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Trans Activation of the Bovine Leukemia Virus Long 
Terminal Repeat in BLVInfected Cells 

Abstrac t . The transcription initiation signais for retroviruses lie within the long 
terminal repeat (LTR) séquences thatfiank the integratedprovirus. This study shows 
that factors présent in cells infected with bovine leukemia virus (BLV) médiate 
transcriptional t rans activation of the BLV LTR. This phenomenon is similar ta that 
reported for the human T-cell leukemia virus LTR and establishes both structural 
and functional criteria for inclusion of BLV and human T-cell leukemia viruses in the 
same family of transforming retroviruses. 

tors responsive to envi ronmenta l stimuli. 
Recently, the L T R ' s der ived f rom 

HTLVI and HTLVI I were examined 
with respect to promoter func t ion {21, 
22). In a manner similar to the BLV 
L T R , the HTLVI and H T L V  I I L T R ' s 
funct ioned at high leveis only in cell lines 
known to express H T L V informat ion. 
According to an al ternat ive interpréta
tion of this phenomenon, virus expres
sion is activated by a viral gene product 
(22). In this model, a lowf requency tran
scriptional event would initiate a posit ive 
feedback scheme resulting in the produc
tion of virus at a high and uncontrol led 
levai. For BLV, at least , this model 
seems inconsistent with the biologie 
propert ies of the virus in na tu re . W e are 
inclined to believe that the even t s and 
factors that initiate the pr imary tran
scription of BLV are identical to those 
which allow its sustained express ion in 
the producer cell lines. This raises the 
quest ion of how the product ively infect
ed cell lines in our exper iments acquired 
the ability to utilize the B L V promote r 
when the parental F L K and bat lung 
cells could not. This quest ion is related 
to the problem of establishing cell lines 
productively infected with B L V , an ap
parently rare occurrence ( i , 4). One ex
planation consistent with bo th of thèse 
observat ions is that the original cell pop
ulations contain rare var iants that ex
press the factor or fac tors that allow 
B L V promoter funct ion and, thus , pro
ductive infection. Regardless of the type 
or origin of thèse regulatory fac to r s , they 
probably interact with spécifie séquence 
éléments in the L T R ' s . 

We have observed that the B L V LTR 
funct ions as a highly restr icted p romote r 
unit and possesses s équences 5' and 3' 
to the R N A start site that inf luence gene 
expression. The expression of B L V in 
vivo is probably restricted to a spécifie 
cell type in the Bcell l ineage or to a 
spécifie State of response of that cell to 
environmental stimuli. Character iza t ion 
of the unique transcriptional regulatory 
factors présent in the product ive ly in
fected cell lines, which confe r activity on 
the BLV promoter unit , should clarify 
the mechanisms of res t r ic ted viral 
expression seen in nature . Retroviral 
L T R ' s contain promoters that must be 
analogous to those of cellular gènes , and 
cellular gene expression is highly regu
lated by a variety of mechan i sms . Thus il 
is not surprising to observe t issuespecif
ic or responsespecific (hormonal ly regu
lated) retrovirus express ion. B L V and 
H T L V are unusual biologically and 
structurally compared with ail other 
R N A tumor viruses and it s eems proba
ble that they belong to a unique class of 

The g é n o m e of bovine leukemia virus 
(BLV) con ta ins the long terminal repeat 
(LTR), gag, pol, and env séquences 
character is t ic of ail re t rovi ruses (7). In 
addition, like the human Tcell leukemia 
virus ( H T L V ) , the BLV génome has a 
long open reading f rame (LOR) région of 
approximate ly 1600 nucleotides 3' to the 
envelope gene (2). We have previously 
proposed that the H T L V L O R région 
protein média tes t ranscript ional trans 
activation of the H T L V L T R ( i ) . There
fore , it was of interest to détermine 
whether f ac to r s présent in BLVinfec ted 
cells média te trans activation of the BLV 
LTR. 

