< EBM

‘ @ Check for updates

OPEN ACCESS

*CORRESPONDENCE

Yu-Li Lo,
yulilo@nycu.edu.tw

Anya Maan-Yuh Lin,
myalin@vghtpe.gov.tw,
myalin@nycu.edu.tw

RECEIVED 27 February 2025
ACCEPTED 24 April 2025
PUBLISHED 15 May 2025

CITATION

Huang H-J, Tseng Y-J, Lee |-J, Lo Y-L
and Lin AM-Y (2025) Involvement of
EGFR-AKT signaling in hemin-
induced neurotoxicity.

Exp. Biol. Med. 250:10554.

doi: 10.3389/ebm.2025.10554

COPYRIGHT

© 2025 Huang, Tseng, Lee, Lo and Lin.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Experimental Biology and Medicine

Experimental
Biology and
Medicine

TvPE Original Research
PUBLISHED 15 May 2025
Dol 10.3389/ebm.2025.10554

Involvement of EGFR-AKT
signhaling in hemin-induced
neurotoxicity

Hui-Ju Huang?, Yang-Jie Tseng?, I1-Jung Lee?, Yu-Li Lo** and
Anya Maan-Yuh Lin%#>*

'Department of Medical Research, Taipei Veterans General Hospital, Taipei, Taiwan, 2Ph.D. Program in
Regulatory Science and Policy, National Yang-Ming Chiao-Tung University, Taipei, Taiwan,
SPharmaceutical Botany Research Laboratory, Yokohama University of Pharmacy, Yokohama, Japan,
“Institute of Pharmacology, National Yang-Ming Chiao-Tung University, Taipei, Taiwan, *Department
of Pharmacy, National Yang-Ming Chiao-Tung University, Taipei, Taiwan

Abstract

Intracerebral hemorrhage (ICH), as bleeding from ruptured vessels within the
brain, is the second leading neuropathological problem following ischemic
stroke. In the present study, the involvement of epithelial growth factor
receptor (EGFR)-tyrosine kinase (TK) signaling underlying ICH-related
neurodegeneration was investigated using afatinib, a clinically available
EGFR-tyrosine kinase inhibitor (EGFR-TKI). We employed hemin (a
breakdown product of hemoglobin) to mimic the pathophysiology of ICH
in primary cultured cortical neurons. Using a lactate dehydrogenase (LDH)
assay, incubation of hemin concentration- and time-dependently induced
neuronal death. Simultaneous incubation of afatinib (10 nM) significantly
inhibited hemin (30 pM)-induced neuronal death. Immunofluorescent data
demonstrated that co-treatment of afatinib for 1 h attenuated hemin (30 uM)-
induced elevation in phosphorylated-EGFR (p-EGFR) immunoreactivity and
neurite impairment. Western blot assay demonstrated that co-incubation of
afatinib for 16 h diminished hemin-induced elevation in p-EGFR and p-AKT,
tumor necrosis factor-a and cyclooxygenase 2 (two proinflammatory
biomarkers) as well as heme oxygenase-1 (HO-1, an enzyme catalyzing
heme/hemin), glutathione hydroperoxidase 4 and receptor-interacting
protein 3 (two biomarkers of ferroptosis and necroptosis). In addition, co-
treatment of afatinib for 24 h inhibited hemin-induced NO production
in the culture medium. In conclusion, our study shows that afatinib via
blocking EGFR-AKT signaling inhibits hemin-induced EGFR-AKT activation,
neuroinflammation, HO-1 expression and programed cell death, suggesting
that EGFR-AKT signaling is involved in hemin-induced neurotoxicity and may
be a druggable target for ICH.
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Impact statement

To find potential therapies for the secondary injury in ICH,
the involvement of EGFR-TK signaling in ICH was investigated
in vitro. We found that hemin induced neuronal death as well as
EGFR-AKT activation, neuroinflammation, HO-1 expression,
ferroptosis and necroptosis in primary cultured cortical
neurons. Furthermore, afatinib, a clinically available EGFR-TK
inhibitor, is capable of blocking hemin-induced EGFR-AKT
activation and neurotoxicity. Our data suggest that EGFR-
AKT signaling may be a druggable target for ICH.

