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ABSTRACT A cytotoxic monoclonal antibody (anti-Fas
mAb) against the 200-kDa cell surface Fas antigen, which is
associated with the tumor necrosis factor (TNF) receptor, was
examined for its in vitro activity on human immunodeficiency
virus (HIV)-infected cells. It was found that both TNF and
anti-Fas mAb selectively killed the chronically HIV-infected
cells. Uninfected cells were less sensitive to the antibody than
those infected with HIV. When the cells were cultured in the
presence of anti-Fas mAb immediately after the HIV infection,
the spread of HIV-infected cells was suppressed by the anti-
body. TNF augmented both the synthesis of HIV-specific
mRNA in HIV-infected cells and formation of multinucleated
giant cells. In contrast, the anti-Fas mAb did not augment HIV
replication or enhance the HIV-induced formation of syncytia.
The results indicated that anti-Fas mAb mimicks the cytocidal
action of TNF but does not augment HIV replication.

Tumor necrosis factor (TNF) is a monokine that was initially
described as a tumoricidal agent (1) and has been implicated
as an effector molecule in several types of cell-mediated
cytolysis (2-4). TNF also has pleiotropic effects on various
types of cells (5-7) and possesses anti-viral activities (8-10).
Furthermore, TNF is a mediator of several inflammatory
states and is a primary mediator in endotoxic shock, whereas
the systemic release ofTNF is important in the development
of septic shock and hemorrhagic tissue necrosis. Elevated
serum TNF levels have been reported in patients with certain
types of cancer (11-13) and have been reported to occur
during the progression of AIDS (14, 15), a virulent disease
caused by the human retrovirus termed human immunode-
ficiency virus (HIV) (16-18). It has been suggested that TNF
is possibly linked to the cachexia of AIDS patients and may
play an essential role as a cofactor that accelerates the
progression ofAIDS (19, 20). We (21-26) and others (27, 28)
have shown that TNF is selectively cytotoxic to HIV-
infected cells but augments HIV replication by inducing the
cellular factor known as NF-KB. Our investigations of the
cytocidal effects of TNF on HIV-infected cells have shown
that protein kinase C inhibitors can augment its cytocidal
activity without stimulating HIV replication (29). This finding
suggested that the cytocidal activity of TNF could be sepa-
rated from its effect of augmenting HIV replication.
We have prepared a mouse monoclonal antibody (mAb),

anti-Fas mAb that has a cytocidal effect on human cells that
are sensitive to the cytolytic activity of TNF (30). Anti-Fas
mAb recognizes the Fas antigen, a 200-kDa human cell
surface component that is associated with but different from
the TNF receptor. Expression of the Fas antigen was shown

to be down-regulated along with that of the TNF receptor
when cells were treated with either TNF or anti-Fas mAb.
The cytolytic activity of TNF and anti-Fas mAb was aug-
mented by cotreatment of cells with interferon. Thus the
cytolytic activity ofTNF may be mediated by the Fas antigen
and the anti-Fas mAb may not be able to exert other functions
of TNF (30).
The present experiments were, therefore, undertaken to

determine the effect of the anti-Fas mAb on HIV-infected
cells and HIV replication. The results show that anti-Fas
mAb is selectively cytolytic to the HIV-infected cells but
does not augment HIV replication.

MATERIALS AND METHODS
Cells and Virus. The human T-cell lines MOLT-4, Jurkat,

CCRF-CEM, and MT-4 and the promonocyte cell line U937
were maintained at 370C in RPMI 1640 medium supplemented
with penicillin (100 international units/ml), streptomycin (100
,.g/ml), and 10% (vol/vol) heat-inactivated fetal bovine se-
rum. Chronically infected cell lines were established by
infection with the HTLV-IIIB strain of HIV-1 as reported
(24). More than 90% of the cells of each chronically HIV-
infected cell line expressed HIV antigen.

Quantitation of Multinucleated Giant Cell Formation. The
extent of multinucleated giant cell formation between
MOLT-4/HIV cells and MOLT-4 cells was quantitated as
described (31). In brief, MOLT-4/HIV cells and MOLT-4
cells were mixed at a ratio of 1:9, and the mixtures (5 x 105
cells per ml) were incubated for 30 hr at 37°C. The cell profile
was then monitored using a Cell Multisizer (Coulter), which
measures the diameter of each cell and gives a histogram
profile. The percentage of giant cells (cells larger than 20 ,.um
in diameter) was calculated as follows: % giant cells =
(number of cells >20 ,um/number of cells >9 ,um) x 100.

