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CD82/KAIl, identified as a metastasis suppressor, was initially known only as a molecular facilitator,
but its various functions have recently been revealed. CD82 plays an important role in the stem-pro-
genitor cell, angiogenesis, and muscle. We would like to introduce the recently reported functions and
roles of CD82 in this review. CD82 is a member of the tetraspanin family, which consists of four
transmembrane domains. The interaction between CD82 and cell adhesion molecules suppresses the
metastasis of cancer. CD82 regulates the cell cycle of stem-progenitor cells in the stem cell niche. In
the bone marrow, CD82 is expressed on long-term repopulating hematopoietic stem cells (LT-HSCs),
which show multipotent differentiation potential. The interaction between CD82 and Duffy antigen re-
ceptor for chemokines (DARC) induces quiescence in LT-HSCs. CD82 also regulates Racl activity, re-
sulting in the homing and engraftment of HSCs into the bone marrow niche. Besides, CD82 maintains
the differentiation potential of muscle stem cells and prevents angiogenesis by inhibiting the ex-
pression of cytokines, such as IL-6 and VEGF and adhesion molecules in endothelial cells. CD82 is
a key membrane protein that distinguishes the hierarchy of stem-progenitor cells, and is also im-
portant for amplification and verification of cellular resources. Further studies on the function of CD82
in various organs and cells are expected to advance cell biology and cell therapy.
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Introduction tially [2, 11]. Recent studies have shown the various func-

tions of CD82, including the maintenance of dormancy of

As the name suggests, tetraspanin is a transmembrane
and a scaffold protein with a structure that passes through
the cell membrane four times [11]. It is a molecular facilitator
that promotes functions by interacting with adjacent pro-
teins [42]. There are 34 types of tetraspanins in mammals,
widely expressed in various types of tissues, blood cells, and
cancer cells, and play various roles in cell migration, adhe-
sion, morphology, invasion, and signal transduction [11].
CD82, also called C33, R2, 4F9, and 1A4, is a type of tetraspa-
nin and was initially involved in the T-cell activation process
[17, 38]. Most of the CD82 research has been limited to its
role as a metastasis suppressor in cancer, but recently its
role in cells of various tissues, such as bone marrow, blood,

blood vessels, muscle, and heart, has been revealed, sequen-
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long-term repopulating hematopoietic stem cells (LT-HSCs)
as well as their homing and engraftment to the bone mar-
row, the inhibition of angiogenesis, and the maintenance of
differentiation potency of muscle satellite and cardiac
stem-progenitor cells [32]. This review provides insights on
the recently discovered function and role of CD82 and ex-

plores future research directions.

CD82 as a tumor metastasis suppressor

CD82 is known as a metastasis suppressor that mainly
inhibits cancer metastasis [21], and it can be observed that
the expression of CD82 reduces in various malignancies, in-
cluding colon, lung, pancreatic, prostate, breast, ovarian, and
other cancers [12, 13, 38, 41]. Additionally, overexpression
of CD82 suppresses cell migration and invasion in vitro and
inhibits tumor metastasis in vivo [6, 40]. Cancer develops
gradually by inducing angiogenesis and proliferation of can-
cer cells through the metastasis of malignant tumors [18, 29].
Cell adhesion molecules (CAMs), such as integrin and cad-
herin, are involved in the metastasis process, the start of can-
cer progression [18]. CD82 interacts with these CAMs to in-



