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Normal Stomach
Fundic glands are 
simple, branched 
tubular glands that 
extend from the 
bottom of the gastric 
pits to the 
muscularis mucosae; 
the more distinctive 
cells are parietal 
cells. H&E 10x; 
square 40x

Antral mucosa is 
formed by 
branched coiled 
tubular glands 
lined by secretory 
cells similar in 
appearance to the 
surface mucus 
cells. H&E 10x; 
square 40x
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Gastric Cancer: geographic variation of incidence and mortality worldwide

Globocan 2013



Owen, et al., Medicine 2018



Stomach Cancer Mortality 
by regions in Chile in 2015
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Heise et al., World J Gastroenterol. 2009

Gastric Cancer 5-year survival in Region de los Rios, Chile (1998-2005)
Five-year relative survival rate 12.3% (95% CI: 9.1-16.1)

Proyecciones de mortalidad en chile 2011 al 2020, para algunas causas no transmisibles en vigilancia MINSAL 2013



FONDECYT 1191928 (2019-2022)
The upregulation of long-noncoding RNA, a novel opportunity to
address the complexities of the pathogenesis of gastric cancer

HYPOTHESIS: The upregulation of the long non-coding RNA KCNQ1OT1 and TSPEAR-AS2 is implicated in the pathogenesis of 
gastric cancer through the dysregulation of competing endogenous miR-34a/p73, miR-335/CDH11-PLAUR and miR-
597/MMP10-METAP2 RNA networks. Circulating long-noncoding RNA KCNQ1OT1 and TSPEAR-AS2 serve as potential 
biomarkers for non-invasive detection of advanced premalignant stages of gastric cancer.

AIM
To evaluate the role of the dysregulation of the competing endogenous miR-335/CDH11-PLAUR, miR-34a/p73 and miR-
597/MMP10-METAP2 RNA networks in gastric cancer and its premalignant cascade through the upregulation of the long 
non-coding KCNQ1OT1 and TSPEAR-AS2.

SPECIFIC AIMS
Aim 1. To characterize and correlate the upregulation of KCNQ1OT1 and TSPEAR-AS2 transcripts in gastric cancer and 
premalignant lesions with clinico-pathological variables.
Aim 2. To characterize the tumorigenic effect of KCNQ1OT1 and TSPEAR-AS2 transcripts in gastric cancer cell lines.
Aim 3. To evaluate the competing endogenous activity of KCNQ1OT1 and TSPEAR-AS2 in the miR-335/CDH11-PLAUR, miR-
34a/p73, and miR-597/MMP10- METAP2 RNA networks.
Aim 4. To determine the capacity of circulating KCNQ1OT1 and TSPEAR-AS2 transcript levels to discriminate among OLGA 
stages and gastric cancer.
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Global Survival by KCNQ1OT1 expression (STAD TCGA)

Gastric Cancer 
The Cancer 

Genome Atlas
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Salmena et al, Cell, 2011



Xia et al.,  Sci Rep 2014

competing endogenous RNA (ceRNA)



Liu, X.H., et al., Lnc RNA HOTAIR functions as a competing endogenous RNA to regulate HER2 expression by 

sponging miR-331-3p in gastric cancer. Mol Cancer, 2014. 13: p. 92.



Landeros et al., submitted



Wang et al., Int J Cancer 146(4): 906-916.



KCNQ1OT1

• Located in chromosome 11

• Antisense from intron 10 of KCNQ1 gene

• Imprinting domain in maternal allele

• 92.000 nt

• Largest monoexomic gene of human genome

• 700 predicted union sites for miRNAs



Transcript expression of KCNQ1OT1 in gastric cancer cell Lines

RESULTS

• Ges-1: Normal gastric cell line

• SNU1: Primary tumor, carcinoma

• Hs746T: Derived from metastatic site: left leg



Expression of KCNQ1OT1 in clinical samples (tissue biopsies)

RESULTS

Clinical Lesions

• Four paired normal and tumor samples from 
gastric cancer patients

• Pooled samples

NTAM: Normal Tissue Adjacent Mucosa



Differences in the logarithmic value (−log) of KCNQ1OT1 transcripts in 
peripheral blood (plasma) between OLGA stage 0 and GC cases. 

