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Degradation of IRAK4 for the
treatment of
lipopolysaccharide-induced
acute lung injury in mice
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Excessive pulmonary inflammation in acute lung injury (ALI) results in high patient
mortality. Interleukin-1 receptor-associated kinase 4 (IRAK4) is a potential
therapeutic target for inflammatory diseases. However, due to the dual
functionality of IRAK4 as both an active kinase and a scaffolding protein,
inhibiting its kinase activity yield moderate anti-inflammatory results. The
present study explored the efficacy of KT-474, a prototypical IRAK4 degrader,
which effectively diminished cellular IRAK4 levels, achieving half-maximal
degradation at a concentration of 4.0 nM in RAW 264.7 cells. KT-474
effectively inhibited the activation of downstream nuclear factor (NF)-xB
signaling, exhibiting stronger pharmacological impacts compared to
conventional kinase inhibitors. Additionally, a lipopolysaccharide-induced
acute inflammatory mouse model was established, and KT-474 displayed
significant therapeutic benefits in vivo compared to kinase inhibitors.
Therefore, these findings highlight the therapeutic potential of IRAK4 degrader
for the treatment of acute lung injury.

KEYWORDS

interleukin-1 receptor-associated kinase 4 (IRAK4), acute lung injury, KT-474,
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Highlights

o KT-474 demonstrates preclinical efficacy in acute lung injury
o KT-474 attenuates ALI via blocking both kinase role and scaffolding role of IRAK4
o KT-474 is applicable therapeutics in TLR-induced inflammatory diseases

1 Introduction

Acute lung injury (ALI) and its more severe form, acute respiratory distress syndrome
(ARDS), are complications of diverse conditions, including systematic inflammation, direct
injury, and infections in the lung (Liu et al,, 2021). ALI carries a devastatingly high mortality
rate; unfortunately, effective and specialized therapeutic drugs to treat ALI are lacking,
underscoring the urgency of developing new treatment modalities. Lipopolysaccharide
(LPS) is a well-known endotoxin that is highly expressed and secreted into the lung tissues
of ALI patients caused by sepsis. LPS induces the activation of the TLR4 signaling pathway,
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GRAPHICAL ABSTRACT

overexpression of inflammation cytokines, inflammatory reaction,
and deathly cytokine storm. During ALIL the overreaction of the
immune system results in the secretion of cytokines, including TNEF-
a, IL-6, adhesion molecule type 1 (ICAM) (Beck-Schimmer et al.,
2002), and vascular cell adhesion molecule-1 (VCAM) (Gao et al.,
2024), increased vascular permeability, and diffuse alveolar injury.
Therefore, inhibiting excessive inflammation by blocking the
TLR4 signaling pathway represents an important strategy to treat
ALI patients.

Toll-like receptors (TLRs) play a pivotal role in the immune
system’s defense mechanisms and inflammatory responses,
recognizing a variety of molecular patterns associated with tissue
damage and microbial pathogens (Chen et al., 2020). Interleukin-1
receptor (IL-1R)-associated kinase 4 (IRAK4) is a serine/threonine
kinase that sits at the crossroads of TLR and IL-1R signaling
pathways (Gay et al., 2014). IRAK4 is a key player in the TLR/
IL-1R-triggered Myeloid differentiation primary response 88
(MyD88)-dependent signaling cascades (Chaudhary et al., 2015).
Previous studies have shown that abnormal IRAK4 activity is linked
not only to cancer but also to inflammatory diseases, including
sepsis, psoriasis, systemic lupus erythematosus, and rheumatoid
arthritis (Li, 2008). Considering its critical role, IRAK4 is a
promising therapeutic target for managing chronic inflammatory
skin conditions (Lavazais et al., 2023). Consequently, strategies to
inhibit IRAK4 are being pursued as potential treatments for a range
of autoimmune and inflammatory diseases (Chaudhary et al., 2015).

Stimuli from LPS, IRAK4, IRAK1/2, and MyD88 can form a
signalosome called “Myddosome”, a complex-induced downstream
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signal (Lin et al., 2010). Recent studies have reported the dual roles
of IRAK4 in the myddosome complex. Although the kinase activity
is essential for the recruitment of IRAKI, it is not necessary for the
recruitment of IRAK4 to MyD88 (Kawagoe et al., 2007). Inhibition
of IRAK4 kinase activity by a small-molecule compound results in a
significantly more stabilized myddosome complex (Nardo et al,
2018). In addition, IRAK4 kinase activity is not required for
TLR4 signaling; however, the IRAK4 scaffold function is essential
for nuclear factor (NF)-xB activation in TLR4-activated
macrophages (Pereira et al, 2022). Moreover, the IRAK4 death
domain plays a crucial role in receptor proximal signaling by
mediating TLR-induced NF-kB activation (Fraczek et al, 2008).
IRAK4 also exhibits a critical scaffold function in myddosome
formation, although its kinase activity is not required for
myddosome assembly.

Due to the significance of IRAK4 in the TLR/IL-1R signaling
pathway, many inhibitors targeting IRAK4 have been developed to
treat cancers and inflaimmatory diseases. Nonetheless, the
IRAK4 inhibitor PF-06650833 for
rheumatoid arthritis treatment was withdrawn or terminated.
Other representative drugs, such as GS-5718 (NCT05165771,
NCT04809623) and zabedosertib (Anderson et al., 2024) (also
BAY1834845, NCT05656911)
discontinued, withdrawn, or terminated. All these clinical results

representative clinical

named have also  been
suggested that the inhibition of IRAK4 alone may not be very
effective, demonstrating that the inhibition of IRAK4 kinase
activity alone cannot completely block the TLR signaling

transduction.
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The innovative chimera (PROTAC)
technology offers a potential strategy to overcome the limitations of
IRAK4 inhibitors by simultaneously modulating both the catalytic and
non-catalytic functions of target proteins (Sun et al., 2022). PROTACs
are bifunctional molecules that induce the ubiquitination of the protein

of interest (POI), promoting its degradation via the ubiquitin-

proteolysis-targeting

proteasome system (Burslem and Crews, 2020). To date, only a
handful of PROTACs have been devised to disrupt the non-catalytic
functions of kinases, such as AURORA-A (Adhikari et al,, 2020) and
focal adhesion kinase (Gao et al., 2020), along with non-kinase targets
(Tuetal, 2021; Wu et al,, 2022). PROTAC technology can be applied to
remove the IRAK4 scaffold from the myddosome, which could inhibit all
downstream signaling of TLR, thereby halting the activation of
inflammation and production of cytokines. Therefore, PROTAC
targeting IRAK4 may be a new druggable candidate for the IRAK4-
dependent disease treatment. At present, several IRAK4 PROTAC:s are
being investigated in clinical trials, such as KT-474, a representative oral
bioavailable IRAK4 degrader. KT-474 has been developed to treat
hidradenitis suppurativa (IL-1 derived (Tzanetakou et al, 2016),
NCT06028230) and atopic dermatitis (multiple factors derived (Peng
and Novak, 2015), NCT06058156) (Ackerman et al., 2023). However,
the efficacy of IRAK4 degrader on TLR4-induced acute inflammation
remains unknown.

