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Abstract: Objective To elucidate the bidirectional causal relationship between lipid profiles and colorectal
cancer (CRC) by using the two-sample and two-step Mendelian randomization (MR) methods, and to explore
the mediating role and proportion of immune cells as intermediary factors. Methods The pooled statistical
data related to the study were screened, and 179 lipids and CRC were analyzed using two-sample and two-
step MR with the inverse variance weighted method. Simultaneously, the causal effect was verified via
Bayesian weighted MR. Two-step MR analysis was conducted to determine whether a mediated effect was
exerted on immune cell traits. Sensitivity, heterogeneity, and pleiotropy analyses were performed to verify the
reliability of the study results. Results The causal relationship between nine lipid traits and CRC was
preliminarily identified, and no reverse causal effect was found (P>0.05). The validity of the results was
verified via Bayesian weighted MR (P<0.05). Twenty-seven types of immune cells were suggested to exert a
causal effect on CRC. The causal effect of phosphatidylcholine (O-18:2 20:4) on CRC was determined via
mediation analysis (OR: 0.8579, 95%CI=0.7395-0.9952, P=0.0429). The CD127-mediated proportion on
CD45RA+ CD4+ T cells was 9.14% (5=—0.1052, P=0.0155). Conclusion A causal relationship exists
between lipid traits and CRC, and the intervention of CD127 on CD45RA+ CD4+ T cell helps phosph-
atidylcholine reduce the risk of CRC.
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Figure 1 Overall study design of two-sample and two-step
MR analysis
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Table 1 Instrumental variables associated with liposomes and CRC
Reported trait Data source Sample size Nenp Fean
Sterol ester (27:1/17:1) levels GWAS catalog 7166 18 22.1621
Ceramide (d40:1) levels GWAS catalog 7117 28 31.1239
Ceramide (d42:1) levels GWAS catalog 7174 27 28.6270
Phosphatidylcholine (18:2 20:1) levels GWAS catalog 5521 17 36.5968
Phosphatidylcholine (O-18:0_16:1) levels GWAS catalog 5959 15 22.9628
Phosphatidylcholine (O-18:2 20:4) levels GWAS catalog 6127 22 25.5984
Phosphatidylethanolamine (O-16:1_22:5) levels GWAS catalog 5609 17 20.8420
Phosphatidylinositol (18:0 18:1) levels GWAS catalog 7162 24 38.1023
Phosphatidylinositol (18:1_18:2) levels GWAS catalog 6489 25 26.3417
Repgrted.Trait Nmp P value OR(95%CI)
Sterol ester (27:1/17:1)levels 18 0.0247 —'-*E 0.8064 (0.6684 - 0.9730)
Ceramide (d40:1) levels 28 0.0497 ”'1 0.8787 (0.7722 - 0.9999)
Ceramide (d42:1) levels 27 0.0371 - 0.8642 (0.7533-0.9913)
Phosphatidyicholine (18:2_20:1) levels 17 0039 —-— 1.2174 (1.0094 - 1.4684)
Phosphatidyicholine (O-18:0_16:1) levels 15 00311 —.— 1.2282 (1.0189 - 1.4805)
Phosphatidyicholine (0-18:2_20:4) levels 22 0.0430 - 0.8579 (0.7395 - 0.9952)
Phosphatidylethanolamine (0-16:1_22:5) levels 17 0.0392 —— 0.8308 (0.6965 - 0.9909)
Phosphatidylinositol (18:0_18:1) levels 24 00182 . 1.1756 (1.0279 - 1.3446)
Phosphatidylinositol (18:1_18:2) levels 25 00483 — r-— — 1.1525 (1.0010 - 1.3269)
0 05 1 15

B2 ERGESZERENERXRE (IVWHE)

Figure 2 Causal relationship between liposomes and CRC (IVW method)
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Reported.Trait Method Pvalue OR(95%CI)

