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Genetic drivers for inflammatory protein markers in colorectal cancer: a Mendelian

randomization approach to clinical prognosis study
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Department of General Surgery, Nanfang Hospital, Southern Medical University, Guangzhou 511340, China

Abstract: Objective To explore the causal relationship between inflammatory protein markers and the risk of colorectal cancer
using a Mendelian randomization (MR) approach. Methods We obtained data pertaining to colorectal cancer from Genome-
Wide Association Study (GWAS) datasets and used 91 inflammatory protein markers as the exposure variables. A two-sample
MR analysis model was used to assess the causal link between the inflammatory markers and colorectal cancer risk. The
robustness of the results was evaluated through heterogeneity, pleiotropy, and sensitivity analyses using 5 MR models: Inverse
Variance Weighted (IVW), Weighted Median, MR Egger, Simple Mode, and Weighted Mode. We examined the mRNA
expressions of PD-L1, AXIN1, and B-NGF using RT-qPCR in 86 untreated patients with colorectal adenocarcinoma admitted in
Nanfang Hospital between December, 2021 and December 2023, and analyzed their correlation with the clinical characteristics
of the patients. Results Using the IVW model, MR analysis revealed significant causal associations between a reduced risk of
colorectal cancer and lowered expressions of AXIN1 (OR=0.866, 95% CI: 0.754-0.994, P=0.040), 3-NGF (OR=0.914, 95% CI: 0.843-
0.990, P=0.028; OR=0.884, 95% CI: 0.784-0.998, P=0.047 using Weighted Median model), and PD-L1 (OR=0.903, 95% CI: 0.824-
0.989, P=0.028). No significant heterogeneity or pleiotropy was observed, indicating good stability of the results. Sensitivity
analysis confirmed the reliability of the findings. The clinical study demonstrated a significant correlation between PD-L1
expression and TNM staging, particularly in stage IV patients (P=0.007). AXIN1 and { -NGF expression levels were
significantly correlated with the degree of tumor differentiation, and their expressions were higher in poorly differentiated
samples (P<0.001). Conclusion Lowered expressions of inflammatory protein markers AXIN1, 3-NGF, and PD-L1 are causally
correlated with a reduced risk of colorectal cancer and their expression levels are associated with TNM staging and tumor
differentiation. These markers may thus serve as potential targets for colorectal cancer treatment and prevention.
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Tab.1 Primer sequences for RT-qPCR of PD-L1, AXIN1, and B-NGF genes (with GAPDH as the internal control)

Gene Forward primer (5'-3") Reverse primer (5'-3")

PD-L1 5'-TGGCATTTGCTGAACGCAT-3' 5'-TGCTTGTCCAGATGACTTCG-3'
AXIN1 5'-AGCCTGCTGTACTGCTGCTA-3' 5'-TGCAGAGTGAGCGTGTACTC-3'
B-NGF 5'-GCTACATCGAGGAGGCTGTT-3' 5'-CACAGTGTCCTCAGGTTTGG-3'
GAPDH 5'-ACCACAGTCCATGCCATCAC-3' 5'-TCCACCACCCTGTTGCTGTA-3'
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exposure nsnp method pval OR(95% CI)
Axin-1 levels 8 Inverse variance weighted 0.040 *-0—( 0.866 (0.754 to 0.994)
8 Weighted median 0.155 —e— 0.873 (0.724 to 1.053)
8 MR Egger 0.126 »—fs—ﬂ 0.720 (0.502 to 1.035)
8 Simple mode 0.254 r—o—« 0.846 (0.649 to 1.102)
8 Weighted mode 0.273 —— 0.873 (0.697 to 1.092)
beta-nerve growth factor level 22 Inverse variance weighted 0.028 o) 0.914 (0.843 to 0.990)
22 Weighted median 0.047 '—0—1 0.884 (0.784 to 0.998)
22 MR Egger 0.718 *—v3—4 1.035 (0.862 to 1.242)
22 Simple mode 0.126 >—0—‘* 0.840 (0.677 to 1.041)
22 Weighted mode 0.080 —— 0.857 (0.726 to 1.010)
Programmed cell death 1 ligand 1 levels 19 Inverse variance weighted 0.028 2 o1 0.903 (0.824 to 0.989)
19 Weighted median 0.060 o 0.905 (0.816 to 1.004)
19 MR Egger 0.706 H'— 0.957 (0.765 to 1.198)
19 Simple mode 0.341 —— 0.923 (0.787 to 1.083)
19 Weighted mode 0.080 (o —< 0.898 (0.801 to 1.006)

0 1
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Fig.1 Forest plot visualizing the causal effects of inflammatory protein markers on colorectal cancer risk using 5

Mendelian randomization (MR) analysis models.
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Tab.2 Two-sample MR analysis demonstrating the impact of 3 inflammatory protein markers on colorectal cancer

