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and 166+49 (control group); 0.29+0.31 (p<0.05), 1.2+25 (p<0.05) and
96+43 (p<0.05) (VA group); 0.15+0.11 (p<0.05), 1.0+0.8 and 106+42
(p<0.05) (BC group); 0.39+£0.42, 2.1+2.0 (p<0.05) and 107+45 (p<0.05)
(ATRA group); 0.34+0.36, 1.7+2.8 (p<0.05) and 61+42 (p<0.05) (9CRA).
In addition, the hepatic PCNA labeling indexes (%) analyzed by imunohis-
tochemistry (normal adjacent tissue and PNL, respectively) were: 5.3+2.2
and 6.7+2.5 (control group); 1.7+0.7 (P<0.05) and 2.4+1.0 (p<0.05)
(VA group); 2.340.8 (p<0.05) and 3.0+0.8 (p<0.05) (BC group); 3.3+0.6
(p<0.05) and 4.1+0.9 (p<0.05) (ATRA group); 2.2+0.5 (p<0.05) and
2.24+0.9 (p<0.05) (9CRA group). No significant differences were observed
among the experimental groups in the hepatic apoptotic indexes (normal
adjacent tissue and PNL, respectively) as determined by morphological cri-
teria. Therefore, these data indicate that the retinoids and the carotenoid
present pronounced chemopreventive activities during hepatocarcinogen-
esis and suggest that these protective actions could be attributed to an
inhibition of cell proliferation but not to an induction of apoptosis. Financial
assistance: FAPESP/CNPq/CAPES.
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Emodin inhibits MMPs scretion and invasion in glioblastoma
cells

S.Lee', M. Kim', M. Park2, H. Yoo'. ! National Cancer Cencer, Korea,
Neuro-Oncology clinic; 2Korea Cancer Center Hospital, Laboratory of Cell
biology, Seoul, Korea

Emodin (3 methyl-1, 6, 8 trihydroxyanthraquinone), is an inhibitor of the pro-
tein tyrosine kinase, has been shown to display a number of biological activi-
ties such as antiviral, antimicroviral, immunosuppressive, anti-inflammatory,
and anticancer effects. Emodin was shown to suppress HER-2/neu tyrosine
kinase activity in HER-2/neu overexpressing human breast and lung cancer
cells and can increase the repair of UV- and cisplatin induced DNA damage
in human cells. In this report, we investigated the effects and mechanisms
of emodin inhibited cell invasion in human tumor cells. Cancer cell invasion
requires coordinated processes, such as changes in cell-matrix adhesion,
degradation of the extracellular matrix, and cell migration. We found that
emodin significantly inhibited invasion of glioma cells through the modified
invasion assay. Adhesion of cells to the collagen matrix was also inhibited.
Moreover emodin reduced expression of MMP-2 and induced MMP-9 in
various tumor cell lines(breast, cervical, prostate, glioma). Both AKT/PKB
and MAP Kinase are involved in the modulation of MMP production. Our
results demonstrated that emodin inhibits cell invasion by reduction of MMP
expression through bolcking FAK, MAP kinase and AKT/PKB pathway and
suppression of transcription factor, NF-kB and AP-1. These results sug-
gest that emodin can contribute to the reduction of invasion in tumors. In
summary, our results indicate that emodin, a tyrosine kinase inhibitor, can
effectively inhibit PMA or hyaluronic acid induced MMPs activation and in
vitro invasion of glioblastoma cells as well as other cancer cells. These re-
sults may have important chemotherapeutic implications for emodin as a
anti-invasive and anti-metastatic agent
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Beta-adrenergic, AA-dependent pathways as targets for
chemoprevention of pulmonary and pancreatic
adenocarcinoma

