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Background: Polymerase proofreading-associated polyposis (PPAP) is a recently described 

colorectal cancer (CRC) syndrome. Germline mutations identified in the context of PPAP are 

typically in the exonuclease domain of the catalytic subunit of replicative DNA polymerase 

epsilon (POLE) or delta (POLD1). Exonuclease domain mutations in POLE and POLD1 are 

thought to hinder the proofreading capacity of these polymerases resulting in a mutator 

phenotype. We previously reported the POLE c.1373A>T (p.Tyr458Phe) variant identified in a 

large Norwegian family with increased risk for CRC. In order to confirm the pathogenicity of 

this variant using functional studies, a model human cell line was created by CRISPR/Cas9 

genome editing of HEK293T cells (HEK293T
c.1373A>T/+

). We aim to study the POLE c.1373A>T 

germline variant using this isogenic cell line.  

Methods: The supF mutagenesis assay was carried out to investigate the mutator phenotype 

of the POLE c.1373A>T variant. In this assay, the pSP189 reporter plasmid is transfected in 

HEK293T
WT

 and HEK293T
c.1373A>T/+

 cells where it is then replicated. Replicated copies of pSP189 

are transformed in the MBM7070 strain of E. coli and plated on indicator plates. A mutation 

event in the supF gene during replication in HEK293T results in a white colony while 

unmutated supF genes will lead to blue colonies. Blue/white screening is then used to estimate 

the mutation frequency. Mutation events are then confirmed by Sanger sequencing of 

plasmids isolated from white colonies. 

Results: The supF assay indicates a tendency towards increased mutation frequency of the 

supF gene in HEK293T
c.1373A>T/+

 compared to HEK293T
WT

. However, this assay may be biased by 

different factors. These will be presented at the meeting along with possible solutions to these 

biases. 

Conclusion: We show evidence supporting the pathogenicity of the POLE c.1373A>T variant. 

Drawbacks of the supF assay likely underestimates the true mutation frequency. Future 

perspectives include direct sequencing of the reporter plasmid used in the supF assay to 

resolve the assay’s biases and potentially aid in identifying a mutation signature. Additionally, 

deep sequencing of HEK293T
c.1373A>T/+

 cells after several passages is also underway. This will 

also aid to further confirm the mutator phenotype associated with this variant. 
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Objectives 

Colorectal cancer (CRC) represents the third most common cancer worldwide. Besides 
hereditary forms, ~30% of cases present familial aggregation mostly with an unknown inherited 
cause. Our aim is to identify new genes involved in the germline predisposition to CRC, by 
means of an exhaustive functional characterization of candidate variants previously prioritized 
by our research group. 

Methods 

We analyzed 75 patients with non-filiated familial CRC from 40 families by whole-exome 
sequencing. An external replication cohort of 529 families was also examined by targeted-gene 
sequencing. We developed a knockout cellular model by CRISPR/Cas gene editing for the 
candidate gene FAF1. FAF1 genetic variants were generated by site-directed mutagenesis and 
ectopically expressed by transfection. We carried out apoptosis, proliferation and protein-
specific functional assays to test the role of the identified variants. 

Results 

A first possibly pathogenic FAF1 variant (c.1111G>A; p.D371N) was detected in the initial 
cohort in 3 CRC patients from the same family. A second genetic variant was detected in the 
replication cohort (c.254G>C; p.R85P). Both variants showed protein instability and, once 
transfected, produced an abnormal cellular phenotype by promoting apoptosis resistance and 

sustaining NF-κB signaling and proliferation pathways. 

Conclusions 

Our findings support the tumor suppressor profile of FAF1 and the pathogenicity of the 
identified variants. Therefore, FAF1 could be hypothesized to be a newly identified gene for 
inherited predisposition to CRC, although additional CRC cohorts should be explored in order 
to identify additional carriers and mutations. 
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Since the introduction of next-gen sequencing (NGS) in the first decade of this century, the 

number of applications has risen considerably. Both RNA and DNA can be analysed by 

current short-read and long-read NGS technologies. This has resulted in the exponential 

increase in characterized cancer genomes and transcriptomes. Moreover, many classes of 

noncoding RNA molecules have been identified and many microRNAs and other noncoding 

RNA molecules have been identified as tumour biomarker.  

At the DNA level, NGS helped to find both inherited and somatic mutations that trigger the 

disease. Many somatic DNA alterations have been identified as driver or passenger 

mutation. In addition to the sequence changes, epigenetic DNA alterations have also been 

shown to be accessible to NGS. While a subset of genomic alterations is clinically 

actionable, the majority of somatic events remain classified as variants of unknown 

significance and will require functional characterization. 

New NGS technologies to be implemented on a wide scale include single cell analysis, 

liquid biopsy testing, long-read RNA-sequencing and the analysis of epigenetic RNA 

modifications. The next phase of genomic colon cancer research will therefore require 

talented bioinformaticians, systems biologists and lab-technology pioneers to decode 

complex cancer genomes in a multidisciplinary and multi-omics setting. Equally important 

will be the interpretable return of results to practicing oncologists and the dissemination of 

findings. Finally, the integration of the collected knowledge will lead to an increased 

understanding of cancer at the systems level. This will be the key towards future treatment 

strategies. 

 

  

Synchronous colorectal cancer 
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Synchronous colorectal cancer (SCRC) refers to more than one primary colorectal neoplasm 

detected in a single patient at the time of diagnosis. We do research in identification molecular 

basis of SCRC. One study aimed at analyzing loss of heterozygosity (LOH) and somatically 

adquired uniparental disomies (aUPDs) profiles in 83 neoplasms of SCRC patients using single-

nucleotide polymorfism (SNPs) array. In other research, we carried out whole exome 

sequencing by assessing different tumor and “healthy” adjacent tissues of three SCRC patients 

trying to understand tumor clonal progression patterns and a possible field effect within this 

type of neoplasms. 
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Background & Aims 

Colorectal cancer (CRC) is the third most common and the second most deadly cancer 

worldwide with nearly 1.9 million new cases and 900 000 deaths each year. The clinical 

outcome of CRC treatment could likely be improved with a better understanding of the 

molecular alterations that influence CRC development. In this study we focused on molecular 

characterization of proteins associated with progression of CRC aiming to identify the 

molecular mechanisms of initiation and progression and consequently finding biomarkers for 

improved clinical management of CRC. 

