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Proteome-wide analysis reveals potential =
therapeutic targets for Colorectal cancer:

a two-sample mendelian randomization study
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Abstract

Background Colorectal cancer (CRC) is a leading cause of cancer-related mortality, highlighting an unmet clinical
need for more effective therapies. This study aims to evaluate the causal relationship between 4,489 plasma proteins
and CRC to identify potential therapeutic targets for CRC.

Methods We conducted two-sample Mendelian randomization (MR) analysis to examine the causal effects of plasma
proteins on CRC. Mediation analysis was performed to assess the indirect effects of plasma proteins on CRC through
associated risk factors. In addition, we conducted a phenome-wide association study using the UK Biobank dataset to
examine associations between these plasma proteins and other phenotypes.

Results Out of 4,489 plasma proteins, MR analysis revealed causal associations with CRC for 23 proteins, including
VIMP, MICB, TNFRSF11B, C50rf38 and SLC5A8. Our findings also confirm the associations between reported risk
factors and CRC. Mediation analysis identified mediating effects of proteins on CRC outcomes through risk factors.
Furthermore, MR analysis identified 154 plasma proteins are causally linked to at least one CRC risk factor.
Conclusions Our study evaluated the causal relationships between plasma proteins and CRC, providing a more
complete understanding of potential therapeutic targets for CRC.

Keywords Plasma proteins, Colorectal cancer, Mendelian randomization, Risk factors, Causal effects, Phenome-wide
association study

*Correspondence: 3Information Technology Center, Wenzhou Medical University, Wenzhou,
Weijian Sun Zhejiang, China

fame198288@126.com “Department of Radiation and Medical Oncology, The First Affiliated
Congying Xie Hospital of Wenzhou Medical University, Wenzhou, Zhejiang, China
wzxiecongying@163.com °Key Laboratory of Laboratory Medicine, School of Laboratory Medicine
Xiu-Feng Huang and Life Sciences, Ministry of Education, Wenzhou Medical University,
hxfwzmc@163.com Wenzhou, Zhejiang, China

'Zhejiang Provincial Clinical Research Center for Pediatric Disease, The ®Department of Gastrointestinal Surgery, The Second Affiliated Hospital
Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou and Yuying Children’s Hospital of Wenzhou Medical University, Wenzhou,
Medical University, Wenzhou, Zhejiang, China Zhejiang, China

Department of Pediatrics, the Second School of Medicine, The Second ’Department of Radiation and Medical Oncology, The Second Affiliated
Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical Hospital and Yuying Children’s Hospital of Wenzhou Medical University,
University, Wenzhou, Zhejiang, China Wenzhou, Zhejiang, China

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-023-11669-6&domain=pdf&date_stamp=2023-12-4

Cai et al. BMC Cancer (2023) 23:1188

Introduction

Colorectal cancer (CRC) is a significant global health
concern. In 2020, over 1.9 million people were diag-
nosed with CRC, and 935,000 deaths were caused by
the disease, making it the second most frequent cause of
cancer-related deaths and the third largest contributor
to newly diagnosed cases [1, 2]. Several factors may aug-
ment colorectal cancer risk, including body mass index
(BMI). Research has shown that individuals with high
BMI are more prone to developing CRC, and the possi-
bility of its onset increases with an increase in BMI [3,
4]. Plasma proteins play fundamental roles in a vast array
of biological processes and are frequently dysregulated in
diseases, therefore being therapeutically targeted to treat
various medical conditions [5-8]. In particular, plasma
proteins could potentially function as biomarkers to
enable early detection of CRC [9]. Thus, identification of
specific plasma proteins associated with CRC can lead to
the development of more sensitive and specific biomark-
ers, enabling earlier detection and treatment at a pre-
symptomatic stage. Based on the distinctive molecular
characteristics, there can be customized treatment strat-
egies for different patients. Therefore, it is of paramount
importance to identify further risk factors, biomarkers,
and treatments for CRC.

