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Abstract Primary carcinomas of the vagina are rare tumors, accounting for 2%-3% of all gynecologic
malignancies. Only a few karyotypes based on chromosome banding techniques have been reported.
We have, therefore, used comparative genomic hybridization to establish a pattern of genomic
imbalances in vaginal squamous cell carcinomas. Analysis of 16 formalin-fixed and paraffin-embed-
ded tumors revealed that 70% of vaginal carcinomas carry relative copy number increases that map
to chromosome arm 3q. Other recurring gains were observed on chromosome arms Sp and
19p. Chromosomal losses were infrequent. Most tumors were aneuploid, as measured by image
cytometry on Feulgen-stained tissue sections. The cytogenetic data were related to the presence of
human papillomavirus genomes, expression of laminin-5 as a marker for invasiveness, and expression
levels of markers for proliferative activity and mutated 7P53. All relevant clinical data were recorded.
The results suggest that vaginal carcinomas are defined by a specific distribution of chromosomal
aneuploidies and that the pattern of genomic imbalances is strikingly similar to that observed in
squamous cell carcinomas of the uterine cervix. Age at diagnosis (P = 0.031), tumor size
(P = 0.025), and increased laminin-5 expression (P = 0.006) have a significant influence on
the survival time. © 2004 Elsevier Inc. All rights reserved.

1. Introduction and cervical carcinomas are etiologically related. This is
based on the fact that, first, VACs seem to occur synchro-
nously as well as metachronously in patients with cervical
dysplasia or carcinomas; second, that the vagina and the
cervix are lined with the same squamous cell epithelium;
third, that both tissues are related embryologically; and,
fourth, that both organs are exposed to the same carcinogenic
agents [10-12]. The theory of multicentric primary gyneco-
logic neoplasms (especially cervical, vaginal, and vulvar
carcinomas) further supports this hypothesis [10-12]. One
important difference between vaginal and cervical carcino-
mas is that they occur in different age groups. Vaginal carci-
noma is most common in postmenopausal women in the
60—-80-year-old age group. Only ~15% of the patients are less
than 50 years old [13]. Patients with cervical carcinoma
are mostly premenopausal, with only about one third of the
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Primary carcinomas of the vagina (VAC) are rare, ac-
counting for 2%-3% of all gynecologic malignancies [1].
Similar to cervical carcinomas, vaginal carcinomas are asso-
ciated with the presence of human papillomavirus (HPV),
but only in ~50% of the cases [2,3]. Several other factors
are thought to be associated with the development of VAC,
such as diethylstilbestrol (DES) exposure in utero, which
has been associated with clear cell adenocarcinoma in the
vagina [4]. Other factors include a history of cervical or
vaginal dysplasia, previous gynecologic and nongynecologic
neoplasias, early hysterectomy, vaginal trauma from pessaries
and prolapse, smoking, low socioeconomic status, and previ-
ous pelvic irradiation [5-9]. It is established that vaginal
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preinvasive dysplastic lesions, termed vaginal intraepithelial
neoplasia, or VAIN [14]; however, this linear progression is
less well established than with cervical carcinomas, because
VAC:s are rare and only 50% of VACs show HPV infection.
As in other malignant diseases, early detection greatly affects
survival rates. It is therefore a perceived goal to analyze
and understand the genetic mechanisms leading to vaginal
tumorigenesis.

Comparative genomic hybridization (CGH) has become
an exceedingly important tool to analyze chromosomal gains
and losses in tumor genomes [15]. This applies in particular
to the often highly rearranged karyotypes in epithelial can-
cers. To date, virtually all major human carcinomas have
been widely studied [16]. This has resulted in comprehen-
sive maps of chromosomal imbalances. Of note, it is now
established that the distribution of such imbalances provides
a conserved tumor-specific genetic imprint [17]. For in-
stance, almost all cervical carcinomas contain extra copies
of chromosome arm 3q [18], whereas aneuploid breast carci-
nomas invariably reveal chromosomal gains that map to
chromosomes 1, 8, and 17, either alone or in combination
[19,20]. Not only is the distribution specific for different
tumor entities, it also appears that some changes precede
the emergence of others [17]. The distribution of such chro-
mosomal aneuploidies points to the location of cancer-caus-
ing genes. For instance, reduced copy numbers for 17p and
gains of chromosome arm 17q most likely target the tumor-
suppressor gene TP53 accompanied by extra copies of the
oncogene ERBB2 and other potential oncogenes on chromo-
some 17q in breast cancers. The identification and mapping
of chromosomal aneuploidies therefore contribute to the po-
sitional cloning of cancer-associated genes. Primary invasive
vaginal carcinomas are among the very few cancer types
for which such maps of genomic imbalances have not been
generated yet. We have therefore collected 16 formalin-fixed
and paraffin-embedded cases of this rare tumor for a molecu-
lar cytogenetic study using CGH. Other relevant genetic and
biologic parameters, such as expression levels of p53 protein
and markers for proliferative activity, as well as the nuclear
DNA content, were measured on consecutive tissue sections.
The presence of HPV genomes was analyzed by polymerase
chain reaction in the DNA used for CGH.

