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Clinical study on regulatory T cells and follicular regulatory T cells detection

of peripheral blood in patients with newly—diagnosed Graves' disease
Feng Wenwen ,Yang Yanli,Chen Shiying ,Hu Yifang, Jiang Lin,Xu Kuanfeng ,Cui Dai
(Department of Endocrinology , The First Affiliated Hospital of Nanjing Medical University )
[ Abstract] Objective : To detect the number of regulatory T cells (Tregs) , follicular regulatory T cells (Tfrs) , follicular helper T cells
(Tfhs) , and the expression of their surface molecules tumor necrosis factor receptor superfamily member 4(0X40) and programmed—
death factor 1(PD-1) in peripheral blood of patients with Graves' disease (GD). Methods : A total of 23 newly—diagnosed GD patients
(GD group) and 22 normal controls (NC group) were enrolled in this study. The proportions of Tregs (CD3*CD4*CD25"Foxp3*) , Tfrs
(CD4'Foxp3"PD-1"CXCR5") and Tfhs (CD4 Foxp3 PD-1"CXCR5") , and the expression of their surface molecules 0X40 and PD-1 in
peripheral blood of the two groups were detected by flow cytometry. The relationship between the pathogenesis of GD and Tregs, Tfrs,
Tths, 0X40 and PD-1 was analyzed. The correlations between the detection indexes and clinical indexes were also analyzed, and the
clinical significance was preliminarily discussed. Results : Compared with the NC group, the number of Tregs in the GD group was sig-
nificantly increased, and the expression of PD—1 on Tregs was decreased. PD—1 expression on Tregs was significantly negatively corre-
lated with TRAD level. The number of Tfrs was significantly decreased in newly—diagnosed GD patients, and OX40 expression was up—
regulated on Tfrs. The number of Tfrs was negatively correlated with TRAb. Conclusion : The low expression of PD—1 on Tregs may be
involved in the pathogenesis of GD by affecting the function of Tregs. The number of Tfrs in GD patients is significantly reduced, and

the expression of OX40 is significantly increased. 0X40 may be involved in the pathogenesis of GD by affecting Tfrs and Tfhs homeo-

stasis. These results may provide some new ideas for the clinical
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Graves J# (Graves' disease, GD) M FRyRIE PE R
FEOPR AR A, S22 DL B i B R S B B S e P
GD £ LT 30~60 % Ltk , Kk %N 1%~1.5%". H
I, GD BB VLA R AL 1 oK 58 W, 2008 5
L PREE R A G, Bk R SRR ] S EoL A
B PE TSR, BIFSE R B, TR AT RE 57 3 5
52 A B ot BRI 19 A0 IR P T
Y (regulatory T cells, Tregs ) /& —JS £ ML (1) H A fe
PN DI RER) CD4'T 40 M A, 7645 F A ST oe
PETE 32 B 1k BE 98 0 B 7 T i 4 L EAE M
VE VL 5 B E T 40 M2 (follicular helper T cells, Tths )&
— i CDA 5 B M T 41 MBI ERE , 78 A S bt Oy K
AR A i v AR o U I R P T 40 i
(follicular regulatory T cells, Tfrs) 0] # il Tths /5 )
B 41 i 36 Ak AT AR 7= A B 5E & PR Tregs 0 A
() TIRE S Trhs 5 Thes AR IS 5 ZF0 A &
o PE LR AR , U0 FR GEMELLBEARAE KRR
I SO0 [RIAE ML, 7E GD B A S BF 5T H & B, Tregs
H M (50 DI RE BB AT RE S 5 HOROR! ), (HAIFSE
ZERAFAE—E T JE . LT Thhs 5 Ths RFFEE D
AWFFEHR Y, Ths ATRE S GD AR A7 M, R IR SE
PRl F- 32 M S 15 1 53 4 (tumor necrosis factor receptor
superfamily member 4, 0X40) . F2 J¥ M50 1- K + 1
(programmed—death 1, PD—1) /2 2 Ff 5 2L 19 4l ity 5%
T35, OXA0 {5 53 F7E T 4M B 1% AL U 2 f5 1 4
S G R AR BT D PD-1 {5 i AT B
BV T YL (effector T cells, Teffs ) 41~ 5 1 9 4iE 1 81
FFAR UE Tregs THRE . ANWFIY B 7E LU B & GD &
FMEEEE A BEH Tregs | Tfrs , Trhs £ [ H: 0X40 ,PD-
1 RIBZE R, 5 A I 45 AR 5 i PR BERE A AH G
FEAEGE CDACD25 T 41| 0X40 5 Foxp3 ik AH
N WIPARER GD IR ARG S 227 ML, AT
Il YA GD HE AT L

