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Abstract

Surface stiffness is a unique indicator of various cellular states and events and needs to
be tightly controlled. a-Mangostin, a natural compound with numerous bioactivities,
reduces the mechanical stiffness of various cells; however, the mechanism by which it
affects the actin cytoskeleton remains unclear. We aimed to elucidate the mechanism
underlying a-mangostin activity on the surface stiffness of leukocytes. We treated
spherical non-adherent myelomonocytic KG-1 cells with a-mangostin; it clearly reduced
their surface stiffness and disrupted their microvilli. The a-mangostin-induced reduction
in surface stiffness was inhibited by calyculin A, a protein phosphatase inhibitor. a-
Mangostin also induced KG-1 cell adhesion to a fibronectin-coated surface. In KG-1
cells, a decrease in surface stiffness and the induction of cell adhesion are largely
attributed to the dephosphorylation of ezrin/radixin/moesin proteins (ERMs); a-
mangostin reduced the levels of phosphorylated ERMs. It further increased protein
kinase C (PKC) activity. a-Mangostin-induced KG-1 cell adhesion and cell surface
softness were inhibited by the PKC inhibitor GF109203X. The results of the present
study suggest that a-mangostin decreases stiffness and induces adhesion of KG-1 cells

via PKC activation and ERM dephosphorylation.
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Introduction

a-Mangostin is the most emblematic xanthone compound found in the pericarp of
mangosteen fruit (Garcinia mangostana). Many studies have proven its extensive
biological activities and pharmacological properties including antineoplastic, antioxidant
[1], anti-inflammatory [2], and anti-carcinogenicity [3]. Previous research indicated that
a-mangostin inhibits the subsistence of lung cancer cells and inhibits their migration and
invasion [4]. A recent study found that a-mangostin was able to reduce the mechanical
stiffness of various cells, including human myeloblasts KG-1 cells [5].

Surface stiffness is a unique indicator for different cellular states and events,
therefore it needs to be tightly controlled [6,7]. For example, cortical stiffness changes
during mitotic cell rounding [6,8], retinal epithelium stiffness changes during optic-cup
morphogenesis [9,10], and leukocyte surface rigidity decreases when the cells adhere
in response to external stimuli [11,12]. These features and alterations are primarily
attributed to the actin cytoskeleton, which is the major mechanical structure of cells [13—
16]. As a-mangostin reduces the surface stiffness of various cells [5], it probably affects
the architecture of the actin cytoskeleton, via which it can affect most of the animal cells.
However, clarification regarding the mechanism by which a-mangostin affects the actin
cytoskeleton is still lacking. This study elucidates the mechanism by examining the
effects of a-mangostin on the actin cytoskeleton layer located underneath the plasma
membrane of leukocytes.

Leukocytes are non-adherent, spherical-shaped cells with microvilli on their
surfaces. Microvilli are actin-rich protrusions that are localized at the non-adherent
surface of leukocytes [17]. The actin cytoskeleton in leukocytes is mainly cortical actin
with microvilli, and it mechanically supports the cells [11,12]. Leukocytes have relatively
high surface stiffness [5]; it probably helps the cells to maintain a spherical shape and
withstand the rigors of circulation. However, in some situations, such as in response to
external stimuli, leukocytes deform their cell shape and transfer to adhesion with other
cells or substratum[18-20], leading to a decrease in their surface rigidity [12].

The decrease in stiffness associated with cell adhesion, in leukocytes, is closely
linked to ezrin/radixin/moesin (ERMs) [12]. These are cytoplasmic proteins consisting of

an actin-binding domain at the C-terminus and a membrane protein-binding FERM



domain at the N-terminus, that link cortical actin to the plasma membrane [17,21].
These bonds are maintained by ERM activation (phosphorylation at a specific C-
terminal threonine residue). Phosphorylated ERMs are found on non-adherent surfaces,
such as the leukocyte surface and the brush border of intestinal epithelial cells [17,21].
Moesin-T558D expression, a phospho-mimetic Moesin mutant, inhibits both cell-
substratum and cell-cell adhesion in HEK293T cells, that indicates the adhesion-
inhibitory function of phosphorylated ERM [22,23]. Conversely, dephosphorylation of
ERMs unlinks the cortical actin and the plasma membrane, which induces the microvilli
to collapse and decreases cell surface rigidity [11,12,24]. Protein kinase C (PKC)
activation is a key event in the upstream signaling cascade of the ERM
dephosphorylation in leukocytes [11]. PKC inhibitors inhibit ERM dephosphorylation and
cell adhesion induced by external stimuli or phorbol 12-myristate 13-acetate (PMA) in
KG-1 cells and T lymphocytes [11]. In addition, protein phosphatase 1/2A also
contributes to the PMA-induced reduction of phosphorylated ERM and adhesion in KG-
1 cells because the protein phosphatase inhibitor calyculin A inhibits them [11].

