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Long non-coding RNA (lncRNA) is an integral part of the transcriptome and provides a regulatory role in the inactivation of genes. 
By methylating chromatin, lncRNA can cause gene silencing and form heterochromatin. These transcripts can act both in-cis and in-
trans; however, this review focuses on the specific lncRNA: HOX transcript antisense intergenic RNA (HOTAIR) in-trans. The long 
RNA sequence of HOTAIR binds to the HOX C locus and consequently silences chromatin at the HOX D locus. This silencing has 
shown to be indicative of specific cancers and their progression. In this  review,  HOTAIR’s  involvement  in  cancer  is  discussed.    Here,  
evidence  for  the  direct  relationship  between  the  over  expression  of  HOTAIR  and  an  individual’s  tumour  progression  into  metastasis is 
presented. The abundance of the transcript in cancerous tissues can be used to diagnose the depth and progression of the tumours, as 
well   as   the   general   prognosis   of   the   patient.  HOX   transcript   antisense   intergenic  RNA’s  mechanism   of   action   presents   itself   as a 
potential target for cancer therapeutics. Blocking the interaction between the associated proteins and the transcript holds potential for 
the treatment of tumours, and the inhibition of their progression into metastasis. Previously unexamined, this study focuses on 
HOTAIR over expression and compares the relationship in different cancers. Here, it is suggested that HOTAIR might serve as a 
general   biomarker   for   neoplastic   diseases.  Moreover,   further   investigation   of  HOTAIR’s   presence   and  mechanism  of   action   could 
result in less invasive therapies and diagnostic tests with direct applications in a clinical setting.  

INTRODUCTION
The human genome project discovered that only about 20,000 
genes encoded protein, while the remaining 99% of the genome 
was left non-coding and hence non-functional (Lander et al., 
2001). The current opinion in genetics, however, suggests the 
opposite.      
 The functions of non-coding RNA have begun to 
emerge with compelling evidence of a role in gene regulation. 
The transcriptome is defined as the total RNA transcribed from 
DNA and includes both coding and non-coding transcripts. 
Within the non-coding transcript there are two sub divisions: 
long ncRNA (lncRNA) and short ncRNA (sncRNA), both of 
which are characterized physically by the sequence length of the 
transcript. The functional definition of the non-coding transcript 
is accepted as the genetic information that does not code for 
protein, the latter being the functional unit of life. Consequently 
this definition yields little importance to the non-coding portion 
of the genome. However, it cannot be overlooked that the non-
coding transcript comprises 99% of the genomic information. 
Thus, it is no surprise that these non-coding transcripts do indeed 
possess functions that are important. The importance of these 
non-coding transcripts has only recently been elucidated 
(Dermitzakis et al., 2005).    
 The first lncRNA to be identified was H19 in 1990. 
Sedimentation analysis showed that the RNA was not associated 
with any translational machinery, suggesting it was not involved 
in coding for protein (Brannan et al., 1990). Soon after the 
discovery of H19, more lncRNAs were quickly identified 

including Xist, the X chromosome silencer, (Borsani et al., 1991; 
Brockdorff et al., 1991; Brown et al., 1991) and HOTAIR, a 
silencer of the HOX D locus (Rinn et al., 2007). Xist was 
discovered by slot blot analysis and northern blot, initially used 
to examine the presence of the Xist cDNA sequence present in 
inactive X chromosomes (Brown et al., 1991). John Rinn at Yale 
University discovered the unique transcript of RNA, HOTAIR, 
first by observing them in fibroblasts. Tiling microarray analysis 
of the HOX gene loci found that HOTAIR associates with HOX 
C and silences the chromatin on HOX D (Rinn et al., 2007).
 When lncRNA was first identified, technologies were 
limited. However, the technologies for lncRNA identification 
have since dramatically improved. There are now several ways to 
identify non-coding transcripts. These include Crosslinking 
immunoprecipitation (CLIP) and High throughput sequencing of 
RNA Isolated by crosslinking immunoprecipitation (HITS-
CLIP), deep RNA sequencing, tiling microarray analysis, and 
genomic selex (Li et al., 2012). These have all been modified and 
developed for the demands of the current era of next generation 
sequencing. The sequences of these ncRNA are available in 
databases such as Rfam, RNAdb and lncrnadb, the latter being a 
database that specifically annotates lncRNA.  
 Gene regulation can be considered the control of active 
and inactive expressions of the gene. This review considers the 
inactivation of genes caused by methylation and the alteration of 
chromatin states from chromatin to heterochromatin.  Both small 
and long non-coding RNA are involved in gene regulation, either 
by activating or inactivating genes (Mattick & Makunin, 2006).  
Some form and associate with protein complexes that specifically 
methylate chromatin, while others act individually, silencing the 
gene by specific binding to the sequence. In addition, it is 
becoming evident that small and lncRNAs regulatory roles may 
be interdependent (Nana-Sinkam & Croce, 2011). LncRNA, in 
particular, has demonstrated a gene regulatory role in cancer, 
controlling the on and off states of tumour suppressor genes.                                         

