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SUMMARY 

The enzymic liberation of tritium from [7-‘H]-dehydroepiandrosterone was used as an in rirro assay 
for the possible presence of 7-hydroxylase in human lymphocytes. Indications of low activity were 
found in mitogen transformed lymphocytes from healthy donors and in lymphocytes from some patients 
with acute and chronic lymphocytic leukaemia. However, a lymphoblastoid cell line (McB) derived 
from a subject with Hodgkin’s Disease proved exceptionally active when assessed by this procedure. 

An incubation of 10’ McB cells with [7-‘HI-dehydroepiandrosterone produced [3H]-7a-hydroxyde- 
hydroepiandrosterone in 12.2:& yield. Identification of this product was established by crystallizations 
to constant specific activity. 

INTRODUCTION 

Cultured human lymphocytes after mitogen transfor- 
mation have been shown to possess an oxygenase 
which hydroxylates aryl hydrocarbons [ 1,2]. The 
possibility that such lymphocyte preparations may 
also hydroxylate steroids has been studied but only 
the 16a-hydroxylase acting on estradiol [3] has been 
reported to date. 

As dehydroepiandrosterone (DHA) has been hyd- 
roxylated in the 7 position by a number of human 
tissues [Q-11], evidence for the presence of a DHA 
7-hydroxylase was sought in lymphocytes derived 
from healthy donors and subjects with lymphoproli- 
ferative malignancies. 

MATERIALS AND METHODS 

Steroids. DHA acetate was obtained from Sigma, St. 
Louis, U.S.A. 7a-Hydroxy DHA diacetate was synthe- 
sised from DHA acetate [12, 133 and its identity con- 
firmed by comparison with authentic material (kindly 
supplied by Dr D. N. Kirk, M.R.C. Steroid Reference 
Collection), separate and mixed m.p. 169-17(X (un- 
corr.). 

7c+hydroxy DHA was prepared from the diacetate 
by two procedures, chemical [13j and enzymic 
(r-amylase Cl43 ). Each produced products which were 
indistinguishable, m.p. 178-179X” (uncorr.). 

[7-3H(N)]-DHA, specific activity 20Ci/mmole, was 
obtained from New England Nuclear, Boston, U.S.A. 

Reayenrs. Chemicals and solvents were of analytical 
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grade. Thin-layer chromatography was carried out on 
precoated 0.25 mm silica gel 60 F254 5 x 20 cm giass 
plates obtained from E. Merck., Darmstadt, Ger- 
many. NADPH and NADH were from Sigma, St. 
Louis, U.S.A. 

Radioactivity measurements. Radioactivity was 
detected on thin-layer chromatography plates by 
means of a Varian Berthold radio scanner Model 
LB2722 with a windowless gas-flow counter. 

Quantitation of tritium in water was carried out 
by mixing precisely 1 ml with 10ml of Insta-gel 
(Packard Instrument Pty. Ltd, Melbourne, AustraIia) 
and counting on a Packard Tri-Carb Liquid Scintilla- 
tion Spectrometer Model 3375. Counting efficiency 
for ‘H was 38.3%. 

Radioactivity in steroids was assessed by dissolving 
a weighed amount of dry steroid in lOm1 toluene 
phosphor solution (0.5% w/v Packard Permablend 11) 
and counting by liquid scintillation. Tritium counting 
efficiency in toluene was 56.4%. 

Lymphocyte preparations. Fresh heparinized blood 
was treated to obtain a lymphocyte-rich suspension 
by means of a single stepped gradient centrifugation 
using ficoll hypaque [15]. Culturing was carried out 
in RPM1 1640 (GIBCO) with 10% foetal calf serum 
(Commonwealth Serum Labs) and containing 25mg 
penicillin G and 20 mg streptomycin/l. Cells were sus- 
pended at 2 x 106/ml in plastic flasks (Falcon-3012) 
and cultured at 37°C in lo:/, COz, 90% air mixture 
in a Kevatron forced-air humidified incubator. 
Mitogen stimulation was performed with 5~l/ml 
Wellcome phytohaemagglutinin HA15, a dose used 
routinely by this laboratory in microculture assays 
for lymphocyte function. After 72 h the transformed 
lymphocytes were harvested, washed in Dulbecco’s 
phosphate buffered saline and suspended in phos- 
phate buffer (see Incubation Procedure) at a concen- 
tration of 2.5 x 1O’j cells/ml and stored at - 20°C. 
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‘The ~ymphob~asto~d cell lines were maintained in 
the same tissue cutture medium and flasks at concen- 
trations of0.S2 x I#” ceilsimi. “G.K.” cells are a line 

produced by ian Jack {Royal Childrens’ Hospitak 
~ejb~urne) from human peripheral blood tympho- 
cytes infected with Epstein-Barr virus. “M&S” ceils 
arose spontaneously in culture from spleen cells 
obtained from a patient with Hodgkin’s disease. 

