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Summary. Cis-diamminedichloroplatinum (II) (CDDP)
resistant-human ovarian cancer cell line (TYK-RI0) was
examined for its drug resistance to other anti-cancer
drugs, and growth response to various growth factors,
compared with the parental cell line (TYK-nu). TYKRIO was established by a gradual increase in the concentrations of CDDP compared with the parental line.
TYK-RI0 showed about a ten-fold resistance, with 1 x
10- 5 M CDDP of IC 5o , which represents the concentration of an anti-cancer drug to produce a 50% inhibition
of cell growth. TYK-RI0 revealed a cross resistance
to various anti-cancer drugs including carboplatin
(CBDCA), vincristin (VCR) and adriamycin (ADR).
However, no significant alternations in topoisomerase
II, glutathione-S-transferase levels or glutathione concentrations were detected. In addition, P-glycoprotein
(P-gp) was not expressed on the cell surface of TYKRIO and verapamil had no reverse effect on resistance to
CDDP, CBDCA, VCR and ADR. Surface marker analysis using epidermal growth factor receptor antibody
disclosed a high positivity in TYK-RI0, compared with
TYK-nu, and consequently epidermal growth factor
activated the growth of TYK-RI0. Transforming
growth factor a had no effect on the growth of TYKRIO, whereas it promoted the growth of TYK-nu. In
contrast, transforming growth factor /3 promoted the
growth of TYK-nu, whereas it inhibited the growth
of TYK-RI0. These results indicate that the mechanism
of multidrug resistance of TYK-RI0 is not mediated
through P-gp, and that altered responsibility for some
growth factor in TYK-RI0 is closely associated with the
acquisition of CDDP resistance.

INTRODUCTION
Cis-diamminedichloroplatinum (II) (CDDP), an effective therapeutic agent, is widely used for various
solid malignant tumors, including ovarian cancer.
There is now considerable evidence that DNA is a
principal intracellular target of CDDP action, and
that the formation of CDDP-DNA cross-links can
inhibit DNA replication. 1) There appear to be various
mechanisms of CDDP resistance. Some studies have
shown a decrease in DNA intrastrand cross-links in
proportion to the degree of tumor cell CDDP resistance,2) whereas others have claimed that this is not
always the case. Cross resistance to the CDDPanalogues that are different platinum compounds is
generated by a common mechanism. 3 ) However, the
mechanism involved in the induction of CDDP-resistance is not well understood. There are four possible
mechanisms for the induction of resistance: 1) decreased cellular accumulation of CDDP; 2) increased
in glutathione-S-transferase (GST) activity or glutathione (GSH) levels; 3) increased levels of intracellular metallothioneins (MTs); and 4) enhanced ability
of DNA repair. On the other hand, drug resistant cells
show different responses for cytotoxic cytokines or
cell mediated cytokines. We and some other authors
demonstrated the lack of any effect of tumor necrosis
factor a or interferon y in drug resistant leukemia
cells. 4 ) These findings indicate limitations for the
therapeutic application of growth factors. The design
of effective clinical strategies for overcoming CDDP
resistance would be greatly facilitated by a more
complete understanding of the various mechanisms
that may operate along different cell lines.
In this study, we have compared additional fea-
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tures of parental cell line (TYK-nu) and resistanthuman ovarian cancer cell line (TYK-R10) in drug
resistance and cell proliferation involved with various growth factors to assess the correlation between
the acquisition of drug resistance and response patterns for growth factors.

for three hours. The absorption rates were obtained
using a Biorad Model 210 fluorometer (Biorad, Ltd.
Tokyo, Japan) in 577 nm. Dose-response curves of
TYK-nu and TYK-R10 were determined and the IC 50
was defined as concentrations of 50% cell growth
inhibition by cell growth curves in each drug.

