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Abstract

HIV-1 infection poses a major threat to the public health worldwide. The antiretroviral agents that are cur-
rently used to treat HIV-1 infection target viral reverse transcriptase, integrase and protease, or block the 
fusion of viral envelop and cell membrane. Studies have shown that the HIV-1 encoded protein Nef plays 
an important role in the pathogenesis of viral infection. Nef ensures efficient counterattack against host 
immune responses as well as long-term evasion of immune surveillance. In addition, Nef, expressing at a 
high level early in the viral life cycle, is required for maintaining a high viral load in the persistent infection 
in vivo and for full pathologic potential. Therefore, Nef may be an excellent target to treat HIV-1 infection. 
In this manuscript, we reviewed five potential Nef inhibitors, namely, DLC27-14, tightly bound hydroxypyr-
azole HIV-1 Nef inhibitor B9, 2c-like inhibitors, N-(3-aminoquinoxalin-2-yl)-4-chlorobenzenesulfonamide and 
compound 1[(7-oxo-7H-benzo[anthracene]-3-yl)amino]anthraquinone, and their working mechanisms. 
These drugs may be further developed into new regimens for the treatment of HIV-1 infection. (AIDS Rev. 
2020;22:221-226)
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Introduction

Human immunodeficiency virus (HIV)-1 infection 
poses a major health threat to the public. Without treat-
ment, it can cause acquired immune deficiency syn-
drome. The antiretroviral agents that are currently used 
to treat HIV-1 infection mainly target the viral reverse 
transcriptase, integrase and protease, or block the fu-
sion of viral envelop and host cell membrane1,2. As one 
of the HIV-1 accessory proteins and the master regula-
tor of various host cell processes3, Nef plays an impor-
tant role in viral replication in vivo4. Nef is expressed 
at a high level in infected cells soon after viral entry 
and needs to be attached to cell membrane to func-
tion5,6. Deletion of nef from viral genome impairs viral 
replication and delays disease progression7. Down-
regulation of the expression of CD4, MHC-I, MHC-II, 
and CD28 molecules from the surface of HIV-1-infect-
ed cells is among Nef’s most prominent functions stud-
ied so far. In consideration of Nef’s critical role in HIV 
pathogenesis, Nef inhibitors have been explored as a 
potential category of anti-HIV drugs in recent years. 
These agents can not only interfere with HIV-1 life cycle 
but also enhance the recognition of viral-infected cells 
by the host immune system as part of the strategy to 
clear HIV-infected cells. In this manuscript, we re-
viewed five types of Nef inhibitors that are currently 
under development and their working mechanisms, 
which are illustrated in figure 1.

DLC27-14, an improved Nef inhibitor 
acting on SH3-Hck complex

The cellular proteins interacting with Nef can be di-
vided into two groups: proteins involved in the trafficking 
of cell surface receptors and those involved in cell signal-
ing pathways8. Most of these protein-protein interactions 
are mediated through Nef core domain, a stable globular 
domain containing a proline-rich motif that allows the 
binding of Src homology 3 (SH3) kinase domain9. The 
biological property and the availability of the structural 
data of Nef-SH3 domain complex make Nef a suitable 
target for structure-based drug development. DLC27, the 
first-generation of Nef inhibitor, inhibits – Nef-SH3domain 
interaction by specifically blocking the region of Nef that 
is required for its binding to the arginine-threonine (RT) 
loop of SH3 domain. The RT loop binding region in Nef 
consists of a mostly hydrophobic groove delimited by 
residue Trp113, and residue Arg967,10 in the groove is 
essential for Nef:SH3 interaction.

DLC27-14, the second-generation of Nef inhibitor, acts 
as a special protein disorder catalyst that destabilizes 
the folded Nef core domain. It is an improved inhibitor 
of Nef:SH3 complex. The only compatible docking mode 
of action for DLC27-14 suggests that it promotes the 
opening of two α-helices of Nef and destabilizes the core 
domain, thereby increasing the sensitivity of Nef to HIV 
protease and subsequent proteolysis. Therefore, from 
one point of view, DLC27-14 acts as a more effective 
inhibitor of Nef:SH3 complex formation than DLC27.

