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Afatinib down-regulates MCL-1 expression through the
PERK-elF2a-ATF4 axis and leads to apoptosis in head
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Abstract: Afatinib is the second generation of irreversible inhibitor of EGFR, HER2 and HER4, which has shown en-
couraging phase Il and Il clinical outcomes in the treatment of head and neck squamous cell carcinoma (HNSCC).
However, the molecular mechanism of afatinib-induced apoptosis in HNSCC is poorly understood. In the present
investigation, we discovered that down-regulation of MCL-1, an anti-apoptotic member of BCL-2 family, was respon-
sible for afatinib-triggered apoptosis. And the inactivation of AKT-mTOR signaling caused by afatinib lead to transla-
tional inhibition of MCL-1 expression. As a crucial branch of ER stress, PERK-elF2a-ATF4 axis was also stimulated in
HNSCC cells after afatinib incubation. Silencing either elF2a or ATF4 by siRNA transfection relieved afatinib-caused
suppression of AKT-mTOR activity, attenuating MCL-1 down-regulation as well as subsequent apoptosis. Collectively,
the results show that afatinib hampers AKT-mTOR activation by stimulating PERK-elF2a-ATF4 signaling pathway, giv-
ing rise to MCL-1 down-regulation mediated apoptosis in HNSCC cells. Therefore, our findings reveal the elaborate
molecular network of afatinib-induced apoptosis in HNSCC, which would provide substantial theoretical underpin-
nings for afatinib clinical application and highlight its promising prospect in HNSCC treatment.
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Introduction for first-line treatment of EGFR mutation-posi-
tive non-small cell lung cancer (NSCLC) [8].
Nowadays, phase Il and Ill clinical results de-
monstrate that recurrent and/or metastatic
HNSCC patients obtain benefits from afatinib
treatment [9, 10]. In addition to advances in
clinical research, mechanistic investigations
show that afatinib induces apoptosis through
triggering pro-apoptotic autophagy or via Elk-1/

Head and neck squamous cell carcinoma (HN-
SCC) is the sixth most common cancer type
with depressing prognosis and high mortality
worldwide [1]. A vast majority (~90%) of HNSCC
patients over-express epidermal growth factor
receptor (EGFR), which is related to the poor
clinical outcomes [2]. Thus, EGFR has become

the hot therapeutic target for developing no-
vel anti-cancer agents in HNSCC. Besides the
monoclonal antibody, tyrosine kinase inhibitor
(TKI) is another targeted approach against EG-
FR [3]. Nevertheless, the first-generation TKI
such as gefitinib and erlotinib, generated frus-
trating results in HNSCC clinical research [4-6].

Afatinib, the second generation of TKI, is an
oral and irreversible inhibitor that targets the
ErbB family members including EGFR, HER2
and HER4 [7], which has received FDA approval

CIP2A/PP2A/AKT pathway in NSCLC cells [11,
12]. The expression of Ki67 and p53 is also
down-regulated in afatinib-caused apoptosis
in retinoblastoma [13]. Moreover, Young NR et
al. demonstrate that afatinib effectively sup-
presses the viability of a panel of HNSCC cells
[14]. However, the molecular mechanism of
afatinib-induced apoptosis in HNSCC is poorly
elucidated.

In general, there are two extensively studied
signaling pathways contributing to apoptosis:
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the extrinsic death receptor pathway and the
intrinsic mitochondrial pathway [15]. The intrin-
sic apoptosis pathway is initiated by the re-
lease of cytochrome-c from the pores correlat-
ed with the oligomerization of Bax and Bak
[16]. Once turn into cytosol, cytochrome-c re-
cruits apoptosis protease-activating factor 1
(Apafl) and pre-caspase9 to form apoptosome,
which evokes auto-activation of pro-caspase9,
leads to stimulation of caspase3 and succe-
dent caspase cascade, resulting in apopto-
sis ultimately [17]. Importantly, the process is
tightly regulated by the activity coordination
between pro- and anti-apoptotic members of
BCL-2 family [18]. MCL-1, a crucial anti-apoptot-
ic member of BCL-2 family, negatively modu-
lates apoptosis by interfering polymerization
of Bax and Bak, blocking the release of cyto-
chrome-c from mitochondria, hence performs a
protective role in cell fate determination [19].

