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[fEE] B - B ERERKY % (thumatoid arthritis, RA) 35 B IMGERFF S K RE R FILFK R B Q FIRER (epigallocatechingallate,
EGCG) *} RA E¥ B 4UE#t i A1, ik - RN, B BIVCER I RA 5% Fufd HEXT IR 2% 20 ], 32 A ST « A8 5 73 Br 2 41
AbJE L B GH I B R 2 S AR 28 3T 9% I B PF 4> (disease activity score in 28 joints, DAS28) H’MEH RA B #H5 HiE A
(2.6 < DAS28<5.1) FuEifishdl (DAS28 = 5.1), i@ ¢ st 2 414N i B 1R 22 5%, £ 0, 100 umol/L EGCG #n
2.5 pg/L HEIERE A B ORI, ROMESE RA BESMNA MMM, 24 h J5 0 92 5 nﬁﬁ%ﬁfif#w | B 4 AL 32 A
(B-cell-activating factor receptor, BAFF-R) WJFih/KF-, 48 h 5 i 4ii AN B 400 RE, 4558 - RA BEME B4, AL B4l
B, e B 4R FOSR BEAN AR 5 ik E 41 AR He A5 A 3 v 1 BEXT R (P<<0.05), i CD19" IL-10" ¥ %51k B 4lf (regulatory B cell, Breg)
o O E L L A i 5 (RS BB L 22 S e e 22 B S0 (P>0.05) . 10 BlTEZh4LS 19 Bl BE s a4l RA RIS B A& % B 41l
AERE (B} CD19" IL-10" Breg Ab) & ik LA LB Fngc e i 22 S e g it 22 30 (P>0.05), 6 BG4S 12 65 BTG 34l RA 3% CD19
IL-10" Breg % itk EL4fi s Lb It i 22 b e ge b 22 3 (P>0.05), RA B# AN IMLE B 4 AT S HBls 1gG RIS KU PR 52 55 1E MG
(r=0.308), EGCG fE . & 42w CD19" IL-10" Breg i ik 4l i bk 5] (P<0.05), H. 100 umol/L EGCG ¢ B E KA B 4t BAFF-R mRNA
B R IBIKT- (P=0.000)s {HHXTA L B 4, icfC B 40 Fndg BEANNE & ik 40 LL 518 B30 (P>0.05), 4518 - B 4l vl AiE7E RA
KPR ERBITER, RA 3% CD19 IL-10" Breg %= R etk n, EGCG w] gk Breg #4516, MK BAFF-R mRNA RKik/KF,
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Analysis of B cell subsets in rhumatoid arthritis patients and the effect of epigallocatechingallate on B
cell subsets
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[Abstract] Objective - To explore the characteristics of B cell subsets in rtheumatoid arthritis (RA) patients and the regulation of epigallocatechingallate
(EGCG) on B cell subsets in RA patients. Methods + Twenty-nine age- and sex-matched RA patients and 29 healthy controls were selected, and the
difference of B cell subsets in peripheral blood between the two groups was analyzed by paired -test. According to the value of disease activity score in
28 joints (DAS28), RA patients were divided into active group (2.6 < DAS28<5.1) and highly active group (DAS28 = 5.1). The differences of B cell subsets
in peripheral blood between the two groups were analyzed by ¢ test. Peripheral blood mononuclear cells were cultured in vitro under co-stimulation of 0,
10, 100 umol/L EGCG and 2.5 pg/L staphylococeal protein A. The expression level of B-cell-activating factor receptor (BAFF-R) mRNA was detected
by real-time PCR after 24 h, and B cell subsets were detected by flow cytometry after 48 h. Results - The numbers and the proportions of total B cells,
undifferentiated B cells, memory B cells and plasmablasts in lymphocytes of RA patients were significantly higher than those of healthy controls (P<0.05),
which of CD19" IL-10" regulatory B cells (Breg) of RA patients were not significantly different from those of healthy controls (2>0.05). There was no
significant difference in the numbers and the proportions of total B cells and B cell subsets (except CD19" IL-10" Breg) between 10 RA patients of active
group and 19 RA patients of highly active group (P>0.05). There was no significant difference in the number and the proportion of CD19" IL-10" Breg
in lymphocytes between 6 RA patients of active group and 12 RA patients of highly active group (P>0.05). The proportion of total B cells was weakly
positively correlated with IgG type rheumatoid factor (+=0.308). EGCG could significantly increase the proportion of CD19" IL-10" Breg (P<0.05) and
100 umol/L EGCG could significantly suppress the expression of BAFF-R mRNA in B cells (P=0.000). However, it had no significant effect on the
proportions of undifferentiated B cells, memory B cells and plasmablasts in lymphocytes (P>0.05). Conclusion - B cells may play an auxiliary role in
the development of RA. The number of CD19 IL-10" Breg in RA patients increases as a feedback. EGCG can promote Breg proliferation and suppress
BAFF-R mRNA expression.

