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Abstract
The TAM receptor family is getting more and more attention in the field of tumour immunity. Activation of TAM receptors 
not only aids in the survival and multiplication of tumour cells but also increases their likelihood of invading other cells 
and spreading. In addition, activation of TAM receptors helps to inhibit the anti-tumour immune response, allowing tumour 
cells to evade immune surveillance. In terms of therapeutic strategies, a number of inhibitors targeting TAM receptors are 
in preclinical and clinical development. Despite significant progress in clinical trials in recent years, challenges remain. 
This review delves into the kinetic characteristics of the TAM receptor family, their dual role in tumour immunity, and the 
transmission process of downstream signalling pathways. Based on this, we analysed and summarised the unique strategies 
and combination therapies for regulating tumour immunity using TAM receptor inhibitors. It not only helps to elucidate the 
key role of TAM receptors in tumour immunity but also provides new perspectives and strategies for future tumour therapy.
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Introduction

Tumour immunotherapy is a groundbreaking approach to 
treating tumours that aims to activate the patient's immune 
system, so it can recognise and eliminate tumour cells. 
Human malignancies have widely documented the over-
expression or aberrant activation of TAM receptors [1, 2], 
highlighting their importance in tumour growth. TYRO3, 
AXL, and MERTK are three receptors that belong to the 
TAM family of tyrosine kinase receptors. These recep-
tors play a crucial role in regulating the immune system, 
eliminating dead cells, facilitating tissue regeneration, 
and impacting tumour formation. Some ligands, including 
growth arrest specific protein 6 (Gas6) and protein S (Pros1), 
have been identified [3, 4]. These ligands facilitate the abil-
ity of TAM receptors to enhance macrophage phagocytosis. 
They accomplish this by identifying Phosphatidylserine 
(PtdSer) on the outer layer of cells undergoing apoptosis 
or experiencing stress [5]. This process is essential for pre-
serving the equilibrium of the immune system and averting 

autoimmune reactions [6–8]. The activation of TAM recep-
tors results in the suppression of proinflammatory cytokines 
and the elevation of immunosuppressive cytokines, thereby 
establishing an immunosuppressive tumour microenviron-
ment (TME) [9, 10]. TAM receptors have a role in regulating 
the function and growth of immune cells, affecting T lym-
phocytes (T cells), NK cells, DCs, and other types of cells. 
They also help in promoting the activity and/or recruitment 
of cell populations that inhibit the immune system [11–13]. 
TAM receptors may stop the start of immune responses by 
releasing chemicals that help repair tissue [14]. This facili-
tates the development of a tumour exhibiting traits akin to 
M2 macrophages, thereby establishing an environment that 
hampers the immune system in its vicinity.

TAM receptors play a twofold role in the TME. They have 
the ability to either facilitate the proliferation and progres-
sion of malignancies or impede tumour growth in specific 
instances [15]. Macrophages and dendritic cells (DCs) spe-
cifically exhibit this phenomenon [16]. TAM receptors are 
associated with the polarisation of tumour-infiltrating mac-
rophages [17–19]. It is very important for macrophages to 
be able to get rid of dying cells [20]. AXL can stop the pro-
inflammatory M1 macrophage state, stop antigen-present-
ing cells from blocking Toll-like receptor (TLR) responses, 
and improve the function of natural killer (NK) cells [15, 
21]. TAM receptors expressed on DCs contribute to the 
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attenuation of the inflammatory response by exerting nega-
tive regulatory effects on TLR signalling. The upregulation 
of SOCS1/SOCS3 facilitates this [22].

The results highlight the complex function of TAM 
receptors in the tumour immune system. Our research has 
discovered that TAM receptors and their ligands provide 
promising prospects for investigating the application of 
immune checkpoint blockades in tumour therapy. Therefore, 
it is crucial to have a comprehensive understanding of the 
function of TAM receptors in the immune environments of 
tumours in order to create effective therapeutic approaches. 
This paper provides a concise overview of recent findings 
concerning the involvement of the TAM receptor family in 
tumour immunotherapy. The analysis delved deeply into the 
complex involvement of patients and emphasised the need to 
develop new treatment protocols and personalised treatment 
plans. Furthermore, combined treatment strategies may pro-
vide broader development opportunities for the regulation 
of tumour immunity.

