5535 % 459 HREEEIMIRE Vol.35 No.9
2026 4£ 9 H China Journal of General Surgery Sept. 2026

(W] doi:10.7659/j.issn.1005-6947.260192 WS ERFES .

E IC
": ey http://dx.doi.org/10.7659/j.issn.1005-6947.260192
R

A5 China Journal of General Surgery, 2026, 35(9):1-10.
TBIARE E B SRR XU BB 7 E R KRB R N AR & B /R
BEHLAL 32

FEE, R

(PAXFREZER 1 A 2 REH, 3d ki) 410013)

B = E258/: RIERIVATRES SHMRE LA . R, (AL 5 W EERT 58 ME LA X 096 38 R GE M G 1 5
B A IR 2 1) B P AR IR SR G R, DA R B 4k R VE U o ARBFSE S TG IRATIR F T i, RS
VA A R 9 A A 56 B 115 10 B g JXUIS: 22 ) ) 75 A DR SR O IBG L Ot — 25 i o A A 0 AR 38 4% 2 SRR 1
TR
FiE: BT AR A AR (GWAS) JLEBHE, RMAFEAR G HE/REEVLAL (MR) JriETFAL 91 Ff
16 B 4 A A 6 2R 115 M AR XU, =2 [0 0 0 8 R R OG I, DAy 22 I (IVW) Sk EE Mk, JF
55 IMACT L% . MR-Egger 15 B IARE =32 SEA ARG MR 23 BT o X5 A9F 45 TOUIRE i B Ao o4 (19 Ao 3 2 1t — 20
HEAT 278 i /R BEALAE (MVMR) il fE 7K BE AL AL DL A5S80S (MR-BMA) 381, DAITA 44
BN AR B S R AR A . I AT SR L KO AktE . T HAR B RS T hAA .

5. FLR G MR S BT DA 01 FE BR S8 RE A OC AR 1 P B S Rl B A 44 OCER HAS[R] MR J7 I RN 7
6] — B e R 1, P s AL U Y cystatin D CXCL6 1 LIFR 7K - TH 125 5 158 R 9 XURS: 384 b4 56, T
IL-2 Fl IL-24 7K SF- 8 15 A 1% JBE Bt 9 KU A DG o iF — 20 MVMR 43 B ik s, X CXCL6 £ MVMR-IVW |
MVMR-Egger & MVMR-LASSO 43 #7 H ¥4 35— E0 1E 17 8000 . MR-BMA 4387 7~ . CXCL6 HLAT I 193
BRay ABESE (MIP=0.569), HZ¥: P{H % Benjamini-Hochberg ¥ 1F JG AT FLA Ge it 275 X (P=0.005) . U
PR A A & BB S A S5 M B 1 K P £ b . CXCL6 1Y Bt /N B BRI £ B E L A (SNP) F
itk 22.67, MVMR &1 FEuitie 1749, AEGHIIRCN 70.7% , $m T HAS Rl , {3
Xof H /NI 4 A S R 0 AT B

Z538 : ASHFIT AN O1 FhAIE I 4 A 56 B 1 R O 2k S R 5 IR R XURS AE AR VA G BR i e R, ok
CXCL6 7£ MVMR 1 MR-BMA 43 B th 3045 1 A X — B0 5t 4% 2% 38, W AVE S i — 20 BIF 53 98 i A O3 %
i M 8 S M 56 FR R R SE M k4 F o (LA TEE 1 AN A2 LA 37 CXCL6 5 e B =2 [] 1) 0 7 1k PR R ¢
F ., JCER A WAL B0 AR G RN AT 5 8 2 sy AREFNZ1 2L DR S5 i — 2L B0iE .

X § A [ R ek RE 5 A IR ARE R 1 Bk T CXCL6; i FE /R B AL AL 4 BT
FE5ES: R735.9

WARER: 2026-04-04; {EITHH: 2026-09-16,
TEERE N FiE, TR = R BE R EAEEIW, 2R IR S 7 Do
BIE1EE: MW, Email: zhangfanchenjuan@163.com

http://www.zpwz.net


https://dx.doi.org/10.7659/j.issn.1005-6947.260192
https://dx.doi.org/10.7659/j.issn.1005-6947.260192
mailto:E-mail:zhangfanchenjuan@163.com

HE AR R K 55 35 %

Potential causal associations between circulating inflammatory
proteins and pancreatic cancer risk: a two-sample Mendelian
randomization study
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Abstract

Key words

Background and Aims: Inflammation may contribute to the development and progression of pancreatic
cancer; however, conventional observational studies have difficulty distinguishing the potential causal
relationships between circulating inflammation-related proteins and pancreatic cancer risk from disease-
related secondary changes. This study aimed to systematically investigate the potential causal
associations between circulating inflammation-related proteins and pancreatic cancer risk using genetic
epidemiological approaches and to prioritize candidate proteins with relatively consistent genetic
evidence.

