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Abstract

Major salivary gland carcinomas (MSGCs) is a rare but aggressive cancer, with limited understanding of its metabolic underpinning}
Lipid metabolism, particularly fatty acid metabolism ratios (FAMRs), has been implicated in various cancers, but its role in
MSGCs remains unclear. This study aims to explore the potential causal relationships between specific FAMRs and MSGCs
using Mendelian randomization (MR) analysis. A 2-sample MR analysis was conducted using summary data from genome-wide
association studies. Three FAMRs, including the ratio of diacylglycerol to triglycerides (DAG/TG), total cholesterol (TC) to total lipids
(TL) ratio in large very low-density lipoprotein (VLDL; TC/TL in large VLDL), and triglycerides to total lipids ratio in medium VLDL
(TG/TL in medium VLDL), were investigated for their potential causal relationships with MSGCs. Sensitivity analyses, including
MR-Egger and leave-one-out tests, were performed to assess pleiotropy and the robustness of the results. The DAG/TG and
TC/TL ratios in large VLDL were significantly positively associated with an increased risk of MSGCs (OR = 10.921, P = .004 and
OR =2.651, P =.047, respectively). In contrast, the TG/TL ratio in medium VLDL showed a significant negative association
with MSGCs risk (OR = 0.460, P = .041). Sensitivity analyses confirmed the robustness of these associations, with no evidence
of significant pleiotropy in 2 of the ratios. This study reveals novel insights into the metabolic basis of MSGCs, demonstrating
significant associations between specific FAMRs and MSGCs risk. These findings highlight the potential clinical relevance of
FAMRs as biomarkers or therapeutic targets in MSGCs. Future studies should focus on diverse populations and mechanistic
research to validate these associations and explore their clinical implications.

Abbreviations: BWNMR = Bayesian weighted Mendelian randomization, DAG = diacylglycerol, FAMRs = fatty acid metabolism

ratios, GWAS = genome-wide association study, VW = inverse-variance weighted, MR = Mendelian randomization, MSGCs = major
salivary gland carcinomas, NMR = nuclear magnetic resonance, ORs = odds ratios, SNPs = single nucleotide polymorphisms, TC =

total cholesterol, TG = triglycerides, TL = total lipids, VLDL = very low-density lipoprotein.
Keywords: lipid metabolism, Mendelian randomization analysis, salivary gland neoplasms

1. Introduction

Major salivary gland carcinomas (MSGCs) is rare but highly
aggressive head and neck cancers, accounting for approx-
imately 3% to 11% of all malignancies in this region.™
Although the exact etiology of MSGCs is not well understood,
studies suggest that genetic mutations,?! chronic inflamma-
tion, and environmental exposures—such as radiation and
viral infections—may play crucial roles in its development.
Facial nerve paralysis is observed in up to 63% of cases when
MSGCs occurs in the parotid gland.?®! The most common his-
tological subtypes include mucoepidermoid carcinoma and
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adenoid cystic carcinoma. Established risk factors include
advanced age, male gender, smoking, and a family history of
cancer.¥! Current treatment strategies primarily involve surgi-
cal resection, with the approach varying depending on lesion
type and size, often combined with radiation and chemother-
apy.’! Subtotal excision with facial nerve preservation is the
most commonly employed therapeutic approach, while total
or radical resection may be chosen for larger or more complex
malignant lesions.[®!

Due to the complexity and diverse subtypes of MSGCs, its
diagnosis and management remain significant challenges for
clinicians. Fatty acid metabolism ratios (FAMRs) represent
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the relative proportions between different types of fatty acids
or lipid molecules, such as the ratio of diacylglycerol to tri-
glycerides, or the ratio of triglycerides to total lipids in very
low-density lipoprotein (VLDL). These ratios not only reflect
the state of lipid metabolism in the body but are also thought
to be associated with the development and progression of var-
ious diseases.”! In recent years, increasing attention has been
directed toward the potential role of fatty acid metabolism
in tumorigenesis.®’ Some studies suggest that abnormal lipid
metabolism may promote tumor growth and metastasis by
influencing processes such as cell membrane composition, sig-
nal transduction pathways, and energy supply.””) For example,
elevated triglyceride ratios have been linked to an increased risk
of several malignancies.['” However, most existing research on
the relationship between FAMRs and cancer has focused on
breast cancer, non-small cell lung cancer, and prostate can-
cer,l'" while the relationship between these ratios and MSGCs
remains largely unexplored.

