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Abstract

Background: The tetraspanin (TSPAN) family comprises 33 membrane recep-
tors involved in various physiological processes in humans. Tetrasapanins are
surface proteins expressed in cells of various organisms. They are localised to the
cell membrane by four transmembrane domains (TM4SF). These domains bind
several cell surface receptors and signalling proteins to tetraspanin-enriched lipid
microdomains (TERM or TEM). Tetraspanins play a critical role in anchoring
many proteins. They also act as a scaffold for cell signalling proteins.

Aim: To summarise how tetraspanins 6, 7 and 8 contribute to the carcinogenesis
process in different types of cancer.

Methods: To provide a comprehensive review of the role of tetraspanins 6, 7 and
8 in cancer biology, we conducted a thorough search in PubMed, Embase and
performed manual search of reference list to collect and extract data.
Discussion: The assembly of tetraspanins covers an area of approximately
100-400 nm. Tetraspanins are involved in various biological processes such as
membrane fusion, aggregation, proliferation, adhesion, cell migration and differ-
entiation. They can also regulate integrins, cell surface receptors and signalling
molecules. Tetraspanins form direct bonds with proteins and other members of
the tetraspanin family, forming a hierarchical network of interactions and are
thought to be involved in cell and membrane compartmentalisation. Tetraspanins
have been implicated in cancer progression and have been shown to have multi-
ple binding partners and to promote cancer progression and metastasis. Clinical
studies have documented a correlation between the level of tetraspanin expres-
sion and the prediction of cancer progression, including breast and lung cancer.
Conclusions: Tetraspanins are understudied in almost all cell types and their
functions are not clearly defined. Fortunately, it has been possible to identify the
basic mechanisms underlying the biological role of these proteins. Therefore, the
purpose of this review is to describe the roles of tetraspanins 6, 7 and 8.
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1 | INTRODUCTION

The tetraspanin family (TSPAN) comprises 33 membrane
receptors involved in various physiological processes in
humans. Tetraspanins are surface proteins that are ex-
pressed in cells of various organisms. Localization in a
cell membrane is guaranteed by four transmembrane
domains (TM4SF)."? These domains bind multiple cell
surface receptors and signaling proteins to lipid micro-
domains enriched with tetraspanins (TERM or TEM).:*
Tetraspanins play a crucial role in anchoring numerous
proteins. Moreover, they act as scaffold or cell signaling
proteins.’ The assemblage of tetraspanins covers an area of
approximately 100-400nm?.°"® Tetraspanins are involved
in various biological processes, such as membrane fusion,
aggregation, proliferation,9 adhesion, cell migration, and
differentiation.'® They can also regulate integrins, cell sur-
face receptors, and signaling molecules. Tetraspanins form
direct bonds with proteins and other tetraspanin-family
members, creating a hierarchical network of interactions
and are thought to be involved in compartmentalization
of cells and membranes." The role of tetraspanins was
demonstrated in cancer progression, and they have been
shown to have multiple binding partners and promote
cancer progression and metastasis. Clinical studies have
documented a correlation between the level of tetrasp-
anin expression and prediction of cancer progression,
including breast and lung cancers. Tetraspanins are un-
derstudied in almost all cell types and their functions are

not clearly defined. Fortunately, it was possible to identify
the basic mechanisms underlying the biological role of
these proteins. Therefore, the purpose of this review is to
describe the roles of tetraspanins 6, 7, and 8.

2 | STRUCTURE OF
TETRASPANINS

Tetraspanins are made up of five different regions that
combine structural features with specific functions.
The predicted alpha structures are shown in Figure 1."!
Conserved region mediates homodimerization. The con-
served domain consists of three alpha helices, whereas the
variable domain is unique to each tetraspanin. A variable
region located within a large extracellular loop mediates
specific interactions with other proteins. The transmem-
brane region contains four transmembrane (TM) do-
mains, which are likely sites of intra- and intermolecular
interactions. These interactions are crucial for the assem-
bly of a network of membrane proteins associated with
tetraspanins, known as the ‘tetraspanin network’.'* The
TM domains (TM1-TM4) are bound by two extracellular
regions, that is, a small loop and a large loop. The extra-
cellular loops (ECs) are divided into two parts: EC1 and
EC2. EC1 is composed of 20-28 amino acids and is located
between TM1 and TM2, meanwhile EC2 contains 76-131
amino acids and is located between TM3 and TM4. EC2
is responsible for heterophilic interactions with other

Molecular structure of Tetraspanins

Tetraspanin 7

Tetraspanin 8

Tetraspanin 6

FIGURE 1 Predicted molecular
structures of tetraspanins 6,7, and 8
based on AlphaFold structure prediction.
The predicted alpha structures, which
are conserved in all tetraspanins and
facilitate homodimerization, are depicted.
Variations in molecular structure among
tetraspanin 6, 7, and 8 are illustrated.
These models unveil characteristic loops
responsible for interactions critical to the
biological functions of these proteins.
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proteins and for the specificity of these interactions. In ad-
dition, the Cys-Cys-Gly amino acid motif is formed within
EC2.>1*' The extracellular domain of tetraspanins con-
sists of conserved and variable domains. EC2 domain is
located above the cavity and is formed by four transmem-
brane domains.!” The N- and C-termini of tetraspanins
are found on the intracellular side of the cell membrane.
Tetraspanins are mostly glycosylated, which is reflected
by their variable molecular weights of 20-50kDa.

