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ABSTRACT: Background: Adjuvant nitrosourea chemotherapy fails to prolong survival significantly as many tumors demonstrate 
resistance to these drugs. It has been documented in cell lines that 06-methylguanine DNA methyltransferase (MGMT) plays an impor­
tant role in chloroethylnitrosourea (CENU) drug resistance. Methods: We evaluated MGMT expression in 22 glioma specimens by using 
an immunofluorescence assay and compared the results with clinical responses of the patients to CENU-based chemotherapy. Results: 
Eight tumor samples had no detectable MGMT, whereas other samples had from 9,989 to 982,401 molecules/nucleus. In one group (12 
patients), the tumor decreased in size or was stable (effective group), whereas in the other group (10 patients), the tumor demonstrated 
continuous growth during chemotherapy (progressive group). The Mer~ patients (MGMT < 60,000 molecules/nucleus) appeared to have 
more chance of stable disease or response to CENU therapy than the Mer+ patients (MGMT > 60,000 molecules/nucleus) (X2 = 4.791, 
p = 0.0286). In patients with glioblastomas multiforme (GBMs), the median time to progression (TTP) of Mer+ patient was shorter than 
that of Mer~ patient (t = 2.04, p = 0.049). As a corollary, the MGMT levels were significantly higher in GBM tumors from the progres­
sive group than those from the effective group (t = 2.26, p = 0.029). However, there was no significant correlation between MGMT lev­
els and either the survival time (r = 0.04, p = 0.8595) or TTP (r = 0.107, p = 0.6444). Conclusion: This study suggests that being MGMT 
positive is indicative of a more aggressive disease that progresses more rapidly with CENU therapy. However, MGMT negative tumors 
are not always sensitive to CENU agents, suggesting that other factors are also important. 

RESUME: Relation entre les niveaux de o6-methylguanine-ADN methyltransferase et la reponse clinique au traitement par la chloroethyl-nitrosuree 
chez les patients atteints de gliome. Introduction: La chimiotherapie adjuvante a base de nitrosurees ne prolonge pas significativement la survie des patients 
atteints de gliome malin parce que plusieurs de ces tumeurs y sont resistantes. II a ete demontre qu'en culture cellulaire, la o6-methylguanine-ADN methyl­
transferase (MGMT) joue un role important dans la resistance pharmacologique a la chloroethyl-nitrosuree (CENU). Methodes: Nous avons evalue l'ex-
pression de la MGMT dans 22 specimens de gliome a l'aide d'un essai par immunofluorescence et avons compare ces resultats avec la reponse clinique des 
malades traites par chimiotherapie a base de la CENU. Resultats: Huit specimens n'avaient pas de MGMT detectable alors que les autres specimens avaient 
de 9,989 a 982,401 molecules/noyau. Dans un groupe de 12 malades, la taille de la tumeur a diminue ou est restee stable (groupe repondeur), tandis que dans 
un autre groupe de 10 patients, la tumeur a continue de progresser durant la chimiotherapie (groupe avec progression). Le groupe de patients Mer- (MGMT 
< 60,000 molecules/noyau) a semble avoir une plus grande probabilite que la maladie soit stable ou de presenter une reponse au traitement par la CENU que 
le groupe Mer+ (MGMT <60,000 molecules/noyau) (X2 = 4.791, p = 0.0286). Chez les malades porteurs de glioblastomes multiformes (GBM), le laps de 
temps moyen ecoule jusqu'a ce qu'on note une progression (TMP) etait plus court pour le groupe Mer+ que pour le groupe Mer- (t =2.04, p = 0.049). En 
corollaire, les niveaux de MGMT etaient significativement plus eleves dans les tumeurs des patients du groupe avec progression que dans celles des patients 
du groupe oil le traitement etait efficace (t = 2.26, p = 0.029). Cependant, il n'y avait pas de relation significative entre les niveaux de MGMT et le temps de 
survie (r = 0.04, p = 0.8595) ou le TMP (r = 0.107, p = 0.644). Conclusion: Cette etude suggere que la positivite pour la MGMT indique la presence d'une 
maladie plus agressive qui progresse plus rapidement sous traitement par la CENU. Cependant, les tumeurs negatives pour la MGMT ne sont pas toujours 
sensibles a la CENU, ce qui suggere que d'autres facteurs sont egalement importants dans la reponse a la chimiotherapie. 
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Chloroethylnitrosoureas (CENUs) have long been used as 

front-line drugs for malignant gliomas. However, adjuvant 

nitrosourea chemotherapy only has a minimal effect on survival 

time because many tumors are resistant to these drugs. 

