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3 The abbreviations used are: HPV, human papillomavirus: RT, reverse

transcription.
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ABSTRACT

The profiling of differentially expressed genes from
primary tumor samples using cDNA expression array can

reveal new tumor markers as well as target genes for ther-

apeutic intervention. Using cDNA expression array technol-

ogy, we produced an expression profile of genes that are

associated with human cervical cancer. Hybridization of the
cDNA blotting membrane (588 genes on a single membrane)

was performed with 32P-labeled eDNA probes synthesized

from RNA isolated from either normal cervix or cervical
cancer. Parallel analyses of the hybridized signals enabled us
to profile genes that were differentially expressed in cervical
cancer. In each experiment, the extent of hybridization of
each gene was evaluated by comparison with the most abun-
dant mRNAs in the human cervix. These include myc proto-

oncogene, 405 ribosomal protein 519, heat shock proteins,

leukosialin S (CD43), integrin otL (CD1 1A), calgranulin (A),
and CDK4 inhibitor (p16�4). No detectable changes were

observed in the expression levels of these genes. Several

mRNAs, such as those encoding guanine nucleotide-binding

protein Gs (a subunit), leukocyte adhesion protein (LFA1-

1�), nuclear factor NF45, homeobox protein Hox-Al, and
�-catenin were detected in increased levels in cervical can-

cer. Genes that showed decreased expression in cervical
cancer tissue were a group of apoptosis-related proteins, cell

adhesion molecules, nuclear transcription factors, and a

homeobox protein (Hox7). For example, the expression 1ev-
els of Smadi and Hox7 were consistently decreased in all
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tumor tissues tested. Northern analysis of Smadi and Hox7
RNA in primary cervical tumor tissues and cervical carci-

noma cell lines indicated that, in general, the mRNA levels of
these genes were decreased in human cervical cancer. The

precise relationship between the altered expression of these

genes and cervical tumorigenesis is a matter of further

investigation.

INTRODUCTION

It is well understood that HPVs,3 especially the high-risk

HPV types 16 and 18 (1), are potent etiological entities in the

development of cervical cancer. Viral proteins (E6 and E7) from

HPV bind to tumor suppressor genes (p53 and the retinoblas-

toma genes), leading to the transformation and immortalization

of infected cells (2, 3). Inactivation of tumor suppressor genes,

by either genomic mutations or virally induced down-regulation

of gene expression, results in the deregulation of cell cycle

regulatory proteins and activation of various proto-oncogenes

(4). However, HPV infection alone is insufficient to trigger the

tumorigenic cascade in human cervical cancer cells (4). Only a

small fraction of HPV-infected women developed cervical can-

cer, indicating that additional factors and cellular events are

required for cervical carcinogenesis. These events may include

the altered expression of specific genes, such as those encoding

proto-oncogenes, tumor suppressors, cell cycle regulatory pro-

teins, intracellular signal transducers, apoptosis-associated pro-

teins, DNA synthesis/repair/recombination proteins, transcrip-

tion factors, cellular adhesion proteins, molecular chaperon

proteins, cell surface receptor proteins, and so on. General

profiles for the altered expression of such genes in cervical

cancer cells are not available.

Differential expression cloning has been used as a means of

deciphering changes in gene expression in specific cell popula-

tions. A unique mRNA subtraction technique that uses PCR has

been developed. The so-called cDNA representational differen-

tial analysis enables the detection of unique difference in gene

expression between related cells (5). Another widely used PCR-

based method for detection of changes in gene expression is

differential display (6). Differential display allows the study of

expression patterns of multiple genes by comparison of PCR-

amplified products in adjacent lanes on sequencing gels. In

addition, quantitative global analysis of expressed gene se-

quence tags by the recently developed serial analysis of gene

expression technique (7) may a provide complete catalogue of

specific gene expression patterns in the future. The large-scale

sequence data generated by the human genome project will then

be added to this global profile of expression patterns (8, 9).

However, identification of the biological functions of the many

Research. 
on March 2, 2021. © 1998 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 



3046 Differential Gene Expression in Human Cervical Cancer

identified genes falls far behind the rapid expansion of the

expressed gene lists.

