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Abstract

Background This study used Mendelian randomization (MR) to investigate the causal
association between circulating fatty acids (FAs) and the incidence of 10 human cancer
types.

Methods Single nucleotide polymorphisms (SNPs) significantly associated with
circulating FAs were selected from 500,000 UK Biobank blood samples and 114,999
plasma samples from a large GWAS. Summary-level data on 174,006 cancer patients
were obtained from the FinnGen biobank. The inverse variance weighted method was
used for causal estimation, with additional analyses including MR-Egger regression,
weighted median, weighted mode, Cochrane Q test, MR-PRESSO global test, and
leave-one-out analyses. Multivariable Mendelian randomization (MVMR) was applied to
adjust for potential confounders.

Result This study found a genetically causal effect of polyunsaturated FAs on

kidney cancer incidence (OR: 1.528;95% Cl 1.164-2.266; P=0.001), which remained
significant after Bonferroni adjustment. The causal impact of omega-6, omega-3, and
linoleic acid on kidney cancer risk was also observed (omega-6: OR=1.586, P=0.002;
omega-3: OR=1.311, P=0.014; linoleic acid: OR=1.527, P=0.007). MVMR confirmed
the consistent causal relationship (OR=1.553, P=0.0047) after adjusting for multiple
variables. Results were validated in a larger cohort.

Conclusions Higher circulating polyunsaturated FAs, especially omega-6, were
associated with an increased risk of kidney cancer. Suggestive associations were found
in small cell lung, rectal, bladder, pancreatic, and esophageal cancer.

Keywords Kidney cancer, Mendelian randomization, Pan cancer analysis, Saturated
fatty acid, Unsaturated fatty acid

1 Background

An estimated 19.3 million new cases of cancer occurred globally in 2020 and about
10 million people die from cancer each year [1]. While several factors, including obesity,
smoking, drinking, and infection, are associated with the occurrence of cancer [2-5],
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most have not been studied in detail.

The relationship between fatty acids (FAs) and cancer risk remains unclear. FAs are
a vital source of nutrition for humans, requiring daily intake. They can be divided into
three categories based on the number of double bonds in the side chain: saturated FAs
(SFAs), monounsaturated FAs (MUFAs), and polyunsaturated FAs (PUFAs). PUFAs are
further classified into omega-6 PUFAs (e.g. linoleic acid, LA) and omega-3 PUFAs (e.g.
DHA) based on the position of the first double bond in the methyl terminal. Human
desaturase deficiency resulting in PUFA has an important influence on human health
[6].

Some studies have shown an association between FAs and cancer. Diets enriched in
omega-6 FAs contribute to inflammation, constricted blood vessels, and platelet aggre-
gates [7]. An increase in inflammatory stimuli can provide an ideal microenvironment
for the development of cancers. At the same time, omega-3 FAs can help to resolve
inflammation and alter the function of vascular and carcinogen biomarkers, thus reduc-
ing the risk of cancer and CVD (8, 9]. Cancer cells use MUFAs to synthesize cell mem-
branes [10], and SFAs correlate with drug resistance. This may explain why tumors have
a relatively higher proportion of MUFA and SFA than corresponding normal tissues
[11]. Cancer cells often maintain their ability to take up lipids from the circulation and
adjacent adipose tissue [12]. These findings suggest that FAs may play a pivotal role in
carcinogenesis and could be used to aid the development of novel therapeutic targets.

