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Ulcerative Colitis

Continuous inflammation of the mucosa
Begins in the rectum - extends through the colon

A) Ulcerative Colitis

'Extensive colitis

Hyperactivity of both the infate and adaptive immune
response
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Uncontrolled cell proliferation favors tumor formation

The Role of Innate and Adaptive Immune Cells in the Pathogenesis and Development of the Inflammatory Response in Ulcerative Colitis. Journal of Clinical Medicine [Internet]. 2022 Jan 13;11(2):400. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8780689/



Risk Factors in Ulcerative Colitis
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Kaser A, Zeissig S, Blumberg RS. Inflammatory bowel disease. Annu Rev Immunol. 2010;28(1):573-621. Available from: http://dx.doi.org/10.1146/annurev-immunol-030409-1012251.
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Endoscopic surveillance programs

- 8 years from symptom onset in patients with
IBD

Personalized follow-up strategy

Risk stratification
Early detection
Precancerous lesions
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Low-grade dysplasia

Epithelial dysplasia, which can be high-grade, is a
stage preceding the development of colorectal
cancer, and its presence in biopsies predicts the
coexistence of a carcinoma.
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Cancer Associated with Colitis

UC associated with CRC is characterized by the
progressive accumulation of genetic and epigenetic
alterations and dysregulation of the mucosal
Immune system

Hypomethylated genes in severe UC

IL10, SIGLEC5, CD86, CLMP, NLRP3
and NLRC4

(anti-inflammatory activity)
Taman H, et al 2021

Hypermethylated genes in UC
Inverse correlation: methylation and gene
expression

ROR1, GXYLTZ2, FOXAZ2

RARB associated with colorectal

adenocarcinoma
Barnicle A, et al 2017

Chronic inflammation and the associated risk
become more relevant when considering the
CRC-colitis association

T. Barnicle A, Seoighe C, Greally JM, Golden A, Egan LJ. Inflammation-associated DNA methylation patterns in epithelium

of ulcerative colitis. Epigenetics. 2017 Aug 3;12(8):591-606.11,Nardone OM, Zammarchi |, Santacroce G, Ghosh S, lacucci
M. Inflammation-Driven Colorectal Cancer Associated with Colitis [Internet]. Encyclopedia.pub. Olga Maria Nardone; 2023

[cited 2025 Sep 20]. Available from: https://encyclopedia.pub/entry/44048
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ELBOSQUE INMUBO :
Incidence and Prevalence

Inflammatory Bowel Disease

UC has become a global health challenge
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Muzammil MA, Fariha F, Patel T, Sohail R, Kumar M, Khan E, et al. Advancements in inflammatory bowel disease: A narrative review of diagnostics, management, epidemiology, prevalence, patient outcomes, quality of life, and clinical presentation. Cureus [Internet].
2023;15(6):e41120. Disponible en: https://assets.cureus.com/uploads/review_article/pdf/167380/20240724-319105-xntl0g.pdf
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Incidence and Prevalence - Inflammatory Bowel
Disease in Colombia
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UC, along with its potential to progress to a neoplasm despite preventive treatments,
represents a challenge for the scientific community
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Juliao-Bafios F, Kock J, Arrubla M, Calixto O, Camargo J, Cruz L, et al. Trends in the epidemiology of inflammatory bowel disease in Colombia by demographics and region using a nationally representative claims database and characterization of inflammatory
bowel disease phenotype in a case series of Colombian patients. Medicine (Baltimore) [Internet]. 2021;100(7):e24729. Disponible en: http://dx.doi.org/10.1097/MD.0000000000024729
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Chronic inflammation becomes critically important in the context of colorectal cancer (CRC)
risk
I
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N In Colombia, CRC is the third most common cancer
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Zheng H, Zhang C, Wang Q, Feng S, Fang Y, Zhang S. The impact of aging on intestinal mucosal immune function and clinical applications. Front Immunol [Internet].

