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: Epithelial-mesenchymal transition (EMT) is highly related

to tumor metastasis and it contains several protein makers
such as E-cadherin. Carbonic anhydrase III (CA III) is a
cytoplasmic enzyme that exhibits a low carbon dioxide
hydratase activity and a predominant expression in the
cancer. However, the roles of CA III detailed mechanisms in
oral cancer are still unknown. This study established a CA
ITI overexpressed stable clone and observe the expression
of CA TII protein and mRNA in human oral cancer cells SCC-9
and SAS, also migration and invasion abilities were
determined by boyden chamber assay. We found that CAIII
protein significantly increase the migration and invasion
abilities in oral cancer cells and result in activate FAK /
Src signaling pathway to down regulate E-cadherin
expression but induce vimentin and fibronectin expression.
That suggest that CA III may induce migration and invasion
in oral cancer cells through activate EMT and are potential
related to tumor metastasis in oral cancer.

Epithelial-mesenchymal transition, Carbonic anhydrase, oral
cancer, metastasis
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Abstract

Epithelial-mesenchymal transition (EMT) is highly related to tumor metastasis
and it contains several protein makers such as E-cadherin. Carbonic anhydrase 111 (CA
[11) is a cytoplasmic enzyme that exhibits a low carbon dioxide hydratase activity and
a predominant expression in the cancer. However, the roles of CA Ill detailed
mechanisms in oral cancer are still unknown. This study established a CA Il
overexpressed stable clone and observe the expression of CA 111 protein and mRNA in
human oral cancer cells SCC-9 and SAS, also migration and invasion abilities were
determined by boyden chamber assay. We found that CAIIl protein significantly
increase the migration and invasion abilities in oral cancer cells and result in activate
FAK / Src signaling pathway to down regulate E-cadherin expression but induce
vimentin and fibronectin expression. That suggest that CA 111 may induce migration
and invasion in oral cancer cells through activate EMT and are potential related to

tumor metastasis in oral cancer.

Keywords:  Carbonic  anhydrase Ill, metastasis, invasion, migration,

epithelial-mesenchymal transition, E-cadherin, vimentin.



Introduction

Head and neck squamous cell carcinoma (HNSCC) has developed to a common
human cancer in the past few years and more than 90% of cases occurs involve oral
squamous cell carcinoma [1, 2]. Tumor metastasis has known as serious difficulties in
the clinical treatments in vary cancers [3-5]. Epithelial-mesenchymal transition (EMT)
IS a process that turned epithelial cells to mesenchymal cells. Several characteristics
change were company with EMT as the shape from polygonal to spindle shape,
apico-basolateral polarization turns to anterior-posterior polarization, strong cell to
cell adhesion comes to focal cell to cell contact and also raise the cell migration
potential [6-8]. EMT process contains several proteins expressions include epithelial
markers E-cadherin, claudin, occludin and cytokeratins; mesenchymal makers
N-cadherin, vimentin, fibronectin and smoth muscle actin [9, 10]. Previous studies
showed that E-cadherin expression were connected to invasion and metastasis in head
and neck squamous cell carcinoma [11]. And loss of E-cadherin also associated to the
EMT process which occurs tumor metastasis [12].

Carbonic anhydrase (CA) is a family of metalloenzymes, the active site contains
a zinc ion [13]. The main function of CA is to catalyze carbon dioxide to bicarbonate
(CO, +H,0 S HCO3 +H"), areversible hydrolysis reaction. CA take participate
in carbon dioxide transport, calcification and photosynthesis. In mammals physiology
function, CA regulates ion transport, pH value and water homeostasis. And also take
parts in synthesize glycogen, urea and lipid in metabolism [14-17].

CA 11l is located on chromosome 8022, include two isoforms: CA 1l A and CA
Il B and has a strong ability in hydrolyze carbon dioxide [18]. CA IlI expression
obviously in skeleton muscle which help carbonic dioxide could extend to tissue
capillaries. Include spleen, kidney, lung and heart have high level of CA Il expression

3



[19].
CA inhibitors as sulphonamide, include: acetazomide - methazolamide -
ethoxzolamide ~ dichlorophenamide - dorzolamide ~ brinzolamide, the main functions

are inhibit active site activity. Clinical commonly used to treat glaucoma, epilepsy,
mountain sickness and duodenal ulcers [20]. In recent years, CA inhibitor has
connected to laboratory cancer researches. Teicher and Puscas suggested that
acetazomide, methazolamide and ethoxzolamide could significant reduce cancer cell
growth whether in vivo or in vitro [21-23]. In physiology, CA Il has lower carbonic
dioxide hydrolysis activity compare to other isoforms, but CAlll has both carboxyl
esterase and phosphatase activity. Several studied proved CA Il connect to
glutathione by disulfide bond and made protein sulthydrase, and it’s as the first react
face to oxidative stress [24, 25]. Suggested that protein sulfhydrase through CA 11l
can help cell resist oxidation. However, there less of evidences connect CA 11l to oral
cancer or related to tumor metastasis. Thus, this study established a CA Il
overexpressed system, to clarified CA Il could play roles in oral cancer development

and metastasis.