Monoclonal antibodies
MATERIALS AND METHODS
Cells
An ovarian cancer cell line, TYK-nu, was derived
from a patient with ascites of a disseminated state of
undifferentiated ovarian carcinoma. 5 ) We treated it
with a gradual increase in the concentrations of
CDDP, finally maintaining it at 1 X 10- 5 M in a concentration of CDDP, designated TYK-R10. These cell
lines were maintained in a-MEM (Irvine, CA, USA)
containing 10% fetal bovine serum (IBL, Gunma,
Japan), 100,ug/ml streptomycin and 100 IU/ml penicillin G. These cultures were incubated under conditions of absolutely humidified 5% carbon dioxide in
air at 3TC. Cell culture was performed on plastic
dishes (Corning, Co. New York, USA) and exchanged
with a freshly prepared medium every three days.

Drugs
CDDP was purchased from Nihon Kagaku, Ltd., and
diammine (1, 1-cyclobutanedicarboxyla to) platinum
(II) (CBDCA) was from the Bristol-Myers Squibb
Company. Mitoxantrone
was purchased from
Takeda Yakuhin Kogyou, Ltd. l-;3-D arabinofuranosylcytosine (AraC) from Nippon Shinyaku Ltd.,
(Tokyo, Japan). Etoposide (VP-16) was also from the
Bristol-Myers Squibb Company. Adriamycin (ADR)
was purchased from Sigma (St. Louise, USA). Vincristin (VCR) was provided by Shionogi pharmaceutics, Ltd., (Osaka, Japan).

MTT assay
The degrees of drug resistance and cross resistance
for various drugs were assayed using a MTT assay
kit (Funakoshi, Ltd. Tokyo, Japan) as described by
Green et a1.. Cells of TYK-nu and TYK-R10 were
placed in 96 well culture plates (Corning, Co. St.
Louis, USA) at a concentration of 2 X 10 4 cells/100 ,ul
in each well with various concentrations of various
drugs, together with or without verapamil (VER), and
incubated for 72 h under the same conditions as
described above. After incubation, a reagent was
added to the plate, mixed thoroughly and incubated

Analysis of surface antigens was performed using the
following monoclonal antibodies: epithelial membrane
antigen (EMA) (Nichirei, Co. Tokyo, Japan) and carcinoembryonic antigen (CEA) (DAKO, Ltd. Tokyo,
Japan) as epithelial markers; JSB-1 (N ovocastra
Laboratories Ltd., London, UK)6) and MRK16 (Kyowa
Hakko Co., Tokyo, J apan)6) as surface marker for
P-glycoprotein (P-gp); T073 and T077 as monoclonal
antibodies for VCR resistant leukemic cells 9 ); antipan-cadherin (pan-Cad) (Sigma, Co. St. Louis, USA)
and ICAM-1 (CD58) (lBL) as markers for a cell-to-cell
adhesion molecule; Comet (lBL) as a receptor protein
for the hepatocyte growth factor (HGF); and an
epidermal growth factor receptor antibody (EGF-RAb) (Chemicon International, California, USA).

Measurement of GST activity
GST activity was assayed using 1 mM 1 chrolo-2,
4-dinitrobenzene and 1 nM GSH according to the
method by Habig et a1..7)

Measurement of GSH concentrations
Cells were tripsynized and centrifuged. The medium
was poured off and the packed cells were frozen on
dry ice. GSH was measured by the glyoxalase method. The frozen cells were promptly treated with cold
HCI0 4 in ethylenediaminetetraacetic aid (EDTA),
and the supernatants obtained by centrifugation were
neutralized at O°C and assayed for their GSH concentrations. An equal volume of medium, concurrently
subjected to the same procedure as a negative control, was used as a blank. The assay was validated by
using a freshly prepared solution of GSH.