Assays for Augmentation ofHIV Replication. Augmentation
of HIV replication was assayed by dot-blot hybridization to
determine the HIV-specific RNA content (24), by a plaque
assay for the quantitation of the number of infective HIV
particles (32), or by an HIV long terminal repeat (LTR)-
directed chloramphenicol acetyltransferase (CAT) assay for
the determination of the HIV LTR-directed transcriptional
activity (33). For the CAT assay, 5 ,ug of plasmid
(pH3LTRCAT) containing the HIV LTR linked to the 5' end
of the CAT gene (34) was transfected into 2 x 106 MOLT-
4/HIV cells by the DEAE-dextran method (35). Twenty-four
hours after transfection, TNF at 100, 25, or 1 ng/ml or

Abbreviations: TNF, tumor necrosis factor; HIV, human immuno-
deficiency virus; mAb, monoclonal antibody; LTR, long terminal
repeat; CAT, chloramphenicol acetyltransferase.
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anti-Fas mAb at 100, 25, or 1 ng/ml was added to the cells,
which were then incubated for another 16 hr. Cells were
suspended in 100 A.l of 0.25 M Tris HCI (pH 8.0), and a cell
lysate was prepared by three cycles offreezing-thawing. The
amount of the lysate used for the CAT assay was adjusted in
terms of protein concentration.

Reagents. Mouse anti-Fas IgM (anti-Fas mAb) was purified
by FPLC, as described (30), and stored at -20'C until used.
Recombinant human TNF-ac was generously supplied by D.
Mizuno (Teikyo University). The specific activity of purified
recombinant TNF was 4 x 106 units/mg (36). The HIV-
specific probe employed in the present experiment was the
Sac I fragment of pNK5.2, which covers almost the entire
sequence of HIV (37). The f3-actin-specific probe (38) was
kindly supplied by T. Kakunaga (Osaka University). The
[14C]chloramphenicol used was purchased from New En-
gland Nuclear (CAT assay grade; NEN).

RESULTS
Cytocidal Activity of Anti-Fas mAb Toward HIV-Infected

Cels. Chronically HIV-infected MOLT-4 (MOLT-4/HIV)
cells and uninfected MOLT-4 cells were cultured in the
presence of various concentrations of purified anti-Fas mAb.
Cell viability was scored daily by the trypan blue dye
exclusion method. As shown in Fig. 1, anti-Fas mAb was
strongly cytocidal to MOLT-4/HIV cells but had little effect
on MOLT-4 cells. After 3 days of culture with anti-Fas mAb
(50 ng/ml), viability of MOLT-4/HIV cells dropped to 3%,
whereas viability of MOLT-4 cells was 82%. Similar results
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FIG. 1. Kinetics of the cytocidal effect of anti-Fas mAb on
MOLT-4/HIV and MOLT-4 cells. MOLT-4/HIV (o) or MOLT-4 (o)
cells (3 x 105 cells per ml) were cultured in the presence of various
concentrations of anti-Fas mAb and cell viability was calculated
daily. Each point is the average of duplicate determinations.
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FIG. 2. Kinetics of the cytocidal activity of anti-Fas mAb on
various cell lines chronically infected with HIV. Jurkat, CCRF-
CEM, MT-4, and U937 cells (open circles) and their chronically
HIV-infected counterparts (Jurkat/HIV, CCRF-CEM/HIV, MT-4/
HIV, and U937/HIV; solid circles) were cultured in the presence of
various concentrations of anti-Fas mAb for 3 days. Viability of the
cells was determined by the trypan blue dye exclusion method.
Averages of duplicate experiments are plotted.

were obtained with Jurkat/HIV, CCRF/CEM, and U937/
HIV cells, although the sensitivity of HIV-infected cells to
anti-Fas mAb varied somewhat depending on the cell line
(Fig. 2). In contrast, the human T-cell leukemia virus I-
infected human T-cell line MT-4, which is insensitive to the
cytocidal action ofTNF (24), was also insensitive to anti-Fas
mAb; up to 100 ng/ml of the antibody failed to affect the
viability of the cells. Normal mouse IgM was used as an
isotype control and showed no effect on the growth ofany cell
line tested in this study (data not shown).