Chloroethylnitrosoureas act by releasing a chloroethyldiazo-

nium ion that alkylates several sites in DNA, the most important 

of which is at the Opposition of deoxyguanosine. This 
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chloroethyl adduct undergoes an intramolecular circularization 
and then crosslinks the DNA, producing a lethal lesion.12 O6-
methylguanine-DNA methyltransferase (MGMT) can transfer the 
alkyladduct from Oe-guanine to a cysteine residue at position 145 
of the alkyltransferase peptide chain, thereby inactivating the 
alkyladduct.3,4 By repair of 06-alkylguanine DNA adducts formed 
by CENUs, MGMT prevents further formation of DNA crosslinks 
thereby decreasing the cytotoxicity of CENUs.5 This stoichiomet­
ric "suicide" method of repair is limited by the number of alkyl­
transferase molecules available. It has been documented, in tumor 
cell lines and in xenografts, that MGMT plays an important role in 
nitrosourea drug resistance.510 Free base inhibitors such as Os~ben-
zylguanine (06-BG) inactivate the alkyltransferase molecules in 
the cells and therefore reverse CENU drug resistance.71112 

Clinical trials are currently underway to determine its efficacy;13 

however, there have been only a few clinical investigations exam­
ining MGMT expression in brain tumor samples in relation to 
patient survival and/or clinical response to chemotherapy.1417 

Traditionally, MGMT levels have been determined by bioen-
zymatic assay in which fresh tissue is used.5 The characterization 
of the MGMT gene has made it possible to determine MGMT 
expression by RNA and DNA blot analysis as well as by reverse 
transcription-polymerase chain reaction (RT-PCR) tech­
niques.131819 However, determining MGMT expression with cel­
lular extracts may be misleading because they may contain nor­
mal tissues that influence the results. Immunofluorescence 
assays have the advantage of allowing quantification of MGMT 
activity only in the malignant cells. Furthermore, one can use 
paraffin embedded specimens.20,21 In the present study, we eval­
uated MGMT expression in human glioma specimens by an 
immunofluorescence assay and compared these results with the 
responses of the patients to CENU-based chemotherapy. 

MATERIALS AND METHODS 

Clinical data 

There were 22 patients with gliomas (13 men and nine women) 
involved in this study ranging in age from 32 to 71 years (mean 50 
years). Diagnosis was confirmed by routine pathological examination. 
Paraffin-embedded slides were used for MGMT detection (details fol­
lowing). All patients underwent radiotherapy after resective surgery. 
Following radiotherapy, chemotherapy was begun when there was 
evidence of progression as defined on computerized tomography (CT) 
or magnetic resonance (MR) imaging. Either BCNU (200 mg/m2) or 
PCV (CCNU 110 mg/m2 at day 1; procarbazine 60 mg/m2 days 8-21; 
and vincristine 1.4 mg/m2 days 8 and 29) was given every 6 to 8 
weeks (Table 1). The CT and/or MR images were obtained before and 
after chemotherapy to measure changes in tumor size. A reduction in 
the tumor mass greater than 25% but less than 50% was considered as 
a minor response, whereas a reduction greater than or equal to 50% 
was considered a partial response. An increase in tumor size of more 
than 25%, was considered progression. The tumor was considered 
stable if it neither increased nor decreased by no more than 25%. 
Patients received one to five cycles of treatment and were followed for 
2 to 43 months (Table 1). Patient response to chemotherapy was also 
evaluated by the time to progression (IIP), which was the time in 
months ftom the date of first treatment with CENU until the date that 
the patient developed progressive disease. Survival time was deter­
mined from the date of initial chemotherapy. 

