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Abstract
Background: Diabetes mellitus and malignant tumor are the second and third causes of women death in
Mexico. Hyperglycemia, insulin and insulin-like growth factor 1 are the main risk factors involved in
cancer development in patient with diabetes. The aim of this study was to evaluate the effect of
hyperglycemia and hyperinsulinemia over cell proliferation and tumor growth in cervical cancer.

Methods: Cell proliferation, apoptosis and cell cycle of cervical cancer cell lines (HeLa, SiHa and CaSki) in
presence of hyperglycemia and/or insulin were evaluated. Xenograft model for cervical cancer was done
in diabetic female nu/nu mice; biochemical parameters, body weight, tumoral volume and cell doubling
time were evaluated.

Results: Hyperglycemia and hyperinsulinemia signi�cantly increase cell proliferation and decreases
apoptosis with no change in cell cycle. Insulin treatment increase tumor volume and diminish cell
doubling time, this group also developed hyperinsulinemia and in Langerhans pancreatic islet
hypertrophy; whereas, hyperglycemic groups show the same effects but in lesser degree than the insulin
treated group.

Conclusion: Glucose and insulin stimulates both, proliferation and tumoral growth of cervical cancer, so
this should be a possible explanation for the low survival of diabetic patients with cervical cancer in
compare to non-diabetic patients with cervical cancer.

Background
Diabetes mellitus is a metabolic alteration of carbohydrates, lipids and proteins associated to insulin
de�ciency or resistance, that prevents correct glucose metabolism causing increased glucose levels [1].
King and coworkers [2], estimate that by the year 2025, diabetes prevalence will increase 27%. By the way,
Wild and coworkers [3], estimated that for the year 2030 diabetic people will be duplicated in the most of
countries of world, without consider obesity. Those estimations are very worrying because projections
increase mortality and decrease quality of life. In Mexico, diabetes and malignant tumors represent the
second and third cause of death respectively in both women and men [4]. Cervical cancer continues being
the second cause of death in women by this disease, despite free programs of early detection of cervical
cancer. These dates are alarming because the costs of treatments of both diseases are expensive for
people and National Health Institutes, and the combination of both diabetes and cancer diminish cancer
survive.

It has been pointed out an association between diabetes and cancer, there are relative risk associated
with diabetes for hepatic, pancreatic, endometrial, colon, breast, bladder and lung cancer, although the
relative risk varies between each type of cancer [5]; unfortunately, in our country the probability of having
cancer and diabetes is becoming more frequent. Reportedly that patient with both pathologies: cancer
and diabetes does not respond equal to cancer treatment and have higher mortality comparing with no
diabetic patient [6, 7]. A lot of studies have reported that growth factors increase metastasis and invasion
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properties of cancer cells (epidermal growth factor (EGF) and Insulin-like growth factor 1 (IGF-1)) [8–11].
In normal condition, in smooth muscle cells in presence of IGF-1 promotes protein synthesis but no cell
proliferation, conversely, if the same smooth muscle cell culture with some stress condition as
hyperglycemic and/or hypercholesterolemic, IGF-1 stimulates cellular proliferation [12, 13]. On the other
hand, insulin is responsible for introduce glucose into the cell and subsequently be metabolized; both
receptors IGF-1 and insulin belong to tyrosine kinase transmembrane family; this similarity allow that
insulin can bind to IGF-1 receptor (IGF-1R) and also IGF-1 can bind to insulin receptor (IR), but with low
a�nity [14]. Therefore, it is possible that in cancer patients who already have diabetes and are treated
with insulin, this insulin could have two effects: introduce glucose into the cancer cell or act as grow
factor binding to IGF-1R and promoting proliferation, migration and invasion. IGF-1R is overexpressed in
many cancer cell lines and types of tumors, including cervical cancer [11] so is probable that IGF-IR is
activated in presence of insulin [15]. Therefore, our objective was to test if insulin may act as a growth
factor in promoting tumoral growth. To evaluate the effect of high concentrations of glycemic and insulin
over proliferation of cervical cancer cells, we developed the following experiments in vitro and in vivo.

