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Abstract: Using the DDRT-PCR, a series of differentially
expressed genes in human primary cervical cancer was
isolated. Among the 250 PCR amplimers, 88 gene
fragments were confirmed by reverse Northern hybridization.
Homology searches indicated that 26 out of 88 were
previously known genes including calmodulin, human
BBC1, histone H3.3, a series of ribosomal proteins (RPL19,
RPS19, and RPS12), translation initiation factor (elF-4Al),
lactoferrin, integrin o6, cell-surface antigens (CD9 and
CD59), transcription factor (mbp-1), and mitochondrial proteins.
Several unknown clones showed sequence homology with
known genes. Furthermore, six of the unknown genes
showed identical sequence with expressed sequence tags
(EST) of unknown function. Differential expression patterns
of identified genes were further examined and confirmed
with multiple pairs of cervical cancer samples using Northern
hybridization. Our profiling of differentially expressed genes
may provide useful information about the underlying genetic
alterations in human cervical carcinoma and diagnostic
markers for this disease. The precise roles of these genes in
cancer development remain to be elucidated

Key words: differential gene expression, cervical cancer, RT-
PCR

INTRODUCTION

The human papilloma viruses (HPV), especially the high-
risk HPV16 or 18 (Lorincz et al., 1987), are the principal
etiological agents for human cervical carcinoma. The viral
proteins E6 and E7 inactivate the tumor suppressor genes
encoding the pS53 and retinoblastoma (Rb) proteins,
contributing to uncontrolled growth of cervical epithelium
cells (Sheffner et al., 1990, 1992). Numerous in vivo and in
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vitro studies have shown that the inactivation of tumor
suppressor genes leads to the deregulation of cell cycle
regulatory factors and activation of various proto-oncogenes
(Park et al., 1995). Although inactivation of tumor suppressor
genes by viral proteins is a key regulatory event in human
cervical tumorigenesis, little is known about the mechanism
of the activation or suppression process. Furthermore, in
some cases HPV alone is insufficient to induce cervical
carcinogenesis, indicating the presence of other tumorigenic
genetic alterations. For example, rearrangement and over
expression of the c-myc proto-oncogene (Ocadiz et al.,
1987) and mutations and deletions of the c-Ha-ras were
reported in cervical cancer (Riou et al., 1988). In particular,
structural and numeric alterations of several different
chromosomes were identified in cervical cancer (Atkin et
al.,, 1990; Manolaraki et al., 2002; Steekantaiah et al.,
1988). But many molecular events involved in cervical
tumorigenesis still remain to be elucidated.

To gain an insight into the molecular alterations that
occur during the formation and development of cervical
tumors, we previously monitored the expression level of
588 known genes on a cDNA expression array. But the
result showed very restricted number of differentially
expressed genes in human cervical carcinoma. In this study,
we characterized differentially expressed genes from whole
c¢DNA pool of human cervical cancer tissues using a
differential display based on reverse transcription-polymerase
chain reaction (DDRT-PCR)(Liang et al., 1992). Using the
DDRT-PCR, we established profiles of differentially
expressed genes in human cervical carcinoma using normal
cervical tissue as a control.

MATERIALS AND METHODS

Total RNA Isolation from Cervical Cancer Tissues
Cervical cancer biopsies were obtained from patients in
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Department of Obstetrics and Gynecology, Samsung
Medical Center, Seoul, Korea. Stages of disease were
assigned according to the classification proposed by a
clinical staging criteria of International Federation of
Gynecology and Obstetrics (FIGO). The stages of cancer
were Ib to Ila. All of the cell types were squamous cell
carcinoma. We dissected 20 pairs of normal and tumor
tissues from 20 patients for this research. After the surgery,
sample tissues were immediately frozen in liquid nitrogen
and stored in a deep-freezer at —70°C until use. Total RNAs
were obtained by extracting tissues in Trizol (GIBCO BRL)
according to the manufacturer’s instructions. Briefly,
normal and cancer tissues (100 mg) were homogenized in 1
mL Trizol solution using a Polytron homogenizer (Polytron).
Homogenates were incubated for 5 min at RT and 0.2 mL
of chloroform was added to homogenates. After vigorous
vortexing for 5min, inorganic phase was separated by
centrifugation at 12,000xg for 20 min at 4°C. RNAs were
then precipitated in the presence of one volume of isopropanol,
washed with 70% ice-cold ethanol, and dissolved in
RNase-free water. Total RNA concentration was assessed
by absorbency at 260 nm using an UV-spectrophotometer
(LKB).

