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ABSTRACT

DNA excision repair was investigated in lymphocytes of persons
222

occupationally exposed to low dose radiation of Rn. Auto-

radiographic studies of unscheduled DNA synthesis and measure-
3

ment of H-thymidine incorporation by repair replication into

double stranded and single-strand containing DNA fractions ob-

tained by BND cellulose chromatography seem to indicate a stimu-

latory effect of repeated low dose radiation on repair enzymes.
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DIE WIRKUNG KLEINER STRAHLENDOSEN AUF DNA REPARATURPROZESSE IN
MENSCHLICHEN LYMPHOCYTEN

ZUSAMMENFASSUNG

Die DNA Exzisionsreparatur wurde in Lymphozyten von Personen
222

untersucht, die berufsmäßig niedrig dosierter Rn-Strahlung

ausgesetzt sind. Autoradiographische Untersuchungen der unpro-

grammierten DNA Synthese und Messungen des H-Thymidineinbaues

in durch BND-Zellulose Chromatographie gewonnene einstranghältige

und Doppelstrang-DNA-Fraktionen deuten darauf hin, daß wieder-

holte niedrig dosierte Bestrahlung einen stimulierenden Effekt

auf die Reparaturenzyme ausübt.
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EFFECTS OF LOW DOSE RADIATION ON REPAIR

PROCESSES IN HUMAN LYMPHOCYTES

It is no/generally agreed that the ability of cells to repair

DNA damage caused by irradiation or chemical compounds is the

basis for the maintenance of genetic integrity. These repair

processes are of special importance for persons occupationally

or accidentally exposed to radiation as well as persons living

in elevated natural background radiation areas. Investigations

on the effect of continuous or repeated low dose irradiation of

large mammals and humans have been rather rare in number (1, 2,

3, 4) and although repair processes in mammalian cells have been

most extensively studied, as far as we know, no publications on

the effect of repeated low dose radiation on DNA repair mechanisms

exist. It is well known that the tolerance of organisms for ioni-

zing radiation increases at low dose rates with an irradiation

period of several days (5). Likewise a fractionation of radia-

tion delivered at high dose rates leads to a decrease in effective-

ness of the total dose applied. These effects are not only due

to repopulation of the irradiated tissue or organ, but also

affected by DNA repair processes within the damaged cells.

We chose excision repair to show the effect of repeated low dose

irradiation on the DNA repair system of human lymphocytes.

MATERIALS AND METHODS

Testpersons suitable for our experimental design were personnel

working in a former gold mine, the so-called "thermal gallery"

of Gastein (Austria), a hot inhalation room with an airtempera-

ture of about 41 C and a relative humidity of about 95%. The



gallery is now used for therapeutical treatment of rheumatic

and vascular diseases as well as metabolic and endocrine dis-

orders. The main radioactivity of the gallery results from
222Rn and its daughters and reaches about 3nCi/l of air. Miners

inspecting the gallery, trainleaders driving patients into the

mine and accompanying physicians stay about 2-4 hours a day

within the gallery. Their mean blood dose calculated from

pC-emittance and external gamma radiation varies between 400

and 800 mrad in half a year (6).

Excision repair was estimated in lymphocytes of exposed persons

and controls living in areas of Austria with normal background

radioactivity (age, sex and occupation of testpersons as indi-

cated in the tables). Since no X-ray or gamua device was acces-

sible at Badgastein, UV induced unscheduled DNA synthesis (= UDS)

was investigated.

Autoradiography

After sterile collection of 50 ml venous blood lymphocytes were

separated by ficoll-urografin centrifugation. To suppress semi-

conservative DNA synthesis cells were preincubated at 37°C in
_2

PBS containing 10 M hydroxyurea. After 30 minutes of preincu-

bation irradiation was performed by a 15 W germicidal lamp at
2

254 nm and an incident dose rate of 40 erg/mm sec. For irradiation

cell suspensions were transferred to petridishes which were main-

tained at 4 C during the irradiation process. Immediately after

irradiation 10,uCi/ml H-thymidine (specific activity 56 Ci/mMol,

NEN Chemicals) was added and lymphocytes incubated at 37°C for

90 mm. H-Thymidine incorporation was stopped by addition of

cold thymidine (1 mg/ml), cells washed in PBS and fixed in ice-

cold methanol-acetic acid (3:1). Autoradiograms were prepared

both by Kodak AR 10 stripping film and NTB 3 liquid emulsion,

and exposed at 4°C for 13 . After development slides were

stained by Giemsa. The relative reflection of silver grains

per labeled cell was measured by a Zeiss 01 K photometer.

