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ABSTRACT In this study, a human CD4* T lymphocyte
line was transduced to secrete Fab fragments of a broadly
neutralizing human monoclonal antibody F105 that reacts with
the CD4-binding site of human immuneodeficiency virus type 1
(HIV-1) envelope protein. In the transduced cells infected with
HIV-1, the nascent Fab fragments bind intracellularly to the
HIV-1 envelope protein and inhibit HIV-1 production. The
secreted Fab fragments are able to neutralize cell-free HIV-1.
In addition, the nascent Fab fragments can inhibit HIV-1
production by binding intracellularly to envelope mutants that
escape neutralization by extracellular F105 antibody. The
combined intra- and extracellular binding activities of the
expressed Fab fragments result in the efficient blocking of
cytopathic syncytium formation and infectious virus produc-
tion. Thus, these antibody-producing T lymphocytes are not
only resistant to HIV-1 infection but also can protect surround-
ing lymphocytes by secreting neutralizing antibodies. This
novel strategy of combining intracellular and extracellular
immunization may be useful for gene therapy of AIDS and
other diseases.

The human immunodeficiency virus type 1 (HIV-1) envelope
protein has been implicated in both the viral cytopathic
effects and the immune disregulation associated with HIV-1
infection (1). The HIV-1 envelope protein is synthesized as a
glycoprotein precursor, gpl60, which is cleaved into mature
gp120/gp41 proteins in the Golgi complex (2). Following
transport to the plasma membrane, gp120/gp41 glycoproteins
are incorporated into virions that infect CD4* cells (3-5). In
addition, gp120/gp41 on the HIV-1-infected cell surface can
interact with the CD4 molecules on uninfected cells to form
syncytia (3-5). Therefore, blockage of HIV-1 envelope pro-
tein transport and surface expression may be an excellent
therapeutic target.

In previous studies, we demonstrated that an anti-gp120
single-chain antibody that is retained in the endoplasmic
reticulum (ER) can block transport of the envelope glyco-
protein and production of HIV-1 virus (6, 7). In this study, an
anti-HIV-1 approach that uses the combined intra- and ex-
tracellular binding activities of a neutralizing antibody was
tested. A human CD4* lymphocyte line was transduced to
stably express the Fab fragments of the human monoclonal
antibody F105, which reacts with the CD4-binding site on the
HIV-1 gp120 and has broadly neutralizing activity (8). These
Fabl05-expressing lymphocytes are immunized against
HIV-1 infection by the intracellular binding activity of the
nascent Fab fragments and also protect surrounding HIV
susceptible cells from virus infection.
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FiGc. 1. Schematic representation of Fabl05 expression vector.

MATERIALS AND METHODS

Construction of Expression Vectors. The Fd or x chain
cDNA fragments were amplified from the F105 hybridoma (8)
by polymerase chain reaction (PCR) and were cloned into an
expression vector pcDNA (pcDNA-Fabl0SH and pcDNA-
Fabl05K, respectively; Fig. 1). To construct a bicistronic
expression vector, the Fd gene and polyadenylylation se-
quences from pcDNA-Fabl05H(D) were amplified by PCR
by using the primers 5'-TTTGAATTCAAGCTTACCATG-
GAACATCTGTGGTTC-3' and 5'-CCGATATCTTAAT-
TAAGGCGCGCCGCGTTGATACCATGGCGGG-3' (9). To
amplify the cytomegalovirus (CMV) promoter and « chain
gene sequences from pcDNA-Fab105K(D), the primers 5'-
TTTGATATCTTAATTAAGGCGCGCCCTTCGCGATG-
TACGGGCCAG-3' and 5'-TATTTTCTAGATTAACAC-
TCTCCCCTGTTGAA-3' were used. The PCR reactions
were performed as described (10). The Fd-poly(A) DNA
fragment and CMV promoter—« chain DNA fragment were
cloned into pRc/CMV vector (Invitrogen). The resulting
construct (pPCMV-Fab105) was confirmed by DNA sequenc-
ing.

