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The tat gene product (Tat) of human immunodeficiency virus type 1 (HIV-1) is an early regulatory protein which transacti-
vates HIV-1 gene expression by interacting with the trans-activation response element (TAR) present in the HIV-1 long
terminal repeat (LTR). In HIV-1-infected cells Tat can also activate the expression of tumor necrosis factor (TNF). Recent
results indicate that essential for this effect is the interaction of Tat with a TAR-like structure present in the TNFbmessenger
RNA leader region that closely resembles the TAR of the HIV-LTR. Here we show that because of this similarity of
mechanisms, the expression of an RNA species encoding polymeric-TAR sequences and known to inhibit Tat-mediated
HIV-1 gene expression also blocks TNF gene expression in response to Tat, but not TNF promoter activation induced by
human T cell leukemia/lymphotropic virus type I Tax protein. Since TNF is increased in HIV-1-infected individuals and can
activate HIV-1 gene expression or rescue Tat-defective HIV-1 proviruses, activation of TNF by Tat may be part of a complex
pathway in which HIV-1 uses its own expression to increase infectivity and to induce disease. This study shows a dual role
for the polymeric-TAR construct in inhibiting HIV-1 replication and strengthens the potential use of this protective gene in
gene therapy for AIDS. q 1996 Academic Press, Inc.

necrosis factor (TNF) a and b (25–27 ), transformingThe human immunodeficiency virus type 1 (HIV-1) en-
growth factor b (28) and others according to the cell typecodes an early regulatory protein called Tat (1, 2). Tat
(reviewed in Ref. 29). In particular, TNF is increased intransactivates HIV-1 gene expression by interacting with
HIV-1-infected individuals (30, 31) and is known to affectthe Tat-activation response element (TAR) in the HIV long
the vascular, immune, and central nervous systems, sug-terminal repeat (LTR) (3 –7 ). Tat promotes transcriptional
gesting a role for this cytokine in the pathogenesis ofinitiation of the integrated proviral genome and stimu-
AIDS-KS, B cell lymphomas, and central nervous systemlates the elongation of newly initiated viral transcripts (8 –
disorders (14, 25, 32–34 ). In addition, TNF activates HIV-10). Tat has also been shown to be released by infected T
1 gene expression and rescues Tat-defective HIV-1 provi-cells (11–13). In this extracellular form Tat activates HIV
ruses (14, 35, 36). TNF can also increase production ofreplication and rescues Tat-defective proviruses in a par-
interleukin 1 (IL-1) and IL-6 (25), which are increased inacrine fashion (10–12, 14–18). By a different mechanism
HIV-1-infected individuals (37, 38). Thus, activation of(receptor-mediated) extracellular Tat participates in the
TNF by Tat may be part of a complex pathway in whichdevelopment and progression of Kaposi’s sarcoma (KS)
HIV-1 uses viral products and host factors to increase(11, 12, 14, 19–23). In addition, recent data indicate that
its own expression, infectivity, and to induce disease (25).Tat is involved in the T cell death occurring in AIDS by
Because of these effects of TNF, it is critical that anyinducing or contributing to apoptosis (13, 24 ). In HIV-1-
gene therapy approach be able to block the Tat-inducedinfected or tat-transfected cells or when extracellular Tat
gene expression of TNF in addition to inhibiting HIV repli-is present at high concentrations, Tat can also activate
cation.the expression of several cellular genes including tumor
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results in the lack of activation of viral gene expression
and diminished generation of progeny virus.

Recent data indicate that Tat-induced TNFb gene ex-
pression is mediated by a TAR-like element present in
the TNFb 5* untranslated region although both SP1 and
NFkB binding sites are also required for Tat activity (26).
The TNFb messenger RNA leader region, in fact, con-
tains a sequence which is 80% homologous to the bulge
of the TAR and forms a predicted stem–loop structure
that closely resembles the TAR of the HIV-LTR (TAR-like).
This region is essential for TNFb transactivation by Tat
(26). This apparent similarity of mechanisms suggested
that the polymeric-TAR construct may inhibit Tat-medi-
ated TNFb gene expression in addition to inhibition of
HIV-1 gene expression.

