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ABSTRACT

In vitro chemosensitivity testing of short term primary glioma cultures derived from brain biopsies is still in the re-
search phase and has not yet found a place in clinical use. The main reasons for this slow progression are the small
amounts of tissue available and the lack of a suitably sensitive assay capable of use in the clinical setting. This study
examines whether the MTS and ATP cell survival assays, which determine cytotoxicity via colorimetric and lumines-
cence analysis respectively, could potentially fulfill this role. Primary glioma cultures were tested for chemosensitivity
using the MTS and ATP assays and were found to be generally sensitive to cisplatin and paclitaxel but relatively resis-
tant to carmustine and etoposide. For both assays, LDs, values lay in the range 2 - 130 ug/ml but in the vast majority of
cases, those obtained by the ATP assay were markedly lower those obtained by the MTS assay. Moreover, at cell num-
bers less than 2000 in the cases of paclitaxel and carmustine and less than 4500 in the case of cisplatin, these drugs
were generally indicated as ineffective against the glioma cultures tested by the MTS assay but effective against these
cultures by the ATP assay. These data clearly demonstrate that the ATP assay is more sensitive when estimating small
cell numbers generated by primary glioma cultures from brain biopsies and more reliably detects higher kill rates by
anticancer drugs. This study also supports the feasibility of using the ATP assay for chemosensitivity testing in a clini-
cal setting.
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In addition, another highly significant factor is the rela-
tively small amount of tumour tissue available for analy-
sis due to the use of needle biopsy over resection for tis-
sue diagnosis. The role of cytoreduction alone in malig-
nant gliomas still has an uncertain role in prolonging
patient survival but appears to be increasingly used as the
UK follows established US practice [8-10].

Two decades ago the standard test for in vifro chemo-
sensitivity testing was the colony forming (clonogenic)
assay but the emergence of colorimetric tests greatly
simplified such testing for many tumour cultures. One of
the most widely used of these colorimetric tests is based

1. Introduction

The in vitro testing of chemotherapeutic response in tu-
mours is not a new concept but lost a great deal of mo-
mentum in the “oncogene” years of the 1970’s and
1980°s despite several studies which reported correla-
tions between chemosensitivity and in vivo effect [1-4].
However such testing in gliomas remains in the research
phase and has not been adopted for clinical use as has
been in the case of some other cancers such as leukaemia
[5-7]. The reasons for this are manifold and include: the
general resistance of gliomas to chemotherapy, both in

vitro and in vivo, the protective effects of the blood brain
barrier, the fact that in vitro studies are performed more
on established glioma cell lines and that treatment is
guided by more by custom and practice than empiricism.
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on the ability of metabolically active cells to reduce the
yellow tetrazolium salt of 3-(4,5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) to a purple prod-
uct, MTT formazan. The absorbance of this compound
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can be directly related to the number of viable cells pre-
sent and hence by measuring survival, the relative cyto-
toxic action of a drug on tumour cells [11]. However, this
assay suffers from the disadvantage that MTT formazan
is a crystalline precipitate that requires resolubilisation
before absorbance readings can be taken. More recently,
the MTT assay was modified to use the MTT analogue 3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H tetrazolium, inner salt (MTS) [12].
The MTS and MTT assays have comparable chemistry
but the former assay has the advantage over the latter that
its use with metabolically active cells leads to the forma-
tion of a soluble formazan compound. As with the MTT
assay, the absorbance of the formazan compound pro-
duced in the MTS assay can be used to measure the
number of viable cells present and the relative toxicity of
drugs. Nevertheless, both the MTS and MTT assays suf-
fer from a major disadvantage general to these colori-
metric tests, since they require a significant number of
cells to detect cell death and their sensitivity drops sig-
nificantly at lower cell numbers. The more recently de-
veloped ATP assay, which utilises bioluminescent meas-
urement of ATP in metabolically active cells to assess
viability, has the potential to overcome this limitation
[13]. Studies on cell lines and primary cultures from
ovarian and gastric cancers have demonstrated that this
assay is able to exhibit high sensitivity even at very low
cell numbers. This has generated great interest since it
now may be feasible to adopt in vitro testing to direct
individualised chemotherapy treatment when there are
limited amounts of tissue available [14-18].

