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Hypertriglyceridemia is the main risk factor for atherosclerosis. It is reported that triglyceride (TG)
induces macrophage cell death, and is involved in the formation of plaques and development of
atherosclerosis. We previously reported that TG-induced cell death of macrophages is mediated via
pannexin—1 activation, which increases the extracellular ATP and subsequent increase in potassium
efflux, thereby activating the caspase-2/caspase-1/apoptotic caspases, including the caspase-8
pathway. Contrarily, some studies have reported that caspase-8 is an upstream molecule of
caspase—1 and caspase-2 in several cellular processes. Therefore, this study was undertaken to
investigate whether caspase-8 influences its upstream molecules in TG-stimulated macrophage cell
death. We first confirmed that caspase—8 induces caspase-3 activation and poly ADP-ribose
polymerase (PARP) cleavage in TG-treated macrophages. Next, we determined that the inhibition of
caspase—8 results in reduced caspase-1 and -2 activity, which are upstream molecules of
caspase—8 in TG-induced cell death of macrophages. We also found that ATP treatment restores the
caspase—8 inhibitor-induced caspase-2 activity, thereby implying that caspase—8 affects the
upstream molecules responsible for increasing the extracellular ATP levels in TG-induced
macrophage cell death. Taken together, these findings indicate that caspase-8 potentiates the

TG-induced macrophage cell death by activating its upstream molecules.
Copyright © 2021 The Korean Society for Clinical Laboratory Science. All rights reserved.
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Atherosclerosis is a chronic inflammatory disorder,
which can be driven by the abnormal recruitment of
circulating immune cells such as monocyte [1]. The

recruited monocytes are infiltrated and thus differen-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
Eamel |icenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



tiated into macrophages, which has been considered as
indispensable immune cells throughout all the stages of
atherosclerosis development [2]. In the initial and
mid-stage of atherosclerosis, macrophage engulfs
excessive lipids such as oxidative low-density lipo-
proteins (Oxi-LDL) and triglyceride (TG) and become
foam cells [3]. In the advanced stage, macrophage
undergoes prominent death resulting in vulnerable
plaques which trigger a life-threatening thrombosis.
Recently, we reported that TG activates pannexin-1 to
release ATP into extracellular space, which subsequently
activates ATP-sensitive potassium channels leading to
an increase in potassium efflux. The imbalance of
potassium ion triggered caspase-2 activation and
subsequent activation of caspase-1 in a sequential
manner, which propagates further caspase processing
including caspase-8 and eventually results in cell death
of THP-1 macrophages [4].

Caspases are the unique family of cysteine proteases
executing programmed cell death known as apoptosis
[5]. Classically, caspases are categorized by three
functional groups; inflammatory caspases (caspase-1,
-4, and -5), apoptotic initiator caspases (caspase-2, -8,
-9 and -10), apoptotic effector caspases (caspase-3, -0,
and -7) [6]. Initiator caspase can be activated by
apoptotic stimuli and cleaved effector caspase to
procced to apoptosis. Although both caspase-2 and
caspase-8 are categorized in the same group, several
investigations showed caspase-2 acted as an upstream
molecule of caspase-8 [4, 7, 8]. However, another study
showed caspase-8 cleaved procaspase-2 in Hela cells
during apoptosis, which implies caspase-8 can act as
the upstream molecule of caspase-2 [9]. In addition, it
has been reported that caspase-8 plays as an essential
factor in caspase-1 activation in response to bacterial
infection [10]. Hence, in this study, we investigated
whether caspase-8 can be upstream of caspase-1 and

-2 in TG-induced macrophage cell death.
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MATERIALS AND METHODS

