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Background: Previous studies have reported the correlation between single galectin levels and gynecologic cancers. The present
study used the Mendelian randomization (MR) technique to evaluate the causal relationship between galectin levels and gynecologic
cancers.

Methods: Data on galectin levels (3394 individuals of the Gal-3 dataset, 3301 individuals of Gal-1, Gal-2, Gal-4, Gal-7, Gal-8, Gal-9,
and Gal-10 datasets) and gynecologic cancers were obtained from the IEU Open genome-wide association study (GWAS) project,
Ovarian Cancer Association Consortium (OCAC) and FinnGen consortium. Two-sample MR was performed to determine the causal
relationship between galectin levels and gynecologic cancers. Meanwhile, a bi-directional MR analysis was also conducted to examine
the direction of the causal relations. The results were expressed as odds ratios (ORs) and 95% confidence intervals (CIs).

Results: Gal-3 (OR=1.001, 95% CI: 1.000-1.001) and Gal-8 (OR=1.001, 95% CI: 1.000-1.002) may indicate small effects on
cervical cancer. Gal-1 was suggested as risk factors for ovarian cancer (OR=1.108, 95% CI: 1.033—1.188), high grade serous ovarian
cancer (OR=1.106, 95% CI: 1.019-1.202), and invasive mucinous ovarian cancer (OR=1.279, 95% CI: 1.041-1.573). Gal-9 showed
modest effect in ovarian cancer (OR=1.070, 95% CI: 1.000-1.144), but significantly associated with an elevated risk of mucinous
ovarian cancer (OR=1.242, 95% CI: 1.015-1.520). Gal-10 was suggested as a protective factor against ovarian cancer (OR=0.929,
95% CI: 0.867-0.994) and clear cell ovarian cancer (OR=0.803, 95% CI: 0.653-0.987). Gal-2 (OR=0.779, 95% CI: 0.654-0.929) and
Gal-4 (OR=0.786, 95% CI: 0.639-0.966) were found as protective factors for malignant neoplasm of corpus uteri. Gal-2 (OR=0.921,
95% CI: 0.851-0.997) and Gal-10 (OR=0.892, 95% CI: 0.815-0.977) were suggested as protective factors against endometrial cancer
(endometrioid histology). Similarly, higher Gal-4 was also associated with decreased risk of endometrial cancer (OR=0.902, 95% CI:
0.840-0.969) and endometrial cancer (endometrioid histology) (OR=0.846, 95% CI: 0.778-0.920).

Conclusion: The study explored potential causal relationships between galectin levels and gynecologic cancers. While some
associations were modest, the consistent directionality across sensitivity analyses and the biological plausibility of galectins in
tumor immunology suggest that these proteins warrant further investigation as potential biomarkers and therapeutic targets. Future
research should validate these findings in clinical cohorts and explore underlying mechanisms.
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Introduction

Gynecologic cancers, including ovarian, endometrial, and cervical cancers, represent a significant global health burden,
accounting for substantial morbidity and mortality among women worldwide.' Despite advances in screening, diagnosis,
and treatment, the prognosis for patients with advanced-stage gynecologic cancers remains poor. Identification of novel
biomarkers and a deeper understanding of the underlying molecular mechanisms driving these malignancies are therefore

critical to improving early detection, prognosis, and therapeutic strategies. One such promising avenue of research lies in
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exploring galectins, a family of B-galactoside-binding proteins, which have been implicated in various pathological
processes, including tumorigenesis, immune evasion, and metastasis.*”

Galectins were the first family of glycan binding proteins for which immune regulatory activity. In vertebrates, more
than 16 galectins have been characterized (galectin-1—galectin-16).* It has been reported that galectins play varying roles
in distinct tissue types and have been implicated in different diseases, including cancer.” Galectins are involved in
numerous cellular functions, such as cell adhesion, migration, proliferation, and apoptosis, and their dysregulation has
been linked to cancer progression and poor clinical outcomes.” Among these 16 members in galectins family, Gal-1, Gal-
3 and Gal-9 have been awarded a key role in tumorigenesis and progression in cancers. Gall was the first identified
member of the galectin family, which has been ubiquitously involved in promoting tumour progression, immune escape,
and metastatic dissemination. Given the limitations and toxic side effects associated with current treatment options,
alternative strategies targeting Gal-1 have been explored for their therapeutic potential.® Galectin-3 is located within the
cytoplasm and the nucleus but can be transported onto the cell surface, extra-cellular space, and the circulation via
nonclassical secretory pathways. Gal-3 is involved with several cellular activities, such as apoptosis, cell migration,
proliferation, angiogenesis and cancer cell stemness.’ Interestingly, Gal-9 exhibits multifaceted roles that are intricately
linked to the location of its binding partners at the cellular level. Within the cell, Gal-9 regulates cell adhesion molecules
and enhances adhesion, thereby reducing the capacity for tumor invasion and metastasis. Conversely, extracellular Gal-9
serves a completely different role, particularly within the tumor microenvironment.® Despite the accumulating studies
pointing to galectin’s role in cancer biology, establishing a definitive causal relationship between galectin expression and
the onset or progression of gynecologic cancers remains elusive. Previous studies reported Gal-1 level was significantly
higher in patients with ovarian cancer than in health and closely associated with the invasion and metastasis of ovarian
cancer.”'? In addition, higher Gal-1 and Gal-9 levels were also observed in ovarian tumor samples and were associated
with disease progression and worse survival.'®!! Besides, Gal-3, —7,-8 and —9 were also reported to be involved in
tumorigenesis and progression of ovarian cancer.'” In vitro experiments also showed that the high expression of Gal-1
and Gal-3 could promote the growth of cervical cancer cells.'*"'* Gal-2 and Gal-4 show opposite biological effects in
different cancers, which may be related to the expression of different galectin-binding glycans.'>'” However, due to the
fact that there are some conflicting evidence of these galectins existing in gynecologic cancers, further researches should
be carried out to investigate the detailed function.

Mendelian randomization (MR), which leverages genetic variants as instrumental variables to infer causal relationships
between exposures and outcomes, has emerged as a powerful tool in epidemiology.'® By utilizing genetic variants as
instrumental variables, MR circumvents some confounding and reverse causation dilemmas that often plague traditional
observational studies.'® Furthermore, as the genetic code is not influenced by environmental factors or preclinical diseases, it
is also less susceptible to bias caused by reverse causation. MR has been widely used in the etiology of gynecological
cancers.””*' Recent MR studies have shown that Gal-3 is a risk factor for heart failure, Parkinson’s disease, and gestational
hypertension.”?>* The relationship between galectin levels and gynecology cancers remains unclear. The study aimed to
investigate whether galectin levels are causally associated with the risk of gynecologic cancers, including cervical, ovarian,
endometrial cancers, and malignant neoplasm of corpus uteri. In the present study, we used data on galectin levels (Gal-1,
Gal-2, Gal-3, Gal-4, Gal-7, Gal-8, Gal-9, and Gal-10) from the IEU Open genome-wide association study (GWAS) project
and gynecologic cancers were obtained from GWAS project, Ovarian Cancer Association Consortium (OCAC) and FinnGen
consortium to explore the potential causal relationship of galectin levels and gynecologic cancers by two-sample MR
analysis. Meanwhile, a bi-directional MR analysis was also conducted to examine the direction of the causal relations. The
findings would provide valuable insights into the molecular mechanisms underpinning gynecological cancer pathogenesis
and highlight potential biomarkers or therapeutic targets for intervention.

Methods

Study Design

A univariable two-sample MR method was used to investigate the relationship between galectin levels and gynecologic
cancers. The three assumptions of this study are presented in Figure 1. The single nucleotide polymorphisms (SNPs) that
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Figure | The directed acyclic graph of exposures and outcomes.

were selected as instrumental variables (IVs) were supposed to fulfill the three assumptions: (1) SNPs showed an
association with the galectin levels, (2) SNPs were not linked to any confounder variables between exposure and
outcomes, and (3) SNPs only affect the outcome via the exposure.

Data Sources

For serum galectin, summary statistics data of SNPs were extracted from a large-scale genome-wide association study
(GWAS). The Gal-3 dataset includes 3394 individuals of European ancestry.>* And 3301 European ancestry individuals
were included in the Gal-1, Gal-2, Gal-4, Gal-7, Gal-8, Gal-9, and Gal-10 datasets.>> Data concerning cervical cancer
(563 cases of 199086 individuals), endometrial cancer (12,906 cases of 21,885 individuals), endometrial cancer
(endometrioid histology) (8758 cases of 54884 individuals), and endometrial cancer (Non-endometrioid histology)
(1230 cases of 36,677 individuals) were sourced from the MRC Integrative Epidemiology Unit (IEU) Open GWAS
database.?® Data on ovarian cancer (25509 cases of 66450 individuals), clear cell ovarian cancer (1366 cases of 42307
individuals), endometrioid ovarian cancer (2810 cases of 43,751 individuals), high grade serous ovarian cancer (13037
cases of 53978 individuals), low grade serous ovarian cancer (1012 cases of 41953 individuals), and invasive mucinous
ovarian cancer (1417 cases of 42358 individuals) were obtained from the Ovarian Cancer Association Consortium
(OCAC).”’ Publicly available summary statistics from the FinnGen consortium (www.finbb.fi) provided data on the
malignant neoplasm of corpus uteri (1053 cases of 123,579 individuals). Detailed information is expressed in Table S1.
The original GWASs have obtained adequate patient consent and ethical approval. Due to the use of de-identified data,
ethical approval was not required for our study.

