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Measurement of apoptosis using M30 in culture
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Objective: We investigated a possible use of the induced apoptosis as a biomarker in the cells and their media treated with commonly used

anti-cancer agents in gynecologic malignancies.

Methods: After treatments with low and high concentrations of paclitaxel, cisplatin, and camptothecin in HeLa and OVCAR-3 cells, the levels
of M30 antigen were detected in the cells and their media by immunofluorescence staining and ELISA methods, respectively.

Results: The percentages of M30-fluoresein isothiocyanate (FITC) positive cells in HeLa and OVCAR-3 cells treated with paclitaxel, cisplatin,
and camptothecin were 4.3% vs 18.1% vs 34.87% and 4.07% vs 18.6% vs 32.63%, 4.3% vs 17.87% vs 32.38% and 4.07% vs 16.83%
vs 32%, and 4.3% vs 16.75% vs 31.3% and 4.07% vs 15.18% vs 29.9% in control, low dose, and hight dose groups, respectively (£<0.001).
M30 antigen levels (U/L) measured in culture media of HeLa and OVCAR-3 cells treated with paclitaxel, cisplatin, and camptothecin were
53.03 vs 101.53 vs 355.59 and 86 vs 114.41 vs 412.04, 53.03 vs 79.84 vs 327.64 and 86 vs 125.44 vs 385.09, and 53.03 vs 88.41 vs
295.005 and 86 vs 108.42 vs 263.1 in control, low dose, and hight dose groups, respectively (P<0.001).

Conclusion: Our results obtained in this preclinical study suggests that measurement of the levels of M30 antigen may help to predict the
clinical responses and to select the effective anti-cancer agents in clinical settings, rapidly and quantitatively.

Key Words: Apoptosis, M30 antigen, HeLa cells, OVCAR-3
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caspaseE-> MZY 7|4E sk SAAEY T4
TA AE 2 319l cytokeratin 18 (CK18)S EEAA
M30 B¢ (CK18- Asp396>°la}b HAUES YA’ o]

al

E/ﬂ *z—okoi—r‘ﬂ X—Vd %Fﬂﬂ‘ﬂ A|azato] 23k A}
AlZ el E53RRE Alazufo] A wH ok E= E
o8 $2Eh Y M30 PP ISR UAS Folgt
T 247 = 48A17F o]l B0t 2ol A Z7F
), 53] 24A17F $of| B FolAe]al HIZsHA —7PE113}
= A il
OVCAR-3 A 220 oPd F1F¢e] x|l 23] A==
paclitaxel, cisplatin®} camptothecine £0{gF 3 24A]17k
ol et AEST} Wi ol Ms0 Felo] et
AMHT} ELISA™'S o]§310] Tate] U A g 2% éﬂ
L AoATE ANE, of A Fajo] opy el
FU%Y Al zslsta ol xE0] D follA] ofA| 52
4 Z7of| WEE = Sl ol2d IAE vt
Hdd 4 S& 7/4\03 Az, 270 aede woll &
Zagh FALN FAA 4 darle AVIE v

1. Mol Byt

Ao AFEE HeLa®l OVCAR3 A|ZFE=
Type Culture Collection (Manassas, VA, USA) O 2 HE
sttt MEZSS 37T 95%8 S5 AR 5%
CO, Hi7100A i FatSict. it foll= 100 unit/mLe]
penicillin G¢} 100 pg/mLe] streptomycin (Sigma-
Aldrich, St Louis, MO, USA), 15%2] 2-€jjo} €A (Gibco/
BRL, Grand Island, NY, USA) ¥ 20 pm glutamine®] 3%3g}
%] RPMI 164022 T-75 flask WojlA] vjstich AlE A
Z+ 34 Zof| HBSS, 0.25% trypsin (Flow Laboratories,
Irvine, Scotland, UK) ¥ 2 mM EDTA (J. T. Baker,
Deventer, Netherland)9] &3} golog MILIES B