Establishment of Continuous Cell Lines and Detection of
Protein Expression. To establish continuous lymphocyte
lines, 1 X 10° SupT-1 cells were transfected by using lipo-
fectin (BRL) and were selected in RPMI 1640 medium

Abbreviations: HIV-1, human immunodeficiency virus type 1; ER,
endoplasmic reticulum; CMV, cytomegalovirus; TCIDsy, tissue cul-
ture 50% infective dose; CAT, chloramphenicol acetyltransferase.
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F1G.2. (Top) Immunofluorescent staining of COS-Fab105 cells. COS-Fab105 or COS-vector cells grown on coverslips were fixed and stained
with rabbit anti-human « or heavy chain (a gift from G. Silverman, Univ. of California, San Diego) antibody followed by fluorescein
isothiocyanate-labeled anti-rabbit IgG; COS-Fab105 stained with anti-« (A) or anti-heavy (B) chain antibody and COS-vector stained with anti-«
chain (C). (xX1800.) (Middle Left) Coprecipitation of the envelope protein with Fabl05 fragments. COS-Fab105 and COS-vector cells were
transfected with 5 ug of pSVIIlenv, respectively, and then radiolabeled 60 hr after transfection for 30 min. The cell lysates were precipitated
with sheep anti-gp120 (from the AIDS Research and Reference Reagent Program) or anti-human « chain, and the precipitates were analyzed
by SDS/PAGE under reducing conditions. Lanes: 1, COS-vector transfected with pSVIIlenv and precipitated with anti-gp120; 2, COS-Fab105
mock-transfected and precipitated with anti-« chain; 3 and 4, COS-Fab105 transfected with pSVIIlenv and precipitated with anti-gp120 (lane
3) or anti-« chain (lane 4); 5, COS-vector mock-transfected and precipitated with anti-gp120 and « chain. (Middle Right) Processing of the HIV-1
envelope proteins in COS-Fab105. COS-Fab105 and COS-vector cells were transfected with 5 ug of pSVIllenv DNA and then pulse-labeled
for 30 min and chased for the indicated times 60 hr after transfection. The cell lysates were then precipitated with sheep anti-gp120 and analyzed
by SDS/PAGE under reducing conditions. Lanes: A, 0-min chase; B, 30-min chase; C, 2-hr chase; D, 4-hr chase; and E, 6-hr chase. (Botrom)
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supplemented with 10% (vol/vol) fetal calf serum and G418
at 1 mg/ml on 24-well plates. The G418-resistant cells were
selected and subcloned by limited dilutions. The transformed
COS-1 cell lines were established after DNA transfection and
G418 selection. Radiolabeling, immunoprecipitation, SDS/
PAGE, and indirect immunofluorescent staining were per-
formed as described (6).

Detection of Virus Infection. Viral particles in culture
medium were measured by using a radioimmunoassay kit for
the HIV-1 p24 Gag antigen (DuPont) according to the man-
ufacturer’s instructions. To determine virus infectivity (tis-
sue culture 50% infective dose; TCIDs) in the medium, the
supernatants were titrated on H9 cells as described by
Johnson and Byington (11). A transcomplementation assay
was performed as described by Helseth ez al. (12).

Detection of Binding Activity of Expressed Fab105. Mi-
croplates (Dynatech, Chantilly, VA) were coated with re-
combinant gp120 of the HIV-1jg strain (American Biotech-
nology, Cambridge, MA) at 100 ng per well. SupT-Fab105
and SupT-vector culture media were added to wells, and the
bound antibodies were detected by anti-human IgG (Fab-
specific) alkaline phosphatase-labeled conjugate (Sigma), fol-
lowed by the reaction with the substrate pNPP (Bio-Rad).
Competitive inhibition of biotinylated F105 IgG binding to
gp120-coated plates was measured by adding serial dilutions
of SupT-Fabl05 medium or monoclonal anti-gp120 V3 loop
antibody (American Biotechnology).

RESULTS

Construction and Expression of Fab Fragments of Antibody
F105. A bicistronic F105 expression vector (pCMV-Fab105),
which contains both the F105 Fd and « chain genes under the
control of independent CMV promoters was made (Fig. 1).
Subsequently, transformed COS-1 cells (COS-Fab105) were
generated with G418 selection. Two protein bands of approx-
imately 28 (x chain) and 30 (Fd) kDa were detected in the
lysates and culture medium of COS-Fab105, while no corre-
sponding bands were detected in COS-vector control cells
after radiolabeling and immunoprecipitation against human
IgG. Immunofluorescent staining with either anti-heavy or
anti-«x chain antibody was observed predominantly in the
cytoplasmic vesicles of the ER and Golgi complex, a pattern
typical of secretory proteins (Fig. 2 Top).

