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Abstract

Macrophages are one of the main cellular targets of human immunodeficiency virus type 1 (HIV-1). Macrophage infection by HIV-1 is inefficient due to the presence of the viral
restriction factor sterile alpha motif and histidine aspartic acid domain containing protein 1 (SAMHD1). Ex vivo, human monocyte- erived macrophages (MDMs) express SAMHD1
in an equilibrium between active (un-phosphorylated) and inactive (phosphorylated) states. Others and we have shown that treatment of MDMs with the FDA approved tyrosine
kinase inhibitor, dasatinib, ablates SAMHD1 phosphorylation, thus skewing the balance towards a cellular state that is refractory to HIV-1 infection. We hypothesized that dasatinib
inhibits a putative tyrosine kinase that is upstream of SAMHD1. In the search for this tyrosine kinase, we probed several candidates and were unable to identify a single target that,
when inhibited, was sufficient to explain the dephosphorylating of SAMHD1 we observe upon treatment with dasatinib. On the other hand, we probed the ability of dasatinib to
directly inhibit the serine /threonine cyclin dependent kinases 1, 2, 4 and 6 and confirmed that dasatinib directly inhibits these kinases. Therefore, our results show that inhibition of the
proximal CDKs 1, 2, 4 and 6 by dasatinib is clearly detectable, leads to blockade of infection by HIV-1, and may be sufficient to explain the activity of dasatinib against SAMHD1

phosphorylation.

INTRODUCTION

Macrophages and other myeloid cells are long lived and
play well-established roles during initial virus infection,
viral persistence during antiretroviral treatment, as well as
contributing to the spread of HIV-1 to the central nervous system
(CNS) [1-3]. Infection of macrophages by HIV-1 is inefficient due
to the presence of viral restriction factor sterile alpha motif and
histidine aspartic acid domain containing protein 1 (SAMHD1)
[4,5]. SAMHD1 is a deoxynucleoside triphosphate (dNTP)
triphosphohydrolase that regulates the concentration of dNTPs
within cells [6], and when active, maintains dNTP levels below
the threshold necessary to support efficient reverse transcription
[6-10]. Regulation of SAMHD1 phosphorylation is cell cycle
dependent and, in post-mitotic macrophages, SAMHD1 is
primarily found in an active (unphosphorylated) state, rendering
myeloid lineage cells resistant to HIV-1 infection [11-16].
SAMHD1 phosphorylation/dephosphorylation levels are also
responsible for the lower permissivity of female-derived human
macrophages compared to their male-derived counterparts [17].

Although many cyclin-dependent kinases (CDK) have been
shown to contribute to the phospho-regulation of SAMHD1
[15,18-22], CDKs are serine/threonine kinases whereas dasatinib
was identified as a tyrosine kinase inhibitor. Therefore, it is
tempting to speculate that a putative upstream tyrosine kinase,

which is presumably targeted by dasatinib, ultimately controls
the activities of downstream CDKs acting on SAMHD1.

In addition to being cell cycle dependent, SAMHD1
phosphorylation can be modulated in vitro by treatment with
yC cytokines [23], interferons (IFNs) [21], and multiple tyrosine
kinase inhibitors (TKI) [21,24,25]. One TKI, dasatinib, decreases
SAMHD1 phosphorylation levels in macrophages to a much
greater degree than others tested [21,24].

Dasatinib is a multi-kinase inhibitor that was designed to
target Abl and Src family kinases and is used clinically to treat
chronic myelogenous leukemia and acute myeloid leukemia [26-
29]. More recently, it has been shown that dasatinib inhibits HIV-
1 infection in CD4+ T cells [24], and in macrophages [21], due
to its ability to reduce SAMHD1 phosphorylation. However, the
specific mechanism through which dasatinib decreases SAMHD1
phosphorylation levels is unknown. Our previous studies
demonstrated that the mechanism through which interferons
act to induce dephosphorylation of SAMHD1 is different from
the pathway inhibited by dasatinib [21]. While types I and II IFN
induce dephosphorylation of SAMHD1 in part by diminishing
transcription of the CDK1 gene, this change was not observed in
dasatinib treated cells [21].

We hypothesized that a putative upstream tyrosine kinase
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may be a master regulator of several serine/threonine kinases,
which collectively can phosphorylate residue threonine-592 of
SAMHD1. To begin steps toward identifying a putative upstream
tyrosine kinase, we resorted to a previous study [30], that
identified multiple protein tyrosine kinases and serine/threonine
kinases as being inhibited by dasatinib in addition to Abl and Src.
We used specific kinase inhibitors to probe the potential roles of
several upstream kinases.