1. Reagents

TG emulsion (Lipofundin® MCT/LCT 20%) was
purchased from B. Braun Melsungen AG (Melsungen,
Hessen, Germany). Lipofundin® was used to transform
THP-1 macrophages into foam cells as previously
described [11]. For convenience, Lipofundin® will be
referred to as TG emulsion or TG. Ac-YVAD-pNA
(caspase-1 substrate) was purchased from Biomal
(Plymouth Meeting, PA, USA). Ac-VAVAD-pNA (caspase-2
substrate) and adenosine-5 -triphospate (ATP) were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
The caspase-8 specific inhibitor, Z-IETD-fmk was
obtained from BioVision (Mountain View, CA, USA).
Primary antibodies used for Western blotting are as
follows; caspase-1, -3 and -8, as well as PARP (Cell
signaling technology; Denvers, MA, USA).

2. Cell culture

The human monocytic cell line, THP-1 (ATCC,
Manassas, VA, USA) was and differentiated into macro-
phages as previously described [4]. Briefly, THP-1 cells
were cultured in RPMI 1640 supplemented with
penicillin-streptomycin (Thermo Fisher Scientific, MA,
USA) and 10% (v/v) fetal bovine serum (FBS; Thermo
Fisher Scientific) and incubated at 37°C in a humidified
atmosphere with 5% CO,. To allow the THP-1 cells to
differentiate into macrophages, cells were seeded in
6-well plates at a density of 1x10° cells/well and

incubated with 200 nM of phorbol-myristate-acetate
(PMA) for 48 h.

3. Trypan blue dye exclusion assay

To enumerate viable cells, cells were trypsinized and
10 pL of 0.4% trypan blue stain solution was mixed with
10 uL of the trypsinized cell suspension. Non-stained
cells in the resulting mixture were counted using
hemocytometer (Marienfeld, Lauda-Konigshofen, Ger-

many).
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4. Western blot analysis

THP-1 cells were washed with PBS dissolved in lysis
buffer contained with 1% Triton X-100, protease
inhibitor cocktail (Sigma-Aldrich), phosphatase inhibitor
cocktail (Roche, Mannheim, Germany), and PBS. Cell
lysates clarified and subjected to Western blotting as

described previously [12].

5. Measurement of caspase—1 and caspase—2 activities

The activity of caspase-1 and -2 was measured as
previously described [13]. Briefly, THP-1 cells were
harvested and re-suspended in cell lysis buffer
supplemented 1% Triton-X 100. Cell lysates were
centrifuged at 19,000 g for 10 min at 4°C. The super-
natant was collected and the protein concentrations
were determined using Lowry protein assay kit
(Bio-Rad, Hercules, CA, USA). To determined caspase-1
activity, 90 ug of protein samples were mixed with 200
uM of the Ac-YVAD-pNA substrate in 150 pL of PBS. To
determined caspase-2 activity, protein samples were
mixed with the Ac-VAVAD-pNA substrate in PBS. After
incubation at 37°C for 3 h, the activity was determined

by measuring the absorbance at 405 nm.

6. Statistical analysis

Quantified data were statistically evaluated by
student’s t-test using GraphPad Prism 5 (GraphPad
Software Inc., San Diego, CA, USA). Values are shown as
the mean and standard error of the mean (SEM). Each
experiment was conducted three times and the date
were pooled for analysis. Differences were considered
to be statistically significant at *2<0.05, **P<0.01, or
% P<L0.001.

RESULTS

1. Caspase-8 induces the activation of caspase—3
and the cleavage of PARP in TG—treated THP-1
macrophages

We previously reported that TG activates caspase-8
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and -3 to induce cell death in THP-1 macrophages [14].
Caspase-8 participates in extrinsic apoptotic pathways
leading to cell death through the direct cleavage of
caspase-3 [15]. Therefore, we investigated the impact
of the TG-mediated activation of caspase-8 on
caspase-3 activation and subsequent PARP cleavage in
THP-1 macrophages. First, we confirmed that the
caspase-8 inhibitor Z-IETD-fmk inhibites the activity
of caspase-8 in TG-treated THP-1 macrophages (Figure
1A). Furthermore, when macrophages were treated
with Z-IETD-fmk, TG-induced cell death was restored
in a dose-dependent manner (Figure 1B). Then, we
found that the inhibition of caspase-8 by Z-IETD-fmk
causes a decrease in the TG-mediated cleavage of
caspase-3 and PARP in THP-1 macrophages (Figure 1C
and 1D). These results indicate that caspase-8 activates
caspase-3, which in turn cleave PARP, leading to cell
death in TG-treated THP-1macrophages.

