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Abstract: Pancreatic cancer has an insidious onset and lacks effective treatment methods, which is one of the tumors with the worst
prognosis, so it is urgent to explore new treatment directions. Metabolic reprogramming is one of the important hallmarks of tumors.
Pancreatic cancer cells in the harsh tumor microenvironment have comprehensively increased cholesterol metabolism in order to
maintain strong metabolic needs, and cancer associated fibroblasts also provide cancer cells with a large amount of lipids. Cholesterol
metabolism reprogramming involves the changes in the synthesis, uptake, esterification and metabolites of cholesterol, which are
closely related to the proliferation, invasion, metastasis, drug resistance, and immunosuppression of pancreatic cancer. Inhibition of
cholesterol metabolism has obvious anti-tumor effect. In this paper, the important effects and complexity of cholesterol metabolism in
pancreatic cancer were comprehensively reviewed from perspectives of risk factors for pancreatic cancer, energy interaction between
tumor-related cells, key targets of cholesterol metabolism and its targeted drugs. Cholesterol metabolism has a strict regulation and
feedback mechanism, and the effect of single-target drugs in clinical application is not clear. Therefore, multi-target therapy of cholesterol

metabolism is a new direction for pancreatic cancer treatment.
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Fig. 1. Cancer associated fibroblasts provide large amounts of lipids and cholesterol to pancreatic cancer. Pancreatic stellate cells
secrete a large number of lipids including cholesterol esters when induced by pancreatic cancer cells to become cancer associated

fibroblasts, and pancreatic cancer cells ingest these lipids into the cells for metabolism, growth, and proliferation.
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Fig. 2. Cholesterol metabolism in normal cells. Normal cellular cholesterol metabolism is strictly regulated. SREBPs can promote
the influx and endogenous synthesis of cholesterol by regulating FASN, LDLR, HMGCR, and LDLR-mediated endocytosis to take
CE-rich LDL from the extracellular environment. SOATs convert FC into CE, which is stored in lipid droplets for cells to retrieve
at any time. LXRs can activate the transcription of ABCA1 and ABCG1 to promote cholesterol outflow. Inducing IDOL expression
promotes LDLR degradation and reduces cholesterol uptake. Normally too high FC levels in cells cause endoplasmic reticulum stress
and negative feedback to SREBPs, inhibiting the production and influx of cholesterol and other lipids. SREBPs: sterol regulatory
element-binding proteins; SOATs: sterol O-acyltransferases; LDs: lipid droplets; LXRs: liver X receptors; LDL: low-density lipopro-
tein; LDLR: low-density lipoprotein receptor; IDOL: inducible degrader of LDLR; FC: free cholesterol; CE: cholesterol esters; SCD1:
stearoyl-CoA desaturases 1; ABCA1: ATP binding cassette transporter Al; ABCG1: ATP binding cassette transporter G1; HMGCR:
3-hydroxy-3-methylglutaryl coenzyme-A reductase.
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Fig. 3. Cholesterol metabolism reprogramming in pancreatic cancer cells. Normally too high FC levels in cells cause endoplasmic

reticulum stress and negative feedback to SREBPs, inhibiting the production and influx of cholesterol and other lipids. In cancer cells,

this negative feedback regulation is lifted, the increase of FC does not cause endoplasmic reticulum stress, the expression of key

proteins SREBPs, LDLR and SOAT]1 that regulate cholesterol production, uptake and esterification is significantly upregulated, while

the expression of LXRs that inhibit cholesterol uptake and promote cholesterol outflow is significantly reduced, and the cholesterol

production and acquisition of tumor cells are no longer restricted. The abbreviations are the same as those in Fig. 2. Red arrows

represent protein or gene upregulation, and blue arrows indicate inhibition.
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