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ABSTRACT

Introduction: Psoriasis is a chronic skin inflammatory disease. Bone marrow mesenchymal stem cells (BM-MSCs) and their
derived exosomes are known for their immunomodulatory properties.

Aim of the Work: To investigate the effect of locally injected BM-MSCs and their derived exosomes in female albino rats
subjected to imiquimod (IMQ)-induced psoriasis-like skin inflammation.

Materials and Methods: Fifty albino rats (40 females and 10 males) were used. The female animals were randomly classified
into four groups; group I (control group), group I (IMQ group) where the rats received topical IMQ once daily for 5 consecutive
days, group III (IMQ + BM-MSCs) where the rats received a dose of 1 million BM-MSCs on the first day only in addition to
topical IMQ, and group IV (IMQ + BM-MSCs-derived exosomes) where the rats received purified concentrate of exosomes
derived from BM-MSCs in addition to topical IMQ. The 10 male albino rats served as the source of BM-MSCs and their
derived exosomes. After 5 days, all animals were sacrificed, and skin specimens were processed for light microscopic studies:
H&E and immunohistochemical staining for Proliferating Cell Nuclear Antigen (PCNA) and Y-chromosome identification
using Real-time PCR. Morphometric measurements and statistical analysis were done for the mean epidermal thickness, the
mean count of PCNA-positive keratinocytes in the epidermis, and the mean area of dermal PCNA-positive reaction.

Results: The general observations and microscopic examination of sections obtained from group II rats revealed psoriasis-like
skin inflammatory reactions including acanthosis, parakeratosis, and marked inflammatory infiltrate. There was a statistically
significant increase in the epidermal thickness and PCNA-positive reactions in group Il compared to other groups. Groups I11
and IV showed significant improvement, however, group III showed almost normal histological structure.

Conclusion: BM-MSCs and purified exosomes concentrate were shown to significantly ameliorate psoriasis-like inflammatory

changes in the skin of animal models.
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INTRODUCTION

Psoriasis is a chronic, non-communicable, immune-
mediated inflammatory skin disease involving mainly
tissues of skin and joints. Psoriasis affects people of all
ages, and in all countries. The reported prevalence of
psoriasis in some countries reaches up to 11.43% of the
population, making psoriasis a serious global problem
with at least 100 million individuals affected worldwide.
Epidemiological studies in psoriasis have reported a
significantly increased risk of inflammatory co-morbid
conditions including psoriatic arthritis, depression,
obesity, diabetes, liver disease, metabolic syndrome, and
cardiovascular diseases!!.

Imiquimod (IMQ) is a toll-like receptor agonist drug
that is mostly used to treat viral skin infections as well
as basal cell carcinoma. However, it was noticed that it
resulted in psoriasis-like skin changes in treated patients.
Furthermore, other studies have proven that IMQ produced
psoriasis-like skin inflammatory changes. Thus, IMQ has
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been used as a standard model in the induction of psoriasis
in experimental studies!.

The main microscopic abnormalities of psoriasis include
abnormal epidermal cells differentiation, proliferation,
angiogenesis, and increased T-cell infiltration. Psoriasis
was found to be associated with the proliferation of
activated T helper cells with increased production of pro-
inflammatory cytokines®.

Psoriasis remains one of the diseases without known
causes and no standard known treatment. Thus, the
management of psoriasis patients is mostly dependent on
topical corticosteroids and Vitamin D analogs. However,
the search for a complete understanding of the pathogenesis
of psoriasis as well as other modalities of treatment is still
strongly recommended.

Mesenchymal stem cells (MSCs) can be isolated from
different tissues including bone marrow, adipose tissue,
and umbilical cord. MSCs isolated from bone marrow
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(BM-MSCs) were found to have immune-modulatory
properties in syngeneic, allogeneic, and even xenogeneic
settings. BM-MSCs play a significant role in the modulation
of T cell proliferation and in diseases including Psoriasis
and contact dermatitist®.

However, Stem cells carry the potential risk of
transformation with prolonged in vitro cultivation. Thus,
according to the paracrine hypothesis, the beneficial effects
of stem cell therapy are attributed to stimulation of resident
cells by secretion of bioactive molecules and release of
extracellular vesicles!®.

