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## 427 5231330 : MAJOR MEDICINE (ONCOLOGY))

KEY WORD : ANTIANGIOGENESIS / HEPATOCELLULAR CARCINOMA/NUDE MICE
PRASAN KACHONRATTANADET : THE USE OF ANTIANGIOGENESIS AGENT IN A HUMAN-
HEPATOCELLULAR-CARCINOMA IMPLANTED NUDE MICE MODEL.. THESIS ADVISOR : ASSO.
PROF. NARIN VORAVUD, M.D., THESIS COADVISOR : ASSO. PROF. SUTHILUK PATUMRAJ, PH.D.
70 pp. ISBN 974-13-1035-8.

Objective To determine the objective response of antiangiogenesis agent for treatment of

Hepatocellular carcinoma cell line implanted in nude mice

Method The human hepatocellular carcinoma cell lines, HEP G2 and S 109, were cultured in media. The
7 week-old nude mice were operated under anesthesia and dorsal skin chambers were placed on the backs of
all nude mice subcutaneously. The HEP G2 and S 109 cell lines were implanted in all chambers with the amount
of 80,000 cells in each chamber. All nude mice were maintained in pathogen-limited condition in the appropriate
environment. Then the nude mice were separated into two groups, experimental and controlled groups, with
three mice in each. The antiangiogenesis agent, marimastat, were diluted with water to the concentration of 1
mg/ml. The experimental nude mice were fed by oral gavage with the dosage of 10 mg/kg/day of this agent
twice a day. The controlled nude mice were also fed with water in the same volume. After 7 days each mice were
examined under anesthesia by intravital fluorescent microscopy with video recording. Microvessel densities and
colony count per unit area were calculated by image program. The results from both groups were compared for

hypothesis testing using unpaired t-test method.

Results The MMP inhibitor, marimastat, exerted a statistical significant therapeutic effect, reducing the
percentage of microvascular area per one unit area and the percentage of area of cancer cells colony per one

unit area. No sign of any side effect was found in the experimental group.

Conclusion The nude mice with implanted hepatocellular carcinoma cell lines were effectively treated

with antiangiogenesis agent.
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Vascular endothelial growth factors
VEGF A, VEGF B, VEGF C

Fibroblast growth factors (FGF)
FGF-1 (acidic FGF)

FGF-2(basic FGF)

FGF-3 (int-2)

FGF-4 (K-FGF)

Tumor necrosis factor-a
Transforming growth factor-3
Thymidine phosphorylase (platelet-derived endothelial cell growth-factor)
Platelet-derived growth factor
Scatter factor (hepatocyte growth factor)
Interleukin 8

Other proteins and peptides
Transforming growth factor-ou
Granulocyte colony-stimulating factor
Angiogenin

Platelet-activating factor

Proliferin

Substance P

Non-peptides

Lactate

Hyaluron fragment

Erucamide

Prostaglandin E, and E,
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Antiangiogenic factors
Angiostatin

Endostatin

Interferons o, and y

Interferon y inducible protein 10
Interleukin 1

Interleukin 12

Platelet factor 4

Proliferin related protein

16 K prolactin fragment
Thrombospondin 1
2-methoxyoestradiol

Tissue inhibitor of metalloproteinase
Retinoic acid

Tumour necrosis factor-o. (high concentration)

Antiangiogenic drugs
Metalloproteinase inhibitors
Fumagillin analogues (AGM1470)
Group B streptococcus toxin
Interferons

Pentosan polysulphate

VEGF blocking-antibodies

VEGF receptor kinase inhibitors
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2. catalytic domain GR

