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Introduction. Chronic Kidney Disease (CKD) is a major global
health burden, with rising prevalence and high mortality in patients
with end-stage kidney disease (ESKD). While hypertension and
diabetes are known risk factors, confounding limits the ability of
observational studies to establish causality. This study aims to
identify plasma protein ratios genetically associated with
overallCKD susceptibility using Mendelian randomization (MR).
Methods. We performed a two-sample MR analysis using genetic
variants as instrumental variables to assess causal relationships
between 2,821 plasma protein ratios and CKD. Protein ratio data
were derived from large-scale proteomics studies, and CKD
outcomedata were obtained from genome-wide association studies
(GWAS). Results. The MR analysis observed inverse genetically
predicted associations between CD74-related protein ratios and
CKD risk, including CD74/NPDC1 (OR = 0.8449, P = .0026)
and CD74/ TNFRSF21 (OR = 0.8644, P = .0007), although these
findings did not remain significant after Bonferroni correction
and should be considered exploratory.

Conclusion. Our findings provide novel evidence that CD74 and
related protein ratios may represent exploratory genetic signals
associated with CKD susceptibility. These results highlight their
potential for CKD management, although further biological
validation is warranted.
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Chronic Kidney Disease (CKD) is a significant
public health concern worldwide, with its
prevalence continuously rising. End-stage kidney
disease (ESKD) is the final stage of CKD. Patients
with ESKD have nearly a sixfold higher risk of
mortality compared to those with an estimated
glomerular filtration rate (eGFR) of 60 mL/min/1.73
m2! CKD is also a major cause of cardiovascular
disease (CVD).? Although numerous studies have
established associations between various known
risk factors (such as hypertension, diabetes mellitus,
and obesity) and CKD,*” traditional observational
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studies often struggle to demonstrate a direct
causal relationship. This limitation arises from their
inability to adequately control for confounding
factors. Therefore, a more in-depth investigation into
the etiology of CKD and its potential biomarkers
is a significant challenge in current research.

In recent years, proteins have gained attention
as potential biomarkers for early diagnosis of
disease, monitoring progression.®® Protein levels
reflect an individual’s physiological state and play
crucial roles in various pathological processes.
Notably, protein ratios serve as comprehensive
biomarkers that can more accurately represent



protein interactions and their synergistic roles
in physiological and pathological contexts. The
potential of protein ratios as disease markers
has garnered increasing interest, particularly
in cancer.”!® However, the causal relationship
between plasma protein ratios and CKD remains
unclear, and traditional observational studies face
challenges in inferring causal effects, highlighting
the urgent need for more robust causal inference
methods.

Mendelian randomization (MR), a causal
inference method utilizing genetic variants as
instrumental variables, has become extensively
employed in recent years to study the causal
mechanisms underlying complex diseases.!! This
method leverages genetic variation as a natural
experiment to infer causal relationships between
exposure factors and diseases by examining the
relationship between genotype and phenotype.'?
Given that genetic variants are randomly distributed
among individuals, MR effectively reduces
confounding bias, thus providing more reliable
causal evidence. In proteomics, the MR approach
has emerged as a crucial tool for assessing the causal
relationships between proteins or protein ratios
and diseases, particularly in exploring associations
between proteomes and complex diseases such as
type 2 diabetes mellitus, cardiovascular diseases,
and related metabolic disorders.!31

In this study, we integrated data from 2,821
plasma protein ratios derived from large-scale
proteomics studies and applied MR to systematically
evaluate the causal relationship between these
protein ratios and CKD. We identified CD74 and
its associated protein ratios, CD74/NPDC1 and
CD74/TNFRSF21, which may be closely linked to the
onset and progression of CKD. This study provides
new scientific evidence supporting CD74 and its
associated protein ratios as potential biomarkers
or therapeutic targets for CKD.

MR analysis involves using genetic variations
that are strongly associated with the exposure factor
as instrumental variables (IVs) to assess the causal
relationship between the exposure factor and the
outcome. By using genetic variations as IVs, the
influence of confounding factors on the results
can be reduced, thereby improving the reliability
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of causal inference. Therefore, we conducted MR
analysis utilizing summary statistics data from
genome-wide association studies (GWAS) to
identify single nucleotide polymorphisms (SNPs)
strongly associated with plasma protein ratios as
IVs. We studied the causal relationship between
plasma protein ratios and chronic kidney disease.

The research data were based on published
GWAS summary data. The exposure data consists
of GWAS summary data on plasma protein
ratios from the literature, including 2810 plasma
protein ratios from Europeans.!® Considering
that population confounding may lead to biased
estimates, we restricted the genetic background
of the population in the MR study to individuals
of European descent. The outcome data: CKD: the
GWAS summary data from the FinnGen dataset
R11.0 included 11265 CKD patients and 436208
healthy controls with a total of 1010464 SNPs.