Selection of SNPs

First, SNPs were selected of those associated with galectin at a genome-wide significance threshold (P <5x10~°) from the
corresponding datasets to ensure a close relationship existed between the IVs and galectin levels. Then, to eliminate
linkage disequilibrium (LD), the clumping process was implemented with R?<0.001 and kb= 10000. Furthermore, to
ensure the effect of the SNPs on the galectin correspond to the same allele as the effect of the outcome. As the same
letters on the forward and reverse strands, palindromic SNPs were deleted to prevent unexpected biases. Finally, the
estimated variance in galectin explained by each SNP and the corresponding F statistics were calculated to evaluate the
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strength of the IVs. To ensure the use of robust genetic instruments, the F statistics should exceed a threshold of 10.%*
The detailed screening process of SNPs was shown in Table S2.

Statistical Analysis IVs

A two-sample MR method was performed to explore the causal direction of the relationship between galectin levels and
gynecologic cancers. In the primary analysis, we computed a Wald ratio for each genetic variant and summarized these
estimates through the inverse-variance weighted (IVW) method. The multiplicative random-effects IVW method offers
a succinct estimation while considering potential heterogeneity among SNP-derived Wald ratio estimates.”” Random-
effects IVW models are utilized in the presence of heterogeneity; otherwise, a fixed-effect model is used. The
heterogeneity was detected using Cochran’s Q statistics and the two-sample MR package between instruments.
A Q larger than the number of instruments minus one provides evidence for heterogeneity and invalid instruments, or
Q statistics significant at a P-value <0.05 can imply the presence of heterogeneity. Alternative methods were conducted,
such as sensitivity analysis, including weighted median, weighted mode, and MR-pleiotropy residual sum and outlier
(MR-PRESSO). Leave-one-out analysis was used to detect heterogeneity across the SNPs, while the MR-Egger intercept
test was used to detect potential horizontal pleiotropy. A P-value of >0.05 suggested no evidence of heterogeneity or
pleiotropy. MR Steiger directionality tests were conducted to examine whether exposure was directionally causal for the
outcome. The results were expressed as odds ratios (ORs) and 95% confidence intervals (Cls). Statistical analyses were
performed using R version 4.2.0 (Institute for Statistics and Mathematics, Vienna, Austria) with the R package
“TwoSampleMR”.

Results

Causal Associations Between Galectin Levels and Cervical Cancer

By exploring the potential causal relationship between galectin levels and cervical cancer by analysis, Gal-3 and Gal-8
showed modest effect in cervical cancer. As shown in Figure 2, Gal-3 (OR=1.001, 95% CI: 1.000-1.001) (Power=0.4%)
and Gal-8 (OR=1.001, 95% CI: 1.000-1.002) (Power=1.3%) might be associated with an increased risk of cervical
cancer. The results of MR-Steiger test are both “true” (p <0.05). Apart from these two galectin levels showing association
with cervical cancer, the remaining galectin species are not causally associated with cervical cancer. Figures S1 and S2
were the scatter plots of the MR analysis.

Causal Associations Between Galectin Levels and Ovarian Cancer
In the MR analysis of the association between galectin levels and ovarian cancer, Gal-1 was suggested as a risk factor for
ovarian cancer (OR=1.108, 95% CI: 1.033—1.188, power: 70.7%), high grade serous ovarian cancer (OR=1.106, 95% CI:

Variables nSNPs fix.effects.OR(95%CIl) fix.effects.outcome mul.random.effects.OR(95%CI) mul.random.effects.outcome

Cervical cancer

Galectin-1 5 1.000 (0.999-1.001) —_—— 1.000 (0.999-1.001)
Galectin-2 11 1.000 (0.999-1.000) — 1.000 (0.999-1.001) —_—
Galectin-3 7 1.001 (1.000-1.001) D —— 1.001 (1.000-1.002) [
Galectin-4 11 1.000 (0.999-1.000) — 1.000 (0.999-1.000) —_—
Galectin-7 14 1.000 (0.999-1.000) —— 1.000 (0.999-1.000) —
Galectin-8 14 1.001 (1.000-1.002) | —— 1.001 (1.000-1.002) ——
Galectin-9 10 1.000 (1.000-1.001) ——— 1.000 (1.000-1.001) —
Galectin-10 9 1.000 (0.999-1.001) -—i—o—- 1.000 (0.999-1.001) —_—
[ 1 f |
0.998 1.002 0.998 1
OR OR
Low risk High risk Low risk High risk

Figure 2 The forest plot of MR analysis between galectin levels and cervical cancer. A total of 8 galectin types were included, two of which were significantly associated with
cervical cancer (Gal-3 and Gal-8).
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1.019-1.202, power: 43.9%), and invasive mucinous ovarian cancer (OR=1.279, 95% CI: 1.041-1.573, power: 45.4%).
In ovarian cancer, Gal-9 showed a possible weak effect (OR=1.070, 95% CI: 1.000-1.144, power: 29.9%). This
association was nominally significant (P<0.05) but did not meet multiple testing thresholds. The results of MR-
PRESSO test and the radial MR also suggested that Gal-9 was associated with an elevated risk of ovarian cancer. The
results of weighted median, weighted mode test are consistent with this finding. Besides, Gal-9 was associated with an
elevated risk of invasive mucinous ovarian cancer (OR=1.242, 95% CI: 1.015-1.520, power: 30.6%). Conversely, Gal-10
was suggested as a protective factor against ovarian cancer (OR=0.929, 95% CI: 0.867-0.994, power: 20%) and clear cell
ovarian cancer (OR=0.803, 95% CI: 0.653—0.987, power: 58.3%). The MR forest plot was depicted in Figure 3, while the
scatter plots were illustrated in Figures S3—S9. The results of MR-Steiger test are “true” in above analysis.

Causal Associations Between Galectin Levels and Malignant Neoplasm of Corpus
Uteri

In the MR analysis examining the causal associations between galectin levels and malignant neoplasm of corpus uteri, Gal-
2 (OR=0.779, 95% CI: 0.654-0.929, power: 26.2%) and Gal-4 (OR=0.786, 95% CI: 0.639-0.966, power: 13.3%) were
suggested as protective factors for malignant neoplasm of corpus uteri. Apart from the two galectins showing potential
causal relationships with malignant neoplasm of corpus uteri. The results of MR-Steiger test are “true” in above analysis.
The remaining galectins were found to have no significant causal relationship with malignant neoplasm of corpus uteri. The
MR forest plot was presented in Figure 4, while the scatter plots were illustrated in Figures S10 and S11.

Causal Associations Between Galectin Levels and Endometrial Cancer

In the MR analysis examining the causal associations between galectin levels and endometrial cancer, as depicted in
Figure 5 and S12-15, Gal-2 (OR=0.921, 95% CIL: 0.851-0.997, power: 50.7%) and Gal-10 (OR=0.892, 95% CI:
0.815-0.977, power: 60.4%) were suggested as protective factors against endometrial cancer (endometrioid histology).
Similarly, higher Gal-4 was also associated with decreased risk of endometrial cancer (OR=0.902, 95% CI: 0.840—-0.969,
power: 52.1%) and endometrial cancer (endometrioid histology) (OR=0.846, 95% CI: 0.778-0.920, power: 76.4%). The
results of MR-Steiger test are “true” in above analysis.

Sensitivity Analysis

The causal relationship with gynecologic cancers exhibits heterogeneity only in “Gal-2 with cervical cancer or low grade
serous ovarian cancer”. In the remaining analyses, no significant heterogeneity was observed with a P-value >0.05 in
Cochran Q tests. The MR-Egger intercept test indicates that the causal relationship between Gal-3 and endometrioid
ovarian cancer exhibits horizontal pleiotropy. Therefore, the causal relationship between Gal-3 and endometrioid ovarian
cancer is excluded. More results about sensitivity analysis are illustrated in Table 1. The leave-one-out analysis results
suggested that no single SNP dominates the causal relationship (Figures S16-S30). MR-Steiger filtering detected no
invalid genetic instruments for these analyses. Weighted mode, weighted median methods, MR-PRESSO, and radial tests
yield similar causal estimates for magnitude and direction (Tables 2 and 3).