Materials & Methods 

Colon tissue from 9 patients with CRC (tumor and normal) was collected immediately after 

surgery, snap frozen in liquid nitrogen and storred at -80
o
C. The samples were divided in 3 

groups [(Localized (stage I/II), Advanced localized (stage III) and Metastatic (stage IV)] and 

were analyzed using LC-MS/MS on ACQUITY UPLC M-Class/ Synapt G2-Si mass spectrometer 

(Waters Corp). The proteome profiling was done using UDMSE
 label-free data independent 

acquisition with ion mobility. Raw data processing was done using ProteinLynx Global Server 

and Progenesis QIP (Waters Corp.) while statistical analysis included Shapiro-Wilk test for 

normality, Mann Whitney and Spearman's rho correlation. 

Results 

We have identified a total of 2621 proteins in all normal and tumor samples of which, 1934 

were quantifiable (based on unique peptides) and 1896 proteins were identified based on ≥2 

peptides. Significant difference in abundance between control and cancer group (Mann 

Whithney p≤0.05) with fold change ≥1.5 showed 104 proteins. Among these, 74 have been 

found significantly correlated with cancer stage, (Spearman p≤0.05) of which 16 exhibited 

consistent regulation trend (up- or down-) across cancer stages. Majority of these proteins are 

closely related to progress, invasion and metastasis of malignant tumors and have been 

proposed as markers of biological agressivness of CRC by number of published studies.  

Conclusion 

The identified biomarkers will be valildated in a larger cohort as potential prognostic CRC 

classifiers. 
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Abstract 

Germline mutations in colorectal cancer (CRC) predisposition genes such as the APC and 

mismatch repair genes explain less than 20% of familial risk, suggesting that the remaining 

genetic burden may be due to rare high to moderate penetrance germline variants that need 

still to be discovered. We performed whole-genome sequencing (WGS) on a Polish family with 

three CRC cases and three unaffected members and applied our in-house developed Familial 

Cancer Variant Prioritization Pipeline (FCVPPv2). We identified a novel heterozygous variant in 

the 5’ untranslated region (UTR) of the histone deacetylase 5 gene (HDAC5), involved in 

modulation of a wide range of cellular processes, such as proliferation, differentiation, 

apoptosis and cell cycle progression. Targeted sequencing of the HDAC5 variant in a cohort of 

701 familial CRC patients did not show any further variants. To investigate the functional 

impact of this 5´UTR variant, dual luciferase reporter assays were conducted resulting in an 

enhanced promoter activity of HDAC5 gene carrying the variant compared to the wildtype 

sequence. Furthermore, targeting of transcription factor binding sites created by this variant 

by co-expression of the TCF4 transcription factor showed a significant impact of TCF4 on the 

promoter activity of the mutated HDAC5. In conclusion, we showed that the identified 5’UTR 

variant affects the expression of the HDAC5 gene and may contribute to CRC predisposition in 

this family. Identification of high to moderate penetrance cancer predisposition genes can 

assist genetic counseling and personalized therapy of the affected families. 

 

  



Functional information for SNPs related to CRC 
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The genomic regions where signals associated with colorectal cancer (CRC) appear, mostly 

non-coding, resulting from large-scale epidemiology studies are poorly understood. It is 

hypothesized that they have regulatory roles. Hence, there is a need for characterizing the 

non-diseased colon tissue by means of different molecular traits, such as its transcriptome or 

epigenome, to define functionally relevant genomic regions and features. They may be 

enriched or associated with variants that have a potential regulatory role in the colon and thus 

worth to be prioritized in further CRC epidemiology analyses. 

In this study, we performed germline genome-wide genotyping and RNA sequencing (RNA-seq) 

on a novel collection of colon tissue biopsies from ~200 healthy individuals. Furthermore, to 

predict epigenetic regulatory elements in this tissue, we performed ATAC-seq and ChIP-seq 

against the histone acetylation mark H3K27ac on a pilot dataset of 4 CRC tumors and 20 

tumor/normal paired samples, respectively.  

Briefly, we characterize the transcriptome by means of global gene expression levels and 

profile the alternative splicing landscape of normal colonic tissue. Then, we identify cis-acting 

expression and splicing quantitative trait loci (eQTLs and sQTLs), assess their colocalization and 

perform their functional annotation. On the other hand, we define regions of open chromatin, 

active enhancers and superenhancers and test the enrichment of sQTLs SNPs among variants 

within these features and other regions publicly available from ENCODE and ROADMAP 

projects. As next step, we plan to perform a heritability enrichment analysis of sQTL SNPs 

among CRC associated loci using GWAS results. This may suggest the dysregulation of 

alternative splicing as the underlying mechanism of uncharacterized association signals. 

As a conclusion, our study provides new insights into the genetic architecture of CRC by 

integrating unique omics datasets on colon tissue, which represent a useful resource for 

conducting further functional and epidemiological studies for CRC and other diseases affecting 

colon tissue. 
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Colorectal cancer and breast cancer heritability cannot be attributed to known risk loci 
in approximately half of the cases. In contrast to most inherited cancer syndromes, 
predominantly affecting specific organs, Li-Fraumeni syndrome is a severe multi-
tumour syndrome with increased risks for breast cancer, bone and soft tissue sarcoma, 
and to a lesser extent, colorectal cancer. Germline mutations in the TP53 gene are 
responsible for most cases of Li-Fraumeni syndrome, however different mutations 
confer varying cancer risks and tumour spectra. The TP53 gene encodes for three 
distinct C-terminal protein isoforms: p53α, p53β and p53γ. Only few genetic variants 
have been discovered affecting the protein sequence specific for p53β isoforms and 
their clinical significance remains unknown.  
We identified a heterozygous germline variant in the isoform-specific coding region of 
p53β in three unrelated Dutch cancer-prone families by exome sequencing analysis of 
118 unexplained familial and/or early-onset cancer patients, enriched for familial 
colorectal cancer patients. This variant is very rare in population databases and absent 
in an unselected series of 1,960 breast or colorectal cancer patients. In total, 23 
heterozygous mutation carriers were identified within the three cancer families, fitting 
an autosomal dominant pattern of inheritance. Overall, mutation carriers have an 
increased risk for developing multiple primary cancers, especially breast cancer, 
colorectal cancer, thyroid cancer and B-cell lymphomas. Mutation analysis in tumours 
showed retention of the mutation in 90% of the investigated neoplasia. Expression 
analysis of one B-lymphocyte cell line, derived from a carrier, compared to TP53 wild-
type cell lines showed (i) increase mRNA expression of TP53β isoforms, (ii) an allelic 
imbalance towards the expression of mutant transcripts and (iii) increased protein 
expression of p53β isoforms. Functional assessment of the variant was performed by 
overexpressing mutant p53β in cancer cell lines HCT-116 and MCF-7, and was 
compared to wild-type p53β overexpression and empty vector controls. Basal mRNA 
expression of p53 target genes, such as CDKN1A (p21) and BBC3 (PUMA), was 
increased and a smaller induction of p53 target genes was observed in response to 
cellular stress by doxorubicin treatment (1µM for 1 hour), indicating altered gene 
regulation. 
In conclusion, in search for novel cancer-predisposing variants we identified a 
heterozygous germline variant in the isoform-specific coding region of p53β associated 
with an increased risk of developing multiple primary cancers, including breast, 
colorectal and thyroid cancer. Its clinical presentation suggests that it represents a less 
severe variant of Li-Fraumeni syndrome. Furthermore, our study highlights the value of 
analysing regions not encoding canonical protein isoforms in the identification of 
genetic susceptibility loci.  