B9: targeting the dimeric helical area of 
HIV-1 Nef

An unique inhibitor that is based on hydroxypyrazole 
scaffold and named B9 was found through a high-
throughput screening with a high level of specificity (IC50 
2.8 mm) in blocking Nef’s such activities11 as enhance-
ment of viral infectivity and MHC-I downregulation12. The 
chemical denomination of B9 is (E)-4-((3-chlorophenyl)
diazenyl)-5-hydroxy-3-nitro-1H-pyrazole-1-carbothio-
amide. It binds to the active site of Nef that is located 
at the helical dimeric region in the helix dimer zone. 
Therefore, targeting this area inhibits Nef dimerization.

B9 has a three-ringed structure with a diazene linker 
connecting a pyrazole core to a chlorophenyl group. 
However, B9 also has several structural defects such as 
an azo linker that leads to low oral bioavailability. Thus, 
to improve its oral bioavailability, the azo linker in B9 was 
replaced with a one or two carbon linker. The obtained 
non-azo analogs retained their nanomolar binding affin-
ity to Nef and inhibited HIV-1 replication at the micromo-
lar potency without significant cytotoxicity in cell-based 
assays. Computational docking studies showed that 
these non-azo analogs occupied the same predicted 
binding site as the original azo compounds at the di-
meric interface of HIV-1 Nef. Pharmacokinetic evaluation 
of the non-azo B9 analogs in mice showed that replace-
ment of the azo linkage significantly increased their oral 
bioavailability without substantially affecting their plasma 
half-lives or clearance. JZ-96-21 and JZ-97-21, namely, 
the non-azo derivatives of B9, are orally bioavailable with 
reduced cytotoxicity. The improved oral bioavailability of 
these non-azo derivatives provides a starting point for 
further drug optimization in support of future efficacy 
testing against Nef activities in animal models13. 

Based on the structural and pharmacophoric features 
of B9, a potential Nef antagonist was recently identi-
fied14. The compound libraries (shape similarity- and 
pharmacophore-based ligand libraries) were first gen-
erated based on a hybrid virtual screening. Then, the 
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molecular docking technology was used to conduct 
structure-based virtual screening of the combined com-
pound libraries and the binding affinities of the screened 
compounds toward Nef were ranked. The best hits from 
each library were selected for subsequent 30 ns mo-
lecular dynamics simulation and post-dynamic analysis. 
ZINC04177596 from the shape similarity-based ligand 
library and ZINC36617540 from the pharmacophore-
based ligand library showed a better binding affinity 
than B9. Both hits were found capable of binding sig-
nificantly to the dimeric core domain of Nef and were 
believed to inhibit the process of dimerization similarly 
to B9. In addition, above study also presented a set of 
structural criteria that may be critical for further optimi-
zation or design of novel Nef inhibitors. 

Compound 2C: inhibitor of Nef-Src family 
tyrosine kinase (SFK) interaction

Another Nef-binding compound, the derivative of 
the natural product of Streptomyces known as 2c 

(2 ,4-d ihydroxy-5- (1-methoxy-2-methy lpropy l )
benzene-1,3-dialdehyde) has also been reported sig-
nificantly affecting Nef-dependent MHC-I downregula-
tion15 and viral infectivity.

It is suggested that 2c blocks Nef-dependent MHC-
I downregulation in primary human cells by interfering 
with the assembly of SFK-ZAP-70/Syk-PI3K complex 
which starts the process of Nef-induced MHC-I down-
regulation. Nef-induced formation of SFK-ZAP-70/Syk-
PI3K multi-kinase complex is initiated with the binding 
of PxxP SH3 domain of Nef to a trans-Golgi network-
localized SFK, and followed by the activation of ZAP-70 
and PI3K, which finally triggers the endocytosis of 
MHC-I molecules from the cell surface16. However, 2c 
had no effect on CD4 downregulation, which is instead 
mediated by a Class I PI3K-independent pathway16.

