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The purpose of this study was to investigate the associa-
tion of casein-alpha-S2 protein of Caprine milk and mo-
lecular mechanism of insulin signal transduction in type
2 diabetes mellitus (T2DM). We divided 24 experimen-
tal rats into two major groups, namely control and DM
group. The Caprine milk CSN1S2 protein treatment of 0,
375, 750, and 1500 mg/kg BW was administered to the
control and DM rats. We observed several physiological
parameters of all rats. The levels of insulin and TNF-a in
the plasma were measured using ELISA. The expressions
of proteins and mRNA levels of diabetes-related genes in
the pancreas tissues were analyzed using Western Blot-
ting and Real-Time PCR, respectively. Our study found
that there was no improvement in the blood glucose
and cholesterol level of DM rats treated with CSN1S2.
Interestingly, the expression of genes associated with
insulin signaling was improved by the CSN1S2 protein
treatment in diabetic rats. The diabetic rats showed an
elevated insulin level and GLUT4 protein expression af-
ter treatment. We also reported that the CSN1S2-treat-
ed diabetic rats had a gradually reduced expression of
TNF-a and VCAM1 in dose-dependent manner. Moreo-
ver, the 750 mg/kg BW of CSN1S2 treatment enhanced
the mRNA expressions of INSR, GLUT4, IGF1, CAMKK,
and CAMK4 in diabetic rats. The ability of Caprine milk
CSN1S2 protein to regulate the molecular mechanisms
in the diabetes-signaling pathway indicated its potential
therapeutic effects on diabetes management.
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INTRODUCTION

Nutrition-gene interaction plays a role in modifying
cellular signaling pathways at the molecular level. It can

induce the molecular and physiological dysfunction of
gene cascade increasing susceptibility to metabolic dis-
eases, such as dyslipidemia and type 2 diabetes. Type 2
diabetes mellitus is a metabolic disorder caused by dif-
ferent factors, including hereditary qualities, epigenetics,
and environmental variables such as improper nutrition,
unbalanced diets, and lack of exercise. These risk fac-
tors influence the outflow of qualities engaged in insu-
lin biosynthesis in B-cells and insulin secretion across
peripheral tissues (Dauncey, 2012; Fatchiyah e 4/,
2017b; Kang et al., 2020). The lack of insulin and diet
composition affects the downstream insulin signaling in
type 2 diabetes. The diet has been associated with in-
sulin resistance and hyperglycemia in type 2 diabetes.
The nutrients may activate indirectly the insulin sign-
aling stimulated by phosphorylation of insulin receptor
substrate (IRS) proteins and then induce the glucose
transport through the PI3-K downstream activation
(Cepas et al., 2020; Kang et al., 2020). It is understood
that some nutrient substances alter metabolic signal-
ing in diabetic cells. Moreover, molecular mechanisms
in tissues of the body can regulate underlying bioactive
nutritional composition according to the individual dif-
ferences in multiple target genes. There are very inter-
esting aspects to explore on the communication of nu-
trition — gene regulation in type 2 diabetes.

