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Abstract

Background Observational studies have shown the potential for cathepsins (CTS) to have an effect on nasopharyngeal
carcinoma (NPC), but their conclusions are susceptible to confounding factors.

Methods To investigate the causal relationship between CTS and NPC, Mendelian randomization (MR) was conducted.
Genetic data for nine CTS (CTS B, E, F, G, H, L2, O, S and Z) was obtained from a genome-wide association study. As
the data on outcome, genetic data of NPC was utilized from a FinnGen study. MR was performed using five analytical
methods including Inverse Variance-Weighted (IVW) method, MR-Egger test, Weighted Median test, Simple Mode test
and Weighted Mode test, with the IVW as the main analysis method. Cochran’s Q test, MR-PRESSO global test and “leave-
one-out” sensitivity test were used in sensitivity analysis. Reverse MR was performed to investigate whether there is
reverse causality between NPC and CTS. MR Steiger test was used to determine the direction of the interaction between
CTS and NPC.

Results Overall, the authors found favorable evidence to support the association between Cathepsin F (CTSF) and NPC.
CTSF was associated to increase the risk of NPC (odds ratio [OR]=1.845, 95% confidence intervals [Cl]=1.086 ~3.136,
P=0.024) according to IVW. The results proved to be stable and robust in the sensitivity analysis. In the Steiger test, the
causal effect of CTS on NPC was shown to be unidirectional.

Conclusions These findings suggest that CTSF may plays an important role in NPC thus providing new research ideas for
future basic research endeavors and clinical applications.
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1 Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common head and neck cancers that often occurs in South China
and Southeast Asia. In 2022, 120,434 new cases ranked 23rd globally and 73,482 deaths ranked 21 st globally. NPC often
causes masses in the nasopharynx and neck, even hindering the function of the auditory tube, leading to a serious
reduction in quality of life [1, 2].To date, the development of modern medicine has made some progress in the treatment
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of NPC, but many patients still die due to distant metastasis or local recurrence [3]. Genetics, Epstein-Barr virus, smoking
and pickled foods are risk factors for NPC. Compared with other tumors, NPC is more prone to copy number variation,
a type of genetic mutation. Among them, genes that frequently undergo somatic mutations include TP53, KMT2 C,
NOTCH2, BRCAT, BRCA2. Functional genes, such as TP53, RASSF1 and MAD1L1 significantly affect the growth process
of NPC by influencing the NF-kB pathway [3]. Although genome-wide association studies have shown that genetic
factors play an important role in the development of NPC [4], specific genomic abnormalities are largely unknown.
The identification of genetic loci constitutes a pivotal catalyst for propelling advancements across diverse domains of
biomedical research, encompassing both the formulation of innovative therapeutic strategies and the deciphering of
molecular pathways underpinning drug resistance. Consequently, elucidating the mechanistic contributions of genetic
determinants emerges as an indispensable research priority [5]. In addition, it is necessary to learn more about the
process of the proteolytic system in the complex progress of the growth and survival of cancer cells [6]. As members
closely related to its action, CTS have attracted much attention [7].

Cathepsins (CTS) are lysosomal proteolytic enzymes that are widely present in various animal tissues and cells [8].
Its specific substrates such as high efficiency and high selection promote its role in maintaining cell homeostasis by
regulating proteolysis, foreign body clearance, immune response and apoptosis [9]. Among them, papain is also known
as cysteine cathepsin which participates in a variety of common pathophysiological activities in the human body. It has
been demonstrated that the process of proteolytic regulation is also implicated in the modulation of various hallmarks
of cancer, including tumor cell proliferation, invasion, metastasis, and angiogenesis [10]. At the same time, the process
of gene amplification and post-transcriptional modification of NPC promotes the high expression of CTS. Transformed
cells and tumor cells secrete a variety of CTS, which in turn are associated with tumor cell surface binding partners and
participate in tumor progression [11]. In head and neck cancers, including NPC, elevation of cathepsins constitutes a
bypass loop of the RAS, thereby promoting cancer cell proliferation, survival, metastasis, angiogenesis and other tumor
progression processes [12]. The high expression of cathepsin in the serum of patients with NPC makes it a potential
serological marker of NPC. As a target, CTS has been used to study the immune system regulation of tumor-infiltrating
lymphocytes and effector T cells to understand the mechanism of NPC suppression and evasion of immunity [13].
However, at present, there still a low number of studies on the causal relationship between CTS and NPC. Most of them
use clinical observation and cell experiment research methods, leading their results are susceptible to confounding
factors. These circumstances hinder our understanding of NPC from a genetic perspective and are detrimental to the
prevention and treatment of NPC in clinical practice.

