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Introduction

Our laboratory hnr. long hsd a kaen interest in DNA repair systems and
their interactions with damage induced in DNA. The so-called "late
biological effects", like cancel- and genetic consequences and cytotoxic
effects (c-';ll killing, at higher doses'', v~r« once thought to he an
inevitable consequence of a given lev;1] of exposure, whether to background
radiation, to chemicals in our biosphere: or from spontaneous damage -- the
"wear and tear" of living. The measurement of exposure, which results in
living organisms in the formation of a related amount of DNA damage, became
a surrogate for the end-effects that constitute risk. This may not be
entirely appropriate. The concept of "rqu.il cxposui e -- equal risk"
assumes a homogeneous response of individuals. However, there are sub-
groups within the human population of persons whose cultured cells exhibit
abnormal sensitivity i;o specific carcinogenic agents and who may be at
increased risk of cancer induced by these or similar agents. Modern
molecular biology has shown that the majority of the damage in DNA :Ts
repaired by enzymatic DNA repair processes that restitute or ameliorate the
lesions and restore normal DNA structure and function. In this view, it is
not the initial damage that is of consequence but rather the residual
da.iiage left after the repair processes have acted. Since the vast majority
of thf. initial DNA damage undergoes repair normally. Variation in the
efficiency of these processes in different persons may affect the actual
risk of exposure. The human side of the cancer causation formula, that is,
the efficacy of DNA lesion restitution, is therefore a factor of
considerable importance.

To uiidei'M'-arul how these human DNA repair processes function, our
laboratories at Chalk River have studied "mutant" human cell strains in
tissue cul'.ure. Generally, these DNA repair-defective cell strains are
derived from individual donors with heritable disorders that are associated
with ~arc:riog,pn-hypersensitivity :r-d cancer-proneness. Such studies,
together with re la tea epid^.rLological research, have highlighted the
ivnpo •• tr.nco of this m-w "huiian" factor in catcinogenesis.

Thr,. mere ire two components to be considered in cancer causation:
exposure and susceptibility. Tht- exposure side of the equation, with which
••10. arc- already f.-:miliar, is represented by our surroundings and the life-
style factors that may ultimately be responsible for 80-90% of cancer
indue .'ior.. P.'ir.. super imposed on the exposure component may be a
s.'.gni Cir.-iiit. i:YUt fi.on; gcno.ti.;-. susceptibility factors. It is this

^ablf1 vn H af* on that we are now acquiring the tools to evaluate.
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It is important that we do so. The consequences of this variation may
be appreciable. Health protection now is predicated on the assumptions
that "all people are created equal" and that controlling exposure provides
uniform regulation of risk generally. If a significant proportion of the
population-at-large should be found to have a different risk, that risk may
have to be considered separately. Some possibilities for action are: to
vary individual allowable exposure limits so that everyone is at the same
risk (that is, to protect everybody to the same extent); to base protection
on the response of the most sensitive persons in a population; and to
minimize the potential exposure of those who may be more susceptible.
Certainly novel and more informed strategies for human health protection
would become possible.

For a "sub-group of susceptible persons" to have an impact on radiation
protection, the following conditions must be obtained: (1) there must be
evidence that there are heritable conditions associated with cancer
proneness; (2) there needs to be an appreciable fraction of persons in the
population-at-large who are at disproportionate risk; (3) there must be
some means of identifying such persons; and (4) the method of
identification must be validated for its sensitivity and selectivity in
detecting cancer-prone phenotypes. The last two conditions cover our
current activities at Chalk River. The application of our assay -- based
on abnormal cytotoxic response of cultured cells to a carcinogen - - to a
large number of ostensibly normal persons is intended to provide an
estimate of the proportion of people who exhibit an abnormal response.
There already exists information on the first question.

Heritable cancer-prone conditions illustrative of an association with
abnormal carcinogen sensitivity

The role of genetic/environmental interaction (ecogenetics) in cancer
causation has been reviewed by Mulvihill^ • *•' . Clinical epidemiologists
now recognize over 200 single gene traits that have neoplasia either as a
feature or as a complication, and sixteen are considered to "clearly
represent inborn susceptibility to environmental carcinogens"'^'. Two of
these disorders will be discussed here, ataxia-telangiectasia and xeroderma
pigmentosum.

