
is likely that Rev has several contact points 
within the RRE. Our previous observation 
that formation of the large stem structure is 
required for Rev interaction (lo), taken 
together with the findings reported here, 
suggests that Rev has contact points on both 
the large stem and the HSL-5 hairpin loop 
that are in close proximity. By deletion 
analysis of the RRE, Dayton et al.  (16) have 
also found that maintenance of secondary 
structure is required for Rev response. In 
other experiments with the RRE elements 
obtained from the evolutionarily conserved 
simian immunodeficiency virus (SIV) and 
HIV-2 viruses, we find that both interact 
with the HIV- 1 Rev protein ( I  7). However, 
the hairpin loop structures required for this 
interaction. which are also in close proximi- 
ty to the stem structure, bear little sequence 
similarity to the HIV-1 hairpin loop recog- 
nized by Rev. This observation strengthens 
our contention that structure, rather than 
simply primary sequence, determines Rev- 
RRE interactions. This mav also explain 
how the human T cell lymphotropic virus 
type 1 (HTLV-1) Rex protein, which is 
unrelated to HIV-1 Rev, can substitute for 
Rev function (18). Furthermore, the strong 
correlation between the alteration of the 
binding in vitro and the functional charac- 
teristics of the mutant RREs in vivo sup- 
ports the hypothesis that binding of Rev ;o 
the RRE is of physiological relevance. 

The mechanisms by which Rev-RRE in- 
teractions facilitate export of HIV structural 
mRNAs from the nucleus to cytoplasm re- 
main to be determined. Whether Rev.acts by 
itself or in concert with host proteins to 
facilitate export is not known: We have 
recently purified a transdominant Rev pro- 
tein described by Malim et al .  (19). Al- 
though nonfunctional in vivo, as reported, it 
does form a stable complex with the RRE 
(20). Thus, if Rev mediates export through 
interaction with a host transporter protein, 
the transdominant Rev is likelv to lack this 
function. As an alternative explanation, the 
interaction of Rev with the RRE may facili- 
tate a conformational change in the RRE 
secondary or tertiary structure, which per- 
mits access of a host "transporter" factor 
that mediates export of H-IV structural 
mRNAs from the nucleus to cytoplasm. If 
such a mechanism for control of HIV gene 
expression does exist, it is envisioned that 
this factor also plays a role in the normal 
posttranscriptional events that govern cellu- 
lar gene expression. Thus, HIV may have 
usurped a normal host control mechanism 
and added a further level of complexity. 

REFERENCES AND NOTES 

1. J. Sodroski, R. Patarca, C. Rosen, F. Wong-Staal, 
W. Haseltine, Science 229, 74 (1985); S. K. h a ,  C. 

Guo, S. F. Josephs, F. Wong-Staal, ibid., p. 69. 
2. M. B. Feinberg, R. F. Jarrett, A. Aldovini, R. C. 

Gallo, F. Wong-Staal, Cell 46, 897 (1986); J. F. 
Sodroski rt a / . ,  Narrrre 321, 412 (1986). 

3. A. G. Fisher er a / . ,  Narrrre 320, 367 (1986); A. I. 
Dayton, J. G. Sodroski, C. A. Rosen, W, C. Goh, 
W. A. Haseltine, Cell 44, 941 (1986); E. Tenvil- 
liger et dl., J .  Virol. 62, 655 (1988). 

4. C. A. Rosen, J. G. Sodroski, W. A. Haseltine, Cell 
41,813 (1985); M. A. Muesing, D. H.  Smith, D. J. 
Capon, ibid. 48, 691 (1987); B. M. Peterlin, P. A. 
Luciw, P. J. Barr, M. D. Walker, Proc. Narl. Acad. 
Sci. U .S .A .  83. 9734 119861: S. Y. Kao. A. F. 
Calman, P. A. ~ u c i w ,  B: M. ~eterlin, ~otrrie 322, 
551 (1986). 

5. B. R. Cullen, Cell 46, 973 (1986). 
6. C. A. Rosen et dl . ,  Noture 319, 555 (1986); C. M. 

Wright, B. K. Felber, H. Paskalis, 6.  N. Pavlakis, 
Scirrice 234, 988 (1986); M. Braddock et a / . ,  Cell 
58. 269 119891. 

