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COMPARISON of CD34-SSC AND ProCOUNT METHODS IN COUNTING
CD34-POSITIVE CELLS IN CORD BLOOD
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H. Takeuchi” and T. A. Takahashi”
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It is important to obtain an accurate progenitor cell count for estimating the safety and effi-
ciency of cord blood transplantation. Several methods enumerating CD34+ stem and progenitor cells
by flow cytometry (FCM) have been reported. In order to estimate the accuracy of these methods,
we compared two flow cytometric methods that enumerate absolute CD34+ cell count in cord blood.

Forty-one cord blood samples were evaluated by the CD34-SSC and ProCOUNT methods. CD
34-SSC and ProCOUNT gave 15.7 9.6 CD34+ cells/ul and 20.9 = 10.1 CD34+ cells/ul (mean=+1S.D.)
in whole cord blood, respectively. In correlation between colony forming units (CFU) and the CD34
+ cell count, both methods gave significant correlation coefficient values. The coefficient of variation
(CV) in CD34+ cell count by the CD34-SSC method averaged 25.0%, whereas that of ProCOUNT av-
eraged 12.7% (n=8). A statistical difference in CV values was observed between the two methods (p
<0.05). These results indicate that the ProCOUNT method can give more reliable results than the

CD34-SSC method.
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locyte colony stimulating factor : G-CSF) % #%5-
L72RMmic i L <A/ <hd ), FCM LI &
LR EELL LTWwWA"Y, FAFCMELD
5N 5 CD34 Bt EUE Mg 31 & o THADS
RN 5 3 ORI BAL AL O A 5P %
FHilig % L CTEELREE L5 TRA.

Z 2T A BT I 0> CD34 Bt Ml 5 1
LT, fERE:, HIL CD34 & sl E (side
scatter : SSC) & % CD34-SSC #: &, itk
3 & M7z ProCOUNT ™ & o MG &2 17 -
72, ZORER ProCOUNT B3 HEAL S 7zl g
VAT ATH W IRIEBHIETH o7z, an=—JF
AR DMBIZBWT, 2iEE S HE MM
BREHELZENTER, S HICHBIZHESRME:
Z e L7245 %, ProCOUNT #:0 h 28X 1) Fil
TOBNEESEL 2 LD TE, Ao CD34
PO ES:E LTHHTH B v FRk%
Bl-oTHhET 5.

MEBLUHE

1. BERF I ORI

BEPLAL v T r—AFarey bELNL
IEFIEIR e o R &2 B oxi g & Lz, T
BB R BE A2 RFR (FVE, B ICHL,
T o U 72 s # 0k 20 5 18G &1 T i &t [H A
CPD (citrate phosphate dextrose) 28ml! A Ifl i
Ny 7 (=7a, KR CRIL 7Y, R 24
IR P DAL 5 A 5 2 47 - 7.

2. 7u—%A4 X MY — R

CD34-SSC #: & ProCOUNT #: @ 451 % Table
LIZF &7z, ProCOUNT ETH LKA LT

Table 1 Summary of characteristic features of the
ProCOUNT and CD34-SSC methods

CD34-SSC ProCOUNT
Antibody Used CD34-FITC (8G12) | CD34-PE (8G12)
CD45-PerCP
Use of internal No Yes
standard
Threshold Reagent No Yes
(DNA Dye)
Washing step 2 times No
Use of hematology Yes No
analyzer
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5 F1%, CD45 fifk, WEfE#E Y — X, DNA
Dye O i Jl ® 3 ¥ T & %. DNA Dye I& DNA/
RNA #Z S5t L, ARk S 26
M2 T 52 DTELEYMATH LY.
ProCOUNT 1% CD34 B4 i Ha Je & 6] g 12 P9 R
FEHE U — X & Gl LE L 7=k m &2 3R, i
HTEFIH B2 RO B FHHEZ R LT b, L7z
Mo THBIMEKFIEREIC L 2 MEMOR B2 1TD
FICHALARE D 72 ) O CD34 Btk o 55 %
WHIZL TV 5.