The insulin signaling regulation is a mechanism high-
ly considered to account for understanding diabetes
and its management (Saif-Ali e7 al, 2011; Cieslak ez al.,
2015). Insulin control of target cells is transferred from
the insulin receptor (INSR) at the cell surface to differ-
ent cellular processes such as glucose uptake through
an intracellular signaling network. Insulin-IR interac-
tion is believed to transduce signals by phosphoryla-
tion on Tyr residues of insulin receptor substrate (IRS)
proteins. The high concentrations of glucose promote
the insulin gene transcription and enhance the biosyn-
thesis of insulin at the post-translational level at the
critical limits of the physiological maintenance (Brin-
nmark ez al, 2013; Lorenzo et al., 2008). Some muta-
tions in the tyrosine kinase domain of IR inhibit the
IRS1 signal transduction inside target cells. A report
of our research in diabetes patients had shown the
nucleotide mutation of the tyrosine kinase domain of
the insulin receptor gene inhibited the activation of
IRS1 signal transduction. We described a deletion re-
sulting in a frameshift mutation at codon 1274 fol-
lowed by premature termination after four additional
amino acids (p.GIn1274HisfsX5). This mutation led to
the shortened 3D-structure of the tyrosine domain of
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INSR with incomplete post-translational modifications
(Fatchiyah e# al, 2013). A mutation in one allele gen-
erating a stop codon at amino acid 897 in the extracel-
lular domain of the B-subunit of INSK gene has caused
a nonfunctional insulin receptor (Iovino e al, 2014).
The tyrosine kinase domain of insulin receptor has a
self-blockade depending on the projection of an acti-
vation loop tyrosine residue into the substrate-binding
site and closure of the ATP-binding site by the activa-
tion loop that induces important metabolic and endo-
crine function (Nobile ez a/, 2012). The alterations of
the activation status of the proximal insulin signaling
enzymes and downstream targets have been studied in
muscle and adipose tissue in cases of insulin resistance,
obesity, and type 2 diabetes. These conditions caused
abnormalities in the insulin signaling cascade in tar-
get tissues (Huang & Czech, 2007; Fr6jd6 e al., 2009;
Brinnmark e# al, 2013). The conditional depletion of
glucose transporter type 4 (GLUT4) in ecither adipose
tissue or skeletal muscle causes insulin resistance and
a roughly equivalent incidence of diabetes in animals.
These tissue-specific depletions of GLUT4 have pro-
found metabolic effects on other tissues. In the hepatic
cell, as an insulin target tissue, insulin resistance can be
stimulated by inflammatory cytokine TNF-a (Huang &
Czech, 2007; Saif-Ali ef al., 2011). It is possible that us-
ing nutrients and gene-nutrition interactions might alle-
viate the defect of insulin signal transduction pathway.
One group of the potential nutrients are bioactive pep-
tides of goat milk protein.

Goat milk-derived bioactive peptides promote better di-
gestibility, buffering capacity, and alkalinity than ones from
cow’s milk and besides bring certain therapeutic values in
medicine and human nutrition. The protein in goat milk
has constituent amino acids that are efficiently absorbed
and easily digested. Our study found that 36 kDa of fresh
milk and yogurt identified by MALDI TOF analysis was
a single casein-alpha-S2 (CSN1S2) protein. The seven of
eight of bioactive peptides residues of CSN1S2 protein
have the specific biological function as anti-inflammatory,
anti-bacterial, and anti-oxidant (Fatchiyah 7 @/, 2015). The
bioactive peptides of Caprine milk might have a func-
tion as immunomodulators causing nutrition-gene cascade
communication to regulate cellular mechanism signaling in
prevention for type 2 diabetes. Therefore, this study fo-

Table 1. Specific Primer Sequences for RT-qPCR

cused on analyzing the role of Caprine CSN1S2 protein
in several physiological parameters and the expression of
genes and proteins related to diabetes signaling pathway.

MATERIALS AND METHODS

Preparation and administration of Caprine
CSN1S2 protein. Isolation of CSN1S2 bioactive peptide
was performed on fresh Ethawah goat milk. The fresh
goat milk was obtained from UPT Singosari, East Java,
Indonesia. The isolation procedure of CSN1S2 protein
was accordant with the previous study (Bia ez al, 2015).