Introduction

Intracerebral hemorrhage (ICH) is due to the rupture of
blood vessels in the parenchyma. ICH reportedly induces
primary and secondary brain injuries [l, 2]. The primary
injury is initiated acutely by local pressure and mechanical
damage due to hematoma in the brain. The secondary injury
results from released blood which is degraded to blood derived
products, including heme/hemin and iron. These blood-derived
products reportedly induce oxidative injury, neuroinflammation
and protein aggregation that lead to cell death [1, 3-5]. Current
therapies for the primary injury include surgical removal of blood
clots and drug treatment to reduce the elevated intracranial
pressure [5]. Neuroprotective strategies toward the secondary
injury are urged.

Cellular growth factors and its kinase pathways, such as
epidermal growth factor receptor (EGFR) [6], have been used
as cancer therapies for decades [7, 8] and are now proposed for
central nervous system (CNS) neurodegenerative diseases [9, 10].
Physiologically, EGFR is involved in the developing nervous
system by regulating growth, differentiation and repair [9]. In
a healthy adult brain, EGFR is expressed in specific regions, such
as the subventricular zone [11]. However, a clinical report
showed intensive EGFR expression in the neurites in affected
brain tissues of patients with Alzheimer disease (AD), suggesting
an EGEFR reactivation in response to insults [12]. In support of
this notion, an Alzheimer’s pre-clinical study demonstrated that
EGEFR inhibitors ameliorated AB42-induced neurotoxicity [13].
Furthermore, both AG1478 (an EGFR antagonist) and C225
(anti-EGFR monoclonal antibody) reportedly reduced the
expression of phosphorylated EGFR (p-EGFR), enhanced
axonal outgrowth and promoted functional recovery in rats
subjected to spinal cord injury (SCI) [14]. Moreover, AZD
3759, a blood brain barrier permeable EGFR-tyrosine kinase
inhibitor (EGFR-TKI), was found to reduce the phosphorylated
a-synuclein levels, a pathological biomarker of Parkinson’s
Disease [10]. Our previous study showed that afatinib, a
clinically available EGFR-TKI for lung cancer therapy,
(OGD)-induced
[15].

attenuated  oxygen-glucose  deprivation

neuroinflammation in primary cultured astrocytes
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Accordingly, a pathological role of EGFR signaling is
suggested in CNS neurodegenerative diseases.

Many studies have focused on the involvement of EGFR in
ischemic stroke [16-18]. However, only one pre-clinical study
demonstrated that AG1478 inhibited neuronal apoptosis in mice
subjected to subarachnoid hemorrhage [19]. In the present study,
the involvement of EGFR in the pathophysiology of ICH was
investigated using hemin to mimic ICH-related neurotoxicity
[20, 21]. Moreover, afatinib, via binding to the EGFR-ATP
binding activation site [22], was repurposed to block hemin-
induced EGFR activation and hemin-induced neurotoxicity in
neurons to delineate the EGFR-AKT signaling in the
pathophysiology of ICH.

Materials and methods
Chemicals

The chemicals used were hemin (Sigma, St. Louis, MO,
United States) and afatinib (AdooQ Bioscience, Irvine, CA,
United States). Hemin was dissolved in ammonia water and
pH value was corrected to pH 7.4. Afatinib was dissolved in
dimethyl sulfoxide (DMSO, Sigma) and diluted with DMEM or
Neurobasal (NB, Thermo Fisher Scientific, Waltham, MA,
United States) medium.

