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Detection of chemosensitivity using K18-Asp”>® (M30) antibody in
HeLa and OVCAR-3 cell lines treated with anticancer agents

Min Kyung Song, M.D., Ph.D.", Sang Ho Park.? Hyun Sung Kwack, M.D.2,
Ki Sung Ryu, M.D., Ph.D.®>, Ku Taek Han, M.D., Ph.D.?

'Saem Hospital, Anyang-si, Gyeonggi-do;
*Clinical Research Laboratory, St. Marys Hospital, The Catholic University of Korea, Seoul;
’Department of Obstetrics and Gynecology, The Catholic University of Korea, Seoul, Korea

Objective: The aim of this study was to detect the levels of M30-antigens as a biomarker of apoptosis in cells and their culture media after
treatments with anticancer drugs as a preclinical study.

Methods: After HeLa and OVCAR-3 cells were treated respectively with paclitaxel, cisplatin, and camptothecin, the harvested cells were
stained sequentially with M30 monoclonal antibodies and propidium iodide (PI). Afterwards, they were analyzed using a FACScan flow
cytometer and observed under an immunofluorescence microscope for M30-FITC immunofluorescences. Levels of M30 antigens were also
detected in their culture media using M30-Apoptosense ELISA Kkit.

Results: The levels of M30-FITC immunofluorescences were elevated in both cell lines after each drug treatments compared with those of
control cells. The levels of M30 antigens detected by ELISA in media culturing each cell line treated with each of drugs were elevated
compared with those of control cells.

Conclusion: This study suggests that M30-antigens representing chemotherapy induced apoptosis may be a useful biomarker for predicting
and monitoring the response of neoadjuvant chemotherapy in patients with gynecologic cancers.
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AR o] RoJA = MZILARY} Al2277] 9] HSh= FUD}
Fadyl B ol 9 7|yt BEERE A&kl 1l
gol won thpRA] 7hsE FAlE Aol o]
of] ¢ito] ul> f-85t Ao= A gt
2 Aol A= Rt A7 e A2 HeLa®t
2@ AlZ3Q1 OVCAR-3 AlEZSo)A] oFg §915F] A
"of| &3] ARE-E+= cisplatin, paclitaxel ¥ campto—
thecing FoIgt 3 NZIA} 71 A W B 244
74 3ol Alz2e7]o) wistel 30 AAo] ofat AETA)
I A=E FAZEA Y I F3dn]dstol vl
shaL, Aol HiFH ol A M30 Aol &5t A|ZILALe]
AT E ELISAH O 2 Z2A35l= HolAt o
APE Foto] & A2 o F
S Rol A A Wie Hole ofAlEe 27 2
Q.