This research revealed that the inhibition of IRAK4 had a minimal
impact on NF-kB activation in LPS-induced macrophages, which is a
process primarily driven by IRAK4’s non-enzymatic (scaffold) activity.
Therefore, a typical IRAK4 degrader, KT-474, was applied to effectively
eradicate both the kinase and scaffold functions of IRAK4, thereby
amplifying its anti-inflammatory efficacy both in vitro and in vivo. Our
study offers valuable insights into the connection between inflammation
and IRAK4’s non-enzymatic activity. KT-474 can be deployed to disrupt
IRAK4’s non-enzymatic activity in both acute and chronic inflammatory
conditions. Until now, most PROTACs under clinical trial have been
designed for cancer therapy by degrading the androgen (Gao et al., 2022)
or estrogen receptor (Hamilton et al, 2022; Schott et al, 2023), or
Bruton’s tyrosine kinase (Békés et al.,, 2022). Our findings present fresh
evidence for the potential use of IRAK4 degraders in the treatment of
inflammatory diseases.

2 Materials and methods

2.1 Cell culture

Mouse macrophage RAW 264.7 cell lines were kindly provided
by Cell Bank, Chinese Academy of Sciences. RAW 264.7 cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Cat. BC-
M-005, Bio-Channel) containing 10% Fetal Bovine Serum (FBS)
(Cat. BC-SE-FBS07, Bio-Channel), and 1% penicillin/streptomycin
(Cat. BL505A, Biosharp) at 37°C with 5% CO,.

2.2 Western blot assay

Proteins were harvested from cells using a lysate solution and
then centrifuged at 12,000 rpm for 10 min at a temperature of 4°C.
The supernatant was collected, and the protein concentration of
each sample was determined using the bicinchoninic acid (BCA)
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method and adjusted to achieve consistent protein concentrations
across samples. Subsequently, the proteins were denatured by
heating at 100°C for 10 min after mixing with 5x protein loading
buffer. The protein samples were then separated by SDS-PAGE and
transferred onto polyvinylidene difluoride (PVDF) membranes
using a transfer buffer. These membranes were incubated
overnight at 4°C with specific antibodies, which were diluted in a
solution of 5% BSA in Tris-buffered saline containing 0.1% Tween-
20 (TBST). Enhanced chemiluminescence reagents (NcmECL Ultra;
Cat. E422-01; Vazyme Biotech Co., Ltd) were used to visualize the
bound antibodies, and images were captured using the Vilber Fusion
FX system.

The following primary antibodies were used: anti-IkB-a (1:1000,
Cat. ET1603-6), anti-NF-kB p65 (1:1000, Cat. ET1603-12), and anti-
p38 (1:1000, Cat. ET1702-65) antibodies, which were obtained from
HUABIO. The anti-p-p38(Thr180/Tyr182) (1:1000, Cat. #AF4001)
anti-p-IRAK4(Thr345/Ser346)  (1:1000, Cat. #DF7567)
antibodies were purchased from Affinity Biosciences. The anti-p-
NE-kB p65(Ser468) (1:2000, Cat. 82335-1-RR) and anti-IRAK1 (1:
1000, Cat. 10478-2-AP) antibodies were purchased from
Proteintech. The anti-p-ERK1/2(Thr202/Tyr204) (1:2000, Cat.
#4370), anti-ERK1/2 (1:2000, Cat. #4695) and anti-TRAK4 (1:
1000, Cat. #4363) antibodies were purchased from Cell Signaling
Technology.

and

2.3 RNA extraction and quantitative real-
time PCR

Conventional real-time qPCR was used to assess the mRNA
levels in RAW 264.7 cells and mouse lung tissues. The following
primer sequences were used.

Mouse Tnfa: Forward Primer (5'-3")
TGATCCGCGACGTGGAA; Reverse Primer (5'-3') ACCGCC
TGGAGTTCTGGAA.

Mouse II6: Forward Primer (5'-3') GAGGATACCACTCCC
AACAGACC; Reverse Primer (5'-3') AAGTGCATCATCGTT
GTTCATACA.

Mouse Gapdh: Forward Primer (5'-3) GGAGCGAGATCC
CTCCAAAAT; Reverse Primer (5'-3') GGCTGTTGTCATACT
TCTCATGG.

The protocol is similar to previous study as described (Cai
et al., 2024).

2.4 Detection of TNF-a and IL-6 secretion

The harvested culture medium and bronchoalveolar lavage fluid
(BALF) were subjected to analysis for the detection of TNF-a (Cat.
#88-7324, ThermoFisher) and IL-6 (Cat. #88-7064, ThermoFisher).
This was achieved using ELISA in strict accordance with the
manufacturer’s guidelines.

2.5 Immunofluorescence analysis

Furthermore, a staining protocol was implemented to monitor
the translocation of the NF-kB p65 subunit within cells to assess NF-
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kB activation. RAW 264.7 cells were fixed with a 2% formaldehyde
solution in PBS for 20 min. This was followed by permeabilization
using a 0.5% Triton X-100 solution in PBS for 10 min. Subsequently,
the cells were blocked with a 5% BSA solution in PBS for an hour.

After fixation, the cells were incubated with anti-NF-kB p65 antibody
(1:100) overnight. The cells were then washed three times with PBS and
stained with Alexa Fluor 647-conjugated secondary antibodies (1:500,
Cat. A0468; Beyotime Biotechnology) for an hour, and with DAPI (Cat.
C1002, Beyotime Biotechnology) for 10 min.

Cell imaging was performed using an EVOS M7000 cell imaging
system from ThermoFisher. The statistical analysis of colocalization
was executed using the colocalization finder plugin in Image].

2.6 Animals

C57BL/6 mice, each with an approximate weight of 20 g, were
procured from the Experimental Animal Center of Hangzhou
Medical College. The mice were housed in a controlled
environment with a consistent temperature and a structured
light-dark cycle. They were provided with a nutritionally
balanced diet and access to fresh water. The welfare of these
animals was meticulously upheld, adhering to the rigorous ethical
guidelines set forth by the Animal Ethics Committee of Hangzhou
Medical College.

