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Table 1 shows data for final body and organs weights and average in-
“ykes of water and diet. Final body weights in DMBDD groups 1-3 were
ot significantly different, and those in non-DMBDD groups 4 and 5 were
1so not significantly different. Relative liver, kidney and spleen weights
Iso did not significantly vary among groups 1-3, or between groups 4
nd 5. Therefore, PJJ-34 did not affect body and major organ weights. In
ddition, water intake and food consumption data did not differ among
roups 1-3, or between groups 4 and 5. All these findings indicate that
JJ-34 did not show apparent toxicity and not affect survival of rats.

1.2, Chemopreventive effects of PJJ-34 on lung tumorigenesis

Macroscopically, all of the DMBDD-treated rats (groups 1-3) had
nany whitish nodular lesions on the surfaces of their lungs, most diag-
\osed as alveolar hyperplasias (100% incidence). The incidences (%) of
reoplastic and pre-neoplastic lesions in the major targeted organs are

Fig. 2 shows the data for multiplicity (average number of lesions/rat)
of neoplastic and/or pre-neoplastic lesions in the lung, colon and urinary
bladder. Multiplicity of alveolar epithelial hyperplasias (Fig. 2a) was sig-
nificantly decreased in both PJJ-34-treated rats relative to the non-treated
controls (P < 0.0001). Multiplicity of adenomas was also significantly de-
creased (P<0.05) in the 5mglkg (1.4+1.1) and 10 mgfkg (1.711.0)
groups as compared to the DMBDD-alone group (2.5 + 1.1). Multiplicity
of carcinomas was significantly decreased only in group 2 (0.35 £ 0.59)
as compared to group 1 (1.21 £ 1.65). Multiplicity of total tumors were
significantly decreased in both groups 2 (1.8£1.4, P<0.005) and 3
(2.3 £ 1.4, P<0.05) as compared to group 1 (3.7 £2.2). Thus, lung tumor-
igenesis was obviously suppressed by administration of PJ]-34 at both
doses without a dose-dependency.

3.3. Chemopreventive effects of PJ|-34 on colorectal and bladder
tumorigenesis

.ummarized in Table 2. The majority of lung carcinomas were adenocar-
inomas but a few included apparent squamous components (diagnosed
\s adeno-squamous carcinoma). The incidence of lung adenomas and car-
sinomas was significantly decreased by 5 mg/kg b.w. of PJJ-34 (group 2)
1s compared to the DMBDD-control (group 1) (adenoma, 100 — 75%; car-
-inoma, 63 — 30%; P < 0.05), but reduction in incidence was not apparent
n the 10 mg/kg PJJ-34 case (group 3).

In the colorectum (Table 2), total tumor incidence was significantly
decreased in group 3 (28%, P<0.05) as compared to group 1 (63%).
Although statistical significance was not detected, this was largely due
to decrease in the adenocarcinoma incidence (47 — 17%). Similarly, as
shown in Fig. 2b, multiplicities of adenocarcinomas (0.17£0.38 vs.
0.47 +0.51) and total tumors (0.28 £ 0.46 vs. 0.68 +0.58) were signifi-

[able 1
Final body and relative organ weights, and daily intakes of water and diet.

' Groiips (treatment) Effective = Final body eights (g)  Relative organ weights (% of body weight). ..
S e o.ofrats W e e e
cad . Sty ; Lo fiver. ' iKidney' . Spleen: . i '
'G1 (DMBDD — 0 mgfkg P[J-34) 19 203£20° . 24+04  063+005 028009 167
| G2 (DMBDD -5 mg/kg P[-34) 20 295514 23:02  063£005 024004 . 159
~ G3(DMBDD — 10 mg/kg P[J-34) 18 296%15 23303 065006  027:0.12 7
G4 (Vehicle - 0mgfkg P1-34) . 5 361£6 . 22$01  054£003  018:001 187
. G5 (Vehicle » 10mg/kg PII-34) 5 94§23 . 21%01 0552002 - 018001 . 183

PJJ-34 dissolved in 0.5% CMC-Na (carboxymethy! cellulose sodium salt) was intragastrically (i.g.) administered to rats 5 times per week in the post-initiation
period. Body weights, water intake and food consumption were measured weekly until the 30-week termination.

a Data for average daily intakes of water and diet were reflected the measurements within PJJ-34-administered period.

b Means + SD.

Table 2
Incidences of neoplastic and pre-neoplastic lesions in the target organs.

~ Pathological findings  GI:DMBDD »Omgfkg  G2:DMBDD>5mglkg
; Hyperplasia 100% (19/19) T100%(20/20) e
. Adenoma o 100%(19119) - 75%(1520)
Carcinoma® _ oesx(2n19) o 30%(620)
Total tumors ool0owagiey - - oo BSRUTR20).
Adenocarcinoma S Oney - e S 30R(6R0). -
_ Adenocarcinoma_ U 11%(2H9) S O%(0[20) =i
‘Adenoma o 11%(219) I5%(5[20) T
" Adenocarcinoma’ L 47%(9/19) - 30% (6/20) o
- Mucinous carcinoma. 0%(0j19) . 5%(120)
Signet-ring cell carcinoma L UsRHe) © 0%(020)
Total tumors: 7+ -7 C63%(1219) - 50%(10/20)
" Hepatocellular adenoma co gy - 5%(1/20)
. Metastasis (mesenchymal tumor) = 53%(1/19) L 0% (0f20).
.Renal cell adenoma. o GRON9Y S 0N (2200
... "Nephroblastoma - Coaxme) o 35X(PR0)
" PNP hyperplasia - oesxpzhey  60%(12/20)
Papilloma - o s 16319 - 10%(2/20)
‘Transitional cell carcinoma - CBR{120)=
Jotal tumors v oo e i 15% (3f20) 0
~Follicular cell'adenoma . - L 0%(0/20)
-~ Follicular cell carcinoma G : 5%(1J20)
. Cecell carcinoma - oox(ofi9) 0% (0/20)
oy Total tumors L 26%(5[19) . 5% (1/20) .
kin/stibcutaneous tumors® L B3%(119) = 10%:(2/20) -

a Carcinomas in the lung include adenocarcinoma and adeno-squamous carcinoma.

b PN, papillary or nodular.

© skin/subcutaneous tumors were each diagnosed as squamous cell papilloma, basal cell adenoma or carcinoma, and keratoacanthoma.
* P<0.05 vs. corresponding group 1 (¢-test or Fisher’s test).
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a Lung: alveolar hyperplasia and tumors
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Fig. 2. Multiplicity (average number of lesions/rat) of neoplastic and pre-neoplastic lesions in the lung, colorectum and bladder (bars are SDs). (a) In the
lung, multiplicities of alveolar hyperplasias, adenomas and total lung tumors were significantly decreased in groups 2 and 3, while that of carcinomas was
only suppressed in group 2 as compared to group 1. (b) Total numbers of colorectal tumors were significantly decreased in group 3, as well as
adenocarcinomas. (¢) Among the bladder proliferative lesions, multiplicity of papillary or nodular (PN) hyperplasias tended to be decreased in groups 2 and
3 as compared to group 1. *P < 0.05 vs. G1; P <0.005 vs. G1; **P < 0.0001 vs. G1.

cantly decreased in group 3 as compared to group 1 {P<0.05) with a PJJ-34. However, multiplicity of papillary or nodular (PN) hyperplasias
dose-dependency. On the other hand, incidences of bladder proliferative tended to be decreased in both 5 and 10 mg/kg groups (Fig. 2¢), without
lesions (Table 2) were not significantly influenced by administration of statistical significance.
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3.4. Tumor incidences in the other organs

As shown in Table 2, the treatment of DMBDD can induce tumors
at multiple-site at the whole-body level. Incidences of tumors in the
major target organs (thyroid, kidney, liver, small intestine, skinfsubcu-
tis) other than the lung, colon and bladder were not apparently chan-
ged by administration of PJJ-34 as compared to the DMBDD-alone
case.

3.5. Effect of PJJ-34 on cell proliferation in the lung and colon

Since tumor incidence and multiplicity of the lung and colon were
significantly suppressed by PJJ-34, we further conducted immunohisto-
chemical analysis of cell proliferation. As shown in Fig. 3a, PCNA-positive
indices (%) in normal alveolar epitheliums of the lung were 6.9 1.9,
3.7+0.7 and 2.9+ 0.4 in groups 1-3, respectively, and those for cyclin
D1 were 3.8 £1.0,2.7 £ 0.8 and 2.4 + 1.0 in groups 1-3, respectively. Both
indices were significantly suppressed by PJJ-34 (groups 2 and 3) as com-
pared to group 1. On the other hand (Fig. 3b), PCNA-positive indices in
normal colonic epitheliums were 33.9+4.0, 30.7+5.5 and 31.2+4.0 in
groups 1-3, respectively. Values were again significantly decreased in

167

3.6. Quantitative analysis for GST-P foci in the liver

Fig. 4 shows quantitative data for GST-P foci (>0.2 mm in diameter)
per liver area (Jcm?). The numbers were 8.4+2.3 (group 1), 9.6+44
(group 2) and 9.2+29 (group 3), respectively, and the areas were
0.60 +0.22 (group 1), 0.70 £0.40 (group 2) and 0.65 +0.30 (group 3),
respectively. There were no statistical significances among groups 1-3.

4. Discussion

The present study demonstrated a strong chemopre-
ventive action of PJJ-34 against lung carcinogenesis and a
relatively potent anti-rumor effect against colon carcino-
genesis in rats. Suppression of cell proliferation appears

to be an important

chemopreventive action by PJJ-34.