2. Caspase-8 is involved in the activation of
caspase—1 in TG-induced macrophage cell death

We had previously reported that the caspase-1
induces caspase-8 activation in TG-treated macrophage
cell death [14]. Meanwhile, there were some reports
showing that caspase-8 is an upstream molecule
required in the activation of caspase-1 [16]. Therefore,
we examined wheather caspase-8 induces the
activation of caspase-1 in TG-treated THP-1 macro-
phages. To this end, TG-treated THP-1 macrophages
were incubated with the caspase-8 inhibitor,
Z-IETD-FMK for 24 h and the activity of caspase-1 was
measured. Caspase-1 activity and the cleavage of
caspase-1 were decreased in cells treated with Z-IETD-
fmk in an inhibitor dose-dependent manner (Figure 2A
and 2B). These results imply that caspase-8 is not only
activated by caspase-1 but also activates caspase-1 in
TG-treated THP-1 macrophages.

3. Caspase-8 is implicated in caspase—2 activation in
TG-treated THP-1 macrophages

We have also reported that caspase-2 activates
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Figure 1. Caspase-8 activates effector caspases and cleaves PAPR
in TG-accumulated THP-1 macrophages. THP-1 cells were differen—
tiated into macrophages by treatment of 200 nM PMA for 48 h. The
differentiated THP-1 macrophages were incubated with TG in the
absence or presence of the caspase-8 inhibitor, Z-IETD-fmk for
additional 24 h. (A) Activation of caspase-8 was detected by Western
blotting. B-actin was used as an internal control. (B) Viable cells were
enumerated by the trypan blue dye exclusion assay. The number of
viable cells in THP-1 macrophages without TG treatment was set
as 100%. (C) Activation of caspase-3 and (D) cleaved form of PARP
was detected by Western blotting. All data are expressed as the
mean+SEM of three independent experiments. A-values were
determined with Student’s t-test. **~<0.01, ***/,<0.001.

caspase-1, which in turn induces caspase-8 activation
in TG-induced macrophage cell death [14]. On the
other hand, some studies have reported that caspase-2
is a substrate of caspase-8 and is activated by it [17, 18].

Therefore, we investigated wheather caspase-8 is
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Figure 2. Caspase—8 is involved in activation of caspase-1 in
TG-induced THP-1 cell death. (A) THP-1 macrophages were incubated
with TG in the presence of the Z-IETD-fmk for 24 h, after which
caspase—1 activity was assessed. The absorbance of THP-1 cells
without TG was set to 100%. (B) Cleavage of caspase-1 was detected
by Western blotting. All data are expressed as the mean=SEM of
three independent experiments. A-values were determined with
Student’s t-test. *P<0.05, **,<0.01.

associated with caspase-2 activation in TG-treated
THP-1 macrophages. To investigate whether caspase-8
can act as upstream molecule of caspase-2 in
TG-stimulated macrophage, Z-IETD-fmk was challenged
to TG-treated THP-1 macrophages for 24 h. The result
showed that TG-mediated caspase-2 activation was
rescued by caspase-8 inhibitor in a dose-dependent
manner (Figure 3). These data indicate that the
TG-mediated caspase-8 activation is an upstream of

caspase-2.

