
Etiological agents of human cervical cancer are

human papilloma viruses (HPV) of so�called high risk

group (HPV types 16 and 18 and related ones). The key

role in development of tumor progression belongs to the

viral transforming genes E6 and E7, which disturb func�

tion of tumor suppressor genes p53 and RB, respectively

[1, 2].

The specified viral genes fulfill initiating functions

during malignant transformation, but complete manifes�

tation of oncogenic potential requires a number of addi�

tional mutational and epigenetic changes. Among the lat�

ter are those linked to alterations in gene activity without

mutational changes in their structure. Many of these

changes are described, such as elevated production of

p16ink4a protein (the inhibitor of cyclin�dependent

kinases) correlating with the transcription activation of its

gene in tumor [3�9]; elevation of telomerase activity [10];

transcription activation of genes involved in epithelium

differentiation (S100A9 and ANX8) [11]; methylation of

some genes (implicit participants of tumorigenesis) and,

as a consequence, decrease in their transcription activity

[8, 12]. More detailed analysis using expression

microchips has demonstrated an increase in activity of

240 genes and decrease in activity of 265 genes among

14,500 studied genes in tumors [13]. Besides, expression

microchips demonstrate a decrease in activity of the

STAT1 gene from the interferon�regulated family (IRG)

in cultures of normal human keratinocytes after their

transfection with HPV type 31 DNA (high risk type) [14].

This phenomenon was more clearly exhibited for

STATα/β gene encoding the transcription factor (signal

transducer and activator of transcription), responsible for

interferons’ intracellular signal transduction.

STAT1α and STAT1β are two proteins (84 and

91 kD, respectively) belonging to the numerous protein

family STAT. They are encoded by the same gene STAT1

and arise as products of alternative splicing and mRNA

polyadenylation at two sites; the proteins STAT1α and

STAT1β differ from each other in 38 amino acid residues
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Abstract—Expression of the STAT1 gene belonging to the group of interferon�regulated genes was analyzed in cervical

tumors and cell lines harboring the genome of human papilloma viruses (HPV) of so�called high risk group. Expression of

this gene in invasive carcinomas was maintained on a definite level that was not significantly distinct from that in adjacent

normal (control) tissue. Tumors from different patients differ from each other by expression level of the STAT1 gene. These

variations can be attributed to the heterogeneity of tumor cell population and different ratio between normal and tumor

cells, as well as to putative persistence of intra�individual variability of STAT1 expression in normal cell population. It was

demonstrated that viral genome status (episomal or integrative) did not influence STAT1 gene transcription. In conclusion,

these data demonstrate that the STAT1 gene is expressed in an individual and specific manner both in HPV�positive cervi�

cal tumors and cell lines harboring transforming genes of these viruses.
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on the COOH�terminus of the molecule [15]. The STAT1

gene encodes proteins functioning in the regulatory

Jak–STAT pathway, by which signals from different

cytokines including interferons are transmitted into the

cell nucleus [15, 16].

STAT1 expression in keratinocytes infected by HPV

type 31 was 3.5�fold decreased [14], and these data were

confirmed by another group of authors who demonstrat�

ed the responsibility of genes E6 and E7 of HPV of high

risk for the observed phenomenon [17], whereas the tran�

scription of STAT1 gene was not suppressed when genes

E6 and E7 from the low risk group (HPV types 6 and 11)

were used for the transfection [18]. It must be emphasized

that one report is known about antipodal effect –

enhancement of several IRG activities during in vitro cul�

tivation of HPV�containing cervical keratinocytes [19].

The HPV genome is known to persist in infected

cells in either episomal or integrated state, but both DNA

forms can persist together [1, 20]. The system of human

keratinocytes transfected by HPV type 31 is characterized

by the feature that at the first steps of the cultivation the

viral DNA is present in the cells in episomal form, and a

higher level of suppression of STAT1 expression is there�

with observed. The amount of episomal viral DNA dras�

tically decreases and the integrated forms appear in the

course of in vitro cultivation, which is generally accompa�

nied by moderation of the transcription activity suppres�

sion [21]. A similar phenomenon of the transition of epi�

somal viral DNA into the integrated one is described for

W12 cells as well. It was also associated with alterations in

transcription of several IRGs [19].