Methods
HeLa, SiHa and CaSki cervical cells were obtained from American Type Culture Collection (ATCC), cells
were maintained in Dulbecco’s Modi�ed Eagle´s Medium (DMEM) supplemented with 5% of fetal bovine
serum (FBS), 37 oC and 5% of CO2. HeLa cell line was also used in the “in vivo” studies. All experiments
were prepared under sterility into a laminar �ow hood. All compounds used were purchased from
recognized commercial houses.

 Effect of insulin on cell proliferation

Cell proliferation was evaluated by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;
Sigma) and crystal violet assays. 1X103 cells/well was seed and expose with normoglycemic (5 mM) or
hyperglycemic (25 mM) medium by 7 days alone or in combination with insulin (0, 0.01, 0.1 or 1 ug/mL).
SiHa and CaSki cells were only expose to the highest concentration of insulin. All experiments were made
by triplicate. Time of exposition was stablished as a result of previous experiments made in the
laboratory and by reports in the literature using different cancer cell line. Insulin concentration was
selected because high physiological levels has been reported as inductors of proliferative effects (up 10
nM) [16, 17].

MTT Assay

The assay is based on the conversion of MTT to formazan, this compound is developed by viable cells
with active metabolism. The measured absorbance is proportional to the number of viable cells. Brie�y, 5
mg/mL MTT was dissolved in DMEM (1:9), the solution was added in each well and was incubated
during 1 to 3 h. Formazan dye was dissolved with 2-propanol acid, optical density was measured using
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an ELISA reader at λ= 570 nm. The results were expressed as the percentage of MTT reduction in relation
to cero insulin concentration groups.

Apoptosis assay

Apoptosis was evaluated by �ow cytometry. Brie�y, once the cells were expose to hyperglycemia and/or
insulin, they were washed with PBS and harvested with PBS-EDTA-Tripsin, followed by centrifugation and
resuspended in DMEM, �nally they were exposed to Guava Nexin Reagent, in the dark at room
temperature for 20 minutes. 10,000 events were acquired in the Guava easyCyte equipment (Merck
Millipore, Darmstadt, DE) per sample. Early and late apoptosis were determined, and the results were
expressed as the total percentage of apoptosis. Experiments were carried out independently and by
triplicate.

Cell cycle assay

Determination of cell cycle was performed by �ow cytometry. Brie�y, once the cells were expose whit
hyperglycemia and/or insulin, the cells were washed with PBS and harvested with PBS-EDTA-Tripsin,
followed by a centrifugation. After that were �xed in 70% ethanol and incubate at 4 oC for 24 h.
Thereafter, cells were washed with PBS and incubated with Guava Cell Cycle Reagent at room
temperature for 30 minutes in the dark. 10,000 events were acquired in the cellCycle software (Merck
Millipore, Darmstadt, DE) per sample and cell cycle phases were analyzed. Experiments were carried out
independently and by triplicate.

In vivo experiments

Female mice BALB/c (nu/nu) of 20-25 g body weight were purchased from laboratory animal production
and experimentation unit (UPEAL-Bioterio) of Universidad Autonoma Metropolitana Unidad Xochimico.
The mice had free access to sterile water and food, they were housing into microisolator (Allentown Inc.)
under 25oC, 70% of humidity and 12 h light-12 h dark cycle. The sample size was calculate by the
comparison of two means, where the sample size corresponds to the value of the standard deviation,
with Zα (Z of alpha) which refers to the type I error (con�dence level α = 0.05 corresponding to a value of
Z = 1.96), and Zβ (beta Z) with a power of 80% (value of Z = 0.84) [18]. All the mice were handling in
accord to Mexican Guide (NOM-062-ZOO-1999) and the Committee for the Update of the Guide for the
Care and Use of Laboratory Animals and Biological hazard residues Guide (NOM-087-ECOL-SSA1-2001)
[19-21]. This protocol was approved for the Instituto Nacional de Cancerología (011/045/IBI and
CB714/11).