Effect of Anti-Fas Antibody on Infection with HIV. MOLT-4
cells (3 x 105 cells per ml) were infected with HIV and
cultured for 6 days in the presence of anti-Fas mAb at 100
ng/ml or 5 ng/ml. The percentage of HIV-infected cells was
monitored daily by immunofluorescence using anti-HIV-
positive human serum (Fig. 3). In the absence of anti-Fas
mAb, 100% ofthe MOLT-4 cells became HIV positive on day
5 after infection. In contrast, only 12.5% and 31.9% of the
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FIG. 3. Effect of anti-Fas on fresh infection with HIV. MOLT-4
cells (3 x 105 cells per ml) were infected with HIV (1 infectious virus
particle per cell) and cultured in the presence of anti-Fas mAb at 100
ng/ml (-), 5 ng/ml (A), or 0 ng/ml (o). The percentages of HIV
antigen-positive cells were determined daily by immunofluorescence
(IF) using seropositive human serum. A representative experiment of
the three performed is shown in the figure.
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FIG. 4. Effect of anti-Fas mAb on HIV-induced giant-cell formation. Giant-cell formation between MOLT/HIV cells and MOLT-4 cells was
assessed in the presence or absence ofvarious concentrations (1 ng/ml, 25 ng/ml, or 100 ng/ml) ofTNF oranti-Fas mAb (a-Fas). (A) Micrographs
taken 30 hr after the start ofmixed culture. (B) Giant-cell formation was quantitated by measuring the cell diameter profile using a Cell Multisizer.

cells became HIV positive in the presence of anti-Fas mAb
at 100 ng/ml and 5 ng/ml, respectively.

The effect of anti-Fas mAb on multinucleated giant-cell
formation was also examined by adding it at various concen-
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trations to a mixed culture of MOLT-4/HIV and MOLT-4
cells at a ratio of 1:9. Anti-Fas mAb at up to 100 ng/ml had
almost no enhancing effect on HIV-mediated giant-cell for-
mation, whereas TNF at as little as 1 ng/ml augmented
multinucleated giant-cell formation (Fig. 4). After 30 hr of
culture, the percentage of the cells larger than 20 ,um in
diameter was increased to 15.1%, 19.9o, and 15.0% by TNF
at 1 ng/ml, 25 ng/ml, and 100 ng/ml, respectively. On the
other hand, for cells cultured with anti-Fas mAb at 1 ng, 25
ng, and 100 ng, the respective percentages were 6.7%, 7.4%,
and 5.2%. Indeed, the percentages of giant cells in these
cultures were lower than that in a control culture in which
MOLT-4/HIV and MOLT-4 were cultured. Thus anti-Fas
mAb tends to prevent giant-cell formation (Fig. 4B).

Effect of Anti-Fas mAb on HIV Gene Expression. MOLT-
4/HIV, CEM/HIV, Jurkat/HIV, and MT-4/HIV cells (5
x 05 cells per ml) were cultured for 24 hr in medium
containing anti-Fas mAb (10 ng/ml), TNF (10 ng/ml), or no
additives. Total RNA was extracted from the cells and RNA
from 1 x 105 cells was spotted onto nitrocellulose filters in a
slot configuration. The filters were then hybridized with
32P-labeled probes specific for either HIV or 8-actin. As
reported (24), TNF at 10 ng/ml augmented HIV-specific
RNA synthesis in CEM/HIV, Jurkat/HIV, and MOLT-4/
HIV cells but did not augment synthesis in MT-4/HIV cells,
whereas anti-Fas mAb had no effect on the HIV-specific
RNA content in any of the cells tested (Fig. 5). Anti-Fas mAb
at concentrations of up to 100 ng failed to augment HIV-
specific RNA synthesis (data not shown). Neither TNF nor
anti-Fas mAb affected the synthesis of 8-actin RNA.
To examine whether or not anti-Fas mAb failed to augment

