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Abstract 

 
The epidemic of type 2 diabetes mellitus is unrelenting, at least, in the developing economies. A 
relationship has been noted between the insulin resistance or metabolic syndrome and cervical 
cancer; and a direct link may exist between glucose metabolism and cancer stem cells in tandem with 
recent reports that hyperinsulinaemia resulting from hyperglycaemia may promote carcinogenesis. 
Also, interference with energy metabolism may induce HPV suppression, a risk factor for cervical 
dysplasia and cancer. Metformin supplementation inhibited the ability of oncogenes to protect cancer 
cells from glucose deprivation-induced apoptosis. In this case report, metformin prevented the 
progression of impaired fasting plasma glucose to type 2 diabetes and arrested the progression of 
cervical intraepithelial neoplasia I (CIN I) in a 42-year old Nigerian female patient diagnosed with the 
metabolic syndrome and CIN I cervical dysplasia. Metformin’s actions may be due to its activation of 
AMPK and also non-AMPK based actions such as downregulation of the oncogene, c-myc, the 
amplification of which is detected in preinvasive intraepithelial cervical cancer. Metformin’s actions in 
prediabetes and CIN I deserves it being further explored. 
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INTRODUCTION 
 
Cervical cancer is among the most common cancers 
worldwide and the second most common cancer in women. 
It is associated with over 510,000 new cases and 288,000 
deaths each year (Saslow et al., 2007; Xiao et al., 2012). 
The incidence in developed economies has been decreasing 

since the 1970s because of increasing use of preventive 
measures (www.mcdanielanddurrett.com/gynaecology). 
The Human Papilloma Virus (HPV) infection is thought to 
be necessary for the development of cervical cancer. 
Serotypes 16 and 18 of HPV are responsible for about 
70% of all cervical cancers (Penaranda et al., 2013).  The 
introduction of HPV vaccine is a major advance but 

current vaccines can prevent only 70% of cases (Saslow 
et al., 2007). 

Pre-stages of cervical cancer are cervical 
intraepithelial neoplasia (CIN) I, CIN 2 and CIN 3. 
Diagnosis is done by cervical (Papanicolaou) smear and 
histological examination of biopsy specimens. In CIN I, 
biopsy may reveal atypical squamous cells of 
undetermined significance (ASC-US) or low-grade 
squamous intraepithelial lesion (LSIL).  For patients 25 
years and older, follow-up is by a Pap test and HPV test 
in one year. If CIN I persists for two years, patients  may 
undergo treatment. Present treatment for CIN I is 
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Table 1. Effect of Metformin on Progression of IFG and CIN I in a Pre-Diabetic  
 

 At  presentation 1yr 2yr 3yr 

FPG  

(mg/dI) 

112.50 +  4.20 87.30 +  5.00* 85.60 + 3.00* 81.20 + 5.00 

BMI  

(kg/m
2
) 

32.50 + 2.30 30.10 + 4.00* 29.5 + 5.20* 29.10 + 6.00* 

CINI +ve -ve -ve -ve 

HPV -ve -ve -ve -ve 
 

Metformin caused significant reduction of body mass index (BMI),  normalisation of fasting 
plasma glucose (*P < 0.05) and prevented progression of CIN I 

 
 
 
excisional or ablative therapy (www.uptodate.com). CIN I 
is no longer thought to be associated with an increased 
risk for CIN 3 (www.thedoctorschannel.com). Women 
diagnosed with CIN I are more likely to have HPV 16, 
which in turn increases the risk of CIN 3. 

Differential diagnosis of CIN I includes benign 
conditions such as cervical infections, polyps and 
myxomas. It also includes iatrogenic states such as birth 
control pills and intra-uterine contraceptive devices 
(http://www.oncolex.no/en/Gynaecological.cancer).Symp-
toms of cervical intra-epithelial neoplasia may include 
abnormal bleeding between menses; during and after 
intercourse; or after menopause. There might be no 
symptoms and CIN I may be detected during routine 
screening. 

