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derived mesenchymal stem cells in a model of Schistosoma mansoni
infestation of spleen of mice
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ABSTRACT

Background: Hepatosplenomegaly is a characteristic feature of Schistosoma infestation. However, splenic injury had received
little scientific researches than the well-known liver injury. Moreover, the role of bone marrow derived mesenchymal stem
cells (BMMSCs) in treatment of splenic injury due to schistosomiasis has not yet been investigated.

Aim of the work: To explore the structural changes which might occur to spleen during chronic infestation with schistosomiasis
and the possible therapeutic role of (BMMSCs) in ameliorating these changes.

Materials & Methods: Fifty female Swiss Albino mice, weighing about 25 gm were classified into group A (control group)
and group B (experimental group). Animals in group A were equally subdivided into subgroup Al which served as donors
for stem cells obtained from their bone marrow, and subgroup AIl which were injected with phosphate buffer saline (PBS)
and used to collect control spleen samples. Whereas, animals in group B, were all infected with S. mansoni cercariae (60/
mouse) by subcutaneous injection, then subdivided into three subgroups; subgroup BI sacrificed after eight weeks, subgroup
BII treated intraperitoneally with 2x10° MSCs suspended in PBS per mouse at eighth week after infestation hen scarified four
weeks later, and subgroup BIII allowed to survive for twelve weeks without treatment then sacrificed.

Results: Histological examination of spleen sections of subgroup BI showed structural changes including deposition of eggs
which were surrounded by inflammatory cells and collagen fibers. Subgroup BIII showed more extensive structural changes.
This was associated with significant increase in collagen fibers and TNF-o immunological reaction compared to control.
However, (BMMSCs) treated subgroup BII illustrated improvement of splenic structure.

Conclusions: Chronic Schistosoma mansoni infestation has a deleterious effect on the structure of the spleen. Bone marrow
derived mesenchymal stem cells have a relevant therapeutic potential on the spleen of an animal model of Schistosoma
mansoni.
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INTRODUCTION The most commonly used therapeutic drug used in
schistosomiasis is praziquantel (PZQ)¥. Although, some
Schistosomiasis is a complex of acute and chronic studies documented that there were (PZQ)-resistant
infestations caused by a flatworm of the genus Schistosoma strains!®. Moreover, it was reported that
Schistosoma that is widespread in tropical and sub-tropical PZQ induced hemorrhage in the lung tissue of the host!".
environments!'. According to WHO, schistosomiasis is Therefore, there is a vital need to develop alternative
the second most socioeconomically devastating parasitic effective drugs to control schistosomiasis without side
disease (malaria as the first), and schistosome is among effects®®l. Mesenchymal stem cells (MSCs)-based cell
the top ten most important agents causing more deaths!?. therapy has generated a huge amount of attention during the
An estimated 779 million individuals are at risk of last few years. Stem cell therapy is a kind of intervention
schistosomiasis and more than 200 million are infected, strategy that introduces new cells into damaged tissues,
yet schistosomiasis is often neglected®. In Egypt, the which help in treating many diseases and injuries®. It
disease is well established and it is estimated that up to has been proved that stem cell therapy is effective for the
70% of the rural population in endemic areas is affected by treatment of cancers!"”), diabetes mellitus''!), Parkinson’s
Schistosoma mansonai®l. Considering the spleen as one of disease!'?), cardiovascular diseases!"”, and neurological
the major organs affected during the chronic severe form of disorders!". Recently, stem cell therapy has been
schistosomiasis, significant alterations in its morphology introduced to treat parasitic infestation in animal models,
become a relevant investigation. and satisfactory outcomes are achieved'. Although,
Personal non-commercial use only. EHX copyright © 2017. All rights reserved DOI: 10.21608/EJH.2017.4663
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probably no studies were performed up to the time of this
work on the effect of (MSCs) on the treatment of splenic
injury induced by Schistosoma mansoni.

Thus, the aim of this study was to explore the
morphological changes which might occur to spleen during
chronic infestation with schistosomiasis and the possible
therapeutic role of (MSCs) in ameliorating these changes.

