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Characteristics of Tfh/Tfr cell imbalance and changes in joint injury-related
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[Abstract] Objective The immuno-inflammatory mechanisms underlying acute and chronic
Brucella osteoarthritis (BOA) remain unclear, and the dynamic changes in T follicular helper (Tth) cells and
follicular regulatory T (Tfr) cells in this disease, as well as their associations with immune-inflammatory
responses, have not been systematically reported. This study aimed to characterize the stage-specific changes
in Tth and Tir cells in peripheral blood and synovial tissue of BOA patients, and to analyze their relationships
with related cytokines, transcription factors, and immunoglobulins, thereby providing the immunological
evidence for pathogenesis and clinical management of the disease. Methods A cross-sectional study design
was adopted in this research. A total of 13 patients with acute BOA and 21 patients with chronic BOA, who
were diagnosed in the Department of Orthopedics at the First Affiliated Hospital of Shihezi University and its
medical consortium hospitals from January 2024 to August 2025, were enrolled, and another 20 healthy
individuals were subjected and served as the control group. Peripheral blood samples were collected from all
participants, while synovial tissue specimens were obtained from 3 chronic BOA patients and 3 patients with
non-infectious joint injury undergoing surgery for local tissue-level validation, which were not included in the
overall clinical statistical analysis. Flow cytometry was performed to determine the proportions of Tth cells
(CD4"CXCR5*CD25°CD127") and Tfr cells (CD4*CXCR5*CD25*CD127") in peripheral blood, as well as the
Tth/Tfr ratio. Serum levels of IL-4, IL-21, IL.-10, TGF-B, and immunoglobulins (IgA, TgG, IgE and IgM) were
measured by ELISA. The mRNA expression of Tth-related transcription factor BCL-6 and cytokine IL-21, as
well as Tfr-related transcription factor FOXP3 and cytokine IL-10, was assessed in peripheral blood mononuclear
cells (PBMCs) using qRT-PCR. Western blotting was used to detect the expression of IL-21, FOXP3, and joint
matrix metabolism-related proteins MMP-13, type II collagen (COL Il ), and ADAMTSS5) in synovial tissues.
Results (D In the synovial tissues, the chronic BOA group showed significantly higher protein levels of
FOXP3 (P=0. 020 1), MMP-13 (P=0.004 8), and ADAMTSS (P=0. 002 3), while lower levels of 1L.-21 (P<
0. 000 1) and COLII (P=0. 009 2) compared with the control group. @ Flow cytometric analysis of peripheral
blood revealed that the proportion of Tfh cells in acute-phase patients was significantly higher than that in the
control group (P=0. 001 4) and the chronic-phase group (P<0. 000 1); so was the Tfh/Tfr ratio when compared
with that in the control group (P=0. 020 4) and the chronic-phase group (P<0. 000 1); whereas the proportion
of Tfr cells was lower than that in the control group (P=0.015 5) and the chronic-phase group (P<0.000 1).
@ qRT-PCR in PBMCs showed that the mRNA levels of the Tfh-related cytokine IL-21 and transcription
factor BCL-6 were upregulated in acute-phase patients than the control group (P=0. 000 8, P<0. 000 1); those
of the cytokine IL-10 and transcription factor FOXP3 were also enhanced in chronic-phase patients compared
with the control group (both P<0. 000 1). ) ELISA results showed that serum levels of IL-21, IL-4, and 1gG
were significantly elevated in acute-phase patients, all higher than those in the control group (all P<0. 000 1);
these 3 indicators showed a decreasing trend in the chronic phase compared with the acute group (P<0. 05). In
contrast, serum IL-10 level was significantly increased in the chronic phase, higher than that in the control
group (P<0. 000 1) and the acute-phase patients (P=0. 034 3). Serum IgA and IgM levels in patients in both
acute and chronic phases were significantly higher than those in the control group (P<0. 05), but no significant
difference was observed between the 2 phase groups. &) Spearman correlation analysis indicated that, in the
acute phase, the proportion of Tth cells was positively correlated with IL-21, IgA, and IgM (r=0. 26, 0. 34, and
0. 37, respectively), and negatively with Tfr cells (r==0. 54). TL-21 showed a strong positive correlation with
IgG and IgM (r=0.75 and 0.58). In the chronic phase, the above correlations overall weakened, while

correlations with Tfr-related indexes exhibited stronger associations compared with the other indicators.
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Conclusion This study preliminarily revealed the changes in Tfh/Tfr cell imbalance in BOA, with the acute

phase characterized by Tfh cells and high expression of related factors, and the chronic phase by larger

proportion of Tfr cells and high expression of related factors, accompanied by pathological joint damage.
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AR g B TAHAEL(T follicular helper cells,
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Tfr) % #5251 7 5CEE . Tih 412 CD4™ T 41 il ) —
AN, H A S A 2 Bel-6 . B4 M K - 2
IL-21. BFFE BT, Th 0] LU 1 3265 B 4h i 23 Ak Al
HE R SR RN B B BRI A DT B3k 40 AT O 4R 4F
KINGPECAZ , SRR e o BRI, AR T 4
MWL B B AT RE 2 R F B S PR BR AE R R AE
SSu A A

