Mice xenograft experiments

Immortalised endometr10t1c epithelial cells were resuspended in
growth media (10® cells per ml) and were subcutaneously injected
(0.1 ml) into the base of the bilateral flank of female BALB/c nu/nu
mice (age range 7-9 weeks, SLC, Hamamatsu, Japan). Tumour
growth was monitored weekly until confirmed tumours were
visualised or at least for 2 months unless tumour formation was
detected. All the experiments have been carried out with the ethical
committee approval and meet the standards required by the
UKCCCR guidelines (Workman et al, 2010).

RESULTS

Generation of immortalised epithelial cells from ovarian
endometrioma

Endometriotic tissues were collected from the surface epithelia of
ovarian endometrioma of two patients, a 27-year-old (patient 1)
and a 44-year-old (patient 2) patient who underwent laparoscopic
ovarian cystectomy. These tissues were minced and digested in a
collagenase solution. Endometriotic glands were then roughly
isolated by serial filtration from the stromal cells, followed by
direct pick-up, one by one, using microscopic manipulation
(Figure 1A). Approximately 100 glands were individually seeded
on the wells of plastic dishes and were infected with various
combinations of lentiviral vectors for expression of cyclinD1, cdk4,
dominant negative p53 and hTERT. For comparative purposes,
various combinations of retroviral vectors for expression of
HPV16 E6, E7 and hTERT (Kyo et al, 2003) were also introduced
(Figure 1). Combinatorial transfection of at least three out of these
genes successfully generated a total of five independent cell
populations from the two patients that achieved >40 population
doubling (PD). Two of these populations were transfectants
harbouring the cyclinD1, cdk4 and hTERT genes, two harboured
the E6, E7 and hTERT genes and the other population harboured
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cyclinD1, cdk4, dominant negative p53 (DN-p53) and hTERT genes.
Morphologically, all of these cells exhibited a small round shape
that was compatible with an epithelial origin and formed a mesh-
like structure on plastic dishes (Figure 1B). Introduction of the
hTERT gene alone, or together with cdk4, generated cells from both
patients that passed through 10 PD, but finally led to growth arrest
at PD between 15-40, during which they exhibited morphological
change to a large and flat shape. This phenomenon was determined
to be senescence because these cells stained positive for the
senescence-associated f-gal (Figure 1C). The cells derived from
patient 1 and 2 that gained an extended life span, following the
introduction of cyclinDI1, cdk4 and hTERT genes (and DN-p53),
were named as EMosis-CC/TERT1 (and EMosis-CC/TERT/DNp53-1)
and EMosis-CC/TERT2, respectively, and the cells into which HPV
E6/E7/TERT were introduced were named as EMosis-E6/
E7/TERT1 and EMosis-E6/E7/TERT2, respectively. These cells
continued to grow for over 100 PD (Figure 1E), without any
morphological change or senescence-associated ff-gal staining
(Figure 1D). To date, these cells have grown for over 200 PD and
continue to grow. We have therefore concluded that these cells
have gained immortal phenotypes. These findings indicate that
co-expression of cyclinDI and cdk4 are required in order to
overcome the premature senescence of endometriotic epithelial
cells and that these genes, combined with the expression of hTERT,
are sufficient for their immortalisation, whereas the additional
inactivation of p53 is not necessarily required for immortalisation.

Expression of epithelial markers and sex steroid receptors

To confirm the origin of the immortalised cells, we next examined
the expression of various epithelial and stromal cell markers using
RT-PCR analysis. All isolated cells that had an extended life span
expressed cytokeratin 8 mRNA, whereas mRNA expression of the
stromal marker FSP1 was not observed (Figure 2). The mRNA
expression of CD10, a marker that is characteristic of endometrial
and endometriotic stromal cells (Sumathi and McCluggage, 2002;
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Morphological characteristics and proliferative life span of epithelial cells from ovarian endometrioma transfected with various genetic factors,

(A\) Phase contrast image of glandular clusters isolated from ovarian endometrioma tissues. Individual clusters were directly picked up, one by one, using
microscopic manipulation and were transfected with various genetic factors. Glandular clusters are shown in arrows. (B) Phase contrast image of
representative isolated clones (EMosis-CC /TERT-1 cells) cultured on plastic dishes are shown. (€) f-gal staining of cells from patient | transfected with
hTERT alone (population doubling (PD): 20). (D) f-gal staining of EMosis-CC /TERT-I cells (PD: 100). (E) The growth characteristics of transfected cells are
represented as a growth curve. The genetic factors introduced are shown. Abbreviations: lenti = lentiviral vectors; retro = retroviral vectors,
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Toki et al, 2002), was not detected in EMOsis-CC/TERT1 or
EMOsis-E6/E7/TERT1 cells but was detected in EMOsis-CC/TERT2
and EMOsis-E6/E7/TERT2 cells, whereas CD10 mRNA was not
detected in primary endometriotic glands isolated from patients 1
and 2 (Figure 2). We also verified the epithelial origin of these
clones using immunocytochemistry. As shown in Figure 3, all of
these cells stained positive for pan-cytokeratin. However, although

1 2 3 4 5 6 7

1 EMosis-E6/E7/TERT1 (PD14) 5 EMosis-CC/TERT2
2 EMosis-CC/TERT1 (PD14) (PD20)
p 6 BJ cells
3 EMosis-CC/p53myTERT1 (PD17) ,
4 EMosis-E6/E7/TERT2 (PD18) 7 Ishikawa cells

6 Endometrial stromal cells

1 EMosis-E6/E7/TERT1 (PD14)
2 EMosis-CC/TERTH (PD14)
3 EMosis-CC/p53myTERT1 (PD17) 8 BJ cells
4 EMosis-E6/E7/TERT2 (PD18)
5 EMosis-CC/TERT2 (PD20)

7 Endometriotic stroma cells

9 Ishikawa cells
10 Primary endometriotic glands (patient 1)
11 Primary endometriotic glands (patient 2)

Figure 2 RT-PCR analysis of the expression of epithelial and stromal
markers in immortalised epithelial cells from ovarian endometrioma. The
expression of cytokeratin 8, CD10 and FSPI in endometriotic epithelial
cells immortalised by various genetic factors was examined using RT—PCR.
Ishikawa and BJ cells were used as controls for epithelial and fibroblast cells,
respectively. Primary endometriotic glandular cells without transfection,
isolated from the ovarian endometrioma of patient | or 2, were used as
negative controls for CDI10 or FSP| expression. GAPDH expression was
assayed as a loading control.

Pan cytokeratin

EMOsis-CC/TERT1 cells were negative for CD10, EMOsis-CC/
TERT?2 cells exhibited apparent CD10 staining.

We further investigated steroid-receptor expression in these
cells using RT-PCR. ERx and progesterone receptor B (PRB) were
expressed in all cell types that had an extended life span, except for
EMOsis-E6/E7/TERT1 that lacked ER« expression (Figure 4A).
Because expression of the PR isoform PRA, which has an 164
amino-acid deletion of PRB (Kastner et al, 1990), can not be
discriminated from that of PRB using RT-PCR because of their
identical gene sequences, we performed western blot analysis to
distinguish the protein expression of these two PR isoforms. There
was no detectable protein expression of PRA or even of PRB in any
cell type except for EMOsis-CC/TERT1 that had detectable PRB
protein expression (Figure 4B). The expression of ERa was not
detected in these immortalised cells by western blot analysis
(Figure 4C). These results were summarised in Supplementary
Table 2. Aromatase expression is another factor that needs to be
considered in relation to steroid-receptor expression. A tritiated
water assay revealed that there was no detectable aromatase
expression in any of the immortalised cells using assay conditions
under which control primary endometriotic stromal cells exhibited
significant aromatase activity (Figure 4D).