MATERIALS AND METHODS

The experiment was performed in the Schistosome
Biological Material Supply Center of Theodor Bilharz
Research Institute (TBRI), Giza, Egypt. The laboratory
animals were treated in accordance with the valid
International Guidelines for animal experimentation.
Fifty female Swiss Albino mice, 7 weeks old, weighing
about 25 gm were kept in standard housing conditions and
were given food and tap water ad libitum. Animals were
classified into group A (control group, n=20) and group
B (experimental group, n=30). Animals in group A were
equally subdivided into subgroup Al (n=10) which served
as donors for stem cells obtained from their bone marrow,
and subgroup AIl (n=10) which were injected with
phosphate buffer saline (PBS) and used to collect control
spleen samples. Whereas, animals in group B, were all
infested with S. mansoni cercariae (60/mouse)!'® (obtained
from infested Biomphalaria alexandrina snails which were
bred and maintained at the TBRI), injected subcutaneously
then subdivided into three subgroups; subgroup BI (n=10)
sacrificed after eight weeks, subgroup BII (n=10) treated
intraperitoneally with 2x10° MSCs suspended in PBS per
mouse at eighth week after infection then scarified four
weeks later, and subgroup BIII (n=10) allowed to survive
for twelve weeks without treatment then sacrificed.

Infestation was certain by finding S. mansoni eggs in
stool 42 days post infestation.

Preparation and isolation of BM-MSCs:

Bone marrow (BM) cells were collected from mice in
subgroup Al by flushing the femurs and tibiae. The isolation
process was carried out in a laminar flow cabinet under
strict sterile conditions. Extracted BM was suspended in
complete medium. A total volume of 100 ml of the medium
constituted the following: 80 ml of Dulbecco’s modified
Eagles medium, 15 ml of fetal bovine serum, and 5 ml
of penicillin—streptomycin mixture. The solutions were
purchased from Lonza Company (Basel, Switzerland).
Bone marrow suspended in the media was then placed
in sterile Easy flasks and Petri dishes. The cultured BM
cells were incubated in a humidified incubator at 37°C
in 5% CO2 and 95% air. The cultured cells were examined
daily with an inverted microscope (Axiovert 100; Carl-
Zeiss, Jena, Germany) to follow-up the growth of the cells
and to detect any infection. Every third day the supernatant
was removed by aspiration using a sterile pipette. The
adherent cells in flasks and dishes were then washed

twice with sterile PBS and fresh complete media were
added. The MSCs were distinguished by their tendency
to adhere to tissue culture plastic. On day 9, the cultured
cells showed confluent appearance. The MSCs in flasks
were separated using 0.25% trypsin in 1mM EDTA for 5
min at 37 °C. The suspension then was centrifuged, viable
and non- viable cells were counted using hemocytometer,
followed by subculturing viable cells at 4 x103 cells/
cm?2, and used for experiments after the third passage.
Some dishes with adherent MSCs were fixed using
freshly prepared precooled (—20°C) mixture of acetone/
methanol at 1: 1, for 10 min at room temperature. The
fixed adherent MSCs were stained with Giemsa stain and
examined using an inverted microscope. Other dishes with
adherent MSCs were characterized using the streptavidin—
biotin immunoperoxidase technique for CD44 (positive
for MSCs and negative for hematopoietic cells) (dilution

1: 100, purchased from Labvision, New York, New York,
USA)!,

Histological and immune-histochemical studies:

For light microscopic examination; half of the
spleen specimens were fixed in 10% buffered formalin,
dehydrated, cleared and embedded in paraffin. Serial 5
pm sections of the spleen were stained with hematoxylin
and eosin (H&E), Mallory trichrome stain, immune-
histochemical staining for tumor necrosis factor-alpha
(TNF-a)) polyclonal antibody (dilution 1:200, purchased
from Labvision), positive controls using thymus tissue
were processed according to the same protocol. CD44
monoclonal antibody (dilution 1:100, purchased from
Labvision) as marker for BMMSCs and bone marrow
tissue was used as positive control®],

For transmission electron microscope (TEM)
examination; other half of the spleen specimens were cut
(1mm?3) and fixed in 2.5%gluteraldhyde solution, followed
by 1% osmium tetroxide, dehydrated, and embedded in
epoxy resin. Ultrathin sections were collected on copper
grids and stained with uranyl acetate and lead citrate!'®.
The ultrastructural examination was carried out with
a transmission electron microscope (JEM-1200; Jeol,
Akishima-Shi, Tokyo, Japan) at the Faculty of Medicine,
El Azhar University.

Morphometric measurements:

Samples were analyzed using an image 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 with built-in camera (Leica
Microsystems GmbH, Ernst-Leitz-StraBe, Wetzlar,
Germany). Ten specimens from ten different mice of each
subgroup were examined (n=10). From each specimen,
five different captured non-overlapping fields were taken.
Five different readings from every captured photo were
counted and the mean was calculated for each specimen.
Measurements were taken by an independent observer
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blinded to the specimens’ details so as to perform an
unbiased assessment.

The following parameters were measured:

(1) The mean of area percentage of collagen fibers
using Mallory trichrome stain.

(2) The mean count of (TNF- a) positive brownish
cells.