Mendelian randomization (MR) is a powerful tool for
assessing causal relationships between modifiable exposures
or risk factors and clinical outcomes. Compared to traditional
epidemiological studies, MR effectively overcomes the lim-
itations posed by confounding factors that may bias causal
inference, making it an increasingly popular approach for
evaluating and identifying potential causal relationships.!'?!
MR has provided valuable insights into the causal roles of
various diseases.

Although the MR method has been widely applied in research
on cardiovascular and metabolic diseases, its use in exploring
the causal relationships between FAMRs and specific cancers,
including MSGCs, remains underutilized. Therefore, this study
utilizes a 2-sample MR approach to explore the potential causal
relationship between FAMRs and MSGCs. The goal is to pro-
vide a theoretical framework for understanding the role of
fatty acid metabolism in the development and progression of
MSGC s, thereby establishing a scientific foundation for future
prevention and treatment strategies.

2. Materials and methods

2.1. Research design

MR methods must satisfy 3 core assumptions: association, inde-
pendence, and exclusion-restriction!®! (Fig. 1). Specifically, the
selected instrumental variables must be significantly associated
with the exposure (in this study, the FAMRs); the instrumental
variables should not be associated with any confounding fac-
tors that could influence the exposure-outcome relationship;
and the instrumental variables must affect the outcome exclu-
sively through the exposure, which in this study refers to the
risk of MSGCs. We strictly adhered to these assumptions and

Confounders

(3)

Figure 1. The 3 key assumptions of MR research are (1) the SNP is closely
associated with specific FAMRs; (2) the SNP is independent of other known
confounding factors; and (3) the SNP influences the risk of MSGCs only
through FAMRs. The symbol X indicates that the SNP chosen as an instru-
mental variable is not directly related to confounding factors or outcomes.
FAMs = fatty acid metabolism ratios, MR = Mendelian randomization, MSGCs
= major salivary gland carcinomas, SNP = single nucleotide polymorphism.
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performed a 2-sample MR analysis to ensure the validity of the
selected instrumental variables and the robustness of the study
findings.

In this study, we conducted a 2-sample MR analysis on 233
circulating metabolic markers, utilizing summary data from
genome-wide association studies (GWAS) to evaluate the poten-
tial causal relationships between these markers and MSGCs,
and to identify metabolic ratios with significant causal associ-
ations. Additionally, we performed sensitivity analyses to assess
the robustness of the results. The research workflow is illus-
trated in Figure 2.

2.2. Data sources

This study utilized summary statistics from GWAS to investigate
the potential causal relationship between specific FAMRs and
the risk of MSGCs. For the GWAS data on fatty acid metab-
olism, we used a study whose univariate summary statistics
are available in the GWAS Catalog under accession number
GCST90301954. This large-scale study included 136,016 par-
ticipants and analyzed 233 circulating metabolic markers, 64 of
which were related to fatty acid metabolism. These data were
obtained using nuclear magnetic resonance spectroscopy, which
quantitatively measured various lipids and lipoproteins.''* The
genetic data related to MSGCs were derived from a pan-ancestry
genetic analysis in the UK Biobank, which included 456,348
participants of European ancestry and analyzed 2989 binary
traits.>! The UK Biobank is a large-scale prospective study
that recruited over 500,000 participants aged 40 to 69 between
2006 and 2010. Its data are widely used in global research
across various fields, including cardiovascular disease, cancer,
and metabolic disorders, making it a key resource for under-
standing complex diseases.!'®l Since all data used in this study
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Figure 2. Workflow of the study.
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are publicly accessible (https://www.ebi.ac.uk/gwas/home) and
had received ethical approval from the relevant institutions, no
additional ethical approval was required for this analysis.

