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MONITORING OF GENETIC INSTABILITY IN SUBJECTS

WwITH INCREASED RISK OF CANCER
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Istitute di Genetica Biochimica ed Evoluzionistica CNR, Pavia, Italy

Summary. - Results of investigations performed to
obtain data on genomic instability in subjects with in-
creased risk of cancer are reported. People at risk for
environmental or genetic factors included in this study
were. 1) individuals from the Seveso population exposed
to dioxin; 2} psoriatic patients exposed to photochemo-
therapy, 3) members of a family with a high incidence
of colonic cancer; 4) patients affected by nevoid basal
cell carcinoma syndrome. 5) patients with photosensitiv-
ity. The following cellular parameters were analyzed in
peripheral blood lymphocytes: i) frequency of chromo-
some aberrations and of sister chromatid exchanges; ii)
sensitivity to different DNA damaging agents; iii) ef-
ficiency of DNA repair after UV irradiation and iv)
frequency of spontaneous mutations.

Riassunto (Monitoraggio della instabilitd genetica in
individui a rischio per lo sviluppo di tumori). - Sono ri-
portati i risultati di Ficerche eseguite allo scopo di ottene-
redati suparametri cellulariindicatori di instabilita gene-
tica in individui a rischio per lo sviluppo di tumori. I
tests applicati utilizzando linfociti di sangue periferico
valutano la frequenza di aberrazioni cromosomiche e di
scambi tra cromatidi fratelli, la sensibilité a mutageni
che inducono tipi diversi di danni sul DNA, U'efficienza
della sintesi riparativa stimolata da irradiazione con luce
UV, la frequenza di mutazioni spontanee. I campioni di
individui selezionati per rischio genotossico, determina-
to da fattori genetici o ambientali, sono i seguenti: 1) in-
dividui appartenenti alla popolazione di Seveso esposii
alla diossina; 2) pazienti affetti da psoriasi trattati con fo-
tochemioterapia; 3) individui appartenenti ad una fami-
glia con alta incidenza di adenocarcinoma del colon; 4)
pazient] affetti da sindrome nevobasocellulare; 5) pazien-
1 con fotosensibilita.

Introduction
Itis well established that cancer is the result of muta-

tional events in somatic cells [1], and that chromosome
mechanisms (somatic recombination, mitotic non-dis-

junction} as well as chromosome aberrations (deletions,
translocations) represent a critical step of the pathogene-
sis of most human leukemias, lymphomas and also of
solid tumors [2-6].

It has been suggested that in the human population
various degrees of genetic instability exist that deter-
mine different degrees of predisposition to the occurence
of mutant cells and then of transformed malignant cells
[7]. There are subjects that may be considered genetical-
ly stable: in fact, among people exposed accidentally,
occupationally and by lifestyle to genotoxic agents, not
all develop tumors. On the other hand, there are persons
greatly susceptible to the genotoxic effects of DNA-dam-
aging agents. A high degree of genetic instability has
been clearly demonstrated in a number of rare inherited
disorders with distinctive clinical symptoms, but shar-
ing an increased risk of cancer {8-13]. The disorders are:
xeroderma pigmentosum (XP), ataxia telangiectasia
{AT), Nijmegen syndrome (NBS), Bloom syndrome
(B1L.), Fanconi anemia (FA), Wemer syndrome (WS).

In patients affected by XP or by one of the "chromo-
some breakage syndromes” the proneness to neoplastic
transformation is accompanied by cellular hypersensitivi-
ty to mutagens, chromosome fragility, DNA processing
abnormalities [14]. \

Hypersensitivity to UV light is present also in pa-
tients affected by Cockayne syndrome (CS), that for this
reason may be considered a disease with genetic instabili-
ty although there is no clear evidence for increased tu-
mor incidence [15].

In each of the mentioned diseases the abnormal pheno-
type has been related to the homozygous condition for a
mutation affecting a specific locus. All these genetic
constitutions may predispose to mutations and/or chro-
mosome lesions, with cancer as their outcome.