RT-PCR Amplification and Polyacrylamide Gel
Electrophoresis

For cDNA synthesis, total RNA (4 ug) was denatured at
65°C for 5min in the presence of 100 pmol of each
GT1 VN (V=A, G and C; N=A, G C, or T, GeneHunter)
oligonucleotide in a final volume of 20 pL. After brief
centrifugation at 4°C, 20 pL of master mix [400 U of
MMLYV reverse transcriptase (Boehringer Mannheim), 8 pL
dNTP mix (0.25 pM each), 0.5 uL. RNasin (26 U/uL;
GIBCO BRL), 8 pL of 5x RT buffer (50 mM Tris-HCI, pH
8.3, 75 mM KCl, 3 mM MgCl,, 10 mM dithiothreitol)] was
added to the denatured RNA/oligonucleotide mix, and the
reaction mixture was incubated further at 35°C for 1 hr. The
temperature was then raised to 65°C for 5 min in order to
terminate RT reaction. PCR amplification was carried out
with 1 pL of RT reaction mixture in 10 pL. of a PCR
reaction solution contained 1 uL of 10x PCR buffer
(supplied by Boehringer Mannheim), 0.5 uL. of INTP mix
(100 uM), 0.1 pL of o[ *S]dATP (1,000 Ci/mmol, Amersham)
and 0.5 U of Taq polymerase (Boehringer Mannheim). In
each reaction, 5pmols of primers were added. As 5-
primers, we used 39 arbitrary primers (10-mers) that were
commercially available from GeneHunter and Genosis. The
PCR reaction mixture was then overlaid with 15 uL of
buffer-saturated mineral oil (Sigma) and subject to
amplification on PCR cycler (DNA thermal cycler 480,
Perkin Elmer). The PCR consisted of 40 cycles with the
following parameters; 95°C for 30 sec, 42°C for 1 min, and
72°C for 1 min. The final cycle was extended to 10 min at

72°C. The 6 pL of PCR products was then applied to a 5%
non-denaturing polyacrylamide gel electrophoresis. Gels
were dried and exposed to X-ray film (Fuji) for 12 hr.

Re-amplification of DDRT-PCR Amplicons, TA
cloning, and Sequence Analysis

RT-PCR products were recovered from polyacrylamide gel
slices by shaking in 10 puL elution buffer (0.5 M ammonium
acetate, 10 mM magnesium acetate, 0.1% SDS, 1 mM
EDTA, pH 8.0) at 37°C overnight. Re-amplification of the
eluted fragments was performed in 40 pL. PCR reaction
mixture containing 1 mM dNTP mix, 10 pmol primers, and
1 uL of the eluted cDNA solution, under the same conditions
as the DDRT-PCR step, except radio-labeled nucleotides
were not included. After PCR amplification, 6 pL of PCR
products were applied on 2% agarose gel electrophoresis.
PCR amplicons were directly cloned into TA cloning vector
(pCR2.1) according to the supplier’s instructions (Invitrogen).
Nucleotide sequences of cloned cDNAs were determined
by Sanger’s dideoxy termination method using a T7
Sequenase version 2.0 (USB) according to the supplier’s
protocol.

Labeled cDNA Synthesis and Dot-blot Analysis of
PCR Amplicons '

To verify the results of DDRT-PCR, reverse Northern-blot
analysis was performed as previously described (Chunming
et al, 1996). PCR amplicons (10ng) obtained by re-
amplification of DDRT-PCR products on polyacrylamide
gel slices, and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) cDNA (10 ng) internal control were blotted onto
nylon membrane (Nytran; Schleicher & Schuell). cDNAs
were then permanently attached by UV-illumination. Two
sets of labeled cDNAs, which were used as probes, were
synthesized from both normal and tumoric total RNAs ( 20
mg each) by reverse transcription in the presence of o[ **P]-
dCTP (3,000 Ci/mmol, Amersham) with ReversePrime
cDNA synthesis kit (GeneHunter). After gel purification of
labeled cDNAs as described by Sambrook et al. (Sambrook
et al., 1989), equivalent amounts of radioactively labeled
probes were applied to prehybridization solution. Hybridization
was performed at 65°C in a rolling bottle overnight. After
first wash with 2x SSC and 0.1% SDS, second stringent
wash with 0.1x SSC and 0.1% SDS at 68°C was performed
twice, and membranes were then exposed to X-ray film
(Fuji) for 1 day at —70°C. To control possible loading error,
doublet of the same cDNA was blotted onto membranes.

