
1 

 

 

 

 

 

 

 

 

 

ABSTRACT BOOK 

 

COST Action CA17118 TRANSCOLONCAN 

 

Torino meeting 2022 
  

2 

 

 

 

 

 

 

 

 

 

 

 

Working group 1 (Disease risk profiling) 
  



3 

 

The Estonian Microbiome Cohort 

 

Elin Org (PI) and Kertu Liis Krigul (PhD student) 

 

The Estonian Genome Centre, Institute of genomics, University of Tartu, Estonia 

 

Our research group at the Institute of Genomics, University of Tartu, Estonia is studying the role of 

microbiome in the development of colorectal cancer (CRC). In collaboration with the Estonian hospitals, we 

collect different samples (plasma, oral, stool and biopsy) from individuals participating in the national colon 
cancer screening program. As a pilot study we first investigated the impact of Fecal Immunohistochemical 

Test (FIT) and stabilization buffer on the microbial community structure in stool samples from 30 volunteers 

and compared their communities to fresh-frozen samples. Our results show that FIT tubes can be used for 

profiling the gut microbiota in colorectal cancer screening programs as the community is similar to fresh 

frozen samples and stable at least for 7 days (Krigul KL et al., 2021, Scientific Reports). We have expanded 

this study and are now collecting FIT samples from the CRC screening program to analyze the microbiome 

profile in these samples.  

As part of the Estonian Biobank, we established the Estonian Microbiome Cohort which includes 

stool, oral and plasma samples from 2,509 participants and is supplemented with multi-omic 

measurements, questionnaires, and regular linkages to national electronic health records. This cohort is 

part of the Estonian Biobank (EstBB), which includes genotyping data and various multi-omics 

measurements for over 200,000 people (representing 20% of the Estonian adult population). Deep 

metagenomic sequencing data of gut microbiomes together with rich phenotype data provide an excellent 

opportunity to explore the role of the gut microbiome in various diseases, medication usage and 

relationships with lifestyle factors in the Estonian population. We identified numerous relationships (n= 

3,262) with different microbiome features. We extended the understanding of microbiome-host 

interactions using electronic health data and show that long-term antibiotic usage, independent from 

recent administration, has a significant impact on the microbiome composition, partly explaining the 

common associations between diseases (Aasmets O, Krigul KL et al., accepted to Nature Communications). 

We are analysing polygenic risk scores for colorectal cancer generated using Estonian Biobank data to 

identify individuals in the EstMB cohort who are at high risk for colorectal cancer. The ultimate goal is to 

increase the effectiveness of CRC prognosis and screening by developing combined risk models for 

colorectal cancer, combining conventional risk factors with genetic and metagenomics data. 
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Towards microbial biomarkers: A metagenomic study to determine the changes  

in microbiota profile of colorectal cancer patients  

 

Mert Sudagidan1, Nazim Arda Keles
2, Mediha Nur Zafer Yurt1, Behiye Busra Tasbasi3, Elif Esma Acar1, Veli 

Cengiz Ozalp4, Ismail Zengin5, Fatih Altintoprak5, Bilge Guvenc Tuna6, Soner Dogan2  

 
1Konya Food and Agriculture University, KIT-ARGEM R&D Center, Konya, Turkey  
2Yeditepe University, School of Medicine, Department of Medical Biology, Istanbul, Turkey  
3BBT Biotechnology, InnoPark, Konya, Turkey  
4Atilim University, Medical School, Department of Medical Biology, Ankara, Turkey  
5Sakarya University, Training and Research Hospital, Department of General Surgery, Sakarya, Turkey  
6Yeditepe University, School of Medicine, Department of Biophysics, Istanbul, Turkey  

 

Introduction Microbiota located in the gastrointestinal tract is known to play a key role in a wide variety of 

metabolic pathways in humans. In recent years, changing microbiota profiles in various pathophysiological 

conditions such as diabetes, obesity and various types of cancer including colorectal cancer (CRC) has 

become the focus of research. On the other hand, it has been demonstrated in many studies that changes 

in microbiota profile which is modified by diet, lifestyle, and socioeconomic factors are highly associated 

with the development of CRC. The aim of this study is to compare the microbiota profile of CRC tissue with 

that of adjacent healthy tissue and then identify the possible biomarkers in CRC development in human 

patients.  

Materials and Methods  

In this study, the microbiota profile in human colorectal cancer patients was examined using 16S rRNA 

amplicon sequencing and metagenomic analysis. A total of 10 tissue samples, five of which were colon 

cancer tissues, and the other five were the healthy adjacent colon tissue samples from human cancer 

patients were used. Bacterial communities in colon tissues were pre-enriched in the Brain Heart Infusion 

broth at 37°C for 24 hours. Total DNA extraction was performed by the phenol/chloroform/isoamyl alcohol 

method. Bacterial 16S rRNA V3-V4 gene regions were amplified using KAPA HiFi HS Mix. The samples were 

indexed with dual indexes using the Nextera→ XT Index Kit v2 Set-A (Illumina). AMPure XP beads were used 

to purify PCR amplicons. The prepared equimolar proportions of samples were pooled and finally, it was 

diluted to 35 pM library. Then, a 20 μl library was loaded with 5% PhiX DNA into an iSeq100 cartridge. The 

sequencing was carried out using the iSeq100 system (Illumina) pair-end read type and two reads of 151 bp 

read length. The sequencing data were analyzed by 16S Metagenomics, Version: 1.1.0 software (Illumina) 

to determine the taxonomic distribution of bacterial communities from the kingdom to the species level.  

Results  

Metagenomic analysis results revealed that Firmicutes and Proteobacteria were dominant in all samples at 

the phylum level. The relative abundance of Firmicutes was ~15% higher while Proteobacteria was ~14% 

lower in tumor tissues compared to healthy adjacent tissues. In addition, Enterobacteriaceae, 

Enterococcaceae, and Streptococcaceae were mostly observed at the family level both in tumor and 
adjacent health tissues. Enterobacteriaceae and Streptococcaceae were ~15% and ~13% lower, 

respectively, in tumor tissues compared to adjacent healthy tissues. In contrast, Enterococcaceae was ~26% 

higher in tumor tissues. The genus-level taxonomic analysis indicated that Enterococcus, 

Escherichia/Shigella, Lactococcus, Morganella, and Streptococcus species were mostly observed in genus-

level in cancerous colon tissue samples compared to adjacent healthy tissues. Moreover, Enterococcus 

faecalis, Morganella morganii, and Pantoea stewartii were identified as the dominant species in all 

samples. Detailed analyses will be presented at the meeting.  

Conclusion  

This study demonstrates that there are significant changes in the microbiota profile of cancerous tissue of 

CRC patients compared to healthy tissue. The ones that show significant difference could be good 
candidates to be used as microbial biomarkers for CRC detection and prognosis, although more studies 

need to be done to elucidate this. 
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Gut microbiota composition in colorectal cancer patients is genetically regulated 

 

Oscar Illescas Pomposo  

 

Department of Research, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy 

 

The risk of colorectal cancer (CRC) depends on environmental and genetic factors. Among environmental 

factors, an imbalance in the gut microbiota can increase CRC risk. Also, microbiota is influenced by host 

genetics. However, it is not known if germline variants can influence CRC development by modulating 
microbiota composition. We investigated germline variants associated with the abundance of bacterial 

populations in the normal (non-involved) colorectal mucosa of 93 CRC patients and evaluated their possible 

role in disease development. Germline variants were identified by genome-wide genotyping, bacteria 

abundances were determined by 16S rRNA gene sequencing; association between germline variants and 

bacteria abundances was done using multivariable linear regression. We identified 37 germline variants 

associated with the abundance of the bacterial genera Bacteroides, Ruminococcus, Akkermansia, 

Faecalibacterium and Gemmiger and with alpha diversity. All but one of these variants mapped outside 

coding regions and are correlated with the expression of 58 genes mainly involved in inflammatory 

response cell adhesion, apoptosis and barrier integrity processes. Genes and bacteria appear to be involved 

in the same processes. In fact, expression of the proinflammatory genes GAL, GSDMD and LY6H was 

correlated with abundance of Bacteroides, who also has proinflammatory properties; abundance of the 

anti-inflammatory genus Faecalibacterium correlated with expression of KAZN, with barrier enhancing 

functions. Both the microbiota composition and local inflammation are regulated, at least partially, by the 

same germline variants. These variants may regulate the microenvironment in which bacteria grow and 

predispose to the development of cancer. The Identification of these variants may help finding higher-risk 

individuals and proposing tailored preventive treatments that increase beneficial bacterial populations.  
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Title: Probing the diabetes and colorectal cancer relationship using genome-wide gene – environment 

interaction analyses 

 

Niki Dimou1, Andre E. Kim2, Orlagh Flanagan1, Neil Murphy1, Virginia Diez-Obrero3-6, Anna Shcherbina7,8, Li 

Hsu9,10, W. James Gauderman11*, Marc J Gunter1*, Ulrike Peters9,12* on behalf of GECCO, CORECT, and CCFR 
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10 Department of Biostatistics, University of Washington, Seattle, Washington, USA. 
11 Department of Preventive Medicine & USC Norris Comprehensive Cancer Center, Keck School of 

Medicine, University of Southern California, Los Angeles, California, USA. 
12 Department of Epidemiology, University of Washington School of Public Health, Seattle, Washington, 

USA. 

*These authors contributed equally and are joint last 

 

Introduction: Diabetes is an established risk factor for colorectal cancer. However, the mechanisms 

underlying this relationship are unclear and it is not known if the association is modified by genetic 

variants. To address these uncertainties, we undertook a genome-wide gene-environment interaction 

analysis (GxE). 