The RNA HOTAIR promotes chromatin alteration in 
cancer 
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Name  Size Location  Number in 
Humans  

 Functions  Examples 

LincRNA >200 bp Widespread loci >1,000  DNA-chromatin 
complex formation  

HOTAIR, 
HOTTIP, 
lincRNA-p21 

T-UCR >200bp Widespread loci >350 Possibly the 
regulation of 
mRNA and 
miRNA 

Uc.283+, 
uc.338,uc160+ 

Other >200bp Widespread loci >3,000 Imprinting, X 
chromosome 
inactivation, 
telomere 
regulation 

XIST, TSIX. 
TERRAs, 
p15AS. H19. 
HYMAI 

 Table 1. Examples of lncRNAs in humans. (Adapted from Esteller, 2011) 

 

 

Long non-coding RNAs play a key role in gene regulation and 
pathology. In particular, HOTAIR plays a role in cancer. This 
review will investigate the role of HOTAIR in four types of 
cancer: breast, lung, liver, and colon. In addition, the possibility 
of HOTAIR as a diagnostic tool for cancer progression will be 
discussed. Furthermore, a mechanistic investigation 
of HOTAIR could allow for the discovery of future 
therapeutic cancer targets. 

Long non-coding RNA (lncRNA) 
Long non-coding RNAs are most often defined as 
sequences starting from 200 bases to about 100kb 
(Setoyama et al., 2011). These long transcripts can 
take many different forms and include long 
intergenic non-coding RNA (lincRNA) as well as 
transcribed ultra-conserved regions (T-UCR) 
(Esteller, 2011). Examples of these and their 
functions are shown in Table 1. It is important to 

note that other types of lncRNAs in humans are 

also present, including ribosomal RNAs and pseudogenes (Gibb 
et al., 2011)     
 Long non-coding transcripts are unique in that they can 
be classified in several different ways including by function, 
mechanism, loci of origin, and orientation (Ponting et al., 2009; 
Li et al., 2012). The first classification is by function, that is, 
whether they are regulatory or not (Ponting et al., 2009). This 
requires the distinction between regulatory function and 
transcriptional noise(Ponting et al., 2009). Therefore there must 
be a distinction between the functional and non-functional 
sequences. Classification by mechanism defines the different 
lncRNAs that alter structure by either discrete binding to the 
DNA sequence itself or by recruiting intermediates. When 
lncRNA binds directly to the DNA, the mechanism of action is 
referred to as in-cis. In this event the chromatin structure is 
directly modified by the presence of the bound lncRNA 
molecule. When the lncRNA instead recruits intermediate protein 
complexes to mediate changes in chromatin structure, the 
mechanism is referred to as in-trans. The process of modification 
in-trans is known as transvection (Mercer et al., 2009) and will 
be the focus of this review. Further classification by loci of origin 
and orientation defines the transcripts by the physical location 
within the gene i.e. intergenic, partially intronic and totally 
intronic (Nakaya et al., 2007) and location on either sense or 
antisense strands (He et al., 2008) respectively. The mechanism 
of chromatin alteration by lncRNA is governed by the lncRNA 
molecule’s  ability   to  stabilize  protein  complexes  for  the  process 
of chromatin alteration and may also provide a scaffold for 
chromatin alteration of specific genes (Shamovsky & Nudler, 
2006). The stability of lncRNA may also affect the stability of 
other RNA sequences (Ramaiah et al., 2012). It has been found 
that in fact antisense sequences may play a role in the regulation 
of sense sequences and seem to negatively regulate the sense 
transcripts (Lapidot & Pilpel, 2006; He et al., 2008).  

