
in three types of CD4+ cell populations:
HeLa cells expressing vaccinia-encoded
CD4, the SupT1 CD4+ human T cell line,
and phytohemagglutinin-stimulated periph-
eral blood mononuclear cells (PBMCs)
from healthy human donors. Controls ex-
periments (not shown) indicated that in all
cases, significant ,-galactosidase was pro-
duced with wild-type env, but not with the
fusion-defective uncleavable mutant env.
To examine the effects of DPP IV inhibi-
tors, we preincubated the indicated CD4+
cell types without or with the designated
inhibitor before mixing with the env-ex-
pressing fusion partner. In the reporter gene
activation assay, IPI had no effect on cell
fusion at 10 mM, a concentration greater by
>103 than the reported Ki for DPP IV
inhibition (2.2 ,uM) (14). Similarly, we
observed no effects with the extremely po-
tent inhibitor L-Pro-L-boroPro (P-boroP),
even at concentrations (0.1 to 1 mM)
greater by 106 to 107 than the correspond-
ing Ki value for inhibition of DPP IV, 16
pM (15). In contrast, strong inhibition was
observed with 100 ,ug of dextran sulfate
(DS) per milliliter, indicating that fusion
monitored by the reporter gene activation
assay was sensitive to a well-known inhibi-
tor of HIV env/CD4-mediated fusion (16).
We also tested the effects of the DPP IV

inhibitors on cell fusion in vaccinia-free sys-
tems, using mixtures of one continuous cell
line expressing endogenous CD4 and another
expressing endogenous env (Fig. 3, bottom).
The results with mixtures of CD4+ SupT,
cells and HIV-1 persistently infected 8E5 cells
(Fig. 3, bottom) indicate no significant inhi-
bition by the DPP IV inhibitors IPI (10 mM)
or P-boroP (1 mM); under parallel conditions
DS (100 ,ug/ml) abolished syncytia formation.
Additional experiments (not shown) using
mixtures of various combinations of
HIV-1 persistently infected cell lines (8E5
or H9/HTLV-IIIB), and CD4+ continuous
human cell lines (A3.01 T cell line,
HeLa-CD4 transfectant cell line) similarly
showed no inhibition of syncytia forma-
tion by the DPP IV inhibitors.

Taken together, these findings suggest that
CD26 does not play a critical role in HIV-1
env/CD4-mediated cell fusion. It is possible
that the discrepencies between our results and
those of Callebaut et al. (8) reflect differences
in the biological processes studied and the
assays used. Arguments have been raised that
env/CD4-mediated virus-cell fusion may be
mechanistically different from cell-cell fusion
(17). However this notion has been directly
challenged by experimental findings (11, 18).
A wide diversity of criteria has shown that the
specificity of env/CD4-mediated cell fusion in
the vaccinia-based system closely parallels
that observed for HIV infection and syncytia
formation (13). Most critically, both pro-
cesses require CD4 to be expressed on a

human cell type, and the defects with CD4-
expressing nonhuman cells can be overcome
by the formation of hybrids with human cells.
We therefore believe that the discrepancies
between our findings with cell fusion and
those of Callebaut et al. with virus entry do
not reflect a differential involvement ofCD26
in these two processes. Definitive resolution
of this problem will come when and if one or
more factors are identified that render CD4-
expressing nonhuman cells permissive for
both virus-cell and cell-cell fusion mediated
by HIV-1 env.
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Callebaut et al. (1) report that CD26 may
act as an accessory receptor to CD4 for HIV
infection. We have previously investigated
the possible role of cell surface proteinases
cleaving the V3 loop of HIV gp120 as a
pathway to entry into the cell (2). We have
therefore tested whether human CD26 co-
expressed with human CD4 on the surface of
mink (Mv-i-lu) and cat (CCC) cell lines
would provide the missing factor required for
HIV-1 entry. We chose these cell lines in
preference to mouse NIH 3T3 cells because

