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Abstract

TP53 gene mutation is one of the most common genetic changes in head and neck squamous cell carcinoma (HNSCC),
with an incidence rate of 33% to 58%, especially in HPV negative cases. TP53 gene mutation not only leads to the
inactivation of the anti-cancer function of the original p53 protein, but also enables it to acquire carcinogenic activity
(mutation acquiring new functions), driving tumor development, treatment resistance, and poor prognosis. In p53
protein-mutated HNSCC, high expression of IL-34 is directly associated with poor prognosis and has become a key factor
in predicting poor survival. IL-34 forms an immunosuppressive microenvironment through CD36-mediated lipid
metabolism reprogramming, thereby inhibiting CD8" T cell function and promoting immune escape. This review
analyzes and summarizes the various roles of IL-34 in HNSCC, and discusses its relationship with TP53 gene mutations,

promotion of cancer stem cells CSCs, and the significance of clinical immune therapies.
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Introduction

Head and neck squamous cell carcinoma (HNSC-
C) is a common and aggressive cancer that results in signifi-
cant morbidity and mortality worldwide, posing a serious
threat to public health. Genetic alterations play a critical
role in the initiation and progression of HNSCC, with TP53
gene mutations being one of the most prevalent changes, oc-
curring in 33% to 58% of cases, especially in human papillo-
mavirus (HPV)-negative tumors [1, 2]. The TP53 gene en-
codes the p53 protein, an essential tumor suppressor that
regulates cell cycle arrest, apoptosis, DNA repair, and senes-
cence to maintain genomic stability [3]. However, muta-
tions in TP53 not only disrupt the normal tumor-suppres-
sive functions of wild-type p53 but also give the mutant p53
protein new gain-of-function (GOF) properties [2, 4]. Th-
ese properties promote tumor proliferation, metastasis,
treatment resistance, and immune evasion, ultimately lead-

ing to poorer clinical outcomes.

In recent years, interleukin-34 (IL-34) has been
recognized as a key cytokine involved in the development of
various cancers, including HNSCC [5, 6]. IL-34 shares the
colony-stimulating factor 1 receptor (CSFIR) with
macrophage colony-stimulating factor (M-CSF) but has dist-
inct structural and functional characteristics [7]. High levels
of IL-34 expression in HNSCC, particularly in cases with
TP53 mutations, have been closely associated with poor
prognosis, including reduced overall survival (OS) and dis-
ease-free survival (DFS), as well as an increased risk of recur-
rence and metastasis [1, 8]. Clinical data from the Cancer
Genome Atlas (TCGA)-HNSCC cohort further confirm
that IL-34 serves as an independent prognostic marker, un-
affected by TNM staging and HPV status [1]. Additionally,
tumors that express IL-34 are often resistant to im-
munotherapies, such as programmed death-1 (PD-1) inhibi-
tors, which limit the effectiveness of current treatment

strategies [8, 9].

The mechanism connecting TP53 mutations to
the overexpression of IL-34 and tumor progression has
been receiving increasing attention. Under normal physio-
logical conditions, wild-type p53 functions as a transcrip-
tion factor that directly binds to a conserved sequence in

