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SUMMARY: To define the natural history of cervical intraepithelial neoplasia (CIN) as related to clonal status, we evaluated 20
cases of CIN1 and 18 cases of CIN2 that had been clinically followed for 7 to 48 months at Osaka University Hospital. These
included 10 cases that progressed, 15 cases that persisted, and 13 cases that regressed. We analyzed the clonal status of each
case by analysis of the pattern of X-chromosomal inactivation. Human papillomavirus (HPV) infection was detected by PCR-RFLP
analysis. CINs that are monoclonal or infected by high-risk HPVs are more likely to progress or persist than cases that are
polyclonal or negative for high-risk HPVs (p = 0.009 for monoclonal vs polyclonal, p = 0.024 for high-risk HPV positive vs negative
p = 0.024). Eighteen (90%) of 20 monoclonal, high-risk HPV-associated CINs progressed or persisted, whereas 9 (60%) of 15
polyclonal or high-risk HPV-negative CINs regressed. Therefore, the combination of clonality status and high-risk type HPV
infection was significantly correlated with clinical outcome (o = 0.003). The physical status of the HPV genome was evaluated
in 17 cases of HPV-16 positive CINs by real-time PCR. Of those, the HPV viral genome was present in both episomal and
integrated forms in 14 CINs (84%), and 12 of these cases (86%) were monoclonal in composition. By contrast, all three CINs in
which the HPV genome was present in episomal form were polyclonal. In one CIN1 that was polyclonal, HPV-16 was originally
present in episomal form but after 24 months, the patient developed a monoclonal CIN3 in which the HPV-16 genome was
present in mixed form. These results may imply that HPV viral integration into the host genomic DNA is associated with
progression from polyclonal to monoclonal status in CIN. These events may play a fundamental role in the progression from
low-grade to higher grade dysplasia of the cervical mucosa. (Lab Invest 2003, 83:1517-1527).

C ervical intraepithelial neoplasia (CIN) is regarded
as a precursor of squamous cell carcinoma of
the uterine cervix, and infection of high-risk human
papillomavirus (HPV) is thought to be an important
initiating factor of cervical carcinogenesis (Ilwasaka et
al, 1994; Noda et al, 1976). Previous studies demon-
strated that high-risk HPVs were present in 85% and
92% of CIN2 and CIN3, respectively (Bergeron et al,
1992), and that CINs infected with high-risk HPVs
such as type 16 have a significantly higher relative risk
of progression than CINs that are negative for high-
risk HPVs (Kataja et al, 1992). In cervical carcinomas,
the viral genome of high-risk HPVs is usually inte-
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grated into the host genome. In the process of inte-
gration of HPV, some part of the E2 open reading
frame (ORF) is deleted (Das et al, 1992; Kalantari et al,
1998; zur Hausen, 1991). The E2 gene encodes a
48-kDa phosphorylated protein involved in the regu-
lation of viral DNA transcription and replication. Dele-
tion of the E2 ORF up-regulates the oncogenic E6 and
E7 genes, resulting in tumor progression (Kalantari et
al, 1998). Integration of HPV into the host genome has
been demonstrated by 2-dimensional gel electro-
phoresis, and recently, by quantitatively comparing
the levels of E2 and E6 DNA by real-time PCR. An
earlier study using 2-dimensional gel electrophoresis
showed that integration of high-risk HPV was charac-
teristic of cervical carcinoma but not of CIN (Das et al,
1992). However, recent studies using real-time PCR
suggested that integration of high-risk HPV into the
host genome occurs in a fraction of cases of CIN
(Nagao et al, 2002; Peitsaro et al, 2002). The factors
that influence the HPV-mediated progression of dys-
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plastic lesions to invasive carcinoma have not been
determined.

A fundamental principle held by most students of
tumor biology is the belief that neoplastic tissues are
composed of clonal cell populations (Fialkow, 1976).
Although many methods have been used to investi-
gate the clonal composition of tissues, the most
consistently informative marker is the cellular pattern
of X chromosome inactivation (Enomoto et al, 1994).
During embryogenesis in the female, either the pater-
nally derived or the maternally derived X chromosome
in each cell is randomly inactivated by methylation of
cytosine residues. Once made, the choice is stable
through subsequent cycles of cell division (Mandel et
al, 1992; Riggs and Pfeifer, 1992). Thus, normal tis-
sues of females show a random pattern of X chromo-
some inactivation. By contrast, neoplastic tissues
from female subjects display a uniform pattern of X
chromosome inactivation, consistent with monoclonal
composition.

