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ABSTRACT

Introduction and Objectives: The relation linking typel diabetes (T1DM) to Alzheimer’s disease (AD) was recorded.
Recently, widespread attention for gene modification of stem cells (SCs) was established. The present work aimed at
investigating possible ameliorating impact of gene modified SCs on cerebral cortex and hippocampus in Alzheimer’s disease
(AD) complicating TIDM.

Methods and Results: 40 female rats were classified into: In Vitro Study Group: 4 animals used to perform SCs culture and
Sarco-Endoplasmic Reticulum Ca?*ATPase (SERCA) 2b preparation. Control Group (A): 6 animals. Diabetic Group (B): 10
animals received IP injection 50 mg/kg streptozotocin (STZ). Non-transfected SCs Group (C): 10 rats, received 1x106 rat SCs
intravenous. SERCA2b transfected SCs Group (D): 10 rats received 1x106 transfected SCs. 52 days after proving incidence of
diabetes, neurological, serum glucose, morphological, morphometric, gene quantitation, western blot and biochemical studies
were performed. Neurological study expressed a decrease in group B and in group C. Group B clarified degenerated neurons
in external pyramidal (EP) layer and dentate gyrus (DG). Group D revealed more obvious regression of degenerative changes
than group C. An increase in area of deformed nerve cells and Congo red +ve neurons, mean area% of immunoexpression (IE)
were found in groups B and C. Mean Ca ion concentration, catalase, SERCA2b gene and protein values expressed a significant
(sig) decrease in groups B and C. Mean MDA and beta amyloid protein proved a sig increase in groups B and C.
Conclusions: Stem cells transfected with sarcoplasmic reticulum calcium ATPase2b gene proved pronounced therapeutic
impact suggesting its potency and regenerative capacity in remarkable amelioration of Alzheimer’s disease complicating
diabetes 1.
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INTRODUCTION damaged neurons in progressive neurodegenerative
diseasesP!. Recently, adipose derived MSCs (AMSCs)
proved as alternative to other MSCs(®.

Recent studies have suggested a link between T1DM
and high intellectual cerebral functions!l. Chronic

hyperglycemia is closely related to development of The calcium ion (Ca*") signaling has an important
cognitive impairment associated with AD!!. Prestia et all* impact on structural and functional properties of neurons.
mentioned that AD is associated to impaired cortical and Changes of Ca*" content homeostasis were crucial in
hippocampal synaptic function. neurodegenerative disorders, including AD!. Recently,

gene modification of MSCs in different tissue cultures!®
was established. Sarco-endoplasmic reticulum Ca®'-
ATPase 2b (SERCA2b) is gene coding for SERCA2b
integral protein of endoplasmic reticulum (ER) that
preserves low cytosolic Ca?" levels.

Cao et al™ reported that, most of medications used
in the treatment of AD proved minimal therapeutic
efficacy. Recent therapeutic modalities are required to
limit progression of AD. Administration of stem cells
of mesenchymal origin proved to transdifferentiate into
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The present work aimed at investigating possible
ameliorating impact of SERCA2b gene modified AMSCs
versus non-modified AMSCs on morphological changes
in cerebral cortex and hippocampus of AD female albino
rat model complicating TIDM. Neurological, serological,
morphometric, polymerase chain reaction, western blot
and biochemical confirmative studies were performed.

MATERIALS AND METHODS

Experimental Design

Forty adult female albino rats weighing 200-220 grams
were kept in a well-ventilated room and kept in hygienic
cages in the Animal House, Faculty of Medicine, Cairo
University. Animal Ethics Committee of Cairo University
approved all procedures with approval number: 34 20. The
animals were randomly classified into:

In Vitro Study Group: Using four animals to obtain
SCs, perform culture, phenotyping and labeling. In
addition, the brain was homogenized and processed for
SERCA2b preparation by reverse transcription!'”. The
above mentioned procedures were accomplished at the
Hematology Unit.

Group A (Control Group): six animals, the Ist two
were injected intraperitoneal (IP) once with 0.5 ml citrate
buffer (CB). For the 2nd two, 24 days following CB
injection, 1ml of phosphate buffered saline (PBS) was
injected intravenous (IV). The 3rd two were injected IV
with 1.5 pl lipofectamine in addition, 24 days following
CB injection.