o

ML o

o

g g}
AR AL 3 5 Qs AIE ThR 4 S Ao

1. M=ol Byt

A& o] ARESH HeLa®t OVCAR-3 A|3EF= American

Type Culture Collection (Manassas, VA, USA) O 2 HE
ToJsteltt. MEES 37T 95%2 $EE FAIE 5%
CO, 7] ol ufeFstalct, wiekd Well= 100
unit/mL2] penicillin G2} 100 pg/mL2] streptomycin
(Sigma—Aldrich, St. Louis, MO, USA), 15%2] $-Ejo}
&A (Gibco/BRL, Grand Island, N.Y., USA) ¥ 20 uM
glutamine®] 3&HE] RPMI 164002 T-75 flask UjojA]
Hiersteley, A Al 39 Aol HBSS, 0.25% trypsin
(Flow Laboratories, Irvine, Scotland, UK) ¥ 2 mM
EDTA (J. T. Baker, Deventer, Netherland)2] &3} 8ol
o2 NEEE el s3talglon], 1] 4ot A% g
HZ 250 X GOJlA] 57 AAERTE F AHF NS W
5 mLO| HijeFelo] Sof Qli= ZHZko] A| ol 4714 FH]
= T-25 flask®] zFzbo] 1x10" cells/mL9] MZES &
8 cha) lepe Alzteletel, A wloF Ao 232
bt} 28wkl o g wH|stETE HeLa®l OVCAR-3
M|z0] i Fol AR8-E T-25 flasks 5 Stz B[R]
oz ARgsGlem UM 37i= ZH2t cisplatin,
paclitaxel @ camptothecin®] Fo]F# 02 AR5}
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BlotslslQ WA Q] cisplatin, paclitaxel ¥ camptothecin
2 R Sigma—Aldrich Chemical Company (St, Louis,
MO, USA)Z=FE sttt A& Fole= 5 mLY
Wizt @) WeFet HeLa®h OVOAR-3 AEEo] A%
Aoz ZA] 44 (9F 2x10° cells/mL) 2 o 7+ A EZ9
H|Eo] X flask 271 A|Ll3t o= 67]19] T-25 flask
So] zHzZ}b GibbE'T GoosensEY9] HUES Az
1,000 nM9] paclitaxel, 250 pg/mL2] cisplatin®} 30 uM
9] camptothecing FoI3tal 2417k S HYSIFIT,, ©f
FAZE WopOLoR e T 24412 B9t o Mol
o, wiool B F AR AEES BF 235y
onf AEEAE] 10 mLo| S Tlste] FHAIRI
T 20 LY A|EXESMT} 20 pLo) trypan blue (Sigma—
Aldrich Chemical Company, St. Louis, MO, USA) -8
&3 AMBIe] hemocytometer@ A|ETE AFYSIR
5] 5305 A ZES M30 FAo] <Jst M30 el
A1} propidium iodide (Sigma—Aldrich Chemical
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3. M302} DNAZS| SA| &Mt FANZE 2N

M30 3tef ot == 31| (Clone M30, M30
CytoDeath™) = ALEXIS®Biochemicals (Lausen, Swit—
zerlands) AL E] FHQJSEGITE FACSS| Aol AREH &
—cytokeratin (CK) 34 (CAM 5.2, MNF116)E2
Becton DickinsonA} (BD Biosciences, San Jose, CA,
USA)9} DAKOA} (Glostrup, Denmark) 258 Z}ZF G1¢]
5}919™ phycoerythrin (PE) ¥+ fluoresein iso—
thiocyanate (FITC)2}t 3G ZA3tE goat anti—mouse
immunoglobulin IgG (GAM IgG) ©]Z} &2 Southern
Biotechnology Association (Birmingham, AL, USA)2
el 22 TSI SO AEES BaT 5ol A
ol 247+ 1 mLi oF 10°7)9] A% 5= Lol 7o)
Ach. 3% FAL Corverg'¥} HanE 9| W] whet
Fzrol MELS 1% paraformaldehyde |H7t 100%
methanol 402 AT E9lA]7] & 7HEEIRoR o
5BLL LA, WA 10 L8] M0 S Vet
BS/BSA (1%) &N =& 33| A &5} om,
2ol GAM IgG-FITC OJAFAIE 7Fstal A5kl
FACSO| A7 917t 24 9 A dixt9] M a4t
A E CAM 5,29} MNF1162 ARE3}FGL L, o)A }akA)|= 7zt
7} GAM 1gG-FITC®} GAM 1gG-PEES Agslich W
Wgesol B 5 ool WE AUl 1 Lo
PBS/BSA (1%), 250 uL2] 0,1% RNAse (Sigma, Diagno—
stics, St. Louis, MO, USA)¢} 50 ug2] propidium io—
dide (Sigma, Diagnostics, St. Louis, MO, USA)E 7}5}
3L 37°C9| FraxollA 3027 HA|5te] DNA HAS AA|
stplon, SA FASHAY ol WA Hadh $ 2
2~39 ol EAoll ARSITE frAlE Aol oft
M30—FITC &Iwo} HEZ7] HAL 488 nmo] o]
7} A2kE % FACScan flow cytometer (Becton
Dickinson, Mountain View, CA, USA)E o|&3}%1,
FACScan®] 429 CellQuest programe ARE-3H] 1x10*
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Nl Mol tigt ARES ISt F5 AlEsE2
FL3-A%} FL3-W9] A A oAl Alelstoirt, dojzl &
E Z3=2L WinList 6,02} ModiFit LT 3.0 software
program (Verity Software House, Topsham, ME, USA)
o= BAs:

23 Folgonye 493 el HEER ST
200 uLE #3}o] Shandon Cytospin 2 cytocentrifuge
(Thermo Electron Corp,, Cheshire, UK)& ©|-83}o]
1,000 rpm© & 537+ YHestgleh, Al =S 9
u]7 &30 = (Fisher Scientific Co., Pittsburgh, USA)
=] F2A71 & 100% methanol &4 718t & 20T
oA 3027t WAISHT, tholl PBS/BSA (1%) &<
Tstol 5E 33 MBS AEHSC, M30 Gt
PBS/BSAE 7}5lal 30+ %o PBS/BSA o= 587F
A 33 "HES)A A2 & FITC7} 2§ Z2akE 23} 344

= PBS/BSAS} 3| 2.5~5 1g/mLe] ZE Ewr} HEE
7FelQiet, ool 3047t 4COf gfaxofl WARE $-, PBS/
BSAS 1 mLA ZzZ} 7Fskal 250 X GO A 587t 33] AlF
S, @A) TPgol Bt AEES] MI0-FITC FH=S
&34 u]7 (Olympus AX70; Olympus, Tokyo, Japan) 3}
of ¥k

X
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W R 2izte] skl M30 9] Z4S
9814 M30—Apoptosense ELISA Kit (Alexis Bio—
chemicals, Lausen, Switzerland)©] 2]} solid phase®}
2—site immunosorbent assayS ©|-&3dlo] A3}t
BE AP Aol Axsigon, AerEe & B

B A5 Catcher?l AJF HEE3A=2 u]E= 96
well ELISA plate®] well5o]] ¥3 HE H|Fo] 23
u_l Eo:]:,L 4&2 7L7¥ 25 UL/VJ S 3‘; %]:TQ_QLJQ_E
BAAA & EFA7] 75 uLe] M30 HRP -3 A%A&-H

< 71819t Sandwich7} FAJE plateE Hlo|Zz2 W&
ot 3 25T wHE7|oA] 4A17F 5<9F 600 rpm o2 WHE
A7) %ol 250 WLe] BT AHGAOE 53] AH5H

_45_



tishatEs]A] AlI53A AllE, 2010

T ThA] 200 uLE] TMB 7] 4GNS Hrbstel ALl o
20]| 2057 BFA|3HITE o] & 50 uLe] AA] {HS 7}a}
T 5~10% B9 2 EHAZ] T 557 HAIsle] whS
A ATt o] BA o] ¢hrE To|= ELISA plate T=7]
(BioTek Inc., Winooski, VT, USA)E ©]-83}0] 450 nm
o4 302 el EYEE 2Hsent, olv] 4 G B
w0} 248 FHERE Byl EETAS 1/
24 FEU O] M30 9] oS A3l o, M30
o] Fw ARAR] Ao weh U/LE BASHHL.
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H2TF710f uhE ety Fojt o] 2fole}f o] A]
AM|EZF7)0] th2 2}o]= Kruskal-Wallis 2413} Wilcoxon
Rank Sum (Mann—Whitney) EAIHOZ H| W3} O,
Eof oFA|o] w2 HeLa®} OVCAR-3 A|EZ7H] 2jo|i
O kG, A7)l
A SR GoGish AlREILAF E2)7 M30-FITCOl| ofsf &

Wilcoxon Two—Sample

AR A Afole] ARG ATEA B
man Rank Correlation Coefficiento]| 943} kel
9] P71k 2Fo]= Wilcoxon Rank Sum
I

O] YHf A EAH (2—Way ANOVA Test), Sceffe?] T}EH]|
I} Unpaired 7-2415 02 H|wslict 2E

oA o4 AHE 70,0590 ofst #HAskA

2 4
1. MZZF7| Hste| 24

GoGi 282 Hel.a®} OVCAR-3 A A 1,000 nM

9] paclitaxel2 FoI3}9S off LLFofA]l djztof H]s|
Tt A (0,055 YeERYeH, 250 pg/mLe
cisplating Fo8}9E w= HFoA i {23t

i}O]E e R] keket T34 30 uMe] camptothecin

FoJ3h Hf-ofl= HeLa M|Z2Fo| A= djZ2ato] v]8l
—4?& 7} (#0.05)5 YEFH SIS OVCAR-3 A|EZ=0]
A= G938t o7t 9Tt (Table 1, Fig, 1).

