Table 3 Correlation between surgical cytoreduction and
peritoneal cytology at IS (1 = 50)

IS Peritoneal cytology at IS
Negative Positive

Complete (n = 32) 23 9

Incomplete (n =18) 5 13

Total 28 22

Fisher’s exact test, P = 0.0035. IS, interval surgery.

Identification of significant prognostic factors
detected at IS

As shown in Figure 1, median PFS and OS for all cases
were 14.8 and 50.7 months, respectively. The corre-
sponding 3-year PFS and OS for all cases were 13.1%
and 64.5%, respectively.

The impact of various clinicopathological factors for
poor PFS prognosis was examined by univariate and
multivariate analysis. On univariate analysis, we inves-
tigated the prognostic significance of the following
factors: age (260 years), histologic type (clear cell,
mucinous, low-grade serous vs endometrioid, high-
grade serous), primary treatment (NAC, PDS), preop-
erative serum CA-125 levels (titer, 220 U/mlL),
response of pre-IS chemotherapy (cCR, non-cCR),
maximum diameter of largest residual tumor nodule
detected at IS (>1 ¢cm), number of residual lesions at IS
(number >20), peritoneal cytology positivity, and sur-
gical completeness (postoperative presence of residual
lesions). As shown in Table4, univariate analysis
revealed that preoperative serum CA-125 level (rela-
tive risk [RR]=1.060, 95% confidence interval
[CI] = 0.568-1.960, P =0.0539), number of residual
lesions at secondary surgery (<20, RR =1.838, 95%
CI=0.936-3.502, P = 0.0554 by log—rank test), positive
peritoneal cytology (RR =2.851, 95% CI =1.437-5.821,
P =0.0015 by log-rank test) and surgical completeness
(RR =2.103, 95% CI =1.089-4.005, P=0.0171 by log-
rank test) were significant for PFS. Multivariate analy-
sis (Table 5) revealed that positive peritoneal cytology
(RR = 2.355, 95% CI=1.084-5.285, P=0.0303 by log-
rank test) was the only independent poor prognostic
factor for PFS.

OS and PFS by prognostic factors at IS

Overall survival and PFS survival curves in our cases
were assessed for representative prognostic factors
using the Kaplan-Meier method and the log-rank test.
Complete cytoreduction cases at IS demonstrated sig-
nificantly better prognosis for both OS and PFES than
cases with incomplete surgery (OS, P <(.0001; PFES,

© 2014 The Authors
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P =0.017 by log-rank test) (Fig. 2). We also observed a
significant difference in both OS and PFS between peri-
toneal cytology-negative and -positive cases (OS,
P <0.0001; PFS, P=0.0015 by log-rank test) (Fig. 3).
Cytology-negative cases showed good prognosis even
in those with T3c disease, including a 3-year OS rate of
78% and median PFS of 18 months. Notably, nine of 32
cases with complete cytoreduction were cytology-
positive. Among these nine cases, all eventually expe-
rienced disease recurrence. Two of the nine survived
with recurrent diseases, while six patients died, likely
due to the chemoresistant status of disease. There was
no significant difference in OS and PFS by Kaplan-
Meier method in terms of amount of residual tumor
and serum CA-125 level, even though these factors
showed marginal significance on univariate analysis
(survival curves not shown).

Discussion

The role of IS was first shown by Berek et al. as a suit-
able option to prolong survival after incomplete
primary treatment® It remained controversial for
several decades thereafter whether NAC or PDS, fol-
lowed by IS, provided additional benefit compared
with standard treatment without 1S.)%?* However, it
was subsequently shown that NAC, followed by
appropriate interval cytoreduction, could indeed
improve survival in those with unresectable gross
tumors involving multiple intra-abdominal organs in
whom primary surgery was suboptimal due to low PS.
It was additionally suggested that this approach may
result in lower perioperative complication rates com-
pared with standard initial aggressive resection. 6?2
Although the goal of the interval surgery is to have
minimal residual disease remaining at the completion
of the operative procedure, the determination of
optimal cytoreduction and postoperative therapy regi-
mens are primarily determined by intraoperative sur-
gical evaluation through subjective visualization and
palpation. Thus, a validated documentation system,
Intraoperative Mapping of Ovarian Cancer (IMO), has
been proposed as an informative guideline for evalua-
tion” However, though a validated documentation
system exists for identifying and recording tumor dis-
semination pattern and postoperative tumor residuals,
discordant results are not uncommon after intraopera-
tive assessment®? In contrast, peritoneal cytology,
with a sensitivity and specificity of approximately 66%
and 100%, respectively, is usually performed as a
subsidiary measurement in conjunction with direct
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Table 4 Univariate analysis for PFS
RR 95% CI P

Age (260 vs <60 years) 1.230 0.668-2.277 0.4907
Histology (CC +M + LGS vs HGS + E) 0.710 0.169-2.006 0.5563
Pretreatment of IS (NAC vs PDS + chemotherapy) 1.058 0.529-2.004 0.8621
CA-125 at IS (220 vs <20 TU/mL) 1.060 0.568-1.960 0.0539
Response of pre-IS chemotherapy (cCR vs non-cCR) 1.078 0.586-1.997 0.8019
Maximum size of residual tumor (=1 cm vs <1 cm) 1.604 0.859-3.008 0.1210
No. of residual tumors at IS (220 vs <20) 1.838 0.936-3.502 0.0554
Peritoneal cytology at IS (positive vs negative) 2.851 1.437-5.821 0.0015
Any residual tumor after IS (complete vs incomplete) 2,103 1.089-4.005 0.0171

Bolding indicates statistical significance. CA, cancer antigen; CC, clear cell carcinoma; CI, confidence interval; ¢CR, clinical complete
response; E, endometrioid carcinoma; HGS, high-grade serous carcinoma; IS, interval surgery; LGS, low-grade serous carcinoma; M,
mucinous cell carcinoma; NAC, necadjuvant chemotherapy; PDS, primary debulking surgery; PES, progression-free survival; RR, relative

risk.

Table 5 Multivariate analysis for PFS

RR 95% CI P
CA-125 at IS (220 vs <20 U/mL) 1.172 0.418-1.744 0.6625
No. of residual tumor at IS (220 vs <20) 1.261 0.511-3.053 0.6122
Any residual tumor after IS (complete vs incomplete) 1.218 0.487-3.079 0.6750
Peritoneal cytology at IS (positive vs negative) 2.355 1.084-5.285 0.0303

Bolding indicates statistical significance. CA, cancer antigen; CI, confidence interval; IS, interval surgery; PES, progression-free survival; RR,

relative risk.

visualization,” confirming the presence of peritoneal
implants with few clinical biases. Further the inten-
sively wiped peritoneal swabs were additionally
assessed for the cytological evaluation of the peritoneal
cavity in our institute.

Although it may be necessary to investigate more
cases to draw a definite conclusion, it raises useful
suggestions of the significance of intraoperative diag-
nostic evaluation. Our study demonstrates diagnostic
value for predicting outcome of stage T3c ovarian
cancer patients at IS and shows that the presence of
positive peritoneal cytology at IS is an independent
adverse prognostic variable with regard to PF5 on both
multivariate and survival analyses. In terms of diagnos-

tic significance, peritoneal cytology at IS may be a very
useful tool for predicting prognosis of T3c cases. More-
over, our data suggested that negative peritoneal cytol-
ogy was more strongly associated with favorable
prognosis compared with complete cytoreduction.
Thus, cytology-negative cases showed good prognosis
even in those with T3c disease, including a 3-year OS
rate of more than 60% and median PFS of 18 months. In
comparison, median PFS in EORTC trial cases was 12
months.

Notably, nine of 32 cases with complete
cytoreduction were cytology-positive, suggesting that
residual cancer cells, possibly chemoresistant,

remained microscopically present in the peritoneum.

© 2014 The Authors
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Figure 2 Impact of surgical reduction rate at interval surgery (IS): complete versus incomplete (1 = 50). Three-year overall
survival (OS) for complete cytoreduction cases in the study was 79%, and for incomplete cases was 13.1%. Complete
cytoreduction cases at IS have better prognosis for both OS and progression-free survival (PFS) significantly than cases that
ended as incomplete surgery (OS, P <0.0001; PES, P = 0.017 by log-rank test).

os

PFS

J negative n=28
0.8

0.6

survival

0.4~ positive n=22
0.2

00—+

survival

0.8

0.6+ negative n=28

positive n=22

0.4-]

0.2+

0.0 —T

T — T
10 20 30 40 50 60
overall survival

T T
[¢] 10 20 30 40 50 60
progression free survival

Figure 3 Comparison of peritoneal cytology at interval surgery (IS): positive versus negative (1 = 50). A significant differ-
ence in both overall survival (OS) and progression-free survival (PFS) between the peritoneal cytology-negative and
-positive (OS, P < 0.0001; PFS, P = 0.0015 by log-rank test) is shown. Cytology-negative cases show good prognosis even
for T3c cases; 3-year OS rate of 78% and median PFS of 18 months.