Cohort studies have shown that FAs have a potential effect on multiple cancer types,
however, no consensus about their role has been reached. While previous case-control
studies failed to identify a significant association between total fish intake (an important
source of omega-3 FAs) and breast cancer [13-15], a meta-analysis of 16 prospective
cohort studies suggested that breast cancer risk in premenopausal women is negatively
correlated with the intake of omega-3 FAs from a marine diet and supplements [16—18].
Meanwhile, Stearoyl-CoA desaturase 1 (SCD1) is expressed in samples from all clear cell
renal cell carcinoma (ccRCC) tumor stages but not in matched benign tissue samples
[19]. However, kidney cancer tissue has a lower unsaturation level than normal kidney
tissue [20]. These findings indicate that the relationship between fatty acids and can-
cer incidence requires further exploration. While randomized controlled trials (RCTs)
are the gold standard for inferring causality, they may be too expensive or complex to
perform over an extended period, making it difficult to assess the potential long-term
effects of FAs.

Mendelian randomization (MR) is a novel method for making causal inferences
between lifelong exposures and outcomes [21] and can be used to identify the potential
role of FAs in the development of different types of cancer. MR studies share some simi-
larities with RCTs. For example, the random allocation of single nucleotide polymor-
phisms (SNPs) that occur at conception is equivalent to interventions that are randomly
allocated at the start of a trial [22]. MR studies are performed to predict and evaluate
the effect of an exposure on a particular outcome using genetic variants, thus alleviating
concerns of reverse causation [23]. MR is also less susceptible to environmental con-
founders [24, 25]. To measure the association between FAs and cancer risk, two-sample
MR and MVMR were performed using large-scale data from genome-wide association
studies maintained in the UK and FinnGen Biobanks.
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2 Methods

2.1 Study design

A pan-cancer analysis was conducted involving 10 human cancer types to evaluate the
causal effect of multiple FAs on cancer incidence. MVMR was then used to test for
potential confounding. The results were validated using a large-scale genome-wide asso-
ciation study (GWAS) cohort. To reduce bias in the results, three important assump-
tions had to be met by the SNPs: (1) they were strongly associated with the exposure,
(2) they were not affected by any confounding factors, and (3) they did not affect the
outcome through any variable other than the exposure. A detailed flowchart is shown in
Fig. 1.

2.2 Exposure data

Instrument variants of circulating monounsaturated FAs, polyunsaturated FAs, and sat-
urated FAs were selected from the program conducted by Nightingale Health in 2018,
which analyzed over 200 metabolic biomarkers in 500,000 blood samples from the UK
Biobank (https://gwas.mrcieu.ac.uk/). Genetic instrument variants of circulating DHA,
linoleic acid, total omega 3 FAs, and total omega 6 FAs were obtained in a large pub-
lished GWAS analysis of plasma samples from 114,999 individuals in the UK Biobank
[26]. Detailed information about the exposure data source is included in Supplementary
Table 1.

2.3 Outcome data

Cancer outcomes were defined as incident or prevalent cases of site-specific malignan-
cies. Summary level GWAS data on 10 cancer types, which was summarized by the I[EU
OpenGWAS project, was selected from the FinnGen Biobank. The FinnGen study was
launched in 2017 to analyze genome and health data from Finnish biobanks and digi-
tal health record data. The current study collected FinnGen data from round 5, which
included 217,677 participants of European genetic ancestry (https://gwas.mrcieu.ac.uk
/). GWAS round 8 data, a more scaled population from the FinnGen biobank (https://
r8.finngen.fi/), was used to validate the findings. Detailed information about the out-
come data source is included in Supplementary Table 1.

SNP associated with
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Fig. 1 Overall study design of the MR analysis used to explore the relationship between fatty acids and the risk
of cancer
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2.4 Selection of instrumental variables