2. Materials and methods
2.1. Tumor samples

Clinical material was collected from biopsies taken before
radiation therapy and surgery. The tumors were diagnosed
on hematoxylin—eosin-stained tissue sections at the Depart-
ment of Oncology and Pathology, Karolinska Institute and
Hospital, Stockholm, Sweden. The clinical data are summa-
rized in Tables 1 and 2. Ten sections were prepared from
each tumor and were used for histologic diagnosis, immuno-
histochemistry (thickness: 4 wm), DNA ploidy measure-
ments (8 um), and microdissection and DNA extraction

(50 um). A second hematoxylin—eosin-stained section was
prepared subsequent to the sections for CGH analysis, and
the histologic diagnosis was confirmed in all cases. All data
were obtained from the dissected areas.

2.2. DNA cytometry

Image cytometry was performed on Feulgen-stained his-
tologic sections. The staining procedure, internal standard-
ization, and tumor cell selection were based on methods
described previously [21]. All DNA values were expressed
in relation to the corresponding staining controls, which
were given the value 2c¢ to denote normal diploid DNA
content. The specimens were divided into two main groups:
1) diploid cases with a distinct peak in the normal 2¢ region
and no cells exceeding 5c and 2) aneuploid cases with a
main peak around the 4c region and varying numbers of
cells (>5%) exceeding Sc.

2.3. Immunohistochemistry

All slides were deparaffinized with xylene, rehydrated,
and microwaved at 500 W for 2 X 5 minutes in 10 mmol/L
citrate buffer, pH 6.0. Intrinsic peroxidase activity was
blocked with 3% hydrogen peroxide in methanol, followed
by incubation with horse serum (1:20 dilution) in 0.1 mol/L
phosphate-buffered saline, pH 6.0. The levels of protein
expression were revealed by overnight incubation with the
respective antibodies (see below) diluted in 1% (weight/
volume) bovine serum albumin and visualized with a stan-
dard avidin-biotin—peroxidase complex technique (Vector
Laboratories, Burlingame, CA). The following antibodies,
with the respective dilutions and suppliers indicated in paren-
theses, were used: Mib1 (1:150; Immunotech SA, Marseille,
France), cyclin A (1:100; Novocastra Laboratories Ltd.,
Newcastle-upon-Tyne, UK), DO1 (1:100; Santa Cruz Bio-
technology, Inc., Santa Cruz, CA), WAFI1 (1:15; Calbio-
chem, San Diego, CA), and laminin 5 Y2 chain (1:200,
containing amino acids 1017-1178; Department of Medical
Biochemistry and Biophysics, Karolinska Institute Stock-
holm, Sweden). All slides were coded and scored as reported
previously [22]. The patterns of laminin-5 expression were
evaluated as a possible marker for invasive disease and
metastasis.

2.4. HPV genotyping

The HPV genomes in the purified DNA samples were
identified with the line-blot assay using PGMY primers. In
this assay, amplified products are tested against 27 HPV type-
specific probes, which are immobilized on a filter strip [23].
The 27 probes include high risk HPVs, such as HPV 16,
18, 31, and 45. Beta-globin amplification was used as a
positive control for evaluation of the adequacy of tumor
DNA.
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2.5. CGH

