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Study Design

CARD8 Pathway
CARD8 is an innate immune sensor of HIV protease activity. It can be harnessed to 

selectively eliminate HIV carrying cells

Figure 1. When an integrated provirus begins to produce the components necessary for viral particle release, 
proteins are generated as polyproteins. This in part protects the virus from being sensed by the host. Medications 
like efavirenz can promote premature activation of the protease in the cell cytoplasm rather than only in the 
neosynthesized virus. When prematurely activated, the HIV protease can cleave host proteins like CARD8. 
Cleavage of CARD8 by HIV protease results in liberation of the C-terminal fragment which triggers the initiation of 
pyroptosis/ cell death as shown above.

Figure 2: NNRTIs induce death of HIV-1-infected cells ex vivo and in vivo. Primary CD4+ T cells were 
infected with single-round NL4-3-GFP for 3 days. A. Representative flow cytometry plots of infected cells 
treated with 1.11 µM of various NNRTIs. B. Cell killing dose response curves for NNRTIs in HIV-1-infected 
primary CD4+ T cells from three healthy donors. Percent killing is determined by % reduction in NNRTI-
treated versus DMSO groups. EC50 values for EFV, RPV, and ETR, are 266.1 nM, 87.8 nM, & 786.6nM, 
respectively. C. Dose response curves of NNRTIs with or without 50% human serum (HS). Green shaded 
regions indicate the plasma concentrations of NNRTIs. Error bars show mean values with SEM (n=3). D. 
HIV-1-infected primary CD4+ T cells infused into mice (5-10 million cells per mouse). 10 mins after cell 
infusion, 0.5mg EFV was injected by IP. Reduction of HIV-1infected CD4+ T cells in blood was measured 
24 hrs post infusion. Unpaired T Test. ****: p<0.0001.
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Figure 3. We performed an open-label, single arm trial (NCT07193875) to assess the safety and efficacy of in vivo CARD8 Activation for Reservoir Reduction with Efavirenz (CARRE Trial). Participants were screened 
prior to enrollment in the trial. Inclusion criteria included that are 18 or older, have HIV-1 and have been on ART for at least 48 weeks with undetectable plasma viral RNA, except for some blips. Upon enrollment in 
the trial, individuals underwent baseline leukapheresis and then their regimen was intensified with addition of standard dose Efavirenz on to their baseline ART regimen. Monthly safety labs (CBC, CP, CD4, HIV-1 VL) 
and safety monitoring with questionnaires including PHQ9 and tolerability assessments were performed monthly. Participants were maintained on Efavirenz for 4 months. A final leukapheresis was performed at 
completion of the four-month intensification phase and safety labs were monitored an additional month after stopping Efavirenz. Primary Endpoints for the study were safety and tolerability of regimen 
intensification with Efavirenz, as defined by the number and severity as well as reservoir decay rate as quantified by IPDA half-life. 

CARD8 is an innate immune sensor for HIV-1 protease activity. Certain non-nucleoside 
reverse transcriptase inhibitors such as Efavirenz can promote HIV-1 gag-pol 
dimerization and premature intracellular activation of the viral protease, leading to 
CARD8 inflammasome activation and pyroptosis of HIV-1-infected cells. Induction of 
this pathway offers an attractive solution to target HIV-1 cellular reservoirs, the major 
barrier to HIV-1 eradication. We conducted a prospective open-label single arm trial of 
Efavirenz intensification for HIV-1 reservoir reduction. We observed a consistent 
reduction in the activate-able HIV-1 reservoir quantified by quantitative viral 
outgrowth assay, unspliced cell-associated viral RNA quantified by RT-qPCR, and in 
intact proviruses quantified by the intact proviral DNA assay. Intact provirus decay 
rates observed during Efavirenz intensification were compared to those reported from 
longitudinal observational studies, and  Efavirenz intensification accelerated viral 
reservoir decay.
Notably, Efavirenz intensification accelerated the decay of viral reservoirs compared to 
the rates observed in longitudinal observational studies.

Abstract EFV Intensification is safe

EFV Intensification accelerates HIV 
reservoir decay

Conclusions

Figure 4 EFV intensification reduces the 
frequency of HIV-1 reservoirs in blood CD4+ 
T cells. PBMCs were collected pre and post 
EFV intensification. (a) EFV plasma 
concentrations. (b) Fold changes in ca-RNA. 
Total cellular RNA was purified, and 
unspliced HIV-1 transcripts were quantified 
by RT-qPCR and normalized by mRNA levels 
of the housekeeping gene IPO8. (c) Changes 
in IUPM. Blood CD4+ T cells were purified to 
quantify the frequency of inducible 
replication-competent latent HIV-1 using 
the QVOA. (d) Changes in intact and 
defective proviruses. Frequency of intact 
and defective proviral DNA was measured 
by IPDA. Statistical analysis performed using 
Wilcoxon matched pairs signed rank test. *: 
p<0.05.

Figure 5. EFV Intensification accelerates HIV-1 reservoir decay. (a) The biphasic decay of intact HIV-1 proviruses reported in the UCSF cohort study. Early 
phase decay mean slope is -0.071 ± 0.021. Late phase decay mean slope is -0.021 ± 0.018. (b) Years since viral suppression by ART for CARRE study 
participants. (c) Early and late phase decay slopes of intact proviruses reported from the UCSF cohort and observed during the CARRE trial. (d) A 
comparison between the expected reduction without EFV and the actual reduction post EFV intensification. The expected spontaneous decay in a 4-
month window was calculated using either the early or late decay slope from the UCSF cohort. p values were calculated using the one-way ANOVA and 
the tukey tests. ****, p<0.001.  

Figure 5 (a-g) Plasma viral loads and CD4 counts preceding enrollment through 
the trial period for each participant. (h) CD4 counts for all study participants. 
The EFV intensification period is shaded. HIV-1 RNA levels during the 
intensification period were measured by the single copy viral quantification 
assay. Open triangles were used for pre-intensification viral loads equal to or 
below 20 copies per mL. 

Figure 6 EFV intensification does not impact T cell activation 
or functionality. PBMCs were collected pre and post EFV 
intensification. (a and b) CD69 and HLA-DR expression by 
blood CD4+ T cells and CD8+ T cells. (c and d) CD4+ and CD8+ T 
cell subsets. (e) HIV-1-specific CD8+ T cell response. Blood 
CD8+ T cells were purified and stimulated with pooled HIV-1 
peptides from Env, Gag, Pol, and Nef. Production of effector 
molecules were determined by intracellular FACS analysis. 
Statistical analysis performed using Wilcoxon matched pairs 
signed rank test. ns, not significant.

Key Findings
• Efavirenz (EFV) intensification did not induce off-target activation of CD4⁺ or CD8⁺ T cells.
• No change was observed in HIV-specific CD8⁺ T-cell responses following EFV intensification.
• EFV intensification reduced intact proviral reservoir size, as measured by quantitative viral 

outgrowth assay (QVOA) in 6 of 7 participants.
• A reduction in the frequency of intact proviruses in circulating CD4⁺ T cells was observed in 

7 of 7 participants.
• Cell-associated HIV RNA (ca-RNA) levels decreased in 6 of 7 participants following EFV 

intensification.

Limitations
• Reservoir measurements were limited to peripheral blood.
• The minimum duration required to detect a reduction in reservoir size could not be 

determined, as only a four-month interval was evaluated.
• The durability of EFV-associated reservoir reduction remains unknown.

Future Directions
• Strategies to enhance CARD8 activation.
• Evaluation in a larger cohort to confirm and extend these findings.
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