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ABSTRACT

Stem cells were derived from adult human bone marrow. After differentiation cells
were encapsulated in the rectus abdominus sheath of diabetic dogs. Eighteen mongrel dogs
were divided into three groups: normal non-diabetic group (6), diabetic untreated group (6),
and treated group (6). Blood glucose levels was improved to be like normal range in diabetic
dogs treated with stem cells. Lipid profile including triacylglycerol, HDL-C, LDL-C and
cholesterol levels were significantly higher in diabetic untreated dogs and showed a
significantly lowered levels in stem cells treated dogs than that in diabetic dogs and become
nearly to normal dogs. ALT activities of diabetic dogs with treatment slightly improved than
non- diabetic and diabetic untreated groups while AST activities returned to be as in normal
group. Creatinine levels of untreated diabetic dogs was significantly higher than those of
treated diabetic dogs and improved to be as in normal dogs. In this study, we successfully
induced the differentiation of MSCs into functional insulin producing cells (IPCs) by
transplanting IPCs into chemically induced diabetic dogs, it was found that IPCs were
capable to improve blood glucose levels and so decrease the lipid profile, kidney function and
liver function.
Keywords: Dog, Hyperlipidemia, Lipid profiles, liver function, Kidney function, stem cells,
diabetes mellitus

INTRODUCTION

Diabetes mellitus is the most common
endocrine disorder in the worldwide, it hits
more than 285 million individuals. By 2030 it
was expected that the number will grow to be
438 millions, corresponding to 7.8 % of the
adult population. Moreover diabetic deaths
increased in low income nations as it is more
than 80% (Tse et al., 2015). Increased blood
sugar, decreased fibrinolytic, increased blood
pressure, dyslipidemia, severe atherosclerosis,
and increased platelet aggregation are the most
risk factors for diabetes mellitus (Rajalakshmi
et al.,, 2009). Moreover, this disecase cause

complications such as cardiac disease, stroke,
kidney failure, loss of vision and damage of
nerve (Steppan et al., 2001).

From the oldest agents wused for
hyperglycemia is insulin as it is the only agent
that occurs naturally in humans with no upper
dose limit. The risks of using insulin therapy is
gain of weight (as all of the agents used for
hyperglycemia, except metformin),
hypoglycemia, and in very rare cases, allergic
and cutaneous reactions (Nathan, 2002).
Transplantation of Pancreatic islet is a viable
and attractive option for the treatment of
(T1IDM) (Bruni et al., 2014; Rekittke et al.,
2016). Using pig islets as donors for
transplantion instead of human xenogenic
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transplantation due to a shortage of human
donors (Zhu et al., 2015). Long and excessive
immunosuppressive drugs has disadvantages
on recipients such as opportunistic infection,
malnutrition, neuritis, and intense morbidity
and islet toxicity are the mainstay of immune
modulatory remedies now. Immunosuppressive
drugs long life using problems have to be
controlled first and the paucity of donor tissue.
As new sources of human B-cells are developed
(e.g., stem cell-derived tissue) , using semi
permeable device protect pateints  using
immunosuppression and risk of tumorigenicity
(Lee et al., 2009).

Using of Pancreas or islet transplantation
give a solution for insulin independence, but
has some problems due to its radical
complications and insufficiency of organ
donors, using insulin-secreting cells derived
from MSCs is a hope for treatment (Vija et al.,
2009). Mesenchymal stem cells (MSCs) was
able for renewal and differentiation into
various lineages including insulin producing
cells (Romanov et al., 2003).

In this study, we induced Type 2 diabetes
model by using alloxan and STZ in dogs.
Subsequently the ability of MSCs to ameliorate
some diabetic complications was tested

MATERIAL AND METHODS

I- Human Bone Marrow Aspirate

This study was approved by ethical
committee of the Mansoura University.
Three diabetic type 2 consenting donors bone
marrow was aspirated from their iliac crests in
heparin.

II- Isolation and Expansion of HBM-MSCs

The BMAs were diluted 1 1 with
minimum essential medium Eagle Alpha
modification (a-MEM, Sigma-Aldrich, St.

Louis, Missouri, USA), using (Ficoll-Paque,
1.077 g/mL) (Pharmacia, Uppsala, Sweden)
thereafter centrifugation for about 20 minutes
at 600g. After that, collection of cells from a-

MEM /Ficoll interface was performed
thereafter, cells were washed twice in
phosphate buffer saline (PBS), and then

resuspended in 10 mL of complete a-MEM low
glucose provided with fetal bovine serum 10%
(Hyclone, Logan, UT, USA), 100U/mL
penicillin, and 100 U/mL streptomycin (Sigma-
Aldrich). Each ImL contain ~1.5 x 10°
nucleated cells. The collected cells were
cultured at density of 5 x 10° cells/mL using
complete a-MEM at a density of (10mL in 25
cm?’ tissue culture flasks) and incubated at 37°C
in 5% CO2 incubator. The nonadherent cells
were discarded after 3 days while the
remaining adherent MSCs remained until reach
80% confluence to be subcultured using trypsin
by resuspended the cells with complete o-
MEM and replated at a ratio of 1 : 2 and
cultured for additional eight days, as to attain
80% confluence. For second passage the same
steps done, then fibroblast-like cells
appearance was found.