Formalin-fixed and paraffin-embedded tumor samples
were provided in 50-pum-thick tissue sections. The tissue
was incubated in xylene (3 X 5 minutes), followed by washes
in 95% ethanol. According to the subsequent hematoxylin—
eosin-stained sections, the deparaffinized tissue sections
were microdissected to obtain representative tissue con-
taining at least 80% of cancer cells. The microdissected cells
were placed into centrifuge tubes containing 95% ethanol.
After centrifugation, the samples were dried, resuspended
in 1 mL sodium isothiocyanate (1 mol/L), and incubated
overnight at 37°C. DNA was prepared using high salt extrac-
tion and phenol purification and labeled by nick-translation
using biotin-11-dUTP (Boehringer Mannheim, Indianapolis,
IN). Genomic DNA was labeled with digoxigenin-12-dUTP
(Boehringer Mannheim). Hybridization was performed on
karyotypically normal metaphase chromosomes using an
excess of Cot-1 DNA (GIBCO BRL, Gaithersburg, MD).
The biotin-labeled sequences were visualized with avidin—
fluorescein isothiocyanate (Vector Laboratories, Burlingame,
CA) and the digoxigenin-labeled sequences were detected with
a mouse-derived antibody against digoxigenin followed by
a secondary rhodamine-conjugated antimouse antibody (Sigma-
Aldrich, Milwaukee, WI). Quantitative fluorescence imaging
and CGH analysis were performed using Leica Q-CGH soft-
ware (Leica Imaging Systems, Cambridge, UK).

2.6. Statistical analyses

To detect the relationships among cytogenetic imbal-
ances, expression levels of immunohistochemical markers,
HPYV status, and clinical course, the data were dichotomized
and analyzed by Fisher’s exact test at a level of o = 0.05
using exclusively SPSS version 10.0 (SPSS, Inc., Chicago,

IL). Kaplan—Meier survival curves were estimated and com-
pared by a log rank test.

3. Results

Here we present a comprehensive molecular cytogenetic
and phenotypic characterization of 16 cases of vaginal carci-
noma. All parameters were related to tumor stage and grade,
clinical features, and patient survival (Tables 1 and 2).

3.1. Genomic instability

The FIGO stage, tumor grade, histology, clinical features,
and immunohistochemical evaluation are summarized in
Tables 1 and 2. Except for one case (case 9), all cancers
revealed a highly aneuploid distribution of the nuclear DNA
content. This pattern was independent of tumor stage. All
tumors showed chromosomal imbalances as identified with
CGH. The most common DNA gains were mapped to chro-
mosome arms 3q and 19p (69% and 50% of all cases, respec-
tively), Sp (50%), 6q and 19q (44%), 1q and 17p (38%),
1p, 7p, 14, 16q, 18p, and 22 (31%), and 2p, 9q, 12, and 18q
(25%). Chromosomal losses were only sporadically ob-
served and mapped to chromosome arms 13q (identified 2x),
8p (1x), and 9p (1x). The average number of copy alterations
(ANCA), calculated as the number of copy number
changes divided by the number of cases, amounted to 7.5
for the autosomes. A summary of genomic imbalances is pre-
sented in Fig. 1. A comparative map of genomic imbalances
of vaginal carcinomas and cervical carcinomas, normalized
for number of cases, is presented in Fig. 2.

3.2. HPV genotyping

The presence of HPV genomes was analyzed with a line-
blot assay in the same DNA that was used for CGH. A total

Table 1
Vaginal carcinoma histopathology, ploidy, and HPV status and immunohistochemistry
Age at Tumor
diagnosis  Tumor size Tumor Gross Tumor
Case no. (years) stage  Histology (cm) grading  appearance location Ploidy HPV La-5 p53 WAF1 Mibl CycA
1 87 IVa SC ca >8 Moderate Ulcerating Entire vagina Aneuploid No High Low High High High
2 78 IVa SC ca 4-8 Moderate Ulcerating Lower two-thirds Aneuploid No High Low High High High
3 73 1 SC ca >8 Moderate Ulcerating Entire vagina Aneuploid No Low Low High High High
4 83 111 SC ca >8 Moderate Ulcerating Entire vagina Aneuploid HPV 52 Low Low High High High
5 86 1Ib SC ca 4-8 Moderate Ulcerating  Upper third Aneuploid ND Low Low High High High
6 77 111 SC ca >8 Poor Ulcerating  Entire vagina Aneuploid ND Low Low High High High
7 81 JIE SC ca 4-8 Moderate Exophytic ~ Upper two-thirds Aneuploid No High Low High Low High
8 51 I SC ca <4 Moderate Exophytic ~ Upper third Aneuploid HPV 16 Low Low High Low High
9 61 I SC ca <4 Well Endophytic Upper third Diploid ND Low Low High Low Low
10 65 IVa SmCca 4-8 Poor ND Lower two-thirds Aneuploid ND High Low High High High
11 84 I SC ca 4-8 Well Exophytic ~ Upper third Aneuploid ND Low Low High Low Low
12 51 Ila SC ca <4 Well ND Upper third Aneuploid ND Low Low High Low High
13 49 I SC ca <4 Poor Exophytic ~ Upper third Aneuploid No Low Low High High High
14 78 I Ad ca <4 ND Exophytic  Upper third Aneuploid No Low Low High High High
15 83 IIa SC ca 4-8 Well Ulcerating Lower third Aneuploid ND High High High High High
16 71 IVa SC ca >8 Moderate ND Entire vagina Aneuploid ND High High Low Low High

Abbreviations: Ad ca, adenocarcinoma; ca, carcinoma; CycA, cyclin A; HPV, human papillomavirus; La-5, laminin 5;

squamous cell carcinoma; SmC ca, small cell carcinoma.