2.7 In vivo LPS-induced acute lung injury
(ALI) model

In the described experimental setup, mice were allocated into
five distinct groups, with each group comprising eight mice:

I. Control mice (Con);
II. LPS-induced acute lung injury (ALI) mice (LPS; 5 mg/kg).
II. LPS-induced ALI mice treated with 10 mg/kg of KT-474 (LPS
+10 mg/kg KT-474);
IV. LPS-induced ALI mice treated with 20 mg/kg of KT-474 (LPS
+20 mg/kg KT-474);
V. LPS-induced ALI mice treated with 20 mg/kg of JH-1-25 (LPS
+ JH-1-25).

For the treatment, KT-474 and JH-I-25 were administered
intragastrically at a dosage of 200 pL/20 g body weight. The
control and LPS groups received an equivalent volume of vehicle
solution, which consisted of 5% DMSO, 30% PEG-400, and 65%
saline. Following a 12-h treatment period with the vehicle, KT-474,
or JH-I-25, the mice were then challenged with 5 mg/kg of LPS
through intratracheal instillation except for the control group. Six
hours after LPS administration, the mice were euthanized, and
BALF, serum, and major organ tissue samples were collected for
subsequent testing. The collected BALF samples were subjected to
centrifugation at 1000 rpm for 10 min at a temperature of 4°C. The
supernatant was collected and the concentrations of cytokines TNF-
a and IL-6 were detected. These cytokines are key markers of
inflammation, and their levels in the BALF can provide insight
into the efficacy of the treatments in reducing lung inflammation in
the context of LPS-induced ALL
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2.8 Immunohistochemical determination

The lung tissues were first fixed in 4% paraformaldehyde for a
period of 48 h. After fixation, the tissues were dehydrated through a
graded series of alcohol concentrations and then embedded in
paraffin. Subsequently, 5 pm-thick sections of the paraffin-
embedded tissues were prepared for immunohistochemical
staining. H&E staining was performed to visualize the tissue
morphology and assess histopathological changes. The stained
tissue sections were then examined under a light microscope. For
a more objective and quantitative assessment, the images were
analyzed using Image] software. Lung injury was quantified using
the Smith scoring method, consistent with previously published
studies (Xiao et al., 2025).

For F4/80 and Myeloperoxidase (MPO) staining, lung tissue that
was embedded in paraffin was subjected to deparaffinization and
rehydration, followed by antigen retrieval using a citrate buffer
(pH 6.0) heated to boiling for 10 min. Thereafter, endogenous
peroxidase activity was neutralized with a 3% hydrogen peroxide
solution. The sections were then exposed to 5% bovine serum
albumin (BSA) for 1 h to block non-specific binding, and then
incubated with the F4/80 or MPO primary antibodies for 12 h on a
shaker maintained at 4°C. The sections were treated with an HRP-
conjugated secondary antibody for 15 min, developed with DAB
chromogen, and counterstained with hematoxylin. The samples
were observed under an inverted fluorescent microscope. The
intensity of the histochemical

staining was quantitatively

analyzed using Image] software (NIH).

2.9 Statistical analysis

The data presented in this study was collected from a minimum
of three independent trials and was expressed as the mean *
standard error of the mean (SEM). Statistical analysis was
conducted using GraphPad Prism (GraphPad).

For comparisons between two sets of data, a two-tailed unpaired
Student’s t-test was employed. When more than two data groups
were compared, one-way ANOVA followed by Dunnett’s post hoc
test was used. The colocalization level of the NF-kB p65 subunit was
calculated for each individually transfected cell using the Image]
colocalization finder plugin, with the Pearson value indicating the
degree of colocalization.

The threshold for statistical significance was set at P < 0.05. Post-
tests were only conducted if the F statistic achieved a P-value less
than 0.05, assuming the absence of significant discrepancies in
variance homogeneity.

3 Result
3.1IRAK4 is overexpressed in ALI mice model

Considering the critical function of IRAK4, the phosphorylation
of IRAK4 was evaluated in an LPS-induced acute lung injury (ALI)
model. According to the data in Figures 1A-D, the gene expression
of pro-inflammatory markers 116, Tnfa, Vcam, and Icam was found
to be upregulated in the ALI model. Additionally, LPS-induced ALI
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IRAK4 is overexpressed in ALI mice model. (A—D) /(6 (A), Tnfa (B), Vcam (C), Icam (D) levels in ALI lung tissue measured by real-time polymerase chain
reaction (PCR). (E,F) Serum IL-6 (E) and TNFa (F) level measured by ELISA. (G,H) IL-6 and TNFa level in BALF measured by ELISA. (1) Representative HGE
staining and F4/80 immunohistochemical images of mice lung tissue. (J) Smith scoring analysis of (l). (K) F4/80 staining intensity analysis by Imaged in
lower (I). (L) Representative immunoblots and intensity analysis of lung tissue. Scale bar, 75 um. Student's t-test for comparisons of differences in the
means of each group. n = 3-4 per group; mean + SD; **P < 0.01, ***P < 0.001, and ****P < 0.0001; n.s. = not significant.

mice exhibited elevated levels of TNF-a and IL-6 in both serum and
BALF (Figures 1E-H). Histopathological analysis of hematoxylin
and eosin (HE)-stained lung tissues (upper Figures 1L]) revealed
erythrocyte accumulation in the pulmonary capillaries, thickening
of the pulmonary septum, fibrin exudation in the alveolar spaces,
and disrupted alveolar architecture, confirming the successful
induction of an inflammatory response by LPS. Moreover,
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immunohistochemistry analysis revealed an accumulation of
macrophages in the lungs, as indicated by an increase in F4/80, a
specific macrophage marker, suggesting the occurrence of an
1LK).
IRAK4 phosphorylation was found to be significantly elevated in
tissue samples induced by ALI (Figure 1L), consistent with its critical
role in the LPS-stimulated TLR4 signaling pathway.

inflammatory cascade (lower Figures Significantly,
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3.2 KT-474 blocks the NF-xkB and MAPK
signaling pathway activation in
RAW 264.7 cells

