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ABSTRACT

Background: The S100A2 gene, also known as S100L or CaN19, encodes a protein
comprised of 99-amino acids, is a member of the calcium-binding proteins of EF-hand
family. According to a recent study, this gene was over-expressed in several early and
malignant carcinomas compared to normal tissues. To elucidate the role of S100A2
protein in the process during carcinogenesis, production of monoclonal antibody specific
to the protein is essential. Methods: First, cDNA sequence coding for ORF region
of human S100A2 gene was amplified and cloned into an expression vector to produce
GST fusion protein. Recombinant SI00A2 protein and subsequently, monoclonal antibody
to the protein were produced. The specificity of anti-SI00A2 monoclonal antibody was
confirmed by immunoblot analysis of cross reactivity to other recombinant proteins of
S100A family (GST-S100A1, GST-S100A4 and GST-S100A06). To confirm the relation
of S100A2 to cervical carcinogenesis, SI00A2 protein in eatly cervical carcinoma tissue
was immunostained using the monoclonal antibody. Results: GST-S100A2 recombinant
protein was purified by affinity chromatography and then fusion protein was cleaved
and S100A2 protein was isolated. The monoclonal antibody (KIK0723; Korean patent
pending #2001-30294) to the protein was produced and the antibody did not react with
other members of EF-hand family proteins such as S100A1, S100A4 and S100AG.
Conclusion: These data suggest that anti-S1I00A2 monoclonal antibody produced in this
study can be very useful for the early detection of cervical carcinoma and elucidation
of mechanism during the ecarly cervical carcinogenesis. (Immune Network 2003;
3(1):16-22)
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IH EGFTFIME HHATGT B E A THS5-8). QA
S100A2 FZ A= promoter < Woll p53 TG A ol
Azto]l AFRIAZ 7IA L e ALE IHA o,
p53 421290 etoposide] 2]5}e] S100A2 mRNAS] 2
Ho] e A2 Kol FYHNEFY ) YollA p53
WA oJste] A= FTEIA FAAZAY 75
71 Ao g2 AZE a1 Itk9). 18yt Q1A keratinocyte
e o] HaCaT MEFoA &3 AAA 849 &
A3tel B E o] S100A2 TG Ao] Z7lEE Ao E H
of Wy Ao A xS A L FTFLATL BAF S
7S A71Eka 1 tk(10). S100A2 S AL in vitro
AP A TEAEAA Zgol] EA el tropomyosin
I AgetAvk1) AME W 715 $138H] homodimer
S F4ste ZoE 4 A JSG5), SI00A2 25 A%
WA NE U 9 9 )5l tigk FAAHo)a H
AML oFZ At Foll Utk A FIAMEY FHA
2 A& dojus Dol A FA
8% FEo|th F /H9 EF-hand 72 F 7HA
GHAE Fo|A DNA A7 Bl ME s
S100A49} S100A6= 4] wd 9 Hoj9}
of AFEo] gtom o F/FY GAEA 1
S7hte Aol 4elA Qo] RNA v Tl d &
A FARZA &8-S 33 dAY 21 7he
AU th(12-14). A FAANE 2 Foke] WAz B
S100A2 @A 9] 7]5EA g AFZA e gk B
2 Ao B3}3k u}, SI00A2 @il Aol o]z o7
= GYEE FA Y o] FAE BAete dtolB
} AEF] A2 S100A2 Z<5 23 @l o] 4
71swAY dRH R T AT
7R 7F Jokar sekE

