" 5IC~MZDICAL RISEARCH . :
- DOCMERT D= SC..._?:':O"Q oY 63 68 69 76

77 78
Dusliczte im 21l ca:és:—%w ' /742 L G\)ﬂaﬁ‘igq ‘ [E
- yeer as-1861l- Tile nu—ber Sub-Index
‘ [r4 gm: Justify Coda
- [Nuweric only] o
Author (s) 2s lzst Name TS (No Punctuzticn) and T
codex oz 301._:::15.1 as JEYA preceeded ‘by.one blank space .
1 120 21 40 41 60 61 62 °
Kucatove. M. - | 19
‘ ! ‘ ! 12
| . . l 13
Title of Revori; end with spzce-hyphen-hyphen-space. Follew with Index TeTos,
seperated from ezch other with .corma-space. Avoid other puactuztion;
. do not =bbreviate. . . ) Co
19 . 61 62
{ 21
; | . / - N ; .
Qy";'cx’(&':"\f_'\" P& ﬁ")a.,ly nis of 01‘/7*”‘"&” Q/"'('b"hﬁ Some s and - 122
,"L.‘_'.- Lf{:_lu\e__, WC'v&_..- "H\f..__ E.S"'f lf‘ﬂ&.."’ tan Q'p 6’1’\&_‘/‘( < \K‘\'ak._""'_ 23
P L .- < G P
T -:(”A/ ’{//’ zf.z;‘:g.:,{.;.-c'.z_ 4’/{6&‘7’11,.&1 & i 4/{/?’-((’5/’ e et 2L
o Ve // - S S
Source (Jourazl, Vol,, Number, Pzges,Dzte) .
. . ‘ : 61 62.
13 el e d
. o R}
MJaﬂ Van _-Ti'et.e_qrc'_}'\\ 74/ on. [T 35— [Ba 19—, -
: v 7 .
22
.
Z-ies Suzzmaov
61 62
102 10
SINDLRY: 61
| 2
' . €3
e 2
S

gozsol SBH




T AMutslinn Hew

4‘&

YR TITTTVANTI
e by ety benre
yaliy, Mutation
e nl st of

At

spevial Heport,
LY

sratoernests shd
o Alan, Bpainger,

atdd A G Hearn
sopp 230--2P4,
e hanime MNMOWM,
six stuibhey an the
fueed mutstiong
Teed , 16 (1951
[T
v I o nuchear

ot Naturajist,

s at Hie hes

‘r Nanahia-

e G
Al abwronnalitineg
coab it TTEEA IR
ool stranbure s
FEE T 2 XIS TITLY
FIRTELLS T LT IV PATITY)
Ve naosese, ke
o e Wman
avvnks, Honvane
e et tanne

povaprhos s

Vil analv s fL

Mutation Researeh, 1Y (1976) 123=-130
O }':lwvic'r/h'ur(h-llull.‘uml Hinmmlwul I'n-w

G20

<O

83

CYTOGENETIC ANALYNSIS OF HUMAN CHROMOSOMES AND TS
YALUE FOR THE ESTIMATION OF GENETIC RISK

M. KUCEROVA

Pediatric Depactment of Postpeaduate Medical Institule, Genelie Laborutors of lastitute of
Hypicne and Epidemiology, Prague, Sroborova 8 (CSSE)

(Recvived February 2nd, 1976)
{Revision received July 20th, 19706)

Summary

A short review of present-day contradictony opinions on the usefulness of
human chromosomal analysis in the system of chemical mutagen testing is
Hlustrated by examples of the results achioved by hoth conventional and
banding technigues. The results include exposures of human chromosomes to
ECHH and TEPA in vitro, and to ECHH, vinyl chloride and imuran in vivo.
Fxposures of human lymphocytes in vitro to the chemicad to be tested for
mutagenicity are recommended as one of thetests to be included in the system
of mutagenicity testing, parallel with all other tests on mnnmalian and sube
mammalian levels, The testing of human chromosomes of people ¢xXposed to
chemicals in vivo is considered essential.,