the promoter region of the IL-34 gene, thereby inhibiting its
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transcriptional activity [10]. However, mutations in TP53
(such as missense mutations and deletions) lead to the inac-
tivation of p53, which relieves this transcriptional repres-
sion and results in uncontrolled secretion of IL-34 [1, 11].
This dysregulated production of IL-34 creates a critical inter-
action with mutant p53, reshaping the immunosuppressive
tumor microenvironment TME and driving the generation
and maintenance of cancer stem cells (CSCs) [1, 12]. CSCs
are a small subpopulation of tumor cells characterized by
their self-renewal, differentiation, and tumorigenic capabili-
ties, making them significant contributors to treatment resis-
tance, metastasis, and tumor recurrence [12, 13]. IL-34 di-
rectly promotes the enrichment of CSCs by upregulating
stem cell markers (e.g., CD44, CD133) and activating stem-
ness-related transcription factors (e.g., Nanog, Oct4, Sox2)
[14, 15]. Furthermore, IL-34 plays a role in reprogramming
lipid metabolism within the TME through the CD36 recep-
tor, which is a key regulator of fatty acid uptake and oxida-
tion [16, 17]. IL-34 increases the expression of CD36 on tu-
mor-associated macrophages (TAMs) via the p38 mito-
gen-activated protein kinase (MAPK) pathway. This en-
hancement promotes the uptake of free fatty acids (FFAs)
and supports fatty acid oxidation (FAO) [16, 18]. Such
metabolic reprogramming leads to the polarization of
TAMs toward the M2 phenotype (characterized as foam-
like M2 TAMs), which secrete immunosuppressive factors
like interleukin-10 (IL-10) and transforming growth fac-
tor-p (TGF-P), thereby inhibiting the function of CD8* T
cells [19, 20]. Additionally, M2 TAMs compete with CD8*
T cells for nutrients in the TME, resulting in T cell energy
depletion and functional exhaustion [21, 22]. Moreover,
CD36-mediated lipid peroxidation can trigger ferroptosis in
CD8* T cells, further impairing their anti-tumor activity
[23, 24]. IL-34 may also increase the expression of immune
checkpoint molecules, such as programmed death-ligand 1
(PD-L1), on both CSCs and M2 TAMs via the signal trans-
ducer and activator of transcription 3 (STAT3) pathway [2,
9]. This forms a dual inhibitory network that exacerbates im-

mune evasion.

The IL-34/mutant p53 axis plays a critical role in
the progression of HNSCC, immune evasion, and resistance
to treatment. Targeting this axis shows great potential for
improving outcomes in patients with p53-mutated HNSCC.
Preclinical studies have indicated that combining IL-34/CS-
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FIR blockade with PD-1 inhibitors can synergistically en-
hance anti-tumor immunity, resulting in high rates of com-
plete remission and the induction of long-term immune me-
mory [1, 9]. Several targeted agents, such as IL-34 monoclo-
nal antibodies (e.g., AM-001) and CSFIR inhibitors (e.g.,
pimicotinib/ABSK021), have begun clinical trials, opening
new avenues for precision therapy. Additionally, targeting
downstream molecules like CD36 or key signaling pathways
(e.g., PI3K/Akt, MAPK/ERK) could potentially reverse
metabolic reprogramming and restore anti-tumor immune

responses [17, 25].

This review aims to systematically summarize the
various roles of IL-34 in p53-mutated HNSCC, highlighting
its molecular mechanisms related to metabolic reprogram-
ming, immune evasion, and CSC regulation. We will also
discuss the clinical significance of targeting the IL-34/mu-
tant p53 axis and its potential to overcome treatment resis-
tance, offering insights for the development of novel combi-

nation therapeutic strategies for this challenging subset of

HNSCC.

Molecular basis of p53 mutation driving IL-34 secre-

tion

The reason why IL-34 is highly valued in HNSCC
is that its high expression is closely related to tumor occur-
rence, development, and prognosis [5, 7, 26-28]. IL-34 acti-
vates the CSF1R receptor, promotes polarization of TAMs
towards the M2 phenotype, forms an immunosuppressive
microenvironment, and subsequently inhibits CD8" T cell
function [11], accelerating tumor growth and meta stasis [6,
29]. During the treatment process, IL-34 positive tumors
are prone to developing resistance to immunotherapy (such
as PD-1 inhibitors) [8], leading to treatment failure. Table 1
data shows that patients with high IL-34 expression have a
worse prognosis and a higher risk of recurrence. Clinical
doctors need to pay attention to the status of IL-34 in order
to optimize treatment strategies, such as combination thera-
py targeting IL-34, which is expected to improve patient sur-

vival outcomes.

Table 1: IL-34 is an independent prognostic marker for HNSCC.