DSV R T 0 A A U 5 P T 40 Y S, R
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H I B, AT F A S . ek R th T
L Pl RGPS T AR T, Tih
St B 40 A B SR Shp A AR T AR, Bis 1k 4
PEE RN

Tth 45 Tfe A0 HETE A B S PEBR (A2 KIE
PEICTT RA5) VR IR 2 WE5E o Tih A2 E B 40 7y
AT A I H B U, e DG (1 A S FZH 21
IR AN AR VDI R T I ) HE P R B )
Tth Th 5 B0 W, Tl RS T A R

B R RAE A A ISR 5 & T B A2 76 0112 I
ME AL AN AT 386 KT T A B = A I DR TR B, A
JERILT 8 oA 56 4 Bl W, B0 Y 5 A48 s 76 A1 5 TG T
FEFE Th1/Th2 40l e RS R 52 . IRtk , RAFR B 7E
PRI Teh/The S A OC B 76 A0 6 QTR PR Gy e
AR, AT TG TR M OG0 R A S e WL B IR 12
DAL S B AR A

1 #MREFZE

1.1 BRA%

A58 R BRI 5T 1, JE A 2024 451 H
% 2025 4F 8 H WIA 4 A B QTR MR B 5 R SR 34 441
(2VE n=13 A8 YEW] n=21) K2 [A] ) B ot B2 20 41)
WS P R 3 ) B R B M S B PR R Y
T BB 203 B Sy Jey il 4 R /K SF-BRAIE , R 40 A BRI
IRGEH M. FrA iR 4 ¥ % E MR E A . i
T PR O R B A2 W R A AL AT SE
TR A B RFRAIE : IR AR G0 T B = 11 100++,
SR AR RREL AR LA AT A I R AR T BE = 12 50++;
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RUFEIN AL G R IR S b Bk B G S Rl 21
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S @B a5 B AR S R AT
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-80 CUKFHR IR IRAT , HOARFEA . TR P T
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R BT AL SV R 4, 5 e BRI AT PRI TR
AR IR YR DG 4100 S T LA ZUVE T R . 2k
BB ZRIRSEIRYT  BD T TARIGIT ORI T
Bttt . AW T BT R AE 5 — s B2 et
HAZE 512 H A 9T e (KJ2024-566-01) , T AT BiF 55 % 42
TE A ZH G4 2528 A5 1 AV R 22 B i A A% ST
(bR 7R SR B VAR B 50
1.3 Western blotting 7 |

VA8 5 i R T 5 0 5 4 S A e S i R
TE4CTRMIhBEFE2L, KL 4C,
11 300xg L 30 min Ji5 AR L TH I, IFA8 ] BCA v&
SERRFIWREE . R EARBULEN 5 EAE#E T SDS-PAGE H,
VK CEEIEE CE A —BUEE , — 4 0l FOXP3
(Abcam, ab154767) 1L-21(Abcam, ab215206 ) A1 MMP-
13 (Abcam, ab39012) . COL II (Abmart, T510299) .
ADAMTSS5 (Abcam, ab41037) , 4 “CH 7 i 72 J5 43 Uk
U Wi (ZSG Bio, #2B-2301) W & K ¥k , i/ ECL
RGBS A2 RO B R R SRl E
i L) B -actin (Proteintech, #81115-1-RR) IH — , 3+ H
Image] AT HATE w5317 -
1.4 qRT-PCR#|

il FH RNA $2 BUR ) & (RC113) PSR ifi 42 B
% 4 i (peripheral blood mononuclear cells, PBMCs)
Je FE BN RNA , 28 NanoDrop I 52 e & S5 4l i . R
RNA 30 5% 53¢ & (R433) % RNA i %% 5 25 ¢DNA, LA
cDNA 5 B i 47 55 B 2 1 PCR, ffi ¢ =514
(2R 1) o B AAR Z RGP0 88 7 48 B 500 6 B i 13 1%
B, B-actinYE NS R 2705 B A ik i
[ A1 2 0T B AR IR S B0 Sk o

