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A sim ple cell hom ogenate frac tiona tion  procedure was used  to  enrich 
for virus-specific reverse transcrip tase. A nim al cells infected w ith  R auscher 
leukaem ic viruses provided the  positive contro ls necessary to  estab lish  gu ide­
lines for fractionation, enzyme p rep a ra tio n  an d  assay of hum an m alignan t 
cells. In  the  peripheral blood of five ac u te  lym phoblastic leukaem ic children  
we found no evidence to  support th e  presence of any oncorna v iruses. The 
results ob ta ined  w ith  acu te leukaemic lym phoblasts and w ith h ea lth y  th y m o ­
cytes were sim ilar.

The unique properties of RNA 
tumour virus reverse transcriptase, 
especially its ability to transcribe 
natural or synthetic RNA, have sug­
gested that this enzyme activity 
might provide a sensitive assay for 
the detection of RNA tumour viruses 
in suspected biological materials. In 
this respect, much effort has been 
directed towards detecting human 
tumour viruses by assaying malig­
nant cells for virus specific reverse 
transcriptase (RT) activity [1, 4, 10, 
11, 12, 13, 21, 23, 24, 26, 29, 30]. 
There were, however, difficulties in 
detecting a viral enzyme, because it 
was expected to be present in low 
concentrations in malignant cells, 
and the presence of cellular poly­
merases can also respond in certain 
assays that were earlier thought to 
be specific for viral RT [3, 9, 32, 33, 
37, 38].

For the time being, heteropolymer 
RNA remains the most specific tem­

plate for virus RT, but the enzyme 
activity is much lower with natural 
RNA than with the synthetic tem­
plate primers [20, 21]. In addition, 
the natural RNA is serving as tem­
plate for synthesis of products, which 
are difficult to demonstrate [6, 10, 
34]. In view of the limited amount of 
clinical material, synthetic template- 
primer complex (poly(2’-0-meth- 
ylcytidylate) oligodeoxyguanylate 
(poly/rCm/ • oligo/dG/) has been used 
by us for the detection of virus related 
RT in human acute leukaemic cells. 
Poly/rCm/ • oligo/dG/12_i8 i-4 a specif­
ic template primer for virus RT, but 
it is much less active with virus en­
zymes than with poly/rA/ • oligo/dT/ 
or poly/rC • oligo/dG/ [14, 15, 16, 17, 
20, 21, 37]. It has, however, recently 
been reported that polyethylene gly­
col 6000 (PEG 6000) enhances reverse 
transcription, augmenting both the 
rate and the duration of the polymer­
ization [7]. We could in fact demon-
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strate that polymerization is higher in 
PEG 6000 with poly/rCm/ • oligo/ 
/dG/12_18, than in bovine albumin 
with poly/rA/ • oligo/dT/12.

The use of poly/rCm/ • oligo/dG/12_lg 
for identification of virus related RT 
activity from human leukaemic tissue 
may be complicated by the presence 
of the template independent terminal 
deoxynucleotidyltransferase activity 
(TdT), which is present in thymus, 
bone marrow and especially in cer­
tain types of acute leukaemic cells 
[5, 28, 29, 25, 30, 37]. The primer por­
tion of poly/rCm/ • oligo/dG/12_ 18 
serves as an efficient primer for the 
terminal addition of dGMP by means 
of TdT. TdT activity, however, dif­
fers from all template-dependentDNA 
polymerases in its sensitivity to 
complete inhibition by high levels of 
ATP [5, 29]. For this reason, RT activ­
ity has been investigated by us in 
the presence and absence of ATP.

This paper describes in detail our 
studies for the detection of viral RT 
in human acute leukaemic cells. Ani­
mal cells infected with Rauscher leu­
kaemic viruses provided the positive 
controls necessary to establich guide­
lines for enzyme preparation and 
assay of human malignant cells.

M a t e r ia l s  a n d  M e t h o d s

Chemicals and enzymes. Poly(rCm ), oligo- 
(dG)j 2_ 18,Term inal deoxynucleotidylTrans- 
ferase (TdT) were ob ta ined  from  PL-Bio- 
chem icals, Milwaukee, W is., USA. Poly- 
( A)- oligo(dT)12 and R everse T ranscriptase 
(RT) w ere bought from B oehringer M ann­
heim  G m bH , F R D . 3H /T T P , specific

a c tiv ity , 28 Ci/mmol was bough t from  the 
R adiochem ical Centre, A m ersham , E ng­
land . (3H )dG TP — specific ac tiv ity , 28 
Ci/m m ol was suplied by th e  Iso to p e  In s ti­
tu te , Moscow, Soviet U nion. A ll th e  other 
chem icals were bought from  R e an a l Inc.- 
B u d ap est, Hungary.