Thus, the IRG group in tumor cells of cervical can�

cer cultivated in vitro and bearing a high risk HPV genome

can present interest for understanding of the carcinogen�

esis mechanism in cervical epithelium and possible

involvement of immunological components in the

process. Thus, the aim of the present work was to study

the expression of one representative IRG, the STAT1

gene, whose protein product realizes the transmission of

interferon signal into the cell nucleus, in primary epider�

moid (squamous cell) cervical carcinoma containing

integrated or episomal genome of HPV type 16.

MATERIALS AND METHODS

Samples of 21 invasive epidermoid (squamous cell)

cervical carcinomas obtained from patients receiving sur�

gical treatment at the Blokhin Cancer Research Center,

Russian Academy of Medical Sciences, were used in the

study. Morphologically normal tissues (eight cases cervi�

cal, the rest fallopian tubes and uterus) were also taken

from all these patients. All the materials, received with

patient consent, were stored in liquid nitrogen.

SiHa, CaSki, and HeLa cell lines were obtained from

the American Type Culture Collection. Cells of SiHa and

CaSki lines contain the genetic material of HPV type 16,

and HeLa cells contain HPV type 18. The cells were cul�

tivated on DMEM medium supplied with 10% fetal calf

serum.

DNA and RNA from frozen tissues were isolated by

the guanidine isothiocyanate method with subsequent

ultracentrifugation through a CsCl layer [22]. Total RNA

preparation (1 µg) was treated with DNase (DNase I

Amp. Grade; Invitrogen, USA) and used for reverse tran�

scription with hexaprimers (Lytech, Russia) and reverse

transcriptase Super Script II (Invitrogen) in accordance

with the manufacturer’s protocol.

A sample stored in liquid nitrogen was transferred

into a freezing microtome pre�cooled to –20°C for

microdissection. Sections 5 µm thick were placed on

microscope slides, fixed with ethanol, and stained with

Mayer’s hematoxylin according with the standard proto�

col. A homogeneous island of tumor cells, wherein their

portion was no less than 95% and stroma cells were virtu�

ally absent, was chosen on a fixed and dried section. This

site was marked and a drop of guanidine isothiocyanate�

containing lysing buffer from the RNeasy Micro Kit

microcolumn (Qiagen, USA) was applied onto the site.

Similarly, the microdissection of a morphologically nor�

mal pair sample was carried out. RNA was isolated in

accordance with the instruction of the manufacturer of

the columns.

cDNA samples were normalized in PCR with

primers to the GAPDH gene. The following primers were

used for GAPDH: direct (5′�ACC ACA GTC CAT GCC

ATC AC�3′) and reverse (5′�TCC ACC ACC CTG TTG

CTG TA�3′). The length of PCR product was 450 base

pairs (bp). The reaction mixture consisted of PCR buffer

(0.016 M (NH4)2SO4, 0.06 M Tris�HCl, pH 8.8, 0.1%

Tween�20, 2 mM MgCl2, 200 µM of each dNTP, 8 pmol

of each the primer, and 0.7 U of Taq�DNA polymerase

(manufactured at the Institute of Bioorganic Chemistry,

Russian Academy of Sciences). Amplification conditions:

94°C for 5 min followed by 28 cycles: 94°C for 30 sec,

58°C for 30 sec, and 72°C for 60 sec, then the final elon�

gation at 72°C for 2 min.