HIV replication at the level of transcription, the HIV LTR
conjugated with the bacterial CAT gene was transfected into
MOLT-4/HIV cells. From 24 hr after transfection, cells were
incubated with either TNF or anti-Fas mAb for another 16 hr
and then the CAT activity of cell lysates was examined. As
shown in Fig. 6, the percentage conversion of chloramphen-
icol to its acetylated form was only 0.4% in HIV-LTR-CAT
transfected MOLT-4/HIV cells. Treatment with TNF (100,
25, or 1 ng/ml) stimulated the CAT activity to 97.3, 88.9, and
7.8%, respectively, whereas anti-Fas mAb did not cause any
augmentation of HIV replication as measured at the level of
transcription.
We also examined whether or not anti-Fas mAb enhanced

the HIV production by chronically HIV-infected cells. Su-
pernatants from cultures of MOLT-4/HIV cells grown with
TNF (10 ng/ml), anti-Fas mAb (10 ng/ml), or no additives
were assessed for the number of infectious HIV particles by
the plaque assay method. It was found that anti-Fas mAb did
not augment HIV production (Table 1).
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FIG. 5. RNA dot-blot analysis of anti-Fas mAb- or TNF-treated
cell lines chronically infected with HIV. Chronically HIV-infected
Jurkat (column 1), CCRF-CEM (column 2), MT-4 (column 3), and
MOLT-4 (column 4) cells (5 x 105 cells per ml) were treated with
anti-Fas mAb (10 ng/ml) orTNF (10 ng/ml) for 24 hr. Total RNA was
then extracted and dot-blot hybridization was performed using
HIV-specific or 8-actin-specific probes, nick-translated with
[32P]dCTP.
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FIG. 6. Effect of anti-Fas mAb and TNF on HIV-LTR-directed
CAT activity. The CAT reaction mixture was incubated for 10 min
at 370C. One of the two experiments performed is shown. Cultures
contained the following additions. Columns: 1, TNF at 100 ng/ml; 2,
TNF at 25 ng/ml; 3, TNF at 1 ng/ml; 4, anti-Fas mAb at 100 ng/ml;
5, anti-Fas mAb at 25 ng/ml; 6, anti-Fas mAb at 1 ng/ml; 7, untreated
sample. AcCM, acetylated chloramphenicol; CM, chloramphenicol.
The percentage of acetylation of chloramphenicol is as follows:
Columns: 1, 97.3%; 2, 88.9%; 3, 7.8%; 4, 0.2%; 5, 0.3%; 6, 0.2%; 7,
0.4%.

DISCUSSION
In this study, we examined the effect of anti-Fas mAb on
HIV-infected cells. The data in Figs. 1 and 2 clearly show that
anti-Fas mAb selectively killed HIV-infected cells but did not
augment the expression of HIV even at the level of tran-
scription (Figs. 5 and 6 and Table 1). HIV-induced giant cell
formation was found to be mediated by gpl20, a glycosylated
protein encoded by the viral env gene, and by CD4 molecules
expressed on the cell surface (39). The mechanism of the
enhancement of giant cell formation by TNF was attributed
to an increase in the content of gpl20 in HIV-infected cells
(23). As anti-Fas mAb did not enhance HIV replication, the
antibody did not augment HIV-induced giant cell formation;
however, anti-Fas mAb was still cytolytic to HIV-infected
cells and tended to reduce the number of multinucleated giant
cells (Fig. 4).

Neither anti-Fas mAb nor TNF was cytolytic to MT-4/
HIV cells (24). Human T-cell lines infected with human T-cell
leukemia virus I produced large amounts oflymphotoxin (40).
MT-4 is one of the well-known human T-cell leukemia virus
I-infected cell lines that produce lymphotoxin as well as TNF
(41). This finding explains why MT-4 is insensitive to both
exogeniously added TNF and anti-Fas mAb.
We have reported (42) the effects of a combination of

3'-azido-3'-deoxythymidine (an anti-HIV substance) and
TNF on peripheral blood monocytes obtained from AIDS and
AIDS-related complex patients (42). Our findings suggested
that combined treatment with 3'-azido-3'-deoxythymidine
and TNF might suppress the spread of HIV in HIV-infected
individuals. Since retroviruses integrate into host chromo-
somal DNA as proviruses, it is almost impossible to eliminate
the viruses unless the infected cells are removed. TNF is the
first agent known to selectively kill virus-infected cells and
this observation leads to the possibility of administering TNF
to HIV-infected individuals. Perhaps TNF could be admin-
istered to AIDS patients with anti-HIV substances such as
3'-azido-3'-deoxythymidine. Perhaps anti-Fas mAb may also