3 | CELLULAR LOCALIZATION
Tetraspanins are located in the cell membrane and act
as scaffold proteins that anchor many other proteins.'®
Tetraspanins are also thought to be involved in the for-
mation of multimeric complexes in cell membranes.
Increasing evidence suggests that tetraspanins play a key
role in the regulation of the transport and function of other
membrane proteins. Tetraspanins interact with each other
or other membrane proteins to form tetraspanin-enriched
microdomains. They play a crucial role in development,
pathogenesis, and immune response by facilitating cell-
cell adhesion and fusion, ligand binding, and intracel-
lular transport.'® Tetraspanins have no known adhesion
ligands or catalytic activities. However, they function
as molecular scaffolds that facilitate the organization of
proteins into well-structured microdomains consisting of
adhesion, signaling, and adaptor proteins.” Tetraspanins
interact with other proteins through different regions such
as the transmembrane domain or the EC2 loop, and these
interactions can occur through EC2 loop, which confers
specificity.”® Recent studies have shown that tetraspanins
could affect migration by influencing adhesion and signal-
ing via integrins, the primary adhesion receptors for extra-
cellular matrix proteins such as collagens and laminins.
Although the role of tetraspanins in carcinogenesis is not
clear, recent evidence suggests that they play an impor-
tant role in the proliferation of cancer cells, thereby in-
fluencing their growth at their site of origin. Their unique
ability to control a broad spectrum of biological functions
makes them an interesting target for research.

4 | BETWEEN PHYSIOLOGY AND
PATHOLOGY

Tetraspanin 6 (also known as T245/TM4SF6) and tetras-
panin 7 (also known as TALLA-1/TM4SF2/A15/CD231)
are closely related homologs expressed in various tissues.
It is worth noting that TSPAN6 and TSPAN? are the only
TSPAN genes located on the X chromosome, the long arm
(X@22.1) and short arm (Xp11.4), respectively.”’ TSPAN6
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mRNA has been detected in various normal epithelial
tissues.” Tetraspanin 6 is associated with epilepsy and
mental retardation, whereas tetraspanin 7 expression is
restricted to the central nervous system (CNS), lungs, and
endocrine organs, such as pancreatic islets and pituitary
gland.” However, it is noteworthy that primary tetraspa-
nin 7 was initially identified as a novel surface marker for
T-cell acute lymphoblastic leukemia.**

TSPAN? is highly expressed in a brain and its expres-
sion can be inactivated either by chromosomal transloca-
tion (X;2) or by a point mutation in the EC2 loop (P172H),
resulting in intellectual disability (ID).? This may be due
to the impaired ability of the actin cytoskeleton to stimu-
late neurite outgrowth. Tetraspanin 7 is involved in neu-
ronal morphogenesis and regulates synaptic transmission,
particularly in cortical and hippocampal neurons. TSPAN7
mRNA level increases after treatment with kainic acid,
suggesting its a role in signaling pathways that are import-
ant for synaptic transmission and neuronal plasticity.**?’
Tetraspanin 7 is associated with various neurological dis-
orders, including autism spectrum disorder (ASD), and
published data showed that expression of this protein was
reduced in the brain specimens of patients diagnosed with
ASD, Huntington's disease (HD), Parkinson's disease (PD),
and Alzheimer's disease (AD).%® The Tetraspanin 7 /p1 in-
tegrin/FAK/SRC pathway has been identified as a novel
signaling pathway involved in the pathogenesis of ASD
and ID. Furthermore, research has shown that tetraspanin
7 deficiency alters synaptic structure, impairs learning and
weakens memory.”’ Recent studies have shown that tetra-
spanin 7 affects dendritic spine formation, glutamatergic
synaptic transmission, and neuronal plasticity. Therefore,
this protein is associated with neuropsychiatric disorders
such as HD,” fragile X syndrome, and myotonic dystro-
phy. Tetraspanin 7 plays a crucial role in the regulation of
bone resorption by osteoclasts and cytoskeletal remodel-
ing in vitro, as previously described by Kwon et al.*° It is
also involved in the formation of sealing zones and bone
resorption activity of osteoclasts. In addition, Tetraspanin
6 and Tetraspanin 7 were shown to interact with gluta-
mate receptors, highlighting the importance of individual
tetraspanins in critical processes in the CNS. Tetraspanin
7 mutations are associated with ID, whereas tetraspanin 6
overexpression is linked to AD.*! Tetraspanin 6 levels are
elevated in the brains of patients suffering from AD, and
its overexpression in cells affects amyloid precursor pro-
tein (APP) metabolism.