To begin to understand how the altered expression of a

specific gene plays an integral role in a selected biological

process, one can use the recently developed, high-throughput

technique called cDNA expression array analysis (10, 11). This

technique allows the large-scale comparison of multiple nucleic

acid sequences in a single hybridization. In this study, we used

cDNA expression array technology to analyze genes that are

differentially expressed in human cervical cancer and to identify

complex genetic alterations involved in tumorigenesis and tu-

mor progression.

MATERIALS AND METHODS

Total RNA Isolation. Cervical cancer tissues were ob-

tamed from patients in the Department of Obstetrics and Gyn-

ecology. Samsung Medical Center (Seoul, Korea). The disease

stage of tissue sample was assigned according to the classifica-

tion proposed by the clinical staging criteria of the International

Federation of Gynecology and Obstetrics. Five pairs of normal

and cervical cancer tissues were used in this study. The stages of

cancer were lb to ha. Histologically. all the biopsies were

squamous cell carcinoma. The tissues were frozen in liquid

nitrogen and then stored at -70#{176}C. Before RNA extraction, a

part of each tissue sample was sliced by paraffin section and

examined by H&E staining. Tissue samples containing >50%

tumor cells were used in this study.

Total RNAs were obtained by extracting tissues in Trizol

(Life Technologies Inc., Gaithersburg, MD) according to the

manufacturer’s instructions. Normal cervical tissues and cervi-

cal cancer tissues (- 100 mg of each) were homogenized in

Thzol solution ( 1 ml) using a Polytron homogenizer (Brinkman,

Littau, Switzerland). Homogenates were incubated for 10 mm

on ice, and then a 0.2 volume of chloroform was added to the

homogenates. After vigorous agitation for 5 mm, the inorganic

phase was separated by centrifugation at 12,000 X g for 20 mm

at 4#{176}C.RNAs were then precipitated in the presence of 1 volume

of isopropanol. RNA pellets were washed with 70% ice-cold

ethanol and then dissolved in RNase-free water. Total RNA

concentration was assessed by absorbency at 260 nm using an

UV spectrophotometer (Pharmacia, Uppsala, Sweden).

cDNA Synthesis and Hybridization. 32P-labeled

cDNAs were synthesized with the use of total RNA from both

normal and tumor tissues by RT in the presence of [a-32P]dCTP.

Briefly, total RNAs (20 p.g each) were denatured at 75#{176}Cfor 10

mm in the presence of 8 pmol of dTISVN (V = A, G, and C;

N = A, G, C, and T) mix. After the denaturation step, cDNAs

were synthesized by incubation at 37#{176}Cfor 1 h in a master mix

(total reaction volume = 40 p.1) containing 3 p.1 of dNTP (500

p.M. without dCTP). 5 p.1 of [a-32P]dCTP (3000 Ci/mmol;

Amersham Life Science, Cleveland, OH), and 1600 units of

Moloney murine leukemia virus reverse transcriptase (Promega,

Madison, WI) in 1 X RT buffer (supplied by Promega). The

reaction was terminated by heating for 10 mm at 75#{176}C, and

unincorporated nucleotides were removed by spin column pu-

rification (Chroma Spin-200: Clontech Laboratories Inc., Palo

Alto, CA). For each reaction, -2 X l0� cpm were incorporated

in the final product. After purification, labeled cDNAs were

denatured by boiling for 5 mm and then hybridized to Atlas

human cDNA array blots in hybridization solution (-2 X 106

cpm/ml; ExpressHyb hybridization solution, Clontech). Mem-

branes were prehybridized at 68#{176}Cfor at least 2 h prior to probe

addition. Hybridization was performed at 68#{176}Cin a rolling

bottle overnight. After the first two washes with 2X SSC [1 X

SSC: 0. 15 M NaCI- 15 msi sodium citrate (pH 7.0)] and 0.1%

SDS at 68#{176}Cfor 20 mm, the membranes were subjected to a

stringent wash with 0.1 X SSC, 0.5% SDS, and 0. 1 ms� EDTA

at 68#{176}C.Membranes were then exposed to X-ray film (Hyper-

film, Amersham) for 1 or 3 days at -70#{176}C. The density of each

signal was determined by Fuji MCID-Bas image analysis sys-

tem (Fuji Film, Tokyo, Japan).

