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Abstract: Gastrointestinal (GI) cancers presented an alarmingly high number of new 
cancer cases worldwide and are highly characterised by poor prognosis. The poor 
overall survival is mainly due to late detection and emerging challenges in treatment, 
particularly chemoresistance. Thus, the identification of novel molecular targets in GI 
cancer is highly regarded as the main focus. Recently, long non-coding RNAs (lncRNAs) 
have been discovered as potential novel molecular targets for combating cancer, as they 
are highly associated with carcinogenesis and have a great impact on cancer 
progression. Amongst lncRNAs, HOTTIP has demonstrated a prominent oncogenic 
regulation in cancer progression, particularly in GI cancers, including oesophageal 
cancer, gastric cancer, hepatocellular carcinoma, pancreatic cancer, and colorectal 
cancer. This review aimed to present a focused update on the regulatory roles of 
HOTTIP in GI cancer progression and chemoresistance, as well as deciphering the 
associated molecular mechanisms underlying their impact on cancer phenotypes and 
chemoresistance and the key molecules involved. It has been reported that it regulates 
the expression of various genes and proteins in GI cancers that impact cellular 
functions, including proliferation, adhesion, migration and invasion, apoptosis, 
chemosensitivity, and tumour differentiation. Furthermore, HOTTIP was also discovered 
to have a higher diagnostic value as compared to existing diagnostic biomarkers. 
Overall, HOTTIP has presented itself as a novel therapeutic target and potential 
diagnostic biomarker in the development of GI cancer treatment. 

Keywords: Molecular targets, lncRNA, HOTTIP, gastrointestinal cancer, cancer treatment, drug discovery. 

1. INTRODUCTION 

 Gastrointestinal (GI) cancers refer to malignant 
conditions of the digestive system, composed of the  
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oesophagus, stomach, biliary system (e.g., liver, 
gallbladder, and bile duct), small intestine, large 
intestine, rectum, and anus. It is considered one of the 
most prominent cancers, as GI cancers have occupied 
the top ten leading cancers in recent decades. In terms 
of the newest cancer cases reported in 2018 
worldwide, colorectal cancer (CRC) ranked fourth 
(1,096,601 cases), stomach cancer ranked sixth 
(1,033,701 cases) and liver cancer ranked seventh 
(841,080 cases). While rectum cancer and 
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oesophageal cancer (OC) ranked eighth (704,376 
cases) and ninth (572,034 cases), respectively. 
Besides, GI cancers also have a poor survival rate as 
stomach cancer is the leading cause of death 
worldwide, with 782,685 deaths reported in 2018 [1]. 
Treatments for GI cancers include surgery, 
chemotherapy, and radiotherapy, depending on the 
stage and severity of each cancer type [2]. Based on 
the recent findings, there is no specific treatment for 
cancer that could lead to significant benefits for 
patients [3].  

 The challenge of cancer treatment is the rise of 
resistance towards chemotherapy that leads to difficulty 
in the management of cancer [4, 5]. In fact, there is no 
single drug treatment that could completely cure 
cancer; thus, drug combination treatment is much 
preferred. However, this treatment strategy could 
increase the risk of gaining toxicity, thus becoming a 
limiting factor for drug combination treatment [3]. In this 
regard, most GI cancer patients suffer from 
chemotherapy-related toxicity, which reduces their 
quality of life. Although the first choice of GI cancer 
treatment is surgical resection; however, it is not a 
preferred treatment, as most patients are diagnosed at 
the late stage, which is unfavourable for surgery, and 
the tumour is enlarged or has been metastasised to the 
other parts of the body. Other than that, most patients 
have relapse episodes after surgery, making surgical 
treatment less efficacious for GI cancers [2]. Thus, it is 
an urgent need to discover new potential therapeutic 
targets to improve the management of GI cancers.  

 According to genome-wide association studies on 
cancer, over 80% of cancer-associated single 
nucleotide polymorphisms occur in non-coding regions 
of the genome [6]. Besides, it is reported that most of 
the cancer risk loci are in the non-coding regions that 
subsequently affect the relevant gene expression, as 
these regions have regulatory elements [7]. Non-coding 
RNAs (ncRNAs) are defined as an RNA molecule that 
is transcribed from DNA but not translated into protein. 
They function as a regulator of gene expression at both 
transcriptional and post-transcriptional levels [8]. They 
can be divided into two distinct classes, mainly based 
on the length of the nucleotides, namely long non-
coding RNAs (lncRNAs) and small non-coding RNAs 
(sncRNAs). SncRNAs consist of less than 200 
nucleotides, for example, small interfering RNAs, 
microRNAs, and picoRNAs, whereas lncRNAs 
comprise over 200 nucleotides [9]. LncRNAs play a 
significant role in many cancers, including GI cancers, 
in which they act as either an oncogene or tumour 
suppressor [10, 11]. Additionally, it has been reported 
that lncRNAs could affect cancer phenotypes by 
regulating chromatin remodelling, transcription co-
activation and repression, protein inhibition, post-
transcriptional modifications, and decoy elements [6].  

 To date, many lncRNAs have been discovered, and 
amongst which, HOTTIP plays significant biological 
roles in GI cancers [12]. For example, several studies 
have revealed that high HOTTIP expression is 
associated with lymph node metastasis, distant 

metastasis, poor tumour differentiation, and poor 
clinical stage [13, 14], all of which cause a poor 
prognosis that subsequently leads to a poor survival 
rate. Moreover, other studies have also reported that 
the expression levels of HOTTIP significantly affect the 
overall survival of cancer patients [13, 15]. This finding 
demonstrated that HOTTIP plays a significant role in 
cancer progression and could act as a cancer 
prognostic biomarker.  

 Thus, this review aims to provide a focused update 
on the regulatory roles of HOTTIP on various genes 
and proteins expression in the aspects of GI cancer 
progression and chemoresistance, as well as the 
underlying mechanism of actions and the key 
molecules that are involved in each mechanistic 
response. Therefore, it enables the evaluation of 
HOTTIP as a potential candidate becoming a novel 
therapeutic target for GI cancers. 