7. M.'H. ~ a l i m ,  J. Hauber, R. Fenrick, B. R. Cullen, 
Nature 335, 181 (1988). 

8. M. Hadzopoidou-Cladaras, B. K. Felber, C. Cla- 
daras, A. ~thanasso~oidos, A. Tse, G. N. Pavlakis, 
J. l h l .  63, 1265 (1989); M. Emmerman, R. 
Vazeux, K. Peden, Cell 57, 1155 (1989). 

9. C. A. Rosen, E. Tenvilliger, A. I. Dayton, J. G. 
Sodroski, W. A. Haseltine, Proc. Notl. Acod. Sci. 
U .S .A .  85, 2071 (1988); A. I. Dayton et dl., J .  
Acquired Irrrmrr~le D$c. Sy~ldr. 1, 441 (1988). 

10. A. Cochrane, C. H.  Chen, C. A. Rosen, Proc. Notl. 
Acod. Sci. U.S .  A , ,  in press. 

11. M. L. Zapp and M. R. Green, Nature 342, 714 
(1989); T. J. Daly et dl., ibid., p. 816. 

12. J. Rusche, unpublished obsenrations. 
13. J. G. Sodroski et ol., Scirt~cr 227, 171 (1985). 
14. H. S. Olsen, P. Nelbock, A. W. Cochrane, C. A. 

Rosen, unpublished observations. 
15. J. Carey, V. Cameron, P. L. deHaseth, 0 .  C. 

Uhlenbeck, Biochrrnistry 22 2601 (1983); T.  A. 
Rouault rt ol., Proc. Narl. Acad. Sci. U.S .  A .  86, 
5768 (1989). 

16. E. T. Dayton, D. M. Powell, A. I. Dayton, Scier~ce 

246, 1625 (1989). 
17. P. Dillon and C. A. Rosen, in preparation. 
18. L. Rimsky et dl., Noture 335, 738 (1988). 
19. M. Malim, S. Bohnlein, J. Hauber, B. Cullen, Cell 

58, 205 (1989). 
20. H. S. Olsen, A. W. Cochrane, P. Dillon, C. A. 

Rosen, in preparation. 
21. T. Kunkel, Proc. Narl. Acad. Sci. U .S .A .  82, 488 

(1985). 
22. Rev-RRE binding was assessed as follows. Plasmid 

DNAs were linearized at a unique Xba I site, and in 
vitro transcription with T7 RNA polymerase was 
performed according to manufacturer's specifica- 
tions (Promega Biotec). The in tegr i~  of the tran- 
scribed products was examined by analysis on 8% 
denaturing polyacrylamide gels. Labeled RNAs 
were purified through a G-50 Sephadex spin column 
and used directly for the in viuo Rev binding assay. 
Approximately 50 ng of purified Rev protein was 
resuspended in binding buffer [5 mM Hepes (pH 
7.6), 25 mM KCI, 2 mM MgC12, and 3.8% glycerol] 
containing 10 pg of nonspecific carried transfer 
RNA. The reaction was incubated for 15 min at 
room temperature at which time labeled RRE RNA 
(0.4 to 1 ng, lo4 to 2 x 10' cpm) was added in a 
final volume of 20 pl. Incubation was continued an 
additional 15 min at 30°C at which time five units of 
ribonuclease T 1  (Pharmacia) was added. Reactions 
were further incubated at 37°C for 10 min then 
adjusted to 10% glycerol and applied to a 4% 
nondenaturing polyacrylamide gel containing 4% 
glycerol. Electrophoresis was carried out at a con- 
stant voltage of 250 volts at 4°C In 0.5X tris-borate 
(TBE) buffer. The gel was fixed in 10% acetic acid, 
dried, and exposed to x-ray film. 

