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Fig.2 MS/MS Spectrum of m/z 591.8 (+2) of Gonadrelin
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L NBVDHoloh, ELPZLHTFHENL TS
TAZ P AA Y by RUF Y4 D5 B, by, by, b,
Ds, Dss Yar Yar Y50 Yoo ¥2 RUF vy 2R E 00
b h-7z, ZERIOMEL LBRETER{ A2
i, FH13.1M8 (7~16M@) TH-7. F 1z,
EWBMIcH W THEE L TEETiRE HME N4
43, FHI10.3M8 (5~1618) TH-1, &R
BETBHLAL75 7 b4 m/zlieE
BlitnBElirsomEiR, —HBE E1RU
E2) #< &£-0.45—0.22TH 1, £BETHR
EOFHIE—0.21~0.11, F-WEEREIZ0.001~
0.15 ThH =7 (Table 3). MM E 5 v THEHE
EBRMENENKRE k> RERELT, #RD
AMEEIENZ &, RUE—25/4 XMy 7 5
TAZ A X B - I2BBICE—20 70— F
iCafeZtdFibohr, BBME 2B 48R
ZE (BEH TR2HENOEHTHEI ThhLTY
B5NT, 777274 (BB ENA HI
DRMEMEFRALL,) TERAL 2 bis B yasy
NETFTA AT 2D m/z O ERFHER
RERUCEMEIARREFELROLLEZS, FhF
10.01~0.11 B 0.05~0.14 Th -2 (F—23k

R,

BIXTFZLFNESA AV Al A>21) A
HOMS/MSict-THRBEENLDRUF Y { * ¥
O % Table 4 I27RT, CAMiE/ =2 Y >~ Afll
*REL-RBRZE Ad RUElL, REUCM1{EA >~ 2
VA= RIELL-HREE A4, Cl, C2ZRUE]
Tid, HRA DL FHNMEIEL, 75374
YhAAEMUTE L 27z, MS/MS 227 }
WNEBETELRRELBWTIR, 13~35@ 7
FTAZ A EMBT R LA TRE, 20,
6~26WN7 774 b4 2B E L TRET
BETHD LHMGL 72,

BEZLFLILES R B wiholT
ThEMEFETY, SEUENT7F A P4+
YERBT A EATES (Table 4). F#, 4~
BEN7F T4 b AF e MEE L TIRETHE
ThdLHMLL,
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EWMRETIR, 7F FRULABREEESOH
ERBEE LTELTYWA BN S A £ - {LHE,
SMHRUBMELEXBEL, MS 2Hw Sl
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Pharmaceutical Regulatory Science Vol. 39 No. 10 (2008)




~

AU

FE s  HRAWEEWIRTF FRUASREERSOMDREE

637

Molecular Mass at Each Laboratory

El E2 G H
DHB ESl+ MALDI ESl MALDI
MALDI MALD] MALDI MALDI Average Biw Standard deviation Aversge Bins Standard deviation  Average Bias Standard deviation
TOF TOF TOF TOFTOF SRW SR SRW iR SRW SR
(pom) (ppm)
30704 (307.01) 30709 30708 0708 -001 00077 0040 30708 000 0000 0045 30706 -002 00049 0.027
307.04  (307.01) 30709 WT8  (n=13) 131 (n=9) 147 (a=4) ]
118164 (1181.65) 11B1.57 118157 1181.57 0,00 0032 0058 118155 002 0013 0054 118160 002 0.04% 0050
1181.66 (1181.69) 1181.72 118157 (n=13) B (n=8) 46 (n=3%) 51
1BLT 06
=1
2802.61 (2802.08) 2802.05 280225 002 0007 021 280221 002 280228  0.08
2802.61 (2802.08) 12802.04 (n=35) 75
2609.97 (2609.90) 2609.69 261002 261009 000 0185 020 261014 005 261000 -0.05
260992 (2609.78) 261028 261012 (n=8) 7
261427 (2614.03) 2614.89 261419 017 0I91 038 261404 002 261441 039
261420 (2614.04) 2614.29 (n=5) 106
2614.7 =11
(a=12)
3638.28 363841 1638.00 020 0.039 030 363778 -002 I6IBI4 0M
163831 3638.29 (a=3) 7]
36402 36398 04
36394
3541.77 154208 354181 354175 0.02 0.089 016 3MLT0 003 154179 007
354154 . 354201 354164 (a=9) “
544 35437 .03
5440
384400 3544.09 354354 029 013 02 a8 013 354411 041
3544.08 1544.08 (n=7) 3]
35454 35458 008
35454 (=3
3B03.63 580).91 0x? 0.011 054 580098 OM 580363 001
80362  (n=3) 2 (=4 m=1)
58077 (5707.6) 58059 58065  -L1 0.43 090 58067 09 58063 -13
38077 (5807.6) 38060 (n=9) 155 (n=5) (a=4)
221181 221019 221248 221188 60 15 105 221245 02 054 092 121084 163 [¥] 122
22117 221128 221206 (n=14) 4% (m=9) 42 (=9 552
664035 66357 66419 66418 20 20 3] 66447 10 77 20 6682 55 9 3
66408 66360 66381 (nw11) 649  (n=6) 306 (=5 517
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Table 2 Summary of Measurement of

Laboratory Al A2 A3 Bl B2 ci c2 c3 P ¥ Ad B4
Mazs type ESl Esl ESI Esl <ESl ES] ES] ESl ESI Est MALDl  MALY
Theoretical mass QTOF 19 FT-ICR IT TOF I QTOF TOF QToF or TOFTOF  TOF
Clutathione Mmono  307.084 1 o8 7.7 307.08 307.1 07.05 3070 307.08 Jor.o9 3708 30704
2 3708 30717 30708 307.1  307.08 3070 307.08 30709 30708 307.00
Mave 734 1
2
Gonadrelin Mmono 1181573 1 118158 118158 I8 118143 11815 118154 118158 118157 118158 11813
2 118157 118158 11816 118143 11816 118154 118158 1180157 118057 1is1y
Mave 1182290 | 187
2 11817
Human insulin A chain
Pyridyl ethyl Mmono 2802231 1 280235 2802.19 280018
2 280225 p 2802.17 2802.1%
Mave 2804249 |
1
Carboxyamidmethyl Mmono 2610.086 1 261011 26102 260996 1610.08 . 26103
2 261011 26106 260996 2610.08 . 26108
Mave 2611506 1
2
Carboxymethyl Mmono 2614.022 1 261401 2614.11 - 2614.00
1 261400 2614.11 . . 2614.00
Mave  2615.845 1 2614.6 26150
2 2614.6 2614.6
Human insulin B chain
Pyridyl ethyl Mmono 3637.800 1 363782 3637.74 363778
1 wa1m 363774 3637.79
Mave 3640198 |
2 v
Cuboxysmidmethyl Mmono 1541728 | 354176 15418 354051 3341725 354173 3M18
2 354176 35418 354151 3541725 354172 35418
Mave 3544026 |
2
Carboxymethyl Mmono 3543696 | 354074 1543.80 154390 1543.60 3544.14
2 3s3m 3544.29 354392 3543.60 354420
Mave 3545996 | 1546.6 35455
2 3546.9 3545.4
Human insulin Mmono S80).638 | S5803.60 5803.82 5804.87 SB03.65
2 5800.59 5801.82 5804,84 5801.65
Mave 3807976 | 5807.0 58072 5BO6.17 58082 5805.6 58056 5806
2 3807.0 5807.2 580617 5807.0 5805.7 58058 5808
Human growth hormone Mmono 221110 1
2
Mave 121248 1 221244 221243 22125 2124 22125 221250 21B0 2121248 210 221004 22097
2221249 21248 221270 22124 22128 221240 2IBO 21248 221241 220965 2209
Hurman serum albumin =~ Mmono 66395 |
1
Mave 66437 1 66440 66500 - 66439 66447 66437 66437 66346 ah
2 66439 66474 . 66440 66440 66438 66436 66346 66
Upper: ! mass.
Lower. average mass.
Not detected.