Group B (Diabetic Group): 10 animals were injected IP
with STZ (Sigma, USA). 50 mg/kg was dissolved for each
animal in 0.5 ml CB once!'. Assessment of serum glucose
value was performed 3 days after STZ administration, to
confirm diabetes in Clinical Chemistry Unit. Diabetes was
diagnosed by a level higher than 200 mg/dl. The animals
that didn’t reach the glycemic target were excluded from
the study!!!. The animals of this group were left without
treatment till time of sacrifice.

Group C (AMSCs Group): 10 animals. On the 24™ day,
1x106 of propagated and Feridex tagged rat AMSCs!!?,
preserved in one ml PBS and injected TVI!3,

Group D (Gene modified AMSCs Group): 10 animals.
On the 24th day, 1x106 of propagated and green fluorescent
protein (GFP) tagged!" SERCA2b modified AMSCs were
injected IV.

The rats of all groups were euthanised 52 days from the
start of the experiment.

Rat derived AMSCs collection and culture!'

Carbon dioxide (CO2) was used to sacrifice the
animals. Abdominal fatty tissues were isolated under sterile
conditions and cultured in DMEM (Dulbecco's Modified
Eagle's Medium) (GIBCO/BRL). After centrifugation, the
lowest layer was obtained. Resuspension of cells was done
in DMEM supplemented with 1% antibiotic and bovine

serum at 37 °C for 2 weeks. AMSCs were detached using
enzyme in ethylene diaminetetraacetic acid. Following
recentrifugation, SCs were placed and cultured in Falcon
flask. 4th passage cultures were completed in Hematology
Unit.

Characterization of AMSCs and flow cytometry

10ul of CD34 (14-0341-81, RAM34) and 10ul of
CD105 (MAS5-11854, SN6h), (Thermo Fisher Scientific,
USA) (Immunocytochemical characterization) were
applied for 20 mintes!'?. Cell percentage was assessed by
Flow Cytometer (FC) 500 (Beckman coulter, USA) and
determined by CXP Software in Hematology Unit.

Labeling of AMSCs with Feridex!'”

In culture medium, non-modified SCs were tagged by
Feridex (25microgram ferrumoxide/ml, Berlex Labs) for
lday. Labeling was demonstrated by Prussian blue stain.
Plasticity and regenerative capacity of tagged cells are
preserved.

Transfection!” and tagging!" of SERCA2b modified
AMSCs and flow cytometry

In DMEM culture medium, 1.5 pl Lipofectamine 3000
solution and 1.5 pg SERCA2b tagged with GFP were
added. GFP attaches to loci on the gene. Examination of
tagging was performed using fluorescent microscopy.
SERCA2b transfected AMSCs were examined using FC
percentage determination.

Animal Studies
Neurological screening and behavioral testing!®

The Y-maze test: measures memory for space. Three
similar arms made up the equipment. For 8 minutes, each
animal was kept in the centre. To test their memory, rats
often alternate between the three arms. An arm entry was
considered successful when the rat placed all four paws
inside that arm. The ratio of the actual to the maximum
number of alternations was used to calculate the alternation
%. The total number of arm entries minus two was used to
determine the maximum number of alternations that could
be made. Low% suggests a problem with spatial memory.

The open field (OF) test: to determine locomotor
activity, exploratory activity and behavior related to
anxiety. The equipment was formed of white wood with
central square area. Video camera was installed in a
quiet illuminated room, the behavior of each animal was
evaluated for 10 min after placing in central square area. All
fecal pellets and all spots of urination were wiped up. The
quadrant was sprayed with 70% ethanol. The followings
were recorded: 1. number of lines crossed by four paws
of rat. 2. Rearing behavior: frequency of rats standing on
their hind limbs to assess locomotor activity, exploration
and anxiety behavior. 3. Total number of entries to center
of open field. 4. Time spent in central part to assess anxiety
levels.
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Serological Study

Was performed for serum sugar level estimation 52
days from start of experiment.

