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Based on experiments i n vitro, we examined the

therapeutic effect o f rhTNF both alone and in combina-

tion with Kengshengmycin ( K S M ) on human ovarian

cancer transplanted in nude mice. The results showed a

considerable antitumor effect of rhTNF when i t was used

alone and a marked synergistic effect when it was used in

combination with KSM on the xenograft tumors.
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Ovarian cancer is always discovered too la te in
its course because of its propensi ty for occult and
spread throughout peritoneal cavity wi th ease. In
these advanced cases o f ovarian cancer, even after
extensive surgical debulking, tumor residuals remain
in the abdomen to be treated wi th fol lowing chemo-
therapy.~ Unfortunately, the current chemotherapeu-
t i c regimens get only a l imi ted therapeutic effect by
reason of the tox ic side effects on pat ients that
chemotherapeutic agents inherently have. Therefore,
there i s a need for novel and more effective therapeu-
t i c approaches. Recent ly , efforts have been focused
on immunotherapy. Tumor necrosis factor (TNF) is
a promis ing immtmotherapeut ic agent . The develop-
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ment of recombinant DNA technology has made i t
poss ib le to produce a sufficient amount of recom-
binant human TNF (rhTNF) for experimental and
clinical investigations. It has been reported2'3 that
rhTNF shows various degrees of ant i tumor effects on
some human cancers. Our previous s tudy4 on h u m a n
ovarian cancer cells in vitro also showed that there
was a apparent cytotoxic i ty when r h T N F was used
alone and a synergis t ic effect when it was used in
combinat ion wi th the chemotherapeutic agent Keng-
shengmycin (KSM). In the present s tudy , we exa-
mined the therapeutic effects of rhTNF both alone and
in combinat ion wi th KSM on h u m a n ovarian cancer
transplanted in nude mice.

M A T E R I A L S A N D M E T H O D S

R e a g e n t s

rhTNF with a specif ic act ivi ty of 6x106 U/mg
was provided by the Bei j ing Ins t i tu te of Bas ic Medical
Sciences. It was di lu ted in phosphate-buffered sal ine
jus t before used. KSM was purchased from Xinya
Farmaceutical Factory (Shanghai , China) and i t was
dissolved and di lu ted wi th saline.

T u m o r C e l l Line
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Human ovarian cancer celt line OVCAR; was
provided by the Gynecology Research Laboratory of
the Peking Union Medical College Hospi ta l . The
cells were incubated in RPMI-1640 medium (GIBCO,
USA) supplemented with 10% newborn calf serum at
37 °C in a humidif ied atmosphere composed of 95%
ai r and 5% CO2.

Animals

Balb /c (nu/nu) female nude mice aged 6-8
w e e k s were obtained from the Cancer Institute of the
Chinese Academy of Medical Sciences. They were
bred and maintained in circumstances tree of specif ic
pathogen.

Xenografts and Treatments

All nude mice received 6°Co whole body
irradiation of 2 Gy tbr three times wi th in 10 day's
before transplantation. A human ovarian tumor
or iginal ly transplanted into a nude mouse by sub-
cutaneous inject ion of 7.6x106 OVCAR3 cancer cells
suspended m 0.2 mt of Hanks ' balanced salt so lu t ion
was used to establ ish 24 nude mouse models of
xenograft tumors . Smal l cubes (3 mm3) of fragment
of the tumor were transplanted subcutaneously into the
dorsam of the nude mice by surgery. Seven days
after t ransplantat ion, when the tumor grow~ch was still
invis ible , the mice were randomly divided into four
groups of 6 mice eacb and dai ly treated as follows:
Group A (the control group): i,p. inject ion of 1 ml of
normal saline; Group B: i.p. inject ion of 3x10~ U
rhTNF and i.v. inject ion of 0.2 lag KSM; Group C: i.p.
inject ion o f 3 x l 0 4 U rhTNF; Group D: i.v inject ion of
0.2 pg KSM. The treatments were performed tbr 4
days per week and continued for 8 weeks. The tumor
sizes were measured weekly by two dimens ion , and
the tumor volumes were calculated wi th the formulaS:
V=LxW2/2, w h e r e L is the length of the tumor and W
is the wid th .