Immunoblotting
Immunoblotting of membranes was carried out as
described by Kakihara et a1.. 8 ) Membranes and
nuclear proteins were transferred to a nitrocellulose
membrane using standard procedures. For immunostaining of the blots, the nitrocellulose membrane
was incubated overnight with the diluted anti-topoisomerase II antibody (Funakoshi, Tokyo, Japan) and
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Fig. 1. Survival of TYK-nu and
TYK-RIO after continuous incubation with each anti-cancer drug,
measured by microculture tetrazolium assay. Survival of TYK-nu
and TYK-RIO significantly differs
for CDDP, CBDCA, VCR and ADR.
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treated by the avidin-biotin complex method using
the Nichirei ABC kit (Nichirei, Tokyo, Japan). 3,
3-diaminobenzidine (Dojin, Ltd. Kyoto, Japan) was
used as the enzyme substrate.

Statistical analysis
Statistical analysis was carried out usmg paired
Students's t- test.

Thymidine incorporation
3H-thymidine was purchased from Amersham (Tokyo,
Japan). 2 X 10 4 cells of each cell line were suspended
in 100,ul medium and incubated for 72 h in 96 hole
well plates (Corning, St. Louis, USA) with or without
various cytokines including transforming growth
factor a (TGF a) (Wakunaga Pharmaceutical Co.
Ltd., Tokyo, Japan), transforming growth factor 13
(TGF 13) (Kurashiki Bohseki, Ltd. Kurashiki, Japan),
epidermal growth factor (EGF) (Mallinckrodt Speciality Chemicals, Paris, France), insulin-like growth
factor I (IGF-I) (Genzyme, Cambridge, USA), and
hepatocyte growth factor (HGF) (Chemicon International, California, USA). 0.5,uCi 3H-thymidine was
added to each hole and the plates were incubated
under similar culture conditions as described above.
After incubation for four hours, cells were harvested
on glass filters and radioactivity was counted by a
liquid scintillation counter (Aloka, Ltd., Tokyo,
Japan).

RESULTS
Drug resistance of TYK-nu and TYK-RIO
The surviving curves shown in Fig. 1 indicate the
resistant levels of TYK-nu and TYK-RIO and the IC 50
values of drugs evaluated (Table 1). TYK-RIO exhibited approximately ll.l-fold resistance to CDDP,
compared to TYK-nu. To determine the cross-resistance patterns in both TYK-nu and TYK-RlO, several
agents were examined. TYK-RIO expressed a cross
resistance to platina drugs (CBDCA). Unexpectedly,
TYK-RIO showed a cross resistance to ADR, a
marked one to VCR, and to VP-16 to a lesser degree.
TYK-RIO had no resistance to MX or AraC. The
resistance factors, defined as IC 50 of TYK-RlO/IC 50
of TYK-nu, were 30 in CBDCA, 2.5 in VP-16, 125 in
ADR and 1430 in VCR.

Topo II activity
Sensitivity measured by microculture tetrazolium assay after continuous drug incubation ofTYK-nu
and TYK-R10 for various chemotherapeutic drugs
Table 1.

IC 50 of TYK-nu IC 50 of TYK-R10

Drug
CDDP
CBDCA
MX

AraC
VP-16
VCR
ADR

9 X102 x 10- 9
8 X10- 6
4 X10- 7
4 x 10- 6
7x10- 11
4x 10- 8
7

1 X106 X10- 8
8 X10- 6
3.8XlO- 7
1 X10- 5
1 X10- 7
5 X10- 6
5

RF
11.1
30
1.0
1.0
2.5
1430
125

RF (Resistance factors), defined as IC 50 of the TYK-R10/
IC 50 of TYK-nu.
GST concentration in TYK-nu
and TYK-R10

The density of the band in the TYK-RI0 extract was
compared with that of TYK-nu. There was no
significant change in band density in either cell line
(data not shown).

GST activity
GST activities (nmol/min/mg protein, mean ± S.E.)
of each cell line were 248 41, 294 27 for TYK-nu
and TYK-RlO, respectively (Table 2). There was no
statistically significant difference in GST activity.

GSH concentrations
BSO inhibited GSH in both TYK-nu and TYK-RIO.
TYK-RI0 showed slightly higher levels of GSH than
TYK-nu (P<0.05) (Table 3).

