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METHODS OF ASSAYING ONA-REPAIRING ENZYMES ANO 

THEIR ALKYLATEO DERIVATIVES 

The present invention relates to met~ods of assaying human 0 6
-

methylguanine-DNA methyltransferase ·{MG~) and/or ·active site 

alkylated derivatives CR-MGMT) thereof. 

Human MGMT is an important DNA repair enzyme which can 

transfer alkyl groups from 0 6-alkylguanine and 0 4-alkylthymine 

residues tn DNA to a cysteine residue (Cys 167) at the a~tive 

site of the enzyme. Such alkylated nucleotide residues,. which 

can give rise to transition mutations in DNA sequences by 

virtue. of their miscoding behaviour, can be produced.by 

carcinogenic alkylating agents such as N-nitroso compounds, 

e.g. N-methylnitrosourea {NMU) and N-ethylnitrosourea {NEU) and 

N,N-dialkylnitr~samines. 

Various human genes associated with ·tumour formation have 

been found to carry point mutations, for example ras, p53 and· 

ERCC-3. These -mutat~ons are widely believed to be crucial in. 
. . 

the activation (oncogenes) or suppression (tumour suppressor 

genes) of·these genes and much evidence supports point 

mutations arising through the action of alkylating agents on 

DNA being involved· in the etiology of certain human cancers. 

Thus, it has been shown that a·single dose of NMU produces 

mammary tumours in· rats as. a result of a G.C to A.T transition . 
mutation in codon 12 of the.rat H-ras oncogene. This point 

mutation can also be-"generated in vivo by substituting 0 6
-

niethylguanine. for guanine in DNA. ·As 06-m~thylguanine is one 

of the alkylated nucleotides formed by action of alky~ating 

carcinogens on DNA and it can produce the G.C to A;T transition 

·mutation, it is thought to be involved in the formation of 

mammary tumours in rats.exposed to NMU (Zarbl et al. Nature 

Ci9BS) ·315, 382-385; Mitra et al. Proc. Natl. Acad. Sci. USA 

·c1989) 86, 8650-B654>. 

N,N-dialkylnitrosamines are environmental alkylating 

agents and have also been shown to be potent tumour inducers in 

experimental animals (Magee and Barnes Br. J. Cancer, (1956) 

10, 114-122). Hence, these chemicals ~nd other alkylating 

agents which react by the SNl mechanism are considered likely 

causative agents of human cancers through their ability to 

produce mutagenic DNA base adducts in vivo (Bartsch et al eds., 
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Relevance of N-Nitroso Compounds to Human Cancer : 

Exposures and Mechanisms, IAR~ ·scientific Publication no. 

84 (1987): International Agency for Research on Cancer, Lyon, · 

France; O'Neill et al eds., Relevance to Human Cancer of N­

Nitroso Compounds, Tobacco and Mycotoxins. ibid. no.105 (1991); 

.P.D. Lawley, in Chemical Carcinogens Chapter 7, vol I, Ed. C.E. 

Searle, ACS Monograph 182, American Chemical Society, 

washingtcpi, (1984); Vogelstein and Kinzler Nature (199.2) 335, 

209-210) •. 
Since MGMT can specifically repair these mutagenic 

~esions in DNA produced by alkylating agents, the le'2.E!l:;-·of -this 

enzyme in ~ells is believed to be a cruc~-a.l. factor in 

determining the sensitivity of cells towards the tumour.­

inducing mutagenic action of alkylating carcinogens. (Lindahl 

et al, .Annu. Rev. Biochem. (1988) .2.2,, 133-157; A_.E. Pegg, 

Cancer Res. (1990) so, 6119-6129). In support of this, it. has. 

recently been observ~d that transgenic· mice carrying the human 

gene .. for MGMT, targeted for expression in T-cells, exhibit a 

lower incidence of thymic lymphomas when ~reated with NMU 

compared with control non-transgenic mice 'similarly treate~ 

(Dumenco et ·al. Science (1993) 1.ai, 210-222).. Furthe~o:i;:-e, 

MGMT-deficient cell lines have been shown to_ be highly 

susceptible to ~he cytotoxic and mutag~nic ~ction of ~Nl type 

alkylating agents (D.B. Yarosh Mutation Research (1985) ~. 1-. . . 

16; A.E. Pegg, ibid.). 

Cellular MGMT alao. .has implications for tumour treatment 

with· chemotherapeutic alkylating·.agents su9h as the 

bifunctional cbloroethylating agent 1,3-bis {~-chloroethyl)-1-

nitrosourea (BOID) and other chloroethylnitrosoureas, e.g. i-· 

(2-chloroethyl)-3-cyclohexyl-1-nitrosourea (COID). The 

chemotherapeutic effect of such drugs depends upon formation of 

lethal DNA cross-link~ng base· adducts which can be eff~ctively 

removed by the suicidal repair action of .MGMT_. Thus, tumour 

cell lines which are devoid of this enzyme (m~r- or mex- tumour 

cells lines) have been found to·be selectively sensitive to 

treatment with DNA cross..:.linking alkylating agents such as 

BNCU. (A.E. Pegg, ibid; Brent et al·. Cancer Communications 

(1989) .5,, 323-327). 

· Convenient ·means for detecting and d·istingyishing noll:. 
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active site alkylated human MGMT (hereinafter referred to as 
human MGMT) and active site alkylated human MGMT (R-MGMT) in 
biological samples are therefore desired for use,· for example, 
in predicting and monitoring the efficacy of chemotherapy with 
alkylating drugs in cancer patients. They are also desired for 
identi:fication of alkylating carcinogens, diagnosis of tumours 
arising through action of such carcinogens _and identification 
·of indiv~duals at high risk of developing such tumours. These 
individuals may have a lpwer than normal cellular level of 
active MGMT and/or a higher than normal cellular level of 
inactive alkylated MGMT indicative of exposure to one=;;r more . . 
alkylating carcinogens • 

. The inventors for the present invention have now found 
t~t alkylation of human MGMT at the active site not only. 
renders the enzyme inactive., but also changes its 
susceptibility to proteolytic cleavage by the known.protease 
VB. This is a_protease of S.Aureus which has been observed 
under certain circumstances to cleave peptide bonds on the 
carboxy side of glutamic and aspartic acid residues. It is 
alternatively referred to as Glu-c Protease. This protease is 
commercially available from a number of source_s, e.g. 
Boehringer ~annheim and Stratagene •. 

It has thus been observed by the inventors of the.present 
invention that active site methylated human MGMT (MeMGMT), 
produced by incubation of· recombinant human MGMT with the 
synthetic oligonucleotide TATAC6mGTATA (where 6mG is 06 -

methylguanine), is preferentially cleaved by VS ·protease in~ 
distinctive pattern, as· c~mpared to non-treated human MGMT or 
human MGMT treated with· the non-methylated synthetic 
oligonucleotide TATACGTATA. Such.cleavage results in the 
release of an 1BkD polypeptide fragment and/or a 14 kD 
polypeptide fragment, together with o~e or two smaller end 
fragments. It is .believed th~t alkylation of the active site 
cysteine of ·human MGMT alters the confo:i;ination of the enzyme 
and as a result certain glutamic acid residues in the protein 
become more exposed and hence sensitive to recognition by VB 
Protease. 

