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Insulin-like Growth Factor-I-dependent Growth 
and in vitro Chemosensitivity of Ewing’s Sarcoma 

and Peripheral Primitive Neuroectodermal 
Tumour Cell Lines 

Susanne Hofbauer, Gerhard Hamilton, Gerhard Theyer, Karin Wollmann 
and Franz Gabor 

Serum-free growth of Ewing’s sarcoma (ES) and primitive peripheral neuroectodermal tumour (pPNET) cell 
lines was achieved by supplementing a basal medium with insulin-like growth factor-1 (IGF-I). These cultures 
were used to investigate the sensitivity of 3 ES (EW-2, RD-ES, SK-ES-l) and 3 pPNET (SIM-1, KAL, SAL) cell 
lines to a panel of anti-tumour agents in short-term (48-h) proliferation assays. Of the four cytostatic drugs 
included in the currently used multi-drug regimens, cyclophosphamide, doxorubicin and actinomycin-D inhibit 
the proliferation of the cell lines with high efficacy, whereas the vinca alhaloids were less effective. Cisplatin, 
etoposide, mitomycin-C and mitoxanthrone were also found to have a high inhibitory activity in this in vitro 
ES/pPNET system. The most remarkable effect was observed for cytosine arabinoside (ARA-C), which gave a 
half-maximal inhibition at drug concentrations approximately 5000 times below the clinical peah plasma 
concentrations (250 pgml). The AKA-C sensitivity of ES and pPNET cell lines is comparable with the established 
ARA-C sensitivities of leukaemia-derived cells. The different ES and pPNET cell lines showed a rather uniform 
response to the different cytostatic drugs with decreased sensitivity of individual pPNET cell lines to vinblastin, 
AI&C and mitoxanthrone. Modulation of the IGF-YIGF-I receptor/IGF-I binding protein system, which seems 
to constitute an important stimulator of cell growth in neuroectoderm-derived or -related turnouts, can be used 
to enhance the drug sensitivity of the tumour ceils in vivo or in in vitro therapeutic procedures. According to our 
results, serum-free conditions for autologous bone marrow purification are expected to result in significantly 
increased chemosensitivity of ES and pPNET cells in response to anthracyclines and cisplatin. 
EurJ Cancer, Vol. 29A, No. 2, pp. 241-245,1993. 

INTRODUCTION 
EWING’S SARCOMA (ES), the second most frequent bone tumour 
in childhood, represents a undifferentiated small round-cell 
tumour of uncertain origin, expressing neuroectodermal mark- 
ers and a unique t( 11;22) (q24;q12) reciprocal translocation or a 
deletion of the long arm of chromosome 22, del(22) (q12) [I]. 
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Recently, with the help of the HBA-71 monoclonal antibody 
[2], high levels of MICZ, a pseudoautosomal human gene product 
involved in T-lymphocyte cell adhesion, has been found in ES 
and primitive peripheral neuroectodermal tumours (pPNET) 
[3]. The ES-related peripheral (extracranial) pPNET are small 
round-cell malignancies of presumed neural crest origin, which 
share, among other characteristics, the chromosomal reciprocal 
translocation t( 11;22) and the expression of high levels of 
MIC2/HBA-71-antigen with ES [3,4]. The HBA-71-antibody 
inhibits the growth of ES and pPNET cell lines by interfering 
with the action of insulin-like growth factor-i (IGF-I), which 
seems to function as specific growth factor for both tumours [S] . 
The recognition of pPNET as a distinct entity is based on 
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intricate ultastructural, immunocytochemical features and the RESULTS 
apparently distinct clinical profile of the patients [6, 71. Serum-free growth of ES and pPNE T cell lines 

The disease-free survival of the ES patients has been improved 
significantly by adding a four-drug regimen of chemotherapy 
(cyclophosphamide, doxorubicin, actinomycin-D and vincrist- 
ine) to the surgical and radiotherapeutic local treatment, but 
remains poor for patients with systemic metastasis [8, 91. The 
poor survival rate of pPNET patients is associated with large 
burdens of disseminated tumours making complete surgical 
excision impossible [IO]. The small number of patients treated 
at individual centres and the lack of a uniform treatment 
approach has precluded conclusions about drug efficacy and 
possible heterogeneity of pPNET. New modalities of treatment 
are clearly needed to improve the low disease-free survival rates 
(30-60% for 3 years) and to avoid the side-effects of an aggressive 
multidrug chemotherapy for these patients, which results in 
severe toxicity in up to 60% of the patients [8]. 

