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ABSTRACT

We reviewed histopathological reports of lung cancer cases in Okinawa, Japan and
found a strong association between human papillomavirus (HPV) infection and
squamous differentiation of lung cancer cells. On the basis of these observations, we
hypothesized that HPV infection induces squamous differentiation of adenocarcinoma
cells. To prove our hypothesis and determine the molecular basis of the phenomenon,
we conducted a series of in vitro and in vivo studies. Cultured adenocarcinoma cells
were transfected with the entire HPV genome and the cells were injected into SCID
mice to form tumors, which were used for subsequent histopathological and biochemical
analyses. The HPV-transfected cells showed no tubular structure but solid proliferation
with expression of squamous differentiation markers such as high molecular weight
keratin and involucrin. In particular, cells expressing HPV E2, E6, and E7 genes exhib-
ited more marked morphological changes with increased expression of squamous differ-
entiation markers. These experiments demonstrated that HPV gene expression in
adenocarcinoma cells induces squamous differentiation. Although the present studies
are only preliminary analyses, our findings have identified a new and specific aspect of
lung cancer in cases in Okinawa. More precise and thorough evaluations are required.
Since the diseases in Okinawa are specific to mainland Japan, further investigations
may lead to the discovery of new mechanisms of disease and thereby contribute to

health promotion of people in Okinawa. Ryukyu Med. J., 30(I~4)1~11, 2011
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1. INTRODUCTION

In Japan, the age-adjusted mortality rate of
lung cancer in males and females has increased
since the 1960's. Lung cancer is now the primary
cause of death due to malignancies. In particular,
the all age mortality rate of lung cancer in Okinawa
1s higher than that in mainland Japan, despite
Okinawa having lower smoking rates than the rest
of the country’?. Although the total number of
lung cancer cases has been increasing in Japan, the
histopathology of lung cancer has demonstrated
intriguing findings showing histological transi-
tion of lung cancer in mainland Japan. From the
1950's to the 1980's, squamous cell carcinomas and
adenocarcinomas were common in Japanese males,
with the distribution of squamous cell carcinomas

being higher than that of adenocarcinomas. In
Japanese females, adenocarcinomas have been the
most frequent histological type reported since
1958%%. The number of squamous cell carcinoma
cases among men and women has declined since
then, with 1increases 1in the number of
adenocarcinoma cases®”>%. A similar trend has
been reported in the United States®” ', with the
most common histopathological type of lung can-
cer until the 1980's being squamous cell carcino-
mas, followed by adenocarcinomas’'”. Since the
early 1990's, the number of squamous cell carcinoma
cases has been decreasing, while adenocarcinomas
have become the most prevalent histological type.
Currently, adenocarcinomas are the most preva-
lent histological type in most countries™. Ac-
cording to histological analysis of lung cancer,
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Fig. la Well differentiated squamous cell carcinoma
of the lung from a case in Okinawa. Marked
keratinization and many cancer pearls can be ob-
served.

characteristics of lung cancer in Okinawa are dis-
tinct from those in other areas™™. During the
1980's, squamous cell carcinoma was the primary
histological type in Okinawa, with a higher
prevalence than other types. Similar to mainland
Japan and the United States, the number of
adenocarcinoma cases in Okinawa has been in-
creasing, with i1t becoming the most prevalent
histological type of lung cancer in men and
women in the region. This increase in the number
of adenocarcinoma cases has also been reported in
European countries’™™. Thus, there seems to be a
worldwide trend of transition in the main
histological type of lung cancer from a squamous
cell carcinoma to an adenocarcinoma. Although
this trend is observed in many developed coun-
tries, the reason for this transition remains to be
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Fig. 1b Poorly differentiated squamous cell carcinoma
of the lung from a case in Niigata. No cancer pearls
are noted, but solid proliferation and a small foci of
keratinization are consistent with the characteristics
of a squamous cell carcinoma.

clarified.

The human papillomavirus (HPV) is a well-
known causative viral agent of uterine cervical
cancer and benign warts. Of more than 100 types
of HPV, HPV16 and HPVI18 are typical high-risk
HPV strains; E6 and E7 genes of these strains
cause degradation of the tumor suppressor genes
p53 and RB, respectively”®'. In contrast, low-risk
HPV strains such as HPV6 and HPV11 do not
cause malignant transformation, but instead in-
duce benign tumors characterized by papillary
proliferation of the squamous epithelium. In 1980,
Syrjinen first suggested the possible involvement of
HPV in bronchial squamous cell lesions, including
squamous cell papillomas and invasive squamous
cell carcinomas, on the basis of morphological
analysis® . Since then, an association between
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bronchial squamous cell carcinomas and HPV has
been reported by many researchers™ ¥,

In this article, we describe the association
between HPV infection and squamous differentia-
tion of lung cancer cells in cases in Okinawa. We
determined this relationship by reviewing lung
cancer cases in Okinawa and confirmed our find-
ings by conducting an in vitro study.

