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Background: We carried out a questionnaire survey for laboratories performing human leukocyte antigen-crossmatch (HLA-XM) to provide a
basis for laboratory standardization of HLA-XM tests in Korea.

Methods: The questionnaires were distributed to 51 HLA laboratories participating in the HLA-XM part of the HLA proficiency survey program or-
ganized by the Korean Society for Laboratory Medicine and replies from 50 laboratories were analyzed. The questionnaires included following
items: 1) HLA-XM methods performed and annual number of tests, 2) types of the specimen and lymphocyte separation methods, 3) test proce-
dures and reagents for complement-dependent cytotoxicity crossmatch (CDC-XM) and flow cytometry crossmatch (FCXM).

Results: The number of laboratories performing anti-human globulin (AHG) CDC-XM (47/49, 96%) and FCXM (30/50, 60%) was considerably in-
creased compared to the 2005 survey (AHG CDC-XM, 35/43, 81%; FCXM, 7/44, 16%). As for the annual number of XM tests, more than 509% of
the laboratories were low volume laboratories performing =< 50 tests, and only 10% of the laboratories were performing >500 tests. For cell
isolation methods, negative selection was used by 43% (21/49) of laboratories performing CDC-XM. Number of cells reacted per 1 L of serum
varied among different laboratories in both CDC-XM (1,000-8,000) and FCXM tests (1,300-20,000). For the interpretation of FCXM, log fluores-
cence ratio (26/30, 87 %) was more commonly used than channel shift values (5/30, 17%).

Conclusions: Considerable variation is noted in both CDC-XM and FCXM methods performed by different laboratories. A continuous effort for
laboratory standardization is needed to reduce inter-laboratory variation in the HLA-XM test results.
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S AFEEIAY B2 TE 0 2 AR Qlth American Society
for Histocompatibility and Immunogenetics (ASHD2] 591 FAA}
Al 71z20) ukEs)7] YEiAE CDCXM 7|54 2jof wlzte 7} =
2 AHG-CDC -2 FCXMT} -2 3] 2 2 Z71ako] HLA
AAPA S AlePstofof GHEHO of= sl A= niRl7 A = A
e AR A ST S E e R R
5t A2082)0] FAE O] Urk E3F = B =oof AR =R
Ab 22 Id0] Zofsto] oA we] S Wotof sh, UA7|E
ool A& FrAIste] 2dnitt A7) A R AlE Aol A A
Z3to] AAA RS 7} oo jitk

U HLA AR)E 2A} 2 7320 19960] 28 A ZkE]o][7]
2000 58] = o eHI e AR eS] A etk Sl Slofl A =5t
& 23] A Folm(8], AA HLA FEHAL HLAXM, FHLA ]
XK panel reactive antibody, PRA), 12|11 HLA-B27 &AL &
Lol ske] AlstarL Qlek o] FHE5 F HLAXMO| Zhofstal 3
L 73 20159 A7) 517]30. 2 CDCXM Arahe] 341 £ A
¥t 3 AAle] B 71nk 7P 111328 vefshA| 22
o] AATFALR vIAAD. Z12J5te] HLAXM A3} AL ZHH
o5 FofoF 5h= BaAo] tiFEITh oo & A5kl A= HLA
HAtoll gt dezabe] Apas A8k AAIFe 24 = 7]
o] dgks gefslar, o7t HLAXMO| #5515 o|F7] $i7t
PNEAR 2 A5 Sk

i )

1. &

20154 8Y-L 7|30 & T HLA AA} A= 2A} 3 HLAXM
off rofsiar e sl & 7| dE dhdeR dexits AR
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Table 1. HLA crossmatch methods used by the participant laboratories
(N=50)

T-CDC* B-CDC* T-FC* B-FC* No. (%)
+ - - - 8(16)
+ + - - 12 (24)
+ + - 6(12)
+ + + 17 (34)
+ - + - 1(2)

+ = + 5(10)
- - + 1(2)

*The number of laboratories performing CDC method among 50 participants: CDC,
49 (98%); T-CDC and B-CDC, 35 (70%); T-CDC only, 14 (28%); 'The number of lab-
oratories performing FC method among 50 participants: FC, 30 (60%): T-FC and
B-FC, 23 (46%); T-FC only, 7 (149%).

Abbreviations: CDC, complement-dependent cytotoxicity; FC, flow cytometry.
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DAY 391 HLAXM £330} AAF 7
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3) BA| o)A MEEA] AAAIFCDCXME] HAPTH] 9l AJoF

4 A1 AAAFEFECXM) 2] AR 9 Aok
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1. AldH 32 HLA-XM £S5 AL 4
so7he] A& 34l )5 7)ol Al Ale) F2l HLAXMO] E-57
3 7|3 4= Table 13} 2tk T-CDC, B-CDC, T-FCQ} B-FCE X
A& 2291 7)3o] 177]3H(34%) 0.2 713k wopch 7F AApE =
Z 4971 713H98%)ll4] CDCXME AldstaL QlSl=d ©] &
357l 71&of| A= T-CDC&} B-CDCE ®5F AJ3Y5kal 919111, 147)]

L

rlr -lﬂ

7]311'_.]—01]/\_1“1—___“ T—CDCE’} /\]'5‘“’6‘]—]_ OT%—]E} FCXM _‘g: /\15146‘]—]_ %L 7]
1.9 307]7H60%)0]=t], 237 7]l As T-FCe} B-FC 1.