In addition to above mechanism, studies showed 
that 2c interacted with Nef primarily through a cleft 
formed by the central β-sheet and the C-terminal 
α-helices of Nef. This cleft provided a good pocket for 
2c. Besides, 2c was found capable of inducing a 

Figure 1. Schematic demonstration of the working mechanisms of five Nef inhibitors.
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series of chemical shift changes in the polyproline helix 
of Nef that binds the RT loop of SH3 domain in SFKs, 
suggesting that 2c influences the conformation of the 
polyproline helix of Nef. Therefore, it is reasonable to 
speculate that 2c inhibits the interaction of Nef and 
SFK and then interferes with Nef-induced SFK activa-
tion either through allosteric blocking of SFK binding 
or by directly affecting the binding of the polyproline 
helix in Nef to SFKs or both. Although the binding site 
of compound 2c to Nef does not overlap with the struc-
tural features of Nef involved in SH3 binding and SFK 
recruitment, 2c was found reducing the infectivity of 
HIV-1 by its direct binding to Nef17.

It is reported that overexpression of a mutant form of 
Hck whose SH3 domain lacks the linker region and 
kinase domain in viral producer cells results in the 
production of the viruses with reduced infectivity. 2c is 
confirmed to have an inhibitory effect on Nef-depen-
dent Hck activation18. Moreover, 2c inhibits the binding 
of Hck to the PxxP domain of Nef, and the inhibitory 
effect is more significant when pre-incubation of the 
Nef-PxxP peptide with 2c occurs before its incubation 
with Hck. 2c was found disrupting Nef-Hck binding in 
a dose-dependent manner and also inhibiting the in-
teraction of Nef with Lyn or Src19. At a low concentra-
tion, 2c impaired Nef-induced kinase activity of Hck 
while 2c at a high concentration directly inhibited Hck. 
Hence, the ability of 2c to differentially affect Nef-in-
duced Hck activation suggests 2c bind Nef directly. 
This speculation is further supported by a computer-
assisted simulation of the 2c-Nef docking model20. This 
model demonstrates that both the SH3 domain of Hck 
and 2c directly bind to Nef and that their binding sites 
overlap, supporting the idea that 2c reduces the infec-
tivity of offspring viruses by perturbing Hck functioning. 
Compound 2c is, therefore, a valuable chemical probe 
to reveal the underlying molecular mechanisms by 
which Nef enhances the infectivity of HIV-1.

N-(3-aminoquinoxalin-2-yl)-4-
chlorobenzenesulfonamide (DQBS): 
inhibiting Nef-mediated downregulation of 
MHC-I by preventing the assembly of 
SFK-ZAP-70/PI3K complex

Small molecules that interfere with Nef mediated 
downregulation of MHC-I may be powerful adjuvants 
to existing antiretroviral drugs to thwart viruses from 
evading immune strategies. Studies have revealed 
that the compound, a dihydrobenzo-1,4-dioxin-substi-
tuted analog, of DQBS potently blocked Nef-dependent 

HIV replication and MHC-I downregulation with an 
IC50 value of 130 nM. It significantly inhibited HIV 
replication at a concentration of 5 μM. HIV-1 
caused Nef-dependent tyrosine phosphorylation of 
the activation loop of SFK, which was inhibited by 
approximately 50% in the presence of DQBS. The 
most favored binding site for DQBS is located at the 
dimer interface. The Nef residues which interact with 
DQBS have been identified and they are Gln104, 
Gln107, and Asn 12621. DQBS is predicted to make 
polar contacts with Asn126 plus an additional contact 
with Thr138. In addition, computational docking stud-
ies reveal that DQBS binding may affect the acces-
sibility of Nef Trp113, which prevents the interaction 
of Nef with the SH3 domain of SFK and the PACS-2 
trafficking protein that is critical to the assembly of 
SFK-Zap-70/ PI3K complex15,16. Zap-70 is implicated 
in HIV-1 replication and viral spread22,23, suggesting 
that DQBS may interfere with HIV-1 replication by 
blocking Nef-dependent Zap-70 activation in T-cells. 
Inhibition of Zap-70 may also contribute to the antiret-
roviral efficacy of this compound. Further studies sup-
port a mechanism of action that is mediated through 
Nef and by directly affecting Zap-70 or Hck activity. 
By differential scanning fluorimetry assays, it was ob-
served that DQBS could cause thermal destabilization 
of Nef protein in a concentration-dependent manner, 
thereby interfering with the recruitment and activation 
of SFKs and other effector proteins. 