Northern-blot Hybridization

For Northern-blot hybridization, total RNA solution (10
pg) was denatured in the presence of 50% formamide, 2.2
M formaldehyde, 20 mM MOPS [3-(N-morpholino)
propanesulfonic acid], 4 mM sodium acetate, 0.5 mM
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Fig. 1. (A) Representative results of DDRT-PCR analysis. Total RNAs were isolated from three pairs of normal cervix (N) and cervical carcinoma
(T) and subjected to RT-PCR in the presence of o[*°S]dATP. As 3'-primers, 4 anchored polyT (GT1,VN) primers were used for separate RT
reactions and PCR amplifications. Thirty-nine arbitrary primers (AP1 to AP39; 10-mers) were used as 5-primers. RT-PCR was performed as
described in Materials and Methods and resulting amplimers were analyzed on a non-denaturing polyacrylamide (5%) gel. Bands Significantly
altered in intensity in cancer samples vs. the control normal tissues were excised from gels. Re-amplification of PCR amplimers and cloning into
TA vectors followed. (B) Reverse Northern-blot analysis of DDRT-PCR amplimers. RT-PCR products were blotted directly onto nylon membrane
by diffusion. Duplicate membranes were hybridized separately with 32P-labeled cDNAs synthesized from total RNAs (20 ug) of normal vs.
tumeric cervix samples using a Reverse-Prime kit according to the manufacturer's instructions. To control for differences in hybridization
efficiency of the two separate reactions, human GAPDH was used as an internal control.

EDTA at 65°C for 10 min. After Gel electrophoresis in 1.2 membrane by UV illumination for 1min using an UV
% agarose gel containing 2.2 M formaldehyde, the RNA cross-linker (LKB). To prepare hybridization probes, EcoRI
was transferred onto nylon membrane (Nytran; Schleicher fragments of cloned cDNAs were labeled with o[**P]-dCTP
& Schuell) by capillary action under 10x SSPE (1x SSPE: (3,000 Ci/mmol, Amersham) using a RediPrime random
0.18 M NaCl, 10 mM Na,HPO,, pH 7.7, 1 mM EDTA). priming kit (Amersham). Hybridization was performed for
RNA transfer and loading efficiency were estimated by 2hr in hybridization buffer (RapidHyb; Amersham) at
staining either the agarose gel with ethidium bromide or 65°C. After hybridization, membranes were washed twice
extra membrane with 0.1% methylene blue. For Northern with 2x SSC and 0.1% SDS at 65°C for 10 min with
hybridization, the membranes were washed in 6x SSPE for shaking. The second wash was performed under high
5 min, air dried and RNA was permanently attached to the stringent conditions ( 0.1x SSC and 0.1% SDS at 70°C for
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30 min). The membranes were then exposed to X-ray film
(Fuji) overnight at —70°C. As an internal control, human
GAPDH cDNA was re-hybridized with same blot after the
initial probing.

RESULTS

Three pairs of normal and cervical tumor samples were
subjected to DDRT-PCR. We isolated 250 clones differentially
expressed in human cervical cancer compared with the
normal cervix.A representative example is shown in Fig.
1A. To verify the results of DDRT-PCR, we performed
reverse Northern analysis by dot-blot hybridization of PCR
amplimers. **P-labeled cDNA probes were synthesized by
reverse transcription from normal or tumor RNAs and used
as templates (a representative example is shown in Fig.
1B). As a positive control to equalize loading efficiency,
human GAPDH c¢DNA was applied onto all of the blots,
and the result of autoradiogram signals were normalized

with the GAPDH signals. Plasmid vector GEM4Z was used
as a negative control, as it does not hybridize with human
c¢DNA. By this selection process, we identified 88 re-
amplified PCR clones which showed either decreased or
increased expression in cervical cancer compared with the
control cervix (40% cut off point). These cDNAs were then
cloned into plasmid vectors by TA cloning strategy and
subjected to sequence analysis. Nucleotide sequences were
then matched with the GeneBank databases. Sequence
analysis showed that 26 of the differentially expressed
clones were known genes including calmodulin, human
BBC1, histone H3.3B, ribosomal protein LI9(RPL 19),
S12(RPS12), lactoferrin, and integrin a6, among others
(Table 1). Several clones showed extensive sequence
homology with known genes, and a large number of clones
were identified as novel genes (data not shown). Among
the novel sequences, some showed a complete sequence
identity with expressed sequence tags (EST) of unknown
function (Table 1).

