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Establishment of a Novel Multi-Color Panel for Analyzing Treg Cell

Subsets in Peripheral Blood of Patients with Dermatomyositis
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Abstract To establish a new panel for Treg subsets in peripheral blood of patients with dermatomyositis,
a 15-color multiparameter flow cytometric panel aimed to construct and optimize. Peripheral blood of
dermatomyositis patients and healthy donors were collected and PBMCs were isolated by density gradient
centrifugation. The antibody concentration, staining time, staining temperature, effect of light on antibody staining

index, fluorescein exposure time and voltage were optimized for antibody staining and acquisition of PBMC cells
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on flow cytometry. Finally, a high dimensional panel with 15 colors were successfully established and targeted
Treg subsets were analyzed with advanced application in FlowJo. The results showed that (1) the optimal voltage
value of the panel can be established by blank cross method combined with staining index method; (2) the optimal
antibody concentration of TIGIT BV421, HLA-DR PE, CD127 BV605, CD103 R718, CD25 PE-Cy7 after titration
were 1.25, 1.25, 3, 2.5, 5 uL/test (100 pL staining volumn/test) respectively; (3) with this multicolor flow cytometry
panel, antibody staining should be incubated at 4 °C for 30 min in dark; (4) and the samples should be aquired
within 24 h. The established 15-color flow cytometry panel can successfully analyze the portion of Treg cell subsets

and activation related molecules in human PBMC samples. This method is feasible for the analysis of peripheral

Treg subsets in patients with in dermatomyositis and other disorders featured with treg deficiency.
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DMSOM 4= L& A7 B A . M4l H &
I I AT G B ARSI

YHMIE J5: (1) 37 °CIKUHFR; (2) T2 mL RPMI
1640557725 [F 10%(V/V) a4 7% FBS+10 mmol/L
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1.3 Sitoh

fEFHSPSS 16,08 FREAT et 220 M, tH R BER
PAxts R, SKH 8L, *P<0.05, **P<0.01 A% %4
giitsr o A EEE M FlowJo VIOEAT 4 #7 .
FI| FHGraphPad Prism 7.0%} 5236 #5045 #E471E B -
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2.1 158X DA EPane) i, ¥EET
AT FARTE CARIE A R R T L
S5 DA TA AR G S FRR AL T — &R 15
0 TR AR DS TR I 7 &6 (R 1), A — &
T G e A A7 IR AL 5> T (CD3. CD4%%), ik
455 TH ML A G 1) 4> F (CD45RA. CD127,
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HLA-DR); 5405531 K167 X 41 i il 24 5 19 557
453 7-CD103M, HiARAF B A dd B A M W% 1.
2.2 HEREERNHIL

AHIF TR F B AR BRSO B R . R
207K, 5EPABD Fortessaijit 41 o AX Divai A4 H 7 7Y
BLANK 227 LU AT I L A, R 5 AR
BT I E SR, %R R LR R4 B B
TS PR B 45 R B 1AFR, SHEHUA T & 1
B STHE U v AT~ 5 I (E BH P4 200 B 2 s o A 0 PR
I SXof 7 (1 B R 3R A A 23 R e 1 e/ U 1), YD
TZIEE ) R R T R (R 2FE 1B). E R4S
DI T LA AR, 73 B F 28 1Y) Panel 5 i& FL
R (FR 28 G —F).
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N TR RE AR IR B T G e R I R, 7R
YHMIELE (1¥10°4™ /test)s GLEEmT ] (30 min) il 52 (- L
N, X JUANE 2.2 F 3 52 I A AN B AR I LA AT T
ARG L IFRC R AT, 25 R WE 2A. B 2BFT
7, X T TIGIT BVA2LFTAA, G S A2S pl/test,
PR AL 52 T /N F S ANIRIE KT 5i—A
WEE, RIAPUAR G IR EAE1.25 pl/testi], BPERE
SRR O B RO IR AT, R dr B E, BURIR
ARSI ORI, Qe dBE N B, S PUAR IR Bk 3 Ui B

