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Mendelian randomization analysis to explore the
relationship between cathepsins and malignant

ovarian tumors
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Abstract

Cysteine cathepsins are a family of lysosomal proteases that are often overexpressed in several human malignancies and hag
been linked to cellular genomic alterations, disturbances in genomic stability, and the onset and spread of cancer. Recent studies
have shown alterations in cysteine cathepsins in malignant ovarian tumors. However, it remains unclear whether there is a causal
relationship between ovarian cancer, and its subtypes, and the cathepsin family. This study utilized two-sample Mendelian
randomization (MR) analysis to examine this potential causal relationship. Genetic instruments derived from publicly available
genetic summary data were used for the analyses. For MR analysis, the inverse-variance weighted method, weighted median
method, and MR-Egger regression were employed. Multivariate MR analysis was performed concurrently. Univariate MR analysis
indicated a strong correlation between decreased incidence of low-grade serous ovarian cancer and elevated levels of cathepsin
L2 (odds ratio = 0.803, 95% confidence interval = 0.685-0.942, P = .007), whereas clear cell ovarian cancer showed a strong
correlation with elevated levels of cathepsin H (odds ratio = 1.149, 95% confidence interval = 1.036-1.274, P = .008). Multivariate
analysis, adjusted for 9 different cathepsins as covariates, confirmed the genetic relationships between cathepsin L2 and low-
grade serous ovarian cancer and between cathepsin H and clear cell ovarian cancer. Our results suggest a causal relationship
between cathepsins and ovarian malignancy and its subtypes. Cathepsin L2 has a protective effect on low-grade serous ovarian
cancer, whereas cathepsin H is an adverse risk factor for clear cell ovarian cancer.

Abbreviations: CatH = Cathepsin H, CatlL.2 = Cathepsin L2, Cl = confidence interval, GWAS = genome-wide association
studies, Vs = instrument variants, IVW = inverse-variance weighting, MR = Mendelian randomization, OR = odds ratio, SNP =
single-nucleotide polymorphism.
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1. Introduction The human cysteine cathepsin family primarily consists of
9 members (cathepsins B, E, F, G, H, O, S, L2, and Z),® all
containing cysteine and histidine residues that form a conserved
active site.”! The primary function of cathepsins is protein deg-
radation within lysosomes, and is shared across the family. In
normal cells, cathepsins predominantly act as endopeptidases
within lysosomal vesicles and participate in physiological pro-
cesses such as protein turnover, differentiation, and apoptosis.!'%!
Cathepsins also play roles in cancer development, progression,
proliferation, and metastasis, and are considered relevant to
the initiation and progression of diseases, including ovarian
malignancies.!'"12]

Abnormal regulation of cathepsins at 1 or several levels can
result in certain cathepsins being upregulated, membrane-bound,

Ovarian malignancies are a major contributor to cancer-re-
lated deaths worldwide and cause significant morbidity and
mortality among women, ranking eighth in incidence and
mortality among all cancers.!"! Pathologically, ovarian cancer
is classified into low-grade serous, high-grade serous, clear
cell, mucinous, and endometrioid types.'?! Multiple risk factors
have been associated with the development and progression
of ovarian cancer,’! and maintaining homeostasis in the intra-
cellular and tumor microenvironments is critical for ovarian
cancer cells.*’1 To preserve cellular integrity, cancer cells must
regulate protein metabolism.!®) Therefore, increased levels of
proteolytic enzymes are indispensable for tumor growth and
proliferation.”!
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and secreted by tumor cells.'¥] Studies on the expression of
cathepsins in several types of cancer, including melanoma, lung,
colon, prostate, and breast cancer, have revealed increased
expression in tumor tissues.!" It has been reported that cathep-
sins are intimately connected with the initiation and progres-
sion of cancer, including the attenuation of tumor development.
The levels of cathepsins change with increasing grade of malig-
nancy in tumors. Immunohistochemical studies have demon-
strated that mature and/or precursor forms of cathepsins may
be secreted near tumor boundaries and associated with plasma
membrane proteins to facilitate invasion and metastasis.">! In
malignancies, cathepsins and their inhibitors are of potential
therapeutic importance.') However, it is essential to determine
which of the 9 cathepsins is most significant for the initiation of
ovarian cancer. Moreover, the role of these proteases in the fun-
damental processes of ovarian cancer genesis and progression
remains uncertain.