Materials and methods
Cell culture

Human oral squamous cell carcinoma (OSCC) cell lines CA9-22, CAL-27,
HSC-3, OC-2, SAS, SCC-9, SCC-25, TW-206 cells were purchased from Japanese
Collection of Research Bioresources Cell Bank (JCRB, Shinjuku, Japan) and were
cultured in DMEM or DMEM/F-12 medium (Life Technologies, Grand Island, NY,

USA) with 10 % fetal bovine serum (FBS), 2 mM glutamine, 100 U/ml penicillin, and

4



100 pg/ml streptomycin. Oral epidermal carcinoma cell line (OECM-1) were acquired
from Dr Meng’s group [26] and maintained in RPMI 1640 medium (Gibco™, Grand
Island, NY, USA) with 10 % FBS. Human oral keratinocytes HOK and human
immortalized keratinocytes SG were used as normal cells compared to the cancer cell
lines. All cell cultures were maintained at 37 °C in a humidified atmosphere of 5 %

Cco2.

CA 111 overexpressed system

SAS and SCC-9 cell lines were used to the target cell lines to establish the stable
CA 111 overexpressed cell clones. We choose pEGFPN-1 (Promega Corp., Madison,
MI) as the vector and carried CA Il promoter sequence. The forward primer
5’-CACGAATTCatggcccaaggagtggggce-3’ and reverse primer
5’-GTGGGATCCCTtttgaaggaagctctcacca-3’ were used to amplify CA III promoter
sequence. The products after treated with EcoRIl and BamHI restriction enzymes,
using ligase reagent to complete the ligation with pEGFPN-1 vector. Spread 4 x 10°
cells in 6 cm culture dish incubated for 16 hours and used Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA, USA) transfect the vector plasmid, after incubated 16
hours used G418 antibiotic to select the stable clones and used as the target cells in
the following experiments. The empty vector GFP was took as the control group

compare to the GFP-CA 111 group.

Cell growth curve
Cell growth curve were used to compare the cell growth rate affected after CA 111
expressed. Spread 6 x 10*/ well number of cells to 24 well culture plates, incubated

for 24, 48, 72 and 96 hours discarded the condition medium and adding MTT reagent



(Sigma chemical Co., Louis, MO, USA) with final concentration 0.5 mg / ml for 4
hours. The living cells were measured proportional by spectrophotometrically at 563

nm with the final production of formazan with purple color [27].

Migration and invasion assay

For wound healing assay, cells with pEGFPN-1 CA Ill overexpressing vectors
were plated in 6-well plates for 16 hours, wounded by scratching with a pipette tip,
then incubated with DMEM/F12 medium containing 0.5 % FBS for 12 or 24 hours.
Cells were photographed using a phase-contrast microscope. Estimation the cell
migration ability briefly by measured the wound recovered area. And used Boyden
chamber (Neuro Probe, Cabin John, MD, USA) for migration and invasion assay. For
migration assay, cells were harvested and seeded to the chamber at 10* cells / ml in
serum free medium and then incubated for 24 hours at 37 °C. For invasion assay, 10
ml Matrigel (25 mg / 50 ml; BD Biosciences, MA, USA) was applied to 8 mm pore
size polycarbonate membrane filters and the bottom chamber contained standard
medium. Filters were then air-dried for 5 hours in a laminar flow hood. The invaded
cells were fixed with 100 % methanol and stained with 5 % Giemsa. Cell numbers
were counted under a light microscope. The migration assay was carried out as

described in the invasion assay with no coating of Matrigel [28].

Reverse-trancription-PCR

Total RNA was isolated from cultured cells using Geneaid Total RNA Mini Kit
(2012-04-05° Geneaid Biotech Ltd.) according to the manufacturer’s instructions. For
reverse transcription, first-strand cDNA synthesis was performed with random

primers (hexamers; Promega, Madison, WI) and 100 U of moloney murine leukemia



virus reverse transcriptase and performed at 42 °C for 60 minutes and terminated at
90 °C for 10 minutes. To detect CA III mRNA, the cDNA (4 pg) was amplified by
PCR  with the following primers: CA I forward  primer
5’-ATGGCCAAGGAGTGGGGC-3° and reverse primer
5’-TGGTGAGAGCTTCCTTCAAATGA-3’. Samples were subjected to 30 cycles,
each involving denaturation at 94 °C for 1 minute, annealing at 62 °C for 1 minute,
and extension at 72 °C for 2 minutes, with a final extension phase of 10 minutes
performed on a programmable thermal controller. PCR products were subjected to
agarose gel electrophoresis, stained by ethidium bromide, and read by a densitometer
(Alphalmager 2000; Alphalnnotech Corporation). The quantitative real-time PCR
analysis was performed using Tagman one-step PCR Master Mix (Applied
Biosystems, Carlsbad, CA) with primer-probe E-cadherin, vimentin, fibronectin, twist,

snaill and snail2.

Western blot

For Western blot analysis, cell lyates were collected as described. Briefly, cells
were solubilized with sodium dodecyl sulfate-solubilization buffer for 30 minutes on
ice. Then, cell lysates were centrifuged at 12000 g at 4 °C and the protein
concentrations determined with Bradford reagent using bovine serum albumin as
standards. Equivalent amounts of total protein per sample of cell extracts were run on
a 10 % sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
overnight with polyclonal antibodies CA I11, E-cadherin, vimentin, fibronectin, tSrc,
pSrc, tFAK,pFAK (397), twist, snaill and snail2 [29]. Detected protein expression by
chemiluminescence using an ECL detection kit (Amersham Biosciences UK Limited,

Buckinghamshire, England) Relative photographic density was quantitated by



scanning the photographic negatives on a gel documentation and analysis system

(Alpha Innotech Corp., San Leandro, CA, USA).

