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Introduction: Pulmonary Fibrosis is characterized by excessive matrix deposition which leads to 
airway remodeling and disruption of the typical architecture of the lung parenchyma. The disease 
progression is associated with a high mortality rate. The current treatment for pulmonary fibrosis 
includes drugs which either reduce progression of the disease or provide symptomatic relief. 
Multiple studies have examined the effect of cell-based therapy in pulmonary fibrosis. We 
investigated the effect of administration of pre-conditioned bone marrow-derived mesenchymal 
stem cells (BM-MSC) in a mouse model of pulmonary fibrosis. Methods: Firstly, we examined the 
effect of pre-conditioning on the cells using cell-based assays. We found that pre-conditioning did 
not significantly alter cell proliferation or led to cellular inflammation. The cells continued to 
express MSC marker, CD105, and pluripotency marker Oct3/4. Next, we evaluated the proliferative 
and anti-inflammatory potential of BM-MSC administration using a series of assays in a mouse 
model of pulmonary fibrosis. Bleomycin was administered to induce pulmonary fibrosis in mice on 
Day 0. MSCs were administered on day 1 and day 3; the mice were sacrificed on day 22, and their 
tissues were collected for analysis. Results: We found that similar to untreated cells, administration 
of pre-conditioned cells resulted in an increase in the proliferative potential and reduction in 
inflammation in the lung tissue, bronchoalveolar lavage, bone marrow, and blood. We observed 
reduction in the number of granulocytes in peripheral blood upon MSC administration. However, 
we did not observe any structural changes in the lung upon MSC administration. We found a small 
reduction in collagen content in the lung which was also seen upon staining with Masson's 
trichrome. Conclusion: These results demonstrate that pre-conditioned BM-MSC lead to 
improvement in the disease state through paracrine effects but pre-conditioning of cells for 24 hours 
does not significantly improve the beneficial effect of MSC administration.
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1. Background
Pulmonary fibrosis is characterized by excess deposition of extracellular matrix and fibroblasts
in the lung parenchyma which leads to stiffness in the lung and difficulty in breathing [1]. The
treatment options include drugs such as pirfenidone and ninetedanib which reduce progression
of the disease but do not facilitate regeneration of damaged lung tissue [2]. Therefore, ongoing
research has been focusing on the development of novel therapeutic options to provide relief to
the patients.

In the last decade, cell-based therapy has emerged as a viable treatment option. Mesenchymal
stem cells (MSC) are multipotent stem cells which may be derived from various tissues including
bone marrow, adipose and umbilical cord [3]. MSC treatment has been successfully used for
amelioration of pulmonary fibrosis [4]. The MSCs are known to act through engraftment in the
damaged tissue or through their paracrine effects. Previous studies have reported their role in
ameliorating the disease by immunomodulation, inhibition of pro-fibrotic cytokines, reducing
oxidative stress and release of microvesicles [5–7]. MSC administration leads to the replacement
of fibrotic lesion with lung cells, decrease in pro-inflammatory and angiogenic cytokines and
reduction in collagen content in the lung [6,8]. MSCs have also progressed to human trials where
they have not demonstrated any toxicity upon administration [9–11].

Pre-conditioning of MSC has been adopted recently as a strategy to ensure better survival
of these cells upon transplantation in a diseased organ. Along with improved survival, the
pre-conditioned cells also demonstrated better paracrine effects, migration and homing to
the diseased organ, increased regenerative ability and enhanced immunomodulation [12]. The
different types of pre-conditioning include exposure to hypoxia, hydrogen sulfide, anoxia,
hydrogen peroxide along with exposure to factors such as erythropoietin, insulin growth factor-
1, and heat shock proteins. Transplantation of hypoxia-treated MSC leads to amelioration of
pulmonary fibrosis [13]. Exposure to hydrogen peroxide was used to induce cardiac lineage
differentiation of stem cells [14]. However, the effect of oxidative stress pre-conditioned cells in
lung fibrosis has not been examined. We hypothesize that exposure of mesenchymal stem cells to
oxidative stress will alter signals necessary for their differentiation to lung lineages. In the present
study, we used oxidative stress pre-conditioned cells in a mouse model of bleomycin-induced
pulmonary fibrosis.