All the measurements were taken at high-power fields
of magnification (x400).

Statistical analysis:

All data were collected, revised, and subjected to
statistical analysis using one-way analysis of variance
performed with SPSS.21 program (IBM Inc., Chicago,
Illinois, USA) analysis for variance (ANOVA)-one way
analysis and post-Hoc least significant difference (LSD).
The significance of the data was determined by the P value.
P values greater than 0.05 were considered non-significant,
and P values less than 0.05 were considered significant.
Summary of the data was expressed as mean + standard
deviation (SD).

RESULTS

Primary culture of bone marrow-derived

mesenchymal stem cells results:

Examination of primary culture of BMMSCs using
an inverted light microscope showed on day 5, most
of attached cells had cytoplasmic processes and with
vesicular nuclei (Fig. 1). On day 9, the attached cells
appeared forming colonies with granular cytoplasm and
interdigitating processes (Fig. 2). On using Giemsa stain,
the colonies of attached cells on day 9 of tertiary culture
appeared with purple cytoplasmic reaction of tertiary
culture (Fig. 3). Characterization of cultured cells on
day 9 of tertiary culture using CD44 revealed that some
of the attached cells of tertiary culture showed positive
brownish immune-reaction (Fig. 4).

Histological and morphometric results of the
spleen:

Histological examination of H&E stained sections
of control spleen of (subgroup AII) showed that the
splenic stroma was formed of a capsule and septa while
the parenchyma was formed of white pulp scattered
irregularly in a background of red pulp (Fig. 5). The white
pulp consisted of central arteriole surrounded by many
lymphocytes with darkly stained nuclei. The red pulp
appeared consisted of splenic cords and blood sinusoids
(Fig. 6). Sections of subgroup BI revealed disrupted
parenchymal architecture with loss white pulp in some
areas while others appeared with irregular arrangement
of white pulp. Aggregation of inflammatory cells were
seen surrounding Schistosoma mansoni degenerated egg
(Fig. 7). In addition, there were megakaryocytes and giant

cells in the parenchyma (Fig. 8). Sections of subgroup
BII showed irregular capsule and the parenchyma was
formed mainly of red pulp with reappearance of few
white pulps (Fig. 9). Part of white pulp containing
central arteriole and red pulp with splenic sinusoids were
apparently similar to the control. (Fig. 10). Meanwhile,
sections of subgroup BIII showing Schistosoma mansoni
worm in a blood vessel in the stroma of the spleen and
it was surrounded by numerous inflammatory cells.
Thick connective tissue septa are also noticed. (Fig. 11).
Moreover, there was dilatation and disruption of the wall
of some of the splenic vessels containing eosinophilic
material and numerous inflammatory cells (Fig. 12).
Many deeply basophilic calcified Schistosoma mansoni
eggs with noticeable egg shells were present in the splenic
parenchyma. Thick connective tissue septa and dilated
splenic sinusoids were also detected in some specimens
(Fig. 13). Meanwhile , the splenic parenchyma in other
specimens was infiltrated with numerous cells with
faintly stained nuclei and margination of the chromatin
at the nuclear membrane (Fig. 14).

In Mallory trichrome stained sections of control
spleen of subgroup AIl few collagen fibers were noticed
in the capsule and septa (Fig. 15). However, in subgroup
BI there was significant increase (P< (.05) in the area
percentage of collagen fibers compared to control
subgroup AIl (Fig. 16) (Tablel, Histogram 1). The
sections of subgroup BII showed significant decrease
(P< 0.05) in the arca percentage of collagen fibers
compared to subgroup BI and BIII (Fig. 17) (Tablel,
Histogram 1). Meanwhile, sections of subgroup BIII
showed significant increase (P< 0.05) in the area
percentage of collagen fibers compared to all other
groups. Moreover, there were subcapsular collagen fibers
surrounding many blood sinusoids (Fig. 18) (Tablel,
Histogram 1).

In immnohistochemical analysis for (TNF-a),
sections from the control subgroup AIl revealed few
scattered cells with positive immune-histochemical
reaction (Fig. 19). However, in subgroup BI there was
significant increase (P< 0.05) in number of cells with
positive immune-histochemical reaction compared
to control subgroup AIIl (Fig. 20) (Tablel, Histogram
2). The sections of subgroup BII showed significant
decrease (P< 0.05) in the number of cells with
positive immune-histochemical reaction compared to
subgroup BI and BIII (Fig. 21) (Tablel, Histogram 2).
Whereas, sections of subgroup BIII showed significant
increase (P< 0.05) in the number of cells with positive
immune-histochemical reaction compared to all other
groups. (Fig. 22) (Tablel, Histogram 2).