There is now thought to be positive association 
between factors of the metabolic syndrome, such as 
hyperglycaemia, hypertriglyceridaemia and obesity, with 
cervical cancer. Findings suggest that the metabolic 
syndrome may play a role in virus-host interactions 
needed for infection with HPV to become persistent 
(Penaranda et al., 2013). Hyperinsulinaemia resulting 
from hyperglycaemia promotes carcinogenesis indirectly 
through increasing circulating free insulin-like growth 
factor-I (IGF-I) in tandem with the fact that a  novel, direct 
link has been reported between glucose metabolism and 
cancer stem/initiating cells (Sato et al., 2012). 
Hyperglycaemia induces altered expression of 
angiogenesis associated molecules and upregulates 
expression of Il-6, Il-8, MCP-I, MMP-2 and MMP-9 
(Chang and Yang, 2013). Decreased production of 
thrombospondin-I (TSP-I), a potent anti-angiogenic 
protein, by hyperglycaemia results in upregulation of 
angiogenesis in selected tissues 
(http://www.lerner.ccf.org).  

5-adenosine monophosphate-activated kinase 
(AMPK) activation protects cells from oncogenic 
stimulation (Mihaylova and Shaw, 2011) and interference 
with energy metabolism by 5-aminoimidazole-4-
carboxamide-1-beta-D-ribofuranoside (AICAR) induces 
HPV suppression (Nafz et al., 2007). AMPK activators 
suppress cervical cancer cell growth (Kwan et al, 2013; 
Yung et al., 2013). Activation of AMPK provides a  

metabolic barrier to reprogramming somatic cells into 
stem cells by preventing the transcriptional activation of 
octamer-binding transcription factor 4 (Oct- 4), the master 
regulator of the pluripotent state (Vazquez-Martin et al., 
2013). For example, generation of induced pluripotent 
stem cells (iPSCs) or tumor-propagating cells from 
somatic cells is blocked by metformin, an activator of 
AMPK. Metformin also targets  cancer stem cells (Sato et 
al., 2012(b) and the cellular myelocytomatosis (c-myc) 
oncogene (Akinyeke et al, 2013) which is amplified in 
preinvasive intraepithelial cervical lesions (Aoyama et al., 
1998; Golijow et al., 2001) and could cooperate in cell 
transformation and tumor progression. Infection with HPV 
16 is tightly associated with c-myc amplification (Abba et 
al., 2004) and c-myc may be a target of HPV integration 
(Ferber et al., 2003). 

The expression of histone deacetylase (HDACs 1 
and 2) is increased in cervical dysplasia (Huang et al., 
2005) and could also be a target of metformin (Duo et al., 
2013). 
 
 
Case report 
 
A 42-year old Nigerian divorcee presented July, 2010 for 
routine pre-employment tests. Physical examination was 
normal except mild elevation of blood pressure (140/90 
mm.Hg); impaired fasting plasma glucose (112 mg/dl); 
mildly elevated triglycerides (114 mg/dl); and increased 
body mass index (32.5 kg/m

2
) which are features of the 

metabolic syndrome (Rao et al., 2004; Lily and Godwin, 
2010). Papanicolaou smears from cervical specimens 
showed no cytological evidence of HPV infection but 
showed CIN I lesion with atypical squamous cells of 
undetermined significance. These tests were repeated 
yearly for three years. 