AlskaL UAaL, 77 713kell A= T-FCRE AJag3lar 91ic:
CDC-XMO|| AR8-81+= HAFEHE Table 20 A5,
2 TCDCE AJa)sH= 497)) 7)3 3= NIHH T AHGH-S 3174 A

Table 2. Phases of CDC crossmatches used by the participant labora-
tories (N=50)

Amos Long

Crossmatch NIH — incubation

AHG No. (%)

T-CDC* + - - + 3

|
I
+ o+ o+ o+
+
N — = = N N b O

B-CDC' + = = = 3

= = = = 15 [30)

*T-CDC, 49/50 (98%): NIH and AHG, 43 (86%); "B-CDC, 35/50 (70%): NIH only, 32
(64%).

Abbreviations: CDC, complement-dependent cytotoxicity; NIH, National Institutes
of Health; AHG, anti-human globulin.
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ARSIl Q1= 7]3(437)2)o] 7HAF Wkl B-CDCE Al8isl= 35

7N 718 FolM= NIHRTES. 2 A F21 7|138H327]3ho] 7+
-oFtH(Table 2).

7 71 2 2dE A3t a7k }A] 422013, 2014%1)

CDC, B-CDC, T-FC, B-FC 7

= H% HVeHA| H-3Esk ATt

7+ A} Zﬂoﬂﬁ Az >074 Olo}% A= 2t FAP o]

50% oo R ok, A7k S007-E Wi AAME AAEHE 1%

2 2014192] 7$- T-CDC 5713H10%), B-CDC 17]3H(3%), T-FC 37]
FH10%), B-FC 27]H(9%)°l] =23tk

2. HLA-XMO|l AFRSIS Zix| 2 MiZo| 2o} Sajure
HLAXM-E Al3Jsl7] 9fsf] 504k dolf Z 3ol AR-g-8h= f% %51

Ao FHE 2ARSE A7) Heparing AFE-3l= 7|30l 3

(66%), ACDE AH&-3h= 710 167]32H(32%), Heparin Q»ﬁ— ACD

£ ARSI et 713o] 17]3(2%)0] )Tk HLAXM 7+ HAPH

o AFg3H= A|EQ] F 7o} A3 EeHH-S Table 40 A2l51A

k. 2ol TlE Alszia] B0l negative selection HHS- AF

ofl

4= 712l A =Yste] CDC-XM % T-CDC AAMA] 43% (21/49),
B-CDC At 4306 (15/35)0] 71kell ] AH& 3kt glglek FoxX
o] 79 TFCE} BC AALelA] E WML 5 YT S ol §
Shel ZAFSHE o] ARPAQIY) A40] 7|gol A Hefah T Al

U B AIEZE AFE3h= 2102 RAREITHI-FC, 3/30, 10%; B-FC,
2/23,9%).

3. ERIQ|ZM MEZEA WRIAIE(CDC-XM)Q| ZiApLH
Alet

1) Mzt &3

CDCXMZ AleYsh= 49713804 welld #55h= Al &
2,0007]oll A 5E] 8,0007)744] W9)7} chokatdnt o1 % welld
2,000-3,000712] HEE AJL-3}= 7|0 7} Wekon v
glote] AHgske B4 S 12 plglek Well B FH-A171E= B3
L Al 42 1,000-8,0007) 2 thokatlth(Table 5).

CDCXM A3} Al &4 Al A& 8)4] whpie 1327} 447]3%
(90%)C. 2 713 Eeko ] 1:160] 47]38%)°]aL, 3t 7134HQ%)2
187H9] of7hake SASIT Qlolck 84 SR ReMI

|

[o o

—

Table 3. Annual number of HLA crossmatch tests performed by the participant laboratories in 2013 and 2014

2013, No. (%)

2014, No. (%)

No. of tests

T-CDC (N=46) B-CDC(N=34) T-FC(N=27) B-FC (N=18) T-CDC (N=48) B-CDC(N=35)  T-FC(N=30) B-FC (N=23)
<10 7(15) 7(21) 5(19) 2(1) 9(19) 1 (31) 8(27) 7 (30)
11-50 19 (41) 18 (53) 14 (52) 12 16 (33) 12 (34) 10 (33) 10 (43)
51-100 3(7) 103) 1(4) 0 6(13) 5(14) 4(13) 1(4)
101-300 10 (22) 3(9) 2(7) 1 10 (21) 3(9) 2(7) 2(9)
301-500 3(7) 3(9) 3(1) 1 2(4) 3(9) 3(10) 1(4)
>500 4(9) 2(6) 2(7) 2 5(10) 1(3) 3(10) 2(9)
Median (range) 39 (2-1,903) 26 (1-599) 26 (2-1,607) 33 42 (2-3,089) 25 (0-513) 33 (0-3,065) 29 (0-734)

Abbreviations: CDC, complement-dependent cytotoxicity; FC, flow cytometry.