These cells had surface IgM, did not rosette with 

sheep erythrocytes (a T cell marker) QT with erythro- 
eytes coated with IgG or compkment; they did not 
phagocytose latex particles or produce lysozyme, 
These cells were similarly washed and resuspended 
in phosphate bufTer either at 2.5 x 10” or 
50 r: IO6 celisjml. They were also preserved at - 2FC 
prior to use in ~n&ubat~on. 

Lymphocytes from subjects with lympbopro~~~era- 

tive maiignan~ies were supplied by Miss Ying Mei 
Huang through the courtesy of Dr I. A, Cooper. Head 
of’ the Haematology Research Unit. They were 
obtained by the single stepped gradient centrifugation 
of peripheral blood samples or lymphocyte-rich prep- 
aration from the centrifuge. They were washed. sus- 

pended in but&r. and preserved as described above. 
~~~~~~~~jo~~ procedure. A freshly thawed suspension 

of c&s in 2 ml of Na~HP~~~Na~~P~~ buEer 
(50 mM, pH 7.4) was mixed with 25 iti ethanol solu- 
tion of [7-3H]-DHA @.9&i). To this was added 
0.2ml of buffer conraining 1.55 mg NADH and 
1.55 mg NADPH and the mixture was incubated at 
i7.C with gentle shaking for 3 h. 

DHA 74ydros~lase scrreniny assays. Based on the 
liberation of tritium from the substrate, [703H]-DHA, 
when hydroxylation occurs, quantitation of 

[“W&H20 in the incubations was carried out using 
the following procedures. 

For the initial experiments incubations containing 
3--S x i@‘cells were transferred to round bottom 
Aasks and cooled with swirling in an ethanof-solid 

COZ mixture, These were lyophilized in a closed sys- 

tem and the water distillates assessed fur tritium con- 
tent (see radioactivity m~~urements)~ A disposable 
charcoal column method [16J was subsequently 
found to give the same results and was used because 
of its greater convenience. 

An incubation containing no cells was always car- 
ried through the procedure with each batch of assays 
and used to correct for the tritium liberated by auto- 
oxidation of the substrate. Thus. the assay measured 
the net Liberation of trkiuin from 0.9@ 
f7-‘HJ-DHA (45 pmol) by a known number of cells 
in 3 h at 37-C. ft has been expressed as a percentage 
per 5 x 1’3”cells. 

7~~~~J~ro~~ DfIA ~~~r~~~~~~~~n procedure. An incu- 
bation of K% x IO4 cells was stopped by extraction 
witb 10 ml CH&i, containing 25 pg %-hydroxy 
DHA. Two more extractions were carried out with 
lQml volumes of CH2CI, and the combined extract 
cooled to -20’C. After filtration, solvent was 
removed at room temperature with dry N,. The resi- 

due was dissolved in 2mI ethanol and 0.2 ml taken 
for radioactivity measurement. The remainder, after 
removaf of some solvent, was applied to the origin 
of a 025mm silica get thin-layer ~bromato~ra~hy 
plate and developed twice with ch~oroform:~Ibano~ 
19: I Y/V). That region of the plate corresponding to 

the mobility of 7%“hydroxy DHA was removed and 
eluted with 3 x 5 ml methanol. 

After evaporation, the extract was made up to 2 ml 
with ethanol and 0.2 ml taken for tritium measure- 
ments. The remainder was divided into twa parts and 
used for crysta~~i~at~ons to constant specific activity: 
one with 7r-hydroxy DHA and the other (after acetyl- 
ation overnight with 0.f ml pyridine and 0.1 ml acetic 
anhydride) with the diacetate of 7r-hydroxy DHA. 

RESULTS 

Table t records the results obtained when the 
screening procedure was applied to normal and 

abnormal lymphocytes of human origin. The lym- 
phoblastoid cell line (McB) was shown to be excep- 
tionally active by liberating 1.67% of the tritium from 
the [7-3HJ-DHA substrate. 

An incubation of 100 x 10’ McBcelk with 
[7-3H]-DHA was performed. The CH2Cf2 extract, 
containing 84.2?; of the original substrate radioac- 
tivity, was chromatography and 140;, of the substrate 
tritium found in a region of the thin layer plate with 
the same mobility as 7#-hydroxy DHA. ~dent~~~at~~n 
of this product was established by crystahizations to 
constant specific activity of (a) product plus unla- 
belled 7cc-hydroxy DHA, and (b) acetylated product 
plus unlabelled 7a-hydroxy DHA diacetate (Table 2). 
Calculations based on the mean specific activity of 
the final three crystaliizations show that 12.2:); of the 
tritium contained in the substrate was idated as 

~3H~-?~~hydroxy-~~A~ 

ft has been demonstrated that the human fympho- 
blastaid cell line, McB, exhibits a high level of DHA 