The t ranscr ip t ion initiation signais for 
re t roviruses lie within the long terminal 
repeat (LTR) séquences that flank the 
integrated provi rus {4). To test the tran
scriptional capabili t ies of the B L V LTR 
séquences , we const ructed plasmids in 
which the B L V L T R was placed 5 ' to the 
bacterial ch loramphenicol acetyl t rans
ferase (CAT) gene (Fig. 1) (5). To assay 
for t ranscr ipt ional activity, we intro

duced the recombinant plasmids into eu
karyot ic cells via t ransfect ion (6). Leveis 
of C A T enzymat ic activity are closely 
correla ted with leveis of C A T messenger 
R N A , thereby providing a measure of 
the ability of the séquences 5' to the 
C A T gene to p romote transcript ion (5, 
7). 

T h e ability of the B L V L T R séquences 
to funct ion as transcript ional é léments in 
uninfected murine fibroblasts and human 
epithelial lines was tes ted. Parallel ex
per iments were done with several other 
plasmids in which the C A T gene was 
under control of o ther p romote r sé
quences . Upon t ransfect ion thèse addi
tional plasmids ail yielded appréciable 
leveis of C A T activity (Table 1), indicat
ing that the t ransfect ion p rocédures used 
resulted in efficient up take and expres
sion of D N A . N o C A T activity was 
de tec ted in extracts prepared f rom those 
cells that were t ransfected with the plas
mid containing the B L V L T R séquences . 
Similar results were obtained af ter trans
fection of human T and B lymphocytes 
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Fig. 1. Construction of pBLVcat. The BLV LTR sé
quences used in this study were those of the LTR sub
clone T15-4, obtained from an Eco RI tumor D N A frag
ment of a bovine lymphosarcoma {14). Subclone T15-4 
was digested with E c o RI and the 890-base-pair fragment 
containing the B L V LTR was isolated from a low-melting 
agarose gel and ligated inlo the Eco RI site of plasmid 
pBR322. D N A w a s transfected into the Escherichia coli 
strain HBIOI and ampicillin-resistant colonies were 
screened for the présence and orientation of the BLV 
insert. A positive c lone was cleaved with Hind III-Bam 
HI and the vector fragment was isolated. The Hind III-
Bam HI fragment of plasmid pSV2cal containing the CAT 
coding séquence and SV40 polyadenylation signais was 
ligated to this B L V fragment. The construction of the final 
plasmid, pBLVcat , was confirmed by extensive restric
tion enzyme analysis . Plasmid D N A was purified by 
banding in CsCI. AU recombinant DNA techniques were 
according to established procédure {17). Enzyme diges
tions were done according to the manufacturers' spécifi
cations. 

(Table 1). T h è s e results show that the 
BLV transcript ional é léments do not 
function as a t ranscript ional p r o m o t e r in 
thèse cells. 

The ability of the B L V L T R s é q u e n c e 
to function as a t ranscript ional é lément 
in BLV-infected and uninfec ted fetal 
lamb kidney ( F L K ) cells was examined . 
The C A T activity directed by the B L V 
LTR séquences was not de tec ted in the 
uninfected cells, suggesting that the 
BLV L T R was inactive in thèse cel ls . In 
contrast , a high level of C A T act ivi ty 
was detected upon t ransfect ion of the 
BLV-infected p roducer cells (Table 1 
and Fig. 2). T h e infected cell line used 
for this exper iment produced B L V viri
ons as demons t ra ted by high r eve r se 
transcriptase levels (data not shown) . 
Similar results were obtained with addi-
tional uninfected and BLV- in fec t ed 
matched cell lines. The cell lines used 
were uninfec ted bat lung cells (CCL88) 
and a clonal isolate of the C C L 8 8 line 
that produced B L V (S), and F L K cells 
that were infected with B L V 6 to 8 d a y s 
prier to t ransfect ion (Table I and Fig. 2). 

From thèse exper iments we conc lude 
that trans acting fac tors , e i ther e n c o d e d 
by the virus or virally induced, ac t iva te 
BLV LTR-cont ro l led gene express ion . 
This efifect probably occurs at the level 
of transcription ( i , 7). 

Gene express ion directed by the L T R 
séquences of H T L V types I, II, and III is 
augmented by trans acting f ac to r s prés
ent in H T L V - i n f e c t e d cells ( i ) . W e test-
ed if thèse f ac to r s could act ivate the 
BLV transcr ipt ional control s é q u e n c e s . 
We have previous ly shown that trans 

acting fac tors présent in H T L V - I I - i n -
fected cells activate H T L V - 1 L T R - d i -
rected C A T gene express ion. 