Five of these diseases are genetically heterogeneous:
complementation analysis demonstrated that at least ien
mutations are responsible for XP, five for AT, three for
CS, two for FA and NBS [16-20].

This variety of genetic changes in different disorders,
each regarded as a single clinical entity, is not unexpect-
ed owing to the multiplicity and complexity of func-
tions from which the genomic stability depends; it is
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likely indeed that the genetic control of such functions
requires a number of genes greater that those identified
up to now.

As an alternative to single recessive mutations, an oli-
gogenic model.of inheritance has been hypothesized for
diseases associated with defective DNA repair [21]. Ac-
cordingly, more than one genetic locus is involved in
each patient and the abnormal phenotype is expressed on-
ly in individuals homozygous for defective alleles at mo-
re than one of a specific set of loci. As a consequence,
the number of carriers of mutant co-recessive alleles in-
volved in DNA repair processes would be many times
greater than that expected for autosomal recessive inheri-
tance. Thus, most normal individuals are likely to have
a minor defect in their DNA repair mechanisms causing
a hidden genetic instability and predisposition to develop
cancer.

Alterations of cetlular features reflecting genetic insta-
bility seem to be absent in the parents of patients affect-
ed by XP, BS, WS. In fact carriers of defective alleles
for the mentioned cancer-prone syndromes are clinically
asymptomatic. Conversely, some obligate carriers of
AT and FA genes can be distinguished from healthy indi-
viduals by higher sensitivity to DNA-damaging agents
and chromosome fragility [17, 22, 23]. Interestingly, ep-
idemiological data on AT families suggest that the AT
genefs may contribute significantly to cancer incidence
in the general populations [24].

The investigation of cellular characteristics considered
indicators of genetic instability may lead to the identifi-
cation of subjects at risk of genetic damage. To this pur-
pose smdies on the frequency of chromosome aberra-
tions and sister chromarid exchanges (SCE), sensitivily
to different DNA damaging agents, efficiency of DNA re-
pair, mutability, may provide a wide spectrum of signifi-
cant data,

Mononucleated cells from peripheral blood are the
best cell system for this study. From the same blood
sample it is possible 10 obtain, immediately at withdraw-
ing or after mitogen stimulation, synchronized or partial-
ly synchronized cell populations at different phases of
the cell cycle (Go, Gy, S, mitosis) suitable for different
parallel assays.

We report here a brief description of the tests used and
some examples of investigations performed during the
last few years in our laboratory with the aim to obtain,
from the same blood sample, data on different cell para-
meters indicators of genotoxic damage.

Tests to detect genetic instability

Chromosome anomalies and sister chromatid exchanges
(SCE)

In cytogenetic analysis on stimulated lymphocytes,
both methodologic criteria and interpretation of experi-

mental results are well defined [25]. Chromosome aberra.
tions were scored on at least 100 metaphases for each
subject on 48 and/or 72 h blood cultures. The frequency
of SCE was determined on 20 second division mitoseg
for each subject in 72 h cultures containing 10 uM brg-
modeoxyuridine (BrdU). Cultures in which the newly
synthesized DNA was labeled with BrdU were used for
the evaluation of cell proliferative kinetics by counting
cells undergoing one, two or more divisions.

