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Abstract

Tetraspanin CD9 is essential for sperm—egg fusion and also contributes to uterine repair through microexosome formation.
Microexosomes share CD9 with exosomes and are released from eggs and uterine epithelial cells. However, the mechanism
for the formation of microexosomes remains unknown. To address this issue, we examined membrane localization and
extracellular release of CD9 proteins using uterine epithelial cells and secretions in mice and humans. In mice, CD9 localized
predominantly on the basal region of the plasma membrane and relocated to the apical region upon embryo implantation.
Furthermore, extracellular CD9 proteins were detected in uterine secretions of mice and women undergoing infertility
treatment, but were below detectable levels in supernatants of pluripotent stem cells. Ultrastructural analysis demonstrated
that membrane projections were shortened and the number of mitochondria was reduced in uterine epithelial cells lacking
Cd9 genes. Our results suggest that CD9 repositioning and release affect both membrane structures and mitochondrial state

in the uterus, and contribute to female fertility.

Introduction

In humans, uterine repair after normal menstruation and
childbirth has features in common with tissue repair in other
organs [1-3]. During uterine repair, the human endometrium
undergoes the menstrual cycle [1], whereas other mammals
are subject to the estrous cycle [4]. In both humans and mice,
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the endometrium commonly grows to a thick and blood
vessel-rich glandular layer, providing the optimal environ-
ment for embryo implantation on the uterine surface. The
endometrium consists of the columnar epithelium and con-
nective tissues that vary in thickness in response to hormonal
regulation. It undergoes extensive epithelial turnover
throughout adult female life. In mice, the estrous cycle is
divided into two ovarian phases, the follicular and the luteal
phases [4]. The follicular phase is the period of ovarian fol-
licle development consisting of proestrus and estrus; the Iuteal
phase is the period of corpus luteum formation, comprising
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metestrus and diestrus. These four stages are easily dis-
tinguished using a vaginal smear test (Fig. 1a).

The uterus is a hormone-responsive muscular organ that is
responsible for embryonic development [5, 6]. It is a distensible
organ that expands during pregnancy, becoming large enough
to hold a fully grown baby. The physical and oxidative stresses
of pregnancy and childbirth frequently damage uterine and
placental tissues, especially in women who experience multiple
childbirths [7, 8]. Uterine repair involves a number of cellular
processes, including hypertrophy and rearrangement of uterine
tissues, and changes in the extracellular matrix [9, 10].

CD9 is an integral membrane protein expressed in a wide
variety of cells [11, 12]. In human and mouse uteri, CD9 is
predominantly localized on the plasma membrane of endo-
metrial epithelial cells [13, 14]. In addition, CD9-containing
extracellular structures, exosomes [15], and microexosomes
[14, 16-18], are released from cells to the outer environment in
many different types of cells. Specifically, microexosomes are

extracellular structures without typical bilayers [16-18], pre-
dicted to function in the short-range transportation of cellular
substances between neighboring cells [18]. In eggs, micro-
exosomes are released from the plasma membrane and trans-
ferred to the sperm head, promoting the fusion of egg with
sperm [16]. In the uterus, microexosomes are released from
epithelial cells, repairing the epithelium damaged by childbirth
[14]. However, it is unknown how microexosomes are formed
in the uterus. To address this issue, we focused on CD9
localization on the plasma membrane of the uterine epithelium.

Materials and methods
Animal experiments

All mice were housed under specific pathogen-free condi-
tions. Food and water were available ad libitum. All animal
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Fig. 1 CD9 localization during estrous cycle and at implantation.
a Staging of the estrous cycle by vaginal cytology; scale bar, 50 um.
b Immunostaining of uterine tissues with anti-CD9 mAb; chromoso-
mal DNA was counterstained with DAPI; uteri were staged at diestrus
and estrus, and during implantation were sectioned; scale bar, 20 ym. ¢

Relative fluorescence intensity of uterine epithelial cells immunos-
tained with anti-CD9 between apical and basal regions; intensity of the
apical region was set to 100; values were expressed as mean + SE.
d Immunostaining of the site of embryo implantation with anti-CD9
mAb; scale bar, 100 um
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experiments were performed in accordance with the prin-
ciples and guidelines of the Care and Use of Laboratory
Animals at the National Research Institute for Child Health
and Development. The animal committee of the National
Research Institute for Child Health and Development
approved all experiments, including animal experiments
(experiment number 04-004).

