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Novel Viral Sequences Related to Human T-Cell Leukemia

Virus in T Cells of a Seropositive Baboon

Abstract. Antibodies reactive with proteins of human T-cell leukemia virus (HTLV)
can be found in Old World monkeys. A T-lymphocyte cell line established from a
seropositive baboon (Papio cynocephalus) was analyzed for the presence of viral
DNA sequences. The provirus found in these cells was related to but distinct from
HTLYV subgroup I. These results add to recent evidence from human studies that
HTLYV represents a spectrum of infectious T-lymphotropic retroviruses that includes

closely and distantly related members.

Human T-cell leukemia virus (HTLYV)
is a family of related T-cell tropic retro-
viruses associated with a specific sub-
type of mature T-cell malignancy in man
(1). Two subgroups of HTLV have been
identified thus far. Members of the first
subgroup, HTLV-I, are highly related to
each other, if not identical. These in-
clude the initial isolates of the virus in
the United States (2, 3) as well as addi-
tional isolates from patients in this coun-
try (4, 5), Israel (4), South America (4),
Japan (4, 6), and the Caribbean (4).
Members of the second subgroup,
HTLV-II, are only distantly related to
HTLV-I as determined by serological
cross-reactivities of their proteins (7) and
molecular hybridization studies with
cloned viral genomes (8, 9). Only two
HTLV-II isolates have been obtained,
the first from a patient with a T-cell
variant of hairy cell leukemia, and the
second from a patient with acquired im-
munodeficiency syndrome (AIDS) (10).
Recently, antibodies against HTLV anti-
gens have been found in several Old
World monkey species, including Japa-
nese and Chinese macaques, African
green monkeys, and baboons (//-13). It
has been proposed that HTLV can be
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spread between macaques and humans
in Japan (/1). However, we have evi-
dence that macaques are also seroposi-
tive in regions of Japan where HTLV is
not endemic in the human population
(13), suggesting independent entries of
the virus into man and other primates.
We have analyzed DNA from a T-cell
line established from a baboon that was
seropositive for HTLV antigens. We

Bam HI

found the viral sequences to be related to
but distinct from HTLV-I and HTLV-II.

A T-lymphocyte cell line (991-ICC)
was established from peripheral leuko-
cytes of a baboon (Papio cynocephalus)
that is seropositive for HTLV antigens
by the enzyme-linked immunosorbent
assay (ELISA). The baboon was a recip-
ient of cellular material (bone marrow,
lymph node, spleen, and peripheral
blood) from a leukemic baboon from
Sukumi, U.S.S.R., as part of a U.S.-
U.S.S.R. joint virology study during
1973-1975 (14). The cell line releases
typical type-C particles and extracellular
reverse transcriptase, and reacts posi-
tively with a monoclonal antibody
against the 19,000 dalton core protein
(p19) of HTLYV as well as a hyperimmune
antibody against HTLV p24 (15).

High molecular weight DNA from 991-
ICC was examined for the presence of
HTLV-related sequences by Southern
blot hybridization (Fig. 1). DNA from
cell lines infected with HTLV-I (lane 1)
and HTLV-II (lane 3) were used as posi-
tive controls and uninfected human cells
were used as a negative control. DNA
from many primates, including baboons,
lacks sequences closely related to HTLV
(data not shown). The restriction endo-
nuclease Sst I cuts in the long terminal
repeat (LTR) of many HTLV-I isolates
and in the LTR, as well as internally in
HTLV-II. When it was used to cut 991-
ICC DNA a single band of 8.5 kb was
produced that hybridized to the cloned
HTLV-I genome. A similar size band
was observed in the DNA of HTLV-I
infected cells, corresponding to a com-
plete genome with one LTR. This result
indicates that like HTLV-I, the provirus
in-991-ICC is only cut in the LTR by Sst
I. However, Bam HI, which yields a
characteristic internal band in all known
HTLV-I isolates and two internal bands