ATl A= S100A2 F+HAE o] &34 S100A2 Al
ARG S 3 S100A2 G AL Q1A EE &
g o] & Aiste §F MEFE AFsta
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CIN)S| S100A2 @& o] HHFPE) & A8t o] &
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Balb/c P}--25 ARESIRAL o] AFTEES I
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MAEF+= American Type Culture Collection (ATCC,
Rockville, Maryland) & 2 8] £ 1ol 10% fetal bovine
serum (FBS, Gibco-BRL, Grand Island, NY)& $Hf-3t=
RPMI 1640 (Gibco-BRL) HJ A o] 4] Hj 3ttt 2 A3
Ao Az GAdFE FA9 HE W S100A2 Tl A
o thek ¥R et S s ol A
QHA o T AAH A AFY Ao 2SS 243}
AL 93le] 10% formalin & o] 1143} th
AA S100A2 A =3 T AL AFYises LI E Y
A Z. A S100A2 A AHGenBank accession number,
NMO005978)2] A open reading frame (ORF) A ES A
7] 918 A et Al EF<Q MD-MBA 231 A EZH
B FZ3 (DNAS Fdo 2 3t T ZH9 primer,
5'-CGGGATCCATGTGCAGTTCTCTGGAG-3" %
5’-CGGAATTCTCAGGGTCGGTCTGGGCA-3'S A3}
o] PCRZ ZZA|71 &, o]& A3+ &4 BamHI} EcoRI
o7 Hhsle] 300 bp =719 DNA AL 2z - A
sle] A9tk A A3 DNA A 8-S BamHIY EcoRIC.Z
sl & 22]3 pGEX4T-1 (Amersham Pharmacia Biotech,
Bucks, UK) vector®} & A]|A #| 23 GST-S100A2 &3
HEE ALE-3le] DHSa S FAAE AAY E
g Az GAFE A Y Folds g3ty st
S100A2 A9} AR F2E YUY Q1A o #-
o] ¥ S100 FAAE F S100Al1 (GenBank number,
NMO006271), S100A4 (GenBank number, 002961), S1I00A6
(GenBank number, M18981) A =}o] Az il dS
AzstAdct. 2t2+9) S100 family - AAE 9] AA ORF
ANES A7) 938l S100A1S 5°-CGGGATCCATGGG
CTCTGAGCTGGAG-3'%  5-CGGAATTCTCAACTGTT
CTCCCAGAA-3'E, S100A49] 749+ 5-CGGGATCCA
TGGCGTGCCCTCTGGAG-3'# 5°-CGGAATTCTCATTT
CTTCCTGGGCTG-3'E, S100A6E 5-CGGGATCCATG
GCATGCCCCTGGATCAGG-3'%} 5°-CGGAATTCTCAG
CCCTTGAGGGCTTCAT-3’ primerS A}&3le] %3 %
S100A2 f12}9} 5 U3HA pGEXAT-1 vectoret A Al
7l & DH5 UlATS FAAE AAH

AA S100A2 Az Tl Ao £ - FA|. GST- S100A2
9} 2 5100 A ZF Tl A B vectorEE HAMS
A7l gt S 37°Col A v ¥t & 1 mM IPTG (Sigma-
Aldrich, St. Louis, MO)Z Z}7}¢] ) %3 vhald ks
FE3at 4 L FE FAE Az A% G
o2 ARE-E S100A2 @ A2 thF o] GST- S100A2 A
23 o] HHS FEAZ A S AMEY st
of #AE 5T F 2572 Tstarl Al Ex(cell ly-
sates)9] “JE Aol EAIS= GST-S100A2 A =37 @2
S GST affinity column (Amersham Pharmacia Biotech)S-
o] &3t #e] - AR A E GST- S100A2 A =
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§ A S thrombin (Sigma-Aldrich)©. 2 GST &2
22 A3 & S100A2 @A 2 uHS gel elution
W (15)S A3l SDS-PAGER #32] FZ3 9t H%
&% o] okS Bradford A 2k(Bio-Rad Laboratories,
Hercules, CA)S ©]-&3}o 43 Z3 1 mg/mlo| Aot
2 - A" G A S-S 5% SDS-polyacrylamide gel £
7195 sted 1 3715 g1 vhdd] & S100
ZHEJ WAELS | mM IPTGE 7tz BE S f 53
3 Z47ro] A|EZNS 12% SDS-PAGEE #2]8t Coo-
massie blue 42} GST &S ©]-83 immunoblotting
oz st