Recent studies have also shown that tetraspanin 7 plays
acrucial role in the immune system of patients with type 1
diabetes.**™* This tetraspanin assists T and B cells in epi-
tope identification. It has been suggested that tetraspanin
7 may serve as an autoantigen in diabetes, making it useful
for diabetes prediction and immunotherapy.** Tetraspanin
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7 is a surface marker of mature pancreatic endocrine
cells® and is present in the insulin-containing granules
of pancreatic p-cells and glucagon-producing a-cells*® and
also regulates Ca**-dependent exocytosis in p-cells.

The functions of tetraspanin 6 and 7 were discovered
in the late 20th century, but are still not fully understood.
Recent scientific research has provided increasing evi-
dence for the specific mechanisms of action of tetraspan-
ins in carcinogenesis and metastasis. Tetraspanin 8 (also
known as CO-029/TM4SF3) is mainly found in the gastro-
intestinal tract, particularly in the epithelium of the colon
and stomach.*® It has been shown to be overexpressed in
human glioma cells. In addition, tetraspanin 8 is present
in vascular smooth muscle cells and tubular cells in nor-
mal kidney.”” Nuclear localization of tetraspanin 8 was ob-
served in several cell lines, including SW1990 (pancreatic
cancer), MDA-MB-231 (breast cancer), SW620 (colon can-
cer), HGC-27 and AGS (stomach cancer), and also U-87
MG and U251 MG (glioblastoma cell lines). Tetraspanin
8 is a molecular regulator'® involved in tissue differenti-
ation,® and cancer cell metastasis.*® In addition, tetrasp-
anin 8 regulates proliferation, motility, and invasiveness
of cancer cells.*

5 | CARCINOGENESIS

5.1 | Tetraspanin 6
In fact, there is limited knowledge about the role of tet-
raspanin 6 in carcinogenesis, and this has only been ob-
tained in the last 3years. Current research suggests that
tetraspanin 6 may have anticancer effects and may play
a role in the transformation and progression of colorec-
tal, lung, pancreatic, and breast cancers.*! Studies carried
out in an early stage colorectal cancer murine model have
suggested that suppression of tetraspanin 6 expression in-
creases the incidence and size of adenomas. In addition,
decreased expression of tetraspanin 6 was associated with
a poorer prognosis, whereas high expression was associ-
ated with a better response to cetuximab-based EGFR-
targeted therapy. The proposed mechanism for the role
of tetraspanin 6 in colorectal cancer progression includes
the activation of the EGF-dependent signaling pathway
through loss of tetraspanin 6 expression. This activation
leads to an increase in the expression of the transmem-
brane form of TGFa. Syntein 1 may regulate this signaling
pathway as it can bind both tetraspanin 6 and the trans-
membrane form of TGFa.** Therefore, research suggests
that tetraspanin 6 can inhibit the epithelial-mesenchymal
transition (EMT).*

Recently, studies performed in mouse models have
indicated that tetraspanin 6 acts as a tumor suppressor

protein in pancreatic and lung cancers. Tetraspanin 6 is
thought to interact with EGFR and inhibit the EGFR-RAS-
ERK signaling pathway, thereby promoting the epithelial
cell phenotype. It is important to note that these findings
are based on mouse models and further research is needed
to confirm their applicability to humans. In addition, de-
creased tetraspanin 6 expression is associated with shorter
survival in patients with pancreatic or lung cancer."
However, the role of tetraspanin 6 is not limited to cancer
cells. In breast cancer, tetraspanin 6 has been shown to
possibly enhance the invasion of B lymphocytes into the
tumor. Tetraspanin 6 can also increase the concentration
of LXR receptor ligands in extracellular vesicles (EVs),
which stimulates the migration of B lymphocytes into the
tumor microenvironment. This effect may strengthen the
immune response against tumor cells.*

5.2 | Tetraspanin 7

Role of tetraspanin 7 in carcinogenesis has not been fully
understood yet. Primary, this protein was identified in
1995 by Takagi and co-workers as a surface marker on
T-cells in acute leukemia.?* However, the role of tetras-
panin 7 in this disease is not fully elucidated. However,
some studies have suggested that it may play a role in the
development and progression of various types of cancers.
For example, a study concerning multiple myeloma found
that overexpression of tetraspanin 7 reduced tumor size
in mouse model but did not affect cell proliferation in an
in vitro model.*

In silico analysis, conducted with machine learning
modeling, indicates that the expression level of tetrans-
panin 7 may predict the risk of meningioma recurrence.
This model may be used to indicate the need for the adju-
vant radiotherapy for meningioma patients.** Tetraspanin
7 is also thought to play a role in bladder cancer progres-
sion. Researchers have found decreased TSPAN7 mRNA
level in clinical cases, and a decrease in tetraspanin 7 ex-
pression was found to correlate with a poorer prognosis.
Consist with these findings, in vitro studies and a mouse
model have demonstrated the potential mechanisms of ac-
tion of tetraspanin 7 as an anticancer protein. Tetraspanin
7 is thought to have a proapoptotic function by affecting
BAX proteins and caspase 3. In addition, overexpression
of tetraspanin 7 inhibits the growth of bladder cancer cells
via the PTEN/PI3K/AKT pathway.*’