fRZE(3 20 Da, AINTEMEEIZ 306 ppm TH- 12,
—7%, MALDI-MS iz & 3 Bl T3, &Rl
66,346~66,440 Da, ¥ 3t 66,382 Da, EEES{E»
CORFEDTHNBREIT—55Da, SHEBER
fR7212 3¢ Da, AEXHEHE{EE(L 517 ppm TH - 72,
3.3 HEBE (MS/MS) OER TR
#BY A(4), B(3), C(2), D(1), E(2), FQ1) By
H(l) kWt g4, I+ FL ) » R4
AN AMEUBH#HO MS/MS ¥ MEB 223

T2EfTY, BH2ARLDRUFy 442D, 20
5, NTFFORBEROBICBRET <A 4>
ELTRETEZD LN, 4 2 HEH L1,
REDGBIEST— 7 MBORSEFC LV e—20)
RIFVBLaZ s, 73720440k
iz, KBSGNERTBEOY 7 b7 TiIzTE—7
ERBENLLODP LBRIE T+ LB -
TWaE— IR/ A ZXtEbNEY—F%BETE
SEICENHELL, BBLLTRETER A
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MS CHELZE A RN D2 RARARZ b AD
% Fig. 1 loR¥. BEGHREE, BXiEERR
B AR BIcBYST 3 m/z iR EEPICRL
7z, ZHRPY o B AR R i o) SE I fif 12 5,803.59~
5,504.87Da, ¥ #7135,803.91Da, #® & {ii (5,803.638)
b DERENOF O BREIR 0.27 Da, EHMERE
i{R#(3 0.54 Da, HAFEEZEIL 2 ppm TH-
7z, 2, FE)EEOFNMIES5,805.1~5,808.2
Da, F#)i3 5,806.5Da, &Ml (5,807.576) &6
DN FEH DRI —1.1Da, ZMERMH
{B#(2 0.90Da, AANMEEER 155ppm TH -
7

ErRERFLEY £BH»E PEREALES
(4rFiit 22,125) FHR|EMEL 2, FHHE
Rl 1222,093.0~22,127.1Da, FHi222,118.8
Da, HiG{E (22,124.8) » L OKMEDTFH R
#|3—6.0Da, FMAERMAMEL 10.5Da, Hrf

B {EE4T6ppm TH 212, U B, ESI-MS i
L HZMETIF, Eihflilz 22,123.0~22,127.1Da,
SE#)E 22,124 5Da, EEH S OEHENFEHD
M1 —0.2Da, EMBEBIKM(EEL0.92Da,
MIERERIZ L2ppm Th- 72, THIEHLT,
MALDI-MS T2, SRl 22,093.0~22,124.8
Da, F#)i1 22,108.4 Da, HEfli, s ERED
EH O REIZ-16.3Da, EMEIMMEED 12.2
Da, AEMFM{EREIL 552 ppm TH - 72,
EFPMEFLT I SRBAE FMETAT S
¥ (FF#t66,437) OFHHREMEL 2. FHy
T ik o> 5 W) fif 1266,346~ 66,500 Da, ¥ ¥91166,418
Da, EEflH & 0HEAME DT R#E(T —20 Da,
SEMEIMEEET43Da, HHREEEL 649
ppm Th -7z, ESI-MS iz k 2 #5ETid, FHHE
it 66,436~66,500 Da, "F#]ii 66,447 Da, &l
b OEBEOTHOMEIR 10 Da, 2 MEIURH
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Fig.1 MALDI-MS Spectrum of Human Insulin
Monoisotopic mass, most abundant mass and average mass were deduced to be 5803.63,

5806.64 and 5807.53, respectively.
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2.9 MESM (EREH)

BYEERAGEERRSN ), X7 7—=
& (4), PANFEW (3), 7277 ANERW (1),
KEFEAWER (1), T—F74v—H{ 1>
TA474» 78 (1), ERAE (1) RUBRNE
s (1)

3. MRER
3.1 MSEHAUVWARFFFRULASHE
EXLKOMBEEZEDER

FREEBREL LT, UTOL ) LMERAL R
ALEZREER (Jl&&l) 2ERLL 141k
Bkl it ESI RO MALDI 26 L, Firkticid
QN ITH, TOF B2 FT-ICR S+ #ERT2
St &L, ESI-MS T2, ks LT, BElg,
¥BXI: TFABLEUK Teb=bULRU#
F/—NORUFLEAL, BHRBACIRS 7
2—¥3 R HPLCH XAt L L1,
MALIDI-MS Ti2, =tV 22Z2¢E LT, X7FF
iZI3CHCARRDHB #, mAB®ICIZSA#H

v, TFA£8UXK TEF=}FYiBRICERL,

BEE= LYy 22 BELY > TATL—} ki

CEL, KRS e L2, BWRLER,

FE/—H—HRDLD, L IRSTFREYEED
DRB|AFEIERR, ~TFFRULABRKERAW
SLDELE, PANT 4 FESOBRITT L3 11L
AEicid, PE{L, CAMEXIZCMAiL2AWwE =
(B 5

3.2 BEE (MS) mEBTEEDIREE

12N Y REBETRETT L MERT- 72,
REARERICETWT, TNIFH4y, T+HFL
2, BET 304 2 ) » ASHEU B,
42>, £ FRERLVEXRUE F RIETLT
IrogFREREFBEZZ C2EMEL 2. A4
TEALLCEE RKRQESSS KERENERU

BEEAELE Table IARVIBIZ EHR. 21,

Table 2 ic#RM TR LN L TFRESNE (L&
CHEARROENE THR-CFHERENEN
fi), WoricHBFRETT.

TNgF+y TRTOBBIZBWT, TLFPF
A (4Fi:307.3) DBERAREREZMEL L.
BRI K& OFEDMMIF 307.00~307.17 Da, Fi
{3 307.08 Da, ¥Iaf# (307.084) » 5 nERED