Table 4. Types of the cells and cell separation methods used for HLA crossmatch by the participant laboratories (N=50)

Crossmatch methods (N) Types(ﬁf' E/:]e cells N\;\Iﬂ] (Zjoc])ol Nega't,i‘\s (s;(lﬂection Positi,:l/gs;lsction Nylon wool o,\r‘ c:1.e(§;/2]tive selection
T-CDC (49) MNC* (8, 16)
T cell (34, 69) 15(31) 11(22) 5(10) 3(6)
Total lymphocyte (7, 14) 0(0) 7(14) 0(0) 0(0)
B-CDC (35) MNC* (1, 3)
B cell (34,97) 14 (49) 12 (34) 5(14) 3(9)
T-FC (30) MNC* (20, 67)
Tell (3, 10) 0(0) 2(7) 0(0) 1(3)
Total lymphocyte (7, 23) 0(0) 7(23) 0(0) 0(0)
B-FC (23) MNC* (15, 65)
Bcell (2,9) 0(0) 14 0(0) 14)
Total lymphocyte (6, 26) 0(0) 6 (26) 0(0) 0(0)

*Separated by ficoll density gradient.

Abbreviations: CDC, complement-dependent cytotoxicity; FC, flow cytometry; MNC, mononuclear cell.
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Table 5. Number of cells and volume of sera used for CDC crossmatch
by the participant laboratories (N=49)

Table 7. Incubation conditions of CDC crossmatch used by the partici-
pant laboratories (N=49)

Volume of sera per well

No. of cells per well (W) No. (%)
2,000-3,000 1 35(71)
2,000-3,000 1.4 1(2)
2,000-3,000 2 3(6)
2,000-3,000 1o0r2* 1(2)
2,000-5,000 1 1(2)
2,000-5,000 2 1(2)
3,000-4,000 1 2(4)
3,000-5,000 1 2(4)
5,000 2 1(2)
7,000 2 1(2)
8,000 1 102

*1 pL used for NIH and 2 pL used for AHG.
Abbreviation: CDC, complement-dependent cytotoxicity.

Table 6. Type of media and percentage of FCS used for serum dilution
of CDC crossmatch by the participant laboratories (N=49)

Percentage of FCS used, No. (%) Total

Media
W 2% P %  10% 15% 209 No. (%)
RPMI 1640 6(12) 3(6) 1(2) 16(33) 8(16) 2(4) 1( 37(79)
IMDM 3(6) 6(12 918
McCoy 2(4) 2(4)
PBS 102 102

Abbreviations: FCS, fetal calf serum; CDC, complement-dependent cytotoxicity;
RPMI, Roswell Park Memorial Institute; IMDM, Iscove's modified Dulbecco's media;
PBS, phosphate buffered saline.

16408 717 wro] ARgaaL Qllth(Table 6). 1% WAE flsf
wello] oil =38z 7|82 37712 (76%), T2 32644 ¢ 718
127)2H24%)0] ik

CDCXM HALoA] Fojz} A7k 25 AldYste 7|82 45713
(9290)0]1aL, o2t A7 2o e 2 9 SAd 25 Algst
= 718 477]13H096%)°1 ATk T A2} B A28 e B S75)
L 7178 22} 47)3H8%), 971 TH18%) 2.2, Th=2] 7] ol A T A
QLB AL S E SAEHA] &AL Tk
2) U =7

T-CDC®} B-CDCE $7| Al¥s}aL Qli= 35713 % 207]3H57%)
ANA= F 7HA AAel 2= BAIE ARgskaL glglem, 1578
30l A= thE BAIE AHESIAL Uit Aol ARG A HA|

o] &7} 2AL ARSIl Q= 717 357 | TH(T1%), A 3BIA] kil
QL= 71 147]329%)011E}. CDCXM AAP 8 A2k
A ok 27 BA ek 272 Table 70l A2I8kgIck T-CDC-
NIHS] 79 Al T 37°Col| 4] 308 S0k A2} E3 ufjok &
Aol A 604 B2 B A vjesl= 7]ato] 41713H91%)01 ek T-
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Cell and serum Complement
incubation incubation
CDC methods (N) No. (%)
Temper- Time, Temper-  Time,
ature minutes ature  minutes
T-CDC NIH (45) RT 30 RT 60 29 (64)
37°C 30 RT 60 12 (27)
RT 60 RT 60 2(4)
RT 60 RT 90 1(2)
4°Cand 37°C 30 RT 60 1(2)
T-CDC Amos-wash (1) RT 30 RT 60 1(100)
T-CDC long incuba- RT 60 RT 120 9(90)
tion (10) RT 30 R 120 1(10)
T-CDC AHG (47) RT 60 RT 120 29 (62)
RT 30 RT 60 6(13)
RT 60 RT 90 4(9)
RT 30 RT 120 2(4)
37°C 60 RT 120 2(4)
RT 45 RT 60 1(2)
RT 60 RT 60 1(2)
RT 90 RT 90 1(2)
37°C 30 RT 120 1(2)
B-CDC NIH (35) 37°C 60 RT 120 22 (63)
37°C 60 RT 60 4 (1)
37°C 30 RT 60 2(6)
RT 60 RT 120 2(6)
4°Cand37°C 60 RT 120 2(6)
RT 30 RT 60 1(3)
4°C 60 RT 120 1(3)
4°C 60 4°C 120 1(3)
B-CDC Amos-wash (1) 37°C 60 RT 120 1(100)
B-CDC AHG (2) RT 60 RT 120 2 (100)

Abbreviations: CDC, complement-dependent cytotoxicity; NIH, National Institutes
of Health; AHG, anti-human globulin; RT, room temperature.

