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Abstract

Objectives: Photodynamic therapy (PDT) is a minimalily
invasive treatment for cervical intraepithelial neoplasia
(CIN). We report the effectiveness of PDT in 105 cases of
CIN. Methods: All patients received photofrin (PHE)
2 mg/kg intravenously and, 48-60 h later, phototherapy
was performed using the Excimer dye laser or a YAG-
OPO laser with an irradiation dose of 100 J/cm? using
630 nm wavelength. Results: Mild photosensitivity oc-
curred in 48% (50/105) of patients. The complete re-
sponse (CR) rate was 90% (94/105) at 3 months following
treatment. In the remaining 11 patients, 5 patients had
CIN1, 2 patients had CIN2, and 4 patients had mild cyto-
logic findings. However, in 9 of these 11 patients, CR was
achieved 6 months after PDT. In 69 patients, human pap-
illoma virus (HPV) typing was performed before and after
PDT therapy. Pre-treatment, 64 of 69 patients (93%), were
HPV-positive including 30 cases of high-risk HPV (43%).
Testing performed 3, 6 and 12 months following PDT re-
vealed no HPV-DNA in 75% (52/69), 74% {48/65) and 72%
(41/57) of patients. At present, the median follow-up pe-
riod is 636 days {90-2,232 days). In 3 patients, recurrence

requiring surgical treatment was identified at 646, 717
and 895 days after PDT. Conclusions: PDT is an effective
and minimatily invasive treatment for CIN, which also ap-
pears to eradicate HPV infection.

- Copyright © 2005 S. Karger AG, Basel

Introduction

Cancer of the uterine cervix is one of the most com-
mon malignant neoplasms among women, and remains
the leading female malignancy in developing countries
[1]. In 1999, about 6,500 women were diagnosed with
cervical cancer in Japan [2]. In the USA, approximately
13,000 women developed cervical cancer in the year 2000
[3]. Cervical intraepithelial neoplasm (CIN) is often the
precursor to cervical cancer. In 70% of CIN, evidence of
the human papilloma virus (HPV) is detected [4]. In cer-
vical carcinogenesis, HPV is thought to inactivate the cell
cycle regulators by inhibiting p53 and pRb proteins by E6
and E7 proteins [5-7]. HPV is divided into two types:
high-risk types and low-risk types. Only the high-risk
HPV can efficiently inactivate p53 and pRb.

The current treatment of CIN is primarily based on
the surgical excision using laser, loop electrosurgical pro-
cedure or cold knife conization technigue. Unfortunate-
ly, these treatments often lead to obstetric problems such
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as cervical incompetence in young women who go on to
become pregnant [8). There is a novel alternative for the
treatment of neoplasia called photodynamic therapy
(PDT). PDT involves the systemic administration of a
tumor-localizing photosensitizer, followed by the laser ir-
radiation of the affected area [9-11]. Since PDT is mini-
mally invasive with no surgical excision, it should be a
cervix-sparing treatment, which may be particularly at-
tractive to women desiring to preserve fertility. This pa-
per presents a large series of patients with CIN treated
with PDT.

In this study we expand on our preliminary report of
the therapeutic effect of PDT in 31 CIN cases which sug-
gested that PDT is effective for treating cervical dyspla-
sia, and for the eradication of cervical HPV [12]. We now
describe the effectiveness PDT in 105 cases, of CIN with
a median follow-up period of 636 days.

Material and Methods

Patients

Between December 1996 and April 2004, 105 nonpregnant
women with a histological diagnosis of CIN (CIN1: 4; CIN2: 6;
CIN3: 95) were enrolled in this study. All patients hoped to retain
their fertility and chose PDT for its potential as a cervix-preserving
therapy. The nature and purpose of the study were fully explained
to each patient, and all patients gave writtcn informed consent. The
study was approved by the institutional review board of Hyogo
Medical Center for Adults and Osaka City General Hospital.

PDT

All patients received intravenous PHE, 2 mg/kg to photosensi-
tize the lesions (Photofrin, Japan Wyeth Lederly , Tokyo, Japan).
Phototherapy was performed using an Excimer dye laser (EDL) or
a YAG-OPO laser (Ishikawajima-Harima, Heavy Industry, Tokyo,
Japan) with an irradiation dose of 100 J/cm? using a 630-nm wave-
length. The laser instruments were mounted on a colposcope with
an optical path for the laser. For the endocervix, a specially de-
signed intracervical probe was used. After treatment, all patients
were hospitalized in a dark room with protection from light for 3
weeks. For the first week post-treatment, light was limited to 5-
20 Lx, for the second week light was limited to 30-50 Lx, and for
the third week light was limited to 50~100 Lx. The light was mea-
sured using a luxmeter. The patients were examined every 3 months
after PDT treatment. The clinical effect was judged using cytology
and directed biopsy. The primary responses were determined 3
months later after PDT. When these examinations showed no ab-
normal findings, the case was considered a complete remission
(CR). Minor response (MR) indicates mild histological change in-
dicating low or high grade squamous intraepithelial lesion (LSIL,
HSIL) less severe than the primary disease, and partial response
(PR) indicates mild cytologic findings indicating LSIL or HSIL
without histologic change. Toxicity was determined using NCI-
CTC ver2.

Photodynamic Therapy for CIN

Detection of HPV

The cervical smears were collected with a cotton-tipped swab
and preserved in the phosphate buffer at —-80°C until analyzed.
DNA was analyzed following the PCR-based methods previously
described by Yoshikawa et al. [13] and Nagano et al.[14]. Briefly,
samples were analyzed by L1 consensus primers for amplification
and detection of HPV-DNA, and digested with Rsal, Ddel, Haelll,
Hinfl, Xbal, Accl, Pstl and Kpnl for HPV typing by restriction frag-
ment length polymorphism (RFLP). HPV-DNA types 16, 18, 31,
33,51,52, 56,58, 61, 70 and 82 were determined with the sensitiv-
ity of 0.01-0.1 copy/cell.

Results

Clinical Response

A total of 105 women enrolled in this study. The clin-
ical characteristics of the patients are shown in table 1.
Median age is 30 years (range: 19-49). Forty-eight pa-
tients were single, 50 patients were married and 7 patients
were divorced. Seventy-four patients were nulliparous,
and 31 patients were multigravida. Four patients had
CIN1, 6 patients had CIN2 and 95 paticnts had CIN3.
Toxicity was predominantly mild cutaneous photosensi-
tivity (grade 1-2 in 49 patients, and grade 3-4 in 1 pa-
tient). Grades 1 and 2 cutaneous photosensitivity were
cured within 2 weeks without any treatment. One patient
suffered from grade 3 photosensitivity, because she
worked in the sunshine during the summer season just
after being discharged. She was cured with topical steroid
treatment. Minimal vaginal discomfort and discharge
was also described by some patients. Cervical stenosis oc-
curred in 11 patients. PDT was performed safely for all
the patients.

The CR rate was 90% (94/105) 3 months following
PDT. In the remaining 11 patients, 5 patients had CIN|,
2 patients had CIN2, and 4 patients had mild cytological
findings. However, in 9 of these 11 patients, CR was
achieved 6 months following PDT. In contrast, 5 patients
had newly detected disease after 6 months including 3
CIN1 lesions and 2 cases of mild cytological findings. For
76 patients, the 1-year follow-up results were as follows:
2 patients had CINI, 2 patients had mild cytological find-
ings and 72 patients achieved CR (95%: 72/76). In 15 CR
cases, cervical cytology and biopsy were performed every
3 days after PDT for 2 weeks, and within 3 days of laser
treatment, necrosis of the CIN region occurred and atyp-
ical cells disappeared in all cases.

At present, the median follow-up period is 636 days
(range: 90-2,232 days). In 3 patients, recurrence occurred
at 646, 717 and 895 days after treatment. Two of these
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Table 1. Clinical course in all cases