Animals

Twenty-three pregnant female Sprague-Dawley (SD) rats
were supplied by BioLASCO Taiwan Co., Ltd. (Yilan,
Taiwan). All animals (one rat/individually ventilated cage)
were housed in an air-conditioned room (22 + 2°C) on a
12 hr-light/dark cycle (07:00-19:00h light) and had free access
to food and water. Pregnant female Sprague-Dawley (SD) rats of
17-day gestation were sacrificed by an overdose of Zoletil®
(Virbac, Taiwan) to minimize pain or discomfort. Embryonic
day 17 fetal rat brains obtained from pregnant female SD rats
were used to prepare primary cultured cortical neurons. The use
of animals and all experiments conducted were under approved
protocols from the Institutional Animal Care and Use
Committee (IACUC) of Taipei Veterans General Hospital,
Taipei, Taiwan. The approval number is IACUC2022-235. All
experiments were performed in accordance with relevant
guidelines and regulations.

Primary culture of cortical neurons

Cerebral cortices of fetal rats were isolated and dissociated
mechanically. The dissociated cells were suspended in the Basal
Medium Eagle (BME, Thermo Fisher Scientific) medium
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containing 20% fetal bovine serum, and were seeded onto 35-mm
culture dishes (IWAKI, Tokyo, Japan) with a density of 5 x 10°
cells per dish. Afterwards, cells were maintained with serum-free
Neurobasal medium supplemented with B27 (Thermo Fisher
Scientific) in the incubator with 5% CO, at 37°C. Four
experimental treatments included vehicle (as control), hemin
(30 uM), hemin (30 uM) plus afatinib (10 nM) and
afatinib (10 nM).

Cytotoxicity assay

In brief, primary cultured cortical neurons were seeded on a
24-well plate. Concentration-dependent effects (10-60 pM) of
hemin were performed for 16 and 24 h. The effect of afatinib was
investigated 16 h after simultaneous addition of afatinib (10 nM)
and hemin (30 uM). Cytotoxicity was determined by a Lactate
Dehydrogenase (LDH) assay. The LDH released in the culture
medium was assessed by adding [-nicotinamide adenine
dinucleotide and sodium pyruvate (Sigma). LDH activity was
determined by measuring the absorbance at 340 nm for 6 min
using an enzyme-linked immunosorbent assay (ELISA) reader
(TECAN Sunrise, Mannedorf, Switzerland). The LDH activity of
cells treated with 0.1% Triton X-100 was used as control
set to 100%.

Western blots analysis

At the end of 16-h treatments, the cells were collected,
washed with phosphate buffered saline (PBS), and lysed in a
radioimmunoprecipitation assay (RIPA, Cell Signaling Tech.,
Beverly, MA, United States) lysis buffer containing 20 mM
Tris HCI, 150 mM NaCl, 1% (v/v) NP-40, 1% (w/v) sodium
deoxycholate, 1 mM ethylenediaminetetraacetates (EDTA),
0.1% (w/v) sodium dodecyl sulfate polyacrylamide (SDS) and
0.01% (w/v) sodium azide (pH 7.5) for 20 min on ice. Lysates
were then centrifuged at 13,800xg for 10 min, and the protein
concentrations of supernatants were determined by Pierce
BCA Protein Assay Kit (Thermo Fisher Scientific). Protein
samples (30 pg) were run on 12%-13.5% SDS-polyacrylamide
gel electrophoresis and then transferred onto a polyvinylidene
difluoride (PVDF, Bio-Rad, Hercules, CA, United States) at
100 V for 120 min. Blots were probed with primary antibodies
including antibodies against p-EGFR/total-EGFR, p-AKT/
total-AKT (Cell Signaling Tech.), Tumor necrosis factor
(TNF)-a, Cyclooxygenase 2 (COX2), Heme oxygenase-1
(HO-1)  (StressGen, CA, United States),
Glutathione hydroperoxidase 4 (GPX4) and Receptor-
interacting serine/threonine-protein kinase 3 (RIP3) (Cell

Victoria,

Signaling Tech.) overnight at 4°C. After incubation of

primary antibodies, the membrane was washed and

incubated with a secondary antibody for 1 h at room
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temperature. The secondary antibodies were horseradish
IgG
Temecula, CA, United States). The immunoreaction was

peroxidase-conjugated  secondary (Chemicon,
visualized using Amersham Enhanced Chemiluminescence
Biotech, NJ,

United States). After this measurement, the bound primary

(Amersham  Pharmacia Piscataway,
and secondary antibodies were stripped by incubating the
membrane in stripping buffer (100 mM 2-mercaptoethanol,
2% SDS) at 50°C for 5 min. The membrane was reprobed with
a primary antibody against p-actin (Millipore, Billerica, MA,
United States).