In immnohistochemical analysis for (CD44), sections
of spleen of subgroups All, Bl and BIII showed negative
immune reaction (Figs. 23 and 25). However, a positive
immune reaction was detected in sections of subgroup
Bl localized in the red pulp (Fig. 24). Figure of subgroup
BI was not presented.
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Ultrastructural examination of the spleen of the characteristic oval shaped granules were also perceived
control subgroup AII showed that the white pulp was (Fig. 31). Cells with euchromatic nuclei and many dilated
formed of many lymphocytes and dendritic cells (Fig. 26). cisternae of TER were distinguished (Fig. 32). In addition,
The dendritic cells appeared with eccentric euchromatic cells with fragmented nuclei with loss of their nuclear
nuclei and many cytoplasmic processes containing many envelope and multiple electron dense granules in their
granules with heterogenous appearances between the cytoplasm were detected together with cells with small
surrounding lymphocytes (Fig. 27). The reticular cells hyperchromatic nuclei (Fig. 33). However, examination
appeared with euchromatic nuclei with their processes of subgroup BII revealed cells with euchromatic nuclei
surrounding electro-lucent areas (Fig. 28). However, the and irregular nuclear membrane and few eosinophils
plasma cells seemed to have euchromatic eccentric nuclei with their characteristic granules. (Fig. 34). Whereas,
while the cytoplasm illustrated well developed cisternae many secretory cells appeared with euchromatic nuclei
of rough endoplasmic reticulum (rER) and mitochondria. and prominent rER. (Fig. 35). Meanwhile, subgroup
The cytoplasmic processes of dendritic cells were BIII showed many proliferating lymphocytes and
closely related to plasma cells (Fig. 29). Meanwhile, numerous eosinophils (Fig. 36). Myofibroblasts were
the spleen in subgroup BI showed active lymphocytes detected in the capsule and they were lying on a basal
with euchromatic nuclei (Fig. 30). Megakaryocytes lamina. Collagen fibrils and part of eosinophil with its
exhibited characteristic demarcation zones containing characteristic granules were also noticed (Fig. 37).

electron dense granules while, eosinophils with their

Table 1: Mean £SD of area percentage of collagen fibers and mean +SD of number of TNF- o positive cells / HPF in different subgroups.

Mean £SD of number of

Subgroups Mean +SD of area % of collagen fibers o-TNF positive cells
Subgroup AIl 1.06+0.26 1.8+0.8
Subgroup BI 8.59+0.81* 84.6+£7.9*
Subgroup BII 3.77+0.86*0 20+3.8*%0
Subgroup BIII 20.25+1.53* A 144+£3.39* A

Significant increase compared to subgroup All (*)
Significant decrease compared to subgroups BI and BIII (0)
Significant increase compared to subgroups All, BI, BII (A)

Area % of collagen fibers Number of TNF-u positive cells
144
25 160
20.25
140
20
120
846
15 100
B.59 82
10
60
5 1.06
18
¢ 0
Subgroup All Subgroup Bl Subgroup Bl Subgroup Blll Subgroup All Subgroup BI Subgroup Bll Subgroup Blll
Histogram 1. Mean of area percentage of collagen fibers in Histogram 2. Mean of number of TNF- a positive cells /HPF in
different subgroups. different subgroups.
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Fig. 1: Primary culture of BMMSCs on day five showing most of Fig. 2: Primary culture of BMMSCs on day nine showing
the attached cells have cytoplasmic processes and with vesicular attached cells forming colonies with granular cytoplasm and
nuclei (1). Inverted microscope X 200. interdigitating processes (1). Inverted microscope X 200.
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Fig. 3: Tertiary culture of BMMSCs on day nine sh(‘)wing
colonies of attached cells. They have purple cytoplasmic reaction
M- Inverted microscope, Geimsa X 200.

Fig. 4: Tertiary culture of BMMSCs on day nine showing some
of the attached cells exhibit positive brownish immune-reaction
for CD-44 (1).
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Fig. 5: A photomicrograph of a section of spleen of subgroup All
showing capsule (1) and septa (11). The parenchyma consists of
white pulp (W) scattered irregularly in a background of red pulp
®). H&E. X 100.

R Do LR e BT
f a section of spleen of subgroup

ATl showing the white pulp consists of central arteriole (A)
surrounded by many lymphocytes with darkly stained nuclei
(1). The red pulp appear consists of splenic cords (11) and blood
sinusoids (curved arrow). H&E. X 400.