Design: We tested statistical interactions between common genetic variants (allele frequency >1%) across 

the genome and diabetes in relation to colorectal cancer risk in 31,529 colorectal cancer cases and 42,861 

controls from 3 genetic consortia (CCFR, CORECT, GECCO). Statistical methods included traditional case-

control logistic regression, joint tests (2-df/3-df), and two-step approaches. We also explored interactions 

between aggregated rare variant sets (allele frequency <1%) at the gene level and diabetes.  

Results: Diabetes was positively associated with colorectal cancer risk [odds ratio: 1.35 (95% confidence 

interval: 1.23-1.49), p-value: 8.53x10-10]. A statistically significant interaction was identified between 

diabetes and a locus on chromosome 13q14.13 (rs9526201, LRCH1) and colorectal cancer risk using the 2-

d.f. joint test (p-value: 1.4x10-8). LRCH1 regulates T cell migration and Natural Killer Cell cytotoxicity. 
Furthermore, we identified a significant interaction between diabetes and a locus on chromosome 8q24.11 

(rs3802177, SLC30A8) and colorectal cancer risk using the 3-d.f. joint test (p-value: 7.87x10-11). SLC30A8 is 

involved in the phosphorylation of the insulin receptor and PI3K activity 

Conclusions: These results suggest that variation in genes related to immune function and insulin signaling 

pathways may modify the association of diabetes with colorectal cancer. These results suggest novel 

insights into the biology underlying the diabetes and colorectal cancer relationship. 
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Exploring the role of genetically determined BMI in infancy, childhood and early adulthood on colorectal 

cancer development in later life  

 

David J Hughes1, Nikos Papadimitriou2, Caroline J Bull3, Neil Murphy2, Mazda Jenab2 
  
1Cancer Biology and Therapeutics Group, UCD Conway Institute, University College Dublin, Dublin, Ireland 
2Nutrition and Metabolism Branch, International Agency for Research on Cancer, Lyon, France 
3MRC Integrative Epidemiology Unit (IEU), Population Health Sciences, Bristol Medical School, University of 

Bristol, Bristol, UK. 
  

We are currently examining genetically determined BMI across the life course in association with 

colorectal cancer (CRC) development utilizing several large cohort studies. This is a funded pilot project 

from the recently formed International Hundred K+ Cohorts Consortium (IHCC) & Global Genomic Medicine 

Collaborative (G2MC), via the NIH USA & Wellcome Trust, UK; https://ihccglobal.org/announcing-

recipients-of-ihcc-pilot-project-awards/. Using available data on SNPs robustly associated to obesity via 

genome-wide association study (GWAS), we have constructed four specific genomic risk scores (GRS) for 

obesity in infancy, childhood, adulthood, and overlapping-childhood/adulthood. The GRS will be applied to 

evaluate risks for developing CRC (UK Biobank, EPIC, and GECCO, and further cohorts involved in the IHCC), 

and to assess whether the associations differ by age, sex, and select modifiable exposures (i.e., lifestyle, 

dietary factors; anthropometry measures across life stages). Preliminary results from the initial analysis of 

the GRS within the UK Biobank will be presented. We will further test the GRS associations to explore the 

role of major underlying mechanisms of CRC development, i.e., metabolic dysfunction and inflammation, 

using existing biomarker measures (such as in the UK Biobank and EPIC). 

In a related Mendelian Randomization (MR) analysis (led by IARC, France collaborators Dr Nikos 

Papadimitriou and Dr Neil Murphy), summary-level data on early and adult body size were obtained from a 

recent GWAS of 453,169 participants in UK Biobank. MR instruments, derived for ‘recalled’ early life body 

size at age 10 (305 SNPs) and measured adult BMI (557 SNPs), were associated with CRC risk via a 

metaanalysis of three genetic consortia of up to 125,478 participants (58,131 cases and 67,347 controls). 

Both genetically-predicted early life and adult body size were estimated to increase colorectal, colon, and 

proximal colon cancer risk. After accounting for adult body size, genetically-predicted early life body size 

had no significant association with colorectal (OR: 0.97, 95% CI: 0.77-1.22) colon (OR: 0.97, 95% CI: 0.76-

1.25) or distal colon cancer (OR: 1.27, 95% CI: 0.90-1.77). Our results suggest that childhood adiposity 

putatively influences CRC risk due to a long-term effect of remaining overweight throughout the life course 

(Papadimitriou et al 2022, British Journal of Cancer; in review). Further research is required to further 

examine the role of early life body size in distal colon cancer risk. 
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Body size and risk of colorectal cancer molecular defined pathways: Mendelian randomization analyses 

 

Nikos Papadimitriou1, Marc J Gunter1, Flora Qu2, Tabitha Harrison2, Peter Campbell3,4, Ulrike Peters1,5, 

Mingyang Song6-8, and Neil Murphy1 on behalf of GECCO, CORECT, and CCFR investigators 

 
1 Nutrition and Metabolism Branch, International Agency for Research on Cancer, Lyon, France 
2 Public Health Sciences Division, Fred Hutchinson Cancer Research Center, Seattle, Washington, USA 
3 Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx, New York, 

USA 
4 Behavioral and Epidemiology Research Group, American Cancer Society, Atlanta, Georgia, USA. 
5 Department of Epidemiology, University of Washington, Seattle, Washington, USA. 
6 Departments of Epidemiology and Nutrition, Harvard T.H. Chan School of Public Health, Harvard 

University, Boston, Massachusetts.  
7 Clinical and Translational Epidemiology Unit, Massachusetts General Hospital and Harvard 

Medical School, Boston, Massachusetts.  
8 Division of Gastroenterology, Massachusetts General Hospital and Harvard Medical School, Boston, 

Massachusetts. 

 

Colorectal cancer is a heterogeneous disease that evolves through multiple pathways defined by 

genetic and epigenetic events. This heterogeneity is often characterized by underlying molecular markers 

such as microsatellite instability (MSI), CpG island methylator phenotype (CIMP) and somatic mutations in 

BRAF and KRAS genes. Inconsistent results have been reported in the relatively few observational studies 

that have investigated the associations between body size and molecular pathways of colorectal cancer 

development. Furthermore, causal inference from these prior investigations is limited by inherent biases of 

observational studies, such as residual confounding and reverse causality. We used two-sample Mendelian 

randomization to assess associations between body size (body mass index [BMI], waist circumference [WC], 

and body fat percentage) and three pathways of colorectal carcinogenesis: (1) “traditional pathway” 

(MSS/MSI-L, CIMP-negative, BRAF-wildtype, KRAS-wildtype); (2) “alternate pathway” (MSS/MSI-L, CIMP-

negative, BRAF-wildtype, KRAS-mutated); and (3) “serrated pathway” (CIMP-positive, BRAF-mutated, KRAS-

wildtype). Genetic instruments associated with body size were obtained from recent GWAS studies in UK 

Biobank and GIANT consortium and assessed in relation to colorectal cancer using summary-level GWAS 

estimates from the Genetics and Epidemiology of Colorectal Cancer Consortium (GECCO) and the Colon 

Cancer Family Registry (CCFR). Overall, there were 7,670, 6,319, 6,639, and 7,298 colorectal cancer cases 

with data on MSI, CIMP, BRAF and KRAS status, respectively. 

Higher BMI was associated with elevated risk of serrated pathway driven colorectal cancer: type 1-

serrated (MSI-H, CIMP-positive, BRAF-mutated, KRAS-wildtype): OR per 1 standard deviation (SD):1.97, 95% 

CI (1.38, 2.83) and Type 2-serrated (MSS/MSI-L, CIMP-positive, BRAF-mutated, KRAS-wildtype): OR per 1 

SD:1.84, 95% CI (1.09, 3.13) with similar positive effect estimates found for WC and body fat percentage. 

Positive associations for all body size exposures were observed for the alternate pathway, ranging from 
43% for BMI [OR per 1 SD:1.43, 95% CI (1.19, 1.73)] to 80% for WC [OR per 1 SD:1.80, 95% CI (1.39, 2.36)]. 

In contrast, little evidence of positive associations was found between body size exposures and risk of 

traditional pathway driven colorectal cancer. Moreover, the associations differed between the three 

pathways with significant values of heterogeneity for BMI (P-het=0.005), WC (P-het=0.03), and body fat 

percentage (P-het=0.007). In sex specific analyses, for the alternate pathway, the positive associations 

observed for body fat percentage were stronger for men than in women with a similar picture been 

observed for WC. In contrast, for the type 1-serrated pathway, the positive effect estimates were stronger 

for women than men in the cases of BMI and WC. 

In summary, higher BMI, WC, and body fat percentage were associated with elevated risk of 

colorectal cancer driven by the serrated and alternate pathways, but not the traditional pathway, with 
some evidence of differential relationships by sex. 
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Title: Postmenopausal hormone replacement therapy and the risk of mutationally defined subtypes of 

colorectal cancer 

 

Ruhina S Laskar, Neil Murphy, Julia D Labadie, Amanda I Phipps, Ulrike Peters, Marc J Gunter, Polly A 

Newcomb on behalf of GECCO, CORECT, and CCFR investigators 

 

Abstract:  

Background:  

Postmenopausal hormone replacement therapy (HRT) use has been consistently associated with a reduced 
risk of colorectal cancer (CRC). It is currently unknown if this inverse association differs according to 

mutationally defined subtypes of CRC.  

