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Short report

Sister chromatid exchange studies for monitoring
DNA damage in lymphocytes of malignant lymphoma
patients under cytostatic therapy
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Sister chromatid exchange (SCE) frequencles were
studied In lymphocytes from 45 patients with malignant
lymphoma. Fifteen patients were untreated when studied.
The mean SCE frequency for thess patients was
8.70 = 0.99 per mitosis. The mean score for 35 controls
was 4.37 + 1.19. SCE mean scores were significantly
higher In the untreated patients than In the controls
(p < 0.001). Nine patients were treated with radiotherapy
alone. The mean SCE frequency (6.80 = 0.87) they de-
monstrated was significantly lower (p <0.01) than that
found In untreated patients. Tweive patients received
cyclophosphamide 1 month before the study was
started. They demonstrated a mean SCE frequency
(12.00 = 1.31) significantly higher (p < 0.05) than that
found In patients who had received regimens that did
not contain cyclophosphamide (9.72 = 1.32). From these
findings we suggest that untreated patients with malig-
nant lymphoma have elevated SCE frequencies, which
may be further increased by chemotherapeutic agents.
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introduction

The association of chromosomal structural changes
with the development, and in some cases apparent-
ly the initiation, of neoplasms has stimulated studies
on sister chromatid exchange (SCE) incidence.
These studies have been particularly done in leu-
kemias and lymphomas, where relatively ready ac-
cess is available to proliferating materials that can
be cultured over two cell cycles to give harlequin-
stained chromosomes for SCE analysis. In addition,
many cytostatic drugs used in cancer chemotherapy
cause chromosomal damage in lymphocytes of pa-
tients.”? This human chromosomal damage can be
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detected in the form of structural abberations, SCE
or micronuclei in cultured lymphocytes. Frequen-
cies of SCE significantly higher than in controls were
found in patients under treatment with cytostatic
agents.>* Several studies have reported health
hazards associated with professional exposure to
these drugs;"6 however, these observations were
not confirmed by others.”®

The inconsistency may depend on differences in
the individual pattern of exposure and on the role of
other agents potentially able to induce a similar
effect, i.e. smoking, drinking, dietary habits, chemi-
cals and radiations.”!° The objective of this study
was to determine the SCE frequencies in lympho-
cytes from newly diagnosed, untreated adults with
malignant lymphoma and from similar patients ex-
posed to radiotherapy or intensive chemotherapy,
compared with unexposed controls.

Materials and methods
Materials

Peripheral lymphocytes were examined from 45
patients. Of these, 19 were with Hodgkin's disease
and 26 were with non-Hodgkin’s lymphoma (14
nodular, 12 diffuse). Patients and controls did not
differ in age (31.5 mean age). Fifteen patients were
evaluated at diagnosis. Nine were studied 6 weeks
after termination of radiotherapy since response to
the test is severely reduced in peripheral lympho-
cytes immediately following irradiation. Twelve
patients were studied after cyclophosphamide che-
motherapy and nine patients were studied after
different chemotherapy regimens (adriamycin,
bleomycin, CCNU regimens).
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In addition, peripheral lymphocytes were studied
from 35 controls who had no current or underlying
disease and no viral illness during the preceding 12
months. All subjects were given a detailed question-
naire to provide as much information as possible
about the factors that may potentially confound the
analysis of SCE. Smoking is perhaps the most im-
portant confounding factor in the interpretation of
SCE frequencies. Among patients, only seven were
ex-smokers and consumed less than 5 cigarettes/
day and stopped smoking at the start of their diag-
nosis. For our purposes, subjects consuming less
than 5 cigarettes/day were considered to be non-
smokers and therefore all controls were selected
from non-smokers.

SCE analysis

Venous blood from controls and patients was drawn
into heparinized tubes from each subject and placed
in culture on the same day. The culture medium
contained TC 199 Medium (Gibco, Grand Island,
NY) supplemented with 20% fetal calf serum (Gib-
co), 2% phytohemaglutinin (Sigma, St Louis, MO),
5 ug/ml 5 bromodeoxyuridine (Sigma), 150 U/ml
penicillin and 150 pg/ml streptomycin. The cul-
tures were incubated in the dark at 37°C for
72 h. During the last 3 h of incubation, 0.5 pg/ml
colchicine (Gibco) was added to the culture. Micro-
scope slides were prepared by a conventional meth-
od and stained by the fluorescence plus Giemsa
technique of Perry and Wolff.!!

SCEs were analyzed in 30 cells containing 46
chromosomes in each preparation, and the mean
SCE frequency was calculated as SCEs per cell of
each subject. SCEs were scored by two independent
investigators.

Table 1 shows the mean number of SCE/cell and the
standard deviation (SD) of the total exposed and
control subjects. There is a significant difference
(p < 0.001) in the SCE frequencies between the
35 controls (4.37 * 1.19) and the 15 untreated pa-
tients with malignant lymphoma (8.72 £ 0.99). The
data were analyzed by Wilcoxon-Mann-Whitney
tests.