Fig. 1. The distinction

Pst 1 .
: between the provirus

¢ e Uk ECE 8 GRS i, 991ICC  and
HTLV-I and HTLV-

: el II. DNA from CH, an

&‘f" o f HTLV-I infected cell

3 line (lane a), normal

“ - human thymus (lane

24—l i b), MO, an HTLV-II

_,7 infected cell line (lane

1.0— :':‘:: B8 0% ©), and 991-ICC (lane

| P Zos 9 were digested with

the enzymes Sst I,

Bam HI, and Pst I as shown, subjected to electrophoresis in 0.8 percent agarose gels, and
transferred to nitrocellulose filters (20). Hybridization was carried out with 32P-labeled DNA
representing the complete HTLV-I genome that has been purified away from the vector on
agarose gels. After incubation at 37°C for 20 hours in a solution containing triple-strength
standard saline citrate, 50 percent formamide, 20 percent dextran sulfate, and 5X Denhardt’s
solution [0.1 percent bovine serum albumin, Ficoll, polyvinylpyrrolidone] and 32P-labeled
HTLV DNA (2 x 10° count/min), the filters were washed with two changes of double-strength
SSC and 0.1 percent sodium dodecyl sulfate (SDS) at room temperature for 10 minutes each and
at 65°C for another 10 minutes. Autoradiography was for 20 to 48 hours.

1195



of 5.0 kb and 3.5 kb in HTLV-II, did not
give discernible discrete bands in 991-
ICC DNA, suggesting that Bam HI may
cut not at all or once in the provirus of
991-ICC and that the infected cell popu-
lation is polyclonal. Pst I, which gives
three internal bands of 2.4, 1.6, and 1.3
kb with HTLV-I genomes, generated
four detectable bands of 1.7, 1.5, 1.3,
and 0.9 kb from 991-ICC DNA. The
multiple high molecular weight bands are
probably junction fragments. Thus these
experiments indicate that the provirus in
991-ICC is distinct from HTLV-I and
HTLV-II. Hybridization to an HTLV-II
probe revealed specific bands in HTLV-I
and HTLV-II DNA but not in 991-ICC
(Fig. 2), indicating the baboon provirus
is more related to HTLV-I than to
HTLV-IL.

To determine whether the provirus in
991-I1CC is homologous to only a restrict-
ed portion of HTLV-I, we used the com-
plete clone as well as subclones contain-
ing only pol or env-pX sequences of
HTLV-I. pX is a region at the 3’ end of
the HTLV genome that has open reading
frames for several small peptides (/6).

Pst | Bam HI
kb a b c d a b c
2
25— €4
‘&-
A a b c B a b

With the Pst I digestion, we were able to
detect strong hybridization using all
three probes (Fig. 3A) and we can assign
the 1.7-kb band in the pol region, the 1.5-
kb band overlapping the pol and env
regions, and the 0.9-kb band in the env
region. The 1.2-kb band detected by the
total HTLV-I genome is probably locat-
ed in the gag region for which a subclone
is not available. All the hybridizable
bands withstand stringent washing con-
ditions of 0.5x SSC (standard saline ci-
trate) and 65°C (Fig. 3B), suggesting that
they are closely related to HTLV-I over
the entire genome. The relatively weak
hybridization signal of 991-ICC DNA to
the HTLV-I probe compared to the ho-
mologous control (see Fig. 1) may be due
to infection of only a small percentage of
the 991-ICC cells. In fact, immunofluo-
rescence analysis of these cells with anti-
bodies against HTLV antigens showed
that less than 10 percent of the cells
express viral antigens (/5).

The provirus that we have identified in
cultured T lymphocytes from a baboon,
although related to HTLV-I, is clearly
distinct from all known HTLV-I isolates.