Immunofluorescent staining

At the end of 1-hr treatments, the cells were fixed with 4%
paraformaldehyde (Merck, Boston, MA, United States). Cells
were then washed with 0.1 M PBS, incubated with 0.3% Triton
X-100 (Sigma) 1% goat (GS;  Jackson
ImmunoResearch, West Grove, PA, United States), and
blocked with 3% GS for 60 min. Next, cells were processed

and serum

for immunostaining using mouse monoclonal antibody specific
for rat p-EGFR and microtubule-associated protein 2 (MAP-2,
Millipore) in 1% GS-PBS at 4°C for 24 h. The cells were then
incubated in fluorescein conjugated-IgG (FITC) (Jackson
and Texas

ImmunoResearch) Red dye-conjugated IgG

fraction monoclonal mouse anti-biotin (Jackson
ImmunoResearch) for 1 h at room temperature, mounted in
glycerol (Merck). Controls consisted of omission of primary
antibodies. The sections were visualized by a fluorescence
confocal microscope (Olympus FluoView, Norfolk, VA,

United States).

Nitric oxide (NO) production

At the end of 24-h treatments, the culture medium was
collected to measure NO production. The culture medium was
mixed with an equal volume of the Griess reagent (1%
sulfanilamide, 0.1% N-(1-Naphthyl)ethylenediamine in 2.5%
H;PO,) and incubated for 15 min at room temperature in the
dark. Nitrite concentration was determined by measuring the
absorbance at 550 nm using an ELISA plate reader (TECAN
Sunrise, Minnedorf, Schweiz).

Statistics

All data are expressed as the mean + standard error of the
mean (S.E.M.). The results were analyzed by one-way analysis of
variance (one-way ANOVA) followed by the least significance
difference (LSD) test as post-hoc method. The significance level
was set at p < 0.05.
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FIGURE 1

Effects of afatinib on hemin-induced cytotoxicity. (A) Primary cultured cortical neurons were treated with hemin (10-60 uM) for 16 h and 24 h.

(B) Primary cultured cortical neurons were treated with hemin (30 pM) plus afatinib (10 nM) simultaneously for 16 h. Cell death was measured by LDH
assay. Values are the mean + S.E.M. (n = 3/each group). *p < 0.05 statistically significant in the hemin groups compared with the control groups; *P <
0.05 in hemin plus afatinib compared with hemin alone by one-way ANOVA followed by the LSD test as post-hoc method.
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FIGURE 2

Effects of afatinib on hemin-induced EGFR-AKT activation. (A,B) Primary cultured cortical neurons were treated with hemin (10-60 uM) for 1 h
(C,D) Primary cultured cortical neurons were treated with hemin (30 pM) plus afatinib (10 nM) for 1h. Western blot assay was employed to measure
phosphorylated EGFR (p-EGFR) (A,C), and phosphorylated AKT (p-AKT) (B,D). Each lane contained 30 ug protein for all experiments. Graphs show
statistical results from relative optical density of bands on the blots. Values are the mean + S.E.M. (n = 3/each group). *p < 0.05 statistically
significant in the hemin groups compared with the control groups; #*P < 0.05 in hemin plus afatinib compared with hemin alone by one-way ANOVA
followed by the LSD test as post-hoc method.