Mendelian randomization (MR) reduces the interference of
confounding factors and is particularly useful when randomized
controlled trials are impractical for investigating causal links
and observational studies yield biased results due to confound-
ers or reverse causality.'”! We aimed to identify the relationship
of cathepsins with ovarian cancer and its various pathological
subtypes to provide valuable evidence for managing ovarian
malignancies. While the relationship between cathepsins and
partial solid tumor malignancies has been elucidated, contro-
versy remains regarding the relationship between cathepsins and
ovarian malignancies.!"¥! Hence, we employed MR to establish
a causal relationship between cathepsins and ovarian cancers.
We first assessed this relationship using univariate MR analy-
sis. Considering the potential interactions among cathepsins, we
also conducted multivariate MR analysis to enhance the analyt-
ical strength.

1.1. Study methods

MR utilizes instrumental variables (IVs) to evaluate causality.™”!
Genetic variants serve as natural IVs because they are assigned
randomly at conception, creating genetic variation in exposure
levels. Our research approach is depicted in Figure 1. The study
drew on genome-wide association studies (GWAS) restricted to
individuals of European ancestry. Ethical approval was obtained
from institutional review boards for this study, and all partici-
pants provided informed consent.

1.2. Exposures chosen

Significant single-nucleotide polymorphisms (SNPs) associated
with cathepsin levels were identified from relevant GWAS data-
bases using a P-value threshold of <5E-6 to select SNPs for
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use as IVs. Only independent SNPs with no linkage disequi-
librium (R?<0.001 within a clumping window >10,000 kb)
were retained. The strength of the associations between IVs and
exposure factors was assessed using an F-statistic > 10, which
indicates a robust correlation. The formula for calculating the
F value is as follows: F=[R?>x (N-1-K)J/[K x (1-R?)]. The
common formula for R? is: R?=2 x MAF x (1-MAF) x 3%,
where MAF refers to the secondary allele frequency and p refers
to the influence value of the exposure. At the same time, the
statistical power was calculated.

1.3. Outcomes chosen

We accessed publicly available GWAS summary statistics for
assessing the relationship between SNPs and ovarian cancer,
including 25,509 cases and 40,941 controls, as well as with
different pathological subtypes of ovarian cancer: low-grade
serous (40,941 cases vs 43,907 controls), high-grade serous
(13,037 cases vs 40,941 controls), clear cell (1366 cases vs
40,941 controls), mucinous (2566 cases vs 40,941 controls),
and endometrioid ovarian cancer (2810 cases vs 40,941 con-
trols) (Table 1).

1.4. Statistics and reproducibility

To compute the causal effect, the primary statistical analy-
sis method employed was the random-effects inverse-variance
weighted (IVW) method. Additionally, we utilized techniques
like the weighted median (WM) and MR-Egger to produce con-
sistent outcomes.?’! The IVW Wald ratio, based on how each
variant affects exposure, calculates the probability of the cancer
under investigation. Subsequently, an overall summary estimate
was produced by combining the distinct MR estimates. The
weighted median and MR-Egger are 2 complementary tech-
niques that serve as robust methods for confirming the presence
of pleiotropy in MR data. MR-Egger regression acts both as an
estimator and as a method to weight SNP-outcome associations
linearly on SNP-exposure associations. The weighted median
method can provide a sensitivity analysis when multiple genetic
variants are involved.?! Simple Mode (SM) and weighted mode
(WM) are added, which can serve as a supplement to the IVW
method. Horizontal pleiotropic effects were detected using the
MR-Egger intercept.l??! To evaluate the validity of our hypothe-
sis, we carried out numerous statistical tests and sensitivity anal-
yses. Heterogeneity was assessed using Cochran Q statistic to
analyze differences between estimates.?’! We implemented the
leave-one-out method to locate SNPs that might disproportion-
ately affect the outcomes and to further assess the amplitude of
change in the findings. Multivariate MR expands upon standard
univariate MR; multivariate IVW considers multiple exposures
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Figure 1. Flow chart of the Mendelian randomization analysis.
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GWAS summary datasets on ovarian cancer and its subtypes.

