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Oestradiol Stimulates Growth of Oestrogen 
Receptor-Negative MDA-MB-231 
Cells in Immunodeficient Mice by 

Loss 
A. Fried1 and V. C. Jordan 
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Reducing Cell 

Growth stimulation by oestrogens in immunodeficient mice is characteristically restricted to tumours expressing 
oestrogen receptors (ER). We now describe oestrogen-stimulated growth of the ER-negative human breast cancer 
cell line MDA-MB-231, subclone 10A. Cell culture experiments confirmed that 10A cells are unresponsive to a 
wide concentration range of oestradiol (E2) in v&o. Analysis of growth curves in viva revealed significantly longer 
tumour volume doubling times for the control group than for the E,-treated group. Cell cycle studies using in viva 
labelling with bromodeoxyuridine (BrdU) and flow cytometric analysis showed essentially equal potential doubling 
times for controls and E,-treated animals. These results suggest that E2 reduces cell loss, rather than stimulating 
proliferation. El-stimulated growth was seen in both natural killer (NK) cell producing athymic (nude) mice and 
congenitally NK cell deficient beige nude mice. We conclude that Erinduced natural lciller cell suppression is an 
unlikely mechanism of action. 
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INTRODUCTION 
ATHYMIC (NUDE) mice are widely used as a model to study the 
growth of human tumours. They are particularly useful for 
analysing endocrine effects on hormone-dependent neoplasia, 
such as breast cancer. 

According to the generally accepted model of oestrogen- 
stimulated breast cancer growth, oestrogen enters the target 
(tumour) cell and binds to nuclear oestrogen receptors (ER). 
After association of the hormone-receptor complex with specific 
DNA sequences (oestrogen response elements), the transcrip- 
tion of a specific set of genes is initiated, leading, among other 
events, to increased proliferation. The MCF-7 cell line is a well- 
characterised laboratory model for hormone-dependent human 
breast cancer. MCF-7 cells require oestrogen for growth in vitro 
[l] as well as for growth in athymic mice [2]. Conversely, the 
human breast cancer cell line MDA-MB-231 is ER-negative and 
serves as a prototype for hormone-independent breast cancer 
that demonstrates oestrogen independence in vitro and in viva. 

We have previously reported on an ER-negative human 
endometrial carcinoma (BR endometrial carcinoma) [3] that is 
serially transplantable in athymic mice. Tumour BR is tumori- 
genie in athymic mice without hormone treatment, but oestradiol 
(EJ supplementation leads to significant growth stimulation. We 
hypothesised that this effect might be mediated by modulation of 
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the animal host, namely by Ez-induced suppression of natural 
killer (NK) cell activity. In the case of BR, it is, however, 
difficult to exclude the possibility that low and undetectable 
levels of ER in the tumour cells may cause growth stimulation 
via the classic receptor-mediated pathway. Since tumour BR has 
not been grown in culture, a direct growth stimulation by Ez 
could not be ruled out. In the present article, we extend these 
previous observations to the well-characterised ER-negative 
human breast cancer cell line MDA-MB-231. In our exper- 
iments, we used a subclone (10A) of that cell line that has a 
slower growth rate than wild-type MDA-MB-231 cells, but has 
retained ER-negativity [4]. Using nuclear run-on assays and the 
highly sensitive polymerase chain reaction (PCR), it has recently 
been shown that MDA-MB-231 cells do not transcribe the ER 
gene [S]. Nevertheless, we now show that Ez has no effect 
on growth in vitro but stimulates growth in z&o. We have 
investigated one possible mechanism responsible for E&rnu- 
lated growth in viva by using a strain of immunodeficient mice 
that does not have NK cells, and compared the tumour cell 
cycle kinetics by flow cytometric analysis with and without Ez 
treatment. 

Cell line 
MATEIUALSANDMETHODS 

MDA-MB-231 cells were obtained from ATCC (Rockville, 
Maryland, U.S.A.). Clone 10A was derived from wild-type 
MDA-MB-231 cells by cloning in %-well plates at 0.5 cells/well 
[4]. Cells were maintained in minimal essential medium (MEM), 
supplemented with 5% calf serum, 1% penicillin and strepto- 
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mycin and 1% glutamine. All tissue culture media and reagents 
were obtained from Gibco (Gibco BRL Life Technologies, Inc., 
Gaithersburg, Maryland, U.S.A.). 

