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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-
oma). 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 (38.4/29.6%) 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 intracpithelial 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 HPVs 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 SUBJECTS 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

Jpn J Clin Oncol 2014;44(10) 911

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 (2162 years); CIN3,
38.9 + 8.0 years (21—67 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 Discases, and written
informed consent for study participation was obtained from
cach 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-ul aliquot of cervical exfoliated
cells using the QlAamp 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,0) 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)
Highrisk
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) 0.35
33 6 3.7 15 45 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 24 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 27.4 87 26.0 0.93 (0.68—1.28) 0.63
53 10 6.1 4 1.2 0.23 (0.06—0.69) 0.013*
56 9 5.5 8 24 0.43 (0.16—1.12) 0.08
58 36 22.0 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 0.3
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 hawing HPV vaccination history (HPV 16, 18, 53 and 58 positive) is included in CIN2.

CIN2, cervic.al intraepithelial neoplasia Grade 2; CIN3, cervical intraepithelial neoplasia Grade 3; PR, prevalence ratio; Cl, confidence interval.

women’s age at the time of diagnosis. Pearson’s x> test with ~ RESULTS
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 Overall, HPV DNA was detected in 158 of the 164 CIN2
statistical analyses were performed using R version 2.11.1. cases (96.3%), 330 of the 334 CIN3 cases (98.8%) and 131 of

HPV PrEVALENCE AND TYPE DISTRIBUTION
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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 HPV53 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 HPVS5S, 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 HPVS58 (22.0%) in CIN2; HPV16 (44.9%),
HPV52 (26.0%) and HPV58 (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, ¥* 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

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
HPV52 (12.1%) and HPV18 (11.0%), HPV18 (41.1%) was
most frequently detected in adenocarcinoma, followed by
HPV16 (28.6%) and HPVS51 (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 HPV16-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=91) % Adc (n = 56) % PR (SCC vs. CIN3) (95% CI) P (Wald test)
High risk
16 71 47.7 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 33 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 1.3 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 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 12.1 2 2.2 16 28.6
Multiple 21 14.1 13 143 7 12.5

Single and muultiple infections combined.

##P < (.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, adenocarcinoma; CIN3, cervical intraepithelial neoplasia Grade 3; PR, prevalence ratio; CI,

confidence irterval.

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 HPV 16 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,
HPV32 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

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 HPVI16 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=1.8x1077).
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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 HPV 16
(44.8%), HPV18 (14.0%), and HPV52 (7.0%) (7). The
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CIN2

HPV52

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 HPVSS.

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 HPV638 (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

(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 HPV58 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 HPV 16 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 HPV 52 and HPV58 are commonly detected in East
Asian countries and we report a significant number of
co-infections between HPV52/58 and HPV 16 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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Background: Cervical intraepithelial neoplasia grade 3 (CIN3) is a mucosal precancerous lesion caused
by high-risk human papillomavirus (HPV). Induction of immunological clearance of CIN3 by targeting
HPV antigens is a promising strategy for CIN3 therapy. No successful HPV therapeutic vaccine has been
developed.
Methods: We evaluated the safety and clinical efficacy of an attenuated Lactobacillus casei expressing mod-
ified full-length HPV16 E7 protein in patients with HPV16-associated CIN3. Ten patients were vaccinated
orally during dose optimization studies (1, 2, 4, or 6 capsules/day) at weeks 1, 2, 4, and 8 (Step 1). Seven
additional participants were only tested using the optimized vaccine formulation (Step 2), giving a total
of 10 patients who received optimized vaccination. Cervical lymphocytes (CxLs) and peripheral blood
mononuclear cells (PBMCs) were collected and E7 specific interferon-y-producing cells were counted
(E7 cell-mediated immune responses: E7-CMI) by ELISPOT assay. All patients were re-evaluated 9 weeks
after initial vaccine exposure using cytology and biopsy to assess pathological efficacy.
Results: No patient experienced an adverse event. E7-CMI in both CxLs and PBMCs was negligible at
baseline. All patients using 4-6 capsulesfday showed increased E7-CMI in CxLs, whereas patients using
1-2 capsules/day did not. No patient demonstrated an increase in E7-CMI in their PBMCs. In comparison
between patients of cohorts, E7-CMI at week 9 (9wk) in patients on 4 capsules/day was significantly
higher than those in patients on 1, 2, or 6 capsules/day. Most patients (70%) taking the optimized dose
experienced a pathological down-grade to CIN2 at week 9 of treatment. E7-CMI in CxLs correlated directly
with the pathological down-grade.
Conclusions: Oral administration of an E7-expressing Lactobacillus-based vaccine can elicit E7-specific
mucosal immunity in the uterine cervical lesions. We are the first to report a correlation between mucosal
E7-CMI in the cervix and clinical response after immunotherapy in human mucosal neoplasia.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Human papillomavirus (HPV) is a major risk factor for the
development of cervical cancer, the second most common cancer
among women [1]. Some 99% of cervical cancer cases are asso-
ciated with genital infection with oncogenic HPVs. Among them,

