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The cancer-promoting effects of 12-0-tetradecanoyl-
phorbol-13-acetate and collagenase in hamster buccal
pouch carcinogenesis
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The aim of this study was Lo investigate the cancer-promoting effects
of 12-O-tetradecanoyl-phorbol-13-acetate  (T'PA) and collagenase in
hamsier buccal pouch carcinogenesis. Forly-cight non-inbred male adult
Syrian golden hamsters were randomly divided into three main groups
that were further subdivided into various subgroups. The right buccal
pouch of cach animal was painted three times per week with various
combinations of 7,12-dimethylbenz[ajanthracene (DMBA), TPA, and colla-
genase. Squamous cell papillomas were induced in animals which had 4
weeks of DMBA initiation and 8 weeks of TPA promotion, and also in
those which had 4 weeks DMBA initiation and subsequently 8 weeks
collagenase promotion. Exophytic squamous cell carcinomas were
contracted in hamsters treated for 8§ wecks with DMBA followed by 4
weeks of TPA promotion, and in those treated for 8 weeks with DMBA
followed by 4 weeks of collagenase promotion. Use of DMBA alone for
4 wecks failed 1o vield visible tumor outgrowths; only hyperkeratosis and
epithelial hyperplasia were found histologically. TPA or collagenase used
alone for 12 weeks revealed only hyperkeratosis and cpithelial hyperpla-
sia microscopically. This study constitutes an experimental model for use
in further investigations to understand the mechanisms of action of the
synergism of TPA and collagenase in carcinogenesis.
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Suitable chemicals may be used to  the cellular mechanisms of co-carcino-

initiate and promote the formation of
tumors.  7,12-dimethylbenz[a]anthracene
(DMBA) has been used extensively as an
initiator. Covalent binding of DMBA to
form DMBA-DNA adducts is considered
to be essential in initiating the carcino-
genic process!. 12-O-tetradecanoylphorbol-
13-acetate (TPA), 1solated as an active
principal from croton oil by Hecker?, has
been an important promoter in studies of

genesis®. TPA can trigger protein kinase
C activity, resulting in cell proliferation
in the promotion stage*. Type [ collage-
nase, also known as interstitial collage-
nase, degrades the fibrillar collagens
which compose much of the exiracellular
matrix in the interstitial space’. Messen-
ger RNA of type I collagenase has been
found in stromal cells immediately adja-
cent fo tumor masses in the oral cavity®
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and it also has been identified in the stro-
mal cells of head and neck squamous cell
carcinomas and in tumors scattered
throughout the neoplastic islands’. Thus,
type I collagenase may play a role in oral
carcinogenesis by enhancing the progres-
sion of the early cancerous lesions.

The hamster buccal pouch model,
first introduced by Salley’ and further
developed by Morris'?, is the most widely
accepted experimental model of oral
carcinogenests, producing lesions closely
resembling those found in humans'C,
Using this model, a number of studies'!!?
describing two-stage carcinogenesis in
pouch mucosa were performed. However,
little is known regarding the synergism of
TPA or collagenase in two-stage carcino-
genesis in the hamster pouch, using
DMBA as the initiator and TPA and
collagenase as the promoters. The aim of
the current study was to investigate the
cancer-promoting effect of TPA, and
collagenase on hamster buccal pouch
carcinogenesis.

MATERIALS AND METHODS

Chemicals

All chemicals, procured from the
Sigma Chemical Company (St. Louis,
Missouri), were of the highest purity. A
0.5% DMBA solution in heavy mineral
oil, stored at room temperature, was
employed”'®. A solution of 2.5 ug TPA
in 0.2 ml acetone was stored at 4 C until
use'3. A 0.1% type I collagenase needed
for painting'4,

Hamsters (Table 1)

Forty-eight non-inbred male adult
Syrian golden hamsters (8 tol0 weeks old),
each weighing approximately 100g at the
commencement of the experiment, were
obtained from the National Taiwan
University Breeding Laboratory. The

hamsters were housed under constant
conditions (22°C,12-hour light/dark cycles),
fed with tap water and standard Purina
laboratory chow ad lib. After allowing
one week to acclimate to the new surro-
undings, the hamsters were randomly
divided into three main groups A, B and
C. Each main group was then further
divided into four to six subgroups (Table

).

