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Abstract Tetraspanins regulate a variety of cellular
functions. However, the general cellular mechanisms by
which tetraspanins regulate these functions remain poorly
understood. In this article we collected the observations
that tetraspanins regulate the formation and/or develop-
ment of various tubular structures of cell membrane.
Because tetraspanins and their associated proteins (1) are
localized at the tubular structures, such as the microvilli,
adhesion zipper, foot processes, and penetration peg, and/
or (2) regulate the morphogenesis of these membrane
tubular structures, tetraspanins probably modulate various
cellular functions through these membrane tubular struc-
tures. Some tetraspanins inhibit membrane tubule
formation and/or extension, while others promote them.
We predict that tetraspanins regulate the formation and/or
development of various membrane tubular structures: (1)
microvilli or nanovilli at the plasma membranes free of cell
and matrix contacts, (2) membrane tubules at the plasma
membrane of cell-matrix and cell-cell interfaces, and (3)
membrane tubules at the intracellular membrane compart-
ments. These different membrane tubular structures likely
share a common morphogenetic mechanism that involves
tetraspanins. Tetraspanins probably regulate the morpho-
genesis of membrane tubular structures by altering (1) the
biophysical properties of the cell membrane such as cur-
vature and/or (2) the membrane connections of
cytoskeleton. Since membrane tubular structures are asso-
ciated with cell functions such as adhesion, migration, and
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intercellular communication, in all of which tetraspanins
are involved, the differential effects of tetraspanins on
membrane tubular structures likely lead to the functional
difference of tetraspanins.
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Abbreviations

EM Electron microscopy

ERM Ezrin/radixin/moesin

Memtubs Membrane tubular structures
MVB Multi-vesicular body

TEM Tetraspanin-enriched microdomain
Tetraspanins

Tetraspanins exist in eukaryotes ranging from yeast to
humans. In animals, approximately 2-3 dozen tetraspanin
genes are found in species such as worm, fly, mouse, and
human, implying ancient, diverse, and important roles of
tetraspanins in evolution and development.

Tetraspanin proteins are characterized by four trans-
membrane segments that contain approximately half of the
total amino acid residues [1]. Because of the homology in
amino acid sequences and the sharing of a well-conserved
CCG sequence, they form a superfamily [2, 3]. Tetraspanins
associate with each other and with other transmembrane
proteins such as integrins, immunoglobulin superfamily
proteins, and proteases to form tetraspanin-enriched micro-
domains (TEMs) [4, 5]. Importantly, growth factor recep-
tors such as EGFR and c-Met and membrane-bound growth
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factors such as heparin-binding EGF (HB-EGF) are linked
to TEM. Signaling molecules such as Pl 4-kinase, activated
PKC, syntenin, and ezrin/radixin/moesin (ERM) family
proteins are found in TEMs [6, 7]. At the molecular level,
tetraspanins are known as molecular facilitators, by mod-
ulating the function and activity of their associated proteins
[3-5].

Tetraspanins engage in a wide variety of biological
functions such as cell migration, cell-cell fusion, cell-cell
adhesion, cell-matrix adhesion, cell spreading, cell prolif-
eration, cell signaling, intracellular vesicle trafficking, peri-
cellular proteolysis, viral entry and release, immune
response, vascular morphogenesis and remodeling, tumor
progression and metastasis, neurite navigation, and
thrombosis [3-7]. With the expanding repertoire of tetra-
spanin-involved, -regulated, or -required functions, the
biochemical and/or biophysical nature that governs tetra-
spanins to engage in all of these physiological and
pathological events remains basically unknown. Based on
the same ancestry shared by tetraspanin genes and the
sequence homology shared by tetraspanin proteins, a uni-
versal biological mechanism that governs most of
tetraspanin-related functions likely exists.

Membrane tubular structures

The membrane tubular structures are the tube- or tubule-
like structures of the cell membrane (Fig. 1). In these
structures, the longitudinal axis is significantly longer than
the latitudinal axis. The membrane tubular structures,
including axons, dendrites, and spikes, are well recognized
and elucidated in neuronal cells. The functional importance
of these structures is also fully recognized in the nervous
system. We focus on various membrane tubules from non-
neuronal cells and their relationship with tetraspanins in
this article. On the one hand, these structures in non-neu-
ronal cells have not been systematically elucidated, and
therefore their functional importance has not drawn suffi-
cient attention. On the other hand, tetraspanins are not well
studied in the nervous system, without saying that they are
not important in nerve functions.