N-terminal peptide sequencing of isolated lB kD and 14kD 
fragments arising from VB Protease action on MeMGMT has shown 
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that their N-terminal sequences are identical an~ correspond to 
the isoleucine at codon 31 of-human MGMT. Thus, the 18 kD 
f ragme~t arises from VB Protease cleavage a:t the glutamic acid 
·residue at amip.o.acid positio~ 30, while double cleavage at 
amino acid position 30 and the glutamic acid residue at· amino 
acid position 172 is believed to give rise to _the 14 kD 
fragment. 

Th~··. discovery that human MGMT and human Me~GMT are · 
sufficiently_ different in conformation to exhibit differential 
sensitivity to protease cleavage has enabled the development of 
assays capabl~ of distinguishing human MG~ and acti~fte 
alkyl~ted forms of this enzyme and hence··suitable f.or 
determining the presence of one or both of human MGMT and human· 
R~MGMT in a biological sample, e.g. a human blood sample or an 
extract of a human tumour biopsy ·sample. As a particularly 
preferred embodiment, the present invention provides for the 
first time a means of simultaneously specifically detecting in 
a single sample both human MGMT and human R-MGMT. 

Thus, according to one aspect of the present invention, 
there is provided a method of determining the presence of one 
or both of hum~n MGMT and· active site alkylated MGMT (R-MGMT) 
in a sample, which comprises: 

(a) contacting the sample with a protease to·which 
one of human MGMT and·R-MGMT is preferentially 

·sensitive;·and . 
(b} determining whether the treated sample contains 

one or more polypeptides selected from (i) at 
.least one polypeptide fragment characteristic.of 
. act1on_·of the protease ·on the protease-sensitive 
'form of human MGMT and (ii) the protease­
res.istant form of human MGMT. 

The protease may be a~y protease which recognises a 
conformational difference between human MGMT and this enzyme in 
active site alkylated form so that human MGMT and R-MGMT·are 
differentially sensitive to the protease~ only one of these two 
enzyme forms being substantially cleaved. Preferably, the 
chosen protease may be VB Protease or a functional modified· 
form thereof. 

In one embodiment, the present invention provides a 
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method of determining the presence of one·or both of human MGMT 
and R-MGMT in a sample, which comprises: 
(a) contacting the sample with VB Protease or a functional 

modifie? form thereof; and 
(b) · determining whether the treated sample contains one or 

more polypeptides selected from (i) at least one 
polypeptide fragment characteristic of action of· VB 
Protease·on R-MGMT and (ii) intact human MGMT. 

'- . 
In step (b), the treated sample will thus be analysed for 

the pre~ence of one or more polypeptides selected from (i) 
intact human MGMT (ii) the 18 kD polypeptide fra~ent::%:esulting 
from VS Protease·cleavag~ of R-MGMT at G~u 30, (iii) the N­
terminal 3p am~no acid fragment resulting.from ya Protease 
cleavage of R-MGMT at Glu 30 (iv) the 14 kD polyPeptide 
fragment resulting from VS Protease double.cleavage of R-MGMT 
and (v) the c-terminal fragment resulting from VB Protease 
do~le cleavag~ of R-MGMT believed.to correspond to amino acid 

· residues 173-207. 
The terms "active site alkylated human MGMT" a~d "R-MGMT" 

as used herein should be understood to ref er broadly to human . . . 

MGMT carrying at its · active site an alkyl group, e.g. a. C1 - 4. 

alkyl group such as a methyl group or an ethyl group, o::r: human 
MGMT rendered inactive by reaction of 'the active site ~ysteine 
residue with an -alt·ernative functionally ·equivalent 
inactivating group, e~g. a benzyl group. A sample for a method 
of the present invention may contain R-MGMT which is 
heterogenous as regards the active site inactivating group or 
may contain R-MGMT which is homogeneous as regards this group. 
For example, the sample may contain R-MGMT which is solely 
active site methylated MGMT (MeMGMT). ·· 

A modified functional form of VB Protease· may be any 
variant of the native VS Protease sequence which retains an 
active site of the same specificity. Such a variant may have 
one or more amino acid substitutions, deletions or insertions 
and/or an extension at either or each end so that proteolytic 
activity is retained. · There may be a degree of homology of at 

·least 80%, for example at least 90 to 95%, preferably at least 
98% or 99%, between the modified protease and the natural 
enzyme. Where a modified functional form of VB Protease 
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incorporates one or more amino acid changes'· these will 
generally be outside of t~e active site. These may, for 
example, be conservative substitutions, although other types of 
substitution may be incorporated which do not destroy protease 
function. Up. to for example 10, for example 1 to s·, amino acid 
changes, either substitutions,. deletions or insertions, may be 
prese~t which result in retention of proteolytic·activity. 

Thu~, o~e or more amino acid changes may be present which 
pr~serve'".the physicoche~ical character of the protease~ i.e. 
its character in terms of charge density, hydrophilicity/­
hydrophobicity and configuration, and hence preserv~tease 
function. For example,. a hydrophobic ·a~o· acid may be 
repla~ed by an alternative hydrophobic amino acid, e.g. Trp may 
be substituted by Phe or vice versa. For example,. Ala may be 
!epl~ced by Val or ~ice versa, Val by Leu, Lys by Arg, Asp by 
Glu or vice versa. As mentioned above, this is provided that 
protease activ~ty is preserved in addition to the 
physicochemical character of the enzyme. 

The ·detect·.ion step (b} of _an assay as hereinbefore 
defined may, for example, be .carried out by separating 
polypeptides of the protease-treated sample on the basis· of 
·size. Thus, preferably SDS-polyacrylamide.gel electrophoresis 
(SDS-PAGE) ~y be carried out an~ the gel subsequently.analysed 
for the presence of one or more polypeptides of interest, e.g. 

·intact human MGMT and VB Protease cleavage products of R-MGMT. 
In this manner·, simultaneous detection of human MGMT and R-MGMT 
may be conveniently ~chieved. 

As a particularly preferred embodiment, the present 
invention. thus. provides a method 9f simult.a;neously determining 
the presence of human MGMT and R-MGMT in a sample, which 
comprises: 
(I) contacting the sample with VB Protease or a functional 

modified form thereof; 
(II) separating the pplypeptides .of the treated sample by SDS­

PAGE; and 
(III) analysing the gel obtained in step (II) ·for the presence 

of (i) at least one polypeptide fragment characteristic 
of action of ve Protease ·on R-MGMT and (ii·) intact human 
MGMT. 
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Step {III) may be conducted in accordance with any 
conventional procedure suitable for identificat~on of 
polypeptides isolated on an SDS polyacrylamide gel. ·It may, 
for example, be a conventional _silver staining procedure. 
Preferably, however, steps {II) and {III) will together 
constitute a conventional Western Analysis protocol. In this 
case, step (III) will be carried out by the ·tallowing stages: 
(1) tran.sfer of separated polypeptides on the gel to a solid 

support, e.g. a nitrocellulose support, by a.suitable 
blotting procedure; 

(2) contact of the solid support with an anti-M~-..:alitibody 
reagent capable of binding SDS-den~tured human M~ and 
at·lea~e one VB Protease cleavage product of R-MGMT 
following SDS-PAGE separation; and 

(3) detecting any bound anti-MGMT antibody on the solid 
support. 
The term ."antibody" as used herein includes complete. 

antibody molecules and antigen binding fragments thereof such 
a~ Fab and F (ab') 2 ··fragments.. Humanised antibodies· and 
fragments thereof are also included within· the ·term "antibody". 