As ind ica ted in T a b l e 1, t h e trans 
acting factors présent in the H T L V - I , 
HTLV-I I , and HTLV-I I I infected cell 
lines were unable to activate B L V L T R -
directed CAT gene express ion. Similar-
ly, factors présent in the BLV- infec ted 
cells were unable to increase C A T gene 
expression directed by the différent 
H T L V - L T R séquences. This suggests 
that the trans acting factors for H T L V - I , 
-II, and -III are not funct ional ly inter
changeable with those fac tors that acti
vate the B L V LTR séquences ; this is not 
surprising given the lack of pr imary sé
quence homology between the H T L V 
and B L V LTR séquence (9, 10). 

The major déterminant for efficient 
funct ion of the BLV transcript ional élé

men t s m a y be the présence of BLV-
induced trans acting factors, because 
C A T gene expression directed by the 
p lasmid that contains the BLV LTR was 
only o b s e r v e d in BLV-infected cells. In 
this r e spec t B L V resembles HTLV-I I 
ra ther t h a n HTLV-I because the efficient 
act ivi ty of the HTLV-II LTR appears to 
be res t r i c ted , for the most pa r t , to 
H T L V - I I - i n f e c t e d cells ( i) . 

T h e p h e n o m e n o n of irans ac t iva t ion 
and the p r é s e n c e of a LOR région distin-
guish b o t h B L V and H T L V f rom other 
nonacu te retroviruses . Circumstantial 
év idence suggests that trans activation 
of the H T L V L T R is mediated by the 
prote in p roduc t of the H T L V L O R ré
gion ( i , 11). Because the génome of BLV 
conta ins a L O R région 3' to its envelope 
gene (2), w e propose that the B L V LOR 
prote in p roduc t médiates transcriptional 

Table I. Relative C A T activity in transfected cells. Non-lymphoid and lymphoid cell lines were transfected by modifications of the CaP04 and 
DEAE dextran coprecipitation techniques, respectively (6). Préparation of cellular extracts and CAT assays were as described in the legend to 
Fig. 2. Plasmid pU3R-III contains the LTR of HTLV-III (i) . To control for différences in the ability of différent cell types to take up and express 
foreign D N A , we normalized the percentage conversion of chloramphenicol to its acetylated forms against the percentage conversion in similar 
cells transfected with pSV2cat taken as 1.0. Thus, the values represent the percentage acetylation per hour relative to that directed by pSV2cat. 
Plasmid pSV2cat and the other plasmids used are described in the legend lo Fig. 2; N D , not done. 

Cell line Description pSV2cat pBLVcat pU3R-I pU3R-II pU3R-III pRSVcat 

NIH 3T3 Murine fibroblast cell line 1.0 < 0 . 0 5 0.9 N D N D N D 
Hela Human cervical carcinoma line 1.0 <0 .05 2.2 N D N D 1.6 
HUT 78 HTLV-negat ive human T lymphocyte 1.0 <0 .05 4.5 N D N D 2.1 18 
Raji Human B lymphocyte immortalized 

by EBV 
1.0 <0 .05 6.2 N D 2.5 N D 19 

FLK, uninfected Fetal lamb kidney cell 1.0 <0 .05 0.9 < 0 . 0 5 1.9 1.9 
FLK BLV-pro- BLV-producing fetal l a m b kidney 1.0 7.6 1.6 < 0 . 0 5 2.5 1.3 20 

ducer cells 
CCL 88 Bat lung cells 1.0 <0 .05 I.I < 0 . 0 5 N D 3.6 8 
CCL 88 BLV- BLV-producing bat lung cells 1.0 3.8 1.6 < 0 . 0 5 N D 2.2 8 

producer 
C 8166/45 HTLV-I immortalized nonproducer 1.0 < 0 . 0 5 75 N D 2.8 ND 21 
C3-44 HTLV-II producer T-cell line 1.0 <0 .05 140 95 1.7 ND 18 
MT2 HTLV-I immortalized producer T-

cell line 
1.0 < 0 . 0 5 180 N D 1.4 2.5 21 

H9 HTLV-negat ive human T lymphocyte 1.0 < 0 . 0 5 2.5 < 0 . 0 5 3.6 N D 22 
H9/HTLV-III H9 T-lymphocytes infected with 1.0 < 0 . 0 5 3.2 < 0 . 0 5 1,160 N D 22 