Classifying the transcripts serves to organize newly 
discovered lncRNA and allows for the grouping of RNAs into 
families. The respective functions can then be inferred 
accordingly. Rfam is a database that annotates these sequences 
(Griffiths-Jones et al., 2003).  

Figure 1. Mechanism of Xist RNA X chromosome inactivation by 
recruitment of PRC2. RepA RNA stays bound, allowing PRC2 
recruitment to the X-chromosome. (Lee, 2010) 
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Figure 2. HOTAIR forms a bridge between polycomb repressive 
complex (PRC2) and histone lysine demethylase (LSD1), creating a 
molecular scaffold for the protein complexes to induce post-
translational modifications (PTMS). PRC2 mediates PTMs while 
LSD1 inhibits them. (De Lucia & Dean, 2011) 
 

Mechanism of chromatin alteration in-cis 
There are several well-identified and characterized examples of 
chromatin alterations in-cis, despite a majority that remain to be 
discovered. Chromatin modification by non-coding RNA in-cis 
can be described through the examples of two long non-coding 
RNAs: Xist and AIR.     
 Xist is a lncRNA transcript involved in X-chromosome 
inactivation. The X-chromosome inactivation centre (Xic) locus, 
characterized by a repeated A motif encoding an RNA called 
RepA, is involved in the initiation of X-chromosome 
inactivation. Regulatory lncRNAs are present at this centre and 
mediate the inactivation in-cis (Rastan, 1994). The polycomb 
repressor group protein, PRC2, is suggested to associate with 
Xist to help the process of X-chromosome inactivation (Li et al., 
2012). With an accumulation of Xist lncRNA, PRC2 proteins are 
recruited to the X-chromosome with the help of RepA (Figure 1) 
(Lee, 2010). The binding of Xist in-cis to cause methylation of 
the chromatin by PRC2 silences transcription and inactivates the 
X-chromosome (Li et al., 2012).    
 The lncRNA, Antisense Igf2r RNA (AIR), 
epigenetically silences the slc22a3 gene in-cis. Antisense Igf2r 
RNA is an antisense transcript that is associated with chromatin 
modifying complexes PRC2 and G9a (Nagano et al., 2008). G9a 
is a chromatin modifying complex that trimethylates lysine 9 
(Khalil et al., 2009). AIR is transcribed from the hypomethylated 
paternal allele on the Insulin like growth factor 2 receptor 
(IGF2R) gene (Della Vedova & Cone, 2004). AIR directly 
overlaps the slc22a3 gene in the antisense orientation to induce 
silencing (Mohammad et al., 2009). 

Mechanism of chromatin alteration in-trans             
HOX transcript antisense intergenic RNA (HOTAIR) is one of 
the few well-characterized examples of lncRNA action in-trans. 
HOX transcript antisense intergenic RNA is an antisense long 
intergenic non-coding RNA (lincRNA). This lncRNA is 
classified as a HOX locus RNA, meaning its location of 
transcription as well as the location where it silences chromatin 
are both within the HOX loci (Rinn et al., 2007). Its length is 
2.2kb and is transcribed from the HOXC locus, located on human 
chromosome 12, intergenic of HOXC11 and HOXC12. HOTAIR 

