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the association between the consumption of sugar-sweetened
food and pancreatic cancer risk (Larsson et al., 2006). Even
with the strong association observed between diabetes and
pancreatic cancer, causality remains problematic. If T2D were
directly driving pancreatic cancer risk, it would be expected
that the increased duration of diabetes diagnosis would be asso-
ciated with the ever-increasing risk of pancreatic cancer. By
contrast, the epidemiological data indicate that the highest risk
of pancreatic cancer is observed soon after T2D diagnosis,
with the risk decreasing over time (Bosetti et al., 2014), a kinetic
that suggests that at least part of the risk is driven by undiag-
nosed pancreatic cancer causing T2D. In addition to this, the
known association of T2D with obesity and altered diet increases
the potential for confounding associations (Gumbs, 2008; Hart
et al., 2008). To the extent possible, these confounding factors
are controlled for; however, there is a limit to the accuracy that
can be achieved in monitoring food intake. These limitations
are of particular importance in case-control studies of pancreatic
cancer, in which the long latency period and strong impact on
appetite can reverse causality (Sanchez et al., 2012).

The epidemiological associations of pancreatic cancer with
diet, obesity, and T2D are extremely complex to unravel. It is
therefore difficult, using human studies alone to determine
whether diet, obesity, and T2D independently contribute to the
risk of pancreatic cancer development or whether some or all






Figure 2. High-Protein Diet Inhibits Pancreatic Cancer Onset and Reduces the Expression of Cell-Cycle Components
TAg" mice were placed on either a control or a high-protein diet and assessed through MRI.
(A and B) Cumulative incidence of pancreatic cancer in mice on a control diet (n = 17) or a high-protein diet (n = 6) for female mice (A), or a control diet (n = 19) or a

high-protein diet (n = 4) for male mice (B). p values via log-rank test.
(C) Age at tumor onset. p values via Mann-Whitney test.
(D) Tumor volume increase every 2 weeks. p values via Mann-Whitney test.

composition of the sugar-free diet (see below), demonstrating
the complexity of a multifactorial nutritional analysis. Analysis
of tumor growth rates found a trend toward higher sugar levels’
driving more rapid tumor expansion (Figure 4D). At the histolog-
ical level, a clear dose-dependent effect of the glucose content
of the diet on tumor cell proliferation and density was observed
(Figures 4E-4G). A large effect of sugar was also observed on

tumor-induced mortality, with high-glucose diets driving early-
onset mortality (Figures 4H and 4l), and the sugar-free diet
significantly delaying mortality in female mice (Figure 4l). At a
transcriptional level, the tumors from high-glucose-fed mice ex-
hibited an elevated expression of cell-cycle genes and ribosome
components compared to sugar-free-fed mice (Figures 4J and
S5). Metabolic profiling revealed a reduction in amino acid levels
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in the tumors from high-glucose-fed mice (Figure 4K), possibly
indicating that amino acids were actively used for protein synthe-
sis. We then tested the association between blood glucose level
and upregulation of the cell-cycle signature within the tumor.
Across the range of diets used in this study, mice with higher
blood glucose levels showed a tendency toward high expression
of the cell-cycle signature (Figure 4L). These data indicate that
dietary sugar (or downstream mediators, such as insulin) en-
hances the cell cycle and upregulates the ribosomal capacity,






more similar regardless of the diet (Figures 6D and 6E). This



strongly associated with pancreatic cancer (Mayers et al., 2014).
A potential unification of these discrepancies may lie in the origin
of these BCAAs, with pancreatic cancer associated with the
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caution that even dietary interventions that succeeded in slowing
tumor growth may not affect mortality.
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tallow-derived; 17.8% w/v sugar, 30.1% w/v fat, 20.8% w/v protein), high glucose diet (ssniff® EF R/M High glucose;  50.0% w/v
sugar, 2.9% wi/v fat, 19.1% w/v protein) and sugar-free diet (ssniff® EF R/M Glucose free, low CH;  2.0% w/v, 11.3% w/v fat, 52.5%
wi/v protein). Where indicated, drinking water was modified through the addition of 5% w/v glucose, 5% w/v fructose or 5% w/v su-
crose. Except where indicated (“switched”), all dietary exposures were continual from the in utero stage onward, with breeder cages
set up on the indicated diet, and transfer of pups at weaning to the same dietary exposure. Average daily food intake for the different
diets was measured in a parallel wild-type cohort (Figure S4A), however individual variation in the total food intake of tumor mice was
not measured. Mice were bred under specific pathogen—free conditions and moved to conventional conditions at seven weeks of age
for longitudinal magnetic resonance imaging (MRI). Mouse housing conditions were kept at 20°C. All mice were used in accordance
with the University of Leuven Animal Ethics Committee. Mouse-weight and non-fasting blood glucose were monitored throughout, in
the mid-afternoon.

Human subjects

For evaluating the effect of diet on pancreatic cancer, we included individuals from the European Prospective Investigation into Can-
cer and Nutrition (EPIC) cohort with collected epidemiological information at the time of recruitment (1992-2000) for medical history,
anthropometric measures and lifestyle/dietary characteristics. Personal identifying information, as available at local centers, is not
transferred to the Internal Review Board of the International Agency for Research on Cancer (IARC) co-ordinating center. Informed
consent was provided by each participant, and projects using the EPIC resource need to be cleared by both the IARC and local
ethical review committees. For this analysis, epidemiologic and dietary data was available for 459,231 individuals [1,314 pancreatic
cancer cases (males =561 with ageecruitment = 57.07 + 7.35 (mean + SD) and ageexit = 66.45 + 8.29; females = 753 with agerecruitment =

57.36 + 7.66 and agecxit=7.012]TI/F171T13.456830TDH|/FA1TF.84350TD[(7.5(3))-235.8(agd)-242(a457,917-236.23n0n-fases)-204.2(o(males)-135.81=)-139.85(33,539-204.with)-2340age



A21472) and DAPI (Life Technologies, D1306). Images were acquired using a Ziess 780 confocal microscope. Images were analyzed
using ImageJ (National Institute of Health, Bethesda, USA) to calculate MFI on a per cell basis utilizing watershed function and
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Nutritional landscape analysis was performed using “vegan” package in R, a two-dimensional coordination of all groups was first
constructed based on the diet compositions (based on weight/volume of each macronutrient and overall energy density) using prin-
ciple component analysis (PCA), and each nutrient component or mouse phenotype can be then plotted according to their averaged


https://doi.org/10.17632/wcb2xsg6pj.3
http://bioinf.wehi.edu.au/software/MSigDB/
https://doi.org/10.17632/wcb2xsg6pj.3
https://doi.org/10.17632/wcb2xsg6pj.3
https://doi.org/10.17632/wcb2xsg6pj.3
https://doi.org/10.17632/wcb2xsg6pj.3

the departure from the multiplicative effects of the corresponding main effects and can be interpreted as the increase in pancreatic

cancer risk with one gram per day increase in the nutrient. The GxXE interaction tests were conducted using the freely available soft-
ware QUICKTEST v0.95 (Kutalik et al., 2011).

Untargeted metabolomics analysis
For untargeted metabolomics, peaks were extracted using XCMS (Smith et al., 2006
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