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The present invention relates to monoclonal antibodies capable of
preferentially binding one of human 0°-methylguanine-DNA-methyltransferase
(MGMT) and active site alkylated derivatives thereof methods of obtaining such -
antibodies and use of such antibodies. _

Human MGMT is an important DNA repair enzyme which can
transfer alkyl groups from 0°-alkylguanine and 0*-alkylthymine residues in DNAtoa
cysteine residue (Cys 167) at the active site of the enzyme. Such alkylated
nucleotide residues, which can give rise to transition mutatiohs in DNA sequences

by virtue of their miscoding behaviour, can be produced by carcinogenic alkylating

- agents such as N-alkylr_xitrosour&s, e.g. N-methyl-nitrosourea (NMU) and N-

15

20

ethylnitrosourea (NEU), and N,N-dialkylnitrosamines.

Vanous human genes associated thh tumour formation have been
found to carry point mutations, for example ras, p53 and ERCC-3. These mutations
are widely believed to be crucial in the activation (oncogenes) or suppression |
(tumour suppressor genes) of these genes and much evidence supports point
jnutations arising through the action of alkylating agents on DNA being involved in .
the etiology of certain human cancers. ‘Thus, it has been shown thét 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
formed in vivo by substituting O"-:meﬁlyl_guanine for guanine in DNA. As 0%
methylguanine is one of the alkylated nucleogideﬁ formed by action of alkylating

~ carcinogens on DNA and it can.prodpce the G.C to A.T transition mutation, it is

25

30

——m

thought to be involved in the formation of mammary tumours in rats exposed to
NMU (Zarbl et al. Nature (1985) 315, 382-385; Mitra et al. Proc. Natl. Acad. Sci.
USA (1989) 86, 8650-8654).

N ,N-dialkylnitrosamines are environmental alkylating agents and
have also been shown to be potent tumour promoters in experimental animals.
Hence, they are consxdered likely causative agents of human cancers through their
ability to produce mutagenic DNA base adducts in vivo ( Bartsch et al., Relevance
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ethylnitrosourea (NEU), and N, N-di al kyl nitrosam nes. Various human genes
associated with tumour formation have been found to carry point nutations,
for- exanpl e ras, p53 and ERCC-3. These nutations 15 are widely believed to
be crucial in the activation (oncogenes) or suppression (tunmour suppressor
genes) of these.genes and nuch evi dence suppprts point nutations arising

t hrough the action of al kylating agents on being involved in the

etioldgy of certajRy:human cancers. A b h een sh h iwgl e
Gose of N pr St SutEE BB o FORAR Caber? Focrid i Misehafibm®, PARE
transition 20 Sdientifit PubliGationdfy) 842 Lgf)n:t Ineern@iont AgéncyfoR Feas€arch dhCameent
mut ati on can al so be formed in vivo by substituting [err] for guanine in
DNA. As [err] (1987); O'Neill, gt al., Relevance To Human Cancer of N-Nitroso Compounds,
Tobacco and Mycotoxins. ibid. no.105 (1991); P.D. Lawley, in Chemical
5 Carcinogens Vol I, Ed, .C.E. Searle (ACS Monograph 182, American Chemical
Society, Washington, 1984); Singer and Grunberger, Molecular Biology of
‘Mutagens and Carcinogens (Plentim Press, New York, 1983)).
Since MGMT can specifically repair lesions in DNA produced by
alkylating agents, the level of this enzyme in cells is believed to be a crucial factor

10 in determining the sensitivity of cells towards the tumour-inducing mutagenic action
of alkylating carcinogens (Lindahl gt al., Annu. Rev. Biochem. (1988) 57, 133;
A.E. Pegg, Cancer Res. (1990) 50, 6119-6129). S
A MGMT repair enzyme was first identified in bacteria. cDNAs
coding for such a repair énzyme have been cloned and characterised from bacteria
15 yeast, mice, rats and humans. MGMT thus appears to be ubiquitous protein. |
However, there is considerable variation in ihe content of MGMT between species
and cell types. In E. cbli, two proteins are known to repair 0°-methylguanine
_lesions in DNA, i.e. the ada product which is inducible and the constitutive ogt
' product. Bacteria carrying the ada-phenotype are sensitive to killing by alkylating
20 agents such '_as NMU. Only one MGMT protein has been reported in mammals.

' In addition to having implications for tumour induction, human
MGMT also has implications for tumour treatment with chemotherapeutic alkylating
agents such as the bifunctional chloroethylating agent 1,3-bis (2-chloroethyl)-1-
nitrosurea (BCNU). The chemotherapeutic effect of such drugs depends upon

25 formation of lethal cross-links in DNA, which may be disrupted by the suicidal
repair action of MGMT. Tumour cell lines which are devoid of this enzyme (mer-
or mex- tumour cell lines) are selectively sensitive to tréatment with bifunctional

 alkylating agents such as BCNU (A.E. Pegg, Cancer Res. (1990) 50, 6119-6129;

| W‘ronski et al. Cancer Communications (1989) 5, 323-329; Brent et al. Cancer Res.

30 (1990) 50, 58-61). .

There thus is the need for reagents for assaying MGMT and/or

—— e
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rnet hyl guanine is one of the al kyl ated nucl eoti des fornmed by action of

al Kyl ating carci nogens on DNA and it can produce the GCto AT transition
mutation, it is thought to be involved in the formation of mammary tunours
In rats exposed to 25 NwWJ (Zarbl et al. Nature (1985) [err], 382-385; :
Mtra et al. ‘Proc. Natl. Acad. Sci. USA (1989) 86, 8650- 8654)

N, N-di al kyl ni trosam nes are environnental alkylating agents and have also

been Shown to b@nw&lﬁm J4FBAUVGM P TR aSdafnplld) of ¥V Within! al sirfgle @Bl Se.ghiohce,
they are considered |ikely causative agents of human cancers through their

30 apility tohjsteshe saucalstainjag itechmignes, which-are koowniper sev Polydenal aptibedies,| .
Rel evance capable of binding native human MGMT have previously been obtained (Ostrowskx

et al. Cancer Research (1991) 51, 3339-3344; Lee et al. Br. J. Cancer (1992) 66,
5 355-360). Brent et al in Cancer Research (1990) 50, 58-61 have also reported anti-

MGMT monoclonal antibodies. which bind human MGMT when denatured by
sodium dodecyl sulphate. However, no monoclonal antibodies have previously been -
obtained which bind nitive; human MGMT. Also there have been no reports of
antibodies capable of discriminating between native human MGMT and this enzyme

. 10 when active site alkylated. Contrary to expectations, the inventors for the present.
‘application have now found that monoclonal antibodies exhibitiﬁg such differential
binding can be obtained by employing for screening an immunoprecipitation
procedure with native human MGMT ‘and an active site alkylated form of this
enzyme. .

15 | _ Thus, in one aspect, the present invention provides an antibody -
capable of discriminating between native human MGMT and an active site alkylated
form of this enzyme in an immunoprecipitation procedure. Preferably, sué.h an
antibody wﬂl be a monoclonal anubody

The term “active site alkylated form of MGMT" as used herein |

20 will be unde:stood to refer broadly to MGMT carrying at its active site an alky)

_group, e.g. a Cy, alkyl group such at a methyl group or an ethyl group or MGMT
rendered inactive by reaction of the active site cysteine residue with an alternative
functionally eciuivalent inactivating group, e.g. a benzyl group.
_ ‘In a further aspect, the present invention provides a method of

25 selecting an antibody exhibiting the above-defined discriminating ability, which
comprises détermining by an immundprecipitation procedure an antibody capable of |
eliciting differential precipitation of native human MGMT and an active site
alkylated form of this enzyme when employed as the antigen-binding antibody.

Such a detection procedure may be carried out in convenuona]

30 munner. It may, for example, comprise the steps of: '

(@) conmctmg a ﬁrst sample of a test anubody with native human
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2 of NN troso conmpounds to Human Cancer: Exposures and Mechani sms, 1ARC
- Seientific Publication no. 84. Lyon: International Agency for Research on

Cancer (1987); O Neill, et al., Relevance To Human Cancer of N-Nitroso
Conpounds, Tobacco and Mycotoxins. ibid. no.105 (1991); P.D. Lawey, in
Cheni-cal -5 Carcinogens Vol |, Ed, C E Searle (ACS Monogiaph 182, Anerican

Chem cal Society, Washington, 1984); Singer 4nd G unber ger, Mol ecul ar
Bi ol ogy of Mitagens and Carci no%ens (Pl enum Press, New York, 1983)).

= - ®) separately contacting a second sample of the test antibody under the
| same conditions with native human MGMT after active site
alkylation, | -
5 (© precipitating any antibody-antigen complex formed in steps (a) and

(b), e.g. using a second antibody reagent bound to p’articles, e.g.
_agarose beads, to facilitate precipitation, and |
(d detecting whether MGMT protein is precipitated.
Step (d) may, for example, comprise western blot analysis using'an '

10 anti-MGMT polyclonal antibody reagent éapable_ of binding SDS-denatured human
MGMT protein. Conveniently, such a protocol may be carried out using a cell
extract of cells containing human MGMT, e.g. CEM cells (human acute
Jlymphoblast leukaemia; ATCC, USA) and a cell extract of the same cells containing
MGMT in an active site alkylated form. The cell extract for step (b) may, for.

15 example, be derived from cells cultured in the presence of an agent capable of
converting intracellular MGMT to an active site alkylated form. Such an agent will
preferably Be- an alkylating nucleotide or oligonucleotide derivative, ¢.g. guanine |
having an 0°-alkyl group, e.g. a C, alkyl group such as a methyl group or an ethyl
group, or an oligonucleotide containing such a guanine derivative. 0%-benzylguanine

20 maybeused. ' |

Thus, as a preferred embodtment the present invention provides a
method of selecting an antibody accordmg to the present invention, which comprises
"determining by an immunoprecipitation procedure an antibody capable of eliciting
differential precipitation of native human MGMT and an active site alkylated form

25 of this enzyme when employed as the antigen binding antibody, said procedure.

| comprising the steps of: '
(@ - contactmg a first sample of a test antibody with a cell extract
containing native human MGMT,
®) contacting a second sample of the test antlbody with a cell extract '
30 derived in the same manner as the cell extract employed i in (a), but
" in which the MGMT has been converted to an active site alkylated
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Since MAMI can specifically repair lesions in DNA produced by al kylating
agents, the level of this enzyne in cells is believed to be a crucial
factor 10 in deternmining the sensitivity of cells towards the

t unour - i nduci ng nut ageni ¢ acti on of al kyl'ati ng carci nogens (Lindahl et al.,
Annu. Rev. Biochem (1988) 57, 133; A E. Pegg, Cancer Res. (1990) 50,

. 6119-6129). A MGMT repair enzyne was first identified in bacteria. cDNAs
coding for such a repair enzyne have been cloned and characterised from
bacteria 15 yeast, nce, rats and hunmans. MGMI thus appears to be

~ubi quitous protein. Hqggver, tRingSarkibbay-dftigedl compéx fdrinfed ihtépiqayand )i
of MGMI bet ween species and ceI types InE. coli, two proteins are known

to repair [err] e.g. using a second antibody reagent bound to particles to fac1htate
' N precipitation, and
5 (d) sepa.ratmg any preclpltated antigen by SDS-PAGE and carrymg out
' western blot analysis as above. ;

According to a further aspect of the present invention, there is
provided a method of preparing an antibody having discriminating ability as defined
above_which comprises immunising a mamhal with an antigen selected from human

10 MGMT and/or this enzyme in active site alkylated form, obtaining antibodies
resulting from the said immunisation and selecting an appropriate antibody by a
selection method as hereinbefore described. _ i
For the immunisation step, purified human MGMT e.g. purified
recombinant human MGMT, or a fusion protein thereof may, for example, be
15 employed free of human MGMT in active site alkylated form. _Altemnatively, it may
be found preferable to empioy-puriﬁed active site alkylated human MGMT, e.g.
purified active site alkyiated recombinant human MGMT, or a fusion protein thereof
free of non-alkylated human MGMT. The chosen antigen will be formulated in
conventional manner with an adjuvant, e.g. Freund’s adjuvant. More than one
20. immunisation may be carned out. For preparation of a polyclonal antibody reagent
according to the present invention, serum will be collected from an immunised
mammal for detection of antibodies having the desired discriminating ability.
A selection produce of the present invention will preferably be used
to screen monoclonal antibodies of immortalised cell lines. Immortalised cell lines '
25 for this purpose may be prép_ared by a process which comprises the steps of (i)
immuﬂising a mammal with an antigen as above and (ii) fusing cells' of lymphoid
origin from the immunised mammal with cells of an immortalising cell line. In step
(ii), spleen cells may, for example, be fused with tumour cells for hybndoma
formation.
30 * Immortalised cell lines producing an antibody having discriminating
ability as defined above constitute a further aspect of the present invention.
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l esions in DNA, i.e. the ada product which is inducible and the
cohnstitutive ogt product. Bacteria carrying the ada-phenotype are sensitive
to killing by al kylating 20 agents such as NMJ. .Only one MGMTI protein has
been reported in mammals. In addition to having -« nplications for tunour -

I nduction, human MGMI al so has inplications fgor tunour treatnment with
chenot her apeuti c al kyl ati ng agents such as the bifunctional

chl or-oethyl ating agent 1, 3-fj et(aﬁmﬁi&} agcfs&i hné brésentﬁh(rérﬁﬁﬂr;ﬁavlﬁ&mﬁethm
chenpt herapeutic effect of suc drugs depends upon 25 formation of | ethal
cross-links in mnmammombwimﬂummg@smn@tmgcﬂuhw asegedined gboYeon of

omour oor 1" mtbic (A5 o ARt U 1FRENE A WRea S, Fioeing o

antibody capable of selection by an appropriate immunoprecipitation procedure.

5 Monoclonal antibody 5SH7 (Mab SH7) obtamable from hybridoma
ECACC 92112510 deposited under the Budapest Treaty at the European Collecnon
of Animal Cell Cultnres, Porton Down, Salisbury, Wiltshire SP4 OJG, U.K. on
25th November 1992 répresents a specific embodiment of an antibody satisfying the

—<

| discriminating ability criterion for an antibody of the pfesent invention.

10 : ~. Monoclonal antibody 3C7 (Mab 3C7) obtainable from hybridoma
ECACC 93112514 deposited under the Budapest Treaty at the European Collection
of Animal Cell Cultures, U.K. on 25th November 1993 is another monoclonal
antibody satisfying the discriminating ability criterion for an antibody of the present

. invention. 5 :

15 " Mab 5H7 and Mab 3C7 have been found to have higher binding
ability for active-site alkylated human MGMT than native human MGMT by
immunoprecipitation assay'.. A selection immunoprecipitation procedure as discussed
above may be applied to Mab SH7 or Mab 3C7 such that only active site alkylated
MGMT is detected (see section (x) of the Example and Figure 9). |

20 The present invention provides Mab SH7 and antibodies which
block antigen-binding of Mab SH7. Thus, an antibddy which recognises the same
epitope as Mab SH7 will oompetmvely inhibit bmdmg of Mab 5H7 and exhibit the
same binding specifity.

o The present invention also provxdes Mab 3C7 and antibodies which -

25 block antigen-binding of Mab 3C7. ,

Fragments of antibodies according to the invention may be obtained
which retain their antigen binding activity, such as F(ab’) and F(ab,)’ fragments. In
addition, _monoclbnal antibodies according to the invention may be analyzed (e.g. by
DNA sequence analysis of the génes expressing such antibodies) and humanized

30 antibodies with complementarity determining regions which are substantially of an
antibody according to the invention may be made, for example in accordance with

g -
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al kyl ati.ng agents such as. BCNU (A E. Pegg, Cancer Res. (1990) [err],
6119-6129; Wonski et al. Cancer Comrunications (1989) [err], 323-329;
Brent et al. Cancer Res. 30 (1990) 50, 58-61). There thus is the need for
reagents for assaying Mavil and/ or 3 active site alkylated MGVI"in a
sanple or even within a single cell, hlstoch§n1cal st ai ni ng techni ques

whi ch are known per se. Pol ycl onal antlbodles

’ the methods disclosed in EP-A-0239400 (Winter). Reference herein to an antibody
according to the invention will be understood to -include such fragments and
* variants. | .\
| An antibody according to the invention may be labelled with any
5 detectable label known in the art. This may include for example an enzyme, a
| ﬂuoreécent label, a chemical label or a radiochemicél label. The enzyme may be
horse radish peroxidase; the chemical label may be biotin; and the rad.iochemical
label may be '#I. These labels are given by Way of example only.
‘Antibodies according to the invention have a variety of
10 applications. They may, for example, be employed in fractionation of a sa_mple to
' enrich for one of human MGMT and active site alkylated MGMT. The present
_ invention also pfovides a method of determining the presence of human'MGMT
"and/or active site alkylated MGMT in a sample which compﬁses contacting the
sample with an antibody of the invention and detecting whether any antibody is
15- bound. : .
The sample for such an assay may be an immobilised cell, or a
section of such a cell, eg a histological sample. The saniple may also be for
example a biopsy sample of human tissue, which has been treated to make available
‘the profeins in such a sample for immunological analysis. E
20  Particularly preferred are methods of the present invention whereby
one of human MGMT and active site alkylated forms of this enzyme may be
separately d_efected. Mab 5H7 or an antibody which blocks antigen binding of Mab
5H7, may, for example, enable specific detection of an active site alkylated
derivative of MGMT by an immunoprecipitation procedure employing Western
25 analysis as hereinbefore described (see Example section (x) and Figure 9). Mab
3C7 or an antibody which blocks antigen binding of Mab 3C7 may be similarly
-employed.
Assay methods of the present invention for detection of human
MGMT and/or active site alkylated MGMT have many applications in the field of
30 tutnour diagnosis, and treatment, including diagnosis and treatment of solid tumburs
" e.g. brain tumours. Such a method may, for example, find application in

—
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capabl e of binding native human MGMI have previously been obtai ned
(Cstrowski et al. Cancer Research (1991). 51, 3339-3344; Lee et al. Br.J.
Cancer (1992) 66, 5 355-360). Brent et al in Cancer Research (1990) 50,
58-61 have al so reported anti- MGVl nonocl onal - anti bodi es whi ch bi nd human
MGMI when denat ured by sodi um dodecyl sul phate. However, no nonocl onal

ant i bodi es have previously been obtained whi gh bind natlve human MGMT. Al so
t her e have "been no reports of antibodi es capabl e of discrimnating between

nati ve human

Cont rary to expectal

ﬁzﬁ%hm%ﬁe . Ven%@l When aahdthd d?nﬁgttfe @g&mg ggfilnacel I s.

ntors for the present a

f ound t hat rroncndbntuﬁyingammduodelmeepstnsbnettongeayuun wiith clmmthmpeuﬁcm!krlglmn
be Obf-a' ned by ErrﬁE N B, s?ncc’ée:ﬁe 1431 8P MGMT contributes towards the repalr of DNA
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damaged by such treatment.

' The reagents needed to perform the above methods according to the
invention can conveniently be packaged into a kit. Thus, the invention provides a
kit comprising an antiquy accordihg to the invention in a suitable container for
storage and transport. The kit may comprise an antibody according to the invention
coated upon a solid support, e.g. the walls of a micro-titre plate. The antibody may

ation have now

be labelled as described above. The kit may additionaﬂy comprise MGMT, active- .

site alkylated MGMT or a peptide fragment thereof for use in competitive assay of
MGMT and/or active site alkyléted MGMT. The kit may contain additional
antibodies agamst MGMT. ' .

In a further aspect of the invention, there is prov1ded a method of
converting MGMT to active site a]kylated MGMT by bringing MGMT into contact
wzth an alkylatcd ohgonucleotnde of from 8 to 20 nucleotides, said oligonucleotide

‘purpose may’be a methylated or ethylated oligonucleotide, preferably a methylated

oligonucleotide'with a s_ubstantiaily centrally located CmeG dinucleotide. For
example, thé oligonucleotide niay be of the sequerice' TATACmeGTATA.