Histological Study

Rats were ecuthanized by dislocation of cervical
vertebrae. Bone cutter was used to open the skull and half
of cerebral specimens were fixed in 10% formol saline for
paraffin blocks preparation. Sections were stained with:

1. Hematoxylin & Eosin (H&E) stain!'”!

2. Congo red stain (CR)?" to detect B-amyloid (AP)
substance, the main pathological hallmark of AD.

3. Perls Prussian blue stain (Pb)?!

4. Caspase3™ immunostaining, the marker for
apoptosis. A rabbit monoclonal antibody (700182,
9H19L2), (Lab Vision Corporation, USA).

5. Glial fibrillary  acidic  protein  (GFAP)
immunostaining, the marker for astrocytes®!. It A
rabbit monoclonal antibody, (MS-1376-PO) (Lab
Vision Corporation, USA).

Morphometric Study

Image analyizer (500 LTD, Leica Qwin Corporation,
Cambridge, UK), was used to determine area of atypical
neurons and CR +ve neurons in 10 non overlapping
fields x200. Area % of Caspase 3 and GFAP positive
immunoexpression (IE) were assessed by binary menu
x200.

Fluorescent Microscopic Study

Sections were placed in Xylol and photographed by
fluorescent microscope. GFP labeled sections!!!,

Quantitative polymerase chain reaction (qPCR) for
gene (SERCAZ2b) preparation and assessment

Reverse Transcription was carried out using paraffin
sections. The SERCA2b gene specific primer was, (forward
primer: 5" AAGTGCAATACCTCACTCG 3, reverse
primer: 5" GATCAGCAGCAGACATATC 3') [10]. By
using RNA, the complementary DNA strand was formed
for gene preparation. SERCA2b gene was quantitated on
PCR program.

Western blot (Wb) analysis

SERCA2b and Beta amyloid protein contents were
assessed and normalized to actin!*l.

Biochemical study

The other half of cerebral specimens was freezed for
homogenization. 1 gram of each cerebral homogenate
(Ortoalresa, Spain) was centrifuged. Colorimetric method
kits were provided by (Biodiagnostic, Egypt) to assess:

e Cerebral Ca®" concentration®

e Malondialdehyde (MDA)??! and catalase!*”

Statistical Study

Analysis was done using ANOVA test and P-values
<0.05 were proved to be sig. Statistical Package for the
Social Sciences (SPSS) version (16) was used.

RESULTS

Reduced activity and increased urine output were
notified in rats diagnosed to be positive for diabetes, these
observations regressed in animals that received treatment.
Two animals belonging to the diabetic group passed out at
start of present work, two days following STZ injection
and were compensated.

Immunophenotyping of Adipose mesenchymal SCs
and modified Adipose mesenchymal SCs

Positive immunoexpression was visualized with
CD105, CD34 showed no expression. Percentage
determined by FC was 96.9 %. GFP tagged modified
AMSCs were spindle. And % was 95.8 % (Figure 1).

Neurological and behavioral Results

Mean values of alternation score (%) in Y -Maze test
expressed sig reduction in group B, in group C versus
groups A and D. Open field test expressed a sig decrease in
group D versus group A, in addition (Table 1a).

Serum Glucose Values

Sig elevation was found in group B, in group C versus
groups A and D, in group D versus group A (Table 1a).

Histological phenotyping

Group A, revealed molecular, external granular,
external pyramidal (EP), internal granular, internal
pyramidal, pleiomorphic layers of cerebral cortex
(Figure 2a). Sections in the EP layer of cerebral cortex
demonstrated multiple pyramidal neurons exhibiting large
round vesicular nuclei and scanty cytoplasm with well-
defined main dendrite. Granule cells and stellate neurons
were also seen in EP layer. Microglia have elongated
darkly stained and astrocytes have pale nuclei (Figure 2b).
Sections in dentate gyrus (DG) of hippocampus recruited
dentate molecular layer (DML), granular (GL) and dentate
polymorphic (DOL) layers. Granular layer contains
crowded nerve cells each exhibiting a pale nucleus. The
DML as well as DOL demonstrated scanty scattered nerve
cells as well as neuroglia in neuropil (Figure 2¢). Group
B showed some fields of EP layer exhibiting multiple
pyramidal neurons with acidophilic cytoplasm containing
disintegrated nuclei. Deformed neurons with acidophilic
cytoplasm were detected, while others were deformed and
having dark nuclei (Figure 2d). DG exhibited multiple
neurons in GL with dark nuclei, neuropil vacuolations,
acidophilic masses with a vacuolated area around and
many microglia (Figure 2e).

