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Differential Effects of nef on HIV Replication: 
Implications for Viral Pathogenesis in the Host 

Stable lymphoid cell lines expressing the human immunodeficiency virus type 1 (HIV- 
1) nejgene product, p27, were established. The presence of p27 in the lymphoid cells 
suppressed replication of some strains of both HIV-1 and HIV-2. This observation 
indicates that ncf could be important in the establishment of HIV latency. In contrast, 
fast replicating and highly cytopathic HIV-1 isolates recovered from patients with 
advanced disease states were not affected by the negative effect of nejpresent in these 
lymphoid cell lines. This lack of response to nef appears to constitute another viral 
feature that correlates with disease progression. Thus, manipulating expression of the 
nejgene in vivo might idhence pathogenesis in the host. 

T HE GENOMES OF THE TWO SUB- 
types of the human immunodeficien- 
cy virus, HIV-1 and HIV-2, contain 

genes coding for structural proteins (gag, 
pol, and env), regulatory sequences in the 
long terminal repeat (LTR), as well as at 
least six additional open reading frames. 
Three of these latter genes code for regula- 
tory proteins (tat, rev, and nef). The tat and 

C. Cheng-Mayer, P. Iannello, J. A. Levy, Cancer Re- 
search Institute and Depamnent of Medicme, Universicy 
ofCalifornia at San Francisco, San Francisco, CA 94143. 
K. Shaw and P. A. Luciw, Depamnent of Medical 
Pathology, Universicy of California at Davis, Davis, CA 
95616. 

rev genes are positive regulators of HIV 
replication; in contrast, nefappears to act as 
a negative regulator of HIV replication (1). 
The nefgene encodes a protein, p27, which 
is myristylated and phosphorylated (2). The 
protein has biochemical properties similar to 
that of a G-binding protein, that is, guano- 
sine mphosphate (GTP)-binding activity, 
GTPase activity, and autophosphorylation - - 
(2, 3). ~urthermore, expression of &via a 
vaccinia vector in the CEM cell line down- 
modulates the CD4 receptor molecule (2). 

Mutational analysis has shown that mu- 
tants defective in expression of the nefgene 

Fig. 1. Identification of cells expressing ne$ 
4 x lo6 cells each of control HUT 78 and Jurkat 
cells, HUT 78 and Jurkat cells expressing nef, and 
a cell line chronically infected with HW-lsEL 
were lysed in virus disruption buffer (50 mM tris- 
CI, pH 7.5, 0.1% Triton X-100, and 0.15 g of 
dithiothreitol per milliliter) and subjected to im- 
munoblot analysis as described (17). Fractionated 
proteins were reacted with a pool of sera from 
HIV-1-positive individuals that had been 
screened for reactivity to the p27 protein or with a 
polyclonal rabbit antibody to p27 (anti-p27) anti- 
serum. (A) The specificity of the sera used fbr 
screening p27 expression. Lanes 1 and 4, control 
HUT 78 neo cell lysate; lanes 2 and 5, HUT 78 
chronically infected with HIV-lsn; lanes 3 and 
6, p27 protein expressed in yeast (1 pg of protein 
per lane). Lanes 1 to 3 were reacted with HW-1 
positive human sera at a 1 : 50 dilution; lanes 4 to 
6 with a polyclonal rabbit anti-p27 antiserum also 
at 1: 50 dilution. (B and C) P27 reactivity in 
HUT and Jurkat nef-expressing cell lines as detect- 
ed by the same pool of HIV-1 positive human 
sera. In (B): lane 7, control HUT 78 neo cell 
lysate; lane 8, HUTpAM3 neo cell lysate; lane 9, 
HUTp3R neo cell lvsate, lane 10, lvsate prepared 
from kIUTp3R neicells.infectededwith ~-IV-^lsn.  
In IC): lane 11. control lurkat neo cell Ivsate: lane 
1 2 , ' J b R p ~ ~ 3  neo cell iysate; lane 13,' J U R ~ ~ R  
neo cell lysate. The p27 reactivity was absent in 
HUT 78 cells chronically infected with HlV-lsn 
(lanes 2 and 5). In lane 2, only reactivities to the 
gag p25 and pol p31 proteins were detected. The 
polydonal rabbit anti-p27 showed a much aron- 
ger reactivity to the yeast p27 protein (lane 6) as 
compared to the positive HIV-1 human sera (lane 
3). 
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HUT HUTpAM3 HUTp3R JUR JURpAM3 JURp3R 