To test this hypothesis, cotransfection experiments
were performed with CD4/ T cell lines such as Jurkat
cells, H9 cells permanently transduced with the first exon
of Tat (H9-Tat 1) and the 8E51 cell line which is chroni-
cally infected with a pol-defective HIV-1 provirus (26, 45).
These cell lines were maintained in RPMI-1640 medium
supplemented with 10% fetal bovine serum at 377 in a
humidified atmosphere containing 5% carbon dioxide in
air. The plasmids used for the transfection experiments
included pTNFbCAT and pCD7CAT which contain the
chloramphenicol acetyltransferase (CAT) reporter gene

FIG. 1. Inhibition of Tat-mediated activation of the TNFb promoterlinked to the TNFb-promoter (pTNFbCAT) or HIV-1 LTR
or the HIV-1 LTR by polymeric-TAR in Jurkat cells. Representative CAT

(pCD7CAT) described previously (26, 46). The pCVTAT assays are shown. (A) Cotransfection of pTNFbCAT (2 mg) and pCVTAT
plasmid and its control vector, pCV0, have also been (2 mg) or pCVO (2 mg) with LTR-0 TAR (6 mg) or LTR-50 TAR (6 mg). (B)
described (1, 44 ). The human T cell leukemia/lympho- Cotransfection of pCD7CAT (1 mg) and pCVO (3 mg) with LTR-50 TAR

(3 mg) or LTR-O TAR (3 mg) in the presence or absence of pCVTAT (0.1tropic virus type I (HTLV-I) Tax plasmid (47 ) and the plas-
mg). CAT activity from cells transfected with the pCD7CAT ormids LTR-50 TAR and the control vector LTR-0 TAR con-
pTNFbCAT, PCVTAT, and LTR-O TAR was given a value of 100%. The

tain 50 and 0 copies, respectively, of the TAR element percentage of relative CAT activity is shown at the bottom.
under the control of the HIV-1-LTR promoter (39, 41), have
all been described. Transfection of the plasmid DNA was
performed by the electroporation procedure (25). Briefly, compared to cells transfected with the control vector

LTR-0 TAR, reaching almost the baseline levels observedcells (3 1 107) were resuspended in 0.25 ml of growth
medium containing 1 mM EGTA and mixed gently with in the absence of Tat (Fig. 1A and Table 1A). Since LTR-

50 TAR and LTR-0 TAR induced the same TNFbCAT activ-plasmid DNA. After 10 min incubation on ice, cells were
electroporated at 960 m Far, 0.25 kV. After an additional ity in the absence of pCVTAT, this suggests that LTR-50

TAR alone does not suppress TNFb-CAT transcription.10 min on ice, the cells were resuspended in 30 ml of
growth medium and harvested 72 hr later. CAT assays Therefore, the difference in TNFbCAT activity observed

with the LTR-50 TAR and the LTR-0 TAR in the presencewere performed on cell lysate (normalized to total protein
content) as described previously (46). of pCVTAT is really dependent on the ability of LTR-50

TAR to trap the Tat protein and it is not due to the activa-To test whether the polymeric-TAR construct may in-
hibit Tat-mediated TNFb gene expression, 2 mg of tion of other inhibitory activities such as the effect of

double-stranded kinase which has been reported to bepTNFbCAT and 2 mg of either pCVTAT or pCV0 were
cotransfected with 6 mg of either LTR-0 TAR or LTR-50 activated by TAR (48).

To compare the level of transactivation or inhibitionTAR into Jurkat cells. The amount of polymeric-TAR DNA
transfected in these experiments is about a 2-fold and a of TNFb-mediated gene expression with the HIV-1 LTR-

mediated gene expression by Tat or polymeric-TAR, re-3-fold molar excess of pTNFbCAT and pCVTAT, respec-
tively. As shown in Fig. 1A and Table 1A, pCVTAT in- spectively, pCD7CAT (1 mg), pCV0 (3 mg), and either LTR-

0 TAR or LTR-50 TAR (3 mg) were cotransfected in thecreased pTNFbCAT activity by 4.7-fold, as compared to
the control vector pCV0, and the polymeric-TAR decoys presence or absence of pCVTAT (0.1 mg) into Jurkat cells

(Fig. 1B). pCVTAT activated HIV-1 LTR-CAT (pCD7CAT)inhibited Tat-mediated TNFb gene expression by 4.4-fold
(Table 1A) or 71% (Table 1B) and up to 78% (Fig. 1A) as by 135-fold as compared to the control vector pCV0 and
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TABLE 1A