Data source Analyticalmetrics | Results | Statisticalsignificance | Clinicalsignificance Ref.
The median The expression level
High expression overall of IL-34isa
: — 0 i -
TCGA-HNSCCqueue | vs. low expression survival HR = 1.82,95% pr-ognostlc fac- tor (5],[11],[28],[30],[31].
of IL-34 mRNA (0S) CI:1.35-2.46, p <0.001 independent of
significantly TNM staging and
shortened HPV status
The IL-34
group with Tip: IL-34 drives
disease-free a high risk HR =1.71,95% tumor progress-
TCGA-H 11],[27],(28], ,131].
CGA-HNSCCqueue | ival (DFS) of CI:1.28-2.29, p=0001 | sion and meta- | (L P[271(28L[30L131]
recurrence/ stasis
metastasis
. IL-34: one of the
Anti-tumor immune Forming a core driving factors
.. IL-34 as a risk prognostic AUC = 0.79(3-year .
gene characteristics . . L for immune TME [1],[11],[28].
gene model with | survival prediction) Lo
(ATIGS) 8 risk cenes dysregulation in
8 HNSCC

In recent years, research done by Wei Haiming's
team at the University of Science and Technology of China
has revealed that the inactivation of p53 protein and abnor-
mal expression of IL-34 form an axis [1, 28]. This axis is not
only the core of reshaping the immunosuppressive TME,

but also a key engine driving the generation and mainte-
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nance of CSCs. IL-34 directly promotes the formation and
amplification of CSCs with high tumorigenicity, self-renew-
al ability, and immune escape characteristics through its me-
diated complex network, providing a new perspective for
understanding the malignant biological behavior of p53 mu-
tated HNSCC.
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In HNSCC with TP53 gene mutations [4, 27, 28],
the transcriptional inhibition of IL-34 by p53 protein is re-
lieved, which is the key reason for the elevation of cytokine
IL-34 [11]. Under normal physiological conditions, p53 acts
as a transcription factor and can directly bind to the
conserved sequence of the IL-34 gene promoter region
(such as RRRCWWGYYY), inhibiting its transcription [10].
TP53 gene mutations (such as missense mutations and dele-
tions) lead to the inactivation of p53 protein function, result-
ing in the loss of transcriptional repression ability towards
IL-34. This situation is caused by uncontrolled cell growth,
high expression of IL-34, and expression of various cancer

stem cell markers.

After p53 is inactivated due to mutation, cancer
cells become the main secreting cells of IL-34, promoting
the production of CSCs [1, 4, 27]. Single cell sequencing da-
ta showed that CSCs highly expressed IL-34 in p53 inactivat-
ed tumors, while other cell types expressed extremely low
levels [29, 32]. Therefore, p53 mutation > inactivation of
transcriptional repression on IL-34 > massive secretion of
IL-34 - production of CSCs is a key chain in promoting can-
cer, typically due to the inactivation of the gene TP53 that

controls cell growth, proliferation, and metastasis.

IL-34 promotes tumor immune escape through lipid

metabolism reprogramming

After secreting IL-34, CSCs mainly reshape the
TME by binding to the receptor CSF1R, forming an ecosys-
tem conducive to the growth, survival, and expansion of
CSCs [4, 12]. The main characteristic of this ecosystem is
immune suppression, manifested by macrophage polariza-
tion into a subtype filled with fat droplets, namely M2
TAMs, a typical product of the immune suppressive TME
[19, 29]. The activation of downstream PI3K/Akt and
JAK2/STAT?3 pathways by IL-34/CSF1R signaling drives rev-
erse metabolic changes in macrophages. M2 TAMs highly
express markers CD206 and CD163, and secrete immuno-
suppressive factors such as IL-10 and TGF-f, which inhibit
the toxicity of CD8" T cells towards cancerous cells [33].
This is the M2 TAMs foam, thus promoting tumor immune
escape. The core mechanism of this process involves the syn-
ergistic effect of IL-34 and CD36 receptors, which reshape

the energy metabolism network of macrophages by regulat-
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ing fatty acid uptake and oxidative metabolism, ultimately
leading to the cessation of local immune response in tumors

(Figure 1).