Strict selection criteria were used to determine the availability of instrumental variables
associated with circulating FAs. The MR Steiger filtering method was used to examine
the causality between FA and cancer. The “TwoSampleMR’ R package was used to filter
out SNPs that were significantly linked to circulating monounsaturated FAs, polyunsatu-
rated FAs, and saturated FAs at a threshold of P<5x107%, Eligible SNPs for circulating
DHA, linoleic acid, total omega 3 FAs, and total omega 6 FAs were selected by Borges et
al., who demonstrated the significance of each instrumental variable (P<5x 10°%). SNPs
with a threshold of r? <0.01 were also eliminated to avoid linkage disequilibrium. SNPs
that were not found in the GWAS outcome data for the 10 cancer types were eliminated
during the harmonization stage. Proxy SNPs were not used to replace the eliminated
SNPs in subsequent analyses. F-statistics of the remaining SNPs were calculated to avoid
the possibility of weak instrument bias and quantify the strength of the instrumental
variables using the following formula: F = R?x(N-1-k)/(1-R?) [27]. R? was calculated using
the following formula: R?=2xbeta’x (1-eaf)/[2xbeta®x (1-EAF) + 2xse’xNxEAFx(1-
EAF)]. SNPs with F-statistics values > 10 were considered eligible instrumental variables
[28]. After strict selection using these criteria, the instrumental variables were found
to fulfill the first MR assumptions. After strict selections, the identified IVs and corre-
sponding F statistic were presented in Supplementary Table 2.

2.5 Mendelian randomization

MR analysis was used to explore the causal effect of circulating FAs on pan-cancer risk.
The inverse variance weighted (IVW) method is primarily adopted to generate the com-
bined effect (beta value) by meta-analyzing the Wald ratio of each SNP [29], and the
results are usually considered final. MR Egger, weighted median, weighted mode, simple
mode methods and MR-robust adjusted profile score (MR-RAPS) were also performed.
Associations were considered to have Bonferroni correction significance if P values were
<1.66x 107 (P=0.05/10 types of human cancer/3 fatty acids). Those with P values <0.05
but >1.67 x 10~% were considered suggestive causal associations.

2.6 Multivariable Mendelian randomization

Pan-cancer identified that kidney cancer was at the highest risk of being influenced by
FAs. Individuals’ genotypes no more change after conception, making MR less sensitive
to confounding factors. Multivariable MR was conducted to further identify potential
confounders. MVMR incorporates potential confounding factors into the model to elim-
inate their influence. If the relationship between exposure and outcome remains robust,
it can be inferred that the effect independent of confounding factors. Meanwhile, the
instrumental variables meet the second assumption. Previous MR analyses have shown
that increased BMI, HDL cholesterol, body size at age 10, diastolic blood pressure, and
systolic blood pressure were associated with an increased risk of kidney cancer [30-32].
Thus, it is possible that metabolic factors were confounding the relationship between
FAs and kidney cancer. Considering the influence of traditional risk factors, smoking
was also defined as a potential confounder. Instrumental variables for these factors were
selected from the UK Biobank using the accordant selection criteria described above.
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2.7 Sensitivity analysis

To test the robustness of our two sample MR results, several sensitivity analyses were
performed. The MR Egger method can be used to detect directional horizontal pleiot-
ropy [33], the weighted median method can provide a consistent estimate even if half
of the SNPs are pleiotropic [34], and the weighted mode method can provide consistent
results even if most SNPs are pleiotropic [35]. Scatter plots were generated to display
the results of the six MR methods. The MR-PRESSO global test was also used to detect
horizontal pleiotropy [36]. Heterogeneity in the IVW estimates was examined using the
Cochran Q test. Leave-one-out sensitivity analysis was also performed to assess geneti-
cally causal estimates determined after excluding each SNP one by one. The absence of
horizontal pleiotropy indicates that the instrumental variables have fulfilled the third
MR assumption. For MVMR analyses, we used the multivariable MR-Egger method
for pleiotropy testing, Cochran’s Q statistic for heterogeneity testing and tests for weak

instrument bias.

2.8 Negative control
To the best of the author’s knowledge, there was no evidence of a link between myo-
pia and 10 cancers. Myopia was analyzed as a negative control outcome. Summary-level
data for myopia were obtained from the FinnGen biobank (https://www.finngen.fi/),
including 460,536 individuals of European ancestry.

All analyses were conducted in R 4.4.1 using “TwoSampleMR’; “MendelianRandomiza-
tion”, “MVMR” and “coloc” R package.