Tetraspanin 7 also plays a unique role in osteosarcoma.
According to available data, tetraspanin 7 is highly ex-
pressed in tissues from patients and commercially avail-
able osteosarcoma cell lines. Functional studies confirmed
that inhibition of tetraspanin 7 expression stopped tumor
growth and the EMT process, whereas overexpression of



MROZOWSKA ET AL.

tetraspanin 7 had the opposite effect. Mechanistically, in-
teraction of tetraspanin 7 with integrin p1 leads to activa-
tion of the FAK-Src-Ras-ERK1/2 signaling cascade.’

6 | TETRASPANIN 8

Of all the tetraspanins described in this review, tetraspa-
nin 8 is currently the best-studied one. Its role has been
postulated in various types of cancers, suggesting many
potential mechanisms of action. Therefore, it is a potential
target for diagnostics and cancer therapy.

Increased expression of tetraspanin 8 was detected in
malignant gliomas compared with control tissues. This
study found a correlation between the expression level of
tetraspanin 8 and the degree of malignancy of the tumor.
Suppression of tetraspanin 8 expression led to reduced
proliferation and migration capacity of glioma cells and
increased the efficacy of temozolomide (TMZ) in vitro.*
The involvement of tetraspanin 8 in the pathogenesis
of gliomas may occur through the activation of FAK ki-
nase.*’ Tetraspanin 8 is thought to influence the migration
of malignant glioma cells by forming a complex with a3
integrin and Rictor protein. This complex plays a key role
in the formation of the mTORC2 complex (mammalian
target of rapamycin), which modulates cytoskeletal actin
filaments via Ca-kinase and AKT.*® The involvement of
tetraspanin 8 in the pathogenesis of gliomas is suggested
by the fact that its expression is reduced by AMP kinase
whereas activation of AMP kinase leads to inhibition of
cancer cell growth.*

Up-to-date analyses indicate that the expression of tet-
raspanin 8 was increased in gastric cancer cells compared
with healthy tissues.*’ The expression of tetraspanin 8 cor-
related positively with several clinicopathological features
such as stage, status of lymph node invasion, and degree
of tumor differentiation. In addition, higher expression of
tetraspanin 8 correlates with a poorer prognosis.50 In vitro
studies have shown that overexpression of tetraspanin 8
promotes the ability of gastric cancer cells to invade and
proliferate, whereas suppression of its expression has the
opposite effect. Researchers hypothesized that tetraspanin
8 may have an effect on gastric cancer through activa-
tion of the ERK/MAPK and EGFR/AKT signaling path-
ways.”>”! Proteomic analyses have also indicated another
potential pathway of action for tetraspanin 8 in gastric
cancer. Silencing of tetraspanin 8 expression led to de-
creased p-catenin expression and restricted transport into
the nucleus. These effects led to a decrease in the Wnt/p-
catenin pathway activity.52

Recently conducted studies have shown that tetrasp-
anin 8 expression in melanomas can be associated with
the invasive form of cutaneous melanoma.> It has been
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postulated that tetraspanin 8 mediates invasiveness by
preventing the aggregation of pl-integrins and reducing
the phosphorylation of ILK kinase without affecting the
expression level of p1-integrin.>* In addition, the exosomal
form of tetraspanin 8 may contribute to the invasiveness
of melanoma cells.” In rare cases, the expression of the
tumor suppressor protein p53 can be lost in melanoma
cells. Experimental data suggest that this loss results in
increased tetraspanin 8 expression and a tetraspanin
8-dependent increase in melanoma cell invasion.>® Worth
mentioning, tetraspanin 8 plays a role in melanoma that
goes beyond intracellular functions. In vitro experiments
showed that tetraspanin 8-overexpressing melanoma cells
activated pro-MMP-9, leading to the degradation of type
IV collagen and colonization of the dermis. This was ac-
companied by an increase in the levels of the active form
of MMP-3 and by a decreased TIMP-3 protein levels and
these changes in protein concentrations enhance pro-
MMP-9 activation.”

In turn, in hepatocellular carcinoma, it is assumed that
tetraspanin 8 promotes invasion and formation of metasta-
ses without affecting the proliferation rate. Recent studies
have also indicated a positive correlation between tetra-
spanin 8 expression and shorter overall survival. Analysis
of tetraspanin 8 expression in correlation with clinical
data suggested that tetraspanin 8 may be an independent
predictor of postoperative survival and recurrence-free
survival. Furthermore, the effect of tetraspanin 8 in he-
patocellular carcinoma may be related to a direct increase
in tetraspanin 8 expression by ADAM12m.*® A possible
role of tetraspanin 8 as a mediator of invasiveness has also
been postulated and AEG-1 protein has been suggested
to regulate tetraspanin 8 expression in hepatocellular
carcinomas.”

