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Repressive Effect of the nef cDNA of Human Immunodeficiency Virus Type 1 on the

Promoter Activity of the Viral Long Terminal Repeat
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The nef gene product of human immunodeficiency virus type 1 (HIV-1) has been implicated as a
negative factor for viral replication and is suspected to play an important role in the maintenance of
viral latency. However, there seems to be evidence both for and against the negative effect of nef gene
product. In the present report, we reevaluated the function of the nef gene by means of transient CAT
assays with two human T cell lines. In most of the experiments, carefully controlled triplicate studies
were carried out. We observed that not only the nef-expression plasmid, but also an effector plasmid
containing the nef cDNA sequence in a reverse orientation, not expressing the Nef protein, showed a
similar extent of repression of the HIV-1 promoter activity. We also examined the repressive effect
of the nef cDNA with deletion mutants of HIV-1 long terminal repeat and heterologous promoters.
The results led us to conclude that the apparent “repressor”-like action of the nef cDNA itself could
be explained by competition for certain transcription factors required for HIV-1 gene expression by

identical sequences also present in the nef cDNA.
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Human immunodeficiency virus (HIV) is a causative
agent of the acquired immunodeficiency syndrome
{AIDS). However, a long latency period, usually five to
ten years, exists prior to the clinical development of
AIDS.” During the latency period between the viral
infection and onset of the disease, both viral and host
factors have been considered to be involved in maintain-
ing the latency by counteracting the various extracellular
stimuli such as antigenic stimulation, cytokines and in-
fection of other viruses.

Among the viral regulatory proteins, HIV-1-encoded
negative factor gene (nef)*” product (Nef) has been
suspected to play an important role in maintaining the
viral latency by repressing the viral gene expression. Nef
is a 27 kDa protein consisting of 206 amino acids,
myristilated at its N-terminus, and it has been shown to
be located inside the cytoplasmic membrane.” Because of
its biochemical ability to bind and hydrolyze GTP and
the presence of localized amino acid sequence homol-
ogies with some cellular signal-transducing molecules
such as c-src and c-Ha-ras gene products,™® Nef protein
has been suspected to be involved in one of the cellular
signal transduction pathways.

It has been reported that the HIV-1 clone lacking the
nef open reading frame exhibits higher efficiency of viral
replication in T cell cultures™ and that the nefexpress-
ing plasmid when co-transfected with CAT gene expres-

Abbreviations: HIV-1, human immunodeficiency virus type 1;
AIDS, acquired immunodeficiency syndrome; CAT, chloram-
phenicol acetyl-transferase; LTR, long terminal repeat; CMYV,
cytomegalovirus.
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sion plasmid directed by HIV-1 long terminal repeat
(LTR) causes marked repression of HIV-1 gene expres-
ston in transient CAT assay.'®!" However, the possible
action of Nef as a specific repressor of the HIV-1 gene
expression is still controversial.”™'> Using a similar strat-
egy to that employed in the previous report, Kim et al
examined the effect of nefgene disruption and found that
the presence or absence of its open reading frame did not
have any significant difference on the viral replication
efficiency in cell culture.'”” Hammes et al. presented
evidence against the possible role of Nef as a tran-
scriptional repressor, using transient CAT assay.'> They
claimed that the apparent “repressor”-like activity of the
nef gene could be explained by competition for transcrip-
tion factors interacting with the cis-regulatory elements
within the viral 5" LTR by identical sequences within the
cDNA of the nef gene.

In the present study, we undertook to determine the
effect of the cDNA itself on the IIIV-1 gene expression
by creating various constructs and examining their ac-
tivities with the transient CAT assay.

MATERIALS AND METHODS

Cell lines The human T lymphocyte cell lines, Jurkat and
MOLT-4, were grown in RPMI1640 medium containing
10% fetal bovine serum, 2 mM glutamine, and 67 gg/ml
kanamycin. COS-1 cells, a simian kidney-derived fibro-
blast-like cell line transformed by SV40, were grown in
modified D-MEM medium containing 10% fetal bovine
serum, 2 mM glutamine, and 67 zg/ml kanamycin. These



cell lines were maintained carefully to keep the cell
viability greater than 93%.