Activation of TNFb-CAT or HIV-1 LTR-CAT Gene Expression by Tat
and Inhibition by the Poly-TAR Decoy

Percentage
of CAT Activation

Plasmid DNA activity inhibition

pTNFbCAT / pCV0 / LTR-0 TAR 1.7
pTNFbCAT / pCVTAT / LTR-0 TAR 8 4.7X
pTNFbCAT / pCVTAT / LTR-50 TAR 1.8 4.4X

(78%)
pCD7CAT / pCV0 / LTR-0 TAR 0.17
pCD7CAT / pCV0 / pCVTAT / LTR-0 TAR 23 135.3X
pCD7CAT / pCV0 / pCVTAT / LTR-50 TAR 0.83 27.7X

(96%)

Note. Jurkat cells were transfected with pTNFbCAT (2 mg), pCV0 (2 mg),
or pCVTAT (2 mg) and LTR-0 TAR (6 mg) or LTR-50 TAR (6 mg); or with FIG. 2. Inhibition of Tat-mediated activation of the TNFb promoter
pCD7CAT (1 mg), pCV0 (3 mg), and LTR-50 TAR (3 mg) or LTR-0 TAR (3 mg) by polymeric-TAR in HIV-1 chronically infected 8E51 cell line. Shown
in the presence or absence pCVTAT (0.1 mg). CAT activity was determined is a representative CAT assay after transfection of pTNFbCAT (5 mg)
as described previously (18). The percentage of CAT activity is shown. and LTR-50 TAR (50 TAR) (5 mg) or LTR-0 TAR (0 TAR) (5 mg) into 8E51
The numbers in parenthesis refer to the percentage of inhibition of CAT cell line. Ten micrograms of pCD7CAT were transfected into 8E51 cells
activity by poly-TAR decoys compared with that of the control vector LTR- as a positive control. Shown at the bottom is the percentage of relative
0 TAR. X, fold of activation or inhibition by Tat or poly-TAR, respectively. CAT activity.

the polymeric-TAR inhibited Tat-induced HIV-1 LTR-CAT of Tat and in a cell line chronically infected with a pol-
activity by 27.7-fold or 96% inhibition (Fig. 1B and Table defective HIV-1 provirus (25). To determine whether poly-
1A). Thus, polymeric-TAR decoy can inhibit both TNF and meric-TAR could inhibit TNFb activation in these sys-
HIV-1 promoter activation induced by Tat. However, since tems, 5 mg of pTNFbCAT and 5 mg of either LTR-50 TAR
these experiments were done by a transient transfection or its control LTR-0 TAR were transfected into these two
system, only some of the cells will take up at the same cell lines. For 8E51 cells, pCD7CAT was used as a posi-
time all the plasmids. This may reduce the efficacy of tive control to demonstrate the endogenous expression
the polymeric-TAR construct which in permanently ex- of functional Tat protein. As shown in Fig. 2 and Table
pressing cells has been shown to inhibit up to 99% of 1B, polymeric-TAR inhibited Tat-induced TNFb gene ex-
viral replication (41). pressions in both cell lines.

We have previously shown that the TNFb promoter is We have previously shown that polymeric-TAR does
activated in cells constitutively expressing the first exon not affect Tax-induced expression of HTLV-I (39) and that

Tax activates TNFb gene expression by acting through
the Sp1 and NFkB binding sites and does not requireTABLE 1B
the TAR-like structure (26, 49, 50). To test whether inhibi-

Inhibition of Tat-Mediated Activation of the TNFb Promoter by
tion by polymeric-TAR was specific for Tat-mediatedPolymeric-TAR in Human CD4/ T Cell Lines
TNFb gene expression, the Tax expressing plasmid

TNFbCAT activity (%) HTLV-Tax (47 ) was cotransfected with the pTNFbCAT
Percentage of and LTR-50 TAR or the control vector (LTR-0 TAR) into

Cell line LTR-0 TAR LTR-50 TAR Inhibition Jurkat cells. Although Tax did induce TNFb gene expres-
sion, this activation was not inhibited by polymeric-TAR;Jurkat / TAT 100 29 [22–34] 71 [66–78]
in fact, the levels of TNFb gene expression were theH9TAT 1 100 23 [3–45] 77 [55–97]