Intracellular and Extracellular Binding Activity of Ex-
pressed Fab105 Fragments. To test whether the expressed
Fab105 fragments are able to bind gp160 within cells, COS-
Fabl05 and COS-vector cells were transfected with the
plasmid pSVIIlenv DNA, which expresses the envelope
protein of HIV-1js (12). The transfected cells were radio-
labeled and immunoprecipitated with either anti-gp120 or
anti-« chain antibody. Both the Fabl05 and gp160 were
detected on the gel when the cell lysate was precipitated with
anti-gp120 or anti-x chain antibody (Fig. 2 Middle Left). To
examine the maturation of gp120 in COS-Fab105 cells, COS-
Fab105 and COS-vector cells were transfected with pSVII-
Ienv, pulse-labeled, and chased for.various times. In the
COS-vector cells, the envelope protein was gradually pro-
cessed from gp160 to gp120 during a 6-hr chase, while in the
COS-Fabl10s cells, an almost undetectable amount of gp120
was observed on the gel during the same chase period (Fig.
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2 Middle Right). Thus, the nascent Fab105 fragments bind
intracellularly to gp160 and interfere with its maturation.

We further examined whether the expressed Fab105 frag-
ments can intracellularly interfere with the function of enve-
lope mutants that escape neutralization by extracellular F105
antibody. A transcomplementation assay (13) was performed
by using a panel of envelope mutants that escape neutraliza-
tion from extracellular F105 antibody. The COS-Fab105 and
COS-vector cells were cotransfected with env-defective
HIV-1 provirus carrying the bacterial chloramphenicol ace-
tyltransferase (CAT) gene and DNA encoding the wild-type
or mutant envelope protein (13). The culture medium con-
taining released viruses with the capacity for a single round
of infectivity was used to infect target Jurkat lymphocytes.
All of the mutants were inhibited, and four of seven mutants
examined showed >85% reduction in the release of infectious
viruses from the transfected COS-Fabl05 cells compared
with viruses released from the transfected COS-vector cells
(Fig. 2 Bottom). Thus, the viruses that contain envelope
mutants that escape extracellular neutralization can still be
intracellularly inhibited by the nascent Fab fragments.

Generation and Analyses of Human CD4* T Lymphocytes
Expressing Fab105 Fragments. The human CD4+-SupT1 lym-
phocyte lines transformed with the pCMV-Fab105 construct
(SupT-Fabl05) or vector (SupT-vector) were established by
using G418 selection. The surface phenotype of the trans-
formed SupT-Fabl05 cells was examined by fluorescence-
activated cell sorting. There was no apparent difference in
fluorescence intensity between SupT-vector and SupT-
Fabl105 cells for the surface markers of CD3, CD4, CD5,
CD7, CD8, and B,-microglobulin. Microscopic examination
revealed no morphologic difference between the SupT-vector
and SupT-Fab105 cells. In both of the cell lines, there was
>10-fold increase in [*H]thymidine incorporation after incu-
bation with phytohemagglutinin (0.8 ug/ml) and [*H]thymi-
dine for 6 hr.

A high level of expression of both the Fd and « chains was
detected from the lysates and medium of SupT-Fab105 cells
(Fig. 3 Top). Either the anti-« or anti-heavy chain (data not
shown) antibody coprecipitated both the Fd and « chains.
When the samples were analyzed under nonreducing condi-
tions, a predominantly higher molecular weight band ap-
peared on the gel (Fig. 3 Top), which corresponds to a
disulfide-linked Fab fragment.

Binding and Neutralization Activity of Expressed Fab105S
from SupT-Fab105 Cells. The binding activity of secreted
Fab105 fragments from SupT-Fab105 cells corresponding to
approximately 0.5 ug per 24 hr per 10° cells was detected,
while no binding activity was detected in the medium of
SupT-vector cells by ELISA. The binding specificity was
further confirmed by a competitive inhibition ELISA in
which a dose-dependent inhibition of biotinylated-F105 IgG
binding was observed in the wells incubated with SupT-
Fab105 medium (Fig. 3 Middle). To examine the neutralizing
activity of the expressed Fabl05, the medium from SupT-
Fab10S or SupT-vector cells (72 hr incubation at about 1 X
106 cells per ml) was incubated with a HIV-1jyg virus, and the
virus infectivity in the mixtures was determined. After incu-
bation with the SupT-Fabl105 medium (1:1 ratio), virus in-
fectivity was decreased 87%, while no inhibition was ob-
served after incubation with the SupT-vector medium (Fig. 3
Bottom).

