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Flow Cytometric Assays for Lymphocyte Subset Enumeration: CD45 is Inevitable for
Lymphocyte Gating and CD16 is Essential for NK Cells
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Background: Clinical and Laboratory Standards Institute (CLSI) guidelines (H42-A2) recommend the “CD45/SSC” gating method for assays on
lymphocyte subset enumeration and CD16 exclusion for assays enumerating NK cells. In contrast, the Flow Cytometry Checklist (06/17/2010) of
the College of American Pathology does not recommend a specific lymphocyte gating method, but recommends the correction of lymphocyte sub-
set results for lymphocyte gate purity.

Methods: We compared lymphocyte subset results of EDTA-treated blood from 102 patients with various diseases and 12 normal controls, using
3 lymphocyte gating methods (CD45/SSC, FSC/SSC, and lymphocyte gate purity correction after FSC/SSC gating), and assessed the proportion of
CD56-/CD16+ NK cells within the total NK cell population.

Results: Lymphocyte gate purity increased as the percentage of lymphocytes increased. However, lymphocyte subsets that consistently showed
high lymphocyte gate purity could not be identified. The purity of the T cell population differed significantly depending on the gating method used:
CDA45/SSC vs. FSC/SSC, P=0.027; CD45/SSC vs. gate purity correction after FSC/SSC, P=0.002. However, the lymphocyte gate purity correction
after FSC/SSC gating did not significantly improve the accuracy of the lymphocyte subset enumeration assay using FSC/SSC gating. The subset of
CD56-CD16+ NK cells, constituted an average of 17.1% of total NK cells. Patients had higher proportions of CD56-CD16+ NK cells (13.1-25.5%)
than did the normal controls (9.52%).

Conclusions: In flow cytometric assays to evaluate lymphocytic subsets, the CD45 is inevitable for lymphocyte gating, whereas the measure-
ment of CD16 is essential for the evaluation of NK cell proportions.

Key Words: Flow cytometry, Lymphocyte Gating, CD45, NK cells, CD16

M E o] =etelef) wk=, CD45 74 ek W side scatter (SO

2 YEA gatingS 5h= o) o B YL S ZFAIL, Y

SAIZAA A EA N gating w0 2Q3lTE 20079 5 ET ST (puiit)® & 42 9o R T2 HE LS| o 9
of| 2845 Clinical and Laboratory Standards Institute (CLSD) 7} T AL 7ASI= 2hYjo] WaFA| ookl sFATHl). E3F CLSI
7hol=lelof A NKA|EZ 24 A] CD561} CD16S 7o) A8t

Corresponding author: Chan—Jeoung Park, MD

Department of Laboratory Medicine, Asan Medical Center, A ®HrF CD56E =0 2 AFR-SF AL AAskaL Utk 1 o] G2,

86 Asanbyeongwon-gil, Songpa-gu, Seoul 138-736, Korea « foe

Tel: +82-0-3010-4508, Fax: +82-0-478-0884, E-mail: Cipark@amc.seoul kr CDI6+CDS6+ NKA|IZE otge] s 5717171 flste] CDI6
T} CD36= 3t BFO & gAof| AREslal Q=] F-&-3t signal to

Received: March 18, 2012 . - -

Revision received: August 24, 2012 noise H|-&& HLEML CD56 HEE2FA & AHEslH 3712

Accepted: August 27, 2012 CD16S A}-83F 9@ 7} glck w3t ?g A gl Jof| 4 CD16S A3

This article i available from http://www.labmedonline.org = 28 JEA gate Yol Sol& 1= Sl A4 CDIo+ @4

© 2013, Laboratory Medicine Online ZIARH] ST o131-L NK A H Q3551 2AE= AL uke A o)

€ This is an Open Access article distributed under the terms of the Creative Commons I ﬂi 1- &= NK ﬂii t o - o]—ﬂ] - OQ s e A

Attrioution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) o}’ a1 Aslar Qick

which permits unrestricted non-commercial use, distribution, and reproduction in any .

