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Abstract
Cancer is the uncontrolled growth of abnormal cells anywhere in a body, ELK1 and ELK3 is a member 
of the Ets-domain transcription factor family and the TCF (Ternary Complex Factor) subfamily. 
Proteins in this subfamily regulate transcription when recruited by SRF (Serum Response Factor) 
to bind to serum response elements. ELK1 and ELK3 transcription factors are known as oncogenes. 
Both transcription factors are proliferated in a different of type of cancer. Herein, we summarized 
the expression of transcription factor ELK1 and ELK3 in cancer cells.
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Introduction
The ETS, a transcription factor of E twenty-six family based on a dominant ETS amino acids 

that integrated with a ~10-basepair element arrange in highly mid core sequence 5′-GGA(A/T)-3′ 
[1-2]. The secular family alter enormous 28/29 members which has been assigned in human and 
mouse and similarly the family description are further sub-divided into nine sub-families according 
to their homology and domain factor [3]. More importantly, one of the subfamily members such 
as ELK (ETS-like) adequate an N-terminal ETS DNA-binding domain along with a B-box domain 
that transmit the response of serum factor upon the formation of ternary complex and therefore 
manifested as ternary complex factors [4]. Further the ELK sub-divided into Elk1, Elk3 (Net, Erp 
or Sap2) and Elk4 (Sap1) proteins [3,4], which simulated varied proportional of potential protein-
protein interactions [4,5]. Similarly the ELK can pronounce to a Mitogen-Activated Protein 
(MAP) kinas signaling in different pathways [4,5], and as such the Elk1 and Elk4 are blended as 
similar but different DNA-binding site respectively [6,7]. Herein, we summarized the expression 
of transcription factor ELK1 and ELK3 in cancer cells. Cancer is a second leading cause of death 
worldwide, accounting for 8.2 million deaths in 2012 [8]. Breast cancer is the progression of a 
malignant tumor that developed from cell in the breast.

Breast cancer current statistics
Globally Breast Cancer (BC) accounted for 23% of all cancer cases, lung (1.82 million), breast 

(1.67 million), and colorectal (1.36 million) [9]. All women are at risk of breast cancer regardless 
of their racial, ethnic origin or heritage [10]. Unfortunately Pakistan has high rate of breast cancer 
cases among South Asian countries. One in every nine Pakistani women suffers from breast cancer 
which is one of the highest incidence rates in Asia [11]. The data generated from various oncology 
and radiation therapy institutes and hospitals in Pakistan is used to estimate the penetrance of 
cancer in our population due to unavailability of cancer registry records. Though several risk factors 
influence the penetrance of breast cancer in Pakistani population but a detailed analysis of their 
association is yet an area requiring further research. What exactly is responsible for the cause of 
such an alarming incidence of breast cancer is still unknown, but dietary factors, obesity, use of oral 
contraceptives, old age and family history are the most common factors.

Breast cancer types
Each breast has large 15 to 20 sections called lobes and many smaller sections called lobules. The 

lobes and lobules are attached by thin tubes, called ducts (Figure 1). The most common type of breast 
cancer is ductal cancer which is found in the cells of the ducts. Cancer in lobes or lobules is called 
lobular cancer. Lobular cancer mostly affects both breasts. Cancers are of two types non-invasive (in 
situ) and invasive (infiltrating). The term in situ refers to cancer that confined to the area where it 
initially developed. Invasive breast cancer has a tendency to affect (metastasize) other tissues of the 
breast and/or other regions of the body. A less common type of breast cancer is inflammatory breast 
cancer characterized by general inflammation of the breast. Other rare types of breast cancer are 
medullary carcinoma (an invasive breast cancer that forms a distinct boundary between tumor tissue 
and normal tissue), mucinous carcinoma (mucus producing cancer cells), tubular carcinoma, etc. 
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[12]. The ETS (E26 transformation-specific also called as E-Twenty-
six) is a largest family of a transcription factor that play important 
role in cell proliferation, differentiation and apoptosis [13]. The 
transcription factor ELK1 and ELK3 also termed as (NET, SAP-2 or 
ERP) are the member of ETS family and ternary complex factor TCF 
subfamily. The TCFS as a result of binding trigger serum response 
elements with Serum Response Factor (SRF) and by the help of TCF-
SRF complexes control many genes such as c-fos gene [14].