2022;13:1029948. Disponible en: http://dx.doi.org/10.3389/fimmu.2022.1029948
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Role of SIgA

Limits systemic exposure to
commensal microbes
Modulates inflammation
* Shapes the adaptive immune
response

Extensively studied in healthy
conditions

Its role in IBD remains largely
unknown
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Increased serum SIgA levels
may reflect subclinical
intestinal involvement in axial

and peripheral non-

i ! e

p

Serum SIgA as a biomarker of
subclinical intestinal
inflammation in axial

a

Elevated serum SiIgA levels
in axial spondyloarthritis:
a possible biomarker
reflecting subclinical
. intestinal inflammation

spondyloarthritis -

SigA levels reported in serum

(Serum SIgA levels reported: Arias, et al 2021

Patients with SpA: 19.4 ug/ml (mean).

Healthy controls (HV): 9.4 ug/ml (p < 0.0001).

Patients with IBD: also showed higher levels than HV (p = 0.004),
\out lower than those with SpA (p = 0.0476)

-

Serum SIgA levels reported: Li L, et al. 2025
Patients with axSpA: serum SIgA levels significantly higher than
healthy controls (median 16.5 pg/ml vs. 9.4 ug/ml; p < 0.0001).
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Serum SIgA levels reported: Cypers H, et al 2017
Patients with axSpA showed serum SIgA levels significantly higher
than controls (median 17.8 ug/ml vs. 9.4 pg/ml; p < 0.0001).
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SIgA Is key to reducing the
iInflammation-mediated response

Arias |, Herrera D, Bautista-Molano W, Bello-Gualtero JM, De Avila J, Salas-Cuestas F, et al. El aumento de los niveles séricos de SIgA puede reflejar la afectacion intestinal subclinica en la espondiloartritis axial y periférica no radiografica. Reumatologia clinica. 2 de septiembre de 2020; 40(4):1343-51.
Li Y, Jin L, Chen T. The effects of secretory iga in the mucosal immune system. BioMed Research International. 2020 Jan 8;2020(1):1-6.
Salas-Cuestas F, Bautista-Molano W, Bello-Gualtero JM, Arias I, Castillo DM, Chila-Moreno L, et al. Higher Levels of Secretory IgA Are Associated with Low Disease Activity Index in Patients with Reactive Arthritis and Undifferentiated Spondyloarthritis. Frontiers in Immunology. 2017 Apr 27;8.
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CYTOSINE

CYTOSINE

In UC, an epigenetic imbalance occurs

& 5hmC — 51‘0\” @ In UC:
DNMT TET2 |

Methylation

NH,

DNA [5mC < c S5hmC|
 This weakens the protective | Ulcerative colitis ‘
,,,,,,,,,,,,, intestinal response.
| methylated/hyper-methylated genes | demethylated/hypo-methylated genes
Favors the chronic
3 inflammation
CFl SPINK4 THY1 FOXA2 ROR1 characteristic of UC.
ESR1 TUSC3 PAR2 IL10 SIGLECS Cﬁéé ***********************
] RARB GXYLT2 TuUBB6 CLMP NLRP3 NLRCA4...
Key mechanism RUNX3 MINT1 COX2
: APK...
Regulates gene expression 2
Maintains genome stability Homeostasis and defense Inflammatory immune responses

DNA methylation influences inflammation by modulating the expression of key genes in the immune
| response - homeostasis and defense

Yan L, Gu C, Gao S, Wei B. Epigenetic regulation and therapeutic strategies in ulcerative colitis. Frontiers in Genetics. 2023 Dec 15;14.