medium, provided the original work is properly cited. LAFA AT QIE forward scatter (FSC)/SSC gatingi-2

elSSN 2093-6338 www.labmedonline.org 79



MO

O}AI% CLSI 7Fo]=afolol A WABIL Q= CDAS/SSC gatingt <.
2 2HHsA A= R] kAt QITH?24]. College of American Patholo-
gists (CAP)9] 7} 2| FrAl AL AL whzd 572709] 7]
718t 13870 7]3H(24.1%, 138/572)9)|A] o}Z]%= CD45/SSC gating
e ARESHA] Al QIThal sh, 21 3370 714(23.9%, 33/138)
o)A CD45/CDI4& I gate <o S7gsto] P & 2
Aof| whe} gzAtoly SPAE wATHHAL SHYITHS] 2t gt
AbaArelsts] Jrmyke] flfelof A Algstal Q= FAIZAAR
A g7Holol mEr 1470 7]2H(30.4%, 14/46)0)4 CD45/SSC
gating-& AR-SHA] ¢FaL Q1L 71 % 770 713(50.0%, 7/14)e11 4
YIS Sz gIatoly S wste] duks Huska
U HAA A7} A5k o] AL &2 A5 o = ol
2ol MRS, Wil RS W Alpta) o] iy
7} 7 Elo] Sz ARFOIAIE FSC/SSC gating BHE0 24 %
& Ymolg At @i

CAP SHIZZAL AT A EE AT HAAE 951l A

1 A A ASHAA, gaiing# $iste] ¥

At FR AN S SR AL A ok B9 A=
G7h WAL At e s Wset BTl £ AAAE
232 gate S FSC/SSC T CD45-FITCR} CDI4-PE 3|2 AL-&-
sfel %sHe Zlo] Eohehn ShUIFLO30460, WZToRITA
AE URT gue 25 olgto] 445V AT AL BY
3} ITHFLO.30470).

oAkl A W7 AR AP ATECOLL/0D
HEZIANG0) B3] ofahel “mol AL Alo] Yok AExt
& HeEl] $la) A3 gating o] AHEE7160.602.606)
e sjo] 9l, ofsh WO “m 418 A) Thpek B0l
BQlo] WS 720l &= “forward light scatter®} side light scatter’ S}
Hof| A gating& AldYdt+= ZIEL} side light scatter®} &33(9]),
CD45) FA SO A gatingS AT 790l B Z=ro] B= 49
7} ek e AASL ek Egk the 23H60.602.607)904] “H
sz o} EAZATHE gue purityo] Bo] 285] ARl 2
31 o] glan, ola} AWO.% “HIYEFT 5% 014 gateo]) £
o qlrhel Yot 23S WAstolof g A o
LT 917] A] low side light scatter@} bright CD45 & ©|
T hE g WS ol 89 4= Q] ol A vkEA] 7]
3 ofok gy ek AAIakL 9ick
Bjorkstrom 5{8-2 NKA|2ZE- CD56+CD16-~, CD56dimCD16+3}
CD56-CD16+2] A 714 o} © & U-L=a1 CD56- NKA|2E7} A7}
& Aol Al WAk wgH o R A Avbricldgiutole s
oF C Zrutole 2ol A HE AFgolM= L A7 s rithal
SHATE. TERE CD56- NKAZE7} A[1% AP A gutole] 20 &

A3t gating'H]

O

Y op

80 www.labmedonline.org

AE A=), o] CDS6- NKA|E7} 47 H2 thill(mac-
rophage inflammatory protein, MIP)-1o, MIP-132} RANTES 5-9]
A5 7Fl(chemokine)& AJAksto] o] F0] CC-AE7II 4845
o} 2tste] 4118 AgrEieiAEto Bl A7 CDMTRE TR U
Sh 215 olalatela SRCh CDS6- NKAE2] Am7kel At}
WAl 1471 S7eHe AL TRl ), NKALE 27
CD56YF AR A8 PaIsH= CLSI 7ho| Eafolo] o8 74| &
At