2. Methods

(a) Animal housing and maintenance
BALB/c mice acquired from National Institute of Nutrition, Hyderabad were used in this
study. All experiments were performed according to rules laid down by the Institutional and
departmental animal ethics committee and the animals housed under specific pathogen-free
conditions at the animal housing vivarium of the Department of Zoology, University of Calcutta.
The mice were regularly monitored for general well-being.

(b) Isolation and Harvesting of Bone Marrow-Derived Mesenchymal Stem
Cells

6-8 weeks old BALB/c mice were euthanized by cervical dislocation. The skin and muscles
were carefully removed from the hind limbs, and the femur bone was dissected and stored
in Dulbecco’s Modified Eagle Medium (DMEM) culture media (HiMedia Laboratories Pty Ltd,
Nasik, India). In a tissue culture hood, the bone marrow was harvested by flushing the bone with
excess DMEM supplemented with 15% serum (HiMedia Laboratories Pty Ltd, Nasik, India) and
100U penicillin/0.05 mg streptomycin antibiotics (HiMedia Laboratories Pty Ltd, Nasik, India).
These cells were seeded in a tissue culture plate and fed with fresh media for the next three days.
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Following this, they were grown to 70-80% confluency before passaging. The cells were subjected
to immunolabelling Figure 1 (Left panel) and fluorescence activated cell analysis (data not shown)
to confirm expression of MSC marker, CD105. Cells from third, fourth or fifth passages were used
for all the experiments.

Figure 1. Marker expression analysis in pre-conditioned mesenchymal stem cells. Cells were immunolabelled for

MSC marker CD105 (Red) and pluripotency marker Oct3/4 (Green) using anti-CD105 conjugated with PerCP Cy5.5 or

anti-Oct3/4 antibody conjugated with Alexa Fluor 488. The nuclei (Blue) were stained using DAPI. RAW 264.7 macrophage

cells were used as negative control. The cells expressed both the proteins. The labelling was detected and imaged using

a fluorescence microscope at 40X objective.

(c) Pre-conditioning cells using abiotic conditions
Equal number of cells were seeded in a 6-well or a 96-well tissue culture plate. On the
following day, the cells were treated with 100 µM of CoCl2 (Merck, Delhi, India) or H2O2

(B.D. Pharmaceutical works, Pvt. Ltd., Howrah, India) to induce hypoxia and oxidative stress,
respectively for 24 hours in a 5% CO2 incubator (37◦C). Untreated cells were used as negative
control. The cells were then used for assays or transplantation.

(d) Cell-based Assays
The cell-based assays were performed after 24 hours of the treatment. Only culture media
was used as negative control. To estimate cell viability MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-
Diphenyltetrazolium bromide assay for performed. The MTT dye (Sisco Research Laboratory,
Mumbai, India) was added to the cells for 3 hours and solubilized using acidic isopropanol (0.04M
hydrochloric acid in absolute isopropanol). The OD was measured at 550 nm using a microplate
reader (Thermo Fisher Scientific, USA).

Nitric oxide production was analyzed to estimate inflammation. Sulfanilamide solution (1%
Sulfanilamide in 5% orthophosphoric acid; Sisco Research Laboratory, Mumbai, India) was then
added at room temperature for 5 minutes followed by addition of N-1-naphthyl ethylenediamine-
dihydrochloride (NED) solution (0.1% NED in distilled water) (Sisco Research Laboratory,
Mumbai, India) at room temperature for 5 minutes. Absorbance was measured in a plate reader
at 540 nm.
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(e) Marker expression analysis
For marker expression analysis, the cells were grown on coverslips and subjected to hypoxia or
oxidative stress. The pre-conditioned cells were fixed using 4% paraformaldehyde, permeabilised
using Triton X-100, blocked using bovine serum albumin and then hybridized with Anti-
Oct3/4 conjugated with Alexa Fluor 488 (1:100, BD Biosciences, Kolkata, India) and Anti-CD105
conjugated with Per-CP 5.5 (1:100, BD Biosciences, Kolkata, India) antibodies. The cells were
then mounted using buffered glycerol and imaged using 40X magnification on Olympus BX41
fluorescence microscope.

