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Background and Aims: Gut microbiota dysbiosis is implicated in the pathogenesis of chronic
pancreatitis (CP), yet its causal relationship remains unclear. This study aimed to systematically evaluate

the causal associations between gut microbiota and CP using Mendelian randomization (MR) integrated

Methods: Summary-level data from large-scale genome-wide association studies (GWAS) were used to
perform two-sample MR analyses to assess the causal effects of gut microbial genera on CP and plasma
metabolites. Fecal samples from CP patients and mouse models were subjected to 16S rRNA sequencing

to characterize microbial alterations. Public datasets were incorporated for cross-validation to identify

Results: MR analysis identified eight microbial genera with potential causal associations with CP.
Lactococcus, Phascolarctobacterium, and Roseburia were identified as potential risk factors, whereas
Methanobrevibacter and Lachnospiraceae FCS020 group showed protective effects. Additionally,
22 plasma metabolites were associated with CP. 16S rRNA sequencing revealed significant microbial
dysbiosis, with 59 and 52 differentially abundant genera identified in humans and mice, respectively.

Cross-validation consistently identified Lacfococcus as the most critical genus across MR, human (P=

Conclusion: By integrating genetic causal inference with microbiome profiling, this study provides
evidence supporting a causal link between gut microbiota and CP. Lactococcus may exert stage-

dependent effects, acting as a potential risk factor in disease susceptibility while being depleted during

Abstract
with multi-dimensional microbiome analyses.
key CP-associated genera.
0.008), and mouse (P=0.003) datasets.
disease progression.
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g_Lactococcus 11 1.000 (1.000~1.001) iot 0.020
g_Methanobrevibacter 8 0.999 (0.999~1.000) tof 0.022
g_Lachnospiraceae_FCS020_group 15 0.999 (0.999~1.000) l": 0.025
¢ Roseburia 16 1.001 (1.000~1.001) Joi 0.028
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s_Phascolarctobacterium_succinatutens 9 1.000 (1.000~1.001) ol 0.024
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s_Bilophila_wadsworthia 7 0.999 (0.999~1.000) HE 0.006
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s_Adlercreutzia_equolifaciens 7 1.001 (1.000~1.001) :H 0.037
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4Jm:CP 0.99 |1 1.101
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Figure 1
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Forest plot of MR analysis for the causal effects of gut microbiota on CP

Table 1 Strength and pleiotropy assessment of instrumental variables for gut microbiota at the genus level

Ergs SNP F(Min~Max) P_PRESSO P_Egger P_Q
BTG S 15 19.76~26.92 0.893 0.356 0.907
Byt iy 5 5 P P TR 6 19.77~23.23 0.355 0.766 0.401
HRAT R 11 19.59~24.22 0.559 0.617 0.546
AR TR 12 19.91~23.13 0.597 0.717 0.618
BIRRE FCS020 15 19.75~25.90 0.905 0.305 0.935
FLEKEEE 7 20.39~28.51 0.844 0.523 0.851
H B AT s 7 19.36~24.05 0.454 0.142 0.384
Ji B R NK4A2 14 3 15 17.42~26.49 0.347 0.783 0.321

2.2 16S rRNAIFRR CP 2EHMFEREI N W J&  (Bacteroides) . ¥ Ay [G - 35 % N W &

K 1 16S tRNA LU NS08 7 i A= W) 22 5
XA L, CPAGIEMAED I o ZH 1% 2R
R # (P=0.167) (EI2A); BLZEETESHT B,
P 2HL ) 35 A ) T v A5 A A TE B 4r B (P=0.003)
(K2B). 7EJ@/KF L, CP 4l @ Rt 32 5 LT

( Escherichia-Shigella) . 5 5K & J& ( Veillonella) #
ERE B (Enterococcus) 3. H, A HE .
BeAy IR-E P IRTH B M R KA B fE 2 4 CPHEAR
R S R R, X RE AL DLRIAT R R L A oY A
KW & (Blautia) 2T H B

( Faecalibacterium )
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Figure 2 Comparison of gut microbiota composition between CP and control groups

A: o diversity analysis; B: B diversity

analysis; C: Relative abundance of major genera (stacked bar plot); D: Heatmap of differentially abundant genera; E:

Volcano plot of differential genera; F: Venn diagram of overlapping genera between 16S and MR analyses; G: Heatmap of

MR-identified genera in validation cohort
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B3 CPASMBAMNRBEMEWMAKBILER A BIRAZIHE Y . Masson YLLK a-SMA JetafR L pEE (Hfil .
200 pm); B: XFHRZLS CPALBEMRR I A B LA C IREDIBE BT D: a-SMAFIAERMT; E: MW
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iP5 L: 16s rRNA 5 MR 7252415 B A

Figure 3 Comparison of gut microbiota and pancreatic pathology between CP and control mice A: Representative HE,

Masson, and a-SMA staining (scale bar: 200 pm); B: Histopathological score; C: Collagen deposition quantification;
D: a-SMA expression quantification; E: Serum amylase levels; F: Serum lipase levels; G: a diversity; H: B diversity;
I: Relative abundance of major genera; J: Heatmap of differential genera; K: Volcano plot; L: Venn diagram of MR and 16S

results
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Outcome Sample Size OR (95% CI) P Enrichment Overview (top 5)
Meiabolits . X : Primary bile acid biosynthesis -
Tetradecadienedioate (C14:2-DC) levels 8299 1.001 1 (1.000 3~1.001 8) Hag) 0.005
Eicosenedioate (C20:1-DC) levels 8299 1.000 7 (1.000 2~1.001 2) :“' 0.006
Glycochenodeoxycholate glucuronide (1) levels 8299 1.000 3 (1.000 1~1.000 5) ] 0.007 P
Tbullmto it el 8299 1.0004 (1.000 1~1.000 8) 'p- 0012 Tryptophan metabolism - 8e-04
Deoxycholic acid 12-sulfate levels 8299 1.000 4 (1.000 0~1.000 7) :ﬂ 0.025
1-palmitoyl-GPG (16:0) levels 8299 1.0008 (1.000 1~1.001 5) yoi 0.025
Erythritol levels in elite athletes 8299 0.999 4 (0.998 8~0.999 9) "': 0.026 Taurine and hypotaurine metabolism l:l 2e—01
N4-acetylcytidine levels 8299 1.000 4 (1.000 0~1.000 7) .h 0.029
8299 0.999 6 (0.999 3~1.000 0) L] 0.030
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