Results cortical neurons. The LDH assay showed that incubation of
hemin (10-60 uM) for 16 and 24 h increased neuronal death in

Afatinib attenuated hemin-induced time- and concentration-dependent manners (Figure 1A). The
neuronal death ICso of hemin in primary cortical neurons was about 30 uM
after 24-hr incubation. Co-incubation with afatinib (10 nM) for

To mimic the neurodegeneration in ICH, a hemin-induced 16 h significantly attenuated hemin-induced cell death in
neurotoxicity model was established in primary cultured primary cultured cortical neurons (Figure 1B), indicating
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Effects of afatinib on hemin-induced impairment of neurite outgrowth. (A) Primary cultured cortical neurons were treated with hemin
(10-60 uM) for 1 h. Representative immunofluorescent data show concentration-dependent damages of hemin on neurite outgrowth. (B) Primary
cultured cortical neurons were treated with hemin (30 pM) plus afatinib (10 nM) for 1 h. The neurites were immunostained with phosphorylated EGFR

(p-EGFR) and MAP-2. Calibration: 10 pm. The results were duplicated.

that afatinib is of

neuronal death.

capable inhibiting hemin-induced

Afatinib attenuated hemin-induced EGFR-
AKT activation and
morphological changes

The involvement of EGFR signaling in the hemin-induced
neurotoxicity was investigated by measuring p-EGFR levels in
primary cultured cortical neurons. We found that 1-h incubation
of hemin (10-60 uM) concentration-dependently increased
EGFR phosphorylation ( ). EGFR phosphorylation
was evident when cells were treated with 30 uM hemin and
maintained elevated with 60 pM hemin ( ). Similarly,
incubation of hemin for 1 h significantly elevated p-AKT levels in

a concentration-dependent manner ( ). Co-incubation

05

of afatinib (10 nM) significantly attenuated hemin-induced
EGFR phosphorylation ( ) and AKT phosphorylation
( ), indicating hemin indeed activated EGFR-AKT
signaling in primary cultured cortical neurons.

Furthermore, we investigated the effect of afatinib on hemin-
induced morphological changes in primary cultured cortical
with  the
staining  data

vehicle-treated  cells,
that

concentration-dependently (10-60 uM) increased p-EGFR

neurons.

Compared
immunofluorescent showed hemin
immunoreactivity =~ and  damaged  neurite  outgrowth
( ). Incubation of hemin (10 uM) for 8 h did not
cause significant changes in the neurite outgrowth. However,
higher concentrations of hemin (30-60 uM) induced strong
p-EGFR immunoreactivity. At the same time, hemin caused
focal bead-like swellings, neuritic beading and discontinuities
). Co-
incubation with afatinib (10 nM) attenuated hemin-induced

of neurites in primary cultured cortical neurons (
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Effects of afatinib on hemin-induced neuroinflammation. (A, B) Primary cultured cortical neurons were treated with hemin (10-60 pM) for 16 h.
(C.D) Primary cultured cortical neurons were treated with hemin (30 uM) plus afatinib (10 nM) for 16 h. Western blot assay was employed to measure
TNF-a (A,C) and COX2 (B,D). Each lane contained 30 ug protein for all experiments. Graphs show statistical results from relative optical density of
bands on the blots. (E) Primary cultured cortical neurons were treated with hemin (30 uM) plus afatinib (10 nM) for 24 h. The levels of NO in
culture medium were measured using Griess reaction. Values are the mean + S.E.M. (n = 3/each group). *p < 0.05 statistically significant in the hemin
groups compared with the control groups; #*P < 0.05 in hemin plus afatinib compared with hemin alone by one-way ANOVA followed by the LSD test

