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Summary We previously found that 40% of breast cancer patients showed enhanced sensitivity to X-ray induced chromosome damage in G,
lymphocytes and suggested that this might indicate a low penetrance predisposition to breast cancer, for which there is good epidemiological
evidence. We have now tested the hypothesis that elevated G, radiosensitivity is a marker of such predisposition to other common cancers.
We tested patients with colorectal cancer, for which there is also good epidemiological evidence of inherited risk in a substantial proportion of
cases, and patients with cancers having a strong environmental aetiology (lung and cervix). We also repeated our study of breast cancer
cases and tested patients with chronic diseases other than cancer. The results support our hypothesis, in that 30% (12/37) of colorectal cases
showed enhanced sensitivity compared with 9% (6/66) of normal healthy controls (P = 0.01), whereas the proportions of sensitive cervix
(11%, 3/27, P = 0.72) and lung cancer cases (23%, 8/35, P = 0.07) were not significantly above normals. We confirmed the enhanced
sensitivity of 40% (12/31, P = 0.001) of breast cancer patients and found that patients with non-malignant disease had a normal response in
the assay (12%, 4/34, P = 0.73). We suggest that enhanced G, chromosomal radiosensitivity is a consequence of inherited defects in the
ability of cells to process DNA damage from endogenous or exogenous sources, of a type that is mimicked by ionizing radiation, and that such
defects predispose to breast and colorectal cancer. © 2001 Cancer Research Campaign http://www.bjcancer.com
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We have shown that approximately 40% of breast cancer patientere, we tested patients with chronic diseases other than cancer, to
have an enhanced sensitivity to the chromosome-damaging effeatetermine whether or not the enhanced lymphocyte sensitivity of
of ionizing radiation, compared with 5-10% of normal healthybreast cancer cases could simply be a consequence of their iliness.
controls, when their lymphocytes are irradiated in vitro in the G Also, we tested patients with colorectal cancer, for which there is
phase of the cell cycle (Scott et al, 1994, 1999). This elevategood evidence of low penetrance predisposition (Cannon-Albright
radiosensitivity has now been confirmed in 3 independent studiest al, 1988; Lichtenstein et al, 2000) in addition to the high cancer
(Parshad et al, 1996; Patel et al, 1997; Terzoudi et al, 2000). Sindek associated with rare mutations in tA@C and mismatch
G, radiosensitivity is a feature of many inherited cancer-proneepair genes (Farrington and Dunlop, 1996). As a further test of the
conditions such as ataxia-telangiectasia, Li-Fraumeni syndromgpecificity of G sensitivity for inherited predisposition, we inves-
and hereditary retinoblastoma (reviewed in Scott et al, 1999), wigated the response of patients with cancers for which there is
proposed that Gsensitive breast cancer cases had an inheritedvidence of a strong environmental aetiology; namely cervical
predisposition to cancer, mediated through low penetrance genasncer, linked to infection with the human papilloma virus (Munoz
in contrast to the highly expressed ge®B#3CAl BRCA2and and Bosch, 1992) and lung cancer, strongly associated with
TP53 which confer a strong family history and account for lesstobacco smoking (reviewed by Levi, 1999).
than 5% of all cases (Goldgar et al, 1996; Ford et al, 1998). There
is good epidemiological evidence for the existence of low pene-
trance predisposition in a substantial proportion of patients (TealMATERIALS AND METHODS
et al, 1994; Lichtenstein et al, 2000; Peto and Mack, 2000).

We have used several approaches to test the hypothesis, that[Gonors
chromosomal radiosensitivity is a marker for low penetrance

redisposition to breast and other common cancers. One appro . e
P P PP enign (non-cancerous) chronic diseases (34), a group of breast

was to investigate the Gesponse of blood relatives of breast tients (31) t th . d
cancer patients, from which we found good evidence of heri®@NCer patients (31) to compare with our previous cases, an

tability of radiosensitivity attributable to the Mendelian segregaJoaltlents with cervix (27) colorectal (37) or lung (35) cancer.

tion of one or two genes in each family (Roberts et al, 1999; Scott Further details of the participants are given in Table 1. The

et al, 2000). In parallel with these family studies, and reporte@ormal donors comprised staff from this Institute or members of
' ' the general public. The patients with benign disease had either

diabetes mellitus or chronic lung disease that was not malignant

have tested normal healthy contrais=(66), patients with

Received 10 October 2000 (e.g. chronic obstructive airways disease, cryptogenic fibrosing
Revised 12 December 2000 alveolitis, bronchiectasis) Those with cancer were patients from
Accepted 19 December 2000 the Christie Hospital NHS Trust and were tested before they
Correspondence to: CM Watt. E-mail: cwest@picr.man.ac.uk received radio- or chemotherapy.
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Table 1 Characteristics of participants and culture success rate

Group Number of successful cases Male/female Mean age * SD (range) Total number of samples Success rate (%)
Normals 662 22/44 38 + 11 (20-61) 150 75
Benign disease 34 18/16 60 + 15 (21-81) 57 60
Breast 31 31 56 +9 (36-79) 40 78
Cervix 27 27 59 + 16 (33-83) 34 80
Colorectal 37 22/15 63 + 11 (32-86) 57 65
Lung 35 24/11 69 + 9 (50-85) 92 38

aSeveral repeats on 25 donors giving a total of 112 successful samples (see text).