III- Differentiation of HBM-MSCs into
insulin producing Cells

At density of 1 x 10° cells/mL in passage
three. Cells from each donor were induced to
form IPCs using two stages Protocol according
Tayaramma et al. method (Tayaramma et al.,
2006). First stage using serum free DMEM
contains Trichostatin-A (TSA) with
concentration 55 nM (Sigma-Aldrich) for three
days. Second stage using high glucose (25mM)
medium DMEM:DMEM/F12 (1:1) (Sigma-
Aldrich) provided by fetal bovine serum 10%
and 10nM glucagon-like peptide-1 (GLP-1,
Sigma-Aldrich) for seven days.
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IV- Phenotyping

At passage 3, trypsinization of cells, then
centrifugation at 300g for 8§ minutes. Then cells
were resuspended in PBS at a concentration of
1 x 10° cells/ml. 100 uL aliquots were labeled
(30mins) with antibodies against CD14, CD45
(FITC) or CD73, CD34 phycoerythrin (PE)
(Becton-Dickinson, USA), or CD105 PE or
CD90 (FITC) (Becton-Dickinson, USA),
washed with ImL of stain buffer (BD
Pharmingen, USA), and BioMed Research
International 3 resuspended in 500 xL of stain
buffer. The labeled cells were analyzed using
an argon ion laser with a wave length of 488
nm (FACS Calibur, Becton-Dickinson, USA).
A total of 10000 events were obtained and
analyzed with the Cell Quest software program
(Becton-Dickinson, USA). Control staining
with appropriate isotype-matched monoclonal
antibodies was included.

V- Induction of diabetes

A solitary dose of an alloxan (40mg/kg)
(Sigma-Aldrich)/  streptozotocin  (35mg/kg)
(Sigma-Aldrich) was given intravenously (IV).
Both drugs were initially prepared aseptically
as solutions in citric acid buffer pH4.5
(Anderson et al., 1993). 48 hours prior
alloxan-STZ administration, dogs with non-
fasting glucose more than 300 mg/dl were
approved as diabetic. The dogs were divided
into 3 groups as follows: normal group: 6 dogs,
diabetic group: 6 dogs without treatment and
treated group with stem cells: 6 diabetic dogs
received (Smillion/kg body weight) MSCs for
each dog.

At different times (6,12,18 months) after
implantation of MSCs, blood samples were
collected, for detection of glucose, total
cholesterol (TC), TAG, HDL-C, LDL-C, AST,
ALT, and Creatinine levels and activities.

VI- Assessment of biochemical parameters

Blood sugar was detected by using
Glucometer strips (Accu-Check performa,
Roche Diagnostics, Mannheim, Germany) and
body weight was determined, weekly.
Determination of Serum total cholesterol
according to Expert Panel method (Expert
Panel on Detection, 2001), Serum TAG
concentration was determined using  the
method which described by Willard and
Tvedten (Willard and Tvedten, 2011), The
serum (LDL-C) concentration was calculated
from the total cholesterol concentration
according to Friedewald WT et al. (Friedewald
et al.,, 1972). The serum HDL-C levels were
measured by colormetric kit according to
Finley PR et. al. method (Finley et al., 1978)
by using HDL-C kit which bought from
SPINREACT, S.A. Ctra, Santa Coloma,
Espain. According to Reitman et. al. serum
alanine aminotransferase (ALT) and Aspartate
aminotransferase =~ (AST) activities were
determined (Reitman and Frankel, 1957)
using a commercially available assay kit
(Egyptian American Company for Laboratory
Services, Egypt), Using a modified rate Jaffe
method serum creatinine was estimated as
described by jaffe (Jaffé, 1886) using Kkits
obtained from (Beckman, USA), following the
instructions manufacture.

VII- Statistical analysis

The difference of biochemical analysis
between three groups and the relation between
them was performed using Statistical Package
for the Social Sciences (SPSS Statistics 17.0)
(SPSS, Chicago, IL, USA). The comparison of
the change between different groups was
determined using non parametric spearman,
Anova. The significance was considered less
than 0.05 (Chinna et al., 2012).
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RESULTS

Morphology and Phenotype

The cultured bone marrow cells at the
final stage of expansion was arranged in
monolayers as homogenous fibroblastic spindle
shape, fig (1). There was no apparent
differences in the rate of duplication of cells
derived from the three donors. Flow cytometric
analysis showed that these cells possess
elevated levels of CD90, CD73, and CD105
while the levels of CD45, CD14, and CD34,
this indicate that these cells are pure MSCs.