MATERIALS AND METHODS
Isolation of healthy donor PBMC

Healthy volunteer donors aged 18 and above were recruited
for this study to undergo peripheral phlebotomy in accordance
with the University of Utah institutional review board (IRB)
protocol 00067637. Peripheral blood mononuclear cells (PBMCs)
were isolated from total blood via Lymphoprep density gradient
as previously described [21].

Generation and infection of MDM

Following collection of PBMCs, CD14+ monocytes were
isolated through positive selection using magnetic beads (Miltenyi
Biotec, US). Cells were plated in untreated 24-well plates at a
density of 6x105 in serum free Roswell Park Memorial Institute
(RPMI) 1640 medium supplemented with 2mM L-glutamine
(Gibco, US), and 1% Pen-Strep (Gibco, US) and allowed to
adhere for greater than 2 hours. Serum-free medium was then
gently removed and replaced with 600pL. RPMI 1640 medium
supplemented as above, with the addition of 5% pooled human
serum (Innovative Research) and 5% fetal bovine serum (FBS)
(Gibco, US) (culture medium). The culture medium was changed
again on day 5 and experiments began on day 6. MDMs were
infected on day 7 with 500ng of p24 of replication competent
either HIV-1-NL4-3-BAL-HSA or HIV-1-NL4-3-AD8 viruses
diluted in 200-300uL culture medium for 6 hours. Following 6
hours of infection, the total medium volume was brought back up
to the culturing volume of 600pL. On day 8, the 600uL of medium
containing virus was removed, the cells washed with 1mL of PBS
to remove any cell-free virus and replaced with 600puL of fresh
culture medium.

Generation and quantification of viruses

Replication competent viruses were generated using calcium
phosphate-mediated transfection of HEK293FT cells. Briefly,
HEK293FT cells were plated in T175 tissue culture coated flasks
(VWR) in 20mL of Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco, US) supplemented with 10% FBS (Gibco, US), and 2mM
L-glutamine (Gibco, US). The following morning, the medium was
replaced, and cells were transfected with 25ug of viral plasmid
for 6 hours. The HIV-1-NL4-3-BAL-HSA (HIV-1 BAL) virus was
generated using the pNL-43-BAL-IRES-HSA plasmid, and the
HIV-1-NL4-3-AD8 (HIV-1 AD8) virus was generated using the
pNL4-3-AD8 plasmid. After 6 hours, the transfection medium was
replaced, and cells were cultured for 2 days. At which time the
virus-containing supernatants were removed, filtered at 0.45pm
to remove any cellular debris, and stored at - 80°C until further
use. All viruses were quantified by p24 ELISA (Zeptometrix).

Inhibitors

Inhibitors were purchased from suppliers (listed in
supplementary table X) and re-suspended at either 10mM or
100mM depending on accompanying documentation. MDMs
were initially treated with inhibitors on day 6 post isolation. On
day 7, MDMs were infected with 500ng of either HIV-1 BAL or
HIV-1 ADS, in the presence of inhibitors. On day 8, the infection
medium was removed and replaced with fresh culture medium
containing the inhibitors. Inhibitors were tested in MDMs from
at least two donors, at multiple concentrations. Determination
of effect on SAMHD1 phosphorylation was visualized by western
blot and flow cytometry.

Western blotting

MDMs were lysed for western blotting 8 days post isolation.
Culture medium was removed, cells were washed with 1mL of
ice-cold PBS, following wash, 125uL of ice-cold NETN lysis buffer
containing protease and phosphatase inhibitors (complete
ULTRA tablets and Postop, by Roche, respectively). Cells lysed on
ice for 10 minutes before protein was collected and transferred
to Eppendorf tubes. Lysate remained on ice for a minimum of 1
hour, after which they were sonicated 4 times for 15 seconds,
to prevent the water in the solicitor from heating. Following
sonication, the lysates were centrifuged at 13000 rpm at 4°C for
10 minutes. After sonication, the lysates were transferred to new
Eppendorf tubes, and frozen at -20 °C until needed. The protein
concentration of each lysate was determined by BCA assay
(Pierce BCA Protein Assay Kit, Thermo Scientific) according to
manufacturer’s protocol. 10pg of protein was loaded into each
well of each gel (Criterion TGX Precast Gels 4-15%, with either
18 or 26 wells, Bio-Rad). Gels were run between 60 and 100 volts
and transferred to 0.45 pm PVDF transfer membrane (Thermo
Fisher) through semi dry transfer method at 20 volts and 0.4
amps for 30 minutes.