Preparation of Experimental Animals. Twenty-four
male Wistar rats (Rattus norvegicus), 12 weeks old, with the
body weight range of 100-150 grams were obtained from
the Laboratory of Experimental Animal, Integrated Re-
search and Testing Laboratory, Gadjah Mada University,
Yogyakarta, Indonesia. The animals were acclimatized
for 1 week in Animal ILaboratory, Biosains Institute,
Brawijaya University, Malang, Indonesia. After that, the
twenty four rats were randomly divided into eight groups
(n=3): control (untreated) group (C), CSN1S2 protein of
goat milk group of 375 mg/kg BW (CM375) group, 750
mg/kg BW (CM750) group, 1500 mg/kg BW (CM1500)
group, diabetes mellitus type 2 (DM) group, diabetes
mellitus group treated by CSN1S2 protein of goat milk
of 375 mg/kg BW (DMM375) group, 750 mg/kg BW
(DMM750) group, and 1500 mg/kg BW (DMM1500)
group. They were kept in the metabolic cage, exposed
to a 12-hour light, and 12-hour dark cycles at RT. The
DM rats were established by high cholesterol (45-50%
standard diet, 20-30% wheat flour, 3—6% duck egg yolk,
10-20% goat fat, 2-3% coconut oil, 0.1-0.5% cholic
acid) feeding for 2 months until they had hypercholes-
teromia (cholesterol levels >200 mg/dl). A single dosage
(25 mg/kg BW) of streptozotocin (STZ) was injected in-
traperitoneally to the hypercholesteromia rats for a week.
After the STZ injection, blood glucose and cholesterol
levels were monitored every week. DM was diagnosed
when blood sugat exceeded 250 mg/dl (Mostafavinia ez
al., 2020; Fatchiyah e al., 2019; Moree e/ al., 2013). The
CSN1S2 protein of goat milk treatment was performed
for 28 days by oral administration. The physiological
parameters (blood glucose and cholesterol level) were
evaluated using Nesco MultiCheck (Bioptik Technology,

Genes Sequence Function References
INS-F-5-ATAGACCATCAGCAAGCAGG-3'

INS qPCR Yu et al., 2004
INS-R-5"-CTCCAGTTGTGGCACTTGCG-3’

INSR-F-5'-GAAAAAATTGCGGCGGGAGG-3’

INSR qPCR Tambunan et al.,, 2019
INSR-R-5-TGGCTTTATCTCGGCTCTTG-3’

CAMKK-F-5'-GGAGGTGAAGAACTCAGTC-3'

CAMKK Reverse Transcriptase Yu et al., 2004
CAMKK-R-5"-GGATGCAGCCTCATCTTCCT-3'

CAMK4-F-5'-GCCCTATGCTCTCAAAGTGT-3'

CAMK4 Reverse Transcriptase Yu et al., 2004
CAMK4-R-5"-CACACCGTCTTCATGAGCAC-3'

IGF1-F-5-CTGCCTCTGTGACTTCTTGAAGG-3'

IGF1 qPCR Alzzhanov et al., 2015
IGF1-R-5"-GTCTTGGGCATGTCAGTGTGG-3'

GLUT4 GLUT4-F-5"-GCCGGGACACTATACCCTA-3' qPCR The GLUT4 primer sequence is our design accor-
GLUT4-R-5"-TAGTGAGGGTGCCTTGTGC-3' ding to ID gene: NC_005109.4
GAPDH-F-5'-ACCACAGTCCATGCCATCAC-3’ :

GAPDH Reverse Transcriptase, Cho et al, 2008

GAPDH-R-5'-TCCACCACCCTGTTGCTGTA-3'  9PCR
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Inc., Taiwan). The Institutional Animal Care and Use
Committee of the Brawijaya University approved all ex-
perimental protocols.

Protein expression analysis. The levels of insulin
and TNF-a in rat plasma were measured using ELISA
kit (CatNo EO711Ra (Insulin) and Cat.No E0764Ra
(INF-a), Bioassay Technology Laboratory, China) and
SAFAS MP96 microplate reader (Safas, Monaco). The
GLUT4, VCAM1 and B-actin protein expression levels
of pancreas tissues were analyzed using Western Blot-
ting. The protein of pancreas tissue was separated in
12.5% SDS- PAGE and was blotted using the PVDF
membrane. The 5% skim milk in PBS was used to non-
specific protein blocking for an-hour incubation at room
temperature. The membrane was incubated overnight at
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VCAM1 (SantaCruz-Biotech., USA), mouse anti $-actin
(SantaCruz-Biotech., USA). The membranes wete incu-
bated with polyclonal anti-rabbit IgG and anti-mouse
IgG-AP labeling (KPL, Maryland, USA). The positive
reaction was visualized with Western Blue stabilized sub-
strate (KPL, Maryland, USA). The reaction was stopped
by distilled water and visualized by ChemiDoc Imaging
System (Bio-Rad ILaboratories Inc, USA). The intensity
of specific protein was measured by Quantity One soft-
ware.