Among these nine cases, all eventually experienced
disease recurrence. Peritoneal cytology may be more
sensitive for detection of residual cancer cells at IS com-
pared with intraoperative surgical evaluation via visu-
alization and palpation, or CT scanning. Microscopic
residual cancer cells may progress to recurrent tumor
even after additional post-IS adjuvant chemotherapy,
followed by clinical recurrence. Our data suggests that
peritoneal cytology should be assessed at IS in order to
identify T3c cases with poor prognosis, most of which
develop intraperitoneal recurrence.

Given our data, peritoneal cytology at IS provides us
with additional information with which to predict PFS
in individual cases, as well as reconsider post-IS adju-
vant chemotherapy regimens for cytology-positive
cases. Recent reports from Japan have demonstrated
that i.p., versus i.v.,, administration of chemotherapy
was more effective in ovarian cancer cases in which
IDS ended with suboptimal surgery (KCOG9812).%
Cytology-positive cases may warrant either change of

© 2014 The Authors

regimen or route of administration for post-IS adjuvant
chemotherapy. Obviously, randomized well-designed
prospective studies are warranted to investigate new
strategies for post-I5 adjuvant chemotherapy in perito-
neal cytology-positive cases.
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Objective: Human papillomavirus vaccines are being introduced worldwide and are expected
to reduce the incidence of cervical cancer. Here we report a cross-sectional study using a vali-
dated human papillomavirus genotyping method to reveal the human papillomavirus prevalence
and genotype distribution in Japanese women with cervical intraepithelial neoplasia Grade 2/3
and invasive cervical cancer.

Methods: Cervical exfoliated cells were collected from 647 patients with abnormal cervical
histology (cervical intraepithelial neoplasia Grade 2, n = 164; cervical intraepithelial neoplasia
Grade 3, n=334; and invasive cervical cancer, n= 149), and subjected to the PGMY-
PCR-based genotyping assay. The association between human papillomavirus infection and
lesion severity was calculated using a prevalence ratio.

Results: Overall, the prevalence of human papillomavirus deoxyribonucleic acid was 96.3% in
cervical intraepithelial neoplasia Grade 2, 98.8% in cervical intraepithelial neoplasia Grade 3 and
88.0% in invasive cervical cancer (97.8% in squamous cell carcinoma and 71.4% in adenocarcin-
omay). The three most prevalent types were as follows: human papillomavirus 16 (29.3%), human
papillomavirus 52 (27.4%) and human papillomavirus 58 (22.0%) in cervical intraepithelial neopla-
sia Grade 2; human papillomavirus 16 (44.9%), human papillomavirus 52 (26.0%) and human
papillomavirus 58 (17.4%) in cervical intraepithelial neoplasia Grade 3; and human papillomavirus
16 (47.7%), human papillomavirus 18 (23.5%) and human papillomavirus 52 (8.7%) in invasive
cervical cancer. The prevalence ratio of human papillomavirus 16 was significantly higher in cer-
vical intraepithelial neoplasia Grade 3 compared with cervical intraepithelial neoplasia Grade 2
(prevalence ratio, 1.62; 95% confidence interval, 1.26—2.13) and in squamous cell carcinoma
compared with cervical intraepithelial neoplasia Grade 3 (prevalence ratio, 1.55; 95% confidence
interval, 1.25—-1.87). Multiple infections decreased from cervical intraepithelial neoplasia Grade
2/3 (38.4/29.8%) to invasive cervical cancer (14.1%), whereas co-infections with human papillo-
mavirus 16/52/58 were found in cervical intraepithelial neoplasia Grade 2/3.

Conclusions: The results of this study provide pre-vaccination era baseline data on human papil-
lomavirus type distribution in Japanese women and serve as a reliable basis for monitoring the
future impact of human papillomavirus vaccination in Japan.

Key words: human papillomavirus — genotyping — cervical cancer — prevalence ratio
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INTRODUCTION

Persistent infection with a subset of human papillomaviruses
(HPVs), known as high-risk HPVs, is a primary cause of the
development of cervical precancerous lesions and invasive
cervical cancer (ICC) (1). At least 15 genotypes (HPV16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82) are recog-
nized as high-risk HPVs (2), among which HPV16 is most fre-
quently detected in ICC cases worldwide, followed by
HPV18. Recent worldwide introduction of HPV vaccines tar-
geting HPV16/18 (Cervarix®™ and Gardasil®) is expected to
prevent incident HPV16/18 infection, thereby reducing cer-
vical cancer cases (3). However, clinical trials on HPV vac-
cines have so far only evaluated its efficacy in preventing
precancerous lesions, including cervical intraepithelial neo-
plasia (CIN) Grades 2 and 3, as a surrogate clinical endpoint,
and its final effect on reducing ICC cases is not yet proven.
Because the progression into ICC generally requires >10
years of persistent HPV infection, HPV type distribution in
CIN2/3 lesions in the general population provides an early in-
dicator to assess the effectiveness of HPV vaccination and
thus to estimate any subsequent reduction in ICC cases.

East Asian countries including China, Korea and Japan show
region-specific variation in HPV type distribution in ICC cases
(4). In particular, HPV52 and HPV58 are more prevalent in
these countries compared with Europe, North America and
Africa (5, 6). Previous studies report that HPV16/18 cause the
majority of ICC cases in Japan (7—10), ranging from 50 to 70%,
whereas HPV52/58 are individually detected in ~7% of
Japanese ICC cases. Since the HPV vaccines against HPV16/18
infection have exhibited only a limited efficacy for cross protec-
tion against other high-risk HPVs (11) it is important to monitor
the prevalence of HPV52/58 in CIN2/3 and ICC cases in order
to evaluate whether type-replacement occurs in post-vaccination
era Japan.

In this study, we used a validated HPV genotyping method
(12) to record the most recent data on the prevalence and type
distribution of high-risk HPV's in Japanese women with CIN2/3
lesions and ICC. The results provide reliable baseline data on
the HPV type distribution in Japanese women with precancerous
lesions and cervical cancer that will enable accurate assessment
of any future impact from HPV vaccination in Japan.

PATIENTS AND METHODS
StupY SUBIECTS AND SPECIMEN COLLECTION

We enrolled 647 Japanese women who were histologically
diagnosed with CIN2/3 or ICC by punch biopsy or cervical
conization (CIN2, n = 164; CIN3, n = 334; and ICC, n =
149) at three hospitals in the Tokyo metropolitan area (NTT
Medical Center Tokyo, Keio University Hospital, and The
University of Tokyo Hospital) from September 2009 to
December 2013. Histological diagnosis was made using
hematoxylin—eosin-stained sections according to the World
Health Organization (WHO) classification by experienced
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pathologists at each hospital. When diagnoses between punch
biopsy and cervical conization were discordant, a higher grade
of histology was taken as final diagnosis. The mean age +
standard deviation and age range in each histological grade
was as follows: CIN2, 36.4 + 7.7 years (21-62 years); CIN3,
38.9 + 8.0 years (2167 years); ICC, 48.0 + 14.9 years (27—
88 years). In Japan, Cervarix® and Gardasil® were approved
for use in 2009 and 2011, respectively, but all the study partici-
pants reported no history of HPV vaccination except for one
CIN2 case that had recently been administered with Gardasil®.

Before histopathological diagnosis, cervical exfoliated cells
were collected in Thinprep® media using a Cervex-brush®
combi for subsequent HPV genotyping. The study protocol
was approved by the Ethics Committee at each hospital and
the National Institute of Infectious Diseases, and written
informed consent for study participation was obtained from
each patient.

