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1 INTRODUCTION 

1.1 Lynch Syndrome 

MLH1, MSH2, MSH6 PMS2

EPCAM MSH2

MLH1

1.1.1 Epidemiology and diagnosis 

MLH1 MSH2 MSH6 PMS2



MLH1, MSH2, MSH6 PMS2

et. al.

MLH1 MSH2 MSH6 PMS2

MLH1, MSH2, MSH6 PMS2

MLH1, MSH2, 

MSH6 PMS2

Table 1. 75-years cumulative cancer risk related with gene and sex in Lynch Syndrome individuals, 

adapted from11. 

Male Female Male Female Male Female Male Female
Cancer Type

Incidence (population %)
PMS2MSH6MSH2MLH1



1.1.2 Surveillance  

MLH1 MSH2

MSH6 PMS2

MLH1 carriers

MSH2 MSH6

MLH1 MSH2

MSH6 PMS2



MLH1 MSH2 MSH6

1.1.3 Molecular Mechanisms 

1.1.3.1 DNA damage and repair systems 



Figure 1. DNA damage types and repair mechanisms pathways associated. Made with Biorender. 



1.1.3.2 Base mismatches and the MMR system 

MSH2 MSH6 MSH2 MSH3

MLH1 PMS2 MLH1 MLH3

E. coli 



1.1.3.3 MMR deficiency and microsatellite instability (MSI) 

MLH1 MSH2

MLH1 PMS2 MSH2 MSH6 PMS2 MSH6

MLH1

PMS2 MSH2 MSH6

PMS2 MSH6

MLH1 MSH2

MSH3 MLH3 PMS1



Figure 2. Schematic representation of the change on the grouping of codons or ORF due to MMRd in 

LS. Made with BioRender. 



et. al.

Table 2. Prevalence of MSI, MMRd and TMB-H in different tumour origins. Adapted from59. 



 

 

 



Figure 3. Somatic mutation frequencies observed from 3,083 tumour–normal pairs. Each dot 

represents a tumour-normal pair, y-axis indicates the total frequency of somatic mutations in the 

exome. Tumour types are arranged by their median somatic mutation frequency. The bottom panel 

illustrates the relative proportions of the six different possible base-pair substitutions, as indicated 

by the legend on the left. Adapted from60 . 

1.1.4 Characteristics of tumours associated to LS 



1.1.5 Challenges in LS management and psychological impact 

MLH1, MSH2, MSH6,  PMS2

1.1.6 Prevention and prophylaxis for LS-related cancers: History and current 

methods 

1.1.6.1 Timeline of LS cancer prevention 





Figure 4. Timeline of Key Milestones in Lynch Syndrome Cancer Prevention (1913–2025). This 

timeline illustrates the major scientific and clinical developments in the understanding, diagnosis, 

and prevention of LS over more than a century. Boxes with text inside indicate events (blue), Orange 

boxes indicate events related to LS cancer prevention advances. Boxes with text outside indicate a 

time period (green), Orange boxes indicate events related to LS cancer prevention advances.  

1.1.6.2 Current cancer prevention strategies 



1.1.6.3 LS MSI tumour treatment strategies 

MSH2

PMS1



1.1.6.4 Introduction to immunotherapy 

The prevention or treatment of disease with substances 

that stimulate the immune response



1.1.6.5 Immunotherapy strategies for LS (ICI, cancer vaccines) 

 

 



Table 3. List of registered clinical trials of cancer vaccines and/or CPI in MMRd/Lynch syndrome 

patients. Adapted from84. 

Study ID Description Status Location 

ICI and Other Immunotherapy Clinical Trials in MMRd Cancers



Clinical Trials Involving Off-the-Shelf Cancer Vaccines

 

 



1.2 Immunology: The adaptive cellular response 



1.2.1 Dendritic cells 



1.2.1.1 Dendritic cell Subtypes 



Figure 5. Heterogeneity of dendritic cell subsets. Adapted from93. 
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1.2.1.2  Maturation and antigen processing 

 





Figure 6. Human Leukocyte Antigen Complex and HLA-I and II molecular structures. A) Molecular 

models of classical MHC molecules and MHC-like molecules.  a: Side view and top view (rotated by 

90°) of a crystal structure of a human MHC-I–peptide complex (Protein Data Bank (PDB) ID 3PWJ). 

b: Side view and top view (rotated by 90°) of a crystal structure of a human MHC-II–peptide complex 

(PDB ID 3L6F). B) Simplified schematic maps of the MHC complex in humans. MHC genes, including 

genes for the transporter associated with antigen processing (TAP) and tapasin (also known as TAP-

binding protein (TAPBP)). Adapted from119. 



 





Figure 7. Overview of the MHC-I and MHC-II presentation pathways, focused on neoantigens. 

Neoantigens can develop at the genomic and at proteomic level; mutant peptides created by the 

proteasome from endogenous mutated proteins are loaded onto MHC-I molecules in the ER, and 

peptides derived from an exogenous mutant protein broken down in the endosomal compartment 

are loaded into MHC-II molecules in the endosomes. These peptide-MHC (pMHC) complexes then 

traffic to the cell surface where they are recognized by T cells. Made with Biorender.



 

Figure 8. Antigen cross-presentation intracellular pathways. Adapted from142. 