Functionally, the membrane tubular structures are
involved in sense, effect, and communication. First, the
membrane tubular structures can sense mechanical or
chemical signals. For example, the basal cells in epithelia
can send the membrane tubular structures to reach the
lumen and sense the luminal environmental changes [8],
and so do the intestinal dendritic cells [9]. Second, the
membrane tubular structures could be the effector device
for cells. For example, invadopodia and filopodia directly
lead cell movement, while others such as renal podocyte
foot processes and intestinal epithelial microvilli exert
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mechanical force onto the glomerular basement membrane
and release microvesicles to the extracellular environment,
respectively. The membrane tubular structures are likely
involved in cell retraction, especially when they are posi-
tioned at the trailing or concave edge of cells. Sometimes
the membrane tubular structures probably carry dual
functions. For example, microvilli may sense the extra-
cellular environment first and then enclose to uptake
solutes through macropinocytosis [10]. Third, the mem-
brane tubular structures are the communication channels
between cells. For example, tunneling nanotubules and
cytonemes exchange the contents of the cytoplasm and
plasma membrane and transmit viruses between cells
[11, 12]. Thus, the membrane tubular structures of the
cells from non-nerve systems can actually engage the
functions that have been considered for the axons, den-
drites, and spines of the cells of the nerve system.
Mechanistically, the participation in sense, effect, and
communication strongly underscores the notion that the
membrane tubular structures are the platform of signal-
ing machinery.

Microvilli, microprotrusions, and foot processes are the
protrusive membrane tubular structures at the “micro”
scale (Fig. 2a), relative to the “macro” protrusive mem-
brane tubular structures such as filopodia, invadopodia, and
cilia [13-16]. However, the micro-membrane tubular
structure could also result from cell retraction processes
(Fig. 3). Morphologically, microvilli or microprotrusions
are miniature filopodia [13, 14]. However, the number of
microvilli or microprotrusions in a given cell is typically
higher than that of filopodia. Unlike another macroprotru-
sive membrane structure, lamellipodia, the lengths of
microprotrusion and filopodia, which are typically rod- or
tubule-like (Fig. 1), are significantly larger than their
widths. Microprotrusions and filopodia likely share a sim-
ilar morphogenetic mechanism because the membrane
extrusion activity occurs at the defined spots of the plasma
membrane compared with lamellipodia. Of note, micro-
protrusion symbolizes only one form of the membrane
protrusive activities, which also result in fewer projecting
membrane structures including membrane blebbing, ridges,
and crests (Fig. 2b, c), although these could occur at the
“macro” scale and involve relatively large areas of
membrane.

Tetraspanins are present at the membrane tubular
structures

Tetraspanins and their associated proteins such as integrins
and IgSF proteins are enriched or detectable in various
membrane tubular structures (Fig. 3). When localized at
the cell surface beyond cell-cell or cell-matrix contact, the
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Fig. 1 The membrane tubular structures (memtubs) of cells. We “micro”extrusions such as microvilli, foot processes, basal microex-
depict various membrane tubules from non-neuronal cells. In neurons, trusions, and lateral microextrusions. Lateral microextrusions could

the membrane tubular structures, including axons, dendrites, and form the adhesion zipper when cells contact each other. Micro-
spines, are well elucidated. For non-neuronal cells, tubular or rod-like memtubs may also be found in intracellular organelles such as the
extrusive membrane structures include “macro”extrusions such as multivesicular body (MVB), a form of late endosomes, and ER
filopodia, invadopodia, cilia, and penetrative pegs (not shown), and
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magnitude of extrusion activity.
In the category of micro-
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micro-membrane tubular structures are microvilli or  lumen. Tetraspanins such as CD82, CO-029, and Tspan-1
nanovilli (Fig. 1). For example, the microvilli at the apical  are found at the lumenal vesicles secreted from the intes-
surface of intestinal epithelium project into the intestinal  tinal microvilli [17], strongly suggesting that these
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tetraspanins are originally present in the microvilli. Tetra-
spanin CD9 is enriched at the microvilli on egg cells [18-20],
and CD9 and tetraspanin CD63 are found on the micropro-
trusions of activated platelets [21, 22]. Tetraspanin CD81 is
localized at the microvilli at the inner surface of retinal
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pigment epithelial cells [23]. Tetraspanins TM4SF1/Ly6,
CDS81 and CD82 are found at extremely long microvilli pro-
jected from endothelial cells [24] (Fig. 3).