Growth experirwnts in vitro 
Cells were plated in 24-well plates at a density of 30 000 cells/ 

well. On day 1, the medium was changed to phenol red-free 
medium substituted with charcoal-treated calf serum. From 
days 3 to 8, cells were exposed to 17B-Er-containing medium 
(IO-i3 to 10m6 M) or control medium (0.1% ethanol vehicle 
only). Cells were harvested and lysed by sonication in calcium 
and magnesium-free Hanks buffered saline solution (HBSS). 
Total DNA was measured using fluorescence photometry with 
Hoechst 33258 dye (Sigma, St Louis, Missouri, U.S.A.) and the 
SLM-Aminco Fluoro Colorimeter III. 

Animals 
Female ovariectomised BALB/c athymic mice and outbred 

NIH Swiss beige/nude/xid mice were purchased from Harlan 
Sprague Dawley (Indianapolis, Indiana, U.S.A.). The animals 
were kept under pathogen-free conditions and were fed ad 
libitum autoclaved LM-485 chow (Teklad, Madison, Wisconsin, 
U.S.A.) and autoclaved water. All experiments were performed 
with 4-5-week-old mice. 

Growth experiments in vivo 
Cells were grown to confluence in 15cm tissue culture dishes. 

For harvesting, medium was aspirated, dishes were rinsed with 
EDTA solution and cells were gently scraped off. Cells were 
then suspended in MEM, centrifuged and resuspended to a final 
concentration of 30 X 106/ml or 2 X 106/ml. Cell suspension 
(0.1 ml) was injected into the axillary fat pad. Treatment was 
started immediately by implanting a 2-cm 1 7B-E2 silastic capsule 
or a control capsule. Tumours were measured weekly in two 
dimensions using a caliper. Tumour area (A) was calculated 
using the equation: 

A = a x b x rrl4, 

with a being the shorter tumour axis and b being the longer. At 
the time of animal sacrifice, uterine weights were recorded to 
confirm the presence of active oestrogen. 

Growth kinetics 
Tumour volume (V) was calculated by assuming an ellipsoid 

tumour shape with the equation: V = a* x b x a/6. Assuming 
exponential growth, tumour volume doubling time (Tn) was 
derived by using the equation: T, = log 2/s, where s is the slope 
of a straight line in a plot of the decadic logarithm of mean 
tumour volume versus time. The value of s was calculated by 
linear regression analysis. 

Cell cycle analysis 
For cell cycle analysis, we used the protocol described by 

Ritter and colleagues [6]. Briefly, at 9 weeks the mice were 
injected intraperitoneally (i.p.) with 0.1 ml of a sterile 10 mg/ml 
BrdU solution. One mouse did not receive BrdU and served as a 
red control. After 7 h, animals were sacrificed, and tumours 
were excised, minced and lixed in 70% ethanol (in 
0.15 M NaCl.) After digestion in 0.04% pepsin/O.1 N HCl for 
60 min at 37”C, the suspension was filtered through a 35-km 
nylon mesh. The suspensions were treated with 2 N NC1 for 30 
min at 30°C and then neutralised with 0.1 M sodium borate. 

After rinsing in phosphate buffered saline (PBS), 2 X lo6 nuclei 
were resuspended in 50 p,l PBS with 0.5% Tween 20 and 1 mg/ 
ml bovine serum albumin and incubated with 20 l~,l of antiBrdU 
antibody (Becton Dickinson, San Jose, California, U.S.A.) at 
room temperature in the dark. After rinsing, the nuclei were 
incubated with a 1:50 dilution of the secondary antibody 
(antimouse- FITC conjugate, Sigma) in PBS with 0.5% Tween 
20 and 1 @ml goat serum. Nuclei were stained with 30 yg/ml 
propidium iodide (PI) and simultaneously treated with RNAse 
(5 p&ml). PI staining was omitted on one tumour sample (green 
control). Samples were stored overnight at 4°C and data were 
analysed with a Becton Dickinson FACScan flow cytometer, 
using LYSIS II V. 1.0 software. A display of red versus green 
fluorescence allowed gating of cells in Gl/O, G2+M (PI only) 
and of BrdU labelled cells. Cell cycle parameters were calculated 
according to the method of Begg and colleagues [7]. Briefly, 
relative movement (R,) was calculated using the formula: 

Rrn = (FL - FG,)I(FGM - FGI), 

where FL is the mean red PI fluorescence of the green BrdU- 
labelled cells (region R4 in Figure 1) and FG1 and FGM are the 
mean red fluorescence values of Gl and G2+M cells (regions R2 
and R5 in Figure 1). DNA synthesis phase duration (Ts) was 
calculated using the equation: 

T, = 0.4 x tl(R, - 0.6), 

where t is the duration of BrdU exposure. According to Begg 
and colleagues [7] this equation describes S-phase duration of 
human tumours more accurately than the more commonly 
applied equation: 

Ts = 0.5 x tl(R, - 0.5) 

which is based on the assumption of a relative movement of 0.5 
at time zero. 

