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ABSTRACT Objective: To investigate the correlation of serum zonulin, monocyte chemotactic protein-1 (MCP-1), hypoxia-in-
ducible factor-1a (HIF-1a) with disease activity and intestinal microflora in patients with Crohn's disease (CD), and to analyze the value
of zonulin, MCP-1 and HIF-1a« in the identification of severe CD. Methods: 162 patients with CD who were admitted to The First Affili-
ated Hospital of Hunan University of Chinese Medicinel from January 2019 to January 2022 were selected. According to Crohn's disease
activity index (CDAI), patients with CD were divided into severe group, moderate group and mild group, with 42, 69, and 51 cases, re-
spectively,another 151 physical examination volunteers during the same period were selected as the control group. The levels of serum
zonulin, MCP-1 and HIF-1qa in the patients with CD and control group were detected. Pearson correlation analysis was performed to
analyze the correlation between zonulin, MCP-1 and HIF-1a with CDAI score and the relative abundance of intestinal flora. Receiver
operating characteristic curve (ROC) was used to analyze the value of zonulin, MCP-1 and HIF-1« in identifying severe CD. Results: The
levels of serum zonulin, MCP-1 and HIF-1a in the severe group, moderate group and mild group were higher than those in the control
group (P<0.05). The levels of serum zonulin, MCP-1, HIF-1a, and the relative abundance of Escherichia coli, Choleosinophilus wardeni,
and Atopobium parvulum in the severe group were higher than those in the moderate group and mild group, and the moderate group was
higher than the mild group (P<0.05), and the relative abundance of Clostridium pratense in the mild group was higher than that in the
moderate group, and moderate group was higher than the severe group (P<0.05). The levels of serum zonulin, MCP-1 and HIF-1a in
patients with CD were positively correlated with CDAI score, the relative abundance of Escherichia coli, Choleosinophilus wardeni and

Atopobium parvulum, and negatively correlated with the relative abundance of Clostridium pratense (P<0.05). The area under curve
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(AUC) of zonulin, MCP-1 and HIF-1a in the identification of severe CD was 0.856, which was higher than 0.706, 0.693 and 0.747 of

zonulin, MCP-1 and HIF-1« alone. Conclusion: The levels of serum zonulin, MCP-1 and HIF-1« are increased in patients with CD, and

are associated with increased CD disease activity and intestinal microbiota disorder, which may be a potential biomarker for the diagnosis

of severe CD.
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M2 . CD B I i il 98 1 .64 14, 7K o7 8 %L
(BMI)20~23 kg/m?, -35(21.05+ 0.69 )kg/m?, 4E#% 22~35 %,
(28162 6.09)% , J) e A R ARG AR R 3 151 ik
SHALL, B 78 {5, 4 73 5] ,BMI 20 ~24 kg/m?, -4 (21.25+
0.79)kg/m? 4E#S 20~36 %, F3(28.51 6.11)% . AW L
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CD 8 ABt)a (W B AR Y H ) >RAEZS I # ki 3 mL,
MFFATFEE FHE 05h~1h, £ kG ZERS.C
(3= EFRER KN F] Sorvall ST 8 B.OHL, AHXT .01 3 260% g)
5 min J5 BUMERTE BULTBEREAIIAAMFLI, A 50 wL 38
WY IR A, WIRBEE 60 min, FEMEE WL, BEAEM AL, A

JEY A B, WiIRFFE 15 min, A 50 pL & 1R FEMRA 201
FrueMh<s, WIZ M zonulin MCP-1 HIF-1a 7K, {458 Var-
ioskan LUX 4> A shiiitiiY (£ EFEER K/ F] ), zonulin, MCP-1
RGN A e A YR A BRA A HIF-1a 3057 £ H
RIS Y RHATBR A ]
1.3 BFEEEN

il G USSR 24 CD HETE R B 2 AR A S g, 3k
BUPBERE T EP 4 (LM EIET), RECHEHTE DNA
(QIAampFast DNA Stool Mini Kit i3 & W [ 75 ¥ T 3L 48 A
A, AN 16SIDNAVI-V3 [X (R JH PCR ), 38 JH 9185
¥ : V2F 5'- CCTACGGGAGGCAGCAG-3' (16S rRNA 338F),
V3R 5'-CCAGCAGCCGCGGTAAT-3'(16S rRNA 533R), L) I ik
FEEU) DNA VEASEH, N RS |9y, RAEE
Bio-Rad A F] 4 72 ) CFX96 SR ¢t PCR 4T PCR K .
T B R R R, R BIR A MR A E hiR
PR ER B BRRZE AT B KB AT B LR AT R K G i
T . Atopobium parvulum, W &f4: TR PE 95°C 30s, AR
95°C 5's,iB KIEAH 60°C 34 5,40 NMEH, 72 CHERF 5 min, [N
& & . TB Green Premix Ex Taq Il (TliRNaseH Plus)(2x )10 wL.
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)] HATITAL , CDAL IS} <150 43 i, =150 431530
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2.1 ANEHRMF zonulin, MCP-1 HIF-10 7K S LL B
TR P EFZH AR BE4H IMYE zonulin MCP-1 HIF-1a 7K F-
WX iEge (P<0.05); ERE4IMIE zonulin MCP-1 HIF-1«