Lack of transformed phenotypes in immortalised epithelial
cells from ovarian endometrioma

We next sought to determine whether these immortal cells had
acquired a transformed phenotype. First, their growth properties
were examined using a soft-agar colony formation assay. A total of
2 x 10° cells were seeded on soft agar on 6-cm dishes and colonies
with diameters >0.2mm were counted after incubation for
2 weeks. Ishikawa or BJ cells were simultaneously examined as
positive or negative controls, respectively. Although Ishikawa cells
formed distinct colonies, neither the immortal epithelial cells nor
the BJ cells formed colonies (Figure 5A). Tumourigenicity of these
cells was also examined using nude mice. Control Ishikawa cells

%
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Figure 3

RS, PR

A Emosis-CC/TERT1 (PD13)

B EMosis-CC/p53mtTERT1 (PD22)
C Emosis-E6/E7/TERT2 (PD13)

D EMosis-CC/TERT2 (PD47)

E Ishikawa cells

F BJdcells

G Endometriotic stroma

Immunocytochemical analyses of cytokeratin and CD [0 expression in immortalised epithelial cells from ovarian endometrioma. The expression

of cytokeratin and CD10 in endometriotic epithelial cells that were immortalised by various genetic factors and cultured on LAB TEK chamber slides was
examined using immunocytochemistry. Ishikawa and BJ cells were used as controls for epithelial and fibroblast cells, respectively. Primary stromal cells
without transfection, isolated from the ovarian endometrioma of another patient, were used as a positive control for CD10.
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Figure 4 Sex steroid-receptor expression in, and aromatase activity of, immortalised epithelial cells from ovarian endometrioma. (A) RT-PCR analysis of
expression of the oestrogen receptor a (ERa) or the progesterone receptor B (PRB). EM-E&/E7/TERT/ER cells are immortalised endometrial epithelial cells
in which ER« cDNAs were stably transfected and were used as a positive control for ERe, EM-E6/E7/TERT/PRB cells are immortalised endometrial epithelial
cells in which PRB cDNAs were stably transfected. Because our primer sets for PRB were designed to amplify the sequences containing PRB gene promoter
in order to distinguish from PRA transcript, they can detect only intrinsic PRB mRNA but not extrinsic, overexpressed PRB mRNA that lacks promoter
sequences. The weak PRB band in EM-E6/E7/TERT/PRB cells is therefore derived from intrinsic PRB. BJ.cells were used as a negative control for ERx and PRB
expression. GAPDH was used as a loading control. (B) Western blot analysis of expression of the progesterone receptor. EM-E6/E7/TERT/PRA or EM-E6/
E7/TERT/PRB cells are immortalised endometrial epithelial cells in which PRA or PRB cDINAs were stably transfected and were used as a positive control for
PRA or PRB expressions, respectively. Although EM-E6/E7/TERT/PRA cells showed a clear PRA band by western blotting (94 kDa), EM-E6/E7/TERT/PRB
cells displayed two bands; one band was of the expected size of intact PRB (1 14kDa); the other band was located just below the PRA band (identified by
the symbol: %) and was not a PRA band but a degraded PRB band, which was confirmed by another western blot analysis using a PRB-specific antibody
(data not shown). EMosis-CC/TERT | cells exhibited a weak, but distinct, PRB band but not a PRA band. M: protein weight marker. (€) Western blot analysis
of expression of the ER. There was no detectable protein expression of ERe in EMosis-CC/TERT! or EMosis-CC/TERT2 cells. EMosis-CC/TERT I/ER cells, -
generated by the introduction of ERa cDNA into EMosis-CC/TERT | cells, were confirmed to have significant ERx expression. MCF7 cells were used as a
positive control of ERa expression. (D) Analysis of aromatase activity using a tritiated water assay. Primary endometriotic stromal cells isolated from the
ovarian endometrioma of another patient were used as a positive control of aromatase activity. Both EMosis-CC/TERT | and EMosis-CC/TERT2 cells lacked

aromatase activity.
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Ishikawa Ishikawa

EMosis-CC/TERT1

a EMosis-CC/TERT1 (PD141)

b EMosis-CC/p53mt/TERT1 (PD59)
¢ EMosis-CC/TERT2 (PD128)

d Ishikawa cells

e BJcells

EMosis-CC/TERT2

Tumour formation/

Cells . .
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Ishikawa cell 3/3

HMOsis-CC/TERT1 (PD208) 0/4
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Figure 5 Analysis of the transformed phenotypes of immortalised epithelial cells from ovarian endometrioma. (A) Anchorage-independent growth was
examined using a soft-agar colony formation assay. A total of 2 x 107 Ishikawa cells or immortalised cells were seeded onto soft agar and colonies >0.2mm
were counted after incubation for 2 weeks. Ishikawa and BJ cells were used as a positive and negative control for colony formation, respectively. (B) In vivo
growth was examined using a tumour formation assay in nude mouse. Immortalised epithelial cells from ovarian endometrioma were resuspended in growth
media (10° cells per ml) and were subcutaneously injected (0.1 ml) into the base of the bilateral flank of female BALB/c nu/nu mice (age range 7—9 weeks,
SLC). Tumour growth was monitored weekly until confirmed tumours were visualised or at least for 2 months unless tumour formation was detected.

formed a subcutaneous tumour in mice 6 weeks after inoculation,
but immortal epithelial cells were not able to form any tumour
even 2 months after inoculation (Figure 5B).

Responsiveness of immortalised epithelial cells from
ovarian endometrioma to progestin and oestrogen

We next examined the responsiveness of the immortalised
epithelial cells to progestin. EMOsis-CC/TERT1 and EMOsis-CC/
TERT?2 cells were treated with MPA, dienogest or progesterone at a
concentration of 1 or 100 nm for different time periods. Cell growth
was then examined by counting cell numbers. Treatment with
MPA or dienogest at a concentration of 10 or 100 nM significantly
inhibited the growth of both cell types at 72h (Figures 6A and B).
Treatment with progesterone at 10 or 100nM significantly
inhibited the growth of EMOsis-CC/TERT1 at 72h but only
had a marginal effect on EMOsis-CC/TERT2 cells (Figure 6C). We
performed these inhibitory experiments in growth media contain-
ing serum, considering clinical situations in which progestin is
administrated in vivo. However, we also confirmed that progestin
inhibited the growth of these cells in phenol red-free media
containing charcoal-treated serum, although the extent of inhibi-
tion was less than that in normal growth media (data not shown),
probably because of the cytostatic conditions of such media. These
findings suggest that the immortalised epithelial cells preserved
cell responsiveness to progestin.

We further examined the responsiveness of the immortalised
epithelial cells to oestrogen. EMOsis-CC/TERT1 and EMOsis-CC/
TERT2 cells were treated with 10 or 100 nM of 17§ estradiol (E2)
for different time periods. We failed to find any effect of E2 on the
growth of either cell type (data not shown). This result was likely
to be due to the low levels of ERa expression, which could only be
faintly detected using RT-PCR. We therefore sought to over-
express ERa in EMOsis-CC/TERT]1 cells via lentiviral introduction
of ERa cDNA, and obtained ERa-overexpressing EMOsis-CC/
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TERT1 cells (EMOsis-CC/TERT1/ER). Sufficient expression of ERx
in these cells was confirmed by western blot analysis (Figure 4C).
The growth of EMOsis-CC/TERT1/ER cells was significantly
activated by treatment with 17f-estradiol (E2) at a concentration
of 100nM (Figure 6D). Thus, we had successfully generated
immortalised epithelial cells from ovarian endometrioma that still
had the property of oestrogen or progestin responsiveness.

