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Mendelian randomization reveals the causal protective effect of
phosphatidylcholine on Crohn’s disease and its potential

inflammatory regulatory mechanism
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Medicine, Shanghai 200032, China
Abstract : Objective To investigate the causal relationship between plasma lipidome and Crohn’ s disease (CD), and further
reveal the potential mediating role of inflammatory factors in the lipid — CD pathogenesis mechanism by integrating genome —
wide association study (GWAS) data of inflammatory factors. Methods Based on GWAS summary statistics from GeneRISK
(n=7174), SCALLOP (n =14 824), and FinnGen (n =395 179), a two — sample Mendelian randomization ( MR) study
design was adopted. Using single nucleotide polymorphisms (SNPs) as instrumental variables, the total causal effects of 179
plasma lipid metabolites on CD were first evaluated. Subsequently, a stepwise MR and intersection screening strategy was
employed to explore the regulatory pathways involving 91 circulating inflammatory factors. The main statistical method used was
the inverse variance weighting (IVW) method, supplemented by sensitivity analyses and multiple testing correction. Results
The initial MR screening identified 19 lipid phenotypes significantly associated with CD risk. Further analysis pinpointed
Phosphatidylcholine (PC 18:1_20:4) as a significant protective factor against CD, with elevated levels robustly causally
associated with reduced CD risk. In exploring the mechanism, it was found that this lipid significantly downregulated the

expression level of the T — cell surface glycoprotein CD6 (8 = —0.054, P <0.05), while genetically elevated CD6 levels
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significantly increased CD risk (8 =0.179, P <0.05). Mediation effect analysis indicated that the CD6 — mediated effect

direction was consistent with the total effect, accounting for approximately 6. 9% of the effect (indirect effect 8 indirect =

-0.010, P=0.396). Reverse MR analysis did not support a reverse causal effect of CD on this lipid. Conclusion  This

study provides genetic evidence confirming the significant protective effect of Phosphatidylcholine (PC 18:1_20:4) against

Crohn’ s disease. CD6 is identified as a key downstream responder molecule that is negatively regulated by this lipid and

promotes CD risk. The results suggest that “phosphatidylcholine—CD6—CD” may be a potential biological pathogenic axis,

offering new theoretical foundations for in — depth analysis of the immunometabolic mechanisms of CD and the exploration of

intervention targets.
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Table 1 Details of GWAS summary statistics included in the analysis
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Fig.2 Mendelian randomization analysis of 19 lipid metabolites