HPV GENOTYPING

DNA extraction and HPV genotyping were centralized in a la-
boratory at the National Institute of Infectious Diseases. Total
DNA was extracted from a 200-pl aliquot of cervical exfoliated
cells using the QIAamp DNA Blood Mini Kit (Qiagen) and a
MagNA Pure LC 2.0 (Roche Diagnostic). An aliquot of the
purified DNA was then used for PCR amplification with
AmpliTaq Gold® polymerase (GE Healthcare Bio-Sciences),
biotinylated PGMY09/11 primers to amplify the L1 DNA of
mucosal HPVs, and biotinylated HLA primers to amplify cellu-
lar HLA DNA. Positive control (0.1 pg/mL of HPV16 DNA as
a plasmid) and negative control (dH,O) were included to verify
the sensitivity of PCR and monitor contamination of HPV DNA
in reagents. The PCR products were run on 1.5% agarose gels to
assign the positivity of HPV DNA amplification and to confirm
the integrity of the extracted DNA by amplification of HLA
DNA. Reverse blotting hybridization was performed as
described (12, 13). Briefly, 15 pl denatured PCR products were
allowed to hybridize with oligonucleotide probes specific for 31
HPV types (HPV6, 11, 16, 18, 26, 31, 33, 34, 35, 39, 40, 42, 44,
45,51,52,53, 54,55, 56,57, 58, 59, 66, 68, 69, 70, 73, 82, 83,
and 84) immobilized on a Biodyne C membrane (Pall corpor-
ation) using a Miniblotter MN45 (Immunetics, Cambridge,
MA, USA). The hybridized DNA was detected using streptavi-
din—HRP (GE Healthcare Bio- Sciences, Piscataway, NJ, USA)
and the ECL detection reagent (GE Healthcare Bio-Sciences).
For adenocarcinoma samples with negative results from the
L1 PCR, E6 PCR was performed using PCR Human
Papillomavirus Typing Set (Takara, Ohtsu, Japan) that detects
HPV16, 18,31, 33, 35, 52 and 58.

STATISTICAL ANALYSIS

A generalized linear model with binomial distribution and log
link was used to calculate the prevalence ratio (PR) of high-
risk HPVs between different histological grades with 95%
confidence intervals (CI). The PR was adjusted with the
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Table 1. Human papillomavirus (HPV) genotype distribution in CIN2/3 in Japanese women

Type CIN2 (n = 164) % CIN3 (n = 334) % PR (CIN3 vs. CIN2) (95% CI) P (Wald test)
High risk
16 48 29.3 150 44.9 1.62 (1.26—2.13) 0.0003**
18 11 6.7 24 72 1.03 (0.53-2.15) 0.93
26 1 0.6 0 0.0 ND
31 16 9.8 42 12.6 1.30(0.77-2.32) 0.3s
33 6 3.7 15 4.5 1.33 (0.54-3.69) 0.55
35 5 3.0 6 1.8 0.63 (0.19-2.19) 0.45
39 6 3.7 8 24 0.67 (0.23-2.03) 0.46
45 4 2.4 3 0.9 0.35(0.07-1.61) 0.18
51 16 9.8 20 6.0 0.65 (0.34—1.25) 0.18
52 45 274 87 26.0 0.93 (0.68—-1.28) 0.63
53 10 6.1 4 12 0.23 (0.06—0.69) 0.013*
56 9 5.5 8 24 0.43(0.16-1.12) 0.08
58 36 220 58 17.4 0.81 (0.56—1.20) 0.28
59 1 0.6 1 0.3 0.41 (0.02-10.5) 0.53
66 3 1.8 3 0.9 0.39(0.08-1.78) 0.22
68 5 3.0 5 1.5 0.66 (0.18-2.35) 0.51
73 0 0.0 0 0.0 ND
82 8 4.9 10 3.0 0.66 (0.26—1.72) 0.38
Low risk
6 3 1.8 6 1.8
11 2 1.2 0 0.0
40 1 0.6 0 0.0
42 1 0.6 0 0.0
43 0 0.0 0 0.0
44 1 0.6 0 0.0
54 2 1.2 2 0.6
55 4 2.4 2 0.6
57 0 0.0 0 0.0
69 3 1.8 1 0.3
70 2 1.2 1 03
83 0 0.0 1 0.3
84 0 0.0 2 0.6
Negative 6 3.7 4 12
Multiple 63 384 99 29.6

Single and multiple infections combined.

**p < 0,001; *P < 0.05; ND, not determined. Statistically significant values are indicated in boldface.
One case having HPV vaccination history (HPV 16, 18, 53 and 58 positive) is included in CIN2.
CIN2, cervical intraepithelial neoplasia Grade 2; CIN3, cervical intraepithelial neoplasia Grade 3; PR, prevalence ratio; CI, confidence interval.

women’s age at the time of diagnosis. Pearson’s x? test with
Yates’ continuity correction was used to examine differences
in the proportion of HPV infections. Two-sided P values were
calculated and considered to be significant at <0.05. All
statistical analyses were performed using R version 2.11.1.
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RESULTS

HPV PrEVALENCE AND TYPE DISTRIBUTION

Overall, HPV DNA was detected in 158 of the 164 CIN2
cases (96.3%), 330 of the 334 CIN3 cases (98.8%) and 131 of
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Figure 1, Human papillomavirus (HPV) type distribution in cervical intraepithelial neoplasia (CIN) Grade 2/3 in Japanese women. The proportions of single and
multiple infections are presented for individual types. HPV types are grouped as either high- or low-risk based on the risk classification of Munoz et al. (2), except
that HPV26 and HPVS53 are included in the high-risk group based on phylogenetic classification of the L1 nucleotide sequences.

the 149 ICC cases (87.9%). Table 1 and Figure 1 show the
prevalence and genotype distribution of both high- and
low-risk HPVs in the CIN2/3 cases that were enrolled in this
study. In CIN2 and CIN3, three genotypes, HPV16, HPV52
and HPV58, were predominantly detected among 31 HPV
types examined. The proportion of these HPV types in each
histological stage was as follows: HPV16 (29.3%), HPV52
(27.4%) and HPV58 (22.0%) in CIN2; HPV16 (44.9%),
HPV52 (26.0%) and HPVS58 (17.4%) in CIN3. Low-risk
HPVs were detected in 18 cases (11.0%) in CIN2 and 14 cases
(4.2%) in CIN3, all with other high-risk HPVs except for one
case of single-positive HPV6 in CIN2 and one case of single-
positive HPV69 in CIN2. The proportion of low-risk HPV
infections was significantly lower in CIN3 than in CIN2 (P =
0.007, x* test).

In accordance with the distribution patterns observed with
CIN2/3 lesions, HPV16 (47.7%) was most frequently detected
in ICC, whereas the second common type was HPV18
(23.5%), followed by HPV52 (8.7%) (Table 2). Among the
ICC cases, the detection rate of HPV DNA was relatively low
in adenocarcinoma (71.4%) compared with squamous cell car-
cinoma (SCC) (97.8%), and type distributions of high-risk
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HPVs were apparently different between the two histological
types (Fig. 2), as previously reported (14). Although HPV16
(60.4%) was the most common type in SCC, followed by
HPVS52 (12.1%) and HPV18 (11.0%), HPV18 (41.1%) was
most frequently detected in adenocarcinoma, followed by
HPV16 (28.6%) and HPV51 (5.4%).

PrEVALENCE RATIO

To evaluate the risk of CIN progression attributable to individ-
ual high-risk HPVs, the prevalence ratio (PR) of each high-
risk HPV was calculated by comparing the incidence in CIN3
and CIN2. As shown in Table 1, HPV16 prevalence was sig-
nificantly higher in CIN3 compared with CIN2 (PR = 1.62,
95% CI = 1.26—2.13). Conversely, HPV53 prevalence was
negatively associated with progression from CIN2 to CIN3
(PR = 0.23, 95% CI = 0.06—0.69). CIN2/3 and SCC cases
positive for HPV16 showed a trend towards younger age com-
pared with HPV 16-negative cases (Fig. 3). Indeed, statistical
analysis, using a log-binomial model, of high-risk HPVs
prevalence in CIN2 and CIN3 with age revealed significantly
higher PR with decreasing age for HPV16 (PR/year = 1.03,
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Table 2. HPV genotype distribution in ICC in Japanese women