then silences the chromatin of HOX D, 40kbps away on 
chromosome 2 (Rinn et al., 2007). The activity of the lincRNA 
between two HOX loci illustrates the mechanism referred to as 
“in-trans”.       
 HOX loci are a series of transcription factors that are 
important for segmental identity and body patterning (Myers, 
2008). HOX genes determine positional identity (Chang, 2009). 
They  are  often   referred   to   as   ‘master   control   genes’  because  of  
their large developmental importance in identifying the axes in 
development. It is hypothesized that all HOX genes are regulated 
through either a cis or trans mediated lncRNA (Prensner & 
Chinnaiyan, 2011). There is evidence suggesting that the 
majority of lncRNA in the HOX loci regulates the genes in-trans 
(Khalil et al., 2009).    
 HOX loci chromatin can be present in either ON or OFF 
states, depending upon the concerned differentiated cells. These 
different states are programmed by two groups of proteins known 
as trithorax group proteins and polycomb group proteins (PcGs) 
(Chang, 2009). Trithorax group proteins program the ON state of 
chromatin and induce tri-methylation of lysine 4 on histone 3, 
allowing histone 4 to be acetylated. Polycomb group proteins, 
however, are antagonistic to the trithorax programming and 
instead induce the inactive chromatin state by trimethylation of 
lysine 27 on histone 3, inhibiting acetylation of histone 4 and 
hence maintaining the silent state of chromatin (Schuettengruber 
et al., 2007). The HOX loci may transcribe several lncRNAs, 
highlighting them as global regulators (Khalil et al., 2009). Many 
human lincRNAs associate with chromatin-modifying complexes 
and affect gene expression.   
 HOTAIR does not associate with DNA alone, but also 
forms a bridge between protein complexes, forming a molecular 
scaffold to support chromatin silencing. These complexes of 
proteins include the Polycomb repressor complex 2 (PRC2), 
histone lysine demethylase (LSD1), co-repressor for elements-1-
silencing transcription factor (CoREST), and repressor for 
elements-1-silencing transcription factor (REST). LSD1, 
CoREST, and REST are a complex of three interacting proteins 
(Tsai et al., 2010).  HOTAIR   is   associated  with  PRC2  at   the  5’  
end  and  LSD1,  CoREST  and  REST  at  the  3’  end  (Figures  3  and  
4) (Tsai et al., 2010). LSD1 is a protein that forms a complex 
with CoREST that then bridges to REST, a neuronal gene 
silencer, and mediates silencing of the target gene (Figure 3) 
(Tsai et al., 2010). PRC 2 is made up of protein subunits EZH2, 
SUZ12, and EED (Kogo et al., 2011). EZH2 is an H3k27 
methylase and is phosphorylated by the cyclin dependent kinase 
CDK1, which then allows HOTAIR to bind to the protein and the 
rest of the PRC2 complex associates, allowing association with 
the histone. HOTAIR binds to EZH2 and then recruits and 
associates with the PRC2 complex (Kaneko et al., 2010). 
Polycomb grouping proteins are recruited to perform the 
chromatin alteration (Simon & Kingston, 2009), with most 
lncRNA associating with PRC2 (Khalil et al., 2009).   
 It is still unclear whether HOTAIR binds for the 
purpose of locating the chromatin modifying complexes or if 
they are also involved in the activation of the protein complexes, 
exhibiting   an   effector’s   mechanism   (Wang et al., 2011). 
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Figure 3. Mechanism of breast cancer metastasis by HOTAIR. The 
PRC2 complex contains the subunits EZH2, SUZ12, EED associate 
with lincRNA HOTAIR and form a bridge with LSD1, CoREST, and 
REST inducing methylation and heterochromatin formation. This 
inhibits the transcription of the metastasis suppressor genes, PCDH10, 
PCDHB5, and JAM2, allowing metastasis to ensue. (Croce, 2010) 
 

However, it is clear that HOTAIR binds to these protein 
complexes prior to the binding onto DNA. It is the coordinated 
protein complex that binds to and associates with the DNA which 
leads to inductions of methylation and silences the gene, forming 
heterochromatin (Tsai et al., 2010).  Hence, HOTAIR is used as 
a foundation for polycomb remodelling complexes and histone 
modification (Prensner & Chinnaiyan, 2011).   
 HOTAIR helps to induce a specific pattern of 
methylation, which involves trimethylation as well as 
demethylation (Croce, 2010). Trimethylation of Histone 3 lysine 
27 is mediated by PRC2, while Histone 3 lysine 4 demethylation 
is mediated by the LSD1 complex (Figure 3) (Croce, 2010). 
Although the pattern of methylation mediated by HOTAIR is as 
stated above, the transcription of HOTAIR can also be identified 
by another specific methylation pattern. This methylation pattern 
is K4-K36 tri-methylation sites on histone 3 and is an important 
marker for the presence of the transcription of HOTAIR. This 
methylation pattern indicates that the transcription of HOTAIR is 
active and is thus present in the cell. Therefore, it is inferred that 
a K4-K36 methylated domain is a chromatin signature that 
indicates the presence of HOTAIR (Khalil et al., 2009). 