Genome-wide association studies (GWAS) have
detected genetic variants linked to plasma protein lev-
els, referred to as protein quantitative trait loci (pQTLs)
[10, 11]. These pQTLs provide an opportunity to employ
Mendelian randomization (MR) to assess the causal
impact of potential drug targets on the human disease
phenome [12-14]. MR is an increasingly popular meth-
odological approach used in epidemiology to infer causal
relationships between an exposure and an outcome by
utilizing genetic variants as instrumental variables [15,
16]. The use of MR studies in epidemiology allows for
stronger causal inference than more conventional forms
of analysis. Since genetic variants are determined at birth,
reverse causation bias is attenuated, increasing the like-
lihood that associations established in an MR study are
causally interpretable. In brief, MR utilizes genetic vari-
ants as instrumental variables to investigate whether a
risk factor has a causal impact on a health outcome [17].

In the current study, we performed two-sample MR
analysis to examine the causal effects of plasma proteins
on CRC by utilizing genetic instrumental variables (IV)
(derived from 4489 circulating plasma proteins) and
genetic associations of CRC. We assessed the causal rela-
tionships between plasma proteins and CRC risk factors,
then performed mediation analysis to assess the indirect
effects of plasma proteins on CRC through these risk
factors. Finally, we performed a phenome-wide associa-
tion study analysis using UK Biobank data to evaluate the
safety of targeting these proteins for CRC treatment.
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Methods

Study design

This study employed a two-sample MR design, enabling
estimation of the causal influence of exposure on out-
come using GWAS summary statistics (Fig. 1). MR design
is grounded on three core assumptions [18]. Firstly, the
robust genetic instrument must display a significant cor-
relation with exposure. Secondly, the genetic instruments
can solely indicate an association with the outcome
through exposure, also known as the exclusion restriction
assumption. Thirdly, it is essential that the genetic instru-
ments do not display any associations with confounding
factors of the exposure-outcome relationship.

GWAS summary statistics for CRC and risk factors

We conducted an initial search of the MR-Base GWAS
directory (https://gwas.mrcieu.ac.uk/) using the key-
words “colorectal cancer” to obtain GWAS data relevant
to the study. We successfully identified a dataset (ieu-b-
4965) that was associated with CRC phenotypes. To con-
trol for the possible confounding effects of population
stratification, we utilized estimated associations between
protein IVs, CRC, and risk factors from only individuals
with European ancestry.

The secondary outcomes considered in this study were
CRC risk factors, which were carefully selected based on
a comprehensive literature review [3, 19-22]. A compre-
hensive search was conducted using the Pubmed data-
base, using the keywords “colorectal cancer” and “risk
factors” Subsequently, we conducted a thorough search
for publicly available GWAS summary statistics related
to these risk factors. Risk factors for which no data sets
were publicly available were eliminated, and six relevant
risk factors were ultimately identified. The MR analysis
utilized six risk factors: body mass index (BMI), polyun-
saturated fatty acids (PFA), type 2 diabetes, cholesterol-
to-total-lipids ratio in IDL, LDL cholesterol and smoking.
The pQTLs used as I'Vs for the secondary outcomes were
the same as those used for the primary outcomes. Where
available, single nucleotide polymorphism (SNP) -out-
come effects for all risk factors mentioned above were
retrieved from published GWASs.

GWAS summary statistics for proteins

We obtained GWAS summary statistics for available
proteins from the MR-Base NHGRI-EBI GWAS Cata-
log (https://gwas.mrcieu.ac.uk/) and restricted our
analysis to datasets that could be directly downloaded
through the TwoSampleMR R package (https://github.
com/MRCIEU/TwoSampleMR), which is specifically
designed for MR analysis (Table 1). In order to fulfill the
first assumption, we mandated that included datasets
contain genetic variants that had been validated as sta-
tistically significant on a genome-wide level. Ultimately,
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Fig. 1 Study overview

Table 1 Description of GWAS summary statistics
Trait Sample Number Population Resource
size of SNPs