FHOREI2—-0.01Da, TMHFRMEEEI
0.040 Da, #HHRE{HEZEL 131 ppm TH- 17,
drFLyy 1BEELZRVT, I+ FL>
(7F#&1,182.3) DEEAAREEZMELA. B
B RN f#i2 1,181.43~1,181.72Da, F
¥1131,181.57Da, B (1,181.573) » L%
MiEN T R_ENL 0.00 Da, EMBERFRFEEZ
0.058 Da, xRk {EZEI2 40 ppm TH- 1,
BREFLFLEE PSR A PEfLA
# (7 + & :2,804.2), CAMILAM (T &:
2,611.9) RUFCM LA 8 (2F1& : 2,615.8) oM
ETIE, PREEZ BV THREGER R ME L
fz, MEUAEROFEN@MIZ, ThEh, 2.802.04
~2,802.61, 2,609.69~2,610.60 R(F 2,614.00~
2,614 .89, ¥yt 2,802.25, 2,610.09 % 1r2,614.19
T&'), Bl (2,802.231, 2,610.086/R1F2,614.022)
D HENENMOFHNEEREIL 0.02, 0.00 BF0.17
Da, EMEIRMEFEZ110.21, 0,20 B1£0.28 Da,
A EREZEI275, SEU106ppm TH - 72,
PEIEA > 2 ARZHMELASKRE AR
B) 3, wFhL7o b fbGFEBAITIZ &0
Tak, TNRENLT, CAMILA > 21 A8
FMELLORRE (64B) ) b0 1 REZE,
CMtA >R ABZRMELLIRERE 68
B) 3L 2RBET, 7ot ftaFraaT:
Ahrale, 472N > AMBEATFREL AT A >~
BELIAEEA ATT X NLEOHEA MS O
MLREIC RS (ET I LARENL.
BEZNLFNiEa4 >R »Bii PE{LB&
(%Fi& - 3,640.2), CAMAL Bl (5 71t : 3,544.0)
BEUFCM{LBSH (5T&: 3,546.0) ORETIZ,
REBSHyUEMARERZ, SHRETEHRE
FRELL. HRMUAKROEDMEIZ, T ¥
1, 3,637.74~3,638.41, 3,541.51~3,542.08 R UF
3,543.60~3,544.29, *F#ii 3,638.00, 3,541.75 &
(F3,543.94 T4 "N, Bis{l (3,637.800, 3,541.728
B UF 3,543.696) # & DEBHEDFE)NDREL 0. 20,
0.02%10.25Da, ZREIRAKEZI20.30, 0.16
B1F0.23Da, fENEHEEZET 82, 44 & (F65ppm
Thol,
ErA222Y > B4 2220 (51
5,807.6) DMFETIE, SERBEHHE AT =
BEL, IRREATFHEELBEL 2. MALDI-
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d by Individual Laboratories (MALDI)
lin Human growth hormone Human serum albumin Sample introduction methods
: Matrix solutions and deposition methods
ud, BSa! BSA (5) Ald, BSA (5)
16952.27, 3921228, 66430.09 39212.28, 66430.09 CHCAI sAl Spotl
125 uM 50 uM 5 mg/ml 5 mg/ml Depomt | pl of muxture of
sA1 sA) O % TFA/SO%ACN 0.1 %TFASOMACN 2l of sample sol. and 10
Spotl Spotl wl of matrix sol
e linear mode linear mode
TN, ProA, BSA (B) CHCA2 5A2 Spot2 Spotd
8476.77 23982, 44613, 66431 0.7 mg/ml Saturated sol, Deposit | pl of mixture of Depesit | jul of sample
uM) | mg/ml (45 pM) 1 mp/ml (15 pM) 2-PrOH:EYOH = 3| 0.1 % TFAACN =2:1 ' | jl of sample sol and | sol. and | i of matrix sol
DDwW DDW il of matrix sol., then
3A2 3A2 recrystallize
Spot3 Spotd
e linear mode finear mode
#poMOG, CA (5) BSA (S) CHCA3 DHBI 5A3 Spotd
84768 (+2), 16952.4,33504.0 33216.55 (42), €6430.09 2530 mg/ml 55-65 mg/ml 55-65 mg/ml Depenit 0.5 1 of matrix
(dimer), 14492.2 (+2), 28983 4 O3%TFA/SORACN ODINTFASORACN 03 NTFASOMACN  sol and 05 l of sample
1 100 uM ~30 uM (10 % EtOH) (10 % EtOH) (10 % EtOH) sol
BI) SA3 5A3
5 Spots Spots
de linear mode linear mode
OYC, TN (B) Ald, BSA (B) Tpets
1236097, 23982 39212 28, 66430.09 Deposit 0.7 i of mixture
" mM) 1.0 mg/ml (45 uM) 1.0 mg/ml (13 uM) CHCA4 sad4 of | pl of sumple sol. and
a4 sA4 10 mg/ml S mg/ml 1 jul of matrix sel.
Spor2 Spot2 0,1% TFA/SO% ACN 0.1 % TFA/S0 % ACN
sde linear mode linear mode
Al (S) BSA (5)
19607.64 (+2), 38212.28 33216.55 (+2), 6643009 SA4 Spoté
10 mg/mi Deposit 1 l of mixture of
10 uM 10 uM 0.1 % TFA/S0% ACN | jl of sample sol. and 4
SAd SA4 1l of matrix sel
Spot6 Spot6
e linear mode linear mode
asulin, Ubl: ubiquitin I, CyC: cytochrome C, apoMG: spomyoglobin, CA: carbonic anhyd inogen, ProA: protein A, Ad: aldolase, BSA: bovine serum albumin.
2.1 #BRFLFNLE MPFY)ZE@BER20 L icE2L, 20mM 54 2
t 2.7.1 ®EEYsrxFa (PE) 1k A P—AEEIOLEMIL. COMEEES
i SR 20 ug *POMERE7 T=V>2200.25 ZVWERTNTOFET THAIC 37CT 1 W 30
M F ) 2888 100 L iciE»L, IMPF4 201 SHELE TAdmg/mLN3I—-FTw7 3 Fig
A b—nBH# 3.5l (Ri210%2-A AT M (CMAb#E41E 5 — FEFRRIEH) 10l 22
7/ — L EHHS L) EmA, TOMEEES Tz 45 48] 37°C THEATIC B L 72, s¥r#8 HPLC,
BWETATOFETFTCHAACERLL(R TR ILERF LA TBEL .
TCT1MREMBEL 2% BEE#HIZ4-E=LE)Y 2.8 KEEtnzE
Jr#lel 2z, Eic 1l BMERTHACKE AWsEX, BEZLTC20 Tz, S FHEBDE

l!

P S P —

L7, Wi HPLC, YV EARXIIEHNFLTAHEWT
Beys L7z,

2.7.2 BEANLEFLT I FAFL (CAM) 1t

(2 iBEANLEX L AF 0 (CM) 16)

BRI 0ug t6MER7T=02%&100.25
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Table 1B Mass Spectrometers and Methods Used

Laboratory
Mass spectrometor  Sample
Crperator

Glutathione

Gonadrelin

Human insulin A chain ~ Human insulin B chain Human msulin

BKI-7, Angt II, PR, ACTHIB-39 (5)
757,400, 046,542, 153,858, 2465,199

Ins_B, CYC, 3poMG, Ald, By

§734.51, 1236196,
Applied Biosystems  Sample Cone. ** 25 mM 63 mM 25 uM (PE), 100 uM (CAM, CM) BuM
Operator a3 Matrix CHCAI CHCAI CHCAL CHCAL SAl
Dwpomtion method Spotl Spotl Spotl Spot! Spotl
Mode reflectron mode reflectron mode ! mode 1 mode linewr mode
B4 Calibrator™ * BICI-7, Angt II, SubP (B)  ACTHI-17, ACTHI8-39, So28 (B) Ins, CyC, apoMQ (B)
Autoflex [l (TOF)  mix 757,40, 1046.54, 1347.74  2093.09, 2465.20, 147.47 5734.56, 6181.05, 847677
Brucker Daltonics  Sample Cene. * 0.5 mg/ml (0.42 mM) 30 uM 40 pM 0.5 mg/mi (86 uM)
Solvent oow ACN:DDW:TFA = 700:300:1 Dow
Operator bl Matrix CHCA2 CHCA2 CHCA2 sA2
Deposition method Spotl Spol2 Spot2 Spod
Mode reflectron mode reflectron mode reflectron mode linear mode
Others Recrystallizing sol: EtOH:ACN-0.1%TFA = 6:3:1
E Calibrator™ * GRGDTP (5), Angt I (P), ACTH18-39 (S)
Voyager DE RP - 601.282, 1295.678, 2464.191
(TOF)
Applied Bioryrtems  Sample Cone ** 1~10mM 110 uM 1~10uM 1~10uM I~10 pM
Operator o} Matrix CHCA) (DHBI) CHCAD (DHBI) CHCA3 (DHBI) CHCA3 (DHB1) CHCA (DHBE1)
Depomtion method Spotd (3pots) Spatd (Spots) Spotd (Spots) Spotd (Spats) Spotd (Spots)
Mode reflectron mode reflectron mode reflectron mode reflectron mode reflectron mode
G Calibrator™* CHCA, Bom (B) Angt1l, ACTHIS-39 (B)  ACTHIB-39,5:28(B)  ACTHIS-1S,Ubl(B) Ins_B, Ubl (B)
Voyager DE-PRO m 150.178(+2), 1619.822  1046.541, 2463.198 2465198, 3147.471 2465.198, 8565.76  STIAS), HS65.76
(ToR) Sample Cane, “* 1.0 mg/ml (3 mM) 1.0 mg/ml (0.85 mM) 1.0 mg/ml (017 mM) 1.0 mg/ml (0.17 mM) 1,0 mp/mi (0,17 mM)
Applied Biovystems  Matrix CHCA4 CHCA4 CHCA4 CHCA4 CHCA4
Operator g1 Deposition method Spot2 Spot2 Spot2 Spot2 Spot2
Mode reflectron mode reflectron mode reflectron mode reflectron mode reflectron mode
Others Recrystallizing sol : ACN-0.1 % TFA= |:]
" Calibeator™* CHCA CHCA, Angt II, Angt 1 (S) CHCA, Angt II, ACTH18:39, ACTH7-38 (S) Ins_H (5)
AXIMA-TOF ™ 190,050 (+2),379.093 190,050 (+7), 375.093, 190.030 (+2), 379.093, 1046.542, 2463.30, 5803.64
(TOFTOF) 1046.542, 1296 685
Shimaz Sample  Cone.™* 0.5 mg/ml (1.6 mM) 0.5 mg/ml (0.42 mM) 10 uM 10 uM 10 M
Operator hl Matrix CHCAI CHCAI CHCAI CHCAI CHCAI
Deporition method Spot$ Spots Spots Spots Spots
Mode reflectron mode reflectron mode reflectron mode reflectron mode reflectron mode i
Orthers Zip TipC18 '
*. Ang I #in 1. Bom: bombesin, BK1-7: bradykinin fra 17, Anat II: in I1. SubP: rub P.Sol8: in 28, Ins B: bovine insulin, lns H: human wulin. |

