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Characterization of a Noncytopathic HIV-2 Strain 
with Unusual Effects on CD4 Expression 

A new isolate of the human immunodeficiency virus type 2, designated HIV-2ucl, was 
recovered from an Ivory Coast patient with normal lymphocyte numbas who died 
with neurologic symptoms. Like some HlV-1 isolates, HIV-2ucl grows rapidly to high 
titers in human peripheral blood lymphocytes and macrophages and has a differential 
ability to productively infect established human cell lines of lymphocytic and monocyt- 
ic origin. Moreover, infection with this isolate also appears to involve the CD4 antigen. 
Howcva, unlike other HIV isolates, HIV-2uCl does not cause cytopathic effects in 
susceptible T cells nor does it lead to loss of CD4 antigen expression on the cell surface. 
These results indicate that HIV-2 may be found in individuals with neurologic 
symptoms and that the biological characteristics of this heterogeneous subgroup can 
differ fiom those typical of HIV-1. 

T wo PREVIOUSLY DESCRIBED ISO- tient in the Ivory Coast. Its biologic proper- 
lates of Hn7-2, LAV-2 [now called ties in vitro appear distinct from many iso- 
H l v - 2 ~ 0 ~  ( I ) ]  and SBL6669 (2) 

obtained fkom WI& '&can ~atients &th 
A D S  or DSqela ted  cyto- '. A. Em H. LCg& Barbaa, C. J. 

art of Medicine, Cancer Raearch 
pathic &ects in cultured cells. Here we kz u z t y  o fwhmia ,  san ~randxo, CA 
;eport the isolation and characterization of a ?ELu, K. Odhan. TrrichriPc HmPial apM- 
noncytopathic W - s l i k e  virus from a pa- m t  of Infectious D m ,  Ab'ldjan, IVOI~ CoQst. 

Fla. 1. Immunoblot analvsis of HIV viral anti- A B 
(A) Sera of the ~ f r i c k  patients from whom - 7 

HIV-1SF471 (aHIV-1) and HIV-2Ucl (aHIV-2) aHIV-1 aHIV-2 aHlV-' 

were isolated were tested by immunoblot with 
electrophoretically separated HIV-lSr [also ~ 1 2 0 -  a 
called AIDS-associated retrovirus, ARV-2 (15)] gp160 - 
(lane 1) and SIV-- (lane 2) infected HUT-78 gp'20 - 

~ 6 5 -  m 
cell bates (6). (B) Isolates of HN-1 and HIV-2 ~ 5 5 -  g 
were grown to high titer (>1 x 106 cpmlml of gp41- 

RT activity) and cennifuged (20,0008) through a P55 - 
layer of 20% glycerol for 2 hours. Viral pellets p31- - 
were suspended in 0.1 rnl of PBS and stored at ~ 2 5 -  C 
-70°C. Individual proteins were resolved by 
polyacrylamide gel electrophoresis and transferred 
to nitrocellulose for immunoblot analysis (5). 0- 

Viral antigens present in the pellets from HIV- 
1SF471- (lane 1) or HIV-2ucl- (lane 2) inks+ 

1 2  1 2  cultures were reacted with serum from dK pauent 
infected with W-1SF471 (aHlV-1) or from the patient infkted with HIV-2ucl (aHIV-2). A similar 
result to that obtained with HtV-2 serum in lane 2 was observed with an antixrum to SIV-. 

Fig. 2. Induction of cympathology by cocultivation with uninfecnd SupTl cells. (A) Uninfectcd; (B) 
HIV-2ucl-infected (100% HIV antigen-positive); and (C) HIV-lsF471-inf~ed (35% HIV antigen- 
positive) SupTl cells were mixed with unidxted SupTl cells (99% CD4+) at a ratio of 1: 10 and 
observed for the formation of md~udca tcd  giant cek and balloon degenerative forms. Note the CPE 
only in (C) ( x 400). 
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lates of HIV-1 and HIV-2 reported to date. 
The restricted antigenic cross-reactivity 

between the ens proteins of HIV-1 and 
HIV-2 and the homolorn between HIV-2 
and the simian immunodeficiency virus 
[SIV,,, (3)] were used as criteria for classi- 
fying HIV infection in the Ivory Coast. 
Serum samples from 68 patients (4 )  attend- 
ing the Treichville Hospital in Abidjan were 
analyzed by immunoblot (5) for reactivity to 
HIV-1 and SIV,,, external membrane anti- 
gens (6) and by ELISA for reactivity to 
type-specific immunodominant synthetic 
peptides derived from the transmembrane 
glycoproteins of either HIV-1 or HIV-2 
(7 ) .  Consistent with recent studies conduct- 
ed in the Ivory Coast (8), serologic evidence 

of HIV-1 infection (36 patients out of 58), 
HIV-2 infection (3 of 58), or dual HIV-11 
HIV-2 reactivity (19 of 58) was observed in 
all but ten of the patients. Complete concor- 
dance was found with the results obtained 
from type-specific ELISAs and those ob- 
served with immunoblot assays measuring 
reactivity to the external glycoprotein of 
either HIV-1 or SIV,,,. 