Structural features of the TAM receptor 
family and its ligands

The TAM receptor family is one of the 20 subfamilies of 
receptor tyrosine kinases (RTKs) on the cell surface, con-
sisting of three members: TYRO3, AXL, and MERTK 
(Fig. S1). These receptors have significant structural similar-
ities, including two Ig-like domains, two fibronectin type III 
(FN III) domains, one hydrophobic transmembrane domain, 
and one tyrosine kinase domain. The two Ig-like domains at 
the N-terminus of the receptor are involved in binding to the 
ligand, while the two FNIII regions help to strengthen the 
interaction between the receptor and the ligand. The tyrosine 
kinase domain is located at the C-terminus of the recep-
tor. When the receptor interacts with its ligand, the tyrosine 
residues within this domain are phosphorylated, activating 
downstream signalling pathways. TAM family receptors 
have a single hydrophobic transmembrane domain, consist-
ing of an extracellular ligand-binding domain of neural cell 
adhesion molecules, a transmembrane region, and an intra-
cellular region with a tyrosine kinase domain. Therefore, 
they possess characteristics of adhesion molecules as well as 
the activity of tyrosine kinases. Compared to TYRO3, AXL 
and MERTK receptors have a higher structural similarity, 
with 31 to 36% of homologous amino acids in the extracel-
lular region and 54 to 59% in the intracellular region [23]. 
TYRO3, AXL, and MERTK are homologous type I RTKs 
that share a conserved sequence [KW(I/L) and (I/L)ES] in 
their kinase domains and have similar extracellular structural 
organisation. The two Ig-like domains and two FN III repeat 
sequences in the extracellular region can bind to ligands; 
the intracellular region contains a tyrosine protein kinase 

domain, which has tyrosine protein kinase activity and 
phosphorylation sites, playing a role in the transmembrane 
transduction of cellular signals. The DNA sequences of the 
TYRO3, AXL, and MERTK genes are very similar, each 
being 3–5 kb in size. TYRO3 and AXL contain 20 exons, 
while MERTK contains 19 exons [23–25] The ligands Gas6 
and ProS 1 are both members of the vitamin K-dependent 
protein family, with 42% homologous amino acid sequences. 
They consist of a Gla domain made up of 11–12 glutamic 
acid residues, 4 epidermal growth factor-like repeat regions, 
and 1 sex hormone-binding globulin-like domain [26].

The activation of the TAM receptor family relies on the 
existence of PtdSer [4]. They utilise γ-carboxylation at the 
γ-position [27]. The carboxylate sequence interacts with Ptd-
Ser via binding. Cellular apoptosis is defined by a depletion 
of intracellular ATP, resulting in an elevation of cytosolic 
Ca2+ levels. This activates the TAM receptors to recognise 
the PtdSer on the external surface of decaying cells. The "eat 
me" signal facilitates the identification and elimination of 
apoptotic cells by macrophages and other phagocytes. Ptd-
Ser externalisation is an essential early stage in the cell death 
process. It serves as a stimulus for macrophages to recognise 
and consume apoptotic cells. This signal is essential for the 
initiation of the immune response. Gas6 and Pros1 bind to 
PtdSer, resulting in the activation of TAM receptors and 
the start of downstream signalling pathways that regulate 
immune responses [28].

Kinetic characteristics of TAM receptors 
in the tumour microenvironment

The TAM receptor family's dynamic characteristics in the 
tumour microenvironment manifest in their key roles in 
mediating cell exocytosis, immune cell regulation, secre-
tion of inflammatory factors, and epithelial–mesenchymal 
transition. The overexpression of TAM receptors is asso-
ciated with tumour cell growth, metastasis, invasion, and 
treatment resistance. But because TAM receptors have many 
different jobs, they don't always play the same part in tumour 
immunotherapy. Sometimes, they may even work against 
the tumour [29]. Elevated AXL expression levels have been 
associated with treatment resistance in a variety of haema-
tological and solid tumours [30, 31]. For example, aberrant 
AXL expression has been strongly associated with resistance 
to erlotinib in non-small cell lung cancer (NSCLC) and to 
sunitinib in renal cell carcinoma [32].

Various blood cancers, including acute lymphoblastic leu-
kaemia and acute myeloid leukaemia (AML), also exhibit 
elevated MERTK expression [33, 34], with its expression 
crucial for tumour cells to evade innate immune surveillance. 
The phagocytosis of macrophages upregulates MERTK 
expression, thereby promoting the clearance of apoptotic 
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cells [35]. In glioblastoma, blocking MERTK lowers the 
number of CD206+ M2-like macrophages. This, along with 
radiotherapy, can greatly slow tumour growth and boost the 
activation of M1-like macrophages, which improves the 
immune response that causes inflammation [36]. There is 
evidence that higher levels of the TYRO3 receptor are linked 
to a number of cancers, such as squamous cell carcinoma, 
lung cancer, prostate cancer, thyroid cancer, schwannoma, 
and multiple myeloma [37–39]. Further studies have found 
that, due to its unique biological activity in regulating bone 
homeostasis, TYRO3 also plays a role in the development 
of tumour bone metastases [40].

