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An Infrared Kinetic Study of Wax Physisorption for
Oral Cavity Cancer Detection Using Synchrotron-
Based Infrared Microspectroscopy
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The present study employed synchrotron-based infrared microspectroscopy (SR-IMS) to establish the correlation of
kinetic physisorption between wax molecules and oral cavity cells/ tissues for diagnosing oral cavity cancer. The
absorbance of v\CH, and v,,CH, of waxed sample in the spectral range of 3000 —2800 cm' enabled to be a
signpost of wax remained onto the cells or tissues during the kinetic dewaxing procedures. The results revealed that
the cell line of oral epidermoid carcinoma cell meng-1 (OECM-1) showed a physisorption preference for beeswax
(C46Ho,0,) but not paraffin (C,sHs,). On the contrary, the cell lines of normal human oral keratinocytes (NHOK)
exhibited a physisorption preference with paraffin but not beeswax. Expectably, the tissues of oral cavity cancer and
normal oral cavity showed a consistency of physisorption preference of wax with the cell lines of OCEM-1 and
NHOK, respectively, in the infrared kinetic study of oral cavity tissue. According to our findings, paraffin and
beeswax revealed a specific selectivity for normal and cancer of oral cavity tissue, respectively. Therefore, paraffin-
beeswax-based infrared kinetics will be one of promise methods for detection oral cavity cancer.
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g 2007 FH5RE 4 % (World Health
Organization, WHO) #ftal » 2HFAELHIL+EA
TEATEIE » AG 2R ALY 13% » HA DU
J% (lung cancer) ~ 5 & (gastric cancer) ~ fH)&# (liver
cacner) * f5 5% (colorectal cancer) S FLJ&% (breast
cancer) Byl AEL R FEYEE" o I (oral
cavity cancer) BEZRIET EIE L HATHIE » {H 2007
FEEBFEER S (American Cancer Society, ACS) #ft
AETEEREE A CIE 1,444,920 A > HIETRE =
40% » H A 1P 5 K B/ J%  (nasopharyngeal
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RLANEEOERE (infrared microspectroscopy, IMS)
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BIVVE 7 FAEHERITERL (fingerprint) RENFR - F&
L5 A e AR AR S RO B 432 BV RERE (functional
group) * AlfE 2 F7R o BLAL - DRI ERST Ry ElRAY
[EIA RS RL YN O ERE
infrared microspectroscopy, SR-IMS) » $EHtEET &5}
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HELE G (two dimensional infrared spectral images)
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2001 = Wu & A& AL R =R 2 SO
< T7 TE R AT Jh % FE 75 (attenuated total
reflectance Fourier transform infrared spectroscopy,
ATR FT-IR) &l st ik 2’1 YN0, -
Lt SR BT Je L ) B S A R IR ) (v, C=00,
symmetric stretching vibration of ester bond) 7%
By 1745 em™ - HAT SN SO TE & ek R 55 -
Wu % AJRFIFTE v,C=0 B2 amide 1T (1550 cm ™) 1y
I FEE R ELE (absorbance ration) {E &k e fH %
HIRLINEYIEEEE (infrared biomarker) » H.85 725
SE 95% ° #fESR ATR FT-IR Ml nlXEFTERAL (in
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[ FT-IR ALYMNEROERE K 725 S fL Y MNE RO RS
iy 22 Y 1 e R e e B 1 e R R A ) - LS
SRR IR ESRg A0 A% £ % (DNA/ RNA) BRI
SEB IR I b Rz Ry - (BB (glycogen) HY
RLAMNK SR 2 N8 Es - BT Re 2 RIS
AR AEAL - BEE CPEERE A B MRS
e S - EE—IRAYE - EEB IS dipid)
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[ & (physisorption) > #& FHifHHRAE AR A R IEEE
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AFEER I ERR MR (CosHs,, paraffin) BiLfi g
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A RE 53 (linear discriminant analysis, LDA)
53 B A R AL NI R B A B R R i E T 1oz
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cm” HIHEERIR L > RIS SR INEROL R B
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AR B P FEER?S (International Union Against
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3.AFE D REIE B 4L AR (a) 126 N ~ (b) 82 N »
(c) 134 N & (d) 89 N 8 H&E ¥ & At %
1> HAZFE & bk mek - S 8] &MY ek -