Abbreviations: CIN3, cervical intraepithelial neoplasia grade 3; HPV, human
papillomaviru s; CxLs, cervical lymphocytes; PBMCs, peripheral blood mononuclear
cells; E7-CMI, E7cell-mediated immune responses; CTL, cytotoxic T lymphocytes.
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HPV type 16 (HPV16) infection is most commonly associated with
cervical cancer [2-5]. Recent prophylactic HPV vaccines have been
shown to prevent genital infection with HPV types 16 and 18
(HPV16/18) and reduce the incidence of HPV16/18-related high-
grade CIN [6-10]. However, little effect will likely be noted among
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patients who were already infected by HPV prior to vaccination. The
limitations of prophylactic HPV vaccines demonstrate a pressing
need for novel approaches, possibly immune-mediated, to eradi-
cate HPV-associated neoplasia and suggest that the development
of therapeutic HPV vaccines for the treatment of HPV-associated
lesions should remainanimportant goal [11]. The combined actions
of the high-risk HPV EG and E7 oncoproteins are essential for
the maintenance of the neoplastic phenotype. Since E6 and E7
are the only HPV proteins expressed in precursor lesions, they
represent reliable antigenic targets for immunotherapy of CIN3.
Immunization with E6 andfor E7 of HPV16, with the resultant
generation of antigen-specific CTL (cytotoxic T lymphocytes), has
been a frequent immunotherapeutic approach for HPV-associated
neoplasia and has utilized a wide array of potential vaccine deliv-
ery systems [12-23]. Previous clinical trials of HPV therapeutic
vaccines have been able to elicit systemic E7-specific type 1
cell-mediated immune responses (systemic E7-CMI) using subcu-
taneous or intramuscular delivery, but few have studied mucosal
E7-specific type 1 cell-mediated immune responses (mucosal
E7-CMI). Because CIN lesions develop in the cervical mucosa,
local mucosal lymphocytes possessing E7-CMI in the cervix are
likely to play a direct role in immunological clearance of CIN
lesions.

The lymphocytes involved in mucosal immunity are found in the
inductive sites of organized mucosa-associated lymphoid tissues
and in a variety of effector sites such as the mucosa of the intestine,
respiratory tract, and genital tract. Integrin 37 is the most common
homing receptor expressed on gut-derived mucosal lymphocytes
[24]. We have demonstrated that cervical brushing methodology
enables us to preferentially collect integrin 37+ mucosal cervical
lymphocytes (CxLs) from CIN lesions [25]. Using murine models,
several studies on immunization with Lactobacillus-based vaccines
have demonstrated an induction of systemic E7-CMI and regression
of subcutaneous HPV16 E7-positive tumors [26-28). However, they
have neither provided an insight into mucosal T cell responses to
oral vaccination nor into the anti-tumor effects on mucosal intraep-
ithelial neoplasms. We have observed an induction of mucosal
E7-CMI within intestinal mucosa after oral administration of Lac-
tobaccilus casei expressing HPV16 E7 in mice [29]. These studies
suggested that oral vaccination may surmount some of the deficien-
cies seen with systemic immunization in previous CIN therapeutic
vaccine clinical trials and encouraged us to embark on a clinical
trial using GLBL101c. To assess the safety, immunogenicity, and
clinical efficacy of GLBL101c, we designed a Phase I/lla study involv-
ing patients with HPV16-positive CIN3. This is the first clinical
trial to use oral vaccination for the treatment of HPV-associated
neoplasia.

2. Materials and methods
2.1. Patients

Enrolled patients had (1) histologically confirmed ectocer-
vical CIN3 lesions and were (2) infected only with HPV16
(exclusion of other high-risk HPV types) as documented by in-
house PGMY-CHU HPV genotyping methods which can detect
34 HPV subtypes [30]. Other eligibility criteria included: (3)
age 18-45, (4) colposcopic evidence of a persistent high-grade
lesion 4 weeks after biopsy, (5) normal pretreatment labora-
tory blood values, and (6) signed informed consent. Exclusion
criteria included: (1) any signs of invasive disease, (2) endocer-
vical involvement, (3) pregnancy/lactation, and (4) HIV positivity,
immunosuppressive disease or use of immunosuppressive medi-
cations.

