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Abstract
CRC is the third most common cancer occurring worldwide and the second leading cause of cancer deaths. In the year 2020, 
1,931,590 new cases of CRC and 935,173 deaths were reported. The last two decades have witnessed an intensive study 
of noncoding RNAs and their implications in various pathological conditions including cancer. Noncoding RNAs such as 
miRNAs, tsRNAs, piRNAs, lncRNAs, pseudogenes, and circRNAs have emerged as promising prognostic and diagnostic 
biomarkers in preclinical studies of cancer. Some of these noncoding RNAs have also been shown as promising therapeutic 
targets for cancer treatment. In this review, we have discussed the emerging roles of various types of noncoding RNAs in 
CRC and their future implications in colorectal cancer management and research.
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Introduction

According to GLOBOCAN 2020 database, CRC is the 
third most common cancer (after breast and lung cancer) 
occurring worldwide and the second (after lung cancer) 
leading cause of cancer deaths. In men, CRC is the third 
most commonly diagnosed cancer as well as the cause of 
cancer-related death, and in women second most commonly 
diagnosed cancer and the third most common cancer-related 
death. Males are having a higher incidence and mortal-
ity from CRC compared to females and among different 
continents, Asia is having the highest incidence, 5-year 
prevalence as well as mortality from CRC. The estimated 
global burden of CRC by 2030 is projected to increase by 
60% that will lead to 2.2 million new cases and 1.1 mil-
lion annual deaths [1]. Another unexpected finding suggests 
that CRC is decreasing in the older age group, increasing 
in the younger age group [2] and it is increasing faster in 

developing countries compared to developed countries [3]. 
CRC is having overexpression of the Wnt signaling path-
way [4], dominant epithelial-mesenchymal transition (EMT) 
program [5], epigenetic dysregulations [6], and any drug 
inhibiting these pathways [7, 8] have the potential to inhibit 
colon carcinogenesis. Hence, finding some novel prognostic 
and diagnostic markers and appropriate drug targets is very 
urgent and needs of the time. RNA plays a very important 
role in the expression of genes and genetic regulation in 
the form of protein-coding or noncoding RNAs. Some of 
the important noncoding RNAs dysregulated in cancer are 
long noncoding RNAs (lncRNAs), 7SK small nuclear RNAs 
(snRNA), and microRNAs. Changes in the expression of 
non-coding RNAs, processing factors, and their mutations 
have implications in carcinogenesis. N6-methyladenosine 
modification in RNA has been shown to play an important 
role in cancer growth and development [9].

Different classes of non‑coding RNAs 
and their roles in cancer

There are multiple types of RNAs in a cell but in recent 
times non-coding RNAs (ncRNAs) which constitute 90% of 
RNAs and do not translate into proteins have been shown to 
play a very important role in physiology, development, and 
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pathogenesis [10]. Non-coding RNAs have been classified 
into different classes (shown in Fig. 1) based on their size 
and RNAs involved in cancer pathology are miRNAs, tsR-
NAs, piRNAs, and lncRNAs. Among various types of non-
coding RNAs, miRNAs are the most extensively studied and 
multiple clinical trials are undergoing which involve some 
aspects of miRNA biology [11]. miRNA-based drugs that 
can increase or decrease the target microRNAs (miRNAs) 
are being extensively investigated in different types of can-
cers. ncRNAs present in blood can be used for the screening 
of different diseases including cancer and recently RNAi 
drug Onpattro™ has been approved and Spinraza®, an RNA 
targeting oligonucleotide drug has been successfully used in 
the clinic which hints toward promising therapeutic uses of 
these classes of molecules in the coming future. Some of the 
important classes of non-coding RNAs and their functions 
are summarized in Table 1 and an image of all the repre-
sentative classes of noncoding RNAs dysregulated in colon 
cancer is shown in Fig. 1.

MicroRNAs

MicroRNAs (miRNAs) are 22 nucleotides in length and 
regulate mRNAs by binding to their 3′ end with the com-
plementary sequences. miRNA coding genes are transcribed 