1.2.1.3 Antigen presentation and Lymphocyte activation 

 



1.2.2 T-lymphocytes 



1.2.2.1 T-cell ontogeny 

1.2.2.2 T-cell activation: Antigen presentation and the TCR 

Figure 9. Induction of T cell-activation by DCs. Dendritic cells initiate T cell activity by presenting 

tumour-associated antigens on MHC class I and MHC class II molecules. Activation also requires 



additional positive signalling (represented by blue arrows and receptors). These include 

costimulatory molecules from the B7 and TNF families, as well as soluble factors such as IL-12 and 

IFN-I. In contrast, inhibitory mechanisms (depicted by red arrows and receptors) act to limit T cell 

activation. CTLA4 (cytotoxic T lymphocyte antigen 4), ICOS (inducible T cell co-stimulator), IDO 

(indoleamine 2,3-dioxygenase), IL-10R (IL-10 receptor), IL-12R (IL-12 receptor), Kyn (kynurenine), 

PD1 (programmed cell death protein 1), PDL1 (programmed cell death 1 ligand 1), and VISTA (V-

domain immunoglobulin suppressor of T cell activation). Adapted from154. 

NFκB NFAT AP-1

STAT5





Figure 10. Structure and signalling of the TCR–CD3 complex. A) side views of the overall structure of 

the TCR–CD3 complex shown in ribbon representation (PDB code 6JXR), adapted from166. B) 

Simplified schematic representation of TCR-CD3 complex activation and signalling cascade. Lck 

(lymphocyte-specific protein tyrosine kinase); ITAM (Immunoreceptor tyrosine-based activation 

motif); LAT (Linker for Activation of T-cells); PLCy1 (Phospholipase C Gamma 1); Grb2 (Growth 

factor receptor-bound protein 2); SOS (Son of Sevenless, set of genes encoding guanine nucleotide 

exchange factors that act on the Ras subfamily); MAPK (Mitogen-activated protein kinase). Made 

with Biorender. 

1.2.2.3 CD4+ T-helper cells differentiation 



 

STAT1

T-bet

Ifng

IL-12Rβ2

 

IL-4RA

Notch

 



IL-9

 

 



Figure 11. Schematic representation of naïve CD4+ T-cell activation and differentiation into some 

distinct T-helper subpopulations based on the polarizing cytokines induced by the APC. Made with 

Biorender. 

1.2.2.4 CD4+ and CD8+ T-cell interaction 



1.2.2.5 T-cell Memory and effector differentiation 

 



etc

 



1.2.3 Immunology in Lynch Syndrome 

1.2.3.1 Immune surveillance in LS and antitumour immunity 





1.2.3.2 Immune escape  



Figure 12. Illustration of the relationship between immune activation (bottom track), neoantigen 

burden (middle track), and the adenoma-to-carcinoma progression in LS–related colorectal cancer 

(top track). In early adenomas (left column), markers of immune reactivity are present, even in the 

absence of significant somatic mutations or neoantigen load. As the lesions advance to more 

developed adenomas (middle column) and carcinomas (right column), there is a noticeable increase 

in mutation/neoantigen burden, alongside the emergence of immune tolerance markers. Adapted 

from81. 

1.3 Cancer immunoprevention in LS 



Mycobacterium bovis

1.3.1 Immunology of cancer prevention vaccines 



Figure 13. Effects of boosting antitumour immunosurveillance with a vaccine on disease outcome. 

Adapted from199. 



1.3.2 Vaccine vectors: Cellular vaccines

Figure 14. Advantages and disadvantages of cancer prevention vaccine vectors. Created with 

BioRender, published in200.





1.3.3 Antigen choice 

1.3.3.1 Tumour-Associated Antigens 

1.3.3.2 Cancer-Testis Antigens 

1.3.3.3 Neoantigens 



1.3.4 Identification of candidate neoantigens 

In silico



in silico



Figure 15. Schematic representation of antigen prediction pipeline for the design of CPVs. Above: 

Workflow to determine shared mutations among different tumours and patients for a preventive and 

off-the-shelf approach. Below: Biological key steps in antigen presentation pathways (MHC-I and 

MHC-II) to consider when performing in silico epitope predictions. Abbreviations: WES, whole exome 

sequencing; WGS, whole genome sequencing, SRA, short read alignment; Wt, wildtype. Created with 

BioRender, published in200.

in vitro

1.3.5 State of the art in neoantigen-based cancer prevention vaccines



MSH2

MSH2



 



2 HYPOTHESIS AND OBJECTIVES 

2.1 Hypothesis  



2.2 Objectives 

 

 

 

 

 



3 MATERIALS AND METHODS 

3.1 Samples and sequences sources 

3.1.1 Bioinformatic sequences 

3.1.1.1 Data collection for FSDN predictions 

m1 m2

3.1.1.2 Colorectal adenomas (CrAD) and ECs FFPE samples source 



3.1.1.3 Data source for CRC and CrAD DNA sequences 

3.1.1.4 Data source for sporadic MMRd genetic variants 

3.1.1.5 Data source for MSS and MSI cell lines 



3.1.2 Biopsies and Peripheral blood 

MLH1

MSH2 MSH6 PMS2 

3.1.3 Cell lines 

Table 4. K562 cell lines and derived cell lines available in the HCB.  

K562 derived cell line HLA class I 



3.2 Bioinformatic analysis

3.2.1 Neoantigen prediction

Figure 16

Figure 16. Overall estimation of frequencies for the 10 most common HLA-A, HLA-B, HLA-C and HLA-DRB1 

alleles in Europe, adapted from the Allele Frequency Net Database (https://www.allelefrequencies.net/).



3.2.1.1 Data filtering and neoantigens prioritization 

m1 m2 

et. al.

m1

3.2.1.2 NMD 

masonmd

Masonmd

3.2.1.3 Pathogen and self-similarity 



density 

wt

Figure 17. Plots of density distribution of pathogen (A and B) and self-similarity (C and D) bit (A and C) and 

e scores (B and D) with the density function in the R package “stats”.