Inhibitory effects of expressed Fabl105 fragments on escaping gp120 mutants. Recombinant env-defective viruses containing the wild-type or
mutant envelope proteins and carrying the bacterial CAT gene were produced in COS-Fab105 or COS-vector cells (13). The virions in the culture
media were incubated with Jurkat lymphocytes. The percentage of the CAT activity observed in the Jurkat cells for each mutant from
COS-Fab105 cells relative to the CAT activity observed from COS-vector cells is shown. These experiments were performed in duplicate. The
mutant envelope proteins used are listed as follows with amino acids in single-letter code: 257T/G, 257T/R, 368D/T, 368D/N, 370E/D, 421K/L,

475M/S, and wild-type (WT) envelope protein control (13).



Medical Sciences: Chen et al.

Fab
105  Vector Fab
CMCM 0 it
208 — 208 —
100 —
100 — 71 — & « Fab
7= 43 —
43 — o9 —
£ </ Fd
29— . -\ K 18 —
18 =
75
—— SupT-Fab105
—&— Anti-V3
? 50
c
S
i)
€
= 25
0 1 1 .—_
0 0.125 0.25 0.5 1
Antibody Concentration (ug/ml)
100
—e— SupT-Fab105
—&— SupT-Vector
75
3
s
= 50 »
2
L
£
25
- -
0()_F 10 20 100
Dilutions

Fic. 3. (Top) Fabl0S expression in the transduced SupT-Fab105
lymphocytes. SupT-Fab105 cells were pulse-labeled with [35S]cysteine
for 30 min and chased for 4 hr. The cell lysates (C) and media (M) were
immunoprecipitated with anti-human « chain antibody and analyzed by
SDS/PAGE under reducing conditions (Top Left). Media were also
analyzed under nonreducing conditions (Top Right). Sizes are shown in
kDa. (Middle) Competitive inhibition of expressed Fabl0S5 with parental
F105 antibody. Microplates coated with gp120 were incubated with
biotinylated F105 IgG (100 ng/ml) containing serial dilutions of either
anti-V3 loop antibodies in the RPMI 1640 medium or culture medium
from SupT-Fabl05 cells overnight at 4°C. Bound antibodies were
detected by the addition of alkaline phosphatase-labeled avidin (Vector
Laboratories) and reaction with substrate pNPP (Bio-Rad). Data rep-
resent mean of duplicate determinations. (Botfom) Neutralizing activity
of Fab105. Serial dilutions of the culture medium from the SupT-Fab105
or SupT-vector cells (72 hr incubation of about 1 x 105 cells per ml) were
incubated with HIV-1jyp virus (10,000 cpm reverse transcriptase ac-
tivity) for 1 hr at 37°C, and the mixtures were subject to virus titration
on H9 cells. Percentages of reduction of virus infectivity from duplicate
determinations are shown.

Marked Reduction of Virus Production from SupT-Fab105
Cells. To examine the infectability of SupT-Fab105 cells, the
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transcomplementation assay was used (12). Comparable
amounts of CAT activity were observed from the SupT-
Fab105 and SupT-vector cells infected with the supernatants
containing single-round infectivity viruses, indicating that the
SupT-Fabl05 cells are susceptible to HIV-1 infection (Fig. 4
Upper Lef?).

Next, the cells were washed with fresh medium to remove
the secreted Fabl05 and infected with the HIV-1yp virus.
After 4 days of incubation, the infectious HIV-1 in the culture
medium was titrated. As shown in Fig. 4 Upper Right, 4.6 X
103 TCIDs, infectious viruses were detected in the medium of
the infected SupT-vector cells, while a significantly lower
level of infectious viruses (7 TCIDsg) was detected in the
medium of the infected SupT-Fabl05 cells, indicating a
significant reduction (>99.9%) of infectious virus production
from SupT-Fab105 cells.

Since the neutralizing activity of the secreted Fabl05
fragments could have contributed to the reduction of infec-
tious viruses, the 4-day culture medium from uninfected
SupT-Fabl05 cells was mixed 1:1 (vol/vol) with the medium
from the HIV-1-infected SupT-vector cells and was titrated
after 2 hr. A virus titer of 1 x 103 TCIDs, (Fig. 4 Upper Right,
bar C) was observed, which represents only a 78% reduction
of virus infectivity. Since virus production from SupT-
Fab105 cells showed >99.9% of reduction compared with
that from SupT-vector cells, it is evident that the reduction of
infectious HIV-1 viruses in the medium of SupT-Fab105 cells
is largely due to the release of less infectious virus from the
infected SupT-Fab10S cells.