POLE and POLD1 involvement in hereditary cancer and challenges in variant 
interpretation. 

Pilar Mur, Sandra García-Mulero, Jesús del Valle, Tirso Pons, August Vidal, ,,Marta Pineda, 
Giacomo Cinnirella, Edgar Martín-Ramos, Lorena Magraner-Pardo, Adriana López-Doriga, 
Sami Belhadj, Pau M. Munoz-Torres, Matilde Navarro, Elia Grau, Judith Balmana, Esther 
Darder, Joan Brunet, Victor Moreno, Josep M. Piulats, Rebeca Sanz-Pamplona, Xavier Matías-
Guiu, Rosa Aligué, Gabriel Capellá, Conxi Lázaro, Laura Valle (presenter). 
 
Germline mutations in the exonuclease domains of polymerases POLE and POLD1 predispose 
to adenomatous polyps, colorectal cancer (CRC), endometrial tumors and other extracolonic 
malignancies. Tumors and polyps with exonuclease domain mutations exhibit an increased 
mutation rate (hypermutation) and a specific associated mutational signature. In this study, we 
evaluated the prevalence of POLE/D1 pathogenic mutations in hereditary cancer, the tumor 
spectrum and the challenge of variant classification for these genes. 

POLE and POLD1 genes were sequenced in 2,813 unrelated probands referred for genetic 
counseling (2,309 hereditary cancer patients subjected to a multi-gene panel, and 504 patients 
without mutations in known cancer-predisposing genes, selected according to their phenotypic 
characteristics). Co-segregation, case-control allele frequencies, yeast-based assays and tumor 
mutational analyses (mutation burden and mutational signatures) were performed for variant 
interpretation. 
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Deregulation in the number of centrosomes triggers tumorigenesis. Additionally, the 
presence of extra centrosomes has been correlated with chromosome instability (CIN) 
and polyploidy. However, the association between centrosome number and structure 
with stabilization of tetraploid cells remains elusive. Thus, we generated four isogenic 
models of diploid and tetraploid clones by inducing cytokinesis failure and single cell 
sorting in three colorectal cancer cell lines (DLD-1, RKO and SW837) and the non-
transformed RPE cells. Immunostaining with pericentrin revealed no significant 
increase in the number of centrosomes in near-tetraploid G1-phase cells compared to 
their near-diploid counterparts. Nevertheless, centrosome area in near-tetraploid cells 
was twice as large as in near-diploid. To evaluate whether centrosome clustering was 
occurring, we next analyzed the amount of centrioles using centriole-recognizing 
antibodies. Despite our analysis revealed that the number of centrioles was significantly 
higher in near-tetraploid cells, only 20 - 30% of them showed four or more centrioles 
(P<0.01). To test if cells were progressively losing centrioles after becoming near-
tetraploid, we first assessed differentially expressed genes contributing to genome 
doubling. Microarray and RT-qPCR data showed that ESPL1/separase was highly 
expressed in near-tetraploids compared to diploids. In addition, transiently transfected 
diploid cells with siRNA against ESPL1 resulted in abundant formation of near-
tetraploid cells and compromised their viability. Finally, we used this model to study the 
dynamics of the centriole reduction in the newly generated near-tetraploid cells. 
Assessing the number of centrioles at different time-points post siRNA treatment, our 
results indicated that near-tetraploids lose centrioles over time. Percentage of cells with 
extra-centrioles dropped from 70% to 50% after 48 hours washout of the siRNA. In 
summary, although most cells reduce extra centrioles after becoming tetraploid, a small 
fraction retain four or more centrioles, potentially resulting in CIN. 
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Colorectal cancer (CRC) is among the leading causes of mortality and morbidity through the 

world. Extensive research suggests that nutrition may carry a protective role in the 

development of CRC. In this field, the Mediterranean diet has showed protective action against 

CRC due to the intake of specific food components. Virgin olive oil (VOO) is one of the main 

components of this diet, being also associated with the reduction of the incidence and 

prevalence of CRC. In fact, hydroxytyrosol, a typical phenolic component of VOO, is reported to 

present biological effects towards cancer prevention. Furthermore, citrus fruits and 

cruciferous vegetables have been highlighted due to their composition in polyphenols and 

organosulfur compounds, that are reported to be promising natural chemopreventive agents. 

However, the molecular mechanisms underlying the protective action of these food bioactives 

compounds are still unclear as well as their effect on cancer stem cell subpopulation.  

The aim of this work was to evaluate the effect of food bioactive compounds and their colonic 

metabolites in inhibiting cell proliferation and targeting cancer stemness using a 3D cell model 

of CRC. Experiments were carried out in our previously developed 3D cell model composed by 

HT29 cell spheroids growing in stirred culture conditions that best recapitulates the in vivo 

tumor behavior. The effect of food bioactive compounds in inhibiting cell proliferation and 

cancer stemness was accessed by cell viability assays (Prestoblue and MTT), ALDH1 activity, 

CFU assays and gene expression analysis. Metabolomic and transcriptomic studies are being 

performed to better elucidate the effect of food bioactive compounds on cancer cells.  