The sunlight-sensitivity disorder xeroderma pigmentosum (XP) was the
first syndrome associated with carcinogen hypersensitivity to be studied in
detail. XP is relatively rare (1-4 reported cases of this autosomal
recessive disorder per million live-births). Afflicted persons exhibit
marked epidermal photosensitivity, degenerative and progeroid skin changes,
and a greatly increased incidence of skin tumors -- up to several thousand-
fold above the population average in the more severely affected patients.
A considerable range of cellular susceptibility to the cytotoxic effects of
254nm ultraviolet-light (UV) exists in cell lines derived from XP patients,
reflecting the large number of different genetic forms (or "complementation
groups") of this disorder. The more severely affected persons, whose cells
may require as little as one-tenth of the UV fluence that normal cells do
to achieve a given cytotoxic effect, also suffer neurological
complications. A clear correlation is seen between the degree of UV-



hypersensitivity of cultured cells in vitro and the extent to which
affected donors are at increased risk of skin neoplasms.

Ataxia-telangiectasia (A-T), another autosomal recessive disorder, is
associated with abnormal sensitivity to ionizing radiation. A-T occurs 3-
11 times per 10° live-births '4', and is associated with an unusually high
incidence of cancer, especially lymphomas and lymphocytic leukemias* ;̂ for
all cancers, the excess risk below age 20 is 60-180 fold.'0'

Standard radiotherapeutic tumor management protocols, applied to A-T
patients wich cancer, have resulted in pronounced necrosis of normal
tissues in the field of exposure''•• and even fatality.

Cultured dermal fibrobla.sts derived from skin biopsies of A-T patients
are 2^-3 times more sensitive to killing by ionizing radiation (at high
dose rate, which allows only minimal time for repair) than strains derived
from clinically normal people. All A-T strains show very similar gamma-
survival responses, in contrast to the substantial variation among XP
patients. This is seen even though at least five different A-T
complementation groups are known, and there may be as many as nine^"'. The
abnormal radiosensitivity is attributed to diminished ability of such cells
to accomplish effective repair of certain classes of DNA lesions. In DNA
repair-deficient cells, a higher proportion of unrepaired or misrepaired
DNA lesions may remain after the DNA repair processes have run their
course, compared to normal cells. The end-effects of ionizing radiation
exposure are related to this level of residual damage^ '. The net effect
may be as if the A-T cells had received a higher initial exposure than the
cells from the non-A-T donors.

The types of tumors seen in A-T patients do differ from those expected
to arise as a consequence of ionizing radiation exposure. This may reflect
a different spectrum of residual damage in A-T patients.

Most XP strains exhibit a clear DNA repair deficiency: they are unable
to carry out the initial step in excision repair^ '. Other abnormalities
in DNA metabolism and DNA repair response are also apparent in various XP
and A-'i strains (see ref.10 for a short summary).

The hypothesis that emerges from the study of these genetic syndromes is
that defective removal of DNA lesions increases the probability that a
lesion formed in DNA will culminate in neoplastic transformation. The
problem is how to assess this process. An actual DNA repair assay per se
lacks the sensitivity to detect 'susceptible" phenotypes since many lesions
are present in low measure. At the present time, we believe that abnormal
cellular sensitivity to killing is the best approach to screening for
persons who may be at excess risk. Any lesion that is repaired less well
in a particular strain than in comparison "normal" cell strains will likely
make an increased relative contribution to killing.



An appreciable proportion of people may be at excess risk

Most of the overall risk attributable to the presence in humans of
defective alleles of genes such as those involved in XP or A-T is not due
to homozygotes, who are relatively rare. Rather, it resides in their
cancer-predisposing effect when present in single dosage in the much more
numerous heterozygotes (carriers). For A-T, for example, it has been
estimated that 0.68% to 7.7% (most probable value, 2.8%) of the U.S. white
population are carriers of an A-T allele' '. An excess risk of fatal
neoplasia is associated with heterozygosity. In a study based on 27 A-T
kinships, blood relatives were observed to have a significant excess of
cancer deaths^i±>lz' . Subsequently, a "remarkable excess of cancer deaths"
was observed directly in obligate A-T heterozygotes^-''.