Based on the function of IRAK4 in the LPS-induced acute
lung injury model, the efficacy of KT-474 (structure shown in
Figure 2A) in suppressing inflammatory reactions was further
explored in vitro. RAW 264.7 cells were pre-incubated with
500 nM KT-474 or a representative IRAK4 inhibitor JH-I-
25 and stimulated with 0.5 pg/mL LPS for 1 h. At this
exhibited
cytotoxicity, ensuring that the observed effects were not

concentration, neither compound signiﬁcant
confounded by cell viability issues (Supplementary Figure S1).
Western blot analysis revealed that both KT-474 and JH-I-
25 effectively inhibited the phosphorylation of IRAK4
(Figures 2B,C). However, only KT-474 was able to degrade
IRAK4, thereby disrupting its scaffold function (Figures
2B,D). LPS stimulation activates IRAK4’s kinase activity,
leading to downstream degradation of IRAK1 and
phosphorylation of the MAPK signaling pathway. Both KT-
474 and JH-I-25 were able to suppress these LPS-induced
effects, their with
IRAK4 kinase function-mediated signaling (Figures 2E-H).
To determine the effect of KT-474 on the NFkB pathway,
RAW 264.7 cells were pre-treated with KT-474, JH-I-25, and
DMSO for 24 h and stimulated with LPS for 0, 15, 30, 60, 120 and
180 min (Figure 2I). KT-474 effectively blocked the

phosphorylation of NF-kB p65 and showed inhibition of IkB-

indicating capacity to interfere

a degradation, reflecting the results of a previous study (Pereira
et al., 2022). In contrast, IkB-a degradation occurred as early as
15 min in JH-I-25-treated macrophages (Figure 21). In addition,
KT-474 treatment significantly reduced LPS-induced NFkB
p65 translocation into the nucleus compared to JH-I-
25 treatment (Figure 2J). These results indicated that the
IRAK4 degrader KT-474 alone effectively inhibited the NF-kB
pathway, leading to better inhibition of TLR4 signaling pathway
compared JH-I-25.

3.3 KT-474 suppresses the expression of
inflammatory cytokines IL-6 and TNF-a

Considering that KT-474 suppresses both the MAPK and
NF-kB pathways in LPS-stimulated RAW 264.7 cells, the
potential inhibitory effects of KT-474 on the transcription
and expression of key inflammatory cytokines IL-6 and TNE-
a were analyzed. For this purpose, RAW 264.7 cells were pre-
treated with various concentrations of KT-474 (20, 100, and
500 nM) or 500 nM JH-I-25 for 1 h, followed by stimulation with
0.5 pg/mL LPS for 6 h. Our results revealed that KT-474
treatment led to a dose-dependent decrease in the
transcription and production of both IL-6 and TNF-a
(Figures 2K-N). Notably, this inhibitory effect was more
pronounced with KT-474 than with JH-I-25, even at the
highest concentration of KT-474 used (500 nM). These
findings further highlight the potential therapeutic advantages
of KT-474 over conventional IRAK4 inhibitors in modulating

inflammatory responses.
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3.4 KT-474 degrades IRAK4 through the
ubiquitin-proteasome pathway

of IRAK4 in TLR
straightforward inhibition might not fully harness its therapeutic

Considering dual role signaling,
potential. KT-474 emerges as a promising candidate, showing the
capacity to effectively degrade IRAK4 in both in vitro and in vivo
settings. Therefore, the IRAK4 degradation ability of KT-474 was
further explored in RAW 264.7 cells. Our findings demonstrated
that KT-474 degrades IRAK4 in a dose-dependent manner, with a
DCs value of 4.034 + 0.243 nM, indicating the concentration at
which 50% of IRAK4 degradation occurs (Figure 3A).

Further experiments were conducted to investigate the
mechanism behind KT-474-induced IRAK4 degradation. RAW
264.7 cells were pre-treated with JH-I-25 (an IRAK4 specific
inhibitor), thalidomide (a cereblon (CRBN) E3 ligand), and
MGI132 (a proteasome inhibitor) for 2 h before 24 h of KT-474
treatment (Figures 3B-D). The prevention of IRAK4 degradation by
these inhibitors suggests that the degradation is mediated by the
ubiquitin-proteasome pathway. Specifically, the involvement of the
CRBN ligand indicates that KT-474 may engage the CRBN E3 ligase
complex to ubiquitinate IRAK4, marking it for subsequent
degradation by the proteasome.

This mechanism underscores the nuanced approach of KT-474,
which does not merely inhibit IRAK4 activity but actively directs its
degradation, potentially overcoming the limitations of simple
inhibition strategies. The findings indicate the therapeutic
potential of KT-474, leveraging the ubiquitin-proteasome system
to modulate IRAK4 levels and, by extension, TLR signaling in
disease contexts.

3.5 KT-474 attenuates LPS-induced
inflammation in acute lung injury
mice model

KT-474 has shown significant anti-inflammatory activity,
exceptional kinome selectivity, and oral bioavailability (Ackerman
et al.,, 2023; Zheng et al,, 2024), and has emerged as a potential
candidate for the in vivo LPS-induced ALI model. C57BL/6 mice
were pre-treated with KT-474 at doses of 10 mg/kg and 20 mg/kg
before the LPS challenge, with JH-I-25, a parent IRAK4 kinase
inhibitor, serving as a positive control. Following intratracheal LPS
administration (5 mg/kg), serum, BALF, lung and other major organ
tissue samples were collected, as displayed in Figure 4A. Histological
analysis (H&E staining) of major organs, along with serum
biochemical parameters, indicated that neither KT-474 nor JH-I-
25 caused significant toxicity or adverse effects in mice, supporting
their
(Supplementary

safety profiles under the experimental conditions
S2A-C). LPS

pulmonary injury and edema, leading to an increase in total cells

Figures induced  significant
in BALF (Figure 4B) and an elevated lung wet/dry weight ratio
(Figure 4C). Notably, KT-474 exhibited a more potent inhibitory
effect compared to JH-I-25, demonstrating its superior efficacy in
mitigating lung injury. The impact of KT-474 on downstream
MAPK and NF-«B activities

Immunoblotting of mouse lung tissue samples revealed that LPS

in vivo was also evaluated.

challenge triggered phosphorylation of NFkB p65 and ERK while
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KT-474 blocks both the kinase and scaffolding functions of IRAK4. (A) Chemical structure of KT-474. (B) Immunoblotting analysis of p-IRAK,

