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Background : Leukapheresis has commonly been used to obtain the cell products intended for
clinical cell therapy. Hypocalcemia related to citrate toxicity and some circulatory effects such as
hypovolemia and hypotension are well-known complications of leukapheresis. In this study, we ana-
lyzed the gene expression profiles of peripheral blood mononuclear cells (PBMCs) obtained before
and after leukapheresis to determine if the hemodynamic changes can affect the gene expression
profiles of leukocytes.

Methods : PBMCs were isolated from EDTA blood from 5 healthy donors collected before and
immediately after apheresis. RNA was isolated, amplified, and analyzed using a cDNA microarray
with 17,500 genes. Hierarchical clustering analysis was performed to evaluate the differences of
gene expression profiling.

Results : Hierarchical clustering separated PBMCs from different donors with each other, but did
not separate PBMCs collected before and after leukapheresis. Comparison of gene expression by
PBMCs collected before and after leukapheresis found only 25 genes were differentially expressed
(15 were up-regulated and 10 were down-regulated after leukapheresis) (F-test, P<0.005). Stress
induced apoptosis-related genes, ANXA3, DEDD, and ATXNZL, and cytokine-related genes, IL13RA1
and /K, which were also related to stress, were up-regulated after leukapheresis. Genes involved in
DNA and protein binding, such as CLSTN3, LRBA, SATB2, and HSPAS8, were down-regulated.

Conclusions : Leukapheresis had little effect on gene expression of PBMCs. Some genes show-
ing differences between before and after leukapheresis were mainly involved in stress-related reac-
tions. (Korean J Lab Med 2008;28:130-5)
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7Rk A4l sz WE Y Ex s, $ofl EDTA
A VIS A3 st 3 Ficoll-Hypaque (Pharmacia Biotech—
nology, Uppsala, Sweden)& ©]-§-3t] PBMCE &5ttt
gigol | e B Aol A7Ish7] A NIH Institution—
al Review Board (IRB)OIA 4013t T2 EZof 52|35}t
g LAY B -2 51 5 412 Cobe Spectra leukaphere—
sis system (Gambro BCT, Lakewood, CO, USA)L.2 1782
(CS3000 Plus blood cell separator (Baxter Healthcare Corp.,
Fenwal Division, Deerfield, IL, USA)Z A| 343}t

2. RNA 22|, 5 ¥ labeling

RNeasy minikit (Qiagen, Valencia, CA, USA)E ©]&3}
o] PBMCZ%H #2]3t & RNA 5 0.01-5 ug< #I5}H0] oligo
dT(5)-T7 primer (5 AAA CGA CGG CCA GTG AAT TGT
AAT ACG ACT CAC TAT AGG CGC T(15)3)¢}+ TS primer
(5" AG CAG TGG TAA CAA CGC AGA GTA CGC GGG 3)
9 SuperSciprt II RT (Invitrogen Clrp., Carlsbad, CA, USA)
£ o|g3lo] Wang 51919 WHoZ mRNAE gHdskaitt. o

131

Z{0 7 NIH IRB Z2EZ| o3t JAAEA 639
PBMCE 33t HA|=RH #e], 533 mRNAE ARSI
ot 4 A 25 E F2EH mRNAE Cyanine 5-dUTP (NEN
Co., Boston, MA, USA)Z, 272 mRNA+= Cyanine 3-
dUTP (NEN Co,)& 3A]J3t & NIH Clinical Center Y Im—
munogenetic Laboratoryol| A 24| Al&ket 17.5K ecDNA (Uni—
Gene cluster) microarray©ll ZFAIFTHI0). Microarray &
HElo]] ARgE ZFE2-E Research Genetics RG HsKG 031901
8k clone set®} RG Hs seq ver 070700 40k clone set %
9000 E&olqlemn, oo x3He A4 H5-2 http://nciar—
ray.nci.nih.gov/oll4 @& 71s3ict,