[Key words] rheumatoid arthritis (RA); epigallocatechingallate (EGCG); B cell subsets; regulatory B cell (Breg); B-cell-activating factor receptor (BAFF-R)
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KNI R (rhumatoid arthritis, RA) & —Fff R 5
PEA B g, DA A | RAEANNRE, %55
T BB 5 17 R TR B A A SRR, RA A2 MER
iE LR B 5T P REFR G o] BUR AR, it 50% /Y
RA BHIE25 ~ 55 % 7l &9, otk 5wk
w2~ 3%, HHETRA BRI B R IR A 52 4 i B
—MINTA, RA | % R A R 22 L R E S A

A G Bod PR 5 RA R IRIY A SREE, Hod
R R E LA ESE, (B A T 4iifL/E RA dhAvTE
H, I hEsBh: T 40l (helper T cell, Th) Th1/Th2 {4
fiifE RA W& RAE R EIER ", Ja2:& B Thl7 40
N 50810 HBIPE T (follicular helper T, Tfh) 4 5 54
AR RGBT Y, A, BT KB RA B
HRNAFEIGTE R H B B AR 2G50 B S buikig, F
W B 4EFIFEZ 5 T RA A S il i, UL B 4l i
L, At CD20 B BT A I BRI TT LS — i s
PRI, B 4IRS RA iV &kt FE bt & B3R,
NSO LB © W, RA B& RN B 41t
5 fext MEAAF L2 5, EARRMFOS T # B 4R
FLERA S RAAF(E 22 S, L2 mlRE S B 4Rk o Lt
JEARIC T LA SRS R I NFRANIRIG 56, A 2 Ay
T R E T ILASFEBE FIRER (epigallocatechingallate,
EGCG) HARZMHTIEN:, *HHE RA fENRZFE &%
PP A T AEIRITE Y, EGCG 31 B 4 6%
VA VE AR B T R O Sk,

PLAEK, BEETE T 40 Shae Al & BL, A1
P B 41l (regulatory B cell, Breg) 57k sk itk £ 152
. %% " W], Breg /£ RA i A5 FUIANI1EH, 595K
{GAN MG, SR, Breg /E RA HiBFseAH 2218, H.
K+ EGCG X RA B (k1A Breg SEMIRIRFIL &% 1

AR R A A M AR R S it 58 4 Bl S v (real-
time PCR) LbAS RA B35 5 (i foxt 41 B AMIRALEEH 22
S, bt BB ELRES RA P HERIX F JEUFEAE
e EGCG X RA B2 40 A 1L B 20 L 451 K BhRERY 5200,
AR EGCG 1R RA J&RIT 75 I E A

1 HARERE

L1 IRRFEA

WEFE 2015 4R 10 ] £ 2018 42 9 A fE Lilgrh e 25K
i e 1 B e KGR N FHTTIZ 0k 12 S fEBE Y RA B8
VERRTEX G, 2 W brifE 2 B8 2010 45 3¢ B IR % &5
(American College of Rheumatology, ACR) SRkiHHrXiE
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55 I ®  (European League Against Rheumatism, EULAR)
KA RA Bofi o FAriE 51F5r R0, IASrifE: OFF &
ERIZWRRAER RA Bk, QFEIE 27 ~ 85 %, QKK R
FEANHIFNATT . HEBRARAE: © &5 7™ TR TR 1 i 301 85
BRIV RHE . O HEEH R ELRHN, .
i, WP, B EE RGN, O & H A B B 9% MR
W, AT EMEE SRR, REEEER, TIREGEAIE,
RGUELLIRIE S . @1k kBt th 25 ELAM 234 . ©
IHICETS . TGS AR B . AR (g et IR A [R]—
AR (R B, T B S PR, ARk 30 ~ 82 %,
PIAE VRN T AR N AT B B A RIS . ASHiE
SO b B 25 KRRl BE e B R S5 fib i,