Gene expression microarray

The total RNA was commission Phalanx Biotech Group work with whole
genome array. Each sample should have 6 pg of RNA and the OD260 / OD280 > 1.8;
0OD260 / OD 230 > 1.5 as standard RNA quality. Using Human OneArray Gene
Expression Microarray kits quantify the gene expression and analysis the data with

chart.

Luciferase-report assay

SCC-9 and SAS cells were spread 4x10* cells per well in 24 well culture plates.
After incubated 16 hours, pGL3 - basic vector and E-cadherin promoter plasmid were
co-transfected with B-galactosidase expression vector (pCH110) into target cells by
Turbofect (Fermentas, Carlsbad, CA) as previous described [30]. Transfection for 24
hours, the cell lysates were harvested, the luciferase activity was determined by
luciferase assay kit. The value of the luciferase activity were normalized to

transfection efficiency and monitored by B-galactosidase expression

Statistic

Statistically calculated were using student’s t-test (Sigmastat, Jandel Scientific,
and San Rafael, CA, USA) to compare with each group. Reach statistical significant
was set at p < 0.0.5, the values are the means + standard deviation and determent at

least three independent experiments.



Result

CA 11 overexpressed system

Considered the different CA 111 expression from different oral cancer cell lines,
we selected CA9-22, CAL-27, HSC-3, OC-2, OECM-1, SAS, SCC-9, SCC-25,
TW-206 several oral cancer cell lines and analyzed the CA I1ll expression. As
comparison, we also selected two normal oral cell lines HOK and SG (Fig. 1A). We
selected SAS and SCC-9 oral cancer cell lines as the target cell lines which showed
lower CA 11l expression and also connected with tumor metastasis. We construct a
CA Il overexpression system by pEGFPN-1 vector, and the CA Il protein and
MRNA expression were significant increased through this overexpressed system (Fig.
1B). Besides, the cell growth curve was used to see if there any affections under the
CA 11l overexpressed system. There is no significant difference between GFP control
group and the CA Il overexpressed group in both SAS and SCC-9 cell lines (Fig.

1C).

Cell shift ability

Since the CA 111 overexpressed was not affected cell proliferation, we considered
with migration and invasion abilities which similar as tumor metastasis behavior.
Simply used wound healing assay to observe the cell shift abilities by recovered the
wound. Obviously, the CA 11l overexpressed group had a great wound area recovered
abilities compared to the GFP control group in both cell lines (Fig. 2A, p<0.05).
Further, used boyden chamber assay to analyzed cell migration and invasion abilities
under CA 111 overexpressed system. And the outcomes showed weather migration or
invasion abilities were significant raised in the CA I11 overexpressed group (Fig. 2B,

p<0.05).



mMRNA arrays analysis

When CA 1l overexpressed which induced cell shift abilities may related to
several mechanisms. In clarification, we selected SCC-9-GFP-CA Il overexpression
stable clones contrasted the mMRNA changes under CA I1l overexpressed system by
MRAN array (Fig. 3A). From the chart, CDH1, VIM, FN1 had obviously expression
differences which were related to EMT. Also, we used real-time PCR to detect the
MRNA changes in the two group. E-cadherin mRNA expression significant decrease

while vimentin and fibronectin mRNA expression obviously raised (Fig. 3B).

Epithelial-mesenchymal transition

Epithelial-mesenchymal transition often company with extracellular matrix
degradation. We choose the EMT markers E-cadherin and vimentin, and an
extracellular matrix maker fibronection as the target marker. While CA Il
overexpressed, EMT marker E-cadherin were significant decreased (SCC-9: 0.2; SAS:
0.07) and vimentin showed the opposite way (SCC-9: 4.3; SAS: 6.1). And the
extracellular matrix maker fibronection was decreased (Fig. 4A). Further, we also
figure out that may though the signaling pathways such as Src and FAK were

activated by the phosphate Src and phosphate FAK (397) raised (Fig. 4B).

EMT transcription factors

Transcription factors may through binding on the DNA binding sites to regulate
gene translate. Several transcription factors related to EMT such as twist, snaill and
snail2, were considered take parts in the EMT process. After CA 11l overexpressed,

twist, snaill and snail2 expression were significant higher than the GFP control group
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in the protein level and mRNA expression (Fig. 5A, 5B). And we also used luciferase
assay to detected protein binding affinity of the E-cadherin promoter transcription
binding site. At the CA 111 overexpressed group, the E-cadherin promoter transcription
binding sites with decreased protein binding affinity compared to the GFP control
group (Fig. 5C). According to findings above, this might call CA Il could through
effect transcription factors twist, snaill and snail2 to block the E-cadherin promoter
transcription binding sites results the EMT and stimulate oral cancer cells invasion

and migration abilities.