2. LONG NON-CODING RNA HOTTIP 

 The human genome sequencing of ENCODE 
project showed that only 2% of the human genome is 
protein-coding, while 98% is non-protein coding. This 
non-protein-coding region is transcribed into an RNA 
molecule that regulates the overall gene expression to 
influence growth, organ function, and disease 
progression [9]. Among ncRNAs, lncRNAs show 
significant molecular regulatory roles in cancer 
progression. It is transcribed by RNA Polymerase II 
and can be further categorised based on the location of 
the genome relative to the protein-coding genes, 
including antisense transcripts, bidirectional promoter 
transcription, enhancer-associated lncRNA, long 
intergenic ncRNA, and repetitive element-associated 
ncRNA [16, 17], as shown in Figure 1. LncRNAs can 
interact with other molecules, such as protein, RNA, 
and DNA, to exert their functions in chromatin 
organisation, epigenetic regulation, gene transcription 
and translation, RNA turnover, and genome defence 
[18]. 

 HOTTIP, which is located within the homeobox 
(HOX) genes, plays a vital role in tumorigenesis 
through regulating various genes expression [19]. In 
general, HOX genes encode transcription factors that 
regulate embryonic development and tissue 
homeostasis. A total of 39 transcription factors 
encoded by HOX genes have been identified in 
regulating a series of targeted genes in a downstream 
manner. There are four HOX gene clusters in humans, 
namely HOXA, HOXB, HOXC, and HOXD. Each 
cluster consists of nine to ten HOX genes [20], except 
for the HOXA cluster comprising 11 HOX genes. The 
gene expression along the body from proximal to distal 
is in the gradient pattern that is colinear with the 
position of the gene from 3′ to 5′. HOTTIP is a long 
intergenic ncRNA that is encoded at the 5′ end of the 
HOXA cluster, as illustrated in Figure 2. Its expression 
is highly concentrated at the anatomically distal human 
fibroblast, such as hand, foot, and foreskin; thus, it is 
termed as ‘HOXA transcript at the distal tip’ (HOTTIP) 
[21]. Furthermore, HOTTIP is also known as a locus 
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control element of the HOXA gene, as it coordinates 
the activation of 59 HOXA genes in vivo. This is due to 
the chromosomal looping at which two genomic loci are 
brought into close proximity by DNA-binding protein via 
epigenetic mechanisms. Chromosomal looping brings 
HOTTIP closes to 5′ HOXA genes. The close proximity 
with the target genes enables HOTTIP to induce their 
expression [22]. HOTTIP is one of the lncRNAs that 
exhibits enhancer-like properties. Enhancer is defined 
as a DNA element that acts at a distance to regulate 
protein-coding genes. It consists of a specific sequence 
that requires the binding of transcriptional factors to 
enhance the transcription of targeted genes. It has 
been reported that HOTTIP plays critical roles in 
regulating gene expression, either as a transcriptional 
activator or repressor, which certainly imitates the 
properties of enhancers [23].  

Fig. (2). HOTTIP transcription. The transcription of HOTTIP 

starts at the region nearby  5′ end of the HOXA gene cluster. 

3. REGULATORY ROLES OF HOTTIP IN 
GASTROINTESTINAL CANCERS 

 It has been reported that HOTTIP extensively 
regulates cancer progression [12]. In particular, it has 
shown significant regulatory roles in EC [24], gastric 
cancer (GC), hepatocellular carcinoma (HCC), 
pancreatic cancer (PC), and CRC [12], as summarised 
in both Table 1 and Fig. (3). The regulatory roles of 
HOTTIP and the associated molecular mechanisms, as 

well as key molecules involved along the mechanistic 
pathways, are discussed in the following sections 
based on different GI cancers.  

3.1. Oesophageal Cancer 

 EC is one of the fatal cancers having a poor 
prognosis, with an overall 5-year survival of only about 
19% [25]. EC has two subtypes, namely oesophageal 
adenocarcinoma (EAC) and oesophageal squamous 
cell carcinoma (ESCC). In comparison, ESCC 
contributes about 90% of the reported EC cases 
worldwide [1]. Currently, there is still no definite 
treatment for ESCC that could lead to significant 
survival benefits. The mainstay treatment for ESCC 
patients is surgery, and the combination of 
radiotherapy and chemotherapy is often given as 
preoperative therapy. While palliative treatment is used 
to prolong their survival rate, the patients cannot opt for 
surgery and/or chemotherapy [26]. Besides, ESCC is 
commonly diagnosed at the late stage; thus, palliative 
care is the only treatment option [27]. However, it has 
been reported that the response rate towards 
chemotherapy is only 19-40%, and about half of these 
patients do not achieve a good response [28]. This 
phenomenon increases the difficulty in managing 
ESCC patients and may increase the mortality rate and 
contribute to the poor prognosis of metastatic ESCC 
[29].  

 Chen et al. [30] reported that the expression of 
HOTTIP was significantly elevated in ESCC cells as 
compared to normal oesophageal cells. Additionally, 
HOTTIP expression was more prominent in the late-
stage tumour tissue and influenced the tumour size. It 
also affected cancer cell proliferation through cell cycle 
regulation. The percentage of cells in the G0/G1 cell 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Different types of lncRNAs. LncRNAs can be divided into bidirectional, intronic (within an intron), sense, intergenic 
(between two genes), antisense, and enhancer based on the location on the genome relative to the nearby protein-coding gene. 
(A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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phase was increased, while that in the S phase was 
decreased in response to the downregulation of 
HOTTIP. This result signified that HOTTIP silencing 
caused cell arrest at G0/G1 phase and subsequently 
inhibited the progression of ESCC cells to the S phase. 
In addition, the percentage of cell viability significantly 
decreased in HOTTIP-silenced ESCC cell lines, all of 
which indicating that HOTTIP silencing promotes cell 
cycle arrest that leads to decreased ESCC cell 
proliferation. Besides, HOTTIP was shown to promote 
metastasis of ESCC cells through epithelial-
mesenchymal transition (EMT). Interestingly, HOTTIP 
silencing resulted in the change of EMT-inducing 
protein expression levels, including E-cadherin, N-
cadherin, and vimentin [30]. According to Heerboth et 
al. [31], these proteins are vital for the metastasis of 
cancer cells. For example, E-cadherin is a marker of 
epithelial phenotype, and a decrease in its protein level 
can cause the loss of cell adhesion, which is favourable 
in promoting metastasis. In contrast, both vimentin and 
N-cadherin are the markers of the mesenchymal 
phenotype, whereby mesenchymal morphology confers 
cancer cells with the ability to migrate and differentiate 
into different types of cells. The increase in the 
mesenchymal markers is concomitant with the 
decrease of E-cadherin expression in cancer cell 
migration [31]. 