Three case studies will be presented: 

Case study 1: Targeting colorectal cancer proliferation, stemness and metastatic potential 

using Brassicaceae extracts enriched in isothiocyanates  

Case study 2: Polymethoxylated Flavones from orange peels target cancer stemness and 

improve the antiproliferative effect of 5-fluorouracil in HT29 cell spheroids 

Case study 3: Effect of olive oil phenolics, namely hydroxytyrosol and its colonic metabolites, in 

inhibiting cell proliferation and targeting cancer stemness in HT29 cell spheroids.  

This work is a contribution to clarify which food bioactive compounds may be responsible for 

the anticancer effect and the molecular mechanisms by which they could prevent CRC. The 

knowledge generated herein will provide relevant information towards the design of human 

intervention studies for cancer treatment. 
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Aldo-Keto Reductases (AKRs) are a superfamily of proteins that bind to nicotinamide 

adenine dinucleotide (phosphate) (NAD(P)H) to reduce a variety of substrates of metabolic 

relevance. AKR1B1 and AKR1B10 are the best described enzymes in the AKR family. 

Although both enzymes belong to the same AKR sub-family, they prefer different 

substrates for reduction and are differentially expressed in the tissues. AKR1B1, the most 

studied mammalian AKR, catalyzes excess glucose to sorbitol, which is important in 

diabetic pathophysiology. On the other hand, AKR1B10 is a poor reductant of glucose but 

it can reduce retinals and cytotoxic aldehydes.  

We have recently shown that the AKR1B1 and AKR1B10 play highly divergent roles in the 

progression of colorectal cancer (CRC). High expression of AKR1B1 but low expression of 

AKR1B10 were associated with enhanced motility and an inflammatory signature in CRC 

cells. Additionally, CRC tumors expressing low AKR1B1 and high AKR1B10 showed the best 

prognosis indicating that these genes could serve as potential biomarkers (Taskoparan, 

Seza et al., 2017).  

Epithelial to mesenchymal transition (EMT) is known to associate with cancer progression, 

metastasis and poor response to chemotherapy drugs. In order to better predict the tumor 

profile that can respond best to the combinatorial therapy, we aimed an improved 

stratification of colorectal tumors based on an epithelial or mesenchymal signature to 

predict best clinical outcome in AKR1B1/AKR1B10 high/low expressing tumors using in 

silico tools and ex vivo approached experiments. We observed that high AKR1B1 

expressing tumors had a mesenchymal phenotype, low EMT score (E-cadherin to Vimentin 

ratio) and poor prognosis while high AKR1B10 expressing tumors were associated with an 

epithelial phenotype, a high EMT score and better prognosis. Patients with tumors with an 

epithelial phenotype, high AKR1B10 expression and low AKR1B1 expression were 

predicted to have the best outcome. 

 

Keywords: Colorectal Cancer (CRC), Aldo-keto reductases, Epithelial to Mesenchymal 

transition (EMT) 
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Immune-related genes as prognostic biomarkers in specific subtypes of colorectal cancer 
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Colorectal tumors are complex tissues compose of distinct cell types including tumor and 

stromal ones. The functional communication between these cell entities defines the biology of 

the tumors and eventually influence disease progression and patients’ prognosis. Recently, the 

first bona fide consensus molecular subtypes of colorectal cancer have been defined, each of 

them showing a specific immune-cell composition. CMS1 comprises hypermutant tumors with 

better prognosis associated to a higher immune infiltration. CMS2 tumors are characterized by 

a high CIN and strong WNT/MYC pathways activation CMS3 have activated pathways related 

to metabolism. CMS4 tumors are more stromatic and showed the worst survival. In this work, 

we aim to assess the prognosis usefulness of immune cell infiltration and immune-cancer cell 

crosstalk, stratifying by molecular subtype. Our discovery series includes 100 paired normal 

and stage II MSS tumor samples. For validation purposes, public GSE39582 and TCGA series 

has been used. Using gene expression data, tumors has been classified into CMS subtypes 

using CMSclassifier R Package. GSEA has been performed to make a functional enrichment 

analysis. To assess the utility as prognosis biomarker of genes related to immune activation 

and infiltration, a cox model were fitted and a pool analysis was done. Also, a protein 

expression level validation by IHQ was performed. We corroborate that CMS1 and CMS4 

subtypes showed higher levels of immune and stromal infiltration than CMS2-3 subtypes. 

Several molecules has been found to be associated with prognosis in CRC. Interestingly, these 

genes reach a better accuracy discriminating between good and poor prognosis patients when 

a stratification by CMS was done. In conclusion, immune-related genes are good prognosis 

biomarkers in specific subtypes of colorectal cancer patients. 
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Background: Prognostic biomarkers for cancer have the power to change the course of disease if they 
add value beyond known prognostic factors, if they can help shape treatment protocols, and if they are 
reliable. 
The aim of this study was to identify such biomarkers for proximal and distal colon cancers separately 
since these two are quite different in terms of their biology and response to therapeutics; and to 
understand the molecular mechanisms leading to prognostic stratifications based on these biomarkers. 
Methods and Findings: We used an in house R based script for the in silico discovery of stage-
independent prognostic biomarkers using two cohorts, GSE17536 and GSE17537, that include 177 and 
55 colon cancer patients, respectively. This identified 2 genes, ULBP2 and SEMA5A, which when used 
jointly, could distinguish patients with distinct prognosis. We validated our findings using a third cohort 
of 48 patients ex vivo. We find that in all cohorts, a combined ULBP2/SEMA5A classification (SU-GIB) 
can stratify distinct prognostic sub-groups with hazard ratios that range from 2.4 to 4.5 (p≤0.01) when 
overall- or cancer-specific survival is used as an end-measure, independent of confounding prognostic 
parameters. In addition, our preliminary analyses suggest SU-GIB is comparable to Oncotype DX 
colon(®) in predicting recurrence in two different cohorts (HR: 1.5-2; p≤0.02). SU-GIB has potential as a 
companion diagnostic for several drugs including the PI3K/mTOR inhibitor BEZ235, which are suitable 
for the treatment of patients within the bad prognosis group. Interestingly, the SU-GIB signature’s 
prognostic separation was not as successful in proximal tumors compared to distal tumors. Therefore we 
also have constructed an independent prognostic biomarker panel of 100 genes, which can significantly 
stratify prognostic groups (HR: 3.71; p<0.001) when recurrence-free survival was used as an outcome in 
silico. 
Conclusions: We describe two novel gene panels that can be used to prognosticate colon cancer and 
suggest approaches by which such tumors can be treated. We also describe molecular characteristics of 
tumors stratified by the SU-GIB signature. 