2.1. CD34-SSC #

AT 1L 100p! (2 CD34 $ifk (8G12-FITC Becton
Dickinson : BD £, San Jose, CA) F72iZa >~ b
T — Ltk (IgG1-FITC, BD #h) 104l %2 7.
BE KIS T 30 2 SO S & 7274, 1.4ml @ 0.85
%IALT =7 AW (pH74) &R 10 75
FIISTHEIM S, wOa8ER 2% (v/v) B
& (fetal calf serum : FCS) 0.02% (v/v) =F
L Y7 3 YIUEERE (ethylenediamine-tetraacetic
acid disodium salt : EDTA) % & &0 W % i 2 3
BIEK (2%FCS, 002%EDTA/PBS) Tk L
72, E51220ug/ml TREF 4 AL FF AN
(propidium iodide : PI) % & & 2%FCS, 0.02%
EDTA/PBSIZEH L, 7u—H 4 b X —% —
(FACS Calibur, BD #f) Tt L7z, 1 RIO#EE
122 X451 60,000 Ml OMIE % B D A A7

s — b D% Siena et al® D IFEEICHEV, B
(24 C OMINEE % w7 SEELG— M HEEDE (FSC-
SSC) K v 7uv b (Fig. 1-A), B X O PL.FL
3 A M7 J A4 (Fig.1-B) I2THER L. FSC-
SSC Fvy h7ay b o) »35k (R1), HEK (R
2), WRIERR3)ICr— M EEELAMEREEE L,
PIFL3 & 2 75 & Lo PI IEGettiifia % Al
L LTr—1b (R4) Tz, D EITHIMERAE
(R1,R2,R3) & AEMaRE (R4) o7 — b 210
7o AR 2 W S e O BEERT & L, SSC-
CD34 F» b7uay MZTREEL (Fig.1-C), CD
34 o) Y oRER, HLER & [FSE DAL SSC DA
oz CD34 Fptkflilat (R5) & L7z, 7a—4%A
b X MY —RATIC X D kD72 CD34 Bkl 12
H B i Bk 51 5 %% (Coulter Microdiff 16, Coulter
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Fig. 1 Typical plots by the CD34-SSC method. A : FSC vs SSC plot. B : PI-FL3
histogram. C : CD34-FITC vs SSC. R1 : lymphocytes. R2 . monocytes. R3 © granu-
locytes. R4 : PI negative cells (live cells). R5 : CD34 positive cells.

Electronics, Hialeah, FL) T## 5 M7z 15 % o
L, BSEFIL 1ul 2720 o CD34 Btk B &
L7.

2.2. ProCOUNT

i %7 1 50p! 12 ProCOUNT = » b & — L ik 3
B XU CD34 i3k (BD #h) 20! 2L, WL
H Y — X% & A 7ZREBRAE (TruCOUNT F 2. — 7,
BD #l) HCEIR 15 5 TR S EZ. 85
12 450u] @ FACS #FI#ASE (BD #L) %z =il
30 S FIRE T C RS S &7z, JISfh 7272512 FACS
Calibur TN 24T -72. 70— h X —% —
O W FE IR 3 o 1 #5 1% Calibrite Beads (BD
) #Hw, B EY 7 by 7 FACS Comp
20 (BD ft) @ LNW (Lysing No Wash) E— KIZ
TAT - 7. 1 MOPEID &, A5t 60,000 1 DM
ZEY AATZ.

ProCOUNT #:Co 7 — bR ZIdHE s Tw
B ITHEIHE - 722, & T oA % SSC-DNA
Dye Fv b7 b (Fig.2-A), BL U SSC-CD
45 Fv b 7a v b (Fig. 2-B) (TR L7, SSC-
DNA Dye 71 v b E® ) oS EREE & HLEREE (S
r— b R1(Fig. 2-A) @& L7z. SSC-CD45 K v
F7ay b EICRROBND ) YSEREE (CD45 §9
R PE A% SSC : 0~200) HLERERE (CD45 55 [ 1% 59
SSC @ 200~400) % (R1) @ CD45 §5F L% &
K, BLOTF7 Y AR (CD45 5565 1) @ CD45

Btk a2 HEBR 9% X 9 127 — M R2 (Fig. 2-
B) &t L7z, CD45 §5F5 PR — ~ o433 D
FREIL Y Y RBREED CD45 b tE i (R5) % HE
B35 £ 9147V, im0 Eld CD45 55K 1A
D7 A5 —%EGte X ) BRI HERS
EIWCHELL. DEICRILE R2OF = F a3k
fii 72 97 #0 i # % Mouse IgG1-DNA Dye B8 X Of
CD34-DNA Dye Fv h7a v b (Fig.2-C, D) I
JEB L7z, Fig. 2-D 2@ H b CD34 BridhAiia
BEtr k92— R3 &2 ikE L7, Isotype I~
b T — )V T&H % Mouse IgG1-DNA Dye Kv 7
2 v b % Fig.2-C 12w L7, R1,R2,R3DETH
=&z E CD34 Byikfifa & L7z, R
AE TN D NEIERE Y — XD H & CD34 Bkl
fafott, # L -CHAMmERE Gow) Z@mL 7z
PN EBREHE ¥ — ZF o I S B 1l 72 ) D
CD34 Bl B2 5 L 7.

