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HE: BHY % DNAM- 1 XFTRFE T T 401 (Trl 4008) 76 1k 385 AT BEAYSE I KA FHLdil . F3% FIf anti-CD3/CD28
PG /NG T 41, SR P xR AR A A e B AT RS R CD4* TN AN Trl 41l DNAM-1 43T 3635781k ; 5055 DNAM-1
ARG/ N B (KO ZINEL) IIE) 1 CD4* T 20 34144 M7 Trl 208, = 4H A AR K CD25 F1 CD69 1% Ak 4322357k F-, CFSE
PR a KA e 1, TL-2 JlEHT e A KO ZINERL Tl 413 TL-10 A% S 85 1 (p-STATS ) /K P8 fk. 53R HialaiigA
RTINS ERES AR R, B IRZS 1 CD4” TR Trl ZE 15 DNAM-1 730 71347 (P<0.05) ; B DNAM-1 A5
ZINERUTBUIE Te 1 40 A5 e AN 51, 1F KO /0N Tel 41 3R 40330 73§ CD25 Al CD69 MFRAIL, 22 57 A St 2+ X (P<0.05) ;5
WT/INR AL, KO /NI 528 Trl 41 METERE TR (P<0.05) ;5 WTZ4H Trl 40 A , KO /NG Tr Z0Af 3 i3 4 bl
FIL-10 7K FREME (P<0.05) , 45T IL-2 Hl 5 A5 I 0% , 2435 11-10 mRNA 1 Gzmb mRNA /K- JEA (P<0.05) ; 25T A [R5
TL-2 H138 Trl 45 , KO /N Trl ZiAEEEIE p-STATS /K FAH Eb AR WT 414K (P<0.05) . Z5i€ DNAM-125 Trl 4G fk
AT , I3 TL-2/STATS {5 5l B2 0 Trl 4RI HID)AE
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Abstract: Objective To explore the role of DNAM-1 in the activation, proliferation and function of type I regulatory T cells (Tr1
cells). Methods Anti-CD3/CD28 antibodies were used to stimulate mouse T cells derived from the spleen of wild-type (WT)
mice, and the expression level of DNAM-1 in resting and activated Tr1 cells was evaluated with flow cytometry. Naive CD4" T
cells isolated by magnetic cell sorting from the spleens of WT mice and DNAM-1 knockout (KO) mice were cultured in Trl
polarizing conditions for 3 days, after which CD25 and CD69 expressions were measured using flow cytometry. The induced
Trl cells were labelled with CFSE and cultured in the presence of anti-CD/CD28 antibodies for 3 days, and their proliferative
activity was analyzed. The expressions of IL-10 and p-STAT5 in DNAM-1-deficient Trl cells were detected before and after IL-2
stimulation. Results The expression level of DNAM-1 was significantly upregulated in CD4 " T cells and Trl cells after
stimulation with anti-CD3/CD28 antibodies (P<0.05). DNAM-1 knockout did not cause significant changes in the number or
proportion of Trl cells, but but significantly increased the expression levels of the activation markers CD69 and CD25 (P<0.05).
Compared with WT Trl cells, DNAM-1-deficient Trl cells exhibited reduced proliferative activity in wvitro (P<0.05) with
downregulated IL-10 production (P<0.05) and decreased expressions of 1I-10 and Gzmb mRNA (P<0.05). In DNAM-1-deficient
Trl cells, IL-2 stimulation significantly reduced IL-10 secretion level and the expression of p-STAT5 as compared with WT Trl
cells. Conclusion DNAM-1 participate in the activation and proliferation of Trl cells and affect the biological functions of Trl
cells through the IL-2/STAT5 pathway.
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DNAM-1 5 &5 T A Trl 4 L, Trl 40405 s Ak
T DNAM-143 125, 3RA T Trl 41f1) DNAM-1
5FRETHHEAE L ECAR CD1SS R A4
T Trl 4HAEEE Aok, ol UL DNAM-1%4F Trl 41
Mg 2R R S T 22, {H DNAM- 12
55 Tl AL S AP BEHIA WARAE
AR PR i S0 & N FH ER v R LA BH ST DNAM- 1
S/ N DNAM-1 5 ,CD4" T4/ IL-10 B B T
Y HHE DNAM- 1520 Trl 4M0A= 2024 hfE . IL-2/5
LG G R SR R T (STAT) -5 24551 CD4' T 487
T RIETE A T 2 S DNAM-1 & 7l 5
Wi IL-2/STAT-5 3 %2 5 Trl 419 534k A8 5 1 AS B
Wi, PRI, ASHF5E R FH DNAM- 1 5L /B (KO /)y
BR) L Trl 40 M 53 85 5o R SR AME SRR 563
DNAM-1 5%+ Tr1 4ififas-fk S5 AT e s m K H:
AT