 Apart from these, HOTTIP has also been found to 
activate HOXA13 to promote cancer progression. An in 
vitro study showed that HOTTIP/HOXA promoted EC 
cell progression through the inhibition of apoptosis. 
This claim was evidenced by the increased levels of 
apoptotic proteins, including cleaved caspase-3, 
cleaved caspase-9, and Bax after HOTTIP/HOXA gene 
silencing. Similarly, Lin et al. [32] also reported that 
HOTTIP promoted metastasis via EMT, except that 
HOXA13 also plays a role in inducing EMT. The in vitro 
effects of HOTTIP on promoting tumour metastasis 
were supported by the results obtained from the in vivo 
nude mouse model. For example, it was measured that 
the number of migrating cells in the tissues of nude 
mice with a high level of HOTTIP/HOXA13 gene 
expression was much higher than in the control group. 
They further reported that HOTTIP could regulate 
HOXA13 through WDR5 and miR-30b. The 
downregulation of HOTTIP caused a decrease in the 
protein levels of WDR5 and H3K4me3 at the HOXA13 
promoter, thus leading to decreased gene transcription. 
This result indicated that HOTTIP plays a role in 
maintaining WDR5 at the promoter of the HOXA13 
locus to activate the transcription of the HOXA13 gene. 
Besides, HOTTIP silencing upregulated the expression 
of miR-30b. The transfection of miR-30b mimic into 
ESCC cells resulted in decreased mRNA levels of 
HOXA13. This may be due to that HOTTIP acts as a 
ceRNA that binds to miR-30b and consequently inhibits 
its function [32]. Thus, Lin et al. [32] deduced that 
HOTTIP could induce miRNA degradation in ESCC. 
MiR-30b functions as a tumour suppressor microRNA 
in ESCC through the integrin subunit alpha 5 (ITGA5), 
platelet-derived growth factor receptor beta (PDGFRB), 

and signalling pathways, such as PI3K/Akt, involved in 
ESCC regulation [33].  

 Compared to Chen et al. [30], Lin et al. [32] 
demonstrated much clearer evidence regarding the 
effects of HOTTIP on metastasis by conducting an in 
vivo study, which showed an increased tumour volume 
and intensity of cell migration. Additionally, they found 
that nude mice bearing overexpression of 
HOTTIP/HOXA13 had markedly higher intensity of cell 
migration and metastasis of nodule in lungs and liver 
area as compared to the control group [32]. Other than 
that, HOXA13 downregulation could reduce the 
expression of HOTTIP in ESCC cells. However, further 
investigation is required to determine whether HOXA13 
upregulation alone could regulate HOTTIP expression 
to be implicated in ESCC progression [31]. 

3.2. Gastric Cancer 

 GC ranks fifth among the most diagnosed cancers 
and ranks third among the deadliest cancers, with a 
survival rate of about 31%. About 90% of GC tumours 
are adenocarcinoma, which is defined as a malignant 
tumour formed from a glandular structure in epithelial. 
Risk factors of GC include Helicobacter pylori infection 
that is considered the primary cause in GC. Besides, 
environmental factors also play a significant role in 
developing GC, for example, intake of high dietary salt 
and processed meat [34-36]. It is commonly detected 
at the metastasis stage that results in a poor prognosis 
[37]. The early stages of GC are commonly 
asymptomatic compared to advanced stages, in which 
persistent abdominal pain, anorexia, weight loss, 
hematemesis, and persistent vomiting are observed 
[35, 36]. 

 Comparatively, HOTTIP has a higher potential to be 
a prognostic and diagnostic biomarker in GC patients 
than other GI cancers. A study showed that exosomal 
HOTTIP levels were abnormally high in patients with 
advanced tumour stage. In addition, the diagnostic 
capability of exosomal HOTTIP was higher than an 
existing diagnostic biomarker of GC [38]. To support 
this claim, several studies have also demonstrated that 
HOTTIP positively associates with the tumour size, 
tumour invasion, and overall survival of GC patients 
[39, 40]. Interestingly, Wang et al. [41] also found that 
HOTTIP was correlated with the metastasis of GC, as 
its expression levels were higher in malignant GC cells 
than non-malignant GC cells.  

 Chang et al. [40] reported that HOTTIP regulated 
GC progression by activating the HOXA13 gene. After 
HOTTIP silencing, it was observed that the mRNA 
levels of several HOXA genes (e.g., HOXA9, HOXA10, 
HOXA11, and HOXA13) were downregulated. Among 
HOXA genes, HOXA13 showed a significant decrease 
in the mRNA levels. Additionally, the downregulation of 
the HOXA13 gene demonstrated an inhibitory effect on 
cell growth, migration, and invasion, which are very 
similar to the effects of HOTTIP gene silencing. 
Furthermore, Wang et al. [41] demonstrated that 
HOXA13 gene silencing significantly downregulated 
HOTTIP, stipulating that HOXA13 may influence 



482    Current Molecular Medicine, 2022, Vol. 22, No. 6 Hamid et al. 

HOTTIP expression. Thus, it was concluded that the 
HOXA13 gene is involved in HOTTIP-induced GC 
phenotypes [40]. Intriguingly, similar to the ESCC, the 
HOXA13 gene also initiated GC cells by regulating a 
variety of EMT, namely, MSS/TP53+, MSS/TP53-, MSI, 
and MSI/EMT that further promotes metastases 
invasion [42]. The invasion capability of GC cells 
decreased when the mRNA levels of HOXA13 were 
downregulated. Also, HOXA13 downregulation could 
increase E-cadherin expression but not N-cadherin and 
vimentin [43]. 