The mean SCE score of the total 30 treated pa-
tients (9.50 * 0.3) was similar to that of untreated
patients. When the influence of the type of treat-
ment on the mean SCE score was examined, SCE
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Table 1. Mean number of SCE/cell among patients with
lymphoma and controls
Parameters No. of Mean
subjects SCE=SD
studied
Untreated lymphoma patients 16 8.72+0.99
Treatment modality
cyclophosphamide alone 12 12.00 +1.31
adriamycin-bleomycin-CCNU 9 9.72+1.32
regimens
total chemotherapy regimen 21 10.86 2.1
radiotherapy alone 9 6.8 +0.87
Total treated patients 30 9.50+0.3
Controls 35 4.37*x1.19

scores in patients who had received radiotherapy
were lower (p < 0.01) than those in untreated pa-
tients. SCE scores in 21 patients who had recent
exposure to chemotherapy (1 month) were close
(10.86 * 2.1) to those in untreated patients. When
the influence of specific chemotherapy regimens
was evaluated (Table 1), 12 patients who were on
daily cyclophosphamide treatment had apparently
elevated SCE scores (12.00 = 1.31). All nine pa-
tients treated with adriamycin, bleomycin, CCNU
regimens had SCE scores (9.72 %= 1.32). In these
patients, the SCE score was higher than in un-
treated patients (9.72 versus 8.72), but the differ-
ence was not significant (p < 0.15).

Discussion

The mean SCE values of untreated patients with
malignant lymphoma were significantly higher than
those from controls. Patients receiving cyclophos-
phamide at the time of study had the highest SCE
means. Patients who were treated with radiotherapy
alone had SCE means that were lower than those of
untreated patients.

According to patient data published previously,
cyclophosphamide, adriamycin and cisplatin have
been observed to cause increased urinary mutageni-
city.'>'* The patient studies have also provided
evidence about the toxicokinetic parameters to be
considered in urine mutagenicity analyses, especial-
ly the proper timing of sample taking in relation to
treatment. The high SCE scores observed in patients
with lymphoma are very similar to the results of
Kurvink et al.'®> which suggests an innate perma-
nent modification, perhaps involving DNA replica-
tion or repair, or a secondary response to the
disease.



In conclusion, SCE frequencies were higher in
untreated lymphoma patients than in controls.
Treatment with certain chemotherapeutic agents
appeared to elevate further SCE means. SCE studies
of patients prior to treatment, after the initiation of
specific chemotherapeutic regimens and after ces-
sation of treatment are needed.

References

1. Tucker JD, Auletta A, Cimino MC, et al. Sister-chromatid
exchange: Second report of the Gene-Tox program.
Mutat Res 1993; 297: 101.

2. International Agency for Research on Cancer. IARC
Monographs on the Evaluation of the Carcinogenic
Risks of Chemicals to Humans. Lyon: France 1982.
Suppl. 4.

3. Musilova J, Michalova K, Urban J. Sister chromatid ex-
changes and chromosomal breakage in patients treated
with cytostatics. Mutat Res 1979; 67: 289.

4. Bochkov NP, Filippova TV, Kuzin SM, et al. Cytogenetic
effects of cyclophosphamide on human lymphocytes in
vivo and in vitro. Mutat Res 1986; 159: 103.

S. Sardas S, Gok S, Karakaya AE. Sister chromatid ex-
changes in lymphocytes of nurses handling antineoplas-
tic drugs. Toxicol Lett 1991; §5: 311.

6. Norppa H, Sorsa M, Vainio H, et al Increased SCE
frequencies in lymphocytes of nurses handling cyto-
static drugs. Scand | Work Environ 1980; 6: 299.

10.

11.

12.

13.

14,

15.

SCE studies for monitoring DNA damage

. Raposa T. Sister chromatid exchange studies for mon-

itoring DNA damage and repair capacity after cytostatics
in vitro and in lymphocytes of leukemic patients under
cytostatic therapy. Mutat Res 1978; 57: 241.

. Siller A, Obe G, Boll I, et al. No elevation of frequencies

of chromosomal alterations as a consequence of hand-
ling cytostatic drugs. Analyses with peripheral blood and
urine of hospital personnel. Mutat Res 1983; 121: 253.

. Sardas S, Gok S, Karakaya AE. Increased frequency of

sister chromatid exchanges in the peripheral lympho-
cytes of cigarette smokers. Toxicol in vitro 1991; §: 263.
Das BC. Factors that influence formation of sister chro-
matid exchanges in human blood lymphocytes. CRC Crit
Rev Toxicol 1988; 19: 43,

Perry P, Wolff S. New Giemsa method for the differential
staining of sister chromatids. Nature 1974; 251: 156.
Siebert D, Simon U. Cyclophosphamide, Pilot study of
genetically active metabolites in urine of a treated human
patient. Mutat Res 1973; 19: 65.

Gibson JF, Gompertz D, Hedworth-Whitty. Mutagenicity
of urine from nurses handling cytotoxic drugs. Lancet
1984; 1: 100.

Venitt S, Crofton-Sleigh C, Hunt ], et al. Monitoring of
exposure of nursing and pharmacy personnel to cyto-
toxic drugs: urinary mutation assays and urinary plati-
num as markers of absorption. Lancet 1984; i: 74.
Kurvink K, Bloomfield CD, Keenan KM, et al Sister
chromatid exchange in lymphocytes from patients with
malignant lymphoma. Hum Genet 1978; 44: 137.

(Received 1 February 1994; accepted 21 March 1994)

Anti-Cancer Drugs - Vol 5 - 1994 489