| #RFTE
1.1 =334

SPF 44 8771 (WT) C57BL/6 /)N L (B DU B K2
SCH PR, 6~8 Y IR 18~22 g SPRE4IEY
¥ DNAM- 1 KO /MR (15 50 C57BL/6, B 1T K5 )
SPF 2 ah#) 5 R FE IR WT /ML 54045 F DNAM- 1
KO /N A58 T 3875 Dnam-1"" F1 S 424 T/ NR L B
JEAREEAE FLAVINERIE S8 LIRS F2 AN, i it B
DNA JE K % 5 i i H DNAM-1 KO /)N BN AR 5256
0, A hiyySe i S Bl AR S SE g (e B 4L
(A4S :NO.XIYYLL-20144433).,

1.2 £ 23K A)

/NEIK AR5 B (G5FFR ) ,LEAFTM Purified
anti- mouse CD28 (Biolegend) , LEAF™ Purified anti-
mouse CD3e(Biolegend) ,Mojosort™ Mouse CD4" T 4
MRk 43 253057 & (Biolegend) , #7 4k 4F 1.3 (Gibeo) ,
2170 fifd 54 A7 WY (Sigma) , Cell Activation Cocktail (with
Brefeldin A) (Biolegend) RPMI 1640 3% # FE
(HyClone) , Percp anti-mouse CD4 (Biolegend) , APC
anti- mouse DNAM-1 (Biolegend) , FITC anti- mouse
CD49b, DNA Marker (Takara) , 35§ ## (Biowest) , PE
anti-mouse LAG-3(Biolegend) , APC anti-mouse CD25
(Biolegend) , PE anti- mouse p-STATS5 (eBioscience) ,
PE anti-mouse IL-10 (Biolegend) , Fixation/Permea-
bilization Dilulent(Biolegend) , Permeabilization Buffer
(Biolegend), CFSE cell division tracker kit(Biolegend),
Recombinant TGF-B1 (PeproTech) , Recombinant IL-2
(Biolegend) , Recombinant IL-27 (Biolegend) , RNAiso
Plus (TaKaRa) , MACS separation buffer (Miltenyi

>

Biotec) , 2 % 531855 &5 (Takara) ,qRT-PCR J2 i i85 &5
(Takara) .
1.3 #F507 %
1.3.1 2 8 SMRE A am e, WAL E/ N, TOR
ST B BT T 200 H I EIFBTRE, AN
CLARAE S B A T , WOER RIS RO T 28
A 0.5~1 mL RPMI 1640 35573, 800x g 25> 30 min, %
SBCF RSS2 20, I A £ 240 B S A M 24 5 min, B2
300 xg .0 5 min FEBR I, =R BRAE ST DR AN ;
A HEUR R
1.3.2 4K4MFFTrl 28 PBSHikt anti-mouse CD3 41T
K% 3 pg/mL, 4% 18 100 pLALINA S 96 FL U AI4H i 55
FEALP 4 CRI . B T BRI AR AR LB TR
300 xg B0 5 min J5 3% [ , i F Mojosort™ Mouse
CD4 Naive T Cell Isolation Kit 43 &5 /IN B 8L I 4] 4R
CD4' T4Hffe(naive CD4" T cell, Tn) 3144, {d TR AZH
JASE TE AL RE , AL BT T 40210 >95%. 1
T A IIAEAT 10%/644- IE T RPMI 1640 155wk
B KN A anti-mouse CD28(5 pug/mL) . TGF-B1
(5 ng/mL) .IL-27(30 ng/mL) il IL-2(2 ng/mL) |3 1%
FROHEFR 1 dJE AT SRR AN s R A, 1
773 dJESCE AR
1.3.3 R 2m Je A ] A it 4T oAl ] e, A 2m i 1) 5
ARG S 77 2L, R BN A MR AR B AR I MA R4 5 1Y
Trl 4, 48 A0 A 82 Oy (1.0~1.2)%10°, 150 pL
PBS SR A ; 42 AR AR R I AR R A 4 A
4y F i X P 4K . Percp anti-mouse CD4, FITC
anti-mouse CD49b, PE anti-mouse LAG-3., APC anti-
mouse DNAM-1,4 “Ci{('E 30 min; A G ZCAHAEAZE
TR B DR PR, I ] v e 2 4, =
Jif% (ACEA NovoCyte 3130) 4],