3. [i—% ¥ 7NV TOFHBMED R

[f] — W4 1ML 8 Mo 2 2 202 °C 10 [l b % Ll
ATV, FF SN PIE & AR R A X ) 2Bk
Ba Rl 7-.

4, au=—7v A

Sul @ A7 &2 X F vk v u — R B i
(Methocult GF H4434V, StemCell Technologies
Inc., Vancouver, Canada) 25ml IZHfiz 72, 215
ZXCRMLZZBXI0mMm 7 7 AF v 7
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Fig. 2 Typical plots by the ProCOUNT method. A : DNA dye vs SSC plot. B : CD
45 PerCP vs SSC plot. C, D : DNA dye vs CD34 plot. R1 : lymphocytes and mono-
cytes. R2 : CD45 dim and low SSC cells. R3 : CD34—positive and DNA dye-positive
cells. R4 © Internal standard beads. R5 : CD45 bright cells.

T4y 2l lml DA F IV a— 2R % 5
L, 37C, 5%CO. fF1E IS TR L7z, 14 HER
Rk~ 7 a7 7 — Y au = —IEH (CFU-
GM), #RHF I N—Z MEMNIE (BFU-E), #&3
o= —JEEAMIIE (CFU-Mix) ®ZENZEND 5K
Ehizau=—zZMELHEELZ. §XToan
——HDO#HM % colony-forming-units % (CFU %)
L L7.

5. italALEL

MEAREOZEOBIEIZIE z 22 X S EEZ
v p<005 ZHEE L. HElRair L b o h
7o YEAR B p<0.01 Z AR E L7z, HUNE 54T X
DS N7 ERZREIE <00l 2 AH L L7z, 2
B L A EIRHOZEOMEIIIRIEDH 5 t R
L&, p<005 ZfAEE L7

B R
1. B
ProCOUNT i & CD34-SSC #: & ¥ /EVE 2 ik

L7z. ProCOUNT {EI3E LR DO B X U
BAERE DN T2 MSHfETdH - 72 (Table 1).
1 AR D Gt BRI 22> > 7= 1k CD34-SSC
T 4545, ProCOUNT % T5H0 4 & Mkic K& %
HIFEO LN LD o7z,

2. CD34 FEMia o g

[ — 5 0L 41 M Pk o0 I 35 1L 1wl 2472 ) @ CD
34 BRI % % CD34-SSC #: 38 & U ProCOUNT
P X D lE L7z, CD34 Fathfi ek oo F34 ik
CD34-SSC #, ProCOUNT #EIZCTENEFN 157
+96 cells/ul, 209+10.1 cells/w! (F ¥ =1S.D,
n=41)Tdh - 7z. CD34 Bthfifin & LT D JAA 7S
FEL o #EPH 1 CD34-SSC #:12 T 12 2 & 271
HTHH, FIfHIL86 M TH 7. L Pro-
COUNT T 3025 284 T 0, HryLfiliix
B TH -7z, 2L NSz CD34 B
faf DA % Wit L7z & 2 A, HIBIHRE r=0.390,
p<0.05 & AHBIBIFRA RS Bz (Fig. 3).
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3. CD34 Bpi:filatk & CFU %t & OB %R

23095 H EH B ATIEMENZ & i R e & S
W 20hEHICMETHHNT, 2HBICENHES
N7z CD34 Bpthfia % & CFU & oM oMM %
W L7z, CD34 BpfEfifatk & CFU ¥ & R
#1% CD34-SSC #:, ProCOUNT #: 12 T & 4 r=
0.405, p<0.01 (Fig.4-A) , r=0.614, p<0.0001 (Fig
4-B) THhHo7z. mMEHEOMBARKOEL KL L
25 p=0215 L BREZZITBD LN h o 7.

y =0.409x + 14.422 r =0.390 (p<0.01)
60
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(ProCOUNT)
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T T T
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CD34 cells in cord blood (ul)
(CD34/ssC)
Fig. 3 Comparison of CD34+ cell counts between
the ProCOUNT and CD34—SSC methods. There
was a positive correlation between the two meth-
ods (r=0.390).