The function of IGF-I as specific growth factor for ES and 
pPNET cell lines has been demonstrated previously [5]. Figure 
1 shows the quantitative dependence of the proliferation of these 
cell lines upon insulin (Fig. la) or IGF-I (Fig. lb) supplements. 
Half-maximal stimulation is achieved with 5-13 ng/ml IGF-I 
(Fig. lb), which can be replaced by either low (< 1 ng/ml for 
EW-2 and SIM-1) or unphysiologically high levels (up to 1 
pg/ml for KAL) of insulin. The SK-ES-l cell line shows a half- 
maximal growth rate at 7.5 rig/ml IGF-I (data not shown; effect 
of insulin not determined). The different cell lines can be 
cultured at reduced growth rates (approximately -50% com- 
pared with FBS-supplemented complete medium) in IGF-I 
medium supplemented with 10 pg/ml bovine serum albumin 
for several months (manuscript in preparation). 

In this study we have established short-term serum-free 
cultures of ES and pPNET cell lines, using IGF-I as specific 
growth factor, and tested the ability of different antitumour 
agents to inhibit cellular proliferation, The efficacies of different 
drugs either clinically applied in these patients or of potential 
use were compared for the ES and pPNET cell lines. 

Drug sensitivity profiles of individual cell lines 

Cell lines 
MATERIALS AND METHODS 

The ES cell lines EW-2, RD-ES, SK-ES-l and the pPNET 
cell lines SIM-1, KAL and SAL were used in the present 
study [2, 51. The lines were cultured in RPMI-1640 medium 
supplemented with 10% fetal bovine serum (FBS: Flow, Irvine, 
UK), 4 mmoY1 glutamine and 75 pg/ml gentamycin (37°C 5% 
C02). Viability was tested by ethidium bromide/acridine orange 
staining and found to exceed 95%. 

The typical effects of a panel of cytostatic drugs on the 
proliferation of the representative KAL pPNET cell line in 
serum-free IGF-I medium (25 @ml final concentration of IGF- 
I) is shown in Fig. 2. All drugs were continuously present in the 
assay system for the whole incubation period of 48 h. The 
thymidine incorporation into control cultures is set at 100% and 
the incorporation rates measured are proportional to the number 
of duplicating cells. The two-fold dilutions of the different 
cytostatic drugs are aligned according to the achievable peak 
plasma concentrations (PC) in clinical application (PC values 
used here are given in Table 1). At these concentrations anthracy- 
lines (ADM, mitoxanthrone), cisplatin (CDDP), mitomycin-C 

Serum-free short-term cultures 
The cells were washed with RPMI-1640 medium without 

supplements and transferred to RPMI-1640 supplemented with 
5 pg/ml transferrin, insulin/IGF-I (Boehringer Mannheim, 
FRG) and 1 x 10-5moY1 selenite. The cells were kept in wells 
of microtitre plates (96 wells; 5 x lo4 cells/well; 100 ~1) under 
tissue culture conditions (5% CO*, 37°C) for 48 h and labelled 
with 37 kBq [3H]thymidine (in 20 t.~l medium) for the final 
18 h. All determinations were done in triplicate. Incorporated 
radioactivity was measured by cell harvesting (Skatron, Lier, 
Norway) and scintillation counting. 

I I I I I 
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Chemosensitivity testing 
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100 ~1 cultures of the different cell lines were set up as 
described above and two-fold dilutions of the respective drugs 
in serum-free or complete medium added in 100 ~1 aliquots. 
The complete medium for drug testing consisted of serum-free 
medium supplemented with 10% dialysed (phosphate buffered 
saline, cut-off 8000 D) FBS. For cyclophosphamide, the cultures 
were supplemented with a liver cell suspension from mice. 
The proliferation of the cells was measured by thymidine 
incorporation as above (incorporation rate for controls: 5 x 
104-3 x lo5 cpm/culture). All drugs, with the exception of 
mitoxanthrone (Cynamid, Wolfratshausen, FRG), were 
obtained from Sigma. Each drug was tested in two independent 
sets of experiments for the individual cell lines, measuring over 
a range of 10 two-fold dilution steps in triplicate cultures in 
serum-free or complete medium respectively. 