It is known that primary glioma tumour cultures are
able to yield successful short term cultures but the
growth of individual tumours is still very variable and
unpredictable in relation to the number of cells available
for chemosensitivity testing. It is therefore important to
establish that an assay used for the detection of cell sur-
vival in glioma cultures has maximal sensitivity, espe-
cially for low initial cell numbers. Recent studies have
shown that the ATP assay has greater efficacy than the
MTS assay in enumerating cells counts for glioma cell
lines, especially in the case of very low cell numbers, and
it has been suggested that the former assay may be the
better choice for determining the endpoints of chemosen-
sitivity for primary glioma cultures [19]. To investigate
this suggestion, the present study compares the ability of
the MTS and ATP assays to measure the susceptibility of
short term cultures from malignant gliomas to a range of
established anticancer drugs [20], including: cisplatin,
which is an alkylating agent and has been used both
alone and in combination therapy for the treatment of
glioma [21]; carmustine which has been successfully
incorporated into implants (Gliadel Wafer) for the treat-
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ment of newly diagnosed high-grade gliom a [22] 5; pa-
clitaxel and etoposide, which have both shown efficacy
in the treatment of gliomas [23-25].

2. Material and Methods
2.1. Primary Culture Preparation

The glioma tumour tissue used in this study (samples A
to O) was derived from eleven patients who had under-
gone ecither stereotactic biopsy or cytoreductive surgery
(age range 33 - 73 years; mean age 54 years; 7 female, 4
male; 4 secondary operations) Only tissue designated as
surplus to diagnostic requirements by a consultant neu-
ropathologist was submitted for testing. Consent was
obtained from patient or consultee and the study ap-
proved by the UK, National Research Ethics Service.

Immediately upon removal, operative tissue was
placed in transport medium (Dulbeco’s Modified Eagle’s
Medium [DMEM] with penicillin [final concentration:
10,000 U/L], streptomycin [final concentration: 100 mg/L]
and amphotericin B [final concentration: 2.5 mg/L]; all
Sigma-Aldrich, UK) and transfer expedited to the labo-
ratory. In a Class II ventilation hood, glioma samples
were transferred to a dry petri dish and obvious non-tu-
mour or necrotic material removed. Smear preparations
were used to confirm the tumour nature and suitable tis-
sue diced. Fragments were placed in a 15 ml centrifuge
tube containing 9 ml of growth medium and 1 ml of col-
lagenase solution type IA (2000 digestion units/ml;
Sigma, UK) and then incubated in a water bath at 37°C
for 1 to 4 hrs. During incubation, the tubes were me-
chanically agitated every 15 min and the contents pipet-
ted gently to promote disaggregation of the tumour tissue.
When visual examination confirmed homogeneity, each
tube was centrifuged at 300 g for 5 min and the enzyme
solution discarded. The disaggregate was washed in
growth medium, centrifuged and then resuspended in 10
ml of growth medium and transferred to a 25 cm” cell
culture flask for culture in a humidified 5% CO, incuba-
tor at 37°C (New Brunswick Scientific, UK). After 24 to
48 hrs, the medium and non-adherent material was dis-
carded and each culture re-fed with further growth me-
dium.

The growth medium was prepared by mixing equal
volumes of DMEM and Ham’s F12 medium and then
adding foetal calf serum (final concentration 10% v/v),
streptomycin (final concentration 100 mg/L) and penicil-
lin (final concentration 10,000 U/L). All components of
growth medium were obtained from Sigma-Aldrich (UK).

2.2. The MTS and ATP Assays

The MTS assay of glioma cells was performed using the
CellTiter 96 assay (Promega, UK) according to the manu-
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facturer’s instructions. Essentially this assay involves the
addition of a single reagent, which includes MTS and
phenazine ethosulfate (PES), to the cell culture under
examination. In the presence of PES, MTS is reduced by
reducing agents present in metabolically active cells to
produce a formazan compound. The absorbance of this
compound is then read at 490 nm and provides a measure
of viable cells in the culture [12].

The ATP assay of glioma cells was performed using
the CellTiter-Glo assay (Promega, UK) according to the
manufacturer’s instructions. Essentially this assay in-
volves the addition of a single reagent, which includes
the enzyme luciferase and its substrate, luciferin, to the
cell culture under examination. The action of this reagent
leads to the release of ATP from metabolically active
cells whilst inactivating the ability of these cells to syn-
thesize further ATP. In the presence of this released ATP,
luciferin is oxidised by luciferase, to generate a propor-
tional luminescent signal, which is read and provides a
measure of viable cells in the culture [13].