The anti-Nef activities of the compound DLC27-14, 
B9, and DQBS were compared at the concentration of 
3 μM and the results showed that both DQBS and B9 
reduced viral replication21. On the other hand, DLC27-
14 was less potent with reducing viral replication by 
about 25% at this concentration. Compared to DQBS, 
2c was less potent in both MHC-I downregulation and 
antiviral activity. This difference may be related to a 
weaker binding affinity of 2c for Nef and the possibility 
that DQBS may occupy a number of sites on the Nef 
structure that is important for MHC-I downregulation 
and viral growth24.

1[(7-Oxo-7H-benz[de]anthracene-3-yl)
amino]anthraquinone

As is proved in the experiment of Ruth Hunegnaw, 
1[((7-Oxo-7H-benzo[anthracene]-3-yl]amino]anthra-
quinone] (NSC 13987) prevented the interaction of Nef 
and calnexin, reduced the abundance of and impaired 
the functional activity of ATP-binding cassette A1, so 
as to inhibit HIV-1 replication.
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The previous studies have shown that HIV critically 
depends on host cholesterol metabolism to optimize 
viral replication25-28. The ATP-binding cassette A1 
(ABCA1), a highly glycosylated transporter, has been 
proved to be able to inhibit HIV-1 replication by reduc-
ing the abundance of lipid rafts on the plasma mem-
brane and thus affecting the production and infectivity 
of offspring viral particles29. It also means that HIV-1 
can downregulate ABCA1 to facilitate its infection and 
replication. An important mechanism of downregulation 
of ABCA1 by HIV-1 is through Nef-Calnexin interaction. 
This interaction leads to ABCA1 retention in endoplas-
mic reticulum and disruption of calnexin binding to 
ABCA1. Nef-calnexin interaction that is mediated by 
the C-tail of calnexin and Lsy4 and Lsy7 of Nef disrupts 
calnexin-assisted maturation of ABCA1 and thus im-
pairs cholesterol efflux. Based on above information, a 
screening was carried out for compounds that could 
destroy the interaction between Nef and calnexin, and 
1[(7-OXO-7H-Benz[DE] Anthracene-3-YL] Amino] an-
thraquinone (NSC13987) was found capable of largely 
preventing calnexin and Nef interaction, reversing Nef-
mediated downregulation of ABCA1 and restoring nor-
mal cholesterol outflow.

In addition, studies showed that compared with the 
control, the compound had a nearly 2-fold higher in-
hibitory effect on viral replication. On the one hand, this 
compound can prevent Nef from downregulating 
ABCA1. On the other hand, previous reports provided 
evidence that anthraquinone derivatives inhibited ribo-
nuclease H function16,30. It can also prevent choles-
terol metabolic disorders. If developed into drugs, this 
compound can simultaneously target both HIV and 
metabolic complications caused by the virus.

Perspective

Nef plays a critical role in HIV-1 life cycle, which 
makes it a rational target for antiretroviral drug devel-
opment. Studies demonstrated that the structure of Nef 
inhibitors could be chemically modified without com-
promising their antagonistic effects31. This unique 
feature of Nef inhibitors together with their effects on 
inhibiting viral replication may contribute to the reduc-
tion of the size of HIV-1 viral reservoir. Therefore, HIV-
1 Nef inhibitors provide a new type of armory for the 
treatment of HIV infection. Understanding the working 
mechanism of Nef is crucial for the design of potent 
Nef inhibitors, and a novel avenue toward the develop-
ment of next generation of Nef inhibitors is coming to 
the horizon.

References

	 1.	 Temesgen Z, Warnke D, Kasten MJ. Current status of antiretroviral 
therapy. Expert Opin Pharmacother. 2006;7:1541-54.

	 2.	 Saksela K. Interactions of the HIV/SIV pathogenicity factor Nef with SH3 
domain-containing host cell proteins. Curr HIV Res. 2011;9:531-42.