=23

23lslglon Ha| 4238 A|E 2908 950 xGof|A] 5

= American

B7E QALEEIS 3 AHOLS 1el T 5 mLo| ujofole] 5
of Sl 2i7pe] AEol 474 Eu|E T25 flasko] 2}

o] 1x10" cells/mLY] M ZEES HZa1a1 ThA] HjokS A
2519t HeLa®} OVCAR-3 A|2259] HljoFo] ARE-H T-
25 flasks & sht= H|Eo] 2o & AMgstgon U
HZ] 37l= 27 cisplatin, paclitaxel 2 camptothecin

o Solzoz Agalar)

grolslst Q@ HAQl paclitaxel, cisplatin % campto—
thecine X% Sigma-Aldrich25-¥8 313t 2HAE
o] Fofi= 5 mLO| HjFH s} A et Al EEo] A4
o2 Z4) 444 (9F 2X10° cells/mL) e wf Z} Al EF9] 1]
Eo] |2 flask 2715 A3t th= 67H94 T-25 flasks
o] Z}z} Wang?} Lippard”, Wang 57} Majno 59
Hu5S Fya Mgk 889l 50 nMI} 500 nMQ
paclitaxel, 2 umI} 20 pym< cisplatin® 50 nM3}+ 5000
nM®| camptothecin® Z+zb Foldlal 24|17t <ot vjjoks}
itk ol A= veel o2 WS 244 ok o v
T AR S 2 Sl

AEo] 10 mLo| HjFelS 7hsto] BHAlXl & 20 ulof
AEZES NI 20 pL 2] trypan blue (Sigma-Aldrich) &

oS 59t HA3Io] hemocytometer 2 A4S AFYBEIRL
o}, Hjefele o= EO} M30-ELISA A% A7k WA &
wetgon, &2 ok MEES E’i 33 Hu| o] 9

Yaat Eojgo i sskat 217k AEo] 100%
methanol §8-& 713F 3 -20Co|lA 3087 ®WAJsaiTt,
thZoll PBS/BSA (1%) -§-H2 7Fsto] 54 33] HHEsl|A]
AAHstATh M30 SHIZE §h (M30 CytoDEATH™
Clone M30; ALEXIS® Biochemicals, Lausen, Switzer—
land)@} PBS/BSAS 7|5}l 30 o] PBS/BSA £ 0

58X 33 HHESA] A& & fluoresein isothio—
cyanate (FITC)7} 38243%= goat antimouse im-—
munoglobulin IgG (GAM IgG) ©|X} 34 (Southern
Biotechnology Association, Birmingham, AL, USA)E
PBS/BSAQ} $HA| 2.5~5 ng/mLe| & =7} =& 7}
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W3S o] 491,

SEEE thEoll 3047t 4T ol WHAIgH &, PBS/
BSAE 1 mLA Z}7} 7}8lal 250 X GolA] 587+ 33] A%
stote). @A) ol Tk AZSelA] 200 uLE Hstol
Shandon Cytospin 2 cytocentrifuge (Thermo Electron
Co., Cheshire, UK)S 0]3—3}01 1,000 rpm O 2 5527
AR, AE RAES A0lA STOlE (Fisher
Scientific Co., Pittsburgh, PA, USA)Eo°f FZA|7] &
M3O-FITC &4 =E §4dn|4 (Olympus AX70; Olym—
pus, Tokyo, Japan) dfof] ¥H2F3FGITE AA| Al2Z4== 200
v wfego] FFEnE T AlofollA| Nomarski filter
(Differential Interference Contrast)S ARE&}o] A4S}

gon, o5 F M3OFITC FH=S Uehfs Hrg o]
£ FITC filterS ARESto] AMASI9lon, JAHEL A
A MESof| digh MRS FAISFY L]

4. ELISAO]| 2|5t M30 &tlo| iAH

W Hgt Zhzke] wierolfollA M30 ol S
©]8}4= M30-Apoptosense” ELISA Kit (ALEXIS® Bio—
chemicals, Lausen, Switzerlands)ol] 2|3} solid phase®}
2-site immunosorbent assay & ©]-&3slo] 434t &
= M—Eﬂg /Kl_?_oﬂ/ﬂ Al/\]a].o:l th ]o]:_w A gﬂﬂ 5

