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A. Introduction 

Gallo and co-workers first described hu­
man T-cell leukemia virus (HTL V), a type 
C retrovirus isolated from an aggressive 
case of cutaneous T-cell lymphoma [27, 28]. 
Cases of adult T-cell leukemia/lymphoma 
(A1LL) , a unique mature T-cell malig­
nancy, have also yielded numerous other 
isolates of H1LV [23, 7, 17, 35, 10, 29]. 
ATLL is seen at increased levels in south­
western Japan and the Caribbean, where 
seroepidemiologic studies have linked this 
tumor with H1L V type I. In such endemic 
regions, natural antibodies can be demon­
strated in 4%-37% of the healthy adults 
whereas more than 90% of patients with 
ATLL have antibodies to HTLV (11, 31, 1, 
32, 5, 20]. The prevalence of H1L V anti­
bodies in healthy individuals is less than 
1 % in nonendemic areas [12, 6, 5, 20, 3, 4]. 

Miyoshi and his colleagues set the pre­
cedent for the nonhuman primate studies 
in 1982, when they demonstrated the pres­
ence of antibodies to HTLV in Japanese 
macaques (Macaca fuscata) by fixed-cell 
immunofluorescence [24]. Numerous stud­
ies since that time have identified anti­
bodies to HTL V in other species of the 
genus Macaca as well as many Mrican Old 
World primates. However, serological sur­
veys by several investigators have not de-
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tected antibodies in New World primates or 
prosimians (lower primates) [24, 8, 14, 16, 
34,25,9]. 

Macaque studies have shown rates of 
seropositivity ranging from 9% to 44% in 
healthy individuals [8, 14, 16, 34, 25, 9]. Fa­
milial clustering and an age dependence on 
the presence ofHILV antibodies have been 
demonstrated [25, 9]. Studies in Indonesia 
and Japan with wild-caught Macaca fas­
cicularis and Macaca fuscata, respectively, 
show geographic clustering of seropositive 
individuals [8, 9, 25]. However, the geo­
graphic clustering of seropositive macaques 
in Japan does not appear to correlate to 
that seen in human populations [25,9], sug­
gesting that these closely related viruses 
have arisen independently. The studies to 
date have been conducted on apparently 
healthy macaques and there has been no 
disease or malignancy previously linked 
with this HTL V-related agent. 

B. Methods 

Serum samples from three species of cap­
tive macaques at the New England Region­
al Primate Research Center (NERPRC), 
Southborough, MA, were collected. In ad­
dition to sera from healthy macaques, 
serum samples from animals with the di­
agnosis of lymphoma or lymphoprolifera­
tive disorder (LPD) were included in this 
survey [13] (Table 1). These included: (a) 
Macaca jascicularis, the cynomologus ma­
caque, 31 healthy controls and 5 with 
malignant lymphoma; (b) Macaca mulatta, 
the rhesus macaque, 30 healthy controls 
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Table 1. Serum samples from three species of captive macaques at the NERPRC 

Diagnosis Principle sites Cell type 

M. jascieularis M 10 yrs ML Mandible Undifferentiated 
M. jascieularis F 9 + yrs ML Retro-orbital Undifferentiated 
M. fascieularis F 11 yrs ML Generalized Lymphocytic 
M. mulatta M 12 yrs ML Generalized Lymphoblastic 
M. mulatta F. 9 yrs ML Generalized Lymphoblastic 
M. mulatta FlO yrs ML Intestine Lymphoblastic 
M. mulatta F 9 + yrs ML Generalized Histiocytic 
M. mulatta F 4 yrs ML Generalized Lymphoblastic 
M. eyclopis F 4 yrs LPD Salivary gland, kidney, Lymphocytic 

bone marrow 
M. eyclopis F 4 yrs LPD Kidney Lymphocytic 
M. eyclopis F 3 yrs LPD Pancreas, kidney Lymphocytic 
M. eye/opis F 7 yrs LPD Bone marrow Lymphocytic 
M. mulatta F 4 yrs LPD Lung, salivary gland, kidney, Lymphocytic 

bone marrow, bladder, muscle 

M, male; F, female; ML, malignant lymphoma; LPD, lymphoproliferative disorder 

Table 2. Antibodies to H1L V-MA in macaques 

Health status Cynomologus Rhesus macaque Taiwanese macaque Total 
macaque M. mulatta M. eyclopis 
M fascieularis 

Healthy 2/30 (6.7%) 1131 (3.2%) 2114 (14.3%) 5175 (6.7%) 
Lymphoproliferative III (100%) 3/4 (75%) 4/5 (80%) 

disorder 
Malignant lymphoma 3/3 (100%) 4/5 (80%) 7/8 (87.5%) 

(), percentage of seropositive macaques. Difference between healthy and malignant lymphoma/ 
lymphoproliferative disorder significant at P< 9.42 x 10--9, Fisher's exact statistic 

and 5 with lymphoma and 1 with LPD; and 
(c) Maeaea eye/opis, the Taiwanese ma­
caque, 14 healthy controls and 4 cases of 
LPD. 

Reports of spontaneous lymphoid malig­
nancies in macaques are not common [26, 
22]. There have been instances where mul­
tiple cases of lymphoma have occurred 
over a brief time interval, at least sugges­
tive of a transmissible agent [15,33, 19]. 