Table 1. Known genes that are differentially expressed in cervical cancer cells

GeneBank Locus Gene identification Expression
HUMCMYCQ Human DNA binding protein (mbp-1) +
HSRPL19 Ribosomal protein L19 -
HSRPS12 Ribosomal protein S12 +
HUMA4AL elF-4Al +
HUMCDS59A CD59/MEM43 +
HSBBC1 BBC1 +
HUMRCC1 Human RCC1 +
HUM927A Interferon-induced 17kDa protein +
HUMMTA mCytochrome C oxidase | +
HUMANTCDS MRP-1/CD9 +
HSINTAB Integrin a +
HUMLFERR Human lactoferrin +
HUMHISH3B Histone 3.3B +
HUML101 Human L1 repetitive sequence -
HSU85268 Mitochondrial COl gene +
HUMMTM1 Mitochondria ORF1 -
HSAC000119 Human BAC clone RG104104 +
HUMALDN Calmodulin +
HSU85195 Human BAC 129 +
D87953 Human RTP +
E02379 Autonomously replicating sequence -
Hs214K23 Human DNA sequence PAC 214K23 +
HUMIGLAC 1gG kappa chain -
HUMS19RP Ribosomal protein S19 +
HUMALNE32 Alu transcripts -
HAPRPS2 Phosphoribosyl pyrophosphate synthase i +
N45290 Homosapiens cDNA clone 283219 3’ +
H79977 Homosapiens cDNA clone -
T05990 Homosapiens cDNA clone +
AAB106671 Homosapiens cDNA clone +
L17796 Human STS UT1314 -
AAB844605 Homosapiens cDNA clone IMAGE:1391034 3 +
AAB00127 Homosapiens cDNA clone 950291 3’ -
AA923553 Homosapiens cDNA clone IMAGE: 1536220 3’ -

+: increase, - decreased
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Fig. 2. Northemn hybridization analysis for identified individual clones by DDRT-PCR. Representative results were for known (A) and unknown
genes (B); known genes include ribosomal protein L19, integrin o6 chain, eukaryotic translation initiation factor (eIF-4Al), interferron-induced
17 kDa membrane protein, CD59. Same membrane was used for all hybridization reactions after repeated re-probing. Ten mg of total RNA was
blotted onto nylon membrane after size-fractionation by denaturing agarose gel electrophoresis. Loading efficiency and RNA intactness were
confirmed by ethidium bromide (EtBr) staining of agarose gel. Hybridization was performed with *?P-labeled cDNA probes synthesized by

random priming of EcoRI fragments of individual clones.

Next, we performed Northern blot hybridization analysis
on total RNA isolated from cervical cancer and matched
normal tissues with the cloned PCR fragments as the
hybridization probes. Fig. 2 shows representative results of
Northern hybridization of several clones that were identified
by DDRT-PCR as differentially expressed genes in cervical
cancer. We included several known genes in the Northern
analysis, such as ribosomal protein L 19, human integrin o6
chain, eukaryotic initiation factor 4AI (elF-4Al), interferon-
induced 17 KDa membrane protein, and CD359 (Fig. 2A).
Nothern hybridization of the clones that contained sequences
from unknown genes (Fig. 2B) showed that these clones
hybridized to discrete mRNAs and were expressed in a
tumor-specific manner. Densitometric scanning of the
autoradiograms demonstrated that the level of integrin a6
mRNA was increased about 4-fold in cervical cancer vs.
normal tissue (data not shown). The expression levels of
elF-4Al, interferon-induced 17 kDa membrane protein and
CD59 were increased significantly in cervical cancer than
in the normal cervix. The RPL19 ¢cDNA probe detected one
additional cross-hybridizing bands smaller than the major
09Kb transcript that were increased significantly in
cervical cancer tissue.

We also performed Northern hybridization using the
unknown clones as probes and used the same membrane in
Fig. 2B. Two mRNA species that hybridized to the T28-2
and JAS54 clones were absent from in cancer samples,
although they were normally detected in control cervix. In
contrast, the G28-5 and JC101 clones hybridized to a

discrete mRNA band that were detectable only in cancer
tissues. The levels of mRNA species that hybridized to the
JC104 and G3-3 clones were slightly altered in cervical
cancer vs. the matched normal tissue. Densitometric
autoradiograms demonstrated that the level of JC104 and
(G3-3 mRNA were increased about three- and two-fold each
in cervical cancer vs. normal tissue (data not shown).

