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CD4 is the predominant cell membrane protein that binds human immunodeficiency virus type 1 (HIV-1)
gp120 and facilitates HIV-1 infection, but other membrane-associated molecules may be involved in determin-
ing HIV-1 cellular infection. Our prior work had suggested that CD44, the transmembrane receptor for
hyaluronan, might play a role in the infection of mononuclear phagocytes with HIV-1. In the present work, we
have used cells of the CD4-positive, CD44-negative human T-lymphoblast cell line Jurkat to study the role of
CD44 in HIV-1 infection and tropism. Cells were transfected with cDNA for the standard (S, or hematopoietic)
CD44 isoform CD44S or the epithelial isoform CD44E. The resultant lines expressed appropriate CD44S or
CD44E mRNA and protein. While the parent Jurkat cells, those transfected with vector alone, and those
transfected with CD44E could be productively infected with only the lymphocytotropic strain HIV-1-LAI, cells
transfected with CD44S were rendered susceptible to productive infection with the monocytotropic strains
HIV-1-BaL and HIV-1-ADA. Also, CD44S-transfected cells displayed higher levels of infection with HIV-1-LAI
than did the other transfected Jurkat cells. The transfected cell line cells all had comparable growth rates and
expressed similar levels of the membrane antigens CD4, CD7, major histocompatibility complex (MHC) class
I, MHC class II, and CD11a, while levels of CD3 were slightly higher in cells transfected with vector alone and
in one of the clones transfected with CD44S. Hyaluronan binding was increased in cells transfected with either
CD44S or CD44E. Mouse NIH 3T3 fibroblasts transfected with human CD4, human CD44S, or both human
CD4 and CD44S displayed the appropriate antigens, but they could not be productively infected with lympho-
cytotropic or monocytotropic strains of HIV-1. The results indicate that in human leukocytes, CD44S is an
important determinant of HIV-1 productive infection and may be involved in viral cellular tropism.

Cellular CD4 has been recognized as the predominant mem-
brane protein that interacts with human immunodeficiency
virus type 1 (HIV-1). In most cells, CD4 serves as the receptor
that binds HIV-1 gp120, initiating events that lead to cell-virus
membrane fusion and internalization of HIV into the suscep-
tible cell (12, 13, 47). The ability of HIV to infect some CD4-
negative cells (21, 22, 53) and the observation that gp120-CD4
interactions may not be the sole determinants of HIV-1 infec-
tivity and spread (23, 37) have prompted the search for addi-
tional cell surface molecules involved in HIV-1 infection. The
lymphocyte function-associated type 1 (LFA-1) molecule was
thought to be an important determinant of HIV-1 infection of
cells; however, it was eventually established that LFA-1 was
not required for infection, but that it was important for effi-
cient fusion of HIV-1-infected cells and syncytium formation
(20, 28, 42, 43, 55). Investigators have found in CD4-negative
neural cell lines and colon epithelial cells that the membrane
lipid galactosyl ceramide can serve as a receptor for HIV-1 and
bind gp120 (21, 22). Furthermore, although certain virus
strains preferentially infect either monocytes or lymphocytes
(monocytotropic or lymphocytotropic viral strains), both types
of HIV-1 variants interact with CD4 (29, 41). This may indicate
that other cellular molecules play a role in determining HIV-1
infection and HIV-1 tropism.
To determine the role of non-CD4 cell membrane molecules

in HIV-1 infection of monocytes and lymphocytes, we have
been studying various antibodies against cell adhesion mole-
cules in in vitro assays of HIV-1 infection. We recently re-
ported that antibodies against CD44, the transmembrane re-
ceptor for hyaluronan, effectively inhibited infection of human
mononuclear phagocytes (monocytes and peritoneal macro-
phages) with the monocytotropic HIV-1 strains HIV-1-BaL
and HIV-1-ADA (46). However, these antibodies had no effect
on HIV-1 infection of normal blood lymphocytes and T-lym-
phoid cell line cells. These studies indicated that CD44 may be
a determinant of HIV-1 infection of mononuclear phagocytes
and of HIV-1 cellular tropism in general.
To study the role of CD44 in HIV-1 infection and tropism,

