The clinical significance of allelic alteration of TSG loci in cervical intraepithelial neoplasia
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The involvement of the HPV in the development of cervical cancer has been firmly established.
Specific human papillomavirus (HPV) types appear to be necessary etiological factors for most
cervical cancers. High-risk HPVs such as HPV16 and HPV18 are causative agents for high-grade
intraepithelial neoplasia (CIN3) and cervical cancer. One mechanism by which the virus contributes
to disease progression is by causing genetic instability of the host genome [Hashida et al 1992;
White et al 1994]. This is explained in part by the interaction of the viral oncoproteins E6 and E7
with key cell regulatory proteins such as p53 and pRb thereby deregulating the cell cycle, cell
differentiation, DNA repair, and apoptosis [Scheffner et al 1990; Mietz et al 1992; Dyson et al 1989;
Sherman et al 1996; Phelps et al 1992]. Because HPV infection does not always lead to cervical
cancer, other genetic alterations must also play a role in tumor development. Moreover,
epidemiological data and experimental studies demonstrate clearly that infection per se does not
suffice to induce malignancy. Additional genetic alterations seem to be required for their
development and progression.

Cervical carcinomas develop as a result of muitiple genetic aiterations, and specific alterations
lead to specific clinical behavior. However, the effect of such alterations on the occurrence and
progression of preinvasive cervical cancer remains unknown. A loss of heterozygosity (LOH),
which points to a role for tumor suppressor genes (TSGs), oncogene amplification, and point
mutations, are all thought to be involved, but there is as yet no complete picture of the relative roles
for each of these genetic changes in patients with cervical carcinomas. To play a role in
tumorigenesis, both copies of a TSG must be inactivated. The loss of one allele in a chromosome
region may point to the presence of a TSG in that region. Several studies have shown that LOH at
specific chromosomal sites is frequently associated with the recurrence of various cancers, e.g.,
13q14.3 in oral carcinoma [Ogawara et al 1998], 10q in human lung cancer [Petersen et al 1998],
and 11p15 in breast cancer [Karnik et al 1998]. Although cytogenetic studies of cervical cancer are
relatively few, they have revealed frequent, nonrandom chromosomal changes [Atkin et al 1990].
Studies of LOH in patients with cervical carcinoma have also reported a high frequency of allelic
deletions affecting 3p [Jones et al 1992; Kohno et al 1993], 5p [Mitra et al 1995], 17p [Jones et al
1994; Mitra et al 1994; Mullokandov et al 1996; Harima et al 1999], and 18q [Kersemaekers et al
1998b]. A LOH on chromosome 6p has also been reported in patients with cervical carcinoma Mitra
et al 1994; Mullokandov et al 1996; Rader et al 1996; Kersemaeker et al 1998a ]. However, the
importance of LOH on chromosome 6p in the recurrence of cervical cancer after radiotherapy
remains unknown.

It has been shown previously that a significant number of invasive cervical cancers have
nonrandom chromosomal losses in 3p, 6p, 10p, 11q, 2q, 6q, and 19q, thereby suggesting that genes
involved in the suppression of tumor development or progression are located in these regions
(Rader et al 1996). Among these genetic alterations, chromosome arm 6p is one of those most
frequently involved in a loss of heterozygosity in patients with cervical carcinoma [Chatterjee et al
2001]. Cervical intraepithelial neoplasia III is considered the precursor lesion for invasive '
carcinoma of squamous type. In CIN [II, the most frequent allelic lass was found in 3p and 6p. In
addition, by using several derivatives of chromosome 10 for further fusion experiments, the
chromosomal region responsible for senescence could be assigned to 10p14—p15. The potential
significance of loss of gene function in this region is underlined by the high frequency (38.7%) of
loss of heterozygosity in cervical cancers including early stage tumors [Poignee et al 2001].

- P |




On the other hand, the reason why not all human papillomavirus (HPV)-positive high-grade
lesions of the cervix progress to cancer is not understood. Storey and colleagues [Storey 1998]
showed that polymorphisms in codon 72 of p33 could determine the efficiency of HPV 16 or
HPV 18 E6 in degrading p33 in vitro. These data were further supported by testing cervical
cancer biopsy specimens from UK women, which showed a seven-fold enrichment of the arginine
allele over the proline allele. Several groups have failed to confirm this result [Rosenthal 1998,
Lanham 1998, Hayes 1998, Josefsson 1998]. In the latter reports no association of the p53 codon
72 arginine with cervical cancer was found. Moreover,the proportion with codon 72 arginine in
the healthy controls was considerably higher in these reports than in the study of Storey and
colleagues [Storey 1998]. However, in a recent article,Zahbe et al. [zahbe 1999] found that the
p33 arginine polymorphism represents a potential risk for cervical cancer development, consistent
with the concept proposed by Storey and colleagues. In other word, discrepancy between these

studies still exists and the reason needs to be clarified.

The term atypical squamous cell of undetermined significance (ASCUS) describes a minor
degree of nuclear pleomorphism limited to the basal layers of cervical epithelium in the absence of
severe inflammation with associated normal mitoses, koilocytosis, or koilocytosis associated
features. Cervical intraepithelial neoplasm grade 1 means a dysplasia lesion involves the several
layers of cell at lower third squamous epithelium. From a corroborative study-- Laboratories
enrolled in the College of American Pathologists Interlaboratory Comparison Program in
Cervicovaginal Cytology,, it was found that median reporting rates for epithelial abnormalities were
as follows: ASCUS, 4.5%; low-grade squamous intraepithelial lesion (low-grade SIL), 1.6% [Davey
et al 2000].

The prognosis in cervical epithelial changes of uncertain significance was found to be similar
to that of CIN1 [Heatley 2001]. Therefore, Women with ASCUS or CIN 1 who are followed up
regularly are at low risk for development of invasive cancer [Rabb et al 1999; Melnikow et al 1998].
Assessment of cytologic follow-up for patients with atypical squamous cells of undetermined
significance or low grade squamous intraepithelial lesions may be regarded as the standard
recommended management [Alanen et al 1998]. Women with ASCUS or CIN 1 who are followed
up regularly are at low risk for development of invasive cancer [Rabb et al 1999; Melnikow et al
1998].

Recently, it was found that 17-18% of ASCUS was stable or progressed. [Giudice et al 2000].
However, which factors that can predispose the lesion to progress are still unknown. Most recent
international or domestic studies did not focus on this issue. In a recent report that studied 52
eligible patients having conizations or hysterectomies as their histological outcomes and were tested
for loss of heterozygosity, it was found that use of loss of heterozygosity in at least one locus was
useful for predicting presence of high-grade cervical neoplastic lesion in the conized specimen
[Chang et al 2001]. In fact, predictors of persistent and regressed disease for ASCUS or CIN1 were j
not identified [Duggan et al 1998]. :

In our department, we do not do any surgical operations (such as conization) to the cases with s
ASCUS or CIN. It seems that our management is the same as that recommended recently
worldwide [Alanen et al 1998]. Assessment of cytologic follow-up for patients with atypical
squamous cells of undetermined significance or low grade squamous intraepithelial lesions may be
regarded as the standard recommended management [Alanen et al 1998].

Because of that

1). women with ASCUS or CIN 1 who are followed up regularly are at low risk for
development of invasive cancer [Rabb et al 1999; Melnikow et al 1998], and
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2). prognosis in cervical epithelial changes of uncertain significance was found to be similar to
that of CIN1 [Heatley 2001], and

3). assessment of cytologic follow-up for patients with atypical squamous cells of
undetermined significance or low grade squamous intraepithelial lesions may be regarded as the
standard recommended management [Alanen et al 1998], and early colposcopy is suggested to be
the clinical policy to exlude high-grade lesions [Melnikow et al 1998], and

4). predictors of persistent and regressed disease for ASCUS or CIN1 were yet not identified
[Duggan et al 1998], even after reviewing the domestical or international literatures up to the
present time, we dare to decide to conduct this study.

In this prospective study, we intend to identify the methods which may be helpful to determine
or predict the progress or regress of these early cervical lesions. The cases with ASCUS or CIN1 on
Pap smear were followed up without doing conization or hysterectomy and will do a long term
follow up. This study experients will include HPV status, and p53 polymorphisms, as well as the
genetic alterations which will involve the loci that most frequently found to occur.

CIN introduction

Carcinoma of the uterine cervix is the second most common malignancy of women worldwide
in both incidence and mortality{Pontén et al 1995; NIH]. Papanicolaou (Pap) smear screening is the
most effective tool currently available for early detection, leading to a greater than 70% reduction in
cervical cancer mortality since the test was introduced 50 years ago. However, the Pap smear is not
a perfect test; it has a high false-negative rate (variously estimated at 2% to 40%), due to a
combination of sampling error, processing artifacts and the nature of subjective interpretation[NIH,
Larsen 1994]

HPV

The involvement of the HPV in the development of cervical cancer has been firmly established.
Because HPV infection does not always lead to cervical cancer, other genetic alterations must also
play a role in tumor development. Specific human papillomavirus (HPV) types appear to be
necessary etiological factors for most cervical cancers. Nevertheless, additional genetic alterations
seem to be required for their development and progression.