This study examines the mechanism by which a-mangostin reduces the surface
stiffness of KG-1 cells. Here, ERM dephosphorylation was shown to be the key event,
and other related phenomena, including cell adhesion, were observed by treatment with
a-mangostin. In addition, these events were inhibited by the PKC inhibitor GF109203X.

Materials and methods

Materials

Human leukemia myeloblast KG-1 cells and human lymphoma U937 DE-4 cells were
obtained from Riken BioResource Research Center (Ibaraki, Japan). Rhodamine-
labeled phalloidin, a-mangostin, cytochalasin D, and calyculin A were purchased from
FUJIFILM Wako Pure Chemical (Osaka, Japan). GF109203X was obtained from
Cayman Chemical (Ann Arbor, MI). The cell anchoring molecule, SUNBRIGHT OE-
020CS, was purchased from NOF Corporation (Tokyo, Japan). The AFM probe (SN-
AF01S-NT; spring constant: approximately 0.06 N/m) was purchased from Hitachi High-
Tech (Tokyo, Japan). Fetal bovine serum (FBS) and Pierce BCA Protein Assay

Reagent were purchased from Thermo Fischer Scientific (Tokyo, Japan). Antibiotics,



PMA, RPMI1640 medium, and monoclonal anti-B-actin antibody were purchased from
Sigma-Aldrich (St. Louis, MO). Fibronectin from bovine serum was purchased from Life
Laboratory Company (Yamagata, Japan). Glass-based culture dishes were purchased
from Matsunami Glass (Osaka, Japan). A microflow channel (u-slide VI 0.4) was
purchased from ibidi (Grafelfing, Germany). Protease inhibitor cocktail and phosphatase
inhibitor cocktail were purchased from Roche (Basel, Switzerland). Monoclonal anti-
phospho-ERM antibody was purchased from Cell Signaling Technology (Danvers, MA).
PKC Kinase Activity Assay Kit was purchased from abcam (Cambridge, UK).
EZWestBlue W was purchased from ATTO (Tokyo, Japan). Other reagents were
purchased from Sigma-Aldrich, FUJIFILM Wako Pure Chemical, or Thermo Fischer

Scientific.

Preparation of cell anchoring dishes

The culture dishes were coated with SUNBRIGHT OE-020CS as described previously
[5,25]. These dishes were briefly coated with BSA followed by coating with 1 mM
SUNBRIGHT OE-020CS. The floating cells are caught at one end of the molecule in
coated dishes [26].

Cell culture

The KG-1 cells and U937 DE-4 cells were cultured in RPMI1640 medium containing
10% FBS and antibiotics (100 units/mL penicillin G and 100 ug/mL streptomycin sulfate)
in a humidified atmosphere of 95% air and 5% CO2 at 37 °C.

Atomic force microscopy measurements

The cell stiffness was measured using atomic force microscopy (AFM) (Nanowizard IlI;
JPK Instruments AG, Berlin, Germany) at room temperature. The KG-1 cells and U937
DE-4 cells were first plated on cell anchoring dishes for 1.5 h in serum-free medium,
next washed with PBS to remove unattached cells, and then cultured for 6 h in a
complete culture medium containing a-mangostin. The probe was indented at 25
different points within 1 ym x 1 pym of cell top with a loading force of up to 0.5 nN and

velocity of 5 ym/s. The Young’s modulus of the cell surface was determined as



described before [8,12]. More than 20 cells and 500 force-distance curves were

analyzed for each condition.

Actin filament staining

The KG-1 cells were plated on cell-anchoring glass base dishes for 1.5 h in a serum-
free medium, next washed with PBS to remove floating cells, and then cultured in a
complete culture medium containing either 10 yM a-mangostin for 6 h or 2 pg/mL
cytochalasin D for 1.5 h. The cells were then fixed with 4% paraformaldehyde,
permeabilized with 0.3% TritonX-100, and then stained with rhodamine-labeled
phalloidin for actin flaments. Specimens were observed using confocal laser scanning
microscopy (CLSM) (Nikon C2; Nikon, Tokyo, Japan).