Human cell culture

Menstrual blood cell lines (Edom22) were established in our
laboratory [19]. Edom22 cells were maintained in POW-
EREDBY 10 medium (MED SHIROTORI CO., Ltd, Tokyo,
Japan). Human induced pluripotent stem cells (hiPSCs)
were generated in our laboratory, via procedures described
by Yamanaka and colleagues [20], with slight modifications
[21]. The human cells were infected with retroviruses pro-
duced from the retroviral vector pMX, which carries com-
plementary DNAs that encode human OCT3/4, SOX2, c-
MYC, and KLF4. Human iPSCs were cultured on irradiated
mouse embryonic fibroblasts in 0222 medium supple-
mented with 10 ng/mL recombinant human basic fibroblast
growth factor (Wako Pure Chemical Industries, Ltd., Osaka,
Japan).

Animals

Eight- to 12-week-old female C57BL/6 mice were pur-
chased from SLC (Shizuoka, Japan). Cd9” (Cd9 knockout)
mice were generated as described previously [22] and
backcrossed with a C57BL/6 genetic background. Cd9”
mice expressing CD9 tagged at the N-terminus with
enhanced green fluorescent protein (CD9-eGFP) (Cd9'/ TG)
were generated as described previously [16]. The genotypes
of mice were determined by standard procedures as
described previously [14, 16].

Antibodies and chemicals

For immunohistochemistry and immunoblotting, anti-
mouse CD9 (KMCS8) and anti-human CD9 (ALB6) mono-
clonal antibodies (mAbs) were purchased from BD Bios-
ciences (San Jose, CA), and an anti-vascular endothelial
growth factor (VEGF) (Ab4) polyclonal antibody (polyAb)
was purchased from Merck KGaA (Darmstadt, Germany).
Alexa Fluor 488- and 546-conjugated secondary Abs
(Invitrogen/Thermo Fisher Scientific, USA) were used for
immunohistochemistry. Horseradish peroxidase (HRP)-
conjugated secondary antibodies (Abs) (Sigma-Aldrich)
were used for immunoblotting. Nuclei were counterstained
with 4’, 6-diamidino-2-phenylindole (DAPI) (WAKO Pure
Chemical Industries).

SPRINGER NATURE

Vaginal smear test and collection of mouse uterine
secretions

Wild-type (Cd9"") and Cd9”TG female mice were
examined by vaginal smear cytology and assigned to one
of four phases of the estrous cycle as described pre-
viously [14]. Briefly, a vaginal smear was collected with
a moistened cotton swab, applied to a glass slide, stained
with hematoxylin, and then observed under a stereo-
microscope. According to the microscopic characteristics
of the vaginal smear, mice were classified as being in
proestrus, estrus, metestrus, or diestrus. Because the
uterus undergoes hormonal changes during the estrous
cycle and is distended at the estrus stage because of
increased uterine secretions, we collected the uterine
secretions from estrus-staged mice. Mice staged at estrus
were sacrificed and their uteri were incised and flushed
with 50 pL solution, phosphate-buffered saline (PBS) and
1% Triton X-100 solution. The fluids collected with the
PBS wash contained the uterine secretions and those
collected with the Triton X-100 solution contained
components derived from epithelial cells, such as mem-
brane and cytoplasmic proteins. After these solutions
used to flush the uteri were collected from each of the
uterine horns, they were subjected to immunoblotting as
described below.

Collection of human uterine secretions

Patients were recruited from the outpatient department of
the Fertility Clinic Tokyo and St. Women’s Clinic,
Tokyo, and the Department of Obstetrics and Gynecol-
ogy, Keio University School of Medicine, Japan. They
were over 43 years of age and provided informed consent
to participate. This study was approved by the ethics
committee at the Japanese Institution for Standardizing
Assisted Reproductive Technology (#11-09). Samples
were collected only from patients who had provided
informed consent.