a o

Launuanaunulane (metal-binding sites) L0 W@ 1
lsznau
MMP Molecular weight
number Common Name (kDa)® full/pro/active Substrates
1 Interstitial 54.0/51.8/42.6 Types I, 11, I1I, VIl and X
Collagenase collagen
2 Gelatinase A 73.9/71.0/62.1 Gelatin, types |, IV, V,
and X collagen, laminin V
Types III, IV, IX, And X
3 Stromelysin 1 54.0/52.2/42.8 Collagen, gelatin,
proMMP-1, Laminin,
proteoglycans
Gelatin, fibronection,
7 Matrilysin 29.7/27.9/19.1 proMMP-1
Types I, I, lll, IV and X
8 Neutrophil 53.4/51.1/42.2 Collagen
Collagenase Gelatin, types I, IV V and
9 Gelatinase B 78.4/76.3/66.6° X collagen
94/92/82 Types I, IV, IX, and X
10 Stromelysin 2 54.2/52.3/43.0 Collagen, gelatin,
proMMP-1, Laminin,
proteoglycans
Alpha-1-antiprotease
11 Stromelysin 3 54.6/51.1/44.3 Elastin
12 Metalloelastase 54.0/52.3/42.8 Types I, 11, I1I, VIl and X
13 Collagenase 3 53.8/51.7/42.2 Collagen

ProMMP-2, gelatin,
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14 MT1-MMP 65.9/63.8/53.9 collagens
ProMMP-2

15 MT2-MMP 75.8/71.2/61.2 ProMMP-2

16 MT3-MMP 69.5/65.8/55.7 ?

17 MT4-MMP ?/61.7/53.7 ?

18/19 RASI-1 57.4/54.7/46.5 Amelogenin

20 Enamelysin 54.4/52.1/42.6

* Molecular weights are given for full-length, proenzyme, and active forms based on
amino acid sequence
¢ MMP-9 is significantly glycosylated. The first set of molecular weights is for the

unglycosylated forms, the latter set for the glycosylated forms

;13199 3 1audeallinga MVPs

Active
Sigmal  Fro Catnlytic Galatin binding file Hinge  Hemopexin-like
A DI R T - e e )

MMP-2, MMP-9

MMP-1, MMP-3, MMP-8, MMP-10, MMP-11,
MMP-12, MMP-13, MMP-18/1%, MMP-20

b N R LI
MMP.7
Tramsaemhrane
ST TN DTN 1, || B R e e S TR - —rm

MMP-14, MMP-15, MMP-16, MMP-17

7N 2TAsvad1vreidudadlungu MMPs (Hnu1a1n 1389 Matrix
metalloproteinases and metastasis 1w Cancer Chemotherapy and Pharmacology

1999 vol. 43 (suppl) Wi S44)
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specific inhibitors of matrix metalloproeinases(TIMPs)m'103
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Time point Sex n Crax T ax AUC,,, ., T.n
(pa/l) (min) (ng.hr/l) (hrs)
Day 1 Male 5 2,068 15 4,044 505
Female 5 1,754 15 3,835 4.5
Day 2 Male 5 690 15 2,525 -
Female 5 946 15 2,879 -
9T 4 ANIUNFTAAUANAATURILNNTHNAUAN TUUNY rat
Time point Sex n Crox AUC,,, .,
(ng/l) (ng.hr/)
10 mg/kg | 100 mg/kg 10 mg/kg 100 mg/kg
Day 1 Male 3 2,2187 7,371 6,350 27,194
Female 3 1,682 12,656 4,983 36,822
Day 2 Male 3 1,882 8,803 6,046 24,684
Female 3 1,816 9,093 5,010 25,904

lF]’]?’Nﬁ 5 AMNNNATAAUAIAATIANEINITHIAULAN L marmoset
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NFAULRIANNARMLUNT5998 (Conceptual Framework)
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717 10 Mynaaes nude mice uaanssnFald dorsal skin chamber
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Ethics of Animal Experimentation

These principles are presented to provide guidance and assistance to all those
utilizing vertebrates in the conduct of research, teaching or testing.

In the establishment of ethical principles concerning animal experimentation, an
effort has been made to incorporate the majority of the suggestions made by members
of the Canadian Council on Animal Care, the Canadian Federation of Humane Societies,
and other individuals concerned with the humane treatment of animals.

The polarized views of those at the extreme ends of the spectrum of the question
of animal usage have, of necessity, been precluded i.e. those wishing to conduct
experiments with little or no constraints regarding infliction of pain; those opposed, on
humanitarian principles, to any suffering whatsoever.

Those using conscious animals should apply to their studies such tenets as
Russell and Burch's "3R" principle of reduction, replacement and refinement’, Dr. Carol
Newton's "3S" principle of good science, good sense and good sensibilityb, and Dr. H.C.
Rowsell's "3R" tenet: the right animal for the right reasons’.

