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ABSTRACT

Introduction: Bleomycin is a chemotherapeutic agent that has been applied in the treatment of many tumors. Its application
results in various cutaneous side effects. The role of bone marrow-derived mesenchymal stem cells [BM-MSCs] has been
proved in tissue regeneration.

Aim of the Work: Study of the effect of bleomycin on the histological structure of the skin of adult male albino rats and
evaluation of the possible curative role of BM-MSCs.

Materials and Methods: Forty-five adult male albino rats were divided into two groups. Control group included 15 rats.
Experimental group included 30 rats which were subdivided into three equal subgroups: 2A, 2B & 2C. Rats of the experimental
group were injected with bleomycin subcutaneously for four weeks. Each rat of subgroup 2A received [0.1mg] of bleomycin.
Each rat of subgroup 2B received [ Iml] of the culture media of the bone marrow cells one day after the last bleomycin dose.
Each rat of subgroup 2C received BM-MSCs (2.5x106) one day after the last bleomycin dose. Skin specimens were examined
by the light and electron microscopy. Immunohistochemical study was done by using antibodies to transforming growth factor
beta (TGF-B). Evaluation of the collagen surface area percentage and the number of TGF-f positive cells was performed.
Results: Experimental subgroups 2A & 2B showed the disturbance of the normal architecture of the skin. There was a significant
increase in the surface area percentage of collagen and number of TGF-f positive cells. Ultrastructurally, some keratinocytes
showed cytoplasmic vacuolation, swollen disrupted mitochondria and nuclear changes. In contrast, the experimental subgroup
2C showed minimal structural changes and a non-significant difference in all mentioned parameters.

Conclusion: Bleomycin altered the normal structure of the skin of adult male albino rats. Bone marrow-derived MSC improved

the skin changes induced by bleomycin.
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INTRODUCTION

Bleomycin is an antibiotic as well as an antitumor agent.
It has been used for treatment of many cancers. Despite the
appearance of new agents in oncology, bleomycin remains
necessary in many chemotherapy regimens for Hodgkin’s
lymphoma and germinative tumors. On the other hand,
bleomycin has many complications of lung and skin(!.

Skin reactions are the most common side effects that
include erythema, hyperpigmentation of the skin, striae,
vesiculation and ulceration. These manifestations usually
occur when the cumulative dose of bleomycin has reached
more than 100UP.. A mouse model of bleomycin-induced
dermal fibrosis has induced which mimics early and
inflammatory stages of human systemic scleroderma.
Scleroderma is an autoimmune connective tissue disorder
that affects mainly the skin®!.

Bleomycin has been associated with temporary hair
loss and nail pigmentation. The pigment is deposited in
horizontal or vertical bands, which may be brown or blue,
and generally grow out with the nail™.
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Nowadays, bone marrow-derived mesenchymal stem
cells (BM-MSCs) play an important role in tissue repair
or regeneration. They are characterized by their easy
isolation and culture. BM-MSCs have a role in improving
tissue fibrosis due to various diseases such as stroke and
myocardial infarction). These cells also have a therapeutic
role in cases of liver fibrosis!®. Moreover, they are applied
as an efficient therapy for many skin disorders as psoriasis,
skin burn and alopecial”®!,

So, this scientific work was performed to study the effect
of bleomycin on the histological structure of the skin of
adult male albino rats and to evaluate the possible curative
role of BM-MSCs by some histological techniques.

MATERIALS AND METHODS

Chemicals

e Bleomycin: bleomycin ampule [15 mg] was
purchased from Nippon Kayaku Co.[Ltd., Tokyo,
Japan], Catalogue number 971,CAS number
9041-93-4.
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* Roswell Park Memorial Institute (RPMI) 1640
medium: 1640 with L- glutamine, liquid, sterile-
filtered was purchased in sterile bottle (500 ml)
from Lonza Company, cat. No. BE12-702F, Swiss.
It was stored at 4 °C.

»  Fetal bovine serum (FBS) was a product of Gibco,
Invitrogen Co., Cat. No A11-151, Austria. It was
stored at — 20 °C.

*  Antibiotic-Antimycotic: (Penicillin-Streptomycin-
Amphotericin-B Mixture) was purchased from
Lonza CO., Cat. No: 17-745 E, Switzerland. It
contained penicillin (10,000 units/ml penicillin
G sodium) and streptomycin  (10,000pg/
ml streptomycin in sulphate) and was stored
at 20 °C.

*  Phosphate Buffered Saline (PBS) (0.0067 M (PO4)
without Ca and Mg) was purchased from Lonza
Bioproduct, cat. No: BE 17-512 F, Switzerland.
It included 8 gm NaCl, 0.25 gm KCI, 144 gm
Na2HPO4 and 0.25 gm KH2PO4, PH 7.4. It was
stored at 4 °C.

e  Trypsin/EDTA solution was purchased from
Lonza Co., Cat. No: BE 17-161E, Switzerland.
It is Trypsin-EDTA 200 mg/l versene (EDTA)
170.000U Trypsin/L sterile filtered for cell culture.
It was stored at — 20 °C.

