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Abstract 

Initially identified as an actin-binding protein containing a PSD95-DLG-ZO1 Domain (PZD domain), Synaptopodin 2 
(SYNPO2) has long been considered a structural protein ubiquitously expressed in muscular tissues. However, emerg-
ing evidence suggests that SYNPO2 performs diverse functions in cancers in addition to its role in microfilament 
assembly. In most cancers, high SYNPO2 expression is positively correlated with a good prognosis, suggesting its role 
as a novel tumor suppressor. Abnormal SYNPO2 expression affects autophagy generation, particularly mitophagy 
induced by low oxidation or viral infection, as well as chaperone-mediated autophagy triggered by microfilament 
damage. Mechanically, SYNPO2 regulates tumor growth, metastasis, and invasion via activating the PI3K/AKT/mTOR 
signal and Hippo signaling pathways. Moreover, the subcellular localization, promoter methylation and single nucleo-
tide polymorphism (SNP) of SYNPO2 have been associated with cancer progression and clinical outcomes, high-
lighting its potential as a prognostic or diagnostic target for this patient population. This review focuses on the role 
of SYNPO2 in cancer, including its generation, epigenetic modification, subcellular localization, and biological 
function.
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Introduction
Synaptopodin-2 (SYNPO2), known as Myopodin or Fes-
selin, was first identified in chicken sand cysts in 1999. It 
has an isoelectric point (PI) of 9.3 and molecular weights 
of 79  kDa and 103  kDa [1, 2]. In 2001, Lin et  al. docu-
mented a 54  kb minimal common deletion region on 

chromosome 4q25 of the genome associated with inva-
sive prostate cancer [3]. Subsequently, the SYNPO2 gene, 
approximately 3.6 Kb, has been identified in mouse skel-
etal muscles and cardiomyocytes [4].

Recent studies have reported that the SYNPO2 protein 
acts as a tumor suppressor and is downregulated in most 
tumor types to enhance tumor development (Table  1). 
For instance, MYCN inhibits the expression of Dick-
kopf-1 (DKK1) in neuroblastoma, leading to cell prolif-
eration. This effect is not dependent on activation of the 
WNT signaling cascade, but is instead due to decreased 
SYNPO2 expression [5]. A higher ratio of cytoplasmic to 
nuclear SYNPO2 in patients with hepatocellular carci-
noma (HCC) has been linked to an increased likelihood 
of recurrence, and CaN-induced nuclear-cytoplasmic 
shuttling of SYNPO2, facilitating the metastasis of HCC 
by promoting the assembly of peripheral actin bun-
dles [6]. In cervical cancer, the inactivation of SYNPO2 
expression promotes tumor development by regulating 

*Correspondence:
Yongfei Song
songyongfei1@gmail.com; lhlsongyongfei@nbu.edu.cn
1 Ningbo Institute of Innovation for Combined Medicine and Engineering, 
Ningbo Medical Centre Lihuili Hospital, Ningbo University, No. 378 
Dongqing Road, Yinzhou District, Ningbo 315048, Zhejiang, People’s 
Republic of China
2 School of Laboratory Medicine and Bioengineering, Hangzhou Medical 
College, Hangzhou 310012, Zhejiang, People’s Republic of China
3 Medical College, Ningbo University, Ningbo 315211, Zhejiang, People’s 
Republic of China
4 Department of Cardiology, Shantou University Medical College, 
Shantou 515063, Guangzhou, People’s Republic of China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-023-03013-6&domain=pdf


Page 2 of 11Zheng and Song ﻿Cancer Cell International          (2023) 23:158 

ER, PI3K/AKT, and EMT pathways [7]. It has been 
established that in colorectal cancer (CRC), SYNPO2 
expression is significantly lower compared to adjacent 
tissues. Exogenous SYNPO2 can inhibit the occurrence 
and development of colorectal cancer by upregulating 
the expression of Proto-Oncogene C-Fos (FOS) and its 
downstream factors [8]. In prostate cancers, SYNPO2 
exhibits dual functions in regulating tumor progression, 
with some reports showing that its C terminal region 
inhibits cancer invasion and metastasis while others sup-
port the notion that some isoforms of SYNPO2 increase 
chemokinetic properties and promotes migration [9, 10]. 
Moreover, low SYNPO2 expression has been detected in 
bladder cancer [11], breast cancer [12], melanoma [13] 
and kidney cancer [14].

