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SUMMARY: To identify the genes involved in cervical carcinogenesis, we applied the mRNA differential display (DD) method to
analyze normal cervical tissue, cervical cancer, metastatic lymph node, and cervical cancer cell line. We cloned a 491-bp cDNA
fragment, CC231, which was present in metastatic tissue and cervical cancer cell line, but absent in normal cervical and cervical
cancer tissues. The 491 bp cDNA fragment has 98% homology to the previously published sequence, AAC-11 (antiapoptosis
clone 11). The levels of AAC-11 mRNA expressions in nine normal cervical and nine primary cervical cancer tissues were low. Its
expression was higher in three metastatic tissues and five cervical cancer cell lines (HeLa, CaSki, SiHa, CUMC-3, and CUMC-6).
Invasion of matrigel and adhesion to laminin by AAC-11 transfected CUMC-6 cells were increased by approximately 2-fold and
4-fold, respectively. Northern blot analysis showed that matrix metalloproteinase (MMP)-2 and membrane type 1 MMP
(MT1-MMP) genes were found to be expressed in high levels in AAC-11-transfected cancer cells. But MMP-2 and MT1-MMP
were not expressed in cells transfected with vector alone or wild-type cells. AAC-11-transfected cells expressed an elevated level
of MMP-2 protein as assessed by immunoblotting. On the contrary, tissue inhibitor of MMP (TIMP-2) expression was detectable
in cells transfected with vector alone or wild-type cells, respectively. Its expression was undetectable in AAC-11 transfected cells.
In cervical cancer cells transfected with AAC-11, the expression of b-catenin was up-regulated. These suggest that
overexpressions of MMP-2 and MT1-MMP, loss of TIMP-2 expression, and up-regulation of b-catenin by AAC-11 transfection
may contribute to the development of cervical cancer invasion. AAC-11 gene transfection increased cervical cancer cell
colonization. The effect of AAC-11 on cultured cervical cancer cells was associated with antiapoptotic process. Approximately
50% of the AAC-11 transfected cells in serum-free medium died after 2 weeks, compared to 1 week for vector alone or wild-type
cells. These results suggest that AAC-11 may serve as a candidate metastasis-related and apoptosis-inhibiting gene in human
cervical cancer. (Lab Invest 2000, 80:587–594).

C ervical cancer is a classic model for the multistep
nature of carcinogenesis, because it develops from

well-defined precursors over a protracted period of time
(Wright et al, 1994). Although molecular and epidemio-
logical data clearly indicate that human papillomavirus
(HPV) is the causal etiological factor for invasive cervical
cancer (zur Hausen, 1991), HPV-associated carcinogen-
esis is an insufficient process, because only a small
fraction of women who are infected with high-
oncogenic-risk HPV types will ever develop invasive
cervical cancer (Park et al, 1995). Altogether, especially
in cervical cancers, the frequencies of oncogene activa-
tion (Choo et al, 1989; Kristensen et al, 1996) or tumor
suppressor gene inactivation (Fujita et al, 1992) are lower
than in other types of cancers. From this point of view,
identification of another candidate oncogene or tumor

suppressor gene that affects the cervical carcinogenesis
is needed.

In this study, we applied the mRNA differential
display (DD) method (Liang and Pardee, 1992) to find
a new cancer-related gene in human cervical cancer.
Finally, a candidate gene was identified and partially
sequenced. We cloned a 491 bp cDNA fragment,
CC231, which was present in metastatic lymph node
tissue and cervical cancer cell line but absent in
normal cervical and primary cervical cancer tissues.
The 491 bp CC231 cDNA fragment has 98% homol-
ogy to the previously published sequence, AAC-11
gene (accession number U83857), whose expression
prevents apoptosis that occurs after growth factor
deprivation (Tewari et al, 1997). BALB/c3T3 fibroblasts
that were stably transfected with AAC-11 cDNA were
viable in serum-free medium for up to 12 weeks.

But, to date, it has not been reported whether the
AAC-11 gene in cervical cancer cells enhances meta-
static potential and inhibits apoptosis after growth
factor deprivation. Because the CC231 clone was
identified only in metastatic tissue and cancer cell line
by the mRNA DD method, we have compared the
different expression levels of AAC-11 mRNAs in nor-
mal cervical, cervical cancer, metastatic tissues, and
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cervical cancer cell lines, and evaluated whether
AAC-11 gene shows metastasis-related and
apoptosis-inhibiting functions in cervical cancer cells.