Sterol ester (27:1/17:1)levels BWMR 0.0320 —— 0.8046 (0.6596 - 0.9815)
Ceramide (d40:1) levels BWMR 0.0316 -'- 0.8756 (0.7662 - 1.0007)
Ceramide (d42:1) levels BWMR 00437 ~'—~ 0.8674 (0.7506 - 1.0023)
Phosphatidylcholine (18:2_20:1) levels BWMR 0.0452 . 1.1556 (1.0031 - 1.3312)
Phosphatidylcholine (O-18:0_16:1) levels BWMR 00313 =— 1.2415 (1.0196 - 1.5116)
Phosphatidyicholine (O-18:2_20:4) levels BWMR 00435 - 0.8512 (0.7181 - 1.0091)
Phosphatidylethanolamine (0-16:1_22'5) levelsBWMR ~ 0.0473 - 0.8284 (0.6878 - 0.9977)
Phosphatidylinositol (18:0_18:1) levels BWMR 0.0240 —.— 1.1823 (1.0223 - 1.3675)
Phosphatidylinositol (18:1_18:2) levels BWMR 00362 —-— 1.1537 (0.9962 - 1.3362)

B3 EERESZEEMENRRXRE ( HETMEZ )

Figure 3 Causal relationship between liposomes and CRC (Bayesian weighted algorithm)

Outcome Method N, Pvalue B(95%CI)
Phosphatidyicholine (0-18:2_20:4) levels MR Egger 22 00681 —=— -0.1245 (-0.2511 - 0.0020)
Weighted median 22 0.2359 f— 0.0432 (-0.0282 - 0.1145)
Inverse variance weighted 22 0.3455 S 0.0250 (-0.0269 - 0.0770)
Phosphatidylethanolamine (0-16:1_22:5) levels MR Egger 22 06176 — 0.0402 (-0.1150 - 0.1954)
Weighted median 22 02721 S 0.0445 (-0.0349 - 0.1239)
Inverse variance weighted 22 0.4686 —— 0.0230 (-0.0391 - 0.0851)
Sterol ester (27:1/17:1) levels MR Egger 22 0.3650 o 0.0556 (-0.0620 - 0.1733)
Weighted median 22 0.8965 —— -0.0045 (-0.0721 - 0.0632)
Inverse variance weighted 22 0.2878 T 0.0261 (-0.0221 - 0.0743)
Phosphatidylinositol (18:1_18:2) levels MR Egger 22 0.3922 —'—}— -0.0625 (-0.2024 - 0.0775)
Weighted median 22 05413 o 0.0225 (-0.0496 - 0.0945)
Inverse variance weighted 22 0.5759 —-— 0.0166 (-0.0415 - 0.0747)
Ceramide (d40:1) levels MR Egger 22 0.9077 —— 0.0071 (-0.1108 - 0.1249)
Weighted median 22 0.7151 —a— 0.0120 (-0.0525 - 0.0765)
Inverse variance weighted 22 0.6835 —— 0.0100 (-0.0382 - 0.0583)
Ceramide (d42:1) levels MR Egger 22 0.9219 — 0.0059 (-0.1113-0.1232)
Weighted median 22 0.8962 - 0.0044 (-0.0615 - 0.0703)
Inverse variance weighted 22 05538 - 0.0145 (-0.0335 - 0.0625)
Phosphatidylcholine (18:2_20:1) levels MR Egger 22 0.4132 — = -0.0617 (-0.2065 - 0.0830)
Weighted median 22 0.9288 —4— -0.0033 (-0.0758 - 0.0692)
Inverse variance weighted 22 0.7779 —4— -0.0085 (-0.0674 - 0.0504)
Phosphatidylcholine (O-18:0_16:1) levels MR Egger 22 00986 —=—+ -0.1138 (-0.2427 - 0.0150)
Weighted median 22 0.8547 —IP— 0.0073 (-0.0704 - 0.0849)
Inverse variance weighted 22 0.9790 + -0.0007 (-0.0555 - 0.0540)
Phosphatidylinositol (18:0_18:1) levels MR Egger 22 0.5352 —2-— 0.0378 (-0.0797 - 0.1554)
Weighted median 22 0.5731 —= -0.0183 (-0.0818 - 0.0453)
Inverse variance weighted 22 0.5850 —-— 0.0134 (-0.0347 - 0.0616)
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Figure 4 Reverse MR analysis of causality between liposomes and CRC