3.2.2 Library preparations and sequencing samples from LS cancer patients



Table 5. Characteristics of the EC and CrAD samples from the HCB biobank included for the targeted cMS 

sequenciation. 

Sample ID Sample 

Type 

Histology DNA MMR 

proteins 

expression loss 

Total MS 

sequenced 

nº 

Instable 

MS 

MSI 

score 1 

% Neoplastic 

Representation 

MSH2

MLH1 PMS2

MLH1 PMS2

MSH6

MSH2 MSH6

MSH6

MSH2 MSH6

MSH2 MSH6

MSH2 MSH6

MSH2 MSH6

MSH6

MLH1 PMS2



MSH2 MSH6

MSH2 MSH6

MSH6

MSH2

MSH2

MSH6

MSH6

MSH2

MSH2

MSH6

MSH2

MSH2

MLH1

Abbreviations:

3.2.3 DNA sequencing analysis and variant calling 



3.2.4 pVACseq analysis 

3.2.5 RNA sequencing analysis 

 limma

3.2.6 Statistic tests 



ꭙ

3.3 In-vitro validation of FSDN 

3.3.1 FSDN synthesis 

in silico

3.3.2 Primary cultures 

3.3.2.1 PBMCs, PBLs and moDCs 



3.3.2.2 Tumour-infiltrating lymphocytes (TILs) from Colorectal Biopsies 

 

 



3.3.3 Cell lines 

3.3.3.1 Generation and culture of monoallelic K562-based Cell Lines expressing vaccine 

peptides 



Figure 18. Example of a HLA-SCD/eGFP52plasmid construct used to generate monoallelic K562-based cell 

lines. 

 

et al.



Figure 19. Tandem Minigene map. Vector map for the GLE1123 pTRPE Ub-Lynch syndrome TMG-T2A-

mCherry lentiviral construct encoding the 24 peptides included in the LS vaccine.  

 

Escherichia coli

E. coli

E. coli



 

 



3.3.4 Cell phenotyping and characterization assays 

3.3.4.1 Staining and detection of surface cellular markers by flow cytometry 

3.3.4.2 Single cell multiplex cytokine profiling 



3.3.4.3 TCRvβ clonogram analysis 



Table 6. TCR Vβ-families in tube A-H from the IOTest ® Beta Mark TCR Vbeta repertoire kit (Beckman 

Coulter). 

 

3.3.5 Co-cultures and cell reactivity assays 

3.3.5.1 TILs and moDCs co-cultures for bulk IFN-γ ELISPOTs 



3.3.5.2 Specific T-cell expansion with moDCs 



3.3.5.3 Specific T-cell expansion with autologous PBMCs  



Well ID Reagent added per well

Figure 20. IFN-ƴ ELISPOT analysis criteria. Randomly picked representative IFN-ƴ ELISPOT plate reading. 

Row A (red) shows a negative result, row B (green) shows a positive result (nº spots Test ≥ 3 times nº spots 

C-). First column corresponds to the positive control, second column to the negative control (no added 

stimuli), third column to the negative control plus an irrelevant peptide at the same concentration as the 

ones added to test wells, and last column corresponds to the test wells. 

3.3.6 Statistical analysis



3.4 CLINICAL TRIAL 

3.4.1 Drug substance 

3.4.1.1 Manufacturing process 



Figure 21. Detailed diagram of the manufacturing process of the active substance.



3.4.2 Design 

3.4.2.1 Study objectives and endpoints 

Primary Objectives  

 

 

Secondary Objectives  

 

 

 

 



 

  

Primary Endpoints  

 

 

Secondary Endpoints  

 

 

 

 

 

 

 



3.4.3 Patients 

3.4.3.1 Inclusion, exclusion and discontinuation 

3.4.4 Treatment and clinical schedule 

Figure 22. Schematic representation of the treatment and clinical schedule for the DC-DELAY vaccine. 



3.4.5 Immune monitoring 

3.4.6 Clinical efficacy and safety evaluation 

3.4.6.1 Safety 



3.4.6.2 Clinical efficacy 









4 CHAPTER I: NEOANTIGENS PREDICTION, VALIDATION AND 

PRIORITIZATION 

 

Journal for ImmunoTherapy of Cancer  

et al. 

Journal for 

ImmunoTherapy of Cancer

4.1 Prediction and characterization of shared neoantigens in LS-related 

tumours 

wt



Figure 23. Summary of the methods for bioinformatic FSDN prediction and validation. A first phase 

of bioinformatic FSDN prediction was carried out by using the pVACbind pipeline on commonly 

mutated coding MS sequences in MSI tumours. Once an optimal pFSDN set was filtered out, an in-

silico validation was performed by searching for the prioritized FSDN associated mutations in DNA 

sequences from LS-related tumours, sporadic MMRd, as well as DNA and RNA sequences from human 

tumoral CLs. A final phase of in vitro analysis was carried out to determine which of the pFSDN 

induced an inflammatory response on LS patients’ mucosa infiltrating T lymphocytes. Abbreviations: 

HCB, Hospital Clinic of Barcelona; NMD, non-mediated decay; CrAD, colorectal adenomas; iDCs: 

immature dendritic cells; mDC, mature dendritic cells. 





Figure 24. FSDN binding affinity to HLA-I (A) and HLA-II (B) tested alleles. Epitopes are classified 

and colour coded in strong (IC50 < 50 nM), weak (tier 50 nM < IC50 < 250 nM and tier 250 nM < IC50 

< 500nM), and very weak (tier 500 nM < IC50 < 2500 nM and tier 2500 nM < IC50 < 5000 nM) binders. 

Table 7. Self-similarity prediction results. 