  

Validation of genomic biomarkers to assess functionality of the TGF-beta/Activin 
signaling pathway in metastatic Colorectal Cancer. 

 

Mateo Paz-Cabezas, Beatriz Pérez-Villamil 
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Instituto de Investigación Sanitaria San Carlos (IdISSC) 
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Colorectal cancer patients at the same stage show differences in terms of 
aggressive behavior and response to chemotherapy. By transcriptional profiling, our 
group identified a High-stroma-subtype with poor prognosis and activated TGF-β 
pathway that largely coincide with the CMS4-messenchymal subtype.  

TGF-beta pathway activation has been associated to resistance to chemotherapy 
treatment. INHBA gene encoding the beta-A subunit of Activin-A is up-regulated 
specifically in the High-stroma/CMS4-mesenchymal subtype. TGF-beta promoted 
migration and metastasis is dependent on Activin. Mutations in Activin receptor 
ACVR1B as well as in SMAD2 and SMAD4 have been identified as driver mutations in 
colorectal cancer and Activin-A is increased in serum of colorectal cancer patients 
compared to healthy subjects. 

Our preliminary results of Activin-A immunohistochemistry in TMAs, show 
increased Activin-A levels in tumor samples carrying mutations in RAS, indicating a 
possible interaction between TGF-beta and EGF signaling pathways. We integrated 
miRNA and mRNA expression patterns to find relevant signaling pathways disregulated 
by mRNAs and miRNAs differential expression in High-stroma/CMS4 subtype. We 
performed an in-silico analysis to identify relevant miR-mRNA interaction as well. 
MicroRNA-mRNA interactions were used to construct a computational network using 
Cytoscape, gene-miR interactions were scored according to their centrality within the 
network. Those interactions involved in TGF-beta pathway regulation with the highest 
score were selected for further biological validation.  

We propose a NGS mutational analysis in tumors of the driver genes 
ACVR1B/R2A, TGFBR1/R2, SMAD2/3, SMAD4 and PIK3CA integrate this data with 
miRNA and mRNA expression profiles for a final in vitro study of functional miR-
mRNA regulatory modules that cooperate in post-transcriptional gene regulation in 
specific conditions and subtypes. 
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Structural and functional analysis of the SMAD4 gene in patients with solid tumors 
 
Aleksandra Nikolic 
Laboratory for Molecular Biology Institute of Molecular Genetics and Genetic Engineering, 
Belgrade, Serbia 
 
The SMAD family member 4 (SMAD4) is an intracellular mediator of the transforming 
growth factor beta (TGFB) signal transduction pathway, which regulates numerous cellular 
processes, such as cell proliferation, cell differentiation, apoptosis, cell fate and migration. 
The loss of SMAD4 gene heterozigosity combined with inactivating mutations is known to 
be involved in tumorigenesis. Mutations in the SMAD4 coding region were found with high 
frequency in gastrointestinal cancers, and to a lesser extent in other solid tumors. Variants 
in the SMAD4 promoter regions are less studied, and some of those found to be of 
functional significance were characterized in our laboratory. As SMAD4 is no longer 
considered to be a classic tumor suppressor gene, our aim is to study modulation of SMAD4 
gene expression levels and functionality of the protein as potential causes of malignancy 
and therapeutic targets of interest. Along with dosage of the functional SMAD4 in the cell, 
the effect of SMAD4 interaction partners such as SMAD2 and SMAD7 is considered. For 
this purpose, we are using a repository of DNA samples extracted from tumor and non-
tumor tissues of patients with different cancers (pancreatic, colorectal, hepatocellular, 
endometrial, thyroid) and strive to include available data from other sources (public 
databases, collaboration with other groups). We are screening for SMAD4 variants in 
coding and non-coding regions using direct DNA sequencing. Detected variants are 
characterized in permanent human cell lines using transient transfection with reporter 
vectors carrying SMAD4 non-coding regions as promoters and using SMAD2, SMAD4 and 
SMAD7 expression vectors as means to modulate the expression of these proteins. 
Additionally, non-steroid antiinflammatory agents are tested as modulators of therapeutic 
outcome, with processes of apoptosis, EMT and inflammation studied at the molecular 
level. We are interested in introducing CRISPR-Cas9 methodology to futher characterize 
detected variants, which would also enable investigation of cummulative effects of variants 
ocurring in different genes encoding TGFB signaling pathway members. We seek to resolve 
the relevance of coding and non-coding SMAD4 gene mutations as biomarkers for disease 
diagnosis, prognosis and choice of therapy. Considering the significance of the TGFB 
signaling pathway in resistance to most of currently available treatments, this would also 
open new possibilities in term of studying potential strategies for overcoming the resistance. 

  



Sphingolipid Mediated Regulation of NF-κκκκB p65 and GRP 78 Gene Expression in 
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Objectives: Previous studies have shown that thymoquinone (TQ), an active compound 

of black seed, has anticancer properties. However, the antiproliferative mechanisms of 

TQ on cancer cells is unclear. Our study aimed to investigate the impact of TQ on 

sphingolipid metabolites, NF-κB p65 and GRP 78 gene expression levels in MCF-7 and 

HepG2 cancer cell lines. 

Materials and methods: Antiproliferative effect was exerted in cancer cells via TQ 

incubation at different doses and durations. Cell viability was measured by MTT assay. 

Levels of, sphingosine-1-phosphate (S1P), C16-C24 sphingomyelins (SM) and C16-C24 

ceramides (CER) were determined in cell lysates by an optimized multiple reaction 

monitoring (MRM) method using ultra fast-liquid chromatography (UFLC) coupled with 

tandem mass spectrometry (MS/MS). NF-κB p65 and GRP 78 gene expression levels 

were evaluated by quantitative PCR analysis, while protein levels were assesed by 

immunofluorescence and western lot analysis. 