CA 11l siRNA

Final, we treated with CA 111 siRNA to inhibit the overexpressed CA Ill and to
clarification the casual relationships caused by CA I1ll. After inhibited the
overexpressed CA Ill, the decreased E-cadherin protein expression were recovered
and the raised vimentin, fibronectin protein expression were down regulated (Fig. 6A).
And the cells invasion and migration abilities which were turn on by CA IlI
overexpressed also down regulate after treated with CA Il siRNA (Fig. 6B). That
explained the CA 11l could through regulate the EMT and ECM related proteins

E-cadherin, vimentin and fibronectin to affected cell invasion and migration abilities.
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Discussion

According to the findings, we suggested that CA 11l may influenced EMT
process include inhibit epithelial marker e-cadherin gene transcription binding site
affinity to decrease e-cadherin expression, also raised mesenchymal markers vimentin,
fibronectin and several transcription factors twist, snaill and snail2 through FAK, Src
signaling pathways to stimulate cell invasion and migration abilities which similar to
tumor metastasis. In vivo, previous studies suggested that lower CA 11l expression
was suppressed cancerous lesions in hepatoma-bearing rat and that also indicated the
suppression of CA 11l accompanied hepatocarcinogensis [31, 32]. On the other hand,
the other study showed CA 11 could through active FAK signaling pathway, promote
downstream hepatoma cell Sk-Hep1 transformation and invasion abilities [33], which
similar to our findings. These different may due to the varies CA Il functions in the
living subjects as regulate ion transport, pH value and water homeostasis to stable the
basic living conditions and plays as a tumor suppressor. But in the in vitro
environment, CA 1l may only character a regulator for the culture condition and
make the oral cancer cells more active tend to invasion and migration.

EMT has known play a very important role in the metastasis and take part in
several cancer metastasis mechanisms [34-37]. EMT may through MEK / ERK and
PI3K / Akt signaling pathways promote tumor metastasis in human hepatomacellular
carcinoma [38]. In breast cancer, WNT5A could through down regulate EMT to
inhibit breast cancer cell invasion and migration [39]. Through GSK-3 / p-catenin
pathways, B-arrestinl inspirit EMT and provide a potential therapeutic target for
prostate cancer [40]. With the miRNA-429, also connected to affect EMT to cause the
metastasis and poor prognosis in renal cell carcinoma [41]. In the head and neck
cancer, previous study suggested that Notchl was strongly correlated to HNCC
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growth, invasion and metastasis and that could traced back to Notchl enhanced EMT
through c-Myc signaling pathway [42]. Following these evidences, EMT has a deep
related to metastasis in several cancers and diseases, natural and right, epithelial
marker as E-cadherin and mesenchymal markers vimentin and fibronectin were also
looks as potential target connect to tumor metastasis.

Previous research suggested that inhibited E-cadherin expression could induced
cell invasion and metastasis in osteosarcoma [43]. In clinical, E-cadherin expression
in clinical later stage in breast invasive carcinoma of no specific type was
significantly lower than that in early stage (p < 0.01) and also significantly associated
with lymph node metastasis and vascular invasion (p < 0.01) [44]. From a molecular
pathological epidemiology database of 689 rectal and colon cancer cases study, loss of
tumour E-cadherin expression was associated with infiltrative tumour growth pattern
and higher pN stage [45]. In hepatocellular carcinoma, loss of E-cadherin correlated
with a higher recurrence rate in an epidemiology contain 137 subjects [46]. In vivo,
TGF-B could induce the RNA binding protein inhibition down regulate E-cadherin
expression to promote EMT and take part in cell invasion and metastasis in lung
cancer [47]. Another study also showed that sprouty proteins SPRY4 could induced
amphirgulin expression to down regulate E-cadherin to bring about enhanced cell
invasion in ovarian cancer [48]. Also, up-regulation miRNA-185 could reversed EMT
via the up regulate E-cadherinand down regulate vimentin in epithelial and
mesenchymal human hepatocellular carcinoma cells [49]. In vitro, dimethoxy
curcumin enhanced E-cadherin expression and suppressed survivin expression and
inhibit cell invasion in colon cancer [50]. And in the head and neck carcinoma, a
meta-analysis showed definite evidence that high E-cadherin gene expression with a

better overall survival and disease-free survival of head and neck squamous cell
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carcinoma [51].

On the other hand, mesenchymal markers vimentin and fibronectin also related
to tumor metastasis in various cancers [52-54], and were regarded as metastatic
suppressor [55]. EMT could be regulated though many of signaling pathways such as
PI3K / AKT, MEK / ERK, RhoA / MLC2 and FAK / Src that affected tumor
proliferation, differentiation and metastasis [56-59]. Also, FAK-targeting pathways
were potentially anticancer strategies [60, 61]. Our findings connected overexpressed
CA 111 through the FAK, Src signaling pathways to up regulate transcription factors
twist, snaill and snail2 which decreased the E-cadherin DNA binding sites binding
abilities in the nuclear brought out down regulate E-cadherin expression and up
regulate vimentin and fibronectin that enhanced EMT with a highly invasion and

metastasis abilities in oral cancer lines.

14



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

Ampil FL, Nathan CA, Sangster G and Caldito G. Head and neck cancer with
lower neck nodal metastases: management of 23 cases and review of the
literature. Oral Oncol 2012; 48: 325-328.

