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Isolation of STLV-I from Orangutan, a Great Ape Species in Southeast Asia, and

Its Relation to Other HTLV-Is/STLV-Is
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To study the evolutionary origin of human T-lymphotropic virus type I/simian T-lymphotropic virus
type I (HTLV-I/STLV-I), we isolated and characterized STLV-I from orangutans (Pongo pygmaeus).
Plasma samples from 3 out of 41 animals examined were reactive by particle agglutination and
immunofluorescence, and one of these three was confirmed to be anti-HTLV-I antibody-positive by
western blotting (WB), Cultured peripkeral blood mononuclear cells from the WB-positive orangutan
were reactive to anti-STLV-I-positive rhesus monkey plasma. The proviral long terminal repeat region
was amplified by polymerase chain reaction and sequenced. A phylogenetic analysis indicated that
orangutan STLV-I is related to the Melanesian group of HTLV-Is and other Asian STLV-Is, but the

degree of divergence is considerable.
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The evolutionary origin of human T-lymphotropic
virus type I (HTLV-I), the etiological agent of adult T-
cell leukemia and HTLV-I-associated myelopathy/tropi-
cal spastic paraparesis, is attracting much attention. Cur-
rently, the simian counterpart of this virus, simian T-
lymphotropic virus type I (STLV-I}, which constitutes a
group of highly related retroviruses together with
HTLV-1, is suspected to have been the origin of HTLV-I
through transmission from non-human primates to
humans.

Previous molecular epidemiological analyses have
phylogenetically classified HTLV-Is into three major
groups: the Melanesian group, the central African group
and the cosmopolitan group.”™ Many STLV-I isolates
have been obtained from various non-human primates in
Africa and Asia, and it has been reported that the chim-
panzee STLV-L is genetically closely related to the central
African group of HTLV-1, forming a tight cluster in the
phylogenetic tree. In addition, a recent study has re-
vealed that HTLV-I from a pygmy in central Africa
belongs to the same subcluster as African green monkey
STLV-Is.” Thus, fairly recent interspecies transmissions
between human and non-human populations are sug-
gested to have occurred in the central African area.

Conversely, the Melanesian group of HTLV-I isclated
from native people (aborigines) in Papua New Guinea
and Australia is known to have diverged phylogenetically
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earlier than any other group of HTLV-I¥ and has been
postulated to be an ancestor of all HTLV-Is in the world
by Sherman ef al.” In Asian non-human primates, STLV-
I sequences have been reported from several macaque
species,”"” and STLV-I from Celebes macaques (Macaca
tonkeana) has been shown to be related to the Melane-
sian HTLV-I group.™ We thus became interested in the
isolation and phylogenetic analysis of STLV-I strains
from anthropoid apes in Asia. This paper reports the first
isolation of STLV-1 from orangutans (Pongo pygmaeus),
a great ape species inhabiting Southeast Asia, and its
phylogenetic characterization.

First, we conducted a serosurvey of forty-one orangu-
tans kept in five zoos on the island of Java, Indonesia.
Plasma samples from the orangutans were screened for
HTLYV-I antibodies using the particle agglutination (PA)
test (Serodia HTLV-I, Fujirebio, Tokyo) and an indirect
immunofluorescence assay (IFA) using MT-1 cells as anti-
gens. Reactive specimens were then tested by a western
blotting assay (WB; PROBLOT HTLV-1, Fujirebio). Six
of 41 plasma samples were reactive by PA, and three of
these that were also reactive by IFA were named
INAQOL, INAOO4, and INA111; only one (INACO4) of
the three was finally confirmed to be positive by WB and
the remaining two (INAOOL and INA111) were judged
indeterminate according to the manufacturer’s instruc-
tions because detection of viral component bands was
partial (Fig. 1). These three animals showed no clinical
or hematological abnormality. For detection of STLV-I
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Fig. 1. Western blotting of plasma samples from orangutans
(Pongo pygmuaeus). Three specimens which were positive by
IFA were named INAOO1, INAOO4, and INAI111, respec-
tively. Lane 1, HTLV-I sirongly positive control; lane 2,
HTLV-T weakly positive control; lane 3, negative control;
lane 4, INAOO] showing weak reactivity to only p19; lane 5,
INAOO4 showing reactivity to pl9, p24, p53, and gp46; lane
6, INA111 showing weak reactivity to only p24.