Flow cytometric analysis

MDMs were stained in their 24-well plate to maintain SAMHD 1
phosphorylation. Culture medium was removed, and cells were
washed with 1mL of PBS. Cells were stained in 200uL PBS at 4°C
for 30 minutes with a fixable viability dye (Thermo Fisher) in the
presence of an Fc receptor blocking reagent (Miltenyi Biotec) and
with or without an anti- mouse heat stable antigen (HSA, CD24)
stain (Thermo Fisher) depending on which virus as used to infect
cells during each experiment. After 30 minutes, 1mL of PBS was
added to each well to dilute the stains and wash the cells. The
PBS was removed, and cells were fixed in 200uL of prewarmed
BD Cytofix fixation buffer (Becton Dickinson) at 37°C for 15
minutes. Cells were then washed as described in the previous
step. Then the PBS was removed, and cells were permeabilized in
200pL of room temperature BD Phosflow perm buffer III (Becton
Dickinson) at 4°C for 30 minutes. Cells were then washed with
1mL 1X BD Perm/Wash buffer (Becton Dickinson) as described.
After the perm/wash was removed, cells were stained at 4°C for
60 minutes in 200pL perm/wash for phospho-SAMHD1-T592
(Cell Signaling Technologies) with or without a stain for the HIV-1
core antigen, clone KC57 (Beckman Coulter) depending on which
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virus was used during each experiment. After 1 hour, 1mL of PBS
was added to each well and plates were left at 4 °C overnight.
The following morning, cells were scraped from the well surface
with mini cell scrapers and transferred to flow tubes (Corning).
2mLs of PBS was added to each tube and cells were centrifuged
at 5000 rpm for 5 minutes. Following centrifugation, the majority
of PBS was aspirated out of each tube, leaving cells pelleted in
approximately 250uL. Samples were run using an Attune NxT
Cytometer (Thermo Fisher) and analyzed using Flow]Jo 10.7.1
(Becton Dickinson).

RESULTS AND DISCUSSION

Dasatinib was originally designed to inhibit the tyrosine
kinases Abl and Src to treat imatinib- resistant chronic
myelogenous leukemia and Philadelphia chromosome-positive
acute myelogenous leukemia [26]. Therefore, we first tested
whether inhibition of either Abl or Src would result in lower
phosphorylationlevels of SAMHD1 in macrophages. We confirmed
that dasatinib inhibits both Abl and Src (Figure 1A). Next, we
inhibited Abl and Src individually to see if their inhibition caused
a reduction in SAMHD1 phosphorylation. Figure 1B shows that
when we treated cells with the Abl-specific inhibitor, flumatinib
[31], we did not observe a change in SAMHD1 phosphorylation.
Additionally, when we used the Src inhibitor 1 [32], SAMHD1
phosphorylation was also unchanged (Figure 1C). After ruling
Abl and Src out as upstream players in SAMHD1 phosphorylation,
we decided to test a broader panel of tyrosine kinases for
their potential roles in mediating downstream SAMHD1
phosphorylation. We tested inhibitors of vascular endothelial
growth factor receptor VEGFR), platelet-derived growth factor
receptor (PDGFR), ephrin receptor (EphR), epidermal growth
factor receptor (EGFR), and fibroblast growth factor receptor
(FGFR) (Figure 2). Inhibiting each of these tyrosine kinases
individually did not reduce SAMHD1 phosphorylation to any
degree close to that observed when macrophages were treated
with dasatinib. We also tested Janus Kkinases for their potential
roles in regulating SAMHD1 phosphorylation. Figure 3 shows