2. Morphological changes in lung cancer in
Okinawa

As described previously, a trend of transition
in the histopathological type of lung cancer has
been observed in mainland Japan, where the fre-
quency of adenocarcinomas has been increasing,
while that of squamous cell carcinomas has been
decreasing®®®. On the basis of histopathological
diagnoses, we noticed a high frequency of lung
squamous cell carcinomas in Okinawa, and there-
fore assumed squamous cell carcinomas to be the
most prevalent type of lung cancer in Okinawa.
We also noticed that the differentiation status of
squamous cell carcinomas between Okinawa and
mainland Japan was quite different. However, no
report showing annual histopathological analyses
of lung cancer in Okinawa existed. Therefore we
first attempted to determine the difference in
histopathological characteristics of lung cancer be-
tween Okinawa and mainland Japan. On compar-
ing, we found that Okinawa had a higher
prevalence of squamous cell carcinomas than
Niigata (mainland Japan), but this difference was
not statistically significant (Table la). We next
compared the differentiation status of lung
squamous cell carcinomas between the two re-
gions. The representative histopathology of lung
cancer in the two regions is shown in Fig. 1. As
shown in Table 1b, the frequency of well differen-
tiated squamous cell carcinomas in Okinawa was
considerably higher than that in mainland Japan
(65.1% versus 10%). Furthermore, 95.3% of total
squamous cell carcinoma cases in Okinawa con-
sisted of well and moderately differentiated
squamous cell carcinomas, whereas the prevalence
of these types of carcinoma was only about 50%
in mainland Japan (Table 1b)". On the basis of
these data, we concluded that squamous cell carci-
noma cases in Okinawa had a more differentiated
histopathology than similar cases in mainland

Japan.

We next examined the annual change in
histological prevalence of lung cancer in Okinawa.
As shown in Fig. 2a and 2b, the frequency of
squamous cell carcinomas decreased, whereas that
of adenocarcinomas increased, thereby adeno-
carcinomas  becoming the most
histological type. We also examined the annual
change in the differentiation status of squamous
cell carcinomas in Okinawa, and found that the
total number and frequency of well differentiated
squamous cell carcinomas decreased (Fig. 2¢). In
contrast to this reduction, an increase was ob-
served in the prevalence of moderately and poorly
differentiated squamous cell carcinomas, compris-
ing approximately 80% of all cases.

prevalent

Table la Histological classification of lung carci-
noma cases in Okinawa and Niigata

Lung carcinoma from
Okinawa

Lung carcinoma from
Niigata

Adenocarcinoma 39 (41.4%) 43 (45.9%)
Squamous cell carcinoma 43 (45.7%) 30 (34.5%)
Large cell carcinoma 3 (3.2%) 5 (5.7%)
Small cell carcinoma 3 (3.2%) 5 (5.7%)
Adenosquamous 5 (5.3%) 2 (23%)
carcinoma

Mucoepid eemoid 1 (L1%) 2 (2.3%)
carcinoma

Total: 94 Total: 87

Table 1b Histological differentiation of squamous cell
carcinoma of the lung cases Okinawa and Niigata

Squamous cell carcinoma from Squamous cell carcinoma from

Okinawa Niigata
Well n=28 (65.1%) Well n=3 (10%)
Moderately n=13 (30.2%) Moderately =12 (40%)
Poorly n=2 (4.7%) Poorly n=15 (50%)
Total: 43 Total: 30

Table 1c HPV detection of squamous cell carcinoma
of the lung from Okinawa and Niigata

Squamous cell carcinoma from Squamous cell carcinoma from

Okinawa Niigata
HPYV positivity HPYV positivity
Well 128 23/28 (82.1%) Well :3 0/3  (0%)
Moderately - 13 11713 (84.6%) Moderately: 12 3/12 (25%)
Poorly 2 0/2 (0%) Poorly 15 6/15 (40%)

Total: 34/43  (79.1%) Total: 9/30  (30%)
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Fig. 2a Histological prevalence of lung cancer in
Okinawa. Each bar represents the number of cases.
Black bars, squamous cell carcinoma: shaded bars,
adenocarcinoma: dot bars, other histological types.
The number of adenocarcinoma cases increased in re-
cent years.
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Fig. 2b Histological prevalence of lung cancer in
Okinawa. Each bar represents the proportion of
histological types of lung cancer. Black bars, squamous
cell carcinoma: shaded bars, adenocarcinoma: dot
bars, other histological types. The proportion of
squamous  cell  carcinoma  decreased, whereas
adenocarcinoma showed a small annual increase.