1.2 9 B AL 2%

i % Bk B A & 1 (staphylococcal protein A, SPA) .
EGCG, Iy %5 (phorbol myristate acetate, PMA), g
+ %5 2 (ionmycin, ion) ¥ [ 3 F Sigma 2y @], FITC
PRICHIBTA CD19 $iifk . PE FRidHIHL A CD27 $iifk, PE
PRICHI BTN A 4/ 2 -10 (interleukin-10, 1L-10) $t
. N e i, MRS vt 1 5 [ eBioscience
KA, EAREME (Brefeldin A, BFA) Iy §H 3%
Biolegend 2\ &), TRIzol £k | 3% [E Life Technologies
syw], RPMIT640 555460 B 288k W /RBH: (hE) A
PRy ], real-time PCR 5|40 B AE TAEM TR (EilE) Ik
AR FE, CA-1390-1 fERTim A i TIEGWA |
g F b e # A R 2 W], HERAcell 1501 4 g% 557 5 1
Fl 3% [ Thermo 2y &, FACSCalibur Jit 240 M (X ) F 35
BD A,

1.3 Jjik
1.3.1 SN E M A AR 2> B Sl 3 mL i ohnE]
LM Cmg (EDTA) ik, fnA PBS ks, %42
AT, TR WREUM ELANAR 5y B Ficoll 2 BL.0A, R
B JE MR AR _EJ5 29 1 em AT BESR IR A . B0 G
MO %2, PBS BV 2 IkIGHEA TSN I A R 4 i
(peripheral blood mononuclear cell, PBMC) it%{,
1.3.2 WA B 0.7x10° 44y & 5 9 PBMC,
A FITC #ric I Bt A CDI19 $i f& F1 PE #xic Y HT A CD27
pufk, EEBECHE 3min, 2% L RFEREE, )G
A SR, B g, At B anfe. iz B 4
JL, AR B R mARIC 4 BIoh CD19", CD19" CD27,
CD19" CD27°, CD19" CD27",

Bt 1 x 10° 4~ 4> B8 J5 /g PBMC, finA SPA. PMA. ion
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AN BFA, il # 5h )5, fn A FITC fxic 5 $t A CDI19 $i
&, i #EEIEE 30 ming AN B HLEE ok DR %
Ja, IR B e i, =i EE 20 min, Nk GE
WUERG, I PEARICAIPLA IL-10 bifk, =SSimEem s
30 min, NOREGEIEGERRGEDRE, 2% 2 RWTEEREE, HA))GE
FEALINAS I, Breg \ERFRUZR Hibxicoh CD19" IL-10",
1.3.3 PBMC 5 EGCG 535  # RA 519 PBMC 5
EGCG f£ 96 fLA ip I 55 5%, &AL 5x10° A~ 40lE, HnA
25 ug/L SPA (f¥fE k% 1 mg/mL, 7 F ddH,0); EGCG
DA S RUAC 1l B 10 mmol/L fig 479, o REZH . AR
FE., mik BEALM EGCG ¥ FE 4y %124 0, 10, 100 pmol/
L; 441200 uL f& &, 4% & JH RPMI 1640 5¢ 4> £ 35 Ik 4
o {E5%CO,, 37TCHIlgRsFHHt, S5 ARHRER
EGCG #4755 48 h,

1.3.4 Real-time PCR [l ik HE A &2 & e U £ ik — %
(EDTA-K2) iiE, s 8 PBMC, 5ok E EGCG
R 48 h, ARk &0, 5F B, A TRIzol &
fil ik ) S WRET . (£ PubMed 09 P2 |- 4 il B 40 iR (L 1A
F 3% f& (B-cell-activating factor receptor, BAFF-R) v %
ID, % AF| PrimerBank $¢#8 7%, 3R1F514)F5, Hr,
W5 514 5-TGGGTCTGGTGAGCTGGA-3", T 5|4
5-CCGGAGACAGAATGATGACCTT-3’, PCR &1 k¥4
5% 37 C 15 min; 95 C 30s; 95 C 5s, 60 C 30s, 340
AEIR . SO JCCRETIAS I DNA e i R 4l