%1 qRT-PCR3|#57
Table 1 Primer sequences in qRT-PCR

Primer (5'—3")

Gene names

Forward: ACACATCTCGGCTCAATTTGC

BCL-6
Reverse: AGTGTCCACAACATGCTCCAT
FOXP3 Forward: GTGGCCCGGATGTGAGAAG
Reverse: GGAGCCCTTGTCGGATGATG
121 Forward: GCACTTCCCACAGTGCCTAT
i Reverse: AGTTCTTCCCTTGATGGCCG
1110 Forward: TGCTCTTGCAAAACCAAACC

Reverse: TTCACTCTGCTGAAGGCATC

1.5 ELISA #&n) 4m fiee B -§

LG H TL-21  1L-4 . IL-10 .\ TGF-B . IgA . IgE . 1gG F1l
IgM JK-1E 3 ELISA R . FHEfE#7 {2 (Thermo Fisher
1510-02774) 7F 450 nm P T & WO R (ODE) , IF
MR B oA M TSR v B T A S ™ A 4 R
TR & (R3S A BRA R A i) 58 B A
1, 25 F LR @ HE7E A 3R (A ng/mL . pg/mL) o
1.6 AXmieK

FREMMRIUEERIMFEAR T 4 h NI, 7l
FE& F A 100 WLEDTA-4 Il , # /8 BD Hi 4K 136 B 45
WA BE N AR AR S PUARLL A  FITC-CD4 (1855
555346) \PE-CD25 (%% %5 :555432) \PE-Cy7 CD127 (%%
4 :560822) \APC-CXCR5 (1745 : 558113) % ifi k¥ 7
B 15 min, JITAZL 20 1 28 i v = Rk 246 10 min, 55
DR A2 AN, PBS YRR BB AN TTIE , & FIEFIR
250, LA PBS HE A0, I v A0 AR . T 2
X K (CD4*CXCR5*CD25*CD1277) , Tth 5 X K (CD4*
CXCR5*'CD25-CD127+)"22"
1.7 %itFEo

K H SPSS 26. 0 1 GraphPad Prism 10. 0 #1745 11
AT AR, T R D) wes 2875, R EL 2000 7 43 HE K
i A A 25 R LA A5 TR R R SR (%) o, S
X ECHE EAT IEZS PR R 56, 7 41 EU 35 R FH M ST FEAS « K6
5, 241 AR S R 3R 25 45 B AL 18] R 7 L 3R
JH Tukey K5 5 , & 1] Spearman AHIC 53 M7 Tth  Tfr 28 il Lt
1515 240 i PRI G R ER 11 B A G L DA P<0. 05 o 22
SHEHAGIHHE L.

2 #R

2.1 BHEGERTH

3 2 ] PSS il 22 S T GE i L (P=0. 113 7,
F2) PRSHEL VOB A W] k. 3412040
L% 2R (erythrocyte sedimentation rate , ESR) £l C- JZ Jif
#E 1 (C-reactive protein, CRP) /K- #2245 Gi it 2
B L (P<0. 005) , 3 2 5] bk 24 4 i 31450 8% bk 20 240 L 1 0
W2 BTG it o AR s s 32
2 L5/S1 HE] BR S AHSBHER LA . MR J AR B 15
A UL 78 15 BOME ] B4 A5 5 50, B I 2l o B 4k 32
B, SR B A S R A T AR PR T B AR AE Rk
TR SO GAPEBEIA (L 1) 6
2.2 Western blotting #] Tfh #= Tfr 28 fe. 48 % B T &

BRI AR E 0 RA

18 1o ¥ FE 2 21 Western blotting £ % PR, A% F
XFREH 18 VA TR M1 OG5 48 S 3 TL-21 RIRFEMK
(P<0.0001,512B),COL Il £%i5 il (P=0. 009 2,141 2D ) ;
M FOXP3 (P=0. 020 1, X[ 2C) . MMP-13 (P=0. 004 8,
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Table 2 Baseline data and results of routine laboratory tests

Items Healthy Group (n=20) Acute Phase Group (n=13) Chronic Phase Group (n=21) P
Gender (M/F) 8/12 10/3 13/8 0.1137
ESR/(mm/h) 7.20+4. 02 34.36+26. 52 16. 33+10. 63 0.004 9
CRP/(mg/L) 1.13+0.79 41.54+28. 46 12.53+9.79 <0. 000 1
LC(X10%L) 1. 99+0. 46 2. 00+0. 99 1. 80+0. 66 0.2847
Lym/% 32.06+8. 09 37.19+11.77 37.47+10. 08 0.3995

