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Introduction

• 죽상동맥경화증은침범하는혈관에따라발생연령,빈도,그리고복합판(complicate plaque)

까지의진행양상등이극명이다름

• 소위발병장소에따른조절인자있을것으로추정

• 두개강외동맥경화증 (extra-cerebral atherosclerosis, ECAS)과대뇌동맥경화증 (intra-cerebral

atherosclerosis, ICAS)은병태생리학적으로많은차이를보임
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Atherosclerosis: Lesion and region

Coronary occlusion ICA & MCA non-occlusion Coronary occlusion ICA & MCA occlusion



Introduction

• 죽상동맥경화증

• 혈관연구자의영원한연구주제?

• 동물모델의한계점

• 병변은심장동맥,중대뇌동맥이주류인데….

• 혈관병태생리가다른데….

• Circulatome

• Although many risk factors such as hyperlipidemia, diabetes, and hypertension are systemic, distinct

vascular regions frequently display differential disease susceptibility or resistance…… (from 1964 to

2018..)
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Introduction

• Histological difference

- Intracranial arteries

: muscular-type

- Extracranial arteries

: elastin filament rich

Circulation. 2014;130:1407-1414.



• Physiological difference

- ICA: Greater antioxidant enzyme activities than ECA

Stroke. 2001;32:2472-2480.

Introduction



• Embryonal difference

- Lineage tracking studies shows

vascular SMCs in different vessels have distinct embryological origins

- The diversity of SMC origins

contribute to the site-specific localization of vascular diseases

- Origin of intracranial arteries : neuroectoderm

Introduction



Nat Biotechnol. 2012 January 15; 30: 165–73



• The goal of this study

- Compare the gene profile of human vascular smooth muscle cells (Intracranial /

extracranial)

- Identify the differentially expressed genes (DEGs) to understand vascular diseases

Part I.



Material and Method

• Human vessel sampling

10 autopsy cases, Vascular disease risk factor (-)

Intracranial artery – Middle cerebral artery

Extracranial artery – Left descending coronary artery

Vascular smooth muscle cells were isolated manually from each arteries

• RNA extraction

Using TRIzol® Reagent following the manufacturer’s instructions

Checked for an RIN number to inspect RNA integration



Material and Method

• Microarray and analysis

- Each gene expression profiles were obtained and compared using the Agilent

Human Gene Expression 4×44K v2 Microarray kit

- Fluorescently labelled cDNA was obtained from a single round of labelling using a

kit in the presence of fluorescent dNTP

- Statistical analysis of mRNA microarray data was performed by Genespring GX 9.0

Software



Material and Method

• Bioinformatic analysis

- Gene ontolgy analysis

- KEGG pathway analysis

- Gene-associated gene analysis : Database for Annotation, Visualization and Integrated Discovery

• Reverse transcription polymerase chain reaction

- 10 sets of MCA and LAD extracted from autopsy

- Selected genes : Fivefold upregulated and P-value<0.05



Results

• Whole-genome mRNA expression profiling

- Approximately 34,000 genes identified

- Differentially-expressed genes were 359

: Upregulated 272 / Downregulated 87

( V2/V1, Fold-change > 2 or < 0.5 and p-value < 0.05 )



Fig. 1 (A)Results



Results

• Gene Ontology (GO) enrichment

The percentage of 359 DEGs involved in each GO

Angiogenesis (4.5%)

Extracellular matrix (4.3%)

Cell migration (2.9%), neurogenesis (2.9%)

Cell proliferation (2.7%)

Inflammatory response (2.0%)



Fig. 1 (B)

Fig. 1 (C)

Results



Table 1 (A)

Results



Table 1 (B)

Results



Table 1 (C)

Results



Results
Table 4

• Candidate genes

- 14 upregulated genes

V2/V1, Fold-change > 5, P-value <0.05

- 1 downregulated gene

V2/V1, Fold-change < 0.2, P-value <0.05



Results

• Confirmation of microarray data

- 8 genes were selected to verify the analyzed microarray data

- 10 sets of MCA and LAD extracted from autopsy and analyzed by RT-PCR

- All of them were highly expressed in MCA



Fig. 3 Table 5



Results

• Ingenuity pathway analysis (IPA)

- To identify potential pathogenic pathways

- The top canonical pathway : atherosclerosis signaling

Related genes : APOD, F3, CXCL8



Results

• Gene-associated disease analysis

- Used DAVID to identify DEGs-related disease using 14 upregulated genes

- Type 2 diabetes and Hypertension were the most relevant

APOD, F3 and DES are associated with type 2 DM

ATP1A2 and HBB are associated with both disease



Table 6.