Results: Incubation with TQ significantly decreased cell viability in cancer cells when 

compared to control. A significant increase was observed in cellular levels of C16-C24 

CERs in cancer cells treated with TQ for 24 hours compared to controls. Treatment 

with TQ significantly decreased S1P levels in cancer cells compared to untreated 

controls. Cleaved caspase-3 levels was also increased in cancer cells treated with TQ 

for 24 hours compared to controls. NF-κB p65 mRNA and protein levels were 

significantly decreased in cancer cells treated with antiproliferative doses of TQ. GRP78 

mRNA and protein levels were significantly increased in cancer cells treated with 

antiproliferative doses of TQ. 

Conclusions:
 
TQ-induced accumulation of ceramide and decrease in S1P and may 

promote cancer cell death by inducing apoptosis. 

 

Keywords: cancer, thymoquinone, neutral sphingomyelinase, ceramide 

 

  

SMAD7 gene variants in colorectal cancer 
 
Jovana Rosic 
Faculty of Biology, University of Belgrade, Serbia 
 
SMAD7 gene localized at 18q21.1 is coding for an intracellular TGF-β signaling antagonist 
that inhibits signal transduction by binding to TGF-βRI and induction of receptor 
degradation by recruiting ubiquitin ligases. The role of SMAD7 is highly variable in the 
process of carcinogenesis and malignant progression and depends on tumor type and 
microenvironment. Recent GWAS and NGS studies have shown that several common 
SMAD7 variants are potentially associated with risk for colorectal cancer (CRC). It has been 
reported that disturbed SMAD7 expression affects the progression of CRC in cases with the 
deletion on 18q21 locus. Reduced expression of SMAD7 in colorectal cancer tissue 
compared to adenomas was also established.  
The aim of my PhD thesis is to investigate the role of SMAD7 variants in colorectal cancer. 
Tumor and healthy tissue samples are collected from patients diagnosed with primary 
colorectal cancer who did not receive preoperative chemoradiotherapy and patients with 
rectal cancer both before and eight weeks after neoadjuvant chemoradiotherapy. RNA and 
DNA are extracted from the collected samples, and extracted RNA used for the 
complementary DNA (cDNA) synthesis. cDNA is further used for the relative 
quantification of the expression levels of a target gene SMAD7 using quantitative real-time 
PCR method (qRT-PCR). Furthermore, levels of SMAD4 gene expression are also measured 
as it is shown that this common SMAD is also altered in cancer progression, and SMAD4 / 
SMAD7 expression ratio compared between tumor and non-tumor tissue.  
Upon establishing altered SMAD7 gene expression, genetic variants will be analyzed in 
these samples to detect variants that alter SMAD7 transcriptional regulation or could 
significantly alter tissue response to radiation treatment. Additionally, ex vivo system is 
established for analysis of the CRC tissue response to chemotherapeutics, while in vivo 
approach is used for assessing the metastatic potential. Ex vivo stimulation involves treating 
tumor tissue with 5-FU immediately after the sampling, while an in vivo approach involves 
using zebrafish patient-derived xenograft (zPDX) model by transplanting tumor tissue from 
patients into zebrafish 48-hpf larvae and subsequent treatment with 5-FU.  
We expect to identify SMAD7 variants with prognostic and to form a prediction model for 
response to neoadjuvant therapy. 

  



The Proteostasis Network - Proteome instability in Cancer 
 
Ioannis P. Trougakos 
 
Department of Cell Biology and Biophysics, Faculty of Biology, National and Kapodistrian 
University of Athens, Athens 15784, Greece 
 
ABSTRACT. Proteins carry out the majority of cellular functions and maintain cellular 
homeodynamics mostly by participating in multimeric assemblies that operate as protein 
machines. Proteome quality control is thus critical for cellular functionality, and it is carried 
out through the curating activity of the proteostasis network (PN). Key components of the 
PN are the protein synthesis and trafficking modules, the endoplasmic reticulum unfolded 
protein response, molecular chaperones, and the two main degradation machineries, 
namely the ubiquitin proteasome and autophagy lysosome pathways. Parts of the PN are 
also several stress responsive pathways, including nuclear factor erythroid 2- related factor 
2 (Nrf2), which mobilizes genomic responses against oxidative and/or xenobiotic damage. 
Nevertheless, the gradual accumulation of stressors during ageing or earlier due to lifestyle 
results in an increasingly damaged and unstable proteome. This outcome may then 
increase genomic instability due to reduced DNA replication fidelity or repair, leading to 
various age-related diseases such as cancer. We investigate the impact of proteome 
instability in cancer progression including colorectal cancer. Our recent data indicate that 
(among other alterations in PN modules) the HSPB3 and CLU genes (encoding for small 
heat shock proteins) are downregulated in the majority of malignant colorectal tumors as 
compared to their adjacent non-cancerous mucosae. Notably, colorectal adenocarcinoma 
patients with tumors expressing high levels of the HSPB3 and CLU mRNAs had decreased 
disease-free survival and overall survival. 

  

The Chorioallantoic membrane (CAM) model as an alte rnative model for cancer research 

Philipp Kunze, Regine Schneider-Stock 

Experimental Tumorpathology, Institute of Pathology, University Hospital, FAU Erlangen-

Nürnberg 

 

We utilize a highly reliable alternative tumor model for animal experiments, namely the in vivo 

chorioallantoic membrane (CAM) assay, to mirror-image major hallmarks of cancer such as 1) 

proliferation/cell death, 2) invasiveness/EMT, 3) tumor angiogenesis, and 4) the ability to 

metastasize.  

Tumor cells will be embedded in matrigel and transplanted onto the CAM of a 9-day old embryo. 

In ovo xenografts will be harvested after 5 days of incubation. We will present exciting data how 

CRISPR/Cas9 mediated gene specific knockout clones of different colon cancer cell lines can 

be functionally investigated using this CAM model. Here we directly compared data observed in 

mouse xenografts and tumors grown in the CAM model. In addition we will give data how drug 

response can be monitored. Majorly we use immunohistochemical studies to identify new 

molecular pathways. We present valuable data that the CAM assay which allows for time-

dependent molecular, biochemical, immunohistochemical and optical imaging analyses of fresh 

or FFPE tumor tissues is a suitable model system to study tumor aggressiveness. Its ease of 

use without the requirement for an animal protocol approval, the high reproducibility and cost 

effectiveness make the CAM assay an attractive alternative in vivo model for researchers at 

universities.  

