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of the 1 dontain of EA" on the N terminus of the peptide or
the linker amino acids on the C terminus. )

In hoth cases treatment of the peptide MHC covalent com-
plex with thrombin to cleave the linker between them only mm_!-
-estly improved T-cell hybridoma recognition (Fig, 4h.d). Ttas
therefore hkely that usually the linker extends from the C-
terminal end of the peptides around the. side rather than over
the top of the cliss I1 z-chain «w-helix in order 1o reach the N-
terminal end of the class 11 fl-chain (Fig, |, .

These experiments shows that it is possible to produce a coval-
ent complex of peptide.and cliss T protein which cin be recog-
nized by most T cells specitic for the combination. Constructions
of this type should be useful in experiments on the steucture of

T-cell receptor tigand interactions and in fact, in the case of the
TA molecule. may be the only way to generate soluble class
11 peptide_complexes in- reasonable quantities. In preliminary
experiments we have found that proteins like this, with their
assoctinted transmembrane regions restored, are well expressed
on the surface of mouse B eells and fibroblasts where they are
recognized by the appropriate T cell and inhibit presentation of
other peptides by at least 100-fold (datia not shown). The expres-
sion by cells of class 11 proteins hound entirely. or mostly, to i
single peptide will be invaluable in studies of positive selection
of T cells. They may also allow very cflicient induction of toler-
ance in viro to particular class 11 peptide complexes. a phenom-
enon that may be of therapeutic significance™. a
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The: metabolic activation or inactivation of carcinogens varies con-
siderably in  human populations, and is  partly  genctically
determined ', Inter-individual variability in the susceptibility ta
carcinogens may be particulasly important at low degrees of
envirconmental exposure. Examples of probable human carcinogens
that present widespread low-dose exposures are environmental
tobacco smohe and diesel exbaust ™, We have determined levels
of DNA adducts in bladder cells and of d-aminobiphenyi-hacma-
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TABLE 1 Levels of ABP-naemoglobin adducts by mcotine-cotinine in

24-h urine and acetylator phenotype 1n 97 volunteers

ABP-haemoglobin adduct concentration (pg per g haemoglobin)

Acetytator

phenotvpe
Por ceol

Whole group Rapid®  Slow® incressain

Nicotine * cotininet Median  Mean (median) slow
On 44y 225 285 13 27 107
.15 25 65 795 52 929 90
15-24¢n 9) 128 1237 92 132 43
25+ 19 125 135.3 128 119 -7

Number of subjects with ABP adducts above/below median

Acetylator phenotype

Rapd Stow — OR ~ 95%@ .
“Otmedian 225)° 1710 21712 T 175 7 2.0-1837
~0 (median 104) 9/14 18/12 2.3 08-7.0

Slow acetylators are those with a 5-acctyiamino-6-formylamino-3-
methyluraci: 1-methyixanthine ratio <0.8. The odds ratios (OR) rep-
resent the probabilily of havinga highconcentration of adducts (greater
than the median value) for slow versus rapid acetylators. 95% CI. 95%
confidence intervat. For the analysis of ABP-haemoglobin adducts, 1$0-
lated haemoglobin was purified by dialysis 3"d then hydrolysed With
base 10 release the parent amine. After extraction into hexane. the
aming was derwatized to form pentaftuaropropionamtde. Quantification
was by comparnison of peak areas produced by the anafyte and an
internat standard (4°-fluoro-3-aminobiphenyl) upon capillary gas chro-
matogranhy, using negatve-ion chemical-ionization mass spectrometry
for getection. For determyination of the acetylator status, urine samples
weore collected 5 haher consumptionof one standardized cup of coffee.
Cafteine and its metabolites were extracted as described". The extracts
were anatysec by HPLC using a program that separated caffeine and
all its known metabolites. Haemoglobin adducts were analysed at MIT,
Cambridge; the metabolic phenotype for the NAT polymorphism was
determined at NCTR. Jcffcrson: urinary cotinine and nicotine were
measured ot IARC. Lyon. * P value for trend -:0.0001. * units. y#mo!
per mmol creatinime: o represents number of subjects.
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TABLE 2 Correspondence between NAT2 genotype and acetylator phenotype
Acetylator

Genotype phenotype Correlation coeflicients
(numtt}g; of mutations) n Rapid Slow OR {95% CI) AFMU/1 X versus nicotine-cotinine

0 a 6 2 10 - 0.03 (P 0.9)

