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Cytoskeletal molecules supporting the morphological characteristics of epithelial
cells determined by oral mucosal cytology
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CIPERE B2, IR B2 920 C & 2R 05258 1) Papanicolaou ¥t (PAP 4efh) 12 X A iAo
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AT BB EREREDOFT—IRDO SN TWD . Z 2 TR T, ISR D PAP et T
I N B ILRER AL % BB A B T- DAL TR A T, BEIRH TR ZEM T 2 20T ME 2 Fr - 72,

EERTZ W OMIRI LA (Liquid based cytology, LBC) #EA & 10% V<) & THE%E L 72 LBC
(FLBC) #A% H\»T CK (AE1/AE3), F-actin, Cortactin |Z%}$ % #%4tn & DAPI 12 X 28060
AT\, PAP Yt b O 24T o 72, F 72 MBS TRV b e e OV 4ok ISRk & TR C & 796 %
JAWT Cortactin 12X} 3 5 sEEdeth 2 47V, JEABAMEE CRIZE L 72,

1. CK gt loxt 3 2 B e tic B\ <, MIE e oS sh eI, EEEZ otk T EA L, PAP
Yett DM E LA DOZALIZF N E s LTz,

2. F-actin 45 Cld, NILM & SCC TIIMAMMEE 122 % 320, EHALIZAE - THRIRBE R MBI IZ 2211
L7z EIRNE L 2 3R 7z, b, HEAL -V —HMEOMIEANT Y 7 M558 L7z N/C h THE®
MoEx L7z A, NILM &L T SCC THER FAZR L.

3. F-actin & Cortactin @ “HE et |2 517 2 AL, BRI 2R R0 R IC 0 A RF LT
BABD. WBIERD S ME L7 Cortactin O FIUE, EH UG CIIABE B X 05K 25 G
%308, SCC B LR MERIZAEE T, WG &I 2F CHtE% % 8w 7. SCC Tl 10 4E
Bl 7 TR B L R ER IS ORIV R TR R R 7

Pl ED#ESE2» S, LBCHEx H W72 LIRS & defE i L — 5 — BAMEEIC X 2 M 4 B 0 - 0 A%
DEGIEREE, PAP Bt OIEREMFT RO BT & 2 57217 T <, MBLZHE O BBITRIE % £ - 7R
LT, EEMZILORISR - BEIGECHIEZ O ATLICBIF L 2 L3 TE L LE T
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In the oral region, exfoliative cytology is a relatively non—invasive procedure. Specimens from oral
mucosa are stained by Papanicolaou (PAP) technique to identify cellular atypia. The present criteria to
diagnose such morphological changes is subjective; therefore, objective criteria should be established on the
basts of histological evidence. We investigated the morphological changes of oral epithelial cells with PAP
and fluorescent stainings, focusing on changes in cytoskeleton—related molecules.

Liquid-based cytology (LBC) and LBC fixed with 10% formalin were used for exfoliative specimens,
which were previously diagnosed as negative for intraepithelial lesion or malignancy (NILM), low-grade
or high-grade dysplasia or squamous cell carcinoma (SCC). Also we used 10% formalin—fixed paraffin sec-
tions of tongue SCC including the dysplastic area around carcinoma and normal buccal mucosa. The cyto-
skeleton-related molecules including pan—cytokeratin (CK) AE1/AES, F-actin and cortactin were labeled
Sluorescently, and nuclei were labeled with 4’5-diamidino-2-phenylindole dihvdrochloride. We observed
these molecules and nucler by using confocal laser scanning microscopy, and examined the findings of these
fuorescent and PAP stainings. We also performed immunohistochemistry for cortactin in the specimens of
the tongue SCC and the normal buccal mucosa.