TPA and collagenase
(Table 1)

freatments

The treatment regimen involved the
48 hamsters over a 12-week experimental
period. The protocol ensured humane
practices. The right buccal pouch of each
animal was painted with different combi-
nations of DMBA, TPA and collagenase
at 9:00 a.m. each Monday, Wednesday
and Friday using a No. 4 sable-hair
brush. Approximately 0.2 ml of each
solution of chemicals was topically
applied to the medial walls of the right
pouch in each painting. The left pouch of
each animal was left unpainted and
served as a built-in control. At the end of
12 weeks, all animals in the three main
groups A to C with the exception of
groups B-1 (killed at 4 weeks) and C-1
(killed at 8 weeks) were euthansized by
inhaling lethal dose of diethyl ether at
the same time of the day {(9:00 a.m.).
The killed animals were fixed in supine
positions with pins. Bilateral buccal
pouches were exposed by dissection, cut
from their oral openings to their caudal
ends along the middle of their lateral
walls and examined grossly. The number
of tumor growths were counted. Subse-
quently, both pouches were excised and
placed on hard paper board to prevent
distortion of the specimens. Representa-
tive specimens, taken from each pouch,
were rtoutinely processed for light
microscopy by immersion in 10% neutral
buffered formalin, dehydrated in ascend-
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Table 1. The experimental components of two-stage carcinogenesis in hamster buccal pouches
treated with TPA and collagenase

Group. No. : Treatment protocol for 12 wecks
o 2 weeks -
A-l Mineral oil -
12 wecks
A-2 rmvgp————n —7ni—nnin———  ——— —— —
12 wecks
A-3 TPA — —_ — -
12 weeks
A-4 Collagenase — R
4 weeks
B-1 DMBA—————— —Killed
4 weeks 8 weeks
B-2 bpMBA— —-+——-—n—» No rreatment —0———— —
4 weeks 8§ weeks
B-3 DMBA——F————— — — » TPA — - — — -
4 weeks & weeks
B-4 DMBA ————————— —» Collagenase -
4 weeks 8 weeks
B-5 TPA——— — — — » DMBA -
4 weeks 8 weeks
B-6 Collagenase — = DMBA —_—_——— . .
C-1 DMBA ——————————— Killed
8 weeks 4 weeks
C-2 DMBA-— —— —— . & No treatment - -
2 weeks 4 weeks
C-3 DMBA = TPA —_—————— -
8 weeks 4 weeks
C-4 DMBA ~———————————— Collagenase I S
8 wecks 4 weeks
C-3 TPA—""—"——"—"——— -+ DMBA _
8 weeks 4 weeks
C-6 Collagenase = DMBA al
ing alcohols, cleared in xylene and RESULTS

embedded in paraffin. Serial sections of

each sample were cut 5 wm thick, stained  Gross observations (Table 2)

with hematoxylin-eosin, and examined

under a light microscope. The numbers of visible exophytic
tumors induced in the corresponding
experimental groups are presented in
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Table 2. Total and average numbers of tumors as well as histological features of lesions
induced in each hamster group after buccal painting with various combinations of
TPA and collagenase

Group No. Tumor Hyperkeratosis Sqruan‘lous cell Squam»oﬁ_g-af

numbers & epithelial papilloma carcinoma
hyperplasia

A-| ,ﬁﬁ, : ————— e e ]

A-2 10#(3,4,3)[3.33 1 0.58] - +( 33

A-3 0 +(3/3) - -

A-d 0 +(3/3)

B-1 0 +(3/3) - -

B-2 0 +3/3) - -

B-3 5(2,2,1)[1.67 + 0.58] H3/3} -

B-4 4(2,2,H[1.33 1 0.38)] - HID

B-5 4(2,2,1)[1.33 - 0.58] - - +(3/3)

B-6 3 np 01 - +(2/3) +(1/3)

C-1 L2, 1 +(1/3) +(2/3) -

c-2 5(2,2,1)[1.67 t 0.58] +2/3} +(1/3)

C-3 6(3.2,1)[2 v 1] - +(2/3) +( 1/

C-4 9(4,3,23[3 - 1] - +(2/3) +(2/3)

C-5 0 +(3/3) -

C-6 0 +(3/3) - -

**: 1otal number of tumors induced
: negative finding
: positive finding

g

in subgroup}

Table 2. Gross examination of all the
treated pouches of group A-1 (mineral oil
alone for 12 weeks) and the untreated
pouches of each experimental group
revealed no apparent changes. All the
painted pouches in group A-2 (DMBA
alone for 12 weeks) showed exophytic
tumors. Thickened mucosa with a rough
surface and whitish granular appearance
was found in the treated pouches of
groups A-3 (TPA alone for 12 weeks)
and A-4 (collagenase alone for 12 weeks).