The anti- ·MGMT antibody reagent employed for Western 
Analysis in an assay of the present invention for MGMT and R­
MGMT may be an anti-human MGMT polyclonal antibody rea~ent or a 
monoclonal antibody· reagent which recognises both intact human 

·MGMT and a VB Protease cleavage fragment of R-MGMT following· 
separation by SDS-PAGE. Procedures for obtaining such antibody 
reagents are described, for example·, in Cancer Res~arch (1992) 
52,:6423-6430. Preferably, for this· purpose a monoclonal 
antibody reagent will be employed which recognises (i) intact 
SDS denatured human MGMT and {ii) both the lB kD and 14 kD 
polypeptide fragments obtainable by VS Protease cleavage of 
human MGMT in active sit·e alkylated form after separation by 
SDS-PAGE. 

Particularly preferred as the anti-MGMT antibody reagent 
fo.r carrying out such a Western Analysis· procedure is the 
monoclonal antibody of hybridoma cell line ECACC 93112516, 
which was deposited under the Budapest Treaty at the Europe~n 
Collection of Animal Cell CUltures, Porten Down, UK on the· 25th 
November 1993, or a functional equivalent thereof which 
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competes for binding to the same antigenic determinant. The 
monoclonal antibody of hybridoma cell line ECACC 93112516, 
which has been designated monoclonal antibody 2Gl, binds an 
antigeni·c determinant in the region of SDS denatured MGMT 
between amino acids 30 and 60 and exhibits high aftinity in a 
Western Analysis procedure for binding of intact MGMT and both 
the 18 kD and 14 kD fragments characteristic of VS Protease 
cleavage'-~£ R-MGMT. 

When carrying out Western Analysis for assay of human 
MGMT and R-MGMT in accordance with the .present.invention, the 
anti-MGMT antibody reagent employed may be directly -~lled 
with a label giving a detectable signal.:Preferably however, 
binding of ~he·anti-MGMT antibody reagent to the solid support 
will be determined using a secondary labelled re~gent. Thus, 
for example, the anti-MGMT antibody reagent may be a 
biotinylated antibody reagent in which case the secondary 
labelled reagent will be avidin or streptavidin conjugated to a 
signal-producing label. Most preferably; secondary-labelled .. 
antibodies may be employed. Any detectable label 
conventionally employed for immunoassays may be.used, e.g. an 
.enzyme such as horseradish peroxidase, a fluorescent label such 
as fluorescein or rhodamine or a radiochemical label such as 
1251 • Good sensi ti vi ty may, . for exa~ple, be achieved .by using a 
secondary antibody reagent labelled with·horse~adish peroxidase 
(HRPO) ~nd detecting ·binding of this antibody reagent to the 
solid support using the known enhanced chemiluminescence (ECL) 
technique. . . 

The sample for an assay of the present invention may be a 
liquid sample such as a cell extract, e.g. an extract of a 

., leucocyte fraction derived from human blood or an extract of a 
tumour ~iopsy sample. The ~ample may be derived by 
fractionation of a sample, e.g. a cell extract, using an 
antibody reagent immobilised on a solid support. Thus, for 
example, t;.he sample may be a sample enriched for native active 
human MGMT and active site alkylated human MGMT.obtained by 
subjecting an initial sample to a fractionation· step employing 
a solid support-immobilised a~tibody reagent capable of binding 
both these enzyme forms. The antibody reagent for this purpose 

·may, for example, be an anti-MGMT polyclonal antibody reagent 
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or monoclonal antibody 2Gl immobilised on a solid supper~. The 
solid support may be used directly as the sample in a method of 
the present invention following contact with and separation 
from the initial sample. 

The conditions for protease digestion will be non-protein 
denaturing conditions such that human MGMT and R~MGMT are 
differentially sensitive to proteolytic cleavage. The .optimum 
conditioµs for protease digestion will depend upon the sample 

I'.. 

type_ and the protease employed. In the case of use of ·VS 
·Protease, generally a pH of about s.o will be chos~n. For a 
cellular extract, a VS P~otease: ·cellular protein rati'O of 
about so ~g: 200 µg may, for example, b~employed with.an 
incubation time of about 30 minutes or longer, e.g. 40 minutes, 
at 37°C. Under these condi~ions, any R-MGMT is substantially 
cleaved, while any -human MGMT remains substantiaily. ·intact. It 
will, however, be apparent to those skilled in the art of 
biological assays that other conditions may be employed with 

' . 

similar result and may be ascertained by appropriate control 
experiments. 

By virtue of the fact that they enable convenient 
detection of both human MGMT and active site alkylated-human 
MGMT in biological samples, assay methods of the present" 
invention have many applications relating to tumour d~agnosis, 
prognosis and treatment. Such methods-enabling for the first 
time speci·fic direct identification. of active site alkyl~ted 
human MGMT may be particularly useful in monitoring resistance 
to chemotherapy with alkylating drugs and in identifying (i) 
individuals at risk of tumours through.~xposure to an 
alkylating carcinogen or .Cii) cancer patients having a tumour, 
where exposure to an alkylating carcinogen is a likely 
causative agent. Importantly, it has been established by the 
inventors for the present inventiori that exposure of 
individual~ to alkylating carcinogens or resistance ·to 
alkylating drugs in cance:i;·patients can be particularly 
conveniently assessed by analysis of blood samples for active 
site alkylated human MGMT. 

Thus, according to an aspect of the present invention, 
"there is provided a method of detecting exposure of a human to 
an alk)'lating carcinogen, which comprises determining the 
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presence of active site alkylated MGMT.in a sample derived from 
solid tissue or blood of an individual by means of an assay 
method as hereinbefore described. 

According to yet another aspect of the present invention, 
there is provided a method of assess~ng in a cancer patient 
resistance to chemotherapy with an alkylating drug, whic~ 
comprises determining the prese~ce of active site alkylated 
MGMT in a sample.derived from a ·tumour biopsy sample or blood 
. of the paf..ient by means of an assay method as hereinbefore 
described. Alternatively, or simultaneously, in the case ~f 
such a patient, the level .of non-alkylated active MGMT.=ma.y 
desi~ably be determined in such a sample p.y means· o~ an assay 
method of the present invention. By application of an, assay 
method of the present invention to such samples the ratio of 
active ~GMT to inac~ive active site alkylated MGMT may 
desirably be calculated. 

Detection_ of ~he level of active M~ in sa~ples using an 
assay methog of the present invention may also find application 
in identifyins ~ndividuals with a lower than normal level of 
this.enzYIJle and hence an increased cancer risk •. 

Acco~ding to yet another aspec_t _of ~he present invention; 
_there is thus proyided a method of identifying individuals with 
an increased cancer risk, which comprises applying a~ a~say 
method as hereinbefore described to samples derive~ from human 
solid tissue or blood and identifying such _samp.le~ with a lower 
than no;cmal level of MGMT and/or a high~r.than normal level of 
R-MGMT. 