that dasatinib induces dephosphorylation in JAK1, 2 and 3, and
tyrosine kinase 2 (TYK2). However, inhibiting any of these four
JAKs individually failed to reduce SAMHD1 phosphorylation.
Several reports support CDK1 as the sole kinase responsible
for SAMHD1 phosphorylation [18,20,21,24,33], although other
reports propose that CDK1 acts in combination with cyclin A2
[18,20,24]. Yet, other reports propose that CDK2 alone [20,34], or
inconjunctionwith CDK6[15],orcyclinD3[35],canphosphorylate
SAMHD1. Still others suggest that CDK6 works with CDK4 to
phosphorylate SAMHD1 [36], or that CDK4 under the control of
cyclin D2 is responsible [37]. Our inability to identify upstream
tyrosine kinases that could modulate SAMHD1 phosphorylation
in response to dasatinib treatment could potentially be explained
if dasatinib had a direct inhibitory effect on the cyclin dependent
kinases CDK 1, 2, 4 and 6.Therefore, we tested this idea in Figure
4, which shows that dasatinib induces dephosphorylation of
CDK1 at residue Threo161, which is synonymous with CDK1
inactivation. We then tested whether specific inhibition of CDK1,
CDK2, CDK4 and CDK6 with CDK1 inhibitor, CDK1/2 inhibitor III,
CDK4 inhibitor, and CDK4/6 inhibitor IV (respectively) would
reduce SAMHD1 phosphorylation. Individual inhibition of each
of the cyclin dependent kinases 1, 2, 4 and 6 indeed reduced
SAMHD1 phosphorylation (Figure 5A). All CDK inhibitors tested
uniformly reduced phosphorylation of SAMHD1 (Figure 5A).
We therefore predicted that cells treated with CDK inhibitors
would be protected from HIV-1 infection. We then evaluated
to what extent these dephosphorylation events impacted
infections of macrophages by HIV-1 (Figure 5B). Macrophages
treated with Dasatinib were strongly protected from infection,
as was previously reported [21,24]. The indicated CDK
inhibitors showed reduced HIV-1 infection to varying degrees.
Comparatively, treatment with the CDK1-specific inhibitor
reduced HIV-1 infection by 83.75% (Figure 5B), and with the
CDK4-specific inhibitor by 83.13% (Figure 5B), while the dual
specificity inhibitors CDK1/2 inhibitor III and CDK4/6 inhibitor
IV were less protective, reducing infection by 11.56% and
41.56%, respectively.
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Figure 1 A: Dasatinib inhibits Abl and Src phosphorylation. B: Flumatinib, Abl specifici inhibitor, does not reduce SAMHD1 phosphorylation. C:
Inhibiting Src, with Src inhibitor I, does not inhibit SAMHD1 phosphorylation.
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Figure 2 Inhibition of cell surface tyrosine kinase receptors in macrophages does not reduce SAMHD1 phosphorylation to the same degree as

dasatinib.
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Figure 3 Inhibiting the JAK proteins does not inhibit SAMHD1 phosphorylation to the same degree as dasatinib.
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Figure 4 Dasatinib inhibits the phosphorylation of CDK1 at threonine 161, in the kinase loop, of monocyte-derived macrophages.

CONCLUSIONS

Taking our data together with previously available literature
[15,18,20,21,38], we propose that dasatinib directly inhibits the
serine/threonine kinases CDK1, CDK2, CDK4, and CKD6, thus
resulting in potent dephosphorylation of SAMHD1 via redundant

pathways, conferring protection of MDMs from infection by HIV-
1.

ACKNOWLEDGMENTS

This work was supported by the University of Utah
Inflammation, Immunology, and Infectious Diseases (3i)

Clin Res HIV/AIDS 8(1): 1053 (2022)

4/6



@SCiMedCentra]

Williams ESCP, et al. (2022)

A pSAMHD1

100

& & o M e
e & &
LA S
‘?ﬁ L)

HIV

50~

% Infected Cells

Figure 5 A: SAMHD1 phosphorylation in macrophages is reduced by dasatinib and by specific inhibitors of CDK1, 2, 4 and 6. B: Pre-treatment of
macrophages with dasatinib and specific inhibitors of CDK1, 2, 4, and 6 reduces HIV-1 infection.

Initiative’s Emerging Infectious Diseases Fellowship (recipient,
ESCPW) and by a seed grant from the University of Utah Vice
President for Research and the Immunology, Inflammation, and
Infectious Disease Initiative (recipient, VP). VP and MC were
supported by NIH GRANT 5R01-Al143567.

REFERENCES

1. Honeycutt ]B, Wahl A, Baker C, Spagnuolo RA, Foster ], Zakharova O,
et al. Macrophages sustain HIV replication in vivo independently of T
cells. ] Clin Invest. 2016; 126: 1353-66.

2. Waki K, Freed EO. Macrophages and Cell-Cell Spread of HIV-1. Viruses.
2010; 2: 1603- 1620.

3. Koppensteiner H, Brack-Werner R, Schindler M. Macrophages and
their relevance in Human Immunodeficiency Virus Type I infection.
Retrovirol. 2012; 9: 82.