All SNPs will be aggregated to minimize linkage
disequilibrium within a strict window (r2 = 0.001,
kb = 10,000). The threshold is set at P <5 x 107% to
select significant SNPs. F-statistic > 10 to ensure
sufficient strength of the IVs related to the exposure
traits. Finally, we identified a total of 94926 SNPs
associated with 2,821 protein ratios that satisfied
the above criteria.

For the reverse MR analysis, in order to ensure
an adequate number of SNPs for CKD as the
exposure, a less stringent threshold of P <1 x 10~*
was applied. This approach allowed the inclusion
of sufficient IVs for robust evaluation of potential
causal effects of CKD on protein ratios.

During harmonization, effect alleles were aligned
between the exposure and outcome datasets
based on SNP identifiers and allele information.
Palindromic SNPs were systematically evaluated
using allele frequency information, and only
variants with ambiguous strand orientation were
excluded to avoid potential strand misclassification.
SNPs with inferable strand orientation were
retained after allele alignment. Full SNP-level
summary statistics before harmonization are
provided in Table S1, whereas the harmonized
exposure—outcome datasets used for Mendelian
randomization analyses are presented in Table S2.
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Colocalization analyses were performed to
evaluate whether the same causal variants underlie
both the exposure and outcome associations.
Summary statistics for NPDC1 and TNFRSF21 were
obtained from the eQTLGen database. Bayesian
colocalization analysis was conducted using
standard default priors to estimate the posterior
probability of a shared causal variant (PP4). CD74
could not be successfully extracted from the
eQTLGen dataset and was therefore not included in
the colocalization analysis. A colocalization signal
was considered significant when PP4 exceeded the
conventional threshold.

MR analysis was performed using R software,
with the TwoSample package and the MR-PRESSO
package. The classical inverse variance weighting
model (IVW) was used for the primary MR analysis.
Additionally, the MR Egger, weighted median, and
weighted mode were employed to estimate causal
effects. Heterogeneity among IVs was assessed
using Cochran’s Q statistic. Sensitivity analysis was
conducted using leave-one-out testing to evaluate
the stability of MR results by sequentially excluding
IVs. The MR-Egger and MR-PRESSO methods were
used to assess whether the instrumental variables
(IVs) were influenced by confounding factors.
Causal estimates are reported as odds ratios (ORs)
with 95% confidence intervals.

Statistical power was calculated using a standard
MR framework based on the total variance explained
by the instrumental variables (R?), the sample size of

the outcome GWAS, and the observed causal effect
estimates (B = logOR), under a significance level
of 0.05 using a non-central chi-square distribution
approximation.

Both the CD74/NPDC1 ratio and the CD74/
TNFRSF21 ratio were negatively associated with
the risk of CKD.

To evaluate the association between 2,821
protein level ratios and CKD risk, we employed
the inverse variance weighted (IVW) method, the
primary approach in Mendelian randomization
analyses. The IVW results indicated that a one-
standard-deviation increase in the CD74/NPDC1
ratio was associated with a 16% lower odds of
CKD (odds ratio, OR = 0.84; 95% confidence
interval, CI: 0.76-0.94; P = .0026; FDR = 0.0025)
(Figure 1). However, given the large number of
tests performed (n = 2,821), this association did not
survive Bonferroni correction (P threshold = 1.77
x 107%) and should therefore be interpreted as an
exploratory finding.

In addition to CD74/NPDC1, the IVW analysis
identified an inverse association between the CD74/
TNFRSF21 ratio and CKD risk (OR = 0.86; 95%
CI: 0.79-0.94; P = .0007; FDR = 0.0014) (Figure 1).
A one-standard-deviation increase in this ratio
corresponded to approximately 14% lower odds
of CKD. Similarly, this association did not survive
Bonferroni correction and should also be considered
exploratory.

Statistical power analysis indicated that the MR
analyses were well-powered to detect the observed

exposure method nsnp pval OR(95%CI) FDR
CD74/NPDC1 MR Egger 21 0.4249 0.9100 (0.7254-1.1416) —-

Weighted median 21 0.0116  0.8239 (0.7088-0.9577) +:

Inverse variance weighted 21 0.0026 0.8449 (0.7573-0.9427) --E 0.0025

Simple mode 21 0.0757 0.7665 (0.5804-1.0124) —a—

Weighted mode 21 0.0142  0.7969 (0.6752-0.9405) +E
CD74/TNFRSF21 MR Egger 39 0.0192 0.8147 (0.6915-0.9600) —-—

Weighted median 39 0.0221  0.8529 (0.7443-0.9775) +E

Inverse variance weighted 39 <0.001 0.8644 (0.7944-0.9405) *E 0.0014

Simple mode 39 0.1341  0.8170 (0.6308-1.0583) —-—

Weighted mode 39 0.0150 0.8170 (0.6995-0.9544) +;