Table 1. The percentages of cell cycle phases and the detected levels of sub-GyG: phase fractions and positive M30-FITC
immunofluorescences representing apoptosis in HeLa and OVCAR-3 cell lines after treatments with paclitaxel, cisplatin and

camptothecin, respectively.

) ) Fractions of Cell Cycle Phase Apoptosis
Cell Line Anti-Cancer Agents
GoGi S G:M Sub-GoGi M30-FITC
HeLa Control 73.5+1.0 18.4+1.2 8.1+0.8 10.0+6.0 6.5£1.2
Paclitaxel 25.0+13.6" 29.8+3.0° 45.0£10.3 20.8+11.6 30.9+16.5°
Cisplatin 70.8+9.4 28.3+10.1 0.9+0.9" 25.9+18.1 20.9+12.8"
Camptothecin 80.4+2.4" 10.1£10.0 9.5+8.6 33.4+10.1° 30.4+13.0°
OVCAR-3 Control 67.6+7.0 24.0+4.8 8.5+3.0 5.6+5.6 7.042.5
Paclitaxel 38.6+14.7° 25.9+1.4 35.5+14.8 14.6+7.7 27.248.6°
Cisplatin 71.4+4.9 26.2+4.5 2.8+1.4 52.3+6.2" 64.5+14.4°
Camptothecin 70.4+6.2 26.8+4.9 2.9+1.4 26.0+11.8" 22.0+4.2"

The HeLa and OVCAR-3 cells were treated with 1,000 nM of paclitaxel, 250 ug/mL of cisplatin, and 30 uM of camptothecin,
respectively. The decreases or increases of fractions of GoGi, S and G,M phases of cell cycles from control were compared
by the Wilcoxon Rank Sum Test (*P<0.05). The decreases or increases of fractions of sub-GoG; and M30-FITC reflecting
apoptosis were also compared from control by the Wilcoxon Rank Sum Test ('P<0.05). There were positive correlations
between the values of sub-GoG; fractions of cell cycles and M30-FITC immunofluorescences when they were analyzed by
the Spearman’s Correlation (correlation coefficient=0.59848, P=0.0003). There were no significant differences between the
levels of sub-GoG; fractions of cell cycles and M30-FITC immunofluorescences representing apoptosis observed after
treatments, when they were compared by Wilcoxon Rank Sum Test.
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Fig. 1. DNA histograms (left) and linear diagrams (right) showing the changes of cell cycle phases and apoptotic populations
(sub-G1 peaks) stained with propodium iodide (P1) and measured by FACScan flow cytometer in HeLa and OVCAR-3 cells.
The blue peaks represent apoptotic populations (sub-GoGi peaks). The first red peaks). The first red peaks represent the GoGi
phases of the cell cycles. The second red peaks represent GoM phases of cell cycles. The mid portions between two red
peaks with diagonal lines represents S phases of cell cycles. (A) Untreated control cells, (B) cells treated with 1,000 nM of
paclitaxel, (C) cells treated with 250 ng/mL of cisplatin, and (D) cells treated with 30 nM camptothecin. (E) and (F) The
linear diagrams showing distributions of cell cycle phases and apoptotic sub-GoG; peaks in HeLa and OVCAR-3 cells teated
with 1,000 nM of paclitaxel, 250 ng/mL of cisplatin, and 30 nM of camptothecin.

S &8 paclitaxels £ 70l HeLa Aﬂ:‘TE—Zr‘ﬂW
£ dixol vlel gt 571 (X0.05)E UERH S
OVCAR-3 M| ZF-o|Al= #2135t ko] 7}k §l]ltt. Cisplatin
3} camptothecing F0I51%1S wjoll+= HeLa®} OVCAR-3
Mz BRoA] ol vle] §-oJgt ApolE VrehfiA|
O¥QIt} (Table 1, Fig. 1),

GM H3L fFofgt
OVCAR-3 M|EZo|A m5%E tjzgto] H]3|
(P0.05)5 YRS,

74l HeLa%}
fojet 57t

cisplating o3t 7

paclitaxel S

= yehfigloey OVCAR-3 M|ZFojA= 7Hastge
FolstAl= &Qftt. Camptothecing Foidt 7-f-of=

HeLa®t OVCAR-3 |25 BFo A tzto] vl #-2f
3t 2ol S LFERA] Q%EoL} OVCAR-3 M| Z50f = 7+
ad e wEg 4 AT (Table 1, Fig. 1).