Table 2 Aberration yields in the various groups compared with normals

Group Number Mean spontaneous Significance 2 (P) % sensitive Significance ° (P) Mean induced Significance ¢ (P)
yield £ SD yield £ SD

Normals 66 14+1.4 - 9 - 85.8+10.8 -

Benign 34 0715 0.001 12 0.73 85.8+13.7 0.90

Breast 31 0.8+1.0 0.028 39 0.001 96.5 £ 23.9 0.042

Cervix 27 14+15 0.91 11 0.72 84.6 +13.9 0.82

Colorectal 37 13+15 0.50 30 0.011 91.5+18.4 0.26

Lung 35 1.3+£15 0.80 23 0.072 92.0+14.6 0.044

aComparison of spontaneous yields with normals. "Comparison of % sensitive with normals. cCComparison of induced yields with normals.

All of the blood samples were from local donors. This was artime of diagnosis and testing, many patients in this series were in
important feature of the (esting because we have previously more advanced stages of malignancy, often with co-morbid
found poorer reproducibility in the assay from samples receivedisease, particularly the lung and colorectal cases. Such morbidity
from distant sources and transported by courier (Scott et al, 19993 known to reduce the response of lymphocytes to PHA (Han and

Takita, 1972; Catalona et al, 1973). Our interpretation of the
results presented in this paper assumes that the degree of chromc
The G, assay somal radiosensitivity of an individual is not related to the likeli-

Full details are given in Scott et al (1999). Briefly, whole bloodh00d of successful culturing of their lymphocytes.
cultures were set up in pre-warmed (37°C) and pre-gassed (5%
CO,/95% air) medium. One hour later, lymphocytes were stimu-Statistical methods
lated with phytohaemagglutinin (PHA) and cultured for 70 h, at I . . .
S ) ) . Assay reproducibility was assessed using one-way analysis of vari-
which time the culture medium was replaced, without centrifuga- . - . 2 L
ance to give values for inter-and intra-individual variability. Non-

tion, with fresh medium. Cells were irradiated (or mock irradiated) : . .
at 72 h with 0.5 Gy 300 KV X-rays, colcemid was added 30 minparametrlc Mann-Whitney U and Kruskall-Wallis tests were used to

- . L gompare the patients with normals. Fisher’s exact tests were used ir
later and at 90 min after irradiation culture vessels were plunge . . R -
omparisons of proportions of sensitive individuals. Correlations

into ice chippings. Subsequent centrifugation, hypotonic treatme T . ) .
and fixation was carried out at 4°C. From 1 h before irradiation torb etween parameters were assessed using Spearman's correfatio

the time of harvesting, cultures were kept at 37°C. coefficients. A significance level of 0.05 was used throughout.
Metaphase preparations were made with standard procedures

and Giemsa stained. Slides were randomized and coded fRRESULTS

analysis and 50 metaphases were scored from both irradiated aRimbers of successful assays, and ages and sexes of participan

control samples. The low frequency of aberrations in control given in Table 1.

samples was substracted from that in irradiated samples to give the

induced yield. The majority of aberrat_lons were chromat_ld break?\lormal donors

and gaps that were greater than the width of the chromatid. Smaller

achromatic lesions (gaps) were ignored (Sanford et al, 1989).  Results were obtained on 66 normals, 41 tested once, 25 tested o
The proportion of blood cultures that yielded 50 analysable?—6 occasions, giving a total of 112 successful tests.

metaphases was less than in our previous studies (Scott et al, 1998The mean spontaneous aberration yield was 1.4 + 1.4 aberra-

1999; Roberts et al, 1999). For normal donors we had &ons/100 cells (Table 2), similar to our previous estimate of

75% success rate (Table 1) compared with >95% previously. The8 + 1.9 for 105 normals (Scott et al, 1999).

success rate for patients with benign or malignant disease varied The mean induced frequency of aberrations was 85.8 + 10.8 per

from 38% for lung cancers to 80% for cervix cancers (Table 1)100 cells (range 64-118, Figure 1), slightly lower than our