FSDN Human Protein e-value* Bit-score**

Table 8. Pathogen similarity prediction results.  

Epitopes Pathogen
Median Bit-

score

Median 

e-value



4.2 Occurrence of FSDN variants in LS pre-cancers and cancers 

4.2.1 Analysis of variants from targeted cMS NGS sequencing from LS patients 

CrAD and EC samples 

4.2.1.1 NGS sequencing data analysis 





Figure 25. Analysis of LS-related colorectal adenoma (n=17) and endometrial cancer (n=8) samples. 

A) Pie-chart showing the distribution of all coding MS frameshift mutations (minus (m) 5 – plus (p) 

2) and their corresponding frames (M0, black; M1, aquamarine; M2, beige). B) Mutational profile of 

LS EC (bottom) and CrAD (top) samples from coding MS targeted DNA sequencing classified by the 

mutation type (1bp deletion or 2 bp insertion, M1; 2bp deletion or 1 bp insertion, M2; synonymous 

mutation, M3). C) Barplots (mean with SD) showing the number of frameshift deletions (left), 

insertions (center) and number of predicted pFSDN expression (right) are represented by germline 

MMRd mutations. Unpaired T-tests were performed to determine significance (p value in APA style: 

".123" ns, "0.012" *, ".001" **, "<.001” ***). D) Analysis of LS-related colorectal adenoma (n=17) and 

endometrial cancer (n=8) samples. Heatmap of the pVACseq neoepitope prediction against each 

patient HLA haplotype. The color-code corresponds to the IC50 values for the strongest HLA allele 

binder from each patient classified as strong (SB), weak (WB), and very weak (VWB) binders. 

MARCKS, SLC35F5, TGFBR2, BAX

ASTE1, KDM5A, AIM2, MSH3, URB5

CASP5

MLH1 MSH2

MSH6

4.2.1.2 FSDN HLA-binding prediction for analysed variants 



MARCKS SLC35F5 TGFBR2 BAX 

Figure 26. Venn Diagrams of shared mutations between endometrial cancers and colorectal cancers 

or adenomas, derived from human samples or cell lines. A) Shared predicted pFSDN expression 

between sequenced ECs and CrADs from LS patients. B) Shared FSDN associated mutations on EC and 

CRC cell lines DNA. C) Shared FSDN associated protein mutations on EC and CRC cell lines RNA.

4.2.2 Analysis of WGS data from LS CrADs and CRCs sequences



Figure 27. Analysis of mutational burden in HNPCC-sys colorectal tumour (A), adenoma (B) and 

normal mucosa paired samples (C). Oncoplots showing mutation type distribution.



TGFBR2, SLC35F5, ACVR2A, ASTE1, TTK

ZNF292 TGFBR2, SLC35F5, ACVR2A, ASTE1, 

LTN1 RPL22

MLH1/MSH2

MSH6

MLH1

MSH2 MSH6

 



Figure 28. Occurrence of FSDN-associated variants in LS samples from the study HNPCC-Sys. 

Oncoplot depicting the occurrence of prioritized FSDN associated mutations in Control, CrAD and 

CRC samples. Top panel shows the number of variants detected in each sample. The right panel shows 

a heatmap (bottom) and a boxplot (top) of the relative percentages of mutated genes in Control, 

CrAD and Tumour samples. B) Boxplots (mean with SD and 95% percentile) showing the number of 

pFSDN associated mutations per sample by germline MMRd mutations. C) Boxplot showing the 

distribution of the occurrences of FSDN-associated variants in HNPCC-Sys G1 (patients 1 to 6) and 



G2 (patients 7 to 11) samples. Significance determined by paired T-test (p value in APA style: ".123" 

ns, "0.012" *, ".001" **, "<.001” ***).  

4.3 Occurrence of FSDN variants in non-LS MSI-h cancers 

4.3.1 pFSDN associated variants in non-LS MMRd human tumours 





Figure 29. Prioritized FSDN associated mutations presence in non-LS MSS and MSI-H samples. 

Relative number of samples (from the total samples in each set) containing the exact prioritized 

FSDN associated mutations in coding MS from TCGA datasets colon adenocarcinoma (COAD), uterine 

corpus endometrial carcinoma (UCEC), rectum adenocarcinoma (READ), cervical squamous cell 

carcinoma and endocervical adenocarcinoma (CESC), stomach adenocarcinoma (STAD), and breast 

invasive carcinoma (BRCA). A) Heatmap representing the total counts of samples containing the 

pFSDNm in cMS from TCGA datasets COAD, UCEC and STAD, categorized by MSI-H (n=190) or MSS 

(n=640) status. B) Scatterplot (mean with SD) showing the differences in pFSDN associated 

mutations occurrence between MSI-H and MSS samples from COAD, UCEC and STAD datasets. 

Significance determined by T-test (p value in APA style: ".123" ns, "0.012" *, ".001" **, "<.001” ***). C) 

Oncoplot showing the occurrences of prioritized FSDN associated mutations on TCGA datasets. The 

frequency (percentages on the left and right barplot) is calculated by dividing the number of variants 

in the specific gene by the number of patients with at least one mutation identified. Top panel shows 

the number of aberrations detected in each sample. The heatmap on the right panel shows the 

relative percentages of pFSDN associated mutations in each dataset.  