Occasional erythematous areas were
seen in the treated pouches of groups B-1

» number of tumors induced in each animal numbers in brackets indicate [mean | standard deviation|
: numbers in parentheses indicate (numbers of hamsiers with positive findings/total numbers of hamsters

(DMBA for 4 weeks, then killed) and B-
2 (DMBA for 4 weeks; then untreated for
8 weeks). Papiilomatous tumor out-gr-
owths were noted in the painted pouches
of both groups B-3 (DMBA for 4 weeks,
then TPA for 8 weeks) and B-4 (DMBA
for 4 weeks, then collagenase for 8
weeks). Exophytic tumors were discerni-
ble in the treated pouches of groups B-5
(TPA for 4 weeks, then DMBA for 8
weeks} and B-6 (collagenase for 4 weeks,
then DMBA for 8 weeks).

Visible tumors were observed in the
treated pouches of group C-1 (DMBA for
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8 weeks, then killed). Similar findings
were found in the treated pouches of
group C-2 (DMBA for 8 weeks, then
untreated for 4 weeks). Overt tumor
outgrowths were shown in the painted
pouches of both groups C-3 (DMBA for
8 weeks, then TPA for 4 weeks) and C-4
(DMBA for 8 weeks, then collagenase for
4 weeks).

Treated pouches of group C-5 (TPA
for 8 weeks, then DMBA for 4 weeks)
showed  white  plague-like  lesions.
However, reddish, trregular surfaces were
observed in the painted pouches of group
C-6 (collagenase for 8 weeks, then
DMBA for 4 weeks).

Histological findings (Table 2)

Detailed microscopic findings of the
ireated pouch of each experimental group
are summarized in Table 2. No signifi-
cant histological changes were seen in
any of the treated pouches of group A-1,
whereas well-differentiated squamous cell
carcinomas were observed in group A-2.
Hyperkeratosis and epithelial hyperplasia
were found in the painted pouches of
groups A-3, A-4, B-1, and B-2 as well
as in those of groups C-1, C-5, and C-6.
Exophytic  squamous cell papillomas,
squamous cell carcinomas or both were
observed in the treated pouches of groups
B-3, B-4, B-5 and B-6 and also groups
C-1, C-Z, C-3 and C-4. No obvious
histological changes were observed in any
of the untreated pouches of each experi-
mental group.

DISCUSSION

Despite the considerable evidence
that TPA is a potent tumor promoter in
the mouse skin model'®, the synergistic
effect of TPA!® or collagenase® in a
DMBA initiated hamster buccal pouch
model has been inadequately reported.
These effects are described in the present

study.

The findings of groups B-5, B-6, C-
2, C-3 and C-4 indicate that for a 12-
week experimental regimen, in order to
induce an overt squamous cell carcinoma
in a hamster buccal pouch carcinogenesis
model, DMBA should be applied for at
least 8 weeks regardless of the treatments
with TPA or collagenase. Additionally,
only squamous cell papillomas and no
squamous cell carcinomas were induced
in groups B-3 and B-4. This suggests
that the promotion potency of TPA or
collagenase may not be very strong, at
least under the present experimental
conditions. Further study using higher
concentrations of fthe chemicals or a
prolonged period of treatment is
warranted. Nonetheless, this study demon-
strates that the promotion potencies of
TPA and collagenase are similar to each
other. The synergistic effect of TPA in
hamster buccal pouch mucosa appears to
be comparable to that observed in the
mouse skin model'.

Tumor promoters elicit a wide spec-
trum of biochemical and morphological
changes when applied in the mouse skin
model. These changes include the induc-
tion of the synthesis of RNA, DNA and
protein, and the development of edema,
inflammation and pronounced epidermal
hyperplasia'’. Whether a similar cascade
of changes can be observed in the
hamster buccal pouch carcinogenesis
model is worth for further investigation.