Chi AC, Day TA and Neville BW. Oral cavity and oropharyngeal squamous
cell carcinoma--an update. CA Cancer J Clin 2015; 65: 401-421.

Brown JS, Shaw RJ, Bekiroglu F and Rogers SN. Systematic review of the
current evidence in the use of postoperative radiotherapy for oral squamous
cell carcinoma. Br J Oral Maxillofac Surg 2012; 50: 481-489.

Jelihovschi |, Bidescu AC, Tucaliuc SE and lancu LS. DETECTION OF
HUMAN PAPILLOMA VIRUS IN HEAD AND NECK SQUAMOUS CELL
CARCINOMAS: A LITERATURE REVIEW. Rev Med Chir Soc Med Nat lasi
2015; 119: 502-509.

Rathod S, Livergant J, Klein J, Witterick | and Ringash J. A systematic review
of quality of life in head and neck cancer treated with surgery with or without
adjuvant treatment. Oral Oncol 2015; 51: 888-900.

Karamitopoulou E. Role of epithelial-mesenchymal transition in pancreatic
ductal adenocarcinoma: is tumor budding the missing link? Front Oncol 2013;
3:221.

Kiesslich T, Pichler M and Neureiter D. Epigenetic control of
epithelial-mesenchymal-transition in human cancer. Mol Clin Oncol 2013; 1:
3-11.

Talbot LJ, Bhattacharya SD and Kuo PC. Epithelial-mesenchymal transition,
the tumor microenvironment, and metastatic behavior of epithelial

malignancies. Int J Biochem Mol Biol 2012; 3: 117-136.

15



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Puisieux A, Brabletz T and Caramel J. Oncogenic roles of EMT-inducing
transcription factors. Nat Cell Biol 2014; 16: 488-494.

Tania M, Khan MA and Fu J. Epithelial to mesenchymal transition inducing
transcription factors and metastatic cancer. Tumour Biol 2014; 35: 7335-7342.
Smith A, Teknos TN and Pan Q. Epithelial to mesenchymal transition in head
and neck squamous cell carcinoma. Oral Oncol 2013; 49: 287-292.

Wang Y and Shang Y. Epigenetic control of epithelial-to-mesenchymal
transition and cancer metastasis. Exp Cell Res 2013; 319: 160-1609.

Swenson ER. Carbonic anhydrase inhibitors and hypoxic pulmonary
vasoconstriction. Respir Physiol Neurobiol 2006; 151: 209-216.

Maren TH. Carbonic anhydrase: chemistry, physiology, and inhibition. Physiol
Rev 1967; 47: 595-781.

Henry RP. Multiple roles of carbonic anhydrase in cellular transport and
metabolism. Annu Rev Physiol 1996; 58: 523-538.

Imtaiyaz Hassan M, Shajee B, Waheed A, Ahmad F and Sly WS. Structure,
function and applications of carbonic anhydrase isozymes. Bioorg Med Chem
2013; 21: 1570-1582.

Bolt RJ, Wennink JM, Verbeke JI, Shah GN, Sly WS and Bokenkamp A.
Carbonic anhydrase type Il deficiency. Am J Kidney Dis 2005; 46: A50,
e71-53.

Vince JW and Reithmeier RA. Carbonic anhydrase Il binds to the carboxyl
terminus of human band 3, the erythrocyte C1-/HCO3- exchanger. J Biol
Chem 1998; 273: 28430-28437.

Riley DA, Ellis S and Bain J. Carbonic anhydrase activity in skeletal muscle
fiber types, axons, spindles, and capillaries of rat soleus and extensor

digitorum longus muscles. J Histochem Cytochem 1982; 30: 1275-1288.
16



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Aliakbar S and Brown PR. Measurement of human erythrocyte CAl and CAlI
in adult, newborn, and fetal blood. Clin Biochem 1996; 29: 157-164.

Teicher BA, Liu SD, Liu JT, Holden SA and Herman TS. A carbonic
anhydrase inhibitor as a potential modulator of cancer therapies. Anticancer
Res 1993; 13: 1549-1556.

Mori K, Ogawa Y, Ebihara K, Tamura N, Tashiro K, Kuwahara T, Mukoyama
M, Sugawara A, Ozaki S, Tanaka | and Nakao K. Isolation and
characterization of CA XIV, a novel membrane-bound carbonic anhydrase
from mouse kidney. J Biol Chem 1999; 274: 15701-15705.

Panelli MC, Wang E and Marincola FM. The pathway to biomarker discovery:
carbonic anhydrase IX and the prediction of immune responsiveness. Clin
Cancer Res 2005; 11: 3601-3603.

Lii CK, Chai YC, Zhao W, Thomas JA and Hendrich S. S-thiolation and
irreversible oxidation of sulfhydryls on carbonic anhydrase Il during
oxidative stress: a method for studying protein modification in intact cells and
tissues. Arch Biochem Biophys 1994; 308: 231-239.

Thomas JA, Poland B and Honzatko R. Protein sulfhydryls and their role in
the antioxidant function of protein S-thiolation. Arch Biochem Biophys 1995;
319: 1-9.

Yang CY and Meng CL. Regulation of PG synthase by EGF and PDGF in
human oral, breast, stomach, and fibrosarcoma cancer cell lines. J Dent Res
1994, 73: 1407-1415.