The micro-membrane tubular structures localized at the
cell surface that interfaces with another cell are transient,
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Fig. 3 Tetraspanin-containing membrane tubular structures (mem-
tubs) in various cellular behaviors. a Tetraspanin CD82 was detected
in thin and long micro-memtubs of human prostate epithelial cells.
b Tetraspanin-associated proteins such as integrin «3 are found in the
micro-memtubs, as indicated by the arrowheads, of human prostate
epithelial cells. Although actin fibers were detectable in these micro-
memtubs, F-actin was present in the cell-proximal portion of these
structures. Notably, the integrin «3-positive micro-memtubs are
branched. ¢ Tetraspanins are found in the micro-memtubs associated
with cell retraction during cell movement or cell front-rear polari-
zation. For example, CD9-positive micro-memtubs are present at the
trailing edge of migrating NIH3T3 murine fibroblast cells, as
indicated by the arrowheads; while CD81-positive micro-memtubs
are present at the trailing edge of migrating Dul45 human prostate
cancer cells. The memtubs formed at the leading edges are typically
filopodia. d Tetraspanins CD9 and CD81 are found in the micro-
memtubs during the formation of the cell-cell adhesion zipper in
NIH3T3 and Dul45 cells, respectively. e The micro-memtubs can be
remained on extracellular matrices after cells have either moved away
or become detached. The image shows the wreckage of CD82-
positive micro-memtubs, as indicated by the arrowheads. Note that
F-actin is deprived of these wreckages. f Tetraspanin CD81-positive
micro-memtubs form nanotubules between Dul45 cells

dynamic structures. These membrane tubules may form the
temporary contact between cells or the “adhesion zipper,”
i.e., interdigitating microprotrusions at the cell-cell con-
tacts (Figs. 1, 3). They occur when cells initially interact
with or contact each other. For example, the interdigitating
microprotrusions are a transition contact mechanism for
epithelial cells before the adherens junctions appear and
stabilize the epithelial cell-cell contacts [25-27]. However,
we recently also found that endothelial cells form an
adhesion zipper when they contact each other [28]. Tetra-
spanins CD9 and CD81 can be localized at the adhesion
zipper [28, 29] (Fig. 3c). The association of tetraspanins
with this cell-cell contact mechanism is consistent with the
co-emergence of tetraspanin and multicellular organisms in
evolution [30, 31].

The membrane tubular structures are also found at the
cell-matrix contact (Fig. 1). Their morphologies vary from
tissue to tissue. For example, kidney podocytes generate
the intertwined microprotrusions called foot processes
toward the glomerular basement membrane. Notably, tet-
raspanin CD151 and its associated integrin o381 regulate
the foot process morphogenesis, evidenced by the foot
process effacement in CD151- or a3-null podocytes [32—
34]. Another membrane protrusion that interfaces the cell
and matrix is the invadopodia, which penetrate into peri-
cellular matrices and are often found in invasive tumor
cells [15, 16]. Although the role of tetraspanins in the
morphogenesis of invadopodia has not been investigated,
fungal tetraspanin PLS1 is required for the formation of
penetration pegs [35], a cell wall-penetrative structure
similar to invadopodia. Because tetraspanin emerges from
fungi in evolution, the cellular function of PLSI1 likely

denotes the primordial function of tetraspanins at the cel-
lular level.

When initiated at the membrane of intracellular com-
partments such as endosomes and endoplasmic reticulum
(ER), the membrane tubular structures are either intrusions
or extrusions, which can further develop into vesicles and
cisternae (Fig. 1). For example, the invagination or inward
projection at the membrane of late endosomes leads to the
formation of inner vesicles in the multivesicular bodies,
while the outward projection from the ER membrane leads
to the formation of ER tubules. Several tetraspanins such as
CD63, CD81, CD82, and CD151 are enriched in the inner
vesicles of late endosomes [36, 37]. Although the roles of
these tetraspanins in the morphogenesis of inner vesicles
remain to be determined, these inner vesicles are appar-
ently derived from the inward projection of the limiting
membrane of late endosomes.

Tetraspanins regulate the morphogenesis of membrane
tubular structures

Lines of evidence indicate that the appearance or disap-
pearance of the membrane tubular structure correlates with
the gain, loss, or fluctuation of tetraspanin expressions.
Tetraspanins and their associated proteins not only are
found in various membrane tubular structures, but also
regulate the formation and development of these structures.
Likely, tetraspanins and their associated proteins regulate
the morphogenesis of all kinds of membrane tubular
structures described above. We predict that the regulation
of membrane tubular structure formation and/or develop-
ment is a general property of tetraspanins, by which they
affect various cellular behaviors.