We previously demonstrated monoclonal composi-
tion of CIN3s by analyzing the methylation pattern of
the human X-linked androgen receptor gene (HU-
MARA) (Enomoto et al, 1997). Although clonal status is
an important biomarker of cervical neoplasia, it is still
unclear whether the clinical outcome of CINs is related
to either clonality status or high-risk HPV status.
Furthermore, the association between clonality status
and HPV DNA integration into the host genome has
not been determined. In the present study, we col-
lected cases of CIN1 and CIN2 that had been clinically
followed at the Osaka University Hospital. These in-
cluded 10 cases in which lesions progressed, 15
cases in which lesions remained persistent, and 13
cases in which lesions regressed. We analyzed the
clonal status, the presence of HPV infection, and the
physical status of HPV and associated these charac-
teristics with clinical outcome.

Results
Clonal Analysis

PCR ampilification was performed to generate frag-
ments surrounding the highly polymorphic CAG repeat
in exon 1 of the HUMARA gene, using DNA extracted
from microdissected tissues as templates. PCR am-
plification of undigested DNA resulted in the detection
of two major HUMARA amplification products of al-
most identical height in 35 of 38 CIN1/2s. The remain-
ing three cases appeared homozygous for the HU-
MARA target and, as a result, were excluded from
clonality analysis.

Pretreatment of genomic DNA with the methylation-
sensitive restriction endonuclease Hhal blocked PCR
amplification of the unmethylated (active) HUMARA
allele. Blocked amplification of one of the two HU-
MARA targets by Hhal pretreatment of the genomic
DNA was interpreted as evidence of a uniform pattern
of X chromosome inactivation, consistent with a
monoclonal cell population. By contrast, if Hhal pre-
treatment of the genomic DNA failed to block amplifi-
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cation of either band, the case was considered to be
polyclonal (Allen et al, 1992; Enomoto et al, 1997) (Fig.
1). Of 35 informative cases, 12 (62%) of 19 CIN1s and
12 (75%) of 16 CIN2s were monoclonal in composition
at the initial diagnosis (Table 1).

Detection of HPV

Testing for HPV DNA was performed by PCR-RFLP
analysis in all of the 38 cases. High-risk HPVs were
detected in 14 (70%) cases of CIN1 and 15 (83%)
cases of CIN2, respectively, in total. Of 14 CIN1s
positive for high-risk HPV, HPV-16 was detected in 8
cases (57%), HPV-52 in 2 cases (14%), HPV-58 in 2
cases (14%), HPV-18 in a single case (7%), and
HPV-31 in another case (7%). Of 15 CIN2s positive for
high-risk HPV, HPV-16 was detected in 9 cases (60%),
HPV-52 in 2 cases (13%), HPV-58 in a single case
(7%), and HPV-33 in another case (7%). HPV typing
was undetermined in two cases (13%) of CIN2. Low-
risk HPVs were detected in three cases (21%) of CIN1
and two cases (13%) of CIN2, and all of which were
HPV-11. Coinfection by multiple HPV types was de-
tected in a single case (7%) of CIN1 and in four cases
(87%) of CIN2, including detection of both HPV-11
and HPV-16 in two cases, HPV-16 and HPV-52 in two
cases, and HPV-11 and HPV-33 in one case.

The association of HPV infection with clonal status
of CIN1/2 was evaluated. Monoclonal composition
was observed in 10 (71%) of 14 cases of CIN1 and in
10 (83%) of 12 cases of CIN2 that tested positive for
high-risk HPVs and informative for clonality analysis.
By contrast, monoclonal composition was found in
only two (40%) of five cases with CIN1 and two (50%)
of four cases with CIN2 that were negative for high-
risk HPVs and informative for clonality analysis. Over-
all, 20 (77%) of 26 CIN1/2s that were positive for
high-risk HPV were monoclonal, and 5 (56%) of 9
CIN1/2s that were negative for high-risk HPVs were
polyclonal. Although high-risk HPV-positive CINs
tended to be monoclonal and high-risk HPV-negative
CINs tended to be polyclonal, the differences in
clonality status compared with HPV test results were
not statistically significant (p = 0.07).