Peng CY, Yang HW, Chu YH, Chang YC, Hsieh MJ, Chou MY, Yeh KT, Lin
YM, Yang SF and Lin CW. Corrigendum to "Caffeic Acid Phenethyl Ester
Inhibits Oral Cancer Cell Metastasis by Regulating Matrix

Metalloproteinase-2 and the Mitogen-Activated Protein Kinase Pathway".
17



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Evid Based Complement Alternat Med 2016; 2016: 6728642.

Lin CW, Yang WE, Lee WJ, Hua KT, Hsieh FK, Hsiao M, Chen CC, Chow
JM, Chen MK, Yang SF and Chien MH. Lipocalin 2 prevents oral cancer
metastasis through carbonic anhydrase IX inhibition and is associated with
favourable prognosis. Carcinogenesis 2016; 37: 712-722.

Yang WE, Ho CC, Yang SF, Lin SH, Yeh KT, Lin CW and Chen MK,
Cathepsin B Expression and the Correlation with Clinical Aspects of Oral
Squamous Cell Carcinoma. PLoS One 2016; 11: e0152165.

Yeh CM, Lin CW, Yang JS, Yang WE, Su SC and Yang SF. Melatonin inhibits
TPA-induced oral cancer cell migration by suppressing matrix
metalloproteinase-9 activation through the histone acetylation. Oncotarget
2016; 7: 21952-21967.

Grimes A, Paynter J, Walker ID, Bhave M and Mercer JF. Decreased carbonic
anhydrase 11 levels in the liver of the mouse mutant ‘toxic milk' (tx) due to
copper accumulation. Biochem J 1997; 321 ( Pt 2): 341-346.

Kuhara M, Wang J, Flores MJ, Qiao Z, Koizumi Y, Koyota S, Taniguchi N and
Sugiyama T. Sexual dimorphism in LEC rat liver: suppression of carbonic
anhydrase Il by copper accumulation during hepatocarcinogenesis. Biomed
Res 2011; 32: 111-117.

Dai HY, Hong CC, Liang SC, Yan MD, Lai GM, Cheng AL and Chuang SE.
Carbonic anhydrase 111 promotes transformation and invasion capability in
hepatoma cells through FAK signaling pathway. Mol Carcinog 2008; 47:
956-963.

Cuyas E, Corominas-Faja B and Menendez JA. The nutritional phenome of
EMT-induced cancer stem-like cells. Oncotarget 2014; 5: 3970-3982.

Zhu H, Wang D, Zhang L, Xie X, Wu Y, Liu Y, Shao G and Su Z.
18



[36]

[37]

[38]

[39]

[40]

[41]

Upregulation of autophagy by hypoxia-inducible factor-1alpha promotes EMT
and metastatic ability of CD133+ pancreatic cancer stem-like cells during
intermittent hypoxia. Oncol Rep 2014; 32: 935-942.

Krohn A, Ahrens T, Yalcin A, Plones T, Wehrle J, Taromi S, Wollner S, Follo
M, Brabletz T, Mani SA, Claus R, Hackanson B and Burger M. Tumor cell
heterogeneity in Small Cell Lung Cancer (SCLC): phenotypical and functional
differences associated with Epithelial-Mesenchymal Transition (EMT) and
DNA methylation changes. PLoS One 2014; 9: €100249.

Saiton M.  Epithelial-mesenchymal  transition is  regulated at
post-transcriptional levels by transforming growth factor-beta signaling during
tumor progression. Cancer Sci 2015; 106: 481-488.

Wang Z, Qu L, Deng B, Sun X, Wu S, Liao J, Fan J and Peng Z. STYK1
promotes epithelial-mesenchymal transition and tumor metastasis in human
hepatocellular carcinoma through MEK/ERK and PI3K/AKT signaling. Sci
Rep 2016; 6: 33205.

Prasad CP, Chaurasiya SK, Guilmain W and Andersson T. WNT5A signaling
impairs breast cancer cell migration and invasion via mechanisms independent
of the epithelial-mesenchymal transition. J Exp Clin Cancer Res 2016; 35:
144,

Duan X, Zhang T, Kong Z, Mai X, Lan C, Chen D, Liu Y, Zeng Z, Cai C,
Deng T, Wu W and Zeng G. beta-arrestinl promotes epithelial-mesenchymal
transition via modulating GSK-3beta/beta-catenin pathway in prostate cancer
cells. Biochem Biophys Res Commun 2016;

Machackova T, Mlcochova H, Stanik M, Dolezel J, Fedorko M, Pacik D,
Poprach A, Svoboda M and Slaby O. MiR-429 is linked to metastasis and poor

prognosis in renal cell carcinoma by affecting epithelial-mesenchymal
19



[42]

[43]

[44]

[45]

[46]

[47]

[48]

transition. Tumour Biol 2016;

Inamura N, Kimura T, Wang L, Yanagi H, Tsuda M, Tanino M, Nishihara H,
Fukuda S and Tanaka S. Notchl regulates invasion and metastasis of head and
neck squamous cell carcinoma by inducing EMT through c-Myc. Auris Nasus
Larynx 2016;

Guo Y, Zi X, Koontz Z, Kim A, Xie J, Gorlick R, Holcombe RF and Hoang
BH. Blocking Wnt/LRP5 signaling by a soluble receptor modulates the
epithelial to  mesenchymal transition and suppresses met and
metalloproteinases in osteosarcoma Saos-2 cells. J Orthop Res 2007; 25:
964-971.