3. Az AMe| H SH 24

WRES-0] FW microarrayE 2718 & GenePix Pro 4.0
(Axon Instruments, Union City, CA, USAXS- ]85} back—
ground signale AASIAIL FB7=7F 300 RI9kel 792
23k0] 2717k 25 pm vIREQl 79 EAJl A A JAIF T, o
7 o8+ Lowess Smoother2 normalizations A3+ 3
BRB ArrayTool (http://linus.nci.nih.gov/BRB-ArrayTools.
html)S ©]-§-8te] BAEFGAL, A Bt A1) 80% o3l A
WrdE 8 66170 FAAE ABste] hierarchical cluster
analysisE AIYSFITHIO0, 11, s F-4Akol gt ApAIgH 7
B GeneCards websiteE (http://www.genecards,org/
index.shtml) 3325} c},

BEARE A, T AA A 4 D SR> 2o 9]
At 9lolg EA517]| A= paired t—test W F-testE
ol-g3t e, Pgke] 0.05 o]skel -9 F-23t Aol 7} A= A
o7 wetskglct,

(P>0.05, paired t—test), a4 49 4$ JEARE Fo
SR AR AR FAH LR folahA WtthP=0.002).
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Table 1. Characteristics of donors and samples

MAS - Ping Jin - David Stroncek

Cell counts of products

Rg”or Age  Sex Race Se;ergtor zgﬁﬁ Ho (g/dL) WBC (x107ul)  PLT (x10%uL)
pre* post' pre post pre post
1 48 F African-American Cobe Spectra 136 mL 1.9 110 4.8 4.5 275 174
2 68 M Caucasian Cobe Spectra 128 mL 136 136 54 57 196 135
3 32 M African-American CS3000 136 mL 14.5 14.1 3.8 3.4 244 176
4 29 M Hispanic Cobe Spectra 137 mL 14.3 14.6 6.1 5.7 281 218
5 56 M Caucasian Cobe Spectra 150 mL 15.0 15.0 45 4.4 239 156
*PBMCs obtained before leukapheresis; 'PBMCs obtained after leukapheresis.
Table 2. Genes differentially expressed by post-leukapheresis PBMCs compared to pre-leukapheresis PBMCs
Genes Descriptions Fold changes Functions involved
Up-regulated ANXA3 Annexin A3 4.4 Apoptosis
genes (15) Inhibitor of phospholipase A2
CREB1 CAMP responsive element binding protein 1 29 Transcription activator
DEDD Death effector domain containing 29 Apoptosis
ATXN2L Ataxin 2-like 26 Apoptosis
SLCBA3 Solute carrier family 6 25 Transcription
Membrane transport
MLANA Melan-A 24 Metabolism
GRLF1 Glucocorticoid receptor DNA binding factor 1 23 Transcription suppressor
IL13RA1 Interleukin 13 receptor alpha 1 22 Cytokine
IK IK cytokine down-regulator of HLA II 2.2 Cytokine
RFXANK Regulatory factor X-associated ankyrin- 19 Transcription activator
containing protein
GPR56 G protein-coupled receptor 19 Cell-to-cell interactions
RGS14 Regulator of G-protein signaling 14 18 Signal transduction inhibitor
NR2F6 Nuclear receptor subfamily 2 group F, 18 Transcription activator
member 6
KNS2 Kinesin 2 17 Nucleotide/ATP binding
NARF Nuclear prelamin A recognition factor 17 Iron/protein binding
Down-regulated CLSTN3 Calsyntenin 3 -3.1 Calcium ion/protein binding
genes (10) LRBA LPS-responsive vesicle trafficking 2.7 Protein binding
ANKRDS50 Ankyrin repeat domain 50 -2.2 Transcription suppressor
SATB2 SATB family member 2 2.2 DNA binding
MAPK2 Mitogen-activated protein kinase 2 -19 Apoptosis/anti-Apoptosis, Stress response
HSPA8 Heat shock 70kDa protein 8 -1.8 Nucleotide/ATP binding
NMB Neuromedin B -1.8 Hormone activity
EPS8L1 EPS8-like 1 -1.7 Membrane remodeling of the actin cytoskeleton
GAB2 GRB2-associated binding protein 2 -1.6 Protein binding
PPP2R5C Protein phosphatase 2, regulatory subunit B, -15 Peptidase activity
gamma isoform
2. WEIMEMEE M, £ PBMC HAS2 |MAI =2 WY BN Aot 2] PBMC Ztoll {203 Ajol& B
Ty 24 R FAAH B 2570ger, o] F ARAE T wlo]