DISCUSSION

Although stromal cells in endometriotic tissues are easily isolated
and grown under usual culture conditions, epithelial cells are hard
to purify and propagate in vitro. This difficulty is mainly because
of the rarity of epithelial cells in endometriotic tissues as well as to
their shorter life span due to two barriers against their in vitro
growth. To overcome these barriers, we first purified glandular
fragments from endometriotic tissues that were treated
with collagenase-based reagents via microscopic manipulation.
We succeeded in immortalising endometriotic glandular cells
through combinatorial introduction of the two genetic factors
(cyclin D1/cdk4) that inhibit Rb functions together with hTERT.
Special attention must be paid to contamination of the purified
glandular fragments by stromal cells. This is because small
amounts of stromal cells might possibly attach to the epithelial
clusters providing a limitation to the purification of epithelial cells
in glandular clusters. We therefore carefully judged whether
the immortalised cells that we obtained were of epithelial origin.
RT-PCR and immunocytochemical analyses confirmed the
expression of epithelial markers in these cells. The introduction
of hTERT alone, or the combination of CDK4 and hTERT, failed to
immortalise these cells. This result might provide further evidence
of the epithelial origin of these cells, because stromal cells are
usually immortalised by the introduction of h'TERT alone (Kiyono
et al, 1998; Morales et al, 1999). Indeed, Krikun et al (2004)

© 2012 Cancer Research UK
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Figure 6 Effect of progestin and oestrogen on the growth of immortalised epithelial cells from ovarian endometrioma. EMosis-CC/TERT or EMosis-CC/
TERT? cells were seeded on six-well dishes and were treated with or without MPA (A), dienogest (B) or progesterone (P4) (C) at a concentration of 10 or
100 nm for the indicated number of days. Cell growth was monitored by counting cell numbers, Data are presented as means + s.d. of three independent
experiments. ¥P<0.05. (D) EMosis-CC/TERT I /ER cells were generated by the introduction of ERx cDNA into EMosis-CC/TERT] celis and confirmed to
have significant ERa expression (Figure 4C). EMosis-CC/TERTI/ER cells were seeded on six-well dishes and were treated with or without MPA estradiol
(E2) at a concentration of 10 or 100 nM for the indicated number of days. Cell growth was monitored by counting cell numbers on day 5 after treatment.
Data are presented as means * s.d. of three independent experiments. *P<0.05.

confirmed immortalisation of endometriotic stromal cells by the
introduction of hTERT alone. The requirement of two genetic
factors that inhibit Rb function in addition to ATERT for cell
immortalisation is consistent with observations in other epithelial
cell types (Kiyono et al, 1998). Even the additional introduction of
DN-p53 failed to immortalise these cells, suggesting that they do
not have high malignant potential, despite their invasive behaviour
in vivo, which is reminiscent of cancer.

© 2012 Cancer Research UK

Although some studies showed that endometriotic tissues
expressed PRB (Shen et al, 2008), others demonstrated that PRA
was predominantly expressed and that PRB expression was low or
absent (Attia et al, 2000; Wu et al, 2006). In the present study, one
strain of the immortalised cells (EMosis-CC/TERT1) expressed
PRB that was detectable using western blot analysis, whereas the
other strain (EMOsis-CC/TERT2) did not. The reason why PRA
was not detected in our western analysis remains unclear, but the

British Journal of Cancer (2012), | -9

~I



Immortalised endometriotic epithelial cell
Y Bono et a

[oe]

expression might weaken or diminish during in vitro culture
and/or the subsequent immortalisation step. Both EMosis-CC/TERT1
and EMosis-CC/TERT2 cells responded well to progestin, exhibit-
ing significant growth retardation. It is of particular interest that,
even though EMosis-CC/TERT2 cells only weakly expressed PRB,
which was only detectable using RT - PCR, they were responsive to
progestin, suggesting that such a low level of PRB expression was
sufficient for a progestin effect. To our knowledge, this is the first
demonstration of cultured epithelial cells from ovarian endome-
trioma that have stable progestin responsiveness. These cells are
therefore a valuable tool for the study of progestin action in
endometriosis. Progestin resistance is one of the characteristics of
this disease (Vercellini et al, 2003; Bulun et al, 2006). However,
some patients (approximately 50 -70%) respond well to progestin-
related agents, whereas others do not (Vercellini et al, 2003;
Momoeda et al, 2009). Although the molecular mechanisms of this
diversity among patients are not fully understood, some studies
have indicated that the absence of, or decrease in, PR expression,
possibly via promoter hypermethylation, has a key role in
progestin resistance (Wu et al, 2006; Burney et al, 2007). We
recently reported that fork head protein O1 (FOXO1) is a direct
target of progestin for inhibiting endometrial epithelial growth
(Kyo et al, 2011). Phosphorylated Akt has a critical role in this
pathway by inhibiting FOXO1 activity, and the status of Akt is a
predictor of progestin responsiveness in this cell type. It is
therefore of interest to know whether a similar scenario of FOXO1
regulation by progestin exists in endometriotic epithelial cells, and
this possibility is under investigation.

CD10 is a characteristic marker of both endometrial and
endometriotic stromal cells (Toki et al, 2002, Sumathi and
McCluggage, 2002). Although the endometriotic epithelial cells
were isolated from patient 2 lacked CD10 expression before
transfection, the EMosis-CC/TERT2 cells did express CD10 and, in
addition, retained CK8 expression as demonstrated using RT-PCR
(Figure 3). One possible explanation of these inconsistent results is
that the contaminated stromal cells might have had a growth
advantage during the immortalisation steps and therefore became
the predominant population in the immortal cell culture. However,
this possibility is not likely because these immortalised cells
continued to express cytokeratin, which was confirmed using both
RT-PCR and immunocytochemistry. Alternatively, the process of
epithelial mesenchymal transition might be involved in this
inconsistent expression of CD10, and this possibility is also under
investigation. Recently, several novel mechanisms have been
proposed to explain endometrial and endometriotic regeneration.
One study showed that epithelial cells in the endometrium might
have originated from stromal cells via cellular transdifferentiation
(Garry et al, 2010). Another study suggested that both epithelial
and stromal cells in eutopic/ectopic endometrium might arisé from
a common cell type with stem-like properties (endometrial stem/
progenitor cells) (Maruyama et al, 2010). Both studies thus
proposed a common origin of epithelial and stromal cells in
eutopic/ectopic endometrium. The expression of the stromal
marker (CD10) in endometriotic epithelial cells that was observed
in the present study may be consistent with a hypothesis. We
consider that this phenomenon is interesting and that it will be
worthwhile to carry out further extensive analysis to uncover the
origin of endometriotic cells.

Aromatase p450 is expressed in a number of tissues such as
ovarjan granulose cells, adipose tissue, skin fibroblasts and brain
(Simpson et al, 1994). Aromatase catalyses the conversion of
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androstenedione to estrone, which is further converted to the
potent oestrogen E2 by the enzyme 17f-hydroxysteroid dehydro-
genase type 1. It is known that aromatase is absent in normal
endometrium, whereas it is expressed in eutopic/ectopic endome-
trium in patients with endometriosis (Bulun et al, 1993; Noble
et al, 1997; Zeitoun et al, 1999), where it increases local oestrogen
production and thereby contributes to the development of this
disease. Although it is well established that aromatase activity
exists in stromal cells in endometriotic tissues, and this activity is
well characterised, the presence and the role of aromatase in
epithelial cells are largely unknown. Although a few immunohis-
tochemical studies have shown aromatase expression in endome-
triotic epithelial cells (Kitawaki et al, 1997; Bulun et al, 2001), no
study has confirmed this finding in in vitro cultures, probably
because of the difficulty of in vitro culture of these cells. Our cell
system gave us the opportunity to explore this point and
demonstrated that the immortalised epithelial cells from ovarian
endometrioma completely lacked aromatase activity, as deter-
mined using a tritiated water assay. Therefore, our result strongly
supports the absence of aromatase activity in endometriotic
epithelial cells.