we have used cells of the human T-lymphoblast line Jurkat, a
CD4-positive, CD44-negative cell line which can be infected by
lymphocytotropic strains of HIV-1 but not by monocytotropic
HIV-1 strains. We show here that transfection of Jurkat cells
with the standard (S) low-molecular-weight isoform CD44S
(also called the CD44H, or hematopoietic, isoform), but not
transfection with the high-molecular-weight epithelial isoform
CD44E renders the Jurkat T cells capable of being infected by
monocytotropic strains of HIV-1.

MATERIALS AND METHODS
Cell lines. Unless otherwise designated, all cell lines were from the American

Tissue Culture Collection (Baltimore, Md.). The human T-cell line Jurkat, ob-
tained from Warner C. Greene (University of California at San Francisco) was
originally from the American Tissue Culture Collection. The Jurkat cell line
expresses membrane CD4 antigen but does not express CD44 antigen or mRNA
(35). This parent Jurkat line was maintained by serial passage in low-endotoxin-
content RPMI 1640 with 10% fetal bovine serum (FBS; Hyclone, Logan, Utah)
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and used for all transfections. Cells of the CEM cell line, a human T-lymphoblast
cell line, were maintained in low-endotoxin-content RPMI 1640 with 10% FBS.
The mouse cell line NIH 3T3 was obtained from the American Tissue Culture
Collection and cultured in Dulbecco’s modified Eagle’s medium with 10% FBS,
2 mM L-glutamine, 100 U of penicillin per ml, and 100 mg of streptomycin per ml.
Virus strains. Cell-free stocks of HIV-1-BaL, a monocytotropic strain, and

HIV-1-LAI, a lymphocytotropic strain, of HIV-1 (16) were produced in CEM
cells (30, 49). Virus pools were titrated on T cells and mononuclear phagocytes
by using p24 antigen release or reverse transcriptase (RT) activity as an endpoint
at 10 days after infection for macrophages and 20 days after infection for mono-
cytes. HIV-1-ADA, a second monocytotropic strain, was obtained from the
AIDS Research and Reference Reagent Program (National Institutes of Health,
Bethesda, Md.); virus stocks of this strain were produced by using normal blood
monocytes.
Plasmids. Plasmid CDw44, containing the full-length human CD44S cDNA,

and plasmid CD44E, containing the full-length human CD44E cDNA (51), were
from Brian Seed (Harvard University, Boston, Mass.). CD44S and CD44E
cDNAs were cleaved with HindIII and NotI restriction enzymes and cloned into
the pCEP4 vector (InVitrogen, San Diego, Calif.). This vector contains a human
cytomegalovirus immediate-early gene enhancer-promoter and a hygromycin
resistance gene. Plasmid T4-pMV7, containing the human CD4 receptor cDNA,
was obtained from the AIDS Research and Reference Program.
Monoclonal antibodies. Mouse monoclonal antibodies against various

epitopes of human CD44 (A3D8, A1G3, and 5F12) have been described before
(25, 54). The anti-CD4 antibody SIM.4 recognizes human CD4, binds to the
Leu3A epitope, and blocks HIV-induced syncytium formation (38). SIM.4 anti-
body was from a CD4 hybridoma obtained from the AIDS Research and Ref-
erence Reagent Program. P3x63 immunoglobulin G1 (IgG1) paraprotein (P3)
was produced by the P3x63 Ag 8.652 myeloma cell line and used as a negative
control. Antibodies against CD7 (3A1), CD3 (Leu4), ICAM-1 or CD59
(RR1.1.1), CD11a of LFA-1 (TS-122), major histocompatibility complex (MHC)
class I (3F10), and MHC class II (L243) have been described before (2).
Assessment of viral infection. Jurkat cells were cultured in 6-mm-diameter