(f) Bleomycin-induced fibrosis
The mice were divided into five groups Control (n=2), Bleomycin treated (n=2), Bleomycin treated
with MSC administration (n=3), Bleomycin with hypoxia pre-conditioned MSC administration
(n=3) and Bleomycin with oxidative stress pre-conditioned MSC administration (n=3). BALB/c
mice received a single dose of bleomycin (Miracalus Pharma Pvt Ltd, Mumbai, India; 0.075 U/ml
bleomycin dissolved in 1 ml of 0.09% sterile saline water) both intratracheally and intranasally.
All mice received a single dose of bleomycin at day 0. Twenty microliters were administered
intranasally, and 40 µl was administered intratracheally. After treatment for 24 hours, 2.5 ×
104 and 6.5 × 104 cells were administered through tail vein injection in mice at Day 1 and
Day 3, respectively. The mice were sacrificed at the end of the experiment on Day 22 and their
lung tissues collected for cell-based assays and histological assessment. Bone marrow, blood and
bronchial alveolar lavage fluid (BALF) were obtained from all the treatment groups for analysis.

(g) Cell-based assays
The cells were harvested from lung tissue by mincing and debris was removed using a mesh.
Equal number of cells were seeded in a 96-well plate in DMEM supplemented with 10% fetal calf
serum and antibiotics. The bone marrow were harvested by flushing the femur bone with excess
media, and the cells were used for analysis. Cells from peripheral blood and BALF were sieved
through a mesh and seeded in 96-well plates for experiments. The MTT and NO assays were
performed on the following day as described previously in section 2.4. Nitro Blue Tetrazolium
(NBT) assay was performed as described elsewhere [15].

(h) Flow cytometry Analysis
The cells were harvested from lung tissue by digestion using Collagenase/Hyaluronidase cocktail
(STEMCELL Technologies, Chennai, India) at 37◦C overnight. These cells were incubated with
anti-CD45-PerCP (1:100, BioLegend, San Diego, USA) , anti-B220-FITC (1:100, BD Biosciences,
Kolkata, India) and anti-CD3-PE (1:100, BD Biosciences, Kolkata, India) antibodies to examine the
distribution of T- and B-cells. They were hybridized with CD3-PE (1:100, BD Biosciences, Kolkata,
India), CD4-V450 (1:100, BD Biosciences, Kolkata, India) and CD8-Alexa Fluor 488 (1:100, BD
Biosciences, Kolkata, India) antibodies to analyze the T-helper and cytotoxic T-cell population.
The cells were hybridized with anti-CD45-PerCP, anti-GR1-FITC (1:100, BD Biosciences, Kolkata,
India) and anti-F4/80-R-PE (1:100, Thermo Fischer Scientific, USA) antibodies to differentiate
between the granulocyte and macrophage population.

(i) Hydroxyproline estimation
The lung tissue was used to estimate hydroxyproline content as described previously [16].
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(j) Tissue sectioning and staining
The tissues were fixed in 10% formalin and paraffin embedded. Five micron thick sections were
cut and stained using hematoxylin and eosin stains to examine changes in tissue structure. The
collagen content was examined using Masson’s trichrome staining. They were imaged using
the microscope (Dewinter Technologies, New Delhi, India) equipped with ToupView software
(ToupTek Photonics, Zhejiang, China) at 10X or 40X magnification.

3. Results
In the present study, we examined the effect of oxidative stress pre-conditioned MSC in a mouse
model of pulmonary fibrosis. We found that similar to hypoxia pre-conditioning, oxidative stress
pre-conditioning reduced inflammation and increased proliferative ability of the cells.

(a) Effect of pre-conditioning on cells
Firstly, we examined the effect of pre-conditioning on cells. All the assays were performed at
least twice with appropriate controls. The pre-conditioned cells were subjected to cell-based
assays and marker expression analysis. To examine if pre-conditioning altered the pluripotency
or nature of the cells the expression of pluripotency marker Oct3/4 and MSC marker CD105 was
examined. We found that the pre-conditioning did not alter marker expression and both untreated
and pre-conditioned cells expressed both the markers. Further, the effect on their proliferation
and induction of oxidative stress was estimated using MTT and NO assays. We found that pre-
conditioning did not have a significant effect on the proliferative ability of cells estimated by
MTT assay (Figure 2a) or induced inflammation as estimated by NO assay Figure 2. On the
contrary, oxidative stress pre-conditioning of cells led to a three-fold reduction in inflammation as
compared to the untreated and hypoxia pre-conditioned cells. However, these changes were not
statistically significant. Therefore pre-conditioning of cells did not affect the viability or induce
oxidative stress in BM-MSCs. Hence, these cells were used for transplantation in a mouse model
of bleomycin-induced pulmonary fibrosis.