Table 1. Titration of HIV on cells expressing
human CD4 and CD26 antigens. Data are shown
in log10 infectious units per milliliter. HeLa, Mv-1-lu
(mink lung), and CCC (cat kidney) cells were
transduced with human CD4 with the use of a
retroviral vector and selected in neomycin as
described by Clapham et al. (5). To express
human CD26, cells were co-transfected (Upo-
fectamine; Gibco BRL, Paisley, Scotland) with
CD26 cDNA in pCDM8 and pSV2-puro and se-
lected in puromycin (3 pug/mI). All (100%) of
CD4-transduced cells expressed CD4 as as-
sessed by fluorescence-activated cell sorting
analysis with monoclonal antibody (mAb ADP
318). All (100%) of Mv-1-lu-CD4/CD26 cells co-
expressed human CD26 (detected with mAb
TA5.9; Eurogenetics, Teddington, United King-
dom) in amounts some 20-fold higher than are
present on H9 human T cells. Approximately 75%
of CCC-CD4/CD26 cells expressed human CD26
in amounts similar to those expressed by Mv-1 -lu.
Cells were seeded and HIV titrated by focal
antigen assay as described previously (5). Unde-
tectable infection (-) indicates that no infectious
units were found in 250 pu of undiluted virus stock.
Infection of cell mixtures indicates that a mixture
of HeLa-CD4 cells and Mv-1-lu-CD4 cells in a
ratio of 1:10,000 yielded detectable infection with
the same RF HIV-1 stock.

HIV-1 HIV-2 HIV-1

Cells LAI RF ROD* (HTLV-l)
pseudo-
typet

HeLa-CD4 4.3 5.2 4.2 2.6
Mv-1-lu - - - 2.5
Mv-1-lu-CD4 - - 2.8 2.7
Mv-1-lu-CD4/CD26 - - 2.6 2.5
CCC - - - 2.6
CCC-CD4 - - 3.5 2.5
CCC-CD4/CD26 - - 3.6 2.6

*ROD virus stock was rescued from the pACR23
molecular clone. tThe HIV-1 (HTLV-I) pseudotype
was prepared by propagating HIV-1 RF in C91/PL
cells. Because Mv-1-lu and CCC cells express recep-
tors for HTLV (7), the pseudotype was used as a
positive control for HIV-1 replication in these cells,
provided that entry occurred.
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murine cells only weakly support HIV repli-
cation even if the entry blocks are bypassed
(3, 4). In contrast, mink cells readily repli-
cate HIV-1 if entry is facilitated as an am-
photropic MLV pseudotype (3) or if nonp-
seudotype HIV-1 is adsorbed to mink cells
expressing human CD4 and then treated
with the nonspecific fusogen, polyethylene
glycol (5). Moreover, we have shown that
mink Mv- 1-lu cells and feline CCC cells can
be infected by several strains of HIV-2 and
simian immunodeficiency without the pres-
ence of human factors other than CD4 (6).
We used the same CD26 cDNA clone as

did Callebaut et al. (1). Stable, dual expres-
sion of human CD4 and human CD26 did
not render these cells susceptible to infec-
tion by the LA1 and RF strains of HIV-1
(Table 1). Flow cytofluorometry revealed
that more than 99% of mink CD4-CD26

Callebaut et al. conclude that the human T
cell activation antigen CD26 is a cofactor
for HIV infection of CD4+ cells (1) . Their
data indicate that murine NIH 3T3 cells are
permissive to infection by HIV only when
human CD4 and CD26 are present. If
correct, this observation has important im-

cells expressed substantial amounts of both
human antigens at the cell surface, whereas
approximately 75% of cat cells expressed
both antigens. The CD26 was enzymatical-
ly active. In conclusion, our results, ob-
tained with the use of an assay system for
CD4-dependent HIV infection in permis-
sive camivore cell lines, indicate that hu-
man CD26 is not required for HIV-2 entry
and is not sufficient for HIV-1 entry.

Clive Patience
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Paul R. Clapham
Mark T. Boyd
Robin A. Weiss
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Institute of Cancer Research,

237 Fulham Road,
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plications for HIV tropism in human cells,
as it has previously been reported by our-
selves and others that CD4 is necessary but
not sufficient for HIV infection of human
lymphoblastoid T cell lines and mononu-
clear phagocytes. Furthermore, it has been
shown that human CD4 is not sufficient for
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HIV infection of mouse (NIH 3T3) cells
(2) or of African green monkey cells (COS)
(3). Because one of us (D.C.) was involved
in the isolation of a cDNA encoding the
human CD26 antigen (4), we tested the
role of CD26 in HIV-1 infection of murine
and nonhuman primate cell lines.