Group C demonstrated some atypical nerve cells with
acidophilic cytoplasm and apoptotic nuclei with vacuolated
area around, many apparently normal pyramidal, stellate
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and granule nerve cells in EP layer (Figure 3a). Dentate
gyrus exhibited closely arranged neurons with vesicular
nuclei in the GL, some deformed neurons with darkly-
stained nuclei, neuropil vacuolations, some microglia and
few astrocytes (Figure 3b). In group D, EP layer exhibited
multiple apparently normal pyramidal neurons with well-
defined main dendrite, stellate and granule neurons,
few deformed neurons with acidophilic cytoplasm and
with vacuolated area around, scanty microglia as well as
astrocytes (Figure 3¢). Dentate gyrus recruited pale nuclei in
multiple crowded arranged nerve cells, accidental neurons
with dark nuclei among localized neuropil vacuolations
and accidental small acidophilic masses (Figure 3d).

In Congo red (CR) stained sections, EP layer and DG
of group A showed pale appearance of nerve cells and
neuropil (Figures 4 a,b). Strongly +ve deposits were found
in multiple neurons of EP layer, among neurons as well
as neuropil of DG of group B (Figures 4 c¢,d). Group C
revealed strongly positive deposits in few neurons of EP
layer and fewer and smaller strongly +ve deposits among
neurons of DG (Figures 4 e,f). Group D showed minimal
strongly +ve deposits in few neurons of EP layer and
few small strongly +ve deposits among neurons of DG
(Figures 4 g,h).

The EP layer and the DG exhibited -ve Caspase3
immunoexpression (IE) in group A (Figures 5 a,b), +ve
IE in multiple neurons (Figures 5 c,d) in group B. On
contrary, group C, showed fewer neurons with +ve IE
(Figures 5 ef) and, +ve IE in few neurons
(Figures 5 g,h) in Group D. In GFAP immunoexpression
(IE), in group A, EP layer and DG exhibited +ve IE in
few astrocytes among neurons (Figures 6 a,b). In group B,
+ve IE was found in multiple astrocytes (Figures 6 c,d).
On contrary, group C recruited +ve IE of fewer astrocytes
(Figures 6 e,f). In group D, +ve IE was noticed in few
astrocytes (Figures 6 g,h).

Morphometric results (Table 1b)

Area of atypical nerve cells, CR+ve neurons as well
as area% of caspase3 +ve and GFAP +ve IE indicated sig
increase in diabetic versus treated rats as well as AMSCs
treated rats versus AMSCs gene modified treated rats.

Tracking AMSCs and transfected AMSCs
Many Pb tagged AMSCs were detected in EP layer,

attached to neurons, in the lumen of vessels as well as
among neuropil in group C. DG demonstrated Pb stained
cells among neurons, inside blood vessels and among the
neuropil. (Figures 7 a,b). In group D, multiple GFP labeled
cells were detected mainly in EP layer of cerebral cortex
and DG of hippocampus (Figures 7 ¢,d).

PCR results

The mean SERCA2b gene values in pg in groups A,
B, C and D were (1.56+0.19), (0.32+0.04), (0.76+0.15)
and (1.51+0.21) respectively, expressing sig decrease
(P <0.05) in group B versus groups A, C as well as D, in
group C versus groups A as well as D (Figure 7e).

Values of Wb

The mean values of SERCA2b protein in control,
diabetic and AMSCs and gene modified AMSCs treated
rats were (2.38+0.18), (0.46= 0.07), (1.38+ 0.15) and
(2.25+ 0.39), denoting a sig decrease (P < 0.05) in diabetic
rats versus control and treated rats, in AMSCs treated rats
versus control as well as AMSCs gene modified treated
rats (Figure 7f). Beta amyloid protein levels in control,
diabetic and AMSCs and gene modified AMSCs treated
rats were (1.05+ 0.09), (4.76+ 0.29), (2.19+ 0.13) as well
as (1.65+ 0.31) respectively, expressing a sig increase
(P < 0.05) in diabetic rats versus other rats, in AMSCs
treated rats versus control as well as AMSCs gene modified
treated rats, in latter group versus control (Figure 7g).