Figure 2. Effect of pre-conditioning on mesenchymal stem cells. Mesenchymal stem cells were subjected to a) MTT

and b) NO assay to examine the effect of pre-conditioning on stem cells. The reduction in cell viability and cell inflammation

was observed as compared to untreated cells but these changes were not statistically significant.

(b) Effect of cell-based therapy in IPF
The untreated and pre-conditioned cells were administered in mice, and their tissues were
harvested at the end of the experiment for analysis. The cells were subjected to MTT, NO, NBT
and flow cytometry analysis to examine the effect of MSC administration of cell proliferation and
inflammation. All the assays were performed in triplicates on tissues obtained from at least two
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mice in each group. The lung tissue was subjected to histological analysis to examine structural
changes upon MSC administration.

(i) Cell-based assays

MTT: MTT assay was used to examine the cell viability in peripheral blood, bone marrow,
BALF and lungs from mice with pulmonary fibrosis treated with of hypoxia or oxidative stress
pre-conditioned BM-MSC. We found out that the proliferative ability of cells decreased upon
bleomycin administration which increased upon administration of untreated or pre-conditioned
MSC Figure 3.

Figure 3. Cell viability analysis after MSC treatment. The effect of treatment with hypoxia and oxidative stress pre-

conditioned BM-MSC after bleomycin administration on cell proliferation and viability in a) blood, b) bone marrow, c)

broncheoalveolar lavage fluid (BALF) and d) lung was estimate dusing MTT assay and absorbance was measured at

550 nm. Improvement in cell viability was observed in BALF and lung but no improvement was observed in peripheral

blood and bone marrow. Pre-conditioning did not significantly increase cell viability. Bleo: Bleomycin treated, Bleo +

MSC: Bleomycin treated mice transplanted with MSC; Bleo + hypoxia pre-conditioned MSC: Bleomycin treated mice

transplanted with hypoxiapre-conditioned MSC, Bleo + oxidative stress pre-conditioned MSC: bleomycin treated mice

transplanted with MSC pre-conditioned with hyperoxia. *(Red) p<0.05 versus control; *(blue) p<0.05 versus bleomycin

treated tissue.

In blood, we found a statistically significant reduction of 2-fold in the proliferative ability
upon bleomycin treatment as compared to the control group (Figure 3a). There was a small
increase in proliferation upon administration of untreated or oxidative stress pre-conditioned
MSC, however, administration of hypoxia pre-conditioned MSC led to a significant reduction
of 3-fold in proliferation. In bone marrow, bleomycin administration led to a significant reduction
of 1.6 fold as compared to the control which increased upon MSC administration (Figure 3b).
Similar to peripheral blood, administration of pre-conditioned MSC led to a significant reduction
in cell proliferation.
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Next, in BALF tissue, a significant reduction of 3.6 fold was observed due to bleomycin
administration which increased significantly by 1.3 and two-fold upon administration of
untreated and oxidative stress pre-conditioned MSC (Figure 3c). Administration of hypoxia pre-
conditioned MSC did not bring about a change in cell proliferation. In lung tissue, administration
of untreated, hypoxia pre-conditioned and oxidative stress pre-conditioned MSC led to a
significant increase in cell proliferation by 1.2, 2.6 and 1.3 fold, respectively, as compared to the
bleomycin-treated samples (Figure 3).

NBT: The NBT assay was used to examine superoxide generation, an indicator of
inflammation, in the tissues of treated and untreated mice. We found that bleomycin
administration led to a significant increase in inflammation in all the tissues and MSC treatment
resulted in significant reduction of inflammation in all the tissues Figure 4.

Figure 4. Effect of pre-conditioned MSC administration on cell inflammation. The effect of treatment with hypoxia

and oxidative stress pre-conditioned BM-MSC after bleomycin administration on cell inflammation in a) blood, b) bone

marrow, c) broncheoalveolar lavage fluid (BALF) and d) lung was estimated using Nitroblue tetrazolium assay. We

found that MSC administration led to reduction ininflammation in all the tissues. Bleo: Bleomycin treated, Bleo +

MSC: Bleomycin treated mice transplanted with MSC; Bleo +hypoxia pre-conditioned MSC: Bleomycin treated mice

transplanted with hypoxia pre-conditioned MSC, Bleo + oxidative stress pre-conditioned MSC: bleomycin treated mice

transplanted with MSC pre-conditioned with hyperoxia. *(red) p< 0.05 versus control; *(blue) p<0.05 versus bleomycin

treated tissue.