The role of TAM receptors in the escape 
process of tumour immunity

The expression and regulation of members of the TAM 
receptor family in the tumour microenvironment signifi-
cantly influence tumour immunity, as evidenced above. 
These receptors are involved in the formation of tumour 
immunity, immune escape, and treatment resistance through 
multiple mechanisms. AXL regulates the immune responses 
of NK cells and cytotoxic T cells (CTLs) in human tumours 
[41]. In the TME of glioblastoma, immune-related cells 
secrete Pros1, which stimulates the proliferation of glioblas-
toma cells. As a result, this process stimulates the activation 
of AXL through phosphorylation, leading to the enhanced 
ability of tumour cells to resist immune-mediated elimina-
tion. When AXL is turned on, tumour cells make immune 
checkpoint molecules. These molecules can stop NK cells 
from killing cancer cells and help the immune system avoid 
detection [42, 43]. In AML, turning on AXL raises the lev-
els of BCL-2 and Twist while lowering the levels of TLR 
inflammatory setting off. This leads to an augmentation of 
the immune system's ability to avoid detection [44, 45].

There is a strong link between the abnormal expression 
of AXL and the clinical and pathological features of people 
with NSCLC, as well as their outlook [9, 46]. AXL inter-
acts with both epidermal growth factor receptor (EGFR) and 
ERBB3 to maintain the downstream signalling pathway of 
NSCLC. While the current PD-1/PD-L1 medications have 
demonstrated efficacy in the treatment of NSCLC, this path-
way serves as the primary mechanism via which NSCLC 
tumour cells evade immune system detection [47]. Some 
more research has shown that MERTK, AXL, and other 
TAM receptors may help the immune system work better 
by using natural processes inside tumour cells, like making 
more PD-L1 appear on tumour cells [48]. Previous studies 
have demonstrated that MERTK stimulates the transcription 
of PD-L1 in cells undergoing programmed cell death. This 
process regulates MERTK-induced cell death and immune 
equilibrium, ultimately promoting tumour progression [49]. 

Additional research has yielded intriguing discoveries, indi-
cating that PtdSer enhances the efficiency of PD-L1 signal-
ling in T cells and thus verifying the existence of a PtdSer-
TAM-PD-L1 axis in breast cancer. The PI3K/Akt signalling 
pathway has a role in enabling cancers to evade the immune 
system and become resistant to chemotherapy [48].

In TME, the presence of MERTK in tumour cells may 
further enhance their independence from growth factors, 
enable the advancement of the cell cycle, and stimulate 
tumour growth. This, in turn, increases the ability of tumour 
cells to spread and move. Furthermore, it can increase the 
production of anti-inflammatory cytokines by activating M2 
macrophages, which helps create an immune-suppressing 
environment around the tumour [50].

In addition to macrophages, MERTK also affects the 
function of other immune cells in the TME, including mye-
loid-derived suppressor cells (MDSCs) and NK cells, which 
play a crucial role in evading the immune response against 
tumours. MDSCs are a group of cells with the ability to sup-
press the immune system. Tumour cells gather in the TME 
and use a number of methods to stop the body's immune sys-
tem from attacking the tumour, which weakens anti-tumour 
immunity [51]. MERTK is involved in regulating the growth, 
viability, and function of MDSCs, which aids in the evasion 
of the immune system through malignancies. For example, 
turning on MERTK can make MDSCs even better at sup-
pressing the immune system by making immune-suppressing 
molecules like PD-L1 more abundant. PD-L1 binds to PD-1 
receptors on T cells, which hinders their activity and pro-
motes the survival of tumour cells [52]. MERTK inhibitors 
function by impeding MERTK signalling, which results in 
a reduction in the immunosuppressive capacity of MDSCs. 
Consequently, this enables the reestablishment of T cell anti-
tumour function [53]. This demonstrates that MERTK has 
the ability to control the PD-1 and PD-L1 pathways in the 
TME, thereby influencing the local immune system [54]. It 
has a function in regulating the activity of these cells, which 
are essential for the immune response.