Adherent assay

The microflow channels were incubated for 1 h at room temperature with PBS
containing 50 ug/mL fibronectin, then washed with the complete medium. The KG-1
cells were suspended in complete medium containing a-mangostin (1 x 108 cells/mL)
and cultured in fibronectin-coated channels for 3 h. The U937 DE-4 cells were
suspended in serum-free medium containing a-mangostin (1.6 x 10° cells/mL) and
cultured in fibronectin-coated channels for 1 h. To count the cells, the slides were
washed thrice with the medium to remove unattached cells, and the specimens were
photographed using a phase-contrast microscope. The data were analyzed using
ImagedJ software (NIH, Bethesda, MD).

Immunoblotting

KG-1 cells were incubated for 30 min in the culture medium with PMA (100 nM), a-
mangostin (10 yM), or a-mangostin (10 uM) and calyculin A (10 nM). Cellular lysates
were prepared in RIPA buffer (1 mM Tris-HCI, pH 8.8; 150 mM NaCl; 1% SDS; and 1
mM EDTA) with protease inhibitor cocktail and phosphatase inhibitor cocktail. Protein
concentration was determined using Pierce BCA Protein Assay Reagent according to
the manufacturer’s instructions. An equal amount of each lysate was separated by SDS-

PAGE and transferred onto a PVDF membrane. The membrane was blocked with 5%



BSA and incubated with primary antibodies followed by HRP-conjugated secondary
antibodies. The complex with the HRP-linked secondary antibody was detected using
EzWestBlue W.

PKC activity assay

The KG-1 cells were incubated for 30 min in the culture medium with PMA (100 nM), a-
mangostin (10 uM), or a-mangostin (10 yuM) and calyculin A (10 nM). Cellular lysates
were prepared in lysis buffer (25 mM HEPES, pH7.6; 250 mM NaCl; 1% Triton X-100; 1
mM DTT) with protease inhibitor cocktail and phosphatase inhibitor cocktail. Protein
concentration was determined using Pierce BCA Protein Assay Reagent according to
the manufacturer’s instructions. An equal amount of each lysate was analyzed using

PKC Kinase Activity Assay Kit according to the manufacturer’s instructions.

Statistical analysis
The values obtained for each group were compared using one-way analysis of variance
and Dunnett’s pairwise comparison test. Values of p less than 0.05 were considered

statistically significant.

Results

a-Mangostin reduces the mechanical stiffness of KG-1 cells

Firstly, we compared the magnitude of the surface softening effect of a-mangostin to
that of actin-depolymerizing reagent cytochalasin D in KG-1 cells (Fig. 1). KG-1 cells are
non-adherent cells derived from acute myelogenous leukemia with microvilli on their
surface [27]. Using KG-1 cells, we have been studying the relationship between cell
surface stiffness and physiological changes in leukocytes [11,12]. Upon treatment with
cytochalasin D, the surface stiffness of KG-1 cells was reduced from 2.0 kPa to 0.51
kPa (Fig. 1). It showed that the mechanical strength of KG-1 cells is attributable to the
actin cytoskeleton. Upon treatment with more than 10 yM a-mangostin, the Young’s
modulus decreased to a similar value as that of cytochalasin D treatment (Fig. 1). Thus,

a-mangostin attenuates the mechanical strength of KG-1 cells, similar to cytochalasin D.



The architecture of F-actin was observed using CLSM in KG-1 cells treated with
a-mangostin (Fig. 2). In untreated cells, the cell surface was covered by F-actin with
short microvilli (Fig. 2). Upon treatment with cytochalasin D, the cortical actin of KG-1
cells was mostly destroyed, and F-actin aggregates were clearly observed (Fig. 2). On
the other hand, the changes caused by a-mangostin differed from those caused by
cytochalasin D. Two main visible alterations were observed: loss of microvilli and
blebbing formation (Fig. 2). Blebbing typically occurs when the plasma membrane
detaches from the cortical actin cytoskeleton [28]. The formation of microvilli is
regulated by ERMs [27,29]. Cytochalasin D de-polymerizes the actin filaments whereas
a-mangostin probably loosens the linkage between the plasma membrane and cortical

actin caused mainly by the involvement of ERMs.

