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Abstract

Colorectal cancer (CRC) is the third most common cancer worldwide, whose mortality remains high, despite the huge amount of knowledge accumulated and 
the development of preventive strategies. Recent advances have demonstrated that small, non-coding RNA molecules (microRNAs), which inhibit or abrogate 
the translation of their mRNA-targets, are critical regulators across the full spectrum of stages of colorectal tumorigenesis process. The prototypical microRNA 
is let-7, with highly conserved sequence through species. Let-7 is found in ten mature isoforms, characterized by remarkable redundancy and abundance in 
colorectal epithelium. Let-7 is widely considered a tumor-suppressor, with scarce reports implying a concurrent oncogenic activity as well. K-ras oncogene, one 
of the most crucial genetic alterations in colorectal tumorigenesis, is a major target of let-7. The intact let-7 complementary sites (LCSs) in the 3’ UTR of mRNA 
of K-ras are indispensable for the complete action of let-7 upon K-ras expression. LCS6 is viewed as the most important of these LCSs, and a SNP variant (T 
to G) inside this locus exerts more prognostic and predictive role in CRC, when combined with K-ras status and let-7 levels. Mature let-7 is down regulated 
in colorectal cancer tissue compared with its paired normal mucosa; nonetheless it is gradually up regulated through the successive stages of colorectal 
tumorigenesis process, playing a central role in all the accomplishment of all these intermediate stages. Its high levels are considered a favorable prognostic 
and predictive biomarker, whereas its low levels may confer to early diagnosis of colorectal cancer. As let-7 collaborates with other miRNAs, regulates crucial 
oncogenes (as K-ras and c-myc) and tumor-suppressing pathways (as Wnt/APC and p53) and is regulated by a plethora of its effectors, it might serve as an 
in vivo manipulator of patients suffering from colorectal cancer in the future.

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in 

men and the second most common cancer in women globally [1]. 
It was the third most common cause of cancer-related deaths 
on the USA on 2014 [2]. The five distinct genotypes of CRC 
[3] arise from a combination of the fundamental pathways of 
genomic instability, i.e. chromosomal instability, microsatellite 
instability and CIMP pathway [4]. CRC is the prototype of the 
genetic multistep model, in which definite genetic alterations 
result in distinct histopathological changes [5,6]. Colorectal 
carcinogenesis is multifactorial, involving a complex interplay 
between genetic background, acquired genetic alterations 
and environmental factors [7], especially in the sporadic 
form of the disease, which accounts for the 75% of cases [8].  
Epigenetic gene regulation is critical for the entire multistep 
colorectal carcinogenesis development [8-10]. microRNAs 
(miRNAs) clearly represent important epigenetic regulators 
throughout all steps of colorectal carcinogenesis process [10-13], 
both spatially and temporally [14]. miRNAs are 18-25 nucleotides 
long, non-coding RNAs with post transcriptional action, i.e. they 
repress the translation process of their mRNA-target [15]. The 
mature miRNA consists of two strands, guide strand (5p) and 

passenger strand (3p). In colon cancer cells both strands silence 
equally their mRNA-targets [16].

Let-7 family, the prototype miRNA, is the largest miRNA 
family studied [17]. It consists of ten mature members produced 
from 13 precursor sequences [18]. There are two designations in 
the let-7: the first (a letter, e.g. let-7a) shows that mature let-7s 
are of nearly -but not absolutely- identical sequences. The second 
(a number, e.g. let-7a-1) signifies that more than one, slightly 
different, precursors let-7 genes may generate an identical mature 
let-7 [18]. Genes encoding for let-7 are distributed through 
9 different chromosomes [19]. Mature let-7 isoforms display 
functional redundancy [20], despite their slightly different (1-4 
nucleotides) total sequence [21], since they display identical seed 
sequence, critical for target recognition [22].

Let-7’s expression increases during late embryogenesis [23]. 
It is undetectable in embryonic stem cells. Its major role is to 
promote cell differentiation: its high expression is maintained in 
various adult differentiated cells [24] and tissues [25]. Therefore, 
let-7 is considered a marker of differentiation [26].