In immunofluorescence staining of CK AE1/AES, immunofluorescence intensities in cytoplasm and
nuclei were increased as the neoplastic change progressed, which corresponded to the changes in intensities
observed in PAP-stained cytoplasm and nuclei. With F-actin specific fluorescent phalloidin, changes in
microstructures of cells were observed in SCC and NILM epithelial cells, showing filamentous pseudopodia
or extracellular nodular form associated with cell malignancy. The nucleus—to-cytoplasm ratio was calcu-
lated by using the image analysis, and the ratio of SCC cells was significantly higher than that of NILM
cells. In the double staining of F-actin and cortactin, the co—expression of these two molecules was localized
i the invadopodia of the deeper tumor cells.

Strong immunohistochemical expression of cortactin was observed in 7 of 10 SCC sections, and their
intensities were stronger in the deeper region and outermost layer of invasive carcinoma nests than in the
dysplastic area around carcinoma, whereas weak expression of cortactin was observed in the stratum spino-
sum and the basal layers of normal tissues.

In conclusion, the use of LBC and microscopic observation of fluorescent-labeled cytoskeleton-related
molecules and nuclei can support the morphological findings observed in PAP-stained smears. Therefore,
our results may contribute to applying objective criteria for cvtodiagnosis and the development of deep learn-
ing artificial intelligence technology that will facilitate the early detection of oral cancer.

Key words : Confocal laser scanning microscopy, Liquid based cytology, Cytokeratin, F-actin, Cortactin
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b F-actin 232817 6, MEEHROBNSLES LIHE
ErMEVELCHIER Z oY va— v L, Al
HHNIZAFAE Y % Cortactin & 554 LT, ZEBEOE
BICEEG S5 EmbnTnws " 22T, Lk
AL ORER AL L AR EEOBEIRKE (DY &7
DT EnS, DML A D PAP 5 TA S
N5 HER AL O ML 25 % A1 B A% B 5 - &
L TEMT B 72012, HEHEICHE S CK ORTEZE
{b, F-actin iR & N/C k%L, F-actin &
Cortactin DM EAEMIZ & 2 Moz EE 0 %L, &
LM BT 5 Cortactin DFSHIRIE 12D W
THRET L7z,
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1. BEER

TARIL, TRA 7o CIPERG IR o> CPERT L 5 SE g 12
7T Y THRIL, MR (PreservCyt®Solution,
Hologic, Marlborough, MA, USA) 2 A7z R
AMIREE2 (Liquid based cytology, LBC) 1ZA% 10 #1
vz, F72, WP EERBUIBRERNS 7T 2 Tl
L7z LBCEEARD 10 BIH 7. & 512, F-actin %2
D722, BREFE10% KRNV~ »THE L LBC @M
L 72 Formalin Liquid based cytology (FLBC) 7%
AL 20BNz FHMEARL, EREZ CR
B2 HE & RO S TR T OV 4 7 R R & e RR
TE7ER % 20 BIF72. REFZEIE, B H RS b
EHGHERREERICL > TKEESRTWE (KEFE
1 2019-11-07).

2. CK syEHotgt

LBC #if& T, Negative for Intraepithelial Lesion or
Malignancy (NILM), Oral Low-grade Squamous
Intraepithelial Lesion (OLSIL), Oral High-
grade Squamous Intraepithelial Lesion (OHSIL),
Squamous Cell Carcinoma (SCC) & | %€ & 1L 72 %
5HE B D% Wi #% 0 LBC IR W % 5% L. 5/ —
v T %€ L, Anti-Cytokeratin (AE1/AE3, Dako,
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Santa Clara, CA, USA) % ready to use T 1 & $T 1K
2, BIOTINYLATED ANTI-MOUSE IgG (VECTOR
LABORATORIES, Burlingame, CA, USA) % 15 pg/ml
T2Wpifk e L, #UEH#7 ¥ Y~ (FLUORESCEIN
AVIDIN DCS, VECTOR) % 20 pg/ml THW TSR
Gt 217 o 72, M GtIE, DAPI (VECTOR)
B v 7z,

(ZEISS, Oberkochen, Germany) THlluI% % Blg i
L, 3TN 7 b7 =7 ZEN2012 (ZEISS) %
A THESRESE AT 5 721, FREARNL I N—=TF A
AL CHR— DM PAP Bt % fit L, Sus- A
$% BX53 (Olympus, Tokyo) THERZ L 7.