Inhibition of duplicative DNA synihesis after mutagen
exposure

The capacity of Gy lymphocytes treated with muta-
gens to duplicate after mitogen stimulation gives a mea-
sure of cellular sensitivity to DNA-damaging agents and
of repair activity [26]. The DNA duplication rate was
measured in lymphocytes stimulated with phytohemag-
glutinin (PHA M) or pokeweed mitogen (PWM) after
treatment of Gg cells with agents inducing different
types of DNA damage. Ethyl methanesulfonate (EMS),
mitomycin C (MMOC), 1-2-chloroethyl-3-cyclohexyl-1-
nitrosourea (CCNU), 8-methoxy-psoralen (8 MOP) solu-
tions were used at the following dose ranges: EMS 10+
- 103 M; MMC 10# - 106 M; CCNU 2.5 x 105 - 104
M; 8 MOP 107 - 105 M. For PUVA treatment, the cul-
tures were irradiated 30 min after 8 MOP addition with a
UV (365 nm} dose of 1.5 kJ/m? using a Philips 54236 -
Ef70 bulb; control cultures received only UVA irradia-
tion. UVC (254 nm) irradiation was performed with a
Philips TUV 15 Watt lamp, giving a dose rate of 2
Jfm3sec. Samples of 2 x 10° cells were exposed to mutka-
gens and cultured in microtiter wells in medium supple-
mented with 20% calf serum as previously described
[27]. 64 h after UV irradiation or mutagen exposure 3H-

thymidine (*H-TdR, specific actvity 2 Ci/mmol} was

added at a final concentration of 2 pCi/ml and the incor-
porated radioactivity was measured 24 h later,

UV-induced unscheduled DNA synthesis (UDS)

Methods for the evaluation of sensitivity to DNA da-
maging agents through the analysis of unscheduled
DNA synthesis (UDS) in G and stimulated Iympho-
cytes, have been validated and applied by a number of
laboratories [26-31]. We analyzed the UV-induced UDS
as previously described [27]. Briefly, G, or stimulated
lymphocytes were irradiated with UV light (254 nm) and
then incubated at 37 °C in the presence of 2.4 mM hy-
droxyurea (hu}; after 15 min, H-TdR (10 pCi/ml, specif-
ic activity 20-25 Ci/mmol) was added and the incubation
continued for 1 up to 6 h. Samples without hu were
treated in paraliel. Incorporated radicactivity was measur-
ed as described elsewhere [27]. Repair synthesis was ex-
pressed as the difference beiween the incorporation va-
lues in the presence of hu in irradiated and unirradiated
cells.

[



Mutation frequency

An approach to human mutagenicity monitoring that
makes use of cultured lymphocytes has been proposed
and widely discussed [32-33]. The method is based on
the autoradiographic.detection of 6-thioguanine resistant
(6TGR) pheripheral blood lymphocytes arising in vivo
and revealed in culture as cells capable to divide and to
incorporate 3H-TdR in medium containing the purine
analog. Samples of 3 x 105 PHA-stimulated lympho-
cytes were incubated in the presence of 2.2 x 104 M
6TG for 24 h and labeled with 1 uCi/ml of 3H-TdR
(specific activity 2 Ci/mmol) for 6 h. Control cultures
‘were treated in the same way except for the addition of
6TG. The frequency of labeled cells was calculated on
autoradiographic slides by scoring 2500 nuclei in the
control samples and about 106 nuclei in the 6TG-treated
samples.

Genetic instability studies on selected sam-
ples of individuals

The following individuals at risk for environmental
and/or genetic factors were analyzed: 1) individuals from
the Seveso population exposed to TCCD; 2) psoriatic
patients exposed to photochemotherapy; 3) members of
a family with a high incidence of colonic cancer; 4) pa-
tients affected by nevoid basal cell carcinoma syndrome;
5) patients with photosensitivity.
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Individuals from the Seveso population

A sample of the Seveso population exposed to
TCDD during the accident at ICMESA plant (July
1976) [34] was re-examined after a three year interval
[353]. The analysis was performed on 21 individuals that
at the time of the first investigation showed an incidence
of more than 6% of anomalous mitoses. The Seveso
sample included 13 males and 8 females, aged 9 o 63
years; of these 17 were people exposed to the toxic
cloud (acute exposure); 2 were workers at the ICMESA
plant {chronic exposure) and 2 were normal subjects liv-
ing in the surrounding uncontaminated area (control cate-
gory). For each individual, the frequency of chromosom-
al aberrations and of SCE and UDS induced by UV irra-
diation were determined on the same blood sample.