Patient samples were collected during the mid-luteal
phase at around day 20 of their contraceptive cycles, which
is considered an implantation window. A catheter connected
to a disposable 5-mL syringe (Terumo, Japan) was inserted
into the uterine cavity through the cervix. Five milliliters of
saline (Otsuka Pharmaceutical) was then injected into the
cavity, aspirated immediately, and collected in Eppendorf
tubes. The collected uterine secretions were centrifuged at
1500 rpm for 10 min at room temperature to remove blood
corpuscles and large protein complexes. The supernatants
were then transferred to new Eppendorf tubes. The protein
concentration of each sample was measured by the biuret
test.
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Immunoblotting of uterine secretions

Immunoblotting was performed as described previously
[14]. Briefly, 50-uL samples of human or mouse uterine
secretions were boiled at 95°C for 10 min in 50 uL of
Laemmli’s sodium dodecyl sulfate (SDS) sample buffer
containing 2% SDS, 62.5 mM Tris-HCI (pH 6.8), 0.005%
bromophenol blue, and 7% glycerol. Then, 20 uL of each
sample was resolved by SDS-polyacrylamide gel electro-
phoresis on 10% acrylamide gels, then transferred to a
polyvinylidene difluoride (PVDF) membrane (Immobilon-
P, Millipore). The Abs of interest were bound to proteins on
the PVDF membranes and detected with chemilumines-
cence using HRP-conjugated secondary immunoglobulin G
Abs (IgGs) and an ECL Western Blotting System substrate
(GE Healthcare, UK Ltd). Band intensities were measured
using ImageJ software (NIH).

Immunoblotting of supernatants of pluripotent
stem cells

As reported previously [23], mouse embryonic stem cells
(mESCs) were established from blastocysts developed from
fertilized eggs using mouse ESC-derivation medium,
knockout Dulbecco’s modified Eagle’s medium (Life
Technologies, CA, USA), supplemented with 15% knock-
out serum replacement, 1X non-essential amino acids, 0.05
mM 2-mercaptoethanol, 2mM GlutaMAX, 100 U/mL
penicillin G, 10 mg/mL streptomycin (all from Life Tech-
nologies), 1000 U/mL leukemia inhibitory factor (LIF)
(Wako, Japan), and the MEK kinase inhibitor PD98059
(Cell Signaling Technology, Danvers, MA). For serum-free
and feeder-free cultures, mESCs were cultured in N-2 and
B-27 medium (Life Technologies), supplemented with
1000 U/mL LIF, 3uM CHIR99021 (Wako), and 1uM
PD0325901 (Wako) on Matrigel-coated dishes (BD Bios-
ciences, San Jose, CA). Cultured media of mESCs
and hiPSCs were collected and centrifuged at 10,000 rpm at
4°C for Smin. The supernatants were divided into two
parts, upper and lower, which were subjected to
immunoblotting.

Gel filtration chromatography

Uterine secretions collected from mice and women was
separated by gel filtration using Econo-Column Chromato-
graphy Columns (1.0x20cm #7371022) (Bio-Rad
Laboratories, Inc., Hercules, CA) and Sephacryl S-1000
Superfine gel filtration resin (GE Healthcare, UK Ltd) as
described previously [24]. After each purification step,
fractions containing CD9 proteins were analyzed by
immunoblotting. Band intensities were measured using
ImageJ software (NIH).

Immunohistochemical analysis of mouse uterine
tissues

Estrus-staged female mice were sacrificed, and their uteri
were excised and fixed with 4% paraformaldehyde for 3 h at
4 °C. After fixation, the uterine tissues were immersed in a
30% sucrose solution at 4 °C until they sank to the bottom
of the conical tubes; they were then embedded in OCT
(Tissue-Tek) and frozen at —80 °C. Subsequently, the tissues
were sectioned at 10 um with a cryostat (CryoStar NX70,
Thermo Scientific). The sections were dried and incubated
with primary Abs (2.5 ug/mL) in HEPES-buffered saline
[HBS: 10 mM HEPES (pH 8.0), 0.15 M NaCl, and 3% fetal
bovine serum (FBS)] for 2 h at room temperature, and then
incubated with Alexa Fluor 488- or 546-conjugated IgGs,
followed by three washes in HBS. Nuclei were then coun-
terstained with DAPI at a final concentration of 10 ug/mL in
HBS for 30 min at room temperature, followed by three
washes in HBS. Images were captured under a laser scan-
ning confocal microscope (LSM 510; Carl Zeiss Micro-
Imaging, Inc., Thornwood, NY).

Immunoelectron and electron microscopic analyses

Uterine secretions collected from Cd9™" and Cd9”TG
female mice were fixed with glutaraldehyde and osmic acid
solutions. Ultrathin sections were prepared as described
previously [25]. To compare the number of microvilli and
mitochondria between Cd9™" and Cd9” TG female mice,
we counted microvilli on the plasma membrane and mito-
chondria in the cytoplasm of ten epithelial cells.