*. Manufacturer. §: Sigma-Aldrich: B: Brucker Daltonics. P: Peptide Institude.
*. Extimated values.
*. Dissalved in 0.1 % TFA/S0 % ACN.

BHE 1 1-5NFAETREL, w470~y }
FROTH>7AL7v—elTLEB 42, &
LS, #>707v—+ LTREEBHESF) &
7ABHRETRELEBZEL, tofiic, REHEN
EZ M)y 7 ABETTNTL—FICKEBEL
#, BRRLETI FEERAWE. Y2707 —
FERBATHICBEEL, N v——2RBELT
BERzAa16L, BET4 74402 FT=2
A7 FEBEL R,

2.5.3 MS/MS

MS tEfIcEBEE 4 ALk, 7otk
BFERBAA L LTRIRL, B9% 7574
FMEd G % e L BT L7
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2.6 AFHRANEHR

BREINLAX O m/z i T¥H»2TFRR
FEHL . MEAREY— 2B TE B4
FAAKEEZHNL, BIRRTE b LBAIE—
JREE N FHRBEHNL . FFROKE L,
ABEDESI-MS It BWTE¥DEfA 4> L L
THMEZ NS, Far#Er— 3 »nd8ic
N A BRGTFOREE RS2, BREMERKERRE
UTHEBROZIEMIZ, LEACEMRERTR 'H:
1.007825, '*C: 12.000000, '*N: 14.003074, '*O:
15.994915, **S: 31.972072° B FEFH& H: 1.00794,
C:12.0107, N:14.0067, O:15.9994, S: 32.065" %
HoTHRL .
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i by Individual Laboratories (ESI)
B chain Human insulin Human growth hormone  Human serum albumin Sample ntroduction methods
1
|
117, i 1654.6875, 1790.6623, 1926.6371, 2062.6119
; 1 10 uM 10 uM 10 uM Tipl Syrl HPLC1
fmin) Tipl Syrl (03 pl/min) Syrl (0.3 l/min) 0.1 % AcOH/S0 % MeOH 0.1 % AcOH/S0 % MeOH C8
1 1600 V 2400 V 0.1 % formie scid/2 % ACN
Gl fltration Gel filtration 0.1 % formic acid90 % ACN
1 10 uM 2uM BuM sm
fmin) Syrl (3 plimin) Syrl (3 pl/min) Syrl (3 plimin) 5 mM AcONH, (pH B.5¥'50 % MeOH
/ 2000 V 2000 V 2000V
| Gel filtration Gel filtration
. 10 uM 10 pmol 10 pmol HPLC2
fmin) Syrl (3 plimin) HPLC2 (3 plfmin) HPLCZ (3 pdiman) clg
v 2000V 2000 V 2000 V 0.1 % formic acid/2 % ACN
i Gel filtratiom Gel filtratiom 0.1 % formic acid/90 % ACN
HPLC3
ol 20 pg (3.4 nmal) 40 pg (1.8 nmel) cs
mlmin) HPLC) (0.2 mVmin) HPLC3 (0.2 ml/min) 0.1 % TFA
v 4000V 4000 V 0.085 % TFA/47 % ACN
1821.7206, 1971.6149
wl 5 ug (0.86 nmol) 10 jug (0.45 nmol) 10 pg (0.15 nmaol)
Wmin) HPLC3 (50 jul/min) HPLC3 (50 pl/min) HPLC3 (50 plimin)
v 3000V 3000 V 3000 V
wol
v ]
M 10 uM 10 M 10 M HPLCA
Wimin) Syrl (20 /i) Syrl (20 ulmin) Syrl (20 pl/min) ca
W 4500V 4500V 4500V 0.1 % TFA/2 % ACN
dialysia 0.1 % TFA/98 % ACN
) 1521.9321, 1671.8264, 1821.7206, 1971.6149
M
il/min)
w
Nal
10 M 10 uM 10 M
Syrl (5 pl/min) Syr) (5 pllmin) Syrl (5 pmin)
3000V 3000V 3000V
dialyris
, 14505, 785.8 HPLCS
ol { 5 ug (0.86 nmal) 125 ng (5.6 pmol) 63 ng (0.94 pmel) C4
18 mb/mi | HPLCS (0.25 ml/min) HPLCS (0.25 ml/min) HPLCS (0.25 ml/min) 0.1 % formic acid
W § 5000 V 5000 V 5000V 1.0 % formic aG/ACN
Lo ¢
i Syr HPLCE
M ' 1uM 1 pmol 1 pmal 0.1 % formic acid/50 % AC C18
limin) | Syrd (5 plfmin) HPLCE (3 ul/min) HPLCE (3 plimin) 0.1 % formic scid
o . 2000V 2000V 2000V 0.1 % formic acid/ACN
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Table 1A Mass Spectrometers and Methods Used

Laboratory Sumple Glutathsone Gonadreiin Human msulin A chain Human insulin B chay
Mams spectrometer
Operator Method 4
Al Calibrator YOKUDELNA (JEOL) )
Qstar Elite (QTOF)  m 158.9646, 2949394, 430.9142, 566.8890, 702.8638, B38. 8386, 974.8134, 11107882, 12467630, 1382.7379, 15187127,
Applied Biosystems  Conc. or amount of sumole’ 5 aM S M 20 uM 20 pmol 20uM
Operaior sl Samole introduction” (flow rate) Tipl Tipl Syrl (0.3 ubimin)  HPLCI (0.5 limin)  Syrd (0.3 ubimin)
lon spray voltage 1600 V 1600 V 2400 V 2400V
Others PE, CAM [="]
Solid-phase extraction using HLB (Watess)
A2 Calibrator Caffeine (Sigma-Aldrick), MRFA (Research Plus), Ultramark 1621 (Alfs Aesar)

LTQ (M) s 193.0877, 524.2650, 1121.9970, 1221.9906, 13219842, 1421.9778, 1521.5715, 1621.9651, 1721.9587