LI was obtained by dividing the number of BrdU-labelled 
cells by the number of all cells analysed. Potential tumour 
volume doubling time (T,,) could be derived using the formula: 

T,, = T,ILI. 

l’,\II,,,,, /IIl,,lS 8’ 
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Figure 1. Cell cycle analysis with BrdU labelling. Green (B&J) 
versus red (PI) fluorescence is displayed for one tumour as a frequency 
contour plot. Measurements are expressed as channel numbers (PI) 

and arbitrary intensity units (BrdU). See text for details. 
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Figure 2. Oestradiol treatment of MDA-MB-231 10A cells in vitro. 
Cells were cultured for 8 days and treated witb & for 5 days. Each 
data point represents the mean of triplicates f S .E. Error bars are too 
small for graphic display. The bar indicates meaa + SE. of the control 

group (no EJ 

Cell loss factor (@) was calculated using the following formula: 

Cp = 1 - T&T,,. 

Statistics 
All statistical analyses were performed with StatView 512+ 

software (BrainPower Inc., Calabasas, California, U.S.A.). 
Tumour size was compared by the Student’s t-test. Regression 
analysis results for the calculation of tumour volume doubling 
time were compared using confidence interval calculations. 
Tumour incidences were compared with x2-test of associations. 

RESULTS 
In vitro growth experiments 

Figure 2 shows in vitro growth of MDA-MB-231 10A cells, 
exposed to a wide range of El concentrations. No stimulation 
beyond the untreated control group was demonstrated. 

Injluente of NK cells 
Figure 3 illustrates that E2 stimulates growth of MDA-MB- 

231 10A cells in athymic mice as well as in congenitally NK cell 
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Figure 3. Growth of MDA-MB-231 1OA ceils in athymic (circles) and 
beige-nude mice (triangles). Animals were treated either with 2 cm E, 
capsules (closed symbols) or with sham implants (open symbols). 

Each data point represents mean tumour area *S.E. *P < 0.05. 

Figure 4. Mean tumour volume of MDA-MB-231 1OA cells grown in 
beiie-nude mice displayed in logarithmic form. Animals were either 
treated with 2 cm E, capsules (closed circles) or sham implants (open 

circles). The lines indicate least squares fits. 

Table 1. Incidence of MDA-MB-231 1OA tumours (number of 
tumours per total number of inoculation sires per group after eight 

weeks) 

Inoculum size 

(cells/site) Animals Control E, 

3 x 106 

2 x 105 

Athymic 

Beige-nude 

Athymic 

Beige-nude 

617 617* 
416 4/5* 

l/12 9/12t 

l/12 418* 

* Difference non-significant. t Difference significant (P = 0.0009). 

$ Difference significant (P = 0.035). 

deficient beige-nude mice. Inoculum size was 3 x lo6 cells. 
Compared with controls, tumours were significantly (P < 0.05) 
larger in EI-treated athymic mice from 5 weeks onward and in 
E+eated beige-nude mice from 6 weeks onward. Tumour 
incidence did not differ significantly between control and E2 
treatment groups in athymic or in beige-nude mice. A second 
set of mice was inoculated with 2 x lo5 cells per site. Tumour 
incidence was greatly reduced in controls compared with E2- 
treated animals. Only one small turnour grew in each of the 
control groups; tumour sixes were similar in Ez-treated athymic 
and beige-nude mice. Tumour incidences for both inoculum 
sizes are summarised in Table 1. In subsequent growth exper- 
iments, beige-nude mice were used to exclude the influence of 
NK cells. 