HPV Physical Status

The physical status of HPV-16 in CINs was examined
by real-time PCR amplification of the E2 and E6 ORFs.
Primers were designed to amplify the E2 hinge region,
which is usually deleted upon viral integration into the
host genome in cervical carcinoma (Kalantari et al,
1998). The detection of both E2 and E6 at equivalent
levels was interpreted as an indication that HPV re-
mained in episomal form [Fig. 2, (2)]. The detection of
E6 but not E2 was interpreted as evidence of complete
HPV integration into the host genome. By contrast, the
detection of E6 at relatively high levels with low-level
amplification of E2 was interpreted as an indication
that the HPV viral genome was present in both inte-
grated and episomal forms [Fig. 2, (3)] (Nagao et al,
2002; Peitsaro et al, 2002).
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Clonality analysis of cervical intraepithelial neoplasia (CIN) by a PCR-based method (representative cases). Gene Scan imaging of amplification products. Genomic
DNA derived was digested with the methylation-sensitive restriction endonuclease Hhal, and PCR amplification was performed, targeting a highly polymorphic CAG
repeat in exon 1 of the HUMARA gene. (a), Not informative case. PCR of either undigested or digested genomic DNA resulted in amplification of a single major
HUMARA peak. This case was homozygous in the HUMARA gene locus and was not informative for clonality analysis. (b1) and (b2), Monoclonal A and monoclonal
B. Informative cases showing evidence of monoclonal composition. PCR of undigested DNA resulted in amplification of two major HUMARA peaks from each case.
Pretreatment of genomic DNA in each case with Hhal, followed by PCR blocked amplification of the larger (monoclonal A) or smaller (monoclonal B) one of the two
peaks, indicating a uniform pattern of X chromosome inactivation, consistent with the presence of a clonal cell population. (c), Informative cases showing evidence
of polyclonal composition. PCR of undigested or digested DNA resulted in amplification of two major peaks, consistent with a polyclonal cell population.

When pZE67 was used as PCR template, amplifica-
tion of E6 but not E2 was observed, which served as
a control for the integrated form of HPV. PCR ampli-
fication of E6 but not E2 was observed in three cases
of cervical carcinoma, consistent with HPV integration
into the host genome [Fig. 2, (1)]. The ratio of E2 to E6
amplification was 0 to <0.5 (range 0.02-0.33) in five of
eight CIN1s and in all nine CIN2s that were positive for
HPV-16, consistent with the presence of HPV-16 DNA
in both episomal and integrated forms. The ratio of E2
to E6 was >0.5 (range 0.68-0.92) in three CIN1s,
indicating that the viral genome was not integrated but
remained in episomal form in those cases. One case of
polyclonal CIN1 (Case 1) with the episomal form of
HPV-16 progressed to a monoclonal CIN3 with both
integrated and episomal forms of HPV-16 (Fig. 3).

Association of HPV Genomic Status with Clonality

The physical status of the HPV genome was com-
pared with the results of clonality analysis in CINs.
HPV-16 was present in both integrated and episomal
forms in all 12 monoclonal CIN1/2s. HPV-16 was

present in only the episomal form in three of five cases
of polyclonal CIN1/2s and as a mixed form in the
remaining two polyclonal cases. The association be-
tween clonal status and HPV physical status of CIN1/2
was significant (p = 0.015).

Assaociation of Clonality with Clinical Outcome of CIN

Monoclonal CIN1/2s were more likely to progress or
remain persistent than polyclonal CIN1/2s, and poly-
clonal lesions were more likely to regress than monoclo-
nal lesions. Of 19 CIN1s that were informative for clonal
analysis, 12 cases were monoclonal at the initial diagno-
sis. Of those, four cases progressed to CIN2/3 within 7
to 18 months, whereas lesions remained persistent for
8 to 36 months in six cases and lesions regressed
within 3 to 6 months in two cases. In most of these
cases, clonal status, HPV infection, and HPV physical
status were examined on all biopsy specimens that
were obtained at 3- to 6-month intervals. The results
of clonal status, HPV infection, and HPV physical
status were consistent throughout the observation
period in most of the cases, except in Cases 11, 13,
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Table 1. Clonality and HPV Infection of CIN