Despite the growing number of studies on SYNPO2, 
a review of its tumor suppressor mechanisms has not 
been published. This paper details the characteristics of 
SYNPO2 and explains the role of SYNPO2 in tumorigen-
esis and development, including epigenetic modification, 

subcellular localization, signaling pathway, autophagy, 
and chaperone-assisted autophagy. In addition, the 
potential and value of SYNPO2 single nucleotide poly-
morphisms (SNPs) and promoter region methylation as 
tumor diagnostic markers are explored.

About SYNPO2 gene
Genomic features of SYNPO2
The SYNPO2 gene is highly conserved across multi-
ple species, including mice, humans, rats, chickens, and 
frogs. The human SYNPO2 gene spans 273,737 base 
pairs, comprises seven exons, and is located on chro-
mosome 4q26 (NC_000004.12), with 74,692 reported 
single-nucleotide polymorphism sites (http://​www.​ncbi.​
nlm.​nih.​gov/​snp). The human mRNA of SYNPO2 is 7282 
nucleotides in length and is composed of five exons, with 
the coding sequence originating from exons 1 to 5, span-
ning from 184 to 3969  bp (NCBI NM_133477, http://​
www.​ncbi.​nlm.​nih.​gov).

Table 1  Relationship between SYNPO2 expression and cancers

Types of cancer Treatment SYNPO2 Signaling pathway Biological function

Prostate cancer SYNPO2 inactivation and deletion Low NA Clinical relapse [3, 67]

Overexpression Up Interaction with zyxin Inhibiting tumor growth and metas-
tasis [9]

NA To promote lamellipodia formation 
and cell migration [10, 18]

siSYNPO2 Low NA Inhibiting invasion and motility 
[65, 66]

Phosphorylation of SYNPO2 NA NA Cell growth and motility [23]

Neuroblastoma DKK1 induce SYNPO2 expression Up NA Growth suppressive effect [5]

Hepatocellular carcinoma Cytoplasmic translocation Low CaN/SYNPO2/F-actin axis Metastasis [6]

Cervical cancer miRNAs downregulated SYNPO2 Low ER;PI3K/AKT;EMT signaling 
pathway

Inhibiting DNA damage and cell 
cycle [7]

Colorectal cancer Overexpression Up YAP-KLF5 axis [47]; FOS [8] Inhibiting proliferation and migra-
tion [47]; Inhibiting cell proliferation 
[8]

Down-regulation of SYNPO2 Low ER, PI3K/AKT, EMT signaling 
pathway

Inhibiting DNA damage and cell 
cycle [7]

Azacitidine Low NA Associated with tumor stage 
and survival [58]

Melanoma Methylation Low NA Recurrence [13]

Endogenous Low TME Anti-PD-1 therapy [56]

Kidney cancer Methylation Low NA Distant metastasis and survival [14]

Triple negative breast cancer Overexpression [45, 51]; vitamin 
C [46]

Up YAP/TAZ [45]; PI3K/Akt/mTOR 
pathway [51]; YAP1 [46]

Inhibiting stem cell-like properties, 
clinical stage, survival, lymph node 
metastasis [45, 46, 51];

LncRNA Low NA Inhibiting relapse-free survival 
of TNBC [12]

Bladder cancer Methylation Low NA Associated with tumor stage 
and tumor grade [59, 60]

Endogenous Low NA Inhibiting survival and an increased 
recurrence rate [11]

http://www.ncbi.nlm.nih.gov/snp
http://www.ncbi.nlm.nih.gov/snp
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
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Transcripts of SYNPO2 gene
SYNPO2 transcripts have been identified in various tis-
sues, including murine and human muscle, heart tis-
sue, bovine breast tissue, rabbit stomach, and chicken 
sac. It is now understood that the gene generates seven 
transcripts through transcription and alternative splic-
ing, corresponding to seven SYNPO2 protein (a–g) iso-
forms. The methylation levels of CpG islands near the 
promoter region regulate the transcription of SYNPO2 
gene. For example, increased methylation of the SYNPO2 
promoter region reduced transcription in the muscles of 
women with polycystic ovary syndrome [15].