ELK1 (NCBI ID: BAA36617.1) and ELK3 (NCBI ID: CAG47047.1) 
are protein bind to specific DNA sequences in the genome, regulate 
gene transcription [15]. According to PDB data base ELK1 contain 
N domain while in case of domain of ELK3 no 3D found was found 
(Figure 1). ELK1 and ELK3 are ~38.5% similarity. The ELK1 protein 
has 428 amino acids with a molecular weight of 44915.02 with 39 
negatively charged residues and 37 positively charged residues. The 
ELK3 protein contains 407 amino acids with a molecular weight 
of 44167.58 with include 35 negatively charged residues and 42 
positively charged residues. The central identical region locus at the 
N domain, ETS (Erythroblast Transformation Specific) domain exists 
at the N domain that control interaction with DNA. MR-analysis 

of the structure of the ETS domains shows that it has three alpha-
helixes (1-3) and four-stranded beta-sheets (1-4) organized in the 
order alpha1-beta1-beta2-alpha2-alpha3-beta3-beta4 forming a winged 
Helix-Turn-Helix (wHTH) topology [13]. Different members of the 
ETS family proteins display distinct DNA binding specificities. The 
ETS domains and the adjoining amino acid sequences of the proteins 
affect the binding affinity, and the changes in a single amino acid in 
the ETS domain can alter its DNA binding specificities [4].

The secondary structural elements present above the sequences 
α-Helices are represented by winding and β-strands by bold arrows. 
Residues conserved in the Elk-1 and Elk-3 highlight by red. Residues 
involved in DNA interaction indicated with blue triangle.

The Figure 2 shows interaction of ELK1 and ELK3 with Cyclin-
Dependent Kinases (CDKs) in the M phase. While ELK1 interact with 
Chromosome segregation process in the M phase as well as meiotic 
spindle between G2 and M phase. The expression level of ELK1 protein 
in the end stage of G1 phase elevated. While in the middle stage of 
G1 phase and at the end of S phase it almost disappears. However 
ELK3 protein expression level in the middle stage of G2 and G1 phase 
became very high. While almost disappear in the middle stage of S 
phase. ELK3 are high in the four stages of cell cycle.

The ETS gene play a key role in development, differentiation, 
transformation and cellular proliferation, their structures are 
conserved [13,16]. Based on common DNA binding domains, most 
of the transcription factors are grouped together leading to a similar 
DNA sequence preference [17,18].

The ETS transcription factor in human is encoded by 28 genes. 
ELK1 and ELK3 are Ternary Complex Factors (TCFs) that belong to 
the sub-family of Erythroblast Transformation Specific (ETS) domain 
proteins which bind to a DNA specific sequence through a purine-
rich GGA core sequence, transcription factors control the expression 
of various genes i.e. proto oncogenes [19]. The Elk subfamily 
consists of three different types of proteins ELK1, ELK3 and ELK4 
(Net, Erp or Sap2 and Sap1), which have diverse possible protein-
protein interaction [3-5,20-22]. The sequence of ETS gene family 
was identified in 1983, E26 which induce leukemia’s in chickens. 
Moreover, the ETS factor orthologous consequently identified in 
mouse (26), Caenorhabditis elegans (10) and Drosophila melanogaster 
(8) displays extraordinary sequence homology with human ETS 
factors [23-26].

Figure 1: A) The 3D structure of the Elk1- ETS domain interact with DNA 
PDB (1DUX) α-Helices are represented by cylindrical and β-strands by 
arrows. B) Amino acid sequences of ELK1 compare to ELK3.

Figure 2: ELK1 and ELK3 protein expression level in four stage of cell cycle model.
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Figure 3: RNA expression level.