2.3. Selection and validation of instrumental variable SNPs

We selected SNPs associated with the 233 circulating met-
abolic markers based on 3 criteria. First, SNPs with genome-
wide significance (P-value <5 x 10-%) were selected. Second,
the independence of these SNPs was evaluated using linkage
disequilibrium (2 > 0.01), and SNPs in linkage disequilibrium
within 1 Mb of other SNPs with higher P-values were excluded.
Finally, to control for potential bias, we assessed weak instru-
ment bias in the selected instrumental variables by calculating
the F-statistic. An F-statistic >10 indicated the absence of weak
instrument bias, thereby further validating the assumption of
association. The F-statistic was calculated using the formula
F=[(N - K - 1)/K] x [R*(1 - R*)], where N is the sample size
for the exposure, K is the number of instrumental variables, and
R? is the proportion of variance in the exposure explained by the
instrumental variables.

2.4. Two-sample MR analysis

In this study, we conducted a 2-sample MR analysis using
random-effects inverse-variance weighted (IVW), weighted
median, and MR-Egger methods to assess the potential causal
relationship between specific FAMRs and MSGCs, expressed as
odds ratios (ORs). Given that the traditional IVW method may be
susceptible to bias from invalid instruments or pleiotropy, we also
performed sensitivity analyses to ensure the robustness and accu-
racy of the IVW results. Additionally, we incorporated Bayesian
weighted MR (BWMR) into our analysis. BWMR accounts for
the uncertainty in the estimates of weak effects and low-level
pleiotropic effects, and it adaptively detects outliers caused by
some larger pleiotropic effects.'” Further validation through
BWMR indicated that the results are more robust and reliable.

Associations between FAMRs and the risk of MSGCs.

Weighted  Inverse variance
Risk factors MR Egger median weighted
DAG/TG ratio OR(95%  2.256 (0.040  9.466 (1.173  10.921 (2.100 to
Cl) 0 127.908) 10 76.382) 56.786)
Pvalue 695 .035 .004
TC/TL ratio in OR(95% 2.036(0.386  1.909 (0.409  2.651(1.013 to
large VLDL Cl) 0 10.748) 10 8.924) 6.937)
Pvalue 405 A1 047
TG/TL ratio in OR(95%  0.193(0.059 0.325(0.102  0.460 (0.219 to
medium VLDL Cl) 10 0.629) t0 1.036) 0.970)
Pvalue .007 .057 041

DAG = diacylglycerol, FAMRs = fatty acid metabolism ratios, MSGCs = major salivary gland
carcinomas, MR = Mendelian randomization, ORs = odds ratios, TC = total cholesterol, TG =
triglycerides, TL = total lipids, VLDL = very low-density lipoprotein.

Association of the genetically predicted particularly FAMRs with the risk of
MSGCs using BWMR.

Risk factors OR (95% CI) BWMR P-value
DAG/TG ratio 12.851 (2.501 to 66.028) .002
TC/TL ratio in large VLDL 2.549 (0.937 t0 6.931) .067
TG/TL ratio in medium VLDL 0.454 (0.214 t0 0.963) .039

www.md-journal.com

Our sensitivity analyses involved 3 key steps: assessment of
horizontal pleiotropy, heterogeneity tests, and a “leave-one-
out” approach. MR-Egger was employed to detect horizon-
tal pleiotropy, with a P-value below .05 indicating pleiotropy
between the exposure (FAMRs) and the outcome (MSGCs). For
heterogeneity, we used Cochran Q test, where a P-value > .05
suggests no significant heterogeneity among the instrumental
variables, implying that heterogeneity does not influence the
study results. In the “leave-one-out” analysis, each SNP was
sequentially removed to calculate the meta-effect of the remain-
ing SNPs, allowing us to observe whether the results remained
consistent.