Discussion
Our study explored the potential causal relationships between various galectin levels and the incidence of gynecology
cancers, including ovarian, cervical, endometrial cancer, and malignant neoplasm of corpus uteri. We found that several
galectins-Gal-1, =2, =3, —4, =8, =9, and —10 showed significant associations with the incidence of these cancers,
suggesting a potential role for galectins in the pathogenesis of gynecologic malignancies. The findings provide novel
insights into the molecular mechanisms underlying gynecologic cancer development and emphasize the importance of
galectins as potential biomarkers or therapeutic targets.

Elevated Gal-1 levels were associated with higher incidences of ovarian cancer, particularly high grade serous ovarian
cancer and invasive mucinous ovarian cancer. Gal-1 has been implicated in various aspects of tumor biology, including
cell adhesion, migration, and immune escape.* Gal-1 enhances metastasis and epithelial-mesenchymal transition (EMT)
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Variables
Ovarian cancer
Galectin-1
Galectin-2
Galectin-3
Galectin-4
Galectin-7
Galectin-8
Galectin-9
Galectin-10
Clear cell ovarian cancer

Galectin-1
Galectin-2
Galectin-3
Galectin-4
Galectin-7
Galectin-8
Galectin-9
Galectin-10
Endometrioid ovarian cancer
Galectin-1
Galectin-2
Galectin-3
Galectin-4
Galectin-7
Galectin-8
Galectin-9
Galectin-10
High grade serous ovarian cancer
Galectin-1
Galectin-2
Galectin-3
Galectin-4
Galectin-7
Galectin-8
Galectin-9
Galectin-10
Low grade serous ovarian cancer
Galectin-1
Galectin-2
Galectin-3
Galectin-4
Galectin-7
Galectin-8
Galectin-9
Galectin-10
Invasive mucinous ovarian cancer
Galectin-1
Galectin-2
Galectin-3
Galectin-4
Galectin-7
Galectin-8
Galectin-9
Galectin-10

nSNPs

fix.effects.OR(95%CI)

1.108 (1.033-1.188)
0.979 (0.927-1.034)
1.007 (0.965-1.051)
1.014 (0.955-1.077)
0.974 (0.923-1.027)
0.981 (0.925-1.040)
1.070 (1.000-1.144)
0.929 (0.867-0.994)

1.164 (0.941-1.440)
0.876 (0.743-1.033)
0.995 (0.874-1.132)
1.139 (0.948-1.368)
0.964 (0.823-1.130)
1.053 (0.882-1.256)
1.193 (0.972-1.463)
0.803 (0.653-0.987)

1.047 (0.900-1.216)
1.049 (0.932-1.180)
1.014 (0.924-1.112)
0.910 (0.799-1.035)
1.076 (0.960-1.207)
0.991 (0.873-1.124)
1.085 (0.938-1.256)
0.979 (0.844-1.136)

1.106 (1.019-1.202)
0.968 (0.907-1.033)
0.996 (0.946-1.048)
0.999 (0.930-1.073)
0.963 (0.905-1.026)
1.004 (0.936-1.076)
1.037 (0.957-1.123)
0.944 (0.871-1.025)

1.131 (0.876-1.460)
0.960 (0.789-1.169)
0.982 (0.842-1.146)
1.103 (0.886-1.374)
1.020 (0.842-1.235)
0.892 (0.722-1.101)
1.189 (0.934-1.513)
0.841 (0.658-1.076)

1.279 (1.041-1.573)
1.027 (0.873-1.206)
1.070 (0.942-1.216)
1.156 (0.965-1.385)
0.927 (0.792-1.086)
1.002 (0.844-1.191)
1.242 (1.015-1.520)
0.912 (0.745-1.116)

fix.effects.outcome  mul.random.effects.OR(95%Cl) mul.random.effects.outcome

1.108 (1.028-1.194) et
0.979 (0.934-1.027) o
1.007 (0.955-1.063) -
1.014 (0.963-1.068) ot
0.974 (0.939-1.009) vt
0.981 (0.917-1.049) ——
1.070 (1.020-1.122) o
0.929 (0.890-0.969) ot

1.164 (1.028-1.317) .
0.876 (0.781-0.982) ——
0.995 (0.897-1.103)
1.139 (0.980-1.323)
0.964 (0.825-1.128)
1.053 (0.891-1.244)
1.193 (0.996-1.429)
0.803 (0.650-0.991)

—
i—%-._‘
f—.—‘
1.047 (0.894-1.225) ——
1.049 (0.953-1.155) S D—
1.014 (0.894-1.149) ——

0.910 (0.810-1.022) R———

1.076 (0.939-1.234) —_——
0.991 (0.855-1.148) p— —

1.085 (0.928-1.269) ———
0.979 (0.845-1.134) p— —

1.106 (1.028-1.190)
0.968 (0.937-0.999)
0.996 (0.945-1.049)
0.999 (0.957-1.043)
0.963 (0.913-1.017)
1.004 (0.939-1.073)
1.037 (0.959-1.121)
0.944 (0.900-0.991)

v
——
o
e
-
—e—
o
1.131 (0.874-1.464) .——.—.
0.960 (0.740-1.247) .—...—.
0.982 (0.812-1.188) —_—
1.103 (0.909-1.339) .—.—.—.
1.020 (0.877-1.186) —
0.892 (0.726-1.095) -—o—.—-
1.189 (0.980-1.442) —
0.841 (0.610-1.161) RS — —

g s st i e

— 1.279 (1.062-1.542) —
—— 1.027 (0.839-1.255) —_—
— 1.070 (0.912-1.255) ———
—— 1.156 (0.985-1.357) ——
—— 0.927 (0.781-1.101) —
— 1.002 (0.845-1.189) —_—
— 1.242 (1.065-1.449) D ———
— 0.912 (0.744-1.117) —_—
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-— -— -
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Figure 3 The forest plot of MR analysis between galectin levels and ovarian cancer. A total of 8 galectin types were included, three of which were significantly associated
with ovarian cancer (Gal-1, Gal-9, and Gal-10).
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Variables nSNPs fix.effects.OR(95%CIl) fix.effects.outcome  mul.random.effects.OR(95%CI) mul.random.effects.outcome
Malignant neoplasm of corpus uteri : :
Galectin-1 11 1.082 (0.878-1.333) ————  1.082 (0.912-1.284) ——
Galectin-2 14 0.779 (0.654-0.929) —— 0.779 (0.697-0.872) —_——
Galectin-3 6 1.071 (0.916-1.253) ——— 1.071 (0.937-1.224) —_——
Galectin-4 13 0.786 (0.639-0.966) -—o—ci 0.786 (0.692-0.893) ——— E
Galectin-7 13 1.175 (0.966-1.428) -:—0—- 1.175 (1.012-1.363) E-—o—-
Galectin-8 20 1.116 (0.952-1.308) -%—0—- 1.116 (0.959-1.299) -E—o—-
Galectin-9 1 1.083 (0.883-1.329) ——— 1.083 (0.909-1.292) —_—
Galectin-10 10 0.955 (0.775-1.177) — 0.955 (0.768-1.188) —_——
0.5 1 15 O.‘S “1 1.I5
OR OR
-—

—_—
Low risk High risk Low risk High risk

Figure 4 The forest plot of MR analysis between galectin levels and malignant neoplasm of corpus uteri. A total of 8 galectin types were included, two of which were
significantly associated with malignant neoplasm of corpus uteri (Gal-2 and Gal-4).

Variables nSNPs fix.effects.OR(95%Cl) fix.effects.outcome  mul.random.effects.OR(95%Cl) mul.random.effects.outcome

Endometrial cancer

Galectin-1 9 0.970 (0.887-1.061) —— 0.970 (0.863-1.091) —
Galectin-2 12 0.972 (0.910-1.039) —— 0.972 (0.920-1.028) ——
Galectin-3 8 1.011 (0.964-1.060) e 1.011 (0.967-1.058) ——
Galectin-4 13 0.902 (0.840-0.969) —— 0.902 (0.850-0.957) ——
Galectin-7 16 0.960 (0.903-1.019) e 0.960 (0.898-1.025) ——
Galectin-8 20 1.012 (0.951-1.077) —— 1.012 (0.952-1.076) ——
Galectin-9 12 1.026 (0.954-1.103) —— 1.026 (0.980-1.074) ——
Galectin-10 11 0.929 (0.860-1.003) —— 0.929 (0.870-0.991) —

