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Generating xeno-free human feeder cells for human ES cell culture

&

Summary

Human embryonic stem cells (hESCs) culture is routinely performed
uéing inactivated mouse embryonic fibroblasts (MEF) as a feeder layer.

The cu{ture of hESCs might be limited, both technically and with

_respect to chmcal potentlal by using MEF as a feeder layer. The con-
"cem over xenogenelc contaminants from the amm'll samples may
_\:;restrxct transplantatlon to humans FDA has recently approved the first
i li al trlal of hESCs derived ohgodendrocytes for spmal cord injured
atxents by the Geron To enable the use of hESCs m cell transplanta-

tlon m human it i is necessary fo ehmmate the rlsk of mfectlon transmit-

:ted by retrov1ruses and. other animal pathogens, and 1mmunoreacnons
caused by amma] substances in cell cultures In this short review, we
”(’iescrlbe the classical concept of “feeder layer” applymg for the recent
pluripdtent stem cell research, and the methods to derive human feeder

layers in eliminating xenogeneic products from the culture system. -
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Capillary Electrophoresis Analysis of Contaminants in Heparin Sodium
for the Japanese Pharmacopoeia Purity Test
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Heparin is widely used as an anticoagulant for the treatment and prevention of thrombotic disorders. Recently,
hundreds of cases of anaphylactic reaction as adverse effecis were reported by the presence of contaminating oversulfat-
ed chondroitin sulfate (OSCS) in some heparin preparations. In addition, these heparin preparations often contaminat-
ed dermatan sulfate (DS). Unfortunately, the Japanese Pharmacopoeia (JP) does not include appropriate purity tests.
In the present paper, we show that capillary electrophoresis (CE) is a powerful tool for the analysis of OSCS and DS in
heparin preparations. CE method shows high resolution and good quantification of OSCS in heparin preparations. This
method (OSCS method) was evaluated for accuracy (93.7 %), repeatability (R.S.D.=2.11), linearity (R2=0.9996),
detection limit (0.1% OSCS) and specificity. In contrast, DS was not able to be detected in high sensitivity by OSCS
method. However, a modified CE method (DS method) using the buffer at lower pHs showed good parameters for ac-
curacy (88.1%), repeatability (R.S.D.=1.99), linearity (R2=0.9998), detection limit (0.25% DS) and specificity. In
conclusion, CE will be an alternative to the NMR method which is being adopted for purification test of heparin sodium
in the present version of JP.

Key words——capillary electrophoresis; heparin sodium; oversulfated chondroitin sulfate; dermatan sulfate
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AU CF YT AR, YOorE (L1 Xo>
BELZID-INIO0VE) &D-J)NahI> D2
HHAOBVEBEUBE, 20 Y230
HBREZFOMEN S RAMEELTVaBI S
HoDFRUTAETHS [Fig. 1(a)]. ~NY >
FRUZAR, TOFrOYECNEERMICKESR
THZERED, ElaFFeEXalTFREDOM
ERERTZ2HE L mEEENIEERERT. 2 £
Dz, MmEHENLEOENEREE AR O MK
BEFIERE L THAFTRAEZIN SR E, BKRE

GRERKEEEZREMEREENRE, 'EIEXLR

SEERRAEDELET, EERFRELATRN
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O THEEREERTHO, BISKEHERERH
IREEIN TN S, £, B59FEAN) EAO
BEHEELTHHERAINTNSY

2007 4F 12 AXEITBWT, Baxter fhHI~A/NY >
F R LABROBRRNBERERGE 22T BE
7, MEETRHREZNED T LIVE —ROLEFR
L, 80 AU LOETHNHESNE. Y ZHETA
X REERFICE LT, mAMREAER E DBIFE
AimsnTnid, SEREELEBERIINE
TOREF EIZHLNIERDZDDThHo/z. &6
Z, RAYVTBMA-A—DEEL =AY F b
DU LHAOREE2ZTEBFCREOT LILF—
FIGRHENZ &5 ERNREENEEEL L
2008 £ 3 B, XEAEREXERRK (FDA) BZHEF
ENBRLEDY MANY VEMENSBALTY



1256

Vol. 129 (2009)

(a)
B )
H oM
H
- OH H
His O H  NHR?
OH
ol 1%
AH OR .

R' R®=S05 orH
R?= 803 or CH4CO
R*=CO,, R°=H or R%* H,R°=CO,

« XNa

R', R?= 03 orH

Fig. 1. Structures of the Disaccharide Unit of Glycosaminoglycans Tested in the Present Study
(a) Heparin sodium, (b) oversulfated chondroitin sulfate (OSCS) and (c) dermatan sulfate (DS).

L2 EEHREL,Y OBIT Guerrini 512X 5 2 X7T
NMR 72 EZ2 WS BERITICE > T, ZOANY
URYEEMRE(ED S RO F R (oversul-
fated chondroitin sulfate; OSCS) TdH 5 Z EAHH S
MZEIN. 9 @, RRCFEETSa> koA F
Wi, D-ZIN 0 BEN-TEFINATY K
IO 2EREMIC, MEBEMNIBEZEESL T
5. LaL, BEDOANY > F M7 A’ANTEA
LTWz0SCS i3, a2 RoA FUHiEHoT X
TOKBEENFRBEILI N, 2 FEEAFIChREED 4
e L #ETHo/z [Fig. 1(0)]. £/, AF
BEREFEREILEANY OF MU T AFIZIE,
OSCSIZmA T, RUREBIT)aYI )T UHh>
EO—ETHDHT)V <Y Hils (dermatan sulfate;
DS, Fl4 : 32 FOA F hilk B) [Fig. 1(c)] b,
MROBBEIDDBZEICEENTNS ZENHL M
IZanr.