1 13 5 8 A8 (0.7-33) 037 (P 0.2

2 20 1 - 19 570 (7.0-460) 0.10(P 07

ABP adducts
n Mean Median s.¢

(0] 8 432 22 185

1 13 68 7 56 177

2' 20 69.7 65 121

OR. odds ratio. 95" C1. 95 . confidence interval. correlation coefficients AFMU/1 - X ratio versus nicotine~cotinine (P values). by genotype: and
mean 4-aminobiphenyt-haenr olobin adducts. by genotype (s e , standard error). The genotype for the NAT2 gene was determined using PCR and

RFLP on DNA extracted {rom 1
n Represents number of sub;t ts. .

globin adducts in 97 volunteers, together with the N-acetylation
non-inducible phenotype. the corresponding genotype, and the
levels of nicotine—cotinine in the urine. We find that among the slow
acetylators, d-aminobipheny! adducts were higher than in rapid
acetylators at low or null nicotine—otinine levels, whereas the
difference between slow and rapid acetyvlators was less evident at
increasing nicotine—cotinine levels. ‘The NV-acetvltransferase geno-
type is highly predictive of the acetylation phenotype. Our results
indicate that the clearance of low-dose carcinogens is decreased
in the genctically based stow-acetylator phenotype. Such genetic
modulation of low-dose environmental risks is relevant to ‘risk
assessment” procedures.

A random sample of smokers (50) and one of non-smokers
{30y were enrolled from a population of healthy male blood
donors (ages 45 64). After obtainmy informed consent, we col-
fected detailed questionnaire data, blood (20 mb) and 24-h urine.
Alter consumption of coffee (1 standarized cup). urine was again
collected (3 h). Extoliated  bladder cells were  suceesstully
obtamed from the urine of 73 subjects. and DNA adducts were
examined. The metabolic phenotype for the V-acetvitransterase
(NAT) polvmorphism was determined by measurement ol cal-
feine metabolites in 3-h urine. A ratio of S-acetylamimo-6-for-
mylamino-3-methyluracil to -methylxanthine of 0.6 was used to
separite slow from rapid acetylators™. The V-acetylransierise
NATD penotype wus determined using two diflerent polymerase
cham reaction (PCRY methods on DNA extracted from buily
coat ™. Cotinine and nicotine were measured in the urine as
markers ol recent exposure 1o tobacco smoke. All phases of the
study. including laboratory analyses, were blind, Methods™ and
some results have been described elsewhere™ '

Table { shows the mean and median concentrations of 4«
aminobipheny! (ABPY-hacmoglobin adducts by levels of urinary
cotinine nicotine, and by acetvlator phenotype. Among non-
smokers, 44 had no cotinine or nicotine in the urine, but only 3
had ne detectable ABP-hacmoglobin adducts in the blood. This
observation is consistent with the very tow hall-lile of cotinine
and nicotine.

There is o convex dose response relationship between ARP-
hacmoglobin adduct levels and increasing cotinine nicotine
teveds, a refationship that was previously observed” and parallels
a sl eelutionship for smoking and bladder cancer™. Analysis
by acetylator status reveals a ditferent distribution. At fow cotin-
ine mcotine Tevels, slow acetylators include a higher proporstion
of subjeets with high adduct levels, Inereasing cotinine nicotine
fevels result in a deereasing proportion of slow acetyvlators with
high adduct fevels (Table Ty, The odds ratio of slow versus rapid
acetyhtors having a concentration of adducts greater than the
median is 17.5 among the subjects with no detectable nicotine
or cotinine in the uring (95, confidence interval, 2.0 153), and
L3108 7.0y among those with nicotine cotinine greater than
reras Those who had micotine cotnine levels equal 1o zero
included 32 subgects not exposed to anvironmental tobuaeco
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vcoat Four mutations have been analysed (M1, M2, M3, M4)" The genotype was determined at the NCI, Bethesda.

_smaoke in the 24 h preceding urine collection. Amaong these, there

were 009 rapid acctylators with ABP adduct fevels higher than
the median, whereas the slow acetvlators included 9 subjects
above the median and 14 below, respectively (odds ratio, infin-
ity). In a multivariate model including four levels of nicotine
catinine and the acervlator status as independent variables, the
difference between slow and rapid acetytators was skittisticaily
sigmficant (07 3207 00018