2.2. Study design

Since the spontaneous regression rate of CIN3 at a 9-week time
point is thought to be less than 10% [13,31,32], this study was
designed as a single-center, single-arm (non-controlled), observa-
tional Phase I/lla study. The primary end points were to evaluate
the safety and the pathological efficacy of vaccination and the sec-
ondary endpoints were mucosal and systemic HPV16 E7-CMI and
local cytological efficacy. For initial safety assessments, the mini-
mal formulated amount (250 mg) of GLBL101¢ (one capsule) was
administered daily. Next, four small scale dose-escalation cohorts
(one or three patients per cohort) were treated with 1, 2, 4, or
6 capsules/day for four total rounds (Step 1). If no adverse effects
were observed in cohorts given lower doses, the dose was escalated
by one capsule per day in the next cohort. If no clinical response
was observed at a given dose, the trial was discontinued for that
dose level. Once a safe and effective dose was identified, seven
more patients were enrolled at that dose level for a total of ten
patients using the optimized dose of GLBL101¢ (Step 2). All patients
received four rounds of oral vaccination at week 1, 2, 4, and 8. Each
dose of GLBL101c was administered orally once each morning after
fasting for five days, each treatment week. We followed our sub-
jects for only 9 weeks prior to reassessment and possible treatment
to ensure optimal patient safety. All vaccinations were performed
from February 2009 to November 2012. The study was sponsored
by the Ministry of Health, Labour and Welfare of Japan for the
Third-Term Comprehensive Strategy for Cancer Control, and for
Comprehensive Strategy for Practical Medical Technology, Japan,
and approved by the medical ethics committee of the University
of Tokyo, Faculty of Medicine. All patients gave written informed
consent. All data underwent independent third-party management
and analysis and were evaluated by a third-party committee for
efficacy and safety.

2.3. Composition of the vaccine

GLBL101cwas provided by GENOLACBL Corp (Japan), generated
from a recombinant L. casei expressing mutated HPV16 E7 as pre-
viously described and attenuated using heat. Briefly, the HPV16 E7
gene was modified by inserting point mutations into the Rb-binding
site (the D, C,and Ein E7 aa21, aa24, and aa26, respectively, were all
replaced by a G) [29]. Through these mutations, the carcinogenicity
of E7 was abrogated, but its immunogenicity remained intact [33].
The attenuated L. casei were purified by washing several times with
distilled water then dried to powder. 250 mg of GLBL101c powder
was enclosed in a capsule designed to degrade in the bowel.

2.4. Collection and processing of cervical specimens

Cervical cells were collected using a Digene cytobrush as
described previously [34]. The cytobrush was inserted into the cer-
vical os and rotated several times. The cytobrush was then placed
into a 15-mL tube containing R10 media (RPMI-1640 medium,
supplemented with 10% fetal calf serum (FCS), 100 mg/mL strep-
tomycin, and 2.5 p.g/mL amphotericin B) and an anticoagulant
(0.11U/mL of heparin and 8 nM EDTA). After incubating the sam-
ple with 5mM DL-dithiothreitol at 37°C for 15min 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,
layered 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, and it is noted that all samples were frozen until
use for further immunological assay [25].
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2.5. Assessiment of clinical efficacy

Visual examinations and histological and cytologoical specimen
collections were performed under colposcopy. Biopsies of the same
site were obtained at baseline and one week after the final vacci-
nation round (at week 9). As a primary end point, grading of the
lesions was performed by several experienced independent blinded
pathologists according to strict criteria [35]. If CIN3 was down-
graded to CIN2 or less, further surgical intervention was averted.
Otherwise, patients with CIN3 underwent cervical conization or
laser ablation. We used pathological response criteria that were
modified based on the previous study [13]. Patients who did not
receive surgical treatment had repeat cytologic evaluation at 6 and
12 months.

2.6. Safety and tolerability

Clinical assessments, laboratory testing and adverse events
monitoring were conducted after each round of vaccination.
Adverse events were graded according to version 3.0 of the Com-
mon Terminology Criteria for Adverse Events (CTCAE), which
grades events on a scale of 1-5, with higher grades indicating
greater severity.

