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We compute the Pearson R 

coefficient between genes using 

RNS-seq and microarray data from 

cbioportal.org.  Highly correlated 

genes are then linked together in 

groups.  Biological meaning is  

sought to explain the genes that are 

linked. We analyze survival gene sets 

from breast invasive carcinoma, 

acute myeloid cancer, and head and 

neck squamous cell carcinoma.  

Notch genes are also analyzed from 

breast invasive carcinoma.  We 

require the correlations to be 

reproducible from at least two 

different studies. 
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Biological significance of  

Survival genes 

Hierarchical Trees 

   With regard to invasive breast carcinoma, 

transforming growth factor beta receptor 

(TGFBR2) is correlated with CASP10, FAS, and 

TGFB1. All these genes play significant roles in 

cell regulation particularly in programmed cell 

death. FAS is also correlated with HLA-G. 

   TGFBR2 codes for a transmembrane protein 

that is part of the TGFB signaling pathway 

(Sivadas & Kannan, 2014). This pathway 

regulates important cellular functions that 

include proliferation, apoptosis, epithelial to 

mesenchymal transition (EMT), and wound 

healing (Sivadas & Kannan, 2014).  TGFBR2 is 

activated by TGFB ligand. After activation, 

TGFBR2, along with TGFBR1, forms a complex 

with TGF beta (TGF-beta, 2015). This complex 

phosphorylates proteins in the cytoplasm. These 

proteins can then enter the nucleus and initiate 

transcription of this pathway’s target genes 

(Sivadas & Kannan, 2014).  

   In regards to acute myeloid cancer, TGFB1, 

NFKB2, and BAD are highly correlated. TGFB1 

codes for a protein that is in the family of 

ligands that bind to TGFB receptors and activate 

the TGFB signaling pathway.  NFKB2 functions 

as a activator of genes involved in inflammation 

and immune function (NFKB2, 2019). BAD is 

known to be a regulator of apoptosis (BAD, 

2019) 

   Caspase 10 codes for an enzyme that is part of 

a family of caspases responsible for apoptosis 

(CASP10, 2019). CASP10 interacts with other 

proteins (including FAS) and caspases to form a 

complex that triggers the caspase cascade that 

culminates in apoptosis. This  apoptotic cascade 

is partially mediated by TGFB (TGF-beta, 

2015). Caspases also play roles in necrosis and 

inflammation (CASP10, 2019). 

   Fas cell surface death receptor (FAS) codes for 

a protein that is part of the TNF receptor 

superfamily.  This is a family of death cell 

receptors that is very important for functioning 

immune system responses (FAS-Fas, 2019). 

FAS is a cell surface receptor. When it is 

activated by the ligand, the development of a 

complex that includes CASP10, CASP8, and Fas 

associated death domain (FADD) is stimulated 

(Joyner, et.al, 2008). This complex triggers the 

caspase cascade that leads to cell death (Joyner, 

et.al, 2008). 

   HLA-G (Major histocompatibility complex, 

class 1) codes for a protein that is part of a 

family responsible for presenting particles of 

endogenous antigens on the cell surface (HLA-

G, 2019). These particles are then recognized by 

cytotoxic T-cells triggering an immune response. 

HLA-G also has immunosuppressive qualities 

that make it very important in the maternal 

tolerance of developing fetuses. CASP10 and 

Major histocompatibility complex (MHC) 

molecules present antigens to  trigger apoptosis 

(Leverkus et al., 2003).   

   In regards to head and neck squamous cell 

carcinoma, FAS, NFKB2, and BCL2 are 

correlated.  BCL2 is associated with a protein 

that blocks apoptosis in some cells. 

   

 

Survival genes – Invasive breast carcinoma 

Survival genes – Acute myeloid cancer 

Invasive breast carcinoma 
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The cBio Cancer Genomics Portal  

provides open-access to cancer  

genomics data sets from over  

5,000 tumor samples (Cerami, 2012). 

Notch and Survival genes 

Survival genes and those from the  

NOTCH pathway are studied because  

of their relevance to current cancer  

research. These genes are responsible  

for proteins that regulate several  

functions in the healthy cells including  

proliferation and cell death. They also  

play active roles in the progression or  

suppression of metastatic cancers. 
 

Group genes together in a tree-like  

diagram (dendrogram).  Genes that  

are closely linked are positioned  

lower on the tree. We used the  

R program to perform the hierarchical  

clustering using the “average” option.  

The hierarchical tree below is created  

using the NOTCH gene set and invasive  

breast carcinoma. 

Survival genes (23): NFKB1  NFKB2  CHUK  DIRAS3  FAS   

HLA-G  BAD  BCL2 BCL2L1  APAF1  CASP9  CASP8   

CASP10  CASP3  CASP6  CASP7 GSK3B  ARL11  WWOX   

PEG3  TGFB1  TGFBR1  TGFBR2  

NOTCH genes (55): ADAM10 ADAM17 APH1A APH1B  

ARRDC1 CIR1 CTBP1 CTBP2 CUL1 DLL1 DLL3  

DLL4 DTX1 DTX2 DTX3 DTX3L DTX4 EP300 FBXW7  

HDAC1 HDAC2 HES1 HES5 HEYL ITCH JAG1 JAG2  

KDM5A LFNG MAML1 MAML2 MAML3 MFNG  

NCOR2 NCSTN NOTCH1 NOTCH2 NOTCH3 NOTCH4  

NRARP NUMB NUMBL PSEN1 PSEN2 PSENEN RBPJ  

RBPJL RFNG SNW1 SPEN HES2 HES4 HES7 HEY1 HEY2 

Survival genes – Head and neck 

squamous cell carcinoma 

Linked NOTCH genes Biological significance of  

NOTCH genes 

   In regards to invasive breast carcinoma and 

NOTCH genes, DLL4 and NOTCH4 are highly 

correlated.  DLL4 and NOTCH4 form a ligand 

and receptor pair (Zhang et al., 2016).  

NOTCH3, HEYL, and HES7 are also correlated.  

HEYL and HES7 are transcription factors and 

NOTCH3 plays a role in the function and 

survival of vascular smooth muscle walls.  

MAML2 and NOTCH1 are also linked.  

MAML2 is a transcriptional cofactor.  It attaches 

to NCID to create a complex that initiates 

transcription of NOTCH target genes. 

 

 

While Survival genes all have  

some expected associations, they  

exhibit different relationships in each  

of the different cancer types. 
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