Viruses. Rauscher M urine Leukaem ia 
V irus p reparations were ob ta ined  as  a  g ift 
from  D r. F . J .  Rauscher, N atio n al I n s t i t­
u te s  o f  H ealth , Bothesda, M d., USA . The 
v iru s t i t r e  was 10s ID  50/ml I . P . in  adu lt 
m ice, th e  Code No., was ATCC VR294.

M ice. Balb/c mice were b o u g h t from 
“ H u m a n ” Inc., Gödöllő, H ungary .

Spleen. The Rauscher M urine L eukae­
m ia  V irus preparation was inocu lated  I. P . 
in to  3-week-old Balb/c mice, as described 
prev iously  [22]. The anim als w ere sacrif­
iced 3 weeks later; mean w et spleen weight 
w as 3 g per animal. Spleens w ere also 
rem oved  from  6-week-old h ea lth y  B alb/c 
m ice a f te r  sacrifice. B oth  th e  enlarged 
leukaem ic spleens and th e  n o rm al ones 
w ere s to red  a t — 70 °C.

H u m a n  blood. Ten m l periphera l blood 
w as ta k e n  from each of 5 acu te  lym pho­
b lastic  leukaem ic children before trea tm e n t, 
im m edia te ly  after having diagnosed the 
disease. T he bloods were stored  a t  — 70 °C.

H u m a n  thymuses. A piece o f thym us 
g land  h as  been removed from  each  of 6 
ch ild ren  suffering from congenital h ea rt 
disease, im m ediately afte r th e  th o ra x  has 
been opened for cardiac surgery. T he th y ­
m us g lands were stored a t  — 70 °C.

E nzym e preparations. All p rep a ra tio n  
p rocedures were done a t  4°C. F rozen  10 m l 
h u m a n  blood was finely m inced an d  dis­
ru p te d  in  a  Braun type glass-Teflon ho- 
m ogenizer in  10 ml hom ogenization buffer 
con tain ing  50 mM Tris HCl p H  7.8, 1.0 
mM dith io th reito l, and 20% v /v  glycerol. 
T hree g frozen leukaemic or norm al 
spleen w as also disrupted in  20 m l ho ­
m ogenization  buffer. A fter hom ogenization 
th e  m ateria ls  were centrifuged in  a n  MSE 
H igh  Speed 18 centrifuge a t  5000 X g for 
10 m in u tes , then the su p e rn a tan ts  a t  
12,000 X g for 15 m inutes. Solid KC1 and
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concen tra ted  NP-40 were added to  th e  
m itochondrium -free superna tan ts to  a  final 
concentra tion  of 0.4 M for KC1, an d  of
0.5%  v /v  for NP-40. The so lu tion  was 
s tirred  up several tim es and afte r 25 m in­
utes, 80 m l homogenization buffer an d  1.0 g 
phosphocellulose were added under con tin ­
uous stirring  w ith a  glass rod  for 20 m in­
u tes, th en  th e  phosphocellulose w as sedi­
m en ted  ou t by centrifugation a t  5000 X g 
for 10 m inutes. The sedim ented phospho­
cellulose was washed 3 tim es w ith  80 ml 
of a solution containing 50 mM Tris HCl, 
pH  7.8, 1.0 mM dithio threito l, 0.1 M KC1,
0.1%  v /v  NP-40, and 20% v /v  glycerol. 
A fter th e  last wash, 3.5 m l of 1.0 M KC1, 
in hom ogenization buffer was added  under 
stirring  for 20 m inutes. A fter cen tri­
fugation, the KC1 concentration  of the 
phosphocellulose-free su p e rn a tan t was 
m easured; it am ounted to  0.4 M. The 
enzym e-containing solution was th e n  con­
cen tra ted  to  0.5 ml w ith Minicon S 125 
concen tra to r (Amicon Corporation, Lexing­
ton , USA), and  from th e  concentra ted  
solu tion  th ree 0.1 ml samples were used 
for enzym e ac tiv ity  determ ination .