O T DS el Gy W e (e S EE Rl |
M, Ji A Cell Activation Cocktail (with Brefeldin A) (1x
TOZHMIIA T pL) R 6 h, $ BRI 5 2A R R R
BEFE A ANIL-2(5 ng/mL) , Hil5E 85 PBS B &
JEERL T T MU A, B IIA 500 il Fixation
22 vP ] 72 AN 25 min, JiILA Permeabilization {94 %%
Mk 2 mL R AR, TR T A SO RIC TR
PE anti-mouse IL-10 #F1 T AR PR 4L £, = E
W% 20 min J5 Permeabilization BEi4 2% i B 24T
B0 AR E W D B A ARSI
1.3.4 AKX AR AL A 5 K Trl 20 A i
R AL (A5 52 5 S SRV 35 11 (p-STATS ) ik ik
L e IR Y Trl AR i KR 3R T & 10% FBS 1Y
RPMI 1640 5555, 76 37 CANLIGFRAA TP #E 1 h
J& BRI TR 45T TL-2 4014 (5 ng/mL 5%, 10 ng/mL)
30 min, WCHEANME, # 8 1.3.1 IR UMy T Y (0 f5
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HEAT [ AR, i A2 EhRiE A PE anti-mouse p-
STATS HATHIN 73 F YL 0, %IRRT F 20 min 53k
VTR TR AU 1 FlowJo S0 7
G387

1.3.5 CFSE A%tk Trl Zmiedg si 4k A i F anti-
mouse CD3 (3 pg/mL) {45 96 L U BI A5 724, 4 °C
VAR P B 5 145 CFSE TAEW (5 pmol/L) 7 H
Trl U, EANAEE KT 1x107/mL, BT 37 “CHIss
FEFF 8 min JE B, A SRR EL S 20% 6 4 1ML 1Y
RPMI 1640 H5 55 VKIA 5 min LAZCIF Yt ZEBS. LA T
T 2 FAAARRILA_E () PBS FEAMA G, B JE A S
A 10% H2F 75 A A0 M5 77 56 B V7 AN, W i ik
PEEELZ 1x10°/mL, JINA anti-mouse CD28 P& (5 pg/mL)
FEMABIC AR 96 FLANMESE TR PR Ke 3R 1 d s
R ] AR B AN AT SRR A e R B, 3~5 dSAE 4
Jitd, P AN AR FITC i@ 18 3L 8 5 S5, FlowJo %X
VG araw el liiotpens