7-hydroxylase activity. The observed conver&on of 
12.2% of the original substrate to 7a-hydroxy DHA 
must be a gross underestimate as it takes no account 

of tritium, presumably at the C, position of DHA, 
which was converted into [3H]-H20. Our data 
frabie 1) indicate that one-twentieth of the ceils used 
to obtain this conversion Liberated 1.670/, af the tri- 
tium from the substrate. [?-3H]-DHA. 

It is not known what proportion of the ‘W in the 
substrate is in the 7 position; the suppliers stated that 
this varied from fot to lot with approximately tO:S;, 
of the %I residing at C4. However, it is possible that 
even if the specificity of the labeliing was knawn, a 
paradoxical result may have been obtained similar 
to that described by Couch et al.[9] with human 
mammary tissue. 

To explain their data, they proposed that an epi- 
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Table 1. DHA 7-hydroxylase screening assay 
“-11 

Cells 

Mitogen transformed lymphocytes 
from 4 healthy subjects 

I”bf 

Icdi 

:jo3H liberated from [7-3H]-DHA 
per 5 X IOh cells’ 

0,Ol 1 
0.015 
0.01 1 
0.030 

Chronic lymphocytic leukaemia (CLL) 
Lymphocytes from 6 subjects 

61 
(b) 

1s 

1;; 

< 0.002 
co.002 

0.010 
0.073 
cl.043 
0.010 

CLL (T cefl) fymphocytes 0’ 
Acute lymphoblastic teukaemia 

cells from 2 subjects 

I:; 
0” 
0.148 

Sezary lymphocytes 0.108 
Lymphocytic lymphosarcoma cells <0.002 
Lymphoma (leukaemic phase) cells 02 
Lymphob~sto~d cell line “G.K.” 0.024 
Lymphoblastoid cell line “McB” 1.67 

’ Cells were incubated for 3 h at 37’~C with [7wJH]-DHA (0.9 $Yi. 45 pmol) in phos- 
phate buffer (2.2 ml, pH 7.4, 50 mM) containing NADH (0.89 mM) and NADPH 
(0.79mM). Correction was made for 3H liberated by a control incubation containing 
no cells. 

1 Control incubation liberated more ‘H than incubation with cells. 

Table 2. Specific activities of 7r-hydroxy DHA and its diacetate derivative 

Crystatlization 

7a-hydroxy DHA 
1 
2 
3 
4 

Solvent pair 

acetone/hexane 
methanol/w&e1 
benzene/hexane 
acetoneihexane 

Specific activity 
(d.p.m./mg) 

Mother 
Crystals IiCjUCHS 

4816 4984 
4493 6803 
433s 4186 
4534 4509 

7%~hydroxy DHA 
diacetate 

1 methanol/water 4083 10149 
2 acetone/pet. ether 3883 10445 
3 acetone/water 3688 4780 
4 methanol/water 3580 

Presumptive [‘HJ%-hydroxy DHA was isohted from an incubation with 
100 x 10” Mc3 ~yrnphob~~to~d c&s and [7-3H]-DHA (2.02 x 106 d.p.m.). A 
portion of the isolated material (I24 x IO3 d.p.m.) was successively crystallized 
with 24.5 mg unlabelled ‘Ir-hydroxy DHA. The remainder (1 17 x lo3 d.p.m.) 
was acetylated and recrystallized with 27.2 mg of the diacetate of 7x-hydroxy 
DHA. 

merase may be present which could convert ‘ifi-hyd- The McB Iympbobl~toid ceil line was isoiated 
roxy DHA to the 7u epimer with complete retention from the spleen of a patient with Hodgkin’s Disease. 
of the label at the 7 position. Until this matter is Further studies would be required to determine 
resolved, it is not certain that an observed conversion whether there could be an association between DHA 
of DWA to 7u-hydroxy DHA necessarily proves the 7-hydroxylase and Hodgkin’s Disease, It has been 
presence of a DHA 7a-hydroxylase. reported that splenic microsomal cytochrome ~450 
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is significantly higher than normal in patients with 
Hodgkin’s Disease [17]. 

The screening assay has indicated the possibility 
of a low level of DHA 7-hydroxylase activity in peri- 
pheral lymphocytes grown in culture with phytohae- 

magglutinin. It is possible that indications of a higher 
level of enzyme activity may have been observed if 
an inducing agent had been added to the culture. as 
was the case with the induction of the 16a-hydroxy- 
lase [3] and the aryl hydrocarbon hydroxylase 

[lS. 193. 
An intriguing observation recorded in Table 1 are 

those neoplastic cells which assayed “below zero”. 

The presence of these cells in an incubation appar- 

ently protected [7-3H]-DHA from chemical oxidation 
which, over a period of 3 h at 37°C. liberates about 
0.0129, of the tritium in the substrate. It could mean 

that while the cells have completely lost the capacity 
for 7-hydroxylation. they possess, or have retained, 
the ability to bind DHA at a concentration of 

20.5 nM. 
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