	 3.	 Fackler OT, Baur AS. Live and let die: nef functions beyond HIV replica-
tion. Immunity. 2002;16:493-7.

	 4.	 Kestler HW 3rd, Ringler DJ, Mori K, Panicali DL, Sehgal PK, Daniel MD, 
et al. Importance of the Nef gene for maintenance of high virus loads 
and for development of AIDS. Cell. 1991;65:651-62.

	 5.	 Trible RP, Narute P, Emert-Sedlak LA, Alvarado JJ, Atkins K, Thomas L, 
et al. Discovery of a diaminoquinoxaline benzenesulfonamide antagonist 
of HIV-1 Nef function using a yeast-based phenotypic screen. Retrovirol-
ogy. 2013;10:135.

	 6.	 Fischl MA, Richman DD, Grieco MH, Gottlieb MS, Volberding PA, 
Laskin OL, et al. The efficacy of azidothymidine (AZT) in the treatment 
of patients with AIDS and AIDS-related complex. A double-blind, place-
bo-controlled trial. N Engl J Med. 1987;317:185-91.

	 7.	 Swingler S, Brichacek B, Jacque JM, Ulich C, Zhou J, Stevenson M. 
HIV-1 Nef intersects the macrophage CD40L signalling pathway to pro-
mote resting-cell infection. Nature. 2003;424:213-9.

	 8.	 Arold ST, Baur AS. Dynamic Nef and Nef dynamics: how structure could 
explain the complex activities of this small HIV protein. Trends Biochem 
Sci. 2001;26:356-63.

	 9.	 Lee CH, Leung B, Lemmon MA, Zheng J, Cowburn D, Kuriyan J, et al. 
A single amino acid in the SH3 domain of Hck determines its high af-
finity and specificity in binding to HIV-1 Nef protein. EMBO J. 
1995;14:5006-15.

	 10.	 Arold S, O’Brien R, Franken P, Strub MP, Hoh F, Dumas C, et al. RT loop 
flexibility enhances the specificity of Src family SH3 domains for HIV-1 
Nef. Biochemistry. 1998;37:14683-91.

	 11.	 Breuer S, Schievink SI, Schulte A, Blankenfeldt W, Fackler OT, Geyer M. 
Molecular design, functional characterization and structural basis of a 
protein inhibitor against the HIV-1 pathogenicity factor Nef. PLoS One. 
2011;6:e20033.

	 12.	 Mujib S, Saiyed A, Fadel S, Bozorgzad A, Aidarus N, Yue FY, et al. 
Pharmacologic HIV-1 Nef blockade promotes CD8 T cell-mediated elim-
ination of latently HIV-1-infected cells in vitro. JCI Insight. 2017;2:e93684.

	 13.	 Emert-Sedlak LA, Loughran HM, Shi H, Kulp JL 3rd, Shu ST, Zhao J, 
et al. Synthesis and evaluation of orally active small molecule HIV-1 Nef 
antagonists. Bioorg Med Chem Lett. 2016;26:1480-4.

	 14.	 Moonsamy S, Bhakat S, Ramesh M, Soliman ME. Identification of binding 
mode and prospective structural features of novel Nef protein inhibitors 
as potential anti-HIV drugs. Cell Biochem Biophys. 2017;75:49-64.

	 15.	 Dikeakos JD, Thomas L, Kwon G, Elferich J, Shinde U, Thomas G. An 
interdomain binding site on HIV-1 Nef interacts with PACS-1 and 
PACS-2 on endosomes to down-regulate MHC-I. Mol Biol Cell. 
2012;23:2184-97.

	 16.	 Hung CH, Thomas L, Ruby CE, Atkins KM, Morris NP, Knight ZA, et al. 
HIV-1 Nef assembles a Src family kinase-ZAP-70/Syk-PI3K cascade to 
downregulate cell-surface MHC-I. Cell Host Microbe. 2007;1:121-33.

	 17.	 Chutiwitoonchai N, Hiyoshi M, Mwimanzi P, Ueno T, Adachi A, Ode H, 
et al. The identification of a small molecule compound that reduces HIV-
1 Nef-mediated viral infectivity enhancement. PLoS One. 2011;6:e27696.