Colorec- 377,673 11,738,639 European https://gwas.mrcieu.

tal ac.uk/datasets/

cancer ieu-b-4965/

Polyun- 114999 12,321,875 European https://gwas.mrcieu.

saturat- ac.uk/datasets/

ed fatty met-d-PUFA/

acids

Cho- 115,078 12,321,875 European https://gwas.mrcieu.

lesterol ac.uk/datasets/

to total met-d-IDL_C_pct/

lipids

ratioin

IDL

Type 2 209,439 16,380,426 European https://gwas.mrcieu.

diabetes ac.uk/datasets/finn-
b-T2D_INCLAVO/

BMI 806,834 NA European https://zenodo.org/
record/1251813#.
ZEJ-Y37BzGl

Smoking NA NA European https://conservancy.
umn.edu/han-
dle/11299/241912

LDL cho- 70814 7,892,997  European https://gwas.mrcieu.

lesterol ac.uk/datasets/
ieu-b-4846/

NA, not applicable

outcomes

we retained 4419 proteins (of 4489) for MR analyses by
selecting only those that had at least one SNP with an
association P-value that met the genome-wide significant
threshold of P<5.0x107%,

MR analysis

The R package TwoSampleMR v0.5.6 (https://github.
com/MRCIEU/TwoSampleMR) was utilized to conduct
MR analyses [18]. In order to ensure the robustness of
the exposure association (Assumption 1), only SNPs dis-
playing genome-wide significance (P<5x107%) were con-
sidered in MR analysis. In addition, variants correlating
strongly with the most significant SNPs were eliminated,
ensuring that only linkage disequilibrium (LD)-indepen-
dent genetic variants were retained for analysis (using
clumping r? cut-off =0.001). Subsequently, included SNPs
were standardized, meaning that the effects of a SNP on
both the exposure and the outcome must be linked to
the same allele. The Inverse-variance weighted (IVW)
method utilizes a meta-analysis technique to combine
Wald estimates for each SNP, treating them as valid
natural experiments. The IVW method was used as the
primary analysis in this study to estimate causal relation-
ships between exposures and outcomes. A P value of less
than 0.05 was deemed significant.
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Mediation analysis

We conducted mediation analysis on proteins causally
associated with both CRC and risk factors to determine
their effects on CRC outcomes through the involvement
of risk factors. Exposure to the outcome represents the
total effect as the combination of direct effects and indi-
rect effects through one or more mediators. In this study,
the primary MR, also known as standard univariable MR
analysis, captured the total effect. We identified direct
and indirect effects by utilizing two-step MR results and
estimating the beta of the indirect effect using the Prod-
uct method. In addition, we used the Delta method to
estimate the standard error (SE) and confidence intervals
(ClIs) of the indirect effect [20].

Phenome-wide association studies

We further investigated side effects related to the 23
proteins associated with CRC by conducting Phe-
nome-wide association studies (PheWAS) for various
diseases. We used summary statistics to analyze the
effects of SNPs and outcomes, using a sample size of
up to 408,961 individuals from the UK Biobank cohort
[19]. The researchers conducted GWAS using SAIGE
v.0.29, a generalized mixed model method, to adjust for

4
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imbalanced distributions of cases and controls. Pheno-
typic outcomes of diseases or conditions were defined
based on “PheCodes’, a system that organizes codes from
the International Classification of Diseases and Related
Health Problems (ICD-9/-10) that correspond to specific
phenotypic outcomes [21].

