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In previous studies, we have shown several lines of evidence that podoplanin (PDPN) plays an important
role in cell adhesion via its association with extracellular components in neoplastic conditions, though
there has been no trial to search for PDPN-interaction molecules in the extracellular milieu. To screen
for those molecules, we performed proteomics-based analysis using liquid chromatography-tandem mass

Keywords: spectrometry followed by co-immunoprecipitation for PDPN in ZK-1, an oral squamous cell carcinoma
Heat shock protein A9 (HSPA9) (SCC) cell system whose cell membrane molecules were cross-linked with each other in their extracellular
gzggg:‘:gig-binding protein compartments, and we identified heat shock protein (HSP) A9 as one of the extracellular PDPN bound mol-
Proteomics ecules. Effects of transient PDPN knockdown by siRNA in ZK-1 were also comparatively examined for cel-

lular behaviors in terms of HSPA9 expression and secretion. Finally, HSPA9 expression modes were
immunohistochemically visualized in oral SCC tissue specimens. HSPA9 was secreted from ZK-1 cells,
and the expression and secretion levels of HSPA9 gene and protein were well coordinated with those of
PDPN. Immunohistochemically, HSPA9 and PDPN were co-localized in ZK-1 cells and oral SCC foci, espe-
cially in the peripheral zone. In conclusion, the results indicate that HSPA9 secreted by oral SCC cells inter-
acts with PDPN on their cell surface in an autocrine manner and regulates their growth and invasiveness.

Oral squamous cell carcinoma
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1. Introduction

Podoplanin (PDPN), a mucin-type transmembrane sialoglyco-
protein, was originally identified in glomerular visceral epithelial
cells (podocytes) [1] and has been utilized as one of the most rep-
resentative markers of lymphatic endothelium [2]. In recent years,
PDPN expression in parenchymal cells has been confirmed in var-
ious kinds of benign and malignant tumors such as thymoma [3],
central nervous system germ cell tumors [4], and lung squamous
cell carcinoma (SCC) [5]. We have also revealed the characteristic
immunolocalization of PDPN in close association with neoplastic
stromata in oral epithelial dysplasia, carcinoma in situ and SCC
[6,7], as well as in salivary gland tumors [8] and odontogenic tu-
mors [9]. In addition, we demonstrated that PDPN tethers oral
SCC cells to hyaluronan-rich extracellular matrices in collaboration
with CD44 and hence suggested the function of PDPN in communi-
cation with extracellular matrix (ECM) elements [7]. Based on the
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results from our latest investigation, it was necessary for us to
identify any possible candidate molecules which interact with
PDPN at its extracellular compartment.

The extracellular domain of PDPN, which is rich in Ser and Thr,
contains multiple potential O-glycosylation sites [10]. C-type lec-
tin-like receptor 2 (CLEC-2) [11], galectin-8 [12], and CD44 [13]
have been shown to interact with PDPN at the extracellular domain
in different cellular events like tumor cell-induced platelet aggre-
gation [11], lymphatic endothelial cell adhesion [12], and direc-
tional tumor cell migration [13]. However, these are cell
membrane molecules which have not originated from the ECM
side. The purpose of the present study was to search for PDPN-
interacting molecules by means of proteomics-based analysis and
confirm ECM interaction using the same oral SCC cell system which
was used in our recent study [7].

2. Materials and methods
2.1. Cell systems and reagents
The oral SCC cell system (ZK-1) was established from SCC aris-

ing in the tongue [15]. ZK-1 cells were cultured in Dulbecco’s mod-
ified Eagle medium (DMEM) (Gibco, Invitrogen Corporation,
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Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS) (Gibco),
50 pg/ml streptomycin, and 50 [U/ml penicillin (Gibco) [7]. They
were incubated at 37 °C in a humidified 5% carbon dioxide/95%
air atmosphere.

2.2. Antibodies

A mouse monoclonal antibody against human PDPN (D2-40,
IgG,) was obtained from Dako (Glostrup, Denmark). Rabbit poly-
clonal antibodies to human HSPA9 (Grp75) and ezrin and a mouse
monoclonal antibody to human B-actin (mAbcam 8226, IgG,) were
purchased from Abcam plc. (Cambridge, UK). Mouse and rabbit
preimmune IgGs for control experiments were also obtained from
Dako.

