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apoptosis. Our results showed that the apoptotic proteins, including
cleaved caspase-8 and caspase-3, were significantly induced in the
wild-type and KO cells that re-expressed wild-type caspase-8, but
not in the KO cells or those that re-expressed casp-8CI (Figure S4B)
after TNF-a plus CHX treatment. We also observed significant dead
cells (about 80%) in the wild-type and KO cells that re-expressed
wild-type caspase-8, but not in casp-8-KO cells (Figure S4A). Inter-
estingly, regardless of stimulation by TNF-a plus CHX, casp-8-KO
cells re-expressing casp-8CI underwent cell death to a similar extent
(Figure S4A). These results suggest that the enzymatic activity of cap-
sase-8 is necessary for canonical extrinsic apoptosis but not for cell
death revealed in our current study.

Although caspase-8 acted as the initiator of extrinsic apoptosis, it
actually repressed MLKL-mediated necroptosis.27 However, it was
recently reported that the expression of enzymatically inactive ca-
pase-8 could cause embryonic lethality in mice by inducing necropto-
sis and pyroptosis in some specific tissues.28,29 Therefore, we next
investigated whether necroptosis and pyroptosis were involved in
casp-8CI-induced cell death. We treated the wild-type or 4KO
HeLa cells with the RIPK1 inhibitor necrostatin-1 (Nec-1) or the
MLKL inhibitor necrosulfonamide (NSA) and found that cell death
in both wild-type and 4KO HeLa cells induced by casp-8CI expres-
sion was not inhibited at all by Nec-1 or NSA (Figure S5), suggesting
that the cell death induced by exogenous casp-8CI is not necroptosis.
In fact, the pan-caspases inhibitor Z-VAD-FMK and NSA also
blocked pyroptotic death by suppressing the cleavage of gasdermin
D (GSDMD), the pore-forming effector protein of pyroptosis.30,31

Taken together, these results actually exclude the involvement of py-
roptosis and necroptosis.

Caspase-8 Is Functionally Linked to the Stability of Lysosomes

in Cancer Cells

Interestingly, exogenous caspase-8 expression substantially triggered
typical apoptotic events (Figure 1), although it elicited cell death
completely independent of these pathways (Figures 2 and 3). Among
cell death types reported up to date, damaged lysosomes can release
hydrolases to elicit cell death and meanwhile they often activate the
typical apoptotic pathways (Figure S6A).9,10,13,32. In this study, we
used chloroquine (CQ), a lysosomotropic agent that diffuses through
membranes to accumulate and quench the acidic pH in lysosomes
and thus leads to lysosome rupture,33 to confirm that lysosomal dam-
age indeed induced apoptotic events, including caspase activation and
PARP cleavage in MCF-7 and HeLa cells (Figures S6B and S6C), pre-
cisely as for caspase-8 overexpression. Therefore, we next investigated
whether lysosomes were involved in caspase-8-induced cell death.We
first examined the subcellular localization of endogenous caspase-8 in
HeLa cells. The immunofluorescence imaging showed that caspase-8
was partially co-localized with lysosome-associated membrane pro-
tein 1 (LAMP1), routinely a lysosome marker,34 suggesting that cas-
pase-8 may interact with lysosomes (Figure 4A). We then tried to
determine the effect of exogenously expressed caspase-8 on lyso-
somes. Caspase-8-GFP was transiently transfected into 4KO HeLa
cells, and at 48 h post-transfection cells were stained with
LysoTracker red, a red fluorescent dye that stains acidic organelles.35

We found that cells with caspase-8-GFP showed significantly
decreased intensity of LysoTracker red fluorescence compared to
the adjacent cells without caspase-8-GFP (Figures 4B and 4C). These
results suggest that exogenously expressed caspase-8 could cause the
dysfunction in lysosomes via dysregulating the acidic lumens.

Furthermore, 4KO cells were transfected with caspase-8 or treated
with bafilomycin A1, a V-ATPase inhibitor,36 and then stained with
a LysoSensor green dye that becomes more fluorescent in an acidic
environment and shows reduced fluorescence upon lysosomal alka-
linization.37 Flow cytometric analyses showed that caspase-8 overex-
pression decreased the LysoSensor green fluorescence intensity in
4KOHeLa cells, similar to bafilomycin A1, a positive control for lyso-
somal alkalinization36 (Figures 4D and 4E; Figure S7A), suggesting
the occurrence of lysosomal alkalinization. This speculation was
further confirmed by the results with a sensitive cytochemical tech-
nique that permits visualization of the stability of lysosomes in living
cells using acridine orange (AO) relocation and uptake methods. AO
is a lysosomotropic base that accumulates in normal lysosomes, emit-
ting bright red fluorescence under blue or green excitation light.
When AO-loaded lysosomes are damaged, AO is released to the
cytosol without fluorescence, and thus the intensity of red fluores-
cence in AO-exposed cells reflects the number of intact lysosomes.9

We found that caspase-8 expression, as well as bafilomycin A1,
induced subdued and dispersed red fluorescence in 4KO HeLa cells
(Figures 4F and 4G; Figure S7B), indicating the lysosomal damage.