Results

Identification of candidate proteins associated with
Colorectal cancer

In this study, we tested 4489 plasma proteins for causal
relationships with CRC outcomes (Figs. 1, 2 and 3 and
Table S1). Our MR analysis identified 23 plasma proteins
associated with an increased risk of developing CRC:
AKR1A1 (aldo-keto reductase family 1 member Al),
CTF1 (cardiotrophin 1), SLC5AS8 (solute carrier family 5
member 8), IGF2R (insulin like growth factor 2 receptor),
IGDCC4 (immunoglobulin superfamily DCC subclass
member 4), C50rf38 (IRX2 divergent transcript), STX7
(syntaxin 7), TNFRSF11B (TNF receptor superfamily
member 11b), BGLAP (bone gamma-carboxyglutamate
protein), HTATIP2 (HIV-1 Tat interactive protein 2),
VIMP (selenoprotein S), CACNA2D3 (calcium voltage-
gated channel auxiliary subunit alpha2delta 3), SAT2

ETS’

3 (
PDE4D
2

j ( J
2 MANTA2 NELLY

-Log10(P)

AKR‘]A,

[ J
CTF1 o
SLC5A8
CcLPS
IGF2R
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Y [
®

-0.004 -0.002

0.000 0.002 0.004

beta

Fig. 2 Volcano plot illustrating the effects of candidate plasma proteins associated with colorectal cancer derived from MR analyses using the inverse

variance weighted method
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Exposure OR 95%Cl
ETS2 0.99688 0.99511-0.99866
MAN1A2 0.99762 0.99583-0.99942
CRP 0.9978 0.99592-0.99969
PDE4D 0.99817 0.99694-0.99939
NELL1 0.99865 0.99765-0.99966
MICB 0.99882 0.99785-0.99979
KLK14 0.99906 0.99814-0.99999
TNFRSF11B 1.00055 1.00007-1.00103
C50rf38 1.00083 1.00014-1.00152
KDR 1.00083 1.00003-1.00163
VIMP 1.00101 1.00008-1.00195
IGF2R 1.00117 1.00025-1.0021
STX7 1.00119 1.0002-1.00219
CTF1 1.0012 1.00037-1.00203
CNTNS 1.00123 1.00004-1.00241
AKR1A1 1.00142 1.00068-1.00216
IGDCC4 1.00192 1.00038-1.00346
CACNA2D3 1.00193 1.00014-1.00372
LRP1B 1.00199 1.00008-1.0039
BGLAP 1.00211 1.00031-1.00392
SAT2 1.00211 1.00011-1.00411
HTATIP2 1.00226 1.00023-1.0043
SLC5A8 1.00252 1.00076-1.00428
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P-value FDR

— 0.00058 0.00667
— 0.00943 0.03098
— 0.02222 0.03597
—a— 0.00343 0.02309
—a— 0.00884 0.03098
—— 0.01764 0.03597
—a— 0.04647 0.04647
- 0.02346 0.03597
—a— 0.01877 0.03597
—— 0.04127 0.04465
—a— 0.03327 0.04429
—a— 0.01262 0.03597
—a— 0.019 0.03597
—a— 0.00446 0.02309
—a— 0.04271 0.04465
—-— 0.00015 0.00345
—e— 0.01468 0.03597
—a— 0.03466 0.04429
—— 0.04069 0.04465
— 0.02177 0.03597
—— 0.03868 0.04465
— 0.02938 0.04223
— 0.00502 0.02309

Fig. 3 Effect of 23 plasma proteins on CRC. MR analysis of the causal effects of plasma proteins on CRC outcome. Cl, confidence interval; OR, odds ratio

(spermidine/spermine N1-acetyltransferase family me
mber 2), LRP1B (LDL receptor related protein 1B), KDR
(kinase insert domain receptor), CNTN5 (contactin
5), ETS2 (ETS proto-oncogene 2, transcription factor),
PDE4D (phosphodiesterase 4D), NELL1 (neural EGFL
like 1), MAN1A2 (mannosidase alpha class 1 A member
2), MICB (MHC class I polypeptide-related sequence B),
CRP (C-reactive protein) and KLK14 (kallikrein related
peptidase 14). Increased risk of CRC was associated
with higher genetically predicted levels of both AKR1A1
(OR [95% CI]=1.00142 [1.00068, 1.00216]; P=0.00015;
FDR=0.00345) and CTF1 (OR [95% CI]=1.0012 [1.00037,
1.00203]; P=0.00446; FDR=0.02309). Higher genetically
predicted levels of both ETS2 (OR [95% CI]=0.99688
[0.99511, 0.99866]; P=0.00058; FDR=0.00667) and
PDE4D (OR [95% CI]=0.99817 [0.99694, 0.99939];
P=0.00343; FDR=0.02309) were linked to lower CRC
risk.