A more recent study with 128 newly-identified A-T families uses spousal
controls. For all cancers, the risk for an A-T heterozygote appears to be
about twice that of intrafamilial controls' '. For the 110 non-Amish
white families in this study(^), the retrospective cancer incidence rates
indicate that the relative risk of cancer for A-T heterozygotes is 2.3 for
males (p=0.014) and 3.1 for females (p=0.004). The particular cancer most
clearly associated with A-T heterozygosity' ' is female breast cancer
(heterozygote relative risk =6.8; p=0.006). It follows that >99% of the
excess cancer risk associated with A-T alleles is found in carriers. This
value can be arrived at in a number of ways. One way to derive this
estimate follows: if the incidence of A-T patients in the general
population is 1 in 100,000, then even if all of them died from cancer, A-T
homozygotes could be responsible for only 1 in every 20,000-25,000 fatal
neoplasms (assuming that 20-25% of the population dies from cancer). In
contrast, A-T heterozygotes with a relative risk of 2.7 (mean of values for
males and females, ref.17) and a probable frequency in the population-at-
large of 2.8%^), may be responsible for some 8%, or 1 in 12, of all cancer
deaths. Cancer deaths in A-T heterozygotes also occur earlier: the
relative risk for early-appearing fatal neoplasia (<age 45) was even
greater than for lifetime risk'*•*•'.

Whether environmental ionizing radiation exposure or ionizing radiation-
like DNA damage is responsible^™) fOr the high frequency of neoplasia
associated with A-T is not known. In individuals with XP, the cancer
proneness extends also to internal cancers' '; this presumably reflects a
response to UV-like DNA damage. A skin cancer-predisposing effect of
possession of a single mutant allele has been shown for XP'-*-̂ '.

The most probable value for the frequency of A-T heterozygotes is
2.8%( '. Other monogenic transmissible disorders and certain familial
conditions that associate cancer proneness in vivo with abnormal
radioresponse rn vitro exist (see summary in ref.8, p.59). Cell strains
from a significant proportion of patients with auto-immune disease
(systemic lupus erythematosus, polymyositis and rheumatoid arthritis) also
exhibit abnormal radiation sensitivity^l). For most such conditions the
population frequency and relative risk are simply not known. The majority
of persons in the population-at-large who carry an allele related to
abnormal carcinogen responsivity and who may therefore be at increased risk
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of cancer induced by such agents effectively remain hidden, are ostensibly
normal, and present no clinical feature to aid in their detection.

An indication of cause for concern

The extent to which genetic predisposition contributes to cancer risk
(whether alone or in combination with environmental factors) is uncertain.
A major impact on cancer causation is indicated however. In a study
involving nearly 2000 consecutively-ascertained cancer probands^^', 6%
were found to be compatible with hereditary cancer, and another 18% showed
evidence of familial clustering. Instead of examining just syndromes

Table I:

STRAIN

"NORMAL"

GM38
GM43
GM321

GM323
GM408
GM409
GM726
GM730
GM967
GM969
GM2270
GM3529

GM3652
CRL112O
1O66T
1283T
13871
1461T
1494T
1538T

Post- -Ray
Fibroblast

Age

Survival Analysis of Twenty "Control"
Strains from Clinically

DONOR
Se>

[20 strains;

9
32
40
11
5
7
26
45
51
2
19
66
24
83
^2
17
66
43
?

6

F
F
F
M
F
M
F
F
M
F
M
M
M
M
F
F
M
M
F
M

c Race

59 experiments]

Bl
Bl
Wh
Wh
Wh
Wh
Or
Wh
Wh
Wh
Wh
Bl
Wh
Wh
Wh
Wh
Wh
Wh
Bl
Wh

3.75

3.88
4.29

4.30
4.13
3.99
3.98
3.04
4.04
2.35
3.79

2.97
3.79
3.59

.3.42
4.22
3.74
3.67
4.01

4.16
3.75

Normal

DIQ+SE

±0.11

± 0.12

± 0.25
± 0.18

± 0. 19
± 0.30
± 0.33
+ 0.47
± 0.17
± 0.21
± 0.17
+ 0.03
± 0.23
+ 0.20

+ 0.10
±0.17
± 0.33
+ 0.07
± 0.49
+ 0.21
+ 0.25

Donors'

i

(12)
(3)
(2)

(2)

(6)
(4)
(3)

(3)
(4)
(2)
(3)

(2)

(4)

Cultured
a)

P (c)

0.80
0.29
0.28
0.45
0.63
0.65
0.17
0.57
0.01

0.93
0.13
0.94
0.76

0.51
0.35
0.99
0.87
0.61

0.42
0.99

(a)

(b)

(c)

This work was supported in part by U.S. NCI Contract No. NO1-CP-
21029 (Basic), on "In vitro radiosensitivity and DNA repair in
genetic syndromes and families at high risk of malignancy": M.C.
Paterson, Principal Investigator; N.E. Gentner, Project Manager.