Plasmids Construction of CD12, a plasmid expressing
CAT gene under the control of HIV-1 LTR, and its
deletion mutants (Fig. 1A) has been described else-
where.'® ' Other plasmids expressing CAT gene under
the control of immediate early promoter of human
cytomegalovirus (CMV CAT)™ or promoter from
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chicken B-actin gene (B-actin CAT) were utilized.'”
These CAT-expressing plasmids are called the “reporter
gene” in this manuscript.

For expression of HIV-1 regulatory proteins, Nef and
Tat, pCV3nef and pCVltat were used, respectively.®?”
The Tat is a virus-specific trans-activator and pCVitat
was utilized in the present transfection experiments to
augment the level of the HIV-1 gene expression. These
constructs were kindly provided by Drs. Suresh K. Arya
and Flossie Wong-Staal, National Institutes of Health,
USA. pCV3inefR was created by inserting the cDNA
segment containing the nef gene into the original
enkaryotic expression vector, pCV0, at its Pst 1 site in
an anti-sense orientation. Similarly, pTZ18U-nef was
created by inserting the nef cDNA into the Pst I site of a
plasmid pTZ18U (purchased from United States Bic-
chemical Corporation, Ohio). These plasmids are collec-
tively called the “effector gene.” The structures of these
constructs are diagrammatically shown in Fig. 1B.
Transfection and CAT enzyme assay Cells were trans-
fected with plasmid by the electroporation procedure
or by the calcium phosphate precipitation method. A
commercially available pulse generator, Gene Pulser
(BioRad, Calif.) was utilized for electroporation. The
cells were taken from a logarithmically growing culture
and resuspended at a density of 1X 10’ cells/ml in
RPMI11640 medium containing 1% fetal bovine serum.
Plasmid DNA, 8 to 25 pg, was added to 200 g of the cell
suspension (containing 2 X 10° cells) and these cells were
kept on ice for 10 min. This cell- DNA mixture was then
transferred to a Gene Pulser cuveite (purchased from
BioRad) and subjected to a single pulse of 960 uF at 200
V (with an electric field of 500 V/cm). After electropora-
tion, cells were incubated on ice for 10 min, transferred
to a tissue culture dish containing 4 ml of the complete
RPMI1640 medium, and incubated in 5% CO, and
100% humidity at 37°C for 48 h. Cells were then
harvested, and cell extracts were prepared for CAT
enzyme assay. Enzyme activity was assayed as described

Fig. 1. Constructions of plasmids. A, cis-Regulatory elements
of the HIV-1 LTR. CD12 is a reporter gene expressing CAT
gene under the control of HIV-1 LTR. CD16, CD52, and ABH
are deletion mutants originated from the CD12 clone. The
details of plasmid construction have been described previ-
ously.'* ' NRE, negative regulatory element; USF, upstream
stimulatory factor-binding site; TAR, frans-acting responsive
element. B, Schematic representation of the effector genes.
pCV0 is an eukaryotic expression vector using adenovirus
major late promoter and SV40 enhancer. pCV3nef is a deriv-
ative of pCVQ and expresses Nef protein of HIV-1 (from the
HTLV-IIIB strain). pCV3nefR is constructed from pCV3nef
containing the nef cDNA in a reversed orientation, pTZ18U-
nef was constructed from pTZ18U by inserting the nef cDNA
at the Pst I site,
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previously with a fixed protein amount of the cell
lysate.” Protein concentration of each lysate was deter-
mined in triplicate using Bradford’s method (Protein
assay; BioRad). CAT activities were quantitated by den-
sitometric scanning of autoradiograms using a chromato-
scanner CS9000° (Shimadzu, Kyoto). For standardiza-
tion of the experiments, we performed these transfection
experiments mostly in triplicate or at least in duplicate.
The intra-assay variation of CAT enzyme activity,” as
expressed by the percent conversion of “C-chloram-
phenicol into its acetylated forms, estimated from the
triplicate study was within the range of 3 to 10%.

Immunoblotting COS-1 cells, seeded at 5 10° cells/10
cm plate the day before, were transfected with 20 ug of
pCV0, pCV3nefR, or pCV3nef by the calcium phosphate
precipitation method.” After 48 h, the cells were
harvested, lysed in SDS gel sample buffer, and heated for
10 min at 100°C. The celi lysates were sonicated and
a fixed amount of protein was applied to a 159 SDS-
polyacrylamide gel. After electrophoresis, proteins were
electroblotted onto a polyvinylidene diftuoride membrane
{Immobilon PVDF; Millipore, Calif.). The membrane
was soaked in 5% skim milk, exposed to anti-Nef mouse
monoclonal  antibody (American  BioTechnologies,
Mass.) and reacted with biotinylated horse anti-mouse
IeG antibody, avidin DH, and biotinylated horseradish
peroxidase (VECTASTAIN ABC kit; Vector, Mass.).