Recent studies are now focused on cell-free therapy
and characterization of the BM-MSCs secretome which
includes both soluble factors and extracellular vesicles
as exosomes!”. Exosomes are those extracellular vesicles
with a diameter ranging from 30 - 150 nm. Exosomes are
released from early endosomes and as they mature into late
endosomes/multivesicular bodies, they acquire an increase
in their intraluminal vesicles to be released as exosomes
upon fusion with the cell membrane!®. Exosomes secreted
by various cells contain proteins, mRNAs, micro RNAs
(miRNAs) and enable cell-cell communication, thus a
large scale of research is being conducted to investigate its
role in various diseases in different tissues®.

Therefore, this study aimed to investigate the effect of
locally injected BM-MSCs and their derived exosomes in
female albino rats subjected to imiquimod (IMQ)-induced
psoriasis-like skin inflammation.

MATERIALS AND METHODS

Animals

Fifty albino rats (40 females and 10 males) between
8 and 12 weeks of age (average weight 150 - 200 gm)
were used in this study. The rats were raised and housed
in the Medical Research Center, Ain Shams University
(MASRI). The animals were treated in an environmentally
controlled room with 12 hours light — 12 hours dark cycles.
They were housed in plastic cages with mesh wire covers
and given standard food and water. The animals were left
for 1 week before any intervention to get acclimatized
to the new environment. Animal use was performed in
accordance with the guidelines for care, use of laboratory
animals and approved by the ethical committee of Ain
Shams University.

Experimental Design

The female animals were randomly classified into four
groups (10 rats per each group) as follows:

Group (I) — Control group: Ten female albino rats were
subdivided into two subgroups:

*  Subgroup la: Five rats were left without treatment
and served as a negative control group.

*  SubgroupIb: Fiverats were injected subcutaneously
with an equivalent volume of Phosphate Buffer
Saline (PBS).

Group (II) — Imiquimod group: Ten female albino
rats were subjected to topical imiquimod cream to induce
psoriasis-like skin inflammation. The cream was applied
once daily (62.5 mg, 5% cream) on a shaved part of the
skin of the back (area of 2 x 2 cm) for 5 consecutive days!'.

Group (III) — Imiquimod and BM-MSCs group: Ten
female albino rats were subjected to topical imiquimod
cream for five days as in group II concomitant with a single
subcutaneous injection of 1 million BMSCs in 1 ml PBSI'
on the first day only.

Group (IV) — Imiquimod and BM-MSCs derived
exosomes group: Ten female albino rats were subjected
to topical imiquimod cream for five days as in group
II concomitant with a single subcutaneous injection
of purified exosome concentrate collected from the
conditioned medium of 1 million BMSCs in 1ml PBS on
the first day only.

Sample collection

At the end of the experiment (5 days), rats were
sacrificed by decapitation after ether inhalation anesthesia.
Skin specimens were excised from the skin of the back.
Then, the bodies of the dead animals were disposed of by
incinerator.

Source of BM-MSCs and BMSCs derived exosomes

Ten male albino rats were used as a source of
mesenchymal stem cells and their derived exosomes. The
stem cells were isolated and cultured from the bone marrow
of the animals” hind limbs according to Sangeetha et all'.

Isolation and Culture of BM-MSCs

Isolation and culture of BM-MSCs were performed
in Stem Cells Research Unit, Histology and Cell Biology
Department, Faculty of Medicine, Ain Shams University.
According to Caplan’s method, ten male albino rats of
average weight 100 gm were used to collect the bone
marrow from both the tibia and femurt'3l.

Flow cytometry analysis of BM-MSCs

Trypsin harvested BM-MSCs have washed with PBS
three times and aliquots of 105 cells were incubated with
phycoerythrin-conjugated monoclonal antibodies directed
against CD34 and CD44 (CD34: Catalog no. 11-0341-82,
CD44: Catalog no. 17-0441-82, Thermo Fisher Scientific,
USA) for 20 min on ice before being washed with PBS
supplemented with 1% BSA three times and fixed in 1%
formaldehyde overnight at 4°C. FAC Scan Flow cytometer
(BD Biosciences) was used to analyze the specific surface
antigen profile of the cells!'.