Fig. 2. Lack of detectable ho-
mology of 991-1CC provirus to
HTLV-II. Duplicate filters,
prepared as described in leg-
end to Fig. 1, were hybridized
to a subclone of HTLV-II cor-
responding to 2.5 kb of 3’ se-
quences. As in Fig. 1, lanes a
to d are, respectively, CH

4 (HTLV-I), normal thymus,
155 MO (HTLV-II), and 991-1CC.
c
il
ool Fig. 3. Hybridization of specif-

ic HTLV-I probes to the 991-
ICC provirus. 991-ICC DNA
was digested with Pst I and
blot hybridized to the entire
HTLV-I genome (probe a),
HTLV-I pol sequences (probe
b), and env-pX sequences
(probe c). The filters were
washed in (A) double-strength
SSC and 0.1 percent SDS at
room temperature, and (B)

L8

LTR gag pol env PX LTR 0.5x SSC and 0.1 percent SDS
@ Py -a P > Py -_:l HTLV- at 65°C.
- 5 =
-I——-c—h-
1 kb
—
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Serological surveys have demonstrated
clusters of HTLV carriers in southwest-
ern Japan, the Caribbean basin, parts of
South America, southeastern United
States, and Africa. In the United States,
healthy carriers of the virus are unusual
and are found mainly in rural black popu-
lations. Although the survey of primates
for a related virus has been less exten-
sive, several Old World monkey species,
including Japanese and Chinese ma-
caques and African green monkeys and
baboons, have been seropositive (/5). In
Japan, the distribution of virus in pri-
mates is much wider than in the human
population (/5). These observations sug-
gest that the entry of virus into primates
and man occurred independently and ar-
gues against a present-day transmission
of virus between primates and man. Be-
cause of the widespread infection of Af-
ricans and because of the presence of
Old World primates, including baboons,
in Africa, we proposed that the origin of
HTLV in the Caribbean, the United
States, and South America was from
entry of infected Africans to the Ameri-
cas (17). Further, HTLV may have been
brought to Japan by the 16th century
Portuguese seamen who also had contact
with Africa (/7). Isolates of HTLV-I
from patients in the United States, Ja-
pan, the Caribbean, and South America
are closely related, if not identical, by
restriction enzyme mapping (8, /8). Our
present data suggest that the virus found
in one baboon is related to but distinct
from HTLV-I. Yamamoto et al. (19)
have found that HTLV and a virus from
an African green monkey contain identi-
cal core antigens but distinguishable en-
velope proteins. We also have evidence
that more than one virus variant occurs
in Old World monkeys (not shown), sug-
gesting that infection of primates may
have occurred much earlier than infec-
tion of man. Like HTLV, the primate
viruses are T-cell tropic. We propose to
name these viruses PTLV for primate T-
lymphotropic viruses. Whether PTLV
are involved in leukemogenesis in pri-
mates remains to be determined.
HoNG-GuaNG Guo*
FLOSSIE WONG-STAAL
ROBERT C. GALLO
Laboratory of Tumor Cell Biology,
National Cancer Institute,
Bethesda, Maryland 20205
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A Transforming ras Gene in Tumorigenic Guinea Pig

Cell Lines Initiated by Diverse Chemical Carcinogens

Abstract. Fetal guinea pig cells were transformed by treatment with four different
chemical carcinogens including nitroso compounds and polycyclic hydrocarbons. As
a consequence of this treatment, oncogenes capable of transforming NIH/3T3 cells
became activated in each of five independently established clonal guinea pig cell
lines. Molecular characterization of representative NIH/3T3 transformants revealed
that the same oncogene was present in each of the cell lines tested. Moreover,
detection of this transforming gene paralleled the acquisition of tumorigenic

properties by these neoplastic cells.

Cells from various human tumors have
oncogenes capable of inducing malignant
transformation upon transfection into
morphologically normal cells (/-§). Mo-
lecular characterization of these onco-
genes revealed that in most cases they
are members of the ras gene family (8-
12). However, how these sequences con-
trol the expression of malignancy re-
mains unknown. Transforming ras genes
have also been detected in chemically
induced tumors (/13-16).

We conducted an investigation to de-
termine whether chemically transformed
guinea pig cells also contain transform-

_ing ras genes. This in vitro model system
has several advantages for studying the
role of oncogene activation in the multi-
step process of carcinogenesis (/7). For
instance, nontreated guinea pig cell cul-
tures, unlike those of rat or mouse ori-
gin, do not transform spontaneously dur-
ing continuous passage. Moreover, sev-
eral distinct preneoplastic stages have
been observed as carcinogen-exposed
guinea pig cells develop into tumor cells
(17). Expression of tumorigenicity in this
model system is always preceded by the
stages of morphologic alteration and
morphologic transformation. Additional
phenotypic properties, including anchor-
age-independent growth, are often ex-
pressed along with tumorigenicity. This
indicates that multiple changes are nec-
essary for the acquisition of the complete
neoplastic phenotype (/7, 18).