Based on the significant pro-survival function
of MCL-1, it is rigorously modulated in multi-
levels and promoted as a potential therapeutic
target in a variety of malignancies. Notably,
mTORC1 has been identified to translationally
regulate MCL-1 expression [20]. mTORC1 and
mTORC2 are two structurally and functionally
distinct complex of serine/threonine kinase
mTOR [21]. Initiated mTORC1 modulates pro-
tein translation and cell metabolism by phos-
phorylating two vital downstream effectors:
eukaryotic initiation factor 4E binding protein
1 (4EBP1) and p70 ribosomal protein S6-kina-
se (P70S6K) [22]. Moreover, it is well descri-
bed that activated AKT inactivates Tsc2 and
PRAS40, eliminating the suppression of mTO-
RC1 and leading to mTORC1 stimulation [23].

To cope with amount of misfolded proteins
accumulation and aggregation in endoplasmic
reticulum (ER), cells evolve with a protective
mechanism termed unfolded protein response
(UPR) which is tightly regulated by three pivotal
ER transmembrane proteins including PERK,
ATF6 and IRE1la. Whereas when the insults
are prolonged and exceeded cells control, the
defense mechanism is overwhelmed, and apo-
ptosis is thereafter occurred via activating PE-
RK signaling pathway [24]. elF2a serves as
the effective downstream of PERK stimulation
and the phosphorylation of which gives rise to
translational restraint in global protein synthe-
sis, while the expression of activating transcrip-
tion factor 4 (ATF4) is enhanced during this pro-
cedure [25]. Many studies have documented
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that ATF4 up-regulation participates apoptosis
induction by anti-tumor agents. Moreover, it
also involves autophagy modulation through
disturbing AKT-mTOR stimulation [26, 27].

In the present study, we found that afatinib dra-
matically activates PERK-elF2a-ATF4 axis in
HNSCC cell lines, which further contributes to
AKT-mTOR suppression, leading to MCL-1 down-
regulation and subsequent apoptosis. Based
on the data, we build up an innovative bridge
between ER stress and afatinib-triggered intrin-
sic apoptosis. Furthermore, the elaborate inter-
pretation of MCL-1 regulation is illustrated in
HNSCC for the first time. We confirm our results
could establish a solid foundation for afatinib
clinical application in HNSCC treatment.

Materials and methods
Reagents

The pure powder of afatinib and rapamycin
was obtained from Selleckchem (Houston,
TX, USA). Caspase-8, Caspase-9, PARP, p-PE-
RK, p-elF2a, p-P70S6K, p-4EBP1 antibodies
were purchased from Cell Signaling Techno-
logy (Danvers, MA, USA). ATF4 and MCL-1 anti-
bodies were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). Caspase-3
antibody was purchased from Imgenex (San
Diego, CA, USA). AKT (phosphor S473) was
purchased from Abcam (Cambridge, MA, USA).
B-actin antibody was obtained from Sigma-
Aldrich (St. Louis, MO, USA).

Cell lines and cell culture

Human HNSCC cell lines FaDu, Detroit 562,
HNG, CAL-27 were purchased from the American
Type Culture Collection (Manassas, VA). FaDu,
HNG, CAL-27 cell lines were cultured in DM-
EM/F12 (1:1) medium (Gibco, C11330500BT)
containing 10% fetal bovine serum (FBS) (Au-
sbian, VS500T), while Detroit 562 cell line
was cultured in MEM/EBSS medium (Hyclone,
SH30024.01B) containing 10% FBS. All cells
were grown in monolayer culture at 37°C in
a humidified atmosphere consisting of 5% CO,
and 95% air.