wells of microtiter plates at 105 per well in 0.2 ml. NIH 3T3 cells were cultured
in the 6-mm-diameter wells at 5 3 103 cells per well in 0.2 ml. Cells were
inoculated with HIV-1 at a multiplicity of infection (MOI) of approximately 0.01.
Morphologic cytopathic effects were determined by observation of live cells

with an inverted phase-contrast microscope. RT activity was measured from
culture supernatants as noted before (57). RT activity was quantitated by use of
a phosphoimager. The 50% tissue culture infectious dose (TCID50) was deter-
mined as noted before (31). For experiments with NIH 3T3 cells, the cells were
inoculated and cultured for up to 20 days, with assessment of cytopathology and
supernatant medium RT activity. In other work, to improve the ability to detect
productive infection in NIH 3T3 cells, cells were inoculated, cultured overnight,
washed, treated with trypsin (2.5 mg/ml for 4 min at room temperature) to
remove extracellular virus, and then incubated for another 18 h. Supernatant
medium was then recovered and cocultivated with CEM cells for 14 days, and
supernatant medium RT activity was measured.
Transfections. Jurkat cells were transfected by the calcium phosphate co-

precipitation technique as directed by the manufacturer (GIBCO-BRL, Grand
Island, N.Y.). Briefly, 106 cells were washed with Dulbecco’s modified Eagle’s
medium. Then 10 mg of plasmid DNA (the pCEP4 vector containing CD44S or
CD44E or the vector alone) diluted in calcium phosphate buffer was added
dropwise to the cells and incubated at 378C overnight; the medium was then
replaced with fresh medium containing 10% FBS for another 48 h. Transfected
clones were selected by culturing with 550 U of hygromycin (Calbiochem, La
Jolla, Calif.) per ml and screened for CD44 antigen expression by flow cytometry.
At least four independent transfectants in each experiment were cloned and
continuously cultured with 275 U of hygromycin per ml.
NIH 3T3 cells were transfected by comparable techniques. For CD44 trans-

fection, cells were cotransfected with the CDM8 plasmid, containing CDw44,
and the pSVneo plasmid, containing the neomycin resistance gene. For CD4
transfections, the cells were transfected with the T4-mPV7 plasmid. For com-
bined CD4 and CD44 transfections, cells were cotransfected with the CDM8
plasmid, containing CDw44, and the T4-pMV7 plasmids. Individual colonies
were selected by culturing in 800 mg of G418 per ml and maintained in medium
with 400 mg of G418 per ml.
Flow cytometry. Cell surface antigen analysis was done as described before

(35) by indirect immunofluorescence with a FACSTAR analyzer. Hyaluronan-
fluorescein isothiocyanate (FITC) binding was quantified as noted before (35).
Immunoblot analysis. Cells (5 3 106) were washed twice with phosphate-

buffered saline (PBS), lysed in 1% sodium dodecyl sulfate (SDS) in 10 mM Tris
(pH 7.4), and boiled for 5 min. The viscosity of the sample was diminished by
several passages through a 26-gauge needle. Samples were then centrifuged for
5 min to remove insoluble material. The protein concentration was adjusted to 1
mg/ml. Ten micrograms of protein was loaded into each lane and separated by
electrophoresis through SDS–7.5% polyacrylamide. Proteins were transferred to
a polyvinyl difluoride membrane. The membrane was then blocked with 5% dry
milk and 2% bovine serum albumin at 08C for 18 h and subsequently incubated
with the primary antibody (A3D8, A1G3, 5F12, or P3). The membrane was
processed by the enhanced chemiluminescence (ECL) method (Amersham, Ar-
lington Heights, Ill.). After being washed, the membrane was incubated for 1 h

with horseradish peroxidase-conjugated anti-mouse IgG, washed, and then de-
veloped according to the manufacturer’s instructions.
Northern (RNA blot) analysis. Twenty micrograms of total cellular RNA was

separated in 1.2% formaldehyde–agarose gels and immobilized on a nylon mem-
brane by standard capillary transfer. cDNA probes were prepared by random-
primed incorporation of digoxygenin-labeled deoxynucleoside triphosphates
(dNTPs; Boehringer-Mannheim) into gel-purified CD44 DNA. Hybridization
was done at 428C in 13 Denhardt’s solution and 50% formamide. Chemilumi-
nescent detection was done according to the manufacturer’s instructions (Boehr-
inger-Mannheim).
RT-PCR. cDNA from Jurkat cells was synthesized from RNA with Superscript

