrated and cleared using two 

incubations with xylene at room temperature for 10 min each. Sections sealed with neutral 

resin were observed under a light microscope for histopathological changes. One slide per 

lung was evaluated and three x20 fields of view per slide were observed. The degree of 

parenchymal lung remodeling was determined as previously described [25]. 

Alveolar septal thickening was quantified using digital imaging. At least 10 photomicrographs 

without overlapping across the cut surface of the lung tissue at 100 x magnification were 

taken for each experimental animal. Observations were performed in a microscope (Axio 

Lab.A1, Carl Zeiss MicroImaging GmbH; Göttingen, Germany) equipped  with a video camera 

(AxioCam ERc5s, Carl Zeiss; Göttingen, Germany) connected to a desk computer. Gathered 

images were processed using the software Mesurim 2. Broncho-vascular strands were 

carefully removed from the analyzed areas. The software made possible to count the pixels 

of a given color and, knowing the area of a pixel, the area of the healthy alveoli (in 

percentage) can be calculated and compared to the total area of the histological section 

image. 

Bronchoalveolar lavage 

The lungs were instilled by fractionated 1 ml of sterile phosphate-buffered saline (PBS) 3 

times [26]. Then, the bronchoalveolar lavage fluid (BALF) was immediately centrifuged at 
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3000 rpm for 10 min at 4°C and stored the cell-free supernatants at −80°C before cytokine 

analysis.  

Cytokine assay 

We used ELISA kits to detect the concentrations of inflammatory mediators such as TNF-α 

and IL-6 in BALF following the kit instructions. The optical density of each well was set at 450 

nm. 

Collagen I and Collagen III assays in lung tissues 

The Collagen I and Collagen III contents in lung tissue were determined by ELISA kits. The 

lung tissues (100 mg) obtained were homogenized in PBS buffer (1,5 ml), centrifuged and the 

supernatant collected. The Collagen I and Collagen III contents in the supernatant were 

measured using a colorimetric assay kit (Biovision, Milpitas, CA, USA) according to the 

manufacturer’s instructions. Absorbance was read at 540 nm. The soluble I and III collagen 

levels were determined using a standard curve. Results were expressed as ng/ml collagen 

per lung.  

 

Statistical analyses 

Data were presented as means ± SD. Student’s t test was used to determine the level of 

significance between population means. A significant difference was accepted with P < 0.05. 
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Results 

OTR4120 reversed almost all clinical signs induced by bleomycin after 24 days  

Clinical and gross pathological observations were performed: treated mice presented clinical 

signs over a 28-day time period after bleomycin treatment. The onset and evolution of 

clinical signs were as follows: on day 10 after treatment by bleomycin, slight altered gait, 

inactivity, inappetence. The onset of inappetence and inactivity was correlated with loss of 

body weight, which continued to decline (Fig 2a and 2b). In the group treated by OTR4120, 

the clinical signs in all animals resolved gradually on day 17 after Bleomycin injections and 6 

days after OTR4120 treatment, and disappeared almost completely at day 24 after 

Bleomycin injections and day 13 after OTR4120 treatment (Fig 2c). 

 

OTR4120 reduced the increase in lung index scores induced by bleomycin 

 

Lung/body weight index values in the fibrosis model group were significantly higher than 

those observed in the control group, at day 28 (9.97 ± SD versus 7.31 ± SD; fibrotic group 

versus controls, respectively; PK<K0.01; Table 1). In the OTR4120-treated fibrosis group, lung 
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index values were significantly lower than in the fibrosis model group (Table 1). Lung index 

values were significantly lower in the OTR4120-Bleomycin treated group than in the fibrosis 

model group (7.63 ± SD versus 9.97 ± SD [PK<K0.05], respectively; Table 1). There were no 

statistically significant differences between the control group and the OTR4120-Bleomycin 

treated group (7,31 ± SD vs 7,63 ± SD). 

Table 1: Lung index values in a bleomycin-induced Swiss mouse model of pulmonary fibrosis, 

treated with OTR4120.  