Figure 4: Protein expression level.
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The ETS transcription factors are involved in different types 
of cancer via their association in chromosomal translation or 
over expression in cancer and also have the ability to mediate 
the signaling cascades [16]. In our study, we found that miR-135a 
regulated ELK1 and ELK3 expression at protein and mRNA level 
in MCF-7 and T47D cells (Figures 3 and 4, Table 1), suggesting the 
key role of a miR-135 a dysregulation in the pathogenesis of BC. 
Elk-1, a c-Fos proto-oncogene regulator, plays an important role in 
the induction of immediate early gene expression in response to a 
variety of extracellular signals, member of ETS-domain family of 
transcriptional factors. Both “BRCA1a and BRCA1b” splice variants 

 ELK1 ELK3

Cellular Component

axon terminus nucleoplasm

nucleus nucleus

mitochondrion intracellular membrane-bounded organelle

nucleoplasm mitochondrion

Dendrite  
 neuronal cell body

Molecular Function

sequence-specific DNA binding transcription factor activity purine-rich negative regulatory element binding sequence-specific 
DNA binding transcription factor activity

RNA polymerase II core promoter proximal region sequence-specific 
DNA binding transcription factor activity involved in positive regulation 
of transcription

transcription corepressor activity

core promoter binding
RNA polymerase II core promoter proximal region sequence-specific 
DNA binding transcription factor activity involved in positive regulation 
of transcription

double-stranded DNA binding DNA binding

chromatin binding RNA polymerase II core promoter proximal region sequence-specific 
DNA binding

RNA polymerase II core promoter proximal region sequence-specific 
DNA binding

sequence-specific DNA binding RNA polymerase II transcription 
factor activity

Biological Process

toll-like receptor 3 signaling pathway cell differentiation

cellular response to gamma radiation wound healing

toll-like receptor 2 signaling pathway regulation of transcription, DNA-templated

cell differentiation regulation of transcription from RNA polymerase II promoter

toll-like receptor TLR1:TLR2 signaling pathway positive regulation of transcription from RNA polymerase II promoter

response to light stimulus transcription from RNA polymerase II promoter

toll-like receptor TLR6:TLR2 signaling pathway negative regulation of transcription, DNA-templated angiogenesis

transcription from RNA polymerase II promoter  

toll-like receptor signaling pathway  

neurotrophin TRK receptor signaling pathway  

innate immune response  

cellular response to testosterone stimulus  

toll-like receptor 9 signaling pathway  

TRIF-dependent toll-like receptor signaling pathway  

toll-like receptor 5 signaling pathway  

stress-activated MAPK cascade  

toll-like receptor 10 signaling pathway  

positive regulation of transcription, DNA-templated  

toll-like receptor 4 signaling pathway  

positive regulation of neuron death  

MyD88-dependent toll-like receptor signaling pathway  

MyD88-independent toll-like receptor signaling pathway  

positive regulation of transcription from RNA polymerase II promoter  

Table 1: ELK1 and ELK3 expression at protein and mRNA level.

act as growth suppressors of BC. Chai et al. [27] demonstrated for the 
first time Elk-1 association with BRCA1 splice variants “BRCA1a and 
BRCA1b” through “GST-pull down assays, co-imunoprecipitations/
Western blot analysis of cell extracts from breast cancer cells and 
mammalian two-hybrid assays” [28]. They confined the BRCA1 
interaction domain of Elk-1 protein to the conserved ETS domain, 
a motif involved in DNA binding and protein-protein interactions. 
They also observed binding of BRCA1 proteins to other ETS-domain 
transcription factors “SAP1, ETS-1, ERG-2 and Fli-1 but not with Elk-
1 splice variant Delta Elk-1 and c-Fos proto-oncogene”. Interestingly, 
their studies revealed that although both Elk-1 and SAP-1 are also 
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called ternary complex factors, only Elk-1 but not SAP-1 boosted 
the growth suppressive function of BRCA1a/1b proteins in breast 
cancer cells. Thus Elk-1 could be a potential downstream target of 
BRCA1 in its growth control pathway. Furthermore, they observed 
inhibition of c-Fos promoter activity in BRCA1a transfected stable 
breast cancer cells and over expression of BRCA1a/1b reduced MEK-
induced SRE activation in vivo. These results validated an association 
between the growth suppressive function of BRCA1a/1b proteins 
and signal transduction pathway involving Elk-1 protein. All these 
results together recommended that one of the mechanisms by which
 BRCA1a/1b proteins function as growth/tumor suppressors is by 
inhibition of the expression of Elk-1 target genes like c-Fos via the Elk-
1 SRE-SRF ternary complex on the c-Fos promoter, or via competing 
for a common factor(s) [28]. Although we have focused on the role of 
ETS proteins, it is clear that AP-1 can also have regulatory functions 
at ETS/AP-1 sites. RAS/ERK signaling results in up regulation 
of both JUN and FOS expression levels [29]. This may change the 
subunit composition of AP-1 at ETS/AP-1 binding sequences in 
favor of proteins that are stronger transcriptional activators. JUN 
is also a target of JNK phosphorylation, and this pathway increases 
transcriptional activation by AP-1 [30]. Thus, it will be interesting to 
discover how the JNK pathway integrates with the RAS/ERK pathway 
to regulate genes through ETS/AP-1 sequences.