1 #REFE

1.1 AR %

FHZL20214F 1 A 202243 A F79 5L ERF K245 — it
JBEEBE N WELERIS (W & GD E , FL 9 A 23 4 GD, Fir
BE A CNRRE) B 8 OIS WiksifE . Horp, Bk 5 61, %
PE 18], 4% 19~56 % oS3 Ah, [l IR B T2 e R 4G 2 22
5] Ay 1E %5k B (normal control, NC)ZH . v, 5Bk 4 4], Lotk
18 1], 4F 1% 20~69 2, R JG I K, FUAR AR T BEIE &, HLJG

FI B G PE HUIR BB A AL B s o HEBRAR 1 : DFEE ]
PO IR 259 5O S e 3 R 0GR YT s @& JF HAl A B fege
PEB , IR GEELLTERAE RGBT R EE ;@ EIF .
F W R R GE I DEER RSB s DIA L T2 gL el
61 H IHRIVRZ2 1 s @GR s o AR SY AR5 e A
EARR R 225 — B 2 B (VL2 N RBEBE ) (B 25 D1 23 W A
T , 48 R 2 2020-SR-466 .
1.2 2K A BALE

APC-H7 B4 A CD3 14 BVS10 AL A CD4 4 {4 \PE-
cy7 FRFTA CD25 HiTfA . BB700 fLHTA CD134 Hi{AHI BB515 Fil
PLN CXCRS LRI [ 5E[E BD 22 7], Alexa Fluor 647 FUHt
A Foxp3 HifA il PE B4L A PD-1 HifA& 16 [ % [H BioLegend
/N ) ;3 Fixation/Permeabilization Concentrate . Fixation/Permea-
bilization Diluent 11 Permeabilization Buffer (10x )}y H 3% [F
eBioscience 23 F] ; RPMI 1640 55 32 W H 35 [# Gibeo 23 H] 5 A
VAR 2 3 W 1 B 0 (0 ) AR IR AT PR A W 5 PBS
It F 3% [ proteinbio A 7l . FACSAria™ i 240 A Wy [ 55
BD A+,
1.3 &7k

23 W R A R M AR K UL, 43 iS4 T TR A R
RPUEEE b, E TR g XA SR LA RO g
VI R U S = L H R AR JR 202 (free triiodothyronine, FT3) |
B HUR R Z (free thyroxine, FT4) i HR AR 3 & (thyroid
stimulating hormone, TSH) | B R i 28 450 £k 497 il 470 1 (thyroid
peroxidase antibody, TPOAb) \FURIREREE 14044 (thyroglobulin
antibody, TGAb) \fi& Eﬁ4ﬁﬂ%%ﬁ%§1¢%ﬁ1¢(thyrotrophin receptor
antibody , TRAb ) 7K-F-, B £ 10 £ 24 H 7[5 Roche 24 A #i243,
JHZRBUEERR KM 3 mL T 6 h AR 1285 BE Ao 88 1 43 B 41
PR 0 8 (peripheral blood mononuclear cell, PBMC) , i i3
PBS H & PBMC, A48 41 i v BE 29 1x10°4M/100 pl. E B9
A R IR 100 L, Fhis R,
TE s m i, Ui 2~4.6~8 43 3l il A CD3., CD4, CD25,
0X40.PD-1,CXCRS Hiik 3 pL, 1y BAr i, 145 9 [ A
A bR 6 TR, IR AT, 2 IEE I F 30 mins B IA 2 mL
PBS,1R%4], B> (3 000 t/min,4°C, 5 min) , 5 L 3%, YRR 21K
AN TS TIC 4 T R T R T S - o B =1:3)
1 mL, B2, 4°CRESEORAF 45 min s 435 B A P56 B B A
JIEE % ol R (R IS 2 WP R - 5 8 7K =1:9)2 mL, IR 5J , B .0
(3 000 r/min,4°C,5 min) , 3 ¥ s XHKAE 5.9 #E 4T Foxp3 Hit
WY, B4 4 wL, U8 5 O BARE RS BIREOLRE
30 min; B AT S AC B A9 DR SE sl 2 mL, IR A) B O
(3000 r/min, 4°C, 5 min) , F F 3%, Yo 2 U BT A
300 L 4% HRETE W, 1R AT N A EALASN ., BB,
kA A AR IR T SO E M . Flow Jo 10.0
BRA R AT U B 43 BT, 38 2 1T 1) ' (forward scattered
light , FS) FM [ #5556 (side scattered light , SS ) Fel f ik B 41
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JfL, P30 2o 450 B AR ) Y 2R A B 4 B E CD3TCD4AT T 48 g
CD25'Foxp3* Tregs . CD25 Foxp3™ Teffs . Foxp3"PD-1"CXCR5"
Tfrs . Foxp3 PD-1*CXCRS5 Tths, 43 H7 45 40 A LL 41 LA B PD-1
0X40 23k , 45 T 40 MLV #¥ T2 43T 3 2K T R o ik L 3 = 1R
WE 1R,
14 %itsam