Study group 

 

Lung index, mg/g 

 

Control 

OTR4120 Only 

Fibrosis model 

Bleomycin OTR4120-treated mice 

 

7,31 ± 0,45 

7.28 ± 0.41 

9,97 ± 0,65△ 

7.63 ± 0,58 ** 

 

Data presented as mean'±'SD. Control, treated with saline only; Fibrosis model, bleomycin-induced 

pulmonary fibrosis; OTR4120-treated, bleomycin-induced pulmonary fibrosis treated with OTR4120. 

△P'<'0.01 versus control group; **P'<'0.01 versus fibrosis model group. 

 

OTR4120 treatment improves  bleomycin-induced lung histopathology 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 26, 2021. ; https://doi.org/10.1101/2021.10.24.465650doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.24.465650


12 

 

Haematoxylin and eosin-stained lung tissue sections were evaluated for histopathological 

abnormalities on day 28 following OTR4120 treatment (Figure 3). Under light microscopy, 

lung tissue sections from the control group (Saline solution or OTR4120 only) showed normal 

alveolar spaces, normal thickening of the alveolar septa and high elasticity (Figure 3a and 

3b). Lung sections from mice in the bleomycin-induced fibrosis group showed marked 

histopathological abnormalities, with alveolo-interstitial   inflammation, at day 28 (Figure 

3c). Lung sections from mice treated with OTR4120 showed moderate reduction of 

inflammatory cell infiltration, with normal alveolar structure and a few macrophages, 

lymphocytes and plasma cells (Figure 3d). Alveolitis/pulmonary fibrosis scores were 

significantly lower in the bleomycin-induced fibrosis model group versus the control group at 

day 28 (31,51 vs 56,64 ± SD; PK<K0.01; Table 2). Decreased alveolitis/pulmonary fibrosis 

scores in response to bleomycin-induced fibrosis were significantly attenuated in mice 

treated OTR4120 (31,51 vs 47,67 ± SD; PK<K0.05; Table 2). 

Table 2. Alveolitis area scores (%).  

Study group 

 

Alveolitis area scores (%) 

Control 

OTR4120 

Fibrosis model 

OTR4120-treated bleomycin-induced fibrosis 

 

56,64 ± 4,5 

55,94 ± 3,5 

31,51 ± 3,2 △ 

47,67 ± 5,6 ** 
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Alveolitis area scores (%) in a bleomycin-induced Swiss mouse model of pulmonary fibrosis, 

treated with OTR4120 were assessed by Mesurim Software. Data are presented as 

meanK±KSD. Control, treated with saline only; Control, treated only with OTR4120; fibrosis 

model, bleomycin-induced pulmonary fibrosis; bleomycin-induced pulmonary fibrosis 

treated with OTR4120. △PK<K0.01 versus control group; **PK<K0.01 versus fibrosis model 

group. 

OTR4120 reduced bleomycin-induced IL-6 and TNF-α cytokine levels in the lung  

To determine how OTR4120 affects bleomycin-induced cytokine production, the 

concentrations of TNF-α and IL-6 in BALF were measured by ELISA. As illustrated in Figure 4, 

TNF-α (Figure 4a) and IL-6 (Figure 4b) levels were significantly higher in the Bleomycin 

treated  group than in the control group. OTR4120 (1 mg/kg) efficiently reduced the 

production of TNF-α and IL-6 compared to those obtained in the Bleomycin group (Figure 4). 

Effect of OTR4120 on the Collagen I and Collagen III levels in mice with bleomycin-induced 

pulmonary fibrosis 

Collagen I and collagen III contents from these tissue specimens were quantitatively 

assessed by the Collagen I and Collagen III ELISA tests, and the production of each collagen 

type was determined. Collagen I production remained unchanged when comparing the 

control group to the bleomycin-induced fibrosis group (48,00 ± SD vs 50,00 ± SD ng/ml) or 

with the bleomycin-induced fibrosis group treated with OTR4120 (48,00 ± SD vs 47,00 ± SD 

ng/ml; Figure 5a). 

In contrast, collagen III levels were found to be significantly increased in lungs from the 

bleomycin-induced fibrosis group compared with the control group, (124,28 ± SD versus 
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33,00 ± SD ng/ml; PK<K0.05; Figure 5b). Treatment with OTR4120 was found to significantly 

attenuate the increased Collagen III levels associated with bleomycin administration (124,28 

± SD versus 28,00 ± SD; PK<K0.01; Figure 5b). There were no statistically significant 

differences in lung Collagen III levels between the control group and the bleomycin-induced 

fibrosis group treated with OTR4120 (33,00 ± SD versus 28,00 ± SD ng/ml; PK<K0.01; Figure 

5b). 