IGF-I tng/mll 

Fig. 1. Effects of insulin (a) and IGF-I (b) on the proliferative activity 
of ES and pPNET cell lines in short-term serum-free tissue cultures 
(48 h). The cells were kept in RPM-1640 medium supplemented 
with 5 &ml transferrin, 1 mmolil glutamine, selenite and two-fold 
dilutions of insulin and IGF-I, respectively (thymidiie incorporation 
assay; control cultures supplemented with 5% fetal bovine serum = 

100%). 
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PC 

PC-AkA-C Dilution 

Fig. 2. Chemosensitivity profile of the pPNET cell line KAL shown 
relatively to the achievable peak plasma concentration (PC) of the 
cytostatic drugs. Proliferation of the cells was measured by a thymid- 
ine incorporation assay (control with drugs omitted = lOO?‘o). The 
individual drugs, bleomycin, carboplatin (CBDCA), doxorubicin 
(ADM), etoposide, cispiatin (CDDP), mitoxanthrone, mitomycin 
(MIT-C), actinomycin-D @ACT) and cytosine arabinoside (ARA- 
C) were added in two-fold dilution steps. For ARA-C the maximal 

peak plasma concentration is located at dilution -4. 

and D-actinomycin inhibit the growth of the KAL cell line by 
> 70%. For cyclophosphamide no linear concentration/response 
relationship was observed, since high drug concentrations 
inhibited the activation of the drug by the liver cells. Carboplatin 
(CBDCA) and bleomycin showed low activity at the relevant 
drug concentrations. The cells exhibit a marked sensitivity to 
the action of the ARA-C, since the PC value for this drug is 
shifted to dilution -4 to fit into the diagram. The results of 
ARA-C treatment reflect not simply an interference with the 
thymidine incorporation assay, since cell counting and viability 
testing of ARA-C-treated cultures revealed a true loss of viable 
tumour cells (data not shown). 

Chemosensitivity of ES and pPNET cell lines 
The drug concentrations, which inhibit the proliferation of 

the individual cell lines to 50% (QJ, were calculated from 
the individual thymidine incorporation - drug concentration 
relationships and the mean values (SD) calculated for the three 

ES and three pPNET cell lines, respectively (Table 1). The 
combined results for ES and pPNET cell lines as well as the 
clinically relevant in vivo peak plasma concentrations are shown 
for comparison. Statistically significant differences (P < 0.05; 
F-test) for the drug sensitivities of individual ES and pPNET 
cell lines were observed for vinblastine, mitoxanthrone and 
ARA-C, with apparently lower drug sensitivities in the group of 
pPNET cell lines (Table 1). ARA-C has an xcso approximately 
5000 times below the clinically peak plasma concentration. 
Partial inhibition of the proliferative activity of ES and pPNET 
cell lines was observed in response to interferon-alfa (IFN-a): 
the growth of ES lines was inhibited to [mean (SD)] 33 (8)% 
with 115 (118) U IFN-a and the inhibitory effect was 40 (22.9% 
for the pPNET cell lines with 460 (470) U/ml in serum-free 
culture. 

Effects of FBS on the drag sensitivity of ES and pPNET cell lines 
The lcso for the different drugs investigated here were deter- 

mined for four cell lines (EW-2, RD-ES, SIM-1 and KAL) in 
complete medium, containing dialysed FBS, and compared 
with the corresponding values obtained in IGF-I-supplemented 
serum-free medium. Drugs with signi.&zantly different lcso 
values (r-test, P < 0.05) in complete and serum-free medium 
are listed in Table 2. Group I drugs (doxorubicin, CDDP 
and mitoxanthrone) were less effective in serum-supplemented 
medium (3.7-7.8-fold increase in ICKY), whereas group II drugs 
(vincristine, mitomycin-C and actinomycin D) showed higher 
activity in complete medium (1.5-2-fold decrease in lcso). 