Isolation and Characterization of exosomes

Isolation, purification, and characterization of exosomes
from conditioned media collected from cultured BM-
MSCs were performed according to Lane et al'*). The gold
standard of exosome isolation is by the ultracentrifugation
method. Characterization of exosomes was performed by
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Transmission Electron Microscopy, the gold standard of
exosome characterization!',

Experimental Procedures

At the end of the experiment, the rats of all groups were
sacrificed by decapitation after ether inhalation anesthesia.
Skin specimens were excised from the skin of the back.
Then, the bodies of the dead animals were disposed of by
incinerator.

Skin specimens were fixed in 10% formal saline for 7
days and then were furtherly processed to obtain paraffin-
embedded tissue blocks for light microscopic studies!!”..
Paraffin sections (5 -7 um thickness) of the skin were cut
and used for the following studies:

Light Microscopic Studies - the following histological
stains were used

*  Harris Hematoxylin and Eosin (H&E) stain.

*  Immunohistochemical staining for Proliferating
cell nuclear antigen (PCNA)!'7:

Indirect Immunohistochemical staining using Avidin-
Biotin immune-peroxidase technique for detection of
proliferating cell nuclear antigen (PCNA) (mouse anti-rat
monoclonal antibody PC10, catalog no. M0879, Dako,
Denmark) was performed according to manufacturer's
recommendations. The secondary antibody used was
peroxidase-conjugated (goat anti-mouse) where the PCNA
reaction appeared as brown nuclear staining. To confirm
the specificity of the immunohistochemical staining, the
negative control sections were processed by replacing the
primary antibody with phosphate buffer saline then all
other steps were performed in the same manner. Positive
immunoreactivity for PCNA appeared as brown color in
the nuclei of cells.

Identification of Y chromosome in skin tissue of female
rats using Real-Time PCR

a. Total RNA extraction from formalin-fixed paraffin
tissue (FFPT): Total RNA was extracted from
FFPT, using the RNeasy FFPE Kit, cat no: 73504
(Qiagen, Hilden, Germany) according to the
manufacturer’s protocoll'®),

b. Reverse Transcription: The reverse transcription
step was performed by the QuantiTect Reverse
Transcription Kit, cat. No: 205310, (Qiagen,
Hilden, Germany) according to the manufacturer’s
protocolt),

c. Y chromosome gene amplification analysis: The Y
chromosome gene expression level was amplified
from mRNA usingl0x QuantiTect Primer Assay
[Rn_Arxes2], 2x QuantiTect SYBR Green
PCR Master Mix, Hs ACTB 1 SG QuantiTect
Primer Assay, RNase-free water according to the
manufacturer’s protocol®. The expression levels
were normalized to B-actin levels as a reference
gene. The relative expression level for the Y

chromosome was normalized to internal control
(B-actin) and relative to calibrator (negative
control sample) and was calculated using the
equation 2-AACt test control according to Livak
and Schmittgen!l,

Morphometric Measurements and Statistical Analysis:
Morphometric Study

Light  microscope-measured  parameters  were
performed by using an image analyzer Leica Q win V.3
program installed on a computer in the Histology and Cell
Biology Department, Faculty of Medicine, Ain Shams
University. The computer was connected to a Leica
DM2500 microscope (Wetzlar, Germany) to measure:

a. The mean epidermal thickness of H&E-stained
sections of the skin (X400).

b. The mean count of PCNA-positive keratinocytes
in the epidermis in immunohistochemically stained
sections of the skin (X400).

c. The mean area percentage of PCNA-positive
reaction in the dermis in immunohistochemically
stained sections of the skin (X200).

Measurements were taken from five different slides
obtained from each animal. Five randomly selected non-
overlapping fields were examined for each slide.

Statistical Analysis

Statistical analysis was performed to evaluate the
obtained morphometric measurements. The data were
expressed as mean + standard deviations (SD) and tested
for statistically significant differences using IBM SPSS
statistics software (version 20 IBM Corporation, New
York, USA). The differences in the measured data among
different groups were statistically analyzed using a one-
way analysis of variance (ANOVA). The probability of
chance (p-value) is used to determine the significance of
data:

*  P-value > 0.05 is statistically insignificant.