Calyculin A inhibits the a-mangostin-reduced KG-1 cell stiffness

Calyculin A, a powerful inhibitor of protein phosphatase 1/2A, diminishes ERM-
dephosphorylation in KG-1 cells in response to stimuli [11,22]. To further analyze the
difference between a-mangostin and cytochalasin D, we examined whether the
reduction of stiffness in a-mangostin or cytochalasin D treated KG-1 cells was affected
by calyculin A (Fig. 3). The KG-1 cells were exposed to 10 uM of a-mangostin or 2
pug/mL of cytochalasin D in the presence of various concentrations of calyculin A (0.3,
1.0, or 3.0 nM). The reduction in Young’s modulus induced by a-mangostin was
inhibited by calyculin A in a dose-dependent manner (Fig. 3). In particular, the addition
of 3.0 nM calyculin A abrogated the effect of a-mangostin. However, the decrease in cell
stiffness induced by cytochalasin D did not change significantly in presence of calyculin
A (Fig. 3). It is presumed that a-mangostin affects cellular stiffness via

dephosphorylation of ERMs.

a-Mangostin induces KG-1 cell adhesion to fibronectin substrate

When ERMs of KG-1 cells are dephosphorylated by PMA or staurosporine, cell
adhesion is activated [11,12]. We then examined whether a-mangostin induced cell
adhesion to the plasma fibronectin substrate using a microflow channel (Fig. 4). The

number of adhered cells in the control and PMA-treated groups were approximately 120



and 430 cells/mm?, respectively (Fig. 4). Upon treating with a-mangostin, the number of
adhered cells increased in a dose-dependent manner. Thus, a-mangostin induced KG-1
cell adhesion, similar to the reagents inducing dephosphorylation of ERMs.

Then, we examined whether calyculin A inhibited the effect of a-mangostin-
induced cell adhesion (Fig. 5). The KG-1 cells were co-treated with a-mangostin and
calyculin A for 3 h, and the adherent cells were calculated. The amount of adherent KG-
1 cells induced by a-mangostin was inhibited by calyculin A (Fig. 5). Thus, it inferred
that the same mechanism regulated both the a-mangostin-induced cell adhesion and
cell stiffness softening.

Similar results were obtained with U937 DE-4 cells, another human monocytic
cell line; a-mangostin decreased cell surface stiffness and induced cell adhesion

(Supplementary Figs. S1 and S2).

a-Mangostin induces ERM dephosphorylation in KG-1 cells

A decrease in cell surface stiffness, disruption of microvilli, and induction of cell
adhesion in KG-1 cells are all associated with a decrease in phosphorylated ERMs
[11,12,22,24]. Therefore, we determined the phosphorylation status of ERMs following
treatment with a-mangostin. We detected phosphorylated ERMs in the untreated cells;
after treatment with PMA for 30 min, the level of phosphorylated ERMs decreased (Fig.
6). Similarly, the level of phosphorylated ERMs in the cells treated with a-mangostin
decreased (Fig. 6). Furthermore, the dephosphorylation of ERMs caused by o-
mangostin was inhibited by calyculin A (Fig. 6). Thus, a-mangostin induced the
dephosphorylation of ERMs.

a-Mangostin-induced cell adhesion and reduced cell stiffness are caused by increasing
PKC activity

PKC contributes significantly to leukocyte adhesion in an ERM-dependent pathway [11].
Therefore, we investigated the PKC activity of KG-1 cells treated with a-mangostin. The
PKC activity of the cells increased following treatment with a-mangostin (Fig. 7). This

increase in activity was maintained even during co-treatment with calyculin A (Fig. 7).



Thus, a-mangostin increased PKC activity in the KG-1 cells, and this occurred upstream
of ERM dephosphorylation.

We attempted to confirm whether the PKC inhibitor GF109203X could inhibit the
effect of a-mangostin in KG-1 cells. We observed the architecture of F-actin in KG-1
cells that had been co-treated with a-mangostin and GF109203X; cortical actin and
short microvilli structures were clearly visible (Supplementary Fig. S3). We then
investigated the inhibitory effect of GF109203X on a-mangostin-induced cell adhesion
and reduced cell stiffness. The KG-1 cells were co-treated with a-mangostin and
GF109203X for 3 h, and the number of adherent cells was determined. a-Mangostin-
induced cell adhesion was suppressed by GF109203X in a dose-dependent manner
(Fig. 8). We also investigated the surface stiffness of KG-1 cells co-treated with a-
mangostin and GF109203X. The a-mangostin-induced reduction in Young’s modulus
was inhibited by GF109203X (Fig. 9). Therefore, we confirmed that a-mangostin

induced KG-1 cell adhesion and reduced cell surface stiffness via PKC activation.