TR R

Fig. 7: A pho
BI showing disrupted parenchymal architecture with loss of
white pulp in some areas and other with irregular arrangement
of white pulp (W). Cellular infiltration is seen surrounding
Schistosoma mansoni egg (7). Inset: Aggregation of
inflammatory cells (11) surrounding a degenerated egg (A).
H&E. X 100 and inset X 1000.
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Fig. 8: A photomicrograph of a section of spleen of éubg;oup BI
showing red pulp of spleen with megakaryocytes (1) and giant
cells (11). H&E. X 400.
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Flg 9 A photomlcrograph of a sectlon of spleen of subgroup
BII showing irregular capsule (1) and the parenchyma is formed
mainly of red pulp with reappearance of white pulp (W).
H&E. X 10.
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Fig. 10: A photomicrogr_aph of a section of spleen of subgroup
BII showing part of white pulp containing central arteriole (1)
and red pulp with splenic sinusoids (A). H&E. X 400.
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F1g 11 A photomlcrograph of a sectlon of spleen of subgroup
BIII showing Schistosoma mansoni worm (11) in a blood
vessel in the splenic stroma. The worm is surrounded by
numerous inflammatory cells (A). Notice thick connective
tissue septum (1) and part of the splenic stroma (P).

H&E. X 100.

Flg 12 A photomlcrograph of a sectlon of spleen of subgroup
BIII showing disruption of the wall of the splenic vessel (7).
Notice eosinophilic material and numerous inflammatory cells
(A). H&E. X 400.

Flg 13 A photomlcrograph ofasection of spleen of subgroup BIII
showing many deeply basophilic calcified Schistosoma mansoni
eggs with noticeable egg shell (1) present in splenic parenchyma.
Thick connective tissue septa (11) and dilated splenic sinusoids

(*) are detected. H&E. X 400.
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Flg. 14: A photomicrograph of a section of spleen of
subgroup BIII showing the splenic parenchyma infiltrated
with numerous cells with faintly stained nuclei (7).

H&E. X 400.
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Fig. 15: A photomicrograph of a section of spleen of subgroup
All showing collagen fibers of capsule (1) and septa (17).
Mallory tr1chrome X 400.

Flg 16: A photom1crograph of a section of spleen of subgroup
BI showing (a) apparent increase of collagen fibers forming the
capsule (1) and septa (11). (b) collagen fibers (A) are noticed
surrounding the egg. Mallory trichrome X 400.
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Fig. 17: A photomlcrograph of a section of spleen of subgroup

BII showing more or less normal collagen content of the capsule
(1) and septa (11). Mallory trichrome X 400.

ﬁ..': ’x&

Flg. 18. A photomrcrograph of a section of spleen of subgroup
BIII showing apparent increase in the collagen fibers in the
capsular (1) and the subcapsular area around blood sinusoids (A ).

Mallory trichrome X 400.
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Fig. 19: A photomlcrograph of a section of spleen of subgroup

A AP |

All showing few scattered cells (1) with positive immune-

histochemical reaction for TNF-o. TNF-a X 400.
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Flg. 20. A photomlcrograph of a section of spleen of subgroup
BI showing many cells (1) with positive immune-histochemical

reaction for TNF-o. TNF-a X 400.

394



Raafat et al.

‘*\\&h@ .

,‘J\

Fig. 21: A photomicrograph of a section of spleen of subgroup
BII showing few cells (1) with positive immune-histochemical

reaction for TNF-a. TNF-0 X 400.
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Fig. 22: A photomicrograph of a section of spleen
of subgroup BIII showing numerous cells (1) with
positive  immune-histochemical  reaction for  TNF-o.

TNF-a X 400.
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Fig. 23: A photomicrograph of a section of spleen of subgroup

AlI showing negative immune-histochemical reaction for CD 44.
CD 44 X 400.

Flg 24 A photomlcrograph of a section of spleen of subgroup
BII showing positive immune-histochemical reaction for CD44
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Fig. 25: A photomicrograph of a section of spleen of subgroup
BIII showing negative immune-histochemical reaction for CD 44.

2 mi
TEM Mag = 5000x

26
Fig. 26: An electron micrograph of a section of spleen of
subgroup AII showing dendritic cell (D) and many lymphocytes

(11) in white pulp of the spleen. X 5000.
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2 microns 2 microns

TEM Mag = 12000x 27 TEM Mag = 12000x 29
Fig. 27: A higher magnification showing a dendritic cell (D) with Fig. 29: An electron micrograph of subgroup AIl showing plasma
eccentric euchromatic nucleus and multiple cytoplasmic processes cell with euchromatic eccentric nuclei (PL). The cytoplasm
between the surrounding lymphocytes (7). Notice the cytoplasm contains well developed cisternae of rough endoplasmic
of the dendritic cell contains many granules with heterogenous reticulum (71) and mitochondria (1). Notice the cytoplasmic

appearances (11). X 12000. processes of dendritic cell (*) closely related to the plasma cell.
WG ints Y . 7 X 12000