LEU 3 FlTC 

Flg. 2. Surface expression of CD4 and CD3 antigens in nef-containing lymphoid cells was determined 
with an FITC-labeled murine monoclonal antibody specific for the respective antigens (Leu 3a and Leu 
4; Becton Dickinson) and then analyzed by FACS (22). The percent of fluorescent cells is indicated for 
each cell type listed. None of the cell lines reacted with FITC-labeled control mouse monoclonal 
antibody specific for human immunoglobulin G (IgG). HUT, HUT 78 T cell line; JUR, Jurkat T cell 
line. 

man T lymphoid cells (HUT 78 or Jurkat) 
were cotransfected with one of these nef 
gene expression plasmids and a plasmid 
containing neo as a selection marker by the 
electroporation method (13, 15). As con- 
trols, the different cell types were transfected 
with only the SV40Ineo plasmid. Transfect- 
ed cells were selected by growth in the 
presence of G418, and the resistant cell lines 
were examined for expression of p27 by an 
immunofluorescence assay (IFA) and im- 
munoblot analysis (16, 17). 

The results of immunoblot analysis of 
transformed cells with a pool of HIV-1 
positive sera or a polyclonal rabbit antibody 
to nefare shown in Fig. 1. The specificity of 
the sera used was demonstrated by their 
reactivity with p27 protein expressed in 
yeast (Fig. lA, lanes 3 and 6).  The p27 
reactivity was not detected in control HUT 
78 cells (lanes 1 and 4) or in HUT 78 cells 
chronically infected with HIV-lSF2 (lanes 2 
and 5). This latter finding suggests that in 
chronic HIV- 1 infection, the nefgene prod- 
uct is not expressed or it is produced in very 
low amounts. Different levels of p27 expres- 
sion were detected in the G418-resistant nef 
plasmid-transformed HUT 78 and Jurkat 
cell lines. In two separate analyses of the 
transformed HUT 78 and Jurkat cells, lower 
levels of nefwere expressed in cells transfect- 
ed with p3R as compared to pAM3 (Fig. 
lB, lanes 8 and 9, and Fig. lC,  lanes 12 and 
13). This result is not unexpected since the 
HIV-LTR, in the absence of tat, is a weak 
promotor in lymphoid cells (18, 19). Over 
90% of the cells in these transformed cell 
lines expressed nefas revealed by IFA. The 
protein, as reported by others (20), was 
cytoplasmic and membrane-associated. 

The expression of the CD4 receptor mole- 
cules on the cell surface of these nefexpress- 
ing HUT 78 and Jurkat cell lines was exam- 

ined and compared to control cells. Our 
results show that only in the HUTpAM3 
cell line is the CD4 receptor molecule down- 
modulated (15% to 20% as compared to 
>90% in control HUT 78 cells) (Fig. 2). 
CD4 downmodulation was not observed in 
continuous cultures of the JURpAM3 cell 
line that had the highest level of p27 nef 
expression (Fig. 1, lane 12). No effect on 
CD3 cell surface expression was observed in 
any of the transformed cell lines. When five 
different randomly selected clones derived 
from each of the control and nef-expressing 
cell lines were examined, the percentage of 
cell surface CD4 expression ranged from 
24% to 99% for the HUTp3R and HUT- 
pAM3 cell clones and 35% to 60% for the 
JURp3R and JURpAM3 cell clones. All 
these clones express comparable levels of 
p27 as determined by IFA. Furthermore, 
the same range of CD4 expression was 
observed in the control HUT 78 and Jurkat 
cell clones containing just the neomycin 
plasmid. These data indicate that downmod- 
ulation of the CD4 receptor molecule is 
independent of p27 nefexpression. 

The effect of p27 nef production in T 
lymphoid cells on HIV replication was ex- 
amined by infection or transfection of the 
plasmid-containing cells (8, 13). The latter 
procedure was used because of the reduction 
in CD4 receptor protein expression on the 
HUTpAM3 cells (Fig. 2). Virus production 
was suppressed in HUTp3R for over 30 to 
40 days before the appearance of reverse 
transcriptase (RT) activity in the cu~ture 
supernatant, as determined by infection and 
transfection of HUTp3R cells (Fig. 3, A and 
B). No viral antigens were produced in these 
cells at 8 and 14 days after transfection or 
after infection when examined by p25 en- 
zyme-linked immunosorbant assay (ELISA) 
or immunoblot analyses (17). However, the 