DISCUSSION 
ES and pPNET are two closely related small round-cell 

tumours with poor prognosis, especially if a high tumour load 
or distant metastases are present. The disease-free survival rates 
for more than 3 years are 30-60% in ES and approximately 20% 
in pPNET, respectively, under combined surgery/radiotherapy 
and multicycle aggressive chemotherapy [8-lo]. ES is radiosen- 
sitive and therefore conventional radiotherapy plays a major role 
in the local tumour control, whereas in disseminated pPNET 
radiotherapy seems to have no curative effect. Most multiple 
drug regimens include cyclophosphamide, vincristine, dactino- 

Table 1. 

Drug 

lcso WmC 
ES pPNET 

cell lines cell lines 
Combined 

lines 

Peak plasma 
concentrations 

(pg/ml) 

Cyclophosphamide 2.7 (0.9) 1.3 (0.45) 2.0 (0.9) 30 
Doxorubicin* 0.52 (0.17) 0.63 (0.6) 0.57 (0.4) 0.4 
Actinomycin-D* 6 (2.8) 4.5 (3.5) 5.2 (2.9) - 

Vincristine 74 (13) 39 (11.2) 56.2 (21.5) 0.5 
Cisplatin 0.78 (0.58) 0.23 (0.14) 0.51 (0.48) 2.5 
Carboplatin 7.2 (3.6) 12.5 (5.2) 9.8 (4.9) 7.0 
Methotrexate 400 (73) 45.6 (20.4) 210 (191) 2.75 
Etoposide 4.3 (2.7) 9.7 (6.7) 7.5 (5.8) 30 
Vinblastine 26.2 (1.8) 30.0 (10.9)** 28.5 (8) 1 
Mitomycin-C* 60 (28) 60 (70) 60 (50) 1.5 
Mitoxanthrone* 1.5 (0.7) 47 (37)** 29 (36) 0.1-l 
Bleomycin 46.7 (5.8) 26.0 (1.4) 38.4 (12) 4 
ABA-C* 60 (50) 20 (l)** 40 (4) 250 

Values of cell lines are expressed as mean (SD). 
*IcsO in &ml. 
**Statistically significant differences (P < 0.05; F-test). 
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Table 2. Sign&ant changes of the xcso of sptwfi cytostatic 
drugs in respotlse to the addition of fetal bovine serum to the 

chemosensitivity assay system of ES and pPNE T cell lines 

ICY,, culture conditions 
Fetal bovine Serum-free 

serum (ng/ml) (&ml) 

Group I 
Doxorubicin 
Cisplatin* 
Mitoxanthrone 

Group II 
Vincristine* 
Mitomycin-C 
Actinomycin-D 

1.83 (0.49) 0.495 (0.12) 
2.3 (0.44) 0.55 (0.5) 
186 (72) 24 (3.6) 

25.5 (4.4) 45.8 (13.6) 
25.0 (9.1) 45.2 (3.8) 
2.68 (1.2) 4.7 (1.64) 

Values are expressed as mean (SD). 
Cell lines are EW-2, RD-ES, SIM-1 and KAL. 
*Ic~o in @Il. 

mycin and doxorubicin. In the multicenter Cooperative Ewing’s 
Sarcoma Studies (IESS, CESS) treatment consists of several 
weeks cycles of the four-drug chemotherapy (VACA) followed 
by surgical resection if possible, local radiation and additional 
cycles of chemotherapy 18, 91. From the results of clinical 
studies, single-agent chemosensitivities of 60% in response to 
cyclophosphamide, 55% for doxorubicin, 60% for dactinomycin 
and 20% for vincristine have been reported for ES [12]. Other 
drugs such as CDDP [ 131 and teniposide [ 141, cytosine arabino- 
side, methotrexate, etoposide and melphalan have been used in 
small trials with promising result [15]. Refractory or pelvic 
sarcomas have been treated with chemotherapy/total body 
irradiation and autologous bone marrow reconstitution with 
limited success [16, 171. 