A

%Conversion 47.9+22254+21204+24158+16 11.8+2.1

Antibody binding was detected by developing with N-
3,3’-diaminobenzidine and hydrogen peroxide.

RESULTS

Repression of HIV-1 gene expression by the plasmids
containing the nef cDNA The reporter plasmid, HI'V-1
LTR CAT (CDI12), was transfected into Jurkat cells
with the Nef-expressing plasmid, pCV3nef, as well as the
Tat-expressing plasmid, pCV1tat. The pCV1tat was co-
transfected, because of the relatively low efficiency of
transfection with a suspension cell culture, to augment
the level of the HIV-1 gene expression throughout the
experiments. Fig. 2A illustrates a typical result of CAT
enzyme assay with the lysate from the plasmid-
transfected cells. In the experiments the amount of total
plasmid DNA was adjusted by addition of the vector
plasmid, pCVQ. Approximately 2<10° Jurkat cells were
transfected with 1.4 ug of CD12, 1.4 ug of pCV1tat, and
the effector plamids at the indicated ratio (gene dose) to
the reporter gene. As shown in Fig. 2B, co-transfection
of pCV3nef led to repression of CAT gene expression
from the HIV-1 LTR in a dose-dependent manner. How-
ever, pCV3nefR, containing the nef cDNA. in a reversed
orientation, also showed a similar extent of repression.
This observation was not resiricied to this cell line.
Another human T cell line, MOLT-4, was transfected

100

3-Ac-Ch= m YTy

S-Ac-CM= & % . . o . Lo

B ome em e W

hoo W

“-990009000000090

[ I 1 1L 1L 1 |; I
pCV3nef 0 0 ax 0 16X
pCV3nefR 0 ax 0 16X 0
pCVe 16X 12X 12X 0 0

80 J

60 |

40 |

20

Relative Promoter Activity (%)

+] ax
Relative Gene Dose

T
16x

Fig. 2. Repression of the HIV-1 gene expression by the nefconstructs, A, Autoradiogram of CAT enzyme assay. Approximately
2% 10° Jurkat cells were transfected by electroporation with 1.4 ug of CD12, 1.4 ug of pCV1tat, and the effector genes at the gene
dose ratio to the reporter gene as indicated. The amount of total plasmid DNA content for each transfection was adjusted by
supplementing with pCV0. The CAT enzyme activities were quantitated by densitometric scanning of the autoradiogram and
indicated by the percent conversion of the substrate, *C-chloramphenicol, to its acetylated forms. Experiments were performed in
triplicate, and the average and the standard error of the CAT enzyme activities are indicated at the top of the autoradiogram. B,
Diagrammatic representation of the data in Fig. 2A. The relative promoter activities of the HIV-1 LTR were plotted with regard
to the gene dose of the co-transfected effector genes. (®), pCVinef; (©), pCV3nefR.
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with the same combination of plasmids as in Fig. 2. The
results of triplicate experiments also revealed that co-
transfection of pCV3nefR demonstrated as much repres-
sive effect on HIV-1 as pCV3nef (data not shown).

Confirmation of the plasmid containing the nef cDNA
withont expressing Nef protein Since pCV3nefR also
showed the repressive effect on the promoter of HIV-1
LTR, we tried to determine whether this repression of
HIV-1 gene expression was caused by the Nef protein
improperly produced in the cells transfected with
pCV3nefR. We first examined the Jurkat cells transfected
with the effector plasmids by immunoblotting, but we
could not detect production of the Nef protein in the cells
transfected with either pCV3nef or pCV3nefR. We then
utilized COS-1 cells in which a Nef-expressing plasmid
had been previously shown to produce the Nef protein

