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Summary

Molecular genetic studies on HeLa cell-derived nontu-
morigenic and tumorigenic hybrids have previously local-
ized the HeLa cell tumor-suppressor gene to the long arm
of chromosome 11. Extensive molecular and cytogenetic
studies on HeLa cells have shown chromosome band
11q13 to be rearranged in this cell line. To determine
whether q13 rearrangement is a nonrandom event in cervi-
cal carcinomas, six different human papilloma virus
(HPV)-positive (HeLa, SiHa, Caski, C4-I, Mel80, and
Ms751) and two different HPV-negative (C33A and HT3)
cell lines were studied. Long-range restriction mapping us-
ing a number of q13-specific probes showed molecular
rearrangements within 75 kb of INT2 probe in three HPV-
positive cell lines (HeLa, SiHa, and Caski) and in an HPV-
negative cell line (HT3). FISH using an lNT2 YAC identi-
fied a breakpoint within the sequences spanned by this
YAC in two of the cell lines, HeLa and Caski. INT2 cos-
mid derived from this YAC showed deletion of cosmid
sequences in two other cell lines, SiHa and C33A. These
two cell lines, however, retained cosmid sequences of
Cyclin D1, a probe localized 100 kb proximal to INT2.
Deletions being the hallmark of a tumor-suppressor gene,
we conclude that the 100-kb interval between the two
cosmids might contain sequences of the cervical carcinoma
tumor-suppressor gene.

Introduction

Cervical cancer is one of the major form of human cancers
in developing countries. Epidemiological studies have
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shown a strong correlation between the development of
these tumors and the presence of human papilloma viruses
(HPVs) (Pfister 1987). However, it is well documented that
viral infection is not sufficient to induce cancer (Pater et
al. 1986; Wilczynski et al. 1988). Other events, such as
activation of oncogenes and inactivation of tumor-suppres-
sor genes, may be required. Oncogene activation has not
been implicated as an important factor in cervical cancer
development, with the exception of few reports that have
indicated amplification of cMyc and HRAS1 in some ad-
vanced-stage tumors (Ocadiz et al. 1987; Riou et al. 1988).
Thus, tumor-suppressor genes may play a role in the devel-
opment of these tumors.

Loss-of-heterozygosity (LOH) studies have shown dele-
tion of chromosomes 3p and 1lq in a significant fraction
of cervical carcinomas (Yokota et al. 1989; Srivatsan et al.
1991). LOH studies using microsatellite repeat polymor-
phic probes have also identified interstitial deletion of
11q13 in some of these tumors (Hampton et al. 1994).
Functional studies involving the transfer of chromosome
11 into two different cervical carcinoma cell lines, HeLa
and SiHa, confirmed the existence of a tumor-suppressor
gene on chromosome 11 (Saxon et al. 1986; Koi et al.
1989). An extension of these studies on HeLa cell-derived
nontumorigenic and tumorigenic hybrids localized this
gene to the long arm of chromosome 11 (Misra and Srivat-
san 1989). Detailed RFLP and molecular cytogenetic analy-
ses of HeLa cells indicated 1 1q13 to be rearranged in these
cells (Jesudasan et al. 1994). It is likely that this re-
arrangement could have resulted in the inactivation of a
tumor-suppressor gene localized to chromosome 11q13.
Therefore, to examine whether 11qi3 rearrangement is a
nonrandom event in cervical cancer, we analyzed seven
additional cervical cell lines (five HPV positive and two
HPV negative), using 11q13-specific probes.