Methods:  

To test the associations between postmenopausal HRT use and CRC mutational subtypes, we used 

harmonized data from 2255 colorectal cancer cases with somatic mutational data and 6083 controls from 

the Colon Cancer Family Registry (CCFR) and the Genetics and Epidemiology of Colorectal Cancer 

Consortium (GECCO). Adjusted odds ratios (OR) and 95% confidence intervals (95%CI) were estimated using 

multinomial logistic regression that compared CRC mutational subtypes with controls.  

Results:  

Any postmenopausal HRT use was associated with 25% reduction in risk of CRC (OR=0.75, [95%CI=0.68-

0.85]), with this association most apparent for estrogen-only than estrogen plus progestin formulation. The 

inverse association was linear through the colorectal continuum; the risk reduction was strongest for rectal 

cancers (OR=0.58, [95%CI=0.44-0.77]), followed by distal (OR=0.65, [95%CI=0.54-0.79]) and proximal 

tumors (0.88, [95%CI=77-1.02]). Similar magnitude inverse associations were found according to 

microsatellite status, tumor mutation status (hypermutated vs. non-hypermutated), and tumor mutation 

burden. Among individual genes and cancer pathways, attenuation in risk reduction was observed for 

tumors with mutations in the PIK3CA gene (OR=0.98 [95%CI=0.77-1.24]) and IGF2-PI3K pathway (OR=0.90, 

[95%CI=0.74-1.09]) as compared to tumors without these mutations (p-heterogeneity <0.05). Among CRC 

subtypes by tumor mutation status, no evidence of an inverse association with any HRT use was observed 

for hypermutated microsatellite stable-POLE mutated tumors (OR= 1.45 [95%CI=0.59-3.54]) and non-

hypermutated microsatellite stable-BRAF mutated tumors (OR=0.90 [95%CI=0.62-1.31]).  

Conclusion:  

Our study confirms the reduction in CRC risk among HRT users, particularly those using the estrogen only 

formulation. Benefits of HRT use may be more pronounced for distally located tumors and attenuated for 

tumors arising through mutations in PI3K pathways; however, additional observational and preclinical 

studies are required to validate these findings. 

 

Key words: Colorectal Cancer, Hormone Replacement therapy, Colorectal cancer subtypes, 

postmenopausal women, CRC molecular subtype   
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Title: The role of diet and gene expression in healthy colon tissue: a cross-sectional study  

 

Authors: Mireia Obón-Santacana1,2,3, Ferran Moratalla-Navarro1,2,3,4, Elisabet Guinó1,2,3, M. Henar 

Alonso1,2,3, Virginia Díez-Obrero 1,2,3, Graham Casey5,6, Victor Moreno1,2,3,4  

 

Institutions (affiliations).  

1. Unit of Biomarkers and Susceptibility (UBS), Oncology Data Analytics Program (ODAP), Catalan Institute 

of Oncology (ICO), L’Hospitalet del Llobregat, Barcelona, Spain  

2. ONCOBELL Program, Bellvitge Biomedical Research Institute (IDIBELL), L'Hospitalet de Llobregat, 
Barcelona, Spain.  

3. Consortium for Biomedical Research in Epidemiology and Public Health (CIBERESP), Madrid, Spain  

4. Department of Clinical Sciences, Faculty of Medicine, University of Barcelona, 08007 Barcelona, Spain  

5. Center for Public Health Genomics, University of Virginia, Charlottesville, VA, USA.  

6. Department of Public Health Sciences, University of Virginia, Charlottesville, VA, USA.  

 

Introduction. The WCRF/AICR reported strong evidence that frequent dietary consumption of wholegrains, 

fiber, dairy products, and calcium supplements decreases the risk of colorectal cancer (CRC), whereas 

processed and red meat and alcohol consumption increases risk. However, the biological mechanisms 

explaining their association with CRC risk remain unclear and needs further exploration.  

Objectives. To assess and replicate the associations between dietary components/patterns and derived 

gene expression (GE) features in healthy colon tissue samples, and therefore, elucidate biological 

mechanisms by which diet may influence on CRC disease.  

Methods. BarcUVa-Seq is a population-based, cross-sectional study of 485 participants who were part of 

the ongoing CRC Screening Program conducted by the Catalan Institute of Oncology. Bulk RNA was isolated 

from biopsy samples and sequenced in several batches. Diet was assessed using a validated, self-

administrated semi-quantitative food frequency questionnaire. We conducted Differential Expression 

Analysis (DEA) in 31 variables. All models were adjusted for age, sex, sequencing batch, tissue location and 

energy intake. Those genes that had a FDR <0,10 were selected for The Gene Set Enrichment Analysis.  

Results: 436 participants had gene expression and dietary data. The mean age was 59.8 years and 63.3% 

were female. Potatoes, olive oil, blue fish, caloric beverages, and alcohol beverages were the dietary 

variables with the highest number of differentially expressed (DE) genes (>1000). Blue fish and potatoes 

had 59% and 54% of their respective DE genes with negative logFC values, whereas 57%, 61% and 51% of 

the olive oil, caloric and alcohol beverages respective DE genes had a positive logFC. Enrichment pathways 

analyses for these variables showed that diet could influence a vast amount of physiologic and pathologic 

processes.  

Conclusions Most of the studied dietary variables were associated with GE data, revealing that diet can 

alter GE and influence disease. Validation studies are needed to confirm our results 
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Pilot study of urinary metabolomics markers of colorectal cancer and advanced adenomas 

 

Raquel Cumeras1,2,3, Maria Llambrich2,1,3, Josep Gumà4, Xavier Correig2,1,3, Jesús Brezmes2,1,3. 

 

1 Institut d’Investigació Sanitària Pere Virgili (IISPV), Nutrition and Metabolism Department, CERCA, Reus, 

Spain. 

2 Universitat Rovira i Virgili (URV), Department of Electrical Electronic Engineering and Automation, 

Tarragona, Spain. 

3 Biomedical Research Centre in Diabetes and Associated Metabolic Disorders (CIBERDEM), ISCIII, Madrid, 
Spain. 

4 Institut d’Investigació Sanitària Pere Virgili (IISPV), Hospital Universitari Sant Joan de Reus, Oncology 

group, CERCA, Reus, Spain. 

 

Population screening for colorectal cancer is recommended by the Council of the European Union and has 

been adopted by 58 countries in the world, including Spain. It is a tremendously effective program in the 

prevention of this cancer, although the low specificity of the fecal occult blood test causes many patients at 

low risk of colorectal cancer to have to undergo a diagnostic colonoscopy, highly invasive and unpleasant. 

Our group has identified metabolites present in the urine of patients with positive results in the screening 

program, as potential markers for their optimal stratification. Our results were obtained through 
metabolomics with nuclear magnetic resonance (NMR) analysis and artificial intelligence techniques in 200 

urines. Our results have shown an efficacy of 83% for the determination of colorectal cancer and of 77% for 

the determination of adenomatous polyps. These and other relevant results would be shown during the 

meeting. 
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Association of the clock genes polymorphisms with colorectal cancer susceptibility 

 

George Theodoropoulos, MD, FACS, FASCRS 

Professor of Surgery 

Athens Medical School 

Athens, Greece  

 

Abstract 

Background  

The circadian rhythm regulates the cell cycle progression and DNA damage response. The aim of our study 

was to investigate the association between polymorphisms in the CLOCK1, PER2, and PER3 genes with the 

colorectal cancer (CRC) susceptibility and clinicopathological variables. 

Methods 

Four hundred two CRC patients and 480 healthy controls were included in a case–control study. Genotype 

and allelic frequencies of 311T>C (rs1801260) in CLOCK1 gene, G3853A (rs934945) in PER2 gene and 4/5 

repeats polymorphisms in PER3 gene were evaluated by the polymerase chain reaction (PCR) restriction 

fragment length polymorphism method in the DNA extracted from the peripheral blood of patients and 

controls. 

Results 

The frequencies of the 311T>C CLOCK1 gene, CC genotype and C allele were significantly higher among CRC 

patients compared to controls (P < 0.0001) elevating the CRC risk by 2.78- and 1.78-fold respectively. No 

correlation was found between G3853A and 4/5 repeats polymorphisms and CRC risk. The C/G/5 and C/G/4 

repeats haplotypes were higher in CRC patients (P = 0.0009 and P = 0.038) elevating the CRC risk by 60% 

and 89% respectively. No correlation was found between any polymorphism and clinicopathological 

characteristics of CRC patients. 

Conclusion 

The 311T>C polymorphism in the CLOCK1 gene significantly increases the risk for CRC development while it 

does not affect the outcome of CRC patients. 
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Development of a novel approach for multiparametric characterization of CTCs from colorectal cancer 

 

M. Carmen Garrido-Navas, Inés Aznar-Peralta, M. Pilar Molina-Vallejo, Jose A. Lorente, M.Jose Serrano 

 

Liquid Biopsy and Cancer Interception Group at GENYO Centre for Genomics and Oncological Research 

(members of the International Society of Liquid Biopsy, ISLB) 

 

Background: Circulating tumour cells (CTCs) are widely studied as a prognostic and monitoring biomarker in 

most solid tumours, including colorectal cancer (CRC).  CTCs analysis requires an isolation step before their 
enumeration and characterization. Different protocols have been developed for the former, but the latter is 

still done in a time-consuming manual manner, impeding to analyse several markers simultaneously.  

