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Introduction 

The development of cervical cancer is considered to be a
multistep process, where infection with oncogenic human
papillomaviruses (HPVs) (as types 16 and 18) is a neces-
sary but insufficient cause. HPV infection is widespread in
many populations, however more than 90% of genital
infections regress without intervention within a few years.
The rest develop more long-term infections, and such
infections are associated with an increased risk of develop-
ing cervical cancer. Little is known about the secondary
factors associated with the progression from subclinical
infection to invasive carcinoma [1-3]. Epidemiological
studies have demonstrated an association between IGF-I
serum levels and increased risk for various cancers [4-9].
Little is known about IGF-I in the regulation of cervical
cancer development and progression.

IGF-I is a signaling molecule involved in the growth
and differentiation of multiple cell types and also in pro-
moting mitogenic, metastatic and antiapoptotic pheno-
types in several types of cancers [10-12]. IGF-I affects
cells via the endocrine, paracrine, and autocrine pathway

[10]. Human IGF-I is a basic 70 amino acid peptide
encoded by a gene located on chromosome 12, which
consists of six exons. The IGF-I gene transcription is con-
trolled by two promoters: P1 and P2, which are located
upstream from exons 1 and 2, respectively. The IGF-I
pre-mRNA is alternatively spliced [13]. The major IGF-I
gene promoter P1 consists of 1630 nucleotides of the reg-
ulatory region and 322 nucleotides of 5’ UTR of exon 1,
which is thought to be necessary for correct and efficient
transcription. The 322 nt 5’UTR of exon 1 is the most
conserved part of the IGF-I gene in humans and other
species. Consessus TATA or CAAT boxes are not present.
Promoter 1 is active in a variety of cell types and tissues
[14]. A polymorphism in the promoter region of the IGF-
I gene is associated with IGF-I serum level and birth
weight and body weight. This polymorphism consists of
a highly polymorphic microsatellite composed of cyto-
sine-adenosine (CA) repeats situated in the promoter
region located at 1-kb upstream from the first transcrip-
tion start site of the IGF-I gene. Yu and coworkers [15]
indicated that the length of the repeat is inversely corre-
lated with transactivation of the IGF-I gene. The IGF-I
gene is transcribed in a wide variety of normal and neo-
plastic tissues with the highest level of expression in the
liver [16].

Summary

Human papillomaviruses (HPV16, HPV18, HPV31, HPV33) are etiological agents in the development of cervical cancer. HPVs
infect epithelial cells and depend on epithelial differentiation for the completion of their life cycle. Insulin-like growth  factor I (IGF-
I) is a potent mitogen involved in the regulation of cell proliferation and apoptosis of many cell types including normal and trans-
formed epithelial cells. Deregulation of IGF-I expression and action is linked to diverse pathologies including cancer. A polymor-
phism in the P1 promoter region of the IGF-I gene may directly influence its expression. Using the PCR-SSCP method and sequenc-
ing of DNA, we identified a single nucleotide polymorphism (SNP) at -383(C>T) position of promoter P1 of the IGF-1 in 16% of
the study HPV-positive women with precancerous and cancerous lesions. In vitro, we observed that the SNP at-383(C>T) site signif-
icantly increased the reporter gene expresion in the HepG2 cell line, but not in the HeLa cell line relative to the wild type promoter.
It suggests that the studied SNP can change expression of the IGF-I gene in distinct ways in different types of tissues. Deregulation
of expression of the IGF-I gene can affect normal epithelium development and in case of HPV infection can potentially disrupt the
virus life cycle and stimulate its passage into the oncogenic life cycle or persistent viral infections. Therefore, we propose that SNP
C>T at the -383 position of P1 promoter may be one of the helpful prognostic markers in the diagnosis of cervical cancer develop-
ment of women with persistent infection in the ectocervical epithelium. We have not found any association between the polymor-
phism CA repeats in the promoter P1 region of the IGF-I gene and suceptibility to HPV infection and cervical cancer development.
The (CA)19 allele was the most common in the study of this group of women.
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Our previous study indicated a statistically significant
lower circulating level of IGF-I and IGFBP-3 in women
with cervical cancer than in the controls [17]. 

In the present study, we analyzed the nucleotide
sequence in the 5’ upstream regulatory region of the IGF-
I gene in relation to susceptibility to HPV infection and
cervical cancer risk.