Material and Methods

Cell Lines
Blood lymphocytes were obtained from different individ-

uals. Fibroblast cell lines GM0077, GM1604, and IMR-
90 were grown in Dulbecco's modified Eagle's medium
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Figure I PFGE analysis of HPV-positive cervical cell line DNAs.
MluI-digested DNA samples embedded in agarose plugs were separated
on 0.9% agarose gels and were transferred onto Nytran membranes.
Hybridization to 11q13-specific INT2 locus probe SS6 shows Caski and
SiHa cells to contain a single 600-kb fragment. The two cell lines do not

contain the 125-kb fragment observed in normal lymphocytes and in
fibroblast IMR-90. While HeLa cells contain fragments of 550 kb, 350
kb, and 125 kb, the other three cell lines-C4-I, Mel80, and Ms751
contain only the 125-kb fragment. On treatment with 5-aza-CR, a mobil-
ity shift is observed in Caski cell-specific and HeLa cell-specific frag-
ments. However, the drug treatment does not result in conversion of
larger-size fragments to normal size fragments in these two cell lines. The
600-kb fragment in SiHa cells remains unaltered after the drug treatment.

The 350-kb and 125-kb fragments in drug-treated HeLa cells possibly
represent a fraction of cells that could escape demethylation. A minus
sign (-) denotes analysis without 5-aza-CR treatment, and a plus sign
(+) denotes analysis with 5-aza-CR treatment. Saccharomyces cerevisiae
chromosomes were used as molecular-weight markers.

(DMEM) containing 10% FCS. Cervical cell lines HeLa,
C4-I, and Mel80 contain HPV18 sequences, and cell lines
Caski, SiHa, and Ms751 contain HPV16 sequences. HT3
and C33A are HPV-negative cell lines. HeLa is an adeno-
carcinoma, and the others are squamous-cell carcinomas.
All cervical carcinoma cell lines were grown in minimal
essential medium containing 10% FCS.

YAC and Cosmid Probes
A YAC containing 1NT2 sequences was isolated by

screening the CEPH genomic YAC library constructed in
the pYAC-4 vector system. Screening was carried out with
a modified pool strategy using PCR (Green and Olson
1990; Nelson et al. 1991). INT2-specific primers 5'
GCTTIGTTGTCTGTCGGAT 3' and 5' CCAGGCTC-
CAGGTCACTCG 3' were used for screening the YAC
library. A positive signal was observed in the primary pool
of the CEPH library. By PCR assay performed on subpools
and sub-subpools, a single INT2 YAC clone was isolated.
This YAC also contained Cyclin D1 sequences, a probe
localized 100 kb proximal to INT2. The size of the YAC
was determined to be 275 kb by pulsed-field gel electropho-
resis (PFGE) analysis. This YAC was confirmed to be non-

chimeric by hybridization to metaphase chromosomes from
normal cells.

Ten different cosmids were isolated by screening a Los
Alamos chromosome 11 cosmid library, with the INT2
YAC used as a probe. Cosmid 129F8 localized to the proxi-
mal end of the YAC contained Cyclin D1 genomic se-
quences. Cosmid 31A9 contained INT2 genomic se-
quences. Long-range restriction mapping showed Cyclin
D1 and INT2 cosmids to be localized within 100 kb.

Treatment with 5-aza-ydine (5-aza-CR)
Cells were treated with a 5-gM concentration of 5-aza-

CR for 24 h, as proposed elsewhere Uones and Taylor
1980; Rosl et al. 1988), and were allowed to grow for 48
h in DMEM containing 10% FCS. Cells were then har-
vested for PFGE analysis.

Polymorphk Probes and Blot Hybridization Analsis
Various chromosome 11 probes used have all been de-

scribed elsewhere (Misra and Srivatsan 1989). Digestion
of genomic DNAs with restriction enzymes, separation of
fragments on agarose gels, and Southern hybridization of
fragments immobilized on Nytran membranes with 32P-
labeled probes were performed as described elsewhere
(Saxon et al. 1986).