1.3.6 qRT-PCR# Trizol BLHEERNA, 7 H RNA I

&1 PCR3I4F5I
Tab.1 Sequences of the primers for qRT-PCR

W1 L, o FH AR A 1k 2 M 5 1Y (NanoDrop ) 6
I RNA WA E , DRAE S T RNA Azl Aoso FUELAE
1.8~2.0, 4% /i Takara i s iR S5 E A T4 L I
B 250837 °C 15 min, 85 °C 55,4 ‘CARBRIF, cDNA =
YR T-20 °C. {diFH Primer Premier 5.0 /411751
Ycit, 5 IMZFe il AE T ARG, 51751
UL 1, 4% Takara qQRT-PCR J 7] S f e B it
1T QRT-PCR #1F ,cDNA 1 pL,Forward Primer 0.5 pL,
Reverse Primer 0.5 plL, SYBR Premix Ex Taq II 5 pL,
ddH,0 3 uL, B 10 L, BEE 32 AL, i S E R PCR
% (Bio-Rad CFX96) #EATH 14 S 1ir , 75144 : 95 CHUE
P£5 min, 95 ‘CAEME 105,60 ‘CiR 2k 30 s, 135 MFH; LA
Gapdh{E N2 8 {fiFH GraphPad Prism 4e i 144354 7
Bl bt esmlgeiHEER,
14 Gt S o

% FH GraphPad Prism 6.0 5451 7 5 ds Ge i H 43
M1 8 PR BB RE2E 3R 21 18] USRI ST A
A K, P<0.05 22 5 HA G

Sequences of primers (5'-3")

Gene

Forward Reverse
Gzmb CCACTCTCGACCCTACATGG GGCCCCCAAAGTGACATTTATT
IL-10 CTTACTGACTGGCATGAGGATCA GCAGCTCTAGGAGCATGTGG
Gapdh AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA

2 R
2.1 BAERACDA' T 2aftAnTrl 48t Z & ik DNAM-1
T CHI LA 53 B ASHI IBLUE L C D4 T 4R AN Trl 21
Hi(CD4"CD49b LAG-3") FIFLHT A5 DNAM-1 43
T RIBAT, 4538 BoR i BARA CD4” T 4l g 3% 35
DNAM-1 F A5 7 28.90%+1.10% ; i IR A5 2235 HL 1 K
43.03%+4.90%, Fif IR 1 CD4* T 4ififi 3555 DNAM-1
IKAFTH R (P<0.05, B 1A) o i ECIRES Trl 40 i 3258
DNAM-1 A0 K 35.25%+2.75% ; BIEAR S F235 LT R
43.43%£1.16% , IR IRAS ) Trl 41 #5 DNAM-17K
S T (P<0.05,€11B)
2.2 3R DNAM-1 R#we s R Trl 4 fe = Fe pe )
AR L E KO /NG CD4 ™ T 4H i A1 Trl
Yiiff17%35 DNAM- 1A R R : KO/NRIEARAN TR
DNAM-1 70 F (1 2A) , B s /N BRA it 2 . A
CD4"CD49b LAG-3"4 Tr1 4l % 5 FH, K61 KO /)N
BRUFI 1755 WT /IS BRI Tl 40 B LG ) R, 45 50
7~ KO /R Tl 40 i B ] Fngk i T B 5 i 2% (P>0.05,

K 2B),
2.3 &% DNAM-1/5 Trl Zafe &t o3 54 4k 71 AKX

53 B WT /R AT KO /N ERIUIE D] 1 CD4" T 4 fifg
(8liE=95%, ¥ 3) , FEAR SIS T 55 Trl i (21
>90%, &1 4) ,ffi F CFSE TAEW (5 pmol/L) bricifs 57!
Trl 4, 15 ALIEFE 3 dJo T A B ARSI oG 5 g
FlowJo #4538 Trl MU FEAE R o . 5 WT/NEAH
L, KO /INER Trl 40 i 34 5 Lo f51] B S B A1 (41.16% +
3.08% vs 76.21%+5.12% , P<0.01, & 5A) . N B
DNAM-1 73 F-@ibr Z 5 & s Trl 20 IS b hE,
AT T P ZH /N B Trl 41 g CD25 1 CD69 1k 7K
o GER R WT /N Trl 480 CD25 431 MFI{H N
2057+185.1, KO /N Trl 4l ik i F A1, M 1566+
71.7, R BA G0 L (P<0.01) s WT /N Trl 4iifif
CD69 43 MFI{E } 4656+28.27, KO /N Trl 4334
PR (4234+69.34) , 22 5 B G042 L (P<0.01),
2.4 3R DNAM-1 BA& ) R Trl 2a ie 360 M 2. 9% 21
Sl 7K
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Fig.1 Upregulation of DNAM-1 expression level in activated CD4" T cells and activated Tr1 cells. Splenocytes from WT mice were
not stimulated or stimulated with anti-CD3 (5 ug/mL) and anti-CD28 (5 pg/mL) for 24 h. Expression of DNAM-1 in splenic CD4' T
cells gated on CD4" cells (A) and Tr1 cells gated on CD4"CD49b"LAG-3" cells (B) from WT mice was detected by flow cytometry.
Numbers indicate the expression level of DNAM-1. Grey histograms depict isotype control of each antibody. The percentages of