RT from GIBCO-BRL. Thirty-five cycles of PCR were done under the following
conditions: 958C for 80 s, 528C for 1 min, and 728C for 3 min. A negative control
(no template cDNA in the reaction mix) was done with each reaction. The PCR
primers for CD44 sequences were as follows: U1, forward, 59 ACATC AGTCA
CAGAC CTGCC 39, and D1, reverse, 59 GCAAA CTGCA AGAAT CAAAG
CC 39.

RESULTS

Cell phenotypes. Several stable, transfected cell lines were
obtained. Five lines were characterized in detail: the Jurkat
parent (J), two lines transfected with CD44S (JH3 and JH8),
one line transfected with CD44E (JE5), and one line trans-
fected with the vector pCEP4 alone (JP3). The doubling times
of the five cell lines were similar; for example, J, 1.2 days; JH3,
1.2 days; JH8, 1.0 day; JH3 in hygromycin, 1.6 days; and JH8 in
hygromycin, 1.4 days. All five lines were comparable in appear-
ance in culture except for cellular aggregation. Cells of the
parent J line and the line transfected with the vector alone
(JP3) grew as floating single cells, while those expressing
CD44S or CD44E formed floating homoaggregates in liquid
culture. By flow cytometry (Table 1), nontransfected J cells and
those transfected with the vector alone (JP3) did not express
CD44, while JH3, JH8, and JE5 expressed high levels of CD44,
as determined by reaction with antibodies A3D8, A1G3, and
5F12. Both CD44S- and CD44E-transfected cell lines bound
FITC-conjugated hyaluronan (Table 1). Analysis of expression
of other surface membrane molecules that might influence
HIV-1 infection of the cells showed no changes in the expres-
sion of CD4, MHC class I or II antigens, ICAM-I (CD59),
CD7, or CD11a of LFA-1 (CD11a/CD18) (Table 1). JP3 cells
(those transfected with the vector alone) and JH3 cells (those
from one of the cell lines transfected with CD44S) displayed
more CD3 than did the parent J cells and the other transfected
cell lines JH8 and JE5.
Immunoblot analysis of the cells (Fig. 1) showed that J cells

and JP3 cells contained no CD44 antigen detectable by anti-
bodies A3D8, A1G3, and 5F12. JH3 and JH8 cells contained

TABLE 1. Phenotypic characterization of Jurkat cell lines

Antibodya Antigen
% of cells positive

Jurkat JP3 JH3 JH8 JE5

P3 None 0 2 1 1 4
A3D8 CD44 2 9 71 66 67
A1G3 CD44 2 8 70 35 51
5F12 CD44 2 8 59 48 70
SIM4 CD4 81 83 59 89 55
3F10 MHC-I 100 92 89 93 96
DR MHC-II 0 1 0 1 3
Leu4 CD3 4 36 14 2 2
R.R.1 ICAM-1 83 95 73 95 89
3A1 CD7 100 100 96 98 97
TS-122 CD11a 65 72 73 77 24
Hyaluronan-FITC 2 6 27 13 33

a All antibodies were used at saturating concentrations. The hyaluronan-FITC
assays were done by direct analysis of binding of hyaluronan-FITC to cells and
did not involve antibodies.
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an antigen at about 80 kDa that was recognized by antibodies
A3D8, A1G3, and 5F12, while JE5 cells contained an antigen
at about 130 kDa that was recognized by antibodies A3D8 and
5F12 (and not strongly by A1G3). This pattern of reactivity of
these antibodies for CD44S and CD44E is similar to that
described before (25, 27, 54).
A conventional Northern blot analysis of total RNA ex-