By cocultivation with mitogen-stimulated 
peripheral blood mononuclear cells (PMC) 
from normal donors, viruses were recovered 
from the PMC of seven patients with sero- 
logic evidence of HIV-1 infection, six pa- 
tients with evidence of dual reactivity, and 
one patient with HIV-2 infection. When 
analyzed by immunoblot, all of the isolates 

only in S U ~ T L  cell cul&res inoculated with HIV- 
1 ~ ~ 4 7 1 .  

Fig. 3. Comparative cell surface expression of :. 
CD4 antigen &er infection with HIVOuCl or 
HIV-1. Cultures of the SupTl cells that were % inoculated with either HIV-1SF471 ( 0  and 0 )  or 
HIV-2Ucl (0 and H) (input inoculum; 200,000 * 
cpm of RT activity) were followed for both virus 5 0.4 

replication (appearance of RT activity: l and H) ,2 
and the cell surface expression of the CD4 antigen 0.2 

(leu3a FACS: 0 and 0). Uninfected cultures of ' 

Table 1. Comparative host range of HIV-1 isolates and HIV-ZUcl. For the infectivity studies, PMC 
from donors (seronegative for HIV-1 and HIV-2) were prepared by FicolVHypaque separation of 
heparinked blood (14), treated for 3 days with phytohemagglutinin (PHA;3 pgiml), and cultured in 
the presence of IL-2 (5%, Electonucleonics). For the preparation of peripheral blood macrophages, 
PMC were resuspended in RPMI 1640 medium containing 10% fetal calf serum and 5% human serum 
and dispensed into 25-cm2 flasks (Falcon) (2 x lo7 PMC per flask). The CEM and Jurkat T cell lines 
and the human monocytic cell line U-937 were purchased from the American Type Tissue Culture 
Collection. The K4 B cell line was prepared by Epstein-Barr virus transformation (27) of peripheral 
blood B cells from a HIV antibody-negative individual. Productive HIV infection of PMC and 
peripheral blood macrophages was assessed for 30 days; growth in established human cell lines was 
followed for 60 days. Virus replication was measured by particle-associated RT activity in the culture 
Supernatants (28). Infection of cells was confirmed by indirect immunofluorescent assays for viral 
antigens (29). Symbols: + + +, =500,000 counts per minute (cpm)/ml; + +, 100,000 to 500,000 cpmi 
ml; +, 20,000 to 100,000 cpmiml; k, 10,000 to 20,000 cpmiml; -, < 10,000 cpmiml; ND, not done. 
The inhibition experiments were performed as described previously and the results are expressed as RT 
activity (cpm x lo3 per milliliter; percentage reduction compared to the untreated controls) (20,23). 
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positive. Multinucleated giant cell and balloon Time after Inoculation (days) 
formation. followed bv cell death. was observed 

Cells 
Human PMC 
Chimpanzee PMC 
Baboon PMC 
Rhesus monkey PMC 

Human peripheral blood macrophages 
HUT-78 
SupTl 
CEM 
Jurkat 
MT-4 
U-937 
K4 B cell line 

Monoclonal antibodies 
Leu4 
Leu3a 

Infctiviy studies 

- 
Inhibition studies 
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from individuals with serologic evidence of 
HIV-1 or HIV-1HIV-2 infection were 
identified as HIV-1. An HIV-2-like virus 
(HIV-2Ucl) was isolated from the patient 
with serologic evidence of only HIV-2 in- 
fection (7) (Fig. 1A). Although the patient 
presented with normal numbers of peripher- 
al blood lymphocytes, he had evidence of 
multiple parasitic bowel infections and de- 
veloped high fever, ataxia, and dementia 
before death (9). Electron microscopic stud- 
ies revealed that HIV-2ucl had the mor- 
phologic features of a lentivirus (1 0). 