Different tetraspanins apparently play different roles in
the formation and/or development of membrane tubular
structures. Tetraspanin CD81 appears to promote the for-
mation and extension of microvilli [10, 38]. In addition,
CDS81 may increase the membrane curvature of microvilli,
evidenced by the presence of CD81 proteins in microvilli
and thinner microvilli found in CD81-overexpressing
cells [10]. Hence, CD81 appears to function as a positive
regulator for the microprotrusion formation and/or devel-
opment by facilitating membrane bending. Since micro-
protrusions are still found in CD8I-null cells, CD81 is not
required for the generation of microprotrusions [10]. Other
tetraspanins such as CD9 and CDI151 may behave like
CDS81 in microprotrusion morphogenesis. For example, the
development of microvilli at the surface of egg cells is
impaired when CD9 is ablated [19, 20], while CD9 over-
expression promotes the formation of microvilli [39].
CDI151 in epithelial and endothelial cells facilitates the
formation of the adhesion zipper when the cells are in
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contact [28, 40], and the engagement of CD151 with its Ab
induces microprotrusions in isolated epithelial cells [40]. A
recent study revealed that tetraspanin TM4SF1/Ly6 pro-
motes the formation of nanopodia, extremely long micro-
membrane tubular structures, in endothelial cells [24].

Tetraspanin CD82 probably exerts an opposite effect on
membrane microprotrusive activities. In our earlier study,
we found that, in both Dul45 and PC3 prostate cancer cells,
CDS82 overexpression inhibits the formation and develop-
ment of “dorsal” microprotrusion or microvilli, and reduces
the number of pericellular “microvesicles” [10, 41], which
could be either the cross section of microprotrusions or
microprotrusion-derived microvesicles. PC3 cells over-
expressing CD82 also exhibited the decreased membrane
curvature or increased radii of the microvillar tips [10].
Thus, CD82 functions as a negative regulator for the for-
mation and/or development of “dorsal” microprotrusions or
microvilli. However, the effect of CD82 on ventral or basal
microprotrusions, which likely initiate the adhesion zipper
formation, remains to be determined.

Tetraspanins engage various cellular functions
by regulating membrane tubular structures.

Tetraspanins play important roles in cell adhesions [1-7].
Membrane tubular structure could serve as the structural
base for both cell-cell and cell-matrix adhesions. For
example, microvilli on egg cells, where the cell surface
CD?9 proteins are enriched, are the anchorage or attachment
sites for the sperm that has penetrated through the zona
pellucida [18-20]. After fertilization, fewer CD9 proteins
are present in microvilli, and the surface distribution of
microvilli becomes less uniform [42]. The infertility of
CD9-null female mice likely results from the aberrant
microprotrusive activities of the CD9-null egg plasma
membrane, i.e., the formations of microvilli and pericel-
lular microvesicles. Such aberrancy in turn leads to the
abnormal adhesive interactions between sperm and CDY-
null eggs, although the sperm can still bind CD9-null eggs
[18, 43]. In addition, CD9-positive mircoprotrusions form
an adhesion zipper when cells contact each other in the
presence of CD9 mAb [29], as mentioned before. For the
membrane tubular structures that are enriched with cell-
matrix adhesion molecules, they may facilitate cell-matrix
adhesion through mechanisms such as cell adhesion
strengthening. The foot processes of glomerular podocytes
intertwine with each other, anchor at the glomerular
basement membrane, and are critical for both podocyte-
podocyte and podocyte-matrix adhesions. CD151 and its
associated integrin 31 are localized at the end or tips of
foot processes, where podocytes anchor to the glomerular
basement membrane [34].
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It is well documented that tetraspanins regulate cell
movement. Tetraspanins likely regulate cell movement by
modulating the formation and/or development of micro-
protrusions. For example, the prototypic fungal tetraspanin
PSLI1 directs the formation of a cellular protrusive struc-
ture called penetration peg, which is important for fungus
invasiveness [35]. And the Drosophila tetraspanin Late
Bloomer facilitates the transformation of invading axon
growth cones into pre-synaptic arbors at the neuromuscular
junction [44] by functioning as a negative regulator of
membrane protrusive activity. As mentioned before, CD82
inhibits the formation and development of microvilli and
pericellular microvesicles, which correlate with its motil-
ity-inhibitory activity [41]. CD82 TM polar residues
crucial for motility-inhibitory activity are also needed for
the proper formations of these structures [41]. Interestingly,
immobilized CD82 mAb induces the formation of elon-
gated cellular extensions [6], morphologically similar to
microvilli and filopodia. However, it remains unknown
whether such extension results from the increased protru-
sion or decreased retraction activity. Since both cellular
protrusion and retraction become attenuated upon CDS82
overexpression (our unpublished data), the cellular exten-
sion induced by the immobilized CD82 mAb could result
from the decreased cellular retraction. Although the role of
microprotrusions in cell movement has not been system-
atically studied, it is likely that the formation of
microprotrusions in isolated individual cells correlates with
cell motility. Conversely, if microprotrusions form adhe-
sion zipper between cells, more microprotrusions may
reflect less cell motility. Hence, microprotrusive activities
of the plasma membrane per se do not reflect cell motility.
For example, there are conflicting reports regarding the role
of CD9 in cell movement: quite a few studies found that
CD?9 inhibits cell migration, but some showed that CD9
promotes cell migration [7]. We predict that CD9 inhibits
cell movement when cells are in contact but promotes
movement when cells are isolated.