JIT A5 B35 5% 1 SPSS 26.0 il Graph—Pad Prism 8.0 %% {3
FrGeit 200 i A58 RS THRE GORN A + BrifE 22
(o £ ) TR ATHII FEAR RGBS . AFFE B/ 1 3Tt

BERHAM (P, Po) F7s AT FEAIESERG S0 . 180T
BHUHE I E RS AT RO . T BRI AR DGR 23, 44
FFE IER A, R Perason AH K55, 75 W) R F Spearman 4H
KRG KKK IE @=0.05.
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AEAES M5 B TE g 124 25 5 (P>0.05) . GD 41 FT3 . FT4
JKAF-BE S F NC 41, TSH /K F B &A% F NC 44, TPOAD
TGAb & TRAb 7K-F-H WY i 35 F NC 41 (P<0.05) , WL 1,
2.2 24 AFESN A dn Tregs Teffs  Tfrs  Tfhs @ it Yo 4] b4
5 NC 4L, GD 4119 Tregs 4H My Lb 41 BH 8 7+ &5 (P=
0.004) , WL 2A; Teffs 41 g EE 451 B 1 R F4 (P=0.002) , I
2B ; Tirs 408 LL B W 2. F B (P=0.015) , ULIE 2C; Trhs 4018 Lt
B JCI BAZ A (P=0.208) , WLIEI 2D ; Tfrs/Tths FLAEA T MR #
BOHTG 2257 (P=0.570) , WLIE 2E.
23 2MABES A AT 4m i T B L 0X40.PD-1 £ ik bhik
5 NCHMH, GD 4 Tregs | 0X40 &AL G242 5
(P=0.742) , W.IEI 3A ; Tregs | PD-1 350 8 R (P=0.002),
WLE 3B, 5 NCHAILL,GD 4 Teffs F OX40 ik ILGeit2¢2
5+ (P=0.742) , WLIE 3C; Teffs I PD-1 FiE LG 242 5 (P=

0.233), WLE 3D, 5 NCAIAHH, GD 41 Tfrs - 0X40 FikH 7.
Tt (P=0.025) , WLIE 3E. 5 NC4AH L, GD 4 Tths |- 0X40
FIRIG 242257 (P=0.186) , ULIK 3F .
2.4 BAEMIEARL PR AL R TRAD 6948 % M 547

Tirs 20 L4515 FT3 . FT4 & TRAb 7K 5 5 3 67k 56
M5 TSH /K F- 2 8 3 IE A5G . Trhs 4118 He 9] 5 FT3 . TRAb
KO UG, 5 TSH /K 2 2 3% IE M 56, 5 FT4 7K
T FEM KN, PD-17E Tregs | #9155 FT3 . FT4 & TRAD
FKOEH B A, 5 TSHAKCE = B2 F A6, PD-17E
Teffs I (R H TSH KV 2 B IEAEK, 5 FT3.FT4 )
TRADb /K JC B A0 6P . OX40 78 Thrs | A5 5 FT3 /K
V2 B IE A OG5 TSH /K- 2 18 3 FuUM 56 Tl 5 FT4 &
TRAD 7KF-JE B AR M. OX40 7E Tths FAYZE34 5 TSH K
IR B AR, 5 FT3.FT4 M2 TRAD /K% JC i 2 41 ¢

