
Genes & Diseases (2018) 5, 130e136
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: http: / /ees.elsevier .com/gendis/default .asp
SHORT COMMUNICATION
The correlation between insulin and OCT-6
transcription factor in Schwann cells and
sciatic nerve of diabetic rats

Mallahalli S. Manu, Kuruvanthe S. Rachana, Gopal M. Advirao*
Department of Biochemistry, Davangere University, Davangere, Karnataka, India
Received 17 October 2017; accepted 11 December 2017
Available online 26 December 2017
KEYWORDS
Diabetic peripheral
neuropathy;
Insulin;
OCT-6;
Schwann cells;
Sciatic nerve
* Corresponding author. Department
E-mail address: muttagigopal@yah
Peer review under responsibility o

https://doi.org/10.1016/j.gendis.201
2352-3042/Copyright ª 2017, Chongqi
CC BY-NC-ND license (http://creative
Abstract Insulin signal is one of the vital signaling cascade required for Schwann cells to
myelinate the axons of peripheral nervous system (PNS). Myelin formation of peripheral nerve
is a complex molecular event controlled by different neurotrophic and transcription factors.
The altered or failure in this signaling progression is one of the reasons behind the demyelin-
ation of peripheral neurons in diabetic peripheral neuropathy (DPN). The Schwann cell in PNS
includes POU domain transcription factor OCT-6 expression. This factor is considered as crucial
for the initiation and enhancement of myelination during nerve regeneration. To know the
importance of OCT-6 gene, here we studied the long term expression of OCT-6 nuclear protein
in sciatic nerve of normal and diabetic neuropathic rats. Also for the first time we elucidated
the role of insulin in controlling the expression of OCT-6 in hyperglycemic Schwann cells and
sciatic nerve of diabetic neuropathic rats. The results shows that, there will be long term
OCT-6 expression in sciatic nerve of adult rats and also their significant decrease is observed
in the diabetic condition. But, addition of Insulin for primary Schwann cells and diabetic rats
shows the increased OCT-6 expression in both in vivo and in vitro. Together these results indi-
cate the failure of OCT-6 support in neuropathy and also the importance of insulin signaling
cascade in the expression of OCT-6 transcription factor.
Copyright ª 2017, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Figure 1 Alteration in the blood glucose levels of normal
control, STZ and insulin treated STZ rats. Error bars represent
�SEM (n Z 6).
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Introduction

The Myelin sheath is an insulating component of neurons in
both Central and Peripheral nervous system. It is derived
from the Schwann cells in the peripheral nervous system
and plays a vital role in the potential transmission of nerve
impulses.1,2 Along with the myelination, Schwann cells also
provide a trophic and metabolic support required to main-
tain the structural and functional integrity of the axons.
Myelin structural formation is a complex and controlled
event which involves the exchange of several complex
molecular signals between Schwann cells and axons.3 It is
well known that a small alteration or failure in these
signaling cascades can be responsible for the demyelination
of neurons in the several neuropathic disease like Char-
coteMarieeTooth disease, multiple sclerosis and also in
diabetic neuropathy.2

Insulin and insulin like receptors are the neurotrophic
factors which plays a crucial role in myelin formation and
maintenance. In the early studies, we have shown that in-
sulin will regulate the expression of myelin proteins like P0
and MAG,4,5 whereas the failure in insulin signaling propa-
gation greatly decrease the myelin protein expression in
diabetic neuropathic condition.6

Among the different class of transcription factors, OCT-
6 appears to be a potent factor that shares a major pri-
mary role in Schwann cell differentiation and myelina-
tion.7 OCT-6 is a class of nuclear protein and POU domain
transcription factor required in transition of promyelinat-
ing to myelinating Schwann cells and also in regulating the
transcription of certain genes like krox20 that is required
throughout the myelin formation.8,2 The alteration in the
expression of OCT-6 factor was reported in Char-
coteMarieeTooth disease type 1A (CMT1A) and other pe-
ripheral neuropathies,9,10 but the role and expression
pattern of OCT-6 was yet to be understood in the diabetic
neuropathy.