Cell free RNA of KCNQ1OT1 in peripheral blood samples (plasma)

RESULTS

Peripheral blood samples:

• Three healthy asymptomatic volunteer

• Four gastric cancer 
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Epigenomic Landscapes in Gastric Cancer
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Research line 4: Epigenomic landscapes in gastric cancer
(2018-2023)

Specific aim 1: To identify
germline genetic variants in
miRNA genes targeting
CDH1 genes in cases which
tested negative for CDH1
mutations

Specific aim 2: To identify
epigenomic dysregulation
associated with interactions
between EBV coding and
non-coding genes and
environmental factors in
EBV-associated GC

Specific aim 3: To investigate
the role of exosomes and
their non-coding RNA cargo
in gastric cancer
dissemination

Hypothesis: Non-coding RNA modulates the pathogenesis of gastric cancer and tumor disemination.



Identification of c.1531C>T Pathogenic Variant in the CDH1 Gene as a Novel Germline Mutation of Hereditary Diffuse Gastric Cancer

Norero et al., Int J Mol Sci 2019



HOSPITAL SOTERO DEL RIO
HEREDITARY TUMOR GROUP

https://ecancer.org/es/video/7368-consejeria-genetica-en-cancer-de-mama

⚫ E.Norero – Familial Gastric Cancer
⚫M.Petric – Hereditary Breast Cancer
⚫ Paulina Gonzalez - Nurse
⚫MJ Mullins – Genetic counseling

https://ecancer.org/es/video/7368-consejeria-genetica-en-cancer-de-mama


• Cancer Gástrico y criterios de inclusión 49 pacientes estudiados por CDH1 en contexto de 

estudio clínico UC-HSR

⚫ 1 paciente con mutación patogénica y estudio familiar (5 familiares positivos y 4 

gastrectomías profilácticas)

⚫ 1 paciente con VUS y con familia estudiada. VUS reclasificada como benigna

• Hospital Sótero del Río realiza convenio con Laboratorio Biología Molecular Red Salud UC-

Christus para estudio de pacientes seleccionados para mutaciones CDH1 

⚫ 15 pacientes con Cancer Gástrico y criterios de inclusión (abril 2018 y mayo 2019) 

⚫ Ningún paciente resultó con mutaciones patogénicas, 

⚫ Muchos pacientes con las mismas VUS, en pacientes no relacionados

⚫ Proyecto de Cancer Hereditario HSR para pacientes de Cancer Gástrico y Cancer de Mama

⚫ Convenio Laboratorio INVITAE – GENOMETRICS: Panel para Cancer Gástrico y 

Cancer de Mama

⚫ Diplomado en Asesoramiento Genético, U. de Chile.

⚫ Resultados:

⚫ Cancer Gastrico: 10 pacientes (1 rechazó estudio, 2 pendientes por pandemia, 1 

con mutación patogénia en ATM, 6 estudios negativos)

⚫ Cancer Gástrico Familiar: 1 familia (2 familiares) con ATM negativo.

⚫ Cancer de Mama Familiar: 32 pacientes derivados (4 pacientes con mutaciones 

patogénicas, 3 familias estudiadas

Clinical Experience 2019-2020



Identification of a Rare Germline Heterozygous Deletion Involving the Polycistronic miR-17–92 

Cluster in Two First-Degree Relatives from a BRCA 1/2 Negative Chilean Family with Familial 
Breast Cancer: Possible Functional Implications

De Mayo et al. 2018 Int J Mol Sci



Identification of a Rare Germline Heterozygous Deletion Involving the Polycistronic miR-17–92 

Cluster in Two First-Degree Relatives from a BRCA 1/2 Negative Chilean Family with Familial 
Breast Cancer: Possible Functional Implications

De Mayo et al. 2018 Int J Mol Sci



miR 92-a1

p-value = 0.1873p-value = 0.0001731

miR 20-a miR 19-b1 

p-value = 0.0001731

miR 19-a 

p-value = 2.235e-05

miR18-a

p-value = 2.498e-06

miR17

p-value = 0.0001909

R. Artigas,  Core Biodata-UC

In Silico análisis of miR 17-92 cluster in Tumor vs NAT Analysis based on STAD-TCGA paired samples