HPV and CIN

Certain human papillomavirus genotypes are etiological agents in the development of cervical
carcinoma [Our Hansen 1991] HPV 16 is the most frequently detected genotype in invasive
cervical carcinoma as well as in cervical intraepithelial neoplasia (CIN) I-1II. HPV 18 is also
reported to be related with these lesions. Persistent HPV infection is a risk factor for the
progression of a preinvasive lesion to invasive cancer. However, most high-risk HPV infections
do not progress to cancer. Epidemiological studies have identified additional risk factors that may
contribute to the development of cervical carcinoma. These include age at infection, smoking,

hormonal factors, genetic predisposition, and immune response. [Schiffman 1993]
Thus,the tumour biology of cervical intraepithelial neoplasia and cervical cancer is unusual. A
large variety of individually distinct forms crudely divided into slight, moderate, severe dysplasia




and carcinoma in situ exist. Virtually all contain genital human papillomavirus either as infectious
virions or as episomal or integrated DNA. A proportion of infected women develop condyloma,
precancer and subsequently, in a minority, invasive cancer. Risk of precancer is statistically
related to infection with genital HPV, but differences in nisk between populations with high and
low prevalence of HPV are larger than expected from a direct correlation. Findings fit with HPV
as a major risk factor, but other factors must also be operative.

High risk HPV, typically 16 or 18, is preferentially associated with high grade dysplasia and in
situ cancer either because it increases risk of clonal progression to these forms or induces them de
novo. Severe dysplasia. in situ and invasive cancer always present as monoclonal lesions.
Spontaneous mutation rate and physicochemical carcinogens seem insufficient for the creation of a
malignant phenotype in cells of the transformation zone. Currently HPV is the only strong
candidate for such a feat. Any or all of the following mechanisms may play a role: overexpression
of viral E6 and E7 genes, often triggered by disruption of control elements upon integration of viral
DNA into the cellular genome, activity of specific (E6) configurations in certain HPV variants,
inactivation of TP53 with decreased capacity for DNA repair and enhanced likelihood of
accumulation of "transforming" mutations and viral integration at sites controlling function of
cellular oncogenes and/or suppressor genes. Low risk types are almost always associated with
squamous differentiation, HPV 16 usually also with squamous differentiation and HPV 18 with
adenosquamous or adenomatous differentiation.

Definition of ASCUS and CIN1

The term atypical squamous cell of undetermined significance (ASCUS) describes a minor
degree of nuclear pleomorphism limited to the basal layers of cervical epithelium in the absence of
severe inflammation with associated normal mitoses, koilocytosis, or koilocytosis associated
features. Cervical intraepithelial neoplase grade 1 (CIN1) means a dysplasia lesion involves the
several layers of cell at lower third squamous epithelium. The new Bethesda System terminology
has opened a series of problems about the ASCUS and Low-Grade Squamous Intraepithelial Lesion
categories, particularly on their treatment and follow-up.

Interlab difference of ASCUS :

However, there are interlaboratory or interobservor difference in the rate of ASCUS. In a
recent study, a cytologic diagnosis of ASCUS were reviewed independently by 5 experienced
pathologists [Grenko et al 2000]. Agreement was better performed for high-grade squamous
intraepithelial lesions (HSIL) and low-grade squamous intraepithelial lesions (LSIL) compared to |
those for ASCUS. Intraobserver reproducibility in the
interpretation performed for ASCUS ranged from poor to excellent. They conclude that variability
in the interpretation of biopsy specimens plays an important role in the differences in rates of
dysplasia reported for the follow-up of ASCUS. [Grenko et al 2000]

Incidence of ASCUS | o
In a corroborative study-- Laboratories enrolled in the College of American Pathologists

Interlaboratory Comparison Program in Cervicovaginal Cytology, 768 laboratories returned the

1997 questionnaire focusing on atypical squamous cells of undetermined significance (ASCUS) and

glandular cells of undetermined significance

(AGUS).The study found median reporting rates for epithelial abnormalities were as follows:

ASCUS, 4.5%; AGUS, 0.3%; low-grade squamous intraepithelial lesion, 1.6% [Davey et al 2000].
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ASCUS and CINI-- the same treatment

The optimal management of low grade Papanicolaou (Pap) smear abnormalities remains
controversial.

[n a recent study, it was found that the prognosis in cervical epithelial changes of uncertain
significance is similar to that of cervical intraepithelial neoplasia grade 1 (CIN1) [Heatley 2001].
[n his study. the slides from 128 women with low grade cervical abnormalities, accessioned
consecutively, were reviewed. In 43 women the initial diagnosis of ASCUS was confirmed and in
30 women the initial diagnosis of cervical intraepithelial neoplasia grade | was confirmed.
Comparison of follow up data from these 753 women revealed a similar prognosis in the two groups

in terms of regression to normal. persistence of low grade disease, or progression to high grade CIN.

Theretore, low grade cervical disease (ASCUS and CIN1) should be managed according to similar
treatment protocols [Heatley 2001].

Assessment of cytologic follow-up for patients with atypical squamous cells of undetermined
significance or low grade squamous intraepithelial lesions may be regarded as the standard
recommended management. [Alanen et al 1998]

Long term follow-up of ASCUS

Until now, few studies have compared long-term follow-up and risk for invasive cancer in
women with atypical squamous cells of undetermined significance (ASCUS). In a study by Raab et
al [Rabb et al 1999], they conducted a 6-year review of pathology files for 651 women in whom
ASCUS had been diagnosed in 1992. Data collected included patient demographics, follow-up
diagnoses, time between follow-up examinations, and procedures performed. At follow-up,
high-grade squamous intraepithelial lesions had developed in 9.0% of the women, and
invasive cancer in none. Previous cervical history did not affect risk for an HSIL. Although the
average time to first follow-up was 6.18 months, in 20.9% of the women the diagnosis of HSIL was
not established until after 2.0 years. For individual pathologists, the percentage of HSILs ranged
from 0% to 18.8%. Thus women with ASCUS who are followed up regularly are at low risk for
development of invasive cancer [Rabb et al 1999].

Melinkow et al made a meta-analysis on the natural history of cervical squamous
intraepithelial lesions to estimate rates of progression and regression without reatment [Melnikow et
al 1998]. Eligible studies, representing 27,929 patients, were stratified according to entry cytologic
findings. The following rates of progression to high-grade SIL at 24 months were found: ASCUS,
7.13% (95% confidence interval [CI] 0.8%,13.5%); low-grade SIL, 20.81% (6.08%, 35.55%); and
high-grade SIL, 23.37% ,12.82%, 32.92%). The following rates of invasive cancer at 24 months
were found: ASCUS, 0.25% (0%, 2.25%); low-grade SIL, 0.15% (0%, 0.71%); and high-grade SIL,
1.44% (0%, 3.95%). The following rates of regression to normal were found: ASCUS, 68.19%
(57.51%, 78.86%); low-grade SIL, 47.39% (35.92%, 58.86%); and high-grade SIL, 35.03%
(16.57%, 53.49%). Study heterogeneity was not explained by regression analysis of study level
variables. Their findings for borderline and low-grade abnormal cervical cytologic results suggest a
relatively low risk of invasive cervical cancer with observation up to 24 months and support the
clinical policy of early colposcopy for high-grade lesions [Melnikow et al 1998].

ASCUS,CIN progress factors—unclear yet
Recently, it was found that 17-18% of ASCUS were stable or progressed. [Giudice et al 2000].

Which factors that can predispose the lesion to progress are still unknown.




LOH of cervix neoplasms
Cervical carcinomas develop as a result of multiple genetic alterations, and specific alterations
lead to specific clinical behavior. However, the etfect of such alterations on the recurrence of

cervical cancer after radiotherapy remains unknown.

A loss of heterozygosity (LOH), which points to a role for tumor suppressor genes (TSGs),
oncogene amplification, and point mutations, are all thought to be involved, but there is as yet no
complete picture of the relative roles for each of these genetic changes in patients with cervical
carcinomas. To play a role in tumorigenesis, both copies of a TSG must be inactivated. The loss of
one allele in a chromosome region may point to the presence of a TSG in that region. Chromosome
arm 6p is one of those most frequently involved in a loss of heterozygosity in patients with cervical
carcinoma. [Harima et al 2000}

Microsatellite instability

Human cancers progress through the accumulation of clonal genetic changes.
Loss of heterozygosity has been demonstrated in almost all tumors
analyzed to date and 1s easily detected by PCR-based microsatellite
analysis. It has been demonstrated that appropriately selected
microsatellite loci are commonly altered in many cancers and can
serve as clonal markers for their detection. [Mao et al 1994] Using
a panel of 13 microsatellites, we were able to detect 95% of
transitional cell carcinomas of the urinary bladder by analysis
of urine DNA. [Mao et al 1996] Furthermore, using a similar panel,
90% of bladder recurrences were detected prospectively. [Steiner
et al 1997] In two cases, molecular changes preceded the clinical
diagnosis of cancer.