Previous genetic studies have identified potential associations between NPC susceptibility and multiple loci, including
6p21, TERT, MST1R, and HLA. However, the high polymorphism and linkage disequilibrium within these gene-dense
regions have complicated the interpretation of genetic contributions to NPC risk, as small-scale studies are limited in
resolving the intricate relationships among these variants [14].

Therefore, we conducted a Mendelian randomization (MR) analysis to explore the causal relationship between CTS
and NPC, which is beneficial for learning more about the gene-related properties of NPC and provides new directions for
clinical research on NPC. MR leverages the principle of random allocation of genetic variation during meiosis from parents
to offspring to infer causal relationships between exposure and outcome while minimizing the influence of confounding
factors and reverse causality. Single nucleotide polymorphisms (SNPs) are instrumental variables (IVs) used to overcome
the influence of confounding factors on outcome data, leading to stable results compared with other traditional methods
[15].To our knowledge, there has been no MR study investigating the potential causal relationship between CTS and NPC.
Therefore, MR was conducted to confirm the association between these 9 CTS (CTSB, E, F, G, H, L2, 0O, S, and Z) and NPC
in the hope of providing potential therapeutic targets for the prevention and treatment of NPC better [16].

2 Methods

2.1 Source of genetic data of CTS and NPC

The CTS GWAS data were grouped into nine clusters: CTSB, CTSE, CTSF, CTSG, CTSH, CTSL2, CTSS, CTSO, and CTSZ. Also,
after referring to other studies that employed MR as a research method, we involved these 9 CTS in our study [8, 171.
Genetic data of these 9 CTS was utilized from a genome-wide association study (IEU Open GWAS) (Table 1). The study

included 2994 plasma proteins from 3301 European populations. The 10.5 million estimated autosomal variants were
examined genome-wide, resulting in 1927 relationships between genomic regions and 1478 proteins through short
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strands of DNA bound to specific molecular targets (aptamers) [18]. In relevant studies, the genetic data of these 9 CTS
were proven to be sufficiently justified for sample size [19]. In order to reduce the sample overlap of exposure data and
outcome data, so as to reduce the interference of confounding factors on the results and improve the stability of the
results, the latest Genetic data for NPC was from FinnGen (Table 1). Referred to other studies which include genetic data
for NPCinto MR analysis, the data were obtained from the European population including a total of 89 cases and 345,118
healthy controls [20]. All GWAS data referenced in this study were sourced from authoritative databases (e.g., IEU Open
GWAS and FinnGen) and underwent rigorous quality control (QC) procedures, encompassing both sample-wise QC and
variant-wise QC[19, 21]. These QC workflows minimize technical noise and population stratification, thereby enhancing
the authenticity of association signals and reducing false-positive genetic loci. This ensures robust exposure-instrument
variable associations, mitigating weak IVs bias in MR. A detailed overview of the GWAS data in this study are presented
in supplementary materials (Supplementary file Table S1).

2.2 Study design

We conducted a two-sample MR study to explore the potential association between CTS and NPC.The SNPs related to CTS
(exposure data) were used as IVs for analysis with NPC (outcome data). The three assumptions of MR are the conditions
for the design of this study: (1) correlation assumption: IVs and exposure data are closely related; (2) independence
assumption: the confounding factors of exposure data and outcome data have no significant effect on IVs; (3) exclusivity
hypothesis: IVs are not directly related to the outcome data and have nothing to do with confounding factors, but only
affect the outcome data through exposure data. The data for this study were obtained from public databases and had
informed consents from the participants. Thus, no additional ethical application was required for this study. Schematic
design of MR study of cathepsins and NPC is as seen in Fig. 1.

This IVs need to meet the following three hypotheses: (1) correlation assumption: IVs and exposure data are closely
related; (2) independence assumption: the confounding factors of exposure data and outcome data have no significant
effect on IVs; (3) exclusivity hypothesis: IVs are not directly related to the outcome data and have nothing to do with
confounding factors, but only affect the outcome data through exposure data.

