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Killing HIV-infected resting central
memory CD4þ T cells by targeting
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Abstract

Dysfunction of CD4þ T cells by HIV infection can cause serious immune defects. Recently, Campbell and colleagues

described an intriguing and simple therapeutic method for HIV-infected resting central memory CD4þ T cells (HIV-TCM),

dependently on inhibitor of apoptosis (IAP) family proteins-targeted and second mitochondria-derived activator of

caspases (SMAC) mimetics-mediated apoptosis, which is only triggered in HIV-TCM and not uninfected ones.

Autophagy induction and subsequent formation of a ripoptosome-like death signaling complex were observed after

such treatment, which may partially explain the potential mechanism. However, the direct intracellular inhibitory effects

of IAPs on autophagy, as well as the critical roles of autophagy in activating extracellular anti-infection immune

responses, warrant further investigation. Thus, this pointer aims to provide potential alternative mechanisms and to

suggest important avenues for follow-up study.
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Human immunodeficiency virus (HIV) attacks and

destroys the body’s immune system, causing acquired

immunodeficiency syndrome (AIDS). CD4þ T cells, as

one of the most important lymphocyte types, are the

main target of HIV. Dysfunction of CD4þ T cells leads

to impaired immune surveillance, which makes the host

susceptible to a variety of infectious diseases and malig-

nant tumors, resulting in the high fatality rate.

Recently, Campbell and colleagues described an

intriguing and simple therapeutic method for HIV-

1-infected resting central memory CD4þ T cells

(HIV-TCM) using inhibitor of apoptosis (IAP) family

proteins-targeted second mitochondria-derived activa-

tor of caspases (SMAC) mimetics.1,2 In brief, Campbell

et al. found that SMAC mimetics induced apoptosis in

HIV-TCM, but had little influence on uninfected TCM.

These effects were based on autophagy induction as

well as the formation of a ripoptosome-like death sig-

naling complex. However, after carefully reading their

study, we do not fully agree with the authors’ interpre-

tations. We believe that the following major concerns

need to be addressed in the near future before drawing

any definitive conclusions of the efficacy and the mech-
anism of this treatment.

IAPs are deemed the specific targets of SMAC
mimetics, and the apoptosis-inducing action of IAPs
inhibition is well-documented.3,4 Surprisingly, accumu-
lating evidence suggests that IAPs also play critical
roles in regulating autophagy and its cross-talk with
apoptosis. The first identified autophagic function-
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related IAP protein is Bruce, which regulates autoph-
agy and nutrient deprivation-caused cell death during
Drosophila melanogaster oogenesis.5,6 X-linked inhibi-
tor of apoptosis protein (XIAP), a representative
member of the IAP family, has been demonstrated to
contribute to autophagy inhibition through two indi-
vidual pathways. In short, XIAP inhibits autophagy
via the MDM2-p53 axis and controls starvation-
induced autophagy downstream of PI3K/AKT signal-
ing7–10; moreover, XIAP functions as an endogenous
repressor of p62, suppressing p62 expression through
ubiquitin-proteasomal degradation.11

Autophagy acts as a kind of defensive mechanism
against infecting pathogens,4,12–16 and thus the appli-
cation of autophagy-related cell death-inducing agents
against infectious diseases is of great significance.17,18

Campbell et al. used SMAC mimetics to treat resting
memory T cells, which were obtained from the blood of
AIDS patients, in their ex vivo experiments. The essen-
tial difference between TCM and HIV-TCM is not just
HIV infection, but also the resulting upregulated
expression of IAPs, which suggests that the quantity
of IAPs could potentially determine the therapeutic
efficacy of SMAC mimetics on HIV-TCM. Although
the synergistic effectiveness of SMAC mimetics in the
presence of pharmacological inhibitors of apoptosis—
such as pan-caspase inhibitor z-VAD-FMK, wortman-
nin (PI3K inhibitor), and necroptosis inhibitor—was
evaluated, the direct effects of IAPs-mediated autopha-
gic inhibition on the survival of HIV-TCM and the ther-
apeutic efficacy of SMAC mimetics should be further
investigated. According to their report, although
autophagy initiation could be promoted in HIV-
uninfected TCM at a much higher concentration (10x),
IAPs-targeted SMAC mimetics were not able to
induce autophagy-dependent apoptosis in these cells.
Considering that HIV-uninfected TCM also contains
IAPs and autophagic machinery like HIV-TCM, and
that no genetically-depleted models of IAPs were
used in the experiments, SMAC mimetics-induced con-
founding effects cannot be completely ruled out in this
study. Hence, we propose a more reasonable model as
follows: HIV infection leads to up-regulation of IAPs
in TCM, which enhances IAPs-mediated inhibition of
autophagy and apoptosis, resulting in the survival of
host TCM and preventing HIV from auto-clearance.
Meanwhile, amplified IAPs dominate HIV-TCM, there-
by playing vital roles in its biological activity. Thus,
SMAC mimetics show stronger killing efficacy on
IAPs-amplified HIV-TCM compared to TCM, the so-
called “strengthening the strong” (Figure 1(a)).