Fe=
ARE8HSIT M30 HRP 33 ATAE 438 o= 34
AA 2 3K} 40| catcherd] A7 TGUSE3A 2 T
E¥ 96 well ELISA plate?] well5o] & FE, H|Eo]
g2 9 Foig RS Z47F 25 uLy B3¢ 3 75 ul
©] M30 HRP 3-2A%A 842 7183t Sandwich7f
/34 plateE Hlo|ZE Wt F 25T wHl7|ofA 4
A7t 59F 600 rpm .2 WHEAIZ] o] 250 ulo| 34
AFgHog 53] AAsect thA] 200 ul.o] TMB 713
S-S H7tste] A9 oravo] 20871 WA OWE} o] &
50 Lo AA gHE 7l5lal 5~10% FoF A E3eE &
57F WA|ske] g5 AAIAFTE o] dHo] ehaH ?
o= ELISA plate ©=7] (BioTek Inc.,
USA)E OlJ%}Oi 450 nmof|A] 30EHlol| SF=E %é
Si= o]u] Q= rol 2XE Sl 2 HE Ak
‘ S FAFO RN HE o] M30 e

0 Y sE= ARARY R4
1, 1 ©9= M30 Q1A motifE 3
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FAY MlzFo] sigHoa M30 A2 o]8et 1A £

oFol= &4 peptide?] 1.24 pmolol 3gH T},
5 &4 &4

Al =S4 M30 9] /&2t uiFH ol A M30 g
Y9 =4 A2 Wilcoxon Rank-Sum (Mann-Whitney)
Testoll o3 H]wslGich e AesolA ol A4
0,05 ofsf s
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1. HeLa2} OVCAR3 MZZ0|A M30
AR &

oot
o
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lo
rot

HeLa®} OVCAR-3 Al:ZEol|A etatsta fAlze] 9

of
3 e 1AL HEE M30 CytoDEATH o] 2|3)
HAHNE AAGE & AESollA e FE=E F3F
HAu|7 slojlA ITESICH (Tables 1, 2). FsISER HA]

IARE 9fnjsh=

A3 FITCE] 2 FgEo| uf$- =5 Al
ZAWA WA Bt HAIS Fogt s
oM BE AW F& M30FITCY ggEo] &
ZE 1 ok (Fig. 1), ESE #5 X9 paclitaxel, cis—
platin®} camptothecing T3l ALof vF| L= E
Fofgt 7ol w9 FR IS S oA Al Held
50| 6 25 HlE] 9 Aol BREIACH (Fig,
D, )5 Aole] FANES] Hole FAL R e &
9J5}4c} (0.001) (Tables 1, 2; Fig. 2).

Paclitaxel2 FoJt 790 HeLa2} OVCAR-3 Al E ",%
o] oA M30 Fgo] e UEhd A2E (2
4.3%%}F 4.07%)°l Hls] As=E Fol (247} 18.61%2}
18.6%) = e} ALFEE Fol (247 34.87%%} 32.64%)
B 1) RO PAL ekl AES0] FelEH
27} (20,0012 H2ksliTh o] 2]dt HARS cisplatin
S Fofgl A (W2 4.3%2 4.07%, Ak FoAd
9] 18.61%2} 18.6%, 1lx= Fo|2] 34 87%2} 32.64%)
2} camptothecing F£o{¢t A (P29 4, 3%} 4.07%,
At Eol7o] 16 75%9} 15.18%, TEk Eolo] 31 3%
9} 29 9%) A = FAFEHS BASIAT) (Table 2, Fig, 2).

£ FolshA] @& d=t AlEZSolA=
185)
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Table 1. Frequency of apoptosis in HeLa and OVCAR-3 cells assessed by M30-FITC immunofluorescence reactivity