tracted from the different cell line cells showed that cell lines J
and JP3 expressed no detectable CD44S or CD44E message,
while cell lines JH3 and JH8 expressed an mRNA of 2.2 kb and
JE5 expressed an mRNA of 3.3 kb (data not shown). To ana-
lyze the expression of mRNA for the various CD44 isoforms by
a more sensitive and specific technique, we did RT-PCR with
primers that flanked the potential variant exons (19, 36).
CD44S mRNA contains none of the variant exons and was
predicted to yield a DNA product of 470 bp. CD44E mRNA
contains variant exons 8, 9, and 10 and was predicted to yield
a DNA product of 878 bp. Figure 2 demonstrates that all five
cell lines contained the predicted mRNAs: J and JP3 had no
CD44 mRNA, while JH3 and JH8 had CD44S (470-bp prod-
uct) and JE5 had CD44E (878-bp product).
Susceptibility of transfected cells to HIV-1 infection. Prior

work by us and others has demonstrated that Jurkat cell line
cells are susceptible to infection with the lymphocytotropic
strain HIV-1-LAI but not by monocytotropic strains (9) (data
not shown). As noted in Fig. 3, the parent J cells and those
transfected with vector alone (JP3 cells) could be infected with
HIV-1-LAI but not with HIV-1-BaL or HIV-1-ADA. Like-
wise, transfected cells expressing CD44E (JE5 cells) could be

infected with HIV-1-LAI but not with the monocytotropic
strains. In contrast, cells from each of the two lines expressing
CD44S (JH3 and JH8 cells) could be infected with HIV-1-BaL
and HIV-1-ADA in addition to HIV-1-LAI. The data dis-
played in Fig. 3 are representative of five separate identical
experiments, each of which gave comparable results. Also,
using two other stable lines transfected with CD44S and one
other stable line transfected with CD44E not discussed above,
we found comparable patterns of infectivity (data not shown).
Table 2 shows the time course for infection with the different

virus strains and TCID50 values for the different strains in the
parent J cells and the two cell lines expressing CD44S (JH3
and JH8). Cells of the CD44S-transfected JH8 cell line dis-
played evidence of HIV-1 infection earlier than did those of
the other Jurkat cell lines. When assessed at day 16 after
inoculation, CD44S-transfected lines JH3 and JH8 had higher
TCID50s for HIV-1-LAI than did the parent J cells. Also, as
noted above, cells from lines JH3 and JH8 could be infected
with HIV-1-BaL and HIV-1-ADA, while the parent line J
could not be infected with either of these strains.
To determine if anti-CD44 antibodies modified HIV-1 in-

fection of the cells, we cultured cells of lines J, JP3, JH3, JH8,
and JE5 with 35 or 70 mg of purified A3D8 antibody or control
P3 antibody per ml, with and without inoculation with HIV-1-
LAI, HIV-1-BaL, or HIV-1-ADA. The antibodies did not

FIG. 1. Immunoblot analysis of Jurkat cell lines for CD44 expression. Lysates
from Jurkat parent cells (J, lane 5) and cell lines JP3 (lane 4), JH3 (lane 3), JH8
(lane 2), and JE5 (lane 1) were analyzed with antibody 5F12 (A), A1G3 (B),
A3D8 (C), and control antibody P3 (D). Ten micrograms of total cellular protein
was used for each lane.

FIG. 2. RT-PCR analysis of Jurkat cell lines for CD44 mRNA expression.
mRNA was reverse transcribed into DNA and amplified by PCR (see text). The
resultant DNA was electrophoresed and stained with ethidium bromide. Lane 1,
standards; lane 2, reagent only, without primers; lane 3, reagent control with
primers; lane 4, JE5; lane 5, JH8; lane 6, JH3; lane 7, JP3; lane 8, J; lane 9, size
standards. The 470-bp band predicted for the product of CD44S is seen in lanes
5 (JH8) and 6 (JH3), while the 878-bp band predicted for the product of CD44E
is seen in lane 4 (JE5).