K B LR R R (P<0.05), HYhEHIREHR
(P<0.05), 1.3 1,

* 1 AEARIME zonulin, MCP-1 HIF-1a 7K FLLE (2 )

Table 1 Comparison of serum zonulin, MCP-1, HIF-1a between the different groups(x+ s )

Groups n zonulin(ng/mL) MCP-1(pg/mL) HIF-1a(ng/L)
Mild group 51 6.95+ 0.21* 226.31% 8.46" 65.12+ 4.19°
Moderate group 69 8.01+ 0.95® 246.85+ 12.35% 69.21% 5.43®
Severe group 42 9.34%+ 0.51% 289.15% 6.02% 78.02+ 1.06™
Control group 151 2.61% 0.53 102.31% 26.10 19.32+ 4.02
Difference test F, P 2141.395, 0.000 1574.959, 0.000 4018.145, 0.000
Tendency test P 238.378, 0.000 238.378, 0.000 238.378, 0.000

Note: compared with the moderate group, °P<0.05, compared with the control group, *P<0.05; compared with the mild group, °P<0.05;

22 CD B2&EIFEE A LR

HEEHRATE . K KB IRE  Atopobium parvalum A%}
FRE TR AR B L, R R A 2 B A T op B AR
A (P<0.05); EHARMTE . K KR  Atopobium

parvulum FHXF =2 Hf BE2H 755 (P<0.05 ) , fEL R4 BRI AH X 42 15
BEEA R TR (P<0.05) , A AEFLRRFT I WE S5 AT 1 L B
BRI FORERTAE | MOIRZF MR RO 2 L BT G T 2 5
(P>0.05), L3 2,

*®2 CD BHBEFEBFLR (v 5)

Table 2 Comparison of intestinal flora in CD patients(xt s )

Choleosino
Lactobacil- Clostridium Bacteroides Lo Veyrococ- o Escherichia ) Atopobium
Groups n - Spirulina Clostridium ) philus
lus pratense fragilis cus coli . parvulum
wardeni
22.03% 15.12+ 2591+ 13.02+ 23.23% 13.19+
Mild group 51 9.01+ 2.23 4.99+ 0.83 2.02+ 0.31
2.62 4.07 3.77 2.05 4.16 2.32
21.75% 10.42+ 25.56x 13.16% 23.48+ 18.11%
Moderate group 69 8.95% 2.05 5.02+ 098 3.11% 0.36
2.13 3.11° 3.56 2.13 435 3.84°
21.63% 8.25% 2521+ 8.83% 13.25% 23.62+ 21.05+ 7.05+ 4.96%
Severe group
2.09 2.07% 3.43 2.09 2.59 4.07 3.69" 1.69 = 0.65
0.595, 56.094, 0.648, 0.138, 0.120, 0.118, 62.995, 47.652, 508.533,
Difference test E, P
0.553 0.000 0.525 0.871 0.887 0.889 0.000 0.000 0.000
0.033, 46.209, 0.342, 0.530, 0.659, 0.175, 67.132, 25.442, 105.554,
Tendency test % P
0.984 0.000 0.843 0.767 0.719 0.916 0.000 0.000 0.000

Note: compared with the moderate group, °P<0.05, compared with the mild group, °P<0.05.

2.3 & zonulin MCP-1 HIF-1a 5 CDAI 4 WL K b7 18 B B
KB X1

CD E# M7 zonulin . MCP-1 HIF-1a 7KF-5 CDAI 43 |
KIBFFH . IR RFEHTE  Atopobium parvulum FHXJ 5 £ 1EAH
K (P<0.05) , 5538742 BRI AH KT 3= 8 2 1R 56 18 (P<0.05) , T 5
FLERFF B M55 40T T L B MR TR 35 SRR T AROIR 2 B AT R AR X
FEEITHFME(P>0.05), 1L 3.
2.4 zonulin,MCP-1 . HIF-1o $EE & CD HIMNME

DAEE BEAH R BHMAEAS (n=42) , DA RN rp B 28 B M A
(n=120), #37. ROC T 43 B B I A R T / 4550 374k
FE AL W Logistic 815, DA zonulin MCP-1 HIF-1a X =48
BB 27 M)A T / 45 28 PEAG AR, BRafk Ak S R L 45 SR 41
F% 4, zonulin MCP-1 HIF-1o % EHJE CD By T s
0.706.0.693 .0.747 , B4 zonulin MCP-1 HIF-1o % %2 T ¥ CD