Fig. 1 Schematic design of
MR study of CTS and NPC Data sources:

a genome-wide association
study (http://gwas. mrcieu. ac.
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Table 1 Information on the Trait Population Year Sample size Number of SNPS
datasets for CTS and NPC
Cathepsin B European 2018 3301 10,534,735
Cathepsin E European 2018 3301 10,534,735
Cathepsin F European 2018 3301 10,534,735
Cathepsin G European 2018 3301 10,534,735
Cathepsin H European 2018 3301 10,534,735
Cathepsin O European 2018 3301 10,534,735
Cathepsin S European 2018 3301 10,534,735
Cathepsin L2 European 2018 3301 10,534,735
Cathepsin Z European 2018 3301 10,534,735
Nasopharyngeal European 2023 345,207 20,442,898
carcinoma

2.3 The selection of IVs

Given that there were few SNPs with CTS satisfying the P< 5x 1078 condition, we selected P< 5x 107 as the
threshold of significance level after comprehensive reference to the relevant literature, ensuring that IVs and CTS
are closely related [22]. The exclusion of confounding factors is important for the independence assumption; thus,
SNPs were assessed for confounding factors by manual search in the LDlink database. SNPs that were related to
NPC were thought to be confounding factors in our study and were excluded according to the independence
assumption. To obtain independent IVs, the linkage disequilibrium coefficient was set to r> =0.001 and the region
width was set to kb > 10,000. The F-value is closely related to the stability of the MR Analysis results; therefore,
weak instrumental variables need to be excluded. This study used the formula for calculating F-scores to exclude
weak instrumental variables: F=R? (n-k-1)/k (1-R?) (n: the sample size, k: the number of IVs, R?: the extent to which
exposure is explained by the selected SNPs), R?>=2x (1-MAF) x MAF sz (MAF is the minimum allele frequency, 8
is the effect size of the allele), and only IVs with F> 10 were retained [23]. Meanwhile, the palindromic SNPs with
intermediate allele frequencies were removed by coordinating the effect alleles between the exposure and outcome
data. In the reverse MR analysis, the SNP screening criteria we applied was the same as the forwards MR analysis,
whichis P<5x 107,

2.4 The forwards MR analysis

The"TwoSampleMR"package in R software (version 4.4.1) was used for data analysis. The results of Inverse-Variance
Weighted (IVW), MR-Egger, Weighted Median, Simple Mode and Weighted Mode were used. Because the IVW method
can fully refer to the Wald estimate of each IV in the absence of horizontal pleiotropy, the results are more stable and
accurate. Therefore, in the absence of horizontal pleiotropy, the IVW was used as the primary analysis method. MR-Egger,
Weighted Median, Simple Mode and Weighted Mode were used to validate the results from IVW.

2.5 Sensitivity analysis

Sensitivity analyses included Cochran’s Q test, MR-PRESSO global test and leave-one-out test. Cochran’s Q test as used
to detect heterogeneity among IVs in the heterogeneity test [24].It was considered to have no significant heterogeneity
when P> 0.05. MR-PRESSO global test was used to detect horizontal pleiotropy [25]. It can be considered as no horizontal
pleiotropy when P> 0.05, which corresponds to MR-Egger’s intercept approximates to 0. When horizontal pleiotropy (P <
0.05) was detected, the analysis would be repeated after outlier variants were removed. MR-PRESSO global test can also
be used to validate MR Analysis results and detect outliers simultaneously. To verify that the causal relationship between
CTS and NPCis not affected by a single SNP'leave-one-out"sensitivity test was used [26]. In"leave-one-out"sensitivity test,
forest plot can be used to show the MR estimate and 95% confidence interval values of every SNP [27]. The Bonferroni
correction formula is 0.05/(number of exposures included in the study * number of outcomes included in the study) [28].
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2.6 Thereverse MR analysis and MR Steiger test

In the reverse MR analysis, genetic data of NPC were used as exposure, while genetic data of 9 CTS were used as
outcome to determine whether there was a reverse causality between NPC and CTS. The screening criteria for SNPs
were as serious as those in the forwards MR analysis.