*  P-value <0.05 is statistically significant.
RESULTS
Isolation and Culture of BM-MSCs

Examination of the primary culture of BM-MSCs
using a phase-contrast microscope showed that most cells
appeared rounded in shape on day 1 (Figure 1a). On day 3,
most of the attached cells showed processes, where some
cells appeared spindle-shaped while others showed a star-
shaped appearance (Figure 1b). On day 7 of the culture,
microscopic examination showed colonies of attached
cells with vesicular nuclei and interdigitating processes
(Figure lc).

Characterization of BM-MSCs

Flow cytometric analysis of cell-surface antigens of
rat BM-MSCs showed a positive reaction for CD44 and a
negative reaction for CD34 (Figure 2).
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Characterization of Exosomes

Examination of the purified exosome samples by
Transmission Electron Microscopic studies showed the
presence of membrane-bounded vesicles ranging in sizes
between 30 — 150 nanometers (Figure 3).

General Observation

All rats were healthy till the end of the experiment
without any deaths recorded. Rats of Group I (control group)
showed an apparently normal skin of the back all through
the experiment (Figure 4a). Group II rats (Imiquimod
group) showed psoriasis-like skin inflammation in
the form of excessive scaling and redness of the skin
(Figures 4b,c). In Groups III and IV, the rats showed slight
scaling (Figures 4d,e).

Light Microscopic Studies
H&E-stained sections

In Group I, microscopic examination of the stained
sections revealed apparently normal histological structure.
The sections showed the epidermis of the skin containing
all layers of keratinocytes of thin skin; the strata basale,
spinosum, granulosum and corneum. The stratum basale is
formed of a single layer of columnar keratinocytes resting
on a regular basement membrane. The stratum spinosum
layer showed multiple layers of polygonal keratinocytes.
The stratum granulosum layer is formed of one or two layers
of flattened keratinocytes containing the characteristic
basophilic keratohyalin granules. Lastly, the stratum
corneum layer formed of multiple layers of acidophilic
keratinized cells. The dermis showed apparently normal
hair follicles, sebaceous glands, and blood capillaries. The
epidermal basement membrane appeared intact throughout
the sections and flattened except at the sites of hair follicles
(Figures 5a,b,c).

Microscopic examination of sections obtained from
Group II rats showed apparently thickened epidermis
(acanthosis) with a prominent increase in thickness of
the stratum corneum layer (hyperkeratosis) which was
confirmed by morphometric measurement and statistical
analysis of the mean epidermal thickness showing a
significant marked increase in group II compared to other
groups (120.17 += 39.19 um, P<0.05). The examined
sections also showed abnormal wide spaces between
the keratinocytes. The nuclei of Keratinocytes appeared
eccentric and flattened. There were abnormally retained
keratohyalin granules in the stratum corneum layer. Also,
there was a prominent infiltration of inflammatory cells
occupying both layers of the dermis reaching the upper
layers of the epidermis as well. The basement membrane
showed irregularities with indistinct boundaries between
the dermis and the epidermis in some areas. The dermis
showed densely packed hair follicles with an apparent
increase in their number compared to the control group.
The hair follicle sheaths showed an abnormal increase in
the layers of the covering epidermal cells with homogenous
acidophilic cytoplasm. There were abnormally dilated

blood capillaries throughout the sections of the psoriasis
group as well (Figures 5d,e,f) (Table 1).

Sections obtained from Group III rats showed that
most of the epidermis and keratinocytes appeared nearly
similar to the control group. The mean epidermal thickness
showed a significant decrease compared to group II (34.88
+ 4.56 pm, P<0.05). There was little separation between
some keratinocytes that appeared in a few of the examined
sections as well as some cells showed a vacuolated
appearance. The keratohyalin granules appeared similar
to the control group. The basement membrane appeared
regular, and the dermis showed mild inflammatory
cellular infiltration in some of the examined sections. The
histological structure of the hair follicles appeared similar
to the control group (Figures 5g,h,i) (Table 1).