Northern Hybridization. For Northern blot hybridiza-

tion, total RNA (10 p.g) was denatured in the presence of 50%

formamide, 2.2 M formaldehyde, 20 m�i 3-[N-morpholino]pro-

panesulfonic acid, 4 mM sodium acetate, and 0.5 mrvi EDTA at

65#{176}Cfor 10 mm. After electrophoresis in a 1 .2% agarose gel

containing 2.2 M formaldehyde, RNA was transferred onto a

nylon membrane (Nytran, 0.45-p.m pore size; Schleicher and

Schuell, Dassel, Germany) by capillary action under lOX SSPE

[1 X SSPE: 0.18 M NaC1, 10 mrvi Na,HPO4 (pH 7.7), and 1 msi

EDTA]. RNA transfer and loading efficiency was estimated by

staining a separate membrane with 0. 1 % methylene blue. RNA

intactness was estimated by comparing the intensities of the 285

and 185 ribosomal RNA bands. For hybridization, the mem-

brane was washed in 6X SSPE for 5 mm and air dried, and the

RNA was permanently attached to the membrane by UV illu-

mination for 1 mm. Hybridization was performed overnight in a

heat-sealable polyethylene bag containing 40 ml of hybridiza-

tion buffer [5X SSPE (pH 7.4), 5X Denhardt’s solution, 0.5%

SDS, 0.2 mg/ml heat-denatured salmon sperm DNA, and 50%

formamide] and the hybridization probe. The Smadi and Hox7

cDNAs, containing the entire coding sequences, were obtained

by PCR amplification and used for hybridization probes. 32P-

labeled cDNA probes were synthesized using a Rediprime

cDNA synthesis kit (Amersham).

RESULTS

The 32P-labeled cDNAs were synthesized by RT of total

RNAs from normal cervical and cervical tumor tissues and used

to hybridize to the cDNA array blots. After stringent washes and

exposure to X-ray film, general expression profiles of 588 genes

in normal cervical and cervical tumor tissues were obtained

(Fig. 1). By comparing hybridized blots for normal versus tumor

tissues, we identified several genes with tumor-specific changes

in expression pattern. Representative genes are marked (Fig. 1,

arrows). As also shown in Fig. 1, no signals are visible in blank

spots and negative control spots (M13 DNA, X phage DNA, and

pUC18 DNA), indicating that hybridization was highly specific.

For low-copy genes that were not detectable with 2 days of

exposure to X-ray film, exposure time was extended (data not

shown). Expression levels of specific genes, either increased or

decreased, were judged by densitometric scanning of hybridized

signals. The hybridization results obtained from five cervical

cancer patients are summarized in Table 1 . Only genes with

expression levels that were altered by > I .5-fold between nor-
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Fig. 1 Parallel analysis of gene expression in human cervix and cer-

vical cancer using cDNA expression array. 32P-labeled cDNAs were

synthesized by RT of total RNAs isolated from normal cervix (A) or

cervical cancer tissues (B) and hybridized to the Atlas cDNA array blots.

After stringent washes, the blots were exposed to X-ray film for 2 days.

Arrows, representative cDNA spots that show significant differences in

gene expression. Constitutively expressed genes in human cervix: 1,

Mvc: 2, RPS/9; 3, Cyclin H; 4, RPLO; 5, HSP27: 6, HSP7O; 7, Leuko-

sialin S: 8, Integrin ctL: 9, Mch4; /0, Calgranulin (A); II, Smadi; 12,

Hox7.

mal and cancer samples in more than two of the samples are

included.

Constitutive expression of the most abundant mRNAs in

the human cervix was observed in all experiments and did not

show noticeable changes between normal and tumor tissues.

These genes include, among others, myc proto-oncogene, a

series of ribosomal proteins, heat shock proteins, leukosialin S

(CD43), integrin aL (CD1 lA), and calgranulin (A) (Fig. 1,

marked by numbers). Similar expression patterns for these genes

were obtained in independent hybridizations, thus indicating

that our analysis system is reproducible.

Genes that showed increased expression in cervical cancer

tissues are guanine nucleotide binding protein Gs (a subunit),

leukocyte adhesion protein (LFAl-�3), nuclear factor NF45,

homeobox protein Hox-Al, and f3-catenin (Table 1). In four

cervical cancer samples, Gsa expression was consistently higher

than that in normal cervical tissues.