Interestingly, the SYNPO2 gene also produces a long 
non-coding RNA, called SYNPO2 intron sense overlap-
ping lncRNA (SYISL), via alternative splicing. Mridula P. 
Menon reported that SYISL could promote C2C12 cells 
migration and proliferation by activating downstream 
effector proteins of the WNT signaling pathway, includ-
ing β-catenin and PKC. It sponged miR-23a-3p, miR-
103-3p, or miR-205-5p to upregulate muscle atrophy 
genes, including Forkhead box protein O3a (FoxO3a), 
muscle ring finger 1 (MuRF1), and muscle atrophy-
related F-box (Atrogin-1), and stimulate the generation 
of muscle atrophy [16]. Moreover, SYISL could inhibit 
muscle development by recruiting the Enhancer of Zeste 
Homolog 2 (EZH2) protein and inducing H3K27 trimeth-
ylation in the promoter of p21 and muscle-associated 
genes, including Myogenic Regulation Factor (MyoG), 
Muscle Creatine Kinase (MCK), and Myosin Heavy 
Chain 4 (Myh4) [17].

About SYNPO2 protein
SYNPO2 isoforms and structure
Human SYNPO2 proteins belong to the synaptopodin 
protein family. The overall homology identity between 
myopodin and synaptic proteins is 47.7%, with the high-
est homology observed at the C terminus of the protein. 
As mentioned above, seven isoforms of SYNPO2 protein 
have been identified, with isoform a being the longest and 
having a molecular weight of about 110 kDa. The homol-
ogy between human and mouse SYNPO2 is 87.5% in this 
isoform. The different isoforms of SYNPO2 have varying 
biological functions in actin bundle formation. For exam-
ple, overexpression of isoform a or isoform d induces the 
formation of long, well-ordered actin bundles, whereas 
isoform g generates a randomly-ordered, thick, and irreg-
ular actin bundle network at the center of the cell body 
[18].

SYNPO2 protein has long been considered a struc-
tural protein, which colocalizes with actin near the Z 
axis. A variant of the SYNPO2 protein called Fesselin 
was isolated from chicken gizzard muscle that could still 

polymerize actin even in the presence of actin inhibitors 
[19]. It is widely thought that the PDZ domain, located at 
F6-S88 in SYNPO2 protein, may contribute to binding to 
other proteins and lipids on the cell membrane [20]. Sev-
eral hydrophobic PXXP motifs were identified as poten-
tial sites for binding to SH3 domain-containing proteins. 
In contrast to the synaptopodin protein, SYNPO2 con-
tains only one PPXY motif in humans and mice. The 
PPXY motif is also essential in mediating protein–pro-
tein interactions, especially in the WW domain. For 
example, PPPY can bind WW motifs of BAG3 to mediate 
the occurrence of chaperone-assisted autophagy [21, 22] 
(Fig. 1).

Protein modification in SYNPO2
Protein modification can impact various cellular pro-
cesses, including enzyme activity, protein turnover and 
localization, protein–protein interactions, modulation 
of signaling cascades, DNA repair, and cell division. 
Several phosphorylation sites in SYNPO2 protein have 
been identified, including S902, S906, S604, S638, S226, 
S611, and T626. Phosphorylation modification alters the 
biological function of SYNPO2. For example, the ILK-
dependent kinase activated by Integrins α7 can phospho-
rylate SYNPO2 to inhibit prostate cancer proliferation 
and migration both in vivo and in vitro. This phenome-
non may be associated with the phosphorylation-medi-
ated transformation of SYNPO2 between nuclei and 
cytoplasm [23]. Of significance, phosphorylation medi-
ates the cellular nuclear localization of the SYNPO2 pro-
tein, which will be discussed in the subsequent sections.

Subcellular localization of SYNPO2
It has been shown that the inappropriate subcellular 
localization of proteins affects tumorigenesis and devel-
opment. Key factors such as CCCTC-Binding Factor Like 
(CTCFL) can exert pro-apoptotic effects in the nucleus 
but suppress apoptosis in the cytoplasm [24]. It has been 
established that different nuclear localization sequences 
regulate this process. The SYNPO2 protein harbors two 
conserved classical nuclear localization signals (NLSs) in 
humans and mice. These NLSs are located at the N-ter-
minus (amino acid sequence: 58KKRRR​RAR​K66) and the 
C-terminus (amino acid sequence: 612KTSKKKGKK620) 
of the protein, respectively [25]. In prostate cancer PC3 
cells, GFP-tagged SYNPO2 truncation M56-P432 is 
strongly localized in the nucleus, while GFP-tagged 
SYNPO2 truncation M219-E758 is primarily distributed 
in the cytoplasm. These findings suggest that N-terminal 
NLS is more important than the other NLS in the sub-
cellular distribution of SYNPO2. Besides, SYNPO2 pro-
tein also contains one nuclear export signal (NES) region 
P3-L24. The absence of NES increased SYNPO2 nuclear 
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localization to inhibit the invasion of prostate cancer 
cells.