Committee on Cancer, AJCC) {ERGHA ¥ C1eE Ry
SrHAFR > NO AR R EOR RS - T1 RlERE
TNR 2 em > T2 BERERTN 2—4 cm Z[H >
T3 B R EBEEANTER 4 cm - T4 REHEIE
CUREEEETE - LA ~ K2R ~ S~ I8 S PR
SEELT I SRR BT AN o ARR e I R
#H#% 53 5k TINOGI1 ~ T2NOGI ~ T2N1G1 K
T4NOG1 ZIFH Y P (BIR BRI i B B2 e By 56
Bhiieft) - OEFEMHBZRI 2 L KE
(epithelium) ~ B & (basel layer) & (stroma)
HIMLE AR AR B2 B Ry T TRERR AT =
FEVELCE - MHART) P A R A B P YR R
WETEis B IR ERH RS - B —mahlaH sy
A HEER R R R - DUERALIL
WO ELE - ANt 3 e 4 Fs e

75 B AL AR AR DL v A HE B (Tissue-Tek OCT
Compound, Sakura, Tissue-Tek, USA) 1T A% [E &
FLIABEY)Fr# (RM2125RT, Leica, Germany) jEHH
MU EE R 5 um BUREYIR o RAIRE
ERYEIER - AIHSE R AR S AEAD B T YR a3 )
BN — B8 AL AN B (low-e slide,
Kevley Technologies, Chesterfiled, OH, USA) [ * Hf
H LR — L (hematoxylene and eosin, Energy
Beam Sciences Inc., CT, USA) Yt fFRim T L
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200 um

4 H&E $ & AFA ez fbpiatkin - (a) 126
(TINOGI) ~ (b) 82 (T4NOG1) ~ (c) 134 (T2N1G1)
% (d) 89 (T2NOG1) > 42+~ E & E g a sk > M
S R % MH 48K -

HH > REARAAREFERY)F - FRRLIME
PR EELZ AT © BESh  FAN IR RIS RS Fr DA
R PR EIETTIEE - R TRLIDERE RHIRT -
RS DL R BRKETT I I v TR - RFREL
BERIAERL S MRIOERE ERFE > ARARIE K2R A K
=i 30 R - HALIMRIOERE NI~ 2 &
AL R RIR E ST > 206 5 s -

2. HpE R EE

B N IR A E PR (normal human
oral keratinocytes cells, NHOK , B 17 i D A ER s B
B2 be 42 ) R0 1M bR f IR Al B PR (oral
epidermoid carcinoma cell Meng-1, OECM-1, [B{17.%
TR EEH B 2B iR fit) MM RN B - T
WEREZE RS (RPMI1640, Invitrogen Corporation,
USA) > 1A 37 °C & 5% CO, WIESEF T (Revco
Elite II Series CO, Incubators, Thermo Fisher
Scientific Inc., USA) ME{THEE - GeAlE%EIHE 5 ks
FEIL 80% HITETE (£ 100 mm’) > FLIEAT RS,
EATR 1 x 10° B > BEIS RIS EE - FL
PBS (phosphate-buffered saline, PBS, Sigma-Aldrich
Corporation, Box, USA) W& EkAHAE » FFRFR VL
T FERIDURE R 4% &S (paraformaldehyde,
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Sigma-Aldrich Corporation, USA) ififf 4 °C HYIEIR
M RETHIIEE E Y - 5 SRBREE - 2L
4 °C PBS BN 2 X% 5 708 > FAI A KR8
KRB 5 78 (FERAE AR - §F
BRI - R R TEREE N -

3. MARARGE z B s R RIS B S 2
(1) #MREt S 2 WBHAI S EN HEEE A

o SR BRI Y NEh 2R R L I BRI R
ARREAR AL THSC DA AROA RN 60 7388 > DIERR
BRAER AL AT AR Y BEREALE
SEEE 3000—2800 cm ™ HYMR N FEA B BE L -
I ERZ 2 MR PR NHOK K2 OECM-1 3 Fr
B ZH RS B (xylenes, Sigma-Aldrich
Corporation, Missouri, USA) H7 - G fAEERIEE 10 43
IR - bR b T RRA e R R
S HALYNRIOERE - EE PR E BT
FASYEE 3000—2800 em ™ 2 W2 F] —HIZEE
Bl 2 By 1l > & 6(a) ~ (b) A ©

TEMRIE 25 °C T > #F A1 E W 5 hIA R —H
T o BB 5 wt% B8 R B EVATE 0 T
SRR HEAP ERIEATCEREBEEZ RN > FEN
10 7788 - BREMS LZ ZHREBHSE 2 EER > H