Microsatellite instability of cervical cancer

In search of potential tumor suppresser genes (TSG), many LOH studies have been performed
on primary cervical carcinomas. As in many other tumor types, cervical carcinoma displays
frequent LOH at several loci, including those encompassing known tumor suppressor genes (TSG)
[Rader et al 1996; Jones et al 1997; Mitra et al 1994; Mullokandov et al 1996; Kersemaekers et al
1998a]. One group of investigators evaluated 53 untreated primary cervical carcinomas at 57 loci
and 49 (92.5%) tumors showed losses in 1 to 13 chromosomal arms.[ Mitra et al. 1994] In a study
by Rader et al.,[Reader et al. 1996] 80% of the tumors harbored at least one locus with
chromosomal loss. The most common losses in these studies occurred on chromosomal arms 3p, Sp,
6p and 11q and helped us select our initial panel of markers to screen primary tumors. Consistent
with previous findings, we noted LOH in more than 30% of primary tumors at many loci. These
LOH studies also suggested that certain chromosomal losses might be early events in cervical
carcinogenesis. Microsatellite abnormalities have been found at 3p, 5p, 9p and 11q in HSIL or
carcinoma in situ (CIS) lesions, accompanying the invasive carcinoma.[ Wistuba et al. 1997; Chung
etal. 1992; Evans et al 1998; Mitra et al. 1995] Although it is less common, LOH has also been
found in some low-grade (L)SIL.[Wistuba et al. 1997] These early losses were also detected in
smears with few dysplastic cells, consistent with our observations in urine DNA from bladder
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cancer and saliva DNA from oral cancers.[Mao et al 1996; Steiner et al 1997; Spafford et al 2001]
[n addition, Mullokandov et al [Mullokandov et al 1996] found that Chromosome arms 1q, 2q, 3q,
4p. 4q, 3p. 3q, 6q, 7q, 8p. 8q, 11q, 13q, 16p, 18p, and 19p are involved in LOH in 20-33% of the
cervical tumors. LOH was found to involve 19 chromosome arms in 20-43% of the tumors.
Chromosome arms 6p. 3p. and 18q are most trequently involved in LOH in 43. 39, and 33% of the
informative carcinomas. respectively. The respective regions invoived are 6p21.1-23. 3p13-23.3.
and 18q12.2-21.2. LOH is generally limited to specific band segments within these regions. Similar
high incidences of LOH of the same 3p segments have been reported in cervical carcinomas trom
different parts of the world. The same 3p and 6p segments are involved in many types of common
cancers, whereas 18q changes are less frequent in other cancers. In their study, 11p was involved in
16% of the tumors, and | 1q was involved in 22%. Chromosome 17 alterations are found in more
cancers than those of any other chromosome, frequently involving the p33 gene on 17p. LOH of
17p was found in 5 (15%) cervical tumors: 2 of these were HPV negative and expressed mutant p33.
In such HPV-negative tumors, direct mutation of the wild-type p33 appears to replace the
inactivation of the p33 product by oncogenic HPV types. Tumors with LOH at many loci were, on
the average, at more advanced stages, as were tumors with mutant p53. The higher overall incidence
of LOH in cervical carcinomas as compared to other cancers, and the diversity of LOH patterns
found, suggest that different cervical carcinomas probably arise and/or progress, in part, because of
the loss of function of different yet finite sets of tumorigenicity suppressor genes and genes that are
involved 1n tumor progression and metastasis. Their findings also indicate that certain chromosome
segments that are often altered in cervical carcinomas are also frequently altered in several other
types of cancers.  All these studies support the presence of large clonal patches of cells that appear
phenotypically normal in organs that harbor cancer.

In cervical carcinoma, microsatellite instability is reported as a rare event. [n most studies,
RER" (MSI[+]) tumors were found in only 2% to 6% of cervical carcinomas. Highly selected larger
repeats can display higher rates of MI in many cancers, unrelated to mismatch repair
deficiency.[Mao et al 1994; Mao et al 1996; Steiner 1997; Sidransky 1991; Baker et al 1990; Xu et
al 2000] These microsatellites have been particularly useful for clonal detection and therefore were
used in our group of primary tumors. With these selected markers, 55% of the tumors showed
instability at one or more markers. However, detection of LOH was more common than MI using a
panel of nine markers in both tumor tissue and Pap smear DNA. In a study by Harima et al,
heterozygosity on chromosome 6p21.2 has been found as a potential marker for recurrence after
radiotherapy of human cervical cancer [Harima et al 2000].

Microsatellite analysis of Pap smear DNA showed high specificity and sensitivity, although the
detection rate was somewhat lower than the conventional Pap smear test. Even though the detection
rate of the conventional Pap smear is high, there are still false-negative cases that might be detected
by molecular analysis. Moreover, the conventional Pap smear evaluation can potentially be
improved by new technologies including preparations from liquid-based specimen collection and
automated screening techniques. In this study, the number of microsatellite markers applied to each
sample was limited because the amount of DNA extracted from Pap-slides was also limited. Clearly
more DNA can be obtained from liquid cell suspensions, such as that used for human
papillomavirus detection, and application of more microsatellite markers may increase the detection
rate.[Steiner et al 1997] With the advent of microcapillary automation using fluorescence-based
DNA technology, the use of a larger panel of microsatellites is no longer a barrier.[Wang et al
1997].

Recent reports

From a cohort of 498 women with minimally abnormal Papanicolaou test resuits including
atypical squamous cells of undetermined significance and low-grade squamous intraepithelial lesion
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who had documented repeated Papanicolaou and human papillomavirus tests. Chang et al studied
52 eligible patients having conizations or hysterectomies as their histologic outcomes were
subjected to tests of loss of heterozygosity on a panel of 3 microsatellites (D3S1110, THRB.
D351228, D6S291, D3S81289) within the deoxyribonucleic acid of exfoliated cervical epithelia
[Chang et al 2001]. They had interesting findings: With the use of loss of heterozygosity in at least
one locus for predicting high-grade cervical neoplastic lesion, the sensitivity. specificity. positive
predictive value, and negative predictive value were 96.7%, 39.1%, 76.3%. and 92.9%, which were
superior to those of the human papillomavirus test (80%, 39.1%. 72.7%, and 92.9%). As a triage for
atypical squamous cells of undetermined significance, its sensitivity and negative predictive value
were up to 100%.

[n a recent report of a pilot study by Rha et al. [Rha et al. 2001], they found that microsatellite
alterations detected in the Pap smear DNA were identical to those identified in seven paired primary
tumors available for analysis. Moreover, they also found that this molecular approach detected
genetic alterations in two cases apparently negative by cytologic examination. None (0/25) of the
control patients displayed microsatellite alterations in paired Pap smears. They concluded that
icrosatellite analysis of cervical cytologic samples may provide a complementary method to analyze
suspicious but not diagnostic cytologic samples further. In this pilot study, they detected
microsatellite alterations (LOH or MI) in 85% of Pap DNAs from invasive carcinoma and 63%
from SIL. As in cytomorphologic examination, the lower detection rate for SIL may be explained
by the presence of smaller patches of clonal cell population and/or sampling error in obtaining the
cervical scrape specimen. These lower grade lesions may contribute fewer dysplastic cells during
the Pap smear scrape. The microsatellite abnormalities detected in the Pap smear DNA were
identical to those seen in primary tissues. In a single case (ACTBP2, patient CAl), LOH was
detected in both the tumor and Pap smear DNA, whereas only a faint shift was found in the primary
tumor DNA. The population of cells sampled by the Pap smear may have lost the shifted allele or,
more probably, came from another region of the tumor, as previously described for bladder cancer
[ Steiner 1997]. The recent pilot study by Rha et al demonstrates the potential use of molecular
analysis in Pap smear samples, especially when cytological diagnosis is inconclusive but clinical
suspicion is high. Based on this pilot study, they think that further exploratory studies are needed to
develop the optimal panel of microsatellites for Pap smear DNA screening.