1.3.5 28 LPINTHE A PR ITHE 28 GG Bh IR
4y (disease activity score in 28 joints, DAS28) J& RA ¥
PRGN I —/ S PRAE bR, DAS28 [IE s, FWIEEK
R EBEPONIE B L R R IR R e
¥ (tender 28, T28). MRk %r (swollen 28, SW28).
S AMIEDTREZR (erythrocyte sedimentation rate, ESR) #i{H
1175 DAS28, T28, SW28 Wy il 5= 25 K[t @ st e
BESe 1N BHE R PEAl A3 A AU T4 R D6, 4
L BEIE . T RO BT AL 28 A5,
i H DG o B B B i B IFAY T28 5 4G AY Bk 28 43T
ik 545, f3H1 SW28, ESR fElfisR b 3% X4 B389
THACR RIS, SHRtER RS IEME, ESR i E
i B2 25 KA I @ e AR R BEAR S BHIEA TR . ARFELL T &
1 KA RA BH SRR KR fiabr

Tab 1 Baseline data and clinical indicators of RA patients of all experiments

PR /n
S 2151 N SRR/ % SW28/ 4~
% %
A RA #3%& 29 61+11° 9 20 6+7
{ile ek He 29 6011 9 20 _
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FNIESTT R EH B AN BT R R BT ILA R B FRRER X B 4L RE I3 | 875

A I B H DAS28: DAS28=[0.56 x m +0.28 x m
+0.70 x In (ESR) ] x 1.08+1.06, #% 1 DAS28 [ {8, :Ff &
EREAR 5 MG B (2.6 < DAS28<5.1) Fil i J& i 2 4
(DAS28 = 5.1),
1.3.6  HAblmRdgtrotr C MER (C reactive protein,
CRP) &P RAEPRESY, FIRES T2 PRI 8¢
L AR R, TR RA T&EZD AT E Zfebr. CRP
(B R PR L i

2k WG B (rheumatoid factor, RF) 2 #ffi2 RA {1
RIS E bR, Hohifiid 1gG B RF (RF-1gG) AELE
BRI RN GREARI B, FrR .
RF-1gG R FH I o092 125 ME

H b R 25 R 2R B e AR e e 56 T N B A R AR
WEALEsr#: (Visual Analogue Scale, VAS) XE&JR LT
PEfl, M 0 ~ 100 mm AR TCHEFRTE o B ] B K PEwRTG
B, KU BE AL L 1 RS ARRIE S O

L4 GiilEorbi

% J| GraphPad Prism %% 4% 448 #E 17 50 BT AL 8L, %%
PELA x+5 Fon. RA B SR BAL A LA BT ¢ 45
0, RA HE TGN 5 G Zh 4L Al E s AR « 4855,
S YA LR B R 5 225 Bt ARSEMERTF 0 R H B A0
Ko, P<0.05INAZERAGIHE L,

2 "R

2.1 Bk

IBF T T RE SR AT RA B35 0 HEx BRI PRARAS 2 R
MAE AR, #hE—o LRIFEAR K EAHME, EL
BRA BE S o B G B 4 S FOWRELL Bl &40
A 29l (29 A)s fEELER RA B 5@ Hext 4] CD19"
IL-10" Breg LL i, &40 A 18 {4 (5255 B); £ EGCG,
SPA {k 4 3t i i PBMC J&, 47 #r B 41 i I B e CD19"
IL-10" Breg Lk 5l Ibf, #h A 6 fiil RA 3% (S£48 C); {E
EGCG #il## 5, @it real-time PCR ¥l BAFF-R ek /K F
W, 29N 7 I RA B3 (53 D), & LEHAN RA E
H S ARG R TR LR 1,