IL-34 significantly increases the expression of
CD36 on macrophage surfaces by activating the p38 MAPK
signaling pathway [16]. CD36, as a long-chain fatty acid
transporter, can efficiently recognize and bind to free fatty
acids (FFAs) enriched in the tumor microenvironment, me-
diating their transmembrane uptake [34]. Once fatty acids
enter the cell, the mitochondrial beta oxidation pathway is
activated, and fatty acids are converted to acylcarnitine by
carnitine palmitoyltransferase (CPT) catalysis. They then en-
ter the mitochondrial matrix and undergo continuous dehy-
drogenation, hydration, and thiolysis reactions, ultimately
producing acetyl CoA. Acetyl CoA enters the tricarboxylic
acid cycle (TCA) to produce NADH and FADH2, providing
electrons for the electron transport chain and driving ATP
synthesis [35]. This process not only provides energy for
macrophages, but also leads to excessive accumulation of
lipid metabolic intermediates (such as triglycerides), form-
ing lipid droplets in cells, giving macrophages typical foam

like shape.

However, this lipid metabolism reprogramming
has a profound impact on CD8" T cells in the tumor mi-
croenvironment [18, 36]. M2 TAMs directly inhibit T cell
proliferation and activation by secreting immunosuppres-
sive factors such as IL-10 and TGF-P [20]. At the same
time, limited nutrients in the tumor microenvironment are
preferentially taken up by M2 TAMs, leading to a shortage
of energy metabolism in T cells [21]. T cells rely on glycoly-
sis for energy supply, but in a lipid rich environment, their
mitochondrial FAO ability is inhibited, leading to insuffi-
cient ATP synthesis [22]. In addition, the lipid metabolites
of M2 TAMs, such as reactive oxygen species (ROS), further
damage the mitochondrial function of T cells, exacerbating
their energy crisis [37]. Ultimately, T cells lose their cytotox-
ic function due to energy depletion and are unable to effec-

tively kill tumor cells.

The IL-34/CD36 axis promotes tumor immune

escape through a dual mechanism

on the one hand, it directly induces macrophages

to polarize towards M2 subtype, forming an immunosup-
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pressive microenvironment; On the other hand, by competi-
tively ingesting lipids, T cells are deprived of their energy
supply, leading to their functional paralysis [1]. This pro-
cess reveals the core mechanism of immune cell metabolic
interactions in the tumor microenvironment, providing a

theoretical basis for targeted CD36 or IL-34 immunothera-
Py

The above changes also promote lipid metabolism

reprogramming, specifically manifested in CD36 mediated
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fatty acid oxidation [18]. IL-34 upregulates the CD36 recep-
tor on the surface of TAMs, enhancing their uptake of long-
chain fatty acids and FAO metabolism [11]. This led to the
accumulation of lipid droplets in TAMs, forming a typical
foam like M2 macrophage morphology. This is the main rea-
son for the formation of metabolic changes to promote the
foam of macrophages [37]. The CD36 driven FAO
metabolism consumes a large amount of lipids in the TME,
causing CD8" T cells to lose their function due to energy de-

pletion and unable to effectively attack tumor cells [17].

+Glycolysis
4 Octa 4 Lipid uptake
4+ sox2 4 FAO
4 CD44 4 LPO
4 CD133 + PD-1
Inactivated T cell
IL-34 %
H
"If CSF1R
CD8'T cell

Figure 1: The p53 mutations lost its suppression on IL-34 and induced the production of CSCs. CSCs secreted a large amount
of IL-34, thus contributing to the formation of M2 macrophages (foam like M2 TAMs). M2 TAMs secreted IL-10 and TGF and
then inactivated CD8" T cells.