hibit cancer cell migration, helps the formation of E-cadher-
in/B-catenin complex, and regulates laminin-binding through
integrin-a6 [1]. Through these processes, it inhibits down-
stream signaling of integrin, such as the p130CAS-Crk com-
plex, and prevents cancer cell metastasis by regulating cell-
to-cell adhesion [1, 18, 21]. It has been reported that
KITENIN (KAI1 COOH-terminal interacting tetraspanin) in-
teracts with the C-terminal region of KAIl, the main part
of metastasis suppressor function, and its expression is asso-
ciated with cancer cell invasiveness [19]. It also inhibits can-
cer metastasis by combining the CD82 counter molecule
DARC (Duffy antigen receptor for chemokines) protein ex-
pressed in endothelial cells (ECs) and CD82 on the cancer
cell surface, causing cancer cells to senescence and prevent
passage through the vascular wall [3, 42]. The critical step
of metastasis is the ability of tumor cells to survive. It has
been reported that Gp78 influences ubiquitin-mediated pro-
teasomal degradation of CD82. Furthermore, inhibition of
Gp78 leads to augmentation of metastatic function of KAI1
and promoting tumor cell death [37]. As a therapeutic ap-
proach against cancer, it is important to elucidate the regu-
latory mechanism of cancer invasion and metastasis, espe-
cially the regulatory mechanism of CD82 expression, which
is important for targeting CD82. A study on the regulatory
mechanism of CD82 gene expression revealed an alternative
splice form in which exon7 of CD82 was removed; the study
reported that the spliced CD82 did not efficiently inhibit
metastasis in gastric carcinoma compared with wild-type
CD82 [20]. In addition, the transcriptional regulation of
CD82 expression involves various transcription repressors
and transcription activators [21]. The p50 subunit of NFkB,
a nuclear transcription factor, binds to the CD82 promoter;
moreover, it has been reported that NFkB activation in-
creases the mRNA and protein levels of CD82 in various
adenocarcinoma cell lines [33]. It is also known that the B-
catenin-reptin complex binds to the p50 subunit docked in
the NFkB response of the CD82 promoter region and re-
places the Tip60 co-activator complex to inhibit CD82 tran-
scription [16]. It is known that the binding sites for tran-
scription factors, such as p53, Spl, AP1, and AP2, exist in
the CD82 promoter [5] and that c-Jun and Jun-B have also
been implicated in the transcriptional regulation of CD82
[24, 25].

The role of CD82 in bone marrow
stem cell niche
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HSCs are mainly in the bone marrow and are eventually
differentiated into lymphocytes and myeloid cells through
LT-HSCs, short-term repopulating HSCs (ST-HSCs), and
multipotential progenitors (MPPs) [7]. The stem cell niche
is an in vivo microenvironment that enables self-renewal, dif-
ferentiation, quiescence, and activation of stem cells to be
controlled according to the body’s circumstances, thereby
maintaining homeostasis [30]. There are various niche-sup-
porting cells in the bone marrow constituting the niche of
hematopoietic stem cells. Niche-supporting cells include os-
teoblasts, mesenchymal stromal cells (MSCs), sinusoidal
ECs, CXCL12-abundant reticular cells (CAR cells), and mac-
rophages, reported to regulate self-renewal, proliferation,
dormancy, and differentiation of HSCs in vivo and in vitro
[8]. It has been reported that CD82 is predominantly ex-
pressed in the most undifferentiated and regenerating LT-
HSCs present in the bone marrow, and cell cycle regulated
by DARC-expressing macrophages [14, 15]. It was found that
CD82 maintains the dormancy of HSCs by interacting with
DARC [15]. LT-HSCs are maintained in a dormant state in
bone marrow by autocrine signaling and paracrine factors
[28]. It has been reported that CD82 is downstream of TGF-3
(transforming growth factor-B) and is secreted from LT-
HSCs and MSCs to induce stem cells into a dormant state
[15]. HSCs are mostly maintained in the bone marrow, circu-
late at low density in the peripheral blood, and migrate to
the bone marrow by homing [27]. This is known as an im-
portant step to repopulate the bone marrow after stem cell
transplantation in stem cell therapy, and the goal of success-
ful transplantation depends on the efficient return and en-
graftment of HSCs to the bone marrow [31]. In leukemic
cells, CD82 promotes N-cadherin clusters in cell membranes,
facilitating the return to the bone marrow [23]. Additionally,
CD82 enhances the return of HSCs to the bone marrow re-
quired for engraftment through the regulation of Racl acti-
vation [9]. CD82 increases the expression of integrin a481
and cluster formation, thereby increasing adhesion to the mi-
croenvironment of the bone marrow [36]. Therefore, CD82
could be used as an essential functional marker in HSCs and
could be a therapeutic target to improve the efficacy of HSC

transplantation therapy.