 In GC, it was discovered that HOTTIP regulated 
HOXA13 gene expression by increasing the 
recruitment of the WDR5/MLL complex at the 5’-end of 
the HOXA cluster [41]. The increase of the WDR5/MLL 
complex was observed when the expression levels of 
HOTTIP were upregulated. Subsequently, the 
H3K4me3 level was increased at the E1 site of the 
HOXA13 promoter, thus initiating gene transcription. 
Other than that, HOXA13 was also positively 
associated with insulin growth factor-binding protein 3 
(IGFBP3). Homeobox protein Hox-A13 and IGFBP3 
were overexpressed in GC patients, with 63.2% 
(homeobox protein Hox-A13) and 28.6% (IGFBP3), 
respectively. Increased HOXA13 activated IGFBP-3 
promoter activity due to mutations in two putative HOX-
binding sites on the IGFBP3 promoter. Additionally, 
Wang et al. [41] also demonstrated a clear mechanism 
on how HOXA13 increased IGFBP3 protein levels by 
using a luciferase assay. The IGFBP-3 promoter was 
cloned to the luciferase reporter, and the HOXA13-
expressing construct was co-transfected into CS12 
cells. The result showed an increase in luciferase 
activity, signifying that HOXA13 enhanced the 
activation of the IGFBP-3 promoter. To further clarify 
whether the protein levels of IGFBP3 correlates with 
HOXA13 in regulating cancer progression, malignant 
GC cells were transfected with HOXA13 siRNA. It was 
found that HOXA13 gene silencing resulted in a 
significant reduction of IGFBP3 protein levels. 
Consequently, the reduced IGFBP3 also decreased the 
migration and invasion capacities of highly malignant 
GC cells [41]. Collectively, HOTTIP is associated with 
HOXA13 via WDR5/MLL and H3K4me3 to indirectly 
promote metastasis in GC through EMT and IGFBP3 
by increasing HOXA13 mRNA levels.  

 Insulin-like growth factors (IGF) play a significant 
role in regulating cancer cell proliferation, 
differentiation, and apoptosis. IGFBP3 is the protein 
that binds to IGF in the extracellular milieu to inhibit 
IGF-induced migration and antiapoptotic features. 
Apart from that, IGFBP3 also has IGF-independent 
functions, such as antiproliferative and proapoptotic 
effects. Among IGFBP members, IGFBP3 is found as 
the most abundant in the serum and tightly bound to 
IGF. It is expressed in most human tissues and various 
cell lines, including gastric cells. In conclusion, IGFBP3 
acts as a tumour suppressor that stimulates cell 
apoptosis and inhibits cell migration, as evidenced in a 
study that the suppression of IGFBP3 through hyper-
methylation of promoter IGFBP3 gene could trigger 
cancer cell proliferation [44]. However, the findings of 

Wang et al. [41] showed contradictory results, in which 
IGFBP3 induced GC cell proliferation. Furthermore, 
IGFBP3 gene silencing reduced cancer cell growth, 
proliferation, invasion, and migration. Thus, IGFBP3 
may act as a tumour oncogene that promotes GC cell 
growth, which contradicts the findings of its role as a 
tumour suppressor, particularly in GC. The contrasting 
differences of IGFBP-3 role might be due to the complex 
interplay between cellular microenvironment and the 
presence of cellular IGFBP-3 binding partners and 
growth factor receptors in which IGFBP-3 expression 
levels vary between cell lines and tumour tissues [45] 
and in different cell culture systems [46]. It could also be 
explained that either circulating levels of IGFBP-3 do not 
play a role or are non-reflective of the tumour 
microenvironment [47]. 

 Besides, it has been reported that lncRNAs 
aberrantly regulate various cell functions, such as cell 
cycle, apoptosis, autophagy, and metabolisms, which 
are associated with chemosensitivity [48]. Similarly, 
several studies have demonstrated HOTTIP 
upregulation in cisplatin-resistant GC cells. Wang et al. 
[49] further indicated that extracellular HOTTIP could 
be incorporated into exosomes via the activation of 
HMGA1 and transmitted to sensitive cells, possibly to 
disseminate cisplatin resistance. The underlying 
mechanism of HOTTIP expression in promoting 
cisplatin resistance in GC cells is through sponging 
miR-216a-5p overexpression to further decrease Bcl-2 
expression and enhance Beclin1 expression, which 
leads to active autophagy [50]. 

3.3. Hepatocellular Carcinoma 

 HCC is characterised by high mortality and short 
survival time, with an estimated 5-year survival rate of 
only 6.9%. The poor survival rate may be due to the 
late detection in most HCC patients [51]. It is commonly 
asymptomatic at the early stages but shows symptoms 
when the tumour diameter exceeds 10 cm. The 
preferred treatment of HCC is surgical resection for 
early stages patients when the tumour is still small and 
limited to one lobe of the liver. However,  liver 
transplantation is required for advanced stages [52]. It 
has a high prevalence in Asian countries, contributing 
about 76% of all reported cases [53]. The primary risk 
factor of HCC is a chronic infection of viral hepatitis. 
Other risk factors include cirrhosis, chronic viral 
hepatitis, alcohol abuse, obesity, hemochromatosis, 
alfa1-antitrypsin deficiency, and aflatoxin-like toxins [52, 
54, 55].  