Aims: Here, we developed a novel approach consisting in the combination of two existing technologies: one 

for the semiautomatic CTCs isolation using the IsoFlux microfluidic system (immunomagnetic-based) and 

another for the phenotypic characterization with the ImageStream imaging flow-cytometry platform. We 

optimized an antibody panel to evaluate BRAFV600E and PD-L1 expression on CTCs from early-stage CRC 

patients and we developed an efficient automatic analysis method to reduce fluorescence noise from the 

IsoFlux magnetic beads. 

Methods: Efficiency of our protocol was tested using two colorectal cancer cell lines and peripheral blood 

from healthy donors, obtaining cell recovery efficiency of 69.75% and a limit of detection of at least 4 cells 

per millilitre. Peripheral blood was extracted from early CRC patients before (N=16) and one month after 

surgery (N=9). CTCs from CRC patients were identified based on cytokeratin (CK) expression and had 

significantly (p<0.0001) greater size than CK negative cells. CTC counts on CRC samples had a median of 37 

cells (IQ 13.0-85.5) and 117 cells (IQ 24.5-359.0) for baseline and follow-ups respectively. CTCs 

heterogeneity was reflected by 4 different subpopulations defined according to BRAFV600E and PD-L1 

expression, which frequencies varied among patients and time. Double negative population was the most 

frequent (100%), followed by the double positive (88%), allowing to classify patients into two groups. 

Evaluation of post-surgery samples revealed an increase of CTCs in 55.6% (5/9) of patients and changes in 

CTC subpopulations responding to 3 models: gain of PD-L1, gain of PD-L1 and BRAFV600E or loss of both 

markers, although relationship with the clinical and pathological patients characteristics remains still 

unknown.  

Conclusions: We overcame the technical limitations and validated our new protocol for isolation and 

characterization of CTCs, highlighting the importance of evaluating multiple parameters such as size, 

expression levels or protein localisation to identify intra and inter individual tumour heterogeneity. 
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The cancer associated 8q24 region: evidence of alterations of specific miRNAs in biofluids from colorectal 

cancer patients. 

 

Amedeo Gagliardi1,2, Giulia Francescato1,2, Giulio Ferrero3,4, Giovanni Birolo5, Giulia Piaggeschi1,2, Carla Di 
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The human genome locus 8q24 has long been described as a “gene desert” due to the scarcity of protein-

coding genes present in the region. Nevertheless, this locus hosts MYC, the most studied oncogene, and is 

enriched in cancer-associated polymorphisms located in its surrounding non-coding region, genetic 

elements connected to tumorigenesis, such as pseudogenes (POUF51B), long non-coding RNAs (PCAT1, 

CCAT2, and PVT1, among others) and a large number of small non-coding RNAs. However, the landscape of 

microRNAs (miRNAs) in this region is still poorly understood, and a better characterization of these 

molecular species could provide new insights into the risk of several cancers associated with 8q24. 

In this study, we profiled all miRNAs located in the 8q24 region in a set of 120 patients diagnosed with 

colorectal cancer (CRC) and 80 healthy controls. The miRNA profiling was performed initially on cancer and 

normal adjacent tissues from CRC patients and then on non-invasive biofluids (stool and plasma 

extracellular vesicles (EVs) collected from all subjects. Data obtained were validated on The Cancer Genome 

Atlas (TCGA) database and the functional role of the resulting differentially expressed miRNAs as well as 

their target genes was further analysed.  

Several miRNAs were differently expressed among cancer and normal tissues but also in stool between 

cancer cases and healthy controls. In particular, we found miR-30d-5p dysregulated both in our CRC tissues 

and in CRC patient stools. The dysregulation of this miRNA was also confirmed in TGCA dataset.  

Among the genes targeted by dysregulated miRNAs in 8q24, several were enriched in pathways connected 

to tumorigenesis (including cell cycle regulation, apoptosis, and gene transcription). In particular, we 

identified an enrichment of target genes of miRNAs in 8q24 involved in TP53 network, so that alterations in 

these miRNAs may contribute in lowering p53 expression or activity. 

In addition to the oncogenic protein-coding genes host in the region, the 8q24 locus contains some miRNAs 

dysregulated in CRC and in biofluids with relevant functions associated to initiation and/or progression of 

cancer. 

  

16 

 

Informative potential of circulating tumour cells and vesicles collected intraoperatively from different 

blood compartments of patients with colorectal cancer. 

 

Stefan Cieslik 

 

Department of General, Visceral and Pediatric Surgery, University Hospital Düsseldorf, Heinrich-Heine-

University Düsseldorf, Düsseldorf, Germany 

 

The use of circulating tumour cells (CTCs) and tumour derived extracellular vesicles (tdEVs) has enormous 
potential for tighter monitoring of therapy response and earlier detection of tumour relapse.  

This should ultimately lead to more personalised adjuvant therapeutic strategies. However, the detection 

of these biomarkers is technically challenging and their low presence in peripheral blood limits their 

informative value. As an alternative to standard blood samples typically collected from the median cubital 

vein, we explored the presence of the named biomarkers in intraoperative blood biopsies – collected from 

the tumour draining vein (DV)  and via the central venous catheter (CVC). We enumerated CTCs and tdEVs 

with the CellSearch system in >160 patients with gastrointestinal (GI) cancers with a particular focus on 

colorectal cancers. The data collected indicates that the number and frequency of CTCs and tdEVs in the 

tumour-proximal are higher compared to the central venous compartment, and that the intraoperative 

biomarkers significantly correlate with clinicopathological features of the tumours. Importantly, our data 

shows that tdEVs and CTCs have significant prognostic impact and the inclusion of these biomarkers 

improves risk stratification of patients. For this project we could implement a strategy based in the ACCEPT 

software and in RStudio scripts for automated and unbiased detection of CTCs and tdEVs. This allowed us a 

more systematic and faster analysis of samples and eliminated some of the operator-associated subjectivity 

in the identification of these biomarkers. 
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Abstract: 

 

Multi-omics data analysis is the core of modern cancer molecular biology studies in order to lead to 

pioneering discoveries. The usage of multi-omics data becomes crucial to cluster tumors and to identify 
new potential cancer subtypes to facilitate better patient stratification.  Our research over the past years 

has focused on the development of computational approaches to analyze deep sequencing data to discover 

new diagnostic and prognostic biomarkers. In this talk, we will first provide an overview of data integration 

approaches ranging from both supervised and unsupervised machine learning methods to new applications 

based on systems biology. Then, we will focus on our recent results on the development of an ad-hoc 

computational pipeline to identify a predictive model with the greatest discriminating power for the 

presence of a tumor or precancerous lesions in respect to healthy. 

 

  

18 

 

Correlation of tumor size and biology with ctDNA release in early colorectal cancer 

Stefan Kühberger1,2; Katja Sallinger3,4; Thomas Kroneis3,4; Stefan Uranitsch5, Martin Mitteregger5; Felix 

Aigner5; Matthias Hubmann6; Sigurd Lax7,8 ; Amin El-Heliebi ,4 ; Ellen Heitzer1,2  

1Institute of Human Genetics, Diagnostic & Research Center for Molecular BioMedicine, Medical University 

of Graz, Neue Stiftingtalstraße 6, 8010 Graz, Austria  

2 Christian Doppler Laboratory for Liquid Biopsies for Early Detection of Cancer, Medical University of Graz, 

Neue Stiftingtalstraße 6, 8010 Graz, Austria  

3 Division of Cell Biology, Histology and Embryology, Gottfried Schatz Research Center, Medical University 

of Graz, Neue Stiftingtalstraße 6, 8010 Graz, Austria  
4 Center for Biomarker Research in Medicine (CBmed), Stiftingtalstraße 5, 8010 Graz, Austria  

5 Department of Surgery, Hospital St. John of God, Marschallgasse 12, 8010 Graz, Austria  

6 Department of Surgery, Hospital Elisabethinen, Elisabethinergasse 14, 8020 Graz  

7 Department of Pathology, Hospital Graz II, Göstingerstraße 22, 8020 Graz  

8 School of Medicine, Johannes Kepler University, Krankenhausstraße 5, 4020 Linz  

 

Introduction  

Circulating tumor DNA (ctDNA) holds substantial promise as an early cancer detection biomarker. However, 

precancerous lesions and early-stage cancers may not ultimately shed enough ctDNA, and therefore pose 

an intrinsic challenge for early detection or cancer screening. A variety of tests leveraging mutations, copy 

number alterations, epigenetic signatures or ctDNA fragment lengths were recently developed. However, 

compared to the number of studies addressing the clinical applicability of ctDNA, data regarding the actual 

origin, the kinetics, and the mechanisms of release and clearance are limited and often contradictory. 

Although some studies indicate an association of tumor burden and ctDNA release, the exact size of a 

tumor, the degree of vascularization, or the biological properties, which are needed for DNA release in the 

circulation, have not yet been assessed accurately.  

Aim  

We aim to correlate ctDNA presence/fraction in treatment naïve, localized stage I-II colorectal cancer 

patients with tumor biology and size. We intend to identify phenotypic tumor characteristics that 

contribute to or favor release of ctDNA. By tracking oncogenic mutations to specific tumor regions, spatial 

information is retrieved and mutated cells are correlated with phenotypical features.  

Methods  

We use the TSO500 platform to comprehensively analyze the tumor tissue. Mutations identified in tumor 

tissue are tracked in pre-surgery plasma samples using the same panel optimized for ctDNA. Presence and 

levels of ctDNA are correlated with in situ sequencing (ISS) data of a panel of 220 genes involved in defined 

biologic pathways such as apoptosis, necrosis, angiogenesis and many others. Moreover, ISS enables 

assigning oncogenic mutations to certain areas and extracting spatial information of the tissue.  