Tumour growth kinetics 
In a different growth experiment, 12 mice per group were 

inoculated with 3 x 106 cells bilaterally. Mean tumour area was 
significantly larger in E,-treated animals from week 5 onward. 
Tumour incidence was 23/24 sites for control and 20/20 sites in 
F&-treated mice (two mice died in this group). Proper release of 
Ez from the capsules was conlirmed by measurement of uterine 
weights. The mean uterine weight was 6.43 mg (20.9 S.E.) in 
the control group and 88.8 mg (k13.3 S.E.) in E,-treated 
animals. Figure 4 shows the decadic logarithm of tumour volume 
versus time, allowing linear regression analysis and calculation 
of TD (see Materials and Methods). Correlation coefficients T 
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Table 2. Turnour growth kinetics and cell cycle analysis: results 
are expressed as means &S.E. or 95% confidence intervals (in 

parentheses) 

Parameters Control E* 

LI (%) 
Ts (h) 
T,, (h) 
T,, (h) 
Q 

7.9 2 0.40 9.3 ? 0.25* 
10.5 k 0.20 12.4 +- 0.43* 

146.9 * 7.7 147.8 2 8.6* 
341.7 (292.3-414.5) 249.1 (228.8-279.4)-t 

0.57 0.41 

* Difference statistically non-significant. t Difference statistically sig- 
nilicant (P < 0.05). 

were 0.985 for the control group and 0.994 for the Ez group. 
The slope s of the linearised growth curve was 0.148 for control 
tumours and 0.203 for Ez-treated tumours, with 95% confidence 
intervals ranging from 0.122 to 0.173 and from 0.181 to 0.221, 
respectively. From these values, a T, of 341.7 h was calculated 
for the control group and of 249.1 h for the E2 group. Cell cycle 
analysis was performed in order to assess proliferative activity. 
Figure 1 shows flow cytometric results of a single tumour. 
Singlet events are depicted as frequency contour plot. We were 
able to distinguish four distinct subpopulations. The gated 
regions R2 and RS represent cells in GO and unlabelled cells in 
G2/M phase of the cell cycle, respectively. Region R4 represents 
BrdU-labelled cells in S and G2/M phase, region R3 labelled 
cells in Gl after undergoing mitosis. The small population 
located to the left of R2 consists of normal mouse cells. Percent- 
ages of cells in the different gates and relative movement values 
allow calculation of the proliferating pool (expressed as LI), Ts 
and TPf (see Materials and Methods). Results of nine tumours 
per group are summarised in Table 2, together with actual 
tumour growth parameters for all tumours. LI was found to be 
slightly larger in the Ez-treated group but Ts was slightly 
shorter in the control group. The differences were statistically 
nonsignificant. Potential doubling times were almost identical. 
@ was derived by comparing T, and Tpof and was larger in 
control tumours (0.57) than in Ez-treated tumours (0.41). Since 
the values of @ were determined indirectly from mean tumour 
volume measurements, it was not possible to test the difference 
for statistical significance. 

DISCUSSION 
We have previously described E,-stimulated growth of the 

ER-negative endometrial carcinoma BR [3] in athymic mice. 
With our results on MDA-MB-231 10A cells, we demonstrate 
that E&nmlated growth of ER-negative tumours in immuno- 
deficient animals is not an isolated phenomenon restricted to the 
endometrial carcinoma BR. We observed a sustained growth 
promoting effect of Ez on the ER-negative breast tumours. 
When small inoculum sixes were used, E2 greatly enhanced 
tumour take. As expected for ER-negative cells, E2 has no effect 
on growth of MDA-MB-231 10A cells in vitro. These results 
strongly suggest an animal host-mediated mechanism of action. 
The list of possible explanations is long and includes modulation 
of the immune system, of endocrine or paracrine growth factors, 
or alteration of the tissue matrix. Our experiments were designed 
to eliminate some of these possibilities and further narrow the 
scope in future experiments to discover the mechanism of 
oestrogen action as a tumour growth promoter. 

Growth and cell cycle kinetics 
In our experimental model, E2 treatment leads to shorter 

