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When Vero or murine cells were stably transfected with the human immunodeficiency virus (HIV) long
terminal repeat (LTR) that directs the chloramphenicol acetyltransferase (CAT) gene (pU3R-III-CAT),
expression was suppressed. Treatment with the nucleoside analog 5-azacytidine (5-azaC) restored CAT
expression. Si nuclease analysis and a nuclear run-on assay demonstrated that activation of the latent HIV
LTR by 5-azacytidine occurred at the transcriptional level. Southern blot analysis demonstrated that this
activation was due to the demethylation of cytosine residues in the LTR enhancer. Thus, the HIV LTR appears

to be susceptible to transcriptional inactivation by methylation, a process that is proposed to play a modulatory
role in viral latency.

The human immunodeficiency virus (HIV; also known as

human T-cell lymphotropic virus type III [HTLV-III],
lymphadenopathy-associated virus [LAV], and acquired im-
mune deficiency syndrome [AIDS]-associated retrovirus
[ARV]) is the etiologic agent associated with AIDS (3, 28).
Infection by this virus leads to depletion of the T4+ subset of
lymphocytes and, ultimately, to suppression of the immune
system (14, 23, 39). Expression of HIV has been attributed
to virus-associated trans-acting factors that increase the
level of gene expression directed by the HIV long terminal
repeat (LTR). The trans-acting regulatory protein (tatIll)
has been located immediately 5' to the envelope gene in the
HIV genome (2, 35). Sequences in the LTR that respond to
tatIll have been localized to the mRNA start site, between
nucleotides -17 and 80 (TAR region) (34). The positive
feedback mechanism demonstrated for HIV gene expression
is mediated by both transcriptional (9) and posttranscrip-
tional (9, 15, 33) events.

In humans HIV infection is characterized by a period of
latency followed by progression to AIDS or AIDS-related
complex, in some cases (5). Factors that influence HIV
latency are poorly understood. Several models have been
proposed that might explain how HIV, when harbored in the
latent form, can be induced by physiochemical stimuli and
expressed as infectious virus particles (16). These models
include transcriptional repression of integrated proviral
DNA by DNA-binding proteins, chromatin conformation, or
DNA hypermethylation. To understand these processes,
permanent cell lines were constructed that contained the
bacterial chloramphenicol acetyltransferase (CAT) gene di-
rected by the HIV LTR (pU3R-III-CAT) or HTLV type I
(HTLV-I) LTR (pU3R-I-CAT). We have previously demon-
strated that the HIV LTR but not the HTLV-I LTR, sup-
pressed CAT expression when it was permanently integrated
into the host chromatin (25b). In this report we provide
evidence that the suppression of HIV LTR expression is due
to the methylation of LTR sequences.

Control of cellular and viral gene expression has been
shown to be modulated by DNA methylation (7, 12, 13, 22).
These processes have been shown to be affected by treat-
ment with the nucleoside analog 5-azacytidine (5-azaC), a

potent inhibitor ofDNA methylation (21, 27). Therefore, we
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tested the possibility that methylation of the HIV LTR
sequences was involved in suppression of its expression. In
cell lines that were permanently transfected with the HIV
CAT, expression of CAT activity was negligible (Fig. 1),
whereas in cell lines containing the HTLV-I LTR CAT
expression was constitutive (Fig. 1). Results of experiments
on two independently pooled murine and simian cell lines
demonstrated that expression of CAT from the HIV LTR
could be restored by 5-azaC treatment (Fig. 1). Pooled cell
lines were employed to average out any fluctuations that
were observed with individual cell clones (25, 25b). When
individual clones were treated, 11 of 12 tested cells lines
expressed CAT activity after exposure to 5-azaC, whereas
5-azaC did not have any effect on the constitutive CAT
expression directed by the HTLV-I LTR (Fig. 1). HIV and
HTLV-I LTRs were expressed differently in fibroblast and
lymphoid cells when they were analyzed by a transient
transfection assay. Expression of CAT by these LTRs in
fibroblast cells was high when compared with that in lym-
phoid cells (Table 1) (1). Expression in lymphoid cells is
dependent on the presence of specific viral trans-acting
factors (Table 1) (19, 36, 37). Treatment of lymphoid cells
with 5-azaC in transient expression assays did not enhance
HIV or HTLV-I LTR-directed CAT activity (data not
shown).
Two lines of evidence suggest that reactivation of the HIV