CDC-AHG?| 7~ A-2ollA 602 &9t Al22eF EA4 Hijef & A2
oA 1204 <F HA sk 713ke] 29713H62%)°] Atk B-
CDC-NIH®] 7-9- 37°Cof|A] 605 SOt A3z} A ujjof & AL
of| A 1208 =0t A ufjefsl= 7)2o] 227]1363%)°]i T T-CDC-
AHGE AJ8J3al Q1= 477|138 5 anti-kappa 27} & BA| & 27}

S Al 7o) Ztj 22 o]ujel 7)ol 4371BOI0ILT, 3
3 offel 7]l 17}kl 371 @RI
of = Ale] Bl AL83IT At

CDC-XM AJ8Y A] F7}1=2 dithiotheritol (DTT)S #2|gF @3S
2 AR 7o) 37710019l 1 F DIT 7] 84S
W FAjol tfsha] AL ]9l 167]2H43%), :ol2k Al
% B Alelet Akt 71o] 137]3H(35%), =oi4 T 5
Ap A7z A Al AAFSEE 713o] 47]18(11%)0] i Z1 9] B-
CDCXMA} 42l 79 Aldiste 7]3ko] 27]38(5%), &-oi&F A7k

anti-kappa
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Table 8. Number of cells and volume of sera used for flow cytometry
crossmatch by the participant laboratories (N=30)

Table 9. Incubation conditions of flow cytometry crossmatch used by
the participant laboratories (N=30)

Volume of sera No. of cells/1 uL

No. of cells per tube el ol serum No. (%)
50,000 5 10,000 1(3)
100,000 20 5,000 2(7)
100,000-150,000 50 2,000-3,000 3(10)
130,000 100 1,300 1(3)
200,000 50 4,000 3(10)
200,000-300,000 20 10,000-15,000 4(13)
200,000-300,000 25 8,000-12,000 3(10)
200,000-300,000 30 6,667-10,000 1(3)
200,000-300,000 50 4,000-6,000 3(10)
200,000-300,000 70 2,857-4,286 1(3)
200,000-300,000 100 2,000-3,000 1(3)
300,000 25 12,000 1(3)
300,000-500,000 50 6,000-10,000 1(3)
500,000 25 20,000 1(3)
500,000 50 10,000 3(10)
500,000 100 5,000 1(3)
o 1 735~ Alg¥st

% 9F4 A9k FCXM S4J0]wA] CDCXM 9F4e]
7)3o] 242 17]3H3%)0 |1tk

l‘[l‘

3) Zufo| =

CDC-XMOlA] HAH-E 347]3H69%)°1 4] Eosin Y GAH-S; 127]
T5%olA FFANE, 3713H6%)0lI A Trypan blue FALS A
23431 919tk CDCXM A} BHE X 22 |22 giER 7|2
1= 712ho] 27712H(55%), score 2 7| 235H= 7]12Ho] 187]2H(37%)
0|9, HAES} scored 7 7|85l 7|3o] 47]13H8%)0|3)
o A WA HAETE Ag-sho] A sh= 797 37718H(T6%)
0|3, o] 107| o)A 7]2-& score 2 FHA|FF HE-S HAIE
2 57| wfizolglek HAE 2Rt oM HAYE sk 7| dellk= &
& AIE7F 20% ol U A Ao Wshe 7ol 2071
(549%) 0.2 7} Wk, 10%7} 127]8H(32%), 15%7} 57]2H(14%)
£=0]9t}. Score 2RF TASH= 7| H-L score’} 47 o]A)Ql A& oF
Aoz st 7|13o] 571T63%), 278 oAkl A7t 371
(38%0)°131ct. HAES} scoreE T 71581= 47139 ¢ 37]
B HE 28 A 20%2} socre7} 47 014F¢1 7, 17180l A=
& AIZ 20%8} score7} 27 o]4FQ1 A9 P2 w7t

sl

OI'

4, FMIZ WRIAIR(FCXM)2| ZARLH 21 Ajef
1) MizZet 23
FCXM A3}l Sl=
3 A CDCXMI} A2 F-7 & F LS| A8t 71Ho] 207]
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Cell and serum incubation Conjugate incubation

No. (%)
Temperature  Time, minutes Temperature ~ Time, minutes
RT 15 RT 20 1(3)
RT 20 RT 20 4(13)
RT 20 4°C 30 2(7)
RT 30 RT 15 1(3)
RT 30 RT 20 5(17)
RT 30 RT 30 3(10)
RT 30 4°C 20 2(7)
RT 30 4°C 30 5(17)
RT 60 RT 45 1(3)
RT 30*/60° RT 30%/60" 1(3)
37°C 20 RT 20 2(7)
37°C 20 RT 30 1(3)
37°C 30 4°C 30 2(7)
*T cell incubation time; *B cell incubation time.
Abbreviation: RT, room temperature.
HG7%), Th=A A&z 7]380] 97]18H30%)0]31 M, CDC-XM