The primary cultures were examined daily and when
greater than 70% confluence was achieved (between 4 to
14 days), the cells were trypsinised by adding 1 ml of
0.25% trypsin (w/v). After detachment, the trypsin was
neutralized with an equal volume of growth medium,
glioma cells thoroughly mixed by pipetting and counted
in a haemocytometer. Based on these counts, cells were
resuspended in an appropriate volume of medium so that
60 pl aliquots of equal cell number could be added to
each well of either 96 well clear plates (Nunc, UK) for
MTS assay or 96 well white plates with clear bottoms
(Nunc, UK) for ATP assay. Care was taken to agitate the
cell suspension during aliquotting to ensure even distri-
bution. Plates were then left in a humidified 5% CO,
incubator at 37°C (New Brunswick Scientific, UK) to
attach. After 24 hours, drugs in 40 pl of diluent were
added to plate wells to give final concentrations of: 1, 2.5,
10, 25 and 100 pg/ml for carmustine and etoposide, 0.4,
1,4, 10 and 40 pg/ml for cisplatin, and 1.36, 3.4, 13.6, 34
and 136 pg/ml for paclitaxel. These concentration ranges
were chosen to include the published peak plasma con-
centrations or therapeutic dose, of each drug studied
which were taken as 33 pg/ml for carmustine and eto-
poside, 4 pg/ml for cisplatin and 3.6 pg/ml for paclitaxel
[26].

The plates were allowed to incubate for a further 72
hrs with drugs before reading. For the MTS assay, 20 pl
of reagent was added to each well and plates placed back
in the incubator for 90 min prior to absorbance determi-
nation using a plate reader (Tecan, UK). For the ATP
assay, medium was removed from each well and the
plate tapped dry. 100 pl of the ATP assay reagent was
then added to each well and the plate placed on a gentle
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shaker for 2 min followed by standing equilibration at
room temperature (25°C) for 15 to 30 min. Luminescence
was then measured using a plate reader (Tecan, UK). For
controls, corresponding experiments were performed
adding drug diluents without active chemotherapy agent
and in all cases, individual well experiments were re-
peated fourfold.

2.3. Data Analysis

Absorbance and luminescence measurements were de-
termined for drug treated and control cell populations of
the glioma tumour cultures, A to O. For each replicate set,
the drug concentration was plotted against absorbance or
luminescence to provide a dose/response curve in MS
Excel 2010 (Figure 1). The point at which the absorb-
ance/luminescence gave 50% of the value obtained for
the non-drug treated cell population was determined and
extrapolated to give the drug concentration which killed
50% of the tested cell population. This drug concentra-
tion was taken as the LDs, of that drug in pg/ml and was
always less than, or equal to, the highest concentration of
the drug used. Separate analysis of the replicate studies
provided a mean and standard deviation and for each
drug tested, the LDs, values were represented as bar his-
tograms. If no drug concentration tested killed at least
50% of a cell population, that population was deemed
“resistant” to that drug according to the assay and repre-
sented by a histogram bar at the maximal drug concen-
tration used.

3. Results

Estimation of Cell Number in Glioma Primary Tissue
Cultures

The ATP and MTS assays were used to determine the
chemosensitivity of cells from glioma tissue cultures to
cisplatin (15 cases), paclitaxel (13 cases), carmustine (5
cases) and etoposide (3 cases) (Figures 2-5). Drug re-
sponses exhibited by these cultures were expressed as
LDs, values as measured by the ATP and MTS assay
systems. In addition, data is shown relating the chemo-
sensitivity assay results to starting cell counts of the pri-
mary glioma cultures used in the assay.

All 15 cases were tested for cisplatin sensitivity and
dose-response curves were obtained for all 15 samples
with the ATP assay but only 9 of these cases gave a
dose-response with the MTS assay, even at the highest
dose of chemotherapeutic agent. Where a dose-response
curve was obtained the LDs, was calculated and those
cases which showed no evidence of toxicity were
deemed to be resistant and represented on the graph as
bar exceeding the maximum dose used (Figure 2).

