
Cancer Biomarkers 40 (2024) 227–239 227
DOI 10.3233/CBM-230504
IOS Press

EMP3: A promising biomarker for tumor
prognosis and targeted cancer therapy
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Abstract. Epithelial membrane protein 3 (EMP3) belongs to the peripheral myelin protein 22 kDa (PMP22) gene family,
characterized by four transmembrane domains and widespread expression across various human tissues and organs. Other members
of the PMP22 family, including EMP1, EMP2, and PMP22, have been linked to various cancers, such as glioblastoma, laryngeal
cancer, nasopharyngeal cancer, gastric cancer, breast cancer, and endometrial cancer. However, few studies report on the function
and relevance of EMP3 in tumorigenicity. Given the significant structural similarities among members of the PMP22 family,
there are likely potential functional similarities as well. Previous studies have established the regulatory role of EMP3 in immune
cells like T cells and macrophages. Additionally, EMP3 is found to be involved in critical signaling pathways, including HER-
2/PI3K/Akt, MAPK/ERK, and TGF-beta/Smad. Furthermore, EMP3 is associated with cell cycle regulation, cellular proliferation,
and apoptosis. Hence, it is likely that EMP3 participates in cancer development through these aforementioned pathways and
mechanisms. This review aims to systematically examine and summarize the structure and function of EMP3 and its association
to various cancers. EMP3 is expected to emerge as a significant biological marker for tumor prognosis and a potential target in
cancer therapeutics.
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1. Introduction

The peripheral myelin protein 22 kDa (PMP22) gene
family encompasses several members, including ep-
ithelial membrane protein1, 2, and 3 (EMP1, EMP2,
EMP3), PMP22, p53 apoptosis effect related to PMP22
(PERP), lens fiber cell protein MP20 (also named
LIM2), and brain cell membrane protein [1]. Genes
within this family are implicated in cellular prolifera-
tion, migration, and invasion and have active roles in
tumor development [2]. Members of the PMP22 family
share significant structural similarities and homology,
suggesting potential overlap in function and involve-
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ment in cancer. PMP22 proteins are hydrophobic and
approximately 160 amino acids long, containing two
extracellular domains, four transmembrane domains,
and small intracellular regions [3]. The amino acid se-
quence homology of EMP3 with PMP22, EMP1, EMP2
and MP20 is 41%, 33%, 38% and 23%, respectively.
EMP3, PMP22, and EMP2 share the same C-terminal
residue, suggesting that this motif may have functional
importance as it closely resembles the retrieval signal
of endoplasmic reticulum proteins [4]. Within the EMP
protein family, all members feature N-glycosylation
sites and share a highly conserved transmembrane do-
main [3]. There are notable structural differences be-
tween EMPs. EMP3 lacks a functional site for phospho-
rylation by casein kinase 2, whereas EMP1 and EMP2
contain the target site. EMP2 and EMP3 share simi-
lar molecular structures, both featuring an N-terminal
glycosylation site in their first hydrophilic domain and
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a protein kinase C (PKC) phosphorylation site, both
of which are absent in EMP1. EMP2 does not contain
an N-myristoylation region. Moreover, expression of
PMP22 proteins varies across organs and tissues. EMP1
mRNA levels are high in the esophagus, followed by
adipose tissue, and the gallbladder, while EMP1 pro-
tein levels are high in the stomach but low elsewhere.
EMP2 is most commonly expressed in the lung, skin,
and esophagus and least commonly expressed in the
pancreas and brain. A higher transcript level of EMP2
is found in the fetal lung and kidney but not in the adult
thymus or peripheral leukocytes. In contrast to EMP2,
EMP3 mRNA levels are high in peripheral leukocytes
of adults and relatively high in fetal lungs, liver, and
kidneys [4].

Many studies have confirmed the relationship be-
tween PMP22 family genes and cancer. Cañellas et
al. [5] used EMP1 as a marker for highly recurrent
cells in colon cancer. The group tracked and selectively
eliminated this cell population and found that elim-
inating cells with high EMP1 expression could pre-
vent metastasis and recurrence of colorectal cancer. In
prostate cancer, EMP1 is downregulated and believed
to negatively regulate tumor cells through modulation
of caspase-9 and vascular endothelial growth factor
(VEGF) levels [6]. A reduction in EMP1 expression is
also observed in other cancers, such as laryngeal cancer,
oral squamous cell carcinoma, nasopharyngeal carci-
noma, and gastric cancer. EMP1 overexpression was
found to inhibit tumor cell proliferation in esophageal
cancer. On the other hand, EMP1 levels are higher in
non-small-cell lung carcinoma than in tissues from be-
nign controls, possibly due to the aberrant activation
of the phosphatidylinositol 3-kinase (PI3K)/protein ki-
nase B (Akt) signaling pathway [7,8,9,10,11]. EMP2
has been identified as an oncogene in human endome-
trial and ovarian cancers, promoting tumor formation
through focal adhesion kinase (FAK) and steroid recep-
tor coactivator (SRC) activation [1]. A study quantify-
ing EMP2 expression levels in breast cancer cell lines
found a 2.56-fold higher expression in MDA-MB-231
cells than in MCF7 cells. Importantly, EMP2 outper-
formed epithelial cell adhesion molecule in identifying
breast cancer cells in patient blood samples, suggest-
ing its potential as a novel biomarker and target [12].
While patients with normal brain tissue typically have
low and undetectable levels of EMP2 expression, these
levels are significantly elevated in 95% of patients with
glioblastoma (GBM). EMP2 enhances glioma tumor
growth in vivo by promoting cell migration and inva-
sion. EMP2 upregulates αvβ3 integrin surface expres-