= A8 = 1718(3%)
ARt 1k

T-FCXMO| AHg8He Al 420 B3 42 Table 80f) )5}
o}, FEG A3E 524= 50,0007H0f1 4] 500,00071= #1917} theFstel
01}, 200,000-300,000749] AJEE AHEEF= 7|aho] 177]3h0 2
57%2 XA|BHATE AHRSHs FH OkS 5100 pLga, BHg d
SAZIE= EA 1 pld AlE 5 1,300-20,00070] BEE 2ok
B-FCXM A3 A] | 40} 8% oF& T-RCXM} S5} A4
ST Gt 7|22 15712H65%), THEA) ALGRITh Bt 71T
87]235%)013it}. MZo| pronase Ha]E d}= 7Pe 147]3%
(61%), 3FA] Y= 7130] 97]3H39%)01%]L). Pronase AE]E df+=
147]34ol| A A}--5H= pronase?] Z|E-5E= 0.5 mg/mL (67]7h), 1
mg/mL (67]3h), 2 mg/mL 27]3) =010, 37°CollA] 15-302
Bt Agetctar @a3ich

5% FCS-RPMIZ A|3EH G000 g

2) Q¥ =

FCXM2| &3l vjoF 27 Table 9of Ae]algich AlEe}

A oy 2 8 A oY 2L vhgFskalo), Al et
A ulFe] 9ol = A2olA] 308-0] 1771 (57% 2.2 7MY W
UL FF ATA i Fe] Aol AollA] 20401 127]38H40%)
O 2 7P Wkt Alar et I ulek 5 A A2 2-43], HEHA ul
T AIAE 1332 AlYstaL Qllek Al Al ASAE AASH=
H o gl BEHE C2o] HAsl= 7o) 187])3H60%) 2.2 7}
A} WFQFAL vacuum aspiratorL} Tho]3lS- o]8-5}0] A Ast= 7)1

o] 117]2(37%), microplate S € oA (flick off) A|As}= 7]2o] 1
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Table 10. Analysis of flow cytometry crossmatch results by the partici-
pant laboratories (N=30)

Table 11. Cut-off values of log MFI ratio for positive flow cytometry
crossmatch by the participant laboratories (N=26)

FC methods ~ MFl ratio MCS Channel ratio % Dead cell No. (%)
(N) (log) (channel) (channel) (7-AAD)

T-FC (30) + - - - 23 (77)
+ - - 2(7)

- - + - 2(7)

- - - 16)

- + - 1(3)

+ + - 1(3)

B-FC (23) + - - - 17 (74)
+ + - - 2(9)

- - + 2(9)

+ + + - 1(4)

- - - 1)

Abbreviations: FC, flow cytometry; MFI, median fluorescence intensity; MCS, medi-
an channel shift; 7-AAD, 7-aminoactinomycin D.

7132 3%)01 ATt Ml22et AlA NS 412 wjolli= vortexing AHE-

Sl 7o) 227|18(73%) 0. 2 7H wokar, gho|slS ARE-S 4
= 713o] 6712H20%), vortexing¥} THo|31-S- Zro] AL8-8k= 7]
o] 2713H7%)°] Ak

3) Zxute| silA

FCXM A1} BAA| AFE5}= GA] 32 247|235 Beckman Coul-
terAk] Cytomix FC5000] 137]3(43%) 2.2 714 Wekow, Bec-
ton DickinsonA}2] FACS Canto 1T 77]3+23%), Beckman CoulterA}
9] Navios 67]3H20%), Becton DickinsonA}2] FACSCalibur 47]3%
(13%) £=°0]3]t}. FCXM A} B4 A] EE(acquisition) 3= A3
T(T-FCXMO] 7 F A3 4 B-FCXME] 79~ B Al )] tal
ZAV3E AT} T-FCXME] -2 % 10,0007}2] A ZZ, B-FCXME] 7
- 5,0007]1] B A 325 S5kl @3t 7|o] 212} 107]3H(34%)
T 7718B0% 22 7 WA ey 55k Al o]
(T-FCXM, 1,000-1,500,0007}]; B-FCXM, 300-20,0007)% & of T
FCXMOfA T A3 425, B-FCXMO|A] & A2E -5 T35 7)o
&= 0] Q12 7H o) Sl Ao = wEkETh TR T-FCXM
oA E5she Al 5 Tz AAsH] &AL, Adtizle s A2 B
M2 5 7|02 SHaL Qlrfal @3t 712 1713 QASIH

FCXM2] Z3} A4S Q3| AFL-31= &) vhs HES Table
109 AIXISFALE Log @37 o]-8-3 AlAFSH median fluorescence
intensity (MFD ratio?} channel &332 o]-&3)] At median
channel shift (MCS) T+ channel ratio 5 ¢]= A2 AF&-3=4] A
FRAL BT, T-FCXME] 74$- 307138 ZHeflA], B-FCXME] 74
- 23712 5 2171810004 §] A7 W S sk B L o]
& AR Hkgit B-FCXM At oAl 27138 9%)e
AJE 7-aminoactinomycin D (7-AAD)E 0]8-5}0] 52 A|EZ2] 1
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FC methods (N) Cut-off No. (%)

