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Introduction 

  

Endothelial cells (ECs) play an important role in maintenance of the vascular system and the 

repair after injury. Under proinflammatory conditions, endothelial cells can acquire a 

mesenchymal phenotype by a process named endothelial-to-mesenchymal transition (EndMT), 

which affects the functional properties of endothelial cells (J C. Kovacic, MD, PhD, 

2019).  From past research, it is understood that by inhibiting a specific histone demethylase, 

JMJD2B, EndMT is reduced (S Glaser et al., 2020). However, the proteins responsible and the 

pathways influenced were not shown. 

 

In this study, we will identify the proteins contributing to the decrease of EndMT during JMJD2B 

inhibition. We exposed human ECs of two types: one Wild-type (WT) and one with an siRNA 

knock-down of JMJD2B (KD), to two media: Differential Medium (DIFF), which promotes EndMT 

and Full medium (FULL), which will be the control. Microarray expression data is analysed, and 

the programming language R is used to carry out data manipulation to identify features meeting 

our specified cutoffs, and subsequently to map transcript clusters to their gene names and gene 

IDs. REACTOME is then used to map the gene IDs of interest to their respective biological 

pathways. Genes encoding proteins that reduce EndMT during JMJD2B inhibition are identified 

using ENSEMBL. Line plots will be used to show expression levels of these genes in varying 

conditions. Using knowledge of proteins that are known to induce EndMT from previous reports 

as indicators, we identified genes encoding for proteins that reduce EndMT during JMJD2B 

inhibition. Possible protein mechanisms reducing EndMT were also identified. 

 

 

 

 

 

 

 

 

 

 



Methods and Materials 
 

 

Gene Expression Omnibus (GEO) Dataset 

 

GEO provides us with the expression data needed to observe differential gene expression. 

Here, we used the expression data of genes from Affymetrix Human Exon 1.0 ST Array, in full 

and differentiation medium under control and JMJD2B knockdown. 

 

RStudio and REACTOME 

RStudio is an integrated development environment for R, a programming language for statistical 

computing and graphics. We used the packages GEOquery, affy, limma and oligo from 

Bioconductor for oligonucleotide array analysis. Next, huex10sttranscriptcluster.db is used 

for mapping transcript IDs to their gene names and Entrez gene ID. We used reactomePA and 

reactome.db from REACTOME when mapping Entrez gene IDs to pathways. To present our 

data, we used ggplot2, readr, ggpubr, and formattable. The script is attached to the Annex. 

 

ENSEMBL Genome Browser 

Information such as gene sequence, splice variants and further annotation can be retrieved at 

the genome, gene and protein level using ENSEMBL. Here, we used ENSEMBL to identify the 

genes encoding for proteins that inhibit Interleukin-1β and TGFβ. 

 

Interleukin-1β and TGFβ 

Interleukin-1β and TGFβ are known to induce EndMT (Seol, M.A., Kim, J., Oh, K. et al., 2019). 

Genes encoding for proteins that inhibits the pathways of either Interleukin-1β and TGFβ will be 

classified as EndMT-reducing. 

 

Identifying proteins reducing EndMT during JMJD2B inhibition 

The Microarray expression data was obtained from GEO (GSE143150) which comprises 12 

gene expression files (Fig. 1). These file samples are categorised into 4 different conditions 

(Media/Genotype): Differentiation Media/Wild-type (DIFF_WT), Differentiation 

Media/Knockdown (DIFF_KD), Full media/Wild-type (FULL_WT) and Full media/Knockdown 

(FULL_KD). We mainly focused on the expression data of every transcript cluster. 

 



 

 

Fig. 1: Summary of the cell cultures under different conditions used in the experiment 

 
 
 
Background correction, normalisation and expression calculation is done using the function 
rma().  Due to the multifactorial character of the GEO dataset, we had to use the Empirical 
Bayes method on the dataset (method eBayes in R). The steps taken were as follows: 
 
 

 

 

 

P-value of 0.05 and Log Fold Change (logFC) value of 1 was set as the threshold for the genes. 

We then tabulated which contrasts hold most of our transcript clusters passing cutoff (Fig. 2). 

We also narrowed our attention to the contrast between different media in KD (Contrast 1), the 

contrast between different media in WT (Contrast 2), and the contrast between different media 

across both genotypes (Contrast 3). Volcano plots were used to depict the Log fold change in 

expression levels of the genes in Contrasts 1,2 and 3, against their p-values (Fig. 3a, 3b and 

3c). 