sion and enhances focal activation [13]. EMP2 is one
of the upregulated genes of isoflavones, and its overex-
pression inhibits lesion formation, in vitro apposition-
dependent growth, and tumorigenicity in uroepithelial
carcinoma in severely combined immunodeficient mice.
Furthermore, EMP2 is an oncogene of uroepithelial car-
cinoma [14]. Another notable member of the PMP22
gene family is the PMP22 protein, also known as growth
arrest-specific gene 3. Initially isolated from growth-
inhibited fibroblast cell line (NIH3T3) cells, this pro-
tein is abundantly expressed in Schwann cells. In the
context of breast cancer, patients with high expression
of the PMP22 gene face a 3.47-fold higher risk of death
and a 1.77-fold higher rate of recurrence. PMP22 can
serve as an independent prognostic indicator for breast
cancer [15]. In addition, PMP22 is frequently ampli-
fied and overexpressed in osteosarcoma, suggesting its
potential designation as an oncogene [16].

Studies looking into EMP3 have been relatively
limited, yet the protein’s unique characteristics war-
rant further investigation. The EMP3 gene is located
on chromosome 19q13.3, a genomic locus character-
ized by high gene density. This region carries media-
tor29 (MED29), formerly known as IXL, polymerase-
associated factor1 (PAF1), dual specificity tyrosine
phosphorylation regulated kinase1B (DYRK1B), p21-
activated kinase4 (PAK4), cyclin E3, which have under-
gone functional validation and are suggested to be pu-
tative amplicon targets [17,18,19]. Alaminos et al. [20]
compared the expression profiles of 89 neuroblastoma
tumors with that of benign ganglioneuromas through
microarray analysis. The group found EMP3 was the
only gene whose expression is down-regulated by more
than threefold and contains CpG islands. While the ex-
act biological function of EMP3 remains incompletely
understood, some studies have employed EMP3 as a
marker for tumor proliferation. EMP3 is associated
with various cellular activities, including cell migration,
antiviral and antitumor responses, and inflammatory
processes, thereby influencing disease onset and pro-
gression [21,22]. Notably, EMP3 is considered a tumor
suppressor gene in certain tumor types and has also
emerged as a potential target for cancer therapy [23,
24]. Therefore, a comprehensive investigation into the
role of EMP3 in the context of tumorigenesis is timely.

2. Structure of EMP3

The EMP3 gene is located on human chromosome
19q13.3 and mouse chromosome 7. The protein com-
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Fig. 1. The structure of EMP3. The main part of EMP3 consists of four hydrophobic transmembrane structural domains, each containing 21 amino
acids. The extracellular domain (ECD) consists of 41 and 18 amino acids, and the three intracellular domains consist of short cytoplasmic N- and
C-terminal tails and a 13-amino acid loop. The reported variants and glycosylation modification sites have been color-coded.

prises 163 amino acids, encoding a hydrophobic in-
tegral membrane protein with an approximate molec-
ular weight of 18 kDa. Its primary structural compo-
nents comprise four transmembrane topological do-
mains, two extracellular loops, and a short intracellular
loop [25]. The two extracellular loops are 18 and 41
amino acids long, and the intracellular loop is com-
posed of 13 amino acids. The N- and C-terminal do-
mains are located within the cell [24,26]. EMP3 is cat-
egorized as a tetraspanin membrane protein, known
for its association with integrins and role in regulating
integrin-mediated functions such as proliferation, sur-
vival, migration, and tumor invasion [27]. As the small
size of the intracellular loop makes it unlikely to be
involved in signaling pathways, the extracellular loops
are free to interact with proteins and molecules, poten-
tially holding functional significance. Post-translational
modifications, including glycosylation and myristoy-
lation, frequently occur on amino acid residues on the
cell surface. Myristoylation, a lipid modification cru-
cial for membrane targeting and signal transduction in
various human tumors, is catalyzed by the enzyme N-

myristoyltransferase, thereby playing a crucial role in
signal transduction across different tumors [1] (Fig. 1).
EMP3 contains a PKC phosphorylation site. It is well
established that abnormal PKC activity is associated
with cancer, as this kinase plays critical roles in cell
proliferation, survival, migration, and apoptosis. The
expression of the three PKC isoforms is regulated by
various oncogenes such as rat sarcoma virus oncogene
(RAS) and myelocytomatosis viral oncogene homolog
(MYC). Different PKC isoforms mediate cell transfor-
mation, revealing its participation in cancer signaling
pathways [28,29]. Consequently, EMP3 may exert in-
fluence over the initiation and progression of tumors
through its interactions with the aforementioned genes.