by RNA pol II and they undergo an evolutionarily conserved 
processing pathway to form the mature and functional miR-
NAs. Pri-miRNA which has a hairpin structure is recog-
nized by Drosha, a Class 2 ribonuclease III enzyme and 
DGCR8 (DiGeorge syndrome critical region 8) and cleaved 
into 60 nucleotides (pre-miRNA). Pre-miRNA thus formed 
is exported from the nucleus to the cytoplasm by the Ran-
GTP complex and Exportin 5 and the Pre-miRNA in the 
cytoplasm is acted upon by Dicer (an endoribonuclease or 
helicase with RNase motif) to form a duplex miRNA that 
has 5′ phosphate and 3′ overhangs of 2 nucleotides. Guide 
RNA (one of the strands of miRNA duplex) binds with 
Argonaute protein and forms an RNA-induced silencing 
complex (RISC), which also contains mature 22 nucleotide 
miRNA. Mature miRNA binds to 3′ UTR of mRNA and 
induces its degradation or suppresses its translation [12]. 
miRNAs are the most intensively studied non-coding RNAs 
compared to tsRNAs and piRNAs and the miRNAs can act 
as a tumor suppressor as well as oncogenes (oncomiRs). 
Each miRNA can regulate multiple mRNAs and each mRNA 
can be regulated by multiple miRNAs and miRNAs can 
regulate the expression of thousands of coding and noncod-
ing genes including oncogenes such as RAS, MYC, and 
EGFR, and tumor suppressors such as TP53, PTEN, and 
BRCA1. Oncogenic miRNAs can promote cell proliferation 

Fig. 1   Representative classes of non-coding RNAs that are known 
to be dysregulated in colorectal cancer. Noncoding RNAs shown in 
green are upregulated, those shown in red are downregulated in CRC. 
CRC​ Colorectal cancer, circRNAs Circular RNAs, miRNAs MicroR-

NAs, lncRNAs Long noncoding RNAs, EV RNAs Extracellular vesic-
ular RNAs, piRNAs PIWI-interacting RNAs, tsRNAs tRNA-derived 
small RNAs
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and induce tumor formation and it might inhibit the tumor 
suppressors or it might remove the genetic break on onco-
gene expression. miR-155 promotes abnormal proliferation 
of the B cells [21], miR-21 expression is very high in B-cell 
lymphoma and lung cancer [22], and miR-10b expression 
is very high in glioblastomas [23]. These miRNAs show 
oncogene addiction as the survival of the tumor is depend-
ent on the continued expression of these miRNAs. Let-7 
miRNA suppresses the RAS oncogenic pathway because 
there are multiple complementary let-7a binding sites on 3′ 
UTRs of KRAS, NRAS, and HRAS mRNAs [24]. miR-15a 
and miR-16-1 are tumor suppressor miRNAs but when it is 
mutated or deleted it might aggravate chronic lymphocytic 
leukemia (CLL) [25]. miR-34a regulates several oncogenes 
and it is a downstream target of p53 [26] and the role of 
miR-29 can be context-dependent as it prevents indolent 
B-CLL but it is elevated in acute myeloid leukemia and 
aggressive form of B-CLL [27]. Truncation mutation of 
XPO5 (exportin 5) in microsatellite unstable colon tumors 
can result in miRNA precursor aggregation in the nucleus 
and reduced miRNA mediated target inhibition. miR-21 and 
miR-92a are increased in the serum of patients with CRC 
and advanced adenomas compared to the healthy controls 
[28]. A higher expression of miR-92a is correlated with the 
poor survival of CRC patients. Kanaan et al. have suggested 
a panel of eight miRNAs (miR-652, miR-17, miR-331, miR-
195, miR-142-3p, miR-532, miR-15b, and miR-532-3p) to 
increase the specificity of CRC detection. Another set of 
three miRNAs (miR-15b, miR-139-3p, and miR-431) were 
able to distinguish stage IV CRC from the controls [29]. 
miR-135b was found to have higher expression in CRC 
and adenomas compared to adjacent normal colon tissues 
[30]. miR-106a along with fecal blood tests can increase 
the detection sensitivity of CRCs [31]. Ahmed et al. have 
shown by global microarray expression of miRNA in the 

stool that 12 miRNAs (miR-7, miR-17, miR-20a, miR-21, 
miR-92a, miR-96, miR-106a, miR-134, miR-183, miR-196a, 
miR-199a-3p, and miR-214) have increased expression in 
CRC patients compared to the normal controls [32]. Nine 
miRNAs (including miR-31-3p and miR-31-5p) were found 
to be differentially expressed when treated with anti-EFGR 
cetuximab in patients with metastatic CRC [33]. Simmer 
et al. had shown a better survival of those metastatic CRC 
patients with lower expression of miR-143 compared to 
those having higher expression when treated with capecit-
abine[34]. Perez-Carbonell et al. have shown miR-320e as 
an indication of poor survival in stage III CRC patients when 
treated with 5 fluorouracil [35]. miR-220c is higher in the 
liver metastases of CRCs compared to primary cancers [36] 
and miRNAs can be further explored to predict the EMT 
and metastasis in CRCs. miR-224 expression is increased 
with the cancer burden and the status of the microsatellite 
stability in CRC [37] and it targets SMAD4 and facilitate 
metastasis in CRC[38]. miR-214, miR-182, miR-124, miR-
30b, and miR-155 have also been reported as potential prog-
nostic markers for CRC patients and these markers need to 
be further validated by the clinical trials [31].