3. F-actin #tgeta & N/C It

NILM & % 21X SCC & % & 72 %4 10 % B
FLBC # MR 12%F L €, Alexa Fluor 488 Phalloidin
(Thermo Fisher Scientific, Waltham, MA, USA) |2
£ 4 F-actin 4+t & DAPIL 12 X A E Gt 217 72
7% 30 fiE o> IE B MG & B i 12 2w T ZEN2012 T
B {RREEEZ AT, 3 IRTTHENT IR 2 & MR D 7K [T &
N N/CHzagHll L7z, FEH#IA BAERUE L Welch's
t-test 1T\, fEfEE P<OOL Kili 2 A =D ) & L7

4. F-actin #5640 & Cortactin (e et

NILM ¥ 7213 SCC & HI5E S 117 % 5 fE B o FLBC
% M 1& % Alexa Fluor 488 Phalloidin = Fl W T
F-actin (ZxF9 % #0644 & Anti-Cortactin (Abcam,
Cambridge, UK) % 095 pug/mL "C 2 Frf# UG & 8587
i Goat anti-Mouse IgG (H+L) Highly Cross-
Adsorbed Secondary Antibody, Alexa Fluor Plus 594
(Thermo Fisher Scientific) % A7z, & 512 DAPI

S L, SRy 7 M =7 ZEN2012 %
WTHEIEE 2T o 7218, FERDP SO A N—T T A%
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TEISsZIC L7z,
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5. Cortactin Sk G o

HHEZ T SCC & Bl S N7z A MTEAR 10 B & fa i kY
JEALRE10BI D8 7 4 YR X2 L TS T 7 4
L, 3% HO0, A% J — )V CTHRERVE FT 7 —
YA BZ L7z, 10 mMTris-EDTA Buffer (pH9.0)
\IRTE L, I8 % F v CEBT R B G LB % 47 - 72
VT 95 ng/mL IZFA%% L 72 Anti-Cortactin % Z i
T 2 B Rt & 4, Horseradish peroxidase (HRP)
% 1%k L 72 Envision Dual Link System-HRP (Dako,
Santa Clara, CA, USA) 3 & U 33-Diaminobenzidine
(DAB) % & % Liquid DAB+Substrate Chromogen
System (Dako) TEERIEEFEOLEITV, N<v bF T
) oTxt gt LT, LB TS o 2 1T o 72,

fo R

1. EEHZICRES CK o /TEZAL

PAP %t C NILM & ¥ % & L 72 & 8 £ 1L
Jo R0 B 4 B B0 S % T e N/C T AT
<, MIRLEMEE LA SPHIRESEORO o7, — )
OLSIL % OHSIL Tl B B b A B de s & o
M, OHSIL TIIBME K% Pk > Tw7z. SCC Tlx, #
Jo B RS % 1O g A biiia o g 2 5 R E R O
A MY = VU S, N/C I RS
L RN 7.

CNHHMIED CK #LRIEG o 3 Wt HHE S 5
TlX, NILM &CH%E Sz o g a2z
—EDFTANIECH] L 7 #AE IR O 2 7272, OLSIL
O CK g gettTld, MRE O EL CatmED I
AxR L, BoORETIREBREORT 2R3 %
FR6 72, OHSIL 12 B\ CHlKE o4V #E o #5656
WFIEF IR TS, R OMBE O A 7% 634
R & B4 A\ HOEERBE AT L 72 I % 7R 7.
SCC Tl & 512 CK #GMEDS B L 728555 5 1K
T L7285 £ THEMIC T A AR, £
TRRE AL I, BBER, BESIIxHE L7z DAPI
O LA ERDIz (M 2).