The figure in brackets after the D^Q+SE values represents the
number of independent gamma-survival analyses that were performed.

Probability value, comparing thn strain tested to the composite
normal value by the two-tail t test^ '.
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associated with increased propensity to develop neoplasms, we need to study
a larger number of "control" strains from clinically normal persons, in
order to better understand the range and extent of variability that may
exist.

One such series is depicted in Table I. D^Q values for ionizing
radiation exposure, obtained from a total of 59 colony-forming ability
assays on 20 different cultured fibroblast strains from clinically normal
donors, are presented. One strain, GM967, is significantly radiosensitive.
Two others, GM726 and GM2270, also appear to be somewhat more
radiosensitive than the remaining 17. An even greater proportion of "more
radiosensitive" persons was found in a recent study(^) : four out of eight
"apparently normal" human fibroblast strains (Table II) showed appreciable
hypersensitivity to ionizing radiation.

Table II: X-ray Sensitivity of eight "apparently normal" human
fibroblast strains(a)

CELL STRAIN^) X-RAY SURVIVAL

AG1522 4.29 + 0.20
AG1519 4.00
GMO73O 4.90; 5.70
GM1652 3.55
GM3377 2.23 + 0.23
F-196 2.13 + 0.22
F-89 2.20
F-187 2.50; 2.60

(a) Data compiled from Ref.24.

(b) The first five strains were unblinded normal controls. The
remaining three strains were "normals" included in a blind A-T
family series; two of these have relatives with lysosomal storage
disease (LSD), and may be LSD heterozygotes.

Chronic exposure may offer improved resolution

The acute exposure regime employed in the preceding studies may not be
the optimum way to detect moderately radiosensitive phenotypes. A more
marked difference between normal and A-T cultured dermal fibroblast lines
has been reported if the dose-rate of ionizing radiation exposure is
protracted. A considerable sparing effect was observed in normal strains
but not in A-T strains^"), it was predicted that such chronic exposures
might "...resolve differences in radiosensitivity that are masked in the
response of cells to acute doses". We exploited this chronic exposure
technique to demonstrate a radiosensitive response in A-T heterozygote



fibroblast strains compared to normal strains^"-1. (On acute exposure, none
of these could be resolved from normal control strains.) The "sparing
effect" of our chrcnic exposure regime is 2-24, taken as equivalent to the
ratio of DJQ, chronir; to D^Q, acute'^"'. This protection by dose
protraction is deemed to indicate repair competence: at lower dose-rates
cells may be able to repair at least a portion of the damage as it is being
delivered. Less protection by dose protraction is observed in cultured
cell lines obtained from persons with heritable disorders associated with
abnormal radioresponse <• •̂  '.

Abnormal carcinogen response and susceptibility to induced cancer

Central to our approach, therefore, is the hypothesis that "Patients
with DNA repair deficiencies are more susceptible to carcinogens and more
likely to develop cancer"^"'. If competent repair protects against
carcinogens, then incompetent repair may place the individual at greater
risk of neoplasia.

The U.S. National Academy of Sciences Committee on the Biological
Effects of Ionizing Radiations has noted the "....increasing recognition
that there are human genotypes that confer both increased susceptibility or
resistance to DNA damage and increased cancer risk after exposure to
carcinogenic agents, including ionizing radiation"'^''. The United Nations
Scientific Committee on the Effects of Atomic Radiation recognizes that
"....there may be a non-trivial fraction of the human population which is
prone to develop cancer and, as a consequence, may be much more sensitive
to radiation and other carcinogenic agents than others"^"'.

We expect that persons who may be prone to radiogenic cancer would be
found within a cohort exhibiting abnormal sensitivity to the cytotoxic
effect of ionizing radiation exposure.

Identification of persons exhibiting abnormal sensitivity to ionizing
radiation

Significant radiosensitivity has been demonstrated in primary
fibroblast'"'"' ami in lymphobl.ast.oid cell lines'^1- > •'•'•' established from
A-T heterozygotes. The methods used -- continued colony-forming ability or
the ability to exclude, the vital dye trypan blue -- are tedious and time-
consuming. To screen a large number of persons, a less expensive and more
rapid method is necessary. While more rapid tests have been developed for
ataxia-tr langtectasia patients'-^ >H) , these rely on specific attributes of
A-T (fhi'.t may not be manifested in other conditions associated with
abnormal radicsensi tivity) and fail to detect A-T heterozygotes^^'.