LTR in fibroblast cells occurs at the transcriptional level.
First, S1 nuclease analysis showed that there were no
constitutive, correctly initiated HIV LTR CAT mRNA tran-
scripts present in our cell lines (Fig. 2, lanes -). Treatment
with 5-azaC in both murine (Fig. 2A, lane +) and simian
(Fig. 2B, lane +) permanent cell lines induced correctly
initiated HIV LTR CAT mRNA. Second, run-on transcrip-
tion in isolated nuclei showed no detectable HIV LTR CAT
transcripts in these cells (Fig. 3, lane -). HIV LTR CAT
nuclear transcripts were observed only after 5-azaC treat-
ment (Fig. 3, lane +). Hybridization observed with the
3,000-base-pair (bp) band was probably due to run-on tran-
scription through the pBR322 vector sequences in isolated
nuclei.
To determine whether activation of CAT expression from

the HIV LTR by 5-azaC is due to the hypomethylation of
some key promoter sequences in the LTR enhancer region,
methylation-specific restriction enzyme analysis of genomic
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FIG. 1. Effect of 5-azaC on HIV (A) and HTLV-I (B) LTR-
directed CAT protein synthesis in permanent simian (Vero) cell
lines. Identical results were obtained for murine (Ltk-) cells (data
not shown). Preparation of cell lysates and CAT assays were as
described previously (26). DNA was cotransfected with SV2neo,
and G418-resistant colonies were selected as described previously
(26). Numbers at the bottom of each lane represent the percent
conversion of ['4C]chloramphenicol (A) to the 3-acetylchlor-
amphenicol product (C). Each cell line (pU3R-I [HTLV-I] and
pU3R-III [HIV]) represents a pool of >100 colonies. Pooled cell
lines contained approximately 1 copy of integrated DNA per cell, as
determined by Southern blot analysis (38; data not shown). The
5-azaC stock solutions were prepared fresh and used immediately by
direct addition to freshly supplied 10% fetal calf serum medium at a
final concentration of 10 ,uM. Higher concentrations were cytotoxic.
Incubations were terminated after 24 h. None of the HIV LTR-
containing permanent cell lines showed any constitutive CAT activ-
ity, and 5-azaC consistently gave 50 to 85% conversion of
[14C]chloramphenicol to the 3-acetylchloramphenicol product. The
letter B on the right side of the figure represents the position of the
1-acetylated chloramphenicol product. Lanes: -, mock treatment;
+, 5-azaC treatment.

DNA was employed. Five potential methylation sites within
the LTR were analyzed by restriction with MspI-HpaII,
HaeIII, AvaI, TaqI, or PvuII. Each of the restriction
endonucleases, with the exception of PvuII, yielded the
same restriction pattern, regardless of 5-azaC treatment
(data not shown). Restriction with PvuII of DNA from cell

TABLE 1. LTR expression in fibroblast and lymphoid cells

Percent conversion oft:

Plasmids
Fibroblastb Lymphoid'

HIV LTR CAT 45 1.0
HTLV-I LTR CAT 55 1.0
SV2 CAT 90 1.5

Lymphoid with
trans-acting

factorsd

98
95
1.5

Values are the percent conversion of [14Clchloramphenicol to the 3-
acetylchloramphenicol product. CAT activity is given as an average value
from different cell lines in each group.

b Cells were transfected with 10 pLg of plasmid DNA as described previously
(26). Fibroblasts tested were Ltk-, Vero, and SW480 cell lines.