Type ICC (n = 149) % SCC(n=091) % Adc (n = 56) % PR (SCC vs. CIN3) (95% CI) P (Wald test)
High risk
16 71 4717 55 60.4 16 28.6 1.55 (1.25—1.87) 0.000007**
18 35 235 10 11.0 23 41.1 1.62 (0.72—-3.33) 0.20
26 0 0.0 0 0.0 0 0.0 ND
31 3 2.0 3 3.3 0 0.0 0.23 (0.05—-0.65) 0.017*
33 4 2.7 3 33 1 1.8 0.70(0.15-2.22) 0.59
35 2 13 2 22 0 0.0 1.69 (0.24-7.38) 0.52
39 3 2.0 3 33 0 0.0 1.07 (0.20-4.14) 0.93
45 1 0.7 1 1.1 0 0.0 0.98 (0.04-9.24) 0.99
51 3 2.0 0 0.0 3 5.4 ND
52 13 8.7 11 12.1 2 3.6 0.47 (0.24—0.82) 0.014*
53 1 0.7 0 0.0 0 0.0 ND
56 3 2.0 2 22 1 1.8 0.93(0.13-3.97) 0.93
58 8 5.4 6 6.6 2 3.6 0.38 (0.15-0.80) 0.024*
59 1 0.7 0 0.0 1 1.8 ND
66 2 1.3 1 1.1 1 1.8 0.57 (0.02—-6.46) 0.69
68 3 2.0 3 33 0 0.0 3.26 (0.67—13.0) 0.11
73 0 0.0 0 0.0 0 0.0 ND
82 0 0.0 0 0.0 0 0.0 ND
Low risk
42 1 0.7 0 0.0 1 1.8
54 3 2.0 3 33 0 0.0
Negative 18 121 2 2.2 16 28.6
Multiple 21 14.1 13 14.3 7 12.5

Single and multiple infections combined.

**%P < (0.001; *P < 0.05; ND, not determined. Statistically significant values are indicated in boldface.
One adenosquamous carcinoma (HPV18 positive) is included in Adc. One small cell carcinoma (HPV18 positive) and one undifferentiated carcinoma (HPV18/53

positive) included in SCC are excluded from SCC and Adc.

ICC, invasive cervical cancer; SCC, squamous cell carcinoma; Adc, adenocarcinorma; CIN3, cervical intraepithelial neoplasia Grade 3; PR, prevalence ratio; CI,

confidence interval.

95% CI=1.01-1.04, P =0.0009) and for HPV68 (PR/
year = 1.13, 95% CI = 1.03—1.27, P = 0.021). No significant
association with age was observed for prevalence of other
high-risk types (data not shown).

When the prevalence of high-risk types was analyzed
between CIN3 and SCC, an excess of HPV16 was found in
SCC compared with CIN3 (HPV16: PR = 1.55, 95% CI =
1.25—1.87) (Table 2). In contrast, the prevalence of HPV31,
HPV52 and HPV58 was significantly decreased in SCC com-
pared with CIN3.

MULTIPLE INFECTIONS

As shown in Figure 4A, multiple infections were detected in
38.4% of the CIN2 cases, 29.6% of the CIN3 cases and 14.1%
of the ICC cases, showing a decreasing trend with severity of
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lesions, whereas the proportion of single infection increased
from 57.9% in CIN2 to 73.8% in ICC. The number of detected
HPV types significantly decreases as the lesion develops to
ICC (P = 0.0005) and with age (P = 1.3 x 10~°). Among
multiple infections, the proportion of HPV16 and/or
HPV18 infections with other high-risk HPVs was 15.9%
in CIN3, which was significantly higher than the 6.7% in
ICC (P = 0.009), but not significantly different to the 12.2%
in CIN2 (P = 0.34) (Fig. 4B). The proportion of HPV16 and/
or HPV18 infections without other high-risk HPVs was
significantly higher in CIN3 than in CIN2 (P = 0.006), and
was higher still in ICC than in CIN3 (P=1.7 x 10™%).
In contrast, the proportion of high-risk HPV infections
other than HPV16/18 was significantly lower in CIN3 than in
CIN2 (P = 0.010), and was yet lower in ICC than in CIN3
(P=18x107%.
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With regard to the three most frequent types detected in
CIN2/3, the proportion of co-infections was as follows: in
CIN2, HPV16/52 in 8 cases (4.9%), HPV16/58 in 4 cases
(2.4%), and HPV52/58 in 8 cases (4.9%); in CIN3, HPV16/52
in 14 cases (4.2%), HPV16/58 in 9 cases (2.7%), and HPV52/
58 in 8 cases (2.4%) (Fig. 5). Triple-infections were found in
two cases of CIN2 and in one case of CIN3.

DISCUSSION

Here we have presented the prevalence and type distribution
of high-risk HPVs in cervical precancerous lesions and ICC in
Japan using a validated genotyping method. A number of
studies have so far been conducted to investigate the HPV
type distribution in Japanese women (8—10, 15—19), but most
of those studies depended on HPV typing performed at each
hospital laboratory and only a limited number utilized a cen-
tralized external laboratory with quality assurance of its
testing capability. Since our typing capability using the
PGMY-lineblot assay has been consistently evaluated as profi-
cient in the HPV DNA proficiency panel studies conducted
annually by the WHO HPV laboratory network (20), the
results obtained in this study provide the most recent and
reliable pre-vaccination baseline data for Japanese HPV
infection.

In a meta-analysis assembling HPV genotyping data from
984 ICC cases in Japan, the top three HPV types were HPV16
(44.8%), HPV18 (14.0%), and HPV52 (7.0%) (7). The

S10Z ‘21 YomN uo 3send Aq /S1o'sjewnofpioyxo-oo(l/:dny wol papeofumod



916 HPYV prevalence in CIN2/3 and ICC in Japan
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Figure 5. Venn diagram showing the overlap of HPV16/52/58 infections
in CIN2 (A) and CIN3 (B). The number in circles indicates the number of
subjects positive for HPV16 and/or HPV52 and/or HPVS8.

observed distribution of high-risk HPVs in ICC reported in
this study is almost similar, suggesting that the general trend
for causative HPV types in ICC has not dramatically changed
in Japan. The type distributions in SCC and adenocarcinoma
found in this study are also similar to those reported in the pre-
vious meta-analysis (7), in which the top three most frequent
HPV types were HPV16 (45.8%), HPV18 (10.8%) and
HPV52 (7.4%) in SCC, and HPV18 (58.2%), HPV16 (31.3%)
and HPV68 (4.5%) in adenocarcinoma. However, HPV68 was
not detected in adenocarcinoma in this study.

Compared with the high HPV positivity in SCC (97.8%),
the low HPV detection rate observed in adenocarcinoma
(71.4%) is consistent with a recent study summarizing HPV
genotyping data for cervical adenocarcinoma (21), which
demonstrated that the positivity rate of HPV DNA in adeno-
carcinoma ranged from 65.6% (6) to 82.0% (22). The
HPV-negative adenocarcinoma cases (n = 16) in this study
were further examined by PCR targeting the HPV E6 gene,
but again no HPV DNA was amplified from these samples
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(data not shown). The low detection rate of HPV DNA may be
due to HPV integration into the host genome that disrupts the
L1 and E6 genes used for HPV typing, improper sampling of
endocervical cells, or degradation of cell samples containing
low levels of HPV DNA. The low HPV positivity in cervical
adenocarcinoma may also be attributed to the presence of in-
herently HPV-unrelated glandular lesions. In support of this
notion, gastric-type adenocarcinoma, which exhibits a range
of phenotypic gastric differentiation, has recently been pro-
posed as another subtype of cervical adenocarcinoma and
shown to be unrelated to HPV infection (23). Nevertheless,
gastric-type adenocarcinoma was not found in the adenocar-
cinoma cases in this study.

The HPV type distribution in CIN2/3 in this study shows
similar patterns to that previously reported by Onuki et al.
(17), in which the top three most frequent types were HPV16
(24.1%), HPV52 (17.5%) and HPV58 (10.7%). Thus, the
results in this study strongly support a major role for HPV16,
HPV52 and HPVS58 in causing CIN2/3 in Japanese women.

A recent prospective study followed Japanese women with
low-grade cervical lesions and estimated the risk of disease
progression associated with high-risk HPV infections (24).
That study reported hazard ratios of individual high-risk types
for progression to CIN3; 7 HPV types (HPV16, 18, 31, 33, 35,
52 and 58) showed a high risk of progression. Consistent with
these findings, in our study HPV16 exhibited significantly
higher PR in CIN3 compared with CIN2, suggesting a higher
potential for progression from CIN2 to CIN3 than with other
high-risk types. Faster progression of HPV16-infected lesions
to CIN3 can also explain the observed association of younger
age with the development of HPV16-positive CIN3. The high
PR of HPV16 in SCC compared with CIN3 lends further
support to the increased carcinogenicity of persistent HPV16
infection. In contrast, we found a low prevalence of HPV31,
HPV52 and HPV58 in SCC compared with CIN3, which sug-
gests a lower potential for progression to SCC than with
HPV16 infection.