2.7. Immunological responses to HPV16 E7 (E7-CMI)

All lymphocyte samples were frozen immediately after isola-
tion and stocked in —40°C freezer until use for immunological
assay. Approximately 1 x 10° cervical lymphocytes were isolated
from each patient's cervix. 5x 104 cervical lymphocytes (CxLs)
or peripheral blood mononuclear cells (PBMCs) were incubated
for 24h at 37°C with antigen presenting cells or 5 x 10* PBMCs
were treated with mitomycin C (75 pg/mL, Nakarai, Japan) and
washed four times with PBS [25]. Ten microliters of synthesized
peptides (wvorking concentration 1 g/mL) covering the entire 98
aa HPV16 E7 amino acid sequence with 18 HPV16 E7 15-mer over-
lapping peptides (overlapped by 10 amino acids) [36], mitogen
(PMA 40ng/mL+ionomycine 4 pwg/mL) or medium alone (nega-
tive control) were added to a 96 well ELIIP plate (Millipore, USA)
coated with anti-human interferon-y (IFNvy) monoclonal anti-
bodies (15 pg/mL) according to the manufacturer’s protocols for
ELISpot for IFNy (MABTECH AB, Sweden). Spot numbers represent-
ing IFNy-producing lymphocytes were analyzed as E7-CMI with a
computer assisted video imaging analysis system, KS ELISPOT (Carl
Zeiss Vision, Germany) [29]. The experiment was performed on
three to six wells each to allow statistical analysis.

2.8. Statistical analysis

ELISpot data are presented as meanzstandard deviation.
ELISpot numbers were compared between immunization groups
using Mann-Whitney U-test. A p-value of <0.05 was considered
significant.

3. Results
3.1. Study population and adverse events

Participant characteristics are summarized in Table 1. All
enrolled patients were Japanese women. Ten patients were
enrolled in safety and dose escalation studies (Step 1) and seven
additional patients were studied only at the optimized vaccination
dose (4 capsules/day; Step 2). The distribution of participant HLA
haplotypes was similar to that in the Japanese population [37,38].
No patient experienced serious side effects induced by GLBL101c

Table 1
Baseline characteristics of the patients.

Pt.ID Age PreTx* Dose” Cytology® Histology HLA-A allele
Step 1

1-1 40  Untreated 1 HSIL, S CIN3 02:06/31:01

1-2 42 Laser 2 HSIL, S CIN3 24:02/33:03
1-3 34 Untreated 2 HSIL, S CIN3 24:02/24:20
1-4 42 Untreated 2 HSIL, S CIN3 11:01/24:02
1-5 39  Untreated 4 HSIL, M CIN3 02:06/26:01

1-6 43 Laser 4 HSIL, S CIN3 02:06/26:01

1-7 35  Laser 4 HSIL, S CIN3 24:02/24:02
1-8 33 Untreated 6 HSIL, S CIN3 11:01/26:01

1-9 41 Laser 6 HSIL, S CIN3 31:01/31:01

1-10 37  Untreated 6 HSIL, S CIN3 02:01/02:01

Step 2

2-1 42 Laser, conization 4 HSIL, S CIN3 01:01/24:02
2-2 36  Laser 4 HSIL, S CIN3 24:02/31:01

2-3 35  Laser 4 HSIL, S CIN3 24:02/24:02
2-4 42 Untreated 4 HSIL, S CIN3 24:02/26:01

2-5 38  Untreated 4 HSIL, S CIN3 11:01/26:01

2-6 29  Untreated HSIL, S CIN3 02:01/31:01

2-7 30  Untreated 4 HSIL, M CIN3 02:01/24:02

HSIL,S: high-grade squamous intraepithelial lesion, severe dysplasia (CIN3).
HSIL,M: high-grade squamous intraepithelial lesion, moderate dysplasia (CIN2).
# Previous treatment before the enrollment.
b Number of capsules of GLBL101c (250 mg/capsule) administered daily.
¢ Both Bethesda system classification and expected diagnoses were described.

according to CTCAE. No patient was withdrawn because of adverse
events or progression of their disease.