FIG. 3. Level of HIV-1 infection in Jurkat cell lines. Cells from the different
Jurkat cell lines were inoculated with HIV-1-LAI, HIV-1-BaL, or HIV-1-ADA.
Supernatant RT activity was measured at day 20 after inoculation.

TABLE 2. Characteristics of HIV-1 infection in Jurkat cell linesa

Cell
line

Day of appearance of
RT activity TCID50/ml

HIV-1-
LAI

HIV-1-
BaL

HIV-1-
ADA

HIV-1-
LAI

HIV-1-
BaL

HIV-1-
ADA

Jurkat 12 —b — 1,600 ,100 ,100
JH3 12 16 16 3,600 ,100 ,100
JH8 8 12 12 29,100 3,200 900

a Cells were inoculated (10 ml of virus stock into 200 ml of total culture
volume), and supernatant samples were measured every 2 days for RT activity.
The TCID50 values were calculated from RT values of day 16 samples. These
values, in general, were maximal for the period of observation.
b—, no RT activity was detected through 32 days of culture after inoculation.
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modify the ability of the virus to cause productive infection of
the cells (data not shown). This is in contrast to our previous
studies with normal mononuclear phagocytes, in which anti-
CD44 antibodies inhibited productive HIV-1 infection (46).
Investigators have noted that murine cells, including those

expressing murine or human CD4, cannot be productively in-
fected with HIV-1 virions. To determine if human CD44S
would enable mouse cells expressing human CD4 to become
infected with lymphocytotropic or monocytotropic strains of
HIV-1, we transfected mouse NIH 3T3 cells with human CD4
alone, human CD44S alone, or a combination of human CD4
and CD44. These cells expressed high levels of human CD4
and human CD44, as determined by studies with anti-CD4 and

anti-CD44 antibodies (Fig. 4). When we inoculated the cells
with HIV-1-LAI, HIV-1-BaL, or HIV-1-ADA, there was no
evidence of supernatant RT activity (for periods of culture of
up to 28 days). Likewise, when supernatants from the various
transfected NIH 3T3 that had been inoculated with the differ-
ent HIV-1 strains were cocultured with cells of the human
T-cell line CEM, we still could not detect any RT activity.
Thus, although human CD44S enhanced the ability of human
Jurkat cells to be infected with lymphocytotropic and monocy-
totropic strains of HIV-1, human CD44S (alone or in combi-
nation with human CD4) could not enable mouse NIH 3T3
cells to be infected with HIV-1.

DISCUSSION

Our prior work has shown that anti-CD44 antibodies can
inhibit productive HIV-1 infection of mononuclear phagocytes
but not lymphocytes (46). In the present work, to study the role
of CD44 isoforms in cellular HIV-1 infection and tropism, we
have used cells of the CD4-positive, CD44-negative human
T-lymphoblast cell line Jurkat. Jurkat cells can be infected with
lymphocytotropic strains of HIV-1 but not with monocyto-
tropic strains (9). We show here that by inducing high-level
membrane expression of isoform CD44S (but not isoform
CD44E) on Jurkat T cells by CD44 gene transfections, we
render Jurkat cells infectable by the monocytotropic strains
HIV-1-BaL and HIV-1-ADA and more infectable by the lym-
phocytotropic strain HIV-1-LAI. The mechanisms underlying
these changes are not fully known.
The human CD44 molecules (previously known as Pgp-1,