To confirm the direction of causal action of CTS on NPC, MR Steiger test was used to examine the direction of the
interaction between CTS and NPC [29]. Results were considered statistically significant at P < 0.05.

3 Results
3.1 The forwards MR analysis

We analyzed the causal relationship between nine common CTS and NPC. To account for any linkage disequilibrium,
we excluded IVs with an r? value below 0.01 within a range of 1000 kb. The calculation formula of the F value was
used to value the F values of the IVs selected in this study. The effect of them were found to be strong, because the F
values were all greater than 10. No confounding factors were association with NPC. After Bonferroni correction, the
P-values were below the Bonferroni threshold. According to the results of the forwards MR analysis, CTSF increased
the risk of NPC (odds ratio [OR] =1.845, 95% confidence intervals [CI] =1.086 ~3.136, P= 0.024). In addition, the
results of IVW and MR-Egger test, Weighted Median test, Simple Mode test and Weighted Mode test were consistent
in the direction, which further proves the promoting effect of CTSF on the risk of NPC, as seen in Fig. 2 and Fig. 3.

Fig.2 Forest plot of OR values
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However, in addition to CTSF, the other eight CTS did not show an obvious causal relationship with NPC risk in the
MR Analysis. The results of the forwards MR analysis are as seen in Table 2.

3.2 Sensitivity analysis

Cochran’s Q test indicated that there was no significant heterogeneity (IVW: P= 0.467, MR Egger: P= 0.552). The
results for MR-PRESSO (P = 0.579) demonstrated the absence of horizontal pleiotropy and MR-Egger’s intercept
approximates to 0 (intercept =— 0.015, P=0.919). The results of the Cochran’s Q test and MR-PRESSO indicated that
there was no heterogeneity among the included SNPs and no potential bias in the association between CTS and
NPC, such that CTS only affects NPC through IVs. According to the"leave-one-out"sensitivity test, a single SNP had
no significant effect on causality, confirming the robustness of the results. The forest plot of it showed that CTS
played a positive role in regulating the risk of NPC. In the absence of SNPs exhibiting substantial heterogeneity, the
majority of SNPs demonstrated an obvious impact on NPC. The 95% confidence intervals indicate that the effects
were unidirectional. It confirmed the results of the forwards MR analysis, as seen in Fig. 4.

3.3 Thereverse MR analysis and MR Steiger test

In the reverse MR analysis, although the SNP screening criteria we applied were the same as those in forwards MR
analysis, there were no suitable SNPs. This suggests that genetic susceptibility to NPC does not significantly affect genetic
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Table2 MR results of 5 Exposure Outcome No. of SNPs Methods OR (95%Cl) P
methods between CTS and
NPC CTSB NPC 19 MR Egger 1.186(0.373 ~3.778)  0.776
19 Weighted median 0.806(0.396 ~ 1.641) 0.552
19 Inverse variance weighted 0.916(0.562 ~1.495) 0.727
19 Simple mode 0.900(0.273 ~2.969) 0.864
19 Weighted mode 0.795(0.375 ~ 1.684) 0.556
CTSE NPC 9 MR Egger 0.870(0.331 ~0.283) 0.785
9 Weighted median 1.198(0.561 ~2.558) 0.641
9 Inverse variance weighted 0.990(0.554 ~1.767) 0.970
9 Simple mode 1.360(0.386 ~4.792) 0.646
9 Weighted mode 1.247(0.448 ~3.471) 0.684
CTSF NPC 13 MR Egger 1.959(0.566 ~ 6.778) 0.311
13 Weighted median 2.358(1.141 ~4.875) 0.021
13 Inverse variance weighted 1.845(1.086 ~3.136) 0.024
13 Simple mode 2.203(0.732 ~6.630) 0.185
13 Weighted mode 2.392(0.923 ~6.201) 0.098
CTSG NPC 13 MR Egger 1.847(0.571 ~5.980) 0.328
13 Weighted median 1.063(0.444 ~2.548) 0.891
13 Inverse variance weighted 0.783(0.428 ~1.433) 0.427
13 Simple mode 1.568(0.389 ~6.317) 0.639
13 Weighted mode 1.153(0.477 ~2.787) 0.757
CTSH NPC 16 MR Egger 1.178(0.288 ~4.820) 0.823
16 Weighted median 1.042(0.453 ~2.398) 0.923
16 Inverse variance weighted 1.120(0.557 ~2.252) 0.751
16 Simple mode 1.380(0.365 ~5.520) 0.642
16 Weighted mode 1.164(0.467 ~2.901) 0.748
CTS L2 NPC 11 MR Egger 0.729(0.094 ~5.623) 0.768
1 Weighted median 0.921(0.341 ~2.487) 0.872
11 Inverse variance weighted 0.986(0.460 ~2.116) 0.972
11 Simple mode 0.751(1.177 ~3.193) 0.707
1 Weighted mode 0.796(0.237 ~2.672) 0.720
CTSO NPC 12 MR Egger 0.280(0.056 ~ 1.391) 0.151
12 Weighted median 0.979(0.396 ~2.416) 0.963
12 Inverse variance weighted 0.950(0.477 ~1.889) 0.882
12 Simple mode 0.927(0.250 ~3.430) 0.912
12 Weighted mode 0.917(0.259 ~3.251) 0.895
CTSS NPC 23 MR Egger 0.811(0.386 ~1.703) 0.586
23 Weighted median 0.843(0.454 ~1.566)  0.588
23 Inverse variance weighted 1.070(0.694 ~1.651) 0.758
23 Simple mode 1.241(0.444 ~3.469) 0.684
23 Weighted mode 0.890(0.462 ~ 1.716) 0.732
TSz NPC 13 MR Egger 1.369(0.530 ~3.535) 0.530
13 Weighted median 1.224(0.624 ~1.403) 0.557
13 Inverse variance weighted 1.455(0.830 ~2.552) 0.191
13 Simple mode 1.273(0.460 ~3.520) 0.650
13 Weighted mode 1.432(0.721 ~2.843) 0.325
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susceptibility to CTS. The causal relationship between NPC and CTS is influenced by complex confounding factors, leading
to the need to discuss the potential association between CTS and NPC.