tumour doubling times, suggesting a sustained growth promot- 
ing effect. Accelerated growth could be due to an increase in 
proliferation, or a decrease in cell loss. Using in viva labelling 
with BrdU and flow cytometric analysis, we demonstrated equal 
potential doubling times in either treatment group. We conclude 
from these data that Ez reduces cell loss in MDA-MB-231 1OA 
tumours. The calculated cell loss factors of 0.57 and 0.41 are at 
the lower end of the range reported for human malignancies 
[8, 91. The cell loss factor has been shown to increase with 
tumour size [9]. Even though tumours were approximately twice 
as large in E,-treated mice, Q, was larger in the control group. 
We hypothesise that E2 exerts its effect by reducing apoptosis, 
which is considered the single most important factor contribu- 
ting to tumour cell loss [8]. To date, we have not obtained direct 
evidence to prove this hypothesis. The cascade of events in 
apoptosis includes initiation of the process through external or 
possibly internal signals. The list of alleged triggering stimuli is 
long and includes chemotherapeutic agents, radiation, killer cell 
action and growth factor or hormone withdrawal (reviewed 
in [lo]). Interestingly, within the experimental model of N- 
nitrosomorpholine-induced rat liver tumours, treatment with 
the promoter, phenobarbital, leads to accelerated growth also by 
reducing apoptosis rather than increasing cell replication [ 111. 

To our knowledge, E&nmlated growth of rapidly growing 
wild-type MDA-MB-231 cells had not been reported. We selec- 
ted clone 10A for its relatively slow growth rate that was 
comparable with growth of endometrial carcinoma BR. We 
suspect that the growth-promoting effect of E2 is dependent on 
slow baseline growth, although we have not investigated this 
hypothesis systematically. 

Since our observations of growth kinetics were limited to 
relatively small tumours, it was unnecessary to apply complex 
Gompertxian models because increases in tumour volume were 
well described by a simple exponential equation. 

Immune system 
Components of the immune system thought to be involved 

in tumour surveillance, tumour regression and elimination of 
tumour cells from the blood stream are cytotoxic T cells and NK 
cells. Athymic nude mice are successfully used as hosts for 
human tumours because they lack immunocompetent T cells. 
They do, however, produce NK cells, which are present in 
elevated numbers compared with related strains without thymus 
aplasia [ 121. Ez has been shown to suppress NK activity in mice 
[13] and reduced NK activity is associated with increased 
metastatic potential of different human cell lines in athymic mice 
[14]. Similarly, other investigators [15] showed that reduction 
of NK activity with specific antibodies can lead to enhanced 
growth of human tumours in athymic animals. However, mice 
with the beige mutation lack functional NK cells [ 161 and hybrid 
beige-nude mice are also devoid of immunocompetent T cells 
[ 171. In previous experiments performed in our laboratory, we 
could not demonstrate any detectable NK activity in beige-nude 
mice of identical lineage [18]. In order to test the influence of 
NK cells on growth of MDA-MB-231 10A cells, we compared 
their growth in athymic and in beige-nude mice. Not only was 
the growth rate comparable in both strains of mouse but, 
more importantly, E,-stimulated growth was maintained in NK 
deficient beige-nude mice. These findings argue strongly against 
a NK cell mediated mechanism of action. Our observations 
are in agreement with those of other authors who could not 
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demonstrate a correlation between growth control of human 
tumours and natural killer cell activity in athymic mice with 
different immune defects [ 191. 

Tumour stroma 

Kawatsu and coworkers [20] observed increased tumour take 
and earlier tumour development in oestriol-treated ER-negative 
lymphoma cells grown in syngeneic mice. Oestriol-enhanced 
tumorigenesis was accompanied by higher levels of hyaluronic 
acid in the skin of the animals. In contrast to our results, 
these investigators saw no difference in tumour growth rate. 

Potentially, EZ treatment could enhance angiogenesis, 
resulting in increased growth. To our knowledge, there are no 
reports in the literature, supporting such an oestrogen effect on 
tumour stroma. 

Growth factors 

Treatment of breast cancer patients with the ant&estrogen 
tamoxifen leads to production of transforming growth factor 
(TGF)-B, by stromal fibroblasts [21]. TGF-Pi has a growth- 
inhibiting effect on epithelial cells. Conversely, Ez treatment 
could induce stromal cells to secrete paracrine growth stimu- 
latory factors. 

Alternatively, Ez treatment could induce an endocrine second 
messenger, such as growth hormone (GH), and subsequently 
IGF- 1. Simard and colleagues [22] demonstrated that Ea induced 
GH synthesis and release in cultured rat pituitary cells. Interest- 
ingly, blockade of type I insulin-like growth factor (IGF) 
receptors with a monoclonal antibody results in growth sup- 
pression of MDA-MB-231 cells in athymic mice [23]. 

In summary, our results show that E2 treatment can enhance 
growth and tumour take of ER-negative breast cancer cells in 
immunodeficient mice. We were further able to show that this 
growth stimulation is due to a reduction in cell loss that is 
independent of NK cell activity. 