Therme Fisher Scientific Cone. o amount of mmule’ 5 uM S uM 10 M 10uM
Samole mtroduction” (flow rate) Syrl (3 plimin) Syrl (3 plimin) Syr2 (3 plbmin) Syr2 () /min)

Operator a2 lon spray voltage 2000 V 2000 V 2000 V 2000 V
Others Solid-phase extraction usng HLB (Waters)

A3 Calibrator Caffeine (Sigma-Aldrich), MRFA (Research Plus), Ultramark1621 (Alfa Arsar) -
LTQ FT (FT-ICR) Cone or umount of samule SuM 5 aM 10 uM 10 uM
Therma Fisher Scientific Symple introduction® (flow rate) Syrl (3 pl/min) Syrl {3 plmin) Syr2 (3 pl/min) Syr2 (3 ulimin)

lon epray voltage 2000 V 2000 V 2000 V 2000V
Operator a2 Othens Selid-phase extraction using HLB (Waters)
Bl Calibrator ES Taning Mix Pos (Agilent Technologies)
Esquire HCT plus (IT) w2 118,09, 322,05, 622,03, 922.01, 1321.97, 2121 93, 2721.89
Brukes Daltorucs Conc. of amount of samole® 20 g (6% nmol) 20 g (17 amol) 3.1 amel Llamel
Operator bl Samole ntroduction® {flow rated HPLCY (0.2 mbimin) HPLC3 (0.2 mbmin) HPLC (0.2 mlimin) HPLC2 (0.2 mb/minl
lon spray voltage 4000 V W0V 4000 V 4000 V

B2 Calibrator Nal

LCT (TOF) e 322.7782, 472.6725, 622.5667, 7724610, 921,552, 1072.2494, 1222.1437, 1372.0079, 1521 9321, 1671.8264,
Watens Cone. or amount of samole® 5 g (16 nmal) 5 pg (42 nmol) 0.8 mmol 0.8 nmol
Operator bl Samule introduction” {flow rate) HPLC3 (50 pl/min) HPLC3 (50 julfmin) HPLC) (50 plmin) HPLC (30 ul/mis)
lon spray voltage 3000 V 3000 V 3000 V 3000 V
BI Calibrator Caffeine (Sigma-Aldrich), MRFA (Research Plus), Ultramark 1621 (Alfa Aesar)
LCQ Advantage MAX  miz 195.0877, $24,2630, 1221.9906, 15219713, 18219530 :
(TT) Thesmo Fisher Cone. or smount of samuls® 20 g (63 nmol) 20 g (17 nmel) 1.1 amel 3.1 mmel
Scientific Samicle introduction® (Bow raie) HPLC) (0.2 m/min) HPLC3 (0.2 mU/min) HPLC3 (0.2 mU/min) HPLC3 (0.2 ml/mia
Operator bl lon spray voltage 5000 V 5000V 5000 V 5000 V
cl Calibrater Caffeine (Sigma-Aldrich), MRFA (Research Phus), Ultramark 1621 (Alfa Aesar)
LCQ Deea (IT) e 15,0877, 524.2650, 1221.9906, 1521 9715, 1821.9530
Thermo Fisher Scientific Cone. or amount of samole* 10 uM 10 uM 4.3 mol 10 uM 10 uM
Samule introduction® (flow rate) Syrl (10 plmin) Syrl (10 ulmin) HPLCA4 (0.8 mLimin)  Syrl (10 pl/min) Syrl (10 plmin)
Operator ¢l lon spray voltage 5000V Sooov 5000V 5000V 3000V
Others purification by RP-HPLC

(-] Calibrator Nal
Ultima APL{QTOF)  m# 22,9898, |32.9054, 172.8840, 3227782, 4726725, 622.5667, TT2.4610, 922.3552, 1072.2494, 1222.1437, 1372.0379,
Micromass Conc, o amount of samole® 1 M 10 uM 10 M 10 uM
Operator 2 Samole introduction’ (flow rate) Syrl (S plimin) Syr! (3 ulimin) Syrl (5 pl/min) Syrl (5 plimin)

lon spray voltage 2500V 3000V 3000V 3000V
Others pusification by RP-HPLC

a Calibrator
LCT (TOF) Cone. or amount of samole®
Walen Samule introduction” (flow rate)

Operator ¢l lon spray voitage
Others

D Calibrator NalCs, Giu-fiberinopeptide
Synapt HOMS " 158.9, 228.9, 362.8, 430.8, 498 8, $66.7, 634.7, 702.7, 770.7, BIL7, $06.7, 974.6, 1042.6, 1110.6, 1314.5, 1382.5, 14503
(QTOF ) Waters Cone. or amount of samole® 5 pg (16 nmal) 5 ug (4.2 nmol) 0,86 nmol 0.86 nmol
Operator d1 Samole introduction® {flow rate) HPLCS (0.25 ml/min) HPLCS (0.25 ml/min) HPLCS {0.25 mi/min) HPLCS (0.28 mbmi

lon spray veltage S000V 5000 V 5000 V 4000 V
F Calibrator Caffeine (Sigma-Aldrick), MRFA (Research Phas), Ultramark 1621 (Alfa Acsar)
- e 195,0877, 524.2650, 1121.9970, 1221.9906, 1321.9842, 1421.9779, 1521 9715, 1621.965), 17219587
nLT?mo: mﬁ?ﬁ: Cone. or smount of samole* 1 uM 1M I uM 1M
Samule introduction’ (flow rate) Syr3 (3 plfmuin) Sy (5 pllmin) Syr3 (3 plimin) Syr3 (5 plimin)
Operator f1 lon spray voltage 2000V 2000V 2000 V 2000V
*. Estimated values.

*, Tip: tip-bused infusion, Syr; syringe infurion
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66,437) ZHwz, BRI~ TBEAXAFL,
B, C D E F, GRUHICEMLZ 7
NEFARTF FHERL VAL, FiER
L, THFLY >y (TFFv)) Al
§) RBHEARELEWGE L )53, Bl
wEfML, EbA 2R > (Ea—=2)»RE)
FEEA—FA4V)—8RIVBAL, SEZREML
i=. etERERNEY (Fuy 7 b BO) 2k
BAEANERNEMAL, Y581 L BBEHE
SEL, WEERERMLL, £ FMETALT I
oA FFo 4 0L VAL, EFKCERES
HEL, HEERERTL L,

22 ¥ B

ESI-MS#®+* LT, TOF®8ILCT (71—%
— Z@#), Q-TOF B : Qstar Elite (T77 4 F«¢
{4 AT LX), Ultima API R Uf Synapt HD-
MS (7#—2—X#), ITH : LCQ Deca, LCQ
Advantage MAX RUFLTQ (#—7 4 v ¥ o—
W4 xs7 474 »78), Esquire HCT plus (7
WA=+ Fb=728), A=+ 727 (0T)
B . LTQ-Orbitrap XL (H—®7 4 v ire—4
x¥»T474v 7)), FT-ICR® : LTQ-FT (#
—E T4 vir—HA4 T4 749 78) 2R
L7:, MALDI-MS#%i& & L T, TOF ¥ : Voya-
ger DE RP B (F Voyager DE-PRO (7774 ks~
Axe 2T LEXH), AutoflexIl (7h—-F}
=7 A#), TOFTOF & : 4800 plus (7774 F
KA F L RTAXHW), AXIMA-TOF? (BigSiiE
AR AL,

2.3 HERIE

EZHB®ZIcH T Table 1A B 1B K RTHE
BMESRZE AV THBRKIELTT- 2, ESI-MS
¥EEEAEL-#41E, YOKUDELNA, Caffeine
+MRFA + Ultramark 1621, 3 74+ F 1) 7 4,
3fbF YT -7 LAXIBES tuning Mix
Pos+Glu-fibrinopeptide ###/ L 7z. MALDI-MS
ER=FHLLBAR, -+ T /4L Foxi i
Bi#% (CHCA), GRGDTP, angiotensin I, ACTH
18-39, bombesin, bradykinin fragment 1-7,
angiotensin II, substance P, P,,R, ACTH 1-17,
somatostatin 28, bovine insulin, human insulin,
ubiquitin [, cytochrome C, apomyoglobin, carbo-
nic anhydrase, trypsinogen, protein A, aldolase
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B UF bovine serum albumin (BSA) ZEEHZEGL
THEHELL, AREERERIIEBMICTHEL .