HPV 12M HPV 24M  Effect

Patient Age MA PRG DEL HIS PS HPVPRE HPV3IM HPV&M Final Duration
3M prognosis

1 27 1 0 0 CIN3 Gl NEG NEG NEG CR NED 1,253

2 35 1 4 1 CIN3 Gl 16+07T NEG 52 52+0T NEG CR NED 1,361

3 29 1 0 0 CIN3 Gl 16 NEG orT oT oT CR NED 1,409

4 33 1 4 0 CIN3 Gl 16 NEG NEG NEG NEG CR NED 1,244

5 37 1 2 1 CIN3 GO 16 NEG NEG NEG NEG CR NED 1,395

6 28 1 4 1 CIN3 Gl 16 NEG NEG NEG CR NED 567

7 29 1 1 1 CIN3 Gl 16 NEG NEG NEG NEG CR NED 1,255

8 26 1 1 1 CIN3 Gl 16 OoT 61 51 NEG CR NED 1,293

9 20 0 1 0 CIN3 GO 51 NEG NEG NEG NEG CR NED 721
10 32 0 0 0 CIN2 Gl 16 NEG NEG NEG NEG CR NED 1,099
11 28 0 4 2 CIN3 Gl 18 NEG NEG NEG NEG CR NED 1,104
12 29 1 1 0 CIN3 Gl 16 NEG NEG NEG NEG CR NED 1,103
13 30 1 0 0 CIN3 GO 61 NEG NEG NEG NEG CR NED 1,140
14 32 1 0 0 CIN3 Gl CR NED 1,140
15 25 0 4 0 CIN3 GO 53+0T NEG NEG NEG NEG CR NED 1,116
16 33 1 6 2 CIN3 GO 52 NEG NEG NEG CR NED 1,011
17 38 2 1 0 CIN3 Gi 58 NEG NEG NEG NEG CR NED 1,060
18 30 1 2 i CIN3 Gl 58 NEG NEG NEG oT CR NED 810
19 36 0 0 0 CIN3 GO 35 NEG 16 ot NEG CR NED 1,024
20 30 1 1 1 CIN3 GO 52 NEG NEG NEG NEG CR NED 917
21 30 1 1 1 CIN3 Gl 16 NEG NEG NEG CR RE 717
22 25 0 0 0 CIN3 Gl 16 NEG Of NEG CR NED 372
23 33 0 0 0 CIN3 GO 52+0T oT NEG 52 CR NED 919
24 19 0 1 0 CIN3 GO 70+07T 70 NEG NEG oT MR NED 970
25 33 1 0 0 CIN3 GO 31 31 oT NEG oT PR RE 895
26 40 1 0 0 CIN3 Gl 16+58 OoT OoT oT oT CR NED 913
27 35 2 3 1 CIN3 Gl 16 51 51 NEG NEG CR NED 902
28 37 1 4 0 CIN3 Gl NEG NEG NEG NEG NEG CR NED 902
29 35 2 3 1 CIN3 GO 52+0T NEG NEG NEG 58 MR NED 810
30 42 0 1 0 CIN3 GO 82 16 NEG 16 16 CR NED 893
31 29 1 2 1 CIN2 Gl 52 NEG NEG NEG CR NED 803
32 28 0 0 0 CIN3 Gl oT NEG NEG NEG NEG CR NED 886
33 28 1 0 0 CIN3 GO 58 NEG NEG NEG CR NED 733
34 39 1 1 0 CIN3 GO 16 OT NEG NEG oT CR NED 756
35 29 1 1 1 CIN3 GO  OT NEG NEG NEG OoT MR NED 620
36 30 1 1 1 CIN3 GO 82 NEG NEG NEG CR NED 127
37 31 1 0 0 CIN3 GO 51 NEG NEG NEG MR NED 557
38 33 1 3 2 CIN3 GO 51 NEG NEG 51 CR NED 594
39 26 1 1 0 CIN3 GO NEG NEG oT NEG CR NED 371
40 23 0 0 0 CIN3 GO 51 NEG NEG 16+53 CR NED 636
41 36 1 0 0 CIN3 Gl 16+35 NEG NEG NEG CR NED 698
42 26 0 3 0 CIN3 GO 58 NEG NEG NEG CR NED 558
43 23 0 0 0 CIN2 GO0 OT 52 524+0T 54 CR NED 547
44 33 0 0 0 CIN3 GO 51 NEG NEG NEG CR NED 568
45 25 0 0 0 CIN3 GO 16 52 52 52 CR NED 529
46 28 0 0 0 CIN3 GO 58 NEG NEG NEG CR NED 529
47 30 2 2 1 CIN3 Gl OoT 34 NEG 16 CR NED 529
48 29 0 4 0 CIN3 Gl 31 NEG or NEG CR NED 374
49 27 0 0 0 CIN3 GO 16 NEG NEG oT CR NED 286
50 34 0 0 0 CIN2 Gl 16 NEG 68 CR NED 395
51 37 1 1 0 CIN3 Gl 16 NEG NEG NEG CR NED 381
52 31 0 3 0 CIN3 GO 18 18 18 18 CR NED 381
53 37 1 1 1 CIN3 Gl 16 NEG NEG NEG CR NED 371
54 32 1 2 0 CIN3 GO 16 NEG NEG NEG CR NED 37
55 30 0 0 0 CIN3 GO 52 oT 51 68+0T CR NED 359

112 Oncology 2005;69:110-116 Yamaguchi et al.



Table 1 (continued)

Patient Age MA PRG DEL HIS PS HPVPRE HPV3IM HPV6M HPVI2M HPV24M Effect  Final Duration
M prognosis
56 24 1 4 1 CIN3 Gl NEG NEG NEG CR NED 366
57 35 0 0 0 CIN3 Gl 16+70 16+70 NEG NEG CR NED 356
58 33 1 1 i CIN3 GO 16 NEG NEG CR NED 480
59 31 1 4 2 CIN3 Gl 16 NEG NEG NEG CR NED 276
60 21 1 3 2 CIN3 Gl 59 59 NEG CR NED 194
61 35 2 5 4 CIN3 Gl oT NEG NEG oT CR NED 283
62 22 0 0 0 CIN1 GO 52 oT 52+0T CR NED 276
63 27 0 0 0 CIN3 GO 59+0T OoT 33+0T OT MR NED 324
64 29 1 0 0 CIN1 GO 58 NEG NEG CR NED 352
65 26 0 0 0 CIN3 GO NEG NEG NEG CR NED 269
66 21 0 1 0 CIN3 Gl 16 NEG OoT CR NED 273
67 33 1 0 0 CIN3 GO 16 NEG NEG CR NED 269
68 24 0 0 0 CIN3 Gl CR MC 269
69 29 0 3 1 CIN3 Gl MR NED 269
70 21 0 0 0 CIN3 GO CR NED 269
71 31 1 2 1 CIN3 G1 CR NED 266
72 41 2 0 0 CIN3 GO CR NED 276
73 24 0 3 0 CIN3 Gl CR NED 273
74 34 0 4 0 CIN3 Gl MR MC 153
75 40 0 0 0 CIN3 Gl CR NED 184
76 27 0 1 0 CIN3 GO CR NED 90
77 38 0 4 0 CIN3 Gl CR NED 118
78 32 0 0 0 CIN1 Gl CR NED 94
79 33 1 1 1 CIN3 GO 16 NEG NEG PR RE 646
80 25 0 0 0 CIN3 Gl CR NED 648
81 36 0 0 0 CIN3 Gl CR NED 101
82 35 2 1 1 CIN3 G3 CR NED 643
83 21 0 0 0 CIN3 GO CR NED 616
84 32 1 0 0 CIN3 GO CR NED 901
85 22 0 0 0 CIN3 GO CR NED 749
86 34 0 1 0 CIN3 GO CR NED 845
87 24 1 0 0 CIN3 Gl CR NED 1,015
88 29 0 0 0 CIN3 GO CR NED 1,114
89 20 0 0 0 CIN3 GO CR NED 1,298
90 20 0 0 0 CIN3 Gl CR NED 1,112
91 27 1 1 0 CIN3 Gl CR NED 1,850
92 49 0 0 0 CIN3 GO CR NED 2,116
93 25 1 1 1 CIN3 Gl CR NED 1,410
94 26 1 0 0 CIN3 GO CR NED 2,232
95 29 0 0 0 CIN3 GO 58 NEG NEG NEG PR NED 2,065
96 28 1 4 1 CINZ2 GO 16 NEG NEG NEG CR NED 2,035
97 25 1 0 0 CIN3 GO CR NED 1,653
98 34 0 1 0 CIN2 GO CR NED 820
99 40 1 2 2 CIN3 Gl PR NED 481
100 35 1 2 1 CIN3 GO CR NED 365
101 35 1 0 0 CIN3 Gl CR NED 360
102 39 0 0 0 CIN3 GO CR NED 354
103 33 1 0 0 CIN3 GO CR NED 180
104 30 0 0 0 CIN1 Gl CR NED 95
105 32 1 0 0 CIN3 GO CR NED 93

MA = Marriage (0: single, 1: married, 2: divorced); PRG: pregnancy times; DEL = delivery times; HIS = histology; PS = photosensi-
tivity; HPV PRE: HPV type before treatmenrt; HPV 3M = HPV type 3 months after PDT; NEG = negative; OT = Other; Effect 3M =
effect of PDT after 3 months; PR = partial response; MR = minor response; NED = No evidence of disease; MC = minor change; RE =
recurrence; Duration = duration after treatment (days).
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patients had CIN3, and 1 patient (case 25) developed
stage IB1 cervical cancer. All 3 patients required surgical
intervention, Two additional patients had mild cytologi-
cal changes. Of all 105 patients, 14 patients have become
pregnant following PDT including 6 women who have
delivered term babies without complications. The out-
comes of the other 8 pregnancies include: 1 preterm de-
livery, | spontaneous miscarriage, 2 therapeutic abor-
tions, 1 molar pregnancy, and 3 ongoing pregnancies. All
clinical histories are summarized in table 1.

HPV

HPYV typing was performed before and after PDT ther-
apy for 69 patients. Before treatment, HPV was detected
in 64 of 69 patients (93%), including 30 patients with
high-risk HPV (16, 18). Three months after PDT, HPV-
DNA could not be detected in 47 of 64 patients (73%)
who showed HPV-DNA positive cervical smears before
treatment. Seventeen patients still had HPV-DNA posi-
tive cervical smears, and in 13 of these 17 cases, HPV
typing changed. Six months after PDT, 17 of 65 (26%)
examined patients still had HPV-DNA positive cervical
smears; however, these 16 patients had no abnormal cy-
tological or histological findings. Additionally, in 15 of
these 16 HPV-DNA positive cases, HPV typing changed
compared to pre-PDT testing. One year after PDT, 16 of
57 (28%) examined patients still had HPV-DNA in cervi-
cal smears. Of these 16 patients, only 1 patient had mild
abnormal cytological findings indicating LSIL. Addition-
ally, in 13 of 16 HPV-DNA-positive patients, HPV typing
changed compared to pre-PDT testing. Two years after
PDT, 11 of 31 (35%) examined patients still had HPV-
DNA in cervical smears. In 10 of 11 HPV-DNA positive
patients, HPV typing changed compared to pre-PDT test-
ing. Finally, 3 patients had recurrence (2 cases: CIN3; 1
case; invasive cancer); however, these 3 patients had neg-
ative HPV-DNA in cervical smears | ycar after PDT
treatment.