2. F-actin ffliffE & N/C ozt

NILM & 58 & A7z CIPERSIE 1 Bz e @ F-actin
Mg, BRI TRBR DN B E S = 7
LHEE R D, SCC TIZI NS OHMAMEDFLN TR
WIHCIR MRS I TR IRAUE R AR /b ~22 1 L 72
L9 AEEIRZE L% 72, NILM Tl ERE &
RN H AREEE L TA SN, SCC TIEMAg i~
g B Ml < TRWSRIRBUE R Mg b~ 2t 3 2 5
WREL xRz, F72, HESL - —BEMEEIC L 2
Z W51 3 I AR ST IR A 5 B L 72 N/

CHTiE, NILM &#&L T, SCCTHE R LA %
oz (M3) (44).

3. F-actin & Cortactin OFHEAEHIZ X 2 g DE#
REDZAL
Cortactin (X JEB 2L TR B % 52, F-actin &
Cortactin ®3LFEI A A 5 N2 221X, SCC DiE
JE FAGHIEZGRO 7248, MEEEDS 1A L 72K AL
R FE BRI IERRO 0o 72 (X5).

4. MEBEZEALOMMEIZ 3BT B Cortactin DFSHFREE
1B R R O MBI A CIlE, R B o HlE 2
5 ZJKE |2 Cortactin D FF\ G % 5RO 72,
Tl D SCC A MMAEAR TIZ, TEFARE 1 &
FREREROBERBITENALN, RIELEOH
0 7 5 FETEE R 12 22 1) € Cortactin D 53 % #8672,
SCCI0 EFIH 7 B TIX LS B K OV N 3 5 v 8 o i
Btz Cortactin D5\ % 78072 (X 6).
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2 IEREMIIERS 2 B A e PAP detafd ()
& CK sttty ()
9T original mag. X 40
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NILM o FRz#ifgizid, HEIR TR O sl B
(a, KHD) o= 2ffirE (b, KHI) A& 51, SCC Tl
2 NS OHRMEASEL A TR HUR R M A 3T TR IR
R (¢, JEN) MBI E~Z2H L7z & 9 b EIIRZ L (d,
ZKHI) A SIS, original mag. x 120 (a 1% NILM,
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NILM

SCC

SCC

Pap

5 Pap ¥etaf% & Cortactin/F-actin O geta (%
NILM CEURiE) % SCC (Frailhile) oFE Mtz
RSN 7% o 7222225 SCC (I IREIE) B
il Tl& F-actin & Cortactin ®3t3 e L TR LN S,
Z&F1) 4T original mag.

F-actin/Cortactin

(H
x40

bl Sk
26 Cortactin FEBI5# FE D\
(a) 1E& R 1R 0 2L 2 & A7l 12 2 1) T cortactin
OEEEERO S, (b) WP LEETIZZOELO LE
HEFTERGET (Dys) & EHEE (N) OFR (B 12—
L7zBatk D ZA LA A b, ZE 2 5 (Ca) ORE%E
MIAEIZ X cortactin DI MEEZ RO 5. a, IEEHRIE ;b
Titxih SCC (IEH AL N, R YRR Dys, fE# o
i Ca) (¢), (d) X (b) »—#BERILAIMG % R, scale
bars : 100um



Milas CTirbi b PAP Tk, ARG TOKRE
S LMBEOBERENPRKECEGLTBY, Mo
AL & o T~ Ofiffa % G251 5 2 L3 T&
L UG TEHONSRFTL VY GREEBEDE
WEBOMLHBNREL, RIS TFEOKRE 2T A
b 27 — DY EREEE OV RE O B ECH I R Hh e
NERET S, BfEIFHot+T >y YidtLr
PGETAMNT) = ORMOBMHETILY), FEM
JINEET LY. Lo T, FLYyIVGRIA
b7 = VI PRI O LRI, RAEIC & 5
WEOWETRE, EEEZALDED IO TREIS
AESIEIE L, eSS EL TS, ik, L