ACVR2A, RPL22, SLC22A9, ASTE1, RNF43, 

TGFBR2 ZBTB20 

4.3.2 pFSDN associated variants in MSI and MSS cancer cell lines 



4.3.2.1 Analysis of FSDN mutations occurrence on CL DNA sequences 



Figure 30. Prioritized FSDN associated mutations in human MSI CRC and EC Cell Lines. A) Scatter 

plot showing the correlation and trend line between prioritized FSDN associated mutations in CRC 

(n=32) and EC (n=11) MSI Cell lines. Relative percentages of mutated samples. p-value = 0.0002441, 

correlation coeficient: 0.5821217. 95 percent confidence interval: 0.31, 0.77. B) Boxplot showing the 

number of prioritized FSDN associated mutations for CEC and EC cell lines. Significance determined 

by ordinary One-Way Anova (p value in APA style: ".123" ns, "0.012" *, ".001" **, "<.001” ***).



4.3.2.2 Analysis of FSDN mutations occurrence on CL mRNA sequences 





Figure 31. FSDN-related variants expression on MSI and MSS cell lines mRNA transcripts. A) 

Bubbleplot-heatmap depicting allele frequencies (0 to 100%) for all FSDN-related variants analysed 

as a colour scale, and exon-count as bubble size. Cell lines are separated by MS status (MSI: left, green; 

MSS: right, blue). B) Scatterplot (mean with SD) showing the mean AF for all the FSDN-related 

variants on MSI or MSS cell lines, significance determined by a paired T-test (p value in APA style: 

".123" ns, "0.012" *, ".001" **, "<.001” ***). C, D, E) Boxplot showing the distribution of the FSDN-

related expression at gene level (C, RPKMs), at exon level (D, Log Counts) and at AF level (E, Allele 

frequency percentage).  

4.4 In-vitro bulk FSDN-loaded moDCs recognition assays 

Table 9. Characteristics of patients included in the assays for the prioritization of FSDN. 

Characteristics Total (n=8) 

Sex, n (%) 

Age, median (range), years 

MMR gene germline mutation, n (%) 

MLH1

MSH2

MSH6

Previous cancer, type, n (%) 



Types of previous cancer (among those with cancer), n (%) 

Sample type, n (%)  





Figure 32. IFN- γ ELISPOTs in response to synthetic FSDNs. A) Schematic representation of the 

protocol used. B) Randomly picked examples of IFN-γ ELISPOTs positive control, negative control, 

positive test and negative test wells. C) Heatmap depicting the number of spots per peptide (y axis) 

and patient (x axis) after subtraction of the negative control, separated by HLA-I restricted pFSDNs 

(left panel) and HLA-II restricted (right panel). Cells defined as “non-responder” in grey represent 

negative ELISPOTs for peptides predicted to bind to any HLA alleles from the corresponding patient 

(IC50<5000nM), whereas crossed-out cells defined as “non-Binder” correspond to negative ELISPOTs 

for pFSDNs without any predicted compatible HLA alleles in the corresponding patient 

(IC50>5000nM). Barplots on top of the plots represent the total number of peptides that induce a 

positive IFN- γ response for each patient. D) Boxplot showing pg/mL of IL-10 in TILs and moDCs co-

cultures supernatants recovered from IFN-γ ELISPOTs. Graphic shows n=9 patients. 

4.5 Prioritization of optimal FSDN 

in silico in vitro

DE L A Y

in vitro 

 

 

 

 

Table 10. Details of the prioritized peptides. SB, Strong Binder; WB, Weak Binder; VWB, Very Weak 

Binder; NM-RNA Decay, Nonsense-mediated RNA Decay; LS, Lynch Syndrome; CrAD, Colorectal 

Adenoma; EC, Endometrial Cancer; CRC, Colorectal Cancer; sMMRd, sporadic MisMatch Repair 

deficiency; MSI, Microsatellite Instability; CL, Cell Line; AF, Allele Frequency. 
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Table 11. Prioritized epitope set population coverage in Spanish, European and World populations.  

populati

on/area

IC50 nM 

max

Class I Class II Class combined

covera average

_hitb 

pc90c cover average

_hit 

pc90 cover average

_hit 

pc90 

4.6 Peptide pooling for the vaccine product 

 

 



 

 

PEPTIDE SEQUENCE POOL  PEPTIDE SEQUENCE POOL 

PEPTIDE SEQUENCE POOL  PEPTIDE SEQUENCE POOL 

MSH6

Allele frequency 

(%, Spain) 
HLA Allele 

POOL (highest affinity, nM) 

A B C D 











5 CHAPTER II: IDENTIFICATION AND CHARACTERIZATION 

OF DELAY FSDN-SPECIFIC T-CELLS 

5.1 Patients and samples characteristics 

5.1.1 Demographics and HLA allele distribution analysis 

Table 12. Characteristics of included patients in the pre-clinical studies from the DELAY vaccine. 

Characteristics Total (n=82) 

Sex, n (%) 

Age, median (range), years 

Germline mutation, n (%) 

MLH1

MSH2

MSH6

Previous cancers, n (%) 



MSH6 MLH1 MSH2 MSH6
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Figure 33. Analysis of cancer incidence among LS individuals in the preclinical DELAY studies. The 

bar plots display the number of survivor or previvor cases grouped by (from left to right) sex, 

germline mutation, and age range. The final bar plot shows the proportion of survivor cases relative 

to the total number of individuals with a specific germline mutation, further segmented by age range. 

Statistical significance was assessed using the Chi-square test. 





Figure 34. HLA allele frequencies from the individuals included in the preclinical DELAY studies. 

Barplots representing the frequency (0 to 1) of a determinate HLA allele in our LS cohort (n=82), 

separated by gene. Red dots indicate the frequency of a given allele on the HLA allele frequency net 

database (AFND), only used for available alleles. 

 

 

 

MSH2

MSH6

5.1.2 Lynch syndrome patients T-cell populations characterization 



Table 13. Characteristics of included individuals in the LS T-cell characterization study. 

