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Abstract

Background: Diabetes mellitus (DM) is a complex disease and increments in its prevalence have been reported
in the last few years. DM does not only affect the cells by disturbing glucose metabolism, but also it leads to serious
health disorders such as cardiac ischemic diseases, hypertension, and infertility. Intriguingly, DM was also found to
mediate cancer development and progression. The exact mechanism of how hyperglycemia affects cancer cells is
still obscure. Growth hormone releasing hormone receptor (GHRH-R) is a G-protein coupled receptor that was
shown recently to enhance breast cancer cells proliferation. Moreover, a recent work revealed that GHRH-R is
upregulated in diabetes mellitus in a rat model. It was of interest to investigate whether hyperglycemic conditions
have any impact on the GHRH-R expression in breast cancer cell lines, which might then affect the cell proliferation.

Methods: MDA MB 231 and T47D breast cancer cell lines were treated with either 15 mM glucose or 15 mM
fructose. The expression of GHRH-R was assessed by western blotting and immunofluorescence. The proliferation
of the cells was studied by MTT assays.

Results and discussion: The generated data showed that the GHRH-R affected MDA MB 231 and T47D breast
cancer cell lines proliferation upon growth hormones treatment but not under hyperglycemic conditions. The results
suggested that GHRH-R might mediate breast cancer cells proliferation and survival among other factors.

Keywords: Hyperglycemia; Breast cancer; GHRH receptor; Glucose;
MTT assay; Proliferation

Introduction
Diabetes mellitus (DM) is a cumbersome disease that affects

different cellular functions through glucose metabolism commotion.
Intriguingly, DM was found to mediate cancer development and
progression [1-3]. In diabetic patients, cancer may be favored by
hyperglycemia, hyperinsulinemia or anti-diabetic drugs [1,4,5].
Moreover, diabetes might exacerbate cancer via influencing hormonal
homeostasis, which might affect hormone related cancers [6]. The
exact mechanism of how diabetes leads to cancer is still obscure.

Growth hormone releasing hormone receptor (GHRH-R) is a G-
protein coupled receptor that was reported recently to enhance breast
cancer cells proliferation. Previous studies have shown that in the
pituitary, the binding of GHRH to its receptor activates the Alpha-
subunit (G-AlphaS) of the closely associated G-Protein complex, thus,
stimulating membrane-bound AC (Adenylyl Cyclase) and increasing
intracellular cAMP (cyclic Adenosine Monophosphate)
concentrations. cAMP binds to and activates the regulatory subunits
of PKA (Protein Kinase-A), which in turn releases catalytic subunits
that translocate to the nucleus and phosphorylate the cAMP rresponse
eelement binding (CREB) protein, known transcription factor.
Phosphorylated CREB, together with its
coactivators, p300 and CBP (CREB Binding Protein) enhances the

transcription of various genes by binding to specific DNA elements
within gene promoter regions, referred to as CREs (cAMP-Response
Elements). The genes that were activated by GHRH and cAMP contain
CREs in their promoter regions. CREB, via direct and indirect
mechanisms, stimulates GH production via transcription of the GH
gene as well as increasing transcription of the GHRH-R gene as part of
a short positive feedback loop [7].

In addition to this neuroendocrine action, accumulated evidence
implies additional roles for GHRH receptor in carcinogenesis in non-
pituitary tissues [8-11]. In vitro and in vivo studies have shown that
splice variant 1 (SV1) of the GHRH receptor, which is widely expressed
in non-pituitary tissues and cancers, can mediate the proliferative
effects of GHRH [10,12]. GHRH-R SV1 lacks a short extracellular
portion of the full-length receptor, was shown to mediate the
mitogenic effects of GHRH and to possess ligand-independent activity
in stimulating cell proliferation. The exact mechanism is not yet known
[8]. Research has proved the expression of SV1 of the GHRH receptor
on breast cancer cell lines [8,10]. Moreover, a recent work revealed that
GHRH-R is upregulated after 2 days streptozotocin treatment in a rat
model [13]. Keeping these facts into consideration, it was of interest to
investigate whether hyperglycemic conditions have any impact on the
GHRH-R expression in breast cancer cell lines, which might affect the
cell proliferation.
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Materials and Methods

Cell lines
T47D and MDA MB231 were gifted by Dr. Salem Chouaib of the

Institut de Cancérologie Gustave Roussy-Villejuif, France. MDA MB
231 cells were maintained in Dulbecco Modified Eagle’s medium
DMEM (Gibco; 61965) supplemented with 10% Foetal bovine serum
(Gibco; 10270), and penicillin (100 U/ml)/streptomycin (100 µg/ml)
antibiotic mixture (Gibco; 15140). The cells were left to grow in a
humidified incubator provided with 5% CO2. The cells were
dissociated from the dish when these reached 90-100% confluence
using 1x Trypsin/EDTA (Gibco; 15400). All the mammalian cell
culturing was performed under aseptic conditions. T47D were
maintained in DMEM/F12 ham medium supplemented with the above
reagents in addition to 0.2 Units/ml Insulin (10516-Sigma).