2.4 YAFLBEEH

AT LEEYIR, MSiz 5w Tii, [angioten-
sin [ 2WMELALE, FDE/)TAVIEY 7K
ft51,295.5~1,295.9 TH 3] Fic L NHEL L.
MS/MS iz 8\ Ti2, [angiotensin [ I=2%, k&
DFEFTERIET 2 L &, b', b, b, vo!t BUF
vy o7oesr st 4 ohmENS ] % [angio-
tensinl @ m/z2=1,296.7 ¥ B84 A > &£ LT PSD
LEBMEEfTo12 & &, m/2255.1, 269.2,
354.2, 506.3, 513.3, 517.2, 534.3, 619.4, 756.4
BRULIB.6D ) bl tLb5Bn73 74>}
1A HrBBEND] FioLNHELL,

2.5 MEHZE

2.5.1 ESI-MS

4B T A v 12 ESI-MS o §ill 5 5 & # Table
IARFRLE, BELAESE, 0. 1%EBRESU
AZ/—=N/K (1:1) B, 5mMBERT =
74 (pHB.S) #8807 EF=F /XK (1:1)
B0l % ¥E@raUTEF=F Y n/k
(1:1) @Mc#®EL L, 1~20 umol/L DifHE % FERK
L. BEEMEZESIFo 7iIcHAL, BE2DY
FTA 1L 224k, HoT4 744 2—FT=
ZANZ PEBMELR, bLR, 0.1~1%0X
BRI 0.085~0.1%® + 1) 7 o4 vEEE (TFA)
UK/ T E=F ) VB L EREC B
HPLCIZ& N2 oML, SHMLEHEESI+
y 7TRBALTHREZMEL %2,

2.5.2 MALDI-MS

EBMMTHWALMALDI-MSoO @ EH i %+
Table 1BIz7r L 2. BE % K, 0.1% TFA X i3
0.1% TFA2&UTr=F /K (7:3) B#
i2i@Ed L, 1pmol/L #* & 25 mmol/L @ & #E % 1
BLE 2Ry 7222}, 27F FRETIR
CHCA Xt 2,5-vt Fuox 858 (DHB) %,
TABREETIZ -8 (SA) £ERALA,
“r Vo723 0.1%TFA 2807 EF=1}"Y
WK (1:1) R#Iz#ED L, 5~10 mg/mL i
LLCifafsme L2 Xi20.3% TFA #80
TEbr=FY/k (1:1) B¥cmBLEDL,
@figF#E# (CHCA 25~30 mg/mL, DHB R (X SA
55~60mg/mL) & L7 BE#EHE~=t) v 22
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1. # EH

HESF(MS) RUF 7 > 7 LR BSH (MS/MS)
2, THEH, TFFeoTR+TEEZ T
ABRORBEMETELZLRUT I /BERIC
Moz @onsZ tpsty FE 75
FRUT:ABRIEEREROMHE - HEMITICE 2
i, HiHEERE L TRYIANGRD L ICk-
TEL LL, N7F PR ABROKRERSTIC
BWT, 43 {bkE L TERXILZ7 A7 L—
141k (ESI) RU=F Y o 7 2AFEL—+—
B8k £ + > {biz (MALDI) @ 2HBi»BEVWsNT
WARIE, GHHELTHNEE (Q %, /14> }+7
»7 (IT) B, RiTeEM] (TOF) B, 7—1) =%k
{44470 bo#m (FT-ICR) i
ARBEHIHANTWEIE, R/ —H—TkiC
HRL T2 HBKERABRRAYPRL>TWBZ L,
BBMBIZL » T RGFIRE(REZZ DS,
RBRERONFFRHECRREL L TOEATIEEA
BARIZ2NTwirw, Fafzsh, MS* MS/MS
SHERRBRE L TLGERAL TV R, &FEE

ELTWC LENS Y, BRCEKELLZVWMS
HAuwi-mERBE0RM:, ARTEEOEEEH
LTI EXRINTVWS, 22T, AHRT
(2, BVEELSLLEERTR, </ +EELMR
F—h—, K% MSEEMR/—H—t>T,
MS 2 Blwie_7F FRULABREERZOER
B ERRREEERL, 204 A ERZ~OM
Bic2wTHREL 7.

1. WRAZE

210 R #H

TN FE (C19H1|N30151 CHEAERR
307.084, FH)H#k 307.3), I+ FL > (CssHis
Ny;Ou - BEMAK#1,181.573, T K At1,182.3),
MEFHRLIE A > 2 ¥ (CasrHynaNgsO0:rSs -
M EMTARIT ik 5,803.638, TF¥)IME 5,807.6), M=
FHBEIE FEREHRNLE > (CosoHis2sN260300
S, BMEAIH 22,111, F¥H 0 E22,125), &
FBEFHBZE L RET LTI > (CisseHisn
N7saOussSey - Hi 6] 47 45 5 8 66,395, *F & | ik
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Study of Mass Spectrometry as an Identification Test for Peptide/Protein Products

Akira HARAZONO®', Nana KAWASAKI*!, Satsuki ITOH*!, Tetsu KOBAYASHI*!,
Rika ISHIKAWA®*?, Toshiki TAKAI*?, Akiko KOGA*?, Sumiko OKAMOTO*?,
Hideto YAMAGUCHI*, Yasuki HAMAZUME®?, Takayuki SATOH®?,
Masayuki KUBOTA®*®, Kazuaki KAKEHI*?, Mitsuhiro KINOSHITA®*?,
Keisuke SHIMA*®, Masaki YAMADA®*® and Teruhide YAMAGUCHI*!

Summary

Since mass spectrometry (MS) and tandem mass spectrometry (MS/MS) make it possible to
measure accurately the mass of peptides and proteins and provide structural information, they
have been used for not only analysis of primary structure and post-translational modification but
also identification tests of peptide and protein products. However, assay methods for
identification tests have not been fully standardized due to the availability of different ionization
methods, many types of analyzers and various analytical conditions. In this paper, mass spectro-
metry for identification tests of peptide and protein products has been standardized and validated
in a collaborative study using several types of mass spectrometers equipped with ESI or MALDI
sources. Based on the results of molecular mass measurement from the collaborative study, we
propose the following acceptance criteria: i) 0.3 Da (monoisotopic mass) for peptides with masses
of <1,000 Da, ii) 300 ppm (monoisotopic mass) and 500 ppm (average mass) for peptides with
masses of 1,000~6,000 by ESI-MS and MALDI-MS, and iii) 500 ppm and 1,600 ppm (average
mass) for proteins with masses of 6,000~22,000 Da by ESI-MS and MALDI-MS, respectively.
Although peptides with masses of 1,000~4,000 Da yielded 5~10 b- and y- series fragments by
CID-MS/MS and PSD, the detected ions were not identical among laboratories. Further study
is necessary for optimization and standardization of MS/MS conditions.