Although ovarian endometrioma is a benign tumour, some
endometriomas have been known to develop into malignant
tumours with clear cell or endometrioid-type histology (Walfler
et al, 2005; Mandai et al, 2009). Although some genetic factors,
including PTEN mutation, are known to be associated with ovarian
cancers arising from endometrioma (Anglesio et al, 2010; Jones
et al, 2010; Wiegand et al, 2010), the molecular mechanisms
of carcinogenesis are largely unknown. The immortalised cells
we established were found to lack transformed phenotypes.
These cells might therefore be an ideal model for the study of
carcinogenesis, in which candidate genetic factors can be
introduced or knocked down, enabling the identification of genetic
factors required for transformation. In particular, the ERa-
expressing EMosis-CC/TERT1/ER cells appear to be suitable for
such purposes. We are currently testing in vivo propagation of
these cells in NOG mice together with endometriotic stromal cells
to reconstitute endometriotic tissues with glandular structures, or
hopefully, cancerous tissues after various genetic manipulations.
Thus, these cells will be essential for the complete understanding
of the multistep carcinogenesis of ovarian endometrioma and
hopefully may be useful for identification of novel molecular
therapeutic targets.
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Introduction

Problem

Mucosal T cells are the most likely direct effectors in host anti-human
papillomavirus adaptive immunity and regression of cervical intraepithe-
lial neoplasia (CIN) lesions. There are no studies addressing intraepithe-
lial lymphocytes (IELs) in CIN lesions.

Method of study

Cervical lymphocytes were collected using cytobrushes from patients with
CIN and analyzed by FACS analysis. Comparisons were made between
populations of cervical T cells in CIN regressors and non-regressors. '

Results

A median of 74% of cervical lymphocytes were CD3* T cells. Popula-
tions of integrin o«BR7* IEL in CIN lesions varied markedly among
patients (6-57%). Approximately half of integrin B7* T cells were
CD45RA-negative memory T cells. The number of integrin aEB7* cells
among cervical T cells was significantly higher in CIN regressors when
compared t0 noON-regressors.

Conclusion

Higher cervical IEL numbers are associated with spontaneous regression
of CIN. Accumulation of cervical integrin oEf7* IEL may be necessary
for local adaptive effector functions.

efficient homing of lymphocytes to the gut is depen-
dent on the homing receptors integrin 04p7 and C-C

Lymphocytes involved in the mucosal imunune sys-
tem are found in the inductive sites of organized
mucosa-associated lymphoid tssues (MALT) and in a
variety of eflector sites such as the mucosa of the
intestine, respiratory tract, and genital tract." The
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chemokine receptor type 9 (CCR9). Lymphocyte-
expressed integrin o4f7 and CCR9 bind to their
natural ligands, mucosal addressin cell adhesion mol-
ecule-1 (MAdCAM-1) and CCL25 (TECK), respec-
tively, which are expressed on the cell surface of
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endothelial cells in submucosal post-capillary ven-
ules.! In the intestine, mucosal dendritic cells (DCs)
in gut-associated lymphoid tissues (GALT) regulate
the expression of integrin 04p7 on activated effector
and regulatory lymphocytes in a retinoic acid-depen-
dent manner.!” Mucosal T cells expressing integrin
04p7* are known to circulate in peripheral blood
from inductive sites and to home to the lamina pro-
pria (LP) at effector sites via 04B7-MAdCAM-1 and
CCR9-CCL25 interactions.® Integrin 04p7* T cells can
differentiate into oBER7* T cells upon exposure to
TGF-B,” and the expression of integrin «EB7 facili-
tates the retention of lymphocytes in the epithelium
via interactions with E-cadherin.® Integrin oEB7 is a
specific marker of intraepithelial lymphocytes (IELs)
residing in mucosal epithelia, and those cells express-
ing this antigen on their surface were initially edu-
cated in the gut.

- The cervical mucosa is a very common site for
pathogen invasion and is the primary transmission
site for human papillomavirus (HPV), Chlamydia
trachomatis, and human immune deficiency virus
type 1 (HIV-1). A well-organized mucosal defense
system in the cervical mucosa is critical to human
health. Mucosal epithelial cells in the human cervix
are active participants in such immunological protec-
tion.® However, the lymphocytes populating the
cervical mucosal tissues, especially cervical IELs,
have been poorly studied. Mucosal T cells in the
murine genital tract express a large amount of inte-

grin o4p7 on their cell surface,” and MAdCAM-1 is

expressed on endothelial cells in the submucosa of
murine fallopian tubes infected with C. trachomatis.®
Several studies have demonstrated that human geni-
tal mucosa expresses MAdCAM-1 endogenously’
and that GALT-derived integrin o4/EB7" T cells
home to the genital mucosa.'®!" This T-cell homing
and the expression of integrin oE increase in the
presence of cervicitis and vaginitis.'®'" Although in-
tegrin B7* mucosal T cells have been found in the
cervical mucosa, a local inductive site (i.e.,, MALT)
has never been demonstrated histologically.' We
hypothesized that GALT may act as the inductive site
for cervical IELs.

Human papillomavirus infection is a major cause of
cervical cancer, and its precursor lesion, cervical in-
traepithelial neoplasia (CIN), develops in the epithe-
lium. Natural history studies of CIN'*'? show that
most infections and CIN lesions resolve spontaneously
but some persist and progress to cervical cancer. Stud-
ies showing that HIV-infected women and patients

who are under treatment with immunosuppressive
agents have an increased incidence of CIN lesions'*’?
suggest that cell-mediated immune response against
HPV antigens is important in the control of HPV infec-
tion and progression to CIN. More controversial are
the relative roles of systemic and local mucosal
immune responses in the HPV pathogenesis. Trimble
et al.'® reported that naturally occurring systemic
jmmune responses to HPV antigens do not predict
regression of CIN 2/3 lesions, but Nakagawa et al.'”
demonstrated a positive association between systemic
cell-mediated immune responses to HPV Eé6 and
HPV/CIN regression.

We studied the local mucosal cell-mediated
immune response to HPV antigens by characterizing
cervical mucosal immune cells collected non-inva-
sively, using only a cytobrush. We confirmed that the
collected CD3™ cervical T cells were intraepithelial in
origin (integrin oER7* IELs). Approximately hall of
the integrin B7* T cells were memory T cells. Finally,
integrin 7% intraepithelial T cells increased signifi-
cantly in the patients whose CIN lesions regressed
spontaneously regardless of HPV genotype.

Materials and methods

Study Population

Cervical cell samples were collected using a cyto-
brush from 86 patients under observation after being
diagnosed with CIN by colposcopically directed
biopsy. All women gave written informed consent,
and the Research Ethics Committee of the University
of Tokyo approved all aspects of the study. Patients
with known, symptomatic, or macroscopically visible
vaginal inflammation or sexually transmitted infec-
tions were excluded from our study. Samples for
HPV genotyping were collected at the first follow-up
examination after diagnosis. Cervical lymphocytes
were collected from non-menstruating patients at
their latest follow-up visit. To study the potential
association between cervical IEL characteristics and
CIN progression, CIN patients with the regression of
cervical cytology (cases) were matched with control
patients who did not exhibit cytologic regression
over the same time period (measured from initial
detection of abnormal cytology). In this study, cyto-
logical regression was defined as normal cytology at
two or more consecutive evaluations conducted at
3 to 4-month intervals. Thirteen patients were
enrolled in the regression group, and the median

American Journal of Reproductive Immunology (2011)
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follow-up duration was 27 (12-38) months. Thirteen
pairs of follow-up time-matched patients with persis-
tent cytological abnormalities were enrolled in the
non-regression group, and the median follow-up
time was 24 (12-40.5) months.