For such clinical applications, an assay method as 
hereinbef ore described will most desirably be applied to a 

. . .. . 

treated blood sample, preferably a· leucocyte fra~tion extract. 
A blood sample of not more than a few mls such as 1~20 mls, 
e.g. abqut s-10 mls, will generally suffice for application of 
a method ~f the present invention. 

An assay method of the present invention may additionally 
advantageously be employed to enable convenient screening of 
drugs for use as alkylating chemotherapeutic agents and to 
identify alkyl.a ting carcinogens. Such an assay method may 
further be employed to assess t~e potency of a DNA alkylating 
chemotherapeutic or carcinogenic agent. 

~~~~~~~~~~~ 
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. In a further aspect, the present invention thus provides 

a method of identifying an alkylating chemotherapeutic or 

carcinogenic agent in a sample which comprises: 

(i) contacting human cells in vitro, e.g. cultured· human 

cells or human blo9d, with the said sample, 

(ii) preparing a cellular extract of cells thus treated, and 

(iii) assaying R-MGMT in the cellular extract using an assay 

method·. as hereinbefore described. 

The cellular extract assayed may, for example, 

conveniently be an extract of a leucocyte fraction derived from 

human.blood (see Exampl~ 3). Suitable cell cultures=fer such 

an assay include, for example, a cultureof CEM cells (see 

Example 2:8) . 
In yet another aspect, the present invention provides a 

method of assessing the potency of an alkylating 

chemotherapeutic. or carcinogenic agent which comprises:' 

( i) contacting populations of human cells in vitro wi.th 

different concentrations of the said agent, 

(ii) preparing a cellular extract of cells.from each 

population following treatment as in step {i), and 

{iii) assaying R-MGMT in each cellular extract using an assay 

method as hereinbefore described. 

The reagents needed to·perform an assay method.~ccording 

to the present.invention may be .conveniently package4 into a 

kit. Thus, in a still further·aspect the invention provides a 

kit comprising a protease to which one of the human MGMT and 

R-MG~ is preferentially sensitive, e.g. VS Protease or a 

functional modified form thereof, and one or more antibody 

reagents for performing an assay method as hereinbef ore 

described; containerised for ·storage and transport. Such a kit 

may comprise, for example (a) monoclonal antibody 2G1 or a 

functionally equivalent Ig reagent and VS Protea·se or (b) VB 

Protease, an anti-MGMT antibody reagent immobilised on a solid 

support, e.g. the walls of ·a.microtitre plate, and monoclonal 

antibody 2Gl or a·functionally equivalent Ig reagent. A kit as 

in (a) or (bl above may further incluQ.e an.appropriate labelled 

anti- IgG antibody reagent, preferably, for example·, an ant·i-· 

IgG ant_ibody reagent labelled with horseradish peroxidase. A 

kit according to the present invention for clinical applicat~on 
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of .an assay method as hereinbefore.described may also for 
convenience include a vessel for collection· of an appz:opri_ate 

blood sample. 
In the following Examples, the present invention is 

illustrated with reference to the following Figures. 

Figure 1: Identification of active site methylated human MGMT, 

derived t.rom recombinant human MGMT by oligonucleotide 

treatment, using VS Protease and SDS-PAGE 
1 µ.g of MGMT was used for. each· s·ample and treated with VB 

Prote~se. c = control MGMT with no VS treatment, C VB "lt."·MGMT 

treated with VS, 01-igo vs =: MGMT pretrea~d with 0.01 op (at 

260nm) ·of TATACGTATA at 3·7oc for 10 mins ·before VB digestion, 

6mG Oligo VB= MGMT pretreated with·o.01 OD of TATAC6mGTATA 

{where 6mG .= o'-methylguanine)_ and· lOx Oligo VB = MGMT 

pretreated with 0.1 OD of TATACGTATA. Polypeptides in the 

samples were resolved by·1s%.SDS-PAGE and visualized by ·silver 

staining. 
Fiaure 2: Identification of active site· methylated human MGMT 

in CEM and BeLa S3 cell extracts treated with various 

oligonucleotides by Western Analysis of VB Protease digesus 

Each lane contained 200 µ.g of total cellular protein 

which was estimated to contain 190 )?M of MGMT. C = uni:reate"d. 

cell extract, eve = cell extract treated with VS Protease, A.C. 

VB= cell -extract pretreated with.10x490pM·of. TATACATATA for 15 

mins at 370C·before digestion with VS Protease, 6mG.C VS =cell 
extract pretreated with 490pM of TATAC6mGTATA before digestion 

with VS Protea~e and G.C VB = cell extract pretreated with 10 x 

-490pM of TATACG~ATA before digestion with VS Protease. Western 

Analysis was carried out using anti-MGMT polyclonal antibodies 

and monoclonal antib~dy 2Gl with ECL times of 2.and 6 mins 

respectively. 
Figure 3: Identification of active site alkylated human MGMT in 

cell extracts from CEM cells treated with 1.SmM of various 

alkylating agents for 30 mins at 37oC by·Western Analysis of VB 

Protease digests. 

Each sample contained 200 µg of total cellular protein. 
Panel A: no vs Protease treatment. Panel b: Samples treated 

with VB Protease. C • control, DMSO • control from CEM cells 

1iiiU 
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treated with vehicle dimethylsulphoxide. at 0.15%, NMU = treated 

with N-methylnitrosourea, NEU = treated with N-ethylnitrosourea 

and. BCNU =treated with 1,3-bis(2-chloroethyl)-l~nitrosourea. 

Western analysis was c~rried out using polyclonal anti-MGMT 

antibodies with an ECL time of 2 mins. 

Figure 4: Dose Response analysis of active site methylated 

human MGMT in cell extracts of CEM cells treated with various 

concentra,t~ons of NMtJ for 30 mins at 37oc using VS Protease and 

Western Analy~is. 
Each sample contained 200 µg of totai cellular protein. 

Panel a: no VB Protease treatment. Panel b: Samples tl:eated 

with VB Protease. c = control; DMSO = co?}trol from CEM ~ells 

treated with vehicle dimethylsulphoxide at 0.2%; 0.1, 0.25, 

O. 5, l. O, 1. 5 and 2. OmM represent concentrations of N.-

methylni trosourea {NMU) used. Western Analysis was .carried out 

using anti-MGMT polyclonal antibodies and monoclonal antibody 

2Gl with ECL times of 2 and 6 mins respectively. 

Figure 5: Determination-using VS Protease and Western Analysis 

of the stability of active site methylated hiunan MGMT in cell 

extracts from CEM cells treated with 1.SmM NMtJ for 30 mins at 

37oc. 

Each sample con~ained 200 µg of total cellular protein. 

Panel a: no VB Protease tr~atme~t. Panel b: Samples tr~ated 

with VB Protease. DMSO =control from c~ cells treated with·· 

vehicle dimethylsulphoxide at· 0.15%. Recovery times 

investigated were O (immediately after drug treatment), 1, 2 

