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Metastasis is one of the most important factors in the prognosis and choice of treatment strate-
gy of patients with head and neck squamous cell carcinoma (HNSCC). In order for dissemina-
tion to take effect, tumor cells must segregate themselves from their primary tumor site and
migrate into the blood or lymphatic vessels. To detach from the primary tumor, cells have to
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disrupt cell-cell adhesion, remodel of the cytoskeleton, change in cell-matrix adhesion and fi-
nally return to their original condition. This temporary and reversible process is known as the
epithelial-mesenchymal transition (EMT). EMT is a dynamic cellular process in which epithe-
lial cells acquire mesenchymal features and suggested to play an important role during cancer
invasion and metastasis. With the recent explosion of knowledge on EMT in carcinogenesis,
EMT has become an interesting target for anticancer therapy. This review article first high-
lights at the biochemical changes that take place around the cell membrane called cadherin
switching during EMT and looks at the current literature on EMT in HNSCC. Understanding
the mechanism of EMT will provide insight to the metastasis of HNSCC and may lead to the
development of novel anti-cancer therapeutics.
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Fig. 1. Metastasis and EMT. To detach from the primary tumor andinvade into distant tissue, tumor cells have to break down cell-cell
contacts, change shape, move and finally return to their original condition. This temporary and reversible process is known as the EMT
(A). EMT allows a functional transition of polarized epithelial cells into mobile mesenchymal cells which enhances migratory capacity,
invasiveness (B). EMT: epithelial-mesenchymal transition, MET: mesenchymal-epithelial transition. Adapted from: Samatov TR. et al. Mol

Cancer 2013;12:107.3%
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Fig. 2. Structure of cadherin. Cadherins have 5 extracellular domain, and C-terminal portion of the cytoplasmic domain binds to 3-catenin,
which binds to a-catenin. P120-catenin binds to the juxtamembrane domain (A). Percentages indicate sequence identify between E- and
N-cadherin (B). Adapted from: Wheelock MJ, et al. J Cell Sci 2008;121:727-35.'® and Stemmler MP. Mol Biosyst 2008;4:835-50.1%

Ajzzdto] E-7Hd[-lo] 2 EAeich E-7HlS =9 Al
o] E-7Hla} AZd=e] o 23t el E vl AlEE
A EdYP o 2 FAATIT A|227E A7 9ol SRR HE
o] Ze|3felA]l Ab=ro] WA 5}?‘5_ Zdul-7kdolgo] AR
AZZ7E SR -84 SilAEe] Hxrt Hsksh] Al
Zhgteh A HA AJRbE= Lﬂt oAq7HA] HE2E 53l 7|
Lol Azt Z2xstd E-7HHEo] el = vk
OJX|A] Gd+= Aole} E-7t|do] 74 Elb AL =27
ALz A(transcriptional control)¥t 71 ¥ Ao 2 U
= St} Adm-7hgolsgo] Al&sAl E]H Snail, Slug, ZEBI,
ZEB2, E47, Twist 52 thfgt MARQIAHE0] TGF-B, HGF,
EGF, Wnt, Notch 59 425 &3l StolA E-7IH719
AAFE A ek o] A" o YFollA =L E-7d
o] A& AAIet= Bt Mlazdtell A= 7]Ee] vhEolA Al
7 ARk o] FaL Q= E-7HIRIS] 57} SAlo KgE
o}, Auj-7koldio] AlZFEIH Sredt FAK 5ol 2l E-7F
H o] Alzzito] QA=A AL, o]ojx] 1o SId
E3-ubiquitin-ligase Hakai, y—secretase 5ol 2J3)] 525
o] BARI 715& aAsH Hok E-7Hd|"lo] 2030 p-
ZHHE QIARTEHA E-7HHRa} Hoidl & Ui = 3y
2 29Jste] E-7fulle] S 9111]'5}74] Fok

2HH E-7he|ldoll= A} AZAAT = o-, p-7HEId €
of p120-7}Ed e 4% et P120-7Hd2 HEo] A
A = s A|aLo) e E vl A o] F ol &

83k 9% 5h= Roh GTPase?| &435 xAsto] 7}
-7 - 23S HFgstele 93-S gtk E-7HHl™

of Aol pl20-7}eldo] QHYA 0 2 Bolgls Hl
E-7HRIe] 71350] R R RASA, Btz A
pl20-7}eldo] olA Lo Hd B s F40 25}
L shed-ofel ¢lo] olxA) Bk