T-FC (26) 11 1(4)
12 4(15)

13 2(8)

144 1(4)

15 2(8)

16 1(4)

18 1(4)
2 13 (50)

15-2 1(4)

B-FC (20) 11 1(5)
14 2 (10)

15 1(5)

17 1(5)

18 1(5)
2 10 (50)

235 1(5)

27 1(5)

3 1(5)

15-2 1(5)

Abbreviations: MFI, median fluorescence intensity; FC, flow cytometry.

MES A3} ol ARt Belgict A g $15to] log
MFI ratioS AF83H= 7]3= T-FCXM - 267|3H87%), B-
FCXM 79 207|2H87%)0] 212, 9F4) 24 7)2-2 Table 113} 2t}
/g TFol| o] 8-El= MFI ratio k=2 7]3kol| whef 2ol & Hl=t
T-FCXM9] 739~ 1.1-2, B-FCXM®] 7~ 1.1-3 Ao #-aGirk:
o F
U HLA A} AR % AL 3 HLA-XMo|| Zofslar )= 7]t
T 20159 A 2AFA] SI7]ERS. =, o]= 19934 18713 1995
W 2973 19974 347)3 2005\ 447)30]| v mate] RS uf
28] F7I8IL Q& G 4= QATHO-12] HLA-XMof|A] of|p1gh 4
APHE AJRYSHAL Sl 719 e F7FHET] T-CDC-XMOf A
AHGE AJ3Y5}= 7)38H47/49, 96%) 1 FCXME- A|3)8}= 712H30/50,
60%)0] HE 20054 ZAHAHG CDC-XM, 35/43, 81%; FCXM, 7/44,
16%)0] Blale] EA8| Z7FskgirH12l. FCXMe] 79 CDC-XM.S.
T HE8] ofH& ot A2 O] Folx}t ol FHLA FAE
3 1 opufe}, vl A whE AIZE ol HARL o] FojRH g *}%
Fe 718 7 AAF 531 Qs FAloltHI3, 14]. &)=, 53] 5
Z| ol A= CDCXME AAEHA] ka1 FCXMUHS: AlAaH= 7|3
o] S7kskaL QLo s AlE FCXME AAJsh= 3070 7|13 5
7125 AlQJRt 297]30] CDCXM2: W88l AHgdh= 2o =
UrERstTh 2| S-S 2710 Fofrp Bof A= o] 4] & ghE e

oy

Of

rSL‘__d
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g7I3ke] 0 w %— o 04%01 831531 9JehIs17), gk ot
&t oA oA an 9 EA 22 R(18-2000] Al
WA FCXMI} Zro] 253 w7l =20 mapAFuk-S Als)s)

of 1 A Ql9g Fofshiz o4 oz 7|Ho] S7F A A=
20 & )

CDCXM ZAMA T Y B &3z Bh= O 2 20059
O] 7}A]+= nylon wool column-& HHZA O 2 AL2-51Ich S
= nylon wool columnif}o] o] o]-§-5|1l= glont 2|tof| 7ide
negative selectiong AF8-8l+= 7]130] 43% (1-CDC, 21/49, 43%;
B-CDC 15/35, 43%)°]l @3 A0 2 ZARE|ITH(Table 4). T-CDC-
XMOA T HZ-5 #2|5HA] 94aL, & HZ ficollS: 0]}
Bolg B A8t 719ho] 20059l 43718 % 8719
(19%°194=, oI ZALA = 497138 T 1571H (B0 2= o1t
Z71IFAIRE o] Fofl+= negative selection= 0]—9-’6}— 7713H(14%)
o) 3glelo] Sleh T URLTS} B URTE Helola] o Atefol
AAE AAJEH] T-CDCXM E B-CDCXM 232 1 11517 5]

H ofH classe] FHLA FARIAE F&slA wlsl7|7} olele
4= QJt}. CDCXMOY|A] class 13} class 11 SHHLA &FAof 2Jsk 2F-2-
& 4200 3P AL T T B T Refstol
HANEL Agehs 20| Baste)

CDCXMOYA Az o} 87 HljoF 5= T-CDCE] 73-9- 42 37°C,
£CZ BCDCE] 49 A2, 37°C2 AL % a1l 2 24
A T-CDCXM (NI)S] - 2188 o] o} a}4l0] o B9l
B QI 7|35, 90O E 37°C Wik S Ao.2 24l
QITHTable 7). o] B ZAbolH B-CDCXME] %% tige
PHblA] 37°C Wik Sz 0.2 ZAIEIRIAIRE Coll gt vl
Sk 7]o] &42(2/35, 6%) QUSIEE ZLefu 4°C B-CDCXMORk
O 3-8 ol B o)) A} Bst ulSold Ak
Aol 7Hs g0 QLo B =2 (22), 3T HARO A= L siAef 217t
a3

