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as cholesterol) [C-ll~ . Reports therefore, of a relationship bebeen vitamin A deficiency and 

glutathime S-transferase activity in so-w ,-at tisslues [12,X3] are important since they s-e& a 

link between the putative antiGcarcinogenic activity of vitamin A and the enzyme. 

We now describe studies of the relationship between carotene, retinol and cholesterol 

and glutathicne SGtransferase activity. Although previously studied, we did not use 

emytes; firstly, because of their longlife-span and the L&FIO~I origin and variable 

amountsofthetwoenqxeforrrs. Secondly, only the CST3 locus is expressed and thirdly 

in our experience the enzyme cannot be assayed in the presence of hamglobin, renwval of 

which is time-ccnstiqg. Platelets are a hageneous cell type with a short life-span and 

we have determined tiether this enzyme demonstiates the same wide variation in activity and 

gene products as erythrccytes and also &ether activity in these cells is related to the plasma 

ccncentsations of the putative indicators of cancer risk. 

MATERIALS AND METHODS 

Venous blood (5 ml) was obtained between 9.03 a.m. and 11.03 a.m. from 124 female and 
EPmle subjects (age rangesl%?Oyears). None were know to be suffering fmm any illness, 
were pregnant, receiving drugs or hospital in-patients. All had anonral fullbloodcount 
meas~ m the Coulter Splus. Blood was also taken fmn 10 patients with polycythatia 
rubra vera V&IO were mdergoing venesection as their clinical rranagewznt. None had received 
chwatherapy duringthe previous loweeks. 

Blood was collected into glass bottles containing E.D.T.A. (10 mg) and centrifuged (7CXl g , 
4OC, 6 min). The platelet-rich plasma was pipetted in&c sterile plastic bottles (10 ml) and 
the platelets sedimented by centrifugation (xc0 g , 4 C, 20 min). The plasma was put back into 
the original blood bottles and mixed, by gentle inversion, with theocells. The centrifugation 
steps were repeated once more, the plasma remxed and stored at -70 C. Ihe cc&ined platelet 
button was washed by resuspension in Tris/Hcl buffer (10 ml, 20 rrmol/l: pH 7.4) and centrifuged 
(xc0 g, 4Oc, 20 min). The clear supernatant was removed and wasking repeated once mare. The 
final platelet button was resuspended in 0.3 ml Tris-Hcl buffer (23 rrrr~l/l pH 7.4). Since the 
platelet enzyme appeared to be present in low concentration, the starch-geland chrcmatofocussing 
cxperirrents required large volumes of blood. Platelet lysates were prepared as above from about 

&XI ml blood obtained fmm 10 patients with polycythatia and 15 platelet concentrates (about 4 
days old) intended for clinical purposes but not used. The platelet-rich plasma was examined 

for other blood cells by placing one drop onto a Testsinplet pre-stained slide (Bcehringer 
&nnheim) and viewing with a light microscope at 4CC x magnification. Both this and the Coulber 
S plus failed to detect ly!rphcqtes, polymarphs or erythrccytes. Disruption of platelet 
nmbranes was achievedusing an ultrasonic bath (%@lz., Xs). Enzyme activity was measured in 
the supernatant after centrifugation (Xccog , 4Oc, 60 min). 
it decreased by an average of 45% at 4°C and 20% at -7O'C. 

Activity was unstable; over Zlh, 
Consequently lysates were stored on 

ice for no rrore than lh before assay. 

Brythxzytes were washed three times with NaCl (154 rrrr&/l), lped with distilled water 

(1:2 v/v, 4'C) and after standing (lh, 4'C) centrifuged (lla g , 4 C, 10 ti). About 150 ~1 
supematant was taken for electxphoresis. Before glutathione S-transferase activity in 
hamlysates was measured, platelets, lynphccybes and haemoglobin were removed [7]. 