1. In studies involving animals there must be reasonable expectation that such
studies will contribute significantly to knowledge which may eventually lead to
the improvement of the health and welfare of either Man or animals.

2. Investigators have a moral obligation to abide by the humanitarian dictate that
experimental animals are not to be subjected to unnecessary pain or distress.

3. If pain or distress are'necessary concomitants-of the experimental study, then
these should be minimized both in intensity and duration.

4. An animal that is observed to be'in a state of severe pain which cannot be
alleviated should  be immediately. destroyed, using a humane, acceptable
method for euthanasia which must include, as an initial action, rapid production
of unconsciousness.

5. Studies such as toxicological and biological testing, cancer research and
infectious disease investigation may require continuation until the death of the
animal. This requirement, in the face of distinct and irreversible signs that

toxicity, infectious processes or tumor growth have been reached and are
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causing severe pain and distress would clearly violate the principles outlined
above. In such cases, alternative end points should be sought which would not
only satisfy the objectives of the study but also give humane consideration to the
animal.
In test procedures the investigator should be especially cautious with tests
which may cause pain and distress. Acceptance should not be based on
cheapness and ease of application.
Experiments involving the withholding of food and water should be short-term
and have no detrimental effect on the health of the animal.
Prolonged physical restraint procedure which result in distress or ill effects
should only be used after alternative procedures have been considered and
found inadequate.
The use of painful experiments solely for the instruction of students or for the
demonstration of established ' scientific knowledge in e.g. exhibitions,
conferences or seminars, cannot be justified.
It is accepted that where the animal is anesthetized and insensitive to pain
during an entire experimental study and euthanized before regaining
consciousness, there is no conflict of opinion conceming the acceptability of
experimental procedures as long as the studies abide by the principles
enunciated in this document. This applies also to the conduct of an experiment
which involves no pain or distress to the animal. However, in the use of
conscious animals an .informed assessment-of the degree of pain and its
duration is required, in order to relate these acceptable, or unacceptable, limits.
investigators must be especially prudent in their-use of the following procedures:
a) experiments involving withholding pre and post-operative pain-relieving
medication;
b) paralysing and immobilizing experiments .where there is no reduction in
the sensation of pain;
c) electric shock as negative reinforcement;
d) extreme environmental conditions such as low or high temperatures, high

humidity, modified atmospheres, etc.
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It must be understood that the degree of pain involved should never exceed that
determined by the humanitarian importance of the problem to be solved by the
experimental study. The following procedures must be restricted and used only when,
on the basis of expert opinion it is anticipated that their utilization will undoubtedly
contribute knowledge or benefit to Man or animals:

a) prey killing and fighting experiments;

b) experimental burn studies and fracture studies.

These studies require anesthesia during procedures, followed by analgesia.

11. Certain experimental procedures are known to inflict excessive pain and are
thus unacceptable. These include:

a) utilization of muscle relaxants or paralytics (curare and curare-like) alone,
without anesthetics, during surgical procedures;

b) traumatizing procedures involving crushing, striking or beating in
unanesthetized animals or in animals allowed to recover from the anesthesia.

The above principles should be applied in conjunction with this Guide.

The CCAC, by endorsing and circulating these principles has assumed a
responsibility to determine that they are being adhered to nationally and to assure its
member agencies through the reports of its assessment panels that this is so. Each local
animal care committee and the administrative officer(s) to whom it reports have a similar
responsibility within the institution. It is urged that this responsibility be included in the
animal care committee terms of reference.

The CCAC through its ‘officers.is available to act.as arbiters to assist institutional
committees and investigators with problems involving ethics of experimentation that
prove difficult to resolve at the local-level. However, it must be “reiterated and
emphasized that responsibility for passing judgment on the scientific merit and validity
of experimental protocols rests exclusively with the granting agencies and institutional

research committees.

Russell, W.M.S. and Burch, R.L. 1959. The Principles of Humane Experimental Technique. Charles Thomas, Springfield, IIl.

Proceedings of the symposium on The Future of Animals, Cells, Models and Systems in Research, Development, Education and

Testing, NAS-ILAR, Washington, D.C. 1975

C. Proceedings of the 1978 Convention of the Canadian Association for Laboratory Animal Science (to be published).
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