3 Results

3.1 Description of the selected IVs

A total of 62, 60, and 52 genome-wide significant SNPs were selected as IVs associated
with monounsaturated FAs, polyunsaturated FAs, and circulating saturated FAs, respec-
tively, at a cutoff of P<5x107® and r* <0.01. A total of 215 significant SNPs were also
obtained and used for the IVs of DHA, linoleic acid, total omega 3 FAs, and circulating
total omega 6 FAs. Detailed information about the genetic instruments is shown in Sup-
plementary Table 2. The F-statistics of these SNPs were much larger than 10, suggesting
that the probability of weak instrument bias was low. Before analyzing, it should be clear
that the ORs mentioned in the results section are derived from the IVW method.

3.2 Pan-cancer analysis to screen the types of cancer associated with FAs

Pan-cancer analysis of 10 human cancer types using the IVW method found that cir-
culating FAs had a genetically causal effect on the incidence of different types of cancer
(Fig. 2, Supplementary Fig. 1 and Supplementary Table 3). Several FA types were strongly
associated with kidney, pancreatic, and cervical or uterine cancer. Polyunsaturated FAs
(OR: 1.528; 95% CI, 1.176-1.987; P=0.001), monounsaturated FAs (OR: 1.319; 95% CI,
1.004-1.738; P=0.049) and circulating saturated FAs (OR: 1.397; 95% CI, 1.021-1.912;
P=0.036) had a genetically causal effect on the incidence of kidney cancer. Remarkably,
the association between polyunsaturated FAs and kidney cancer risk was significant
after Bonferroni adjustment (P<0.0017). A borderline association between polyunsatu-
rated FAs and pancreatic cancer (OR: 0.685; 95% CI, 0.476—0.984; P=0.040) and cervi-
cal or uterine cancer risk (OR: 1.345; 95% CI, 1.100—1.644; P=0.038) was also observed.
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Fig. 2 Heatmap of the association between the incidence of 10 cancer types and three kinds of fatty acids using
the IVW method. The circle sizes represent the p values of each association. The red circles indicate the significance
after Bonferroni adjustment (1.66 x 10~3). The other four are suggestive associations

MR Egger, weighted median, simple mode, and weighted mode methods were also used
to verify the causal effect between kidney cancer and these FAs (Supplementary Tables
4 and Supplementary Fig. 2). The MR-Egger intercept and MR-PRESSO global test did
not identify directional pleiotropy and the Cochrane Q test did not identify heterogene-
ity (Supplementary Table 4). Leave-one-out sensitivity analysis revealed that genetically
causal estimates were still stable after excluding single SNPs one by one (Supplementary
Fig. 3).

3.3 Evaluating the causal effect of four polyunsaturated FA components

Since polyunsaturated FAs were significantly associated with the risk of kidney (using
the Bonferroni adjustment), pancreatic, and cervical or uterine cancer in the pan-can-
cer analysis, the genetically causal effect of four polyunsaturated FA components on the
incidence of these cancers was also explored (Supplementary Table 5). Remarkably, a
Bonferroni-adjusted causal effect was found between circulating total omega 6 FAs and
the risk of kidney cancer (OR: 1.586; 95% CI, 1.184—2.125; P=0.002). A suggestive causal
effect was also found between linoleic acid (OR: 1.527; 95% CI, 1.124—2.074; P=0.007)
and total omega 3 FAs (OR: 1.311; 95% CI, 1.056—-1.627; P=0.014) on the occurrence of
kidney cancer, and no relationship was observed between circulating DHA (OR: 1.271;
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95% CI, 0.942-1.716; P=0.1170) and kidney cancer incidence. Meanwhile, a protective
causal effect was found between circulating total omega 6 FAs and the incidence of pan-
creatic cancer (OR: 0.582; 95% CI, 0.385-0.880; P=0.01) (Fig. 3). Conversely, no causal
effects were observed between the four polyunsaturated FAs components and cervical
or uterine cancer. Results using the different methods of validation are shown in Supple-
mentary Tables 6 and Supplementary Fig. 4. No directional pleiotropy and causal rela-
tionship geneity were identified, and leave-one-out sensitivity analysis revealed stable
causal estimates (Supplementary Fig. 5).

