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APOBEC3F and APOBEC3G (hA3F and hA3G) are part of an innate mechanism of antiretroviral defense. The
human immunodeficiency virus type 1 (HIV-1) accessory protein Vif targets both proteins for proteasomal degra-
dation. Using mRNA from peripheral blood mononuclear cells of 92 HIV-infected subjects not taking antiret-
roviral therapy and 19 HIV-uninfected controls, we found that hA3F (P < 0.001) and hA3G (P � 0.016) mRNA
levels were lower in HIV-infected subjects and were positively correlated with one another (P � 0.003).
However, we found no correlation in the abundance of either hA3F or hA3G mRNA with either viral load or
CD4 counts in HIV-infected subjects.

APOBEC3F (hA3F) and APOBEC3G (hA3G) are mem-
bers of a family of related cytidine deaminases shown to have
antiretroviral activity in vitro (1, 8, 9, 11, 14, 23, 29). In the
absence of the human immunodeficiency virus type 1 (HIV-1)
accessory protein Vif, hA3F and hA3G are incorporated into
virions and induce G-to-A hypermutations in the viral genome
(1, 8, 12, 14, 27, 29, 30). Vif counteracts hA3F and hA3G by
preventing their encapsidation within virions and by inducing
their proteasomal degradation (4, 11, 13, 16, 17, 24, 25, 28).
However, higher levels of hA3G expression can overcome the
antihost effects of Vif (17), suggesting that regulation of hA3G
expression may represent a novel target for antiretroviral ther-
apy and modulation of the progression of HIV-1 infection.

The determinants of individual HIV-1 disease progression
are incompletely understood (reviewed in reference 2; see also
references 18 to 20). Plasma HIV-1 viral load at steady state is
highly variable among infected individuals, with RNA levels
ranging from 103 to 106 copies/ml. We examined the hypothesis
that individual variations in mRNA expression of hA3F and/or
hA3G might account for the differences in viral load, and
hence disease progression, in HIV-1-infected individuals.
Given that both proteins have been shown in vitro to be active
against HIV infection, we also hypothesized that hA3F and
hA3G may have a compound effect in anti-HIV defense.

This study was approved by the Institutional Review Board of
the Washington University School of Medicine. All subjects pro-
vided written informed consent. Plasma HIV viremia (viral load)
was quantified (Roche Amplicor 2.0) in the Retrovirus Labora-
tory in the Department of Pediatrics, Washington University
School of Medicine. CD4 counts were determined in the Immu-
nology Laboratory of Barnes-Jewish Hospital (St. Louis, MO).
HIV-infected subjects (seropositivity range, 2 months to 17 years;

mean, 4.8 years) were not taking antiretroviral therapy for at least
3 months and had CD4 cell counts of �200/�l (http://gastro.wustl
.edu/faculty/davidson.html; at this website, see the link to Cho et
al., J. Virol. supplementary material Table 1). Peripheral blood
mononuclear cells (PBMCs) were isolated and cryopre-
served in RNAlater (Ambion). RNA was isolated from 2 �
106 to 5 � 106 cells and DNase treated (DNAfree kit;
Ambion). cDNA products were synthesized with random
hexamers and Superscript II RNA polymerase (Invitrogen).
hA3F (NM_145298) and hA3G (NM_021822) mRNA ex-
pression levels were quantified using SYBR Green (ABI)
chemistry and target validated primers. Primers for hA3F
were 5�-TGGAAGTTGTAAAGCACCACTCA-3� (forward; nu-
cleotides 665 to 687) and 5�-AGCACCTTTCTGCATGACAAT
G-3� (reverse; nucleotides 760 to 739). The primers for hA3G
were 5�-GGCTCCACATAAACACGGTTTC-3� (forward; nu-
cleotides 735 to 756) and 5�-AAGGGAATCACGTCCAGG
AA-3� (reverse; nucleotides 803 to 784). Human �-actin
(NM_001101) was used as a normalizing control with the fol-
lowing primers: 5�-CTGGCACCCAGCACAATG-3� (forward;
nucleotides 958 to 975) and 5�-GCCGATCCACACGGAGTA
CT-3� (reverse; nucleotides 1026 to 1007). Each 25-�l reaction
mixture contained 12.5 �l 2� SYBR Green PCR mix (ABI), 0.25
�l of each 10 �M primer, and 1 �l of 1:4-diluted cDNA products.
The reactions were run in an ABI 7000 with one cycle at 50°C
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TABLE 1. hA3F and hA3G mRNA expression levels in HIV-infected
and HIV-uninfected subjects analyzed by two-sample t test