Regarding dose-efficacy, with an average human body
weight of 60 kg, chemopreventive effect could be achieved
at the relatively low levels of 300 mg/day/person (5 mg/kg
b.w.) or 600 mg/day/person {10 mg/kg b.w.) and anti-car-

groups 2 and 3 as compared to group 1 but the differences were very

small.

a Lung: Normal alveolar cells

cinogenic effects of PJJ-34 noted in this study might not

necessarily be dose-dependent. Interestingly, one natu-

b Colon: Normal epithelial cells
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Fig. 3. Immunohistochemically demonstrated proliferation marker-positive indices (%) in the lung and colon (means t SDs). (a) In normal alveolar
epithelium of the lung, both PCNA- and cyclin D1-positive indices were significantly suppressed by PJJ-34 (5 and 10 mg/kg) as compared to the control. (b)
In normal colonic epithelium, PCNA-positive indices were modestly but significantly suppressed by PJj-34 (5 and 10 mg/kg). *P < 0.05 vs. G1; **P < 0.0005 vs.

G1; *™P<0.0001 vs. G1.
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Fig. 4. Quantitative data for GST-P foci in the liver (means £ SDs). The numbers and the areas of GST-P foci 0.2 mm or more in diameter were quantitatively
analyzed per liver area (Jcm?) and there was no significant variation in DMBDD-treated groups 1-3.
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rally-occurring serratane-type triterpenoid, 3o-methoxy-
serrat-14-en-21p-ol (PJ-1), recently exhibited a similar
inhibitory effect limited to lung carcinogenesis in the
DMBDD model, without affecting other organs [20].

Until now, many naturally-occurring or synthetic serra-
tane-type triterpenoids derived from the cuticle or stem
bark of P. jezoensis Carr. var. jezoensis or hondoensis have
proved to be potentially chemopreventive from EBV-EA
testing assessed by Trypan-Blue staining (see Refs. by Ta-
naka et al.). In summary, at least 15 compounds out of
above screened candidates have been evaluated for
in vivo anti-tumor promoting effects in female ICR mice,
including: PJJ-34 (5) and 3B-methoxy-21a-hydroxyserrat-
14-en-29-al [5]; 14B,15p-epoxy-3p-methoxy-serratan-
21p-ol [10]; 21-episerratenediol [11]; PJJ-1-13-en (4) and
PJJ-43 (6) [12]; 130,140-epoxy-21o-methoxyserratan-3-
one, 21a-methoxyserrat-13-en-3-one and 21a-hydroxy-
3p-methoxyserrat-14-en-30-al  [13]; PJJ-1 (1), 13q,
14o-epoxyserratan-38,21p-diol, 13a,14a-epoxyserratan-
30,21B-diol, 130,14a-epoxy-30,21p-dimethoxyserratane,
130,140-epoxy-30,21B-diethoxyserratane and 14p-H-3a-
methoxyserratan-15p,218-diol [14]. All compounds dem-
onstrated relatively potent anti-tumor effects in this estab-
lished bioassay with a 20-week regimen in mouse. Among
them, PJJ-34 most strongly reduced the incidence
(100 — 20%) and multiplicity (9 — 0.8/mouse) of skin pap-
illomas [5], which was therefore, subjected to the whole-
body examination with the DMBDD bioassay.

It has been reported that anti-carcinogenic effects of
triterpenoids are mainly due to anti-inflammatory, anti-
proliferative and cytotoxic actions against tumor cells.
For example, a steroid-like triterpenoid, oleanolic acid is
a known chemopreventive agent used as a positive control
in above-mentioned EBV-EA activation test and signifi-
cantly reduced the numbers of azoxymethane (AOM)-in-
duced aberrant crypt foci (ACF) in male F344 rats with
significant reduction in the number of AgNORs in nuclei
of the colonic epithelium [21]. Many kinds of pentacyclic
triterpenes (PTs) have a wide distribution in plants and
have been used as anti-inflammatory remedies in folk
medicine. For example, oleanolic acid also possesses a
strong anti-inflammatory potential [22]. In the present
study, colorectal tumor numbers were significantly de-
creased in 10 mg/kg PJJ-34-administered rats mainly due
to reduction of adenocarcinomas, suggesting that PJj-34
may have efficiently suppressed the progression process
from benign to malignant tumors in multi-step colon car-
cinogenesis. For one of the mechanisms, inhibition of cell
proliferation (Fig. 3b) would be an essential role, as well
as oleanolic acid [21]. However, another mechanism might
also be operating. In fact, colon tumor incidence itself was
obviously decreased in the 10 mg/kg group (63 — 28%)
which may indicate that chemopreventive action of PJJ-
34 is effective also in pre-neoplastic stages. In this context,
PJJ-34 administered during the initiation period showed
potent inhibition of mouse skin tumorigenesis with ultra-
violet-B (UVB) initiation and TPA promotion [23]. Thus,
the compound may possess both anti-initiation and anti-
promotion/progression activities.

Nevertheless, the most prominent action of PJJ-34 re-
sided in the marked inhibition of cell proliferation in nor-

mal alveolar cells of the lung (Fig. 3a). Regarding
mechanisms, one synthetic oleanane triterpenoid, 2-cya-
no-3,12-dioxoolean-1,9-dien-28-oic acid (CDDO), was
found to inhibit cyclooxigenase-2 (COX-2) expression and
demonstrated anti-proliferative activity with many human
cancer cell lines [24]. Moreover, a recent study demon-
strated CDDO to significantly inhibit lung adenocarcinoma
development in female A{] mice treated with vinyl carba-
mate, and anti-inflammatory actions such as induction of
heme oxygenase-1 (HO-1) and suppression of phosphory-
lation of signal transducers and activators of transcription
3 (STAT3), as well as induction of apoptosis, could be dem-
onstrated in vitro [25]. Indeed, it is possible that anti-
inflammatory, anti-oxidative and apoptotic effects may
also participate in the mechanisms underlying anti-lung
carcinogenesis. In addition, a further possible mechanism
was suggested in an analogue of PJJ-34, namely PJ-1 [20].
PJ]-1 demonstrated the lung-specific inhibition on
DMBDD-induced multi-organ carcinogenesis with a signif-
icant reduction in PCNA-positive indices. The DMBDD
treatment significantly decreased mRNA expression for
cytochrome P450 (CYP) 2B1/2 in the rat lung and PJ-1
treatment significantly recovered their expression levels
by which might read to activation of the detoxification
process of a potent lung-targeting carcinogen, DHPN.
Therefore, a similar mechanism might also relate to the
PJJ-34 case. Anyway, further study is needed to clarify
the underlying mechanisms of PJJ-34 against lung
carcinogenesis.

From accumulated findings of chemical structural
examination, some points should be noted regarding
anti-carcinogenic effects of triterpenoids. First, biosyn-
thetic alteration of the serratane skeleton indicates that
the 6-6-7-6-6 ring system (serratane-type) effectively
suppresses EBV-EA induction, while rearranged abeo-ser-
ratane skeletons, such as 6-6-7-5-6 [10,13] and 6-6-6-
7-6 [8] ring systems have only reduced potency. For exam-
ple, a naturally-occurring chemical analogue of PJJ-34, PJJ-
43 (compound 6 in Fig. 1a) carries a different bonding of
the epoxy ring at C-13 and C-14 (the epoxy epimer of
PJJ-34), and this compound showed only weak anti-tumor
effects (about 1/5 of that of PJJ-34) in a two-stage carcino-
genesis test using mouse skin papillomas as endpoints.
Therefore, the 13a,14a-epoxyserratane framework seems
to be important for anti-tumor activity of these triterpe-
noids [12].

There are a lot of studies reporting significant cytotoxic
effects of triterpenoids against a variety of tumor cell lines.
For example, ursolic acid demonstrated significant cyto-
toxicity against lymphocytic leukemia cells P-388 and L-
1210 as well as other human tumor cell lines [26], while
also inhibiting lipoxygenase activity and HL-60 leukemic
cell proliferation [27]. Besides, DMBA-initiated, TPA-pro-
moted mouse skin tumorigenesis was also significantly
suppressed by treatment with ursolic acid in female CD-1
mice [28]. Other triterpenoids such as hederagenin and
its 3-O-glycosides (kalopanaxsaponin A and I) were also
found to be cytotoxic to various tumor cell lines, including
P-388, 1-1210, HL-60, U-937, HepG-2 and SNU-C5, and
anti-mutagenic against aflatoxin B1 (AFB1), possibly
through inhibition of mutagenic activation of the carcino-
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gen [29]. In addition, a report has appeared indicating that
the coumaroyl moiety at the C-3 position of lupine-type
triterpenes (such as 3-O-p-coumaroylalphitolic acids)
may play a key role in enhancing cytotoxic activity against
tumor cell lines [30].

In conclusion, a novel serratane-type triterpenoid, PJJ-
34, is a chemopreventive agent against lung and colon car-
cinogenesis in the post-initiation phase in DMBDD-treated
rats, without any apparent toxicity at the body or organ
levels. Suppression of cell proliferation could be an impor-
tant mode of action of this compound and further studies
to elucidate underlying mechanisms appear warranted.

Conflict of interest

The authors disclose no potential conflicts of interest to
the present work.

Acknowledgments

The authors are grateful to Mr. Kiyoshi Matsubara
(Green Ace Co. Ltd., Hidaka town, Hokkaido, Japan) for sup-
ply of the plant material. This study was supported in part
by a grant from the Ministry of Health, Labor, and Welfare
of Japan.

References

[1] T. Shirai, K. Ogawa, S. Takahashi, Carcinogenic effects of mixtures of
chemicals, J. Toxicol. Pathol. 19 (2006) 1-13.

[2] T. Sugimura, Nutrition and dietary carcinogens, Carcinogenesis 21
(2000) 387-395.

[3] L. Tomatis, J. Huff, 1. Hertz-Picciotto, D.P. Sandler, J. Bucher, P.
Boffetta, O. Axelson, A. Blair, J. Taylor, L. Stayner, ].C. Barrett, Avoided
and avoidable risks of cancer, Carcinogenesis 18 (1997) 97-105.