8E51 100 53 [9–70] 47 [30–91] same in cells transfected with polymeric-TAR or with the
Jurkat / TAX 100 136 [96–171] 0 vector alone (Fig. 3 and Table 1B), indicating that poly-

meric-TAR specifically interferes with Tat function.
Note. pCVTAT (2 mg) or HTLV-TAX (2 mg) and pTNFbCAT (2 mg) were

These results reinforce our earlier work showing thatcotransfected with LTR-50 TAR (6 mg) or LTR-0 TAR (6 mg) into Jurkat
Tat activates TNFb gene expression through a TAR-likecells; or pTNFbCAT (5 mg) and LTR-50 TAR (5 mg) or LTR-0 TAR (5 mg)

were transfected into H9TAT 1 or 8E51 cells. CAT activity was deter- structure in both tat-transfected or HIV-1-infected CD4/
mined as described previously (18). Percentage of relative TNFbCAT T cells and indicate that polymeric-TAR decoys can spe-
activity and percentage of inhibition by LTR-50 TAR was calculated on cifically inhibit Tat-induced TNFb gene expression. Par-
the level of CAT activity obtained with the control vector LTR-0 TAR.

ticularly, the control with the Tax expressing construct isShown are the average values and the number in brackets indicates
to demonstrate the different mechanism of transcrip-the range of minimum and maximum values obtained in three to six

repeated experiments for each cell type. tional activation between Tat and Tax and therefore the

AID VY 8040 / 6a1b$$$442 07-09-96 09:32:00 vira AP: Virology



255SHORT COMMUNICATION

ACKNOWLEDGMENTS

We thank R. C. Gallo for helpful discussion and A. Mazzuca and A.
Lippa for editorial assistance.

REFERENCES

1. Arya, S. K., Gou, C., Josephs, S. F., and Wong-Staal, F., Science
229, 69–73 (1985).

2. Fisher, A. G., Feinberg, M. B., Josephs, S. F., Harper, M. E., Marselle,
G., Reyes, M. A., Gonda, M. A., Aldovini, A., Debouk, C., Gallo,
R. C., and Wong-Staal, F., Nature (London) 320, 367–371 (1986).

3. Feng, S., and Holland, E. C., Nature 334, 165–167 (1988).
4. Hauber, J., and Cullen, B. R., J. Virol. 62, 673–679 (1988).
5. Rosen, C. A., Sodroski, J. G., and Haseltine, W. A., Cell 41, 813–

823 (1985).
6. Roy, S., Delling, U., Chen, C. H., Rosen, C. A., and Sonenberg, N.,

Genes Dev. 4, 1365–1373 (1990).
7. Sodroski, J. G., Patrarca, R., Rosen, C. A., and Haseltine, W. A.,

Science 229, 74–77 (1984).
8. Bohan, C. A., Kashanchi, F., Ensoli, B., Buonaguro, L., Boris-Lawrie,

K. A., and Brady, J. N., Gene Expr. 2, 391–407 (1992).
9. Cullen, B. R., and Greene, W. C., Cell 58, 423–426 (1989).

10. Feinberg, M. B., Baltimore, D., and Frankel, A. D., Proc. Natl. Acad.
FIG. 3. Polymeric-TAR does not inhibit the activation of the TNFb

Sci. USA 88, 4045–4059 (1991).
promoter induced by HTLV-I Tax. Representative CAT assay after co-

11. Ensoli, B., Barillari, G., Salahuddin, S. Z., Gallo, R. C., and Wong-
transfection of pTNFbCAT (2 mg), HTLV-I-TAX (2 mg) with LTR-50 TAR

Staal, F., Nature (London) 345, 84–86 (1990).
(50 TAR) (6 mg), or LTR-0 TAR (0 TAR) (6 mg) into Jurkat cells. Shown

12. Ensoli, B., Buonaguro, L., Barillari, G., Fiorelli, V., Gendelman, R.,
at the bottom is the percentage of relative CAT activity.

Morgan, R. A., Wingfield, P., and Gallo, R. C., J. Virol. 67, 277–
287 (1993).