HOTAIR in Cancer 
HOTAIR is a lincRNA that has been found in several forms of 
cancer. The mechanism of HOTAIR remains consistent across 
different cancer types, mainly involving altering of the HOX D 
locus. Here four cancers will be discussed; breast cancer, lung 
cancer, hepatocellular cancer and colorectal cancer. Although 
these four present the most compelling evidence for the presence 
of HOTAIR, it is unlikely that the cancers discussed here 
construct a comprehensive list. This case study provides 
evidence for HOTAIR’s  ability  to  promote  the  localization  of  the  
polycomb repressive complex and trimethylation of H3K27 as 
well as progression into metastasis (Khalil et al., 2009). Evidence 
for the expression of HOTAIR in tumorigenesis and metastasis is 
discussed.      
 It is important to note that HOTAIR has low sequence 
conservation between species, but conservation is nonetheless 
still present (Rinn et al., 2007; Prensner & Chinnaiyan, 2011). 
HOTAIR only exists in mammals and may differ between 
species (Gupta et al., 2010). It is hypothesised that HOTAIR has 
gained a functional importance in humans due to a rapid 
evolution.  HOTAIR is a term that is used to refer to the human 
transcript, while the mouse HOTAIR is denoted as mHOTAIR 
(Schorderet & Duboule, 2011). Here, the human HOTAIR 
sequence was assessed in mouse (Gupta et al., 2010).  

Breast Cancer              
Breast cancer is one of the most common cancers among women 
and involves the growth of tumours in the breast epithelial tissue 
(Jemal et al., 2011). Several studies support the role of HOTAIR 
in the cause and progression of breast cancer (Prensner & 
Chinnaiyan, 2011). In normal tissues, many non-coding RNAs 
act as tumour suppressors and protect the cells from cancer 
development (Croce, 2010). The protective mechanism is 

through the use of tumour suppressor genes. Some HOX 
lincRNAs are breast tumour suppressors, such as lncRNA HOX5 
(Gupta et al., 2010). The expression of these lincRNAs is 
deregulated in cancerous tissue (Raman et al., 2000). HOTAIR 
specifically silences a variety of these tumour suppressor genes 
namely the protocadherin family such as HOXD10 and PGR, as 
well as several metastasis suppressor genes including PCDH10, 
PCDHB5, and JAM2 (Figure 4) (Croce, 2010; Gupta et al., 2010; 
Kogo et al., 2011). Hence, the cells are not protected against 
uncontrolled division and cancer can ensue. HOTAIR is 
upregulated in cancer and this misregulation of the lincRNA has 
been proven to be detrimental to the prognosis of patients (Gupta 
et al., 2010). The transformation of breast epithelial cells is also 
associated with the EZH2 subunit, which is an enhancer of zeste 
homolog in humans. Its presence is similarly associated with the 
progression of breast cancer (Kleer et al., 2003).
 Additionally, the expression of HOTAIR in cancerous 
tissues increases the mobility of the cells. The nature of cancer 
allows the tumorous cells to move and invade other tissues, 
causing a phenomenon known as metastasis. There is a link 
between metastasis and over expression of HOTAIR as it is 
suspected to silence multiple metastasis suppressor genes (Gupta 
et al., 2010; Kogo et al., 2011). HOTAIR associates with and 
induces tri-methylation of these metastasis suppressor genes 
(Gupta et al., 2010). HOTAIR induces H3K27me3 and increases 
PRC2 expression in breast cancer cells (Gupta et al., 2010; Kogo 
et al., 2011). It was observed that these cells with the H3K27me3 
methylation profile resemble embryonic fibroblast cells (Gupta et 
al., 2010; Gibb et al., 2011). The nature of this reprogramming 
causes the metastatic mobile and invasive properties. HOTAIR 
expression is linked to a poor prognosis of breast cancer patients 
(Gupta et al., 2010). Although a lot of work has been done on 
HOTAIR’s  presence  in  breast  cancer,  it  is  becoming  increasingly  
evident that this lincRNA plays a regulatory role in a number of 
other cancers such as lung, hepatocellular, and colon cancer as 
well.                                                                                           

Lung Cancer               
Many cancers metastasize to the lung, but it has been found that 
cancerous tissues with the over expression of HOTAIR tend to 
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increase their mobility to the lung. In particular, the movement of 
cancerous   cells   from  breast   to   the   lung   is   discussed   in  Gupta’s  
paper (Gupta et al., 2010). The non-coding RNA MALAT-1 had 
previously characterized lung cancer, but evidence for the 
presence of HOTAIR in lung metastasis from the breast is strong, 
raising the possibility of it playing an important role as well 
(Gibb et al., 2011). When a non-metastatic cell line was induced 
with the expression of HOTAIR, the cell line was able to move 
to and invade the lung (Gupta et al., 2010; Liu et al., 2013).  