Results

Differential Display and Library Screening

We identified a cDNA PCR fragment, CC231, that was
expressed in metastatic tissue and cervical cancer cell
line, but not in normal cervical and cervical cancer
tissues, using a 59arbitrary primer H-AP23 (59-
AAGCTTGGCTATG-39) and a 39H-T11C anchored
primer (59-AAGCTTTTTTTTTTTC-39). Searches of NIH
GenBank using BLAST programs indicated that the
sequence of 491 bp CC231 cDNA PCR product has
98% homology to the sequence at the 39non-coding
region of human AAC-11 gene (accession number
U83857). The CC231 cDNA begins at nucleotide 3194
of human AAC-11. To identify potential AAC-11 iso-
forms, cDNA library constructed from metastatic can-
cer tissue was screened by Southern hybridization
with the random primer labeled fragment of CC231.
We isolated a 3685 bp cDNA (data not shown).
AAUAAA polyadenylation signal was found in this
cDNA. This longer cDNA contains an additional 35 bp
in the 39 end of the original human AAC-11 cDNA.

AAC-11 Gene Expressions

Different expression levels of AAC-11 gene in normal
cervical, cervical cancer, metastatic tissues, and cer-
vical cancer cell lines are shown in Figure 1. Northern
blot analysis revealed that a dominant transcript of
approximately 4.1 kb was present in all tissues and
cell lines examined, as well as a weaker band at 1.7
kb. In addition, a transcript of approximately 3.1 kb
was identified in all five cell lines tested. The level of
expression of AAC-11 mRNA in nine normal cervical
tissues (Fig. 1A) and nine primary cervical cancer
tissues (Fig. 1B) was low. On the contrary, its expres-
sion was higher in three metastatic common iliac
lymph node tissues (Fig. 1C). In metastatic tissues, the
levels of AAC-11 gene expression were increased by
162 6 62% as compared with those of gene expres-
sions in cervical cancer tissues. AAC-11 gene expres-
sion was found to be expressed in all five cervical
cancer cell lines (HeLa, CaSki, SiHa, CUMC-3, and
CUMC-6) (Fig. 1D). Among five cancer cell lines,
AAC-11 was found to be expressed in high levels in
HeLa and CaSki cells when compared with cervical
cancer tissues.

AAC-11 Gene Transfer and Expression in Cervical Cancer
Cells

Human AAC-11 gene was introduced into CUMC-6
cells by DOTAP and the transfected cells were se-
lected by culturing in complete medium containing 0.6
mg/ml of G418 for 21 days. The selected cells were
cloned and designated as Clone 1 and Clone 2,
respectively. The isolated clones were screened for
the overexpression of AAC-11 gene. Northern blot

analysis showed that approximately 4.1 kb mRNA
single transcript, which was identical to those of the
AAC-11 found in metastatic tissues and cervical can-
cer cell lines, was overexpressed in human AAC-11-
transfected Clone 1 and Clone 2, respectively, com-
pared with cells transfected with vector alone or
wild-type cells (Fig. 2).

Figure 1.
Northern blot analysis of AAC-11 mRNA in nine normal cervical tissues, A; nine
primary cervical cancer tissues, B; three metastatic lymph node tissues, C; and
five cervical cancer cell lines, D. Total RNAs were subjected to electrophoresis
through 1% formaldehyde agarose gel and transferred to nylon membranes.
The blots were hybridized with 32P-labeled random-primed AAC-11 cDNA
probe. A full human b-actin cDNA probe was used as an internal standard to
check whether equal amounts of total RNAs were applied.