Discussion

In this study, we examined the effect of PDT on CIN
and HPV in over 100 women. We found that over 90%
of patients achieved CR after 3 months, Only three pa-
tients ultimately developed recurrent disease. There are
several studies reporting disappointing results using PDT
for the treatment of CIN [15-20]; however, these inves-
tigators used 5-aminolevulinic acid for a sensitization
agent which we believe is inferior to the agent used in our

114 Oncology 2005;69:110-116

study. For example, Hillemanns et al. [16] performed
PDT using 5-aminolevulinic (5-ALLA) for sensitization
and an argon-ion-pumped dye laser in 7 women with high
grade CIN. However, PDT did not appear to be effective
in all patients. Keefe et al. [18] performed PDT using 5-
ALA and argon-pumped dye laser in 40 CIN2 or 3 pa-
tients, and reported success rates at 4, 8 and 12 months
were 51, 46 and 31%. Barnett et al. [19] reported that the
response rate of PDT using 5-ALA was 33% in CIN1/2
patients. These reports suggest that PDT using 5-ALA is
not effective for CIN, We achieved much better response
when treating CIN with PDT using PHE for photo sensi-
tization, and an ELD or YAG-OPQO laser. In addition,
PHE is reported to be more effective for cascular endo-
thelial cell than 5-ALA [21, 22]. Muroya et al. [23] per-
formed PDT using PHE and EDL for 56 patients (39 CIS
and 17 dysplasia), and achieved high complete response
rate comparable to our current study (96.4%, 54/56).
However, in the Muroya report, follow up duration was
short and HPV typing was not evaluated. Di Saia and
Creasman [24] rcported that the surgical treatment in-
cluding cold-knife excision, electrocautery, cryosurgery
and laser ablation achieved high success rates between 90
and 98%. Recurrence rate of conization for CIN was re-
ported to be 0.6%[25-27]. From these findings, PDT may
be somewhat inferior to surgical treatment for CIN. A
comparative study 1s needed to solve this problem.

It is well known that HPV is the most prevalent etio-
logic agent in neoplastic transformation of squamous ep-
ithelial cells. Cervical carcinogenesis is related to specific
high risk types of HPV, most commonly HPV 16 and 18.
In our series, HPV was detected in 64 out of 69 patients
(93%) and high-risk HPV (16, 18) detected in 30 (43%)
patients before treatment. Finally, HPV-DNA was not
detected in 75, 74 and 72% at 3, 6 and 12 months after
PDT. These data are consistent with Wierraniet al.’s [17]
report of 19 paticnts undergoing PDT. One ycar after
PDT, 16 of 57 (28%) patients in our study still had HPV-
DNA in cervical smears. Of these 16 patients, only 1 pa-
tient had mild abnormal cytological findings. Addition-
ally, in 13 of 16 HPV-DNA-positive patients, HPV typing
changed compared with testing before PDT. This sug-
gests that the 13 patients might have been re-infected with
other types of HPV since treatment. Furthermore, the 3
patients with recurrent pre-invasive or invasive disease
had no HPV-DNA detected in cervical smears 1 year af-
ter PDT. Persistent HPV infection did not predict the
recurrence of CIN. In fact, 16 patients with HPV persis-
tence or re-infection had no recurrence of CIN during the
follow-up period,

Yamaguchi et al.



The follow-up period in our study is too short to de-
termine the long term effectiveness of PDT for CIN treat-
ment. Ylitalo et al. [28] reported that among HPV 16-
positive women, the median incubation period from in-
fection to carcinoma in situ was 7-12 years. In our study,
3 patients experienced recurrence despite negative HPV
testing 1 year after PDT. Possibly, our HPV detection
system may have lacked sensitivity in these cases. Alter-
natively, not only HPV infection, but also the status of
the immune system, abnormality of cell cycle regulators,
and p33 polymorphisms may contribute to the develop-
ment cervical neoplasia [4, 29-31]. However, given the
known lengthy incubation period of neoplasia, we specu-
late that these recurrent cases might be due to small un-
detectable lesions of CIN that persisted following PDT.
Further study is needed to better understand the cases
that are not cured by PDT.

In this study, all patients were hospitalized to ensure
light deprivation for 3 weeks. With this rigorous light-de-
privation protocol, 50 of 105 patients (48%) developed
mild cutaneous photosensitivity (grades 1 and 2). Only
one patient suffered from grade 3 cutaneous photosensi-
tivity. It may be because she worked in the sunshine dur-
ing the summer season just after being discharged. In oth-
er reports of PDT using 5-ALA, cutaneous photosensitiv-
ity was not reported despite light exposure [15-20].
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However, we believe the superior therapeutic profile of
PHE justifics its use despite the increased phototoxicity.
We recognize that our protocol may be prohibitively ex-
pensive and inconvenient in many settings. Since toxic-
ity was minimal, more liberal protocols of light depriva-
tion may be appropriate. It was reported that lower doses
of PHE such as | mg/kg was effective for cutaneous can-
cer [32-33]. Decreasing the PHE dose may reduces cuta-
neous photosensitivity. Establishing an outpatient proto-
col is one of our goals for future study.

In conclusion, PDT is an effective treatment for CIN,
and for HPV infection. PDT may be an attractive alter-
native for women desiring to preserve cervical function
for pregnancy. Furthermore, in our study, the persistence
of HPV following treatment did not correlate well with
CIN recurrence.

Acknowledgements

We are grateful to Dr. Christina Bandera of Brigham and Wom-
en’s Hospital, Harvard Medical School for her critical review of the
manuscript. This work was supported by grants from Hyogo Med-
ical Center for Adults and Osaka City General Hospital.

S. Yamaguchi and H. Tsuda have contributed equally to this
study.

[ =]

e

Thigpen T, Vance R, Khansur T: Carcinoma
of the uterine cervix: Current status and future
directions. Semin Oncol 1994;21:43-56.
Sekiya M: Reports of the gynecologic tumor
committee (in Japanese). Acta Obstet Gynae-
col Jpn 2002;54:697-793.

Robert TG, Mary BH, Taylor M, Michael T:
Cancer statistics 2001. CA Cancer J Clin 2001,
51:15-36.

Tsuda H, Hashiguchi Y, Inoue T, Ishiko O, et
al: Relationship between HPV typing and ab-
normality of G1 cell cycle regulators in cervical
neoplasm. Gynecologic Oncol 2003;91:476—
485,

Bosch FX, Manos MM, Munoz N, Sherman
M, et al: Prevalence of human papillomavirus
in cervical cancer: a worldwide perspective, J
Natl Cancer Inst 1995;87:796-802.

Scheffner M, Werness BA, Huibregtse JM: The
E6 oncoprotein encoded by human papilloma-
virus types 16 and 18 promotes the degrada-
tion of p53. Cell 1990;63:1129-~1136.

Dyson N, Howley PM, Munger K, Harlow E;
The human papiliomavirus 16 E7 oncoprotein
is able to bind to the retinoblastoma gene prod-
uct. Science 1989;243:934-939,

Photodynamic Therapy for CIN

10

Hagen B, Skjeldestad FE: The outcome of preg-
nancy after COs laser conisation of the cervix.
Br I Obstet Gynecol 1993;100:717-720.
Dougherty TJ: Photodynamic therapy (PDT)
of malignant tumors, Crit Rev Oncol Hematol
1984;2:83-116.

Kretmer-Bimbaum M: Modified prophyrins,
chorins, phtalocyanines, and purpurines: Sec-
ond generation photosensitizers for photody-
namic therapy. Semin Hematol 1989;26:157~
173.

Peng Q, Berg K, Moan J, Kongshaug M, ¢t al:
S-aminolevulinic acid-based photodynamic
therapy: principles and experimental research.
Photochem Photobiol 1997,65:235-251.
Ichimura H, Yamaguchi S, Kojima A, Tanaka
T, et al: Eradication and re-infection of human
papillomavirus after photodynamic therapy
for cervical intraepithelial neoplasia. Int J Clin
Oncol 2003;8:322-325.

Yoshikawa H, Kawana T, Kitagawa K, Mizu-
no M, et al: Detection and typing of multiple
genital human papillomaviruses by DNA am-
plification with consensus primers. Ipn J Can-
cer Res 1991;82:524-531.

Nagano H, Yoshikawa H, Kawana T, Yokota
11, et al: Association of multiple human papil-
lomavirus types with vulvar neoplasias. J Ob-
stet Gynecol Res 1996;22:1-8.

Monk BJ, Brewer C, VanNostrand K, Berns
MW, et al: Photodynamic therapy using topi-
cally applied dihematoporphyrin ether in the
treatment of cervical intraepithelial neoplasia.
Gynccol Oncol 1997:64:70-75.

Hillemanns P, Korell M, Schmitt-Sody M,
Baumgartner R, et al: Photodynamic therapy
in women with cervical intraepithelial neopla-
sia using topically applied 5-aminolevulinic
acid. Int J Cancer 1999;81:34--38.

Wierrani F, Kubin A, Jindra R, Henry M, et
al: S-aminolevulinic acid-mediated photody-
namic therapy of intraepithelial neoplasia and
human papillomavirus of the uterine cervix: a
new experimental approach. Cancer Detect
Prev 1999;23:351-355.