Multiple infections were more frequently detected in CIN2/
3 in our results than in those reported by Onuki et al. (11.3%
in CIN2/3) (17). This difference likely reflects the higher sen-
sitivity of the PGMY-lineblot genotyping methodology to
detect multiple infections, without inter-type PCR competi-
tion, as previously reported (25). Alternatively, the high
prevalence of multiple infections might result from using cer-
vical exfoliated cell instead of tissue sections containing
CIN2/3 lesions. However, multiple infections with high-risk
types have previously been reported in a study using tissue
sections from cervical biopsies (26).

Caution should be taken regarding co-infections of HPV16/
18 with other high-risk types, because currently available vac-
cines targeting HPV16/18 exhibit only limited cross protec-
tion against infections with other high-risk HPVs (3). We
report a substantial proportion of HPV16/18 co-infections
with other high-risk HPVs in CIN3 (Fig. 4B), a proportion
that is significantly higher than that in ICC. Although a causa-
tive HPV type for CIN3 lesions is difficult to determine when
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co-infections are detected, the co-infection may still progress
to ICC via the other high-risk types if HPV16/18 infections
were prevented by vaccination. Of particular concern is the
fact that HPV52 and HPV 58 are commonly detected in East
Asian countries and we report a significant number of
co-infections between HPV52/58 and HPV16 in CIN2/3 in
Japanese women (Fig. 5). Therefore, there is a possibility of
an increase in the incidence of HPV52/58-positive ICC if
HPV16/18 infections are prevented. Thus, careful monitoring
of these genotypes in CIN2/3 lesions will be required after the
widespread introduction of HPV vaccines into Japan and
other East Asian countries in order to evaluate the overall
efficacy of HPV vaccination.
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Introduction Matrix-metalloproteinases (MMPs) are synthesized as proen-
zymes and typically activated by proteolytic removal of a

The tumor microenvironment is comprised of microvascular propeptide [7]. MMPs are reported to influence tumor progression
endothelial cells, adjacent normal epithelial cells and cancer- Ly facilitating events pivotal for neovascularization and establish-

associated fibroblasts (CAFs), and is reported to be an important  ment of distant metastasis including proliferation, survival and
regulator of tumorigenesis [1,2]. As the most common cellular migration of endothelial, tumor and stromal cells {8,9]. MMP-2
population found in the tumor microenvironment, CAFs are and MMP-9 are implicated as prerequisites for angiogenesis and
responsible for the synthesis of proteins involved in the remodeling metastasis in the carcinogenesic process. MMP-2 is expressed in
of the extracellular matrix (ECM), and for the secretion of growth  the various cancer cell lines [10]. In contrast, MMP-9 has very
factors and cytokines that regulate tumor cell proliferation and  Jimited or no expression in these cancer cells. Instead, MMP-9 is
invasion [3,4]. In murine ovarian cancer xenograft models, the well-known to be secreted from cancer stromal fibroblasts and
p53/NF-xB pathway in CAFs significantly increased in vivo tumor endothelial cells [11,12]. MMP-9 is a member of a family of zinc
growth [5]. In colon cancer, Zhu Y et al. report that IL-1B  containing endoproteinases that is involved in degradation of
increased colon cancer cell proliferation and invasion by up- extracellular matrix (ECM) and in vascular remodeling [13].
regulating COX-2 signaling in CAFs [6]. Docosahexaenoic acid (DHA, 22:6n-3) and eicosapentaenoic
acid (EPA, 20:5n-3) are representative mediators of omega-3
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polyunsaturated fatty acids (omega-3 PUFAs) and exert anti-
inflammatory effects in acute and chronic pathological inflamma-
tory reactions by counteracting inflammation [14]. Omega-3
PUFAs are also reported to have anti-cancer effects based on in
vitro and vivo studies [15-17]. Several mechanisms have been
proposed to explain the anti-cancer effects of omega-3 PUFAs.
Omega-3 PUFAs alter the growth of tumor cells by modulating
cell replication, by interfering with components of the cell cycle or
by increasing cell death via necrosis or apoptosis [18,19]. Omega-
3 PUFAs are also known to exert anti-angiogenic effects by
inhibiting the production of many angiogenic mediators including:
vascular endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF), and prostaglandin E2 (PGE2) [20--24].

Dietary supplementation is a traditional approach to modify
tissue nutrient composition in animal studies of nutrition. Feeding
animals diets that alter specific nutritional and non-nutritional
components can help to differentiate experimental groups;
however, it can be exceedingly difficult to provide diets that are
identical in all but a single or a small but controlled number of
components. Kang et al. recently engineered a transgenic mouse
that carries the fat-1 gene from the roundworm Caenorhabditis
elegans [25]. This gene encodes an omega-3 fatty acid desaturase
that catalyzes the conversion of omega-6 to omega-3 PUFAs and
that is absent in most animals, including mammals. There is a
remarkable difference in the tissue omega-6/omega-3 PUFA ratio
between wild type and fat-1 transgenic mice [26]. Fat-1 mice,
which typically exhibit a balanced ratio of omega-6 to omega-3
PUFAs in their tissues and organs independent of diet, allow
carefully controlled studies to be performed in the absence of
potential confounding factors of diet. This makes them a useful
model to investigate the biological properties of endogenous
omega-3 PUFAs [25]. Several reports using fat-1 mice have
demonstrated anti-cancer effects of omega-3 PUFAs [27-30]. In
these investigations, omega-3 PUFAs exerted anti-cancer effects by
suppressing inflammatory reactions and PGE2 secretion from
cancer cells. To date, there are few studies that investigate the
involvement of omega-3 PUFAs in the biology of CAFs.

In this study, we hypothesized that omega-3 PUFAs may alter
tumor microenvironments by influencing CAF activity. To
examine this hypothesis, fibroblasts derived from fat-1 and wild
type mice were assessed both in vitro and in vivo under conditions
allowing interaction with TC-1 cancer cells. TC-1 cells were
derived from the epithelium of C56BL/6 mice and immortalized
by human papillomavirus (HPV) type 16 E6 and E7 oncoproteins.
They are commonly used in vitro and in vivo in murine models of
HPV-related cancer [31]. Here, we investigated the involvement
of omega-3 PUFAs in TC-1 tumorigenesis by comparing fat-1 and
wild type mice. Our specific focus involved the study of tumor-
associated fibroblasts. These models are useful in the study of
CAFs because the cancer cells originate in wild type murine
epithelium while the cancer stromal components, including CAFs,
come from fat-1 (omega-3 PUFAs-rich) or wild type (normal
PUFAs) mice.

Materials and Methods

Animals and diet

Fat-1 mice were created on a C57BL/6 background as
described [26] and subsequently backcrossed (at least four times)
onto a C57BL/6 background. Animals were fed a special diet
(AIN-76A+10% safflower oil; CLEA Japan, Inc.) that contained
10.3% total fat with fatty acid composition of C16:0 (7.6%), C18:0
(2.7%), C18:1n-9 (14.1%), C18:20-6 (73.2%), C18: 3n-3 (0.3%),
(C20:4n-6 (<0.1%), C20:5n-3 (<0.1%), C22: 6n-3 (<0.1%), high
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in n-6 and low in n-3 fatty acids, until the desired age (6-8 weeks)
for experiments. To prevent the oxidation of lipids in the diet, all
foods were stored in the refrigerator with antioxidants (AGELESS;
Mitsubishi Gas Chemical Inc), and prepared newly every two
days. Animal studies were approved by the University of Tokyo
Animal Committee.