IRAK4 and GAPDH in RAW 264.7 cells pretreated with 0.5 pM KT-474 and JH-1-25 for 24 h and stimulated with 0.5 ug/mL LPS for 2 h (C,D) Statistical
analysis of (B). (E) Immunoblotting analysis of IRAK1, p-ERK, ERK, p-p38, p38 and GAPDH in RAW 264.7 cells treated as (B). (F—H) Statistical analysis of (E)
() Immunoblotting analysis of NF-xB pathway activation in RAW 264.7 cells within 15, 30, 60, 120, and 180 min. (J) Representative
immunofluorescence images and colocalization analysis of RAW 264.7 cells stained with DAPI (blue) and p65 (green). (K,L) Real-time polymerase chain
reaction (PCR) analysis of /l6 (K) and Tnfa (L) levels in the RAW 264.7 cell lysate. (M,N) Enzyme-linked immunosorbent assay (ELISA) of IL-6 (M) and TNF-a
(N) levels in RAW 264.7 cells treated as panel (D). Scale bar, 2 um. One-way ANOVA with Dunnett's post hoc test for multiple comparisons of differences in
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decreasing IkB-a levels (Figure 4D). JH-I-25 demonstrated
significant in vivo MAPK inhibition, as evidenced by markedly
reduced p-p38 levels; it did not inhibit IxB-a
degradation and NFkB p65 phosphorylation. Consistent with

however,

in vitro findings, KT-474 showed superior inhibitory activity
against NF-kB compared to the kinase inhibitor JH-I-25.
Furthermore, KT-474 can more effectively suppress the
transcription of inflammatory markers (Figures 4E-H). JH-I-
25 effectively reduced the expression levels of TNF-a and IL-6 in
lung tissues, while KT-474 significantly diminished the LPS-induced
rise in pro-inflammatory cytokines (TNFa and IL-6) in serum and
BALF samples (Figures 4I-L). Histopathological examination of
lung sections revealed that KT-474 attenuated the structural damage
of lung caused by LPS (Figure 4M).
Immunohistochemical analysis targeting F4/80 (macrophage

tissues exposure
marker) and MPO (neutrophil marker), were conducted to assess
the impact of KT-474 on macrophage presence in the LPS-induced
ALI model. The results indicated an upsurge in F4/80 and MPO
immunoreactivity in the lungs of mice subjected to LPS, whereas
KT-474 treatment notably reduced F4/80-positive macrophage and

Frontiers in Pharmacology

MPO-positive neutrophil accumulation compared to both the LPS-

stimuli and the JH-I-25-treated groups (Figure 4N;

Supplementary Figure S2D).

3.6 KT-474 suppresses LPS-induced sepsis
by IRAK4 degradation

ALI is a grave condition leading to approximately 30%-45%
mortality in patients (Meyer et al., 2021), and the impact of KT-474
on the survival of mice with acute inflammation was evaluated. A
sepsis mouse model was established by an intravenous injection of
32 mg/kg LPS. Daily intraperitoneal injections of KT-474 (at
10 mg/kg and 20 mg/kg), 20 mg/kg JH-I-25, and vehicle control
were administered (Figure 5A). The 7-day observation period
revealed a significantly lower mortality rate in the KT-474- and
JH-I-25-treated  groups compared to the sepsis model
group. Notably, the effectiveness of KT-474 surpassed that of JH-
I-25. According to our results, KT-474 significantly enhanced the
survival of mice with acute bacterial inflammation, aligning with the
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KT-474 suppresses lung injury in the LPS-induced mouse ALl model. (A) C57BL/6 mice were pretreated with 20 mg/kg KT-474, JH-1-25, or saline

and stimulated with 5 mg/kg LPS for 6 h. (B) Total cell count in BALF. (C) Lung wet/dry ratio. (D) Representative immunoblots and statistical analysis of
p-p38, p-NF-kB p65 and IkB-a levels in the lung tissues. (E-H) Real-time PCR analysis of /6 (E), Tnfa (F), Vcam (G) and Icam (H) levels in lung tissue. (1-J)
IL-6 (I) and TNF-a (J) levels in serum were analyzed using enzyme-linked immunosorbent assay (ELISA). (K,L) IL-6 (K) and TNF-a (L) levels in BALF
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(N) of the lung tissues. Scale bar, 75 pm. One-way ANOVA with Dunnett's post hoc test for multiple comparisons of differences in the means of each
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observation that KT-474 counters the severe inflammatory response
triggered by LPS in ALI (Figure 5B). These findings underscore the
protective effects of KT-474 on LPS-induced ALL

4 Discussion

IRAK4 acts as an initial kinase in the IL-1R and TLR pathways
and plays a crucial role in the MyD88-dependent cascade. It is
pivotal for the development of drugs targeting MyD88-dependent
inflammation and cancer (Lin et al., 2025). Clinical trials have
assessed numerous IRAK4 inhibitors targeting solely the kinase
activity of IRAK4, but the suboptimal therapeutic outcomes may be
attributed to its dual function as an active kinase and a scaffold
protein. Additionally, the kinase activity of IRAK4 may lack
specificity in relation to certain diseases. Thus, therapeutic
strategies that focus exclusively on inhibiting the kinase activity
of IRAK4 may fail to fully block its pro-inflammatory functions,
highlighting the need for degraders that target both its kinase and
scaffolding roles.

While numerous IRAK4 degraders have been formulated,
including degrader-5 (Zhang et al, 2020), degrader-9 (Nunes
et al,, 2019), compound 9 (Chen et al,, 2021), and KT-474, their
effectiveness in treating IRAK4-associated acute inflammatory
diseases remains unknown. Compared to other IRAK4 degraders
such as degrader-5 (DCs, = 405 nM in HEK-293T cells), degrader-9
(DCsp = 151 nM in PBMCs), and compound 9 (IC5y = 4.6 uM in
OCI-LY10 cells), KT-474 demonstrates significantly greater
degradation potency (DCsy = 2 nM in OCI-LY10 cells). In
addition, KT-474 offers potentially superior safety—having
progressed to Phase II  clinical (NCT06058156;
NCT06028230)—and  exhibits pharmacokinetic
properties (Tpa = 8.0 h; Cha = 226 pg/mL in humans;
bioavailability F = 12% in rats) (Zheng et al, 2024; Agarwal
et al., 2025). These advantages collectively support the rationale

trials
favorable

for selecting KT-474 as the focus of the current study, which
investigates its potential as a clinically relevant IRAK4 degrader.
In RAW 264.7 cells, KT-474 demonstrated lowered IRAK4 protein
concentrations (DCs, = 4.0 nM) and exhibited significant anti-acute
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inflammatory activity. Compared to traditional kinase inhibitors like
JH-1-25, KT-474 exhibited superior efficacy, suggesting that
complete elimination of IRAK4 may be more effective than
partial inhibition of its kinase activity. Our findings underscore
the influence of the IRAK4 degrader, KT-474, in the progression of
LPS-induced, TLR4-driven acute inflammatory diseases.