Detection of MGMT in tumor specimens 

A quantitative immunofluorescence assay for MGMT was 
performed as previously described.16,20 Briefly, two slides from 
each tumor sample were stained in parallel: one with antitrans-
ferase monoclonal antibody 3B8, which was raised against 
recombinant human MGMT3 (test sample), and one without this 
antibody (background control). Quantum Simple Cellular 
Microbeads, used in calibrating the digitized fluorescence inten­
sity, were spotted onto slides and fixed in parallel. The tissue 
samples and beads were treated with 0.1% Triton X-100 in phos­
phate-buffered saline (PBS), blocked with 5% nonfat milk/PBS, 
and stained with the first antibody at 37 jig/ml and the second 
goat anti-mouse immunoglobulin G antibody linked to fluores­
cein isothiocyanate (FITC) at 15 |J.g/ml. Nuclei were stained with 
0.2 ug/ml 4'6-diamidino-2-phenylindole-2HCl (DAPI) for 3 
minutes, and the slides were rinsed and mounted with 50% glyc­
erol and Slowfade antifade reagent. 

Images from the slides of the tissues and beads were captured 
by epifluorescence microscopy for which a Nikon Diaphot 
microscope equipped with Fluorite lenses and with green and 
blue filter sets was used (for FITC and DAPI fluorescence, 
respectively). The images were digitized using a Star I CCD 
Camera. The images were analyzed with the Optimas image 
analysis system, by using a macroinstruction that automates data 
collection and performs all calculations. A value for MGMT (in 
molecules/nucleus) for each nucleus was derived from measure­
ments of nuclear areas and densitometric fluorescent intensities. 
Intensity was quantified following comparison to a calibration 
curve derived from positive control standards. For each tumor 
specimen, a distribution was determined from densitometric 
intensity measurements of approximately 100 nuclei in the test 
and background control sections. The MGMT level was scored 
as zero if the mean value on the test section did not differ signif­
icantly from the mean value on the background control section. 
The value in molecules/nucleus for each tumor specimen was 
defined as the difference between the means of the two distribu­
tions for the test and background control slide for each given 
tumor sample. Calculations were performed in duplicate for each 
sample and results were averaged. 

Statistical analysis 

The relationship between MGMT expression and survival 
time or TTP of the patients were evaluated using linear regres­
sion analysis. In addition, the patients were divided into several 
groups for comparisons using Students' t-test and contingency 
analysis. The MGMT-rich (Mer+) group had MGMT level high­
er than 60,000 molecules/nucleus, whereas a tumor with a 
MGMT level below 60,000 molecules/nucleus was considered as 
MGMT-poor (Mer). The patients were placed in the progression 
group if the tumor mass increased in size during chemotherapy, 
whereas if the tumor remained stable or decreased in its volume 
during treatment, the patients were assigned to the effective 
group. The patients were also separated into groups by histolog­
ical tumor type: a glioblastoma multiforme (GBM) tumor group 
and an anaplastic astrocytoma (AA) tumor group. 

RESULTS 

Twenty-two patients were involved in this study. Thirteen 
patients had GBMs and nine patients had AAs. The expression of 
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Table 1: Clinical data of 22 glioma patients. 

Case 
No. 

1 
2 
3 
4 
54 

6 
7 
84 

9 4 

10 

11 

12 

131 

14 
153 

16' 
17 
18" 
194 

204 

21 
222'4 

Sex 

M 
F 
M 
M 
M 
M 
F 
M 
M 
F 
F 
F 
M 
M 
F 
F 
M 
F 
M 
M 
F 
M 

His5 

GBM 
GBM 

GBM 

GBM 

GBM 

GBM 

GBM 

GBM 

GBM 

GBM 

GBM 

GBM 
GBM 

AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 

Age 
(yrs) 

