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With the am earn Ilea of mere modem mcfcar tedmotogy in uadear awdfcine, there is aa 
Increased possibility for raaurttsn exposure nnoag workers aindllag endear materhli which cats far the 
need to asseM radiation exposure of these workers. A protocol was developed which was adapted Ironi 
the aatoradlogiaphli »**»/ of Afcertaul's mutation assay for hypoxaathJae gaaaiae phespherihesyl 
transferase (HGPRT). An in vivo see—He mutation of HGPRT gene due to radhrtioa exposure c—W he 
assessed using this pretecei FaveraMe grewlh ef frmphoryles to cufcure icojulrcs actltastd fetal bovine 
senaa (FBS) la RPMI 1644 uiiifcuu PhrtolMiiingsJuttHln (PHA) specifically sfhaabtes maxtammi 
praateratUmoflyBipiwcytes. ThJogiiiinhw, aa aattpreiaVradve agent, was used to screen fer the preteace 
of mutrtfcm at the HGPRT gene in which ceHs having mutation at the HGPRT gene locus survive the 
taJdbitlve condition. Twenty-three samples were analysed from radiattoa (14) and nea-radbnlon (9) 
workers. Mutation index vanes greater than OA have been found to be higher among radiation workers 
(21%) than among noa-radbtfon workers (11%). The study win facilitate the screening procedure for 
radiation workers and thus prevent overexposure to radiation among workers. 

INTRODUCTION 

Renewed interest among radiation investigators to update methods in assessing 
exposures of nuclear workers resulted in a number of studies involving biological markers in 
assessment for radiation exposure. In 1990, Mendelsohn (4) reported newer techniques of 
analysis for radiation exposure which involve determination of somatic mutation at the gene 
level. Gene products such as HGPRT (1), HLA-A (3), glycophorin A and p-globin (in two 
cell types, lymphocytes and red blood cells) have been studied (4) as biological markers for 
radiation exposure in human. 

With the introduction of more sophisticated technology in nuclear medicine, there is an 
increased possibility for radiation exposure among workers handling radioactive materials 
which calls for the need to assess radiation exposure of these individuals. The use of 
hypoxanthine guanine phosphoribosyl transferase (HGPRT) mutation assay among radiation 
workers seems to be the most adaptable method for use considering our available facilities at 
the Philippine Nuclear Research Institute and the advantages of this technique. The study is 
based on the fact that lymphocytes develop a resistance to thioguanine upon exposure to 
radiation due to mutation in the radiation sensitive HGPRT gene locus. Specifically, a 
reduction in the synthesis of HGPRT enzyme is observed when lymphocytes are exposed to 
radiation (1). Thioguanine an antiproliferative agent inhibits growth of normal lymphocytes in 
culture. The reduction of HGPRT enzyme upon exposure to radiation caused by a somatic 



mutation in the HGPRT gene in lymphocytes would allow the cells to grow in the presence of 
thioguanine (2). Thus, an increase of labeled thymidine incorporation into DNA of radiation 
exposed lymphocytes relative to the control will be observed. 

Mutation assay using HGPRT as a biological marker for radiation exposure is highly 
recommended for assessment of induction of mutation at the HGPRT gene within half a year 
from exposure It has been suggested, however, that age and smoking affect the analysis (4. S, 
6); hence, these factors must be considered in selection of subjects and interpretation of results 
so that a more reliable data would be obtained. 

OBJECTIVES 

A Philippine-adapted protocol of HGPRT mutation assay for detection of radiation 
induced gene mutation among personnel/staff of nuclear medicine in hospitals is presented. 
The results of this study will facilitate the screening procedure for radiation workers in hospitals 
and research institutions, and thus, will prevent overexposure to radiation among these 
individuals. A modified autoradiographic assay of Albertini (1981) which is adapted to the 
present laboratory set-up at the Philippine Nuclear Research Institute (PNRI) and of the 
National Kidney Institute (NKI), where part of this project is being done is presented (the NKI 
immunology laboratorv has die facility for lymphocyte isolation and culture). This project aims 
to measure mutation index of radiation workers using liquid scintillation counting (LSC) of 
radiolabeled thymidine incorporation into DNA by acid precipitation instead of the 
autoradiographic technique. 