HHRREAR SRV — R RYAT T - ST B b
BTERSEE > IRERHRBOR 2 T A 5
FOGEH - A b TR R R TR
VR B AT S 3000 — 2800 em ™ i KLANIE Ui
s B SR EH BRI AR -

(2) BN 2RI s E) F B =R

FEFIHARHBEAR S tE TR YN B2 &R — F
R ER > RLINRIOE R R R A L=
WFZE 1 /N > FOBEEER] 30002800 cm™
IR A #E > QM@ 6(c) AT > 6 LARERRAE
R PR 1 /N R AL AN IO RS K Hoi
GO RAERLYNEN ) B B RO 85 - TR
WAL /MBI E2 T - AR E R T A > A6
BRE 2 /\NKFfR 0 BB iR A = oA o
TTHRHMT A (deparaffinization) » 37 FAZEAEHH i b
A S 10M 158208 -~25% 30 Bk
60 FHRFFEIUEAL ANISOERE o 1F B WA fT 8 ) 22
FH > BESEAREEMRHEAT R L WiEE 1
/NEE > BEZ FRLAZ PRSI e o RS S B
FEGRLYNRIS Gt - W AEEIRIT 2 5 #0 ~ 10 -
158 ~20 ¥ ~ 25 # ~ 30 # K 60 FPRFFREEALSN
W IERE o St I A HEIE A I 3000 —2800
em ZIRIRERIE o (BB BRI R R REIE AR
AR -

4. FIE RIS/ R RE B et & H L E
S EERAT /MR EE S

KEBEB R RIS OAIRL MR E
Bauh BL14AL 1T - EERuL AR FEPEERHOEE - %
17 BEREIRT YME S Nicolet Magna-860 (Thermo-
Nicolet Instruments, Madison, WI, USA) 2 F:8i LT
ANEETHER Continuum (Spectra Tech, Oak Ridge, TN,
USA) #E&ERK > AP T IEERAT AN RE R 5
HFi RS (KBr) M8 > ALIMERIE SRR
LI AN (77 K) HIZR$ENE LY (mercury cadmium
telluride, MCT) {HiHI g1 T REHY » HRQHIEE ~ (4
HISEHUE (detectivity, D¥) Kot HIE & 55 51 5y
50 x 50 um’ > 5.0 x 10" cm-Hz"*-W E 4000 —650

-1 (25
cm 25
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[FI 2 RS EIRATER 7 R ALY E ARG [ 2 H
Uk AS PR AT EEIRRL ORGSR - 51 AT

ALY - W DOBE RS R Ry 32 5.2 S
HEWY 8 (Cassegrain objective) FAER TR EE

B MBI EE - HIER SRR EE TR
B 13 %10 um’

B B DU R G Tl AR AR o KL NSO
R HOBRMATER 4 cm™ > BEIBERE
1.8988 cm-s ' B ALINEIOERI 2NN 128 K
faf > WAL YNERE B2 B R OB RE RIS &
[eoh > EEaR TSR ERE (interferogram) 32
F1|FH Happ-Genzel HIl /& /if£=X (apodization function)
113F 3 i IR R 2 ] 2 RS (T T S 5 [RE YRR
fTEIE -

AR #% ALY ERE 2 G TR R E PR AL ST
AR EEHIZS (focal-plane-array detectors, FPA) 7 #L
ANEETIOE S A4 (Hypersion 3000, Bruker) * A
g E— R R A AR b B ERE
{HHIZS (complementary metal-oxide semiconductor,
CMOS) » Hfs— 64 x 64 ER KLY AL
FEFIME 28 (64 x 64 pixels mercury-cadmium-
telluride focal-plane array detector) ° ANHFFEH] A 54
AT RER RS - HRITEE R 4 cm™ > 22H 64 K
HEEE R - AR EEBOR S R 15x ZALIk
BV - FARDMSEEREEE RV M
ARG IR Ry 170 x 170 um” = 5 FHR
52 B & s s » Rl KTAITE AE 680 x 340

2
pm”

5. kI IMERE R T R LR BRAVE L

AN FER e B A A% ALY NI RE 2 A1
OMNIC 7.3 (Thermo-Fisher-Nicolet, USA) &% OPUS
6.5 (Bruker, Germany) HETTIEENT K GRS 15: 1Y
BT -