Biochemical Data

Calcium ion concentration was reported as (8.56+
0.66), (7.13+ 0.10), (7.47+ 0.16) and (8.33+ 0.60) for
control, diabetic and treated rats respectively, indicating
sig reduction in diabetic rats as well as AMSCs treated rats
versus control as well as AMSCs gene modified treated
rats. The mean values of MDA expressed (40+2.11),
(136.91+ 7.03), (83.44 £0.70) and (58.3142.66) for groups
A, B, C and D respectively, denoting a sig increase in
diabetic rats versus all rats, in AMSCs treated rats versus
control as well as AMSCs gene modified treated rats, in
the latter rats versus control. The mean values of catalase
were (213.69 £2.13), (103.25 £1.56), (193.51+6.14) and
(208.10+1.70) respectively, confirming a sig decrease in
diabetic rats versus all rats, in AMSCs treated rats versus
control as well as AMSCs gene modified treated rats, in the
latter rats versus control (Figure 7h).
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Fig. 1 showing: (a) CD105 +ve spindle cells (b) CD34 —ve IE (a and b: Phase contrast microscopy x 400 and 100 respectively). (c) 96.9 % CD105 +ve cells
(Flow Cytometry). (d) GFP tagged modified AMSCs were spindle (GFP x100) (e) 95.8% GFP labeled cells (Flow Cytometry).
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Fig. 2 showing: In group A: (a) molecular (M), external granular (EG), external pyramidal (EP), internal granular (IG), internal pyramidal (IP), pleiomorphic
(PL) layers of cerebral cortex (H&E, x100) (b) multiple apparently normal pyramidal (P) with well-defined main dendrites (arrows), granule (g) and stellate (s)
neurons, microglia (m) and astrocytes (a) in EP layer. (c) DML, GL, DOL, pale nuclei (arrows) of GL neurons, few microglia (m) and astrocytes (a) in DML
and DOL. In group B: (d) multiple pyramidal neurons with acidophilic cytoplasm and disintegrated nucleus (A), deformed neurons with acidophilic cytoplasm
(*), deformed and having dark nuclei () in EP layer. (¢) DG exhibited multiple neurons in GL with dark nuclei (D), neuropil vacuolations (*), acidophilic
masses (A) and many microglia (m). (H&E, x400)
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Fig. 3 showing: (a) In group C: some atypical nerve cells with acidophilic cytoplasm and apoptotic nuclei (D), multiple pyramidal (P), stellate (s) and granule
(g) neurons in EP layer. (b) In group C: neurons with vesicular nuclei (arrows), some deformed neurons with darkly-stained nuclei (D), neuropil vacuolations
(*), some microglia (m) and few astrocytes (a) in DG. (c) In group D: few deformed neurons with acidophilic cytoplasm (A), multiple pyramidal (P), stellate
(s) and granule (g) neurons, scanty microglia (m) and astrocytes (a) in EP layer. (d) In group D: neurons with pale nuclei (arrows), a deformed neuron with dark
nucleus (D), localized neuropil vacuolations (*) and a small acidophilic mass (A). (H&E, x400)
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Fig. 4 showing: In Group A: pale appearance of nerve cells and neuropil in (a) EP layer and (b) DG. (c) In group B: Strongly +ve deposits in multiple neurons
(+) of EP layer. (d) In group B: multiple strongly +ve small and large deposits among neurons (+) of DG. (e) In group C: strongly +ve deposits in few neurons
(+) of EP layer. (f) In group C: fewer and smaller strongly +ve deposits among neurons (+) of DG. (g) In group D: minimal strongly +ve deposits in few neurons
(+) of EP layer. (h) In group D: few small strongly +ve deposits among neurons (+) of DG. (CR, x400)