c Lymphoid cells were transfected with 10 ,ug of plasmid DNA as described
previously (29). Lymphoid cells tested were Raji (B cells) and Jurkatt (T cells)
cells.

d Lymphoid cells containing trans-acting factors are Raji- (ZPtat-III),
Jurkatt- (ZPtat-III) (32), and HTLV-I-infected MT-2 cells (17).
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FIG. 2. S1 nuclease analysis of RNA isolated from the perma-

nent Ltk- (A) and Vero (B) cell lines containing pU3R-III-CAT
(HIV LTR CAT). The mock sample (lanes -) was incubated for 12
h in fresh 10% fetal calf serum-containing medium. The 5-azaC-
treated sample (lanes +) was incubated for 12 h, as described in the
legend to Fig. 1. Total cellular RNA was extracted from the cells by
the guanidine isothiocyanate method (8), and 10 ,ug was hybridized
to an excess (5 x 105 cpm) of a 495-nucleotide complementary
strand probe transcribed by T7 RNA polymerase (25b). After S1
nuclease digestion, protected fragments were size separated on a 5%
polyacrylamide urea sequencing gel at 30 mA. (C) Construction of
the probe and the fragment generated after RNA hybridization and
S1 nuclease treatment. Lengths are in nucleotides (nt). The letters
E, H, and A represents the restriction enzymes EcoRI, HindIII, and
AvaI, respectively. The wavy line indicates the 15-nucleotide region
of the probe that is not complementary to the HIV CAT hybrid
sequence. The hatched area represents the HIV LTR, and the
cross-hatched area represents a portion of the CAT 5'-coding
region. Arrows show the position of the full-length probe (top) and
the correctly initiated transcript (bottom).

lines containing integrated HIV CAT and Southern hybrid-
ization with the LTR-specific probe yielded an expected
650-bp fragment only after 5-azaC treatment (Fig. 4A). When
probed with CAT-specific sequences, a similar blot demon-
strated no difference in restriction pattern for DNA obtained
from untreated or 5-azaC-treated cultures (Fig. 4B). These
data suggest that the PvuII sites located at nucleotide -17
upstream from the cap site of HIV CAT and in cellular
sequence about 650 bp upstream become hypomethylated
after 5-azaC treatment. When genomic DNA from cell lines
containing integrated pU3R-I-CAT was restricted with PvuII
or PvuII-BamHI and hybridized with LTR- or CAT-specific
probes, respectively, we found no difference in the restric-
tion pattern for DNA obtained from untreated or 5-azaC-
treated cultures (Fig. 4A and B).
From the results of these experiments, we conclude that

the HIV LTR can be inactivated by methylation of cytosine
residues. Similar observations were described for a variant
of the CEM T-cell line A3.01, which lacks the leu3 surface
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FIG. 3. In vitro labeling of HIV CAT RNA transcripts in nuclei
isolated from Ltk- cells. Isolation of nuclei, conditions for labeling,
and isolation and purification of RNA were as described previously
(30). The pU3R-III-CAT plasmid DNA was cleaved with BglII and
BamHI (see the diagram in Fig. 4), size separated, denatured,
transferred to nitrocellulose, baked, prehybridized, and hybridized
to RNA labeled with [a-32P]UTP in vitro. Hybridization was per-
formed in a buffer containing 5x SSC (1x SSC is 0.15 M NaCl plus
0.015 M sodium citrate), 50% formamide, and 10% dextran sulfate
for 3 days at 37°C; nitrocellulose filters were washed and treated
with RNase A (30). The indicated base pairs represent the size of the
pU3R-III-CAT fragments after restriction with BglII and BamHI.
The 3,000-bp fragment (BamHI to BgIII in the cellular sequences)
contains the pBR322 portion of the plasmid, whereas the 1,600-bp
fragment (BglII at nucleotide + 20 of the HIV LTR to the BamHI)
contains sequences from the HIV LTR cap site, the entire CAT
coding region, and simian virus 40 polyadenylation site (arrowhead).
The 540-bp fragment (BglII fragment) contains the HIV promoter.
Mock (lane -) and 5-azaC (lane +) treatments were as described in
the legend to Fig. 1.