pTZ18U

pTZ18U-net

pCVo0

Fig. 3. Confirmation of the plasmid containing the nef cDNA
without expression of Nef protein. COS-1 cells were transfected
with pCV0, pCV3nefR, or pCV3inef by the calcium phosphate
precipitation method. Forty-eight hours after transfection, cells
were harvested, sonicated and the cell lysates were prepared.
The proteins were separated by SDS-polyacrylamide gel elec-
trophoresis and electroblotted onto a polyvinylidene difluoride
membrane. The membrane was probed with the anti-Nef mouse
monoclonal antibody. Arrows on the left indicate the positions
of protein molecular weight markers.
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Fig. 4. Effect of the nefcDNA as a competitor for HIV-1 LTR. A, Comparison of the extents of repression of
the HIV-1 LTR activity by pTZ18U-nef, pCVO0, or pTZ18U. These plasmids were co-transfected into Jurkat cells
at a 16:1 ratio to HIV-1 LTR CAT with pTZ18U as a control. B, Comparison of the extents of repression of the
HIV-1 LTR activity by pCV3nef or pCV3nefR when pCV0 was used as a control. Data were taken from the
results in Fig. 2. The values of the percent repression were obtained by subtracting the relative promoter activity
(see the legend to Fig. 2) from 100 (%).
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because of the higher transfection efficiency.” A protein
band of approximately 27 kDa, identified specifically in the
cells transfected with pCV3nef, was not detected in cells
transfected with pCV3nefR by immunoblotting (Fig. 3).
These results led us to conclude that the repression
observed in Fig. 2 was caused by the nef cDNA itself,
Competition with the HIV-1 LTR for transcription
factors by the nef cDNA We next addressed the question
of whether the nef cDNA could act as a competitor for
factors participating in the transcriptional regulation of
HIV-1 LTR since the genetic location of the nef gene
largely overlaps the U3 region of the 3° LTR. Fig. 4A
shows a comparison of the extents of HIV-1 repression
by the pTZ18U-nef (containing only the nefcDNA) and
pCV0 (containing a strong eukaryotic promoter taken
from adenovirus major late promoter supplemented with
SV40 enhancer). It should be noted that these two
plasmids exhibited some repressive activity on the HIV-1
gene expression when pTZ18U was used as a control.
Either pCVO0 alone or the nef cDNA alone possessed
HIV-1-repressing activity without producing any protein.
Fig. 4B shows the extents of HIV-1 repression by
pCVinef (in a sense orientation) or pCV3nefR (in an
anti-sense orientation) when pCVQ was used as a con-
trol. The extent of repression by pCV3nefR (67.0%) or
pCV3nef (75.4%) in Fig. 4B is much greater than that
by pTZ18U-nef (34.0%) in Fig. 4A.

In the experiment illustrated in Fig. 5, in order to
examine if the amount of the transcription factors in-
volved in the competition by the nef cDNA was much
smaller than the amount of the competitor, the amount
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of the reporter gene was reduced from 1.4 g to 0.5 (Fig.
5B) or 0.1 ug (Fig. 5A) leaving the effector-to-reporter
ratio (gene dose) unchanged. Since there was no sig-
nificant difference in repression by plasmid containing the
nef cDNA between Fig. 5A and Fig. 5B, we concluded
that the amount of the transcription factors involved in
the competition by the nef cDNA might be so limited
that the repression was still observable even at the de-
creased (one-fourteenth) amount of the nef constructs.
We could not further reduce the gene dose of the reporter
gene below 0.1 g because of the limitation of sensitivity
of this assay system.

Effect of deleting the cis-regulatory elements within the
HIV-1 LTR Since promoter activities are controlled by
the cis-regulatory elements located usually upstream and
sometimes downstream of the transcription initiation site
(denoted as “+ 17 in Fig. 1A), we next looked at the
effect of deleting these cis-elements in the HIV-1 L'TR.
As shown in Fig. 6, repression of gene expression by
co-transfection with pCV3nef or pCV3nefR was signifi-
cantly diminished by deleting the upsiream sequence
from nucleotide position —176 containing the NRE
(negative regulatory element). The repression, though to
a lesser extent, was still observable even when the further
downstream sequences, such as NF-«B binding sites, GC
boxes, and TAR (trans-acting responsive element), were
deleted.