Statistical analysis

Comparisons were made using one-way analysis of var-
iance (ANOVA) followed by a post-hoc Scheffe test
(Scheffe’s method), the Mann—Whitney U-test, or Fisher’s
exact test. Statistical significance was defined as p <0.05.
Results were expressed as the mean + standard error (SE).

Results
CD9 localization in uterine epithelial cells

To explore a mechanism of microexosome formation, we
observed membrane localization of CD9 proteins in uterine
epithelial cells during the estrous cycle (Figs. 1b, c). The
uterine epithelial cells of wild-type (Cd9"'") female mice
were immunostained with anti-mouse CD9 mAb. Con-
comitantly, the uterine epithelial cells of C49”" female mice
were treated as a negative control. At the diestrus stage,
CD9 was localized at the basal region rather than the apical

SPRINGER NATURE
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region. The fluorescence intensity of the basal region was
higher than that of the apical region (238.5 +24.8 vs. 100.0,
respectively; n=20; p <0.001). Similarly, CD9 was loca-
lized at the basal region rather than the apical region at the
estrus stage (238.7 £58.3 vs. 100.0, respectively; n =20;
p<0.001). In contrast, CD9 localization reversed at the
implantation stage and its intensity was higher at the apical
region than the basal region (100.0 vs. 20.0+10.1,
respectively; n=20; p<0.001). More specifically, CD9
proteins accumulated at the region where embryos
implanted (Fig. 1d). From these results, we inferred that
CD?9 localization is subject to repositioning on the plasma
membrane of uterine epithelial cells.

CD9 proteins in uterine secretions

To examine the universality of the extracellular release of
CD?9 proteins, we detected CD9 proteins in the supernatants
of distinct types of cells. The uterine secretions were sub-
jected to immunoblotting (Fig. 2a and Supplemental
Fig. 1a). CD9 was detected in all six mice examined. In
turn, female mice were divided into four stages according to
a vaginal smear check (Fig. 1a). The predominant feature of
proestrus stage is the presence of small, round, nucleated
epithelial cells with no neutrophils. Estrus stage is character-
ized by the presence of predominantly anucleated keratinized
epithelial cells. Metestrus stage is characterized by a
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Fig. 2 Immunoblotting of uterine secretions and supernatants of cul-
tured stem cells with anti-CD9 mAb. a Mouse uterine secretions
(6 samples, S1-S6). b Mouse uterine secretions staged by vaginal
smear test; uterine secretions were collected with PBS and then
washed with Triton X-100 solution; P, proestrus; E, estrus; M,
metestrus; D, diestrus; E4.5, implantation stage. ¢ Estrus-staged mouse
uterine secretions and mouse embryonic stem cells (mESCs) after
centrifugation (10,000 g for 5 min); after centrifugation, samples were
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divided into lower (L) and upper (U) parts. d Mouse uterine secretions
and mESCs after centrifugation; L, lower parts; U, upper parts; as an
internal control, albumin was stained with Coomassie Brilliant Blue
(CBB) solution. e HiPSCs after centrifugation (two independent
samples); C, cellular extract; L, lower parts; U, upper parts. f Immu-
noelectron microscopic analysis of mouse uterine secretions staged at
estrus with anti-CD9 mAb; Asterisk indicate exosome with typical
lipid bilayers; scale bar, 100 nm
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combination of anucleated keratinized epithelial cells, neu-
trophils, and nucleated epithelial cells. Diestrus stage is
characterized by the presence of predominantly neutrophils.
Uterine secretions were collected from the uterine cavity of
two groups, one group without implanted embryos and one
group with implanted embryos at embryonic day 4.5 (E4.5)
(Fig. 2b). The uterine secretions were subjected to immuno-
blotting and the band intensities of CD9 proteins were esti-
mated densitometrically and compared with a value of 1.0 in
estrus-staged mice (Fig. 2b). As reported previously [14],
CD9 was the most abundant in the uterine secretions collected
from estrus-staged mice including group with implanted E4.5
(Fig. 2b). In contrast, CD9 was the scarcest in the epithelial
cells of estrus-staged mice (Fig. 2b). These results suggest that
CD?9 is released from estrus-staged epithelial cells and stored
in the uterine cavity throughout all stages.