Keefe KA, Tadir Y, Tromberg B, Berns M, et
al: Photodynamic therapy of high-grade cervi-
cal intraepithelial neoplasia with 5-aminolevu-
linic acid. Lasers Surg Med 2002;31:289-
293.

Oncology 2005:69:110-116

115



20

21

22

Barnett AA, Haller JC, Cairnduff F, Lane G,
et al: A randomized, double-blind, placebo-
controlled trial of photodynamic therapy using
S-aminolaevulinic acid for the treatment of
cervical intraepithelial neoplasia. Int J Cancer
2003;103:829-832.

Bonder K, Bonder-Adler B, Wierrani F, Kubin
A, et al: Cold-knife conization versus photody-
namic therapy with topical 5-aminolevulinic
acid (5-ALA) in cervical intraepithelial neopla-
sia (CIN) II with associated human papilloma-
virus infection: a comparison of preliminary
results. Anticancer Res 2003;23:1785-1788.
Chang CJ, Lee YH, Yang JY, Weng CJ, et al:
Pilot in vitro toxicity study of 5-ALA and pho-
tofrin in microvascular endothelial cell cul-
tures. J Clin Laser Med Surg 1997;15:83-87.
Chang CJ, Sun CH, Liaw LHL, Berns MW, et
al: In vitro and in vivo photosensitizing capa-
bilities of 5-ALA versus photofrin in vascuiar
endothelial cells. Laser Surg Med 1999;24:
178-186.

23

24

25

26

27

.

Muroya T, Suehiro Y, Umayahara K, Akiya T,
et al: Photodynamic therapy (PDT) for early
cervical cancer, Gan To Kagaku Ryoho 1996;
23:47-56.

Di Saia PJ, Creasman WT: Preinvasive discase
of the cervix; in: Clinical Gynecological Oncol-
ogy, ed 4. St. Louis, Mosby Year Book, 1992,
pp 1=36.

Boyes DAWorth AS, Fidler HK: The results of
treatment of 4389 cases of preclinical squa-
mous carcinoma. J Obstet Gynaecol Br Com-
monw 1970;77:769-780.

Creasman WT, Clarke-Pearson DL, Weed IC
Jr: Resuits of outpatient therapy of cervical in-
traepithelial ncoplasia. Gynecol Oncol 1981;
12:306=316.

Bjerre B, Eliasson G, Linell F, Soderberg H, et
al: Conization as only treatment of carcinoma
in situ of the uterine cervix. Am J Obstet Gy-
necol 1976;125:143~152.

116

Oncology 2005;69:110-116

28

29

30

31

32

33

Ylitalo N, Josefsson A, Melbye M, Sorensen P,
et al: A prospective study showing log-term in-
fection with human papillomavirus 16 before
the development of cervical carcinoma in situ.
Cancer Res 2000;60:6027-6032.

Schitffman MH: New epidemiology of human
papillomavirus infection and cervical neopla-
sia. J Natl Cancer Inst 1995;87:1345-1347.
Melbye M, Smith E, Wohlfahrt J, Osterlind A,
et al: Anal and cervical abnormality in women-
prediction by human papiliomavirus tests, Int
J Cancer 1996,68:559-565.

Storey A, Thomas M, Kalita A, Harwood C, et
al: Role of a p53 polymorphism in the develop-
ment of human papillomavirus-associated
cancer. Nature 1998;393:229-243.

Jones CM, Mang T, Cooper M, Wiison BD, et
al: Photodynamic therapy in the treatment of
Bowen'’s disease. ] Am Acad Dermatol 1992;
27:979-982.

Wilson BD, Mang T8, Stoll H, Jones C, et al;
Photodynamic therapy for the treatment of
basal cell carcinoma. Arch Dermatol 1992;
128:1597-1601.

Yamaguchi et al.



J. Obstet. Gynaecol. Res. Vol. 31, No. 3: 252 256, June 2005

‘Is laser conization adequate for therapeutic excision of
adenocarcinoma in situ of the uterine cervix?
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Abstract

Aims: To determine the safety of uterine-preserving operations for adenocarcinoma in situ of the cervix,
Methods: Fifteen cases of adenocarcinoma in situ (AIS) were diagnosed using neodymium:yttrium aluminum
garnct (Nd:YAG) laser conization. The accuracy of preconization histology or cytology was cvaluated in
15 AIS cases. In these AIS cases, we investigated how far the tumor was located from the squamocolumnar
junction (5CJ) and the endocervix. Fourteen cases of the 15 AlS-affected patlentq were treated using laser
conization alone. These patients were closely followed up.

Results: Precise agreement between preconization diagnosis and conization histology was seen in 46.7% (7/
15) of the AIS cases. In 14 of the 15 cases of AlS (93.3%), the tumor was adjacent to the transitional zone, within
3 mm of the 5CJ, and in the other case (6.7%), the tumor was between 0 and 5 mm away from the 5CJ. In all
subjects, cone height was 8-18 mm (mean 13.1 mm). None of the 15 patients showed any recurrence of AlS
during follow up ranging from 15 lo 75 months (43.1 months on average).

Conclusions: Women with AIS who want to preserve their fecundity might be treated with laser conization
alone.

Key words: adenocarcinoma in situ, laser conization, squamocolumnar junction, uterine cervix, uterine

preservation.

Introduction

The incidence of uterine cervical adenocarcinoma
among cervical cancers has been reported to be
5-9%,% or 5-15%;" thus, uterine cervical adeno-
carcinoma is assumed to be relatively rare. Cervical
adenocarcinomas occur between the squamocolumnar
junction (SCJ) and the internal os and are thus difficult
to observe directly. Consequently, cervical adenocarci-
noma might be missed in its early stages.

Even when a lesion is discovered, although it is still
considered a microinvasive adenocarcinoma, a radical

operation, including lymphadenectomy is frequently
carried out because cervical adenocarcinomas are more
aggressive than squamous cell carcinomas, and the
prognosis is usually poor.” Thus, although the uterus
often can be preserved in the treatment of early squa-
mous cell carcinoma, preservation of the uterus is more
difficult in cases of cervical adenocarcinoma. Some
authors have reported that young women with cervi-
cal adenocarcinoma in sify (AIS) who want to preserve
their fertility might be treated with a conservative
procedure, such as conization of the uterine cervix if
the surgical margins are free of cancer” !> However,
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there is no consensus as to whether conization is ade-
quate treatment for AIS because residual foci of tumor
might remain and present subsequently as invasive
adenocarcinoma.!"'?

Comparing the diagnosis of pre- with post-cone
biapsy, the accuracy of diagnosing AIS using cytelogy
and punch biopsy also was evaluated in the present
study. Furthermore, AIS patients treated at our hospi-
tal were reviewed retrospectively to determine the
advisability of preserving the uterus in cases of AlS.

Patients and Methods

Data from 15 patients with AIS of the cervix, as the
final pathologic diagnosis treated at our hospital
- between 1989 and 2002, were reviewed for this study.
All patients underwent laser conization of the uterine
cervix. The same contact Nd:YAC laser conization pro-
cedure was carried out in all 15 patients. In summary,
the excision was carried out with an output of 25
watts and at the endocervical margin, the cone was
transected with scissors. The endocervical curettage
was carried out in postoperative registration, and the
cervical canal was always examined. All conization
specimens were cut longitudinally. After being fixed
at room-temperature in 10% formalin for 1640 h, the
cone specimens were step-sectioned by radical cuts,
and the blocks were paraffin-embedded with sections
cut at 3 um and stained with hematoxylin and eosin.
The mean number of blocks was 12.7 (range 8-24). The
hospital’s pathologist diagnosed all cases. In eight

Conization for adenocarcinoma in situ

cases, the preoperative diagnosis was CIN3 or micro-
invasive carcinoma. In scven cases, laser conization
was carried out because atypical glandular cells were
present in cervical smears or AIS was identified in
punch biopsy specimens. All patients were informed
the risk of cervical adenocarcinoma if they underwent
only laser conization.

The diagnosis before conization was compared with
the pathologic diagnosis of the conization specimens.
In the 15 cases where the pathologic diagnosis of the
conization specimen was AIS, we measured the verti-
cal distance of the cervical region domain between the
5CJ and the distal cdge of the tumor. The mean age of
the AIS patients was 36.3 years. In the one case of AlS
that was diagnosed using laser conization, an abdom-
inal hysterectomy with lymphadenectomy was carried
out. Postoperatively, all patients were followed up
with cytologic and colposcopic examination every 3-
4 months for as long as possible,

Results

Among the eight cases where the preoperative diag-
nosis was CIN3 or microinvasive carcinoma, all
conization specimens contained AIS. Of the 15 cases
of AIS diagnosed postoperatively (cases 1-15), only
seven (46.7%) were diagnosed accurately. Thirteen of
the 15 women with AIS strongly wanted to preserve
their fecundity and one case (no.5) did not want the
sequential hysterectomy. These women underwent
only conization with close follow up. The remaining

Table 1 The outcome of conization for adenocarcinoma in situ (AIS) of the cervix

Case no. Age (years) Punch biopsy =~ Final diagnosis =~ Margin status  Follow up (months) Recurrence
1 37 AlS AIS+CIS Cancer is free 75 -)
2 29 AlS +CIS AIS+CIS Cancer is frec 67 =)
3 40 sD AIS+58D Cancer is free 70 -)
4 35 AlS +CIS AIS +CIS Cancer is free 36 =)
5 49 CIs AIS+CIS Cancer is free 68 (-}
6 33 CIS AlIS +CIS Cancer is free 57 (-)
7 44 CIS AlS + CIS Cancer is free 52 -)
8 38 AIS+ CIS AIS + CIS Cancer is free 17 =)
9 35 AlS AlS+SD Cancer is free 51 -)