FDA X, AEFEZLOEREYE L L T OSCS 25
FELZER2RET D EITTFRMIC, 'H- &t
2R NVElEE ((H-NMR) &F+vE 51—
SUkENEZ WS OSCS ORtliiERE 1 >4 —F v
M EIZABELZ. Y IH-NMR IE, NN >F Y
TLARDON-YEFINITINIHI O N-YEF I E
&, OSCSHDO N-TEFINHZI hHI D N-T
TFINEDOIES T MR D I EEFAT AR
HBTH5., £, FrETY—BIIUKENHETANY
>FRUTLEOSCS ORiBEDEEGROENE
FATH0BETZ2H EICT2MEETHS. 5
2, B RN T LEMNWD HPLC B, H
BERLAR 2 #T#%:, Inhibition of Taq polymerase {73 &

12X % OSCS BB R &4 TG 7=, 9 &EH
13, INsomEEEZBWTANY >F MY A8
KOS EITH EEHIT, OSCS DEENERIN
TeNNY 23 b U AR ORI ZTT D F Ot %
Eo. ODRETS, MEOANY U+ b 7 L8
&R U SPL#OJREZEH L =EN 3 t23FBh
MEE L CTHERNZ{To 2. F07-D, HRY
WZANY) R SR G O AR B A O RES AR DS
D, ANUYF MY LBAORERGDZDIT,
AN 2 MY LEEH D OSCS kU DS Dtk
HFOBENBREHE L2 o7z,

MREFRAR, BISHEALAERHFEERESA
NU > F MU ADIEIZIEE, NUDTLDRY 2 )NIE
RECHETAMERBRNBRE I N TNAED, S
NTWSHREETIZI OSCS IBADH EZ T 5
TEMNTERY., FZTHMREICBNTS FDA A8
N Ui Z228%E1C, THNMR RUF Y E S
) —BRIKBEIC LS HAERHNO@EHAZ B &
U HiENY =2 3 Uaifrhi/-. 1219 2ok
R BEWENE 1665 (FRL2047 31 H) 2B
WT, TANUF NI TARETZHAERHO
—HWHERESISTDFEWIZDODNWT] &L T,
'H-NMR % 2% OSCS DR ERXBAEA I NS
ZEEBok 2B, SEOKETHE, FrES
) —BRAKERIC K SRBOEATRE SN, £
OHBHELT, FDASRRKELEFYES U —ER
KEIE DRI, ~NXU > F MU A& OSCS D
E— 27 OBENAR TS TH D, OSCSBRHDFFRME
PREBREICHENS D THS. D Lol
FrE S —BRIKBEZI—F > ICEL 124
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WETHO, £lANY2F R LHBD OSCS
P DS ZRIETEDZHDBNWHHFTED 1 DTHB Z
ERENSFOMBEIRFEL, KEERBF TIANY
T MU ULRRERIC, £ BRMNERETIRA
N F MY LORESFORBIKICEAINT
Wa,

FHETIE, ANV F MU IABBAORE - &
2URREEHNE LT, FyEI)—BRKBEIC
KOHBRIEERENLT D LRI, MENIF—2 3
CEREML, BEAERFEERERANY TN
DLFERRE U TOBAWREEZRIL -

R 5 &

1. RERUHEE ~NUCFMUILIZHE
BRAENNIVF MITLABEERZFRL .
OSCS I HAER @R > RO A F 2 FEkE
HREERLE. 28, HHEEORICIE, %t
FRAANNY > (Sigma #8, Ty BEREEHR) 2
AUJ. DS (F¥ REHmER) RELFTERLS
BALZ OSCSEEETZANUFRUTAS
RIEBHIAANL 7 ESBE DR E5E2ZD/-. 20
MOREIHRR, HBWITHPLC VL — K&
Al FEBICAWAKIZ, MILLIPORE
Direct-Q IZ & 0 A8, EHIZHEMAL -

2. RBREERE ~NUCFHRUITLAEKIC
BRL, AU F b LAEEREK (20 mg/ml)
LU/ %7, OSCS RUDSIA/KicrEfRL, +h
Z 1 OSCS E#YAHE (4 mg/ml) KX DS EAEFAHK
(4mg/ml) ZFHL7Z. FRBRTHIhS oE#
BRZERY, SWREN S A —& — il ARBRERD
BECRBEERBRICHWS-. B, hsOEER
BIHSMCHRT VA X 0.45 um OFFEE L)L D —
ABAT S T4 NI —IZE D BB L%, HE
s 2% ,

3. NEHE FrEs)—BREREEBEL
T Beckman P/ACE MDQ Glycoprotein System %
W, FryESU—-IIA30.1M kELF U
TATI02M, T 10 A TE®EL, 3EHO
ERBETORBIGHRICEALE. v S Y-
T LRANEIZ, KT49H, kEFEEHKT 4
SRR L7
1) FDA method: ¥+ ESU—hFAE72—X
R UAF+E S — (GL Sciences #:%&, & 50

pum, BEE S6em) ZEHWE. EBRKEHEERE
(36 mM Sodium phosphate buffer (pH3.5)] I3, V)
CEBETZIKFE—F MU LA—KFIY 1.0g 7K 195 m}
IIEMRL, VB TpH 235 CHBLAEE, K2
MAT200ml &L, R7HA1 X045um OEEEET
NO—ZBA LTS5 7 4 VY —THE%E BHIL
TRV, B, RBSABENERHE (200 nm) 12
KD{To7. EIMEREIZ 30KV T, FEIEAMZE
i, FERAEGEE L TERKEL 2. SHERE
1 25°C & L7z, ABHIMmERE (0.7psi) i2&D 30
RHEEAL K.