Cell survival assay

Human HNSCC cells were seeded in 96-well
plates and incubated with the indicated con-
centrations of afatinib for 24 h. Then cell sur-
vival was evaluated by sulforhnodamine B (SRB)

Am J Cancer Res 2016;6(8):1708-1719



Afatinib induces apoptosis in head and neck squamous cell carcinoma

assay as described previously [28]. Briefly,
treatment medium was discarded after 24 h
incubation and the cells were immobilized
with 100 pl cold trichloroacetic acid (10% (w/V))
at 4°C for 1 h. Then, the plates were washed
five times with deionized water and air dried.
Afterwards, 50 pl 0.4% SRB solution (disso-
Ived in 1% acetic acid) were added into each
well for 5 min at room temperature. The plates
were then washed with 1% acetic acid for five
times to remove uncombined SRB. The com-
bined SRB was dissolved with 100 yl 10 mM
Tris base buffer (pH 10.5) and detected ab-
sorbency by a microtiter plate reader at 495
nm. Absorbency was regarded to be positively
connected with cell survival.

Western blot analysis

The preparation of whole-cell protein lysates
and Western blot assay procedure were depict-
ed earlier [29].

Gene knocking down using small interfering
RNA

All small interfering RNAs (siRNAs) were synthe-
sized by GenePharma (Shanghai, China). Con-
trol siRNA duplexes target the sequence of
5-UUCUCCGAACGUGUCACGU-3'. elF2a siRNA
duplexes target the sequence of 5-GAUUGG-
CACCCUUAUGGUU-3'. ATF4 siRNA duplexes tar-
get the sequence of 5-GCCTAGGTCTCTTAGAT-
GA-3'. The Polyplus Transfection Reagent (Stra-
sbourg, Alsace, France) was applied to trans-
fect siRNAs into cells according to the manu-
facture’s protocol.

Plasmid transient transfection

The plasmid of pcDNA3.1-MCL-1 was pur-
chased from Addgene (Cambridge, MA, USA).
FaDu and HNG6 cells were seeded in 6-well
plates and transfected with pcDNA3.1 and
pcDNA3.1-MCL-1 plasmids using X-treme GE-
NE HP DNA Transfection Reagent (Roche Mo-
lecular Biochemicals, Mannheim, Germany) fol-
lowing the manufacture’s instruction. Then,
cells were treated with 2 yM afatinib for 24
h and subjected to Western blot analysis.

Apoptosis assays

Apoptosis was assessed by Annexin V-FITC
Apoptosis Detection Kit (Bio-BOX Biotech,
China) following the manufacturer’s protocol.
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Caspase activation was examined by Western
blot assay.

Statistical analysis

All assays were carried out in three inde-
pendent experiments and the results were
expressed as the mean value + standard de-
viation (SD) by GraphPad Prism software. The
statistical significance of differences between
two groups was analyzed with two-sided un-
paired Student’s t-tests and the data were
deemed to be statistically significant when
the P value was less than 0.05.

Results

Afatinib triggers caspase-dependent apoptosis
in HNSCC cell lines

Considering afatinib exerts cytotoxicity effect
on various neoplastic cells, we used SRB assay
to detect the inhibitory potential of afatinib in
HNSCC cells. After incubated with O, 0.5, 1, 2
UM afatinib for 24 h, the viability of FaDu,
Detroit 562, HN6 and CAL-27 cells was dramati-
cally suppressed in a dose-dependent fashion
(Figure 1A). To further determine the mecha-
nism through which afatinib elicited survival
inhibition, we conducted western blot assay
to inspect whether afatinib induced apopto-
sis in HNSCC cells and the data revealed that
afatinib significantly triggered the cleavage of
caspase8, caspase9, caspase3 and PARP in
both a concentration- and a time-dependent
manner (Figure 1B and 1C). Collectively, these
results suggest that afatinib effectively sup-
presses the growth of HNSCC cells via apop-
tosis induction.