23. C. A. Rosen, J. G. Sodroski, K. Campbell, W. A. 
Haseltine, J .  Virol. 157, 379 (1986). 

24. C. Gorman, L. Moffat, B. Howard, Mol. Cell. Biol. 
2, 1044 (1982). 

25. Supported, in pan, with funds from a National 
Cooperative D n ~ g  Discovery Award. 

15 November 1989; accepted 24 January 1990 

Expanded HIV-1 Cellular Tropism by Phenotypic 
Mixing with Murine Endogenous Retroviruses 

In view of the current interest in in vivo murine models for acquired immunodeficien- 
cy syndrome (AIDS), the interaction between human immunodeficiency virus type 1 
(HIV-1) and endogenous murine leukemia virus (MuLV)-related retroviruses was 
investigated with a human leukemic T cell line (PF-382,) that acquired xenotropic 
MuLV (X-MuLV) after in vivo passage in immunosuppressed mice. Despite similar 
levels of membrane CD4 expression and HIV-1 1251-labeled gp120 binding, a dramatic 
acceleration in the time course of HIV-1 infection was observed in PF-382, compared 
to its X-MuLV-negative counterpart (PF-382). Moreover, PF-382 cells coinfected by 
X-MuLV and HIV-1 generated a progeny of phenotypically mixed viral particles, 
enabling HlV-1 to productively infect a panel of  CD4- human cells, including B 
lymphoid cells and purified normal peripheral blood CD4-/CD8+ T lymphocytes. 
Mixed viral phenotypes were also produced by human CD4' T cells coinfected with an 
amphotropic MuLV-related retrovirus (A-MuLV) and HlV-1. These data show that 
endogenous MuLV acquired by human cells transplanted into mice can significantly 
interact with HIV-1, thereby inducing important alterations of HIV-1 biological 
properties. 

I T IS WBLL ESTABLISHED THAT HIV IS esis and for large-scale testing of new dmgs 
the causative agent of AIDS and related and vaccines has prompted the search for 
disorders (1). The need for analytical experimental animal models of HIV infec- 

approaches to the study of AIDS pathogen- tion. On the basis of phylogenetic related- 
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ness, nonhuman primates represent the 
most suitable candidates. Persistent infec- 
tion with HIV-1 has been achieved in chim- 
panzees (Pan troglodytes) (2) and gibbon apes 
(Hylobates lar) ( 3 ) ,  whereas rhesus macaques 
(Macaca mulatta) have been infected with 
HIV-2 (4), a retrovirus remarkably similar 
to some pathogenic strains of the simian 
immunodeficiency virus group (5). Howev- 
er, no definitive evidence of immunodefi- 
ciency or other disease has been observed to 
date in these animals (6). Recently, small 
animal-model systems for HIV-1 infection 
and, possibly, pathogenicity have been pro- 
posed. These included rabbits (Oryctolagus 
cuniculi) (7) ,  transgenic mice (Mus musculus) 
(8) and mice homozygous for the severe 
combined immune deficiency (SCID) muta- 
tion that had been transplanted with human 
hematopoietic cells (SCID-hu) (9). 

A critical prerequisite for animal models 
of infectious diseases is that the experimental 
agent be substantially unaltered after pas- 
sage through the novel host. One concern is 
that significant interactions may occur be- 
tween experimentally inoculated viruses and 
endogenous retroviruses. Such retroviruses 
have been documented in several species 
(10) and particularly well characterized in 
mice, where endogenous murine leukemia 
virus (MuLV)-related type C viruses exhibit 
a variety of host tropisms (1 1). Interaction 
between endogenous retroviruses and other 
viral agents can determine phenotypic alter- 
ations, such as pseudotyping and phenotyp- 
ic mixing (12), or even genotypic recombi- 
nation, resulting in permanently modified 
viral progenies (13). Endogenous retrovi- 
ruses may also directly interact with xenoge- 
neic cells transplanted into mice, as demon- 
strated by the efficient infection of human 
cells by X-MuLV both in vitro and in vivo 
(14). Infection by X-MuLV, in turn, may 
alter the immunological properties of xeno- 
geneic cells and, possibly, contribute to their 
tumorigenic ability in vivo (15). 