Figure 2.
AAC-11 mRNA expressions in AAC-11-transfected cervical cancer cells (Clone
1 and Clone 2), cells transfected with pCR3-Uni vector alone, and wild-type
CUMC-6 cells.
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Invasive and Adhesive Properties of AAC-11 Gene

Invasion of matrigel by CUMC-6 cells was increased
approximately two times higher in AAC-11-
transfected cells (Clone 1) than in cells transfected
with vector alone or wild-type cells (Fig. 3A). In Clone
2, invasiveness was increased by approximately
150% compared with vector alone or wild-type cells.
Adhesion of CUMC-6 cells transfected with AAC-11
expression vector to laminin was increased by ap-
proximately 4-fold in Clone 1 when compared with
cells transfected with vector alone or wild-type cells
(Fig. 3B). But adhesiveness was increased by approx-

imately 3-fold in Clone 2. Accordingly, we chose Clone
1 for further biological studies of AAC-11.

MMP-2, MT1-MMP, and TIMP-2 Expressions

To evaluate whether MMP-2, MT1-MMP, or TIMP-2
transcript is involved in AAC-11-induced cervical can-
cer invasion and adhesion, PCR amplifications of each
gene were conducted using first-strand cDNAs from
CUMC-6 cells transfected with AAC-11 expression
vector, cells transfected with vector alone, and wild-
type cells, respectively. Utilizing this assay, the pre-
dicted 399 bp, 642 bp, and 338 bp size cDNA prod-
ucts of MMP-2, MT1-MMP, and TIMP-2, respectively,
were detected in AAC-11 transfected Clone 1 cells
(Fig. 4A). But expressions of MMP-2 and MT1-MMP
were not detected and expression of TIMP-1 tran-
script was high in wild-type cells or cells transfected
with vector alone, respectively (Fig. 4A). Northern blot
analyses revealed that approximately 3.4 kb MMP-2
and 4.1 kb MT1-MMP transcripts were overexpressed
in AAC-11 transfected cells (Fig. 4B). In wild-type cells
or cells transfected with vector alone, both MMP-2
and MT1-MMP transcripts were not present, respec-
tively. On the contrary, approximately 3.9 kb TIMP-1
transcript was overexpressed in wild-type cells or
cells transfected with vector alone. Its expression was

Figure 3.
Comparisons between the invasion and adhesion activities of cervical cancer
cells transfected with AAC-11 expression vector, pCR3-Uni vector alone, or
wild-type cells. AAC-11 increases invasiveness and adhesiveness in cervical
cancer cells. A, In vitro invasiveness of cervical carcinoma cells (Clone 1 and
Clone 2) transfected with AAC-11 expression vector, vector alone, or wild-type
cells. Invasion assay was carried out as previously described. Five fields were
counted for each assay. Each value is the mean 6 SD of triplicate determina-
tions. B, Adhesion of cervical carcinoma cells (Clone 1 and Clone 2)
transfected with AAC-11 expression vector, vector alone, or wild-type cells to
laminin. Adhesion is expressed as the absorbance recorded. Each value is the
mean 6 SD of quadruplicate determinations.

Figure 4.
RT-PCR and Northern blot analyses of MMP-2, MT1-MMP, and TIMP-2 gene
expressions. Lane 1, wild-type cells; Lane 2, cells transfected with vector
alone; and Lane 3, AAC-11-transfected Clone 1 cells. A, PCR amplification of
each gene using first-strand cDNAs. The predicted fragments amplified by PCR
for MMP-2, MT1-MMP, TIMP-2, and b-actin transcripts are 399, 642, 338, and
350 bp, respectively. Lane M denotes molecular weight size marker. B,
Northern blot analyses of transcripts of MMP-2, MT1-MMP, and TIMP-2.
cDNA probes were prepared by PCR with digoxigenine-11–29-deoxy-uridine-
59-triphosphate using corresponding RT-PCR products, respectively. The
Northern blot results were normalized with b-actin. C, Increased MMP-2
protein level after AAC-11 gene transfection. Immunoblot analysis of the cell
lysates from AAC-11 transfected cells and cells transfected with vector alone
were done using an anti-MMP monoclonal antibody. Total cellular proteins
from 5 3 105 cells were subjected to SDS-PAGE. Bands were revealed by
ECL-Western blot detection kit.
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undetectable in AAC-11 transfected cells. Cells trans-
fected with AAC-11 expression vector induced in-
creased synthesis of active form of MMP-2 protein,
measured by an increase in cellular level of 64-kDa
MMP-2 on Western blot. Its expression was undetect-
able in cells transfected with vector alone (Fig. 4C).

b-catenin Gene Expression

In CUMC-6 cancer cells transfected with AAC-11, the
expression of b-catenin was up-regulated as com-
pared with gene expressions in wild-type cells or cells
transfected with vector alone, respectively (Fig. 5).