The MR Steiger test proved that CTS did not have a reverse effect on NPC. P< 0.05 confirmed that the result was
considered statistically significant (Supplementary file Table S2).

4 Discussion

The study investigated the causal relationship between 9 common CTS (CTS B, E, F, G, H, L2, O, S, and Z) and NPC. To
exclude the interference of confounding factors, we selected the genetic data of 9 common CTS and NPC as the exposure
data and outcome data for the forwards MR analysis under the premise of meeting the three principles of correlation
assumption, independence assumption, and exclusion assumption. The results showed that CTSF might increase the
risk of NPC (OR =1.845, 95% Cl =1.086 ~3.136, P= 0.024), whereas the other 8 types of CTS had no causal effect on
NPC. In contrast, NPC had no causal effect on CTS. This result was confirmed to be not affected by a single SNP with no
heterogeneity and horizontal pleiotropy in heterogeneity and horizontal pleiotropy test.

NPC is a common head and neck cancer, which has caused significant harm in South China and Southeast Asia. The
pathogenesis of NPC is related to genetics, diet, smoking, oral hygiene, Epstein-Barr virus infection, and other factors
[1]. Among these, genetic factors play a role in the pathogenesis of NPC by affecting the immune response of genes,
exogenous metabolism, and the cell cycle. Radiation therapy represents the primary treatment modality for NPC, and
some advanced patients may need to be treated in combination with chemotherapy. Radiation therapy is a therapeutic
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modality that can elicit anti-tumor biological effects by inducing damage or death to tumor cells through the application
of ionizing radiation. Despite the proven efficacy of radiation therapy in treating NPC, the treatment inevitably causes
damage to patients'normal head and neck tissues, resulting in a decline in patients'quality of life. The majority of NPC
cells exhibit poor differentiation and rapid proliferation, resulting in a high probability of tumor recurrence or metastasis
following treatment, which can ultimately lead to mortality [3, 30].