RLAMERE R G 2 s it R L £V +
TR — A2 S BL AR ANRF L (infrared
characteristic absorption) LR (5 - EEIFH
EV 5T B RE AR O R 2 I H (peak
height of one peak) ~ lIE{ELL (peak height ratio of two
peaks) ° WA (absorbance of one peak) BRI E
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0.14 (a) NHOK cell lines Control
Xylene 10 min
0.12 Xylene 20 min
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0.104 Xylene 40 min
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< 0.08- Xylene 60 min
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Q
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0.144 (b) OECM-1 cell lines Control
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0.144 (c) Oral cavity cancer tissue section

0.12+ Control
Xylene 10 min
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e Xylene 30 min
S 0.08 Xylene 40 min
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0.02-
0.00+

T T T T T T T
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Wave number/cm’
B 6. A48Tk dm B #R % 0 — F RIS ] 2 4 SRk
K3 > (a) NHOK ~ (b) OECM-1 & (c) Ve
wmuEk Koo

(absorbance ratio of two peaks) > {EREHAEY)F1F
SIS & EE - EREENEERTTE =
HEZEfEZ BUE > IEFIFH 3R (color table) FE—%
ERTRFERIBR GRS G AR - BRI T
IAZALINER - AEEREFR ST NS
JBJR (collagen) ~ £Z#% (DNA/RNA) KT (glycogen)
IR T oA o L HO R -



Wavenumber (cm™') | Assignment of vibration mode

* 1.

3300 Amide A (N-H stretching)

3050 Amide B

2960 CH; antisymmetric stretch (v,CHs)

2922 CH, antisymmetric stretch (v,CH,)

2870 CH; symmetric stretch (v.CHs;)

2852 CH, symmetric stretch (v;CH,)
1690 — 1590

1590 — 1480 Amide II (N-H bending, C-N stretching)
1452 CH, symmetric bend (6,CH,)
1444 CH; antisymmetric bend (6,,CHs)
1397 CH; symmetric bend (6,CHz)
1380 CH, antisymmetric bend (6,CH,)
1340— 1240 Amide IIT
1235—1240 O-P=0 antisymmetric stretch (v, ,PO,-)
1150 C-O stretch, C-O-H bend (carbohydrates, mucin)
1079 0O-P=0 symmetric stretch (PO,-)
1025 C-O stretch (glycogen)

Amide I (C=0 stretching, C-N & N-H bending)

Aoy THEREAZIIR AR I -

= BRI

1. OREREBRAB R 2 AT Hh AL

NIATER CERE R A AL S MBSO FEan il 7
Firr » HARED I B (EAE 3300 cm™ ~ 3050 cm ™
1654 cm™ ~ 1550 cm ' ~ 1150—1350 cm™' Kz 1150—
950 cm ' > 43 RI#EIE ks amide A - amide B ~ amide
I~ amide 1T ~ BBJUR FFERUAT MR ORI » FARAY
RENE A FRIRAIANER 1 s - BB (R IR ERH
A U] P F) (e e i B o AL S MRF R S I 2347 AE 3000
—2800 cm™' B > WHEIRK 2960 cm ™ ~ 2922 cm
2870 cm” f 2852 ecm” A% v,,CH, (-CH;
asymmetric stretching vibration) ~ v,,CH, (-CH,
asymmetric stretching vibration) ~ v,CH; (-CHj;
symmetric stretching vibration) & v,CH, (-CH,
symmetric stretching vibration) > H.f1 v,.CH,
V.CH, Z WU FEHERKEIR'E > 1 v, CH; J
v.CH, A EEEIKEEHE » AlE 7(a) s

AR b 1 P2 T B e L R I A e i bRl -
Wu 25 A Y #if 5B 1R &5 IRH A% A BB Y
v,C=0 (1745 em™) WIL(EHE » i RANSAH Rk o I B
B o {E1E Conti, er. al. R ATFF2HL B
SERP IR - HARWTFERS SRR (L RE AR A rh

FeAE#EIIEE (2800—3000 cm™') UL (E9% T
Bl Conti 55 A\FEHIFEREIEAHARE 2853 (v.CH,)/2963
(v.CH;) Wi (B L T AfE R —2"" » 534 - #F
O Rh A T R R e AE L
1338 cm™ ~ 1280 cm' ~ 1204 cm' % 1030 cm™' Z54H
BB IS5 T " o Rtz sh » FRI2EIE S
{bEGRsAE % BB v, CH, B v, CH, Z KLAMNIR I
P LB B IE S R R 38 T RE /R L Rh SR
ko NEEAIhRSERE (aliphatic length) £ HAIEH %S
AR IR AT S [RER RS T - 20ME 7(b) B (c)
IR o {HIE R IR b R ks 1 K RS R s all
P bz ek Rk R > LR T RIS SR AN
— 3 e AE SRR R N R B8 RS e AE Ak Y
FESFTEEY o PRI I R e P A 8 R I &5
B ENAE A ORI E D R R (LA A
fEEE > 200E 8 A »