1 IRER
EELD GD41(n=23) NC 4 (n=22) UZME  PlE
PR (B ) 5/18 4/18 0.089  0.766
IS 30.00(22.00,48.00) 39.00(22.00,52.75) -0.967  0.334
FT3/(pmol - L") 27.82°(14.61,36.96) 4.63(3.78,4.95) -5.152  0.000
FT4/(pmol - L") 61.22 +27.47° 1559+ 1.29 7.953  0.000
TSH/(mIU-L™") 0.005(0.005,0.005) 1.59(1.200,2.900) -5.452  0.000
TPOAbL/(IU-mL™") 105.75%(52.08,568.03) 9.20(6.85,12.65) -3.962  0.000
TGAb/(IU-mL™) 162.61%(30.75,353.15) 13.70(12.35,15.70) -3.633  0.000
TRAbL/(IU-L™") 10.51°(5.95,19.94) 0.80(0.80,0.87) -3.720  0.000
H:a, 5 NCAAMEL, P<0.05
b a
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0 OX40F2ik LA YA PD-1335 AR 0X4055 M
P>0.05 a _ P>0.05
507 — 60 - — 50 —
L ]
40 o H 407 o .
N mmu N ®e = N
7 30 =0 S 407 o® Z 30 ®e0 | 1
T %, = = TP -, < 008 uy
SI 20 w"’ 'LE'H gr ece® H S:r 207 ‘!: "ili"
[} % 20+ > Mg
£ 10 ..0 i s = :: "I-'=' = 0 o’ =
0 T T 0 T T 0 T T
GDZ NC GDZH NC4 GDZ NCA
D. GDZLFINCZH AFESME 1l Teffs E. GDAMNCHNFEINE M T4 - F. GDZURINCZL AFESNE i Thhs 1 -
4 _EPD-1 3k F A OX40FL HE 0X40F 3k HL#

7 :a,P<0.05;b, P<0.01
3 GDAFMNCHAEINEME T MM EE E OX40,PD-1 FRikLLER

P o LA T 41 MR A0 AR L 5] 2 OX40 . PD—1 3835 5 AR 2.5 CD4°CD25'T #m it £ 0X40 5 Foxp3 & ik # 48 5 P 54
IR TfiE K TRAD /K346 1 AR OCHE , I3k 2. TE CD4*CD25'T 41 i I, 0X40 % ik 4 13.70% (9.41%,
18.80%) , Foxp3 F ik K 35.90% (28.90%, 42.85%) . HH Ftk

R2 Bl BERAZHHEXE S8 B B, OX40 5 Foxp3 % ik i 1M 3 (=-0337, P=

oy
Bzt FT3 FT4 TSH TRAb 0.024). TLFE 4.
Tregs r=0.171 r=0.206 r=-0.250 r=—0.003
P=0305  P=0216  P=0.129  P=0.987
. r=-0.337
Teffs r=-0.175 r=—0.185 r=0.277 r=0.021 & 80 P=0.024
P=0292  P=0267  P=0.092  P=0.915 2
_ . b _ . _ a F 604 °
Tfrs r=—0.447"  r=—0.336 r=0.542"  r=—0.481 = L
el °
P=0.005  P=0.039  P=0.000  P=0.008 2 a0 e’ °
Tths r=-0326" r=—0.238 r=0.344"  1=-0.462" g o?..:;‘.,\“:.'\,\‘
a
P=0.046  P=0.151  P=0.034  P=0.012 < 20 ¢
OX40/Tregs  r=-0.239  r=-0.208 r=0.073  r=-0.206 &
= 0
P=0.149  P=0211  P=0.662  P=0.283 0 10 20 30 40 50
PD-1/Tregs r=-0.454" r=-0341"  r=0.525" 1=—0.565" 0X40/CD4*CD25*T 4iif3/%
P=0.004  P=0.036  P=0.001 P=0.001

4 CD4*CD25'T 4HH k OX40 ik 5 Foxp3 Rk Mt 14
0X40/Teffs ~ r=-0.182  r=-0.245 r=0.167  r=—0.212

P=0.273 P=0.139 P=0.315 P=0.269

PD-1/Teffs =-0.216 =-0.158 =0.332" =-0.303 Iy s
elrs T T T r 3 -\T _L/k\'
P=0.194 P=0.344 P=0.042 P=0.111
0X40/Ttrs r=0.455" r=0.277 r=-0.387" r=0.339