3. Expression of EMP3

EMP3 is expressed as both a 1.0-kb and a 1.4-kb
mRNA in most tissues, with higher expression detected
in the bone marrow, smooth muscle, uterus, bladder,
lung, and ovary. There is lowerr expression found in
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tissues such as the thyroid, parathyroid gland, testis,
and cerebral cortex [3]. In adult peripheral nerves,
EMP3 can be detected in the axon core but not in the
myelin sheath. It is also commonly expressed in Langer-
hans cells, monocytes, macrophages, granulocytes, and
melanocytes [30,31]. EMP3 protein is present on the
surface of red blood cells and essential for the expres-
sion of the MAM blood group antigen. Individuals lack-
ing the MAM antigen, known as MAM-negative indi-
viduals, carry inactivating mutations in the EMP3 gene.
Experimental knockouts of the EMP3 gene in a human
erythroid cell line resulted in the elimination of MAM
antigen expression. MAM-negative erythrocytes show
increased proliferation in vitro, revealing a regulatory
role in erythropoiesis and cell production. Additionally,
EMP3 is known to interact with and stabilize the recep-
tor CD44 on the plasma membrane of erythrocytes. This
association enables CD44 incorporation into signaling
complexes such as lipid rafts [24].

4. Effect of EMP3 on immune cells and signaling
pathways

4.1. Effect of EMP3 on immune cells

EMP3 expression in macrophages contributes to im-
mune suppression by increasing TNF-α production.
Heightened TNF-α secretion from macrophages leads
to reduced expression of interleukin 2 receptor α (IL-
2Rα) on CD8+ T cells, thereby preventing the induc-
tion of alloreactive cytotoxic T lymphocytes [23]. Con-
versely, the knockdown of EMP3 expression in the
same macrophage line increases CD8+ T cell prolifera-
tion, interferon-γ secretion, and IL-2Rα expression [3].
Furthermore, EMP3 expression has been correlated
with the presence of M2 tumor-associated macrophages
(TAMs) markers based on the datasets from the Can-
cer Genome Atlas and the Chinese Glioma Genome
Atlas. EMP3 is associated with factors contributing to
immunosuppression in tumors, specifically through the
recruitment of M2 TAMs and the suppression of T-cell
infiltration. In knockdown experiments targeting EMP3
in GL261 glioma cells, the culture supernatant pro-
moted macrophage migration and reduced the levels of
M2-type TAM markers, including arginase 1, Mannose
Receptor C1, and IL-10. EMP3 is involved in promot-
ing the recruitment and polarization of M2 TAMs [32].
In the context of GBM, EMP3 can inhibit the infiltra-
tion of T cells into tumors by suppressing the secre-
tion of macrophage-derived chemokines CXCL9 and

CXCL10. EMP3 is intricately involved in downregulat-
ing immune cell infiltration into the tumor microenvi-
ronment, contributing to an overall immunosuppressive
environment [32,33].

4.2. Effect of EMP3 on signaling pathways

EMP3 is a transmembrane protein that can bind to
various proteins within the cell membrane, including
receptor tyrosine kinases, integrins, and transforming
growth factor beta receptor 2 (TGF-βR2). It actively
participates in signaling mechanisms by interacting
with various cell membrane proteins [34,35]. In re-
sponse to transforming growth factor-β (TGF-β) stim-
ulation in GBM cells, EMP3 engages with TGF-βR2,
activating the TGF-β/small mother against decapen-
taplegic (Smad)2/3 signaling pathway and leading to
the upregulation of TGF-β-induced gene expression
and cell proliferation, both in vitro and in vivo [36]. In
urothelial cancer cells, ectopic overexpression of EMP3
enhances the human epidermal growth factor recep-
tor 2 (HER-2)/PI3K/Akt and FAK/SRC signaling path-
ways. There is subsequent downstream activation of
RAS homologous gene family member A (RhoA) and
Rho-associated coiled-coil forming protein kinase 1/2
(ROCK1/2) and leads to the upregulation of integrin
expression while promoting cell proliferation, migra-
tion, and growth [3,37]. Suppression of EMP3 activity
in hepatocellular carcinoma cells (HCC) significantly
reduces tumor cell proliferation and invasion, attributed
to decreased PI3K/Akt signaling. EMP3 also impacts
the morphology of HCC by enhancing the activity of
proteolytic enzymes, including matrix metalloprotein-9
(MMP-9) and urokinase [3,38]. EMP3 activity in gall-
bladder cancer is modulated by microRNA-663a (miR-
663a) and restricts the mitogen-activated protein ki-
nase (MAPK)/ extracellular regulated protein kinases
(ERK) pathway [39]. In lung cancer, the interaction of
EMP3 and TGF-βR2 regulates TGF-β/Smad signal-
ing, affecting cancer stem cell function [40]. Epithelial-
mesenchymal transition (EMT) occurs when epithe-
lial cells acquire the phenotype of mesenchymal stem
cells, a process central in tumor metastasis and progres-
sion [41]. In patients with gastric cancer, EMP3 oper-
ates downstream of the basic helix-loop-helix transcrip-
tion factor (TWIST) 1/2 to induce EMT and modulate
the expression of vimentin and E-cadherin. In breast
cancer cell lines, EMP3 is regulated by miRNA-765.
Downregulation of EMP3 by miR-765 or shRNA in-
hibits the proliferation and invasion of breast cancer
cells. EMP3 overexpression suppresses the phosphory-
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Fig. 2. As a transmembrane protein, EMP3 is involved in signal transduction in cells. EMP3 activates the PI3K/Akt pathway and increases MMP,
urokinase , RhoA and ROCK1/2 activities in hepatocellular carcinoma and uroepithelial carcinoma. EMP3 affects cell proliferation in endometrial
and gallbladder cancers through regulation of the MAPK pathway, and in lung cancer and Glioblastoma through the EMP3/TGFβ/Smad regulatory
axis. CD13 is a much-studied cancer-related aminopeptidase with high expression in a variety of malignant tumors, and aberrant expression
of CD13 is a candidate for poor prognosis. Gastric cancer is associated with the CD13/EMP3/Akt/NF-κB-regulatory axis. In Gastric Cancer,
Malignant Melanoma, Lung Cancer, EMP3 may act through more than one signaling pathway. In addition, EMP may regulate cancer cell
proliferation through CpG island methylation and p66Shc.

