
Background: Infection by human immunodeficiency virus type 1 [HIV-1] remains
incurable because the virus establishes a persistent viral reservoir within host cells. A major
gap in our knowledge is a general lack of understanding of how we can eliminate HIV-1
reservoirs that are found in at least two cell types, CD4+ T cells and macrophages. Following
infection of macrophages, HIV-1 elicits a biochemical and molecular response that appears
to be a partial activation of innate activation pathways including expression of some anti-
viral ISGs. This limited host response may provide a basis for persistent infection.

Objective: To understand the role of USP18 in HIV-1 persistence in macrophages.

Hypothesis: USP18 is required for HIV-1 replication and persistence in macrophages.

Rationale: Transcriptional profiling of human monocyte derived macrophages [MDMs]
showed that ubiquitin specific proteinase 18 [USP18] is highly upregulated during HIV-1
infection. USP18 is a negative regulator of type I interferon [T1-IFN] and nuclear factor
kappa B [NFκB] signaling pathways. Partial knockdown of USP18 in the human monocytic
leukemia cell line THP-1 results in marked inhibition of HIV-1 replication (Figure 1).
However, THP-1 cells as a model for HIV-1 infection are lacking and a better model is
needed where full knockout of USP18 can be achieved.
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Introduction

Figure 1. shRNA knockdown of USP18 inhibits HIV-1 replication. THP-1 cells were transduced with GIPZ
Lentiviral shRNA (GE Healthcare Dharmacon Inc.) with a TurboGFP reporter (A) Fluorescent microscopy
images of shRNA-GFP expressing THP-1 cells two days after PMA (25 nM) activation. (B) Western blot
analysis of USP18 and β-actin expression in shRNA-GFP expressing THP-1 cells. shRNA expressing THP-1
cells were cultured in 25 nM PMA for two days. After differentiation, cells were treated with medium only
(mock) or infected with 5000 TCID50 HIV-1AD (C) There was a reduced frequency of gagp24 expressing cells
with partial knockdown of USP18 as measured by flow cytometry. (D) HIV-1 gagp24 release into the
supernatant is significantly reduced (p=0.0048) with partial knockdown of USP18 as measured by ELISA.
N.D. = not detected
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Figure 3. Workflow for generating monocytes from CRISPR/Cas9 gene edited iPSCs. CD34+ cells are isolated from
peripheral blood obtained from healthy donors and expanded in-vitro (1-3). The CD34+ cells are transduced with a Sendai
virus vector encoding the Yamanaka factors Oct3/4, Sox2, Klf4, and c-Myc to induce pluripotency (4). Induced pluripotent
stem cells (iPSCs) are transfected by electroporation to deliver expression plasmids for Cas9 nuclease and a CRISPR single
guide RNA targeting the USP18 locus and a donor plasmid containing homology arms for the USP18 locus and a GFP
reporter (5-6). GFP+ iPSC colonies are selected and screened by Western blot for USP18 expression (6). Embryoid bodes
from iPSC clones lacking UP18 expression are cultured in the presence of IL-3 and M-CSF until they begin producing
monocytes (7). Monocytes are harvested and cultured in M-CSF for seven days to differentiate into macrophages. iPSC-
derived macrophages (iMacs) can be used to study the effects of USP18 knockout on HIV-1 replication and persistence.
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Figure 2. HIV-1 replication is supported by iMacs and induces USP18 expression. iPSC-derived monocytes are cultured in the
presence of M-CSF (1 ng/ml) for seven days. The iPSC-derived macrophages (iMacs) are washed and the medium is replenished.
iMacs are mock infected or infected with 1000 TCID50 NL4-3-Bal-IRES-HSA HIV-1 molecular clone. Supernatants and protein
are harvested at days 2, 4, 6, and 8 post-infection. (A) iMacs supported an efficient spreading infection of HIV-1 as determined
by ELISA for supernatant HIV-1 gagp24 and (B) Western blot for gagp24 and gagp55. Additionally, HIV-1 infection induced
USP18 expression. As a positive control iMacs were treated with IFN-beta (20 ng/ml) for 24 hours to induce USP18 expression.
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Figure 4. USP18-/- iPSC-
derived monocytes are
CD14+. iPSC-derived
monocytes were harvested
and stained with CD14-APC
antibody and analyzed by
flow cytometry. iPSC-derived
monocytes were then
cultured in M-CSF (1 ng/ml)
for seven days to differentiate
into macrophages. (A) CD14+

monocytes were present in
both wild-type and USP18-/-
iPSC cultures containing IL-3
and M-CSF. (B) Light
microscopy images with
Hoffman modulation contrast
of iMacs.

Figure 5. USP18-/- iMacs have increased protein ISGylation.
Wild-type and USP18-/- iMacs were treated with IFN-β (10 ng/ml)
for 24 hours and protein lysates were collected. USP18 expression
was induced in wild-type iMacs treated with IFN-β, but not in
the USP18-/- iMacs. USP18-/- iMacs had greater ISGylation of high
molecular weight proteins (top panel).

Summary
Results and Discussion: HIV-1 infection in macrophages leads to a significant
increase in USP18 expression. USP18 negatively regulates signaling pathways that
are activated in response to pathogens. Partial knockdown of USP18 in THP-1 cells
resulted in a marked inhibition of HIV-1 replication.

We have utilized CRISPR/Cas9 gene editing and iPSC technology to generate
USP18-/- macrophages. We have demonstrated that these iMacs support HIV-1
replication and that HIV-1 induces USP18 expression in this model as it does in
macrophages derived from healthy donor monocytes.

Future Directions: iMacs will be used to study the effects of total USP18
knockout in the context of HIV-1 infection. This tool will also be used to
investigate the effects of USP18 knockout on T1-IFN signaling pathways in
macrophages.
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