All  statistical analyses were performed using the
“TwoSampleMR” package in R software, version 4.3.2.

3. Results

In this study, through a 2-sample MR analysis of 233 circulat-
ing metabolic markers, we identified 3 FAMRs with a potential
causal relationship to MSGCs. These ratios are the ratio of dia-
cylglycerol to triglycerides (DAG/TG ratio; GCST90301954),
the total cholesterol to total lipids ratio in large VLDL (TC/
TL ratio in large VLDL; GCST90302020), and the triglycerides
to total lipids ratio in medium VLDL (TG/TL ratio in medium
VLDL; GCST90302068). The MR analysis results for these
markers, including odds ratios (ORs), 95% confidence intervals
(CIs), and P-values, are presented in Table 1.

The IVW analysis shows a significant positive correlation
between the DAG/TG ratio and MSGCs risk (P = .004), with an
OR of 10.921. The TC/TL ratio in large VLDL is significantly
positively correlated with MSGCs risk (P =.047), with an OR
of 2.651. In medium VLDL, the TG/TL ratio shows a significant
negative correlation with MSGCs risk (P =.041), with an OR
of 0.460.

The BWMR results confirm the correlation between the
DAG/TG ratio and the TG/TL ratio in medium VLDL with the
risk of MSGCs. However, the TC/TL ratio in large VLDL does
not show a significant correlation with MSGCs risk, as shown
in Table 2.

Pleiotropy test results for selected SNPs.

Risk factors Pleiotropy test beta (SE) Pleiotropy test P-value
DAG/TG ratio 0.086 406
TC/TL ratio in large VLDL 0.039 704
TG/TL ratio in medium VLDL 0.027 .068

DAG = diacylglycerol, SNPs = single nucleotide polymorphisms, TC = total cholesterol, TG =
triglycerides, TL = total lipids, VLDL = very low-density lipoprotein.

Heterogeneity test results for selected SNPs.

Heterogeneity (MR Egger) Heterogeneity (IVW)
Cochran Heterogeneity Cochran Heterogeneity
Risk factors (1] test P-value (1] test P-value
DAG/TG ratio 59.371 .040 60.366 041
TC/TL ratio in 67.981 .644 68.126 670
large VLDL
TG/TL ratio in 126.921 315 130.520 261
medium VLDL

BWMR = Bayesian weighted Mendelian randomization, DAG = diacylglycerol, FAMRs = fatty acid
metabolism ratios, MSGCs = major salivary gland carcinomas, ORs = odds ratios, TC = total
cholesterol, TG = triglycerides, TL = total lipids, VLDL = very low-density lipoprotein.

DAG = diacylglycerol, IVW = inverse-variance weighted, MR = Mendelian randomization, SNPs =
single nucleotide polymorphisms, TC = total cholesterol, TG = triglycerides, TL = total lipids,
VLDL = very low-density lipoprotein.
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Figure 3. The causal effect of DAG/TG ratio levels on the risk of MSGCs. (A-D) Forest plot, funnel plot, scatter plot, and leave-one-out sensitivity analysis of the
causal effect of DAG/TG ratio levels on the risk of MSGCs. DAG = diacylglycerol, MSGCs = major salivary gland carcinomas, TG = triglycerides.

To confirm the robustness of these findings, we conducted
sensitivity analyses on the 3 FAMRs, with the results presented
in Tables 3 and 4. Forest plots, funnel plots, scatter plots, and
leave-one-out sensitivity analyses are shown in Figures 3 to 5.

The MR-Egger analysis indicated that none of the 3 mark-
ers exhibited significant pleiotropy, suggesting that the selected
instrumental variables were relatively robust, and the causal
inference between these FAMRs and MSGCs was reliable.