Growth Characteristics

The growth phenotype of AAC-11-transfected Clone 1
cells was assessed by colony-forming assay. AAC-11
gene transfection increased cervical cancer cell colo-
nization up to approximately 140% when compared
with cells transfected with vector alone (Fig. 6).

AAC-11 Inhibits Apoptosis

The survival advantage in serum-free medium offered by
transfection with AAC-11 is shown in Fig 7. The effect of
AAC-11 on cultured cervical cancer cells was associated
with antiapoptotic process. Approximately 50% of the
AAC-11-transfected Clone 1 cells died after 2 weeks,
compared to 1 week for vector alone or wild-type cells.
A near-complete loss of viability generally occurred by
Days 24 to 28 in both wild-type cells and cells trans-
fected with vector alone. Dying cells showed apoptotic
body formations, including fragmented nuclei and chro-
matin condensation (not shown). On the contrary, AAC-
11-transfected cells had a marked survival advantage.
Viable transfectants persisted for up to 8 weeks in the
absence of serum, and some clones regrew to conflu-
ence on the addition of serum.

Discussion

The data presented here indicate that the levels of the
AAC-11 gene were increased in metastatic lymph node
tissues and cancer cell lines compared with the levels
observed in normal cervical and primary cervical cancer
tissues. According to this result, we investigated whether
the AAC-11 gene is associated with metastatic potential.
Our in vitro study using adhesion and invasion assays
suggested that AAC-11 may be involved in human
cervical cancer cell invasion, probably through its role in
cell interactions with extracellular matrix proteins.

MMP-2 (gelatinase A) is able to degrade several
extracellular matrix proteins including denatured col-

Figure 5.
b-catenin gene expression in AAC-11 transfected cervical cancer cells. Total
RNAs from wild-type cells, cells transfected with vector alone, and AAC-11
transfected cervical cancer cells were subjected to electrophoresis and
transferred to nylon membrane. The blot was hybridized with 32P-labeled
random-primed RT-PCR product.

Figure 6.
Colony-forming efficiency of cervical cancer cells transfected with AAC-11
expression vector or vector alone. 5 3 103 viable cells were cultured on
double-agar plates and colonies (. 50 cells) were counted on Day 21. Each
value is the mean 6 SD of triplicate determinations.

Figure 7.
AAC-11 inhibits apoptosis after serum deprivation. Viability of CUMC-6 cells
after transfection with AAC-11, vector alone, or wild-type cells. Data are the
number of viable cells expressed as a percentage of cells before the removal
of serum and represent the mean 6SD of triplicate determinations.
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lagen, type iv collagen, and fibronectin (Liotta et al,
1980). A number of reports have shown that increased
levels of MMP-2 are correlated with an invasive phe-
notype (Tryggvason et al, 1993). MMP-2 can bind and
act as a receptor for surface-localized metalloprotein-
ase activity (Brooks et al, 1996), but little is known
about cell surface interactions and MMP-2. MT1-MMP
is localized on the cell surface, functions as a cell
surface receptor in association with TIMP-2, and me-
diate the activation of proMMP-2 (progelatinase A)
(Sato et al, 1994).

MT1-MMP is most often overexpressed on the
surface of invasive tumor cells, including lung and
stomach cancers that contain activated MMP-2.
TIMP-2 has been shown to suppress tumor growth
and metastatic potential in many cell model systems,
activities associated with inhibition of MMP (Stetler-
Stevenson et al, 1990). Recently, MMP-2, MT1-MMP,
and TIMP-2 have been investigated regarding the
invasion and metastatic potentials of cancer cells
(Martorana et al, 1998; Valente et al, 1998).