3 inflammatory protein factors MR model P OR 95% CI
AXIN1 Inverse variance weighted 0.040 0.866 0.754-0.994
Weighted median 0.155 0.873 0.724-1.053
MR Egger 0.126 0.720 0.502-1.035
Simple mode 0.254 0.846 0.649-1.102
Weighted mode 0.273 0.873 0.697-1.092
B-NGF Inverse variance weighted 0.028 0914 0.843-0.990
Weighted median 0.047 0.884 0.784-0.998
MR Egger 0.718 1.035 0.862-1.242
Simple mode 0.126 0.840 0.677-1.041
Weighted mode 0.080 0.857 0.726-1.010
PD-L1 Inverse variance weighted 0.028 0.903 0.824-0.989
Weighted median 0.060 0.905 0.816-1.004
MR Egger 0.706 0.957 0.765-1.198
Simple mode 0.341 0.923 0.787-1.083
Weighted mode 0.080 0.898 0.801-1.006

OR: Odds Ratio; 95% CI: 95% confidence interval.

R3 WHEAMR BRT 88 NRAEE H EFXEFERSMN ({XE R Inverse variance weighted BRI ZER )
Tab.3 Two-Sample MR analysis demonstrating the impact of 88 inflammatory protein factors on colorectal cancer (only the
results using the Inverse Variance Weighted Model are shown)

88 inflammatory protein factors P OR 95% CI

Level of eukaryotic translation initiation factor 4e-binding protein 1 in blood plasma 0.330693955 1.05701024 0.945~1.182
Adenosine deaminase measurement 0.400744522 0.971110383 0.907~1.040
Artemin measurement 0.577886958 1.028293723 0.932~1.134
Caspase-8 measurement 0.893225803 1.01109646 0.861~1.188
Eotaxin measurement 0.418629293 1.049686291 0.933~1.181
C-c motif chemokine 19 measurement 0.138858991 0.953521049 0.895~1.016
C-c motif chemokine 20 measurement 0.58707287 1.027424201 0.932~1.133
C-c motif chemokine 23 measurement 0.193446913 1.0380569 0.981~1.098
C-c motif chemokine 25 measurement 0.276211279 1.024595882 0.981~1.070
C-c motif chemokine 28 measurement 0.155521941 1.077788608 0.972~1.195
C-c motif chemokine 4-like measurement 0.104239836 0.949281216 0.892~1.011
Natural killer cell receptor 2b4 measurement 0.883114482 1.006982684 0.918~1.105
Cd40 measurement 0.228753652 1.032385457 0.980~1.087
T-cell surface glycoprotein cd5 measurement 0.365387247 0.943265519 0.831~1.070
Level of t-cell differentiation antigen cd6 in blood plasma 0.100531596 0.951163531 0.896~1.010
Cub domain-containing protein 1 measurement 0.832570494 0.988924375 0.892~1.096
Macrophage colony-stimulating factor 1 measurement 0.506667178 0.959861227 0.851~1.083
Cystatin-d measurement 0.72428164 1.008161078 0.964~1.055
Fractalkine measurement 0.462560826 1.040793854 0.935~1.158
Cxcll measurement 0.894677494 1.00525697 0.930~1.086
C-x-c motif chemokine 10 measurement 0.771709442 0.982307712 0.871~1.108
C-x-c motif chemokine 11 measurement 0.575284323 1.033187503 0.922~1.158
C-x-c motif chemokine 5 measurement 0.799499229 0.988392831 0.903~1.082
C-x-c motif chemokine 6 measurement 0.911547109 0.989014351 0.814~1.202
C-x-c¢ motif chemokine 9 measurement 0.228872998 0.930704757 0.828~1.046
Delta and notch-like epidermal growth factor-related receptor measurement 0.940378359 0.996546078 0.910~1.091
Protein s100-a12 measurement 0.408502837 1.040250552 0.947~1.142
Fibroblast growth factor 19 measurement 0.188440681 0.917624127 0.807~1.043
Fibroblast growth factor 21 measurement 0.090121312 0.912044138 0.820~1.015
Fibroblast growth factor 23 measurement 0.100383968 1.100299985 0.982~1.233

Fibroblast growth factor 5 measurement 0.996902105 1.00008661 0.957~1.045
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88 inflammatory protein factors

P

OR

95% CI

Fms-related tyrosine kinase 3 ligand measurement
Glial cell line-derived neurotrophic factor measurement
Hepatocyte growth factor measurement

Interferon gamma measurement

Interleukin-10 measurement

Interleukin-10 receptor subunit alpha measurement
Interleukin-10 receptor subunit beta measurement
Interleukin-12 subunit b measurement
Interleukin-13 measurement