Methylation reported in IBD

Abnormal DNA methylation in human inflammator ndition
gastrointestinal tract - IBD

DMPs (delta_beta 20%)
IBD vs. Control

Heat map showing differentially
methylated positions between
IBD and controls.
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DNA methylation may be both the consequence (and the potential
effector) of genetic susceptibility variants as well as environmental
signals and cytokine exposure
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Overlap between DMPs, DMRs, and DVMCs

overlapping gene symbols

|+ @ DMRs (rojo):
,! * Regiones diferencialmente metiladas

* Metilacion promedio en regiones
* { DMPs (verde):

» Sitios CpG diferencialmente metilados

* Metilacion promedio en sitios individuales
¢« @ DVMCs (azul/morado):

» Sitios CpG diferencialmente variables y metilados

dVM{_::B

Suggests that key genes are altered in multiple
ways, highlighting their potential as disease
biomarkers.

Pathway

Adipogenesis genes_Mus musculus_WP447

Adipogenesis genes_Homo sapiens_WP236

TGF Beta Signalling Pathway_Mus musculus_WP113 . Chronic

TGF-beta Receptor Signalling_ Homo sapiens_WP560 inflammation
Alpha6-Beta4 Integrin Signalling Pathway_Mus musculus WP488 Loss of intestinal
Haemostasis_Homo sapiens_R-HSA-109582 " epithelialintegrity

G alpha(12/13) signalling events_Homo sapiens_R-H5A-416482

Pathways in cancer _Homo sapiens_hsa 05200 g;g‘;i;ﬁfg#;gjsv‘l’:ﬁBD
Aldosterone synthesis and secretion_Homo sapiens_hsa04925

Agliata I, Fernandez-Jimenez N, Goldsmith C, Marie ]JC, Bilbao JR, Dante R, et al. The DNA methylome of inflammatory bowel disease (IBD) reflects intrinsic and extrinsic factors in intestinal mucosal cells. Epigenetics. 2020 Apr

12:15(10):1068-82.
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Methylation GWAS reported in UC ELBOSGUE INMUBO
The cause of IBD remains unknown, but there is growing
evidence that environmental factors such as epigenetic
changes may contribute to the etiology of the disease.
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UC patients show an altered methylation profile that differs from normal
colon and partially resembles that observed in colorectal cancer cells.

Thi rt th that igeneti hn in

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

14. Kang K, Bae JH, Han K, Kim E, Kim TO, Yi J. A Genome-Wide Methylation Approach Identifies a New Hypermethylated Gene Panel in Ulcerative Colitis. International Journal of Molecular Sciences. 2016 Aug 9;17(8):1291.
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— blood vessel

Each cfDNA fragment
carries the molecular
signatures of its cell of
origin, such as its DNA
methylation state

This aligns with the interest in studying epigenetic
signatures and their usefulness in risk stratification
in UC patients at high risk of developing CRC.

UNIVERSIDAD

EL BOSQUE iNMUBo

....................

15. Li L, Sun Y. Circulating tumor DNA methylation detection as biomarker and its application in tumor liquid biopsy: advances and challenges
MedComm. 2024 Nov 1;5(11).

(B)

Free plasma DNA

The ctDNA methylation profile is a FUNDAMENTAL tool for:

v' Early detection
v" Recurrence monitoring
v" Prognostic prediction of diseases that may develop into various

types of cancer
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UC is a chronic inflammation of
the intestinal mucosa.

LIQUID
BIOPSY

It has been shown that patients with long-
standing disease and/or extensive
involvement have a higher risk of

developing CRC

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Offer a promising alternative, as

Serological and DNA they are less invasive and may Many diagnostic methods
biomarkers biological mechanisms, such as the precision to predict
- epigenetic changes that may progression to CRC

- contribute to inflammation and
- carcinogenesis associated with UC.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Problem Statement
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RESEARCH QUESTION

1.

2.

s there a differential methylation
sighature in cfDNA in UC patients
associated with CRC?

Can SlgA levels be used as a
prognostic biomarker in patients with
ulcerative colitis (UC)?

