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ABSTRACT

Background: S100A6 is a calcium-binding protein overexpressed in several tumor cell lines
including melanoma with high metastatic activity and involved in vatious cellular processes
such as cell division and differentiation. To detect SI00AG protein in patient' samples (ex,
blood or tissue), it is essential to produce a monoclonal antibody specific to the protein.
Methods: First, cDNA coding for ORF region of human S100A6 gene was amplified and
cloned into the expression vector for GST fusion protein. We have produced recombinant
S100A6 protein and subsequently, monoclonal antibodies to the protein. The specificity of
anti-S100A6 monoclonal antibody was confirmed using recombinant STI00A recombinant
proteins of other S100A family (GST-S100A1, GST-S100A2 and GST-S100A4) and the cell
lysates of several human cell lines. Also, to identify the specific recognition site of the
monoclonal antibody, we have performed the immunoblot analysis with serially deleted
S100A6 recombinant proteins. Results: GST-S100A6 recombinant protein was induced and
purified. And then S100A6 protein excluding GST protein was obtained and monoclonal
antibody to the protein was produced. Monoclonal antibody (K02C12-1; patent number,
330311) has no cross-reaction to several other S100 family proteins. It appears that anti-
S100A6 monoclonal antibody reacts with the region containing the amino acid sequence from
46 to 61 of S100A6 protein. Conclusion: These data suggest that anti-S100A6 monoclonal
antibody produced can be very useful in development of diagnostic system for S100A6
protein. (Immune Network 2002;2(3):175-181)
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shols}aA QU A4 23 7kt AEES Chang lver,
HepG2, Hep3B 2|3 thHal A|EZF9l KMI12, Colo205,
HT29, SW620, HCT1165-2 ATCCZHE] Hokdto} 10%
FBSE *3}sl+= DMEM (Gibco-BRL)¥} RPMI1640 HJA]
of| A m sl

AA S100A6 A=Y HuidS Aisi= W HE 9
AlZ. el S100A6 - AHGenBank accession number,
M18981)2] open reading frame (ORF) A x| 7|4 LES o1
7] 91l <17k ®lo} 7+ cDNA libraryS F 0 & @lo]
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Table I. The sequences of deletion mutants of S100A6
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Dletion mutants

The sequences of primers

S100A6 deletion mutant 1 (SD1)

Sense primer, 5“CGGGATCCATGGCATGCCCCCTGGAT-3'

Antisense primer, 5-CGGAATTCGAAGATGGCACGAGGAG-3'

SD2 Sense primer, 5“CGGGATCCATGGCATGCCCCCTGGAT-3'
Antisense primer, 5-CGGAATTCCCTTGCTCAGGGTGTGCTT-3'
SD3 Sense primer, 5“CGGGATCCATGGCATGCCCCCTGGAT-3'
Antisense primer, 5-CGGAATTCCGAGCCAATGGTCAGCTC-3'
SD4 Sense primer, 5“CGGGATCCATGGCATGCCCCCTGGAT-3'
Antisense primer, 5-CGGAATTCGTCCAAGTCTTCCATCAG-3'
SD5 Sense primer, 5-CGGGATCCATGGCATGCCCCCTGGAT-3'