HeLa cell count

OVCAR-3 cell count

Total (n) Positive (n) % Total (n) Positive (n) %
Paclitaxel Control ~ MeantSD 9974227 42+10 4.23+0.41 916+108 38+7.9 4.14+0.41
Median 936 44 4.30 905 37 4.07
IQR 827-1113 33-47 4.07-4.51 866-958  34.25-38.75  3.85-4.35
Low dose MeantSD  1024+206 191+41 18.60+1.39 901+96 169+18.4 18.88+2.49
Median 927 185 18.61 911 175 18.60
IQR 901-1087 170.25-206.5  17.72-19.84 847-936  157.5-183.25 17.35-20.61
High dose Mean+SD  1011+205 17735 17.59+1.50 896+101 153+22.6 17.2342.58
Median 969 173 17.87 888 151 16.83
IQR 822-1027  298.25-369.75 33.81-36.53 868-956 297-336 30.70-38.96
Cisplatin Control ~ MeantSD 9974227 42+10 4.23+0.41 916+108 38+7.9 4.14+0.41
Median 936 44 4.30 905 37 4.07
IQR 827-1113 33-47 4.07-4.51 866-958  34.25-38.75  3.85-4.35
Low dose Mean=SD  985+205 162+43 16.37+1.83 909+125 145+17.4 16.09+2.37
Median 962 155 16.75 899 14 15.18
IQR 865-1047 161.75-187.5  16.78-18.01 848-950  134.75-163.75 15.19-19.2
High dose Mean+SD  968+188 340+65 35.17+£2.24 922+106 316+33.7 34.57+5.01
Median 955 323 34.87 922 303 32.64
IQR 897-1009  291.25-342.25 30.68-33.09 837-966 272-312 28.45-36.75
Camptothecin  Control ~ MeantSD ~ 997+227 42+10 4.23+0.41 916+108 38+7.9 4.14+0.41
Median 936 44 4.30 905 37 4.07
IQR 827-1113 33-47 4.07-4.51 866-958  34.25-38.75  3.85-4.35
Low dose Mean=SD  1000+188 324457 32.44+2.15 899+118 289+31.6 32.53+5.03
Median 947 309 32.38 873 280 32
IQR 829-1030 137.5-180.25  14.58-18.05 855-955  128.25-161.75 14.41-17.91
High dose Mean+SD  982+180 305+69 30.90+2.65 904+93 283+30.1 31.49+3.50
Median 917 290 31.30 924 271 29.9
IQR 854-1043 261-323 28.98-32.23 862-938 261-315 29.1-35.03
Values are expressed as the meanststandard deviations (SD), the medium and interquartile range (IQR).
FITC: fluoresein isothiocyanate.
Table 2. Frequency of apoptosis in HeLa and OVCAR-3 cells assessed by M30-FITC immunofluorescence
HeLa OVCAR-3
M30-FITC positive cells (%) M30-FITC positive cells (%)
Median (IQR) P-value’ Median (IQR) P-value’ P-value "
Paclitaxel Control 4.30 (4.07-4.51) 4.07 (3.85-4.35) 0.4497
Low dose 18.61 (17.72-19.84) <0.001 18.60 (17.35-20.61)  <0.001 1.00
High dose 34.87 (33.81-36.53) 32.63 (30.70-38.96) 1.00
Cisplatin Control 4.30 (4.07-4.51) 4.07 (3.85-4.35) 0.4497
Low dose 17.87 (16.78-18.01) <0.001 16.83 (15.19-19.2) <0.001 1.00
High dose 32.38 (30.68-33.09) 32.00 (28.45-36.75) 0.7624
Camptothecin Control 4.30 (4.07-4.51) 4.07 (3.85-4.35) 0.4497
Low dose 16.75 (14.58-18.05) <0.001 15.18 (14.41-17.91)  <0.001 0.9397
High dose 31.30 (28.98-32.23) 29.90 (29.1-35.03) 0.7624

Values are expressed as the median and interquartile range (IQR).

FITC: fluoresein isothiocyanate.

*Comparison between control and chemo-treated group, Wilcoxon rank-sum (Mann-Whitney) test.
TComparison between HeLa and OVCAR-3, Wilcoxon rank-sum (Mann-Whitney) test.
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Control Paclitaxel Cisplatin Camptothecin
50 nM 50 nM

- - I
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Fig. 1. Microscopic findings of M30-FITC immunofluorescence in HeLa and OVCAR-3 cells according to each of concentrations of

paclitaxel, cisplatin, and camptothecin after culturing for 24 hours (%200).
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1 Camptothecin [ Camptothecin