[4] M.B. Sporn, Prevention of cancer in the next millennium: report of
the chemoprevention working group to the American Association for
Cancer Research, Cancer Res. 59 (1999) 4743-4758.

{5] R. Tanaka, T. Minami, K. Tsujimoto, S. Matsunaga, H. Tokuda, H.
Nishino, Y. Terada, A. Yoshitake, Cancer chemopreventive agents,
serratane-type triterpenoids from Picea jezoensis, Cancer Lett. 172
(2001) 119-126.

[6] R. Tanaka, H. Senba, T. Minematsu, O. Muraoka, S. Matsunaga, 21o-
Hydroxy-3p-methoxyserrat-14-en-30-al and other triterpenoids
from the cuticle of Picea jezoensis, Phytochemistry 38 (1995) 1467~
1471.

[7] R. Tanaka, K. Ohmori, K. Minoura, S. Matsunaga, Two new
epoxyserratanes from the cuticle of Picea jezoensis, ]. Nat. Prod. 59
(1996) 237-241.

[8] R. Tanaka, T. Kumagai, Y. In, T. Ishida, H. Nishino, S. Matsunaga,
Piceanonols A, and B, triterpenoids bearing a novel skeletal system
isolated from the bark of Picea jezoensis var. hondoensis, Tetrahedron
Lett. 40 (1999) 6415-6418.

[9] R. Tanaka, K. Tsujimoto, Y. In, T. Ishida, S. Matsunaga, Y. Terada,
Structure and stereochemistry of epoxyserratanes from the cuticle of
Picea jezoensis var. jezoensis, |. Nat. Prod 64 (2001) 1044-1047.

[10] R. Tanaka, K. Tsujimoto, Y. In, T. Ishida, S. Matsunaga, H. Tokuda, O.
Muraoka, Jezananals A and B: two novel skeletal triterpene
aldehydes from the stem bark of Picea jezoensis var. jezoensis,
Tetrahedron 58 (2002) 2505-2512.

[11] R. Tanaka, T. Minami, Y. Ishikawa, S. Matsunaga, H. Tokuda, H.
Nishino, Cancer chemopreventive activity of serratane-type
triterpenoids on two-stage mouse skin carcinogenesis, Cancer Lett.
196 (2003) 121-126.

[12] R. Tanaka, Y. ishikawa, T. Minami, K. Minoura, H. Tokuda, S.
Matsunaga, Two new anti-tumor promoting serratane-type
triterpenoids from the stem bark of Picea jezoensis var. jezoensis,
Planta Med. 69 (2003) 1041-1047.

[13] R. Tanaka, T. Minami, Y. Ishikawa, H. Tokuda, S. Matsunaga, Cancer
chemopreventive activity of serratane-type triterpenoids from Picea
jezoensis, Chem. Biodivers. 1 (2004) 878-885.

[14] R. Tanaka, K. Shanmugasundaram, C. Yamaguchi, Y. Ishikawa, H.
Tokuda, K. Nishide, M. Node, Cancer chemopreventive activity of 3p-
methoxyserrat-14-en-21p-ol and several serratane analogs on two-
stage mouse skin carcinogenesis, Cancer Lett. 214 (2004) 149-156.

[15} M. Hirose, H. Tanaka, S. Takahashi, M. Futakuchi, S. Fukushima, N.
Ito, Effects of sodium nitrite and catechol, 3-methoxycatechol, or
butylated hydroxyanisole in combination in a rat multiorgan
carcinogenesis model, Cancer Res. 53 (1993) 32-37.

[16] S. Yamamoto, Y. Konishi, T. Matsuda, T. Murai, M. Shibata, I. Matsui-
Yuasa, S. Otani, K. Kuroda, G. Endo, S. Fukushima, Cancer Induction
by an organic arsenic compound, dimethylarsinic acid (cacodylic
acid), in F344/DuCrj rats after pretreatment with five carcinogens,
Cancer Res. 55 (1995) 1271-1276.

[17] K. Doi, H. Wanibuchi, E.L. Salim, ]. Shen, M. Wei, M. Mitsuhashi, S.
Kudoh, K. Hirata, S. Fukushima, Revised rat multi-organ
carcinogenesis  bioassay for whole-body  detection  of
chemopreventive agents: modifying potential of S-methylcysteine,
Cancer Lett. 206 (2004) 15-26.

[18] S. Fukushima, K. Morimura, H. Wanibuchi, A. Kinoshita, EL Salim,
Current and emerging challenges in toxicopathology: carcinogenic
threshold of phenobarbital and proof of arsenic carcinogenicity
using rat medium-term biocassays for carcinogens, Toxicol. Appl.
Pharmacol. 207 (2005) S225-5229.

[19] K. Doi, H. Wanibuchi, E.I. Salim, K. Morimura, A. Kinoshita, S. Kudoh,
K. Hirata, J. Yoshikawa, S. Fukushima, Lack of large intestinal
carcinogenicity of  2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine at low doses in rats initiated with azoxymethane, Int. J.
Cancer 115 (2005) 870-878.

[20] C. Yamaguchi, H. Wanibuchi, A. Kakehashi, R. Tanaka, S. Fukushima,
Chemopreventive effects of a serratane-type triterpenoid, 3a-
methoxyserrat-14-en-218-ol (PJ-1), against rat lung carcinogenesis,
Food Chem. Toxicol. 46 (2008) 1882-1888.

[21] T. Kawamori, T. Tanaka, A. Hara, J. Yamahara, H. Mori, Modifying
effects of naturally occurring products on the development of
colonic aberrant crypt foci induced by azoxymethane in F344 rats,
Cancer Res. 55 (1995) 1277-1282.

[22] H. Safayhi, ER. Sailer, Anti-inflammatory actions of pentacyclic
triterpenes, Planta Med. 63 (1997) 487-493.

[23] R. Tanaka, T. Minami, H. Tokuda, Anti-initiating activity of 3p-
methoxy-13a,14c-epoxyserratan-21p-ol (PJ}-34) from the stem
bark of Picea jezoensis Carr. var. jezoensis, Chem. Biodivers. 3
(2006) 818-824.

[24] N. Suh, Y. Wang, T. Honda, G.W. Gribble, E. Dmitrovsky, W.F. Hickey,
R.A. Maue, A.E. Place, D.M. Porter, M.J. Spinella, C.R. Williams, G. Wu,
AJ. Dannenberg, K.C. Flanders, JJ. Letterio, DJ. Mangelsdorf, C.F.
Nathan, L. Nguyen, W.W. Porter, R.F. Ren, A.B. Roberts, N.S. Roche, K.
Subbaramaiah, M.B. Sporn, A novel synthetic oleanane triterpenoid,
2-cyano-3,12-dioxoolean-1,9-dien-28-0ic  acid, with  potent
differentiating, antiproliferative, and anti-inflammatory activity,
Cancer Res. 59 (1999) 336-341.

[25] K. Liby, D.B. Royce, C.R. Williams, R. Risingsong, M.M. Yore, T. Honda,
G.W. Gribble, E. Dmitrovsky, T.A. Sporn, M.B. Sporn, The synthetic
triterpenoids CDDO-methyl ester and CDDO-ethyl amide prevent
lung cancer induced by vinyl carbamate in AfJ mice, Cancer Res. 67
(2007) 2414-2419.

[26] K.H. Lee, Y.M. Lin, T.S. Wu, D.C. Zhang, T. Yamagishi, T. Hayashi, LH.
Hall, ]JJ. Chang, RY. Wu, T.H. Yang, The cytotoxic principles of
Prunella vulgaris, Psychotria and Hyptis capitata: ursolic acid and
related derivatives, Planta Med. 54 (1988) 308-311.

[27] A. Simon, A. Najid, AJ. Chulia, C. Delage, M. Rigaud, Inhibition of
lipoxygenase activity and HL60 leukemia cell proliferation by ursolic
acid isolated from heater flower (Calluna vulgaris), Biochim. Biophys.
Acta 1125 (1992) 68-72.

[28] M.T. Huang, C.T. Ho, ZU. Wang, T. Ferrano, Y.R. Loy, K. Stauber, W.
Ma, C. Georgiadis, J.D. Laskin, AH. Conney, Inhibition of skin
tumorigenesis by rosemary and its constituents carnosol and
ursolic acid, Cancer Res. 54 (1994) 701-708.

[29] K.T. Lee, L.C. Sohn, H.J. Park, D.W. Kim, G.0. Jung, K.Y. Park, Essential
moiety for antimutagenic and cytotoxic activity of hederagenin
monodesmosides and bisdesmosides isolated from the stem bark of
Kalopanax pictus, Planta Med. 66 (2000) 329-332.

[30] SM. Lee, B.S. Min, CG. lee, KS. Kim, Y.H. Kho, Cytotoxic
triterpenoids from the fruits of Zizyphus jujube, Planta Med. 69
(2003) 1051-1054.



TOXICOLOGICAL SCIENCES 113(2), 349-357 (2010)
doi:10.1093/toxsci/kip256
Advance Access publication October 25, 2009

Effects of Pioglitazone, a Peroxisome Proliferator—Activated Receptor
Gamma Agonist, on the Urine and Urothelium of the Rat

Shugo Suzuki,* Lora L. Amold,* Karen L. Pennington,* Satoko Kakiuchi-Kiyota,* Min Wei,t Hideki Wanibuchi,t
and Samuel M. Cohen*'?

*Department of Pathology and Microbiology and the Eppley Institute for Cancer Research, Universiry of Nebraska Medical Center, Omaha, Nebraska
68198-3135; and tDepartment of Pathology, Osaka City University Medical School, Osaka 545-8585, Japan

'Havlik-Wall Professor of Oncology.
*To whom correspondence should be addressed. Fax: (402) 559-9297. E-mail: scohen@unmc.edu.