'S

Figure 1. Forest plot. Mendelian randomization showed that the CD74-related protein ratio was negatively associated with chronic
kidney disease. Cl, confidence interval; OR, odds ratio; FDR, false discovery rate.
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associations, with estimated power exceeding
90% (Table S3). Furthermore, we applied several
additional MR methods (MR Egger, weighted
median, and weighted mode) to test for potential
bias or violations of assumptions, ensuring the
robustness of our results. The findings from both
the weighted median and weighted mode analyses
were consistent with the IVW method, indicating
negative causality (Figure 1). The Cochran Q-test
demonstrated no heterogeneity in the MR results
(Q_P > .05) (Table S4). Both MR-Egger regression
(P > .05) and MR-PRESSO analysis (P > .05)
indicated no significant overall level of pleiotropy
(Tables S5, S6). These results were further illustrated
through scatter plots (Figures 2A-2C, 3A-3C).
Additionally, a leave-one-out analysis confirmed
that the overall estimates were not influenced by
any single SNP (Figures 2D, 3D).

Notably, reverse MR analyses showed no
significant causal effect of CKD on the CD74-
related protein ratios (Supplementary Figure 1).
Consistent with the forward analyses, these reverse
analyses also showed no heterogeneity or horizontal
pleiotropy (Q_P > .05; MR-Egger intercept P > .05;
MR-PRESSO global test P > .05), indicating that the
lack of causal effect is robust (Table S4, S5, S6).

Table S3. MR Statistical power analysis

Plasma Protein Ratios and CKD—Shen et al

Table S6. MR-PRESSO evaluation of instrumental variables
revealing no outliers

Exposure Outcome P
CD74/NPDC1 Chronic kidney disease .209
CD74/TNFRSF21 Chronic kidney disease 486
Chronic kidney disease CD74/NPDCA1 142
Chronic kidney disease CD74/TNFRSF21 .182

Colocalization analysis was additionally
performed for NPDC1 and TNFRSF21 using the
eQTLGen database to explore whether shared
genetic signals exist between gene expression and
CKD-associated loci. As shown in Supplementary
Figure 2, no strong evidence of colocalization was
observed.

These findings suggest that genetically predicted
higher CD74/NPDC1 and CD74/TNFRSF21
ratios are associated with lower susceptibility to
overall CKD in a European two-sample Mendelian
randomization dataset. However, these results
should be interpreted as exploratory genetic
associations rather than evidence of causality or
biological mechanisms. Our MR analysis identified
inverse associations between these ratios and

Exposure SNPs Total R? Mea_n . CKD Control Total B Statistical
F-statistic Power
CD74/NPDC1 21 0.0378 74.05 11265 436208 447473 -0.1685 > 90%
CD74/TNFRSF21 39 0.039 53.62 11265 436208 447473 -0.1457 > 90%
Table S4. Results of IVW and MR-Egger analysis demonstrating no heterogeneity among instrumental variables
Exposure Outcome Method Q Q_df Q_P
CD74/NPDC1 Chronic kidney disease Inverse variance weighted 24.46 20 22
CD74/NPDC1 Chronic kidney disease MR Egger 23.69 19 2
CD74/TNFRSF21 Chronic kidney disease Inverse variance weighted 37.72 38 48
CD74/TNFRSF21 Chronic kidney disease MR Egger 37.04 37 A7
Chronic kidney disease CD74/NPDC1 MR Egger 8.45 3 .08
Chronic kidney disease CD74/NPDC1 Inverse variance weighted 9.65 4 .07
Chronic kidney disease CD74/TNFRSF21 MR Egger 6.31 3 .09
Chronic kidney disease CD74/TNFRSF21 Inverse variance weighted 8.89 4 .06

Table S5. MR-Egger analysis indicated that the causal relationship between CD74-related protein ratios and chronic kidney disease was
not influenced by horizontal pleiotropy

Exposure Outcome Egger intercept se P
CD74/NPDC1 Chronic kidney disease -0.006 0.009 472
CD74/TNFRSF21 Chronic kidney disease 0.004 0.005 415
Chronic kidney disease CD74/NPDC1 0.026 0.04 .56
Chronic kidney disease CD74/TNFRSF21 0.036 0.033 .349
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Figure 2. Mendelian randomization analysis for CD74/NPDC1 and CKD. (A) The MR analysis results for CD74/NPDC1 and CKD
showed a negative slope, indicating that CD74/NPDC1 serves as a protective factor against CKD. (B) Funnel plots illustrated the
absence of heterogeneity among the SNPs. (C) The forest plot of SNPs displayed the comprehensive findings, with the red line
indicating that higher levels of CD74/NPDC1 correlate with a reduced risk of CKD. (D) Leave-one-out analysis examining the causal

relationship of CD74/NPDCA1.