It is of greater importance to know the expression level
of these factors in long term diabetic neuropathy. There-
fore, we investigated the expression of OCT-6 in sciatic
nerve of diabetic neuropathic rats and also in Schwann cells
grown in hyperglycemic condition. In addition, we checked
the role of long term insulin treatment in the expression of
OCT-6 transcription factors in diabetic rats. Overall, this
data extend our understanding of the molecular mechanism
behind the failure of normal signaling cascade required for
myelination in diabetic neuropathy.

Materials and methods

Materials

DMEM and FBS were purchased from Gibco (USA). Real
time PCR reagents were procured from Invitrogen (USA).
Antibodies were obtained from Abcam (UK). S-100 is ob-
tained from Biogenex (USA), PVDF membrane is purchased
from Millipore (India), Streptozotocin (purity: 98%), Dul-
becco’s phosphate buffered saline (DPBS) and skimmed
milk powder were obtained from Himedia (India). All
other chemicals were procured from Sigma (USA) unless
mentioned.
Ethical statement

All animal experiments were confirmed to the guidelines of
animal care and use. All efforts were made to minimize the
number and the suffering of animals used.

Animals and grouping

Wistar rats were obtained from the Animal facility, SS
Institute of Medical Sciences, Davangere, India. The rats
were kept in an animal house facility and maintained under
a 12 h light/dark cycle. Water and pelleted food were given
ad libitum. Animals (male and female) were grouped into
three groups [Group 1, Control (C); Group 2, streptozotocin
induced diabetic rats (STZ); Group 3, Insulin treated dia-
betic rats (STZþI)] of 12 animals each.

Diabetes induction and insulin treatment

Wistar rats weighing 200e250 g were induced diabetes by
intraperitoneal injection of streptozotocin at 20 mg/kg
body weight after overnight fasting. Then second dose of
40 mg/kg body weight was injected after one week. The
STZ was dissolved in citrate buffer (0.1 M) and control rats
were injected with vehicle buffer. The blood glucose
measurements were performed to confirm the diabetes
(Fig. 1). Rats showing fasting blood glucose level above
250 mg/dl (>15 mM) after 48 h of second dose of strepto-
zotocin were considered as diabetic. DPN was confirmed by
hot plate method as described earlier.11 Group 3 rats were
daily injected with insulin (1 IU)subcutaneously. The sciatic
nerves from control, diabetic and insulin treated diabetic
rats were dissected at 4e12 week time interval.

Schwann cell culture

For isolation of SC, sciatic nerve of 3e4 days pups were
dissected and carried according to the method of Brockes12

with slight modifications.13 Neonatal rat sciatic nerves were
subjected for enzymatic and mechanical dissociations as
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previously described,6 the obtained cell pellet was resus-
pended in DMEM supplemented with 10% Fetal bovine serum
(FBS) and grown on laminin/poly-L-lysine coated Petri
plates. After obtaining the pure culture the cells were
suspended in serum free 1:1 DMEM and Ham’s F12 media
containing 40 mg/l gentamicin, 30 nM sodium selenite,
100 mM putrescine, 20 nM progesterone, 5 mg/l transferrin
and 1% bovine serum albumin. The cells were plated at a
density of 4 � 104 cells/18 mm coverslip pre coated with
poly-L-lysine in a 6-well plate for immunocytochemical
studies. For protein and mRNA expression, cells were
plated at a density of 10 � 105 cells/75 cm2 tissue culture
flask. After attaining 90% confluence the cells were used for
experiments. The purity of the SCs was confirmed with S-
100 protein staining technique and morphological
appearance.4

Immunofluorescence

SCs grown for 24 h and 48 h in 40 mM of glucose with and
without 10 nM insulin were fixed with 4% paraformaldehyde
for 20 min at room temperature and permeabilized with
0.5% Saponin for 15 min. The cells were blocked with DPBS
containing 10% FBS for 1 h at room temperature and incu-
bated overnight with a 1:400 and 1:200 dilution of anti-
pJNK and anti-pAKT DPBS containing 10% FBS. After the
primary antibody incubations, 1:50 dilution of FITC-
conjugated goat anti-rabbit were added for 1 h at room
temperature. The coverslips were washed in DPBS and
mounted on slides using permount. The fluorescence
immunoreactivity was visualized by epifluorescence mi-
croscopy (Olympus, Japan) and photographed in the dark.