The in vivo efficacy of KT-474 has also been evaluated in mouse
models of TLR4-induced ALI and sepsis, where it exhibited
significant anti-inflammatory activity. These findings suggest that
IRAK4 degraders like KT-474 may represent a new generation of
therapeutics with enhanced efficacy in treating IRAK4-dependent
inflammatory diseases. Furthermore, the ability of KT-474 to target
both the kinase and scaffolding functions of IRAK4 could potentially
overcome the limitations of earlier inhibitors, offering a more
comprehensive therapeutic approach.

Collectively, our results suggest that eliminating both the
kinase and scaffolding functions of IRAK4 can enhance the
therapeutic effects compared to the inhibition of kinase
activity alone. The scaffold function of IRAK4 plays a pivotal
role not only in TLR4-mediated ALI, but also in TLR7/8-
mediated psoriasis (Cushing et al., 2017; Zheng et al., 2024)
and TLR7/9-mediated SARS-CoV-2 infection (Lamphier et al.,
2014; Yao et al., 2020). Given this, the therapeutic potential of
KT-474 may be extended to a broader range of TLR-driven
diseases, including those mediated by TLR7, TLRS, and
TLRY signaling pathways. However, as KT-474 is a PROTAC-
based bifunctional molecule, it may carry certain inherent
limitations associated with this class of compounds, such as
potential off-target effects. Although KT-474 has been shown to
selectively degrade IRAK4 in vitro, there remains a possibility of
unknown protein interactions in vivo that could lead to
unforeseen side effects. Therefore, future research should not
only explore the therapeutic potential of KT-474 in additional
disease models but also rigorously assess its safety profile in
relevant patient populations to support the expansion of its
clinical indications. Such investigations will be essential for
determining whether KT-474 can be clinically applied to a
broader

spectrum of TLR-mediated diseases, ultimately

supporting the expansion of its indications in clinical trials.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1609923

Ye et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The animal study was approved by Animal Ethics Committee of
Hangzhou Medical College. The study was conducted in accordance
with the local legislation and institutional requirements.

Author contributions

BY: Validation, Formal Analysis, Methodology, Writing — original
draft. SC: Validation, Formal Analysis, Visualization, Writing — original
draft. XH: Writing - original draft, Methodology. YQ: Resources, Formal
Analysis, Writing — original draft. RL: Writing - original draft,
Conceptualization, Investigation, Visualization. LZ: Writing - review
and editing, Supervision, Funding acquisition, Project administration.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by Zhejiang Medical and Health Science Project (2023KY622 to LZ).

References

Ackerman, L., Acloque, G., Bacchelli, S., Schwartz, H., Feinstein, B. J., Stella, P. L., et al.
(2023). TRAK4 degrader in hidradenitis suppurativa and atopic dermatitis: a phase
1 trial. Nat. Med. 29 (12), 3127-3136. doi:10.1038/s41591-023-02635-7

Adhikari, B., Bozilovig, J., Diebold, M., Schwarz, J. D., Hofstetter, J., Schroder, M., et al. (2020).
PROTAC-Mediated degradation reveals a non-catalytic function of AURORA-A kinase. Nat.
Chem. Biol. 16 (11), 1179-1188. doi:10.1038/s41589-020-00652-y

Agarwal, S., McDonald, A. A., Campbell, V., Chen, D., Davis, J., Rong, H., et al.
(2025). Pharmacokinetics and pharmacodynamics of KT-474, a novel Se lective
Interleukin-1 receptor-associated kinase 4 (IRAK4) degrader, in healthy adults.
Clin. Transl. Sci. 18 (3), €70181. doi:10.1111/cts.70181

Anderson, B., Nickl, W., Oelrich, S., Triana, J., and Santos, R. (2024). Bayer: first-
Quarter performance as expected. Bayer Corporation. Available online at: https://www.
bayer.com/sites/default/files/2024-05/q1-2024-2024-14-05-presentation-charts-en.pdf

Beck-Schimmer, B., Madjdpour, C., Kneller, S., Ziegler, U., Pasch, T., Wiithrich, R. P.,
et al. (2002). Role of alveolar epithelial ICAM-1 in lipopolysaccharide-induced lung
inflammation. Eur. Respir. J. 19 (6), 1142-1150. doi:10.1183/09031936.02.00236602

Békés, M., Langley, D. R, and Crews, C. M. (2022). PROTAC targeted protein
degraders: the past is prologue. Nat. Rev. Drug Discov. 21 (3), 181-200. doi:10.1038/
541573-021-00371-6

Burslem, G. M., and Crews, C. M. (2020). Proteolysis-targeting chimeras as
therapeutics and tools for biological discovery. Cell 181 (1), 102-114. doi:10.1016/j.
cell.2019.11.031

Cai, B, Xu, Y, Luo, R, Lu, K, Wang, Y., Zheng, L., et al. (2024). Discovery of a
doublecortin-like kinase 1 inhibitor to prevent inflammatory responses in acute lung
injury. Bioorg. Chem. 145, 107215. doi:10.1016/j.bioorg.2024.107215

Chaudhary, D., Robinson, S., and Romero, D. L. (2015). Recent advances in the
discovery of small molecule inhibitors of interleukin-1 receptor-associated kinase 4
(IRAK4) as a therapeutic target for inflammation and oncology disorders. J. Med. Chem.
58 (1), 96-110. doi:10.1021/jm5016044

Chen, L., Zheng, L., Chen, P., and Liang, G. (2020). Myeloid differentiation primary
response protein 88 (MyD88): the central hub of TLR/IL-1R signaling. J. Med. Chem. 63
(22), 13316-13329. doi:10.1021/acs.jmedchem.0c00884

Frontiers in Pharmacology

11

10.3389/fphar.2025.1609923

Conflict of interest

The authors declare that the research was conducted
the of any
relationships that could be construed as a potential conflict

in absence commercial or financial

of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1609923/
full#supplementary-material

Chen, Y., Ning, Y., Bai, G., Tong, L., Zhang, T., Zhou, J., et al. (2021). Design,
synthesis, and biological evaluation of IRAK4-Targeting PROTACs. ACS Med. Chem.
Lett. 12 (1), 82-87. doi:10.1021/acsmedchemlett.0c00474

Cushing, L., Winkler, A,, Jelinsky, S. A., Lee, K. L., Korver, W., Hawtin, R. E,, et al.
(2017). IRAK4 kinase activity controls toll-like receptor-induced inflammation through
the transcription factor IRF5 in primary human monocytes. J. Biol. Chem. 292,
18689-18698. doi:10.1074/jbc.M117.796912