2. AREHARR 2 BRI &N H 2

B ORI A RS IR E - HIEE
T BABER R - AR RS R AR E AT
L Eambicciliioni S Egy-dUn I A  Os ER kil /ot
LA RS -
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1.50 0.16 0.16
(a) Normal Epithelium Tissue Amide | (b) (c)
125 Malignant Epithelium Tissue 0.14 0.14
0.12 0.12
1.00 4 Amide A YaCHy v,CH,
Amide Il 0.10- 0.10 P
@ - ® 3
o 0.75 . Lipid o o
AmideB 4 i
§ mide AAmideIII § 008 é 0.8 oH
3 L 2 v
5 050- \ Lipid | DNAL 2 0.06] $ 0.06- N
g < VSCHZ 2
0.5 0.04- v.CH, 0.04- v,CH
v,CH,
0.00 0.02 0.02
0.00 0.00
-0.2

5 T T T T T
3500 3000 2500 2000 1500 1000
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Wave numbers/cm”’

7.(a) ABAEF DR A ORI R R M E K E 3500—950 cm | X RMEE - Mk K ARE
3000 —2800 cm ' Z R K IERIIG T 0 (b) IEH D REF AL > (c) DB AL A A o

(1) BRI EN N2

1EH Ak NHOK _Figiat DL — F 2R T
il (deparaffinization) 5 5 » fHILZALYNE IO E
HURAEW 8 2922 em ' B 2852 cm™ HURLANR I
HHZAIG 5 > (HFEZE R NHOK R F i Y IRE
R o AN AR BRI R N o RIELAT AR R
NHOK 1E 5 ¥ 88 5 b 1277 o 880 B e
o BRI > IR R OBECM-1 1E 5 #PRY A i
TRbt e % o ARREHR BN 8 2922 cm ™ B 2852 cm™
R S P AR RS > e —FE SRR IR R
FEAT AR RE 8O & LISk NHOK fy
55 0 WE 9 Fs o 55— 5 > BAMFI ALY R
GAETTRLYNEN T34 - KEIRE R R e i
3000—2800 cm ' SE/TRE WA RLIMERLE 4

Normal Tissue

TERSE A T KRR T2 - B 10 ZALIMERE
G BRI E NHOK A BHEERY G IR - 1
HHAEYE OECM-1 HI#ERH BRI R -

S — 7T > Ry o0 AR AR EUAR T 3 R Y R
# > FMSHERY 10 $8 NHOK K2 OECM-1 fllfitgik
ET R E R R SRR Mk
NHOK 7£ 3000—2800 cm™ & [E5{7546 B SR A i 5%
HESE Mk OECM-1 RI4EBH BE R A U %
HE > aE 1 s - EiE > g NHOK
TEHRENIE S 2922 cm' Bl 2852 cm ™ HIURIGIEAEL >
AHEST T » BIBEUR I E 2 R 74.1%
K 196.7% » TR OECM-1 & S5 I&(EAN H
T 6.8% K 6.2% » 4113 2 Fis o #—2 DL LDA 43
MRtk ALYNR IS RS ER G T BRI AR - A SREE

2980 2960 2040 2920 2900 2880 2860 2840

ec]

[«

[ 8.

AFBIEF VAL 40 i g
O e Bh IR AR Bk 2 AR A
o F s REF AL -
(a~e) 8" b HBR >
(c > g) DNA/RNA > (d ~ h)
JF B o

N

N

™ Eo
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(@) NHOK Control (b) OECM-1
Dewaxing 5 s
0.04 Dewaxing 10 s 0.04

Dewaxing 15 s

[

2 0.03- 8 0.03-

< @

2 Q

S I

S 0.024 8 0.024

< <

Control
Dewaxing 5 s
Dewaxing 10 s
Dewaxing 15 s

9.
A FA W 4 K e Bk AR

0.014 0.014
A-/\ T ) 8 R i B Sy 2 R
0.00- 0.00-
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