RNA Isolation and cDNA synthesis. PureZol RNA
isolation reagent (Bio-Rad Laboratories, USA) was used
to isolate RNA from pancreas of all rat groups. The
cDNA synthesis was performed using the iScript cDNA
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Figure 1. The blood glucose and cholesterol level, mRNA level of INS and INSR genes and insulin and TNF-a protein expression.

(A) Blood glucose Level; (B) Cholesterol Level; (C, D and E) mRNA level of insulin (INS), insulin receptor (INSR) and GAPDH genes from rat
pancreatic tissues determined by real-time PCR; (F) Level of insulin expression, and (G) Level of TNF-a expression were analyzed by ELISA
analysis. All groups were analyzed using ANOVA followed by Duncan test. (¥) indicates a significant difference (P<0.05).
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Synthesis Kit (Bio-Rad Laboratories, USA). The quantity
and purity were measured using Nanodrop Spectropho-
tometer (Implen, Germany).

Determination of mRNA level. The mRNA level of
CAMK4 and CAMKK was analyzed by reverse transcrip-
tion-PCR (C1000 Touch™ Thermal Cycler, Life Science
Research, Bio-Rad) using specific primers (Table 1).
The mRNA levels of INS, INSR, GL.UT4, and IGF1
genes were amplified with specific primers (Table 1)
then measured by Real-Time PCR (CFX-96, Bio-Rad).
GAPDH was used as the reference gene in the normali-
zation of the data so its mRNA level was measured us-
ing reverse transcription-PCR (RT-PCR) and qPCR. The
quantity and purity were tested using Nanodrop Spectro-
photometer (Implen, Germany) then the qualities were
evaluated by 1.5% agarose gel electrophoresis (MUPID-
ex). The band quality was measured using Quantity One
software.

Statistical analysis. The data in figures are present-
ed as meantStandard Deviation and differences among
groups were analyzed using SPSS 16.0 (SPSS Inc., Chica-

A) Y]

\p‘b o *1@ 6°°

go, Illinois, USA). The significant values were measured
using One Way ANOVA analysis followed by Duncan
test with P value <0.05.

RESULTS

Effect of the CSN1S2 protein on blood glucose and
some diabetes mellitus parameters in gene and protein
level

As shown in Fig. 1A and Tig. 1B, the Caprine milk
CSN1S2 protein consumption did not cause a signifi-
cant reduction in blood glucose and cholesterol level in
groups of diabetic rats. At the molecular level, genes and
protein expression in DM rats significantly improved af-
ter Caprine milk CSN1S2 protein administration (Fig. 1C
to Fig. 1F). The highest mRNA level of the INS gene
was detected in a group of control healthy rats without
any treatment (P<0.05), and in the groups of DM rats
no significant change was found (Fig. 1C and Fig. 1D).
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Figure 2. The mRNA level of GLUT4 and IGF1 genes and GLUT4 and VCAM1 protein expression.
(A, B, C) The GLUT4, IGF1 and GAPDH genes expression was determined by real-time PCR. (D, E and F) Western Blotting was used to
determine the level of GLUT4, VCAM1 and (-actin protein expression. All groups were analyzed using ANOVA followed by Duncan test.

(*) indicates a significant difference (P<0.05).
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The mRNA expression of the INSR gene in DM rats
was significantly (P<0.05) improved in groups treated with
all three doses of Caprine milk CSN1S2 protein, but in
control healthy rats decreased (Fig. 1E). The insulin level
of DM rat pancreatic tissues was the lowest among all
groups, and increased after treatment with all three dos-
es (Fig. 1F). On the contrary, tumor necrosis factor-u
(INFo) expression was the highest in DM rats (P<0.05)
and dropped gradually after all three doses of Caprine
milk CSN1S2 protein (Fig. 1G). In general, the treatment
with Caprine milk CSN1S2 protein at all tested doses pro-
vided the good improvement.