Fraczek, J., Kim, T. W, Xiao, H., Yao, J., Wen, Q., Li, Y., et al. (2008). The kinase
activity of IL-1 receptor-associated kinase 4 is required for interleukin-1 receptor/toll-
like receptor-induced TAK1-dependent NFkappaB activation. J. Biol. Chem. 283 (46),
31697-31705. doi:10.1074/jbc.M804779200

Gao, H,, Wu, Y, Sun, Y, Yang, Y., Zhou, G., and Rao, Y. (2020). Design, synthesis,
and evaluation of highly potent FAK-targeting PROTACs. ACS Med. Chem. Lett. 11
(10), 1855-1862. doi:10.1021/acsmedchemlett.9b00372

Gao, P, Liu, Y, Wang, X,, Feng, X,, Liu, H,, Liu, S, et al. (2024). Adhesion
molecule-targeted magnetic particle imaging nanoprobe for visualization of
inflammation in acute lung injury. Eur. J. Nucl. Med. Mol. Imaging 51 (5),
1233-1245. doi:10.1007/s00259-023-06550-4

Gao, X, ITI, H. A. B,, Vuky, ], Dreicer, R, Sartor, A. O., Sternberg, C. N,, et al. (2022).
Phase 1/2 study of ARV-110, an androgen receptor (AR) PROTAC degrader, in
metastatic castration-resistant prostate cancer (mCRPC). J. Clin. Oncol. 40 (6_Suppl.
1), 17. doi:10.1200/JCO.2022.40.6_suppl.017

Gay, N. J., Symmons, M. F., Gangloff, M., and Bryant, C. E. (2014). Assembly and
localization of toll-like receptor signalling complexes. Nat. Rev. Immunol. 14 (8),
546-558. doi:10.1038/nri3713

Hamilton, E., Vahdat, L., Han, H. S., Ranciato, J., Gedrich, R,, Keung, C. F., et al.
(2022). Abstract PD13-08: first-In-Human safety and activity of ARV-471, a novel
PROTAC® estrogen receptor degrader, in ER+/HER2-locally advanced or metastatic
breast cancer. Cancer Res. 82 (4_Suppl. ment), PD13-08. PD13-08. doi:10.1158/1538-
7445.Sabcs21-pd13-08

Kawagoe, T., Sato, S., Jung, A., Yamamoto, M., Matsui, K., Kato, H., et al. (2007).
Essential role of IRAK-4 protein and its kinase activity in toll-like receptor-mediated

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2025.1609923/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1609923/full#supplementary-material
https://doi.org/10.1038/s41591-023-02635-7
https://doi.org/10.1038/s41589-020-00652-y
https://doi.org/10.1111/cts.70181
https://www.bayer.com/sites/default/files/2024-05/q1-2024-2024-14-05-presentation-charts-en.pdf
https://www.bayer.com/sites/default/files/2024-05/q1-2024-2024-14-05-presentation-charts-en.pdf
https://doi.org/10.1183/09031936.02.00236602
https://doi.org/10.1038/s41573-021-00371-6
https://doi.org/10.1038/s41573-021-00371-6
https://doi.org/10.1016/j.cell.2019.11.031
https://doi.org/10.1016/j.cell.2019.11.031
https://doi.org/10.1016/j.bioorg.2024.107215
https://doi.org/10.1021/jm5016044
https://doi.org/10.1021/acs.jmedchem.0c00884
https://doi.org/10.1021/acsmedchemlett.0c00474
https://doi.org/10.1074/jbc.M117.796912
https://doi.org/10.1074/jbc.M804779200
https://doi.org/10.1021/acsmedchemlett.9b00372
https://doi.org/10.1007/s00259-023-06550-4
https://doi.org/10.1200/JCO.2022.40.6_suppl.017
https://doi.org/10.1038/nri3713
https://doi.org/10.1158/1538-7445.Sabcs21-pd13-08
https://doi.org/10.1158/1538-7445.Sabcs21-pd13-08
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1609923

Ye et al.

immune responses but not in TCR signaling. J. Exp. Med. 204 (5), 1013-1024. doi:10.
1084/jem.20061523

Lampbhier, M., Zheng, W., Latz, E., Spyvee, M., Hansen, H., Rose, J., et al. (2014).
Novel small molecule inhibitors of TLR7 and TLR9: mechanism of action and efficacy in
vivo. Mol. Pharmacol. 85 (3), 429-440. doi:10.1124/mol.113.089821

Lavazais, S., Jargosch, M., Dupont, S., Labéguére, F., Menet, C., Jagerschmidt, C., et al.
(2023). IRAK4 inhibition dampens pathogenic processes driving inflammatory skin
diseases. Sci. Transl. Med. 15 (683), eabj3289. doi:10.1126/scitranslmed.abj3289

Li, X. (2008). IRAK4 in TLR/IL-1R signaling: possible clinical applications. Eur.
J. Immunol. 38 (3), 614-618. doi:10.1002/¢ji.200838161

Lin, S.-C., Lo, Y.-C., and Wu, H. (2010). Helical assembly in the MyD88-IRAK4-
IRAK2 complex in TLR/IL-1R signalling. Nature 465 (7300), 885-890. doi:10.1038/
nature09121

Lin, Y., Zheng, L., Xu, Y., Wang, X,, Li, J., Zheng, L., et al. (2025). Interleukin-1
receptor-associated kinase 4 (IRAK4) degraders for treating inflammatory diseases:
advances and prospects. J. Med. Chem. 68 (2), 902-914. doi:10.1021/acs.jmedchem.
4c01322

Liu, B,, He, R., Zhang, L., Hao, B., Jiang, W., Wang, W., et al. (2021). Inflammatory
caspases drive pyroptosis in acute lung injury. Front. Pharmacol. 12, 631256. doi:10.
3389/fphar.2021.631256

Meyer, N. J., Gattinoni, L., and Calfee, C. S. (2021). Acute respiratory distress
syndrome. Lancet 398 (10300), 622-637. doi:10.1016/s0140-6736(21)00439-6

Nardo, D. D., Balka, K. R., Gloria, Y. C., Rao, V. R,, Latz, E., and Masters, S. L. (2018).
Interleukin-1 receptor-associated kinase 4 (IRAK4) plays a dual role in myddosome
formation and toll-like receptor signaling. J. Biol. Chem. 293 (39), 15195-15207. doi:10.
1074/jbc.RA118.003314