Case Months Histologic examination Clonality HPV type HPV-16 physical status
Progressed
1 0 CIN1 Poly 16 Episomal
24 CIN3 Mono A 16 Mixed
2 0 CIN1 Mono B 18 NI
15 CIN3 Mono B 18 NI
3 0 CIN1 Mono B 52 NI
8 CIN2 Mono B 52 NI
4 0 CIN1 Mono B 52 NI
7 CIN3 Mono B 52 NI
5 0 CIN1 Mono A 16 Mixed
18 CIN3 Mono A 16 Mixed
6 0 CIN2 Mono A 16 Mixed
30 CIN3 Mono A 16 Mixed
7 0 CIN2 Mono B 16 Mixed
14 CIN3 Mono B 16 Mixed
8 0 CIN2 Mono B 16 Mixed
20 CIN3 Mono B 16 Mixed
9 0 CIN2 Mono B + NI
9 CIN3 Mono B + NI
10 0 CIN2 Mono A 11, 16 Mixed
20 CIN3 Mono A 11,16 Mixed
Persistent
11 0 CIN1 Mono A 16 Mixed
39 CIN1 Poly 52 NI
12 0 CIN1 Poly 16 Episomal
32 CIN1 Poly 16 Episomal
13 0 CIN1 Mono B - NI
9 CIN1 Mono A — NI
22 CIN1 Poly — NI
14 0 CIN1 Mono A 31 NI
27 CIN1 Mono A 31 NI
15 0 CIN1 Poly - NI
9 CIN1 Poly - NI
16 0 CIN1 Not informative — NI
16 CIN1 Not informative — NI
17 0 CIN1 Mono B 58 NI
11 CIN1 Mono B 58 NI
18 0 CIN1 Mono B 58 NI
22 CIN1 Mono B 58 NI
25 CIN1 Mono A — NI
36 CIN1 Mono A — NI
19 0 CIN1 Poly 16 Mixed
20 CIN1 Poly 16 Mixed
29 CIN1 Mono A 16 Mixed
20 0 CIN1 Mono A 11,16 Mixed
8 CIN1 Mono A 11,16 Mixed
21 0 CIN2 Mono A 16 Mixed
15 CIN2 Mono A 16 Mixed
22 0 CIN2 Mono B 16, 52 Mixed
18 CIN2 Mono B 16, 52 Mixed
23 0 CIN2 Mono A - NI
47 CIN2 Mono A — NI
24 0 CIN2 Mono B 16, 52 Mixed
30 CIN2 Mono B 16, 52 Mixed
25 0 CIN2 Mono A 11, 33 NI
13 CIN2 Mono A 11, 33 NI

Continued on page 1521
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Table 1. Continued

Clonal Status and HPV Infection in CIN

Case Months Histologic examination Clonality HPV type HPV-16 physical status
regressed

26 0 CIN1 Poly 16 Episomal
30 No abnormal cytology

27 0 CIN1 Mono A 16 Mixed
35 No abnormal cytology

28 0 CIN1 Poly 11 NI
4 No abnormal cytology

29 0 CIN1 Mono B - NI
30 No abnormal cytology

30 0 CIN1 Poly 11 NI
29 No abnormal cytology

31 0 CIN2 Not informative - NI
42 No abnormal cytology

32 0 CIN2 Mono A - NI
41 No abnormal cytology

33 0 CIN2 Poly - NI
30 No abnormal cytology

34 0 CIN2 Poly - NI
30 No abnormal cytology

35 0 CIN2 Mono A 16 Mixed
17 No abnormal cytology

36 0 CIN2 Not informative + NI
16 No abnormal cytology

37 0 CIN2 Poly 58 NI
20 No abnormal cytology

38 0 CIN2 Poly 16 Mixed
15 No abnormal cytology

Months, months after initial diagnosis; Mono A, monoclonal with allele of lower-molecular-weight inactivation; Mono B, monoclonal with allele of
higher-molecular-weight inactivation; Poly, polyclonal; +, positive for high-risk HPV but type not determined; —, HPV not detected; Episomal, episomal form; Mixed,
mixed type of episomal form and integrated form; NI, not informative for HPV 16 physical status (HPV positive but not type 16).

18, and 19. Cases 11 and 19, which were monoclonal
CIN1s at the initial diagnosis, converted to polyclonal
CIN1s 39 months and 29 months later, respectively.
Cases 13 and 18, which were also monoclonal CIN1s
at the initial diagnosis, persisted histologically but
converted to the opposite pattern of X chromosome
inactivation after 9 months and 25 months, respec-
tively, suggesting that the original lesions did not
persistent but that additional lesions developed de
novo. Furthermore, Case 13 showed evidence of
regression of the second monoclonal CIN | but devel-
oped a polyclonal CIN | at 22 months after the initial
diagnosis. Of seven polyclonal CIN1s, one case pro-
gressed to a monoclonal CIN3 (24 months of obser-
vation), three cases persisted (9-32 months of obser-
vation), and three cases regressed (3-6 months of
observation). Of 16 informative CIN2s, 12 cases were
monoclonal at the initial diagnosis. Of those, progres-
sion to CIN3 was seen within 9 to 30 months in five
cases, five cases persisted during 13 to 47 months,
and two cases regressed. All four polyclonal CIN2s
regressed within 3 to 6 months after initial diagnosis.
In total, 20 (83%) of 24 monoclonal CIN1/2 progressed
or persisted, whereas 7 (64 %) of 11 polyclonal CIN1/2
regressed. Therefore, the association between clonal
status and clinical outcome for CIN 1/2 was significant
(p = 0.009) (Table 2).

