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Abstract

Objective: To explore the clinical value of peripheral blood Zonulin in the evaluation of intestinal
permeability, disease activity, and affected organs in patients with systemic lupus erythematosus
(SLE). Methods: 60 female patients with SLE were enrolled. Serum levels of Zonulin and intestinal
fatty acid-binding protein (IFABP) were measured by ELISA. The SLE Disease Activity Index
(SLEDAI-2K) score and clinical indicators were collected to assess disease activity. Linear regres-
sion and Pearson correlation were used to evaluate the correlations between Zonulin, IFABP in pe-
ripheral blood and SLEDAI-2K, clinical indicators. Results: Compared to healthy controls, the levels
of Zonulin (p < 0.001) and IFABP (p < 0.001) in peripheral blood were significantly higher in SLE
patients. Zonulin levels were significantly higher in severe patients compared to both mild (p <
0.001) and moderate (p < 0.001) SLE patients. Additionally, SLEDAI-2k (R? = 0.5247, p < 0.001) in-
creased with rising Zonulin levels. C-reactive protein, double-stranded DNA, erythrocyte sedimen-
tation rate, and immunoglobulin G were positively correlated with Zonulin (p < 0.001), while com-
plement C3 (p < 0.001) was negatively correlated. However, there was no statistically significant
difference in Zonulin and IFABP levels in peripheral blood among patients with different organ in-
volvements. Conclusion: Zonulin in peripheral blood may be associated with disease activity and
exacerbation, potentially serving as a biomarker for the severity and progression of SLE, but it is
unrelated to the involved organs and systems.
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2. WAk
2.1. 85E5ARE

12022 £ 9 H & 2024 4F 6 H 5 51 i 32 Bt KR S B 210 1997 473 B K % 22 (ACR) 73 Kb
HEREL T 60 BIVIR RS BORIEEE, HAHZE T 60 B FEAEAIE @R (HC). HTERGMEL
BRI B R, YRR E T I, ORI R AR B E Y N L. TR ZiAE
KETHEILRE AR . FEERMR i A 85, ANHSZAE ARG B SLE SMEFEEA R, AHEH
fitb B G e B L AR . R ERE RRE  SOEMERGR . AR SORE PR . B B e e AR
PEBIR BB MR S . BT A 2 il 8 A S RIS ER . IR as AR B S B P A s HE R
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B AT RGO BORIE R S48 BU(SLEDAL-2k 1143 1WAl S BRI sh B o Iyl C-IRMER . g%
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2.2. ShEAIMAYE S

ZEE 12 AP E, AT BE AR LIRSS 5 ml (AR, £ 4°CNYERIR & Hrkt 4 i JF LA 2400 rpm
B0 10 234l B B ROFBON Eppendorf . 3 ML A LIS REAS B HEBRAE A BT T2 8h o IS REA T4
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2.3. BEEX G R0 Zonulin 5 IFABP

M SLE ZHA1 HC )5 54 I MIEREA, K ELISA #illiRF &, A% 12208 156 BH 45 1 25 A6 )
Zonulin VL% IFABP [17KF.

2.4. GtEST

M FE R 3 A5 Bt il L A SPSS 23.0 AT SETH M AT 70 At . B TR VEGE TR T
AFRHE)FE, ERAMSLFEA t A58 AR A S 4, R A Mann-Whitney U K36 R HUEGRAT IEZS
AT 2 B K. EITFEAT Pearson HIRAR L URBLAF 6 1L 70 A7 S HCZ 18] ()R IEG, R Spearmam
HRIHRDFTAFTE ES IS H AR R 2 pE <0.05 K, FKEMESEREN NG AR
o

3. &R

1) ZHE TS 60 % RGN PIIRIE B EF 60 £ X HEE . SLE B FX R N D St F45ME
MZ RAGIN AT 1. BE A RN PR 550 32.84 + 11.46 ZF130.71 + 14.19 5 . HZHZ A
RIS A BE 2R, AEEAT, BHEAMAR. 5. ERVRIERSE L RGER(GIS) I B &
SN RAMEABIRIE AT 51.66%, A B E R KORIEHE T R) EE & 28.33%, KAMMIAE K24 &R
GiR IS B R 15.00%. SLE 41 i SLEDAI-2k PFo-FME N 4.67 + 4.29 7y, HrhE IR
FI(SLEDAI-2k > 12)f 13 N, HEEIEBN(7~12 73) BB BETGE(<6 47) 7 il 34, 13 A
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Table 1. Sample demographics and involvement of the system