3.2. E7 specific cell-mediated immune responses (E7-CMI)

Numbers of E7-specific [FNy-producing cells in CxLs and PBMCs
were separately examined for E7-CMI [25]. Fig. 1 depicts repre-
sentative pictures of our ELISpot assays. In this patient (patient
2-7), oral administration of GLBL101c elicited a time-dependent
increase in E7-specific IFN+y-producing CxLs but had no effect on
PBMCs. A summary of E7-CMI results at baseline and week 9 is
shown in Table 2 and Fig. 2. At baseline, all patients lacked E7-CMI
in PBMCs while three patients had barely detectable levels of E7-
CMlin CxLs. At week 9, all patients had increases in cervical E7-CMI

Table 2

E7-CMl in the cervix and peripheral blood before and after administration.
Pt.ID Dose E7-CMI?

Cervical lymphocyte” PBMC
Baseline 9wk Baseline 9wk

Step 1
1-1 1 28+04 9.2+05 3.1+£03 8005
1-2 2 75+1.0 123+30 49+1.0 6215
1-3 2 48+10 99+15 68+15 7210
1-4 2 28+05 11.3+£20 48+06 64+20
1-5 4 9.6+04 288+08 31+£07 7.0£03
1-6 4 12.0+04 384404 27+£03 53£05
1-7 4 120+04 440+05 25+£04 57£03
1-8 6 8.0+0.2 336+04 56+02 192404
1-9 6 8.8+0.2 17.6£02 56+£02 128£05
1-10 6 8.0+0.2 144+04 72+04 104£06
Step 2
2-1 4 83416 188+1.2 23+04 6.0+09
2-2 4 6.8+0.7 330+18 23+04 65+£03
2-3 4 143+25 405+17 25+05 63402
2-4 4 6.0£1.1 21.8+20 20+£03 6.8+04
2-5 4 6.8+0.7 248+22 18+04 63405
2-6 4 8320 143+12 23+05 63404
2-7 4 9.0+1.1 360+£38 20+£04 53+£02

3 Numbers of E7-specific IFNy-producing cell (/10° cells).
b Lymphocytes obtained from cervical lesion using the cytobrush method.
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Fig. 1. Immunological response to vaccination (4 capsules/day) in a representative patient. (ELISpot assay images). CxLs (upper) and PBMCs (lower) were collected from
patients 2-7 at baseline and at weeks 5 and 9. Purple dots indicated E7-specific IFNy-producing lymphocytes. CxLs (cervical lymphocytes); PBMCs (peripheral blood
mononuclear cells). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

significantly. In particular all patients taking 4 or G capsules/day had
marked increases in cervical E7-CMI than in PBMCs. In comparison
between patients of cohorts, E7-CMI at week 9 (9 wk) in patients on
4 capsules/day significantly higher than those in patientson 1, 2, or
6 capsules/day (Fig. 2). Only two of the 13 patients receiving four
or six capsule doses had significant increases in E7-CMI in PBMCs.
These data indicate that oral administration of GLBL101c induces
predominantly mucosal E7-CMI homing to the cervical epithelium.

3.3. Clinical responses to administration

Supplementary Fig. 1 displays the clinical response of a rep-
resentative patient experiencing a pathological down-grade to
CIN1-2. Clinical responses at week 9 after vaccination and follow-
up, cytological evaluations for all subjects are summarized in
Table 3.In Step 1, the four patients taking 1-2 capsules/day had no
pathological response. Two of three patients using 4 capsules/day
experienced a pathological down-grade to CIN2. One of three
patients on 6 capsules/day experienced a pathological down-grade
to CIN2 while two had no pathological changes noted. Taken
together these results with immunological responses (Fig. 2),
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4 capsules/day was chosen as the optimal dose of GLBL101c and
seven additional patients were enrolled at this dosage in Step 2.
Combining Step 1 and 2 patients receiving 4 capsules/day, 7 of 10
patients (70%) using this regimen had a pathological down-grade
to CIN2 at week 9 and one other patient (Patient ID: Step 1-5) had
a pathological down-grade to CIN2 at week 12. Of the 13 patients
receiving 4-6 capsules/day, nine patients (69%) with pathological
down-grade to CIN2 did not require additional surgical treatment
and were followed cytologically. Among the patients without addi-
tional treatment, five patients (56%) showed further cytological
regression to LSIL or normal cytology by 12 months after admin-
istration. All nine patients continued to have no evidence of CIN3
when followed without intervention between 14 and 33 months.
There was no correlation between clinical response and patient
background characteristics (pre-treatment, baseline cytology, or
HLA-A allele types).