Fig. 5 showing: Caspase3 immunoexpression in group A: -ve in (a) EP layer and (b) DG. In group B: +ve (C+) in multiple neurons in (c) EP layer and (d) DG. In
group C: +ve (C+) in fewer neurons in (e) EP layer and (f) DG. In group D: +ve (C+) in few neurons in (g) EP layer and (h) DG. (Caspase3 immunostaining, x400)
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Fig. 6 showing: GFAP immunoexpression in group A: +ve (+) in few astrocytes among neurons in (a) EP layer and (b) DG. In group B: +ve (+) in multiple
astrocytes in (c) EP layer and (d) DG. In group C: +ve (+) in fewer astrocytes in (e) EP layer and (f) DG. In group D: +ve (+) in few astrocytes in (g) EP layer
and in (h) DG. (GFAP immunostaining, x400)
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Fig. 7 showing: (a) In group C: Many Pb tagged AMSCs attached to neurons (s), in the lumen of vessels (+) as well as among neuropil (*) in EP layer. (b) In
group C: multiple Pb stained spindle cells among neurons (s), inside blood vessels (+) and among neuropil (*) in DG. (Pb, x400). In group D: multiple GFP
labeled cells mainly in (c¢) EP layer and (d) DG (GFP, x100). (¢) qPCR of SERCA2b gene. (f) Wb of SERCA2b protein normalized to actin. (g) Wb of beta
amyloid protein normalized to actin. (h) histogram of Ca2+ concentration, MDA and catalase values.
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Table 1a: Mean values (+standard deviation (SD)) of neurological tests (Y -Maze and open field) and blood glucose level

Group A Group B Group C Group D
Y -Maze test (Alternation score (%)) 88.67 +4.89 55.88 +4.51" 67.06 + 9.46° 79.85+ 9.71
Number of line crossing 151.75 £ 6.22 50.25 + 1.48" 79 +5.12° 103.62 + 10.07

Open field test Number of center square entries 13.25+1.28 1.37+ 0.51'- 3.62+0.74° 7.87 £ 1.45"

Center square duration (sec) 41.75 £ 2.60 8.25+1.90 15.50+1.41° 25.75+£4.55"

Rearing frequency 48 £4.50 14,75+ 5.67" 22.75+3.61° 37.62+3.02°
Blood glucose level 98.23 mg/dl £0.78  440.17 mg/dl +3.40" 15531 mg/dl £2.79%  128.03 mg/dl + 1.43*

Sig (P<0.05)

B Decrease compared to control and treated groups.
® Decrease compared to control and group D.

" Decrease compared to control group.

* Increase compared to control and treated groups.
# Increase compared to control and group D.

4 Increase compared to control group.

Table 1b: The mean area of deformed neurons, CR+ve neurons and mean area% of caspase3 +ve and GFAP +ve IE = SD

Groups Area of atypical neurons Area of CR+ve neurons Area% of caspase3 +ve [E Area% of GFAP +ve IE
Group A 0 0 0 0.21+£0.02
Group B 40.09 + 12.74" 65.80 + 8.44" 8.40 +2.05" 3.77 +0.49°
Group C 29.72 £4.70" 35.03 £6.43" 2.79 +£0.53" 0.69+0.15"
Group D 15.84 +4.67 11.11 £2.35 0.17 £0.02 0.26 +0.04

sig (P<0.05)

* increase versus groups C and D ~ increase versus group D

DISCUSSION

Clinical research and animal experiment proved that
encephalopathy complicating TIDM is similar to brain
ageing developing in neurodegenerative diseases. AD being
the most common one, is characterized by memory loss and
other intellectual disabilities due to impact on the cerebral
cortex and hippocampus. Rats and mice models were
proved to develop neurodegenerative changes simulating
those in human brain of AD¥. Induction of TIDM was
performed by injection of STZ, that induces fast and
irreversible necrosis due to selective destruction of -cells
of islets of Langerhans in rats!l. Prevalence and severity of
AD was documented in women more than men, similarly,
in female rats. This can be related to sex steroid hormones,
antioxidant defense system and neurotransmitters!”).

The diabetic rats expressed reduced neurological and
behavioral values, in AMSCs treated rats versus control
as well as AMSCs gene modified treated rats, confirming
neuronal degeneration and dysfunction, that improvement
particularly by SERCA gene therapy. In support,
cholinergic neuronal cell death and dysfunction develops
due to amyloid-f plaques deposition prefrontal cortical
area as well as dentate gyrus. Latter regions determine
memory for space, which when disabled represent main
characteristic features of ADI'.