METHODOLOGY 
1. Screening of lymphocytes with TGr (thioguanine resistant) cells 

1.1 Heparinized ten (10) ml blood samples collected by venipuncture from radiation 
workers in hospitals were processed to isolate mononuclear cells using Ficoll-hypaque 
RPMI-1640 (7). 

1.1.1 Prior to blood collection, survey questionnaires were obtained from blood 
donors. Sex, age, smoking habit and nature of work were some of the questions 
asked. 

1.2 Viable cells were screened with tryphan blue solution. A 75% viable cell solution is 
acceptable. 

1.3 A 4 fag/ml solution of phytohemagglutinin stimulated growth of T-cells at a 
concentration of 1 x 10 6 cells which are incubated at 37°C, 5% CO :, humidified 
chamber for 24 h. Cells are grown in the presence/absence of 6-thioguanine (6-TG). 
Samples were done in replicates. 



2. DNA synthesis by lymphocytes in culture 

2.1 Labeled precursor, (̂ H or 1 4C) thymidine at 1 ^Ci/ml was added to lymphocytes in 
culture and incubation was continued for 18 h at 37°C, 5% C 0 2 humidified chamber. 

2.2 Synthesis was terminated by placing tubes containing cultured lymphocytes in ice. 

3. Counting of radioactivity of' T-cells 

3.1 A volume of cold 10% trichloroacetic acid (TCA) equal to that of the lymphocytes 
was added to the chilled lymphocytes and allowed to form precipitates for 15 min. 

3.2 The whole solution with the precipitate was transferred to a MiHipore filtering system 
with a glass fiber filter. The precipitate was washed with cold 10% TCA SX. 

3.3 The filter was dried using absolute ethanol followed with acetone. 

3.4 The dried filter was transferred to a vial and scintillation fluor (S ml) was added and 
equilibrated in the LSC machine before counting. 

3.5 Counting of radioactivity for 1 4C or *H was done using appropriate computer 
programs for either of the labeled precursor. 

3.6 Calculation of mutation index using the following formula: 

a. Specific Cellular Activity is denoted by the symbol CJJ, T n , B m (where n= 1,2,3 
and m=l) is always define as CPM/cell count. 

b. Average Specific Activhy:(background-adjusted) 

3 

C = ( l / 3 S c n ) - B m 

n=l 

3 
T = ( l /3ST n ) -B m 

n=l 

c. Mutation Index = T/C 

RESULTS AND DISCUSSION 

The presence of activated fetal bovine serum (FBS) in RPMI 1640 medium favors 
growth of lymphocytes cultured in vitro at 37°C, 5% C 0 2 in a humidified chamber. 
Incubation of mononuclear cells in the absence of FBS resulted in reduction of viable cells in 
culture after 24 h incubation when such culture was tested for viability in tryphan blue solution. 
In table I, phytohemagghitinin (PHA) at 4 Mg/ml cell solution specifically stimulated the 
maximum proliferation of T-cells as evidenced by an increase in growth of cells (as measured 



by tritiated-thymidine incorporation into cellular DNA) by as much as 20 times when compared 
to control with no PHA. 

In table H, the specific activity of cells with mutation at the HGPRT gene showed 
depressed activity in the presence of thioguanine. In 1988. Albertini et al. reported an anti 
proliferative activity for 6-thioguanine on lymphocytes, in which normal cells with no mutation 
at the HGPRT gene locus do not survive the proliferation inhibitive thioguanine conditions. 
Mutation at the HGPRT gene locus results in reduced level of HGPRT enzyme which allows 
cells to survive the effect of thioguanine (3). Our studies (8) also showed that the specific 
activity of T-cell lymphocytes grown in culture is not affected by either I 4 C or 3H thymidine 
used as precursor for DNA synthesis. 