Animal grouping

The experiment was done in the Tissue Culture Unit
of Histology Department, Faculty of Medicine according
to the Ethical Committee recommendations of Tanta
University [Approval Code:30966/05/16].

Forty-five adult male albino rats aging 10-12 weeks
and weighing 200-250 grams were used in this study. The
rats were obtained from the animal house of Tanta Faculty
of Medicine. They were housed in clean, suitable, properly
ventilated plastic cages under controlled conditions of
temperature, humidity and a 12-h light/dark cycle and were
fed on a similar commercial laboratory diet and water. The
rats were acclimatized to their environment at least one
week before the experiment. They were divided into two
groups:

1-Control group: It included 15 rats and was
subdivided into:

e Subgroup 1A: It included 5 rats. Skin specimens
were taken from their shaved mid back. The bone
marrow of their femurs, tibias and humeri were
extracted and cultured for mesenchymal stem cells
(MSCs).

e Subgroup 1B: It included 5 rats that were
subcutaneously injected with 0.1ml saline [vehicle
for bleomycin] in the shaved mid back daily for
4 weeks. Skin specimens were taken from their
shaved mid back after 4 weeks from the last day of
saline injection.

e Subgroup 1C: It included 5 rats. They were once
subcutaneously injected in the shaved mid back
with 1ml of the freshly prepared culture media [45
ml of RPMI, 5 ml of FBS and 0.5 ml Antibiotic/
antimycotic mix] that was used for bone marrow
cells. Skin specimens were taken from their mid
back after 4 weeks of media injection.

2-Experimental group: It included 30 rats and was
subdivided into:

*  Subgroup 2A (Bleomycin group): Ten rats were
daily injected with bleomycin [0.1 mg dissolved
in 0.1 ml saline] subcutaneously in the shaved mid
back for 4 weeks. Skin specimens were taken from
their mid back after 4 weeks from the last day of
bleomycin injection®..

e Subgroup 2B (Bleomycin and Culture media
group): Ten rats were subcutaneously injected
with bleomycin in the shaved mid back at the same
dose and duration as subgroup 2A and one day
after the last bleomycin injection, each rat received
subcutaneously 1ml of the freshly prepared culture
media. Skin specimens were taken from their mid
back after 4 weeks of media injection.

*  Subgroup 2C (Bleomycin and BM-MSCs group):
Ten rats were subcutaneously injected with
bleomycin in the shaved mid back at the same dose
and duration as subgroup 2A and one day after the
last bleomycin injection, each rat received BM-
MSCs [2.5x106 in 1ml media] subcutaneously
in the mid back. Skin specimens were taken from
their mid back after 4 weeks of MSCs injection!'?.,

At the appropriate time [4 weeks from the last injection
in each subgroup], the animals were anesthetized by
intraperitonial injection of sodium pentobarbital [50
mg/Kg]"! and the skin specimens were processed for
histological examination.

Collection, culture of BM-MSCs and preparation of
MSCs suspension:

The five rats of subgroup 1A were used as a source for
BM-MSCs. The bone marrow of the femurs, tibias and
humeri of rats were extracted, collected and cultured for
mesenchymal stem cells (MSCs). It was called passage 0
(PO) in the 1st day. When MSCs (P0) reached confluence
(70- 80%) after about (7-9) days, subculture was done
to reach passage 1 (P1) which upon reaching confluence
(70-80%), trypsinization was done to reach passage 2 (P2)
which upon reaching confluence (70-80%) trypsinization
was done to reach passage 3 (P3).

A. Bone marrow harvesting

The rats were sacrificed and were sunken in 70% alcohol
before dissection for sterilization of the skin surface. The
femurs, tibias and humeri were carefully dissected from
adherent soft tissues. Then they were placed into sterilized
petri dishes containing the culture media and antibiotic for
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1-2 minutes, and then transferred to the cell culture lab for
isolation of the bone marrow. The isolation process was
carried out in a laminar flow cabinet. Epiphyses of both
ends of the bones were cut away from the diaphysis using
a sterilized bone cutting scissor. The bone marrow was
flushed out from the diaphysis of the bones by inserting
a syringe needle filled with 3 ml of the freshly prepared
culture media into one end of the bones. The marrow plugs
were expelled from the opposite end of bones into tissue
culture flask (25 ml) and was completed to 7 ml with the
culture media to cover the surface of culture flask (0.4 ml
media/l cm? surface area). The flasks were labeled (cells
name, passage number and date). Culture flasks were kept
at 37°C in 5% CO2 incubatort'?.

B. Culture and expansion of MSCs

The cultured cells were examined daily by using the
inverted microscope to assess the level of expansion of
the cultured MSCs and to detect the appearance of any
bacterial or fungal infection. Three days after primary
culture, the non-adherent cells were removed by aspiration,
using a sterile pipette. The adherent cells were then washed
twice with Phosphate Buffered Saline (PBS). Then, 7 ml
of the fresh culture media was added to each flask. MSCs
were distinguished from other BM cells by their tendency
to adhere to the tissue culture plastic flask. The culture
medium was replaced every 2days, so the non-adherent
cells were aspirated and discarded, using a sterile pipette.
The cells were washed with PBS before adding the fresh
medium, so the second exchange of medium was done
after 5 days when spindle shaped cells appeared with long
processes and vesicular nucleil'l.