2) OSCSmethod : F ¥ S5V —AFALITT7 12—
AR UBFYEFY— (GL Sciences #8, HE
25um, H%K20cm) AW BERERBAEE
# [1000 mM Tris-phosphate buffer (pH3.5)] i3,

FURX30g%#K200ml IZIFEMRL, VB TpH %2
3SICRRBL B, AKEMAT20ml &L, K7
A X 0.45 um OFEEL N O—ABAL TS5 T 1))
F—TA@%, FKLTHWE, REIZEAERIN
et (200nm) 2L DfTo /2. BFfEE S0uA I
REL, dEEAMZERE RRAZE®RELTE
KIKEH L7z, 2EEE 25°C & L. HBEAR
IEFE 3.0psi) 12L0 30 HEEAL 7=,

3) DSmethod : F¥ESU—HFAFTa—XR
Y RAFvYEF ) — (GL Sciences £H8, N 50
um, HHE20cm) 2V, BREKSHEGR

(100 mM Tris-phosphate buffer (pH2.5)] i3, MU
A3.0gZK200ml iICHEML, Y ETpH % 2.5
B LE, AK2MAT20ml &L, R7F1
X 045um OHEEEI O—ABA LTS5 710 )1
Y—TAB%, BRL THW:, BHEIZSEAERTIT
i (200nm) ITEDITo/. BHMEZE 80uA T
REL, AAPBEAMZREE RERAZEREL TE
SIKEY L7z, SHEE25°C &L= HEEAIR
IETE (0.7ps)) 12XV 30 RPREEAL J=.

4. SWENTA—9—OFE FrEs5U—
BEXRIkEEE & LT Beckman P/ACE MDQ
Glycoprotein System %W TiEB % EM L, Beck-
man 32 Karat Gold Software Version 7.0 2 f T
- EEEEEHM L V-2 EEEIRN—
VIEgREME 2 EL, OSCS RUDS DY — 7
BREE—IRTREESIERBER—-ZF1 2 &
LTiRiE s~ 7 oEEE» SR .
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41. 0OSCS ~NUFPUTAEREREK
(20mg/ml) 0.8mliZ, OSCS EHEAK (4 mg/ml)
&= FHEh 0.004, 0.01, 0.02, 0.04, 0.2 %X 0.4ml
EHRML, DWTAZE 0.796, 0.79, 0.78, 0.76, 0.6 &
FO04mlMMATEML, ANUFRUYARH
LT OSCS »#NFH 0.1, 0.25, 0.5, 1.0, 5.0 RS
10.0% (w/w) SDEEKELE., INsOBREEYD

WERENS A—F -l ARBRBKREL, FrET

) —BRKBEEEAWTHEL 2.

EE HAEERUVENEEREBEEIZ, 5.0%
OSCS ZEEANY U F MU DT ARBIERERHWT
&£ 6EITEITY, OSCS DY — /7 HiEEZBWT
BHLUA BEMIZ10% OSCS 28D~ > F
MU ARBBKRERAVWTkD . BHERRTE
BERZ0.1-5.0% D 0SCS 22 ~/Y >F R~y
vARBBRE, ERERUEHIT 0.1-10.0% D
OSCS ZEDANY > F MU T ARBBRERAVWT
K-,

4-2. DS ANY R MU T AERER (20
mg/ml) 0.4ml iz, DS ZBHEKR (4mg/ml) 2%
FFH 0.008, 0.01, 0.02, 0.05, 0.1 R7F0.2ml ik
L, DWTK%E 0.395, 0.39, 0.38, 0.35, 0.3 KT
02ml A TERML, "YU FRITARZHLT
DS M EhEh 0.25, 0.5, 1.0, 2.5, 5.0 RTX10.0%
(w/w) EUQBEKE LR, T 5 OBEKRESHTEEN
FA—F —FHEARRBEEEL, FrET)—-BK
WEEEZERWTHEL E.

BEE, HTRERVENBEEEIL 5.0% DS
EEUDANY F M) ARBRBREANWTE 6H
G ETW, DSOE - HEEEEFAVWTEHL
7o, BRI S5.0% DS 2SDANYSFRUTL
HRBRARERNWTKD., REBRAKUEERRIT
0.25-5.0% @ DS 2 & TANY > F MUY ARERE
WK%, BERERCERIZ0.25-10.0% O DS 2851
AR M) U LHBRBERERAWTRD .

& R

1. 0SCS

1-1. OSCS DFHEMYE  FDAMNK—AR—Y
ERABELEFYE S ) —BRIKENHEIZL S OSCS
DAZ ) —=> 7Kk (FDA method) 2BEIZL
T,010% (w/w) OFRBETOSCS 2L AN
YF M OLABKREMT U TORE, ~NNU

oversulfated
chondroitin sulfate .
«— Heparin
g
o (@
=
~
=
§ oversulfated
hondroitin sulfat
g o~ Chondroitin sulfate
et
o
o
<
T T t { 1
3.0 4.0 5.0 6.0 7.0 8.0

Migration time (min)

Fig. 2. Capillary Electrophoresis Analysis of 10% (w/w)
OSCS Spiked Heparin
(a) FDA method and (b) OSCS method.

CFMUTLKRERTSE -3 5.8 kB I
OSCS iTHE TRV~ XSSpicBBEB A
[Fig. 2(a)]. WHEZZP TR LIETH -
B, ANUYFRUDTLAHFEOE S & OSCS H
RO -7 OBEIARTETHD, OSCS Bzt
THRHREETIEN S, Lizat> T, FDA method
EZRAVWSRBREDDEENS A—F—i1, EE &
NENER) A541% (R.S.D.=2.18%) ThHo7. &
HIERIT1.5%T&H 0, 'H-NMR iZ X% OSCS 734
DIHTREN T A—F —EHREWEZRL R (Ta-
ble 1), 1213 7235, FDA method O ST E L 1.36
%ERD, ENEREEIR2.17% &R 2T EMN
5, AN FRUTLEOSCS DiFRERWRET
FhiX, HEAZERFOMERBKRE L THHIEHT
EpEEZONE. £FZT, ANYVFMNITAE
OSCS 4@ L& HIEUaEHERE L
B3, Somsen 5% Wielgos 51, ~/XU 2 F |k
U & OSCSDpBMOHERELT, BVIEE
EOWRBREREZANIHEZEALTHED, SR
EEEHERP TREARA A28 2F v F 7 RICK
D@EfEH, E—Ii@EnRnTsR2HAN) R
Ut & OSCS OirBESMET A2 EH#BEL T
W3 419 —F BREBETOHEBENE DL,
KEOERENBEICR O OINEERT, B
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Table 1. Validation Characteristics for OSCS Analysis by Capillary Electrophoresis and 'H-NMR