Most studies have shown that low SYNPO2 expression 
in the nucleus is associated with tumorigenesis and can-
cer development. The nuclear translocation of SYNPO2 
is mediated by interaction with 14-3-3β and the involve-
ment of importin family proteins [26]. Phosphorylation 
of SYNPO2 at S225 and T272 sites by PKA and CamKII, 
respectively, is critical for its nuclear import, mediated by 
14-3-3β binding, and lambda-PPase and CnA mediated 
dephosphorylation abrogate the activity of 14-3-3β [27]. 

The A-Kinase Anchoring Protein 6 (mAKAP) inhibits 
SYNPO2 nuclear importation, while α-actinin overex-
pression displays a z-disc colocalization with SYNPO2 by 
competitive interaction with 14-3-3β. Finally, Importin 
α binds to the NLSs of SYNPO2 proteins to promote its 
nuclear import, and Importin β plays a crucial role in tra-
versing the nuclear pore complex [28] (Fig. 1).

Compared to high SYNPO2 expression in the 
nucleus, cytoplasmic SYNPO2 expression was signifi-
cantly upregulated in cancer patients with high recur-
rence. Therefore, it is widely thought that nuclear 

Fig. 1  The molecular mechanism of SYNPO2 nuclear-cytoplasmic shuttling. The upper part depicts six different isoforms of SYNPO2 including their 
motifs, domains and signaling sequences, while the lower part shows the process of nuclear-cytoplasmic shuttling of SYNPO2, which typically 
involves four stages: (1) the 14-3-3 beta binding sites (BS) on SYNPO2 are phosphorylated by PKA or CaMKII; (2) after phosphorylation of SYNPO2, 
Importin α and β interact with the nuclear localization sequence of SYNPO2; (3) importin α and β lead SYNPO2 shuttling from cytoplasm to nucleus. 
(4) If many phosphatases such as λ-PPase and CnA are activated, dephosphorylation of SYNPO2 induces binding with mAKAP and α-actinin to keep 
its retention in the cytoplasm
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localization of SYNPO2 can inhibit tumor development 
while high SYNPO2 expression in the cytoplasm accel-
erates tumor progression.

SYNPO2 affects autophagy in cancer
Autophagy, encompassing macroautophagy, microau-
tophagy, and molecular chaperone-assisted selective 
autophagy (CASA), plays a crucial role in cancer by 
activating autophagy-related (ATG) proteins [29]. One 
significant example is the aberrant expression of the 
STAT3 protein, which exerts control over autophagy 
by regulating the transcription of various autophagy-
related genes, including members of the BCL2 family, 
BECN1, PIK3C3, PIK3R1, BNIP3, as well as microRNAs 
that target autophagy modulators [30]. This regulatory 
mechanism is closely associated with the development 
and progression of cancer. Emerging evidence suggests 
that SYNPO2 participates in selective autophagy, par-
ticularly mitophagy and chaperone-assisted selective 
autophagy.