2 microns

S
TEM May = 6000x ! 8 2 microns
TEM May = 6000x 3 O

Fig. 28: An electron micrograph of a section of spleen of

subgroup AII showing reticular cells having euchromatic nuclei Fig. 30: An electron micrograph of a section of the spleen of
(1) with their processes surrounding electro-lucent areas (11) subgroup BI showing active lymphocytes with euchromatic
X 6000. nuclei (1). X 600.
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2 microns
TEM Mag = 8000x

31

Fig. 31: An electron micrograph of a section of the spleen
of subgroup BI showing part of megakaryocyte (MK)
with its characteristic demarcation zones (1) containing
electron dense granules (7). Notice eosinophils (Es) with
their characteristic oval shaped granules (curved arrow).

X8000.

2 microns
TEM Mag = 8000x

32

Fig. 32: An electron micrograph of a section of the spleen
of subgroup BI showing a cell with euchromatic nucleus (n)
and dilated cisterna of rough endoplasmic reticulum (1) in the
cytoplasm. X 8000.

2 microns

TEM Mag = 10000x

33

Fig. 33: An electron micrograph of a section of the spleen of
subgroup BI showing a cell with fragmented nucleus with loss
of the nuclear envelope (1) and multiple electron dense granules
(11) in the cytoplasm. A cell with small heterochromatic nucleus
is noticed (A). X 10000.

—
2 microns
TEM Mag = 5000x

34

Fig. 34: An electron micrograph of a section of the spleen of
subgroup BII showing cells with euchromatic nuclei and irregular
nuclear membranes (7). Notice an eosinophil (Es) with its
characteristic granules. X 5000.
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2 microns
TEM Mag = 12000x

35

Fig. 35: An electron micrograph of a section of the spleen of
subgroup BII showing cells with euchromatic nuclei (n) and
prominent rER (1) X 12000.

A

2 microns
TEM Mag = 4000x

36

Fig. 36: An electron micrograph of a section of the spleen of
subgroup Bl showingproliferating lymphocytes(1)andnumerous
eosinophils (Es). X4000.

—
2 microns
TEM Mag = 8000x

37

Fig. 37: An electron micrograph of a section of the spleen of
subgroup BIII showing myofibroblast (Mf) in the capsule of
the spleen lying on basal lamina (7). Notice collagen fibrils
(A) and part of eosinophil with its characteristic granules (Es).

X8000.

DISCUSSION

One of the most prevalent parasitic infestations is
schistosomiasis. The spleen is the biggest peripheral
immune organ and plays a vital role in the immune
response to blood circulation. Although, it is one
of the major organs affected in schistosomiasis,
its structural changes have been linked to portal
hypertension. In the present study, we have conducted
our experiment on female mice as it has been revealed
that schistosomiasis is an immune-related disease and
female mice can express prominent levels of immune
response due to estrogen hormone. On the contrary,
androgen of male has negative effect on immune
responsel!’® 2% In the present work, light microscopic
examination of sections of subgroup BI displayed
eggs deposition in the splenic parenchyma which was
disrupted. The eggs were degenerated and surrounded
by mononuclear cellular infiltration forming a
granuloma. Some megakaryocytes and giant cells
were also noticed as a defense mechanism. Moreover,
ultrastructural examination of the same group revealed
eosinophils and active lymphocytes. Some cells with
many dilated cisternae of rough endoplasmic reticulum
denoting activated cells secreting cytokines and
cells with degenerative changes were also detected.
These results were in accordance with?'?? who
explained that eggs deposition constitutes the major
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pathogenesis of schistosomiasis, with egg-laying
beginning four weeks after infestation and reaching
a peak at eight weeks post-infestation. Furthermore,
Skelly?*! postulated that in contrast to the adult worms,
parasite eggs via soluble egg antigen (SEA) provoked
a potent chemotactic activity and strong inflammatory
reaction resulting in stimulation of inflammatory cells
and cytokines (including interferon-y, TNF-o and ILs).
Consequently, the egg was surrounded by a variety of
immune cells to form a unit called a granuloma. T
helperl (Thl), macrophages, giant cells and fibroblasts
can all contribute to the granuloma formation?.
However, others??¥ postulated that dendritic cells were
central players in the control of developing immune
responses. Several main subpopulations of dendritic
cells exist; immature type which is a phagocytic cell
and other mature type which is not phagocytic but
acts as an antigen presenting cell. At initial stages of
the infestation, mature dendritic cells release IL12
which promote (Thl) differentiation and proliferation.
Moreover, dendritic cells present antigen to (Thl)
which consequently attract phagocytic cells by
chemokines. Meanwhile, (Thl) release cytokines like
v- interferon to activate phagocytic cells. Accordingly,
(Thl) mediate inflammation and macrophage
activation in the initial stages of Schistosoma
infestation. Moreover, secretory dendritic cells were
also identified in our study this was in accordance with
other researchers®! who suggested that plasmacytoid
dendritic cells could arise from mature dendritic cells
under the effect of inflammatory stimuli like parasitic
or viral infections and this will result in the production
of type I y- interferons which enhance the function
of natural killer, B and T cells. However, some
researchers®® revealed that schistosoma mansoni
synthesizes glycoconjugates which interact with
galectin-3; that regulates B cell differentiation into
plasma cells; eliciting an intense humoral immune
response. Recently, other investigators??” stated that
megakaryocytes were present in considerable number
in spleen in schistosomiasis as the platelets can play
important roles in host defense against schistosome
infection by directly damaging the parasites.
Meanwhile, Bogers et al.”®! mentioned that during
hepatic and splenic schistosomiasis many eosinophils
could be distinguished as their phagocytic activity
which was mainly directed to the capture of antigen-
antibody complexes. Moreover, Ji et al.?*! stated that
severe disruption of lymphoid follicles was observed
at the eighth weeks post-infection as consequence of
granuloma and their results were in accordance with
our results. They related the loss of white pulp to the
reduction of splenic lymphocytes, via apoptosis which
was confirmed by the fragmentation of the nuclei in
some cells in our work or the migration of the cells
from the spleen to the liver. Alternatively, the increase
in monocytes concurrent with splenomegaly can also
destroy the splenic architecture®®). With time, a fibrotic
reaction predominates which is formed of fibroblasts,

