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Background

Despite their known role in controlling HIV replication, 
CTLs are not able to clear all infected cells from an individual 



Hypothesis: 

Modulation of host factors in infected cells may increase their 

susceptibilities to elimination by CTL

Objectives:

• Enhance CTL-mediated control of viral replication in absence of ARVs

• Enable CTLs to eliminate reservoirs of infected cells

Can We Target These Intrinsic Resistance Mechanisms 
To Enhance Infected Cell Elimination By CTL?



Inhibition Of Anti-apoptotic Proteins In HIV-infected Cells 
Improves Their Elimination By CTLs

Approach: Inhibition of BCL-2 in HIV infected cells 
increases their elimination by CTL

Some similarities with the cancer field:



Research work led by Louise Leyre
Poster: PP 4.15 #00181

Infected CD4+ T cells + Autologous HIV-specific CTLs

Infected survivors

RNA sequencing

Differentially 
expressed genes

Do HIV-infected Cells Have A CTL-resistance Signature? 
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Among the strongest hits of our RNA-seq analysis:
‘Enhancer of Zeste Homolog 2’ (EZH2)



EZH2 is a histone-methyltransferase, part of the polycomb repressive complex 2, 
which silences gene expression by histone H3 di/tri-methylation at lysine 27 (H3K27) 
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EZH2 overexpression in cancer => cancer cell survival
Mutation or over-expression of EZH2 has been linked to many 

forms of cancer 

EZH2: Background Information

From: Burr ML, et al. Cancer Cell. 2019
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EZH2 and HIV-Nef: A “Collaboration” To Evade CTL-recognition?



If EZH2 overexpression is part of the 
“resistance signature” that protects a subset of infected cells from 

CTL-mediated killing, 

Can we use EZH2 inhibitors to reverse this resistance effect?



EZH2 Inhibitor Selected: Tazemetostat (EPZ-6438), 
an FDA-approved compound

Completed clinical trials testing Tazemetostat for treatment of cancer (partial list)

• Orally available 
• Typically used to treat B-cell lymphoma, 

epithelioid sarcoma, mesothelioma 
• Typical dosage:

• Humans: 800mg twice daily

• Mice: 500-600mg/kg twice daily



Is Tazemetostat Biologically Active In CD4+ T Cells?



Tazemetostat Decreases H3K27 Tri-Methylation And 
Increases Surface MHC-I Expression on CD4+ T Cells

Samples from n=4 independent donors. Statistical significance determined by 1-way ANOVA. Error bars represent SD.

CD4+ T cells isolated from 4 independent donors were treated for 5 days with increasing concentrations of Tazemetostat
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CD4+ T cells alone +HIV-specific CTLs

In Vitro Infected-cell CTL Killing Assay

CTL-infected cell priming

CTL Infected cell

Killing of infected cell

Different Effector:Target (E:T) ratios 



Tazemetostat Enhances Killing of Infected CD4+ T Cells In Vitro

n=5  independent experiments. Statistical significance determined by 1-way ANOVA. Error bars represent 95% C.I.
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Tazemetostat Enhances CTL-mediated Killing Of Infected Cells 
Through Increased MHC-I Surface Expression  

Does Tazemetostat Have The Same Sensitization Effect On Cells 
Infected With A Nef-deficient Virus?



Inhibition Of EZH2 In Cells Infected With A Nef-deficient (ΔNef) Virus 
Does Not Result In The Same Sensitization Effect 

Infection with WT-JRCSF

0 1:8 1:4 1:2

0

10

20

30

40

50

60

70

80

90

100

E:T Ratio

%
 L

iv
e
 I
n

fe
c
te

d
 C

e
ll
s
 

N
o

rm
a
li
ze

d
 t

o
 N

o
 C

T
L

 

Untreated (DMSO)

5µM Tazemetostat

49.7%

22.6%

Infection with ΔNef-JRCSF

0 1:8 1:4 1:2

0

10

20

30

40

50

60

70

80

90

100

E:T Ratio

%
 L

iv
e
 I
n

fe
c
te

d
 C

e
ll
s
 

N
o

rm
a
li
ze

d
 t

o
 N

o
 C

T
L

 

Untreated (DMSO)

5µM Tazemetostat

35.5%

30.1%

Untreated

JRCSF-ΔNef

Untreated

JRCSF-WT

+5μM Taz

+5μM Taz



• This cell line expresses a fusion between full-length Nef and the estrogen receptor (ER) hormone-binding
domain (Nef-ER)

• Nef-ER is kept in an inactive state due to steric hindrance

• Addition of the membrane-permeable drug 4-hydroxytamoxifen (4HT), which binds to the ER domain,
leads to inducible activation of Nef-ER within cells

Nef-ER Nef-ER

4-hydroxytamoxifen 
(4HT)

ActiveInactive

A Sup-T1 T-cell Line Expressing Chimeric Nef-estrogen Receptor
(AIDS Reagent Program: Nef-ER Expressing Sup-T1 Cells (Clone 31), ARP-6453, 

contributed by Drs. Scott Walk, Kodi Ravichandran and David Rekosh)



Tazemetostat Increases Surface MHC-I In The Presence Of 4HT
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Tazemetostat Counteracts Nef-mediated Downregulation Of MHC-I 
By Increasing MHC-I Basal Transcription 
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Tazemetostat Counteracts Nef-mediated Downregulation Of MHC-I 
By Increasing MHC-I Basal Transcription 



Can Tazemetostat Increase MHC-I And 
Reduce Viral Loads In Vivo?



Nod SCID -/-IL2rgnull 
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Engraftment

5 weeks 

mCD4+ T cells

Infection

HIVJRCSF

Co-engraftment

With autologous 
mCD8+ T cells

Tazemetostat

Vehicle

Vehicle

Tazemetostat or vehicle control
were administered orally, through oral gavage

In vivo Treatment With Tazemetostat
Humanized HIV-infected mouse model from: CD. McCann, RB Jones et al. J Exp Med (2021)

Therapeutic dosage
(As reported in previous mouse study in cancer)

125mg/kg
(Week 1)

250mg/kg
(Week 2)

500mg/kg (twice/day)
(Week 3, 4)



Tazemetostat Induces A Significant Increase 
In Surface MHC-I On Infected Cells In Vivo 

Therapeutic dosage 

500mg/kg BID2501250Tazemetostat mg/kg:

p=0.0039
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Viral Load Is Significantly Reduced In +CD8 Versus CD4only Mice 
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Treatment With Tazemetostat Results In Decrease Of Viral Load, 
Relative To Vehicle Control

0.56-log decrease in VL (mean value)



Key question being asked: 

Can we target intrinsic resistance mechanisms in infected cells to enhance their elimination by CTLs?

Key findings:

1. The FDA-approved drug Tazemetostat increases basal MHC-I expression on CD4+ T cells 

2. Increased MHC-I expression counterbalances HIV-Nef-mediated immunoevasion, resulting in 

enhanced infected-cell elimination in vitro and decreased viral loads in vivo 

What are the next steps?

1. Repeat/confirm in vivo results with therapeutic dosage of Tazemetostat

2. Study whether treatment of viremic mice with Taz, prior to ART initiation, will induce CTL-mediated 

reduction of the pool of infected cells and will delay rebound of viral load when ART is interrupted

Summary and Conclusions
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