Tetraspanins are also involved in endocytosis and exo-
cytosis [37, 45, 46]. Microprotrusions might reflect the
endocytic and/or exocytic activities of cells. For example,
microprotrusions could reflect the early stage of macr-
opinocytosis, a form of endocytosis. In macropinocytosis,
a pair of enfolding microprotrusions encompasses the
extracellular solutes, suggesting the formation of endocytic
structure [10]. This phenomenon is possibly combined with
or followed by the local invagination of the cell membrane
between two enfolding microprotrusions. However, the two
enfolding microprotrusions in the transmission EM image
could reflect the side view of enclosing membrane folding
or ruffles. Notably, the number of pericellular microvesi-
cles was substantially reduced when microprotrusions were
largely lost upon CDS82 overexpression [10, 41] or CD9
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ablation [20], highlighting the roles of tetraspanins and
microprotrusions in excytosis or vesicle release. Indeed,
recent progress indicates that intestinal microvilli, in which
tetraspanins CO-029, CD82, and Tspanl are present, gen-
erate microvesicles [17]. These observations are also
consistent with the involvement of tetraspanin in viral entry
and release [5]. Coincidently, one of the most frequent
changes in virally infected cells is the formation of
microvilli [47, 48], suggesting the contribution of micro-
villi to the viral budding or release process. For viral
release, membrane tubules could be the location or device
for membrane budding or represent a transition structure of
dynamic budding. Similarly, membrane tubules could
facilitate the attachment of virus to the cell surface prior to
viral entry. Hence, based on our hypothesis, facilitating
microvillus formation by CD81 is likely important for its
function as a key entry factor for hepatitis C virus and
influenza virus.

It is well recognized that tetraspanins function at the
molecular level as “molecular facilitators” [3] by regu-
lating the functions of their associated proteins.
Tetraspanins associate with each other and with other
transmembrane proteins, which are typically cell adhe-
sion proteins such as integrins and immunoglobulin
superfamily proteins, to form the structurally tangible
membrane microdomain [49, 50] called the tetraspanin
web [4] or tetraspanin-enriched microdomain (TEM) [5].
The tetraspanin web describes the organization of tetra-
spanins at the molecular level, while the membrane
tubular structures denote the effect of tetraspanins on the
cell membrane at the cellular level. We emphasize that
membrane tubules are the functional manifestation of
TEMs at the cell membrane.

How tetraspanins regulate the morphogenesis
of membrane tubular structures

Tetraspanins may alter the membrane curvature

For example, the tips of microprotrusions become less
bending when CDO is not present [19], suggesting that CD9
promotes the outward curvature of the plasma membrane.
CDS81 plays a similar role [10]. We predict that the female
infertility of CD81-deficient mice is also due to less out-
ward curvature of the egg cell membrane. In contrast,
CD82 overexpression diminishes the outward curvature of
the plasma membrane and often induces concave cell
peripheries [10]. Tetraspanin RDS is exclusively localized
at the disc rim, the curved membrane region, of the rod
photoreceptor outer segments [51, 52], and is necessary for
forming and maintaining the proper morphology of the rim
[53]. The presence of RDS in membrane vesicles causes

the flattening of these vesicles [54], a membrane-bending
process.