A less significant association was found between three additional types of human
cancer and the three circulating polyunsaturated FAs components. Rectal cancer was
genetically associated with circulating DHA (OR 1.354; 95% CI, 1.061-1.729; P=0.015).
Oesophageal cancer (OR: 0.651; 95% CI, 0.427-0.993; P=0.046) were genetically associ-
ated with circulating total omega 3 FAs.Small cell lung cancer incidence was genetically
influenced by circulating linoleic acid (OR: 2.010; 95% CI, 1.004—4.027; P=0.049) (Sup-
plementary Tables 7 and Supplementary Fig. 6).

3.4 Measuring confounding using multivariable MR

Among the 10 cancer types, kidney cancer was most highly associated with circulating
FA levels, especially polyunsaturated and total omega 6 FAs. The causal effect between
kidney cancer incidence and monounsaturated and saturated FAs was suggestive. To
identify potential confounding, multivariable MR was used to validate the kidney cancer
results. Previously published MR studies were assessed to identify the risk of kidney can-
cer associated with BMI, HDL cholesterol, body size at age 10, diastolic blood pressure,
and systolic blood pressure and to determine the likelihood that these variables could
act as confounders between circulating FAs and kidney cancer. Smoking was also con-
sidered a confounding factor. Additional information about the potential confounders is
shown in Supplementary Table 1, which includes demographic details. After adjusting
for BMI, ever smoked, LDL cholesterol, body size at age 10, diastolic blood pressure, and
systolic blood pressure, polyunsaturated and saturated FAs remained associated with the
risk of kidney cancer (OR 1.553; 95% CI, 1.140-2.061; P=0.0047) (Fig. 4). However, the
model has problems of weak tool offset and horizontal pleiotropy.

Exposure SNP number OR (95%Cl) p value MR Egger Cochrane Q MR-PRESSO global
DHA

Pancreas cancer 40 0.775(0.570, 1.056) 0.106 Lo o 0.203 092 0918

Kidney cancer 40 1.271(0.942,1.716) 0117 T 0953 0025 0044

Cervix uteri cancer 40 1.232(0.991,1.532) 0.06 P 0.502 0.075 0.122

Total omega 3 FAs

Pancreas cancer 45 0.829(0.637,1.077) 0.16 — 0.363 0.699 0766
Kidney cancer 45 1.311(1.056, 1.627) 0014+ — 0545 0349 0409
Cervix uteri cancer 45 1.119(0.902, 1.389) 0.306 3 hzmnl 0633 0.001 0.001
Linoleic acid

Pancreas cancer 44 0684 (0462, 1014) 0059 — 0329 0359 0433
Kidney cancer 44 1527 (1.124,2.074) 0007 » —_—— 0204 0437 0306
Cenvix uteri cancer 44 1.153(0.848, 1.568) 0.362 e — 0.771 0.002 0.002

Total omega 6 FAs

Pancreas cancer 54 0.582 (0.385, 0.880) 001 * — 0.691 0.078 0.08
Kidney cancer 54 1.586 (1.184,2.125) 0.002 *+ —_— 0.762 0438 0512
Cervix uteri cancer 54 1.279(0.976, 1.676) 0074 —— 0593 0012 0026

Fig. 3 Causal association between four polyunsaturated FAs components and kidney, pancreatic, and cervical
uterine cancer risk. One asterisk indicates suggestive evidence while two asterisks indicate statistical significance
after a multiple comparison correction (P=0.05/3 types of human cancer/4 fatty acids)
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Exposure OR (95%Cl) pvalue MREgger Cochrane Q Conditional F value

unadjusted

Polyunsaturated FAs e — 1.528 (1.176, 1.987) 0.0015 0.954 0878 !