CTS is widely found in cellular tissues of various animals. Abnormalities in its active proteolytic activity or signal
transduction pathway often leads to the occurrence of a variety of diseases, including cancers. Research has revealed that
CTS has the capacity to degrade the extracellular matrix of surrounding cells, promote neovascularization and alter the
tumor microenvironment by affecting cytokines and chemokines. As a consequence of these effects, tumor cell invasion
and metastasis are promoted [31, 32]. To date, 15 CTS have been identified in the human body [33]. CTSB, expressed
on the surface of tumor cells, plays a critical role in tumor progression and metastasis by degrading components of the
extracellular matrix [34]. CTSG, a potential modulator of protein stability, has been associated with alterations in tumor-
stroma interactions and an enhancement in cancer cell adhesion and migration [35]. CTSS, which can be upregulated
in endothelial cells, is involved in neovascularization, providing oxygen and nutrients for cancer cell proliferation [36].
CTSF, also known as CATSF/CLN13, is widely involved in various protein catabolic processes in the human body [37, 38].
It is a potential target for cancers when its genetic variation is incorrect [39]. The elevated expression levels of CTSF in
diverse human cancers have led to the proposition that its measurement in serum could serve as a diagnostic tool for
cancer detection, with the notable benefit of minimal trauma [40].

Research has revealed that CTS has the potential to serve as a tumor marker for NPC, and it has been associated with
metastasis and drug resistance in this malignancy [31]. CTS plays a pivotal role in the motility and invasion of NPC cells,
serving as a crucial reference indicator for tumor metastasis [41]. CTS showed high expression in NPC, and this expression
was found to be closely associated with lymph node metastasis and distant metastasis [42]. Patients diagnosed with NPC
who exhibit elevated cathepsin expression levels frequently demonstrate a more negative prognosis.

CTSF expression increases in a multitude of cancer cells; however, the role of CTSF in tumorigenesis and progression
requires further elucidation [43]. There remains a paucity of relevant studies examining the potential association between
CTSF and the risk of NPC, and the stability of results is compromised by the influence of confounding factors. Although
CTSF is widely expressed in cancers, such as NPC, its role in cancer progression remains unclear.

The results of our study proved whether CTS, including CTSF serve as potential candidate biomarkers of NPC, which
might help us to discover NPC as soon as possible. To date, extant studies have not examined the causal relationship
between CTS and NPC at the genetic level. This study was the first to address this research gap using MR. Controlling for
confounding factors and reverse causality, this study found that CTSF in CTS might participate in the development of
NPC.This finding indicates that CTSF has the capacity to function as a tumor marker or risk stratification factor, with the
purpose of alerting patients to their potential risk of developing NPC and evaluating treatment efficacy. This purpose
can be accomplished by measuring CTSF levels in the blood, which prompts clinicians to offer patients further tumor
screening or a modification in the appropriate anti-tumor treatment regimen. Conversely, CTSF can be utilized as a
therapeutic target, reducing the promotion of CTSF in NPC cells through the interference with CTSF expression.

5 Limitations

Although this study contributes to the understanding of the causal relationship between CTS and NPC, there are
limitations to this study. The present study is based on data analyzed from a European population, so it is uncertain
whether the results of this study are appropriate for interpretation in other regions and populations. Although this study
went through several assumptions to avoid the horizontal pleiotropy and heterogeneity that exist in Vs, there may still
be unknown potential biases that could affect our findings. This study only explored the relationship between CTS and
NPC from the perspective of statistical analysis of data, and could not provide evidence of causality at the level of specific
mechanisms. Therefore, the results of this study must be interpreted and applied with caution in actual clinical situations.
Comprehensive evidence based on studies such as cellular experiments and clinical trials is needed to demonstrate that
the conclusions of this study are reliable.
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6 Conclusion

The study investigated the causal relationship between 9 common CTS (CTS B, E, F, G, H, L2, O, S, and Z) and NPC. To
exclude the interference of confounding factors, we selected the genetic data of 9 common CTS and NPC as the exposure
data and outcome data for the forwards MR analysis under the premise of meeting the three principles of correlation
assumption, independence assumption, and exclusion assumption. The results showed that CTSF might increase the
risk of NPC (OR =1.845, 95% Cl =1.086 ~ 3.136, P= 0.024), whereas the other 8 types of CTS had no causal effect on NPC.
NPC had no causal effect on CTS. This result was confirmed to be not affected by a single SNP with no heterogeneity and
horizontal pleiotropy in heterogeneity and horizontal pleiotropy.

However, this study only found a causal relationship between CTSF and NPC from the aspect of MR and did not involve
other research, including clinical and mechanistic research. In the future, the limitations of the conclusions will lead us
to adopt more analytical methods to explore the role of CTSF in NPC risk.
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