 

 

Discussion 

Pulmonary fibrosis can result from various causes that may not always be well identified; 

some causes may be  repetitive microinjury of the alveolar epithelium, hypoxia, viral or 

pathogenic (microorganism) infection, inefficient and/or aberrant epithelial repair, excessive 

extracellular matrix deposition and destruction of distal lung architecture, etc. In all cases, 

the cellular micro-environment is destroyed and the tissue response is often characterized 

by an increased number of polymorphonuclear cells (PMNs), alveolar and interstitial cell 

infiltrates in the lungs, and the presence of edema (27), consistent with features of the 

bleomycin-induced pulmonary fibrosis model used in the present study. Thus, in line with its 

frequent use in research, we show here that bleomycin-induced pulmonary fibrosis can be 

used to explore new pharmacological methods to treat pulmonary fibrosis [28-29]. Indeed, a 

common criticism in the bleomycin-induced pulmonary fibrosis model is the role of 

inflammation, as it induces chronic inflammation and fibrosis, evidenced by the release of 

various inflammatory mediators [30-31]. In the present study, bleomycin treatment was also 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 26, 2021. ; https://doi.org/10.1101/2021.10.24.465650doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.24.465650


15 

 

found to cause evident chronic inflammation and fibrosis compared with the saline-treated 

control group. Importantly, this increase in inflammation and fibrosis was significantly 

decreased by OTR4120 treatment. H&E-stained lung tissue sections from the control group 

showed that normal alveolar spaces, and normal thickening of the alveolar septa were 

present. However, sections from the lungs of mice in the bleomycin-induced fibrosis group 

showed marked histopathological abnormalities. Tissue sections from mice treated with 

OTR4120 showed amelioration of inflammatory cell infiltration, together with a reduction in 

interstitial thickening. We are however conscious that better conditions for lung removal 

before histology should improve quantification of the histological section.    

The majority of animal models of fibrosis including the above-described model starts with 

inflammation [32]. TNF-α is a key cytokine in pulmonary fibrosis, which induces expression of 

adhesion molecules, recruitment of inflammatory cells into the lungs and synthesis of other 

cytokines [33-34]. More recently, Jia-Ni Zou [35] demonstrated significant relationships 

between pulmonary fibrosis and the levels of albumin and IL-6, which suggest that IL-6 and 

albumin are independent risk factors affecting pulmonary fibrosis. Previous studies reported 

that IL-6 could serve as an indicator of the progression of COVID-19 [36 ]. IL-6 levels can 

reflect the severity of the inflammatory response. In our study, the bleomycin-induced 

model is characterized by increased levels of TNF and IL-6 in homogenated lungs. OTR4120 

significantly reduced the increase in TNF-α and IL-6 levels. Therefore, these results suggest 

that OTR4120 might provide the protection from lung fibrosis through an anti-inflammatory 

effect. It is generally accepted that the regulation of pro-inflammatory cytokines is 

mediated, at least in part, by NF-κB and that the abnormal humoral metabolism and 

pulmonary edema contribute to the severity of symptoms and fatality of COVID-19 patients 

[37]. Decreased expression of alveolar Na-K-ATPase, dysregulation of sodium and potassium 
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channels, aquaporins, and the renin angiotensin system, abnormal metabolism of bradykinin 

and hyaluronic acid, as well as cytokine inflammatory storm all lead to ARDS and pulmonary 

edema [37]. 

Cytokines activate neutrophils and promote their accumulation at the site of injury, induce 

the release of protease and oxygen free radicals, and finally lead to pulmonary interstitial 

edema and a severe inflammatory response [27,38]. To the best of the authors’ knowledge, 

the present study is the first to show the effect of OTR4120 on lung index values in mice. 

Lung index values in the bleomycin-induced fibrosis group were increased, and the 

magnitude was significantly reduced in the OTR4120 treated group, suggesting that 

OTR4120 attenuates bleomycin-induced lung injury in mice. 