Conducted studies also indicate that tetraspanin 8 ex-
pression is increased in colorectal cancer compared with
matched healthy control tissue.®® In addition, studies have
indicated that tetraspanin 8 may play a role in promoting
the EMT, which is dependent on LSD-1 protein.®’ The
second proposed mechanism of action of tetraspanin 8
in colorectal cancer is its positive effect on the expression
of stem cell markers SOX2 and ALDH1. This is achieved
through a direct interaction with p-catenin, which in-
creases its expression and this interaction may involve a
positive feedback loop; B-catenin binds to the promoter of
the TSPANS gene and enhances its transcription.®

It has been demonstrated that increased expression
of tetraspanin 8 in breast cancer stem cells promotes the
expression of stem cell markers such as NANOG, OCT4,
and ALDH1. Additionally, it is associated with resistance
to treatment, possibly through interaction with PTCH1.%
Tetraspanin 8 expression is also elevated in cancer cells
exhibiting mesenchymal features, particularly in the
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triple-negative breast cancer subtype. This upregula-
tion correlates with breast cancer progression, including
shorter survival and higher disease stages. Studies have
suggested a potential role of tetraspanin 8 in breast cancer
progression through interaction with STAT-3 and its abil-
ity to translocate from the cytoplasm to the nucleus upon
stimulation with EGF.*>%

Moreover, the role of tetraspanin 8 in breast cancer
progression has been demonstrated in in vivo experi-
ments, using MCF-7 and MDA-MB-231 breast cell line
xenografts. Injection of antibodies directed against tetra-
spanin 8 resulted in tumor reduction.® Additionally, an
inhibition of cancer progression was observed in spher-
oids derived from breast cancer patients.**

Recently, Fan et al. showed that a subpopulation of
cancer-associated fibroblasts (CAF) expresses tetraspanin
8, contributing to chemoresistance and decreased overall
survival in breast cancer patients.®> Mechanistically, tet-
raspanin 8-positive CAFs express IL-6 and IL-8, which
are associated with chemoresistance. In vivo experiments
using mice bearing human xenografts further demon-
strated the impact of tetraspanin blockade in sensitizing
breast cancer to chemotherapy.®® These findings suggest
the potential for anti-tetraspanin treatment in breast can-
cer therapy.

Investigation of the function of tetraspanin 8 in pan-
creatic adenocarcinoma suggests that this protein is
overexpressed in cancer stem cells. This may lead to an
increased ability to migrate and form distant metastases.*®
Examination of exosomes from pancreatic adenocarci-
noma cells revealed the presence of tetraspanin 8 in these
vesicles. It has been showed that exosomal tetraspanin 8
interracts with integrins and proteases, thereby participat-
ing in remodeling of the extracellular matrix. In addition,
it is probably involved in the promotion of the EMT.***’
Therefore, exosomal tetraspanin 8 is thought to promote
tumor invasion and stimulate angiogenesis in all can-
cers.”® Consequently, a study depicting the expression of
tetraspanin 8 in clear cell renal cell carcinoma suggested
its increased expression in cancer cells compared with
healthy cells. It may be associated with a higher degree of
malignancy and shorter overall survival (Table 1).%°

Currently, monoclonal antibodies are used to inhibit
the activation of signaling pathways dependent on tetrasp-
anins, including tetraspanin 8.”° The observed biological
response is related to the main mechanisms of carcino-
genesis process and can be considered a potential target
for therapy. Activation of the ERK kinase, also known as
p42/44 MAP kinase which belongs to the MAPK kinases
family, is a fundamental signaling pathway in carcinogen-
esis. Mitogen-activated protein kinases (MAPKSs) promote
many cellular processes that are dysregulated in carcino-
genesis.””’* In CRC organoids with reduced TSPANG6

expression, there was an increase in ERK1/2 phosphoryla-
tion.* This association was confirmed in a mouse model of
CRC.* Previous studies have also investigated the role of
tetraspanin 7 in the activation of the ERK signaling path-
way in human osteosarcoma cells MG-63, U20S and HOS.
In these studies, inhibition of tetraspanin 7 expression led
to a concomitant reduction in the migratory capacity of
osteosarcoma cells. Shao et al. suggested that tetraspanin
7 interacts with integrin p1, leading to activation of the
EMT via the FAK-Src-Ras-ERK1/2-dependent signaling
pathway.® Studies performed on the human gastric can-
cer cell lines MGC-803, AGS, MKN-28, and BGC-823 have
shown that TSPANS is involved in the activation of the
ERK/MAPK signaling pathway. Inhibition of TSPANS by
siRNA led to reduced migration and proliferation of can-
cer cells, accompanied by a decrease in pERK levels.”