ovarian cancer

Cancer ncase ncontrol Dataset

Ovarian cancer 25,509 40,941 ieu-a-1120
Low-grade serous ovarian cancer 40,941 43,907 ieu-a-1229
High-grade serous ovarian cancer 13,037 40,941 jeu-a-1121
Clear cell ovarian cancer 1366 40,941 ieu-a-1124
Mucinous ovarian cancer 2566 40,941 ieu-a-1231
Endometrioid ovarian cancer 2810 40,941 ieu-a-1125

GWAS = genome-wide association studies.

simultaneously to examine how the cathepsins interact with
one another and their pathogenic effects on different ovarian
cancer subtypes.**! Reverse MR was conducted to investigate
reverse causality and to support the existence of bidirectional
causal relationships by treating ovarian cancer as the exposure
and cathepsin levels as the outcome. All presented P-values are
bilateral, with statistical significance set at the 5% level. In order
to control the false-positive error rate, a conservative Bonferroni
adjustment of the P-value threshold was adopted to determine
causality. P <.05/9 =0.0055 was regarded as having signifi-
cant causality, and P <.05 was regarded as having potential
causality. Statistical analyses were conducted using R software
version 4.3.2, along with the packages “TwoSampleMR” and
“MendelianRandomization.”

2. Results

2.1. Univariate analysis

Causal relationships were assessed between various cathep-
sins and ovarian cancer, including its different pathological
subtypes (high-grade serous ovarian cancer, low-grade serous
ovarian cancer, clear cell ovarian cancer, mucinous ovarian can-
cer, and endometrioid ovarian cancer). There were 130 strong,
independent, and replicated SNP exposures extracted from
the GWAS statistical summary data (Table S1, Supplemental
Digital Content, http:/links.lww.com/MD/N779). Two-sample
Mendelian randomization analysis involving 9 cathepsins was
performed to evaluate the causal relationship between each
cathepsin and ovarian cancer. The results of the univariate
MR analysis indicated the associations of between cathep-
sin E (odds ratio [OR]=0.919, 95% confidence interval
[CI] = 0.850-0.994, P = .0357) and cathepsin Z (OR = 0.944,
95% ClI=0.893-0.998, P =.0458) with the predisposition to
ovarian cancer. Subsequent MR analyses were conducted for
the 9 cathepsins to determine their relationship with the dif-
ferent pathological subtypes of ovarian cancer. The incidence
of low-grade serous ovarian cancer showed a significant cor-
relation with elevated levels of cathepsin L2 (OR =0.803, 95%
CI=0.685-0.942, P =.0071), while clear cell ovarian cancer
was significantly correlated with increased levels of cathepsin H
(OR = 1.149, 95% CI = 1.036-1.274, P = .0081). Additionally,
our results suggests that cathepsin E (OR =0.893, 95%
CI=0.824-0.968, P =.00634) and cathepsin Z (OR = 0.926,
95% CI=0.866-0.991, P =.0267) are associated with high-
grade serous cancer (Fig. 2). The weighted median, MR-Egger,
simple mode, and weighted mode methods, which are 4 comple-
mentary methods, further verified the accuracy of these results.
Although the MR-Egger, weighted median, simple mode, and
weighted mode results do not fully support a causal relation-
ship between cathepsin and ovarian cancer and its subtypes,
the results of IVW method, MR-Egger, weighted median, simple
mode, and weighted mode are in the same direction (B-value
is in the same direction), indicating that the results are reli-
able (Table 2). No discernible heterogeneity was observed
(Cochrane Q P-value >.05; Table S2, Supplemental Digital

Cathepsin nsnp or p value
Cathepsin B 19 H—— 1.026 (0.981-1.074) 0.249
Cathepsin E 11 e 0.919 (0.850-0.994) 0.035
Cathepsin F 12 —— 0.993 (0.930-1.061) 0.850
CathepsinG 12 —_— 1.033 (0.962-1.110) 0.358
Cathepsin H 11 —_— 1.032 (0.998-1.066) 0.058
CathepsinO 11 —_— 0.993 (0.929-1.062) 0.846
CathepsinS 20 —d 0.995 (0.957-1.034) 0.811
Cathepsinl2 9 — 0.984 (0.909-1.065) 0.693
CathepsinZ 11 —_ 0.944 (0.893-0.998) 0.045