Experimental Design

Thirty-nine female mice (BALB/c (nu/nu) of 20-25 g body weight) were used. Random way, one part of
the mice was hyperglycemia induced using streptozotocin (100 mg/Kg/week) until the mice became
hyperglycemic. Once the mice present hyperglycemia (≥ 125 mg/dL), then were inoculated
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subcutaneously into the back with 5X106 HeLa cervical cancer cells. Once the tumor reached around 170
mm3 (week 4), mice were divided randomly in four groups: A) control (no hyperglycemic), B) insulin
(1IU/Kg i.p. daily until the end of experiment, no hyperglycemic), C) hyperglycemia and D)
hyperglycemia+insulin. The animals were weekly weight, and glucose blood concentration as well as
tumor size were measured. The tumor xenografts were measured with a caliper in two dimensions; tumor
volume was calculated by following equation: V=((width)2*length*π)/4) [22]; time of duplicated rate of
tumor was calculate using the following equation: T=((days of treatment)/(((Log(�nal volume)-Log(initial

volume))/Log 2)) [23]. When the tumor reaches 2000 mm3, the mouse was sacri�ced. At the end of
experiments the mice were sacri�ced under anesthesia overdoses using a mixture of iso�urane/oxygen
(3%); plasma and pancreas were obtained; samples were store in formaldehyde at 10% for histological
studies.

Biochemical quanti�cations

Glucose, cholesterol, triglycerides, creatinine and BUN were quanti�ed in serum at the end of the
experiments using a Beckman Coulter laboratory analyzer AU680 Chemistry System. Also, blood glucose
concentration was measured with glucometer (Accu-Chek Performa, Roche) each week for hyperglycemia
follow-up. Plasma insulin concentration was determined using an ELISA kit (Abnova).

Histological studies

Pancreas was perfused through pancreatic conduct catheter with saline solution following by 10%
formalin until �xation was completed. After that, the tissue was including in para�n, sectioned at 3 µm
thickness and stained with hematoxylin-eosin method. The slides were analyzed blindly. Langerhans
islets by mm2 were count in all groups.

Statistics analyses

All the results were present as mean ± SEM (standard error of the mean). The tumor volume was
analyzed by ANOVA for repeated measures followed by the Student Newman-Keuls comparison test.
Overall survival was calculated with Kaplan-Meier analysis. The other parameters were evaluated using
one-way ANOVA followed by Student Newman-Keuls multiple comparison test, GraphPad Prism 4
software (San Diego, CA, USA) and SPSSv.21.0.0 (Chicago, IL, USA) were used. Statistical signi�cance
was de�ned when p value was ≤ 0.05.

Results
To test our hypothesis, we �rst perform in vitro assays; we quanti�ed percentage of cell proliferation with
high glucose concentration (25 mM) with or without insulin (Table 1), we found that in Hela cells under
hyperglycemia condition, glucose lead to signi�cant increase of cell proliferation (12%) in compare to
normoglycemic condition. Those results were observed with both MTT and crystal violet assay. After that,
the cells were expose to different insulin concentration (0.01, 0.1 and 1 µg/mL); in Table 1 we show that
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in normoglycemic condition (glucose 5 mM), insulin did not modify cell proliferation, conversely, in
hyperglycemic condition with high insulin concentration (1 µg /mL) this increased cell proliferation, more
that 20%.

Table 1
Hyperglycemia and insulin effect over cell viability (%) in Hela cells.

Insulin
[ug/mL]

Glucose
[5mM]

Glucose
[25mM]

0.00 100.0 ± 4.7 112.3 ± 3.7 a

0.01 92.1 ± 2.3 115.4 ± 4.3 a

0.10 95.0 ± 3.4 118.5 ± 4.2 a

1.00 103.6 ± 3.3 126.2 ± 3.3 a,b

Each experiment was the average of three independent experiments. a P ≤ 0.05 vs glucose 5 mM
without insulin; b P ≤ 0.05 vs glucose 25 mM without insulin.