3. Lung cancer in Okinawa and HPYV infec-
tion

In 1993 and 1995, two different Japanese re-
search groups reported approximately 10% preva-
lence of HPV infection in lung cancer®™* . We
attempted to detect HPV infection by PCR using
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L= AT B LT - T s T - — W o BT -]
[ T B S S S S T — S I
(= = O O T S — T — W — T —
. e G G ym| oyl e P o oW N BN ™

Fig. 2c¢ Histological differentiation status of squamous
cell carcinoma of the lung in Okinawa. Solid bar,
number of cases of well differentiated squamous cell
carcinoma: shaded bar, moderately differentiated
squamous cell carcinoma: hatched bar, poorly differ-
entiated squamous cell carcinoma. The number of
cases of well differentiated squamous cell carcinoma
diminished compared to the early 1990's.
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Fig. 2d Changes in the incidence of human
papillomavirus (HPV) positive cases in squamous
cell carcinoma of the lung from Okinawa.

Table 2 Number of HPV positive cases in squamous
cell carcinomas of lung from Okinawa

HPV6 HPVI1 HPV1I6 HPVI8 Two types Three types Total

1993 2 0 5 5 17 5 34
1995 5 6 S 3 4 0 23
1996 3 3 1 4 2 0 13
1997 0 2 1 1 1 0 5
1998 1 3 0 1 0 0 3

viral gene-specific primers rather than using con-
sensus. Surprisingly, HPV infections were de-
tected in over 80% of well and moderately
differentiated squamous cell carcinoma cases in
Okinawa. On the other hand, only 30% of
squamous cell carcinoma cases in mainland Japan
were associated with HPV infection (Table 1c)™.
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These results suggested that the high prevalence
of differentiated type of squamous cell carcinomas
in Okinawa may be related to HPV infection.
Intriguingly, since 1993, the number of HPV
infections has diminished in parallel with a reduc-
tion in squamous cell carcinomas (Fig. 2d and
Table 2). The change in histopathology and re-
duction in HPV infections in lung cancer cases in
Okinawa implies that differentiation of squamous
cell carcinomas may be associated with the preva-
lence of HPV infection. To further investigate the
association between histopathological changes and
HPV infection in lung cancer cases in Okinawa,
we analyzed adenosquamous carcinomas using
morphological and molecular biological methods.
Morphologically, these adenosquamous carcinomas
contained both a squamous cell carcinoma compo-
nent and an adenocarcinoma component. These
analyses showed that cancer cells in the
adenocarcinoma component adjacent to the
squamous cell carcinoma component exhibited en-
larged and eosinophilic cytoplasm that morpho-
logically resembled squamous cell carcinomas
(Fig. 3a and 3b). These findings implied a mor-
phological transition from an adenocarcinoma to
a squamous cell carcinoma. Immunohistochemical
analysis showed that the adenocarcinoma compo-
nent adjacent to the squamous cell carcinoma
component expressed high molecular weight kera-
tin and involucrin, both of which are squamous
differentiation markers (Fig. 3¢ and 3d). PCR
analysis detected HPV in approximately 80% of

Fig. 3a Adenosquamous carcinoma of the lung from a
case in Okinawa. Both the adenocarcinoma compo-
nent (arrow) and squamous cell carcinoma compo-
nent (arrowhead) are identified.

the adenosquamous carcinomas, while in situ hy-
bridization analysis demonstrated HPV DNA in
both the squamous cell carcinoma components and
the adenocarcinoma component adjacent to the
squamous cell carcinoma component (Fig. 3e and
30)® . These results suggested that HPV infection
induces morphological changes in lung cancer
cells, resulting in a transition from an
adenocarcinoma to a squamous cell carcinoma.

e

Fig. 3b Adenocarcinoma component adjacent to a
squamous cell carcinoma component in
adenosquamous carcinoma. In contrast to the well
differentiated adenocarcinoma component (arrow-
head), enlarged adenocarcinoma cells (arrow) with
similar appearance to squamous cell carcinoma cells
can be observed.