Six human hematopoietic tumors were 
transplanted into splenectornized, irradiat- 
ed, and anti-asialo-GM1-treated nude mice 
(SIA-nulnu), and produced localized tumors 
of human cell origin that were able to grow 
in vitro as continuous cell lines (16). All 
these cells were found to have persistently 
acquired in vivo a type C retrovirus charac- 
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Table 1. Infection by X-MuLV of human hematopoietic cells transplanted into immunodeficient mice. 
Human tumor cells (5 x lo6) were injected subcutaneously into SIA-nutnu mice; localized tumors (at 
the inoculation site) became macroscopically visible in 10 to 15 days (16). We extensively minced the 
tumors excized from the animals and made cell suspensions that were then cultured in complete medium 
after repeated washings. All cell types explanted from mice were able to grow indefinitely in vitro as 
immortalized cell lines with different kinetics of replication (but in all the cell lines the doubling time 
was < 72 hours). The criteria used to detect and characterize X-MuLV in all the cases were 
morphological observation by electron microscopy, presence of Mn2+-dependent reverse transcriptase 
enzymatic activity, immunological recognition by specific antisera (see legend to Fig. 2), and DNA 
hybridization with a specific molecular probe (28). The xenotropism was assessed by the ability of cell- 
free virus stocks to productively infect human or mink cells but not mouse cells (that is, NIH 3T3 
fibroblasts). 

Growth in vitro 
Cell Lineage X-MuLV in 

Before After tumors from 
tYPe origin SIA-nutnu SIA-nulnu 

SIA-nulnu 

ST4 T cell - + 
GI 1 T cell - + 
PF-382 T cell + + 
K562 Myeloid'erythroid + + 
U937 Myeloid/monocytic + + 
Jurkat T cell + + 

terized as X-MuLV (Table 1). One of these 
cell types, which was able to grow in vitro 
both before (PF-382) and after (PF-382,) 
in vivo passage, was chosen as a suitable 
model to study the interaction between 
HIV-1 and endogenous X-MuLV. PF-382, 
cells displayed identical karyotypic markers, 
major histocompatibility complex (MHC) 
haplotype, and T cell-associated markers as 
the original transplanted PF-382 cells (17). 
To further assess whether the in vivo pas- 
sage had selected subclones of PF-382 par- 
ticularly susceptible to HIV-1, we studied 
the expression of the CD4 antigen (the 
HIV-1 receptor) and the binding of '25~-  
labeled HIV-1 gp120 glycoproteins before 
and after transplantation into mice. PF-382 
and PF-382, displayed an identical pattern 
of CD4 expression, as detected by fluorocy- 
tometry (Fig. 1A). Consistently, similar lev- 

Fig. 1. Surface membrane CD4 
anti en ex ression (A) and binding F of ' 51-labeled HIV-1 gp120 glyco- 
protein (B) in PF-382 (X-MuLV-) 
and PF-382, (X-MuLVt). The 
presence of CD4 (solid line) was 
monitored with the fluorescein-la- 
beled monoclonal antibody Leu3a. 
An irrelevant antibody (Gl)  was 

els of HIV-1 gp120 binding were detected 
in the two cell lines (Fig. 1B). From Scat- 
chard analysis, the calculated dissociation 
constant (Kd) values were 1.85 x ~ o - ~ M  
for PF-382 and 1.04 x I O - ~ M  for PF-382,. 
The numbers of receptor sites were 2930 
per cell for PF-382 and 1854 per cell for PF- 
382,. These results suggest that, at least at 
the receptor level, the susceptibility of PF- 
382 to HIV-1 was not substantially modi- 
fied by the passage in vivo. 

The cell lines PF-382 and PF-382, were 
exposed to equal infectious titers of HIV-1 
under carefully controlled conditions. Al- 
though both cell types were susceptible to 
productive and cytopathic infection, a dra- 
matic acceleration of HIV-1 antigen expres- 
sion was seen in PF-382, compared to its X- 
MuLV-negative counterpart. By day 9 after 
infection, radioimmunoprecipitation assay 

4 0 2 
Fluorescence intensity 

(log,, units) 

used as a negative corkrol (dotted 
line). For the HIV-l-gpl20 bind- 
ing studies, purified envelope gly- 
coproteins from HIV- 1 strain 45 1 x 