4. Laguette N, Sobhian B, Casartelli N, Ringeard M, Chable-Bessia C,
Ségéral E, et al. SAMHDL1 is the dendritic- and myeloid-cell-specific
HIV-1 restriction factor counteracted by Vpx. Nature. 2011; 474: 654-
657.

5. St Gelais C, Wu L. SAMHD1: a new insight into HIV-1 restriction in
myeloid cells. Retrovirology. 2011; 8: 55.

6. Goldstone DC, Ennis-Adeniran V, Hedden J], Groom HCT, Rice
GI, Christodoulou E, et al. HIV-1 restriction factor SAMHD1 is a
deoxynucleoside triphosphate triphosphohydrolase. Nature. 2011;
480: 379-382.

7. Arnold LH, Groom HCT, Kunzelmann S, Schwefel D, Caswell S], Ordonez
P, et al. Phospho-dependent Regulation of SAMHD1 Oligomerisation
Couples Catalysis and Restriction. PLoS Pathog. 2015; 11: e1005194.

8. Kim B, Nguyen LA, Daddacha W, Hollenbaugh JA. Tight Interplay
among SAMHD1 Protein Level, Cellular dNTP Levels, and HIV-1
Proviral DNA Synthesis Kinetics in Human Primary Monocyte-derived
Macrophages. ] Biol Chem. 2012; 287: 21570-21574.

9. StGelais C, de Silva S, Amie SM, Coleman CM, Hoy H, Hollenbaugh JA, et
al. SAMHD1 restricts HIV-1 infection in dendritic cells (DCs) by dNTP
depletion, but its expression in DCs and primary CD4+ T-lymphocytes
cannot be upregulated by interferons. Retrovirology. 2012; 9: 105.

10.Ayinde D, Casartelli N, Schwartz O. Restricting HIV the SAMHD1 way:
through nucleotide starvation. Nat Rev Microbiol. 2012; 10: 675-80.

11.Welbourn S, Dutta SM, Semmes O], STREBEL K. Restriction of
Virus Infection but Not Catalytic dNTPase Activity Is Regulated by
Phosphorylation of SAMHD1. ] Virol. 2013; 87: 11516-11524.

12.White TE, Brandariz-Nufiez A, Valle-Casuso ]JC, Amie S, Nguyen LA,
Kim B, et al. The Retroviral Restriction Ability of SAMHD1, but not
Its Deoxynucleotide Triphosphohydrolase Activity, is Regulated by
Phosphorylation. Cell Host Microbe. 2013; 13: 441-451.

13.Wittmann S, Behrendt R, Eissmann K, Volkmann B, Thomas D, Ebert T,
et al. Phosphorylation of murine SAMHD1 regulates its antiretroviral
activity. Retrovirology. 2015; 12: 103.

14.Tramentozzi E, Ferraro P, Hossain M, Stillman B, Bianchi V, Pontarin
G. The dNTP triphosphohydrolase activity of SAMHD1 persists during
S-phase when the enzyme is phosphorylated at T592. Cell Cycle. 2018;
17:1102-1114.

15.Pauls E, Ruiz A, Badia R, Permanyer M, Gubern A, Riveira-Mufioz
E, et al. Cell Cycle Control and HIV-1 Susceptibility Are Linked by
CDK6-Dependent CDK2 Phosphorylation of SAMHD1 in Myeloid and
Lymphoid Cells. ] Immunol. 2014; 193: 1988-1997.

16.Tracy L. Diamond MR, Varuni K. Jamburuthugoda, Holly M. Reynolds,
Mini Balakrishnan, Robert A. Bambara, Vicente Planelles, et al.
Macrophage Tropism of HIV-1 Depends on Efficient Cellular dANTP
Utilization by Reverse Transcriptase. ] Biol Chem. 2004; 279: 51545-
51553.

17.Szaniawski MA, Spivak AM, Bosque A, Planelles V. Sex Influences
SAMHD1 Activity and Susceptibility to Human Immunodeficiency
Virus-1 in Primary Human Macrophages. | Infect Dis. 2019; 219: 777-
785.

18.Cribier A, Descours B, Valaddo ALC, Laguette N, Benkirane M.
Phosphorylation of SAMHD1 by Cyclin A2/CDK1 Regulates Its
Restriction Activity toward HIV-1. Cell Rep. 2013; 3: 1036-1043.