673

4. [l—% ¥ 7NV TOHBEO LK

CD34-SSC #: 8 £ ' ProCOUNT #EI2 X D 155
NI I 8 MR DB tRE & CD34 [ Al %
L O#EE Fig. 5 12Rn L7z, 2 M OZLERD
e L7-E 2 A, p<0.05 E AR EDRD S
nz:.

z =

FCM f#HTIZ BT % CD34 Btk Mia o Hl % 1k
AEMATEAIE oM E R E LT, RdE»rOfHETH
LHENAERTH 9, L Lads, Ltk
BERBRORE R HERR 12 & 2 WIS 2037 5]
BEMEZEHL TV E™, HFEAHITEADDDH S
s LRGSR B R R~ 12 38 W T FE A 1L i B
JeDIEFEP D FBMED X Willg Hik 2 #3562
EBVETHDLEEZLNS.

I lE B 56 S 1172 ProCOUNT 25 & TN 5 2 i %
FyMIEL1ITIY VN T+ =T vEATH
DT CD34 Btk fifa e e LTERTH %
EEEIN TV B, Z 2T &4 X Lo
CD34 BptEfilafl i & LT, kit LTH CD
34-SSC #: & ProCOUNT #: & @ lL M i 2 17 -
<. BT I 41 AR CD34 Bkl 2 fle L7z
M, 28 BIC CFU # e B 2B 2R L7z
(Fig. 4). & 5 ZFIREE P BE O 21T - 724

A B
0 y =0.442x + 9.958 r =0.405 (p<0.01) 60 y =0.703x + 11.645 r=0.614 (p<0.0001)
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Fig. 4 Comparison of CD34+ cell counts and the number of day 14 CFUs. (A) Cor-
relation of CD34+ cell counts by the CD34-SSC methods to the number of day 14
CFUs. Linear regression analysis demonstrated a positive correlation between CD
34+ cells and total CFUs (r=0.405) . (B) Correlation of CD34+ cell counts by the Pro-
COUNT method to the number of day 14 CFUs. Linear regression analysis demon-
strated a positive correlation between CD34+ cells and total CFUs (r=0.614).
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Fig. 5 Correlation of the coefficient of variation to
the number of CD34+ events in the sample ana-
lyzed. Data from 10 determinations on 8 cord
bloods. ProCOUNT and CD34-SSC methods were
compared. @, ProCOUNT, ACD34-SSC method.

I, Pz b L€, ProCOUNT B3 A =2 E
W (p<005) FHMEEZRL7 (Fig5).

FCM AT IZ B W T LIE LIXPUR 0 JE4F S0 A4
12 & B EAEEOAETEMEE 20 5. AL 7
) 2oNEk, BRLEK, EERISH UIERERYIC CD34
PEBIET 52 WD b, T d DOIEFREE
DFRH & % MO R TRA LY ¥ 3EkIE
CD45 581" T & 5 A5, T X L3k L wi BRI R
13 CD45 55k O ¥ 2 7”9 . L72A%> T CD45
PURZ VAU L 72 ) 2 33RiICHxHd 5 FEFRR
WA VRS B B M 3 HERR T & 5. Pro-
COUNT #: Tl CD45 Hifkx Fvy, RS ® 7 — M
TENDEHA L) 2 8ERITHT T 5 RGBS 12
X BB, BXOCD4s BT 7Y 212
SR 9 B 12 Btk Al & DERR L C CD34 Byt %
MH L Twas"? (Fig.2). & 512 ProCOUNT
FETITABMIE gt A3 CdH 5 DNA Dye = v
THIEMEZ 4ett L, CD34 Batk, X SSC, CD45
59812 2 DNA Dye Btk T & 2 Mg 2 7% ifiL i
BRI CH 5 LBk L7 — bOiE % XL ) REIC
LTw5.