 Compared to normal liver tissue, it was reported 
that the expression of HOTTIP was 4.67-fold higher in 
HCC tissue. Besides, its expression was highly 
dominant in the late stages of HCC, particularly third 
and fourth [56]. This finding was also supported by the 
findings of Tsang et al. [56], in which HOTTIP mRNA 
expression was significantly high in most HCC patients 
(81.4%). However, they also discovered that HOTTIP 
was overexpressed at the early stage of HCC, resulting 
in a potential biomarker for HCC diagnosis. This result 
is opposed to the findings of Zhang et al. [57]. It was 



Molecular Regulatory Roles of Long Non-coding RNA HOTTIP Current Molecular Medicine, 2022, Vol. 22, No. 6    483 

also observed that HOTTIP upregulation was positively 
associated with tumour progression, as evidenced in 
an in vivo model. In the nude mice injected with HCC 
cells, it was observed that reduced levels of HOTTIP 
significantly suppressed the tumour growth. Besides, 
HOTTIP silencing also decreased the migration rate 
and pulmonary metastasis of HCC, implying its 
significant role in HCC progression [57]. In another 
study carried out by Wu et al. [58], the expression 
levels of HOTTIP were markedly higher in cancerous 
tissues compared to healthy liver tissues, which is 
consistent with the findings of Zhang et al. [51]. 
Additionally, they found that high HOTTIP expression 
levels in HCC patients positively implicated the overall 
survival rate, tumour recurrence after liver transplant, 
and sensitivity towards chemotherapy, such as 
doxorubicin, etoposide, and oxaliplatin [58]. 

 Apart from these, several studies have reported that 
regulating HOTTIP in HCC is related to the HOXA13 
gene [59, 60]. For example, increased expression of 
both HOTTIP and HOXA13 was detected in HCC 
biopsies. Furthermore, it was observed that the 
expression levels of the HOXA13 gene were 
downregulated to 42.3% after reducing the mRNA 
levels of HOTTIP to 53.3% in HCC cells by using the 
RNAi-mediated technique. This result indicated that 
HOTTIP regulated HOXA13 expression levels. The 
reduced expression of both HOTTIP and HOXA13 also 
led to decreased cell proliferation index [59]. 
Furthermore, it is also postulated that HOXA13 may 
influence HOTTIP expression, as HOXA13 gene 
silencing reduced HOTTIP expression, resulting in a 
significant reduction in HCC cell proliferation. However, 
HOXA13 upregulation showed no significant increase 
in HOTTIP expression and did not affect HCC cell 
migratory properties but induced a higher apoptosis 
rate and reduced proliferation rate [55]. 

 As it has been detected that HOTTIP regulates the 
HOXA13 gene, thus HCC patients with high HOXA13 
expression levels also showed poor tumour 
differentiation and poor prognosis rate. In addition, 
HOXA13-overexpressed cells showed resistance 
towards sorafenib treatment, as their proliferation was 
not affected [60]. The regulation of the HOXA gene by 
HOTTIP is via a cis-manner, where HOTTIP is located 
at the distal end of the HOXA cluster, as depicted in 
Figure 3. It has been shown that HOTTIP upregulation 
positively regulates the neighbouring HOXA gene, as a 
marked increase in the HOXA gene has been 
observed, particularly in HOXA13 [57]. 

3.4. Pancreatic Cancer 

 PC is the fourth leading cause of cancer-related 
deaths worldwide [61, 62]. Statistically, it ranked 
fourteenth as the most cancer cases reported and 
seventh in terms of mortality in 2018 [1]. As it is difficult 
to treat, it is known as a rapidly fatal cancer. This 
condition is due to the fact that there is currently no 
diagnostic marker for early diagnosis, and the 
biological features of PC are aggressive that results in 
multiple resistance towards treatment and rapidly 

progressive metastasis [63]. Unlike other tumours, no 
sensitive and specific markers have been detected to 
aid the detection of PC. Besides, the treatment options 
for PC are limited, as it is known to be complex at 
genomic, epigenetic, and metabolic levels, with multiple 
activated pathways and evident crosstalk [64].  

 High HOTTIP expression has been observed in 
several PC cell lines, such as Panc1, L3.6pL, and 
MiaPaCa2, and can influence their proliferation [65]. 
Besides, HOTTIP downregulation induced a cell cycle 
arrest at the G2/M phase, indirectly inhibiting PC 
progression. Additionally, reduced mRNA levels of 
HOTTIP also triggered cell apoptosis, as evidenced by 
an increase in Annexin V and PARP cleavage [66]. 
Apart from these, Cheng et al. [66] also investigated 
the regulatory effect of HOTTIP on other genes by 
conducting bead chip array analysis. The analysis 
showed that HOTTIP could regulate the expression of 
several pancreatic carcinogenesis-promoting genes, 
including AURKA, AHNAK, GDF15, SGK1, and CD44 
[66]. They further investigated the effect of AURKA 
gene silencing on carcinogenesis because AURKA has 
played an important role in carcinogenesis, particularly 
in PC [67, 68]. A decrease in AURKA gene expression 
caused a decrease in Panc1 cell growth in which the 
percentage of cells in the G0/G1 phase was 
significantly decreased, whereas the percentage of 
cells in both S and G2/M phases increased. AURKA 
gene silencing also increased Annexin V staining and 
PARP cleavage, as well as inhibited cancer cell 
migration. Overall, downregulation of the AURKA gene 
in PC cells causes inhibition of cell growth through cell 
cycle arrest, induction of cell apoptosis, and inhibition 
of cell migration [66].   