There were sufficient cells to test 13 cases with pacli-
taxel and all 13 gave dose-response curves with the ATP
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Figure 1. Typical dose response curves for primary glioma cells when treated with cisplatin. Cell survival was determined by
the MTS (¢) and ATP assays (m). Similar dose response curves were derived in the case of paclitaxel, carmustine and eto-
poside and these data used to determine LDs, values as described in material and methods.
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Figure 2. The responses of short term glioma tumour cultures to cisplatin using the MTS and ATP assays. It was found that
the ATP assay was able to demonstrate a relationship between changes in drug concentration and the drug response of all
fifteen glioma cultures that had been treated with cisplatin (glioma cultures: A to O). In contrast, MTS assay of the same
cultures indicated such a relationship for nine (glioma cultures: F, G, H, J, K, L, M, N to O) whereas six (glioma cultures: A,
B, C, D, E and I) showed no response to cisplatin. The data are the mean of 9 replicate experiments and the error bars repre-
sent standard deviations. Where error bars go beyond the highest concentration of cisplatin (40 ug/ml), that culture was
deemed resistant to the drug. In addition, data is shown relating the chemosensitivity assay results to initial cell counts of the

primary glioma cultures studied.

assay but only 6 cases demonstrated a dose-response
with the MTS assay. Resistance or LDs, levels were
noted and are shown in Figure 3. The availability of pri-
mary glioma cell numbers limited studies on carmustine
and etoposide to 5 and 3 cases respectively but these
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showed a similar pattern of responsiveness with the ATP
and MTS assays (Figures 4 and 5).

When these responses were measured as LDjs, values,
for both assays, they lay in the range 1 - 37 pg/ml for
cisplatin, 2 - 120 pg/ml for paclitaxel, 10 - 90 pg/ml for
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Figure 3. The responses of short term glioma tumour cultures to paclitaxel using the MTS and ATP assays. It was found that
the ATP assay was able to demonstrate a relationship between changes in drug concentration and the drug response of thir-
teen glioma cultures that had been treated with paclitaxel (glioma cultures A to O). In contrast, MTS assay of the same cul-
tures indicated such a relationship for six (glioma cultures; G, H, K, L, M and O) whereas seven (glioma cultures: A, B, C, D,
E, F and I) showed no response to paclitaxel. The data are the mean of 9 replicate experiments and the error bars represent
standard deviations. Where error bars go beyond the highest concentration of paclitaxel (136 ug/ml), that culture was
deemed resistant to the drug. In addition, data is shown relating the chemosensitivity assay results to initial cell counts of the
primary glioma cultures studied.
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Figure 4. The responses of short term glioma tumour cultures to carmustine using the MTS and ATP assays. It was also
found that the ATP assay was able to demonstrate a relationship between changes in drug concentration and the drug re-
sponse of five cultures that had been treated with carmustine (glioma cultures: A, B, C, I and L). In contrast, MTS assay of
the same cultures indicated such a relationship for one (glioma culture: L) whereas four (glioma cultures: A, B, C and I)
showed no response to carmustine. The data are the mean of 9 replicate experiments and the error bars represent standard
deviations. Where error bars go beyond the highest concentration of carmustine (100 ug/ml), that culture was deemed resis-
tant to the drug. In addition, data is shown relating the chemosensitivity assay results to initial cell counts of the primary
glioma cultures studied. In addition, data is shown relating the chemosensitivity assay results to initial cell counts of the pri-
mary glioma cultures studied.
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Figure 5. The responses of short term glioma tumour cultures to etoposide using the MTS and ATP assays. It was also found
that the ATP assay was able to demonstrate a relationship between changes in drug concentration and the drug response of
three cultures that had been treated with epotoside (glioma cultures: A, C and L). In contrast, MTS assay of the same cul-
tures indicated such a response for only glioma culture L with glioma cultures: A and C showing no response to etoposide.
The data are the mean of 9 replicate experiments and the error bars represent standard deviations. Where there error bars
go beyond the highest concentration of epotoside (100 ug/ml), that culture was deemed resistant to the drug. In addition, data
is shown relating the chemosensitivity assay results to initial cell counts of the primary glioma cultures studied.

carmustine and 25 - 95 pg/ml for etoposide. However,
reflecting the trend observed in glial cell survival counts,
LDs, values obtained by the, ATP assay were markedly
lower those determined by the MTS assay (Figures 2-5).
At very low cell numbers, these differences in LDs, val-
ues led the ATP and MTS assays to generate conflicting
results. At initial cell counts of less than 2,000 in the
cases of paclitaxel and carmustine (Figures 3 and 4), and
less than 1000 in the case of cisplatin (Figure 2), these
drugs were generally indicated as ineffective against the
glioma cultures with the MTS assay but effective against
these cultures with the ATP assay. Above these cell
numbers, the MTS and ATP assays were generally in
agreement and indicated that cisplatin, paclitaxel and
carmustine were effective against the glioma cultures
tested (Figures 2-5). In the case of etoposide, the MTS
and ATP assays showed no agreement as to the effec-
tiveness of the drug against the glioma cultures tested up
to the limit of the initial cell count of 4500, used in this
study (Figure 5).