Let-7 down regulates numerous mRNA-targets by forming 
RISC (RNA-induced silencing complex) [15] and guiding it to 
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the 3 UnTranslated Region (3΄ UTR) of the mRNA-target: partial 
complementarity represses, whereas high complementarity 
degrades mRNA [27]. Moreover, it establishes many regulatory 
circuits both in differentiated and dedifferentiated cells 
[11,12,17,19,27-29]. By these feedback loops let-7 both 
regulates its targets and is being regulated by several of 
them. Many of its targets are cell cycle regulators and strong 
oncoproteins [25]. Consequently, let-7 is widely considered to 
protect cells from undergoing neoplastic transformation and 
its role in carcinogenesis, which reflects a process inverse of 
embryogenesis, is well-established [24].

LET-7 TARGETS A PLETHORA OF MRNAS

Let-7 against oncogenes

The majority of mRNA-targets of let-7 are oncogene 
transcripts. Numerous targets of let-7 are verified in colorectal 
tumorigenesis process (Figure 1):

• The cyclins A, D1, D2 and D3 [17,25,30]

• Cyclin-dependent kinases (CDKs): CDK 2/4/6, which 
control G1 progress [25,30] and CDK 25A/34A, which 
regulate S/G2 transition [17,25,30]

• K-ras proto oncogene [31] and K-ras oncogene [32]

• The oncogene c-myc [17,19,25], which is up regulated in 
CRC [26] 

• Protein AKT2, resulting in down regulation of the PI3K/
AKT pathway activity [17]

• The High Motility Group A2 (HMGA2), a known stemness 
enhancer [33] 

• IL-6 and STAT-3, which display a crucial role to the 
inflammation-derived cancerous transformation [17,28]

• The enzymes pyruvate dehydrogenase kinase and IFG1R, 

Figure 1 Let-7 contributes to the regulation of many crucial genetic alterations throughout the full spectrum of the intermediate changes of 
colorectal carcinogenesis process. Furthermore, it is regulated my many of its effectors, forming feedback loops. The arrows filled with red colour 
indicate inhibition of the target they direct; the arrows filled with green colour indicate promotion of the target they direct. Based on references 17, 
19, 21, 25, 27, 28, 31-38, 40, 42-44, 54-63, 87, 89 and 91.
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which are indispensable for energy provision in cancerous 
cell; therefore let7 prevents tumor spread [17]

• The anti apoptotic protein BCL-XL; thereby let-7 enhances 
apoptosis [17]

• IGF2BP1 (Igf2 mRNA binding protein 1), which promotes 
dissemination of colon cancer cells [34]

• LIN28 A/B, an RNA-binding protein, which promotes 
all hallmarks of cancer [17], enhances stemness 
and pluripotency [25,29], inhibits differentiation 
[34,35] and parallels colorectal cancer aggressiveness 
[20,25,29,34,35]. LIN28 activation by low let-7 levels 
cooperates with mutations in β-catenin (Ctnnb1) gene 
[35], enhancing the hyper activation of the Wnt/APC 
pathway. Opposite to this, LIN28 repression by high let-
7 levels, hypo activates Wnt signaling, lowering nuclear 
β-catenin levels. Since β-catenin is a key component 
connecting the two major initiating oncogenic pathways 
in colorectal cancer (Wnt/APC and MAPK) [36], let-7 
down regulates MAPK pathway both directly (down 
regulating K-ras) and indirectly (decreasing β-catenin 
levels) See Figure 1.

Let-7 against tumor-suppressors

The role of let-7 in colorectal tumorigenesis becomes 
complicated by five notifications, which move towards a quite 
opposite direction from the just mentioned data. 1st, high levels of 
let-7 limit the apoptotic barrier, by inhibiting the death receptor 
Fas (which induces apoptosis and progressively decreases in 
nearly half colorectal cancers [37]) and by down regulating the 
terminal effector of apoptosis caspase 3 [38]. 2nd, let-7 suppresses 
innate immune reactions against colorectal cancer by inhibition 
of Toll-like receptor 4 [39], by inhibition of NFκΒ pathway [17], 
by targeting Mtor RNA and by inhibiting Th17 differentiation 
[38]. 3rd, under genotoxic conditions, several members of let-7 
family target the guardian of the genome, p53 protein [40]. 4th, 
let-7 inhibits transforming growth factor-β (TGF-β), factor known 
to halt proliferation [27]. Last, but not least, in normal colon the 
promoter of let7a-3 is methylated in a CpG island, resulting in let-
7 precursor silence, whereas its epigenetic hypomethylation on 
colorectal cancer cell lines confers oncogenic functions [41]. The 
collective data imply that, under circumstances, let-7 is capable 
to exhibit oncogenic properties.