and 3 hrs. Western Analysis was carried out using polyclonal 

anti-MGMT antibodies and monoclonal antibody 2Gl wi~h ECL .times 

of 2 and 6 mins respectiyely. 

Figure 6: ~dentification of MGMT and R-MGMT levels in Extracts 

of leucocyte fractions obtained frcim Human Blood Samples· using 

VS Protease and Western Analysis. 

Each lane contained 200 µg of protein from a leucocyte 

extract. 

Panel A: Nl-N9 = blood samples obtained from normal males 

age 25 to 45 one hour after breakfast. 

Pl, P2 = blood samples ob~ained from post­

chemotherapy individuals (see Table 1 for 

treatment histories). 

ilifliilifif 



Panel A.l 

Panel A.2 
I 

- 14 - . 

= direct Western Analysis without VB Protease 

treatment. 
= Western· Analysis af.ter VB Protea,s~ treatment. 

= intensity determined by densitometer 

. (Ul troscan · XL, LKB, Sweden) • 

Panels Bl and B2: blood samples taken from patients undergoing 

chemotherapy (Western Analysis after VB 

.. Protease treatment) . ,. 
Panel Bl = patients treated with cyclophosphamide. 

Panel B2 = patients treate.d with COID. 
See Table l for patient and drug administra~ip..a....-details. 

Times shoWll indicate ~ime after drug administration each blood - . . 
sample was taken. 
Panel B3: fresh human blood samples treated with NMo. 

DMSO = control treated with 0.15% v~hicle 

dimethylsulphoxide~ 0.21, o.75 and l.S mM = 
concentrations of NMO used. 

Western Analysis was carried ~ut _using monoclo~al 

antibody 2Gl. The ECL time for Panels A.l and Bl was 6 

minutes. The ECL. time for Panels A2, a2 and B3 was 8 minutes. 

EXAMPLES 
Met·hods: 
a.· Protein measurements: by Lowry (Sigma, USA) with. TCA. 

precipitation. 
b. Cell culture: CEM cells (ATCC, USA} were grown in 50%. . . . 

MEM/RPM:I:- and Hela S3 cells (ATCC, USA) were grown in MEM 
with 10% FBS and supplements. Cells at the log phase 

were harvested by spinning at 500g, washed once with 

Hanks~ BSS buffer and storedas a pellet at -sooc. 

c. Preparation of cell extracts_:· Cell extracts were prepared 

by sonif ication (3 pulses of 10s each) after resuspension 

of the cells in 2xPCV (pack cell volume) .of buffer A 

(0.3M NaCl, lmM EDTA, 50mM Tris.Cl pH B, 3mM DTT and 3% 

glycerol). The inclusion of 0.3 M·Nacl in the extraction 

bufter is important for the quantitative recovery (>9.0%) 

of MGMT from cells exposed to N-alkylnitrosoureas. 
Ph~nylmethanesulphonyl fluoride (PMSF) was added 

imme.diateiy (final concentration 10 µg:/ml) •. The samples 
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were then spun at 50,000g for 30 mins at 4oc. Aliquots 

of the supernatants were stored at ~aooc. 
d. D~g treatment of cell cultures: All drugs used were 

diluted from 1M stock solutions in dimethylsulphoxide 

(DMSO) • 100ml samples of cell culture (per single 

condition), were pelleted, washed and resuspended in 20 ml 

of serum free medium (pH 7.5) before the addition of 

c:b;U.gs or vehicle DMSO. _Drug treatments were of 30 mins 

duration under this serum free condition. For recovery 

experiments after drug treatment, samples were diluted 
with complete medium (with FBS) to original voI-titne. In 

the case of drug-treated samples for analysis without 

recovery, cells were immediately pe+leted and ~ashed with 

20xPCV of Hanks' BSS and stored as a pellet at -~ooc 
e. VS Protease digestion: 200 µg of total cellular protein 

was treated with 50~g of VS Protease (Boehringer 
Mannheim~ Germany) in a final volume of 15µ1 of buffer A 

(0.3 ~NaCl, 1mM_EDTA, ?OmM Tris.Cl pH8, 3mM DTT and_3% 
glycerol) for 40 mins at 37oC. 
VB Protease digestion of .R-MGMT in CEM and Hela ·S3 
extracts .is completed in the· first 30 minutes under· these 

conditions. For human total leucocyte extracts (since 

they were obtained from different· individuals) 40 and 10· 

minutes incubation times were .investigated 
simultaneously. No difference in the cleavage patterns 

was observed with the longer incubation time. The data 
obtained with 40 minutes incubation is given herein. 
This is the ·standard protocol for VB Protease digestion 

unless otherwise stated. 
After incubation, 5µ1 of 4 x Laemmli·loading buffer was 

added and the sample was boiled.at 95oC for 10 mins. 
f. Western Analysis: Samples (200 p.g of _VS Protease treated 

or untreated cellular protein/lane) were resolved by 15% 

SDS~PAGE (in the presenc~ of _lmM EDTA) and transferred to 
a nitrocellulose membrane by electroblotting before 

-visualisation by anti-MGMT polyclonal antibodies (3µg/ml) 
or monoclonal antibody 2G1 (6p.g/ml) as described in 
Cancer Res. (1992) ~ 6423-6430. The filters were 
blocked overnight at 4oc with a saturated solution of 
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ovalbumin in TBS buffer 120 mM Tris.HCl(pH 8): 0.9% NaCl 
solution] . The filters were then incubated with 
antibodies in TBS-TW20, i.e. TBS buffer with o.o·s% Tween . . 
·20 (l hr with polyclonal antibodies and 2 hrs with th~ · 
monoclonal antibody) at 37oC. After three 5 minute 
washes with TBS-TW20, the membranes were incubated with 
secondary antibodies (Hyclone, USA) : anti-rabbit HRPO­
antr:i-IgGs for the polyclonal anti-MGMT antibody reagent 
(30 mins) and anti-mouse HR.PO-anti IgGs (120 mins) for 
the monoclonal antibody reagent at 37oC. The filters 
were then washed as above before being ~isualiseu-by ECL 
(Enhanced Chemiluminescence) using-~n ECL·reagents kit as 
supplied by Arnersham (U.K.). 

g.· Recombinant human MGMT: This protei~ was prepared as 
described in Cancer Research (1992) 52 6~23-6430. 

h. ·Active-site methylated human MGMT (MeMGMT): This protein 
was also-prepared as described in Cancer Research (1992) 
~,· 6423~6430 by using the synthetic 9ligonucleotide 

. . 
TATAC6mGTATA to treat recombinant human MGMT. 

i. Rabbit polyclonal anti-MGMT antibodies: Anti MGMT 
Polyclonal antibodies were obtained as desc;ribed in 

j. 

. ~-· ... 

Cancer .Res. (1992) 52 64·2·3-6430. Rabbits were gi~en 
injections of recombinant human ·M~MT (100 µg/an.i,µra.l, 
fraction 8 ~f the final .single-stra~ded DNA. column} every 

4 weeks. High-affinity polyclonal antibodies (i~entified 

by Western blotting analysis of the serum)' were obtained 
from the seventh boost •. The serum was then further 
purified wi~h a recombinant MGMT affinity column (1mg 
coupled to 200 µl packed gel volume, CNBr-activate~ 
Sepharose) . The antibody-antigen matrix was washed with 
1 M NaCl before eluting with glycine. 
(Harlow, E. and Lane,·D. Antibodies •. A Laboratory 
Manual. Cold Spring Harbor, N.Y: Cold Spring Harbor 
Laboratory,. 19B8) 
Mouse monoclonal antibody capable ·of binding human MGMT 
and the 18kD and 14kD cleavage fragments obtained by VB 

Protease digestion o~ MeMGMT. The protocols for 
immunisation and fusion were followed exactly as 
described by Harlow and Lane (Antibodies. A Laboratory 