Received September 14, 2009; accepted October 13, 2009

Peroxisome proliferator-activated receptors (PPARs) are
ligand-activated transcription factors, which belong to the nuclear
receptor superfamily. Some PPARY agonists, such as pioglitazone,
and dual PPARy/PPAR« agonists, such as muraglitazar, induced
urothelial bladder tumors in rats but not in mice. In this study, we
investigated the early effects in the urine and bladder of rats
treated with pioglitazone to evaluate the possible relation between
urinary solids formation and urothelial cytotoxicity and
regenerative proliferation. In a 4-week experiment, treatment of
rats with 16 mg/kg pioglitazone induced cytotoxicity and necrosis
of the urothelial superficial layer, with increased cell proliferation
measured by bromodeoxyuridine labeling index and hyperplasia
by histology. It also produced alterations in urinary solid
formation, especially calcium-containing crystals and calculi.
PPARy agonists (pioglitazone and troglitazone) in vitro reduced
rat urothelial cell proliferé\tion and induced uroplakin synthesis,
a specific differentiation marker in urothelial cells. Our data
support the hypothesis that the bladder tumors produced in rats
by pioglitazone are related to the formation of urinary solids. This
strongly supports the previous conclusion in studies with
muraglitazar that this is a rat-specific phenomenon and does not
pose a urinary bladder cancer risk to humans treated with these
agents.

Key Words: peroxisome proliferator-activated receptor; urinary
bladder; urothelial cell cytotoxicity; urinary solids; differentiation.

Peroxisome proliferator—activated receptors (PPARs) are
ligand-activated transcription factors, which belong to the
nuclear receptor superfamily (Michalik ez al., 2004; Tachibana
et al., 2008; Yki-Jarvinen, 2004). Three major PPAR receptors
have been identified, alpha, gamma, and delta (beta), with
differing tissue distributions and effects (Berger and Moller,
2002). PPAR alpha (PPAR«) is expressed predominantly in the
liver, kidney, heart, and skeletal muscle and enhances free fatty
acid oxidation, controls expression of multiple genes regulating
lipoprotein concentration, and has anti-inflammatory effects
(Berger and Moller, 2002; Tachibana er al., 2008). PPAR delta

(PPARSJ) (also referred to as PPAR beta) is expressed ubiqui-
tously, is required for placental development, and is involved in
the control of lipid mectabolism (Berger and Moller, 2002;
Michalik er al., 2004). PPAR gamma (PPARY) has two isoforms,
PPARY! and PPARY2. PPARY2, which contains an additional 28
amino acids at the N-terminal compared to PPARY1, is expressed
exclusively in adipose tissue, whereas PPARY1 is expressed in
heart, skeletal muscle, kidney, pancreas, and several epithelial
tissues, such as urothelium and intestine. PPARY induces
adipocyte differentiation and is involved in the control of
inflammatory reactions and in glucose metabolism through
enhanced insulin sensitivity (Berger and Moller, 2002; Tachibana
et al., 2008). Agonists have been developed for each of these
receptors, with differing pharmacologic and toxicologic effects
(Berger and Moller, 2002; Yki-Jarvinen, 2004).

In a tabulation of PPAR agonists under development as
pharmaceuticals, El-Hage (2005) reported that five of six dual
PPARY/PPAR agonists and pioglitazone, a PPARY agonist,
induced urothelial bladder tumors in male rats but not in mice.
Lubet ef al. (2008) also reported that another PPARY agonist,
rosiglitazone, enhanced bladder tumors in rats pretreated with
N-(4-hydroxybutyl)-N-(butyl)nitrosamine (BBN), a known DNA-
reactive bladder carcinogen in several species. Muraglitazar, one of
the five dual PPARy/PPAR« agonists listed by El-Hage (2005) that
induced rat urinary bladder carcinogenesis in a 2-year bioassay,
caused bladder tumors, which occurred predominantly in male rats
compared to fernales and did not occur in mice (Tannehill-Gregg
et al., 2007). Evidence was presented that the mechanism of rat
bladder carcinogenesis induced by muraglitazar involved amode of
action involving increased formation of urinary solids resulting in
urothelial cytotoxicity and increased cell proliferation (Cohen,
2005; Dominick et al., 2006; Tannehill-Gregg et al., 2007). In
contrast, naveglitazar, another dual PPARY/PPARa agonist,
induced bladder tumors but urinary tract solids were not detected
(Long et al., 2008). However, detection of urinary solids can be
problematic because of methodological issues (Cohen et al., 2007).
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Since urothelial cells have PPARy receptors, it has been
suggested that a direct effect of the agonist on the urothelial
receptor might be the cause of bladder carcinogenesis by these
non—DNA reactive agents, possibly, in the case of dual
PPARY/PPAR« agonists, by an interaction between the PPARa
and PPARY receptors (Varley and Southgate, 2008). However,
PPARY agonists inhibit cell proliferation or induce differenti-
ation in various cancer cell lines, including urothelial cell
carcinoma lines (Tachibana er al., 2008). Additionally, the
PPARY agonist, troglitazone, inhibits cell proliferation and
induces differentiation in human urothelial cells in culture
(Varley er al, 2004, 2009) rather than increasing cell
proliferation as would be expected for a non-DNA reactive
chemical’s carcinogenic mode of action.

In this study, we investigated the early effects on the bladder
and on the urine of rats treated with pioglitazone, a PPARY
agonist, to evaluate the possible relation between urinary solids
formation and urothelial cytotoxicity and proliferation.

MATERIALS AND METHODS

Chemicals. Pioglitazone (purity: > 99%) and troglitazone (purity: 99.5%)
were kindly provided by Bristol-Myers Squibb (Mount Vemon, IN).
Pioglitazone was stored in the dark at ~4°C. Troglitazone was stored in the
dark at room temperature. For the in vitro study, stock solutions of pioglitazone
or troglitazone were prepared by dissolving the agonist in dimethyl sulfoxide
(DMSO; Sigma, St Louis, MO). Working solutions of pioglitazone and
toglitazone were prepared by diluting the stock solution in medium. The
DMSO concentration of the working solutions was 0.1%.

Animal experiments. Five-week-old male Sprague-Dawley rats were
purchased from Charles River Breeding Laboratories (Kingston, NY). On
arrival, the animals were placed in a level-4 barrier facility accredited by the
American Association for Accreditation of Laboratory Animal Care, in a room
with a targeted temperature of 22°C, humidity of 50%, and a 12-h light/dark
cycle (0600/1800 h). The level of care provided to the animals met or exceeded
the basic requirements outlined in the Guide for the Care and Use of Laboratory
Animals (NIH Publication #86-23, revised 1986). The animals were housed
three per cage in polycarbonate cages, on dry comcob bedding, and fed basal
diet (Certified Purina 5002; Dyets Inc., Bethlehem, PA). Food and rap water
were available ad libitum throughout the study. Nylabones (Nylabone Products,
Neptune, NJ) were added to the cages for environmental enrichment. Fresh diet
was supplied to the animals at least once weekly. Food ¢onsumption and water
consumption were measured during study week 3. Body weights of all animals
were measured the day after arrival, once per week, and on the day of sacrifice.
Detailed clinical observations of each animal were performed on day 0 and on
the last day of the consumption period, including behavior and movement,
respiratory function, ocular appearance, condition around the ears and mouth,
condition of coat, and abdominal palpation.

Rats were ~6 weeks of age at the beginning of treaiment. Following
quarantine, animals were randomized using a weight stratification method
(Martin et al., 1984) into two groups of 13 rats each: group | was gavaged daily
between 0800 h and 1000 h with 0.5% methyl cellulose in distilled water as
vehicle and group 2 was similarly gavaged with pioglitazone (16 mg/kg body
weight) in 0.5% methyl cellulose. All animals were sacrificed after 4 weeks of
treatment by an overdose of Nembutal (150 mg/kg of body weight, ip). One
hour prior to sacrifice, all rats were injected with 100 mg/kg bromodeoxyuridine
(BrdU). The urinary bladder from 10 rats from each group was inflated in sitn
with Bouin's fixative, and after removal, the bladders were placed in Bouin’s
fixative. Following fixation, the bladders were rinsed in 70% ethanol, bisected

longitudinally, and weighed. The entire surface of one half of the bladder was
examined by scanning electron microscopy (SEM) and classified in one of five
categories as previously described (Cohen er al., 1990). Briefly, class | bladders
have flat polygonal superficial urothelial cells; class 2 bladders have occasional
small foei of superficial urothelial necrosis; class 3 bladders have numerous
small foci of superficial urothelial necrosis; class 4 bladders have extensive
superficial urothelial necrosis, especially in the dome of the bladder; and class
5 bladders have necrosis and piling up (hyperplasia) of rounded urothelial cells.
Normal rodent urinary bladders are usually class 1 or 2 or occasionally class
3. The other half of the bladder was cut longitudinaily into strips and with
a slice of intestinal tissue removed at the time of necropsy, was embedded in
paraffin, stained with hematoxylin and eosin, and examined histopathologically
(Cohen, 1983: Cohen et al, 1990, 2007). A diagnosis of mild simple
hyperplasia was made when there were four to five cell layers in the bladder
epithelium and a diagnosis of severe simple hyperplasia was made when nine or
more cell layers were present. Unstained slides of the bladder and intestinal
tissue were used for immunohistochemical detection of BrdU (Cohen et al.,
2007). The intestinal tissue served as a positive control. Anti-BrdU (Millipore
Corporation, Temecula, CA) was used at a dilution of 1:200. The number of
BrdU-labeled cells in at least 3000 urothelial cells (all layers) was counted to
determine a labeling index. Unstained slides of the bladder and intestinal tissue
were used for periodic acid-Schiff (PAS) staining (Luna, 1968). The urinary
bladder from the remaining five rats from each group was excised, and the
epithelial cell layer was collected by scraping with a scapel blade. The epithelial
cells were immediately immersed in TRIzol Reagent (Invitrogen, Carlsbad,
CA) and stored at —80°C until processed for RNA extraction.