TYRO3 exerts its influence on DCs through multiple 
methods. The activation of TYRO3 has a big impact on 
the maturation of DCs, which in turn changes their abil-
ity to gather, process, and present antigens. This may result 
in insufficient stimulation of T cells, which could weaken 
the immune response against tumour cells [55]. In addition, 
TYRO3 can control the movement of DCs from the TME 
to lymphoid organs, which in turn affects how T cells are 
stimulated and how many of them there are. In the TME, 
TYRO3 facilitates the transformation of DCs into a pheno-
type that suppresses the immune response. TYRO3 accom-
plishes this by increasing the synthesis of anti-inflammatory 
cytokines and inhibiting the release of proinflammatory 
cytokines. Tumours use this method to evade the immune 
system [56]. TYRO3 activation induces the polarisation of 
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tumour-associated macrophages towards an anti-inflam-
matory M2 phenotype. Anti-inflammatory cytokines, like 
IL-10 and TGF-β, are released by polarised macrophages. 
These cytokines stop T cells from activating and multiply-
ing, which helps cancers get away from the immune system.

In conclusion, the TAM receptor family has the ability 
of tumour immune escape. Similarly, the TAM receptor 
family enhances the anti-tumour activity of immune cells 
such as macrophages and NK cells. This mechanism pro-
vides us with the inspiration for the development of targeted 
anti-tumour drugs by regulating the expression of the TAM 
receptor family through targeting the TAM receptor family.

Manipulating the immunological response 
of the TAM receptor family in the tumour 
microenvironment

The expression of AXL receptors enhances the phagocytosis 
process that macrophages carry out, leading to an augmented 
elimination of tumour cells. This context describes a regula-
tory mechanism that enhances the efficacy of macrophages 
by boosting their capacity to eradicate tumour cells [57]. 
Addition, the activation of the AXL receptor induces the 
release of cytokines, including TNF-α and IL-6, from mac-
rophages. Cytokines have a vital function in controlling 
the immune response, specifically by improving the body's 
capacity to combat malignancies [58]. Macrophages pos-
sess the capacity to undergo differentiation into two distinct 
types: M1, characterised by its anti-tumourigenic properties, 
and M2, characterised by its protumourigenic properties. 
Signals from the immediate microenvironment influence the 
differentiation process. When AXL receptors are activated, 
they stop the growth of M1 macrophages, which means that 
fewer inflammatory cytokines are made. The activation of 
AXL can hinder the production of specific genes typically 
present in M1-type macrophages, such as iNOS and TNF-α, 
through the PI3K/Akt signalling pathway. It is possible for 
AXL to stop the proinflammatory M1-type macrophage state 
and improve the function of NK cells. It does this by stop-
ping antigen-presenting cells from stopping TLR responses 
and increasing the activation of NK cells [13, 54]. AXL also 
has a regulatory role in the formation of NK cells, which are 
crucial for the surveillance and eradication of tumour cells. 
When AXL receptors are turned on, they can make NK cells 
more active by either making them multiply or changing 
their metabolism to make them more active [59].

Activation of MERTK can maintain immunological 
tolerance and regulate the proliferation of effector cells. 
Under normal physiological conditions, MERTK regulates 
the elimination of dead cells to prevent excessive inflam-
mation, or it inhibits the activation of NF-κb to reduce the 
release of TNF-α, thereby reducing inflammation [60, 61]. 

Also, MERTK can attach to PtdSer on the outside of dying 
cells, which causes phagocytosis to happen [62]. However, 
under the unique circumstances of the TME, tumour cells 
may employ MERTK to impede the body's immune response 
against the tumour [53].

The research has demonstrated that inhibiting MERTK 
reduces the presence of PD-L1 in the TME, thereby limit-
ing tumour cells' ability to elude the immune system [33].
Various tumour cells predominantly express PD-L1 on their 
surface, while immune cells like DCs and macrophages 
commonly detect PD-L2. When PD-L1 and PD-L2 bind to 
the PD-1 receptor, it inhibits the activation and expansion of 
T cells, which reduces the immune response against tumour 
cells [33, 39, 40].

DCs, NK cells, mononuclear cells, and macrophages all 
contain TYRO3 [63–66]. Turning on TYRO3 helps NK cells 
grow and keep fighting tumours [67]. Furthermore, it has 
the ability to enhance the generation of IFN-γ in NK cells. 
IFN-γ enhances the activation, proliferation, and differen-
tiation of T cells and NK cells; hence, it augments their 
capacity to recognise and eradicate tumour cells [68]. IFN-γ 
makes it easier for tumour cells to make major histocompat-
ibility complex I molecules, which makes antigens show up 
better. This facilitates the immune system's ability to identify 
and eradicate tumour cells (Fig. 1).