HYPOTH
ESIS

E:
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® |In patients with UC at high risk of developing CRC,
differentially methylated signatures exist in cfDNA

and colonic tissue compared to what is observed In
healthy individuals - CRC

® In UC patients, SIgA levels are associated with the
methylation signature in UC patients at high risk of
developing CRC
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o Rationale

Limited research on cfDNA methylation patterns in the plasma of
patients with severe UC and their association with the regulation of
SIgA production

We propose to analyze a differentially methylated
gene signature between healthy individuals and
patients with long-standing UC, which could serve as
biomarkers to identify those at greater risk of
progressing to CRC and to associate them with SIgA
production levels.

By implementing liquid biopsy as a diagnostic,
minimally invasive tool, we can contribute to the
early identification of epigenetic alterations
associated with the disease

“Integrating both dimensions could open new possibilities for identifying combined biomarkers with diagnostic
and prognostic value in UC patients at high risk of developing CRC”



General Objective

To establish the association between the methylation signature in liquid
biopsy and colonic tissue with SIgA levels in UC patients at high risk of
developing CRC

SPECIFIC OBJECTIVES

1. Characterize the free DNA methylation profiles in plasma and colon biopsies
of UC patients at high risk of colorectal cancer.

2. Compare the free DNA methylation profiles in plasma and colon biopsies of UC
patients versus healthy controls and CRC patients

3. Associate serum SIgA levels with the methylation signature identified in liquid
biopsies and colonic tissue of UC patients presenting symptoms of high colorectal
cancer risk.

4. Analyze the associations between methylation patterns, secretory IgA levels,
and inflammation markers in UC patients at high risk of CRC.
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Methodology

Design

Descriptive, cross-sectional study
with an analytical component

Inclusion criteria for UC:

* Patients with UC > 8 years or with sclerosing cholangitis.

Study population:
Patients with confirmed UC.
[ Controls: CRC and healthy.
Medical Center, HIC B raman
GastroAdvanced.
Gastroenterologists: Viviana Parra - Cristian Flores -

nters:

Ricardo Villareal

Samples (36 total)
UC: 8 circulating DNA + 8 colonic tissue.
CRC: 5 circulating DNA + 5 colonic tissue
Healthy: 5 colonic tissue + 5 circulating D

Exclusion criteria for UC:
* No Crohn's disease
 Contraindication to colonoscopy/biopsy
* Recent prior colonic surgery for UC.




Methodology for objective 1. Characterize the free DNA methylation profiles in plasma and colon biopsies of UC patients at high
risk of colorectal cancer
Methodology for objective 2. Compare the free DNA methylation profiles in plasma and colon biopsies of UC patients versus
healthy controls and CRC patlents
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. Colonlc tlssue biopsies from patients with confirmed UC, CRC patients, and healthy controls. This will be
performed under the supervision of a gastroenterologist, through biopsy, colonoscopy, and chromoendoscopy
* Tissue samples will undergo a fragmentation process using the NEBNext UltraShear kit

NEBNaxt UltraShear™

2. Blood plasma samples will be collected in EDTA tubes; blood will be centrifuged at 3600 1= SV} min to
lobtain plasma
LYSIS ELUTION QuanTiFicaTio ~ANAMAX 48

Proteinase K and cfDNA binds to the Removal of impurities Recovery of purified Quantification of
lysis buffer magnetic beads. through automated cfDNA in elution buffer. nucleic acids ng/ul
washes

3. Tissue purification - cfDNA with magnetic beads (PANAMAX™ 48).

I 1¥ UNIVERSIDAD

%/ ELBOSQUE INMUBO Steps: Lysis = Binding - Wash - Elution
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EM-SEQ Library Preparation