Ez-induced growth stimultion in athymic mice has been used 
as evidence for hormone dependency of primary human tumours 
[24]. Our experience [25] suggests that such observations should 
be interpreted with caution. Human tumours in immuno- 
deficient host animals represent a complex model; steroid hor- 
mones modulate the residual immune system, influence the 
endocrine milieu and alter the connective tissue matrix within 
the tumour and in its vicinity. Conversely, the athymic mouse 
model provides us with an opportunity to study these host- 
tumour interactions that may be of significance for human 
neoplasia. 

Initiated by a report by Hrushesky and coworkers [26], there 
has been an ongoing debate on the effect of timing of surgery 
within the menstrual cycle on the prognosis of premenopausal 
women with breast cancer. The initial observation that surgery 
during the time of oestrogen dominance is associated with poor 
outcome was disputed by other groups [27, 281. A prospective 
trial [29] with 283 patients found a statistically higher recurrence 
rate among patients who had their primary tumour removed 
during the follicular phase as compared with those who 
underwent surgery later in the cycle. Hrushesky’s results are 
also supported by a recent meta-analysis [30]. It has been 
suggested that higher levels of oestrogens unopposed by proges- 
tins somehow facilitate the establishment of micrometastases at 
the time of surgery. We speculate that our observation of 
increased tumour take and increased growth rate in E,-treated 
mice could be mediated by the same unknown mechanism. 
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A Novel Microculture Kinetic Assay (MiCK 
Assay) for Malignant Cell Growth and 

Chemosensitivity 
V.D. Kravtsov 

The THERMOmaxTM microplate reader was adapted for monitoring the growth kinetics of human leukaemic 
OWAML-2 and mouse turnout J-774.1 cell lines in continuous culture. Fluid evaporation from wells, CO, escape 
and contamination were prevented by hermetic sealing of the microcultures in wells of a 96-well microplate, thus 
enabling the cells to grow exponentially for 72 h under the conditions of the incubated microplate reader. For 
both OWAML-2 cells, which grow in suspension, and adherent J-774.1 cells, a linear correlation was 
demonstrated between the number of unstained cells seeded in a given microplate well and the optical density 
(OD) of that well. Therefore, the OD/time curve of the culture could be deemed to be its growth curve. By the use 
of the linear fit equation, the actual number of the cells in the wells was computable at any time point of the assay. 
In the chemosensitivity test, an inhibitory effect of AI&C on the growth of the cells could be estimated by 
viewing of the growth curves plotted on the screen. The maximum kinetic rates (Vmax) of the curves in the control 
and the ABA-C-treated wells were compared, yielding a growth inhibition index (GII). Comparison of results of 
the kinetic chemosensitivity assay with those of a [3H]thymidine incorporation assay revealed that the novel assay 
is suitable for precise quantitation of the cell chemosensitivity, is more informative and has the added technical 
advantage of performance without recourse to radioactive or chemically hazardous substances. 
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INTRODUCTION 
SEVERAL SPECTROPHOTOMETRIC UOU-ClOXlO&XliC IUiCrOCUltUrC 

assays have been developed to determine proliferation and 
chemosensitivity of malignant cells in vitro. These make use 
of tetrazolium-based calorimetric assay [l-6] or fluorimetric 
microculture cytotoxicity assay [7, 81, both of which are con- 
venient for handling a large number of samples. However, the 
above methods obviously determine only the endpoint of the 
cell-chemotherapeutic drug interaction and do not enable con- 
tinuous monitoring of the growth of drug-affected malignant 
cell populations in vitro. 
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Incubated scanning microplate readers (e.g. THERMO- 
maxTM Microplate Reader, Molecular Devices Corp., U.S.A. or 
iEMS Reader, Labsystems, Finland) have recently become 
commercially available. These machines are extensively utilised 
in microbiological laboratories for kinetic turbidimetric and 
chromogenic assays [9, lo]. To date, the use of incubated 
microplate readers for monitoring mammalian cell growth has 
not been possible because the incubated chamber of the reader 
does not preclude exposure of the cell microcultures to the 
ambient atmosphere, which results in evaporation of the warm 
fluid from the wells, escape of CO2 from the media and possible 
contamination of the cell cultures with microorganisms. 

We have developed a Microculture Kinetic Assay (MiCK 
assay) which overcomes the three problems of evaporation, 
sterility and pH maintenance in microcultures and allows at least 
a 3-day incubation of mammalian malignant cells in a microplate 