Evaluation of crystals in urine.  After treatment for 14 and 22 days, fresh
void urine sumples were collected separately from each rat between 7:00-9:00 a.M.
All urine samples were centrifuged at approximately 6400 ¢ for 10 min. After
removal of most of the supematant, the urine sediment was rcsuspended in the
remaining urine and filtered through a 0.22uM Millipore filter (Millipore,
Billerica, MA) by vacuum. The crystals remaining on the filter were
characterized morphologically by SEM, and their composition was determined
by attached energy dispersive X-ray spectroscopy.

In vitro experiments. The MYP3 urinary rat bladder epithelial cell line
was provided by Dr. Ryoichi Oyasu (Northwestern University, Chicago, TL).
The MYP3 cell line was obtained from a small benign nodule that developed in

.a heterotopically transplanted rat urinary bladder after treatment with N-methyl-

N-nitrosourea (Kawamata et al., 1993). The cell line has retained the
characteristics of epithelial cells in culture, expresses keratin 5 mRNA, does
not exhibit anchorage-independent growth, and does not cause the development
of tumors when inoculated sc in nude mice. The cells were grown in Ham’s
F-12 medium (Gibco-BRL, Grand Island, NY) supplemented with 10uM
nonessential amino acids, 10 ng/ml epidermal growth factor, 10 pg/ml insulin,
5 pg/ml wansterrin, 10% fetal bovine serum, 1060 U/ml penicillin, and 100 pg/ml
streptomycin (all from Gibco), and 2.7 mg/ml dextrose and 1 pg/ml
hydrocortisone (from Sigma). All cells were grown in an atmosphere of 95%
air and 5% CO, at 37°C.

For determination of PPARY agonist effects on the urothelial cells in vitro,
cells were seeded at a concentration of 5.0 X 10% cells per well in eight-well
Lab-Tek Chamber Slides (NUNC, Inc., Naperville, IL). Twenty-four hours
later, treatment with pioghitazone (SuM) or troglitazone (SuM) was begun and
continued for 3 days without changing the medium. For immunohistochem-
istry, after fixation with 10% formalin, sections were autoclaved in 10mM
sodium citrate buffer (pH 6.0) at 120°C for 5 min. The sections were then
treated with anti-Ki-67 antibody (MIB-5; Dako, Carpinteria, CA) at a dilution
of 1:50 or anti-asymmetrical unit membrane (AUM) antibody kindly provided
by Dr. T. T. Sun, which consisted of rabbit antiserum made against highly
purified bovine AUM (Wu et af., 1990), at a dilution of 1:200. The number of
Ki-67-labeled cells in at least 500 urothelial cells was counted to determine
a labeling index.

To determine expression of RNA, cells were seeded at a concentration of
1.0 X 10* cells per well in a 24-well plate. Twenty-four hours later. treatment
with SpM pioglitazone or 5uM troglitazone was begun and continued for
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PIOGLITAZONE EFFECTS ON RAT URINARY BLADDER

TABLE 1
Effects of Treatment with Pioglitazone on Body, Bladder, and
Heart Weights and on the Bladder Urothelium

Control Pioglitazone
BW, g (n)" 393 6 (14) 387 £ 6 (15)
Bladder weight (n)*
Absolute, g 0.111 £ 0.013 (9) 0.108 + 0.006 (10)

Relative, mg/g BW 0.28 £ 0.03 (9) 0.28 £ 0.02 (10)

Heart weight (n)”
Absolute, g

1.26 £ 0.03 (14) 1.32 + 0.02 (15)

Relative, mg/g BW 3201014 3.4+ 0.1 (14
Bladder hfstopatho]ngy

Normal 9 5

Hyperplasia 0 5P

Bladder labeling
index, % (n)"
Bladder SEM
classification?

0.16 + 0.03 (9) 0.43 + 0.07 (10)°

(O T
s
- e w

Note. BW, body weight; (1), number of rats.

“Values expressed as the mean = SE.

"Significantly different from control group, p < 0.05.

“Four of five bladders with mild simple hyperplasia; one of five bladders with
severe simple hyperplasia.

“Unable to classify one bladder in the control group and four bladders in the
pioglitazone-treated group by SEM due to the presence of an unknown
substance on the bladder surface.

3 days without a change of medium. After the treatment, cells were treated with
TRIzol Reagent (Invitrogen) and stored at —80°C until processed for RNA
extraction.

RNA extraction and detection of RNA expression. Total RNA was
isolated with TRIzol Reagent according to the manufacturer’s instructions.
Sequence-specific primers and probes (Tagman Gene Expression Assay) were
purchased from Applied Biosystems, Inc. (Foster City, CA). B-Actin was
employed as an internal control. Briefly, complementary DNA (cDNA) synthesis
was performed with 600 ng of RNA using an Advantage RT-for-PCR kit (Takara
Bio, Inc., Shiga, Japan) and then cDNA solutions were diluted to a final volume
of 100 ul by adding 80 pl diethylpyrocarbonate-ireated H,O. PCRs werc
performed in a 20 pl reaction mixture containing 5 pl ¢<DNA, 1 pl of Tagman
Gene Expression Assay Mix, and 10 pl TagMan Fast Universal PCR Master Mix
(Applied Biosystems, Inc.) under the following conditions: 95°C for 20 s, then 40
cycles at 95°C for 3 s, and 60°C for 30 5 using a 7500 Fast Real-Time PCR
System (Applied Biosystems, Inc., Tokyo, Japan). Serially diluted standard
¢DNA was included in each Tagman PCR to create a standard curve. The amount
of gene products in the test samples was estimated relative to the respective
standard curves. Values for target genes were normalized to those for B-actin.

Statistics. For the in vivo studies, group means for body weights,
consumptions, tissue weights, and labeling indices were evaluated using
analysis of variance followed by Duncan’s multiple range test for group-wise
comparisons. Histopathology was compared using the two-tailed Fisher's exact
test. SEM data were analyzed using one-way nonparametric procedures
followed by a chi square test. p Values < 0.05 were considered significant.
These statistical analyses were performed using SAS for Windows
(Version 9.1).
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For the in vitro studies, the difference between control and treatment group
was compared by the unpaired r-test. For multiple groups, differences between
control and treated were compared by ANOVA, which, when significant (p <
0.05), was followed by Dunnett's test (GraphPad Prism 5; GraphPad Software,
Inc., La Jolla, CA).

RESULTS

Body and Heart Weights

Administration of pioglitazone to male rats caused little or
no depression in body weight gain. However, it induced
a significant increase in the relative weight of the heart (Table 1),
a characteristic effect of PPARy and dual agonists (El-Hage,
2005). It had no effect on food and water consumption (control
and pioglitazone-treated rats [mean + SE]: water consumption,
403 = 1.9 and 41.3 = 1.7 g/rat/day and food consumption,
26.9 + 1.2 and 28.5 + 1.0 g/rat/day, respectively).

Urothelial Effects

Administration of pioglitazone caused no effects on the
absolute and relative bladder weights (Table 1). By light
microscopy, simple hyperplasia of the bladder urothelium was
significantly increased in pioglitazone-treated rats (Table 1)
and was not present in control rats (Fig. 1A). Additionally, one
of five pioglitazone-treated rats had severe simple hyperplasia
(Fig. 1C), whereas the other instances of hyperplasia were mild
simple hyperplasia (Fig. 1B). Administration of pioglitazone
also caused a significant increase in the BrdU labeling index of
the urothelium compared to the control group (Table 1).
Administration of pioglitazone tended to induce cytotoxicity
and necrosis in the bladder epithelium (Figs. IE and 1F),
although the SEM classification in the group-administered
pioglitazone was not statistically significantly different from
the control group (Table 1). The pioglitazone-treated rat with
severe urothelial hyperplasia was also the rat diagnosed as class
5 by SEM. Examination by SEM showed that the bladder
surface of the rats in one of the control and four of the
pioglitazone-treated rats was covered with a coarse substance
(Fig. 2A), which made it difficult to visualize the bladder
surface in many areas. The morphology of the substance by
SEM was similar to mucin (Balish et al, 1982). An
eosinophilic substance was also detected by light microscopy
on the luminal surface of these same bladders (Fig. 2B) and it
stained positive by PAS stain (Fig. 2C). Therefore, this
covering likely corresponds to the glycosaminoglycan layer
described for the normal urinary bladder (Soler et al., 2008),
which is usually lost during routine processing for histology or
SEM examination.

Evaluation of Urinary Sediments

In the urine, the normally present MgNH4PO, crystals
(Fig. 3A) were observed in both control and pioglitazone-
treated groups in similar amounts (Table 2). Aggregates of
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FIG. 1.

Histopathology, SEM of rat bladder. (A—C) hematoxylin and eosin. (D-F) SEM. Normal epithelium in control rat (A and D). Mild (B) and severe (C)

simple hyperplasia in pioglitazone-treated rats. Abrasion of superficial cells (E) and piling up of rounded urothelial cells (F) in pioglitazone-treated rats. White bar:

100 pm.

MgNH,PO, crystals occurred in similar amounts, sizes, and
number of rats in the two groups. Thin rod-like crystals were
only detected in one control group rat at day 14, and they
appeared to be MgNH,4PO,. Calcium phosphate-containing
amorphous precipitate was not observed in the urinary
sediment from any of the rats from either group at either time
point. Calcium-containing crystals (Figs. 3B and 3C) were only
detected in pioglitazone-treated rats at day 14. However, they
were detected in both control and pioglitazone-treated rats at
day 22. At day 14, the calcium-containing crystals also
contained oxygen in the sediment from three rats, most likely
representing calcium oxalate crystals, and one rat had calcium
phosphate crystals. Carbon and hydrogen are not clearly
distinguished by our instrument. At day 22, similar calcium
oxalate crystals were observed in controls and in the
pioglitazone-treated rats, but pioglitazone-treated rats also
had calcium phosphate crystals and crystals containing
calcium, oxygen, and sulfur. Furthermore, a calcium phosphate

calculus was detected in one pioglitazone-treated rat at day 22
(the rat with severe hyperplasia).

