
In vivo effects of panobinostat and romidepsin on HIV-1-specific 
CD8+ T cell immunity

BACKGROUND
Histone deacetylase inhibitors (HDACi), including panobinostat and romidepsin, are 
currently being evaluated in experimental clinical trials for their ability to induce human 
immunodeficiency virus (HIV) expression in latently infected cells with the overall aim of 
eradicating the latent HIV reservoir. The rationale for targeting the latent HIV reservoir 
through disruption of viral latency is that the host immune system will be capable of 
eliminating infected cells induced to express HIV. However, concern has been raised that 
HDACi may diminish effector functions of CD8+ T cells, thus impairing the elimination 
virus-expressing cells (Jones et al. 2014 Plos. Pathogens).

We recently conducted two separate trials demonstrating that the HDACis panobinostat  
(the CLEAR trial) or romidepsin (the REDUC trial) led to significant increase in HIV 
transcription in CD4+ T cells, as well as increase in HIV viremia, providing evidence that 
panobinostat and romidepsin activate HIV from latency. Here, we evaluated HIV-1-specific 
CD8+ T cell responses during clinical administration of panobinostat and romidepsin. 

METHODS
Trial design, study Participants and sampling
Panobinostat (the CLEAR trial; Rasmussen et al. Lancet HIV 2014) or romidepsin 
(the REDUC trial; IAS 2014) were administered to virologically suppressed HIV-1 infected 
adults on ART (Table 1). 

In 14 out of 15 panobinostat-treated patients cryo-preserved peripheral blood mononuclear 
cells (PBMCs) isolated pre-Panobinostat (baseline), twice on-panobinostat (in the first 
and third treatment cycle referred to as “PANO-1” and “PANO-2” respectively) and post-
panobinostat were subjected to the below described analyses (Figure 1A).

In 6 out of 6 romidepsin-treated patients cryo-preserved PBMCs isolated pre-romidepsin 
(baseline/base), once on-romidepsin (3 days after the first infusion, referred to as “ROMI”) 
and post-romidepsin (follow-up/post) were subjected to the below described analyses 
(Figure 1B).

Flow Cytometry: Intracellular cytokine staining
Intracellular cytokine staining (ICS) was performed as follows: Thawed PBMCs were rested 
for 18 hours, stimulated for 6 hours with HIV-1 Gag peptide pool (150 15-mers) and 
stained with viability dye followed by surface staining (CD8, CCR7 and CD45RA) and 
intracellular cytokine staining (IFNγ, IL2 and TNFα). Samples were analyzed on a BD 
FACSVerse cytometer and data was analyzed using FlowJo Version 10.0.7. 
Samples were analyzed using the gating strategy illustrated in Figure 2. We utilized 
Boolean combination gate analyses to create the full array of possible combinations of 
cytokine production (7 response patterns for 3 functions). A positive HIV specific response 
for CD8+ T cells was defined as greater than 0.06% (after background response in the 
un-stimulated control was subtracted). Only patients with a detectable HIV-specific CD8+ 
T cell response were included for the analyses of MFI values (Figures 5 and 6).
  
Statistical analyses 
Bivariate comparisons were performed using Wilcoxon matched-pairs signed-ranks test.  
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Fig. 1  Study design for the CLEAR trial and the REDUC trial 

 Grey box indicates time on HDACi treatment. Black arrows indicate administration 
of (A) panobinostat (the CLEAR trial) or (B) romidepsin (the REDUC trial).Red 
arrows indicate sampling of peripheral blood samples utilized for the analyses 
described in Figures 2-7.

Fig. 3  CD8+ T cell counts and memory subset distribution

CD8+ T cell counts and memory subset distribution before, during and after 
panobinostat or romidepsin treatment. 
(A-B) Total CD8+ T cell counts. (C-D) CD8+ T cell memory subsets. 
Stacked bars represent mean±SEM. *P<0.05. 