HEFeF12 7 { ProCOUNT #ETHFLTW5S 3
FHOFEE L THIEEE — X H T 5
% (Table 1). WEHEH#EOMHIZL D ELNS X
)y & LT, HEMIKEHEAEOMEH OB &%
FIREIC X 2 MR o kAT 519, HE Rk
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T ERT GBI x % CD34 Btk i o %)
Al % e U CD34 Btz kKed % 2 7
Ty RNTA =T v AV THIEN, TONET
I EAEE & OV R O MRS RN § 2 52
FRAEAE T B REEATRIE S LT Ww B,

WHRFDL I B 27Ty VT A —LT vEAT
&, WERgUlL E UM Lz 2 o RHER %
RELTWA, T7bH FCM #HTIZBLT 5 FSC-
SSC Ky b7uy h& LTSN AEMIL
# (Fig. 1), B X OCHBIMEREHE 2 T S5 A
iTHhsb. PHlcLmIcE TN 5HRFEKIE, 2
T b T x—AT veAICTETLHERED
BAERRERDIEDEZLNLY., KRFRITAH
BTHh, ) vRBkE SSC DHMENEDL LRV
DLEFNLTY, PERF IS E D RFEKRD
HEBEMLHOFFICL Y KRELRLRY, A
MR~ DR AFKIZ25~71% L IEHEITKE
W FCM 5 IRf & I 5800 2 PR 0D 7 I AL 241 4 52
0, WHCHICHER SN AR E
NALFRFEROEEGEN—-TH D EMRAET L &1
TE R\,

—77, VEILER O EEHRER I FIMERE 532350
NHWEEMELFHRHINTWBEY, Fritsch 51 CD
34 L A0 8000 52 A 8 s e i SR IR U S T R
KB OLNDLZ L 2WiE L2, F 72 Menen-
dez HIXIAIM PR LBLAS— > CD34 B PEla 8
ROBKRTH B2 RE L7z, Lzh>T
PESFTE LI PRI BRAERF IS — SO M AT 5 R
NRHbrZeNEZLNL. DX DHEkEICE
WTIE279y b7+ —AT vEAIZHET B
TEENET LI LB EENS.

Z IR} L ProCOUNT 22 C I N EBAZ #E 7% JF
5 ETMEMZ VS Z E %L HD, PRk
%\ T CD34 Fptkfifa o 2 igic LT
D, 2799 N 7+—A7 v AICHkRT 0%
MR EET LTI . FERETHRALTY
W, $abb CD4s HilkB X OB e
fREOMH, S OICNIBEEDORTICLS 17
7 v N7+ —20OW5E, Pk 3 HoFEsmE
EFHBEON EICES L EZLNS., 4D
AETIE 2 O RBGEABRZAT 9 720, WEOD
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EOHEBMEIINY ArMlaEE £ T2 L TH
M EIELIENTELY. JERBEIIBVWTHIN

AR E L THZ LT, S5RLHBME
DI LIZWETH S 9.

ProCOUNT 13 K AH ifiL CD34 By 1 Al i % % i1
ETBIOIHRLINIbDTH DY, I
> CD34 Bl sk & LCTid 3 L
NWEETIE R v, BRI % ProCOUNT 12
TEMDO T FWET 2%G, FCMD Fy 7
oy b EIZT CD34 FptEfliian s 7 A & — % Bk
LGWEBIEIEAETHY, CD34 Bk &
NN OHINBER & OFTRADHE TIE R 72D
F—POREPHEL V. EAIEFig 218 T 89
Ry —NEEOT VT L= e, —ET Y
TU—bERELTBITIE, #0 &L ORr2]
REIC 72 0 EMTICH T B IFI 2 Jii T &, oMk
ZE 27— VEEDBENHHICR S, LarLk
Mo, F— MRECBIEORMASH L L1,
EREFNMNZEDA L TLE ) WREMED T 5.
ik OWEMIZEAE LTV B EFD—D2 & L
T, Y= MEREOEICX 2 WEEEDHFHIhTw
%%, Atk FCM 12 & % CD34 b i ) e 1
DL ZHED TN BT, F— FREDEICE
LHEMDLEE 2 /NS § 2720 DRRALET
H59.

O

1. ProCOUNT 3Bt S L7z CD34 Rt
HaOWEY 27 L TH Y, CD34 kMg L E
BELTHMTHR EEZ N,

2. WA L4 il s o> CFU #0 & CD34 B 7 il g
BOMBIZBWT, fEkiB & U ProCOUNT
FICHEAAMHMERE G 2 LT E .

3. fERFEICHIEL L T ProCOUNT i3 A &
EWEBEZ R L, fEREICHE L T X ) EE
DEHVEEFL I LN TEDLEEZ LN
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