Chemically transformed guinea pig
cell lines used in our studies were de-
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rived after exposure of fetal cells, either
in vitro or in vivo, to four different
chemical carcinogens (/7). Cell line 74-
C3 was derived by treatment in vitro of
cells from 48-day fetal skin with 3-meth-
ylcholanthrene (3-MCA) and cloned in
agar in its 64th subculture. Cell line 104-
C1 was derived by exposure in vitro of
cells from a 43-day-old fetus to benzo-
[alpyrene and cloned in agar at its 20th
subculture. Cell line 107-C3 was derived
by treatment in vitro of cells from the
same 43-day-old fetus that was used to
generate 104-C1 cells—in this case the
fetal cells were exposed to N-methyl-N-

nitro-N-nitrosoguanidine (MNNG), and
the cell line was cloned in agar in its 50th
subculture. Cell line HM4-C1 was de-
rived from cells of a 49-day-old fetus that
received a transplacental injection of
MNNG 48 hours before removal from its
mother—the cell line was cloned in agar
at its 70th subculture. The HM2-C1 cell
line was derived from cells of a 38-day-
old fetus whose mother had received a
single injection of diethylnitrosamine
(DEN)—the cell line was cloned in its
85th subculture (/7). As controls, a non-
treated guinea pig fetal cell culture GP84
(19) and several other guinea pig fetal
cell pools were used.

Approximately 20 pg of high molecu-
lar weight DNA extracted from each
guinea pig cell line was precipitated with
calcium phosphate and tested for the
presence of transforming activity in
transfection assays in which NIH/3T3
mouse fibroblasts were used as recipient
cells (20, 21). DNA'’s isplated from each
of the five chemically transformed cell
lines induced foci of morphologically
transformed cells after 2 weeks of in-
cubation. Transformation efficiencies
ranged from 0.08 to 0.15 foci per micro-
gram of donor DNA, a frequency compa-
rable to those obtained in our laboratory
with DNA from T24 human bladder car-
cinoma cells (6). In contrast, no detect-
able morphologic alteration occurred in
the NIH/3T3 cultures with DNA’s isolat-
ed from six different cell pools derived
from untreated embryos. These results
indicate that an oncogene became acti-
vated in these transformed guinea pig
cell lines as they progressed from the
normal to the neoplastic state.

To demonstrate that transformation of
NIH/3T3 cells was due to the uptake of

Table 1. Correlation between oncogene activation and development of malignancy in carcino-
gen-treated guinea pig fetal cells. Transformation efficiency is expressed as number of foci per
microgram of DNA. Colony formation in agar was determined as follows: trypsinized single
cells (10% to 10°) were suspended in 4 ml of RPMI 1640 medium containing 10 percent fetal
bovine serum and 0.35 percent agar and poured onto a solidified basal layer of 4 ml of RPMI
1640 medium but containing 0.5 percent agar, in 60-mm petri dishes. Colonies consisting of
more than 100 cells were scored after 10 days of culture at 37°C and 8 percent CO, atmosphere.
Results given are means of two experiments. Tumorigenicity data were obtained from (17).

Mass cultures Trans- Colony .

and passage Clolrllal formation formation Tumqr]-

" number cells efficiency in agar (%) genicity
107-P17 0 <0.001 -
107-P40 0 <0.001 -
107-Pé61 0.01 1.0 +
107-C3 0.10 4.8 +
HM2-P33 0 <0.001 -
HM2-P67 0- <0.001 -
HM2-P86 0.05 1.1 +
HM2-Cl 0.08 1.4 +
HM4-P31 0 <0.001 -
HM4-P58 0 <0.001 -
HM4-P77 0.02 0.8 +
HM4-C1 0.09 2.0 +
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