SYNPO2 in mitophagy
Mitophagy is a form of selective autophagy that involves 
the engulfment and degradation of dysfunctional mito-
chondria by lysosomes. It was first described by Lemas-
ters and Priault in 2005 [31, 32]. It is now understood that 
mitophagy receptors accumulate on the outer mitochon-
drial membrane and are beneficial to binding to mamma-
lian ATG8 proteins via LC3-interacting regions (LIRs). 
Three main types of receptors, including BCL2 Interact-
ing Protein 3 (BNIP3/NIX), FUN14 Domain Containing 
1 (FUNDC1), and BCL2 Like 13 (BCL2L13), are activated 
under hypoxia or mitochondrial depolarization [33]. 
In bovine papillomavirus (BPV)-infected urinary tract 
cancer cells, a complex consisting of Hsp7, CHIP cargo, 
SYNPO2, ERAS, LC3, p62, BNIP3, and BNIP3L/Nix, was 
identified [34]. SYNPO2, Bag3, and BPV E5 oncopro-
teins colocalize with perinuclear sites, and the interaction 
between SYNPO2 and 14-3-3β facilitates the retrograde 
transportation of BPV E5 proteins along microtubules 
to perinuclear regions characterized by a high level of 
autophagic flux [35]. Similarly, Roperto S reported the 
interaction between FUNDC1 and various proteins, such 
as LC3 (a marker for mitophagosome generation) and co-
chaperones Hsc70 and Bag3. Bag3, along with SYNPO2 
protein, is believed to have a role in the mitophagosome 
formation and may take part in the degradation of CHIP-
ubiquitinated cargoes in collaboration with molecular 
chaperones [36]. These findings suggest that SYNPO2 
contributes to mitophagosome formation and CHIP-
ubiquitinated cargo degradation (Fig. 2).

SYNPO2 in molecular chaperone‑assisted selective 
autophagy
Molecular chaperone-assisted selective autophagy is a 
highly selective process that involves the recognition of 
specific pentapeptide motifs by Hsc70. These motifs ena-
ble Hsc70 to deliver targeted proteins to lysosomes for 
degradation via the receptor protein LAMP2A [37]. when 
cells experience stress, SYNPO2 expression is upregu-
lated and CASA is activated [38]. The PDZ motif present 
in the SYNPO2 protein can bind to autophagy-associated 
proteins, namely VSP16, VSP18, and ATG16L1, thereby 
affecting the occurrence of CASA under stress.

It has been established that in most cancer cell lines, 
CASA activity is significantly higher compared to nor-
mal control cells. The CASA complex, including Hsc70, 
HSPB80, BAG3, and BNIP ligase, is recruited in response 
to filamin damage, and the binding of BAG3 and 
SYNPO2 promotes the formation of autophagy. Another 
study suggested that JG98 could inhibit the forma-
tion of the Hsc70-BAG3 complex by reducing SYNPO2 
expression [39]. Similarly, removing SYNPO2 homologs, 
SYNPO and BAG3, suppresses autophagosome mem-
brane elongation [40]. Furthermore, STK38, a critical 
factor in the Hippo signaling pathway, can inhibit CASA 
by blocking the interaction between SYNPO2 and BAG3 
proteins, leading to the degradation of SYNPO2 proteins 
[41] (Fig. 2). However, the reasons behind the upregula-
tion of CASA activity and the abnormal down regulation 
of SYNPO2 protein expression in cancer remain unclear. 
Indeed, additional research is required to elucidate the 
molecular mechanisms underlying the atypical activation 
of CASA following SYNPO2 inhibition in tumors.

SYNPO2 regulates key signaling pathways 
in cancers
The dysregulation of key signaling pathways is an impor-
tant hallmark of tumor initiation and progression, and it 
represents significant targets for tumor diagnosis, prog-
nosis, and treatment. Currently, research on SYNPO2 
primarily focuses on the Hippo signaling pathway and 
the PI3K/AKT signaling pathway. These two pathways 
are crucial in tumor proliferation, migration, invasion, 
and drug resistance. Therefore, we believe that the anti-
cancer effect of SYNPO2 is closely intertwined with these 
pathways.

SYNPO2 in the Hippo signaling pathway
The Hippo signaling pathway was first discovered in 
Drosophila to primarily regulate tissue and organ devel-
opment [42]. Increasing evidence suggests that dys-
regulation of the Hippo pathway, plays a crucial role in 
tumorigenesis and cancer development. In mammals, 
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the Hippo homolog gene MST1 (mammalian STE20-like 
protein kinase 1, STK 4) and MST2 (STK 3) have been 
identified [43]. Upon stimulation by upstream signals, 
the MST 1/2 kinase undergoes autophosphorylation and 
activates downstream kinases such as LATS1 and LATS2, 
facilitating the phosphorylation of Yes-Associated Pro-
tein (YAP) and WW Domain Containing Transcription 
Regulator 1 (TAZ), leading to their cytoplasm retention. 
However, dephosphorylated YAP/TAZ are transported 
into the nucleus to activate the TEAD family proteins-
mediated transcription system in tumorigenesis, ulti-
mately controlling cell proliferation, differentiation, and 
apoptosis [44].