Identification of risk factors associated with Colorectal
cancer

Possible causal mechanisms connecting plasma pro-
teins and CRC were investigated by performing two-
step mediation MR analyses of conventional risk factors.

Firstly, we examined the causal relationships between
plasma proteins and CRC outcome. Secondly, we ana-
lyzed the causal relationships between traditional CRC
risk factors and CRC outcome. Finally, we conducted
mediation analysis to understand the effect of plasma
proteins on CRC risk through traditional risk factors.

We extracted instrumental variables for each of the
six investigated CRC risk factors, including cholesterol-
to-total-lipids ratio in intermediate-density lipopro-
tein (IDL), smoking, polyunsaturated fatty acids (PFA),
body mass index (BMI), Low-Density Lipoprotein Cho-
lesterol (LDL cholesterol), and type 2 diabetes, from
publicly available GWAS summary statistics limited to
European populations (Fig. 4 and Table S2). Choles-
terol-to-total-lipids ratio in IDL (OR [95% CI]=1.00153
[1.00026, 1.00280]; P=0.01806; FDR=0.03612), PFA
(OR [95% CI]=1.00179 [0.99990, 1.00367]; P=0.06319;
FDR=0.07583), BMI (OR [95% CI]=1.00275 [1.00069,
1.00480]; P=0.00882; FDR=0.02646) and type 2 diabetes
(OR [95% CI]=1.00085 [0.99990, 1.00180]; P=0.07829;
FDR=0.07829) increased CRC risk.
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Exposure OR 95%ClI P-value FDR

Type 2 diabetes 1.00085 0.9999-1.0018 = 0.07829 0.07829
Cholesterol to total lipids ratio in IDL 1.00153 1.00026-1.0028 —— 0.01806 0.03612
LDL cholesterol 1.00176 1.00013-1.00338 —— 0.03385 0.05077
Polyunsaturated fatty acids 1.00179 0.9999-1.00367 —— 0.06319 0.07583
BMI 1.00275 1.00069-1.0048 —— 0.00882 0.02646
Smoking 1.00472 1.00121-1.00824 —_— 0.00828 0.02646

Fig. 4 Causal relationships of risk factors to CRC. MR analysis of the causal effects of risk factors on CRC outcome. Cl, confidence interval; OR, odds ratio;

BMI, body mass index; Smoking, smoking initiation

Identification of proteins associated with risk factors for
Colorectal cancer

We conducted MR analysis to assess the causal relation-
ships between all 4489 plasma proteins and five CRC risk
factors. Ultimately, 154 proteins were associated with at
least one CRC risk factor: 53 with BMI, 46 with PFA, 27
with smoking, 37 with cholesterol-to-total-lipids ratio
in IDL, 28 with LDL cholesterol and 14 with type 2 dia-
betes (Table S3). Twenty-three proteins associated with
CRC were evaluated, and four of them were found to be
associated with one or more CRC risk factors. We dis-
covered a positive association between genetically deter-
mined higher SLC5AS8 levels and increased smoking risk
(OR [95% CI]: 1.01420 [1.00337, 1.02515]; P=0.01003).
In addition, higher levels of VIMP and C50rf38, as deter-
mined by genetics, were found to be associated with
greater PFA risk (VIMP: OR [95% CI]=1.18137 [1.13235,
1.23250], P=1.27x10~ "% C50rf38: OR [95% CI]=1.13035
(1.09033, 1.17184], P=2.7x10"""). We identified a sig-
nificant association between genetically higher levels
of C5orf38 and VIMP proteins and increased choles-
terol-to-total-lipids ratio in IDL (OR [95% CI]: 1.38883
[1.18830, 1.62319]; P=3.65x10"> and OR [95% CIJ:
1.58845 [1.34407, 1.87728]; P=5.66x10"%). The direc-
tion of the effects observed for the associations between
proteins and risk factors were consistent with those seen
for the associations between proteins and CRC, suggest-
ing that these risk factors may mediate protein-CRC
associations.