4. Discussion

Currently, in vitro chemosensitivity testing of short term
primary glioma cultures derived from brain biopsies has
not been adopted for clinical use and the present study
investigates whether the MTS and ATP assays, which
determine drug cytotoxicity via colorimetric and lumi-
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nescence analysis respectively, could potentially fulfil
this role.

MTS and ATP assay of the non-drug treated cell
populations of glioma tissue cultures, A to O, confirmed
previous results [19]. It was found in this previous work
that, in contrast to the MTS assay, across the cell number
ranges studied for these cultures (0 - 4500), the ATP as-
say demonstrated a strong linear response to changes in
cell number, especially at cell numbers <200 (see [19]).
The ATP assay was used in the current study to investi-
gate the chemosensitivity of fifteen short term primary
glioma cultures to a series of anticancer drugs (Figures
2-5). The drugs selected for this study have all previously
been shown to be effective against glioma and included
cisplatin, paclitaxel, etoposide and carmustine although
their frequency of present therapeutic use varies [8,
22-26]. Currently, carmustine is the favoured treatment
for high grade glioma patients and can be administered in
the form of the ‘Gliadel” wafer implant. These wafers
provide an intra-tumoral supply of the drug and a modest
increase in survival has been reported [27]. Cisplatin is
infrequently used in the treatment of glioma due to diffi-
culty in crossing the blood-brain-barrier. Nonetheless,
studies employing intra-arterial injections of the drug,
sometimes with pre-disruption of the blood-brain barrier
via a mannitol bolus, have been shown to have efficacy
although there are associated neuro-toxic side-effects
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[28]. Similarly, paclitaxel is an infrequent but potentially
useful neuro-oncology chemotherapeutic agent. Studies
have reported that patients administered with intra-
tumoural convection-enhanced delivery of this drug dem-
onstrated high anti-tumour response rates. However,
again, use of this drug is associated with neurological
complications [29]. At the present time, etoposide is not
utilised in chemotherapeutic regimes.

Based on their LDs, values, it was generally found that
the glioma cultures tested by the ATP assay were sensi-
tive to cisplatin and paclitaxel but relatively resistant to
etoposide and carmustine. A similar trend was observed
when corresponding studies were performed using the
MTS assay but the LDs, values obtained by the latter
assay were markedly higher than those determined by the
ATP assay (Figures 2-5), This observation suggests that
chemosensitivity data obtained by the MTS assay has the
potential to be misleading and is clearly demonstrated by
the fact that at low cell numbers (<2000), a number of
glioma cultures were found to be resistant to these drugs
by the latter assay but sensitive to cisplatin, paclitaxel
and carmustine by the ATP assay. Indeed, glioma cul-
tures A and C were indicated as sensitive to each of the
four anticancer drugs tested by the ATP assay but
showed no response to these drugs according to the MTS
assay.

Taken overall, the findings presented in this study
show that in terms of sensitivity, the ATP assay is supe-
rior to a colorimetric assay for chemosensitivity testing
in gliomas. This clearly gives the ATP assay a major
advantage over the MTS assay and taken with the fact
that the former assay is simple and readily gives repro-
ducible results, this makes the ATP highly attractive for
clinical application. Moreover, it is well known that the
LDs, for a drug in a chemosensitivity assay is highly
dependent on the type of assay used [30]. It is therefore
important that the most sensitive assay available be used,
as the LDs, values from less sensitive assays may be mis-
leading, which was clearly demonstrated in this study. In
all cases, where glioma cultures were found to be sensi-
tive to a given drug by both the ATP and MTS assays,
the former assay consistently gave LDs, values, which
were lower than those given by the latter assay. These
observations clearly reflect a real difference in the ability
to detect glioma cell death and are due to inherent varia-
tion between the two assays rather than technical error;
the reagents used in this study were commercially ob-
tained kits with good quality controls, and the plate
reader employed was autocalibrated and regularly ser-
viced.

In conclusion, the ATP assay exhibits much greater
sensitivity than the MTS assay when testing primary
glioma tumour cultures for chemosensitivity. A lumines-
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cence based assay such as the ATP assay should there-
fore be the assay of choice when performing chemosen-
sitivity testing in primary tumour cultures. This is espe-
cially true for tumours such as gliomas where the yield of
biopsied tissue and cultured cells is likely to be very
variable.
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