Tumor growth assay in mice

TC-1 cells are derived from a primary lung epithelial cell from
C36BL6/mice and immortalized using HPV 16 E6/E7 plus c-
Has-ras (kind gift from Dr. T. C. Wu, Johns-Hopkins University,
Baltimore MD USA) [32]. TC-1 cells were cultured in DMEM
(Gibeo, NY, USA) containing 10% FBS, 100 U/ml penicillin,
0.1 mg/ml streptomycin, and 0.25 g/ml amphotericin B. Eight-
week-old female mice were injected with 5x10% murine TC-1 cells
suspended in 100 Wl of DMEM. Tumor volume, based on caliper
measurements, was calculated at 7 and 14 days after injection
according to the following formula: (tumor volume)= 1/2x(the
shortest diameter) *{the Jargest diameter). Mice were sacrificed
14 days after inoculation, tumors were excised and stored at
—80°C for future analyses.

cDNA microarray

Total RNA from TC-1 tumors (above) was extracted using an
RNeasy minikit (QIAGEN, Hilden, Germany). For the cDNA
microarray analysis, 0.5 pug of pooled total RNA was amplified
and labeled using an Amino Allyl MessageAmpTM II mRNA
Amplification kit (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s instructions. Each sample of
mRNA labeled with Cy3 and reference mRNA labeled with Cy5
was cohybridized to the GeneTM Mouse Oligo chip 24 k (Toray
Industries Inc., Tokyo, Japan) at 37°C for 16 h. After hybridiza-
tion, each DNA chip was washed and dried. Hybridization signals
derived from Cy3 and Cy5 were scanned using Scan Array
Express (PerkinElmer, Waltham, MA, USA). The scanned image
was analyzed using GenePix Pro (MDS Analytical Technologies,
Sunnyvale, CA, USA). All analyzed data were scaled by global
normalization. GEO accession number is GSE54079.

Immunohistochemistry

Paraffin sections (4 um) of TC-1 tumors were dewaxed in
xylene and rehydrated through graded ethanol to water. Antigens
were retrieved by boiling in 10 mM citrate buffer (pH 6.0) for
30 min. The cooled sections were incubated in DAKO REAL
Peroxidase-Blocking solution (DAKO, Carpinteria, CA, USA) for
10 min to quench endogenous peroxidase. To block nonspecific
binding, sections were incubated in DAKO Protein Blocking
solution (DAKO) for 10 min at room temperature. Sections were
then incubated with a rabbit polyclonal antbody against mouse
MMP-9 (PAB12714, Abnova, 1:100 dilution) in DAKO REAL
Antibody Diluent (DAKO) overnight at 4°C. The slides were
incubated for 1 hour at room temperature with peroxidase-
conjugated secondary antibodies, washed, incubated with DAB,
counterstained with hematoxylin, dehydrated through an ethanol
series and xylene, and mounted. To evaluate tumor microvessel
formation, tumor sections were stained for CD-31 using a rat
monoclonal antibody against mouse CD-31 (ab56299, Abcam,
Tokyo, Japan, 1:100 dilution).

RT-quantitative PCR (RT-qPCR)

Total RNA was extracted from TC-1 tumors and cultured
fibroblasts using an RNeasy minikit (QJAGEN, Hilden, Ger-
many), followed by reverse transcription. cDNA was amplified for
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40 cycles in a Light Cycler 480 (Roche, Basel, Switzerland) using a
Universal Probe Master Mix and the following primers and
Universal Probe Library (UPL) probes (Roche). The primer pairs
and the universal probes corresponding to the each primer that
were used in amplifications were as follows: mouse B-actin, 5'-
ATTGAAACATCAGCCAAGACC-3' and 5'-CCGAATCTCA-
CGGACTAGTGT-3' probe88; mouse MMP-9, 5'-ACGACA-
TAGACGGCATCCA-3' and 5'-GCTGTGGTTCAGTTGTG-
GTG-3’ probel9. Expression of MMP-9 was normalized using B-
acin mRNA as an internal standard. Expression levels were
calculated by the comparative Ct method using B-actin as an
endogenous reference gene.

Primary fibroblast culture and co-culture with TC-1 cells
Lungs were isolated from fat-1 transgenic and wild type mice
and washed with saline to remove blood cells. Isolation and culture
of pulmonary fibroblasts were performed using methods described
previously [33]. Lung tissues were minced into small pieces and
incubated in DMEM (Gibco, NY, USA) containing type I
collagenase (0.25%; Sigma-Aldrich, St Louis, MO, USA) and
deoxynuclease I (15 U/ml; TaKaRa, Tokyo, Japan) for 120 min
at 37°C. The resultant dispersed cells were separated by filtration
through nylon cell strainers (70 wm, BD, Franklin Lakes, NJ,
USA). Fibroblasts in the filtrate were collected, placed into 10 cm
dishes in DMEM containing 10% FBS, 100 U/ml penicillin,
0.1 mg/ml streptomycin, and 0.25 mg/l amphotericin B, and
incubated for 7-10 days. Fibroblasts were purified from other cell
population by differential adhesion and serial passage.

Confluent fibroblasts and TC-1 cells were trypsinized and
resuspended in DMEM containing 10% FBS, 100 U/ml penicil-
lin, 0.1 mg/ml streptomycin, and 0.25 g/ml amphotericin B and
1x10° cells/ml cells of each cell type were plated together in 12
well culture plates. Co-cultures were incubated at 37°C 5% CO2
in a humidified atmosphere for 24 hours. Homotypic cultures
served as controls.

Gelatin zymography

Gelatin zymography assays were performed using a Gelatin
zymography kit (Cosmobio, Sapporo, Japan) according to the
manufacture’s instuctions. Cell culture supernatants were collected
and centrifuged at 1,500 rpm for 5 minutes. The cell free
supernatant was mixed with 2 X sample buffer and electrophoresed
using precast gels (10% polyacrylamide, 0.1% gelatin) at 4°C for 1
hour. Subsequentnzymatic reactions were performed at 37°C
overnight. Gelatinase activiies were visualized using specific
staining solutions and destained in acetic acid-methanol-dH,O
(1:3:6). For semi-quantitative analyses, gelatin zymography bands
were analyzed using image analysis software (Image]).

Statistical analysis

Data are presented as means = SEM. Statistical analyses were
carried out by Student’s #test, or Wilcoxon analysis using JMP
software. A value of P<<0.05 was considered significant. In the
figure legends, asterisks indicate those comparisons with statistical
significance (p<<0.05).

Results

Tumor growth and angiogenesis of TC-1 tumors is
suppressed in fat-1 mice

To investigate the effect of omega-3 PUFAs on cervical cancer
tumorigenesis, we injected TC-1 cells subcutaneously into fat-1
and the litter-mate wild type C57/BL6 mice. TC-1 tumor
formation rates and tumor growth were assessed by the number
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of mice forming tumors and three-dimension tumor sizes,
respectively. There was no difference in tumor formation rates
between fat-1 and wild type mice. TC-1 tumor sizes were plotted
for 14 days in fat-1 and wild-type controls (Fig. 1). Tumor growth
rates were consistently lower in fat-1 mice when compared to wild
type mice at all time points. In fat-1 mice, tumor size at 14 days
after injection was significantly smaller than in wild-type controls
(Fig. 1). Although cell growth of TC-1 cells is dependent on
HPV16 E6/E7 expression, E6 and E7 expression in TC-1 tumors
was not downregulated in fat-1 mice (Fig. S1).

To further delineate mechanisms behind these differences in
tumor growth in this model, particularly in terms of the possible
role of host-derived cancer-associated stromal components includ-
ing CAFs, we next examined whether omega-3 PUFAs modified
angiogenesis in TC-1 tumor. We assessed semi-quantitatively
tumor microvessel density in TC-1 tumors derived from fat-1 and
wild type mice by counting the number of CD31-positive
microvessels in immunohistochemical assay (Fig. 2A and 2B).
CD31 immunostaining of TC-1 tumors derived from fat-1 and
wild type mice (Fig. 2A) demonstrated hypovascularity of the fat-1-
derived TC-1 tumors when compared with wild type-derived
tumors. The number of CD31-positive microvessels per high-
power field in fat-1 mice was significantly lower than that in wild
type mice (Fig. 2B). These in vivo data indicated that TC-1 tumor
growth and angiogenesis were at least suppressed in fat-1 mice
when compared with wild type counterparts although it was
difficult to accurately estimate TC-1 cell growth in fat-1 mice.