marker and does not produce virus (16). Infectious virus was
produced when cells were treated with the nucleoside analog
5-iodo-2'-deoxyuridine, indicating that the virus was present
in these cells in a latent form (16).
PvuII is an unusual enzyme for identification of methyl-

ated sequences; however, 5'-mCAGCTG-3' is not restricted
by this enzyme (11). This property of the PvuII enzyme
allowed us to "view" the methylation state within the HIV
LTR enhancer-TAR region. Restriction of genomic DNA
with the isoschizomers MspI-HpaII yielded no changes in
the LTR methylation pattern. Recently, it has been recog-
nized that transcription of genes with C+G-rich islands are
inhibited when these regions are methylated (4). These
C+G-rich islands are common to many viral sequences
(retroviral LTR, adenovirus, herpesviruses), and some have
been shown to be inactivated by DNA methylation (18, 24).
Results of this study extend this modulatory concept of
methylation to include the HIV LTR.

Infection of humans with HIV leads to the development of
AIDS, which is preceded by a prolonged period of latency
(5). HIV-infected T cells can be maintained in vitro for
extended periods without the release of reverse transcriptase
activity (40). Only after antigenic stimulation by agents such
as phytohemagglutinin does virus replication and release of
reverse transcriptase occur. The expression of tatIll is
believed to play a role in the escape from latency to lytic
replication (2, 10, 37, 40). The release of HIV-infected cells
from latency after antigenic activation must result first in the
initial induction of viral mRNA synthesis from the viral LTR
for the tatIll gene to be expressed. If the viral LTR was
inactivated by methylation early after integration into host
chromatin, viral mRNA would not be synthesized and the
tatIll gene product would not accumulate. In this state
latency would be preserved. An environmental stimulus,
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FIG. 4. Southern blot analysis of DNA from HIV CAT- or
pU3R-I-CAT-containing Vero cell lines before and after treatment
with 5-azaC. Genomic DNA was isolated (6); and 10 ,ug was
restricted with either PvuII or PvuII and BamHl (B, HTLV-I) for 24
h, followed by electrophoresis through a 0.8% agarose gel, and
transferred to nitrocellulose by the method described by Southern
(38). Filters were hybridized for 48 h at 37°C with either a [32P]CTP-
labeled, LTR (XhoI, located at the junction of pBR322 and cellular
sequence (25a), and HindIII fragments from pU3R-I-CAT or -III-
CAT; panel A) or a 1,600-bp CAT (HindIIl and BamHI; panel B).
These were labeled by nick translation (31) to 108 cpm/Lg of DNA.
Lanes -, mock treatment; lanes +, 5-azaC treatment. HIV CAT
plasmid DNA was restricted with PvuII and run in parallel (panel A,
pU3R-III-CAT). Numbers to the left of panel A are in kilobases
(kb). A 250-bp fragment was also hybridized to the LTR probe,
because this fragment had 100 bp complementary to the LTR. In
5-azaC-treated HIV CAT-containing genomic DNA, the hybridiza-
tion to this 250-bp fragment was weak and is not shown in this
exposure. A partial restriction map of the plasmids pU3R-I-CAT
and pU3R-III-CAT is given below the figure. Abbreviations: H,
HindIll; P, PvuIl; B, BamHI; G, BgIII; SV40, simian virus 40.
Fragment sizes (in base pairs) are indicated below the brackets and
also by arrowheads in panels A and B.

similar to exposure of cells to 5-azaC, may release the
transcriptional block via demethylation of LTR sequences,
thereby permitting induction ofmRNA synthesis and escape
from latency. Whether methylation is the primary event for
HIV LTR suppression or one in a cascade of events is not
known. In addition to 5-azaC treatment and herpesvirus
infections (25b), we have observed other ways to reactivate
LTR expression (J. D. Mosca, D. P. Bednarik, and
N. B. K. Raj, unpublished data). The concept of reactiva-
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tion through LTR demethylation is presently being further
tested. We believe that evidence presented in this study
implicates methylation of HIV DNA as a possible mecha-
nism of latency.