CKD risk, with a one-standard-deviation increase
associated with approximately 16% and 14% lower
odds of CKD, respectively.

The pathological features of CKD encompass
tubular interstitial fibrosis, glomerular lesions, and
inflammatory responses.!” Tubular cell damage
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and apoptosis, in conjunction with interstitial
fibrosis, result in a gradual decline in renal
function. Furthermore, as CKD progresses, there
is an increased infiltration of inflammatory cells
within the renal tissue, which exacerbates tissue
damage and fibrosis.!® CD74 is a critical receptor
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Figure 3. Mendelian Randomization Analysis for CD74/TNFRSF21 and CKD. (A) The MR analysis results for CD74/TNFRSF21

and CKD revealed a negative slope, suggesting that CD74/TNFRSF21 is a protective factor for CKD. (B) Funnel plots indicated no
heterogeneity present among the SNPs. (C) In the forest plot of SNPs, the overall results are depicted, with the red line showing that
increased CD74/TNFRSF21 levels were associated with a lower risk of CKD. (D) Leave-one-out analysis of the causal relationship

involving CD74/TNFRSF21.

in the immune system, involved in immune
responses and cytokine regulation.’” TNFRSF21
belongs to the TNF/TNEFR family and plays a key
role in regulating inflammatory states and immune
responses.?) NPDC1 is a neuronal differentiation
regulator that interacts with E2F-1 and inhibits cell

cycle progression by affecting the function of E2F-
1.212 However, evidence regarding the expression
and functional roles of NPDC1 and TNFRSF21 in
kidney tissue is limited. Therefore, any biological
interpretation of these ratios in CKD should be
considered speculative.
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outcome method nsnp pval OR(95%Cl)
CD74/NPDC1 MR Egger 5 0.8706 0.9709 (0.7008-1.3453) ——
Weighted median 5 0.1273  1.0960 (0.9742-1.2331) ‘:-
Inverse variance weighted 5 0.2610 1.0726 (0.9492-1.2119) ~!l-
Simple mode 5 0.2505 1.1390 (0.9419-1.3772) 1=
Weighted mode 5 0.1699 1.1193 (0.9808-1.2775) E-—
CD74/TNFRSF21 MR Egger 5 0.5017 0.9000 (0.6863-1.1803) -
Weighted median 5 0.2786 1.0585 (0.9551-1.1731) 4:-
Inverse variance weighted 5 0.5472 1.0353 (0.9248-1.1589) -:-
Simple mode 5 0.8157 0.9788 (0.8264-1.1591) +
Weighted mode 5 0.5378 1.0385 (0.9303-1.1592) +—
| T T
0 1 2

Supplementary Figure 1. Reverse Mendelian randomization indicated that CKD did not significantly affect the CD74-related protein
ratio.

Heatmap of PP values

TNFRSF21

Probability
. 1.00
0.75

0.50

0.25

—_— 0.00

NPDC1 4

Hypothesis
Supplementary Figure 2. Exploratory colocalization analysis of NPDC1 and TNFRSF21 with CKD using the eQTLGen database.

Previous studies demonstrated a positive
correlation between CD74 and renal fibrosis and
inflammation.?*2* In contrast, we found that the
ratios of CD74/NPDC1 and CD74/TNFRSF21 are
reduced in CKD. MR analysis indicates a negative
correlation between CD74/NPDC1 and CD74/
TNFRSF21 with CKD. Lower ratios of CD74/
NPDC1 and CD74/TNFRSF21 may reflect altered
genetic regulation of immune-related pathways

associated with CKD susceptibility, although the
biological interpretation remains unclear. Whether
these ratios represent causal drivers, downstream
consequences, or shared genetic architecture cannot
be determined from MR analysis. Any potential
involvement in inflammatory or fibrotic signaling
pathways is therefore speculative. Furthermore,
the functional roles and interaction patterns of
CD74, NPDC1, and TNFRSF21 in kidney disease
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remain insufficiently characterized.

Although this study utilized publicly available
summary-level genetic data, several important
limitations should be acknowledged. The CKD cases
included in the FinnGen R11 dataset represent a
heterogeneous population with multiple underlying
etiologies, and individual-level information on
specific causes was not available. In addition,
the publicly available summary statistics did not
include information on comorbid conditions such as
diabetes, multiple myeloma, or other malignancies,
which therefore could not be excluded. Summary-
data-based MR analyses, as well as tissue-specific
validation, could not be performed due to the limited
availability of sufficiently resolved kidney-specific
pQTL ratio datasets for the proteins investigated.
While this study included a relatively large sample
size, further experimental validation in renal
cell and animal models is required to clarify the
biological relevance of these findings. However,
such experimental validation was not performed in
the present study and remains a future direction.
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