PFGE
The PFGE analysis was performed as described else-

where (Higgins et al. 1989). In brief, DNA in agarose plugs
was prepared from cells suspended in PBS (2 x 107 cells/
ml). Plugs were incubated in 0.5 M EDTA, 1% sarkosyl,
pH 8.0, containing proteinase K (2 gg/ml) at 50'C for 48
h, were washed twice in Tris-EDTA buffer (10 mm Tris-
HC1, pH 7.5, 1 mM EDTA), and were treated twice with
freshly prepared 40 pg phenylmethylsulfonylfluoride/ml at
50'C for 2 h. Plugs then were either stored in 0.5 M EDTA
or subjected to restriction-enzyme analysis. Digestion with
rare-cutting restriction enzymes was performed in buffer
conditions specified by the manufacturer, at 370C for MluI,
NotI, and SacII and at 50'C for BssHI, overnight. High-
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Figure 2 Copy-number analysis of cervical cell lines. HindflI-di-
gested DNA samples (5 rig) separated on 0.8% agarose gels were hybrid-
ized sequentially to INT2, CD20, and Cyclin D1. Results show similar
copies of the three probe regions in all five cell lines, indicating absence
of INT2 amplification in these cell lines.
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mM EDTA), pH 8.25, buffer with a constant voltage of
12 V/cm. Pulses of 60 s and 90 s each for 12 h were used
for the separation of 50-kb-1.0-Mb fragments. Gels were
stained in 1 pg ethidium bromide/ml for 30 min and were
destained in water for 20 min before photography. DNA
fragments were nicked using a UV cross-linker (Bio-Rad
GS gene linker) and were denatured in 0.5 M NaOH,
1.5 NaCl buffer twice for 30 min. DNA fragments were
transferred onto Nytran membranes by using the alkaline
transfer buffer and were immobilized at 80'C under vac-
uum for 2 h. Southern blot hybridizations were performed
at 550C, as described elsewhere (Saxon et al. 1986), and
the blots were exposed to x-ray films.

Cytogenetics
Cytogenetic analyses of the cervical carcinoma cell lines

were performed by established methods. Twenty meta-
phases per cell line were analyzed. The number of meta-
phase chromosomes obtainable from Mel8O and HT3 cells
was insufficient for cytogenetic studies. FISH analyses using
the chromosome 11-specific centromeric (DllZl; Oncor)
and the chromosome 11-painting (P5202-BIO; Oncor)
probes were performed per manufacturer's instructions.
Dual color hybridization using the centromeric (digoxi-
genin) and painting (biotin) probes was performed as de-
scribed elsewhere (Jesudasan et al. 1994). In brief, the paint-
ing probe (200 ng/slide) was denatured at 70°C for 10 min
and preincubated with human Cotd DNA (2 jig/slide) at
37C for 2 h. Centromeric (alpha-satellite) probe was dena-
tured in hybrisol VII (Oncor) at 70°C for 5 min and was
added to the preincubated painting probe just before being
added onto the slide. Hybridizations were performed at

0
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Figure 3 Hybridization of BssHII-, NotI-, and SaclI-digested sam-
ples to INT2 probe. PFGE analysis after digestion with BssHII (A), NotI
(B), and SacH (C) shows altered 1NT2 fragments in all three cervical cell
lines. A normal appearing SacH band was also observed in HeLa cells.
However, normal size bands were not seen in Caski or SiHa cells. Mobility
shift persisted after treatment with 5-aza-CR-2.5 ,uM. Thus, these results
and the results obtained with MluI digestion (fig. 1) strongly suggest
molecular alteration of INT2, the 1 1q13 region in HeLa, SiHa, and Caski
cell lines.

molecular-weight DNA fragments embedded in agarose
plugs were separated on 0.9% agarose gels by using the
Bio-Rad CHEF DR II PFGE system. Electrophoresis was
performed in 0.5 x TBE (45 mM Tris-borate, pH 8.25, 1
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Figure 4 PFGE analysis of HPV-negative cell-line DNAs. Hybrid-
ization of the digested DNAs to the INT2 probe shows mobility shift for
the restriction fragments from HT3 cell DNA. C33A cells contain normal
appearing fragments as seen in normal bone marrow.
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Figure 5 Deletion of INT2 cosmid sequences from a chromosome 11 of SiHa cells. A, Hybridization of metaphase spreads to biotin-labeled
11 centromeric (orange) and digoxigenin-labeled painting (blue) probes, showing the presence of three normal appearing chromosomes 11. B, Cyclin
DI cosmid, 129F8, hybridizing to all three chromosomes in the metaphase spreads. C, Interphase nucleus showing cosmid signal on three chromosomes
11. A weak signal is observed on one of the chromosomes 11, in both the metaphase and the interphase. D, INT2 cosmid 31A9 showing hybridization
to only two chromosomes 11. 31A9 cosmid sequences are thus deleted from the third chromosome 11, indicating a breakpoint between these two
cosmids, within the 100-kb distance. Arrows denote hybridization signals on the chromosomes.