1020304050 I020304050 

Days In culture 

Fig. 3. Transfection (A) and infection (B) of 
HUT 78 cells (HUT) expressing nef: For transfec- 
tion experiments, 10 kg of DNA from a biologi- 
cally active molecular clone of HIV-iSF2 were 
added to i06 cells each of HUTp3R ( e ) ,  HUT- 
p3AM3 (.), and control HUT 78 (0) cells, as 
previously described (13). For infection of 
HUTp3R and HUT 78 cells, 5 x lo5 cells each 
were inoculated with an infectious virus obtained 
afier transfection of cells with the molecular clone 
of HIV-lsF2 (RT activity = lo6 cpmhd). Infec- 
tions and transfections were performed in the 
absence of G418. The transfected and infected 
cells were maintained in medium without G418 
and the particle-associated RT activity in the 
culture supernatant was measured at 3- to 4-day 
intervals (24). Similar numbers of cells per culture 
were present at the time of RT measurement. 
Transfection (C) and infection (D) of Jurkat cells 
(JUR) expressing nef: JURp3R ( e ) ,  JURpAM3 
(.), and control Jurkat cells (0) were transfected 
and ~nfected with HIV-lsF2 as described above 
(A and B). Representative data of three indepen- 
dent experiments are shown. 

expression of nef protein in the cells was 
increased when compared to uninfected 
HUTp3R cells (Fig. lB, lanes 9 and 10). 
The suppression of virus replication was 
most dramatic in HUTpAM3 cells in which 
no RT activity was observed in the culture 
supernatant even after 50 days in culture 
(Fig. 3A). Low levels of RT activity were 
detected in these transfected cells after 70 
days in culture. In contrast, HN- lSF2  
reached high levels of replication in the 
control HUT 78 cells within 12  days (Fig. 
3, A and B). At peak RT activity (>lo6 
cprdml), over 20% of the infected control 
cells showed HIV-1 antigen by IFA. 

Similar results were obtained after infec- 
tion or transfection of Jurkat cells contain- 
ing the p3R and pAM3 nef constructs (Fig. 
3, C and D). Peak RT activity for HIV-lsF2 
was delayed for 20 days in the JURp3R cells 
and for over 30 days in JURpAM3 cells. To 
determine if p27 nefprovided by the plasmid 
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DNA was sufficient to suppress HIV repli- 
cation, we inoculated the same nef-contain- 
ing cell lines with infectious virus derived 
from the molecular clone of HIV-lsF2 de- 
leted in nefexpression (5 ) .  No viral replica- 
tion took place in these cells for over 30 
days, whereas control cells showed high 
production of this HIV-1 mutant virus 
within 10 days. This finding indicated that 
nefintroduced as part of the viral genome via 
infection or tranifection is not required for 
the observed virus suppression. 'All these 
results with HIV-IsF2, originally obtained 
with uncloned populations of nef-expressing 
HUT or Jurkat cells, were reproducible in 
randomly selected clonal cell lines with con- 
sistently- high CD4 expression that were 
derived from each of the parental cell lines. 

To examine whether nef from HIV-lsF2 
had the same suppressive effects on heterolo- 
gous HIV isolates, we infected HUTp3R 
and control HUT 78 cells with HW-lsF2, 
Hm-lsF33, or HIV-2Ucl. HIV-lSF33 is an 
extremely cytopathic and fast-growing 
HIV-1 isolate that replicates in a wide varie- 
ty of different cell types (21). HIV-2Ucl is a 
noncytopathic HIV-2 isolate recovered 
from a patient from the Ivory Coast (22). 
Plasmid H m - l S F 2  p27 expression was asso- 
ciated with a substantial reduction in the 
replication of HIV-lsF2 and HIV-2Ucl 
(Fig. 4). In contrast, the presence of nefdid 
not lead to suppression of the highly cyto- 
pathic HIV-lsF33 strain; the same kinetics 
of viral replication were observed in both 
the control HUT 78 and the HUTp3R cells 
infected with H w - 1 ~ ~ ~ ~ .  Similar results 
were obtained in Jurkat, JURp3R, and 
JURpAM3 cells. 