If no other cellular factor is involved, more or thinner
microvilli reflect higher outward intrinsic curving activity
of the plasma membrane, while fewer or thicker microvilli
reflect relatively less activity. Likewise, the membrane
inward curving activity leads to the invagination of the
plasma membrane. Biophysically, tetraspanin webs could
be the membrane domains or areas with altered curva-
ture, relative to the regular areas of the cell membrane.
Dependent upon the tetraspanin composition, tetraspanin
webs may (1) form more positive, (2) form more negative,
or (3) deform membrane curvature. Consequently the dif-
ferent membrane curvature leads to either promoting or
inhibiting the formation and/or extension of membrane
tubular structures, membrane blebbing, or membrane ridge
or crest (Fig. 2). Although tetraspanins per se appear not to
fall into the category of membrane-curving proteins based
on the current understanding [55, 56], they may still bend
the membrane when they become dimerized or polymer-
ized, and then further form tetraspanin web through a
scaffolding mechanism. The posttranslational modifica-
tions of tetraspanins such as glycosylation, lipidation, and
disulfide bond formation could contribute to or even
determine this membrane-bending mechanism. Another
possibility is that tetraspanins may physically associate
with membrane-curving proteins or lipids, different tetraspa-
nins have differential abilities to bind to these molecules, and
such a difference results in different membrane curving
activities. Functionally, we predict that the local curvature of
tetraspanin web causes altered connection between the plasma
membrane and the cytoskeleton, and changes the spatial
presentation of segregated adhesion, signaling, and enzymatic
machineries.

Tetraspanin may alter membrane-dependent
cytoskeletal reorganization

As the master regulators of the actin cytoskeleton, Rho
small GTPases Cdc42, Rac, and Rho determine the for-
mation of membrane macroprotrusive structures such as
lamellipodia and filopodia. Although the roles of Rho small
GTPases in membrane microprotrusive activities remain to
be determined, membrane protrusive structures are likely
driven by the outward actin polymerization. Tetraspanins
may regulate the membrane microprotrusive activities
through modifying actin reorganization in a Rho small
GTPase-dependent manner since the signaling connection
between tetraspanins and Rho small GTPases is well rec-
ognized [8]. Ezrin/radixin/moesin (ERM) proteins are
needed for the membrane microprotrusive activity that
induces the microvillus formation [57, 58]. Tetraspanins
are found to either directly or functionally associate with
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ERM proteins [59, 60]. Hence, ERM proteins could serve
as the adaptors, directly linking tetraspanins to the actin
cytoskeleton, and thereby regulate the formation and/or
development of membrane tubular structures.

In reality, both membrane bending and actin cytoskel-
eton reorganization are probably involved in the formation
and development of membrane tubular structures. In some
cases, one may play a more important role than another.
For example, the membrane tubular structures sometimes
contain an electron-dense core, which is likely to be a
cytoskeleton, under transmission electron microscopy (our
unpublished data). While the membrane tubular structures
sometimes exhibit even density in cross section without an
electron-dense core, suggesting that, at least, no continuous
cytoskeleton is involved (our unpublished data). Also,
tetraspanin TM4SF1/Ly6-induced extremely long micro-
villi projected from endothelial cells are poor in F-actin
[24] (Fig. 3a). We found that the micro-membrane tubular
structures at the retraction edges of cells also contain less
F-actin (Fig. 3b, c).

Perspective

Compared with membrane blebbing and membrane ridges
or crests, the membrane tubular structures of cells represent
the maximal activity of membrane deformation (Fig. 2). It
is not surprising if tetraspanins are involved in the forma-
tion and development of membrane blebbing and
membrane ridges or crests. In this article, we focused on
the membrane tubular structures that extrude from the
plasma membrane of cells. The roles of tetraspanins in (1)
other membrane tubular structures such as membrane
tubular invagination and (2) intrusive deformation of the
plasma membrane such as membrane pits remain to be
determined. Given the facts that tetraspanins typically
regulate various cell functions oppositely, we would pre-
dict that some tetraspanins facilitate the formation and
development of those membrane tubular structures, while
some tetraspanins inhibit these processes.

Tetraspanins have been considered as molecular facili-
tators [3-5]. How tetraspanins function as molecular
facilitators still remains unclear. Promoting or inhibiting
the formation and development of membrane tubular
structures could be the subcellular mechanism by which
tetraspanins modulate the activity of their associated mol-
ecules. For example, the localization of tetraspanin-
associated cell adhesion proteins at microvilli makes these
adhesion molecules more accessible to their ligands and
counter-receptors. Thus, regulating membrane tubular
structure at the subcellular level coincides well with the
facilitator function of tetraspanins at the molecular level.
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