Antisense primer, 5-CGGAATTCGAAGGTGACATACTCCTG-3'
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o #HF 5" A FE Bradford 22 4
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Figure 1. Expression of GST-S100A6 fusion protein and immu-
noblot analysis with anti-S100A6 monoclonal antibody. (A) GST
and GST-S100A6 recombinant protein with approximate mole-
cular weight of 28 kDa (lane 1) and 38 kDa (lane 3) respectively
were induced by 1 mM IPTG and purified using the glutathione-
sepharose 4B affinity chromatography (lane 4). And then the
purified recombinant protein was cut by thrombin (lane 5). To
purify the S100A6 cleaved from GST, only the S100A6 protein
was extracted from SDS-PAGE using electroclution method (lane
6). (B) Purified monoclonal antibody was tested to confirm the
binding to recombinant SI00A6 proteins. The protein from each
step for the putification of recombinant SI00A6 was separated
on PVDF membrane and the membrane was incubated with anti-
S100A6 monoclonal antibody. The monoclonal antibody was
specifically interacted with recombnant S100A6 protein, while it
was not reacted with GST (lane 1) and cell lysates of uninduced
pGEX2T-S100A6 transformed cells (lane 2). M, Prestained pro-
tein marker.
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Figure 2. Specificity of monoclonal antibody to S100A6 recom-
binant and intact SI00AG proteins. (A) Cross reactivity of anti-
S100A6 monoclonal antibody was tested with ELISA method.
Each S100A recombinant protein (lug/well) was coated in a
microtiter plate and then coated proteins were reacted with
diluted anti-S100A6 antibodies. This result shows that anti-
S100A6 monoclonal antibody specifically reacted to S100A6
protein. (B) Detection of endogenously expressed SI00A6 protein using
monoclonal antibody was confirmed in several human cancer cell
lines by immunoblot analysis. Endogeneous S100A6 protein was
detected in Chang liver, Hep3B, KM12 and HT29 cells at the
predicted position.
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Figure 3. Epitope mapping of S100A6 protein responding the
anti-S100A6 monoclonal antibody. (A) This diagram is a sche-
matic design for deletion mutants of GST-S100A6 recombinant
protein. Five of deletion mutants were made by a unit of 15
amino acids from N-terminal of S100A6 protein added in
sequence. (B) All of the deletion mutants of GST-S100A6 recom-
binant protein were induced by ImM IPTG and separated with
10% SDS-PAGE. Induced recombinant proteins were confirmed
by coomassie blue staining (upper panel) and immunoblot
analysis with anti-GST antibody (middle panel). Actually, mono-
clonal antibody was reacted with the GST-SD4, GST-SD5 and
GST S100A6 (low panel).
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Figure 4. The diagram of epitope, the site on S100A6 protein
recognized by monoclonal antibody. As shown in Fig. 3, anti-
S100A6 monoclonal antibody reacts with the residue containing
the sequence from 46 to 61 amino acid of S100A6 protein.

AA S100A6 el HhEF FAUFE FAY =A
epitope AR . £ AFAIA A LI E A}
S100A6 THiA o] o] = 54 B9 & Ql4st=7tE 4
e Y 7|Eol Harwl gh|ehe] xpEg &ld = 9)
owl AA kel Fopd QA S gte A B¢
T 7|uto] Fvkar siksto] GST-S100A6 A4 A=
WA o 72 B ek EE 54 ¢ A X Aok
Z59] HolAHZ AZrslo](Fig. 3A) GST-S100A6 A
chl A S AR wjol TUdd 270w A7hg 3}
A|ZAch(Fig. 3B, upper panel). 2P Az}
< ddE e 3279 A E g I
Adert GST-SD5 AMzF wuAe 7|7 AA
S100A6S Z¥Hsl= GST-S100A6 A|=3 ghlA Wl =3
Al FAE et o= A AlE 1 WollA AF3k
=o°] GST-SD5 A|z3; =hA L pGEX 4T-1 vectors},
GST-S100A6%= pGEX 2T vectorel] cloning® 7S & o] &
FE ALE Az A o] Z7)71 k7 Zo|rt U
Aoz gebslch A s GST A=y chld o] Aok
Hol A5 anti-GST FAH 2 1 WHA LS} 27|15 AX
2holsl 9 th(Fig. 3B, middle panel). ¢l At Wo|AH &
< X3 A 22N S100A6 sHf Aol gt Tk FE
FAZ R3S el 2 ZH 7 GST-SD4 Hl o] A HE]
FA-A| "kg-o] o] Fol R & Fld 4 YU rhFig. 3B,
lower panel). o213t A} 2 u]Fo] Hol Fig, 4ol|A] Hof
T BAEolA] Zo] B Ao Ag8 L SE A
+ S100A6 THHA o] 478 obw| At A G FE] 611 ofr]
4 A Aol BA ofulie At A g AR UEL

S

W BN ok oot o
gk oot o

| &

2 ATAE QA AR Al skt gtz
w44 Belo] i S100a6 TulAS] 54 B9 Q4
S BAFE AT Azl FRAEFE 2 oA
2 Aaete] Aol BAelE £32 o 240l ol
A
4