antigens, peripheral blood mononuclear cells were sepa-
rated from heparinized whole blood and co-cultivated
with or without human cord bleod lymphocytes. Only
INAOQOO4 cultured cells were reactive by IFA using anti-
STLV-I-positive rhesus plasma, resulting in the isolation
of STLY-I from orangutan for the first time. For detec-
tion of proviral DNA, we extracted DNA from the cells
and the viral long terminal repeat (LTR) region was
amplified by polymerase chain reaction (PCR) using the
primers ATLTR11 (5-ACTAAGGCTCTGACGTCT-
CCCCC) and ATLTRI12 (5'-CGGTACTTGGCCGTG-
GGCCAAGCCG) as previously described.®' A posi-
tive PCR signal was detected in INAOO4, but not in
INAOO1 or INA111, To examine the genetic relationship
of this isolate with other known strains, we performed a
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phylogenetic analysis based on the sequences in the LTR
region. This region is one of the most variable within the
viral genome and is thought to be evolutionally neutral
because it is a non-coding region. Therefore, it is suitable
for clarifying phylogenetic relationships.®'®¥ The PCR
products of the LTR region of INAOO4 were subcloned
into the Sma T site of pUC119. The plasmid DNA of
three positive clones was extracted and sequenced by the
Taq dye deoxy-terminator cycle sequencing method (Ap-
plied Biosystems, Inc., CA) on an automated sequencer
(Model 373A, Applied Biosystems, Inc.). The sequenced
fragmentis were 513 bp long and corresponded to posi-
tions 122-628 in ATK, a prototypic HTLV-I strain
(GenBank accession number J02029)." From the LTR
sequence data, the total number of nucleotide substitu-
tions was estimated by the six-parameter method'® and a
phylogenetic tree was constructed by the neighbor-
joining method.'® Furthermorg, the phylogenetic stabil-
ity of the branching was statistically evaluated by boot-
strap analysis (100 bootstrap replications).

In the phylogenetic tree (Fig. 2), we included two
STLV-Is from Asian monkeys, for which LTR sequences
were previously reported.' > One (TE4) was from Cel-
ebes macaques and the other (PTM3) was from pig-
tailed macaques (Macaca nemestring). The position of
INAGO4 in the phylogenetic tree was closer to the Mela-
nesian group (PNG1 and MEL5) of HTLV-I together
with TE4 than to any other HTLV-I/STLV-I. But the
bootstrap probability of INA0O4 was not high (43% to
TE4 and 39% to the Melanesian group) and it diverged
very early, resulting in a unique position distinct from the
Melanesian group of HTLV-L.

A sequence analysis of INA0O4 revealed that, although
the known functional regions such as the TATA box and
poly (A) signal were conserved, there were many se-
quence differences even within the 513-base fragment.
Within this fragment, there were 73, 69, 62 and 50 base
substitutions, 14, 10, 8 and 17 insertions, and 0, 1, 0 and
0 decletions when compared with TE4 (16.8% diver-
gence), PNGI (15.8% divergence), MELS (13.7% di-
vergence) and PTM3 (16.8% divergence), respectively.
These results indicated that the strain INAOQ4 has signifi-
cantly diverged from other Asian HTLV-I/STLV-I
strains. Our findings appear to show that the orangutan
STLV-I has undergone an intrinsic evolution over a very
long period within this species. This is in marked contrast
to the close relationship between the chimpanzee STLY-I
(ChM114-1) and central African HTLV-Is. Interest-
ingly, all the STLV-Is of Asian origin commonly pos-
sessed very long horizontal lines in the tree. Further
study of STLV-Is in other monkey and ape species in
Southeast Asia is necessary to shed new light on the
origin of the primate retrovirus group.
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Phylogenetic tree of HTLV-Is/STLV-Is based on sequences in the LTR region. The tree was constructed by the
neighbor-joining method with a fragment of 507 bp of the LTR as described.®'* The number of nucleotide substitutions per site
was calculated by the six-parameter model.'® The bootstrap statistical analysis was performed by 100 bootstrap replications and
the values (in %) are indicated beside the branches. The STLV-I isolates are underlined in this tree. INAOO4 (boxed) is an
STLV-I isolate from an orangutan (Pongo pygmaeus). The GenBank accession number for INAQO4 is U53562.



Jpn. J. Cancer Res. 88, Yanuary 1997

We thank Dr. Diah Iskandriati, Primate Research Centre,
Bogor Agricultural University and Dr. Machumud Asvan,
Yogyakarta Zoo for their assistance in collecting blood. This

REFERENCES

D

2)

Ratner, L., Philpott, T. and Trowbridge, D. B. Nucleotide
sequence analysis of isolates of human T-lymphotropic
virus type 1 of diverse geographical origins. 4IDS Res.
Hum. Retroviruses, 7, 923-941 (1991).

Saksena, N. K., Sherman, M. P., Yanagihara, R., Dube,

* D. K. and Poiesz, B. J. LTR sequence and phylogenetic

3

4

5)

6}

7)

8)

analyses of a newly discovered variant of HTLV-I isolated
from the Hagahai of Papua New Guinea. Virology, 189, 1-
9 (1992).

Gessain, A., Gallo, R. C. and Franchini, G. Low degree of
human T-cell leukemia/lymphoma virus type I genctic
drift in vivo as a means of monitoring viral transmission
and movement of ancient human populations. J. Virol., 66,
2288-2295 (1992).