2. GoGial 228l (Sub—GoG; fraction)Z} M30—FITCO|
o|st MIZETAIQ]

=X
=1 o

AszIALS] 22191 GoGidt w2 Fofgt
787olli= HeLa®t OVCAR-3 A|ZF0|A RiF thzto]
Hlgl -3t 2ke] 7k §Igit). Cisplating Foldt A-9-oll=
HeLa Aol A= thzto] s 2tol& VrehfA] 289t
O} OVCAR-3 A|ZFo A= 93t $7F (X0.05) & |
EFiQict 3HH camptothecing FoI3F 7390l = HeLa2}
OVCAR-3 A3 RiFo|A tizatol Hls] FoJ5t 57}

paclitaxel

(PCO.05)8 UERSiet. el BAROR §o el
S Uehix] g2 A9olE BE AERoIA o] b

3 S71E HgES W 4= QUST) (Table 1, Fig. 1),
MB0-FITCO ofgh AZAe] ZHE
I} camptothecine F0{¢F HeLa®l OVCAR-3 A|EF X
FollA djzto] Hl3)] 523t 571 (X0,05)E LERY QI
(Table 1, Fig. 2), weha] M30-FITCO| &Jgt A|EZ11ALE]
Z7g0] GoGidt 3489 EEof o3t AlZa1ALe] ZAof H]
3 o ekt Yo HeEle

2HH HeLa®} OVCAR-3 AJ2E30| 4] GoGidt 8o 9
Tk AlEZILARS] S M30-FITCO] ©Jgh A EILALS] 4]

paclitaxel, cisplatin
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Hela Cell OVCAR-3 Cell
Number vs M30-FITC  Number vs M30-FITC
i A | Al [z 80y, #Sub-GOG1 mM30-FITC E
| ’ F 70 | Correlation coefficient
Control |1 6.5% 7.0% 5 " : 0.59848 (p=0.0003)
: § 50
— » s 4 40
- B B 30
I s 20
30.9% . 27.%% 2 40
PAG |! H
‘ i, Hiem
Control
2 r e ® Imalme..ls
c o £ 80 | oycARa = Sub-GOG1 WM30-FITC
" " 70 . Correlation coefficient
' 20.9% ' | : 0.59848 (p=0.0003)
cIs 60
g so
| £ a0
o o 30
30.4% 22.02 E]
CAM T 10
H
5, -ﬂ

'l'reﬂmenb

Fig. 2. The histograms are showing the levels of M30-FITC immunofluorescences (Number vs M30-FITC immunofluorescence) de-
tected by flow cytometer in HeLa and OVCAR-3 cells treated with anti-cancer agents and the comparisons between sub-GoG; phase
fractions and positive M30-FITC immunofluorescences. The popilations in gate R2 indicate negative M30-FITC immuno-
fluorescences and those in gate R3 indicate the apoptotic populations with positive M30-FITC immunofluorescences. (A) Untreated
control cells, (B) cells treated with 1,000 nM of paclitaxel, (C) cells treated with 250 ng/mL of cisplatin, and (D) cells treated with
30 nM of camptothecin. (E) and (F) The correlation between the detected levels of sub-GoGi fractions and M30-FITC immuno-
fluorescences were evaluated by Spearman’s Methods (correlation coefficient=0.59848, P=0.0003). There were no significant differ-
Control PAC

ences between them when compared by Wilcoxon Rank Sum Test.
B . - .
o . . - .

Fig. 3. The M30-FITC immunofluorescences observed under the immunofluorescence microscopy. (A) Untreated control HelLa and
OVCAR-3 cells. There can be seen some positive cells with scanty intracytoplasmic M30-FITC immunofluorescences compared to
the treated cells. (B~D) Cells treated with 1,000 nM of paclitaxel, 250 ug/mL of cisplatin, and 30 uM of camptothecin in order.
There can be seen many cells with strong intracytoplasmic immunofluorescences in all of the treated cells, PAC: paclitaxel, CIS:
cisplatin, CAM: camptothecin.