As LMP resulting from lysosomal damage is a critical factor for cell
death induction, we next determined the effect of exogenously ex-
pressed caspase-8 on LMP in 4KO HeLa cells using the tool of
GFP-LGALS3. LGALS3/galectin-3, as a sugar-binding protein, was
reported as being best suitable for LMP detection due to its wide-
spread expression and rapid translocation to leaky lysosomes to
bind lysosomal membrane sugar proteins.38 Therefore, the detection
of GFP-LGALS3 puncta can indicate LMP. Our results showed that
after treatment with L-leucyl-L-leucine methyl ester (LLOMe), a
known LMP inducer,39 GFP-LGALS3 in 4KO HeLa cells formed
puncta that were exclusively stained with LysoTracker red (Fig-
ure 4H). Importantly, caspase-8 expression induced the exactly
similar GFP-LGALS3 puncta in 4KOHeLa cells (Figure 4H), strongly
demonstrating the presence of lysosomal rupture. In addition,
cathepsin L, the lysosomal cysteine protease, was examined by an
immunofluorescence assay to determine whether the contents of lyso-
somes were permeated into cytoplasm. Our results showed that the
granular distribution of cathepsin L was shifted into dispersion by
caspase-8 expression in 4KO HeLa cells (Figure 4I). The maturation
of cathepsin L was also enhanced by caspase-8 expression in 4KO
HeLa cells (Figure 4I). Taken together, our results demonstrate that
caspase-8 induces lysosome-associated cell death.

Caspase-8 Is Associatedwith the V0 Domain of V-ATPase In Vivo

V-ATPases are the ATP-dependent proton pumps that transport pro-
tons from the cytoplasm into the lumen of lysosome to maintain the
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Figure 5. Caspase-8 Is Associated with the V0

Domain of V-ATPase In Vivo

(A) Whole-cell lysates from HeLa cells were immunopre-

cipitated with antibodies against caspase-8 or immuno-

globulin G (IgG) followed by immunoblotting with the

antibodies against the indicated proteins. (B) Whole-cell

lysates from HeLa cells were immunoprecipitated with

antibodies against subunit V0a or IgG followed by

immunoblotting with the antibodies against the indicated

proteins. (C) Co-localization of caspase-8 and subunit

V0a of V-ATPase in HeLa and MCF-7 cells. Cells were

stained with antibodies against caspase-8 or subunit V0a

and analyzed by confocal microscopy. DAPI staining was

utilized to visualize the nucleus. Scale bar, 5 mm. (D)

Schematic diagram of caspase-8 deletion mutants. (E)

4KO cells were transfected with caspase-8 deletion mu-

tants, and cell lysates were immunoprecipitated with

antibody against GFP or IgG, followed by immunoblotting

with the antibodies against the indicated proteins. (F)

HeLa cells were transfected with vector or caspase-8,

and cell lysates were immunoprecipitated with antibody

against subunit V0a or IgG, followed by immunoblotting

with the antibodies against the indicated proteins.
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acidic environment in lysosome.40 Nonfunctional V-ATPases are re-
ported to be associated with cell death.40

To gain a mechanistic insight into the caspase-8-mediated rupture of
lysosomes, total proteins from HeLa cells were extracted and co-
immunoprecipitation (coIP) experiments were performed with
antibodies detecting the endogenous proteins. coIP with antibodies
against caspase-8 followed by immunoblotting (IB) with anti-
bodies against subunit a or d in the V0 domain (subunit V0a or
V0d), or against subunit A or C in the V1 domain (subunit V1A or
V1C) of V-ATPase, revealed that caspase-8 interacts with the compo-
nents of the V0 domain, but not the members in the V1 domain (Fig-
ure 5A). Reciprocally, coIP with antibodies against subunit V0a of V-
ATPase followed by IB with antibodies against caspase-8 also demon-
strated that caspase-8 was efficiently co-immunoprecipitated by sub-
unit V0a of V-ATPase (Figure 5B). The interaction between caspase-8
and subunit V0a was also confirmed by coIP experiments in HeLa
cells with caspase-8-GFP or FLAG-V0a expression (Figure S8). In
contrast, caspase-3, caspase-7, and caspase-9 were not co-immuno-
precipitated by subunit V0a of V-ATPase (Fig-
ure 5B). These results suggest that the specific
structure or domain of caspase-8, which differs
from that of caspase-3, caspase-7, and cas-
pase-9, is involved in the interaction. These
results support a notion that caspase-8 is associ-
ated with the V0 domain, but not the V1

domain, of V-ATPase in vivo.

In addition, confocal microscopic analyses of
HeLa and MCF-7 cells showed co-localization
of endogenous caspase-8 and subunit V0a of
V-ATPase, verifying the interaction between caspase-8 and
V-ATPase in cancer cells (Figure 5C).

To further support the interaction between caspase-8 and
V-ATPase, and to investigate the molecular details involved in
this interaction, protein extracts from 4KO HeLa cells overexpress-
ing GFP-fused deletion mutants of caspase-8 (Figure 5D) were
immunoprecipitated with anti-GFP followed by immunoblotting
with antibodies against V0a of V-ATPase. The results revealed
that the region containing the P10 domain of caspase-8 was respon-
sible for its interaction with the V0 domain of V-ATPase (Figure 5E).
No interaction of subunit V0a was detected with the other mutants
of caspase-8 we tested (Figure 5E). Therefore, our results identify
the P10 domain of caspase-8 as responsible for interacting with
the V0 domain of V-ATPase.

Assembling the V1 and V0 domains into functional V-ATPase is crit-
ical to maintain lysosomal acidification. In contrast, the dissociation
of V1 from lysosomal membrane V0 can suppress V-ATPase
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activated by steroid ligands, such as estradiol (E2), and expressed in
ER+ breast cancer cells, including MCF-7. Therefore, we delivered
this system to MCF-7 cells by lentivirus, and it was supposed that
E2 would activate ER to promote rtTA expression, and may further
induce caspase-8-mediated cell death in the presence of DOX (Fig-
ure 7
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