tRNA fragments

tRNA fragments (tRFs) are small ncRNAs that are derived 
from transfer RNAs (tRNAs) and are also known as tsRNAs 
(tRNA-derived small RNAs), and tiRNAs (tRNA-derived 
stress-induced RNAs). The biogenesis and detailed molecu-
lar mechanisms of tsRNAs are still not very clear and a uni-
versal nomenclature system is required for the uniformity in 
the naming of tsRNAs. They are transcribed as pre-tRNAs 
by the enzyme RNA pol III and are processed to produce 
the mature tRNAs depending on the cleavage site in pre-
tRNA or mature tRNA. Ribonucleases such as Angiogenin, 

Table 1   Important classes of non-coding RNAs and their functions

Non-coding RNAs Characteristics Functions

miRNA 22 nt long, binds to 3’ end of miRNA, 
transcribed by RNA pol II and III

Regulates mRNA, developmental timing, cell death, cell proliferation, hemat-
opoiesis, and patterning of the nervous system [12, 13]

tRNA fragments Transcribed by RNA pol III Posttranscriptional regulation, antiapoptotic, diagnostic and prognostic markers, 
cell proliferation, metastasis [14, 15]

piRNAs 21–35 nt long, transcribed by RNA pol II Transposon silencing, embryonic development, germline DNA integrity, sup-
pression of translation, heterochromatin formation, epigenetic regulation [16]

lnc RNA 200 nt, transcribed by RNA pol II X chromosome inactivation, embryonic development, chromatin remodeling, 
transcriptional and post-transcriptional regulation, decoy, scaffolds, enhancer 
RNA [17]

Pseudogenes A special class of lncRNA Act as microRNA decoy, interact with parental gene, pseudogene derived RNAs 
can act as antisense RNA, endogenous siRNA, competing endogenous RNA 
[18, 19]

CircRNA Single stranded and covalently closed Acts as a sponge (to divert miRNAs), scaffold and stabilizes miRNA binding 
proteins, sequestering protein from subcellular localization, modulating paren-
tal genes, regulating alternative splicing and RNA protein interaction [20]
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Dicer, and RNase Z are involved in the generation of tsR-
NAs but the actual mechanism is not known [39]. tsRNAs 
show some similarities in function with the miRNAs such 
as involvement of Argonaute proteins, suppression of target 
mRNAs, binding to 3′ UTR, and having oncogenic as well 
as tumor suppressor roles. tsRNAs are upregulated in liver 
cancer and their targeting by Locked nucleic acid (LNA) 
oligonucleotides leads to the death of liver tumor cells [40]. 
In a comprehensive analysis by small RNA sequencing in 
CRC patients, 55 differentially expressed mRNAs were 
potential targets of differentially expressed tRFs and miR-
NAs [41]. tRF/miR-1280, a 17 bp fragments of tRNALeu 
have been shown to regulate Notch signaling in colorectal 
stem cells and suppress CRC growth and metastasis and the 
ectopic expression of tRF/miR-1280 decreases cell prolif-
eration and colony formation and its expression is poor in 
CRC [42]. tiRNAs derived by cleavage of angiogenin are 
highly expressed in CRC tissues and metastatic cells and 
help in angiogenin-mediated metastasis and a higher level of 
5′-tiRNA derived from tRNA-Val was also observed in CRC 
and it was correlated with cancer metastasis [43]. 5′tiRNA-
His-GTG, upregulated in CRC plays an oncogenic role and 
targets LATS2 and its suppression induces apoptosis [44].

PIWI‑interacting RNAs

PIWI-interacting RNAs (piRNAs) are non-coding RNAs 
that are approximately 21–35 nucleotides long, associated 
with the PIWI subfamily of Argonaute proteins, and also 
involved in transposon silencing during germline develop-
ment. piRNAs are processed by RNA Pol II in mammals, 
piRNA precursors are species-specific, sequences are not 
conserved and 20,000 piRNAs are estimated to be present in 
the human genome. piRNAs silence transposons by induc-
ing PIWI protein association with transposon promoter or 
by guiding PIWI complex to the transposon mRNA. piRNA 
expression is mostly restricted to the gonadal cells but recent 
findings also suggest a lower level of extragonadal expres-
sion in somatic tissues [45]. Dysregulations of piRNAs in 
cancer are emerging as biomarkers but their role in somatic 
tissues and cancers are still under intensive investigation 
[46].