(Values are arbitrary units of reflection of silver grains).
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BND-cellulose-chromatography modified according to Scudiero (7)

Lymphocytes were obtained as indicated above. After 30 min. in-
_2

cubation in PBS with/without 10 M hydroxyurea cells were sus-

pended in icecold Hank's BSS, irradiated and incubated at 37°C

in Hank's BSS containing 10/uCi/ml H-thymidine for 0, 30 and

90 min, respectively. After incubation cell samples were washed

in SSC and resuspended in SSC+SDS (0,2%) for lysis. Lysates were

treated with 0,05 ml of 1 mg/ml solution of RNase for 1h at 37°C

and 0,15 ml of a 10 mg/ml solution of Proriase for 2h. After

fragmentation of lysates by pressing them through a 20 G-needle,

lysates were layered on BND (BND = benzoyiated naphthtfylated

DEAE cellulose) cellulose columns. Native DNA was eluted with

1 M NaCl (1 M NaCl, 10~4M EDTA, 0,01 M Tris-HCl p„7,5), DNA con-n
taining single-stranded regions with 50% formamide in 1,0 M NaCl

buffer. For determination of specific activity the formamide

fraction was dialyzed and aliquotes taken for measurement of

optical density and radioactivity. (Values given as specific acti-

vity of DNA in cpm/,ug DNA) .

RESULTS AND DISCUSSION

The autoradiograms (Tab.1,2) revealed a statistically highly

significant increase of repair incorporation in lymphocytes of

exposed persons in comparison with unexposed controls. Both,

average label of single cells and the percentage of labeled

cells within the lymphocytic cell population were increased. In

the presence of hydroxyurea non-UV-irradiated cells of both ex-

posed persons and controls did not show any incorporation of

label during the selected exposure times of autoradiograms. Thus,

the increase of incorporation in testpersons is not due to re-

pair of lesions already produced by in vivo exposure, but re-

veals a true increase of repair capacity in exposed persons.

BND cellulose chromatography (Table 3) showed a threefold in-

crease of repair incorporation into double stranded DNA of

lymphocytes from Rn-exposed persons in comparison to unexposed

controls. Extending the incubation time after UV-treatment from

30 to 90 min. caused a linear rise of H-thymidine incorporation

(Table 4) .



Table 1; Unscheduled DNA synthesis in lymphocytes of exposed
persons and controls: H-thymidine incorporation.

Exposed persons

No

1
2
3
4
5
6
7
8
9
10
11

.'

>

%
<f
&
9
#
<J
<f
<£
o

age

57
52
45
37
76
62
36
46
35
55
53

prof.

inspector
inspector
trainleader
trainleader
inspector
physician
trainleader
trainleader
trainleader
physician
physician

rel.ref 1
silvergr
cell

32,
42,
44,
35,
28,
34,
39,
31,
46,
30,
28,

.of:!

./ <
i

0 19 '
9
2
5
9
5
1
1
3
5

mean 35,8
stand.dev. + 6,5

NO;

1 'J
2 <f
3 9
4 *
5 4
6 <f

age

Controls

prof.

49 scientist
50 physician
31 technical ass.
56 workman
52 workman
55 factory worker

rel.refl.of
silvergr./
cell

25,3
18,3
23,6
21 ,4
21 ,0
21 ,0

mean 21 ,8
stand.dev. + 2,4

t-test: error probability <0,1 %

Table 2: UDS in exposed persons and controls: percentage of

NO.

1
2
3
4
5
6
7
8
9
10
11

labeled cells

Exposed persons

81 ,5
82,0
89,0
82,5
81 ,3
74,7
70,6
76,3
75,0
60,0
69,0

mean 76
stand. dev. + 8

,5
,0

No.

1
2
3
4
5
6

Controls

60,7
54,3
57,7
56,3
58,3
56,3

mean 57,3
stand.dev. + 2,2

t-test: error probability <0,1 %
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Table 3; 30 min. repair incorporation of H-thymidine into DNA
of lymphocytes of exposed persons and controls(cpm/yug
DNA)• '

double stranded fraction' single strand containing
fraction

No. exposed persons controls No. 'exposed persons controls
1 62

42
22
49
62
72

1
2
3
4
5
6
7
8
9
10
11

80
99
65
93

101
90
73
90
44
220
195

mean=1 04 , 5
s.d. =+53, 8

32
40
35
34
48
42

mean=38 , 5
s.d .=+6 , 0

1
2
3
4
5
6
7
8
9
10
11

92
200
196
239
205
172
182
208
106
130
160

mean=1 71
s.d. =+45

,8
,8

mean=52,5
s.d.=+17,9

error probability < 0 , 1 % error probability <0,1%

Table 4; 90 min. repair incorporation of H-thymidine into DNA
of lymphocytes of exposed persons and controls(cpm/,ug
DNA) . '