2.3. Immunoprecipitation and silver staining

For immunoprecipitation, ZK-1 cells (1.0 x 10° cells/60 mm
dish) were cultivated for 72 h and lysed in lysis buffer (50 mM
HEPES pH 7.4, 150 mM NaCl, 1.0% Brij-96, 1 mM PMSF, 1 mM Nas_
V0,4, and 10 mM NaF) containing a protease inhibitor cocktail (Nac-
alai Tesque, Kyoto, Japan). After incubation of 1 mg of cell lysates
for 2 h at 4 °C with 5 pg of anti-PDPN antibodies or preimmune
IgG, 70 pl of 50% slurry of Protein G Sepharose™ 4 Fast Flow (GE
Healthcare UK Ltd., Buckinghamshire, UK) were added to each
sample and stirred for 2 h at 4 °C. After incubation, the protein G
Sepharose resin was washed 3 times with lysis buffer and then 2
times with final buffer (50 mM HEPES pH 7.4, 150 mM NacCl). The
immunoprecipitates were eluted in 50 pl of 2x SDS sample buffer
containing 10% B-mercaptoethanol. An aliquot of 20 pl of elution
sample was subjected to SDS polyacrylamide gel electrophoresis
(SDS-PAGE) under reducing condition, and the gels were stained
using a Bio-Rad Silver Stain kit (Bio-Rad Laboratories, Inc., Hercu-
les, CA, USA) or transferred to polyvinylidene difluoride (PVDF)
membranes (Bio-Rad) for Western blotting.

2.4. Western blotting

After incubation with 0.5% enhanced chemiluminescence (ECL)
blocking agent (GE Healthcare UK Ltd., Buckinghamshire, UK) in
50 mM Tris-buffered saline (TBS) (pH 7.4) containing 0.1%
Tween-20 (TTBS) for 1h at room temperature, the PVDF mem-
branes were further incubated overnight at 4 °C with primary anti-
bodies diluted with TTBS (PDPN, 1:100; HSPA9 and ezrin, 1:1000;
B-actin, 1:5000), followed by secondary antibodies (ChemMate
Envision™ reagent, Dako, diluted at 1:1000 in TTBS) for 1 h at room
temperature [8]. Target protein bands were visualized by ECL
Plus™ Western blotting detection reagents (GE).

2.5. Proteome analysis

Candidate PDPN-interacting protein SDS-PAGE gel bands were
excised and in-gel digested with trypsin as described elsewhere
[16]. The digest mixtures were separated and analyzed by a nano-
flow-liquid chromatography-tandem mass spectrometer (Agilent
1100 LC/MSD Trap XCT) (Agilent Technologies, Inc., Santa Clara,
CA, USA). The data were searched against a NCBI non-redundant
database with MASCOT MS/MS lons Search (Matrix Science Inc.,
Boston, MA, USA).

2.6. Cell surface protein interaction

To confirm the extracellular cell surface interaction between
PDPN and HSPA9, we performed extracellular cross-linking using
DTSSP (3,3'-dithiobis[sulfosuccinimidylpropionate]) (Pierce Bio-
technology, Rockford, IL, USA) [17]. ZK-1 cells (1.0 x 10° cells/

60 mm dish) were cultivated for 72 h and washed twice with
washing buffer (50 mM HEPES pH 7.4, 150 mM Nacl). After incuba-
tion for 2 h on ice with 5 ml of DTSSP cross-linking solution (1 mM
DTSSP, 50 mM HEPES pH 7.4, 150 mM NaCl), we added 50 pl of 1 M
Tris—HCl (pH 7.5) to stop cross-linking reaction. Thereafter, immu-
noprecipitation for anti-PDPN or anti-HSPA9 was performed as
mentioned above following cytolysis to demonstrate protein com-
plex bands [17].

2.7. RNA interference (RNAi)

RNAI experiments were performed using a Stealth RNAi™ siR-
NA Duplex Oligoribonucleotides System (Invitrogen). The human
PDPN siRNA (siPDPN) sequence used in this experiment was 5'-
UGAAG UUGGC AGAUC CUCGA UGCGA-3’, which was shown to
be the most effective in our previous experiments [7]. Stealth
RNAiI™ negative control medium GC Duplex #2 (Invitrogen) (siNC)
and sterile Milli-Q™ water (mock) were used as negative controls.
siRNA transfection was performed with Lipofectamine RNAIMAX™
reagents (Invitrogen). Efficiencies for RNAi were evaluated using
real-time PCR, Western blotting, and immunofluorescence.