Western blotting

Sciatic nerve of control, diabetic and insulin (1U) treated
rats at different time interval were lysed and incubated on
ice for 1 h in RIPA lysis buffer containing 1% protease in-
hibitor cocktail and were sonicated for 1 min. Protein ly-
sates were recovered by centrifuging the sample at
12000 rpm for 20 min at 4 �C. Similarly, protein lysates were
prepared from SCs grown in DMEM and Ham’s F12 medium
with 40 mM Glucose, in the absence and presence of 10 nM
insulin for 12 h and 24 h time interval. Protein concentra-
tion of the supernatant was estimated by Bradford assay
and protein was separated on a 12%e15% SDS-PAGE and
transferred to a PVDF membrane. Membranes were blocked
in 5% skimmed milk solution in TBS-T (Tris buffered saline
with 0.1% Tween-20) and incubated overnight with primary
antibody (2:1000) against OCT-6 at 4 �C. Further blots were
washed in TBS-T and then incubated with secondary anti-
body (1:4000) conjugated with alkaline phosphatase, and
developed with NBT/BCIP substrate (Genei, India).

Quantitative real time PCR

Total RNA was isolated using total RNA isolation kit by
following the manufacturer’s instructions. The concentra-
tion and purity of RNA was calculated using a spectropho-
tometer (Analytik Jena, Germany). Isolated RNA was then
reverse transcribed to cDNA using pure link RNA mini kit and
2.0 mg of cDNA and power SYBR green master mix (Applied
Biosystems, USA) was used to perform real-time PCR
amplification with a StepOne plus real-time PCR system
(Applied Biosystems, USA). The relative expressions of
genes were analyzed by StepOne� software v2.2.2. The
fold changes were calculated by 2 (�DDCt) method by
normalizing with RPL19 house keeping gene expression, and
relative gene expression is represented.

All reactions were run in triplicate. The primer se-
quences used were as follows:

OCT-6 forward: 50-CGAGAGCCGCATCTGTGTAT-30.
OCT-6 reverse: 50-CGTTCTTGAAGGAGGAGAGGG-30.
RPL19 forward: 50-CGTCCTCCGCTGTGGTAAA-30.
RPL19 reverse: 50-AGTACCCTTCCTCTTCCCTAT-30.

Statistical analysis

All the assays were carried out in triplicates.
Immunofluorescence and western blott data were analyzed
using Multi Gauge software. Statistical analyses of the
experimental data were carried out by an unpaired stu-
dent’s t-test. All data were presented as the mean � SEM.
Values of p < 0.05 were considered significant.

Results

Developmental regulation of OCT-6 expression in
sciatic nerve of rats

Western blotting technique was carried out to study the
developmental expression of OCT-6 in sciatic nerve of rats.
Proteins isolated from the sciatic nerve of 4, 8 and 12 weeks
rats were separated using 15% SDS-PAGE and subjected for
western blotting analysis. Results showed that OCT-6 is
expressed along with peripheral nerve development. The
level of expression is varied among 4, 8 and 12 week sciatic
nerve sample. Compared to 4 week increased expression is
observed in 8 and 12 week sample [Fig. 2A (Lane C)].
However the level of OCT-6 is not constantly increased
along with the time, but the expression is observed
throughout all the time points.

Insulin elevates the deteriorated OCT-6 expression
in sciatic nerve of diabetic rats

Real time PCR and Western blotting studies were used to
know the significance of insulin in expression of OCT-6
transcription factor. Western blotting results showed that
OCT-6 expression in diabetic rats was decreased by 0.31,
0.60, and 0.43 folds in 4, 8 and 12 week sample respectively
when compared to the sciatic nerve sample of control.
Whereas in the insulin administrated rats a significant
elevation of 0.16, 0.60 and 0.26 fold compared to diabetic
rats of 4, 8 and 12 week was observed (Fig. 2A and B).