In addition, in the TME, CD36 mediated lipid per-
oxidation and ferroptosis are key mechanisms that weaken
the tumorigenic ability of CD8" T cells [4, 23]. High expres-
sion of CD36 promotes T cell uptake of excessive fatty
acids, especially unsaturated fatty acids, leading to the accu-
mulation of lipid peroxides and triggering ferroptosis [17].
This process is accompanied by the accumulation of iron
ions and an increase in reactive oxygen species (ROS) levels,
further exacerbating cell damage [38]. Ferroptosis not only
reduces the secretion of cytotoxic factors by CD8" T cells,
but also decreases their proliferation and survival ability,
thereby significantly weakening the anti- tumor effect [24].

Preclinical studies have shown that inhibiting CD36 or us-
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ing ferroptosis inhibitors can restore T cell function and en-
hance the efficacy of immunotherapy [23]. Therefore, target-
ing the CD36 lipid peroxidation axis provides a new strate-

gy for overcoming immunotherapy resistance.

On the other hand, IL-34 can also upregulate the
expression of immune checkpoints through the STAT3 path-
way, such as PD-L1 expression on CSCs and M2 TAMs
[29], thus forming a dual inhibition, namely, dual metabolic
and immune checkpoint inhibition, providing an explana-
tion for the limited response of p53 mutated tumors to
PD-1 monoclonal antibody therapy [9, 27]. Research data
shows that patients with TP53 gene mutations have limited

survival extension after receiving PD-1 immune checkpoint
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inhibitor treatment [39], and some patients even have a
shorter survival period. These clinical phenomena require

further exploration.

TP53 gene mutations can reduce the immuno-
genicity of tumor cells, decrease the production of new anti-
gens, and make it difficult for the immune system to recog-
nize tumor cells [2]. At the same time, it promotes the infil-
tration of immune suppressive cells (such as Treg and MD-
SC) and upregulates immune checkpoint molecules such as
PD-L1, forming a local immunosuppressive TME, making
it difficult for PD-1 antibodies to function [40]. TP53 gene
mutations shape the immunosuppressive microenviron-
ment, promote tumor evolution, and suppress immune cell
function, collectively leading to a decrease in the efficacy of
PD-1 inhibitors [2] and even a shortened survival period in
some cases. Future treatments may require a combination
of targeting the TP53 pathway, chemotherapy, or radiothera-

py to overcome this challenge.

The role of IL-34 in directly inducing and maintain-
ing head and neck CSCs

IL-34 is not only a reshaping agent of the immune
microenvironment, but also a direct catalyst for the produc-
tion of CSCs. IL-34 directly promotes the expression of
CSCs markers, for example, p53 mutations promote the pro-
duction and enrichment of CSCs by releasing inhibition of
stem cell markers such as CD44 and CD133 [13, 41]. IL-34
may indirectly or directly upregulate these dry markers
through its receptor CSF1R or other signaling pathways. In
HNSCC, CD44 has been identified as the most common
CSCs marker, and CD44" cells have strong tumorigenicity,
metastatic potential, and chemoradiotherapy resistance.
IL-34 participates in maintaining the CD44" CSCs subpopu-

lation through its signaling network.

IL34 activates the dry transcription factor the tran-
scription factor network. In head and neck tumors, the tu-
mor microenvironment rich in cytokines such as TGF-p
and IL-6 produced by IL-34 can activate the STAT3 signal-
ing pathway. The activation of STAT3 further promotes the
expression of core dry transcription factors the transcrip-
tion factor Nanog, Oct4, and Sox2 [14]. These transcription
factors form a positive feedback pathway that collectively

maintains the self-renewal, differentiation, and immune es-
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cape abilities of tumor stem cells. The Nanog-Stat-3 signal-
ing axis has been confirmed to be positively correlated with
the CD4" tumor stem cell subpopulation and immune es-
cape ability, suggesting a complete "IL-34/TGF p/-
Nanog/CD44/immune escape” signaling pathway.