Our assay us.̂ s lymphoblastoid cells derived from individual donors. The
f.nter-individual variations in radioresponse it detects appear to be due to
abnormalities in DNA repair capability. The method employs defined
conditions of cell culture and irradiation, and a Coulter counter tally of
inta't cells. The amount of cell killing is assessed by the rate at which
"grow-back" occurs in the treated cell population: the greater the repair
capability, the greater the proportion of surviving cells and the faster
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the rate of "grow-back" in the irradiated population. To correct for
effects of growth rate, an untreated control is run at the same time. A
"grow-back ratio" (GBR) defines a strain's radioresponse. In Fig.l, the
GBR's for six strains from clinically normal donors, five strains from A-T
patients, two strains from A-T heterozygotes, and one additional normal
strain, GM1310A, are plotted. A-T strains are clearly distinct from normal
strains. The two A-T heterozygous strains are intermediate. One strain of
the six "normals", GM1954, may be somewhat more radiosensitive than the
others. GM1310A, with a similar response, is a lymphoblastoid cell line
derived from the donor whose fibroblast line, GM967, was sensitive in the
colony-forming ability assay (Table I). Both exhibit about the level of
radiosensitivity seen in A-T heterozygous strains (Fig.l).

Evidence that our screening assay reflects a DNA repair response is seen
in Fig.2, where the dose-response curves for acute and chronic ionizing
radiation exposure are compared. A dose protraction protection factor of
about two is evident. Little or no protection is seen in A-T heterozygous
or homozygous strains (data not shown). Our screening assay also reflects
the expected greater relative biological effectiveness of high-LET
radiation (Fig.2).

In a larger survey (41 strains derived from ostensibly normal persons,
Fig.3), seven seemed substantially radiosensitive, and another six
moderately radiosensitive compared to the upper band of radioresponse at
GBR = 0.5-0.7. The proportion of persons in the population-at-large who
exhibit increased sensitivity to the cytotoxic effects of ionizing
radiation exposure thus may be significant.

A histogram of the distribution of radioresponse is shown in Fig.4. A
very large number of strains from ostensibly normal persons is presently
being screened blindly. These samples are coded by a representative of the
Atomic Energy Control Board. Included among them are: every normal
lymphoblastoid strain available from the Human Genetic Mutant Cell
Repository, the Institute for Medical Research, Camden, NJ; over 200
strains developed at Chalk River from normal donors; strains derived from
donors of known radiosensitivity, primarily from patients with
(homozygotes) or carriers of (heterozygotes) the genetic condition ataxia-
telangiectasia; other lines representing a wide range of genetic disorders
whose pleiotropic effects include increased probability of neoplasia and
abnormal cellular response to other carcinogens (these disorders include
Xeroderma pigmentosum, Fanconi anemia, and Bloom syndrome). This study
should give a reasonably definitive idea of the extent of natural variation
in radiosensitivity, and possibly of susceptibility to radiogenic cancers.

Screening for abnormal responsivity to other carcinogens

We have adapted our assay for screening for inter-individual variations
in response to other carcinogenic agents as well, including ultraviolet
light, 4-nitroquinoline 1-oxide, and mitomycin C (MMC), an anti-neoplastic
agent for which interstrand cross-links induced in DNA may be responsible
for a major portion of its cytotoxic effects.



A histogram showing the distribution of relative MMC-sensitivity for 31
"normal" lymphoblastoid strains is shown in Fig.5. The response of strains
from donors with various disorders associated with known increased
sensitivity to MMC-killing is indicated. An appreciable proportion of the
normal donors exhibits similar MMC hypersensitivety.

In individual strains that have been tested for I'esponse to both gamma -
irradiation and MMC, all four possible coiiibinaCions have been seen: normal
to both agents, sensitive, to gamma-irradiation but not to MMC, sensitive to
MMC but nor to gamma-irradiation, and sensitive to both. Largely different
DNA repair pathways may be involved.

MMC forms a potent carcinogen when It is reductively bio-activated in
'*'* Thus, an abnormal responsivj.ty to MMC can potentially arise

because of alterations in bio-reductive capacity as well as in DNA repair.