Fig. 2 Gating strategy for flow cytometric analyses 

Shown are representative dot plots for patient 10 from the CLEAR trial. (A) 
Gating strategy for identifying CD8+ T cells responses: Live gate -> Singlet gate -> 
Lymphocyte gate -> CD8+ T cells and then CCR7 versus CD45RA to define memory 
subsets; naïve, central memory (CM), effector memory (EM) and terminally 
differentiated (TD). Finally, within each of the CD8+ memory subsets we gated on 
CD8+ versus IFNγ, TNFα or IL2. (B-D) response to stimulation with (B) HIV-1-gag-
peptides, (C) un-stimulated and (D) staphylococcal enterotoxin b (SEB) for EM 
CD8+ T-cells. Numbers represent percentage of the shown population that is within 
the depiced gate.  
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The effect of panobinostat or romidepsin treatment on the frequencies of HIV-
specific EM and TD CD8+ T cells.
Percentages of EM and TD CD8+ T cells producing only IFNγ or both IFNγ and TNFα 
before, during and after panobinostat treatment (A-B) or romidepsin treatment 
(C-D). Horizontal bars show median values±IQR. The grey dashed horizontal line 
represents limit for detection of positive response.

Fig. 5 The CLEAR trial

The effect of panobinostat treatment on the levels of cytokines produced by 
HIV-specific EM and TD CD8+ T cells. 
MFI for IFNγ and TNFα for HIV-specific (A) EM and (B) TD CD8+ T cells shown in 
figure 4A-B. 

Fig. 6 The REDUC trial

The effect of romidepsin treatment on the levels of cytokines produced by 
HIV-specific EM and TD CD8+ T cells.
MFI for IFNγ and TNFα for HIV-specific (A) EM and (B) TD CD8+ T cells shown in 
figure 4C-D. 

Fig. 7 The CLEAR and the REDUC trial

The effect of panobinostat or romidepsin treatment on the frequencies of 
SEB-responsive EM and TD CD8+ T cells.
Percentages of SEB-responsive CD8+ T cells within the EM and TD memory subsets 
producing only IFNγ or both IFNγ and TNFα at following time-points: (A-B) The 
CLEAR trial: at baseline (base, n=14), on treatment: early (PANO-1, n=6) and late 
(PANO-2, n=13) and at follow-up (post, n=13). (C-D) The REDUC trial: at baseline 
(Base, n=6), on treatment (ROMI, n=5) and at follow-up (Post, n=6). Horizontal 
bars show median values±IQR. 

 CONCLUSIONS

In two clinical trials, treatment of HIV-1 infected patients with panobinostat or romidepsin did not 
decrease the levels of HIV-1 specific EM and TD CD8+ T cells. Further, we observed no decrease in the 
levels of IFNγ and TNFα produced by the HIV-1 specific CD8+ T cells in response to HIV gag peptides. 
These results strongly suggest that neither panobinostat nor romidepsin blunts the HIV-specific CD8+ 
T cell response in vivo, supporting their use in combination with therapeutic vaccination in future 
eradication trials.

RESULTS
 •  We observed no statistical significant changes in total CD8+ T cell counts 

before and after panobinostat or romidepsin treatment (Figure 3A-B). 

 •  During panobinostat treatment the relative composition of the CD8+ T cell 
memory subsets changed significantly, but had returned to baseline levels 
at follow-up  (Figure 3C). 

 •  During romidepsin treatment we saw no statistically significant change in the 
CD8+ T cell memory subset composition (Figure 3D).

 •  In both trials the majority of the HIV-specific CD8+ T cells was effector
memory and terminally differentiated cells and primarily produced only IFNγ 
(single cytokine producing cells) or both IFNγ and TNFα (double cytokine 
producing cells) 

 •  During panobinostat or romidepsin treatment there was no change in the 
proportions of HIV-specific CD8+ EM and TD cells producing either IFNγ 
only or both IFNγ and TNFα (Figure 4). 

 •  We observed no significant changes in IFNγ or TNFα production (MFI) during 
panobinostat or romidepsin treatment or at follow-up (Figures 5 and 6). 