lation of Akt and mTOR in MDA-MB-231 breast can-
cer cells, effectively blocking Akt/mammalian target of
rapamycin (mTOR) signaling. The Akt/mTOR pathway
activates tumor proliferation, growth, and survival, as
well as directing homologous recombination and repair
of DNA double-strand breaks. Inhibition of this path-
way can promote tumor cell death [22,42,43,44]. Addi-
tionally, mTOR signaling has been shown to maintain
the self-renewal and tumorigenicity of cancer stem cells
in GBM. Suppression of the mTOR pathway in gas-
trointestinal cancer cells can lead to the upregulation of
CD133 expression [45,46]. Many signaling pathways
and cytokines related to EMP3 are involved in cancer
progression and development (Fig. 2).

5. Effect of EMP3 on cell proliferation and
apoptosis

EMP3 negatively correlates with a cluster of genes
associated with the S phase of the cell cycle, includ-
ing cyclin E2 (CCNE2), cyclin-dependent kinase 2
(CDK2), proliferating cell nuclear antigen (PCNA),
replication factorC4 (RFC4), minichromosome mainte-

nance 4 (MCM4), and GINS1 [22]. Studies suggest a
significant relationship between EMP3 expression and
the tumor cell cycle. Downregulation of EMP3 has been
linked to decreased levels of phosphorylated Akt (p-
Akt), phosphorylated epidermal growth factor recep-
tor (p-EGFR), and p-ERK. Additionally, the absence
of EMP3 expression decreases TGF-β, nuclear fac-
tor kappa-B(NF-κB), and PI3K/Akt signaling, result-
ing in reduced cell proliferation and migration. More-
over, EMP3 has been found to sensitize cells to apopto-
sis induced by tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) and staurosporine [34]. No-
tably, EMP3 overexpression in urothelial cancer cells
substantially elevates the proportion of cells in S phase
while increasing the Ki67 index. Inhibiting EMP3 ex-
pression in liver cancer cells leads to growth inhibi-
tion in vivo, reduced cell proliferation in vitro, and
cellular arrest in the G1 phase. Studies conducted in
breast cancer have found that EMP3 knockdown up-
regulates cyclin-dependent kinase 2, and proliferating
cell nuclear antigen while downregulating P21, a nega-
tive modulator of the S-phase. EMP3 knockdowns have
been shown to increase the fraction of S-phase cells
and EdU-positive cells, preventing breast cancer cells
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from entering the S-phase. In addition, EMP3 inhibits
DNA damage repair and interferes with cancer stem cell
properties in breast cancer. EMP3 regulates autophagy,
stem cell-like properties, DNA replication, and DNA
damage repair through inhibition of the PI3K/Akt path-
way. Regulation of DNA replication and damage repair
by EMP3 is associated with N6-methyladenosine reader
YTHDC1 [22]. Furthermore, EMP3 exhibits rapid and
sustained expression in peripheral nerves distal to in-
juries, whereas PMP22 expression is reversibly down-
regulated. During nerve regeneration, EMP3 partici-
pates in Schwann cell proliferation during the early
stages and has been found to have a prolonged impact as
well [47]. EMP3 also affects cell migration and apop-
tosis. EMP3 interacts with purinergic P2X7 receptors at
the cell membrane. This interaction has been shown to
trigger apoptosis, whereas EMP3 overexpression alone
can induce membrane blebbing. Studies have also in-
dicated that EMP3 depletion leads to an upregulation
of the apoptosis marker caspase-3 in tumor lysates. In
gallbladder cancer, elevated EMP3 levels inhibit can-
cer cell migration and promote apoptosis by increasing
caspase-3 and caspase-9 expression levels [3,48].