H. Schuller, University of Tennesse College of Veterinary Medic,
Pathology, Knoxville, USA

Pulmonary adenocarcinoma and pancreatic adenocarcinoma are among
the leading causes of cancer deaths. Both cancers are highly resistant to
existing preventive and therapeutic approaches. Our data in human cancer
cell lines derived from adenocarcinomas of the lungs or pancreas with or
without activating point mutations in K-ras indicated that both cancers are
regulated by beta-adrenergic receptors that control the release of arachi-
donic acid (AA). Beta-blockers, inhibitors of cyclooxygenase-2 (COX-2) or 5-
lipoxygenase (5-LOX) inhibited the growth of both cancer types irrespective
of the presence of ras mutations. Preliminary data indicate cross-activation
of the EGF pathway by beta- adrenegic stimulation. Bioassays in ham-
ster models of NNK-induced pulmonary or pancreatic adenocarcinomas
revealed strong chemopre- ventive effects of the beta-blocker propranolol,
the COX-inhibitor aspirin, or the 5-LOX inhibitor MK886. Our data suggest
blockade of beta- adrenergic receptors and the AA-cascade as promising
targets for the chemomoprevention of pulmonary and pancreatic adenocar-
cinoma.
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The chemopreventive activities of farnesol and geraniol in
rats submitted to the resistant hepatocyte model of
hepatocarcinogenesis involve inhibition of cell proliferation

T.P.Ong', R.M. Espindola’, R. Heidor', M.L.Z. Dagli?, A. Moura',

A. Tenuta-filho', ES. Moreno'. ! Faculty of Pharmaceutical Sciences,
Department of Food and Experimental Nutrition, Sao Paulo, Brazil;
2Faculty of Veterinary Medicine and Zootechny, Department of Pathology,
Sao Paulo, Brazil

Natural occurring isoprenoids found in citric fruits and herbs essential oils
have been considered a potential class of chemopreventive agents. There-
fore, in this study farnesol (FR) and geraniol (GR) chemopreventive activi-
ties were evaluated on preneoplastic lesions (PNL) induced in Wistar rats
by the resistant hepatocyte model of hepatocarcinogenesis (initiation with
diethylnitrosamine followed by selection/promotion of initiated hepatocytes
with 2-acetylaminofluorene and partial hepatectomy). Thus, the animals re-
ceived by gavage during 8 consecutive weeks FR (25 mg/100g body weight
[bw]; FR group), GR (25 mg/100g bw; GR group) or corn oil (CO) (0.25
mL/100g bw; control group). One hour before sacrifice the rats were injected
with 5-bromo-2-deoxyuridine (BrdU). The macroscopic examination of the
livers (incidence and average number of PNL, respectively) showed: 100%
and 42+46 (control group); 13% and 1+3 (p<0.05) (FR group); 42% and
1845 (GR group). Moreover, the morphometric analysis of GST-P posi-
tive PNL (area [mm?], % of the section area occupied by PNL and number
of PNL/cm?, respectively) revealed the following: 0.18+0.33, 10.0+7.4 and
50=+13 (control group); 0.09+0.17 (p<0.05), 2.8+3.6 (p<0.05) and 3422
(FR group); 0.11+0.25 (p<0.05), 5.1+2.9 and 53+36 (GR group). In ad-
dition, the plasmatic (mg/dL) and hepatic (mg/g) total cholesterol levels
evaluated by enzymatic and HPLC methods, respectively, were: 64+7 and
3.14=+0.2 (control group); 55+8 (p<0.05) and 3.07+0.2 (FR group); 69+8
and 3.12+0.2 (GR group). Furthermore, BrdU labeling indexes (%) anal-
ysis by imunohistochemistry in the livers of the animals from the control,
FR and GR groups (normal adjacent tissue and PNL, respectively) showed
the following: 1.2+0.8 and 1.8+0.7 (control group); 0.4+0.7 (P<0.05) and
0.5+0.7 (p<0.05) (FR group); 0.5+0.8 and 0.6+0.8 (p<0.05) (GR group).
Therefore, these data indicate that both isoprenoids (farnesol and geraniol)
present pronounced chemopreventive activities during hepatocarcinogene-
sis and suggest that these protective actions could be attributed, at least
in part, to their inhibitory effects on cell proliferation. Financial assistance:
FAPESP (00/00918-8)/CNPqg/CAPES.
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Pathway pathology: how to identify signaling pathways in
mouse models of human breast cancer