§ A TET2 TET2 TET2 d
/ cytosine methyicylosing esdly 5-hydroxymethyicylosing ey S-fOrmyIiCylosing ey S-Carboxycytosi
' APOBEC 5-({D-glucosyloxymethylcylosine APOBEC
DNA Input
EM-seq method * APOBEC
uracil 5-(D-glucosyljoxymethyicytosine -carboxycytosine
CCGTCGGACCGCG
l TET2/T4-BGT / B @ @ @ @ @ @
End Repair/ TET2/ lumina
@ Shear DNA 4 Tailing Uganon T4-BGT APOBEC3A Ampllimlinn Sequencing
CCGTCGGACCGCG
Enzymatic conversion
APOBEC aKG Suc aKG Suc aKG Suc
P \ L =l UL ka,g o L2
2+ 2+ 2+
UUGTCGGAUUGCG N~0 Ll LUl Ll N""0
l DNA DNA DNA DNA
TTGTCGGATTGCG / | o — e Soal
- i :
5 r ' { Sequencing ] { Bioinformatics } NH, 0
¥ A 5 \f\
I I AATATCCCCCG
- Adapter ligation o » 00 Ao APOBEC3A A
e g N 0 s . CGGTATCTTA DNA
: , C X=H U
l @ 5mC X =CH, T
5 e, L 3 S5hmC X = CH,OH Shmu
AATATCCCCCG
l @ / CCCCCGGTAT AATATCCCCCGGTATCTTA
5 - 3 ; P LeGTATCTIA https://genome.cshlp.org/content/early/2021/06/17/gr.266551.120
e £ A 5 5. & S— © ‘ NovaSeq 6000

S I e 11 ) 3 Amplification

«—3 s
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Lin PY, Chen KL, Lin GJ, Huang SC, Chen PY. Chapter: Bioinformatics Analysis of DNA Methylation.

Bioinformatic Analysis

FastQC: FASTQ — QC report.

Deduplication: FASTQ - cleaned FASTQ.

Alignment (BS-Seeker2/bowtie2): FASTQ+FASTA - BAM.

Methylation calling: BAM — CGmap (+ optional

IGV: WIG/BigWig/BED/GTF - visualization.

* MethylC-analyzer: CGmap+GTF -~ DMRs, metagene, enrichment, heatmaps.
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/ Regression MOodelsS to asSesS S|gn|IicanE \

differences between groups. A DSS
(Dispersion Shrinkage for Sequencing data)

analysis available in RStudio will be
performed to identify CpG regions between

\_ plasma vs. colonic tissue /

DSS: uses a beta-binomial

" The proportion of 5mC will be calculated
using the following formula:

% methylation = #methylated
cytosines / (#methylated cytosines +

\  #unmethylated cytosines) x 100

model with dispersion
shrinkage to test methylation
differences between groups
and/or conditions

This proportion will be compared
» in paired cfDNA and colonic tissue

4 )
KEGG gene enrichment analysis to identify

biological pathways impacted by the
epigenetic changes.

samples from 5mC counts per CpG
site using the paired Wilcoxon
test.
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Methodology for objective 3. Associate serum SIgA levels with the methylation signature identified in liquid biopsies and
colonic tissue of UC patients presenting symptoms of high colorectal cancer risk
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Methodology for objective 3. Associate serum SIgA levels with the methylation signature identified in
liquid biopsies and colonic tissue of UC patients presenting symptoms of high colorectal cancer risk
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Standard curve

DN 0 PB
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f(x) = 0.941829287941531 x + 0.123470284269896
R2 = 0.958999024785818

0.000 0.200 0.400 0.600 0.800 1.000

CONCENTRATION

1.200 1.400

-
-

Positive

Reading at 450 nm
Optical density (OD) is measured at 450 nm on the reader.

Normalize against the blank
The blank is the well with no sample.
Normalize = subtract each well's OD from the blank's OD
Corrected OD = Sample OD - Blank OD

Validity criteria and control
Positive control (colon 1:100 or ileum): Must give a high absorbance (=
0.2 and at least double the blank).

Negative control (PBS): Very low absorbance, close to the blank.

Standard curve - SIgA concentrations
Samples will be compared with the standard curve to obtain
SIgA concentrations.