Malignant lymphoma and 1ym phopro­
liferative disorders have been observed in 
macaques at this colony over the past 12 
years, and these malignancies are believed 
to be part of the macaque immuno­
deficiency syndrome previously described 
[15, 18]. A type change from C to D retrovi­
rus has been isolated from macaques at this 
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facility with this syndrome [2]; however, 
none of the macaques in this study were 
positive for the type D-New England virus. 
Complete autopsies were performed on all 
cases of lymphoma or LPD. Lymphoma 
cases varied in organ distribution, cell 
type, and degree of metastasis. LPD has been 
described, and is characterized by mature 
lymphocytic aggregates in the liver, pan­
creas kidney, and bone marrow [18]. 

The method for detecting antibodies to 
membrane antigens of H1L V-infected cells 
(HJL V-MA) has been described [3, 4, 20]. 
Antibodies to two glycoproteins, gp61 and 
gp45, encoded by the env gene ofH1LVare 
detected in this assay. In addition, rep­
resentative serum samples were subjected 
to radioimmunoprecipitation and sodium 



Table 3. Presence of antibodies to HTL V-specific proteins a 

Class of serum env gag 

gp6I gp45 p24 pI9 

Human immunofluorescent antibody +, A TLL case + + + + 
Human immunofluorescent antibody -
Macaque malignant lymphoma/lymphoproliferative + + + + 

disorder immunofluorescent antibody + 
Macaque healthy immunofluorescent antibody + + + + + 
Macaque healthy immunofluorescent antibody -

a Determined by radioimmunoprecipitation and SDS-PAGE of Hut 102 cell lysate 

dodecyl sulfate-polyacrylamide gel elec­
trophoresis (SDS-PAGE) as described ear­
lier [20, 3, 4]. Whole-cell lysate of Hut 102 
cells was used as the antigenic source since 
the major env and gag proteins have been 
established in this line. 

C. Results 

Table 2 gives the results of the indirect im­
munofluorescence assays in three species of 
macaques. Two of 30 healthy M. fas­
cicularis had antibodies to HTL V-MA, 
whereas 3 of 3 macaques with malignant 
lymphoma were seropositive. Of 31 healthy 
M. mulatta only 1 macaque was seroposi­
tive in contrast to 4 of 5 with malignant 
lymphoma and 1 seropositive macaque 
with LPD. Of 14 healthy M. cyclopis, 2 ma­
caques were seropositive whereas 3 of 4 
with LPD had antibodies to HTLV-MA. In 
total, 11 of 13 macaques with malignant 
lymphoma or LPD were seropositive as 
compared with 5 of 75 healthy controls 
(P < 9.42 X 10-9, Fisher's exact test). 

Table 3 indicates the HTL V-specific pro­
teins immunoprecipitated by various sera 
analyzed. Human reference serum positive 
for antibody to HTLV-MA immunoprecipi­
tates four major H1L V-specific proteins, 
with sizes of 19000 (pI9), 24000 (p24), 
45 000 (gp45), and 61 000 daltons (gp61), as 
has been described previously [20, 3, 4]. 
These proteins were not precipitated by hu­
man reference-negative serum. Immuno­
fluorescent antibody-positive serum from a 
macaque with malignant lymphoma also 

immunoprecipitated the same HTL V-spe­
cific proteins. Similarly, an immunofluor­
escent antibody-positive serum from a 
healthy macaque precipitated the same size 
proteins. These same sera when subjected 
to lentil-lectin chromatography precipitat­
ed two proteins presumed to be gp45 and 
gp6I, migrating at the expected position for 
the env-gene-encoded proteins, and these 
were not precipitated by immunofluores­
cent-negative macaque sera. 

D. Discussion and Conclusions 

Studies of the seroepidemiology and viral­
related proteins of HTLV in humans con­
ducted by our laboratory and others il­
lustrate many common features with the 
non human primate studies. Macaque sera 
positive for antibodies to HTLV-MA recog­
nize the same two HTL V -specific proteins, 
gp61 and gp45, most frequently recognized 
by human HTLV-MA-positive sera. Lee 
and co-workers have shown these to be sur­
face glycoproteins and at least in part en­
coded by the env gene [20]. A high pro­
portion of human antibodies reactive to 
H1LV-I-infected cells also react to HTLV-II 
C3-44/MO cells on membrane immuno­
fluorescence and radioimmunoprecipita­
tion. The HTL V-II gp67 is in part encoded 
by the env gene and comparison of the de­
duced NH2 terminus amino acid sequences 
of type I and type II shows 65 % homology 
in the first 40 amino acids. Thus, despite 
apparent divergence between two members 
of the HTL V family the major env gene 
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products show conservation in their de­
duced amino acid sequence and this is 
compatible with their serologic cross-reac­
tivity [21]. It is therefore not unlikely that 
the simian member of the H1L V family 
might also show such conservation in its 
env gene products. 

There is strong evidence that H1L V plays 
an etiologic role in its association with 
ATLL [6, 7, 35, 30]. Seroepidemiologic 
studies in people have shown that virtually 
all individuals with this tumor also have 
antibody to HTL V whereas the prevalence 
of seropositive healthy individuals is sig­
nificantly lower. We have observed a simi­
lar pattern in the seroepidemiology of ma­
caque lymphoma and lymphoproliferative 
disorder. Malignant lymphoma is not a 
common tumor of macaques; however, the 
incidence of this tumor at this particular 
colony has been high compared with non­
lymphoid malignancies. Furthermore, suc­
cessful transmission of malignant lym­
phoma from two of the macaques included 
in this study has been recently reported 
[15]. Our results indicate that an agent 
similar to HTL V type I is present in this 
colony, where it appears that the presence 
of antibodies to HTL V is associated with in­
creased risk for the development of lym­
phoproliferative disorders or malignancies. 
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