MMP-9 is downregulated in fat-1 mice-derived TC-1
tumors

To investigate potential differences in gene expression profiles of
TC-1 tumors growing in the skin of fat-1 and wild type mice, TC-1
tumor tissues obtained from fat-1 and wild type mice were
analyzed by cDNA microarray. Since omega-3 PUFAs are
reported to influence cell proliferation and inflammation, Table 1
lists relative gene expression levels for representative genes
associated with the tumor growth and inflammation (Table 1).
With the exception of EGF, expression levels of almost all
inflammatory cytokines/chemokines and growth factors in TC-1
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Figure 1. Tumor growth rates in fat-1 and wild type (WT) mice.
5x10° murine TC-1 cells suspended in 100 pl of DMEM were injected
s.c. into each of 10 fat-1 and wild type mice. Tumor volume, based on
caliper measurements, was calculated at 7 and 14 days after injection
according to the following formula: (tumor volume) = 1/2 x(the shortest
diameter) *x(the largest diameter). Mean values with standard
deviations are presented. Asterisks indicate those comparisons (fat-1
vs. wild type mice) with statistical significance (p<0.05).
doi:10.1371/journal.pone.0089605.g001
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Figure 2. Omega-3 PUFAs suppress tumor vasculogenesis.
CD31 immunostaining of the TC-1 tumor derived from wild type (WT)
mice (A) and fat-1 (B). Bars indicate 200 um. (C) Microvessel densities in
TC-1 tumors are expressed as the representative number of labeled
vessels in 4 fields (n=5). Mean values with standard deviations are
presented. Asterisks indicate those comparisons (fat-1 vs. wild type
mice) with statistical significance (p<0.05).
doi:10.1371/journal.pone.0089605.g002

tumors from fat-1 mice were higher than those, in tumors from
wild-type controls. This suggested that anti-inflammatory and anti-
cell growth effects of omega-3 PUFAs are unlikely to be central to
their anti-tumor activities, at least in this model. We next
examined the expression of MMPs in these TC-1 tumors to
further address stroma-related angiogenesis in the tumor micro-
environments (Table 1). cDNA microarray demonstrated that the
expression of MMP-2 and -9 were suppressed in fat-1 mice-
derived TC-1 tumor while those of other MMPs were tended to be
upregulated when compared to controls. To confirm these effects
at the RNA level, RT-qPCR for MMP-9 was performed. MMP-9
RNA levels in fat-1 mice were approximately 60% lower than
those in wild type controls (Fig. 3A). TC-1 tumor immunohisto-
chemistry confirmed these results at the protein level. MMP-9
immunoreactivity in wild type mouse-derived TC-1 tumors was
clearly stronger than fat-1 mouse-derived tumors (Fig. 3B). High
power histochemical analysis of MMP-9 immnoreactivity in TC-1
cells (Fig. 3B, inserts) revealed negligible expression, while that of
the stromal components including CAFs and endothelial cells was
strongly positive only in the wild type-derived TC-1 tumors. These
data indicated that the production of MMP-9 in CAFs and
endothelial cells was clearly suppressed in fat-1 mice.

MMP-9 expression and gelatinase activity were
suppressed in cultured primary fibroblasts derived from
fat-1 mice

To mimic the cancer stromal microenvironment in vitro, we co-
cultured fibroblasts isolated from fat-1 and wild type mice with
TC-1 cells. We used lung tissues from fat-1 and wild type mice as
the sources for fibroblasts, and differential adhesion methodology
for their isolation. All fibroblasts were passaged 3~4 times prior to
use in experiments. Baseline MMP-9 expression levels in primary
fibroblasts from fat-1 mice were approximately 60% lower than
those from wild type-derived fibroblasts (Fig. 4A). Culture
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Table 1. Cytokine, growth factor, and MMP gene expression
comparisons in TC-1 tumors from fat-1 vs wild type mice.

fat-1/WT ratio

MMP-10

doi:10,1371/journal.pone.0089605.t001
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Figure 3. MMP-9 expression is downregulated in TC-1 tumors
from fat-1 mice. Total RNA was extracted from TC-1 tumors, followed
by reverse transcription. MMP-9 mRNA levels were measured by gRT-
PCR. Expression levels of MMP-9 were normalized to B-actin as an
internal standard (n=4 in each group). Asterisks indicate those
comparisons (fat-1 vs. wild type (WT) mice) with statistical significance
(p<0.05). MMP-9 immunostaining of TC-1 tumors derived from wild
type (WT) and fat-1 mice. Bars indicate 200 um in low-power fields,
50 um in high-power fields.

doi:10.1371/journal.pone.0089605.g003
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Figure 4. MMP-9 expression and enzymatic activity in primary-
cultured fibroblasts. (A) Primary fibroblasts isolated from murine
lungs were cultured. Total RNA from fibroblasts was reverse transcribed
and MMP-9 mRNA levels were measured by qRT-PCR. Expression levels
of MMP-9 were normalized to B-actin as an internal standard. Data are
the representative of three independent experiments. The data were
analyzed by using the Student’s t-test. Asterisks indicate those
comparisons (fat-1 vs. wild type (WT) mice) with statistical significance
(p<0.05). (B) Gelatin zymography: Supernatant from primary fibroblast
cultures were collected and separated by electrophoresis. Gelatinase
activities were visualized by standard staining techniques.
doi:10.1371/journal.pone.0089605.g004

supernatants from each primary fibroblast subtype were collected
and subjected to polyacrylamide gel electrophoresis to exarine
differences in MMP gelatinase activities (Fig. 4B). Using this
method, MMP-2 was detected but MMP-9 was not in both fat-1
and wild type fibroblast

Next, these primary fibroblasts were co-cultured with TC-1 cells
to examine fibroblasts activation upon in vitro exposure to cancer
cells ', Fibroblasts and TC-1 cells were co-cultured for 24 hours
and MMP-9 transcripton was measured by RT-qPCR. Fibro-
blasts from fat-1 and from wild type mice increased demonstrated
MMP-9 expression upon exposure to TC-1 cells (Fig. 5A). In
fibroblasts derived from fat-1 mice, the extent of MMP-3
induction was lower than that in fibroblasts from wild type mice
(Fig.5A). MMP-9 was not expressed in homotypic TC-1 cells,
consistent with immunohistochemical data from our in vivo
model. Furthermore, we confirmed that MMP-S was not
expressed in the TC-1 cells by using a transwell co-culture model
(Fig. S2). Therefore, MMP-9 in the co-culture condition was
derived not from TC-1 cells but from fibroblasts. MMP-2
gelatinase activity was detected in all cell culture conditions,
including homotypic TC-1 cell cultures, and was not altered by co-
culture conditions (Fig 5B, 5D). MMP-9 gelatinase activities were,
however, detectable in fibroblast-TC-1 cell co-cultures, although
MMP-9 gelatinase activity involving fat-1 fibroblasts was clearly
suppressed when compared with wild type fibroblasts (Fig 5B, 5C),
again supporting the concept that MMP-9 expression and
gelatinase activity are suppressed by endogenous omega-3 PUFAs
in CAFs derived from fat-1 mice.

Discussion

In this study, we examined the involvement of defined dietary
factors (omega-3 and omega-6 PUFAs) in tumorigenesis using
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HPV-positive TC-1 cells and proposed a novel anti-tumor
mechanism for omega-3 PUFAs that depends on the activities of
CAFs. Omega-3 PUFAs have been shown to suppress cancer
incidence and growth in various types of cancers [18,19,27]. Many
studies have demonstrated that omega-3 PUFAs have these effects
through anti-inflammatory responses directly and/or indirectly
[25-27] as well as through inducing tumor cell apoptosis and/or
suppressing tumor cell proliferation [18,19]. However, there have
been few reports about the effects of omega-3 PUFAs on CAFs.
CAFs have been implicated in facilitating the growth of several
tumors by directly stimulating tumor cell proliferation and by
enhancing angiogenesis [34,35]. Targeting genes and signaling
pathways mediating interaction of CAFs and tumor-microenvi-
ronment are considered to be essential for development of new
and effective cancer therapies [36,37]. In this study, using fat-1
mice and TC-1 tumor cells, we were able to clarify the effect of
omega-3 PUFA-rich CAFs on tumorigenesis.

Many molecules, including growth factors, cytokines, and
MMPs, play stimulatory and inhibitory roles in promoting
angiogenesis [21]. We investigated gene expression of angiogen-
esis-related cytokines, growth factors and MMPs in the TC-1
tumors of fat-1 and wild type mice by cDNA microarray. The
expression levels of almost all inflammatory cytokines/chemakines
and growth factors in TC-1 tumors from fat-1 mice were higher
than those in tumors from wild-type controls. In contrast, EGF
and MMP-2 and -9 expression levels in fat-1 mice were lower than
those in wild type mice. Since down-regulation of EGF in TC-1
tumors from fat-1 mice was predicted to promote TC-1 cell
proliferation but tumor size in fat-1 mice was significantly smaller
than in wild-type controls, we hypothesize that differences in
MMP production between fat-1 and wild type mice may be
responsible for the suppression of TC-1 tumor growth. Our in
vitro data verified that MMP-9 derived from CAFs activated by
TC-1 cell exposure was downregulated in the fat-1 mice. MMPs
are reported to influence tumor progression by facilitating events
pivotal for neovascularization and for the establishment of distant
metastasis including proliferation, survival and migration of
endothelial, tumor and stromal cells [8,9]. MMP inhibitors reduce
angiogenesis, tumor number, and tumor growth, as does genetic
ablation of MMP-9 [38]. In contrast to MMP-2, which is
constitutively expressed, MMP-9 levels are usually low and
enzyme expression is induced by cytokines that stimulate NF-xB
[8,39]. Furthermore, elevated serum and tissue levels of MMP-9
are reported to be associated with cancer invasion and metastasis
[40]. In breast cancer, MMP-9 activity has been localized around
CAFs and CAFs co-cultured with cancer cells which secrete TGF-
B, TNF-0, and other cytokines, increase production of MMP-9
[11], consistent with our in vitro data. In our data, suppression of
MMP-9 would contribute to accompany hypo-angiogenesis in the
tumor stromal companent in fat-1 tumor.