Although centrifugation was performed (Fig. 2c), CD9 was
detected in both the upper (U) and lower (L) supernatants in
estrus-staged uterine secretions (Fig. 2d and Supplemental
Fig. 1b). In contrast, CD9 was undetectable in mESCs in both
U and L supernatants (Fig. 2d and Supplemental Fig. 1b).
Even when immunoblotting was carried out independently for
two samples of hiPSCs derived from menstrual blood cell
lines (Edom22), CD9 was detected in the cells but not the

supernatants (Fig. 2e and Supplemental Fig. 2). To investigate
the structural features of CD9-containing vesicles, we carried
out immunoelectron microscopic analysis of uterine secre-
tions collected from estrus-staged mice (Fig. 2f). The struc-
tures that immunoreacted with anti-CD9 mAb conjugated
with gold particles (10nm) had no typical lipid bilayers,
indicating that CD9-containing structures are microexosomes,
but not exosomes. This result suggests that CD9-containing
microexosomes are stored in the uterine secretions of estrus-
staged mice in a manner specific to uterine tissue.

Microexosomes in human uterine secretions

To examine the presence of microexosomes in human
uterine secretions, uterine secretions were collected from
women (Fig. 3a, Supplemental Fig. 3 and 4) and subjected
to immunoblotting (Fig. 3b). As in mouse uterine secre-
tions, CD9 was detected in human uterine secretions, but
CD9-positive samples were limited. When the patients were
separated into those with thin endometrium at the mid-luteal
phase (< 8.5 mm by transvaginal ultrasound) or those with
normal-width endometrium (2 8.5 mm), the CD9-negative
rate was significantly higher in the patients with thin
endometrium (81.8%, n=122) than those with normal
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Fig. 3 Gel filtration chromatography of human uterine secretions.
a Experimental flow; human uterine secretions were collected by
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uterine secretions with anti-CD9, VEGF-A, and actin mAb; albumin
was stained with CBB solution. ¢ Gel filtration chromatography of
human exclusion factor (Ex) and inclusion factor (In)
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endometrium (49.3%, n = 69). As reported previously [14],
the amount of CD9 protein present in the samples was
correlated to endometrial thickness, which is a potent
prognostic factor for infertility [26, 27]. Furthermore,
VEGF is a secretory protein that promotes the growth of
new blood vessels [26]. It activates the mammalian target of
rapamycin (mTOR) signaling pathway to upregulate mito-
chondrial function [27], and rapamycin inhibits cell pro-
liferation [28]. In addition, uterine epithelial cells release
VEGF-A during microexosome formation [14]. As VEGF-
A was detected in the samples from all women (Fig. 3b),
epithelial VEGF-A proteins may be indistinguishable from
VEGF-A proteins derived from blood.

CD9-positive samples presumably possess the normal
characteristics of human uterine secretions. Therefore, we
estimated the size of uterine microexosomes using gel

filtration chromatography. When three samples expressing
CD9 were examined, most of the CD9 proteins, as well as
the bulk of all other proteins, were recovered in the exclu-
sion fraction (Ex) at void volume (Vo) and in the inclusion
fraction (In) at total volume (Vt), respectively (Fig. 3c).
This result indicates that the larger structures containing
CD9, presumably linked to microexosomes, are contained
in human uterine secretions.

Ultrastructural features of estrous-staged epithelial
cells

To examine the features of cells releasing microexosomes,
we performed electron microscopic analysis of uterine
epithelial cells in Cd9™* and Cd9”" mice expressing CD9 in
eggs (Cd9”TG). These mice produce a first litter of pups,
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Fig. 4 Ultrastructural features of uterine epithelial cells lacking CD9.
a Epithelial cells staged at diestrus in Cd9™* and Cd9”TG mice.
b, ¢ Number of microvilli (arrowheads) and mitochondria at the
diestrus stage; values are expressed as mean = SE. d Epithelial cells
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staged at estrus in Cd9™* and Cd9”TG mice. e, f Number of
microvilli (arrowheads) and mitochondria at the estrus stage; values
are expressed as mean + SE; scale bars, 500 nm
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but their fecundity is reduced from their second pregnancy
onward because of the failure of uterine remodeling [14].
As a control, we first observed uterine epithelial cells staged
at diestrus (Fig. 4a). Regardless of the presence or absence
of CD9 proteins, microvilli were formed on the plasma
membrane of the epithelial cells in both C49"" and Cd9”
TG mice (Fig. 4a). The number of microvilli was compar-
able between Cd9"* and Cd9”°TG mice (27.1+1.6 and
29.8+ 1.7, respectively; n=10) (Fig. 4b). Moreover,
mitochondria appeared to be immature due to structurally
fragile cristae, but the number of mitochondria was indis-
tinguishable between Cd9"* and Cd9”" TG mice (27.2 +
2.3 and 31.5 £ 2.0, respectively; n = 10) (Fig. 4c¢).