Saturated FAs — 1.397 (1.021,1.912) 0.0364 0.377 044 !

adjusted with BMI

Polyunsaturated FAs —_— 1.521(1.162, 1.990) 0.0023 0.001 0.581 17.091

Saturated FAs | o — 1.394 (1.008, 1.927) 0.0443 0.098 0.265 12.836

adjusted with HDL cholesterol

Polyunsaturated FAs —— 1.469 (1.095, 1.971) 0.0104 0.830 0.073 114.321

Saturated FAs _— 1.647 (1.180, 2.299) 0.0033 0426 0.083 132.909

adjusted with body size at age 10

Polyunsaturated FAs — 1.430 (1.091, 1.874) 0.0096 0.000 0.606 32.550

Saturated FAs T 1.268 (0.923,1,742) 0.1436 0.048 0.607 23924
with di ic blood p!

Polyunsaturated FAs —_—— 1.592 (1.211,2.092) 0.0008 0.971 0.273 74.450

Saturated FAs A —— 1.625(1.172,2.253) 0.0036 0.981 0.385 76.341

adjusted with systolic blood pressure

Polyunsaturated FAs —_— 1.549 (1.183, 2.030) 0.0015 0.143 0.444 71.520

Saturated FAs — 1.357 (0.976, 1.886) 0.0692 0.062 037 72,656

adjusted with Ever smoked

Polyunsaturated FAs —_—— 1.531(1.187,1.974) 0.001 0.042 0632 59.155
Saturated FAs | e — 1.372(0.997, 1.889) 0.0523 0.037 0.276 46.807
adjusted with all six factors

Polyunsaturated FAs ——— 1.533 (1.140,2.061) 0.0047 0.005 0.188 8.569
Saturated FAs — 1.660 (1.186,2.297) 0.0029 0.433 0.164 8.515

Fig. 4 Causal association between circulating polyunsaturated and saturated FAs for kidney cancer risk by mul-
tivariable mendelian randomization after adjusting for BMI, HDL cholesterol, body size at age 10, diastolic blood
pressure, and systolic blood pressure

Exposure SNP number OR (95%Cl) p value MR Egger  Cochrane Q MR-PRESSO global
Monounsaturated FAs 50 0.956 (0.757, 1.208) 0.708 —_——— 0.894 0.598 0.545
Polyunsaturated FAs 46 1.290 (1.049, 1.588) 0.016 la—— 0746 0782 0771
Saturated FAs 4@ 1.150 (0.896, 1.477) 0272 o 0.902 0.596 0373
DHA 33 1.117 (0.880, 1.418) 0.362 e 0.428 0010 0.057
Linoleic acid 37 1.141 (0.892, 1.459) 0293 —_— 0.322 0.588 0.385
Total omega 3 FAs 37 1.088 (0.904, 1.313) 0.369 —_—— 0.460 0.092 0.115
Total omega 6 FAs 44 1.304(1.031, 1.649) 0.027 0.809 0.668 0.635

Fig. 5 Causal relationship between kidney cancer risk and circulating FAs validated in a more scaled cohort