Hyperglycemic conditions
The cells were plated on 6-wells plate and after 24 hrs the cells were

starved by adding DMEM plus 0.5% serum for 24 hrs. The cells were i)
left starved for more 24 hrs followed by DMEM (10% serum) addition
or ii) DMEM/0.5% serum supplemented with 15 mM Glucose or
Fructose for 24 hrs or 48 hrs.

Protein extraction
The cells were washed with pre-chilled PBS and lysed with triton

lysis buffer (50 mM Tris, 150 mM NaCl, 5 mM EGTA, 1% Triton-X100
and just before use 1 mM PMSF (phenylmethylsulfonyl fluoride). 1.0
mM Na3VO4, 50 mM NaF plus protease inhibitor cocktail (1/100)
(8340-Sigma) was added to the cells and incubated with the cells for 20
min on ice to solubilise the phospholipid membranes. The cell lysates
were then spun down at 14,000 rpm for 20 min at 4°C to get rid of the
insoluble materials.

Western blotting
Equal amount of proteins was loaded on 10% DS-PAGE gel. The

proteins were then transferred to a PVDF (Imibilon), using a BioRad
semi-dry transfer apparatus at 22 V for 90 min. The membrane was
blocked with 5% milk in PBST for 1 hr; followed by anti-GHRH-R
antibody (ab28692; abcam-UK) incubation at 4°C. The membrane as
washed and anti-Rabbit HRP was then added (ab191866; abcam-UK).
The membrane was developed using enhanced Chemiluminescence kit
from thermoscientific (32106; USA). The membrane was stripped and
re-probed with the anti-GAPDH antibody (ab37168; abcam-UK). The
statistical analyses were performed using Image J and Excel, 2010.

Immunofluorescence
The cells were seeded on sterile acid-treated coverslips for 24 hrs.

The cells were then starved for 24 hrs. Next day, the cells were either
incubated with DMEM contained 0.5% FBS, DMEM contained 10%
FBS, DMEM contained 0.5% FBS plus 15 mM glucose or DMEM
contained 0.5% FBS plus 15 mM fructose for 24 hrs. The cells were
then washed with PBS and fixed with 3.8% formaldehyde for 10 min.
This was followed by cell saturation and permeabilization of the cells
with 0.1% Triton for 10 min at room temperature. The anti-GHRH-R
antibody (ab28692; abcam-UK) was added in a dilution of 1:200 in 1%

BSA in PBST and incubated overnight at 4°C. The anti-GHRH-R
antibody was detected by goat anti-rabbit IgG H&L (Alexa Fluor® 488)
for 1 hr at room temperature. The cells were then visualized by
fluorescence microscope (Olympus, BX51TF) and the images were
acquired using cellSens Standard software.

MTT assay
The cells were counted by TC 20 Biorad automated cell counter and

75000 cells were plated on flat bottom 96 wells plate. After 24 hrs,
hyperglycemic conditions were applied as aforementioned. Fresh
medium with the required treatments were added supplemented with
0.5 mg/mL of MTT reagent (Thermo Fischer) and the cells were
incubated for 4 hrs at 37°C. After removing the medium, 50 μL of
DMSO was added and the readings were taken at 540 nm. Statistical
analysis was performed by Excel, 2010.

Results

Hyperglycemia effect the expression of GHRH-R on T47D
and MDA MB 231 breast cancer cell lines

One of the key elements in DM pathology is hyperglycemia.
Hyperglycemia was shown to disturb the cell machinery yielding
distorted biological responses. In previous reports hyperglycemia was
found to induce proliferation. Accordingly, it was hypothesized that
hyperglycemia might induce breast cancer proliferation via GHRH-R
overexpression. To test our hypothesis, two breast cancer cell lines
(T47D and MDA-MB231) were starved and then treated with 10%
serum containing medium, 0.5% serum containing medium, 15 mM
glucose in 0.5% serum containing medium or 15 mM fructose in 0.5%
serum containing medium for 24 hr. Protein expression levels of
GHRH-R were assessed by western blotting (Figure 1A). GHRH-R
expression was significantly elevated when the cells were treated with
10% serum, while 15 mM glucose treatment resulted in slight increase
in T47D but not in MDA MB 231 (Figures 1A and 1B).