- The following Example illustrates the invention with reference to
the accompanymg drawings: _ : _
Figure 1. Purification of expressed human MGMT. Labelled lanes: NI =
non induced, I = IPTG induced, PI = supernatant of polyimine precipitation, AS =
ammonium sulphate precipitation, AcA54 = AcA54 gel filtration, ss DNA = single

- stranded calf thymus DNA linked to cellulose, M = molecular weight markers.

Samples I and NI are of equal protein concentration. _

Figure 2. Purification of the expressed fusion protein Gluthathionne.-s-
transferase fused to the N-terminal of human MGMT (GSTMGMT). Labelled
lanes: NI non induced, I = IPTG induced, PI = supernatant of polyimine
precipitation, AS = ammonjum sulphate precipitation, AcAS4 = AcA54 gel

' contammg an 0°-a1ky1guamne or 0*-alkylthymine group. An oligonucleotide for this
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i mrunopr eci pitation procedure with native human MGMI and an active site
“alkylated formof this enzynme in cellular extracts. 15 - Thus,
in one aspect, the present invention provides an anti body capabl e of i

di scrim nating between native human MGMI and an active site al kylated form
of this enzyne in an i munoprecipitation procedure, said formof active
site al kylated MGVl bei ng obt ai nabl e under n8n-denaturing'conditions in a

cell extract derived fromcells in which intracellular human MGVl has been
converted to achitratiorpssDiVAe=zsingle swandethculf. thpmus SN |linked e geliosen M B dy -

VI\\/AG:\/lrr* b:saug[e)gorc]éggg aan“fqé}ﬁéx‘mﬁﬁ%’r séag@ggt ggéde?(@ ﬁ%%’gﬁ‘ﬁ%)bf@:mq ,'c';' Mg
at its active sFigareB. al Kyl Sgseifitity of affinity purified polyclonal antibodies by Western
blotting analysis. Labelled lanes: 10 ng, 20 ng, 40 ng represent the amount of o
5  purified MGMT loaded, MRCS.SV40 transformed (mer-), Hela-mer+, Colo-320
and Hela-CCL2B represent 200 ug of total crude céll extract from the cell lines
loaded. The polyclonal antibodies were used at 3 pg/ml and ECL was for 2 mins.

Figure 4. Specificity of Protein-G sepharose purified clone SH7 mouse.
antibody by Western blot analysis. Lane | = 100 ng of purified MGMT, 2 = 300

10 ng of purified GSTMGMT, 3 = reaction mixture containing 800 ng of GSTMGMT
cleaved by Bovine thrombin (extra bands on the Coomassie blue staining are from
the Bovine thrombin and GST), 4 = 2000 ng of the AA54 purified a‘dzi’ protein, M
= molecular weight ‘marker. SH7 antibody was used at 3 pg/ml and ECL was for

15 mins. . |
15 Figure 5. Cytoimmunoﬂuorescence staining of Hela.CCLZB (mer+), Hcla,mer-
and MRC5.SV40 transformed (mér—) by affinity purified rabbit poiyclona] _
antibodies. The antibodies were used at 25 pg/400 ul. The top panel is the bright
and the bottom is the fluorescence field. |
Figure 6. Cytoimmunofluorescence staining of HEla.CCL2B (mer+), Hela.mer- -

20 and MRCS5.SV40 transformed (mer-) by Protein-G Sepharose purified clone SH7
mouse antibody. the antibody was used at 30 pg/400 pg. Top panel is the bright
and the bottom is the fluorescence field.

Figure 7. . Depletion of clone SH7 mouse antibody by immobilised
GSTMGMT-GSH-sepharose with analysis by SDS-PAGE and Western analysis.

25 DO = no depletion; D1, D2 and D3 represent depletion of 300 xg/100 ul of SH7
antibody by 30 ul, 120 1 and 240 ! of saturated GSTMGMT-GST. sepharose
respectively. Lanes in the Coomassie Blue stained SDS PAGE gel contain 3 gl of
DO, D1, D2 and D3; 1Gg - bovine IGg. Lanes in Western analysis contain 80 ng of
MGMT (M) active site methylated with 2 x decamer TATACmeGTATA; N =

30 MGMT not methylated. Equal volume of the samples DO (3 pglml), D1, D2 and

' D3 were used for the Western analys1s
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e.g. a [err] alkyl._group such as a nethyl group or an ethyl group or MaMI
rendered i nactive by reaction of the active site cysteine residue with an

alternative 25 functionally equivalent inactivating group, e.g. a benzyl

group. In a further aspect, the present invention provides a nethod of .

- selecting .an anti body exhibiting the above-dﬁ;i ned discrimnating ability,
whi ch conprises-determ ning by an i nmmunoprecipitation procedure an anti body

capabl e of oLt HpR Bl Bin BE BRSO Sl eSS spARBERT 200 o
detection proceagSTRIGMT-GSHCsphardsk. O Analysis By MRS RRIfluorescence staining of
| " Hela.CCL2B (mer+). DO = no depletion, D1, D2 and D3 represent depletion of
300 pg/100 ul of SH7 antibody by 30 pl, 120 pl and 240 ul of saturated
5 GSTMGMT-GSH-sepharose. Equal volumes of the samples DO (30 /400 ul), DI,
D2 and D3 were used for cell staining. The top panel is the bright and the bottom
'is the fluorescence field. ' | '
Figure 9. Western blot analysis of immunoprecipitation of MGMT and
MGMT in an active site alkylated form from CEM cell extracts by m'ono_cloﬁa] '
10 antibody SH7 and 'monoclona] antibody 3C7.1. Cell extract from cells not treated
with alkylating nucleotide 2. Cell extract from cells treated with C“-be_pzylguanine.

————— s
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4 manner. It may, for exanple, conprise the steps of: (a) contacting a
first sanple of a test antibody with native human MAMI, (b) separately
contacting a second sanple of the test antibody under the 5

same conditions with native human MGMI after active site alkylation to give
active site alkylated MAaVl in appropriate form (c) precipitating any °
anti body-antigen conpl ex forned in steps (a)l and

10
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EXAMPLE _
A AND DS
(i). Chemicals .
The followi_ng'chemicals were purchased from the respective sources and used

“according to the protocols supplied by the manufacturers where applicable: goat

anti-rabbit IgG-HRPO, goat anti-rabbit IgG-TRITC, bovine thrombin, calf thymus

| single-stranded DNA cellulose, and Lowry reagents from Sigma Chemical Co.
- (USA); goat anti-mouse IgG-HRPO and ELISA kits from Hyclone; sheep anti-mouse

IgG-FITC from Boehringer Manneheim (Manneheim, Gerfnany); CNBr-activated
Sepharose, Protein G-Sepharose, and GSH-Sepharose from Pharmacia (Sweden);

- ECL reagents and ahtibod_y subisotyping kit from Amersham (United Kingdom); 96-

well Maxisorb immunoplate from NUNC (France); and AcA54 gel filtration matrix
from IBF (France). |

(ii) Cloni ession, and Purification of Human and GSTM

(Fusion Protein of Glutathione-S-transferase to N-Terminus of MGMT)

(a) Cloning. mRNA from CEM cells (human acute lymphoblast lenkaemia;

ATCC, USA) was prepared by phenol extraction using standard techniques

and oligo-dT cellulose. The cDNA was obtained by reverse transcription
(AMV; Boehringer Mannheim, Germany) of the mRNA using oligo-dT17.

The. primer sequences used for PCR were obtained from the published

cDNA sequence (Tano gt al, Proc. Nat. Acad. Sci., USA (1990) 87, 686-

690). Two sets of primefs were used: (2) 5°-phosphorylated 5°-
pGGAAAAATGGACAAGGA'ITGTGAAATGAAACGC and 5°-
pATACATACTCAGTTTCGGCCAGCAGGCGG for cloning into pET3b
(Studier et al Methods Enzymol (1990) 185: 60-88) and (b) 5°-
CGACGTGGATCCATGGACAAGGATTGTGAAATGAAACGC and 5°-
CCTGACGAATTCTCAGTTCGGCCAGCAGGCGG for the pGEX2 vector
(Pharmacia, Sweden). Thc PCR (kit from Perkin Elmer and Cetus, USA) .
conditions were as follows: 100-p] reaction mixture containing 5 % of the |
mRNA (10 pg) reverse transcribed with oligo-T17;0.01 absorbance at

260nm of each primer; deoxyribonucleoside triphosphates and the buffer as
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(b), e.g. using a second antibody reagent bound to particles, - e.g. agarose
beads, to facilitate precipitation, and 10" (d) det ecti ng whet her
MGMI' protein is precipitated. Step (d) may, for exanple, conprise western
bl ot anal ysis using an anti-MAM pol ycl onal antibody reagent capable of

bi ndi ng SDS-denatured human MGMI protein. Cggveniently, such a protocor may
be-carried out using a cell extract of cells containing human MGV, e.

CEM ¢el |l s (human acut
extract of the sane &ls%% corxmm ng%ﬁ‘y%%a%}l@%ﬁh}\% ésdJ?Q Sf‘;e'l gq 92 form
The cel |l extract for Flo€h anld)30neyt,9200Q. wamprddactdwerdmbnfpuﬁﬁededm al%
cultured in the presence of an_agent, ca%abl e
agarose gel. The purified PCR product from the second set of primers was
digested with EcoRI and BamHI. The vectors pET3b (i.e., Frame 2) and
5 - pGEX2 were purified on 1 % agarose gel after the following treatments: for
pET3b, (a) BamHI; (b) alkaline phosphatase (CIP; Pharmacia, Sweden);
and (c) T4 DNA polymerase; and for pGEX2, BamHI and EcoRI double
digestion. The ligation of the inserts to the treated vectors was carried out

using T4 DNA ligase at 14°C for 12 hrs.

10 (b) Expression and Purification. The above ligation products were then
transformed into JM109 (DE3) (Promega, USA) and plated out_ronto agar-
LB plates containing ampicillin (40 zg/ml). Clones were picked and grown
in LB (with ampicillin, 40 ug/ml) to a cell density of 0.6 to 0.8 absdrbaxice '
at 600nm. IPTG (2mM for pETSB and 0.2mM for pGEX2; BRL, USA)

15 iwas added and the cultures were left shaking at 37°C for 5 hrs. The
bacteria. were pelieted at 4000 rpm for 10 mins at 40C. The péllets were .
then resuspended in Tris-HCI buffer (SOmM, pH 8.0, 2nM EDTA and
10mM DTT) and sonicated (6 x 10s). After addition of PSMF (20 ug/mi;
BRL, USA), the sonicated solutions were then spun at 15,000 rpm for 20

20 - mins at 4°C. The sﬁpem’atants were then assayed for the repair activity

| with 32pCGCmeGCG as described previously (Graves et al, Carcinogenesis
(Lond) (1989) 10, 661-666). '
The protocols for the large-scale preparation of MGMT and
GSTMGMT were essentially as described in the literature (Bhattacharyya et al,

" 25 Nucleic Acids Res. (1988) 16, 6397-6410). GSTMGMT required two cycles of
AcA54 and single-stranded DNA chromatography. The 13.5 % SDS-PAGE gels
showing the progress of each step of puriﬁcation are shown in Figs .1 (MGMT) and
2 (GSTMGMT). |

: The plasmids contammg the inserts were sequenced, and a pomt

30 mutation from C to T was observed at the first base of codon 84. This results in the
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converting intracellular MGMI to an active site alkylated form Such an
agent will preferably be an al kyl ati ng nucl eoti de or oligonucl.eotide
derivative, e.g. guanine 20 having an [err] group, e.g. a [err] alkyl
group such as a nethyl group or an ethyl group, or an oligonucleotide
cont ai ni ng such a guani ne derivative. [err] nﬁg be used.. Thus, as a :
preferred enbodi nent, the present invention provides a nethod of selecting"

ot or i ni ng. by aFAREAIEHEN B PHED BTG LS A RCH RIS NGRS S gginated
eliciting differgahi ale dlilie6t PERTRE pidfitd MEMTRRSNERYwa Sovilentiytlinied to a
site sal kylated formof this enzyne 'as defined above when enpl oyed as the
antigen bi ndi ng BATCowembrane for protein sgqucncing (using Prosequencer 6600; Millipore,
USA). The first 25 amino acid residues obtained were exactly as the published data
5 (Tano et al. Proc. Natl. Acad. Sci. USA (1990) 87, 686-690). No extra amino acid
was introduced to the N-terminus of the cloried protein. The specificities of the two
proteins, ‘44,000 pm/mg for MGMT and 20,500 pm/mg for GSTMGMT, were
. determined using an oligomer (32pTATACmeGTATA) at a known concentration
and protein measurement by Bradford (using bovine serum albumin as standard;
10 reagents from Bio-Rad, USA). o
(iii) Western Blotting i
SDS-PAGE (13.5 %) gels were performed using a Bio-Rad (USA) miniproteiri
setup. Gels were then electroblotted (4 hrs, 50 mA/gel using Sartoblot II-S;
Sartorius, Germany) to nitrocellulose (S&S, Germany). The filters were blocked.
15 ovemnight at 44oC with a saturated solution of ovalbumin in TBS buffer [20 mm Tris
HCI (pHS):O.9 % NaCl solution]. The filters were then incubated with antibodies '
(3 pg/ml in TBS-TW20, i.e., TBS buffer with 0.05 % Tween 20) for 1 hr with
polyclonal antibodies and 2 hrs with monoclonal antibody at 370C. After three 5-
mins washes with TBS-TW20,the membranes were incubated with secondary
20 antfbodies: anti-rabbit HRPO-anti-IgGs for polyclonal (30 mins) and anti-mouse
HRPO-anti-IgGs (120 mins) for monoclonal at _37°C. The filters were then washed
as above before being visualized by ECL using the protocol as described by the

manufacturer.

~ (iv) Cell Culwre
25 Hela CCI2B (from ATCC, USA), Hela.mer-, and Hela.mer+ (from Dr. Peter
Karran, ICRF, South Miﬁims, United Kingdom) cells were all cultured in minimal
essential medium suppleménted with sodium pyruvate, nonessential amino acids, L-
.'gfutamine, sodium bicarbonate, pénicil]in—su'eptomycin, and 10 % fetal bovine
serum (Gibco, Grand Island, NY). Colo-320 HSR (from ATCC, USA) cells were
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sai d procedure conprising the steps of: (a) cont act i' ng a first sanple of

a test antibody with a cell extract 30 contai ning native human
MGMT, (b) contacti ng a second sanple of the test antibody with a cell
extract 5 derived in the same manner as tlg; cell extract enployed in
“(a), but in which the MGVl has been converted'to an active site al kyl ated

f or m, cultured in RPMI 1640 and supplemented as above. MRCS5 (SV40 transformed

_ mer- from Dr. Peter Karran) cells were cultured in Eagle's Basal Medium and
supplemented as above.
(v) Preparation of Total Cell Extracts |
5 Al cell extract preparations were carried out at 40C. Trypsinized cells from
. monolayer cultures were pelieted (1100 rpm for 10 mins at 40C) and washed once
with Hanks’ balanced salt solution. Buffer [50 mM Tris(pH8.0): ImM EDTA:5
mM DTT] in twiee the packed cell volume Was added to resuspend the cell pellets.
The suspension was then frozen at -80°C for 10 mins before sonification (3 times
10 for 10 s; Heat System’s Microson, USA). After addition of PMSF (25 pglinl of
' cell suspensien), the suspension was spun at 10,000 rpm for 10 miﬁs. The

P

supernatants were then aliquoted and stored at -80°C.
(vi) Rabbit Polyclonal Antibodies
Polycional antibodies were raised by giving fabbits (Oryctolagus cuniculus)

15 injections of the cloned human MGMT (100 pg/animal, Fraction 8 of the final
single-stranded DNA column, as shown in Fig. 1) every 4 weeks. High-affinity -
polyclonal antibodies (by Western blotting analysis of the serum) were obtained _
from the seventh boost. The serum was the further purified with the cloned MGMT

_ (1 mg coupled to 200-ul packed gel volume, CNBr-eetivated Sepharose) affinity |

20 column. Before eluting with glycine (Harlow and Lane, Antibodies: A Laboratofy '
Manual, Cold Spring Harbor, N.Y. 1988), the antibody-antigen matrix was washed
with 1 M NaCl. These affmity-puﬁﬁed antibodies were used for all experiments.
The speclﬁcxty of these antxbodxes on crude cell extracts 1s shown in Fig. 3.

(vii) Mo noclona nnbod _

25 The protocols for immunization and fusion were followed exactly as described by
Harlow and Lane (Antibodies. A Laboratory Manual. Cold Spring Harbor
Laboratory, 1988). BALB/c mice were given injections of active-site methylated
human MGMT [100 ul containing 120 pg of MGMT from Fraction 8 of the single-

~ stranded DNA column were added to a solution (30 ul) containing 4 absorbance at

30 280 nm of TATACmeGTATA in buffer consisting of 50 mM Tris-HCl (pH 8.0), 1

mM EDTA, and 5 mM DTT; the solution was then incubated at 370C for 30 mins

———r
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(c) precipitating anti body-antigen conplex forned in steps (a) and (b),
e.g. using a second anti body reagent bound to-particles to facilitate 5
precipitation, and (d) separating any precipitated antigen by SDS-PACE
and carrying out western blot analysis as above. According to-a further
aspect of the present invention, there is prldvided a nethod of prepari ng an
anti body having discrimnating abl lity as defined 10 above which conpri ses
i muni sing a nhefiord rmxmg with Emeungéﬁnadjevmﬁkd)ffonmjd:umannmlmidl Mousehi s

he o nbnbia i e i i il U
months) with NS-1 cells (ATCC, USA). The fusion cells were plated out in 18- x
96-well tissue culture plates. The clones were screened by ELISA using 96-well

S immunoplates coated with either active site-methylated or -unmethylated antigen.
Positive clones were further screened by Western blotting as in (iii) above and by
immunoprecipitation assay as in (x) below.