However, in Cochran Q test, the P-value for the DAG/TG
ratio was close to .05, suggesting potential differences in the
effect sizes and directions of the SNP instrumental variables
used. This could be attributed to various factors, such as unob-
served confounders or some SNPs influencing MSGCs risk
through different biological pathways. Despite the presence of
heterogeneity, the strength of this association remains credible.
Both the TC/TL ratio in large VLDL and the TG/TL ratio in

medium VLDL did not exhibit significant heterogeneity, indicat-
ing a high degree of consistency and reliability in their associa-
tion with MSGCs.

In the MR-PRESSO test, the global test for the DAG/TG
ratio revealed significant pleiotropy (P = .035), while the TC/TL
ratio in large VLDL (P = .684) and the TG/TL ratio in medium
VLDL (P =.277) did not exhibit any pleiotropy. Notably, no
significant outliers were detected in the MR-PRESSO test for the
DAG/TG ratio, TC/TL ratio in large VLDL, or TG/TL ratio in
medium VLDL, indicating that the SNP instrumental variables
were overall robust and reliable. Although the global test for the
DAG/TG ratio indicated the presence of pleiotropy, the result
was not driven by any individual SNP outliers, suggesting that

the significant association with MSGCs risk remained valid. The
MR-PRESSO results for the other 2 ratios further supported the

reliability of the causal inference.
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Figure 4. The causal effect of TC/TL ratio in large VLDL levels on the risk of MSGCs. (A-D) Forest plot, funnel plot, scatter plot, and leave-one-out sensitivity
analysis of the causal effect of TC/TL ratio in large VLDL levels on the risk of MSGCs. MSGCs = major salivary gland carcinomas, TC = total cholesterol, TG =

triglycerides, TL = total lipids, VLDL = very low-density lipoprotein.

The results of the leave-one-out sensitivity analysis indicated
that the associations between these 3 FAMRs and MSGCs are
robust and not unduly influenced by any single genetic variant.
This enhances the overall credibility of the analysis, suggest-
ing that these ratios may be important metabolic factors in the

development of MSGCs.

4. Discussion

This study, through a 2-sample MR analysis, uncovers the poten-
tial genetic underpinnings of MSGCs and explores the possible
causal relationships between 3 FAMRs and MSGCs. Significant

associations were identified between alterations in these FAMRs
and the risk of MSGCs. Specifically, the DAG/TG ratio and the
TC/TL ratio in large VLDL demonstrated positive associations
with MSGCs risk, while the TG/TL ratio in medium VLDL
exhibited a significant negative association with MSGC risk.
These findings highlight the pivotal role of fatty acid metabo-
lism in the pathogenesis of MSGCs and may provide valuable
insights for future prevention and treatment strategies.

In the IVW analysis, the DAG/TG ratio demonstrated
a significant positive association with the risk of MSGCs
(OR =10.921, P =.004), suggesting that an elevated DAG/
TG ratio may substantially increase the risk of MSGCs.
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Figure 5. The causal effect of TG/TL ratio in medium VLDL levels on the risk of MSGCs. (A-D) Forest plot, funnel plot, scatter plot, and leave-one-out sensitivity
analysis of the causal effect of TG/TL ratio in medium VLDL levels on the risk of MSGCs. MSGCs = major salivary gland carcinomas, TC = total cholesteroL, TL

= total lipids, VLDL = very low-density lipoprotein.

Although the DAG/TG ratio exhibited pleiotropy in the
MR-PRESSO test, the other 2 ratios did not, indicating
that most instrumental variables are relatively robust.
Additionally, the DAG/TG ratio showed overall robustness
and reliability in both heterogeneity tests and leave-one-out
sensitivity analyses, reinforcing the significance and cred-
ibility of this association. These findings suggest that the
DAG/TG ratio may serve as an important metabolic marker
with potential functional roles in MSGCs development,
possibly related to diacylglycerol’s role as an intracellular
signaling molecule, regulating pathways involved in cell
proliferation and survival.!'$!