C. Trypsinization of BM- MSCs

Trysinization is used to dislodge cells from the flask.
The culture media in the flasks were aspirated by sterile
plastic pipette and the cultured cells were washed with
PBS. The PBS was removed and about 2.5 ml of trypsin /
EDTA solution (used at a working concentration of 0.25%)
was shortly pre-warmed to 37°C and was then added to the
cells to detach them from the floor of the flask. The flasks
containing trypsin / EDTA solution were incubated at 37°C
for about 2 minutes. Then, the flasks were checked under
inverted microscope to make sure that adherent cells were
separated from the floor of the flask. The detached cells
appeared rounded and floating. The action of trypsin/EDTA
was stopped by adding 7.5 ml of complete medium then
the cell suspension was aspirated using pipette and was put
in Falcon culture tube (15ml). The cells were centrifuged at
800 RPM for 5 minutes in the centrifuge.The supernatant
was discarded and the cell pellets were re-suspended into
fresh complete medium. Then, cell counting and viability
was performed using a hemocytometer to determine the
total cell count!'l.

D. Counting of the MSCs

The hemocytometer was used to determine the
total cell count and to assess viability of the cells. The

hemocytometer slide consists of two chambers, each of
which is divided into nine squares with a dimension of 1x1
mm. A cover glass is supported over these squares, so in
total each large square has volume of 0.0001 ml. Trypan
blue 0.4% is used for viable cell counting. Living cells
do not take up certain dyes, whereas dead cells do. A cell
suspension (5 ml) was prepared from diluted suspension
after trypsinization. Then, 0.5ml of cell suspension was
mixed with 0.5ml of trypan blue suspension (0.4%). This
1:1 dilution of the cells and dye was allowed to stand for
about 2 minutes then shaken well. A pipette tip was used
to transfer a small amount of trypan blue cell suspension to
both chambers of the hemocytometer by carefully touching
the edge of the cover slip with the pipette tip and allowing
each chamber to fill up by capillarity property. All cells in
the four 1 mm corner square were counted. In addition, the
viable and non-viable cells were counted separately!'*!. The
cell concentration was calculated as follows:

Cells/ml = mean cell count per square x dilution
factor (1) x10°0'¢.

E. Preparation of MSC suspension

The cells of passage 3 (P3) are ready for injection. The
cell suspension was transferred to a sterile culture tube. The
sterile tube was exposed to centrifugation at 2000 rpm for
10min. The supernatant was removed carefully by gentle
aspiration using a sterile pipette so as not to disturb the cell
pellet (Sun et al., 2003). The cell suspension in the sterile
tube was prepared to perform cell viability by trypan blue
and cell count using a hemocytometer. The total viable
cells injected were 2.5x10° / rat!',

For light microscopy

The specimens were fixed in 10% neutral-buffered
formalin for 24 hours, washed, dehydrated, cleared
and paraffin immersed. Then, sections were cut (Sum
thickness) and stained with hematoxylin and eosin [H&E]
and Mallory’s trichrome stains!'”..

For electron microscopy

The specimens were rapidly fixed in 2.5% phosphate
buffered glutaraldehyde. The sample processing was done
according to routine protocols. Semithin sections were
prepared and stained with toluidine blue (1%) to select
areas needed for ultrastructural examination. Sections of
75 nm in thickness were cut and were picked upon 200
mesh uncoated copper grids. Then, the grids were double
stained, with uranyl acetate and lead citrate!'®]. Finally, the
specimens were examined and photographed using (JEOL-
JEM-100 SX electron microscope, Japan) with AMT
camera at The Electron Microscopic Unit, Tanta Faculty of
Medicine and (JEOL-JEM-2100 electron microscope) with
Gatan microscopy suite camera at the Electron Microscopic
Unit, Faculty of Agriculture, Mansoura University.

Immunohistochemistry for detection of transforming
growth factor beta (TGF-p})

Skin sections [Spum thickness] were deparafinized,
rehydrated, and rinsed in phosphate buffered saline. Then,
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the sections were incubated in a moist chamber with the
primary antibody [Monoclonal rabbit antibody to TGF-
at adilution of 1:80 (clone MCA 797, AbD Serotec,
Oxyford, UK)] in phosphate buffered saline overnight
at 4 °C. Thereafter, it was rinsed in the same buffer, and
co-incubated for an hour with biotinylated secondary
antibody {Dako North America, Inc., CA, USA} at the
room temperature. Streptavidin peroxidase was added
for ten minutes and washed three times in the phosphate
buffered saline. The immunoreactivity was visualized
using 3, 3’diaminobenzidine [DAB]-hydrogen peroxide {a
chromogen}. Finally, all slides were counterstained using
Mayer's haematoxylin. The negative control slides were
processed without usage of the primary antibody"**!. A
positive control section of prostate was provided by lab
Vision Thermo Company.