connective tissue fibers and dead schistosome embryo
at the core of the granulomal®!l. This was in accordance
with our results as there was a significant increase
in area % of collagen fibers in the granulomatous
reaction surrounding a degenerated egg. According
to the opinion of Hogan et al.’*¥ TNF- a is a highly
pleiotropic cytokine, with extensive biological effects.
It enhances the function of antigen presenting cells,
and activates monocytes. Consequently, this promotes
the recruitment of macrophages, T and B cells, and
eosinophils to viable ova, to form granulomas. It also
upregulates extracellular matrix proteins production
and collagen deposition consequently it is influential
in granuloma development. This was supported by the
significant increase in number of positive a-TNF cells
observed in our study in the spleen of subgroup BI
compared to the control.

In the current study, histological examination of
sections in subgroup BIII revealed disruption of white
pulp of spleen with loss of granuloma formation.
Instead, the granulomas were replaced by leucocytic
(eosinophils) infiltration. This was in accordance
with other investigators?!l as they explained that as
the disease advances from the acute to the chronic
stage, granulomas decrease in both size and cellularity
because of immune regulation. Classically, the host
initially responds with a (Thl) response which was
directed against initial stages of the parasite. As the
disease progressed, there was a switch from Thl
to Th2 response which was a hallmark of chronic
schistosomiasis. Disease progression was also
characterized by an increasing dominance of Th2
cytokines (IL-4, IL-5, IL-10, IL-13 and TNF-a)i33.
Moreover, other investigators®-* postulated that
dendritic cells at chronic stage of the disease had a
role in the shift of activation of Thl to Th2 cell. They
produced IL-10 which inhibited IL-12 production
leading to inhibition of Thl. Furthermore, (SEA)
might cause shift of immune response to Th2. Also,
this antigen had promoted leucocyte chemotactic
activity especially eosinophils>! and this was in
accordance with our results. However, eosinophils
were responsible for the cytokine profiles which
had been attributed to a Thl to Th2 shift. The
numerical dominance of eosinophils could result from
several factors, including enhanced proliferation of
eosinophils' precursors or enhanced survival®3.