Discussion
In the present study, we investigated the mechanism by which a-mangostin reduces the
mechanical stiffness of KG-1 cells. The mechanism was clearly different from that of the
actin-depolymerizing drug cytochalasin D, and the decrease in surface stiffness was
related to ERMs. In KG-1 cells, a-mangostin induced ERM dephosphorylation, cell
adhesion to the fibronectin surface, and PKC activation. The effects of a-mangostin on
cell adhesion and surface stiffness were diminished by the PKC inhibitor GF109203X.
a-Mangostin induces cell adhesion and reduces the mechanical stiffness of KG-1 cells
through the PKC activation-ERM dephosphorylation pathway, similar to that induced by
PMA [11].

As with cytochalasin D, a-mangostin significantly reduced the surface stiffness of
KG-1 cells (Fig. 1). However, the architecture of the cortical actin that had been treated
with a-mangostin appeared different from that had been treated with cytochalasin D (Fig.
2). a-Mangostin induced microvilli collapse and blebbing in cortical actin (Fig. 2).
Furthermore, the mechanism of surface softening by a-mangostin was also different

from that by cytochalasin D. Calyculin A inhibited a-mangostin-induced softening (Fig.

10



3), which indicated that a-mangostin effects through the process of protein
dephosphorylation. Therefore, instead of directly affecting actin depolymerization, a-
mangostin targets actin cytoskeletal microstructures via protein dephosphorylation and
attenuates mechanical stiffness.

How does a-mangostin regulate the microstructure of cortical actin in KG-1 cells?
a-Mangostin reduces the level of phosphorylated ERMs (Fig. 6), which link
transmembrane proteins to the cortical actin. A decrease in phosphorylated ERMs
undoes the link, collapses the microvilli, and reduces surface stiffness [11,12,17,21].
These factors contribute to cell adhesion in leukocytes [11,12,17,21]. In the present
study, we also found that a-mangostin induced KG-1 cell adhesion (Fig. 4). Cell
adhesion and ERM dephosphorylation were inhibited on treatment with calyculin A (Figs.
5, 6), which inhibits PMA- or staurosporine-induced ERM dephosphorylation [11,22].
Therefore, it is reasonable to assume that a-mangostin regulates the microstructure of
cortical actin by inducing the dephosphorylation of ERMs.

The activation of PKC is critical for leukocyte adhesion induced by external
stimuli via ERM dephosphorylation [11]. In the present study, we discovered that a-
mangostin increased PKC activity (Fig. 7). The PKC inhibitor GF109203X inhibited a-
mangostin-induced cell adhesion and cell softening (Figs. 8,9). Thus, a-mangostin
affects KG-1 cells by activating PKC. Although a-mangostin was reported to activate the
expression of PKC-8 in retinal cells [30], it is unclear at the present time which subtype
of PKC is targeted by a-mangostin in leukocytes. Calyculin A inhibited a-mangostin-
induced KG-1 cell adhesion and softening (Figs 3,5) but did not inhibit the increase in
PKC activity (Fig. 7). Therefore, protein phosphatase 1/2A is potentially responsible for
the signal between PKC activation and ERM dephosphorylation. The proposed
signaling scheme is shown in Fig. 10.

Cell adhesion plays an important role during the early stages of leukocyte
activation [18-20]. The adhesion of leukocytes to a substrate is necessary for the
extravasation step, and adhesion to antigen-presenting cells is essential for
immunological synapse formation [31]. To achieve these goals, the microvillus structure
must be locally disassembled at the interaction site, and anti-adhesion molecules (CD34

and CD43) must be moved away; both processes require the dephosphorylation of
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ERMs [32-34]. Soft leukocytes are more advantageous for cell adhesion because they
can expand the contact area [12,35]. In 3A9 hybridoma cells softened by PMA
treatment, the force required for detachment from an ICAM-1-immobilized surface is
high [36]. In fact, ERM dephosphorylation stimuli decrease surface stiffness and induce
cell adhesion in KG-1 cells [11,12]. However, no obvious alteration in the surface
expression of adhesion molecule a431 integrin or anti-adhesion molecule CD34 has
been observed following PMA treatment [11]. Thus, without accompanying alteration of
integrin expression, ERM dephosphorylation sufficiently induces cell adhesion in KG-1
cells, and a-mangostin induces ERM dephosphorylation, resulting in cell adhesion (Figs.
4,6 and Supplementary Figs. S1,S2).