We also evaluated the effect of cell proliferation in SiHa and CaSki cell lines in hyperglycemia and
hyperinsulinemia condition. In the Table 2, we showed that in both cell lines had a signi�cant increase on
cell proliferation in presence of hyperglycemia and this proliferation show a tendency to increases even
more when insulin (1 µg /mL) was added.

Table 2
Hyperglycemia and hyperinsulinemia effect over cell viability percentage in SiHa and CaSki cell lines.

  Normoglycemia Hyperglycemia Hiperglicemia + Insulin

SiHa 100 ± 3.5 128.6 ± 5.5 a 145.0 ± 12.4 a

CaSki 100 ± 6.0 127.7 ± 5.0 a 136.3 ± 10.2 a

Each experiment was the average of three independent experiments. a P ≤ 0.05 vs Normoglycemia
without insulin. Results are expressed as mean ± SEM.

To elucidate a possible mechanism of action, we explored the apoptosis and cell cycle in the three
cervical cancer cell lines. In Fig. 1 we show apoptosis percentage in Siha and CaSki cells. Clearly, we
observed a decrease in the total percentage of apoptosis in the hyperglycemia group in compared to the
control group with statistic signi�cance. When insulin was added, this percentage decreases even more,
although there was not signi�cant difference respect to only hyperglycemia group. In the other hand, in
HeLa cell line we did not �nd statistical difference when insulin was added, only we �nd a decreasing
tendency. Whereas, any of three cells lines show change in cell cycle phases when the cells were treated
with insulin or hyperglycemia (data no show).
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Once we found that both conditions hyperglycemia and hyperinsulinemia promote the cell proliferation;
we translate these assays to in vivo studies in order to observe if the results obtained in vitro are
reproduced in vivo. Blood glucose levels were monitored during the twelve weeks, Fig. 2B shows the
temporal course of blood glucose levels where it is clearly observed that animals administered with
streptozotocin signi�cantly increased serum glucose with respect to the control group. Systemic toxicity
was evaluated recording body weight during all experiment (12 weeks), no difference was found in this
parameter (Fig. 2A).

Several biochemical parameters were quanti�ed in order to know if the hyperglycemic status developed
by the mice already have the metabolic alterations that occurs during diabetes in humans. Figure 2C
shows the levels in plasma of glucose, cholesterol, triglycerides, creatinine and BUN in mice of all groups
studied measured at the end of experiment. Hyperglycemic mice show signi�cative increases of all
parameters and insulin administration was only able to prevent triglycerides increase.

When islets of Langerhans were analyzed, we found changes in the number of islets per square
millimeter, as well as the insulin serum levels. In Fig. 3B, we show a decrease in the number of
Langerhans islets in all experimental groups although only hyperglycemic group reached signi�cant
statistical difference. Additionally, the group administrated with insulin show a slight hypertrophy; in fact,
mice administered with streptozotocin show in�ammatory cells. When fasting insulin levels were
quanti�ed, insulin group shows an increase of insulin levels in compare with the control group, while
hyperglycemic groups not show any change in compare with the control group, even one of the
hyperglycemic groups was administered with insulin (Fig. 3C). Those results indicate that insulin doses
administrated caused important physiological changes without controlling circulating glucose levels.

In Fig. 4A we show a temporary course of tumoral volume of xenotransplants of HeLa cells. We found a
signi�cantly increases of tumor growth in all studied groups in comparison to the control group; in fact,
insulin group, independently of hyperglycemia condition, shows the highest tumor growth, some mice of
this group had to be sacri�ced before to �nish the treatment because of ethic guidelines does not allow
us to work with such big tumor (Fig. 4B). We did not �nd signi�cant changes in the tumoral volume in
hyperglycemia groups with or without insulin, however both groups show an increase in tumoral volume,
that can suggest that both insulin and glucose are activating signaling pathways that culminate in cell
proliferation and/or decreases in apoptosis.

Those results correlate with a decrease of cell doubling time, while control group need approximately 20
days to duplicate the tumoral volume, insulin´s groups need only approximately 13.5 days (Fig. 4C).