Assaociation of High-Risk HPV Infection with Clinical
Outcome of CIN

Cases of CIN1/2 that contained high-risk HPVs were
more likely to progress or persist than cases that
were negative for high-risk HPVs, and CIN1/2s that were
negative for high-risk HPVs were more likely to regress
than cases that tested positive for high-risk HPVs.
Among 14 CIN1s that tested positive for high-risk
HPVs, 5 cases progressed to higher grade lesions
(7-24 months of observation), 7 cases persisted (839
months of observation), and 2 cases regressed (3-6
months of observation). Of six CIN1s that were negative
for high-risk HPVs, three cases persisted during a 9- to
22-month period of observation, but three cases re-
gressed within 3 to 6 months. Of 13 CIN2s that con-
tained high-risk HPVs, 5 cases progressed within 9 to 30
months and 4 cases persisted during 13 to 47 months,
whereas 4 cases regressed within 3 to 6 months. Of five
CIN2s that were negative for high-risk HPVs, four cases
regressed, but a single case persisted. In summary, 21
(78%) of 27 CIN1/2s that were positive for high-risk
HPVs progressed or persisted, but 4 (36%) of 11
CIN1/2s that were negative for high-risk HPVs pro-
gressed or persisted. The association of high-risk HPV
infection with clinical outcome of CIN was signifi-
cant (o = 0.024) (Table 2).
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Figure 2.

Examples of real-time PCR analysis of three types of human papillomavirus (HPV) physical status. Run profiles of ARn (normalized fluorescence emission subtracted
baseline fluorescence) versus PCR cycles in three types are shown. (1) Episomal type: equivalent copy numbers of both E2 and E6 were detected. (2) Integrated type:
E6 amplification without E2 amplification was detected. (3) Mixed type: copy numbers of E2 were smaller than E6 but still present.

Assaociation of Clonal Status and High-Risk HPV Infection
with Clinical Outcome of CIN

Monoclonal CIN1/2s that were positive for high-risk
HPV were more likely to progress or persist than
CIN1/2s that were either polyclonal or negative for
high-risk HPVs. Of 10 monoclonal CIN1s that tested
positive for high-risk HPVs, 4 cases progressed (7-18
month of observation), 5 cases persisted (8—39 month
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of observation), and a single case regressed within 3
months. Of nine polyclonal or high-risk HPV negative
CIN1s, a single case progressed (24 month of obser-
vation) and four cases persisted (9-29 month of
observation), and four cases regressed within 3 to 6
months. Of 10 monoclonal CIN2s that were positive
for high-risk HPVs, 5 cases progressed (9-30 month
of observation), 4 cases persisted (13-30 month of
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Figure 3.

Change in clonality and HPV-16 physical status in a case of progression of CIN (Case 1). Initial CIN1 lesion was polyclonal in composition and contained HPV-16
in episomal form. Twenty-four months later, this lesion progressed to CIN3, which was monoclonal and contained HPV-16 in the mixed type of integrated and
episomal forms.
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Table 2. Association of Clonal Status and High-Risk HPV Infection with Clinical Outcome

Progressed or persistent Regressed p value
Clonal status
Monoclonal 20/24 (83%) 4124 (17%) 0.009
Polyclonal 4/11 (36%) 7111 (64%)
High-risk HPV infection
High-risk HPV positive 21/27 (78%) 6/27 (22%) 0.024
High-risk HPV negative 4/11 (36%) 711 (64%)
Clonal status and HPV infection
Monoclonal and high-risk HPV positive 18/20 (90%) 2/20 (10%) 0.003
Other informative cases 6/15 (40%) 9/15 (60%)

observation), and a single case regressed within 3
months. Of six polyclonal or high-risk HPV negative
CIN2s, a single case persisted (47 month of observa-
tion) and five cases regressed within 3 to 6 months. In
total, 18 (90%) of 20 monoclonal CIN1/2s that were
positive for high-risk HPVs progressed or persisted
but 9 (60%) of 15 CIN1/2s that were either polyclonal
or high-risk HPV negative regressed. The combination
of clonality and high-risk HPV infection was thus
significantly associated with the clinical outcome of
CIN (p = 0.0083) (Table 2).