Refinement and individualisation of the current treatment 
strategies may further increase disease-free survival rates, but 
new therapeutic modalities are necessary to obtain greater 
complete tumour control in ES and pPNET in addition to 
reduced side-effects. Characterisation of the specific growth 
factor requirements of these related tumors as well as the 
introduction of new effective cytostatic drugs may help to 
improve the therapeutic regimen. In a previous study we have 
shown that IGF-I is a specific factor supporting the proliferation 
of ES and pPNET cell lines. These findings were extended in 
this study by quantitative experiments showing that the half- 
maximal stimulatory concentrations of IGF-I are 5-15 &ml for 
the ESipPNET cell lines and that this growth factor can be 
replaced by physiological amounts of insulin for certain cell 
lines. These results are in good agreement with a recent report 
describing the specific expression of IGF-I, IGF-I binding 
protein-2 and IGF-I receptor mRNA in cells with the t(11;22) 
chromosomal translocation, characteristic for ES and pPNET 
[18]. However, our results show rapid decrease in cellular 
proliferation in non-supplemented medium and do not support 
the role of IGF-I as an autocrine growth factor for these cells 
[5]. Growth inhibition is achieved by antibodies interfering 
indirectly (HBA-71) or directly (alpha IR3) with the IGF-I/IGF- 
I receptor/IGF-I binding protein system and, since IGF-I is 
available in recombinant form for clinical trials, it may be 
used to recruit proliferating tumour cells for chemotherapeutic 
treatment with cell cycle phase-specific drugs. The IGF-I sys- 
tem, as described for the human central nervous system, seems 

to play an important role in the growth of peripheral neuroectod- 
erm-derived tumours and the related ES [ 191. 

The results from our chemosensitivity testing confirm the 
efficacy of cyclophosphamide, dactinomycin and doxorubicin 
in inhibiting the growth of ES and pPNET tumour cells. 
Doxorubicin dose intensity was reported to represent the most 
important therapeutic factor in ES and osteogenic sarcoma in a 
recent meta-analysis of relevant clinical trials [20]. Proliferation 
of the cells is also inhibited by mitoxanthrone, etoposide, CDDP 
and mitomycin-C at drug concentrations which are usually 
observed in patients. The relative ineffectiveness of the vinca 
alkaloids correlates with the low response rate in vivo (20%; 
[12]). The most remarkable result is the extreme sensitivity of 
the ES and pPNET cell lines to ARA-C, which resulted in 
almost complete inhibition of the proliferation in drug concen- 
trations far below clinically peak plasma concentrations. ARA- 
C is most commonly used in acute leukaemia and lymphomas of 
adults, but rarely for children with solid tumours [21]. The 
inhibitory ARA-C concentrations in ESlpPNET are lower or 
comparable with the drug levels which suppress the growth of 
leukaemia-derived cell lines in vitro (10-6-10-5 mol/l [22]). 
Recently, the toxicity of high-dose cytosine-arabinoside was 
tested in a clinical study in advanced childhood tumours resistent 
to conventional therapy and found to be manageable [23]. Our 
data, as well as in vitro data from brain tumour cell lines [24] 
demonstrate the extraordinary chemosensitivity of neuroecto- 
dermal-derived cells to the action of ARA-C, which should be 
exploited further in clinical trials in combination with other 
drugs such as CDDP and etoposide (PAE), investigated in 
recurrent brain tumours [25]. 

The three ES (SK-ES-l, EW-2, RD-ES) and three pPNET 
(SIM-1, KAL, SAL) cell lines used here, established indepen- 
dently in culture from tumour biopsies prior to, or after chemo- 
therapy, responded very homogeneously to the different cytos- 
tatic drugs, with decreased sensitivity of individual pPNET cell 
lines to vinblastin, ARA-C and mitoxanthrone. A similar trend 
was observed for doxorubicin, but did not reach statistical 
significance. Therefore, differences in clinical responses of ES 
and pPNET are expected to be only partially due to differing 
chemosensitivities in addition to larger contributions of tumour 
localisation, size, spreading and variations in diagnostic and 
therapeutic procedures to the poorer clinical results in pPNET. 
Serum-free conditions were found to increase the sensitivity of 
ES and pPNET cells to anthracyclines and CDDP significantly 
and may, therefore, result in improved tumour cell killing in in 
vitro autologous bone purging procedures, which have failed so 
far to prolong the disease-free survival rates in advanced ES and 
pPNET. 