37TC overnight. Washing was carried out once in 2 x SSC
containing 50% formamide at 450C for 20 min and twice
in 2 x SSC at 37C for 5 min. Hybridization signals were
detected by using the detection system supplied by the man-
ufacturer. Photographs were taken by using a Nikon fluo-
rescent microscope and Ektachrome 100 film.

FISH Using YAC and Cosmid Probes
Labeling of the YAC and cosmid probes and hybridiza-

tion of the probes to metaphase spreads were performed
as described elsewhere Uesudasan et al. 1994). In brief,
probe was denatured at 700C for 10 min, annealed with
human cotl DNA (final concentration 2 jg/200 ng of the
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Figure 6 Marker chromosomes 11 in Caski cells. A, FISH on
metaphase spreads to chromosome 11 centromeric and chromosome 11-
painting probes, showing the presence of three chromosomes 11, two
der(l 1)s, and translocation of chromosome 11 sequences to a marker
chromosome. B, GTG-banding, suggesting presence of q13 material at
qter of a der(11) and 11q13-qI2 at pter of the marker der(14). Chromo-
some 11 insertions are indicated by arrows.
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probe) at 37°C for 2 h, and hybridized to the metaphase
spreads (200 ng of the probe/slide) at 37C overnight.
Washing was performed once in 2 x SSC containing 50%
formamide at 45°C for 20 min and twice in 2 x SSC at
50°C for 10 min. For cosmid probes, additional washing
was carried out in 1 x SSC at 60°C for 10 min. Hybridiza-
tion signals were detected as described above.

Results and Discussion

Molecular Rearrangement of I Iq13 Sequences in HPV-Positive
CeOl Lines HeLa, Caski, and SiHa
RFLP studies on primary cervical tumors have shown

deletion of chromosome 1 1q sequences in a significant frac-

Figure 7 Translocation breakpoint within 100 kb of 11q13 in
Caski cells. A, FISH with the INT2 YAC, showing YAC sequences at
q13 of normal chromosomes 11, at q13 and qter of der(11), and at the
pter of der(14). B, Hybridizations at q13 and at qter of der(lI), observed
with the Cyclin D1 cosmid 129F8. C, Hybridization with the INT2 cos-
mid 31A9, showing fluorescence only at the q13 region of normal chro-
mosomes 11 and of the der(l1) marker. The results indicate a breakpoint
within the two cosmids, 129F8 and 31A9, a distance <100 kb. Arrows
indicate hybridization signal of the YAC and cosmid probes.

tion of tumors (Srivatsan et al. 1991; Hampton et al. 1994).
However, conventional Southern blotting did not reveal
molecular alterations for any of the chromosome 11 probes
in primary tumors or cervical cell lines (data not shown).
Detailed molecular cytogenetic (i.e., FISH) studies on HeLa
cells have shown structural alterations involving chromo-
some band 11q13 in these cells (Jesudasan et al. 1994).
Therefore, to examine whether molecular alteration of
chromosomal band 11q13 occurs in other HPV-positive
cervical tumors, six HPV-positive cell lines-HeLa, C4-I,
Caski, SiHa, Ms751, and Mel80-were subjected to long-
range restriction-mapping analysis.
PFGE studies using seven different 11q13 probes showed
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Figure 8 Translocation of INT2 YAC sequences in C33A cells. A majority of cells contain two chromosomes 11, as seen by painting with the
11 probe (A). Translocation of a part of chromosome 11 is also observed in some (i.e., 20%) of the metaphases (B). YAC hybridization shows signal
(C) on two chromosomes 11 in most of the cells; and in the presence of the chromosome 11 centromeric probe (D), YAC signal is observed at the
translocation site of the marker chromosome, as well as in that of the two chromosomes 11, in a minority of cells.