mRNA
mRNA expressiona

t
statistic

P
valueHIV�b HIV�c

hA3F 4.67 5.13 �3.38 0.001
hA3G 6.13 6.45 �2.44 0.016

a All mRNA expression levels were measured as copies per 10,000 copies of
�-actin mRNA and then log transformed (base e) for statistical analyses.

b Mean mRNA expression (log transformed); n � 92.
c Mean mRNA expression (log transformed); n � 19.
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(2 min) followed by 95°C (10 min) and then 40 cycles at 95°C
(15 s) followed by 60°C (1 min). Absolute mRNA copy numbers
were calculated by generating standard curves using serial dilu-
tions of plasmids containing the desired gene (hA3F or hA3G) or
a PCR product (actin). Each sample was run in triplicate. hA3F/
hA3G mRNA expression levels were calculated as number of
copies per 10,000 copies of �-actin.

Data from 92/100 consecutively enrolled HIV-infected (suppl.
Table 1 at http://gastro.wustl.edu/faculty/davidson.html) and 19
HIV-uninfected subjects (suppl. Table 2 at http://gastro.wustl
.edu/faculty/davidson.html) were analyzed. Eight HIV-infected
subjects were excluded for not meeting inclusion criteria or
missing samples. Mean (	 standard deviation) hA3F expres-

sion levels (copies per 10,000 copies of �-actin mRNA) were
122 (	60) and 179 (	67) for HIV-infected and -uninfected
subjects, respectively. Mean hA3G expression levels were 547
(	419) and 668 (	215) for HIV-infected and -uninfected sub-
jects, respectively. hA3F/hA3G values and viral load were log
transformed so that all parameters were normally distributed.
Using two-sample t tests, both hA3F and hA3G values were
significantly lower in HIV-infected compared to uninfected
subjects (P � 0.001 and 0.016 for hA3F and hA3G, respec-
tively) (Table 1). There were no significant differences in hA3F
or hA3G expression between males and females or by race
(Table 2). We found no correlation between hA3F or hA3G
mRNA abundance and viral load (Fig. 1a and b), CD4 count

FIG. 1. hA3F and hA3G mRNA expression levels in PBMCs of HIV-infected subjects do not correlate with viral load or CD4 count. All mRNA
expression levels were calculated as copies of hA3G/hA3G per 10,000 copies of �-actin and log transformed (base e) prior to analysis;
log-transformed values are shown. Viral load was also log transformed (base e) prior to calculation of the correlation coefficient. N, number of
subjects; R, Pearson’s correlation coefficient; p, P value.

TABLE 2. hA3F and hA3G mRNA expression levels by sex and race

mRNA Subject
group

mRNA expression analyzed by:

Sex (two-sample t test) Race (one-way ANOVA)c

Mean (M/F)a t statistic P value Mean (C/AA/O)b F (ANOVA) P value

hA3F HIV� 4.67/4.66 �0.10 0.92 4.58/4.68/4.93 0.47 0.63
HIV� 5.06/5.18 0.70 0.50 5.12/5.28/4.99 0.47 0.63
All 4.74/4.74 �0.002 0.99 4.78/4.71/4.96 0.59 0.56

hA3G HIV� 6.17/6.10 �0.64 0.52 6.24/6.10/5.97 0.62 0.54
HIV� 6.44/6.45 0.05 0.97 6.47/6.34/6.45 0.15 0.87
All 6.22/6.15 �0.66 0.51 6.32/6.11/6.26 2.03 0.14

a M, male, n � 49 (all); F, female, n � 62 (all).
b C, Caucasian, n � 35 (all); AA, African-American, n � 71 (all); O, other, n � 5 (all).
c ANOVA, analysis of variance.
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(Fig. 1c and d), CD4 percentage (data not shown), or age (data
not shown). Furthermore, multiple regression analyses showed
no significant combined effect of hA3F and hA3G on either
viral load or CD4 count (data not shown). However, hA3F and
hA3G mRNA abundances revealed a positive, linear relation-
ship (Pearson’s correlation coefficient of 0.283; P � 0.003)
(Fig. 2), in agreement with previous studies in which hA3F and
hA3G showed similar patterns of expression in tissues and
were postulated to be coordinately regulated (1, 12, 26). It
should be noted that our cross-sectional survey was not aimed
at identifying long-term nonprogressors and, therefore, did not
include sufficient numbers to allow valid statistical evaluations
of this subgroup. All statistical analyses were repeated, and the
results were validated with nonparametric tests using nontrans-
formed values for hA3F/hA3G and viral load (suppl. Tables 3
and 4 at http://gastro.wustl.edu/faculty/davidson.html).

Jin et al. also analyzed the expression of hA3G in the PBMCs
of 25 HIV-infected subjects and found that hA3G expression
was higher in HIV-uninfected than in HIV-infected subjects, in
agreement with our findings (10). However, in stark contrast to
our study, these authors found statistically significant correla-
tions between hA3G expression and viral load (inverse) as well
as CD4 cell count (positive). A plausible explanation for this
divergence may be that Jin et al. stimulated PBMCs with anti-
CD3 and anti-CD28 antibodies prior to RNA extraction. A
recent study by Chiu et al. found that in resting CD4� T cells,
hA3G is enzymatically active and present in a low-molecular-
mass complex which protects against HIV infection (3). In
contrast, when CD4� T cells were costimulated with anti-CD3

and anti-CD28 antibodies, hA3G expression was induced
within an inactive, high-molecular-mass hA3G complex, result-
ing in cells highly permissive for HIV infection. We propose
that examining unstimulated PBMCs is more representative of
the “physiologic” steady state of T cells in vivo, presumably
reflecting the population actively resisting HIV infection and
replication. Additionally, our subjects were specifically se-
lected to include only those whose HIV status was at steady
state in the absence of antiretroviral therapy.

In conclusion, our results do not predict an informative role
for hA3F or hA3G in HIV-1 disease progression. Furthermore,
the observed differences in hA3F and hA3G mRNA expression
between HIV-infected and -uninfected individuals remain to be
explained. hA3G has received considerable attention as an innate
mechanism of cellular defense against retroviral infection and as
a potential target for antiretroviral therapy. While it is clear that
hA3G can counteract multiple retroviruses as well as retrotrans-
posons in vitro (6, 7, 15, 22), its usefulness as a clinical marker of
infection remains unclear. Further studies to elucidate the clinical
utility of hA3G and hA3F may include the examination of CD4�

T cells rather than PBMCs and follow a larger cohort over time
to examine the predictive relationship on progression to AIDS.
APOBEC3B (hA3B), another member of the APOBEC3 gene
cluster on chromosome 22 (9), may also have anti-HIV effects (5,
21), and this target may be evaluated in future studies.
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FIG. 2. hA3F and hA3G mRNA levels show a positive, linear correlation. (a) HIV� subjects only; (b) HIV� subjects only; (c) all subjects. All
mRNA expression levels were calculated as copies of hA3F/hA3G per 10,000 copies of �-actin and log transformed (base e) prior to analysis;
log-transformed values are shown. R, Pearson’s correlation coefficient; p, P value.
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