 •  During panobinostat or romidepsin treatment there was no overall difference 
in the levels of staphylococcal enterotoxin B (SEB) -responsive CD8+ T cells 
(Figure 7). 
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included HDACi: Administration and dosage ClinicalTrial.gov

The CLEAR trial

Virological suppression for 
at least two years. 

Months with HIV RNA <50 
copies/mL at baseline: 
Median 38 (range 26.3-169.6)

CD4+ T cell counts above 
500/μL

CD4+ cell count at baseline:  
Median 935 cells/µL 
(range 615-1990)

n=15

Oral Panobinostat (20 mg)

Adm. 3 times per week every
other week for 8 weeks.
I.e. 4 cycles of treatment

NCT01680094

The REDUC trial

Virological suppression for 
at least one year. 

Years with HIV RNA <50 
copies/mL at baseline: 
Median 9.1 (range 3.6-12.7)

CD4+ T cell counts above 500/μL

CD4+ cell count at baseline:
Median 645 cells/µL 
(range 510-1000)

n=6

Intravenous Romidepsin 
(5 mg/m2)

Adm. over a 4 hour period once
weekly for three consecutive week

NTC02092116
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The CLEAR trial

Virological suppression for 
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Months with HIV RNA <50 
copies/mL at baseline: 
Median 38 (range 26.3-169.6)

CD4+ T cell counts above 
500/μL

CD4+ cell count at baseline:  
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Oral Panobinostat (20 mg)

Adm. 3 times per week every
other week for 8 weeks.
I.e. 4 cycles of treatment
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The REDUC trial

Virological suppression for 
at least one year. 

Years with HIV RNA <50 
copies/mL at baseline: 
Median 9.1 (range 3.6-12.7)

CD4+ T cell counts above 500/μL

CD4+ cell count at baseline:
Median 645 cells/µL 
(range 510-1000)

n=6

Intravenous Romidepsin 
(5 mg/m2)

Adm. over a 4 hour period once
weekly for three consecutive week
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In vivo effects of panobinostat and romidepsin on HIV-1-specific 
CD8+ T cell immunity

BACKGROUND
Histone deacetylase inhibitors (HDACi), including panobinostat and romidepsin, are 
currently being evaluated in experimental clinical trials for their ability to induce human 
immunodeficiency virus (HIV) expression in latently infected cells with the overall aim of 
eradicating the latent HIV reservoir. The rationale for targeting the latent HIV reservoir 
through disruption of viral latency is that the host immune system will be capable of 
eliminating infected cells induced to express HIV. However, concern has been raised that 
HDACi may diminish effector functions of CD8+ T cells, thus impairing the elimination 
virus-expressing cells (Jones et al. 2014 Plos. Pathogens).

We recently conducted two separate trials demonstrating that the HDACis panobinostat  
(the CLEAR trial) or romidepsin (the REDUC trial) led to significant increase in HIV 
transcription in CD4+ T cells, as well as increase in HIV viremia, providing evidence that 
panobinostat and romidepsin activate HIV from latency. Here, we evaluated HIV-1-specific 
CD8+ T cell responses during clinical administration of panobinostat and romidepsin. 

METHODS
Trial design, study Participants and sampling
Panobinostat (the CLEAR trial; Rasmussen et al. Lancet HIV 2014) or romidepsin 
(the REDUC trial; IAS 2014) were administered to virologically suppressed HIV-1 infected 
adults on ART (Table 1). 

In 14 out of 15 panobinostat-treated patients cryo-preserved peripheral blood mononuclear 
cells (PBMCs) isolated pre-Panobinostat (baseline), twice on-panobinostat (in the first 
and third treatment cycle referred to as “PANO-1” and “PANO-2” respectively) and post-
panobinostat were subjected to the below described analyses (Figure 1A).