Characteristics Total (n=38) 

Sex, n (%) 
 

Status, n (%) 
 

Age, median (range), years 

Germline mutation, n (%) 
 

MLH1

MSH2

MSH6

Previous cancer (LS individuals), n (%) 
 

Types of previous cancer (among those with cancer), n 
 



5.1.2.1 Surface phenotype markers analysis 

Table 14. T-cell subsets defined by surface markers. 

Population Definition Phenotype 

TCM  

TN  

TSCM  

TEMRA  

TEM  

TTM  

TRM  









Figure 35. Phenotype of LS (blue) and healthy control (green) T-cells from peripheral blood (PBMCs) 

or colorectal mucosa. A, B) Barplots comparing Colorectal mucosa infiltrating T-cells (A) and PBMCs 

(B) population surface markers analysis. Populations are defined as a combination of surface 

markers as established in Table 14. C) Stacked barplot with SD for all PBMC and mucosa population 

compartments in CD4+ T-cells (left) or CD8+ T-cells (right). D) Barplot comparing CD4+ T-reg 

populations on mucosa and PBMC T-cells from LS (blue) and Healthy controls (green) samples. E, F) 

Barplots comparing exhaustion surface markers on PBMCs (E) and colorectal mucosa infiltrating T-

cells (F). Normality and lognormality were assessed and statistical significance determined by 

multiple T-tests using the Holm-Sidak method.  

5.1.2.2 TCR Vβ repertoire analysis 







Figure 36. Expansions of T cell receptor (TCR) Vβ-families within CD3+ T cells from Lynch syndrome 

colorectal mucosa (A, n=6) or peripheral blood (B, n=5). Boxes and error bars represent the mean 

and SD of 24 TCR-Vβ families from 5 (A) and 10 (B) healthy controls (HC). Dots correspond to 

expanded TCR Vβ-families from LS individuals (frequencies > mean + 2SD from HC). C) Scatter plot 

comparing number of expansions per TCR Vβ family (left) or per patient (right) between LS mucosa 

or PBMC samples. Normality and lognormality were assessed, and statistical significance was 

inferred with an unpaired T-test. D) Randomly picked example of the flow cytometry analysis for TCR 

Vβ populations. CD3+ lymphocytes are gated from total lymphocytes (left), from where a dot-plot 

gating PE and FITC (right) is derived. Quadrants Q1, Q2 and Q3 from that dot-plot determine 

different TCR Vβ families depending on the kit staining (see methods).  



Figure 37. TCR Vβ clonogram analysis through clustered heatmaps by Clustergrammer. A, B) 

Clustergram/heatmap visualization of the TCR Vβ clonogram from mucosa (A) or PBMC (B) samples.

The columns have been hierarchically clustered, using the Scipy library in Python, using cosine 



distance and average linkage. The rows have been ranked by sum values. Matrix values are scaled 

from 0 (white) to 10 (red). C, D) Similarity matrix of the TCR Vβ clonogram from mucosa (C) or PBMC 

(D) samples, iterated by the included individuals. The cells in the matrix represent the positive 

similarity between columns (measured as 1 - cosine-distance). E, F) Similarity matrix of TCR Vβ 

clonogram from mucosa (E) or PBMC (F) samples, iterated by the TCRs. The cells in the matrix 

represent the positive similarity between rows (measured as 1 - cosine-distance).  

5.1.2.3 Single cell secretome analysis 







Figure 38. Single-cell multiplexed functional cytokine profiling of CD4 and CD8 T-cells from HCs and 

LS carriers. Plots show the average protein frequency (% from sample secreting a cytokine), average 



signal intensity, average polyfunctionality (defined as a cell co-secreting two or more cytokines, plots 

show 1 to 5+ analytes) as a comparative barplot and a stacked barplot, average PSI 

(Polyfunctionality Strength Index, which is generated by identifying the polyfunctional single cells 

and measuring the intensity of the cytokines they secrete) for the effector, chemoattractive, 

stimulatory, regulatory and inflammatory cytokine groups, and 3D U-maps showing clusters based 

on the greatest cytokine-based functional differences. A) CD4+ cells from LS carriers (orange) or HCs 

(blue), B) CD8+ cells from all available LS carriers (orange) or HCs (blue), and C) CD8+ cells from 

only LS carriers (orange) or HCs (blue) with available CD4+ and CD8+ data. Significance determined 

by 2-way ANOVA applying a Sidak’s multiple comparisons test.  



5.1.3 FSDNs do not impair Dendritic Cell maturation capacity 

in vitro 





Figure 39. moDCs cultures phenotype by flow cytometry. N=5 mature moDCs were generated from 

healthy donors and compared immature, matured with pro-inflammatory stimuli or matured and 

loaded with the different peptide pools (1 to 4) conditions. A, B) Barplots with SD showing flow 

cytometry analysis of surface maturation markers for all conditions, represented as positive 

percentage from alive DCs (A) and mean fluorescence intensity (MFI) of analysed molecules (B). C) 

Barplot with SD showing results from a mixed lymphocyte reaction (MLR) with allogenic PBMCs 

stained with CFSE cell tracer. Results represented as loss of CFSE (Percentage of dim to negative 

population) from total alive CD3+ cells. 

5.2 DELAY-FSDN-specific T-cells are present on normal mucosa 

and pre-cancers of LS carriers 

5.2.1 Detection of mucosa-infiltrating neoantigen specific cells by dextramers 

Table 15. Characteristics of the included individuals in the assays for the detection of FSDN-specific 

T-cells by dextramer staining. 