Results  

As a first step, TSO500 performance was assessed using matched fresh frozen and FFPE tissue samples and 

revealed high concordance in quality metrics as well as called driver events. To date, a total of 19 primary 
FFPE tumors have been analyzed and a median of 37 mutations (range:199 , 16-215) could be detected, of 

which a median of 5.5 (range:32, 2-34) accounted for driver events. Not surprisingly, MSI high tumors (n=4) 

had a significantly higher mutational burden compared to MSS tumors. ISS data revealed tumor regions 

with distinct upregulation of several pathways. Furthermore, specific mutations identified from bulk tumor 

DNA could be tracked down in tumor sections.  

Future Outlook / Conclusion  

Comprehensive characterization of tumor tissue using the TSO500 panel and ISS has been well established 

and provides genetic and phenotypic information. In subsequent analyses mutations identified in the tumor 

sections will be tracked in corresponding plasma samples to identify ctDNA releasing tumors. ctDNA 

fraction will then ultimately be correlated with tissue phenotype. Our data will gain knowledge about the 
earliest time  

point in tumorigenesis at which ctDNA becomes detectable in the circulation, which is crucial for the 

development and assessment of noninvasive screening tests.  
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Introduction: Colorectal cancer (CC) is the most common and leading cause after lung cancer. Moreover, 

early diagnosis of the disease is very important for patient survival and proper choice of treatment. 

Currently, complete blood count, colonoscopy and biopsy methods are used in the diagnosis of colorectal 

cancer. However, these methods are expensive, time-consuming, and require experienced personnel. 

Although widely used, the lack of a system that can diagnose colorectal cancer early and provide 

information about disease progression at the treatment stage offers researchers a broad research topic. 

The need for inpatient diagnostic tests (point of care (POC)) that can be performed easily, quickly and 

inexpensively by anyone is increasing day by day to monitor disease progression. 

Materials and methods: Screen-printed carbon electrodes (SPCE) were used to fabricate magnetic 

nanoparticle (MNP)-based electrochemical sensing system. The proposed biosensor used to detect 

methylated DNA in colorectal cancer by targeting methylated DNA fragments derived from circulating free 

nucleic acid (cfNA). Surface modification was initially performed with amino-functional MNPs and anti-5-

methylcytosine (5-mC) antibodies. Then, the analyte, consisting of methylated DNA at different 

concentrations, was applied to the surface. Electrochemical signals were occurred based on the 

hybridization with ferrocene-labeled peptide nucleic acid (PNA) probes. Analytical parameters and 

electrode surface characterization were carried out via electrochemical measurements such as differential 

pulse voltammetry (DPV), cycle voltammetry (CV), and impedance spectroscopy (EIS) after each 

modification step. 

Results: After, optimization studies and characterization of the biosensing platform, a calibration graph 

between the different methylation percentages and the current difference of the sensor was plotted. The 

limit of detection (LOD) was calculated as 0.371 as the percentage of DNA methylation. In addition to SEPT9 

fragments, the specificity of the sensor was searched by applying other BCAT and SOX21 fragments freely 

available in the systemic circulation, while the functionality of the sensor was tested by applying synthetic 

serum samples containing SEPT9 fragments.  

Conclusions: The initial results show that the analytical performance of the system is successful. Further 

studies are in progress. In addition, evaluation and development studies are underway to make the system 
usable like POC with a system integrated into smartphones. 
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Early-onset colorectal cancer (EOCRC) incidence rates are increasing nowadays. Although little is known 

about the biological mechanisms responsible of EOCRC, it has recently been observed putative disparities 

by sex what suggests that metabolic dysregulation, which also debuts with particularities among men and 

women, may contribute to the development and particularities of EOCRC. We aimed to identify metabolic 

sex disparities in EOCRC, easily detectable as molecular biomarkers of risk, we conducted a plasma 

expression profile analysis of metabolic health related genes in EOCRC patients.  

Fifty EOCRC patients from the Spanish Early-onset Colorectal cancer Cohort Consortium (SECOC) diagnosed 

with pathologically confirmed colorectal cancer (CRC) were included in the study using blood collected 

previously to any treatment, and 30 controls of cancer-free individuals from the Platform for Clinical Trials 

in Nutrition and Health (GENYAL Platform) of IMDEA-Food Institute. We analyzed peripheral blood 

expression of 23 genes belonging to five main metabolic health related pathways using improved 

transcriptomic panels: Lipid metabolism (LM), energetic metabolism (EM), immune system and 

inflammation (IS), insulin responses (IR) and gene-nutrient-environmental interactions (GNE). Then, we 

searched for sex-specific biomarkers of EOCRC risk.  

A total of seventeen genes were significantly upregulated among men with EOCRC: ABCA1, CD36, CLOCK, 

CPT1A, FASN, FLCN, FNIP2, INFg, IL6, INSR, JAK1, LDLR, MTHFD, PPARg, TFAM, TNFa and LRP1B. Conversely, 

the expression of two genes was exclusively associated to EOCRC in women: Prostaglandin-endoperoxide 

synthase 2 (PTGS2, also known as COX2), that belongs to IS pathway (beta=-1.11 95%CI (-2.28, -0.452), 

Bonferroni p-value=0.001) and glucose transporter SLC2A4 also known as GLUT4 (IR pathway) (beta=2.37 

95%CI (0.687, 5.16), Bonferroni p-value=0.01). Interestingly, PTGS2 is the unique significant gene whose 

expression is downregulated among cases. Only one gene, low-density lipoprotein receptor-related protein 

1B (LRP1B) was upregulated in both men and women (beta=1.62 95%CI (0.674, 2.99), Bonferroni p-

value=0.003) and beta=2.3 95%CI (0.837, 4.91), Bonferroni p-value=0.002) respectively).  

To find novel biomarkers of EOCRC, and potentially different according to sex, metabolic genetic risk scores 

(GRS) based on gene expression were developed. The models were validated through bootstrap resampling 
(500 resamples) and using the optimism-corrected c-index as measure of predictive capacity. EOCRC was 

associated with an upregulation of all metabolic health related pathways in men patients and among them, 

a GRS considering 2 genes: LDLR and CPT1A predicted CRC development with a c-index of 0.991. By 

contrast, women that developed EOCRC characteristically exhibited upregulation of IR routes and 

downregulation of immune responses. In women, only PTGS2 expression was sufficient to predict EOCRC 

development (beta=-1.35 95%CI (-3.13, -0.463), c-index=0.896) 

In summary, we described by first time clearly distinct metabolic scenarios according to sex influencing 

EOCRC development. While EOCRC in men is characterized with a total deregulation of metabolic 

landscape, EOCRC in women is focused on immune system and insulin responses routes.  
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Background: Accumulating research suggests that a disturbance in the microbiome facilitated by gut barrier 

dysfunction and inflammation can influence development of colorectal neoplasia from early lesions to 

tumours. One of the most studied indicators of gut barrier status is lipopolysaccharide (LPS). Increased 

permeability of the gut barrier leads to extensive translocation of microbes into the lamina propria, which 

is associated with higher circulating levels of LPS. Additionally, increased serum concentrations of 

inflammatory cytokines including IFNy, IL6, IL10, and TNFα have been associated with impaired gut integrity 

and its progressive dysfunction. 

 

Methods: We investigated the role of gut barrier permeability and inflammation in colorectal cancer (CRC) 

development by assessing markers of intestinal barrier dysfunction and inflammation in two different 

patient cohorts; Irish (discovery) and Czech (validation). ELISA assays were used to assess circulating 

concentrations of lipopolysaccharide binding protein (LBP) and C-reactive protein (CRP) in serum from 

patients with CRC (n=30), colorectal adenoma (n=40), and negative after colonoscopy/blood donor controls 

(n=35). Circulating levels of inflammatory cytokines (TNFα, IFNγ, IL1β, IL2, IL4, IL6, IL8, IL10, IL12p70, IL13) 

and calprotectin were assessed using an MSD MultiSPOT platform and an MSD R-plex assay (Mesocale 

Discovery, Rockville, Md, United States), respectively. Differences between pathology groups were assessed 

using the Kruskal Wallis or Mann-Whitney U test. A Pearson correlation coefficient was computed to assess 

the linear relationship between the markers. Receiver operating curve (ROC) analysis was implemented to 

identify single and combinations of biomarkers capable of discriminating between CRC patients and 

controls with maximum sensitivity (SE) and specificity (SP) (combiROC package, RStudio: Integrated 

Development for R. RStudio, PBC, Boston, MA URL http://www.rstudio.com/).  

 

Results: In the discovery cohort, levels of LBP, TNFα, IL6, calprotectin and CRP were significantly higher in 

CRC patients than in controls after false discovery rate correction (p=0.02, p=0.03, p=0.006, p=0.01, 

p=0.006, respectively). Modest positive correlations were found between LBP and CRP (r=0.52), LBP and 

calprotectin (r=0.41) and calprotectin and CRP (r=0.33). The area under the ROC curve (AUC) was 0.76 (95% 

CI: 0.64–0.87, p = 0.003) for LBP, 0.69 (95% CI: 0.55-0.82, p = 0.007) for calprotectin and 0.87(95% CI: 0.74–
1.00, p = 0.003) for CRP. The optimal biomarker combination for discriminating between CRC and controls 

was CRP and calprotectin (SP= 1.00, SE = 0.40).  

In the validation cohort, levels of calprotectin and TNFα, were significantly higher in cancer compared to 

control (p=0.05, p=0.02, respectively), confirming the findings in the discovery cohort. Furthermore, IFNγ 

and IL10 were also significantly elevated in cancer compared to control (p= 0.02, p=0.003, respectively). 