(M)] were labeled with '"1 as pre- 2 8 4 PF-382 viously described (31) and incubat- - 
ed for 1 hour at 37°C with serially 
diluted cells. The amount of bound 
radioactivity was measured by a - 10 20 30 40 

gamma Counter. Cell number 



(RIPA) of [35S]cysteine-labeled-labeled PF-382 
cells revealed only faint bands correspond- 
ing to the HIV-1 envelope glycoproteins 
gp160 and gp120. By contrast, the com- 
plete antigenic p d e s  of HIV-1 and X- 
MuLV could be readily detected in PF-382, 
(Fig. 2A). Indirect immunofluomcence as- 
say (IFA), performed at 3-day intervals, 
conclusively demonstrated an accelerated 
time course of HIV-1 expression in PF-382, 
(Fig. 2B). Consistent with this finding, a 
significant acceleration of the HIV-1-in- 
duced cytopathic effect (that is, syncytia 
formation) was also observed (Fig. 2C). 
Analogous results were obtained with PF- 
382 cells persistently infected in vitro with 
the X-MuLV produced by PF-382, cells 
(18), thus indicating that the dfact was 
directly related to the presence of X-MuLV 
and con6rming that PF-382, does not rep 
resent a highly HIV-l-susceptible done of 
the original cell line. In addition, exposure 
to X-MuLV for 1 hour before HIV-1 intbc- 
tion resulted in an accelerated HIV-1 
expression in nonnal human peripheral 
blood T lymphocytes (18). 

In an attempt to elucidate the possible 

mechanism fbr the accelerated time course 
of HIV-1 infection in X-MuLV-idktd 
cells, wc tested for transactivation of the 
HIV-1 long terminal repeat (LTR) in PF- 
382 and PF-382, using a recombii t  plas- 
mid construct containing the complete LTR 
of HIV-1 linked to the CAT reporter gene 
(19). In both cell lines, equally low to unde- 
tectable levels oftransactivation of the HIV- 
1 LTR were observed (20). 

We subscquendy investigated the hast- 
range characteristics of the viral progeny 
relead by X-MuLVIHIV-1-4 PF- 
382 cells. In these cells, both HIV-1 and X- 
MuLV had nonnal profiles of their major 
s t r u d  proteins (Fig. 2A), including the 
envelope glycoproteins that ace critically in- 
volved in determining the viral tropism. 
Nonetheless, when the viral progeny gener- 
ated by coinfected PF-382 cells were used 
for infection, HIV-1 was able to penetrate 
into and be expressed by a panel of previous- 
ly nomusqtible CD4- human cells: HeLa 
(neoplastic epithelial cells), 501-T (diploid 
lung fibroblasts), A2Q4 (neoplastic musde 
cells), Raji (neoplastic B cells), and exten- 
sively @ed CD8+/CD4- normal periph- 

m. 2 Time course of W- A D C - ' ~ Q ~  

1 inf;ection in PF-382 and 
PF-382, &. (A) Radio- 
immunoprezi itation assay 
(NPA) of lg~lcrstein~-~-  gpiru- - 
beled ceh for the detection 

MuLV (a) and HIV-1 (b) at gp"E ~ 5 3 -  
day 9 aftcr inktion. Thc 4 c r p 5 3 - - -  

assay was as described (32). 
The antisera used were rab 
bit antibody to MuLV enve- - 
lope (lanes la); rabbit anti- 
body to MuLV gag (lanes 
2a); negative rabbit serum 
(~ms 3a); human HIV+ 

cocktail of monoclonal anti- = 
bodies to HIV-1 p24 gag 
and antibody to HIV-1 , 
gp120 mv (lanes 2b); and % 
negative human serum 
(lanes 3b). Cells (10 x lo6) 2 
from either ceU line collect- 2 
ed during the exponential 
growth phase were washed 5 
twice with complete culture / 