Fig. 2. Percentages of cells with positive immunofluorescence after staining by the M30-FITC monoclonal antibody in HeLa (A) and
OVCAR-3 (B) cells according to each of concentrations of paclitaxel, cisplatin, and camptothecin after culturing for 24 hours. Shown

are the median and interquartile range (IQR).
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0|9} Zro| HeLa®} OVCAR-3 H|EZE0A M30 gl =
712 #EEE 1A AE7) paclitaxel, cisplatin 2
camptothecin®| o] g&Fo] F71gtol| weh Hap F7iet
AL Fofgt ofAlEe] tigh ¥He-9] S7HE Uehle A
= A=,

2. HHSHLHO M30 SHEoil 2let Ate] £

etslsta HA|9] Foj&E HeLa?} OVCAR3 A|ZER
e vjofi| 2 G55 M30 3¢9 HE=E5 ELISA ¥
o] gslo] AeFHor =Ast Au} pachtaerA 7390
HeLa®} OVCAR-39] HjjoFol H oA SHA|E 3] o
& it (242} 53.08 U/LJJ' 86 U/L)ol Hlsf _,_0:]:,101]/\1
et S7rekE ARl om (7X0.001), Agte Fol
& 747k 101,53 U/L2} 114,41 U/Le]| ]3| g Fof
oA ZFZ)F 355,59 U/Li} 412,04 U/LE 89514 =7}
(X0.001)3HS HAFsHATE o] Ht A4 cisplatin (T
Z39] 53,03 U/LT} 86 U/L, Ask Fojx9] 79.84 U/L
T} 125,44 U/L, % Fo|#9] 327.64 U/LT} 385,09
U/L)¥} camptothecin (P22 53,03 U/L¥} 86U/L, A
Eoj70] 88,41 U/LT} 108,42 U/L, IE% Eolat
4 295,005 U/L&} 263.1 U/L) Q] A= SAFS Tzt
SFITE (Table 3, Fig. 3). o]zj3t FAEL paclitaxel,
cisplatin ¥ camptothecin®] £o] &5Fo] we} HelLa®}
OVCAR-3 A|ZZE9] ufjofll2 8-=% M30 3o =7}

2 BEE 1A st HA; S71ES vk
EH of Tt Foigh ofAlS o] Wtk Whgof S7HEAl M30
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842 ket 't mat _T_U\]-J\ﬂi—J M30 P2 27k Az
aro] Aejrt AR v B o3 RO R fEY
O FAIE Aol e A2 A o]go] 7hs3itt
3 A Qi 7,917 ol&3l 1AFe] Eo]& M30 &L &)
ASFSFR A Q] Fof T 24 A7 Ti= 48AI7E Fof Ao
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Table 3. Measurement of apoptosis in media culturing HeLa and OVCAR-3 cells by the M30-ELISA

HeLa OVCAR-3
M30 antigen levels (U/L) M30 antigen levels (U/L)
Median (IQR) P-value’ Median (IQR) P-value”  P-value’
Paclitaxel Control 53.03 (49.23-60.01) 86.00 (78.95-100.44) <0.001
Low dose 101.53 (96.79-144.47)  <0.001 114.41 (107.035-133.57)  <0.001 0.028
High dose 355.59 (337.02-384.46) 412.04 (399.07-439.99) 0.016
Cisplatin Control 53.03 (65.62-85.36) 86.00 (101.62-131.02) <0.001
Low dose 79.84 (312.17-340.33) <0.001 125.44 (377.89-429.42) <0.001 <0.001
High dose 327.64 (81.19-94.94) 385.09 (104.65-119.48) 0.019
Camptothecin Control 53.03 (290.75-296.70) 86.00 (225.76-297.33) <0.001
Low dose 88.41 (49.23-60.01) <0.001 108.42 (78.95-100.44) <0.001 0.001
High dose 295.01 (96.79-144.47) 263.10 (107.035-133.57) 0.34

Values are expressed as the median and interquartile range (IQR).