Like other HIV-2 isolates (1, 2), HIV- 
2ucl was more similar antigenically to SIV 
than HIV-1 (Fig. 1B); only the gag and 
polymerase proteins (p25 and p65, respec- 
tively) of HIV- 1 were recognized by the sera 
of the HIV-2Ucl-infected individual. Con- 
versely, sera from HIV-1-infected individ- 
uals, both from the United States and Afri- 
ca, detected only thegag proteins of HIV- 
2 ~ ~ 1 .  Moreover, sera from SIV-infected 
rhesus monkeys strongly recognized the ens 
proteins of HIV-2Ucl but not those of 
HIV- 1. As with H 1 v - 2 ~ ~ ~  (I),  the external 
glycoprotein of H I V - ~ U C ~  migrated at ap- 
proximately 140 kD (Fig. 1B) and not 120 
kD as reported for HIV- 1. However, several 
African HIV-1 isolates characterized in this 
laboratory (including H I V - ~ S F ~ ~ ~ ;  Fig. 1B) 
also have an external glycoprotein of ap- 
proximately 140 kD (1 1). The transmem- 
brane glycoprotein of HIV-2ucl appears to 
be truncated, with an apparent siz,e of 35 
kD (compared to 41 kD for HIV-1). This 
smaller size of the HIV-2 transmembrane 
protein compared to that of HIV-1 is re- 
ported to be due to a stop codon located 
within the env gene (12). Finally, as noted 
with HIV-2RoD (I),  the major core protein 
of H I V - 2 ~ ~ 1  had a slightly higher molecular 
weight (p27) than that of HIV-1 (p25; Fig. 
1B). 

The original cultures of all 14 isolates 
showed peak reverse transcriptase (RT) ac- 
tivity (2400,000 cpmJrn1) within 10 days. 
Cytopathic effects (CPE), defined as syncy- 
tia formation and balloon degeneration 
(13), were observed in all the PMC infected 
with the Ivory Coast HIV-1 isolates, but 
were notably absent from the H 1 v - 2 ~ ~ ~  
infected PMC culture. 

The host range of HIV-2ucl was studied 
by using PMC of human and primate origin 
(14) as well as established lines of human T 
and monocytic cells and peripheral blood 
macrophages. A comparison was made with 
two HIV-1 isolates, one from a San Francis- 
can patient [HIV-lsF2 (15)] and the other 
from a patient in the Ivory Coast [HIV- 
1 ~ ~ 4 7 1  (16)l. Like previous isolates of HIV- 1 
(14, 17), HIV-2Ucl varied in its ability to 
productively infect different cell types (Table 
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1). All the PMC cultures and most estab- 
lished human T cell lines were susceptible to 
the virus, as was the K4 B cell line. Howev- 
er, replication was not observed in the CEM 
T cell or the U937 monocytic cell lines that 
supported infection by the HIV-1 isolates. 
Moreover, unlike the HIV-1 isolates, HIV- 
2ucl grew well in peripheral blood macro- 
phages; this characteristic has been observed 
primarily with HIV-1 isolates from the 
brain (1 8). 

Although both HIV-lsF2 and HIV- 
1SF471 infection of established T cell lines 
resulted in dramatic CPE, no such CPE was 
observed in any of the H I V - ~ U ~ I  infected 
cultures despite the rapid release of high 
titers of infectious virus. Atypical large cells 
that constituted less than 5% of the culture 
were seen only transiently in the H 1 v - 2 ~ ~ 1 -  
inoculated established cell lines at the onset 
of progeny virion production. 

The induction of CPE after infection with 
HIV-2Ucl and HIV-1 isolates was further 
assessed by mixing virus-infected cells with 
uninfected T cell lines expressing high levels 
of CD4 antigen. As shown in Fig. 2, the 
cultures containing HIV-2Ucl-infected cells 
showed no syncytia whereas the HIV-1SF471 
infected cells produced extensive CPE when 
mixed with all of the uninfected CD4' cells. 
When HIV-2ucl-infected SupTl cells were 
mixed with HIV-lsF471-infected cells that 
had emerged from a cytopathic infection, 
dramatic CPE was observed. This finding 
suggested that the CD4 molecule, which 
appears to be essential for syncytia forma- 

tion (13), is still expressed on the surface of 
HIV-2Ucl-infected SupTl cells. 