Pei XJ, Xue XF, Zhu YL, Liu SJ, Han AJ and Yang QX. [Expression and
clinical significance of moesin and E-cadherin in invasive carcinoma of breast,
no specific type]. Zhonghua Bing Li Xue Za Zhi 2016; 45: 550-555.

Kim SA, Inamura K, Yamauchi M, Nishihara R, Mima K, Sukawa Y, Li T,
Yasunari M, Morikawa T, Fitzgerald KC, Fuchs CS, Wu K, Chan AT, Zhang X,
Ogino S and Qian ZR. Loss of CDH1 (E-cadherin) expression is associated
with infiltrative tumour growth and lymph node metastasis. Br J Cancer 2016;
114: 199-206.

Yi K, Kim H, Chung Y, Ahn H, Sim J, Wi YC, Pyo JY, Song YS, Paik SS and
Oh YH. Clinicopathologic Correlations of E-cadherin and Prrx-1 Expression
Loss in Hepatocellular Carcinoma. J Pathol Transl Med 2016;

Xu J, Lamouille S and Derynck R. TGF-beta-induced epithelial to
mesenchymal transition. Cell Res 2009; 19: 156-172.

So WK, Cheng JC, Liu Y, Xu C, Zhao J, Chang VT and Leung PC. Sprouty4
mediates amphiregulin-induced down-regulation of E-cadherin and cell

invasion in human ovarian cancer cells. Tumour Biol 2016; 37: 9197-9207.
20



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Zhu SM, Chen CM, Jiang ZY, Yuan B, Ji M, Wu FH and Jin J. MicroRNA-185
inhibits cell proliferation and epithelial-mesenchymal transition in
hepatocellular carcinoma by targeting Six2. Eur Rev Med Pharmacol Sci 2016;
20: 1712-1719.

Chen D, Dai F, Chen Z, Wang S, Cheng X, Sheng Q, Lin J and Chen W.
Dimethoxy Curcumin Induces Apoptosis by Suppressing Survivin and Inhibits
Invasion by Enhancing E-Cadherin in Colon Cancer Cells. Med Sci Monit
2016; 22: 3215-3222.

Ren X, Wang J, Lin X and Wang X. E-cadherin expression and prognosis of
head and neck squamous cell carcinoma: evidence from 19 published
investigations. Onco Targets Ther 2016; 9: 2447-2453.

Sudo T, Iwaya T, Nishida N, Sawada G, Takahashi Y, Ishibashi M, Shibata K,
Fujita H, Shirouzu K, Mori M and Mimori K. Expression of mesenchymal
markers vimentin and fibronectin: the clinical significance in esophageal
squamous cell carcinoma. Ann Surg Oncol 2013; 20 Suppl 3: S324-335.
Moroz A, Delella FK, Lacorte LM, Deffune E and Felisbino SL. Fibronectin
induces MMP2 expression in human prostate cancer cells. Biochem Biophys
Res Commun 2013; 430: 1319-1321.

Zhang JF, Qu LS, Qian XF, Xia BL, Mao ZB and Chen WC. Nuclear
transcription factor CDX2 inhibits gastric cancercell growth and reverses
epithelialtomesenchymal transition in vitro and in vivo. Mol Med Rep 2015;
12: 5231-5238.

Li HJ, Yu PN, Huang KY, Su HY, Hsiao TH, Chang CP, Yu MH and Lin YW.
NKX®6.1 functions as a metastatic suppressor through epigenetic regulation of
the epithelial-mesenchymal transition. Oncogene 2016; 35: 2266-2278.

Lu KH, Chen PN, Hsieh YH, Lin CY, Cheng FY, Chiu PC, Chu SC and Hsieh
21



[57]

[58]

[59]

[60]

[61]

YS. 3-Hydroxyflavone inhibits human osteosarcoma U20S and 143B cells
metastasis by affecting EMT and repressing u-PA/MMP-2 via FAK-Src to
MEK/ERK and RhoA/MLC2 pathways and reduces 143B tumor growth in
vivo. Food Chem Toxicol 2016; 97: 177-186.

Kong X, Li G, Yuan Y, He Y, Wu X, Zhang W, Wu Z, Chen T, Wu W, Lobie
PE and Zhu T. MicroRNA-7 inhibits epithelial-to-mesenchymal transition and
metastasis of breast cancer cells via targeting FAK expression. PLoS One
2012; 7: e41523.

Gonzalez DM and Medici D. Signaling mechanisms of the
epithelial-mesenchymal transition. Sci Signal 2014; 7: re8.

Lindsey S and Langhans SA. Crosstalk of Oncogenic Signaling Pathways
during Epithelial-Mesenchymal Transition. Front Oncol 2014; 4: 358.
Roy-Luzarraga M and Hodivala-Dilke K. Molecular Pathways: Endothelial
Cell FAK-A Target for Cancer Treatment. Clin Cancer Res 2016; 22:
3718-3724.