To find out the role of glucose transporter on glucose
uptake, this study also analyzed the mRNA levels of the
GLUT#4 and IGF7 genes using real-time PCR analysis, and
the protein expression of GLUT4 and VCAM1 measured
by Western blotting using specific monoclonal antibod-
ies. Figure 2 (A, B and C) shows that the highest level
of GLUT4 and IGF1 mRNA was detected in the control
rats. In DM rats, the mRNA expression of both genes in-
creased after Caprine CSN1S2 protein at doses of 375 and
750 mg/kg BW. As it is shown in Fig. 2D and Fig. 2E,
the level of GLUT4 protein expression in DM rats was
most notably enhanced in a group treated with 750 mg/
kg BW of Caprine CSN1S2 protein. The VCAMI1 protein
expression in DM rats with CSN1S2 treatment was gradu-
ally reduced (Fig. 2D and Fig. 2F).

To determine the role of the Ca?*/calmodulin (CaM)-
dependent protein kinase (CaM-K) cascade in enhancing
the transcriptional activation of the insulin gene in pancre-
atic B-cell, the cDNA of CAMKK and CAMK4 genes was
analyzed using real-time PCR. The highest mRNA level of
CAMK4 gene was in control rats, but the lowest expression
was in DM rats. Interestingly, the highest mRNA level of
CAMKK gene (Hig. 3A and Fig. 3B) was in a group of DM
rats consuming Caprme CSN1S2 protein at the dose of 750
mg/kg BW (Fig. 3A and Fig. 3C).
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DISCUSSION

Nutrition has the biological function of activating a
cascade of genes whose abnormal expression might be
related to metabolic diseases. Diabetes is a metabolic dis-
ease associated with the mechanism of food intake regu-
lation. Glucose is considered the main nutrient that caus-
es an increase in blood glucose (hyperglycemia). Glucose
deficiency leads to hypoglycemia and causes hunger. Ro-
dents, similarly to other mammals, have glucose sensing
systems in their brains responsible for regulation of food
intake and glucose level homeostasis in target cells or tis-
sues (Dauncey, 2012; Pedersen ez al., 2018). In our previ-
ous study, we found that the Caprine CSN1S2 protein
can safely regulate the biological mechanism in repairing
fleum petforation at the doses below 2000 mg/kg BW
and promote optimal functioning of microglial cell pro-
liferation at 750 mg/kg BW (Agustina e/ a/., 2015; Fatch-
iyah ez al., 2017a; Rika & TFatchiyah, 2017).

Blood glucose needs to be maintained at a relatively
constant level due to its vital role in establishing the
physiological mechanisms in mammals. The increased
glucose is needed to stimulate the cascade of genes as-
sociated with glucose homeostasis mechanisms, such as
insulin and insulin receptor genes (Mansour e al., 2017,
Kang e al.,, 2020). In this study, we tried to analyze the
role of nutrients from Caprine milk protein in control-
ling blood glucose and expression of insulin gene as
well as other genes related to diabetes. Unfortunate-
ly, after giving CSN1S2 protein of Caprine milk in 28
days, the blood glucose of DM rats was not reduced.
The CSN1S2 treatment longer than 28 days with an op-
timal dose is needed to ascertain the change of blood
glucose level. However, the biosynthesis of insulin gene
improved propetly at the molecular levels. These re-
sults demonstrate that although the blood glucose as a
physiological parameter had not changed, the CSN1S2
protein of Caprine milk could regulate the pancreatic-$
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Figure 3. The mRNA Level of CAMK4 and CAMKK genes of rat pancreas tissues were examined by RT-PCR.
(A) Electrophoresis in 1.5% agarose gel, (B) Level of mRNA expression of CAMK4 gene, (C) Level of mRNA expression of CAMKK gene. All
groups were analyzed using ANOVA followed by Duncan test . (*) indicates a significant difference (P<0.05).
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cell insulin and insulin receptor genes expression. This
study also showed that the insulin receptor gene expres-
sion in control and DM rat groups were more affected
by Caprine milk CSN1S2 consumption than the insulin
gene itself. It is known that the T2DM patients show
an inadequate response to the consumption of a high
glycemic load and fail to produce sufficient amount of
insulin to mediate glucose uptake (Tucker es al, 2015).
In this study, the CSN1S2 of Caprine milk elevated the
level of expression of INSR and IGF7 genes, which are
important to control glucose uptake, in the DM group.
On the contrary, the CSN1S2 protein administration to
the healthy rats control group decreased the expression
of both genes. Since we did not observe the beneficial
effects of CSN1S2 treatment in healthy organisms, we
assume that CSN1S2 protein might not be appropriate
for the routine daily treatment (28 days in terms of this
study) in non-diabetics.