AA S100A2 A ZF iAo it GASFE A <
A Z. &3 2T (hybridoma) 2] A| 2ol a3k HstH
uhg-225 A7) 93] Harlow®} Lane(16)©] A Al W

o] whe} PBS S-olo] &3] F 17 S100A2 A %3 Tl A
(10pg/100u)= 9444 Bz3} J(complete adjuvant, Sigma-
Aldrichy@} 34 o] A% 63 F v B U9
FAFSE AT 25 Z_V—%Sli 15(} HGFAL A Fdet

o] FdYe B4 B2 (incomplete adjuvant, Sigma-
Aldrich) @ 7 4o AF 9 Y F9lell 2~33te] FA
5 4~5U Fo] AGstH w20 AS AT A H
3} 96 well microtiter plate (Nunc, Roskilde, Denmark) ]|
welld 1ngo] Az @) dS R2A)# ELISA WHo
2 A9 AqrtE gQlsta RAEFE A X ©
AZ A3ttt dLdFE A E BHlste §HAE
FE A xst=d AXE AESE(cell fusion), & A E
o AR, GAdEE FAY FAN PHS 55
(F9R 3, 2001-30294)] A|AE W&ol wal AR5
T} S100A2 A= @ do| thgk A& EHlste §&
/‘ﬂ;i_—zr% Hj kg gl e GdEE A Y A7t
= ELISA Moz St =3 At 9dae
5%]-4 immunoglobulin  ©}&¢] AL ImmunoType™
Mouse Monoclonal Antibody Isotyping Kit (Sigma-Aldrich)
& AH&ste] Q18
GAZE FA 9} S100A2 A= F G A Y-

g, 2 - A" Y FE A9 QA S100A2 A Z
s} ol 2 Oﬂ )3k 5] 42 immunoblotting W o2
Attt 4 A2 FARE F2E AYe= AA S100

family % S100A1, S100A4, S100A6 T A E3} GAF
& FA ok v st A S100A2 T o
o & EOW < AZsAT 47+ S100 family A= 3
< I mM IPTGE Td& sty d2 Az
LR 12% SDS-PAGEZ #2]3l31 PVDF EMillipore,
Bedford, MA)2.2 A ES &3 £ 5% skim milkZ
oS Apeate] v 5ol Ql W& WA s 13 A =
cHlE GdFE FAngu)E 1,009 2 843 e]
oA 2417 A ZA T ©]F- PVDF 2 PBST -9 2.

2 33] M|#3stal 22 A2 anti-mouse IgG-HRP (Sigma-
Aldrich) & 7F-&ol A 3083t WweA AT F9-FA WS
S Y= 22137 2 HRP (Horse radish peroxidase)2]
7142 AHE-5= 0.018% chloro-1-naphtol (Sigma-Aldrich)
S} 0.045% Hy0,5 AR&-8Fo] REGAIZTH
AA AFAEY ZH A S100A2 GLZE T4
g o) &3 G2 A3 M. 10% formalin $+Z Y
uZYd A ZTY @A 22s vt Eu
stal FujAlZ] 22 S microtome &2 FAl BHE S oh
o] HH S glass slide ¢l 1173} xylened} histoclear &
2 setaS AASAT HUS 1M Tris 5842
2 A F 13 FAZ 2008 343 S100A2 ©HLEF
2 FApgu)E 40°CoAl A 208 F A3k oA
1 M Tris $aHoz 3] MH¢t & 23 FA=Z
biotin-labeled avidin-horseradish peroxidase (Vector, Burlin-
game, CA)S 40°Coll A 104 3t X 2lstal vhg-3ahA] %o
27+ AAE S8 AHEAT) o] HES peroxidase
714 &92 0.05% H,0,S X3 3-amine-9-ethylcar-
bazole &%l WF-EA]A Meyer’s hematoxylin®. 2 T =
AHAIZIIL slides FHT F BZ3H

2 ot

AA S100A2 A ZF deiFe] wd P A, AA %
o AlAEF<Q] MD-MBA 2319] cDNAi—,—E% SRR
S100A2 372 A ORF A9 F3dl= pGEX4T-
1-S100A2 LW EHZ FAAE A7 r:H;g FS ujoFahm

1 mM IPTGE S100A2 A% duldo] W3S f 5 A

% 12% SDS-PAGEZ #9213 ¥ Az} Rxjzfo] oF
38 kDa°ﬂ 333l GST- SlOOA2 Tl o] A el
9] 30% A=Z FLHAHASS FRletAn o] L4