2.8. Gene and protein expression analysis

Total RNA was isolated from the cells, which were plated at a
concentration of 1.0 x 10° cells/60 mm dish and cultivated for
72 h using the ISOGEN system (Nippon Gene Co., Ltd., Tokyo, Ja-
pan). First strand cDNA was synthesized with the SuperScript™
Il First-Strand Synthesis System (Invitrogen). Following reverse
transcription, real-time PCR was carried out using a MiniOpticon™
Real-Time PCR Detection System CFB-3120 (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Amplification of target genes was moni-
tored in real time, and gene expression levels were quantified
using CFX Manager™ (Bio-Rad). Primer sets used for the real-time
PCR experiments are summarized in Table 1. For each gene, protein
expression was also demonstrated by Western blotting and ana-
lyzed quantitatively using NIH Image ] computer-assisted densito-
metric image analysis software.

2.9. Quantitative secretion analysis

To determine HSPA9 secretion from with or without siRNA
transfected ZK-1 cells (siPDPN, siNC, and mock), 1.0 x 10° cells/
60 mm dish were cultivated for 72 h and supernatant fluid of cul-
tured medium was collected. After immunoprecipitation against
HSPA9 antibodies, secretory HSPA9 protein band was detected by
Western blotting and analyzed using NIH Image J.

2.10. Immunofluorescence

Immunofluorescence experiments were performed using Lab-
Tek™ II Chamber Slide System (Labtek, Scotts Valley, CA, USA) as

Table 1
Primer sequences for quantification of gene expression.
Gene Primer sequence
Human PDPN F: 5'-CCAAGCGCCACAGCCTCAA-3'
R: 5'-GGCACAGAGTCAGAAACGGT-3'
Human HSPA9 F: 5'-AGCTGGAATGGCCTTAGTCAT-3'
R: 5'-CAGGAGTTGGTAGTACCCAAATC-3'
Human ezrin F: 5'-GCTTTTTGATCAGGTGGTAAAGACT-3’
R: 5'-TCCACATAGTGGAGGCCAAAGT-3'
Human B-actin F: 5'-TCACCCACACTGTGCCCATCTACGA-3'
R: 5'-CAGCGGAACCGCTCATTGCCAATGG-3'

F: forward; R: reverse.
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described elsewhere [15]. Cells were plated at a concentration of
1.0 x 10* cells/well and cultivated for 72 h. The cells were treated
under the four experimental conditions, with or without DTSSP
cross-linking (CL) and 0.2% Triton X-100 cell membrane permeabi-
lization (TrX), as follows: CL(+), TrX(+); CL(+), TrX(-); CL(-),
TrX(+); CL(-), TrX(-). For CL(+), cell surface molecules were
cross-linked by DTSSP as mentioned above (section of cell surface
protein interaction) and fixed with 4% paraformaldehyde in 0.1 M
HEPES (pH 7.4) for 30 min on ice. The cells were incubated with
the primary antibodies (PDPN, diluted at 1:50 in reaction buffer;
HSPA9, 1:500) and further with secondary antibodies (Alexa
Fluor™ 568-conjugated goat anti-mouse IgG (H+L) or Alexa
Fluor™ 488-conjugated goat anti-rabbit IgG (H +L) (Invitrogen),
diluted at 1:200 reaction buffer for 1 h each at room temperature.
For control studies, the primary antibodies were replaced with pre-
immune mouse or rabbit IgGs.

2.11. Surgical samples

Fifteen cases of oral SCC were collected from the surgical
pathology files of the Division of Oral Pathology, Niigata University
Graduate School of Medical and Dental Sciences. The surgical sam-
ples were fixed in 10% formalin, processed routinely, and embed-
ded in paraffin. Serial sections cut at 4 pm from paraffin blocks
were used for haematoxylin and eosin (H-E) staining and
immunohistochemistry.