Effect of differentiated MSCs on
biochemical parameters was summarized in
table (1):
1- Effect of MSCs on blood glucose

The blood glucose in diabetic group
increased more than normal group and returned

to normal after transplantation of MSCs
p>0.05. Fig 2

2-Effect of MSCs on liver function tests

The mean blood Alanine aminotransferase
ALT& AST activities are strongly significant
increased in diabetic group comparing to
normal group transplantation and in treated
group AST activity decline again to be as in
normal group while ALT activity slightly
declined but didn’t reach normal group. Fig 3

(a,b)

3-Effect of MSCs on serum lipid profile

The values of HDL-C, LDL-C,
cholesterol and TAG were significantly
increased in diabetic group more than normal
group and  improved after  MSCs
transplantation (treated group). Fig 4 (a,b,c,d)

4-Effect of MSCs on kidney function

The results showed that, the serum
creatinine was strongly significant increased in
diabetic dogs compared to normal group,
(P>0.05). Treated dogs showed significant
decrease in serum creatinine and became nearly
similar to that in normal group. Fig (5).

-

Fig (1): Histogram demonstrated morphological changes of Mesenchymal stem cells during differentiation
(A) Undifferentiated MSCs after isolation (X 200), (B) Differentiated MSCS after 10 days by

Trichostatin-A and GLP-1  protocol (X 60).
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Fig (2): A Diagram shows changes in serum blood glucose among 3 studied groups. As serum blood glucose
decrease in treated group to become nearly equal normal group.
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Fig (3): Effect of MSCs on liver function (a) ALT and (b) AST
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Fig (4): Effect of MSCS on (a) cholesterol, (b) TAG, (c) HDL-C and (d) LDL-C.

Mansoura Vet. Med. J. Vol. 19, No. 1, 2018



Maha M. Azzam. et al...

106

|

creatinine mg/dl

——

1]

o = N W EeE OO N L O

Normal

Diabetic

Treated

Fig (5): Effect of MSCs on creatinine level

Table (1):Serum glucose, AST, ALT, cholesterol, Lipid profile, Creatinine.

Normal group

Diabetic group

Treated group

Serum glucose (mg/dl) level 82.50+28.63 449.004+222.91%* 132.50+43.98*
AST(U/L) activity 22.1648.37 41.50+24.36 25.50+13.63
ALT(U/L) activity 22.00+10.48 62.50+43.39 59.33+45.00
TAG(mg/dl) activity 55.16+26.17 142.33+112.16* 49.33+12.84*
LDL-C(mg/dl) level 12.44+10.13 18.8145.52 10.2542.71

HDL-C(mg/dl) level

110.66£19.65

133.66+20.42*

136.16£15.56*

Cholesterol(mg/dl) level

215.66+68.22

294.66+64.57*

228.66+£26.33*

Creatinine(mg/dl) level 0.71£0.20 3.70+£3.47* 1.06+ 0.25%
Results are expressed as mean + SE, values were significantly different at p<0.05.
DISCUSSION poor permeability across the intestinal
Diabetes mellitus is characterized by epithelium make it necessary to find other

increased levels of blood glucose due to
deficiencies in insulin secretion, action or both
which cause impairment in metabolic functions
of carbohydrates, proteins, and lipids (Jiang et
al., 2011).

Synthetic drugs wused in diabetes
treatment have many disadvantages as low
blood glucose at higher dose administration,
low oral bioavailability due to degradation in
stomach, inactivation and digestion by
proteolytic enzymes in the luminal cavity, and

alternatives (Mohini et al., 2012) Lately, it was
found that transplantation of islet can retrieve
glucose in type 1 diabetes to it’s normal range,
however there is two obstacles for this therapy
which are the chronic use of
immunosuppressive drugs to prevent rejection
of allogenic graft and supply tissue of human
islets (Lakey et al., 2003; Shapiro et al.,
2000). As a replacement for transplantation of
islets stem cells were used as it has the
ability to self-renewal, differentiate and
insulin production as a renewable source
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According to these finding, we efficiently
succeeded to direct MSCs into insulin -
producing cells.

Chronic  mild increase  of  the
transaminases was repeatedly in type 2 diabetic
peoples. (Ohlson et al., 1988) explained the
risk for ALT elevation in type 2 diabetes in
non-diabetic Swedish male and it’s not depend
on the distribution of body fat, plasma glucose,
obesity, concentration of lipid, AST and
bilirubin and family history of diabetes. In this
study, the diabetic dogs have elevated activities
of AST and ALT and these results were agreed
with other studies which compared type 2
diabetes people with non diabetic peoples for
the incidence of abnormalities in liver function
(Harris, 2005). It is safe to use antidiabetic
agents when transaminases are elevated as it
has effect on transaminases by lowering it. Our
result confirmed the previous data which
showed that treating diabetes with MSCs
restored the activities of ALT and AST (Tsai et
al., 2009).

In the present, after inducing diabetes in
dog serum creatinine was significantly
increased and return to normal after MSCs
transplantation. Several investigators showed
that diabetic animals has hypertriglyceridemia,
hypercholestermia with increased HDL and
abnormalities in lipoprotein levels which was
agreed with our results (Mathe, 1995; Wasan
et al., 1998) Increcase mobilization from
adipose tissue leads to increased plasma free
fatty acids and this related to type 2 diabetes
and causes elevated levels of serum lipids as
insulin inhibit hormone sensitive lipase (Al-
Shamaony et al., 1994).
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