My PhD student Philipp Kunze will focus in more detail on imaging techniques to demonstrate 

an interaction of tumor cells with ECM, particularly the 3D texture of the collagen-I meshwork in 

the chicken CAM. The collagen amount, fiber size and spatial orientation were examined by 

using two-photon excited second-harmonic generation (SHG) microscopy. SHG is based on a 

non-linear optical effect that allows visualization of cells and tissue structures by generating 

second-harmonic light from certain molecular structures in the specimen. To determine the 

strength of this label-free method on FFPE tissue we compared SHG images with the 

corresponding Sirius red staining.  

 

  



Novel potential susceptibility genes to colorectal cancer risk and candidates for further 
functional studies 

Anael López-Novo, Clara Ruiz-Ponte 

Fundación Pública Galega de Medicina Xenómica, Santiago de Compostela, Galicia, Spain 

Genetic predisposition to CRC has been associated with pathogenic germline variants in high-
risk cancer genes which explain <8% of all CRC cases. However, much of the hereditary 
susceptibility to CRC and polyposis is still unexplained. 

The aim of this work was to identify novel genes involved in germline predisposition to CRC in 
genetically enriched patients due to either early-onset CRC or unexplained polyposis.  For this 
purpose, WES was carried out in DNA samples from two groups of unrelated patients who 
tested negative for pathogenic variants in the Mendelian cancer genes: 20 early-onset MMR-
proficient CRC and 19 unexplained polyposis. 

To identify rare potentially causative variants, we focused on all truncating variants and 
missense of high functional impact. Subsequently, we prioritised genes exhibiting rare recurrent 
variants, and genes involved in cancer-related KEGG pathways or identified through CRC 
GWAS. Further gene prioritization included cosegregation analysis in families and sequencing 
in two external validation cohorts (470 CRC and 300 unexplained polyposis patients) 

As a result, two genes were selected for both of the early-onset CRC and unexplained polyposis 
groups. Genes involved in the NER and PI3K-Akt pathways, were proposed as candidate 
susceptibility genes to CRC. Meanwhile for unexplained polyposis, the two candidate genes 
belong to DNA repair and TGF-beta pathways, respectively.  

In conclusion, the variants identified in these four genes are highly recommendable candidates 
for further functional studies to confirm their role in CRC and polyposis susceptibility.  
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Cancer cells are embedded in stroma, the connective tissue framework of solid tumors. In 

colorectal cancer (CRC), cancer-associated fibroblasts (CAFs) are the main cellular components of 

the tumor reactive stroma and support tumor progression and invasiveness. However, CAFs 

represent a heterogeneous population with both cancer-promoting and -restraining actions, lacking 

specific markers to target them. Expression of immune checkpoint ligand CD70 is normally tightly 

regulated and limited to cells of the lymphoid lineage. Instead, expression of CD70 on tumor cells 

has been shown in different malignancies, enabling immune evasion by increasing the amount of 

suppressive regulatory T cells (Tregs). In this study, we aimed at investigating the role of CD70 in 

CRC. Using CRC specimens of 51 patients, we have revealed the expression of CD70, not on the 

cancer cells, but highly expressed on a subset of CAFs in invasive CRC specimens. Moreover, 

CD70-positive CAFs were strongly associated with poor clinicopathological parameters and inferior 

prognosis. CD70high CAFs significantly stimulated migration and increased the production of IL-6. 

We also revealed a significant increase in the amount of Tregs and production of interleukin-2 upon 

co-culture of CD4+ T-cells with CD70high CAFs, as opposed to CD70low CAFs. Finally, 

experiments aimed at unravelling the underlying mechanism of CD70-positive CAFs are currently 

being analysed.  

In conclusion, we have identified a targetable CAF subpopulation, marked by the expression of 

CD70 and equipped with strong migratory capabilities. Thereby, we found evidence of a cross talk 

between CD70+ CAFs and Tregs, paving the way towards immune escape. As such, this study 

provides a strong rationale for our ongoing exploration of CD70-targeting therapy in CRC, 

especially in light of the limited immunotherapeutic options available in CRC.  

  

High-dimensional cytometric analysis of colorectal cancer reveals novel mediators of 

antitumour immunity. 

de Vries NL, van Unen V, Ijsselsteijn ME, Abdelaal T, van der Breggen R, Farina Sarasqueta A, 

Mahfouz A, Peeters KCMJ, Höllt T, Lelieveldt BPF, Koning F, de Miranda NF. 

Department of Pathology, Leiden University Medical Center, The Netherlands 

Abstract: 

Objective: A comprehensive understanding of anticancer immune responses is paramount for 

the optimal application and development of cancer immunotherapies. We unravelled local and 

systemic immune profiles in patients with colorectal cancer (CRC) by high-dimensional analysis 

to provide an unbiased characterization of the immune contexture of CRC. 

Design: Thirty-six immune cell markers were simultaneously assessed at the single-cell level by 

mass cytometry in 35 CRC tissues, 26 tumour-associated lymph nodes, 17 colorectal healthy 

mucosa and 19 peripheral blood samples from 31 patients with CRC. Additionally, functional, 

transcriptional and spatial analyses of tumour-infiltrating lymphocytes were performed by flow 

cytometry, single-cell RNA-sequencing and multispectral immunofluorescence. 

Results: We discovered that a previously unappreciated innate lymphocyte population (Lin-

CD7+CD127-CD56+CD45RO+) was enriched in CRC tissues and displayed cytotoxic activity. This 

subset demonstrated a tissue-resident (CD103+CD69+) phenotype, and was most abundant in 

immunogenic mismatch repair (MMR)-deficient CRCs. Their presence in tumours was 

correlated with the infiltration of tumour-resident cytotoxic, helper and γδ T cells with highly 

similar activated (HLA-DR+CD38+PD-1+) phenotypes. Remarkably, activated γδ T cells were 

almost exclusively found in MMR-deficient cancers. Non-activated counterparts of tumour-

resident cytotoxic and γδ T cells were present in CRC and healthy mucosa tissues, but not in 

lymph nodes, with the exception of tumour-positive lymph nodes. 

Conclusion: This work provides a blueprint for the understanding of the heterogeneous and 

intricate immune landscape of CRC, including the identification of previously unappreciated 

immune cell subsets. The concomitant presence of tumour-resident innate and adaptive 

immune cell populations suggests a multitargeted exploitation of their antitumour properties 

in a therapeutic setting. 