19.Pauls E, Badia R, Torres-Torronteras J, Ruiz A, Permanyer M, Riveira-
Munoz E, et al. Palbociclib, a selective inhibitor of cyclin-dependent
kinase4/6, blocks HIV-1 reverse transcription through the control of
sterile alpha motif and HD domain-containing protein-1 (SAMHD1)
activity. AIDS. 2014; 28: 2213-2222.

20.Yan |, Hao C, DeLucia M, Swanson S, Florens L, Washburn MP, et al.
CyclinA2-Cyclin- dependent Kinase Regulates SAMHD1 Protein
Phosphohydrolase Domain. ] Biol Chem. 2015; 290: 13279-13292.

Clin Res HIV/AIDS 8(1): 1053 (2022)

5/6


https://pubmed.ncbi.nlm.nih.gov/26950420/
https://pubmed.ncbi.nlm.nih.gov/26950420/
https://pubmed.ncbi.nlm.nih.gov/26950420/
https://pubmed.ncbi.nlm.nih.gov/21552427/
https://pubmed.ncbi.nlm.nih.gov/21552427/
https://pubmed.ncbi.nlm.nih.gov/23035819/
https://pubmed.ncbi.nlm.nih.gov/23035819/
https://pubmed.ncbi.nlm.nih.gov/23035819/
https://pubmed.ncbi.nlm.nih.gov/21613998/
https://pubmed.ncbi.nlm.nih.gov/21613998/
https://pubmed.ncbi.nlm.nih.gov/21613998/
https://pubmed.ncbi.nlm.nih.gov/21613998/
https://pubmed.ncbi.nlm.nih.gov/21740548/
https://pubmed.ncbi.nlm.nih.gov/21740548/
https://pubmed.ncbi.nlm.nih.gov/22056990/
https://pubmed.ncbi.nlm.nih.gov/22056990/
https://pubmed.ncbi.nlm.nih.gov/22056990/
https://pubmed.ncbi.nlm.nih.gov/22056990/
https://pubmed.ncbi.nlm.nih.gov/26431200/
https://pubmed.ncbi.nlm.nih.gov/26431200/
https://pubmed.ncbi.nlm.nih.gov/26431200/
https://pubmed.ncbi.nlm.nih.gov/22589553/
https://pubmed.ncbi.nlm.nih.gov/22589553/
https://pubmed.ncbi.nlm.nih.gov/22589553/
https://pubmed.ncbi.nlm.nih.gov/22589553/
https://pubmed.ncbi.nlm.nih.gov/23231760/
https://pubmed.ncbi.nlm.nih.gov/23231760/
https://pubmed.ncbi.nlm.nih.gov/23231760/
https://pubmed.ncbi.nlm.nih.gov/23231760/
https://pubmed.ncbi.nlm.nih.gov/22926205/
https://pubmed.ncbi.nlm.nih.gov/22926205/
https://pubmed.ncbi.nlm.nih.gov/23966382/
https://pubmed.ncbi.nlm.nih.gov/23966382/
https://pubmed.ncbi.nlm.nih.gov/23966382/
https://pubmed.ncbi.nlm.nih.gov/23601106/
https://pubmed.ncbi.nlm.nih.gov/23601106/
https://pubmed.ncbi.nlm.nih.gov/23601106/
https://pubmed.ncbi.nlm.nih.gov/23601106/
https://pubmed.ncbi.nlm.nih.gov/26667483/
https://pubmed.ncbi.nlm.nih.gov/26667483/
https://pubmed.ncbi.nlm.nih.gov/26667483/
https://pubmed.ncbi.nlm.nih.gov/30039733/
https://pubmed.ncbi.nlm.nih.gov/30039733/
https://pubmed.ncbi.nlm.nih.gov/30039733/
https://pubmed.ncbi.nlm.nih.gov/30039733/
https://pubmed.ncbi.nlm.nih.gov/25015816/
https://pubmed.ncbi.nlm.nih.gov/25015816/
https://pubmed.ncbi.nlm.nih.gov/25015816/
https://pubmed.ncbi.nlm.nih.gov/25015816/
https://pubmed.ncbi.nlm.nih.gov/15452123/
https://pubmed.ncbi.nlm.nih.gov/15452123/
https://pubmed.ncbi.nlm.nih.gov/15452123/
https://pubmed.ncbi.nlm.nih.gov/15452123/
https://pubmed.ncbi.nlm.nih.gov/15452123/
https://pubmed.ncbi.nlm.nih.gov/30299483/
https://pubmed.ncbi.nlm.nih.gov/30299483/
https://pubmed.ncbi.nlm.nih.gov/30299483/
https://pubmed.ncbi.nlm.nih.gov/30299483/
https://pubmed.ncbi.nlm.nih.gov/23602554/
https://pubmed.ncbi.nlm.nih.gov/23602554/
https://pubmed.ncbi.nlm.nih.gov/23602554/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25847232/
https://pubmed.ncbi.nlm.nih.gov/25847232/
https://pubmed.ncbi.nlm.nih.gov/25847232/