In contrast, at the estrus stage, an enormous number of
microvilli were formed in the epithelial cells of Cd9""
mice, whereas microvilli were rarely formed and shorter in
the epithelial cells of C49”" TG mice (37.2+3.1 vs. 11.2 +
1.8, respectively; n=10; p<0.0001) (Figs. 4d, e). We
focused further on the mitochondria, which seemed to
mature in the epithelial cells of both groups of mice; but the
number of mitochondria was strikingly reduced in Cd9” TG
mice compared with Cd9"" mice (7.2 1.0 vs. 34.1+2.4,
respectively; n=10; p<0.0001) (Figs. 4d, f). This
result implies that CD9 largely affects membrane organi-
zation and cellular homeostasis processes, such as mito-
chondrial proliferation via microexosome formation
(Fig. 5).
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Discussion

In the present study, we demonstrated that CD9 proteins
relocate according to uterine cyclical function and are
released to the uterine cavity as a component of micro-
exosomes in a uterine-cycle-specific manner. We further
showed that CD9 deficiency affects membrane organization
and mitochondrial quantity. Our results indicate that,
despite its role as an integral membrane protein, CD9
changes its localization according to cellular activity. As
CD?9 is expressed in a wide variety of cell types, we pre-
sume that this phenomenon also occurs in other tissues.
Cytoplasmic proteins relocate in response to external
stress [29]. In contrast, membrane-spanning proteins are
static and rarely change their location within the membrane.
Junctional adhesion molecule A (JAM-A) is a member of
the immunoglobulin superfamily and has a single trans-
membrane domain [30]. It is involved in endothelial
cell-leukocyte interactions, contributing to the ring-like
structure that forms on the endothelial cell surrounding a
transmigrating leukocyte [31]. Unlike other tight junction
and adherens junction components, JAM-A accumulates on
the plasma membrane at the point of transmigration [32].
Furthermore, the relocalization of plasma membrane pro-
teins is critical for altering cellular polarity and initiating
cellular signaling [33]. As shown in Figs. 1b-d, CD9
relocates from the basal region to the apical region during
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Reduced length of
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\-—-——‘

Reduced
mitochondrial
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%

%%

Cd9-/- epithelial cell
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implantation, implying that the cell polarity of uterine epi-
thelial cells shifts. Otherwise, embryos implant on the
uterine epithelium of Cd9” TG female mice [14]. Therefore,
cell polarity may be unaltered in the absence of CD9 pro-
teins, because C49”" mESCs succeed in differentiating into
three germ layers [34].

Mitochondria change morphologically and proliferate by
their fission and fusion [35]. Mitochondrial proliferation
also depends on external factors and appears to play a role
in the regulation of cell proliferation. In utero, periodic
morphological changes are also predicted to demand a
massive supply of energy from mitochondria; however, the
involvement of mitochondria in uterine function remains
less understood.

Exosomes differ structurally from microexosomes [18].
The differences mainly stem from the fact that lipid bilayers
are typically formed in exosomes but not in microexosomes.
Concordantly, their formation processes are expected to
differ. In general, exosomes are formed as a consequence of
the fusion of multivesicular late endosomes with the plasma
membrane [36]. The multivesicular bodies then fuse to the
plasma membrane and release the membrane vesicles as
exosomes into the external environment. On the other hand,
microexosomes are predicted to be directly released from the
plasma membrane without an endosomal pathway. First,
selected membrane components targeted in a procedure,
including lipids, are extracted from the plasma
membrane, presumably by lipid bilayer deformation [16,
18]. In turn, these components are released into the
external environment, and concurrently, microvilli are
formed on the plasma membrane. CD9 and other tetra-
spanins are predicted to play a role in the process of lipid
bilayer deformation. A clear understanding of the char-
acteristics and functions of exosomes and microexosomes as
extracellular structures would greatly advance our attempts
to elucidate the molecular mechanisms of phenomena related
to intercellular transportation and membrane remodeling.
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