71 
57 
64 
63 

43 

60 

61 

42 

49 
55 
52 
65 
62 

39 
44 

32 

32 

36 

41 

44 
51 
43 

MGMT 
level6 / 

0 
0 

98136 

0 

9989 

92685 

0 

63430 
261940 

519000 

496000 

0 

127000 

387066 
83234 

0 

0 

0 

826073 

326845 

982401 
53112 

' phenotype7 

M e r 
M e r 

Mer+ 

M e r 

M e r 
Mer+ 

M e r 

Mer+ 

' Mer+ 

' Mer+ 

' Mer+ 

' M e r 
' M e r 

' Mer+ 

' Mer+ 

' M e r 

' M e r 

' M e r 

' Mer+ 

' Mer+ 

' M e r 

' M e r 

Response8 

minor response 
partial response 

partial response 

stable 

stable 
progressive 

progressive 

progressive 

progressive 

progressive 

progressive 

progressive 
progressive 

progressive 

progressive 

partial response 

stable 

stable 

partial response 

minor response 

stable 
minor response 

cycle 

4 
3 
2 
2 
5 
3 
2 
1 
2 
2 
3 
1 
2 
4 
4 
5 
4 
4 
5 
4 
2 
1 

TTP** 

6 
9 

>2 
4 
9 
2 
2 
1.5 
1 
3 
2 
1 
4 
5 
5 

>43 

6 
13 
9 

10 
9 

NE11 

ST10 

12 
11 

6 
4 

11 

5 
3 
6 
7 
5 
8 
3 
5 

>34 
>42 

>43 
10 

19 
12 
12 
12 
14 

1 Only these 2 patients had received BCNU with radiotherapy as initial treatment and on relapse were treated with BCNU alone. 
2 Refused further chemotherapy after 1 dose. 
3 Received PCV x 2 cycles, then BCNU x 2 cycles. 
4 Received concomitant high dose tamoxifen therapy, but had progressed on tamoxifen therapy before starting BCNU therapy. 
5 GBM, glioblastoma multiforme; AA, anaplastic astrocytoma. 
6 MGMT levels were presented as Molecules/nucleus determined by immunofluorescence assay. 
7 Mer+ consisted of MGMT levels higher than 60,000 Molecules /nucleus in the tumor sample; Mer consisted of MGMT levels below 60,000 
Molecules /nucleus in the tumor cells. 

8 Minor response means that the tumor mass was reduced in size by > 25% but < 50%; Partial response means that the tumor mass reduction is > 50%; 
Progressive is that the patient's tumor increased by > 25%; Stable is that the tumor mass did not decrease down to 25% or did not increase up to 25%. 

9 TTP, time to progression in months after initial chemotherapy. 
10 Survival time is the time in months after initial chemotherapy until the patient died. 
1' NE, could not be evaluated. 

MGMT in tumor samples varied widely. Eight samples had no 
detectable MGMT; the remaining tumors had MGMT expression 
ranging from 9,989 to 982,401 molecules/nucleus. The response 
to chemotherapy was modest; only four patients had a partial 
response (tumor volume decrease > 50%). Three patients showed 
minor response (tumor volume decrease > 25% but < 50%) and 
five patients remained stable during CENU based chemotherapy. 
With almost half of the patients (10 of 22), the tumor continu­
ously grew during chemotherapy. The average TTP in patients 
was 6.7 months and the average survival was 13 months (range 
2 - 4 3 months) (Table 1). By linear regression analysis, there was 
no significant correlation between MGMT levels in tumor cells 
and either the patient survival time (r = 0.04, p = 0.8595) or TTP 
(r = 0.107, p = 0.6444). However, the age of the patients, as 
expected, was negatively correlated with TTP (r = 0.507, p = 
0.019) or with survival time (r = 0.573, p = 0.0053). M e r 
patients were less likely to be in the progressive group (two of 
10) than Mer+ patients (eight of 12), (x2 = 4.791, p = 0.0286). 

However, there was no significant difference between the Mer+ 

and M e r group for survival time (t = 0.094, p = 0.4633) or TTP 
(t = 1.156, p = 0.1428). Furthermore, there was no significant dif­
ference in MGMT levels between the progressive and effective 
group (t = 0.098, p = 0.461). 

Because GBMs are much more aggressive than AAs, the sur­
vival time was significantly shorter in patients with GBM tumors 
(6.9 ± 0.8 months) compared to those with AAs (22 ± 4.6 
months). The TTP of the patients was also shorter in the GBM 
group than in the AA group. Patients in the GBM group were 
much older than those in the AA group (mean 57 compared with 
40 years, respectively). However, the MGMT levels between 
these two groups were not significantly different (t = -1.24, p = 
0.122) (Table 2). 

Specific to the GBM group alone, the TTP of Mer+ patients 
(2.2 ± 0.4 months) was shorter than that of M e r patients (5.2 ± 
1.4 months), but there was no significant difference in survival 
time between these two groups (t = 0.889, p = 0.207) (Table 2). 
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Table 2: Comparison of age, TTP, survival time and MGMT levels between groups. 