Many studies reported that increased type III collagen serum levels are representative of 

active fibrosis [38,39]. An increase in type III collagen was observed in lung biopsy specimens 

taken from patients in the early stages of cryptogenic pulmonary fibrosis [40] and from 

subjects with active fibrotic disease. Shahzeidi, et al. [39] suggest that type III procollagen 

gene expression was enhanced in bleomycin induced fibrosis and that expression was 

maximal between 10 and 35 days after a single dose of bleomycin. The most active cells 

were located in interstitial areas around the conducting airways, although these cells were 

usually seen in areas with no histological evidence of fibrosis. Regions with the most 

advanced fibrosis, as assessed by histological methods, rarely contained cells with activity 

above the threshold detectable by this technique. These results suggest that activation of 

interstitial fibroblasts, with enhanced type III collagen gene expression, forms at least part of 

the mechanism leading to increased collagen deposition in bleomycin induced fibrosis and 

that this occurs before fibrosis is detected by conventional histological staining. 
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Our results demonstrated that type-III collagen levels were significantly increased in 

bleomycin treated lungs compared to those in control lungs. The enhanced type-III collagen 

levels in BLM-treated lungs can be obviously ameliorated by OTR4120 treatment, suggesting 

an antifibrotic effect of OTR4120. This specific effect of OTR4120 on collagen III synthesis has 

been previously described [41]. Antifibrotic effects of OTR4120 have been demonstrated in 

earlier studies and several tissues [42,43].  RGTA treatment has been shown to decrease the 

production of collagen III in intestinal tissue specimens from patients with Crohn’s disease 

[44]. 

In the present novel investigation of a bleomycin-induced pulmonary fibrosis mouse model 

that compared OTR4120-treated mice versus untreated mice with bleomycin-induced 

fibrosis, we demonstrated that OTR4120 exerts an anti-inflammatory effect in the lungs of 

mice with bleomycin-induced pulmonary fibrosis. These effects were evidenced by 

attenuation of the morphological fibrotic response, and reduced lung index values, 

neutrophil infiltration and collagen levels.  

During the restoration period, the clinical signs induced by bleomycin admistration in most 

animals resolved gradually 17 days after Bleomycin administration and 6 days after OTR4120 

treatment and disappeared almost completely at 24 days. 

Further studies are needed to confirm the results and clarify the mechanism with which 

OTR4120 attenuates bleomycin-induced pulmonary fibrosis. 

Conclusion 
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The present research revealed that OTR4120 could efficiently attenuate bleomycin-induced 

pulmonary fibrosis in a mouse model. The study provides evidence that OTR4120 may be a 

promising candidate  to treat patients suffering from  lung injuries.  

This concept was supported in a recent case report on 13 patients with Covid and lung 

lesions treated by nebulized OTR4120 [20]. It provided the first human safety data of 

OTR4120 by airway administration with promising trends of clinical improvements  and 

paved the way to a placebo controlled trial [20]. 

 

 

 

 

References 

1- Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ, et al. Acute 

Exacerbation of Idiopathic Pulmonary Fibrosis. An International Working Group Report. Am J 

Respir Crit Care Med. 2016 Aug 1;194(3):265-75. 

2-  Zhou Y, Li P, Duan JX, Liu T, Guan XX, Mei WX, et al. Aucubin alleviates bleomycin-induced 

pulmonary fibrosis in a mouse model. Inflammation. 2017; 40: 2062–2073. 

3- Li L, Ren F, Cao J, CHEN B. Intermittent hypoxia aggravated bleomycin-induced pulmonary 

fibrosis in a mouse model of sleep apnea. Chest 2016; 149: A584. 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 26, 2021. ; https://doi.org/10.1101/2021.10.24.465650doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.24.465650


19 

 

4- Kaunisto J. Demographics and survival of patients with IPF in the finish IPF registry. ERJ 

2019, 5: 00170- 2018. 

5- Ley B, Collard HR, King TEJr. Clinical course and prediction of survival in idiopathic 

pulmonary fibrosis. Am J Respir Crit Care Med. 2011;183:431–440. 

6- Wuyts WA, Agostini C, Antoniou CM, Bouros D, Chambers RC, Cottin V, Egan JJ, et al. The 

pathogenesis of pulmonary fibrosis: a moving target. Eur Respir J 2013; 41: 1207-1218. 