Table 1. CD26 function in HIV infection. Light units are the result of
luciferase assay of lysates of the indicated cell lines and transfectants
after incubation with HIV-1-luciferase transducing particles coated with
the indicated envelope. Syncytia data indicate the number of blue
syncytia formed when the same cells were transfected with a T7-
promoter-lacZ construct and mixed with HeLa cells expressing HIV-1
envelope and T7 RNA polymerase. The percentages of cells expressing
CD4, CD26, and both antigens are shown. Values are the average of four
luciferase assays with LAI HIV-1 envelope, two luciferase assays with
amphotropic envelope, and three syncytium assays; they represent at
least 2500 cells analyzed by flow cytometry. For the luciferase assay the
background was 1 13 + 7 light units for eight measurements of buffer only,
and the background values were all within one standard deviation of that
value. For the syncytium assay the background values were all less than
four. Bckg, background; ND, not determined. COS cells were co-trans-
fected with an envelope-deleted JR-CSF HIV-1 genome bearing the firefly
luciferase gene and an LAI HIV-1 envelope or murine amphotropic
envelope expression vector (7), by electroporation or with lipofectamine
(Gibco/BRL, Bethesda, Maryland). Pseudotype HIV-1-luciferasetransducing

particles were harvested 2 days later and incubated with the cells listed.
The cells were lysed 3 days later and assayed for luciferase activity with a
Monolight 2010 luminometer and Promega luciferase assay kit. The syncy-
tium assay was done essentially by the protocol of Berger et al. (6). Briefly,
2 x 105 of the cells per well of each indicated cell type were infected with
wild-type vaccinia and transfected with the lacZ gene under the control of
the T7 promoter (8) with the use of lipofectamine. They were then mixed
with HeLa cells infected with recombinant vaccinia encoding LAI HIV-1
envelope and T7 RNA polymerase (9). The cells were fixed 1 day later and
incubated with X-gal (5-bromo-4-chloro-3-indolyl-13-D-galactopyranoside;
Sigma, St. Louis, Missouri); then syncytia were counted in one-eighth of
each well of a 24-well plate. Surface expression of CD4 and CD26 was
determined by incubation with Leu-3A-FITC (Becton Dickinson, Mountain
View, California) and Tal-RD1 (Coulter, Hialeah, Florida) or unconjugated
4ELIC7, CB.1, and TS145 ascites, and then with phycoerythrin conjugated
goat antibody to mouse lgG (Caltag, South San Francisco, California),
respectively, with the use of a FACScan flow cytometer (Becton Dickinson).
The percentages of mixed HeLa and HeLa-CD4 cells positive for CD4 were
calculated.

HIV-luciferase HIV-luciferase +
Cell line /CD4+ %CD26+ %CD4+ Syncyia + LAI HIV-1 amphotropic

(transfected plasmid) CD26+ envelope envelope
(light units) (light units)

HeLa-CD4 >98 >98 >98 Confluent ND ND
HeLa 0 >98 0 0 ± 0 ND ND
HeLa-CD4/HeLa = 0.1 10 >98 10 98+13 1719 47 149 10
HeLa-CD4/HeLa = 0.02 2 >98 2 21 + 1 1525 + 1215 206 + 9
HeLa-CD4/HeLa = 0.004 0.4 >98 0.4 Bckg 631 + 81 163 + 58
HeLa-CD4/HeLa = 0.0008 0.08 >98 0.08 Bckg Bckg 766 ± 29
COS-CD4 (CDM7-CD26) >98 81.3 81.3 Bckg Bckg 18983 + 5311
COS-CD4 (CDM8) >98 <2 <2 Bckg Bckg 10235 ± 2207
A9 (CDM8-CD4, CDM7-CD26) 21.6 39.8 19.6 Bckg Bckg* ND
A9 (CDM8-CD4) 27.2 <2 <2 Bckg Bckg* ND
NIH 3T3-CD4 (CDM7-CD26) >98 2.3 2.3 ND Bckg 4634 ± 95
NIH 3T3-CD4 (CDM8) >98 <0.1 <0.1 ND Bckg 4280 ± 276

*These values were determined in a separate assay in which 1 HeLa-CD4 cell in 10 HeLa cells could be detected, but 1 in 100 could not.
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