© GST-S100A2 A %3 vl ?‘E‘A ZAE anti-GST &4
2 oA Bl thFig. 1A). BH2E ¥ GST-S100A2 A
Z3 g d o 7HEAS Fsty] st A= w
Ao Y-S F=3 FAZ PBS £ FolH 2292
g5t AxzH o /5 d-S SDS-PAGEZ £43 2
7 IpEd g gl A o) 90% o)de] 7HEAAS ERls
Atk o] Az Gl S GST affinity column® & -7
3 oS thrombm a4 QXEES Y= GST-S100A2
Hzﬁsj— u}ﬁﬂ;ﬂ 0 thrombin &2 2 Z{E]o]—ﬁ 1 H]—O;S]L‘:
=2 Qs B A oF 70% A= gty Eo] GST
(%F 29 kDa)9} S100A2 (¢F 10 kDa)E &5 ] TH(Fig.
1B). S100A2 ©El o] So]ZQl 3kA] AiHS 935t
GST o] A A= S100A2 @ A vkS SDS-PAGE 4
ANA H71HQ FHo R FE3 5 AL 6~15%
gradient gel 4] Coomassie blue F4 o2 15}5 T}
(Fig. 1B).
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Figure 1. Expression of GST-S100A2 fusion protein and
immnunoblot analysis with anti-GST antibody. A. GST (appro-
ximately 29 kDa, lane 1) and GST-S100A2 recombinant protein
(approximate molecular weight of 39 kDa, lane 2) were induced
by 1 mM IPTG and the recombinant proteins were identified
by immunoblot analysis using anti-GST antibody (lane 3, 4). B.
GST-S100A2 recombinant protein was purified using the
glutathione-sepharose 4B affinity chromatography and then the
recombinant protein was cleaved by thrombin (lane 1). The
cleaved S100A2 protein was extracted from SDS-PAGE gel by
electroelution and concentrated (lane 2). *: the degraded proteins
of GST-S100A2. Lane M: prestained protein marker.
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Figure 2. Characterization of monoclonal antibody to S100A2
recombinant protein. A. Titration of S100A2 using anti-ST00A2
monoclonal antibody was carried out by ELISA method. Each
microtiter plate well was coated with 100 ng S100A2 recombinant
protein and the coated proteins were reacted with diluted
anti-S100A2 antibodies. Dilution factor represents the logarithmic
value. B. The isotype of monoclonal antibody produced by a
hybridoma cell line produced in this study and named KIKO0723
was determined as IgGoy,
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Figure 3. Specificity determination of anti-S100A2 monoclonal
antibody to S100A2 recombinant protein. A. This diagram shows
a schematic design for other fusion proteins of GST and S100A
family proteins. B. Cross reactivity of anti-S100A2 monoclonal
antibody was tested with recombinant fusion proteins such as
GST-8100A1, GST-S100A4 and GST-S100A6. All these proteins
were analyzed on SDS-PAGE (upper panel) and then transferred
to PVDF membrane. The membrane was incubated with
anti-GST (middle panel) and later anti-S100A2 antibodies (lower
panel). Virtually anti-S100A2 monoclonal antibody showed no
cross-reactivity to other S100A proteins and had strong affinity
to S100A2 protein only.

10 kDa =719} S100A2 @ A& 319
*3? H 3utg] 9 vk E HWHS) A
gk H(ES 29T, 2001-30294)
FAE Tl FPAEFE A8t
AL AE] 718871 E