HPV Genotyping

DNA was extracted from cervical smear samples
using the DNeasy Blood Mini Kit (Qiagen, Crawley,
UK). HPV genotyping was performed using the
PGMY-CHUYV assay method.'® Briefly, standard PCR
was conducted using the PGMY09/11 L1 consensus
primer set and human leukocyte antigen-DQ (HLA-
DQ) primer sets. Reverse blotting hybridization was
performed. Heat-denatured PCR amplicons were
hybridized to specific probes for 32 HPV genotypes
and HLA-DQ reference samples. The virological
background (HPV genotyping) of 86 patients in our
study was shown in Table I. Here, HPVs 16, 18, 31,

American Journal of Reproductive Immunology (2011)
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33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 68, 73, and 82
were defined as high-risk HPVs according to Interna-
tional Agency for Research on Cancer multicenter
study.’®

Collection and Processing of Cervical Specimens

Cervical cells were collected using a Digene cytobrush
as described previously.?® The cytobrush was inserted
into the cervical os and rotated several times. The cy-
tobrush was placed in a 15-mL tube containing R10
media [RPMI-1640 medium, supplemented with 10%
fetal calf serum (FCS), 100 mg/mL streptomycin, and
2.5 pg/mL amphotericin B] and an anticoagulant
(0.1 TU/mL of heparin and 8 nm EDTA). After incu-
bating the sample with 5 mm pr-dithiothreitol at 37°C
for 15 min with shaking, the cytobrush was removed.
The tube was centrifuged at 330 x g for 4 min. The
pellet was resuspended in 10 mL of 40% Percoll, lay-
ered onto 70% Percoll, and centrifuged at 480 x g for
18 min. The mononuclear cells at the Percoll interface
were removed and washed with PBS. Cell viability
was >95%, as confirmed by trypan blue exclusion
test, and fresh samples were immediately used for fur-
ther analysis.

Immunolabeling and Flow Cytometry

Cervical immune cell preparations were immuno-
labeled, incubated on ice for 30 min, washed twice
with FACS buffer (10% FCS, 1 mm EDTA, and
10 mm NaN3;) and fixed by adding paraformaldehyde
in PBS to a final concentration of 1%.

The following fluorochrome-conjugated mouse
monoclonal antibodies specific for human leukocyte
surface antigens were used: a fluorescein isothio-
cyanate (FITC)-conjugated pan leukocyte marker
(FITC-anti CD45), a B lymphocyte marker (FITC-
anti CD19), a cytotoxic T-cell marker (FITC-anti
CD8), a helper T-cell marker (FITC-anti CD4), an
integrin B7 marker (FITC-anti integrin B7), a phycoer-
ythrin (PE)-conjugated integrin o4 marker (PE-anti
integrin a4), an integrin oE marker (PE-anti integrin
oF), a C-C chemokine receptor type 9 marker
(PE-anti CCR9), a marker for naive cells (PE-anti

. CD45RA), a phycoerythrin cyanine 5 (PC5)-conju-

gated pan T lymphocyte marker (PC5-anti CD3), a
natural killer cell marker (PC5-anti CD56), and an
allophycocyanin (APC)-conjugated pan T lympho-
cyte marker (APC-anti CD3). Cell preparations were
labeled in parallel with appropriate isotype control
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antibodies. Antibodies were purchased from eBio-
science (San Diego, CA, USA) and Beckman Coulter
(Brea, CA, USA). Data were acquired using three-
color flow cytometry on FACSCalibar (Becton-Dick-
inson, Texarkana, TX, USA). The positions of Iym-
phocytes and monocytes were determined on the
forward scatter versus side scatter (SSC) profile. The
positions of pan-lymphocytes and T lymphocytes
were determined by CD45 and CD3 gating, respec-
tively. As the percentage of B cells among cervical
lymphocytes is known to be low (less than a few
percentage) when compared to the 20% level seen
in peripheral blood,?® the presence of elevated
CD19* B cells in cervical specimens would indicate
contamination with peripheral blood. For our inves-
tigations, cervical samples with more than 3% B
cells were excluded from analysis.

Statistical Analysis

Statistical analyses, including calculation of medians
and interquartile ranges (IQRs), were performed
using the commercial statistical software package
mp® (SAS, Cary, NC, USA). Wilcoxon rank sum test
or Fisher’s exact test was applied for matched paired
comparisons. P-values £0.05 were considered signifi-
cant.

Results

Purification of Cervical Leukocytes Collected from
CIN Lesions

To characterize mucosal cellular immune responses
in HPV-infected lesions, cervical samples, including
exfoliated epithelial cells and cervical lymphocytes,
were collected from CIN lesions positive for any
HPV genotype using a cytobrush. Cervical samples
were fractionated over a discontinuous Percoll den-
sity gradient to remove cervical epithelial cells, and
the layer between Percoll and culture medium was
collected. Cervical lymphocytes were identified
among isolated cells using standard SSC and CD45
gating (Fig. 1). Approximately 10°-10° CD45" cells
were isolated from patients’ cervices. CD45% cells
primarily consisted of lymphocytes (Fig. 1, circle)
and granulocytes (Fig. 1, square). A minority of the
cells included in the square in Fig. 1 were mono-
cytes (data not shown). Two representative cases
are provided in Fig. 1: the upper panel represents a
patient with numerous granulocytes and a rela-

Low % lymphovyte
CD45

CD45

High % lymphocyte

Fig. 1 Flow cytometric analysis of cervical mucosal cells using
CD45/55C gating. Processed cervical specimens were analyzed by
flow cytometry and CD45/55C gating. CD45" cervical leukocytes are
comprised of lymphocytes (circle) and granulocytes/monocytes
(square). Upper and lower panels were representative of patients with
low (about 10%) and high (about 30%) numbers of lymphocytes among
their CD45* cervical leukocytes, respectively. The absolute number of
isolated cervical lymphocytes remained relatively constant among
study subjects.

tively small population of CD45*% lymphocytes
(10%), whereas the lower panel represents a
patient with few granulocytes and a high number
of lymphocytes (30%).

Characterization of Cervical T Cells in CIN Lesions

The majority of cervical lymphocytes isolated {rom
CIN lesions were CD3" T cells [median 74% (IQR:
59-82)]. CD19" B cells were rarely found [median
0.45% (IQR: 0.04-1.40)]. In Fig. 2, CD3-gated cervi-
cal T cells were characterized by flow cytometry, and
each median, IQR, and maximum/minimum range
is indicated using horizontal lines, boxes, and verti-
cal length lines, respectively. A median of 54%
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Fig. 2 Characterization of the cervical CD3* lymphocytes. CD3-gated
cervical T cells consisted of CD3* CD4” T cells [median 54% (IQR: 49—
65), n= 28], CD3* CD8" T cells [median 46% (IQR: 35-51), n = 28],
and CD3* CD56* natural killer T cells [median 5.6% (IQR: 4.5-12),
n = 17). Twenty-four percentage (IQR: 13-34, n =43) and 27% {IQR:
17-47, n=27) of cervical T cells were integrin B7* and CCR9",
respectively. Each median, 1QR, and maximum/minimum range is
indicated using horizontal lines, boxes, and vertical length lines,
respectively.

(IQR: 49-65) of cervical . T cells were CD3" and
CD4*, while a median of 46% (IQR: 35-51)
expressed CD3 and CD8, demonstrating that CD8" T
cells are relatively abundant among cervical T cells.
The CD4/CD8 ratio of 1.15 in the cervix was clearly
lower than the value of 2.0 found in peripheral
blood. Among CD3" cells, a median of 5.6% (IQR:
4.5-12) were CD56" natural killer T (NKT) cells.