HOW IS THE REGULATOR REGULATED?
The interplay between let-7 and its effectors is complex; 

mounting evidence asserts that approximately all let-7 targets 
behave as its reciprocal regulators as well (Figure 1). Let-7 
establishes a negative feedback regulatory loop with LIN28A/B 
[17,25,35], with HMGA2 [17] and with c-myc [17,19,37,42]. 
Last, as Wnt pathway activation increases β-catenin levels, it 
hyper activates LIN28 [35], thereby repressing let-7 expression. 
β-catenin up regulates LIN28 either directly [17] or indirectly, via 
activating MAPK pathway [36]. 

Considerable interplay exists between let-7 and other 
microRNAs throughout the successive stages of colorectal cancer 
progression [43]. This crosstalk is either towards the same 

direction (e.g. let-7 and mir-200 cooperate against stemness and 
cancer progression [26]) or towards an opposite direction (e.g. 
mir-107 destabilizes mature let-7 [25]). 

Interestingly, let-7 regulates its own expression in dual 
manner. First, let-7 is positively auto regulated, i.e. the mature 
let-7 enhances its own biosynthesis [21], in order to potentiate 
its actions. Second, it is negatively auto regulated, if not used, 
as it drives its own degradation in case its mRNA-target is not 
silenced, through the use-it-or-lose-it mechanism [44].

Environmental factors influence let-7 expression as well. 
In rats, the carcinogen PhIP reduces colon levels of several let-
7 isoforms, deregulating the axis let-7/c-myc/LIN28, whereas 
dietary spinach exerts a tumor-suppressive effect, partially by 
restoring let-7 levels [45]. Boswellic acid, a component of gum 
resin, displays antitumor effect in colorectal cell lines partially by 
up regulating let-7 levels (especially let7-i) and its effectors [46]. 
Opposite to this, polyamines are oncogenic in colon cells, due 
to let-7i depletion and the increase of LIN28 and HMGA2 [47]. 
Finally, tea polyphenoles, soy isoflavones and curcumin display 
tumor-protective effects in various cancer types by increasing 
let-7 levels [48]; future studies might show whether they are 
equally beneficial for colorectal cancer prevention.

LET-7/K-RAS INTERACTION IS IMPORTANT IN 
COLORECTAL TUMORIGENESIS

The interaction between let-7 and its major target, K-ras, 
deserves special merit. K-ras mutation is the most prevalent 
oncogenic driver mutation in CRC [49]. It is present in 15-
78% of colorectal adenomas [50] and in 36-42% of colorectal 
carcinomas [51]. Moreover, it is a primitive mutation in colorectal 
carcinogenesis process, being the earliest driving force in a 
subset of cases [36].

Twelve years ago, Johnson and coworkers proved -in an 
experimental model- that native let-7 leads to less expression of 
RAS protein and that inhibition of let-7 may lead to derepression 
of RAS expression. They showed that this action is exerted through 
ten different LCSs (let-7 complementary sites), located in the 3΄ 
UTR of K-ras mRNA [52]. This connection, absolutely necessary 
for the complete let-7 action, was confirmed by many other 
researchers [53,54]. In the following years, it was demonstrated 
that, in the setting of colorectal cancer, let-7 is capable to target 
mRNAs, this of the wild-type K-ras [44,54-63] and that of the 
mutated K-ras [32,54,56,58-63]. Let-7 silences K-ras mRNA only 
in case LC6 is intact, allowing complete complementarity. The 
incomplete complementarity permits K-ras-mRNA to survive, 
and thereby, K-ras is expressed, though in low levels. 