Microscopic examination of the sections obtained from
Group IV rats showed epidermal thickness and stratum
corneum appeared nearly similar to the control group
except for some areas where the epidermal thickness was
mildly increased (mild acanthosis). The mean epidermal
thickness showed a significant decrease compared to
group II (52.34 + 4.15 pm, P<0.05). Most Keratinocytes
showed normal histological structure however, some
areas showed vacuolar changes. The basement membrane
appeared regular in most of the sections. The dermis
showed hair follicles and sebaceous glands nearly similar
to that in the control group. However, some areas showed
mild inflammatory cellular infiltration (Figures 5j,k.l)
(Table 1).

Immunohistochemically stained sections for PCNA

Group I showed PCNA-positive brownish reaction
in the stratum basale of the epidermis of the skin and
in the external root sheaths of the dermal hair follicles
(Figures 6a,b). However, sections examined from group II
showed a prominent increase in PCNA-positive reaction
in the stratum basale reaching up to the upper layers of
the epidermis which was confirmed by morphometric
measurements and the statistical analysis of the mean
count of PCNA-positive keratinocytes revealing a
significant increase compared to the other groups (107.4
+ 3.77, P<0.05). There was also an apparent increase in
the reactivity of root sheaths cells of the dermal hair
follicles and in the cells occupying the interfollicular
tissues. This was also confirmed by morphometric
measurements and the statistical analysis of the mean
area percentage of PCNA-positive reactions revealing
a significant increase compared to the other groups (13
+ 1.11, P<0.05) (Figures 6¢c,d). Sections obtained from
groups III and IV showed a significant decrease (P<0.05)
in the mean count of PCNA positive cells in the epidermis
(29.9 + 1.96) (37.4 + 2.06) respectively and a significant
decrease in the mean area percentage of PCNA-positive
reaction in the dermis and around hair follicles (2.08 +
0.23) (3.88 £ 0.66) respectively compared to group II.
(Figures 6e,f and Table 1).

942



Bakr et. al.,

Identification of Y chromosome in skin tissue of female the Y-chromosome (8-fold change) when normalized to an
rats using Real-Time PCR internal control sample (B-actin) and the sample obtained
from the control group (Figure 7).

There was an upregulation in the expression levels for

Fig. 1: Primary culture of BM-MSCs showing: (a) Most cells appeared rounded in shape on day 1. (b) On day 3, most of the attached cells showed processes,
where some cells appeared spindle-shaped (A ) while others showed a star-shaped appearance (7). (c) On day 7 of the culture colonies of attached cells
appeared with vesicular nuclei (1) and interdigitating processes. [Phase contrast, Fig. 1a x100 and Figs. 1b&c x200]

[A] FL1 INT LOG [A] FL4 INT LOG

Fig.2

Fig. 2: Flowcytometric analysis of cell-surface antigens of rat BM-MSCs showing positive reaction for CD44 and negative reaction for CD34.
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TEM Mag = 80000x

