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Abstract

Asparagine depletion in the serum during L-asparaginase treatment causes the the death of lymphoblasts
that lack ability to synthesize asparagine. Cellular levels of asparagine synthetase (AS) inversely correlate with
cellular sensitivity to L-asparaginase. Human leukemia cells that do not express AS in detectable quantities
are hypersensitive to the effects of L-asparaginase. In the present studies, we have established a flow cytom-
etry for AS protein detection assay with the monocional anti-AS antibody, 3G6. We compared AS expression in
single-cell suspensions with standard biochemical and Western blot assays to validate the fluorescence-acti-
vated cell sorting (FACS) method. FACS yielded a linear relationship between the mean fluorescence intensity
and AS activity. Using this standard curve, FACS-analyzed AS activity in leukemia cells ranged from 25.8 to
436 pmol asparagine formed/mg protein /min, similar to those obtained by Western blot analyse and even to
AS mRNA Jevels by RT-PCR. Thus, AS-FACS can rapidly assess the heterogeneity of steady-state AS in sin-
gle-cell suspensions and may be useful for assay in peripheral blood cells, bone marrow cells and leukemic
cells. This quantitative assay system should be developed as a potential application of AS estimation for fresh
leukemia cells.

Keywords: asparagine synthetase, L-asparaginase, flow cytometry, leukemia
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BTHBEEEZLNTETVSE Y, L-aspiE DT
ELT, ASOERBEIE LY RBREh TV,
L-aspMED+ D EEVPASOEHRBTHL L) 2 L
bEEFORHEERTLIEBHIN TSV, MlakT
DOEEREREDP HASORHIZE L TiL, AS mRNA, AS
Protein &, AS DEEZIEM 6 =F 1T LBIRICH 5
TEMRENTWEY, HAld, LETL H e FASICH
THE) 70— FVHEY #FvT, EI2Immunohis-
tochemistry DFE X IV TASEHEIR & L-asp RS
DEFEEMITLTEL"Y, $72, RT-PCREZZ D bW
T, ASmRNA%* EE L, L-asp5M0OBLR T RS
L, ASHEZEI & Lasp BT DR 2 3B L T & 727,
INBALLPALOBEEIZOWT Y, ASERKERLL-
asp M OGRE RH L, RERBLENICEER
DASEHBEZIHL, FORRBIZEITVT, Lasp
PREESNEBIZENTHo 26l b BRERL T
B0 EDOKREICAWT A PASIZHT BT
J 7 O—F VHHR3GE # AT, & 0 EEE TR
E T X A flow cytometry (FCM) 12 & - THIFMAASE
HEOEELE A, DET0FEEOEBEE2HRE L
DTHET 5o

1. WRELUHRETHRE

AS TR O#RIFE Molt-4, U937, K562 (Table 1)
RV, M E 3~10 X 109mICFAEBRER L7,
fEH L7z /7 g —J Vi{&idmouse hybridoma 3G6
clone DFEEE 17E T, kappatfi® b5, IgG2a classil/E
4 %%, Immunohistochemistry Tldcrude ® L% (IgG2a
B 10pug/ml) 2 L7z, FCM BIZIZFER—RITiR
(PURIEE X 3.3mg/ml), FITCHER: LM BPuME (iR
EL0.72mg/ml) &, ¥ H T84 FHE (KEH) 10K
BLTERL,

a. B WS
FEMAR T VT, FITCAZE: L - 1813G6 T
RAER L cEEE L — RIUEICHERIGEILE,
T RPURIZPEZ #EHimouse IgGHLE R ER L=
Bk CEMBRE L. IR OBREE, FEAK
WMz OWTREBOMBETCHE L7,
b. MRAARBDHE
MR Zeit, DAKOH #intrastain¥ v b 2 &
BL7, BEar bo—vizid, Hisotype mouse
IgG 2R L, BH3G6—RIFIZER % PBS TF
LT, 100pg/mlITHEHLL, MlBRREEL VT
DEIZBI o7,
O#d S MMAL100,4142, Regent A% 100x100%, 15
SRS, BEEELZIT).
(®PBS THEET, 300G T5MELT 5,
@LiE#IET, Regent B (JE:#18, FRlLEk@EmE])
10041 & 3G6HUE (B TIRFITCE#RIG6
fhE, BMBETIRBHEIGEHE) 10417,
150 RIS €%,
@PBS TH¥EM#, 300G TSHE LT 5,
® (FENIHA) FITCH L L IZPEE#EPImouse
IgGHLfE (DAKOH) (ZTREUE) % 10p100%,
153 &5l st b,
®PBS Tk, 300G T5o&EL L. EEFET,
PBSIZFEHESE 5,
c. FCMTOIE - f#T
Becton Dickinson 82 ®DFACS Calibur % F VTl
E L, Cell QuestiZTHT L7 BBy o—b
AR EELE (FSC) &HlA#ELE (SsC) TRL
2Ry bT L ECENBENI0NCES L DI
e L, HEAZ10,000fE 2D A&, EIE L7,
EE AR IMAE (BmERE3 ~ 10X 10%ml1) 2
BWCHERTE M a— VTN R, BT

Table1l Level of Asparagine Synthetase Expression of and AMFI by FCM in leukemia cell lines.

AS mRNA  Relative protein Relative AMFI
Cell lines (AS/GAPDH) amount (%) enzyme activity (AU)
x103 (Western blot) (pM Asn
formed/min/mg
protein)
K562 110 100 43634 43.58
U937 79 6.4+2.0 59.647.4 6.37
Molt-4 0.81 0.7£0.5 25.8+4.1 2.86
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Fig. 1 Comparison of direct- and indirect method of AS protein detection by flow cytometry.