We acknowledge W. Haseltine and C. Rosen for graciously
providing the pU3R-I/III plasmid DNA, tatIll-containing cell lines,
and helpful advice. We thank P. M. Pitha and S. Staal for discus-
sions; M. Jurman, B. Daily, and J. Simkins for technical assistance;
and B. Schneider for typing the manuscript.

This study was supported by grant MV208-A from the American
Cancer Society, training grant 5T32CA09243 to D.P.B. from the
National Cancer Institute (Public Health Service), grant
5P30CA06973-23 to J.D.M. from the National Cancer Institute
(CORE), and a grant to N.B.K.R. from the American Cancer
Society, Maryland.

LITERATURE CITED
1. Adachi, A., H. E. Gendelman, S. Koenig, T. Folks, R. Willey, A.

Robson, and M. A. Martin. 1986. Production of acquired immu-
nodeficiency syndrome-associated retrovirus in human and
nonhuman cells transfected with an infectious molecular clone.
J. Virol. 59:284-291.

2. Arya, S. K., C. Guo, S. F. Josephs, and F. Wong-Staal. 1985.
Transactivation gene of human T-lymphotropic virus type III
(HTLV-III). Science 229:69-73.

3. Barre-Sinoussi, F., J. C. Chermann, F. Rey, M. T. Nugeyre, S.
Chamaret, J. Gruest, C. Dauguet, C. Axler-Blin, F. Vezinet-
Brun, C. Rouzioux, W. Rozenbaum, and L. Montagnier. 1983.
Isolation of a T-Lymphotrophic retrovirus from a patient at risk
for acquired immune deficiency syndrome (AIDS). Science
220:868-871.

4. Bird, A. P. 1986. CpG-rich islands and the function of DNA
methylation. Nature (London) 321:209-213.

5. Blattner, W. A., R. J. Biggar, S. W. Weiss, M. Melbye, and J. J.
Goedert. 1985. Epidemiology of human T-lymphotropic virus
type III and the risk of the acquired immunodeficiency syn-
drome. Ann. Intern. Med. 103:665-669.

6. Blin, N., and D. W. Stafford. 1976. A general method for
isolation of high molecular weight DNA from eukaryotes.
Nucleic Acids Res. 3:2303-2308.

7. Cedar, H. 1984. DNA methylation and gene expression, p.
147-164. In A. Razin, H. Cedar, and A. D. Riggs (ed.), DNA
methylation: biochemistry and biological significance. Springer-
Verlag, New York.

8. Chirgwin, J. M., A. E. Przybyla, R. J. MacDonald, and W. J.
Rutter. 1979. Isolation of biologically active ribonucleic acid
from sources enriched in ribonuclease. Biochemistry 18:5294-
5299.

9. Cullen, B. R. 1986. Trans-activation of human immunodefi-
ciency virus occurs via a bimodal mechanism. Cell 46:973-
982.

10. Dayton, A. I., J. G. Sodroski, C. A. Rosen, W. C. Goh, and
W. A. Haseltine. 1986. The trans-activation gene of the human
T-cell lymphotropic virus type III is required for replication.
Cell 44:941-947.

11. Dobritsa, A. P., and S. V. Dobritsa. 1980. DNA protection with
the DNA methylase M-BbvI from Bacillus brevis var. GB
against cleavage by the restriction endonucleases PstI and
PvuII. Gene 10:105-112.