Fable 2 shows the results of VAT genotype analvsis. DNA
was successfully extracted from 82 subjects. In 15, DNA ampli-
fication Lailed because of technical problems. In the remaining
67, a miethod based on oligo-specitic amplification was used”. In
41 of these, i second techniyue based on restriction-fragment
length polymorphism (REFLPY was used™. Because the latter
method was maore sensitive and prediciive of the phenotype both
in this and a previous studyv™, only datas for these 41 samples are
shown (23 non-smokers and 18 smokers). Four mutations of
the gene VAT2 have been analysed. Only one subject had three
mutations, and he had the slow phenotype. The subjects who
had at least two mutations had a probability of being slow
acetylators 57 times higher than those with no mutation, The
correlation coeflicients between cotinine nicotine levels and the
Saacetviamino-6-formylamino-3-methyluracit o I-methylxan-
thine ratio were not statistically significant within cach genotype,
suggesting that there was no induction of the enzyme by smok-
ing. The Jevel of ABP-hacmoglobin adducts increased with
increasing VoA 72 motations,

TABLE 3 Presence/absence of DNA adducts 2 and U in exfobated bladder cells.
by acetylator pherotype in 39 subjects

Acetyiator phenotype

Prosence or absence Rapid slow
Adduct 2

No 12 17
Yes 3

OR (95", CiY

Adduct 4
NO 4 d
Yes 7 16

OR (95", CI) 2.306-8.6)

Adduct 4 1s quaktatively simdar 1o N deoxyguanosin-H-yl) 4. arminotsphenyl. 24-
h unine was centnfuged to cotlect exfohated urothehal celis on hilters ang DNA
was sotated from cells. P postiabeting was done under conditons of ATP
frcess, After autoradiopraphy, individual adducts were visuahzed, excised and
counted, Carcinnpen -DNA adduct levels were calculated from the refative adduct
fabelhnp,

c.p.madgducts 0
c.oon unadducted nucleotides

Duphcates (af winh ot each samnle were analvsed separately, DNA adducts were

detersseend at the Universaidy of Cincanngh
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Table X presents information on DNA adducts in extoliated
bladder cells, Sufticient DNA to detect one carcmnogen DNA
adduct per 107 normal nucleotides was obtiined for 34 subjects
121 non-smokers. 18 smokers), Overall, 12 adducts were Tound,
Two of these (adducts 2 and 4) were moderately associatéd with
smoking: habits, Adduct 4 had a correlation coeflicient with
ABP-haemoglobin adducts of 0.6 (2 =001 This adduct was
quaditatively similar 1o the adduct formed by V-tdeoxyguinosin-
Xy D-deaminobiphens| in the bladders of dogs treated with ABP,
and also found in biopsies of human subjects with bladder
cancer' AR associistion between the presence of adducet 2 or
40 the extoliated bladder cells and the slow acetvlinor pheno-’
type is evident, although not statistically significant.

It is likely that under exceptional exposure conditions (very
high levels of exposure) the individual susceptibility is irrelevant.
In fact. in a plant where workers were engaged in 2-naphthyl-
amine manufacturing. 15 15 (10070 developed bladder cancer'™.
However, low-dose exposure to carcinogens is widespread and
its effects are likely to be modulated by genetic susceptibility.
For example, environmental tobaceo smoke and possibly vehicle
exhiust are sources of ABP in non-snrokers. Diesel exhaust con-
tains d-nitrobiphenyl®. which is converted to ABP in the hody'™.
It the population  shows  genetic heterogeneity  in the
susceptibility to chemicals, societal and regulatory decisions
must he made that focus the risk assessment process on the most
suseeptible, ' Qa

HizCe ved F Nosemibee 1903 secepted 29 March 198

1 sheits. P G & arns, € C 7 Am med asy. 268, GBI -GR7 (19914

2. Capurase. N, Lande, M 1A Vines, P Prarmacogenet:cs 1, 1-19.1991

3 Woutward & & MMt A 3 Tur 5 Cancer 3T, 1AT2-147R (10

3 ARG Munueanhs on Ihe Leatuaton of Carcinogenic Risks o Hutmans voo Ao naicotyon,
1989,

S olartcn Mot Lo gt Caneer insg 82, TR)G 14T (19900

N e al Pharmacopeneten 2, VG 1T 10N

ACEEN A Grant (N Hee A% A (A Do gt Aot o N

ey

Pt LA LMY T e
»

MANNTNY

T12 L

Heyart, M. virer, P Skpper P& Tannenbaum. S R Froc, natn Acad. 5S¢t .S A 88,

GTHH-QT9] 1 TURK)

OO Vanes, Poet ol Cancer Res. 80, 3007 - 3004 119%

11 Taanke 1 et ol Cancer Eprtem 3, 61-66 (1991)

b 1y, Dootey, K (3 & Kadwabar, b B Carcinopeness 12, £39-646 (1990

13 Talaska, G ALJubure, A 2 S S & Kadtubar, F F o #vac natn, Acad. Scr .S A 88, 5350-
NGRS R 3 |

14« LROA M Ann ROColt Surg 39, 213-235 (1966)