DNAM-1-positive cells are shown on the right. *P<0.05 (1n=6).
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Fig.2 Identification of DNAM-1 KO mice and detection of Tr1 cell numbers. A: Total CD4" T cells, Tr1
cells (CD4"CD49b" LAG-3") gated from the splenocytes of WT and KO mice, and expression levels of
DNAM-1 detected by flow cytometry. B: Percentages of Tr1 cells in CD4" T cells and number of Tr1 cells

in each 105 splenocytes (1=8).

R kI B (PMA) FITES F 8 IR A WA A BA
TN IL-2 FRERTfS , Trl 40533 IL-10 KF-(E 6A) . AH
FOA R BRSSP Trl 40 7R 1372 PMA/E T3 2
UG TL-10 43K T3 (P<0.0001) s WT 41 7E PMA/
B TR MNIL-2 L EHUS , TL-10 433K B i i T

B4 PMA/E] 85 F M (P<0.01) , 117 KO 417457
PMA/E T2 Z AN TL-2 JL RIS  TL-10 4Rk -5
2l PMA/ES 75 Z IO LG 2. 25 57 (P>0.05) . 4%
B PLL/INEL Trl 401, BB RNA J5 Kl 2 3L KO /1 i
Trl 402 11-10 mRNA F1 Gzmb mRNA k7K PRI T
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Fig.3 Identification of the purity of sorted CD4" T cells.
CD4" Tn cells were magnetically sorted from the spleens
of WT and KO mice, and the expression level of CD4 was
detected by flow cytometry.
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Fig4 Analysis of the purity of induced Trl Ccells.
Magnetically sorted CD4" Tn cells from the spleens of WT
and KO mice were cultured under Tr1 polarizing conditions
for 3 days. The percentage of Tr1l cells (CD49b" LAG-37) in
CD4' T cells was detected by flow cytometry.
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Fig.5 DNAM-1-deficient Tr1 cells have low proliferative activity with a low activation level in vitro. A: Naive CD4"
T cells from WT and KO mouse spleens were magnetically sorted and cultured in Tr1 cell polarizing conditions
plate-coated anti-CD3 (3 ug/mL), soluble anti-CD28 (5 ug/mL), IL-2 (2 ng/mL), recombinant TGF-f (5 ng/mL), and
IL-27 (30 ng/mL). Tr1 cells were labelled with CFSE and cultured in the presence of anti-CD3 (5 ug/mL) and anti-
CD28 (5 pg/mL), and the proliferative capacity was detected 3 days later by FCM. Percentages of CD25" cells (B) or
CD69" cells (C) in Tr1 cells after culture with anti-CD3 (5 ug/mL)/anti-CD28 (5 ug/mL) from splenocytes of KO mice
and WT mice are determined with flow cytometry. Numbers indicated the MFL. *P<0.05; **P<0.01 (n=6).