0.8 0.9 1 11 12
Low grade serous ovarian cancer

Cathepsin nsnp or p value
Cathepsin B 19 — 0.997 (0.904-1.101) 0.966
CathepsinE 11 —_— 1.026 (0.841-1.251) 0.795
Cathepsin F 12 [ e B 0.943 (0.754-1.180) 0.612
Cathepsin G 12 —f—— 1.075 (0.900-1.285) 0.420
CathepsinH 11 b 1.057 (0.971-1.150) 0.195
Cathepsin O 11 —f— 1.016 (0.878-1.175) 0.827
Cathepsin S 20 —— 0.999 (0.919-1.087) 0.993
Cathepsin L2 9 —— 0.803 (0.685-0.942) 0.007
CathepsinZ 11 ——— 0.951 (0.846-1.070) 0.410

06 07 08 09 1 11 12 13 14
High grade serous ovarian cancer
Cathepsin nsnp or p value

CathepsinB 19 1T 1.017 (0.964-1.073) 0.521
Cathepsin 11 ——— 0.893 (0.824-0.968) 0.006
CathepsinF 12 —_ 0.979 (0.911-1.051) 0.561
CathepsinG 12 ' 1045 (0.960-1.138) 0.300
CathepsinH 11 e 1.015 (0.976-1.055) 0.445
CathepsinO 11 —t— 1.016 (0.939-1.101) 0.678
CathepsinS 20 — 0.987 (0.942-1.034) 0.587
Cathepsinl2 9 —— 0.946 (0.866-1.034) 0.228
Cathepsinz 11 — 0.926 (0.866-0.991) 0.026
0.8 0.9 1 11 1.2

Clear cell ovarian cancer

Cathepsin nsnp or p value
Cathepsin B 19 —— 1.034 (0.902-1.186) 0.626
Cathepsin E 11 0.887 (0.726-1.084) 0.244
Cathepsin F 12 —_— 1.010 (0.841-1.214) 0.908
CathepsinG 12 —f—————— 1133 (0.912-1.407) 0.257
CathepsinH 11 — 1.149 (1.036-1.274) 0.008
Cathepsin O 11 —— 0.959 (0.782-1.177) 0.694
CathepsinS 20 —f— 1.023 (0.908-1.152) 0.704
Cathepsinl2 9 +—of — 0.980 (0.712-1.349) 0.905
Cathepsinz 11 — 0.998 (0.847-1.174) 0.982

07 08 09 1 11 12 13 14 15
Mucinous ovarian cancer

Cathepsin nsnp or p value
CathepsinB 19 —— 1.031 (0.920-1.155) 0.597
CathepsinE 11 —f———— 1066 (0.917-1.239) 0.405
Cathepsin F 12 A R 0.937 (0.772-1.138) 0.515
CathepsinG 12 —— 0.934 (0.776-1.125) 0.477
CathepsinH 11 —t 0.955 (0.888-1.027) 0.221
Cathepsin0 11  +————F+—— 0.912 (0.759-1.096) 0.329
CathepsinS 20 —t 0.956 (0.875-1.044) 0.323
Cathepsinl2 9 —_ 0.957 (0.808-1.132) 0.608
Cathepsinz 11 —_— 0.960 (0.846-1.088) 0.527

0.7 0.8 0.9 1 11 12 13
Endometrioid ovarian cancer

Cathepsin nsnp or p value
CathepsinB 19 T 1.074 (0.966-1.194) 0.185
Cathepsin E 11 —f— 1.039 (0.862-1.253) 0.682
CathepsinF 12 —_— 1.037 (0.869-1.238) 0.682
CathepsinG 12 e 1.021 (0.852-1.224) 0.813
CathepsinH 11 e 1.033 (0.962-1.110) 0.364
CathepsinO 11 —_— 0.949 (0.785-1.148) 0.595
CathepsinS 20 — 0.997 (0.899-1.106) 0.959
Cathepsinl2 9 ——————  1.082 (0.889-1.316) 0.428
Cathepsinz 11 — 1.008 (0.861-1.182) 0.912

Figure 2. Univariate Mendelian randomization (MR) analysis of inverse-vari-
ance weighted results of forest graphs.