Is the mechanism of cell surface softening caused by a-mangostin is the same in
other cells as in KG-1 cells? a-Mangostin reduces the rigidity of KG-1 cells and various
cells, including normal human fibroblasts and cancer cells [4,5]. The sensitivity of a-
mangostin varies in different cell types, and it is possible that the microvillus structures
are the target of a-mangostin [5]. Phosphorylated ERMs are enriched in microvilli and
control their structure [17,27,37]. Thus, the effect of a-mangostin on microvillus-rich
cells is most likely caused by the inactivation of ERMs. How does a-mangostin work on
cells without microvillus structures, such as fibroblasts? It is reported that a-mangostin
inhibits myosin light-chain kinase [38], and reduces Ca?* elevation by suppressing Ca?*
influx [39], these can negatively modulate actin cytoskeleton. Thus, the cell softening
effects of a-mangostin on fibroblasts and other cells may be achieved by these actions
of a-mangostin.

In cancer cells, ezrin is linked with cancer progression [40]; and its suppression
resulted in the inhibition of metastasis in mouse osteosarcoma cell lines, prostatic
intraepithelial neoplasia, and primary cutaneous melanoma [41-43]. Thus, the
inactivation and dephosphorylation of ERMs in cancer cells influence both cell rigidity
and cancer progression. The anti-metastatic properties of a-mangostin have been
reported in many carcinoma cells [4,44—46]. The inhibitory effect of a-mangostin on
MMP-2, MMP-9, and NF-kB prevents metastatic activity [44,45,47]. The ERM
dephosphorylation effects of a-mangostin may also contribute to its anti-metastatic

properties.
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Although there have been many studies on the various biological activities of a-
mangostin, its effect on the actin cytoskeleton and mechanical properties of cells was
unclear. a-Mangostin attenuates cortical actin by decreasing phosphorylated ERMs in
leukocytes, leading to microvilli disruption and reduction of cell surface stiffness. Protein
phosphatase 1/2A and PKC are involved in this process. This report is the first to
elucidate the mechanism by which a-mangostin acts on the actin cytoskeleton of

leukocytes.
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Figure legends

Fig. 1. Young’s modulus of KG-1 cells treated with a-mangostin. The cells were treated
with 5, 10, or 15 yM a-mangostin for 6 h, or 2 pg/mL cytochalasin D (CD) for 1.5 h. The
distribution of Young's modulus is represented by scatterplots. Each point represents
the median value of 25 measuring points in each cell, and Young’s modulus in each
condition is represented in more than 20 independent cells. The logarithmic average
value of Young's modulus (kPa) is shown at the top of each plot. *** p < 0.001

(Dunnett’s test).

Fig. 2. Confocal laser scanning microscopy (CLSM) images of fluorescence-labeled F-
actin in KG-1 cells treated with a-mangostin. KG-1 cells were treated with 10 uM a-
mangostin for 6 h or 2 ug/mL cytochalasin D for 1.5 h. F-actin was stained with
rhodamine-labeled phalloidin. The cells treated with a-mangostin are blebbed
(arrowheads). The actin cytoskeleton of cytochalasin D-treated cells is deformed and

aggregated (arrows). Bar: 20 pym.

Fig. 3. Young’s modulus of KG-1 cells co-treated with a-mangostin or cytochalasin D
and calyculin A. The cells were treated with 10 uM a-mangostin and 0.3, 1.0, or 3.0 nM
calyculin A for 6 h, or 2 yg/mL cytochalasin D (CD) and 0.3, 1.0, 3.0 nM calyculin A for
1.5 h. The distribution of Young's modulus is represented by scatterplots. Each point
represents the median value of 25 measuring points in each cell, and Young’'s modulus
in each condition is represented in more than 20 independent cells. The logarithmic
average value of Young's modulus (kPa) is shown at the top of each plot. *** p < 0.001

(Dunnett’s test).