 

 
 

Fig. 2: Number of transcripts passing cutoff (LogFC >1 and p-value < 0.05) under each contrast 
 

 



 
 

 
Fig. 3a,3b and 3c:  Plotted volcano plots for transcript clusters present in our dataset. The points circled in 
red shows the features that meet the criterion for logFC>1 and p-value<0.05 

 

  

Transcript clusters meeting the specified cutoff from Contrasts 1,2 and 3 were mapped 

to their Entrez gene IDs. Mapped transcript clusters of Contrast 1 (MC1), Contrast 2 

(MC2) and Contrast 3 (MC3) are obtained. Finding genes that are uniquely found in MC1 

but not in MC3 allows us to filter out the differentially expressed genes specific to the 

ECs of KD genotype across media (Genes_KD). Similarly, genes uniquely found in MC2 

but not in MC3 are the differentially expressed genes specific to ECs of the WT genotype 

across media (Genes_WT). There were a total of 20 genes found in Genes_KD and only 

2 genes in Genes_WT (Figure 4a and 4b). 

 

 

 
 

 
Fig.4a: 20 differentially expressed genes found in KD across media. 

 

 

 



 
 

Fig.4b: 2 differentially expressed genes found in WT across media. 

 

To find all the pathways affected when JMJD2B is inhibited, we parsed Gene_KD through 

REACTOME. We managed to locate 162 of such pathways (Fig 5).  

 

 

 
 

Fig.5: 10 (of 162) pathways identified from Genes_KD, in no particular order. Remaining data is attached to Annex 1. 

 

 

Line plots were used to observe expression levels of genes in X in different conditions. 

Expression values of each gene were obtained by using the expression data after background 

correction and normalisation. After which, we used the mean expression values from all 4 

different conditions of each gene (Fig.6).  

 

EndMT is induced by proteins such as Interleukin-1β and TGFβ (Jin Gu Cho, Aram 

Lee,Woochul Chang,Myeong-Sok Lee, Jongmin Kim, 2018). Some of the genes found in 

Gene_KD encodes for proteins that are related to the inhibition of those EndMT-inducing 

proteins. Using ENSEMBL, we identified 3 genes from Gene_KD that encode for these proteins 

and classified them as X.  We also found that the 2 genes from Gene_WT but they were not 

EndMT-related. Hence, we decided to focus only on Gene_KD. 

 

Using data from Fig.5, we identified the possible ways gene products from X could have 

reduced EndMT in KD ECs (Fig.7). This was done by mapping the pathways each gene in X 

was responsible for. 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29515588


 
 

 

Fig.6: Expression levels of 3 classified genes in X in 4 different conditions: DIFF_WT, DIFF_KD, FULL_WT, 

FULL_KD. 

 

 

 
 

Fig.7: Possible ways X could have reduced EndMT during JMJD2B knockdown. 

 

 

 

 

 

 

 

 

 



DISCUSSION AND ANALYSIS OF RESULTS 

 

With the affy package in R, we utilised the RMA method to do background correction and 

normalisation of the datasets analysed. Background correction is done to eliminate background 

noise that arises non-specific hybridisation, overshining or technical imperfections (Sifakis, 

2012). Furthermore, normalisation is done to the corrected data that are affected by 

experimental inconsistencies such as limited sampling, differences in array production batches, 

hybridization and washing conditions, scanning power, etc (Terri T Ni, 2008). A simple eBayes() 

function then uses the empirical Bayes method to shrink the individual probe-wise sample 

variances towards a common value that represents the overall distribution.  

To determine if a gene is considered differentially expressed in a cell, we narrow down our data 

to look at genes that are expressed differently by a worthwhile amount using a fold change of 1. 

However fold-change cutoffs do not take into account reliability and reproducibility of the result. 

Therefore, it is important to also ensure that our data satisfies the p-value criteria of less than 

0.05. This means that there is only a 5% chance of obtaining a false positive (McCarthy, 2009).  

Contrasts were made between datasets that were of the KD/WT genotype or in the FULL/DIFF 

media to further study the effects of media change and knockdown of JMJD2B activity on the 

ECs. Identification of the statistically significant genes revealed that the differentially expressed 

genes were caused by the change in media in both WT and KD genotypes. Volcano plots of this 

data were then plotted as shown in Fig. 3a,b and c.  

After filtering out our data to focus on the effects of media in the ECs of WT and KD genotype, 

we identified 22 genes that were differentially expressed between different media. Of them 

consists of 20 genes from the KD cell and 2 from the WT cell. We then decided to take a closer 

look into the biological pathway these proteins are involved in through the reactome platform. 