2.12. Immunohistochemistry

Immunohistochemistry was performed using the ChemMate
Envision™ system (Dako) as described elsewhere [18]. The sections
were incubated overnight at 4 °C with the primary antibodies di-
luted at 1:50 (anti-PDPN) and 1:1000 (anti-HSPA9) in PBS. After
incubation with the Envision™ reagents, reaction products were
developed with SIGMAFAST™ DAB/Metal Enhancer Tablet Set (Sig-
ma Chemical Co., Saint Louis, MO, USA). For control studies, the pri-
mary antibodies were replaced with preimmune IgGs. The
experimental protocol for analyzing surgical materials was re-

A  silverstain  WB: PDPN B wB:HSPA9
~ > )
Lo 4 L g
FLo &9 & &
- é \Q - \Q . \Q » \Q . S \Q A
100
75 o = 4

70 kDa — | g —
50 e —

A
37 -
J ==

10% gel

M. Tsuneki et al./Biochemical and Biophysical Research Communications 434 (2013) 124-130

viewed and approved by the Ethical Board of the Niigata University
School of Dentistry.

2.13. Statistical analysis

Comparative experimental data were analyzed using the t-test.
The cut-off for statistical significance was set at P < 0.05. All statis-
tical analyses were carried out using the SigmaPlot 2001 for Win-
dows version 7.0 (SPSS Inc., Chicago, IL, USA) and Microsoft Excel
2007.

3. Results

3.1. Identification of HSPA9 as a candidate interacting molecule with
PDPN

To identify novel interacting proteins of human PDPN in oral
SCC, we performed immunoprecipitation using ZK-1 cells which
endogenously express PDPN [7]. We found a protein band with a
Mr mass of 70 kDa in SDS-PAGE gels stained with silver impregna-
tion (Fig. 1(A), left panel, asterisk) among those co-immunoprecip-
itated with PDPN. Western blotting with anti-PDPN antibody
confirmed that the protein was not a variant of PDPN (Fig. 1(A),
right panel). The 70 kDa band was identified to be HSPA9 by
nano-flow LC-MS/MS analysis. Detailed data on LC-MS/MS analy-
sis were as follows: number of distinct peptides, 17; distinct
summed MS/MS search score, 230.28; amino acid (AA) coverage,
26%; mean peptide spectral intensity, 1.61E+07; database acces-
sion number, IPI00007765.

3.2. Interaction between HSPA9 and PDPN on the cell surface

Western blotting with the anti-HSPA9 antibody confirmed that
the 70 kDa band of HSPA9 was again co-immunoprecipitated with
PDPN (Fig. 1(B)). Because subcellular localization of PDPN had al-
ready been identified on the cell membrane [7], cross-linking co-
immunoprecipitation in the presence of DTSSP was performed to
confirm the extracellular cell surface interaction between HSPA9
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Fig. 1. Identification of heat shock protein A9 (HSPA9) as a novel interaction partner for podoplanin (PDPN) in the cell surface. (A) ZK-1 cell lysates were immunoprecipitated
with anti-human PDPN antibody (IP: PDPN) or control mouse IgG (IP: IgG), followed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with silver
staining (left panel) and Western blotting for PDPN (right panel); (B) Western blotting analysis for HSPA9 (70 kDa) in cell lysates (cytolysis, left lane) and in its
immunoprecipitated samples with the anti-PDPN (IP: PDPN, right lane), 10% SDS-gel. (C) Western blot analyses for HSPA9 (left panel) or PDPN (right panel) in
immunoprecipitated samples of lysates from ZK-1 cells cross-linked with DTSSP with the anti- PDPN, 6% SDS-polyacrylamide gel. A protein band (asterisk in left panel) at
around 70 kDa was detected as a possible PDPN-binding partner protein (A). Mass spectrometric analysis (LC-MS/MS) of the protein band obtained from silver stained gels
identified it as heat shock protein (HSP) A9. Western blotting showed that HSPA9 was co-precipitated with PDPN (B). PDPN and HSPA9 were demonstrated to co-localized on
the cell surface because bands indicating the PDPN-HSPA9 complex were detected around 150-180 kDa (asterisks) in non-reducing conditions (C).
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and PDPN. HSPA9-PDPN interacting complex bands were detected
around 150-180 kDa areas (Fig. 1(C), asterisks), which were dis-
tinctly shifted from their original positions in the non-reducing
conditions of SDS-PAGE and Western blotting (anti-HSPA9 and
PDPN) (Fig. 1(C)).