Endometrial cancer (endometrioid histology) : :
Galectin-1 9 0.993 (0.893-1.105) —— 0.993 (0.882-1.118) —
Galectin-2 12 0.921 (0.851-0.997) —— 0.921 (0.858-0.989) ——
Galectin-3 8 1.038 (0.981-1.099) [ 1.038 (0.968-1.114) —_——
Galectin-4 13 0.846 (0.778-0.920) —— 0.846 (0.788-0.908)
Galectin-7 16 0.954 (0.889-1.025) —— 0.954 (0.903-1.008) ——
Galectin-8 20 0.984 (0.914-1.059) —— 0.984 (0.916-1.056) ——
Galectin-9 12 1.012 (0.928-1.103) —— 1.012 (0.962-1.064) ——
Galectin-10 11 0.892 (0.815-0.977) —— 0.892 (0.816-0.975) —_—

Endometrial cancer (Non-endometrioid histology) E E
Galectin-1 8 0.895 (0.682-1.175)  ¢———4—tF—s 0.895 (0.675-1.188) j
Galectin-2 11 0.829 (0.681-1.008) +—+——+ 0.829 (0.693-0.991) —_—
Galectin-3 8 0.988 (0.860-1.135) — 0.988 (0.856-1.141) —_—
Galectin-4 12 0.842 (0.678-1.046)  4——t——t 0.842 (0.696-1.019) —_—
Galectin-7 16 1.061 (0.890-1.265) -—ho—- 1.061 (0.896-1.257) .—-—.—-
Galectin-8 20 1.022 (0.855-1.222) ————— 1.022(0.839-1.245) —_—
Galectin-9 12 1.208 (0.978-1.493) > 1.208(1.021-1.430) ——
Galectin-10 11 0.978 (0.782-1.222) ——e——— 0.978(0.763-1.254) E

07 1 13 07 1 13
OR OR

— > — —
Low risk High risk Low risk High risk

Figure 5 The forest plot of MR analysis between galectin levels and endometrial cancer. A total of 8 galectin types were included, three of which were significantly
associated with ovarian cancer (Gal-2, Gal-4, and Gal-10).

of ovarian cancer cells via promoting the activation of the mitogen-activated protein kinase (MAPK) Jun N-terminal
kinase (JNK)/p38 signaling pathway, while EMT is a critical process for metastasis and tumor progression.31 Moreover,
Gal-1 has been shown to suppress anti-tumor immune responses, particularly by impairing T-cell function and fostering
a tumor-promoting microenvironment.>* The findings suggest that Gal-1 may be a better surrogate biomarker in ovarian
cancer.’

In contrast, elevated Gal-2 was associated with a lower incidence of malignant neoplasm of corpus uteri and
endometrial cancer, especially of endometrioid histology. Gal-2’s role in cancer remains unclear, but some studies

suggest it may act as a tumor suppressor in certain contexts.'> Tumor inoculated with Gal-2 transfected triple-negative
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Table | The Sensitivity Analysis of the Causal Relationship Between Galectin Levels and Gynecologic Cancers

Outcome and Exposure Horizontal Casual Direction Heterogeneity Test
Pleiotropic Test Test
Egger P MR P MR P |IVWQ | P
Intercept Steiger Egger Q

Cervical cancer
Galectin-| 0.000 0.821 TRUE 3.40E-26 1.850 0.604 1.911 0.752
Galectin-2 0.000 0.883 TRUE 2.10E-83 17.382 0.043 17.427 | 0.065
Galectin-3 0.000 0.142 TRUE | 2.88E-101 4.802 0.441 7.840 0.250
Galectin-4 0.000 0.810 TRUE 1.88E-63 8311 0.503 8372 0.593
Galectin-7 0.000 0.758 TRUE 1.50E-94 5.393 0.944 5.492 0.963
Galectin-8 0.000 0.604 TRUE 2.09E-71 16.607 0.165 16.999 | 0.199
Galectin-9 0.000 0.516 TRUE 7.39E-58 7.687 0.465 8.148 0.519
Galectin-10 0.000 0810 TRUE 1.69E-55 9.005 0.252 9.085 0.335

Ovarian cancer
Galectin-| 0.011 0.442 TRUE 9.12E-50 10.691 0.297 | 11.458 | 0.323
Galectin-2 —0.025 0.275 TRUE 9.74E-95 8.508 0.744 9.814 0.709
Galectin-3 0.012 0.351 TRUE 2.01E-94 7.787 0.168 9.436 0.151
Galectin-4 0.001 0.949 TRUE 8.77E-75 9.476 0.662 9.480 0.736
Galectin-7 0.002 0.873 TRUE I1.51E-93 6.752 0.944 6.778 0.964
Galectin-8 0.011 0.487 | TRUE 5.10E-81 20.393 0.157 | 21.083 | 0.175
Galectin-9 0.012 0.602 TRUE 1.04E-55 4.247 0.834 4.541 0.872
Galectin-10 0.000 0.994 | TRUE 1.08E-57 3.485 0.900 3.485 0.942

Clear cell ovarian cancer
Galectin-| 0.016 0.688 TRUE I.16E-50 3.208 0.955 3.381 0.971
Galectin-2 0.008 0.905 TRUE 2.15E-91 6.227 0.904 6.242 0.937
Galectin-3 0.025 0417 | TRUE 3.84E-93 3.070 0.689 3.853 0.697
Galectin-4 —0.032 0.466 TRUE 3.18E-71 8.108 0.777 8.676 0.797
Galectin-7 0.000 0.994 TRUE 2.54E-87 14.636 0.403 14.636 | 0.478
Galectin-8 0.042 0319 TRUE 1.15E-78 13.265 0.582 | 14.329 | 0.574
Galectin-9 0.048 0.489 TRUE 84I1E-53 6.481 0.593 7.008 0.636
Galectin-10 —0.045 0.498 TRUE 2.68E-53 8.773 0.362 9.325 0.408

Endometrioid ovarian cancer
Galectin-| —0.025 0.403 TRUE 4.73E-49 10.043 0.347 | 10.901 | 0.365
Galectin-2 —0.042 0.385 TRUE 1.64E-91 7817 0.799 8.629 0.800
Galectin-3 0.053 0.048 TRUE 3.31E-90 4.223 0.518 | 10.999 | 0.088
Galectin-4 0.022 0.462 TRUE 6.55E-71 9.914 0.624 | 10.491 | 0.653
Galectin-7 —0.003 0.931 TRUE |.55E-85 21.359 0.093 | 21.371 | 0.125
Galectin-8 —0.060 0.072 TRUE 3.41E-77 17.341 0.299 | 21.658 | 0.155
Galectin-9 —0.016 0.771 TRUE |.41E-52 10.174 0.253 10290 | 0.328
Galectin-10 0.060 0.202 | TRUE 4.29E-55 6911 0.546 8.841 0.452

Low grade serous ovarian cancer
Galectin-| 0.016 0.297 | TRUE 9.56E-50 6.631 0.675 7.855 0.643
Galectin-2 —0.008 0.764 | TRUE 1.34E-95 3.085 0.995 3.179 0.997
Galectin-3 —0.002 0.887 | TRUE 5.50E-94 6.263 0.281 6.291 0.391
Galectin-4 —0.002 0.896 TRUE 5.96E-75 4.655 0.969 4.673 0.982
Galectin-7 0.014 0.397 | TRUE 1.82E-90 10.134 0.752 | 10.896 | 0.760
Galectin-8 0.018 0.271 TRUE 7.75E-81 13.426 0.569 | 14.732 | 0.544
Galectin-9 0.011 0.679 TRUE 2.12E-54 8.384 0.397 8.577 0.477
Galectin-10 0.005 0.838 TRUE 3.72E-57 3.146 0.925 3.191 0.956

(Continued)
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Table | (Continued).

Outcome and Exposure Horizontal Casual Direction Heterogeneity Test
Pleiotropic Test Test
Egger P MR P MR P IVW Q P
Intercept Steiger Egger Q

Low grade serous ovarian cancer
Galectin-| 0.061 0.217 | TRUE 7.90E-49 8.449 0.490 | 10211 | 0.422
Galectin-2 —0.186 0.074 | TRUE 6.79E-87 17.323 0.138 | 22.843 | 0.044
Galectin-3 —0.028 0.558 | TRUE |.78E-90 8.486 0.131 9.152 0.165
Galectin-4 —0.021 0.688 | TRUE 5.56E-71 9.907 0.624 | 10.076 | 0.688
Galectin-7 0.058 0.255 TRUE 4.41E-89 7918 0.894 9.326 0.860
Galectin-8 0.074 0.152 | TRUE 4.03E-78 12.882 0.611 I5.156 | 0.513
Galectin-9 —-0.076 0.350 | TRUE 2.15E-53 4.790 0.780 5.775 0.762
Galectin-10 0.025 0.810 | TRUE 1.30E-52 15.268 0.054 | 15.386 | 0.08l