In an effort to define which chromosomal losses are present in the precursor lesions, Rader et
al identified CIN III lesions from 24 invasive cervical cancer treated by radical hysterectomy [Rader
et al 1998]. Thirty-three CIN III associated with 22 squamous carcinomas and 2 adenocarcinomas
were carefully microdissected from the paraffin-embedded sections. The whole genomic DNA from
CIN III was amplified with short random primers. DNA from invasive cervical cancer, CIN III, and
normal tissue was analyzed at the six chromosomal regions with polymorphic markers. Thirty-eight
percent of hysterectomy specimens had loss of heterozygosity (LOH) in at least one of the CIN III
lesions from each case. Loss occurred in 30% of cases in 3p14.1-12 (37% for associated invasive
cervical cancer), 21% in 6p23 (33%), 14% in 2q33-37 (27%), 0 in 11q23.3 (33%), 4% in 19q13.4
(13%), and 0 in 6g21-23.3 (18%). These results suggest that mutations in 3p and 6p are important
early in tumorigenesis, whereas 11q and 6q contain genes important later in tumor progression.
They concluded that invasive and preinvasive cervical lesions appear to develop from multifocal
genetic events since consistent losses do not occur within all precursor lesions in the same patient.

High-risk human papillomavirus types 16 and 18 are involved in the multistep process of
cervical cancer. Transfection of normal keratinocytes with high-risk HPV-DNA generally gives rise
to immortal cultures. This may be explained by the loss of senescence genes as a consequence of
HPV-induced genetic instability. On the basis of the dominance of cellular senescence over
immortality, fusion of normal keratinocytes with HPV-immortalized cells results in



complementation of these putative gene defects. In a previous study, it has been shown that that
underrepresentation of chromosome 10 is a characteristic phenomenon during the early phase of
immortalization. Here we show that introduction of a normal copy of chromosome 10 into

HPV 16-immortalized cells (HPKII) by Microcell-mediated chromosome transfer resulted in
senescence of a significant number of hybrids. By using several derivatives of chromosome 10 for
further fusion experiments, the chromosomal region responsible for senescence could be assigned to
10p14—pl3. The potential significance of loss of gene function in this region is underlined by the
high frequency (38.7%) of loss of heterozygosity in cervical cancers including early stage tumors
[Poignee et al 2001].

We do not do cone or op for CINI or ASCUS

In our department. we do not do any surgical operations (such as conization) to the cases with
ASCUS or CIN. It seems that our management is the same as that recommended recently
worldwide. Assessment of cytologic follow-up for patients with atypical squamous cells of
undetermined significance or low grade squamous intraepithelial lesions may be regarded as the
standard recommended management [Alanen et al 1998]

Factors still unknown
Until now, which factors may alter the progress of CIN to invasive cancer are still not clear.

Bertelsen et al [1996] examinated the wide accepted thesis that HPV infection is common in
cervical intraepithelial neoplasia and is responsible for its progression to grade 3. Their findings
suggest that a further factor, a cocarcinogen, may be involved in progression to CIN 3, HPV being a
common forerunner, providing a proliferative environment and thus favoring such an event
[Bertelsen et al [1996].

In a results reported by Ngan et al, EGFR, c-erbB-2 and c-myc may be important proto-oncogenes
in CIN and that antibodies or anti-genes targeted against them may alter the progress of CIN to
invasive cancer was suggested [Ngan etal 1999]. In their study, the factors were evaluated by
immunohistochemical staining of normal cervical stratified squamous epithelium and CIN.

[n a study on natural history of CIN 1 lesions [Duggan et al 1998], a longitudinal study of 342
women referred for colposcopic examination of a CIN I detected by a screening Pap test, and
classified by the colposcopic impression and Pap test at that exam as equal to or less than CIN 1
was designed to identify predictors of disease outcome. The cohort was comprised of 220 women
who satisfactorily completed the study and whose disease was neither biopsied or treated at the
initial examination. All had HPV DNA testing by PCR, and were followed with interval colposcopic
examinations and repeat Pap tests for a limited time period. The initial HPV DNA status and a
number of measured clinico-pathological and risk factor variables were analyzed to identify
outcome predictors. All underwent a biopsy either at the conclusion of the study or because their
disease was considered to have progressed during the follow up period. Biopsy confirmed
progression to CIN II/III occurred in 41 (18.6%), persistence of CIN I/Condyloma in 41 (18.6%),
and regression to <CIN I/Condyloma in 138 (62.7%). HPV DNA positivity and current, oral
contraceptive use were the only independent predictors of progression when age at diagnosis, the
number of follow up visits, and time to progression were controlled. Predictors of persistent and
regressed disease were not identified [Duggan et al 1998].

[n a study by Larson et al, genetic alterations accumulate during cervical tumorigenesis and

indicate a common origin for multifocal lesions
[Larson et al 1997].

Domestic study on CIN 1n Taiwan

Domestically, there are many study on CIN. In a study by Sun et al., measurement of human
papillomavirus viral load in prediction of histologic severity and size of squamous intraepithelial
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lesions of uterine cervix [Sun et al 2001]. Chu et al performed allelotyping of three 3p markers (at
3pl4, 3p22-24. and 3p25) on 22 LSILs and 15 HSILs microdissected from patients with multiple or
uniform cervical lesions [Chu et al 1999]. Frequent and early allelic loss was noted (in 30% of
LSILs and 30% ot HSILs) at 3p14, which may harbor tumor suppressor genes involved in early
stages of cervical carcinogenesis. A high frequency of microsatellite alteration was found in LSIL
and HSIL but not in invasive cancer. [n particular. the alteration was more frequently found in
low-grade lesions in association with invasive cancers than in those associated with SILs [Chu
etal 1999]. Liu et al studied FHIT (fragile histidine triad) gene, which was identified at
chromosome 3p14.2, in cervical intraepithelial neoplasia. Thirty-five consecutive CIN lesions taken
from conization specimens and 33 normal cervical epithelial tissues taken from hysterectomy for
benign diseases were included in their study. RT-PCR and mmunohistochemical study were
performed. They found that the normal-sized FHIT transcript was present robustly in all of the CIN
lesions and the abnormal FHIT transcripts occurred with similar frequency and pattern in the CIN
lesions and normal cervical tissues. They suggested that abnormal FHIT transcription might not be
causal in the early process of cervical carcinogenesis [Liu et al 2001]. Chang et al. determined
microsatellite alteration in dysplastic lesions and evaluated the feasibility of the use of
deoxyribonucleic acid microsatellite alterations in cervical epithelia in the prediction of high-grade
dysplasia and to compare it with a strategy based on human papillomavirus testing [Chang et al
2001]. Fifty-two eligible patients having conizations or hysterectomies as their histologic outcomes
were subjected to tests of loss of heterozygosity on a panel of 5 microsatellites (D3S1110, THRB,
D3S1228, D6S291, D3S1289) within the deoxyribonucleic acid of exfoliated cervical epithelia.
With the use of loss of heterozygosity in at least one locus for predicting high-grade cervical
neoplastic lesion, the sensitivity, specificity, positive predictive value, and negative predictive value
were 96.7%, 39.1%, 76.3%, and 92.9%, which were superior to those of the human papillomavirus
test (80%, 59.1%, 72.7%, and 92.9%)[Chang et al 2001]. Jain et al studied predictive value of
human papillomavirus test following conization of the cervix uteri. In their study, a prospective
analysis was undertaken on 79 cone biopsies of women with high-grade lesions (CIN III). HPV
testing was performed on cervical smears before and after conization. They found that HPV testing
is potentially an effective tool in predicting residual dysplasia after conization and could potentially
assist in the decision between hysterectomy and conservative follow-up in women with CIN III
[Jain et al 2001]. Lin et al also confirmed an excellent sensitivity and negative predictive value of
human papillomavirus deoxyribonucleic acid testing after conization in predicting residual cervical
neoplasia. A strategy of managing patients with grade 3 cervical intraepithelial neoplasia, based on
postconization human papillomavirus deoxyribonucleic acid findings and endocervical curettage
results, was thusproposed [Lin et al 2001]. Law et al. found that high prevalence of high grade
squamous intraepithelial lesions and microinvasive carcinoma in women with a cytologic diagnosis
of low grade squamous intraepithelial lesions. A high percentage of CIN 2/3 as well as
microinvasive lesions will go unnoticed in the absence of colposcopic evaluation [Law et al 2001].
Although there are many studies on CIN or ASCUS internationally or domestically, the continuous
problem of which factors may determine the progress or regress of these lesions still remains.

Our purpose

[n our department, we do not do any surgical operations (such as conization) to the cases with
ASCUS or CIN. It seems that our management is the same as that reccommended recently
worldwide. Assessment of cytologic follow-up for patients with atypical squamous cells of
undetermined significance or low grade squamous intraepithelial lesions may be regarded as the ’
standard recommended management [Alanen et al 1998]. The aim of this prospective study is to '. 1

identify the methods which may determine or predict the progress or regress of early cervical
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lesions. In this study plan The cases with ASCUS or CIN1 on Pap smear were followed up without
doing conization or hysterectomy and will do a long term follow up. This study will include the
genetic alterations, HPV status, and p53 polymorphisms. The genetic alterations will include the
loci which most frequently found to occur. These laboratory work were assessed as predictive tests
for persistence and progression of ASCUS of CIN1.