* 1. BAMAOSRUHENZRRS

SLE (n = 60) (%) HC (n = 60)
FER(%) 32.84+11.46 30.71 +14.19
AL R GRER(GIS) 31 (51.66)
=} 17 (28.33)
i 9 (15.00)
SLEDAI-2k (4}) 4.67+4.29

BREETED<6 47) 13 (21.67)

HHEEVEB(T~12 71) 34 (56.67)

HEFRINEG12 77) 13 (21.67)

Values are expressed as mean + standard deviation (number of persons) or number (%). CIS: Digestive symptoms; SLEDAI-
2k: SLE disease activity index. {HLLVFIME + fRdEZE(NE)BEF (%)L n. CIS: HILRGUEIR; SLEDAI-2k: R4
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Figure 1. Zonulin and IFABP levels. (A), (B): levels of intestinal mucosal barrier markers between SLE and HC. (C), (D):
intestinal mucosal barrier marker levels between the three groups of mild, moderate and severe. E: Correlation analysis between
SLEDAI-2k and Zonulin. “p <0.05; “p <0.01; ***p < 0.001 was considered statistically significant

1. FESDESR Zonulin & IFABP 7K¥. (A). (B): SLE. HC Z4HBEFIEREREAE. (O (D): BE.
hE, EECEBEZ QRMIEREREMKE. (E): SLEDAI-2k 5 Zonulin [BfBX M 2. “p<0.05; “p<0.01;
™p <0.001 WABZITFENX

2) fEEEXTHRAIAH L , RS BERIE B35 A 4ME I Zonulin B 5 51(376.6 £207.8 VS 114.10 + 54.90,
p<0.001, & 1(A)), [FIK, Zonulin A1 IFABP 4 {5 HE 2H B & 7 155(109.25 + 46.62 vs 61.36 + 38.20,
p<0.001, K 1(B)). Nt PHRAHEEFFENERR, A CK Zonulin 5 SLEDAI-2k #4744 [7] )5 5
#r, FFLL SLEDAI-2k 1FNARERM RGN TR T8 70 AR R, HEEMNE. 4R ER Zonulin
5 SLEDAI-2k 2 IEFHX K R(R?>=0.5247, p<0.001, & 1(E)), Ifi IFABP 5 SLEDAI-2k  [H]JCH B AH G
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P, HERGUEARRE B E T, FEEEHF Zonulin (634.50 + 177.83)% 2 = T-#8¥ Hi(246.70 + 126.50,
p<0.001) & (327.66 + 156.75, p < 0.001). FIRIEEEL Zonulin B BAR T H A, H M MFEE
GuitaEim L (E 1(0). FEEEZH(133.98 + 62.63) IFABP {3 i T3 5 41(86.55 + 33.03, p < 0.05), 4
(108.48 + 40.23) 5 H FH A2 M LG 2= 2 X (E 1(D)). H, Zonulin A] eAE N —FhPEAL & 5w
HEESNIEB LD ED 2 —