3.4. Correlation between E7-CMI in CxLs and clinical efficacy

The number of E7-specific IFNy-producing cells in CxLs for each
patient was plotted along the y-axis as shown in Fig. 3 and divided
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Fig. 2. Immunological responses to different dose of vaccination. (A) Stripe boxes indicate E7-CMI (E7-specific IFNy-producing cells) in cervical lymphocytes (CxLs) for
each cohort. (B) White boxes indicate E7-CMI in PBMCs for each cohort. For each cohort, E7-CMI at pre-vaccination (0 wk), weeks 5 (5wk) and 9 (9 wk) was plotted. Each
median, Inter Quartile Ranges (IQR), and maximum/minimum range is indicated using horizontal lines, boxes, and vertical length lines, respectively. Asterisks indicate those

comparisons with statistical significance (": p<0.01, ": p<0.001).
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Table 3

Clinical efficacy of GLBL101¢ oral administration.
pt. 1D Dose Histology(9 wk) Cytology*(9 wk) Tx*(10-12 wk) Follow-up

6 months 12 months

Step 1
1-1 1 CIN3 HSIL, S Conization
1-2 2 CIN3 HSIL, S Conization
1-3 2 CIN3 HSIL, S Conization
1-4 2 CIN3 HSIL, S Conization
1-5 4 CIN3 HSIL, M (-) HSIL,M LSIL
1-6 4 CIN2 HSIL, S (-) HSIL, M HSIL, M
1-7 4 CIN2 HSIL, M (-) LSIL NILM
1-8 6 CIN2 HSIL, M (-) HSIL, M NILM
1-9 6 CIN3 HSIL, S Laser
1-10 6 CIN3 HSIL, S Laser
Step 2
2-1 4 CIN3 HSIL, M Laser
2-2 4 CIN2 HSIL, M (-) HSIL, M HSIL, M
2-3 4 CIN2 HSIL, S (-) HSIL, M HSIL, M
2-4 4 CIN2 HSIL, M (=) HSIL, M HSIL, M
2-5 4 CIN2 HSIL, S (=) LSIL NILM
2-6 4 CIN3 HSIL, S Laser
2-7 4 CIN2 HSIL,M (=) LSIL LSIL

HSIL,S: high-grade squamous intraepithelial lesion, severe dysplasia (CIN3).
HSIL,M: high-grade squamous intraepithelial lesion, moderate dysplasia (CIN2).
LSIL: low-gracie squamous intraepithelial lesion.
NILM: negative for intraepithelial lesion or malignancy.

2 Both Bethesda system classification and expected diagnoses are presented.

b Surgical treatment methods at week 10-12. (-): The patients with no surgical treatment were evaluated with standard cervical cytology.

p=0.000004
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Fig. 3. Correlation of E7-CMI in CxLs with pathological responses. E7-CMI (E7-
specific [FN'y—producing cells) at week 9 was compared between pathological
down-grade (#=9) and no change (n=8) groups. The cervical E7-CMI of down-
graded patierits increased significantly more than that of patients who had no
change (Manni-Whitney U-test: p=0.000004). The ROC curve indicated a cut-off
value=21.8 cells/10° cells and AUC=0.994.

into groups, patients experiencing a pathological down-grade
(n=9) and those who had no pathological change (n=8). E7-CMI
in the CxLs of patients experiencing a pathological down-grade
was clearly higher than that among patients with no pathologi-
cal change (p=0.000004). ROC analysis of E7-CMI in CxLs indicated
a cut-off va lue of 21.8 IFNy-producing cells/10° cells (AUC=0.994)

for pathological regression and a sensitivity and specificity using
this cut-off value of 94.5% and 99.2%, respectively (data not shown).

4. Discussion

Our study is the first report demonstrating that oral vaccination
promotes clinical response in a mucosal intraepithelial neoplasm
by inducing vaccine antigen-specific mucosal CML Interestingly,
the clinical responses to GLBL101c correlated directly with mucosal
E7-CMI within the uterine cervix but systemic E7-CMI was not gen-
erally elicited. This suggests strongly that mucosal effector T cells
are induced by oral administration of the Lactobacillus-based HPV
vaccine at intestinal mucosal inductive sites, eg Peyer's patches,
and that these cells home to the cervical mucosa to direct the
immunological microenvironment to typel immune responses to
HPV-related intraepithelial neoplasia. Mucosal T cells possessing
E7-CMI and educated in the gut are thought to enter the peripheral
circulation to home to the cervix. However, E7-CMl in the periph-
eral blood was negligible in our ELISpot data regardless of GLBL101¢c
dose. The concentration of E7-specific mucosal T cells in the periph-
eral blood may have been too low to be detected by ELISpot assay
due to dilution of the lymphocytes in the circulation. In contrast,
the integrin 7+ mucosal T cells possessing E7-CMI accumulate and
are retained in the mucosal epithelium via interactions of integrin
aER7 with E-cadherin expressed in the epithelium [39].