The clone 5H7, producing a monoclonal antibody subisotyped to be
IgG1, was grown in 2 litres. The monoclonal antibody was purified by Protein G. |

10 The Western blotting analysis is shown in Fig. 4, Lane 3 is GSTMGMT (10 pl-

" from Fraction 8) cleaved with bovine thrombin (10 ul, containing 1 ul of thrombin
in PBS) at 4oC for 2h. The extra bands observed are from thrombin, 4nd the
intense band above MGMT is the GST. Lane 4 is the E. coli M, 39,000 ada protein
(from bacterial stock pBar2; a gift from Dr. B. Sedgwick and Dr. T. Lindahl,

15 ICRF, South Mimms). . |
Monoclonal antibody 3C7 was obtamed by the same procedure as
monocional annbody SH7.
_ (viii) Cell Staining
. Monolayer cells were grown on slides for 2 days. After fixing with
_ 20 paraformaldehyde (10 mins, 4 % in PBS; i:luka, Germany), the slides were washed
with PBS for 10 mins. Cells on the slides were permeabilized with 0.1 % Triton X-
100/PBS solution for 10 mms The slides were soaked in a solution contammg 10
% lamb serum (for monoclonal) or 10 % goat serum (for polyclonal) in 0. 1%
Triton X-100/PBS for 10 mins. Primary polyclonal or monoclonal antibodies (20 to
25 40 pg in 400 ul of 1 % Triton X-100/PBS per slide) were then added onto the
slides. The slides were incubated in a moist chamber overnight at 4oC. The
primary antiﬁody-treated slides were then washed twice (10 mins. each) with 0.1 %
Triton X-100/PBS before blocking with 10 % goat or lamb serum in 0.1 % Triton
' X-100/PBS for 10 mins. Secondary antibody (1:32 or 1:30 diluted in 1 %. Triton X-
30 100/PBS, for anti-_rabﬁit TRITC for polycional and anti-mouse FITC for

monoclonal, respectively) was added, and the slides were incubated in the dark at
-1:”/__,_4————-
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sel ection nethod as herei nbefore described. For the inmmunisation step,
purified human MGMI e.g. purified 15 reconbinant human MGMI, or a fusion
protein thereof may, for exanple, be enployed free of human MGMI in active
site alkylated form Alternatively, it may E)g found preferable to enpl oy
purified active site al kylated human MaMI, e.g. purified active site

al kyl ated recophi hant _hunan S US| rotein t e .

non- al k_yI at ed ,Wl?maﬁ' C .uml'ﬁ) C %sgﬁ"%@#g‘gﬁﬁv&?‘ﬂ‘ “%éhefdo{ﬂﬁ%ﬁ tg{hg%h?ﬁll%e&h)
conventi onal nﬁﬁﬂm&nﬁﬂnﬁdjm&a&vuﬁi}ﬁ-usﬁ’fgepﬁ(ilr'\aﬂuaﬂj(mpBMW, Irhendman one
| mmuni sation may be carried out. For grepara_tlon of a polyclonal antibody

reagent accor dPitigburgh; Ra)prafierRvernigh polymerizationyin she |dagcat oo teMPgratiem an
| muni sed the slides were examined under a fluorescence microscope (Axioplan PO1 fixed with

5 aMCI100 camera; Zeiss, Germany), using blue excitation for FITC (mouse
monoclonal) and green excitation for TRITC (rabbit polyclonal). The _
cytoimmunofluorescence staining on different cell lines is.showh in Fig. 5 (rabbit |
polyclonal) and Fig. 6 (clone 5H7 mouse antibodiés). -

(ix) Depletion of Clone SH7 Mouse Antibodies by GST-MGMT-GSH-Sepharose -
10 Fusion protein, GST-MGMT (8.2 nmol, from Fraction 8 of the second single-
stranded DNA column), was immobilized by incubation for 1 h at 4oC with either
30 pl, 120 ul 6;' 240 pl of GSH-Sepharose (50 % suspension PBS) pre\';rashed twice
with PBS. The suj:smatant containing the unbound fusion protein was_ removed, and
the beads were washed three times with PBS (3 x 1 ml, with 0.5 mM DTT). After
15 the last wash, the beads were then resuspended in PBS (made to a 50 % '
suspension). The 3 samples were then incubated with an equal amount of ahtibody
from SH7 (100 gl of 3 pg/ul) for 2 hrs at 40C with shaking. The suspension was
then pelleted at 2000 rpm, and the supématant containing the residual antibodies was
~ analyzed by SDS-PAGE and Western blotting (Fig'.7) and cell staining with Hela-
20 CCI2B (Fig. 9). | D
(x) Immunoprecipitation of MGMT and active-site alkylate m CEM cel)
extracts by Mab SH7 | |
2. Cell extracts | | |
CEM cells (human acute lymphoblast leukaemia; ATCC, USA) were cultured 1:1 of
25 MEM and RPMI in 10 % of FBS with supplements. Cells at log phase, 400 ml,
were aliquoted into two flasks (200ml). One flask was treated with 50 ml of normal
medium as control and the other was treated with 50 m! of medium containing 100
- M of O‘-bénzylguanine for generation of active-site alkylated MGMT. Cells were
then grown at 370C for 1 br and harvested by spinning at 1000 rpm. The cell
© 30 péllets were then frozen at -80°C and cell extracts were then prepafed by
" resuspending in buffer A (200 p1 of 50 mM Tris pH 8, ImM EDTA, 10 xM PMSF

ect Has Been Reilaced

T

SUBSTITUTE SHEET



manmael for detection of antibodies having the desired discrimnating
abifity. A selection procedure of the present invention will preferably be
used 25 to screen nonocl onal antibodies of imortalised.cell lines.
Imortalised cell lines for this purpose nay be prepared by a process which
conprises the steps of (i) imunising a manmd? with an antigen as above and
(ii) fusing cells of |ynphoid origin fromthe inmnised mammal with cells

of an i mort al i 8nh@.308|NaGl) aad senicatedsp T@!puspnlcgﬁsﬂ@éﬁaetélwqem S}MJratéQé?ﬁﬂ e,
e oo i 28 S Bl PP Lol o Sk
Treatment of cells with alkylating carcinogens can produce some
DNA lesions other than 0%-alkylguanine. The comparison of the abilities of
5 monoclonal antibodies to immunoprecipitate MGMT protein from cell extracts which
have been obtained from 0°-benzylguanine treated and non-treated CEM cells is
therefore informative to assess their specificities towards active MGMT and active
site alkylated MGMT.
b. Immunoprecipitation _
10 400 pg of the above cell extracts were diluted with buffer A to 200 pl.and 1 pug of |
Mab 5H7 or Mab 3C7 was added (protein G, Pharmacia, .puriﬁed). The reaction
mixtures were then shaken for 1hr at 4oC. 20 ul of anti-mouse Fc linked to agarose
was then added to each reaction mixture. After further shaking at 4oC for 30 mins,
the reaction mixtures were then spun at 1000 rpm. The supernatants were then
I5 removed. After wa'shing with 3 x 300 pl of buffer A, 10 xl of 4 x Lamenli loading
buffer was added to the agarose beads and the samples were then boiled at 1000C
“for 10 mins before analysis by 13.5 % SDS/PAGE. After transfer to nitrocellulose,
- the MGMTIalkyl_ated MGMT was visualised by Western analysis using affinity
purified polyclbnal antibodies'toward.s MGMT prepared as in (vi) above.
20 RESULT | | o
Source of Antigens. The human MGMT and the-glutathione—S-transferaée fusion
protein (GSTMGMT)' were expressed in milligram quantities and purified to high
specific activity from E. coli (Figs. 1 and 2). This enabled us to rmse antibodies -
under different conditions. We immunized with the native antigens w1th the aim of
25 producing antibodies to exposed epitopes of the antigen for cell staining and '
immunoprecipitation. Active site methylated MGMT was used as the antigen for the
monoclonal work to favour production of monoclonal antibodies having preference
for the methylated protein. |
ificity of Rabbi al Antibodies. Fié. 3 summarizes Western analysis of
- 30 the total cell extracts of the following cell lines: MRC5.SV40 transformed (mer-);
| " Hela.mer+; Hela. CCI2B (mer+; and Colo-320 HSR (mer-). The most intense

-----

This Sheet Has Been Reilaoed

AR AT

SUBSTITUTE SHEET



6 ability as defined above constitute a further aspect of the present

I nvention. In . yet another aspect, the present invention provides a nethod
of preparing a nonocl onal antibody having discrimnating ability as defined
above which conprises culturing an inmortalised cell line, e.g. a

hybri doma, producing an 5 anti body capable B selection by an appropriate

I munopr eci pi tation procedure. Monoclonal antibody 5H7 (Mab 5H7) -obt ai nabl e

from-hybr i doneMEMEDband wbservedisfpun ithe Helammer+3 nbisgs ahputst ngr209ue o 0088
European Col | egtiOfle total crude cellular protein. The amount of MGMT in Hela.CCL2B is 3 to
) ~ 4 times less than the Hel.mer+ (by comparison of different ECL exposures). this
polyclonal antibody detects the MGMT -in normal cels as a major band in.the crude
5 cell extracts, indicating that there is little cross-reactivity. The faint bands present
at a molecular weight of 21,000 in thé deficient cell lines may suggest MRCS.
SV40-transf9rmed (mer-) and Colo.320 HSRs do have a low level of the repair

enzyme. _ .
Binding Ability of Mab 5H7 by Eliza screening and Western Blot Analysis

10 By Eliza screening or Western blot analysis. Mab SH7 was observed to bind both
active site methylated MGMT and non-methylated MGMT (denatured or
nondenatixred) (see Fig. 7). Howeve}, this antibody is not as sensitive ;s the
polyclonal preparation (minimum détection requires 30 to 40 ng; resuits not shown)
by Western blotting Mysis. Therefore, it cannot be used to duplicate the Western

15 ° analysis.of the crude cell extracts shown in Fig. 3. Howevef, by using a higher
concentration of the MGMT, GSTMGMT, and ada proteiﬁ, it is possible to assess
the nonspecific signal produced by the monoclonal. It is apparent from Fig. 4 that '
the antibody does not crbss-rqact with the M, 39,000 ada protein (Lane 5) or the
GST (Lane 3, M, 25,000 band). |

20 Immun ipitation of nd active-site alkyl m cell extracts
by Mab SH7 and Mab 3C7
Figure 9 shows that in the immunoprecipitation procedure as described above in (x),
neither Mab SH7 nor Mab 3C7 effectively immunoprecipitates MGMT.

. Substantially more MGMT proté_in is observed by Western Analysis when using cell

25 extracts from cells treated with O‘-benzylguanine., . ;
Cytoimmunoflvorescence Staining. One problem with the cytoimmunbstainihg .
technique is assessing the specificity of any positive staining obtained.- Two
approaches were used to address this: (a) use of cell lines.known to express MGMT

' at different levels and (b) competition of the signal by the pure antigen.

30 Fi\g. 5 shows cytoimmunofluorescence staining of Hela-CC12B (mer+);- Hela.mer-,

~ and MRC5.SV40-transforied (mer-) cells using the affinity-purified rabbit

———
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of Animal Cell Cultures, Porton Down, Salisbury, WIltshire SP4 QJG U. K. on
25th Novenber 1992 represents a specific enbodi nent of an anti body
satisfying the 10 discrimnating ability criterion for an anti body of the
present invention. Mnoclonal antibody 3C7 (Mab 3C7) obtai nable from

hybri doma ECACC 93112514 deposi ted under thel®udapest Treaty at the

Eur opean Col |l ection of Animal Cell Cultures, U K on 25th Novenber 1993 is
anot her nonocl qulyclomt iantibydiest Thé y)bmvémmtdimrdﬂﬂmédca@peatﬂdeh tsignificandyi on.
for an anti body of the q%heisent 15 i nvention. Mab 5H7 aﬁ 3C7 haxe be
found to have ARG ths; Hﬁ’séﬂfllcpﬂﬁl@%rwﬂéﬂ’%wﬁmé? Y515, PE QOTEIRQRA RGP

than native th@:&a&@(fqé)ys)aﬁrms conﬁrms that the signal observed is only due to binding of
the antibodies to the repaxr protein in fixed cells. The staining in the MRCS.
5 SV40-transformed (mer-) cells probably represents the lower limit of detection by
' this method, being 4 to 5 times above the backgrbund (i.e. without primary
antibody; data not shown). These data show the repair protein to be mainly Jocated
in the nucleus of the Hela.CCL2B and the Hela.mer-cells. However, in the
MRCS5.8V40-transformed (mer-). celis, a certain proportion showed generai staining.

10 Fig. 6 shows immunoﬂudrescem staining of the cells using

monoclonal 5SH7 antibody. The fluorescent signal is clearly more refirled than the |
. polycional stainiﬁgf MGMT is observed throughout the nucl'eﬁg of the Hela.CCL2B

cells, but the nucleolus is not stained. The pattérn of the fluorescence is similar in
the 3 cell lines, with decreasing iﬁtensity from Hel.CCL2B (mer+) to Hela.mer- to

15 MRC5-SV40-transformed (mer-) cells. As SDS-PAGE gel analysis of the Protein
G-Sepharose—puriﬁed cione 5H7 mouse antibody shows various proteins in addition
to the monoclonal antibody bands, final confirmation is required to show that only
the specific component which binds to the pure antigen is responsible for the

~ fluorescence observed in the nucleus.

20 Fig. 7 (SDS-PAGE Coomassie blue-stained gel and Western _
blotting) and 8 (the corresponding staining qf Hela-CC12B) summarize the depletion
of the SH7 antibodies by an increasing amount of GSH-Sepharose saturated with

GSTMGMT, (GSTMGMT-GSH-Sepharose). In Fig. 7, the Coomassie blue staining

of the M, 52,000 heavy chain and the M, 23,500 light chain decreases from D1 to
25 D2 to D3 (which represents the depletion of the SH7 antibodies by 30, 120 and 240
_ pl of GSTMGMT-GSH-Sepharose). The corresponding Western analysis and the
fluorescence in Fig. 8 all decrease accordingly. In Fig. 7, the extra bands (i.e.,
above the heavy chain in the Coomassie-stained gel) which cannot be depleted do
nlot contribute to the fluorescence observed. These data undoubtedly show that only
30 the 5H7 antibodies are responsible for the fluorescence observed in the nucleus of

——
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| rmunopreci pitation assay according to the invention. A selection

I mrunopr eci pi tation procedure as di scussed above may be applied to Mab 5H7
or 20 Mab 3C7 such that only active site alkylated MGMI is detected (see
section (x) of the Exanple and Figure 9). The present invention provides
Mab 5H7 and anti bodi es which bl ock antigen-$gnding of Mab 5H7. Thus, an
anti body which recogni ses the sanme epitope as Mab 5H7 will conpetitively

i nhi bit bindi ngeghol®B clffi b| t the same 25 binding specifity. The
present inventi gn gl sg pyo rﬂ:‘é 3C7 and anti bodi es which bl ock

ant i gen- bi ndi NGONCIMBIONS.

1. - The Western analysns of the total cellular extracts from various cell lines
using the affinity purified polyclonal antibodies (Fig. 3) established the
5  MGMT content in these cell lines in the following order: Hela.mer+;
' Hela.CClZB; Colo-320HSR; and MRC5.SV40 transformed (mer-). This is
' in agreement with preVioﬁs results. This result suggests that the polyclonal
antibodies are of high specificity. As the Western analysis (Fig. 3) and
immunostaining (Fig. 5) correlate well with the MGMT content in the cells '
10 studied, the fluorescence observed in the nuclei of the cells studied arises
from the MGMT inside the cell. The differential staining in the mer- and
the mer+ cell lines (Fig. 6) and the depletion experiments by ];ure
GSTMGMT-GHS-Seph_arose (Figs. 7 and 8) are sufﬁcieﬂ; to establish that
Mab SH7 can also be used to locate MGMT within cells. Mab 3C7 may be
15 - substituted for Mab 5H7 for this purpose.

2. . Ability of Mab 5H7 and Mab 3C7 to discriminate between native MGMT
and this enzyme when active site alkylated can be observed by .assessment
of binding of the monoclonal antibodies to these two enzyme forms by
immunoprecipitation. The same methodology may be usefully employed to -

20 select other antibodies having discriminating ability between native and
active-site alkylated MGMT. '

—— -
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Fragnment s of anti bod| es according to the invention nmay be obtained which
retain their antigen binding activity, such as F(ab'). and F(ab2)'
fragnents. In 30 additi.on, nonoclonal antibodies according thlSShthaa\BeqntK
may be anal yzed (e.g. by DNA sequence anal ysis of the genes

ant i bodi es) and humani zed 7 antibodi es wiyth conpl ementarit

regi ons which are substantially of an anti bg y according to the inventlon

may be made, f‘or exanpl e i n accordance WItEIJA ,

1. " An antibody capéble of ciiscriminating between native
human 0‘-methylguanine-DNA-methyltransferase (MGMT) and an active site
alkylated form of this enzyme in an immunoprecipitation procedure.

_ . 2.  An antibody as claimed in cIa1m 1 which is a monocional -
- antibody. -
| 3. An antibody as claimed in claim 2 selected from
monoclonal antibody (Mab) SH7 (obﬁinable from hybridoma ECACC 92112510)
and antibodies which block antigen binding of Mab SH7.

4. Anantibody as claimed in claim 2 selected from

monoclonal antibody 3C? (obtainable from hybridoma ECACC 9311251!4) and
antibodies which block antigen binding of Mab 3C7.

5. A monoclonal antibody which blocks the binding of Mab
5H7 (obtamable from hybridoma ECACC 92112510) to MGMT.
_ 6. A monoclonal antibody which blocks the binding of Mab
3C7 (obtainable from hybndoma ECACC 93112514) to MGMT.
7. - An antibody according to any one of the preceding claims
labelled with a detectable label.
8. A method of selecung an antibody as clalmed in claim 1

which comprises determining by an immunoprecipitation procedure an antibody
capable of eliciting differential pre:cipitation of native human MGMT and an active
sue alkylated form of this enzyme when employed as the antigen-binding annbody
9. A method of preparing an anubody as claimed in claim 1
which oompnses immunising a mammal with an antigen selected from human
- MGMT and/or this enzyme in active sxte alkylated form, obtaining antibodies
resulting from the said immunisation and selecting an appropriate antibody by means
of a method as claimed in claim 8. : .
o . 10. A method of preparing a monoclonal anubody as claimed
: " in claim 2 which comprises culturing an immortalised cell line producing said
. antibody. ' |

———e

UMMM~ sussteruTe sheeT



R —

- the nmethods disclosed in EP-A-0239400 (Wnter). Reference herein to an
anti body according to the invention wi Il be understood to include such
fragments and 5 vari.ants. An antibody according to the invention may be
| abel led with any detectable | abel known in the art. This may include for
exanpl e an enzyne, a fluorescent |abel, a ch@®ical |abel or a radiochenical
| abel . Thé enzynme may be horse radi sh peroxi dase; the chem cal |abel may be
bi otin; and the.radi ochenicdl. 10 Alnaﬂnahonm;sed)ee]_]émc]whmﬂnpwweﬁom sntihogly
gi ven by way of exappl e only. Antibodi esgccordl ng to the invention have a

e
variety -of appl PREIF1BALO a?)ﬁé’yer@ﬁm%rl ©&npl e, be enployed in
fractionation of a sarml e tqzenri qiefipimd?fised cell line of claim 11 whlch is hybndoma

ECACC 92112510. _

13.  The immortalised cell liné of claim 11 which is hybridoma

ECACC 93112514, '

| 14. A method of determining the presence of MGMT and/or
active site alkylated MGMT ina sample which comprises contacting.the sample with
an antibody as claimed in any one of claims 1 to 7 and detecting whether ;my
antibody is bound. , | '

_ 15. A method a’ccording' to claim 14 wherein the sample is an
immobilised cell. N

16. A method according to claim 14 or 15 wherein the sample
is obtained from a patient with a carciﬁoﬁxa, either prior to or after the paﬁent has

¢ - received chemotherapy. | _ '

- 17. A method of fractionating a sample to enrich for one of
human MGMT and active site alkylated MGMT, wherein an antibody as claimed in
any one of claims 1 to 6 is. employed. '

18. A kit comprising an antibody accordmg to any one of
claims 1 to 7 in 1 2 suitable container for storage and transport.

19, A method of converting MGMT to active site alkylated
'MGMT_ by bringing MGMT into contact with an alkylated oligonucleotide of from
8 to 20 nucleotides containing an 0°-alkylguanine or 0*-alkylthymine group.
| ' 20. A method according to claim 18 wherein the
oligonucleotide comprises a substantially centrally located CmeG dinucleotide.