Mediation analysis of protein effects on CRC through risk
factors

We conducted mediation analysis that used effect esti-
mates obtained from two-step MR analysis, in combi-
nation with the total effect estimated in primary MR
analysis, to determine the effects of proteins on CRC
outcomes as exerted through risk factors. We limited our
analysis to four proteins, namely VIMP, SLC5A8, MICB
and C5orf38 (Fig. 5, Figure S1 and Figure S2). MR analy-
sis results indicated that these proteins are associated

with both CRC and risk factors for CRC. We estimated
the indirect effects of proteins on both CRC and risk fac-
tors using the product method. Standard error (SE) and
confidence intervals (CI) were estimated using the delta
method. According to the results of mediation analysis,
VIMP had a 33.4% mediation effect on CRC outcomes
through PFA and a significant 92.6% effect through cho-
lesterol-to-total-lipids ratio in IDL. Similarly, C50rf38
had a significant mediation effect of 65.6% on CRC out-
comes through cholesterol-to-total-lipids ratio in IDL, as
well as a 24.6% effect through PFA. In contrast, SLC5A8
had a modest 2.3% mediation effect on CRC outcomes
through smoking, and MICB had a 7.4% mediation effect
on CRC outcomes through cholesterol-to-total-lipids
ratio in IDL.

Analysis of phenome-wide association studies of proteins
associated with CRC

We conducted PheWAS analysis to investigate whether
23 proteins associated with CRC are linked to 1403 dis-
eases and traits in the UK Biobank. Higher genetic levels
of plasma VIMP were linked to increased CRC risk, while
decreased risks were found for other metabolic diseases,
such as disorders of lipid metabolism, hyperlipidemia,
hypercholesterolemia, and diseases affecting the circula-
tory system, including coronary atherosclerosis (Fig. 6).
There was a positive association between genetically
higher levels of plasma C50rf38 and an increased risk of
CRC, as well as of mental disorders such as Alzheimer’s
disease, delirium, dementia and amnestic disorders, and
other cognitive disorders. In addition, C50rf38 was also
found to be associated with the metabolic trait coronary
atherosclerosis. Plasma PDE4D exhibited a positive cor-
relation with increased risks of CRC and digestive disor-
ders, specifically Celiac disease and non-celiac intestinal
malabsorption. Higher plasma KDR levels were linked
to increased risks of CRC, circulatory system diseases,
and metabolic disorders, including disorders of lipid
metabolism, hypercholesterolemia and hyperlipidemia.
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Vi) [Exposure] [Outcome]
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Csorf38 Colorectal cancer
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65.6% of the C5orf38 effect on Colorectal cancer is mediated by Cholesterol to total lipids ratio in IDL