 Unlike the findings observed in other GI cancers, 
Cheng et al. [66] further demonstrated that HOTTIP did 
not regulate the expression of the HOXA13 gene, as 
only a slight decrease in HOXA13 mRNA levels was 
observed after HOTTIP silencing. Nonetheless, 
HOTTIP silencing led to a marked decrease in the 
expression of HOXA10 (>80%), HOXB2 (>60), 
HOXA11 (>75%), HOXA9 (>80%), and HOXA1 (>60%) 
genes [66]. However, this finding is opposed to the 
findings reported by Li et al. [69], in which HOTTIP can 
regulate the expression of the HOXA13 gene to 
implicate PC progression. For example, when HOTTIP 
was downregulated, HOXA13 mRNA levels also 
markedly decreased compared to the other HOXA 
genes. To further prove the correlation between 
HOTTIP and HOXA13 gene, a correlation scatterplot 
(Spearman test) of HOTTIP and HOXA13 expression in 
PC was conducted. The result showed a positive 
correlation between HOTTIP and HOXA13 gene (rs = 
0.7008) [69]. Spearman rho (rs) value was between 
0.61 to 0.80, indicating a strong and positive correlation 
between them [70]. Such a contrast finding reported in 
both studies could be due to different PC cells used. 
For example, Cheng et al. [63] used Panc-1 cells, while 
Li et al. [66] used SW1990 and MIA PaCa-2 cells. Both 
SW1990 and Panc1 cells are different in the 
expression of several proteins and growth 
characteristics [71]. For Panc1 and MIA PaCa-2 cells, 
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they have different phenotype and genotype 
characteristics [72]. 

 Similarly, Li et al. [69] further identified that HOTTIP 
induced PC cell metastasis via EMT. This claim is 
supported by the results that both mRNA and protein 
levels of vimentin and Snai1 were downregulated, while 
the opposite was observed for E-cadherin after 
HOTTIP silencing in SW1990 and MIA PaCa-2 cells. In 
another study, it was found that HOTTIP regulated 
HOXA9 gene expression in PC stem cells, leading to a 
rapid cancer progression. HOTTIP regulated HOXA9 
through binding to WDR5. In RNA immunoprecipitation 
using WDR antibody, HOTTIP precipitated with WDR5, 
and a HOTTIP fragment was bound to WDR5. When 
WDR5 was downregulated, the mRNA levels of 
HOXA9 were also reduced [73]. Apart from these, Ye 
et al. [74] discovered that HOTTIP regulated 
metabotropic glutamate receptor 1 (mGluR1) pathway 
in PC. For example, low HOTTIP expression in PC 
cells resulted in decreased protein levels of mGluR1, 
phosphoinositide 3-kinase (PI3K), p‑protein kinase B 
(Akt) and p‑mTOR, which are known to play a crucial 
role in cell growth and survival. mGluRs are a family of 
G-protein-coupled receptors, which are mostly located 
in the brain because of their functions in synaptic 
transmission and neuronal excitability in the central 
nervous system [75]. mGluR1 can activate PI3K/Akt 
and mitogen-activated protein kinase pathways, at 
which these pathways play a significant role in 
regulating cell proliferation and restraining apoptosis 
[74, 76]. Thus, mGluR1 inhibition could reduce the 
activation of PI3K/Akt mechanistic target of rapamycin 
pathway in PC [74].  

 In addition to cancer progression, HOTTIP also 
regulates PC chemosensitivity. Li et al. [69] reported 
that HOTTIP downregulation increased the 
chemosensitivity of PC in response to the treatment of 
first-line chemotherapy, gemcitabine, as evidenced in 
both in vitro and in vivo models. A lower IC50 
(1.956 ± 0.353 μM) for gemcitabine was observed in 
HOTTIP-silenced PC cells compared to the control 
group. Interestingly, the combination treatment of 
gemcitabine and HOTTIP silencing in nude mice 
promoted a marked reduction in the tumour volume as 
compared to individual treatment. Besides, Yin et al. 
[77] demonstrated that HOTTIP regulated miR-137 to 
exert its chemoresistance-inducing role in PC. HOTTIP 
expression levels were elevated, while miR-137 
expression was reduced in chemoresistant-PC cells. It 
further found that HOTTIP downregulation in 
chemoresistant-PC cells significantly increased miR-
137 expression levels. This finding indicated that 
HOTTIP regulated miR-137 expression in 
chemoresistant PC cells [77]. MiR-137 is reported to 
function as a tumour suppressor in PC, in which it 
inhibits tumour formation by reducing the size and 
weight of tumour in vivo [78]. Additionally, it has also 
been shown to increase the chemosensitivity among 
PC patients and halts the tumour invasion. These 
conditions are due to miR-137 overexpression in PC 
cells that restrain cancer cell invasion and increase the 
sensitivity towards 5-fluorouracil. However, the 

development of chemoresistance towards 5-fluorouracil 
is along with the markedly reduced expression of miR-
137 [78]. 

3.5. Colorectal Cancer (CRC) 

 In 2018, CRC ranked third in the highest incidence 
rate and the second-highest in the mortality rate [1]. It 
is estimated that CRC cases and deaths will increase 
up to over 2.2 million and 1.1 million, respectively, by 
2030 [79]. Besides, it has a limited early diagnosis with 
vague and non-specific symptoms presented in 
patients [80]. It has been shown that a delay in 
diagnosis may lead to late treatment, eventually 
resulting in cancer progression [81, 82]. The 
development of CRC is closely related to the genetic 
mutation of both tumour suppressors and oncogenes. 
The CRC epigenome is found to have hundreds to 
thousands of abnormally methylated genes, which 
control the CRC features and biological behaviours 
[83]. The most common genetic mutations are 
chromosomal changes and translocations that affect 
important pathways (e.g., WNT, MAPK/PI3K, TGF-β, 
and TP53) and genes (e.g., c-MYC, KRAS, BRAF, 
PIK3CA, PTEN, SMAD2, and SMAD4). Besides, 
alterations in ncRNAs, such as lncRNAs or miRNAs, 
also contribute to CRC development and progression 
[84]. 

 For CRC, HOTTIP has been reported to be 
associated with proliferation, invasion, and prognosis. 
HOTTIP overexpression was detected in malignant 
CRC tissues compared to non-malignant tissues [85, 
86]. CRC cell proliferation was significantly decreased 
after HOTTIP silencing by inducing apoptosis and 
inhibiting cancer cell migration. Furthermore, HOTTIP 
mediated CRC cell proliferation by enhancing the cell 
cycle, as evidenced by a high percentage of cells in the 
G1/G0 phase after HOTTIP downregulation compared 
to the control group [85].  