A. Rosner', J. Gregg?, R.D. Cardiff'.  University of California, Davis,
Center for Comparative Medicine; 2University of California, Davis, School
of Medicine, Sacramento, USA

Human mammary cancer is frequently associated with a mutational activa-
tion of the ErbB (HER-2) signal transduction pathway. In contrast, "spon-
taneous" mouse mammary tumors are associated with either Wnt or Fgf
signaling and do not resemble human breast cancer. Using examples of
genetically engineered mice from these signaling pathways from the UCD
Mutant Mouse Pathology Laboratory, we have studied the histological char-
acteristics of mammary tumors arising in these mice. We found that the
studied pathways induce tumors with unique, identifiable histomorpholo-
gies. These observations are the foundation for Pathway Pathology. Phe-
notypical effects of ErbB/Ras pathway activation were studied in tumors
transgenic for ErbB2, mutant forms of ErbB2, PyV-mT (a viral protein substi-
tute for ErbB2), Ras, and bigenics with both ErbB2 and another transgene.
Mammary tumors caused by overexpression of these transgenes tend to
resemble human Ductal Carcinoma in Situ, are solid, not metaplastic, lose
myoepithelial differentiation, have scanty stroma, but frequently have an in-
vasive growth. Examples studied for Wnt pathway activation include: Wnt-
1, Wnt-10b, Adenomatous Polyposis Coli gene, Gsk-3p, Casein kinase |,
and p-Catenin. The Wnt pathway mammary tumors resemble the classical,
virus-induced, Type A, B and P tumors, and are more heterogeneous than
the ErbB/Ras tumors. However, Wnt tumors share common histomorpho-
logic characteristics, which allow the distinction from the ErbB/Ras tumors:
organization around central ducts, presence of acinar, glandular, papillary,
squamous or pilar components, retained myoepithelial differentiation, dense
stroma, and expansile growth. Some genotypes predispose for spindle cell
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tumors. Overexpression of members of the Fibroblast growth Factor family
(Int2/Fgf3 and Kgf/Fgf7) caused Wnt-pathway like mammary tumors. This
result suggests cooperativity between the Wnt and Fgf pathways, which is
also supported by virus insertion analyses in these genetically engineered
mice. We conclude that genotypes of transgenic mammary tumors are cor-
related to their histological phenotypes, and that analysis of a tumor’s his-
tomorphology can reveal the signaling pathway that induced the tumor. Our
observations suggest that the principle of pathway pathology can be applied
to tumors of other organs and to the human disease. This work was sup-
ported by the DAAD (A.R., individual grant), the State of California, BCRP
JB-0014, and RO1CA89140 from NCI.
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A phase | clinical trial of an oral formulation of the histone
deacetylase inhibitor suberoylanilide hydroxamic acid
(SAHA)

W. Kelly', O. O’Connor', V.M. Richon?, W. Tong®, T.D. Rao*, J. Chiao?,
J.P. O'Brien?, R.A. Rifkind2#, PA. Marks24, H.I. Scher'. 'Memorial Sloan
Kettering Cancer Center, Medicine, New York, USA; 2 Aton Pharma, Inc,
Tarrytown, USA; *Memorial Sloan Kettering Cancer Center, Pharmacology,
New York, USA; * Memorial Sloan Kettering Cancer Center, Cell Biology,
New York, USA