Fig.3: Photomicrograph of purified exosome by TEM showing the presence of membrane-bounded vesicles ranging in sizes between 30 — 150 nm (TEM,
x80,000)
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Fig. 4: Macroscopic picture of the rats’ skin of the back after 5 days. (a) Group I shows apparently normal back skin. (b & ¢) Group II shows Psoriasis-like
skin inflammation in the form of excessive scaling and redness. (d & e) Group III and Group IV show slight scaling.
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Fig. 5: Photomicrographs of H&E-stained sections of the skin: (a, b & c¢) Group I shows the epidermis (E), stratum corneum layer (SC), regular basement
membrane (1) and dermis (D) containing hair follicles (HF), sebaceous glands (SG) and blood capillaries (BC). (d, e & f) Group II shows a marked increase
in the thickness of the epidermis (A ) and stratum corneum layer (J). Most of the keratinocytes showed eccentric and flattened nuclei as well as widening and
separation between them (*). There were abnormally retained keratohyalin granules in the stratum corneum layer (11). The basement membrane appeared
irregular with indistinct boundaries between the dermis and the epidermis in some areas (7). The dermis showed inflammatory cell infiltrate (IC) and densely
packed hair follicles with an apparent increase in the layers of the covering epidermal cells showing homogenous acidophilic cytoplasm (HF) as well as dilated
blood capillaries (BC). (g, h & 1) Group III shows most of the epidermis (E) and dermis (D) are nearly similar to the control group. However, few keratinocytes
show vacuolated appearance (7). The keratohyalin granules appeared similar to the control group (*). The dermis shows hair follicles (HF) and sebaceous
glands (SG) with mild inflammatory cell infiltrate (IC). The basement is regular in most of the examined sections (A ). (j, k & 1) Group IV shows epidermis
(E) and stratum corneum (SC) appeared nearly similar to the control group except focal areas showing an increase in the epidermal thickness (J). Some areas
showed vacuolated keratinocytes (1). The basement membrane appeared regular in most of the sections (A ). The dermis (D) showed hair follicles (HF) and
sebaceous glands (SG) nearly similar to that in the control group. However, some areas showed inflammatory cells infiltration (IC). [H&E, Figs. 5a,d,g&j
x100, Figs. 5b,c,e,f,h,i,k,&1 x400].
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Fig. 6: Photomicrographs of immunohistochemically stained sections of skin for PCNA: (a & b) Group I shows PCNA-positive reaction in the stratum basale
of the epidermis of the skin (1) and in the external root sheaths of the dermal hair follicles (A). (¢ & d) Group II shows numerous cells with PCNA-positive
reaction in the stratum basale reaching up to the upper layers of the epidermis (1) and apparent increase in the reactivity of root sheaths cells of the dermal
hair follicles (A) and in the cells occupying the interfollicular tissues (11). (e) Groups III PCNA positive reaction in the cells of stratum basale (1) and
around hair follicles (A). (f) Group IV some areas show PCNA-positive reaction in some keratinocytes (1) and in the dermis and around hair follicles (A ).
[Immunoperoxidase staining, Figs. 6a&c x100 and Figs. 6b,d,e,f x400]
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Amplification plot illustrating the expression of ¥ chremosome in relation to ACTB

Amplification plot illustrating the expression of ¥ chromosome in relation to ACTB
in female rat injected with MSCs from male

in female rat (Negative Control)

Fig. 7: Showing an 8-fold change (upregulation) in the amplification plot illustrating expression of Y-chromosome genome between group I and group III.
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Table 1: Mean values of the epidermal thickness, count of PCNA +ve keratinocytes, area percentage of PCNA +ve reaction in the dermis

Group I Control

Group II Imiquimod ~ Group III Imiquimod + MSCs

Group IV Imiquimod + Exosomes

Mean epidermal thickness length (pm) 15.75 +1.98
Megg count of PCNA- 3024 1.68
positive keratinocytes

o s
Mean area % of PCNA-positive 185+ 048

reaction in the dermis

120.17 £39.19"

107.4+3.77"

13+1.11°

34.88 +4.564 52.34 +£4.154¢
29.9+1.96 37.4£2.064°
2.08+£0.23 3.88 +0.664°

Statistical significance (p<0.05):
. * Significant difference compared to other groups.
. A Significant difference compared to the control group.
. ° Significant difference compared to group III.
. 4 Non-Significant difference compared to group III.

DISCUSSION

In recent years, a lot of research has been conducted
to understand the pathogenesis of psoriasis and explore
new modalities of treatment aiming at ameliorating disease
comorbidities and enhancing the patient’s quality of life!2!.

In the present study, imiquimod was used to induce
psoriasis-like skin inflammatory changes. Imiquimod has
become one of the most commonly used drugs to initiate
and induce psoriatic skin changes in the skin of animal
models®. It has been proven to be convenient, easily
applied on shaved skin areas, relatively inexpensive, and
can produce reliable results in short time periods?!.