Validation

Capillary electrophoresis

1. 2
characteristics 0SCS method FDA method*! H-NMR
0, Q, 0,
Accuracy RSDoa8%) RS.D 25.18%) RSP r63%)
Precision
Repeatability 2.11% 1.36% 1.6%
Intermed. precision 2.45% 2.17% —
Specificity Fig. 2b High

0.1% (w/w)
0.25% (w/w)

Detection limit
Quantification limit

Linearity (R2=0.9996)

Range 0.1-10.0% (w/w)

y=16992x+3601.6

0.35% (w/w)
0.4% (w/w)

y=0.0909x —0.064
(R?=0.9991)

0.4-10.0% (w/w)

1.5% (w/w)
1.5% (w/w)

y=136663x—367.14
(R2=0.9758)

1.5-10.0% (w/w)

*1 and *2, from the reports by Hashii ef /.1 and Kakehi ef al.'® respectively.

WEVRELEERKEBVEE S5, IO/
BERRTHEDIZ, FYEITU—OHREZE 50 um
M5 25um IZERE L TERKkBFH RN 2BHRE
2HHL, TSRAVSELSHENEREENE
WHhYZRIZEET S ZECERBEZAF L &
Tk, REEE EpHoORBREREFERT S/
D, BEEOCETOBRNND DM, BOBLAHT
bEWEBREZ 525 LRER Mo £ (data
not shown), MAT, BRERXEKIKET 572D
EBRE—F (50uA) THREITHIEELE X
FRHEICBEL T, AU F MY TARTEFI
EOFARBENWZDENATRRNTRENRE 2R
TRz EsgsesnTng, ULaLl, 200nm D%
NEBIN TR L2EZA, AN MU TAR
AT LARHIC L OBICHBER R BRETE .
IS TEFINEEET S 0SCS © DS EDAH
MERBRETRIETE S0, MERREL T+
BRATES. UEkozehs, 58BT3 200nm
DEATRHZERA VWS Z & &L
LlEomitick D E L% H (OSCS method)
ZHWT, 0SCS # 10% (w/w) ML~ >
FRUDLBKREIN L. CTOER, ~NU T
MU AIZHETEE—-IZ7RSSHICEEIN
OSCS KH¥ET A2V -3 46 7IcBEINE
[Fig. 2(b)]. FDAmethod L XD BEL =R
[Fig. 2(a)] &HEETBE, ANUSFRUTALL
OSCS OB ERICRI EL . HBENALELEZE
H& LT, Somsen 5% Wielgos H2#iE L - 5B
EEHRPTOABIA ORI F U IHR

R, 1419 EEEIRICHAWRE NN, ATy —
AF L ELTREBM A ERFRMHEERAZRLE
ZERENREZLONS. i FYESIU—0AD
EZ20miZERLTH o oEEERTE,
Somsen 5 DHEDCEHOBEMTHAMNETL
7—:__ 14)

1-2. OSCS REEOAWENUT—2a>
HICBWTHEL /- OSCS method ZAWNWT, AAE
ERHFEEFERAN F MU LAMERBRND
BREERHLE. HWEN)T—2 a3, BEE
BABEERICHEBEINTWEFHEICLU AN,
TODPREIN T A—F — (EE, BE, HEH
BRHESR, 2R, EFRE #6HE) 2kosid

THBREDOZ Y 277 L 7.
1-2-1. EM OSCS # 10% (w/w) Rl

AU o F MUY LABRERRARE U THIEL
FRR ARXJFMITACHETZE -2
55402 —2ESREL 5.0-7.0 7 IZikEN E N,
OSCSIZHkT At -2 46 nEE—VIEMREL
THEEah [Fig.2(0)]. ANV FRUDTAH
ROE—5 & OSCS HRDE — VR BRFLRIEEZ
AL (BEE Rs=1.2), MEBZEHICHIITE .

1-222. BHPBRRRUCEERR  0.1-5.0% (w/
w) 225X 312 0SCS DEEZFIL AN >~
FrUYLRBREKREHWT, OSCS method D
HEARUCEBER kDL, TOKR, Fig. 31
RTEDI0.1% D 0OSCS ZENHRBIETD, S/
N b S PAEDEE T OSCS kDOt — 7 2HH T
Z7. X T OSCS method i, "/NUF~UT
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oversulfated
chondroitin sulfate
N
=
=
N
=
3
<
<
Q
2
<
(e
®
30 40 70 80

SO 60
Migration time (min)

Fig. 3. Lower Limit of Detection of OSCS in the Presence of
Heparin
Samples were analyzed at (a) 5.0%, (b) 1.0%, (¢} 0.5%, (d) 0.25%,
(e) 0.1% and (f) 0% OSCS spiked heparin. OSCS method was used for all
analyses.

AFIZEBALRZ01% (w/w) @O OSCS 2H T
BRBETHBZ MO £, ANUF
MU ASB®D0.25% (w/w) O OSCS & HRE
HIZBWNWT, OSCSHRODE—7 % S/N k10 Bt
DRBRETHRETE20, AEBREOTERREL
7z.

1-2-3. B4, FHE 0.1-10.0% (w/w) 27z
B5XDICOSCSDBEEZFHBLZANYF R
Y ARBRERE T, OSCS method DEEN %
FML-. FORRE, OSCS O — 7 WM,
0.1-10.0% (w/w) Q& TEN-EHBMEI RS
N, FOHBEGREZ0.9996 TH- /- (Table 1),

124, EERUBE  50% (w/w) ® 0SCS
EEUANY F R LARBRBERERA T, B
E] [ EE % F7VY OSCS method (23313 5 EE # 3¢
L7z, TO®SE, SinEXER 93.7% (RS.D.=
3.83%) Td#->7. FDA method TOEEL, 41%
(RS.D.=2.18%) THho/Z &ins (Tablel),
ZELVWERRBEOMENA SN, &Ko T OSCS
method IIBVWEEZET5HRIETHDIEER 5.