Morphometric study and statistical analysis

A Leica microscope (DM3000; Leica Microsystems,
Wetzlar, Germany) coupled to a CCD camera (DFC-290;
Leica, Heerbrugg, Switzerland) was used to obtain the
images. Image evaluation was performed using an image
analysis computer system (Leica Q 500 MC program) at
Central Research Lab., Tanta Faculty of Medicine, Tanta
University. Surface area percentage (%) of collagen was
measured in 10 non-overlapping fields of each slide at a
magnification of X 20021 Moreover, the number of TGF-3
positive cells was calculated in 10 non-overlapping fields
of each slide at a magnification of X 4000,

The area percentage (%) of collagen and the number of
TGF-p positive cells were subjected to one-way analysis
of variance {ANOVA} as well as Tukey’s procedure.
Statistical package for social sciences statistical analysis
software {SPSS Inc., version 11.5, USA} was utilized.
The mean values as well as the standard deviation values
[Mean + SD] for all subgroups were obtained. Probability
values {P values} < 0.05 and < 0.001 were significant and
highly significant values respectively.

RESULTS

All rats tolerated all experimental procedures and
survived until the end of the experiment.

Morphological identification of BM-MSCs using
inverted microscope

BM-MSCs were spindle or star shaped (Figure 1A).
The cells showed multiple interdigitating processes
with central vesicular nuclei and multiple nucleoli
(Figures 1A,B). BM-MSCs showed confluence at different
stages (50% and 80%) (Figures 1B,C). After trypsinization,
the cells appeared rounded and crowded in colonies
(Figure 1D).

Light microscopic results

I-Haematoxylin and Eosin
1-Control group

Skin sections of all control subgroups revealed
the same normal histological structure. The epidermis

was  keratinized  stratified squamous  epithelium
(Figures 2A,2B) that was mainly formed of arranged
keratinocytes in four layers. The stratum basale rested on
a basement membrane and was formed of low columnar
cells with basal oval nuclei. The stratum spinosum
consisted of polyhedral cells with central rounded nuclei.
The stratum granulosum showed spindle-shaped cells with
dark granules. Finally, the superficial non-cellular horny
layer of keratin was the acidophilic stratum corneum
(Figure 2C). The border between the epidermis and dermis
was demarcated (prominent dermo-epidermal junction).
The underlying papillary layer of the dermis showed blood
capillaries and connective tissue cells, whereas the inner
reticular layer of the dermis was composed of a dense
connective tissue rich in fibers. The dermis contained hair
follicles with sebaceous glands (Figures 2A,2B).

2- Experimental group
a- Subgroup 2A (Bleomycin group)

Skin specimens of bleomycin-treated animals showed
disturbance of the normal architecture of the skin with
different degrees of severity from an area to another.
Loss of definite demarcation between epidermis and
dermis, lost epidermal strata arrangement, absent keratin
and surface erosion were found (Figure 3A). The absent
basement membrane of the epidermis and appearance
of spaces between epidermal cells were observed
(Figure 3B). Moreover, a homogenous acidophilic material
was noticed in the reticular dermis. Sebaceous glands
showed proliferation of its cells (Figure 3C).

b- Subgroup 2B ((Bleomycin and Culture media
group)

Skin specimens of bleomycin and Culture media-
treated animals showed marked disorganization of the
epidermal layers with separation of some basal cells of the
epidermis and appearance of some epidermal cells with
vacuolated cytoplasm and small dark nuclei. The dermis
showed some engorged blood vessels and mononuclear
cellular infiltration (Figures 4A,4B).

c- Subgroup 2C (Bleomycin and BM-MSCs group)

Skin specimens of bleomycin and BM-MSCs-treated
animals revealed minimal structural changes. The
epidermis showed more or less normal arrangement of its
four strata. Occasionally, some epidermal cells appeared
with vacuolated cytoplasm and small dark nuclei. The
dermis showed more or less normal arrangement of its
fibers (Figure 4C).

II-Mallory's trichrome stain
1-Control group

All subgroups showed normal appearance and
arrangement of collagen fibers [blue in color] in both the
papillary and reticular layers of the dermis. The papillary
layer showed small aggregates of collagen fibers which
appeared as a fine loosely arranged network. Deep in
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the reticular layer, collagen became more abundant and
appeared as thick irregular bundles (Figure 5A).

2- Experimental group
a- Subgroup 2A (Bleomycin group)

Skin specimens showed an apparent increase in the
thickness of collagen bundles in both the papillary and
reticular dermis with subsequent decrease in the amorphous
matrix between them (Figure 5B).

b- Subgroup 2B ((Bleomycin and Culture media
group)

Skin specimens also showed an apparent increase in
the thickness of collagen bundles in both the papillary and
reticular dermis with subsequent decrease in the amorphous
matrix between collagen fibers (Figure 5C).

c- Subgroup 2C (Bleomycin and BM-MSCs group)

Skin specimens showed partial improvement in many
areas. A few areas in the papillary dermis showed apparent
thick collagen bundles, while the reticular dermis showed
more or less normal arrangement of collagen bundles
(Figure 5D).

II-Immunohistochemistry (TGF-p)

The negative control sections showed negative TGF-
immunoreaction (Figure 6A).