IL-34 induced M2 TAM:s physical barrier and T
cell dysfunction. Transcriptome data of this process shows
that IL-34" CSCs and CD36" TAMs co-locate at the tumor
invasion edge, forming a structure with CSCs as the center
and foam like M2 TAMs as the peripheral barrier [1, 11].
This physical structure envelops CSCs, isolates attacks from
immune cells, and provides a safe haven for CSCs. This is
an obstacle to conventional antibody immunotherapy, and
further research and exploration are needed to break this

barrier in the future.

Detailed mechanism of IL-34 induced tumor stem
cells CSCs

IL-34 is a cytokine that functions similarly to
macrophage colony-stimulating factor (M-CSF) but has a
different structure, sharing the same receptor CSF1R [7]. In
recent years, studies have found that IL-34 plays a key role
in the tumor microenvironment with p53 protein muta-
tions, directly or indirectly inducing, maintaining, and am-
plifying CSCs through complex signaling networks, thereby
driving tumor progression, immune escape, and treatment
resistance. The core mechanism can be summarized as the

following interrelated levels.

Important trigger point: p53 inactivation and un-
controlled secretion of IL-34 under normal circumstances,
the wild-type p53 protein acts as a transcription factor that
directly binds to and inhibits the promoter region of the
IL-34 gene [3], thereby suppressing the expression of IL-34.
In the case of TP53 gene mutations, such as missense muta-
tions and deletions, in various solid tumors such as HNSCC
and hepatocellular carcinoma (HCC) lead to the inactiva-
tion of p53 protein function and the loss of transcriptional
control over IL-34 [28, 32]. After the inactivation of p53
function, the CSCs secrete a large amount of IL-34, forming

a self-reinforcing pro-tumor ecosystem.

The IL-34/CSF1R signaling pathway directly acts on

tumor stem cells CSCs and their microenvironment
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IL-34 binds to CSF1R on the surface of CSCs and
TAMs, activating multiple downstream signaling pathways
and forming a network that promotes the growth of CSCs.
This signal network directly maintains the self-renewal and
amplification of CSCs. The IL-34 signal may directly en-
hance the self-renewal ability, anti-apoptotic ability, and
drug resistance of CSCs by activating classic survival and
proliferation pathways such as PI3K/Akt and MAPK/ERK.
These pathways are also crucial for maintaining stem cell
characteristics. In inducing the immunosuppressive mi-
croenvironment, it indirectly supports the self-renewal of
CSCs, which is the core link for IL-34 to induce and main-
tain CSCs.

HNSCC often exhibits polarized M2 TAMs [29].
IL-34 plays a crucial role in promoting the formation of M2
macrophages. It induces the differentiation of monocytes in-
to macrophages with an immunosuppressive phenotype
(M2) through the CSF1R pathway. This is characterized by
high levels of CD163 and CD206 expression, the secretion
of IL-10 and TGF-p, and low expression of IL-12. These fea-
tures contribute to a typical immunosuppressive microenvi-
ronment, which is a significant reason for the ineffective-
ness of PD-1 immune checkpoint therapy. Within this tu-
mor microenvironment, PD-L1 is upregulated, facilitating

immune evasion.

M2 tumor-associated macrophages (TAMs) acti-
vated by IL-34 overexpress the immune checkpoint protein
PD-L1. The underlying mechanisms include: (a) a direct en-
hancement of PD-L1 expression in cancer stem cells (CSCs)
through the STAT3 pathway, as well as upregulation of PD-
L1 secretion by TAMs and other cells in the microenviron-
ment via the PI3K/Akt and MAPK/ERK signaling path-
ways. PD-L1 binds to PD-1 on T cells, inhibiting their acti-
vation and killing function, particularly in CD8* T cells,
which creates an "immune-exempt" environment for CSCs;
(b) metabolic reprogramming that hijacks CD8" T cells.
IL-34 increases the expression of the CD36 receptor on
macrophages, enhancing their uptake and oxidative
metabolism of FAO. This led to the metabolic reprogram-
ming of TAMs, which turned into foam like phenotype, and
consumed a large amount of lipid and other energy subs-

tances in the microenvironment, resulting in no energy avai-
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lable for CD8" T cells, which led to functional exhaustion

and further weakened anti-tumor immunity.