Content, http://links.lww.com/MD/N779), and the Leave-one-
out analyses showed that the results were stable (Figures S1-
S6, Supplemental Digital Content, http:/links.lww.com/MD/
N778). The MR-Egger intercept was utilized to assess the pres-
ence of horizontal pleiotropy; however, horizontal pleiotropy
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Table 2

(Continued)

Weighted mode

OR(95%CI)
0.999 (0.890-1.122)

Simple mode

OR(95%Cl)
0.896 (0.690-1.164)

Weighted median

OR(95%CI)
0.999 (0.890-1.122)

MR-Egger

OR(95%Cl)
1.017 (0.879-1.175)

Inverse variance weighted

P-value
.855
491
794

P-value P-value P-value

OR(95%CI) P-value

0.956 (0.875-1.044)

nsnp

Cathepsin

cancer

422
579
175

998
.506
746

821
.833
540

323
.608
527

20
9

1

Cathepsin S

0.955 (0.636—1.434) 0.928 (0.746-1.155) 0.905 (0.646-1.269) 0.928 (0.746-1.155)

0.957 (0.808-1.132)

Cathepsin L2
Cathepsin Z

0.938 (0.772-1.140) 0.973 (0.824-1.148) 0.805 (0.602-1.077) 0.973 (0.824-1.148)

0.960 (0.846-1.088)

Endometrioid ovarian cancer

113
223
493
582
138

1.148 (0.976-1.351)
1.217 (0.905-1.637)
0.931 (0.766-1.133)

294
241
707
488
938
537
221
.608
725

1.162 (0.885-1.527)
1.225 (0.890-1.686)
0.953 (0.744-1.220)

115
.303
576
.954
A21
572
852
626
577

1.125(0.971-1.304)
1.112(0.907-1.364)
0.952 (0.803-1.129)

.345
.345
857
.386
073
509
AT76
549
.348

1.134 (0.878-1.465)
1.212 (0.829-1.773)
0.958 (0.609-1.506)

185
682
.682
813
.364
595
1959
428
912

1.074 (0.966-1.194)

19
11
12
12
11
11

20

Cathepsin B

1.039 (0.862—1.253)
1.037 (0.869-1.238)

Cathepsin E

Cathepsin F

0.847 (0.591-1.213) 0.993 (0.799-1.235) 1.152 (0.783-1.695) 0.906 (0.643-1.275)
1.009 (0.802-1.271)

1.021 (0.852-1.224)
1.033 (0.962-1.110)

Cathepsin G

1.065 (0.987-1.149)

1.063 (0.983-1.149)

1.107 (1.003-1.221)
0.868 (0.580-1.298)

Cathepsin H

590
639
544
628

1.095 (0.829-1.444) 1.080 (0.824-1.414)

0.832 (0.627-1.106)

1.060 (0.865-1.298)
0.988 (0.878-1.113)

0.949 (0.785-1.148)

Cathepsin O

0.971 (0.860-1.096)
0.894 (0.632-1.265)

0.938 (0.791-1.113)

0.997 (0.899-1.106)

Cathepsin S

0.913 (0.652-1.278)
1.051 (0.804-1.373)

0.945 (0.752-1.186)

1,169 (0.716-1.909)
0.893 (0.714-1.116)

1.082 (0.889-1.316)

9

11

Cathepsin L2
Cathepsin Z

0.956 (0.803-1.139)

0.955 (0.812-1.122)

1.008 (0.861-1.182)

odds ratio, SE = standard error, SNP = single-nucleotide polymorphism.

confidence interval, OR

Cl =

www.md-journal.com

was not demonstrated in this study (Table S3, Supplemental
Digital Content http:/links.lww.com/MD/N779).

2.2. Multivariable analysis

Furthermore, to exclude interference among cathepsins, multi-
variable MR assessments was conducted to assess the relation-
ships of ovarian cancer and its different pathological subtypes
with various cathepsins. The results indicated that after adjust-
ing for other cathepsins using multivariable MR, cathepsin L2
levels remained strongly associated with the risk of low-grade
serous ovarian cancer (OR=0.811, 95% CI=0.683-0.963,
P =.016), and higher cathepsin H levels continued to be strongly
related to the risk of clear cell ovarian cancer (OR =1.116,95%
CI =1.005-1.241, P = .041) as shown in Figure 3 and Table 54,
Supplemental Digital Content, http://links.lww.com/MD/N779.
However, no causal relationship was observed between cathep-
sins and other subtypes of ovarian cancer after adjustment for
other cathepsins, with the results not reaching statistical signif-
icance. Furthermore, examination of the MR-Egger intercept
did not indicate the presence of horizontal pleiotropy (Table
S5, Supplemental Digital Content, http:/links.lww.com/MD/
N779).