Table 2.

Cell line
TYK-nu
TYK-R10

GST concentration
(nmol/min/mg protein)
248±41 (n 3)
294±27 (n=3)

No significant difference between the cell
lines is seen (mean ± S.E.).

Analysis of surface markers
The results of surface marker analysis are summarized in Table 4. MRK16 and JSB-l, which could
detect P-gp, failed to react with either TYK-nu or
TYK-RI0. In addition, both cell lines showed no
positive immunostaining for antibodies of VCRresistant leukemic cells (T073 and T077). Positive
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Table 3. Effect of BSO-induced GSH
depletion on the cytotoxicity of the drugs
for TYK-nu and TYK-RIO (,ug/mg/protein)
Cell line

BSO(-)

BSO(+)

TYK-nu
TYK-RIO

lS.0±0.4
lS.0±0.7*

3.2±0.4
4.l±0.S

BSO inhibited GSH in both TYK-nu and
TYK-RlO. TYK·RlO showed a slightly
higher level of GSH than TYK -nu (mean ±
S.D., n=4, *; P<O.OS)

Table 4.

Results of FACScan analysis

Antibodies

TYK-nu

TYK-RIO

EMA
CEA
]SB-l
MRK16
Pan-Cadherin
ICAM-l
Comet
EGF-R-Ab
T073

0.7 0.1
0.9±0.2
0.S±0.3
7.S±l.S
3.0±0.1
9.2±1.3
1.2±0.1
0.6±0.1
6.9±l.S
4.9 0.2

3.7±0.6*
0.S±O.2
0.4 0.2
6.4±0.3
7.0±1.7
21.7±1.9**
1.6±0.2
42.S±S.S**
6.2±0.3
7.9±2.l

TOn

Percentages of positive cells for each antibody are shown
in the Table. (mean S.D.; n = 3) Immunopositivity for
EGF-R-Ab of TYK-RIO is significantly different from
TYK-nu. (*; P < O.OS, * *; P < 0.01)

Table 5. Results of proliferation response
v.lith various growth factors
Cytokines

TYK-nu

TYK-RIO

TGFa

t

base

TGF,B

t

....

EGF
HGF
IGF-I

base
base
base

t
base
base

cells for EMA were slightly increased in TYK-RIO,
compared with TYK-nu. Other epithelial markers
such as carcinoembryonic antigen (CEA) and adhesion molecule as pan-Cad revealed no enhancement.
Positivities of EGF-R and ICAM-l in TYK-RIO was
higher, at 42.8 ± 5.5% and 21.7 ± 1.9%, respectively,
than these of TYK-nu.

Growth response for various growth factors

The effect of several growth factors on tritiated
thymidine incorporation in TYK-nu and TYK-RIO
are shown in Fig. 2. TGF a and TGF 13 stimulated
thymidine incorporation in TYK-nu in a dose dependent manner. TYK-nu increased 2.8-fold in culture
with 1 fig/ml TGF a and 4.9-fold with 10 fig/ml TGF
13. In contrast, thymidine incorporation of TYK-RIO
was slightly inhibited by TGF 13 but not significantly
changed by TG Fa. EGF promoted the growth of
TYK-R10. No other growth factors used in this study
showed any effect on the growth of TYK-RIO or
TYK-nu (Table 5). No promotional or inhibitory
effect of thymidine incorporation was seen in TYKnu when the cells were treated with EGF.