Horizontal starch-gel electrophoresis was performed using If%, mrul/l Tris~itrate 
electrode buffer (pH 7.50). About 150 ~1 lysate was added to the gels (length 19 cm., 
width 11 cm., depth 1 cm.) and electmphoresis carried out at 7 mA/gel fvolta&ze about 
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2.5 V/cm) for 16h at 4°C. ?he gels were stained using an agamse overlay containing 

l-chlo>P, adinitibenzene and GSH followed by an overlay containing I, in KI [6,P I. 

titofocussing gel (PBE 94, Fharmacia Ltd.) was packed in a col~nrn (length 26 an, 

diameter 1 cm) and equilibrati with 25 m&/l irradazole Xl. (pH 6.2) buffer. Erythrocyte 
or platelet lysate (10 ml) was pqed (15ml/h) onto the colt and foLLowed by alnut 15 ml 

of the b&'fer. GlutathioneS-transfera% was +lutPd using a pH gradient between 6.3 and 4.i? 

obtained usvlg Polybuffer 74 -Xl (pH 4.0). Fractions (2.5 ml) were rollected ana pH and 

enzyme activity measured. 

Glutathione S-transferas? activity was measured using l+hLorc+2, tiitrobenzene and 
GSH, protein concentrations using an autcrrated Lowry method G4] and haemoglobin concentrations 
using a cyarln-ethamgl&in wthd. The coefficient of variation of tie enzyme assay was '%. 

Activities ~rs expressed as ~1 product/min per g pmtein or per g haemoglobin. Cmtene 

concentrations were determined at 440 nm after extraction with light petroleum, cholpsterol 
concentrati~ using a cholesterol oxidasemthcdand retinol concentrations by hi& pressure 
liquid cmwaphy using a micropak KX-1 11 reverse phase calm after extraction with a 
mixture of isopropanol and toluene. 

Figure 1 shows that in ties the distrLbution of glutatione stransferase activity is 

Gaussian but in females positively skewed. While the spread is wider in females (man activiQ 

35.0 + 21.0 (S.D.) pr~&/min per g protein), mean activity was significantly greater in males 

(3.0 + 16.0 (S.D.)~n&min per g protein ; ptO.05 ; ti-!Nhilncy Test). To det<,rmine 

the contriblltion of intrz-individual differences, platelet activities were measured, again 

measurements were 38.4 14.8 (S.D.) and 34.8 + 14.1 (S.D.) pL/min per g protein rcspectlvcliy. 

Analysis of variance showed within-subject v,ariation acctxmted for less than 1% 
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Figure 1. lhe distribution of glutathicxz S-transferase activity in platelets fmn 124 fde 
and82male subjects. 
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in the subjects studied. 'Ihere was no si@ificant r&&i-hip between enqn~ activity and 

patient age. 

To determine the iscenzyw in platelets, platelet and erythxqk lysates fmm patients 

with polycythaemia were examined using starch gel ele-cmhoresis. In the 10 patients the 

patterns obtained from the two cell Qces were -Ldentical (Figure 2). Usually sales 

demonstrated +M.X anodal bands, the nmtrrcbile ws always the rxztdensely stained andin 

~LXI-EZ specimens the slower band VK only just visible. The patterns of both cell types were 

unchanged by storage of lysates ,3 ckys, 4'0 and as reported for the crythr0cyt.e enzyme, 

platelet activity was lost if lysates were incubated (X, min, 25°C) with Wethylmaleimide 

(5 m~~l/l) before electrophoresis [8]. Stored platelets frm 15 indivi&als demnnstrated 

similar patterns to those of fresh cells. In this limited survey there was no evidence of 

pz&ymxphism of the platelet enzyme or of ET1 and GST2 isoenzymes. 

To confirm that the enzyme bands on starch gel were not elecctrophoretic artefacts, the elution 

pmfile, fawn chmMtofocussing colurrns, of platelet and erythrccyte glutathiofie Stransferase inias 

C~ared. These were similar; enzyme activity eluted either as two partially resolved peak at 

pH values of about 4.35 and 4.25, or az a bread peak 'b&tieen pH values nf 4.55 and 4.10. i%xirr~~~ 
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activity eluted at about pH 4.35 although a shoulder of activity was often seen at a slightly 

lower pH. 

In 19 subjects erythmcyte and platelet activities were assayed simultaneously and found to be 

si*ficaPtly correlated (r = 0.543 ; ptO.02). 