2 A7 ek Yol RN E et guingt S eI,
NKALE 27 4] CDI6S] Baxe Bk Slstol, Al 7 gat
ingtH(CD45/SSC gating, FSC/SSC gating¥} FSC/SSC gating 3~ &3
T g SRR DO AL AmpolAAt AT v}
1, 4 5 2ol % NKALZOIHe] CDS6-CDI6+ NKAIZ

oo )& sl

A

1. 2
10299] Aol A7t ) 25
]

2 aolep R 5 24

(20, 30t}, 40t 50y, 60t 70t} o)Ak
A 22-814)D S 2HE] A F|7E EDTA A
(flow cytometer, FACSCanto® instrument, FACS Diva® software,
Becton-Dickinson Inc., San Jose, CA, USA)S Al-&35}to] ZZiLo}
FHAHTAE, B2 TAIE[Th], A TAIZE( T, BAJZE, NKA|E),
57 gate 5 274 9 NKAZOLAAHE AAJ3Hich

o A
o

2. FMIZZA

ALl AAS 95t0] CD3-FITC/CD56+CD16-PE/CDA45-
PerCP-Cy5.5/CD4-PE-Cy7/CD19-APC/CDS-APC-Cy7 Jd(BD
Multitest 6-color TBNK Reagent®, Becton-Dickinson Inc.)-& A&
SHIL, FZA gate 5= 242 $16k0] CD45-FITC/CDI4-PE 9
9.8 AL59IEHFig. 1. NKAIZORS 242 9J5}e] CDS6-FITC/
CD16-PE/CD3-PerCP/CD45-APC W'd2- Al-8-5}3thFig. 2). HE
HEESA S-S Becton-DickinsonAFR EE] Q55T

50 uLo] EDTA El7t 20 pLo] g3 At HE23d4E &
510l 42:9] o oA 15874 K2k ThE; 450 Lo} FACS
Lysing Solution (Becton-Dickinson Inc)¥} Z5}al, ThA] AR2-9]

58 TolA] 1587 H2Brk o] F iz RATAAp|R B

http://dx.doi.org/10.3343/lm0.2013.3.2.79



Z|Fel Q|1 CD45 for Lymphocyte Gating and CD16 for NK Cell Assay ]LM[(O)

(A) CD45/SSC gating (B) FSC/SSC gating
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Fig. 1. Assay for enumerating the lymphocyte subset using 3 different gating methods. (A) CD45/SSC gating. (B) FSC/SSC gating. (C) Gate purity
correction after FSC/SSC gating. The corrected lymphocyte subset (%) was calculated using the following formulae: *Gate purity (%)=CD45(+)
bright/CD14(-) mononuclear cells (%) among lymphocytes by using FSC/SSC gating.
Lymphocyte subset result from FSC/SSC gating (%) %100

Gate purity (%)

*Corrected lymphocyte subset result (%) =
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Fig. 2. Evaluation of NK cell subset by using CD16 and/or CD56 expression.
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Fig. 3. (A) Correlation between the proportion of lymphocytes and lymphocyte gate purities (r=

Proportion of lymphocyte (%)

(5]

0.400, P<0.001). (B) Correlation between the pro-

portion of lymphocytes and the differences in T cell values analyzed using CD45/SSC gating and lymphocyte gate purity correction after FSC/SSC

gating (r=-0.133, P=0.115).
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Table 1. Percentages of lymphocytic subsets calculated using 3 differ-
ent lymphocyte gating methods (N=114)

Correlations (r)* Differences
Lymphocyte A-B A-C
ulisis Aversus A versus Mean £SD Mean £ SD
B C Median (range) Median (range)
P value P value
Tcells 0938 0981 4.84+588 209 +6.35
3.35(-17.0-26.0) 1.18 (-11.6-26.0)
0.027 0.002
T helper/ 0976 0995 191£3.71 0.56 £ 4.09,
inducer cells 0.80 (-13.3-19.6) 0.15(-18.1-17.2)
0.377 0.158
T suppressor/ 0971 0993 2194433 0.61+4.82,
cytotoxic cells 1.45 (-9.0-16.9) 0.08 (-16.1-26.4)
0.351 0.270
B cells 0893  0.897 -0.25+3.05 -0.58 £ 3.04
0.00 (-8.3-15.8) -0.04 (-15.1-13.9)
0.850 0411
NK cells 0.825 0.821 029+3.14 0.80 + 4.04
0.10 (-5.8--19.3) 043 (-15.8-19.3)
0.907 0.889
*All, P<0.001.