Introduction

What is the actual place of cytopenctie analysis of human chromosomes in
the system of chemical mutagen testing? There are a number of contradictony
opinions ranging from a complete rejection of this method, particularly for
routine testing, to its aceeptanee as a unique technique for the estimation of
genetic risk. The ceytogenetic methods suntable for the analysis of human
chromosomes are well established, widespread and not too expensive, so that
they could be used for larpe seale routine population studies as well as for
systematic experiments in vitro, Nevertheless, it is frequeantly objected that the

chromosomal aherrations detected represent ondy o part — and mavbe the Tess

mportant ope — of all gepetie _changes induced by mutagens, Cytogencee

methods cannot, for example, detect point mutations, However, the factors
thatinduce. ¢hromosomal aberrations vwsually cause pomt mutations as well

[15--18].
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Another abjection arpues that bhummn peripheral Ivinphoeytes used for
testing, in vitro and in vivo, can yield onlv an averape level of chrooniosome

changes oceurring in somatic cells whereas for future generations i s more
important to control the chromosome changes thad occur o gonadal eells,

The detection of chromosome chanpes in somatic cells could Tee valoahhe
from the aspect of carcmogemeity : many mutagens are also caremogens ol
there is a hypothetical relationship between chromosomal aberrations and the
origin of tumours | 2]. It can also be logieally assumed that the chemical that 1.
harmful to somatic cell chromosomes is also harmful to chromosomes in
ponads, even though on a different lovel.

Quite a serious criticism has also been raised agninst scoring chromosome
changes in human cells exposed i vitro, 10 as true thal experimental conditions
in vitro are different from those in living organisms, where most probably cueh
chemical substance is subject to metabolie and biochemieal chinpes, 1T the cells
are exposed in vitro, these biochemical chanpges are absent so that we et o
simplificd but rather artificial situation, In an attempl to avead this
diserepancy, the method using pre-activation of the chemical in some hiologiceal

system before the eaxperimental application is under discussion {20,157,
Another problem is that many chemieals are cell-stage specifie an their ae-

tivity 1,11}, Cytogencte analysis of Iymphoceytes from exposed persons i

vivo may reveal thetr mutagenic effeet provided that G, stage cells ue sensitive
to the particular chemical, On the other hand, in experiments with human
lymphocytes exposed to chemicals in vitro, we can test the sensitivity of cells
in all stages of the cell cycle.

Our laboratory is interested in all these problems and that is why we have
undertaken a series of mutagenic experiments with hunim lymphocytes using
different  applications  and  eytogenctic  technigques as well as different

approaches to the problems, Qur ohjective is to find out the real value of

cytogenete analysis of human cells for the whole mutaeneity testing sy stem

{

Malterial and methods

A short-term cultivation (56—58 h) of peripheral human lymphocytes [ 9]
was used in all our eytogenetic studies, Slides were scored blindly after coding.
For a detinled analysis, mentioned in the Discussion, the trypsin-banchng tech-
ni;;ue [3] was also used. The resuits were mathematically evaluated using the
X* test.

Results and discussion

Looking for a mode] chemical substanee for our complex eytopenetic stady
we chose epichlorohvdrin (ECHITD {(Laehloro-2 3.epossypropane), o hi-Tune-
tional atkylatmg agent with potential mutagenic effect that until recently
has not been sulficiently tested. There were two reasons for this choree, The
first was that this chemical is used in our chemical industnye as asolvent and
a basic compound for the production of epoxy resins. so that large groups of
workers are exposed to it. The second reason was linked with our opportunity
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to start a prospective cytogenctic study of worker populations occupationaliy

exposed to RCHITL

The eaperunents started  with an informative study concerned with
exposures of human lymphoeytes in vitro, In these experiments the offeer of
ECHH wus compared with the effeet of another alkyiating agent THEPA (tris
(l-;.x'/.iridmyl)phns])him' oxide) that is recopnized s a strong mutaeen, We have

found that_FECH is a 4—5 times less effective mutagen that THEEA [12] but -

its_effectiviness 1s dose dependent,

The next step in this study was proveked by the question whether there are
some undetected chromosomal aberrations if only a conventional eyviogenete
technique is used, That is why we also used the tryvpsin-handing teeimigue 34
in our experiments and compared both results. Our comparabive analysis of
chromosomal aberrations caused by FECHI and TEPA in vitro resulted inou
conclusion that for large cylogenetic population studies 1Ls not necessary Lo
use banding techniques, becanse only a neglipible fraction of all chiromosome
aberrations escapes detection by conventional technigues {13

However, the banding technigue enables us to detect the distribution of
breaks on individual chromosomes and their parts, There was detected a highly

significant non-randomness of break distribution ciaused by ECHH and TEPA

in vitro in our malerial {131,

A newly started production of ECHIE in one of our chemieal plants has

allowed us to initiaw a prospective long-term study of workers with ECHU

exposure in vivo. Peripheral blood samples taken from these workers even bes
fore they started to work in the plant served as their own cantrol, Another
chromosomal analysis of blood samples was repeated alter one year's exposure
and we intend Lo repeat it 2 or 3 times after at least one year's interval,

This study is being done in co-operation with the Laboratory of Mutagenesis
of the Institute of Medical Geneties of the Academy of Medieal Seiences in
Moscow, where hadf of the all material is scored, The first results of our part of
this prospective study are shown in Table 1.