1 158X 275 7E(panel)
Table 1 15-color panel for flow cytometry
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brEY) Reactive TR Fi& Fortessalf{ ;%%  Fortessalié A TLkE S
Markers . Fluorochrome Purpose Fortessa laser Fortessa filter Clone No.
species
LIVE/DEAD Human FVS510 Live/dead 405 525/50 —
CD3 Human PerCP-Cy5.5 T-cell 488 710/50 HIT3a
CD4 Human FITC T-cell 488 530/30 RPA-T4
Foxp3 Human Alexa Fluor647 Treg gating 640 670/14 259D/C7
CD25 Human PE-Cy7 Treg marker 561 780/60 BC96
CD127 Human BV605 Treg gating 405 610/20 A019D5
CD45RA Human APC-Cy7 Naive marker 640 780/60 HI100
CCR7 Human BV711 Differentiation 405 710/50 GO043H7
KI67 Human BV650 Proliferation 405 670/30 B56
CD39 Human BV785 Treg suppression 405 780/60 Al
TIGIT Human BV421 Co-inhibitory 405 450/50 741182
CD103 Human R718 Tissue residency marker 640 730/45 Ber-ACT8
HLA-DR Human PE Activation 561 585/15 1.243
CD38 Human BUV395 Activation 355 450/50 HB7
CD28 Human BUV737 Co-stimulation molecule 355 740/35 CD28.2
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Table 2 The results of voltage optimization

BLANK -7 4895 37 (14 4 L s /v

R AR ST N NAY

lfjl\:rtki%rs Initial voltage established by blank cross y\ifaiﬁfffrft/r\;ﬁon N Opt.im.al \{oltage after leakage
method /V optimization /V
FVS510 426 406 406
CD3 PerCP-Cy5.5 731 711 710
CD4 FITC 537 557 557
Foxp3 Alexa Fluor647 693 673 673
CD25 PE-Cy7 742 682 682
CD127 BV605 641 621 621
CD45RA APC-Cy7 654 634 654
CCR7 BV711 586 586 586
K167 BV650 647 647 647
CD39 BV785 698 638 638
TIGIT BV421 438 398 398
CDI103 R718 750 730 730
HLA-DR PE 652 492 492
CD38 BUV395 583 583 583
CD28 BUV737 719 739 739

PHEF S ul/testh], et fg%it1.25 pl/testif (K H
HPHPERE ORI IR . HLA-DR PEHUALE ik
FE1.25 pl/testif YL s B0, BER BHPERE S
FHAEFE 70 S ORI, A i 5 38 n 31045 W -
HEFZ IR S pl/testh] , H A EFEHEE F . CD127
BV60sHiARIEEA S, KA FHEL T 3
HeAF B SOR T HEE B P NIKEE, RIAE G ik B2
3 pL/testit, Gett 4B Hciim, Prislk B n, Hgu e
FRBUR T N, BIVERES BH PR 2 B RO A AR
fb. CD103 R7ISHUATEWE A 2.5 uL/testivf Bk
R, CD25 PE-CyTHUIRTEIRIE AN S pl/testh] ¢
e B B B, X UL iR R —
A W, TIGIT BV421. HLA-DR PE. CD127 BV605.
CD103 R718. CD25 PE-Cy7ii§i 7€ J& [tk i A bric
B HIN1.25. 1.25. 3. 2.5, 5 uL/test.
24 FErEEEESEEMNIAREERINEN
BFFT T Gt Tk s s, 45 SRR BT
TR R BLGeBH4A FITC Mouse anti-Human CD4, &
Geta Al IE K, et e A0Sk, 30 minf 1) SHE &%
{5115 minfYISHE(P<0.01), {H30 minftf (JSHE 145 min.
60 minff] SHE % 5F AR, 45 minf 1) SHHE L 30 minf¥)
HEAS— 15, PRI, FITCH S AL T 3] 930 min(EI3A).
T X T 5B Bk el 44 PerCP-Cy5.5 Mouse anti-Human
CD4, H. STE B 8] & T PEAS (B 3B) . £ 2t