@SCiMedCentra]

Williams ESCP, et al. (2022)

21.Szaniawski MA, Spivak AM, Cox JE, Catrow JL, Hanley T, Williams E, et
al. SAMHD1 Phosphorylation Coordinates the Anti-HIV-1 Response by
Diverse Interferons and Tyrosine Kinase Inhibition. m Bio. 2018; 9.

22.Hu ], Qiao M, Chen Y, Tang H, Zhang W, Tang D, et al. Cyclin E2-CDK2
mediates SAMHD1 phosphorylation to abrogate its restriction of HBV
replication in hepatoma cells. FEBS Lett. 2018; 592: 1893-1904.

23.Coiras M, Bermejo M, Descours B, Mateos E, Garcia-Pérez ], Lopez-
Huertas MR, et al. IL- 7 Induces SAMHD1 Phosphorylation in CD4+
T Lymphocytes, Improving Early Steps of HIV-1 Life Cycle. Cell Rep.
2016; 14: 2100-2107.

24.Bermejo M, Lopez-Huertas MR, Garcia-Pérez ], Climent N, Descours B,
Ambrosioni ], et al. Dasatinib inhibits HIV-1 replication through the
interference of SAMHD1 phosphorylation in CD4+ T cells. Biochem
Pharmacol. 2016; 106: 30-45.

25.Ambrosioni ], Coiras M, Alcami ], Miro JM. Potential role of tyrosine
kinase inhibitors during primary HIV-1 infection. Expert Rev Anti
Infect Ther. 2017; 15: 421-423.

26.Shah NP, Tran C, Lee FY, Chen P, Norris D, Sawyers CL. Overriding
imatinib resistance with a novel ABL kinase inhibitor. Science. 2004;
305: 399-401.

27.0’Hare T, Walters DK, Stoffregen EP, Jia T, Manley PW, Mestan ], et
al. In vitro activity of Bcr-Abl inhibitors AMN107 and BMS-354825
against clinically relevant imatinib-resistant Abl kinase domain
mutants. Cancer Res. 2005; 65: 4500-4505.

28.Doggrell SA. BMS-354825: a novel drug with potential for the
treatment of imatinib- resistant chronic myeloid leukaemia. Expert
Opin Investig Drugs. 2005; 14: 89-91.

29.Haslam S. Dasatinib: the emerging evidence of its potential in the
treatment of chronic myeloid leukemia. Core Evid. 2005; 1: 1-12.

30.Shi H, Zhang C-], Chen GY]J, Yao SQ. Cell-Based Proteome Profiling of
Potential Dasatinib Targets by Use of Affinity-Based Probes. ] Am
Chem Soc. 2012; 134: 3001-3014.

31.<Flumatinib-DataSheet-MedChemExpress.pdf>.
32.<Src-Inhibitor-1-DataSheet-MedChemExpress.pdf>.

33.Mlcochova P, Sutherland KA, Watters SA, Bertoli C, de Bruin RA,
Rehwinkel ], et al. A G1- like state allows HIV-1 to bypass SAMHD1
restriction in macrophages. EMBO J. 2017; 36: 604-616.

34.Mlcochova P, Caswell S, Taylor IA, Towers G, Gupta RK. DNA damage
induced by topoisomerase inhibitors activates SAMHD1 and blocks
HIV-1 infection of macrophages. EMBO J. 2018; 37: 50-62.

35.Ruiz A, Pauls E, Badia R, Torres-Torronteras J, Riveira-Mufioz E, Clotet
B, et al. Cyclin D3-dependent control of the dNTP pool and HIV-1
replication in human macrophages. Cell Cycle. 2015; 14: 1657-1665.

36.Pauls E, Badia R, Torres-Torronteras J, Ruiz A, Permanyer M, Riveira-
Mufoz E, et al. Palbociclib, a selective inhibitor of cyclin-dependent
kinase4/6, blocks HIV-1 reverse transcription through the control
of sterile a motif and HD domain-containing protein-1(SAMHD1)
activity. AIDS. 2014; 28: 2213-22.