The results of the cytogenetic analyses did not show
any significant differences between the control group and
the Seveso group for the average proportion of aberrant
cells, both including and excluding gaps, and for the
mean number of different types of anomalies per cell, at
the two culture times {Table 1). Likewise no difference
was found for SCE frequency; the mean number of SCE
per cell was 1045 + 0.30 and 10.25 + 047 in the Seve-
so and control samples respectively (p < 0.60), the
ranges being 4.19-18.81 and 3.72-19.11.

The data on repair synthesis in Go lymphocytes are
presented in Fig, 1 and in Table 2, The mean values of
UV-stimulated 3H-TdR incorporation in the presence of
hu increase with incubation time and with UV dose in

Table 1. - Average proportion (+ SE) of abnormal cells and mean number {* SE) of chromosome aberrations per

abnormal cell in 48 and 72 h cultures

Seveso sample (a) Control sample (&) P
48 h
Aberrant Including gaps 3.81 & 0.62 333 +1.39 > 0.50
cells (%) Excluding gaps 1.49 £ 0.31 0.86 £ 0.49 > 020
Type of ed gaps 2.05 £ 043 1.79 £ 091 > 050
abermation cm gaps G.21 4 0.10 .41 £ 0.30 > 0.40
cd breaks 075+ 025 0.45£0.34 > 050
cm breaks 0.40 £ Q.13 031+ 023 > 0.50
Rearrangements 0.07 £ 0.05 0.02 + 0.04 > 050
72 h
Aberrant Including gaps 327+ 041 4.04 £ 0.43 > 0.20
cells (%) Excluding gaps 1.06 + 0.21 137 £ 0.41 > 0.40
Type of cd gaps 1.66 + 0.28 242+031 > 0.50
aberrition cm gaps 031 +0.12 0.11 £0.07 >0.10
ed breaks 029 £0.12 025£0.15 > 0.50
cm breaks 0.54 £0.15 .94 £ 0.28 > 0.10
Rearragements 0.01 £ 0.01 0.01 £0.01 > 0.50

fa) 21 individuals; () 7 and 15 individuals analyzed at 48 and 72 h respectively; cd = chromatid; cm = chromosome
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Fig. 1. - Repair synthesis values in Gy lymphocytes from Seveso

individuals (@= acute exposure; ¥ = chronic exposure; 0= control

category). The range of varability (mean value *+ 95%
confidence limits) in 16 healthy donors is reponted.

the control sample., A similar trend is observed in the Se-.

veso sample, although the values show a wider distribu-
tion. The mean values of UDS in the four experimental
conditions are significantly higher in the Seveso sample
than in the control. Since the same rate of DNA synthe-
sis insensitive to hu was present in the two samples of

individuals, the observed difference in UDS might be
due to an abnormal responsiveness to UV irradiation i
subjects selected from the Seveso population. Howeve;
no relationship could be established between increaseq
Tepair activity and exposure to TCDD.

Psoriatic patients

A group of psoriatic patients exposed to 8 MOP i
combination with long-wave ultraviolet radiation
(PUVA) was analyzed [36]. PUVA therapy is considered
an cffective treatment for psoriatic skin lesions; on the
other hand experimental and clinical observations sug-
gested that PUVA photochemotherapy may have muta-
genic and mmor promoting effects,

Twenty-two patients aged 22-84 years were siudied,
Twelve of them were under therapy at the time of the in-
vestigation (PUVA patients); ten received the last treat-
ment from 1 to 19 months before the investigation (ex-
PUVA patients). The cumulative UVA dose received by
each patient varied from 272 to 3709 J/m? during a pe-
riod of 3-84 months. Twenty-two healthy donors were
analyzed in parallel,

The sensitivity to mutagens, including 8 MOP plus
UVA light, was measured in stimulated lymphocytes af-
ter treatment of Gy cells. As shown in Fig. 2 the reduc-
tion of DNA synthesis rate in cells from the patienis
was similar to that observed in cells from healthy indi-
viduals, indicating that photochemotherapy does not sig-
nificantly affect the response to DNA damaging agents.
Similarly the frequency of mutant cells (cells capable to
duplicate in medium containing 6TG), was in the
normal range. The mean value of 6TGR cells was 0.50 x
105 in five PUVA patients and 0.85 x 105 in eleven
healthy individuals.