The general observations and microscopic examination
of H&E-stained sections of group II rats have shown results
that are consistent with the psoriasis-like inflammatory
changes of the skin. General observations have shown
inflammatory changes in the form of excessive scaling
and redness of the skin known as erythema. These findings
were consistent with Lee ef all'”. Microscopic examination
revealed inflammatory reactions and abnormal epidermal
and dermal changes. There was a statistically significant
increase (P < 0.05) in the thickness of the epidermis
(acanthosis) with an increased number of layers in each
stratum especially the stratum corneum (hyperkeratosis)
compared to other groups. These findings were concomitant
with Burger et a/*. These changes can be attributed to the
imbalance that results in normal epidermal cell proliferation
and differentiation that can be greatly affected in psoriasis.
Moreover, it can be attributed to the abnormal increase in
activated T lymphocytes with the subsequent abundance
of proinflammatory cytokines pooling in the affected
areas resulting in an abnormal increase in epidermal cell
proliferation™!. This explanation can be further supported
by the immunohistochemically stained sections for PCNA
revealing a significant increase (P < 0.05), as compared to
other groups, in the mean count of PCNA-positive nuclear
brownish reaction in the epidermal keratinocytes, even
reaching up to the upper layers of the epidermis, and in the
mean area percentage of PCNA-positive nuclear brownish
reaction in the dermis denoting increased proliferative
activity. Other studies have also mentioned that these
findings represent a typical finding of psoriatic skin
changes and are considered the cause of excessive scaling
of the skin!.

The presence of the vacuolated appearance of
keratinocytes has been reported in previous studies
following imiquimod application on the skin of animal
models?®. Some studies have suggested that these changes
represent an important initial step for the induction of
psoriasis-like inflammatory changes resulting from the
fact that these necrotic changes result in the production of
damage-associated molecular patterns thus triggering an
immune response?’). These studies have also reported the
occurrence of abundant keratohyalin granules as well as
separation and widening between keratinocytes attributed
to the ongoing inflammatory reaction with abnormal
proliferation and differentiation of keratinocytes. In
addition, other studies have reported that the widening
and separation between keratinocytes resulted from the
reduction of desmosome junctions and proteins resulting
in defective cell-cell adhesion!. These studies have
also confirmed the occurrence of basement membrane
irregularities along the dermo-epidermal border which
was consistent with our results. This was attributed to the
abundant infiltration of lymphocytes and neutrophils in the
affected areas with the subsequent release of proteolytic
enzymes that disrupt collagen type IV and laminins which
are essential components in the structure of the basement
membrane.

Microscopic examination has also revealed prominent
infiltration of inflammatory cells in the dermis and
epidermis of the affected areas. These findings were in
accordance with Kim et al/?®!. They reported in their study
the presence of T lymphocytes, Dendritic Cells (DC), and
Macrophages in the affected psoriatic plaques. In addition,
mast cells were also found to be infiltrating psoriatic
plaques which are attracted to the site of inflammation
by the proinflammatory cytokines released by inhabitant
keratinocytes according to Abdelnoor and Al-Ak1?%. It has
also been shown that imiquimod resulted in an abnormal
regulation in the IL-17/IL-23 axis with subsequent
upregulation of IL-17 and IL-23 which resembles the
imbalance occurring in psoriasis patientsi®?. In addition,
DC have been shown to release IL-23 resulting in the
stimulation of T helper-17 cells to produce significant
amounts of proinflammatory cytokines including IL-17
and IL-22 leading to hyperproliferation of keratinocytes*!!.
Furthermore, Alghandour et a/®® reported in their study
increased production of pro-inflammatory factors like

948



Bakr et. al.,

antimicrobial peptides that further augment the psoriatic
inflammatory process, an important component of these
peptides is the S100 proteins.

Histological examination of group II sections also
revealed abundant keratohyalin granules in the stratum
corneum of the epidermal layers. These results were in
accordance with Cardoso et a/P*?. The authors referred
in their study that abnormal retention of nuclei and
keratohyalin granules in stratum corneum can be explained
by the defective keratinization process and the failure
of cleavage of profilaggrin into filaggrin resulting in
abnormal accumulation of keratohyalin granules in the
upper epidermal cells. The present study has also shown
abnormal hyperplastic changes in the dermal follicles as
well as sebaceous glands being densely packed together.
These findings are mostly due to the effect of topical
imiquimod application and the time period of applying
the drug on the shaved areas of the skin in relation to
the hair cycle. Amberg et al®** concluded that applying
imiquimod in different time periods of the hair cycles
induced various changes that seemed to be paradoxical as
it induced hair cycle entry in some cases while surprisingly
led to precocious anagen induction in other cases. The
apparently paradoxical effect of imiquimod was attributed
to the type of macrophage resident in the applied areas
where proinflammatory M1 macrophages resulted in
hair cycle entry due to the production of inflammatory
cytokines while M2 macrophages, also known as resident
macrophages, produce immunomodulatory cytokines
resulting in precocious anagen induction.