Material and Method

Patients and specimen characteristics

The investigations were performed using cervical cancer
specimens and blood cells obtained from women who were sub-
jected to surgery during 2004-2008 because of histologically
confirmed neoplastic lesions. The study material consisted of 73
patients who underwent surgeries due to: squamous cell carci-
noma cervix or adenocarcinoma cervix and cervical intraepithe-
lial neoplasia grade 1-3 (CIN 1 and CIN 2 = L-SIL, CIN 3 = H-
SIL). The control group consisted of normal cervical tissues and
swabs obtained from 250 patients who underwent myomec-
tomy. Approval obtained from local ethics committees of
Medical Universities in Lublin and Poznan enabled us to collect
cervical cancer specimens.

All specimens underwent initial H&E staining to localize the
cancer cells and were reviewed by a pathologist. Cervical sec-
tions with cancer cells were used as tumor samples.

As far as the histopathological type is concerned, in the group
of 36 patients with squamous epithelial carcinoma, there were 23
cases of macrocellularae keratotodes, ten cases of macrocellu-
larae akeratodes, and three cases of microcellularae akeratodes. 

In the group of patients with adenocarcinoma of the cervix
there were three cases of mucinosum adenocarcinoma. With
respect to dedifferentiation of the neoplastic cells, all patients
were distinguished as G2 stage, according to the World Health
Organization (WHO) grading. According to the FIGO (Interna-
tional Federation of Gynecology and Obstetrics), clinical stages
all patients were classed as Stage IIA.

There were no significant differences in the mean age of
women between the study and control group (44.93 ± 13.49 vs
45.94 ± 6.12). 

Analysis of the IGF-I promoter sequence

Genomic DNA was isolated from cervical cancer tissue, dys-
plastic and healthy cells using the QIAamp DNA Mini Kit
(Qiagen, Cat. no. 51306) according to the manufacturer’s pro-
tocol. Identification of HPV types was performed as previously
described [16].

Genomic DNA was used for the amplification of the P1 IGF-
I regulatory region by PCR and then analyzed with single
stranded conformation polymorphism (SSCP) and sequencing
method, as described previously [18]. 

CA repeat polymorphism of the IGF-I promoter genotyping

PCR was performed using primers designed to amplify the
polymorphic (CA)n repeat of the human IGF-I gene. The reac-
tion was carried out in a final volume of 15 µl, containing 100
ng genomic DNA, 3.75 pmol forward primer (5’-AAGAAAA-
CACACTCTGGCAC-3’) labeled with FAM, 3.75 pmol reverse
primer (5’-ACCACTCTGGGAGAAGGGTA-3’), 0.1 mM
deoxy-NTP, 1.5 mM MgCl2, 1X PCR buffer and 0.6 U HiFi
DNA Polymerase (Novazym, Poland, Cat. no. N1003-05). PCR
was performed using thermal cycler (Tgradient Thermocycler,

Biometra, Germany) with the parameters: 94°C for 4 min; 28
PCR cycles of 5 sec at 94°C, 30 sec at 60°C and completed with
a final extension for 30 min at 65°C. Analysis of PCR product
sizes was performed on an automated sequencing apparatus
(ABI 3130xl) and determined in comparison with the internal
GS600LIZ size standard (Applied Biosystems). The estimation
of CA repeat numbers in each analyzed specimen was based on
an extrapolation to a previously developed specific allelic
ladder. The ladder marker consisted of 14 sequenced amplicons
representing alleles with 7, 9, 11, 13, 23 CA repeats.

Functional study

Plasmid 

Human IGF-I promoter was restricted from hIGF-I Luc 1
with MluI (MBI Fermentas, Cat. no. ER0561) and HindIII
(MBI Fermentas, Cat. no. ER0501) enzymes and cloned into
the MluI and HindIII sites of the promoterless reporter gene,
pCAT3-Basic (Promega, Cat. no. E1871) with T4 DNA Ligase
(MBI Fermentas, Cat. no. EL0014); hIGF-I P1 CAT plasmid
was confirmed by sequencing.

Site-directed mutagenesis 

Site-directed mutagenesis of hIGF-I CAT was performed
with PfuUltra High-Fidelity DNA polymerase (Strategene, Cat.
no. 600380) and oligonucleotides: 383a 5’-GGAAATGAGAT-
CACACCTCTCACTTGGCAACTGG-3’ and 383b 5’-
CAAGTTGCCAAGTGAGAGGTGTGATCTCATTTCC-3’, as
described by the QuikChange Site-Directed Mutagenesis
Manual (Stratagene, Cat. no. 200519). The construct (hIGF-I -
383 CAT) was confirmed by sequencing.