SAHA is a potent inhibitor of histone deacetylase activity. A phase | study
of SAHA administered by daily intravenous infusion has shown that SAHA
can be given at doses that cause an accumulation of acetylated histones in
peripheral blood mononuclear (PBM) cells and in tumors, without intolera-
ble adverse effects. A clinical trial of oral SAHA was initiated to define the
maximal tolerated dose and the pharmacokinetic profile and oral bioavail-
ability of oral SAHA in patients with refractory solid tumors (group A), lym-
phomas (group B) and leukemias (group C). All patients were required to
have adequate hepatic, renal and hematologic function with the exception
of lymphoma and leukemia patients for whom a platelet count >25,000 and
a neutrophil count >500 were required. All patients provided informed con-
sent. The dose of oral SAHA was independently escalated in each group
of patients with planned doses levels of 200 mg daily, 400 mg daily, 400
mg q12, 800 mg q12 and 1200 mg q12. Pharmacokinetic studies were per-
formed on day 1 (identical dose given intravenously), day 8 (oral dose fast-
ing), day 9 (oral dose non-fasting) and day 29 (oral fasting). Western blot
analyses of histones isolated from PBM cells obtained pre- and post-SAHA
dosing were performed. Twenty-five patients (A=17, B=6, C= 2) have been
entered into 3 dose levels. Myelosuppression and fatigue were dose limiting
toxicities at 400 mg q12 for solid tumor and lymphoma patients. Mean SAHA
oral bioavailability among patients receiving the 200 mg and 400 mg doses
was 56% and 48% respectively. A dose proportional increase in AUC and
Cmax was observed when comparing the 200 mg and 400 mg dose levels.
A prolonged duration of acetylated histone accumulation was observed fol-
lowing oral SAHA administration compared to the same dose administered
intravenously. Reduction in measurable disease has been observed in re-
fractory papillary thyroid cancer (1 patient), squamous cell carcinoma of the
larynx (1 patient), renal cell carcinoma (1 patient) and B-cell lymphoma (1
patient). The preliminary results of this Phase | study of oral SAHA demon-
strate that this formulation is readily bioavailable and results in prolongation
of acetylated histone accumulation in PBM cells relative to an identical dose
administered intravenously. This study is currently ongoing with the goal of
identifying the optimum dose and schedule for oral SAHA administration.
Support: CA 096228-01, CaPCURE, Aton Pharma.
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The forced reexpression of the keratin 18 gene in human
breast cancer cells results in redifferentiation and a dramatic
drop in malighancy

H. Buehler, G. Schaller. Dep. of Gynecology, Ruhr-University Bochum,
Marienhospital, Herne, Germany

In vitro experiments as well as clinical studies revealed that the expres-
sion of keratin 18 (K18) in breast cancer tumors is associated with a fa-
vorable prognosis and a less aggressive phenotype of the carcinoma. To
prove the principle we transfected the human K18 gene into the aggres-
sive MDA-231 cell line and isolated a permanently overexpressing clone.
These cells grow in dense monolayers with epithelial morphology whereas
wild type and mock transfected control are of the dedifferentiated, malignant
type with cells appearing spindle shaped, motile, and only loosely attached.
The K18-transfected clone is characterized by a high expression of the ad-
hesion proteins plakoglobin, desmoplakin, desmoglein, and E-cadherin in
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contrast to wild type and control which are virtually devoid. In addition, ker-
atin 8 the dimerisation partner of K18 in keratin filament formation is upreg-
ulated too. Conversely the mesenchymal filament protein vimentin, forming
the intermediate filaments of the cytoskeleton in MDA-231 wild type and
control, is completely down regulated in the K18 clone. The high invasive-
ness of the wild type in the Boyden chamber is dramatically reduced for
the K18-clone. In the nude mouse no metastasis could be observed for the
K18-cells whereas wt and control metastasized into lung, liver, and bone
marrow. In epithelial cells the intermediate filaments of the cytoskeleton are
formed by keratins and K18 is a marker of well differentiated mammary lu-
menal cells. The loss of K18 and its replacement by vimentin is part of a
general loss of differentiation along with the malignant transformation. The
forced reexpression of K18 in transfected cells obviously induces rediffer-
entiation with a reorganisation of impaired adhesion structures. Moreover,
a reorganisation of these structures in adjacent non-transfected wild type
cells could be observed after cocultivation for 2 weeks. Taken together, the
impressive results of the nude mouse experiments and the bystander ef-
fect on non-transfected cells seem to be good prerequisites for a successful
gene therapy with a K18 delivery system.
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Transfection of follicular thyroid cancer cells with
thyrotropin receptor cDNA alleviates malighant phenotype in
vitro and in vivo