In group III, aside from imiquimod, the rats were
injected with a dose of one million bone marrow-derived
mesenchymal stem cells (BM-MSCs) on the first day.
The female rats were injected with BM-MSCs from male
animals which were visualized by Real-Time PCR analysis
of the specimens to confirm homing of stem cells. The
analysis showed positive detection of the Y chromosome
genome in the amplification plot confirming the homing
of the injected stem cells. The general observations
and microscopic examination of the stained sections
revealed significantly reduced inflammatory changes.
The structure of the epidermis and dermis appeared
histologically nearly similar to the control group. These
results were consistent with Owczarczyk-Saczonek
et al and Parganelli®. The authors mentioned that BM-
MSCs possess immunomodulatory properties that have
proven to be of value as potential therapeutic agents in
autoimmune diseases. Recent studies have demonstrated
the immunomodulatory effects of BM-MSCs as potential
therapeutic agents in autoimmune diseases including
Psoriasis. The results have shown that BM-MSCs secrete
various cytokines that shift T lymphocyte populations
from effector T cells to regulatory T cells. These cytokines
include transforming growth factor-beta (TGF-f),
hepatocyte growth factor (HGF), prostaglandin E2 (PGE2),
nitric oxide (NO), and indoleamine 2,3-dioxygenase
(IDO). In addition, cell-cell contact was involved in the

downregulation of activating Natural Killer (NK) cells
receptors resulting in immunomodulation of NK cells.
Furthermore, the results have also shown that BM-MSCs,
through the action of various paracrine factors like IL-
6, PGE2, growth-regulated oncogene (GRO)-y as well
as cell-cell contact through Jagged-2, have suppressed
the maturation of Dendritic cells (DC) and lead to the
maturation of regulatory DCB3,

However, recent studies have recommended that
MSCs therapy carries serious potential risks including
graft-versus-host diseases, localized cutaneous reactions,
lack of efficacy, and neoplastic proliferation which varies
according to the method of administration and the type
of MSCs used. Thus, an assessment of the potential risks
and benefits should be done before considering MSCs a
potential therapeutic choicel**l. Therefore, in the current
study, we included a fourth group of rats that received
imiquimod as in group II with the additional single dose
of purified exosomes. The general observations and
microscopic examination of the stained sections revealed
reduced inflammatory changes similar to group III despite
the presence of some areas showing mild inflammatory
infiltrate with the vacuolated appearance of some areas
of keratinocytes. The results were consistent with recent
studies that confirmed the ameliorative effect of exosomes
in enhancing psoriatic inflammatory changes®®. The
authors attributed the results to the fact that exosomes are
considered a major part of the paracrine effect of MSCs
inducing the same immunomodulatory effects. However,
the differences in the efficacy of the applied exosomes, as
in group 1V, from the efficacy of the directly injected BM-
MSCs, as in group III, can be attributed to several factors.
Recent studies have mentioned that the immunomodulatory
effect of BM-MSCs results not just from its paracrine
effect, but also from the behavior of BM-MSCs in areas
showing inflammatory reactions. BM-MSCs were shown
to increase the secretion of its paracrine factors in tissues
hosting increased pro-inflammatory cytokines®.

CONCLUSION & RECOMMENDATION

The present work demonstrates that BM-MSCs and
purified exosomes concentrate significantly ameliorate
psoriasis-like inflammatory changes in the skin of animal
models. However, there was a slight improvement in the
BM-MSCs group. It is recommended that further studies
are needed to assess increased concentrations of the
applied exosomes and to assess the exosome yield of BM-
MSCs cultured in vitro in cultured media containing pro-
inflammatory cytokines.
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