Signalling mechanisms of the TAM receptor 
family

Studies have shown that activated TAM signalling enhances 
various processes in human malignancies, such as prolifera-
tion, migration, invasion, tumour cell survival, angiogen-
esis, and resistance to chemotherapy drugs [15, 69, 70]. It 
is crucial to clarify the precise function of AXL in stopping 
the immunological response. This is a key prerequisite for 
understanding how to regulate TAM expression and improve 
the body's anti-tumour immunity.

AXL binds to Gas6 more strongly than TYRO3 or 
MERTK [58]. Gas6 acts as a binding molecule for TAM 
receptors. The Gas6-AXL axis is crucial in the process of 
developing resistance to drugs and evading the immune sys-
tem [21, 71]. Prior research has demonstrated that increased 
levels of hMENA, Gas6, and AXL gene expression traits are 
associated with unfavourable outcomes in pancreatic ductal 
adenocarcinoma and NSCLC [72]. The Gas6/AX research-
ers have found that the Gas6/AXL signal makes more immu-
nosuppressant chemokines, such as G-CSF, IL-3, IL-4, IL-6, 
IL-12_p70, TGF-β, and TNF-α. Research has demonstrated 
that the Gas6/AXL signalling pathway plays a crucial role in 
promoting the survival, proliferation, mobility, and invasion 
of tumour cells [73]. Studies have shown that activation of 
AXL promotes tumour-associated macrophage polarisation 
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to Type M2, which in turn contributes to tumour growth, 
enabling tumours to evade the immune system attack [74]. 
Simultaneously, it diminishes the abundance of CD4⁺ and 
CD8⁺ T cells within the tumour [75]. T cells and DCs are 
drawn to the tumour site, but they also facilitate the recruit-
ment of macrophages, neutrophils, and MDSCs [73]. Gas6-
mediated mechanisms partially enhance the macrophage 
polarisation process [76].

The activation of TAM receptors initiates the PI3K/Akt 
signalling pathway, which plays a critical role in cell pro-
liferation, survival, differentiation, and migration. These 
pathways increase the ability of tumour cells to survive, 
grow, and fight apoptosis [77, 78]. Activation of AXL 
leads to tyrosine residue phosphorylation and strengthens 

its association with signalling molecules, such as the PI3K 
p85 subunit and PLC-γ [79]. When Akt is activated, it 
adds a phosphate group to NF-κb. This makes more of the 
proteins Bcl-2 and Bcl-xL, which stop cells from dying. 
This creates a positive feedback loop that enhances the 
signal for cell survival [80]. Further studies showed that 
the Gas6/AXL signalling pathway triggers the activation 
of PI3K/AKT, stimulating the production of anti-apop-
totic proteins and thereby inhibiting caspase-3 activity and 
impeding apoptosis [81]. In addition, it can stimulate ERK 
and Akt signalling pathways, which affect the prolifera-
tion, metastasis, and survival of tumour cells [15, 82].

Inhibiting AXL not only affects tumour cells but also 
directly affects the immune system, increasing the ability 

Fig. 1   The role of the TAM receptor family in the tumour microen-
vironment and immune evasion. To help tumour cells grow and stay 
alive, TAM tumour-associated macrophages release substances like 
Il-10 and M-CSF into the area around the tumour. At the same time, 
the activation of TYRO3, AXL, MERTK, and other RTKs on TAM 
promotes the expression of TAM ligands, forming a positive feed-
back loop that enhances TAM activity. Macrophages and NK cells 
are involved in clearing these cells, reducing inflammation, promot-
ing tissue repair by recognising "eat me" signals on the surface of 