molecular alterations for the INT2 probe. This probe de-
tected a single MMuI fragment of 600 kb in Caski and SiHa
cells (fig. 1). These two cell lines did not contain the 125-
kb fragment observed in normal cells. The HeLa (D98/
AH-2) cells contained fragments of 550 kb and 350 kb, in
addition to the normal size, 125-kb fragment. The other
three HPV-positive cell lines-C4-I, Me 180, and Ms
751-contained only the normal size, 125-kb fragment.

That the mobility shift in Caski, SiHa, and HeLa cell
DNAs was not due to partial digestion was indicated by the
observation of normal size fragments on rehybridization of
the blots to other 11q13 probes, e.g., CD20 (a 500-kb
fragment) (data not shown). To rule out the possibility of
abnormal PFGE fragments due to methylation, samples
isolated after either 5-aza-CR (2.5 jiM) treatment or 5-aza-
deoxycytidine (5-aza-CdR; 0.3 jiM) treatment were ana-
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lyzed. 5-aza-CR treatment did not alter the 600-kb MluI
fragment in the SiHa cells (fig. 1). Though a mobility shift
was observed in Caski and HeLa cell fragments after the
drug treatment, the results still indicated molecular alter-
ation of the INT2 region. Identical results were obtained
for the cells treated with different concentrations of 5-aza-
CR (2.5, 5.0, and 10 jim), as well as for cells treated with 5-
aza-CdR. Methylation seems to have occurred as an event
secondary to molecular rearrangement in Caski and HeLa
cells. Further, mobility shift was not due to INT2 amplifi-
cation, because INT2 was present in a number of copies

Figure 9 Deletion of INT2 cosmid sequences from a chromosome
11 of C33A cells. Hybridization of metaphase spreads to cosmid 129F8
shows signal on two chromosomes 11, for all metaphases (A). However,
(B) INT2 cosmid 31A9 hybridizes to only one chromosome 11, in most
of the metaphases; and (C) in the minority population, 31A9 signal is
seen only at the translocation site of the marker chromosome, indicating
deletion and translocation of INT2 sequences in this HPV-negative cell
line.

that was similar to that of CD20 or Cyclin D1 in the
different cervical cell lines (fig. 2).

Additional evidence for the molecular rearrangement of
11q13 sequences was provided by analysis using three
other restriction enzymes: BssHIl, NotI, and Sacd. BssHll
digestion showed Caski and SiHa cells to contain single
fragments, of 700 kb and 300 kb, respectively (fig. 3A).
HeLa cells contained fragments of 650 kb and 400 kb.
These three cell lines did not contain the 75-kb fragment
observed in normal cells. While 5-aza-CR treatment did not
alter the INT2 fragment in SiHa cells, the drug treatment
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resulted in faster-migrating but still molecularly altered
fragments in Caski and Hela cells (fig. 3A). The normal
size, 75-kb fragment was absent in all three cell lines.

NotI digestion revealed fragments of 900 kb and 800
kb in Caski cells (fig. 3B). SiHa and HeLa cells contained
250-kb and 150-kb fragments. The normal size, 75-kb frag-
ment was not observed in these cell lines. SacH digestion
yielded fragments of 650 kb, 600 kb, and 370 kb in Caski
cells (fig. 3C). SiHa cells contained a 250-kb and a 200-
kb fragment. Hela cells (D98/AH-2) contained a 200-kb,
a 150-kb, and a normal size, 75-kb fragment. Thus, analy-
sis with different restriction enzymes indicated molecular
alteration of 11q13 sequences as the likely event in the
three cell lines.
To demonstrate that the mobility shift was not due to

RFLP, 11 different normal DNA samples (4 lymphocyte, 3
fibroblast, and 4 bone marrow; a total of 22 chromosomes)
were analyzed using the 1NT2 probe. Only a single normal
size fragment was observed for each of the restriction en-
zymes (MluI, BssIlI, NotI, and SacH) used. Similarly, previ-
ous studies have not reported presence of polymorphism for
the INT2 probe in PFGE gels Uanson et al. 1991; Brookes
et al. 1992). Thus, these results indicated that the PFGE
alterations in HeLa, SiHa, and Caski cells most likely repre-
sented molecular alterations and not RFLP.