and the risk of CD onset
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Table 2 Heterogeneity tests and pleiotropy analyses for the causal effects of 19 lipid metabolites on Crohn’s disease
PG ORI
RN MR - PRESSO ST ' LR BWMR
P Cochran Q P1g Egger intercept P1{E P
EREmEAR K 18 .0/20 .4 0.303 32.642 0.292 0.009 0.682 0.007
WENREC Bl 16:0/18 1 0.514 26.791 0.475 0.006 0.747 0.019
NS R TR 18 :1/20 .4 0.284 32.644 0.209 0.013 0.376 0.007
S PEfE 27 :1/20.5 0.067 39.123 0.036 0. 005 0.757 0.027
ik R NS R AEAR, 17 :0/17 :1 0.263 37.693 0.225 0.004 0.841 0. 006
ik AU R NSk E AR 18 :0/18 .2 0.153 27.995 0.110 0.024 0.287 0.036
TR H I 16:0/18 .2 0.177 34.175 0. 161 -0.010 0.632 0.025
WEASEENLEE 18.0/18:1 0.221 32.037 0.192 -0.008 0.744 0.038
ENEMENLEE 16 .0/20 .4 0.556 49.423 0.004 0.008 0. 607 0.002
VA E N mEAR B 20 .4 0.490 25.203 0.508 0.003 0.818 0.019
RS EENLEE 16.0/18 ;1 0. 600 47.407 0.003 0.024 0.419 0. 005
ENETE 2 B 18:1/20 .4 0.035 45.140 0.029 0.027 0.235 0.001
WEEMENERR 16 :0/20 .4 0.244 29.702 0.158 -0.003 0.836 0.016
RS IR BK 18 :1/20 .4 0.252 20.577 0.246 -0.002 0.933 0.070
WERSWERAA 14.0/18 .2 0.022 41.319 0.021 -0.048 0.072 0.036
MWIWHL]MLW it 16.0/18 ;1 0.110 31.573 0.109 0.042 0.120 0.018
WENEE 2 B 18:1/20 .4 0. 064 31.809 0.061 0.030 0.304 0.002
WA BEALTE 16:0/20.5 0.259 27.727 0.226 0.006 0.719 0.024
NS BEAE B 18 :1/18 ;3 0.557 16.254 0.575 0.022 0.398 0.049
2.2 fgrraast EEEFREAER 858 PC (18 10( CXCL10) ,
1/20:4) RIFGYAVERHE LR, AR E T 14
P2 L R IR SR I (TR LI 3 A3 LT B——
3).TNF #HHE R TS m TNF — Related Apoptosis o et e ber iy
: 5 pop
27 Inverse variance weighted 0.027 - 0.947 (0.803 ~ 0.994)
- Inducing Ligand, TRAIL) \C - X - C JEFF #a LA 7 S s — S —
. . . DNER 27 Weighted madian 0.007 Ll 0942 (0.902 ~ 0.984)
9 ( C — X —_ C Motlf Chemok]ne ngand 9 . CXCLg) \ﬂ%l‘l@ 27 \nvnrszfarmncnwclgmm 0.017 [ 0959:!)925»«0.952;
FitaL 27 Weighted madian 0.049 [t 0957 (0.915 ~ 1.000)
2% M( Oncostatin M, OSM) .Delta 1 Notch F£38 fz A= K& s S s T
o ) ] = Sersaiarun aghiad e 055 004 /05555
T M % 3 4 (Delta and Notch - like Epidermal T ——
Growth Factor — related Receptor, DNER) | T4l i [K F ” D e re G sy
TRAIL 7 Weighted median <0.001 — 0.868 (0.829 ~ 0.910)
(Stem Cell Factor, SCF) B - Hi£8/E K[ 7 (Beta - S—— T —
27 Inverse variance weighted 0.032 -y 0.954 (0.014 ~ 0.006)
Nerve Growth Factor , Beta — NGF) \T éﬁ]ﬂ@%@ﬁ)ﬁ%% r__l CxcLio 2 Weighted median 0.010 - [ EEWN omz
5 InemvvatTwegel 0w e 064 2500 ~ 100
CD6( Cluster of Differentiation 6, CD6) F:ffi4 g & — e — T
OPG 27 Weighted median 0.020 o 0.952 (0.913 ~ 0.992)
i - 1(Matrix Metalloproteinase =1, MMP - 1) .Fms 4§ e e e
27 Inversa variance weighted 0.033 0.962 (0.928 ~ 0.897)

T & R IR 3 T A& ( Fms — related Tyrosine Kinase 3
Ligand, FI3L) | FR{E G ) 21 75 i R 35015 ) ( Urokinase
— type Plasminogen Activator, uPA) | [fil % N Jiz 4 K A
+ A (Vascular Endothelial Growth Factor A, VEGF -
A) C-X-C HpHafLHEF 6 (CXCLO) \F &R
(Osteoprotegerin, OPG) L f C - X - C JJF#afkH 1

Fig. 3

pRLs .|

B3 PC (18:1/20:4) WFHWFEM 14 Bk 1e T liF JAEHL A
%
Overview of the 14 potential downstream inflammatory

targets significantly regulated by PC (18.:1_20:4)

3 PC (18:1/20:4) XFHERE BT W ST P 552 M ) o /K BEAL AL S B PR AGL 3655 22 A0 23 A

Table 3 Heterogeneity tests and pleiotropy analyses for Mendelian randomization estimates for the impact of PC (18:1/20:4) on the

identified downstream inflammatory factors

TR " p P%ESSO Cochran Q P1E Egger intercept P& BBV {l\éﬁ
TRAIL 0.049 42.360 0.023 0.012 0.066 <0.001
CXCL9 0.694 17.721 0.886 0.005 0.289 0.003
OSM 0.341 28.611 0.329 0.010 0.058 0.011
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DNER 0.859 17.167 0.904 0.003 0.567 0.017
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VEGF - A 0.416 23.449 0.607 0.010 0.052 0.033
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CXCLI10 0.775 19.035 0.835 0.007 0.176 0.047
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Table 4 Heterogeneity and pleiotropy tests in the MR analyses of inflammatory factors on Crohn’s disease
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