In blood, we found a 3.4 fold increase in inflammation in bleomycin-treated samples as
compared to the control (Figure 4a). Administration of untreated and hypoxia or oxidative stress
pre-conditioned MSC led to a reduction of 4.5, 5 and five fold, respectively as compared to
bleomycin-treated samples. Similarly, in bone marrow, a 2.1 fold increase was observed which
reduced by 2.3, 2.6 and two-fold upon administration of untreated, hypoxia and oxidative stress
pre-conditioned MSC administration (Figure 4b). In BALF, administration of MSC and hypoxia
pre-conditioned MSC led to a significant reduction of 1.9 and 2.4 fold, respectively (Figure 4c).
Likewise, in lung we found a 1.6 and 2 fold reduction upon treatment with untreated and hypoxia
pre-conditioned MSC (Figure 4d). Treatment with oxidative stress pre-conditioned MSC reduced
inflammation both in BALF and lung, but the difference was not statistically significant.
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NO: Further, we examined nitric oxide generation in tissues from untreated, and MSC
treated mice. Nitric oxide is produced by macrophages as part of the non-specific immune
response and has been shown to be toxic to invasive microorganisms. Overproduction of NO has
been observed in infectious or inflammatory states of the colon, bile duct, and liver. As expected
we found that bleomycin treatment led to a significant increase in NO production in all the tissues.
Administration of either untreated or pre-conditioned MSC resulted in a significant reduction in
NO production.

In blood, we found that treatment with oxidative stress pre-conditioned MSC reduced the
NO production significantly by 3.3 fold. Administration of untreated or hypoxia pre-conditioned
MSC did not alter the NO production. In bone marrow, bleomycin treatment led to a significant
fivefold increase in NO production; administration of untreated and hypoxia or oxidative stress
pre-conditioned MSC resulted in a considerable reduction of 1.2, 2 and 6.5 fold. Similarly, in BALF,
a 2.2 fold increase in NO production due to bleomycin administration was reduced significantly
by 1.1, 1.3 and 1.5 fold, respectively, by treatment with untreated, hypoxia pre-conditioned and
oxidative stress pre-conditioned MSC. In the lung, administration of untreated MSC led to a
significant reduction in NO production by 1.5 fold while pre-conditioned MSC did not alter the
NO production significantly Figure 5.

These results suggest that MSC administration led to a reduction in inflammation as compared
to the diseased mice. It led to an increase in cell proliferation in lung tissue but did not have a
systemic effect in the blood and the bone marrow.

Figure 5. Effect of pre-conditioned MSC administration on Nitric Oxide (NO) production. The effect of treatment

with hypoxia and oxidative stress pre-conditioned BM-MSC after bleomycin administration on nitric oxide production in a)

blood, b) bone marrow, c) broncheoalveolar lavage fluid (BALF) and d) lung was estimated using NO assay. We found

a significant reduction in NO production in bone marrow and BALF upon MSC administration. There was asignificant

reduction in NO upon administration of oxidative stress pre-conditioned MSC in the blood and a small reduction in NO

production in the lung after MSC treatment. Bleo: Bleomycin treated, Bleo + MSC: Bleomycin treated mice transplanted

with MSC; Bleo + hypoxia pre-conditioned MSC: Bleomycin treated mice transplanted with hypoxia pre-conditioned

MSC, Bleo +oxidative stress pre-conditioned MSC: bleomycin treated mice transplanted with MSC pre-conditioned

with hyperoxia.*(red) p< 0.05 versus control; *(blue) p<0.05 versus bleomycin treated tissue.
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(ii) Flow cytometry analysis

To further analyze if any specific inflammatory cell groups were altered, we performed flow
cytometry analysis in blood, bone marrow, and lung tissue. Firstly, we examined if there was
a change in the proportion of T-cell and B-cells as a result of the treatment (Figure 6). We found a
significant increase in the percentage of B-cells upon MSC administration in peripheral blood; no
difference was observed between other treatment groups. Further, in bone marrow, we observed
a significant increase in the number of T- cells upon administration of hypoxia pre-conditioned
MSC and a significant reduction in the number of T- cells upon administration of oxidative stress
pre-conditioned MSC; no difference was observed in other treatment groups. In the lung, none of
the treatment groups showed any difference in the number of T- and B- cells.