R4 T HEFLH 0.856, =5 F Bl zonulin MCP-1 HIF-1a i
Wi, U2 5 FIE 1,
3 9HE

CD LUz BEME: IR 28 btk R AE B 407 35 Bk 4310 S RFAIE , AR
BRGRAT LA A L TE X S5 AR SR 3, CD AN AT
FEHEREIR , 0T 51RO 58 BB IR MR B
PR S 7 SR, BTG Z bty s 1 s S
AR AR B, I 2 5 AR 1 T T R PR E A AR, S R
TR TAEFIAETRATRE P, CD RIS 2%, 2 Wik & hnife,
IR Z ML AR AR LI = SR A SUR 455 &
FIWT , B = BURE A= 2R g,

zonulin J2fi7 I K 240 26 AR £ sl A PR RIS 4 e i) —
P EE 22, ZEMAE PR N zonulin B , A2 1738 | Kz 40
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& 3 1% zonulin MCP-1 HIF-1a 5 CDAI {4 LUK B7iE B BRI < R &L
Table 3 Serum Zonulin, MCP-1, HIF-1« correlation coefficient with CDAI score and intestinal flora
zonulin MCP-1 HIF-1a
Index
r P r P r P
CDAI score 0.512 0.000 0.496 0.000 0.637 0.000
Lactobacillus 0.102 0.206 0.136 0.126 0.125 0.196
Clostridium pratense -0.592 0.000 -0.501 0.000 -0.573 0.000
Bacteroides fragilis 0.131 0.151 0.125 0.096 0.103 0.113
Spirulina 0.109 0.103 0.095 0.145 0.081 0.218
Veyrococcus 0.096 0.241 0.082 0.103 0.073 0.114
Clostridium 0.053 0.230 0.043 0.262 0.054 0.129
Escherichia coli 0.583 0.000 0.543 0.000 0.509 0.000
Choleosinophilus wardeni 0.636 0.000 0.409 0.000 0.424 0.000
Atopobium parvulum 0.596 0.000 0.557 0.000 0.561 0.000
% 4 zonulin MCP-1 HIF-1a BX&GEEEE CD EAFM SR
Table 4 zonulin, MCP-1, HIF-1a regression prediction analysis results of joint identification of severe CD
Indexes Assignment B Se Wald »* P OR OR 0.95CI
constants - -0.048 0.023 4.330 0.037 - -
zonulin Continuous numerical prototype input 0.252 0.069 13.483 0.000 1.286 1.125~1.472
MCP-1 Continuous numerical prototype input 0.098 0.032 9.416 0.002 1.103 1.036~1.174
HIF-1a Continuous numerical prototype input 0.142 0.040 12.709 0.000 1.153 1.066~1.246
% 5 zonulin MCP-1,HIF-lo $FEE CD HIZHER ROC AL R
Table 5 zonulin, MCP-1, HIF-1a ROC analysis results for identifying the efficacy of severe CD
Indexes AUC(0.95CTI) Threshold Sensitivity(n/N)  Specificity(n/N) Youden index Accuracy(n/N)
zonulin 0.706(0.446~0.949) 8.5 ng/mL 0.714(30/42) 0.667(80/120) 0.381 0.679(110/162)
MCP-1 0.693(0.395~0.980) 270 pg/mL 0.690(29/42) 0.683(82/120) 0.373 0.685(111/162)
HIF-1a 0.747(0.533~0.934) 72.05 ng/L 0.714(30/42) 0.717(86/120) 0.431 0.716(116/162)
Unite 0.856(0.709~0.976) - 0.833(35/42) 0.825(99/120) 0.658 0.827(134/162)
o - AT JFASRBITE T AHECTh)17 5 LA S A
I TR, AT RAEIRET , B IE T FGE BRI 6E , $0A A
os | Je Nl R D RE S2 A A U A MRS M AR B CD
AR LT zonulin /K5 TATHRLL, LT zonulin /K VB 45
' CD B i Sl H AN T 15 , %] zonulin ATAE 5 CD &%
goor BFGHERAT S SYHTIRIH VA0 S BEZZ 42 CD %ty %
g i, A 2 N S 1 0, T e A4
% 04 —O— zonulin BRI B A0 ML B0 e S S, T AR Tl b B R S R
L PRI, SRR, Zonulin /2 TI #3238 1), il
0.2 —A— The joint W E N C RIS E ARG, FEEEIEEESY
R4 A Cut-off point O3k, AR | L P S S 3 SN, W b S MR A, Ak T B
S CD K FIE e .