To examine whether the differential expression of specific
and previously identified genes is a general event in human
cervical cancer, we performed additional northem blot analysis
with multiple pairs of cervical cancer and matching normal
tissues. Representative autoradiograms of these northern
hybridization experiments are shown in Fig. 3. Among the
known genes, histone H3.3, lactoferrin, BBC1, interferon-
induced 17 kDa membrane protein, mbp-1, and ribosomal
protein S19 were included. A densitometric scanning of the
autoradiograms was performed to compare the relative
levels of expressed genes in normal cervix and cervical
cancer. The expression level was considered to be altered
(increased or decreased) when the amount of RNA in the
cervical cancer tissue was 50% more or less than that in
normal cervix. The overall expression patterns (percent
expression) of each gene are summarized in Table 2. The
number of tissue pairs represented in Table 2 differ for each
gene because of difficulties encountered in tissue collection,
especially the normal tissue, due to scarce availability. As
shown in Fig. 3, the fold changes of mRNA levels in
cervical cancer compared with matched normal cervix
varied in different cancer patients. For example, the mRNA
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Table 2. Expression pattems of DDRT-PCR amplimers from cervical tumor tissue vs. normal control cervix as determined by Northem

hybridization
Genes Total pairs (N vs. T)V Increased (%) Unchanged (%) Decreased (%)

Lactoferrin 20 11(55) 6(30) 3(15)
Interferon-induced 20 10(50) 6(30) 4(20)
17-kDa protein
BBC1 14 9(64) 2(14) 3(21)
PRDII-BPlmbp-1 7 4(57) 2(29) 1(14)
Histone H3.3 7 5(71) 2(29)
RPL19 12 4(33) 1(8) 7(58)
RPS19 5(71) 2(29)
RPS12 6(75) 2(25)
elF-4Al 14 10(71) 3(21) 1(7)
CcD9 8 6(75) 2(25)
CD59 11 8(73) 2(18) 1(9)

"otal number of normal and cervical tumor tissue pairs.

levels of interferon-induced 17kDa membrane protein were
higher in 10 of 20 cancer patients, and its levels were
increased about 1.5- to 5-fold in cervical cancer vs. normal
cervical tissue. Although we could not examine the
expression of all differentially expressed genes by northern
hybridization(limitation of tissue collection), our results
demonstrated that DDRT-PCR analysis combined with
reverse Northern hybridization is specific enough to detect
multiple differentially expressed genes in primary human
tumors.

Cancer tissue-specific expression was also observed with
the unknown clones identified by DDRT-PCR. As shown in
Fig. 4, unknown clones hybridized to discrete mRNAs in
Northem hybridization experiments. The G3-3 clone
hybridized to an ~1.5 Kb mRNA whose levels were higher
in two of five cancer patients. The KG102 clone detected
an ~2 Kb mRNA, which was increased in three patients and
two transcripts hybridized by the JG61 clone were decreased
in all cervical cancer tissues examined. Taken together with
the data in Fig. 2B, these results indicate that the DDRT-
PCR clones of unknown sequences were highly tumor-
specific. Full sequence analysis of these unknown clones is
in progress and should help to determine the role of these
genes in cervical tumorigenesis.

DISCUSSION

Comparing the genes that are expressed in the carcinoma
cells versus the normal cells could lead to the identification
of cervical carcinoma-specific oncogenes, tumor suppressor
genes and other tumor-associated antigens.

Although the biological functions of the known genes
identified in our study remain to be analyzed, some of these
genes have been implicated previously in tumorigenesis.

For example, Northern hybridization indicated that the
levels of lactoferrin mRNA were higher in cervical cancer
than in normal tissue (Fig. 3 and Table 2). Lactoferrin is an
iron-binding protein found predominantly in milk and
secretary fluids of mammals and its RNA is expressed in
mammary gland and uterus (Teng et al., 1989). Although
lactoferrin is a major component of milk, its involvement in
cellular proliferation and the development of neoplasia has
been suggested (Walmer et al., 1995). In the uterus of mice,
lactoferrin expression is directly correlated with the onset
of epithelial proliferation (McMaster et al., 1992). In
endometrial adenocarcinoma, an overexpression pattern for
lactoferrin was observed both in the mRNA and protein
levels, and possible modulation by progesterone receptor
expression was suggested (Walmer et al., 1995). And
lactoferrin acted early in the HPV uptake process (Drobni
et al.,, 2004). In contrast, normal endometrium expresses
lactoferrin in a cyclic manner in a restricted number of
grandular epithelial cells (Newbold et al., 1992). Previous
observation in vitro indicated that lactoferrin inhibits the
growth of most tumor cells, suggesting a role for lactoferrin
in the regulation of tumor growth (Bezault et al., 1994;
Hurley et al., 1994). These results are consistent with our
observation that lactoferrin mRNA level was higher in
cervical cancer than in normal tissue, suggesting that the
altered expression of lactoferrin is closely associated with
the development of cervical cancer.