In 6 out of 6 romidepsin-treated patients cryo-preserved PBMCs isolated pre-romidepsin 
(baseline/base), once on-romidepsin (3 days after the first infusion, referred to as “ROMI”) 
and post-romidepsin (follow-up/post) were subjected to the below described analyses 
(Figure 1B).

Flow Cytometry: Intracellular cytokine staining
Intracellular cytokine staining (ICS) was performed as follows: Thawed PBMCs were rested 
for 18 hours, stimulated for 6 hours with HIV-1 Gag peptide pool (150 15-mers) and 
stained with viability dye followed by surface staining (CD8, CCR7 and CD45RA) and 
intracellular cytokine staining (IFNγ, IL2 and TNFα). Samples were analyzed on a BD 
FACSVerse cytometer and data was analyzed using FlowJo Version 10.0.7. 
Samples were analyzed using the gating strategy illustrated in Figure 2. We utilized 
Boolean combination gate analyses to create the full array of possible combinations of 
cytokine production (7 response patterns for 3 functions). A positive HIV specific response 
for CD8+ T cells was defined as greater than 0.06% (after background response in the 
un-stimulated control was subtracted). Only patients with a detectable HIV-specific CD8+ 
T cell response were included for the analyses of MFI values (Figures 5 and 6).
  
Statistical analyses 
Bivariate comparisons were performed using Wilcoxon matched-pairs signed-ranks test.  
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Fig. 1  Study design for the CLEAR trial and the REDUC trial 

 Grey box indicates time on HDACi treatment. Black arrows indicate administration 
of (A) panobinostat (the CLEAR trial) or (B) romidepsin (the REDUC trial).Red 
arrows indicate sampling of peripheral blood samples utilized for the analyses 
described in Figures 2-7.

Fig. 3  CD8+ T cell counts and memory subset distribution

CD8+ T cell counts and memory subset distribution before, during and after 
panobinostat or romidepsin treatment. 
(A-B) Total CD8+ T cell counts. (C-D) CD8+ T cell memory subsets. 
Stacked bars represent mean±SEM. *P<0.05. 

Fig. 2 Gating strategy for flow cytometric analyses 

Shown are representative dot plots for patient 10 from the CLEAR trial. (A) 
Gating strategy for identifying CD8+ T cells responses: Live gate -> Singlet gate -> 
Lymphocyte gate -> CD8+ T cells and then CCR7 versus CD45RA to define memory 
subsets; naïve, central memory (CM), effector memory (EM) and terminally 
differentiated (TD). Finally, within each of the CD8+ memory subsets we gated on 
CD8+ versus IFNγ, TNFα or IL2. (B-D) response to stimulation with (B) HIV-1-gag-
peptides, (C) un-stimulated and (D) staphylococcal enterotoxin b (SEB) for EM 
CD8+ T-cells. Numbers represent percentage of the shown population that is within 
the depiced gate.  
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The effect of panobinostat or romidepsin treatment on the frequencies of HIV-
specific EM and TD CD8+ T cells.
Percentages of EM and TD CD8+ T cells producing only IFNγ or both IFNγ and TNFα 
before, during and after panobinostat treatment (A-B) or romidepsin treatment 
(C-D). Horizontal bars show median values±IQR. The grey dashed horizontal line 
represents limit for detection of positive response.

Fig. 5 The CLEAR trial

The effect of panobinostat treatment on the levels of cytokines produced by 
HIV-specific EM and TD CD8+ T cells. 
MFI for IFNγ and TNFα for HIV-specific (A) EM and (B) TD CD8+ T cells shown in 
figure 4A-B. 

Fig. 6 The REDUC trial

The effect of romidepsin treatment on the levels of cytokines produced by 
HIV-specific EM and TD CD8+ T cells.
MFI for IFNγ and TNFα for HIV-specific (A) EM and (B) TD CD8+ T cells shown in 
figure 4C-D. 

