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Identification of Leukemia Surface Proteins Using
a Proteomic Technique

Jung Il Park, M.D., Hyoung Il Kim, M.D., Hyun Woo Lee, M.D., Seok Yun Kang, M.D., Jun Ho Jang,
M.D., Joon Seong Park, M.D., Jin Hyuk Choi, M.D., Ho Yeong Lim, M.D." and Hugh Chul Kim, M.D.

Department of Hematology-Oncology, Ajou University School of Medicine, Suwon, 'Division of Hematology-Oncology,
Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Background: Numerous cell surface proteins of leukemia cells such as CD33 and CD52 have been identi-
fied as diagnostic and therapeutic targets. Thus the profiling of the cell surface proteome and proteins
restricted to specific leukemia(s) can provide a way to identify novel targets for leukemia diagnosis and
therapy. However, there is a lack of data pertaining to the comprehensive analysis of surface membrane

proteins because there are few effective strategies for profiling surface membrane proteomes.

Methods: We report on the application of quantitative proteomic techniques that incorporate affinity-
capture and purification on monomeric avidin columns to identify all biotinylated cell surface proteins

from leukemia cell lines.

Results: An analysis of a subset of biotinylated proteins among the different human leukemia cell lines
using matrix-assisted laser desorption ionization and tandem mass spectrometry identified, among others,
some widely expressed proteins in leukemia cells, such as CD11a, CD11c, CD18, CD31, CD44, and
CD147, as well as a set of proteins identified as chaperone proteins, including HSP90, GRP78, GRP75,
HSP70, HSP60 and protein disulfide isomerases. On the basis of their known functional roles, several
of these proteins may participate in the progression of leukemogenesis and should be considered as poten-

tial markers of leukemia.

Conclusion: Comprehensive profiling of the leukemia cell surface proteome provides an effective ap-
proach for the identification of commonly occurring proteins as well as proteins with restricted expression

patterns to a specific cell line. (Korean J Hematol 2006;41:272-281.)
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2D-PAGEE &3l dolzl ojatd AojjA| nlo] 2 & &}H
dA s gigFo g wEsle] vlw Hrhed & e W
HE FHa 7o) olo] Bauste Hio|t},

CHAF 3 dbed
1. M=

RPMI 1640 (containing L-glutamine), Dulbecco’s pho-
sphate-buffered saline (D-PBS), ¢-Ejo}&€ 3, 18|11 ¥
yAgd/A~EH En}o] AL Invitrogen (Carlsbad, CA)ol|
A F98F9 2, ImmunoPure Immobilized Monomeric
Avidin®} EZ-Link Sulfo-NHS-LC-Biotin& Pierce (Rock-
ford, IL)o|A FY3t%it}. D-Biotin2 US Biologicals
(Cleveland, OH), Streptavidin-biotinylated horseradish
peroxidase complex®t ECL (Enhanced Chemilumine-
scence) kitse Amersham Biosciences (Arlington Heights,
IL), Immobilon-P PVDF (polyvinylidene difluoride)
membranes-2 Millipore Corp. (Bedford, MA), Urea,
ammonium persulfate, piperazine diacrylamide} acryl-
amide =& Bio-Rad (Rockville Centre, NY)Z & +
13ttt oA AV GEo A}L38l= acrylamides
Serva (Crescent Chemical, Hauppauge, NY), carrier am-
pholytes (both pH 4~8 and pH 3.5~10)¢} Nonidet
P-40%& Gallard/Schlessinger (Carle Place, NY)Z %€,
3CD38%} Y Hsp70 ©EE3HA &= Abcam (Cambridge,
MA), calnexind] th3t v}~ GZFE23A = Affinity
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BioReagents (Golden, CO), HRP-conjugated &}n}-$-2~
IeG+ Amersham Biosciences (Arington Heights, IL) <l
A 22 2,