apoptotic cells, and maintaining microenvironmental stability. Fur-
thermore, viral infection in the TME may activate the IFN-αR and 
Stat-1 signalling pathways, producing type I IFNs, which not only 
contribute to resistance against viruses but also increase the killing 
power and antigen-presenting cell function of NK cells and improve 
the immune surveillance of tumour cells. The anti-virus response can 
also influence the behaviour of tumour cells by regulating signal mol-
ecules like RhoA and NF-κb, thereby influencing the progression of 
tumours
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of immune cells to destroy tumour cells. It is important 
to clarify the exact function of AXL in blocking immune 
responses. AXL is linked to negative feedback loops of DC 
and NK cells. Interrupting these loops can boost immune 
responses in the area around a tumour. Similarly, one the-
ory is that TAM signalling in mice may impair NK cell 
responsiveness via ubiquitin ligase Cbl-b. Therefore, stud-
ies have demonstrated that blocking TAM receptors like 
AXL enhances NK cell function by reducing the metastatic 
burden in animal models [83, 84]. In addition, blocking 
the AXL ligand Gas6 signalling also makes NK cells work 
harder, which shows how important this pathway is in mouse 
tumours [85]. However, whether AXL exists in fully devel-
oped human NK cells remains controversial. According to 
one study, AXL mRNA expression ceased at day 10 after the 
differentiation of CD34+ human pluripotent stem cells from 
NK cells [86]. TYRO3 and AXL share many similarities 
in signalling. For example, they are both capable of self-
dimerisation and phosphorylation through enhanced expres-
sion in the absence of ligand binding. Furthermore, TYRO3 
is able to respond to Gas6 activation and interacts with the 
p85 subunit of PI3K, an interaction that is critical for signal-
ling. Recent advances in gene expression microarray analy-
sis of multiple myeloma involving B-lymphoid stem cells 
have demonstrated the upregulation of TYRO3 expression 
levels [87]. Similarly, samples from patients with primary 
malignant plasma cell leukaemia and multiple myeloma also 
showed the transcriptional activity of TYRO3 mRNA [87]. 
These findings reveal that TYRO3 and AXL may play an 
important role in tumour development through interactions 
with core signalling molecules, such as PI3K.

The activation of MERTK plays an important role in 
cell signalling, similar to many other RTKs, which trigger 
a range of classical RTK downstream signalling, including 
ERK12 and Akt. MERTK signalling in macrophages pro-
motes the synthesis of inflammation resolution mediators by 
suppressing CaMKII activity; these kinases play key roles in 
promoting cell invasion, migration, angiogenesis, survival, 
chemical resistance, and metastasis [50]. Studies have shown 
that the role of MERTK in NF-κb signalling is twofold: in 
tumour cells, MERTK activates NF-κb to enhance survival 
signalling, whereas in myeloid immune cells, including mac-
rophages, it inhibits NF-κb, which in turn inhibits the pro-
inflammatory cytokine response. Also, turning on MERTK 
doesn't just work through the normal RTK signalling path-
way; it also turns on unusual signals in epithelial cells. This 
impacts MERTK macrophages and helps melanoma grow 
and become resistant to immunotherapy by activating AhR-
ALKAL1. For example, activation of MERTK can lead to 
Akt-dependent upregulation of PD-L1 on tumour cells [48]. 
Notably, MERTK may work with other TAM family mem-
bers, such as AXL. The study by Davra et al. provides an 
example of this, finding that in both an AXL-driven cancer 

cell line (E0771) and a MERTK global knockout murine 
model, independently reducing tumour burden and increas-
ing overall survival led to a tumour-specific T cell response 
[62]. The same study observed an additive individual benefit 
when MERTK knockout mice combined with AXL knock-
out E0771 cells [62].

It is worth noting that TYRO3 and MERTK, despite 
their structural similarity to AXL, can enhance cell survival 
through the PI3K/Akt signalling pathway [15]. However, 
Pros1, as a ligand, is incapable of activating AXL, which 
highlights the distinctive signalling specificity of TAM 
receptor members [88].

The study of the TAM downstream signalling pathway 
will establish a foundation for future research on targeted 
therapy of tumour immunity and the optimisation of thera-
peutic hemes (Fig. 2). According to different targets, differ-
ent immunosuppressants are used to treat the tumour, and 
at the same time, personalised special therapeutic schemes 
or combined therapeutic schemes are made, which pro-
vides a brand-new prospect for the development of tumour 
immunotherapy.

TAM receptors: new targets and therapeutic 
options for tumour immunotherapy

Currently, there is proof that the excessive production of 
AXL is responsible for the development of resistance to 
chemotherapy in multiple tumour models [89, 90]. The AXL 
function is associated with resistance to PI3Kα inhibitors. 
Inhibiting AXL enhances the susceptibility of tumour cells 
to PI3Kα inhibitors via R428 [90]. This indicates that spe-
cifically inhibiting AXL could potentially be effective in 
overcoming resistance to specific inhibitors. Clinical trials 
are currently underway to assess the safety and efficacy of 
TAM receptor inhibitors in tumour treatment.