PPARY Effects on Rat Urothelial Cells In Vitro

Treatment with pioglitazone (5uM) induced enlargement
of cytoplasm and binucleated and multinucleated cells
(Figs. 4B and 4D) compared to control cells (Figs. 4A and
4C). Additionally, treatment with pioglitazone significantly
(p < 0.001) reduced the Ki-67 labeling index (24.7 + 2.1%;
Fig. 4F) compared to controls (49.5 + 3.3%; Fig. 4E).
Anti-AUM antibody diffusely stained the nucleus and
cytoplasm of large cells present in both control and treated
wells but small cells present in the wells did not stain. In
the control wells, the number of small cells and large cells
was similar. In pioglitazone-treated wells, the ratio of large
cells to small cells was higher than in the control wells.
Therefore, the ratio of AUM-positive staining cells to negative
cells in pioglitazone-treated wells (Fig. 4H) was higher than

FIG. 2. Rough substance on superficial layer of urothelium. (A) SEM, (B), and hematoxylin and eosin. (C) PAS staining. Rough substance was covered on
superficial cells (A and B) and stained with PAS staining (C). White bar: 100 pm.
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FIG.3. Crystals in rat urine. (A and B) SEM. (C) energy dispersive X-ray spectroscopy (EDS). MgNH,PO, crystals (A) and calcium-containing crystal (B) in
urine of pioglitazone-treated rat. Composition of calcium-containing crystal (B) by EDS (C). White bar: 100 pm.

in control wells (Fig. 4G). Treatment with troglitazone
(5uM) induced the same morphology and significant reduction
(p < 0.001) of the Ki-67 labeling index (23.3 + 2.4%)
compared to control (452 + 4.7%). The effects of both
pioglitazone and troglitazone on MYP3 cells were the same in
this study.

Gene Expression Differences in Urothelium of PPARY
Agonist-Treated Rats and Urothelial Cells

In vivo, there was no difference in the mRNA expression of
PPARY in the urothelium of pioglitazone-treated rats compared
to control rats (Fig. SA). In vitro, PPARyY mRNA in both
pioglitazone- and troglitazone-treated cells was significantly
reduced compared to control (Fig. 5B). The mRNA expression
of cyclin D1 in both pioglitazone- and troglitazone-treated cells
was also reduced compared to control (Fig. 5C).

DISCUSSION

PPARY and dual PPARo/y agonists frequently increase the
incidence of bladder cancer in rats in 2-year bioassays but not
in mice (El-Hage, 2005). Pioglitazone, a thiazolidinedione, is
a PPARy agonist that induced a relatively low incidence
of bladder tumors in the 2-year bioassay and only in male rats
(El-Hage, 2005; Physicians Desk Reference, 2008). Rosiglita-
zone, another thiazolidinedione PPARY agonist, has not been
reported to produce bladder tumors in a 2-year bioassay but did
produce an increased incidence of bladder tumors in rats
pretreated with BBN, a known DNA-reactive bladder carcin-
ogen in several species (Lubet et al., 2008). Troglitazone,
a third PPARYy agonist of the thiazolidinedione class, has not
been reported to induce effects on the urothelium of rats or
mice (Herman et al., 2002). In a summary of the carcinogenic
effects of various PPAR agonists under development as

TABLE 2
Effects of Treatment with Pioglitazone on Urinary Sediments

Aggregates of MgNH4PO, crystals

Normal Calcium-containing Calcium phosphate
MgNH,PO;, crystals < 100 pm > 100 pm crystals calculi
Treatment (n)
0 +1 +2 0 +1 +2 0 +1 +2 0 +1 +2 0 +1 +2
A: Day 14
Control (10) 3 7 - 7 3 - 8 2 - 10 - - 10 - -
Pioglitazone (9) 5 4 - 7 2 - 7 2 - 5 4 - 9 - -
B: Day 22
Control (5) - 4 1 1 4 - 4 1 - 1 4° - 5 - -
Pioglitazone (11) 2 3 1 5 6 = 9 2 - 7 4° - 10 1 =

“Ca- and O-containing crystals on three filters and two Ca- and P-containing crystals on one filter.

*One to two Ca- and O-containing crystals per filter.

“Ca- and O-containing crystals on two filters; Ca- and P-containing crystals on one filter; and Ca-, O-, and S-containing crystal on one filter.
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FIG. 4. Histology and immunohistochemistry of rat bladder cell line. (A-D)
hematoxylin and eosin. (E and F) Ki-67 antibody. (G and H) AUM
antibody. Control cells (A, C, E, and G) and pioglitazone-treated cells (B, D,
F, and H). ’

pharmaceuticals, El-Hage (2005) reported that five of six dual
PPARa/y agonists induced bladder tumors in rats but again
were without effect in mice. Those that have been reported
specifically to cause bladder tumors include muraglitazar
(Dominick et al., 2006), naveglitazar (Long et al., 2008), and
ragaglitazar (Egerod et al., 2005). Since rats treated with these
agents at doses that produce bladder tumors have blood levels
that frequently are similar to the blood levels achieved in
patients treated with these drugs, bladder tumors in rats have
become a significant issue for the potential approval of these
agents by regulatory agencies for clinical use.

Two modes of action have been hypothesized for the
possible induction of bladder tumors in rats by PPAR agonists,
with very different implications for potential human cancer
risk. Since PPARY receptors are plentiful in the urothelium,
one hypothesis is based on the direct interaction of the agonist

A: PPARy expression in vivo
14

1.2

1.0 T

08

06

0.4

0.2

0.0 s

Control Pioglitazone

B: PPAR; expression in vitro
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FIG. 5. Gene expression analysis of PPARy and cyclin D1. PPARy
expression in vivo (A) and in vitro (B) in rat urothelial cells. Cyclin D1
expression in vitro (C). The expression data were adjusted to each control as
1.0. *, #* **+*Gignificantly different from each control at p < 0.05, 0.01, 0.001,
respectively.

with the receptor, producing an effect that ultimately leads to
the induction of cancer. Although this possibility has not been
completely excluded, there are several arguments against it
(Cohen, 2005). Foremost among these are the observation that
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the PPARY: receptor is expressed at similar levels in rat and
mouse urothelium and yet the agents produce bladder wmors
only in the rat not in the mouse (Cohen, 2005). Most
importantly, the effects of PPARYy agonists in vitro appear to
be an inhibition of cell proliferation and potentiation of
differentiation when the epidermal growth factor receptor has
been inhibited (Varley and Southgate, 2008; Varley et al,
2004). These studies utilized human urothelial cell lines, and
the decreased proliferation along with urinary differentiation
was corroborated in the present experiment using a rat
urothelial cell line. Thus, a direct mitogenic effect to the
urothelium by the PPAR agonist is unlikely. Biologically, this
is the opposite effect of what would be expected for a non—
DNA reactive carcinogen. Furthermore, these agonists have
frequently been shown to inhibit the proliferation of a variety
of cancer cell lines, including urothelial carcinoma cell lines
(Berger and Moller, 2002; Tachibana er al.,, 2008). An
additional factor is the small percentage of administered drug
being excreted in the urine since PPAR agonists are highly
lipophilic.

Previous studies with the thiazolidinedione class of drugs
have suggested that they induce differentiation and inhibit
proliferation of urothelial cells in culture. These studies
investigated the effects of troglitazone and rosiglitazone on
human cell lines derived from distal ureters obtained from
kidney transplant patients (Varley and Southgate, 2008; Varley
et al., 2004). Pioglitazone is the only thiazolidinedione so far
reported, which actually produced bladder tumors by itself in
a 2-year bioassay (El-Hage, 2005). Thus, we examined the
effect of pioglitazone in vitro to determine if it also had cell-
differentiating properties, using a rat urothelial cell line since
that is the target species for bladder carcinogenicity. Troglita-
zone was used as a positive control based on its reported effects
on human urothelial cells. We were able to show that treatment
with either pioglitazone or troglitazone in vitro utilizing a rat
urothelial cell line reduced cell proliferation and there was
evidence of cell differentiation in this culture system (Fig. 4).
Our observations in the rat cell line (Fig. 4) support the
previously reported observations utilizing human urothelial
cells. Although we did not prove that this was a PPARy-
specific mechanism molecularly, we detected no difference in
gene expression of PPARY between control and pioglitazone-
treated rats in vivo and found reduction of PPARY in both
pioglitazone- and troglitazone-treated cells in vitro. Reduction
of PPARY expression by muraglitazar in vivo was reported by
Achanzar et al. (2007). For detection of PPARY activity, it is
necessary to use another methodology, which would also detect
phosphorylation of PPARYy. Again, our results provide support
for the previous observations utilizing troglitazone in human
urothelial cell culture systems. Pioglitazone and troglitazone
had the same effects on the rat urothelial cells in vitro but only
pioglitazone has been reported to produce bladder urothelial
tumors in rats (Physicians Desk Reference, 2008), whereas
troglitazone does not affect the lower urinary tract of the rat.
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A second, indirect mode of action such as reaction to urinary
solids has been postulated by Cohen (2005) and has been
demonstrated for the dual PPARY/PPARa agonist muraglitazar
(Dominick er al., 2006). This ivolves alteration of the urine
resulting in abnormal urinary solids leading to cytotoxicity,
necrosis, and regenerative proliferation of the bladder epithe-
lium. Alteration of the urine composition appears to be due to
an inhibition by muraglitazar of citrate synthesis leading to
hypocitratemia and consequent hypocitraturia (Dominick ez al.,
2006). Citrate is the major chelating substance for divalent
cations, such as calcium, in the urine keeping them in solution.
When the citrate level is lowered significantly, the calcium
salts, which are at supersaturated levels in the urine, precipitate.
This ultimately induces tumors. Cytotoxicity followed by
regenerative hyperplasia as a mode of action has been
described for a wide variety of agents in the rat and
occasionally in the mouse (Cohen, 1998). For reasons that
are not entirely clear, the rat appears to be more susceptible to
this effect. Most importantly, humans appear to be completely
resistant to the urothelial cytotoxic effects of urinary
amorphous precipitate and crystals but do have a toxic and
regenerative response to the presence of calculi. Calculi, when
formed, are present in the human urinary bladder for brief
periods of time because of their propensity to cause obstruction
and consequent severe pain leading to their removal clinically
(DeSesso, 1995).