Hepatocellular Cancer                     
Hepatocellular carcinoma (HCC) presents itself with over 
600,000 cases per year worldwide. One growing problem with 
HCC is that patients treated with a liver transplant often suffer 
from tumour relapse and ultimately progression into metastasis. 
Thus the understanding of metastasis and cancer progression is 
important. In hepatocellular cancer, again, the over expression of 
HOTAIR is linked to cancerous tissue. Interestingly, the presence 
of HOTAIR in the tissue is linked to recurrence and relapse in 
patients (Yang et al., 2011). This is indicative of the transcripts 
ability to migrate and invade. HOTAIR expression was lower in 
non-cancerous tissue than in cancerous tissue (Geng et al., 2011; 
Yang et al., 2011). The cumulative relapse-free survival of 
patients with high HOTAIR expression was significantly lower 
than in patients with low expression of the lincRNA, as analysed 
by the Kaplan-Meier method and log-rank test (Geng et al., 
2011). Additionally, the cancerous tissue was more responsive to 
chemotherapy and became more sensitive to apoptosis mediated 
by TNF-a with lower expression of HOTAIR (Yang et al., 2011). 
The EZH2 subunit of PRC2 is also important in HCC, with high 
levels of expression in HCC of human cell lines (Sudo et al., 
2005).   The   confirmation   of   EZH2’s   importance   in   the  
progression of cancer indicates the importance of the collective 
interactions between the subunits that allow cancerous properties 
to progress.        

Colorectal Cancer                                
In a single study on colorectal cancer (CRC), it was found that 
the state of the tumour was related to the expression of HOTAIR. 
The depth of the tumour and differentiation of the cells were also 
related to the expression of HOTAIR. High HOTAIR expression 
was associated with metastasis in the liver. This indicates that the 
expression of HOTAIR and invasiveness of the cancerous cells 
are directly related. Increasing HOTAIR expression increased 
invasion, while decreasing HOTAIR expression decreased 
invasive properties. Therefore, it is likely that HOTAIR may be 
responsible for increasing the number of undifferentiated cancer 
cells. The increased expression of HOTAIR was an 
independently causative variable as invasive properties increased 
(Kogo et al., 2011). Further study on the invasive properties of 
colorectal cancer cells will be required to determine the role of 
HOTAIR as a causative factor in the progression of the disease.  

Diagnosis and Therapy                               
Cancer is a misregulation of pathways within the cell and 
lncRNAs are often associated with this misregulation in the 