To confirm whether AAC-11 gene transfection aug-
mented the invasive ability of cancer cells, the levels of
MMP-2, MP1-MMP, and TIMP-2 expressions were
examined. ACC-11-transfected cervical cancer cells
expressed high levels of MMP-2 and MT1-MMP mR-
NAs. TIMP-2 gene was found to be expressed in high
levels only in cells transfected with vector alone or
wild-type cells, respectively. These data thus suggest
that AAC-11 gene up-regulated the level of MMP-2
and MT1-MMP mRNAs and down-regulated TIMP-1
during the process of cervical cancer invasion and
adhesion.

MMP-2 is secreted as proenzymes that require
extracellular activation. In vitro studies of the activa-
tion mechanism of this enzyme has yielded new in-
sights into the molecular basis of proenzyme latency
(Stetler-Stevenson et al, 1991). In this study, AAC-11
transfected cancer cells expressed an elevated level
of MMP-2 protein as assessed by immunoblotting.
Elevated levels of 64 kDa MMP-2 protein in AAC-11
transfected cervical cancer cells mean that AAC-11
converted the latent form of 72-kDa proMMP-2 to the
active form. This finding shows that the AAC-11 gene
is capable of regulating the synthesis of MMP-2.

Frequent alterations in b-catenin expression have
been reported in various types of human cancers
(Takayama et al, 1996). Evidence is now accumulating
that deregulated signal transduction involving
b-catenin is a common event in tumor cells. b-catenin
and its homolog Armadillo are key components of
cell-cell adhesive junctions (Peifer, 1997). In this study,
the expression of b-catenin was up-regulated in
AAC-11 transfected cervical cancer cells. From the
above results, we can estimate that overexpression of
MMP-2 and MT1-MMP, loss of TIMP-2 expression,
and up-regulation of b-catenin by AAC-11 transfection
may contribute to the development of cervical cancer
invasion.

Tewari et al (1997) identified a 1023-bp AAC-
11short cDNA from murine fibroblasts by a functional
expression cloning approach. The predicted 25 kDa

AAC-11 protein contained a leucine zipper motif that is
essential for its antiapoptotic activity. The cDNA for
human AAC-11 was also identified and exhibited
strong homology with mouse AAC-11long and re-
tained the leucine zipper domain. Expression of the
AAC-11 gene prevents apoptosis that occurs on de-
privation of growth factors. Inactivating mutations of
leucines within the leucine zipper domain of AAC-
11short cDNA ablated its antiapoptotic function. We
also observed the survival advantage after serum
deprivation offered by transfection with AAC-11 cDNA
in human cervical cancer cells. Because inhibition of
apoptosis is thought to be required for neoplastic
transformation, study of the AAC-11 gene and its
ability to inhibit apoptosis will provide unique insights
into the regulation of cell death.

Further characterization of the AAC-11 gene in
regard to its metastasis-related and antiapoptotic
functions may lead to a better understanding of the
tumor biology of human cervical cancer.

Materials and Methods

Tissues and Cell Lines

For DD of mRNA, normal cervical tissue specimens
were obtained from uterine myoma patients during
hysterectomy, and untreated primary cervical cancer
and metastatic common iliac lymph node tissues were
obtained from cervical cancer patients during radical
hysterectomy. The human cervical cancer cell line
used in the DD method was CUMC-6 (Kim et al, 1996).
The human cervical cancer cell lines used in this study
were HeLa, CaSki, SiHa, CUMC-3 (Kim et al, 1995),
and CUMC-6.

Isolation of Total RNA and DD

Total RNAs were extracted from fresh tissue specimens
and cultured cells using a commercial system (RNeasy
total RNA kit) provided by Qiagen (Qiagen Inc., Hilden,
Germany) and removal of DNA contamination from the
RNAs was accomplished using Message clean kit (Gen-
Hunter Corp., Brookline, Massachusetts). DD was per-
formed using reverse transcription-polymerase chain
reaction (RT-PCR) as described (Liang and Pardee,
1992) with minor modifications. Briefly, triplicate 0.2 mg
of total RNA was used for RT with one of three primers,
H-T11G, H-T11C, or H-T11A, as the anchored oligo-dT
primers (RNAimage kit; GenHunter), followed by PCR
using the same anchored primers and one of the arbi-
trary 59 13 mer (RNAimage primer sets 3 and 4, H-AP
17–32) in the presence of 0.5 mmol/L of [a-35S]-labeled
dATP (1200 Ci/mmol). PCR was 40 cycles at 95° C for 40
seconds, 40° C for 2 minutes and 72° C for 40 seconds,
followed by 72° C for 5 minutes. PCR-amplified frag-
ments were resolved in 6% polyacrylamide sequencing
gels. The gels were dried under vacuum on a gel dryer at
80° C for 1 hour. Differentially expressed fragments were
identified by inspection of autoradiograms.
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Band Recovery and Characterization