Motility-related protein-1 (MRP-1/CD9) is a trans-
membrane glycoprotein belonging to the tetraspanin (TM4)
superfamily (Maecker et al., 1997). It is closely associated
with suppression of cell motility and reduction of metastatic
potential of some tumor cells. The general functions of
tetraspanin are to regulate cell adhesion, motility,
differentiation, and proliferation by association with other
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Fig. 3. Northem analysis of several known genes using multiple cancer tissue samples. Several known genes that showed tumor-specific
expression in human cervical tissue were analyzed by Northern hybridization using additional cervical cancer samples. Total RNA (10 ug) was
extracted from normal cervix (N) and cervical cancer (T) samples. The stages of all cancer samples used in this study were b to lla. All of the

cell types were squamous cell carcinoma.
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Fig. 4. Northemn analysis of unknown genes differentially expressed
in cervical cancer samples. RNA extraction and Northern blotting
were performed as described in Fig. 3. EcoRI fragments of cloned
genes in the pCR2.1 vector were used as hybridization probes.

cell-surface molecules. However, our Northern analysis
demonstrates that CD9 mRNA was highly expressed in six
of eight cervical cancer patients (Table 2), indicating that
the increased levels of CD9 mRNA may be associated with
the invasive phenotype of cervical cancer. The biological
meaning of increased levels of CD9 mRNA in cervical

cancer remains to be elucidated. Exposure of CD9 specific
antibodies inhibit suspension-induced terminal differentiation
of keratinocytes, showing that CD9 plays a regulatory role
in keratinocyte motility and differentiation (Jones et al.,
1996). In addition, altered expression of CD9 surface
antigen in primary tumor cells and metastatic carcinoma
cells were reported in colon carcinoma cell lines (Cajot et
al.,, 1997), lung adenoma carcinoma (Higashiyama et al.,
1997), oral squamous cell carcinoma (Kusukawa et al.,
2001), ovarian carcinoma (Furuya et al., 2005), breast
cancer (Miyake et al., 1995), and non-small cell lung cancer
(Higashiyama et al., 1995). It is well known that the various
cell surface adhesion molecules and intracellular linker
proteins that are associated with the adhesion molecules are
not only involved in the maintenance of cellular architecture,
but also in the regulation of cellular proliferation and
differentiation. Therefore, it is not unusual that cell surface
molecules such as CD9, CD39, and integrins are over-
expressed in cervical cancer (Tables 1 and 2).

We also detected three differentially expressed ribosomal
protein subunits (RPL19, RPS19, and RPS12) by DDRT-
PCR. RPL19 and RPS12 mRNA levels were increased in
cervical cancer samples when compared with normal
tissues (Table 2). In contrast, the levels of RPS19
expression were decreased in seven of the 12 cervical
cancer samples examined. Increasing evidence suggested
that translational components may act as regulators of
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cellular growth and neoplastic transformation (Kondoh et
al., 1992; Wong et al., 1993; Henry et al., 1993). The over-
expression of RPS19 has been correlated previously with
the development of cancer of the colon (Kondoh et al.,
1992), and co-amplification of the RPL19 gene with the
tumor-specific erbB-2 gene was observed in human breast
cancer cells (Davis et al., 1995). Functional enhancement of
ribosomal proteins, not only by over-expression at the
transcriptional level, but also by post-translational modification
as shown for RPS2 (Susa et al., 1989; Wang et al, 2009), is
involved in cellular growth and differentiation of a variety
of cells. These observations strongly suggested a close
correlation between altered translational machinery and
cancer development. Furthermore, translation factor, such
as protein synthesis initiation factor eIF-4E, level was
elevated bin esophageal cancer (Salehi et al., 2006) and also
have been shown to function as mitotic regulators in HeLa
cells, a human cervical cancer cell line (De Benedetti et al.,
1990). Deregulation of the eIlF-4Al mRNA levels were
higher in cervical cancer than in matched normal tissues in
ten of 14 patients examined (Table 2). Although we can not
discuss each of the cDNA clones identified in this study,
our results clearly demonstrate the significance of these genes
in human cervical cancer development. Characterization
differentially expressed genes may provide valuable
information about the genetic alterations in cervical
malignancies.