Assessing the expression of GHRH-R in T47D and MDA MB
231 under hyperglycemic conditions by immunofluorescence

GHRH-R expression was further tested by immunofluorescence
technique. T47D and MDA MB 231 cells were treated as
aforementioned. The cells were fixed, permeabilised and stained for
GHRH-R (green) and the nuclei were stained with DAPI (blue). In
T47D cells, the GHRH-R expression demonstrated an elevation in
both 15 mM glucose-treated cells and in the cells incubated with 10%
serum containing medium when compared with the cells treated with
0.5% serum containing medium and fructose-treated cells (Figure 2A).
Whereas in MDA MB231 cells, the GHRH-R expression showed
elevation in both 10% serum containing medium as well as with 15
mM fructose when compared with 0.5% serum containing medium
but not with 15 mM glucose treatment (Figure 2B). Treating cells with
15 mM glucose might cause osmotic pressure, which possibly leads to
unsought effect; therefore, 15 mM of fructose was used to count for the
osmotic pressure variable.
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The impact of hyperglycemia on breast cancer cell lines
proliferation

To investigate whether GHRH-R expression variation under
hyperglycemic conditions affects cell proliferation, MTT assays for
proliferation were employed. T47D and MDA MB 231 were starved
and then exposed to different conditions for 24 hrs (10% serum, 0.5%
serum, 0.5% serum15 mM glucose and 0.5% serum+15 mM fructose).
The cell proliferation and viability were then assessed by colorimetric
MTT assays. Addition of 10% serum to the media had significantly
enhanced cell proliferation (p<0.05) in both cell lines, whereas glucose
treatment was unable to increase cell proliferation rate in both cell
lines (Figure 3). Accordingly, it was deduced hyperglycemia had no
significant effect on the proliferation of the two-tested breast cancer
cell lines.

Figure 1: The effect of hyperglycemia in GHRH-R expression in
T47D and MDA MB 231. (A): T47D and MDA MB 231 were
starved for 24 hrs and then exposed to different conditions for 24
hrs (10% serum, 0.5% serum, 0.5% serum+15 mM glucose and
0.5% serum+15 mM fructose). The cells were lysed, and protein
extracts were resolved on a 10% SDSPAGE gel. Immunoblotting was
performed by anti-GHRH-R antibody (1:2000) and anti-GAPDH
antibody. (B): The bottom panel demonstrates the expression levels
of GHRH normalised to GAPDH expression from A. The analysis
of the band intensity was done by image J.

Figure 2: Assessing GHRH-R expression in MDA MB 231 and
T47D breast cancer cell lines by immunofluorescence. The T47D
(A) or MDA MB231 (B) cells were seeded on coverslips for 24 hrs.
This followed by serum starvation of cells for 24 hrs. The cells were
either left starved (incubated with 0.5% serum containing medium),
incubated with 10% containing medium, incubated with 0.5%
serum containing medium plus 15 mM glucose or incubated with
0.5% serum containing medium plus 15 mM fructose. The cells
were fixed with 3.8% formaldehyde, saturated and permeabilised
with 0.1% Triton. The GHRH-R antibody was then added, and this
was followed by its detection by the addition of anti-Rabbit IgG
H&L (Alexa Fluor® 488) for 1 hr at room temperature. The
coverslips were finally mounted and sealed. The cells were visualised
by fluorescence microscope (Olympus, BX51TF) using cellSens
Standard software. The scale bar represents 6.4 μM.

Figure 3: T47D and MDA MB 231 proliferation under
hyperglycemic conditions. T47D and MDA MB 231 were starved
for 24 hrs and then exposed to different conditions (10% serum,
0.5% serum, 0.5% serum+15 mM glucose and 0.5% serum+15 mM
fructose) for 24 hrs. The colorimetric MTT assay was used to assess
cell proliferation. Error bars represent standard error of mean, P:
probability by student t-test in comparison between 10% serum and
0.5% serum. GHRH-R: growth hormone releasing hormone
receptor, GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

The correlation between GHRH-R expression and the
proliferation of the tested breast cancer cell lines

In order to conclude the exact relation between GHRH-R
expression levels and breast cancer cell lines proliferation Pearson
correlation coefficient factor was calculated. No significant correlation
was revealed (Table 1). The correlation was calculated between GHRH-
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R expression levels, obtained from western blotting after
normalization, and cell proliferation that was measured by MTT assay.
Pearson correlation coefficient was calculated using Microsoft Excel
2010.