Direct (5′�AGT GGA AGC GGA GAC AGC AGA

GC�3′) and reverse (5′�CCG AAA TTC AGC CGC CAG

ATC�3′) primers to STAT1 gene were kindly provided by

Dr. E. Chang (Northwestern University, USA). Identical

products have been synthesized in PCR with cDNA cor�

responding to two isoforms of STAT1 (STAT1α and

STAT1β) in the presence of these primers (personal com�

munication of Dr. E. Chang). The length of the amplifi�

cation product is 503 bp. The reaction mixture consisted

of PCR buffer, 200 µM of each dNTP, 8 pmol of each the

primer, 1.5 mM MgCl2, and 0.7 U of Taq�DNA poly�

merase. Amplification conditions: 94°C for 5 min fol�

lowed by 31 cycles: 94°C for 30 sec, 60°C for 30 sec, and

72°C for 2 min, then the final elongation at 72°C for

5 min.
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PCR was carried out in a Tercyc PCR Cycler ampli�

fier (Russia). The amount of the amplification product

for the both genes corresponded to linear PCR zone

under the above�indicated conditions (28 cycles for

GAPDH and 31 cycles for STAT1). To compare samples by

amounts of GAPDH� and STAT1�specific products, the

products were separated in agarose gel, visualized with

ethidium bromide, and the data were processed thereafter

using Image Quality software.

The status of HPV type 16 genome was also deter�

mined by PCR with primers to E2 frame as well as by the

APOT method [20]. PCR to E2 gene was carried out with

direct (5′�ATG AAA ATG ATA GTA CAG AC�3′) and

reverse (5′�CCA GTA GAC ACT GTA ATA G�3′)
primers. The length of PCR product is 1026 bp. The reac�

tion mixture consisted of PCR buffer, 1.5 mM MgCl2,

200 µM of each dNTP, 16 pmol of each the primer, 1 U of

Taq�DNA polymerase, and 10% glycerol. Amplification

conditions: 94°C for 4 min followed by 40 cycles:

94°C for 30 sec, 48°C for 30 sec, and 72°C for 2 min, the

final elongation at 72°C for 6 min.

RESULTS

The DNA samples from tumors were analyzed for

the presence of HPV of various types. Genetic material of

HPV from high risk group (in 20 of them – type 16, in

one of them – type 33 (sample 445)) was revealed in all

carcinomas.

The data on expression of STAT1�specific RNA in

normal–tumor pair samples and in cell culture are pre�

sented in Figs. 1 and 2. It follows from the data that the

gene STAT1 is expressed and a distinct level of its tran�

scriptional activity is observed in most cases in normal tis�

sue obtained from the same patient. This level is either

negligibly altered (samples 444, 577) or slightly elevated

(samples 445, 466) (Fig. 1). In cell lines the transcrip�

tional activity is maintained on a stable level (with minor

variations for each cell line), the variability in expression

of GAPDH gene being substantially lower (Fig. 1).

Statistical data processing on the expression of

STAT1 gene in carcinomas was carried out in relation to

the mean expression level of STAT1 gene in six samples of

morphologically normal cervical epithelium adjacent to

the tumor, on GAPDH for 17 carcinoma samples, whose

cDNAs were normalized to the given gene (Fig. 2). Due

to the particularity of tumor material sampling, we failed

to obtain fragments of normal tissue for many samples.

Hence, average data were used for the statistical process�

ing, in which the results of analysis of normal uterus or

fallopian tube tissues were included. In additional exper�

iments we have found that these data did not radically dif�

fer from that obtained in the studies of normal cervical

tissue.

Insignificant variations of values around one were

observed in the vast majority of normal–tumor pair sam�

ples, that is, the expression of STAT1 in a carcinoma was

close to the expression of this gene in the pair sample of

arbitrary normal tissue. Like other authors [14], we

assumed that the gene expression in carcinoma is altered

when two�fold or more difference was observed in com�

parison with normal tissue. The results of this method of

statistical data processing are presented in the diagram

(Fig. 2). Mean value for normal tissue in this case was

1.00 ± 0.60, and STAT1 expression levels in the samples

443, 444, 448, 585, 593, 244, 445, 454, 558, 559, 560,

564, and 577 did not differ significantly from the mean.