For muraglitazar, the sequence of key events has been
demonstrated in extensive detail (Achanzar et al, 2007;
Dominick et al., 2006; Tannehill-Gregg et al., 2007). In these
experiments, muraglitazar induced urinary bladder carcinomas
and also induced calcium-containing solids and reduced citrate
and soluble calcium concentrations in the urine. Also,
coadministration of ammonium chloride with muraglitazar
produces an acidified urine, which inhibits the formation of the
calcium-containing crystals and consequently inhibits the
bladder toxicity, regenerative proliferation, and tumorigenicity
of muraglitazar. In contrast, studies with naveglitazar and
ragaglitazar have reported that increased urinary solids have
not been found in rats administered these drugs (Egerod et al.,
2005; Long et al., 2008). However, there are several potential
technical difficulties that must be addressed when examining
urine for the presence of these solids. Foremost is the
requirement that the animals not be fasted prior to collection
of the urine. It is also best for fresh void collections to be used
rather than using overnight or 24-h collections. The technical
difficulties of urine collection and examination for solids have
been described in detail elsewhere (Cohen et al., 2007). The
time of day of urine collection, the strain of the rat, where the
rat was purchased, the type of diet used, and a variety of other
details appear critical in the detection of the formation of
urinary solids in response to PPAR agonists and also in
response to other agents.

In the present series of experiments, we were able to
demonstrate that pioglitazone produced calcium-containing

1102 '$2 Uddeiy U0 ngnyebiy N 1S exesO je 510 S[euinofpiojxo 10§X0} Wol) Pepeojumoq



356 SUZUKI ET AL.

urinary solids, although limited, which were associated with
increased urothelial cytotoxicity, necrosis, and regenerative
proliferation (Table 2). The more extensive the urinary solids
formation was, the more extensive the toxic and proliferative
response was. In one of the rats we examined, calculi were
present, which were associated with severe simple hyperplasia,
even in as short a period as 4 weeks. Overall, there were
considerably less urinary solids detected in these rats
administered pioglitazone than previously observed for
muraglitazar (Dominick er al, 2006). Correspondingly,
muraglitazar induced a significantly higher incidence of
bladder tumors than the small number induced by pioglitazone.
Furthermore, the amount of calcium-containing crystals varied
between times of collection, even for this short experiment.
Experiments with other agents have demonstrated the variabil-
ity in formation of urinary solids over time, even with the
continued administration of the agent (Clayson et al., 1995).
The reversibility and relatively low amount of crystals seen
with pioglitazone is likely directly related to its weak overall
effect on the rat bladder in contrast to the more plentiful and
frequent urinary solids associated with muraglitazar, which
also had more urothelial proliferation and neoplastic lesions.
The sporadic nature of these urinary crystals in rats
administered pioglitazone might partly explain the difficulty
of detecting the crystals in rats administered pioglitazone or
other PPARY or dual agonists, and this intermittent nature
might also explain the difficulty in detecting hyperplasia in
short-term studies with pioglitazone and some of the other
PPAR agonists.

Most commonly with these agents, the extent of cytotoxicity
involves only the superficial urothelial cell layer, which can be
difficult to observe by light microscopy but is readily
observable by SEM. Although we did observe superficial
cytotoxicity in some of the rats administered pioglitazone in the
present study, several of the bladders could not be examined by
SEM because of the overlying apparent glycosaminoglycan
layer, which had adhered to the luminal surface of the
epithelium (Fig. 2). This precludes the examination of the
surface characteristics of the epithelium. Nevertheless, the
combination of findings by light microscopy, SEM, and
increased BrdU labeling index is supportive of the mode of
action of cytotoxicity with consequent regencrative prolifera-
tion. The evidence from our urinalysis examinations supports
the hypothesis that the cytotoxicity is produced by the
formation of urinary solids, namely calcium-containing crystals
and calculi.

In summary, we have demonstrated evidence that pioglita-
zone, a PPARY agonist which induced bladder tumors in male
rats, produces alterations in urinary solid formation, albeit in
small amounts, especially calcium-containing crystals and
calculi, which could lead to cytotoxicity and consequent
regenerative proliferation. We have also confirmed that the
thiazolidinediones, including troglitazone and pioglitazone,
inhibit urothelial cell proliferation and potentiate differentiation

of rat urothelial cells in culture. Our data suppdrt but do not
prove the hypothesis that the bladder tumors produced in rats
by pioglitazone are related to the formation of urinary solids.
The quantitative levels of the crystals appear to correlate with
the extent and incidence of urothelial lesions occurring in rats
administered PPAR agonists, few solids and few lesions with
pioglitazone in contrast to numerous solids and lesions
associated with muraglitazar. Since clinical trials with PPARYy
and dual agonists have not been associated with urinary
calculus formation (Dominick et al., 2006; Dormandy et al.,
2005), the findings in the present experiment with pioglitazone
strongly support the previous conclusion from studies with
muraglitazar that this is a rat-specific phenomenon and does not
pose a urothelial cancer risk to humans treated with these
agents.
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Abstract : Although several studies have indicated that (—)-epigallocatechin gallate
(EGCG) and lycopene, representative dietary antioxidants, inhibit chemically induced animal
tumorigenesis, only a few studies have examined the inhibitory effects of these compounds
on spontaneous liver tumorigenesis in rodents. In this study, we investigated the inhibitory
effects of these compounds on the formation of spontaneous liver tumors in C3H/HeN mice.
~ We used xeroderma pigmentosum group A (XPA) gene-deficient mice to s‘imultaneously
examine whether the knockout mice-could be used as a sensitive animal model. In addition,
we examined the levels of 8-hydroxy-2~-deoxyguanosine (8-OHdG) — a marker of reactive
oxygen species-induced DNA injury — in liver tissue. Male XPA +/+, XPA +/—, and XPA
—/— mice with a C3H/HeN genetic background were divided into 3 groups: control,
EGCG, and lycopene. Autopsy at 18 months of age revealed that EGCG and lycopene did not
exhibit obvious suppressive effects on the development of liver tumors in any XPA
genotype ; further, the XPA genotype did not influence any susceptibility to liver tumors.
With regard to 8-OHdG levels in non-tumorous liver tissue at 8 months of age, EGCG
showed no significant inhibitory effects and lycopene showed significant inhibitory effects
only in XPA +/— mice. The present study demonstrates that contrary to previous reports of
the inhibitory effects of EGCG and lycopene on the development of various carcinogen-
induced animal tumors, these compounds exert no chemopreventive effects on spontaneous
liver tumorigenesis in C3H/HeN mice. EGCG and lycopene may inhibit carcinogen-induced
tumors through properties other than their antioxidant abilities.
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tumor, Xeroderma pigmentosum group A

INTRODUCTION

Liver cancer is a major cause of death in African and Asian countries, including Japan®.
More than 30,000 Japanese die of liver cancer annually, and 95% of these deaths are due to
hepatocellular carcinoma (HCC)®. Moreover, the number of HCC patients in Japan is
Increasing.

Reactive oxygen species (ROS) are considered to be one of the main causes of carcino-
genesis in various organs. ROS induce cancer-causing mutations, oxidize lipids and proteins,
and alter signal transduction pathways, resulting in increased cancer risk®®. The relationship
between ROS and carcinogenesis is supported by the fact that dietary and endogenous anti-
oxidants inhibit carcinogenesis in animal models®. Epidemiological studies have revealed
that high consumption of antioxidant-rich fruits and vegetables is inversely correlated with
the incidence of cancer®®. ‘

Lycopene and (- )-epigallocatechin gallate (EGCG) are representative dietary antioxi-
dants. EGCG is the most abundant polyphenolic compound present in green tea (more than
40% of the total polyphenolic mixture)?, and it is the most powerful antioxidant among green
tea catechins'”. Lycopene is the most abundant carotenoid in tomatoes and the cause of their
deep-red color'”. Lycopene is known to possess high singlet oxygen-quenching capability*?.
Although EGCG and lycopene have been reported to inhibit the formation of carcinogen-
induced tumors in various animal models™**®, only a few studies have examined the inhibi-
tory effects of these compounds on spontaneous liver tumorigenesis in rodents!’'®.

Male C3H mice exhibit high susceptibility to spontaneous and chemically induced
hepatotumorigenesis ; these mice spontaneously develop liver tumors late in their life, with
an incidence as high as 70%'®. Genetic linkage analysis using C3H mice and hepatotumori-
genesis-resistant strains have revealed that 6 different regions on chromosomes 2, 5, 7, 8,
12, and 19 showed significant linkage with hepatocellular tumor development ; these regions
were named “hepatocarcinogen sensitivity (Hes) loci”®”. Thus, C3H mice are considered to
be a good model of polygenic inheritance for predisposition to liver cancer.