Invasive mucinous ovarian cancer
Galectin-| 0.011 0.771 TRUE 2.84E-48 8.059 0.528 8.149 0.614
Galectin-2 0.016 0.851 TRUE 8.22E-88 20.133 0.065 | 20.195 | 0.090
Galectin-3 0.075 0.045 TRUE 4.20E-90 2.330 0.802 9.369 0.154
Galectin-4 0.030 0.488 | TRUE 1.69E-70 9.729 0.640 | 10.240 | 0.674
Galectin-7 0.009 0.846 | TRUE 2.84E-86 17.655 0.223 17.704 | 0.279
Galectin-8 0.059 0.158 | TRUE 1.95E-78 13.431 0.569 | 15.634 | 0.479
Galectin-9 —0.066 0.337 | TRUE 7.23E-53 4.200 0.839 5.242 0.813
Galectin-10 —0.036 0.574 | TRUE 1.37E-54 8.705 0.368 9.078 0.430

Malignant neoplasm of corpus cancer
Galectin-| —0.001 0.984 | TRUE 8.40E-54 6.690 0.669 6.690 0.754
Galectin-2 0.088 0.430 | TRUE 9.59E-98 4.628 0.969 5.294 0.968
Galectin-3 —0.035 0.356 | TRUE 1.74E-97 2.538 0.638 3.627 0.604
Galectin-4 0.008 0.861 TRUE 3.27E-71 4.533 0.952 4.565 0.971
Galectin-7 0.050 0.306 | TRUE 1.94E-93 5.816 0.885 6.971 0.860
Galectin-8 0.062 0.146 | TRUE 1.78E-102 15.170 0.650 | 17.475 | 0.558
Galectin-9 —0.055 0.346 | TRUE 1.99E-63 6.401 0.699 7.388 0.688
Galectin-10 0.002 0.974 | TRUE 1.05E-59 9.820 0.278 9.822 0.365

Endometrial cancer
Galectin-| —0.002 0.927 | TRUE I.11E-43 13.667 0.057 | 13.685 | 0.090
Galectin-2 —0.066 0.216 | TRUE 3.38E-88 5.939 0.820 7.686 0.741
Galectin-3 —0.012 0.270 | TRUE | 2.67E-107 4.755 0.576 6.231 0513
Galectin-4 —-0.010 0.576 | TRUE 2.61E-71 7.955 0.717 8.287 0.762
Galectin-7 0.021 0.213 TRUE 4.98E-99 16.053 0.310 | 18.010 | 0.262
Galectin-8 -0.012 0452 | TRUE | 3.02E-106 18.193 0.443 18.791 | 0.470
Galectin-9 —0.011 0.611 TRUE 4.89E-69 4.109 0.942 4.385 0.957
Galectin-10 —0.023 0.326 | TRUE 7.96E-65 6.152 0.725 7.231 0.703

Endometrial cancer (endometrioid histology)
Galectin-| 0.007 0.784 | TRUE 1.70E-41 9.761 0.203 9.874 0.274
Galectin-2 —0.081 0.210 | TRUE 3.71E-82 7.049 0.721 8.840 0.637
Galectin-3 —0.014 0.391 TRUE | 9.15E-100 9.554 0.145 | 10916 | 0.142
Galectin-4 —0.011 0.587 | TRUE 3.17E-65 8311 0.685 8.625 0.735
Galectin-7 0.014 0.465 TRUE 1.19E-93 8.346 0.871 8910 0.882
Galectin-8 —0.013 0.457 | TRUE 1.57E-99 17.040 0.520 | 17.618 | 0.548
Galectin-9 —0.020 0.424 | TRUE 4.38E-66 3.073 0.980 3.769 0.976
Galectin-10 —0.010 0.733 TRUE 3.97E-60 9.584 0.385 9.716 0.466

(Continued)
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Table | (Continued).

Outcome and Exposure Horizontal Casual Direction Heterogeneity Test
Pleiotropic Test Test
Egger P MR P MR P IVW Q P
Intercept Steiger Egger Q

Endometrial cancer (Non-endometrioid histology)
Galectin-| —0.003 0.961 TRUE 4.76E-35 7.548 0.273 7.551 0.374
Galectin-2 0.026 0.879 TRUE 4.36E-74 8251 0.509 8.275 0.602
Galectin-3 —0.046 0.160 TRUE |.88E-97 4912 0.555 7.486 0.380
Galectin-4 —0.021 0.700 TRUE 7.48E-60 8.394 0.590 8.551 0.663
Galectin-7 —0.039 0.394 | TRUE 9.73E-87 13.102 0.519 13.874 | 0.535
Galectin-8 0.035 0.474 | TRUE 3.77E-90 22.582 0.207 | 23.252 | 0.226
Galectin-9 0.025 0.687 | TRUE 4.78E-61 6.812 0.743 6.984 0.800
Galectin-10 —0.126 0.086 TRUE 9.75E-58 8.664 0.469 12.389 | 0.260

Table 2 Weighted Median and Weighted Mode Tests in MR

Variables nSNPs Weighted Median Weighted Mode
OR (95% ClI) P OR (95% ClI) P
Cervical cancer
Galectin-| 5 1.000 (0.999-1.002) | 0.929 | 1.000 (0.998-1.003) | 0.688
Galectin-2 11 1.000 (0.999-1.001) | 0.543 | 1.000 (0.999-1.001) | 0.725
Galectin-3 7 1.001 (1.000-1.001) | 0.081 1.000 (1.000-1.001) | 0.193
Galectin-4 11 0.999 (0.998-1.000) | 0.170 | 0.999 (0.997-1.001) | 0.293
Galectin-7 14 1.000 (0.999-1.001) | 0.458 | 1.000 (0.998-1.001) | 0.64l
Galectin-8 14 1.001 (1.000-1.003) | 0.008 | 1.002 (1.000-1.004) | 0.072
Galectin-9 10 1.001 (1.000-1.002) | 0.165 | 1.001 (0.999-1.003) | 0.254
Galectin-10 9 1.001 (0.999-1.002) | 0.393 | 1.001 (0.999-1.004) | 0.272
Ovarian cancer
Galectin-| 11 1.070 (0.970-1.181) | 0.179 | 1.029 (0.877-1.207) | 0.730
Galectin-2 14 1.014 (0.939-1.094) | 0.724 | 1.038 (0.947-1.137) | 0.44I
Galectin-3 7 0.976 (0.927-1.027) | 0.348 | 0.974 (0.924-1.026) | 0.358
Galectin-4 14 1.043 (0.962—1.130) | 0.306 | 1.086 (0.942—1.253) | 0.277
Galectin-7 16 0.987 (0.918-1.061) | 0.722 | 0.913 (0.821-1.015) | 0.112
Galectin-8 17 0.945 (0.869-1.027) | 0.181 | 0.922 (0.803-1.060) | 0.271
Galectin-9 10 1.028 (0.940-1.125) | 0.541 1.016 (0.897-1.152) | 0.804
Galectin-10 10 0.923 (0.845-1.009) | 0.079 | 0.920 (0.802-1.056) | 0.267
Clear cell ovarian cancer
Galectin-| 11 1.081 (0.829-1.409) | 0.567 | 1.022 (0.667—1.565) | 0.923
Galectin-2 14 0.943 (0.754-1.180) | 0.606 | 1.019 (0.801-1.296) | 0.882
Galectin-3 7 0.977 (0.839-1.136) | 0.760 | 0.966 (0.834—1.119) | 0.661
Galectin-4 14 1.133 (0.883-1.453) | 0.326 | 1.129 (0.761-1.676) | 0.557
Galectin-7 16 0.886 (0.699—1.122) | 0.315 | 0.777 (0.563-1.072) | 0.145
Galectin-8 17 1.055 (0.820-1.358) | 0.676 | 1.080 (0.706—1.651) | 0.727
Galectin-9 10 1.121 (0.856—1.467) | 0.406 | 1.05| (0.705-1.568) | 0.812
Galectin-10 10 0.851 (0.639—1.134) | 0.270 | 0.865 (0.577-1.296) | 0.499
(Continued)

5026 https: International Journal of Women’s Health 2025:17



Dong et al

Table 2 (Continued).