Cell culture and transfection

HepG2 cells were maintained in DMEM medium (Invitrogen,
Cat. no. 31966-021) with 10% fetal bovine serum (Invitrogen,
Cat. no. 10270-106) and 1% MEM non-essential amino acid
solution (Sigma, Cat. no. M7145). HeLa cells were harvested in
DMEM medium (Invitrogen, Cat. no. 31966-021 ) with 10%
fetal bovine serum (Invitrogen, Cat. no. 10270-106); 4 × 105

cells were cultured in 60-mm culture plates and cotransfected
with 1.7 µg of hIGF-I P1 CAT or hIGF-I –383 CAT and 0.3 µg
of pEQ176 using FuGENE 6 Transfection Reagent (Roche
Diagnostics, Cat. no. 11814443001) according to the manufac-
turer’s protocols. The cell extracts were collected with 350 µl of
CAT ELISA Lysis Buffer (Roche Diagnostics, Cat. no.
11363727001), after being cultured for 72 h at 37°C in 5% CO2
and assayed for CAT activity. Expression of the CAT gene was
determined using a CAT ELISA Kit (Roche Diagnostics, Cat.
no. 11363727001) according to the manufacturer’s instructions.
The β-galactosidase expression vector (pEQ176) was included
as an internal control to monitor transfection efficiency. β-
galactosidase activity was simultaneously measured as
described by the β-Galactosidase Enzyme Assay System
(Promega, Cat. no. E2000). CAT readings were normalized to
β-galactosidase activity and expressed as multiples of increase
of CAT activity relative to the control. The experiment was
repeated three times.

Statistical analysis methods

The results obtained were analyzed statistically with the chi-
square test and test for two variables of structure. The 5% error
in concluding was assumed, and p < 0.05 indicated statistically
significant differences. All calculations were carried out using
Statistica 8.0 (StatSoft, Poland).
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Alibaba 2.1 software (www.gene-regulation.com) was used
for calculation of the presence of transcriptional binding ele-
ments in the P1 promoter sequence of the IGF-I gene.

Results

For the study of association between the promoter P1
region of the IGF-I gene polymorphisms and susceptibi-
lity to HPV infection and cervical cancer development the
P1-IGF-I regulatory region was analyzed in DNA isolated
from: blood cells, cervical cancer cells or dysplastic cells,
HPV-positive and negative women, by PCR, SSCP and
sequencing methods. As a control DNA was isolated from
tissues and swabs of 250 women with normal cytology
and HPV-positive (34 out of 250) or HPV-negative (216
out of 250). The IGF-I gene promoter region showed 19
types of SNPs in the control group of women (Tables 1
and 2; 19 out of 250). In three out of 34 control HPV-pos-
itive women more than one SNP was found in the P1 pro-
moter of the IGF-I gene (Table 2). These SNPs probably
have no effect on the susceptibility to HPV infection and
cervical cancer development.

In a group of women with precancerous and cancer
lesions, only three types of SNP were detected (Table 3).
In 12 women out of 73 the SNP (C>T) at -383 position
was present. In addition, six of 12 also had this SNP in

DNA isolated from blood cells. This SNP was also detect-
ed in four women from the control group (4 out of 250),
all of whom were HPV-positive. The difference in fre-
quency of SNP (C>T) at the -383 position of the IGF-I
promoter in control and study groups was significant at
the level p < 0.001. It suggests that C>T at the -383 posi-
tion of the P1 promoter may be one of the helpful prog-
nostic markers in the diagnosis of cervical cancer devel-
opment of women with persistent infection in the ectocer-
vical epithelium.

We also analyzed CA repeats situated in the P1 promot-
er region located at 1kb upstream from the first transcrip-
tion start site of the IGF-I gene. The CA repeat sequences
in the IGF-I promoter among the study group ranged
from 17 to 23, although 19 repeats were most common
(Table 4), with an allele frequency of 68% in the control
group, 62.5% in the group with SIL and 66% in the group
with carcinoma. The CA repeat sequences were not asso-
ciated with susceptibility to HPV infection and cervical
cancer risk.

Using HepG2 and HeLa cell lines, we characterized in
vitro function of the most common alternation at site -383
(C>T). In the HepG2 cell line, we detected about a 2.5-
fold higher expression of the CAT reporter gene in probes
transfected with the hIGF-I -383 CAT compared with
probes transfected with hIGF-I P1 CAT (Figure 1). In the

Table 1. — SNPs detected in the P1 promoter of the IGF-I gene
in the control group.