Morphologic Observation

Four days after the final therapy, all the nude
mice were sacrificed by cervical dis locat ion and
aut9psies were performed. For histological examina-
t ion , tumor t issue specimems from xenografts in tbur
groups were fixed in 10% buffered tfbrmalin, embeded
in paraffin, and processed by standard methods

Sect ions were stained with hematoxylin-eosin and
observed under l igh t microscope.

Data Analysis

Statistical determinat ion was made with Wilco-
xon rank sum analys is .

R E S U L T S

Therapeutic Effects of rhTNF Alone and in
Combination with KSM on Xenografts in Nude
Mice

After 5 weeks of treatment , the mean tumor
vo lume m the nude mice treated wi th rhTNF was
found to be considerably smaller (P<0.01) than that in
the control group, as shown in the Figure l . A
marked synergis t ic therapeutic effect was found in the
group treated wi th rhTNF in combinat ion wi th KSM,
whereas treatment wi th KSM alone showed no
therapeutic effect m this experiment .
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Fig. 1. Growth curves of human ovarian cancer
OVCAR3 transplanted in nude mice in relationship to
different treatment.

Morphologic Changes in Relationship to Treat-
ments

In all of the four groups mice, the xenograft
tumors were located m the dorsam subcut is of the
mice w h e r e originally transplanted and wrapped in the
false membranes, wi thout evidence of dis tant metas-
tas i s . No abdominal dis tens ion was found in all the
mice tes ted. Light microscopy showed that the
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his to log ic pattern o f the xenografi tumors from the
control group mice was similar to that seen in the
fresh specimen of poorly differentiate adenocarcinoma
of human ovary. In contrast , the tumor in the mice
treated wi th rhTNF and rhTNF/KSM necrotized, wi th
evidence of hemorrhage, infiltration ofneutrophils and
f ibros ing. These histologic changes were especially
serious in the group treated wi th rhTNF in com-
binat ion wi th KSM, whi le that o f the group treated
wi th KSM alone were very slight.

DISCUSSION

T u m o r necrosis factor, f i rs t ident if ied in 1975 by
Carswell and associates in tumor-necrotizing mouse
serum, has attracted much at tent ion because of its
specif ic ant i tumor act ivi ty whi le sparing normal t i ssue
cel ls . Since 1985 when large amounts of h ighly
purif ied rhTNF became avai lable owing to the recom-
binant DNA techniqe,6 many types of h u m a n cancers,
including lymphoma, sarcoma, and renal and colorec-
tal cancers have been reported to be sensi t ive to
rhTNF. The data presented here and previous4 show
that the ant i tumor potential o f rhTNF on human
ovarian cancer is promis ing both in v i tro and in vivo.

In an at tempt to improve the efficacy of treatment and
to avoid the serious side effects o f high doses rhTNF
in clinical t r ia l s , the use of low doses rhTNF in
combinat ion wi th various chemotherapeutic or immu-
notherapeutic agents has been considered We have
recently showed4'7 that the combinat ion o f r h T N F with
KSM, cispla t in and recombinant human interferon has
some synergis t ic ant i tumor activit ies on human
ovarian cancer cells in vitro. The present s tudy fur-
ther demonstra te that the combinat ion of rhTNF with
KSM has a synergis t ic therapeutic effect on h u m a n
ovarian cancer transplanted in nude mice. KSM is a
common chemotherapeutic agent widely used for the
treatment of ovarian cancer in China. Its structure
and function are s imilar to those of act inomycin D
(Act. D) which is commonly used abroad as an
ant i tumor chemotherapeutic agent . Alexander and
associatess have studied thoroughly the synergis t ic
cytotoxicity of rhTNF with Act. D on L929 cell line and
concluded that the synergis t ic enhancement of Act . D
by TNF was related to topoisomerase-mediated DNA
damage, but not to other forms o f DNA damage~