Gessain, A., Boeri, E., Yanagihara, R., Gallo, R, C. and
Franchini, G. Complete nucleotide sequence of a highly
divergent human T-cell leukemia (lymphotropic) virus
type I (HTLV-I) variant from Melanesia: genetic and
phylogenetic relationship to HTLV-I strains from other
geographical regions. J. Virel, 67, 1015-1023 (1993).
Sherman, M. P., Saksena, N. K., Dube, D. K,
Yanagihara, R. and Poiesz, B. J. Evolutionary insights on
the origin of human T-cell lymphoma/leukemia virus type
1 (HTLV-I} derived from sequence analysis of a2 new
HTLV-I variant from Papua New Guinea. .J. Virol,, 66,
2556-2563 (1992).

Miura, T., Fukunaga, T., Igarashi, T., Yamashita, M., Ido,
E., Funahashi, S., Ishida, T., Washio, K., Ueda, S.,
Hashimote, K., Yoshida, M., Osame, M., Singhal, B. §.,
Zaninovic, V., Cartier, L., Sonoda, S., Tajima, K., Ina, Y.,
Gojobori, T. and Hayami, M. Phylogenetic subtypes of
human T-lymphotropic virus type I and their relations to
the anthropological background. Proc. Natl. Acad. Sci.
US4, 91, 1124-1127 (1994).

Chen, J., Zekeng, L., Yamashita, M., Takehisa, J., Miura,
T., Ido, E., Mboudjeka, L., Tsague, J., Hayami, M. and
Kapture, L. HTLYV type I isolated from a pygmy in
Cameroon is related to but distinet from the known central
African type. AIDS Res. Hum. Retroviruses, 11, 1529-1531
(1995).

Gessain, A., Yanagihara, R., Franchini, G., Garruto,
R. M., Jenkins, C. L., Ajdukiewicz, A, B., Gallo, R. C.
and Gajdusek, D. C. Highly divergent molecular variants
of human T-lymphotropic virus type I from isolated popu-

work was supported by a Grant-in-Aid from the Ministry of
Education, Science, Sports and Culture of Japan.

9)

10)

11)

12)

13)

i4)

15)

16)

{Received August 23, 1996/ Accepted November 8, 1996)

lations in Papua New Guinea and the Solomon Islands.
Proc. Natl. Acad. Sci. USA, 88, 7694-7698 (1991).
Koralnik, L. J., Boeri, E., Saxinger, W. C., Monico, A. L.,
Fullen, J., Gessain, A.,, Guo, H. G., Galle, R. C,,
Markham, P., Kalyanaraman, V., Hirsch, V., Allan, J.,
Murthy, K., Alfort, P., Slattery, J. P., O'Brien, S. J. and
Franchini, G. Phylogenetic associations of human and
simian T-cell leukemia/lymphotropic virus type I strains:
evidence for interspecies transmission. J. Firol, 68, 2693-
2707 (1994).

Watanabe, T., Seiki, M., Tsujimoto, H., Miyoshi, I.,
Hayami, M. and Yoshida, M. Sequence homology of the
simian retrovirus genome with human T-cell leukemia
virus type L. Virclogy, 144, 59-65 (1985).

Song, K. J., Nerurkar, V. R., Saitou, N., Lazo, A,
Blakeslee, J. R., Miyoshi, I. and Yanagihara, R. Genetic
analysis and molecular phylogeny of simian T-cell
lymphotropic virus type I: evidence for independent virus
evolution in Asia and Africa. Virology, 199, 56-66 (1994).
Ibrahim, F., De The, G. and Gessain, A. Isclation and
characterization of a new simian T-cell leukemia virus type
! from naturally infected Celebes macaques (Macaca
tonkegna): complete nucleotide sequence and phylogenetic
relationship with the Australo-Melanesian human T-ceil
leukemia virus type 1. J. ¥Virol, 69, 69806993 {1995).
Yamashita, M., Achiron, A., Miura, T., Takehisa, J ., Ido,
E., Igarashi, T., Tbuki, K., Osame, M., Sonoda, S.,
Melamed, E., Hayami, M. and Shohat, B. HTLV-I from
Iranian Mashhadi Jews in Israel is phylogenetically related
to that of Japan, India, and South America rather than to
that of Africa and Melanesia. Virus Genes, 10, 85-90
(1995).

Seiki, M., Hattori, S., Hirayama, Y. and Yoshida, M.
Human adult T-cell leukemia virus: complete nucleotide
sequence of the provirus genome integrated in leukemia
cell DNA. Proc. Natl Acad. Sci. USA, 80, 3618-3622
(1983).

Gojobori, T., Ishii, K. and Nei, M. Estimation of average
number of nucleotide substitutions when the rate of substi-
tution varies with nucleotide. J. Mol Evol., 18, 414-423
(1982).

Saitou, N. and Nei, M. The neighbor-joining method: a
new method for reconstructing phylogenetic trees. Mol
Biol. Evol, 4, 406425 (1987).