H 3, KCTC 0689BP). ©] §§ AMExFoA EHlH = &
AFE FA 9 g9 SolAS &3] st & Al
T5 et v Fd S o] &8kl HAIE S100A2 A=
Sl Ao st FU-FA WS ELISAHO = &
13+ A3} microtiter plate2] welloll F-2H¥ S100A2 T4
Ao HaliMe 2 TS el oy t2aoZ A
Sk RPMI 1640 B A 9] 73-9- 3-3HA| §h-g-0] Yoju=]
RUTF (Fig. 24). ©] ©YIZFE A9 o}xd&
ImmunoTypeTM Mouse Monoclonal Antibody Isotyping Kit
(Sigma-Aldrich) ©. 2 ZA7g3tHom AX3|A7E A A g
Wil wel gels A Ingbu S gelsk A thFig. 2B).
AA S100A2 Tl Ao g GAFE FA Y FolA.
S100A2 ;(HzaL D}uu;d% ‘o Joi o}oq xg)\].g r,]-olﬂ
£ A7} S100A2 S ATHS So]2 o=z Q1A 5=}
2 AZse= 3 WH O E S100 family protein % S100A2
Dwﬂzéjur A F2E Y 9= SI100A1, S100A4,
S100A6 FAAES Ztzto] Eo]Z < primersS ©] &3}
o QA 7+t A EF(HepG2)t Y Al EXFMD-MBA
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23)EXE PCR WHo 2 SH3 & o]5S GST AX
3 g BHAA GLFE FA7F o3k Wt
4S5 YE =4 Western blotting 2.2 &1} th
2 A3} GST, GST-S100A1, GST-S100A4 13l GST-
S100A6 Tl A 52 anti-SI00A2 YU ZE 34 ¢} §k$
3FA] kil GST-S100A2 A% gl Ao ut 7 o)A
S HkFg. 3B). 242t GST §§ 9252 Fig. 3A9]
BT AAIE Az} FHEA A2 A S= Coomassie
blue G217} anti-GST A2 7153} th(Fig. 3B).

UA ATAFELd Z2HAA 9 S100A2 FH A
GAEE A9 SolA. <Al S100A24] 3 @ F
2 gA 9 BolAe AFste T g wleg A4 2
TRAETY A 24 S gAY o] AP AxH
GAEFE FAE o8t AlsxF oA AA
S100A2 @91 d Ex 5 SRIsint. 1 A3, 22840
2 A4 27AS Hole ZFAEE S100A2 Tl A o]
Ho] a7 steoel Bdo] 9oy AnkHo g A
A LdE T S Gl A A Y 27 &
AAAZ BFEE o8 A(dysplasia)Z 3] (cervical
intraepithelial neoplasia: CIN) ZZA| g0 = =23
of wla| kel s100A2 T de] F7hrh A E A
(Fig. 4). Fig. 4014 H= v} 2ol A Ag 229 A
Ee dFEo] AfFFF vholgl 2 1 A dRIo]H
A 7S] 271GA I o] A WA Alddle B E
o Hl3te] 3 Wjo] DNA &Fe] Wste] we} polyploidy S
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Uehit AEEE Weln FFH0 YRy
Aao] ojo] V& BAZ AR Aol A
Mol B £% itk o] @43 Auugl FEse

S100A2 THelde tffto] Aol FE3taL 3o
FEverel A9 % 3 el #E3h= S100A2 T A
= % £ A

!l =

B AT = A F Az A P o]e} #
Sk FohdAlo] DS Bl = S100A2 T E-S
Aehe gddFE A E Axde §3

T FAE o]gate] AgAHRL 2H ol 5ol
2 33 5= 914 S100A2 © A8 01 24]5te] A
Fot GAEE AET F Qe BAAEAY &8 7}
AA TS B o2 skt 2] S100A29] AFE
2 dA7A Z &8s g vk glo 19901 o

ol MM Edo] 7HAJIE S100 A E
2 ZR1E o (17) o] F 43} # A HT
g AdzA oy Az A ddo] =3 43} 7go]
180 uhe} 2do] Fadthe Havt g F 24
& AA FEFHAZ BT QUTH(12-14,18-20). =
3 DNAY| i3 £4-8 F28 o) 338 o= ps3 ol
Aol 93] S100A2 G A ] Mol HHATGE HiE
A2, 23y H Al A S100A2 T Ao] T
o] BAEARG A TS 2H oA LR Y5
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Figure 4. Immunohistochemical staining for S100A2 of eatly stage of cervical carcinoma and normal cervix tissues. Normal cervix
and dysplasia tissues from a patient diagnosed cervical carcinoma were stained with Hematoxylin & Eosin (A, B) and anti-S100A2
monoclonal antibody (C, D). S100A2 expression in dysplasia of cervix was higher compared to normal counterpart. Bar = 100um.
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