REFERENCES

Atkin NB, Baker MC, and Fox MF (1990) Chromosome changes
in 43 carcinomas of the cervix uteri. Cancer Genetics
Cytogenet 44: 229-241.

Bezault J, Bhimani R, Wiprovnick J, and Furmanski P (1994)
Human lactoferrin inhibits growth of solid tumors and
development of experimental metastases in mice. Cancer Res
54:2310-2312.

Cajot JF, Sordat 1, Silvestre T, and Sordat B (1997) Differential
display cloning identifies motility-related protein (MRP1/
CD9) as highly expressed in primary compared to metastatic
human colon carcinoma cells. Cancer Res 57: 2593-2597.

Chunming L and Raghothama KG (1996) Practical method for
cloning cDNAs generated in an mRNA differential display.
Biotechnol 20: 576-580.

Davis B and Fried M (1995) The L19 ribosomal protein gene
(RPL19): gene organization, chromosomal mapping, and
novel promoter region. Genomics 25: 372-380.

De Benedetti A and Rhoads RE (1990) Overexpression of
eukaryotic protein synthesis initiation factor 4E in HeLa cells
results in aberrant growth and morphology. Proc Natl Acad
Sci USA 87: 8212-8216.

Drobni P, Naslund J, and Evander M (2004) Lactoferrin inhibits
human papillomavirus binding and uptake in vitro. Antiviral
Res 64(1):63-68.

Furuya M, Kato H, Nishimura N, Ishiwata I, Ikeda H, Ito R,

Yoshiki T, and Ishikura H (2005) Down-regulation of CD9 in
human ovarian carcinoma cell might contribute to peritoneal
dissemination: morphologic alteration and reduced expression
of beta 1 integrin subsets. Cancer Res 65(7):2617-2625.

Henry JL, Coggin DL, and King CR (1993) High-level expression
of the ribosomal protein L19 in human breast tumors that
overexpress erbB-2. Cancer Res 53: 1403-1408.

Higashiyama M, Doi O, Kodama K, Yolouchi H, Adachi M,
Huang CL, Taki T, Kasugai T, Ishiguro S, Nakamori S, and
Miyake M (1997) Immunohistochemically detected expression
of motility-related protein-1 (MRP-1/CD9) in lung adenocarcinoma
and its relation to prognosis. Int J Cancer 74: 205-211.

Higashiyama M, Taki T, Ieki Y, Adachi M, Huang CL, Koh T,
Kodama K., Doi O, and Miyake M (1995) Reduced motility
related protein-1 (MRP-1/CD9) gene expression as a factor of
poor prognosis in non-small cell lung cancer. Cancer Res 55:
6040-6044.

Hurley WL, Hegarty HM, and Metzler JT (1994) In vitro
inhibition of mammary cell growth by lactoferrin: a
comparative study. Life Sci 55: 1955-1963.

Tkonomov OC and Jacob MH (1996) Differential display protocol
with selected primers that preferentially isolates mRNAs of
moderate- to low-abundance in a microscopic system.
Biotechnol 20: 1030-1042.

Jones PH, Bishop LA, and Watt FM (1996) Functional
significance of CD9 association with bl integrins in human
epidermal keratinocytes. Cell Adhes Commun 4: 297-305.

Kondoh N, Schweinfest CW, Henderson KW, and Papas TS
(1992) Differential expression of S19 ribosomal protein,
laminin-binding protein, and human lymphocyte antigen class
I messenger RNAs associated with colon carcinoma
progression and differentiation. Cancer Res 52: 791-796.

Kusukawa J, Ryu F, Kameyama T, and Meckada E (2001)
Reduced expression of CD9 in oral squamous cell carcinoma:
CD?9 expression inversely related to high prevalence of lymph
node metstasis. J Oral Pathol Med 30(2):73-79.

Liang P and Pardee AB (1992) Differential display of eukaryotic
messenger RNA by means of the polymerase chain reaction.
Science 257:967-971.

Liang P, Averbouk K, Keymarsi K, and Sager R (1992)
Differential display and cloning of mRNAs from human
breast cancer versus mammary epithelial cells. Cancer Res
52: 6966-6968.

Lorincz AT, Temple GF, Kurman, R.J, Jenson AB, and Lancaster
WD (1987) Oncogenic association of specific human
papilloma virus types with cervical neoplasia. J Int Cancer
Inst 79: 671-677.

Maecker HT, Todd SC, and Levy S (1997) The tetraspanin
superfamily: molecular facilitators. FASEB J 11: 428-442.