1-Control group

All subgroups showed a few cells with positive brown
cytoplasmic immuno-reaction in the reticular dermis. This
reaction was also observed in the cytoplasm of cells of hair
follicles and sebaceous glands (Figure 6B).

2- Experimental group
a- Subgroup 2A (Bleomycin group)

Skin specimens showed numerous cells with positive
immuno-reaction (nuclear and cytoplasmic) in the reticular
dermis (Figure 6C).

b- Subgroup 2B ((Bleomycin and Culture media
group)

Skin specimens showed numerous cells with positive
immuno-reaction (nuclear and cytoplasmic) in the reticular
dermis (Figure 6D).

c- Subgroup 2C (Bleomycin and BM-MSCs group)

Skin samples showed a few cells with positive immuno-
reaction in the reticular dermis (Figure 6E).

Electron microscopic results

I-Control group

Ultrathin sections of all control subgroups showed
the same ultrastructure of the epidermis. Stratum basale

contained oval to rounded nuclei. The basal aspects of
keratinocytes were attached to the basement membrane
with hemidesmosomes (Figure 7A). Next to the stratum
basale, the stratum spinosum was observed containing
tonofilaments as well as oval to rounded nuclei with
prominent nucleoli and extended chromatin. The next
layer was stratum granulosum which showed cells with
oval to rounded keratohyalin granules in their cytoplasm.
The most superficial layer was stratum corneum showed
flattened non-nucleated cells whose cytoplasm was filled
with regularly arranged keratin (Figure 7B).

II- Experimental group
Subgroup 2A

Ultrathin sections showed different ultrastructural
changes. Some keratinocytes showed cytoplasmic
vacuolation and swollen mitochondria with disrupted
cristac. Moreover, nuclear changes were observed in some
keratinocytes such as irregular dark nuclei with condensed
heterochromatin and dilatation of perinuclear space
(Figures 8A,8B).

Subgroup 2B

Ultrathin sections showed focal widening of the
intercellular spaces. Some cells of stratum basale showed
abnormal transversely oriented nuclei (Figure 9A). Stratum
granulosum showed large sized keratohyalin granules,
cytoplasmic vacuolation and irregular nuclei (Figure 9B).

Subgroup 2C

Ultrathin sections showed mild ultrastructural changes.
Most cells of stratum basale appeared more or less normal
with euchromatic oval nuclei and normal basement
membrane (Figure 10A). Cells of stratum spinosum
showed a few cytoplasmic vacuoles and normal nuclei
with prominent nucleoli (Figure 10B).

Morphometric study & Statistical analysis
1-Surface area % of collagen (Histogram I)

Surface area % of collagen of subgroup 2A and
subgroup 2B showed an extremely significant increase
when compared with the control group. However, surface
area % of collagen of subgroup 2C showed a non-significant
difference when compared with the control group.

2- Count of TGF-p positive cells (Histogram II)