An abnormal feature that emerged from the investiga-
tion in this group of individuals was the reduced respon-
siveness to mitogen stimulation. The DNA duplication
rate was lower both in PHA and PWM stimulated cells
of PUVA patients, as demonstrated by 3H-TdR incorpora-
tion values that were about one third of those in healthy
individuals. DNA synthesis reduction was paralleled by
a reduced proliferation kinetics; the frequency of cells
undergoing two or more divisions was lower in cultures

Table 2. - Mean values of repair synthesis (FH-TdR cpm/3 x 105 cells + SE) after irradiation with two UV doses, and

after two incubation times

UV dose Incubation Seveso Control p
time sample (a) sample (B)

12 J/m?2 2h 213.2 £23.25 1254 + 11.82 < 0,005
4h 290.0 + 35.27 1849 + 24,42 < 0.05

48 Jfm2 2h 296.5 £ 26.35 188.9 + 22.01 < 0.005
4h 392.5 £33.40 2874 £30.07 < 0.05

(2} 20 individuals; (b} 16 individuals
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Fig. 2. - DNA synthesis rate in stimulated lymphocytes after exposure of Gy cells to mutagens. Incorporation values of 3H-TdR in mutagen
expressed as percentage of the value in untreated comtrol cells (c). The range of variability (mean value + 95% confidence limits) in 22

healthy donors is reported. The symbeols refer o ex PUVA (o) and PUVA (e) patients. Each point is the mean of the values in PHA and
PWM stimulated samples.

from PUVA patients compared with cultures of healthy
subjects (40% and 60% respectively).

A remarkable finding derived from the cytogenetic
analysis: while a normal frequency of SCE (10.89 &
0.89 in the patients, 9.33 + 1.06 in the healthy donors)
was observed, the rate of chromosomal breakage was sig-
nificantly higher in patients under PUVA therapy com-
pared to healthy individuals (Table 3).

This observation suggested that photochemotherapy
may induce genetic damage, and indicates that the clasto-
genic effect should be monitored during PUVA treat-
ment,

Members of a family with high incidence of colonic
cancer

A large family with a high incidence of colonic can-
cer was investigated [37]. Six affected individuals (aged
39-56 years), seventeen relatives (35-62 years) and thir-
teen healthy donors were analyzed. Blood samples, divid-
ed in six different shipments, reached the laboratory 15-
20 h after drawing. Cytogenetic analysis demonstrated
that the frequency of mitoses with chromosome aberra-
tions was in the normal range in all the members of the
family with two exceptions: an affected individual (6.9%
of mitoses with breaks, 3.4% with rearrangements) who
Wwas under chemotherapy at the time of examination and

a healthy individual (9.10% of mitoses with breaks),
This last finding remained unexplained.

The capacity to repair UV-induced DNA damage was
evaluated by measuring UDS in G, lymphoeytes. The
values obtained with cells of the patients, their relatives
and normal donors were not significantly different. How-
ever, in this group of experiments the variability in the
response to UV mradiation among cells from normal do-
nors was greater than that usually observed. This vari-
ability is probably attributable to non homogeneous con-
ditions of blood sample storage during shipment.

The sensitivity to mutagens was investigated in the
lymphocyte subpopulations stimulated with PHA and
PWM. The exposure of Gy cells to varying doses of UV
light, mono and bifunctional alkylating agents was
found to inhibit the DINA synthesis rate to the same
extent in all the individuals analyzed.