Stem cells were reported to secrete brain-derived
neurotrophic growth factor, promote angiogenesis and
improve blood flow”, consequently repairing cognitive
dysfunction. In addition, it was confirmed that calcium
regulated by SERCA2b in mammalian neurons is essential
for neuronal development, neurotransmitter release and
signal transduction. Using SERCA gene, considered a
recent treatment modality, either by stimulation using
SERCA activators or through controlling SERCA
expression by genetic manipulations®',

The blood glucose level revealed sig increase in
diabetic rats, in AMSCs treated rats versus control as well
as AMSCs gene modified treated rats, in the latter rats
versus control, which proved blood group tests sensitivity.
In support, the hyperglycemic lowering effect of MSCs
can be referred to regenerating pancreatic islets and beta
cells that produce insulin®?. In addition, insulin secretion
is a Ca®" dependent process, Ca’>" ions being stored in
endoplasmic reticulum controlled by SERCA protein
expressed by the gene, exerting homeostasis™.

Group B recruited EP layer exhibiting multiple atypical
neurons with acidophilic cytoplasm and disintegrated or
dark nuclei, multiple microglia and astrocytes. DG showed
obvious neuropil vacuolations and few acidophilic masses,
in addition. The increased area of atypical neurons was
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confirmative versus treated groups, denoting degenerative
changes. In accordance, Luebke et a/l* focused specifically
on layer Il (EP) pyramidal neurons because they are
the principal neurons responsible for high intellectual
activities affected in neurodegeneration. Recently, Ali
et al®! confirmed that pyknotic nuclei were found in
neurons of cerebral cortex and hippocampus of AD rat
model.

In support, it was pointed to vacuolated neuropil in
DG and neuronal degeneration in EP layer of prefrontal
cortex!'’. Bashir et a/*¥ added that pyramidal cells of
cerebral cortex showed chromatolysis and karyolitic
nuclei. In the hippocampus, the pyramidal cells showed
dystrophic changes and spongiform vacuoles in the
neuropils. Apoptosis of nerve cells were found to be
intimately related to ROS accumulation. In agree, AD was
proved to stimulate microglial proliferation and phagocytic
activities, the latter become insufficient with progress of
the disease. Activated microglia may activate astrocytes,
that stimulate inflammation¢.

Group C showed EP layer exhibiting fewer deformed
neurons. DG exhibited localized vacuolations in
neuropil, fewer microglia and few astrocytes, in addition.
Significantly increased atypical neurons’ area was noted
versus gene modified AMSCS treated rats. In agreement
with, administrated MSCs to AD animal models were
recorded to move to the brain and enhance neurogenesis,
neuronal differentiation, endogenous neural precursor cells
and signaling actions, modulating brain homeostasisi®".

Group D revealed few deformed neurons, few microglia
and astrocytes. The DG contained localized vacuolations
and accidental small masses. It can be commented that,
decreased microglia accompany less abundant necrotic
cells. In support, AD proved misbalance of intracellular
calcium concentration that initiate neurodegeneration.
Delivery of therapeutic gene into the cell restores
histophysiology*®.

Significantly increased CR+ve area was found in
group B, in comparison to treated groups. Concomitantly,
extracellular aggregation of Af} as CR +ve plaques appeared
in cortex and hippocampus, indicating neuroinflammation
followed by degeneration and memory impairment in AD
mice model [20].

Significantly increased area of CR+ve neurons
was detected in group C versus group D, which showed
minimal strongly +ve deposits. It can be proposed that
transplanted MSCs were proved to exert anti-inflammatory
and antioxidant actions. In support, unfolded protein
such as amyloid and tau in AD that lead to endoplasmic
reticulum (ER) stress. SERCA was proved to decrease
ER stress by controlling Ca?" homeostasis, consequently
improves memory function and cognition*?).

Significantly increased area% of caspase3 and glial
fibrillary acidic protein IE was found in diabetic rats
versus treated rats and in AMSCs treated rats gene

modified AMSCs treated rats. In support, caspase-3
was confirmed to be significantly activated in neuronal
degeneration and represents a measure for neuronal
apoptosis caused by oxidative stress??. It was added that
astrogliosis is associated with elevated AP aggravation
and neuronal death®®. Transplanted MSCs were proved
to exert repeated division and differentiation abilities ",
while SERCA  overexpression inhibits neuronal
apoptosis by restoring Ca?* homeostasis that blocks the
AP-induced astrogliosis!l.