The role of CD82 in muscle stem cells

Identification of muscle stem cell-specific surface markers
is essential for studying the function of muscle satellite cells,
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which are essential for muscle differentiation and regen-
eration. It has been reported that tetraspanins such as CD9,
CD53, and CD81 are involved in muscle differentiation, and
muscle cell fusion in skeletal muscle, and CD82 has also
been reported to function in muscle stem cells [10, 22]. It
was found that CD82 regulates the growth and quiescence
of muscle satellite cells through the complex with proteins
such as a7-integrin and a-sarcoglycan [2, 10]. In vitro and
in vivo, myotube formation in muscle satellite cells was in-
creased according to the expression of CD82, and the pro-
liferation potential of satellite cells was also maintained high.
Also, in the Duchenne muscular dystrophy model, it was
reported that the expression of CD82 is reduced, and the
absence of a7-integrin induces muscle dystrophy [2, 26]. This
suggests that CD82 maintains the differentiation potential
of muscle satellite cells and is important for muscle stem
cell function in muscle diseases such as muscular dystrophy.
In addition to muscle stem cells, it was found that car-
diomyocyte progenitor cells derived from human-induced
pluripotent stem cells (hiPSCs) also express CD82. CD82 is
temporarily expressed in late-stage mesoderm cells during
hiPSCs differentiation. Overexpression of CD82 in undiffer-
entiated hiPSCs resulted in the differentiation into car-
diomyocytes through inhibition of Wnt signaling [34]. Alto-
gether, these results suggest that CD82 is involved in main-
taining the differentiation potential of muscle satellite cells
and determining the differentiation fate of stem-progenitor
cells in cardiac muscle.

The role of CD82 in angiogenesis

There have been several studies on the relationship be-
tween angiogenesis and inflammation in pathological sit-
uations [4]. Angiogenesis is essential for the removal of
pathogens and tissue regeneration through induction of in-
flammation, but still a considerable factor during treatment
due to its association with disease progressions, such as can-
cer, age-related macular degeneration, and chronic inflam-
mation [4]. Although CD82 is expressed in various vascular
ECs, little is known about its role in vascular function. CD82
induces the endocytosis of CAMs by regulating gangliosides,
CAMs-membrane microdomain interactions, and lipid raft
clustering in the plasma membrane of vascular ECs [4, 39].
This removes CAM, such as CD44, and inhibits the migra-
tion and invasion of vascular ECs, inhibiting angiogenesis
[39]. Additionally, it was found that CD82 inhibits the ex-

pression of IL-6 and VEGF in melanoma to prevent angio-
genesis [35]. Therefore, elucidating the roles of CD82 in the
molecular mechanism between angiogenesis and inflamma-
tion could be a novel therapeutic approach for chronic in-
flammatory diseases and cancer. Furthermore, in addition
to the role of CD82 in vascular ECs, studies elucidating the
role of CD82 in perivascular cells are required to better un-

derstand the role of CD82 in angiogenesis.

Discussion

Tetraspanins are transmembrane proteins expressed in al-
most all eukaryotic cells and are involved in regulating sev-
eral proteins, such as integrins, cell surface receptors, and
signaling molecules [11, 21]. As a molecular facilitator, tetra-
spanin interacts with various types of tetraspanin and pro-
teins present in the cell membrane and cytoplasm through
the formation of tetraspanin-enriched microdomains. This
review dealt in depth with the role of CD82, which has been
studied extensively among tetraspanins and has been identi-
fied as a key marker for blood stem cells, muscle progeni-
tors, and cardiac progenitors, as well as a cancer metastasis
suppressor (Fig. 1). Recent studies have revealed the func-
tion of CD82 as a pivotal cell surface protein that can dis-
tinguish their hierarchies in stem-progenitor cells of various
tissues and organs [2, 15, 34]. In cell therapy for patient treat-
ment, identifying cell surface proteins expressed on the cell
membrane is more valuable than simple gene expression or
protein expression in the cytoplasm. This can be used when
the target cells for cell therapy are separated from the bone
marrow or blood by flow cytometry or magnetic cell separa-
tion and amplified according to the therapeutic capacity.
Therefore, the identification of CD82 expression and eluci-
dating its role in stem-progenitor cells of various organs are
very important in terms of amplification and verification of
cellular resources in stem cell therapy. In addition, the analy-
sis of the expression of CD82 and other tetraspanins in stem-
progenitor cells of organs other than blood, vessels, muscles,
and heart remains a major challenge. Although the DARC
molecule, which is expressed in ECs, erythrocytes, and mac-
rophages [15, 42], is currently known as the receptor for
CD82, finding new binding partners of CD82 that are differ-
ent from the CD82-DARC signaling axis and elucidating new
signaling mechanisms remain a big challenge. Therefore, in
addition to CD82, elucidating the functions and mechanisms

of other tetraspanins can be directly related to treating vari-
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Fig. 1. Schematic of various CD82 molecular functions. CD82, a stem cell marker, performs the stem cell niche function through
binding with DARC and affects the homing and engraftment of HSCs to the bone marrow. Additionally, it plays various
roles, such as inhibition of metastasis of cancer cells, inhibition of angiogenesis, and muscle regeneration. Further studies
on the role of CD82 and its interaction with other proteins are needed.

ous diseases and will further improve the quality of human
life.
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