7- Antoniou KM, Margaritopoulos GA, Siafakas NM. Pharmacological treatment of idiopathic 

pulmonary fibrosis: from the past to the future. Eur Respir Rev 2013; 22: 281–291. 

8- Porteous MK and Lee JC. Primary graft dysfunction after lung transplantation. Clin Chest 

Med 2017; 38: 641–654. 

9- Zhang H, Zhou P, Wei Y, Yue H, Wang Y, Hu M, et al. Histopathologic changes and SARS–

CoV-2 immunostaining in the lung of a patient with COVID-19. Ann Intern Med 

2020 ;173:185–192. 

10- Chu H, Chan JFW, Yuen TTT, Shuai H, Yuan S, Wang Y, et al. Comparative tropism, 

replication kinetics, and cell damage profiling of SARS-CoV-2 and SARS-CoV with implications 

for clinical manifestations, transmissibility, and laboratory studies of COVID-19: an 

observational study. Lancet Microbe 2020; 1:e14–e23.  

11- Iwasawa T, Sato M, Yamaya T, Sato Y, Uchida Y, Kitamura H, et al. Ultra-high-resolution 

computed tomography can demonstrate alveolar collapse in novel coronavirus (COVID-19) 

pneumonia. Jpn J Radiol 2020 ; 38:394–398.  

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 26, 2021. ; https://doi.org/10.1101/2021.10.24.465650doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.24.465650


20 

 

12- Rockx B, Kuiken T, Herfst S, Bestebroer T, Lamers MM, Oude Munnink BB, et al. 

Comparative pathogenesis of COVID-19, MERS, and SARS in a nonhuman primate model. 

Science 2020; 368:1012–1015.  

13- Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological findings of COVID-19 

associated with acute respiratory distress syndrome. Lancet Respir Med 2020; 8:420–422.  

14- Barton LM, Duval EJ, Stroberg E, Ghosh S, Mukhopadhyay S. COVID-19 autopsies, 

Oklahoma, USA. Am J Clin Pathol 2020; 153:725–733.  

15- Tian S, Hu W, Niu L, Liu H, Xu H, Xiao SY. Pulmonary pathology of early-phase 2019 novel 

coronavirus (COVID-19) pneumonia in two patients with lung cancer. J Thorac Oncol 2020; 

15:700–704.  

16- Schaefer IM, Padera RF, Solomon IH, Kanjilal S, Hammer MM, Hornick JL, et al. In situ 

detection of SARS-CoV-2 in lungs and airways of patients with COVID-19. Mod Pathol 2020; 

33:2104–2114.. 

17- Escartin Q, Lallam-Laroye C, Baroukh B, Morvan FO, Caruelle JP, Godeau G, et al. A new 

approach to treat tissue destruction in periodontitis with chemically modified dextran 

polymers. Faseb J 2003;17:644–651. 

18- Meddahi A, Bree F, Papy-Garcia D, Gautron J, Barritault D, Caruelle JP. Pharmacological 

studies of RGTA (11), a heparan sulfate mimetic polymer, efficient on muscle regeneration. J 

Biomed Mater Res 2002;62:525–531. 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 26, 2021. ; https://doi.org/10.1101/2021.10.24.465650doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.24.465650


21 

 

19. Zakine G
 

, Le Louarn C. [First applications of matrix therapy in plastic and aesthetic 

surgery] Ann Chir Plast Esthet 2010 Oct;55(5):421-8.  doi10.1016/j.anplas.2010.07.011. Epub 

2010 Sep 24. 

20- El Husseini A, Barritault D. A case series of 13 patients with COVID-19 associated 

respiratory symptoms treated with Nebulized OTR4120 (Cacipliq20®) Research Square 

Preprint August 27th doi: 10.21203/rs.3.rs-829101/v1 

21- Guijarro T, Magro-Lopez E, Manso J, Garcia-Martinez R, Fernandez-Aceñero MJ, Liste I, et 

al. Detrimental pro-senescence effects of vitamin D on lung fibrosis Mol Med. 2018; 24: 64.  

22- Wohlfahrt T, Rauber S, Uebe S, Luber M, Soare A, Ekici A, et al. PU.1 controls fibroblast 

polarization and tissue fibrosis. Nature 2019; 566(7744): 344–349.  