Additionally, the potential of tetraspanin 8 to acti-
vate the mTOR signaling pathway represents a prom-
ising target for the development of anticancer therapies
for gliomas.*>”® Ongoing clinical trials are investigating
whether the use of new mTOR pathway inhibitors such
as temsirolimus and everolimus is beneficial in GBM ther-
apy and may suggest high potential of this protein inhi-
bition.” Moreover, previously published in vitro studies
have demonstrated the role of tetraspanin 8 in promoting
human glioma cell lines migration through the formation
of complexes with a3 integrin and Rictor protein.*” This
complex stimulates activation of the mTORC2 signaling
pathway and phosphorylation of Akt (Ser475). Both these
pathways are critical for the promotion of GBM cell migra-
tion and progression. In addition, studies using siRNA for
TSPANS8 and a3-integrin have shown that the involvement
of tetraspanin 8 is not direct but rather determines the for-
mation of an active complex.*’

Interestingly, tetraspanin 7 (TSPAN7) is currently
known for its anticancer effect as it inhibits the PI3K/Akt-
dependent signaling pathway in bladder cancer. Yu et al.
showed that tetraspanin 7 affected the activation of Bax,
caspase-3, and PTEN proteins while inhibiting the activity
of Bcl-2, p-PI3K, and p-Akt.*

7 | EPITHELIAL-MESENCHYMAL
TRANSITION

EMT is a process in which epithelial cells acquire the ability
to move. This process is also applicable to cancer cells. As a
result of EMT, cancer cells adopt a migratory and aggressive
phenotype that favors metastasis. The loss of cell-cell inter-
actions and increase in cell-matrix interactions are complex
and multifactorial processes that require the involvement of
different molecules. Uncontrolled proliferation can result
from a lack of cell-cell interactions. The motility of cancer
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TABLE 1 Summary of the roles of tetraspanin 6, 7, and 8 in cancer initiation and progression.

Type of cancer

Tetraspanin 6

Colorectal
cancer

Lung cancer

Pancreatic
cancer

Breast cancer

Tetraspanin 7

Multiple
myeloma

Bladder cancer

Osteosarcoma

Tetraspanin 8

Malignant
gliomas

Gastric cancer

Melanomas

Hepatocellular
carcinoma

Colorectal
cancer

Breast cancer

Pancreatic

adenocarcinoma

Clear cell renal

cell carcinoma

Effect of tetraspanin on cancer

Inhibition of tetraspanin 6 expression increases
the incidence and size of adenoma in mouse
model

Tumor suppressor protein

Tumor suppressor protein

Enhances the immune response against the
tumor

Overexpression of TSPAN 7 reduces tumor size
in mouse model

Decreased expression of TSPAN 7 in clinical
cases

Inhibition of TSPAN 7 expression inhibits
tumor growth

Suppression of TSPAN 8 expression inhibits
growth and migration of cells and increases
efficacy of temozolomide therapy

Increased expression in cancer cells. Positive
corelation with clinicopathological features

TSPAN mediates the invasiveness of melanoma

Promotion of invasiveness and formation of
metastasis

Promotion of EMT. Increase in the population
of cancer stem cells

Association with treatment resistance and
mesenchymal features of cells.

Promotion of invasiveness and formation of
metastasis. Remodeling of extracellular matrix.
Stimulation of angiogenesis. Promotion of EMT

Increased expression of TSPANS in cancer cells

Potential mechanism of action

Loss of TSPAN 6 activates EGFR- dependent
pathway. Syntein 1 can bind TSPAN 6 and
decrease level of its active form

May take part in the regulation of EMT

Tumor suppression by interaction with EGFR
and inhibition of EGFR-RAS-ERK pathway

Enhanced invasion of B lymphocytes by
increasing concentration of LXR receptor
ligands in EVs

Unknown

Induction of apoptosis by interaction with
BAX proteins and caspase 3. Inhibition of
cancer growth via PTEN/PI3K/AKT pathway

Interaction of tetraspanin 7 with integrin
f1, leads to activation of the FAK-Src-Ras-
ERK1/2 signaling cascade. Regulation of
EMT

Activation of FAK kinase. Formation of
complexes with a3 integrin and Rictor
protein. Influence of aforementioned complex
on cytoskeleton via AKT and Ca-kinase.
Reduction of TSPAN 8 expression by AMP
kinase

Activation of the ERK/MAPK, EGFR/AKT,
and Wnt/p-catenin signaling pathways

TSPAN 8 prevents aggregation of f1-
integrins. Reduction in the phosphorylation
of ILK kinase. Activation of pro-MMP-9
protein. Increase in TSPAN 8 expression by
p53 protein loss

ADAMI12m and AEG-1 proteins regulate the
expression of TSPAN 8

TSPANS promotion of EMT may be
dependent on the LSD-1 expression.
Increased expression of SOX-2 and ALDH-1
stem cells markers by direct interaction with
p-catenin

TSPAN 8 increases the expression of
NANOG, OCT 4, and ALDH1 by interaction
with PTCHI protein. Potential role of

the interaction with STAT-3 in disease
progression

Exosomal form of TSPAN 8 interacts with
integrins and proteases in remodeling of
extracellular matrix
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cells is crucial for invasion and the development of metasta-
ses. During the epithelial to mesenchymal transition (EMT),
epithelial markers such as E-cadherin are lost, and mesen-
chymal markers such as N-cadherin and vimentin appear.”
The transcription factors SNAIL1, SNAIL2, TWIST1, and
ZEBI1 are involved in the transformation of the epithelial to
mesenchymal phenotype.