7hEl A=

559] FoAR=EE AL 10712 PBMC HAIE iAoz A3
St hierarchical clustering A3}, &Y FoAL 25 E] dofZl W
FAEARE A, F PBMCE A= Hel=1] ¢l 37 clus—
terg olF3 e, Fojx} 7ol A& o] HSltkFig. 1).

o] 3

o

% 3 9o A tHF-test, P<0.05) (Table 2).
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Fig. 1. Gene expression profiles of PBMCs obtained before and
after leukapheresis. The 8,661 genes that remained after filtering
(expressed in 80% of samples) were analyzed. Hierarchical clus-
tering separated PBMCs from different donors with each other,
but did not separate PBMCs collected before and after leukaphere-
sis. Pre-PBMC, PBMCs obtained before leukapheresis; Post-PBMC,
PBMCs obtained after leukapheresis.

ILI3RAL IK So]9).om, CLSTN3, LRBA, SATB2, HSPAS
5 Sk W T Aol olaks SAHAEE W] Zhaxyl

tH(Table 2).
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Gene expression profiling< microarray <7]% o|-85}o]
HE o) Alanto gt 3 o] fAAF B FAE sl
SIS 4= Ql= AAF 71 24, o8k AAo| wheh cDNA
microarray, oligo microarray 5] 0™, YAH o= Qo
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Hierarchical clustering= Ol%a@] AR S B
Agh A}, 59| FolatelA HE WELHRAYE X, &
PBMC= A2 Ee|=|A] ¢ 342 ¥2 87 clusters ©1F
loH, A& fogh Wd Zjolg By FAA= A 8,661
7Re] ti F12 5 25700l Entsto], WE YR Y& ¥
olzpe] ARl Wisk Zol|l A of9- Qbdgt &S & 4
ALt T2 Baecher 51412 A T2 E A2
PBMCE 4Cof|A] 8A7F &< optl 2245 718kA] 98aL T
3] B3t Ao 2E 2 03471 ARk W oFidol zfol7t

ﬂJlo

ATk Bk e 9l
5]—44 WS LA B4 A3 A _?_I(_er 2} 9H 2jo|= 1Y)
| 2570 AR B AR E Fol W ETt SR AR

157091, o] & ANXA3, DEDD, ATXNZL= ~Ed|~ 3
& Mg ALel Hojah, WE YT gk §44 5 MA-
PK29} HSPASE of2{dt MZATEARE AAIshs wha-ofl ko
she Aoz Hargo] glof(15-17], a2l 2Ed
29} T E A EAEERS o] o oJkS n)x] Aoz A§7I—Q01
o}, E3F AEY A BRI} HEIE o] Fkske Al 7R %
AR ILISRAIT IK O] W e iz s $ofl 571 3t
gt 579 FoIx}F F 472 Cobe Spectra leukapheresis
system (Gambro BCT)22 AEANES A, 19
(donor No, 3)7Fe] CS3000 plus blood cell separator (Bax—
ter Healthcare Corp.)& ©]-8-3}%+=tl, hierarchical clus—
tering A5 AAIX 02 34 F cluster2 U121 donor
1, 2, 4, 57} 3t clusterg ©]F3L, donor 37| Th2 clusterS
o|F= Ao =2 YelY, cell separator &0l ojet 4 22
aplo] ke Weke 7hs/dS Al 4= f1%AH}. Cobe Spec—
tra®t CS3000 plus 7Fe] collection efficiency (CE)oll ¥t
HlalE o] Atoll A AlgE o] gh=tl|, Mehta {181 Cobe
Spectra®] CD34+CE7} CS3000X.t} $-<=5}c}al g WhH | Ford
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