6. EMP3 and cancers

6.1. EMP3 and nervous system cancers

Frequent genomic deletions are observed in the
19q13 chromosomal region of neuroblastoma and
glioma tumor samples, suggesting the presence of tu-
mor suppressor genes in this region. Loss of heterozy-
gosity at the EMP3 gene locus on the long arm of chro-
mosome 19 is associated with higher rates of recurrence
and mortality in patients with oligodendroglioma [20,
49]. Studies have shown that EMP3 is subject to hy-
permethylation in approximately 20%–40% of neurob-
lastoma and glioma cases. Upon demethylation, EMP3
expression is restored in neuroblasts, resulting in a de-
creased ability of tumor cells to form colonies. This
underscores EMP3’s role in tumor suppression. Hyper-
methylation of EMP3 serves as an adverse prognos-
tic marker for neuroblastoma patients [20]. Notably,
the methylation frequency of EMP3 in neuroblastoma
is higher than in pheochromocytoma [50]. In GBM,
EMP3 is overexpressed in the primary neoplasm, espe-
cially in cases characterized by high CD44 levels, when
compared to non-neoplastic white matter tissue. Inhibi-
tion of EMP3 expression suppresses tumor cell prolif-
eration, reduces tumorigenic potential in vitro, and in-

duces cell apoptosis. EMP3 in GBM plays a significant
role in TGF-β/Smad2/3 signaling activation and tumor
progression [36,51]. Additional studies have found that
the expression of EMP3 was enriched in high-grade
gliomas and isocitrate dehydrogenase (IDH) wild-type
gliomas. EMP3 can be used as a specific biomarker for
the diagnosis of glioma and can also serve as an inde-
pendent prognostic factor for overall survival in these
patients. Glioblastoma cells proliferate and migrate less
when EMP3 is silenced [52,53]. Furthermore, EMP3 is
involved in the regulation of immunity in GBM. EMP3
inhibits T-cell infiltration within GBM and also syner-
gistically interacts with programmed cell death protein
1 (PD-1). EMP3 deficiency reduced programmed cell
death protein ligand 1 (PD-L1) expression, enhanced
the effectiveness of anti-PD-1 treatment, and improved
survival rates in glioma-bearing mice [32]. In a study
from Ernst et al. [54], an array-based comparative ge-
nomic hybridization on spheroid cultures derived from
20 human GBM samples showed a significant relation-
ship between EMP3 expression and the overall survival
rate. In oligodendroglia tumors, aberrant methylation
in the 5’-region of EMP3 is significantly associated
with reduced mRNA expression and loss of heterozy-
gosity of 19q. In astrocytomas, DNA hypermethyla-
tion is similarly linked to reduced expression of the
EMP3 gene [55]. Within lower-grade gliomas (LGGs),
cancer-associated fibroblasts (CAFs) are vital cellu-
lar constituents in tumor progression. EMP3 has been
found to correlate with the extent of CAFs infiltration.
EMP3 levels are inversely associated with EMP3 pro-
moter methylation. Reduced EMP3 expression shows
a favorable prognosis for patients with LGGs [56,57].
Furthermore, an analysis of the GSE7696 GBM dataset
revealed that EMP3 exhibits more than a twofold upreg-
ulation at the transcriptional level and is significantly el-
evated in these tumors compared to normal brain tissue.
Genome-wide gene expression arrays were used to dif-
ferentiate between high-grade and low-grade gliomas.
Differentially expressed genes in diffuse glioma grades
may serve as prognostic indicators for patients with
high-grade gliomas and novel biomarkers for targeted
therapy [58,59].

6.2. EMP3 and breast cancer

Elevated levels of EMP3 mRNA and protein are
detected in primary breast carcinoma tissues, accom-
panied by a concomitant decrease in microRNA-765
(miR-765) levels. EMP3 is a target of miRNA-765, and
its impact on breast cancer outcomes involves attenuat-
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ing tumor proliferation and promoting apoptosis. Given
its association with disease aggressiveness, EMP3 may
play a tumor-oncogenic role in breast cancer [42,60,
61]. Notably, EMP3 overexpression in primary breast
carcinomas is strongly correlated with histological
grade III, lymph node metastasis, and high HER-2 ex-
pression [62]. Transcriptomic studies in breast cancer
have revealed that changes in the expression of HER-
2-related signaling proteins impact MYC signaling,
among which are EMP1 and EMP3. In cell lines with
overexpression of HER-2, both MYC and EMP3 are
upregulated, suggesting a potential interaction between
EMP3 and MYC, further implicating EMP3 as an onco-
gene in HER-2 positive cancers [63]. EMP3 expres-
sion is notably higher in HER-2 positive breast cancers
and may serve as a potential therapeutic target [64].
On the other hand, in the context of high histologi-
cal grade phyllodes tumors, the expression of EMP3
across tissue is variable, with decreased expression in
the epithelial component and increased expression in
the stromal component. Stromal EMP3 expression may
serve as an independent prognostic factor in rare breast
cancers [65]. Other studies [22,66] have shown that
EMP3 inhibits breast cancer cells from entering the S
phase of the cell cycle, preventing DNA replication and
proliferation. EMP3 negatively regulates breast cancer
susceptibility gene (BRCA1) and restriction association
site DNA 51(RAD51), preventing homologous recom-
bination repair of double-strand DNA breaks. Further-
more, EMP3 has been found to reduce resistance to
chemotherapy, suppress stem cell-like properties, and
block Akt/mTOR signaling activation. These findings
suggest that EMP3’s action as a breast cancer tumor
suppressor, enhancing sensitivity of breast cancer to
chemotherapy. Depletion of EMP3 has been found to
enhance organoid growth.