FEAFHIO R AR F1274 5 CRCHH S 1) H € 41 e
PEIR, P — KT TSMR M LA 2 5 i T4 AH O
M RRELAIME . 250 s A 10 e i ML 5 71 B
JoT A PR AR DR SR A DG, H: v B iR Bk 2 BE R (O-
16:1 22:5) (OR: 0.8651, 95%CI=0.7761~0.9642,
P=0.0088 ) . M Jig Mt UL EE ( 18:1_18:2) ( OR:
0.8388, 95%CI=0.7434~0.9463, P=0.0043) 4} 5|
5IgD— CD38+ B cell % lymphocyte ., 74 fifd - Ay
CD39R AR, FINBENRIECEERE (O-16:1_22:5)
(OR: 1.1717, 95%CI=1.0137~1.3544, P=0.0320) .
EERE (27:1/17:1) (OR: 1.755, 95%CI=1.0097~
1.3687, P=0.0372) S M T4ifeax itk . 9%
PEBAHMY - AICD2434 2 W& EADE, WLE6,

233 WEPNRITE FEtwo-step MR T

RIS T (A B TR 5 CRCAEAE 12 1) 17 ) 74
2% Z& (OR: 0.8579, 95%CI=0.7395~0.9952, P=
0.0429) , EIPC ( O-18:2 20:4 ) HJ fg X} CRC/Z F)
KAEME R VE A, WET, [FFEH, CD4SRA+
CD4+ T I CD127/E Jy A WF 5% B ik A A8
FFE S5 R EZ G (OR: 0.9001, 95%Cl=
0.8266~0.9801, P=0.0154) . {HAFFEAIZEPC (O-
18:2_20:4 ) H /A8 B IFAHICCR, XA IE]
RFEWBEEPC (0-18:2 20:4) /KFAEAN, CD45-
RA+ CD4+ TN | CD1270Y 3 3k &t AH 7 48 i,
R RE S BT 20 P M 2 k5 20 i e T 32 R ek 2
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Trait Method P value OR(95%CI)
IgD- CD38+ B cell %lymphocyte VW 0.0391 .Ll 1.0640 (1.0031 - 1.1286)
CD11c+ HLA DR++ monocyte %monocyte VW 0.0162 54— 1.0896 (1.0160 - 1.1685)
CD86+ plasmacytoid Dendritic Cell %Dendritic Cell VW 0.0033 i-'— 1.1718 (1.0542 - 1.3025)
Hematopoietic Stem Cell Absolute Count VW 0.0387 :+ 1.0921 (1.0046 - 1.1874)
Terminally Differentiated CD8+ T cell Absolute CountVW 0.0186 :*— 1.1299 (1.0206 - 1.2510)
Central Memory CD4-CD8- T cell Absolute Count VW 0.0224 i’" 1.1066 (1.0145-1.2071)
CD14+ CD16+ monocyte %monocyte VW 0.0045 i+ 1.1564 (1.0461 - 1.2782)
CD4+CD8+ T cell %T cell MW 0.0096 i —— 1.3631 (1.0782-1.7232)
Lymphocyte %leukocyte VW 0.0291 - 1.0721 (1.0071 - 1.1413)
T cell %leukocyte VW 0.0064 E"" 1.0987 (1.0269 - 1.1756)
CD4+ CD8dim T cell Absolute Count VW 0.0233 -"-E 08711 (0.7732-09814)
CD8dim T cell %leukocyte VW 0.0350 i"“ 1.0954 (1.0064 - 1.1923)
Granulocyte %leukocyte VW 0.0304 - 1.0880 (1.0080 - 1.1744)
CD28+ CD4-CD8- T cell Absolute Count VW 0.0453 i—l— 1.1820 (1.0035 - 1.3922)
CD24 on IgD- CD38- B cell VW 0.0492 - 0.9526 (0.9076 - 0.9998)
CD24 ontransitional B cell VW 0.0210 —-— 1.1450 (1.0206 - 1.2845)
CD27 on IgD+ CD38- unswitched memory Bcell VW 0.0324 - 1.0650 (1.0053 - 1.1282)
CD45 on B cell VW 0.0440 - 0.9385 (0.8823 - 0.9983)
CD45 on CD4+ T cell VW 00111 |—-— 1.1976 (1.0419 - 1.3765)
CD127 on CD45RA+ CD4+ T cell VW 0.0155 "i 0.9001 (0.8266 - 0.9801)
CD25 on resting CD4 regulatory T cell vw 0.0430 ;L* 1.0889 (1.0027 - 1.1826)
FSC-A on plasmacytoid Dendritic Cell VW 0.0038 il 1.0631 (1.0199- 1.1080)
PDL-1 on CD14+ CD16- monocyte vw 0.0226 -'-: 0.8592 (0.7541 - 0.9789)
CD14 on CD33dim HLA DR+ CD11b+ VW 0.0090 "'i 0.9094 (0.8469 - 0.9766)
CD39 on granulocyte vw 0.0270 "‘: 0.9230 (0.8597 - 0.9909)
CD4 on CD39+ resting CD4 regulatory T cell VW 0.0430 !-F 1.0896 (1.0027 - 1.1840)
SSC-A onHLA DR+ CD4+ T cell VW 0.0203 .- 1.1018 (1.0152 - 1.1957)
0 1 2
Es5 BRHRSEERENERXRE
Figure S Causal relationship between immune cells and CRC
Exposure P value OR (95%CI) Outcome
Sterol ester (27:1/17:1) 0.0372 — 1.1755(1.0097 - 1.3687)  CD24 on transitional B cell
Ceramide (d40:1) 0.0256 — 1.1674 (1.0191-1.3373)  CD27 on IgD+ CD38- unswitched memory B cell
Ceramide (d42:1) 0.0309 e 1.1068 (1.0094 - 1.2136) CD4+CD8+ T cell %T cell
Phosphatidylcholine (18:2_20:1) 0.0267 - 1.1616 (1.0175-1.3263) CD4 on CD39+ resting CD4 regulatory T cell
Phosphatidylcholine (0-18:2_20:4) 0.0163 - 1.1352(1.0236 - 1.2589) CD28+ CD4-CD8- T cell Absolute Count
0.0445 -— 1.1424 (1.0033-1.3007) CD127 on CD45RA+ CD4+ T cell
Phosphatidylethanolamine (O-16:1_22:5) 0.0088 - 0.8651(0.7761-0.9642)  IgD- CD38+ B cell %lymphocyte
0.0320 :'—'— 1.1717 (1.0137 - 1.3544) Hematopoietic Stem Cell Absolute Count
Phosphatidylinositol (18:1_18:2) 0.0490 »-— 1.1085 (1.0004 - 1.2282)  CD24 on transitional B cell
0.0043 | - 0.8388 (0.7434-0.9463)  CD39 on granulocyte