While TAM receptor inhibitors have demonstrated 
encouraging outcomes in immunodeficient mice [91], it is 
imperative to do research in immunocompetent animals to 
evaluate their potential adverse effects. For instance, the 
removal of AXL and MERTK genes resulted in a higher 
occurrence of inflammatory colon cancer in mice [92]. This 
underscores the need to thoroughly assess the potential 
negative consequences of TAM receptor inhibitors in clini-
cal settings. Researchers are investigating the use of AXL 
inhibitors in combination with immune checkpoint inhibi-
tors (ICIs) as a strategy to overcome treatment resistance. 
Researchers have linked AXL receptors to worse prognosis 
and treatment resistance in various types of tumours [93]. 
By focusing on the TAM receptor, namely AXLs, it is pos-
sible to improve the effectiveness of current immunothera-
pies. This is because AXLs are connected to various aspects 
of the tumour microenvironment, such as immunocytosis, 
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endothelial cell and cell signalling, and communication 
among tumour cells [69].

Studies have linked elevated expression of TAM recep-
tors in tumour cells to the facilitation of cell survival, pro-
liferation, and migration [94, 95], suggesting that treat-
ments targeting these receptors may have notable efficacy 

in specific patient groups. When developing personalised 
treatment plans, it is important to consider the patient's 
genetic makeup, tumour features, and level of TAM recep-
tor expression (Table 1). Several types of human tumours 
frequently overexpress or abnormally activate TAM recep-
tors [1, 96]. Customised therapeutic approaches may involve 

Fig. 2   TAM receptor family in tumour microenvironment: driving 
oncogenesis. In the TME, there is a complex network of cells, includ-
ing tumour cells, immune cells (such as macrophages and DCs), i.e. 
infiltrating T cells, and apoptotic cells. In this context, activation of 
the TAM (TYRO3, AXL, and MERTK) receptor family plays a key 
role in tumour development and immune escape. Downstream sig-
nalling of these receptors activates multiple signalling pathways, 
such as Jak/Stat, PI3K/p-Akt, and PLC-γ, that contribute to tumour 
cell proliferation, survival, and drug resistance, which are character-
istics of cancer. Activation of the TAM receptor is also associated 
with increased expression of PD-L1—a signalling molecule that 
inhibits the adaptive immune system—on tumour cells. In addition, 
TAM receptors signal inflammation inhibition by inhibiting NF-κb 
signalling, releasing immunosuppressive cytokines, and promot-

ing the transformation of macrophages from proinflammatory M1 to 
immunosuppressive M2. The formation of the MERTK-PTP1B-p38 
complex, where MERTK activation inhibits p38, contributes to this 
shift by altering the activity of transcription factors and reducing the 
expression of type M1 cytokines. TAM receptors also mediate SOCS-
dependent suppression of TLR signalling in DCs. TLR activates the 
expression of NF-κb and proinflammatory cytokine molecules, such 
as IFN-α, after recognising pathogen-associated molecular patterns. 
IFN-α induces the expression of AXL through the STAT1 pathway, 
and AXL interacts with the IFN-α/β receptor (IFN-αR)-STAT1 sig-
nalling to promote the expression of SOCS1 and SOCS3. TAM sig-
nalling also blocks TLR-mediated inflammation and DC antigen pres-
entations to T cells
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the use of TAM receptor inhibitors in conjunction with other 
therapeutic drugs, such as EGFR tyrosine kinase inhibitors 
or immunotherapy [97, 98] (Table 2). This integrated thera-
peutic approach seeks to not only reduce tumour resistance 
but also enhance treatment effectiveness. We must tailor 
customised treatment techniques to the specific conditions 
of patients, taking into account the changes in TAM recep-
tor expression levels and activity status observed in tumours 
from various individuals, to ensure optimal efficacy. Further-
more, personalised therapy should also prioritise the possi-
ble adverse effects of TAM receptor inhibitors and undergo 
rigorous evaluation in clinical settings. Through a thorough 
evaluation of TAM receptor expression and activity, medi-
cal professionals can customise a therapy strategy for each 
patient to optimise therapeutic effectiveness and avoid nega-
tive side effects.