Conclusions: These results support the hypothesis that a dysfunctional gut barrier and attendant 

inflammation may influence CRC development and progression. Additionally, LBP, CRP and calprotectin 

may have potential as diagnostic biomarkers for CRC or for risk stratification. Gut bacterial and barrier wall 

modulation and stabilisation has potential for preventing colorectal adenomas and hence colorectal cancer. 
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Solid malignancies continue to be one of the leading malignancies and causes of tumour-related deaths 

worldwide. Both impaired DNA repair mechanisms and disrupted telomere length homeostasis represent 

key culprits in cancer initiation, progression and prognosis. Mechanistically, altered DNA repair results in 

the accumulation of mutations in the genome and, ultimately, in genomic instability. DNA repair also 

determines the response to the majority of chemotherapeutics in cancer treatment, suggesting its 

utilisation in the prediction of therapy response and individual approach to patients. Telomere attrition 

resulting in replicative senescence, simultaneously by-passing cell cycle checkpoints, is a hallmark of 

malignant transformation of the cell. Telomerase is almost ubiquitous in advanced solid cancers and its 

expression is fundamental to cell immortalisation. Therefore, there is a persistent effort to develop 

therapeutics, which are telomerase-specific and gentle to non-malignant tissues. However, in practice, we 

are still at the level of clinical trials. The current state of knowledge and the route, which the research 

takes, gives us a positive perspective that the problem of molecular models of telomerase activation and 

telomere length stabilisation will finally be solved. We would like to address the crosstalk between DNA 

repair system and telomere length homeostasis in relation to solid cancers. Large-scale, massively parallel 

sequencing of human cancer samples has revealed tremendous genetic heterogeneity within individual 

tumors. Indeed, tumors are composed of an admixture of diverse subpopulations—subclones—that vary in 

space and time. Aneuploidy is present in ∼80% of human solid neoplasms the majority of which often 

exhibit CIN, either in structural or numerical form. CIN does not only generate abnormal aneuploid 

karyotypes, but continually expands phenotypic heterogeneity as tumor cell populations undergo 

consecutive cell divisions. Another source of heterogeneity is the hypermutation phenotype, often based 

on altered/inhibited DNA mismatch repair. Understanding the mechanisms and dynamics of tumor 

genomic diversification, where DNA damage response and telomere homeostasis are important players, is 

critical to our ability to understand carcinogenesis and overcome the challenge of drug resistance. 
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MUC1 is one of the most studied transmembrane mucins and it has been recognized to contribute to 

malignancy of several types of tumors. MUC1 is largely overexpressed in adenocarcinomas and it is 

characterized by tandem repeat domains rich in serine (Ser) and Threonine (Thr) residues, O-glycosylated 

with truncated oligosaccharides, like the monosaccharides Tn, or the disaccharides TF and STn (Figure 1), 

due to the dysregulation of the enzymes deputed to mucin core glycosylation.1,2 These oligosaccharides are 

validated tumor associated carbohydrate antigens (TACAs), which have attracted a great deal of interest for 

diagnostic and therapeutic applications.3 Since TACAs suffer from an intrinsic poor immunogenicity, Tn and 

STn have also been subjected to structural modifications to obtain non-self  TACA analogues or mimetics 

more stable under physiological conditions and more immunogenic in vivo.4-6 Following this strategy, we 

reported the synthesis of the TnThr mimetic 1, a structurally constrained tricyclic glycoside that was able to 

reduce triple negative breast cancer in an in vivo animal model.7 
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Figure 1. Structures of TACAs (Tn, TF and STn) and mimetic 1 and analogue 2. 

 

Starting from the convenient synthesis of 1, in this work8 we report the efficient preparation of 2, an 

analogue of the STn antigen. This compound was tested as a substrate for the N1 type neuraminidase of 

influenza virus A, in order to demonstrate its behaviour as an analogue of natural STnThr. The inhibition 

constant was calculated, and the binding interactions were studied by means of molecular dynamics. 
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I will present the latest work of my group in colorectal cancer research with the following title: 

"Identification of biomarkers associated with patient survival and risk in different Consensus Molecular 

Subtypes (CMS) of colorectal cancer (CRC)". Our research focuses on the use of tumor transcriptomic 

profiling to find genes that can mark the prognosis and survival of patients. We are developing robust 

and usable analytical algorithms to identify such biomarkers, assign risk scores and predict the evolution of 

the disease based on the characteristics of primary tumors. 
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AKR1B1 is a member of the aldo-keto reductase family of enzymes that participate in the polyol pathway of 

aldehyde metabolism and is aberrantly expressed in colon cancer. We previously showed that high 

expression of AKR1B1 was associated with enhanced motility, inflammation and poor clinical outcome in 

colon cancer patients (1,2).  As the expression of this gene is also strongly and positively correlated with 

mesenchymal marker expression and a high AKR1B1 expression is associated with a CMS4 (consensus 

molecular subtypes) subtype which is rich in stroma (2), in this study, we aimed to explore the specific cell 

types that express AKR1B1 in the tumor microenvironment, and evaluate whether the expression of 

AKR1B1 in the tumor microenvironment contributes towards the prognostic predictions observed. 

Bioinformatic analyses of publically available transcriptomic data of colon tumors showed that the 

expression of AKR1B1 was significantly higher in the stromal compartment compared to the epithelial 

compartment of CRC tumor tissues. Utilizing ESTIMATE, that enables assessment of immune/stromal cell 

fractions of tumors based on transcriptomic data, we showed that AKR1B1 was positively correlated with 

both immune and stromal fractions (r>0.50, p<0.001). To specify immune cell types that were more likely to 

express AKR1B1, we used CIBERSORT algorithm that enables assessment of 22 distinct immune cell type 

fractions. Our results showed that tumors with higher macrophage fractions had higher AKR1B1 expression. 

As the prognostic relationship of AKR1B1 was dramatically different when tumors were stratified based on 

stromal and immune cell fractions in silico, we overall conclude that AKR1B1 is expressed by cells in the 

tumor microenvironment and this may majorly contribute towards its prognostic role. 

 

 

Keywords: Colorectal Cancer (CRC), Aldo-keto reductases, AKR1B1, stroma, tumor microenvironment 
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Somatic single-nucleotide variants (SNVs) occur every time a cell divides, appearing even in healthy tissues 

at low frequencies. These mutations may accumulate as “neutral” variants during aging, or eventually, 

promote the development of neoplasia or enhance metastases. Here, we present the SSP-ddPCR, a droplet 

digital PCR (ddPCR) based approach that utilizes tailored SuperSelective primers to accurately quantify and 

validate the proportion of rare SNVs. For that purpose, we selected five potentially pathogenic variants 

identified by whole-exome sequencing (WES) occurring in at-risk colon healthy mucosa of patients 

diagnosed with colorectal cancer (CRC) or advanced adenoma (AAD). SuperSelective primers were designed 

and tested to precisely quantify the mutant sequence over the observed WES variant allele in two 

additionalAPC SNVs detected in two CRC lesions. SSP-ddPCR confirmed the presence of three out of five 

selected SNVs in normal colonic mucosa with allelic frequencies £ 5%. These results indicate that SSP-

ddPCR provides a rapid and feasible methodology to validate next-generation sequencing data and 

accurately quantify rare SNVs, and thus displays a potential tool for diagnosis and stratification of at-risk 

patients based on mutation profiling. 
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Delineating the evolutionary trajectories of colorectal cancer development in inflammatory bowel 
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Patients with inflammatory bowel diseases (IBD) have an increased risk for developing colorectal cancer 

(CRC). In contrast to sporadic colorectal tumorigenesis, TP53 mutations occur early in the progression from 

inflamed colonic epithelium to dysplasia to CRC, and are sometimes readily detectable in inflamed mucosa. 

To improve the assessment of malignant progression risk of patients with inflammatory bowel disease, we 

aim to delineate the genomic evolution and clonal architecture underlying colorectal tumor development in 

IBD patients. In our initial attempt, we have analyzed 97 samples at different stages of tumor development 

from 47 patients with IBD by array-based genomic hybridization and targeted next generation sequencing. 

In parallel, we have developed a protocol for single cell disintegration and consecutive flow sorting-based 

enrichment of epithelial cells isolated from formalin-fixed paraffin-embedded tissue samples. This enabled 

us to analyze a cohort of an additional 15 patients by exome sequencing and single cell copy number 

profiling including multiplex interphase fluorescence in situ hybridization. We have collected 64 tumor 

samples by multiregional sampling of colectomy specimens and reconstruct their phylogenetic relationship 

based on their respective genetic profiles. Overall, IBD-associated CRCs showed a high degree of genomic 

tumor heterogeneity, however, there was a predilection for TP53 mutations and copy number alterations 

(CNAs) including the gain of 5p were prevalent. In some of the IBD patients, we detected genomic 

alterations, including but not limited to TP53 mutations, in colonic mucosa without evidence of dysplasia, 

indicating histologically occult tumor evolution. Our genomic analyses at the population and individual cell 

level revealed divergent genetic aberration patterns and distinct levels of intra-tumor heterogeneity. We 

observed a remarkable, unexpectedly high load of CNAs in some of the yet non-dysplastic, inflamed mucosa 

samples including MYC amplification. From an evolutionary perspective, certain alterations and subclones 

of the non-dysplastic mucosa samples were propagated in the associated progressed lesions, suggesting 

these CNAs may facilitate survival of the respective clones. In conclusion, despite a high degree of 

heterogeneity, our IBD data suggests that detection of genomic aberrations in precursor lesions and before 

histologic transformation may help predicting malignant progression. 