3.5 Validation in a scaled cohort

The most recent GWAS data (R8), including 1,830 kidney cancer patients in the Finn-
Gen Biobank, was used to further validate the genetic effect of FAs in a more scaled
population (Supplementary Table 8). While circulating polyunsaturated FAs (OR 1.290;
95% CI, 1.049-1.588; P=0.016) and total omega 6 FAs (OR 1.304; 95% CI, 1.031-1.649;
P=0.027) were consistently associated with the risk of kidney cancer, circulating mono-
unsaturated FAs (OR 0.956; 95% CI, 0.757-1.208; P=0.706), saturated FAs (OR 1.505;
95% CI, 0.896-1.477; P=0.272), total omega 3 FAs (OR 1.089; 95% CI, 0.904—1.313;
P=0.369), LA (OR 1.141; 95% CI, 0.892-1.459; P=0.293), and DHA (OR 1.117; 95% CI,
1.880-1.417; P=0.362) had no genetic effect (Fig. 5 and Supplementary Table 9). MR
Egger, weighted median, simple mode, and weighted mode methods were also used to
evaluate these cancers (Supplementary Fig. 7 and Supplementary Table 9). The stable
causal estimates of leave-one-out sensitivity analysis are shown in Supplementary Fig. 8.

3.6 Negative control outcome analysis

To further verify the specificity of the results, we used Myopia for the analysis of nega-
tive control results. The results showed that FA was not related to renal cell carcinoma,
so the IV we chose was appropriate (Supplementary Tables 10, 11).
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4 Discussion

The current study explored the causal relationship between circulating FAs and the risk
of 10 types of human cancer in European individuals using two-sample MR. A robust
relationship between FA components and kidney cancer risk was identified. After
adjusting for BMI, HDL cholesterol, body size at age 10, diastolic blood pressure, and
systolic blood pressure, PUFAs were still associated with the risk of kidney cancer. This
association was also evaluated in a more scaled population obtained from the FinnGen
Biobank. Overall, these findings revealed that circulating polyunsaturated FAs and total
omega 6 FAs have a causal effect on kidney cancer incidence.

Kidney cancer is one of the most studied malignancies characterized by metabolic
reprogramming [37, 38]. Several studies have shown that SFAs, MUFAs, and PUFAs play
a potential role in the development of kidney cancer. A recent metabolomics study iden-
tified an increased number of long-chain fatty acids in clear cell renal cell carcinoma
(ccRCC) tissues [37], along with higher cholesterol ester storage levels [39]. The expres-
sion of Stearoyl-CoA desaturases 1 (SCD1), a final enzyme involved in the FA synthetic
pathway [40, 41], is associated with the growth and survival of ccRCC [19]. Knocking
down or reducing the expression of SCD1 has shown promising efficacy by decreasing
MUFA synthesis to promote cancer cell ferroptosis and inhibit tumor cell migration and
regrowth [41]. PUFAs are also highly oxidizable, making cancer cells more susceptible to
ferroptosis [12]. However, FABP4, a known PUFA shuttle [42], can protect cancer cells
from ROS-induced lipotoxicity and contribute to tumor recurrence [41]. Higher SFA
levels in cancers can reduce the fluidity of the cell membrane, promoting drug resistance
[11] by interrupting the passive diffusion or endocytosis of large molecules [43—45].
Together, these findings suggest that dietary interventions to regulate circulating FAs
could serve as promising cancer treatment or prevention strategies.

To our knowledge, no large-scale epidemiological study has been conducted to con-
firm the relationship between kidney cancer and FAs. Our study used MR to study the
genetic causality between FAs and 10 common human cancers and identified a robust
association between FAs and kidney cancer risk. PUFAs, especially omega-6 FAs, had
a significant effect on the incidence of kidney cancer even after adjusting for potential
confounding variables. This exploratory MR analysis could provide a novel direction for
future epidemiological surveys. The findings can be used to encourage patients to reduce
their risk of kidney cancer by regulating their lifestyle and diet.

Inducing FA biosynthesis by reducing citrate is shown to prevent cervical and uterine
cancer cell proliferation and accelerate cell death [46]. A controlled cross-sectional study
found that plasma concentrations of SFA/MUFA were higher and SFAs and LA concen-
trations were lower in cervical and uterine cancer patients than in healthy controls [47].
In the current study, plasma FA levels represent transient blood samples and cannot be
used to assess the long-term effect of FAs on the human body. The MR analysis identi-
fied a genetically suggestive relationship between circulating polyunsaturated FAs and
cervical or uterine cancer risk, but not between four polyunsaturated FA components
and these cancer types. Further study is needed to verify these associations.