Pearson's correlation

T47D MDA MB 231

10% serum 0.998897 0.999377

0.5% serum 1 1

15 mM glucose -0.22623 -0.4742

Table 1: The correlation between GHRH-R expression and cell
proliferation. Correlation was calculated between GHRH-R expression
levels, obtained from western blotting after normalization, and cell
proliferation that was measured by MTT assay. Pearson correlation
coefficient was calculated using Microsoft Excel 2010.

Discussion
Diabetes Mellitus (DM) is disease of an array of disorders

characterized by hyperinsulinemia, hyperglycemia, and different
metabolic alterations [14]. Thereby, DM can negatively affect the cell
machinery, which might lead to various disorders such as neuropathy,
nephropathy and of recent few evidences had shown that DM
predisposes to cancer development and progression. It was shown that
pancreatic, liver and kidney cancers development have strong
association with diabetes [3]. In addition, women with diabetes are
more vulnerable to develop endometrial and breast cancer [6].
Regrettably, it is not only the cancer development risk that increases
with DM, but also the mortality [15]. The exact molecular mechanism
of how DM plays role in cancer development is obscure. Therefore, it is
of a particular interest to study how DM mediates cancer development
and progression. GHRH-R was found to mediate cell viability and
proliferation in different types of cancer [16,17]. Accordingly, a
question came to our mind; could GHRH-R be one of the mechanisms
that DM utilizes to facilitate cancer cell proliferation?

Although our results didn’t show striking correlation between cell
proliferation and GHRH-R expression under hyperglycemic-like
conditions, treatment with 10% serum was able to induce GHRH-R
expression as well as mediate cell proliferation (Pearson’s
correlation~1). Serum contains abundance of growth factors and
hormones such as thyroid hormone and insulin-like growth factors
[18], which might have contributed to GHRH-R over expression in
10% serum treatment. Furthermore, it is of interest to test whether
addition of 10% serum or hyperglycemic-like conditions affects
GHRH-R function via increasing the intracellular levels of cAMP.
However, it was shown that hyperglycemia promotes GHRH-R
expression in short exposure of GHRH-R; prolonged exposure to
hyperglycemia was proved to negatively affect the functionality of the
GHRH-R in a diabetic rat model [13]. This necessitates investigating
the functionality of GHRH-R by dissecting the downstream signalling
pathways associated with GHRH-R, which might explain the non-
proliferative effect of GHRH-R under the hyperglycemic conditions.

Some of our data showed that 15 mM glucose had negatively
affected the cell proliferation and GHRH-R expression; we thought this
might be due to glucotoxicity [19]. Contrary, a previous study
investigated the effect of high glucose environment, used concentration
from 5.5 mM to 50 mM, and showed an increase in pancreatic cancer

cell proliferation [20]. Therefore, it would be sensible to use lower
glucose concentrations for longer periods in order to avoid any toxic
effect of high glucose as well as attempting to mimic what happens in
diabetic patient’s cells. Concentrations ranging from 7 to 11.1 mM
would be more reliable to use since hyperglycemia is defined as fasting
glucose level of 126 mg/dl (7 mmol/liter) or a random blood glucose
level of 200 mg/dl (11.1 mmol/liter) [21].

Since different factors are responsible to cause DM pathology, it is
crucial to apply hyperinsulinemia along with hyperglycemia to
investigate GHRH-R expression in correlation with cell proliferation.
Furthermore, the association between hyperinsulinemia and breast
cancer was established previously by Bruning and et al. [22]. On the
other hand, fructose was used as control to count for the osmotic
pressure variable, though it shows effect on the cell proliferation at a
time. Fructose is known to be a substrate for pentose phosphate
pathway (PPP), thereby it influences nucleic acid synthesis [23], this
might explain the seen effect of fructose in cancer cell proliferation.
Based on this, it was thought that in future experiments it would be
more convenient to use mannitol albeit fructose was extensively
employed for that purpose by other previous research.

Conclusion
GHRH-R expression was found to be induced by growth factors and

hormones presence, while hyperglycemia had no effect on GHRH-R
expression. Our results suggest that GHRH-R might mediate breast
cancer cells proliferation and survival via other factors. Even though
hyperglycemia is associated with increased proliferation, this was not
the case in our study where we conclude that hyperglycemia alone does
not increase cancer cells proliferation, which suggests that other
conditions associated with hyperglycemia (e.g. hyperinsulinemia)
could be mediating increased proliferation. Further detailed studies are
required to answer how diabetes mellitus disease state alters the cell
machinery to yield distorted cells like in cancer.
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