BRAJICHEZ T2 DD, T b PAP et 2 k%
BT LAV THZ 7235 1 7 e,

HOGIERE S 72 B 4% B 45 & AT C© 3 IR0
Westh, [Al— ML %2 PAP Yefa L CHIFLEE 5T 0
BREL OEMITEITo 7. BTgE L L CHIRR B O
CK (AE1/AE3) 27 EH L, fesEatyeth & PAP 4
OB OB 21T\, Bt 21772
M, TRTOEFTLEEMBCHEEEZRL, CK B
PR & DAPI A% Jett |2 & B 900 1%, BES T2
BLIZESTER L2, Ihbid, Z0RIIT - 72
KD PAP e l2 B 2B A4 L v Y G Rtatto b
FARANT ) VIFEZE R B X OB ICE e
RS L7228 b e R L7z, F72, DIPERNIER 7 LR 5
Mgk Z 720 7V 4 A PCRIZBWT, [E#tb
N g7 /A PSRk T 5 HaCaT Mg & 1
B L CK17mRNA O BRI FEBIAFR D & s 2
5, PAP G CTH LN DML E RO Gt kiR &
CK OHEEE D LA, EEEZILIC L 5 AIaAEs
RS APuURE (5 F®) &L T A ITReMER
RIS 7z

W2, F-actin (ZMAZE & O T b Mg B |22
AR L, BEoRE - mBICES T INTnS
Fe M F R TAEH L. BRI
VR O AT Z R THE T, SEOH
5E V2 F-actin ORJERZELL A5 O &AL % 574l L
TW5 2™ Z 5, F-Actin OBIRE % ML 2 A
Tz AEFIEIHAH. L L, F-Actin IZBHE DTV
I— )& G L L7z LBC PRAEE CTII & A3 &
N, BHREMZ L ENTER VD, HMBORER
% 10% KV~ YICEHE L2 FLBC#:T7 7 1
42 12 & A Fractin ©H0654t0 % 55656 L 72, NILM
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&EHE S NFZHIIZ LB SCC & HIE S 7z i Tt
F-actin @ &L R IR 5 O Ml EB) 2 7R3 5 B
HERBDIZ L, BEMEEELEIRZ 2 2 L0
T&7EeEZD.

F-actin O E, Matravers and Tyldesley *
AR L 72 SEM £ ® microridge 0% b —3% L CTH
0, MR OTIR % M BN D F-actin 235 L C
W5 Z e, Fractin #tgfa s PAP B+ta O &2
IR Bl CEMIT TN D 2 EAVRIEE N,

MR B #& R O T b B O ML E By 2> 5 D
TY, BFHEERZICES T 5L wbilTw 5 Cortactin
1% [Cortical actin cytoskeleton (FEE7 7 F »Hi%) ]
WCHE LTS L)1, MIEBOBRICER S 5%
RIVE R R EREICHEB L, Fractin DEA % i
ThHEVWDNRTWS ™, %2 T F-actin & Cortactin
DHEOGHRIEG ATV, WMEOLFEIL L, PAP Yt
LD EIT 572, SCC EHESINIMPTT A+
7 — IO EIE M Z O A F-actin & Cortactin
OIFERBA SN, JEEORFE IR G i o
WAL LTV b 2 EARIEE NIz, 2O
MEAFRERICB VTS 2T, EREELI R
Cortactin 5B IRE DS LA L, SCC & & L7 4E
Bl 10EF D 76012, FEBO LEEREEZ T 2
T LB TRt As A B, 2 Jeim B B Tl R bk
12X BB A SN2 &5, Cortactin (3 IEE
ML OB & FEZERICI_ R Cnwb e FE 22 F72,
5 A 12 B1F A Cortactin @ F-actin & @ L 588 %
MR BT HREHCoOmMBIIIERLTLHZ L b1
HECTH D, i, BMACWIEDSHEATHNE TV F )V
RO T—OHBO 1 DI —F v VAT A FxHw
72 WSI (Whole slide imaging) |2 & 2 ZHISHBH 1,
AN B GG OMM &) RIS, AT T
VT XL EFRBEO—FERBE oz L #iE ST
W5 EEMIZ B 5 Cortactin %° F-actin 583
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