Discussion

CIN is regarded as a precursor of cervical carcinoma
(Noda et al, 1976). Without treatment, a significant
proportion of cases of CIN1 and CIN2 will progress to
higher grade CIN (lwasaka et al, 1994; Kataja et al,
1992; Murthy et al, 1990, 1996; Nasiell et al, 1983,
1986). At Osaka University Hospital, 88 cases of
CIN1/2s were followed up for 6 to 48 months from
1997 to 2001. Six (10%) of 59 CIN1s and 7 (24%) of 29
progressed to higher grade lesions during the obser-
vation period, consistent with previous reports. It has
also been reported that CINs that are associated with
high-risk HPVs are more likely to progress (Kataja et
al, 1992). On the other hand, the correlation between
clinical outcome and clonality status of CINs remains
relatively unexplored. Previous studies in our labora-
tory demonstrated monoclonal composition in all 30
(100%) of CINS3s, but a single case of CIN2 was
polyclonal (Enomoto et al, 1997). Similarly, Park et al
(1996) showed that 54 (68%) of 79 low-grade dysplas-
tic lesions were monoclonal, but that high-grade dys-
plasia was uniformly monoclonal. In the present study
we showed that 62% of CIN1s and 75% of CIN2s
were monoclonal. However, the proportion of mono-
clonal test results may not be representative of the
general population in Japan because there was case
selection bias in the present study. Our cases included
25 CIN1/2s that persisted or progressed at the same
area of the cervical mucosa throughout the observa-
tion period and 13 CIN1/2s that regressed from 1997
to 2001. Thus our study could be biased by underrep-
resentation of cases that would normally regress.
Even in those cases of CIN1/2 that regressed, how-
ever, monoclonal composition of the lesion was dem-
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onstrated in 4 (36%) of 11 cases and monoclonal
composition was demonstrated in approximately 80%
of CIN 1/2s that progressed or persisted. These find-
ings suggest that approximately 40% to 80% of
CIN1/2 in the general Japanese population could be
monoclonal in composition.

The current study demonstrated that the clonality
status was significantly associated with the clinical
outcome of the CIN, including progression, persis-
tence, or regression. Although a fundamental charac-
teristic of neoplasia is the monoclonal composition of
the tissue, 17% of monoclonal CIN1/2s regressed
within 6 months after initial diagnostic punch biopsy.
Thus, monoclonal composition was not a uniformly
predictive marker of progression. However, it is likely
that the natural history of some lesions was altered by
either complete excision by punch biopsy or that the
associated inflammatory or reparative processes that
followed tissue biopsy could have promoted the re-
gression of lesional epithelium. Consistent with these
hypotheses, a previous study found that CIN diag-
nosed by cytology with biopsy regressed significantly
more frequently than CIN diagnosed by cytology with-
out biopsy (Nasiell et al, 1983). As a further alternative
explanation, some monoclonal lesions may be re-
moved by the immune system of the host.

The current investigation also demonstrated that
high-risk HPV infection was significantly associated
with the clinical outcome of CIN. This result is concor-
dant with a previous study that found that 34% of
CINs that were positive for high-risk HPVs progressed
and that 44% regressed. By contrast, only 11% of
CINs that were negative for high-risk HPVs but were
positive for low-risk HPVs progressed and 62% of
those regressed (Kataja et al, 1992).

To date, there are no previous reports that have
described the correlation of clinical outcome of CIN
with both clonality status and with the detection of
high-risk HPVs. The current study demonstrated for
the first time that both clonal status and the presence
of high-risk HPVs are significantly associated with the
clinical outcome. Furthermore, both clonal status and
high-risk HPV infection were much better predictors
for clinical outcome.

Earlier studies using 2-dimensional gel electro-
phoresis showed that high-risk HPV integration was
present in most cases of cervical carcinoma but was



rarely present in CIN (Das et al, 1992). In recent
studies using real-time PCR (Nagao et al, 2002; Peit-
saro et al, 2002), the integration of the genome of
high-risk HPVs was detected not only in cervical
carcinomas but also in CINs. Peitsaro et al (2002)
showed that 14 of 15 HPV-16—positive CIN1/2s con-
tained HPV-16 DNA in either integrated or mixed form.
Our results regarding the status of HPV-16 DNA in
CIN1 and CIN2 is concordant with the previous re-
ports. The current study provides additional important
information regarding the association between HPV
genomic integration and clonality status. Our obser-
vation that one case of polyclonal CIN1 (Case 1) with
episomal HPV-16 progressed to a monoclonal CIN3
with both episomal and integrated HPV-16 implies
that the integration of high-risk HPV may trigger the
emergence of a monoclonal cell population, as an
important step in cervical carcinogenesis. Further
studies will be necessary, however, to determine
whether HPV genomic integration is the initiating
event for clonal expansion or whether viral integration
represents an epiphenomenon associated with other
processes that are etiologic for cervical neoplasia.
Productive infections of the cervical mucosa support
the proliferation of the HPV genome in episomal form
and represent polyclonal proliferative processes. The
integration of high-risk HPV DNA into the host genome
can result in overexpression of the E6 and E7 oncop-
roteins, by disruption of the normal regulatory effects
of the E2 ORF (Das et al, 1992; Kalantari et al, 1998;
zur Hausen, 1991). The overexpression of E6 and E7
disrupts normal p53 and pRb/E2F cell cycle regulatory
mechanisms, which could lead to the emergence of
clonal cell populations.