ASHI®] CDCXM A T4 7]2-& score 2 (A= Hjn] &
© HES 1% oA A AXISHL k2. o8l 2o
= HAIE R 3gsh= 7139 54% (20/37)7F S5 |32 20% o)/
<, scoreZ TATH= 713849 63% (5/8)7} score 4 (S A|E 21-
50% i) olda & BH Vo= "Il o=dt 7IEe
S/t H2 A %E Wil HE3t Avkebd o B 7]
o] $1] ASHI 7]k} © “E';% Zlo|T}. whEhA] oF gt A
o2 TG A7} IO B R 7} 7o A AHEShe YA T

7|0l gt AHH e 2 ﬂﬂrﬂ ke

1 oJof] & 2ARE B3] LR 7|l A CDCXM HARE AA]
Stet oAl AR EARe] whefE ML, o & e Ba 7t 9l

A

T\" ml
N
lo N

mlo

)
ox O

d
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AOE deisieh 3, s %*MZ%
Aok St 2 7|29, 900l 7
ol Efboi g A2 AR e PR 0E 2

o0 o45] AES toloh Akl 498 S - o

2, o5 FNaelAl 5 71 A S WIEA] EFH AASHES:
7H*d°l Y a5}k £4), CDCXM A 7MY %
o B3] A% WAZ S1a) wellol oikE EZ3of w2, A

S 2 Yt oS 7tellA= xR Zl% ﬁ’—]?’} ez 22
N2E FEE A filme F2ehs e ARSSIaL /131
Lo oil& AFEBLEE Af S H @7} QA

2~

}_
FCXM AALO A& ARS8t A2 =9} E39] Hl&o| Fast
g, o= A2 =& eshA| AIA| Sste] B3 <
A e AZE HFEAI Aol S84 A0E 29T 5= 9]
TH23). ASHI Mol A= F-E5 500,0007H2] A|Z(30 pL
)oll @7 30 pLE WHAIA EF 1 uld of 17,000719] A2
A7 )= HAPTHS AATSRAL QIEH23). o ZALe|A] FCXM
HL = 507H 7138 3 AI3E £ 300,0007]) o512 ALE-
E2 ] T 5509 01 (247] 3, 80%), 100,0007H ©|8FE A}
3h= 71T 3713H10%)0] T Table 8). 8% 1 pLgh ¥H-54]
7= *ﬂi = 217]13H70%)0l1 4] 5,0007H0l1 4 20,0007] Ato]E, 9
712 30%)011 45,0007 w|RkS AHE-SH= A= UEh 83
of vjel | W& AL 4287 1 pld AllE 4= 20,0007 22bE
AHESHE Al Sl 02 wekEct ok gk 7| Yol 5
S RIS fAISE] A= o AR Alol] AliE 5 ets]
APgste] Aot Al =0F B9 vlE-S dAsH fAE d
a7} 7k ERk Al 2R o] ofat EA ofoll whet E7go] B]4
T A7t gt dvlee] FaFE v 47t QL= ASHI v
oAl = 7 7HIE e AHEshe RS AL qloH23].
B-FCXM-2 B A|328] o] EA5h= Fe 484 2F ¥H-8-5}= 1]
A WejZeEe o 2 olsho] TFCXMET} ¥ vhg Hm=r}
B *ﬂi& UH—]C‘ﬂ fHTFP A A & (@] Anti-CD20, rituximab)
& g 4= QlrHz4]. B-FCXMO] of|Tl
] %% 171 %’4'511 W Ao = A2 O Fe 2
SAE AASHs Td Eefaa SHeH25-28).
71 9of = HA A B 7Hdste] @4 o] HARLAIE AIA
o} B All29] Fe =820 HI5o|4 AgE WAIst= =24
o} WS o] 83| SHH28-30). ot FAfo A= B-FCXME
AA|EH= 23712 2 1471 B619%)0)| A pronase 22| ghclal 95}
3L, pronase #|Fsw AAM] et 05 mg/mL 6718, 1
mg/mL (67]%h), 2 mg/mL 7] A&t Ao = Uyt

Lo

(o)

z do Mo
1=

olo

fus

K
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>~
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k)

2 pronase B0 a4 AaH AH-L ¢l
3t EA o= TFCXMZ AlRYsHA &4 7k
I QO B E pronase A% £ 0] AXo) Ax} siA] Ao

ofstofof sHITEH3L, 321
FCXME] A} 42 log F33%ES 0]-83+= 59} channel &

FekE ol88h= A-7E A= thErk FeXMe| 4 3 =4 A

oAl log Fdele o83t B AR AAle] B892 =3

Z(ABY A FFEe R Ue vl MFI ratioS AHE-S}L,

channel g o]-&st= ¢ ALK A FFghol Al 4

o) %9] FB7He Wl MCSE THA31 Hek & 2 A4 Eolat

2 channel 4GS AH8-5PAA] ZA3}= ratio (channel ratio) =2 2+

T 26l 7|ZHT-FCXM 47|13 B-FCXM 27133} B-FCXMo]|

A BAE 083 CDC HARS AL 7-AAD FA 2 o]-8-5k]
S AME %= BASH= 7138271 Eho] 4= itk Holth(Ta-

ble 10). FCXM®| /g B4 7152 2+ AAbel wheh e=lont

ASHIO A= 1024 channel2- ©]-8-3F tj2kalol oFA T4 MCS )