' 21. A method according to claim 18 or 19 wherein the

oligonucleotide is of the sequence: TATACmeGTATA.
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(54) Title: 05-MEIT{YLGUANINE-DNA-ME'IHYL'IRANSFERASE (MGMT) SPECIFIC ANTIBODIES

The present invention provides antibodies capable of discriminating between native human MGMT and an active site alkylated form of
ure. Monoclonal antibodies having such discriminating ability are obtainable from hybridoma
ECACC 92112510 and hybridoma ECACC 93112514, which were deposited at the European Collection of Animal Cell Cultures, UK under

udapest Treaty on 25th November 1992 and 25th November 1993 respectively. The monoclonal antibody of hybridoma ECACC
92112510 has been designated Mab SH7. The monoclonal antibody of hybridoma ECACC 93112514 has been designated Mab 3C7.
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separately detected. Mab 5H7 or an antibody which bl ocks antigen binding of
Mab 5H7, may, for exanple, enable specific detection of an active site
al kyl ated 25 derivative of MGVl by an i mmunopreci pitation procedure
enpl oyi ng Western anal ysis as herei nbefore described (see Exanple section
(x) and Figure 9). Mab 3C7 or an antibody which bl ocks antigen binding of
Mab 3C7 may be simlarly enpl oyed. Assay mei?f)ds of the present invention
for detection of hunman 30 MGWVII and/ or active'’site al kyl ated MGMI' have many
applications in thﬁ:j d«#pf tunour diagnosis, and treatmnt, i&cl udi ng
di agnosis and trea Off. solid tunmours t_{(? =
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8 'e.g. brain tumours. Such a nmethod may, for exanple, find application in
predi cting malignancy potential. Such a method may be especially useful in
identifying tunour cells responsive to treatnent w th chenbt herapeutic

al kyl ati ng drugs such BCNU, since the leyvgl of MAVI contributes towards the
repair of DNA 5 damaged by such treat . The reagents needed to perform
t he above nethods according to the invention can conveniently be packaged
intora kit. Thus, the inventi-on provides a,

g
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Fig. 4
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kit conprising an anti body according to the invention in a suitable

contai ner for storage and transport. The. kit may conprise an anti body
according to the invention 10 coated upon a solid support, e.g. the walls
of a mcro-titre plate. The antibody may be |abelled as described above——
The kit may additionally conprise human M#IT, active-site aIkyIated human
MGMT or a peptide fragment thereof for use in conpetiti VEhisthesh d
MGMT=and/ or active site al kyl ated human MGMI. The kit may | ““
addi ti onal antibodies against human MGMI. 15

aspect of the invention, there is provided a nethod of converting hunman
MaMI*to active site al kylated MAMI_by bringi ng said MaMI.into contact with
?550 nucl eoti des, said

an alkylated ollgonucleotlde of f 7!?
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otigonucl eotide containing an [err] or [err] group. An oligonucleotide for
tbi's purpose may be a nethylated or ethyl ated oligonucl eotide, 20
preferably a methyl ated oligonucleotide with a substantially centrally

| ocat ed CneG di nucl eoti de. For exanple, the oligonucleotide may be of the
sequence: TATACneGTATA. The following Exafple illustrates the invention

with reference to the acconpanyi ng drawi ngs: 25 Figure 1. Purification
of expressed human MGMI. Labelled | anes: NI = non induced, | = IPTG
i nduced, Pl '= supernatant of polyimne precipitation, AS amoni um sul phate

precipitation, AcA54 = AcA54 gel fiI?E%@bpnC;ss DNA = single
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stranded cal f thyrrus DNA [inked to cell uI ose, M= nol ecul ar wei ght mar kers
Sgnmples | and NI are of equal protein concentration. 30 Figure 2.
Purification of the expressed fusion protein d uthathionne-S- ‘transferase
fused to the N-term nal of human I\/GMI' (GSTMGMVIT) . Label | ed 9 lanes: N
non induced, | = I PTG i nduced, Pl = supeddtant of polyi m ne precipitation,
AS = ammoni um suI phate precipitation, [err] gel

-

M D0 DI D2 D3 IgG
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25K

E ~ SUBSTITUTEGHEET




b

N .

feltration, ssD
=snol ecul ar wei
conentration. 5

anti bodi es by W 40
ng represent th

(mer-), Hela-nme Al
crude cell extr @ s
were used at 3 . ity

of Protein-G[e aeign

analysis. Lane 1 = 100 ng-of purified MaMI; 2 = 300 né of purifiéd GSTMGMT
3 = reaction mxture containing_800 ng of GSTMaMI '
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-@l eaved by Bovine thrombin (extra bands on the [err] blue staining are from
tshe Bovine thronbin and GST), 4 = 2000.ng of the AA54 purified ada protein,
M 15 = nol ecul ar weight marker. 5H7 anti body was used at 3 [efr] and ECL
was for 15 nmins. Figure 5. Cyt oi mmunof | uorescence staining of [err],

Hel a, mer-- and [err] - transforned (ner-) by affinity purified rabbit

pol ycl onal anti bodies. The anti bodies were used at 25 [err]. The -top panel
is the bright 20 and .the bottomis the fluorescence field. Figure 6.

Cyt oi munof | uorescence staining of HEla. CCL2B (ner+), Hela.ner- and

MRC5. SV40 transformed (mer-) by Protein-G Sepharose purified clone 5H7

1.
22 kd- = ]
Fig.9
2.
~ N
R
22 kd-
\
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The present invention relates to monoclonal antibodies capable of

preferentially binding one of human 0*-methylguanine-DNA-methyltransferase
(MGMT) and active site a.lkylatéd_ derivatives thereof, methods of obtaining such

5 antibodies and use of such antibodies.

Human MGMT is an important DNA repair enzyme which can
transfer alkyl groups from 0%-alkylguanine and 0*-alkylthymine residues in DNA to a
cysteine residue (Cys 167) at the active site of the cnzyme. Such alkylated

nucleotide residues, which can give rise to transition mutations in DNA sequences

- 10 by virtue of their.miscoding behaviour, can be produced by carcinogenic alkylating
agents such as_N-alkylnitrosoureas, e.g. N-methyl-nitrosourea (NMU) and N-
ethylnitrosourea (NEU), and N,N-dialkylnitrosamines.

Various human genes associated with tumour formation have been
found to carry pbint mutations, for example ras, p53 and ERCC-3. These mutations

15 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

20 mutation in codon 12 of the rat H-ras oncogene. This point mutation can also be
~ formed in vivo by substituting 0‘—;nethylguanine for guanine in DNA. As 0°-
methylguanine is one of the alkylated nucleotides formed by action of alkylating
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
25 NMU (Zarbl et al. Nature (1985) 315, 382-385; Mitra et al. Proc. Natl. Acad. Sci.

USA (1989) 86, 8650-8654).

N, N-dialkylnitrosamines are environmental a]kylating agents and

have also been shown to be potent tumour promoters in experimental animals.

Hence they are consxdcred hkely causative agents of human cancers through their

30 abxhty to produce mutagenic DNA base adducts in vivo ( Bartsch et al., Relevance:

w5
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10 MGMTI' not net hyl ated. Equal volune of the sanples DO (3 [err]), D, D2
and D3 were used for the Western anal ysis. Figure 8. Depl eti on of clone
5H7 nmouse anti body by inmobilised GSTMGWI- GSH sepharose. Anal ysis by

cyt oi mmunof | uorescence staining of Hela.CCL2B 5 (ner+). DO = no depletion,
D1, D2 and D3 represent depletion of 300 [err] of 5H7 antibody by 30 [err],
120 [err] and 240 [err] of saturated GSTMAVT- GSH- sepharose. Equal vol unes
of the sanmples DO (30 [err]), D1, D2 and D3 were

of N-Nitroso compounds to Human Cancer: Exposures and Mechanisms, IARC

Scientific Publication no. 84. Lyon: International Agency for Research on Cancer
(1987); O’Neill, et al., Reievance To Human Cancer of N-Nitroso Compounds,
Tobacco and Mycotoxins. ibid. no.105 (1991); P.D. Lawley, in Chemical
5 Carcinogens Vol I, Ed, C.E. Searle (ACS Monograph 182, American Chemical
Society, Washington, 1984); Singer and Grunberger, Molecular Biology of
Mutagens and Carcinogens (Plenum Press, New York, 1983)).
| Since MGMT can specifically repair lesions in DNA produced by
alkylating agents, the level of this enzyme in cells is believed to be a crucial factor
10 in determining the sensitivity of cells towards the tumour-inducing mutagenic dction
of alkylating carcinogens (Lindah! et al., Annu. Rev. Biochem. (1988) 57, 133;
A.E. Pegg, Cancer Res. (1990) 50, 6119-6129). ’
A MGMT repair enzyme was first identified in bacterid. cDNAs
coding for such a repair enzyme have been cloned and characterised from bacteria
15 yeast, mice, rats and humans. MGMT thus appears to be ubiquitous protein.
However, there is considerable variation in the content of MGMT between species
and cell types. In E. coli, two proteins are known to repair (*-methylguanine
lesions in DNA, i.e. the ada product which is inducible and the constitutive ogt
product. Bacteria carrying the ada-phenotype are sensitive to killing by alkylating
20 agents such as NMU. Only one MGMT protein has been reported in mammals.
In addition to having implications for tumour induction, human
MGMT also has implications for tumour treatment with chemotherapeutic alkylating
agents such as the bifunctional chloroethylating egent 1,3-bis (2-chloroethyl)-1-
nitrosurea (BCNU). The chemotherapeutic effect of such drugs depends upon
25 formation of lethal cross-links in DNA, which may be disrupted by the suicidal
repair action of MGMT. Tumour cell lines which are devoid of this enzyme (mer-
or mex- tumour cell lines) are selectively sensitive to treatment with bifunctional
alkylating agents such as BCNU (A.E. Pegg, Cancer Res. (1990) 50, 6119-6129;
_ Wronskx et al. Cancer Communications ( 1989) 5, 323- 329 Brent et al. Cancer Res.
30 (1990)5Q 58-61).

There thus is the need for reagents for assaying MGMT and/or

ThlS :s the replacement sheet
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used for cell staining. The top panel is the bright and the bottomis the
fluorescence field. 10 Figure 9. Western bl ot anal ysis of

| mmunopr eci pitation of MGVl and MGMTI in an active site alkylated formfrom
CEM cel | extracts by nonocl onal anti body 5H7 and nonocl onal anti body 3C7.

1. Cell extract fromcells not treated with al kylating nucleotide 2. Cell
extract fromcells treated with [err] EXAMPLE

active site alkylated MGMT in a sample or even within a single cell, e.g. by
Histochemical staining techniques which are known per se. Polyclonal antibodies
capable of binding native human MGMT have previously been obtained (Ostrowski
et al. Cancer Research (1991) 51, 3339-3344; Lee gt al. Br. J. Cancer (1992) 66,
5 355-360). Brent et al in Cancer Research (1990) 50, 58-61 have also reported anti-
MGMT monoclonal antibodies which bind human MGMT when denatured by
sodium dodecyl sulphate. However, no monoclonal antibodies haveé previously been
obtained which bind native human MGMT. Also there have been no reports of
antibodies capable of discriminating between native human MGMT and this enzyme

10  when active site alkylated. Contrary to expectations, the inventors for the presem‘
application have now found that monoclonal antibodies exhibiting such differential
binding can be obtained by employing for screening an immunoprecipitation
procedure with native human MGMT and an active site alkj'lated form of this
enzyme.

15 Thus, in one aspect, the present invention provides an antibody
capable of discriminating between native human MGMT and an active site alkylated
form of this enzyme in an immunoprecipitation procedure. Preferably, such an
antibody will be a monoclonal antibody.

The term "active sne alkylatcd form of MGMT"” as used herein

20  will be understood to refer broadly to MGM’I’ carrying at its active site an alkyl
group, e.g. a C,, alkyl group such at a methyl group or an ethyl group or MGMT
rendered inactive by reaction of the active site cysteine residue with an alternative
functionally equivalent inactivating group, e.g. a benzyl group.

In a further aspect, the present invention provides a method of
25 selecting an antibody exhibiting the above-defined discriminating ability, which
comprises determining by an immuhoprecipitation procedure an antibody capable of
| eliciting differential precipitation of native human MGMT and an active site
a]kylated form of this enzyme when employed as the antigen-binding antibody.
Such a detection procedure may be carriéd out in conventional
30 munner. It may, for example compnse the steps. of: |

@) comactmg a first sample of a test antibody wnh native human
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MATERI ALS AND METHODS (i) Chem cals The foll ow ng chem cals were purchased

fromthe respective sources and used 5 according to the protocols supplied
by the manufacturers where applicable: goat anti-rabbit |gG HRPO goat
anti-rabbit 1gG TRITC, bovine thronbin, calf thynus single-stranded DNA
cel lulose, and Lowy reagents from Sigma Chenical Co. (USA); goat
anti-nouse | gG HRPO and ELI SA kits from Hyal one; sheep anti-nouse |1gG FITC
from Boehri nger Mannehei m (Manneheim Gernany); CNBr-activated 10
Sepharose, Protein G Sephaygser, and GSH Sepharose from Pharnaci a (Sweden)

SCL reagents and ant L body o ot a seaand T of e Bl NGB
same conditions with native human MGMT after active site
alkylation, '

5 (c) precipitating any antibody-antigen complex formed in steps (a) and

(b), e.g. using a second antibody reagent bound to particies, e.g.
agarose beads, to facilitate precipitation, and
(d) detecting whether MGMT protein is precipitated.
Step (d) may, for example, comprise western blot analysis using an
10 anu-MGMT polyclonal antibody reagent capable of binding SDS-denatured human
MGMT protein. Convememly, such a protocol may be carried out using a cell
extract of cells containing human MGMT, e.g. CEM cells (human acute
lymphoblast leukaemia; ATCC, USA) and a cell extract of the same cells containing
MGMT in an active site alkyiated form. The cell extract for step (b) may, for
15 example, be derived from cells cultured in the presence of an agent capable of
converting intracellular MGMT to an active site alkylatcd form. Such an agent will
preferably be an alkylating nucleotide or oligonucleotide derivative, e.g. guanine
having an 0%-alkyl group, e.g. a C,, alkyl group such as a methyl group or an ethyl
group, or an oligonucleotide containing such a guanine derivative. 0%-benzylguanine
20 may be used.

Thus, as a preferred embodiment, the present invention provides a |
method of selecting an antibody according to the present invention, which comprises
determining by an immunoprecipitation procedure an. antibody capable of eliciting
differential precipitation of native human MGMT and an active site alkylated form

25  of this enzyme when employed as the antigen binding antibody, said procedure
comprising the steps of:
@) contacting a first sample of a test antibody with a cell extract
containing native human MGMT,
(b) contacting a second sample of the test antibody with a cell extract
30 ' derived in the same manner as the cell extract employed in (a), but

in which the MGMT has been converted to an active site alkylated
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wel | Maxi sorb inmmunopl ate from NUNC (France); and AcA54 gel filtration
matrix fromIBF - (France). (ii) Coning, Expression. and Purification of
Human MGMI and GSTMGMTI 15 (Fusion Protein of d utathione-S-transferase to
N- Termi nus of MGMT) (a) Cloning. nRNA from CEM cells (human acute

| ynphobl ast | eukaem a; ATCC, USA) was prepared by phenol extraction using
standard techni ques and ol i go-dT cellul o0Se. The cDNA was obt ai ned by
reverse transcription (AW, Boehringer Mannheim Germany) of the nmRNA using

oligo-dTl7.. 20 (c) Thprepipitatiig aﬂmu&ylamsgeuaﬁdapicxrfommmmpomahded)
fromthe published cDNA sequence (Tano et al, Proc. Acad. . Sci .., .USA
(1990) 87, 686- e.g. using a second antibody reagent bound to particles to facilitate

) precipitation, and
5 (o)) separating any precipitated antigen by SDS-PAGE and carrying out
western blot analysis as above.

According to a further aspect of the present invention, there is
provided a method of preparing an antibody having discriminating ability as defined
above which comprises immunising 2 mammal with an antigen selected from human

10 MGMT and/or this enzyme in active site alkylated form, obtaining antibodies
resulting from the said immunisation and selecting an appropriate anubody by a
selection method as hereinbefore described.

For the immunisation step, purified human MGMT e.g. purified
recombinant human MGMT, or a fusion protein thereof may, for example, be

15 employed free of human MCM’I‘ in active site alkylated form. Altematively, it may
be found preferable to employ purified active site alkylated human MGMT, e.g.
purified active site alkylated recombinant human MGMT, or a fusion protein thereof
free of non-alkylated human MGMT. The choseh antigen will be formulated in
conventional fnanner with an adjuvant, e.g. Freund's adjuvant. More than one |

20 immunisation may be carried out. For preparation of a polyclonal antibody reagent
according to the présent invention, serum will be collected from an immunised
mammal for detection of antibodies having the desired discriminating ability.

A selection produce of the present invention will preferably be used
to screen monoclonal antibodies of immortalised cell lines. Immortalised cell lines

25 for this purpose may be prepared by a process which comprises the steps of (i)
immuﬂising a mammal with an antigen as above and (ii) fusing cells of lymphoid
origin from the immunised mammal with cells of an immortalising cell line. In step
(ii), spleen cells may, for example, be fused with tumour cells for hybridoma

formation.

30 Immonalised cell lines producmg an antibody having dlscnmmauno

" ability as deﬁncd above constitute a further aspect of the present invention.
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690) " Two sets of prinmers were used: (a) 5 ;phosphbryl ated 5' - (Pharnmacia,
Sweden). The PCR (kit from Perkin Elnmer and Cetus, USA) conditions were as

follows: [err] reaction m xture containing 5 % of the 30 nMRNA (10
[err]) reverse transcribed with oligo-T17;0.01 absorbance at 260nm of each
primer; deoxyribonucl eoside triphosphates and the buffer as 12 descri bed

by the manufacturer; and 30 cycles of 60 s at [err], 90 s at

In yel' another aspect, the present invention provides a method of
preparing a monoclonal antibody having discriminating ability as defined above
which comprises culturing an immortalised cell line, e.g. a hybridoma, producing an

"antibody capable of selection by an appropriate immunoprecipitation procedure.

5 Monoclonal antibody SH7 (Mab 5H7) obtainable from hybridoma
ECACC 92112510 deposited under the Budapest Treaty at the European Collection
of Animal Cell Cul_tures, Porton Down, Salisbury, Wiltshire SP4 OJG, U.K. on
25th November 1992 represents a specific embodiment of an antibody satisfying the
discriminating ability criterion for an antibody of the present invention.

10 Monoclonal antibody 3C7 (Mab 3C7) obtainable from hybridoma
ECACC 93112514 deposited under the Budapest Treaty at the European Collection
of Animal Cell Cultures, U.K. on 25th November 1993 is another monoclonal
antibody satisfying the discriminating ability criterion for an antibody of the present
invention. o

15 Mab 5H7 and Mab 3C7 have been found to have higher binding
ability for active-site alkylated human MGMT than native human MGMT by
immunoprecipitation assay. A selection immunoprecipitation procedure as discussed
above may be applied to Mab 5H7 or Mab 3C7 such that only active site alkylated
MGMT is detected (see section (x) of the Example and Figure 9).

20 The present invention provides Mab 5H7 and antibodies which

~ block antigen-binding of Mab 5H7. Thus, an antibody which recognises the same
epitope as Mab 5H7 will competitively inhibit binding of Mab SH7 and exhibit the
same binding specifity.
- The present invention also provides Mab 3C7 and antibodies which

25  block antigen-binding of Mab 3C7.

Fragments of antibodies according to the invention may be obtained
which retain their antigen binding activity, such as F(ab’) and F(ab,)’ fragments. In
addition, monoclonal antibodies according to the invention may be analyzed (e.g. by
DNA sequence analysis of the genes expressing such antibodies) and humanized

30" anfibodies with complementarity determining regions which are substantially of an

antibody according to the invention may be made, for example in accordance with
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720C, and 30 s at [err]. The PCR products were then purified on a 1 %
agarose gel. The purified PCR product fromthe second set of priners was

di gested with EcoRI and BanmHl . The vectors pET3b (i.e., Frame 2) and 5
pGEX2 were purified on 1 % agarose gel after the followi ng treatnents: for
pET3b, (a) BamH; (b) al kaline phosphatase (Cl P; Pharnmacia, Sweden); and
(c) T4 DNA polynerase; and for pCGEX2, BanHL and EcoRl doubl e digestion. The
ligation of the inserts to the treated vectors was carried out using T4 DNA

92 2 Lot e Fotch? s By b R e BRSO BB S A PlE
USA) and pl at edestdingQbtife a¥@fition will be understood to include such fragments and
* variants. .
An antibody according to the invention may be labelled with any
5 detectable label known in the art. This may include for example an enzyme, a

fluorescent label, a chemical label or a radiochemical label. The enzyme may be

horse radish peroxidase; the chemical label may be biotin; and the radiochemical

label may be 1. These labels are given by way of example only.

Antibodies according to the invention have a variety of

10 applicaﬁons. They may, for example, be employed in fractionation of a sample to
enrich for one of human MGMT and active site alkylated MGMT. The present
invention also provides a method of determining the presence of human"'MGMT
"and/or active site alkylated MGMT in a sample which comprises contacting the
sample with an antibody of the invention and detecting whether any antibody is

15 bound.

The sample for such an assay may be an immobilised cell, or a
section of such a cell, eg a histological sample. The sample may also be for
example a biopsy sample of human tissue, which has been treated to make available
the proteins in such a sample for immunological analysis.

20 Particularly preferred are methods of the present invention whereby
one of human MGMT and active site alkylated forms of this enzyme may be
separately detected. Mab 5H7 or an antibody which blocks antigen binding of Mab
5H7, may, for example, enable specific detection of an active site alkylated
derivative of MGMT by an immunoprecipitation procedure employing Western

25 analysis as hereinbefore described (seec Example section (x) and Figure 9). Mab
3C7 or an antibody which blocks antigen binding of Mab 3C7 may be similarly
employed.