Those cervical CD3™ T cells that were originally
derived in the gut were defined by expression of the
gut mucosa-specific cell-surface antigens integrin
B7* and CCR9*. A median of 24% (IQR: 13-34) of
cervical T cells expressed integrin B7 and 27% (IQR:
17-47) expressed CCR9Y (Fig. 2).

Notably, more than 90% (median: 99.1, IQR:
95.3-100) of the integrin B7* cells co-expressed the
oF subunit (integrin oER7* cells; Fig. 3a). Integrin
04" cells were rarely present among the integrin p7*
cells (Fig. 3b). Approximately 40% (median: 40.1,
IQR: 33.2-44.2) of cervical integrin B7* cells were
integrin oEB7* CCR9™ double positive (Fig. 3c).
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) 45 g9 =] = =B 20 w0s
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Fig. 3 Characterization of CD8, CD45RA, and homing receptors specific for gut-derived mucosal T cells among CD3" cervical T cells. Representa-
tive flow cytometry analyses of CD3-gated cervical T cells. {a) More than 90% of integrin B7* cervical T cells were integrin of” intraepithelial
lymphocyte. (b) Integrin a4 LPL were negligible in our cervical samples. {c) Among integrin B7* cells, approximately 40% were CCR9™. {d) Forty-
two percentage of total cervical T cells and 53% of integrin p7* T cells were CD8™. (e} About half of the integrin B7* T cells were CD45RA-negative

memory cells.
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CD8* memory T cells are essential for adaptive
cytotoxic immune responses to CIN.>'"*> Among our
patients with CIN, the proportion of integrin B7°
cervical T cells that expressed CD8 [median 53%
(IQR: 28-69)] was greater than that for total cervical
T cells (Fig. 3d). Approximately half [median 43%
(IQR: 31-57)] of integrin B7* T cells were CD45RO
memory T cells, while the other half were CD45RA
effector T cells (Fig. 3e).

Association of Gut-derived Cervical IEL with CIN
Course

Integrin B7 is a more ubiquitous homing receptor in
mucosal lymphocytes rather than integrin oE or o4.
To determine whether there was an association
between the presence of gut-derived cervical IEL and
spontaneous regression of CIN, comparisons were
made between populations of integrin f7* CD3* and
CD8* CD3* cervical T cells in CIN regressors (17 = 13)
and non-regressors (12 = 13), paired according to their
duration of follow-up. No significant differences were
seen in the detection rates of high-risk HPV (69 ver-
sus 77%, P =0.50), the squamous intraepithelial
lesion (SIL) grade (high-grade SIL: 54 versus 54%,
P = 0.65), and the median ages (34 years old versus
35) of patients in the regression and non-regression
groups. The percentage of integrin 87" cervical T cells
varied from 6 to 57% among the 26 study subjects.
Among regressors, integrin B7* cervical T cells com-

Non-regressionI Regression
cD8*

considered significant using Wilcoxon rank
test comparisons.

prised a median of 31.6% (IQR: 24.5-35.5) of CD3"
cervical T cells; the rate among non-regressors was
18.8% (IQR: 9.2-23.3), P = 0.0011 (Fig. 4a). In con-
trast, there was no difference in populations of
CD8" CD3* cervical T cells between CIN regressors
and non-regressors (Fig. 4b). The proportion of
CCR9* and CD45RA* CD3* cervical T cells was like-
wise similar in the two groups (data not shown).

Discussion

Human papillomavirus preferentially infects, and CIN
develops in the human cervical epithelium. It is clear
that HPV antigens are recognized by the systemic
cell-mediated immune system, but remains unclear
whether systemic cellular immune responses predict
the regression of CIN.'®!7 Local mucosal immune
responses in the cervix are likely to be important in
immunological clearance of CIN lesions. Integrin
047 is essential for recruiting activated mucosal
lymphocytes from the circulation into local LP in a
manner entirely dependent on interaction between
lymphocyte integrin o4p7 and the MAdCAM-1
that is constitutively expressed on LP post-capillary
venules.?® In contrast, integrin oF (CD103) B7 is
expressed by only 2% of circulating blood lympho-
cytes, but more than 90% of IEL and a minority of
lamina propria lymphocyte (LPL); its ligand is
E-cadherin expressed on the epithelial cells.”* Acti-
vated integrin 04B7* T cells differentiate within the

American Journal of Reproductive Immunology (2011)
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LP into integrin oEB7* T cells upon exposure 1o TGF-
B locally secreted by epithelial cells.” Binding of inte-
grin oBER7 to E-cadherin provokes retention of the
activated TEL within the epithelium. Recognition of
target epithelial cells by IELs is important in the initi-
ation of cytolytic effector function by activated IELs
and modulation of adaptive immune responses to
control potentially destructive epithelial immunity.
Adhesion of integrin oEB7" 1IEL to epithelial E-cadh-
erin is promoted by CCL25-CCR9 interactions.® This
suggests that, when compared to integrin a4f7* LPL,
integrin oEB7* IELs may be more directly linked to
essential adaptive immune responses to target epithe-
lial cells at local effector sites.

Several studies have reported that integrin a4p7 is
expressed on gut-derived mucosal lymphocytes
within the cervix.”!! However, our data indicate that
more than 90% of integrin B7* T cells were positive
for integrin oF and few express o4. Pudney et al.'®
have shown using immunohistochemistry that inte-
grin oER7* lymphocytes are primarily located in the
epithelium of the ectocervix and often occur as focal
accumulations in the LP of the transformation zone.
Our brushing methodology enables us to preferen-
tially collect cervical mucosal lymphocytes from the
epithelium and occasionally from the LP. Others who
have recently reported that nearly all cervical tissue
T cells are integrin 04p7* used cervical tissue speci-
mens and equally valuable methodologies that would
be expected to isolate cells from deeper within the
cervical tissue, possibly favoring isolation of LPL over
cells tightly adhered to the epithelium.

Our cervical samples were contaminated by
numerous granulocytes, a finding supported by sev-
eral previous studies using cervical mucosa unlike
peripheral blood samples.’®'! Granulocyte contami-
nation variability was likely the result of differing
levels of cervical inflammation among patients.
Although the number of lymphocytes among CD45*
cervical leukocytes varied {from 10 to 30%, the abso-
lute number of cervical lymphocytes present in a
sample appeared to be relatively constant and inde-
pendent of patient source. The efficient homing of
lymphocytes to the gut is dependent on the homing
receptors integrin B7 and CCR9. We showed that
integrin B7 and CCR9 did not always co-express.
This agrees with reports showing that expression of
the mucosal homing receptors, integrin 7 and
CCR9Y, is not always linked, but instead depends on
lymphocyte differentiation and the location of the
effector sites infiltrated by these cells.**%¢

American Journal of Reproductive immunology (2011)
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Expression of MAdCAM-1 is essential for traffick-
ing of integrin «4B7" lymphocytes into the LP, while
the expression of E-cadherin on the epithelium is
essential for the retention of integrin «ER7" lympho-
cytes. Inflammation of the mucosa enhances
MAdCAM-1 expression on the endothelial cells of
post-capillary venules in the genital tract,® and
inflammatory changes are often observed in CIN
when compared with normal cervical mucosa.*”?®
Trimble et al.” reported that MAdCAM-1 expression
correlates with non-specific CD8* LPL infiltration of
the LP and CIN regression. In our sampled IELs,
there was no association between CD8" cells and
CIN regression. Studies have also demonstrated that
oncoproteins from high-risk HPV subtypes downre-
gulate E-cadherin expression in CIN lesions and that
this downregulation is closely associated with disease
progression.?”! E-cadherin plays an important role
in the maintenance of normal adhesion in epithelial
sites and its loss is associated with poor prognosis for
many tumors other than CIN.>* The downregulation
of E-cadherin may interfere with the retention of
integrin oER7* T cells in CIN lesions, and our results
suggest that IEL retention varies among patients
with CIN. We have shown that populations of inte-
grin oEB7* IEL in CIN lesions vary markedly among
patients and that higher IEL numbers are associated
with spontaneous regression of CIN. Although HPV-
specific cytotoxic T lymphocyte activity was not
investigated here, the accumulation of integrin
oEBR7" 1IEL in CIN lesions and their association with
CIN regression suggests these cells, rather than non-
specific CD8* T cells, may have important local effec-
tor functions in the cervical epithelium. In the pres-
ent study, the adaptive immune system was focused,
but the innate immune responses play equally
important roles in controlling HPV infection. Daud
et al.>> has recently reported the mechanism of
interference with innate immune system by HPV16,
dampened toll-like receptor expression, which
results in the viral persistence. The interaction of
innate with adaptive immunity at the local mucosa
should be investigated.