(A) Molt-4. (B)K562 Upper histogram(direct method); Cells were permeabilized, and were immunostained with a nonspe-
cific antibody (open histograms) or FITC-anti-AS (filled histograms). Lower histogram(indirect method); Cells were perme-
abilized, and were immunostained with a nonspecific antibody (open histograms) or anti-AS (filled histograms) followed by

PE-anti-mouse IgG.

L7ze 61T, ) 2 SBRPIFHER % O ZHf % H
BLYIWwE i, MlagERTs oy bo—
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YhE-AL 0 AASL L HIZERE LAIE L,
d. B gt, BREENE, RT-PCRICL
%5 AS mRNAZEE
FNEN, cytospin A, cell lysate, i total
RNA 2 /B8 LBERO Z & CRIE L 72"

2. % =B

a. EEECHEESE (MigkkeEH)
EMRERTO Kb %, #WEZaEEhE, My
ATV MRELT, BERELEBETCLA ST
LTELTZ, (Fig. 1; BT P O— )% Overlay
LTHER) o Molt-4 TIXEEE - BiEL b ICBK
TyhU—N-3G6LbVEDDE—-T L LTE
Ehb, LALKS62TIE, MEETIRYE - 250
LOTHEY, BEEFORKEI Y o —VTiRYE
— W MR LB b Db H ol BERED
meanfl (Mean Fluorescence Intensity; MFI) 12D
WT&E (ALL MFD) 2 5B 2 > F O — )L Dmean
fiE (M1 MFD) Z L5772 b D% AMFI & L CEH

T5E, HoMNZASHEICEDTFIET 5 Molt-4 &
K562 b O TEEETIRH TN FOENFEoED
Liadoiz, —HFHBEIZBVT, AMFIEIX
Molt-4 T132.86, U937 TId6.37, K562 Ti343.58
Ehl, ENEFNOASEERTEML OBIZ L VWi
I o7z,
b, FEEEICL 2 1EH AR TORE

HREME T AMFIME & ASEERTEHE L OBIC L 4F
MORONAEHEIC L o T IEEHRMF 0K
AR EAED & WCKIGT AR L 2o &4
MBI EIESC, #HESSCHO Ny M5 A LT
gating 1T\, 1) %8k 1 R, GFEREK : R2, fFH
Bk . R3, HER: R4 kgate LT, MBEWMYAAL
(Fig.2), &MaERO L R F 7 F A &
STE—=7DREKIENH LN, FRLFRDE
DOEME LTET I ENTE L, IFBKOBRM
IV hO—=)VOMFIED R0 &L Y, BHEEL
DHECET, EFERERRE Bbhiz, FERERLAL
DML TIE, AMEHED/NE WL DN 1) VISER,
HIR, IFHERONEIZZR Y, 1) Y SBRTILASIERER,
FRERCTIIASERRATH L L E2 b, BT
ZOHRHEDETH -7z,
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Fig.2 Differential AS protein expression among WBC differential subfraction.

(A) Scattered dot blots of peripheral blood cells from a healthy volunteer
(B) Flow cytometric histogram of lymphocytes; R1, eosinophils; R2, neutrophilic granulocytes; R3, monocytes; R4. Cells
were permeabilized, and were immunostained with a nonspecific antibody (open histograms) or anti-AS (filled histograms)

followed by PE-anti-mouse [gG.
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TGO AT AEREEL D D, 3G
% —RPEIZ, PEE#mouselgGHiiA % kIE &
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AF T, RAVHELCTEHEY R LAY, Immuno-
histochemistry TOIRES (Fig. 3) 1245 & ASDHERY
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% L 7= Western Blotting £ & DEW L, ASEHDOAA

38

DEVZLELDIZE DL HNZ N,
EHEARMMIZBW T, FHERTASERHE, Y
VISERCIRSEIR E o foo FCMIZBIT S AMELE, 1R
EPLLVI-OMHMMEE 2B IZEEEFoTWE, L
2o T, SBFHELHIBEEDY » 7VIZBWT,
ETE (blast) DASTBEBVOMEVO P2 HET B2
2, F—% 2 PR Y oRERRiF R ER L &0 AER
ayba—-NALET, BMETHMREEEONE 2
VbR VICHRTASPRV 2BV THE L 24
NG 6o, $bbREI P O—NVTHB) ¥
ISERRIFHRERDST TV RICE TR T WA DY E
Wb, CORMPMRNADEER EEREEI KT,
mMRNAZEDB AL, TV T VEEROASTEEE T 5
TEMET ADOT, Y SIVHAOMEAE T
BIEEEEBOMAL (blast’z &) DEIEGIFBHWITE,
FOREDNE L b, T, FCMTIZY /3B RiF
PRS2 TWEIE D, blastD ASTEE % EHIZR
LRTWEW) il b, SEORFHOKER, EB
DERBEICEENBIEEY Y83k, IFFIRE Vo7
MRBERIY, FCMIZ & 5 BB D AS BRI E R



Cytometry Research 15(1) : 35~40, 2005

C

Fig.3 Immunocytochemical staining of human leukemic cell lines

(A)K562 (B)U937 (C)Molt-4. Staining was performed with the automated immunohistochemistry system (EX-IHC, Ventana
Medical Systems, Tucson, AZ) using the DAB Detection Kit (Ventana Medical Systems).
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