In our study, we also used proteins such as Interleukin-1β and TGFβ as indicators of EndMT. 

Using these protein indicators, we picked candidates out of the 22 genes to be classified as 

genes that contribute to reducing EndMT in JMJD2B KD ECs. 

Using ENSEMBL, we identified 3 of such genes from the KD cell. The other 2 genes from WT 

cells encodes for proteins that mostly regulates cell metabolism during inflammatory response, 

and not directly affecting EndMT. Expression level of these 3 genes from KD ECs decreased in 

differential medium, as shown in Fig.6. As differential medium simulates EndMT, these 3 genes 

were downregulated in EndMT when JMJD2B is inhibited. In full medium, which is not EndMT-

inducing, these 3 genes were upregulated when JMJD2B is inhibited. Reasons as to why these 

genes were upregulated or downregulated are to be addressed in future research. 

We then evaluated the proteins encoded by the three genes related to the decrease in EndMT 

based on the mechanisms that are unique to the cells that had an inhibition of the histone 

demethylase JMJD2B.  



 

Exportin 1 

 

The exportin 1 protein is involved in many pathways related to the EndMT process. When 

parsed through REACTOME, we got pathways such as TGF-beta receptor signaling activates 

SMADs and signaling by TGF-beta Receptor Complex. TGF-beta is a dimeric cytokine 

produced from various cells in an inactive form. After activated through cleavage, it sends 

signals to its receptors when in turn phosphorylates and activates SMAD pathways 

(Pardali,2017). SMAD pathways are upregulated and forms SMAD complexes that can act as 

transcriptional activators that increase expression of mesenchymal markers such as alpha 

smooth muscle actin (SMA) which then leads to increased EndMT (Jin Gu Cho, Aram 

Lee,Woochul Chang,Myeong-Sok Lee, Jongmin Kim, 2018). An reduced expression of exportin 

1 found in cells of the KD genotype shows that there is a downregulation of TGF-beta receptor 

signalling.This contributes to a lower expression of mesenchymal genes and therefore 

decreased EndMT, which shows that the inhibition of JMJD2B using siRNA indeed affected the 

EndMT process.  

 

 

Phosphoinositide-3-kinase regulatory subunit 1 (PIK3R1) 
 
PIK3R1 is also found to contribute to the EndMT process. PIK3R1 is involved in many pathways 
related to interleukin signalling including Interleukin receptor SHC signaling, and signalling of 
Interleukin 2,3,4,5,7,13 as seen from Fig.7. Interleukin is a well-known inducer of the EndMT 
process. Interleukin 7 for example, when, used in treatment for cells increased the transcription 
of EndMT-related genes (Seol, M.A., Kim, J., Oh, K. et al., 2019). 
 
Furthermore, PIK3R1 plays a part in Cell-Cell communication as well as cell surface interactions 
at the vascular wall pathways. EndMT is a process marked by a decrease in intercellular 
adhesion forces in monolayer and cell stiffening and flattening (Ana Sancho, 
Vandersmissen,Sander Craps,Aernout Luttun,and Jürgen Grollb, 2017). The downregulation of 
PIK3R1 in KD cells when exposed to hypoxic conditions can suggest that there was limited 
modulation of cell to cell communication as well as cell surface interactions, which made EndMT 
less likely to occur. The decreased level of interleukin signalling also inhibits transcription of 
mesenchymal genes. 
 

Poly(ADP-ribose) polymerase family member 14 (PARP-14) 
 
PARP-14 is a member of the poly(ADP-ribose) polymerase family. Other than being involved in 
metabolism and cell death, PARP-14 may also induce inflammatory responses by promoting 
gene expression of related genes, including interleukin (IL)-1β, tumor necrosis factor (TNF)-α 
and endothelin-1 (Yan, F., Zhang, G., Feng, M. et al., 2015). These genes combined lead to a 
heightened expression of EndMT-related genes. When PARP-14 is expressed at a lower level, 
it therefore leads to less endothelial to mesenchymal transitions. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29515588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sancho%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28393890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandersmissen%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28393890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandersmissen%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28393890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Craps%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28393890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luttun%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28393890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Groll%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28393890


 

Conclusion 

From our results, we found 3 genes that contributed to reducing EndMT during JMJD2B 

inhibition. We also found possible ways these 3 genes could have reduced EndMT. Further 

research can be conducted to understand how the regulation of these genes influenced their 

respective mechanisms. 
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Annex 

162 genes from Figure 5 

 

 

 

 



R Script 

 



 