Although the clinical outcome of CINs cannot be
predicted on the basis of histologic assessment, the
analysis of clonality and the detection of high-risk HPV
genomic integration, either alone or in combination,
might help identify cases with more aggressive bio-
logic potential. Further larger scale prospective stud-
ies are indicated to confirm the current findings and to
determine whether analysis of clonality or HPV phys-
ical status could play a prognostic role to help guide
the clinical management of patients with potentially
premalignant lesions of the cervical mucosa.

Materials and Methods

Materials

From 1997 to 2001, a total of 107 new cases of CIN1/2
were registered at the Osaka University Hospital,
Osaka, Japan. Eighty-eight cases had clinical
follow-up of more than 6 months. Initial diagnoses
were made by cervical smear and punch biopsy under
colposcopic examination. During the follow-up period,
cervical smears were taken and lesions were carefully
monitored by colposcopy every 1 to 3 months for
CIN2 and every 3 to 6 months for CIN1. Colposcopic
examinations with punch biopsies were performed for
histologic confirmation of visible lesions. Of 59 CIN1s,
6 cases (10%) progressed to CIN2/3 (median time to
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progression: 16.5 months, range 7-24 months), 13
cases (22%) persisted (median time of follow-up: 19.0
months, range 8-36 months), whereas lesions re-
gressed in 40 cases (68%). Of 29 CIN2s, 7 cases
(24%) progressed to CIN3 (median time to progres-
sion: 14.0 months, range 9-30 months), and another 7
cases (24%) persisted (median time of follow-up: 18.0
months, range 13-47 months), whereas lesions re-
gressed within 6 months in 15 cases (52%), as con-
firmed by normal cytology results every 3 to 6 months
after regression. Therapeutic cone biopsies were per-
formed when lesions progressed to CIN3. Of 19 CIN1s
and 14 CIN2s that progressed or persisted, lesions
remained localized to the same area of the uterine
cervix throughout the observation period in 15 CIN1s
(79%) and 10 CIN2s (71%). These 25 cases were
selected for the clonality analysis and the analysis of
HPV genomic status. In addition, 5 of 40 CIN1s and 8
of 15 CIN2s that regressed were randomly selected
and included in the study. In total, 20 CIN1s and 18
CIN2s were analyzed (median duration of follow-up:
28.0 months, range 7-48 months). Of the 20 CIN1s, 4
cases progressed to CIN3 within 7 to 24 months; a
single case progressed to CIN2 within 8 months.
Lesions persisted in 10 CIN1s for 8 to 39 months and
regressed within 3 to 6 months in 5 CIN1s. Of 18
CIN2s, 5 cases progressed to CIN3 within 9 to 30
months. Lesions persisted in 5 CIN2s for 13 to 47
months and regressed within 3 to 6 months in 8
CIN2s. In each case, paraffin-embedded blocks ob-
tained at the initial diagnosis and every follow-up
period were subjected for analysis.

Laser Capture Microdissection and DNA Extraction

Formalin-fixed, paraffin-embedded sections were cut
at 4 um at five serial levels, placed on glass slides, and
stained with hematoxylin-eosin. After hematoxylin-
eosin staining, the sections were dehydrated in
graded alcohols, deparaffinized in xylene, and air
dried. Five sections of each sample were microdis-
sected using the LM200 LCM system (Arcturus Engi-
neering, Santa Clara, California). DNA was extracted
from the microdissected samples by protease K di-
gestion, followed by phenol/chloroform extraction as
previously described (Wada et al, 2000). Correspond-
ing normal epithelial cells were extracted and used as
controls for clonality analysis.

Analysis of X Chromosome Inactivation by PCR
Amplification

The human androgen receptor (HUMARA), which is
mapped to Xcen-q13, contains an in-frame CAG trim-
eric repeat encoding 11 to 31 glycine residues in exon
1 that is polymorphic in 90% of cases. The methyl-
ation status of Hhal sites, which are located approxi-
mately 100 bp upstream of the trinucleotide repeat
element, correlates with X chromosome inactivation
(Allen et al, 1992). The patterns of X chromosome
inactivation of the lesions were analyzed by
methylation-sensitive restriction endonuclease Hhal
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treatment of the extracted DNA, followed by PCR
amplification of the human androgen receptor target
as previously reported (Sun et al, 2002). Briefly, DNA
extracted from paraffin-embedded archival sections
was digested with 2 U of Hhal in 10 ul of digestion
buffer at 37° C for 12 hours. After terminating diges-
tion by incubation at 95° C for 10 minutes, the DNAs
were re-extracted with phenol/chloroform, precipi-
tated with ethanol, and used as a PCR template.
Undigested DNA was retained as a control.