Can we associate an abnormal carcinogen response with increased cancer
risk?

We also expect to investigate the extent and range of variation of
radiosensitivity in a population of cancer patients. The object here is to
determine whether we can demonstrate a risk factor for an abnormal
radioresponse.

We place special emphasis in this study on those patients in whom cancer
appears early. This affords the greatest likelihood of achieving a
significant relationship between abnormal carcinogen response and increased
cancer risk. A cardinal feature of familial cancer is early age at
onset' -' . The same is evident of excess cancers in A-T carriers^^^. We
expect that susceptible phenotypes of the sort we seek to define will fall
into this class.

Occupational, environmental and radiation health protection

Our demonstration that .substantial variation in carcinogen response may
occur in a significant proportion of persons suggests that differences in
susceptibility to induced cancer may well become a factor to consider and
evaluate in strategies aimed at improving occupational, environmental and
radiation health protection.

Application to improved treatment of cancer: testing cancer patient
radiorespo nse

A societal Lenefit that may follow from this is the development of
"tailor-made" cancer treatment protocols that take an individual's own
sensitivity into account.

A particular radioresponse may be intimately related to the efficacy of
radio!herapeutic cure. If substantial variation in radioresponse exists in
cancer patients, it would seem that tuinors in either the "normal" or the
;nore sensitive- cancer patient group are not being treated optimally. If
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their separate identity could be established it might be possible to adjust
treatment rigour accordingly.
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Figure 1: Grow-back ratios obtained by the "grow-back assay" on cultured
lymphoblastoid cell lines exposed to 4 Gy of ®^Co gamma-rays
delivered chronically. The strains were from clinically
normal persons, A-T patients and A-T carriers (indicated).
GH1310A is from the same donor as the radiosensitive
fibroblast line, GM967 (Table I).
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Figure 2: GBR's vs. dose for chronic and acute exposure of normal
lymphoblastoid cells to low-LET ionizing radiation ("Co
gamma-rays) and for acute exposure to high-LET (14 MeV
neutrons) ionizing radiation. ^Chronic gamma-irradiation dose-
rate =• 0.0033 Gy min"1; acute
: l G y
Note that both the ordinate and abscissa axes here are linear.

_, , °^Co gamma-irradiation dose-rate
in" •*•; acute 14 MeV neutron dose-rate - 1.5 Gy min"*.
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Figure 3: Screening test: grow-back ratios (4 Gy, chronic gamma-
irradiation) for 41 "normal" lymphoblastoid cell lines derived
from clinically normal donors. Seventeen of these strains
were purchased from a cell repository; the criterion for
normalcy was the clinical status of the donor at the time of
venipuncture. Twenty-four strains were developed in our
laboratory from a group of randomly-presented normal donors.
(No differences seem apparent between the two groups in
distribution of abnormal radioresponse.)
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Figure 4: Histogram of the GBR distribution in "normal" strains.
Exposure conditions were 4 Gy delivered chronically.
Histogram interval = 0.05. Many of the strains from Fig. 3
are included. The range of GBR obtained for A-T patients and
for A-T heterozygote radioresponses to date is indicated.
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Figure 5: Histogram of the MMC-screening response parameters of 31
cultured lymphoblastoid cell lines, from ostensibly normal
persons. The downward-pointing arrows indicate the values of
the MMC-screening response parameter for "validator"
lymphoblastoid strains in which significant MMC-
hypersensitivity has been demonstrated by other methods: a
Fanconi anemia patient; a Bloom syndrome patient; an A-T
patient; and a Roberts syndrome patient* '. The
concentration of MMC used was 30 ng ml" .
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Discussion

Emelie Lamothe:

The screening procedure has the "good" potential of improving cancer
treatment and increasing worker protection. On the other side, is there
not the possibility of discrimination against a prospective employee
because of his assay results?

Norm Centner:

We would hope not. Firstly, sufficient resolution may not be attained
to be able to ascribe a specific risk factor to a particular individual.
We may be able only to define the average probability of risk. Attempts at
discrimination would likely be resisted by employee groups. But if
substantial lessening of overall risk as well as individual risk could
result, I think unions would want to become partners in improving
occupational health protection. The first applications are likely to
improve our knowledge of how risk is distributed. Any specific attempts to
utilize this information has to result in overall benefit to society as a
whole. Considerable precedence exists for decisions that advance the
common good, albeit at some inconvenience to particular persons.