12. Doerfler, W. 1983. DNA methylation and gene activity. Annu.
Rev. Biochem. 52:93-124.

13. Doerfler, W. 1984. DNA methylation and its functional signifi-
cance: studies on the adenovirus system. Curr. Top. Microbiol.
Immunol. 108:79-98.

14. Fahey, J. L., H. Prince, M. Weaver, J. Groopmann, B. Visscher,
K. Schwartz, and R. Detels. 1984. Quantitative changes in T
helper and T suppressor/cytotoxic lymphocyte subsets that
distinguish acquired immune deficiency syndrome from other
subset disorders. Am. J. Med. 76:95-100.

15. Feinberg, M. G., R. F. Jarret, A. Aldovini, R. C. Gallo, and F.
Wong-Staal. 1986. HTLV-III expression and production involve
complex regulation at the levels of splicing and translation of

viral RNA. Cell 46:807-817.
16. Folks, T., D. M. Powell, M. M. Lightfoote, S. Benn, M. A.

Martin, and A. S. Fauci. 1986. Induction of HTLV-III/LAV
from a nonvirus-producing T-cell line: implications for latency.
Science 231:600-602.

17. Harada, S., Y. Koyanagi, and N. Yamamoto. 1985. Infection of
HTLV-III/LAV in HTLV-I-carrying cells MT-2 and MT-4 and
application in a plaque assay. Science 229:563-566.

18. Harbers, K., N. Schieke, H. Stuhlmann, D. Jahner, and R.
Jaenisch. 1981. DNA methylation and gene expression: endog-
enous retroviral genome becomes infectious after molecular
cloning. Proc. Natl. Acad. Sci. USA 78:7609-7613.

19. Haseltine, W. A., J. Sodroski, and C. Rosen. 1985. The Ior gene
and pathogensis of HTLV-I, -II, and -lII. Cancer Res. 45(Sup-
pl.):4545s-4549s.

20. Hoxie, J. A., B. S. Haggarty, J. L. Rackowski, N. Pillsbury, and
J. A. Levy. 1985. Presistent noncytopathic infection of normal
human T lymphocytes with AIDS-associated retrovirus. Sci-
ence 229:1400-1402.

21. Jones, P. A. 1985. Altering gene expression with 5-azacytidine.
Cell 40:485-486.

22. Keshet, I., J. Lieman-Hurwitz, and H. Cedar. 1986. DNA
methylation affects the formation of active chromatin. Cell
44:535-543.

23. Klatzmann, D., F. Barre-Sinoussi, M. T. Nugeyre, C. Dauguet,
E. Vilmer, C. Griscelli, F. Brun-Bezinet, C. Rouzioux, J. C.
Gluckman, J.-C. Chermann, and L. Montagnier. 1984. Selective
tropism of lymphadenopathy associated virus (LAV) for helper-
induced T lymphocytes. Science 225:59-63.

24. Kruczek, I., and W. Doerfler. 1983. Expression of the chloram-
phenicol acetyltransferase gene in mammalian cells under con-
trol of adenovirus type 12 promoters: effect of promoter
methylation on gene expression. Proc. Natl. Acad. Sci. USA
80:7586-7590.

25. Mantei, N., W. Boll, and C. Weissmann. 1979. Rabbit ,-globin
mRNA production in mouse L-cells transformed with cloned
rabbit P-globin chromosomal DNA. Nature (London)
281:40-46.

25a.Manzari, V., F. Wong-Staal, G. Franchini, S. Colombini, E. P.
Gelmann, S. Oroszlan, S. Staal, and R. C. Gallo. 1983. Human
T-cell leukemia-lymphoma virus (HTLV): cloning of an inte-
grated defective provirus and flanking cellular sequences. Proc.
Natl. Acad. Sci. USA 80:1574-1578.

25b.Mosca, J. D., D. P. Bednarik, N. B. K. Raj, C. A. Rosen, J. G.
Sodroski, W. A. Haseltine, and P. M. Pitha. 1987. Herpes
simplex virus type-1 can reactivate transcription of latent hu-
man immunodeficiency virus. Nature (London) 325:67-70.