medium (RPMI 1640 sup $ 6 9 

plemented with 10% fetal ys after infec 

bovine serum) at 37"C, pel- 
leted, and each pellet was rampended in apprmhmdy 10' median tissue culture inkciious dosc 
(TCIDm) of HIV-1 (suain HTLV-me, grown in the Molt-3 human T cell line) in 2 ml. After 1 hour at 
37C, the cells were washed twice and culnued in 10 ml of compktc medium. The gp160 and gp85 
represent the envelope protein preamors fix HIV-1 and X-MuLV, respedveiy. The gp120 and 
gp69170 represent the corresponding mu proteins. The p53 and p65 represent the gag pmein 
prmmors in HIV-1 and X-MuLV, mspcctivdy. The high moledar weight band (-180 kD) 
immunopcecipitated on lane 1 does not correspond to any known MuLV envelope gene product and 
should be considered a nompeafic reactivity of this parti& rabbit serum (B) Indirect IFA detection 
of HIV-1 p24 antigen expression in acetone-fixed PF-382 (x) and PF-382, cells (0) at various times 
after inktion. A monodona1 antibody to HIV-1 p24gog was uxd. (C) Morphological features of PF- 
382 (a) and PF-382, (b) cdls 9 days after infection with HIV-1. A cytopathic e&ct (that is, syncytia 
formation) was detectable in X-MuLV/HlV-1-infected cells, whereas cells infected with HIV-1 alone 
showed comparable levels of cytopathicity only at days 15 to 17 after inktion. 

era1 blood T lymphocytes (Table 2). In 
addition, a CD4+ T cell line (C-) could 
be productively infeaed with w-1 even in 
rhe presence of inhibitory concentrations of 
the monodona1 antibody OKT4a (Table 2). 
Along with HIV-1, X-MuLV was also 
simultaneously expressed in all the cell types 
tested. Analogous results were obtained 
with the supernatants of CEMm cells coin- 
b e d  by HIV-1 and a well-chacactecized 
arnphoaopic MuLV-related retrovirus (A- 
MuLV) (21) (Table 2). These latter super- 
natants also allowed HIV-1 penetration and 
expression in cells of nonhuman origin, such 
as the mink lung cell line NBL-7 (American 
Type Culture Collection) (1 8). 

To identi@ the possible emergence of 
genotypic reambinants between HIV-1 
and X-MuLV, we studied the restriction 
map of the HIV-1 proviral DNA that was 
integrated in A204 cells atkc infection with 
phenotypically mixed HIV-1, as well as that 
pasaged seven times in CEMm cells in 
association with X-MuLV. After digestion 
with three diftkent restriction endonude- 
ases, the map of HIV-1 was found unaltered 
by Southern (DNA) blot analysis in both 
cell types (18) using the BHlO probe. Ifever 
HIV-l/X-MuLV recombinants were gener- 
ated within coinfected cells, their pres- 
ence was quantitatively negligible, tsliling to 
reach thc threshold for detection by South- 
an blot analysii. In addition, complete pro- 
files of both X-MuLV and HIV-l-specific 
proteins were detected by RIPA in coinfect- 
ed A204 ceUs and were identical to those 
observed in singly infected controls or in 
coinfected PF-382 cells (18). 

The &served broadening of the cellular 
tropism of HIV-1 may be ascribed to the 
generation of pseudotypes containing the 
HIV-1 genome coated by the envelope of X- 
MuLV or, more likely, of phemtypically 
mixed viral pactides simultaneously exhibit- 
ing X-MuLV and HIV-1 glycoproteins. In 
rpl attempt to serially passage phenotypically 
mixed HIV-1 in CD4- cells, uninfected 
A204 cells were incubated with the supana- 
tant fluid of winfeaed A204 cells (collected 
5days&erexponuetotheviralprogenyof 
HIV-l-idected PF-382, cells). Only X- 
MuLV, but not HIV-1, could be passaged 
beyond the first cycle of infection (18). This 
observation suggests that the process of de 
novo mixed phenotype formation in coin- 
b e d  CD4- cells was very inefKcient. By 
contrast, both X-MuLV and HIV-1 were 
passaged up to seven times by cell-& trans- 
mission in CE& cells, which ace suscepti- 
ble to both viruses (18). 

The presence of endogenous MuLV-relat- 
ed retroviruses has been shown in virmally 
all laboratory strains of mi* induding 
those currently b e i i  investigated as poten- 
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tial animal model systems for AIDS (that is, 
SCID-hu/HIV-1 mice and HIV-1 trans
genic mice) (11). Since human cells of dif
ferent lineage efficiently acquire X-MuLV 
after transplantation into immunosup-
pressed mice, it is presumable that in the 
SCID-hu/HIV-1 model, where positive en-
graftment of human hematopoietic cells oc
curs, HIV-1 could be directly interacting 
with X-MuLV. As we show here, this could 
result in an anomalously accelerated time 
course of HIV-1 infection. In addition, 
coinfection of individual human cells by X-
MuLV and HIV-1 could generate pheno-
typically mixed virions, causing the CD4-
independent spread of HIV-1 to previously 
nonsusceptible target cells. 

