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Letter to the Editor

MECHANISMS OF VINYL CHLORIDE CARCINOGENICITY/MUTAGENICITY

Smk.—The present letter sets out to show  rearrangement product, chloroacetaldehyde,
that the various deoxyribonucleoside (and  with calf-thymus DNA implied a eommon
ribonucleoside) analogues, which have been reaction mechaunism. In both cases (Fig. 1),
isolated  from  the chemical, non-enzymic initial (Sx2) alkylation occurred at the most
reaction (Hathway, 1980) between the ulti- nucleophilic ring-nitrogen (N-1 of the dA
mate vinyl chloride metabolites and target- residues and N-3 of the dC ones), followed
organ DNA (and RNA) components {n vivo, successively by loss of the elements of water
appear to he biologically significant and com-  with ring-closure hetween the oxo-group and
patible with cnsuring mutagenicity and  the amino.group belonging to C-6 of the dA-
carcinogenicity., residues (and of -4 of the dC ones) and by
Thus, Green & Hathway (1978) (sce also  proton Joss (Hathway & Kolar, 1980).
Hathway, 1977) produced strong evidence in At the same time as the foregoing, Laib &
the form of published mass fragmentograms  Bolt (1977, 1978) provided chromatographic
for the presence of the imidazo-cyelization evidence for the presence of the correspond-
procucts of deoxyadenosine (dA) and deoxy-  ingly modified ribonucleosides in fractions of
evtidine (dC) (eiz. 9-(8-D-2-deoxyribofur- the enzymic hydrolysate of the liver RNA of
anosyllimidazo[2.1-i]purine {etheno-dA) and rats which had been exposed to a large, single
1-(8-D-2"-deoxyvribofuranosylimidazof1.2-¢]-  radicactive dose of MC.vinyl chloride, and
pyrimid-2(1H)-one (etheno-dC)) in chromato-  they confirmed their results with incubations
graphic fractions of the enzymic hydrolysates  of rat-liver microsomes, HC.vinyl chloride
of the modified liver DNA of surviving ratx  and the appropriate polynucleotide, fortifivd
which had been exposed chronieally to long-  with NADPH. From the time-course experi-
tera vinyl chloride in their drinking water  ments, these authors (1978) showed relative
(250 pt/108), Out of the large group of animals  persistence  of  etheno-C - compared  with
which had been exposed to vinyl chloride in - etheno-A in rat-liver DNJA, suggesting its
this way. there was a high incidence of rats  greater biological significance, They com-
that died with liver haemangiosarcoma  mented on the contrast hetween the pattern
(LAR.C Monographs, 1979) during  the
2-vear experiment. It was implicitly inferred

of RNA nucleoside analogues and that of
DXNA in which the di residues {see below)
{Green & Hathway, 1978) that these results

s were saiii to he the principal target for
indieated a causal relationship; i.e. that forma- alkylation. but they have not publhh((l their
tion of ctheno-dA and ctheno-dC may repre-  experimental evidence,
sent pro-mutagenie lesions in the extra-hepa- At that time too, Osterman-Golkar el ol
tocellulur liver-tissue DNA of animals exposed  (1977) showed the chromatographic separa-
to vinyl chloride. Furthermore, formation of tion, after NaBH; trcatment, of 7-N.(2-
etheno-dA and etheno-dC in vive and in  hydroxyethyl)guanine from the acid hydro-
model experiments of the reaction of vinyl lysate of the liver DNA of mice, exposed
chloride-derived chloroethylene oxide or its  acutely to 1C.vinyl chloride, and they
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attributed this result to formation of 7-N-(2-
oxoethy)dG residues, but they did not look
in their DNA hydrolysates for etheno-dA and
otheno-dC, which, on account of the method
of exposure, may have been absent from their
material or below the limits of detection.
Subsequently. Bolt ef ol (1981) suggested
that the Swedish workers” aldehyde may exist
as a G-membered cyclic hemi-acetal (Iig. 2)
in DNA.

Consideration of molecular models show:
(1) that the imidazole ring in vinyl chlovide
nucleoside analogues is co-planar or almost
co-planar with the rest of the moleeule, and
thi~ obxervation finds support in N-ray
ervstallography (Wang ef al.. 1974, 1976):
(it} that the imidazole ving in these nucleoside
analogues  shields 2 normal  hydrogen-
honding positions (Hathwayv & Kolar, 1930):
(iii) that in the case of etheno-dC (or etheno-
C). the sceond ring confors on the cvtosine
residue the dimensions of adenine, with the

H

result that etheno-dC would he expected to
simulate dA nucleosides/nucleotides in repli.
cation (Hall of «l., 1981; Barbin el al., 1981)
and etheno-C the A ones in transcription
(Spengler & Singer, 1981); (iv) that the mix-
incorporation envisaged in these biological
processes would be facilitated by complex.
formation involving base pairing (Vig. 3) of
protonated molecular species, which were
invoked (Topal & Fresco, 1976) to extend the
Watson-Crick concept for complementary
base pairing: (v} that the relatively bulky
imidazole ring resembles an alkyl substituent
and effectively blocks one of the available
base-pairing sites.