4. Caspase—8 acts as an upstream molecule of
pannexin—1 in TG-stimulated cell death of
macrophages

We recently showed that TG treatment increases
the release of ATP from cells through pannexin-1
channels, which in turn induces potassium efflux,
leading to activation of the caspase-2/caspase-1/
apoptotic caspases/PARP pathway [4]. To test whether

caspase-8 contributes to the ATP-dependent activation
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Figure 3. Caspase-8 is implicated in caspase—2 activation in
TG-treated THP-1 macrophages. THP-1 macrophages were
incubated with TG in the presence of the Z-IETD—fmk for 24 h, and
caspase—2 activity was assessed. The absorbance of THP-1 cells
without TG was set to 100%. These data are expressed as the
mean+SEM of three independent experiments. A-values were
determined with Student’s t-test. *~<0.05, ***/,<0.001.

of apoptotic pathway involving caspase-2, TG-treated
THP-1 macrophages were incubated with Z-IETD-fmk
in the absence or presence of ATP for 24 h and
caspase-2 activity was measured. Caspase-2 activity
was decreased by treatment with caspase-8 inhibitor
and restored by the addition of the extracellular ATP
(Figure 4). This finding suggested that the mechanism
of caspase-8 mediated caspase-2 activation was
involved in either increase of extracellular ATP or
activation its upstream molecules. Taken together, we
suggest that caspase-8, which was previously reported
to be activated via pannexin-1/caspase-2/caspase-1
pathway in TG-induced macrophage cell death, can be
inversely involved in the activation of its upstream
molecules, caspase-2 and caspase-1. Thus, feed
forward loop may exist and potentiate TG-induced

macrophage cell death.

DISCUSSION

Caspase-8 is one of the essential initiator caspases
which play a pivotal role in extrinsic apoptotic
signaling via cell surface death-receptor such as Fas
[19]. It has been well studied that activated caspase-8
cleaves the effector caspases such as caspase-3, -6, and

-7 to activate those caspases, which eventually induce
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Figure 4. Caspase-8 acts as an upstream molecule of ATP-
dependent caspase-2 activation in TG-stimulated cell death of
macrophages. THP-1 macrophages were incubated with TG in the
absence or presence of the Z-IETD—fmk and ATP for 24 h, after which
caspase—2 activity was assessed. The absorbance of THP-1 cells
without TG treatment was set to 100%. These data are expressed
as the mean=SEM of three independent experiments. A-values were
determined with Student’s t-test. *~<0.05, ***/<0.001.

cell death upon apoptotic stimulation [20]. Here, we
showed that TG-mediated activation of caspase-8 can
lead to activation of caspase-1 and -2, which
contributes to TG mediated apoptosis in the human
macrophage cell line.

Recently, our group showed that TG treatment
stimulates the secretion of ATP into extracellular space
via pannexin-1 activation [4]. The released extracellular
ATP promoted upregulation of the ATP sensitive
potassium channel and subsequent activation of the
caspase cascade. In the present study, we showed that
caspase-8 mediated caspase-2 activation, which was
involved in increased extracellular ATP. Interestingly,
another group also observed that FasL-mediated
activation of caspase-8 induces activation of potassium
channel and pannexin-1 in human T lymphocyte cell
line [21]. In addition, they also reported a similar
phenomenon to the present study that ATP release was
observed in caspase-8 dependent manner, which in
turn promoted caspase cascade to cause cell death.
Meanwhile, it was reported that caspase-8 can cleave
another potassium channel, tandem-pore domain
halothane-inhibited K+ channel 1 (THIK-1), in
response to apoptotic stimuli [22]. During apoptosis,
this THIK-1 cleavage is known to contribute to cell
shrinkage, which is a typical hallmark of apoptosis.



In conclusion, the current study suggests the
additional mechanism of how TG induces apoptosis in
the human macrophage cell line, which is associated
with caspase-8-mediated increase of extracellular ATP.
Since apoptosis of macrophage contributes to the
development of vulnerable plaques in advanced
atherogenesis, our results may provide evidence for the
role of TG in the atherogenic risk factor.
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