The disparity between groups C-3, C-
4 (8 weeks of DMBA initiation) and
groups B-3, B-4 (4 weeks of DMBA
initiation) may be attributed to a longer
initiation period in the C groups. Further
studies with either a longer promotion
pertod (>8 weeks) after 4 weeks of
DMBA initiation or a prolonged observa-
tion period without further treatments
after 4 weeks of DMBA initiation and
subsequently 8 weeks of TPA or collage-
nase promotion would elucidate this
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difference. ~ The different outcomes
between groups C-5, and C-6 and groups
B-5, and B-6 may be due to the strong
carcinogenic effect (8 weeks of DMBA
application) acting on the pouches of
groups B-5 and B-6. This also supported
the finding that TPA or collagenase alone
failed to induce tumors in hamster buccal
pouches despite a period of 4 weeks of
DMBA initiation.

Although epidermal hyperplasia has
clearly been demonstrated in the skin
model upon treatment with TPAU,
whether TPA has also been a hyperpla-
siogenic agent in hamster cheek pouch
mucosa is seldom reported'®. In the
present study, both TPA (group A-3) and
collagenase (group A-4) were demon-
strated to be effective hyperplasiogenic
agents in hamster buccal pouch mucosa.
However, this is in contrast to a previous
report'8, which found that the degree of
hyperplasia decreased with time. On the
other hand, the hyperplasiogenic effect of
both TPA and collagenase seems to be
comparable to that caused by 50% turpen-
tine in mineral oil', which has been
regarded as the prototype hyperplasio-
genic agent in this experimental model.
Under the synergistic effect of either §
weeks of TPA (group B-3) or 8 weeks of
collagenase (group B-4) to the 4-week
DMBA-initiated pouches, the numbers of
tumors induced appear to be similar to
those found in groups treated with 8
weeks of DMBA alone (groups C-1 and
C-2). Therefore, the sum of tumors
induced is surmised to be comparable to
that of those in the 12-week DMBA
treated pouches in which the promotion
period was extended to 12 weeks.
Furthermore, the additional synergistic
effect of 4 weeks of TPA or collagenase
to the 8-week DMBA-initiated pouches
may explain the higher number of tumors
compared to the pouches treated with
DMBA alone for 8 weeks (groups C-1
and C-2). Additionally, the similar

outcomes of groups B-5, B-6 and groups
C-1, C-2 and C-3 suggest that TPA or
collagenase could decrease the latency
period for tumor development in the
pouch mucosa.

In conclusion, the number of
hamsters in each main group of this
study is generally adequate (12 animals in
main group A, 18 animals in each of
main groups B and C), with a moderate
number of animals in each killing period.
In order to obtain a greater promotion
effect of TPA or collagenase in a DMBA-
initiated hamster buccal pouch carcino-
genesis model, a higher concentration of
chemicals or a longer period of applica-
tion is recommended. Nevertheless, this
study constitutes a useful experimental
model for further understanding the mech-
anisms of the synergistic action of TPA
or collagenase in a DMBA-initiated
cancer model.
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12-0O-tetradecanoylphorbol-13-acetate Eil colla-
genese > 8 BMHBERFEL P Z e 1EH

AHER B 8% 73 12-0-tetradecanoylphorbol-13-acetate $2 collage-
nase A2 RABERBLTZABER - O+ AEHBERRES)EHZX
o HF—Kafmy s T 8= K% 7,12-dimethylbenz/a]
anthracene (DMBA) , TPA # collagenase = & # 4 4 £ R 4 R4 £ &
AL T a4 R#-~ DMBA #4kw# % » & &4k TPA A8 > & collagenase
Nl Bt E AR Bk DMBA AN# > & 23k TPA wil & &3
DMBA N8 # » & &4k collagenase 938 = $y4p » T & & sh & M8k b &
% 5 Rk DMBA Wil » 2 A 2 AT > mudSRER A
1CR 3G B R &I A 5 4K TPA & collagenase + = » BAME T4 R A
LR B BoAF L - HILAFTRE RTH AR TPA & collagenase 12
BRI Z B K -
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