S. Hoffmann, I. Hassan, A. Wunderlich, A. Zielke. University of Marburg,
Department of Surgery, Germany

Background: Thyroid stimulating hormone (TSH) is commonly seen as a
thyroid specific growth factor inducing differentiation and growth of thyroid
cells in vitro. Loss of TSH receptor expression in thyroid cancer cells is re-
garded as a sign of de-differentiation and made responsible for a malignant
phenotype by escaping the control of differentiating growth factors. Aim: We
studied the effect of TSH in the follicular thyroid cancer cell line HTC, a sub-
clone of FTC133 cells, lacking endogenous expression of the TSH receptor
(HTC), and HTC cells transfected with TSH receptor cDNA (HTC TSHr +)
in vitro and in vivo.

Methods: By comparative evaluation of naive as well as HTC TSHr + cells,
the effect of a functional TSH receptor was determined by its ability to alter
proliferation, cell substratum adhesion, migration and invasion in vitro, as
well as growth of xenotransplanted HTC cells in vivo (NCR nude mice, n=9
mice, respectively).

Results: HTC cells transfected with functional TSH receptor cDNA grew
faster in vitro (doubling time of 1.15 days vs. 1.56 days, p<0.05) and TSH
caused a dose dependend increase in cell number. After 5 generation times
HTCtshr+ cell number had increased between 80 - 150% over HTC cells
devoid of the TSH receptor (p<0.05). Adhesion to purified proteins of the
extracellular matrix as well as migration and invasion through recostituted
basement membrane were decreased in HTC TSHr+ cells, but when stim-
ulated by TSH increased to levels comparable to, and with regard to inva-
sion exceeding that of naive HTC cells. /n vivo tumor latency was 11 days
for HTC TSHr- xenografts and 21 days for HTC TSHr + cells. Significantly
smaller final tumor volumes were registered for HTC TSHr+ cells (869-+427
vs. 250217 mm3, p<0.05).

Conclusion: This is a first demonstration of regained expression of a func-
tional TSH-receptor in a thyroid cancer cell line to cause a decrease of
in vitro adhesion and invasivenes of tumor cells as well as impaired in
vivo growth, suggesting a less aggressive phenotype. However, functioning
TSH-receptor enables to stimulate growth, adhesion and invasion in thyroid
cancer cells in vitro, suggesting a key role of the TSH-receptor to affect
features of the malignant pheontype in vitro.
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Involvement of glutathione S-transferase pi inhibitor TLK199
in myeloproliferation and myelodifferentiation

L. Gate, A. Lunk, R.S. Majumdar, K.D. Tew. Fox Chase Cancer Center,
Department of Pharmacology, Philadelphia, USA

Glutathione S-transferase pi has recently been shown to be a regulator
of mitogen activated protein kinases (MAPK) and an inhibitor of c-Jun N-
terminal kinase. We observed that a promyelocytic HL60 cell line resistant
to TLK199, a peptidomimetic inhibitor specific for GST pi presented among
other cellular alterations, a higher p42/44 MAPK activity. This cell line was
resistant to PMA-induced cell growth arrest during monocyte/macrophage
cytodifferentiation. This phenotype was associated with a transient activa-
tion of p42/44 MAPK (as compared to a sustained activation in wild type