Assay methods of the present invention for detection of human
MGMT and/or active site alkylated MGMT have many applications in the field of .

30 tubnour diagnosis, and treatment, including diagnosis and treatment of solid tumours

e.g. brain tumours. Such a method may, for example, find application in

This Sheet Has Been Relilaced ] _ R o . .Tf'.H.S T? the rePlécemeﬂt sfteet .

]

‘Date: 1§ 0 0%



LB plates containing anpicillin (40 [err]). Cones were picked and grown in
LB (with anmpicillin, 40 [err]). to a cell density of 0.6 to 0.8 absorbance
at 600nm | PTG (2mM for pET3b and 0.2nM for pGEX2; BRL, USA) 15 was
added and the cultures were left shaking at [err] for 5 hrs. The bacteria
were pelleted at 4000 rpm for 10 mns at [err]. The pellets were then
resuspended in Tris-HCl buffer (50mM pH 8.0, 2nM EDTA and 10nmM DTT) and
sonicated (6 x 10s). After addition of PSMg (20 [err]; BRL, USA), the

soni cat ed sol utions vvere then spun at 15,000 rpmfor 20 20 m ns at
[err]. The supgresia g&ﬁh@y MiAs FEA mhebhod iRy RPapéciant dseful yn Wi t h
32pCECeGCG as descrl be englSsl y.(Gaves et al, d Cargl nogene

identifying tumour cells responswe to treatment with chemotherapeutic aﬁkylanng
drugs such BCNU, since the level of MGMT contributes towards the repair of DNA
damaged by such treatment.

5 The reagents needed to perform the above methods according to the
invention can conveniently be packaged into a kit. Thus, the invention provides a |
kit comprising an antibody according to the invention in a suitable container for
storage and transport. The kit may comprise an antibody according to the invention
coated upon a solid support, e.g. the walls of a micro-titre plate. The antibody may

10 be labelled as described above. The kit may additionally comprise MGMT, active-

' site alkylated MGMT or a peptide fragment thereof for use in competitive assay of
MGMT and/or active site alkylated MGMT. The kit may contain additional
antibodies against MGMT.

. " In a further aspect of the invention, there is provided a method of
15 convérting MGMT to active site alkylated MGMT by bringing MGMT into contact
with an alkylated oligonucleotide of from 8 to 20 nucleotides, said oligonucleotide
containing an 0°-alkylguanine or (*-alkylthymine group. An oligonucleotide for this
purpose ma} be a methylated or ethylated oligonucleotide, preferably a methylatéd
oligonucleotide with a substantially centrally located CmeG dinucleotide. For
20 example, the oligonucleotide may be of the sequence: TATACmeGTATA.
The following Example illustrates the invention with reference to
the accompanying drawings: _ |
Figure 1. " Purification of expressed human. MGMT. Labelled lanes: NI =
non induced, I = IPTG induced, PI = supernatant of polyimine precipitation, AS =
25 ammonium sulphate precipitation, AcA54 = AcA54 gel filtration, ss DNA = single
stranded calf thymus DNA linked to cellulose, M = molecular weight markers. -
Samples I and NI are of equal protein concentration.
Figure 2. Purification of the expressed fusion protein Gluthathionne-S-
trnsferase fused to the N-terminal of human MGMT (GSTMGMT). Labelled
30 lanes: NI non induced, I = IPTG induced, PI = supernatant of polyimine

precipitation, AS = ammonium sulphate precipitation, ACA54 = AcAS54 gel
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(Lond) (1989) 10, 661-666). The protocols for the |arge-scale preparation
of MaGMI and GSTMGMI were essentially as described in the literature
(Bhattacharyya et al, 25 Nucleic Acids Res. (1988) 16, 6397-6410). GSTMavIr
required two cycles of AcA54 and singl e-stranded DNA chromat ography. The
13.5 % SDS- PAGE gel s show ng the progress of each step of purification are
shown in Figs 1 (MGMI) and 2 (GSTMGMT). The plasmids containing the inserts

wer e sequenced, and a point 30 nutation fromC to T was observed at the
first base of codon 84. This results in the

filtration, ssDNA = single stranded calf thymus DNA linked to cellulose, M =
~ molecular weight markers. Samples I and NI are of equal protein concentration.

Figure 3. Specificity of affinity purified polyclonal antibodies by Western
blotting analysis. Labelled lanes: 10 ng, 20 ng, 40 ng represent the amount of

5 purified MGMT loaded, MRCS.SVA40 transformed (mer-), Hela-mer+, Colo-320
and Hela-CCL2B represent 200 ug of total crude ce]l extract from the cell lines
loaded. The polyclonal ahtibodies were used at 3 pg/ml and ECL was for 2 mins.
Figure 4. Specificity of Protein-G sepharose purified clone 5H7 mouse
antibody by Western blot analysis. Lane 1 = 100 ng of purified MGMT, 2 = 300

10 ng of purified GSTMGMT, 3 = reaction mixture containing 800 ng of GSTMGMT

cleaved by Bovine thrombin (extra bands on the Coomassie blue staining are from
' the Bovine thrombin and GST), 4 = 2000 ng of the AAS54 purified ada protein, M
= molecular weight marker. 5H7 antibody was used at 3 pg/ml and ECL was for.
15 mins.
15 Figure 5. Cytoimmunofluorescence staining of Hela. CCL2B (mer+), Hela,mer-
and MRC5.SV40 transformed (mer-) by affinity purified rabbit polyclonal
antibodies. The antibodies were used at 25 pg/400 ul. The top panel is the bright
and the bottom is the fluorescence field.
Figure 6. Cytoimmunofluorescence staining of HEla.CCL2B (mer-+), Hela.mer-
. 20 and MRC5.SV40 transformed (mer-) by-Protein-G Sepharose purified clone SH7
mouse antibody. the antiﬁody was'used at 30 pg/400 ug. Top panel is the bright
and the bottom is the fluorescence field.
Figure 7. Depletion of clone SH7 mouse antibody by immobilised
GSTMGMT-GSH-sepharose with analysis by SDS-PAGE and Western analysis.

25 DO = no depletion; D1, D2 and D3 represent depletion of 300 pg/100 ul of SH7
antibody by 30 ul, 120 ul and 240 pl of saturated GSTMGMT-GST.sepharose
respectively. Lanes in the Coomassie Blue stained SDS i’AGE gel contain 3 pl of
DO, D1, D2 and D3; IGg - bovine IGg. Lanes in Western analysis contain 80 ng of
MGMT (M) active site methylated w:th 2 x decamer TATACmeG’I‘ATA N =

30 MGMT not methylated. Equal volumc of the samples DO (3 pug/ml), D1, D2 and
D3 were used for the Western analysis. "
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13 change of |eucine to phenylalanine. It is uncertain whether this
mutation originated fromthe cell line or PCR The purified MaMI (25 [err])
was covalently linked to a DI TC nenbrane for protein sequencing (using
Prosequencer 6600; MII|ipore, USA). The first 25 am no acid residues
obt ai ned were exactly-as the-published data 5 (Tano et al. Proc. Natl.
Acad. Sci. USA (1990) 87, 686-690). Nojgextra am no acid was introduced to
the N-termnus of the cloned protein. The specificities of the two

proteins, 44,640, R My f oML LR sBCmBIEThiil, 08y G TNREiisue" ©
- GSTMGMT-GSH-sepharose. Analysis by cytoimmunofluorescence staining of
. Hela.CCL2B (mer+). DO = no depletion, D1, D2 and D3 represent depletion of
300 ug/100 ul of SH7 antibody by 30 ul, 120 ) and 240 ] of saturated
5 GSTMGMT-GSH-sepharose. Equal volumes of the samples DO (30 pg/400 ul), D1,
D2 and D3 were used for cell staining. The top panel is the bright and the bottom
is the fluorescence field. _ _
Figure 9. Western blot analysis of immunoprecipitation of MGMT and
MGMT in an active site alkylated form from CEM cell extracts by monoclonal
10 antibody 5H7 and monoclonal antibody 3C7.1. Cell extract from cells not treated
with alkylating nucleotide 2. Cell extract from cells treated with G-bgnzylguanine.
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determ ned using an ol igoner (32pTATACheGIATA) at a known concentration and
protein neasurenent by Bradford (using bovine serumal bum n as standard; 10
reagents from Bio-Rad, USA). (iii) Western Blotting SDS-PACE (13.5 % gels

were perfornmed using a Bio-Rad (USA) miniprotein setup. CGels were then

el ectroblotted (4 hrs, 50 mA/ gel using Sartoblot 11-S; Sartorius, CGermany)

to nitrocel llul ose (S&S, Germany). The filters were bl ocked 15 overnight at
[err] with a saturated solution of oval buniln in TBS buffer [20 mm Tris HC

(pH8): 0.9 % Nad solution]. The filters were then incubated with anti bodies
(3 [err] in TBXRAMBDE i.e., TBS buffer with 0.05 % [err] 20) for 1 hr with

M RIALS AND METHODS

(i) Chemicals

The following chemicals were purchased from the rgspective sources and used

5 according to the protocols supplied by the manufacturers where applicable: goat
anti-rabbit IgG-HRPO, goat anti-rabbit IgG-TRITC, bovine thrombin, calf thymus
single-stranded DNA cellulose, and Lowry reagents from Sigma Chemical Co.

(USA); goat anti-mouse IgG-HRPO and ELISA kits from Hyclone; sheep anti-mouse

IgG-FITC from Boehringer Manneheim (Manneheim, Germany); CNBr-activated

10 Sepharose, Protein G-Sepharose, and GSH-Sepharose from Pharmacia (Sweden);

ECL reagents and antibody subisotyping kit from Amersham (United Kingdom); 96-

well Maxisorb immunoplate from NUNC (France); and AcA54 gel ﬁltl:ation matrix

from IBF (France). ' '

(ii) Cloning, Expression, and Purification of Human MGMT and GSTMGMT

15 (Fusion Protein of Glutathione-S-transferase to N-Terminus of MGMT) '

(a) Cloning. mRNA from CEM celis (human acute lymphoblast leukaemia;
ATCC, USA) was prepared by phenol extraction using standard techniques
and oligo-dT cellulose. The cDNA was obtained by reverse transcription
(AMYV; Boehringer Mannheim, Germany) of the mRNA using oligo-dT17.

20 The primer sequences used for PCR were obtained from the published

cDNA sequence (Tano et al, Proc. Nat. Acad. Sci., USA (1990) 87, 686-
690). Two sets of primers were used: (a) 5’-phosphorylated 5°-
pGGAAAAATGGACAAGGATTGTGAAATGAAACGC and 5°-
pATACATACTCAGTTTCGGCCAGCAGGCGG for cloning into pET3b

25 (Studier et al Methods Enzymol (1990) 185: 60-88) and (b) 5°-
CGACGTGGATCCATGGACAAGGATTGTGAAATGAAACGC and 5°-
CCTGACGAATTCTCAGTTCGGCCAGCAGGCGG for the pGEX2 vector
(Pharmacia, Sweden). - The PCR (kit from Perkin Elmer and Cetus, USA)
conditions were as follows: 100-g] reaction mixture containing 5 % of the

- 30 ‘'mRNA (10 pg) reverse trar'\scribcd with oIigd-Tl?;0.0l absorbancé at

260nm of each primer; deoxyribonucleoside triphosphates and the buffer as
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pol ycl onal antibodies and 2 hrs with nonocl onal antibody at [err]. After
three 5- mns washes with TBS- TW20, t he nenbranes were incubated with
secondary 20 antibodies: anti-rabbit HRPO-anti-1gGs for polyclonal (30

m ns) and anti-nouse HRPO-anti-1gGs (120 mins) for nonoclonal at [err]. The
filters were then washed as above before heing visualized by ECL using the
prot ocol as described by the manufacturer. (iv) Cell Culture 25 Hela CCl2B

(from ATCC, USA), Hegésrib®s bi tRNelatiFhureBahd (30 §dsrof doed arsssar, 9ans atl CRF,

South M mms, United_Kingdom cells were all cultured in mninml essential
medi um suppl enent ed 747 &4 udt JRPCuv Abe PCRoProduetn weas thenimvaifisdions 1 (%

agarose gel. The purified PCR product from the second set of primers was
digested with EcoRI and BamHI. The vectors pET3b (i.e., Frame 2) and

5 pGEX2 were purified on 1 % agarose gel after the following treatments: for
PET3b, (a) BamHI; (b) alkaline ph_osphatase (CIP; Pharmacia, Sweden);
and (c) T4 DNA polymerase; and for pGEX2, BamHI and EcoRI double
digestion. The ligation of the inserts to the treated vectors was carried out
using T4 DNA ligase at 14oC for 12 hrs.

10 () Expression and Purification. The above ligation products were then
transformed into JM109 (DE3) (Promega, USA) and plated outronto agar-
LB plates containing ampicillin (40 pg/ml). Clones were picked and grown
in LB (with ampicillin, 40 gg/ml) to a cell density of 0.6 to 0.8 absorbance
at 600nm. IPTG (2mM for pET3b and 0.2mM for pGEX2; BRL, USA)

15 was added and the cultures were left shaking at 370C for 5 hrs. The

bacteria were pelleted at 4000 rpm for 10 mins at 4oC. The pellets were

then resuspended in Tris-HCI buffer (50mM, pH 8.0, 2nM EDTA and

10mM DTT) and sonicated (6 x 10s). After addition of PSMF (20 ug/ml;

BRL, USA), the sonicated solutions were then spun at 15,000 rpm for 20
20 mins at 4oC. The supernatants were then assayed for the repair activity

with 32pCGCmeGCG as described previously (Graves et al, Carcinogenesis

(Lond) (1989) 10, 661-666).

The protocols for the large-scale preparation of MGMT and
GSTMGMT were essentially as described in the literature (Bhattacharyya et al,

25 Nucleic Acids Res. (1988) 16, 6397-6410). GSTMGMT required two cycles of
AcAS54 and single-stranded DNA chromatography. The 13.5 % SDS-PAGE gels
showing the progress of each step of purification are shown in Pigs 1 (MGMT) and
2 (GSTMGMT).

The plasmids containing the inserts were sequenced, and a point

30 mutation from C to T was (_)bscrved at the first base of codon 84. This results in the
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gl utam ne, sodi um bi carbonate, penicillin-streptonycin, and 10 % fetal

bovi ne serum (G bco, Grand Island, NY). Col 0-320 HSR (from ATCC, USA) cells
wer e 14 cultured in RPM 1640 and suppl enented as above. MRC5 (SV40
transforned, nmer-; fromDr. Peter Karran) cells were cultured in Eagle's

Basal Medi um and suppl enented as above. (v) Preparation of Total Cell
Extracts 13

change of leucine to phenylalanine. It is uncertain whether this mutation orniginated
from the cell line or PCR. The purified MGMT (25 ug) was covalently linked to a
DITC membrane for protein sequencing (using Prosequencer 6600; Millipore,
USA). The first 25 amino acid residues obtained were exactly as the published data
5 (Tano et al. Proc. Natl. Acad. Sci. USA (1990) 87, 686-690). No extra amino acid
was introduced to the N-terminus of the cloned protein. The specificities of the two
proteins, 44,000 pm/mg for MGMT and 20,500 pm/mg for GSTMGMT, were
determined using an oligomer (32pTATACmeGTATA) at a known concentration

and protein measurement by Bradford (using bovine serum albumin as standard;
10 reagents from Bio-Rad, USA).

(iii) Western Blotting
SDS-PAGE (13.5 %) gels were performed using a Bio-Rad (USA) miniprotein
setup. Gels were then electroblotted (4 hrs, S0 mA/gel using Sartoblot II-S;
Saﬁorius, Germany) to nitrocellulose (S&S, Germany). The filters were blocked
15 ovemight at 44oC with a saturated solution of ovalbumin in TBS buffer [20 mm Tris
HCI (pHS8):0.9 % NaCl solution]. The filters were then incubated with antibodies
(3 pg/ml in TBS-TW20, i.e., TBS buffer with 0.05 % Tween 20) for 1 hr with
polyclonal antibodies and 2 hrs with monoclonal antibody at 37°C. After three 5-
mins washes with TBS-TW20,the membranes were incubated with secondary
20 antibodies: anti-rabbit HRPO-anti-IgGs for polyclonal (30 mins) and anti-mouse
HRPO-anti-IgGs (120 mins) for monoclonal at 370C. The filters were ﬁxen washed

as above before being visualized by ECL using the protocol as described by the
manufacturer.

(iv) Cell Culture
25 Hela CC12B (from ATCC, USA), Hela.mer-, and Hela.mer+ (from Dr. Peter
Karran, ICRF, South Mimms, United Kingdom) cells were all cultured in minimal
essential medium supplemented with sodium pyruvate, nonessential amino acids, L-
gl‘utamine, ‘sodium bic_arbondte, penicillin-streptomycin, and 10 % fetal bovine
serum (Gibco, Grand Island, NY). Cblo—320 HSR (from ATCC, USA) cells were
N
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5 Al cell extract preparations were carried out at [err]. Trypsinized
cells fromnonol ayer cultures were pelleted (1100 rpmfor 10 mns at 40C)
and washed once with Hanks' bal anced salt solution. Buffer [50 niM '
Tris(pH8.0): ImM EDTA'5 mM DIT] in tw ce the packed cell volunme was added
to resuspend the cell pellets. The suspensi4don was then frozen at [err] for
10 mns before sonification (3 tines 10 for 10 s; Heat Systems M croson,

USA) . After addlteredin &PMiVER) 2w Juppieented @slabowys MRIET (hY40 rprsfarmegensi on
o S S! OCHOR Pl Al e PR R AR s gt
anti bodi es werseppleinemted by albpvei ng rabbits (O yctol agus cuni cul us)

(v) Preparation of 'fI:otal Cell Extracts

5 All cell extract preparations were carried out at 4oC. Trypsinized cells from

monolayer cultures were pelleted (1100 rpm for 10 mins at 4°C) and washed once

with Hanks’ balanced salt solution. Buffer [S0 mM Tris(pH8.0): ImM EDTA:5

mM DTT] in twice the packed cell volume was added to resuspend the cell pellets.

“The suspension was then frozen at -80°C for 10 mins before sonification (3 times

10 for 10 s; Heat System’s Microson, USA). After addition of PMSF (25 pg/ml of
cell suspension), the suspension was spun at 10,000 rpm for 10 mins. The
supernatants .-were then aliquoted and stored at -800C. ‘

(vi) Rabbit Polyclonal Antibodies
Polyclonal antibodies were raised by giving rabbits (Oryctolagus cuniculus)

15 injections of the cloned human MGMT (100 pg/animal, Fraction 8 of the final
single-stranded DNA column, as shown in Fig. 1) every 4 weeks. High-affinity
polyclonal antibodies'(bii Western blotting analysis of the serum) were obtained
from the seventh boost. The serum was the further purified with the cloned MGMT
(1 mg coupled to 200-u1 packed gel volume, CNBr-activated Sepharose) affinity

20 column. Before eluting with glycine (Harlow and Lane, Antibodies: A Laboratory
Manual, Cold Spring Harbor, N.Y. 1988), the antibody-antigen matrix was washed
with 1 M NaCl. These affinity-purified antibodies were used for all experiments.
The specificity of these antibodies on crude cell extracts is shown in Fig. 3.