Next, we examined the percentage of granulocytes and macrophage in these tissues Figure 7.
We found a significant increase in the granulocyte and macrophage population in peripheral
blood upon bleomycin treatment which reduced significantly upon treatment of pre-conditioned
MSC. A similar trend was observed in the bone marrow. However, these changes were not
statistically significant. In the lung, we did not observe any specific trend, and none of the changes
were statistically significant.

Figure 6. Percentage of T- and B- cell population in MSC treated and untreated tissue. The percentage of B-cells

and T-cells in the blood, bone marrow and lung was determined by flow cytometry analysis. CD45+cells were gated using

anti-CD45 conjugated with PerCP-Cy5.5 and then B-cells and T-cells were determined using anti-B220 conjugated with

FITC and anti-CD3E conjugated with PE. *(red) p< 0.05 versus control; * (blue)p<0.05 versus bleomycin treated tissue.

(iii) Hydroxyproline analysis

Next, we examined the hydroxyproline content in the lung. We found that the amount of
hydroxyproline increased by five fold in the bleomycin-treated mice as compared to the control.
This reduced by 2.4 fold upon treatment with MSC and by 1.5 and 1.9 fold upon treatment with
hypoxia or oxidative stress pre-conditioned MSC, respectively (Figure 8).
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Figure 7. Percentage of granulocyte and macrophages in MSC treated and untreated tissue. The percentage of

granulocytes and macrophages in the blood, bone marrow and lung was determined by flow cytometry analysis. CD45

positive cells were gated using anti-CD45 conjugated with PerCP-Cy5.5 and then granulocytes and macrophages were

determined using anti-GR1 conjugated with FITC and anti-F4/80 conjugated with R-PE antibody. *(red) p<0.05 versus

control; *(blue) p<0.05 versus bleomycin treated tissue.

(iv) Histological analysis

Pulmonary fibrosis as the name suggests leads to increased fibrosis in the lung. To examine
the effect of MSC transplantation on lung histology and fibrosis we stained lung sections with
hematoxylin and eosin stain (Figure 9) and performed Masson’s trichrome staining (Figure 10).
This staining helps visualize the collagen content in the lung tissue. The purpose of Masson’s
Trichome staining is to differentiate between collagen and smooth muscle in tumors and the
increase of collagen content in diseases such as cirrhosis and fibrosis. In this experiment, the mice
were treated with bleomycin which causes pulmonary fibrosis which in turn leads to increased
collagen content of the lung tissue. Upon staining with hematoxylin and eosin, we observed
a thickening of the alveolar walls in the bleomycin-treated mice as compared to the control
mice. Additionally, bleomycin-treated lungs showed increased cell infiltration as compared to the
control. There was a small decrease in the thickness of alveolar wall upon MSC transplantation.
We did not observe any other structural changes in the lungs transplanted with MSC. Similarly, on
Masson’s trichrome staining we found a few areas of the fibrotic lesion in the bleomycin-treated
mice which were not present in the control or the mice treated with MSC. Cell infiltration was
observed in all the treatment groups.

4. Discussion
The beneficial e ffect o f M SC a dministration i n p ulmonary fi brosis ha s be en demonstrated 
in multiple studies [3]. MSCs secrete various factors such as hepatocyte growth factor, 
epithelial growth factor and fibroblast growth factor and tumor growth factor-β to improve cell 
proliferation. They modulate the immune response by secreting an array of cytokines including 
interleukins, tumor necrosis factor-α and interferon-γ [17]. Further MSCs are also known to have
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Figure 8. Hydroxyproline estimation in MSC treated and untreated tissue. Collagen concentration was estimated by

hydroxyproline assay. Collagen concentration was reduced after treatment with bleomycin (Bleo). Administration of MSC

(Bleo + MSC), hypoxia pre-conditioned (Bleo + Hypoxia pre-conditioned MSC) and oxidative stress pre-conditioned MSC

(Bleo + Oxidative stress pre-conditioned MSC) showed a decrease in collagen concentration.