HCAM, Hermes antigen, and the lymphocyte homing recep-
tor) are a family of related glycoproteins formed by alternative
RNA splicing (17, 26, 34, 36, 48, 51). Different CD44 isoforms
may mediate various functions, including (i) serving as the
membrane receptor for hyaluronan, (ii) anchoring cells to the
extracellular matrix by binding hyaluronan, fibronectin, or col-
lagen, (iii) binding to the cytoskeletal protein ankyrin, (iv)
mediating leukocyte binding to endothelial cells and leukocyte
aggregation, (v) serving as a leukocyte receptor involved in
lymphocyte comitogenesis and monocyte monokine secretion,
and (vi) determining the metastatic behavior of certain tumor
cells (26). Soluble CD44 has been found in tissue fluids and
plasma (24), and soluble CD44 or CD44 in liposomes can
interfere with the normal function of CD44 in vitro or in vivo
(24, 52, 56). An intact CD44 cytoplasmic domain is critical for
the functional activity of CD44 (33); interaction with protein
kinase C may be important in the cell signaling pathways (3, 4).
Hematopoietic cells such as lymphocytes and monocytes ex-
press predominantly the CD44S isoform, while epithelial cells
express predominantly the CD44E isoform; expression of
CD44 isoforms can be modulated by cytokines and cellular
activation (27, 36).
While CD4 functions as the predominant membrane re-

ceptor for HIV-1, there is evidence that another membrane
component(s) may be required for HIV-1 binding, entry, and
productive infection. Potential cofactors include galactosyl ce-
ramide, LFA-1 (CD11a/CD18), and CD26. In CD4-negative
neural cell lines and colon epithelial cells, galactosyl ceramide
has been noted to bind gp120 and to serve as a ‘‘receptor’’ for
HIV-1 (21, 22). LFA-1 appears to be important for fusion of
HIV-1-infected cells but not for HIV-1 infection of cells per se
(20, 28, 42, 43, 55). Callebaut and coworkers reported that the
T-cell activation antigen CD26 (dipeptidyl peptidase IV) ap-
pears to be a cofactor for entry of HIV into CD41 cells (6, 7),
but others could not confirm this (1, 5, 8, 40, 44).
Our experiments demonstrate that expression of CD44S by

FIG. 4. Flow cytometric analysis of antigen expression by NIH 3T3 cells. (A)
Control NIH 3T3 cells, (B) NIH 3T3-T4 cells (transfected with CD4), (C) NIH
3T3-CD44 cells (transfected with CD44), and (D) NIH 3T3-T4/CD44 cells
(transfected with CD4 and CD44) were analyzed with antibodies against CD4
(SIM.4, solid lines), CD44 (A3D8, dashed lines), and control antibody P3. The
results with P3 are not displayed; they were essentially identical to those of CD4
and CD44 in panel A. y axis, cell number; x axis, intensity of fluorescence.
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Jurkat cells enhances their ability to be infected by monocyto-
tropic strains of HIV-1. The mechanism(s) of this alteration is
not known. Cells transfected with either CD44S or CD44E
transcribed the predicted mRNA, expressed high levels of
membrane CD44S or CD44E, and bound hyaluronan. There
were no changes in cell behavior or expression of other mol-
ecules which might alter HIV-1 infectability—cell growth rates
and cell expression of CD4, MHC class I and II, CD3, CD7,
LFA-1 (CD11a/CD18), and ICAM-I (CD59) were essentially
unchanged. Anti-CD44 antibodies did not modify HIV-1 in-
fection in any of the cell line cells, and we have not been able
to demonstrate any direct binding of CD44 with HIV-1 gp120
(56a). Although this suggests that CD44 is probably not func-
tioning at the cell membrane-virus envelope interaction step,
more work is required to precisely determine the mecha-
nism(s) involved. It is important to note that our earlier work
showed that anti-CD44 antibodies inhibited productive HIV-1
infection of normal mononuclear phagocytes (46); however,
our current studies show that the antibodies do not block
infection of any of the Jurkat cell line cells with either lym-
phocytotropic or monocytotropic strains. This suggests that
different mechanisms of modulation of HIV-1 infection involv-
ing CD44 may be operative in normal mononuclear phagocytes
and in the various CD44-transfected Jurkat cell line cells.
Gallatin and coworkers noted earlier that in macaques in-