The significant positive association between the TC/TL ratio
in large VLDL and the risk of MSGCs (OR =2.651, P =.047)
suggests that the TC/TL ratio may play a crucial metabolic
role in the development of MSGCs. The ratio of cholesterol to
total lipids in large VLDL reflects the metabolic balance of lipid
transport, and an abnormal TC/TL ratio may influence cell pro-
liferation and tumor development by regulating lipid metabo-
lism pathways, thereby increasing cancer risk.!"”!

In contrast, the significant negative association between
the TG/TL ratio in medium VLDL and the risk of MSGCs
(OR =0.460, P=.041) indicates that triglyceride imbalance
in medium VLDL may be associated with a protective effect
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against MSGCs. This protective effect could reduce tumor
development by regulating lipid deposition or altering cellular
metabolic pathways. These findings provide new insights into
potential therapeutic targets for MSGC through lipid metabo-
lism interventions, suggesting possible adjustments in preven-
tion and treatment strategies.

Lipid metabolites such as DAG, TG, and TG in VLDL have
been shown to significantly impact cell survival. Certain lipids,
such as diacylglycerol® and triglycerides in VLDL,?" appear
to promote cell growth and survival, while others may induce
cell death or dormancy.??! This suggests that chronic metabolic
imbalances may trigger the production of specific pro-survival
molecules and their downstream effects, ultimately influencing
tumor initiation and progression.

TG are the primary form of energy storage in cells, and ele-
vated TG levels are frequently observed in individuals with met-
abolic syndrome and obesity, both of which are associated with
an increased risk of cancer. Recent studies have demonstrated
that elevated serum TG levels are closely linked to the devel-
opment of breast cancer,*’! lung cancer,! prostate cancer, and
ovarian cancer.”) However, the role of the DAG/TG ratio in
cancer, particularly in MSGCs, has not been thoroughly inves-
tigated. Our findings suggest that an imbalance in the DAG/
TG ratio may contribute to the initiation and progression of
MSGCs by disrupting lipid homeostasis and enhancing pro-
inflammatory signaling pathways.

VLDL is a type of lipoprotein synthesized by the liver, pri-
marily responsible for transporting triglycerides and cholesterol
produced in the liver to other tissues. VLDL is the major carrier
of triglycerides in plasma and plays a pivotal role in lipid metab-
olism. Dysregulation of VLDL metabolism has been linked to
various diseases, including cardiovascular disease and cancer.!?¢!
VLDL particles have been shown to promote systemic inflam-
mation and oxidative stress, both of which are key drivers of
cancer development.?”!

The TC/TL ratio in large VLDL (TC/TL ratio) reflects the
proportion of cholesterol relative to TL within VLDL parti-
cles. An abnormal TC/TL ratio may disrupt lipid homeostasis
within cells, potentially influencing cell proliferation, survival,
and tumor development. It is considered a potential marker of
metabolic imbalance and may contribute to tumor progression
by altering lipid metabolic pathways.?¥ The TG/TL ratio in
medium VLDL reflects the relative abundance of TG to TL and
may serve as an indicator of metabolic imbalance. An elevated
TG/TL ratio is associated with lipid dysregulation and inflam-
mation, both of which are known to create an environment con-
ducive to tumor development.’!

Despite the promising findings of this study, several limita-
tions must be considered. First, the accuracy of MR analysis
depends on the validity of the selected instrumental variables
(SNPs), which must be strongly associated with the expo-
sure and influence the outcome solely through the exposure.
If alternative pathways, such as horizontal pleiotropy, affect
the outcome, bias may be introduced. Second, genetic hetero-
geneity across populations could influence the relationship
between SNPs and the exposure. Since this study primarily
uses GWAS data from individuals of European descent, the
findings may not be generalizable to other ethnicities or pop-
ulations. Additionally, MR analysis typically assumes a lin-
ear relationship between exposure and outcome, and if the
actual relationship is nonlinear, this assumption may lead
to erroneous conclusions. The quality and accuracy of MR
analysis also depend on the quality of the underlying GWAS
data; any errors or deficiencies in the data could affect the
results. Furthermore, while MR analysis can suggest a causal
relationship, elucidating the specific biological mechanisms
remains challenging. MR analysis also cannot determine the
magnitude of intervention effects. Therefore, while this study
provides valuable insights, these limitations should be consid-
ered when interpreting and generalizing the findings. Future