3.3. Coordinated HSPA9 expression and secretion with PDPN

Based on the finding that HSPA9 was bound to PDPN, we sought
to determine whether expression and secretion modes of HSPA9
were coordinated with those of PDPN in an effective PDPN knock-
down experimental system using siRNA in ZK-1 cells, which we
had already established [7]. PDPN was significantly suppressed in
siPDPN cells at 72 h after plating (down to 7% of controls,
P <0.001) (Fig. 2(A)). Coincidental with the suppressed expression
of PDPN, gene (Fig. 2(B), P < 0.05) and protein (Fig. 2(C), P<0.01)
expression levels for HSPA9 were lowered in siPDPN cells. In con-
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trast, the expression of ezrin, a cytoplasmic peripheral membrane
protein which has already been identified as a possible interacting
protein with PDPN [19], was not altered in siPDPN cells at either
the gene or the protein level. When detected by immunoprecipita-
tion, secreted HSPA9 protein levels were significantly repressed in
siPDPN cells (Fig. 2(E), P < 0.001, Fig. 2(F)).

3.4. Harmonized expression and localization of PDPN and HSPA9

To identify interlocked expression and colocalization of PDPN
and HSPA9, we examined double-immunofluorescence and com-
pared between siPDPN cells and siNC ZK-1 cells in the presence
or absence of DTSSP cross-linking (CL) as well as with and without
Triton X-100 cell membrane permeabilization (TrX) as follows:
CL(+), TrX(+) (Fig. 3(A)); CL(-), TrX(+) (Fig. 3(B)); CL(-), TrX(-)
(Fig. 3(C)); CL(+), TrX(—) (Fig. 3(D)). In all conditions, HSPA9
expression levels were suppressed and restricted to the periphery
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Fig. 2. HSPA9 association with PDPN in its expression and secretion. (A) Knock-down of PDPN by siRNA in ZK-1 cells. Relative PDPN gene expression levels determined by
real-time PCR and compared between cells transfected by siRNA targeting PDPN (siPDPN), negative control siRNA (siNC), and mock; real-time PCR for HSPA9 gene (B) and
Western blotting for HSPA9 protein (C) between siPDPN, siNC, and mock. (D) Ezrin gene and protein expression by real-time PCR (upper panel) and Western blotting (lower
panel) between siPDPN, siNC, and mock; HSPA9 secretion levels by immunoprecipitation (E) and Western blotting HSPA9 (F) compared between culture media of siPDPN,
siNC, and mock. (A-E) All data are means + SE from triplicate experiments. *P < 0.05; **P < 0.01; ***P < 0.001.
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Fig. 3. Colocalization of PDPN and HSPA9 in the cell surface of ZK-1 cells. (A-D) Immunofluorescence for PDPN (red, upper row) and HSPA9 (green, second), Hoechst-33258
(blue, second from bottom), and their merges (bottom) compared between siPDPN (left column) and siNC (right column) in the combinations of DTSSP cross-linking (CL) and
Triton X-100 cell membrane permeabilization (TrX) as follows: CL(+), TrX(+) (A); CL(—), TrX(+) (B); CL(-), TrX(—) (C); CL(+), TrX(—) (D). x200; scale bar, 100 um. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

of the nucleus in siPDPN cells (Fig. 3). After TrX membrane perme-
abilization, PDPN and HSPA9 were localized in the cytoplasm of
siNC cells (Fig. 3(A) and (B)), while PDPN slightly remained on
the cell membrane under CL conditions (Fig. 3(A)). In contrast, be-
fore permeabilization, PDPN and HSPA9 were colocalized on the
cell membrane of siNC cells under CL conditions (Fig. 3(D)),
whereas HSPA9 was not localized on the cell membrane but in
the cytoplasm under non-CL conditions (Fig. 3(C)). Thus, HSPA9
was clearly shown to be expressed in coordination with PDPN
and they were colocalized on the cell surface of ZK-1 cells.