In addition to ETS and AP-1, other transcription factors likely play 
important roles in the regulation of this RAS/ERK gene expression 
program. The  PEA2  site of the polyoma virus enhancer, which is 
bound by a RUNX transcription factor, is critical for enhancer 
function. Interestingly, ETS/RUNX composite sites have been 
identified in genomic regions bound by ETS1 in T cells [31]. Binding 
sites for TCF/LEF1, transcription factors activated by WNT signaling 
have been shown to cooperate with ETS, AP-1, and RUNX sequences 
at various regulatory elements, including the MMP7 enhancer [32-
34]. Over expression of ETS oncogenes has been reported to activate 
WNT signaling in prostate cells indicating collaboration with this 
pathway [35].

In conclusion, the RAS/ERK gene expression program that is 
regulated, in part, by ETS/AP-1 sequences is an important pathway 
for the motility and invasion of cancer cells. The regulation of even 
this simple ETS/AP-1 element can be highly complex and depends on 
the expression levels of multiple transcription factors and the status 
of multiple signaling pathways. It is fitting that the ETS transcription 
factor originally named for the PEA3 sequence element (now 
renamed ETV4) and the ETS subfamily that inherited the same name 

Figure 5: ELK1 and ELK3 Pathway.

play a key role in the biology of this long-studied regulatory sequence 
(Figure 5) [36].

miRNAs, a family of small non-coding RNAs first discovered 
by Lee et al. [37] that regulate a wide array of biological processes 
including carcinogenesis. In cancer cells, miRNAs have been found 
to be heavily dysregulated. Recently, miRNAs have been shown to 
involve in differentiation states of various human malignancies, 
including BC. In particular, comparison of normal and malignant 
breast tissue has revealed that a small subset of deregulated miRNAs 
including “mir-125b, mir-145, mir-21, and mir-155” can be identified 
that obviously differentiate normal from malignant breast tissue [37]. 
The techniques of the TNM system of clinical stages classification 
were developed in 1943-1952 by Denoix [38], based on dissemination 
of cancer according to the feature of primary tumor localization, size, 
and extension to the surrounding structure.

The ETS transcription factor in humans is encoded by 28 genes. 
ELK1 and ELK3 are Ternary Complex Factors (TCFs) that belong to 
the sub-family of Erythroblast Transformation Specific (ETS) domain 
proteins which bind to a DNA specific sequence through a purine-
rich GGA core sequence, both of the transcription factors regulate the 
expression of a variety of genes including proto oncogenes [19]. The 
Elk subfamily is consisted of three different type of proteins ELK1, 
ELK3 and ELK4 (Net, Erp or Sap2 and Sap1), which have diverse 
possible protein-protein interaction [3-5,20-22]. The sequence of ETS 
gene family was identified in 1983, E26 which have the function to 
induces leukemia’s in chickens. Moreover the ETS factor orthologous 
consequently identified in mouse (26), Caenorhabditis elegans (10) 
and Drosophila melanogaster (8) displays extraordinary sequence 
homology with human ETS factors [23-26].
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