The count of TGF-p positive cells in subgroup 2A and
subgroup 2B showed an extremely significant increase
when compared with the control group. However, subgroup
2C showed a non-significant difference when compared
with the control group.
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Fig. 1: Photomicrographs of BM-MSCs (1A&1B) show spindle-shaped (—) and star-shaped (*) BM-MSCs with many processes (-->) and rounded
vesicular nuclei (»). The non-adherent cells appear rounded (curved arrow) in (1A). (1B) shows the cultured cells that reach around 50% confluence
while (1C) shows cultured cells that reach around 80% confluence (—). (1D) shows rounded and crowded BM-MSCs after trypsinization (curved arrows).
(Inverted Microscope, x 400)
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Fig. 2: Photomicrographs of a section in the skin of the control group (2A&2B) show keratinized stratified squamous epithelium of the epidermis (E), papillary
(P) and reticular (R) dermis. Notice blood capillaries (thick bifid arrow), hair follicles (f) associated with sebaceous glands (s), connective tissue cells (thin
bifid arrows) and fibers (arrow heads) of papillary dermis (P). (2C) shows a higher magnification for stratum basale (B) with basal oval nuclei, polyhedral cells
of stratum spinosum (S) with central rounded nuclei, stratum granulosum (G) with its dark granules and stratum corneum (C) of the epidermis. Notice keratin
(arrow) and keratohyalin granules (bent arrows). (H&E, 2A x 200, 2B x400, 2C x1000)
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Fig. 3: Photomicrographs of a section in the skin; (3A) shows loss of definite demarcation between epidermis and dermis (>), lost epidermal strata arrangement
(E), absent keratin and surface erosion (arrow). (3B) shows spaces between epidermal cells (zigzag arrows) and absent basement membrane (>). (3C) shows
a homogenous acidophilic material (bent arrows) in the reticular dermis and a sebaceous gland with the proliferation of its cells (s). (Subgroup 2A, H&E, 3A
%400, 3B x1000, 3C x200)
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Fig. 4: Photomicrographs of a section in the skin; (4A&4B) show a skin section of subgroup 2B with marked disorganization of epidermal structures (long
arrow), separation of the basal cells of epidermis (zigzag arrows), vacuolation of some epidermal cells (curved arrow) with small dark nuclei (short arrows).
Notice the increased number of engorged blood vessels (thick bifid arrows), mononuclear cellular infiltration (thin bifid arrows) and homogenous acidophilic
material (bent arrows) in the dermis. (4C) shows a skin section of subgroup 2C with more or less normal arrangement of four strata of the epidermis (E). A
few epidermal cells show vacuolated cytoplasm and small dark nuclei (curved arrow). Notice more or less normal arrangement of fibers in the reticular dermis
(arrow heads). (Subgroups 2B&2C, H&E, 4A.,4B,4C x400)
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Fig. 5: Photomicrographs of sections in the skin of the control and experimental groups; (5A) shows a skin section of the control group with a fine loosely
arranged network of collagen fibers in the papillary dermis (P) and thick irregular bundles (arrow heads) in the reticular layer (R) . (5B) shows a skin section
from subgroup 2A with an apparent increase in the thickness of collagen bundles (arrow heads) in both papillary (P) & reticular (R) dermis. (5C) shows a skin
section from subgroup 2B with an apparent increase in the thickness of collagen bundles (arrow heads) in both papillary (P) & reticular (R) dermis. (5D) shows
a skin section from subgroup 2C with apparent thick collagen bundles (bent arrow) in a few focal areas in the papillary dermis (P), while the reticular dermis
(R) shows more or less normal arrangement of collagen bundles (arrow heads). (Mallory's trichrome stain, x200)
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Fig. 6: Photomicrographs of sections in the skin of the control and experimental groups; (6A) shows a negative control section in the skin with negative TGF-p
immunoreaction. (6B) shows a skin section from the control group with a few cells having a positive cytoplasmic immuno-reaction (arrow) in the reticular
dermis. Notice a positive cytoplasmic immuno-reaction of TGF-f in the hair follicles (f) and sebaceous glands (s). (6C) shows a skin section from subgroup 2A
with numerous cells (arrows) having a positive immuno-reaction (nuclear and cytoplasmic) in both papillary (P) and reticular (R) dermis. (6D) shows a skin
section from subgroup 2B with numerous cells (arrows) having a positive immuno-reaction (nuclear and cytoplasmic) in the reticular dermis. Notice a positive
immuno-reaction of TGF-f in the cells of hair follicles (f). (6E) shows a skin section from subgroup 2C with a few cells having a positive immuno-reaction
(arrows) in the reticular dermis. (TGF-f immunostaining, x400)
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Fig. 7: Electron micrographs of the skin of the control group; (7A) shows a keratinocyte of stratum basale with an oval to rounded nucleus (N). Hemidesmosomes
are noticed (bifid arrows). (7B) shows stratum spinosum (S), stratum granulosum containing keratohyalin granules (bent arrows) as well as the stratum corneum
(C). Notice the tonofilaments (bifid arrows) inside the keratinocytes. (7A x 3000, 7B x1000)
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Fig. 8 (A&B): Electron micrographs of the skin of subgroup 2A show keratinocytes with vacuolated cytoplasm (curved arrows) and swollen mitochondria
with disrupted cristae (arrow). Notice a keratinocyte with an irregular dark nucleus (N) and dilatation of its perinuclear space (-->). (8A x1000, 8B x1500)
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TEM Mode: Imaging Direct Mag: 4000x

Fig. 9: Electron micrographs of the skin of subgroup 2B (9A) shows focal widening of intercellular space (zigzag arrows) with normal desmosomes (arrows)
and hemidesmosomes (bifid arrow). Notice normal basement membrane (>) and abnormal arrangement of collagen fibers (arrow heads) in the papillary
dermis. Abnormal transversely oriented nucleus (N) of stratum basale is noticed. (9B) shows keratinocytes of stratum granulosum with large sized keratohyalin
granules (bent arrows), cytoplasmic vacuoles (curved arrows) and an irregular nucleus (N). Notice the tonofilaments (bifid arrows). (9A %4000, 9B x1200)
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Fig. 10: Electron micrographs of the skin of subgroup 2C (10A) shows a normal nucleus of a stratum basale cell (N). Notice normal basement membrane (>),
(10B) shows a keratinocyte in stratum spinosum with a few cytoplasmic vacuoles (curved arrow) and a normal nucleus (N) with a prominent nucleolus. Notice
normal tonofilaments (bifid arrow). (10A x 3000, 10B x1200)

Histogram I: Shows the surface area % of collagen Histogram II: Shows the count of TGF-f positive cells
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DISCUSSION

Bleomycin is a chemotherapeutic drug that has many
side effects including skin reactions!?. So, this work was
performed to study the effect of bleomycin on the structure
of the skin of adult male albino rats and to evaluate the
possible curative role of BM-MSCs by some histological
techniques.

In this study, specimens from bleomycin-treated animals
as well as bleomycin and culture media-treated groups
revealed disturbance of the normal architecture of the skin.
The epidermis showed lost strata arrangement and surface
erosion. This was in line with other studies on bleomycin
which reported that this drug induced scleroderma and
caused decreased epidermal thickness in various mice
strains®?*?¥, In addition, intralesional bleomycin injection
is used as a line of therapy for hypertrophic scars and
keloids.