10 41 AlS AlS+SD Cancer is free 15 )

11 36 CIS MIC + AIS Cancer is free 48 =)

12 39 MIC MIC + AIS Cancer is free 32 -)

13 32 CIS AIS + CIS Cancer is free 21 =)

14 31 ATS +SD AIS +CIS Cancer is free 19 “-)

15 26 CIS AlIS + CIS Cancer is free 18 (-

*Patient no. 11 underwent sequential radical hysterectomy. Neither residual tumor nor lymph node metastasis was found in the hysterec-
tomy specimen. CIS, carcinoma in situ; MIC, microinvasive carcinoma; SD, severe dysplasia.
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Cone biopsy

Step section

endocervical margin

ectocervical margin

Figure 1 Schematic representation of the location of (@) adenocarcinoma in situ {(AlS), (m) carcinoma in situ (CIS) and (w.)
microinvasive carcinoma (MIC) in conization specimens. Conization specimens were divided into 8-24 blocks. Case num-
bers 3,4, 5, 8,9, 10, 12 and 13 contain neither CI5S nor MIC in conization specimens. 5C], squamocolumnar junction.

endocervix i

Figure 2 Relation between adenocarcinoma in situ (AIS)
and the squamocolumnar junction (5CJ; —). AIS exists
in the surface of the uterine cervix. Normal cervical
glands are seen in the deeper layers (hematoxylin and
eosin, x80).

patient underwent hysterectomy and showed no can-
cerous lesions (Table 1). In all 15 patients, the locus in
all cases except one was adjacent to the transitional
zone, within 3 mm of the SCJ (Figs 1-3). In the remain-

254

25~

Distance (mm)

SCI®Ty Ty s 8 7 9 10 11 12 13 14 15
Case no.

Figure 3 Distance between the squamocolumnar junc-
tion (5CJ]) and the surgical margin in patients with
adenocarcinoma in situ (AIS) who underwent con-
ization. AIS tumor was localized adjacent to SCJ. The
surgical margins were free of cancer in all cases.
(@) Distance between both tumor edges.

ing case, the tumor was 0-5 mm from the SCJ. Cone
height of conization specimens in all patients was 8-
18 mm (mean 13.1 mm). Four of the subjects became
pregnant during the follow-up period. No patient
suffered a recurrence. An abdominal operation was
carried out in one subject.



Discussion

The absence of recurrences among women with AIS
after laser conization suggests that this modality is safe
and effective for the treatment of these lesions.

If the surgical margin is always clear in conization
specimens containing AIS, conization of the uterine
cervix alone might be curative for AIS. However, AlS is
difficult to diagnose using Papanicolaou smears, and
the reported incidence is only 0.0002-0.004%.%"*" Fur-
thermore, AIS is difficult to diagnose in biopsy speci-
mens because it does not always exhibit intraepithelial
abnormalities during a colposcopy.'®" In this study, of
15 AIS cases, only seven were diagnosed as AlS preop-
eratively (46.7%; Table 1). In contrast, of 11 cases diag-
. nosed or suspected as AIS preoperatively, four cases
were diagnosed as having a microinvasive adenocar-
cinoma (MIAC) by laser conization procedure. Thus,
conization of the cervix and histopathologic confirma-
tion is essential for a definitive diagnosis of AIS. Some
authors have stressed that conization of the cervix is
not adequate treatment for AIS because the entire cer-
vical gland area, where adenocarcinoma could occur,
cannot be removed."***' Azodi ef al. reported that cer-
vical adenocarcinomas are occasionally missed and
that one of 16 cases of AIS (6.3%) thought to have been
resected completely by conization had residual tumor
tissue in subsequent conization or hysterectomy spec-
imens.? Other authors have reported that when
conization was carried out for AIS, with clear surgical
margins, residual tumors have been found in 0-44% of
surgical specimens when subsequent hysterectomies
were carried out.”’® Thus, evidence exists that conser-
vative treatment will cause incomplete resection in
some cases.'"

With regard to the possibility of incomplete resec-
tion, Lea et al. reported that endocervical curettage
(ECC) is useful for detecting the presence of residual
- AIS* In the present study, ECC was not carried out at
the time of conization. Nevertheless, after conization,
. endocervical cytologic and colposcopic examination
and ECC as needed were always carried out. We think
doing so enabled early detection of residual lesions.
However, the length of the cervical gland region of the
conization specimens was not mentioned in those
studies except one. Bertrand ef al® reported that the
conization specimen should be at least 25 mm in depth
and have negative margins to ensure that the patient
has no residual disease and is therefore at a low risk of
recurrence. In contrast, some authors state that AIS are
adjacent to the SCJ. Andersen et al. maintained that

Conization for adenocarcinoma in situ

because AIS develops in the transitional zone, coniza-
tion with a clear surgical margin is adequate treat-
ment." Likewise, Teshima et al. reported that 90% of all
AIS are located in the transitional zone or adjacent to
the SCJ.* Of the 15 patients with AIS in this study, 14
tumors (93.3%) were within 3 mm of the SCJ. Our
conization method excised at least 8 mm of the cervical
gland region, so all 15 AlIS surgical specimens had
clear margins. Similarly, other authors have found that
AIS might be treated using conization alone if the sur-
gical margins are clear.”

It has been reported that adenocarcinomas often
coexist with in situ squamous cell carcinomas.® All
15 of our confirmed cases of AIS coexisted with micro-
invasive carcinoma (stage Ial), carcinoma in situ or
severe dysplasia (CIN3).

‘The outcome of conservative treatments for AIS of
the cervix is reportedly poor. Kuohung et al. found that
AIS recurred in one of 12 patients (7%) treated with
conization alone”® Widrich efal. described the out-
come in 24 patients managed conservatively who had
clear conization margins, two patients (8.3%) suffered
a recurrence of AIS in that series.” In the present study,
the follow-up period ranged from 15 to 75 months in
patients treated with conization alone, and no patient
developed recurrent disease.

In contrast, Ostér ef al. reported that the prognosis of
microinvasive adenocarcinoma is similar to that of
squamous cell carcinoma of the cervix and should be
managed similarly.®®? However, other authors have
emphasized that the risks of residual tumor and
recurrent disease require more aggressive manage-
ment.""¥* We found that MIAC tended to occur
relatively far from the SCJ compared with AIS.

Because AIS of the uterine cervix often occurs adja-
cent to the 5CJ and is characterized by a low potential
for lymph node metastasis,” women with AIS and
clear surgical margins after conization might be fol-
lowed without further treatment. However, radical
surgery is probably advisable for patients with MIAC
because MIAC often occurs at a relatively distant loca-
tion from the SCJ, and conization might miss residual
foci of tumor.
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Comparison Between In Situ Hybridization and Real-time
PCR Technique as a Means of Detecting the Integrated
Form of Human Papillomavirus 16 in Cervical Neoplasia
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Abstract: [ntegration of ihe human papillomavirus (HPV) genome
13 thought  be onc of the causes of cuncer progression. However,
there 15 controversy concerning the physical statas of HPV 16 in
premalignant cervical fesions, and there have been no reports on the
concordance between detection of the integrated form of HPV16 by
real-time PCR and by i situ hybridization. We investigated
specimens of cervical intracpithelial neoplasia (CIN) and invasive
carcinomas for the physical status of HPVY 16 by real-time PCR and in
sity hybridization. The presence of the mtegrated form was detected
by both real-time PCR and in situ hybridization in zero of four cascs
of CIN1. three of six cases of CIN2. ninc of 27 cases of CIN3, and
two of six cases of invasive carcinomas. Integrated HPV 16 was present
 some premabignant lesions but was not abways present in carcinomas.
The concordance rate between the two methods for the detection of
the presence of the mtegrated form was 37 of 43 (#6%) cascs. Real-
ume PCR and m situ hybridization were found to be complementary
and conveniert techniques for defenmining the physical status of the
HPV genome. We conclude that a combination of both methods is
& more reliable means of assessing the physieal status of the HPV
genome m cervieal neoplasia.

Key Waords: human papillomavirus, real-time PCR, in sitm
hybridization, integration, cervical neoplasia

{Diagn Mol Purho! 2005:14:103  108)

H umin papillomavirus (HPV) DNA is found in more than
90% of cervical carcinomas,! and HPVI16 has been
reported to be the dominant rype of HPV in cervical caremomas.
Detection of TIPV 16 is proportional to the degree of cervical
neoplasia: [IPV16 has been detected in 15% of cervical
wmtracpithelial neoplasia (CINy £, 30% of CIN2, and 50% of
CIN3 and invasive carcinomas.™ Integration of the PV ge-
nome is thought to be one of the causes of cancer progression.
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Viral DNA that has been integrated into the host genome
disrupts some carly gences. such as the E and 32 open reading
frames (ORFs), whereas the E6 and E7 ORFs remain intact. £6
protein binds to and degrades the tumor suppressor P53 protein
via ubiquitin pathways.* E7 protcin binds to the tumor sup-
pressor Rb protein followed by E2F transcriptional factor,
compelled the cell-cycle rotation® Miinger reported that E7
protein is capable of causing aneuploidy in stratified squamous
cells.® E7 protein plays an important role in the onset of
dysplastic change, and the level of the expression of E7 protein
may depend on the physical status of the HPV genome in cells.
In an in vitro study, Lambert found that the integration of
HIPV16 results in an increase in E7 transcripts in cultured
cells.” Thus, it is very important to determine the status of HPV 16
genonie in cervical neoplasia to clucidate the mechanisms of
cervical cancer. [n a study by real-time PCR, Peitsaro showed
that integration had occurred in 23 of 24 premalignant Icsions
in paticnts with TIPV 16 infection.® By contrast, Southern blot
analysis has shown that some cervical cancers contain the
episomal form, ™" and thus there is still controversy concerning
the physical status of the HIPV16 genome in premalignant
lesions and carcinomas of the cervix.!™!* We realize that
Southern blot analysis is thc most reliabic method of deter-
mining whether the mtegrated form is present in a specimen,
but this analysis was not used in this study becausc only very
small specimens were harvested from the premalignant lesions.
By contrast, real-time PCR and in situ hybridization technique
have been reported to be useful for investigating the physical
status of the HPV pgenome in premalignant and cancerous
specimens.” " The question then arises as to the validity and
concordance of real-time PCR and in situ hybridization. The
purposc of this study was to assess the physical status of the
HPV genome and to determine the degree of agreement
between the results obtained by these two methods.