There are several possible reasons, including the limited previoysevious value of 97 + 15 (range 75-163; Scott et al, 1999). This is

experience in cytogenetic procedures of the staff involved in labgprobably because different microscopists were involved in these

ratory aspects of this study. In addition, in contrast to our previoustudies and reflects small differences in scoring criteria. The repeat

studies on breast cancer cases who were relatively healthy at tassays on 25 donors allowed an estimate of intra-individual
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Figure 1  Yields of radiation-induced aberrations in normal donors and in
patients with non-malignant disease, breast carcinoma and cervical Figure 2 As for Figure 1 but for normals, colorectal carcinoma and lung
carcinoma. Repeat tests were performed on 25 normals (2—6 repeats), giving carcinoma patients

a total of 112 samples. The vertical solid line indicates the cut-off point
between a normal and a sensitive response. The percentage of sensitive
individuals is given in brackets
previous studies of the heritability of, Gensitivity in which we
found that the distribution of (values was multimodal and that the
variance (assay reproducibility) which gave a coefficient of variayse of the 90th percentile cutoff distinguished well between normal
tion (CV) of 10.3% compared with a CV of 15.1% for inter- individuals and those carrying putative radiosensitizing genes
individual differences between donors. This indicated a significan{Roberts et al, 1999). In the present study this cutoff value was at
difference between donor® (= 0.004) as we have previously 100 aberrations/100 cells (Figure 1). This value actually gave a
demonstrated (Scott et al, 1999). There was no significant influsensitive proportion of 9% (6/66), rather than exactly 10%, because
ence of age (r = 0.1P,= 0.39) or sexR = 0.96) on induced yields, the yields for several normals fell exactly at the cut-off point. The
as reported earlier (Scott et al, 1999). proportion of sensitive cases was significantly higher for breast
(39%) and colorectal (30%) cancer patients (Table 2, Figures 1 and
2). For lung cancer patients, 23% were sensitive (Figure 2), but this
increase did not reach statistical significanee=(0.07). Patients
None of the patient groups had spontaneous aberration frequewith benign disease or cervix cancer had sensitive proportions that
cies that were above the normals. In fact, the yields in the breagfere very similar to normals (Fig. 1).
cancer cases and benign disease group were less than in normals
(Table 2). We previously found no difference between 135
breast cancer patients and 105 normals (Scott et al, 1999). TIPJSCUSSION
lower yields in the benign group in this study is probably aOur results are consistent with the hypothesis that elevajed G
chance finding, reflecting the relatively small number of casesymphocyte chromosomal radiosensitivity is a marker of low pene-
tested. trance predisposition to common cancers.

Radiation-induced aberration frequencies are given in Table 2 Our observation that patients with diabetes or chronic non-
and in Figures 1-2. For none of the patient groups was there amyalignant lung disease show a normal response makes it less
significant influence of age or sex on induced aberration frequeriikely that enhanced sensitivity in the assay is simply a conse-
cies. quence of morbidity, as does our demonstration that the mean

Only for breast, colorectal and lung cancer patients were measensitivity of healthy blood relatives of breast cancer patients is
induced aberration yields higher than in normals, but only for breagjreater than that of normals (Roberts et al, 1999). However,
cases was this increase statistically significant (Table 2). A bettgratients with other benign diseases should be tested to further
method of comparing patients with normals is to express the resuléplore this possibility.
in terms of the proportion of sensitive/non-sensitive cases using the We have confirmed our earlier observations (Scott et al, 1994,
90th percentile of normals as the cutoff value. This follows from ou1999) that approximately 40% of breast cancer patients are

Patients
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G,-sensitive. The elevated sensitivity of breast cancer patients Isave observed so the numbers of individuals tested by Terzoudi

now well established, having been demonstrated in 3 independeeit al may be insufficient to establish whether or not there is a clear

studies (see earlier). Further epidemiological evidence that a higihnhancement in these patients.

proportion of breast cancers arise in genetically predisposed indi- Studies of heritability of Gsensitivity of the type that we have

viduals has been provided by studies of breast cancer in twinmdertaken for breast cancer patients would help to clarify the

(Peto and Mack, 2000). predictive value of the assay for cancer predisposition at other
Our hypothesis predicts that the enhancgdeBsitivity that we  sites. Where heritability can be demonstrated, this could lead to

observed in 30% of colorectal cancer cases is indicative of lowthe identification of the predisposing genes by genetic linkage

penetrance predisposition. Family studies by Cannon-Albrighainalysis (see Roberts et al, 1999).

et al (1988) strongly support the existence of such genes and led to

their suggestion that inherited susceptibility is involved in a high

proportion of colorectal cancers. From analyses of cancers in twirRCKNOWLEDGEMENTS
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