= (vii) Mouse Monoclonal Antibody |

25. The protocols for immunization and fusion were followed exactly as described by
Harlow and Lane (Antibodies. A Laboratory Manual. Cold Spring Harbor
Laboratory, 1988). BALB/c mice were given injections of active-site methylated
human MGMT [100 ul containing 120 ug of MGMT from Fraction 8 of the single-
stranded DNA column were added to a solution (30 ul) containing 4 absorbance at

30 260 nm of TATACmMeGTATA in buffer consiéting of 50 mM Tris-HCl (pH 8.0), 1

" mM EDTA, and 5 mM DTT; the solution was then incubated at 37oC for 30 mins
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15 injections of the cloned human MGMI (100 [err], Fraction 8 of the final
singl e-stranded DNA colum, as shown in Fig. 1) every 4 weeks. 4

Hi gh-affinity polyclonal antibodies (by Western blotting analysis of the
serum were obtained fromthe seventh boost. The serum was the further
purified with the cloned Mavl' (1 ng coupled to [err] packed gel vol une,
CNBr - acti vated Sepharose) affinity 20 colldm. Before eluting with glycine
(Harl ow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor, N.Y.
1988), the anbéfbrdmixing wiknFizahd's adjvasntwaslhedr wijédtiod iMoMafilice] THdsese

affinity-purified antibodies were used for all experinents., K The specjficity
of these anti FBPESNAH Were,BrOduead b)é?é{sf”&c’tp F'§°QF1§%H’ imepiged gice (BA1es O\pyse

Monocl onal - AnfoRfy with NS-1 cells (ATCC, USA). The fusion cells were plated out in 18- x
' 96-well tissue culture plates. The clones were screened by ELISA using 96-well
5 immunoplates coated with either active site-methylated or -unmethylated antigen.
Positive clones were further screened by Western blotting as in (iii) above and by
immunoprecipitation assay as'in (x) below.
The clone 5H7, producing a monoclonal antibody subisotyped to be
1gG1, was grown in 2 litres. - The monoclonal antibody was purified by Protein G.
10 The Western blotting analysis is shown in Fig. 4, Lane”3 is GSTMGMT (10 gl
from Fraction 8) cleaved with bovine thrombin (10 ul, containing 1 ul of thrombin
in PBS) at 4oC for 2h. The extra bands observed are from thrombin, 4nd the
intense band above MGMT is the GST. - Lane 4 is the E. coli M, 39,000 ada protein
(from bacterial stock pBar2; a gift from Dr. B. Sedgv)ick and Dr. T. Lindahl,
15 ICRF, South Mimms). |
Monoclonal antibody 3C7 was obtained by the same procedure as
monoclonal antibody 5H7.
(vili) Cell Staining
Monolayer cells were grown on slides for 2 days. After fixing with
20 paraformaldehyde (10 miﬁs, 4 % in PBS; ?luka, Germany), the slid_es were washed
with PBS for 10 mins. Cells on the slides were permeabilizéd with 0.1 % Triton X-
100/PBS solution for 10 mins. The slides were soaked in a solution containing 10
% lamb serum (for monoclonal) or 10 % goat serum (for polyclonal) in 0.1 %
Triton X-100/PBS for 10 mins. Primary polyclonal or monoclonal antibodies (20 to
25 40 pg in 400 pl of 1 % Triton X-100/PBS per slide) were then added onto the
slides. The slides were incubated in a moist chamber overnight at 4cC. The
primary antibody-treated slides were then washed twice (10 mins. each) with 0.1 %
Triton X-100/PBS before blocking with 10 % goat or lamb serum in 0.1 % Triton
X-100/PBS for 10 mins. Secondary antibody (1:32 or 1:30 diluted in 1 %. Triton X-
30 100/PBS, for anti-rabbit TRITC. for polyclonal and anti-mouse FITC for

monoclonal, respectively) was added, and the slides were incubated in the dark at
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25 The protocols for inmunization and fusion were foll owed exactly as
descri bed by Harl ow and Lane (Anti bodies. A Laboratory Manual. Cold Spring
Har bor Laboratory, 1988). BALB/c nmice were given injections of active-site
met hyl at ed human MGMI [ 100 [err]] containing 120 [err] of MaVI from
Fraction 8 of the single- stranded DNA cohunn were added to a solution (30
[err]) contalnlng 4 absorbance at 30 280 hm of TATACTeGTATA in buffer

(szglnﬁlt lsz)lnn\gvagf ?(Hg r!igM IgtIB aet }ég’ la rp '["gﬁe ?Qch wgy& tEc[r)lT»'\A/‘ash%E'Qhrgc “Mel?-g ’mx%pgach )
with PBS and mounted with coverslips using Permaﬂuor (Lipshaw, Immunon,
Pittsburgh, PA). After overnight polymerization in the dark at room temperature,
the slides were examined ﬁnder a fluorescence microscope (Axioplan POl fixed with

5 a MCI100 camera; Zeiss, Germany) using blue excitation for FITC (mouse
monoclonal) and green excitation for 'fRITC (rabbit polyclonal). The
cytoimmunofluorescence staining on different cell lines is shown in Fig. 5 (rabbit
polyclonal) and Fig. 6 (clone SH7 mouse antibodies).

(ix) Depletion of Clone SH7 Mouse Antibodies by GST-MGMT-GSH-Sephar se -
10 Fusion protein, GST-MGMT (8.2 nmol, from Fraction 8 of the second single-
stranded DNA column), was immobilized by incubation for 1 h at 4°C with either
30 pl, 120 ul or 240 ul of GSH-Sepharose (50 % suspension PBS) pre\;rashed twice
with PBS. The supernatant containing the unbound fusion protein was removed, and
the beads were 'washed three times with PBS (3 x 1 ml, with 0.5 mM DTT). After
15 the last wash, the beads were then resuspended in PBS (made to a 50 %
suspension). The 3 samples were then incubated with an equal amount of antibody
frbm 5H7 (100 ul of 3 ug/ul) for 2 hrs at 4oC with shaking. The suspension was
then pelleted at 2000 rpm, and the supernatant containing the residual antibodies was
analyzed by SDS-PAGE and Western blotting (Fig'.7) and cell staining with Hela-
20 CCI12B (Fig. 8).

(x) Immunoprecipitation of MGMT and active-site alkylated MGMT from CEM cell

extracts by Mab SH7

a. Cell extracts

CEM cells (human acute lymphoblast leukaemia; ATCC, USA) were cultured 1:1 of
25 MEM and RPMI in 10 % of FBS with supplements. Cells at log phase, 400 ml,

were aliquoted into two flasks (200ml). One flask was treated with 50 m} of normal

medium as control and the other was treated with.50 ml of medium containing 100

pM of 0°-benzylguaninf: for generation of active-site alkylated MGMT. Cells were

then grown at 37oC for 1 hr and harvested by spinning at 1000 rpm. The cell

30 pellets were then frozen at -80°C and cel] extracts were then prepared by

resuspending. in buffer A (200 gl of 50 mM Tris pH 8, ImM EDTA, 10 uM PMSF

This Sheet Has Been Rej laced

““ I“ ‘“I“ “ |Il CT e Thls is the replacement sheet

Date: 1 & 1y 1995




15 before mxing with Freund's adjuvant (1:1) for injection into 4 m ce]
Mouse nonocl onal s were produced by fusing spleen cells fromimmunized m ce
(after 9 nonths) with NS-1 cells (ATCC, USA). The fusion cells were plated
out in 18- x 96-well tissue culture plates. The cl ones were screened by
ELI SA using 96-well 5 inmmnopl ates coated yyth either active
site-nmethylated or -unnethylated antigen. Positive clones were further

screened by V\gaj @rmmml?]'aﬂﬂs@rﬁcdt& (rrhe)soﬁbﬁweﬁ%me}emmﬁumlw 66t i on
assay as in (x) below. The clone 5H7, producing a nonocl onal anti bot%yc
was

subi sot yped t GPBefor dBmingaL 4R ovkhei Ipematanisauere thes anuotedndi stoged b

purified by Protein G Treatment of cells with alkylating carcinogens can produce some

DNA lesions other than 0%-alkylguanine. The comparison of the abilities of
5 monoclonal antibodies to immunoprecipitate MGMT protein from cell extracts which
have been obtained from 0%-benzylguanine treated and non-treated CEM cells is

therefore informative to assess their specificities towards active MGMT and active
site alkylated MGMT.

b. Immunoprecipitation -

10 400 pg of the above cell extracts were diluted with buffer A to 200 ul and 1 pg of
Mab SH7 or Mab 3C7 was added (protein G, Pharmacia, .puriﬁed). The reaction
mixtures were then shaken for lhr at 40C. 20 pl of anti-mouse Fc linked to agarose
was then added to each reaction mixture. After further shaking at 4oC for 30 mins,
the reaction mixtures were then spun at 1000 rpm. The supernatants were then

I5 removed. After washing with 3 x 300 ul of buffer A, 10 ul of 4 x Lamenli loading
buffer was added to the agarose beads and the samples were then boiled at 100eC
for 10 mins before analysis by 13.5 % SDS/PAGE. After transfer to nitrocellulose,

the MGMT/alkylated MGMT was visualised by Western analysis using affinity
purified polyclonal antibodies towards MGMT prepared as in (vi) above.

20 RESULTS
Source of Antigens. The human MGMT and the glutathione-S-transferase fusion
protein (GSTMGMT) were expressed in milligram quantities and purified to high
specific activity from E. coli (Figs. 1 and 2). This enabled us to raise antibodies
under different conditi?ns. We immunized with the native antigens with the aim of

25 producing antibodies to exposed epitopes of the antigen for cell staining and
immunoprecipitation. Active site methylated MGMT was used as the antigen for the
monoclonal work to favour production of monoclonal antibodies having preference
for the methylated protein. :
Specificity of Rabbit Polyclonal Antibodies. Fig. 3 summarizes Western analysis of

30 the total cell extracts of the following cell lines: MRC5.5V40 n_'_énsformed (mer-);
Hela.mer+; Hela. CC12B (mer+; and Colo-320 HSR {mer-). 'fhe most inte.nse.
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10 The Western blotting analysis is shown in Fig. 4, Lane 3 is GSTMGMI (10
[err] from Fraction 8) cleaved with bovine thronmbin (10 [err], containing 1
[err] of thronmbin in PBS) at [err] for 2h. The extra bands observed are
fromthronbin, and the intense band above MGMI is the GST. Lane 4 is the E.
coli M 39,000 ada protein (frombacterial stock pBar2; a gift fromDr. B.
Sedgwi ck and Dr. T. Lindahl, 15 |ICRF, South M ms). Monocl onal antibody
3C7 was obtained by the sane procedure as!8&wonocl onal antibody 5H7. (viii)

Cel | Staining Mnolayer cells were grown on slides for 2 days. After fixing
with MGMT band observedis from the Hela.mer+. this is about 4 ng/200 ug or 0.002

% of the total crude cellular protein. The amount of MGMT in Hela.CCL2B is 3 to
4 times less than the Hel.mer+ (by comparison of different ECL exposures). this
polyclonal antibody detects the MGMT in normal cels as a major band in the crude
5 cell extracts, indicating that there is little cross-reactivity. The faint bands present

at a molecular weight of 21,000 in the deficient cell lines may suggest MRC5.
SV40-transformed (mer-) and Colo.320 HSRs do have a low level of the repair
enzyme.
Binding Ability of Mab SH7 by' Eliza screening and Western Biot Analysis

10 By Eliza screening or Western blot analysis, Mab 5H7 was observed to bind both
active site methylated MGMT and non-methylated MGMT (denatured or
nondenatured) (see Fig. 7). Howevéi"; this antibody is not as sensitive ;s the
polyclonal preparation (minimum detection requires 30 to 40 ng; results not shown)
by Western blotting analysis. Therefore, it cannot be used to duplicate the Western

15 " analysis of the crude cell extracts shown in Fig. 3. However, by using a higher
concentration of the MGMT, GSTMGMT, and ada protein, it is possible to assess
the nonspecific signal produced by the monoclonal. It is apparent from Fig. 4 that
the antibody does not cross-react with the M, 39,000 ada protein (Lane 5) or the
GST (Lane 3, M,25,000 band).

20 Immunoprecipitation of MGMT and active-site alkylated MGMT from cell extracts
by Mab 5H7 and Mab 3C7
Figure 9 shows that in the immunoprecipitation procedure as described above in (x),
neither Mab 5H7 nor Mab 3C7 effectively immunoprecipitates MGMT.
Substantially more MGMT protein is observed by Western Analysis when using cell

25 extracts from cells treated with (°-benzylguanine.
Cytoimmunofluorescence Staining. One problem with the cytoimmunostaining
technique is assessing the specificity of any positive staining obtained. Two
approaches were used to address this: (a) use of cell lines.known to express MGMT
at different levels and (b) competition of the signal by the pure antigen.

30 Fi\g. 5 shows cytoimmunofluorescence staining of Hela-CC12B (mer-+), Hela.mer-,

" and MRC5.SV40-transformed (mer-) cells using the affinity-purified rabbit
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20 paraformal dehyde (10 mns, 4 %in PBS;, Fluka, Germany), the slides were
washed with PBS for 10 mns. Cells on the slides were perneabilized with
0.1 %Triton X- 100/ PBS solution for 10 mins. The slides were soaked in a
solution containing 10 % | anb serum (for nonoclonal) or 10 % goat serum
(for polyclonal) in 0.1 % [err] X-100/PBS fgpr 10 mns. Primary polycl onal
or nonocl onal antibodies (20 25 to 40 [err{ in 400 [err] of 1 % Triton

X- 100/ PBS per géﬂ%ﬂﬁil é@ﬁl%ﬁ%%beﬁ”h@%gyv&mrﬁerfsnf Qf'ﬂugﬁe;scenw%ﬁu dBSifeaHE

i ncubated in er overni ght at pri mar
ant i body- t r earmgng [thejesil hmssmﬂmrremhedl wmhc‘éle(tm arialysis @fazqm)esmndma)cell %

Triton x toos PREERo3F At Lnbhiiel b v pRloySrye i el Gl oF )
% Triton X-  the antibodies to the repair protein in fixed cells The staining in the MRCS.
5 SV4(-transformed (mer-) cells probably represents the lower limit of detection by
this method, being 4 to 5 times above the background (i.e. without primary
antibody; data not shown). These data show the repair protein to be mainly located
in the nucleus of the Hela.CCL2B and the Hela.mer-cells. However, in the
MRCS5.8V40-transformed (mer-).cells, a certain proportion showed general staining.

10 Fig. 6 shows immunofluorescent staining of the cells using
monoclonal SH7 antibody. The fluorescent signal is clearly more refiried than the
polyclonal staining. MGMT is observed throughout the nucleus of the Hela;CCI_.2B
cells, but the nucleolus is not stained. The pattern of the fluorescence is similar in
the 3 cell lines, with decreasing intensity from Hel.CCL2B (mer-+) to Hela.mer- to

15 MRC5-SV40-transformed (mer-) cells. As SDS-PAGE gel analysis of the Protein
G-Sepharose-purified clone SH7 mouse antibody shows various proteins in addition
to the monoclonal antibody bands, final confirmation is required to show that only
the specific component which binds to the pure antigen is responsible for the
fluorescence observed in the nucleus.

20 Fig. 7 (SDS-PAGE Coomassie blue-stained gel and Western
blotting) and 8 (the corresponding staining of Hela-CC12B) summarize the depletion
of the SH7 antibodies by an increasing amount of GSH-Sepharose saturated with
GSTMGMT, (GSTMGMT-GSH-Sepharose). In Fig. 7, the Coomassie blue staining
of the M, 52,000 heavy chain and the M, 23,500 light chain decreases from D1 to

25 D2 to D3 (which represents the depletion of the SH7 antibodies by 30, 120 and 240
pl of GSTMGMT-GSH-Sepharose). The corresponding Western analysis and the
fluorescence in Fig. 8 all decrease accordingly. In Fig. 7, the extra bands (i.e.,
above the heavy chain in the Coomassie-stained gel) which cannot be depleted do
_not contribute to the fluorescence observed.. These data undoubtedly show that only

30 the 5H7 antibodies are responszble for the fluorescence observed in the nucleus of
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30 100/ PBS, for anti-rabbit TRITC for polyclonal and anti-nouse FITC for
nonocl onal , respectively) was added, and the slides were incubated in the
dark at 16 roomtenperature for 1 hr. The slides were then washed three
times (5 mins each) with PBS and mounted with coverslips using Permafl uor
(Li pshaw, | munon, Pi-ttsburgh, PA). After ,gvernight polynerization in the
dark at roomtenperature, the slides were exam ned under a fluorescence

m croscope [ effelabBG# 37detQfhes studied.

CONCLUSIONS
1. The Western analysis of the total cellular extracts from various cell lines
using the affinity purified polyclonal antibodies (Fig. 3) established the
5 _ MGMT content in these cell lines in the following order: Hela.mer+;

Hela.CC12B; Colo-320HSR; and MRC5.SV40 transformed (mer-). This is
in agreement with previous results. This result suggests that the polyclonal
antibodies are of high specificity. As the Western analysis (Fig. 3) and
immunostaining (Fig. 5) correlate well with the MGMT content in the cells
10 . studied, the fluorescence observed in the nuclei of the cells studied arises
from the MGMT inside the cell. The differential staining in the mer- and
the mer+ cell lines (Fig. 6) and the depletion experiments by ﬁure
GSTMGMT-GHS-Sepharose (Figs. 7 and 8) are sufficient to establish that
Mab 5H7 can also be used to locate MGMT within cells. Mab 3C7 may be
15 substituted for Mab 5H7 for this purpose.
2. Ability of Mab 5H7 and Mab 3C7 to discriminate between native MGMT
" and this enzyme when active site alkylated can be observed by assessment
of binding of the monoclonal antibodies to these two enzyme forms by
immunoprecipitation. The same methodology may be usefully employed to
20 select other antibodies having discriminating ability between native and
active-site alkylated MGMT.

This is the reptacement sheet

Date: 1§ Jip 1098



S with a MC100 canera; Zeiss, Germany) using blue excitation for FITC

(mouse nonoclonal) and green excitation for TRITC (rabbit poI ycl onal ) The
cyt oi nmunof | uor escence stai n| ng on different cell |inesTs—showr T Fi g 5-

(rabbit ‘polyclonal) and Fig. 6 (clone 5H7 nobuse anti bodi | n
of G one 5H7 Mouse Antibodi es by GST- MGMIL- GSH Sephar ose ? QSheétHQB écieér)\
GST-MGMI (8.2 nnol, from Fraction 8 of tHe second si ngl e- m ﬂIH u

colum), was i mobi | i zed by incubation%h at [err] w
[err], 120 [err] or 240 [err] of GSH S e (50 % suspensi on PBS)
prewashed twice with PBS. The supernatant containing the unbound fusion

protein was renoved, and the beads were washed three tines with PBS (3 x 1
m, with 0.5 mM DTT). Afler An antibody capable of discriminating between native

human 0‘-methylguanine-DNA-mcthyltransferase (MGMT) and an active site

alkylated form of this enzyme in an immunoprecipitation procedure.

2. An mﬁbody as claimed in claim 1 which is a monoclonal -
antibody.

3. An antibody as claimed in claim 2 selected from
monoclonal antibody (Mab) SH7 (obtainable from hybridoma ECACC 921 12510)
and antibodies which block antigen binding of Mab 5H7.

4, An antibody as claimed in claim 2 selected from
monoclonal antibody 3C7 (obtainable from hybridoma ECACC 93112514) and
antibodies which block antigen binding of Mab 3C7.

5. A monoclonal antibody which blocks the binding of Mab
5H7 (obtainable from hybridoma ECACC 92112510) to MGMT.
6. A monoclonal antibody which blocks the binding of Mab

3C7 (obtainable from hybridoma ECACC 93112514) to MGMT.

7. An antibody according to any one of the preceding claims
labelled with a detectable label.

8. A method of selecting an annbody as claimed in claim 1
which comprises determining by an immunoprecipitation procedure an antibody
capable of eliciting differential pre;cipitation of native human MGMT and an active
site alkylated form of this enzyme when employed as the antigen-binding antibody.

0. A method of preparing an antibody as claimed in claim 1
which comprises immunising a mammal with an antigen selected from human
MGMT and/or this enzyme in active site alkylated form, obtaining antibodies
resulting from the said immunisation and selecting an appropriate antibody by means

of a method as claimed in claim 8.

10. A method of prepaﬁng a monoclonal antibody as claimed
‘ .

in claim 2 which comprises culturing an immortalised cell line producing said -

antibody.