In summary, our report is the first to specifically
phenotype cervical IEL in CIN lesions. Our results
indicate that the presence of elevated numbers of
gut-derived integrin oEB7* IELs in specimens gath-
ered from patients with CIN using a cervical cyto-
brush may represent a possible biomarker for CIN
regression. Sampling of cervical IEL using this
methodology is relatively non-invasive and techni-
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cally easier than the isolation of cervical LPL {rom
tissue Dbiopsies. Future investigations using our
sampling methods will focus on HPV-specific cell-
mediated immune responses by cervical IELs isolated
from patients with CIN. These and related investiga-
tions should improve our understanding of cervical
mucosal immunity and hasten the development of a
therapeutic HPV vaccine.
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Objective To assess the cost-effectiveness of universal vaccination
of 11-year-old girls against human papillomavirus (HPV)
infection and increased screening coverage to prevent cervical
cancer in Japan where the coverage of Papanicolaou smears is very

low.
Design A cost—utility analysis from a societal perspective.
Setting Japan, 2010.

Population The female Japanese population aged 11 years or
older.

Methods A Markov model of the natural history of cervical
cancer was constructed to compare six strategies: i.e. a screening
coverage rate of 20, 50 and 80% with and without routine
vaccination at age 11.

Main outcome measures Cervical cancer incidence, quality-
adjusted life years (QALYs), costs and incremental cost-
effectiveness ratios.

Results Expanding the coverage of Papanicolaou smears from the
current level of 20-50 and 80% yields a 45.5 and 63.1% reduction
in cervical cancer incidence, respectively. Impact of combined
strategies increases with coverage. Coverages of 20, 50 and 80%
showed a 66.1, 80.9 and 86.8% reduction in disease, respectively.
The costs of strategies with vaccination are four times higher than
the cost of strategies without vaccination. Vaccinating all 11-year-
old girls with bivalent vaccines with a Papanicolaou smear
coverage rate of 50% is likely to be the most cost-effective option
among the six strategies.

Conclusions The introduction of HPV vaccination in Japan is
cost-effective as in other countries. It is more cost-effective to
increase the coverage of the Papanicolaou smear along with the
universal administration of HPV vaccine.

Keywords Cost-effectiveness analysis, economics, human papillo-
mavirus, vaccines.
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Introduction

Cervical cancer is the fifth leading cause of female cancer
death in the world." The overall frequency of cervical can-
cer in Japan, including carcinoma in situ, was reported as
17 000 per year.” In Japan, it is the third leading cause of
cancer death among women <40 years of age.” The age-
adjusted mortality rate of cervical cancer in Japan has
remained at almost the same level for the past two decades,
although it has declined in the USA and UK.>™

Screening with cervical cytology [i.e. Papanicolaou (Pap)
smear] has been the key national strategy for early detection

and treatment of cervical cancer to reduce its burden.” How-
ever, the coverage of Pap smear screening in Japan remains
between 10 and 20%,® much lower than in other countries
such as the UK (81%), France (54%) and the USA (>82%).’

Persistent human papillomavirus (HPV) infection, par-
ticularly with oncogenic types 16, 18, 52 and 58, is associ-
ated with a higher risk of incident cervical cancer precursor
lesions.? A prophylactic vaccine to prevent infection from
HPV16 and 18 to reduce the burden of cervical cancer has
been developed and implemented in some countries.” The
idea of introducing HPV vaccine in the Japanese popula-
tion has evoked public debate and become a huge political

© 2011 The Authors BJOG An International Journal of Obstetrics and Gynaecology © 2011 RCOG



Pamamoto et al.

issue. The bivalent vaccine was officially approved for use
in Japan by the end of 2009, but there has been an on-
going debate on whether the use of HPV vaccine should be
underpinned by tax-payers’ money and if so, how much
the government should spend.’

Despite its proven cost-effectiveness in other settings
a simple extrapolation of the costs and effectiveness of
HPV vaccine in countries other than the Japanese setting is
not appropriate because of the differences in cervical cancer
epidemiology and health systems. The prevalence of HPV
types differs between geographic regions. In the case of
squamous cell carcinoma, HPV16 was the predominant
type (46-63%) followed by HPV18 (10-14%), 45 (2-8%),
31 (2-7%) and 33 (3-5%) in all regions except Asia, where
HPV types 58 (6%) and 52 (4%) were more frequently
identified.’® In Japan, HPV52 and HPV58 are most fre-
quently found in squamous intraepithelial lesion following
HPV16." A relatively lower prevalence of HPV16 and
HPV18 in Japan has cast doubt on the effectiveness of the
current HPV vaccine when compared with other coun-
tries."®

Only one study has evaluated the cost-effectiveness of
HPV vaccination in the Japanese setting.'® However, the
study did not compare strategies with a variable screening
rate. Nor did it consider the effect of HPV type prevalence
by age in Japan. Therefore, a cost-effectiveness analysis of
screening coverage and vaccination, taking into account the
age-specific prevalence by HPV type in the Japanese setting
is urgently needed to inform and support policy decisions.
Healthcare resources are limited; resources dedicated to
screening and vaccination are no longer available for alter-
native healthcare uses and therefore the chosen strategy
should represent a cost-effective use of scarce resources.
The major objective of the present study is to assess the
cost-effectiveness of universal vaccination against HPV in
Japan from a societal perspective where the coverage of
Pap smears is low and HPV oncogenic types are different
from in other settings.

10-12

Methods

Natural history model of HPV infection

We developed a state-transition Markov model that simu-
lates the natural history of HPV infection and carcinogene-
sis, in which transitions take place from one state to
another at 1-month intervals (Figure 1). The model has 25
Markov states. The entry point into the model is girls aged
11 years with no previous exposure to HPV. We assumed
that when girls/'women enter the model, they start sexual
activities, so acquiring a risk for HPV with the currently
observed probabilities. In each cycle, they proceed to one
of the four states: HPV16 and 18 DNA-positive group
(HPV16 and 18), the other high-risk HPV DNA-positive

group (other HR), the low-risk HPV DNA-positive group
(LR), and the non-infected group (Normal) using monthly
transition probabilities based on the systematic review of
published literature.'”

Each group follows a natural history unless they are
screened. When cervical intraepithelial neoplasia (CIN) 2, 3
or invasive cancer is identified by the screening, a treat-
ment intervention conditional on cancer stage is imple-
mented. After the treatment for an invasive cancer, a
certain proportion of patients die whereas others survive
according to the survival probabilities compiled from the
cancer registry data.'®'? Age-dependent transition rates of
disease progression from the susceptible to those infected
with either HPV16/18, other HR (excluding HPV16 and
18) or LR were estimated from recent Japanese data.”® All
individuals are followed up for 50 years until they reach
60 years of age, which is the average retirement age in
Japan, unless they die earlier.