-
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Figure 6 Causal relationship between liposomes and immune cells
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Exposure Method B

Phosphatidylcholine (0-18:2_20:4) levels MR Egger -0.18294826 —'E—
Weighted median -0.11136909 et
Inverse variance weighted -0.15330454 -'—f

OR(95%CI) Outcome
08328 (0.5877-1.1802) CRC
08946 (0.7188 - 1.1134)

08579 (0.7395 - 0.9952)

Simple mode -0.09251538 —'7— 0.9116 (0.6155 - 1.3503)
Weighted mode -0.10574670 —'1— 0.8997 (0.6541 - 1.2375)
Phosphatidylcholine (0-18:2_20:4) levels MR Egger 0.11014733 —"'— 1.1164 (0.8535 - 1.4604) CD127 on CD45RA+ CD4+ T cell
Weighted median 0.09923733 == 1.1043 (0.9166 - 1.3305)
Inverse variance weighted 0.13310139 E—'— 1.1424 (1.0033 - 1.3007)
Simple mode 0.13949159 +'— 1.1497 (0.8945 - 1.4777)
Weighted mode 0.06882165 —— 1.0712 (0.8727 - 1.3149)
CD127 on CD45RA+ CD4+ T cell MR Egger -0.07516185 + 0.9276 (0.7803 - 1.1027) CRC
Weighted median -0.14054412 - 0.8689 (0.7670 - 0.9843)
Inverse variance weighted -0.10527642 '*: 0.9001 (0.8266 - 0.9801)
Simple mode -0.16958235 —-— 0.8440 (0.6938 - 1.0268)
Weighted mode -0.13562310 -'-5 0.8732 (0.7550 - 1.0098)
1 2
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Figure 7 Results of the two-step MR analysis of liposomal characters-immune cells-CRC
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Table 2 Mediating proportion of CD127 on CD45RA+ CD4+ T cells in the causal relationship between phosphatidyl-

choline and CRC
Total effect Sy Indirect effect 3, Indirect effect 3, Mediating effect Intermediate effect ratio P
—0.1533 0.1331 —0.1053 -0.014 9.14% 0.0429
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