Manolaraki MM, Arvanitis DA, Sourvinos G, Sifakis S,
Koumantakis E, Spandidoss DA (2002) Frequent loss of
heterozygosity in chromosomal region 9pter-pl3 in tumor
biopsies and cytological material of uterine cervical cancer.
Cancer letter 176(2):175-181.

McMaster MT, Teng CT, Dey SK, and Andrews GK (1992)
Lactoferrin in the mouse uterus: analysis of the
preimplantation period and regulation by ovarian steroids.
Mol Endocrinol 6: 101-111.

Miyake M, Nakano K., Ieki Y, Adachi M, Huang CL, Itoi S, Koh
T, and Taki T (1995) Motility related protein 1 (MRP-1/CD9)

388

ANIMAL CELLS AND SYSTEMS Vol. 13 No. 4



expression: inverse correlation with metastases in breast
cancer. Cancer Res 55: 4127-4131.

Newbold RR, Teng CT, Beckman WC, Jr Jefferson WN, Hanson
RB, Miller JV, and Mclachlan JA (1992) Fluctuations of
lactoferrin protein and messenger ribonucleic acid in the
reproductive tract of the mouse during the estrous cycle. Biol
Reprod 47: 903-915.

Ocadiz R, Sauceda R, Cruz M, Graef AM, and Gariglio P (1987)
High correlations between molecular alterations of the c-myc

oncogene and carcinoma of the uterine cervix. Cancer Res 47:
4173-41717.

Park TW, Fujiwara H, and Wright TC (1995) Molecualr biology
of cervical cancer and its precursors. Cancer Supplement 76:
1902-1913.

Riou G Barrois M, Sheng ZM, Duvillard P, and Lhomme C
(1988) Somatic deletions and mutations of c-Ha-ras gene in
human cervical cancers. Oncogene 3: 329-333.

Salehi Z, Mashavekhi F (2006) Expression of the eukaryotic
translation initiation factor 4E (eIF4E) and 4E-BP! in
Esophageal cancer. Clin Biochem. 39(4):404-409.

Sambrook J, Fritsch EF, and Maniatis T (1989) Molecular
cloning: A Laboratory Manual. New York NY Cold Spring
Harbor Press

Scheffner M, Munger K, Huibregtse IM, and Howley PM (1992)
Targeted degradation of the retinoblastoma protein by human
apillomavirus E7-E6 fusion proteins. EMBO J 11: 2425-2431.

Scheffner M, Werness BA, Huibregtse JM, Levine AJ, and
Howley PM (1990) The E6oncoprotein encoded by human
papillomavirus types 16 and 18 promotes the degradation of

Differential Gene Expression in Human Cervical Carcinoma

p33. Cell 63: 1129-1136.

Shim CS, Zhang W, Rhee CH, and Lee J-H (1998) Profiling of
differentially expressed genes in human primary cervical
cancer by complementary DNA expression array. Clin
Cancer Res 4:3045-3050.

Steekantaiah C, Bhargava KK, and Shetty JJ (1988) Chromosome
1 abnormalities in cervical carcinoma. Cancer 62: 1317-1324.

Susa M, Olivier AR, Fabbro D, and Thomas G (1989) EGF
induces biphasic S6 kinase activation: Late phase is protein
kinase C-dependent and contributes to mitogenicity. Cel/ 57:
817-824.

Teng CT, Pentecost BT, Chen YH, Newbold RR, Eddy EM, and
McLachlan JA (1989) Lactotransferrin gene expression in the

mouse uterus and mammary gland. Endocrinology 124: 992-
999.

Walmer DK, Padin CJ, Wrona MA, Healy BE, Bentley RC, Tsao
MS, Kohler MF, McLachlan JA, and Gray KD (1993)
Malignant transformation of the human endometrium is
associated with overexpression of lactoferrin messenger RNA
and protein. Cancer Res 55: 1168-1175.

Wang M, Hu Y, and Stearns ME (2009) RPS2: a novel therapeutic
target in prostate cancer. J Exp Clin Cancer Res. 28:6

Wong JM, Mafune K, Yow H, Rivers EN, Ravikumar TS, Steele
GD, and Jr Chen LB (1993) Ubiquitin-ribosomal protein S27a
gene overexpressed in human colorectal carcinoma is an early
growth response gene. Cancer Res 53: 1916-1920.

[Received August 24, 2009; accepted November 6, 2009]

ANIMAL CELLS AND SYSTEMS Vol. 13 No. 4

389