3) Nit— W7t Zonuin 5 IFABP 5B IESNERIC R, AT T NLHLE R KA HEx R 2 8] e
FEFRRR I 2(A), REGPELBIIRIE B 1M YT(42.42 + 24.44, p < 0.001). CRP (22.96 = 30.87, p < 0.001)-
ds-DNA (53.25 £42.48, p < 0.001). IgG (19.20 + 7.04, p < 0.001)%. 2% = T X HEZH(9.07 £ 5.41. 2.66 +
1.39. 2,18 £1.2. 9.95+3.36). SLE 414Mk C3(0.51+£0.26, p <0.001). C4 (0.22 £ 0.16, p < 0.05)3) &%
F HC 2H(1.09 + 1.43. 0.28 £ 0.12). 5 Zonulin fZ7E IEA K R MK G fabrsg CRP (r = 0.491, p <
0.001). ds-DNA (r=0.447, p <0.001). MLI(r=0.519,p<0.001). HIEFREM G (r=0.365,p<0.001), it
IR HINAMAE C3 (r=-0.391, p<0.001, # 2). 5 IFABP fE{EIEAIZRIE & I52E CRP (r=0.199, p < 0.05).
ds-DNA (r=0.377, p <0.001). IIL¥T(r=0.451, p <0.001). %IEFREHE G (r=0.272, p<0.05), fA{EHHIRE
KAMRAMAE C3 (r=-0.235, p<0.01, 7% 2). A0, ¥ REMLLBIRIEEE 7 NEHLRGER. 2
ARIEPE B BRI M =4, FRATRIL, =202 18 Zonulin DL K IFABP 37 0] & 2 573 K G it 245 (.
2(B) E 2(C))e DA Eg5 5 A MM 2R B 1 ki B B 45 45 b 54 Zonulin — & FR B E o] BB 50 TE B N
HME—EMRR, HEZRMRERGETLR.
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Figure 2. Clinical indicators and Zonulin and IFABP levels in patients with different organ involvement. (A): Clinically rele-
vant index level between SLE and HC, CRP: C-reactive protein; ds-DNA: double-stranded DNA; ESR: sedimentation; C3:
complement C3; C4: complement C4; IgG: immunoglobulin G; IgM: immunoglobulin M; IgA: immunoglobulin A, (B) and
(C): The level of intestinal mucosal barrier damage between the three groups. "p < 0.05; “p < 0.01; **p < 0.001

& 2. IGRIEFEREAEIREES R KB # Zonulin, IFABP 7K. (A): SLE. HC —{Az [alKRABHEIEHRKFE, CRP: C-K
NZEH; ds-DNA: W§E DNA; ESR: MIT; C3: #M& C3; C4: #MEK C4; 1gG: RBIKEH G; IgM: REIKER
M; IgA: REZIKEB A. B), (O): FAHEKRGRE. B, MR =HZ BFHRFETRGIREIKTE. p <
0.05; “p<0.01; "p<0.001

DOI: 10.12677/acm.2025.152344 282 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2025.152344

Bl 45

Table 2. Zonulin, IFABP and related immune indicators

%% 2. Zonulin. IFABP F1#H X ®iZiEHrtE X5

Zonulin (ng/mL) IFABP (ng/mL)
CRP (mg/L) 0.491** 0.199*
ds-DNA, IU/ml 0.447" 0.377°""
ESR (mm/h) 0.519"" 0.451"
C3 (g/L) -0.391"* -0.235"
C4 (g/L) ~0.086 ~0.093
1gG (g/L) 0.365™ 0.272"
IgM (g/L) —0.038 0.057
IgA (g/L) 0.098 0.132

CRP: C-reactive protein; ds-DNA: double-stranded DNA; ESR: sedimentation; C3: complement C3; C4: complement C4;
IgG: immunoglobulin G; IgM: immunoglobulin M: immunoglobulin; IgA: immunoglobulin A. All values were Pearson cor-
relation test r-values, “p <0.05; *'p <0.01; ™"p < 0.001. CRP: C-XMNMi[; ds-DNA: XU DNA; ESR: Ifiyi; C3: #b
£ C3; C4: A C4; 1gG: HIZFREH G; IgM: REIREHA M; IgA: REHKEH A. H{HH Pearson KK
rff, 'p<0.05; "p<0.01""; p<0.001.

4. Wig

JY Rt R o 8 P U 5 VP 2 B 5 S e MR . AR R . R BORE P IS o B 2 R IR S5 O
BX[9]. Zonulin /&I2 4y 1F Pk — AN A0 AR IR] SR 250 e AR BRR Y ), EAE NG BREE T 2 INETIR, F15T
it PAR2 S G2 A K K 732 4. it Zonulin J8HE, X PIANSZAREHEE, i@ iE g in[10].
b4, IFABP A 2 i i ks 40—, BN ETE/ N bR 20 M 4 i 5 50 H 4 52 450 J5 7. B
G BERANATE G b 4l 45 5 A ELEIE SR, (RIS BIE BRGE— A W] [11]. Zonulin _F & RS
KR Lh i W i b A B ORI . 3980 1T IR s R AL )&, 1 Zonulin K3 i
LG HmEEE TR A PR G S A BRI N R . R E B R, T i e i 3 in 55
e B Siusimid 4 s 2IE A, HFEMR RS %% R BAER[12].