" This is the replacement sheet

mpmwsy . sues

Date:



15 the last wash, the beads were then resuspended in PBS (nmade to a 50 %
suspension). The 3 sanples were then incubated with an equal anount of
anti body from5H7 (100 [err] of 3 [err]) for 2 hrs at [err] w th shaking.
The suspension was then pelleted at 2000 rpm and the supernat ant

contai ning the residual antibodies was anal yzed by SDS- PAGE and Western
blotting (Fig.7) and cell staining with He?é- 20 CC12B (Fig. 8). (x)

| mmunopr eci pi tati on of MGMI and active-site al kylated MaMI from CEM cel |
extracts by Mab 5H7 a. Celll- ext Adcimmetalised relk lipe wiieh Rrodvess a9 kb Yast

leukaem a;  ATGLy o i) 10 MRy ong W lcifae 110%. Of

12. The immortalised cell line of claim 11 which is hybridoma
ECACC 92112510. '

13.  The immortalised cell line of claim 11 which is hybridoma
ECACC 93112514.

14. A method of determining the presence of MGMT and/or
active site alkylated MGMT in a sample which comprises contacting the sample with
ar; antibody as claimed in any one of claims 1 to 7 and detecting whether any
antibody is bound. .

15. A method according. to claim 14 wherein the sample is an
immobilised cell. '

16. A method according to claim 14 or 15 wherein the sample
is obtained from a patient with a carcinoma, either prior to or after the patient has
received chemotherapy.

17. A method of fractionating a sample to enrich for one of
human MGMT and active site alkylated MGMT, wherein an antibody as claimed in
any one of claims 1 to 6 is employed. -

18. A kit comprising an antibody according to any one of
claims 1 to 7 in a suitable container for storage and transport.

19. A method of converﬁng MGMT to active site alkylated

"MGMT by bringing MGMT into contact with an alkylated oligonucleotide of from
8 to 20 nucleotides containing an 0°-alkylguanine or 0*-alkylthymine group.

20. A method according to claim 18 wherein the
oligonucleotide comprises a substantially centrally located CmeG dinucleotide.

21. A method according to claim 18 or 19 wherein the
oligonucleotide is of the sequence: TATACmeGTATA.

L
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25 MEM and RPM in 10 % of FBS with supplenents. Cells at |og phase, 400
m, were aliquoted into two flasks (200m ). One flask was treated with 50
m - of normal nmedium as control and the other was treated with 50 m of
medi um containing 100 [err] of [err] for generation of active-site

al kyl ated MaMI. Cells were then grown at [err] for 1 hr and harvested by
spinning at 1000 rpm The cell 30 pellets were then frozen at [-err] and
cell extracts were then prepared by resuspending in buffer A (200 Al of 50
mM Tris pH 8, 1nM EDTA, 10 [err] PNMSF

23

ABSTRACT
0¢ -METHYLGUANINE-DNA-METHYLTRANSFERASE (MGMT) SPECIFIC
ANTIBODIES

The present invention provides antibodies capable of
discriminating between native human MGMT and an active site
alkylated form of this enzyme in an immunoprecipitation
procedure. Monoclonal antibodies having such discriminating
ability are obtainable from hybridoma ECACC 92112510 and
hybridoma ECACC 93112514, which were deposited at the European
Collection of Animal Cell Cultures, UK under the Budapest Treaty
on 25th November 1992 and 25th November 1993 respectively. The

.monoclonal antibody of hybridoma ECACC 92112510 has been
designated Mab 5H7. The monoclonal antibody of hybridoma ECACC
93112514 has been designated Mab 3C7.

-

"l
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and 0.3M NaCl ) and sonicated. The sonicated extracts were then spun at
50,000 rpmfor 30 mns at [err]. The supernatants were then aliquoted and
stored at [err]. Treatnment of cells with al kyl ating carci nogens can produce
sonme DNA | esions other than [err]. The conparison of the abilities of 5
monocl onal anti bodi es to i nmunoprecipitat®?VaMTI protein fromcell extracts
whi ch have been obtained from[err] treated and non-treafed Oélvlcells S

t herefore infor I tg assess their specificities towsds agti ve MaGMI and
active site al ky atI@- . b. I'mmunoprecipitational0 4@ [er@ of the
above cell extracts were diluged wiFh butfer A to €00 [&fr] agd | [err] of
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Mab 5H7 or
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purified).

Mab 3C7 was added (protein G Pharmacia,
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20 [err]
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Source of Antigens.

.

’

The human MGV and t he gl ut at hi one-S-transferase fusion

protein (GSTMGMIT) were expressed in mlligramquantities and purified to
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Hel a. mer+; Hela. CCl12B (ner+; and Col 0-320 HSR (ner-). The nost intense
18 MGMI band observedis fromthe Hela.nmer+ this is about 4 ng/ 200 [err] or
0.002 % of the total crude cellular protein. The anpbunt of MAMI in

Hela. CCL2B is 3 to 4 tinmes |less than the Hel.ner+ (by conparison of
different ECL exposures). this polyclonal antibody detects the MGMI in
normal cels as a major band in the cruﬂg 5 ~cell extracts, indicating that
there is little cross-reactivity. The fiaint bands present

Fig.6

MRQS-—SVAO Hela-mer~— Hela-C(C2B

¥ |
El B N

DARK ~ WEAK DARK WEAK SLIGHT DARK GOOD STRONG
STRENGTH OF SBIgXNE%L INDICATED IN
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at a nol ecul ar weight of 21,000 in the deficient cell |ines may suggest
MRC5. SV40-transfornmed (ner-) and Col 0. 320 HSRs do have a | ow | evel of the
repair enzyne. Binding Ability of Mab 5H7 by Eliza screening and Western
Bl ot Analysis 10 By Eliza screening or Wstern blot analysis. Mab 5H7 was
observed to bind both active site nethyl & &d MGVT and non-net hyl at ed MGMT
(denatured or nondenatured) (see Fig. 7). However, this antibody is not as
sensitive as the polyclonal preparation (mninmmdetection requires 30 to
40 ng; results not shown) by Western blotting analysis. Therefore, it
cannot be used to duplicate the Western 15 analysis of the crude cel
extracts shown in Fig. 3. However, by using a higher
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concentration of the MaMvl, GSTMGMI, and ada protein, it is possible to
assess the nonspecific signal produced by the nonoclonal. It is apparent
fromFig. 4 that the anti body does not cross-react with the M 39,000 ada
protein (Lane 5) or the GST (Lane 3, M 25,000 band). 20

| mmunopreci pitation of MGl and active-site al kylated MaGMI from cel |
extracts by Mab 5H7 and Mab 3C7 Figure $/9hows that in the

I mrunopr eci pitation cedu descri '
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Cyt oi munoff"uor escence Stai ning. One problemw th the cytoi munostai ni ng
technique is assessing the specificity of any positive staining obtained.
Two approaches were used to address this: (a) use of cell lines known to
express MaMIl at different |levels and (b) conpetition of the signal by the
pure antigen. 30 Fig. 5 shows cytoi munof| uorescence staining of Hel a- CC12B
(nmer+), Hela.nmer-, and NRCS.SVAO-trans§9rned (mer-) cells using the
affinity-purified rabbit 19 7

22 kd-
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pol'ycl onal antibodi es. The observed i A%ty of |
significantly anong the cell lines and ¥8rrel at esy A
anal ysis of corresponding cell extracts (Fig. 3).; k
signal observed is only due to binding of the antlgpdl es to t he repair a3
protein in fixed cells. The staining in the MRC5 S\V40: t r ansfior.aeth puged .:.
(mer-) cells probably represents the lower |imt jof detection by this

met hod, being 4 to 5 tines above the background (i M”M%Wmmrmqmﬂ

ant i body, ) | ik AT el Bobe—rraAyt

| ocated i ngt ‘gc ér}%tc?lﬁ%\gwngtG }?gﬁﬂ adﬁ%zgpg‘rllém@nﬁﬁﬂg sgnér}r%?-gﬁl ?s. However,,

in the MRChis®éhemicahngimngresthfigees Whivhl dre knawnmﬂaﬁn Rodynbonal iaptibadiesned
general stai ni

of the cel Fapab quﬂfg%mdmg native human Md:M‘i1 have prevxousllyrr[;rLI %Ogtljtgfr)l{tg ?6§t?(§wsﬁ(tial ning
et al. Cancer Research (1991) 51, 3339-3344; Lee et al. Br:-J: Cancer (1992) 66,
5 355-360). Brent et al in Cancer Research (1990) 50, 58-61 have also reported anti-

MGMT monoclonal antibodies which bind human MGMT when denatured by

sodium dodecyl sulphate. However, no monoclonal antibodies have previously been
obtained which bind native human MGMT. Also there have been no reports of
antibodies capable of discriminating between native human MGMT and this enzyme

10 when active site alkylated in cells. Contrary to expectation, the inventors for the

N\ present application have now found that monoclonal antibodies exhibiting such
differential binding can be obtained by employing for screening an
immunoprecipitation procedure with native human MGMT and an active site
alkylated form of this enzyme in cellular extracts.

15 Thus, in one aspect, the present invention provides an antibody
capable of discriminating between native human MGMT and an active site alkylated
form of this enzyme in an immunoprecipitation procedure, said form of active site
alkylated MGMT being obtainable under non-denaturing conditions in a cell extract
derived from cells in which intracellular human MGMT has been converted to active

20 site alkylated MGMT. Preferably, such an antibody will be a monoclonal antibody.

_ ~ The term "active site alkylated form of MGMT" as used herein will

s be understood to refer broadly to MGMT carrying at its active site an alkyl group,
e.g. a C,4 alkyl group such as a methyl group or an ethyl group or MGMT
rendered inactive by reaction of the active site cysteine residue with an alternative

25 functionally equivalent inactivating group, e.g. a benzyl group. .

In a further aspect, the present invention provides a method of
selecting an antibody exhibiting the above-defined discriminating ability, which
comprises determining by an immunoprecipitation procedure an antibody capable of
eliciting differential precipitation of native human MGMT and an active site

30 alkylated form of this enzyme as defined above.

Such a detection procedure may be carried out in conventional
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monocl onal 5H7 antibody. The fluorescent signal is clearly nore refined
than the polyclonal staining. MGVl i s observed throughout the nucl eus of
the Hel a. CCL2B cells, but the nucleolus is not stained. The pattern of the
fluorescence is simlar in the 3 cell lines, with decreasing intensity from
Hel . CCL2B (ner+) to Hela.nmer- to 15 [err] (mer-) cells. As SDS- PAGE gel

anal ysis of the Protein G Sepharose-purigfied clone SH7 nouse anti body shows
various proteins in addition to the nonoclonal antibody bands, final

confirmat Ilﬁ(ﬂlﬂ&? rl?ﬂ‘lﬁ{yr e&k é,pdnﬁ{rlg\é\é%@sgqﬂé%&eﬁ)g% speci fic conponent which

binds to the pure antigen Is e fluorescence observed in
t he nucl eus. 20a) contacting a first Eargple?of(aSlBQ— aibiedgovitin sative lima st ai ned gel
and Western  MoMT,
(b) separatély contacting a second sample of the test antibody under the
5 same conditions with native human MGMT after active site alkylation
to give active site alkylated MGMT in appropriate form,
©) precipitating any antibody-antigen complex formed in steps (a) and
(b), e.g. using a second antibody reagent bound to particles, e.g.
agarose beads, to facilitate precipitation, and
10 (d) detecting whether MGMT protein is precipitated.
N\ _ Step (d) may, for example, comprise western blot analysis using an
anti-MGMT polyclonal antibody.reagent capable of binding SDS-denatured human
MGMT protein. Conveniently, such a protocol may be carried out using a cell
extract of cells containing human MGMT, e.g. CEM cells (human acute
15 lymphoblast leukaemia; ATCC, USA) and a cell extract of the same cells containing
MGMT in an active site alkylated form. The cell extract for step (b) may, for
example, be derived from cells cultured in the presence of an agent capable of
converting intracellular MGMT to an active site alkylated form. Such an agent will
preferably be an alkylating nucleotide or oligonucleotide derivative, e.g. guanine
20 having an 0%-alkyl group, e.g. a C,, alkyl group such as a methyl group or an ethyl
group, or an oligonucleotide containing such a guanine derivative. 05-benzylguanine
o/ may be used.
Thus, as a preferred embodiment, the present invention provides a
method of selecting an antibody according to the present invention, which comprises
25 determining by an immunoprecipitation procedure an antibody capable of eliciting
differential precipitation of native human MGMT and an active site alkylated form
of this enzyme as defined above when employed as the antigen binding antibody,
said procedure comprising the steps of:
(a) contacting a first sample of a test antibody with a cell extract .
30 containing native human MGMT,
(b)  contacting a second sample of the test antibody with a cell extract
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bl 6tting) and 8 (the correspondi ng staining of Hela-CCl2B) summarize the
‘depl etion of the 5H7 antibodies by an increasi ng anount of GSH- Sepharose
saturated with GSTMGMI, (GSTMGMI- GSH- Sepharose). In Fig. 7, the Coonassie
blue staining of the M 52,000 heavy chain and the M 23,500 light chain
decreases fromDl to 25 D2 to D3 (which represents the depletion of the
5H7 anti bodi es by 30, 120 and 240 [err] Pf GSTMGMIT- GSH- Sepharose). The
correspondi ng Western analysis and the fluorescence in Fig. 8 all decrease

accordingly. In Fig. lgerwteaq %gﬂnn{)ﬂ%ﬂﬁ%{(ds tﬁe'cgﬁ‘%%fgcttetﬁgpé V%lu(tﬁe bt Pn the

Coonassi e- st ai ned gel WAt ch canno epl et 0 not
fl uor escence obser vedwhithahe MGV hasdbmhtcmdbme;hmn Icive itk \all3lated fiernh,H7
antibodies are I ospon s pfating antibody-anagen Somplex Tommed fn steps a) and (5, U ©F
e.g. using a second antibody reagent bound to-particles-to facilitate
5 precipitation, and
(@) separating any precipitated antigen by SDS-PAGE and carrying out
western blot analysis as above.
According to a further aspect of the present in_vention, there is
provided a method of preparing an antibody having discriminating ability as defined
10  above which comprises immunising 2 mammal with an antigen selected from human
& _ MGMT and/or this enzyme in active site alkylated form, obtaining antibodies
resulting from the said imnmunisation and selecting an appropriate antibody by a
selection method as hereinbefore described. |
For the immunisation step, purified human MGMT e.g. purified
15 recombinant human MGMT, or a fusion protein thereof may, for example, be
employed free of human MGMT in active site alkylated form. Alternatively, it may
be found preferable to employ purified active site alkylated human MGMT, e.g.
purified active site alkylated recombinant human MGMT, or a fusion protein thereof
free of non-alkylated human MGMT. The chosen antigen will be formulated in
20 conventional manner with an adjuvant, e.g. Freund’s adjuvant. More than one
immunisation may be carried out. For preparation of a polyclonal antibody reagent
according to the present invention, serum will be collected from an immunised
mammal for detection of antibodies having the desired discriminating ability.
A selection procedure of the present invention will preferably be used
25 to screen monoclonal antibodies of immortalised cell lines. Immortalised cell lines
for this purpose may be prepared by a process which comprises the steps of (i)
immunising é mammal with an antigen as above and (ii) fusing cells of lymphoid
origin from the immunised mammal with cells of an immortalising cell line. In step
(ii), spleen cells may, for example, be fused with tumour cells for hybridoma

30 formation.

Immortalised cell lines producing an antibody having discriminating
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20 ‘t he above 3 cell lines studied. CONCLUSIONS 1. The Western anal ysis

‘of the total cellular extracts fromvarious cell lines using the affinity
purified polyclonal antibodies (Fig. 3) established the 5 MEMT
content in these cell lines in the follow ng order: Hel a. nmer+; Hel a. CC12B;
Col 0- 320HSR; and MRC5. SV40 transformed (ner-). This is

6

ability as defined above constitute a further aspect of the pre$ent invention.

In yet another aspect, the present invention provides a method of
préparing a monoclonal antibody having discriminating ability as defined above
which comprises culturing an immortalised cell line, e.g. a hybridoma, producing an

5 antibody capable of selection by ‘an appropriate immunoprecipitation procedure.

Monoclonal antibody 5H7 (Mab 5H7) obtainable from hybridoma
ECACC 92112510 deposited under the Budapest Treaty at the European Collection
of Animal Cell Cultures, Porton Down, Salisbury, Wiltshire SP4 OJG, U.K. on
25th November 1992 represents a specific embodiment of an antibody satisfying the

10 discriminating ability criterion for an antibody of the present invention.

N\ _ Monoclonal antibody 3C7 (Mab 3C7) obtainable from hybridoma
ECACC 93112514 deposited under the Budapest Treaty at the European Collection
of Animal Cell Cultures, U.K. on 25th November 1993 is another monoclonal
antibody satisfying the discriminating ability criterion for an antibody of the present

15 invention. ‘

Mab 5H7 and Mab 3C7 have been found to have higher binding
ability for active-site alkylated human MGMT than native human MGMT by an
immunoprecipitation assay according to the invention. A selection
immunoprecipitation procedure as discussed above may be applied to Mab SH7 or

20 Mab 3C7 such that only active site alkylated MGMT is detected (see section (x) of

- the Example and Figure 9).

v The present invention provides Mab SH7 and antibodies which block
antigen-binding of Mab 5H7. Thus, an antibody which recognises the same epitope
as Mab SH7 will competitively inhibit binding of Mab 5H7 and exhibit the same

25 Dbinding specifity.

The present invention also provides Mab 3C7 and antibodies which
block antigen-binding of Mab 3C7.

Fragments of antibodies according to the invention may be obtained
which retain their antigen binding activity, such as F(ab’) and F(ab,)’ fragments. In

30 addition, monoclonal antibodies according to the invention may be analyzed (e.g. by

DNA sequence analysis of the genes expressing such antibodies) and humanized
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i n‘agreement with previous results. This result suggests that the
pol ycl onal antibodies are of high specificity. As the Western anal ysi s
(Fig. 3) and immunostaining (Fig. 5) correlate well with the MGVl cont ent

in the cells 10 studi ed, the fluorescence observed in the nucl ei of
- the cells studied arises fromthe MGMI inside the cell. The differenti al
- staining in the ner- and the ner+ cell I4nes (Fig. 6) and the depletion

. experinments by pure GSTMGMT- GHS- Sepharose (Figs. 7 and 8) are sufficient td

T e

Ability of ahiindyHitcardingVinbths Gvéntiodimay berimade efdrexample atccora@\with
the methods disclosed in EP-A-0239400 (Winter). Reference herein to an antibody
according to the invention will be understood to include such fragments-and

5 variants.

An antibody according to the invention may be labelled with any
detectable label known in the art. This may include for example an enzyme, a
fluorescent label, a chemical label or a radiochemical label. The enzyme may be
horse radish peroxidase; the chemical label may be biotin; and the radiochemical

10 label may be ¥I. These labels are given by way of example only.

\ Antibodies according to the invention have a variety of applications.
They may, for example, be employed in fractionation of a sample to enrich for one
of human MGMT and active site alkylated MGMT. The pi'esent invention also
provides a method of determining the presence of human MGMT and/or active site

15 alkylated MGMT in a sample which comprises contacting the sample with an
antibody of the invention and detecting whether any antibody is bound.

The sample for such an assay may be an immobilised cell, or a
section of such a cell, eg a histological sample. The sample may also be for
éxample a biopsy sample of human tissue, which has been treated to make available

20 the proteins in such a sample for immunological analysis.
- Particularly preferred are methods of the present invention whereby
s one of human MGMT and active site alkylated forms of this enzyme may be
separately detected. Mab SH7 or an antibody which blocks antigen binding of Mab
5H7, may, for example, enable specific detection of an active site alkylated
25 derivative of MGMT by an immunoprecipitation procedure employing Western
analysis as hereinbefore deécribed (see Example section (x) and Figure 9). Mab
3C7 or an antibody which blocks antigen binding of Mab 3C7 may be similarly
employed.
Assay methods of the present invention for detection of human
30 MGMT and/or active site alkylated MGMT have many applications in the field of

tumour diagnosis, and treatment, including diagnosis and treatment of solid tumours
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and this enzyne when active site alkylated can be observed by .assessnent
‘of binding of the nonoclonal antibodies to these two enzyne forns by

| mrunopr eci pitation.
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e.g. brain tumours. Such a method may, for example, find application in
predicting malignancy potential. Such a method may be especially useful in
identifying tumour cells responsive to treatment with chemotherapeutic alkylating
drugs such BCNU, since the level of MGMT contributes towards the repair of DNA
damaged by such treatment.