1. Yunis EJ. Ewing’s sarcoma and related small round cell neoplasms 
in children. AmJSurg Path01 1986,10,54-62. 

2. Hamilton G, Fellinger EJ, Schratter I, et al. Characterization of a 
human endocrine tissue and tumor-associated Ewing’s sarcoma 

antigen. Cancer Rer 1988,48,6127-6131. 
3. Kovar H, Dworzak M, Strehl S, et al. Overexpression of the 

pseudoautosomal gene MIC2 in Ewing’s sarcoma and peripheral 
primitive neuroectodermal tumor. Oncogene 199&S, 1067-1070. 

4. Dehner LP. Peripheral and central primitive neuroectodermal 
tumors: A nosologic concept seeking a consensus. Arch Path01 Lab 
Med 1986,110,997-1005. 

5. Hamilton G, Mallinger R, Hofbauer S, et al. The monoclonal 
antibody HBA-71 modulates proliferation of thymocytes and 
Ewing’s sarcoma cells by interfering with the action of insulin-like 
growth factor-I. Thymus 1991,18,33-41. 

6. Llombart-Bosch A, Terrier-Lacombe J, Peydro-Olaya A, et al. 



In vitro Chemosensitivity of ES and pPNET Cell Lines 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Peripheral neuroectodermal sarcoma of soft tissue (peripheral 
neuroepithefioma): A pathological study of ten cases with differen- 
tial diagnosis regarding other small, round-cell sarcomas. Humun 
Patholl989,14,272-280. 
Schmidt D, Harms D, Burdach S. Malignant peripheral neuroecto- 
dermal tumors of childhood and adolescence. Virchs Arch (A) 
1985,406,351-365. 
Evans RG, Nesbit ME, Gehan EA, et al. Multimodal therapy for 
the management of localized Ewing’s sarcoma of pelvic and sacral 
bones: a report from the second intergroup study. 3 Clin Oncol 
1991,9,1173-1180. 
Jiirgens H, Exner U, Gadner H, ef al. Multidisciplinary treatment 
of primary Ewing’s sarcoma of bone. Cancer 1988,61,23-32. 
Kushner BH, Hajdu Sl, Gulati SC, ef al. Extracranial primitive 
neuroectodermal tumors. Cancer 1991,67,1825-1829. 
Dittrich C. Ckemosensitivitaetstesnmg. Khieren van soliden Tumoren: 
Tkerapiesimulati, Tkerapieoptimiencng und Frognose-erstellung am 
&spiel des Ovarialkaminoms. Wien, Springer, 1987,82-88. 
Donaldson SS. The value of adjuvant chemotherapy in the manage- 
ment of sarcomas in children. Cancer 1985,55,2184-2197. 
Matsumoto S, Kawaguchi N, Amino K, et 01. Combination chemo- 
therapy including cisplatin in Ewing’s sarcoma. Gun To Kuguku 
Ryohu 1987,14,1913-1916. 
Campbell AM, Ekert H, Waters KD. VM-26 and dimethyl triazeno 
imidazole carboxamide in Ewing’s sarcoma. Aust Puediut 3 1983, 
19,3&33. 
Lampkin BC, Wong KY. Indications for and benefits of intensive 
therapies in treatment of childhood cancers. Cancer 1986, 58, 
481487. 

17. Young MM, Kin&la TJ, Miser JS, et al. Treatment of sarcomas of 
the chest waII using intensive combined modality therapy. Znt J 
Radiat Oncol Biol Phys 1989,16,49-57. 

18. Yee D, Favoni RE, Lebovic GS, et 41. Insulin-like growth factor I 
expression by tumors of neuroectodermal origin with the t(11;22) 
chromosomal tram&cation. A potential autocrine growth factor. 3 
Clin Invest 1990,86,1806-1814. 