78 AZHCadherin Switching)

AL 2 TS Aeled AL o] Fad
T2 shel B-vhdlelo] 74spl € 5 wAlshe Alzete)

7re N-7hdRlo 2 A9 Sk B-lelela Ty
7o) ulset WeE b N-rhRe R O
# Alzzo] ol N7z 238t AlZ oA o,
B-7HeI S Eaf oelnt cdaslo] 9lck E-vhelelelA] el
A o} A BEH P07 N—ﬂrﬂﬂlm 2

2

=
Eu
o
=

rlo o (Z 4

slalo] N-71g|2l8 4]0 23} 7hgd-olE] AL gL
JSJ—OW A ]71711 et o]t A=E Sl Al A

Bjo] Ajxzut 2= FxstE E-7HR0] 7\:-’1‘—@3 71 Ao
N-7}d|glo] 77}0}711 = S 7™ (cadherln
switching)o]e} gtk 7he|el gk Ah]- 7}‘5013“ 4
7V EAQ Aol a3t Wso|c}

RhoA, Racl, Cdc42+= Ras-related GTP-binding protein
O 2 Az REREL Ap=of thgh BRSO 2 Ao o)
/\-]];-\,T;—T'—ﬂg] 81—k]j!,]- ‘:'—c‘;HE—'_ ZX‘\@].J:—_ ]—]‘4— /KOPQ—Z_]—?;‘
ojgio] Uojuhi= ¢t HEO| A 2dsto] A2 1
= HFAZ]AL Hlzzolso] dojd 4= &S ST RohA=
actin stress fiberg J3AAA AT A3 Fgteich
olofl Wh3f] Cded22} Racl-2 branch-like actin protrusions
HhEo] A2 FASA S ol FAIA A= 2 oF3}HA)7]
™ 53] Racl<> RhoA°| EHOH AgA o 2 A-gatrt Ajzdf
F8of| RhoA7} S/d3t=|o] 9l Adeioll= Al2ze] dAf A+
7} 7S A== 7 EFe] 9l BEH Racle] €43} =W 1
FH= NE PG50 woFo] WAl lamellipodiaZl &
/go] E|aL A|3z o] meFo] WalA Hrh

7H ™ Zgko] dojuf A|ZEAYF-9)7} E-7Hl-el Al N-7}
gl o &2 A =¥ Racle] %= HHA Eoh Racl
Az el E-7e|dlo] ol st QPda o = ZAgto] &

o -
A5hS 3t

Ee

www.kjorl.org 399



Korean J Otorhinolaryngol-Head Neck Surg I 2020;63(9):397-402

i

31 S tl= E-7HI™ 2ol gl Zxsiti) 7™l
Hgho] dofuf N-7hed o2 viA| =i Al2ds] 7=
] Hofx|A| Fr} Racle] HHF-$17F gl tHEROE o
S = 1 FHE FHeE AR ofjt HEZEA0] A
A FaL A AT A 0] AR F- ol A B2 3T
O FAAA Ak Al ] E2)4 2782 YA7} HsHA
SHA N-7Heol ofsl] 2= e Al=2ete] Fy=H
A Az o Fo] AR Racle] E-7H|@o] o1& wii=
AIEAH TS 2A o A7E N-7he=l e = upA} v
0.2 o|FsHA Hi= gl tisiA= ob4] BrEA|A] kT

—{n:

¢}

FARYIA -7 gol Y
FNONA vl -t dol 3t wE

o mlel] ZsiA o]Fojx i °1x]§ %g Jeljo ]n:], 220]
ER oﬂ/q Abw]-7+edol e}

3etellAtel *CM—L Ao

A OJ%%% Ao ‘%EH&R 7hd|"l Hgto]
TAH 3089 5] 221& AT A3 A
L b Hol7b f-ofsiAl o =4 sk
Alzseo| A 7l ko] dojdt Al ZE9] E‘Zﬂ;ﬁéol s
AEZ ek A BISIE™ 269] FARY S-S o
Aoz 3 thE AtolAE E-7HHRIe] WA
mentin®] =7 %>
3 2u) oA} =2 Aol &S HALE™ Abul-7+olgYe] A}
AR Slug o] X"‘“t’ﬂﬁ Hpeh A
Holof = o] QL A= glem® E3| Sluge F74
HoPA 29| 01501 obd Ajaztete] Fetolsof ik
o g Abul-71gelde Ao )= QrlEA 7?”
de] deA%E TGRS F4 R etolA e =4 HEEUL
Eﬁ‘ﬂo**ﬂiT‘)ﬂHE TGFp17} Slugi®yt ope} ohef
5P°jl *ﬂ:ﬁJ FEF S v Au)-7kol
ol5}iel** =3k EGFR¥ VEGFR, Wnt
O At EE FAERUAI2] Aa-7kdolagel
ofste Ao B nErE AAaZ(hypoxia)E T35
oFo] Aml-7hdoldxt o] girk HIF-1a7} o8] 24”1

AEEE 2 284
o %

AR -2 FoldE freste RS ik Aty
Jul-Zkgeldgo] dofit Fof Hehd Ao S-S Hish
Ae B A7 AR AT -3tgoado] dojip= 2
g Aol Bt A 53] Alzete A9 Fheld Fdek dgel
gk olsf= ofids] FEsiet 53] E-7heldat vl =
OJARF &3] thE HeE Sk N-7Helel Hisirle A+
7b 78] o] R RIA] exoktt. Adwl-Zkgeldl & N-7hdeo]
M| ZZFARF el T = Ao =L Wi
Z0 2 Aao] A E=o] dojuA He IR I ﬂiﬁﬁ
A ot AHAI3] 2= Aot Al -gtdo|ell A 2
Q1 7hed dghe] apgol] Higt ofsfiz) =53t ol = “OP
M= *ﬂioﬂ*i 7?&]%% AlotshaA Azt = 252

:-

el Aol ez ALABE olgste] Aokl A
0 HeRIol notch & HESIH A SULES %
AshAA AmOE 7Y ABAT B e IR o
ABke < QU 714 Eol ApEle] ol i ATEol Al
53 Gk se g T 1] dofihs Al v

[*]

o] wisto] 71dlo] gralzlctel o] o) g
rs] o]2o] Y Zolrt,

Acknowledgments

This work was supported by the National Research Foundation of
Korea (NRF) grant funded by the Korea government (MSIT) (No.
NRF-2020R1F1A1064763 to Gicheol Park).

3 AR A Ao

ORCID

Gi Cheol Park https://orcid.org/0000-0001-7346-8550

REFERENCES

1) Chaturvedi AK, Anderson WF, Lortet-Tieulent J, Curado MP,
Ferlay J, Franceschi S, et al. Worldwide trends in incidence rates for
oral cavity and oropharyngeal cancers. J Clin Oncol 2013;31(36):
4550-9.

2) Hashim D, Genden E, Posner M, Hashibe M, Boffetta P. Head and
neck cancer prevention: From primary prevention to impact of
clinicians on reducing burden. Ann Oncol 2019;30(5):744-56.

3) Attar E, Dey S, Hablas A, Seifeldin IA, Ramadan M, Rozek LS, et
al. Head and neck cancer in a developing country: A population-



based perspective across 8 years. Oral Oncol 2010;46(8):591-6.

4) Puri SK, Fan CY, Hanna E. Significance of extracapsular lymph
node metastases in patients with head and neck squamous cell
carcinoma. Curr Opin Otolaryngol Head Neck Surg 2003;11(2):
119-23.

5) Martinez-Useros J, Garcia-Foncillas J. The challenge of blocking a
wider family members of EGFR against head and neck squamous
cell carcinomas. Oral Oncol 2015;51(5):423-30.

6) Polesel J, Furlan C, Birri S, Giacomarra V, Vaccher E, Grando G,
et al. The impact of time to treatment initiation on survival from
head and neck cancer in north-eastern Italy. Oral Oncol 2017;67:
175-82.

7) Cho JK, Hyun SH, Choi N, Kim MJ, Padera TP, Choi JY, et al.
Significance of lymph node metastasis in cancer dissemination of
head and neck cancer. Transl Oncol 2015;8(2):119-25.

8) Zeisberg M, Neilson EG. Biomarkers for epithelial-mesenchymal
transitions. J Clin Invest 2009;119(6):1429-37.

9) Zhang Y, Weinberg RA. Epithelial-to-mesenchymal transition in
cancer: Complexity and opportunities. Front Med 2018;12(4):361-
73.