13. Westendorp, M. O., Frank, R., Ochsenbauer, C., Stricker, K., Dhein,specificity of the poly-TAR, since Tax transactivates the
J., Walczak, H., Debatin, K.-M., and Krammer, P. H., Nature 375,TNFb promoter via SP1- and NFkB-mediated pathways
497–500 (1995).

and not via the TAR-like sequence. As shown in Fig. 3, 14. Barillari, G., Buonaguro, L., Fiorelli, V., Hoffman, J., Micheals, F.,
poly-TAR does not inhibit the transactivation of TNFb by Gallo, R. C., and Ensoli, B., J. Immunol. 149, 3727–3734 (1992).
Tax. It can also be interpretated that in the presence of 15. Frankel, A. D., and Pabo, C. O., Cell 55, 1189–1193 (1988).

16. Gentz, R., Chen, C. H., and Rosen, C. A., Proc. Natl. Acad. Sci. USATax, 0-TAR and 50-TAR induce the same TNFbCAT activ-
86, 821–824 (1989).ity, suggesting again that no double-stranded kinase ac-

17. Helland, D. E., Welles, J. L., Caputo, A., and Haseltine, W. A., J.
tivity is activated by poly-TAR. However, TNFb gene ex- Virol. 65, 4547–4549 (1991).
pression mediated via physiological stimuli, through cel- 18. Marcuzzi, A., Weinberger, J., and Weinberger, O. K., J. Virol. 66,
lular transcription factors such as NFkB and SP1, will 4228–4232 (1992).

19. Albini, A., Barillari, G., Benelli, R., Gallo, R. C., and Ensoli, B., Proc.not be blocked by polymeric-TAR, suggesting a lack of
Natl. Acad. Sci. USA 92, 4838–4842 (1995).toxicity in vivo. In addition, the polymeric-TAR expressing

20. Barillari, G., Gendelman, R., Gallo, R. C., and Ensoli, B., Proc. Natl.
construct is under the control of the HIV-1 LTR; therefore, Acad. Sci. USA 90, 7941–7945 (1993).
it is Tat-inducible. When Tat activity is inhibited by the 21. Corallini, A., Altavilla, G., Pozzi, L., Bignozzi, F., Negrini, M., Rimessi,
polymeric-TAR construct, the expression of TAR RNA will P., Gualandi, F., and Barbanti-Brodano, G., Cancer Res. 53, 1 –

7 (1993).also be decreased by the lower amount of Tat. Therefore,
22. Ensoli, B., Gendelman, R., Markham, P., Fiorelli, V., Colombini, S.,no excess amount of TAR will be synthesized. This is an

Raffeld, M., Cafaro, A., Chang, H.-K., Brady, J. N., and Gallo,obvious advantage for a gene therapy approach since it
R. C., Nature 371, 674–680 (1994).

may avoid problems of toxicity and unwanted effects due 23. Vogel, J., Hinrichs, S. H., Reynolds, R. K., Luciw, P. A., and Jay, G.,
to a constitutive expression. Since our previous studies Nature (London) 335, 606–611 (1988).

24. Li, C. J., Friedman, D. J., Wang, C., Metelev, V., and Pardee, A. B.,have indicated that TNFbCAT activity well correlates with
Science 268, 429–431 (1995).activation of endogenous TNF RNA or protein expression

25. Buonaguro, L., Barillari, G., Chang, H. K., Bohan, C. A., Kao, V.,in HIV-1-infected cells or Tat-expressing cells (25), these
Morgan, R., Gallo, R. C., and Ensoli, B., J. Virol. 66, 7159–7167

results suggest that polymeric-TAR decoys can inhibit (1992).
HIV-1 gene expression induced by Tat directly or indi- 26. Buonaguro, L., Buonaguro, F. M., Giraldo, G., and Ensoli, B., J. Virol.

68, 2677–2682 (1994).rectly through increased secretion of TNF. As TNF plays
27. Sastry, K. J., Reddy, R. H. R., Pandita, R., Totpal, K., and Aggarwal,an important role in AIDS pathogenesis and associated

B. B., J. Biol. Chem. 265, 20091–20093 (1990).disorders, a gene therapy approach using the polymeric-
28. Zauli, G., Davis, B. R., Re, M. C., Visani, G., Furlini, G., and La Placa,

TAR gene which inhibits the activation of both HIV-1 and M., Blood 80, 3036–3043 (1992).
TNF gene expression may represent a useful approach 29. Chang, H.-K., Gallo, R. C., and Ensoli, B., J. Biomed. Sci. 2, 189–

202 (1995).for an effective therapy against AIDS.