These epidermal structural changes may be attributed to
decreased proliferation of kertinocytes. Bleomycin inhibits
keratinocytes proliferation by both direct and indirect
effects!®. The indirect effect is mediated by fibroblast-
derived factors as keratinocyte growth factor or insulin-
like growth factor. On the other hand, the decreased
epidermal thickness may be attributed to the epidermal cell
apoptosis after multiple doses of bleomycin®*!.

Specimens of animals treated with bleomycin alone
as well as bleomycin and culture media-treated animals
of this work showed structural changes in keratinocytes
such as vacuolated cytoplasm and irregular small dark
nuclei. It was suggested that the previous changes might
characterize apoptotic changes?"l. Bleomycin induced
keratinocyte changes may be explained by the production
of free radicals, reactive oxygen species (ROS) and
reactive nitrogen species. Furthermore, the chelation
of iron ions with oxygen leads to production of DNA-
cleaving superoxide and hydroxide free radicals that lead
to increased bleomycin toxicity!®.

The present work showed focal loss of the basement
membrane and loss of definite demarcation between the
epidermis and dermis in bleomycin-treated animals. This
was consistent with previous reports which revealed
diminished basement membrane immunohistochemical
reactivity to collagen monoclonal antibody and markedly
decreased numbers of the anchoring fibrils?’!. Moreover, the
resulted scleroderma may cause loss of the reticular fibers
(forming lamina reticularis of basement membrane) from
the papillary dermis®®®. These findings may be attributed
to the destruction of reticular fibers by autoantibodies
induced by bleomycin because bleomycin administration
could initiate autoimmunity®!l.

Regarding the dermis, specimens of bleomycin-treated
animals revealed engorged blood vessels. Anticancer
drugs cause vasodilatation of dermal blood vessels and
erythrocyte extravasation. In addition, cellular infiltration
was noticed in the reticular dermis of bleomycin-treated

animals. This finding may be caused by an inflammatory
response to bleomycin which is a prominent early finding
in the fibrotic process™l. It was reported that bleomycin
increased the numbers of neutrophils, macrophages and
lymphocytesP. Additionally, this may be considered as an
allergic reaction induced by bleomycin which resembles
atopic dermatitis®®. The proinflammatory cytokine SI00A9
may play a role in the inflammatory process as it is a potent
neutrophil chemo-attractant and can promote all types of
cells to secret inflammatory cytokines such as interleukin
(IL)-6, IL-8, or tumor necrosis factor (TNF)-a¢,

Bleomycin-treated animals showed  cellular
proliferation of the sebaceous gland. This finding may be
a sign of gland inflammation which occurs also in acne
vulgaris®”.. The chemotherapeutic drugs as bleomycin can
induce acne form like eruption®®!.

Mallory's trichrome staining of specimens of animals
treated with bleomycin alone as well as bleomycin and
culture media showed an increase in the thickness of
collagen bundles in both papillary and reticular dermis with
subsequent decrease in the amorphous matrix in between.
This was proved in our work by the morphometric and
statistical study. Subcutaneous injection of bleomycin may
cause increased dermal thickness as well as an increase
in collagen network in a mouse model?**. This finding
may be attributed to increased collagen production by
fibroblasts. Increased collagen synthesis by fibroblasts
is influenced by growth factors and cytokines such as
transforming growth factor-p, connective tissue growth
factor, endothelin-1, interleukin-4 and interleukin-61%. The
activation of fibroblasts may be due to reduced expression
of aquaporin 3 (AQP3) compared with healthy dermal
fibroblasts™!l.

Transforming growth factor-p (TGF-B) is a cytokine
which is normally formed by fibroblasts of the dermis and
stimulate it to synthetize collagen. It plays an important
role in the formation of extracellular matrix (ECM) not
only by promoting the production of collagen but also
by inhibiting production of various proteases*”. TGF-3
is inactive when it binds with decorin (a proteoglycan in
the extracellular matrix) and it becomes active only when
it separates from decorin®®. Moreover, its synthesis is
increased in cases of fibrosis™*¥. By immunohistochemical
technique, the control group of this study showed a few
cells with a positive brown cytoplasmic immuno-reaction
in the reticular dermis. On the other hand, animals treated
with bleomycin alone as well as bleomycin and culture
media showed numerous cells with a positive TGF-$
immuno-reaction (nuclear and cytoplasmic) in the reticular
dermis.

This positive TGF-B immunoreaction represents
fibroblasts and myofibroblastst*’!. The increased number of
positive fibroblasts and myofibroblasts may be attributed
to increased synthesis of TGF-f by them!*. TGF-§ is
responsible for increases the synthesis of collagen by
fibroblasts™*’l. Furthermore, TGF-f3 is capable of stimulating
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its own synthesis by fibroblasts through autoinduction™®!,
Moreover, myofibroblasts are also activated during fibrosis
by connective tissue growth factor (CTGF), autocrine
factors and paracrine signals derived from lymphocytes
and macrophages*!.