Variables nSNPs Weighted Median Weighted Mode
OR (95% ClI) P OR (95% ClI) P
Endometrioid ovarian cancer
Galectin-| I 1.131 (0.918-1.392) | 0.247 | 1.251 (0.849-1.843) | 0.284
Galectin-2 14 1.145 (0.977-1.342) | 0.093 | 1.137 (0.944-1.369) | 0.199
Galectin-3 7 0.980 (0.877-1.096) | 0.729 | 0.958 (0.853-1.076) | 0.494
Galectin-4 14 0.910 (0.762-1.088) | 0.301 | 0.940 (0.701-1.260) | 0.685
Galectin-7 16 1.021 (0.859-1.215) | 0.813 | 0.957 (0.749-1.224) | 0.733
Galectin-8 17 0.971 (0.807-1.169) | 0.759 | 0.830 (0.565-1.219) | 0.356
Galectin-9 10 1.080 (0.884-1.320) | 0.452 | 1.087 (0.839-1.407) | 0.544
Galectin-10 10 0.962 (0.785-1.179) | 0.709 | 0.961 (0.718-1.286) | 0.796
High grade serous ovarian cancer
Galectin-| I 1.105 (0.989-1.234) | 0.079 | 1.132 (0.946-1.355) | 0.207
Galectin-2 14 0.998 (0.915-1.088) | 0.959 | 1.002 (0.909-1.104) | 0.971
Galectin-3 7 0.991 (0.932-1.054) | 0.779 | 0.990 (0.926-1.059) | 0.786
Galectin-4 14 1.009 (0.920-1.106) | 0.852 | 1.030 (0.892-1.189) | 0.696
Galectin-7 16 0.982 (0.902-1.068) | 0.671 | 0.989 (0.850-1.151) | 0.893
Galectin-8 17 0.986 (0.899-1.082) | 0.771 | 0.972 (0.829-1.142) | 0.737
Galectin-9 10 1.063 (0.953-1.186) | 0.276 | 1.062 (0.907-1.244) | 0.472
Galectin-10 10 0.935 (0.845-1.035) | 0.195 | 1.003 (0.852-1.181) | 0.972
Low grade serous ovarian cancer
Galectin-| I 1.092 (0.760-1.569) | 0.636 | 1.178 (0.639-2.174) | 0.611
Galectin-2 14 1.013 (0.762—1.346) | 0.931 1.039 (0.774-1.395) | 0.803
Galectin-3 7 0.959 (0.796—1.154) | 0.657 | 0.960 (0.785-1.174) | 0.704
Galectin-4 14 1.179 (0.879-1.582) | 0.272 | 1.250 (0.764-2.046) | 0.391
Galectin-7 16 1.038 (0.803—-1.340) | 0.776 | 1.062 (0.760-1.484) | 0.731
Galectin-8 17 0.852 (0.631-1.151) | 0.297 | 0.750 (0.429-1.311) | 0.327
Galectin-9 10 1.207 (0.870-1.676) | 0.260 | 1.245 (0.711-2.179) | 0.463
Galectin-10 10 0.942 (0.673—1.320) | 0.728 | 1.083 (0.695-1.688) | 0.734
Invasive mucinous ovarian cancer
Galectin-| I 1.397 (1.044-1.869) | 0.024 | 1.453 (0.960-2.199) | 0.108
Galectin-2 14 1.003 (0.780-1.291) | 0.980 | 0.908 (0.647-1.274) | 0.586
Galectin-3 7 1.022 (0.874-1.195) | 0.785 | 0.966 (0.814—1.146) | 0.703
Galectin-4 14 1.048 (0.818-1.341) | 0.712 | 0.959 (0.662—-1.389) | 0.827
Galectin-7 16 0.883 (0.705—-1.106) | 0.278 | 0.864 (0.633—1.178) | 0.369
Galectin-8 17 1.007 (0.788-1.287) | 0.954 | 1.017 (0.668-1.550) | 0.938
Galectin-9 10 1.233 (0.949-1.603) | 0.117 | 1.260 (0.834-1.904) | 0.300
Galectin-10 10 0.786 (0.599-1.030) | 0.080 | 0.760 (0.518-1.115) | 0.194
Malignant neoplasm of corpus uteri
Galectin-| I 1.053 (0.787-1.410) | 0.727 | 0.991 (0.703-1.396) | 0.959
Galectin-2 14 0.799 (0.626-1.020) | 0.072 | 0.808 (0.619-1.056) | 0.143
Galectin-3 6 1.079 (0.901-1.293) | 0.408 | I1.112 (0.918-1.349) | 0.328
Galectin-4 13 0.822 (0.628-1.076) | 0.154 | 0.856 (0.557-1.313) | 0.489
Galectin-7 13 1.161 (0.887-1.518) | 0.276 | 1.136 (0.787-1.639) | 0.509
Galectin-8 20 1.261 (1.008-1.577) | 0.043 | 1.347 (0.944-1.921) | 0.117
Galectin-9 I 1.136 (0.865-1.490) | 0.359 | 1.205 (0.832-1.744) | 0.347
Galectin-10 10 1.016 (0.765-1.350) | 0911 1.016 (0.726—1.423) | 0.928
(Continued)
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Table 2 (Continued).

Variables nSNPs Weighted Median Weighted Mode
OR (95% ClI) P OR (95% ClI) P
Endometrial cancer
Galectin-| 9 1.011 (0.895-1.143) | 0.857 | 1.035 (0.846—1.267) | 0.745
Galectin-2 12 0.979 (0.893—1.074) | 0.658 | 0.977 (0.874-1.091) | 0.683
Galectin-3 8 1.037 (0.976-1.102) | 0.239 | 1.044 (0.977-1.116) | 0.244
Galectin-4 13 0.899 (0.815-0.990) | 0.031 | 0.884 (0.760-1.028) | 0.135
Galectin-7 16 0.950 (0.869—1.038) | 0.260 | 0.953 (0.845-1.074) | 0.438
Galectin-8 20 1.011 (0.929-1.100) | 0.806 | 1.013 (0.857-1.197) | 0.88I
Galectin-9 12 1.013 (0.923-1.111) | 0.790 | 0.964 (0.833—1.116) | 0.636
Galectin-10 I 0.931 (0.839-1.033) | 0.176 | 0.854 (0.718-1.016) | 0.106
Endometrial cancer (endometrioid histology)
Galectin-| 9 1.019 (0.885-1.174) | 0.789 | 1.016 (0.843—1.224) | 0.875
Galectin-2 12 0.945 (0.848-1.052) | 0.302 | 0.962 (0.850-1.090) | 0.558
Galectin-3 8 1.059 (0.985-1.139) | 0.120 | 1.068 (0.989-1.153) | 0.139
Galectin-4 13 0.822 (0.736-0.918) | 0.001 | 0.796 (0.671-0.946) | 0.023
Galectin-7 16 0.967 (0.874-1.069) | 0.512 | 0.960 (0.842—1.096) | 0.557
Galectin-8 20 0.991 (0.894-1.099) | 0.865 | 0.995 (0.820-1.206) | 0.958
Galectin-9 12 1.059 (0.950-1.180) | 0.303 | 1.070 (0.917-1.248) | 0.412
Galectin-10 I 0.858 (0.757-0.974) | 0.018 | 0.836 (0.676—1.033) | 0.128
Endometrial cancer (Non-endometrioid histology)
Galectin-| 8 1.022 (0.707-1.477) | 0.908 | 1.040 (0.656—1.649) | 0.872
Galectin-2 I 0.791 (0.611-1.025) | 0.076 | 0.834 (0.619-1.123) | 0.259
Galectin-3 8 1.092 (0.921-1.294) | 0.314 | 1.098 (0.930-1.298) | 0.307
Galectin-4 12 0.809 (0.607—1.080) | 0.150 | 0.819 (0.511-1.311) | 0.423
Galectin-7 16 1.106 (0.869-1.407) | 0.415 | 1.183 (0.809-1.731) | 0.400
Galectin-8 20 0.889 (0.696—1.137) | 0.350 | 0.836 (0.513-1.362) | 0.480
Galectin-9 12 1.358 (1.019-1.811) | 0.037 | 1.430 (0.938-2.181) | 0.125
Galectin-10 11 0.837 (0.608—-1.150) | 0.272 | 0.781 (0.471-1.296) | 0.362
Table 3 The MR-PRESSO and Radial Test in MR
Variables nSNPs MR-PRESSO Radial MR
OR (95% CI) P OR (95% CI) P
Cervical cancer
Galectin-| 5 1.000 (0.999-1.001) | 0.68I 1.000 (0.999-1.001) | 0.658
Galectin-2 ] 1.000 (0.999-1.001) | 0.419 | 1.000 (0.999-1.001) | 0.399
Galectin-3 7 1.001 (1.000-1.002) | 0.035 | 1.001 (1.000-1.002) | 0.007
Galectin-4 ] 1.000 (0.999-1.000) | 0.255 | 1.000 (0.999-1.000) | 0.227
Galectin-7 14 1.000 (0.999-1.000) | 0.371 1.000 (0.999-1.000) | 0.354
Galectin-8 14 1.001 (1.000-1.002) | 0.044 | 1.001 (1.000-1.002) | 0.026
Galectin-9 10 1.000 (1.000-1.001) | 0.322 | 1.000 (1.000-1.001) | 0.294
Galectin-10 9 1.000 (0.999-1.001) | 0.457 | 1.000 (0.999-1.001) | 0.435
Ovarian cancer
Galectin-| ] 1.108 (1.028—1.194) | 0.022 | 1.108 (1.029-1.194) | 0.007
Galectin-2 14 0.979 (0.934-1.027) | 0.400 | 0.979 (0.934-1.027) | 0.384
Galectin-3 7 1.007 (0.955-1.063) | 0.797 | 1.007 (0.955-1.063) | 0.788
Galectin-4 14 1.014 (0.963-1.068) | 0.600 | 1.014 (0.963—1.068) | 0.591
(Continued)

5028

https:

International Journal of Women’s Health 2025:17




Dong et al

Table 3 (Continued).