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Manual. Cold Spring Harbor, ~.Y:_ Cold Spring Harbor 

Laboratory, 1988). BALB/c mice were given injections of 

an immunising preparat·ion. of MeMGMT obtained as follows : 

100 1tl containing 120 µg of MGMT from fraction B of a 

single-stranded DNA preparation column was added to a 

solution (30µ1) containing 4 absorbency at 260nm of 

TATAC6mGTATA in buffer consisting of SOmM Tris.HCl pH 

e.''fr, lmM EDTA and SmM DTT; the· solution was then 

incubated at 37oC for 30 mins before mixing with Freund's 

adjuvant (1:1) for injection into 4 mice. spi~~ cells 

from immunized mice (after 9 months) were fused with.AGB 

cells (ATCC, USA). The fusion cells were plated.out in 

18-x 96-well tissue culture plates. The clones·were 

screened by ELIZA.using 96-well immunoplates c~ated with 

either recombinant human MGMT or MeMGMT. Positive clones 

were further screened by Western blotting. From these 

clones, one clone (2Gl) was identified producing an 

antibody also exhibit.ing binqing in the presence of the 

18kD and 14kD polypeptide fragments obtained by VB 

Protease cleavage of MeMGMT. 

k. · Preparation of ~otal leucocyte extract from human blood. 

-s~1oml of EDTA treated blood was spun in a leucoprep tube 

(Becton Dickinson, USA) at 1700g for 30 minutes:at 20°C. 

The interphase leucocyte layer was then removed and 

washed twice with 1Sml PBS (recovered by spinning at 3509 

for 10 minutes). The cell pellets were then frozen and 

cell extracts were prepared as described in method c. 

above. 
EXAMPLE 1 
a(i) Use of va Protease and SDS-PAGE to distinguish Human MGMT 

and Human MeMGMT . . 
It has previously been shown· that treatment of . . 

recombinant human MGMT with the synthetic oligonucleotide 

TATAC6mGTATA, prepared as·described by ~i and Swann in 

Biochemistry (1989) 28, 5779-5786, generates inactive 

methylated MGMT (Ayi et al. Cancer Res. (1992) 52, 6423-6430, 

Liem et al. J. Mol. Biol. (1993) 2.3.l.., 950-959) 
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Samples cont~ining l~g (by Bradford) of recombinant human 
MGMT were treated as follows: 
Ci) · control MGMT with no treatment; 
(ii) treated with VB Protease as in method e. above; 
(iii) treated with 0.01 OD (at 260nm) of TATACGTATA at 370C 

for 10 mins before VB Proteas~ addition; 
(iv) treated with 0.01 OD (at 260nm) ·of TATAC6mGTATA before VB 

Protease addition; and 
. (v) treated with 0.1 OD (at 260nm) of TATACGTATA be~~ VB . 

Protease addition. 
Polypeptides in the samples were resolved by 15% SDS-PAGE 

and vfsualised by silver staining. The results as shown in 
Figure 1 in~icate that MeMGMT," produced by incubation of 
r~combinant human MGMT with the oligonucleotide TATAC6mGTATA, 
is preferentially cI:eaved by VS Prptease to give a distinct 
p.olypeptide fingerprint .consisting of an 1BkD fragment band and 

. 14kD fragment band. Low levels of similar fragments which were 
observed with samples containing recombinant MGMT treated with 
VB Protease are believed to originate from some incorrectly 
folded molecules. This is consistent with the observation that 
such MGMT is only 60% active and no VB Protease cleavage being 
ob~erved with MGMT in a cell extract. (see Example 2). · ·l:t is 
evident from Figure 1 that VS Protease in conjunction with SDS­
PAGE can conveniently enable differential identification of 
:active and active site methylated human MGMT in vitro. 
a.(ii) Comparative Example Using Trypsin 

Th~ protocol set out in (ai) above was repeated using 
trypsin instead of VB Protease. Again, MeMGMT (produced by 
incubation of recombinant MGMT with the synthetic 
oligonucleotide TATAC6mGTATA) was observed to be preferentially 

. . 
sensitive to protease digestion. However, a less·distinct 
polypeptide fingerprint was obtained. Hence, trypsin, unlike 
VB Protease, is not highly suitable for-~se in distinguishing 
MGMT and active site alkylated M~MT. 
b. Identification of the lBkD and 14kD Polvoeptide Fraaments 

Obtained by VB Protease Cleavage of human MeMGMI. 
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A 20 x scale of sample (iv) above, following treatment 

with va Protease, was concentrated by TCA pre~ipitation and 

neutralised with 1M Tris, pH 6.B before resol~tion of the 

polypeptides by 15% SDS-PAGE. The polypeptides were then 

transferred to PVDF membrane and N-terminal sequencing was 

carried~~ut using the Sequence-Net procedure (Millipore, US~) 

on a Milligene 6600 Sequencer. 

The isolated 1BkD and 14kD polypeptide fragments were 

found to have an identical N-terminus showing that -~ lBkD 

fragment arises from cleavage at Glu 3·0 '· while the 14kD . . 
fragment arises from cleavage at Glu 30 and, possibly, Glu 171. 

EXAMPLE 2 

Use of VB Protease and Western Analysis to Oistinauish Human 

MGMT.and Active Site Alkylated MGMT In Cell Extracts 

~. :Cdentification of MeMGM'r in cell extracts treated with 

the synthetic oligonucleotide 'l'A'l'AC6mG'l'A'l'A . . . 

CEM and He1a·s3 cell extracts were prepared in accordance 

with methods b. and c. above and samples were treated as 

follows: 
(i) not treated; 

(ii) treated with VB Protease as ·in method- e. above;· 

(iii) ·tre~ted with 10 x 490 pM· of TATACATATA for 15 minutes· 

at 37oc before addition of VB Protease; 

.(iv) treated ~ith 490 pM of TATACGmGTATA before addition of VB· 

Protease; 
(v) · treated with 10 x 490 pM of TATACGTATA before addition of 

VB Protease. 
Western Analysis was performed with each sample using 

anti-MGMT polyclonal antibodies and monoclonal·antibody 2G1 as 

shown in Figure 2. 
Both antibody preparations gave similar' results in the 

. . 

case of the cell extracts treated with t~e ~ligonucleotide 

TATAC6mGTATA and digested with VB Protease. A distinct band 

corresponding to an 18kD polypeptide was observed with these 

samples. This.band was not observed with any of the other 
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samples. 
Thus, significantly MGMT protein in untreated cell 

extracts was found to be completely resistant to.VS Protease 
digestion~ Furthermore, no cleavage of MGMT was observed when 
cell extracts were treated with 10 fold excess of TATACATATA 
oligonucleotide containing an A.C mismatch. T~is mismatch has 
a simil~ helical destabilising effect as TATAC6mGTATA (Wong et 
al. J. Mel.Biol (1992) 22B, 1137-1~46). This suggests that VB 
Protease recognises R-MGMT and abnormal D~A str1:1ctur~....E_oes not 
ind~ce MGMT to be cleaved by the pr~tease under the ··conditions 
employed. The ability of VS Protease ta.selectively cleave R­
MGMT in cell extracts indicates that active MGMT and R-MGMT 
exhibit intrinsically different but stable conformations. 

. . 

B. Identification of Active Site Alkylated MGMT. in extracts 