The reagents needed to perform the above methods according to the
invention can conveniently be packaged into a kit. Thus, the invention provides a
kit comprising an antibody according to the invention in a suitable container for
storage and transport. The kit may comprise an antibody according to the invention
coated upon a solid support, e.g. the walls of a micro-titre plate. The antibody may
be labelled as .described above. The kit may additionally comprise human MGMT,
active-site alkylated human MGMT or a peptide fragment thereof for use in
competitive assay of human MGMT and/or active site alkylated human MGMT.
The kit may contain additional antibodies against human MGMT.

In a further aspect of the invention, there is provided a method of
converting human MGMT to active site alkylated MGMT by bringing said MGMT
into contact with an alkylated oligonucleotide of from 8 to 20 nucleotides, said
oligonucleotide containing an 0%-alkylguanine or 0*-alkylthymine grdup. An
oligonucleotide for this purpose may be a methylated or ethylated oligonucleotide,
preferably a methylated oligonucleotide with a substantially centrally located CmeG
dinucleotide. For example, the oligonucleotide may be of the sequence:
TATACmeGTATA.

The following Example illustrates the invention with reference to the
accompanying drawings: '

Figure 1. Purification of expressed human MGMT. Labelled lanes: NI = non
induced, I = IPTG induced, PI = supernatant of polyimine precipitation, AS =
ammonium sulphate precipitation, AcA54 = AcA54 gel filtration, ss DNA = single
stranded calf thymus DNA linked to cellulose, M = molecular weight markers.
Samples I and NI are of equal protein concentration.

Figure 2. Purification of the expressed fusion protein Gluthathionne-S-
transferase fused to the N-terminal of human MGMT (GSTMGMT). Labelled
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-21- CLAIMS 1. An antibody capable of discrimninating between native hunman
06- et hyl guani ne- DNA- net hyl transferase (MaMIN) and an active site al kyl ated
formof this enzyne in an i mmunoprecipitation procedure, said form of
active site al kyl ated MAGVI bei ng obt ai nabl e under non-denaturing conditions
in a cell extract derived fromcells in which intracellular human MaMI has
been converted to active site al kyl ated gEWW. 2. An antibody as clained in
claim1l which is a nonoclonal antibody. 3. An antibody as clained in claim

Ecacc 5211486) Nindon ket s Bt Phim pesmait of polyiimime ' O
precipitation, AS = ammonium sulphate precipitation, ACA54 = AcA54 gel
filtration, ssSDNA = single stranded calf thymus DNA linked to cellulose, M =
molecular weight markers. Samples I and NI are of equal profein colicentration.

5 Figure 3. Specificity of affinity purified polyclonal antibodies by Western
blotting analysis. Labelled lanes: 10 ng, 20 ng, 40 ng represent the amount of
purified MGMT loaded, MRC5.SV40 transformed (mer-), Hela-mer+, Colo-320

- and Hela~CCL2B represent 200 ug of total crude cell extract from the cell lines
loaded. The polyclonal antibodies were used at 3 pg/ml and ECL was for 2 mins.

10 Figure 4. Specificity of Protein-G sepharose™ purified clone SH7 mouse.

~ antibody by Western blot analysis. Lane 1 = 100 ng of purified MGMT, 2 = 300
ng of purified GSTMGMT, 3 = reaction mixture containing 800 ng of GSTMGMT
cleaved by Bovine thrombin (extra bands on the Coomassie™ blue staining are from
the Bovine thrombin and GST), 4 = 2000 ng of the AAS54 purified ada protein, M

15 = molecular weight marker. SH7 antibody was used at 3 pg/ml and ECL was for
15 mins.

Figure 5. Cytoimmunofluorescence staining of Hela.CCL2B (mer+), Hela,mer-
and MRC5.SV40 transformed (mer-) by affinity purified rabbit polyclonal
antibodies. The antibodies were used at 25 ug/400 ul. The top panel is the bright

20 and the bottom is the fluorescence field.

Figure 6. Cytoimmunofluorescence staining of HEla.CCL2B (mer+), Hela.mer-
and MRC5.SV40 transformed (mer-) by Protein-G Sepharose purified clone SH7
mouse antibody. the antibody was used at 30 ug/400 pg. Top panel is the bright
and the bottom is the fluorescence field.

25 Figure 7. Depletion of clone SH7 mouse antibody by immobilised GSTMGMT-
GSH-sepharose with analysis by SDS-PAGE and Western analysis. DO = no
depletion; D1, D2 and D3 represent depletion of 300 ug/100 ul of SH7 antibody by
30 pl, 120 pl and 240 pl of saturated GSTMGMT-GST.sepharose respectively.
Lanes in the Coomassie Blue stained SDS PAGE gel contain 3 ul of DO, D1, D2

30 and D3; IGg - bovine IGg. Lanes in Western analysis contain 80 ng of MGMT (M)
active site methylated with 2 x decamer TATACmeGTATA; N =
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bi nding of Mab 5H7. 4. An antibody as clainmed in claim2 selected from
monocl onal anti body 3C7 (obtainable from hybri doma ECACC 93112514) and
anti bodi es whi ch bl ock antigen binding of Mab 3C7. 5. A nonocl onal

anti body whi ch bl ocks the binding of Mab 5H7 (obtainable from hybri dona
ECACC 92112510) to active site al kyl ated human MGV as defined in claim 1.
6. A nonocl onal antibody which bl ocks gpe bi ndi ng of Mab 3C7 (obtai nabl e
from hybri doma ECACC 93112514) to active site al kyl ated human MGV as

defined | %ﬁﬁ"i‘rﬂo% methylated. Equal volume of the samples DO (3 pug/ml), D1, D2 and
D3 were used for the Western analysis.
Figure 8. Depletion of clone SH7 mouse antibody by immobilised GSTMGMT-
GSH-sepharose. Analysis by cytoimmunofluorescence staining of Hela.CCL2B
S5 (mer+). DO = no depletion, D1, D2 and D3 represent depletion of 300 pg/100 ul
of SH7 antibody by 30 pul, 120 ul and 240 pl of saturated GSTMGMT-GSH-
sepharose. Equal volumes of the samples DO (30 ug/400 pl), D1, D2 and D3 were
used for cell staining. The top panel is the bright and the bottom is the fluorescence
field.
10  Figure 9. Western blot analysis of immunoprecipitation of MGMT and MGMT
N~ in an active site alkylated form from CEM cell extracts by monoclonal antibody SH7
and monoclonal antibody 3C7.1. Cell extract from cells not treated with alkylating

nucleotide 2. Cell.extract from cells treated with 0°-benzylguanine.
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7. © An antibody according to any one of the preceding clains |abelled with
a detectabl e | abel. -22- 8. A nethod of selecting an anti body as claim
in claim2l which conprises determ ning by an inmunoprecipitation procedure
an anti body capable of eliciting differential precipitation of native human
MGMI and an active site alkylated formof this enzyne, said formof active
site al kyl ated MGVl bei ng obt ai nabl e undgy non-

change of leucine to phenylalanine. It is uncertain whether this mutatiém originated
from the cell line or PCR. The purified MGMT (25 ug) was covalently linked to a
DITC membrane for protein sequencing (using Prosequencer 6600; Millipore,
USA). The first 25 amino acid residues obtained were exactly-as the-published data

5 (Tano et al. Proc. Natl. Acad. Sci. USA (1990) 87, 686-690). No extra amino acid
was introduced to the N-terminus of the cloned protein. The specificities of the two
proteins, 44,000 pm/mg for MGMT and 20,500 pm/mg for GSTMGMT, were
determined using an oligomer (32pTATACmeGTATA) at a known concentration
and protein measurement by Bradford (using bovine serum albumin as standard;

10 reagents from Bio-Rad, USA).

(iii) Western Blotting
SDS-PAGE (13.5 %) gels were performed using a Bio-Rad (USA) miniprotein

setup. Gels were then electroblotted (4 hrs, 50 mA/gel using Sartoblot II-S;
Sartorius, Germany) to nitrocellulose (S&S, Germany).l The filters were blocked

15 overnight at 44°C with a saturated solution of ovalbumin in TBS buffer [20 mm Tris
HCI (pHS8):0.9 % NaCl solution]. The filters were then incubated with antibodies
(3 pg/ml in TBS-TW?20, i.e., TBS buffer with 0.05 % Tween™ 20) fbr 1 hr with
poljclonal antibodies and 2 hrs with monoclonal antibody at 370C. After three 5-
mins washes with TBS-TW20,the membranes were incubated with secondary

20 antibodies: anti-rabbit HRPO-anti-IgGs for polyclonal (30 mins) and anti-mouse

N HRPO-anti-IgGs (120 mins) for monoclonal at 370C. The filters were then washed

as above before being visualized by ECL using the protocol as described by the

manufacturer.

(iv) Cell Culture

25 Hela CC12B (from ATCC, USA), Hela.mer-, and Hela.mer+ (from Df. Peter
Karran, ICRF, South Mimms, United Kingdom) cells were all cultured in minimal
essential medium supplemented with sodium pyruvate, nonessential amino acids, L-
glutamine, sodium bicarbonate, penicillin-streptomycin, and 10 % fetal bovine
serum (Gibco, Grand Island, NY). Colo-320 HSR (from ATCC, USA) cells were
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denaturing conditions in a cell extract derived fromcells in which
intracel lul ar hunman MGMI' has been converted to active site al kyl ated MavIl
9. A nethod of preparing an antibody as clained in claim1 which conprises
i mmuni sing a mammal with an antigen selected from human MGMTI and/or this
-enzyme in active site alkylated form obtaining antibodies resulting from
the said i mmuni sation and sel ecting an propriate anti body by neans of a
method as claimed in claim8. 10. A nethod of preparing a nonocl onal

ant i body ed 0 |Dmrtal i sed

~cell i ne%pro%ium ng {S”g.klh l%nl[qa% gi/yvg%lﬁ prdrﬁ’r%d%ﬂ frfsﬂ(éé é?f i e whi ch
produces anortionatsdwercprodacadobyt fusitigyspieem c@lls from immunized mice (after 9

months) with NS-1 cells (ATCC, USA). The fusion cells were plated out in 18- x

96-well tissue culture plates. The clones were screened by ELISA using 96-well

5 immunoplates coated with either active site-methylated or -unmethylated antigen.
Positive clones were further screened by Western blotting as in (iii) above and by
immunoprecipitation assay as in (x) below. '
The clone 5SH7, producing a monoclonal antibody subisotyped to be
IgG1, was grown in 2 litres. The monoclonal antibody was purified by Protein G.
10 The Western blotting analysis is shown in Fig. 4, Lane 3 is GSTMGMT (10 pl
N from Fraction 8) cleaved with bovine thrombin (10 ul, containing 1 ul of thrombin
in PBS) at 4oC for 2h. The extra bands observed are from thrombin, and the
intense band above MGMT is the GST. Lane 4 is the E. coli M, 39,000 ada protein
(from bacterial stock pBar2; a gift from Dr. B. Sedgwick and Dr. T. Lindahl,
15 ICRF, South Mimms).
Monoclonal antibody 3C7 was obtained by the same procedure as
monoclonal antibody 5SH7.
(viii) Cell Staining
Monolayer cells were grown on slides for 2 days. After fixing with
20 paraformaldehyde (10 mins, 4 % in PBS; Fluka, Germany), the slides were washed
with PBS for 10 mins. Cells on the slides were permeabilized with 0.1 % Triton X-
100/PBS solution for 10 mins. The slides were soaked in a solution containing 10
% lamb serum (for monoclonal) or 10 % goat serum (for polyclonal) in 0.1 %
Triton™ X-100/PBS for 10 mins. Primary polyclonal or monoclonal antibodies (20
25 to 40 ug in 400 ul of 1 % Triton X-100/PBS per slide) were then added onto the
slides. The slides were incubated in a moist chamber overnight at 4cC. The
primary antibody-treated slides were then washed twice (10 mins. each) with 0.1 %
Triton X-100/PBS before blocking with 10 % goat or Jamb serum in 0.1 % Triton
X-100/PBS for 10 mins. Secondary antibody (1:32 or 1:30 diluted in 1 % Triton X-
30 100/PBS, for. anti-rabbit TRITC for polyclonal and anti-mouse FITC for

monoclonal, respectively) was added, and the slides were incubated in the dark at
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'

claim2 to 6. 12. The imortalised cell line of claim11l which is hybridona
ECACC 92112510. .13. The immortalised cell line of claim1l which is

hybri doma ECACC 93112514. 14. A nmethod of determ ning the presence of hunman
MGMI and/ or active site al kyl ated human MaGWVIT as defined in claiml in a
sanpl e which conprises contacting the sanple with an antibody as clainmed in
any one of clains 1 to 7 and detecting viléet her any anti body is bound. 15. A
met hod according to claim 14 wherein the sanple is an inmobilised cell.

room temperature for 1 hr. The slides were then washed three times (5 mins each)

with PBS and mounted with coverslips using Permafluor (Lipshaw, Immunon,
Pittsburgh, PA). After overnight polymerization in the dark at room temperature,
the slides were examined under a fluorescence microscope (Axioplan™_PO1 fixed
5 with a MC100 camera; Zeiss, Germany) using blue excitation for FITC (mouse
monoclonal) and green excitation for TRITC (rabbit polyclonal) The
cytoimmunofluorescence staining on different cell lines is shown in Fig. 5 (rabblt
polyclonal) and Fig. 6 (clone SH7 mouse antibodies).
(ix) Depletion of Clone SH7 Mouse Antibodies by GST-MGMT-GSH-Sepharose
10  Fusion protein, GST-MGMT (8.2 ninol, from Fraction 8.of the second single-

/ stranded DNA column), was immobilized by incubation for 1 h at 4oC with either
30 ul, 120 ul or 240 ul of GSH-Sepharose (50 % suspension PBS) preWashed twice
with PBS. The supernatant containing the unbound fusion protein was removed, and
the beads were washed three times with PBS (3 x 1 ml, with 0.5 mM DTT). After

15 the last wash, the beads were then resuspended in PBS (made to a 50 %
suspension). The 3 samples were then incubated with an equal amount of antibody
from SH7 (100 ul of 3 ug/ul) for 2 hrs at 4oC with shaking. The suspension was
then pelleted at 2000 rpm, and the supernatant containing the residual antibodies was
analyzed by SDS-PAGE and Western blotting (Fig.7) and cell staining with Hela-

20 CCI12B (Fig. 8).

(x) Immunoprecipitation of MGMT and active-site alkylated MGMT from CEM cell

\/ extracts by Mab SH7
a. Cell extracts

CEM cells (human acute lymphoblast leukaemia; ATCC, USA) were cultured 1:1 of

25 MEM and RPMI in 10 % of FBS with supplements. Cells at log phase, 400 ml,
were aliquoted into two flasks (200ml). One flask was treated with 50 ml of normal
medium as control and the other was treated with 50 ml of medium containing 100
pM of 0%-benzylguanine for generation of active-site alkylated MGMT. Cells were
then grown at 370C for 1 hr and harvested by spinning at 1000 rpm. The cell

30 pellets were then frozen at -80°C and cell extracts were then prepared by
resuspending in buffer A (200 pl of SO mM Tris pH 8, ImM EDTA, 10 uM PMSF
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-23- 16. A method according to claim 14 or .15 wherein the sanple is
.obtained froma patient with a carcinong,:.either prior to or after the
patient has reeeived chenotherapy. 17. A nethod of fractionating a sanple
to enrich for one of human MGMI and active site al kylated MGMI as defi ned
in claiml, wherein an antibody as clainmed in any one of clains 1 to 6 is
enpl oyed. 18. A kit conprising an antibody according to any one of clains 1
to 7 in a suitable container for storageognd transport. 19. A met hod of
converting human MGMIT to active site al kyl ated MGVl by

CLAIMS

1.  An antibody capable of discriminating between native human 05-methylguanine-
DNA-methyltransferase (MGMT) and an active site alkylated form of this enzyme in an
immunoprecipitation procedure, said form of active site alkylated MGMT being
obtainable under non-denaturing conditions in a cell extract derived from cells in which
intracellular human MGMT has been converted to active site alkylated MGMT.

U 2.  An antibody as claimed in claim 1 which is a monoclonal antibody.

3.  An antibody as claimed in claim 2 selected from monoclonal antibody (Mab) SH7
(obtainable from hybridoma ECACC 92112510) and antibodies which block antigen
binding of Mab 5H7.

4.  An antibody as claimed ili claim 2 selected from monoclonal antibody 3C7
(obtainable from hybridoma ECACC 93112514) and antibodies which block antigen
binding of Mab 3C7.

5. A monoclonal antibody which blocks the binding of Mab SH7 (obtainable from
o hybridoma ECACC 92112510) to active site alkylated human MGMT as defined in

claim 1.

6. A monoclonal antibody which blocks the binding of Mab 3C7 (obtainable from
hybridoma ECACC 93112514) to active site alkylated human MGMT as defined in

claim 1.

7.  An antibody according to any one of the preceding claims labelled with a
detectable label.
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brt nging said MaMIl into contact with an al kyl ated ol i gonucl eoti de of from8
‘'to 20 nucl eotides containing an 06-al kyguani ne of [err] group. 20. A nethod
according to claim19 wherein the oligonucl eotide conprises a substantially
centrally located CreG di nucl eotide. 21. A nethod according to claim19 or
20 wherein the oligonucleotide is of the sequence: TATACheGTATA.

-22-

8. A method of selecting an antibody as claim in claim 1 which comprises
determining by an immunoprecipitation procedure an antibody capable of eliciting
differential precipitation of native human MGMT and an active site alkylated form of
this enzyme, said form of active site alkylated MGMT being obtainable under non-
denaturing conditions in a cell extract derived from cells in which intracellular human

MGMT has been converted to active site alkylated MGMT.

9. A method of preparing an antibody as claimed in claim 1 which comprises
immunising a mammal with an antigen selected from human MGMT and/or this
enzyme in active site alkylated form, obtaining antibodies resulting from the said
immunisation and selecting an appropriate antibody by means of a method as claimed in

claim 8.

10. A method of preparing a monoclonal antibody as claimed in claim 2 which

comprises culturing an immortalised cell line producing said antibody.

11. An immortalised cell line which produces an antibody according to any one of

claim 2 to 6.

12. The immortalised cell line of claim 11 which is hybridoma ECACC 92112510.
13. The immortalised cell line of claim 11 which is hybridoma ECACC 93112514.
14. A method of determining the presence of human MGMT and/or active site
alkylated human MGMT as defined in claim 1 in a sample which comprises contacting
the sample with an antibody as claimed in any one of claims 1 to 7 and detecting

whether any antibody is bound.

15. A method according to claim 14 wherein the sample is an immobilised cell.
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16. A method according to claim 14 or 15 wherein the sample is obtained from a

patient with a carcinoma, either prior to or after the patient has reeeived chemotherapy.

17. A method of fractionating a sample to enrich for one of human MGMT and
active site alkylated MGMT as defined in claim 1, wherein an antibody as claimed in

any one of claims 1 to 6 is employed.

18. A kit comprising an antibody according to any one of claims 1 to 7 in a suitable

container for storage and transport.

19. A method of converting human MGMT to active site alkylated MGMT by
bringing said MGMT into contact with an alkylated oligonucleotide of from 8 to 20
nucleotides containing an 0%-alkyguanine of 0*-alkylthymine group.

20. A method according to claim 19 wherein the oligonucleotide comprises a
substantially centrally located CmeG dinucleotide.

21. A method according to claim 19 or 20 wherein the oligonucleotide is of the
sequence: TATACmeGTATA.
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ABSTRACT

0% -METHYLGUANINE-DNA-METHYLTRANSFERASE (MGMT) SPECIFIC
ANTIBODIES

The present invention provides antibodies capable of
discriminating between native human MGMT and an active site
alkylated form of this enzyme in an immunoprecipitation
procedure. Monoclonal antibodies having such discriminating
ability are obtainable from hybridoma ECACC 92112510 and
hybridoma ECACC 93112514, which were deposited at the European
Collection of Animal Cell Cultures, UK under the Budapest Treaty
on 25th November 1992 and 25th November 1993 respectively. The
monoclonal antibody of hybridoma ECACC 92112510 has been
designated Mab 5H7. The monoclonal antibody of hybridoma ECACC
93112514 has been designated Mab 3C7.
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