AID VY 8040 / 6a1b$$$442 07-09-96 09:32:00 vira AP: Virology



256 SHORT COMMUNICATION

30. Hober, D., Haque, A., Wattre, P., Beaucaire, G., Mouton, Y., and 41. Lisziewicz, J., Sun, D., Smythe, J., Lusso, P., Lori, F., Louie, A.,
Markham, P., Reitz, M. S., and Gallo, R. C., Proc. Natl. Acad. Sci.Capron, A., Clin. Exp. Immunol. 78, 329–333.

31. Lahdevirta, J., Maury, C. P. J., Teppo, A. M., and Repo, H., Am. J. USA 90, 8000–8004 (1993).
42. Lisziewicz, J., Sun, D., Trapnell, B., Thomson, M., Chang, H.-K.,Med. 85, 289–291 (1988).

32. Cicco, N. A., Lubbert, M., Oster, W., Lindemann, A., and Mertels- Ensoli, B., and Peng, B., J. Virol. 69, 206–212 (1995).
43. Sullenger, B. A., Gallardo, H. F., Ungers, G. E., and Gilboa, E., Cellmann, R., Hematol. Oncol. Clin. North Am. 5, 1053–1066 (1991).

33. Johnson, R. T., McArthur, J. C., and Narayan, O., FASEB J. 2, 2970– 63, 601–608 (1990).
44. Chang, H.-K., Gendelman, R., Lisziewicz, J., Gallo, R. C., and Ensoli,2981 (1988).

34. Poli, G., and Fauci, A. S., Pathobiology 60, 246–251 (1992). B., Gene Ther. 1, 208–216 (1994).
45. Folks, T. M., Powell, D., Lightfoote, M., Koenig, S., Fauci, A. S.,35. Folks, T. M., Clouse, K. A., Justement, J., Rabson, A., Duh, E., Kehrl,

J. H., and Fauci, A. S., Proc. Natl. Acad. Sci. USA 86, 2365–2368 Benn, S., Rabson, A., Daugherty, D., Gendelman, H. E., Hoggan,
M. D., Venkatesan, S., and Martin, M. A., J. Exp. Med. 164, 280–(1989).

36. Poli, G., Kintner, A., Justement, J. S., Kehrl, J. H., Bressler, P., Stanley, 290 (1986).
46. Ensoli, B., Lusso, P., Schachter, F., Josephs, S. F., Rappaport, J.,S., and Fauci, A. S., Proc. Natl. Acad. Sci. USA 87, 782–785

(1990). Negro, F., Gallo, R. C., and Wong-Staal, F., EMBO J. 8, 3019–
3027 (1989).37. Breen, E. C., Rezai, A. R., Nakajima, K., Geall, G. N., Mitsuyasu,

R. T., Hirano, T., Kishimoto, T., and Martinez-Maza, O., J. Immu- 47. Cross, S. L., Feinberg, J. B., Wolf, J. B., Holbrook, N. J., Wong-Staal,
F., and Leonard, W., Cell 49, 47–56 (1987).nol. 144, 480–484 (1990).

38. Lepe-Zuniga, J. L., Mansell, P. W., and Hersh, E. M., J. Clin. Micro- 48. Edery, I., Petryshyn, R., Sonenberg, N., Cell 56, 303–312 (1989).
49. Lindholm, P. F., Reid, R. L., and Brady, J. N., J. Virol. 66, 1294–1302biol. 25, 1695–1700 (1987).

39. Lisziewicz, J., Rappaport, J., and Dhar, R., New Biol. 3, 82–89 (1991). (1992).
50. Tschachler, E., Robert-Guroff, M., Gallo, R. C., and Reitz, M. S.,40. Lisziewicz, J., Sun, D., Lisziewciz, A., and Gallo, R. C., Gene Ther.

2, 218–222 (1995). Blood 73, 194–201 (1989).

AID VY 8040 / 6a1b$$$442 07-09-96 09:32:00 vira AP: Virology