To further investigate the coordinated expression profiles be-
tween PDPN and HSPA9 at the tissue level, we performed immuno-
histochemistry for PDPN and HSPA9 in surgical tissue sections of
oral SCC. In the foci of SCC (Fig. 4(A)), PDPN was distinctively local-
ized on the cell border as well as in the basal surface of peripheral
cells (Fig. 4(B)), which were simultaneously positive for HSPA9
(Fig. 4(C)). Those co-localizations in the periphery of SCC foci were
most enhanced in their invading front.

4. Discussion

In the present study, we demonstrated for the first time the
extracellular shedding of HSPA9 from oral SCC cells. Secondly, by
using cross-linking treatments [17], the interaction between
HSPA9 and PDPN in the cell surface was confirmed. Thirdly, the
gene and protein expression levels as well as the secretion levels
of HSPA9 were specifically correlated with those of PDPN. Finally,
the co-localization of HSPA9 and PDPN on the cell surface was also
confirmed in surgical specimens of oral SCC.

PDPN has been utilized in the field of lymphatic research [2] as
one of the representative lymphatic endothelial markers. Recently,
PDPN expression has been documented in various kinds of tumor
cells [3,6,20,21], and has attracted attention in the area of cancer
research. In oral SCC, PDPN expression has been related to poor
clinical outcomes, including nodal metastasis, as well as to malig-
nant transformation of pre-cancerous lesions [22-24]. To elucidate
the molecular function of PDPN, we have carried out comparative
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Fig. 4. Colocalization of PDPN and HSPA9 in the periphery of foci of oral squamous cell carcinoma (SCC). (A) Hematoxylin and eosin (HE) stain; immunoperoxidase stain for

PDPN (B) and HSPA9 (C), hematoxylin counterstain. x150; scale bar, 100 pm.

immunohistochemical studies and in vitro functional analysis in
terms of cell-proliferation and ECM association because PDPN
was characteristically localized in the tumor cell nest periphery, di-
rectly facing the stromal space which was rich in extracellular ma-
trix [6-9,15,25]. From our series of investigation, we have
concluded that PDPN tethers tumor cells to hyaluronan-rich extra-
cellular matrices in collaboration with CD44 to inhibit cellular
scattering [7,8]. In other words, PDPN contributes to cell-ECM
adhesion but not directly to cell proliferation, which must be an
event that is secondary to established cell adhesion [7-9]. Based
on these lines of evidence, we have been focusing on interaction
molecules with PDPN in their extracellular domain or cell surface.

To identify novel interacting proteins of PDPN, our strategy to
introduce proteomics-based analysis using LC-MS/MS followed
by co-immunoprecipitation was so successful that we were firstly
able to identify HSPA9 as a novel PDPN-binding partner. We also
detected ezrin in the co-immunoprecipitants (data not shown).
Since it had already been known as an interaction molecule [19],
it was regarded as a kind of positive control in this experimental
system.

HSPA9 was first identified as a member of the 70 kDa heat
shock protein (hsp70) family present in the cytoplasmic fractions
of normal fibroblasts (MEF cells) from CD1-ICR mice [26]. It has
also been cloned as a peptide binding protein (PBP74) [27], mito-
chondrial heat shock protein (mthsp70) [28], and glucose regu-
lated protein (GRP75) [29]. Its multiple subcellular localizations,
including in plasma membrane, have been reported [14]. The
HSPA9 expression was up-regulated in human neoplasms [30]
such as brain tumors [31], colorectal adenocarcinomas [32], hepa-
tocellular carcinoma [33], and breast ductal carcinoma [34], and
those enhanced expression levels were correlated with poor clini-
cal outcomes [32,33]. Interestingly, HSPA9 was demonstrated to be
released from cells to the extracellular space, though it lacks con-
sensus secretory signal peptides within the molecule [35-37].
However, little is known about the HSPA9 behavior in the extracel-
lular space.

In conclusion, we have identified HSPA9 as a novel PDPN bind-
ing partner in the cell surface. Since HSPA9 was secreted from ZK-1
cells, their binding should take place in an autocrine fashion. The
characteristic PDPN immunolocalization in the periphery of SCC
foci suggests its role in the SCC cell crosstalk with the stroma,
which possibly regulates SCC cell activities for invasion. In the next
step, it is necessary to elucidate detailed molecular functions of the
HSPA9-PDPN complex on the cell surface, especially in terms of
proliferation and invasion.
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