Interleukin-15 receptor subunit alpha measurement
Interleukin-17a measurement

Interleukin-17¢ measurement

Interleukin 18 measurement

Interleukin-18 receptor 1 measurement
Interleukin-1 alpha measurement

Interleukin-2 measurement

Interleukin-20 measurement

Interleukin-20 receptor subunit alpha measurement
Interleukin-22 receptor subunit alpha-1 measurement
Interleukin-24 measurement

Interleukin-2 receptor subunit beta measurement
Level of interleukin-33 in blood plasma
Interleukin-4 measurement

Interleukin-5 measurement

Interleukin-6 measurement

Interleukin-7 measurement

Interleukin-8 measurement

Transforming growth factor beta-1 measurement
Leukemia inhibitory factor measurement
Leukemia inhibitory factor receptor measurement
Ccl2 measurement

Monocyte chemotactic protein-2 measurement
Monocyte chemotactic protein 3 measurement
Monocyte chemotactic protein-4 measurement
Macrophage inflammatory protein 1a measurement
Matrix metalloproteinase 1 measurement

Matrix metalloproteinase 10 measurement

Level of neurturin in blood plasma

Neurotrophin-3 measurement

Osteoprotegerin measurement

Oncostatin-m measurement

Stem cell factor measurement

Sir2-like protein 2 measurement

Signaling lymphocytic activation molecule measurement

Sulfotrasferase 1al measurement

Stam binding protein measurement
Transforming growth factor-alpha measurement
Tumor necrosis factor measurement

Lymphotoxin-alpha measurement

Tumor necrosis factor receptor superfamily member 9 measurement

Tumor necrosis factor ligand superfamily member 14 measurement

Tnf-related apoptosis-inducing ligand measurement
Tnf-related activation-induced cytokine measurement

Thymic stromal lymphopoietin measurement

Tumor necrosis factor ligand superfamily member 12 measurement

Urokinase-type plasminogen activator measurement

Vascular endothelial growth factor a measurement

0.533761185
0.407072647
0.262585949
0.237368214
0.116811526
0.748459744
0.636886216
0.985645686
0.459701443
0.640753925
0.849139422
0.881546189
0.558552042
0.090188729
0.677978683
0.07740399
0.291150659
0.597326832
0.286716746
0.521908621
0.905772546
0.867584002
0.747455619
0.711859457
0.775696404
0.716962035
0.752783452
0.274065715
0.206989335
0.332957247
0.202036076
0.265061104
0.237594093
0.503878948
0.914789496
0.691649178
0.279953505
0.304288769
0.457455683
0.077956745
0.382798408
0.774417755
0.628422372
0.991033477
0.214016095
0.746256217
0.605271992
0.179961864
0.244034995
0.962790331
0.850366904
0.148528335
0.575971297
0.845461662
0.597249576
0.559931482
0.346474973

1.029291159
1.044508504
0.944119121
1.110258305
0911618611
1.014930285
1.017501244
0.999389385
1.057809342
1.021046126
0.989209252
0.991402959
0.97218849
0.95511571
0.984846788
0.917987666
1.093808053
1.034418796
0.953002592
0.938998028
1.010513096
0.987423578
0.978873314
1.024422635
1.015280674
1.025544025
1.015097112
1.058249902
1.076015903
1.045419336
1.044503498
1.021836151
1.065347928
1.019953512
0.994719076
0.981202618
1.051622418
0.936474867
1.042340882
1.07367806
0.940220439
0.988552924
0.96738532
1.000583468
0.958306538
1.020153145
0.95352472
1.078953805
1.026859418
1.002600075
0.994105748
0.931451642
1.020575767
0.985914611
1.019992959
0.974045442
0.97745845

0.940~1.127
0.942~1.158
0.854~1.044
0.933~1.321
0.812~1.023
0.927~1.111
0.947~1.094
0.935~1.068
0.911~1.228
0.936~1.114
0.885~1.106
0.885~1.111
0.885~1.069
0.906~1.007
0.916~1.058
0.835~1.009
0.926~1.292
0.912~1.173
0.872~1.041
0.774~1.138
0.850~1.202
0.851~1.146
0.860~1.115
0.901~1.164
0.915~1.127
0.895~1.175
0.925~1.114
0.956~1.171
0.960~1.206
0.956~1.144
0.977~1.117
0.984~1.061
0.959~1.183
0.963~1.081
0.903~1.096
0.893~1.078
0.960~1.152
0.826~1.061
0.934~1.163
0.992~1.162
0.819~1.080
0.914~1.070
0.846~1.106
0.904~1.108
0.896~1.025
0.904~1.151
0.796~1.142
0.966~1.206
0.982~1.074
0.899~1.118
0.935~1.057
0.846~1.026
0.950~1.096
0.855~1.137
0.948~1.098
0.892~1.064
0.932~1.025
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Tab.4 Quality control results for 3 inflammatory protein markers with a significant causal relationship with colorectal cancer