De Mayo et al. 2018 Int J Mol Sci (L. Jara’s group)

Landeros et al., Virtual AACR meeting 22-24 June 2020 - Abstract # 6082. 
Loss of expression of wild-type transcript of CDH1 gene is associated with overexpression of 
microRNA-20 in diffuse-type of gastric cancer

E.Norero, MD, Hospital Sotero del Rio
50 Familial Gastric Cancer (CDH1 wild type)
DelTTGGGC not detected

G.Molina, MD, PhD (postdoc L.Carvajal, UC Davis, US)
35 Familal Gastric Cancer
DelTTGGGC not detected

P. Gonzalez, PhD
25 Early-onset gastric cancer
DelTTGGGC not detected

Next step: Germ line sequencing of miR-17HG

miR17HG

Germline Heterozygous Deletion Involving the Polycistronic miR-17–92 Cluster (miR-17GH) 
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• miLinker miR 17-92 cluster expression analysis in tissues samples of Familial Gastric Cancer cases

• DNA mutational analysis in tissue samples of Familial Gastric Cancer cases

• DNA mutational analysis in germ line samples of Familial Gastric  Cancer cases

VALIDATION



Hypothesis 2: The interaction between Epstein-Barr virus (EBV) oncoproteins (EBNA-1 and LMP2A) and 
environmental exposures (i.e. tobacco and diet) induces dysregulation of the gastric cancer epigenome

Xho I
168903 - 169016

BamHI – fragment I
148810 - 149015

165008 - 165712

166483 - 169088

139087 – 152768

Specific aim 2
To identify epigenomic dysregulation associated
with interactions between EBV oncoproteins and
environmental factors in EBV-associated GC
(EBVaGC)

Francisco Aguayo (co-Inv) and Keila Torres (postdoc): in vitro assays and

exosomes in EBV transfected gastric cancer cell lines. National Collaborators:

Gareth Owen (co-Inv) and Marcelo Garrido (col): clinical samples with

annotated data and FFPE DNA/RNA available and plasma, Catterina Ferreccio

MAUCO samples, International Collaborators Charles Rabkin, NIH, USA

Corvalán et al.,Cancers (Basel) 2019





Cordova-Delgado et al. Cancers 2019 

(G.Owen and M. Garrido)





Torres et al., Virtual AACR meeting 22-24 June 2020 - Abstract # 5015
An additive effect of ebv-miR-BART5-5p and hsa-miR18a-5p in the downregulation of CDH1 
transcript in Epstein-Barr virus associated gastric cancer

The loss of long non-coding RNAs CDKN2B-AS1 favor the inhibition of apoptosis by ebv-miR-BARTs 
in EBV-associated gastric cancer

(PostDoc grant awarded by Keila Torres 2020-2023)



Specific aim 3
To investigate the role of exosomes and miR-335 in GC tumor dissemination in the brain

Biodistribution of exosomes in mice. 

A. Exosomes isolated from gastric cancer cells (WT) and

cells transfected with miR-335 mimics (miR-335)

B. Quantification of the fluorescence intensity for each organ

Collaborators: Iva Polakovicova (PUC) and Marcelo Andia (PUC),

Ph.D. student: Hector Ramos

Hypothesis 3: Exosomes cross the blood-brain barrier and influence the tumor growth in brain



IntraPeritoneal injection  

Mesenteric 
MultiTumor Nodules

Abdominal Solid Tumor Associated Solid Spleen

Mesenteric Asociated
Intestine Nodules Formation

Cell type Number 
of mice

Tumor Ascitis

Hs746T only 4 3 3

Hs746T + EV-335M 6 5 0

Hs746T + EV-WT 6 6 6

Aim 3: To investigate the role of exosomes and their non-coding RNA cargo in gastric cancer dissemination

Ki67 in tumor CASP-3 in tumor

Ki67 score in Hs-exo335 is lower, while the CASP-3 
score tends to be higher

Polakovicova et al, manuscript in preparation

Alejandro Gottlieb and Paulina Gonzalez, Thesis UNAB 2019
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