MATERIALS AND METHODS

Specimen and Sample Preparation

Paticnts diagnosed with cervical neoplasia on the basis
of the results of biopsies performed during colposcopy at Keio
University Hospital. in Tokyo, Japan, between October 2000
and April 2001 were enrolled in the study. Exfoliated cells into
ThinPrep vials were collected with & broom device {Cervex
Brush: Unimar, Wilton) just before colposcopy and then stored
at ambicnt temperature, (o be used for the HPV-DNA analysis
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FIGURE 1. Control experiment using real-time quantitative
PCR with the LightCycler system: the PCRE67 plasmid was
mixed with a PK114/K plasmid to prepare a mixture of HPV 16
DNA. The PK114/K plasmid was replaced by an equivalent
copy number of the PCRE67 plasmid in increments of 20%.
DNA solutions containing episomal DNA (PK114/K exclu-
sively), integrated DNA (pCRE67 exclusively), and a mixture
form of HPV 16 DNA (20%-80% integrated) were prepared.
The E2 and E6 copy number was quantitatively determined
6 times by real-time PCR assay, and the ratio of the £2 copy
number to £6 copy number was calculated for each DNA
solution. The cutoff value to distinguish the mixed form from
the pure episomal form was set at 0.79. Details of calculation
are described in the text.

FIGURE 2. Case 3325, representative
of the diffuse pattern: hematoxylin
and easin-stained section (A, X 20; B,
%x40). In situ hybridization with the
diffuse pattern (D) with the HPVié
probe (C, x20; D, x40).

104

within 12 months of collection. To perform the analysis,
approximately 10 mL of preserved fluid from ThinPrep vials
was centrifuged at 3,000 rpm for 30 minutes, and after
washing the pellet once in phosphate-buffered saline, genomic
DNA was extracled with proteinase K and phenal-chloraform.
The quality and quantity of the extracted genomic DNA were
monitored by cthidium-bromide— stained agarosc gel clectro-
phoresis. HPV DNA was identified by PCR analysis with
consensus primer pairs designed to amplify an approximately
250-bp segment of HPV DNA.Y These conscnsus primer pairs
target the HPV L1 ORF and detect a broad range of genital
1PV, HPV typing and sequencing analysis were performed
in all PCR-positive cases.

Real-Time PCR

To gencrate a pCR-TOPO EG6/E7 plasmid (designated
PCREGT plasmid) which contains the Eé gene and E7 gene,
a PK114/K plasmid containing a variant HPV |6 genome, was
amplified by PCR and introduced into the cloning site (Invitrogen,
San Diego, CA). The primers for PCR amplification were as
follows, E6/ETE, 5 -ATGTTTCAGGACCCACAGGAG-3'
(104-124) and E6/ETR, 5'-GGTAGATTATGGTTTCTGA-
GA-3" (844-864). The PK114/K. plsinid contains one copy each
of the E2 and E6 ORFs, whereas the PCREG7 plasmid carricd
the entirc E6 ORF but lacked the E2 ORF. The PCREG7
plasmid was mixed with the PK 114/K to prepare a mixture of
the episomal form and the integrated form of HPV 16 DNA. The
PK114/K was replaced by an equivalent copy number of the
PCRE67 plasmid in increments of 20% to preparc DNA so-
lutions containing the cpisomal form of 1IPV16 DNA
(PKHIA/K exclusively), the integrated form of 1IPV 16 DNA
(PCREGT exclusively), and both forms of 1TPV 16 DNA (20%-
80% integrated form). The E2 and E6 copy numbers were
quantitatively determined six times by real-time PCR, and the
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FIGURE 3. Case 613, representative of
the spot patterm: hematoxylin and
eosin-stained section (A, x20; B,
X40). In situ hybridization with the
spot pattern (S) with the HPV16 probe
(C, x20; D, x40).

ratio of the E2 copy number to the E6 copy number was
calculated for cach DNA solution. Differences in ratio hetween
the episomal form and other forms (pure integrated and mixed
forms) were analyzed by the unpaired 7 test. Probability values

TABLE 1. Concordance Between the Physical Status of the
HPV Genome According to the Results of Real-time PCR and
In Situ Hybridization

1SsH
PCR D ns 8 Absence  Total

CINT Integration pattern

Presence [} 0 0 g 0

Abhsene I 1 0 3 4
CciN g integration pattern

:esence 0 2 1 1™ 4

Absence 2 0 "] 0 2
CIN I Integrauion patiern

Presence 3= 3 6 0 12

Absence 5 0 A 8 ]
MIC fntegration pattern

Presence 0 Y I 0 !

Absence 1 0 0 2 3
SeC Integration pattern

Presence 0 0 f [5} !

Absence 0 0 0 1 !
Total 43

*Tndicates diserepancies hetween the two mcthods

Mt micranvasive caresnomas, SCC, squamous cell cansmomis.

I'he shadow kox represents “he concordance between the nesults of (lw Wy ricthads
far the presence of the integrated Torm.

@ 2005 Lippincon Williams & Wilkins

less than 0.01 were considered statistically significant. Real-
time PCR was performed with the LightCycler (Roche Diag-
nostics. Germany) system. PCR for the 11PV-16 E2 genc was
performed with 2 pL of master mix (LightCycler FastStart
DNA Master IHybridization Probes, Roche Diagnostics)
containing buffer, dATT, dCTP. dGTP. dUTP, Taq polymerase,
3 mmoVL MgCl,, 0.2 wmol/L probe (Nihon Gene Research
I.ahoratorics, Japan), 0.6 wmol/L forward primer, 0.5 pmol/l.
reverse primer (Nihon Gene Rescarch Laboratorics Inc,
Japan), a template DNA., and water added to a final volume
of 20 wL. PCR for the HPV-16 E6 gene was performed with
2 pl of master mix (LightCycler FasiStart DNA Master
Hybridization Probes, Roche Diagnostics) containing buffer,
JATD, dCTP, dGTP, dUTP, Taq polymerase, 4 mmol/l. MgCl,,
0.2 pmol/L probe (Nihon Gene Research Laboratorics, Japan),
0.5 pmol/L of each primer (Nihon Gene Research Labora-
tories Inc, Japan). a template DNA, and water added to a final
volume of 20 L. The PCR cycle for the E2 and E6 gene
included denaturation at 95°C for 10 scconds. anncaling and
extension 60°C for 25 scconds, and cooling at 40°C for 30
seconds, followed by 45 cycles of amplification. The primers
used for PCR of the E2 gene were as follows: forward, 5'-
TGTGTTTAGCAGCAACGAAG-3' (3349-3368) and reverse,
5'-GCTGGATAGTCGTCTGTGTT-3' (3454-3473).  The
probe was FAM-5" CAAGGCGACGGCTTTGGTATGGGTC-
3'-TAMRA (3418-3442). The primers used for PCR of the
E6 gene were as follows: forward, 5 -CGACCCAGAAAGT-
TACCA-3’ (125-142) and reverse, 5'-AGCAAAGTCATATA-
CCTCACG-3' (220-241). The probe used was FAM-5" TTAT
GCACAGAGCTGCAAACAACTATACATGA-3 - TAMRA
(146-177). Two standard curves were obtained by amplification
of dilution series of 107 to 107 copies of the PK1 14/k plasmid.
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FIGURE 4. Case 91, representative of
the diffuse and spot pattern: hema-
toxylin and eosin-stained section (A,
X20;, B, x40). In situ hybridization
with the diffuse and spot pattem (DS)
with the HPV16 probe (C, x20; D,
X40).

In Situ Hybridization

In situ hybridization was carned out with the GenPoint
kit catalyzed signal amplification system (Dako Cytomation,
Kyoto, Japan) as described in the instruction manual, Briefly,
formalin-fixed, paraffin-embedded tissue slides were deparaffi-
nized, pretreated with Target Retrieval Solution at 95°C for 40
minutes, and then exposed 10 proteinase K diluted 1:6,000 to
1:10,000 at room temperature for 10 minutes. The tissuc slides
were then soaked in 0.3% hydrogen peroxide in methanol at
room temperature for 20 minutes, dehydrated through a graded
alcohol series, and air dricd. The biotin-labeled HPV16 probe
was then applicd to the tissuc slides. After denaturing at 95°C
for 5 minutes and hybridization at 37°C overnight, the tissue
slides were washed 1n Stringent Wash Solution at 45°C or
55°C for 20 minutes and rinsed in Tris huffered saline with
Tween 20 (TBST). The tissue slides were then incubated with
1:100 diluted horseradish peroxidase-conjugated streptavidin
at room temnperature for 15 minutes. After rinsing with TBST
three times, the slides were incubated with biotinyl tyraming at
room lemperature for 15 minutes, and after washing the slides
with TBST three times. they were incubated with horseradish
peroxidase-conjugated streptavidin at room temperature for 15
minutes and washed three times in TBST. For signal develop-
ment, 3, 3" -diaminobenzidine tetrahydrochloride was used as
the substrate, and positive signals were detected in the fonn of
a brown color under a light microscope. The sections were
weakly counterstained with hematoxylin. The signal types
were assessed as deseribed previously. ™ Diffuse (D) signals,
defined as diffuse positivity throughout the nuclei. were
reported as the episomal form, Spot (S) signals localized in the
nuclei, as the integrated form, and both diffuse and spot (DS)
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signals as a combination of the cpisomal form and the
integrated form.