Variables nSNPs MR-PRESSO Radial MR
OR (95% CI) P OR (95% CI) P
Galectin-7 16 0.974 (0.939-1.009) | 0.161 | 0.974 (0.939-1.009) | 0.140
Galectin-8 17 0.981 (0.917-1.049) | 0.580 | 0.981 (0.917-1.049) | 0.572
Galectin-9 10 1.070 (1.020-1.122) | 0.022 | 1.070 (1.020-1.122) | 0.006
Galectin-10 10 0.929 (0.890-0.969) | 0.008 | 0.929 (0.890-0.969) | 0.001
Clear cell ovarian cancer
Galectin-1 11 1.164 (1.028-1.317) | 0.037 | I.164 (1.028-1.317) | 0.0l6
Galectin-2 14 0.876 (0.781-0.982) | 0.041 | 0.876 (0.781-0.982) | 0.023
Galectin-3 7 0.995 (0.897-1.103) | 0.925 | 0.995 (0.897-1.103) | 0.921
Galectin-4 14 1.139 (0.980-1.323) | 0.113 | 1.139 (0.980-1.323) | 0.089
Galectin-7 16 0.964 (0.825-1.128) | 0.657 | 0.964 (0.825-1.128) | 0.651
Galectin-8 17 1.053 (0.891-1.244) | 0.555 | 1.053 (0.891-1.244) | 0.546
Galectin-9 10 1.193 (0.996-1.429) | 0.087 | 1.192 (0.996—-1.428) | 0.056
Galectin-10 10 0.803 (0.650-0.991) | 0.071 | 0.803 (0.650-0.991) | 0.040
Endometrioid ovarian cancer
Galectin-1 I 1.047 (0.894-1.225) | 0.583 | 1.047 (0.894-1.225) | 0.570
Galectin-2 14 1.049 (0.953-1.155) | 0.347 | 1.049 (0.953-1.155) | 0.329
Galectin-3 7 1.014 (0.894-1.149) | 0.838 | 1.014 (0.894-1.149) | 0.831
Galectin-4 14 0.910 (0.810-1.022) | 0.135 | 0.910 (0.810-1.022) | O.110
Galectin-7 16 1.076 (0.939-1.234) | 0.308 | 1.076 (0.939-1.234) | 0.291
Galectin-8 17 0.991 (0.855-1.148) | 0.903 | 0.991 (0.855-1.148) | 0.901
Galectin-9 10 1.085 (0.928-1.269) | 0.331 1.085 (0.929-1.269) | 0.304
Galectin-10 10 0.979 (0.845-1.134) | 0.784 | 0.979 (0.845-1.134) | 0.778
High grade serous ovarian cancer
Galectin-1| Il 1.106 (1.028-1.190) | 0.022 | 1.107 (1.028-1.191) | 0.007
Galectin-2 14 0.968 (0.937-0.999) | 0.066 | 0.968 (0.937-0.999) | 0.045
Galectin-3 7 0.996 (0.945-1.049) | 0.883 | 0.996 (0.945-1.049) | 0.878
Galectin-4 14 0.999 (0.957-1.043) | 0.958 | 0.999 (0.957-1.043) | 0.958
Galectin-7 16 0.963 (0.913-1.017) | 0.195 | 0.963 (0.913-1.017) | 0.175
Galectin-8 17 1.004 (0.939-1.073) | 0916 | 1.004 (0.939-1.073) | 0.915
Galectin-9 10 1.037 (0.959-1.121) | 0.385 | 1.037 (0.959-1.121) | 0.36l
Galectin-10 10 0.944 (0.900-0.991) | 0.046 | 0.944 (0.900-0.991) | 0.021
Low grade serous ovarian cancer
Galectin-1 I 1.131 (0.874-1.464) | 0.370 | I.131 (0.874-1.464) | 0.349
Galectin-2 14 0.960 (0.740-1.247) | 0.766 | 0.960 (0.740-1.247) | 0.762
Galectin-3 7 0.982 (0.812-1.188) | 0.859 | 0.982 (0.812—-1.188) | 0.853
Galectin-4 14 1.103 (0.909-1.339) | 0.337 | [.103 (0.909-1.339) | 0.319
Galectin-7 16 1.020 (0.877-1.186) | 0.804 | 1.020 (0.877-1.186) | 0.800
Galectin-8 17 0.892 (0.726-1.095) | 0.291 | 0.892 (0.726-1.095) | 0.275
Galectin-9 10 1.189 (0.980-1.442) | 0.114 | 1.189 (0.980-1.442) | 0.080
Galectin-10 10 0.841 (0.610-1.161) | 0.320 | 0.841 (0.610-I1.161) | 0.292
Invasive mucinous ovarian cancer
Galectin-1 11 1.279 (1.062—-1.542) | 0.027 | 1.279 (1.061-1.542) | 0.010
Galectin-2 14 1.027 (0.839-1.255) | 0.803 | 1.026 (0.839-1.255) | 0.799
Galectin-3 7 1.070 (0.912—-1.255) | 0.439 | 1.070 (0.912—-1.255) | 0.408
Galectin-4 14 1.156 (0.985-1.357) | 0.100 | I.156 (0.985-1.357) | 0.077
Galectin-7 16 0.927 (0.781-1.101) | 0.403 | 0.927 (0.781-1.101) | 0.390
Galectin-8 17 1.002 (0.845-1.189) | 0.978 | 1.002 (0.845-1.189) | 0.978
Galectin-9 10 1.242 (1.065-1.449) | 0.022 | 1.242 (1.064-1.449) | 0.006
Galectin-10 10 0.912 (0.744-1.117) | 0.397 | 0912 (0.744-1.117) | 0.373
(Continued)
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Table 3 (Continued).

Variables nSNPs MR-PRESSO Radial MR
OR (95% CI) P OR (95% ClI) P
Malignant neoplasm of corpus uteri
Galectin-| I 1.082 (0.912-1.284) | 0.388 | 1.082 (0.912-1.284) | 0.367
Galectin-2 14 0.779 (0.697-0.872) | 0.001 | 0.780 (0.697-0.872) | 0.000
Galectin-3 6 1.023 (0.825-1.268) | 0.845 | 1.023 (0.825-1.268) | 0.838
Galectin-4 13 0.786 (0.692-0.893) | 0.003 | 0.786 (0.692-0.893) | 0.000
Galectin-7 13 1.175 (1.012-1.363) | 0.056 | I.119 (0.906-1.381) | 0.297
Galectin-8 20 I.116 (0.959-1.299) | 0.173 | I.116 (0.959-1.299) | 0.157
Galectin-9 I 1.083 (0.909-1.292) | 0.393 | 1.083 (0.909-1.291) | 0.373
Galectin-10 10 0.955 (0.768-1.188) | 0.688 | 1.071 (0.937-1.224) | 0.313
Endometrial cancer
Galectin-| 9 0.972 (0.920-1.028) | 0.343 | 0.970 (0.863—1.090) | 0.611
Galectin-2 12 1.0l (0.967—1.058) | 0.645 | 0.972 (0.920-1.028) | 0.322
Galectin-3 8 0.902 (0.850-0.957) | 0.005 | 1.011 (0.967-1.058) | 0.630
Galectin-4 13 0.943 (0.873-1.020) | 0.163 | 0.902 (0.850-0.957) | 0.001
Galectin-7 16 1.034 (0.961—-1.113) | 0.382 | 0.960 (0.898-1.025) | 0.222
Galectin-8 20 1.026 (0.980-1.074) | 0.299 | 1.012 (0.952-1.076) | 0.703
Galectin-9 12 0.970 (0.863—1.091) | 0.625 | 1.026 (0.980-1.074) | 0.275
Galectin-10 ] 0.972 (0.920-1.028) | 0.343 | 0.929 (0.870-0.991) | 0.026
Endometrial cancer (endometrioid histology)
Galectin-| 9 0.993 (0.882—1.118) | 0.916 | 0.993 (0.882-1.118) | 0.914
Galectin-2 12 0.921 (0.858-0.989) | 0.044 | 0.921 (0.858-0.989) | 0.023
Galectin-3 8 1.038 (0.968—1.114) | 0.329 | 1.038 (0.968-1.114) | 0.293
Galectin-4 13 0.846 (0.788-0.908) | 0.001 | 0.846 (0.788-0.908) | 0.000
Galectin-7 16 0.934 (0.864-1.011) | 0.110 | 0.954 (0.903-1.008) | 0.095
Galectin-8 20 1.009 (0.927-1.098) | 0.841 | 0.984 (0.916-1.056) | 0.646
Galectin-9 12 1.012 (0.962—1.064) | 0.659 | 1.012 (0.962—1.064) | 0.650
Galectin-10 I 0.892 (0.816-0.975) | 0.031 | 0.892 (0.816-0.976) | 0.012
Endometrial cancer (Non-endometrioid histology)
Galectin-| 8 0.895 (0.675-1.188) | 0.469 | 0.895 (0.675-1.188) | 0.443
Galectin-2 I 0.829 (0.693-0.991) | 0.066 | 0.829 (0.693-0.991) | 0.039
Galectin-3 8 0.988 (0.856—1.141) | 0.874 | 0.988 (0.856—1.141) | 0.869
Galectin-4 12 0.842 (0.696—-1.019) | 0.105 | 0.842 (0.696—-1.019) | 0.078
Galectin-7 16 1.061 (0.896—1.257) | 0.501 | 1.061 (0.896—1.257) | 0.490
Galectin-8 20 1.022 (0.839-1.245) | 0.832 | 1.022 (0.839-1.245) | 0.829
Galectin-9 12 1.208 (1.021-1.430) | 0.050 | 1.209 (1.021-1.431) | 0.028
Galectin-10 I 0.978 (0.763—-1.254) | 0.863 | 0.978 (0.763-1.254) | 0.859

