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Background
Macrophages play crucial roles in HIV/AIDS pathogen-
esis as they are important targets for HIV-1 replication
and contribute to viral spread and viral reservoir forma-
tion. We have previously reported that p21 inhibits
HIV-1, HIV-2 and SIV replication in macrophages by a
major block at the level of reverse transcription [1].
This study aimed at understanding the molecular
mechanisms involved in p21-mediated restriction.

Materials and methods
Monocyte-derived macrophages (MDM) were differen-
tiated from monocytes isolated from healthy donor blood
with human AB serum.The induction of p21 expression
levels was obtained by the stimulation of MDM by the
immobilized immunoglobulins (IVIg). MDM were
infected with NL4.3-Luc HIV-1 pseudotyped with VSV-
G or replication-competent SIVmac251. HIV-1 and SIV
late reverse transcripts were quantified by Taqman quan-
titative real-time PCR (qRT-PCR). p21, RNR2, E2F1 and
RB knockdowns were obtained by small interfering RNAs
(siRNAs) transfection of MDM. Silencing efficiencies
were determined by qRT-PCR mRNA quantification and
by western blot. Intracellular dNTP concentrations were
measured by a single-nucleotide incorporation assay.
Statistical analyses were performed with the Kruskal-
Wallis and the Mann-Whitney tests.

Results
Through overexpression and knockdown experiments in
primary monocyte derived macrophages, we demonstrated

that p21 inhibits HIV-1 reverse transcription by down-
regulating the intracellular dATP and dTTP pools
available for viral cDNA synthesis. We found that p21
represses the expression of ribonucleotide reductase sub-
unit R2 (RNR2), an enzyme indispensable for dNTP bio-
synthesis. Accordingly, depletion of RNR2 either by p21
induction or RNR2-specific siRNA transfection inhibits
reverse transcription of HIV-1 in macrophages. Note-
worthy, p21 induction and RNR2 knockdown also restrict
SIVmac251 in macrophages, in spite of Vpx-mediated
degradation of SAMHD1.
We further explored the mechanisms underlying the

inhibition of RNR2 expression by p21 and found that p21
represses the expression of the RNR2 transcriptional
transactivator E2F1, independently from the Retinoblas-
toma protein RB. Consistently, the depletion of E2F1 by
p21 induction or E2F1-specific siRNA transfection
represses RNR2 transcription and inhibits HIV-1 reverse
transcription in macrophages.

Conclusion
Here we describe a new mechanism of restriction of
lentiviral replication in macrophages: p21 inhibits HIV-
1 reverse transcription by affecting dNTP biosynthesis
through repression of RNR2 expression differently
from SAMHD1 restriction that promotes dNTP cata-
bolism. Accordingly, p21 restricts other primate lenti-
viruses able to escape SAMHD1 restriction through
Vpx, such as HIV-2 and SIV Our findings describe a
novel metabolic pathway of HIV-1 restriction in
macrophages and open on new potential cellular tar-
gets for therapy research.
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