Genes with decreased expression levels in cervical cancer

tissues include a group of apoptosis-related genes, cell cycle

regulators, cell adhesion molecules, nuclear transcription fac-

tors, and homeobox proteins. Particularly interesting is Smad 1,

known as a transforming growth factor-�3 signaling protein-I

(bsp- 1 ), which showed consistently decreased expression levels

in all cancer samples (Fig. 1, 11). Northern analysis of Smadl

mRNA in primary cervical tumors also showed a decreased

expression level, suggesting that a decrease in expression of

Smadl is a general event observed in cervical cancers (Fig. 2).

In contrast, Smad 1 mRNA was detectable in four cervical car-

cinoma cell lines, HeLa, SiHa, Caski, and HT-3. Hox7 (Msxl;

Fig. 1 , 12) expression was decreased in cervical cancer but

highly expressed in human reproductive organs, including en-

dometrium, myometrium, and cervix (Fig. 2). Human ovary and

placenta did not express Hox7 mRNA (Fig. 2). In primary

cervical tumors and cervical carcinoma cells, no Hox7 mRNA

transcripts were detectable by Northern hybridization.

DISCUSSION

In this study, we profiled differentially expressed genes in

human primary cervical cancer by comparing cervical cancer

tissue mRNA with that of normal cervix using cDNA array

technology. Human cDNA array technology is used to examine

simultaneously the expression of specific genes in an entire

cDNA population on a single blot. Although human genome

projects have generated large-scale sequence data for thousands

of genes, the biological functions of such genes remain to be

deciphered. Prior to understanding the functional significance of

specific gene products, it is necessary to define differential gene

expression profiles by comparing the expression patterns of

different tissue types, developmental stages, and disease states.

Although expression analysis techniques such as RT-PCR and

Northern blot analysis have been widely used in the past, these

studies are time consuming and are only applicable to a re-

stricted number of genes. Thus, a systematic approach for ex-

amining large numbers of genes simultaneously is required.

Recently, tools for parallel analysis of gene expression in the

format of ordered gene arrays have been developed.

The Atlas human cDNA expression array system (Clon-

tech) provides a convenient method for profiling the expression

of 588 human genes in one simple experiment. The analytical

principle of human cDNA expression array is based on reverse

Northern blot hybridization. DNA fragments representing 588

human genes are immobilized in duplicate onto a nylon mem-

brane. Each cDNA fragment is 200-500 bp long and is selected

as a unique sequence without a poly(A) tail, repetitive elements,

or highly homologous sequences to minimize cross-hybridiza-

tion and nonspecific binding of a cDNA probe. 32P-labeled

cDNA probes generated by RT of total RNA samples are then

hybridized to an array blot. After a high-stringency wash, the

hybridization pattern can be analyzed by autoradiography.

Among the genes showing differential expression in cervi-

cal cancer, as compared with the normal cervix, were some

previously implicated in tumorigenesis. For example, it is well

known that abnormal G protein signaling, resulting either from

altered gene expression or mutations in the protein coding

region, plays a pathogenetic role in several human diseases (12).

In our analysis, Gsa showed increased expression in four of five
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Table I Summary of differently expressed genes in human cervical cancer

Case”

Guanine nucleotide-binding protein S Gsa

Nuclear factor NF45

Homeobox protein Hox-A I

Leukocyte adhesion protein LFA-I�3

�3-Catenin
Mothers against DPP protein/hsp/, Smadl

Extracellular signal-related protein 2/Erk-2

ApopainJCPP32 isoform a

Ich-2 protease/lCErel-lI

Apoptosis inhibitor IAP/IAP2

WSL-LR, WSL-SI, and WSL-52 proteins

Superoxide dismutase/SOD/ [Cu/Zn]
Growth arrest and DNA damage-inducible protein/GADDI53

Homeobox protein/Hox7
Integrin 31

lntegrin 134
Pleiotrophin

Insulin-like growth factor IA

Retinoic acid-binding protein II

I 2 3 4 5

NC + + + +

NC NC + + +

+ ND ND NC +

+ NC + + ND

+ ND ND + ND

- - ND - ND

- ND ND - -

- ND ND - ND

- ND ND - ND

- ND ND - ND

- ND ND - ND
- ND ND - ND

- - ND NC ND

- - ND NC ND

- ND ND NC ND

- - ND NC ND

- ND ND - -

- - NC - NC

Normal cervix Cervical cancer

::�i#{216}�

28S� #{149}�

I. P
18S ;,

.-.�

E E Cervical cancer
.c .� cell lines

�
C-G) � � � � � .� c� :� �
���V>�O)Q)I c�l�-�

hSmadi � �

LHox7

‘I.