Figure 9. Histological analysis. Lung tissue sections were stained using Hematoxylin-Eosin. Tissue sections of (a)

control mice showed normal lung morphology while of (b) mice with bleomycin-induced pulmonary fibrosis demonstrated

thickening of alveolar wall. Mice treated with c) MSC d) hypoxia pre-conditioned MSC and e) oxidative stress pre-

conditioned MSC showed some reduction in alveolar wall thickening. All sections were imaged at 40 X magnification

using Dewinter FLUORE I LED.

anti-apoptotic properties which facilitate the survival of damaged cells [18,19]. Additionally,
they also regulate T-cell activity [20,21]. Along with MSC administration, the extracellular
vesicles or microvesicles secreted by the cells and conditioned medium may also be used for
disease treatment [22,23]. In the present study, we examined the effect of administration of
pre-conditioned MSC in a mouse model of idiopathic pulmonary fibrosis.

We observed increased cell viability in the lung upon MSC administration which again
demonstrates the anti-apoptotic and regenerative ability of MSC. Perhaps these effects may be
first seen at the site of injury, and therefore a similar effect could not be observed in peripheral
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Figure 10. Masson’s trichrome staining of lung sections. Lung tissue sections were stained using Masson’s trichrome

stain to visualize collagen deposits. a) Control mice demonstrated normal lung morphology; b) mice with bleomycin-

induced pulmonary fibrosis showed dense collagen accumulation and mice transplanted with c) MSC d) hypoxia pre-

conditioned MSC and e) oxidative stress pre-conditioned MSC did not show collagen deposition. All sections were imaged

at 40 X magnification using Dewinter FLUORE I LED.

blood and bone marrow. The response to tissue injury results in inflammatory processes followed
by fibrosis [24]. MSC transplantation led to a reduction in inflammation in all the tissues. We
found that similar to untreated MSC, pre-conditioned MSC reduced nitric oxide levels and
increased cell proliferation as compared to the diseased tissues. Cells release nitric oxide as a
mechanism to combat oxidative stress. NO levels in the cells increase in conditions associated
with inflammation [25]. Lee et al. reported a similar time-dependent reduction in nitric oxide
metabolites upon administration of MSC in a model of lung fibrosis [6]. The similar reduction in
inflammation was observed in NBT assay.

Upon further analysis using flow cytometry, we found a significant increase in granulocytes
and macrophage population in peripheral blood in the bleomycin-treated mice which reduced
upon administration of MSC. Granulocytes, specifically neutrophil, and macrophages are known
to be increased in an inflammatory condition which leads to the generation of swelling, redness,
pain, and heat [26]. These results are consistent with previous reports which found a reduction in
neutrophil and macrophage infiltration upon MSC administration [6].

MSC have been reported to reduce fibrosis in the kidney [27]. Other studies have
observed improvement in lung histology upon MSC administration. Lee and colleagues found
that intravenously administered MSCs decreased bleomycin-induced lung edema, neutrophil
infiltration, collagen deposition, and overall mortality [6]. Similarly, Ortiz and colleagues
reported that after bleomycin exposure in mice, MSCs home to sites of lung injury, lead to less
inflammation, decrease fibrosis and extracellular matrix collagen deposition, and contribute to
tissue repair [28]. We observed reduction in collagen upon MSC administration as seen in the
hydroxyproline assay. We did not observe significant structural changes in MSC transplantation.
This may be due to differences in time of administration of MSC.

Previously, hypoxic pre-conditioning using a hypoxia chamber was shown to attenuate
lung disease in mice [13]. Earlier studies have demonstrated the potential of hypoxic
pre-conditioning in improving cell survival, proliferation, homing and differentiation [29].
Hypoxic pre-conditioning of umbilical cord-derived MSC has also been shown to increase
cell differentiation [30]. There haven’t been many studies demonstrating the use of oxidative
stress pre-conditioning in pulmonary fibrosis. However, we did not observe any significant
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change upon administration of MSC and pre-conditioned MSC. Perhaps alteration of the dose
of CoCl2 and H2O2 used to induce hypoxia and oxidative stress respectively may demonstrate
improvement in lung histology. Increasing the duration of pre-conditioning to 48 or 72 hours
may alter the efficacy of cells in ameliorating fibrosis. Further studies to examine the expression
of cytokines and other growth factors will assist in understanding the mechanism of action of
MSC and pre-conditioning of these cells.

5. Conclusions
Our results show that transplantation of MSCs reduced the inflammation and increased cell
viability in the lung. The pre-conditioning of MSC with CoCl2 or H2O2 for 24 hours did not
significantly improve the beneficial effect of MSC administration. Moreover, our results again
demonstrate that MSC transplantation results in paracrine effects.
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