9] rlolof 25 =9 oFA AlMA (Spearman correla— cisplatin®} camptothecine £o{3}9L2 o] Fojtof b
tion coefficient; 0,59848, P=0.0003)5 7A|= Ao= 2} GoGi3F 239 =7} 4% M30-FITCS] ¥Hao] A=
EAEQl oW, HeLa®} OVCAR—-3 A|3EE0)A] paclitaxel, o] Afolof B0t zJo]S LFERJR] ko Ao T Hol GGy
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Table 2. Levels of apoptosis detected by ELISA using M30 (CK18-Asp ") antibody in the culture media after treatments
with 1,000 mM of paclitaxel, 250 ug/mL of cisplatin, and 30 uM camptothecin in HeLa and OVCAR-3 cell lines.

Cell line Treatment M30 concentration (U/L)

HeLa Control 25.9i4.4*
Paclitaxel 70.6+9.3""
Cisplatin 65.9£6.2""
Camptothecin 39.745.3""

OVCAR-3 Control 33.4i3.5* -
Paclitaxel 71.6+4.4""
Cisplatin 66.6+1.8""
Camptothecin 46.3+0.4"

The differences among anti-cancer agents including controls were significant statistically when were evaluated by 2-Way
ANOVA Test (*P<0.0001). The detected levels of M30-antigens were not different significantly between HeLa and OVCAR-3
two cell lines. The levels of M30-antigens detected after treatments with three agents were different from those of controls
when were evaluated by unpaired 7-Test ('P<0.05). The detected levels of M30-antigens were much higher in both of cell
lines treated with paclitaxel and cisplatin than in those treated with camptothecin when compared to controls, when were
evaluated by Schffe’s Test. But there were no significant differences between paclitaxel and cisplatin.

90 mHela mOVCAR3
g 80
2
g 70

60
2
E 50
g 10
k-]
£ 80
g
g 20

10

0

Control PAC cIs CAM

Trealmeni=

Fig. 4. The levels of M30 antigen in each cell line groups.
This figure showing the comparison between the levels of
CK18-Asp™® (M30) antigen detected by ELISA in the culture
media of untreated controls and HeLa and OVCAR-3 cell lines
treated with 1,000 nM of paclitaxel, 250 ng/mL of cisplatin,
and 30 uM of camptothecin. PAC: paclitaxel, CIS: cisplatin,
CAM: camptothecin.

st 2o & J} M30-FITC] ¥ o] 24
ZiAe] 540 faE%E dede Al
(Table 1, Fig. 2).

7
€

3. M30—FITC HAHHTo| &

Fddn)dstel M30-FITC FJ=5 Wt A=

HeLa®} OVCAR-3 A|EF oA Tzt v £
oA A8 F7HE MEAY FHEE TS 4= A
t} (Fig. 3).

4. H{IHLY M30 Eelo| £

Paclitaxel, cisplatin®} camptothecing HeLa®} OVCAR-3
NS 22} Eofsto] ket ARES eld Fol 1}
2 3o vjopelol 4 FLISAYO] o) 2% M302] 39!
> HeLa®} OVCAR-3 A|2E7=9] Atolof Zjo|7} 2zt
Aogsken Folgl oHAlE Alolole R Aol
(7{0.0001)F UEH AT, ERF 7 7HA] Al2F=ol|l 4] 22}
o] SFAIES] Fojof o3t M30-FFUZLS thxtol| B3]

ool S7HE QI (#X0.05). et Fojtyt
Oﬂ M30 9] HE Y=Of Zfo]E Scheffed] tha-i-AH]
o7 Hx ??_P A= paclitaxeld} cisplatin®] tjZzgto] B
3 7P =%ko | camptothecin®] 1 th& 0 & £71ES
L]-E]-IH‘”E} Paclitaxel2 ciaplatin®] H]of Th =2 4
22 uehislor BAMCR gefa Aok 3l
(Table 2, Fig. 4).
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o2 syl =Ysige 2 olg msm

HelA= FAA A%
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| ot

N

HAF3L OVCAR-3 Al 230 A= ke eFe] WE it Camptothecin Foltoll 4] S9F GM £7] o] F Al
oA 2T 2fo]7F ¢1919 ™, HeLa A0l A= GGy £7] £3o] f-2Jgt Z715 YN I, OVCAR-3 Al|3ZE0) A
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