F /=, FUHBETRZH VT OSCS method D
EONMZET> 7. OSCS V¥ — 7 HilE O TiEE
(1 #8%H, 6HAT) ORS.D. Z211%TH-
. —h, ENEBEE CHBRE, &6EEE
DRS.D.13245% THoz (Table ). HTRE
WRZENBERBEEL HIC, BN/~ RS.D.ExER
L7

2. DS

2-1. DSOSHFEH  AiETHEL L OSCS
method Z2HWT, 5.0% (w/w) O DS ZFRML~
ANYF NI DARBEEMTILIEEZ A, DSIZ
HETHE—2713, 64452 —VESEL, 6.0-
TORIIMhTTTOo— Rk -7 &L TEEIN-
[Fig. 4(a)]. DSHROY —JXEN> THEZN
570, BHBERIT1.0% (w/w) & H-NMR 2k
5B iE®, FDAmethod ZAAVWSF v 5 —
BRUREEICLEZRBRELHNTY, +ohRER
BT 5RBIELIIZE AT (Table 2), OSCS K%
BICRECLEF vy E S ) —BRAKEEOLHET
i3, DS EEEEICRETS Z &8 LW,

ZT T, KEEHBREO pHIZDWTHRHNLEEZ
%, pH2.5 DIEFERERA WD Z &2k D, DS disk
DE—7 ZBWHERER (N=1190) TEHETSZ
EHTE, OSCS method DFER (N=470) & Lbik
LTRIFRBREER L. LEORFICE DERE
U7 DSmethod iZX D, DS % 5.0% (w/w) D
ETHEMLUZANY > F NI LABREDTUR
R DSRB44p2E—VEKAELE, P yv—Ta
-7 & LTEEIN, 3240EEBINEANY
>FRMITLOY—F LRIFICBES /- [Fig. 4
(].

222, DSHEBOWENI T3>

2-2-1. BEM DS ES5.0% (w/w) BinL /=
AN F MY ABRRERBBRELUTHEIEL
BR, ANUFNUTAKREKRTEE—2113.2
SEE—-VEMREL 2.7-43 3 KEEHh, DSiC
HETEHIE—-IN44 32—V HAEL L THKBS
N7z [Fig. 4b)]. ANUF RUTLABHEDOE —
Z7EDS RO~ 3RIFEDBEEATRL (GBEE
Rs=1.3), MEEZESZICHINTE .

222, BHEBRRRBRUTERR  025-5.0% (w
/W) KRERBXSITDS #2HMLAEANY > F MY
Y ARBEKREZ BT, DS method D HER K
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VEBBRZ2HAL-. FORE, Fig. SKARTE
5120.25% @ DS #EEA/NY > MU 7 ARBRIE
BICBWTS/NESHULORETDS HRDOE —
BERBTER. ¥/, ANUZFRUTAFD
0.5% (w/w) @ DS R URHBERKIZBNT, DS
HEDOE—2%S/NIL 10 EORETRHTE
=, FRBREOERBERE L.

2-2-3. BN, 18 0.25-10.0% (w/w) IZ
2A5ESITDS BFEMLEANY U F MU ARR
BE#ZBWT, DS method DEFREZFEM L 7.
DR, DSOV— U L, 0.25-10.0% (w/

dermatan
= sulfate

Absorbance at 200 nm

Heparin —»

Y T T v T

10 30 50 7.0
Migration time {min)
Fig. 4. Capillary Electrophoresis Analysis of 5.0% (w/w)

DS Spiked Heparin
(2) OSCS method and (b) DS method.

w) OHFTENZERESEREIN, TOHERK
$%13 0.9998 TdH o/ (Table 2).

2-2-4, BEERURE 5.0% (w/w) DOBEIZ
72B5E51 DS 2HEIMLEANY F M7 LR
BEREZAWT, RNMEINERICEIDVEEZFML
7=, TORR, HMEINZEDL88.1% (R.S.D.=2.13

Heparin —» dermatan
= sulfate
£
<
o
S
(]
s
o
2
S
5
w
0
<
®
10 ' 3.0 ' 50 ' 70

Migration time (min)

Fig. 5. Lower Limit of Detection of DS in the Presence of
Heparin
Samples were analyzed at {(a) 5.0%, (b) 2.5%, {c) 1.0%, (d) 0.5%,
{e) 0.25% and (f) 0% DS spiked heparin. DS method was used for all ana-
lyses.

Table 2. Validation Characteristics for DS Analysis by Capillary Electrophoresis and 'H-NMR

Capillary electrophoresis

characteisic DS method FDA method*! HNMR™
g, 0, 0,
Accuracy (RSD.2213%) (RSD o.785%) (RS 399%)
Precision
Repeatability 1.99% 2.15% 1.5%
Intermed. precision 2.43% 2.48% —
Specificity Fig. 4b fair

Detection limit
Quantification limit

0.25% (w/w)
0.5% (w/w)

Linearity (R2=0.9998)

Range 0.25-10.0% (w/w)

y=135944x—2904.9

1.0% (w/w)
1.0% (w/w)

y=16938x—9357.2
(R2=0.9991)

1.0-10.0% {w/w)

0.35% (w/w)
0.6% (w/w)

y=0.08534x—0.0113
(R2=0.9991)

0.6-18.7% (w/w)

*| and *2, from the reports by Hashii er l.!? and Kakehi et al.'® respectively.
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%) Thol-.

*7-, AURBREBEKRZANVTEEOFE2{To -
DS E— /7 WBEDOHITHRE (1 :5%B, 6E#EE)
DRS.D. X 1.9% Thoiz. —F, ENHEEREE
QB HBAE, S6EME) ORS.D.(3243%Tho
. BHTREMTKENBERBELDIC, Ehk
RS.D. ffi%ERL%.