 

  



Neoantigen-specific T cell responses in low mutation burden colorectal cancers of the CMS4 

subtype 

J. van den Bulk, E.M.E. Verdegaal, D. Ruano, M.E. IJsselsteijn, N.L. de Vries, M. Visser, R. van 

der Breggen, T. Duhen, K. Peeters, A.D. Weinberg, Arantza Farina-Sarasqueta, S.H. van der 

Burg, N.F.C.C. de Miranda. 

Department of Pathology, Leiden University Medical Center, The Netherlands 

Innovative treatment options are required to improve cure rates in advanced colorectal cancer 

patients. The efficacy of immune checkpoint blockade therapy (anti-PD-1) is restricted to a 

minority of colorectal cancers with high mutation burden. However, this observation does not 

exclude the existence of neoantigen-specific T cells in low mutation burden colorectal cancer 

patients and the possibility of undertaking immunotherapeutic strategies that leverage their 

anti-cancer potential. 

Whole exome and RNA next-generation sequencing were performed in cancer and healthy 

tissues from six colorectal cancer patients diagnosed with low mutation burden tumours for 

the detection of transcribed somatic mutations. Corresponding neo-epitopes were tested for 

their ability to induce activation of T cells isolated from the tumour tissues and from peripheral 

blood. Neoantigen-specific T cell responses were identified in three patients diagnosed with 

tumours expressing 15, 21 and 30 non-synonymous variants, respectively. Interestingly, these 

cases were classified into the CMS4 subtype, associated with TGF-β pathway activation and a 

worse clinical outcome. Furthermore, we demonstrate that neoantigen-specific T cells can be 

discriminated by specific immunophenotypes that include expression of CD103 and CD39. 

Single-cell and imaging CyTOF analysis confirms the presence of these phenotypes in colorectal 

cancers with low mutation burden. 

In conclusion, we detected autologous neoantigen-specific immunity in low mutation burden, 

CMS4 colorectal cancer patients. This finding warrants further exploration to improve clinical 

outcome of this patient group by employing neoantigen-targeted therapies in combination 

with interventions that target the TGF-β pathway. Furthermore, we demonstrate the potential 

of specific cell subsets for neoantigen-based immunotherapies. 

  

Immune checkpoints and colorectal cancer 
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In recent years immunotherapy has become the fifth pillar of cancer therapy, 
revolutionizing the treatment of several cancer types, that were considered difficult to 
heal or even incurable. Until recently, colorectal cancer (CRC) was considered as 
immunodeficient, “cold” cancer, and thus inappropriate for immunotherapy approaches. 
However recent findings have shown that CRC can be combated by triggering cancer-
reactive cytotoxic T cells (CTLs), with the approval of the two PD-1-blocking 
therapeutic antibodies, pembrolizumab and nivolumab, for the treatment of metastatic 
CRC tumors in 2017 becoming the proof-of-concept for successful CRC 
immunotherapy. 

In the past 2-3 years, much effort has been done to improve colorectal cancer 
(CRC) immunotherapy by designing drug combination strategies of potential synergistic 
activities. It also became clear that besides the “classical” immune checkpoint 
molecules, PD-1/PD-L1 and CTLA-4/CD80/86, additional, next-generation immune 
checkpoints have to be evaluated to fully reverse cancer immune evasion. 

In our laboratory, we have successfully evaluated the structural features of the 
interaction between human PD-1 and human PD-L1 proteins. We have also provided 
first structural details on the interaction of small molecule and macrocyclic peptide 
inhibitors with human PD-L1 and verified their biological activities using a cell-based in 
vitro immune checkpoint blockade assay. Our interest focuses now on the testing of 
drug combinations involving anti-PD-L1/anti-PD-1 agents and additional drugs. We also 
aim at the evaluation of the expression and functioning of next-generation immune 
checkpoints in CRC cell lines. The modulation of expression of these checkpoints, of 
both immunosuppressive and immunostimulatory nature, will be examined after the 
treatment of the cells with cytokines related to the tumor microenvironment (IFNγ, 
TNFα, IL-10, TGFβ). Additionally, basic, “flat” cell culture models, will be supported by 
the use of 3D cultures. We hope that our work will increase our knowledge on the 
engagement of immune checkpoint molecules in the pathology of CRC and allow for 
the design of new therapeutic strategies of CRC patients. 

 
  



Alterations in phenotypic and functional characteristics of NK cells in colorectal 
carcinoma and its relevance for disease prognosis and patient selection for targeted 

immunotherapy 
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Abstract 

 

 

The main focus of our research are analyses of immunophenotypic and functional 
characteristics of natural killer (NK) cells as NK cells in the circulation play an active role in 
eliminating disseminated tumor cells including colorectal cancer (CRC). However, NK cells are 
scarcely present in the tumor bed of CRC, despite the high levels of local chemokines and the 
normal numbers of NK cells observed in adjacent mucosa. Moreover, tumor-infiltrating NK 
cells are frequently enriched by poorly functional NK cells with a decreased capacity for 
eliminating tumor cells. As in epithelial mesenchymal transition (EMT) in CRC there is 
significant decrease of the expression of MICA/B ligand for activating NK cell NKG2D 
receptor it may be suggested that the EMT process may constitute a cancer immune checkpoint 
and that colorectal tumor cells must develop mechanisms to escape from NKG2D-mediated 
immune responses in order to progress through the metastatic process. These data indicate the 
importance of monitoring of NKG2D receptor on NK cells in peripheral blood and tumor tissue 
as an important factor that may control tumor evasion and metastatic process.  

 

By analyzing in peripheral blood of patients with advanced CRC, immunophenotype 
and function of NK cells and other immune cells involved in antitumor response (T, NKT) and 
also immunosuppressive cells (Tregs, MDSCs) our aim is to better define biomarkers for 
prognosis and response to immunotherapy. Aside from analyzing the immune profile, our 
research interest is to analyze in peripheral blood mononuclear cells of Lynch syndrome patients 
compared to the age- and stage-matched “sporadic” CRC patients, the expression of set of genes 
for cytokines (IFNγ, IL-2, TGFβ, IL-4, IL-6, IL-8, IL-10, TNF, VEGF) and enzymes (IDO, L-
arginase, iNOS, COX-2) that regulate immune response in peripheral blood mononuclear cells, 
and to evaluate its relevance for disease prognosis and patient selection for targeted 
immunotherapy.  

 

 