Several genetic and environmental factors determine
the insulin signaling related to TNF-a regulation. The
canonical insulin-signaling pathway is triggered by activa-
tion of the insulin receptor (IR) tyrosine kinase leading
to tyrosine phosphorylation of insulin receptor substrate
proteins (IRS1) (Huang & Czech, 2007). The cytokines
tumor necrosis factor alpha (TNF-u) is an inflammatory
mediator against inhibition of insulin signaling. A high-
fat diet can promote the TNF-« role in stimulating lipol-
ysis in adipocytes and peripheral insulin resistance, which
results in hyperglycemia in obese mice (Alipourfard ez al,
2019; Goémez-Hernandez ez al., 2014). The insulin resist-
ance associated with glucose levels in brown fat cells oc-
curs when exposed to the TNF-a directly through the
pro-inflammatory pathway, which will interfere with the
insulin signaling at the level of IRS1 protein (Lorenzo ez
al., 2008). This study demonstrated that the insulin ex-
pression level increased in DM rats after Caprine milk
CSN1S2 protein treatment, contrary to the decreasing

_CSNIS2 === = m

level of TNF-a expression in the same groups. It is pos-
sible that the CSN1S2 protein stimulates insulin produc-
tion through the TNF-a signaling pathway at the mo-
lecular level. The binding of TNF-a to the cell surface
receptor induces the transcription factors activation of
nuclear factor-»3 (NF-»@), which afterward results in the
activation of genes involved in the inflammatory process
(Alipourfard ez al., 2019).

The GLUT4 is an insulin-responsive Glucose trans-
porter type 4, also called Solute carrier family 2 A4
(SLC2A4). GLUT4 glucose transporter has the func-
tion as a regulator for whole-body glucose homeostasis
and as a mediator for glucose removal from blood cir-
culation. The GLUT4 is found in striated and cardiac
muscles, white and brown adipocytes (Huang & Czech,
2007; Assefa et al, 2017). The IGFBP-2 (Insulin-like
growth factor binding protein-2) protein has significant
dose-dependent effects on basal glucose uptake as well
as the insulin and IGF1 in the 3T3-L1 adipocytes (As-
sefa et al., 2017). Our research proved that DM rats after
consuming CSN1S2 protein of Caprine milk showed the
up-regulating of mRNA expression level in the GLUT4
and IGF1 genes at doses of 375 and 750 mg/kg BW.
Moreover, our results proved that the level of GLUT4
protein expression in DM rats improved at 750 mg/kg
BW dose of Caprine CSN1S2 protein treatment. Another
study (Augustin, 2010) using knockout mice of SLC2A4
/with exon 10 replaced by neomycin cassette exhibited
growth-retardation, cardiomegaly, and normoglycemia.
Meanwhile, the heterozygote of SLC2A4*/- mouse has
shown diabetes, adult-onset adiposity and insulin resist-
ance in male mice.

Diabetes mellitus is associated with an increased
prevalence of endothelial dysfunction and development
of atherosclerotic vascular diseases (Altannavch ef al,
2004; Cook-Mills ef al, 2011). Recent research dem-
onstrated that the expression of human umbilical vein
endothelial cells (HUVEC) with high glucose concen-
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Figure 4. The biological functions of CSN152 protein modulate type 2 diabetes cascade signaling at the cellular level.