Mutation indices were calculated in terms of a dimensionless quantity M - T O where 
T and C are specific ceDular activities of test and control respectively, and M measures the 
extent of somatic mutation in vivo. Twenty-three (23) samples were analyzed invoKing 
radiation (14) and non-radiation (9) workers from donors working in Veteran's Memorial 
Medical Center, Radiation Health Service of the Department of Health, Jose Reyes Memorial 
Medical Center and the Philippine Nuclear Research Institute (table HI). 

Mutation index values greater than 0.4 have been found to be higher among radiation 
workers (21% n=T4) than among non-radiation workers (11%, n=9). Mutation index values 
of less than 0.4 represents spontaneous mutation (refer to cumulative frequency distribution 
table IV). Early indications therefore show that exposure to radiation increases somatic 
mutation at the HGPRT gene locus among radiation workers. 

HGPRT gene mutation as evidenced in our data presented is a very sensitive biological 
marker for radiation exposure and therefore the use of HGPRT mutation assay as a detection 
method for mutations specifically at the HGPRT gene locus is very promising. The study will 
facilitate screening procedure for radiation exposure and thus prevent overexposure to radiation 
among workers. At the same time, since other environmental pollutants do have an effect, on 
the same gene locus, HGPRT gene mutations can be used as a very flexible tool to quantitate 
environmetal exposure, all other extraneous factors being equal. 
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Table I. Proliferation of Human T-cell lymphocytes with Phytohemagglutinin (PHA) 
and the Effect of 6-Thioguanine (TG) on the Proliferating T-cells. 

Sample 
Code 

Cells 
ml 

(x 10 6) 

CPM 
(w/oPHA) 

(Bkdg) 

CPM 
(w/PHA) 

CPM 
(w/ PHA) 
(w/TG) 

11.08 2.00 1000 9595 959 
8.09 1.70 1215 8835 5962 
16.09 1.95 1475 12928 2886 
24.11 1.60 819 8440 1304 

Table II. Effect of 6-Thioguanine (TG) in DNA Synthesis of Human Peripheral Blood 
T-cell Lymphocytes Using C-14 Radiolabeled Thymidine. 

Sample 

Code 

Ave. Cells 
ml 

(x 106) 

Ave. Sp. Act. 
(w/oTG) 

(C n) 
(x 10-5) 

Ave. Sp. Act. 
(w/ TG) 

(T n) 
(X 105) 

11.08 2.00 434 5.5 
8.09 1.70 517 261.0 
16.09 1.95 639 68.5 
24.11 1.60 490 33.0 



Table III - Mutation Index Values for Radiation 
and Non-radiation Workers 

SAMPLE AGE SEX nR R 
110892 0.111 
080992 0.550 
160992 0.147 
251192 0.152 
120193 31 M 0.069 

A170393 37 F 0.186 
B170393 32 M 0.174 

180393 28 M 0.2515 
A160893 43 M 0.078 
B160893 59 M 0.500 

240893 50 F 0.590 
020393 44 F 0.162 
080993 54 M 0.095 

A140993 45 M 0.510 
B140993 45 M 0.324 
A261093 25 M 0.0643 
B261093 26 M 0.1486 

' A191093 0.049 
B191093 37 M 0.0439 
A101293 0.2601 
B101293 33 M 0.2911 
A092893 57 M 0.155 
B092893 45 F 0.062 

MEAN: 
nR R 

0.2087 0.2211 

nR: non-radiation worker 
R: radiation worker 



Table IV - Cumulative Frequency Distribution of HGPRT Mutation 
for Radiation and Non-radiation Workers 

Frequencv Distribution of HGPRT Mutation 

>0.1 >0.2 >0.3 >0.4 >0.5 

R 
(n=14) 

71% 64% 29% 21% 21% 

nR 
(n = 9) 

67% 67% 44% 11% 11% 

nR = non-radiation workers 
R = radiation workers 