Group n 

Whole Patients 
Mer+'' 
M e r 

Eff2 

Prog 

GBM 
AA 

GBM 
Mer+ 
M e r 

Eff 
Prog 

12 

12 
10 

13 
9 

7 
6 

5 
8 

Age 

50.3 ± 2.5 
10 
t = 0.01 
p = 0.498 
48.1+3.8 
52.9 ± 2.9 
t = 1.01 
p = 0.162 
57.2 ± 2.4 
40.2 ± 2.0 
t = 5.35 
p = 0.00002 

54.9 ± 3 
60 + 4 

t = 1. 05 
p = 0.16 
59.6 ± 4.7 
55.6 ± 2.7 
t = 0.71 
p = 0.253 

TTP 

4.5 ± 4.3 
50.3 ± 4.7 
t = -1.34 
p = 0.108 
10 ±3.2 
2.7 ± 0.5 
t = -2.45 
p = 0.017 
3.6 ± 0.8 
12.5 ±4.5 
t = -1.97 
p = 0.045 

2.2 ± 0.4 
5.2 ±1.4 

t = 2.04 
p = 0.049 
6 + 1.4 
2.1 ±0.4 
t = 3.03 
p = 0.019 

Survival time 

12.9 ± 13.6 
10.3 ± 4.3 
t = -0.06 
p = 0.478 
13.8 ±2.9 
12.1 ±4.4 
t = -0.33 
p = 0.372 
6.9 ± 0.8 
22 ± 4.6 
t = -3.27 
p = 0.006 

6.1 ±0.4 
7.7 ±1.7 

t = 0.89 
p = 0.207 
8.8 ±1.6 
5.6 ± 0.5 
t = 1.67 
p = 0.077 

MGMT levels3 

13.2 ±3.6 

191 ± 100 
203 ± 63 
t = 0.098 
p = 0.461 
128 ± 5 1 
295 ± 125 
t = -1.24 
p = 0.122 

21 ±19 
195 ± 74 
t = -2.26 
p = 0.029 

Response 
(Eff: Prog) 

4:8 
8:2 

x2 = 4.791 
p = 0.0286 

5:8 
7:2 
x2 = 3.316 
p = 0.0686 

1:6 
4:2 

X2= 3. 745 
p = 0.053 

'MGMT phenotype (Mer+, Mer) , TTP, survival time were defined as in Table 1 legend. The value is expressed as mean ± standard 
error. 

2Eff, effective patients were those in which the tumor mass was reduced in size or remained stable, with chemotherapy; Prog, were 
the patients where the tumor increased in size during chemotherapy. 

3 MGMT levels were Molecules/nucleus x 103. 

When we compared the GBM patients between the effective and 
progressive groups, the MGMT levels were much higher 
(195,007 ± 74,223 molecules/nucleus) in the progressive patients 
than in the effective patients (21,625 ± 19,225 molecules/nucle­
us). The TTP and survival times in the effective group were also 
longer than those in the progressive group (Table 2). However, 
there was no linear correlation between MGMT levels and TTP (r 
= 0.338, p = 0.259) or survival time (r = 0.119, p = 0.698) in these 
patients. Again in GBM patients, those who were M e r were less 
likely to have progressive disease (two of six) than those who 
were Mer+ (six of seven), (x2 = 3.745, p = 0.053). There were only 
nine patients with AAs and only two of these were in the pro­
gression group. However, it is clear that progression in AA 
patients with high MGMT levels is not necessary ominous 
because both of these patients are alive at 34 months or more. 

DISCUSSION 

It has been shown that MGMT can repair 06-alkylguanine 
adducts, such as the chloroethyl adduct formed by CENUs, pre­
venting the formation of cytotoxic interstrand crosslinks.5 

Accumulating evidence indicates that MGMT-positive tumor 
cells are more resistant to CENUs than that MGMT-negative 
tumor cells.5,6,810 It has also been confirmed by many investiga-

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES 

tions that MGMT inhibitors such as Os-BG can sensitize tumor 
cells to CENUs via inhibition of MGMT.7,1012 However, MGMT 
expression does not always correlate linearly with drug resist­
ance, and some MGMT negative tumors also show resistance to 
these agents.18 We previously investigated MGMT protein levels 
and MGMT activity in 14 human tumor cell lines and compared 
these results with BCNU cytotoxicity. Although there was no 
significant linear correlation between MGMT expression and 
CENU resistance, cell lines with high MGMT expression were 
more resistant to BCNU than MGMT poor cell lines. In addition, 
BCNU-sensitive cell lines were all MGMT-poor, indicating that 
MGMT plays a major role in BCNU drug resistance.18 