The overall results of this study indicate that the pre-
disposition to colonic cancer in the investigated family
does not correspond to genetic instability detectable with
the assay systems used. ‘

Fatients affected by nevoid basal cell carcinoma
syndrome (NBCCS)

A small sample (four subjects) of patients affected by
NBCCS was investigated to establish whether the occur-
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Table 3. - Average proportion (£ SE) of abrormal mitoses in psoriatic patients exposed to photochemotherapy

Aberrant cells (%)

Including Excluding With
gaps gaps _ rearrangements
Healthy
controls {14) 3.07t074 141 £ 0.56 0.087 + 0.087
Patients
ex PUVA (9) 4.03 + 0.86 2.04 £ 0.59 0.23+0.15
040 >p>03 04>p>03 04>p>03
PUVA (12) 498 £ 092 2775+ 051 045 £ 0.16
02>p>01 0.05 >p> 002 0.05>p>002

Number of analyzed individuals in parenthesis.

rence of basal cell tumors observed in some patients
after radiotherapy corresponds to cellular manifestations
of genetic instability [38]. Cytogenetic analysis revealed
an increase both in the percentage of abnormal mitoses
and in the mean number of breaks per cell in NBCCS pa-
tients compared with control individuals; however the
difference was not statistically significant and too low to
be effectively used as a cellular marker of the disease,

The level of UDS in Gy lymphocytes following UV
exposure, and the DNA synthesis rate in stimulated lym-
phocytes following treatment with different DNA damag-
ing agents (EMS, MMC, CCNU, PUVA, UV) were
within the normal range. Also the tendency to mutabili-
ty, analyzed by measuring the frequency of 6TGR cells
in lymphocyte cuftures, was found similar to that ob-
served in normal individuals. These findings indicate
that the chromosomat instability and cellular UV hyper-
sensitivity described in some NBCCS patients are not
distinctive and constant NBCCS features.

Patients with photosensitivity

We report here results of investigations performed on
eight patients referred to us by pediatric or dermatologic
clinics. Five patients (XP3, XP6, XP7, XP8, XP9),
with presumptive diagnosis of xeroderma pigmentosum,
presented various degrees of cutaneous alterations in pho-
toexposed areas. Three patients (TTD1, TTD2, TTD3)
were affected by trichothiodystrophy, arare hereditary di-
sorder characterized by brittle hair, mental and physical
retardation; they showed also severe photosensitivity.

Chromosome analysis did not reveal chromosome fra-
gility or abnormatl frequency of SCE. However in lym-
phocyte cultures of the XP9 patient despite the normal
frequency of mitoses with gaps and breaks (1.3%), the
frequency of mitoses with chromosome rearrangements
(3.4%) was higher than that commonly found in healthy
individuals. Subsequent cytogenetic analyses in fibro-
blast cultures allowed the identification of four mutant
clones, each characterized by a specific translocation.
The rearranged chromosomes were n. 2, 13, 14, 15 [39].

In stimulated lymphocytes from all the patients the
sensitivity to EMS, MMC, CCNU was in the normal
range. On the contrary, hypersensitivity to UVC irradia-
tion leading to a marked reduction of the DNA duplica-
tive rate was found. After an UV dose of 7 J/m2, cells
from TTD patients showed 3H-TdR incorporation values
reduced by more than 90% of those in unirradiated cells
and similar to those observed in XP cells; in the same
experimental conditions the reduction in parent and nor-
mal subject cells was about )%,

The anatysis of UDS in Gy lymphocytes demonstrated
a defect in the repair synthesis of UV-induced damage.
As shown in Fig. 3, the parents of affected individuals
had UDS levels in the range of healthy donors; in con-
trast a 90-50% reduction of UDS was present in the pa-
tients, The residual level of UDS found in XP6, higher
than that present in the affected brother reflects a very pe-
culiar situation and has been attributed (among other pos-
sible cxplanations) to a mosaic condition for defective
and normal revertant cells [40]. _

The defect conferring UV sensitivity was demonstrat-
ed also in fibroblasts cultured in vitro from the five XP
and the three TTD cases. The genetic study was perform-
ed by complementation analysis of the UDS defect in hy-
brid cells obtained by fusion between cells from our pa-
tients and XP cells belonging to different complementa-
tion groups (c.g.). Results of these experiments indicat-
ed that XP5 and XP9 belong to ¢c.g. C, XP§ and XP7 to
c.g. A, TID1, TTD2 and TTD3 to c.g. D.