Metformin was started for her at a dose of 500 mg 
thrice a day (Lily and Godwin, 2010; Fonseca, 2013; 
DeFronzo, 2009) Thereafter, plasma glucose levels 
became normal and cervical smears and biopsy 
specimens showed disappearance of CIN I lesions after 
one year (Table 1). 
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DISCUSSION 
 
Results show that metformin halts the progression of 
impaired fasting plasma glucose (pre-diabetes) and CIN I 
pre-cancer lesions. Metformin, which activates AMP-
activated protein kinase (AMPK), restores impaired 
glucose homeostasis and prevents the development of 
type 2 diabetes mellitus (Rao et al., 2004; Lily and 
Godwin, 2010). It decreases hepatic glucose production 
and increases fat oxidation, preventing chronic elevation 
of free fatty acid levels which is detrimental to 
maintenance of glucose homeostasis (Hsu et al., 2010; 
Ruderman et al., 1969).  Metformin suppresses hepatic 
gluconeogenesis through induction of the NAD-
dependent deacetylase sirtuin I (SIRTI) which promotes 
fatty acid oxidation (Sato et al., 2013; Purusotham et al, 
2009);  and the acetyltransferase general control of 
amino acid synthesis 5-like 2 (GCN5) (Caton et al., 
2010). Acetylation of peroxisome proliferator-activated 
receptor gamma coactivator-1α (PGC-1α), the 
downstream target of AMPK, by GCN5 inhibits 
gluconeogenesis (Sakai et al., 2012). CBP-and p30-
interacting transacting with glutamic-and aspartic acid-
rich COOH terminal domain 2 (CITED 2) inhibits the 
acetylation of PGC-1α by blocking its interaction with 
GCN5 to increase gluconeogenic genes (Sakai et al., 
2012). CITED 2 may be higher in subjects with pre-
diabetes and type 2 diabetes mellitus.  

Metformin has also been found associated with 
reduced cancer-related morbidity and mortality (Landman 
et al., 2010; Monami et al., 2010) by multi-faceted 
actions. The AMPK pathway seems dominant over the 
oncogenic signaling pathway in causing energetic 
deprivation and suppressing cell proliferation (Cheong et 
al., 2011). Activation of AMPK inhibits reprogramming of 
somatic cells into stem cells (Vazquez-Martin et al., 
2013). Metformin kills cancer stem cells responsible for 
chemoresistance by cancer cells, inhibits cellular 
transformation and antagonizes epithelium-to-
mesenshymal transformation (EMT) necessary for cancer 
spread. Metformin lowers threshold for stress-induced 
senescence and attenuates the anti-senescence effects 
of the Warburg-like aerobic ATP-generating 
hyperglycolytic metabotype required for self-renewal, 
immortality and  proliferation of cancer stem cells (CSCs) 
(Del Barco et al., 2011). Metformin is also synthetically 
lethal with glucose withdrawal in cancer cells (Menandez 
et al., 2013). 

 Nestin expression, which correlates with the 
presence of cancer stem cells and aggressive growth and 
may be found in CIN I lesions (Sato et al, 2012(B), is 
inhibited by metformin (Sato et al, 2012) which may also 
inhibit cellular proliferation or induce apoptosis to reduce 
tumor bulk.  

The observed reduction in cancer risk and mortality 
of diabetic patients chronically treated with the biguanide 
metformin  (Monami  et  al.,  2010)  may  represent  a  

 
 
 
 
metronomic chemotherapy approach targeting the 
differential utilization of de novo one-carbon metabolism 
by pre-malignant and malignant cells. By functioning as a 
bona fide low-dose metronomic chemotherapeutic, the 
antifolate metformin may lead to tumor suppression by 
devascularising early tumor vessels and prevent systemic 
genomic damage (Corominas-Faja et al., 2012). 
Metformin-induced activation of the tumor suppressive 
ataxia telangiectasia mutated kinase (ATM)/AMPK axis is 
secondary to metformin-induced alteration of de novo 
nucleotide pool maintenance (Corominas-Faja et al., 
2012). 

The biguanide, metformin, has anti-angiogenic 
effects in vitro and in vivo (Soraya et al., 2012; Tan et al., 
2009) and may also inhibit histone deacetylase (Duo et 
al., 2013) which may also help explain present results. 

In conclusion, the pleitropic actions of metformin 
(http://apiidia.org)   places it in good stead to prevent 
progression of impaired fasting plasma glucose and pre-
cancer lesions of the uterine cervix, and deserves further 
exploration.  
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