MCL-1 down-regulation is required for afatinib-
caused apoptosis

As a pivotal pro-survival component of BCL-2
family, MCL-1 negatively regulates apoptosis
during the process of intrinsic apoptosis.
Hence, we wondered whether afatinib had an
impact on the expression of MCL-1. As shown
in Figure 2A, MCL-1 was down-regulated great-
ly in HNSCC cells after afatinib treatment. And
accompanied with elevated concentration of
afatinib, a dose-dependent reduction of MCL-1
levels was occurred in FaDu, Detroit 562,
HN6 and CAL-27 cells (Figure 2A). In addition,
time course assay demonstrated that afati-
nib markedly decreased MCL-1 expression in a
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Figure 1. Afatinib induces apoptosis in HNSCC cells. A. FaDu, Detroit 562, HN6 and CAL-27 cells were cultured in
96-well plates and treated with O, 1, 2, 4 uM afatinib for 24 h. Thereafter, the cell survival was evaluated by SRB
assay. Points: mean of four replicate determinations; bars: S.D. B. Four human HNSCC cell lines were incubated
with 0, 0.5, 1, 2 yM afatinib for 24 h. Then, cells were harvested and subjected to Western blot analysis. C. FaDu,
Detroit 562 and HNG6 cells were incubated with 1 uM afatinib for O, 12, 24, 36 or 48 h. Then, cells were harvested

and subjected to Western blot analysis. CF: cleaved form.

time-dependent manner (Figure 2B). To confirm
whether MCL-1 down-regulation was account
for afatinib-involved apoptosis, pcDNA3.1-MCL-
1 plasmid was transfected into FaDu and
HNG cells. Western blot analysis showed that
MCL-1 over-expression distinctly impaired afa-
tinib-induced cleavage of caspase9, caspase3
and PARP (Figure 2C). Therefore, our data de-
monstrate that MCL-1 down-regulation caused
by afatinib contributes to subsequent apopto-
sis in HNSCC cells.

Afatinib decreases MCL-1 expression through
mTOR suppression

Previous reports have suggested that mTORC1
facilitated cell survival via translational modu-
lation of MCL-1 [30]. Hence, we questioned
whether afatinib triggered MCL-1 down-regula-
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tion through mTOR inhibition. There are two
well characterized downstream substrates of
mTORC1: P70S6K and 4EBP1, which actually
exert critical protein synthesis function [22].
Thus, we examined the phosphorylation le-
vels of P70S6K and 4EBP1 in four HNSCC cell
lines with afatinib treatment for the indicated
concentrations or times, and found that the
levels of p-P70S6K and p-4EBP1 were both
decreased in a concentration- and a time-de-
pendent manner (Figure 3A and 3B). To further
justify whether afatinib-induced mTOR inacti-
vation contributes to MCL-1 reduction, rapa-
mycin, an inhibitor of mTOR [31], was used to
mimic the inhibitory effect of afatinib. Western
blot assay showed that MCL-1 expression was
obviously down-regulated in a concentration-
dependent manner after rapamycin incubation
(Figure 3C). Thus, we come to a conclusion that
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Figure 2. Afatinib down-regulates MCL-1 expression in HNSCC cells. (A) The indicated cell lines were treated with O,
0.5, 1, 2 uM afatinib for 24 h. Then the expression of MCL-1 was examined by Western blot analysis and quantified
using Image J software, bars S.D. *P<0.05, **P<0.01 as compared with control (B) FaDu, Detroit 562 and HN6
cells were treated with 1 uM afatinib for O, 12, 24, 36 or 48 h. Then, whole-cell lysates were collected and prepared
for Western blot analysis. (C) FaDu and HNG6 cells were seeded in 6-well plates and transfected with pc-DNA3.1-
MCL-1 plasmid on the second day. After 48 h transfection, cells were exposed to 2 uM afatinib for 24 h and carried

out Western blot analysis.

afatinib reduced MCL-1 expression through
inhibiting mTOR activity.

ATF4-AKT-mTOR axis contributes to MCL-1 me-
diated apoptosis

It has been documented that AKT stimulates
mTORC1 by inactivating Tsc2 and PRAS40,
which leads to succedent phosphorylation of
P70S6K and 4EBP1 [32]. As afatinib works as
an irreversible inhibitor of tyrosine kinase, we
speculated that afatinib restrained AKT activity
and, thereby, suppressed mTOR activity. To
confirm our speculation, the phosphorylation
level of AKT was measured by western blot
analysis in HNSCC cell lines after treatment

1712

with the indicated concentration of afatinib for
24 h. And the level of p-AKT was dramatically
decreased in a dose-dependent fashion (Figure
4A). Moreover, the time-course assay obtained
the consistent results (Figure 4B).