Materials and Methods :

Case recruttment

The candidates for this study were recruited from the women visiting our hospital who had a
routine conventional cervical Papanicolaou smears. Woman whose Pap smear results revealed
ASCUS or CIN1 were referred to do colposcopy. A cervical biopsy and/or endocervical curettage
were performed if any apparent lesions are found. The cases that have not been diagnosed as having
lesion as high grade intraepithelial lesions or more advanced lesions were included in the study. The
samples were collected with a cervical swab from both the endocervical and exocervical areas. The
samples were put into the tube containing 1x PBS until processing is performed.

Follow-up
Follow-up Pap smear, colposcopy, HPV, P53 polymorphism, LOH, MI at 6- month intervals.
DNA extraction

Smear samples were centrifuged at 4000g for 6 min and washed twice with PBS. Then they
were processed including SDS/proteinase K digestion, phenol-chloroform extraction and ethanol
precipitation. Normal control DNA were obtained by venipuncture and isolation of lymphocytes
DNA.

Normal control

Pap smears and peripheral blood from 25 patients without any precancerous or cancerous
cervical lesions were obtained from the same hospital as normal controls.

Analysis for alleic loss and microsatellite instability

DNA derived from leukocytes, tumor and Pap smears was analyzed using a panel of
microsatellite markers on different chromosomes (Research Genetics, Huntsville, AL). One primer
of each marker pair were end-labeled with [Y-*>P] ATP (Amersham, Arlington Heights, IL) using
T4-polynucleotide kinase (New England Biolabs, Beverly, MA). Genomic DNA (50 ng) were
subjected to 35 cycles of PCR at a denaturing temperature of 95-C for 30 sec, followed by varying
annealing temperatures ranging from 50 to 60-C for 1 min, an extension at 70°C for 1 min and a
final extension step at 70 °C for 5 min on a Hybaid thermocycler (Hybaid, Teddington, UK). PCR
products will thus then be separated in denaturing 7% polyacrylamide -urea -formamide gels and
exposed to film from 4 to 48 hr as described. On performing the stepdown PCR, we will use
AmpliTaq Gold™ (Perkin-Elmer, Branchburg, NJ) with GeneAmp® 10?PCR Gold Buffer instead
of our standard conditions.

For informative cases, allelic loss were documented if one allele is significantly decreased
(>50%) in the Pap smear DNA compared with the same allele in the normal (lymphocyte) DNA. MI
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were described if an additional band representing a change in repeat number was noted in the lesion
or Pap smear compared with normal.
HPV detection and typing
Human papilloma virus status will also be studied . All smear specimens will tested for the

presence and type of HPV DNA by using a degenrate PCR-based method with a panel of
oligonuleotide primers located within the highly conserved L1 open reading frame of the HPV
genome. Ampliphied PCR products will then be sequenced.Basically, two different consensus
primer sets A and B were used for PCR amplification to detect HPV DNA. These primer sets are at
least able to amplify sequences of HPV types 6, 11, 18, 31, 33, 39, 45, 51, and 56 [Toshikawa
1991; Fujinaga 1991]. Each 25 ¢ | of PCR mixture contains 2 ¢ | of sample DNA solution
containing 25-250 ng of genomic DNA fragment, 0.35 ¢ M primers, 2.5mM MgCI2, 0.25 mN
dNTP, 2.5 w1 of suppled PCR buffer and 0.5 U of Tag polymerase (Boehringer Mannheim). PCR
was carried out as follows. The PCR product were electrophoresed on 2% agarose gels stained
with ehidium bromide and viewed under UV light. Samples identified as HPV-positive with these
sconsensus primers were then HPV genotyped with type 16 and 18 specific primers [De Roda
Husman 1995].

HPV consensus A (forward) 5S’-TTTTCACCCATCTACAGTCCCCCTTG-3’

HPV consensus A (reversed) 5S’-TACCCTAAATACTCTGTATTG-3’

HPV consensus B (forward) 5’-TGTCAAAAACCGTTGTGTCC-3’

HPV consensus B (reversed) 5’-TCTGAGTCGCTTAATTGCTC-3’

HPV 16 specific (forward) 5S’-TACACGCAGTACAAATATGT-3’

HPV 16 specific (reversed) 5’-ATTCCTCCCCATGTCGTAGG-3’

HPV 18 specific (forward) 5’-CACTCGCAGTACCAATTTAA-3’

HPV 18 specific (reversed) S’-ATTCCTCAACATGTCTGCTA-3’

PCR amplification of p53 polymorphic sequences
To detect p53 polymorphism at condom 72, we will use allele-specific PCR and

PCR-restriciton fragment length polymorphism. The plasmid pBR322 digested with Mspl were
used as size marker. Fifteen microliters of extracted DNA were used in a 50 21 PCR containing

50 mM KCL, 10mM Tris-HCI(pH 8.3)m 200 1 M of each dNTP, 1.5 mM MgCI2, 1U Tag DNA
polymerase (Gibco BRL) and 50 pmol of each primer.The following primer pairs were used
based on those described by Storey et al., using pS3/Arg- amplifying a 137-bp fragment from the
arginine allele; and Pro+/p53- amplifying a 206-bp fragment from the proline allele.

P53+, 5°’-GTCCCCCTTGCCGTCCCA-3’

Arg-, 5’-CTGGTGCAGGGGCCACGC-3’

Pro+, 5’-GCCAGAGGCTGCTCCCCC-3’

P53-, 5’-GGAAGCCAGCCCCTCAGG-3’

Samples were subjected to an initial denaturation step at 950C for 2 min, followed by 40
cycles of denaturation at 940C for 45 sec, annealing at 600C for 45 sed, extension at 720C for 30
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sec and a tinal period of extension at 720C for 5 min. Both amplicons (10 1) will undergon
electrophoresis in a 9% polyacrylamide gel containing 5% glycerol and a 35-75% denaturing
fradient (7M urea/40% deionised formamide) at a 150 V for 7.5 hours at 39°C and were stained
with ethidium bromide.

The polymorphism were confirmed in each case by amplification across the polymorphic site using
primers p33+ and p33-, followed by restriction enzyme digestion with 20 U of the enzyme

Bsh1236I (Stratagne, Cambridge). The recognition site is present only in the arginine-encoding

allele [De La Calle-Martin 1990]. From this step, as a result, the arginine allele were identified by
the presence of 2 fragments of 120 and 187 bp and the proline allele by a single frgment of 307 bp.
Heterzygous samples will show all 3 fragments. CaSki cells, which are heterozygous for the
polymorphism [Storey 1998], were used as a positive control in PCR for digestion.

To evaluate the relationship between progressiveness of ASCUS or CIN1 with presence or status of
LOH, microsatellite instability, HPV, p33 polymorphisms a, we will divide the cases into those with

progress and non-progress. Their changes between the two groups were compared.

Results and Discussion -

[n this study, our original planning is that will finish this by three years. However, the Council
only provide us for studying one year. Therefore, up to now, not all the original purpose has been
finished. We are now still trying to finish our planning aithough the financial support has been
limited. The confined supply from the government has now resulted in severe problem for my
academic study, especially when the project of this year are not promitted. It is unfair for an
university hospital staff.

Human papillomavirus typing and DNA content measurements may delineate a distinct group
of ASCUS. Our preliminary data suggest that ASCUS cases with high-risk HPV positivity and with
rare cells with abnormally high DNA content represent similar biologic features as high-grade SIL
and are at elevated risk to develop cancer.

The distribution of p53 genotypes was not significantly different in all study groups (HPV
positive vs HPV negative and cases vs controls comparisons). Homozygosity for Arg/Arg was not
associated with increased risk for cervical cancer. We find no evidence for any association
between homozygosity for pS3 arginine with either cervical dysplasia, cervical carcinoma or HPV
infection in our population.

From the eligible patients having conizations or hysterectomies as their histologic outcomes
were subjected to tests of loss of heterozygosity on a panel of 5 microsatellites (D3S1110, THRB,
D351228, D6S291, D3S1289) within the deoxyribonucleic acid of exfoliated cervical epithelia.
These genetic alterations were analyzed through fluorescence polynierase chain reaction by
comparison of allele ratios of exfoliated cells with those of normal control tissue. With the use of

loss of heterozygosity in at least one locus for predicting high-grade cervical neoplastic lesion, the



results were analysed. As a triage for atypical squamous cells of undetermined significance, its
sensitivity seems to be good. The promising results on determining microsatellite alteration in
dysplastic lesions might imply that it is possible to detect the earliest changes by potential
molecular markers with exfoliated cervical epithelial cells.