D N A  polymerase assay. R eactions were 
carried  ou t in volumes of 0.4 m l, including 
th e  0.1 m l phosphocellulose purified  sam ­
ple. The reaction m ixture contained one of 
th e  additional com ponents, th u s

a) 1.0 un it poly(rCm) • oligo/dG12_ 18 +  
- f  10 /iCi 3H-dGTP,

b) 0.5 un it oligo(dG),2_ 18 +  10 uCi 
3H -dG TP,

c) 1.0 un it poly (A)* oligo(dT)12 -)- 
-4 10 //Ci 3H-TTP,
an d  as a  constan t com ponent,

50 mM Tris HCl, pH  7.8, 100 mM KCl,
0.5 mM MnCl,, and either 50 fxg bovine 
serum  album in or 10% v /v  polyethylene 
glycol 0000.

Before use, 5 units o f poly(rCm) and 
5 un its  of oligo(dG)12_ 18 freshly prepared 
b y  th e  m ethod of Marcus [27, 31] were 
added.

A fter incubation a t  37°C, th e  reactions 
were te rm inated  by direct absorp tion  by 
W hatm an GF/C glass fibre paper. Then the

papers were w ashed consecutively once in 
10% trichloroacetic acid (TCA) contain ing 
sodium pyrophosphate, twice in  5%  TCA 
and finally  tw ice in  95% ethanol a t  4 °C, 
each tim e for 15 m inutes. TCA précip itab le 
activ ity  was estim ated  by liquid sc in tilla­
tion counting in  a PPO -PO PO P-toluene 
system.

S tatistical analysis o f the resu lts was 
perform ed by th e  t test.

R e s u l t s

Figure 1 shows that the activity of 
reverse transcriptase prepared from 
the spleens of Rauscher leukaemio 
mice is template dependent.

PEG 6000 enhances reverse tran­
scription, augmenting both the rate 
and duration of polymerization.

In PEG 6000 with poly/rCm/ •
. oligo/dG the yield of complemen­
tary 3H-DNA is greater than in bo­
vine serum albumin with poly/A/ • 
. oligo/dT/.

By means of our method, RT activ­
ity can be measured in as few as 
2 — 3 mg spleen of Rauscher leukaemic 
mice.

With poly/rCm/ • oligo/dG/ the max­
imum yield of complementary 3H- 
DNA is obtained if incubation is 
continued for 90 minutes. The results 
presented in the Tables are given 
accordingly.

In Fig. 2 it is seen that the activ­
ity of RT is not influenced by the 
presence or absence of 0.1 mM ATP 
in the reaction mixture. Terminal 
deoxynucléotidyl transferase activity 
decreases considerably in the pres­
ence of 0.1 mM ATP. ATP in a dose
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F i g . 1. Enzym e ac tiv ity  p repared  from  spleen o f  R auscher leukaemic m ouse. Assays were 
ca rried  o u t in  reaction m ix tu res  containing either 60 fig bovine serum  album in w ithout 
A T P  o r 10% (v/v) po lyethylene glycol 6000 (PEG ) w ithout ATP. T he values given are 

counts per m inu te per 50 m g w et weight spleen

*

F i g . 2. Term inal deoxynucléotidyl transferase (TdT) and reverse transcrip tase  (RT) 
ac tiv ities m easured in  th e  presence or absence of 0.1 mM ATP. The values given are counts 
per m in u te  per 1 un it o f TdT an d  of R T equal to  60 m g w et weight leukaemic spleen

of 0.2 mM inhibited TdT even more, 
but then RT was also inhibited.

Tables I and II show that template 
dependent enzyme activity can only 
be obtained from the spleens of Rau­
scher leukaemic mice. There is no

template dependent enzyme activity 
in the spleen of healthy mice.

Tables III and IV show that tem­
plate dependent enzyme activity was 
obtained from the leukaemic bloods 
and also from the healthy thymuses.
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T a b l e  I