Bands of interest were excised from the dried se-
quencing gel. The cDNAs were eluted by boiling the
gel slices for 15 minutes and were reamplified with the
same primer pairs. PCR conditions were the same as
those for amplification, except that no [a-35S]-labeled
dATP and 20 mmol/L of dNTPs were used. The ream-
plified cDNAs were cloned into the pGEM-T Easy
vector using the TA Cloning System (Promega, Mad-
ison, Wisconsin), following the manufacturer’s instruc-
tions. The clones that had inserts with the size of the
original cDNA were sequenced using the Sequenase
Version 2.0 DNA Sequencing System (United States
Biochemical Co., Cleveland, Ohio).

Construction of cDNA Library and Library Screening

To isolate potential AAC-11 isoforms, a cDNA library
was constructed from 1 mg of oligodeoxythymidine-
selected RNA using a SMART PCR cDNA library
construction kit (Clontech, Palo Alto, California) ac-
cording to the procedure recommended by the man-
ufacturer. Oligodeoxythymidine-selected RNA from
metastatic cervical cancer tissue was used for the
construction of the cDNA library. The cDNA library
was screened by Southern hybridization of duplicate
filter lifts (1 3 108 pfu) with the random primer labeled
fragment of CC231 (Feinberg and Vogelstein, 1983;
Sambrook et al, 1989).

Construction of Recombinant Plasmid Expressing Human
AAC-11 cDNA

Single-stranded AAC-11 cDNA was synthesized using a
total RNA from primary cervical cancer tissue. Deoxyoli-
gonucleotide primers were designed according to the
published sequences from untranslated regions of
AAC-11 mRNA (accession number U83857) and were
used in PCR to amplify AAC-11 cDNA. The primer
sequences were as follows: the forward primer, 59-
GGCGCCGGTCAGGACAAGGATA-39(positions 43–64)
and the reverse primer, 59-TCCCCGGCAATCCCAA-
TGAGTAGT-39(positions 1720–1743). The amplified
1701 bp AAC-11 cDNA fragment was ligated into the
expression vector pCR3-Uni (InVitrogen, San Diego,
California). The specificity of the amplified AAC-11 PCR
product was verified with DNA sequencing.

Northern Blot Analysis of AAC-11 Gene

To determine the level of AAC-11 gene expression, 20
mg of denatured total RNAs were subjected to elec-
trophoresis through 1% formaldehyde agarose gel
and transferred to nylon membranes (Boehringer-
Mannheim Biochemica, Mannheim, Germany). The
blots were hybridized with 32P-labeled random-
primed 491 bp AAC-11 cDNA probe overnight at
42°C. The northern blot results were consistently
repeated two times, as quantified by densitometry and
normalized with b-actin.

Transfection of AAC-11 Gene into Cervical Cancer Cells

Synthetic cationic liposome, DOTAP {N-[1-(2, 3-Dioleoy-
loxy)propyl]–N, N,N-trimethylammonium-methylsulfate}
(Boehringer Mannheim), was used to introduce the
AAC-11 expression vector into CUMC-6 cells (Holmen et
al, 1995). Briefly, 5 3 105 cells were seeded in 60-mm
tissue culture dishes (Costar, Cambridge, Massachu-
setts). After overnight incubation in a humidified 5% CO2

incubator, the cells were treated with 150 ml of DOTAP-
DNA complex containing 30 mg of DOTAP reagent and 5
mg of CsCl gradient banded AAC-11 DNA. After 16 hours
of incubation, the cells were split at a ratio of 1:5 and
cultured on complete medium containing G418 (Gibco
BRL, Gaithersburg, Maryland). Cells were selected for
resistance to 0.6 mg/ml of G418 for 21 days.