3. HEOv FOARYLF MY LREEED
S RIEIE TICRS L= 3 BEDOLH T, EB
KEEBERESERILAEANY >F MUy ABIHE
BB D4 21T 5 /2. FDA method Ti3, 6.2 412
AN F MITLADE =T, 6.0512 OSCS D
V- nBgaInk (Fig. 6(a)]. WEDOHAIIA
BETHo MBI A T2 TH>k. K, OSCS
method [Z T L /R, "NV FRUDTLD
Y— 2713 5.7 2 AHER, OSCS O — 71t 4.3 4t
BRI hBIF 2 BE2R L (Fig. 6(b)]. £
7=, DS method T LE=KER, ~"NXU2F KU
TLADE -2 3.2 404, OSCS OB — 213
26 pfTIRICEEB N [Fig. 6(c)]. ZTOANXY
>F MU ABAIERFIZ OSCS 28 8.6% (w/w)
BALTWS LEHaNRE —F, FRHERSIC
X DS MO —-ZIIBEBINRMho .

oversulfated
chondroitin sulfate

T 1 T 1 L ] ¥ 1

E 20 40 6.0 8.0 10.0
8 oversulfated

IS “* chondroitin sulfate

-

[~

[ ]

% «— Heparin
2

S

[ 72 T T T T T
-2 2.0 40 60 8.0 10.0 12.0

oversulfated
“*chondroitin sulfate

«— Heparin

T T T T 3
1.0 30 50 7.0
Migration time (min)

Fig. 6. Capillary Electrophoresis Analysis of Contaminated
Heparin Sodium Preparation
(a) FDA method, {b) OSCS method and (¢) DS method.

% ®

1. 0SCS FyESU—BRKEEEHAEXK
BAEEEREEZEANY F FUDLAMERRICHN
B7DITid, OSCS 2REMICHRIBTES M
ERETILENDD. BREOEZ2EETHKE
#E®@¥E (1000 mM Tris-phosphate buffer) %1%
&M% BE L (OSCS method), ~A/XUF hU™
L& OSCS ZRIFIZHBMTE (Fig.2). 3561
OSCS method 1%, F+ES)—DEELZEHRL
THTaRNEEERTELIEMS, ZTHETIZ
WEINEFYET) —ERKEIEIC LS 0SCS
B, 9 Trehy SOHE LRI A KBTS L
ZHW25 HPLCEIC K 5 OSCS e & LEXRTH, P
BWANN—T v FERBAZIWIELE VRS,

A3HikIE OSCS BRI L TEWEREZ2E
L (Fig.2(0)], A"XUF M) ARIZRALE
0.1% (w/w) ® OSCS 2 TEH (Fig. 3). *
7=, BE (BMEINE :93.7%) ROHTHEE
(R.S.D.=2.11%), BENEHRKE (R.S.D.=2.45%)
LRIFTHD, ENLZERE R2=0999) ZRL
7= (Table1). ZH 5 DR, S, OSCS method
3, AU F MY AHO OSCS E#410.1%
(W/WLUTTHDILERIETLSREERBKRELT,
HEAEBHFEZERERANY >F MU LAMERR
WWEATE3RBETHD LHEIN5.

OSCSREHEOFEFROFERMETHY, i
METHRHERYESCENMEREYE S L TRAT
LElREE B ERS, AU F U AR
IR INERETI W, LEd->T, ANy
FRMUTLRIZEALRZ OSCS OBRHBEREMNT
ZEREDBNWERBREEZANVSZENEE LW, 46
ODEHEZIT, BEERSFIEAEINL H-
NMR {2 & % OSCS B OB PR R1X 0.35% (w/
w) TH 5.2 OSCS method KL BF v S5 —F
K[kEER, 'HNMR 2 &K 53R 8BE%E RS8N
BEZAELTVWS. 20D, FvyE5YU—ERK
Bk 3 OSCS BRI AAER B/ LMERR
ELTHATHDLEFMTE S,

2. DS  OSCS method Tit, DSHEDE —
o7 n—RiZBEINB s, ANY TR
U AFOMED DS #HNWERETRETZ &
MNE L\ [Fig. 4(a)]. £ TDS okERLEEZH
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B & U744 (DS method) 2Met L 7. FOEE,
DS &EANY F NI T LZBIFIZSHTE, BT
¥E (RS.D.=1.99%), ENHEHBEKEE (R.S.D.=
2.45%), EE (FMEINE :83.1%) #5255
MEBHERETHIELMNTE/ (Table2). DS
method 13 0.25—10.0% (w/w) Q& THEWER
£ (R?2=0.9998) MEERINEZ M5, DS i
KEWRREEEENZ2E L EBETHE &
bipol. LEDERNS, FrE5 U —-BKIKE
HEIZX 2 DS phiE, AU CF RY AT DS
DEANO2SBUTTHZZ L2 RIATIRER
BRELUTHEAERF OMERRIEZICRATKETHS
LY IS, '

SEOBEZRZTT, kEERAHCHEIN:
'H-NMR [T X5 BE T3, S00MHz D&% H
WTWw3s, ZOBODS OREERIZ035%TH
5. —AT, BRNOZOHELENRELTVS
400MHz A F O NMR #B#H W5 DSEHRKR T
B, FEECHRBEBERZECREIIRINTK
5.1 FoT, DSIZEAL TEWEES - REER
EET5FYE S —ERKEERARALRERIET
Y, HEEFFERELERANNU >F MU T LM
BERARICEL HBRiEEE A 5.