�by*�*#{149}i�i �GAPDH�[��, ,o �
Fig. 2 Northern analysis of Smadl and Hox7 genes. Five cases of normal cervical and cervical cancer tissues were used to determine tumor-

specificity of Smad I and Hox7 expression (left). To examine tissue- and cervical carcinoma cell type-specific expression patterns, RNA was extracted

from the placenta, breast, ovary, endometrium, myometrium, and cervix, as well as human cervical carcinoma cell lines, including HeLa, SiHa, Caski,

and HT-3 (right). RNA (10 p.g) was analyzed on a 1.2% denaturing agarose gel and transferred onto a nylon membrane. 32P-labeled cDNA probes

for Smadl and Hox7 were hybridized to the RNA-blotted membranes. After stringent washes, membranes were exposed to X-ray film overnight at

-70#{176}C. For an RNA loading control, the same membranes were rehybridized with human glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
cDNA.

cases of cervical cancer samples (Table I ), indicating that acti- that lack Smad2 and Smad4 acquire resistance to TGF-13-medi-

vation of Gsa gene expression may be involved in the devel- ated growth inhibition, resulting in cancer progression (14).

opment of cervical cancer. In addition, the Smad proteins, These results indicate that abnormal Smad gene function may

known as downstream effectors of TGF-13-induced signaling, account for the widespread resistance to the growth inhibitory

have been suggested as putative tumor suppressors ( 13). Cells cytokine TGF-13 in human cancers ( 15 ). Smad 1 is a cellular
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mediator of bone morphogenic protein-induced signal transduc-

tion (16). Although there is no direct evidence for a tumor

suppressive activity of Smad 1 , our results demonstrate that

Smadl may play a role in cervical carcinogenesis.

The Hox7 gene, also known as Msxl, a homeobox-contain-

ing gene in humans ( 17), was also shown to be decreased in

cervical cancer tissues. Although the biological significance of

this finding needs further study, our result shows that altered

expression of the Hox7 gene may be related to cervical cancer

development. Recently, Marazzi et a!. (18) observed that Msx2,

a closely related homologue of Msx 1 , mediates the programmed

cell death pathway induced by bone morphogenic protein-4 in

P19 embryonal carcinoma cells. In addition, the close spatial

correlation of Msxl and Msx2 gene expression with the site of

programmed cell death has provided indirect evidence for Msx

gene function in cellular proliferation and differentiation (19).

Our Northern analyses showed that Hox7 niRNA was expressed

predominantly in reproductive organs that show cyclic changes

in growth and differentiation according to the reproductive

stages (that is, endometrium, myometrium, and cervix; Fig. 2).

This result is consistent with a report showing that, in adult

mouse, Hox7 mRNA was only detectable in the MOllerian

epithelium of the uterus, cervix, and vagina (20). In primary

cervical cancers and cervical carcinoma cell lines (HeLa, SiHa,

Caski, and HT-3), no Hox7 mRNA was detectable by Northern

hybridization, indicating that a close correlation exists between

Hox7 expression and tumorigenesis. Deregulation of homeobox

proteins Hox and Pax has been reported in various human

cancers (21-25). However, the mechanisms by which ho-

meobox gene products regulate tumeric growth are largely un-

known.

Considering that cell-surface adhesion molecules are in-

volved in the regulation of cell growth and movement, their

abnormal functions may lead to cancer development (26). Inte-

grins are cell surface heterodimeric proteins that mediate cell-

cell and cell-extracellular matrix interactions, and deregulation

of integrin gene expression is commonly observed in various

tumors (27, 28). Our detection of decreased levels ofthe integrin

subunits 131 and 134 in cervical cancer (Table 1 ) is consistent

with previous results (29-3 1). Disruption of the programmed

cell death cascade and inappropriate cell cycle regulation are

likely involved in abnormal cellular growth and tumorigenesis

(32, 33). Thus, it is not strange that cell death-related genes

involved in the apoptotic signal cascade are differentially ex-

pressed in cervical cancer.

In conclusion, our study demonstrates the use of the cDNA

array technique in monitoring the overall profile of gene expres-

sion in cervical tumorigenesis. The profiling of additional pri-

mary tumor samples will help to reveal genes that are commonly

expressed in this type of tumor. Information from these studies

may be useful in the development of therapeutic drugs for the

treatment of cervical cancer.
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