19. Unterrnan TG, Glick RP, Waites TG, et al. Production of insulin- 
like growth factor-binding proteins by human central nervous 
system tumors. Cancer Res 1991,51,3030-3036. 

20. Smith MA, Ungerleider RS, Horowitz ME, et 01. Itiuence of 
doxorubicin intensity on response and outcome for patients with 
osteogenic sarcoma and Ewing’s sarcoma. 3 Nut1 Cancer Znst 1991, 
83,1460-1470. 

21. Bolwell BJ, Cassileth PA, Gale RP. High dose cytarabine: A review. 
Leukemia 1988,2,253-260. 

22. Kawasaki H, Kuwabara H, Hori H, et al. Intracellular dCTP/ARA- 
CTP ratio and the cytotoxic effect of ARA-C. Cancer Invest 1991, 
9,409-413. 

23. Tebbi CK, Krischer J, Fembach DJ, et al. Toxicity of high-dose 
cytosine arabinoside in the treatment of advanced childhood tumors 
resistant to conventional therapy. Cancer 1990,66,20642067. 

24. Mabuchi E, Shirnizu K, Yamada M, et al. In &fro chemosensitivity 
test with several antitumor agents against eight malignant brain 
tumor cell-lines. Gun To KagukuRyoko 1991,18,233-238. 

25. Corden BJ, Strauss LC, KiIImond T, et nl. Cisplatin, ara-C and 
etoposide (PAE) in the treatment of recurrent childhood brain 
tumors. Neuro-Oncoll991,11,57-63. 

Stea B, Kinsella TJ, Triche TJ, et al. Treatment of pelvic sarcomas Acknowledgements-This study was supported by grants from the 
in adolescents and young adults with intensive combined modality “Komission Onkologie” and the ‘Biirgermeisterfonds der Stadt Wien” 
therapy. ZntJRadiat OncolBiolPhys 1987,13,1797-1805. (703). 

EurJ CQWT, Vol. 29A, No. 2, #I. US-247,1993. 09&l-1947193$5.00 + 0.00 
Prituud in Great Britain Q 1992 Pergoum Press Ltd 

In vitro Effect of Suramin on Lung Tumour Cells 
IstvAn A. Mbrocz, BCatrice Lauber, Doris Schmitter and Rolf A. Stahel 

In the search for new therapeutic concepts in lung cancer chemotherapy, suramin, a potential anticancer drug 
which evades multidrug resistance, was tested in vitro on 25 lung-derived cell lines, either non-tumorigenic cells, 
or established cell lines from five different tumour types. Suramin treatment resulted in a time- and dose- 
dependent decrease in [3H]thymidine incorporation, except in one adenocarcinoma cell line where DNA synthesis 
was highly stimulated. [3H]Leucine incorporation was less affected, indicating that suramin acted cytostatically 
rather than cytotoxically. Our results show that suramin affected DNA synthesis of the different types of lung 
derived cells, including non-tumorigenic and tumour cell lines, to a similar extent. 
Eur.7 Cancer, Vol. 29A, No. 2, pp. 24%247,1993. 

INTRODUCTION 
SURAMIN HAS a multitude of diverse properties and has been 
used in the treatment of trypanosomiasis (sleeping disease) since 
the early 1920s. The antitumoral activity of suramin described a 
few years ago [l] is either mediated by obstructing extracellular 
growth factor-receptor interaction [2], or by direct intracellular 
interference with enzymes essential for growth [3]. Clinical 
studies show that the antitumoral effect of suramin in a variety 
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of neoplasms is accompanied by severe side-effects [4] due to a 
plasma half-life of above 50 days [5] and a wide spectrum of 
biological interactions. 

With the exception of small cell lung cancer (SCLC), the 
results of chemotherapy in inoperable lung neoplasms are mar- 
ginal, mainly because of primary or secondary multidrug resist- 
ance [6]. The cytostatic action of suramin, in particular its 
interference with growth factors, is mediated by mechanisms 
which evade multidrug resistance. Lung tumours are known to 
produce a variety of growth factors [7], some acting in an 
autocrine manner [8, 91. Considering these facts, we evaluated 
whether suramin might be a promising drug for lung cancer 
treatment by investigating the effect of suramin in vitro on 