The CSN1S2 protein indirectly stimulated the activities of the molecular pathway through the Ca?*/calmodulin-dependent protein kinase
cascade as an intracellular mediator of the insulin signaling regulation in pancreatic B-cells, the declining of TNF-a and VCAM1 protein,
and the improvement of GLUT-4 glucose-transporter in the DM rat target tissues.
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tration induced the expression of intercellular adhesion
molecule-1 (ICAM-1), vascular cell adhesion molecule-1
(VCAMI) and endothelial-leukocyte adhesion molecule-1
(ELAM-1) (Altannavch ef al, 2004). In the animal mod-
el, the antioxidant of vascular cell adhesion molecule-1
(VCAMI1) protein mediates the adhesion of lympho-
cytes, cosinophil, basophils and monocytes to vascular
endothelium and also provides in leukocyte-endotheli-
al cell signal transduction (Cook-Mills e# al., 2011). Our
study showed that the VCAMI protein expression in
DM rats was gradually reduced in each dose of CSN1S2
protein of Caprine milk treatment. As dietary goat milk
can lower the VCAMI expression, it indicates the regu-
lation of signal transduction takes place at the cellular
level. VCAMI1 signaling #ia ROS and PKC-a activates
downstream signals in endothelial cells such as protein
tyrosine phosphatase 1B (PTP1B) serine phosphoryla-
tion. In the diabetes case, during VCAM1 signaling, PT-
P1B is activated by oxidation. The inhibitors of PTP1B
blocked PTP1B de-phosphorylation of the insulin re-
ceptor and also prevented the development of diabetes
in animal models (Gum ¢# @/, 2003; Dubé & Tremblay,
2005; Cook-Mills ez al., 2011).

Our previous study reported that seven of eight pep-
tides residues of the Caprine alpha-S2 casein protein
could bind calmodulin on specific sites and might en-
hance sites for interactions with other cellular molecules
(Fatchiyah ez al, 2015). The increasing mRNA level of
CAMKK and CAMEK4 genes in the group of DM rats
with Caprine milk of CSN1S2 protein consumption
correlated with the increased insulin level at the same
dose. This result may indicate that the Ca®*/calmodu-
lin (CaM)-dependent protein kinase (CaM-Kase) cascade
enhances the transcriptional activation of insulin gene in
pancreatic $-cells. A molecule of calmodulin plays a cen-
tral role as a Ca®"-sensitive target in signal transduction.
The activation of Ca**-binding calmodulin stimulates the
conformational calmodulin structure that binds to and
activates a large number of target proteins (André ef al,
2004; Petegem & Minor, 2000). The enhancement of in-
tracellular Ca®* activity and stimulation of Ca**/Calmo-
dulin-dependent protein kinase-8 induced the activation
of AMPK on the formation of pathological autophagy
in vacuoles of mouse cortical cells (Xie ez a/., 2013). An-
other research (Yu ef al, 2004) indicated some factors
affecting insulin synthesis in pancreatic islet $-cells and
stated that the Ca®" cascade might play as a key intracel-
lular mediator of glucose-stimulated insulin secretion and
gene transcription.

In this study, the Caprine casein-alpha-S2 protein has
shown biological functions that can modulate the path-
way of insulin signal transduction through the intracel-
lular mediator of the Ca?"/calmodulin-dependent protein
kinase cascade for controlling the homeostasis of insulin
metabolism in $-cells of DM rat pancreatic tissues. And
then, the activation of insulin receptor induced the signal
transduction of the IRS1 phosphorylation that recruited
PI3K and Akt protein and improved the insulin-stimu-
lated translocation of the glucose transporter GLUT-4 at
the plasma membrane and resulted in increased glucose
uptake. This CSN1S2 protein can also indirectly retrieve
the anti-inflammation of tumor necrosis factor-o and
reduce the vascular cell adhesion molecule-1 as one of
the biomarkers of endothelial dysfunction for providing
the metabolism balancing inside the target tissues in the
rat model of type2 diabetes. This study’s conclusions are
shown in a schematic figure (Fig. 4). According to our
study conclusions, we suggest that the casein-alpha-S2
protein of Caprine milk has valuable therapeutic effects

on diabetic treatment in the molecular mechanism of the
cellular signaling pathway.
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