Overexpression of piR-1245 was reported in CRC cor-
relating with the advanced stage and metastasis with shorter 
overall survival and it acts as an oncogenic noncoding RNA 
and targets multiple tumor suppressor genes such as ATF3, 
SESN2, FAS, BTG1, NFKBIA, UPP1, DUSP1, MDX1, 
and TP53INP1 [47]. piRNA-54265 binds to PIWIL2 pro-
tein and other partners to form a complex which induces 
the STAT3 pathway and activates cell proliferation, chem-
oresistance, and metastasis in CRC and it is overexpressed 
in CRC compared to the normal tissues and associated with 
poor survival of the patients [48]. piRNAs, piR-020619 and 

piR-020450, are consistently elevated in the CRC patients 
compared to normal controls but not in lung, breast, and gas-
tric cancers and these can detect small-sized and early-stage 
CRC and hence these two piRNAs can be used for cancer-
specific early detection of CRC [49]. Circulating piR-5937 
and piR-28876 has very high sensitivity and specificity to 
detect the CRC [50] and systematic screening of all known 
piRNAs revealed piR-015551 to be possibly generated from 
LNC00964-3 and its involvement in CRC development [51]. 
Small RNA sequencing revealed that 33 piRNAs are upregu-
lated and 2 piRNAs are downregulated in CRC tissues and 
piR‑19521, piR‑17724, and piR‑18849 were the top highly 
expressed piRNAs in the CRC patients. Overexpression of 
piR‑19521 and piR‑18849 were the indicator of poor dif-
ferentiation of cells and overexpression of piR‑18849 cor-
relates with metastasis in the lymph nodes. piR‑18849 and 
piR‑19521 can be utilized as a prognostic biomarker in 
patients with CRC [52] and piR-54265 level in the serum 
were shown to be overexpressed only in the patients with 
CRC compared to the controls and other cancer types hence 
serum piR-54265 can be a valuable biomarker for the screen-
ing of the potential CRC patients as well as early detection 
and surveillance [53]. Five differentially expressed serum 
piRNAs (piR-001311, piR-004153, piR-017723, piR-
017724, and piR-020365) were suggested to increase the 
chances of CRC detection and can be used for the prognosis 
[54]. piR-24000 was found to be overexpressed in the CRC 
and its expression was correlated with aggressiveness of the 
disease such as poor differentiation, distant metastasis, and 
a higher stage [55]. piR-823 is upregulated in CRC and its 
inhibition leads to inhibition of cell proliferation, cell cycle 
arrest, induced apoptosis and it was shown to increase the 
transcription of HSF1 and hence, piR-823 promotes tumor 
growth and can act as a potential therapeutic target in CRC 
[56].

Long ncRNAs (lncRNAs)