Because ATF4 participates in the suppression
of AKT-mTOR signaling [27], we detected the
level of ATF4 in HNSCC cells after exposure to
afatinib. As shown in Figure 4A and 4B, the
expression of ATF4 was significantly elevated
by afatinib treatment both in a concentra-
tion- and a time-dependent fashion. To inspect
whether afatinib-caused ATF4 up-regulation
resulted in AKT-mTOR inhibition, FaDu and
HNG cells were transfected with ATF4 siRNA

Am J Cancer Res 2016;6(8):1708-1719
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Figure 3. Afatinib inactivates mTOR and contributes to MCL-1 down-regulation. (A) The indicated cells were incu-
bated with 0, 0.5, 1, 2 uM afatinib for 24 h. Then, cells were subjected to Western blot analysis and quantified by
Image J software (*P<0.05, **P<0.01 versus control) (B) FaDu, Detroit 562 and HN6 cells were incubated with 1
UM afatinib for the indicated time. Then, cells were collected and subjected to Western blot analysis. (C) Four human
HNSCC cell lines were treated with O, 25, 50, 100 nM rapamycin for 24 h. Subsequently, the levels of MCL-1 were
measured by Western blot analysis.

and the phosphorylation level of ATK, P70S6K
and 4EBP1 was measured by western blot
assay following afatinib incubation. We found
that the reduction of p-ATK, p-P70S6K and
p-4EBP1 caused by afatinib was effectively
relieved coupled with ATF4 knockdown (Figure
4C). Hence, the data indicated that ATF4 up-
regulation promoted afatinib-triggered AKT-
mTOR inhibition.

mediated apoptosis in HNSCC. FaDu and
HNG6 cells were treated with ATF4 siRNA to
silence ATF4 expression as depicted above,
then the levels of MCL-1 and apoptotic-related
proteins were examined by western blot ana-
lysis. Compared with control cells, both the re-
duction of MCL-1 and the cleaved form of cas-
pase9, caspase3 and PARP caused by afatinib
were attenuated in ATF4 siRNA-transfected
cells (Figure 5A). Correspondingly, a dramatic

As ATF4 took part in the process of apoptosis decline of afatinib-induced apoptosis in FaDu

induction as well as AKT-mTOR inactivation
[26], we further determined whether afatinib-
triggered ATF4 up-regulation influenced MCL-1-
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and HNG cells with ATF4 absence was obser-
ved in flow cytometery analysis (Figure 5B). In
conclusion, our data show that ATF4-AKT-mTOR

Am J Cancer Res 2016;6(8):1708-1719
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Figure 4. Afatinib suppresses AKT-mTOR via ATF4 up-regulation. (A) The indicated cell lines were treated with afa-
tinib at various concentrations for 24 h. Thereafter, the whole cell lysates were harvested and prepared for Western
blot analysis. The given proteins were quantified by Image J software, bars S.D. *P<0.05, **P<0.01 as compared
with control (B) FaDu, Detroit 562 and HN6 cells were treated with 1 uM afatinib for various lengths of time. Then,
the whole cell lysates were harvested and prepared for Western blot analysis. (C) FaDu and HNG6 cells were seeded
in 6-well plates and transfected with ATF4 siRNA on the second day. Forty-eight hours later, cells were cultured with
2 uM afatinib for 24 h. Then, cells were collected for Western blot analysis.

axis plays a critical role in afatinib-induced
MCL-1 down-regulation and subsequent apop-
tosis in HNSCC cells.