o& shbgsle 2 $100A6 AL Q4 skl 4

[



180 Jae Wha Kim, et al.
AZZRE FAEE 4 = E44249)
G847t Ad AAE AXTE FHeE 319
A7 13 S100A6% FAFeke] A4S ehile £4)

i
>,
)
o

4

pas
r

FAE7L Y 2 Ao uFolHol QHA|Ee] Ho|3}
Bolle BeAAo] e Aoz FAATID. 19974
Henze 9] ol2] ATAES H4%F A5 QoA
S100 S-S Aol oty AUFE O &
oJskglrh(23). o] dFollA= ZAA| $100 family THii A T
ol FHUA A Fe Aol PAoH A3
ol AL&3F QA gk 23k Fro] o] Fo] AR o
= Zelolch. whebA AA7A AA| FF] o £33 5
24| BHo] Y= S100A6 AL B ¢+ 3kALe]
galo|t} 2o 4 o] S| EolHel WS 717
LA Agsel A% EAGZA BEAEHE A
Algheb 2 o] §7kA]7) Erkar ekt o] wf & ofoll
A] sandwich ELISA ol A4&8 o 3l dAe 52
& sbe] shelol oiel 27t e QA B9E AAE
F A A7 Deeol fek B AT AelA Az
UA| S100A6 T vk AFE Al AA e
2 9= SigmaAte] anti-S100A6 &A|(clone CACY-
100)9h= Al o} o] F72t S100A6 Tl S 143}
+ UAES7E o FAloleh. A elA A=t g
AZE A= AA S100A6 FHA ] 461 obu] At A
AHE 61 op:Al A Aol E 43k HbH ol
SigmaAt2] QA= 31 FE] 4681 Aol o] opw|igt A
= JAstE SA4S AdhEs s5HE, 330311). vt
2h4 Q1A S100A6 T ATE EolF 0z Q4eke] 7}
2 b A4 $91E e gA1E tudto sy 8
A5 Aol A 9] sandwitch ELISA AAE T35 +
SIek. 71 Eoll Ag3HaL G o AEE Arkhe EA%
&2 carcinoembryonic antigen (CEA), epithelial membrane
antigen (EMA), o12] 7}A] cytokeratin $F&(26,27)°] )
Lol A © % AR EAAZ GG A Yot
E Qe B Azl weld A5E & B A%

B
422 shusjel Sguvhy QR o Fa Wl
. L2 AT
3
=

do]e}.
AAHA Q1A $100A62] AIE ) 7)5E Ca** o] 2]
A4 SAS Ca Bl AEA 2 AE AR B
St A Belo] g Ao FHE 1 HHY 7]
o] B4 QA gkt GO B AT AT D
£ AL AEHQ Wol A - Al A% 45

$lo] W AAHQ ATE FYE 7
R

AAZA HEE 5 9g B oklel obariA o
A7 e AE W ARE ATk ol N2F AT
o= A,

W 9 (o Y ofr Job oot

2k

10.

11.

12.

13.

14.

15.

16.

17.

LA

. Forus A, Berner JM, Mera-Zepeda LA, Saecter G, Mischke

D, Fodstad O, Myklebost O: Molecular characterization
of a novel amplicon at 1q21-q22 frequenctly observed in
human sarcomas. Br | Cancer 78;495-503, 1998

. Donato R: Functional roles of S100 protiens, calcium-

binding proteins of the EF-hand type. Biochim Biophys
Acta 1450;191-231, 1999

. Barraclough R: Calcium-binding protein S100A4 in health

and disease. Biochim Biophys Acta 1448;190-199, 1998

. Schafer BW, Heizmann CW: The S100 family of EF-hand

calcium-binding proteins: functions and pathology. Trends
Biochem Sci 21;134-140, 1996

. Calabretta B, Battini R, Kaczmarek L, de Riel JK, Baserga

R: Molecular cloning of the cDNA for a growth factor-
inducible gene with strong homology to S-100, a calcium-
binding protein. ] Biol Chem 261;12628-12632, 1986

. Leonard DG, Ziff EB, Greene LA: Identification and

characterization of mRNAs regulated by nerve growth
factor in PC 12 cells. Mol Cell Biol 7;3156-3167, 1987

. Drier JK, Swanson PE, Cherwitz DL, Wick MR: S100

protein immunoreactivity in poorly differentiated carcino-
mas. Immunohistochemical comparison with malignant
melanoma. Arch Pathol Lab Med 111;447-452, 1987

. Tonini GP, Fabretti G, Kuznicki |, Massimo L, Scaruffi

P, Brisigotti M, Mazzocco K: Gene expression and
localization of calcyclin, a calcium-binding protein of the
S100 family in fresh neuroblastomas. Eur ] Cancer 31A;
499-504, 1995

. Calabretta B, Kaczmarek L, Mars W, Ochoa D, Gibson

CW, Hirschhorn RR, Baserga R: Cell-cycle specific genes
differentially expressed in human leukemias. Proc Natl
Acad Sci 82;4463-4467, 1985