Fluorescence-activated cell sorting 
(FACS) was used to quantitate the expres- 
sion of CD4 on the surface of T cells 
infected with HIV-2Ucl. In a control ex- 
periment in which we used SupTl cells 
inoculated with HIV-1SF471 (35% of cells 
were HIV antigen positive by immune fluo- 
rescence assay), the surface expression of the 
CD4 protein declined concomitantly with 
the appearance of high levels of RT activity 
in the supernatant. No such reduction in 
CD4 expression occurred in cells infected 
with HIV-2Ucl (Fig. 3). The same observa- 
tions were made when CD4' PMC [ob- 
tained by panning (19)] were inoculated 
with HIV-2ucl. Ninety percent of the in- 
fected cells, of which 30% were HIV anti- 
gen positive by indirect irnmunofluores- 
cence, still expressed CD4 on the cell sur- 
face. These results are markedly different 
from those reported for HIV- 1 infection of 
CD4+ cells (20, 21). Moreover, in both 
enriched CD4' PMC and established T cell 
line{ no reduction in cell viability (deter- 
mined by trypan blue exclusion) was noted 
after HIV-2Ucl infection. A 20% reduction 
in the rate of cell division was observed in 
the HIV-2ucl infected SupTl cells, but this 
effect on cell replication has also been noted 
with isolates of HIV- 1 (22). 

To confirm the presence of cells express- 
ing both HIV-2Ucl and CD4 antigens in 
the infected cell population, we performed 
double-staining experiments using sera from 

Fig. 4. Detection of vi- A 
ral and CD4 antigens lo3 
by FACS. HUT-78 
cells that were infected 
with HIV-2Ucl (A) or 102 

HIV-1~~471 (B and C) P 
were analyzed for the o 

P 

surface expression of = % - 
both HIV ( X  axis) and 10' 101 
CD4 antigens ( Y axis). 
For the detection of 
HIV antigens, cells loo 100 
were first mixed with a 
pool of sera from 
both HIV-1- and lo3  
HIV-2-infected indi- 
viduals (A, C, D), and 
then reacted with 102 
FITC-labeled goat ,w 
antiserum to human o 
IgG (Becton-Dickin- a 
son). CD4 antigens ' 10' ;::K] 3 101 

were subsequently de- 
tected by using a phy- 
coerythrin-labeled mu- oo I o0 
rine monoclonal anti- 
body specific for CD4 100 101 l o 2  103 100 101 102 l o 3  

(leu3a, Becton-Dickin- Human sera-FITC 
son). Neither of the in- 
fected cell lines showed reactivity with sera from antibody-negative individuals or with a phycoerythrin- 
labeled control mouse monoclonal antibody specific for human IgG (Becton-Dickinson) (B). Uninfect- 
ed HUT-78 cells showed reactivity only with leu3 (D). 

HIV-infected patients and monoclonal anti- 
bodies to the CD4 protein (leu3a, Becton- 
Dickinson). As shown in Fig. 4A, cells that 
expressed both antigens on their cell surface 
were present in the HIV-2Ucl-infected cul- 
tures. Cells infected with HIV-1SF471 were 
negative for the expression of the CD4 
protein (Fig. 4C). From the HIV-~UCI-  
infected SupTl cell culture, a clone (C6) 
was obtained by limiting dilution in which 
100% bf the cells expressed viral proteins 
and 80% of the cells expressed CD4 on the 
cell surface. When these clonal cells were 
used in cocultivation experiments with unin- 
fected SupTl cells, no CPE was observed. 
However, prominent CPE was seen when 
C6 cells were mixed with HIV-1SF471-in- 
fected SupTl cells. 

Experiments were then conducted to de- 
termine if HIV-2ucl uses the same cellular 
receptor as HIV-1 (20). Inhibition of infec- 
tion of PMC (>90%) was observed only 
when monoclonal antibodies to CD4a and 
not the CD3 protein (cell surface antigen 
common to all T cells) were used [Table 1 
(2311. 

HIV-2Ucl thus differs from other HIV-2 
isolates reported to date with respect to its 
lack of cytopathogenicity and failure to sup- 
press CD4 antigen expression in infected 
cells. In our laboratory, all HIV-1 isolates 
that productively infect established T cell 
lines induce dramatic CPE and reduce the 
surface expression of the CD4 antigen. 
H 1 v - 2 ~ 0 ~  and HIV-2SBL6669 are both cy- 
topathic in culture (1,2). Moreover, HIV-2 
isolates recently obtained in our laboratory 
from the PMC of other West African pa- 
tients have been found to induce CPE in 
vitro and to reduce CD4 antigen expression. 