More than two�fold decrease in STAT1 expression in

sample 574 revealed under the given conditions of the

treatment is a consequence of very low absolute absorp�

tion values for the STAT�specific product for both carci�

noma and its pair normal tissue (“weak” products). More

than two�fold increase in STAT1 expression in carcinoma

in comparison with that in normal tissue was revealed for

samples 466 (Fig. 1), 550, and 594 with this method of the

data processing. Thus, we did not detect regular depres�

sion of STAT1 expression in invasive cervical carcinoma,

which was typical for this gene in the case of human ker�

atinocytes infected in vitro with HPV type 31 [14].

Due to the heterogeneity of the tumor population,

the expression of STAT1 was studied on tumor cell popu�

Fig. 1. Expression of STAT1 and GAPDH genes in cervical carcinomas and in stable cell lines from cervical tumors. Arrows indicate molec�

ular mass markers. T, tumor tissue; N, arbitrary normal tissue adjacent to the tumor.
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lation enriched by the microdissection method. The data

for one of the samples (577) are given in Fig. 3. The

expression of STAT1 was evaluated in parallel in the pair

normal sample also subjected to microdissection. In this

case, three�fold enhancement of STAT1 expression in

comparison with that of morphologically normal tissue

was detected in the carcinoma.

The status of HPV type 16 genome was determined

for five carcinoma samples (table). With this aim, we used

the amplification of full�length HPV E2 gene, which is

present in cells with episomal form of viral genome, and

the method without amplification, when integrated form

of viral genome with E2 deleted at 5′�terminus persisted

in the cells. The APOT method is based on amplification

of expressing sequences of the viral genome with subse�

quent identification in the product of the viral E4 gene,

which can be revealed in episomal DNA and deleted after

its integration [20].

Fig. 2. Transcription level of STAT1 gene in tumors in comparison with “averaged” expression level in normal tissue. Along the abscissa are

numbers of tumor samples (T), along the ordinate – expression level.
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Under the comparative analysis of STAT1 gene

expression in cervical carcinoma containing viral DNA in

episomal or integrated form, we did not observe devia�

tions from normal tissue in tumors either with integrated

(sample 443) or with episomal forms (samples 444 and

577). Regarding two other cases with the integrated form,

we have observed either the increase in STAT1 expression

(sample 466), or its decrease (sample 574). Thus, tran�

scriptional activity of this gene hardly depends on HPV

genome status in tumor cells.

DISCUSSION

The results of the present work and reports cited

above suggest that the expression of one of the IRG

genes, STAT1, can substantially vary in various cell sys�

tems containing high risk HPV genome. Generally, the

transcription of this gene is maintained at a distinct level

not differing substantially from arbitrarily normal tissue

in invasive cervical carcinoma cultivated in vitro. The

carcinomas from various patients can differ from each

other in the expression level. This may be associated with

the inter�individual variability of STAT1 expression level

in normal tissues as well as with heterogeneity of tumor

population with various ratios between tumor and nor�

mal cells in various cervical carcinomas, which is partial�

ly confirmed by our data on samples subjected to

microdissection. The status of viral genome (episomal or

integrated) does not apparently determine the level of

STAT1 gene expression. Another situation is observed in

cells cultivated in vitro and carrying the HPV genome.

The transcriptional activities are maintained on a suffi�

ciently high level and insignificantly differ from each

other in stable cell lines obtained from tumors. Another

situation exists in cell lines infected with either whole

virus or transfected with transforming HPV genes (E6

and E7) [14, 17]. A notable suppression of transcription�

al activity of the STAT1 gene is observed even at the ini�

tial stages of appearance of viral genes in cells, when viral

DNA persists in episomal form. Thus, the control of

STAT1 gene expression is individual and specific for each

cervical carcinoma containing papilloma viral genome

and for each cell culture carrying transforming genes of

these viruses.

The authors are indebted to N. P. Kiseleva for con�

sultations.
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