To determine whether the nonrespon- 
siveness of HIV-1SF33 to the "negative" 
effect of nefis a common feature of the more 
cytopathic and fast replicating viruses, the 
ability of HIV-lsF2 nef to suppress the 
replication of a group of HIV-1 strains, 
sequentially isolated from infected individ- 
uals, was determined (Table 1). These virus- 
es were used in previous studies showing 
that, as disease develops in an individual 
HIV-1 variants emerge that are more cyto- 
pathic in vitro and replicate more efficiently 
&I a wide variety o f  different human cells 
(23). An example is HIV-lSFI3, which was 
isolated from the same individual as the 
HN- lSF2  strain, but 5 months later when 
he had developed Kaposi's sarcoma and 
Pneumocystis cavinii pneumonia. Unlike HIV- 
lSFZr H N - l S F l 3  replicates to high titers in 
both T and B cell lines and primary macro- 
phages (23). Furthermore, characteristic of 
most cytopathic HIV-1 strains (21), HIV- 
lSFI3 forms plaques in the MT-4 cell line. 
The data show that, in contrast to the 
observations with the earlier HIV- 1 isolates, 

HIV-lsF2 nef in HUTp3R cells had no 
substantial effect on replication of the later 
isolates, HIV-lSFI3 and HIV-1SF665 from 
subjects 1 and 3, respectively. It also was less 
effective in suppressing replication of the 
later sequential isolate HIV-lSFZl6 from 
subject 2. Similar findings were observed in 
infections of Jurkat and JURp3R cells. 
These results suggest that progression of 
disease in the host correlates with appear- 
ance of HIV-1 variants, which are also less 
responsive to the negative regulation of neJ: 

These data obtained from studies with T 
lymphoid cell lines expressing p27 elaborate 
on our earlier observations (5)  suggesting 

that the nefgene is important in the delay of 
HIV production and hence in latency. The 
observed suppressive effect of nef-containing 
cells on HIV replication could not result 
from the presence of neo or competitive 
promotor sequences in the expression vec- 
tors since, as noted above, some viral strains 
(for example, HW-lSFl3, H I V - ~ S F ~ ~ ,  and 
HIV-1SF665) replicated with similar kinetics 
in the HUT 78 and Jurkat cells with or 
without the nefexpression plasmids (Fig. 4 
and Table 1). 

The mechanism by which neffunctions is 
unknown; however, it has been suggested 
that nef is a transcriptional silencer (6, 7). 

Days in culture 

Fig. 4. Infection of HUTp3R and control HUT 78 cells with HIV-1 and HIV-2 isolates. HUTp3R 
and HUT 78 (HUT) cells (5 x 10') were infected with equal amounts (RT activity = lo6 cpdml)  of 
HIV-IsF2, HIV-2ucl, and HN-lSF33 by the method described in the legend to Fig. 3 and maintained 
in culture medium without G418. Kinetics of virus replication in the two cell types, as determined by 
RT activity in culture supernatant, was compared to that observed with infection by HIV-lsF2 A 
representative of three independent experiments is shown. 

Table 1. Effect of ne on H N - 1  isolates sequentially recovered from infected individuals. HUT 78 and f HUTp3R (5 x 10 cells) were infected with equal amounts (RT activity = lo6 cpmlml) of each 
sequential isolate from subjects 1, 2, and 3 as described in legend to Fig. 3. The time intervals of virus 
recovery for the different subjects ranged from 5 to 12 months (23). Virus replication was measured by 
level of RT activity detected in the culture supernatant at 3- to 4-day intervals (24). The data are 
representative of two independent experiments conducted. KS, Kaposi's sarcoma; LAN, lymphadeno- 
pathy; PCP, Pneumocystis carinii pneumonia. The isolation and characteristics of the HIV-1 strains used 
have been previously described (23). 

Virus replication 
(RT activity x lo3 cprnlrnl) 

HIV- 1 
isolate Clinical state HUT 78 HUTp3R 

Day 7 Day 30 Day 7 Day 30 

Subject 1 
SF2 Oral candidiasis 532.9 1556.8 2.2 18.7 
SF13 KS, PCP 3177.8 2460.1 1518.8 1226.9 

Subject 2 
SF94 Asymptomatic 4.7 59.0 0.8 2.3 
SF118 Asymptomatic 18.8 2028.1 2.1 2.7 
SF216 LAN, diarrhea 1573.1 2739.7 28.0 1217.0 