The conclusion from our present data seems do not support the hypothesis that this p53
polymorphism is involved in the development of high-grade squamous cervical disease in this

population.

References

Aaltonen LA, Peltomaki P, Leach F, Sistonen P, Pylkkanen L, Mecklin J, Jarvinen H, Powel SM,
Jen J, Hamilton SR, Peteren G, Kinzler K, Vogelstein B, Chapelle A: Clues to the pathogenesis of
familial colorectal cancer. Science 1993; 260:812-816.

Alanen KW, Elit LM, Molinaro PA, McLachlin CM. Assessment of cytologic follow-up as the
recommended management for patients with atypical squamous cells of undetermined significance
or low grade squamous intraepithelial lesions. Cancer. 1998; 84:5-10.

Atkin N. B., Baker M. C., Fox M. F. Chromosome changes in 43 carcinomas of the cervix uteri.
Cancer Genet. Cytogenet., 1990; 229-241.

Baker SJ, Preusubger AC, Jessup JM, et al. p53 gene mutations occur in combination with 17p
allelic deletions as late events in colorectal tumorigenesis. Cancer Res 1990;50: 7717-7722.

Beckman G, Birgander R, Sjalander A, et al.: Is p53 polymorphism maintained by natural selection?
Human Hered 1994;44:266-270.

Bertelsen B, Kalvenes MB, Hartveit F. Human papillomavirus infection in progressive and
non-progressive cervical intraepithelial neoplasia. APMIS 1996;104:900-906.

Butler D, Collins C, Mabruk M, Barry Walsh C, Leader MB, Kay EW. Deletion of the FHIT gene
in neoplastic and invasive cervical lesions is related to high-risk HPV infection but is independent
of histopathological features. J Pathol. 2000; 192: 502-510.

Burger RA, Monk BJ, Kurosaki T, Anton Culver H, Vasilev SA, Berman ML, Wilczynski SP.
Human papillomavirus type 18: Association with poor prognosis in early stage cervical cancer. J
Natl Cancer Inst 1996;88: 1361-1368.

Burks RT, Kessis TD, Cho KR, Hedrick L: Microsatellite instability in endometrial carcinoma.

14




Oncogene 1994; 9:1163-1166.
Cervical cancer. NIH Consensus Statement 1996;14: 1-38.

Chatterjee, A., Pulido, H. A., Koul, S., Belefio, N., Perilla, A., Posso, H., Manusukhani, M., Murty,
V. V. V.S. Mapping the Sites of Putative Tumor Suppressor Genes at 6p25 and 6p21.3 in Cervical
Carcinoma: Occurrence of Allelic Deletions in Precancerous Lesions. Cancer Res 2001; 61:
2119-2123.

Chang CL, Wang SY, Wu CC, Su TH, Wang KL, Chen HS, Yang YC. Microsatellite alterations in
exfoliated cervical epithelia deoxyribonucleic acid as a marker for high-grade dysplasia. Am J
Obstet Gynecol. 2001; 185:108-15.

Chen CA, Chen TM, Wu CC, Chang CF, Hsieh CY: Human papillomavirus DNA and p53 status in
stage IB bulky cervical cancer. J Cancer Res Clin Oncol 1994; 120: 678-682..

Chou CY, Chen YH, Tzeng CC, Cheng YC, Chang CF, Chen TM: Establishment and
characterization of a human-papillomavirus negative, p353-mutation negative human cervical
cancer cell line. Cancer Letters 1996; 102:173-181.

Chu TY, Shen CY, Lee HS, Liu HS. Monoclonality and surface lesion-specific microsatellite
alterations in premalignant and malignant neoplasia of uterine cervix: a local field effect of genomic
instability and clonal evolution. Genes Chromosomes Cancer 1999; 24:127-134

Chung GT, Huang DP, Lo KW, Chan MK, Wong FW. Genetic lesion in the carcinogenesis of
cervical cancer. Anticancer Res 1992;12: 1485-1490.

Davey DD, Woodhouse S, Styer P, Stastny J, Mody D. Atypical epithelial cells and specimen
adequacy: current laboratory practices of participants in the college of American pathologists
interlaboratory comparison program in cervicovaginal cytology. Arch Pathol Lab Med. 2000;
124:203-211.

De La Calle—Martin O, Farbregat V, Romero M, Solar J, Vivis J, Yague J: ACCII polymorphism
of the p53 gene. Nucl Acids Res 1990;18:4963.

Department of Health , the Executive Yuan: Reported cancer incidence in Health Statistics: General §
Health Statistics. Department of Health, Executive Yuan, Republic of China, Vol 1, pp94-106.

De Roda Husman AM, Snijders PFJ, Stel HV, van den Brule ACJ, Maijer CLLM, Walboomers
JMM: Processing of long-stored archival cervical smears for human papillomavius detection by the
polymerase chain reaction. Br J Cancer 1995; 72:412-417.



R oo et |

Dodson MK, Hartmann LC, Cliby WA, DeLacey KA, Keeney GL, Ritland SR, SU JQ, Podratz KC,
Jenkins RB: Comparsion of loss of heterozygosity pattern in invasive low-grade and high-grade
epithelial ovarian carcinomas. Cancer Res 1993; 33: 4456-4460.

Duggan BD, Felix JC, Muderspach LI, Tourgeman D, Zheng J, Shibata D: Microsatellite instability
in sporadic endotrial carcinoma, J Natl Cancer Inst 1994; 86:1216-1221.

Duggan MA, McGregor SE, Stuart GC, Morris S, Chang-Poon V, Schepansky A, Honore L. The
natural history of CIN I lesions. Eur J Gynaecol Oncol 1994; 19: 338-344.

Dyson N., Howley P. M., Miinger K., Harlow E. The human papilloma virus-16 E7 oncoprotein is
able to bind to the retinoblastoma gene product. Science (Wash. DC), 1989; 243: 934-937

Evans MF, Koreth J, Bakkenist CJ, Herrington CS, McGee J. Allelic deletion at 11q23.3-q25 is an
early event in cervical neoplasia. Oncogene 1998;16: 2557-2564.

Fujinaga Y, Sjimada M, Okazaki K, Fukushimma M, Kato I,Fujinaga K: Similtaneous detection
and typing of genital human papillomavirus DNA using the polymerase chain reaction. J] Gen Virol
1991;72:1039-1044.

Giudice A, Rizzo M, Rossi RT, Bonaffini O, Buda CA, Pettineo G. Diagnosis and survey of
abnormal/atypical squamous cells of undetermined significance and low-grade squamous
intraepithelial lesions: a retrospective study. Anticancer Res. 2000; 20:1195-1199

5 el
g ;_&%1 ‘

Gonzalez ZM, Ruppert JM, Tokino K, Tsai YC, Spruck CH III, Miyao N, Nichols PW, Hermann
GG, Hom T, Steven K, Summerhayes IC, Siddransky D, Jones PA: Microsatellite instability in
bladder cancer. Cancer Res 1993; 53: 5620-5623.

Grenko RT, Abendroth CS, Frauenhoffer EE, Ruggiero FM, Zaino RJ. Variance in the
interpretation of cervical biopsy specimens obtained for atypical squamous cells of undetermined
significance. Am J Clin Pathol. 2000; 114:735-740.

Han HI, Yanagisawa A, Kato Y, Park JG, Nakamura Y: Genetic instability in pancreatic cancer and
poorly differentiated type of gastric cancer. Cancer Res 1993; 53:5087-5089.

Harima Y., Shirahama S., Harima K., Aoki S., Ohnishi T., Tanaka Y. Genetic alterations on
chromosome 17p associated with response to radiotherapy in bulky cervical cancer. Br. J. Cancer,
1999; 81:108-113, 1999




Harima, Y., Harima, K., Sawada, S., Tanaka, Y., Arita, S., Ohnishi, T. (2000). Loss of
Heterozygosity on Chromosome 6p21.2 as a Potential Marker for Recurrence after Radiotherapy of
Human Cervical Cancer. Clin Cancer Res 2000; 6: 1079-1085

Harima Y., Sawada S, Nagata K, Sougawa M, Ohnishi T. Chromosome 6p21.2, 18q21.2 and human
papilloma virus (HPV) DNA can predict prognosis of cervical cancer after radiotherapy. Int J |
Cancer 2001; 96:286-96.

Hashida T., Yasumoto S. Induction of chromosome abnormalities in mouse and human epidermal
keratinocytes by the human papillomavirus type 16 £7 oncogene. J. Gen. Virol., 1991; 72:
1569-1577, 1991.