T28/ A~ ESR/(mm/h)  CRP/(mg/L) DAS28 VAS/mm

8+9 38.24+£2547  21.61+£32.80 57+1.6 53+18
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(B4 1)
R /n
S gkl N W/ SW28/ A T28/ 4 ESR/(mm/h)  CRP/(mg/L) DAS28 VAS/mm
% %
B RA 4% 18 65+8% 7 11 747 10+ 10 39.06+27.54  20.88+22.40 6.0+1.6 51424
il FE X e 18 64+7 7 11 - = - _ _ _
RA ¥ 6  65+6 2 4 543 10+6 46.83+31.76  46.97+60.73 63408 67+38
D RA H# 7 64+7 2 5 6+5 12+9 59.43+40.97 41.56+58.39 6.7+1.4 59425

. Y P=0.263, “P=0.288, SfdfHextEELES

2.2 RA A G HEHOT MR L B i K HOIERE LA
29 5l RA JBo8 S AR, M VT BC Y (Bt REAR LA,
RAH S BAE, Kot Baiig, icie B 4k bkl

S
0.10%%

AoerfeBsiE ictLBHmie
2.05% 0.64%

o bk A L R Y TR IR (3 P<0.05) (1&1 1,
#2), RA 4 CDI19' IL-10" Breg itk LA bL B4 5
e LA R Tt (#) P>0.05) (&2, #£2).

AsriLBiify icfiBamly  EakmiE
4.94% 0.80% 0.15%

TE: A fEHO IR B AR AN A fLK & s B. RA % B AR Al A (LR A
1 xRS RA BESMNEMA B AMIE (B CD19"IL-10" Breg) MG ZAMA N

Fig 1 Fluorescence activated cell detection of B cell subsets (except CD19" IL-10" Breg) in peripheral blood of healthy controls and RA patients

Breg

IH12%

Coie

Breg

0.86%

Coe

. A @ BE I CD197 IL-10" Breg 4N A A & s B. RA H# CD19" IL-10" Breg i 4Mu A (L &

2 RIS RA BESME LA CD19" IL-10 Breg i SRR

Fig 2 Fluorescence activated cell detection of CD19" IL-10" Breg in peripheral blood of healthy controls and RA patients
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Tab 2 B cell subsets in healthy controls and RA patients

TitH
i itk AR EL 61 /%

T SRR B2 B mL SPE i i A5

2.3 AWl ™ EE RA BH B AR R4

B LLEOR R AR™ B RA BEIE B 41, Ao
£ B 4, icfe B 4. 3REHmNFN CD19" IL-10" Breg Y1
W(F£3), KEIEEHA (=10) & EiEzh4l (n=19) RA

3 Al HEE RA BBH B AR LEEE

Tab 3 B cell subsets in RA patients with different severity

JitH

itk CLARREL 61 /%

2T A
&\ B Al
Aot B 4l
i1C B 4
S BRI
CDI19" IL-10" Breg
2 B 4
Horit B 4l
e B 4
pasylic)

CD19" IL-10" Breg

N B
B 41
F5 1t B 4l
iZfe B 4

S BRI

CD19" IL-10" Breg
B 4
F5 1t B 4l
iafz B 4l

S B4

CDI19" IL-10" Breg

3.50+1.91
2.50+1.61
0.81+0.37
0.11£0.05
0.86+0.49
22793.77+22 244.79
16 619.26 £16 746.97
5413.74+5 137.44
760.77 +675.81

6151.95+6 054.41

L
8.08 +4.24
6.38+3.79
1.49+1.43
0.21+0.18
0.86+0.34

72 955.93+90 115.24

59999.06 + 84 359.59

10 733.08 +9 515.34

2223.78+2 837.28

9990.56 +9 011.25

2.4 54 B 41t A i RE-1gG RHISEYE D
Xt 29 5] RA B35 5 B 40l 5 i v RF-1gG 7k Fdkf 7
LMo, RILE B Al kA iRATEL ] 5 RF-1gG 7k

TERIIEAR (=0.308, P=0.027) (I43),
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il CEANE e o=t wonas
M (n=6) 5EEEHH (i=12) RA £ CDI9" IL-10" Breg
o bR LA (51 B B 2 R R L (35 P>0.05),