double stranded fraction ' single strand containing
fraction

I i •No. exposed persons controls No..exposed persons 'controls

192
75
92
78
186
81

1
2
3
4
5
6
7
8
9
10
1 1

241
366
339
222
251
210
268
258
182
(620)
317

mean=265,
s.d. =+58 ,

+

4
7

110
92
74
77

123
103

1
2
3
4
5
6
7
8
9
10
11

mean= 96,5
s.,d.=+19,1

245
296
352
306
307
312
300
372
209
(505)
290

mean=293 ,
s.d. =+46 ,

+

9
6

t-test: error probability <0,1 %

eliminated by 4-sigma test

mean=117,3
s.d.=+55,8

t-test: error probability <.0 ,1 %
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The BND-cellulose data fit very well the results obtained by

the autoradiographic technique , if we take into account the

twofold increase of average label per cell and the increase of

percentage of labeled cells.

In addition to repair investigations semiconservative DNA syn-

thesis was measured in samples incubated without hydroxyurea

(Table 5).

Table 5; Semiconservative DNA synthesis in lymphocytes of ex-
posed persons and controls.

No.

double stranded fraction

exposed persons

single strand containing
f i/ri

exposed persons controls

1
2
3
4
5
6
7
8
9
10
11

33
38
37
15
18
49
33
18
20
50
50

mean= 32,8
s.d.=+1 3,5

135
133
27
48
67
86
96

mean=84 , 6
s.d. =+40, 8

1
2
3
4
5
6
7
8
9
10
11

137
128
125
67

100
89
99

' 71
56
75
75

mean= 92,9
s.d. =+27, 3

150
130
163
103
94

212
122

mean=139 ,1
s.d. =+40 ,2

t-test: error probability 0,1% ̂ t-test: error probability 0,1%

The reduced thymidine uptake indicates an overall slowing down

of semiconservative DNA synthesis.

Since different developmental stages of lymphocytes possess

different repair capacities, the increase of unscheduled DNA

synthesis could be due to a shift within the lymphocyte cell

population. It is well established that juvenile cells carry

out repair processes at a higher rate than fully differentiated

cells and end stages of cells, e.g. granulocytes, even lack

functioning repair systems (8). The highest repair incorpora-



tion is found in blast cells (9), but those have been excluded

in the present studies. A shift within the cell population in

favour of juvenile cells does not seem very likely, since the

rate of semiconservative DNA synthesis was reduced in lympho-

cytes of exposed persons, as shown by BND-cellulose chromato-

graphy studies (Table 5).

Several studies indicate a difference in radiosensitivity of

various lymphocytes: B cells are generally agreed to be more

radiosensitive than T cells (10), though there do exist reports

on increased repair capacity of B cells (11), and in our own

investigations we could not find different repair rates in persons

having different B and T ratios (12). In any case, the ratio of

B and T cells and its possible shift by continuous low level

irradiation remains to be investigated, for such a shift could

also be responsible for the observed changes in DNA repair re-

plication.

The increase of the initial repair incorporation after repeated

low level radiation exposure could also be attributed to a real

induction of de novo synthesis of repair enzymes. Such an in-

duction is known to occur in error-prone SOS repair of micro-

organisms (13). Besides this mutagenic SOS repair a new error-

free repair pathway was described for E.coli requiring de novo

synthesis of proteins (14). Enzyme induction has already been

discussed in connexion with the life extending effect of radia-

tion in insects (15) and with a combination of UV and X-ray ir-

radiation of human skin (16). Increased DNA polymerase and ATP-

dependent deoxynbonuclease activity was also observed in Myco-

bacterium smegmatis after damage of DNA (17). This increase

could be abolished by inhibitors of protein synthesis, indi-

cating that protein synthesis is involved in the enzyme in-

duction process.

Additionally, it may be of importance that the persons tested

so far are not continuously exposed to radiation, but receive

an intermittent irradiation comparable with a multifold fractio-
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nation of dose. Studies on chromosomal aberrations in persons

living in Badgastein, a town with elevated radioactive back-

ground, and mine workers of the thermal gallery revealed a

decrement in number of aberrations in miners compared with the

normal population, though the former actually received a higher

total dose (18).

Besides, the raised temperature of the thermal gallery (about

41°C) may have some additional or synergistic effect together

with low dose radiation. Therefore a corresponding study on

persons exposed to raised temperature is now under way. Pre-

liminary results indicate that hyperthermia does neither con-

tribute to the raise of unscheduled DNA synthesis nor the re-

duction of the rate of semiconservative DNA synthesis observed

in the present investigation.
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