Further, mRNA of sciatic nerve sample was subjected for
quantitative PCR studies to know the OCT-6 gene expres-
sion in diabetic and insulin treated rats. In diabetic rats
decreased fold changes of 8 and 12 weeks were 0.4 folds. In
contrast, the OCT-6 gene expression was significantly



Figure 2 Differential expression of OCT-6 protein and OCT-6 mRNA level at 4, 8 and 12 week sciatic nerve samples correlated
between control (C), diabetic (STZ) and insulin treated diabetic rats (STZþI). (A) Western blot analysis for OCT-6 protein expression
of sciatic nerve in STZ and STZþI compared to Control.b actin was used for normalization. (B) Western blotting data were presented
as a bar chart. (C) Real time PCR studies showing change in relative mRNA expression of OCT-6 among STZ and STZþI of sciatic
nerve. RPL19 was used as house keeping gene.*indicates p < 0.05.
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increased by 0.2, 0.6 and 0.9 folds in insulin treated
compared to 4, 8 and 12 week diabetic nerve sample
(Fig. 2C).

Insulin alters the OCT-6 expression in Schwann cells
grown in hyperglycemic condition

In the in vitro studies, OCT-6 expression of Schwann cells
grown in hyperglycemic condition was assessed by Western
blotting and quantitative PCR. The OCT-6 expression in
protein isolated from Schwann cells grown in high glucose
with and without insulin condition for 12 h remains un-
changed, where Schwann cells grown in high glucose me-
dium for 24 h sample showed 0.2 fold decreased compare to
control cells, But insulin treated cells showed the signifi-
cant increase of 0.9 folds compared to non treated cells
(Fig. 3A and B). Further, quantification of OCT-6 mRNA
showed the similar result as of OCT-6 protein expression,
there is no significant mRNA expression in the cells grown
for 12 h in all three different conditions. In 24 h high
glucose condition 0.3 fold decreased expression was
observed compare to control and 0.6 fold increased
expression in insulin treated cells compared to high glucose
condition (Fig. 3C).

Further to know the significance of insulin in OCT-6
expression, immunofluorescence studies were carried using
OCT-6 specific primary antibody and FITC conjugated sec-
ondary antibody. The expression of OCT-6 and Schwann cell
number was increased by 0.3 and 0.6 folds along with 10 nM
insulin treatment [Fig. 4A (e and f)] compared to the cells
grown in 40 mM glucose medium [Fig. 4A (c and d)]. And
about 0.6 and 0.8 fold decreased fluorescence expression
and SC number were observed in the cells grown in 40 mM
glucose medium compared with control [Fig. 4A (a and b)]
grown for 12 and 24 h respectively. This result supports the
role and significance of insulin in OCT-6 expression.

Discussion

Insulin is a class of peptide hormone, which is considered as
one of the potent neurotrophic factor required to maintain
the homeostatic environment of neuronal tissues both in



Figure 3 Differential expression of OCT-6 protein and OCT-6 mRNA level at 12 h and 24 h of the SCs grown in normal medium (C),
40 mM glucose (H-GLU) and 10 nM insulin added to 40 mM glucose medium (H-GLUþI). (A) Western blot analysis for OCT-6 protein
expression of SCs in H-GLU and H-GLUþI compared to Control. (B) Western blotting data were presented as a bar chart. (C) Real
time PCR studies showing change in relative mRNA expression of OCT-6 among H-GLU and H-GLUþI of SCs. RPL19 was used as house
keeping gene. *indicates p < 0.05.
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the central and peripheral nervous system. In the central
nervous system insulin induces the neurite out growth, it
controls the neuronal growth via phosphatidylinositol 3-
kinase (PI3K) pathway and also they have role in the for-
mation of neuronal dendritic spine in hippocampus.14e16 In
the PNS insulin activates the AKT signaling pathway in
dorsal root ganglion which is essential for survival and
maintenance of peripheral neurons.17 Therefore failure or
alteration in insulin signaling pathway may leads to several
molecular complications like Alzheimer’s and Diabetic
Neuropathy.18e20 In the PNS, Schwann cells forms the
myelin structure around the axons with the involvement of
several growth factors and transcription factors in signaling
cascade, so it is of greater interest to distinguish their role
in failure of this pathway. It is reported that OCT-6 is ab-
solute requirement for transition of Schwann cells from non
myelinating to the myelinating stages. Earlier findings
emphasize that acute axonal degeneration breakdown of
myelin leads Schwann cells to up regulate OCT-6. During
nerve regeneration OCT-6 translocated to the nucleus and
promote the transcription of myelin protein.9 In this study
we have demonstrated the expression pattern of POU
domain transcription factor OCT-6 in long term DPN and
also the role of insulin signaling in overcoming the deprived
expression of OCT-6 in DPN. But the mechanism of neuro-
trophic factors controlling the myelination events still re-
mains unknown.