*Comparison between control and chemo-treated group, Wilcoxon rank-sum (Mann-Whitney) test.
TComparison between HeLa and OVCAR-3, Wilcoxon rank-sum (Mann-Whitney) test.
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200 A

(A) B)
400 - . 2007
E = 400 -

. —

300 e 5 _

] T 300
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200 5

20

g

&

=

M30 antigen level (U/L)

100 %%% @ﬁg 100-%;% %@5

0 0
Control Low dose  High dose Control Low dose  High dose
T Paclitaxel [ Cisplatin I Paclitaxel [ Cisplatin
[_] Camptothecin [1 Camptothecin

Fig. 3. Increase in the levels of M30-antigen measuring by M30 ELISA in media culturing HeLa (A) and OVCAR-3 (B) cells according

to each of concentrations of paclitaxel, cisplatin, and camptothecin after culturing for 24 hours. Shown are the median and interquartile
range (IQR).

U 22 Yol 7P Ee | oeldt F7he 2447 & 712 GoM B710l HAAILE® GoME7]o] FAE A2E
o o EolFo]ar wigslct’ o= AesletaiAlE & & p34°Pe] ZAEIQL Bel-29] QIARSLR HEIAE f
3t 3 2447k Bof] AU M30 FYS SAFFo =N 27 A Z]ARE GoM &710] BASHA] gt M 2ES FARER
of thgt Whe- Z7jo] Yol 4= k= AL YAFHE REH EEFt] O¥ AZEL WAL oldt o
Aol AAZ ZTol FHohe] AW 2a}os}eta o AEZEE-2 p530] SJaliA] Al2E7]7F BAsHAY 715 Bt
A g5l gk RS S7HE LARRRS] Atolof ¢FA B3} 5 H)slo] A AZIAE a7k Y ubd 2
A5 P51k M30-ELISA Z24¥ S o]8sto] gl 529 paclitaxel-> FAREEO] AA|sl= S ARA]
T} g ghako] ool A M30 FHUQ] 717} BhelE okal FH R v AT BAFS RS, o]of|& INK/

ob gich et by BelEokS shxl ke WMol vl SAPKS} p3d“’e] 24319} Bak, Bax®} TNFa} 2 9l
A M30 FHE ol83t AT obd] Wag gtk olo]  ASe] 2Ae Wob AEIAE ZANLE M30
B ATAEE HeLa%h OVCARS AIZFA] OFA|S Fo]  CytoDEATH 3o] ol3 Welada ae ol g Az
& 215k AEST ulFolA] M0 Felol gt W U] M30 39lo] el BLISAMS olgslo] vl

: 95 2 ATASe] Aup

ofr

Q.

8

H3 ELISA S7go] oJsf MlzaiAte] AEs S M30 99 =8 5% il
= AAATE AABH. i z4] HeLa®} OVCAR3 M504 §/d M30 <
FAHEE S ] (mitotic catastrophe)E fHEEl= Uehd Ali252] 4=of 8|3 AE=2l 50 nM paclitaxel&
paclitaxel > JIA} = H[ARS] Z]ASof Q] Al A FoiglE W 4 M30 FFa YERd MESe] 7t 9
g 25k Aor dA gon M AEEe 100100 8 F718H9e ], 1=l 500 nM paclitaxel®] Fof

=

nMO] paclitaxel & AESS] Al AT SARS WA 2oAE ASES] Solo] Hax o4 M30 FHE 1}
5o YA oFEl AERT|0) AL ALHE AZF e NSO Sh Sols Z71E A4S B, of
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= 50 nM paclitaxel @] &&Fof 2J3A= GoM E7]of AA|
e Ahote] AEIAE GRS
. 500 nM paclitaxel 2] §2Fo] o]a|A= B 2lat n)A
A ele] A A ZIAE S A0R A

B

etk

N

Cisplatin®] 93t TALS] FHEE cisplatin®] FXot H
Qlom F Aj3Eo] 800 um cisplatin
o e AR HEL= 8
e Ao A=)
vt Aoa oA 9k Cisplating =0]5}% DNA
tto] pl6™“ o} EAERE FAsH, ol Aol G &

A2 oAlskal ps3, p73 9 iy
& S7HIA AlZF71E GoMoll 4
AN = AE zamu} GoMol| A% DNAE 2}A19]
1719, webA cisplatinol]
Z1ct. 12{u; DNA
7b U &S oy o5 s BpekA] Hat
oz NE3Ab| 0|24 "t Cisplating
S-of & AAES] Aif= tizxtol vl AEEe] 2 um
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