molecular weight keratin in a squamous cell carci-
noma component.
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4. Squamous differentiation and HPV

Given the results of the above epidemiologi-
cal and histopathological analyses, we assumed
that HPV infections are associated with differen-
tiation of the squamous epithelium. To evaluate
the correlation between HPV infections and
squamous differentiation of adenocarcinoma cells
at a molecular level, we transfected the HPV
genome into cultured adenocarcinoma cell lines®.
After the HPV-expressing clones were selected
and purified, they were injected separately into
SCID mice. Two weeks after injection, tumors ap-
peared on the backs of mice and these tumors
were removed for morphological examination and
biochemical analysis. HPV genome integration
into the host nucleus was observed by in situ hy-
bridization, and RT-PCR revealed expression of
HPV genes such as E6, E7, and E2 (Fig 4a). His-
tology showed that tumors from the HPV-
transfected adenocarcinoma cells showed solid
proliferation of cancer cells with larger cyto-
plasm, which was quite different from the origi-
nal histological findings of adenocarcinoma cells
(Fig. 4b and 4c). The protein expression profile of
the HPV-transfected cells was similar to that of
squamous cell carcinomas. Squamous differentia-
tion markers, such as involucrin, high molecular
weight keratin (Moll's No. 1, 5, 10, and 14), and
transglutaminase I, were also detected in the
HPV-transfected cells by immunohistochemistry

molecular weight keratin in a adenocarcinoma com-
ponent. The expression of high molecular weight
keratin is also seen in the adenocarcinoma compo-
nent.

(Fig. 4d), Western blotting with two-dimensional
electrophoresis (Fig. 4e), and RT-PCR (Fig. 4a).
Ultrastructural analysis by electron microscopy
revealed the formation of desmosomes between
HPV-transfected adenocarcinoma cells®* . Fur-
thermore, the increased expression of E2, E6, and
E7 genes was associated with strong induction of
squamous differentiation®*”. These data suggested

that HPV induces a morphological change from
an adenocarcinoma to a squamous cell carcinoma.
With reference to the correlation between cell dif-
ferentiation and HPV genes, Wilson and Laimins
demonstrated HPV gene expression in organotypic

Fig. 3e Demonstration of human papillomavirus DNA
in the squamous cell carcinoma component by in
situ hybridization. Signals of HPV 16 DNA are present
in the nuclei of squamous cell carcinoma components.

papillomavirus DNA in  an

Fig. 3f Human
adenocarcinoma component demonstrated by in situ
hybridization. Signals of HPV 16 DNA are present
in the nuclei of enlarged adenocarcinoma components.
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raft cultures and cultures with methylcellulose in-
duced cell differentiation®. On the other hand, ex-
pression of HPVI18 E6 and E7 in normal human
keratinocytes has been reported to stimulate cell
proliferation and delay differentiation®™. In our
investigations, the HPV-transfected cells showed
squamous differentiation as well as cell cycle ar-

HPV 16
-transfected
PC-14 CaSki

HPV 16
-transfected
PC-14  PC-14 CaSki

PC-14

Transglutaminase I

Cdk 4 4

GAPDH Cyclin D1

Fig. 4a The results of RT-PCR in HPV 16-transfected
PC-14 cells. The expression of HPV E6, E7, and E2
was demonstrated in HPV 16-transfected PC-14 cells.
These cells exhibited higher expression of squamous
differentiation markers such as transglutaminase I
and involucrine, and also had lower expression of cell
cycle progression genes.

Fig. 4b Control DLD-1 cells without HPV transfection.
The arrow indicates the tubular structure.

Fig. 4c HPV 16-transfected DLD-1 cells. Squamous
differentiation is demonstrated.

rest and apoptosis. The HPV-transfected cells
showed an increase in the GO0-G1 fraction and a
decrease in the G2-M fraction (Fig. 4f), along with
decreased expression of the cell cycle progression-
associated genes cdk4 and cyclin D1 (Fig. 4a).
These findings indicated down-regulation of the
cell cycle®®. TUNEL showed many apoptotic sig-
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Fig. 4d Immunohistochemical demonstration of hlgh
molecular weight keratin in HPV 16-transfected
DLD-1 cells.