Nested PCR was performed to increase the sensi-
tivity of amplification using previously published prim-
ers (Sun et al, 2002). Conditions for PCR amplification
were as previously described (Sun et al, 2002). One
microliter of the amplified product was subjected to a
second round of PCR amplification under the condi-
tions described above. The PCR products were pro-
cessed on the ABI PRISM 310 Genetic Analyzer
(Perkin-Elmer Corporation, Foster City, California),
and the results were analyzed using ABI PRISM Ge-
neScan Analysis Software (Version 2.1). PCR amplifi-
cation was also performed on histologically normal
endometrial epithelial cells or stromal tissue from each
case. All samples were run in duplicate to avoid
misinterpretation or laboratory error and to demon-
strate reproducibility.

Detection of HPV by PCR-RFLP

The presence of HPV was examined by PCR to
generate amplified DNA fragments within the ORFs of
E6 and E7 using consensus sequence primers as
follow: pU-1M, 5'-TGTCAAAAACCGTTGTGTCC-3'
pU-31B, 5'-TGCTAATTCGGTGCTACCTG-3'; and pU-
2R, 5'-GAGCTGTCGCTTAATTGCTC-3', as described
by Fujinaga et al (1991). Low-risk HPVs (types 6 and
11) were detected by amplification with primers pU-2R
and pU31B. High-risk HPVs (types 16, 18, 31, 33, 35,
52b, and 58) were amplified using primers pU-2R and
pU-1M. Five microliters of the PCR products were
digested with 4 U of restriction enzymes Rsal, Avall,
and Sau3Al independently for 3 hours, according to
procedures described by the manufacturer (TaKaRa,
Tokyo, Japan). The digestion products were fraction-
ated on 4% nondenaturing agarose gels, stained with
ethidium bromide, and photographed.

Analysis of HPV-16 Physical Status by Real-Time PCR

The physical status of HPV-16 in CIN was examined
by real-time PCR amplification of the E2 and E6 ORFs.
Primers for E2 ORF were designed to amplify the E2
hinge region, which is usually deleted upon viral inte-
gration into the host genome in cervical carcinoma
(Kalantari et al, 1998). The primers were as follows:
sense primer, 5'-ACGACTATCCAGCGACCAAGAT-3'
(nucleotide position 3503-3524), and antisense
primer, 5'-CCAATGCCATGTAGACGACACT-3' (nu-
cleotide position 3717-3738) for E2 ORF; and sense
primer, 5'-GAACTGCAATGTTTCAGGACCC-3' (nucle-
otide position 26-47) and antisense primer, 5'-
ATATACCTCACGTCGCAGTAACTGTT-3' (nucleotide
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position 210-232) for E6 ORF (Park et al, 1997).
TagMan probes were 5'-FAM-CCTGCCACACCACT-
AAGTTGTTGCACA-TAMRA-3' for E2 ORF and 5'-FAM-
CAGGAGCGACCCAGAAAGTTACCACAGTTTAMRA-3'
for E6 ORF. Fifty microliters of the PCR reaction buffer
consisted of 5 ul of template DNA, 5 um of each sense
and antisense primer, 2 um of TagMan probe, and 25 pul
of the TagMan Universal PCR Master Mix (Applied
Biosystems, Foster City, California). The amplification
conditions were 2 minutes at 50° C, 10 minutes at 95° C,
followed by a two-step cycle of 95° C for 15 seconds
and 60° C for 60 seconds for a total of 50 cycles. The
cutoff value for the ratio of E2 to E6 copy numbers was
set at 0.5 on the basis of the reliability of the real-time
PCR. E2 and E6 ORFs of HPV-16 were quantified with
the ABI PRISM 7700 Sequence Detection System (Ap-
plied Biosystems). Cloned HPV-16 DNA that contained
the whole genome of HPV-16 and PZE67 that contained
E6-E7 ORF of HPV-16 (Yutsudo et al, 1988), both kindly
provided by Dr. M. Yutsudo, were used as controls for
the episomal and integrated forms, respectively.

Statistical Analysis

Statistical assessment of the data was performed
using the two-tailed Fisher exact test.
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