www.md-journal.com

research should involve broader populations to verify the
generalizability of these associations and be complemented
by experimental studies to elucidate the specific mechanisms
involved. In-depth mechanistic research and clinical trials
will be essential for determining the effectiveness and safety
of these metabolic markers as strategies for prevention or
treatment.

5. Conclusion

Our study is the first to reveal a potential causal relationship
between specific FAMRs and MSGCs. The DAG/TG ratio and
the TC/TL ratio in large VLDL were significantly positively
associated with MSGCs risk, while the TG/TL ratio in medium
VLDL showed a significant negative association. These findings
provide new insights into the metabolic basis of MSGCs and
may have clinical significance in identifying novel biomarkers
or therapeutic targets.

Author contributions

Conceptualization: Xiaopo He.

Data curation: Yongjie Guo, Shuqging Ge, Jingchao Gao.

Formal analysis: Yongjie Guo, Shuqing Ge, Qi Zheng.

Investigation: Yongjie Guo, Kailin Shen, Shuging Ge.

Methodology: Yongjie Guo, Kailin Shen, Shuging Ge, Qi Zheng,
Jingchao Gao, Xiaopo He.

Resources: Kailin Shen.

Software: Kailin Shen, Qi Zheng, Jingchao Gao.

Supervision: Kailin Shen, Xiaopo He.

Writing - original draft: Yongjie Guo, Kailin Shen, Shuqing Ge,
Qi Zheng.

Writing — review & editing: Yongjie Guo, Kailin Shen, Xiaopo
He.

References

[1] Zhang D, Li L, Wen T, Ma F. Clinical value of adjuvant therapy on the
prognosis of ductal carcinoma of the major salivary gland: a large-scale
cohort study. Eur Arch Otorhinolaryngol. 2023;280:409-17.

[2] Coxon A, Rozenblum E, Park Y-S, et al. Mect1-Maml2 fusion oncogene

linked to the aberrant activation of cyclic AMP/CREB regulated genes.

Cancer Res. 2005;65:7137-44.

Gandolfi MM, Slattery W. Parotid gland tumors and the facial nerve.

Otolaryngol Clin North Am. 2016;49:425-34.

[4] Jayaprakash V, Merzianu M, Warren GW, et al. Survival rates and prog-
nostic factors for infiltrating salivary duct carcinoma: analysis of 228
cases from the surveillance, epidemiology, and end results database.
Head Neck. 2014;36:694-701.

[5] Rahman M, Griffith CC. Salivary duct carcinoma: an aggressive sal-
ivary gland carcinoma with morphologic variants, newly identified
molecular characteristics, and emerging treatment modalities. Surg
Pathol Clin. 2021;14:111-26.

[6] Vamesu S, Ursica OA, Gurita AM, et al. A retrospective study of non-
neoplastic and neoplastic disorders of the salivary glands. Medicine
(Baltim). 2023;102:e35751.

[7] de Carvalho CCCR, Caramujo M]J. The various roles of fatty acids.
Molecules. 2018;23:2583.

[8] Hoy AJ, Nagarajan SR, Butler LM. Tumour fatty acid metabolism in the
context of therapy resistance and obesity. Nat Rev Cancer.2021;21:753-66.

[9] Butler L, Perone Y, Dehairs J, et al. Lipids and cancer: emerging roles in
pathogenesis, diagnosis and therapeutic intervention. Adv Drug Deliv
Rev. 2020;159:245-93.