 

  

30 

 

Identification of a unique gene signature for partial epithelial-mesenchymal transition in colorectal 
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The Epithelial-mesenchymal transition (EMT) is a key developmental process involved in migration, 

metastasis and chemoresistance of cancer cells. While recent studies have identified a hybrid state in this 

process, called “partial EMT” (pEMT), the mechanisms underlying this condition remain poorly understood. 

Here we aimed to identify a key gene signature for starvation-induced pEMT in various colorectal cancer 

(CRC) cell lines. The morphology of starvation-induced pEMT in HCT116, DLD1, and HT29 cells was assessed 

by brightfield and confocal fluorescence microscopy. Functional characterization was done by Western 

Blotting, 2D in vitro assays along with drug resistance testing, a 3D spheroid-forming assay and in vivo 

studies using the chorioallantoic membrane (CAM) model. An RT-qPCR array was used to screen for 

deregulated genes which led to the establishment of a gene signature through bioinformatical analysis. 

Starvation-induced pEMT was characterized by increased migratory potential and chemoresistance along 

with loss of functional E-Cadherin. This transition could be reverted by proteasome inhibition using MG132. 

The gene signature consisting of SERPINE1, SOX10, and EGFR was found to correlate with disease-free 

survival (DFS) in patients and with CMS classification. Identifying molecular targets during the early stages 

of metastasis will help to establish novel cancer therapy regimes aimed at preventing EMT and overcoming 

drug resistance. 
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Early detection and treatment are paramount to the clinical outcome of patients with colorectal cancer 

(CRC). Deciphering the dynamic interactions that occur between epithelial cells and stromal cells during 
tumorigenesis requires in-depth analyses of early-stage CRC lesions in spatial context. Here we employed 

spatially-resolved gene expression profiling to dissect molecular processes that associate with malignant 

transformation in CRC. We provide the transcriptional landscapes of colorectal cancer tumorigenesis from 

healthy mucosa, through different degrees of dysplasia, to cancer. The complementary examination of 

epithelial and stromal fractions allowed us to define whether specific oncogenic processes involved cancer 

cells, stromal cells, or the tumor microenvironment as a whole. We identified several genes that were 

consistently deregulated during CRC onset that could serve as clinical biomarkers for early-stage CRC. 

Furthermore, we uncovered an essential role for the innate immune system during CRC tumorigenesis. 

 

Publication: https://www.biorxiv.org/content/10.1101/2021.09.30.462502v1  
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New screening and surveillance strategies for colorectal cancer 
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Colorectal cancer (CRC) screening programs are in place in several countries with the aim to reduce CRC 

incidence and mortality. Most of these programs use the non-invasive fecal test, Fecal immunochemical 

test (FIT), followed by colonoscopy for individuals with a positive test result. Although the performance of 
FIT for detection of CRC is quite high, the sensitivity for relevant precursor lesions, advanced adenomas 

(AA) and advanced serrated polyps (ASP), is much lower. We set out to develop a protein-based fecal 

biomarker test with better diagnostic performance than FIT that would be suitable for programmatic 

screening. We developed a multitarget FIT assay (mtFIT), which showed a better performance than FIT, due 

to an increased detection of advanced adenomas. 

The yield of colonoscopy surveillance after CRC screening, in terms of advanced neoplasia (AN) detection, is 

limited. To lower patient burden and healthcare costs, there is a need to reduce futile colonoscopies. Non-

invasive stool-based testing, to triage patients for surveillance colonoscopy by selecting those at highest 

risk for AN, could assist to better allocate colonoscopy resources. The MOlecular stool testing for Colorectal 

CAncer Surveillance (MOCCAS) study evaluated whether stool-based testing can be used to safely reduce 

the number of surveillance colonoscopies. We showed that using this strategy, the number of 

colonoscopies can be safely reduced up to 41%. 
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Session 1. Genetic predisposition to colorectal cancer 

 

 

De novo germline mutation rates in families with inherited defects in DNA polymerase proofreading  

 

Kitty Sherwood 
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Mechanisms ensuring faithful DNA replication reduce the de novo mutation rate in humans to between 1 x 
10-8 and 3 x 10-8 nucleotides per round of replication (1). POLE p.L424V and POLD1 p.S478N are mutations 

which impair the exonuclease (proofreading) activity of the polymerase proteins they encode, thus raising 

the mutation rate about 100-fold in model systems. Germline POLE and POLD1 mutations cause Mendelian 

dominant susceptibility to polymerase proof-reading associated polyposis (PPAP), comprising colorectal, 

endometrial and other tumours (2). PPAP patients have enhanced somatic mutation burdens in normal and 

tumour tissues (4), but de novo non-tumour phenotypes are not obviously more common. This raises the 

possibility the germline is somehow protected or spared from an increased mutation rate. Using whole 

genome sequence data, we investigated the germline de novo mutation rate in 4 PPAP 

families. De novo mutations were called and phased to their parental origin using DeNovoGear, and then 

filtered and validated in IGV. We found that offspring of a parent POLE mutation carrier had significantly 

(approximately 2.5-fold) increased de novo SNV burdens compared to control families. Mutation burden 

was not significantly associated with the mutation status of the offspring. We also found that the parental 

origins of phased de novo mutations is significantly associated with which parent carries the germline 

mutation. This work suggests that DNA repair defects do increase the germline mutation rate, but this extra 

burden is insufficient to cause a detectable phenotype in the great majority of cases. There is potentially 

general applicability to all DNA repair syndromes, given that the hypermutation effect arises principally 

from carrier parents.  
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Variation in genome-wide mutation rates within and between human families. Nature Genetics 2011 
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proofreading domains of POLE and POLD1 predispose to colorectal adenomas and carcinomas. Nat Genet 

2013 Feb;45(2):136-144.  

Sampson JR, Dolwani S, Jones S, Eccles D, Ellis A, Evans DG, et al. Autosomal recessive colorectal 

adenomatous polyposis due to inherited mutations of MYH. The Lancet 2003;362(9377):39-41.  

Robinson, P.S., Coorens, T.H.H., Palles, C. et al. Increased somatic mutation burdens in normal human cells 

due to defective DNA polymerases. Nat Genet 53, 1434–1442 (2021).   
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Polymerase proofreading-associated polyposis (PPAP) and Lynch syndrome, caused by mutated POLE and 

mismatch repair (MMR) genes, respectively, are associated with adult-onset cancer. PPAP and MMR-

deficient tumors are both hypermutated, and each has a unique mutational signature. We describe a 4.5-

year-old boy with multiple café au lait spots who presented with metastatic Sonic Hedgehog-activated 

medulloblastoma, with partial response to intensive chemotherapy and immunotherapy. The tumor 

showed microsatellite stability, loss of PMS2 nuclear expression, and an exceptionally high tumor 

mutational burden of 276 Mut/Mb. Germline molecular analysis revealed an inherited heterozygous 

pathogenic POLE variant and a de novo heterozygous PMS2 pathogenic variant. The tumor featured the 

MMR, POLE, and POLE+MMR mutational signatures. This is the first description of a di-genic condition, 

which we named “POL-LYNCH syndrome,” manifested by an aggressive ultramutant pediatric 

medulloblastoma with a unique genomic signature.  
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Variant and gene prioritization strategy to identify new hereditary colorectal cancer genes by NGS  
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Background:  In the past two decades, multiple studies have been undertaken to elucidate the genetic 

cause of the predisposition to mismatch repair (MMR)-proficient nonpolyposis colorectal cancer (CRC); first 

by genome-wide linkage analysis and, nowadays, using next-generation sequencing techniques. 

Nevertheless, a relevant proportion of familial CRC cases remain unexplained. For this reason, we aimed at 

developing a fast and focused variant selection strategy to facilitate the identification of new genes 

involved in CRC predisposition.  

Material and Methods: Peripheral blood DNA from 25 individuals belonging to 16 families affected with 

MMR-proficient nonpolyposis CRC was used to perform WES. After variant calling with GATK, rare 

(population MAF<0.1%), predicted pathogenic variants in genes involved in pathways or processes relevant 

in colorectal carcinogenesis and hereditary cancer, including DNA Repair, Wnt and TGF-beta pathways 

(n=2957 genes), were selected. Gene prioritization was then performed considering data from CanVar (data 

from ⁓1000 familial/early-onset CRC patients), IntOGen (information on cancer driver genes), GTEx (gene 

expression), OMIM and Pubmed.  

Results: Based on the filtering and variant prioritization strategies mentioned above, 20 candidate CRC 

predisposing genes were selected. Validation in further >1000 unrelated familial/early-onset and sporadic 

CRC patients is currently being performed and final results will be presented at the meeting.  

Conclusions: The variant prioritization strategy followed facilitated the identification of variants in relevant 

genes, being particularly useful in cases where only one (or two) affected member(s) is (are) sequenced; 

thus, showing a higher performance than processes applied in the past to similar studies.  
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The immune checkpoint molecule CD70 is tightly regulated during physiology where it is only transiently 

upregulated upon antigen-activation on different immune cell subsets, while being absent on non-lymphoid 

tissue. However, numerous types of haematological and solid tumours hijack CD70 expression to facilitate 

tumour progression and immune evasion. We were the first to unveil that aberrant CD70 expression on 

cancer-associated fibroblasts (CAFs) in metastatic colorectal cancer provides the CAFs with tumour-

promoting properties. Targeting these CD70-positive CAFs might show great potential in (1) improving 

systemic therapy by permeabilizing the shield surrounding the tumor, (2) eradicating a permissive niche for 

tumor invasion and (3) alleviating immune suppression. We have generated off-the-shelf chimeric antigen 

receptor (CAR) natural killer (NK) cells capable of eradicating CD70+ tumour cells and CAFs. We used the 

human NK-92 cell line as inexhaustible, clinically approved, and cost-effective source of NK cells. Messenger 

RNA electroporation was used as safe transfection method that limits off-target effects by inducing 

transient CAR expression. 

