
Molecular basis of pancreatic cancer 
chemoresistance: 

Emerging role of microRNAs and 
metabolism



Pancreatic Cancer 

Pancreatic Ductal AdenoCarcinoma (PDAC)

Exocrine cells

NeuroEndocrine Tumor (NETs)

Endocrine cells

93 %

7 %



Risk factors 

• Smoking

• Alcohol

• Obesity

• Dietary factor

• Occupational exposures

• Diabetes

Modificable Risk Factors



Genetic Factors

Germ-line mutations Somatic mutations

Approximately 10% of PDAC have a familial inheritance

BRCA2
CDKN2A
STK11
PALB2
PRSS1

KRAS 
TP53
SMAD4
p16



Let’s talk numbers…

Cancer Statistics, 2019
CA CANCER J CLIN 2019;69:7–34



Based on data from SEER 18 2009-2015. Gray figures represent those who have died from pancreatic cancer. Blue
figures represent those who have survived 5 years or more.

Lack of appropriate diagnosis

Chemoresistance

Survival Statistics



Treatment
Surgical Resection

10–20%: Resectable PDAC 
50%: metastatic PDAC
35% locally advanced PDAC

Radiotherapy

Chemotherapy

• Gemcitabine
• FOLFIRINOX
• ABRAXANE (nab-Paclitaxel)

Immunotherapy



ChemoTherapy

Gemcitabine

Toxicity: Gemcitabine has a good toxicity profile, with
myelosuppression being the most common side effect, while
non-hematological events are relatively uncommon.



ChemoTherapy

Gem + ABRAXANE+

Neutropenia (23%)
Leukopenia (20%)
Thrombocytopenia (5%)
Anemia (4%)

Toxicity:



ChemoTherapy

FOLFIRINOX

 FOL – folinic acid (leucovorin)

 F – fluorouracil (5-FU)

 IRIN – irinotecan (Camptosar)

 OX – oxaliplatin (Eloxatin)

Phase III clinical trial PRODIGE-4/ACCORD-11

FOLFIRINOX: Standard treatment in metastatic PDAC

Toxicity:

Significant improvement in survival

Neutropenia (45.7%)
Febrile Neutropenia (5.4%)
Thrombocytopenia (9.1%)
Vomiting (14.5%)
Diarrhea (12.7%)



 Membrane transporters

 Nucleoside enzymes

 Epithelial-mesenchymal transition (EMT)

 Cancer Stem cells

 Microenvironmental factors

Mechanisms of acquired chemoresistance
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Mechanisms of acquired chemoresistance

 Membrane transporters

 Nucleoside enzymes

 Epithelial-mesenchymal transition (EMT)

 Cancer Stem cells

 Microenvironmental factors

Tissue stiffness

ECM proteins

Tumor progression



New tools to overcome PDAC resistance

Personalised medicine



MicroRNAs to predict the 
sensitivity/resistance to 

conventional 
chemotherapy



MicroRNAs to predict the sensitivity/resistance 
to conventional chemotherapy

New tools to overcome PDAC resistance

miR-21 – Gemcitabine+5FU

Adjuvant treated patients

miR-21

Chemoresistance
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New tools to overcome PDAC resistance

miR-21 – Gemcitabine+5FU



MicroRNAs to predict the sensitivity/resistance 
to conventional chemotherapy

New tools to overcome PDAC resistance

Example of extracted
tumor epithelium and
stroma before and after
LMD

miR-21 – Gemcitabine

Adjuvant and metastatic setting



MicroRNAs to predict the sensitivity/resistance 
to conventional chemotherapy

New tools to overcome PDAC resistance

PTEN Apoptosis

miR-21 – Gemcitabine



MicroRNAs to predict the sensitivity/resistance 
to conventional chemotherapy

New tools to overcome PDAC resistance

miR-211 – Gemcitabine

miR-211 Chemoresistance



MicroRNAs to predict the sensitivity/resistance 
to conventional chemotherapy

New tools to overcome PDAC resistance

miR-142-5p – Gemcitabine

miR-142-5p

Chemoresistance
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MicroRNAs to predict the sensitivity/resistance 
to conventional chemotherapy
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miR-181a-5p – FOLFIRINOX

miR-181a-5p ATM



MicroRNAs to predict the sensitivity/resistance 
to conventional chemotherapy

New tools to overcome PDAC resistance

miR-181a-5p – FOLFIRINOX



New tools to overcome PDAC resistance

Metabolic reprogramming in primary tumor and cancer metastasis

Despite the presence of oxygen, cancer cells 
switch from oxidative phosphorylation 

(OXPHOS) to aerobic glycolysis, resulting in 
high rate glycolysis followed by acid 

fermentation 

WARBURG EFFECT



New tools to overcome PDAC resistance

Metabolic reprogramming in primary tumor and cancer metastasis

Once cancer cells begin to spread from the original 
tumor to other organs or tissue of the body, their 

energy requirements change

Metabolic flexibility 
Efficient colonization of 

distant sites

OXPHOS



New tools to overcome PDAC resistance

 Glucose uptake

 Glucose retention

 Lactate production

GLUT-1

HK

LDH-A

Anti-cancer agents targeting the Warburg effect



Anti-cancer agents targeting the Warburg effect

New tools to overcome PDAC resistance

Overexpression of GLUT-1 has been found 
in various tumour types WZB117

Glucose metabolism is even more active in 
cancer stem cells (CSCs)

GLUT-1

WZB117 inhibit the self-
renewal and tumor-initiating 

capacity of the CSCs 



Anti-cancer agents targeting the Warburg effect

New tools to overcome PDAC resistance

HK

Glucose

G6-P

2DG – 2-deoxyglucose

Warburg Metabolism

Promoting tumour growth 
and dissemination

Phase I dose-escalation trial : Combination of 2-DG and Docetaxel



Anti-cancer agents targeting the Warburg effect

New tools to overcome PDAC resistance

FX11

Reduction of LDH-A expression 
reduced ATP levels and induced 

significant oxidative stress and cell 
death 



Anti-cancer agents targeting the Warburg effect

New tools to overcome PDAC resistance

N-hydroxyindole-based compounds



Anti-cancer agents targeting the Warburg effect

New tools to overcome PDAC resistance



Anti-cancer agents targeting the Warburg effect

New tools to overcome PDAC resistance

Glucose-
conjugated
methyl ester

ROS levels

Cancer cells

Cytotoxic effects

DNQ

The selective generation of superoxide in cancer cells 
synergizes with drug-generated hydrogen peroxide, 
resulting in potent and selective cancer cell death 

Superoxide

Hydrogen peroxide 



Anti-cancer agents targeting the Warburg effect

New tools to overcome PDAC resistance

Preliminary in vitro and in vivo studies showed a potential synergist 
interaction between NHII-Glc-2 and gemcitabine in PDAC models

Glucose-conjugated 
methyl ester 



Somatic mutations

Oncogenic KRAS mutation



Role of KRAS in controlling cancer metabolism 

Mutated KRAS enhances the expression of
GLUT1 and several rate limiting glycolytic
enzyme, including HK and LDH-A.

Metabolic targeting strategies could represent a valid 
method to effectively target tumors driven by KRAS



Summary

We summarized the main therapeutic option for PDAC

Personalized medicine: use of microRNAs as novel 
potential biomarkers to predict drug activity.

Anti-cancer agents targeting the Warburg Effect: new 
experimental compounds that target glycolytic metabolism 

and their potential use to improve current therapies 
against PDAC



Any questions? 