In addition to being required in intracellular control
of invading pathogens, autophagy is critical for activa-
tion of the extracellular immune system.4,14,15,19 For
instance, autophagy can promote host cells to release

immunostimulatory molecules, such as adenosine tri-
phosphate (ATP), lysophosphatidylcholine (LPC), cal-
reticulin (CRT), and phosphatidylserine (PS), so as to
constitute a “find me and eat me” signal in the tumor
immune microenvironment (TIME). In contrast,
autophagy in antigen-presenting cells (APCs) can
affect the activation of Toll-like receptors, presentation
of MHC II molecules, and formation of immune syn-
apses. Not to mention, autophagy is also important for
the differentiation, survival, and activity of T and B
lymphocytes. Increasing evidence supports the immu-
nomodulatory functions of IAPs, such as controlling
pattern-recognition receptor (PRR) signaling and
anti-tumor immune response, as well as their roles in
immunodeficiency syndromes, like X-linked lympho-
proliferative disease type 2 (XLP2).20–24 Therefore, in
this case, targeting IAPs by SMAC mimetics may have
an immune system-dependent influence through
autophagy. Moreover, considering the close associa-
tion between IAPs and autophagy, the therapeutic
effects of SMAC mimetics on AIDS may be dependent
on autophagy-mediated immune regulation.
Frustratingly, the authors did not use any animal
models (like mice or monkeys) to evaluate the thera-
peutic efficacy of SMAC mimetics on HIV-TCM;
merely several experiments were done on primary rest-
ing memory T-cells from HIV infected patients, and the
samples size was rather small (only four subjects). This
largely diminishes the physiological significance and
persuasiveness of the authors’ conclusions. Is the
autophagy-associated intrinsic cell death pathway suf-
ficient to kill HIV-infected cells? What is the status of
the immune system in SMAC mimetics-treated
HIV-TCM under pathological conditions? At least in
our opinion, we cannot imagine eliminating HIV with-
out immune system participation.

Big genomic data-based bioinformatics analyses fur-
ther reveal the close relationship between IAPs and
various immune signatures (molecule patterns plus sig-
naling markers) in whole blood and spleen. Briefly,
IAPs (including NAIP, CIAP1, CIAP2, XIAP,
Survivin, BRUCE, Livin, and ILP2) not only directly
correlate with CD4 T cells (Figure 1(b)) and central
memory T cells (CCR7/SELL/IL7R) (Figure 1(c)),
but are also positively related to resident memory T
cells (CD69/ITGAE/CXCR6/MYADM) (Figure 1
(d)), effector T cells (CX3CR1/FGFBP2/
FCGR3A) (Figure 1(e)), effector memory T cells
(PDCD1/DUSP4/GZMK/GZMA/IFNG) (Figure 1
(f)), exhausted T cells (HAVCR2/TIGIT/LAG3/
PDCD1/CXCL13/LAYN) (Figure 1(g)), effector Treg
cells (FOXP3/CTLA4/CCR8/TNFRSF9) (Figure 1
(h)), resting Treg cells (FOXP3/IL2RA) (Figure 1(i)),
and Th1-like cells (CXCL13/HAVCR2/IFNG/
CXCR3/BHLHE40/CD4) (Figure 1(j)). The detailed
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Figure 1. Potential roles of autophagy and the immune system in IAPs-targeted antiviral chemotherapy. (a) Hypothetical diagram.
(b) Correlation analysis between IAPs and CD4. (c) Correlation analysis between IAPs and central memory T cells (CCR7/SELL/IL7R).
(d) Correlation analysis between IAPs and resident memory T cells (CD69/ITGAE/CXCR6/MYADM). (e) Correlation analysis
between IAPs and effector T cells (CX3CR1/FGFBP2/FCGR3A). (f) Correlation analysis between IAPs and effector memory T cells
(PDCD1/DUSP4/GZMK/GZMA/IFNG). (g) Correlation analysis between IAPs and exhausted T cells (HAVCR2/TIGIT/LAG3/PDCD1/
CXCL13/LAYN). (h) Correlation analysis between IAPs and effector Treg cells (FOXP3/CTLA4/CCR8/TNFRSF9). (i) Correlation
analysis between IAPs and resting Treg cells (FOXP3/IL2RA). (j) Correlation analysis between IAPs and Th1-like cells (CXCL13/
HAVCR2/IFNG/CXCR3/BHLHE40/CD4). The p and r values are individually shown for each group. p< 0.01 was considered
statistically significant.
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p and r values are individually shown, as indicated in

each panel. Taken together, this information strongly

suggests that the potential impacts on the immune

system in the application of SMAC mimetics need to

be taken into consideration.
Of note, although we propose a more reasonable

model pointing to future direction, the current

in silico analyses do not provide sufficient evidence to

support the idea that the immune system is a key player

in autophagy-dependent apoptosis of HIV. Moreover,

due to the lack of HIV-infected patient samples, gen-

eral correlations between IAPs and multiple T cell

populations do not clearly elucidate that the extent of

IAP-T cell association is different in HIV-infected

patients compared to uninfected ones. Therefore, fur-

ther investigation is required to demonstrate the precise

interactions among SMAC, IAPs, autophagy and

immune response in SMAC mimetics-based anti-HIV

chemotherapy, at least before such a strategy can be

translated into clinical applications.

Methods

Gene Expression Profiling Interactive Analysis 2

(GEPIA2, http://gepia2.cancer-pku.cn) is a web server

for interactive exploration of RNA sequencing expres-

sion data of 9,736 tumors and 8,587 normal samples

from the TCGA and GTEx projects.25 GEPIA2 was

applied to analyze gene expression correlations

between IAPs and characteristic signatures of multiple

immune cells using Spearman’s correlation coefficient.

Raw RNA-Seq data downloaded from GTEx were

recomputed by the UCSC Xena project using a uni-

form pipeline to avoid data imbalance. The parameter

settings were consistent for all the inquired genes in

each individual analysis. A p-value< 0.05 was consid-

ered to indicate statistically significant differences, and

no adjustments to the p-values were made.
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