PERK-elF2« activation is responsible for afa-
tinib-induced apoptosis

Since ATF4 serves as the vital downstream sub-
strate of PERK-elF2a signaling pathway [33],
we hypothesized that afatinib stimulated PERK-
elF2a signaling which elicits ensuing events.
Our research revealed that the phosphorylation
level of PERK and elF2a was greatly enhanced
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in both a dose- and a time-dependent manner
(Figure 6A and 6B). So we then questioned
whether elF2a, the acute responsor of PERK
activation, had an effect on afatinib-caused
AKT-mTOR inhibition. We used siRNA to silence
elF2a expression and found both afatinib-
caused ATF4 induction and AKT-mTOR inhibi-
tion were distinctly diminished (Figure 6C). To
further explore the function of elF2a in afatinib-
induced apoptosis, western blot assay was per-
formed to detect apoptotic-associated pro-
teins. The results presented that not only did
the decline of MCL-1 attenuate, but the cleav-
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Figure 5. ATF4 expression is essential for afatinib-caused apoptosis. (A and B) FaDu and HNG cells were seeded in
6-well plated and transfected with ATF4 siRNA on the next day. After 48 h transfection, cells were exposed to 2 uM
afatinib for 24 h. Subsequently, cell lysates were prepared for Western blot analysis (A) or subjected to apoptosis
inspection by flow cytometery analysis. *P<0.05, **P<0.01 as compared with control (B).

age of caspase9, caspase3 and PARP was also
weakened when elF2a inhibited by siRNA treat-
ment (Figure 7A). Moreover, flow cytometery
analysis was carried out to evaluate the effect
of elF2a on afatinib-induced apoptosis. And a
marked decrease of afatinib-induced apoptosis
in FaDu and HNG cells after elF2a silence was
observed (Figure 7B). Taking together, our data
suggest that PERK-elF2a signaling pathway,
the important branch of ER stress, is required
for afatinib-induced apoptosis.

Discussion

Afatinib, a novel irreversible TKI targeting mul-
tiple ErbB family members, displays outstand-
ing survival inhibition effects in a broad spec-
trum of cancer types [11-14, 34-36]. Many
efforts have been devoted to illuminate the
molecular mechanism of afatinib-induced cell
death, whereas the mechanism of apoptosis
caused by afatinib in HNSCC is still unclear.
Here, we exhibit that afatinib stimulates PERK-
elF2a-ATF4 signaling, leading to AKT-mTOR inhi-
bition, which in turn gives rise to MCL-1 down-
regulation and subsequent apoptosis in HNSCC
cells.

In this study, we found that the cell viability of
HNSCC cell lines was apparently decreased
after afatinib treatment, indicating afatinib has
obvious toxic effects on HNSCC cells. Western
blot assay further showed that the cleaved
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forms of apoptosis-associated proteins (cas-
pase8, caspase9, caspase3 and PARP) were
distinctly increased both in a dose- and a time-
dependent manner followed by afatinib incuba-
tion in FaDu, Detroit 562, HN6 and CAL-27
cells. Thus, the data demonstrate that afati-
nib induces caspase-dependent apoptosis in
HNSCC cells.

MCL-1 is viewed as an anti-apoptotic member
belonged to BCL-2 family which is closely con-
nected to mitochondrial apoptosis initiation
[37], and blocking MCL-1 makes tumor cells
more susceptible to anti-cancer agents [38].
Our work revealed that the level of MCL-1 was
dramatically decreased following afatinib treat-
ment and MCL-1 over-expression significantly
weakened the cleavage of apoptosis-associat-
ed proteins, implying MCL-1 is essential for
afatinib-caused apoptosis.

It is well known that MCL-1 is translational-
ly modulated by mTORC1 thereby in parallel to
apoptosis regulation [30]. In the present inves-
tigation, we identified that the substrates of
mMTORC1 such as p-P70S6K and p-4EBP1 were
dose- and time-dependently declined when
MCL-1 was correspondingly reduced after afa-
tinib exposure. To further confirm whether afa-
tinib-caused MCL-1 down-regulation relied on
mTOR regulation, rapamycin was utilized to imi-
tate the inhibitory action of afatinib on mTOR,
and the expression of MCL-1 was dropped