Since 1969 when Rygaard firs t reported the
successful t ransplantat ion of h u m a n cancer to nude

mouse, the xenograft model system has been widely
used to assess the ant i tumor activit ies of various drugs ,
because it is relat ively easy for h u m a n malignancies to
grow in nude mice, whi le mainta ining the i r original
morphologic characterist ics. The val id i ty o f the
transplants of human cancers in nude mouse as a
predictive system for tes t ing new ant i tumor agents and
determining optimal treatment schedules has been
reported.9 Based on experiments in vitro,4 we
examined the in vivo ant i tumor activities o f rhTNF,
both alone and in combinat ion wi th KSM, on h u m a n
ovarian cancer OVCAR3 transplanted to nude mice.
The resul ts showed a considerable ant i tumor effect
wi th rhTNF alone and a marked synergistic effect wi th
rhTNF combined with KSM on the xenograft tumors .
The ant i tumor mechanisms o f TNF in vivo are
complicated.L'2 Besides its direct effects on tumor
cel ls , TNF also acts on tumor through the immune
response system of the hos t . Recent ly , M a n d a1°
reported that the ant i tumor effects of TNF are more
due to the damage of newly formed fine capillaries in
the tumor. This special mechanism of action of TNF
may be one explanation of the phenomenon in the
present s tudy that the tumor growth in the r h T N F
group was markedly inhibi ted in the early stage of
treatment and the inhibition decreased after 7 weeks o f
treatment , as shown in the Figure. The therapeutic
effects are also associated wi th the route, t iming and
sequence of the adminis t ra t ion of drugs when TNF is
used in combinat ion wi th the chemotherapeutic
agents .10

Acknowledgement

The authors wish to thank Mr. Chen Xing and Mrs. Xu
Xiouying for the i r technical assistance, and Professor Li Hui
for the statistical assistance she renderedto us.

REFERENCES

1. Makar AP, Baekelandt M, Trope CG, et al. The
prognostic significance of residual disease, FIGO
substage, tumor histology, and grade in patients with
FIGO stage llI ovarian cancer. Gynecol Oncol 1995;
56:175.

2. Sleijfer S, Mulder NH Tumor necrosis factor: the
decline and fall of a biological agent and its resurrec-

25



tion. Clin Oncol 1994; 6:127.

3. Yamada K, Oh-ishi J, Hayashi H The role of tumor

necrosis factor as anticancer therapy. In: Kimura K,

et al., ed. Cancer chemotherapy: challenge for the

future. Volume 3. Amsterdam: Excerpta Media

1988; 276-288.

1993; 28:153.

5. Rubin SC, Hoskins WJ, Markman M, et al. Syner-

gistic activity of tumor necrosis (actor and interferon in

a nude mouse model of human ovarian cancer.

GynecoIOncol 1989; 34:353.

6. Shirai T, Yamaguchi H, Ito H, et al. Cloning and

expression in Escherichta coli of the gene for human

tumor necrosis factor. Nature 1985; 313:803.

7. ~ , ~ , {~7~-~, ~ ' ~ , ~. ~_AJ],I"']N~-~]~/-

~:~~ 1994; 15:183.

8. Alexander RB, Nelson WG, Coffey DS. Synergistic

enhancement by tumor necrosis factor of m vitro

cytotoxicity from chemotherapeutic drugs targetted at

DNAtopoisoserase II. Cancer Res 1987; 47:2403.

9. Giovanella BC, Stehlin JS, Shepard RC, et al.

Correlation between response to chemotherapy of

htanan tumors in patients and in nude mice. Cancer

1983; 52:1146.

10. Manda T, Nishigaki F, Mukumoto S, et al. The

efficacy of combined treatment with recombinant

human tmnor necrosis factor-a and 5-fluorouracil is

dependent on the development of capillaries in tumor.

Eur J Cancer 1990; 26:93.

26