Zeng F, Luo F, Lv S, Zhang H, Cao C, Chen X, Wang S, Li Z, Wang X, Dou X,
Dai Y, He M, Zhang Y, Lv H, Yan J and Chen Y. A monoclonal antibody
targeting neuropilin-1 inhibits adhesion of MCF7 breast cancer cells to
fibronectin by suppressing the FAK/p130cas signaling pathway. Anticancer

Drugs 2014; 25: 663-672.

22



Figure 1
(A)

HOK SG CA9-22 CAL-27 HSC-3 0C-2 OECM-1 SAS SCC-9 SCC-25 TW-206

CAIll ‘s-- L — S~

1.0 0.9 0.1 0.4 0.01 0.03 0.1 0.02 0.01 0.3 0.01

PACN | S ——————— —

(B) (C) SCC-9

SCC-9 SAS

GFP GFP-CATII GFP GFP-CAII

GFP-CAIII - _— ? ol
pactin | " S | S S
80 T T T T 1
call _ _ 0 1 2 3 4 o
20

180

{ control )

Cell viability (

140

120

Cell viabality (%6 of cont

100

80

Figure 1. CAIIll expressions in oral cancer cell lines. (A)We selected CA9-22, CAL-27, HSC-3, OC-2, OECM-1,
SAS, SCC-9, SCC-25, TW-206 oral cancer cell lines and two normal oral cell lines HOK and SG. Compared the
CAIlI protein expressions in each cell lines, we pick SAS and SCC-9 as targets to build CAIll overexpression
system. (B) CA 11l expression in protein and mRNA levels under CA 111 overexpressed system. We use SCC-9 and
SAS oral cancer cell lines as targets, pEGFP-N1 (GFP) fluorescence vector as media to contribute CA Il
overexpressed system. G418 1000uM used to select stable clones which continuously expressed CA III. Obviously
CA 111 expressions are higher under CA 111 overexpressed system in both cell lines. (C) Cell viabilities under CA 111
overexpressed system. Compared to the GFP only group, cell growth curve showed no significant differences under

CA 11 overexpressed system in SCC-9 and SAS oral cancer lines. The first day measurement was used as control.
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Figure 2. Higher cell shift abilities under CA 111 overexpressed system. (A) Wound healing assay showed a higher cell
shift abilities by disappearing wound areas under CA I1l overexpressed system in both SCC-9 and SAS oral cancer
cell lines (p<0.05). (B) By using boyden chamber assay discovered cell migration abilities obviously improved under
CA 1l overexpressed system in oral cancer cell lines (p<0.05). Invasion abilities also increased under CAIII

overexpressed system compared to vector only group (p<0.05).
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Figure 3. We selected SCC-9-GFP-CA 11l overexpression stable clones using mRNA array analysis the mRNA
expression differences under CA 11l expression system. (A) The comparing chart showed several EMT associated
mRNA such as CDH1, VIM, FN1 had obviously expression differences under CA Ill overexpression system. (B)
Extract mRNA from SCC-9 and SAS cells and analysis by real-time PCR we demonstrated E-cadherin mRNA
expression significant decrease and vimentin, fibronectin mRNA expression obviously increase under CA Il

overexpressed system (p<0.05).
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Figure 4
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Figure 4. ECM related protein and signaling pathways under CA Ill overexpression system. Under the CA Il

expression system (A) ECM related protein E-cadherin was significant decrease (0.2 and 0.07 fold) while vimentin

and fibronectin expressions were raised (vimentin 4.3 and 6.1 fold; fibronectin 3.3 and 7.3 fold) in both SCC-9 and

SAS cell lines. And the signaling pathways (B) Src and FAK pathways were significant stimulated by CA Il
overexpression system (pSrc 20.9 and 10.7 fold; pFAK 3.7 and 2.9 fold).
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Figure 5
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Figure 5. ECM related transcription factors twist, snaill and snail2 effected under CA Il overexpressed system. (A)

E-cadherin related transcription factors twist, snaill and snail2 were highly expression since CA Il overexpressed in

both SCC-9 and SAS cell lines. (B) Also, the mRNA expression were significant higher compared to the GFP control

group (p<0.05) in SCC-9 and SAS cell lines. (C) Luciferase assay used to reconfirm the affinity of E-cadherin

promoter transcription binding sites, using - galactosidase as internal control. Under CA Il overexpressed system,

the binding affinity of E-cadherin promoter binding sites were significant decrease compared to GFP control group
(p<0.05) in both SCC-9 and SAS cell lines.
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Figure 6
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Figure 6. Using CA I11 siRNA to declare the affections under CA 111 overexpressed system, such protein expression
and cell shift abilities. (A) The decreased E-cadherin protein expression by CA Ill were recovered after treated with
CA 11l siRNA (SCC-9: 0.1 versus 1.1; SAS: 0.4 versus 1.1). Also, increased vimentin and fibernectin protein
expressions were inhibited by CA 111 siRNA (vimentin: 4.5 versus 2.6, 7.4 versus 3.1; fibronectin: 3.4 versus 0.6, 4.8
versus 1.4). (B) The raised cell shift abilities by CA 11l were decreased after treated with CA 111 sSiRNA (p<0.05) in
both SCC-9 and SAS cell lines.
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