If tests were performed, I think that an employee should be informed of
the results and what they may mean, and advised not to take a job where
significant opportunity for exposure exists.

J. Cornett:

How many different repair pathways exist? Is it necessary to do an
assay on each potential carcinogen or only on "classes" of repair pathways?

Norm Gentner:

There are three basic systems that repair, tolerate, or otherwise
circumvent injury to DNA: direct reversal, excision repair, and
recombinational repair (see ref. 10 for an outline of their main features).
The various types of damage induced by a given carcinogen may require the
intervention of more than one of these processes. It follows then that a
defect in a given step of a particular DNA repair process may have
consequences on the cell's response to several carcinogens.

The excision repair process appears to process the vast majority of DNA
lesions. This versatility is based on a battery of specific damage-
recognition enzymes. Reccmbinational repair may usually handle a smaller
number of lesions, but they tend to be more critical ones.

Relating an abnormal response to a particular repair pathway, or a
specific type of damage, or a particular carcinogen would be a formidable
task indeed. It would also seem to be unnecessary. A screening process
capable of detecting possible individual susceptibility to a large number
of agents can be accomplished by selecting certain model carcinogens that
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give rise to the major critical sorts of damage to DNA. We usually employ
four: ionizing radiation, mitomycin C, ultraviolet light (254 run), and an
alkylating agent, methylnitrosourea. They represent a good balance between
casting a wide net and trying to test everybody for everything.

Bruno Schiefer:

Has this method been tried on experimental animals? Certain strains are
more prone to cancer development than others. If the method was employed,
one could predict/preselect the strain.

Norm Gentner:

No, but it certainly could be. The method would work just as well as in
cells derived from human beings. The human situation will continue to
receive our main emphasis. But I believe that different mouse strains, for
example, exhibit significant differences in radiosensitivity. It would be
interesting to relate this to cancers in these lines. Our test might prove
useful in efforts to develop new cancer-prone animal lines!

Unidentified questioner:

1. Have you shown that the disorder is due to a repair defect?

2. Are there any differences due to age or sex?

3. Has it been tested in experimental animals?

4. How many different pathways are there? Do we have to look at all of
them?

Norm Gentner:

1. I am presuming that by "disorder" you refer to a general finding of
abnormal carcinogen response in a person. The answer is no. Even in the
known human cancer-prone disorders, it has not been possible to demonstrate
a specific repair defect. The sensitivity and resolution of our assays for
DNA lesions simply do not suffice for such a demonstration. The
operational rule is that a diminished ability to recover from or survive
carcinogen exposure is due to deficient removal or amelioration of DNA
damage. A vast literature is consistent with this. The protection by dose
protraction, the higher RBE for densely ionizing radiation, and the
radiation hypersensitivity in A-T homozygous and heterozygous strains, all
agree with what we know about damage and repair.

2. We are mainly measuring the effect of an inherent deficiency in handling
certain DNA damage. I do not expect our response to vary with age in an
individual. Nor would I expect any significant variation with sex.
However, there could be a sex difference in the risk factor that relates to
a particular level of abnormal carcinogen responsivity. For example, for
radiogenic cancers, women are at some lh-fold risk compared to men; this
is almost entirely attributable to breast cancer.
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The other queries have been addressed in response to an earlier
question.

Penny Chan:

What is the technique measuring? Fibroblast cytotoxicity? Abnormality
in DNA-repair?

Norm Gentner:

The technique in essence is measuring the cytotoxic consequences o£
exposure. The rate at which grow-back occurs in the treated versus the
untreated population gives an indication of what proportion of the former
can grow and divide following carcinogen exposure. It is akin to
conventional assays of reproductive survival (colony-forming ability). To
survive, they have to effectively carry out DNA repair.

The cell lines used are immortalized lymphoblastoid cell lines, rather
than fibroblasts.

C. Barnes:

Is there any difference in numbers between male and females of these
abnormally susceptible groups?

Norm Gentner:

Too few have been assayed to tell yet. The blind study should answer
this. We don't think there will be any difference in the proportion of
persons in these two groups. The analyses of 200+ coded strains should
provide direct evidence on this. I would repeat what I noted earlier: a
certain level of abnormal response, depending on the cell-type/tissue at
risk, may well lead to apparent sex differences with respect to the
consequent risk.