Characteristics Total (n=7) 

Sex, n (%) 

Age, median (range), years 



Germline mutation, n (%)  

MLH1

MSH2

MSH6

Previous cancer, n (%)  

Types of previous cancer (among those with cancer), n 

Sample type, n (%)  
 





Figure 40. Flow cytometry detection of DELAY-FSDN-specific T-cells by dextramer staining. A) 

Schematic representation of the protocol used for the detection of FSDN-specific T-cells by dextramer 

staining. LS mucosa and CrAD-derived T-cells were pre-expanded with autologous peptide-loaded 

moDCs for two weeks, then stained with the corresponding dextramers-PE accounting for each 

patient’s HLA haplotype. B) FACS dot plots showing the percentage of positive multimer cells gated 

from total alive CD8+ cells for n=3 patients and for different peptides (right) compared to the 

negative control (left), which consists of a PE-labelled HLA-A*03:01 multimer presenting an 

irrelevant peptide.  

5.2.2 Detection of neoantigen-specific T-cells by IFN-γ production 

Characteristics Total (n=13) 

Sex, n (%) 

Age, median (range), years  

Germline mutation, n (%) 

MLH1

MSH2

MSH6

PMS2

Previous cancer, n (%) 

Types of previous cancer (among those with cancer), n 



Sample type, n (%) 



Figure 41. IFN-γ ELISPOTs for the HLA-I peptide pool. A) Schematic representation of the protocol 

used for the analysis. B) Barplots showing SFUs per test, an n=2 technical duplicates with the SD are

plotted, values are normalized for 100.000 cells. Two ELISPOT tests per patent are plotted for the

first (Day 14, green) and second (Day 28, blue) stimulation with PBMCs and 5μM of the HLA-I peptide 

pool. Positive tests, with values above their threshold, are colour-filled, and negative tests bars 

remain grey. The positivity threshold for each ELISPOT, determined as 3-fold the negative control

with an irrelevant peptide, is marked as a red line. 



Figure 42. Flow cytometry analysis of LS cells expanded with the HLA-I vaccine pool. A) Comparison 

of CD4:CD8 ratio in Responder (R, blue) and Non-Responder (NR, purple) initial cell suspension 

samples, before cell expansion, from parent alive CD3+ cells. Barplot shows n=14 independent 

experiments. B) Evolution of CD8+ cells percentage from expanded samples with the vaccine HLA-I 



pool, at day 14 and 28, from alive CD3+ parent cells. Plot shows n=12 independent experiments. C) 

CD8+CD137+ (left) and CD4+CD154+ (right) cells percentage in R and NR samples after a 28-day

expansion with the vaccine HLA-I pool. Plots show n=12 independent experiments. D) Evolution of 

CD8+CD137+ and CD4+CD154+ cells percentage from expanded R (two left, respectively) and CD8+ 

CD137+ in NR (right) samples with the vaccine HLA-I pool, at day 14 and 28, from alive CD3+ parent 

cells. Plots show n=7 and n=5 independent experiments for R and NR samples, respectively. Normality 

and lognormality were assessed for all analysis and statistical significance was inferred with a paired 

or unpaired T-test.



Figure 43. Flow cytometry analysis of HLA-I DELAY-FSDN specific T-cells using pentamers 

conjugated to PE for the peptides HLA-A*02:01-MSH3 and HLA-A*02:01-TGFBRII_B. Dot plots show 

cells gated from total alive CD8+ cells.  

 

5.3 Creating a DELAY-FSDN-expressing target cell line 





Figure 44. Flow cytometry plots for TMG-transduced Jurkat and K-562 cell lines. A) Histogram plots 

for the lentiviral titer analysis on Jurkat cells. Left histogram overlay shows all titering dilutions, 

indicated in the right table from the highest (1:6561) to the lowest (1:3). Left histogram shows the 

lowest dilution overlayed to the untransduced cells. B, C) TMG-transduced K-560 (HLA-null) and K-

815 (HLA-A*02:01-GFP positive) cell lines. Transduction efficiency after 18h and 72 hours (B), and 

cell sorting results for TMG+ K-562 or K-815 cell lines (C) (pre- and post-sorting cytometry dot plots). 







6 CHAPTER III: A PHASE IB FIRST-IN-HUMAN CLINICAL 

TRIAL 

6.1 Validation results 

6.1.1 Product generation and characterization 



6.1.1.1 Product specification compliance 

Day Phase Control 
Acceptance 

Criteria 

DC-DELAY-

VAL-02 

DC-DELAY-

VAL-03 

DC-DELAY-

VAL-04 



6.1.1.2 Product phenotype and potency 







Figure 45. Cytometry analysis of purity, maturation markers and potency in the DC-DELAY-VAL-04 

validation. A) Gating strategy, purity and maturation markers of the DC-DELAY-VAL-04 final product 

(in red, Mature loaded moDCs) compared to an immature control (in blue). Percentages of PE-

positive DCs from alive DCs from each marker, threshold established from an isotype control. B)

Schematic representation of the mixed lymphocyte reaction (MLR) protocol used. C) Results from a 

MLR with allogenic PBLs stained with CFSE cell tracer. Results represented as loss of CFSE 

(Percentage of dim to negative population) from total alive CD3+ cells from control PBLs (blue), 

immature DCs (orange) or the DC-DELAY-VAL-04 final product (red).

6.1.2 Immunomonitoring – basal vaccine immunogenicity assessment





Figure 46. IFN-γ ELISPOTs for the DC-DELAY-VAL-03 and DC-DELAY-VAL-04 cells. A) Schematic 

representation of the protocol used. B) Example of the ELISPOT results, duplicates (termed A and B) 

are shown for the positive control (C+), negative control (C-) and test (T) for one of the positive test 

samples (DC-VAL-04 pool B). C, D) IFN-γ ELISPOT results for the peptide pools (C) and for the 

individual peptides (D). An n=2 technical duplicates with the SD are plotted, values are normalized 

for 100.000 cells and the negative control (wells with T-cells and DMSO) has been subtracted from 

individual values.  