© 2 T-FCXM] 7% 40-60-%, B-FCXM2] 7-%- 100-1202 A|A]5}

31 9leh23) oleldt b4 T 71EL log WS o83 MFI

ratio 2= T-FCXME] 79 1.4-1.79], B-FCXM2] 7% 25-299 3

ot holth o] ZAFo Al Fj 2+ FARAIS] MFI ratio 94

A 7150] AAs] theFsle] T-FCXME] 73-9- 1.1-2.0 Afo]of] B3

Sl HIEE(19/26, 73%001A] 14 0|AFE, B-FCXMO] 7$- 1.1-3.0

Afolof| BIFRT ThEE(15/20, 75%)0M1A] 1.8 oA} A3t A

© 2 UEPTHTable 1D). /8 4 7o) UF 2o vt &

o) o] RAstepl B S5 Q] 4%0] 7oA ALga}

L oFA T4 7)Z(e]. T-FCXM, ratio 1.3 ©|3}; B-FCXM, ratio 15

olsh Ui Fe Ao & AYZETE FCXME CDCXMO]| H|s}od

ANE Ao 2 AeFs} &F 4= 9)= AEo] QIx|uH4], 7]

A 270l 9 7)e] A1) Thea AARIZE Hole] ofat

ke ARk 7t 7oA AAL Alot S8 SA2 )

= g , FCXM Z3}9} HLA 3

o14] FollA} QA

O} pronase A2

APe 2

m{m J

ol HRZAE ol 7133 LA A AL 851 AL
50k 4 Aok @) jor 2 Ul 11 EREEE]
o TR 71 Soll At Kol 9le-S Bttt oleidt &
50| AR wighEe] Ak o} o3 Hupe] Avel 2
© PHOR Hs ASekE ket 671 Mol AL, B 9
oA AT U 243198 20 FeEck HLAXMS] 2
o] wpe g7jo)] o7l AL BE Ao 2% 2 o
Foll aFE AL A WHEe} BolwE fAI5HE e
wh S FRste], A7]014), B8] wAb ool Al ofe} =7
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O] AAHI 7L AAlE o] o] A At Ay E 2 HAM
7re] At Zpol5 Eol= Alo] 2otk o|n] ASHI} College
of American Pathologists (CAP)O| A &= HLA-XM-2- AJ3)3}= A}
A 7ko] Ao Zpolof| tigt ZAIHS A1 A5HAAL, EEStol| gt
T84T} L QS ZrEsSitH33l 1HEE i A& HLA-XM
o) S5} A4S Balo] 24} Al ek NES Fol]
9t 1812 440 2 Sfofor 3 Holr

2 o
Hi&: HLA W AAJE(MHLA crossmatch, HLAXM) 5315 ¢t
ZAke] AmE HA5te] HLA-XME AJd)sh= 5%141 71|
S-S molslal, Lol HLAXMS] #323H2 o|27] 9J3t 712
Ae 2 AFestaA) stk

HHH: 20159 89S 7|0 & <] HLA AAF AHI = ZA} < HLA-
XMel Fefstar Q= 51719 Qw7 o2 AE2AbE Al
3sto], SHT 5070 7jHS dfe s ANE A e
Lo /\]3“ 201 HLA-XM 572} A7k ZAF 74, 2) HLAXM
of Ab&shE HAY TRt " B, 3) HAIjEA Al
=4 E’J}/\]E‘(complement-dependent cytotoxicity crossmatch,
CDCXM) ¥ GAZEA WA F(flow cytometry crossmatch,
FCXM)®] Ak 3 Alefol ol ZAlele

3} Anti-human globulin (AHG) CDC-XM (47/49, 96%)} FCXM
(30/50, 60%)2 A|BY31aL Q3= 7132 20059 AE-FANAHG CDC-
XM, 35/43, 81%; FCXM, 7/44, 16%)°l| B|3] @3] F7Fatict.
24 AR 50% o] 7ol 5071 of8hE ks 2t

YA 3

o

AR &30, d7F 5004 He AANE >
10%¢°]] B3k Ala FefiHo] glojals CDCXME AAJEH=
7132] 43% (21/49)01 4 negative selection W& AHE-31aL Q131
ot @3 1 pld #HEA171E AIE =5 CDC-XM (1,000-8,000)
FCXM (1,300-20,000) X0l A Y& oo = HYith FCXM
9] A3} Ao A log F37kE B]-&(log fluorescence ratio)S AF-&-
Sl= 7]13H26/30, 87%)°] channel shift ZH& AH&SH= 713H(5/30,
17%)°] vlaf o Wtk

ZE: CDCXMI} FCXM HFollA] A2 ThE 7] oA AR5t
AApoI 97 710] Aleat Ajol} 9l o] el
713 AP Aol & Fol7] 915ke] HLAXME] 3#33} A4HY

= AlHA o 2 Algstojof & Zlol).

el =2

s M Eo] Q5] Sl A A HLA ZAM AReIA)
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