Rearrangement of I q13 Sequences in the HPV-Negative
CeD Line HT3
To determine whether 1 1q13 rearrangement is a cervical

tumor-related event, two HPV-negative cell lines, HT3
and C33A, were also analyzed. Mobility shift was observed
for the 1NT2 probe in the HT3 cells, with two different
restriction enzymes: MluI and BssHUl (fig. 4). C33A cells
contained normal appearing bands for both the enzymes.

Confirmation of Molecular Alterations by FISH Analysis
In HeLa cells, the PFGE alterations were confirmed to

be molecular rearrangement of 11q13 sequences by FISH
using chromosome 11-painting and INT2-containing
YAC probes (Jesudasan et al. 1994). In order to confirm
the molecular alterations in the other cell lines, metaphase
chromosomes were hybridized to chromosome 11-paint-
ing and YAC and cosmid probes. Since metaphase chromo-
somes were not obtainable from the HPV-negative HT3
cell line, C33A cells were analyzed using these probes.

Deletion of I Iq13 Sequences in SiHa Cells
Standard cytogenetics has shown SiHa cells to contain

three normal appearing chromosomes 11, which was con-
firmed by FISH using chromosome 11 centromeric and
chromosome 11-painting probes (fig. SA). FISH using
INT2 YAC showed YAC sequences on all three chromo-
somes 11 (data not shown). PFGE studies have, however,
indicated molecular rearrangements within 75 kb of the

11q13-specific 1NT2 probe (figs. 1 and 3). Thus, the com-
bined cytogenetic and molecular genetic studies suggested
a submicroscopic deletion of sequences near the INT2 locus
from a chromosome 11 in SiHa cells. To identify this dele-
tion, metaphase spreads were hybridized to the cosmid
probes derived from the INT2 YAC. Cyclin D1 cosmid
129F8 had a hybridization pattern similar to that of the
YAC, i.e., hybridization to all three chromosomes 11 (figs.
SB and C). However, hybridization of the chromosomes
to INT2 cosmid 31A9 showed cosmid signal on only two
chromosomes 11 (fig. SD). Sequences of 31A9 were deleted
from the third chromosome 11, thereby indicating intersti-
tial deletion of 11q13 sequences, including that of 1NT2
in the SiHa cells.

Translocation of I Iq13 Sequences in Caski Cells
FISH using chromosome 11 centromeric and chromo-

some 11-painting probes showed three copies of normal
appearing chromosomes 11, two derivative chromosomes
11, and chromosome 11 material in a marker chromosome
(fig. 6A). GTG-banding suggested that one of the der(11)s
contained q13 material at 11qter (fig. 6B). The marker
chromosome was identified as a der(14) chromosome con-
taining 11q13-q12 material at the p-terminus.
FISH using biotin-labeled INT2 YAC showed YAC se-

quences at the q13 region of chromosomes 11 and at qter
of the der(11) chromosome (fig. 7A). This indicated a trans-
location breakpoint within the sequences spanned by the
ll,1T2 YAC. Hybridization of the chromosomes to Cycin
D1 cosmid 129F8 again identified signals at q13 and at
qter of the der(11) marker (fig. 7B). However, INT2 cosmid
31A9 hybridized only to the q13 region of this der(11)
chromosome (fig. 7C). These results suggest that a
breakpoint has occurred within the 100-kb distance be-
tween these two cosmids, 129F8 and 31A9.