Key words

Mass spectrometry, Tandem mass spectrometry, Peptide, Protein, Biologicals, Identification
test ’
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5F0138-#11
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AdL s

Fig. 3. 4 differentinti and chondrogenic
differentiation of hMSCs. (A) The cells in each passage
numbers indicated were plated on 24-well plotes and cultured
in MSCGM (as controll or AIM (ndipogenic differentintion
modium) for 21 days. The cells were stained with Oil Red O.

interesting to investigate the gene expression profile of
the 3D culture of hMSCs,

In conclusion, microarray and RT-PCR data of the six
batches of hMSCs suggested that four genes, EPHAS,
NOV, NDN and RUNX2 have the potential to act as stage-
specific markers during hMSC eculture. These genes can be
used as candidates for quality control markers of the
culture status with regard to the differentiation potential
for future clinical application of hMSCs for cellular
therapeuties. We reported that the capacity of hMSCs for
osteogenic differentiation was highly suppressed during
the late culture stages. NDN or RUNX2 may be a quality
control marker of hMSC capacity for osteogenic differen-
tiation. The observations of adipogenic differentiation
of hMSCs suggested that cach batch shows different
transition in differentiation potential. It seemed that

S. Tanabe et al.

4F1560-87
AF1560-#11
4F1560-820

4F0760-#6
4F0760-#15
4F0TB0-821

17 (MSCGM)

{B) The cells in passage. #7, #17 or #22 of 4F0591 were cultured
in CCIM for 24 days and stained with Safranin O ta, b, ¢,
respectively). Proleoglicans stained red. The cells in
passage #17 were also cultured in MSCGM (as control) for 24
days (d).

the capacity tends to be suppressed in late stage of
the culture. The observations of chondrogenic differentia-
tion suggested that the differentiation potential of
hMSCs is retained in late stage of the culture. It seems
that the cells in the late stage have limited differentiation
potential (oligopotent). Furthermore, network analysis
and gene expression analysis revealed that the expression
profiles are distinct for ecach passage number. These
findings imply the importance of quality control for safe
application of hMSCs for cellular therapy and usefuln-
ess of expression analysis for finding marker genes.
Phenotype profiling and profiling at the genome level,
including chromosomal analysis, might need more
research in the future. The profiling of the cells, in both
differentiated and 3D states, will alse need to be investi-
gated for future clinieal applications

. Biochent
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Pastage Pumoe

Fig. 2. Calcium deposition of hMSCs. The cells in each

passage numbers indicated were plated on 12-well plates and

eultured in MSCGM (control: clear column) or OIM (osteogenic
-

Passage rum o

divided by protein concentration is showed as mean + SEM
in triplicate. ***P<0.001, "P<0.01, "P<0.05 when osteogenesis
in MSCGM was compared to that in OIM in each

. ##8 P<0001, #% P<001, # P<0.05 when

differentinted; filled eolumn) for 21 days, The s of
deposition in 4F0312, 5F0138, 4F1560, 4F0581 and 4F0760 are
indicated in (A, B, C, D and E), respectively. Caleium deposition 7 in=3)

ruuuu&'uuuis in passage #19 was compared to that in passage

hMSCs through early and late stages of cell culture.
Replication was performed by testing six different batches
of cells. All six batches examined showed a marked
decrease in culture growth rate with increasing passages.

The hMSC potential for osteogenic differentiation was
down-regulated in all the batches of hMSCs examined
during the late culture stage. The osteogenic differentia-
tion was observed in all the batches of hMSCs examined
for passages 7, 9 and 10. Also, every batch examined
showed a down-regulation of the osteogeneic process
during the 19th passage. As previously stated, four
genes, NDN, EPHAS, NOV and RUNX2 showed altered
expression depending on the culture stage. EPHAS and
NOV were up-regulated as the cells were further
passaged, while NDN and RUNX2 were down-regulated.

RT-PCR data indicated that the expression of NDN in
all batches examined decreased during the late stages of
culture. The expression of NDN in lot #4F1127, #4F0312
and #5F0138 was relatively stable until the 14th
passage, which was then followed by a decrease in
expression during the late stages. Microarray data also
showed that the expression of NDN in passages 22-28
were decreased compared to that in passages 4-8.
Furthermore, our results showed a positive correlation
between the expression of NDN in hMSCs and the
potential to differentiate into osteogenic cells as mea-
sured by the calcium deposition rates. Previous reports
suggested that needin, an NDN homolog, interacts with
IL-12 precursor (24), The expression of NDN in hMSCs
decreases with increasing passages. It is possible that
NDN down-regulation is involved in activation of IL1-
Myd88 pathway by dying cells (25).

Every batch showed a passage-dependent increase in
the expression level of EPHAS. EPHAS is transmem-
brane receptor protein tyrosine kinase, known as Ephrin

Vol. 144, No. 3. 2008

A5 receptor, and belongs to the ephrin receptor sub-
family. Recently, it has been shown that EPHAS is
involved in cellular growth and tumor malignancies
(26, 27). Also, it is known that the expression level of
human EPHA5 mRNA is high in primary human breast
carcinoma cells (28).

NOV/CCNS is a growth factor that plays several roles
in cellular migration, growth, proliferation and chemo-
taxis. The previous finding that NOV inhibits the pro-
liferation of a cancer cell line is consistent with the
observation that NOV expression level is increased in the
senescing phase, which coincides with the low prolifera-
tive stage of hMSCs. Furthermore, in primary ekin
fibroblasts, NOV/CCN3 protein increases the expression
of human SERPINE1 mRNA level (29). This is consistent
with our observation that the expressions of SERPINEI
as well as NOV are up-regulated during the late stages of
cell culture. Mutant human SERPINE1 (T333R; A355R),
which lacks the protease-inhibitory activity, decreases
the quantity of rat laminin and inhibits matrix accumu-
lation (30). On the other hand, previous finding indicated
that the expression of mouse Myod] (myogenic differ-
entiation 1) mRNA level and Myog (myogenin) protein
decreased in C2/4 cells (subclone of C2C12 mesenchymal
cells) stably expressing NOV, which suggests that NOV
suppresses the myogenic differentiation of C2/4 cells (31).

The expression of RUNX2 was also decreased in late
stage of the culture, RUNX2 is a member of the runt
family of transcription factors and suggested to be
involved in osteogenesis (22). It is possible that down-
regulated osteogenic differentiation of hMSCs is caused
by the decreased expression of RUNX2. Recent reports
have shown that 3D cultures of human adipose tissue-
derived endothelial and osteoblastie progenitors gencrate
osteogenic-vasculogenic construets (32). It might be
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Fig. 1. Micronrray analysis of hMSCs. One hundred and 2949145023 5% change in cach passage number from early

o 0 sarty
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sixty-nine probe sets extracted from microarray data of six to late stage;
hatches of hMSCs. [n =6 in early stage (#4 or §), passage #9, late  Double dendrograms of up-regulated 135 probe sete (A) and
stage (#22, 24 or 28), n=5 in pass #71. Cut off value of down-regulnted 34 probe sets (B) are shown
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stages of cell culture. These findings suggest that the
expression levels of genes associated with osteogencsis
are different at the late stages compared with those at
earlier stages of cell culture.

Statistical analysis of microarray and calcium deposition
data from three batches (5F0138, 4F1660, 4F0591) of
hMSCs in middle (#7-10) and late (#19-28) stages showed
that the expression of NDN [needin homolog (imouse)] has a
positive correlation with caleium deposition (F <0.05),

Adipagenic  Differentiation  of hMSCs—Figure 3A
shows the results of Oil Red O staining of adipogenic-
induced cells. The cells were adipogenic induced for 21
days and lipid was stained with il Red 0. Adipogenesis
of hMSCs seemed to be down-regulated in late culture
stage of 5F0138, 4F0591 and 4F0760, while the adipo-
genic-differentiation capacity scemed to be retained in
passage #20 of AF1560.