2. NZHH S

H] 2 WEy A 221 Sup B-15 (FABHZFA
B8R, CEM/C2 (FATHZ74MdR), KG1 (34
TH4WMER), U937 (AT TAHMEY), HL-60

=AW EY), 183 K562 (A FAud
H) 522 10% $elolg 3, 100units/mL penicillin 2
100units/mL streptomycinS 3¥3t%F RPMI 1640 me-
diumoll B} %F3lod, 37°C, 6% CO, v %7) ol v a9l ot

3. M= EX| EHuiE ol HIO|2EIS}

L*

25em’ 27wk SepacA wjogE A EE 9
£2](1,000X g, 105, 4°C) F RPMI-1640 (83 ‘2
WA HH7HE 32k A AT Al E e Hlo] 213
2 938t 0.5mg/mL Sulfo-NHS-LC-Bioting X33}
RPMI-1640 (without added serum or protein)ol] 2.5X

0" A Z/mLA Eg3te] 37°C wjF71ol A 105271 vl
°<}‘5}S’iﬂr. £ 93 vpo] 0 ®I3tE 9] 9l8) Tris-HCL
(pH 7.5)5 #7715t HF FE25 50mMOZ 31
Hlo] 9 B13} & A|E & thA] 33} PBSE Aﬂziobu
Al Bl ste] A2 pellet2 2% NP-40E5 3 7}l PBSe]

gala9, vho] edlshe WA Belg golah) o

7] 98te] 2% 7F sonicationS A3 sttt Al T &=
;(H O].‘— M _L;q D}Hﬂ;ﬂu}o /\{EHXJ oz H]-o]g_f/l_g}
7] gietol s A v FY Hho] 2.¥lo] Wa ),

_‘?LrSln

-

Sulfo-NHS-LC (long chain) H}o] Q€& FgA 07 A
Tote) 254 A2 o] FuE FAe BT g
A A A} 52 sulfo-NHS-LC ulo] QEl S o] A& of A}

St

MY TR SAE AT FA GRAE Lo
g 7 o] ImmunoPure Immobilized Monomeric ©}H]
o Z+3 (Pierce, Rockford, IL)& 58 428ttt
2 2.5mL Immobilized Monomeric o}¥] Y Z& & %]
PBSZ 33] Al Hat3x, ZHe Wi 43 vlol
E/]_,] H.JJ 0?5]_ H]ﬂ_oﬂ;ﬂ @@—; u1—7] ‘AOH 2mM D-bi-
oting ¥ 83k PBSE A28ttt 7144 vlo] o &l A
o AA el =&l o= vl e'l& A A ¢
3 0.IM glycine (pH 2.8) 12mLE A}-&-3}$i 11, o] & Z+
212 thA] 1028 PBSE A& 3}¢th. SonicationS Al

&gt vloldstE A X FA] Tl g
A1 8-2](14,000rpm, 20%, 4°0) 5 B3 &S 2]}
At o] AE=ds Immoblhzed Monomeric o}H| Y Z+
ol 3ate] W& BHAIZ] F 1% NP-408 X33 PBS
2 3 A H stk ofv|d Zd o] FAE vlo] 9l
g A EZ EA] gz S 5mM D-biotine] 3 1%
NP-40 PBSE Ea F&at3ith. nlo] ¥lsbe i
< X33 £AL Centricon YM-3 Z&H (Millipore
Corp, Bedford, MA)-& o] &3to] QA B2 st H=3}
et

5. 2-D PAGE2} western blotting

vio] QEIStE @ d 2 2-D PAGEE &
o}, ©kald & 8M urea, 2% pH 3.5~10 carrier ampho-
lytes, 2% (3 -mercaptoethanol, 2% NP-40£} 10mM PMSF
o] 3ty Laf Mo &)} th Isoelectric focus-
ing& 4 20| A pH 4~8 carrier ampholyteZ ©] &3 &
B AS 53 13200 BEE-AZFoZ Attt dat
A71d%E AL A 10% glycerolS E3Hak 125mM
Tris (pH 6.8), 2% SDS, 1% dithiothreitol®} bromophenol
blue 55 X ozt A7|YF AZ AFA B

