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In Okinawa, there are a significant number of cases

with squamous cell carcinoma and adenosquamous car-

cinoma of the lung which are positive for HPV DNA.

In the normal tracheobronchial tree, however, there is

no squamous epithelium. The squamous cell carcinoma

and adenosquamous carcinoma of the lung is proceeded

by progressive mucosal changes, squamous metaplasia

and dysplasia. It has been considered that cigarette smok-

ing and other environmental agents may cause such

squamous metaplasia and dysplasial' . We postulate

that HPV DNA causes squamous metaplasia and dysplasia

of the bronchial epithelium. Then we transfected HPV

genomes, HPV 6, 16 and 】β into cultured adenocarcinoma

cells, DLD-1 (human intestinal adenocarcinoma, moderately

differentiated) or PC-14 (human lung adenocarcinoma,

poorly differentiated), obtained from the Japanese Can-

cer Research Resource Bank. The HPV　6 in plasmid

PML and HPV 16 or 18 in plasmid pBR322 were also ob-

tained from the Japanese Cancer Research Resource Bank

with permission from Dr. Zur Hausen. Hygromycin B

and neomycin genes were used as dominant selectable

markers. Reconstructed plasimids3'which have genes re-

sistant to hygromycin B or neomycin, and HPV 6, 16,

or 18　were transfected i`hto the adenocarcinoma cells.

The physical state of the HPV in the transfected cells

were confirmed as both episomal and integrated by South-

ern blot analysis and also by in situ hybridization meth-

ods (data not shown). HPV mRNA was demonstrated

by use of the RT-PCR method (deta not shown). The

HPV transfected adenocarcinoma cells, both DLD-1

(Table 1) and PC-14 (Table 2), changed to large polygo-

nal shaped cells with abundant cytoplasm and large ir-

regular nuclei. The PC-14 cells which were originally

weakly adherent, became,adherent strongly to the dish

after HPV transfection. Some of the transfected cells

showed apoptosis showing a ladder DNA pattern by gel elec-

trophoresis (data not shown). HPV transfected cells which

had small to large numbers of virus copies were injected

into SCID mice subcutaneously on the back. 3-4 weeks

after injection of the cells (lO'cells), a tumor about lXlcm

in diameter was noted. Histologically, this tumor showed

sqviamous differentiation (Fig. la, b). The tumor was em-
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bedded in the connective tissue stroma. Interaction be-

tween the tumor cells and stroma was expressed in the

polar arrangement of the peripheral epithelial tumor

cells (palisading). A large number of tumor cells appeared

similar to the basal cells of squamous epithelium with

round nuclei and slightly wide cytoplasms. Furthermore,

some showed differentiation to prickle cells, and intercellu-

lar bridges were also observed. Immunohistochemically,

involucrin, a marker of keratinocyte differentiation5',

was demonstrated (Fig. 2). There were no tubular struc-

tures, nor was mucin detected by Alcian blue or PAS stain-

ing. The squamous differentiation was more clearly

demonstrated in the cases with tumor cells having large

number of HPV (HPV 6 or 16 rather than HPV 18) cop-

1es.

From these tumor cells, cytokeratins were prepared

according to the method of Franke et al.　and Katagata

et al. . The keratin molecules were analyzed by two di-

mensional electrophoresis and Western blot analysis

using anti-keratin monoclonal antibody (DA耳O Coリ

Carpinteria, CA. U.S.A.). Gel electrophoresis was per-

formed essentially as described by O'Farrell , the first

step, isoelectric focusing and then SDS-PAGE. The kera-

tin molecules observed in cornifing squamous cells

(Moll's No. 1, 10 and 14)9'10) were demonstrated. In ad-

dition, we also examined the changes of adenocarcinoma

cells which was transfected with double or triple differ-

ent types of HPV. In this case, to the adenocarcinoma

cells transfected with one of either type 16 or 18 HPV,

the other types of HPV was transfected. The HPV

copy number of superimposed transfection was usually

very small, although the superimposed transfection of

HPV 6 or 16 accelerated the squamous metaplasia, ire-

quently showing intercellular bridges.

We are now considering HPV as an important cause

of squamous metaplasia. However, it is reported that

the incidence of HPV DNA in squamous cell carcinoma

varies significantly in different geographic regionslO. In

the United States of America and European countries,

the incidence of HPV infection in squamous cell carci-

noma has been reported to be low (about　30%). On

the other hand, in Portugal, South Africa and TaiwaJl

Key words: Squamous metaplasia, HPV, Keratin molecule, Involucrin



166 Sguamous metaplasic

Table 1 Using calcium phosphate method (4), human papillomavirus (HPV) genomes were transfected into cultured

DLD-1 cells (moderately differentiated adenocarcinoma of the colon).
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*:HPV transfected cells which had small (less than 5 copies per cell) to large numbers of virus copies were injected
into SCID mice subcutaheously. Hygromycin B or neomycin genes were used as dominant selectable markers.

Fig-, la. HPV 16 transfected DLD-1 cells injected into SCID mouse subcutaneously. Squamous

metaplasia is clearly demonstrated. H&E staining. ×300.

b. Control DLD-1 cells injected into SCID mouse subcutaneously. Histology of adenocarcinoma is ob-

served showing tubular structure (arrowheads). H&E staining. ×70.
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Table 2　Using calcium phosphate method (4), human papillomavirus (HPV) genomes were transfected into cultured

PC-14 cells (poorly differentiated adenocarcinoma of the lung).

type of transfected clone copies/cell type of transfected clone copies/cell
HPV and dominant number HPV and dominant number

selectable marker gene selectable marker gene
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*: HPV transfected cells which had large number of HPV copies, HPV 6, 42.5/cells, HPV 16,275/cells and HPV 18, 38.5/

cells, injected into SCID mice subcutaneously. Hygromycin B or neomycin genes were used as dominant selectable markers.

Fig. 2 Immunohistochemical demonstra-
tion of involucrin. HPV 16 transfected

DLD-1 cells injected into SCID mouse.
Arrows indicated the positive reaction.
×100.

Anti involucrin antibody was obtained
from Sigma Chemical Co., St. Louis,
MO. U.S.A.

etc., HPV infection is high (about 70-90%)'". In main-

land Japan, HPV is only demonstrated in 10-30%　of

squamous cell carcinoma and adenosquamous carcinoma

of the lung12'13'. Here, other factors, cigarette smoking

and environmental agents, can be considered the domi-

nant cause of squamous metaplasia.

Furthermore, which region or sequence in HPV

genome is necessary for the squamous metaplasia has

to be clarified.
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