Panel ™5 [, PR Gt} [8]30 min A H -

8T EiE . K B4 CEFiTiA F IR, 45
KA 3CHE 3DFR, X T & Bk QLR T4 FITC
Mouse anti-Human CD4, =g 14 °Ci# & J5 YL taF5 4L
SUE Y &2 T UK B & #Y ;s - 5 BRAL kL ik
PerCP-Cy5.5 Mouse anti-Human CD4, H: SI{E{E 4 °C
i E N RN . Kk, 285 2 (B Panel 5 1&, Pk
5 B AL A4 °C R .
2.5 XS EI T RERRN

X E 4 PBMCEEAS, EAT AT ARIE, — it
WE, — T WETIIEE, 55K, X TIES Bk
PR i4A FITC Mouse anti-Human CD4, 5% 5 75 %)
HPEIRHOC R E 2 (B 4A), (BIEEEAMF T, H
S 9 P P M O R e, I R e P
g v () G 1% 82 43 A B4 B, T AT LY kAR T [ R U
55 BA PRI 2 TR TR A AT 4B, B AN EEAR (B
4C). X T HBEGeRHT/APerCP-Cy5.5 Mouse anti-Hu-
man CD4, Y624 N HISHE &3 & Tl B4
1) (P<0.01)(4B), BEGAAE T, H4H B 1A 5 FH
VERE R AEIS A5 B (B 4D). K, Toik FITCIE
FEPerCP-Cy5.5, ¥ & (RO 1 T W & 1R4F -
2.6 KARMERBEX SRR

AH T A5 T AR R ERGYRUAFITC Mouse
anti-Human CDA4H £ B G EHIT /4 PerCP-Cy5.5 Mouse
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A: IS GEE I RSB LR N ORI PERE S PH IR 7 B A5 R . B iR R LA P2 5O FE v S de (i Fa B
A: the separation results of cell negative population and positive population under each gradient voltage of 15 single-stained samples. B: the staining
index (SI) have been calculated from the median fluorescence intensity (MFI) of Fig.1A.

Bl BEBESR

Fig.1 The results of voltage titration experiment

anti-Human CD4 4% €8 J5 JiCEL B ()% e 38R (1 52
4E R, Y024 hjE, FITCHISHA & 2 1K 10 hi
(P<0.01)(EI5A), PerCP-Cy5.57£24 hiN A2 1k AN i 2%,
H fE48 hitf, HSIE 2% X T-24 hif)(P<0.05)(&I5B).
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Fluorescence intensity

10 10 S )%, I (1 & 0 W N e
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TIGIT BV421 HLA-DR PE CD127 BV605 CD103 R718 CD25 PE-Cy7
—_—
Antibody concentration/uL-test”!
(B) 4.0 P 1.25 80 3.6 5 2.6 25 28
— .
Z it o o 125 4 e 24 e 26 5
~ | 32 22 . v
_QE 3.0 40 ) 2'0 22
3.0 S
2 20.
= 20 . I s
£ |20 04 2.6+ 1.64 16+
2170 5 10 s 0 2 I 5 0 5 10 s 0 3 10 s 0 3 10 15
g TIGIT BV421 HLA-DR PE CD127 BV605 CD103 R718 CD25 PE-Cy7

Antibody concentration/pL-test !
A: [ 5B K 5 He i 18], TIGIT BV421. HLA-DR PE. CD127 BV605. CD103 R718. CD25 PE-Cy74/if4 b1 APBMCHH i J 12 ffa BH P 1
SRR B A A . B ARIEA TIP3 5O T S G (AR AL
A: the cell number and staining time are fixed, then the separation results of cell negative population and positive population are detected after human
PBMC separately labeled by antibody TIGIT BV421, HLA-DR PE, CD127 BV605, CD103 R718, CD25 PE-Cy7. B: the staining index (SI) have been
calculated from the median fluorescence intensity (MFI) of Fig.2A.
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Fig.2 Effect of antibody concentration on staining index
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A: BEAAI [AIXTFITC Mouse anti-Human CDA$LA (ST % 5 RPA-T4) Rt 5 £ A2 . B: G (@it (R X PerCP-CyS.5 Mouse anti-Human CDA447t £ (5¢
[ 5 RPA-T4) Y AR B0, C: 5 B IREXTFITC Mouse anti-Human CD43LA (78 % 5 RPA-T4) Y (a3 840 . D: % 7 IR X PerCP-Cy5.5
Mouse anti-Human CDAHLAR (5 5 RPA-TH) YL R B REM . ns: ZZFAEE . *P<0.05, **P<0.01, n=3.