Chondrogenic  Differentiaion of hMSCs—Figure 3B
shows the Safranin-0 staining of chondrogenine-
differentiated hMSCs. The cells were differentiated in
CCIM for 24 days and stained with Safranin-0, The cul-
ture in passages 7, 17 and 22 of 4F0591 showed chondro-
genic-differentiated morphology (a, b, ¢, respectively.
The culture in late stage secemed to be chondrogenic
differentiated as shown (¢l The cells cultured in
as control did not =how any chondrogenic-
ated morphology (d)

RT-PCR Analysis of hMSCs—The quantitative RT
PCR data showed that some genes had similar expres-
sion profiles in all the six exumined,

Up-regulated genes, which were ident

batches

ified as condidates

for the stage-specific markers included EPHAS (EPH
receptor AS), NOV (nephroblastoma overexpressed gene),
SERPINE] |serpin peptidase inhibitor clade E (nexin,
plasminogen activator inhibitor type 1), member 1],
ITGA4 lintegrin, alpha 4 (antigen CD49D, alpha 4
subunit of VLA-4 receptor)], and down-regulated genes,
which are also candidates for the stage-specific markers
included NDN, RUNX2 (runt-related transcription
foctor 2) and RUNX3 (runt-related transcription factor
3). NOV is a growth factor and is involved in the
proliferation of bone cancer cell lines 120). It is notable
that the expression of NOV in lot #4F1127 was relatively
stable. SERPINE] is involved in the protein-binding
function and diseases such as heart failure (21), RUNX2
is a member of the runt domain-containing family of
transcription factors and suggested to regulate osteo-
genic differentiation (22). RUNXS is also a member of the
runt domain-containing family of transcription factors
and a candidate tumor suppressor (23). EPHAS, NOV,
NDN and RUNX2 showed altered expression correlating
with passage numbers (P<0.01) iFig. 4). The results of
RT-PCR analysis of 45 genes exnmined are shown in
Supplementary Fig. 2.

DISCUSSION

hMSCs will be used for cellular therapeutics in clinical
settings in the near future. The importance of quality
control of the cells will bhe significant as the use of
cellular therapeutics becomes more common. In this
report, we report on profiling the gene expression of
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Gene Expression Profiling of hMSCs

Cluster Analysis—The microarray data of 169 probe
sets obtained from six batches of hMSCs was subject to
cluster analysis using the Gene Expression Statistical
System (NCSS, Kaysville, Utah; Dr Jerry L. Hintze).
Fold change of signal intensity to the average signal
intensity of early stage was analysed and a double
dendrogram was plotted on a log 2 scale,

Gene Ontology Analysis—Gene ontology analysis was
conducted using Ingenuity Pathway Analysis (IPA)
(Ingenuity* Systems, Redwood City, California, USA).
NetAffyx (Affymetrix) and GOTM (Gene Ontology Tree
Machine, Vanderbilt University, Nashville, Tennessee,
USA) analyses. Probe sets with signal intensity values
associated with the passage numbers were subject to
analyses. The functional analysis identified the biological
function and/or diseases that were most significant to the
data set, Genes from the data set that were associated
with biological functions and/or discases in the Ingenuity
Pathways Knowledge Base (IPKB) were considered for
further analysis.

¢DNA Synthesis and Real-time PCR Using Tagman
Low-density Array—RT-PCR (reverse transcriptase—
PCR) analysis was performed to assess the mRNA levels
in six batches of hMSCs using TagMan® low-density array
(TLDA) (Format 48) (Applied Biosystems, Foster City,
California, USA). The data was normalized using GAPDH
(glyceraldehyde-3-phosphate dehydrogenase). Forty-six
genes ineluding GAPDH as endogenous control are listed
in Supplementary Table 1. cDNA was synthesized using a
High-capacity ¢DNA synthesis kit (Applied Biosystems)
and Multiscribe reverse transcriptase. cDNA synthesized
from 100 ng of total RNA was used for the analysis (2 ng of
total RNA per well). Real-time PCR was analysed using
7900 HT real-time PCR system (Applied Biosystems). The
conditions for the PCR reaction were as follows: 650'C
(2 min) and 94.5 C (10 min), and 40 cycles at 97°C (30 sec)
and 59.7°C (1min), Relative quantification values were
calculated by the comparative Ct method using SDS 2.2.2
software (Applied Biosystems).

Pathway Network Analysis—Data were analysed using
the IPA (Ingenuity® Systems, www.ingenuity.com). A
data set containing gene identifiers and corresponding
expression values was uploaded into the application.
Each gene identifier was mapped to its corresponding
gene object in the IPKB. A fold-change cutoff of 3 for
both up- and down-regulation and a p-value cutoff of 0.05
were set to identify the genes to be analysed. These
genes, called focus molecules, were overlaid onto a global
molecular network developed from information in the
IPKB. Networks of these focus molecules were then
algorithmically generated based on their connectivity.
The functional analysis of a network identified the
biological functions and/or diseases that were most
significant to the genes in the network. The genes in
the networks associated with biological functions and/or
diseases in the IPKB were considered for the analysis,
Genes and gene products are represented as nodes,
and the biological relationship between two nodes is
represented as an edge (line), All edges are supported by
at least one reference from the literature, textbook or
canonical information stored in the IPKB. Human,
mouse and rat orthologs of a gene are stored as separate
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objects in the IPKB, but are represented as a single
node in the network. The node colour indicates the
degree of up- (red) or down- (green) regulation. Nodes are
displayed using various shapes that represent the
functional class of the gene product.

Statistical Analyses—Non-parametric analysis was
used for microarray data analyses. The Spearman
correlation coefficient and two-tailed p-values were cal-
culated. P <0.001 or P<0.05 were considered to be signif-
icant. RT-PCR data was analysed with non-parametric
analysis. The Spearman correlation coefficient and two-
tailed p-values were calculated. To « ¢ the specific
passage number and stage, Student's ! test was per-
formed. Two-way ANOVA followed by Bonferroni post-
test was performed for osteogenesis data. GraphPad
Prism® 4 and Microsoft® Office Excel were used for
statistical analysis and drawing graphs.

RESULTS

Microarray Analysis of hRMSCs—To identify the quality-
control markers in different stage of the culture, we
performed DNA microarray analyses. Non-parametric
analysis and a ratio (max/min of signal intensity) cutoff
of 3.071,524 (1.05*%; 5% change in each passage from
5th to 28th) showed that the expression level of 341
probe sets out of a total of 54,613 probe sets had a
significant association with passage numbers (hMSC lot
#4F1560, passage numbers 5, 7, 9, 13, 21 and 28).

Gene ontology analyses showed that the mapped genes
corresponded to the probe sets belonging to various
categories of molecular and cellular functions such as
cell-to-cell signaling and interaction, cellular movement,
cell death, cellular assembly, cellular organization and cell
cycle, and physiological system development, and biologi-
cal functions such as hematological system development
and funetion, immune and lymphatic system development
and function, tissue development, immune response and
embryonic development. The top five discase categories
that the genes mapped to, as identified using the IPA
software, included cardiovascular, hematological, muscu-
loskeletal, oneogenic and reproductive disorders.

Figure 1 shows the results of cluster analysis obtained
from microarray data of six batches of hMSCs in early
(passage #4-5), middle (#7-9) and late stages (#22-28),
Seventy-nine genes out of the 169 probe sets were
categorized by function and disease as per IPA analysis.
Networks were analysed for each of the gix batches and a
representative network is shown in the Supplementary
Fig. 1. A list of all top networks in each analysis is shown
in Table 1. Many network categories with the top score
in each analysis were involved in cancer or regulation of
cell cycle. Additionally, specific networks for each sample
were generated when the batches were individually
analysed.

Caleium Deposition of Osteogenic-indueced Cells—In
Fig. 2, caleium deposition in hMSC cultures (4F0312,
5F0138, 4F1560, 4F0591, 4F0760) were measured during
passages 7, 9, 10 and 19, The results showed that the
osteogenic differentiation occurred in early to middle
stages and was dramatically suppressed during the late