GERRW, RGP EE M Zonulin B & TEFEM AL, SLE BFEAFIE R IR Z 1%
Bl BOERIBEFLAR, SLE 5B MR R A G, HARHERMAEY 2 FE D R 4 s, 54
(PR PR PR R TS S JE D[ 13]. 3 T S Ik S My 7 B R 2B 13 (1 7 i R B, K AT v I Ak
Yk KW AF I (E SLE B3 i E B B35 R m, JEHS SLEDAT 2IEME, I HKRA KWL 4%
WL BB 2 SRR AL [AIAE O [14]. SERTM — It 7R 8, KIHIR A IRE i s 2 sl 2 Mot R
('S BER R AR g L R B ThRERRAS [ 15]. A AR LR, SLE BEMHIEAYZH (Chao 1
ACE)] o ZFEPERRAK, JUHRIE S ERE B R N 3%, R SLE B M+ & EA S ERAK. 1F
B 2RI, SLE M35 5 (B N HE 1 b A AP E 35 2 5o TE1 TKOF b, I TE MR IR AE 3
BEDUERER T AT BT ARSI TR, JERER T35 P, BT, AR T DL TSR B 1]
FEHE, #H—BEY T SLE BE AL EBEL2].

SLEDAI /& SLE &3 IAEREmIEshiErs, T ARG RIM E 4. e HER [ 16]F1
I ARG 17150 555 F BT TG sl A bi 2 — o I 04T Zonulin &5 SLEDAI-2k 75 Hi B A5 gl 5 7 5 453 73
JNE, M3 Zonulin FF i, BE RGN SIS . KA B (1A% HF R 1 S A R4 (1) A8 Ak vl
A8Z5 7 SLE RISmNLE, [FI 25 KA I 0 535 A0 G I IR SR A= P & ili& 2, 5 SLEDAI-2k V¥
gy B IEAHK[14].
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TERFFEH, IR VAl B R B 4B AR (YT, C RAVEEE . ds-DNA. RfE3kEH G 1F s A b

4 C3 [F#1K)5 Zonulin AE/E ARG, [RINHLIER] [ 3% Zonulin 5P G SN EEIEMEL R . R A%

AT RESC NG ROUVELLPEIRIG B 3 R I e b, A AR DG SC R R, R B T i M 5 e i B
FERIEMR, XERMSEE . FEREL 926 N CpG £7 45K DNA HFEAL /KT 5 i i vk 5 25 A1
K, JUHAE LRIG1 HIFEMERad h RIEER » fEREMEA BRI EE T, BEE iEimE e in, 40
A BRRE 5% 1R 266 R AT i 7 A1 HH A0 1 6 R ' 4R 18]

REFLZHARCLRY, Zonilin A VAL RS MERALIE B4 10 B a2 R500[19]. 5 9miaE B
AT £ AP S OCER 8] B W gt — D id i SR KA AT B T3R8 T, Zonulin b1 T AR HE G
BRI INE 7 MRL/pr /N SRR B NERIF AR [ 14]. BRI, AT FH, NREELS &L RY05% 8 &
HIIMTE Zonulin % IFABP 3400 X jll, X0 G5 HE AR SLIOFE AR BN K. AR R BRIELE T
TSI (R R R N B AR, R ™ b LSRR ARG I G B 4 70 LS AR I FRE T, A HERR 2
WIVE T X R B T A A A 2L 1) S0 AR ot R 8 28 B B (R0 B2, LK T ) i o I 5 s R 0 1D TR
EN (/4= e R RR 1 B Bl o WA €2 P -5 R A

MR, Wi EE M R S RGBT S A AE— B MG R, H BT AL AR T
HME L Zonulin —EFEE L ATRES SLE BIRiG sl INEAFAE B IR R, sV LME N RGO BERIE &
BTN AR B S R T LE AR G . R, DG T R i T B e P R R e 1T LA B BH R L
B SLIBTT 7 RIFRER &R ik, AT AT, DAL R G 2050 6 T B f )
TEIFEPEAAR EX(BI U Zonuliny [FABP S5)IA7EAE, FHiE— DB Zonulin WIATTE 2 S8 Pk 21 BEARIE 120 1)
RGOS RIEER, H /R B — P R A SR IG5

B M
VIR EL 3R ARG S R R
S5 3k
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