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; LC: leukocyte count; Lym: lymphocyte percentage

A: Tl-weighted image; B: T2-weighted image. The red

arrows indicate abnormal bone changes in the L5 and Sl
vertebrae accompanied by a paraspinal abscess
1 HEREHEXTREZEEHEMRI
Figure 1 Lumbar spine MR images of a patient with
Brucella osteoarthritis (BOA)

& 2E) L K2 ADAMTSS (P=0. 002 3, K] 2F ) % ik i & T}
Mo PR REBRTEEMA G REEE T REH
HFETE S Tth 4005 T 40 1 2l AR | I FLAEA s 6
BibrEDTHE
2.3 AERAWE LY X E L Foxt B P
Tfh A= Tfr 28 Je T ACH 5
T AR T SR (K1 3A) , 2t S A I
i1 (CD4*CXCR5*CD25 CD127*) Tth F 7 i 3 & T-%f IR
ZH(P=0.001 4, 3B), i (CD4*CXCR5*CD25*CD127")
Tir H A AR T %5 BR4H (P=0. 015 5, 81 3C) . 712 M
S Tfh 20 B L A5 T B T 20 0 L 91 2 T v
(P<0.000 1, B.C). i —2P115 Th/Tfr LUAE , & 3K
A B T 4L (P=0. 020 4, K1 3D) . #2/R
A3 AT BB P OGS R 20ME I L) Tth 20 M L 491 5 o
F=, TP A T 40 A T
2.4 G K EMEF XY EEFPBMC ¥ Tih/Thr 28 #6
X EFRE T m0EF mRNA £ &
qRT-PCR 25 3R 7, 2 VE 10 /8 35 PBMC  Tth A
KA MI R 5 IL-21 Fi% 5 K BCL-6 mRNA ik 1,

T X R4 (P=0. 000 8, P<0. 000 1, &l 4A \B) ; M 7E18:
P ECE B9 PBMC H, T 956 5% R F FOXP3 mRNA Fll
Y R F I1-10 mRNA 5t BE 2 #4725 (P<0. 000 1,
4C.\D), Lh g5 54 7R 20 0 AR Tk 40 f §% 5 R 7
BCL-6 Fl14H i [ IL-21 F ik Lo, 7698 Pk W 8 3 T
0 M 5% s 7 FOXP3 | 18 A 40 i [K 7 TL-10 3% 1k
.
2.5 mFmRR-TE LRk EARFH TR

AT X B, 2R RS I s 1L-21 114 1gG
JKF-24 58 35 71 (P<0. 000 1, & 5A . B.G) , 7EA8 1 =
F 5T E##(P=0. 029 0, P=0. 001 4,P<0. 000 1) , {&
PRI 83 TCF-B 3 2Pk A8 3 1o 25 T %5 (P<0. 000 1,
5D) 5 1L-10 IgM 7 20 1 K 18 M 11 3 v 300 R
ZHTH 7 (P<0. 000 1, F 5C . F) , IgA 18 2 ) K48 1 1
B 4 X IR 4 T R (P=0.000 9, P=0. 045 2, £
SE), & P E S A L, TegE SRR R
F(EISH) o 7R A B ISR PR O R 28 PE A 7E
AN TR B G 8 L 2B AR, 20 309 LA T 200 i AH G 1 12 48
PR e 2R 3R O 3, A5 P 0T 00 S 7 DA T 240 AR DG 1Y
B g2 VAT PR T e AR
2.6 Tthémfe s Thm 4 & T L o B/ F | o dE 3k

F G WA R ST

i 1 Spearman AT, S M & R PEE R
TR B T (B 6A) , Tth 41 il e 451] 5 1L-21 (7=0. 26) |
IgA (r=0. 34) . IgM (r=0. 37) &£ IEAH ¢, Fl 1gG (r=0. 18)
e B — R B 19 I AH S R B 5 1 5 T 20 i 22 op
A (r==0. 54) o Tfe 41l L 61 5 11-4 (r=-0. 02)
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A': representative images of protein expression levels; B: decreased 1L-21 expression in the chronic phase; C: increased FOXP3 expression in

the chronic phase; D: reduced COL I expression in the chronic phase; E: elevated MMP-13 expression in the chronic phase; F: elevated
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Figure 2 Expression of Tfh/Tfr-related transcription factors, cytokines, and cartilage injury markers

in healthy controls and patients with chronic BOA by Western blotting
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Figure 5 Serum levels of cytokines and immunoglobulins among healthy controls and acute and chronic BOA patients
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with acute and chronic BOA
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