HPV 16-transfected DLD-1 cell

pH gradient
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Fig. 4e Western blot analysis of high molecular
weight keratin in HPV 16-transfected DLD-1 cells.
Moll's number 1 keratin was demonstrated by two
dimensional electrophoresis (arrow).
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Fig. 4f Floweytometric analysis of cell cycle popula-
tion in HPV 16-transfected DLD-1 and PC-14 cells.
Compared with DLD-1 (upper left) and PC-14 (upper
right), HPV 16-transfected DLD-1 (lower left) and
HPV 16-transfected PC-14 (lower right) showed
smaller population of S-G2-M phase cells. (From
Kinjo T et al Mol Pathol 56; 97-108, 2003.)

nals in cells expressing the HPV gene and in-
creased expression of apoptosis-related genes such
as those for the apoptosis-inducing factor and
caspase 8. In general, differentiating cells cease
cell cycle progression®™, and therefore, we con-
cluded that squamous differentiation induced
down-regulation of the cell cycle, while terminal
differentiation incited apoptosis. To identify
which HPV gene was the main contributor to
squamous differentiation, we constructed three
types of HPV single gene-expressing cells that in-
cluded E2, E6, and E7 expressing cells. HPV sin-
gle gene-expressing cells showed increased
expression of genes for squamous differentiation
markers and cell adhesion molecules, and de-
creased expression of genes for cell cycle and
apoptosis. However, the morphological changes in
these cells was not as distinct as those in cells
transfected with the entire HPV genome®™. These
experimental data suggested that multiple HPV
gene expression induces clear morphological and
biochemical transition from an adenocarcinoma to
a squamous cell carcinoma.

Lung squamous cell carcinomas are assumed
to be the result of multi-step accumulation of ge-
netic and/or epigenetic alterations, and a morpho-
logical stepwise process is also believed to occur in
the bronchial epithelium as cells progress from nor-
mal to basal cell hyperplasia, squamous metaplasia,
squamous dysplasia (mild, moderate, and severe),
and subsequently carcinoma in situ™*”. In terms
of the molecular mechanisms of prenecoplastic
bronchial lesions, Lamy et al. reported aberrant
methylation of the pl6 gene promoter region™,
and Sousa et al. suggested intense expression of
EGFR and increase in EGFR gene copy number
due to polysomy™, however, the precise molecular
mechanism of squamous carcinogenesis remains to
be clarified. Although we found an association be-
tween HPV infection and squamous cell carcinomas
in Okinawa, we observed squamous differentiation
rather than transformation of the bronchial epi-
thelium by HPV infection. Since Syrjinen et al.
first described an HPV infection in bronchial
squamous cell carcinomas™, many investigators
reported an association between lung cancer and
HPV#*  Recently, Klein et al. evaluated 53 re-
ports and showed that the mean incidence of HPV
in lung cancer was 24.5% and that a geographic
variation existed with a high incidence observed
in Asia (35.7%) compared with Europe (17%) and
the United States (15%)* . With regards to
carcinogenesis, some researchers reported that
HPV is unlikely to be an etiological agent for
lung cancer™ "™ whereas other studies suggested
that HPV is associated with both squamous cell
carcinomas™** and adenocarcinomas™*. In addi-
tion, controversy exists regarding carcinogenesis
and the route of transmission of HPV. Kountouri
ot al. suggested that HPV positivity in lung can-
cer may reflect an epiphenomenon rather than the
cause of the tumor, because HPV may be inte-
grated more easily into the tumor cell genome
compared with the normal cell genome®. Our
findings suggested that HPV induces squamous
differentiation in lung cancer in Okinawa, which
might be a new aspect of HPV pathogenesis.
However, we must be cautious in our hypothesis,
because the phenomenon was noted only in
Okinawa, and further studies are required to con-
firm our results.
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5. CONCLUSIONS

Histological analysis of lung cancer in
Okinawa revealed a change in the most prevalent
histopathological type, seen as a transition from
a squamous cell carcinoma to an adenocarcinoma.
This change occurred in parallel with a decrease
in the incidence of HPV infection. Because the
smoking rate had not changed drastically over
the past few years, the main cause of this transi-
tion in the histological type of lung cancer was
unknown. Thus we identified a correlation be-
tween lung squamous cell carcinomas in Okinawa
and HPV infection™®#** %4 Using both morpho-
logical and molecular biological analyses, we dem-
onstrated that HPV  gene expression in
adenocarcinoma cells induced squamous differen-
tiation®™* ¥ As our report is the first to suggest
that HPV may induce phenotypic changes in lung
cancer, further studies are necessary to confirm this
possibility. Stem cell properties are required for
both carcinogenesis® and metaplastic changes™ .
To understand the molecular mechanism bhehind
these events, stem cell properties in the host cell
must be considered when examining phenotypic
changes and carcinogenesis associated with HPV
gene expression.
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