A: effect of staining time on antibody staining index of FITC Mouse anti-Human CD4 (clone: RPA-T4). B: effect of staining time on antibody stain-
ing index of PerCP-Cy5.5 Mouse anti-Human CD4 (clone: RPA-T4). C: effect of staining temperature on antibody staining index of FITC Mouse anti-
Human CD4 (clone: RPA-T4). D: effect of staining temperature on antibody staining index of PerCP-Cy5.5 Mouse anti-Human CD4 (clone: RPA-T4).
ns: not significant. ¥*P<0.05, **P<0.01, n=3.

E3 FERELFEERE AR EIERNZIT

Fig.3 Effect of staining time and staining temperature on antibody staining index
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AL B: 435N AT WHEXTFITC Mouse anti-Human CD43U{AR(7 % 5 RPA-T4) Fl1PerCP-Cy5.5 Mouse anti-Human CD44{ 4 (e % 5 RPA-T4) e (. 5 %
IR . Cy D: 430 3~ WG AIBEE 2644 R, FITC Mouse anti-Human CD4HU4 (7 B 5 RPA-T4) fIPerCP-Cy5.5 Mouse anti-Human CD4HU4R (7 B
S RPA-T4)bric A\PBMCEH a5 (40 B P35 P R B 2 25 45 S o neg: BAPEAMIERE. pos: PHIELHMIAE. **P<0.01, n=3.

A,B: effect of light on antibody staining index of FITC Mouse anti-Human CD4 (clone: RPA-T4) and PerCP-Cy5.5 Mouse anti-Human CD4 (clone:
RPA-T4). C,D: the separation results of cell negative population and positive population, which are detected after human PBMC separately labeled by
antibody FITC Mouse anti-Human CD4 (clone: RPA-T4) and PerCP-Cy5.5 Mouse anti-Human CD4 (clone: RPA-T4) under light or dark environment.
neg: negative population. pos: positive population. **P<0.01, n=3.
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Fig.4 Effect of light on antibody staining index
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A: T FTNE A STFITC Mouse anti-Human CD4H{4(FE 55 RPA-T4) Je a5 5052 . B: ¢/ 22 i & A ] % PerCP-Cy5.5 Mouse anti-Human
CDAHUIR(GEHE SRPA-TH P (R EIFL I . ns: 25 AL . #P<0.05, **P<0.01, n=3.
A: effect of fluorescein exposure time on antibody staining index of FITC Mouse anti-Human CD4 (clone: RPA-T4). B: effect of fluorescein exposure
time on antibody staining index of PerCP-Cy5.5 Mouse anti-Human CD4 (clone: RPA-T4). ns: not significant. *P<0.05, **P<0.01, n=3.
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Fig.5 Effect of fluorescein exposure time on antibody staining index
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® Cell labeling
® Voltage titration
e Antibody concentration titration
—» 15-color panel
e Staining time and staining temperature optimizing

® Effect of light on antibody

® Fluorescein exposure time optimizing

PBMC

Human
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Fig.6 Schematic overview for analysis of difference of immune cell subsets in PBMC by the 15-color panel
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A: proposed gating strategy of Treg cell subsets. Aggregate gates are used to exclude cell and/or dye aggregates prior to identification of lymphocytes.
Following identification of singlets, viable cells are differentiated from nonviable cells. Afterward, CD3"/CD4" T cell subsets are identified. Determina-
tion of Treg cell subsets within CD25"/CD127"" and CD25"/Foxp3" subsets. Then Treg cell phenotyping are analysed by related markers. B: Opt-SNE
plot showing the separation of CD3" T cell subsets based on flow cytometry marker expression level.
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Fig.7 Analysis strategy of Treg lymphocytes subsets in PBMCs of healthy controls
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