o] FA g F cassetted] FolEATh oA Ee
7~14% polyacrylamide gradient SDS A ¥} MZ g A
Hol Aol nitfHAd]| o] & w7tA] A7 5= Al s
o A3 AL B4S A8 silver GA1S A3 T ¢
Agstetla, e A &ald @ ds Immobi-
lon-P PVDF membrane &2 o] FAIZth FAe}A] &
£ membraneL dto]BH B E FA S a8l 1.8% nonfat
dry milk®} 0.1% Tween 208 X33} Tris buffered
saline (TBS) 2 FAH At Aol 24| 7F FoF HH-&-
A7l &, 324 PBSE A|2&ta 1:4000.2 IAH
horseradish peroxidase A3} vlo] 9 El-~E=Egln|d &
ok Aol M 4087 WH-g-A Z Tk MembraneS T}
Al 524 0.1% Tween 202 ¥3Fe TBSE A2 3ta, 2
%7t ECL (Enhanced Chemiluminescence) 3} W24 71
% XAR-5 X-ray &0 2 7Z+4A AT X-ray D E3}
silver A E Azto] 23 HwmE Al ssit.

SERET

6. O SAFQ mass spectrometry

ot A7ldEe FH & EWAEL 0.02% so-
dium thiosulfateol] 25, 0.1% silver nitrateol] 405, 1]

31 0.014% formaldehyde®} 2% sodium carbonate 23}
Eoﬂ HHS-Al 7] & silver A& Al ettt 45

£ omae o9 Anie FEad Frne o



Jja

o =2

W2 & 15mM potassium ferricyanide®} 50mM sodium
thiosulfateol] 5%7F &A1& A gatgict.”

’i]"év’r‘-i 324 A2 & A Z7ZFS 100% acetonitrile
of 5%3F Yo gA17] A, 301"'5:2_} g AR E ©f
&ote] AZRAIZHY. &4 Fd= 200mM ammonium
bicarbonate ©| ¥3FH trypsin (Promega) 100ng 2.2 A
ot AT E 37°Coll A 18A12F F<F Alggh
T BaE Heolm: 60% acetonitrile 50 41/1% tri-
fluoroacetic acid EEAA 2ztd F=33uch AF
A E Ul A acetonitrile®] A| A Fof] FEpo|l=w
pipette tip (C18, Millipore, Bedford, MA)S A}-&3}o]
THAZAT

Helol= E3HE 2 Amersham Biosciences (Arlin-
gton Heights, IL)A}9] MALDI-TOF Pro Version 2.0
mass spectrometer 22 LC/MS/MS Q-TOF micro
(MicroMass, Manchester, UK) & %3] £A1&it). =
Elolt E3EL acetonitril S ET3FE 1% trifluoro-
acetic acid (A% 0.5 yL: matrix 0.5 gL) <+e] q-cyano-
4-hydroxycinnamic acid (Sigma)2] ¥3}-& 98 A3
of A%t

el Bx1aF 800~3,000 Da. MALDI- TOF MS
HAZE deE o] trypsine]l o3 Al A EAE
o] wlz} HElo] & mass fingerprintE AJAI st B4 A
o &#A trypsin £l 3 Ele] = 2] NCBI database S ©]
£3to] 7)1 A S BA stk LC/MS/MS tandem spectra

1

P Ol 9_|

P OZHYUA Jgs 0l8

BHEH NI HX A o=z 275

o

E A%58E MSIA MS/MSZ9] switching modeE
m/z-2] Zcollision offset values k= AF&39th F =}
A e A A 208 oleg Heste] B,
collision gasZ+ o} 22L& AR5t} &S 3} spectra
£ ProteinLynx global serverE ©| 83} SwissProt pro-
tein sequence data base® Al-g-3to] EA5tAT)

!