Long ncRNAs (lncRNAs) were initially identified as fac-
tors involved in X chromosome inactivation and embry-
onic development but later they were shown to be involved 
in various diseases including cancer. Long ncRNAs are 
200 base pairs, transcribed by the RNA Pol II enzyme 
and the exons of lncRNAs are spliced into mature tran-
scripts that contain 5′ caps and 3′ poly(A) tails. Long 
ncRNAs are evolutionarily not conserved, have a lower 
number of exons, level of expression is low and they can 
influence gene expression at epigenetic, transcriptional, 
and post-transcriptional levels. Long ncRNAs can bind 
to chromatin-modifying complexes and guide them to the 
promoter to regulate transcription and by binding to tran-
scription factors they can affect the downstream processes. 
Long ncRNAs can bind to RNA binding proteins (RBPs) 
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and regulate mRNA processing and stability and can also 
directly bind to the mRNA and DNA and regulate their 
functions [57]. Long ncRNAs have a wide range of regula-
tory mechanisms and downstream effects and they can act 
as a tumor suppressor, oncogene, or might have context-
dependent roles [58]. Some of the important emerging 
oncogenic long ncRNAs are THOR, ARLNC1, DSCAM-
AS1, lncARSR, CamK-A, EPIC1 [11], and the overex-
pression of HOTAIR is associated with poor outcomes 
in breast cancer [59] and SAMMSON is associated with 
melanoma [60]. REG1CP is upregulated in colon cancer 
and it promotes the growth of the colon cancer xenograft 
by associating FANCJ to the promoter of REG3A leading 
to enhanced cell proliferation [61]. MEG3 is a well-known 
long ncRNA acting as a tumor suppressor and it down-
regulates MDM2 and upregulates p53 proteins and regu-
lates the TGF beta pathway [62, 63]. GAS5 is downregu-
lated in various cancers more importantly in breast cancer 
and glioblastoma [64, 65], and the antisense transcript of 
SATB2-AS1 inside the nucleus of CRC cells acts as a 
tumor suppressor [66]. CCAT1 (colon cancer-associated 
transcript 1) generates multiple lncRNA transcripts and 
affects MYC expression in CRC and a long transcript of 
CCAT1, CCAT1-L is expressed in CRC and interacts with 
CTCF leading to chromosome looping [67]. CCAT1-5L 
interacts with HNRNPK and non-coding RNAs generated 
from the MYC promoter and PVT1 enhancer leading to 
increased MYC transcription by chromatin looping [68]. 
SATB2 represses Snail and slows down the cell prolif-
eration, invasion, and migration of CRC cells and long 
ncRNA NKILA has been shown to act as an oncogene as 
well as a tumor suppressor in a context-dependent manner. 
lncRNA GAS5 interacts with YAP and inhibits CRC pro-
gression and its expression is negatively correlated with 
the expression of YAP and YTHDF3 in CRC patients [69]. 
lnc273-31 and lnc273-34 were shown to maintain CSC 
stemness and its depletion leads to suppression of migra-
tion, invasion, and stem cell self-renewal and chemoresist-
ance [70]. LINRIS is upregulated in CRC and correlates 
with poor survival and the LINRIS-IGF2BP2-MYC axis 
induces the CRC progression and promotes aerobic gly-
colysis in CRC [71]. lncRNA RP11 is highly expressed in 
CRC and it can induce the CRC progression by upregula-
tion of Zeb 1 [72] and SNHG1 is upregulated in CRC and 
it is associated with poor survival [73]. SNHG1 reduces 
the level of miR-154-5p leading to an increase in Cyc-
lin D2 expression [74] and FEZF1-AS1 is overexpressed 
in CRC and correlates with poor survival of the patients. 
FEZF1-AS1 was shown to increase cell proliferation and 
metastasis and increase the stability of PKM2 proteins 
[75] and lncRNA NEAT1 is highly expressed in CRC and 
regulates proliferation, migration, and invasion. NEAT1 
activates Wnt/β-catenin signaling through DDX5 protein 

and promotes CRC progression and metastasis [76]. 
SNHG5 is overexpressed in CRC and promotes CRC cell 
survival and the overexpression of SNHG5 diminishes the 
oxaliplatin induced apoptosis [77]. CRNDE, H19, UCA1, 
and HOTAIR are involved in the induction of resistance 
against oxaliplatin or irinotecan treatment in CRC [78]. 
LncRNA MALAT1 can facilitate CRC cell proliferation, 
invasion, and migration by the downregulation of miR-
145 and upregulation of SOX9 [79] and overexpression of 
SNHG11 has been shown to promote cell proliferation and 
metastasis in CRC by regulating the Hippo pathway [80]. 
CASC9 is overexpressed in CRC and correlates with poor 
survival and it shows oncogenic activity by upregulation of 
TGFβ2 and TERT [81]. The whole-transcriptome analysis 
resulted in the finding of 27 upregulated and 22 downregu-
lated lncRNAs in CRC [82] and lncRNA SNHG14 was 
shown to facilitate CRC metastasis by targeting EZH2-
regulated EPHA7 [83]. lncCMPK2 expression was found 
to be highly expressed in CRC and it positively relates 
with clinical stage and lymphatic metastasis and its over-
expression leads to cell proliferation and activates the 
FUBP3-c-Myc axis [84]. lncCCAT1-L plays a very impor-
tant role in MYC transcriptional regulation as it is located 
515 kb upstream of MYC within a strong super-enhancer 
and promotes long-range looping of chromatin. It has also 
been shown to interact with CTCF to modulate the con-
formation of the loop [67]. SP1 induced ZFAS1 upregu-
lates VEGFA and contributes to CRC progression [85] and 
SNHG6 interacts with miR-26a, miR-26b, and miR-214 
and controls EZH2 to promote CRC [86]. lncRNA UICLM 
is upregulated in CRC and induces liver metastasis [87] 
and lncRNA SLCO4A1-AS1 is overexpressed in CRC and 
correlates with poor prognosis and metastasis. SLCO4A1-
AS1 enhances the stability of β-catenin leading to activa-
tion of the Wnt/β-catenin signaling pathway [88] and the 
oncogenic SNHG6 activates the TGF-β/Smad signaling 
pathway by targeting UPF1 and induces the EMT pathway 
by regulating ZEB1 in CRC [89]. lnc OCC-1 suppresses 
CRC tumor by binding and destabilizing HuR protein [90]. 
LINC02418 is highly expressed in CRC, and LINC02418-
miR-1273 g-3p-MELK axis plays an important role in the 
progression of CRC [91]. lncH19 mediates 5Fu resistance 
in CRC through induction of SIRT1 mediated autophagy 
and hence it can act as a prediction marker for the response 
to the 5 Fu treatment in CRC [92]. lncCCAT1 promotes 
CRC by regulating the miR-181a-5p expression and it is 
positively related to cancer stages [93]. Overexpression of 
SNHG7 induces the tumor progression and liver metasta-
sis of SW480 cells and it regulates GALNT1 by spong-
ing the miR-216b and hence it plays an oncogenic role in 
tumor progression [94]. Upregulation of lncRP11-468E2.5 
in CRC inhibits JAK/STAT signaling, suppresses cell pro-
liferation, and promotes apoptosis [95].
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Pseudogenes