Discussion
Current evidence demonstrates that hyperglycemia promote cell proliferation to triggers several direct and
indirect pathways such as induction of epithelial mesenchymal transitions [24], high density in GLUT 1
receptors and used of lactate [25, 26], increase leptin and pro-survival AKT/mTOR signaling [27], increase
levels of in�ammatory cytokines in blood circulation [28, 29] and WNT/β-catenin signaling [30]. These
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studies suggest that high glucose levels have an in�uence in clinical course of cancer patients. In this
study we have demonstrated in vitro that the combination of hyperglycemia and hyperinsulinemia act
synergistically to enhance cell proliferation in cervical cancer cells and decrease apoptosis without cell
cycle changes.

Those results are similar to report by Masur and coworkers [31], they report that glucose and insulin
increase proliferation cell and migratory activity in colon, mama, bladder and prostate cell lines through
activation of phosphatidylinositol 3-kinase (PI3K), protein kinase C alpha (PKCα) and human myosin light
chain kinase (MLCK) proteins. However, in our study we did no �nd signi�cant changes in the cell cycle,
similar results were reported by Liu and coworkers in head and neck cells lines [30], unlike Masur et. al.
[31] who found an increase number of transcripts of cyclin A1 and E, genes involved in the transition from
G1 to S phase, nevertheless, they do not con�rm these results with a whole cell, so additional assay will
be done.

Both insulin and IGF-1 have similar structure and activate almost the same transduction pathway; IR has
metabolic function, when insulin activate IR, adapter proteins that contain phosphor-tyrosine binding as
insulin receptor substrate (IRS-1-4) are phosphorylated, this initiates an autocatalytic process that
culminates with the activation of proteins that allow translocations of GLUT4 receptors to cellular
membrane for transport of glucose inside the cell. While, IGF-1R has proliferation, grow and anti-
apoptosis effects; once IGF-1R is activated by IGF-1, IRS and Shc (Src homology collagen) are
phosphorylated, which subsequently interact with p85 and p110 subunit of PI3K protein who activated
AKT and in turn promotes cell growth and protein synthesis. Both insulin and IGF-1 can bind of both of
two receptors IR and IGF-1R (although their a�nity to own receptor is higher). It has been reported that in
pathological conditions with hyperinsulinemia, insulin can trigger proliferation pathway activated by IGF-
1 in mama, colon, cervix, kidney and lung cancer cells lines [32–37]. In addition, IR and IGF-1R are closely
linked stimulate cellular proliferation and induce metastasis in experimental models [29, 38]. In this study
we found that, in vitro, both hyperinsulinemia and hyperglycemia increase cell proliferation and decrease
apoptosis, whereas in vivo increases tumoral volume. So, our results are related to what is reported in the
literature.

By the way, Novosyadlyy et. al. [39] performed in vivo studies, where shows that high phosphorylation of
insulin and IGF-1 receptors in mammalian tumor cell extracted from diabetic rats, suggesting that
hyperinsulinemia also have an in�uence on IGF-1 pathway. Our study shows that in normoglycemic
condition there are no changes in presences of insulin (Table 1), wherever, insulin plus hyperglycemia
increases cell proliferation signi�cantly (more than 25%), and the same effect was observed in cisplatin
resistant cells (Table 2). Even though that change seems not so big, it is signi�cant and enough to
increases tumoral volume (Fig. 4A) and cell doubling time (Fig. 4B). Similar results were show in smooth
muscle cells (SMC), by Clemmons and coworkers [40]. These authors observed that the IGF-1 stimulates
both migration and proliferation in SMC in presence of hyperglycemia through activation αVβ3 integrin
and Shc phosphorylation. It is worth mentioning that IGF-1R is present in cervical cancer cell line [11].
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In this study we only used insulin but not IGF-1, and the group administered with insulin showed an
increase in serum insulin levels (Fig. 3C) and also, this result correlated with the increase in tumor volume
(Fig. 4A), indirectly indicating the possible activation of the IGF-1 pathway. However, the diabetic groups
treated or not with insulin, also showed an increase in tumor volume although the serum insulin levels
were the same to the control group, which suggests that the effect is due to hyperglycemia condition
more than insulin. According to these results, Villarreal-Garza and coworkers [41] reported that patients
with breast cancer and hyperglycemia are associated with a poor outcome in contrast to normoglycemic
patients, conferring an elevated risk to die. This effect is probably due to the low chemotherapy response
produced by hyperglycemia when induced high proliferation, so it will be necessary corroborate it.