RF-lgi

400+

2004

100+

RA %
7.74+£3.93
6.26+£3.55
1.30+£0.97
0.18+0.17
0.94+0.45

58 942.75+57 557.29
48 189.13 £52 815.57
9329.25+8172.69
1424.37+1812.26

7 606.58 +5 874.83

o0 E 1 B 2
7.57+3.87
6.20£3.52
1.20+0.64
0.17£0.17
1.01£0.53
51567.39+30437.14
41973.37+£25742.16
8590.40+7 547.06
1003.63 +736.14

6 414.60 +3 432.00

300+ L L

FNIESTT R EH B AN BT R R BT ILA R B FRRER X B 4L RE I3 | 877

Pia
0.000
0.000
0.009
0.025
0.685
0.003
0.005
0.006
0.037

0.462

BES BN, Ko ttanle. 1c1C B AMIAIS BN & itk
FEXL (¥ P>005), M, T6z)

RSN

PiE
0.746
0.899
0.452
0.581
0.560
0.351
0.392
0.512
0.085

0.234

] h] 10

15 20

kJ
i

4B A i AL %

3 B B SHBAERELLE]S RF-19G AKX S
Fig 3 Correlation analysis of the proportion of total B cells in lymphocytes and RF-IgG
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2.5 EGCG X} RA % B 4w i L s mi

TN AK P S S5 p AN [R]ik E EGCG il )s . 6
Bl RA B WAL B A, 10 B 40, H ke
CD19" IL-10" Breg #1748, % L EGCG *f K4y {t B 4H
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Hi. 121C B AR AN BE A M Y SR bk AR AR R B il

B (&4, £4), 4, EGCG RERZEHEm CD19"
IL-10" Breg fE ik EL 4fi g v 7 o5 EL 51l Jz CD19" IL-10" Breg
5ic1e B aifigfnd BRam e i LtLiE (s, £4).

EGCG
0 pmoll. 10 pmol/ L 106 pmal/L
AoarfEB | IR BHRFE SE FaHEB | ICiT B R A e AForbB | iCfL BT SR
il RER:] il ) RERH] il ) i
5.84% 1.21% 6. 29% 1.47% 3.51% La1%

Q3 Q3
- 41.6% 42.8%
cD27 C27
4 RSPRIEFRARELRE EGCG RIHT B 4R (B CD19 IL-10" Breg) AYmsCLAMARK M
Fig 4 Fluorescence activated cell detection of B cell subsets (except CD19" IL-10" Breg) after different concentrations of EGCG stimulation in vitro
EGCG
0 pmol/ L 10 pmol/L 106 pmol/L
Breg Breg Breg
0.17% 0.24% 0.32%

Cg

5 {RSPEBE AR ARERE EGCG RIB T CD19" IL-10° Breg ZRAATR LA AR A

Fig 5 Fluorescence activated cell detection of CD19" IL-10" Breg after different concentrations of EGCG stimulation in vitro

4 HAMSIRA IR EE EGCG X RA (3% B AL B 500
Tab 4 Effects of EGCG on B cell subsets of RA patients in vitro

AR EE ECGG ARBRAA 2 [ BT LL 42 1) P 1E

i 0 umol/L vs 10 umol/L 10 pmol/L vs 100 pmol/L 0 pumol/L vs 100 umol/L
Aot B Ani bk L An g b i 0.221 0.755 0.516
11L B AHNRFNSRBRANNE LN & bk 40 R e ] 0.240 0.404 0.071
CD19" IL-10" Breg i bk EL 4N L 5] 0.016 0.027 0.042
CD19" IL-10" Breg 51c1¢ B 4nlifn s4nlie St e (i 0.038 0.435 0.015

2.6 EGCG %} RA .5 BAFF-R 335 7K -0y

TR pszis v, H real-time PCR %} A~ [6] it JiF EGCG

K ik B EGCG RE 2 2 P& 11K B 41l BAFF-R mRNA (1)

FIBE R 7 BB E ) B 40 BAFF-R kK F-dE 4145,
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HIH mRNA %557k F
I
I

10 ol /L 100 pmol/L
EGCG i 8

;. “P=0.000, 5 0 pumol/L £ LAk

6 RSNRIEHRARELRE EGCG RIMT BAFF-R RiAKTE

Fig 6 Expression level of BAFF-R in B cells after EGCG stimulation in vitro

0 pmol /L

3 ifig

EHEBESETPIR LI, SHEREEEkE (healthy donor,
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