Pseudogenes are a special category of lncRNA transcripts 
that are inactivated and cannot produce functional proteins 
otherwise very similar to the coding genes. They act as a 
decoy and divert the essential components of the molecu-
lar processes. Pseudogenes are now emerging as an impor-
tant component in cancer initiation and progression and it 
requires an in-depth study and analysis to elucidate their 
involvement in disease development. PTENP1 is a pseudo-
gene that is very similar to PTEN and acts as a sponge that 
diverts the miRNAs targeting the PTEN mRNAs and hence 
PTENP1 is considered as a tumor suppressor pseudogene 
[96]. BRAFP1 pseudogene is involved in the development 
of aggressive B-cell lymphoma in mice model [97] and 
VEGFR1 pseudogene, FLT1P1, modulates VEGFR1 protein 
expression in CRC cells [98]. The pseudogene DUXAP8 is 
having increased expression in CRC and it induces cancer 
development by negatively regulating E-cadherin by inter-
acting with EZH2 and H3K27me3 [99].

Circular RNAs

Circular RNAs (circRNAs) are the class of noncoding RNAs 
that are single-stranded and covalently closed structure that 
is formed by back splicing but the detailed mechanisms 
involved in their generation are not known. Important fea-
tures of circRNAs include longer flanking introns, a higher 
level of intronic repetitive and reverse complement elements, 
a covalently closed continuous loop without 5′-3′ polarity, 
and a polyA tail. They act as sponges to divert miRNAs, 
stabilize the miRNA binding molecules, and act as a scaf-
fold to bind to various regulatory proteins [100]. CircACC1 
overexpressed in CRC modulates fatty acid β-oxidation and 
glycolysis and the upregulated Circ-Erbin induces metasta-
sis, proliferation, and angiogenesis [101]. The upregulation 
of circRNA_0001178 and circRNA_0000826 in CRC was 
identified as a potential indicator of liver metastasis [102] 
and circITGA7 was shown to inhibit CRC growth and metas-
tasis through the Ras pathway and upregulation of ITGA7 
[103]. ciRS-7 is upregulated in CRC and it correlates with 
poor survival of the patients [104]. CircCCDC66 is overex-
pressed in polyps and colon cancer and it is correlated with 
poor survival and controls cell proliferation, cell dissemi-
nation, and stemness character [105]. GLIS2 was shown to 
enhance CRC cell motility and activate the NF-κB pathway 
by sponging miR-671 [106]. CircHIPK3 has been shown to 
sponge miR7 and activate CRC growth and metastasis [107]. 
The decreased plasma levels of circ-CCDC66, circ-ABCC1, 
and circ-STIL in CRC patients [108], and the up-regulated 
serum level of exosomal circ-PNN (hsa_circ_0101802) in 
CRC can be used as diagnostic markers in the pathogen-
esis of CRC [102]. Circ-SMAD7 is having lower expression 