RESULTS

The Presence of the Integrated Form by
Real-Time PCR

We examined 3,000 specimens of exfoliated cervical
cells obtained from cervical cancer sercening and investipated
the 43 specimens in which HPV 16 had already been identified
by PCR followed by direct sequencing.” It is possiblc to
investigate whether the integrated fonm is present or not hy
comparing the E2/E6 ratios by real-time PCR. In other words,
if only the episomal form were present, the E2/E6 ratios would
be almost the same, and if only the integrated form were
present, the E2/E6 ratios would be very low. If the integrated
form and ¢pisomal form were mixed, the E2/E6 ratios would
be intermediate between the values for the pure cpisomal form
and the integrated form. We therefore conducted the analysis
in the assessment by real-time PCR i our study to determine
whether the integrated form was present by examining the
E2/E6 ratios. We set the cutoff value to distinguish the mixed
cpisomal and integrated form from the purc episomal form was
sct at 0.79. The basis for setting the cutoff valuc at 0.79 is that
we measured the E2/E6 ratio six times in a control experiment,
and when we computed the mean and standard deviation and
then calculated the 99% confidence interval, we obtained an
interval of .79 to 1.61. Thus, if the B2/E6 ratio were less than
0.79. the chance of being the pure episomal form would be less
than 1%, namely, integrated HPVI6 DNA was therefore

© 2005 Lippincott Williums & Wilkins
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considercd to be present when the E2/E6 copy number ratio
was helow 0.79 (Fig. 1) Integrated DNA was found to be
present in none of the four CIN1 cases, four of the six (66%)
CIN2 cases, and 12 of the 27(44%) CIN3 cases. There were no
significant diffcrences between the CIN2 and CIN3 cases in
percentage of positive cases, suggesting that intcgration may
occar in the stage of CTN2. We also investigated six squamous
cell carcinomas, consisting of microinvasive carcinomas and
invasive squamous ccll carcinomas, and two contained the
intcgrated form (Table 1)

Detection of the Integrated Form by
In Situ Hybridization

One of four CINI cases yielded D signals, indicating the
presence of the episomal forn (Fig. 2). Five of the six CIN2
cases of yielded positive signals, and three (50%) yielded DS
or S signals, indicating the presence of the integration. Twelve
of 27 CIN3 cases yiclded positive signals, and 9 (33%) yiclded
DS or S signals (Figs. 3 and 4). Investigation of six squamous
cell carcinomas yiclded § signals in two (33%), D signals in
one, and DS sipnals in nonc (Table ).

Concordance Between the Results for the
Detection of the Integrated Form by
Real-Time PCR and by In Situ Hybridization

We compared the results of detection about the inte-
arated form by both real-time PCR and in situ hybndization.
The integrated form was not detected in CINT by cither real-
time PCR or in situ hybridization. In CIN2, both methods
identificd the integrated form in three (50%) of the six cases,
and they identified the integrated form in nine (33%) of the 27
CIN3 cascs. Although there was some difference between the
results obtained by the two methods, the concordance rate for
detection of the intcgrated form was 37 of 47 (86%) in Table 1.
Thus, the resulis of the two methods for detection of the
integrated form almost always agreed.

DISCUSSION

HPVIE and 1IPV33 have been found in cervical
carcinomas in their integrated forms, whereas HPVI16 has
heen found in the pure integrated, the pure episomal (orm, or
the mixed form. It is noteworthy that the physical status of
HPV 16 in cervical ncoplasia is unique.2>2° We therefore used
real-time PCR and in situ hybridization to investigate whether
cervical ncoplasia contains the integrated form of the HPV16
genome. Real-time PCR has recently been used to determine
the physical status of the HPV genome, and it has the advan-
tage of heing sensitive enough to use in small amount of
samples. The templatc DNA can be obtained from exfoliated
cervical cells preserved for liquid cytology, however, there has
been a great deal of eriticism of determination of the physical
status of the HPV penome by real-time PCR. Since we sclected
the E2 and L6 regions for real-time PCR primers to compare
differences in DNA amplification between the E2 and E6
ORFs. the physical status of the genome may have been
misinterpreted based on the results. [t is known to be limited
discussion regarding the physical status only by real-time
PCR. i lowever, since there have been many reports that the E2

@ 2005 Lippincott Williams & Wilkine

is most often disrupted when viral DNA is integrated into the
host genome, we assessed the detection of the miegrated form
based on the E2/E6 ratio according to the results of real-time
PCR. It is noteworthy that the incidence of integration was not
as high as previously reported on the basis of real-time PCR *
We assume that the discrepancy is due to the cutoft values used
in the contro! experiments.

Since the physical status of the HPV genome has also
recently been investigated by in situ hybridization, we used in
situ hybridization as an alternative assay for detection of the
integrated form for comparison. The greatest advantage of in
situ hybridization is that necoplastic arca and nonncoplasite
area of the same specimen can be cxamined by microscopy for
positive signals. The in situ hybridization system used in our
study was based on catalyzed amplification of positive
hybridization signals with biotin tyramide complexes and
does not require PCR amplification to improve sensitivity.
Nevertheless, its sensitivity appeared to be poorer to that of the
PCR technique, and that presumably explains the failure to
detect positive signals in the CIN 1 (Table 1). Evans ot al'?
reported detection of spot signals in 100% of CIN by in situ
hybridization, but they observed spot signals even in low risk
of HPVs genome such as [PV 6 or 1 under their conditions.
There is controversy as to whether low-risk HPV ig integrated
into the host genome or not. Under the present circumstances,
in which the low-tisk type has not gencerally been recognized
as being present as the integrated form, we should consider the
sensitivity and specificity of their assay. Since the results
obtained with our high-sensitivity in situ hybridization almost
completely coincided with the resuls of real-time PCR, we
concluded that our assay more closely reflects reality.

The discrepancy between the results obtained by two
methods in our study may be duc to the difference between the
samples. Exfoliated cells were investigated by real-time PCR,
whereas biopsy material was cxamined by in situ hybridiza-
tion. Despite the difference in such an experimental condition,
we found strang concordance between the results of real-time
PCR and in situ hybridization. We conclude that a combination
of rcal-time PCR and ih situ hybridization is a more reliable
method than using cither method alone to determine the phy-
sical status of the HPV genome.

We also investigated the physical status of the HPV
genome in our specimens and the clinical outcome of the patients.
The proup with having the integrated pattern tended to show
persistent HPV infection; however, in these cases, laser vapor-
ization was performed during the observation period at the
paticnts’ request (data not shown). Therefore, we could not
conclude that integration is an indicator of a poor outcome.
Although the lesions regressed spontancously in most CIN2
cases, the integrated form was found in some CIN2 cases. It
remains unresolved whether the presence of the integrated
torm is an indicator of progression of cervical neoplasia because
the integrated form was not detected in all of the invasive
carcinomas. From the standpoint of the gynceologic oncol-
ogist, the CIN classification still seems to be the ordinary
international terminology for histologic diagnosis. Our data
have demonstrated that the pattern of HPV gene presence is
different in the CINI group and the CIN2 group. In other
wards, they clearly show that CINT, i¢, low-grade squamous
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intracpithelial lesions (LSILs), differ from CIN2 or higher-
grade lesions, ic, high-grade squamous intracpithelial lesions
(1SILs), biologically as well. If it is found that SIL, which is
generally used in cytologic terminology, is theorctically
consistent from a molccular biology standpoint as well, it
scems that the concept of SIL will be widely recognized in the
futurc as histologic terminology. We feel that our study is
important from this viewpoint as well. On the other hand, siuce
clinical regression also occurs in many CIN2 cases, there is
a problem in deciding on CIN2 and higher-grade cuses as
targets for treatment. Differentiating between CIN2 and C'IN3
is important in terms of deciding on treatment policy. Thus, at
the present time making a histologic diagnosis into just two
groups, an LSIL group and an HSIL group, is difficult for
clinicians 1o accept. That is why we used the hiopsy samples
and the CIN classification to describe them in the present
study. The incidence of anti L7 antibody in ccrvical neoplasia
paticnts has been reported to be 20% to 50%.77"* but the
relationship between E7 expression in cells and the incidence
of anti E7 antibody remains unresolved. If production of anti
L7 antibody in cervical ncoplasia patients is related to the
physical status of the ITPV genome, it might be useful to work
out 4 sirategy for therapeutic vaccination for the E7 protein in
the future.

ACKNOWLEDGMENTS
We are grateful to Dr. Iwata for discussions. The authors
thank Dr. Muttias Durst for the gift of the PK114/K plasmid
containing the variant HPV16 genome.