10) Lamouille S, Xu J, Derynck R. Molecular mechanisms of epithelial-
mesenchymal transition. Nat Rev Mol Cell Biol 2014;15(3):178-96.

11) Shibue T, Weinberg RA. EMT, CSCs, and drug resistance: The
mechanistic link and clinical implications. Nat Rev Clin Oncol
2017;14(10):611-29.

12) Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, et al.
The epithelial-mesenchymal transition generates cells with properties
of stem cells. Cell 2008;133(4):704-15.

13) Ye X, Tam WL, Shibue T, Kaygusuz Y, Reinhardt F, Ng Eaton E,
et al. Distinct EMT programs control normal mammary stem cells
and tumour-initiating cells. Nature 2015;525(7568):256-60.

14) Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelial-mesenchymal
transitions in development and disease. Cell 2009;139(5):871-90.

15) Peinado H, Olmeda D, Cano A. Snail, Zeb and bHLH factors in
tumour progression: An alliance against the epithelial phenotype?
Nat Rev Cancer 2007;7(6):415-28.

16) Chung CH, Parker JS, Ely K, Carter J, Yi Y, Murphy BA, et al. Gene
expression profiles identify epithelial-to-mesenchymal transition
and activation of nuclear factor-kappaB signaling as characteristics
of a high-risk head and neck squamous cell carcinoma. Cancer Res
2006;66(16):8210-8.

17) Smith A, Teknos TN, Pan Q. Epithelial to mesenchymal transition
in head and neck squamous cell carcinoma. Oral Oncol 2013;49(4):
287-92.

18) Wheelock MJ, Shintani Y, Maeda M, Fukumoto Y, Johnson KR.
Cadherin switching. J Cell Sci 2008;121(Pt 6):727-35.

19) Stemmler MP. Cadherins in development and cancer. Mol Biosyst
2008;4(8):835-50.

20) Sabatini PJ, Zhang M, Silverman-Gavrila R, Bendeck MP, Langille
BL. Homotypic and endothelial cell adhesions via N-cadherin
determine polarity and regulate migration of vascular smooth
muscle cells. Circ Res 2008;103(4):405-12.

21) Giampietro C, Taddei A, Corada M, Sarra-Ferraris GM, Alcalay M,
Cavallaro U, et al. Overlapping and divergent signaling pathways
of N-cadherin and VE-cadherin in endothelial cells. Blood 2012;
119(9):2159-70.

22) Maeda M, Johnson KR, Wheelock MJ. Cadherin switching:
Essential for behavioral but not morphological changes during an
epithelium-to-mesenchyme transition. J Cell Sci 2005;118(Pt 5):
873-87.

23) Scarpa E, Szabo A, Bibonne A, Theveneau E, Parsons M, Mayor R.

EMT in Head and Neck Cancer I Park GC

Cadherin switch during EMT in neural crest cells leads to contact
inhibition of locomotion via repolarization of forces. Dev Cell 2015;
34(4):421-34.

24) Nguyen PT, Kudo Y, Yoshida M, Kamata N, Ogawa I, Takata T.
N-cadherin expression is involved in malignant behavior of head
and neck cancer in relation to epithelial-mesenchymal transition.
Histol Histopathol 2011;26(2):147-56.

25) Nijkamp MM, Span PN, Hoogsteen 1J, van der Kogel AJ, Kaanders
JH, Bussink J. Expression of E-cadherin and vimentin correlates
with metastasis formation in head and neck squamous cell carcinoma
patients. Radiother Oncol 2011;99(3):344-8.

26) Tang Y, Liang X, Zheng M, Zhu Z, Zhu G, Yang J, et al. Expression
of c-kit and Slug correlates with invasion and metastasis of salivary
adenoid cystic carcinoma. Oral Oncol 2010;46(4):311-6.

27) Jouppila-Mitto A, Narkio-Makeld M, Soini Y, Pukkila M, Sironen
R, Tuhkanen H, et al. Twist and Snail expression in pharyngeal
squamous cell carcinoma stroma is related to cancer progression.
BMC Cancer 2011;11:350.

28) Qiao B, Johnson NW, Gao J. Epithelial-mesenchymal transition in
oral squamous cell carcinoma triggered by transforming growth
factor-betal is Snail family-dependent and correlates with matrix
metalloproteinase-2 and -9 expressions. Int J Oncol 2010;37(3):663-8.