6.3. EMP3 and lung cancer

In the context of non-small-cell lung cancer, studies
consistently reveal decreased EMP3 expression levels
in neoplastic tissue compared to normal lung tissue.
Similarly, EMP3 is negatively correlated with TNM
staging and the proliferation marker Ki67. Lung can-
cer patients with lower EMP3 expression levels tend
to experience poorer postoperative recurrence-free sur-
vival rates. In vitro experiments have provided further
insights, demonstrating that EMP3 expression can be
restored in lung cancer A549 cells following their re-
lease from serum starvation. This observation suggest
that EMP3 may function as a tumor suppressor gene,

particularly in advanced-stage lung cancer [67]. An-
other study observed upregulated EMP3 expression is
upregulated in non-small-cell lung cancer cells overex-
pressing aldehyde dehydrogenase 1. EMP3 activates the
downstream TGF-β/Smad signaling pathway by bind-
ing to TGF-βR2, significantly influences cancer stem
cell-like behavior and EMT progression. Additionally,
EMP3 regulates Notch, Hh, and Wnt signaling. Clini-
cal data further supports these findings, as lung cancer
patients with elevated EMP3 expression levels tend to
exhibit significantly worse prognoses than those with
lower levels [40].

6.4. EMP3 and digestive system cancers

EMP3 exhibits elevated expression levels in human
oral squamous cancer. Recent research has revealed that
a high dose of TNF-α can impede the migration of oral
squamous cancer cells through the miR-765–EMP3–
adaptor protein (p66Shc) axis [68]. In esophageal squa-
mous cell carcinoma (ESCC), neoplastic cells trans-
fected with EMP3 demonstrate suppressed tumor clonal
formation, increased apoptosis, and inhibited cell pro-
liferation. Overall low EMP3 expression is associated
with postoperative recurrence in patients [69]. EMP3 is
implicated in the CD13/EMP3/Akt/NF-κB-regulatory
axis, hypothesized to mediate reversing drug resistance,
and function as an oncogene downstream of TWIST1/2.
Patients with high EMP3 expression have poor over-
all survival rates and progression-free periods in gas-
tric cancer [70,71]. Furthermore, in HCC, EMP3 is up-
regulated as tumor cells differentiate. EMP3 is asso-
ciated with tumor progression through the activation
of the PI3K/Akt and urokinase-type plasminogen ac-
tivator (uPA)/MMP-9 pathways [38]. In patients with
pancreatic ductal adenocarcinoma, EMP3 expression
correlates with short-term survival [72]. Interestingly,
the upregulation of EMP3 in gallbladder cancer inhibits
the proliferation, migration, and invasion of cancer cells
both in vitro and in vivo. Regulatory factors like miR-
663a reduce EMP3 levels in the cell, leading to activa-
tion of MAPK/ERK signaling and contributing to poor
prognosis in gallbladder cancer [39].

6.5. EMP3 and genitourinary system cancers

EMP3 is expressed in the human embryonic kidney
cell line HEK-293. In clear cell renal cell carcinoma
(ccRCC), EMP3 functions as an oncogene and is no-
tably enriched in MYC Target V2 signaling pathways.
It is implicated in promoting EMT, inhibiting of fatty
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acid degradation, and enhancing the malignant potential
of tumor cells. Furthermore, EMP3 strongly correlates
with the degree of immune infiltration in ccRCC. EMP3
holds promise as a biomarker for diagnosing ccRCC
and predicting patient survival [73]. In the context of
urothelial carcinoma, EMP3 may also function as an
oncogene, as RNA levels closely correlate with the on-
set and progression of tumorigenesis. Co-expression
of HER-2 and EMP3 emerges as a critical indicator
of progression-free and metastasis-free survival in pa-
tients [1,37]. Furthermore, EMP3 plays a pivotal role
in the development of endometrial cancer. Its differ-
ential expression in endometrial cancer affects various
cellular processes, including RNA splicing, noncoding
RNA regulation, covalent chromatin modification, hi-
stone modification, and organelle fission. These alter-
ations significantly impact several pathways, particu-
larly the MAPK signaling pathway [74]. Experimental
studies have shown that the inoculation of nude mice
with EMP1 overexpressing prostate cells leads to lymph
nodes and lung metastases. Similar evidence points to
EMP3 playing a comparable role in prostate cancer,
although further research is needed [3,75,76].