1}
L M= ZEX| CHiEo| HIO|2E! =

oA A A Eﬂ chalzl dbado] Al

=+r
¥ 9 S intactd A £ FA| Gl A S MelA ulo)
SRstehs eIt 2D PAGEE]’ PVDF membrane .

2o Ty o] 55 B wo| LHStG ©H S ~E
2 EFH] Y I} horseradish peroxidase &34 2}2] slojH
Y= A S Bl 7HA etk T o] vl o €l s}
£ N-hydroxysuccinimide (NHS) esterS ©]-&3}o] thull
4 lysine7] €] e-amino group= 3 o] Folzit.

Fig. 1A= S93749umdny Al x5 U9379] A E
A g J% Ae)A o 2 ulo] QEIZ 3 T western
blotting©. 2 H}o] QElZ}3t gl A o] o)z B¥EE H
ofFo) o] @l B R4S ulo] e EIglA] 9k
xS AA AL silver AP O R o2 AR
Ueld Fig. 1B Hlual] & of @ do] B2 Fitol
g3 de5s & F ATh

Fig. 1. Visualization of biotinylated surface proteins in U937 acute monoblastic leukemia cells. (A) Detection of biotinylated
surface proteins of U937 cells. Surface proteins of intact U937 cells were biotinylated, solubilized, resolved by 2-D PAGE,
and then transferred to PDVF membranes. They were visualized by hybridization with streptavidin-HRP complex. Interestingly,
a lot of proteins were detected, which were not present in the 2-D gels of same whole cell lysates shown in (B). (B) 2-D
PAGE analysis of U937 cellular proteins. Proteins of U937 cells were solubilized and resolved by 2-D PAGE using IPG in

the first dimension.
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Fig. 1A A &3¢ nlo] Q&I slgh thuld o ujo] g HEo] nlo] 0 El3} Tl A o A F HA dhulAS g3
B2 e = gk, o= shuel ©@o] g3 <l gt Fig. 1B9] 37 dAdo] gles & & At o
2be}, gel 5 AAL S o] dojd Ao g AHEY AE AR ol AE EA] @ d o vlo] 9 Elsl 71y
2l A o] kAo Fig 1BY silver & Aol A] 9} Fig. < 58 A Ed nAlEF 245t AlE B T
1A9] njo] Q EI3}3l F/Fo] fFALS 9= A, o < dgH oz Bt & 4 Ut

Fig. 2. Similarity of U937 cell line biotinylation patterns as visualized by hybridization and silver-stained images of the same
monomeric avidin column eluate. Surface proteins of U937 cells were biotinylated and purified as described in “Experimental
procedure”. Following solubilization, the proteins were resolved by 2D PAGE using carrier ampholytes (pl 4 to 8) in the
first dimension, then visualized either by mass spectrometry-compatible silver staining or hybridization with streptavidin-HRP
complex, as described in “Experimental procedures”. Solid lines point to biotinylated proteins that were identified by mass
spectrometry. Interestingly, the patterns visualized by silver stain and hybridization appear to be virtually identical.

Fig. 3. Identification of surface membrane proteins isolated from CEM/C2. Purified surface membrane proteins of CEM/C2,
resolved by 2-D PAGE and visualized by mass spectrometry-compatible silver-stain, were analyzed by MALDI-TOF mass
spectrometry. Some of the identified proteins are marked and named with solid lines.
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Table 1. Identified CD antigens and other surface membrane proteins from six human leukemia cell lines