A recent cohort study observed a significant association between higher plasma
Omega-6 FA levels and the risk of pancreatic cancer [48]. Another Iranian cohort
including 75 pancreatic cancer cases identified a protective, albeit borderline significant,
relationship between dietary total PUFA levels and the incidence of pancreatic cancer
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[49]. A European cohort study of 375 incident PC cases showed that conjugated LAs (LA
isomers) were negatively associated with pancreatic cancer in women [50]. The current
MR study also indicated that circulating polyunsaturated FAs and their components had
a protective effect on pancreatic cancer risk.

This study suggests that the effect of some types of PUFA differs depending on the
type of cancer. For example, total omega-6 has a distinct effect on pancreatic and renal
cancer and omega-6 tends to promote cancer development. Notably, enzyme expression
patterns differ by tissue type, impacting downstream metabolite production and lipid
composition [51]. PLA2 is a key enzyme that catalyzes membrane phospholipid hydro-
lysis, reduces the membrane phospholipid oxidation rate, and generates fatty acids such
as arachidonic acid (omega 6), as well as hemolytic phospholipids. Inhibiting Ca**-inde-
pendent PLA21pB (iPLA21p) expression is shown to significantly enhance iron-regulated
cell death by increasing lipid peroxidation [52]. While PLA2G1B is highly expressed in
pancreatic acinar cells, this gene is not typically expressed in the kidneys [51]. Hemolytic
phospholipids generated by PLA2G1B can inhibit fatty acid oxidation [53]. Thus, it is
probable that PLA2G1B is abnormally activated in pancreatic cancer [54, 55]. High lev-
els of the metabolite, omega 6, suppress enzyme activity and reduce phospholipid levels,
increasing the peroxidation rate of fatty acids and making tumor cells more susceptible
to iron toxicity. Some studies have shown that PLA2 inhibitors have anti-cancer activity
against various cancers [56—58].

While our study found no significant associations between the remaining cancer types
and FAs, it remains possible that FAs can influence the risk of other cancers. Exploratory
analysis identified multiple suggestive associations between FAs and small cell lung, rec-
tal, pancreatic, and esophageal cancer. Prostate cancer cells usually express more satu-
rated and mono-unsaturated acyl chains [11]. Low lipid saturation mediated by drugs
can reduce the drug resistance of prostate cancer cells, and palmitic acid (a type of SFA)
can reverse this effect. Some studies have shown that FAs from adipocytes accumulate
in cancer cells [59-61], further illustrating the relationship between FAs and cancers.
Overall, FAs and FA saturation play an important role in tumor progression, prolifera-
tion, and drug resistance.

The current study has several limitations. First, we assumed a linear association
between the risk factors and outcomes. While the causal estimate may be inaccurate if
the true association is nonlinear, it still reflects the presence and direction of the aver-
age causal effect of each group [62]. Second, genetic instruments used in MR studies
typically represent a small amount of variation in the exposure [63]. Third, due to the
biological plausibility and multi-stage nature of the statistical process, it would have
been overly conservative to apply a rigorous multiple-testing correction (Bonferroni cor-
rection). Finally, while the result was validated in a more scaled population (1, 830 kid-
ney cancer cases) of European ancestry from the FinnGen Biobank, validation in other
GWAS cohorts is also required to verify the results. In addition, the effect of total PUFAs
on different pathological types of kidney cancer is warranted.

5 Conclusions

This study used two sample MR and MVMR analysis to show that higher levels of cir-
culating unsaturated FAs, especially total omega 6 FAs, increased the risk of kidney
cancer. A suggestive association was also found between FAs and small cell lung, rectal,
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pancreatic, and esophageal cancer. Large-scale prospective studies are needed to vali-
date the study findings.
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