26. Mosca, J. D., G. R. Reyes, P. M. Pitha, and G. S. Hayward.
1985. Differential activation of hybrid genes containing herpes
simplex virus immediate-early or delayed-early promoters after
superinfection of stable DNA-transfected cell lines. J. Virol.
56:867-878.

27. Nyce, J., L. Linn, and P. A. Jones. 1986. Variable effects of
DNA-synthesis inhibitors upon DNA methylation in mamma-
lian cells. Nucleic Acids Res. 14:4353-4367.

28. Popovic, M., M. G. Sarngadharan, E. Read, and R. C. Gallo.
1984. Detection, isolation, and continuous production of
cytopathic retroviruses (HTLV-III) from patients with AIDS
and pre-AIDS. Science 224:497-500.

29. Queen, C., and D. Baltimore. 1983. Immunoglobulin gene tran-
scription is activated by downstream sequence elements. Cell
33:741-748.

30. Raj, N. B. K., and P. M. Pitha. 1983. Two levels of regulation of
P-interferon gene expression in human cells. Proc. Natl. Acad.
Sci. USA 80:3923-3927.

31. Rigby, P. W. J., M. Dieckmann, C. Rhodes, and P. Berg. 1977.
Labeling deoxyribonucleic acid to high specific activity in vitro
by nick-translation with DNA polymerase I. J. Mol. Biol.
113:237-251.

32. Rosen, C. A., J. G. Sodroski, K. Campbell, and W. A. Haseltine.
1986. Construction of recombinant murine retroviruses that
express the human T-cell leukemia virus type II and human
T-cell lymphotropic virus type III trans-activation genes. J.

J. VIROL.



NOTES 1257

Virol. 57:379-384.
33. Rosen, C. A., J. G. Sodroski, W. C. Goh, A. I. Dayton, J.

Lippke, and W. A. Haseltine. 1986. Post transcriptional regula-
tion accounts for the trans-activation of the human T-
lymphotropic virus type III. Nature (London) 319:555-559.

34. Rosen, C. A., J. G. Sodroski, and W. A. Haseltine. 1985. The
location of cis-acting regulatory sequences in the human T-cell
lymphotropic virus type III (HTLV-III/LAV) long terminal
repeat. Cell 41:813-823.

35. Sodroski, J., R. Patarca, C. Rosen, F. Wong-Staal, and W.
Haseltine. 1985. Location of the trans-activating region on the
genome of human T-cell lymphotropic virus type III. Science
229:74-77.

36. Sodroski, J. G., C. Rosen, and W. A. Haseltine. 1984. trans-
Acting transcriptional activation of the long terminal repeat of
human T lymphotropic viruses in infected cells. Science
225:381-385.

37. Sodroski, J. G., C. Rosen, F. Wong-Staal, S. Z. Salahuddin,
S. Z., M. Popovic, S. Arya, R. C. Gallo, and W. A. Haseltine.
1985. trans-Acting transcriptional regulation of human T-cell
leukemia virus type III long terminal repeat. Science
227:171-173.

38. Southern, E. M. 1975. Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J. Mol. Biol.
98:503-517.

39. Vilmer, E., F. Barre-Sinoussi, C. Rouzioux, C. Gazengel, F. V.
Brun, C. Dauguet, A. Fischer, P. Manigne, J. C. Chermann, C.
Griscelli, and L. Montagnier. 1984. Isolation of new

lymphotropic retrovirus from two siblings with haemophilia B,
one with AIDS. Lancet ii:753-757.

40. Zagury, D., J. Bernard, R. Leonard, R. Cheynier, M. Feldman,
P. S. Sarin, and R. C. Gallo. 1986. Long-term cultures of
HTLV-III-infected T cells: a model of cytopathology of T-cell
depletion in AIDS. Science 231:850-853.

VOL. 61, 1987