HTLV-III 
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a c t i v a t i o n o f t h e B L V L T R . A 2 - k i l o b a s e 

m e s s a g e c a p a b l e o f e n c o d i n g s u c h a p r o -

t e i n h a s b e e n d e t e c t e d in B L V - i n f e c t e d 

c e l l s (12). 
O n e q u e s t i o n a r i s i n g f r o m t h è s e s t u d -

i e s i s h o w v i r a l t r a n s c r i p t i o n p r o c e e d s 

a f t e r i n f e c t i o n if t h e B L V L T R is n o n -

f u n c t i o n a l in u n i n f e c t e d c e l l s . A p o s s i b l e 

e x p l a n a t i o n m i g h t b e t h a t e i t h e r s m a l l 
a m o u n t s o f L O R p r o t e i n o r m e s s a g e a r e 

p a c k a g e d in t h e v i r i o n s a n d s e r v e t o 
i n i t i a t e t r a n s c r i p t i o n u p o n v i r u s e n t r y 

i n t o t h e c e l l . A l t e m a t i v e l y , t r a n s c r i p t i o n 
m a y b e o c c u r r i n g i n t h e u n i n f e c t e d c e l l s , 
b u t a t a l e v e l t o o l o w t o b e d e t e c t e d in 

o u r a s s a y . I n a n y e v e n t , v i r u s - i n d u c e d 
trans a c t i n g t r a n s c r i p t i o n a l a c t i v a t i o n o f 
t h e L T R s h o u l d r e s u i t in a n a u t o s t i m u l a -

t o r y e f f e c t , t h u s i n c r e a s i n g t h e r a t e o f 
B L V t r a n s c r i p t i o n a n d r e p l i c a t i o n . 

B o v i n e l y m p h o s a r c o m a , t h e d i s e a s e 
i n d u c e d b y B L V , i s c h a r a c t e r i z e d b y a 

l o n g l a t e n c y o f t e n p r e c e d e d b y p e r s i s t e n t 
l y m p h o b l a s t o s i s , a b s e n c e o f c h r o n i c v i -
r e m i a , a n d , m o s t i m p o r t a n t , n o s i t e - s p e -

c i f i c v i r a l i n t é g r a t i o n (13, 14). T h è s e 
c h a r a c t e r i s t i c s a r e d i f f é r e n t f r o m t h e d i s 
e a s e p a t t e r n s a s s o c i a t e d w i t h t h e m u r i n e 
a n d a v i a n r e t r o v i r u s e s y e t a r e s i m i l a r t o 
t h e d i s e a s e i n d u c e d b y H T L V - I (M, 15). 

W e h a v e p r o p o s e d t h a t c e l l u l a r i m -

m o r t a l i z a t i o n b y H T L V - I i s m e d i a t e d 
e i t h e r d i r e c t l y o r i n d i r e c t i y b y t h e H T L V 

L O R p r o d u c t , p o s s i b l y v i a trans a c t i v a 

t i on o f c e l l u l a r g è n e s i n v o l v e d in l y m 
p h o c y t e g r o w t h c o n t r o l . B e c a u s e t h e d i s 

e a s e c h a r a c t e r i s t i c s , t o g e t h e r w i t h t h e 

p h e n o m e n o n o f trans a c t i v a t i o n , d i s t i n -

g u i s h B L V a n d H T L V f r o m o t h e r n o n -

a c u t e r e t r o v i r u s e s , w e s u g g e s t t h a t t h e 

p r o d u c t o f t h e B L V L O R r é g i o n a l s o 

p l a y s a n i m p o r t a n t r ô l e in t h e t r a n s f o r 

m a t i o n p r o c e s s . 
S i m i l a r i t i e s in t h e v i r i o n c a p s i d p r o t e i n 