In our present clinical observation, Mer+ patients appeared 
more likely to have progressive disease with CENU-based 
chemotherapy than the M e r patients. However, we did not find a 
statistically different TTP between Mer+ and M e r groups in the 
entire series of patients, possibly due to the small number of 
cases. However, the TTP of the Mer+ group was shorter than the 
M e r group (4.5 compared with 10.3 months, respectively). 
Because GBM and AA behave differently, we considered them 
separately. Even failing to respond to chemotherapy, patients with 
AA survive much longer than patients with GBM. In our series, 
this is indicated by two AA patients with high MGMT levels and 
no response to CENU therapy, who have survived more than 34 
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and 42 months, respectively, after initial CENU therapy. This 
survival time was much longer than that for any GBM patient. 
The MGMT levels were similar between GBM and AA patients, 
whereas the survival times and TTP of AA patients were longer 
than GBM patients. The A A patients were much younger than the 
GBM patients, which is also a factor affecting survival time. 

In the GBM patients, those who demonstrated progressive dis­
ease with CENU therapy had higher MGMT expression than the 
patients in the effective group. Thus, the TTP in patients in the 
effective group was longer compared to patients in the progres­
sive group, suggesting that MGMT contributes to CENU resist­
ance in GBM. In the previously reported large multicenter 
series,16 patients whose gliomas showed high MGMT levels had 
a shorter time to treatment failure and shorter survival time, with 
a mortality rate 1.7 times greater than patients whose gliomas 
showed low MGMT levels. In this series, although we did not 
find a significant difference in survival time between patients har­
boring MGMT-rich and MGMT-poor GBMs, possibly due to the 
small sample size, patients with MGMT-positive tumors were 
more likely to have progressive disease with CENU therapy. 
Nonetheless, the results are complicated by the fact that some 
patients with low MGMT levels in their gliomas failed to respond 
to CENU based chemotherapy. This is in agreement with our pre­
vious finding with human tumor cell lines demonstrating that 
some MGMT poor cell lines are also resistant to CENU.18 

The mechanism of drug resistance in brain tumors is multifac­
torial.24 There are at least three possible sites of drug resistance 
concerning the tumor cell: drug inactivation, such as glutathione­
s-transferase (GST)-mediated metabolism of nitrosoureas;2526 

transportation of the drug out of the tumor cells, such as mediat­
ed by multidrug resistance gene2728 and repair of the damaged 
DNA.5'818,29"31 One of the best recognized mechanisms of 
nitrosourea resistance in human tumors relating to DNA repair is 
MGMT. Nucleotide excision repair (NER), a multienzyme com­
plex, is responsible for repairing a wide variety of DNA lesions,32 

including lesions induced by ultraviolet (UV) light or by some 
chemotherapeutic agents.3334 Authors of several studies have sug­
gested that NER may also be implicated in anticancer drug resist­
a n t 18,29-31,35 Recently, using RT-PCR, we examined ERCC2 
gene expression in 10 human brain tumor cell lines and found a 
significant correlation between ERCC2 expression and the cyto­
toxicity of BCNU or SarCNU, the latter being a novel CENU ana­
log with enhanced antitumor activity against human gliomas.23,31 

We also examined four samples in this series and found ERCC2-
positive tumors in two patients with progressive disease, one of 
which was MGMT negative, whereas two patients whose treat­
ment was considered effective had ERCC2-negative tumors (data 
not shown). Previously we determined that ERCC2 protein levels 
were significantly correlated with UV sensitivity and BCNU 
resistance. Moreover, UV sensitivity was correlated to BCNU 
cytotoxicity, suggesting that NER, specifically ERCC2, is 
involved in nitrosourea resistance in human tumor cell lines.18 

CONCLUSIONS 

Our present clinical observation confirms that MGMT plays an 
important role in CENU drug resistance in human gliomas. 
Patients with MGMT-negative gliomas are less likely to progress 
on CENU chemotherapy than patients with MGMT-positive 
gliomas. This notwithstanding, MGMT-positive tumors are usual­

ly, but not always, resistant to CENUs, whereas MGMT-negative 
tumors are not always sensitive to CENUs, suggesting that other 
factors may also affect a patient's response to chemotherapy. 
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