23- Rodo C, Illescas T, Arévalo S, Pérez-Hoyos S, Carreras H. Followup of fetuses with 

congenital diaphragmatic hernia: the quantitative lung index. Eur J Obstet Gynecol Reprod 

Biol 2018; 225: 22–25. 

24- Tawfik MK and Makary S. 5-HT7 receptor antagonism (SB-269970) attenuates bleomycin-

induced pulmonary fibrosis in rats via downregulating oxidative burden and inflammatory 

cascades and ameliorating collagen deposition: comparison to terguride. Eur J Pharmacol 

2017; 814: 114–123. 

25. Szapiel SV, Elson NA, Fulmer JD, Hunninghake GW, Crystal RG. Bleomycin-induced 

interstitial pulmonary disease in the nude, athymic mouse. Am Rev Respir Dis 1979; 120: 

893–899. 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 26, 2021. ; https://doi.org/10.1101/2021.10.24.465650doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.24.465650


22 

 

26- Xiao Z, Jia B, Zhao X, Bi S, Meng W. Attenuation of Lipopolysaccharide-Induced Acute 

Lung Injury by Cyclosporine-A via Suppression of Mitochondrial. DNA Med Sci Monit 2018; 

24: 7682–7688.  

27- Gille T, Didier M, Rotenberg C, Delbrel E, Marchant D, Sutton A, et al. Intermittent 

Hypoxia Increases the Severity of Bleomycin-Induced Lung Injury in Mice. Oxid Med Cell 

Longev 2018 Mar 14;2018:1240192.  

28. Ou XM, Feng YL, Wen FQ, Huang XY, Xiao J, Wang K, et al. Simvastatin attenuates 

bleomycin-induced pulmonary fibrosis in mice. Chin Med J (Engl) 2008; 121: 1821–1829. 

29. Mouratis MA and Aidinis V. Modeling pulmonary fibrosis with bleomycin. Curr Opin Pulm 

Med 2011 ; 17: 355–361. 

30- Della Latta V, Cecchettini A, Del Ry S, Morales MA. Bleomycin in the setting of lung 

fibrosis induction : from biological mechanisms to counteractions. Pharmacol Res 2015; 97: 

122–130. 

31. Limjunyawong N, Mitzner W, Horton MR. A mouse model of chronic idiopathic 

pulmonary fibrosis. Physiol Rep 2014 ; 2: e00249. 

32.  Moore BB, Hogaboam CM. Murine models of pulmonary fibrosis. Am J Physiol Lung Cell 

Mol Physiol 2008, 294(2): L152–L160. 

33. Todd NW, Luzina IG, Atamas SP. Molecular and cellular mechanisms of pulmonary 

fibrosis. Fibrogenesis Tissue Repair 2012, 5(1):11. 

34. Zhao L, Wang X, Chang Q, Xu J, Huang Y, Guo Q, et al: Neferine, a bisbenzylisoquinline 

alkaloid attenuates bleomycin-induced pulmonary fibrosis. Eur J Pharmacol 2010, 627(1–

3):304–312. 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 26, 2021. ; https://doi.org/10.1101/2021.10.24.465650doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.24.465650


23 

 

35. Zou JN, Sun L, Wang BR, Zou Y, Xu S, Ding YJ, et al. The characteristics and evolution 

of pulmonary fibrosis in COVID-19 patients as assessed by AI-assisted chest HRCT. PLoS 

One 2021; 16(3): e0248957.  

36. Wan S, Yi Q, Fan S, Lv J, Zhang X, Guo L, et al. Relationships among lymphocyte subsets, 

cytokines, and the pulmonary inflammation index in coronavirus (COVID-19) infected 

patients. Br J Haematol 2020 May; 189(3):428-437. 

37. Cui X, Chen W, Zhou H, Gong Y, Zhu B, Lv X, et al. Pulmonary Edema in COVID-19 

Patients: Mechanisms and Treatment Potential. Front Pharmacol 2021; 12: 664349.  

38.  Moldoveanu B,  Otmishi P,  Jani P,  Walker J,  Sarmiento X,  Guardiola J, et al. 
 

Inflammatory mechanisms in the lung J Inflamm Res. 2009; 2: 1–11. 