Positive control (ileum 1:100): confirms the system is working
Negative control (PBS): confirms there is no non-specific color
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Methodology for objective 3. Associate serum SIgA levels with the methylation signature identified
in liquid biopsies and colonic tissue of UC patients presenting symptoms of high colorectal cancer
risk
Methodology for objective 4: Analyze the associations between methylation patterns, secretory IgA
levels, and inflammation markers in UC patients at high risk of CRC

Recording and software

SPSS Results were recorded in Excel and
analyzed in SPSS v26 (Windows).
STATISTICS 26 Descri Ptive analySiS A descriptive statistical analysis will be
Continuous variables: measures of performed on demographic variables such as

central tendency.
Categorical variables: frequency

analysis. o origin
Inferential analysis o family history of cancer I I
Relationship between variables: ® cigarette use

Chi-square test or Fisher's exact ® flsease duraron
test, depending on statistical
assumptions.
Significance criteria
. Confidence level: 95%.
. | p-values = 0.05 considered
significant

e age

e presence of sclerosing cholangitis
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Ethical Considerations

 Colombian regulation established in Resolution 8430 of 1993, which establishes the
scientific, technical, and administrative standards for health research.

:  This research will take into account the articles referenced in Chapter | of sald
i resolution concerning the ethical aspects of research in humans, and given the
+  characteristics of the study, it is classified as greater than minimal risk (colonoscopy.
' is clinically indicated); every participant will sign an informed consent form before:
: starting the study. !

* This research project has ethical approval from the research committee of HIC,
Bucaramanga - Fundacion Cardiovascular de Bucaramanga, Colombia.

* Minutes No. 005-2024
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Expected Results

&

cfDNA methylation profiles and
biopsies from UC patients are expected
to be characterized, revealing specific
methylation patterns that may serve
as early diagnostic biomarkers. This
will make it possible to identify
significant differences compared with
healthy individuals

The correlation between SIgA levels and
methylation patterns is expected to
show that certain genes related to

Immune response regulation are
hypermethylated, suggesting that DNA
methylation may affect SIgA production

When evaluating SIgA levels in patients
with the disease and their relationship
with methylation signatures, these levels
are expected to be decreased in UC and
CRC patients compared to healthy
individuals, which could indicate
dysfunction in the local immune
response.

\_

potential application in CRC surveillance

Finally, by analyzing all of the factors
described, these will provide a deeper
understanding of the underlying
pathogenic mechanisms and their

and prevention strategies. J
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PCI-2024-0016

VALOR EN MILES JUSTIFICACION ENTIDAD | ENTIDAD | TOTAL, EN MILES

DE PES05 1 2 DE PESOS

5859038228 $ 85938228
PERSONAL
MATERIALES 5 40.930.000 Material de toma v almacenamiento de las muestras de UEB 3 60.201.574

zangre.
Material de toma v almacenamiento de las muestras de
tejido.
Material Reactivos. Extraccion ADN de tejido v zangre
periférica
Material Reactivos. Medicion [zA secretora.
Material procesamiento de muestras

EQUIPOS 0 0
NUEVOS
EQUIPOS DE $95.928.000 595928000
UsS0O PROPIO
SERVICIOS 5 27.000.000 Secuenciacion de metiloma, 5 27.000.000
TECNICOS
VIAJES 3 7.000.000 Difusion de resultados en evento cientifico 3 7.000.000
PUBLICACIO $ 4.000.000 Publicacion de articulo cientifico $ 4.000.000
NES

TOTAL

3 280.067.302
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Activity Schedule

Meses
o 1o periodo | 29 periodo 3% periodo 4% periodo
Actividades dém démi
academico acadcmico académico académico

9 10 | 11 13 | 14 | 15

1. Revision bibliografica sobre metilacion
de ADN e IgA

2. Establecimiento de protocolos para
extraccion de ADN v medicion de IgA

3. Recoleccion de muestras biologicas

4. Analisis de metilacion en muestras de

ADN

5. Medicion de mveles de SIgA en
muestras

6. Analisis estadistico y correlacion de
datos

7. Redaccion de informe final v articulos
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