cancerous tissue. There is a clear trend that the levels of 
expression are linked to cancer progression. Hence there are 
emerging proposals of the use of lncRNAs as biomarkers for 
cancer (Tsai et al., 2011). As discussed above, there is a strong 
relationship between the levels of lncRNAs in the cell and 
subsequent metastasis. This may have profound clinical 
implications. As seen in hepatocellular cancer, HOTAIR is not 
only a biomarker for the progression of cancer but also a marker 
for the potential relapse, indicating the transcript could be 
important in cancer risk assessment as well as in the process of 
classifying patient prognosis. The use of HOTAIR as a 
biomarker in hepatocellular cancer could prove to be clinically 
significant, particularly in patients undergoing liver transplants 
(Yang et al., 2011). Increased levels of HOTAIR can help 
estimate relapse-free survival in liver cancer patients. Similarly, 
it would be just as significant to use this relationship to 
determine the potential for metastasis from breast to lung as well 
as depth of the tumour in colorectal cancer (Gupta et al., 2010; 
Kogo et al., 2011). It seems clear that the use of HOTAIR as a 
biomarker can have immediate benefits if incorporated into 
clinical practice as a diagnostic tool. The interaction between 
HOTAIR and the two protein complexes, PRC2 and LSD1, are 
also instrumental in methylating the chromatin and as a 
consequence, they could also be used for diagnosing the 
methylation that occurs. A direct relationship between the 
HOTAIR associated protein expression and methylation is 
apparent: a high expression of PRC2 and LSD1 yields a high 
level of chromatin methylation and gene silencing by HOTAIR 
(Sudo et al., 2005). This relationship can be used as a diagnostic 
tool to further clarify the diagnosis.    
 In addition, breast cancer in particular is known to be 
highly resistant to chemotherapy and radiotherapy (Mego et al., 
2010). This is significant in that there is a need for alternative 
methods to treat the cancer. It is well characterized that the PRC2 
complex plays a fundamental role in the mechanism of HOTAIR 
mediated chromatin silencing and thus this could be a target for 
therapy. Exploiting the interaction of PRC2 and HOTAIR may 
interfere with the functional process of the chromatin silencing. 
Small molecule interference as well as oligonucleotide 
interference have been methods of interfering with small ncRNA 
and could therefore have the potential to work with the 
interference of HOTAIR and its respective protein subunits. A 
possible method of this interference could be the introduction of 
a competitive antagonist.  Additionally, fragmenting large 
ribonucleoprotein complexes would inhibit the formation of the 
HOTAIR and EZH2 complex (Tsai et al., 2011) and is, thus, a 
potential therapeutic strategy. In addition, developing a method 
of reversing the methylation mediated by HOTAIR by 
introducing demethylase complexes or introducing trithorax 
group proteins to counteract the effects of the PRC2 protein may 
re-activate the tumour suppressor genes.    
 It is significant to note that it is not only the mechanism 
but also the misregulation of lincRNAs that may be important to 
cancer progression (Gupta et al., 2010). Therefore, maintaining 
the function of the regulatory non-coding RNA would be an 
important task for therapeutics. This could be achieved by 
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suppressing the transcription of HOTAIR potentially by RNA 
interference (Tsai et al., 2011).  

CONCLUSION 
These four examples present compelling evidence for the 
importance of HOTAIR in the phenomenon of cancer and it is 
for this reason that the expression pattern of long non-coding 
RNA is rapidly becoming accepted as a hallmark of the disease 
(Gibb et al., 2011). Screening for the over expression of this 
transcript   in   patients’   cells   can   be   used   to   identify   cancer  
progression. Hence, HOTAIR can be used as a biomarker for 
cancer diagnosis. The current mechanistic understanding gives 
rise to potential therapies to target the functions of HOTAIR. 
Applications of such therapies are yet to be implemented, but a 
movement away from chemotherapy and radiation towards the 
direct targeting of HOTAIR could potentially have profound 
impacts on the treatment of cancer and patient survival.            .                 
  HOX transcript antisense intergenic long non-coding 
RNA, however, is not the only lincRNA transcribed at the HOX 
locus. There are still many aspects to the regulatory mechanism 
of ncRNA yet to be identified. Most lincRNAs use the PRC2 
pathway, hence, HOTAIR can be used as a model to help 
understand the mechanism of other lncRNAs (Khalil et al., 
2009).       
 It would be interesting to identify the metastatic trends 
between tissue types affected by tumours with cancer.  As there 
are several other non-coding transcripts that are prevalent in 
cancer, examining the associations and expression profiles of 
each transcript in cancer would greatly increase the 
understanding of the importance of lncRNA in the disease. In 
particular MALAT-1 is known to associate with lung cancer 
(Gibb et al., 2011) and it would be interesting to see if MALAT-
1  was  also  present  in  the  metastatic  lung  tissue  in  Gupta’s breast 
cancer patients. This could help elucidate the interaction of 
ncRNAs together, as cancer is a multi-factorial disease.
 Additionally, it is possible that the functions of both 
small and lncRNAs are intertwined (Nana-Sinkam & Croce, 
2011). Understanding the interdependence between the 
transcripts will be important for gaining a comprehensive 
understanding of the mechanism in which the genes are silenced 
as well as the potential treatment targets. It is important to the 
progression of the field that a complete list of ncRNA for bio-
marking in cancer be identified (Huarte & Rinn, 2010). 
 HOX transcript antisense intergenic RNA is becoming 
increasingly well-known and abundant in several tissue types and 
it is unlikely to be limited to the tissue and cancer types 
discussed in this review, therefore further exploration is required 
to enhance the understanding of the mechanistic action of 
lncRNA in cancer.                  
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