29) Joseph MJ, Dangi-Garimella S, Shields MA, Diamond ME, Sun L,
Koblinski JE, et al. Slug is a downstream mediator of transforming
growth factor-betal-induced matrix metalloproteinase-9 expression
and invasion of oral cancer cells. J Cell Biochem 2009;108(3):726-
36.

30) Richter P, Umbreit C, Franz M, Berndt A, Grimm S, Uecker A, et
al. EGF/TGFpI co-stimulation of oral squamous cell carcinoma
cells causes an epithelial-mesenchymal transition cell phenotype
expressing laminin 332. J Oral Pathol Med 2011;40(1):46-54.

31) Thiery JP. Epithelial-mesenchymal transitions in tumour progression.
Nat Rev Cancer 2002;2(6):442-54.

32) Yang MH, Hsu DS, Wang HW, Wang HJ, Lan HY, Yang WH, et al.
Bmil is essential in Twistl-induced epithelial-mesenchymal
transition. Nat Cell Biol 2010;12(10):982-92.

33) Huang CH, Yang WH, Chang SY, Tai SK, Tzeng CH, Kao JY, et
al. Regulation of membrane-type 4 matrix metalloproteinase by
SLUG contributes to hypoxia-mediated metastasis. Neoplasia
2009;11(12):1371-82.

34) Lefevre M, Rousseau A, Rayon T, Dalstein V, Clavel C, Beby-Defaux
A, et al. Epithelial to mesenchymal transition and HPV infection in
squamous cell oropharyngeal carcinomas: The papillophar study.
BrJ Cancer 2017;116(3):362-9.

35) Kim JW, Jeong HK, Southard KM, Jun YW, Cheon J. Magnetic
nanotweezers for interrogating biological processes in space and
time. Acc Chem Res 2018;51(4):839-49.

36) Kim JW, Seo D, Lee JU, Southard KM, Lim Y, Kim D, et al.
Single-cell mechanogenetics using monovalent magnetoplasmonic
nanoparticles. Nat Protoc 2017;12(9):1871-89.

37) Kwak M, Gu W, Jeong H, Lee H, Lee JU, An M, et al. Small,
clickable, and monovalent magnetofluorescent nanoparticles enable
mechanogenetic regulation of receptors in a crowded live-cell
microenvironment. Nano Lett 2019;19(6):3761-9.

38) Seo D, Southard KM, Kim JW, Lee HJ, Farlow J, Lee JU, et al. A
mechanogenetic toolkit for interrogating cell signaling in space
and time. Cell 2017;169(7):1357.

39) Samatov TR, Tonevitsky AG, Schumacher U. Epithelial-mesenchymal
transition: Focus on metastatic cascade, alternative splicing, non-
coding RNAs and modulating compounds. Mol Cancer 2013;12(1):
107.

www.kjorl.org 401



Korean J Otorhinolaryngol-Head Neck Surg I 2020;63(9):397-402

mEH 2t 0l 4 cmErt IALE, AHAKR! Zheid maf 2f FHO| BEE|AL, FZETO|L EF 7|22 HAH
42, a2 X2z YN ZTEMS0L HEMES Al-YStoor &S d=ls| BEustr ATk 1 ecmELt 2
o

S o2
r
0.
40

g
b 0T
o
A

1>
o
il
2
g

oA 0

0l QU= USO| ZIMMS FHSHE 42 B Ol HS MESlOIT YSiCt Eat W 2m
PA

— a
o 717t Y= 1 om DJ2L| ZhebM ZSIAB0l thet Xz2= ZYNE EHas Al-YY A

o Rl E;. o &~ fr
0>
SrE
E
=)
o
0F O

Moy
Ao 0
o
Z
]
o
=
ro
ol
o}
&
Yo
o
™
o
i
a1
@
n
o
1T
E
M
:

At

)]

TAL2018. p.820, 841-2,

R
®
st T3b: HUEY 7|9 JHAU0| IHZESHED, SSULD. LLE22 ALEE D)ol 2ot | gl &

.
20153 0= ZHAMM SH3|(American Thyroid Association)dlA] &AISH ZHAMM &1} B51eto] X2 Hmoto||

0|7}
X2t

Zasiotol 2. AN mistel At 0| Mol YAHOR Sl FR0ls US UMNS BE HA|

402