 Similarly, it was reported that HOTTIP regulated 
CRC metastasis through EMT induction. HOTTIP 
downregulation significantly decreased the protein 
levels of mesenchymal markers (e.g., vimentin and N-
cadherin) and increased E-cadherin. This result 
indicated that HOTTIP induces proliferative and 
mesenchymal phenotypes in CRC cells, enabling them 
to acquire invasive properties [85]. Besides, the 
regulatory roles of HOTTIP in CRC involve the 
participation of several proteins, such as  p21 [12], 
SGK1 [18], and DKK1 [87]. For example, reduced 
mRNA levels of HOTTIP caused a cell cycle arrest in 
the G1/G0 phase, which may involve cell cycle inhibitor 
proteins, namely p53, p21, or p27 [12]. Given the 
important role played by p21 in the CRC cell cycle, Lian 
et al. [12] investigated whether HOTTIP could reduce 
p21 protein levels to enhance CRC cell proliferation 
using both in vitro and in vivo models. The results 
demonstrated that p21 protein was significantly 
elevated in HOTTIP-silenced DLD-1 and SW480 cells. 
Additionally, the inhibition of tumour growth was shown 
in the histopathological and immunohistochemical 
analyses, and upregulation of p21 mRNA levels was 
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observed in HOTTIP-silenced xenograft mouse [12]. 
These findings suggested that HOTTIP regulates the 
expression of cell cycle inhibitory protein, particularly 
p21, to regulate CRC cancer cell proliferation.  

 The regulatory role of HOTTIP also requires serum 
and glucocorticoid regulated kinase 1 (SGK1) protein to 
affect CRC cell proliferation, invasion, and migration. 
This claim is supported by the evidence that when 
HOTTIP was silenced, SGK1 protein levels were 
markedly decreased in HCT-116 and SW620 cells. It 
has been reported that the target sequence of HOTTIP 
can suppress SGK1 expression levels, as measured in 
luciferase reporter assay, indicating that HOTTIP can 
regulate SGK1 expression. The upregulation of SGK1 
gene expression caused an increase in the protein 
levels of glycogen synthase kinase 3 beta (GSK3β), β-
catenin, c-myc, vimentin, and matrix metallopeptidase 
7 (MMP-7), and a decrease in the protein levels of E-
cadherin, Forkhead box O3 (FoxO3a), p27, and Bim in 
both cells [18]. The importance of GSK3β, β-catenin, c-
myc, and MMP-7 is due to their involvement in the 
Wnt/β-catenin pathway to promote colon tumour 
proliferation, survival, and metastasis [88]. At the same 
time, both vimentin and E-cadherin are associated with 
cell invasion [89]. Lastly, FoxO3a, p27, and Bim have 
been demonstrated to involve in cell cycle arrest and 

apoptosis [90]. SGK1 protein is a member of the AGC 
kinase family, whereby it can phosphorylate various 
proteins to regulate cell growth, proliferation, apoptosis, 
and survival [91]. For example, SGK1 phosphorylates 
glycogen synthase kinase 3 (GSK3) to prevent GSK3 
from degrading β-catenin that can eventually lead to 
the accumulation of oncogenic β-catenin [92]. 
Increased β-catenin subsequently promotes the 
transcription of Wnt-triggered genes to increase cancer 
cell proliferation [93]. Additionally, SGK1 can also 
phosphorylate and suppress FoxO3a protein. FoxO3a 
protein is a family of FOXO proteins, which function as 
a tumour suppressor to confer anti-proliferative and 
pro-apoptotic properties [94]. Phosphorylated FoxO3a 
by SGK1 at the regulatory sites (Thr32 and Ser315) 
consequently lead to the inhibition of cell cycle arrest 
and apoptosis induced by FoxO3a protein [95]. Thus, 
HOTTIP is claimed to regulate SGK1 to implicate in 
CRC cell proliferation.  

 In addition to cancer progression, HOTTIP can be 
involved in CRC metastasis through the inhibition of 
tumour suppressors, such as the Dickkopf-1 (DKK1) 
gene [87]. Rui et al. [87] investigated the possible 
mechanism of CRC metastasis by examining the 
 

Fig. (3). Summary of regulatory mechanisms of HOTTIP in gastrointestinal cancers. HOTTIP regulates different GI cancers 
through different mechanisms. Some GI cancers share similar mechanisms, for instance, via HOXA13 and EMT proteins (e.g., 
Vimentin, N-cadherin, and E-cadherin). It decreases the protein levels of epithelial marker (E-cadherin) while increases that for 
mesenchymal markers (e.g., N-cadherin and vimentin) to induce EMT for promoting metastasis in ESCC, GC, PC, and HCC. 
Besides, HOTTIP also increases HOXA13 expression levels through WDR5/MLL binding complex in ESCC, GC, HCC, and PC. 
Increased HOXA13 expression upregulates IGFBP3 protein levels in GC. Apart from these, HOTTIP also inhibits cell apoptosis 
by reducing the protein levels of Caspase 3, Caspase 9, and Bax in ESCC cells. Other genes that are also regulated by HOTTIP 
include AURKA, AHNAK, GDF15, SGK1, CD44, p21, DKK1, miR-30b, and miR-137, which are associated with metastasis, 
invasion, migration, cell growth, cell survival, cell apoptosis and/or chemoresistance of GI cancers. 
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Table 1. Regulatory roles of HOTTIP in GI cancers. 

Type of 
GI 

Cancer 

Disease 
Model 

Expression 
of LncRNA 

HOTTIP 

Regulated 
Molecule 

(Gene/Protein) 

Expression of 
Regulated 
Molecule 

Biological Activity Refs. 