Hayes VM, Hofstra RMW, Buys CHCM, et al. Homozygous arginine-72 in wild type p53 and risk
of cervical cancer. Lancet 1998; 352: 1756

Helland A, Borresen-Dale AL, Peltomaki P, Hektoen M, Kristensen GB, Nesland JM, de la
Chapelle A, Lothe RA. Microsatellite instability in cervical and endometrial carcinomas. Int J
Cancer 1997; 70: 499-501

Heatley MK. The prognosis in cervical epithelial changes of uncertain significance is similar to that
of cervical intraepithelial neoplasia grade 1. J Clin Pathol. 2001; 54:474-475.

Jonov Y, Peinado MA, MalkHosyan S, Shibata D, Perucho M: Ubiquitous somatic mutations in
simple repeated sequences reveal a new mechanism For colonic carcinogenesis. Nature 1993;
363:558-561.

Jain S, Tseng CJ, Horng SG, Soong YK, Pao CC. Negative predictive value of human
papillomavirus test following conization of the cervix uteri. Gynecol Oncol 2001; 82:177-180.

Jones MH, Koi S, Fujimoto I, Hasumi K, Kato K, Nakamura Y: Alleotype of uterine cancer by
analysis of RFLP and microsatellite polymorphisms: frequent loss of heterozygosity on
chromosome arms 3p 9q 10q and 17 p. Genes Chromosomes Cancer 1994; 9:1119-1123.

Jones M. H., Nakamura Y. Deletion mapping of chromosome 3p in female genital tract
malignancies using microsatellite polymorphisms. Oncogene, 1992; 7: 1631-1634.

Josefsson AM, Magnusson PKE, Ylitalo N, et al. p53 polymorphism and risk of cervical cancer.
Nature 1998; 396: 531.

!
;
g,
H
|



Karnik P., Paris M., Williams B. R., Casey G., Crowe J., Chen P. Two distinct tumor suppressor
loct within chromosome 1 1p15 implicated in breast cancer progression and metastasis. Hum. Mol.
Genet., 1998; 7: 895-903.

Kersemaekers AM. Hermans J, Flrtutrn GJ, van der Vijver MJ: Loss of heterozygosity for defined
regions on chromosomes 3, 11 and 17 in carcinomas of the uterine cervix. Br J Cancer 1998a;
77:192-200.

Kersemaekers, A. M., Kenter, G. G., Hermans, J., Fleuren, G. J., and van-de-Vijver, M. J. Allelic
loss and prognosis in carcinoma of the uterine cervix. Int. J. Cancer, 1998b; 79 411-417.

King BL, Carcangiu ML, Carter D, Kiechle M, Pfisterer J, Pfleiderer A. Kacinski BM.
Microsatellite instability in ovarian neoplasms. Br J Cancer 1995; 72:376-382.

Kohno T., Takayama H., Hamaguchi M., Takano H., Yamaguchi N., Tsuda H., Hirohashi S.,
Vissing H., Shimizu M., Oshimura M., Yokota J. Deletion mapping of chromosome 3p in human
uterine cervical cancer. Oncogene, 1993; 8: 1825-1832.

Kok K, Osinga J, Carritt B, Davis MB, van der Hout AH, van der Veen AY, Landsvater RM, Lejj
LFMH, Berendsen HH, Postmus PE, Poppema S, Buys CHCM: Deletion of a DNA sequence at the
chromosomal region 3p21 in all major types of lung cancer. Nature 1987; 330:578-581.

Kristensen GB, Karlsen F, Jenkins A, Kaern J, Abeler VM, Trope CG. Human papilloma virus has
no prognostic significance in cervical carcinoma. Eur J Cancer 1996;32: 1349-1353.

Lanham S, Campbell I, Watt P, Gornall R. p53 polymorphism and risk of cervical cancer. Lancet
1998; 352: 1631.

Larsen N. Invasive cervical cancer rising in young white females. J Natl Cancer Inst 1994; 86: 6-7.

Larson AA, Kern S, Sommers RL, Yokota J, Cavenee WK, Hampton GM. Analysis of replication
error (RER+) phenotypes in cervical carcinoma. Cancer Res 1996; 56: 1426-1431.

Law KS, Chang TC, Hsueh S, Jung SM, Tseng CJ, Lai CH. High prevalence of high grade ﬁ
squamous intraepithelial lesions and microinvasive carcinoma in women with a cytologic diagnosis
of low grade squamous intraepithelial lesions. J Reprod Med. 2001; 46:61-64.

Lin CT, Tseng CJ, Lai CH, Hsueh S, Huang KG, Huang HJ, Chao A. Value of human




papillomavirus deoxyribonucleic acid testing after conization in the prediction of residual disease in
the subsequent hysterectomy specimen. Am J Obstet Gynecol. 2001: 184:940-945.

Liu FS, Hsieh YT, Chen JT, Ho ES, Hung MJ, Lin AJ. FHIT (fragile hisudine triad) gene analysis
in cervical intraepithelial neoplasia. Gynecol Oncol. 2001: 82: 283-290.

Lounis H, Mes Masson AM, Dion F, Bradley WE, Seymour RJ, Provencher D, Tonin PN: Mapping

of chromosoome 3p deletions in human epithefial ovarian tumors. Oncogene 1998; 17:2359-2365.

Mao L, Lee DJ, Tockman MS, et al. Microsatellite alterations as clonal markers for the detection of
human cancer. Proc Natl Acad Sci USA 1994;91: 9871-9875.

Mao L, Schoenberg MP, Scicchitano M, et al. Molecular detection of primary bladder cancer by
microsatellite analysis. Science 1996;271: 659-662.

Melnikow J, Nuovo J, Willan AR, Chan BK, Howell LP. Natural history of cervical squamous
intraepithelial lesions: a meta-analysis. Obstet Gynecol. 1998; 92:727-735.

Meltzer SJ, Yin J, Manin B, Rhyu MG, Cottrell J, Hudson E, Redd JL, Krasna MJ, Abraham JM,
Reid BJ: Microsatellite instability occurs frequently and in both diploid and aneuploid cell
populations of Barrett’s-associated esophageal adenocarcinomas. Cancer Res 1994; 54: 3379-3382.

Merlo A, Mabry M, Gabrielson E, Vollmer R, Baylin SB, Sidrasky D:Frequent microsatellite
instability in primary small cell lung cancer. Cancercer Res 1994; 54:2098-2101.

Mietz J. A., Unger T., Huibregtse J. M., Howley P. M. The transcriptional transactivation function
of wild-type p53 is inhibited by SV40 large T-antigen and by HPV-16 E6 oncoprotein. EMBO J.,
1992; 11: 5013-5020.

Minaguchi T, Kanamori Y, Matsushima M, Yoshikawa H, Taketani Y, Nakamura Y. No evidence
of correlation between polymorphism at codon 72 of p53 and risk of cervical cancer in Japanese
patients with human papillomavirus 16/18 infection. Cancer Res 1998; 58:4585-4586.

Mitra AB, Murty VVVS, Li RG, et al. Allelotype analysis of cervical carcinoma. Cancer Res
1994;54: 4481-7.

Mironov NM, Aguelon MA, Potapova GI, Omori Y, Gorbunov OV, Klimenkov AA, Yamasaki H:
Alterations of (CA)n DNA repeats and tumor suppressor genes in human gastric cancer. Cancer Res
1994; 54:41-44.




Mitra AB, Murty VVVS, Singh V. et al. Genetic alterations at 5p15: a potential marker for
progression of precancerous leions of the uterine cervix. J Natl Cancer Inst 1995;87: 742-3.

Mullokandov MR, Kholodilov NG, Atkin NB, Burk RD, Johnson AB, Klinger HP: Genomic
alterations in cervical carcinoma: loses of chromosome heterozygosity and human pappilomavirus
tumor status. Cancer Res 1996; 56: 197-205.

Ngan HY. Liu SS, Yu H, Liu KL, Cheung AN. Proto-oncogenes and p33 protein expression in
normal cervical stratified squamous epithelium and cervical intra-epithelial neoplasia. Eur J Cancer.
1999; 35:1546-30

Ogawara K., Miyakawa A., Shiba M., Uzawa K., Watanabe T., Wang X. L., Sato T., Kubosawa H.,
Kondo Y., Tanzawa H. Allelic loss of chromosome 13q14. 3 in human oral cancer: correlation with
lymph node metastasis. Int. J. Cancer, 79: 312-317, 1998

Palefsky JM, Holly EA. Molecular virology and epidemiology of human papillomavirus and
cervial cancer. Cancer Epidemiol Biomarkers Prev 1995; 4: 415-428.

Petersen S., Wolf G., Bockmuhl U., Gellert K., Dietel M., Petersen . Allelic loss on chromosome
10q in human lung cancer: association with tumour progression and metastatic phenotype. Br. J.
Cancer, 1998; 77: 270-276.