WT/NR(EI6B.C).
2.5 #% DNAM-1 % i@ it 374 IL-2/STAT-5 18 % %
o) Trl 28 f s A

3 5 ng/mL A110 ng/mL IL-2 3 WT 7N
KO /N Tr1 4 30 min, J UM AR p-STATS 36
KK, 45 H PR 5 ng/mL IL-2 RS , WT /N Tl 41

JIt p-STATS 357K (6.4240.53) % T KO /MR, Trl 2
Jifd 22 3K K- (3.63+£0.65)% , 2 R A Giit 2 2 L (P<
0.05) ; 10 ng/mL IL-2 #1135 , WT /N B/ Trl 4 g p-
STATS5 #3A 7K (7.36+0.30) % s T KO /N Trl 40
FiRIKW-(4.46+0.59) % , 22 7 A Geit2# 7 L (P<0.05,
7).
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4 pr 525 68.0
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Fig.6. DNAM-1-deficient Trl cells show reduced release of suppressive molecules. A: Splenocytes from WT and

KO mice were stimulated with cell stimulation cocktail (containing PMA and ionomycin) with or without IL-2
(5 ng/mL) for 6 h. The proportion of IL-10+Tr1 cells were determined by intracellular cytokine staining. The

numbers in the gates indicate the percentage of IL-10. B: Relative expressions of 1I-10 and Gzmb mRNA in
induced Tr1 cells from WT and KO mice. **P<0.01(n=4).

3 g

Trl A= — 2 B A e i DI6eny CD4' T 241 Al
SEAE, FELERF B Do 2 A o B e 28 R L
TR R EEAER Y 2SR 755 Trl 4
MOTEALFIEESE SR . DNAM-1 8 T 4075 A i o
+, H 5 LFA-1 5CHS 5 T 430G e e S il s A
5 S S 5 2 DNAM-1 E5 3534 T Trl 400 |
FEREA R Tl bt o+ ARESE B 2R3
DNAM-1J&ES5 Trl 4ifids-1b JEFEAHNHIDIRE

DNAM-1 73k THIEIRAS A CD4" T 4,
25 Th 4R AL RIS FE A FE 2 . iR 2RI
DNAM-1 5ilk AN REAR ST (LFA) -1 R 2 5
T ARG A5 57 A A T IR AR itk e 4 e
rhak L™, ATV TR IR CD4' T
MBI Trl 408 DNAM-140F MFI{ET " ,DNAM-1

Sy TS SR T AU AR ™ ASBIgT R
DNAM-1 A IRAS Y CD4” T 4HA A Trl 40t H
Fik Ty, LA 5 SO HGE ) DNAM- 1 =36k T
RS RN T 4 BRI (2 2 T 20 M A 36 T R A —
', CD25 NIL-2Z M (IL-2R) ol Bifr , FEHIAT
PCEIRAS G T A0M AR e T 4iA™ s stk Anic o
T CD69 & T 40 i 34 ) fe P 3k IR T 7y T =2
— 19 R AT R P DNAM-1 (4 Trl 4R 4 M GE
FIAR, DTG ALARIE 43 F CD96 Al CD25 FAFEAR, 1t
ZEIL U DNAM-1 25 T Trl IAYTE (L AEsd fE
Xkl DNAM-1 25 CD4" %1 T 400 Y % & Al
AL RE TR EE Th 4 4B AL T3 i Th2 40 i
62 AR EEH AN 5L DNAM-1 25 Trl 4 X — ek
CD4+ T 40 FETG AL A A R PR b . A g
DNAM-1 25255 Trl 40 5o Dy Rg , F AR 1



© 1294 -

J South Med Univ, 2022, 42(9): 1288-1295

http://www.j-smu.com

Unstimulated 5 ng/mL

10 ng/mL

1.18%

6.87% .
ot WT 101

o WT
“-KO

]

1.51%

P-STATS

2.79% 4.31%

p-STATS (%)

KO

CD49b

v

El7 KO /NG Trl 4RBE IL-2/STATS {5 S 1B B4

Fig.7 IL-2/STATS5 pathway is inhibited in DNAM-1-deficient Tr1 cells. Trl cells from WT and KO mice were either not
stimulated or stimulated with IL-2 (5 or 10 ng/mL) for 30 min, and the expression level of p-STAT5 was detected by flow
cytometry and quantitatively analyzed. The numbers in gates indicate the percentage of p-STAT5+ cells. *P<0.05 vs KO (n=4).
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