fected with simian immunodeficiency virus, there was a selec-
tive depletion of CD4-positive CD44 (heterotypic adhesion
receptor) ‘‘high’’ cells (15). Furthermore, the CD41 CD44hi

cells were much more susceptible to productive simian immu-
nodeficiency virus infection in vitro (15). This suggests that
CD44 could be a determinant of lentivirus infection of cells in
vivo. Guo and Hildreth noted that HIV-1 infection of the
human monocytic cell lines MonoMac and THP-1 caused a
decrease in CD44 expression coincident with an induction of
CD18-dependent homotypic cell aggregation (18). It is possi-
ble that cells expressing CD44S would be more responsive to
signals which would cause ‘‘activation’’ of cells to express cer-
tain proviral mechanisms (e.g., expression of tumor necrosis
factor alpha or beta [45]) or diminish certain antiviral mecha-
nisms (e.g., expression of alpha interferon [14]). Our findings
suggest that cellular CD44 (in addition to cellular CD4 and
viral gp120) may be an important determinant of viral infection
and tropism. Other investigators have noted that cells of the
human myeloid cell lines HL-60, U937, and THP-1 (cells usu-
ally only infectable by lymphocytotropic strains of HIV-1) can
also be rendered susceptible to infection with monocytotropic
strains of HIV-1 after differentiation in vitro (32, 39). It is
possible that this is related to a differentiation-linked induction
of expression of the cellular CD44S isoform.
Recent evidence suggests that CD44 may play a role in the

infection of human cells with poliovirus. Shepley and Ra-
caniello showed that the anti-CD44S monoclonal antibody
AF3 blocked poliovirus binding to and infection of human
HeLa cells, although it did not bind to the poliovirus receptor
per se (50). Furthermore, they demonstrated that anti-CD44
antibodies A3D8 and IM7 also blocked poliovirus binding to
and infection of HeLa cells. However, mouse L-cell transfor-
mants expressing high levels of membrane CD44S could not
bind or be infected with poliovirus, indicating that CD44S
could not solely act as the poliovirus receptor (50). Similarly, in
our experiments, we showed that high-level expression of hu-
man CD44S alone or human CD44S with human CD4 did not
render mouse fibroblasts susceptible to infection with HIV-1.
Human HeLa cells may express both CD44E and CD44S.
HeLa cells transfected with CD4 (presumably then expressing
both CD44S and CD4) can be infected with lymphocytotropic

but not monocytotropic HIV-1 strains (10, 11). However, in
the CD4-positive Jurkat T-cell lines examined here (normally
infectable by lymphocytotropic but not monocytotropic HIV-1
strains), expression of CD44S increases the cells’ infectability
by the lymphocytotropic stain HIV-1-LAI and renders the cells
infectable by the monocytotropic strains HIV-1-BaL and HIV-
1-ADA. These data indicate clearly that in certain cell types
(e.g., mouse fibroblasts and human HeLa cells), expression of
human CD4 and CD44S is not sufficient to allow infection with
monocytotropic strains of HIV-1, while in the human Jurkat
T-cell line, expression of CD44S does modify HIV-1 infection
and tropism. Further study in these systems may add to our
understanding of the role of various CD44 isoforms and other
molecules in HIV-1 infection.
Researchers have noted the critical importance of mononu-

clear phagocytes and monocytotropic strains of HIV-1 in the
transmission of HIV-1—despite the existence of several differ-
ent quasi-species of HIV-1 in infected individuals, monocyto-
tropic (non-syncytium-inducing) strains appear to be preferen-
tially transmitted in vivo to mononuclear phagocytes (58, 59).
The full understanding of the mechanisms by which CD44S
influences HIV-1 infection and tropism for human leukocytes
will aid in our overall understanding of the biology of HIV-1
infection. Furthermore, this work may help in the development
of novel strategies for preventing or controlling HIV-1 infec-
tion.
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