o f H T L V - I a n d - I I a n d o f B L V h a v e 

b e e n d e t e c t e d p r e v i o u s i y (7 ) . L i k e w i s e , 
c e r t a i n f e a t u r e s o f t h e L T R s é q u e n c e s o f 
B L V r e s e m b l e m o r e c l o s e l y t h o s e o f 
H T L V - I a n d - I I t h a n t h e y d o t h e L T R 
r é g i o n s o f o t h e r r e t r o v i r u s e s {16). S u c h 
f e a t u r e s i n c l u d e a n u n u s u a l i y l o n g R 
r é g i o n , t h e p o t e n t i a l t o p e r f o r m a t h e r -

m o d y n a m i c a l l y s t a b l e l o o p s t r u c t u r e b e -
t w e e n s é q u e n c e s in t h e U 3 a n d R r é g i o n s 
( t h i s l o o p i n c l u d e s t h e s i t e o f R N A i n i t i a 

t i o n ) , a n d t h e a b s e n c e o f a p p r o p r i a t e l y 
l o c a t e d p o l y a d e n y l a t i o n s i g n a i s ( 7 0 ) . 
T h è s e c o m m o n s t r u c t u r a l f e a t u r e s , t o 
g e t h e r w i t h t h e f u n c t i o n a l ( t h a t i s , t r a n s -
a c t i v a t i o n ) a n d p a t h o l o g i c a l s i m i l a r i t i e s 

o f H T L V - I a n d B L V - i n d u c e d d i s e a s e , 

i n d i c a t e t h a t t h è s e v i r u s e s a r e m e m b e r s 
o f a n e w f a m i l y o f r e t r o v i r u s e s d i s t i n c t 
f r o m b o t h t h e n o n a c u t e a n d t h e a c u t e 

( o n c o g e n e - c o n t a i n i n g ) t r a n s f o r m i n g r e t 
r o v i r u s e s . 
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Fig. 2. Transient express ion of the C A T gene directed by B L V LTR transcriptional s é q u e n c e s . 
In addition to the p B L V c a t ( • ) plasmid several other plasmids that contained the C A T gene 
under control of other promoters were transfected for control purposes . Thèse plasmids include 
pSV2cat ( • ) , which conta ins the S V 4 0 early région promoter s équences (5), p R S V C A T (A) , 
which contains the R o u s sarcoma virus LTR (J), and pU3R-I (O) and pU3R-II that contain the 
HTLV-I and H T L V - I I L T R s é q u e n c e s , respectively ( i ) . The recombinant plasmids were 
introduced into the fibroblast and epithelial cells by a modification of the CaP04 coprecipitation 
technique (6). Approximate ly 1 x 10'' cells were seeded onto 100-mm dishes 24 hours prior to 
transfection. One milliliter of the C a P 0 4 precipitate containing 5 p.g of plasmid D N A and 30 p.g 
of carrier salmon sperm D N A w a s added to the médium. After a 24-hour incubation period at 
37°C the médium w a s r e m o v e d , ce l l s were washed once with phosphate-buffered saline (PBS) , 
fed again with fresh médium containing 10 percent fetal bovine sérum. Lymphocyte cell l ines 
were transfected by the D E A E dextran method as described previously (6). Forty-eight hours 
after transfection, the cel ls w e r e centrifuged ( lymphocytes) or scraped from dishes, w a s h e d 
once with PBS , resuspended in 150 p.1 of 250 mM tris, pH 8.0, and subjected to three f reeze 
( -70°C)- thaw (37°C) cyc l e s . Débris was removed by a brief centrifugation and protein 
déterminations were made on the cell extract. Acetyl c o e n z y m e A (final concentration 4 mM) 
and '•'C-labeled chloramphenicol (0.30 p.Ci) were added to the cell extracts, and a t ime-course 
assay was performed. The percentage conversion of chloramphenicol to its acetylated forms 
was determined by ascending thin-layer chromotography and liquid scintillation counting of the 
spots eut from the thin-layer chromatography plate. The graph depicts typical t ime-course 
assay s obtained from the indicated cell types . The insets show actual autoradiograms of C A T 
conversions obtained from o n e time point within the linear range of a time-course assay . Ail 
experiments were repeated a minimum of three times and relative C A T activity difiFered by n o 
more than 20 percent . 