BIE, BRTHEAINTWBANY BEEEIK
R, ACTZVIAYI )7 hEERERETSEY
Vo CEEETIC, —FEODSHFREALTVWSD E
WIHIRENA SN B, 16D Z O 7= BF FAD DS
BAOBREOBEHICDONTIE, DSIEANY &
BEZZMETHHDOT, MERREL TEYICH
HTI2REELTEIERE, IhETIIEHSORE
N MEAREICI VAT IHNEIRNET S
BERNHD, RN BEEIAN TS, DS
BANY 2RETABOERICEENS D, A
N OBBEOEEELTHRATHDEDEZLS
N, SHBIEANN) F PUTARAD DS DF
FEOCEEZERICIEELLET, HENKENS
MRELTWBENHS S,

#® ]
BIFRICBITEHTENUS—2 a3 OEE, F
YES ) -BERKEFEREXRERHEERANY >F
FIDAMERRE U THEATETH D Z Eathn

o 7.

SEITMEE BB L 2 EAREZTY, FOM
OFRBEREL TS HENH S, FICTHRHERIC
LT, fMEEcBnTHRBEDEEES .
O, SREBORESHEEARE AEEBAERE
ERELRTNUIR S RN,

HEE AU T MU LBARRE g5
REZEELEAE/NV ERICESBLBEL LT
EC '
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An incomplete elongation of O-glycans in mucins has been found in epithelial cancers, leading to the
expression of shorter carbohydrate structures such as Tn antigen (GalNAc-0-Ser/Thr), which has been
reported to be one of the most specific human cancer-associated structures. However, there have been

no appropriate physicochemical methods for the determination of Tn antigen in biological samples. In
the present paper, we developed a capillary electrophoresis method for the determination of Tn antigen,
and applied the method to the analysis of the expressed Tn antigen on some leukemia and epithelial can-

cer cells.

© 2009 Elsevier Inc. All rights reserved.

Cancer-associated structural alterations in O-glycans such as
high level sialylation and low-level sulfation are attracting interest
in relation to their biological significance [1]. Especially, incom-
plete elongation of O-glycans in mucins has been found in many
cancers, leading to the expression of shorter carbohydrate struc-
tures, such as Tn antigen (GalNAc-O-Ser/Thr) [2], which is one of
the most specific human cancer-associated structures and a possi-
ble early biomarker of cancer [3].

Current analytical methods for characterization of O-glycans in-
volve the initial release of the oligosaccharides. However, the re-
lease of O-glycans has been a difficult task due to lack of the
enzyme which shows wide specificity as in the case of N-glycoami-
dase for the release of N-glycans. Therefore, O-glycans still have to
be released from the core proteins by chemical methods, and most
of the methods require a lengthy reaction time and cumbersome
procedures [4]. Recently, we developed an automated glycan-
releasing apparatus (Autoglycocutter: AGC)' for O-glycosylated
proteins [5,6]. The apparatus enables the release of O-glycans having
the intact reducing end within only 3 min, and was applied to the
analysis of 0-glycans from some leukemia and epithelial cancer cells
[7].

The released glycans are often labeled with a fluorescent tag,
although we have to remove the excess reagents and the accompa-
nying materials [8-11]. The procedures hitherto reported are effec-
tive for purification of higher oligosaccharides. Monosaccharides
such as Tn antigen released from the samples are often poorly

* Corresponding author,
E-mail address: k_kakehi@phar.kindai.ac.jp (K. Kakehi).
' Abbreviations used: 2-AA, 2-aminobenzoic acid; AGC, Autoglycocutter; CAE,
capillary affinity electrophoresis.

0003-2697/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.ab.2009.08.021

recovered when the clean-up procedures for higher oligosaccha-
rides are applied.

In the current study, we developed a clean-up method for col-
lection of Tn antigen and the small glycans, and applied the meth-
od to the analysis of Tn antigen in some cancer cell lines.

We used human-derived cell lines: Jurkat (acute T cell leuke-
mia), U937 (histiocytic lymphoma), K-562 (chronic myelogenous
leukemia), HL-60 (acute promyelocytic leukemia), LS174T and
HCT-15 (colorectal adenocarcinoma), BXPC3 (pancreatic adenocar-
cinoma), PANC1 (pancreatic carcinoma), and MKN7 and MKN45
(gastric adenocarcinoma).

A portion of the glycopeptide fractions obtained from each can-
cer cell line (1.0 x 107 cells) was injected to the AGC apparatus
[6,7], and the collected solution containing the released O-glycans
was evaporated to dryness followed by labeling with 2-aminoben-
zoic acid (2-AA) as reported previously [7].

In our previous work using Sephadex LH-20 for clean-up of
2-AA-labeled glycans, we could not recover Tn antigen in good
efficiency [7]. We examined several clean-up procedures for the
analysis of the 2-AA-labeled GalNAc, and calculated the recov-
ery of GalNAc (Table 1). Most of the reported methods using
carbon graphite columns [8], nylon filters [9], polyamide resin
(DPA-6S) [10], and acetone precipitation [11] are optimized
for the glycans having high molecular masses and not
appropriate for clean-up of simple mono and disaccharides.
Therefore, we examined an HPLC method using octadecylsilica
as the stationary phase. Although a long time (60 min) is
required for collection of the fractions containing Tn antigen,
we found that higher than 99% of the excess amount of 2-AA
was removed and 2-AA-labeled GalNAc was recovered
quantitatively.
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Table 1
Efficiencies in purification of 2-AA-labeled GalNAc using previously reported
methods.

Method Removal Recovery Run Reference
of the of time [Reference No.|
reagent GalNAc-2- (min)
(%) AA (%)
Sehadex LH-20 - = 180 J. Proteome Res. 8
(2009)
521-537 [7]
ENVI-carb column 10 34 60 Clin. Chem 44 (1998)
2422-2428 (8]
Nylon filter 99 69 60  Anal. Biochem. 373
(2008)
104-111 [9]
Polyamide resin (DPA- 96 78 60 Anal. Biochem. 369
6S) (2007)
202-209 [10]
Acetone precipitation 5 54 30 Anal. Biochem. 384
(2009)
263-273 [11]
COSMOSIL(R) 99 99 60 Present method
5C18-PAQ

(ID 4.6 x 150 mm)

In the analysis of Tn antigen, it is necessary to resolve it from
other possible monosaccharides and the accompanying materials.
In the present study, we employed capillary electrophoresis and
achieved excellent resolution of GalNAc (see Supplemental
Fig. 1). During the alkali-catalyzed release of glycans from core
peptides using the AGC apparatus, epimerization of the glycans is
a big problem. We evaluated the epimerization reaction of Tn anti-
gen. After the solution of the standard GalNAc was passed through
AGC, the mixture was labeled with 2-AA and analyzed by CE. A
small amount of N-acetyl-o-talosamine (TalNAc) was observed,
but the peak area was 4.2% of GalNAc (see Supplemental Fig. 2).
These results indicate that the effect of epimerization during the
releasing reaction is negligible.