2.3. Reverse MR analysis

Reverse MR analysis for identifying the potential for reverse
causation showed that ovarian malignancies and their vary-
ing pathological subtypes had no significant association with
cathepsin L2 and cathepsin H (P > .05), suggesting the absence
of bidirectional causation (Table S6, Supplemental Digital
Content, http:/links.lww.com/MD/N779).

We determined that the efficacy and sample size of our study
were sufficient through a power calculation, as shown in Table
S7, Supplemental Digital Content, http:/links.lww.com/MD/
N779.

3. Discussion

Proteolytic events play a crucial role in the highly complex
processes involved in the genesis and progression of malignant
tumors.?) Among the key players associated with these events,
cathepsins have been identified as being particularly significant.
In this study, we examined the potential causal relationship
between cathepsins and ovarian cancer, including its patho-
logical subtypes, using genetic instruments. To the best of our
knowledge, this is the first study to demonstrate the causal rela-
tionship of ovarian cancer and its subtypes with various cathep-
sins. By integrating the results of from univariate, multivariate
analyses, and reverse MR analyses, we concluded that cathepsin
L2 has a protective effect, being negatively correlated with the
risk of low-grade serous ovarian cancer. In contrast, cathepsin H
levels showed a strong positive correlation with the risk of clear
cell ovarian cancer, indicating that cathepsin H was a significant
risk factor for this subtype.

The correlation between cathepsins and ovarian cancer has
been documented in earlier observational studies.>*?”1 A strong
association has been reported between the emergence and devel-
opment of ovarian cancer and cathepsins; however, reports on
the link between cathepsin L2 and low-grade serous ovarian
cancer, and between cathepsin H and clear cell ovarian cancer,
are relatively scarce. Our IVW analysis showed that cathepsin H
facilitates the occurrence and development of clear cell ovarian
cancer, which aligns with the findings of previous studies regard-
ing the role of cathepsins in the development of ovarian cancer.
Interestingly, our results suggested that cathepsin L2 may reduce
the risk of low-grade serous ovarian cancer, which differs from
the results of most previous studies on the relationship between
cathepsins and ovarian cancer. By employing multivariate and
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Low grade serous ovarian cancer

Cathepsin or p value
Cathepsin B . 1.012 (0.915-1.120) 0.820
Cathepsin E 1 *—— 1.039 (0.892-1.208) 0.624
Cathepsin F 0.999 (0.874-1.143) 0.993
Cathepsin G ——e——— 1.078 (0.934-1.244) 0.305
Cathepsin H —e—— 1.093 (1.013-1.181) 0.022
Cathepsin O | s 11.055 (0.876-1.271) 0.569
Cathepsin S —o——i 1.042 (0.950-1.143) 0.382
Cathepsinl2 —e—— 0.811 (0.683-0.963) 0.016
Cathepsin Z — o1 0.955 (0.837-1.090) 0.498

0.6 0.8 1 1.2
Clear cell ovarian cancer

Cathepsin or p value
Cathepsin B —p— 1.017 (0.885-1.168) 0.812
Cathepsin E 0.996 (0.811-1.224) 0.970
Cathepsin F e 1.068 (0.890-1.283) 0.480
Cathepsin G o 1.110 (0.911-1.350) 0.300
Cathepsin H EEP— 1.116 (1.005-1.241) 0.041
Cathepsin O | ° 11.162 (0.899-1.501) 0.251
Cathepsin S —_——— 1.034 (0.908-1.175) 0.618
Cathepsinl2 — o 0.866 (0.686-1.094) 0.227
Cathepsin Z — o1 0.905 (0.757-1.083) 0.277

0.6 0.8 1 1.2 1.4 1.6

Figure 3. Part of forest graphs based on multivariate analysis.

reverse MR analyses, we aimed to minimize confounding and
reverse causal bias, thereby obtaining more reliable results.