Nunes, J., McGonagle, G. A, Eden, J., Kiritharan, G., Touzet, M., Lewell, X, et al.
(2019). Targeting IRAK4 for degradation with PROTACs. ACS Med. Chem. Lett. 10 (7),
1081-1085. doi:10.1021/acsmedchemlett.9b00219

Peng, W., and Novak, N. (2015). Pathogenesis of atopic dermatitis. Clin. and
Exp. Allergy 45 (3), 566-574. doi:10.1111/cea.12495

Pereira, M., Durso, D. F,, Bryant, C. E., Kurt-Jones, E. A, Silverman, N., Golenbock,
D. T, et al. (2022). The IRAK4 scaffold integrates TLR4-driven TRIF and
MYD88 signaling pathways. Cell Rep. 40 (7), 111225. doi:10.1016/j.celrep.2022.111225

Frontiers in Pharmacology

12

10.3389/fphar.2025.1609923

Schott, A. F., Hurvitz, S., Ma, C., Hamilton, E., Nanda, R., Zahrah, G., et al. (2023).
Abstract GS3-03: GS3-03 ARV-471, a PROTAC® estrogen receptor (ER) degrader in
advanced ER-positive/human epidermal growth factor receptor 2 (HER2)-Negative
breast cancer: phase 2 expansion (VERITAC) of a phase 1/2 study. Cancer Res. 83 (5_
Suppl. ment), GS3-03. GS03-03. doi:10.1158/1538-7445.Sabcs22-gs3-03

Sun, D., Zhang, J., Dong, G., He, S., and Sheng, C. (2022). Blocking non-enzymatic
functions by PROTAC-mediated targeted protein degradation. . Med. Chem. 65 (21),
14276-14288. doi:10.1021/acs.jmedchem.2¢01159

Tu, Y., Sun, Y., Qiao, S., Luo, Y., Liu, P, Jiang, Z.-X,, et al. (2021). Design, synthesis,
and evaluation of VHL-based EZH2 degraders to enhance therapeutic activity against
lymphoma. J. Med. Chem. 64 (14), 10167-10184. doi:10.1021/acs.jmedchem.1c00460

Tzanetakou, V., Kanni, T., Giatrakou, S., Katoulis, A., Papadavid, E., Netea, M. G.,
et al. (2016). Safety and efficacy of anakinra in severe hidradenitis suppurativa: a
randomized clinical trial. JAMA Dermatol. 152 (1), 52-59. doi:10.1001/jamadermatol.
2015.3903

Wu, Y., Pu, C, Fu, Y., Dong, G., Huang, M., and Sheng, C. (2022). NAMPT-
Targeting PROTAC promotes antitumor immunity via suppressing myeloid-
derived suppressor cell expansion. Acta Pharm. Sin. B 12 (6), 2859-2868. doi:10.
1016/j.apsb.2021.12.017

Xiao, Z., Zhou, G., Xue, H., Chen, L., Zhao, X., Li, S, et al. (2025). CMTM3 regulates
vascular endothelial cell dysfunction by influencing p ulmonary vascular endothelial
permeability and inflammation in ARDS. Front. Immunol. 16, 1544610. doi:10.3389/
fimmu.2025.1544610

Yao, X., Ye, F., Zhang, M., Cui, C., Huang, B., Niu, P., et al. (2020). In vitro
antiviral activity and projection of optimized dosing design of
hydroxychloroquine for the treatment of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Clin. Infect. Dis. official Publ. Infect. Dis. Soc.
Am. 71 (15), 732-739. d0i:10.1093/cid/ciaa237

Zhang, J., Fu, L., Shen, B, Liu, Y., Wang, W., Cai, X, et al. (2020). Assessing
IRAK4 functions in ABC DLBCL by IRAK4 kinase inhibition and protein degradation.
Cell Chem. Biol. 27, 1500-1509.e13. doi:10.1016/j.chembiol.2020.08.010

Zheng, X., Ji, N., Campbell, V., Slavin, A., Zhu, X, Chen, D, et al. (2024). Discovery of
KT-474—a potent, selective, and orally bioavailable IRAK4 degrader for the treatment of
autoimmune diseases. J. Med. Chem. 67 (20), 18022-18037. doi:10.1021/acs.
jmedchem.4c01305

frontiersin.org


https://doi.org/10.1084/jem.20061523
https://doi.org/10.1084/jem.20061523
https://doi.org/10.1124/mol.113.089821
https://doi.org/10.1126/scitranslmed.abj3289
https://doi.org/10.1002/eji.200838161
https://doi.org/10.1038/nature09121
https://doi.org/10.1038/nature09121
https://doi.org/10.1021/acs.jmedchem.4c01322
https://doi.org/10.1021/acs.jmedchem.4c01322
https://doi.org/10.3389/fphar.2021.631256
https://doi.org/10.3389/fphar.2021.631256
https://doi.org/10.1016/s0140-6736(21)00439-6
https://doi.org/10.1074/jbc.RA118.003314
https://doi.org/10.1074/jbc.RA118.003314
https://doi.org/10.1021/acsmedchemlett.9b00219
https://doi.org/10.1111/cea.12495
https://doi.org/10.1016/j.celrep.2022.111225
https://doi.org/10.1158/1538-7445.Sabcs22-gs3-03
https://doi.org/10.1021/acs.jmedchem.2c01159
https://doi.org/10.1021/acs.jmedchem.1c00460
https://doi.org/10.1001/jamadermatol.2015.3903
https://doi.org/10.1001/jamadermatol.2015.3903
https://doi.org/10.1016/j.apsb.2021.12.017
https://doi.org/10.1016/j.apsb.2021.12.017
https://doi.org/10.3389/fimmu.2025.1544610
https://doi.org/10.3389/fimmu.2025.1544610
https://doi.org/10.1093/cid/ciaa237
https://doi.org/10.1016/j.chembiol.2020.08.010
https://doi.org/10.1021/acs.jmedchem.4c01305
https://doi.org/10.1021/acs.jmedchem.4c01305
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1609923

Ye et al.

Glossary

ALI Acute Lung Injury

ARDS Acute Respiratory Distress Syndrome
BALF Bronchoalveolar Lavage Fluid

CRBN Cereblon

ERK Extracellular signal-Regulated Kinase
ICAM Intercellular Cell Adhesion Molecule 1
IRAK4 Interleukin-1 Receptor-Associated Kinase 4
LPS Lipopolysaccharide

MyD88  Myeloid Differentiation factor 88

MPO Myeloperoxidase

NF Nuclear Factor
PCR polymerase chain reaction
TLR Toll-Like Receptor

VCAM Vascular Cell Adhesion Molecule 1
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