Am J Cancer Res 2016;6(8):1708-1719
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Figure 6. Afatinib activates PERK-elF2a signaling and conctributes to AKT-mTOR inhibition. (A) The indicated cell
lines were treated with O, 0.5, 1, 2 uM afatinib for 24 h. Hereafter the whole cell lysates were harvested and pre-
pared for Western blot analysis. The detected proteins were quantified using Image J software, bars S.D. *P<0.05,
**P<0.01 as compared with control (B) FaDu, Detroit 562 and HNG cells were treated with 1 uM afatinib for O, 12,
24, 36 or 48 h. Then, the whole cell lysates were harvested and prepared for Western blot analysis. (C) FaDu and
HNG cells were seeded in 6-well plated and transfected with elF2a siRNA on the second day. After 48 h transfection,
cells were treated with 2 uM afatinib for 24 h. Then cells were harvested and prepared for Western blot analysis.

greatly, revealing mTOR guides MCL-1 expres-
sion in the treatment of afatinib. Studies have
shown that AKT, the vital upstream of mTORC1,
inactivates Tsc2 and PRAS40 to relieve the
inhibition of MTORC1, thereafter gives rise to
the phosphorylation of P70S6K and 4EBP1
[23]. Our results showed that the level of p-AKT
was simultaneously decreased by afatinib in
HNSCC cells. Therefore, we propose that afa-
tinib down-regulates MCL-1 expression by sup-
pressing AKT-mTOR signaling in HNSCC cells.

Previous research demonstrates that ATF4 up-
regulates CHOP-TRB3 axis to inactivate AKT-
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mTORC1 and plays a key role in both extrin-
sic and intrinsic apoptosis induction [27]. Here
we discovered that ATF4 up-regulation was
accompanied with p-AKT reduction after afa-
tinib treatment. And ATF4 silence abolished
the decrease of p-AKT, p-P70S6K and p-4EB-
P1, indicating afatinib-caused AKT-mTOR sup-
pression is dependent on ATF4 elevation.
What’s more, ATF4 knockdown not only attenu-
ated afatinib-induced MCL-1 reduction, but
also decreased subsequent apoptosis. Col-
lectively, the data suggest that ATF4 is a pi-
votal medium bridges AKT-mTOR inactivation
and MCL-1-mediated apoptosis. Furthermore,
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Figure 7. elF2a activation a is required for MCL-1 mediated apoptosis. (A and B) FaDu and HNG cells were seeded in
6-well plated and transfected with elF2a siRNA on the second day. After 48 h transfection, cells were treated with 2
UM afatinib for 24 h. Then cells were havested and prepared for Western blot analysis (A) or subjected to apoptosis
inspection by flow cytometery analysis. *P<0.05, **P<0.01 as compared with control (B).

to explore how ATF4 influences AKT-mTOR
activity, the function of CHOP and TRB3 may
need to be put into consideration.

Diverse cell damages that perturb protein
synthesizing and folding property of ER bring
about ER stress. To fight against this abnor-
mal physiological status, cells develop a de-
fense measure referred to as UPR [39]. Ac-
cumulating evidence demonstrated that per-
sistent or violent ER stress initiates apoptosis,
the molecular mechanism of which is correlat-
ed with IRE1 and PERK signaling [33]. In the
PERK signaling, elF2a is phosphorylated to
restrain a majority of mRNA translation, while
provides a translational permission for rare
proteins such as ATF4, ATF5 and CHOP. Given
ATF4 obtained expression advantages from
afatinib treatment, we hypothesized that afa-
tinib stimulated PERK signaling pathway of
ER stress. The results displayed that afatinib
enhanced the phosphorylation of PERK and
elF2a. Further investigation showed that sup-
pressing elF2a impaired afatinib-caused ATF4
up-regulation and AKT-mTOR inhibition. More-
over, both MCL-1 down-regulation and apop-
tosis induction by afatinib were concordant-
ly weakened in elF2a siRNA-transfected cells.
Our data suggest that afatinib triggers PERK
signaling pathway of ER stress, which renders
afatinib to induce apoptotic cell death in HN-
SCC cells.
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In summary, we demonstrate that afatinib stim-
ulates PERK-elF2a-ATF4 axis which contributes
to MCL-1 down-regulation and subsequent
apoptosis via suppressing AKT-mTOR signaling.
Importantly, we illustrate a novel mechanism of
apoptosis triggered by afatinib therapy and this
would provide theoretical basis for promoting
afatinib as a potent clinical therapeutic strate-
gy in HNSCC treatment.
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