Block of HIV-1yp Virus Infection in SupT-Fabl105 Cell
Cultures. To examine HIV-1 infection in SupT-Fabl0S cul-
tures, SupT-Fabl05 and SupT-vector cells in parallel were
washed with fresh culture medium and then infected with the
HIV-1jp virus. Large numbers of syncytia were observed in
the SupT-vector cells, reaching a peak at days 9-12, then
gradually decreasing, and disappearing after day 18 (Fig. 4
Lower). Correspondingly, a significant increase of p24 levels
was observed in infected SupT-vector cell cultures and were
maintained at a significant level throughout the 43-day period
(Fig. 4 Lower). In contrast, only small numbers of syncytia
were observed in the SupT-Fabl05 culture 12-15 days after
infection. Furthermore, only a transient, low level of p24 was
observed in the medium of infected SupT-Fabl05. After 27
days of infection, p24 levels in the medium returned to a
background level (Fig. 4 Lower). Thus, the spread of HIV-11
virus infection was blocked in the SupT-Fab105 cell culture.

DISCUSSION

Several approaches using intracellular immunization (14) to
inhibit HIV-1 infection have been described (15-20). How-
ever, the strategy proposed here has the unique advantage of
combined intra- and extracellular immunization. The intracel-
lular Fab105 fragments can bind to gp160 or gp120 throughout
the secretory pathway rather than only in the ER as described
(6, 7). This may prolong the interaction between antibodies
and envelope proteins, thus allowing antibody binding to any
gp120 that has been transported beyond the ER. The Fab105
fragments were shown to maintain intracellularly inhibitory
activity to the mutants that escape from the neutralization of
extracellular F105, probably because of the high concentration
of antibodies in the secretary vesicles (21).

Recent studies demonstrate that human lymphoid organs
are the major sites of HIV-1 infection in HIV-1-infected
patients (20, 22). In a gene therapy application, the trans-
duced Fab-producing T lymphocytes may repopulate in vivo
the T-cell dependent areas in lymphoid tissues, and, subse-
quently, the local concentration of secreted antibodies may
reach a high enough level to block virus infectivity and
cytopathic effects. The Fab fragments may also have an
advantage over the whole antibodies by excluding the Fc-
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Fi1G. 4. (Upper Left) Transcomplementation assay of SupT-
Fab105 and SupT-vector cells. Lanes: A and B, SupT-vector (lane A)
or SupT-Fab105 (lane B) cells infected with the culture medium from
the cells cotransfected with 10 ug of pHXBAenvCAT and 10 ug of
pSVIlIenv plasmid; C and D, SupT-vector (lane C) or SupT-Fab105
(lane D) cells infected with the medium from the cells only transfected
with 10 ug of pHXBAenvCAT plasmid. (Upper Right) Reduction of
virus production from SupT-Fabl05 cells. SupT-Fabl05 or SupT-
vector (1 X 106 cells) were infected with HIV-1ygg virus (10,000 cpm
reverse transcriptase activity), and the media from the virus-infected
cell culture 4 days after infection were harvested and then titrated on
H9 cells. The virus titer from the mock-infected SupT-vector cells was
undetectable. Bars: A, SupT-vector cells infected with HIV-1ys
virus; B, SupT-Fabl05 cells infected with HIV-1pp virus; C, medium
from the uninfected SupT-Fabl05 culture incubated with the medium
from the infected SupT-vector [1:1 (vol/vol) ratio] for 2 hr. Viruses in
the mixture were then titrated on H9 cells. (Lower) Virus production
and syncytium formation in SupT-Fab105 cell culture. SupT-Fab105
or SupT-vector cells (1 X 105) were washed with RPMI 1640 medium,
infected with HIV-1jg virus (10,000 cpm reverse transcriptase ac-
tivity) overnight, and then replaced with RPMI 1640 medium supple-
mented with 10% (vol/vol) fetal calf serum. The syncytium formation
in the cell culture was scored (6). Half of the cell culture was harvested
to examine p24 level in the medium with radioimmunoassay kits from
DuPont, and fresh culture medium was added to the other half of
culture every 3 or 4 days.
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mediated enhancement of HIV-1 infection (23). Furthermore,
since the interaction of gp120-CD4 either on the cell surface
or intracellularly is crucial not only for virus infection but also
for many of the postulated mechanisms of CD4*-depletion
and functional abnormalities (1), such as syncytium forma-
tion, induction of apoptosis or single-cell lysis, disruption of
CD4-mediated cell signaling, and inappropriate immune re-
actions, this gene therapy approach of combining extra- and
intracellular immunization may provide a therapeutic benefit
for HIV-1-infected patients by several different mechanisms.
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