Fig. 4. a-Mangostin treated-KG-1 cell adhesion to a fibronectin surface in a microflow
channel. A Phase-contrast images of KG-1 cells in the fibronectin-coated microflow
channel with and without 10 yuM a-mangostin for 3 h. B The adhered cell number of
each condition. The cells were treated with 5, 10, 15 yM a-mangostin, or 50 nM of PMA

for 3 h. The adhered cell number was counted from 12 different field views in each
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condition. * p < 0.05, ** p < 0.01 vs. adhered cell number of control condition (Dunnett’s
test).

Fig. 5. Effects of calyculin A for KG-1 cell adhesion treated with a-mangostin to a
fibronectin surface in a microflow channel. The cells were treated with 15 uM a-
mangostin and 0.5 1.0 or 3.0 nM calyculin A (Caly-A) for 3 h. The adhered cell number
was counted from 10-12 different field views in each condition. ** p < 0.01 vs. adhered

cell number of 15 yM a-mangostin treatment condition (Dunnett’s test).

Fig. 6. Immunoblot analysis of phosphorylated ERM in KG-1 cells. The KG-1 cell
lysates were subjected to SDS-PAGE and immunoblotting with anti-phospho-ERM or
anti-B-actin antibody. The cells were treated for 30 min with 100 nM PMA, 10 uM o-
mangostin, or 10 yM a-mangostin and 10 nM calyculin A. In the immunoblot of anti-
phospho-ERM, the lower molecular-weight band represents phosphorylated moesin and
the band above represents phosphorylated ezrin and radixin. The bottom graph shows
the normalized relative amounts of phosphorylated ERM/B-actin in each lane from

independent triplicate experiments.

Fig. 7. PKC activity analysis in KG-1 cells. The cells were treated for 30 min with 10 uM
a-mangostin, a combination of 10 yM a-mangostin and 10 nM calyculin A, or 100 nM
PMA. ** p < 0.01 vs. the control (Dunnett’s test).

Fig. 8. Effects of GF109203X for KG-1 cell adhesion treated with a-mangostin to a
fibronectin surface in a microflow channel. The cells were treated with 15 uM a-
mangostin and 0.5, 1.0, or 3.0 yM GF109203X (GF) for 3 h. The adhered cell number
was counted from 10-12 different field views in each condition. ** p < 0.01 vs. adhered

cell number of 15 yM a-mangostin treatment condition (Dunnett’s test).

Fig. 9. Young’s modulus of KG-1 cells co-treated with a-mangostin and GF109203X.
The cells were treated with 10 yM a-mangostin for 6 h, 10 yM a-mangostin and 1.0 uM
GF109203X (GF) for 6 h, or 1.0 yM GF109203X for 3 h. The distribution of Young's
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modulus is represented by scatterplots. Each point represents the median value of 25
measuring points in each cell, and Young’s modulus in each condition is represented in
more than 20 independent cells. The logarithmic average value of Young's modulus

(kPa) is shown at the top of each plot. *** p < 0.001 (Dunnett’s test).

Fig. 10. Scheme representing a-mangostin signaling in KG-1 cells. a-Mangostin
increases PKC activity and induces ERM dephosphorylation. ERM dephosphorylation is
inhibited by calyculin A. The dephosphorylation of ERMs decreases surface stiffness

and induces microvilli collapse, resulting in cell adhesion.
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Supplementary Fig. S2. Adhesion of a-mangostin-treated U937 DE-4
cells to a fibronectin surface in a microflow channel. A Phase-contrast
images of the adhered U937 DE-4 cells in the fibronectin-coated
microflow channel with and without 15 yM a-mangostin. Bar: 500 ym.
B The number of adhered cells associated with each condition. The
cells were treated with 10 or 15 yM a-mangostin for 1 h. The adhered
cells were counted in 10 different field views for each condition. ** p <

0.01 vs. adhered cell number of the control condition (Dunnett’s test).



AMG

Supplementary Fig. S3. CLSM images of fluorescence-labeled F-actin
in KG-1 cells treated with inhibitors. The KG-1 cells were treated with
10 yM a-mangostin, 0.2 nM calyculin A, or 1 yM GF109203X for 6 h. F-

actin was stained with rhodamine-labeled phalloidin. Bar: 20 pm.