Vaccine efficacy

The vaccine efficacy was evaluated in eight randomised
controlled trials.”** There was a substantial variation in
follow-up periods and outcome measures among the stud-
ies. The World Health Organization adopted CIN2/3 as
surrogate endpoints for cervical cancer in trials assessing
vaccine efficacy.®! In our model we used the relative risk of
HPV16 and 18 persistent infection risk, as the vaccine im-
munises against the contraction of HPV. The hypothesis
that persistent infection with one of the 15 carcinogenic
HPV types is the fundamental cause of cervical cancer is
clearly supported by scientific evidence.”> We assumed rela-
tive risks of 0.12 (95% CI 0.03-0.48) for persistent HPV16
and 18 infection and 0.5 (range 0.3-0.7) for persistent
HPV high-risk type excluding 16, 18.****? Additionally,
we assumed 100% lifetime protection against HPV16 and
18 once fully vaccinated.

Intervention strategies

The bivalent vaccine was approved for use in women and
girls who are over 10 years old. The Japan Society of
Obstetrics and Gynaecology recommended administering
HPV vaccine among girls from 11 to 14 years of age as a
priority, partly because they are old enough to understand
the meaning of the vaccination and partly because the vac-
cination in this age group is efficient and ensures early pro-
tection against HPV with high immunogenicity. Therefore,
for strategies which include vaccination, all 11-year-old
girls are vaccinated at the entry point into the model. We
assumed that there is no exposure to any HPV types before
the entry to the model. At 20 years of age, they start receiv-
ing screening every 2 years according to the current
Japanese recommendations.” Our reference strategy is
the screening programme only with the current level of

2 © 2011 The Authors BJOG An International Journal of Obstetrics and Gynaecology © 2011 RCOG
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Figure 1. HPV natural history model.

included in the model because screening will be repeated in

Table 1. Strategies L .
false positives as determined by the cytology results.

20% coverage rate of screening with no vaccination

50% coverage rate of screening with no vaccination

80% coverage rate of screening with no vaccination

20% coverage rate of screening with vaccination for

all 11-year-old girls

5. 50% coverage rate of screening with vaccination for all
11-year-old girls

6. 80% coverage rate of screening with vaccination for all

11-year-old girls

Survival rates of women with cervical cancer

We used the data from life tables of Japanese vital registra-
tion to estimate the population-based mortality rates by age
from cervical cancer and other competing risks.”” Cumula-
tive nationwide survival rates by cancer stages of FIGO clas-
sification were not available in Japan. We adopted the data
from the US SEER programme (Surveillance Epidemiology
and End Results),'®'® which were calibrated using data
from an existing Japanese regional cancer registry.”®

B W

coverage (i.e. 20%).%” Table 1 summarises six strategies

that were analysed in the present study. The sensitivity of
the Pap smear was assumed to be 94.7% as previously
reported.®® The specificity (reported to be 98.9%) is not

Transition probabilities
Several natural history models of HPV have been developed
and used in policy evaluations.”>® Whereas a particular

© 2011 The Authors BJOG An International Journal of Obstetrics and Gynaecology © 2011 RCOG 3
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parameter has been common to several natural history mod-
els, there is a huge variation in the structure and parameters
used in the previous models.”” We used age-dependent type-
specific HPV prevalence data from Japanese women® to
derive transition probabilities from the susceptible to those
infected with HPV16/18, other HR types and LR types.
Other model parameters were estimated from systematic
literature reviews and then calibrated to the Japanese set-
ting (Table 2)." We simulated the model by using the
transition rates of CIN2, 3 to the undetected stage I cancer
of HPV16/18 and other HR depending on their age groups

Table 2. Transition rates

Variable Baseline values Range

Progression
HPV DNA to CIN1

Low-risk HPV 0.0264 0.0245-0.0284

High-risk 16, 18 HPV 0.0150 0.0026-0.0274

High-risk other HPV 0.0376 0.0271-0.0480
HPV DNA to CIN2, 3

Low-risk HPV 0.00003 0.000003-0.00006

High-risk 16, 18 HPV 0.0012 0.000014-0.0024

High-risk other HPV 0.000025 0.000002-0.00005
CINT to CIN2, 3

Low risk HPV 0.0003 0.00002-0.0005

High-risk 16, 18 HPV 0.0042 0.0001-0.0082

High-risk other HPV 0.0015 0.0001-0.0028

CIN2, 3 to undetected stage 1 cancer
High-risk 16, 18 HPV 0.0049*
High-risk other HPV 0.0088*

Progression rates in unscreened

women with cancer

0.00001-0.0098
0.00004-0.0176

Stage | to stage Il 0.0188
Stage Il to stage Il 0.0250
Stage Il to stage IV 0.0375
Regression
HPV DNA to Normal
Low-risk HPV 0.1951
High-risk 16, 18 HPV 0.1951
High-risk other HPV 0.1951
CIN1 to Normal
Low-risk HPV 0.0854
High-risk 16, 18 HPV 0.1406 0.1316-0.1497
High-risk other HPV 0.0430

CIN2, 3 to Normal (70% of women)

Low-risk HPV 0.0145 0.0052-0.0238
High-risk 16, 18 HPV 0.0045 0.0010-0.0080
High-risk other HPV 0.0082 0.0029-0.0134

CIN2, 3 to HPV DNA or to CIN1
(15% of women each)

Low-risk HPV 0.0031 0.0011-0.0051
High-risk 16, 18 HPV 0.0010 0.0002-0.0017
High-risk other HPV 0.0018 0.0006-0.0029

*Multiplied by age-dependent rate derived from calibration.

in Japan. Then we adjusted them by using the data of age-
dependent incident rates of cervical cancer. We validated
the model by goodness-of-fit statistics using age-dependent
mortality rates of cervical cancer.

Cost estimation

A societal perspective was adopted for this cost analysis.
Cost estimates are presented in Table 3 that include pro-
gramme costs and time costs. We approximated the pro-
gramme costs by using the current national tariff used by
the national health insurance scheme.’’ These data were
cross-validated by the cost of treatments and care for
gynaecological patients at the University of Tokyo Hospital
between August 2007 and November 2009. Both variable
costs and doctor’s fees are included in the programme costs
according to the fee schedule set by the national tariff.”!
We estimated patients’ time cost by using the national
average hourly wage of part-time workers from a national

survey.>

Cost-effectiveness analysis
We calculated quality-adjusted life-years (QALYs) from the
model outputs on incidence, duration and mortality. The
quality-of-life weights for different health states were based
on those used in previous studies (Table 4).373% All costs
and benefits were discounted at 3%, a frequently used rate
for cost-effective analysis done in Japanese settings.”®

In line with a standard health economic evaluation,
strategies are ranked in order of effectiveness after exclud-
ing dominated strategies.”” Incremental cost-effectiveness
ratios (ICERs) are then calculated for each strategy relative
to the next best alternative. The preferred strategy is the
most effective strategy with an ICER within the willingness
to pay threshold of 4.5 million yen. A commonly applied
threshold for acceptable cost-effectiveness in the USA is
$50,000;%® it is often used as a basis of cost-effective analy-
sis in a Japanese setting.

Table 3. Cost data

Costs involving patient’s time costs Yen

Screening visit (Pap-test) per event 7460
CIN1 detected patient per month 4228
CIN2, 3 detection per event 28,360
Conisation cost per case 310,900
Treatment cost for stage | cancer case 664,300
Treatment cost for stage Il cancer per case 2,869,900
Treatment cost for stage Il cancer per case 3,066,500
Treatment cost for stage IV cancer per case 2,940,200
Average monthly wage for a Japanese case 226,100
Vaccination cost (for three doses/visits) 58,000
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