'Ihe relationship between plasma cholesterol cmcentraticms and enzyme activity was studied 

in 46 irale and 67 fez&e subjects (mm cholesterol 5.8 + 1.4 and 5.8 + 1.1 (S.D.)ml/l - - 

respectively). No si&ficant relationship was found even &en the subjects were divided into low 

(3.0 - 5.0 ml/l), medim (5.1 - 5.8 ml/l) and hi&~ (5.9 - 8.5 ml/l) cholesterol @mqs. There 

was no si@ficmt correlation between platelet activity and plasma retinol in 22 rrale and 16 

female subjects (mean 403 5 120 (S.D.) and 349 + 126 (S.D.) kg/l respectively). The relationship 

between activity and plasma carotene was studied in 24 male and 18 femle subjects (mean ccncentratic 

1.95 + 0.67 (S.D.) and 1.93 + 0.78 (S.D.) ~ml/l respectively). Using Kendall's coefficient of rank - - 

correlation there was no relatimship in f&ale subjects but the relationship was significant in 

males (t = 2.8 ; ~(0.05). 

DISCUSSION 

Glutatbicme SAxanferase activity has been measured in platelets fm apparently healthy 

subjects. Wide variations in activity similar to tbcse in erythmcytes were fomd and, while 

wide distsibutim can ccmeal different phenotypes, the limited elecixophoretic studies 

described do not indicate that the platelet enzyme is polyrmqz~hic. Because of the difficulty 

in obtaining sarqlesitwas necessary touse cells from subjects withpolycythaemia. Although 

this is a proliferative process that results from the emergence of m&ant cell lines, no unusual 

isoenzym forms were detected and patterns were identical to those of healthy subjects. The 

similar electxphoretic and chrartatofocussing pattern suggest that the platelet and erythrocyte 

enzyms are t&hprcducts of the GST3loxs. As previously argued [8]a genetical explanation 

for the starch-gel patterns is unlikely and we prqmse that a similar pc&-qnthetic mAification 

to the parent enzyme cccurs in both cell types. The nature of the modification is m&nom but 

since mt such alteraticns result in increased anodal mobility the slower form my be the 

parent. Electmphoresis and chromatofocussing experiments showed that the relative amounts 

of tie ti fom varied in different indivi&als. 

The cause and si@ficance of these wide distributions in activity rmains mknovm. In 

both cell types intsa-individual variation is small and since the activities in these cells were 
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significantly correlated they may be regulated by a carrrcn mechanism. The studies of Siddik et al 

[12]showing that in male rats, vitamin A deficiency results in an increase in enqw activity 

in liver and kic&y and by Dogma et al [13 Ishowing increased activity in liver but decreased -- 

activity in 1~ raises the possibiliQ that the vitamin is involved in regulation of enzyme 

activity. It is not know tich of the presumed several loci in rats were affected by vitamin A 

deficiency but if these results are extrqxlated to hLnnans it is possible that the GsT3 iswnzyxes 

wouldbe affectedsince although weakly expressed in liver they appear tobe present in other 

tissues [2]irxluding lin?g [IS]- OCR studies fomd no relationship between the activity of 

the GST3 iscenqw andpl~retinolor cholesterol. No relatimp withcholeste~lwas 

found even after subjects were divided intc three groups on the basis of plm cholesterol 

ccplcentratians. Such divisions have shown si@ificant inverse relationships between cholesterol 

and cancer in Mxris[lO] and colon cancer in men [ll]. In men howver the relationship between 

carotene and enzyme activity was si&ficant raising the possiblity of a relat'onship between 

the GST3 iscenzyme and vitamin A. lhat a relationship was found only with car&ene is not 

swqxising since the relationship ?xtween cholesterol and cancer is thou@ to be indirect and 

in well-nourished populations, retinol intake does not correlate with blood retinol concentrations. 

It is not know tiether camtene has a direct protective effect or whether its relaticxxhip with 

cancer risk is also indirect. Our preliminary &u&es suggestarelationshipbetien carotene 

and the detoxifyingenzyme. The possible importance of this relationship in tern of cancer 

susceptibility has yet to be assessed. 
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