It was noticed that TGF-f immuno-reaction in the
control group of this research appeared in the cytoplasm
of a few positive cells in the dermis, while it appeared
both cytoplasmic and nuclear in animals treated with
bleomycin alone as well as in bleomycin and culture
media. Regarding the fibroblasts, TGF- binds to type II
serine/threonine kinase receptor (in the cell membrane)©,
Type II kinase receptor phosphorylates and activates type |
kinase receptor that activates a signaling cascade which is
able to carry TGF-f and translocate it into the nucleus?'.
So, the reaction appears nuclear with increased production
of TGF-p.

Ultrastructurally, swollen mitochondria with disrupted
cristae, irregular nuclei and dilated perinuclear spaces
were observed in keratinocytes of animals treated with
bleomycin alone as well as bleomycin and culture media.
These changes may be attributed to ROS and oxidative
stress that may lead to apoptosis®?. The mitochondria
contain several proteins, including cytochrome C. These
proteins are capable of activating apoptotic pathways. ROS
lead to the formation of a channel called the mitochondrial
permeability transition pore. The opening of this channel
results in swelling of mitochondria and failure of oxidative
phosphorylation leading to progressive adenosine
triphosphate (ATP) depletion. The increased permeability
of mitochondrial membrane as a result of its damage may
result in leakage of these proteins into the cytosol and the
death of the cell™.

Our study also showed large sized keratohyalin granules
in cells of the stratum granulosum of the bleomycin-treated
animals. This finding could be explained by stimulation of
the keratinocytes to protect themselves against the harmful
effect of bleomycin. Keratinocytes can be directly activated
by a large number of exogenous stimuli as UV rays,
infectious agents or exogenous chemicals®. Moreover,
keratohylin granules help in the protection of the cells
beneath them from radiation. In addition, this change may
be attributed to oxidative stress and the production of free
radicals such as reactive oxygen species superoxides,
hydrogen peroxides, and hydroxyl radicals which cause
keratinocytes damagel®>-°,

Focal widening of the intercellular spaces was observed
ultrastructurally in bleomycin and culture media-treated
animals of this study. This could be explained by splitting
of desmosomes and loss of cell to cell contact*”).

Our study also revealed that BM-MSCs partially
improved the structural changes induced by bleomycin
in the epidermis of the skin. The epidermis showed the
normal arrangement of its four strata with nearly normal
cellular architecture. It was reported that MSCs could
induce epidermal regeneration in cutaneous injury®®%,

This may be attributed to the role of MSCs in promoting
keratinocytes proliferation and inhibition of their apoptosis
by decreased expression of the oxidant-associated marker
as malondialdehyde (MDA) and increased the antioxidant
enzymes as superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px). Moreover, MSCs can be
differentiated into keratinocytes during wound healing!®'!.

The dermis also showed improvement of the structural
changes induced by bleomycin due to BM-MSCs. Collagen
fibers appeared more or less with normal arrangement by
Mallory's trichrome stain. This improvement of fibrosis
was attributed to the antifibrotic paracrine effects of MSCs
modulating fibroblasts proliferation and prevention of
collagen accumulation by mediating TGF-f-dependent
activation’®. The improvement of dermal fibrosis may be
due to the immunomodulatory effects of MSCs[®l, BM-
MSCs can significantly reduce fibrotic skin contracture
and collagen accumulation in a murine model®. It was
reported that MSCs can improve fibrosis of many body
organs as heart, pancreas, colon, rectum, peritoneum,
kidneys, liver and lung as well as radiation-induced
sclerodermal®>-68],

Absence of the inflammatory cells was observed in
sections of bleomycin and MSCs-treated animals. This
may be attributed to the ability of MSCs to inhibit the
inflammatory process which precedes fibrosis®.

The protective effect of MSCs on bleomycin-induced
scleroderma was recorded in mice, and it was found that
MSCs may facilitate the degradation and remodeling
of ECM through the production of higher levels of
metalloproteinases (MMPs)-2, -9 and -131%. In addition,
MSCs can restore the levels of matrix proteins as decorin
which is involved in wound healing. Decorin is the most
abundant proteoglycan in normal dermis which promotes
the lateral association of collagen fibrils to form fibers and
fiber-bundles. Decorin insufficiency leads to a delay in
cutaneous wound healing!’"!.

Immunohistochemically, bleomycin and MSCs-
treated animals showed a few cells with positive TGF-$8
immunoreaction in the reticular dermis. This finding
was enforced by the morphometric and statistical study.
It may be attributed to decreased production of TGF-B
by fibroblasts and myofibroblasts’?. MSCs can restore
decorin which binds to TGF- inactivating iti**7!1.

CONCLUSION AND RECOMMENDATIONS

Bleomycin has harmful effects on the skin of adult
male albino rats. It altered the histological structure of the
epidermis and induced dermal fibrosis through increasing
the expression of TGF-B. BM-MSCs improved these
epidermal structural changes and ameliorated dermal
fibrosis by decreasing the expression of TGF-B. This
is indicative of the curative role of BM-MSCs against
bleomycin-induced skin damage in rats. So, BM-MSCs
may be used to minimize skin complications in clinical
cases of bleomycin therapy. Further animal studies were
recommended to evaluate the effect of bleomycin and BM-
MSC:s on the proliferative capacity of the epidermis.
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