N-cadherin, 
Vimentin 

Upregulated Enhanced migration; promoted 
metastasis 

In vitro 

E-cadherin Downregulated Loss of cell adhesion 

[30] 

HOXA13 Upregulated Inhibited cell apoptosis, promote 
metastasis 

Cleaved-caspase 
3, cleaved caspase 

9, Bax 

Downregulated Inhibited cell apoptosis 

EC 

In vitro and 
in vivo 

Upregulated 

miR-30b Downregulated Inhibited cell apoptosis; promoted 
metastasis 

[32] 

In vitro HOXA13 Upregulated Promoted growth, migration, and 
invasion 

[40] 

E-cadherin Downregulated Loss of cell adhesion In vitro 

N-cadherin, 
Vimentin 

Upregulated Promoted metastasis; enhanced 
migration 

[43] 

GC 

In vitro and 
in vivo 

Upregulated 

IGFBP3 Upregulated Promoted migration, invasion and 
chemoresistance 

[41] 

HCC In vitro Upregulated HOXA13 Upregulated Increased proliferation, poor 
tumour differentiation, poor 

prognosis rate, and 
chemoresistance 

[59, 60] 

Annexin V Downregulated Inhibited cell apoptosis 

AURKA, AHNAK, 
GDF15, SGK1, 

CD44 

Upregulated Promoted carcinogenesis 

[66] 

HOXA13 Upregulated Promoted cancer progression 

Vimentin, Snai1 Upregulated Promoted metastasis 

E-cadherin Downregulated Induced loss of cell adhesion 

[69] 

In vitro and 

in vivo 
 

HOXA9 Upregulated Induced rapid cancer progression [73] 

In vitro mGluR1, PI3K, 
p‑Akt, p‑mTOR 

Upregulated Promoted cell growth and survival [74] 

PC 

In vitro 

Upregulated 

miR-137 Downregulated Promoted chemoresistance [77] 

Vimentin, N-
cadherin 

Upregulated Promoted invasion 

E-cadherin Downregulated Induced loss of cell adhesion 

[85] In vitro and 
in vivo 

 

p21 Downregulated Enhanced proliferation [12] 

In vitro SGK1 Upregulated Induced cell proliferation, invasion, 
migration; inhibited the apoptosis 

[18] 

CRC 

In vitro and 
in vivo 

Upregulated 

DKK1 Downregulated Enhanced metastasis [87] 

 

mRNA levels of metastasis-associated and EMT-
associated genes (e.g., E-cadherin, N-cadherin, 
vimentin, DKK1, EMP1, and FN1) in silenced-HOTTIP 
SW480 cells. Among these genes, DKK1 expression 
significantly increased at both mRNA (2.5-fold) and 
protein (2.0-fold) levels. In contrast, HOTTIP 
expression did not influence the expression of EMT-
associated genes in SW480 cells. Furthermore, the 
percentage of migratory cells after co-transfection with 

both HOTTIP and DKK1 siRNA was significantly higher 
than HOTTIP-silenced CRC cells [87]. This result 
indicated that DKK1 downregulation could delete the 
silencing effect of HOTTIP in CRC cells. DKK1 
functions as an inhibitor of the Wnt signalling pathway, 
which has been shown to regulate the proliferation of 
multiple cancers, including CRC [96, 97], HCC [98], 
and GC [99, 100]. Therefore, an alteration in any 
molecular component that links to the Wnt signalling 
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pathway would trigger carcinogenesis. In CRC, DKK1 
expression suppressed by HOTTIP can also cause the 
loss of its function to antagonise the Wnt signalling 
pathway, thus activating the pathway to induce cell 
proliferation [87, 101, 102].  

CONCLUSION 

 In summary, the regulatory roles of HOTTIP in GI 
cancers show pronounced effects in carcinogenesis 
through various underlying mechanisms of actions 
involving numerous key molecules in exerting biological 
effects that are prominently in cancer progression and 
chemoresistance. HOTTIP aids in proliferation, 
invasion, migration, and chemoresistance through 
regulating various genes and proteins in GI cancers. 
Notably, the most common gene regulated by HOTTIP 
in GI cancers is HOXA13. However, in PC, there are 
contradictory findings between studies that used 
different cells, whereby one study found that the 
HOXA13 gene did not regulate by HOTTIP, while the 
other study found the opposite. Thus, further 
investigations should be conducted to fully understand 
the regulatory roles of HOTTIP in cancer phenotypes. 
Another noteworthy view is that it has been shown that 
HOXA13 downregulation can suppress HOTTIP 
expression; however, its regulatory roles in HOTTIP 
expression and mediated cancer progression and 
chemoresistance are still limited and deserve further 
confirmation. Other than that, HOTTIP commonly 
promotes metastasis by regulating EMT-related genes 
and proteins, such as vimentin, E-cadherin, N-
cadherin, and Snai1 in most GI cancers. It also plays a 
crucial role in promoting GI cancer chemosensitivity, 
particularly GC, HCC, and PC, via the regulation of 
miRNAs, particularly miR-216a-5p and miR-137. 
However, compared to cancer progression, the 
regulatory roles of HOTTIP in GI cancer 
chemoresistance are still limited and require more 
investigations. Whether GI cancer phenotypes could 
affect the regulation of HOTTIP in inducing 
chemoresistance and whether HOTTIP is greatly 
implicated in GI chemoresistance, more future research 
is required to have a better understanding. Based on 
the studies reviewed above, HOTTIP represents a 
potential therapeutic target for GI cancer treatment, as 
well as a diagnostic biomarker for early detection. Due 
to high HOTTIP expression in GI cancers, HOTTIP 
downregulation greatly decreases cell proliferation in 
both in vivo and in vitro studies, making it possible to 
be a novel therapeutic target in clinical application and 
presenting an excellent opportunity for further 
advancement in GI cancer treatment. This claim is 
because biological treatments, particularly targeted 
therapy, including RNA-targeted drugs, are on the rise 
in precision oncology. In general, this review has 
deciphered that HOTTIP is potentiated to be developed 
as an RNA-targeted drug for combating GI cancers. 
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