Recent literature has reported that SYNPO2 stabi-
lizes the LATS2 protein, promoting the phosphoryla-
tion of YAP1 at S127 and leading to the retention of 
YAP and TAZ in the cytoplasm, restraining the TEAD 
transcription activity and downstream gene expres-
sion such as SRY-Box Transcription Factor 2(SOX2), 
NONAG and POU Class 5 Homeobox  1(POU5F1/
OCT4), to inhibit the metastasis of triple-negative 
breast cancer [45]. Vitamin C increases the expression 
of synaptopodin 2 while decreasing the expression of 
genes in the Hippo pathway, such as YAP1 [46]. Addi-
tionally, as a transcription cofactor, YAP1 can induce 
the expression of Kruppel-like factor 5 (KLF5), thus 

Fig. 2  SYNPO2 involve in the process of autophagy. The upper part shows that SYNPO2 interacts with 14-3-3β, BPV-E5, and BAG3, increasing 
their binding with receptors on the mitochondria and accelerating the accumulation of this complex on the membrane of the mitochondria, 
leading to the generation of mitophagy. The lower part depicts that SYNPO2 expression facilitates the recruitment of CASA-associated proteins 
to drive cargo degradation for lysosome-dependent degradation after HSC70 binds with the KFERQ motif. The process is inhibited by blocking 
the interaction between SYNPO2 and BAG3 or by a lack of SYNPO2, corresponding to overactivation of STK38 and JG98 treatment, respectively
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promoting the expression of HIF-1a and resisting 
hypoxia. In the colorectal cancer cell lines LOVO and 
HT29, the overexpression of SYNPO2 under hypoxic 
conditions was found to result in the suppression 
of YAP1, KLF5, and HIF-1α expression [47]. Conse-
quently, it is highly conceivable that elevated SYNPO2 
expression inhibits cell migration, and the EMT signal-
ing pathway, and induces apoptosis.

SYNPO2 plays a crucial role in regulating the activity 
of YAP1 through cross-talk with the RHO-ROCK sign-
aling pathway. Studies have reported that RhoA can 
inhibit the activity of LATS1 and promote the nuclear 
localization of YAP1. A new SYNPO2 transcript lack-
ing the N terminus was found to promote prostate can-
cer cell invasion by activating RHO-ROCK signaling, 
indicating that abnormal SYNPO2 can initiate YAP1 
nuclear translocation as well as transcriptional activity 
and promote cancer progression [48] (Fig.  3). Moreo-
ver, SYNPO2 overexpression increases the phospho-
rylation of YAP1 by inducing activation of LATS1 and 
supports BAG3 to assemble autophagosomes.

SYNPO2 in the PI3K/AKT signaling pathway
The PI3K/Akt/mTOR signaling pathway regulates numer-
ous cellular biological functions, such as cell growth, 
metastasis, survival, and metabolism [49]. For instance, 
CircIL4R activates the PI3K/AKT signaling pathway 
to promotes proliferation and metastasis in colorectal 
cancer [50]. There is a rich literature available substan-
tiating that SYNPO2 expression is negatively associated 
with BC lymph node metastasis and stage. Knockdown 
of SYNPO2 enhances phosphorylation of AKT and 
mTOR to promote migration and invasion in various 
breast tumor cell lines, including MCF-7, MDA-MB-231, 
BT-549, and MDA-MB-468 [51]. Indeed, further inves-
tigation is needed to fully elucidate the mechanism by 
which SYNPO2 knockdown induces the activation of the 
PI3K/AKT signaling pathway.

The role of SYNPO2 in immune response 
in different cancers
SNPs, the most common human heritable variation, 
can directly impact protein structure or expression 
levels, resulting in specific biological traits in disease 

Fig. 3  The role of SYNPO2 in Hippo pathway signaling. The left part shows that low SYNPO2 or abnormal SYNPO2 expression increases the nuclear 
importation of YAP, leading to the activation of transcriptional factors such as TEAD and KLF5, which promotes cancer stemness and resistance 
to oxidative stress. The right part indicates that high SYNPO2 expression promotes the phosphorylation of YAP, resulting in the cytoplasmic 
localization of YAP and the inactivation of its co-transcription
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inheritance [52]. For instance, SNPs in TP53 and EGFR 
have been shown to affect their functions in cancer [53], 
suggesting they are useful for disease prognosis evalua-
tion and genotype analysis. Recent studies have linked 
SYNPO2 gene SNPs to the progression of epithelial ovar-
ian cancer (EOC) [54] and the risk of familial colorectal 
cancer.