Establishing "CSCs TAMs" physical barriers and
ecology

In tumors with p53 protein mutations, CSCs se-
creting IL-34 (high expression of EpCAM, CD47 and other
biomarkers) are closely associated spatially with CD36" M2
TAMs recruited and polarized by them, especially forming
a physical barrier structure at the forefront of tumor inva-
sion. This structure envelops CSCs, protecting them from
immune cell attacks and maintaining them in a microenvi-
ronment rich in immunosuppressive factors, hypoxia, and
specific metabolites, greatly promoting the survival and

continuous expansion of CSCs.

Changes in key molecular markers

The mutation of p53 protein and activation of
IL-34 signaling pathway lead to upregulation of characteris-
tic markers of CSCs. Firstly, CD44 upregulation mediates
cell migration and adhesion, promoting cancer cell metasta-
sis [15]. Secondly, upregulation of CD133 (Prominin-1) fur-
ther enhances the self-renewal ability of stem cells [13]. Se-
condly, the elevation of aldehyde dehydrogenase (ALDH) is
closely related to its high activity and resistance to radiother-
apy and chemotherapy [42]. In addition, Bmi-1 upregula-
tion enhances the self-renewal ability of CSCs [13, 43]. Final-
ly, an important receptor of IL-34, Syndecan-1 (SDC-1), is
upregulated and may also be involved in fine-tuning and in-

teractions of the signaling network [44].

In summary, the induction of tumor stem cells
CSCs by IL-34 is a multi-step, networked process. P53 muta-
tion - increase of IL-34 secretion - activation of CSF-1R >
direct maintenance of CSCs stemness+induction of M2
TAMs polarization > upregulation of PD-L1 mediated im-
mune escape + CD36 mediated metabolic hijacking > for-
mation of immunosuppressive microenvironment and phys-
ical barrier > ultimately leading to CSCs amplification, tu-
mor progression, and immunotherapy resistance [1, 11, 45].
Interventions targeting this pathway, especially in combina-
tion with immune checkpoint inhibitors, provide a highly
promising new direction for the treatment of p53 mutant tu-

mors.
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Clinical significance and prospects of targeted ther-

apy

The clarification of the IL-34/p53 axis offers a nov-
el strategy for targeted treatment of HNSCC with p53 muta-
tions. This approach aims to improve the effectiveness of
combination immunotherapy for tumors. Preclinical
studies have demonstrated that PD-1 monoclonal anti-
bodies, when used alone, have limited effectiveness in treat-
ing tumors with p53 mutations [28]. However, the com-
bined blockade of IL-34 signaling (using IL-34 antibodies or
CSF1R inhibitors) and PD-1 inhibitors can produce signifi-
cant synergistic effects [1]. In animal models of p53 mutant
tumors, this combination therapy has even achieved a com-
plete remission rate of up to 90% (subcutaneous injection)
and can induce long-term immune memory. In the research
of targeting IL-34 transformation, antibodies targeting
IL-34 (such as AM-001) and CSF1R inhibitors (such as pimi-
cotinib/ABSK021) have entered the clinical trial stage.

In preclinical models of HNSCC, IL-34 antibodies
can significantly inhibit tumor growth, reduce M2
macrophage infiltration, and restore T cell function. The
combination of PD-1/LAG-3 dual immunotherapy is expect-
ed to provide a new option for PD-1 resistant patients. Tar-
geting the IL-34-CD36 axis [1, 11] not only reverses im-
mune suppression, but also has the potential to overcome
chemotherapy and radiotherapy resistance mediated by
CSCs by reshaping the microenvironment and interfering
with dry signals (such as the Nanog axis [45]) in overcom-

ing CSCs related drug resistance.