as post-hoc method.
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Effects of afatinib on hemin-induced HO-1 expression. (A) Primary cultured cortical neurons were treated with hemin (10-60 uM) for 16 h. (B)
Primary cultured cortical neurons were treated with hemin (30 uM) plus afatinib (10 nM) for 16 h. Western blot assay was employed to measure HO-1.
Each lane contained 30 pg protein for all experiments. Graphs show statistical results from relative optical density of bands on the blots. Values are
the mean + S.E.M. (n = 3/each group). *p < 0.05 statistically significant in the hemin groups compared with the control groups; #*P < 0.05 in
hemin plus afatinib compared with hemin alone by one-way ANOVA followed by the LSD test as post-hoc method.
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Effects of afatinib on hemin-induced programmed cell death. (A,B) Primary cultured cortical neurons were treated with hemin (10-60 uM) for
16 h. (C,D) Primary cultured cortical neurons were treated with hemin (30 uM) plus afatinib (10 nM) for 16 h. Western blot assay was employed to
measure GPX4 (A,C) and RIP3 (B,D). Each lane contained 30 pg protein for all experiments. Graphs show statistical results from relative optical density
of bands on the blots. Values are the mean + S.E.M. (n = 3/each group). *p < 0.05 statistically significant in the hemin groups compared with the
control groups; #*P < 0.05 in hemin plus afatinib compared with hemin alone by one-way ANOVA followed by the LSD test as post-hoc method.

elevation in p-EGFR immunoreactivity and impairment in
neurite outgrowth (Figure 3B), suggesting that the EGFR
signaling pathway is responsible for the hemin-induced
to  neurite primary  cultured

damage outgrowth in

cortical neurons.

Afatinib attenuated hemin-induced
neuroinflammation, HO-1 expression and
programmed cell death

To further confirm the involvement of EGFR-AKT signaling in
ICH, afatinib was employed to block hemin-induced activation of
EGFR-TK signaling and related neurotoxicity. First, we established
hemin-induced neuroinflammation in primary cultured cortical
neurons. Western blot assay showed that a 16-hr incubation of
hemin concentration-dependently (10-60 pM) increased TNF-a
(Figure 4A) and COX2 protein levels (Figure 4B) in primary
cultured cortical neurons. Co-incubation with afatinib (10 nM)

Experimental Biology and Medicine
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prevented hemin (30 pM)-induced elevations in TNF-a
(Figure 4C) and COX2 (Figure 4D) as well as NO production in
the culture medium of treated neurons (Figure 4L), suggesting that
afatinib is capable of reducing hemin-induced neuroinflammation.
At the same time, we investigated the effect of afatinib on HO-1
expression (an enzyme catalyzing hemin). Western blot assay
showed that a 16-h incubation of hemin (10-60 pM) increased
HO-1 levels (Figure 5A). Co-incubation with afatinib (10 nM)
(30 uM)-induced
(Figure 5B), suggesting that afatinib is capable of reducing

prevented hemin elevation in HO-1
hemin-induced HO-1 expression.

The cell death mechanisms underlying hemin-induced
neurotoxicity were investigated by measuring GPX4 (a
biomarker of ferroptosis) and receptor-interacting protein 3
(RIP3, a biomarker of necroptosis). Western blot assay
demonstrated ~ that ~ hemin  concentration-dependently
(10-60 uM) reduced GPX4 (Figure 6A) and increased RIP3
(Figure 6B). Co-incubation with afatinib (10 nM) inhibited the
hemin (30 uM)-induced reduction in GPX4 (Figure 6C) and

Published by Frontiers
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elevation in RIP3 (Figure 6D). These data indicate that afatinib is
capable of reducing hemin-induced ferroptosis and necroptosis.

Discussion

In the present study, the EGFR-TK signaling was involved in
the pathophysiology of ICH in several areas. First, hemin-
induced neurotoxicity was demonstrated by neuronal death,
neurite outgrowth impairment, neuroinflammation, HO-1
expression, ferroptosis and necroptosis. Furthermore, hemin

consistently activated EGFR-AKT signaling in primary
cultured cortical neurons. Finally, afatinib significantly
attenuated  hemin-induced EGFR-AKT activation and

neurotoxicity. Taken together, these data suggest that the
EGFR-AKT signaling may be a druggable target when
developing therapies for ICH.