Term Gene count P-value Fold enrichment

Hypertension 3 8.2E-2 5.5

Type 2 Diabetes l edema l rosiglitazone 5 5.1E-2 3.0

OFFICIAL_GENE_SYMBOL GENE NAME

Type 2 Diabetes related

ATP1A2 ATPase Na+/K+ transporting subunit alpha 2

APOD Apolipoprotein D

F3 Coagulation factor III, tissue factor

DES Desmin

HBB Hemoglobin subunit beta

Hypetenesion related

ATP1A2 ATPase Na+/K+ transporting subunit alpha 2

HBB Hemoglobin subunit beta

ITM2C Integral membrane protein 2C



Discussion

• Apolipoprotein D (APOD)

- A component of HDL that no marked similarity to other apolipoprotein sequences

- Intracellular accumulation selectively inhibit PDGF-BB-induced VSMC proliferation

- Cardioprotective as an antioxidant



Discussion

Proc Natl Acad Sci U S A. 2013;110(42):17023-8.



Discussion

• Desmin (DES)

- A key subunit of the intermediate filament in cardiac and skeletal muscles

 Maintenance of structural and mechanical integrity of the contractile apparatus in muscle tissues

- In vSMC, especially intracranial

 Control cerebral arteries: strongly immunostained

 vSMCs in both non-ruptured and ruptured aneurysmal walls: no staining for desmin





Conclusion

This dataset provides a resource for understanding the different arterial

regulation and disease susceptibility in IA and EA, especially atherosclerosis

and diabetes, and may also aid in the development of diagnostic and

therapeutic markers



Part II.

CLDN11 Expression in Vascular Smooth Muscle Cell

and role for Cardiovascular Disease
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CLDN11, ITM2C 2 Cell-To-Cell Signaling and Interaction, Cellular Assembly and Org
anization, Cellular Function and Maintenance





Biological Roles of CLDN11 in cancer

• Potential tumor suppressor gene located at chromosome 3 (3q26.2)

• Silencing of CLDN11 expression
• Associated with increased invasiveness in various cancers

• Poor outcome of patients with meningiomas was associated with
reduced CLDN11 expression

• Promoter hypermethylation in gastric cancer and malignant melanoma

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5541974/



Heart
Why???

Smooth muscle
Why???

Ref: http://biogps.org/#goto=genereport&id=5010

HEART, SMOOTH MUSCLE CELL 발현
높으나기능에대해논의된바없음

CLDN11 RNA Expression Profile in Human tissues



CLDN11 Expression in Human Vasculature

A, B: Coronary artery (Left Ant. Descending, LAD)
C, D: Middle cerebral artery (MCA)
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CLDN11 Expression in Human Coronary artery



αSMA

CLDN11 Merged
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CLDN11 Expression in Human Middle Cerebral Artery



CLDN11

Gain of Function

Loss of Function
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CLDN11 expression in human vascular
smooth muscle cell line
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CLDN11 re-distribution in vSMC
following siRNA CLDN11 treatment
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Angiogenesis
(11)

Cell proliferation (15)

cell differentiation (72)

Migration (33)
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PPI (Protein-protein interaction) analysis for up-regulated
gene cluster following siRNA-CLDN11 treatment

46

ID:PPI_BIOGRID_M200

C=5; O=2; E=0.02; R=130.78;
PValue=9.07e-05; FDR=7.11e-02

userid
Gene
Symbol

Gene Name
Entrez
Gene

A_33_P3239347 NKX3-1 NK3 homeobox 1 4824

A_33_P3348872 PRDM16 PR/SET domain 16 63976



Functional Evaluation: Tube Formation

Tube Formation Assay
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Functional Evaluation: Cell cycle analysis



Ki-67 Labeling Index following siCLDN11 treatment
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Caspase-3 expression following siRNA-
CLDN11 in vSMC

Caspase-3
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Group II

Group III

Group I

The Role of CLDN11 in Atherosclerosis

- Modified American Heart Association (AHA) classification of
atherosclerosis based on morphological description



CLDN11
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CLDN11 IHC in LAD with CAS

CLDN11 +

CLDN11 -
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Table 1. Patients List according to cause of death



CLDN11
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CLDN11 expression in human vascular
smooth muscle

• Tightly regulate the vascular smooth muscle physiology

• CLDN11 might play a certain role for atherosclerosis initiation and

propagation to regulate the vSMCs plasticity

• Possible for new biological marker for cardiovascular events in clinical

and forensic diagnosis
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