15 qaf Torwigraptes on The Ly glialon of Carciouge s Fiskes to Hamans Vol 3 (1ARC, Lvon,

TR A s g et By L By Thes anan ALsaeation for

e B e ey g et e Shae Uy St o o8 ate b esane mesd o Hea th i ehees
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Tur mitogen-activated protein (MAP) Kinases Frk-1 and Frk-2
are proline-directed Kinases that are themselves activaged through
" concomitant phosphorylation of tyrosine and threonine residues'™.
The Kinase pS4 (M, S4000), which was first isolated from
cycloheximide-treated rats, is proline-dirceted like Frks-1/2, and
requires both Tyr and Ser/Thr phosphorylation’*® for activity.
p54 is, however, distinct from Erks-1/2 in its substrate specificity,
being unable to phosphoryiate pp907* but more active in phosphor-
ylating the c-Jun transactivation domain™™", Molecolar cloning of
pSd reveals a unique subfamily of extracellularly regulated Kinases.
Although they are 40-—-15% identical in sequence to Frks-1/2,
unlike Erks-1/2 the pSdy are only poorly activated in most cells
by mitogens or phorbol esters, However, pSds are the principal
c-Jun N-terminal Kinases activated by cellular stress and tumour
necrosis factor (TNF)-n, hence they are designated stress-uctivated
protein kinases, or SAPKs, SAPKs are alvo activated by sphingo-
myclinase, which elicits a subset of cellular responses to TNF-n
{ref. 9). SAPKS therefore define a new TNF-« and stress-actis ated
sigmlling  pathway, possibly initinted by sphingomy clin-based
second  messengers,  which  regulates  the activity  of  ¢-Jun,

Deprarttrert

MGt et trahia NF Y

Amino-acid cequences dernved from trsptic peptides of puri-
tied p3aligns with the consensus Ser Thr kinise catalbytic
domam™. Rased on these seyuiences. i 367-base-pair (bp) rat
bram complementary DDNA probe was generated by polvmerase
cham reaction (PCRY and used to sereen o rat brain ¢<DNA
library, vielding four classes of pS3cDNAs (Fig. Ta): el encoded
A protamn continming all the tryptic peptides derised rom rat
Inver pSdo fand o partial resequence encoded polvpeptides
closehy related to al (88 907 identity, respectively: Figo la):
e which probably arises from alternative splicing of the «l
transeript, s wdenveal to ol exeept for a 71-bp region encoding
asubsttution of F3 ammo acids i subdomains 1N and X (Fig.
Ta and refl 10y, The relative molecular masses of the predicted
proteins encoded by the tull-length clones are: al. 38,076 «ll.
47080 and f1 48,095 Northern hlots of messenger RNA from
several tssues revealed ubiguitous but tow expression of all three
cenes (data not shown),

Ahgnment of the p34 catalvue domans with those of mam-
malian and yeast MAP kinases. (KSS1. 110G-1, FUS3. SLT-2,
sph-1 and erk-1: refs 11 13) shows that the degree of homology
shared by the pSds with mammalian erk-/ (43 34"0) and with
the Kinases from lower cukarvotes (41 440 is almost the same.
However. the sequence of erk -7 is closer to these veast Kinases
(49 567« identity) than it is to the p3ds, Thus the veast MAP
Kinases are unlikely to be functional homologues of the pSds,

P34 sotorms contuin the amino-acid seguence TPY at posi-
tion I3 IS5 in o domain analogous to the TEY sequence of
Erks-1 2 tref. 130 Erks-1 2 are activated through dual phos-
phorylanion by MAPK or Erk kinases (MEKs)'™ "™ But as
nerther dephosphorylated liver p3d nor bacterially expressed pSd
i renrctivated i ciro by Fek-1 2-speaitic MEKSs under condi-
thons Lnvouring complete activation ol Erks-1 20 the pSds are
probably regulated by G distinet upstream activitor(s).

A polvclonal antiserwm ransed against the p3d fasoform
mmunoprecipitites o cirro-transked  pSde and 0 but not
k-1 b 100 1t adso precipatates o eveloheximide-activated
GST c-Jun hanase from NIHIT3R cells (Table 1), We used this
pidaspeatfic tmmune complex assay of GST ¢-Jun phosphoryvia-
ton tomvestigate the regulation of p3d Kimase activits i 2
variety ot cell himes cFable L For comparison, Eris-1 2 aenv-
e Hhe same entracts was assaved, atter Mono-Q chromaio-
sraphe s s mschn basic protem (MBP)Y a8 o substrate
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