Selected transfectants were cloned at 0.5 cell/well,
and maintained in medium containing 0.6 mg/ml of
G418. Two G418-resistant colonies were isolated and
designated as Clone 1 and Clone 2, respectively.
Another population of CUMC-6 cells was transfected
with expression vector pCR3-Uni alone and similarly
selected for G418 resistance to serve as an experi-
mental control.

Invasion Assay

In vitro invasiveness was carried out by the method of
Albini et al, (1987) with minor modifications. Invasion
was measured by use of 24-well transwell units with
12-mm porosity polycarbonate filters coated with the
reconstituted basement membrane substance (Matri-
gel; Collaborative Research, Lexington, Massachu-
setts). The filters in the transwells were coated with 30
mg of matrigel per filter in cold serum-free medium to
form a thin, continuous layer on the top of the filter.
The matrigel was left to air-dry overnight. Before
addition of the cells, excess medium was removed
from the upper compartment. The lower compartment
contained 0.5 ml of serum-free medium supplemented
with 10 ng/ml of platelet-derived growth factor (Sigma)
as a chemoattractant. Cells were then harvested by
trypsinization and counted; then 5 3 104 cells were
resuspended in 100 ml of serum-free medium and
placed in the upper compartment of the transwell unit
for 5 hours at 37° C. Cells were fixed with methanol
and stained with Wright. Cells on the upper surface of
the filter were removed by wiping with a cotton swab,
and invasion was determined by counting the cells
that had migrated to the lower side of the filter, using
a light microscope at 3200 magnification. Five fields
were counted for each assay. Each sample was as-
sayed in triplicate.

Adhesion Assay

The adhesion assay was carried out by the method of
Merzak et al (1994) with minor modifications. Briefly,
96-well plates were coated overnight with laminin
(Sigma) at 10 mg/ml. Cells were then harvested by
trypsinization and counted; then 5 3 104 cells were
resuspended in 200 ml of serum-free medium and
placed in the laminin-coated plates. After 7 hours of
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incubation, the attachment was measured by using
the MTT assay kit (Chemicon International, Temecula,
California). During the last 4 hours of culture, 10 ml of
MTT in PBS was added to each well. At the end of this
time, 100 ml of isopropanol/0.04 N HCl was added and
the absorbency was measured on an ELISA plate
reader (Dynatech MR 700 reader; Dynatech Labs,
Chantilly, Vermont) with a test wavelength of 570 nm.
All samples were plated in quadruplicate. Cell attach-
ment was expressed as the absorbency recorded.

RT-PCR and Northern Blot Analyses of the MMP-2,
MT1-MMP and TIMP-2 Genes

Total RNAs from cervical cancer cells transfected with
AAC-11 gene, expression vector pCR3-Uni alone or
wild-type parental cells were transcribed using ran-
dom hexamer (Perkin-Elmer Cetus, Foster City, Cali-
fornia) and Moloney murine leukemia reverse tran-
scriptase (Promega), respectively. Twenty-ml of the
cDNA reaction mixture was incubated at 42° C for 60
minutes, heated at 95° C for 5 minutes, and then
slowly cooled to 4° C. PCR was carried out in a 20-ml
reaction containing 1.5 ml of RT reaction mixture, 100
mmol/L of dNTPs, 10 pmol each of oligonucleotide
primer, 10 mmol/L of KCl, 10 mmol/L of Tris-HCl (pH
8.3), 2.5 mmol/L of MgCl2, and 0.5 units of Taq
polymerase. The PCR mixture was overlaid with min-
eral oil and then amplified in a thermal cycler (Perkin-
Elmer) for 35 cycles. The amplification profile for
MMP-2 and MT1-MMP was as follows: denaturation
at 94° C for 30 seconds, primer annealing at 60° C for
45 seconds, and extension at 72° C for 15 seconds.
For TIMP-2 and b-actin amplifications, the tempera-
ture for primer annealing was reduced to 58° C. The
sequences of oligonucleotide primers, synthesized
according to the published MMP-2 (accession number
J03210), MT1-MMP (accession number X90925),
TIMP-2 (accession number J05593), and b-actin
cDNA (Ng et al, 1985) sequences, were as follows: for
the MMP-2, forward, 59-ATGACAGCTGCACCACT-
GAG-39 and reverse, 59-GGGACAGACGGAAGTT-
CTTG; for the MT1-MMP, forward, 59-AACATTGGA-
GGAGACA-CCCA-39 and reverse, 59-CCAGAAGA-
GAGCAGCATCAA-39; for the TIMP-2, forward, 59-
AGCA-CCACCCAGAAGAAGAG-39 and reverse, 59-
CCAGGAAGGGATGT-CAGAG-39; for the b-actin, for-
ward, 59-AGGCCAACCGCGAGAAG-ATGACC-39 and
reverse, 59-GAAGTCCAGGGCGACGTAGCAC-39.