in CRC and it suppresses the process of EMT [109] while 
circVAPA is overexpressed in CRC and plays an oncogenic 
role by sponging miR-101 [110]. Exosomal circPACRGL 
derived from CRC cells has been shown to play an onco-
genic role and it induces proliferation and metastasis [111] 
and the CircRNA circDENND4C has been shown to induce 
cell proliferation, glycolysis, and migration in CRC cells 
by sponging miR-760 and regulating GLUT1 [112]. Circ-
0004277 promotes cell proliferation of CRC cells by spong-
ing off miR-512-5p and upregulation of PTMA expression 
[113] and hsa_circ_0000523 regulates cell proliferation, 
and apoptosis by sponging of miR-31, and regulation of 
Wnt/β-catenin signaling pathway [114]. Circular RNA 
hsa_circ_0008285 inhibits PI3K/AKT pathway through 
miR-382-5p/PTEN axis and acts as a tumor suppressor [115] 
and CircPIP5K1A is overexpressed in CRC and regulates 
cell proliferation and dissemination through circPIP5K1A-
miR-1273a axis [116]. CircPTK2 plays an important role in 
CRC growth and metastasis [117] and circCAMSAP1/miR-
328-5p/E2F1 axis is involved in CRC carcinogenesis [118]. 
CircMAT2B is upregulated in CRC and promotes cell pro-
liferation by the regulation of miR-610/E2F1 axis [119] and 
circ-NSD2 plays an oncogenic role and is involved in cancer 
metastasis through circ-NSD2/miR-199b-5p/DDR1/JAG1 
axis [120]. hsa_circRNA_102958 plays an oncogenic role in 
CRC through miR-585/CDC25B axis and promotes tumo-
rigenesis of CRC [121] while circ_0002138 is downregu-
lated in CRC and inhibits cell proliferation in vitro [122]. 
Circular RNA circ_0007142 modulates CDC25A expres-
sion through miR-122-5p and facilitates CRC progression 
[123] and circular RNA, NOX4 promotes CRC development 
through miR‑485‑5p/CKS1B axis [124]. hsa_circ_0053277 
upregulates MMP14 through miR-2467-3p and promotes 
CRC development [113]. circ-FARSA is upregulated in CRC 
and its suppression leads to inhibition of cell proliferation 
and dissemination and it acts as a sponge for miR-330-5p 
and regulates the expression of LIM and LASP1 proteins 
[125]. Circ-001971/miR-29c-3p axis regulates CRC cell 
dissemination, and angiogenesis [126], and circCTNNA1 
is shown to sponge miR-149-5p and regulate the expression 
of FOXM1 leading to CRC progression [127]. Circular RNA 
hsa_circ_0007142 is upregulated in CRC and promotes tum-
origenesis by targeting miR-103a-2-5p [123] and circular 
RNA CDR1‑AS has been shown to increase the expression 
of PD‑L1 in CRC cells [128]. The ratio of circRNAs and 
linear RNA is lower in CRC tissues as suggested by RT-
qPCR and the data set analysis studies suggest that there are 
39 circRNAs that have significant abnormal expression, 11 
circRNAs are overexpressed and 28 are downregulated in 
cancers which include CRC [129]. circRNAs are also pre-
sent in exosomes of CRC cell lines and the number of circR-
NAs is higher in the exosomes compared to the cells. Some 
of the important circRNAs having abnormal expressions in 
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exosomes are circRTN4, circARHGAP5, circFAT1, circH-
IPK3, and circMAN1A2. Hence the circRNAs have promis-
ing potential to be used as biomarkers in the future [130].

Extracellular vesicular miRNAs as CRC biomarkers

National Cancer Institute defines biomarker as “A biological 
molecule found in blood, other body fluids, or tissues that 
is a sign of a normal or abnormal process, or of a condi-
tion or disease”. Biomarkers are used to monitor the risk 
assessment, evaluation of the response to the drugs, screen-
ing of the disease, prognosis determination, evaluation of 
disease progression, and differential diagnosis. Since the 
biomarkers play a very important role in all the stages of 
the disease, they must undergo a rigorous evaluation before 
their application in the clinic. The screening methods most 
commonly used for CRC diagnosis are colonoscopy, fecal 
occult blood testing, and fecal immunochemical testing 
[131] which are limited in sensitivity in early stages of car-
cinogenesis and hence the development of more sensitive, 
and less invasive methods for the detection of early stages 
of CRC might be very helpful for the disease management. 
Liquid biopsy can be a promising screening and diagnostic 
method for the detection of CRC in the early stages and the 
extracellular vesicular (EV) miRNAs that are specific to the 
tumors can be a good candidate for the detection of early 
stages of cancer compared to the total circulating miRNAs. 
EVs can be isolated based on the expression of the surface 
markers which might also increase their specificity as can-
cer biomarkers. The EVs that have CD147 expression on 
their membrane are increased in the blood circulation of 
CRC patients compared to the normal controls and EpCAM 
and A33 expressions on the EVs are also increased in CRC 
patients. Lower levels of miR-4772 are associated with CRC 
recurrence, miR-27a and miR-130a are associated with poor 
outcomes in terms of 5-year survival, and miR30 in EVs 
is associated with the metastatic progression of the CRC 
tumors [132]. Some of the important EV-miRNAs associ-
ated with CRC are summarized in Table 2.