prepared from cells exposed to various alkylating agents •. 

Identification of active site ·alkylated MGMT in extracts 
prepared from cells treated with various alkylating agents was 
also investigated by Western Analysis of VB Protease digests. 
CEM cells were treated with 1.SmM of one of the following 
alkylating agents for 30 mins at 37oc.: · N-methylnitrosourea 
(~), N-ethylnitrosourea· (NEU) and the chemotherapeubic agent 
1,3-bis(2-chloroethyl)-1-nit~osourea (BCNU). Control cell 
cultures were also treated with dimethylsulphoxide at 0.15% •. . . . . 
One f;!et of extract samples prepared as in method c. above was 
treated with VS Protease and a further set of extract samples 
received no VB Protease treatment. The samples were analysed 
by Western Anaiysis using polyclonal anti-MGMT antibodies and 
an ECL t"ime of 2 minut;:es. The results are shown in ·Figure 3· .. 

It is apparent that MGMT was completely in the active 
site methylated form and sensitive to vs Protease in extracts 
from cells treated ~ith NMU since all VB Protease treated 
extracts of such cells gave an 1BkD band! but not a 22kD band. 
In the case of extracts from cells treated with NEU or BCNU 
prior.to VS Protease addition, an 18kD polypeptide fragment 
could be detected, but some uncleaved MGMT r~mained. The 
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reason for the lesser extent of MGMT protein cleavage observed 
with the two ethylating agents is not known. Less efficient 
cleavage of ethylated MGMT than methylated MGMT by VB Protease 
has, however, been eliminated since prolonged VB Protease 
digestion did not alter the cleavage patterns observed _(da~a 
not shown)_. 
C. Dos~ response analysi~ of MeMGMT in extracts from cells 
treated with various concentrations of an SNl-alkylating agent 

CEM cells were treated with various concentratiO.DJi of NMU ·-· for 30 minutes at 37oc in accordance with method d. above. 
. - -

Control cell cultures were also treated with dimethylsulphoxide 
at 0.2%. Cell extracts were prepared as in method c. above and 
one set of extracts was subjected to VB Protease treatment 
while a further set of extracts received no VB Protease 
treatment. The samples were analysed by Weste:xn Analysis using 
polyclonal anti--MGMT antibodies and monoclonal antibody 2Gl · 
with ~CL times of 2 and 6 minutes respectively. The results· 
are shown in Figures 4a and 4b. 

In the case of samples receiving no VB Protease 
treatment, only a 22kD band was observed indicative of the. 
presence of uncleaved MGMT /MeMGMT·. In the case· of the samples 
from NMU-treated cells to which VB Protease was added, ·an·lBkD 
polypeptide band was observed with all samples. Using 
monoclonal antibody 2G1, a 14kD.polypepti~e-band was 
addi~ionally observed with samples from cells treated with NMU 
in the concentration range 0.25mM -.2.0mM. It is apparent from 
Figure 4b, referring either to the polyclonal or monoclonal 
antibody results, that there is a dose response relationship 
bet~een the amount of VS Protease sensitive MGMT protein and 
exposure of CEM cells to NMU at concentrations between 0.1 and 
lmM. Interestingly, the results indicate.that 30 minutes 
exposure of CEM cells to lmM NMU results in the complete 
conversion of active MGMT to R-MGMT. 
D. Stability of MeMGMT in cell extracts 

CEM cells were treated with 1.SmM.NMU for 30 minutes at 
37oC. Samples were either immediately spun down or diluted· 
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into FBS-containing medium and spun down after.l, 2 or 3 hrs as 
described in method d. above.. Control cell cultures were 
treated with DMSO. Cell extracts were prepared as described in 
method c above. One set of samples containing 200 µg of total 
cellular protein was treated with VS Protease and a·second set 
of sampl~s received no VS Protease treatment. The sampleE were 
sUbsequ~ritly analysed by Western·Analysis using polyclonal 
anti-MGMT antibodies and monoclonal antibody 2Gl and ECL times 
of 2 and 6 minutes respectively. ··-· 

The results shown in Figures Sa and Sb demonstrate that 
MeMGMT shows a good degree of stability-~ in CEM cells. . No 
active MGMT.was detected during the-recovery period .studied. 

EXAMPLE 3 
:Identific·ation of MGMT And Active·-site Alkylated MGMT in 

Extracts of Leucocvte Fractions Obtained From Human Blood 

s-10 ml samples of EDTA-treated blood from 10 healthy 
individuals (males aged 25 to 4S) and a number of cancer 
patients either undergoing chemotherapy or post-chemotherapy 
(see Table l) were treated as in method k above to obtain a 
leucocyte extract. 

To simulate human exposure to an alkylating carC:inogen, 
fresh human blood was also treated with.NMU. For this 
experiment, SOml of EDTA-treated blood from a single individual 
was aliquoted to 4x20ml. Each 20ml blood sample was treated· . 
with either 0.1S% of vehicle dimethylsulphoxide or NMU (0.21mM, 
0.75mM or 1.SmM) at 37oc for 30 mins before.preparation of. a 
leucocyte extract. 

MGMT and R-MGMT were assayed in the leucocyte extract 
samp_les using VS Protease and Western Analysis with monoclonal 
antibody 2G1 in accordance with method e. above. The results 
are shown _in Figure 6. 
1. Normal individuals 

The data obtained with blood samples ~~om the 10 healthy 
individuals showed that. the normal blood leucocyte level 
of MGMT is 11 ± 4 ng/200µg of total leucocyte protein 
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(quantified using recombinant MGMT at known 
concentration). Interestingly, VS Protease analysis of 
these samples revealed ~ small ·amount of R-MGMT in the 
blood of one individual (see_ the 18 kD polypeptide band 
in Lane NB of Figure 6A.2). 

2. Cancer Patients 
Anadysis of the tQtal leucoc}rte extracts derived from 
blood samples of patients P1-P7 showed that ·R-MGMT could 
be detected in the CCNU-treated patient (see results for 
. ·-· patient P7 in Figure 6B.2) but not in cyclophosphamide 

treated patients (see results for patients P3-P6 ·in 
Figure 6B.1) No 18 kD polypeptide band could be observed . . 
with leucocyte extract samples from patients P3-P6 even . 
after long ECL ~xposure and twice the standard time for 
VB Protease digestion (data not shown) • 

Interestingly, a progressive decrease in the level 
of active MGMT (MGMT protein insensitive to ya 
Protease) was observed in all cyclophosphamide treated 
patients. This finding is of particular importance 
because it correlates with a similar study showing that 
the activity of MGMT (by assay using radiolabelled 06 -

methylguanine substrate) decreases in most 
cyclophosphamide treated patients {Lee et al Br~ J. 
Cancer, (1992) 66, 331-336) • Patient P2, who had·. 
previously.been treated by.chemotherapy with drugs 
including cyclophosphamide, was found to have a non­