Subject 3 
SF73 Asymptomatic 1.2 1.7 1.7 1.5 
SF328 LAN 152.3 1449.6 1.3 262.9 
SF665 PCP 1345.5 2338.4 1374.9 1554.1 
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The data showing that the nef product of 
one virus (Hw-lSF2)  can affect the replica- 
tion of other HIV- 1 as well as HIV-2 strains 
(Fig. 4 and Table 1) suggest that common 
sequences in the LTR of these viruses are 
responsive to the nefprotein. In this regard, 
the observed lack of effect of HIV-lsF2 nef 
on the highly cytopathic and fast replicating 
HIV-1SF33 strain and the later sequential 
isolates from infected individuals (HIV- 
1 ~ ~ 1 3 %  HIV-lSF216, and HW-1~~665)  is im- 
portant. Since a functional nefis supplied in 
these infections by the plasmid, these more 
pathogenic HIV-1 variants that emerged 
over time in individuals may have mutated 
in the LTR sequences responsive to neJ: 
Alternatively, other positive regulatory ele- 
ments might be more potent in these strains 
and outweigh the nefmediated suppression 
of replication. A comparison between the 
LTR regions of responsive and nonrespon- 
sive isolates should provide insight into this 
possible mechanism of HIV pathogenesis. 

In summary, our observation on the dif- 
ferential effect of cell lines expressing the 
HIV-lsF2 nefprotein on replication of HIV 
strains strongly suggest a key role for this 
viral gene in the establishment and mainte- 
nance of latent viral infection and in HIV 
pathogenesis. Further studies with these 
lymphoid cell lines should allow us to deter- 
mine the mechanism by which nefexerts its 
negative effect. Moreover, they provide 
valuable cell culture systems for defining 
factors involved in activating latent infec- 
tions. Finally, these results suggest that ma- 
nipulation of nef in early stages of HIV 
infection may prove effective in therapeutic 
approaches. 
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RNA Editing in Plant Mitochondria 

Comparative sequence analysis of genomic and complementary DNA clones from 
several mitochondrial genes in the higher plant Oenothera revealed nucleotide sequence 
divergences between the genomic and the messenger RNA-derived sequences. These 
sequence alterations could be most easily explained by specific post-transcriptional 
nucleotide modifications. Most of the nucleotide exchanges in coding regions lead to 
altered codons in the mRNA that specify amino acids better conserved in evolution 
than those encoded by the genomic DNA. Several instances show that the genomic 
arginine codon CGG is edited in the mRNA to the tryptophan codon TGG in amino 
acid positions that are highly conserved as tryptophan in the homologous proteins of 
other species. This editing suggests that the standard genetic code is used in plant 
mitochondria and resolves the frequent coincidence of CGG codons and tryptophan in 
different plant species. The apparently frequent and non-species-specific equivalency 
of CGG and TGG codons in particular suggests that RNA editing is a common feature 
of all higher plant mitochondria. 

S EQUENCE ANALYSIS OF GENOMIC 

and cDNA clones from the mitochon- 
drially encoded q~ochrome oxidase 

subunits I1 (~0x11) and I11 (coxIII), the cyto- 
chrome b (cytb), and the reduced nicotin- 
amide adenine dinucleotide-dehydrogenase 
subunit I (nadl) loci revealed a number of 
discrepancies between the two respective 
sequences. One of these instances within the 
coding region of cox111 was reported earlier 
(1). Several independently derived cDNA 
clones contained two adjacent T residues 
where the genomic DNA encodes C's. The 
cDNA spe;fies phenylalanine instead of the 
proline specified by the genomic DNA, 
where phenylalanine is conserved in the 
human, yeast, and Neuvospora proteins (Fig. 
1). 

Further analysis has now shown that such 
nucleotide exchanges are not a singular 
event at this locus, but occur at many posi- 
tions in several different genes. Three addi- 
tional nucleotide changes are found in the 
analyzed coding region of the coxIII cDNA 
sequence, all involving C to T transitions 
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(Fig. 1). All four events are nonsilent and 
specie amino acids in the cDNA sequence 
that are better conserved in other species at 
the respective positions than the genome- 
encoded amino acids (Fig. 1C). 

Artifacts of cDNA cloning had been as- 
sumed when the first sequence differences 
between genomic and the mFWA-derived 
DNAs were observed. This explanation now 
seems unlikely since a number of such events 
have been observed in apparently physically 
"normal" sequence surroundings that give 
no indication as to why reverse transcriptase 
or the bacterial amplification processes 
should introduce these particular modifica- 
tions repeatedly. The conservation of the 
cDNA-specified amino acids between differ- 
ent species also indicates that the cDNA 
sequence is correct. 

These nucleotide divergences between ge- 
nomic and mRNA-derived sequences are 
not restricted to coding regions, but are also 
found, for example, in the trailer sequence of 
the coxIII locus (Fig. lB), which presumably 
is not translated. The effect of these untrans- 
lated alterations is as yet unclear and needs 
further experimental evaluation. 
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