breast cancer 4T1 cells in BALB/c mice exhibited significantly accelerated growth compared to control vector-
transfected cells, administration of an anti-Gal-2 antibody reduced tumor proliferation.*® Gal-2 binding to the Thomsen-
Friedenreich antigen on mucin 1 (MUC1) enhanced cancer cell adhesion to the endothelium, promoting the secretion of
metastasis-related cytokines.**** Gal-2 may regulate the immune response in the tumor microenvironment, and its
increased expression could potentially restore immune surveillance, leading to a reduced incidence of cancers.

Our findings indicated Gal-3 and Gal-8 level may be associated with an increased risk of cervical cancer. However,
their effect sizes (OR=1.001) suggest very small effects. The lower power of theses results might be limited by the small
sample size of cancer cases. The results of weighted median, weighted mode test are consistent with the results of IVW
method, which verifying the robustness of these associations. Thus, a larger sample size is needed to prove the causal
relationship. Gal-3 is a multifunctional protein that plays a central role in inflammation, immune response, and tumor
progression. It is related to promoting angiogenesis, cell proliferation, and survival, particularly through interactions with
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cell surface receptors like the epidermal growth factor receptor (EGFR).*® A case—control study in China also found
allele C of rs4652 and allele T of rs11125 in the Gal-3 gene may be risk factors for cervical cancer.*” The upregulation in
cervical cancer may facilitate tumor growth and progression through the modulation of the tumor microenvironment, and
overexpression of those proteins was indicative of poor prognosis in patients with cervical cancer.”>%*’

Additionally, Gal-3 has been characterized as a promoter of EMT, a process linked to enhanced invasiveness in
carcinoma cells.” Gal-8 binds to glycoproteins on the surface of cancer cells, modulating cell-cell interactions and
facilitating tumor cell migration and invasion.***' In cervical cancer, elevated Gal-8 expression has been linked to poor
prognosis, possibly due to its role in promoting cell survival and resistance to apoptotic signals.**> Moreover, Gal-8 may
interact with integrins and other adhesion molecules to promote the EMT process, further contributing to the metastatic
potential of cervical cancer cells.*®

Elevated Gal-4 levels were associated with a lower incidence of malignant neoplasm of corpus uteri, as well as
endometrial cancer and its endometrioid histology. Though limited studies in gynecology cancers about Gal-4, the
findings still indicate its anti-tumor properties.'® The expression of LGALS4 coded the Gal-4, was upregulated in 66.1%
of the patients having ovarian carcinomas with a positive correlation to CA19.9, which suggests a potential role of Gal-4
in ovarian carcinomas.''** Gal-4 in cancer pathophysiology indicates the involvement of Gal-4 in the Wnt/B-catenin
signaling pathway, leading to cell cycle progression, proliferation, and metastasis of cancer cells.'® In endometrial cancer,
Gal-4 may inhibit tumor progression by promoting apoptosis and reducing angiogenesis.

Interestingly, no significant relationship was found between Gal-7 and gynecologic cancers. Unlike other members of
the Galectin family, Gal-7 appears to have a more restricted role. Menkhorst et al reported Gal-7 production increased in
endometrial cancer with increasing cancer grade.*” In cervical cancer, Gal-7 induced the transformation of HeLa cells to
more invasive cells via elevating matrix metalloproteinase (MMP)-9 expression, which may be related to the p38 MAPK
signaling pathway.>? Liu et al reported Gal-7 promotes cisplatin sensitivity, and it would be a potential target for
potentiating efficacy in cervical cancer chemotherapy. This lack of association with gynecological malignancies may
indicate a need for more focused research on the diverse functions of Gal-7.%¢

Elevated Gal-9 levels were associated with a higher incidence in especially invasive mucinous ovarian cancer and
also showed a possible effect in ovarian cancer. Despite the issue of statistical significance boundaries, the association
direction between galectin-9 and ovarian cancer is consistent with previous mechanism studies, and may provide
potential target clues for future research. Gal-9 staining predominantly occurs in the cytoplasm of ovarian cancer
cells.’> High Gal-9 expression is significantly linked to lower tumor stages, earlier International Federation of
Gynecology and Obstetrics stages, and younger patient age.*’ Gal-9 plays a role in various biological processes,
including immune regulation and tumor progression. In ovarian cancer, Gal-9 may promote tumor growth and metastasis
by modulating immune cell infiltration and the tumor microenvironment.>* Additionally, Gal-9 interacts with multiple
immune checkpoints and has been shown to suppress T-cell responses, facilitating immune evasion.*®

Finally, elevated Gal-10 levels were associated with a decreased incidence of ovarian cancer, including clear cell
ovarian cancer and endometrial cancer with endometrioid histology. Most Gal-10-related studies were focused on its
relationship with eosinophilic diseases.*”>* While less is known about Gal-10, it has been reported to play a role in
inhibiting cell proliferation and inducing apoptosis, suggesting a potential tumor-suppressive function similar to that of
Gal-4.>"' The associations we observed may reflect its role in cellular processes that mitigate tumor progression.

The differential effects of galectins in different types of gynecologic cancers, as observed in this study, may reflect the
unique molecular characteristics of each cancer type. For example, ovarian cancer is often associated with immune
suppression and metastasis, which could explain the role of Gal-1 and Gal-9 in promoting cancer progression. In contrast,
endometrial cancer may involve different regulatory mechanisms, with Gal-2 and Gal-4 potentially playing protective
roles by enhancing immune surveillance and inhibiting tumor cell invasion.

Our study is the first to investigate the potential causal relationship between galectin levels and gynecology cancers
using a two-sample MR approach, utilizing a large volume of GWAS data. The concordance across pleiotropy-robust
methods strengthens causal inference though unmeasured confounding cannot be ruled out. Further, MR-Egger intercept
and noted consistency across methods, which supported the primary IVW result, reducing concerns about directional
pleiotropy.
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However, there are limitations. The galectin data were derived from individuals of European ancestry, which may
restrict the generalizability of the findings to other populations. Additionally, the lack of individual-level data prevents
a thorough exploration of the non-linear causal relationship between galectin levels and gynecologic cancers. The further
exploration is needed to articulate translational implications beyond genetic associations. Such as measuring plasma and
tissue galectin levels in clinical prospective cohorts to assess prognostic values. For the significant galectins which
exhibit predictive values in gynecologic cancers, the molecular functions and regulating mechanisms deserve further
exploration by cell and animal assays. Screening for specific inhibitors/agonists and evaluate their effects for clinical
application.

Conclusion

Our study highlights the potential causal relationships between galectin levels and gynecology cancers. Elevated levels of
Gal-1, =3, =8, and —9 might be associated with an increased risk of ovarian cancer, particularly high grade serous and
invasive mucinous subtypes, as well as cervical cancer. Conversely, elevated Gal-2 and Gal-4 levels appeared to reduce
the risk of malignant neoplasm of corpus uteri and endometrial cancer, especially endometrioid histology. Gal-7 showed
no significant association with gynecology cancers, while elevated Gal-10 was linked to a reduced incidence of ovarian
and endometrial cancers. Although our findings were consistent across sensitivity analyses (MR-Egger, weighted median
etc) and accounted for pleiotropy, the limitation of data and potential residual confounding mean that these associations
should be interpreted as suggestive rather than definitive evidence of causality. Further experimental and clinical
validation is needed to confirm these relationships and explore the underlying biological mechanisms. If validated,
galectins could serve as promising biomarkers or therapeutic targets in gynecologic oncology.
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