6.6. EMP3 and other cancers

In melanoma C32 cells, the knockdown of the EMP3
gene resulted in reduced Akt phosphorylation and a
subsequent decrease in cell viability, indicating EMP3’s
involvement in cell survival pathways. The influence on
signaling pathways, such as EGFR/Akt and MAPK, ap-
pears to be tumor-specific, suggesting a diverse role in
tumorigenesis. EMP3 is implicated in both inflamma-
tion and pyroptosis processes in melanoma [77]. Con-
versely, uveal melanoma cells show an upregulation of
EMP3 expression, while in cutaneous melanoma pa-
tients, EMP3 levels are closely correlated with survival
time, making it a potential therapeutic target under in-
vestigation [34,78,79]. Furthermore, semi-quantitative
RT-PCR experiments have found that retinoic acid-
induced differentiation of F9 teratocarcinoma stem cells
upregulated EMP3 expression, highlighting its role in
cellular differentiation processes [80]. In acute myeloid
leukemia experiments, EMP3 is linked to cell migration
and adhesion and was found to be markedly expressed
in CD34+CD117dim blasts [81]. Looking at neurob-
lastoma and pheochromocytoma, there are differences
in epigenetic modifications of the EMP3 gene, despite
overlapping regions of allelic loss and tumor suppres-
sor gene methylation in the two conditions. Methyla-
tion of EMP3 is frequent in neuroblastoma but rare in

pheochromocytoma [50]. In thyroid cancers, EMP3 ex-
pression varies among subtypes, with higher expression
observed in papillary carcinomas with BRAF V600E
mutations [82].

Overall, EMP3 affects cancer through different sig-
naling pathways, cytokines, and proteins, leading to
changes in cancer cell proliferation, migration, and
apoptosis. These findings are summarized in Table 1.

7. EMP3 and cancer therapy

EMP3 is strongly involved in cancer development
and progression, playing different roles in promoting
or inhibiting cancer growth across different diseases.
While it may act as a tumor-suppressive protein in
esophageal squamous cell carcinoma and gallbladder
cancer, EMP3 functions as a tumor promotor in en-
dometrial cancer and hepatocellular carcinoma. The
function of EMP3 is still controversial in many cancers.
In summary, EMP3 is involved in several pathways:
methylation of dependent tumor suppressors, interfer-
ence with the MAPK/ERK axis affects tumor progres-
sion, action as an oncogene by regulating the HER-2
pathway, activation of the PI3K/Akt signaling pathway;
regulation of TGF-β/Smad2/3 signaling in tumor cell
proliferation and survival; promotion of tumor progres-
sion by recruiting TAMs and inhibiting intra-tumor T
cell infiltration, etc. We found that EMP3 seems to be
closely related to the MAPK/ERK and the PI3K/Akt
signaling pathways, suggesting a potentially greater im-
pact on cancers associated with these signaling path-
ways. Furthermore, the extracellular domain of EMP3
contains myristoylation regions, which are essential for
membrane targeting and signaling in several human tu-
mors. Myristoylation, catalyzed by NMT on glycine
residues exposed during co-translational, is upregulated
in several human cancers, including colorectal, gall-
bladder, and brain cancers, as well as in oral SCC [83,
84]. Knocking down EMP3 reduced p-AKT, p-ERK,
and p-EGFR levels and inhibited cell proliferation. It
also made the cells more sensitive to apoptosis induced
by TRAIL and astrosporin. Therefore, EMP3 may be
involved in the regulation of receptor tyrosine kinase-
mediated mitosis [34]. Regulation of EMP3 expres-
sion in tumors, alongside the use of other drugs, holds
promise as a novel direction of therapy options.

There are limited reports on EMP3 and tumor ther-
apy, however, some studies have noted EMP the rela-
tionship between EMP3 and drug resistance. EMP3 can
act downstream of CD13 and regulate the PI3K/Akt
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Table 1
Published studies on the relationship between EMP3 and cancer

Cancer Related pathways, proteins, gene or
cytokine

Related changes Role of EMP3 in
cancer

Refs

Glioblastoma CCL2, TGF-β, CXCL9, CXCL10 Angiogenesis activated, Reducing
CD4+T-cells, CD4+T-cells deficient

Oncogenic [32]

TGF-β/Smad2/3 CD44-high GBM cell proliferation Oncogenic [36]
Glioma EMP3 associated promoter CpG

island hypermethylation
Transcription inactivation of tumor
suppressor gene

Anti-oncogenic [20]

Breast cancer BRCA1,RAD51,Akt-mTOR Inducing cellular autophagy Anti-oncogenic [22]
Primary breast carcinoma miR-765 Enhancing cellular proliferation and

invasion
Oncogenic [42]

Lung cancer TGF-β/Smad, Notch, Hh, Wnt Enhancing cellular migration and
invasion

Oncogenic [40]

Non-small cell lung cancer EMP3 associated promoter CpG
island hypermethylation

Reducing expression of ki67 and cell
proliferation

Anti-oncogenic [67]

Oral squamous cancer miR-765, P66Shc Inhibiting cellular migration Anti-oncogenic [68]
Esophageal squamous cell
carcinoma

EMP3 associated promoter CpG
island hypermethylation

Inducing cellular growth inhibition
and apoptosis

Anti-oncogenic [69]

Gastric cancer CD13/EMP3/FAK/NF-κB Enhancing cellular invasion Oncogenic [71]
Hepatocellular carcinoma P13K/Akt, uPA/MMP-9 Enhancing cellular migration and

invasion
Oncogenic [38]

Gallbladder cancer MAPK/ERK Inducing cellular apoptosis Anti-oncogenic [39]
Clear cell renal cell
carcinoma