The shift in phenotype requires changes in cellular me-
tabolism and cytoskeleton restructuring. Some of these
processes may be regulated by the interaction of different
tetraspanins with integrins. Several studies have described
the role of tetraspanins in the initiation and regulation of
EMT. Tetraspanin 6 binds to EGFR (epidermal growth fac-
tor receptor) and thereby inhibits RAS activation. It has
also been shown that inactivation of tetraspanin 6 induces
EMT and inhibits cell migration both in vitro and in vivo.*
In non-small cell lung cancer (NSCLC) cells, tetraspanin 7
induces EMT, leading to increased cell migration and pro-
liferation. Studies in mice model have shown that NSCLC
tumors formed by cells overexpressing tetraspanin 7 exhibit
decreased levels of N-cadherin and increased expression of
E-cadherin.”®”” Moreover, a correlation between increased
tetraspanin 7 levels and lymph node metastases has been
previously observed” and high expression of tetraspanin 7 is
connected with poor patients overall survival. Additionally,
increased expression of tetraspanin 7 has been detected in
primary osteosarcoma tumors and osteosarcoma cell lines.
Most importantly, tetraspanin 7 promotes osteosarcoma
cell invasion and metastasis by inducing EMT and activat-
ing the FAK-Src-Ras-ERK1/2 signaling pathway.’

Another issue concerns the EGFR-AKT-TSPANS-
STATS3 signaling pathway upregulation in various human
cancers and its association with their aggressive pheno-
type and poor prognosis.”® Tetraspanin 8 mediates the
EMT by upregulating E-cadherin and downregulating
Twist, P120-catenin and [3-catenin.78 Tetraspanins regu-
late actin dynamics and are involved in EMT. Integrins are
thought to contribute to cancer progression through their
interactions with tetraspanins.

8 | TETRASPANINS AND
EXOSOMES

Exosomes are nanovesicles that originate from multive-
sicular bodies (MVBs) and contain mRNAs and miRNAs,
among others. They are also enriched in tetraspanins and
tetraspanin-related proteins.”” It has been shown that
these EVs contribute to both autocrine regulation of tumor
cell proliferation and paracrine communication between
different cells in the tumor microenvironment. Exosome
function is determined by the cell type from which it orig-
inates. Exosomes derived from antigen-presenting cells

trigger an immune response. However, when originating
from the tumor, inhibit this response.** Tetraspanins are
components of exosomes that influence their function.®
Current evidence shows that tumor-derived exosomes
play an important role in the interaction between tumors
and other somatic cells. The target selectivity of exosomes
is based on tetraspanin-related exosomal receptors that
bind ligands on target cells and exosomal tetraspanins ac-
tivate signaling pathways in the target cells.®! Tetraspanin
6 significantly affected exosome production in HEK293
cells. Proteomics used to identify proteins present in EVs
of the NSCLC cell line 393P (non-metastatic line) and
344SQ cell line (metastatic line) showed that tetraspanin 8
levels were higher in EVs produced by the 344SQ cells.>"’
Moreover, plasma exosomes containing tetraspanin 8
may serve as potential markers for lung cancer, especially
for the non-small cell subtype.*’ ™ Furthermore, in vitro
studies have shown that overexpression of tetraspanin 8
increases the invasive ability of NSCLC cells.*