Several transcription factors, including activator protein-1 (AP-
1), Sp-1, and NF-kB, are reported to be involved in alterations in
MMP-9 expression following exposure to various cytokines [41-
43]. Conversely, several reports have demonstrated that omega-3
PUFAs have an inhibitory effect on the NF-xB pathway when
activated by various stimuli [43-47]. Our own data suggest that
activation of the NF-xB pathway upon co-culture with TC-1 cells
may be suppressed by elevated level of omega-3 PUFAs in
fibroblast obtained from fat-1 mice.

In our experiments, we consistently used primary fibroblasts
that had been passaged 3-4 times only. Nevertheless, lipid
mediator analysis of the fibroblasts revealed that those derived
from fat-1 mice produced larger amounts of omega-3 PUFAs
including EPA-derived metabolites when compared with those
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Figure 5. The increased MMP-9 expression and activity in TC-1/fibroblast co-cultures is inhibited in fat-1 mice. (A) Isolated fibroblasts
were co-cultured with TC-1 cells for 24 hours and expression levels of MMP-9 in the fibroblasts were measured by RT-qPCR. Expression levels of MMP-
9 were normalized to P-actin as an internal standard. The data are representative of three independent experiments. The data were analyzed using
the Student’s t-test. Asterisks indicate those comparisons (fat-1 vs. wild type (WT) mice) with statistical significance (p<0.05). “N.D." indicates ‘not
detected'. (B) Gelatin zymography: Supernatants from fibroblast homotypic cultures and fibroblast/TC-1 co-cultures were collected and separated by
electrophoresis, Gelatinase activities were visualized by standard staining techniques. (C, D) For semi-quantitative analyses, gelatin zymography
bands were analyzed using image analysis software. Results are represented as mean +SEM of three independent experiments. The data were
analyzed using the Student’s t-test. Asterisks indicate those comparisons (fat-1 vs. wild type (WT) mice) with statistical significance (p<0.05).
doi:10.1371/journal.pone.0089605.g005

derived from wild type controls (Fig.53), confirming that the reverse, 5- AGCATATGGATTCCCATCTC -3°. The E7
cultured fibroblasts retained the characteristic to make omega-3 primers were forward, 5’- TTTGCAACCAGAGACAACTGA -
PUFA rich environment. 3’, and reverse, 5- GCCCATTAACAGGTCTTCCA -3

TC-1 tumor microarray data showed that several inflammatory (TIF)

cytokines/chemokines and growth factors were upregulated in fat- Fi $2 MMP-9 mRNA was not induced from TC-1

1 mice. However, the data indicated gene expression levels in both . .

TC-1 cells and stromal components, including fibroblasts, cells é)y co-culture with fibroblasts. 150 UL of suspensions

endothelial and immune cells. Therefore, expression levels of (2>10°/mL) of TC-1 cells or fibroblasts were added to the upper
’ chamber, 500 pl. of suspensions (1x10°/mL) of TC-1 cells or

each cytokine/chemokine were dependent on their primary ’
sources of production. MMP-9 was produced by the fibroblasts fibrobilasts were added to the lower d}amb@r of the Qf} well
Transwell plates (I pm pore) and placed in an incubator with 5%

derived from fat-1 mice but not by TC-1 cells. Therefore, L r .
suppression of the NF-xB pathway by clevated levels of omega-3 GO at 37°C for .24 h and expression levels of MMP-9 in the TC-
1 or fibroblasts in the lower chamber were measured by RT-

PUFAs in fat-1-derived stromal components may have a specific . . . ,

and potent effect on MMP-9 expression levels when compared gPCR. N.D. indicates ‘not detected”.

with the other inflammatory cytokines/chemokines. On the other )

hand, a previous study demonstrates that omega-3 PUFAs activate Figure $3 Lipid mediator analysis of fibroblast/TC-1 co-
NK cells and increase proportions of activated CD8+ cells; this is cultured medium. Supernatants from fibroblast/ TC-1 co-
followed by enhanced anti-tumor effects [48]. Therefore, omega-3 cultures were collected and LC-MS/MS-based mediator lipido-
PUFAs may exert both anti-inflammatory and pro-inflammatory mics was performed on Acquity UPLC BEH C.g column

effects on immune cells. (1.0 mmx150 mmx1.7 ym) using Acquity UltraPerformance
In this study, we have demonstrated that an omega-3 PUFAs- LC system (Waters Co.) coupled to an electrospray (ESI) triple
rich microenvironment can suppress MMP-9 secretion from CAFs quadrupole mass spectrometer (QTRAP5500; AB SCIEX). The
and that this is associated with subsequent tumor hypo-angiogen-  MS/MS analyses were performed in negative ion mode, and the
esis. This study proposes a novel anti-tumor effect of omega-3 eicosanoids and docosanoids were identified and quantified by
PUFAs by modulating tumor microenvironment especially on  myltiple reaction monitoring. Calibration curves between 1 and
CAFs. 1000 pg and the LC retention times for each compounds were
constructed with synthetic standards.
Supporting Information (TIF)

Figure S1 Expression levels of E6 and E7 mRNA in TC-1

tamor. Total RNA was extracted from TC-1 tumors, followed by Acknowledgments
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Resveratrol suppresses inflammatory responses in
endometrial stromal cells derived from endometriosis:
A possible role of the sirtuin 1 pathway
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Akira Shirane, Yoko Urata, Shiro Kozuma, Yutaka Osuga and Tomoyuki Fujii
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Abstract

Ain: Endometriosis is a chronic inflammatory disease. Sirtuin 1 (SIRT1) plays a role in regulation of inflam-
mation. The role of SIRT1 in endometriosis remains unknown. We here addressed the anti-inflammatory
effects of SIRT1 on endometriosis.

Methods: The expression of SIRT1 in human ovarian endometriomas and eutopic endometria were examined
using immunohistochemistry and reverse transcription polymerase chain reaction (RT-PCR). Endometriotic
stromal cells (ESC) obtained from endometriomas were exposed to either resveratrol or sirtinol, an activator or
inhibitor of sirtuins, respectively, and tumor necrosis factor (INF)-o-induced interleukin (IL)-8 release from
the ESC was assessed at mRINA and protein levels.

Results: Both immunochemistry and RT-PCR demonstrated that SIRT1 was expressed in ESC and normal
endometrial stromal cells. Resveratrol suppressed TNF-o-induced IL-8 release from the ESC in a dose-
dependent manner while sirtinol increased IL-8 release.

Conclusion: These opposing effects of SIRT1-related agents suggest that IL-8 release from the ESC is modu-
lated through the SIRT1 pathway. Resveratrol may have the potential to ameliorate local inflammation in

endometriomas.

Key words: endometriosis, inflammation, interleukin-8, resveratrol, sirtinol, tumor necrosis factor-c.

Introduction

Endometriosis, defined as the presence of endometrial
tissue outside of the uterus, represents a common
gynecological condition that tends to be associated
with pelvic pain and infertility.! Inflammation plays an
important role in the development of endometriosis.”*
Some studies have demonstrated that cytokines in the
peritoneal fluid of endometriosis patients contribute to
the establishment and proliferation of ectopic endome-
trial implants.®> More specifically, the peritoneal fluid

from patients with endometriosis has been shown to
possess elevated levels of pro-inflammatory cytokines
derived from the lesions themselves, from activated
macrophages and from other immune cells."®

These cytokines are under the control of nuclear
factor (NF)-«B, a central regulator of immune system
gene expression. NF-kB is an important transcription
factor in inflammatory and other immune pathways
and the activation of NF-xB plays a critical role in the
progression of endometriosis. NF-xB can be activated
by pro-inflammatory cytokines like tumor necrosis
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