On the other hand, the present study revealed the
presence of cells with faintly stained nuclei and with
margination of the chromatin at the nuclear membrane.
Similar picture was detected by some investigators*®
and they correlated this to highly proliferative tumor
cells. In addition, the present work showed dilatation
and disruption of the wall of the splenic vessels
which contained eosinophilic material and numerous
inflammatory cells. This was in accordance with®” as
they suggested that these changes were probably due
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to portal hypertension and as a response to chronic
passive congestion and increased blood pressure within
the splenic vessels. Moreover, some researchersi®®!
hypothesized that TNF- a was expressed by both Thl
and Th2 type cells. TNF- a was a key proinflammatory
molecule that increases local blood flow, up-regulates
adhesion molecules on the wvascular endothelium
with extravasation of leukocytes. They added that
TNF- o also caused activation of reticular cells.
However, the egg cuticle (composed of cross-linked
proteins) encloses a larva that releases enzymes and
antigens through multiple pores. This would induce
oxidative stress due to production of reactive oxygen
species (ROS). Moreover, eosinophils generated the
superoxide anion and hydroxyl radical. The ultimate
result of ROS generation may be the killing of the
parasite eggs and this was in accordance with our
findings which revealed the presence of many deeply
basophilic calcified eggs in the splenic parenchyma.
However, the processes were potentially harmful for
the host. The production of ROS may also initiate
fibrogenesis®*”. Meanwhile, IL-13 released from Th-2
played a significant role in the development of fibrosis
as it stimulated collagen production from fibroblasts
and procollagen I and IT mRNA expression*’!. These
results were in accordance with our findings as there
were significant increase in area % of collagen fibers
in subgroup BIII compared to other subgroups.
Consequently, the dilated splenic vessels and sinusoids
with increase in the thickness of splenic septa and
dominance of red pulp had led to splenomegaly. Other
investigators*!! explained that, pathogenesis of spleen
in Schistosomiasis included two main factors: at
early stage of the disease it was lymphoproliferative
or cellular-proliferative which is immunologically
induced and that during the late stages, a fibro-
congestive appearance predominates.

In the present study, bone marrow mesenchymal
stem cells (BMMSCs) were injected intraperitoneally.
Their existence was detected by the presence of
positive CD-44 cells in the splenic sections.

In the present work, subgroup BII (BMMSCs-
treated group) exhibited a relative improvement in
the histological picture of the spleen compared to
subgroups BI and BIIl. The splenic parenchyma
showed few aggregations of lymphocytes forming
white pulp containing central arterioles. Ultrastructural
examination revealed cells with euchromatic nuclei
and irregular nuclear membrane and others appeared
with euchromatic nuclei and prominent rER. Some
scientists!*?! reported that injured tissues can secrete
chemotactic factors to recruit mesenchymal stem cells
(MSCs) and the numbers of MSCs homing to the
injured tissues have been shown to be independent
of the route of MSCs infusion. Furthermore, some
investigators**#4 reported that stem cell differentiation
was accompanied by simultaneous changes in nuclear

mechanical properties due to the various expression
of nucleo-skeleton components and the nuclei became
more pliable. They explained that the chromatin in
stem cells was relatively loose and showed fluid like
characteristics which was attributed to low lamin A/C
expression. As a result, stem cells can readily migrate
through solid tissues by remodeling their cellular and
nuclear morphology, while accommodating many
active genes in their nuclear interior™®!. Moreover,
other researcherst**#” elucidated that MSCs could
exert widespread immunomodulatory effects on cells
of both the innate and adaptive immune system either
by cell-cell contact or secretory proteins including
(IL-10 and PGE-2). Mesenchymal stem cells elicit their
immunomodulatory effects by inhibiting lymphocytes
and dendritic cells activation and proliferation,
forbidding the secretion of proinflammatory cytokines
(IL12 and y-interferon), limiting the function of antigen
presenting cells, and inducing regulatory T (T-reg),
B (B-reg) and dendritic (D-reg) cells which have
significant roles in maintaining immune tolerance.
They added that (D-reg) cells are also capable of
secreting IL-10 which is a powerful anti-inflammatory
cytokine and trigger the generation of (T-reg) cells.
Moreover, treatment with MSCs has been shown to
inhibit collagen deposition*®! and the inhibitory effect
of MSCs on the collagen deposition may be related to an
enhancement of fibrotic degradation through increase
the expression levels of matrix metalloproteinase
(MMP) which directly degrades the extracellular
matrix rather than a decrease in fibrosis synthesis .
These findings were in accordance with our results as
there was a significant decrease of number of TNF-a
positive cells and area % of collagen fibers compared
to subgroups BI and BIII.

CONCLUSION AND RECOMMENDATIONS

Our previous findings showed that chronic Schistosoma
mansoni infestation has a deleterious effect on the structure
of the spleen. However, BMMSCs have a relevant
therapeutic potential on the spleen of an animal model
of Schistosoma mansoni. Bone marrow mesenchymal
stem cells have emerged as promising candidates for cell
therapy and might have a valuable role in the treatment of
such endemic parasitic disease.

It is recommended to do further studies to know the
exact role of MSCs and fate in treatment of splenic
injuries. Timing of cell administration and the threshold
number of transplanted cells should also undergo extensive
investigations in long term studies before application in the
clinical field.
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