Deletion and Translocation of I 1q13 Sequences in C33A Cells
FISH by chromosome painting showed presence of two

normal appearing chromosomes 11 (fig. 8A). In 20% of
metaphases, we also observed chromosome 11 material in
a marker chromosome (fig. 8B). Hybridization to the INT2
YAC confirmed the presence of two chromosomes 11 in
the majority of cells (fig. 8C). The minority population
contained the YAC sequences on two chromosomes 11
and at the translocation site of the marker chromosome
(fig. 8D). Cosmid 129F8 hybridized to two chromosomes
11 in all metaphase spreads (fig. 9A). On the other hand,
cosmid 31A9 hybridized to a single chromosome 11 in
the majority of metaphases, indicating deletion of 31A9
sequences from the other chromosome 11 (fig. 9B). Twenty
percent of metaphase spreads contained 31A9 sequences
only at the translocation site of the chromosome 11 con-
taining marker chromosome (fig. 9C). The two chromo-
somes 11 present in this minority population represent du-
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plication of the 31A9-deleted chromosome 11. The results
thus showed translocation to have occurred as an event
secondary to deletion in these cells. The minority popula-
tion was retained, possibly because of the low passage of
this cell line in culture. Taken together, though the C33A
cells contained a normal size PFGE fragment (fig. 4), the
FISH studies revealed deletion and translocation of 11q13
sequences. Thus, presence of molecular alterations in four
of eight cell lines suggests rearrangement of chromosome
11q13 sequences as a nonrandom event in cervical cancer.

Finally, we have observed INT2 YAC to be fairly unsta-
ble compared with other YACs in our possession. Similarly,
cosmid 31A9 seems to be unstable, losing the insert se-
quences on growth in bacterial cells. Hybridization to a
repeat probe shows 31A9 to contain repeat elements. It is
likely that this instability leads to deletion of these se-
quences in tumors, which in turn may explain the fragility
of the 11q13 region. Verification of this hypothesis must
await sequencing of 31A9 and adjacent cosmids.

Amplification of the genes Cyclin D1, INT2, Hst-1, and
Sea localized to chromosome 11q13 has been observed
in squamous-cell carcinomas (Lammie and Peters 1991;
Motokura et al. 1992; Motokura and Arnold 1993). Some
of these tumors have also been shown to have amplified
expression of Cyclin D1. In the present investigation, we
did not observe amplification or amplified expression of
any of these genes in the cervical cell lines (data not shown).
Also, western blot analysis showed low-level expression of
Cyclin D1 at different stages of the cell cycle in these cell
lines (data not shown). The data therefore indicate that the
11q13 rearrangement may not result in the activation of
these oncogenes.

Besides cervical cancer, chromosome 1 1q13 is also impli-
cated in the development of a number of other human
tumors, such as multiple endocrine neoplasia type 1, squa-
mous-cell carcinomas of the head and neck, and neuro-
blastoma (Larsson et al. 1988; Jin et al. 1990; Lammie et
al. 1991; Srivatsan et al. 1993; Ah-See et al. 1994). It
remains to be determined whether a single gene is involved
in the development of these different human tumors.

In conclusion, using PFGE, cytogenetic, and molecular
cytogenetic approaches, we have observed molecular re-
arrangements including deletion of 11q13 sequences in
both the HPV-positive and HPV-negative cervical cell lines.
Since deletion of 11q13 sequences has also been observed
in primary cervical tumors (Srivatsan et al. 1991; Hampton
et al. 1994), these molecular alterations, specifically intersti-
tial deletions in SiHa and C33A cells, most likely represent
inactivation of a putative tumor-suppressor gene localized
to chromosome band 11q13. Since it has been postulated
that two mutational events are required for the inactivation
of a tumor-suppressor gene (Knudson 1985), the second
mutational event in the different cell lines could be a point
mutation or a minor deletion. Detection of this second

event would require the isolation of the gene in question.
Cosmids 129F8 and 31A9 should prove useful in the isola-
tion and cloning of this tumor-suppressor gene.
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