SNPs out of 34 SPNs out of 216 Localization of change Type
control women control women according to the first of change
HPV-positive HPV-negative transcription initiation site

1 – -452 A>G
4 – -383 C>T
1 – -337 A>G
1 – -326 C>A
1 – -283 G>A
1 1 -236 C>G
1 – -234 C>G
1 – -227 C>G
1 1 -218 C>G
2 1 -216 C>G
– 1 -117 T>C
– 1 -33 A insertion
1 – -30 T insertion
1 – -7 G>A
1 – +101 G>A
1 – +140 T>C
1 – +187 A>G
– 1 +195 C>G
1 – +246 T>C

Table 3. — Single nucleotide polymorphisms in the P1
promoter of the IGF-I gene in a group of women with dysplasia
(L-SIL and H-SIL) and cervical cancer.

Cases Group HPV oncogenic Number of cases with
(no.) types 16/18 nucleotide changes

-275 C>T -383 C>T -436 A>G

22 L-SIL 16 1 3 –
12 H-SIL 10 – 3 –
36 Squamous cell carcinoma 35 3 5 1
3 Adenocarcinoma 3 1 1 –

Table 4. — Relationship between the CA repeats in IGF-I
promoter P1 and cervical cancer development.

Repeated No. of study No. of study No. of study Significance level
CA cases cases with SIL cases with cervical of the test 
units control group (L-SIL-H-SIL) carcinoma for two variables 

n = 250 n = 34 n = 39 of structure

17 allele 27 (10.8%) 0 2 (6%) p = 0.36
gr 250 vs 39

18 allele 9 (3.6%) 4 (12.5%) 0 p = 0.02
gr 250 vs 34

19 allele 170 (68%) 22 (62.5%) 27 (66%) p = 0.53
gr 250 vs 34

p = 0.82
gr 250 vs 39

20 allele 44 (17.6%) 4 (12.5%) 8 (20%) p = 0.44
gr 250 vs 34

p = 0.75
gr 250 vs 39

21 0 0 1 (4%)
22 0 4 (12.5%) 0
23 0 0 1 (4%)

Table 2. — Multiple SNPs detected in the P1 promoter of IGF-I
in three control HPV-positive women.

Number of localizations and type of change (according to the first transcription site)

1 -30 (+T), -216 (C>G), -218 (C>G), -236 (C>G)
1 -7 (G>A), -216 (C>G), -227 (C>G), -234 (C>G), +101 (T>C),

+140 (T>C), +187 (A>G), +246 (T>C)
1 -383 (C>T), -326 (C>A)
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HeLa cell line, the level of CAT protein was undetectable
with the CAT ELISA Kit (data not shown). It suggests
that the studied SNP can change expression of the IGF-I
gene in distinct ways in different types of tissues. 

Discussion

Infection with HPVs is the primary cause of cervical
cancer. The infection is widespread, however only about
1-5% of HPV- positive women will develop cervical can-
cer. Little is known about the secondary factors associat-
ed with its progression from subclinical infection to inva-
sive carcinomas. Transformation of cervical epithelial
cells by HPVs depends on the oncoproteins E6 and E7,
whose transcription is modulated by numerous transcrip-
tion factors and epigenetic mechanisms [19]. Growth fac-
tors like IGF-I are thought to be agents that stimulate pro-
liferation and enhance the possibility of malignant trans-
formation in HPV positive cells.

Most of the circulating IGF-I is produced from the liver
and IGF production in this tissue is controlled by the pitu-
itary growth hormone (GH) at the transcriptional level.
Transcriptional regulatory mechanisms are mediated
through transcription factors which interact with short
DNA sequence motifs in the promoter region. Little is
known about the mechanisms that regulate specific
expression of IGF-I in different cells within the human
body. The production of IGF-I is probably dependent on
the tissue type and hormonal environment. It was also
suggested that single nucleotide polymorphisms (SNP) in
the IGF-I promoter P1 region may be partially responsi-
ble for different IGF-I levels between different types of
tissues, for example, SNP in the P1 regulatory region of
the IGF-I gene can repress expression of IGF-I in
macrophages but not in epithelial cells [14, 20, 21-23].

The IGF-I gene also contains a polymorphic region
composed of multiple cytosine-adenine dinucleotides
(CA repeats). The number of CA repeats ranges between

10 and 24, with the most common allele containing 19
CA repeats in the Caucasian population [24, 25].