	 18.	 Hassan R, Suzu S, Hiyoshi M, Takahashi-Makise N, Ueno T, Agatsuma T, 
et al. Dys-regulated activation of a Src tyroine kinase Hck at the Golgi 
disturbs N-glycosylation of a cytokine receptor Fms. J Cell Physiol. 
2009;221:458-68.

	 19.	 Betzi S, Restouin A, Opi S, Arold ST, Parrot I, Guerlesquin F, et al. 
Protein protein interaction inhibition (2P2I) combining high throughput 
and virtual screening: application to the HIV-1 Nef protein. Proc Natl 
Acad Sci U S A. 2007;104:19256-61.

	 20.	 Choi HJ, Smithgall TE. Conserved residues in the HIV-1 Nef hydrophobic 
pocket are essential for recruitment and activation of the Hck tyrosine 
kinase. J Mol Biol. 2004;343:1255-68.

	 21.	 Emert-Sedlak LA, Narute P, Shu ST, Poe JA, Shi H, Yanamala N, et al. 
Effector kinase coupling enables high-throughput screens for direct HIV-
1 Nef antagonists with antiretroviral activity. Chem Biol. 2013;20:82-91.

	 22.	 Simmons A, Aluvihare V, McMichael A. Nef triggers a transcriptional 
program in T cells imitating single-signal T cell activation and inducing 
HIV virulence mediators. Immunity. 2001;14:763-77.

	 23.	 Sol-Foulon N, Sourisseau M, Porrot F, Thoulouze MI, Trouillet C, Nobile C, 
et al. ZAP-70 kinase regulates HIV cell-to-cell spread and virological 
synapse formation. EMBO J. 2007;26:516-26.

	 24.	 Trible RP, Emert-Sedlak L, Smithgall TE. HIV-1 Nef selectively activates 
Src family kinases Hck, Lyn, and c-Src through direct SH3 domain in-
teraction. J Biol Chem. 2006;281:27029-38.

	 25.	 Mujawar Z, Rose H, Morrow MP, Pushkarsky T, Dubrovsky L, Mukham-
edova N, et al. Human immunodeficiency virus impairs reverse choles-
terol transport from macrophages. PLoS Biol. 2006;4:e365.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
20



AIDS Reviews. 2020;22

226

	 26.	 Morrow MP, Grant A, Mujawar Z, Dubrovsky L, Pushkarsky T, Kiselyeva Y, 
et al. Stimulation of the liver X receptor pathway inhibits HIV-1 replication 
via induction of ATP-binding cassette transporter A1. Mol Pharmacol. 
2010;78:215-25.

	 27.	 Asztalos BF, Mujawar Z, Morrow MP, Grant A, Pushkarsky T, Wanke C, 
et al. Circulating Nef induces dyslipidemia in simian immunodeficiency 
virus-infected macaques by suppressing cholesterol efflux. J Infect Dis. 
2010;202:614-23.

	 28.	 Cui HL, Grant A, Mukhamedova N, Pushkarsky T, Jennelle L, Dubrovsky L, 
et al. HIV-1 Nef mobilizes lipid rafts in macrophages through a pathway 
that competes with ABCA1-dependent cholesterol efflux. J Lipid Res. 
2012;53:696-708.

	 29.	 Jennelle L, Hunegnaw R, Dubrovsky L, Pushkarsky T, Fitzgerald ML, 
Sviridov D, et al. HIV-1 protein Nef inhibits activity of ATP-binding cas-
sette transporter A1 by targeting endoplasmic reticulum chaperone 
calnexin. J Biol Chem. 2014;289:28870-84.

	 30.	 Hussain H, Al-Harrasi A, Al-Rawahi A, Green IR, Csuk R, Ahmed I, et al. 
A fruitful decade from 2005 to 2014 for anthraquinone patents. Expert 
Opin Ther Pat. 2015;25:1053-64.

	 31.	 Shi H, Tice CM, Emert-Sedlak L, Chen L, Li WF, Carlsen M, et al. Tight-
binding hydroxypyrazole HIV-1 Nef inhibitors suppress viral replication 
in donor mononuclear cells and reverse Nef-mediated MHC-I down-
regulation. ACS Infect Dis. 2020;6:302-12.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
20