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
1 zonulin MCP-1 HIF-1a £FEE CD By ROC 5347 i £k
Fig.1 ROC analysis curve of Zonulin, MCP-1, HIF-1« for identifying

severe CD
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WAL AN SAAZ AN M R LSV RS, R R TER IR E R
N7, M S I B s it LS, ARAIF 9 CD fR 34 1ML i MCP-1 7K
ST IR, HLEE EEA I MCP-1 7K 42 B FRTA o
A, $278 MCP-1 W B2 CD &kl fE. MCP-1 55 CD
BIBL AT S AR SR IACH A 1 RE PR T, IL-4 IL-10
FIL-13 85 b Rz 4 MCP-1 %3k T i# ,MCP-1 it —2F
TS H A A D SR AN, 5 B R S E I 1, I
N CD,

HIF- 1o J& F FR 4RO A2 S R IR B, TE R4
[T HIF-1o fIREEFRIA  IFPR T (R L0400 A: W3 | il
PR A A R I A 4 5 N R AR BE R 3R 3k, LA T i
2 X R4 D33 KT, 2R PR R T R B TR IR T BE L 4%
i N DL SR 05 B R, HUR HIF-1o 1B PG &5
AR R SR A GBI, AT EE RN CD B MG
HIF-la P3N, H5 CD i ™ S AR A O, $R HIF-1o
6625 CD it #2, e nl Bef R KA HIF-1a 338
SAAT R ok AR AL 2 A S B e T, B0
T B b S8 M ROR , I RRSL IR R (5 5l K, S B B 41 21
B,

— T R I CD A A I BB ZE 0L, CD EE R
FHIHTE WAL I, RIS RO B A X 2 b, 3
975 1R UK ECPE IR T, Atopobium parvalum , Mg B AHXT 3= & 14
T IESE A E R EL S CD ARSI ER .. Bl s
PERGUR B B T i3 1 F TR EE ST, SO IR [Cmg
VAL TE 8 0 = BRI, RS W] 800 B S A S A L, 2
Thl {54k, 7518 RAE 5w, Atopobium parvulum & 32 5=
WAL S (HLS) BB 1= 90, HoS 39N T S 30 b i 3 e 2
XN EERTERRAE ) T W, AR AT 1 4 5E i 72 , Atopobium parvu-
lum T EYHES S CD P E R XD, KIGH 52
177 A N ERER I — DR A A W A, R Th17 A S fb
AIL-1B 7=, A S 3E JRE RN AT CD 14 & AR, IR v 2
ANK W E R R R Z —, n A TR, T iedhi
S T A AR Y LA S R S R T R 55 2 Ao AR
EHEA 28 A HLL A, T 4ERE Th17/ J8755 4 T 4008 (Treg)
A R AEBT R AR, Gl A PR B2, A DGR GE s R
VR BEBEAR ] 3 B Bl A e A T BT S T PR BEAIR),

ARG KM ST zonulin MCP-1 HIF-1a 53 742 1 AH
ot R A G, 5K KFEIH T . Atopobium parvulum , iz #F
AR EEE R IEAH S, 28] zonulin MCP-1 HIF-1a T g5
CD 7B TS5 3 2 , zonulin MCP-1 HIF-1o F% 723K T g
TN T8 VAT, 10 T 55 P T8 G 38 3R 0 2R AL R S RE IR N, 33
CD [ 54 . A BFSE 87 zonulin [ L JE RS TS BB 1
RIZRI , DT 3 I 1 5 B D R, R BHR 22k R A 1A ml o
S b R HIF-1a P24, 3500 0048 P9 B2 AR S R T / IS P A2
AR T2 ARG 516 F5B I, AR 8 SRE B 45 B B T fig
AT CD & 4™, MCP-1 9875 I iE s AL v A vE 48, 24
W TE w5 e R R, B B A A7 A CC #afkE T,
DA T 3k LAY Ak GER AR I = A IL-4 T HE -y, i
— L MCP-1 977 Az, MCP-1 S54E B A0 28 ST 175
T RAE M FEERGL P, ROC 4145 H /R zonulin

MCP-1 HIF-1oa 7EHJE CD S85112 Wi th B HAT— € B (L, K
B SIS PRE WAL RE A 4R S, #E A zonulin MCP-1 HIF-1a
AR CD HIAE R~ A AR o

2% |- ,CD B L7 zonulin MCP-1 HIF-1o 7K 48 &, &

7KF- zonulin MCP-1 HIF-1a 55 CD %555 11 80 B 14 i A K% s i

HREEALIAOC, RS CD B AR 1 AE Y hr k) .

zonulin MCP-1 HIF-1a AT EAE CD Ji7 it eI 4 rh R 4% — 5
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