Cathepsin L2 (CatL2), located on human chromosome
9q21-22, encodes a lysosomal proteinase.?s! The protective
mechanism of cathepsin L2 against low-grade serous ovarian
cancer is not fully understood, and further research is required
for confirmation. Possible mechanisms include: (1) CatL2 may
promote DNA repair through various molecular pathways to
prevent cellular malignancy and promote, cell survival.*?! (2)
CTSL2 could affect cellular responses to radiation and chemo-
therapeutic agents by influencing factors such as oxygenation,
nutrient availability, and immune cell infiltration in the cellu-
lar microenvironment, thus maintaining cellular homeostasis
and promoting drug resistance.’®3! (3) CatL2 has the poten-
tial to hydrolyze cell surface proteins, exposing tumor antigens,
which can enhance the antigen-presenting functions of immune
cells and enable effective recognition and elimination of cancer
cells by immune cells. Additionally, CatL2 may induce various
inflammatory necrosis factors in the immune microenviron-
ment to inhibit the growth of malignant cells.*?! (4) CatL2 may
mediate apoptosis through proteolytic cascade reactions, reveal-
ing apoptotic inducers on the cell surface, thereby suppressing
tumor growth.3

Cathepsin H (CatH), encoded by a gene on chromosome
15q24-235, has been implicated in tumorigenesis.** For exam-
ple, Martinez suggested that CatH participates in modifica-
tions of the tumor microenvironment, facilitating cell-to-cell
communication and formation of malignant cells. It may also
accelerate the proliferation of cancer cells by processing tran-
scription factors within the nucleus. Increased levels of CatH in

early-stage tumors could assist in cancer diagnosis.*" Similarly,
Wang reported that CatH might facilitate tumor cell invasion of
surrounding tissues through alterations in cell adhesion, anchor-
ing to the matrix, and remodeling of the extracellular matrix. It
may also promote the detachment of tumor cells from the pri-
mary site, degrade junctions between vascular endothelial cells,
enable entry of tumor cells into the bloodstream, and hematog-
enous metastasis. In addition, CatH can cleave the extracellular
matrix to aid metastatic cancer cell colonization at new sites
and release growth factors trapped in the surrounding matrix
to promote angiogenesis, invasion, and tumor development.’¢!
Kolwijck indicated that upregulation of CatH can lead to an
imbalance between cathepsins and endogenous inhibitors; this
altered enzyme/inhibitor balance can promote tumorigenesis.
Cathepsin inhibitors have the potential to halt tumor progres-
sion, spread, and metastatic advancement, offering promis-
ing new therapeutic strategies against cancer progression and
metastasis, in addition to providing novel insights for develop-
ing personalized treatment strategies for ovarian cancer.’”)

This study has some limitations. First, the results of this study
are derived from statistical analysis, and there are few studies on
the correlation between cathepsin and ovarian malignant tumors
and their pathological subtypes; therefore, more basic and clini-
cal studies are needed to support the results of this study. Second,
due to the limited number of cases of ovarian cancer and its
pathological subtypes, the power of MR Analysis was reduced in
our study. Third, this study used abstract-level data on exposure
and outcome, rather than individual-level data; consequently,
subgroup analyses could not be performed. For example, our
analysis was not stratified by tumor stage, nor did it consider
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the potential effect of cathepsin concentration on the outcome.
Finally, because of the genetic diversity that exists between dif-
ferent populations, it is necessary to conduct a more comprehen-
sive study of GWAS cases and gather more detailed information
about the characteristics of the disease. The study participants
were entirely of European descent, which limits the generaliz-
ability of our results to the wider population. Accordingly, these
findings should be further validated in different populations.

In summary, our study results suggests that cathepsin L2 is
negatively correlated with ovarian cancer risk and may func-
tion as a protective factor against low-grade serous ovarian
cancer. Conversely, cathepsin H is positively correlated with an
increased risk of clear cell ovarian cancer, indicating that it is
a significant risk factor. These findings could aid in identifying
new therapeutic targets for ovarian cancer subtypes and provide
potential research directions for cathepsin-related treatments
for these cancers.
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