REFERENCE

e Hausen H. Virnses in humaty cancers, Science, 1991;254:1167-1173,

Wakagawa H, Sugano K, Fuji T, et al. Frequent detection of Turian papilloma

viruses in cervicd] dysplasia by PCR simgle-strind DNA-conformational

polymurphism analysis. dnticaner Res, 2002:22:1655-1660.

. Masamoto N, Fujii T, Ishikawa M, et al, Papanicolaon tests and molecular
analyses using new fluid-based specimen collection technology in 3000
Japancse women, Br J Cancer. 2003;88:1883 8RR,

. Schetfier M. Nuber 1, Huibregtse M. Protein abiguilination involving an
F1-F2-F3 enzyme ubiguitin thioester cascade. Nasure, 1995:373:81 K3,

. Nevins JR. E2F: A link between the Rb tunor suppressor prowein ami viral
oncoproteing Science. 1992:258:424-429.

. Ducnsing S, Duensing A. Flores FR, ot al. Centrosome abnormalitics and
genomic instability by episomal expression of human papillomavirus type
16 in mil caltures of human kerannoeyws. J Virol, 2001:75:7712 7716

. Jeon §, Allen-Hoftinann BL, Lambert PF. Integration of human papillo-

mavirus type 16 into the human penome correlates with a selective growth

advantage af cells. J Vil 1995:69:2989--2997.

Peitsurs ¥, fohansson B, Syrjanen S. [ntegrated biman papitlomavins

type 16 s frequently found in cervical cancer precursors as demonstrated

by a novel quantitative real-time PCR wehnigue. 7 Clin Micrubul. 2002:

40:886- 891,

. Muatsukora T, Koi 8, Sugase M. Both episomal and integrated forms of
buman pupillomavirus type 16 are involved in invasive cervical cancers.
Virology. 1989:172:63-72.

o~

w

£

w

>

~

=

N

108

.

!

=

(¥

IS
[

Durst M, Kleinheinz A, Hotz M, et al. The physical stae of human
papillomavirus type 16 DNA in benign and malignant genital wmours,
J Gen Yirol, 1985;66:1515 1522,

. Klaes R, Wocrner M, Ridder R, et al. Deteclion ol high-nsk ceevical

intraepithelial nenplasia and cervical cancer by amplification of transcripts
derived from integrated papillomavinus oncogencs. Cancer Res. 1999:59;
0132 61306,

. Luft F, Klacs R, Nees M, ci al Dewction of integrated papilloma-

virus sequences by ligation-mediated PUR (IIPS-PCR) snd molec-
ular characterization in cervical cancer cells. dnr J Cancer. 2001:92:
9.17.

. Gallo G, Bibbo M, Bagella 1., e1 al. Siady of vinal mtepration of

HPYV-16 in young patients with T8V J Clin Padhed. 2003,56:532 336

. Nagao S, Yoshinouchi M, Miyagi Y, ¢t al. Rapid and sensitive detection of

physical status of buman pepillomavirus type 16 DNA by quantitative
real-timg PCR. J Clin Microbiol, 2002:40:863-867.

. Evans MF, Mount §1., Beatty BG, ¢t al. Biotinyl-tyramide-based in situ

hybridization signal patterns distingash bwman papillomavaris lype and
grde of cervical intraopithelial neoplasin. Mod Pathol. 2002:15:1339
1347,

. Birner P. Bachtiary B, Dreier B, et al. Signal-amphificd colorimetnc i situ

hybridization for assessment of human papillomavirus mfection 1
cervical lesions. Aod Parhol. 2001;14:702-709.

. leda Y, Enonoto T, Miyaake T. el al. Monoclonal cxpansion with

integration of high-risk type human papillomavinises is au innial swp for
cervical  carctnogenesis:  Association of clonal sttus and  human
papillamavirus infection with climcal outcome in cervical ntragpuhelial

neoplasia, Lab lovest. 2003:83:1517-1527.

. Cooper K, Herrington CS, Suckland JE, e al. Fpisomal and integrated

buman papillomaviins in cervical neoptasin shown hy non-isolopic w sit
hybridisation. J Clin Pathol. 1991.44:990 996,

. Huang CC, Kashima ML, Chen M, et al. HPV in situ hybndization with

catalyzed signal amplification and polymerase chain reaction in establish-
ing cerchellar metastasis of a cervical carcinoma, them Parhol, 1999;30:
587 591.

. Lizard (3, Demares-Poulet M1 Roigrot P, et al. In situ hybridization

detcction of single-copy buman papillomavirus on isolatd cells, using a
catalvzed signal amplification system: GenPont. Miaen Cyimpuihol. 2001
24:112 116,

. Yoshikawa H, Kawana T. Kitagawa K, et al. Detechon and typing of

multipic genital human papillomaviruses by DNA amplification with con-
sensus primers, Jpn J Cancer Res 199182:524-.531.

. Masumoto N, Fujii T, Ishikawa M, ct al. P16 overexpression and huiman

papillomavirus infection in small cell carcinoma of e uterine cervix.
Hum Pathol. 2003;34:778 783,

3. Cooper K. Herrington €8, Graham AK, ot al. In situ human papil-

lomaviras (HPV) geootyping of cervical intraepithelial neoplasia in
South African and Batish paticns: Evidence for putative HPV inte-
gration in vivo, J Clin Pothol. 1991:44:400 405,

CConger KL, Liu IS, Kuo SR, et al. Thunan papiflomavirus DINA

replication. Interactions between the viral E1 protein and two subunits off
tuiman DA polymerase alphasprimase. J Biol Chem. 1999;274:2696
2705,

. Knstiansen E, Jenkins A, ITolm R. Coexistence of episomal and integrated

HPV16 DNA in squanous cell carcinoma of the cervix. .7 Clin Pathol.
1994;47:253-256.

. Pirani 1, Giache V, Becciolim A. Analysis of HPV 16, 18, 31, and 35

DNA in pre-invasive and invasive lesions of the uwenne cenax. J (fin
Pathal. 1997.50:600 -604.

27. Meschede W, Zumbach K. Braspenning J, ct al. Antibadics agamst carly

proteins of human popillomaviruses as dingnostic markers for invasive
cervical cancer. J Clin Micrabiol. 1998:36:475 480,

. Fujii T, Matsushima Y, Yajima M, e al. Serum antubody against unfused

recombinant E7 protein of human papillonvavirus type 6 in cervical
cancer patients. Jpn J Cancer Res. [995.86:28 24,

© 2005 Lippincon Witliams & Witkins



Available online at www.sciencedirect.com

SOIENCE<dDIREGT°

Gynecologic Oncology 98 (2005) 433 461

Gynecologic
Oncology

www.elsevier.com/locate’ygyno

Transcriptional expression of the genes implicated in angiogenesis and
tumor invasion in cervical carcinomas

Koji Kanda, Masatsugu Ueda®, Hikari Futakuchi, Hiroyuki Yamaguchi,
Kuniko Mori, Yoshito Terai, Minoru Ueki

Department of Obstetrics and Gynecology, Osaka Medical College, 2-7 Daigakumachi, Takatsiki, Osaka 569-8686. Japun

Received 10 February 2003
Available online 5 July 2005

Abstract

Objective. Co-expression patterns of the genes implicated in angiogenesis and tumor invasion in cervical carcinoma cells were
investigated together with invasive activity of tumor cells. Transcript levels of those genes were also compared between tumor cells and

normal cervical tissues.

Methods. Real-time quantitative RT-PCR analysis was conducted on selected 11 genes (total VEGF-A, VEGF 2y, VEGF4s. VEGF, g9,
VEGF-B. C and D, bFGF. dThdPase, MMP-2 and uPA) using 11 cervical carcinoma cell lines and 14 normal cervical tissues. Protein
expression of VEGF-C and MMP-2 and invasive activity of tumor cells were evaluated for each cell line by sandwich ELISA and

haptoinvasion assay. respectively.

Results. Gene co-expression analysis revealed the significant correlation between angiogenic factors and profeinases in malignant but not
in normal cervical samples. Gene or protein expression levels of VEGF-C and MMP-2 were well correlated with the number of invaded
tumor cells. VEGF-A splicing variants were increased in malignant compared to normal cervical samples but not associated with the invasive

activity of the cells.

Conclusion. VEGF-C and MMP-2 were closely related to invasive phenotype of tumor cells, whereas VEGF-A isoforms were considered

to be involved in cervical carcinogenesis.
€ 2005 Flsevier Inc. All rights reserved.
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Introduction

Growth of solid tumors depends on angiogenesis, the
process by which new blood vessels develop from the
endothelium of a pre-existing vasculature [1]. Tumors
promote angiogenesis by secreting various angiogenic
factors, and newly formed blood vessels induce tumor cell
proliferation and invasiveness. Various peptide growth
factors, such as vascular endothelial growth factor (VEGF)
[2,3], basic fibroblast growth factor (bFGF) [4.5] and
thymidine phosphorylase (dThdPase) {6 &]. have been
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found to stimulate the proliferation and motility of
endothelial cells, thus inducing new blood vessel formation.
Molecular cloning has revealed five different isoforms of
VEGF-A which are generated from a single mRNA by
alternative splicing and which have different biochemical
features and biological effects [9,10]. Recently, three new
members of the VEGF family, VEGF-B, C and D. have
been also discovered and characterized [11- 13]. It has been
suggested that VEGF family members, bFGF and
dThdPase, are expressed in a variety of human tumors in
different ways.

Metastatic spread of the solid tumor depends on a
critical cascade of events that includes tumor cell
adhesion, migration, invasion, proliferation and ultimately
neovascularization [14]. These biological processes require