Ptoteins Gene Geneinde o0 ka1 Sup-BI5 U937  HL-60  CEM/C2
symbol X number

1 MHC class | HLA-A 1245460 Present MS MS Present Present Present
antigen HLA-A

2  HLA-DRB1 HLA-DRB1 44885270 Present  Present Present Absent Absent Present

3 Integrin alpha-L ITGAL 4504757 MS MS MS Absent Present  Present

4 Integrin alpha-X ITGAX 4504765 MS MS MS Absent Present  Present

5  Integrin beta-1 ITGB1 4504767 Present  Present MS Present  Present  Present

6 Integrin beta-2 ITGB2 14780741 Present Present MS Present Present Present

7 GRP78 HSPA5 14916999 MS MS MS MS MS Present

8 CD31 antigen PECAM1 4505707 MS Present MS Present Present Present

9 Transferrin receptor TFRC 13630783 MS Present MS MS MS Present
protein 1

10 CD38 antigen (p45) CD38 4502665 MS Present Present Present MS Present

11 Cadherin 10, type 2 CDH10 16306530 Absent Present Present Absent Absent Present

12 CD86 antigen CD86 5901920 Present  Present MS Present  Present  Present

13 Neural cell adhesion NCAM1 41281937 Present Present Present Present Present Present
molecule 1

14 T-cell activation DPP4 18765694 Present Present Present Present Present Present
antigen CD26

15 T cell receptor TRB 1806102 Absent Present Absent Absent Absemt Present
beta chain

16  Heat shock protein  HSP90B 6680307 MS MS Present MS MS Present
HSP 90-beta

17  Protein disulfide PDIA3 2507460 MS MS MS Present Present Present
isomerase A3

18  Catalase CAT 4557014 Present  Present Present MS Present  Present

19  protein disulfide P4HB 1085373 Present Present MS MS MS Present
isomerase (PDI)

20 60 kDa heat shock HSPD1 129379 MS MS MS MS MS Present
protein

21  Heat shock cognate HSPAS8 1708307 MS MS MS MS Present  Present
71 kDa protein

22  GRP75 HSPA9B 21264428 MS MS MS MS Present  Present

23  CD45 antigen CD45 18641362 Present MS Present Present Present Present

24 CD147 antigen CD147 31076333 Present  Absent MS Present  Absent Present

25 CD106 antigen CD106 4507875 Absent Present MS Present  Absent Present

26 CD11b CD11B 1708572 Present  MS MS Present  Present  Present

27 CD18 antigen CD18 4557886 Present Present Present Absent Absent Present

28 CD44 antigen CD44 950420 Present  Absent Present MS Present  Present

29  Calnexin CANX 10716563 Present Present Present Present Present Present

Abbreviation: MS, Matched spot.
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Immobilized monomeric o}B| Y ZH S &
2-D PAGE ¥
2]

Hpo] @ ®13} Tl A S WwEaly] $3)
mass spectrometry 2430] 7}53dt WA H silver S-S
A5kt Silver 9 E A = dvtE PVDF mem-
braned]] Tl A& o] EA]7] 1 streptavidin/horseradish
peroxidase &-3HA| 9} stol HE|= @A 02 71A|8ato]
Sl LA PADE A B3} v FEAsA

= dYA L rypsinC 2 g3 5te] HHE JEo| =
=3 MALDI-TOF mass spectrometry =& LC/MS/MSE
A8k

r U
0&
o
o
o
HN

3L
o} 7)o e CD &9, 84, "HdF=zEd
18] 1 chaperone 7] 52 7}A] & thekst heat shock T

[e]
ul ] CJJr PDIE% HolZT}h Table 1& 6279 HE
AY Hhy o g W23 CD FAEF} F9

5
w3k A2 52 CD38 (Fig. 4), Hsp70 2] 31 Calne-
xin (Fig. 5) §°] Al &dd] 2432 Z3l7] 9l
Zyzyo] thil A o] dZF 23| & o] g3le] 1E°] CEM/
C2 A EF2] AlZEHNA ulo] 2Bl Z}el, 259 &
AL} plgkdt dA|she HA oA EAHE ERlskith

| #

of AR A FL WA AEFe] A HA
o) vol eEls ohud BHL ol 8 v
2], 2-D PAGE, 18] a1 silver 94 % mass spectrometry
2 o] 83t xZAH wF =8 A w3y} gl A o
vlo] 0 €13l F2 nlo] @ El 9] Arhydroxysuccinimide
(NHS)©] lysine®] e-amino groupg E3] dojy=d]
A E Hrll A lysine”] 9ke] Hel A A& B3l vhol 2
gol AX Y=z 5ol AE 7S 4 3t Sulfo-
NHS-LC Hjo] & & FE&FJ 02 Aide] AW o|F
T2 FHekA Kot A E FA| @A dgA vt