DISCUSSION

Resistance to multiple chemotherapeutic drugs is one
of the main reasons for treatment failure in cancer
chemotherapy. Shen et al. have demonstrated a cross
resistance with some anti-cancer drugs in the CDDP
resistant cell line,9) although the exact mechanism of
this cross resistance in the CDDP resistant cell line
has not been explained. Kuppen et al. reported the
cross resistance to CDDP in a mitomycin C resistant
cancer cell line which showed an elevated GSH
leve1. 3 ) Slight elevations of the GSH level may be
partly responsible for CDDP resistance in TYK-R10.
However, cross resistance to VCR, ADR and VP-16
may be mediated by other mechanisms. This resistance pattern of TYK-R10 suggests a multidrug resistant phenotype. The most extensively studied type of
multidrug resistance (MDR) is associated with the
overproduction of P_gp,10) which is encoded by the
MDR-1 gene and acts as an ATP dependent pump
protein excluding different types of anti-cancer
drugs. In addition, there are some other resistant
mechanisms contributing to the anti -cancer drug
resistance in non-P-gp multidrug resistant cells, including the overexpression of the 190-kDa ATP binding membrane protein, which is encoded by the
MDR-associated protein (MRP) gene,ll) alternations
in the level of topo-II activity, 12,13) GST activity l4) and
an increased GSH level. l5 ) Although TYK-R10 showed cross resistance for not only platinum analogues
but also ADR and VCR, it expressed no P-gp, There
were no significant differences in topo-II, the cellular
activity of GST or GSH concentrations co-cultured
with buthionine sulfoximine(BSO) between TYK-nu
and TYK-R10. Unfortunately, since we have not
examined the expression of MDR-associated protein
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(MRP) in this study, we cannot evaluate the correlation between CDDP resistance and MRP expression.
Calcium channel blockers such as VER modulate the
function of P-gp by involving the competitive inhibition of P_gp.16) It can lead to increase intracellular
anti-cancer drug accumulation in MDR cell lines. I?)
However VER showed no significant effect for reversal in this study. These findings indicate the presence
of some MDR mechanisms other than P-gp in TYKRIO.
We and other authors have reported a different
response for some growth factors in drug resistant
cell lines, when compared with those of parental
lines. 4) Meyers et al. observed that Chinese hamster
and mouse tumor cells selected for resistance to VCR
and actinomycin D had increased numbers of EGF -R,
compared with those of their parental cells. 18 ) They
reported that cells expressing high numbers of EGFR were more drug sensitive than control cells. 19 )
However, other authors showed that the drug concentration of 90% cell kill was not altered by the responsiveness of the tumor to EGF in cell cycle-independent drugs such as ADR and CDDP.19) Then the
effects of some kinds of growth factors was evaluated on the in vitro growth of TYK series. In this study,
TYK-RIO expressed greater numbers of EGF-R,
compared with TYK-nu, and the consequent addition
of EGF promoted the growth of TYK-RIO. The cause
of the different expression of the EGF receptor remains unknown. One possibility is that the clone
expressing EGF-R is selected by a step-wise increase
of CDDP, and another is that the non-EGF-R expressing clone expresses EGF-R in association with the
acquisition of CDDP resistance.
Examination of responses for other growth factors
also showed interesting results. TGF a shares structural and functional properties with EGF. 20.2l) Both
peptides bind to the EGF-R with high affinity.20) In the
present study, there was a converse relationship on
the effect of TGF a and EGF for TYK-nu and TYKRIO. That is, EGF enhanced the growth of TYK-RIO
in a dose dependent manner, although TGF a had no
proliferation effect. Conversely, the growth of TYKnu was enhanced by TGF a with no proliferation
effect by EGF. These findings indicate that TGF a
cannot bind to EGF-R expressed on TYK-RIO, and
that TYK-nu expresses the original receptor of TGF
a on its cell surface. To determine whether a structural abnormality is present in EGF-R on TYK-RIO is
a future issue to be resolved. Regarding the biological
effect of TGF /3, Fynan reported that most immortalized cancer cell lines were usually resistant to the
growth inhibitory effect of TGF /3.22) However,
Havrilesky et al. found that TGF /3 inhibited the