When DXNA-like polymers, poly(dA-dT)
and poly(dC-dG), that were pre-treated with
chloroacetaldehyde, were used as templates
for E. coli DNA polymerase 1 in an in vilro

assay  (Hall ef al.. 1981) replication was -

decelerated. and incrcased levels of non-
complementary nucleosides were  incorpor-
ated. (Although DNA repair hax never heen
studiced per se. it ix not entirely ignored in this
work. as NDNA polvmerase 1 belongs to the
repair system.) With the modified (dA-dT)
templates. 1 dGMP was incorporated for
every ~ 60 etheno-dA residues present, but
no mixincorporation of dCMP oceurred. and
with the poly(dC.dG) templates. 1 misincor-
paration of AAMP or dTMP occurred respect-
ively in the presence of ~30 or 80 etheno-dC
residues, The principal miscodings of etheno-

——

H N om-NOon?
. Y'N 0_.H /ﬁ
dG poy !l etheno-dA
g\ (N‘H"'N
N \\_.-N
N \
H” dR
(I 1
| 1 r A
le e etheno-dC Me H etheno-dC
N N

Fia.

o N
/_/(N 1N/
N +
£ o 05-

\H_.-

dT

. N

d \

dR
3.

€




Jto
'1'()“~
sl)
tion
mis-
sieal
plex-
3} of
woere
14 the
'\‘i\l'}'
wlky
~uent
Jable

\-AT)
with
Slates
rilre
was
F131483
rpor-
heen
i ‘hih‘
-~ the
\-d'T)
U for
but
and
e
peet-
'ul-(lC

Aena-

— = "

4

ST S 3 P S s it e

e |

LETTER TO THE BDITOR 399

JdA may represent a potential pro-mutagenic
lesion, which would be expeeted to lead to
(dA-dTY—(dC-AGR)  transversions, and  simi-
larly those of ctheno-dC would  possibly
induee (dC-AG)~(dA.dT) transversions. Near-
est-neighbour analysis with modified poly-
(dC-dG) templates showed that 909, of the
niisincorporations, of sayv A. occurred opposite
eytosine (or etheno-cytosine), but a small
number of errors (~109%%) occurred opposite
guanine bases. which may he due to the sus-
pected formation of the eyelie hemi-acetal of
dG (Fig. 2) in the modified poly(dC-dG) tem-
plates. However. work on the kineties and
selectivity of the reaction of ehloroaccetalde-
hyde with some tRNA constituents shows,
that it is prohable that no nucleoside ana-
fogues other than the imidazo-evelization
products ave formed (Biernat ef ul., 1978).
Induction of (AA-dT)~(dC-dG) and (dC-
dG)—(dA-dT) transversions from etheno-dA
and ctheno-dC are consistent with the fact
that chloroethylene oxide, chloroacetaldcehyde
and metabolieally activated vinyl ehloride
induce  base-pair-substitution  mutations
(Rannug ef wf.. 1974: Malaveille ef al., 1975;
McCann ef al. 1975 Phillips ef al., 1980), but
not frame-shift  mutations, in  Salmonelln
typlimurion strains, [t follows that the
mechanism of vinvl chloride carcinogenicity/
mutagenicity has been studied more intens.
ively than that of any other human earcin-
ogen.,
D.E. Hatnway
1.CI. Limited,
Cealral Toricolugy Laboralory,
Alderley Park, Cheshive SK10 47T,

During our attack on the vinyl chlorde problem.
[ descussed varous aspeets with De Helimath
Bartseh (International Ageney for Reseach on
Canecer, Lyon). Profissor Hermpano Bolt (Insutut
fir Phanmakologic der Urdaversitdt, Mamz), Pro-
fowsor [hetrich Henschler (Institnt fur Pharnma-
kologe wd Toxikologe dor Civersitiit, Whirzburg),
s Junes and Eheabeth Miller {(MeArdie Lahbora-
tory for Cancer, Research, Umiversity of Wisconsiu,
Madizony and Dr Rov Saffhill (Paterson Labovatory,
Christie Hosprtal & Holt Radona Dastitute, Man-
chester), to whom 1 should ke to expriss my hest
thanks,
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