Heterogeneity analysis

Pleiotropy test

3 inflammatory protein factors

Q value (MR.Egger) P (MR.Egger) Q value (IVW) P (IVW) Egger_intercept P
B-NGF 15.494 0.748 17.721 0.667 -0.014 0.151
PD-L1 26.719 0.062 27.209 0.075 -0.007 0.584
AXIN1 1.106 0.981 2.264 0.944 0.018 0.323
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Fig.2 "Leave-One-Out" sensitivity analysis graph for three inflammatory protein markers with a significant causal relationship

to colorectal cancer.
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Tab.5 Baseline demographic and clinical data the untreated
patients with colorectal cancer

General data title Value (Mean+SD) Proportion n(%)

Age (year) 54.36+16.57
Gender
Male 62 (72.09%)
Female 24 (27.91%)
Body weight (kg) 56.761£15.209

Height (cm) 161.734+12.281
BMI (kg/m?) 21.576+2.187
Smoking status
Yes 23 (26.74%)
No 63 (73.26%)
Maximum diameter (mm) 7.793+4.466
Large (=7.92) 11.38+3.78 44 (51.16%)
Small (<7.92) 2.67+1.30 42 (48.84%)
TNM stage
I 9 (10.47%)
I 14 (16.28%)
111 37 (43.02%)
v 26 (30.23%)
Degree of differentiation
Poorly differentiated 22 (25.58%)
Moderately differentiated 33 (38.37%)
Well differentiated 31 (36.05%)
Pathological type
Tubular adenocarcinoma 55 (63.95%)
Mucinous adenocarcinoma 14 (16.28%)
Signet ring cell carcinoma 17 (19.77%)
Metastasis status
Yes 67 (77.91%)
No 19 (22.09%)
AXINI 0.528+0.308
High expression 35 (40.70%)
Low expression 51 (59.30%)
B-NGF 2.948+1.626
High expression 44 (51.16%)
Low expression 42 (48.84%)
PD-L1 22.415+6.046

High expression 42 (48.84%)

Low expression 44 (51.16%)
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Tab.6 Expression status of AXIN1, 3-NGF and PD-L1 in patients in different subgroups (Mean+SD)

Clinical features Gene name Smoker/Large/Metastasis Present Non-smoker/Small/No Metastasis t P
AXIN1 0.477+0.326 0.561+0.302 0.267 0.267
Smoking status B-NGF 2.883+1.559 2.972+1.668 0.055 0.824
PD-L1 22.064+5.622 22.544+6.255 0.081 0.747
AXIN1 0.565+0.302 0.511+0.318 0.174 0.423
Maximum diameter B-NGF 2.983£1.612 2.912+1.669 0.044 0.84
PD-L1 21.501+5.786 23.373+6.267 0.31 0.153
AXIN1 0.523+0.305 0.592+0.325 0.219 0.393
Metastasis status B-NGF 2.934+1.598 2.999+1.786 0.039 0.879
PD-L1 22.153+6.258 23.339+5.371 0.203 0.455

<7 AXINI1.p-NGF.PD-L1 EFEFIEFER
Tab.7 Expression profiles of AXIN1, B-NGF and PD-L1 mRNA in patients with different clinicopathological characteristics (Mean+SD)

I/Poorly Differentiated/

II/Moderately

I11/Well Differentiated/

Clinical features Gene name . Differentiated/Mucinous  Signet Ring Cell v F P
Tubular Adenocarcinoma . .
Adenocarcinoma Carcinoma
AXIN1 0.495+0.347 0.612+0.373 0.529+0.286 0.528+0.304 0.173  0.796
TNM stage B-NGF 2.882+1.828 3.312+1.995 2.775+1.56 3.027+1.507 0.167  0.759
PD-L1 20.66+5.717 17.893+4.756 23.3334+6.077 24.152+5.714  0.653  0.007
AXIN1 0.792+0.264 0.439+0.226 0.331+0.231 1.253  <0.001
Degree of differentiation B-NGF 4.621+1.316 2.317+0.875 1.538+0.231 2.069  <0.001
PD-L1 22.566+5.901 22.346+5.964 22.306+6.695 0.028  0.985
AXIN1 0.519+0.306 0.6+0.315 0.55+0.325 0.185  0.572
Pathological type B-NGF 2.895+1.593 3.216+1.728 2.902+1.75 0.17 0.681
PD-L1 22.04+5.9 22.189+5.521 23.816+7.102 0.126  0.803
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Fig.3 Correlation of the expression levels of PD-L1, AXIN1, B-NGF mRNAs with TNM staging and degree

of tumor differentiation.
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