1502

evaluation of growth fraction in human breast cancers using mono-
clonal antibody Ki-67. Br Cancer Res Treat 1991, 18, 149-154,

7. Sahin AA, Ro J, Ro JY, et al. Ki-67 immunostaining in node-
negative stage I/II breast carcinoma. Cancer 1991, 68, 549-557.

8. Allred DC, Clark GM, Elledge R, et al. Assaciation of pS3 protein
expression with tumor cell proliferat.ion rate and clinical outcome in

ada N Y o] £ aarnm Tana + 1002 Q8 ‘)I\(\ ‘mc
uwc-ucsauvc oreast cancer. J 11:“& Lancer inst 27735, 03y &

9. Meyer JS, Lee LY. Relationship of S-phase fraction of breast
carcinoma in relapse to duration of remission, estrogen receptor
content, therapeutic responsiveness, and duration of survival. Can-
cer Res 1980, 40, 1890-1896.

10. Paradiso A, Tommasi S, Mangia A, et al. Tumor proliferative
activity, progesterone receptor status, estrogen receptor level, and
clinical outcome of estrogen receptor-positive advanced breast
cancer. Cancer Res 1990, 50, 2958-2962.

11. Nicholson RI, Bouzubar N, Walker K], et al. Hormone sensitivity
in breast cancer: influence of heterogeneity of estrogen receptor
expression and cell proliferation. Eur ¥ Cancer 1991, 7, 908-913.

12. Sulkes A, Livingston RB, Murphy WK. Tritiated thymidine label-
ing index and response in human breast cancer. ¥ Natl Cancer Inst
1979, 82, 513-515.

13. Remvikos Y, Beuzeboc P, Zajdela A, Voillemot N, Magdelenat H,
Pouillart P. Correlation of pretreatment proliferative activity of
breast cancer with the response to cytotoxic chemotherapy. 7 Natl
Cancer Inst 1989, 81, 1383-1387.

14. Bonadonna G, Valagussa P, Tancini G, et al. Current status of Milan
adjuvant chemotherapy trials for node-positive and node-negative
breast cancers. NCI Monogr 1986, 1, 4549,

. O'Reilly SM, Camplejohn RS, Barnes DM, Millis RR, Rubens RD,
Richards MA. Node-negative breast cancer: prognestic subgroup
defined by tumor size and flow cytometry. ¥ Clin Oncol 1990, 8,
2040-2046.

16. Sigurdsson H, Baldetorp B, Borg A, et al. Indicators of prognosis in

node-negative breast cancer. N Engl ¥ Med 1990, 322, 1045-1053.

17. Fisher B, Nurten G, Costantino J, et ai. DNA flow cytometric
analysis of primary operable breast cancer. Cancer 1991, 68,
1465-1475.

18. Clark GM, Mathieu MC, Owens MA, ez al. Prognostic significance
of S-phase fraction in good-risk, node-negative breast cancer pat-
ients. ¥ Clin Oncol 1992, 10, 428-432.

19. Tubiana M, Pejovic MH, Koscielny S, et al. Growth rate, kinetics
of tumor cell proliferation and long-term outcome in human breast
cancer. Int ¥ Cancer 1989, 44, 17-22.

it
n

EurJ Cancer, Vol. 29A, No. 11, pp. 1502-1503, 1993.
Printed in Great Britain

R. Silvestrini

20. Meyer JS, Province M. Proliferative index of breast carcinoma
by thymidine labeling: prognostic power independent of stage,
estrogen and progesterone receptors. Br Cancer Res Treat 1988, 12,
191-204.

21. Hery M, Gioanni J, Lalanne CM, et al. The DNA labeling index: a
prognostic factor in node-negative breast cancer. Br Cancer Res
Treat 1987, 9, 207-211.

22. Silvestrini R, Daidone MG, Valagussa P, et al. Cell kinetics as a
prognostic indicator in node-negative breast cancer. Eur 7 Cancer
Ciin Oncoi 1989, 25, 1165-1171.

23. Paradiso A, Mangia A, Picciariello M, et al. Fattori prognostici nel
carcinoma della mammella operabile N—: attivitd proliferativa e
caratteristiche clinico patologiche. Folia Oncol 1992, 13, 1-13.

24. Amadori D, Bonaguri C, Nanni O, Gentilini P, Lundi N, Zoli W.
Cell kinetics and hormonal features in relation to pathological stage
in breast cancer. Br Cancer Res Treat 1991, 26, 19-26.

25, Van Dierendock JH, Keijzer R, Van de Velde C]J, Cornelisse CJ.
Nuclear distribution of the Ki-67 antigen during the cell cycle:
comparison with growth fraction in human breast cancer cells.
Cam:erRes 1989, 49, 2999-3006.

. Brown RW, Alired DC, Clark GM, Tandon AK, McGuire WL.
Prognostic significance and clinical-pathological correlations of cell-
cycle kinetics measured by Ki-67 immunohistochemistry in axillary
node-negative carcinoma of the breast. Br Cancer Res Treat 1990,
16, 192.

27. Gasparini G, Dal Fior S, Pozza F, Bevilacqua P. Correlation of
growth fraction by Ki-67 immunohistochemistry with histologic
factors and hormone receptors in operable breast carcinoma. Br
Cancer Res Treat 1989, 14, 329-336.