9 | TETRASPANIN 8 IN
TARGETED THERAPIES

Tetraspanins, in particular 6, 7, and 8, have been identi-
fied as potential therapeutic targets. Elevated levels of
tetraspanin 8 have been observed in the serum of GBM
patients® and in in vitro cultures of human glioblastoma
cells U-87 MG and U251 MG.* Previous studies per-
formed on glioma cell lines U251 MG and U-87 MG have
shown that deactivation of the mTOR signaling pathway
by activation of AMPK (AMP-activated protein kinase)
with GSK621 leads to degradation of tetraspanin 8.*° In
addition, the use of sShRNA to inhibit AMPK resulted in
a reversible effect with activation of the mTOR pathway
and a reduction in tetraspanin 8 degradation. As a result,
glioma cell lines U-87 MG and U251 MG were resensi-
tized to TMZ, and a decrease in tetraspanin 8 expression
levels was observed. This finding is particularly impor-
tant in the context of GBM therapy, in which TMZ, an
anthracycline derivative, is a leading chemotherapeutic
agent and drug-resistant phenotypes can develop during
treatment.®® In addition, published research suggests a
possible oncogenic role for tetraspanin 8 in GBM. The
role of tetraspanin 8 in the progression of GBM is sug-
gested by (i) its higher expression in tumor specimen
than in nearby normal tissue, (ii) its positive correlation
with the degree of histologic malignancy (grading), and
(iii) its positive effect on the proliferation and migration
of U-87 MG and U251 MG cells.*>*” These data suggest
a potential therapeutic effect that may be related to the
inhibition of tetraspanin 8 activity or the reduction in its
expression in glioblastoma cells.
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In CRC, an elevated tetraspanin 8 level is associated
with poor prognosis and the development of metasta-
ses.’® Tetraspanin 8 is thought to facilitate colorectal
cancer metastasis by promoting cell migration and in-
teraction with adhesion proteins. In addition, elevated
levels of tetraspanin 8 in blood serum may have diag-
nostic significance in the screening for colorectal can-
cer. This is supported by a study in which the mRNA
levels in the blood (serum/plasma) of 64 colorectal can-
cer patients and 64 healthy individuals were analyzed.®
Furthermore, in vivo studies using a mouse model of
human CRC xenografts derived from HT-29 cells have
shown that antibodies directed against tetraspanin 8 can
inhibit cell migration and angiogenesis.*® In another
study, administration of lutetium-radiolabeled [177Lu]
anti-tetraspanin 8 monoclonal antibodies DOTA-Ts29.2
resulted in a significant reduction in tumor size com-
pared to controls.* These results suggest that a targeted
therapeutic approach focusing on tetraspanin 8 may
provide grounds for further potential clinical implica-
tions. This therapy appears to be particularly effective
in the case of tumors with higher tetraspanin 8 expres-
sion, such as colorectal cancer,>® glioblastoma,“s’47 mela-
noma,’’ hepatocellular carcinoma,®” ovarian cancer,’>®
and gastric cancer.’®”* It is important to note that cancer
cells have significantly higher tetraspanin 8 expression
than normal cells do.

Additionally, the expression of tetraspanin 8 has been
shown to be present in up to 52% of patients with epi-
thelial ovarian cancer.”” In vitro studies using human
ovarian cancer cells SNUS8, SNU251, and SK-OV3 have
shown that targeting tetraspanin 8 with monoclonal an-
tibodies decreased cancer cell motility and invasiveness.”
Additionally, in an in vivo model, monoclonal antibod-
ies directed against tetraspanin 8 led to a reduction in
metastasis.”®

Tetraspanin 8-based targeted

therapies
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Moreover, studies performed in a mouse model of
human hepatocellular carcinoma have shown that
tetraspanin 8 promotes angiogenesis, migration and
metastasis of cancer cells. However, these processes
were inhibited in an in vivo mouse model into which
knocked-out cancer cells were administered.® At the
biomechanistic level, Akiel et al. found that reducing
the expression of tetraspanin 8 led to a decrease in the
expression of N-cadherin and an increase in E-cadherin
expression. However, no changes were observed in the
case of proteins involved in EMT. These results suggest
that tetraspanin 8 interacts with membrane proteins
rather than playing a role in EMT.”® To date, studies
have demonstrated the efficacy of monoclonal antibod-
ies against tetraspanin 8 in hepatocellular carcinoma
which strongly suggest anti-cancer potential of this
treatment.”®

Chimeric antigen receptor (CAR) T-cells are one of
the newest strategy based on immune mechanism to fight
with hematopoietic cancers like B-cell lymphoma. In case
of solid tumors, at this moment, this therapy is under clin-
ical trials.”® Recently conducted research revealed that
tetraspanin 8 is a protein that can be used in the develop-
ment of CAR-T therapy for pancreatic adenocarcinoma,
together with new identified targets CD66¢c and CD318.
In vivo studies have shown that this therapy gives a signif-
icant reduction of tumors induced in mice with patient-
derived pancreatic cancer cells. However, Schaefer and
colleagues also observed the intestinal toxicity of this ther-
apy and suggested the possibility of reducing it by modi-
fying the CAR method itself. Moreover, this is one of the
most promising therapeutic idea of the last decades in this
highly aggressive tumor.** Recently, CAR-T therapy was
developed also for tetraspanin 7,” suggesting possible fu-
ture applications. However, no examples of its application
have been presented yet (Figure 2).

——» IRLEEO ——»
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10 | CONCLUSIONS

In this review, tetraspanins 6, 7, and 8 are presented as
proteins with wide-ranging functions in both physiologi-
cal and pathological processes, especially in the devel-
opment and progression of various types of neoplasms.
Remarkably, tetraspanins 6 and 7 have potential antican-
cer effects, and loss of their expression promotes tumor
development. In contrast to other tetraspanins, tetraspa-
nin 8 evidently promotes cancer progression. The network
of interactions with tetraspanins discussed in this review
suggests a potential use of these proteins in cancer thera-
pies. Recent studies have shown that monoclonal antibod-
ies targeting tetraspanin 8 can be used in ovarian cancer,
and moreover in CAR-T therapy for pancreatic cancer. The
growing number of reports and research results concern-
ing the molecular mechanisms of action of tetraspanins
6, 7 and 8 makes them a promising area of research with
a focus on new anticancer therapies. However, the exact
function of tetraspanins 6, 7, and 8 in cellular machinery
is still not yet fully understood, and detailed roles remain
to be defined.
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