Fig. 5 Indirect effects of plasma proteins on CRC via risk factors. Mediation analysis to assess the indirect effects of plasma proteins on CRC through risk
factors. a Indirect effect of VIMP on CRC through PFA. b Indirect effect of VIMP on CRC through cholesterol-to-total-lipids ratio in IDL. ¢ Indirect effect of
C50rf38 on CRC through PFA. d Indirect effect of C50rf38 on CRC through cholesterol-to-total-lipids ratio in IDL. By, effects of exposure on mediator; Byo,
effects of mediator on outcome; B¢, effects of exposure on outcome; PFA, polyunsaturated fatty acids
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Fig. 6 PheWAS analysis of associations between CRC-associated proteins and other disease outcomes
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Circulatory system diseases linked with higher KDR lev-
els included phlebitis and thrombophlebitis of the lower
extremities, phlebitis and thrombophlebitis, pulmonary
heart disease, and other disorders of the circulatory
system. Plasma MICB levels were found to be geneti-
cally linked with higher CRC risk, as well as higher risk
of gastrointestinal malabsorption disorders, including
celiac disease and non-celiac intestinal malabsorption.
In addition, elevated levels of MICB were associated with
increased risks of various metabolic disorders, includ-
ing thyrotoxicosis, type 1 diabetes, and various forms
of hypothyroidism, including NOS and Graves’ disease.
However, we also observed that lower levels of plasma
MICB are associated with lower hematuria risk. Elevated
levels of plasma CTF1 were genetically associated with
an increased risk of CRC, as well as a stronger predis-
position to various mental disorders, including such as
Alzheimer’s disease, dementia, delirium, dementia and
amnestic disorders, and other cognitive disorders. Fur-
thermore, heightened levels of CTF1 were linked to an
increased risk of developing metabolic issues such as
hyperlipidemia and disorders of lipid metabolism.

Discussion

The randomized controlled trials (RCTs) are considered
the gold standard for causal inference in epidemiological
research due to its unique advantages in minimizing con-
founding bias [23]. However, strict inclusion and exclu-
sion criteria, medical ethical constraints, and high costs
often make it challenging to conduct many RCTs in clini-
cal research. Mendelian randomization is a method used
to evaluate potential causal relationships between modi-
fiable exposures (risk factors) and outcomes by utilizing
genetic variations linked to the exposure. Its purpose is to
mitigate biases arising from confounding factors, includ-
ing reverse causality, in epidemiological research. More
importantly, the two-sample MR is an extension to the
one-sample MR design, where estimates for the associa-
tion of genetic variants with exposure and with outcome
are derived from two independent cohorts [24]. There-
fore, this study used the two-sample MR design to iden-
tify potential therapeutic targets for CRC.

In this study, we conducted two-sample MR analysis
to assess the causal relationships between 4489 plasma
proteins and CRC. We identified 23 proteins associated
with CRC, seven of which showed a protective effect and
sixteen of which were associated with increased risk. In
addition, we evaluated the causal relationships between
plasma proteins and CRC risk factors through two-sam-
ple MR analysis, identifying 154 proteins associated with
at least one risk factor. Mediation analysis was then per-
formed to assess the indirect effects of plasma proteins
on CRC through six risk factors. Four proteins (VIMP,
C5o0rf38, SLC5A8 and MICB) were associated with both
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CRC outcome and risk factors. Finally, we conducted a
phenome-wide association study analysis using data from
the UK Biobank to explore the relationships between the
23 CRC-associated proteins and other diseases.

Selenoprotein S (VIMP) is a transmembrane protein
localized in the endoplasmic reticulum (ER) and involved
in the process of degrading misfolded proteins in the
ER, as well as potentially in inflammation control [22].
A study conducted on a Japanese population found that
the —105G>A polymorphism in the SEPS1 promoter
was associated with a higher risk of gastric cancer [25].
Meta-analysis revealed a positive correlation between
increased VIMP levels and higher risks of CRC and gas-
tric cancer, suggesting that VIMP might be a potential
risk factor for both types of cancer [26]. Consistent with
this, we found that an increased risk of CRC was asso-
ciated with higher genetically predicted levels of VIMP
(OR [95% CI]=1.00101 [1.00008, 1.00195]; P=0.03327;
FDR=0.04429). We also found that genetically higher
VIMP levels are associated with a higher risk of choles-
terol-to-total-lipids ratio in IDL (OR [95% CI]: 1.58845
[1.34407, 1.87728]; P=5.66x10"%) and PFA (OR [95%
CI]: 1.18137 [1.13235, 1.23250], P=1.27x10"1%). The
study suggests that VIMP may indirectly affect CRC
risk via PFA and cholesterol-to-total-lipids ratio in IDL.
Future studies on the involvement of VIMP in CRC
should investigate the underlying mechanisms by which
VIMP affects PFA and cholesterol-to-total-lipids ratio in
IDL, enabling the identification of potential therapeutic
targets for CRC treatment.