A sipnilficant inerease of aberrant cells was found i penphersl Ivinphoeytes

of occupationally exposed workers after one vear's exposure Lo ECHEL The

study continues and the final results will be published Tater,

For the past two years, the mutagenmie activity of BCHE has also been tested
hy other workers in our institute using different mutagenieity tests 119 (Table
. Most of these results show the muutagenice offect of FECHID and are in
agreciment with results of our cytogenetic study in vivo,

Since the prospective type of study i men i vivo is aboricus and time
consuming we decided to try an opposite and more common approach, e o
colleet and analyse blood samples from workers who hadd already heen exposed
to a mutagen for a long time, at least for 10 years, For this informativiee study
we chose e workers with long-term exposure to vinvl chloride, which s
known for its carcmogenic and mutagenic effeets [4,7,14] . The results of two
eyvtogenctie analyses conducted in cach worker of the group are presented in
Table HE The time between the first and second analysis was 8 months, 1L was
interesting that m some workers we detected a very high merease of aberrant
cells while o others the number of these cells repunned at the control levels,
Nan-homogenely of cytogenetic results found i this group by the first and
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TABLE N

TESTING OF MUTAGENIC ACTIVITY OF FCHICQINT Y 1970

o — A — 1o i ammae s we [
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Chinese hamsder v ) N
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Human Iy miphocy Les rrposude 10 vitrn J121 . Pertpheral Lvinphiony tes + N =

Humian Ivinphovy tes, prprosure in vivo Fenpheral Ivanpiiee vies . —

v, Mutagenw actinaty,
1, Dose dependenee,

also by the second analysis was unusual in our material. The increase of
aberrant cells detected by the second analysis oceurred in jymphoeytes of some
workers who showed no cytogenctic changes at the time of the first analysis,
and there was no time-dependent effect’of exposure. We hypothetically ascribe
this observation to an irregular exposure due the cyclic character of the produc-
tion process,

The results of another cytogenctic study of persons exposed to chemicals
in vivo demonstrate s dose-dependent and  time-dependent inerease of
chromosomal aberrations in the chronically exposed persons, This time the
chromosomes of patients treated with eytostatic Imuran were analysed (Table
IV). The upper part of this table reports four nephrotie patients treated with
Imuran for 6 months up to 2 years, the lower part of Table 1V describes four
patientg with Kidney transplantation Iecause of glomenulonephntis, who were
treated for 6 months up to 7 years. The literature data published on the effect
of Imuran wre rather contradictory as to its mutagenic action on human chro-
mosomes in vivo [5=7,10}. Our results seem to indicate that Imuran has a time-
dependent, and probably also dose-dependent, effect on human lymphocytes
because all the patients treated with this drug for 3 and more years without
mterruption showed a sipgnificantly increased number of cells with aberrations,  * -
These findings can also explain the negative results found by some authors

1
:
in patients treated with Imuran for a shorter period, . t
'-

y
’
T S R S TP ORI T

e

Conclusions

What 18 our opinion on the use of human cells exposed to chemieals in vitro
and in vivo and its importance for the svstem of mutagenmicity testing? Present
cvtogenctic experiences lead us to the conclusion that experiments in vitro
provide 2 unigue opportunity to deteet direetly the seasitivity of hiuman cells
to the chemjeal Wwested. Especially dose dependence eould be tested casily, We
believe that these tests should be included if possible in the routine testing 3
system parallel with all other tests on mammalian and sub-mummalian levels, t
and if so, the pre-activation of the chemical to be tested for mutagemeity

K
should be preferred. . . E,
The testing of chromosome changes in lymphocytes of persons already :
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CHROMOSOMAIL ANALYSIS OF WOHRKFERS PROFFESSIONALLY EXPOSED TO VINYL CHLORIDE
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