Xeroderma pigmentosum (XP) is a hereditary disease characterized by impairment of
the nucleotide excision repair (NER) pathway, which is one of the main DNA repair path-
ways”*. XP is classified into 8 types. Previously, we established XP group A gene-defi-
cient mice (XPA-deficient mice) on a C3H/HeN genetic background and confirmed that XPA
—/~ mice were more susceptible to spontaneous and carcinogen-induced liver tumorigene-
sis than XPA +/+ and XPA +/~ mice®™. This observation suggests that XPA-deficient C3H
mice may be a more sensitive animal model than wild-type C3H mice in identifying liver car-
cinogens or liver tumor-preventing compounds.

In this study, we administered EGCG or lycopene to XPA-deficient mice with a C3H/
HeN genetic background for a long period and examined the inhibitory effects of these com-
pounds on the development of spontaneous liver tumors. We also examined the levels of
8-hydroxy-2"-deoxyguanosine (8-OHdG) —a marker of ROS-induced DNA injury — in
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liver tissue.

MATERIALS AND METHODS

Mice

XPA-deficient mice were originally produced by Tanaka et al. ; these mice had a hybrid

genetic background®’. We established XPA-deficient congenic mice with a C3H/HeN genetic
background by repeated back-crossing with inbred C3H/HeN mice®.
we used an F12 line because we maintained the mice of this line. The method of genotype
analysis has previously been described™. The mice were maintained in the Laboratory
Animal Center of Teikyo University School of Medicine at 21°C and 53‘777077*}1umidity in accor-

dance with the rules of the animal center.

In the present study,

Effects of EGCG and lycopene on spontaneous liver tumor

The XPA-deficient mice with a C3H/HeN genetic background were divided into 3
groups : control, EGCG, and lycopene. Each group contained 15-20 male mice for each XPA
genotype. Only male mice were used because male C3H mice are more susceptible to spon-
taneous and chemically induced hepatotumorigenesis than female C3H mice® *”. The mice
in the control group were fed a CRF-1 diet (Oriental Yeas;c Co., Tokyo, Japan) and tap water
ad libitum until the end of the experiment. The mice in the EGCG group were fed a CRF-1
diet and tap water containing 0.05% EGCG ad libitum from 6 weeks of age until the end of
the experiment. Pure EGCG was extracted from green tea as previously reported'?, and
stored in a refrigerator at 4°C. Tap water containing EGCG was administered from light-
shielded, polyvinyl bottles, and the bottles were refilled with fresh solution twice a week.
The mice in the lycopene group were fed a CRF-1 diet containing 0.005% lycopene and tap
water ad libitum from 6 weeks of age until the end of the experiment. Lycopene was donated
by LycoRed Natural Products Industries (Beer-Sheva, Israel) as a natural tomato extract con-
taining 6% lycopene (Lyc-O-Mato). The Lyc-O-Mato and CRF-1 diet containing lycopene
were stored in a refrigerator at 4°C. Feed containers for mice were refilled with fresh lyco-
pene diet twice a week. The doses of EGCG and lycopene in the present study are compara-
ble to those in previous studies in which these compounds inhibited chemically induced and
spontaneous mouse tumorigenesis'®*”.

All the mice were killed by anesthesia at 18 months of age, and a complete autopsy was
performed. At autopsy, the total body weight and weight of the major organs were measured.
The surface of the livers was grossly examined, and tumor nodules were counted. After fixa-
tion in 10% formaldehyde solution, each liver lobe was completely sectioned into 2-mm-
thick slices and internal tumor nodules were counted. The total number of tumor nodules
was calculated as the sum of the surface and internal tumor nodules. All sections were
mounted on slides for light microscopy. Hepatocellular adenomas (HCAs) and carcinomas
were diagnosed microscopically on the basis of established diagnostic criteria®. Major
organs, except the liver, were also grossly examined, and representative sections were
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mounted on slides.

Quantification of 8-OHAG

The XPA-deficient mice with a C3H/HeN genetic background were divided into 3
groups as in the tumorigenesis experiment, and each group contained 6 male mice for each
XPA genotype. The treatments were the same as those in the tumorigenesis experiment.
All the mice were killed at 8 months of age, and approximately 1 g of non-tumorous liver tis-
sue was excised and stored at —80°C. The mice were killed at that age because, in our
experience, we have found that spontaneous liver tumors begin to occur around that age.
DNA samples isolated from the frozen liver by phenol and chloroform were digested into
deoxynucleosides by a combined treatment with nuclease P1 and alkaline phosphatase. The
8-OHdG levels were determined using high-performance liquid chromatography as
described previously*” and expressed as the number of 8-OHdG residues for every 10° deox-
yguanosines.

The protocol for this research project was approved by the Ethics Committee of Teikyo
University School of Medicine, and it conformed to the provisions of the 1995 Declaration of
Helsinki (as revised in Edinburgh in 2000). The experiment was ethically acceptable and
conformed to national guidelines for animal usage in research.

Statistical analysis

Group differences were assessed for statistical significance by using the x 2 test for the
incidence of tumors and the ¢-test for the number of tumors per mouse, diameter of tumors,

and 8-OHdG levels. A p-value of <0.05 was considered to be significant.

RESULTS

General observations

No statistically significant differences were observed in the average body weight and
average food or water consumption among the 3 experimental groups or the 3 XPA geno-
types (data not shown). In addition, there were no statistically significant differences in the
weight of the major organs among the 3 experimental groups or the 3 XPA genotypes (data
not shown). Only a few mice died during the experiments, and in most cases, liver tumor
was not the cause of death ; these mice were excluded from the study. On the basis of
autopsy findings of these mice, we speculated that liver tumors began to occur at 8 or 9
months of age. Most liver tumors that occurred around this age were HCAs. In addition to
liver tumors, lung adenomas were observed, although the incidence was low (14%, in total).
With regard to the incidence of lung adenoma, there were no statistically significant differ-
ences among the 3 experimental groups or the 3 XPA genotypes. Previously, the incidence
of spontaneous lung adenoma in C3H/HeN mice was reported to be 12% until 28 months of
age™. Neither the liver nor the lung tumors had metastasized. Pathological examinations
confirmed that no tumors occurred in other major organs.
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Fig. 1. (a) Representative histological appearance of HCA. Small and monotonous tumor cells
proliferate, forming a thin trabecular pattern. Scale bar represents 200 pm. (b) Representa-
tive histological appearance of HCC. Tumor cells show a thick trabecular growth pattern
with dilated sinusoids. Scale bar represents 200 pm.

Liver tumors

Representative histological samples of HCA and HCC are shown in Figures la and 1b,
respectively. Table 1 shows the occurrence of tumorigenesis in the 18-month-old mice. The
incidence of liver tumor was 65-89%, and the average number of liver tumors per mouse was
1.2-2.9. In many mice, HCAs and HCCs coexisted. Most HCAs were less than 10 mm in
diameter and the majority of HCCs were more than 5 mm in diameter. HCC nodules occa-
sionally contained a component of HCA, and a differential diagnosis between HCA and HCC
was very difficult in some cases. These observations imply that a considerable number of
HCCs developed from HCAs.

EGCG and lycopene did not exhibit obvious tumor-suppressive effects for any XPA gen-
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Table 1. Liver Tumors of the Mice at the Age of 18 Months

XPA genotype
Control group
+/+ +/- =/-
number of mice in experiment 16 18 18
tumor-bearing mice (%) 14 (88%) 16 (89%) 12 (67%)
HCA-bearing mice (%) 12 (75%) 11 (61%) 12 (67%)
HCC-bearing mice (%) 8 (50%) 11 (61%) 4 (22%)
tumors per mouse (average = S.D.) 1.8+1.2 22%1.9 1313
HCAs per mouse (average = S.D.) 1.1£0.38 14=1.9 1L.1*1.1
HCCs per mouse (average + S.D.) 0.7£0.9 0.8+0.7 0.3%0.6°
diameter of tumors (mm, average +S.D.) 8.1+8.0 8.2+6.8 5.7+5.0°
HCAs (mm, average £S.D.) . 33%x24 3.8+2.0 35*22
HCCs (mm, average =S.D.) 15.6+8.0 16.2+4.6 13.8+4.1
XPA genotype
EGCG group e /- -
number of mice in experiment 15 17 17
tumor-bearing mice (%) 13 (87%) 11 (65%) 15 (88%)
HCA-bearing mice (%) 11 (73%) 10 (59%) 13 (76%)
HCC-bearing mice (%) 10 (67%) 4 (24%) 7 (41%)
tumors per mouse (average *+ S.D.) 2.9+2.0 1.2+1.3 20*15
HCAs per mouse (average =S.D.) 2018 0.9+0.9 14+13
HCCs per mouse (average £S.D.) 0909 0.4%0.7 0.6+0.9
diameter of tumors (mm, averagegt S.D.) 7.6=7.0 6.7 6.7 74%+6.7
HCAs (mm, average £S.D.) 39%25 3324 3.7x21
HCCs (mm, average +S.D.) 15.6+6.7 15.3+6.2 163+ 5.3
XPA genotype
Lycopene group -
+/+ +/- =/-
number of mice in experiment 14 15 16
tumor-bearing mice (%) 11 (79%) 11 (73%) 14 (88%)
HCA-bearing mice (%) 10 (71%) 11 (73%) 11 (69%)
HCC-bearing mice (%) 6 (43%) 6 (40%) 9 (56%)
tumors per mouse (average = S.D.) 1.6x1.3 23x2.0 20+1.3
HCAs per mouse (average + S.D.) 1.1£0.9 1.7+1.6 1.1+0.9
HCCs per mouse (average *S.D.) 0.5%0.7 0.6+0.9 0.9=1.0°
diameter of tumors (mm, average = S.D.) 69x7.1 5.7+5.2* 9.7+8.1*¢
HCAs (mm, average =£S.D.) 3.0x24 3.1x1.7 3.2%20
HCCs (mm, average +S.D.) 153+6.4 13.3t4.6 17.1£5.8

a, b, ¢ Significantly different (p<0.05). HCA, hepatocellular adenoma ; HCC, hepatocellular carci-

noma. .