The association of XPD and TTD mutations was sub-
sequently confirmed by complementation study perform-
ed in fibroblasts from six other photosensitive TTD pa-
tients {41-43].

Besides the ascertainment of XP diagnosis in patients
with severe cutaneous lesions, a particularly relevant re-
sult of this study was the finding of impairment to re-
pair the UV-induced damage in patients with clinical di-
agnosis of TTD. Although they show photosensitivity
causing sunburn after very short exposure to sunlight,
they have not so far developed tumors or precancerous
skin lesions typical of XPD individuals. Thus, detection
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of XPD mutation in these patients hag a great impor-
tance for mmor prevention and therapy, and offers new
insight for elucidating the correlation between DNA re-
pair impairment and tumor proneness.

Concluding remarks

Cytogenetic analygis is the most extensively em-
ployed method (o assess a genotoxic effect in mutagen
exposed persons and to reveal genetic instability in sub-
jects carrying cancer predisposing genes.

Chromosome damage is certainly a significant end-
point in the monitoring of genetic risk while the under-
lying causes and the relationships of both chromosome
breakage and SCE with DNA repair defects and mutabili-
ty are not defined.

As to the relation between chromosome rearrange-
ments and neoplastic transformation, the study of prefer-
ential localization of chromosome lesions in subjects at
risk and the contribution of fragile sites to non-random
distribution of chromosome lesions may be of great
interest.

UDS analyzed in mutagen challenged G, lymphocytes
18 a sensitive indicator of repair capacity. Patients
carrying XP mutations of any complementation group
are easily. identified since UV-irradiated cells show at
least 50% reduction of UDS value compared with cells
from the parents and normal control individuals. How-
ever in healthy subjects interindividual variability can be

g7

found, also when blood samples are analyzed in paraliel
under standardized experimental conditions. At present
the physiologic, pathologic and/or genetic factors that
presumably influence this variability, are not known.
More studies on more "healthy™ donors as well as on re-
peated blood samples from the same donor are necessary
to identify the UDS variability which may be generated
by genetic instability.

Although the same limitations hold true in the evalua-
tion of mutagen sensitivity by the measurement of the
DNA duplication rate in stimulated Iymphocytes, this
assay appears particularly useful in a preliminary screen-
ing. In fact the test, being performed on a relatively low
amount of cells, can be applied for analyzing in parallel
mutagens which induce DNA lesions restored by differ-
ent repair mechanisms. Furthermore this method allows
the detection of mutagen hypersensitivity not necessari-
ly related to reduced UDS activity. This is the case of
Cockayne syndrome in which hypersensitivity to UV
light is accompanied by normal UDS level.

It is worth noticing that in the XP patients studied by
us a corrclation was always found between UDS in Gy
cells and DNA duplicative synthesis in stimulated lym-
phocytes after UV exposure of Gy cells.

According {0 our experience the use of stimulated
cells gives more reproducible results in comparison with
UDS analysis in Gy cells particularly when blood sam-
ples cannot be processed immediately after drawing.

The mutagenicity test, the most direct method to eval-
uate genetic instability and its interaction with environ-
mental genotoxic agents, is not yet extensively used; fur-
thermore the available literature data are often conflict-
ing mainly because experimental conditions to eliminate
phenocopies have still to be worked out.

Results obtained in our laboratory on the frequency of
6TG resistant cells in small samples of individuals did
not allow us to draw any conclusion owing lack of posi-
tive control subjects. 1t is necessary to establish more ef-
ficient methods for detecting and enumerating mutant
lymphocytes, possibly extending the analysis to a panel
of genetic markers.

Ideally all the discussed tests (cytogenetic analysis,
sensitivity to mutagens, unscheduled DNA synthesis,
mutability) should be included in the experimental proto-
col on the same blood sample for the identification of at
risk subjects. The obtained information should be uii-
lized not only to predict individual susceptibility to
genotoxic damage but also to increase our knowledge on
human genomic stability.
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