A pathological role of EGFR signaling has been demonstrated
in CNS neurodegenerative diseases, including SCI, AD, brain
ischemia and subarachnoid hemorrhage [10, 13-15, 19] but not
ICH. In the present study, we are the first to show the involvement
of EGFR in the pathophysiology of ICH. To mimic ICH-related
neurotoxicity, several in vitro studies used PC12 cells and primary
cortical neurons subjected to hemin ranging from 30 uM to 50 mM
[21, 23-25]. Furthermore, an animal study reported high
micromolar (=390 uM) hemin in the hematomas [26]. In the
present study, hemin (10-60 pM) was found to induce
EGFR-AKT
phosphorylation and neurotoxicity in primary cultured cortical

concentration-dependent increases in
neurons. Consistent with Zhou’s study [25], we chose 30 uM
hemin to further delineate the involvement of EGFR-AKT
signaling in ICH by studying the effect of afatinib, a second-
generation EGFR-TKI for lung cancers [7], in primary cultured
cortical neurons. Due to its covalent bonding to the EGFR-AKT
activation site [27], nanomolar range (1 and 10 nM) of afatinib was
found to effectively attenuate EGFR activation in cancer cells [7,
27]. Similar to Chen’s studies [15], we used 10 nM afatinib in the
present study to successfully block hemin-induced EGFR-AKT
signaling and neurotoxicity in primary cultured cortical neurons.

A “vicious cycle” containing oxidative stress, protein
aggregation and cell death has been proposed for the
pathophysiology ~of CNS
neuroinflammation is at the center of this “vicious cycle” [28].
Both clinical [29] and non-clinical studies [1, 2, 30] showed

significant neuroinflammation in the ICH-affected brain tissues,

neurodegenerative  diseases;

including increases in  inflammatory enzymes and

proinflammatory cytokines. Our study supports this notion by
in TNF-a and
COX2 expression, as well as NO production. Similar to the

demonstrating hemin-induced elevations
afatinib-induced anti-inflammation in the OGD model [15],
the present study using an ICH model demonstrated that
attenuated  hemin-induced

afatinib neuroinflammation,

suggesting that afatinib is anti-inflammatory in ICH.
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Hemin is reportedly an HO-1 inducer [31, 32] to catalyze the
degradation of heme/hemin [3, 33] and thus release iron [34]
which is known as a Fenton’s reagent [35]. In the present study,
hemin consistently elevated HO-1 expression which elevated
iron levels that overproduced free radicals and oxidative
injury [1]. Accordingly, in addition to anti-oxidant therapies
[24, 36, 37], HO-1 inhibitors appear to be beneficial to ICH. Our
study supports this notion that afatinib may exert its
neuroprotective effect via attenuating HO-1 expression in ICH.

A significant body of literature has demonstrated several cell
death mechanisms in ICH, including ferroptosis [21, 38] which is
a programmed cell death related to iron metabolism [39-41].
Consistently, we identified hemin-induced ferroptosis in primary
cultured cortical neurons. Moreover, we demonstrated that
afatinib is capable of blocking hemin-induced ferroptosis. This
may be due to afatinib-induced inhibition of hemin-elevated
HO-1 expression which reduced iron accumulation, prevented
then

we

and attenuated hemin-induced
addition,

necroptosis, which was inhibited by afatinib, too. The afatinib-

Fenton’s reaction

ferroptosis.  In detected  hemin-induced
induced inhibition of necroptosis may be due to afatinib’s
inhibition of hemin-elevated TNF-a levels because TNF-a
reportedly initiates necroptosis and leads to RIP3 activation
[42]. These data that of
ameliorating ferroptosis and necroptosis in ICH.

suggest afatinib is capable
In conclusion, the present study demonstrates that afatinib
EGFR-AKT

neurotoxicity in primary cultured cortical neurons, suggesting

inhibited  hemin-induced activation  and
that EGFR-AKT signaling is involved in the pathophysiology of
ICH. Along with our previous study showing that afatinib
inhibited OGD-induced neuroinflammation in astrocytes [15],
it appears that EGFR-TKIs may be a novel repurposing drug for

CNS neurodegenerative diseases, including ICH.
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