> JIE 22 435 ik 2H [ 54 ie=s
P=0.004  P=0.092 P=0.016 P=0.072 ﬁﬁj\j RAERGE E’JEEE—/HEE%B)} ’ Tress ‘E’E%\%
OX40/Tths ~ r=0.207  r=0.003  r=-0.346"  r=0.203 B 52 MRSy I 2 H 2 o Tregs ATl Z ik
P=0213  P=0984  P=0.033  P=0.290 A8 R FEIN G VE DI RE | A0 45 43 106 300 ) P4 240 AR XL 5~ , 4
H:a , P<0.01;b : P<0.05 IL-10.TGF-B .1L-35; i IL-2 58 CD73 1 CD39 7
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AT AR A LIS A R PO P S A A B
SR, Z P fE R R 3R (B w4 B R R 5 ]
) AL L JH Y Tregs 20 FIINRES 5 A B itk
PRI I e e 3K B R B [ A T Tregs & —
BT A B R PR R R B . A I RIS &
IR Tregs i i1 7545 il Z2 M F B S e R 5 s (AN AL A
Yrboss 05 . 1 B0 PR 45 ) 1% 3 B2 U7 T EA R
YEFRU, A8 B B G P FUIR BRI AH DG A5 b
R IR AFAE Tregs B0 T BE 55, A TR 41 if
AR GEHRIE T Tregs 5 1l B S SR AR IR R &
", ST Tregs T8 7 GD U WP A — 24t
18, {H T Tregs 4 i 32 Y (1) 5 o1 A [R 5% ok H
IR 43 185 07 145 B oE S5 e Ar 1 — i il
Qin JAEWFFARIE , ¥ & GD B34 Tregs Fiw I ik [%
PRI RE B G , Th17/Tregs HE B 2 /& X5 BR 4L, 1M
Pan DS ZETE GD 8 TR & B Tregs Bt 5T AE S+
o Rodriguez—Mufioz A &2 i GD £ 1 Tregs
B AR AT B Y 3 v HEMI AT R S LA A &
B P JAE I AR TN Tregs 1U£EMETH i A 56, X 88
Tregs [ 5 2 10 ) Dy e W1 S 8RB o A B 52 46 U 4]
GD H 74 Tregs . Teffs 7K - K A 56 36 I 43 ¥ 0X40,
PD-1 (K15 B, & B 5 X IR AR L , GD i 4%
Tregs H0 i I B T+ & , {H Tregs I PD-1 3 15 B I} [
%, PE—H53H7 Tregs [+ PD-1 ik 5 TRAb /KAy
FHOCHE , K B Treg | PD-13%3k 5 TRAb K- 5 I 3%
T, I RGE , PD-1 38 H n 3 i 38 558 Tregs
o S5 0 1] T BE 4 47 S0 J8] S it 52, Asano T 4P
& BRAGA  1L-2 7] 38 3 $2 5 Tregs [ PD-1 3£ 1k
K5 Tregs DI RE , AT el 3518 M A4 A6 M) 40 1 320 A8
H G RAEIR o H8 SEAE N GD &8 3% 1 PD-1 7 Tregs
L FRIEM T IR Treg 41 ML DI HE , Tregs FUEAY,
PRI, 3 BEHE I Tregs I A BE1E W & 7% T %
Mgl hae. Eakg R R PD-1 1€ Tregs b 1954
FIAFHE S GD R AHC , $2 7% PD-1 7 Tregs 1Y
IR REE GD AR By I RAEIR , b A % . i
AR GE , b 08 FOR B3R P 2o B A1 Tregs
| PD-1 3K 3B Tregs TIRE G A, H PR OC R T
#E— LBV 53 Ak, #E GD 41T R & B 0X40 7E
Tregs Teffs [ AYRILZE R . REHIEUES, 701
OX40fF 5 iH S 5 20 H B e M n K 4,
W2 RO R L R GEVELLEER A 55274, X Tregs
Uise A 2520, 0X40 1 GE il i FFAIE Foxp3 ik
] Tregs DIRE™ . A 74 TEW] & GD B & Hh A I

CD4'T I I 0X40 ik 54 LiH . Wang Q 552 %
B, 7€ GD i B F A I, 0X40 . 0X40L 1] He e ik
FE CDAT 41 I, H 33K KA1 TRAb AH G . i —
B 7R 0X40 5 OX40L 7] & i HLAT ShfetErY 5
G AR HE OX40 5514 7, il L B 58 CDA'T 40 i A
SRRERN S5 GD KR . AT A B PEZE R —
77 18 7% JE N 0X40 3k AR L it 28 A 1 i AH
XK, o — i A AFEAS /D 22 RN ARG, i
— 43 HT CD4"CD25'T 4 ifd |- 0X40 K3k 5 Foxp3 &
KRR OGP, & B 0X40 Ik 5 Foxp3 F ik 2 171 AH
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