Inthistrial, the pathological down-grade to CIN2 inresponse to a
4 capsules/day GLBL101cregimen was 80%. In Japan, CIN3 is treated
surgically whereas CIN2 is generally monitored without surgical
intervention by gynecologic oncologist. Therefore Japanese pathol-
ogists are routinely required to discriminate CIN2 from CIN3 in an
effort to direct clinical management. Pathological down-grading
continues to have important clinical implications in Japan. Data
from several previous clinical trials of HPV therapeutic vaccines
estimate a spontaneous regression rate from CIN3 to CIN2 of 10%
based on data of non-intervention cohort studies or the placebo-
arm of randomized clinical trials [13,31]. We purposely delayed
repeat specimen collection until week 9, because the biopsy pro-
cedure can itself promote spontaneous regression [40]. Although
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the best clinical response during 9 weeks of this study was a down-
grade to CIN2, the observed clinical response rate was significantly
higher than either the estimated or described rate of spontaneous
down-grading to CIN2. Notably, 9 of 13 (69%) patients with patho-
logical responses to 4-G capsules/day remained free of CIN3 for
14-33 months after administration. Moreover, five of them had fur-
ther cytological regression to LSIL or normal cytology (NILM) at 12
months after the last administration.

L. casei is one of the most commonly consumed bacterial
species worldwide and its safety is well-demonstrated. No adverse
event greater than grade 2 has been reported in any exposed
patient in prior studies. Several studies on immunization with
Lactobacillus-based vaccines have demonstrated an induction of
systemic E7-CMI and regression of subcutaneous TC-1-induced
tumors [26-28]. However, they have neither provided an insight
into mucosal T cell responses to oral vaccination nor into the
anti-tumor effects on mucosal intraepithelial neoplasms. While
this could represent a difference between humans and mice, the
mucosal specificity of the response in this human trial remains
a useful attribute for further vaccine development. We previ-
ously reported a marked induction of mucosal T cells possessing
E7-CMI within intestinal mucosae after oral administration of L.
casei expressing HPV16 E7 in mice [29] and developed this clinical
trial in response.

In this study, one of three patients on 6 capsules/day had clinical
response while all patients using 4capsules/day had a down-
grade to CIN2 by week 12. Furthermore, E7-CMI in patients on
4 capsules/day was significantly higher than that in patients on
6 capsules/day. This may be the result of small sample size and will
need to be studied further. Although we cannot conclusively state
that 4 capsules/day is the optimal dose, we can state that this dose
is both safe and effective.

Our GLBL101c regimen was associated with pathological
down-grading from CIN3 to CIN2. Although this changes clinical
management in Japan, changes in worldwide diagnostic guidelines
mask the therapeutic clinical benefit of our regimen because CIN2
and CIN3 are grouped and both are treated surgically. Neverthe-
less, in this study, nine patients who experienced a down-grade to
CIN2 were followed without surgery and remained free of CIN3.
These patients may benefit from oral GLBL101c administration.
Future randomized placebo-controlled studies to evaluate clinical
efficacy of oral vaccination with GLBL101c should therefore include
follow-up time points of at least 4-6 months after completion of the
regimen.

5. Conclusion

Oral administration of a Lactobacillus-based HPV therapeutic
vaccine succeeded in inducing mucosal but not systemic E7-CMI.
This study is the first to report a correlation between mucosal CMI
and clinical response of an immunotherapy in human mucosal
neoplasia. This vaccine strategy may be a novel HPV-targeting
immunotherapy for cervical cancer involving the induction of E7-
specific mucosal immunity. Furthermore, the oral administration
of Lactobacillus-based vaccine may extend to other diseases that
develop at mucosal sites including bowel, bronchial, and orop-
haryngeal epitheliae.

This clinical trial is registered to UMIN-CTR which is accepted
by ICMJE.

Clinical registration ID: UMIN000001686 (2009/02/06).