Our results show an increase of insulin concentration in insulin treated group (Fig. 3C) and that result
correlated with a hypertrophy in the Langerhans islets (Fig. 3A). This effect supports the results reported
by Gao and coworkers [42] �nding that a high-fat diet impaired glucose homeostasis increasing insulin
release and causing hypertrophy in the Langerhans islets, which in turn resulted in insulin resistance.

Insulin stimulates both, proliferation and tumoral growth of cervical cancer, and this could be one of the
possible causes for what diabetic people with cervical cancer present a low response to chemotherapy in
compare to normoglycemic patients. This propose is similar that reported by the Liu group [30], where
they found that the long cultivation with high-glucose environment promote that the head and neck
cancer increase malignancy, regardless of the lymph node metastasis that occurs in this type of cancer.

Conclusion
The present study con�rms that both hyperglycemia and hyperinsulinemia enhance cell proliferation and
tumor growth in cervical cancer. So, clinicians must be permanently monitoring glucose levels to avoid
hyperglycemia or hyperinsulinemia in decrement of cancer response.

Abbreviations
DMEM Dulbecco’s Modi�ed Eagle´s Medium

EGF Epidermal growth factor

FBS Fetal bovine serum

IGF-1 Insulin-like growth factor 1

IGF-1R Insulin-like growth factor 1 receptor

IR Insulin receptor

ISR Insulin receptor substrate
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MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

MLCK Myosin Light Chain Kinase

PKCα Protein kinase C alpha

PI3K Phosphatidylinositol 3-kinase
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Figure 1

Total apoptosis (%). A) HeLa cell line, B) SiHa cell line, C) CaSki cell line. The left side �gure shows
representative dot plots of anexin and 7-AAD �ow cytometry in control, hyperglycemia and hyperglycemia
+ insulin (H+I) groups, right side show analysis of total apoptosis (%). A) HeLa cell line B) SiHa cell line,
C) CaSki cell line. Each bar represents the mean ± SEM of three independent experiments. a P ≤ 0.05 vs
control group.
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Figure 2

Blood glucose levels, body weight and biochemical parameters. A) Temporal course of blood glucose
measured once a week in all groups (control, insulin, Hyperglycemia and Hyperglycemia+Insulin). B) Body
weight measured once week of mice treated with vehicle (control group), insulin, STZ (hyperglycemic
group) and STZ+insulin (Hyperglycemia+Insulin). C) Biochemical parameters of all groups at the end of
the experiment. Each point represents the mean ± SEM of 9 to 13 mice. a P ≤ 0.05 vs control group; b P ≤
0.05 vs Insulin group.
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Figure 3

A) a representative micrography of Langerhans islets stained with H&E, arrows mark an islet in all
experimental groups. B) Number of Langerhans islets per mm2 in all experimental groups. C) Serum
insulin levels in all experimental groups. a P ≤ 0.05 vs control group, b P ≤ 0.05 vs Insulin group. Results
are expressed as mean ± SEM of 9 to 13 mice.
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Figure 4

Tumoral volume. A) Temporary course of tumors from transplanted HeLa cells in nude mice under
hyperglycemic and/or hyperinsulinemia conditions. B) Percentage of survival in the fourth study groups.
C) Growth of xenotransplants of HeLa cells in hyperglycemic conditions, the nude mice were treated with
or without insulin for 12 weeks. a P ≤ 0.05 vs control group, b P ≤ 0.05 vs Insulin group. Results are
expressed as mean ± SEM of 9 to 13 mice.
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