85

proliferation of ovarian cancers through apoptosis. 23 )
In this study, the growth of TYK-RIO was inhibited
by TGF /3, whereas TGF /3 promoted the proliferation of TYK-nu, in a dose dependent manner. Thus,
our finding indicates that TGF /3 has a dual effect of
progression and inhibition in tumor cell growth.
Differing effects of growth factors in drug sensitive
and resistant cells have been reported previously.4)
Such different effects were not induced by alternation
of receptor numbers but rather would be mediated
through alternation of the intracellular transduction. 4) These different response patterns for TGF a
and /3 in the TYK series suggest an alternation of the
intracellular transduction, although the numbers of
TGF a and /3 receptor have not been examined in
this study.
In conclusion, our results suggest that cross-resistance to ADR and VCR in the CDDP resistant TYKRIO cell line may be mediated through a non-P-gp
mechanism and the acquisition of CDDP resistance
alters the growth response for some growth factors,
probably through abnormal intracellular transduction.
Acknowledgments. TYK-nu was a generous gift from Dr.
Norio Yoshiya. The author thanks Prof. Makoto Naito
and Dr. Takeaki Fukuda for helpful discussions, and Mrs.
Mutsuko Saito for skillful assistance with all the cultures.

REFERENCES
1)

2)

3)

4)

5)

Pinto AL, Lippard SJ: Binding of the antitumor drug
cis-diamminedichloroplatinum (II) (cisplatin) to DNA.
Biochim Biophys Acta 780: 167-180, 1985.
Nakagawa M, Nomura Y, Kohno K, Ono M, Mizoguchi H, Ogata J, Kuwano M: Reduction of drug
accumulation in cisplatin-resistant variants of human prostatic cancer PC-3 cell line. 1 Urol 150:
1970-1973, 1993.
Kuppen PJ, Schuitemaker H, van't Veer LJ, de
Bruijn EA, van Oosterom AT, Schrier PI: Cisdiamminedichloroplatinum(II)-resistant sublines derived from two human ovarian tumor cell lines.
Cancer Res 48: 3355-3359, 1988.
Fukuda T, Kakihara T, Kamishima T, Ohnishi Y,
Naito M, Kishi K, Shibata A: Different effects of
various hematopoietic growth factors on myelomonocytic cell line (KY-821) and its drug-resistant
sublines. Leukemia Res 17: 325-332, 1993.
Yoshiya N, Adachi S, Misawa Y, Yuzawa H, Honda
T, Kanazawa K, Takeuchi S, Tanaka K, Tanaka K:
[Isolation of cisplatin-resistant subline from human
ovarian cancer cell line and analysis of its cellbiological characteristics]. Nippon Sanka Fujinka
Gakkai Zasshi - A eta Obstet Gynaecol lap 41: 7-14,
1989. (in Japanese)

86

6)

7)

8)

9)

10)

11)

12)

13)

14)

T.