The isolation of HIV-2ucl from an indi- 
vidual with parasitic bowel infections and 
neurologic abnormalities suggests that this 
virus could be associated with disease. HIV- 
1 isolates from AIDS patients with neuro- 
logic disorders also replicate efficiently in 
macrophages (18) and may be less cytopath- 
ic than other HIV-1 isolates (24). HIV-1 
has also been recovered from individuals 
with neurologic symptoms but near normal 
T helper cell numbers (25). However, the 
possibility that another disease-producing 
virus strain was present in this Ivory Coast 
patient cannot be excluded. Recent studies 
suggest that the CPE-inducing properties of 
HIV-1 become more pronounced as the 
disease progresses (26). Conceivably, subse- 
quent isolates from this patient before death 
could have been cytopathic, but no further 
blood was available. 
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West African HIV-2-Related Human Retrovirus 
with Attenuated Cytopathicity 

Clinical and seroepidemiological studies in West Mica indicate that human immuno- 
deficiency virus type 2 (HIV-2) is widespread and associated with immunodeficiency 
states of variable degree. In this study, an isolate of HIV-2 from a patient in Senegal 
was molecularly cloned and characterized. This isolate (HIV-2sT) was shown by 
hybridization and restriction enzyme analysis to be more related to the prototype HIV- 

than to other human or primate retroviruses. Cultures of HIV-2sT showed 
genotypic polymorphism, and clones of the virus had transmembrane envelope 
glycoproteins of 30 and 42 kilodaltons. Unlike other immunodeficiency viruses, HIV- 
2sT did not cause cell death or induce cell fusion in peripheral blood lymphocytes or in 
any of four CD4' cell lines tested. Although HIV-2sT entered cells by a CD4- 
dependent mechanism and replicated actively, cell-free transmission of the virus was 
retarded at the level of cell entry. These findings suggest that immunodeficiency 
viruses prevalent in West African populations are members of the HIV-2 virus group 
and that certain strains of this virus have attenuated virulence. 

H UMAN IMMUNODEFICIENCY VI- 

ms type 1 (HIV-1) is the etiologic 
agent of epidemic AIDS in Cen- 

tral Africa, Europe, the United States, and 
most countries worldwide (1). Sporadic cas- 
es of AIDS, especially in West Africa, have 
been attributed to a different but related 
retrovirus, HIV-2 (2, 3). Although HIV-2 
may cause fatal immunodeficiency (3), stud- 
ies (4, 5 )  have suggested that many West 
African individuals infected with HIV-2 or a 
related virus may have less severe immuno- 
deficiency than individuals infected with 
HIV-1. For those studies, serum samples 
from several West African populations were 
tested by immunoblot and radioimmuno- 
precipitation (RIP) assays with viral-specific 
target antigens derived from cultures of 

ST as described (8). Virus was transmitted 
to four immortalized T cell lines (Hut78, 
H9, SupT1, and CEMX 174) by repeated 
PEG (polyethylene glycol) precipitations of 
primary culture supernatants in an attempt 
to isolate and amplify viruses with potential- 
ly attenuated virulence. The DNA genome 
of H w - 2 ~ ~  in these cultures hybridized at 
low and high stringency to the H m - 2 ~ ~ ~  

(Fig. lB, lanes 5 and 6 ) ,  whereas 
SIV,,, DNA hybridized to the H w - 2 ~ 0 ~  
probe only under conditions of low strin- 
gency (Fig. lB, lanes 3). Conversely, HIV- 
2ROD and H w - 2 ~ ~  DNA hybridized with 
equal intensity to SIV,,, probe, but only at 
low stringency, and a full-length HTLV-I 
probe showed no hybridization (11). Two 

u 

Hfb-4PK82 (6), a virus strain indistin- L. I. Kong, S:W. Lee, J. C. Ka pes, J. S. Parkin, D. 
Decker B. H. Hahn, G. M. Sgaw, Departments of guishable from a simian immunodeficiency hte,d Medicine, Biochemistry, and Microbiolo 

vims of macaques (SIV,,,) (7-1 0). We University of Alabama at Birmingham, Birmingham, % 
have now characterized an isolate of HIV-2 :,5iykoae, Division of Hematoloa oncoloa, 
from a healthy prostitute in Senegal, West De amnent of Medicine, University of Pennsylvania, 
Africa, that is less cytoparhic than the proto- ph'adel~hia. PA l9lo4. 

type HIV- ROD. *To whom correspondence should be addressed at the 
Hn/'-2sT was isolated from peripheral Division of Hematology/Oncolo University Station, 

University of Alabama at ~ i r m i n ~ % n ,  Birmingham, AL 
blood mononuclear cells (PBMC) of patient 35294. 

10 JUNE 1988 REPORTS 1525 