Phelps W. C., Miinger K., Yee C. L., Barnes J. A., Howley P. M. Structure-function analysis of the
human papillomavirus type 16 E7 oncoprotein. J. Virol., 1992; 66: 2418-2427.

Poignée M, Claudia Backsch, Katrin Beer, Lars Jansen, Nikola Wagenbach, Eric J. Stanbridge,
Richard Kirchmayr, Achim Schneider, and Matthias Diirst : Evidence for a Putative Senescence
Gene Locus within the Chromosomal Region 10p14—p15. Cancer Res 2001; 61: 7118-7121.

Pontén, J., Adami, H. O., Bergstrém, R., Dillner, J., Friberg, L. G., Gustafsson, L., Miller, A, B.,
Parkin, D. M., Sparén, P., and Trichopoulos, D. Strategies for global control of cervical cancer. Int.
J. Cancer, 1995; 60: 1-26.

Raab SS, Bishop NS, Zaleski MS. Long-term outcome and relative risk in women with atypical
squamous cells of undetermined significance. Am J Clin Pathol. 1999; 112:57-62

Rader JS, Kamarasova T, Huettner PC, et al. Allelotyping of all chromosomal arms in invasive
cervical cancer. Oncogene 1996;13: 2737-41.

20




Rader JS, Gerhard DS, O'Sullivan MJ, L1 Y, Li L, Liapis H, Huettner and PC:
Cervical intraepithelial neoplasia III shows frequent allelic loss in 3p and 6p. Genes Chromosomes
Cancer. 1998; 22:57-65.

Rader JS, Li Y, Huettner PC, Xu Z, Gerhard DS. Cervical cancer suppressor gene is within 1 ¢cM on
6p23. Genes Chromosomes Cancer. 2000; 27:373-379.

Rha SH, Dong SM, Jen J, Theresa Nicol, David Sidransky: Molecular detection of cervical
intraepithelial neoplasia and cervical carcinoma by microsatellite analysis of Papanicolaou smears.
Int J Cancer 2001; 93: 424-429.

Rhyu MG, Park WS, Meltzer SJ: Microsatellite instability occurs frequently in hua]man gastric

carcinoma. Oncogene 1994; 9:29-32.

Risinger JI, Berchuck A, Kohler MF, Watson P, Lynch HT, Boyd J: Genetic instability of
microsatellite in endometrial carcinoma. Cancer Res 1993; 53: 5100-5103.

Rosenthal AN, Ryan A, Al-Jehani RM, et al. p53 codon 72 polymorphism and risk of cervical
cancer in UK. Lancet 1998; 352: 871-875.

Scheffner M., Wermness B. A., Huibregtse J. M., Levine A. J., Howley P. M. The E6 oncoprotein
encoded by human papillomavirus types 16 and 18 promotes the degradation of p53. Cell, 63~ i
1129-1136, 1990 g

Sherman L., Schlegel R. Serum- and calcium-induced differentiation of human keratinocytes is
inhibited by the E6 oncoprotein of human papillomavirus type 16. J. Virol., 1996; 70: 3269-3279.

Schiffman MH, Bauer HM, Hoover RN, et al. Epidemiologic evidence showing that human
papillomavirus infection causes most cervical intraepithelial neoplasia. J Natl Cancer Inst 1993; 85:

958-64.

Shridhar V, Siegfried J, Hunt J, del Mar Alonso M, Smith DI: Genetic instability of microsatellite
sequences in many non-small cell lung cancinoma s. Cancer Res 1994; 54:2084-2087.

Sidransky D, Von Eschenbach A, Tsai YC, et al. [dentification of p53 mutation in bladder cancers
and urine samples. Science 1991;252: 706-9.

Southern SA, Herrington CS. Molecular events in uterine cervical cancer. Sex Transm Inf 1998:;

21




74:101-109

Spafford MF, Koch WM, Reed AL, et al. Detection of head and neck squamous cell carcinoma
among extoliated oral mucosal cells by microsatellite analysis. Clin Cancer Res 2001, 7: 607-12.

Steiner G, Schoenberg MP, Linn JF, Mao L, Sidransky D. Detection of bladder cancer recurrence
by microsatellite analysis of urine. Nat Med 1997;3: 621-4.

Storey A, Thomas M, Kalita A, et al. Role of a p53 polymorphism in the development of human
papillomavirus-associated cancer. Nature 1998; 393: 229-234.

Storey A, Thomas M, Kalita A, et al. Role of a p53 polymorphism in the development of human
papillomavirus-associated cancer. Nature 1998; 393: 229-234.

Sun CA, Lai HC, Chang CC, Neih S, Yu CP, Chu TY. The significance of human papillomavirus
viral load in prediction of histologic severity and size of squamous intraepithelial lesions of uterine
cevixGynecol Oncol 2001; 83:95-99.

Thibodeau Sn, Bren G, Schaid D: Microsatellite instability in cancer of the proximal colon. Science
1993; 260:816-819.

Toshikawa H, Kawana T, Kitagawa K, Mizuno M, Yosikura H, Iwamoto A: Detection and typing
of multiple genital human papillomavirus by DNA amplification with consensus primers. Jpn J
Cancer Res 1991;82:524-531.

Uchida T, Wada C, Wang C, Egawa S, Ohtani H, Koshiba K: Genomic instability of microsatellite
repeats and mutations of H-, K-, and N-ras, and p53 genes in renal cell carcinoma. Cancer Res 1994;
54: 3682-3685.

van Duin, M., Snijders, P. J. F., Vossen, M. T. M., Klaassen, E., Voorhorst, F., Verheijen, R. H. M.,
Helmerhorst, T. J., Meijer, C. J. L. M., Walboomers, J. M. M.: Analysis of human papillomavirus
type 16 E6 variants in relation to p53 codon 72 polymorphism genotypes in cervical carcinogenesis.

J Gen Virol 2000; 81: 317-325

Wang Y, Hung S, Linn JF, et al. Microsatellite-based cancer detection using capillary array
electrophoresis and energy-transfer fluorescent primers J Electrophoresis 1997;18: 1742-9.

White A. E., Livanos E. M., Tlsty T. D. Differential disruption of genomic integrity and cell cycle

22

e R A



regulation in normal human fibroblasts by the HPV oncoproteins. Genes Dev., 8: 666-677, 1994.
White A. E., Livanos E. M.. Tlsty T. D. Differential disruption of genomic integrity and cell cycle
regulation in normal human fibroblasts by the HPV oncoproteins. Genes Dev. 1994; 8: 666-677.

Wistuba II, Montellano FD, Milchgrub S, et al. Deletions of chromosome 3p are frequent and early
events in the pathogenesis of uterine cervical carcinoma. Cancer Res 1997:57: 3154-8.

Xu L, Chow J. Bonacum J, et al. Microsatellite instability at AAAG repeat sequences in respiratory
tract cancers. Int J Cancer 2000; 91: 200-4.

Yokota Y, Tsukada Y, Nakajima T, Gotoh M, Shimosato Y, Mori N, Tsunokawa Y, Sugimura T,
Terada M: Loss of heterozygosity on the short arm of chromosome 3 in carcinoma of the uterine

cervix. Cancer Res 1989; 49: 3598-3601.

Zbar B, Brauch H, Talmadge C, LInehan M: Loss of alles of loci on the short arm of chromosome 3
in renal cell carcinoma. Nature 1987; 327:721-724.

Zehbe [; Voglino G; Wilander E; Genta F; Tommasino M: Codon 72 polymorphism of p33 and its
association with cervical cancer. Lancet 1999; 354:218-219

Zur Hausen H. Viruses in human cancers. Science 1991; 254: 1167-73.

23




»* N ~ 4

HisBXP

X2 R2IRE e 5131727
ﬁ N\%\ %},‘; 5‘2& é % —) CONTINUED FROM PAGE
SUBJECT .
DATE Qo
202G/
HPY - ReLP i,
x PC?&WJMx NEB I3 E%%; dA%&Lf ok
5N LON o (; ENDON \OXN

) T@M\I\) N 3'1 ‘o(/ ~ OVQ/YV\\\U/M

2002/09/26
READ AND UNDERSTOOD BY

CONTINUED ON PAGE




' Bi6BKREREKE pce 0131735
% \%\:’/?ﬁ %i J%&/%\ ﬁ (=) CONTINUED FROM PAGE
[
SUBJECT
DATE

\
l(’Ql/‘ﬁ)/%o \o 3
7 2 :

P
2

~ P5> —ppp

1 89 2

% PR ?rb(&w& NER i el

K T

CMHZ(/

15l

r LUA L

\2

34

Lo

Temp ’f’)oc ~ overd Ak

L P Sl

2 45 ka% 1

3

§ READ AND UNDERSTOOD BY

SIGNATURE OF INVESTIGATOR