Studies with heterologous promoters Similarly, CAT-
expressing plasmids under the control of immediate early
promoter of human cytomegalovirus (CMV CAT) or
chicken S-actin promoter (5-actin CAT) were repressed
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Effect of decreased gene dose of the reporter and the effector genes on the repression. The amount of the

reporter gene, pCD12, was reduced to 0.1 (A) or 0.5 (B) ug, leaving the effector-to-reporter ratio unchanged.
Jurkat cells were used as in Fig. 2. The amount of total plasmid DNA content was adjusted by addition of
PTZ18U. The graph was plotted as in Fig. 2B. (®), pCV3nef} (O), pCV3nefR.
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Fig. 6. Effect of deletion of the cis-regulatory elements within
the HIV-1 LTR on the responsiveness to the repression by the
nef constructs. The location of the cis-elements in HIV-1 LTR
and the extents of deletion are shown in Fig. 1A.
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Fig. 7. Effect of co-transfection of the nef constructs on gene
expression from the heterologous promoters, The CAT-express-
ing plasmids under the control of cytomegalovirus immediate
early promoter (CMV CAT) or chicken S-actin promoter
(B-actin CAT) were co-transfected with pCV0, pCV3nef or
pCV3nefR inte Jurkat cells. The ratio of the effector to the
reporter gene dose was 16:1.
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by pCV3nef or pCV3nefR. Fig. 7 shows a typical exam-
ple of the results obtained when the plasmids were co-
transfected at a reporter:effector ratio of 1;16. The ex-
tents of suppression by pCV3nef or pCV3nefR were
almost identical for both reporter plasmids. However, the
CMYV promoter was repressed more strongly than S-actin
promoter.

DISCUSSION

We observed a significant level of repressive action of
the nef cDNA sequence on the HIV-1 promoter without
expression of the Nef protein. To investigate the mecha-
nism of this repressive effect of the nef cDNA, we
performed transient CAT assay using various effector
plasmids as well as LTR deletion mutants of HIV-1 and
heterologous promoters including CMV and chicken S8-
actin promoters.

The repressive action of the nef cDNA sequence alone
could be explained by the competition for transcription
factors required for gene expression from the HIV-1
LTR (Figs. 4, 6 and 7). The nef cDNA and the HIV-1
LTR, namely U3 and R regions, overlapped as shown in
Fig. 8. Repression of the promoter activity of HIV-1
LTR by even the vector, pCV0, alone was noted (Fig. 4).
Since there is no marked similarity between the cis-
regulatory elements within the HIV-1 LTR and those
within the promoter region of the pCVO except for a
TATA box, it is supposed that some general factors for
transcription not directly involved in the specific DNA.
sequence recognition might be competed out by the pres-
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Fig. 8. Overlapping feature of the HIV-1 LTR and the nef

cDNA sequences. The cis-elements of the HIV-1 LTR are
shown in the upper figure. The ref cDNA contains the entire
sequences of the U3 and R regions of LTR as well as some viral
sequences upstream from the 3'LTR.
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ence of a large dose of pCV0 plasmid. The repressive
effect of the nef cDNA sequence inserted into the vector
with a eukaryotic promoter was greater than that of the
nef cDNA sequence inserted into the vector without a
eukaryotic promoter. It is suggested that the combination
of the vector with eukaryotic promoter and the nef
cDNA sequences created a more-than-additive effect on
the repression of the HIV-1 LTR (Fig. 4). -

The repression of HIV-1 gene expression was partially
dependent on the cis-elements within the target pro-
moter, which was concordant with the finding of
Hammes et al'” However, our results argue against
Hammes et al'’ in that in our study the HIV-1 LTR
containing the upstream sequences from — 176 was the
most susceptible to competition by the nefcDNA and the
HIV-1 LTR containing only the downstream sequence
was repressed to a lesser extent (Fig. 6). Additionally,
this repressive effect on HIV-1 gene expression by the nef
¢DNA was evident even with heterologous promoters
such as immediate early promoter of human CMV and
chicken S-actin promoter (Fig. 7). The CMV promoter
was repressed more strongly, probably because it shared
more cis-elements with the HIV-1 LTR than the chicken
fS-actin promoter: among the cis-elements within the
HIV-1 LTR, the CMV promoter has NF-xB binding
sites’ in addition to GC boxes and the TATA box,
which are also present in the chicken S-actin promoter.*”

These results led us to conclude that the repressive
effect of the nef cDNA itself might be caused by compe-
tition for certain factors required for HIV-1 transcription
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