Myc Targets V2 Enhancing cellular migration,
invasion and lipid storage

Oncogenic [73]

Urothelial carcinoma HER-2/ P13K/Akt,FAK/Src Promoting cellular growth migration Oncogenic [37]
Endometrial cancer MAPK, Rap1 Promoting cellular proliferation and

division
Oncogenic [74]

Melanoma EGFR/Akt, MAPK Reducing CD4+ T-cells, CD4+

T-cells deficient
Oncogenic [77] [34]

pathway, hereby promoting EMT and cisplatin resis-
tance in gastric cancer cells [71]. Similarly, in primary
gastric cancer, EMP3 can function as a novel down-
stream effector target of TWIST1/2 and as a modifier
gene involved in cisplatin resistance [70]. EMP3 mod-
ulates a variety of membrane receptor activities asso-
ciated in IDH-WT GBM, including increasing GBM-
associated receptor tyrosine kinase activity and promot-
ing the expression, stability, or activity of several extra-
cellular matrix receptors and matrix degraders. In addi-
tion, EMP3 interacts with purinergic receptor P2RX7,
which has received increasing attention for its role in
GBM. EMP3 regulates the trafficking and enhancing
the stability of EGF, and EMP3 deletion renders tumor
cells more sensitive to the pan-kinase inhibitor stau-
rosporine and osimertinib, an EGFR inhibitor. The sta-
bilizing effect of EMP3 provides tumor cells with an
additional defense barrier against targeted kinase in-
hibition. Therefore, EMP3 may be an interesting tar-
get for therapeutic intervention [53]. In primary breast
cancer, studies found the downregulation of EMP3 by
miR-765 mimics or RNA-EMP3 resulted in inhibition
of homologous recombination repair of DNA double-
strand breaks through negative regulation of BRCA1
and RAD51 expression. Consequently, this led to a re-
duction in the resistance of breast cancer cells to DNA-

damaging drug Adriamycin [22,42]. As previously de-
scribed, patients with overexpression of EMP3 in up-
per urinary tract urothelial carcinoma exhibited signifi-
cantly poorer overall survival and metastasis-free sur-
vival [37]. This suggests that EMP3 serves as an im-
portant prognostic marker for patients who may ben-
efit from more aggressive therapy. In addition, the co-
expression of EMP3 and HER-2 is one of the most im-
portant indicators for progression-free and metastasis-
free survival of patients, as there is a functional inter-
action between the two proteins. Therefore, EMP3 can
be used as an innovative target for targeted therapy in
cancer treatment.

The development of monoclonal antibodies targeting
EMP family members is challenging due to the clinical
and pathologic heterogeneity and biological complexity
of cancers. Some progress has been made in the re-
search and development of anti-EMP monoclonal anti-
bodies. Research shows that anti-EMP2 diabody treat-
ment demonstrated significant antiproliferative effects
through enhancing caspase-3-mediated apoptosis in en-
dometrial adenocarcinoma cell lines. It proved success-
ful in reducing tumor size and promoting cell death in
human endometrial cancer xenografts [85]. Anti-EMP2
IgG1 improves endometrial cancer survival through re-
duction in cancer stem cells [86]. In a model of trans-
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planted ovarian cancer tumors, anti-EMP2 bivalent an-
tibody therapy reduced the proliferation of ovarian can-
cer cells and promoted apoptosis [87]. In addition, treat-
ment of breast cancer with anti-EMP2 IgG1 promoted
tumor cell death and inhibited tumor cell invasion. In
a mouse model of breast cancer, anti-EMP2 treatment
reduced the number of spontaneous metastases from
xenografts expressing high levels of EMP2 [88]. So far,
there has been no report on the use of anti-EMP3 in
clinical trials. EMP3 is of great significance in tumor
drug resistance and evaluation of disease prognosis.
Therefore, it is necessary to further study the specific
role of EMP3 and its application value in the clinical
setting.

8. Conclusion and future perspective

Rapid advancements in genomics research have cat-
alyzed the emergence of molecular targeted therapy as
a promising avenue for cancer treatment and facilitated
the discovery of numerous novel tumor biomarkers.
Among these proteins, EMP3, a member of the epithe-
lial membrane protein family, has shown expression
across various tissues and appears to regulate signal-
ing pathways related to cell proliferation and cell–cell
interactions. A notable advantage of using EMP3 as a
potential drug target is its location on the cell mem-
brane and its involvement in diverse signaling path-
ways, making it physically accessible for drug target-
ing. However, the precise biological function of EMP3
remains incompletely understood. Studies suggest that
the protein acts as an oncogene in several tumors while
suppressor function in others, highlighting the complex
nature of EMP3-mediated pathways in tumorigenesis.
Further research is necessary to understand the patterns
of EMP3 expression and activity. Ultimately, EMP3
holds promise as a potential prognostic indicator across
various cancers. There is a need to further elucidate the
potential associations between EMP3 expression and
tumor immunity. Therefore, it is crucial to further inves-
tigate the interplay between EMP3-mediated immune
dysregulation and tumor progression, with a focus on
understanding the underlying molecular mechanisms.
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