Noncoding RNAs other than miRNAs have also been 
reported in the EVs of CRC patients such as long non-
coding RNA CRNDE and CCAT1 are upregulated in CRC 
patients [139] compared to the normal mucosa. circRNA 
(circ_001988) is dysregulated in CRC tissues compared 
to the normal mucosa and in the different stages of CRC. 
SNORA42 is highly expressed in CRC tumors and is 

associated with poor survival and piR-019825 in the EVs 
along with other miRNAs can differentiate the early stages 
of CRC from healthy individuals. Sometimes, a single non-
coding RNA cannot be a useful diagnostic or prognostic 
marker yet combining several miRNAs or EV-miRNAs as a 
panel of biomarkers provides a better result.

In CRC, NEAT_v2 non-coding RNA, SEPT9 methyl-
ated DNA, and SDC2 methylated DNA are the very potent 
nucleic acid biomarkers, interleukin 8 is the most promising 
cytokine marker, and CA11-19 glycoprotein and DC-SIGN/
DC-SIGNR are the most promising protein biomarkers. By 
combining these emerging markers with the fecal immu-
nochemical test, the sensitivity can be highly enhanced to 
detect CRC. SIGN/DC-SIGNR protein, methylated SDC2, 
and methylated SEPT9 had better specificity and sensitivity 
compared to CEA or CA 19–9 but these markers need to 
be studied in a larger population to strongly establish and 
implement them in the clinics [140]. Bioinformatic analysis 
of The Cancer Genome Atlas (TCGA) has predicted a set 
of five miRNAs, hsa-miR-5091, hsa-miR-10b-3p, hsa-miR-
9-5p, hsa-miR-187-3p, and hsa-miR-32-5p as a prognostic 
biomarker which was associated with the survival of the 
patients [141]. In a study consisting of six patients with 
and without recurrent CRC, miRNAs from the exosomes 
of the serum were extracted and miRNA microarray was 
performed to be found that exosomal miR-17-92a was cor-
related with the recurrence of CRC. Exosomal miR-19a was 
significantly increased in the serum of the CRC patients 
[142] and MicroRNA-92a was predicted to be a novel and 
potential diagnostic biomarker in CRC [143].

Therapeutic targeting of ncRNAs

miRNAs can act as a promising therapeutic target for cancer 
treatment by manipulating the tumor suppressor miRNAs 
that regulate the cell signaling networks [144]. Tumor sup-
pressor miRNAs (mimics) have been designed to manage 
the developing tumors. The transfection of let-7 mimic in 
CRC cells has shown an increase in apoptosis and a decrease 
in the proliferation of cancer cells [145]. Transfection of 
miR-34a into HCT 116 and RKO cells leads to inhibition of 
cell proliferation and induction of senescence in the cells. 
[146]. miRNA replacement therapy by the efficacious deliv-
ery of PEI/miR-145 and PEI/miR-33a complexes in colon 
carcinoma model of mice has proved it to be a robust and 
safe preclinical strategy and it holds a lot of potential in 

Table 2   The extracellular 
vesicular miRNAs dysregulated 
in CRC patients

Upregulated in serum miRNA-1246, miRNA-21, miRNA-23A, miRNA-92A, 
miRNA-486-5P, miRNA-17, miRNA-19A [133–135]

Downregulated in serum miRNA-548C-5P [136]
Upregulated in plasma miRNA-125A-3P, miRNA-1246, miRNA-23A [132, 137]
Downregulated in plasma miRNA-125A-5P [138]
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humans as the systemic and local introduction of miRNA 
has resulted in the delivery of the intact miRNAs to the 
tumors [147].

Conclusions

Non-coding RNAs are emerging as important prognostic 
and diagnostic tools for the management of CRC. miRNAs 
and piRNAs are the most well-explored noncoding RNAs in 
cancer compared to other non-coding RNAs, and the biology 
of tsRNAs and pseudogenes is yet to be fully understood. 
A better understanding of the biological mechanism of syn-
thesis and interactions of these noncoding RNAs will open 
new windows for their better utilization in cancer therapy 
and personalized medicines. Because of sample-to-sample 
variations, differences in the efficiency of different protocols 
for miRNA isolation, and the inherent instability and small 
content of noncoding RNAs, utilizing a panel of noncoding 
RNAs or noncoding RNAs combined with traditional meth-
ods of screening and detection might give better efficiency 
and efficacy in the management of CRC.
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