An association between SYNPO2 SNPs and immunity 
has been found, with SYNPO2 rs1038770 associated with 
total IgE levels and mutations detected in patients with 
nephrotic syndrome [55]. A six-gene panel, including 
SYNPO2, has been identified for predicting the response 
of melanoma to anti-PD-1 therapy [56]. Decreased 
SYNPO2 mRNA levels promote the development of 
HIV-associated lung cancer [57]. While the specific role 
of SYNPO2 in tumor immunity requires further investi-
gation, existing evidence suggests that SYNPO2 indeed 
plays a significant role in this context. Thus, exploring the 
involvement of SYNPO2 in tumor immunity is consid-
ered a promising avenue for future research on SYNPO2 
molecules.

SYNPO2 methylation in cancer diagnosis 
and prognosis
It is now understood that the expression of SYNPO2 is 
controlled by a “switch” mechanism, where promoter 
methylation leads to suppression of SYNPO2 transcrip-
tion, while demethylation activates its expression. Meth-
ylation occurring in the promoter region of SYNPO2 
has been shown to impact its biological function. In this 
regard, genomic methylation levels of SYNPO2 in colon 
cancer were found to be negatively correlated with its 
protein expression, and low SYNPO2 expression exhib-
ited a positive correlation with advanced stage and poor 
survival [58]. In a cohort study involving 88 kidney 
tumor samples, 50 cases (56.8%) revealed an association 
between the methylation status of the SYNPO2 and the 
Memorial Sloan-Kettering Cancer Center (MSKCC) risk 
score and distant metastasis [14]. In metastatic melano-
mas, a significant increase in SYNPO2 promoter meth-
ylation level was observed compared to non-metastatic 
melanoma, and SYNPO2 promoter hypermethylation 
was highly correlated with poor prognosis [13]. Simi-
larly, in a separate cohort study involving bladder cancer, 
around 68.7% of SYNPO2 genes in 466 tumor samples 
showed hypermethylation, and the methylation levels of 
SYNPO2 were significantly associated with tumor stage 
and grade [59]. Moreover, SYNPO2 gene methylation 
was identified in 164 urine specimens from bladder can-
cer patients, with a specificity of 79.8% and an accuracy 
of 75.3% compared to controls [60]. Therefore, evaluat-
ing SYNPO2 promoter methylation and its expression 

level could be useful as diagnostic and prognostic cancer 
predictors.

Conclusion and future
Based on current studies, SYNPO2 has emerged as more 
than just a structural protein, playing a significant role 
in autophagy by interaction with BAG3. This biological 
function is similar to the GAPDH protein, which acts as 
a chaperone and interacts with microtubules [61]. Hence, 
SYNPO2 positively affects cancer, potentially inhibit-
ing apoptosis of cancer cells and maintaining intracel-
lular metabolism. Despite growing research in the field, 
the molecular mechanisms of SYNPO2 in the process of 
tumor cell autophagy require further investigation.

High methylation of the SYNPO2 promoter region 
and low expression of its protein can be used alone or in 
combination with other factors for tumor diagnosis and 
risk assessment. On the other hand, low SYNPO2 expres-
sion and mutation can activate signaling pathways such 
as the PI3K/AKT/mTOR and the LATS2/YAP/TAZ path-
ways, promoting cancer development. Small molecule 
drugs targeting the Hippo signaling pathways and PI3K/
AKT/mTOR have shown promise in clinical trials and 
offer exciting possibilities for targeted cancer therapy [62, 
63]. Although the challenge of drug resistance persists, 
SYNPO2 could be a valuable candidate for drug develop-
ment as an upstream regulator of these pathways. There-
fore, Screening small molecule activators of SYNPO2 via 
repurposing of drugs represents a promising strategy for 
treating tumors [64]. Indeed, further research is needed 
to fully explore the potential of SYNPO2 as a novel target 
for cancer treatment.
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