28. Gerdes ], Lelle R], Pickartz H, er al. Grawth fractions in breast
cancers determined in sitv with a monoclonal antibody Ki67. ¥ Clin
‘Dnrl' 1096 20 0’7'7 OQ{\

29. Isola J, Helm H]J, Helle M], Kallioniemi OP. Evaluation of cell
proliferation in breast carcinoma: comparison of Ki67 immunohisto-
chemical study, DNA flow cytometric analysis, and mitotic count.
Cancer 1990, 65, 1180-1185.

30. McGurrin JF, Doria MI Jr, Dawson PJ, e al. Assessment of tumor
cell kinetics by immunohistochemistry in carcinoma of the breast.
Cancer 1987, 59, 1744-1750.

31. Silvestrini R (on behalf of the SICCAB Group for Quality of Cell
Kinetic Determination). Feasibility and reproducibility of the
3H-thymidine labelling index in breast cancer. Cel! Prolif 1991, 24,
437-445.

[2]
N

0964-1947/93 $6.00 + 0.00
© 1993 Pergamon Press Ltd

In vitro Assays for Antitumour Activity: More
Pitfalis to Come?
A.-R. Hanauske

CHOOSING A GOOD screening system to search for antitumour
activity of chemicais is not a triviai probiem. It is even more
complicated if, in addition to screening for antitumour activity
the objective is also to predict tumour response in the clinic.
Until a few years ago, the search for new agents relied on tests
that made use of mouse leukaemia cells and a limited number of
mouse and human xenotransplants. These were mostly fast
growing cells and led to the discovery of some active agents.
However, these models might not adequately resemble the
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biology of slow growing human tumours and thus might produce
faise negative results. Indeed, the results were unsatisfactory for
the development of clinically active drugs against common forms

of human cancer. narticularly lung, breast and colon cancer 11
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The screening of the vast number of available chemicals could
only be expanded if there was a fast, simple, sensitive, reproduc-
ible and in expensive assay that could be automated. The MTT
assay was most promising and was adapted for large scale
screening [2-5]. With all the publicity associated with the assay
it is important that we remind ourselves of its limitations, in
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growth.
In this issue of the European Fournal of Cancer, a study by
Pagliacci and coworkers addresses the limitations of the MTT
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assay [6]. The authors report that the isoflavone genistein, an
agent known for its inhibitory effects on tyrosine kinase and
topoisomerase II activity, effectively arrests cell growth in
three malignant cell lines (MCF-7 breast cancer, Jurkat T-cell
lymphoma, 929 transformed mouse fibroblasts) when direct cell
counting is performed. However, if the effects of genistein are
determined using the MTT assay, two cell lines (MCF and
Jurkat) showed a stimulation of formazan production and the
third failed to show any effect. This false negative result would
have led to the conclusion that genistein is not affecting cell
growth. Pagliacci et al. provide evidence that genistein induces
a proliferation arrest at the G2/M transition and that the mislead-
ing results of the MTT assay may be due to an increased number
and/or increased activity of mitochondria in arrested cells.
Unfortunately, the authors have not expanded their studies to
other agents that either inhibit G2/M transition or modulate the
activity of tyrosine kinases or topoisomerase II. Of course, it
would be important to know whether the observations can be
generalised and to further elucidate the underlying mechanisms.
Of particular interest would be to determine whether clinically
established compounds would have been missed by the MTT
assay.

The problems associated with antitumour drug screening can
be considered at two levels. First, there are conceptual problems
including the choice of clinically relevant drug concentrations,
intratumour and intertumour heterogeneity if freshly explanted
specimens are to be studied, predictivity for clinical activity of
the cell lines used and whether this predictivity changes with
increasing passage number. Other problems include interference
of experimental conditions with the usual physiological microen-
vironment of tumnour cells as they exist in the patient, selection
pressure on tumour cells by the experimental system used,
potential pharmacokinetic variations between patients and vari-
ous disease states, and the clinical assessment of tumour
response. The ultimate test for in vitro assays lies in the demon-
stration of accurate prediction of clinical activity. At the very
least, the in virro assay needs to correlate with in vitro cell death.

Second, there are specific assumptions to be made for each
experimental system. Specifically, with the MTT assay it is
assumed that the rate of formazan production is proportional to
the total number of cells and that reductive reactions are similar
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in treated and untreated cells. Any agent that enhances or
decreases the cell’s reductive capacity with or without affecting
cell number will have the potential for giving flawed results.
Other investigators have earlier pointed to problems with the
MTT assay and have attributed false negative results to differ-
ences in pH between the media [7]. In their study, interferon-a
and interferon-y failed to show any antiproliferative activity
against human lung cancer cell lines. Direct cell counting,
however, revealed a clear decrease in cell number. Interferon-
treated cells showed increased cell size and increased mitochon-
drial activity. There was no change in cell cycle distribution.

Shall we lose confidence in in vitro screening in general or in
the MTT assay? My view is that we should not. The MTT assay
as well as other established assays like soft agar cloning of fresh
or established tumour cells, thymidine incorporation etc. are
still valuable tools for anticancer drug development. However,
no assay gives the whole story, rather it is a piece in a mosaic. If
we are aware of their limitations and devise intelligent strategies
to compensate for them we will be able to get the best out of in
vitro assays—for the benefit of our patients.
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