KAMISHIMA

Scheper RJ, Bulte JW, Brakkee JG, Quak JJ, van
der Schoot E, Balm AJ, Meijer CJ, Broxterman HJ,
Kuiper CM, Lankelma J, Pinedo HM: Monoclonal
antibody JSB-l detects a highly conserved epitope
on the P-glycoprotein associated \vith multi-drugresistance. Int ] Cancer 42: 389-394, 1988.
Habig WH, Pabst MJ, Jakoby WB: Glutathione
S-transferases. The first enzymatic step in mercapturic acid formation. ] Bioi Chern 249: 71307139, 1974.
Kakihara T, Yamada T, Fukuda T, Ohnishi Y, Kishi
K, Uchiyama M, Shibata A: Induction of surface
antigen recognized by new monoclonal antibody,
YU 311, on I-beta-D-arabinofuranosylcytosine-resistant
human leukemic cell line. Leukemia Res 17: 541-545,
1993.
Shen DW, Akiyama S, Schoenlein P, Pastan I,
Gottesman MM: Characterisation of high-level
cisplatin-resistant cell lines established from a
human hepatoma cell line and human KB adenocarcinoma cells: cross-resistance and protein changes.
Br ] Cancer 71: 676-683, 1995.
Riordan JR, Deuchars K, Kartner N, Alon N, Trent
J, Ling V: Amplification of P-glycoprotein genes in
multi drug-resistant mammalian cell lines. Nature
316: 817-819, 1985.
Cole SP, Bhardwaj G, Gerlach JH, Mackie JE, Grant
CE, Almquist KC, Stewart AJ, Kurz ED, Duncan
AM, Deeley RG: Overexpression of a transporter
gene in a multidrug-resistant human lung cancer cell
line. Science 258: 1650-1654, 1992.
Versantvoort CH, Withoff S, Broxterman HJ,
Kuiper CM, Scheper RJ, Mulder NH, de Vries EG:
Resistance-associated factors in human small-cell
lung-carcinoma GLC4 sub-lines with increasing
adriamycin resistance. Int ] Cancer 61: 375-380,
1995.
de Jong S, Zijlstra JG, de Vries EG, Mulder NH:
Reduced DNA topoisomerase II activity and druginduced DNA cleavage activity in an adriamycinresistant human small cell lung carcinoma cell line.
Cancer Res 50: 304-309, 1990.
Hamaguchi K, Godwin AK, Yakushiji M, O'Dwyer
PJ, Ozols RF, Hamilton TC: Cross-resistance to
diverse drugs is associated with primary cisplatin
resistance in ovarian cancer cell lines. Cancer Res
53: 5225-5232, 1993.

15)

Meijer C, Mulder NH, Timmer-Bosscha H, Sluiter
WJ, Meersma GJ, de Vries EG: Relationship of
cellular glutathione to the cytotoxicity and resistance of seven platinum compounds. Cancer Res 52:
6885-6889, 1992.
16) Leyland-Jones B, Dalton W, Fisher GA, Sikic BI:
Reversal of multidrug resistance to cancer chemotherapy. Cancer 72 (Suppl. 11): 3484-3488, 1993.
17) Mizutani Y, Bonavida B, Nio Y, Yoshida 0: Overcoming TNF-alpha and drug resistance of human
renal cell carcinoma cells by treatment with
pentoxiphillin in combination with TNF-alpha or
drugs: the role of TNF-alpha mRNA down regulation in tumor cell sensitization. ] Urol 151: 16971702, 1994.
18) Meyers MB, Merluzzi VJ, Spengler BA, Biedler JL:
Epidermal growth factor receptor is increased in
multidrug-resistant Chinese hamster and mouse
tumor cells. Proc Nat! Acad Sci USA 83: 5521-5525,
1986.
19) Singletary SE, Baker FL, Spitzer G, Tucker SL,
Tomasovic B, Brock WA, Ajani JA, Kelly AM:
Biological effect of epidermal growth factor on the
in vitro growth of human tumors. Cancer Res 47:
403-406, 1987.
20) Nilsson 0, Wangberg B, Kolby L, Schultz GS,
Ahlman H: Expression of transforming growth factor alpha and its receptor in human neuroendocrine
tumors. Int ] Cancer 60: 645-651, 1995.
21) Jindal SK, Snoey DM, Lobb DK, Dorrington JH:
Transforming growth factor
localization and
role in surface epithelium of normal human ovaries
and in ovarian carcinoma cells. Gynecol Oncol 53:
17-23, 1994.
22) Fynan TM, Reiss M: Resistance to inhibition of cell
growth by transforming growth factor-p' and its role
in oncogenesis. Crit Rev Oncol 4: 493-540, 1993.
23) Havrilesky LJ, Hurteau JA, Whitaker RS, Elbendary A, Wu S, Rodriguez GC, Bast RC, Berchuck A:
Regulation of apoptosis in normal and malignant
ovarian epithelial cells by transforming growth factor P' 1. Cancer Res 55: 944-948, 1995.
24) Sporn MB, Roberts AB, Wakefield LM, Assolan RK:
Transforming growth factor-p': biological function
and chemical structure. Science 233: 532-534, 1986.