Enzym e ac tiv ity  prepared  from  spleen of R auscher leukaem ic mice. Assays were carried 
out in reaction  m ix tures containing 60 fig bovine serum  album in w ithout A TP. T he values 

given are counts per m inute per 60 m g w et weight spleen

- OLIGOidG),,-18 POLY(rOm) 
OLIGO(dG)lt- lt

348 602 17 015
342 588 17 255
317 598 18 056

Average 335 596 17 442

Standard deviation ± 1 6 ± 7 ± 544

T a b l e  I I
Enzym e ac tiv ity  prepared  from  spleens of hea lthy  mice. Assays were carried ou t in  reaction  
m ixtures containing 60 /tg bovine serum  album in w ithout A TP. The values g iven  are 

counts per m inute per 60 m g w et w eight spleen

- OLIGO(dG)lt_ „ POLY(TOm). 
OLIGOCdG),,- je

402 499 394

438 465 437

% 444 393 407

Average 428 452 412

Standard deviation ± 2 3 ± 5 4 ± 2 2

T a b l e  I I I
Enzym e ac tiv ity  prepared from  th e  blood of acu te  lym phoblastic leukaem ic children. 
Assays were carried  ou t in  reaction m ix tures containing 10% (v/v) P E G  w ith  0.1 mM 

A TP. The values given are counts per m inute per 2 m l of blood

Name Sex Age
in years

Leukocyte 
count G/l.

Blasts, 
per cent — OLIGOidG),,-!, POLY(rOm). 

OLIGO(dG)lt-  „

K.M. girl 10 66 97 6104 7096 12 060

T.T. girl 2 40 95 6184 7864 14 164

M. F. boy 13 26 95 6052 7424 8 668

V .G . boy 4 32 100 5732 6344 11 588

G. Z. boy 15 30 100 6792 7808 12 200

Average
Standard deviation

6172 7307
±381 ±621

— P  <  0.01 _ _ P  <  0.01

11,736
± 19 7 8
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T a b l e  IV

E nzym e ac tiv ity  p repared  from  thym uses of h ea lth y  children. Assays were carried ou t in 
reac tion  m ixtures contain ing 10% (v/v) P E G  w ith  0.1 mM ATP. The values given are 

counts per m inute per 50 m g w et weight thym us

- OLIGO(dG)ls_ „ POLY(rCm). 
OLIGO(dG)ia_ 18

6762 9072 13 307
7188 9861 13 778
6931 9072 13 227

Average 6960 9335 13 437
Standard deviation ±214 ± 456 ± 297

P <  0.01 <---------------- ► P <  0.01

T a b l e  V

E nzym e a c tiv ity  prepared  from  thym uses of h ea lth y  children. Assays were carried o u t in 
reaction  m ixtures contain ing 10% (v/v) P E G  w ith  0.1 mM A TP. The values given are 

counts per m inute per 50 m g w et weight thym us

- OLIGO(dG)la- 18 POLY (Cm). 
OLIGO(dG)ia_ is

6762 9839 20 161
6782 9093 20 070
6850 9474 21 253

Average 6808 9468 20 494
Standard deviation ± 3 4 ± 373 ± 657

P <  0.01 ■*---------------- ► P <  0.01

Template dependent synthesis amount­
ed to 4429 d: 191 c.p.m. jier 2 ml of 
acute leukaemic blood, and to 4102 ±  
±  165 c.p.m. per 50 mg healthy thy­
muses; the difference was not signif­
icant (p >  0.50).

With template primer the total 
synthetized 3H-DNA was 11 736 ±  
±  1978 c.p.m. and 13 437 ±  297 c.p. 
m. per 2 ml of acute leukaemic blood 
and per 50 mg of healthy thymuses, re­
spectively; the difference was not sig­
nificant (0.20 >  p >0 .10).

Under the influence of oligo/clG/12__18 
without template, significantly in­
creased 3H DXA synthesis was ob­
served both in the investigated acute 
leukaemic lymphoblasts and in the 
healthy thymocytes, because of the 
incomplete inhibition of TdT activity 
in both cases.

It can be seen in Table V that the 
template dependent enzyme activity 
obtained from healthy thymuses was 
considerably increased if 2 units of 
poly/rCm/were annealed with 1 unit of
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oligo/dG/12~lg. With such a type of 
template primer complex, the syn- 
thetized amount of 3H-DNA increased 
from 13 437 d: 207 c.p.m. to 20 404 dz 
d: 657 c.p.m. The template depend­
ent 3H-DNA increased from 4102 di 
d: 165 c.p.m. to 11 026 d: 117 c.p.m. 
The increase was significant (p <  
<  0 . 0 1 ) .

We have taken peripheral blood 
from healthy children and prepared 
enzymes from it, but the results were 
not comparable to those prepared 
from leukaemic blood, because the 
leukocyte count was very low, and 
the leukocytes of healthy children 
were mature, whereas those of leu­
kaemic children were immature. Fur­
ther, the leukocytes of healthy chil­
dren are TdT negative whereas in the 
blood of leukaemic children there are 
TdT positive blasts.