37.Badia R, Pujantell M, Riveira-Mufioz E, Puig T, Torres-Torronteras
J, Marti R, et al. The G1/S Specific Cyclin D2 [s a Regulator of HIV-
1 Restriction in Non-proliferating Cells. PLoS Pathog. 2016; 12:
€1005829-1005822.

38.Badia R, Angulo G, Riveira-Munoz E, Pujantell M, Puig T, Ramirez C, et
al. Inhibition of herpes simplex virus type 1 by the CDK6 inhibitor PD-
0332991 (palbociclib) through the control of SAMHD1. ] Antimicrob
Chemother. 2016; 71: 387-394.

Clin Res HIV/AIDS 8(1): 1053 (2022)

6/6


https://pubmed.ncbi.nlm.nih.gov/29764952/
https://pubmed.ncbi.nlm.nih.gov/29764952/
https://pubmed.ncbi.nlm.nih.gov/29764952/
https://pubmed.ncbi.nlm.nih.gov/29782647/
https://pubmed.ncbi.nlm.nih.gov/29782647/
https://pubmed.ncbi.nlm.nih.gov/29782647/
https://pubmed.ncbi.nlm.nih.gov/26923586/
https://pubmed.ncbi.nlm.nih.gov/26923586/
https://pubmed.ncbi.nlm.nih.gov/26923586/
https://pubmed.ncbi.nlm.nih.gov/26923586/
https://pubmed.ncbi.nlm.nih.gov/26851491/
https://pubmed.ncbi.nlm.nih.gov/26851491/
https://pubmed.ncbi.nlm.nih.gov/26851491/
https://pubmed.ncbi.nlm.nih.gov/26851491/
https://pubmed.ncbi.nlm.nih.gov/28322065/
https://pubmed.ncbi.nlm.nih.gov/28322065/
https://pubmed.ncbi.nlm.nih.gov/28322065/
https://pubmed.ncbi.nlm.nih.gov/15256671/
https://pubmed.ncbi.nlm.nih.gov/15256671/
https://pubmed.ncbi.nlm.nih.gov/15256671/
https://pubmed.ncbi.nlm.nih.gov/15930265/
https://pubmed.ncbi.nlm.nih.gov/15930265/
https://pubmed.ncbi.nlm.nih.gov/15930265/
https://pubmed.ncbi.nlm.nih.gov/15930265/
https://pubmed.ncbi.nlm.nih.gov/15709925/
https://pubmed.ncbi.nlm.nih.gov/15709925/
https://pubmed.ncbi.nlm.nih.gov/15709925/
https://pubmed.ncbi.nlm.nih.gov/22496672/
https://pubmed.ncbi.nlm.nih.gov/22496672/
https://pubmed.ncbi.nlm.nih.gov/22242683/
https://pubmed.ncbi.nlm.nih.gov/22242683/
https://pubmed.ncbi.nlm.nih.gov/22242683/
https://pubmed.ncbi.nlm.nih.gov/28122869/
https://pubmed.ncbi.nlm.nih.gov/28122869/
https://pubmed.ncbi.nlm.nih.gov/28122869/
https://pubmed.ncbi.nlm.nih.gov/29084722/
https://pubmed.ncbi.nlm.nih.gov/29084722/
https://pubmed.ncbi.nlm.nih.gov/29084722/
https://pubmed.ncbi.nlm.nih.gov/25927932/
https://pubmed.ncbi.nlm.nih.gov/25927932/
https://pubmed.ncbi.nlm.nih.gov/25927932/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/25036183/
https://pubmed.ncbi.nlm.nih.gov/27541004/
https://pubmed.ncbi.nlm.nih.gov/27541004/
https://pubmed.ncbi.nlm.nih.gov/27541004/
https://pubmed.ncbi.nlm.nih.gov/27541004/
https://pubmed.ncbi.nlm.nih.gov/26542306/
https://pubmed.ncbi.nlm.nih.gov/26542306/
https://pubmed.ncbi.nlm.nih.gov/26542306/
https://pubmed.ncbi.nlm.nih.gov/26542306/

	Dasatinib: Effects on the Macrophage Phospho Proteome with a Focus on SAMHD1 and HIV-1 Infection
	Abstract
	 Introduction
	Materials and Methods 
	Results and Discussion 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Conclusions
	Figure 5
	Acknowledgments
	References