MSH6

 

 



7 DISCUSSION AND CONCLUSIONS 
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8 SUPPLEMENTARY MATERIAL 

Supplementary table 1. Selective Targets in Human MSI-High Tumourigenesis Database (Seltarbase, 

www.seltarbase.org) and two additional sources, used as input for FSDN prediction.  

Gene ID 
cMS 

(aa) 
m1 peptide sequence (+ 8 N-terminal wt aa) 

m1 

(aa) 
m2 peptide sequence (+ 8 N-terminal wt aa) 

m2 

(aa) 







MSH6

PMS2







 



Supplementary table 2. Data table for cell lines (CL) and organoids from CRC, EC with available 

variant calling files from the Cell Model Passports website selected for variant analysis. 

Model Name Tissue Cancer type Model type Tissue Status MSI status RNA 









Supplementary table 3. Cell media compositions used in the study. 

Reagent Concentration Company Reference 

T-cell media 

 - 

moDCs generation media 

 -   

    

    

    

K-562 cell lines media 

 -   

    

    

    

 

  



Supplementary table 4. Monoclonal antibodies used in the DELAY preclinical analysis and available 

multimers. 

Target Fluorochrome Reference Company 



MSH6



Supplementary table 5. Flow cytometry panels used in the DELAY preclinical analysis. 

Target FC Abs. max (nm) Emission max (nm) Laser 



 

  



Supplementary table 6. List of prioritized FSDN genes, their HLA class restriction in length, Frame-

Shift of origin, classification as potential tumour-driver or tumour-escape genes, and number of HLA 

allele binders (IC50<5000nM). 

ID Sequence HLA 
restriction Frame-shift Tumor_

Driver 
N binding HLA 

alleles 

ACVR2A 
ADNP 
ADNP 

AIM2 
AIM2 

AKAP9 
AKAP9 
ASTE1 

ASTE1 
ASXL1 

ASXL1 
ATR 

AXIN2 
AXIN2 
B2M 

B2M 
BANP 

BANP_M2 
BAX 
BAX 

BCL10 
BCL10 

BRCA1 
BRCA1 

C15orf48 
C15orf48 
CASP5 

CASP5 
CHD2 

CHD2 
CHD8 
FLCN 

FLCN 
HNF1A 

HNF1A 
HOXA11 

HOXA11 
KDM5A 



KDM5A 

KMT2C 
KMT2C 
LTN1 

LTN1 
MARCKS 

MARCKS 
MLH3 

MLH3 
MSH3 
MSH3 

MSH6 
MYH11 

MYH11 
NIPBL 
NIPBL 

NKTR 
NKTR 

NSD2 
NSD2 

PMS2 
PMS2 
PRDM2 

PRDM2 
PTPN13 

PTPN13 
REV3L 
REV3L 

RFX5 
RFX5 

RNF43 
RNF43 

RPL22 
SF3B2 
SF3B2 

SLC22A9 
SLC22A9 

SLC35F5 
SLC35F5 
TAF1B 

TAF1B 
TAF1B_M
2 
TCF7L2 



TCF7L2 

TGFBR2 
TGFBR2 
TTK 

TTK 
UBR5 

UBR5 
WRN 

WRN 
ZBTB20 
ZBTB20 

ZC3H13 
ZC3H13 

ZNF133 
ZNF133 
ZNF292 

ZNF292 



Supplementary figure 1. Coverage of the DELAY vaccine set on Spain, Europe and World populations 

based on the covered HLA alleles. Barplots depict the number of epitope hits / HLA combinations 

recognized by the population. A) Barplots for epitope-HLA combinations with IC-50 <500 nM. B) 

Barplots for epitope-HLA combinations with IC-50 <5000 nM.





Supplementary figure 2. Single-cell multiplexed functional cytokine profiling of CD4 and CD8 T-cells 

from HCs and LS carriers. A) Average signal intensity (RFUs) for the measured cytokines, indicating 

the threshold of detection and background noise, for CD8+ cells from HCs and LS carriers (left and 

right columns, respectively) and for data without or with matched CD4+ and CD8+ data (Top and 

bottom, respectively). B) Polyfunctionality index for all samples analyzed, for CD8+ cells (left) and 

CD4+ cells (right). Samples with no detected CD4+ cells have been excluded from CD4+ analysis.



Supplementary figure 3. Single-cell multiplexed functional cytokine profiling of CD4+ and CD8+ T-

cells from HCs and LS carriers. Polyfunctional groups for HCs and LS carrier samples, heatmap of the 

% of the sample expressing the dot-marked cytokine groups in each column, from blue (0%) to yellow 

(>5%). A) CD8+ cells from all available samples, B) CD8+ cells from only LS carriers or HCs with 

available CD4+ and CD8+ data, C) CD4+ T-cells from LS carriers and HCs.



Supplementary figure 4. Single-cell multiplexed functional cytokine profiling of CD4+ and CD8+ T-

cells from HCs and LS carriers. Polyfunctional groups for HCs (blue) and LS carrier (orange) samples 

as the % of the sample expressing the dot-marked cytokine groups in each column. A) CD8+ cells from 

all available samples, B) CD8+ cells from only LS carriers or HCs with available CD4+ and CD8+ data, 

C) CD4+ T-cells from LS carriers and HCs.



Supplementary table 7. Inclusion and exclusion criteria from the phase Ib clinical trial. 

Inclusion criteria Exclusion criteria 

MLH1

MSH2 MSH6

PMS2
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