Fig. 7 The CLEAR and the REDUC trial

The effect of panobinostat or romidepsin treatment on the frequencies of 
SEB-responsive EM and TD CD8+ T cells.
Percentages of SEB-responsive CD8+ T cells within the EM and TD memory subsets 
producing only IFNγ or both IFNγ and TNFα at following time-points: (A-B) The 
CLEAR trial: at baseline (base, n=14), on treatment: early (PANO-1, n=6) and late 
(PANO-2, n=13) and at follow-up (post, n=13). (C-D) The REDUC trial: at baseline 
(Base, n=6), on treatment (ROMI, n=5) and at follow-up (Post, n=6). Horizontal 
bars show median values±IQR. 

 CONCLUSIONS

In two clinical trials, treatment of HIV-1 infected patients with panobinostat or romidepsin did not 
decrease the levels of HIV-1 specific EM and TD CD8+ T cells. Further, we observed no decrease in the 
levels of IFNγ and TNFα produced by the HIV-1 specific CD8+ T cells in response to HIV gag peptides. 
These results strongly suggest that neither panobinostat nor romidepsin blunts the HIV-specific CD8+ 
T cell response in vivo, supporting their use in combination with therapeutic vaccination in future 
eradication trials.

RESULTS
 •  We observed no statistical significant changes in total CD8+ T cell counts 

before and after panobinostat or romidepsin treatment (Figure 3A-B). 

 •  During panobinostat treatment the relative composition of the CD8+ T cell 
memory subsets changed significantly, but had returned to baseline levels 
at follow-up  (Figure 3C). 

 •  During romidepsin treatment we saw no statistically significant change in the 
CD8+ T cell memory subset composition (Figure 3D).

 •  In both trials the majority of the HIV-specific CD8+ T cells was effector
memory and terminally differentiated cells and primarily produced only IFNγ 
(single cytokine producing cells) or both IFNγ and TNFα (double cytokine 
producing cells) 

 •  During panobinostat or romidepsin treatment there was no change in the 
proportions of HIV-specific CD8+ EM and TD cells producing either IFNγ 
only or both IFNγ and TNFα (Figure 4). 

 •  We observed no significant changes in IFNγ or TNFα production (MFI) during 
panobinostat or romidepsin treatment or at follow-up (Figures 5 and 6). 

 •  During panobinostat or romidepsin treatment there was no overall difference 
in the levels of staphylococcal enterotoxin B (SEB) -responsive CD8+ T cells 
(Figure 7). 

ACKNOWLEDGMENTS
The CLEAR trial was primarily funded by the American Foundation for AIDS Research 
(amfAR), The Danish Council For Strategic Research, but also received contributions from 
The Danish AIDS Foundation, The Augustinus Foundation, Frode V Nyegaard Foundation, 
SSAC Foundation and Aarhus University, Aarhus University Hospital. The REDUC trial 
was funded by a grant from the Research Council of Norway (GLOBVAC) program (Nr: 
235955) and Bionor Pharma ASAg grants, equipment and drugs. Novartis supplied 
panobinostat for use in the CLEAR trial and Celgene Corporation provided romidepsin for 
the REDUC trial. We wish to express our sincere gratitude to the study patients for their 
participation in the study.

Primary inclusion criteria Patients 
included HDACi: Administration and dosage ClinicalTrial.gov
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Virological suppression for 
at least two years. 

Months with HIV RNA <50 
copies/mL at baseline: 
Median 38 (range 26.3-169.6)

CD4+ T cell counts above 
500/μL

CD4+ cell count at baseline:  
Median 935 cells/µL 
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Adm. 3 times per week every
other week for 8 weeks.
I.e. 4 cycles of treatment
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The REDUC trial

Virological suppression for 
at least one year. 

Years with HIV RNA <50 
copies/mL at baseline: 
Median 9.1 (range 3.6-12.7)

CD4+ T cell counts above 500/μL

CD4+ cell count at baseline:
Median 645 cells/µL 
(range 510-1000)

n=6

Intravenous Romidepsin 
(5 mg/m2)

Adm. over a 4 hour period once
weekly for three consecutive week
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