detectable level of leucocyte MGMT (see lane P2 in Figure 
6A). It is thus possible that human cancers that arise 
from cyclophosphamide chemotherapy are related to drug­
induced MGMT-deficiency since MGMT-deficient cells are 
more prone to mutagenesis by.alkylating agents. 

The R-MGMT detected in the CCNU treated patient was 
low (-St). The ability of the assay studied to detect 
increasing levels of R-MGMT with time in the CCNU treated 
patient shows its potential for monitoring 06 -

alkylguanine formation resulting from exposure to DNA 
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alkylating ·agents such as CCNU. This is further 
supported by the results obtained for fresh human blood . 
samples treated with NMU. 
Blood samp_les treated with NMU 

Similar results were obtained as with CEM cells 
treated with NMu (see Example 2). Thus, analysis of the 
ledcocyte extracts derived from the NMU treated blood 
samples (see Figure 6B.3) showed that the extent of MGMT . 
protein cleaved by" VS Protease was related to the·dose of 
NMU used. 

'l'ab1e 1. Patients' records 

Patient age/sex/wt disease .pretreatment during 
treatment 
(major) 

P1 28/F/NA ALL Da, Cy 5 days 
after pre-
treatment 

P2 6·3/M/NA .MY Cycle, .Ad,Vi,Pr 10 days 
·after pre-
treatment 

. P3 15/F/27kg MB(R) Rad Cycle, 
0 .Sgm, iv 

P4 27/F/60kg ALL Vi, Me Cycle>, 
1.0gm, ·iv 

PS 32/F/49kg LYM Rad, Vi, Me Cycle 
1.0grn~ iv 

P6 40/F/SSkg BC Me, Cy, Da, Cycle, 
1. Ogrn, iv 

P7 5/F/18kg MB Rad, Vi CCNU, 
100mg, oral 

ALL = acute lyrnphocytic leukemia, MY= myeloma, MB(R) = 
medullablastoma (recurrent), LYM= lymphoma, BC= breast 
carcinoma, Da = daunorubicin, Cy = _cytarabine, Cycle = · 
cyclophosphamide, Ad= adriamycin, Vi= vincristirte, Pr = 
prednisolone, Me = methotrexate, Rad = radiotherapy, CCNU = 1-
(2-Chloroethyl) -3-cyclohexyl-1-nitrosourea, iv= intravenous 
and N.A. = not available. 
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CLAIMS 

1. A method of determining the presence of one or both of 

human MGMT and active site alkylated MGMT CR-MGMT) in a 

sample, 
(a) 

(b) 

which comprises: 

contacting the sample with a protease to which 

one of human MGMT and R-MGMT is preferentially 

sensitive; and 
determining whether the treated sample contains 

one or more polypeptides selected from (i) at 

least .one.polypeptide fragment charac~1stic of 

action of the protease. on··the protease-sensitive 

form of human MGMT and (ii) the protease­

resistant form of human MGMT. 

2. A method as claimed in claim 1, which comprises: 

(a) contacting the sample with VS Protease.or a 

functional modified form thereof; and 

(b) determining whether the treated sample contains 
. . . 

one or more polypeptides selected from (i) at 

least one polypeptide fragment characteristic of 

action of VS Protease on R-MGMT.and (ii) intact 

human MGMT. 

3. A method ~s claimed in claim 1 or claim 2 wherein 

polypeptides of .the s~id.treated sample are separated by 

SDS·-polyacrylamide gel electrophoresis. 

4. A method as claimed in any one of the preceding claims 

for simultaneously determini~g the pr~sence of human MGMT . 

and R-MGMT in a sample, which compri.ses: 

(I) contacting tbe sample with VB Protease or a 

functional modified form.thereof; 

(II) separating the polypeptide~ of the treated 

sample by SDS-polyacrylamide gel 

electrophoresis; and 
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(III) 
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analysing the gel obtained in step (lI) for the 
presence of (i) at least one polypeptide 
fragment characteristic o~ action of VB Protease 
on R-MGMT and (ii) intact human MGMT. 

5. A'~ethod as claimed in any one of the preceding claims 
wherein a Western Analysis procedure is carried out. 

6. A method as claimed in ciaim 5 for simultaneou~ 
. . 

determining the. presence of human ~GMT and R-MGMT in a 
sample, wherein Western Analysis fs carried out using a 
monoclonal antibody reagent which recognises (i) intact 
SDS denatured human MGMT an~ (ii) both the 18 kD and 14 
kD polypeptide fragments obtainable by VS Protease 
cleavage of R-MGMT a~ter separation by SDS-polyacrylamide 
gel electrophoresis. 

7. A.method as claimed in claim 6 wherein mo~oclonal 
antibody 2Gl, obtainable from hybridoma eel+ line ECACC 
93112516, or a functional equivalent thereof is employed 
for Western Analysis. 

8. A method of detecting exposure of a human· t,o an . 
alkylating carcinogen, which comprises determining the 
presence of R-MGMT in a sample deriv~d from solid tissue 
or blood of ·an individual by m~'ans of an assay method as 
claimed in any one of claims l to 7. 

9. A method qf assessing in a cancer patient resistance to 
chemotherapy with an alkylating drug, which comprises· 
determining the presence of human MGMT and/or R-MGMT in a . . 
sample derived from a tumour biopsy sample or blood of 
the patient by means of an assay m~thod as claimed in any 
one of claims 1 to 7. 
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10. .A method of identifying individuals with an increased 
cancer risk which comprises applying an assay method as 
claimed in any of claims 1 to 7 to samples derived from 
human solid tissue or blood and identifying such samples 
wi1;h a lower than normal level of MGMT and/or a higher 
than normal level of R-MGMT. 

11. A method as claimed in any of claims 8 to 10 wherein a 
leucocyte fraction extract derived from a human::P.J.ood 
sample is assayed. 

12. A method of identifying an alkylating chemotherapeutic or 
carcinogenic agent in a sample which ~omprises: 
(i) contacting human cells in vitro ·with the said 

sample, 
(ii} preparing a cellular extract of cells thus 

(iii) 
treated, and, 

assaying R-MG~ in the cellular extract using an 
assay method as claimed in any one of claims-1 
to 7. 

. 
13. A method_ of assessing the potency of an alkylatirig 

chemotherapeutic or carcinogenic agent which comprises: 
(i) contacting populations of human cells in vitro 

with different concentrations of the said agent, 
(ii) preparing a cellular extract of cells from each 

population following treatment ·as in step (i), 

arid 
(iii) assayi~g R-MGMT in each cellular extract- using 

an ~ssay method as claimed in any one of claims 
1 to 7. 
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14. A kit for carrying out a method as claimed in aµy one of 

claims 1 to 13 comprising a protease to which one of 

human MGMT and R-MGMT is preferentially sensitive and one 

or more appropriate antibody reagents containerised for 

sto~age and transport. 
#'_ . 

15. Monoclonal antibody 2Gl obtainable from hybridoma cell 

line ECACC .93112516. 

16. Hybridoma cell line ECACC 9311251~: 

• 

• 
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