Validation of the developed CD70-directed CAR NK-92 cells showed consistent transfection efficiency, with 

high CAR expression (>80%) and competent antigen-specific killing of the CD70+ NK-resistant Burkitt 

lymphoma Raji cell line in a co-culture setting. Blocking of the CAR’s antigen-recognition domain with a 

neutralising antibody further demonstrated CAR-mediated killing. Of interest, incorporation of interleukin 

(IL)-15, a highly potent immunostimulatory cytokine, into the CAR construct resulted in protein co-

expression, which substantially increased the cytotoxic capacity of the CAR NK-92 cells. In fact, co-

stimulation with IL-15 appeared necessary to eliminate more robust CD70+ pancreatic and colorectal 

cancer solid tumour cell lines and CAF cell lines. 

Currently, we are setting up mouse experiments to evaluate the anti-tumour efficacy of the CD70- specific 

CAR NK-92 cells in vivo. We are confident that these results will lay the foundation for further investigating 

CD70-directed CAR-NK cells in mCRC patients. 
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DNA mismatch repair deficient (MMR-d) cancers present an abundance of neoantigens that likely underlies 

their exceptional responsiveness to immune checkpoint blockade (ICB)1,2. However, MMR-d colon cancers 

that evade CD8+ T cells through loss of Human Leukocyte Antigen (HLA) class I-mediated antigen 

presentation3–6, frequently remain responsive to ICB7 suggesting the involvement of other immune 

effector cells. Here, we demonstrate that HLA class I-negative MMR-d cancers are highly infiltrated by γδ T 

cells. These γδ T cells are mainly composed of Vδ1 and Vδ3 subsets, and express high levels of PD-1, 

activation markers including cytotoxic molecules, and a broad repertoire of killer-cell immunoglobulin-like 

receptors (KIRs). In vitro, PD-1+ γδ T cells, isolated from MMR-d colon cancers, exhibited a cytolytic 

response towards HLA class I-negative MMR-d colon cancer cell lines and β2-microglobulin (B2M)-knockout 

patient-derived tumor organoids (PDTOs), which was enhanced as compared to antigen presentation-

proficient cells. This response was diminished after blocking the interaction between NKG2D and its ligands. 

By comparing paired tumor samples of MMR-d colorectal cancer patients obtained before and after dual 

PD-1 and CTLA-4 blockade, we found that ICB profoundly increased the intratumoral frequency of γδ T cells 

in HLA class I-negative cancers. Taken together, these data indicate that γδ T cells contribute to the 

response to ICB therapy in patients with HLA class I-negative, MMR-d colon cancers, and illustrate the 

potential of γδ T cells in cancer immunotherapy. 

Publication: https://www.biorxiv.org/content/10.1101/2021.10.14.464229v1  
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Active matrix remodeling in DAPK deficient colon cancer cells 
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Cancer cells facilitate tumor growth by creating favorable tumor micro-environments (TME), altering 

homeostasis and immune response in the extracellular matrix (ECM) of surrounding tissue. A potential 

factor that contributes to TME generation and ECM remodeling is the cytoskeleton-associated human 

death-associated protein kinase 1 (DAPK1). Increased tumor cell motility and de-adhesion (thus, promoting 

metastasis), as well as upregulated plasminogen signaling are shown when functionally analyzing the 

DAPK1 ko related proteome. However, the systematic investigation how tumor cells actively modulate the 

ECM at the tissue level is experimentally challenging, since animal models do not allow direct experimental 

access while artificial in vitro scaffolds cannot simulate the entire complexity of tissue systems. We used 

the chorioallantoic membrane (CAM) assay as a natural, collagen-rich tissue model in combination with an 

all-optical experimental access by multiphoton microscopy (MPM) in order to study the ECM remodeling 

potential of colorectal tumor cells with and without DAPK1 in situ and even in vivo. We demonstrated that 

the loss of DAPK1 resulted not only in changes in the growth pattern but also in a remarkable remodeling of 

collagen fibers in the ECM of CAM xenografts. This finding was further confirmed by our Mass-spec 

analyses. This approach demonstrates the suitability of the CAM assay in combination with multiphoton 

microscopy for studying collagen remodeling during tumor growth. Our results indicate the high ECM 

remodeling potential of DAPK1 ko tumor cells at the tissue level and support our findings from proteomics. 

 

  

40 

 

Is the metastasizing tumor cell stiffer or softer? 

 

Kerstin Huebner1,2, Anara Nursaitova1,2, Despina Soteriu³, Marketa Kubankova³, Martin Kraeter³, Annemarie 

Gehring1,2, Arndt Hartmann², Jochen Guck³, Regine Schneider-Stock1,2,4 

 
1Experimental Tumor Pathology, Institute of Pathology, University Hospital Erlangen, Friedrich Alexander 

University Erlangen-Nürnberg (FAU), 91054 Erlangen, Germany 
2Institute of Pathology, University Hospital Erlangen, Friedrich Alexander University Erlangen-Nürnberg 

(FAU), 91054 Erlangen, Germany 
3Max Planck Institute for the Science of Light & Max-Planck-Zentrum für Physik und Medizin, Erlangen, 

Germany 
4Comprehensive Cancer Center Erlangen-EMN (CCC ER-EMN), University Hospital Erlangen, Friedrich 

Alexander University Erlangen-Nürnberg (FAU), 94054 Erlangen, Germany 

 

Despite constant advances in diagnostics and therapy, colorectal cancer (CRC) still represents one of the 

most common cancers worldwide. Metastatic progression is responsible for the majority of CRC-related 

deaths due to only restricted treatment options. Thus, a better understanding of cells on their route to 

metastasis could provide new therapeutic approaches. With cell mechanics being a rapidly developing field, 

cancer cell mechanobiology could improve our understanding of cancer progression, particularly of invasion 

and metastasis. Cancer cell mechanobiology is closely linked to the complex regulation of various signaling 

pathways. It has been shown that malignant cancer cells are softer than their benign counterparts. The 

tight connection of the cell mechanical phenotype to its metastatic potential provides a novel diagnostic 

tool in cancer research. Real-time deformability cytometry (RT-DC) constitutes a novel cell mechanics 

technique that allows sensitive measurements of cytoskeleton alterations and by this, elucidation of the 

role of critical cancer genes in cell stiffness in CRC. Using RT-DC in various CRC cell lines, we could show that 

MSI and MSS cell lines differed in their mechanical properties. Further, we identified the cancer driver 

TROP2 a potential regulator of the mechanical phenotype of CRC cells. TROP2-deficient and –

overexpressing cell lines presented TROP2-dependent cell stiffness. In conclusion, mechanobiological 

applications such as RT-DC could be implemented to explore novel targets for diagnostics and treatment 

approaches of colorectal cancer. 
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AKR1B10 is a nicotinamide adenine dinucleotide (phosphate) (NAD(P)H)-dependent reductase enzyme that 

belongs to the Aldo-Keto Reductase (AKR) 1B subfamily. Although it shares ~70% similarity in amino acid 

sequence with the AKR1B1 enzyme, unlike AKR1B1, AKR1B10 does not show reductase activity towards 
glucose. It instead reduces carbonyl-containing compounds such as retinals and lipid-derived cytotoxic 

aldehydes. We have previously shown that colorectal tumors with high expression of AKR1B1 and low 

expression of AKR1B10 (AKR1B1HIGH/AKR1B10LOW) could be assigned to Consensus Molecular Subtype (CMS) 

4, were associated with enhanced mesenchymal properties and showed significantly poor prognosis. In 

contrast, the AKR1B1LOW/AKR1B10HIGH signature was primarily epithelial, belonged to CMS3 and was 

characterized by the inhibition of metabolic pathways associated with biomass production and cell 

proliferation (Demirkol Canlı et al., 2020). In the current study we have focused on metabolic reprograming 

in AKR1B10HIGH tumors and cell lines. Cancer cells undergo extensive metabolic reprogramming to fuel 

cellular growth and proliferation, including increased fatty acid synthesis (FAS). Fatty acid oxidation (FAO) 

also appears to be essential to supply high amounts of ATP needed by cancer cells. However, what activates 

FAS versus FAO in cancer cells is a subject of continuing interest. Analyses of publicly available datasets of 

colorectal tumors showed that AKR1B10 expression, along with FAO genes, was decreased in primary 

colorectal tumors compared to normal tissues. Furthermore, gene set enrichment analysis of the TCGA-

COAD tumors classified into high vs. low AKR1B10 expressing showed that AKR1B10HIGH tumors were 

enriched in the gene ontology (GO) terms “regulation of lipid metabolism” and “cellular lipid catabolic 

processs”. Stable ectopic expression of AKR1B10 in RKO cells showed a robust phosphorylation of Acetyl 

CoA Carboxylase (ACC). ACC is a regulatory enzyme that undergoes inhibitory phosphorylation when FAO is 

activated while hypophosphorylation of ACC is associated with increased FAS. Taken together, our findings 

reveal for the first time that in addition to its role as an oxidoreductase, AKR1B10 expression may regulate 

lipid metabolism, favoring FAO rather than FAS in colorectal cancer.  
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