Phenotypic mixing is a well-documented 
phenomenon and has been shown between 
HIV-1 and vesicular stomatitis virus or her
pes simplex virus (23). In our system, we 
have observed that diverse human CD4~ 
cells, including B cells and CD8+ /CD4" T 
lymphocytes, can be infected by HIV-1 after 
phenotypic mixing with X-MuLV. This 
finding is particularly pertinent to the 
SCID-hu/HIV-1 model, in which two char
acteristic hematological features almost in
variably present in HIV-1-infected humans 
are notably absent, that is, B-lymphocytic 
activation with polyclonal hypergamma
globulinemia (24) [in SCID-hu/HIV-1 a 
dramatic decrease of immunoglobulin (Ig) 
production was instead reported] and 
CD8+ T-lymphocytic activation with in
creased proportions of circulating CD8 + T 

cells expressing class I I M H C antigens (25). 
The action of X-MuLV-related viruses 

might also help to explain the almost com
plete absence of graft-versus-host disease in 
SCID-hu after transplant of immunological
ly competent human immune cells into a T 
cell-deficient host (9). In fact, preliminary 
experiments in our laboratories indicate that 
normal human CD8 + T lymphocytes ex
posed for 1 hour to X-MuLV lose their 
ability to respond to alloantigenic stimula
tion in mixed leukocyte culture. These re
sults are consistent with previous reports on 
the immunosuppressive activity of the enve
lope pl5E transmembrane protein that is 
present in both MuLV and feline leukemia 
virus (26). In this respect, the effects of X-
MuLV on human cells may represent a 
problem for the use of SCID mice for 
studies on the physiology and development 
of human hematopoiesis. 

Another murine model proposed for use 
in the investigation of the pathogenesis of 
AIDS is the germ line insertion of the 
complete HIV-1 genome as a transgene (8). 
Here, the virus-to-virus interaction would 
become even more complex, since all somat
ic and germinal cells in these animals would 
simultaneously coharbor HIV-1 and endog
enous murine retroviruses of both xenotro-
pic and ecotropic host range. In addition to 
mice, the presence of endogenous retrovi
ruses was suggested also in rabbits (27), 
another species recently proposed as a possi
ble in vivo model for AIDS. Therefore, the 
potential interaction of HIV-1 with endoge

nous type C viruses should be considered in 
these animals. 

Our observations should prompt a critical 
evaluation of the experimental data obtained 
from some animal models for HIV-1 and of 
their suitability for use in the study of new 
antiviral therapeutic or prophylactic ap
proaches. A note of caution concerning the 
biosafety measures is also suggested, in con
sideration of the potential in vivo generation 
of more pathogenic phenotypic or genotyp-
ic variants of HIV-1. 
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Glucose, Sulfonylureas, and Neurotransmitter Secretion of GABA from SN slices (12) is 
similar to secretion of insulin from pancreat- Release: Role of ATP-Sensitive K+ Channels ic cells. [3H]GABA release is stimulated by 
K+ depolarization (Fig. 1A) or exposure to 

SALVATORE AMOROSO," HEIDY SCHMID-ANTOMARCHI, glucose (Fig. 1B) or to the potent sulfonyl- 

MICHEL FOSSET, MICHEL LAZDUNSKI~ urea gliquidone (Fig. 1C) in a dose-depen- 
dent manner. [3H]GABA release is stimulat- 
ed to a similar extent by 20 rnM glucose and 

Sulfonylurea-sensitive adenosine triphosphate (ATP)-regulated potassium (KATP) 100 nhf gliquidone. Half-maximal stimula- 
channels are present in brain cells and play a role in neurosecretion at nerve terminals. tion of 13H]GABA release by gliquidone 
KATp channels in substantia nigra, a brain region that shows high sulfonylurea binding, (EC50) is observed at 3 niM. We also com- 
are inactivated by high glucose concentrations and by antidiabetic sulfonylureas and pared the efficacy of a series of hypoglycemic 
are activated by ATP depletion and anoxia. KATp channel inhibition leads to activation sulfonylureas (Fig. 1D). Half-maximal stim- 
of y-aminobutyric acid (GABA) release, whereas KATp channel activation leads to ulatory effects vary between 3 nM and 300 
inhibition of GABA release. These channels may be involved in the response of the pM; the most active compound was gliqui- 
brain to hyper- and hypoglycemia (in diabetes) and ischemia or anoxia. done and the least active was tolbutamide. 