Amplified products were subjected to electrophore-
sis through 1.2% agarose gels and visualized by
ethidium bromide staining. The predicted fragments
amplified by PCR for MMP-2, MT1-MMP, TIMP-2, and
b-actin transcripts were 399, 642, 338, and 350 bp,
respectively.

For Northern blot analyses, MMP-2, MT1-MMP,
TIMP-2, and b-actin cDNA probes were prepared by
PCR with digoxigenine-11–29-deoxy-uridine-59-
triphosphate (Boehringer-Mannheim) using corre-
sponding RT-PCR products. The blots were washed
and incubated with alkaline phosphatase-conjugated
anti-digoxigenine antibody and then hybridized

probes were immunodetected with chemiluminescent
substrate supplied by Boehringer-Mannheim.

Western Blot Analysis

For immunoblot analysis, 5 3 105 cells were harvested
and lysed in Laemmli sample buffer (Laemmli, 1970).
The cellular proteins were separated by 10% sodium
dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and then electroblotted onto nitrocellu-
lose membranes.

After blocking with 5% non-fat milk in PBS, the
membranes were incubated with an anti-human
mouse MMP-2 antibody (R and D Systems, Minneap-
olis, Minnesota) for 16 hours at 4° C. With being
washed by PBS containing 0.2% Tween three times
per 15 minutes, membranes were incubated with the
blocking solution containing 1:1000 dilution of horse-
radish peroxidase-conjugated goat anti-mouse immu-
noglobulin (Amersham) as a secondary antibody. Pro-
teins were revealed by ECL-Western blot detection kit
(Amersham).

Expression of b-catenin Gene

Total RNA from normal cervical tissue was transcribed
using random hexamer (Perkin-Elmer) and Moloney
murine leukemia reverse transcriptase (Promega). The
amplification profile for b-catenin was as follows:
denaturation at 94°C for 30 seconds, primer annealing
at 60°C for 45 seconds, and extension at 72°C for 15
seconds. The sequences of oligonucleotide primers,
synthesized according to the published b-catenin (ac-
cession number X87838) sequence, was as follows:
for the b-catenin, forward, 59-TCGGGCTGGTGAC-
AGGGAAGACAT-39 and reverse, 59-CATGGACG-
TACGGCGCTGGGTATC-3. The predicted fragment
amplified by PCR for b-catenin transcript was 304 bp
(not shown). To determine the level of b-catenin ex-
pression, 20 mg of denatured total RNAs were sub-
jected to electrophoresis and transferred to nylon
membranes. The blots were hybridized with 32P-
labeled random-primed RT-PCR product overnight at
42° C.

Growth Characteristics

AAC-11 gene transfected cells were studied to esti-
mate the colony-forming efficiency. To determine the
colony-forming efficiency, 5 3 103 viable cells were
suspended in 1 ml of 0.3% noble agar (Difco Labora-
tories Inc., Detroit, Michigan) made with complete
media, and layered onto 0.6% agar in 35-mm plates.
All samples were plated in triplicate. The number of
CUMC-6 cell colonies (.50 cells/cluster) was esti-
mated on Day 21.

Survival Assay

To test the effect of AAC-11 on cervical cancer cell
survival, 5 3 105 wild-type CUMC-6 cells, AAC-11
gene transfected cells, and cells transfected with
pCR3-Uni alone were cultured in serum-free medium
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for up to 8 weeks. The survival advantage offered by
transfection with AAC-11 gene was observed. In three
independent experiments, cells in triplicate flasks
were detached and viable cells counted twice a week
using trypan blue dye exclusion.
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