ND, not determined; SC ca,
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Table 2
Vaginal carcinoma clinical features and patient survival
Prior Prior  Prior gyn  Other Symptoms Prior pelvic Status at last
Case no. Metastasis hysterectomy CIS  malignancy malignancy VAIN at diagnosis radiation Relapse follow up
1 No No No No No No Bleeding No No Died from VAC
2 Yes No No No Yes No Bleeding No No Died from VAC
3 No No No No Yes No Bleeding No Yes Died from VAC
4 No No No No No No Bleeding No Yes Died from VAC
5 No No No Cervical ca No No Bleeding Yes No Died from other disease
6 No Yes No No No No Bleeding No No Died from VAC
7 No Yes Yes No No No Bleeding No No Died from VAC
8 No Yes Yes  No No No Bleeding No Yes Alive with disease
9 No Yes Yes No No Yes  Dysplasia No Yes Died from VAC
10 Yes No No Cervical ca No No Bleeding Yes No Died from VAC
11 No No No No No No Bleeding No Yes Died from VAC
12 No Yes No Ovarian ca No No Bleeding Yes Yes Died from VAC
13 No No Yes  No No No Bleeding No No Alive and disease-free
14 No No No No No No Bleeding No No Died from other disease
15 No No No No No No Pain and bleeding No No Died from VAC
16 No No No No No No Urinary tract symptoms No No Died from other disease

Abbreviations: CIS, carcinoma in situ; gyn, gynecologic; VAC, carcinoma of the vagina; VAIN, vaginal intraepithelial neoplasia.
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Fig. I. Summary of genomic imbalances in 16 carcinoma-of-the-vagina specimens defined with CGH. Bars on the left side of the chromosome ideogram denote
a loss of sequence in the tumor genome, bars on the right side indicate a gain. Bold squares or bars indicate high-level copy number increases (amplifications).
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Fig. 2. Comparison of genomic imbalances in cervical carcinoma and vaginal carcinoma. Bars on the left side of the chromosome ideogram denote a loss of
sequence in the tumor genome, bars on the right side indicate a gain. The number of alterations per chromosome is normalized to 10 cases for each tumor type.
Only ratios greater than 2 have been considered. The group of cervical carcinomas summarized here contains 19 tumors at stage III and IV (together 63%) and
11 tumors at stage IIb. The group of vaginal carcinomas consists of 7 tumors at stage III and IV (together 44%), 4 tumors at stage II, and 5 tumors at stage L.

of eight samples could be analyzed successfully, with a
primer for the B-globin gene as a control. Two tumor samples
yielded positive test results: case 4 was positive for HPV
52, case 8 for HPV 16. HPV 16 belongs to the group of
high-risk HPVs, whose association with cervical cancers is
well established (Table 1).

3.3. Immunohistochemistry

Proliferative activity was analyzed using antibodies
against cyclin A and Mibl (Ki67). The majority of the
tumors showed increased expression levels (i.e., increased
activity in the majority of the cells): increased cyclin A
expression could be observed in 63% of the samples and
increased Mibl expression in 88%. Increased expression of
the tumor-suppressor gene TP53 was observed in only two
samples (cases 15 and 16). In case 16, WAF1 expression
levels were low; this, when accompanied by the presence
of increased p53 protein, is indicative of mutational inactiva-
tion of TP53. In general, the expression levels of WAFI

were increased (94% of the samples). Laminin-5 expression
was elevated in 69% of the samples.