Demyelination of peripheral neurons is one of the com-
plications of DPN. In earlier reports we have shown that
insulin alters the myelin proteins expression (P0, MAG) in
the Schwann cells and sciatic nerve of diabetic rats.4,5 We
also recently reported that increased phosphorylation of
serine 731 of Insulin receptor substrate-2 (IRS2) and
decreased growth factor receptor-bound protein-2 (GRB2)
adaptor protein is one of the reasons behind the failure in
propagation of insulin signaling pathway in DPN.6 Insulin
can regulates the expression of forkhead transcription
factors (FKHR, Hnf-3b/Foxa-2) by Akt-mediated and



Figure 4 Immunofluorescence staining for evaluation of OCT-6 protein expression. (A) SCs grown for 12 h and 24 h in normal
medium [(control) a and b], high glucose medium [(40 mM glucose) c and d] and insulin added high glucose medium [(40 mM
glucose þ 10 nM insulin) e and f]. (B) Relative fold change in the fluorescence intensity of OCT-6 protein expression of SCs in H-GLU
and H-GLUþI compared to Control. Scale bar: 50 mm.
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Wortmannin-sensitive signaling pathway.21,22 Therefore,
we deliberate to know the expression of POU domain
transcription factor OCT-6 in response to insulin. Since
Schwann cells require OCT-6 as a key transcription factor
for myelination, neuronal development and regenera-
tion,23,10 their expression should have key role in long term
DPN. Western blotting studies for 4, 8 and 12 weeks in
normal rat sciatic nerve sample revealed the importance of
OCT-6 in adult neurons.

In response to the above findings, we checked the
expression of OCT-6 in neuropathic condition. It is well
know that OCT-6 is one of the activator of zinc finger pro-
tein Krox-20 which is essential throughout the myelination,
where myelination cannot occur in Krox-20 null mutant.8,24

To carry the in vivo experiments we used normal, neuro-
pathic and insulin injected neuropathic rats. The OCT-6
protein and gene expression studies showed the
decreased expression in sciatic nerve of diabetic neuro-
pathic rats, whereas the significant increase in the insulin
treated rats were also observed. These findings suggests
that, the neuropathic rats fails to expresses the OCT-6
which is expressed in sciatic nerve of normal rats, but the
insulin administration for neuropathic rats activates insulin
signaling cascade along with significantly restores the OCT-
6 expression which is the sign of remyelination of neurons in
demyelinated neuropathic rats. Addition to these studies,
for in vitro experiments the SCs were grown in high glucose
medium (40 mM) to imitate the diabetic condition. In the
initial time point the expression of OCT-6 in SCs grown in
hyperglycemic condition with and without insulin remains
unaltered. Meanwhile in the hyperglycemic SCs without
insulin showed the deprived expression than of 10 nM in-
sulin supplemented cells. These results support our previ-
ous findings behind the failure of insulin signaling
propagation in DPN.
In conclusion, our results strongly provide information
that helps to understand the possibilities behind the
demyelination of peripheral neurons in DPN. We found the
importance of POU transcription factor OCT-6 in long term
myelination and their decreased support in neuropathic
condition. But insulin signaling cascade appears to be
pivotal factor for regeneration of demyelinated neurons.
Down regulated OCT-6 activation can be one of the odds
connected to failure of insulin signaling cascade in long
term DPN. However, the factors that link the insulin
signaling pathway to OCT-6 transcription factor is yet to be
elucidated. The findings on signaling molecules may help to
understand more about the reasons behind neuronal
degeneration in diabetic neuropathy and provides a plat-
form for new drug discovery research.
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