The challenges and opportunities

Overall, TAM receptors have important effects on various 
aspects of tumour cell behaviour, including proliferation, 
tolerance to chemotherapy, migration, and immune evasion. 
Furthermore, they play a crucial role in the elimination of 
apoptotic cells, the regulation of inflammatory responses, 
and the function of immune cells. They play a key role in 
tumour development by promoting tumour cell growth, 
survival, migration, and epithelial–mesenchymal transition 
[15]. System dynamics studies have revealed a close rela-
tionship between overexpression or aberrant activation of 
TAM receptors and tumourigenesis in humans. We discov-
ered that activating the AXL receptor in tumour cells can 
make them more resistant to the immune system. This is 
done by changing how NK cells and CTLs respond to the 
immune system and increasing the production of immune 
checkpoint molecules like PD-L1. These molecules help 
tumour cells avoid being detected by the immune system. 
When it comes to tumour immune escape, the MERTK 
receptor's job in killing tumour cells and controlling PD-L1 
expression are both very important. The TYRO3 receptor 
is involved in the immune escape mechanism of tumours 
by affecting the function of DCs and then regulating the 
activation and immune responses of T cells. In addition, the 
TAM receptor family plays a dual role in tumour immune 
escape and anti-tumour immunity and can inhibit tumour 
development. Early specific mechanisms include influencing 
macrophage differentiation, regulating phagocytosis by mac-
rophages, enhancing the function of NK cells, and regulating 
immune distress and inflammatory responses. Discussions 
on signalling pathways have revealed specific mechanisms 
underlying the bidirectional regulatory effects of the TAM 
receptor family on tumours, of which PI3K/Akt and Gas6/
AXL are two particularly critical signals. We found that Ta
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the Gas6-AXL signalling pathway plays a key role in drug 
resistance and immune escape. Through the above discus-
sion, we clearly identified the TAM receptor family in the 
tumour immune process as playing a role. In this context, 
we talk in detail about how TAM receptor inhibitors can be 
used in personalised cancer treatment plans. To make these 
plans even more effective, we also talk about how TAM 
receptor inhibitors work when combined with other thera-
peutic drugs. Specifically, mixing TAM receptor inhibitors 
with ICIs like cetrazumab and the anti-PD-1 drug nivolumab 
offers a new way to deal with tumours that are resistant to 
drugs and could have a strong therapeutic effect. These find-
ings provide new insights into tumour immunotherapy and 
lay the foundation for future clinical applications and drug 
developments [116].

However, there are many obstacles in the way of this 
research. Firstly, despite the potential therapeutic targets of 
AXL, MERTK, and TYRO3, their overexpression is associ-
ated with therapeutic resistance, indicating the need for more 
comprehensive studies to overcome this resistance. Second, 
because TAM receptors can do different things, they don't 
always play the same role in tumour immunotherapy. Some-
times, they can even work against tumours, which makes it 
harder to come up with a good treatment plan. In addition, 
specific regulation of immunosuppressive tumour-associated 
macrophages to promote anti-tumour immune responses 
remains an important challenge without interfering with 
macrophage function in healthy tissues. Our study has not 
been able to fully assess the potential adverse effects in the 
clinical setting, which is a shortcoming.

Future studies will require more in-depth studies to 
understand the specific roles of TAM receptors in different 
tumour types and how to specifically target these receptors 
to avoid adverse effects on normal cells. In the future, the 

application of nano-drug delivery systems may become an 
important method to solve the problem of drug resistance. 
We expect strategies like the development of new small-
molecule chemical inhibitors and monoclonal antibodies, 
along with the use of gene-editing techniques, to enhance 
the effectiveness of immunotherapy. These approaches can 
achieve this goal by directly blocking TAM receptor signal-
ling or altering the tumour's immune environment.
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Table 2   Combination therapy with TAM receptor inhibitors

Combination therapy Target Indication Reference

Bemcentinib and pembrolizumab AXL RTK NSCLC [108]
Sitravatinib and nivolumab TAM receptor family 

(TYRO3, AXL, 
MERTK)

Oral cancer [109]

BGB324 (R428) and cytarabine AXL RTK AML [110]
R428 and cisplatin/paclitaxel AXL RTK Lung cancer [111]
AXL inhibitor and JNJ28312141 CSF-1R, AXL Melanoma [112]
Sitravatinib (MGCD516) and nivolumab TAM receptor family, 

VEGFR2, MET, 
RET, KIT

NSCLC [113]

R428 and BYL719 AXL RTK Squamous cell carcinoma of the head and neck, squa-
mous cell carcinoma of the oesophagus

[90]

BGB324 and pembrolizumab AXL RTK Triple negative breast cancer and adenocarcinoma [114]
MP470 and docetaxel c-Kit, AXL Mesothelioma of the gastrointestinal tract [115]
Cabozantinib and osimertinib AXL RTK NSCLC [97]
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were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
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