3.4. Statistical evaluation

To identify predictors of the clinical course, we compared
subgroups of patients with respect to survival time, ANCA
value, presence of HPV infection, proliferative activity, cell
cycle regulation, and invasive potential. A low ANCA value
(0.13) was found in both of the tumor samples that tested
positive for HPV. Samples negative for HPV showed ANCA
values that averaged 0.56 (P = 0.031). Another correlation
could be observed between a larger tumor size and both
an increased age at diagnosis (P = 0.013) and the prevalence
of poorly differentiated tumors (P = 0.034). It also
became evident that patients who were older than 70 years
at time of diagnosis (P = 0.031), or who had a tumor size
greater than 4 cm (P = 0.025), or who had an increased
laminin-5 expression (more than 30% positive stained cells;
P = 0.006) had a significantly shorter survival time (Fig. 3).
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We did not, however, observe an influence of the histology
and location of the tumor, the duration of the disease, the
history of previous malignancies, or hysterectomy on the sur-
vival times. Notably, the four patients with a history of
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Fig. 3. Kaplan—-Meier curves for age at diagnosis with vaginal carcinoma,
tumor size, and laminin-5 expression. x-Axis: years of survival.

cervical intraepithelial dysplasia showed longer survival
times than did all other patients combined (P = 0.045).
These patients presented with lower tumor stages (three
cases at stage I and one at stage Ila) and in three of the cases
a tumor size less than 4 cm.

4. Discussion

We present what is to our knowledge the first comprehen-
sive molecular cytogenetic analysis of primary invasive va-
ginal carcinomas. The chromosomal mapping of genomic
imbalances using CGH revealed a recurring pattern of chro-
mosomal aneuploidies. Therefore, one of the defining fea-
tures of human carcinomas (namely, the acquisition of
chromosomal gains and losses that are strongly selected for)
is present also in this group of rare gynecologic tumors.
When the pattern of genomic imbalances is compared with
squamous cell carcinomas of the uterine cervix, a striking
resemblance becomes evident. The most frequent copy
number changes in vaginal carcinomas were mapped to chro-
mosome arms 3q and 5p. This distribution almost mirrors
the one in advanced cervical carcinomas, where copy number
increases on 3q, 19p, and Sp occur in some 70%, 50%, and
35% of the cases, respectively [18,24,25]. This observation
strengthens the hypothesis that cervical and vaginal carcino-
mas share many features related to their etiology, because
gains of 3q and 5p are also commonly observed in cervical
carcinomas [26].

In our series, the prevalence of HPV infection was lower
than reported in the literature [2]. Only two of eight cases that
were successfully analyzed showed the presence of HPV
genomes, which is not consistent with previous reports that
claim an infection rate of ~50% (e.g., [2]). We explain this
discrepancy by the small number of cases in our study, and
hence a greater error rate, or by methodologic difficulties
in analyzing formalin-fixed DNA samples. We conclude,
however, that compromising the function of the 7P53 and
retinoblastoma tumor-suppressor (RBI) genes in the squa-
mous cell epithelium of the vagina requires genomic aber-
rations as secondary events similar to those in the cervical
epithelium. This is supported by our observation that 7P53
is inactivated only in a few cases. In earlier studies, we had
observed a similar pattern of negative immunoreactivity for
p53in cervical carcinomas and concluded that the p53 inacti-
vation via the E6 oncoprotein of HPV circumvents the need
for acquisition of TP53-inactivating mutations [18]. In con-
trast to findings in vaginal carcinoma, HPV has been shown to
be present in almost all cases of cervical carcinoma [3]. In
primary carcinoma of the fallopian tube, most cases had
gain on chromosome arm 3q but all cases were negative
for HPV; most fallopian tube carcinomas, however, showed
strong p53 immunoreactivity. This suggests TP53 inactiva-
tion by a gene mutation event [27]. We conclude that the
gain of chromosome arm 3q is independent of the presence of
HPV. Copy number increases on chromosome arm 3q are also
frequently found in primary carcinomas of the vulva [28].
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The CGH profiles for the two HPV-positive cases differ
from the HPV-negative cases, with fewer genomic imbal-
ances evident. The small number of cases, however, prevents
us from concluding that the presence or absence of HPV
has a direct effect on the pattern of chromosomal imbalances.
The majority of VACs revealed a highly aneuploid distribu-
tion of the nuclear DNA content. There was only one case
with a diploid distribution. In this particular case, the cancer
was discovered at an early stage because the patient un-
derwent regular examinations due to a previous diagnosis
of VAIN. Consequently, the diploid pattern might be a feature
of early-detected disease.

The finding that the pattern of genomic imbalances in
VAC bears a close resemblance to those found in advanced
cases of cervical carcinoma, together with the finding that
almost all vaginal malignancies revealed a highly aneuploid
distribution of the nuclear DNA content and showed high
proliferative activity, might indicate that VACs are aggres-
sive tumors, or, alternatively, that VAC is detected at rather
late stages of disease progression.
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