Methods: Publicly available genome-wide association study (GWAS) summary statistics were used to
perform a two-sample Mendelian randomization (MR) analysis of 91 circulating inflammation-related
proteins and pancreatic cancer risk. The inverse-variance weighted (IVW) method was used as the
primary analytical approach, complemented by weighted median, MR-Egger regression, and weighted
mode analyses for robustness assessment. Candidate proteins meeting the prespecified screening criteria
were further evaluated using multivariable Mendelian randomization (MVMR) and Mendelian
randomization Bayesian model averaging (MR-BMA) to assess their conditional effects and relative
model support. Heterogeneity, horizontal pleiotropy, instrument strength, and statistical power were also
evaluated.

Results: Univariable MR analysis identified five candidate proteins showing nominal associations with
pancreatic cancer risk and consistent effect directions across MR methods. Genetically predicted higher
levels of cystatin D, CXCL6, and LIFR were associated with increased pancreatic cancer risk, whereas
higher levels of IL-2 and IL-24 were associated with lower risk. In subsequent MVMR analyses, CXCL6
was the only protein that consistently retained a positive association across MVYMR-IVW, MVMR-Egger,
and MVMR-LASSO models. MR-BMA further showed that CXCL6 had the highest marginal inclusion
probability (MIP=0.569), with the empirical P value remaining significant after Benjamini-Hochberg
correction (P=0.005). Sensitivity analyses revealed no substantial evidence of heterogeneity or
directional horizontal pleiotropy. The minimum single-SNP F statistic and conditional F statistic for
CXCL6 were 22.67 and 17.49, respectively, with an estimated statistical power of 70.7%, indicating
adequate but limited power to detect modest effects.

Conclusion: This study identified five circulating inflammation-related proteins potentially associated
with pancreatic cancer risk among 91 candidates. CXCL6 showed relatively consistent genetic evidence
across MVMR and MR-BMA analyses and may represent a priority candidate for further investigation of
inflammation-related pathways in pancreatic cancer susceptibility. However, the current evidence is
insufficient to establish a definitive causal relationship between CXCL6 and pancreatic cancer, and
further validation in independent populations and tissue-based and functional studies is warranted.
Pancreatic Neoplasms; Circulating Inflammatory Proteins; Chemokine CXCL6; Mendelian Randomization
Analysis
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Figure 1 Flowchart of the study
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Figure 2 Univariable MR analysis of five candidate inflammatory proteins and pancreatic cancer risk
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Table 1 Sensitivity analyses of the associations between five inflammatory proteins and pancreatic cancer risk

ST VIS 2
TR i MR-Egger MR-IVW

0 b 0 b U P
GCST90274777(cystatin D/KF-)  finngen_R12_C3_PANCREAS_EXALLC  18.609 0.180 18.660  0.230 0.003 0.848
GCST90274783(CXCL6 /KF-) finngen_R12_C3_PANCREAS_EXALLC 1.843 0.765 5.218 0.390 0.038  0.140
GCST90274806(1L-2 7K F-) finngen_R12_C3_PANCREAS_EXALLC  17.343 0.567 18336 0.565 0.022 0332
GCST90274810(11.-24 /KF-) finngen_R12_C3_PANCREAS_EXALLC 12402  0.648 12.541 0.706 0.010 0715
GCST90274820( LIFR 7K F-) finngen_R12_C3_PANCREAS_EXALLC ~ 21.722 0596 22799 0589  -0016 0310

R2 SWREREBEXEEBNTATERERSFITIIN

Table 2 Instrument strength and statistical power of the five candidate inflammatory proteins

RAEAHICH SNPEL  BFAR BUNAASNP F{H MVMR &1 F mRnd 80% P15/ N R OR
GCST90274777 (cystatin D 7KF-) 16 11.38% 2275 26.99 67.20% 1.147
GCST90274783(CXCL6 7K ) 6 9.73% 22.67 17.49 70.70% 1.159
GCST90274806(11-2 7K F-) 21 4.09% 19.75 3.29 55.00% 0.756
GCST90274810(11.-24 7KF-) 17 3.39% 19.79 2.75 53.00% 0.732
GCST90274820( LIFR /KF-) 26 5.24% 19.55 7.51 52.90% 1.217
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MVMR-LASSO /5 & 1F [ 2 W # # ( OR=1.153,
95% CI1=0.994~1.336, P=0.059) (& 3). Z4& A
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Figure 3 MVMR analysis of five candidate inflammatory proteins and pancreatic cancer risk
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Table 3 MR-BMA analysis of the associations between five inflammatory proteins and pancreatic cancer risk
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