TNF receptor superfamily member 11b (OPG;
TNFRSF11B) is a member of the TNF receptor super-
family that acts as a decoy receptor by binding to TRAIL
and neutralizing its pro-apoptotic effect [27, 28]. It has
been demonstrated to play crucial roles in the onset
and progression of various human malignancie [29-33].
Notably, elevated TNFRSF11B expression levels are sig-
nificantly associated with aggressive invasive behavior in
CRC, characterized by increased invasion depth, distant
metastasis, and inferior patient prognosis [27, 34, 35].
TNERSF11B is regulated via the Wnt/B-catenin path-
way, contributes to resistance against apoptosis induced
by TRAIL, and is found at elevated levels in the serum
of patients with advanced colorectal cancers [30]. In this
study, we found that increased CRC risk was associated
with higher genetically predicted levels of TNFRSF11B
(OR [95% CI]=1.00055 [1.00007, 1.00103]; P=0.02346;
FDR=0.03597). In conclusion, TNFRSF11B expression is
associated with increased CRC risk and may provide cru-
cial growth advantages to cancerous cells, enabling cell
invasion and metastasis. Thus, TNFRSF11B inhibition
may serve as a promising therapeutic strategy to combat
CRC.
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Various sensitivity analyses were conducted to ensure
that the MR assumptions were not violated and to
confirm the reliability of the instrumental variables
employed in MR analysis. In the selection of instruments
for each plasma protein level, LD clumping was utilized
at R%<0.001 for plasma proteins with P<5x1078, The IVs
used in the MR analysis were examined for heterogene-
ity, horizontal pleiotropy, and robustness. Heterogene-
ity was found to be absent (P>0.05), as was horizontal
pleiotropy, and the robustness of the IVs was confirmed
through leave-one-out sensitivity testing. In addition, the
degree to which VIMP levels affect the cholesterol-to-
total-lipids ratio in IDL may be associated with a greater
indirect effect of VIMP on CRC through cholesterol-to-
total-lipids ratio in IDL in mediation analysis. The vali-
dation of this result may necessitate additional data and
further experimental confirmation.

We thoroughly investigated the DrugBank database
to evaluate the druggability of candidate protein targets
[36—40]. Interestingly, we found that several proteins
identified in MR analysis are druggable, such as HTATIP2
(Polyethylene glycol 400), CACNA2D3 (Amlodipine and
Nilvadipine), SAT2 (Spermine). Notably, there are several
KDR-targeting drugs, such as Sorafenib and Sunitinib.
Sorafenib is a kinase inhibitor used to treat unresectable
liver carcinoma, advanced renal carcinoma, and differen-
tiated thyroid carcinoma. Sunitinib is a receptor tyrosine
kinase inhibitor and chemotherapeutic agent used for the
treatment of renal cell carcinoma (RCC) and imatinib-
resistant gastrointestinal stromal tumor (GIST).

The study has certain limitations. The research sam-
ple was limited to individuals of European ancestry, and
the external applicability of our findings to other ethnic
groups may be constrained by the sample’s composition.
To generalize our results to broader populations, addi-
tional research with larger and more diverse samples will
be necessary.

The findings of our study identify potential targets for
future therapeutic interventions in CRC, emphasizing
the importance of proteomics in identifying drug targets.
Subsequent research is imperative to assess the viabil-
ity of the 23 identified proteins as potential targets for
therapeutic intervention in CRC treatment. Additionally,
with the increasing comprehensiveness of proteomics
platforms and the expansion of studies on more diverse
non-European populations, it is probable that more drug
targets for CRC therapy will emerge.

Conclusions

This study investigated the causal effects of plasma pro-
teins on CRC and its risk factors. Additionally, phenome-
wide association study analysis was conducted on data
from the UK Biobank to evaluate the associations of 23
plasma proteins with other diseases.
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