IRB approval No.: P9002144-11X.
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We have performed cap-analysis gene expression (CAGE) sequencing to identify the regulatory networks that orchestrate ge-
nome-wide transcription in human papillomavirus type 16 (HPV16)-positive cervical cell lines of different grades: W12E, SiHa,
and CaSki. Additionally, a cervical intraepithelial neoplasia grade 1 (CIN1) lesion was assessed for identifying the transcriptome
expression profile. Here we have precisely identified a novel antisense noncoding viral transcript in HPV16. In conclusion,
CAGE sequencing should pave the way for understanding a diversity of viral transcript expression.

ervical cancer is the third most common female cancer world-
ide, with 530,000 new cases and 275,000 deaths annually (1),
and infection by one of a subset of high-risk human papillomavi-
ruses (HPVs) is a prerequisite for its development (2).

A number of elegant studies on the HPV type 16 (HPV16)
transcriptome (3—10) have shown that transcription in all HPVs
occurs unidirectionally from at least two promoters and involves
multiple splice sites. The major promoters in HPV 16 are the early
promoter (p97), located in the locus control region (LCR), and
the differentiation-inducible promoter (p670), with additional
promoters in the LCR and within E4 and E5, potentially generat-
ing late transcripts. HPV transcription is polycistronic, undergo-
ing differential splicing to produce numerous viral mRNAs (at
least 13 transcripts from 8 HPV16 genes in W12E cells [11]). Pre-
vious analyses considered only coding RNA, and it is possible that
new transcription start sites (TSSs) are obscured by prominent
promoters. Therefore, we have used cap analysis gene expression
(CAGE) for high-throughput transcriptome analysis (12-16)
CAGE specifically determines transcriptional start sites (TSS) ge-
nome wide, by capping 5" ends of RNA transcripts, reverse tran-
scribing them, and mapping ¢cDNAs to the reference genome to
identify TSSs (17-20).

To assess all potential TSSs in HPV16-infected cell lines, we
performed CAGE analysis using cervical carcinoma-derived
CaSki and SiHa cells (21, 22), cervical intraepithelial neoplasia
grade 1 (CIN1)-derived W12E (20863) cells, containing episomal
copies of HPV16 (3, 23) (3T3 feeder cells removed by trypsiniza-
tion), and a biopsy specimen from a CINI cervical lesion (ap-
proved by the Institutional Review Board, University of Tokyo
Hospital). From each sample, 5 pg RNA was extracted using a
miRNeasy kit (Qiagen). RNA quality was assessed by the use of a
Bioanalyzer (Agilent) and standardized at an RNA integrity num-
ber (RIN) of >7.0. Quantitation by NanoDrop analysis confirmed
that the A,gp/As90 and A,gp/A, 5 ratios were >1.7.

First-strand cDNAs were transcribed to the 5’ end of capped
RNAs and attached to CAGE “bar code” tags (Table 1), and the
sequenced CAGE tags were mapped to the HPV16 genome and
the human hg19 genomes using BWA software (v0.5.9), discard-
ing ribosomal or non-A/C/G/T base-containing RNAs (24).
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CAGE tags were normalized by the total number of tags per sam-
ple mapped to the human genome and are indicated as tags per
million (TPM) (25). For HPV 16 genes, CAGE tag 5" coordinates
were input for Paraclu clustering, with these parameters: (i) a
minimum of 5 tags/cluster, (i) (maximum density/baseline den-
sity) 2 2, and (iii) 100-bp maximal cluster length (18).

HPVI16 transcriptomes differ between carcinoma- and
CIN1-derived cells. Viral gene expression was high in WI12E cells
and CINI clinical samples (Fig. 1C) but was low in CaSki and SiHa
cells (Table 1). To quantitatively visualize CAGE-tagged HPV16
genes from each cell line, we compared the data to the HPV16
reference genome (NCBI GI no. 333031). We found 25 positive-
strand and 4 negative-strand tag clusters (TCs [regions with >0.5
TPM/sample]) in W12E cells (Fig. 1A), and only 1 positive-strand
TC in CaSki and SiHa cells (Fig. 1B), corresponding to the p97
promoters. In W12E cells and a CIN1 clinical sample, numerous
additional TSSs span the HPV16 genome, suggesting that precan-
cerous cells show diversity and abundance of viral gene expression
that are lost upon viral genome integration and disease progres-
sion, although investigation of W12 derivatives with integrated
HPV16 and of additional clinical samples is needed to confirm
this.

The six most highly expressed TCs in each cell line are com-
pared in Fig. 2. The six TCs most frequently found in W12E cells
originate from nucleotide (nt) 90 to 97, nt 1125 to 1149, nt 2017 to
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