rulo
J
-
_{

o] QEISE 7}535HA gttt o2t Hlo] L EISLE F3
HAdE AE e AFA @A o]y, chaperone ¥
g5 dvtn AEHA L, H2 2 EAVF AL &
W ZA7F K193 & calnexine] AlE FWHd| 2
-8}.9 o] \:ﬂ—BLQ EEHH ﬁo] 5—],0:11;} o] /élig-% %3]]
7«1%} T A G AE FA ARl CD g, |
22 8d, 84 5 o} heat shock proteins
(HSPS)-‘/]’ protein disulfide isomerases (PDIs) 52| cha-
perone H&E FPsts dde] AE W EANE
-ao]?_f—l T 9\}9151'.
EH colony stimulating factor 59 cy-

tokme/l A= ‘ﬂé% dINEE 574 S 227
5 HA ] A :17‘/‘1] + CD 34

cytokme 8 Z] AE ATAYL, o] B2, 4k, &
a2, 19228, 13 T I,
Foh ool Ealete AZE B
CD g¢do] Mgt} ol & 5o 74 2YRAEE
CD34E #Fdst=d], 23lst] g7 ¥H CD13}
CD330] BAE ™, CD34E A3 AlekAA Bk A
<% FA3E CD11b, CD133 CD15 55 ®3d3slH
CD33& A At Alekzt}. CD45% tyrosine phosphatase =
leukocyte common antigen (LCA)S.2 &4#H A 9laL, &
A7, 24w W 259 4TAE A9 P BE 227
Ao FEETE o] AEY T2 T A|EZe} B A2
9] Ao H4Ao|t}. CD45 Knock-out P}--2~% thy-
mocyte o] ¢tE|m, AL T A E7 31, T A E9
BA 29| FU-FEA whg °ﬂ Agro] At ol g
ot lol we} oheFsiAl 28y
CD -50%9] Fgﬁl—?ﬂ- oﬂzﬂ—o o]_;d HT—O;]
ok #A dddtel A Abgetd fEZ o] Y
=
=

A\ A &% |

ged BRoe 2o dFEdAe x4 A8
olx et A 9 A&, Hds dxe] i, 1y
g S dxe] pEE JhsetA Skl o
AR @A) o]z GFEYAE o] &3 BHUHE
= flow cytometryE ©]-&st=H|, @A TS
Fo g FAld EA3= d ¢ OWL 01 W 2 v

= -
o A W A EFof A CD ﬂ%% }E?‘é}‘& 2o Ax
%2 @l AL 2-D PAGEE E3] SA]o B9ttt
wehr] T2 A 7HE o] £ A E BX] wd
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Monoclonal Ab to CD38 Blot Silver

Fig. 4. CD 38 expressions on the cell surface of CEM/C2 leukemia cell line with monoclonal antibody to CD38. Following
solubilization, the proteins were resolved by 2D PAGE using carrier ampholytes (pl 4 to 8) in the first dimension, then
visualized either by mass spectrometry-compatible silver staining or hybridization with monoclonal antibody to CD38 or
streptavidin-HRP complex. The spots visualized by silver stain and two western blots appear to be virtually identical.

Monoclonal Ab to HSP70

Monoclonal Ab to calnexin Blot Silver

Fig. 5. HSP 70 and calnexin expressions on the cell surface of CEM/C2 leukemia cell line with monoclonal antibody to
HSP70 and calnexin. Following solubilization, the proteins were resolved by 2D PAGE using carrier ampholytes (pl 4 to
8) in the first dimension, then visualized either by mass spectrometry-compatible silver staining or hybridization with
monoclonal antibody to HSP70 and calnexin or streptavidin-HRP complex. The spots visualized by silver stain and two
western blots appear to be virtually identical.
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