Recent studies demonstrated that the CA repeat
sequences present in the regulatory region may alter pro-
moter activity and thus, influence the transcription rate of
the IGF-I gene [25-28]. We did not find any differences in
the polymorphisms in this region of the IGF-I gene
between the study group of women with L-SIL, H-SIL,
cervical cancer and control subjects. The (CA)19 allele
was the most common in the study group of women.

On the other hand, in the control group of our study
women 19 types of single nucleotide changes, which may
potentially affect the expression of the IGF-I gene, were
identified in the regulatory region but as far as each SNP
was considered the frequency was between 0.4-1.6%. In
the group of women with L-SIL, H-SIL and cancer three
types of SNPs were identified in the studied region with
frequency 1.3% (-436 A>G), 6.84% (-275 C>T) and
16.44% (-383 C>T).

The most frequent polymorphic variation at the -383
(C>T) site was observed in about 16% of the studied
HPV-positive women with precancerous lesions and cer-
vical cancer and in 1.6% of control probes (all were HPV-
positive). Our previously EMSA study demonstrated that
the nucleotide changes at this site abolished the binding
affinity of Sp1 transcription factor [18] when HeLa
nuclear extracts were used. Sp1 is an ubiquitous factor that
plays a key role in maintaining basal transcription of
“house-keeping” genes that lack a TATA-box, where it
facilitates the binding of TFIID to the promoter which, in
turn, recruits RNA polymerase II transcription machinery
[29, 30]. Sp1 binds to GC-boxes and also to CT-boxes and
GT-boxes, but with significantly lower affinities. Sp1 binds
to GC-boxes with the consensus sequence 5”G/T gggcgg-
G/A-C/T-3’ or 5’G/T-G/A GGCG G/TG/AG/AC/T3’. Sp1
is implicated in the regulation of many genes responsible
for cell proliferation and tumorgenesis [31, 32]. Tapias et
al. [33] indicated that activity of the constructs in which
the Sp1 sites were deleted was almost abolished.

In vitro, we observed that the SNP at the -383 (C>T)
site significantly increased the reporter gene expression in
the HepG2 cell line relative to the wild type promoter.
Unfortunately, the level of the reporter gene expression in
the HeLa cell line was undetectable with the CAT ELISA
method. It could be due to the method used or cell line
features, like absence of some transcription factors or
influence of external hormones. It is consistent with our
previous observation that the level of IGF-I mRNA in
HeLa and CaSki cell lines was undetectable with the real-
time method (data not published), which was consistent
with data published by Steller et al. [34]. However, we
have observed in clinical probes that the IGF-I mRNA
level increased during cervical cancer progression, but
was lower in the group with cervical cancer than in the H-
SIL group (no statistically significant differences were
found between the groups compared) [17]. Increased or
decreased expression of the IGF-I gene can affect normal
epithelium development and in case of HPV infection,
faster or slower maturation of epithelial cells can poten-

Figure 1. — Analysis of expression of the CAT reporter gene in
HepG2 cells after transfection with hIGF-I P1 CAT (wild-type
promoter) and hIGF-I –383 CAT (with the point change at the
–383(C > T) site.
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tially disrupt virus life cycle and stimulate its passage into
an oncogenic life cycle or persistent viral infections. SNP
-383 may be one of the factors responsible for deregula-
tion of maturation of epithelium and replication cycle of
the HPV virus. However, these suggestions must be con-
firmed experimentally. 

IGF-I, in addition to its direct effects on cancer cells,
can also interact synergistically with other mitogenic
molecules and counteract antiproliferative molecules that
are involved in cancer development and progression.
Bioactivity of IGF-I depends on IGFBP-3 and IGF-IR
[10]. Wild type p53 protein induces the expression of
IGFBP and suppresses IGF-IR expression [11]. High-risk
HPV E6 complexes with the p53 protein result in ubiqui-
tin-dependent proteolitic degradation of p53 in infected
cells. Kautsdontis et al. [35] suggest that Sp factors are
essential for the cellular response to p53 activation. These
data indicate that decrease in the level of p53 protein in
cervix cells may also serve as a cause of change in the
activity of transcription factors responsible for the regula-
tion of IGF-I expression in the cells of HPV-positive
epithelium.

Conclusion

The SNP C>T at the -383 position of the P1 promoter
of the IGF-I gene may be one of the helpful prognostic
markers in the diagnosis of cervical cancer development
of women with persistent infection in the ectocervical
epithelium.
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