Multiple Pb stained spindle cells were found attached
to neurons of EP layer and among neurons of DG, inside
blood vessels and among neuropil in group C. Group D
showed multiple GFP labeled cells in EP layer and DG. In
accordance, ferrumoxide tagging of SCs, to be stained with
Pb was proved not to affect SCs viability?". GFP is used
as a marker for co-localization of transfected SCs, namely
lipofectamine 3000 transfection!'”).

The mean SERCA2b gene and protein values
expressed decrease in diabetic rats, in AMSCs treated rats
versus control as well as gene transfected AMSCs treated
rats. It can be concluded, that impaired SERCA including
SERCAZ2b function leads to increased intracellular calcium
concentration and triggers ER stress that is associated
with neurodegenerative diseases and diabetes. Recently,
it was reported that the efficacies of MSCs on chronic
diseases, is by decreasing ER stress, rescuing SERCA
gene via regenerative plasticity™!. Similarly, mRNA was
used to form SERCA2b gene and quantitation by RT-
gPCR. In addition the levels of SERCA2D protein detected
by Western blotting, revealed significant increase in
SERCAZ2b protein in cocultured MSCs[*?,

While, the mean beta amyloid protein proved a sig
increase in diabetic rats, in AMSCs treated rats versus
control as well as gene transfected AMSCs treated rats,
the latter rats versus control, expressing sensitivity of
quantitation of AP protein. It was added that Wb recorded
age-related agreggation of amyloid beta protein within
cerebrum in ADP*. Zhang et al*¥ proved that MSCs can
eliminate AB by inducing secretion of AP proteolytic
enzymes in microglia and can regulate cell autophagy.
Xu and Van Remmen®! commented that changes in
homeostasis of ER Ca** pool is a key point in regulation
of AP production. Activation of SERCA resumes Ca**
homeostasis, consequently reduces AP accumulation.

Values of mean Ca ion concentration reported a sig
decrease in diabetic rats, in AMSCs treated rats versus
control as well as gene transfected AMSCs treated rats.
This can be due to decreased SERCA expression keeping
Ca ion homeostasis. Concomitantly, it was confirmed that
in diabetes, disrupted calcium storage in neuronal ER
was recorded. It was added that neurons from diabetic
animals displayed lower ER Ca?* content, and reduced Ca?*
uptake into the ER™). MSCs were found to modulate Ca**
by relieving ER stressi*!l, consequently downregulating
calcium in the cytoplasm. SERCA gene therapy helps
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pumping Ca*" from the cytoplasm into the ER, which
maintain the Ca?" dynamics in the cytosol and fills up the
ER lumen with high Ca*" levels?’l.

Values of mean MDA and catalase expressed a sig
increase and decrease respectively in diabetic rats, in
AMSCs treated rats versus control as well as gene
transfected AMSCs treated rats, in the latter rats versus
control. The biochemical results reflected disruption of
oxidant- antioxidant enzyme system in the diabetic group.
Restoration of the balance of the system was proved by
MSCs injection and more obviously by SERCA gene
therapy.

In support to the previous findings, oxidative imbalance
is a crucial factor inducing AD. Due to the brain's high
oxygen demand, oxidative stress affects it the most.
ROS are highly produced in hippocampus and frontal
cortex of AD patients, which causes brain damage. Lipid
peroxidation and karyorrhexis of DNA during apoptosis
develop 2ry to ROS production. Malondialdehyde is
considered a degradation product that determines value
of lipid peroxidation®. One of the main protective
systems against oxidative damage is catalase, interrupting
neurotransmission?”..

It was mentioned that MSCs ameliorate oxidant
damage and activate catalase synthesisi*. It was
documented that SERCA, is crucial for keeping Ca
ion homeostasis participated between ER and cytosol.
Consequently, regaining neuronal integrity affected in
neurodegeneration®.

CONCLUSION

In conclusion, TIDM precipitated morphological
findings denoting neurodegeneration in the cerebrum and
hippocampus in a model of rat for AD. Amelioration of
degenerative structural changes in response to adipose
derived MSCs and SERCA2b gene transfected adipose
derived MSCs was confirmed. Stem cells transfected with
sarcoplasmic reticulum calcium ATPase2b gene proved
pronounced therapeutic impact suggesting its potency
and regenerative capacity in remarkable amelioration of
Alzheimer’s disease complicating diabetes I. Neurological,
serological, morphometric, qPCR, WB as well as
biochemical parameters proved the concluded findings.
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