Guo X]J, Chambers AF, Parfett CL, Waterhouse P, Mur-
phy LC, Reid RE, Craig AM, Edwards DR, Denhardt DT:
Identification of a serum-inducible messenger RNA
(5B10) as the mouse homologue of calcyclin: tissue distri-
bution and expression in metastatic, ras-transformed NIH
3T3 cells. Cell Growth Differ 1; 333-338, 1990
Weterman, MA]J, Stoopen GM, van Muijen GNP, Ku-
znicki J, Ruiter DJ, Bloemers HPJ: Expression of calcylin
in human melanoma cell lines correlates with metastatic
behavior in nude mice. Cancer Res 52;1291-1296, 1992
Kuznicki ], Kordowska J, Puzianowska M, Wozniewicz
BM: Calcylin as a marker of human epithelial cells and
fibroblasts. Exp Cell Res 200;425-430, 1993

Yamashita N, Ilg EC, Schafer BW, Heizmann CW, Ko-
saka T: Distribution of a specific calcium-binding protein
of the S100 family, ST00AG (calcyclin), in subpopulation
of neurons and glial cells of the adult rat nervous system.
J Comp Neurol 404;235-257, 1999

Mani RS, Kay CM: Effect of caltropin on caldesmon-actin
interaction. ] Biol Chem 270;6658-6663, 1995

Golitsina NL, Kordowska J, Wang CL, Lehrer SS: Ca**-
dependent binding of calcyclin to muscle tropomyosin.
Biochem Biophys Res Commun 220;360-365, 1996
Wills FL, McCubbin WD, Gimona M, Strasser P, Kay
CM: Two domains of interaction with calcium binding
proteins can be mapped using fragments of calponin.
Protein Sci 3;2311-2321, 1994

Zeng FY, Gerke V, Gabius HJ: Identification of annexin



18.

19.

20.

21.

22.

11, annexin VI and glyceraldehyde-3-phosphate dehydro-
genase as calcyclin-binding proteins in bovine heart. Int
J Biochem 25;1019-1027, 1993

Sudo T, Hidaka H: Regulation of calcyclin (S100A6) bind-
ing by alternative splicing in the N-terminal regulatory
domain of annexin XI isoforms. ] Biol Chem 273;6351-
6357, 1998

Mizutani A, Usuda N, Tokumitsu H, Minami H, Yasui
K, Kobayashi R, Hidaka H: CAP-50, a newly identified
annexin, localizes in nuclei of cultured fibroblast 3Y1 cells.
J Biol Chem 267;13498-13504, 1992

Ilg EC, Schafer BW, Heizmann CW: Expression pattern
of S100 calcium-binding proteins in human tumors. Int
J Cancer 68;325-332, 1996

Maelandsmo GM, Florenes VA, Mellingsacter T, Hovig
E, Kerbel RS, Fodstad O: Differential expression patterns
of S100A2, S100A4 and S100A6 during progression of
human malignant melanoma. Int | Cancer 74;464-469,
1997

Moog-Lutz C, Bouillet P, Regnier CH, Tomasetto C,
Mattei MG, Chenard MP, Anglard P, Rio MC, Basset P:
Comparative expression of the psoriasin (S100A7) and

23.

24.

25.

206.

27.

Monoclonal Antibody against ST00AG 181

S100C genes in breast carcinoma and co-localization to
human chromosome 1q21-q22. Int ] Cancer 63;297-303,
1995

Henze G, Dummer R, Joller-Jemelka HI, Boni R, Burg
G: Serum S100-a marker for disease monitoring in me-
tastatic melanoma. Dermatology 194;208-212, 1997
Harlow ED, Lane D: Antibodies: a laboratory manual. In:
Monoclonal Antibodies, p132-312, In Cold Spring Harbor
Press, 1988

Rochu D, Crespeau H, Fine A, Fine JM: A sensitive dou-
ble-diffusion microassay suitable for the detection of
idiotype-antiidiotype precipitates. ] Immunol Methods
118;67-71, 1989

Gold P, Freedman SO: Tests for carcinoembryonic anti-
gen. Role in diagnosis and management of cancer. JAMA
234;109-192, 1975

Tsuji M, Kashihara T, Terada N, Moti H: An immuno-
histochemical study of hepatic atypical adenomatous hy-
petplasia, hepatocellular carcinoma and cholangiocarcino-
ma with o-fetoprotein, carcinoembryonic antigen, CA19-
9, epithelial membrane antigen, and cytokeratin 18 and 19.
Pathol Int 49;310-317, 1999