Table 1. Effect of anti-Fas antibody on HIV replication
Infectious titer,

Treatment pfu/ml
Anti-Fas (50 ng/ml) 11 ± 4.0 x 103
Anti-Fas (10 ng/ml) 10 ± 1.7 x 103
TNF-a (10 ng/ml) 53 ± 7.0 x 103
None 12 ± 4.2 x 103

Supernatants of24-hr MOLT-4/HIV cell cultures were assayed for
infectious HIV particles by plaque assay (22). pfu, plaque-forming
units. Average values (±SD) of duplicate experiments are shown.
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be clinically applicable in HIV infection but further studies
are required to test this possibility.

We thank Miss Naoko Fukuda for typing this manuscript. We also
thank Dr. T. Matsuyama for his helpful discussions. This study was
supported in part by a Grant-in-Aid for Cancer Research from the
Ministry of Education, Science and Culture of Japan.

1. Carswell, E. A., Old, L. J., Kassel, R. L., Green, S., Fiore, N.
& Williamson, B. (1975) Proc. Natl. Acad. Sci. USA 72,
3666-3670.

2. Kondo, L. L., Rosenau, W. & Wara, D. W. (1981) J. Immunol.
126, 1131-1133.

3. Old, L. J. (1987) Science 230, 630-632.
4. Ware, C. F. & Granger, G. A. (1981) J. Immunol. 126, 1934-

1940.
5. Kawakami, M., Pekala, P. H., Lane, M. D. & Cerami, A.

(1982) Proc. Natl. Acad. Sci. USA 79, 912-916.
6. Sugarman, B. J., Aggarwal, B. B., Hass, P. E., Figari, J. S.,

Palladino, M. A., Jr., & Shepard, J. M. (1985) Science 230,
943-945.

7. Vilcek, J., Palombella, V. J., Henriksen-De Stefano, D., Swen-
son, C., Feinman, R., Hirai, M. & Tsujimoto, M. (1986) J. Exp.
Med. 163, 632-643.

8. Wong, G. H. W. & Goeddel, D. V. (1986) Nature (London)
323, 819-822.

9. Mestan, J., Digel, W., Mittnacht, S., Hillen, H., Bloham, D.,
Moller, A., Jacobsen, H. & Kirchner, H. (1986) Nature (Lon-
don) 333, 816-822.

10. Koff, W. C. & Fann, A. V. (1986) Lymphokine Res. 5,215-221.
11. Aderka, D., Fisher, S., Levo, Y., Holtmann, H., Hahn, T. &

Wallach, D. (1985) Lancet ii, 1190-1191.
12. Scuderi, P., Sterling, K. E., Lam, K. S., Finley, P. R., Ryan,

K. J., Ray, C. G., Peterse, E., Slymen, D. J. & Salmon, S. E.
(1986) Lancet fi, 1364-1365.

13. Balkwill, F., Osborn, R., Burke, F., Naylor, S., Talbot, D.,
Durbin, H., Tavernier, J. & Fiers, W. (1987) Lancet ii, 1229-
1232.

14. Lahdevirta, J., Maury, C. P. J., Teppo, A. M. & Repo, H.
(1988) Am. J. Med. 85, 289-291.

15. Kobayashi, S., Hamamoto, Y., Kobayashi, N. & Yamamoto,
N. (1990) AIDS 4, 169-170.

16. Centers for Disease Control (1981) Morbid. Mortal Wkly.
(Centers for Disease Control, Atlanta), Rep. 30, 250-252.

17. Barre-Sinoussi, F., Cherman, J. C., Rey, F., Nugeyre, M. T.,
Camaret, S., Guest, J., Dauguet, J. & Axler-Blin, C. (1983)
Science 220, 868-871.

18. Popovic, M., Sarngadharan, M. G., Read, E. & Gallo, R. C.
(1984) Science 244, 497-500.

19. Ruddle, N. H. (1986) Immunol. Today 7, 8-9.
20. Rosenberg, Z. F. & Fauci, A. (1989) AIDS Res. Hum. Retro-

viruses 5, 1-4.
21. Matsuyama, T., Hamamoto, Y., Yoshida, T., Kido, Y., Koba-

yashi, S., Kobayashi, N. & Yamamoto, N. (1988) Jpn. J.
Cancer Res. 79, 156-159.