39. Hamon A, Scemama U, Bourenne J, Daviet F, Coiffard B, Persico N, Adda M, Guervilly C, 

Hraiech S, Chaumoitre K, Roch A, Papazian L, Forel JM. Chest CT scan and alveolar 

procollagen III to predict lung fibroproliferation in acute respiratory distress syndrome Ann 

Intensive Care. 201927;9(1):1-8.  

40. Kirk
 

 
 

 JME,Brian EH, Kerr
 

 I, Turner-Warwick
 

M, Laurent GJ. 
 

Quantitation of Types I and III 

Collagen in Biopsy Lung Samples from Patients with Cryptogenic Fibrosing AlveolitisCollagen 

and Related Research Volume 4, Issue 3, May 1984, Pages 169-182 

41.  Shahzeidi S,  Mulier B, de Crombrugghe B, Jeffery PK, McAnulty RJ, Laurent GJ. Enhanced 

type III collagen gene expression during bleomycin induced lung fibrosis. Thorax 1993; 

48:622-628  

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted October 26, 2021. ; https://doi.org/10.1101/2021.10.24.465650doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.24.465650


24 

 

42. Alexakis C, Caruelle JP, Sezeur A, Cosnes J, Gendre JP, Mosnier H, et al. Reversal of 

abnormal collagen production in Crohn’s disease intestinal biopsies treated with 

regenerating agents. Gut 2004;53:85–90. 

43. Barritault D, Gilbert-Sirieix M, Rice KL, Siñeriz F, Papy-Garcia D, Baudouin C,et al. RGTA® 

or ReGeneraTing Agents mimic heparan sulfate in regenerative medicine: from concept to 

curing patients. Glycoconj J 2017 Jun;34(3):325-338.  

44. Barritault D, Desgranges P, Meddahi-Pellé A, Denoix JM, Saffar JL. RGTA®-based matrix 

therapy - A new branch of regenerative medicine in locomotion. Joint Bone Spine 

2017;84(3):283-292.  

 

 

 

 

 

 

figure legends 

Figure 1. Schematic illustration of experimental design.  

Lung fibrosis was induced in pathogen-free male Swiss mice by two intraperitoneal (i.p.) 

injections of bleomycin, diluted in 0,9% saline (0,1 mg/Kg b.w.), at days 0 and 2. At day 11, 

after the acute inflammatory response, the treatments with OTR4120 (1 mg/kg) or 

physiological serum were initiated. 
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Figure 2: Body weight (a), food intake (b) and activity (c) of mice treated with bleomycin: 

Bleomycin (0.1 mg/kg) was injected IP at Day 0 and 2. OTR4120 was injected days 

11,14,17,21,24. Data presented as meanP±PSD. Control (treated with saline only);OTR4120 

only;  Fibrosis model (bleomycin-induced pulmonary fibrosis); OTR4120-treated (bleomycin-

induced pulmonary fibrosis treated with OTR4120). △PP<P0.01 versus control group; 

**PP<P0.01 versus fibrosis model group. 

Figure 3. Representative photomicrographs showing haematoxylin and eosin (H&E) 

stained lung sections. 

 Lung sections were obtained from a bleomycin-induced Swiss mouse model of pulmonary 

fibrosis: day 28 following initiation of OTR4120 treatment. Three study groups included 

controls treated with saline only (a), OTR4120 only (b), bleomycin-induced fibrosis model (c), 

and bleomycin-induced fibrosis treated with 1 mg/kg OTR4120 (d). Original 

magnification,P×P100. 

Figure 4: OTR4120 significantly attenuated the Bleomycin-induced TNF-α (a), IL-6 (b). Data 

presented as meanP±PSD. * P<0.05 vs. Control group, # P<0.05 vs. Experiment group, P<0.05 

vs. OTR4120 group. N=5.  

 

Figure 5: Quantification of soluble collagen 

(a): Quantification of soluble collagen I in mice lung homogenates (Control, treated with 

saline only; OTR4120 only;  bleomycin-induced pulmonary fibrosis; bleomycin-induced 

pulmonary fibrosis treated with OTR4120. (b): Quantification of soluble collagen III in mice 

lung homogenates (Control, treated with saline only; OTR4120 only, bleomycin-induced 
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pulmonary fibrosis; bleomycin-induced pulmonary fibrosis treated with OTR4120). 

△PP<P0.05 versus control group; *PP<P0.05, **PP<P0.01 versus fibrosis model group. 
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