KATp channels are permeable to both KC 

A TP-DEPENDENT POTASSIUM CHAN- different areas of the brain (10); one of the and RbC. 8 6 ~ b C  efflux (13) has been usehl 
nels are critical for insulin secretion predominant areas is the substantia nigra for identifying KATp channels in insulinoma 
from pancreatic p-cells (1-3). They (SN), in which the cells contain as many cells and for establishing their basic pharma- 

are Inhibited by glucose, which in turn leads KATp channels as pancreatic @-cells (7, 10). cological and regulatory properties (4, 6, 7). 
to insulin secretion (2, 3), and activated by We have investigated the role of these chan- As is true in insulinoma cells, in SN a 
polypeptide hormones such as galanin and nels in the release of GABA, which is a key mixture of oligomycin and 2-deoxyglucose 
somatostatin (4-6), which are known inhib- neurotransmitter in SN (11). (2DG) inhibits ATP formation from both 
itors of insulin release. KATp channels are 
the target of an important class of antidia- Fig. 1. [3H]GABA- 
betic drugs, the sulfonylureas (2, 3, 7, 8). 2El l./ml evoked release by (A) 
These channels open and produce a hyper- extracellular potassium 

concentration [K+],, polarization when the intracellular concen- (B) glucose, and (C) gli- 
tration of ATP ([ATPI& decreases, and p 3 0  6 0  2 o quidone. Horizontal 
close and lead to depolarizations when 2 'K'lo("M) [Glucosel (IP.M) bars represent the period 
[ATPIin increases (2, 3). Glucose, as well as .! 0 . 0  of stimulation by effec- 

K+ - Glucose 
the sulfonylureas, induces a depolarization, o.5 0.5 - tors. (A) Control in me- 

dium (.), activation by 
whichthenleadstotheactivationofL-type 0  1 0  2 0  3 0  4 0  0  ' 0  2 0  3 0  4 0  5 0  

Time (min) Time (min) 15 a K+ ( 0 ) .  Inset, 
Ca2+ channels, to Ca2+ entry, and to insulin 4 dose-response curve for 
secretion. The depolarizing step is due to 2 K+ activation (at 5 rnin). 

direct (sulfonylureas) or indirect (glucose, To keep ionic strength 
constant, we modified 

probably by an increase of [ATPIin) block- the medium so that 
ade of KATp channels. [Na+], plus [K+], was 

The central nervous system is a rich source 1 123.5 m ~ .  (B) Control 
of sulfonylurea receptors (9). These recep- • in medium (O), activa- 
tors are present in high concentrations in tion by 20 mM glucose 

0.5 0.5 (V).  Inset, dose-re- 

Institut de Pharmacologie MolCculaire et Cellulaire, 
UPR 411 du CNRS, 660 route des Lucioles, 06560 
Valbonne. France. 

*Permanent address: Second School of Medicine, De- 
partment of Pharmacology, Via S. Pansini 5, 80131 
Naples, Italy. 
tTo whom correspondence should be sent. 

. . . . 
o 1 o 2 0  3 0  4 0  - 1  2  -I 0  - 8  - 6  - 4  sponse curve for glucose 

Time (min) log [Sulfonylureal ( M )  activation (at 10 min). 
(C) Control (O), activa- 

tion by 100 nM gliquidone (V).  Inset, dose-response curve for gliquidone activation (at 5 min). (D) 
Release of [3H]GA~A was evoked by increasing concentrations of gliquidone ( 0 )  (ECS0, 3 nM), LH35 
(A) (EC5,, 50 nM), glipizide (0) (EC5,, 80 nM), LH32 (V) (EC5,, 500 nM), glibenclarmde (A) 
(EC50, 27.5 FM), gllsoxepide (+) (EC50, 27.5 pM), and tolbutarmde (V) (EC50, 300 FM). Data polnts 
represent the means of four experiments. 
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