22. Matsuyama, T., Hamamoto, Y., Kobayashi, S., Kurimoto, M.,
Minowada, J., Kobayashi, N. & Yamamoto, N. (1988) Med.
Microbiol. Immunol. 177, 181-187.

23. Matsuyama, T., Yoshiyama, H., Hamamoto, Y., Yamamoto,
N., Soma, G., Mizuno, D. & Kobayashi, N. (1989) AIDS Res.
Hum. Retroviruses 5, 139-146.

24. Matsuyama, T., Hamamoto, Y., Soma, G., Mizuno, D., Ya-
mamoto, N. & Kobayashi, N. (1989) J. Virol. 63, 2504-2509.

25. Okamoto, T., Matsuyama, T., Mori, S., Hamamoto, Y., Koba-
yashi, N., Yamamoto, N., Josephs, S. F., Wong-Stall, F. &
Shimotohno, K. (1989) AIDS Res. Hum. Retrovir. 5, 131-138.

26. Kobayashi, N., Hamamoto, Y. & Yamamoto, N. (1990) Virus
Genes 4, 183-190.

27. Folks, T. M., Clouse, K. A., Justement, J., Rabson, A., Duh,
E., Kehrl, J. H. & Fauci, S. (1989) Proc. Natl. Acad. Sci. USA
86, 2365-2368.

28. Osborn, L., Kunkel, S. & Nabel, G. (1989) Proc. Natl. Acad.
Sci. USA 86, 2336-2340.

29. Hamamoto, Y., Matsuyama, T., Yamamoto, N. & Kobayashi,
N. (1990) Cancer Res., in press.

30. Yonehara, S., Ishii, A. & Yonehara, M. (1989) J. Exp. Med.
169, 1747-1756.

31. Tochikura, T. S., Nakashima, H., Tanabe, A. & Yamamoto,
N. (1988) Virology 164, 542-546.

32. Harada, S., Koyanagi, Y. & Yamamoto, N. (1985) Science 299,
563-566.

33. Kobayashi, S., Hamamoto, Y., Koyanagi, Y., Chen, l. S. Y. &
Yamamoto, N. (1989) Biochem. Biophys. Res. Commun. 165,
715-721.

34. Sodroski, J. G., Rosen, C. A. & Haseltine, W. A. (1984) Sci-
ence 225, 381-385.

35. Gorman, C. M., Merlino, G. T., Willingham, M. C., Pastan, 1.
& Howard, B. H. (1982) Proc. Natl. Acad. Sci. USA 79,
6777-6781.

36. Soma, G., Tsuji, Y., Tanabe, Y., Noguchi, K., Kitahara-
Tanabe, N., Gatanaga, T., Inagawa, H., Kawakami, M. &
Mizuno, D. (1988) J. Biol. Response Mod. 7, 587-595.

37. Yoshiyama, H., Kobayashi, N., Matsui, T., Nakashima, H.,
Kajii, T., Yamato, K., Kotani, S., Miyoshi, l. & Yamamoto, N.
(1987) Mol. Biol. Med. 4, 385-3%.

38. Nakajima-lijima, S., Hamada, H., Reddy, P. & Kakunaga, T.
(1985) Proc. Natl. Acad. Sci. USA 82, 6133-6137.

39. Dalgleish, A. G., Beverley, P. C. L., Clapham, P. R., Craw-
ford, D. H., Greaves, M. F. & Weiss, R. A. (1984) Nature
(London) 312, 763-767.

40. Hinuma, S., Naruo, K., Tsukamoto, K., Sugamura, K. &
Hinuma, Y. (1985) Biochem. Biophys. Res. Commun. 130,
1052-1058.

41. Kobayashi, N., Hamamoto, Y. & Yamamoto, N. (1990) Med.
Microbiol. Immunol. 179,115-122.

42. Suzuki, M., Yamamoto, N., Shinozaki, F., Shimada, K.,
Soma, G. & Kobayashi, N. (1989) Lancet i, 1206-1207.

Proc. Natl. Acad Sci. USA 87 (1990)