A, CD45/SSC gating; B, FSC/SSC gating; C, Lymphocyte gate purity correction after
FSC/SSC gating
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Fig. 4. Distribution of NK cell subsets in patients with various diseases.
*Proportion of NK cells that are CD56-CD16+ NK cells.

Abbreviations: NC, normal control; AML, follow-up of patients with
acute myeloid leukemia after chemotherapy; ALL, follow-up of pa-
tients with acute lymphoblastic leukemia after chemotherapy; MDS,
myelodysplastic syndrome; LC, liver cirrhosis; AA, aplastic anemia; VI,
viral infection.
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Table 2. Distribution of NK cell subsets according to disease entity

Age NK cell (o) CD56-CD16+ (00) CD56+CD16+ (%) CD56+CD16- (%)
Mean £ SD No. Mean £ SD Mean £ SD Mean £ SD Mean £ SD
Median (range) Median (range) Median (range) Median (range) Median (range)
Total

40+19 14 18.1+16.8 32+32 136+ 133 19+43

42 (1-81) 13.0(2.8-98.2) 2.1(0.0-17.4) 93(0.1-79.2) 0.7 (0.0-35.1)
NC

52+19 12 126+73 1.2+10 1M.1+69 03+0.2

50 (25-81) 11.4 (3.9-26.0) 0.7 (0.3-3.4) 9.6 (3.4-25.4) 0.3 (0.0-0.8)
AML

454+13 14 2161225 29+23" 152+ 134, 35+92

47 (8-63) 12.2 (3.0-83.7) 2.4(0.0-7.9) 9.0 (1.4-41.2) 0.6 (0.0-35.1)
ALL

19+17 10 29.8 £285 39+28" 2311232 28+37"

19 (1-59) 189 (4.8-98.2) 25(1.2-89) 14,5 (22-79.2) 09(0.2-11.2)
MDS

44415 10 1.2+96 24+32 80195 09+0.7"

43 (12-63) 7.3 (4.7-35.5) 16 (04-11.1) 41(0.1-323) 09(0.1-2.4)
Tumor

3620 12 143191 23122 9.1+84 29+45

38 (5-60) 11.7 (3.6-38.5) 1.7 (0.0-7.9) 6.7 (2.8-33.9) 09(0.0-12.7)
LC

50+ 8 n 200+ 115 36+33" 155+ 1.9 09+ 04"

50 (39-65) 16.3 (7.8-48.4) 24(10-11.7) 11.8 (4.2-45.8) 0.8(0.2-1.4)
AA

22+12 12 225+21.1 69+51" 17.4+16.7 28+3.0*

20 (7-49) 14.0 (2.8-66.1) 79(0.6-17.4) 15.6 (1.7-48.1) 2.0 (0.4-10.6)
Vi

48+ 14 25 154 £ 60 29+18" 109+75 1.6+28

46 (18-71) 13.1 (11.2-24.2) 32(0.6-4.4) 11,6 (1.1-19.5) 03 (0.0-5.8)
Others

31+£28 8 129+86 25+20 96+74 08+ 1.1

32 (1-63) 10.1 (5.2-30.9) 1.9 (0.3-5.7) 8.5(2.3-26.8) 0.5 (0.2-3.5)

*P<0.05, when data of the NK subset from patient groups were compared with those of the normal controls by using the Mann-Whitney test.
Abbreviations: NC, normal control; VI, viral infection; AML, follow-up of patients with acute myeloid leukemia after chemotherapy; ALL, follow-up of acute lymphablastic
leukemia after chemotherapy; MDS, myelodysplastic syndrome; LC, liver cirrhosis; AA, aplastic anemia.
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