[10] Balaban S, Shearer RF, Lee LS, et al. Adipocyte lipolysis links obesity to

breast cancer growth: adipocyte-derived fatty acids drive breast cancer
cell proliferation and migration. Cancer Metab. 2017;5:1.

[11] Lin H-M, Mahon KL, Weir JM, et al; PRIMe Consortium. A distinct

plasma lipid signature associated with poor prognosis in castration-

resistant prostate cancer. Int J Cancer. 2017;141:2112-20.

Sekula P, Del Greco M F, Pattaro C, Kottgen A. Mendelian randomiza-

tion as an approach to assess causality using observational data. ] Am

Soc Nephrol. 2016;27:3253-65.

[3

[12



Guo et al. ® Medicine (2025) 104:11

[13] Larsson SC, Butterworth AS, Burgess S. Mendelian randomization

for cardiovascular diseases: principles and applications. Eur Heart J.
2023;44:4913-24.

Karjalainen MK, Karthikeyan S, Oliver-Williams C, et al; China
Kadoorie Biobank Collaborative Group. Genome-wide character-
ization of circulating metabolic biomarkers. Nature. 2024;628:
130-8.

[15] Jiang L, Zheng Z, Fang H, Yang J. A generalized linear mixed model

association tool for biobank-scale data. Nat Genet. 2021;53:1616-21.
Hendriks S, Ranson JM, Peetoom K, et al. Risk factors for young-onset
dementia in the UK biobank. JAMA Neurol. 2024;81:134-42.

Zhao J, Ming J, Hu X, Chen G, Liu J, Yang C. Bayesian weighted
Mendelian randomization for causal inference based on summary sta-
tistics. Bioinformatics. 2020;36:1501-8.

Cooke M, Kazanietz MG. Overarching roles of diacylglycerol sig-
naling in cancer development and antitumor immunity. Sci Signal.
2022;15:eabo0264.

Cheng C, Geng F, Cheng X, Guo D. Lipid metabolism reprogramming
and its potential targets in cancer. Cancer Commun (Lond). 2018;38:27.
Newton AC. Protein kinase C: perfectly balanced. Crit Rev Biochem
Mol Biol. 2018;53:208-30.

Medicine

[21] Schuhmacher M, Grasskamp AT, Barahtjan P, et al. Live-cell lipid bio-
chemistry reveals a role of diacylglycerol side-chain composition for
cellular lipid dynamics and protein affinities. Proc Natl Acad Sci U S A.
20205117:7729-38.

[22] Berridge MJ. The inositol trisphosphate/calcium signaling pathway in
health and disease. Physiol Rev. 2016;96:1261-96.

[23] Ma H-Q, Cui L-H, Li C-C, Yu Z, Piao J-M. Effects of serum tri-
glycerides on prostate cancer and breast cancer risk: a meta-analysis of
prospective studies. Nutr Cancer. 2016;68:1073-82.

[24] Zuber V, Marconett CN, Shi J, et al. Pleiotropic analysis of lung cancer
and blood triglycerides. ] Natl Cancer Inst. 2016;108:djw167.

[25] Borena W, Stocks T, Jonsson H, et al. Serum triglycerides and cancer
risk in the metabolic syndrome and cancer (Me-Can) collaborative
study. Cancer Causes Control. 2011;22:291-9.

[26] Huang J-K, Lee H-C. Emerging evidence of pathological roles of very-
low-density lipoprotein (VLDL). Int ] Mol Sci . 2022;23:4300.

[27] Lu C-W, Lo Y-H, Chen C-H, et al. VLDL and LDL, but not HDL,
promote breast cancer cell proliferation, metastasis and angiogenesis.
Cancer Lett. 2017;388:130-8.

[28] Pelton K, Freeman MR, Solomon KR. Cholesterol and prostate cancer.
Curr Opin Pharmacol. 2012;12:751-9.