The IL-34 induced CSCs and their immunosup-
pressive microenvironment are important factors leading to
resistance to PD-1/PD-L1 inhibitors (with a response rate
of less than 20% in patients with p53 mutations). Therefore,
targeting the IL-34 pathway has become a new strategy to
overcome drug resistance. Firstly, a treatment regimen that
directly targets IL-34, using IL-34 monoclonal antibodies,
can reduce tumor size by 70% in preclinical p53 mutant liv-
er cancer models. Combined with anti-PD-1 antibodies, it
can achieve 100% complete remission. In the treatment tar-
geting downstream pathways, CSF-1R inhibitors (such as
Pexidartinib, Pimicotinib/ABSK021) are used. Blocking the

common receptor of IL-34 and M-CSF can reverse the M2
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polarization phenotype of TAMs, and shows synergistic effi-
cacy when combined with PD-1 inhibitors [1, 29].

Metabolic reprogramming in tumor tissue is one
of the key factors leading to the failure of cancer immune re-
sponse. In the TME, cancer cells utilize metabolic hijacking
mechanisms to take up lipids through fatty acid trans-
porters such as CD36, leading to impaired immune cell
function [1]. CD36 is highly expressed in tumor infiltrating
regulatory T cells (Tregs) and TAMs, promoting lipid accu-
mulation, making TAMs present a foam like phenotype,
and enhancing the immunosuppressive activity of Tregs,
thereby inhibiting the anti-tumor function of CD8" T cells.
In addition, CD36 mediated lipid peroxidation and ferropto-
sis further weaken the killing ability of T cells. Inhibitors tar-
geting CD36 can block this metabolic hijacking, reduce
foam like M2 TAMs, and restore the effector function of T
cells. Preclinical studies have shown that CD36 monothera-
py or in combination with chemotherapy and immunothera-
py (such as PD-1 inhibitors) can significantly enhance anti--
tumor immune response [1]. Additionally, combining PD-1
inhibitors and antiangiogenic agents also offers a promising
strategy to enhance immunity for solid tumor therapy [46].
Currently, related combination therapies are being explored
clinically, providing new strategies for overcoming im-

munotherapy resistance.

In terms of CD36 inhibitors, they block metabolic
hijacking and restore T cell function. Single drug can re-
duce foam like M2 TAMs, which is under clinical explora-
tion in combination with chemotherapy or immunothera-
py. In terms of joint pathway inhibition, the combination of
specific inhibitors (such as aprixib and trametinib) targeting
the PI3K/Akt and MAPK/ERK pathways simultaneously ac-
tivated by IL-34 may enhance the anti-tumor effect [25].

Conclusion

The mutation of p53 results in the loss of transcrip-
tional repression of IL-34, leading to high levels of IL-34
production. This increase in IL-34 drives the generation of
CSCs, which in turn secrete large amounts of IL-34, creat-
ing a vicious cycle. CSCs release IL-34, which reprograms
TAMs to form an immunosuppressive and metabolically

supportive microenvironment. This environment not only
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helps maintain, amplify, and protect CSCs but also con-
tributes to tumor progression, metastasis, and resistance to
treatment. IL-34 acts as a link between p53-mutated CSCs
and is a critical hub molecule involved in immune evasion
and metabolic reprogramming. Consequently, targeting
IL-34 and its downstream signaling pathways, such as CS-
FIR and CD36, offers a strategy to reverse immune suppres-
sion. This approach presents a promising new direction for
addressing the challenges posed by p53 mutations in the

treatment of head and neck cancer.

Future research should focus on clarifying the spe-
cific regulatory mechanisms by which IL-34 influences the
signaling pathways involved and accelerates the clinical de-
velopment of related targeted therapies, providing hope for

patients with poor prognoses.
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