D isc u ssio n

In the past, the possible viral aetiol­
ogy of leukaemia could not be inves­
tigated efficiently in humans because 
one could not apply the tests used in 
laboratory animals. Now there are 
biochemical methods which have 
proved useful for the purpose.

The oncogenic RNA viruses exhibit 
two biochemical properties unique to 
them [24, 36]. They possess a large 
single-stranded RNA molecule with a 
sedimentation coefficient of 60 S to 
70 S and they also contain reverse 
transcriptase, an enzyme capable of 
using the viral 70 S RNA as a template 
to generate a DNA complementary 
copy [2, 24, 36, 39].

Our aim was to test the presence of 
RT in human leukaemia by the most 
sensitive and specific enzymatic pro­
cedures available and to compare 
them with the results obtained in non- 
malignant cells. This required an 
appraisal of the sensitivity and spec­
ificity of currently available assay 
procedures for viral RT in cell ho­
mogenates.

The described cell homogenate frac­
tionation procedure was used to en­
rich viral enzymes. Our results with 
animal cells infected with tumour 
viruses provided the positive controls 
necessary to establish guidelines for 
cell fractionation, enzyme preparation 
and assay of human malignant cells. 
On the basis of the results presented 
in the first two Tables and two Figures 
we proved that our method is sensi­
tive, template and virus specific. Still, 
in the peripheral blood of five acute 
leukaemic children we found no evid­
ence to support the presence of any 
oncorna viruses, as acute leukaemia 
cells and healthy thymocytes gave 
similar results. The observed increase 
of template specific enzyme activity 
may have been the consequence of 
cellular polymerases being present in 
our assaysystem. Although poly/rCm/- 
. oligo/dG/ has been reported to be 
the most specific synthetic template- 
primer complex for the detection of 
viral enzyme, even these templates 
can to some extent be used by cellular 
DNA polymerases [35, 38]. More­
over, it has recently been shown that 
this template could even stimulate 
some cellular enzymes [35].

Spiegelman et al worked out a spe-
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cial technique to detect reverse trans­
criptase and high molecular weight 
(70 S) RNA in a functional complex 
to demonstrate the expression of viral 
components in human malignancies 
[24, 36]. Positive results were obtained 
in more than 95% of the leukaemic 
patients, irrespective of their illness 
being acute or chronic, lymphoid or 
myelogenous [24]. With the same sim­
ultaneous detection technique they 
found 95% positivity from 109 leukocy­
tes. The amount of product formed in 
the simultaneous detection technique 
is approximately 2 orders of magnitude 
lower than with the use of poly/A/ ■ 
. oligo/dT [20, 21, 37]. Moreover, it 
can be seen from Fig. 2 that poly­
ethylene glycol 6000 enhances reverse 
transcription, augmenting both the 
rate and duration of polymerization. 
Investigating the enzyme reaction in 
polyethylene glycol 6000 with poly/ 
rCm/ • oligo/dG/ increased the yield 
of complementary 3H-DNA in excess 
to that produced in bovine albumin 
with poly/A/ • oligo/dT/. Thus, the 
number of the leukaemic cells used in 
our experiments was 5 —10 times more 
than the number sufficient to dem­
onstrate virus positivity.

In a large series of leukaemic pa­
tients, Gallo et al. [10] found, by util­
izing more extensive purification 
methods and rigid criteria, that ap­
proximately 10% of the human leu­
kaemic cells examined were positive 
for reverse transcriptase activity, 
and most of these were of myeloge­
nous origin. The fact that 90% of 
human leukaemias may be negative 
for virus reverse transcriptase indi­

cates the possibility, that most hu­
man leukaemias are transformed, but 
virus non-producer cells.

Consequently, one may conclude 
that human leukaemias, at least in 
part, could be caused by viruses, but 
after having infected and transformed 
some stem cells in the bone marrow, the 
viruses disappear from the organism. 
The situation is similar in the virus­
negative cases of leukaemia in cats. 
In Glasgow, up to 50% of the feline 
lymphomas are negative for FeLV 
[8, 19].

if the viruses, as the causative 
agents, have disappeared from the 
organism by the time when the leu­
kaemia is diagnosed, the disease could 
be cured by an eradication of trans­
formed cell clones.
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