We applied the method to the analysis of the expressed Tn anti-
gen on Jurkat cells (Fig. 1). After a large peak of the reagent with
some artifact peaks, the peak due to Tn antigen was observed at
ca. 53 min. It should be noted that a Tn peak at 53 min accompa-
nies some minor components. After collection of this peak, we ana-
lyzed it by CE and capillary affinity electrophoresis (CAE), and
found that the peak showed the same migration time as that of
GalNAc by CE (Fig. 1B). In addition, CAE using the buffer containing
VVAB, lectin (Vicia villosa seed) at 10 pM concentration, which
specifically recognizes GalNAc [12], clearly caused disappearance
of the peak at 8.9 min. In contrast, the peak of 2-AA maltopentaose
(internal standard) at 10.3 min was not changed. These results
indicate that the peak observed at 8.9 min was due to Tn antigen.

Based on the methods described above, we analyzed the expres-
sion of Tn antigen on some cancer cell lines (Fig. 1C). All cancer cell
lines examined in this study expressed significantly different
amounts of Tn antigen. Of the examined leukemia cell lines, Jurkat
cells express Tn antigen most abundantly. Because Jurkat cells lack
a molecular chaperone (cosmc) which is necessary for expression
of core 1 beta 3 galactosyl transferase activity [13], Jurkat cells can-
not establish the core 1 structure, and the truncated O-glycan(i.e., Tn
antigen)whichis a precursor of core 1 type glycans is abundantly ob-
served. Epithelial cancer cells other than HCT-15 cells expressed Tn
antigen more abundantly than Jurkat cells. Especially, LS174T cells
expressed about 10 times larger amounts of Tn antigen than other
epithelial cancer cells. We reported that poorly differentiated pan-
creatic cancer cells (PANC1) showed simple O-glycan profiles, but
moderately differentiated pancreatic cancer cells (BXPC3) showed
relatively complex O-glycan profiles. In sharp contrast with these re-
sults, MKN45 cells (poorly differentiated species) and MKN7 cells

Standard GalNAc-2AA

GalNAc-2AA

Jurkat
GalNAc-2AA

Artifact

Artifact
#

T T T T 1

10 15 20 25 30 35 40 45 50 55 60
Elution time (min)

B Tn antigen
Standard GalNAc-2AA A
Jurkat s
(Eluted 50~55 min in RP-HPLC) {maltopentaose)
I.S.
In the presence of —
VVAB, lectin at 10 uM k (maltopentaose)
A Ve
5 6 7 8 9 10 1 12 13
Migration time (min)
120001
c Leukemia cell lines “*==i == Epithelial cell lines
10000

pmol/1.0 x 108 cells

K862 U937 Jurkat HL-60 PANC1BxPC3 LS174T HCT-15 MKN45 MKN7
Cancer cell lines

Fig. 1. Determination of Tn antigen in some cancer cells. Purification of 2-AA-
labeled Tn antigen derived from Jurkat cells by RP-HPLC (A). Conditions for
purification by RP-HPLC. Column, COSMOSIL 5C18-AR-II (4.6 x 150 mm); eluent,
solvent A, 0.1% HCOOH in water; solvent B, 20% acetonitrile containing 0.1%
HCOOH. Gradient elution; a linear gradient (10-20% solvent B) from 0 to 20 min,
then followed by a linear gradient (20-22.5% solvent B) from 20 to 70 min. CE and
CAE analysis of 2-AA-labeled Tn antigen form Jurkat cells (B). Analytical conditions
for CE and CAE. Capillary, DB-1 capillary (100 pm i.d. x 40 cm); running buffer,
100 mM Tris-borate buffer (pH 8.3) containing 5% PEG70000; applied voltage,
25 kV; injection, pressure method (1.0 psi for 10s); temperature, 25 °C; detection,
helium-cadmium laser-induced fluorescence (excitation 325nm, emission
405 nm). CAE of the Tn antigen from Jurkat cells in the presence of GalNAc-specific
lectin (VVAB,). The peak observed at 10.3 min was due to maltopentaose labeled
with 2-AA, which is used as the internal standard for migration times. The
migration time of 2-AA-labeled maltopentaose was not changed in the presence/
absence of VVAB,. Expression of Tn antigen in 10 cancer cell lines (C). The amount
of Tn antigen was calculated by peak area observed by CE.

(well differentiated species) showed the reverse results [7]. Prior
tostarting this work, we had expected that expressions of Tn antigen
are varied with stages of cancer differentiation. However, significant
differences of the expression of Tn antigen were not observed in
these four epithelial cancer cells. On the other hand, expression of
Tn antigen was quite different between HCT-15 and LS174T, which
are colon cancer cell lines. LS174T cells, high metastasis cells [14],
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expressed the largest amount of Tn antigen of the examined cancer
cells. However, HCT-15 cells, low metastasis cells [14], expressed
trace amounts of Tn antigen. Hirao et al. indicated that Tn antigen
could be used as a marker for the level of metastasis of uterine cervix
cancer cells [15]. Our present results are well correlated with their
observations.

In the present study, we developed a method for the analysis of
Tn antigen, and found that high metastasis cancer cells expressed
Tn antigen extremely abundantly. Although further studies using
clinical samples are required, the present method will be a useful
tool for characterization of clinical significance of cancer cells.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ab.2009.08.021.
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