Two LC6s have gained the interest of researchers in CRC, 
LCS1 and LCS6. A polymorphic variant (SNP) polymorphism in 
LCS1 (rs712, G to T substitution) ras recently been correlated 
with increased risk for CRC development [64,65], with initiation 
and progression of CRC in Chinese population and with worst 
prognosis [65].

By far, the best studied LCS in CRC is LCS6. A SNP in the 
rs61764370 chromosomal locus of LCS6, a germ-line functional 
variation of T to G substitution [32,44,54-63] has been studied 
extensively. LCS6 variant (G-allele) varies geographically 



Central
Bringing Excellence in Open Access





Margetis et al. (2017)
Email: nmargetis@yahoo.gr 

JSM Gastroenterol Hepatol 5(3): 1086 (2017) 4/10

[66]: it is found in 12-15% of the European population and 
6% worldwide [58]. The binding affinity of let-7 with K-ras is 
diminished in the polymorphic (GG or TG) carriers [63]. G-allele 
carriers, therefore, display diminished efficacy of let-7 upon 
K-ras. Despite its documented connection with increased risk for 
various cancer types [44], only one study suggested a probable 
positive relationship with CRC [56], whereas another study 
showed reduced risk for developing early CRC [58] and most well-
studied research works do not support the positive correlation of 
G allele to CRC development [61]. G-allele carriers are proved to 
have lower levels of innate let-7, probably via the use-it-or-lose-it 
mechanism [44]. This remark has been demonstrated in cancers 
of different origin (colorectal, lung and breast) [44,63,67]. In 
this way, both antitumor mechanisms are combined (G-allele, 
low let-7) and G-allele is considered, therefore, an inheritable 
unfavorable player in the colorectal tumorigenesis process. 

Nevertheless, this effect has been proved only in wild-type 
K-ras cancers. In spite the fact that SNP-LSC6 is a germline 
mutation, its presence is not identical along the discrete stages of 
colorectal tumorigenesis. There are indications that the incidence 
of variant SNP parallels the level of oncogenic activity: Graziano et 
al., proved a correlation between G-variant (germline mutation) 
and mt K-ras (somatic mutation) [56], Smits et al., showed a 
gradual increase of the G-allele throughout the successive stages 
of colorectal carcinogenesis [58], and Saridaki et al., suggested 
that this variant increases the possibility of acquiring B-RAF 
mutation, a MAP kinase downstream KRAS in the MAPK pathway 
[54]. These results, implying a possible clonal selection inside the 
growing neoplasm that favors more aggressive clones harboring 
both the hostle inheritable variant and the oncogenic acquired 
mutation, should be validated with multiple future studies in 
colorectal cancer development. 

Many ongoing efforts search for a possible correlation 
between the G-variant in LCS6 and the prognosis of colorectal 
cancer patients or their response to therapy. The very recent 
works [32,54-63] are characterized by intense in homogeneity 
(concerning staging of CRC, K-ras status, B-RAF status, naïve 
patients or not, the modality of therapy, the kind of the treatment 
given, the type of chemotherapeutic and/or monoclonic antibody 
against EFGR, and the ethnicity of the participants), by the fact 
that let-7 levels were not measured (except from one study 
[32]), and by the small number of patients harboring G-allele; 
inevitably, they displayed contradictory results. 

Notwithstanding the limitations of these studies, five 
notifications deserve our attention: 

1st despite the presumed unfavorable effect of G-allele, 
several well-studied works proved that this SNP was associated 
with improved prognosis, both in naïve patients and in patients 
receiving anticancer therapy, either traditional (chemotherapy) 
or advanced (anti-EGFR antibodies) [54,55,58]. 

2nd G-allele was proved an insufficient predictor by itself, 
even in patients receiving anti-EGFR therapy [60]. 

3rd K-ras mutation was a stronger factor to determine the 
relationship between G-allele with survival, compared to the 
stage of colorectal cancer [59]. 

4th in the unique work, which analyzed the effect of G-variant 
in K-ras activity in colorectal cancer tissues, KRAS protein was 
found to decrease, opposite to the expected [44] and 

5th a common conclusion of these studies was that the net 
result in prognosis and progress of the growing colorectal 
neoplasm depends on the interplay and interdependence among 
3 factors: K-ras status, let-7 levels and the genotype of the LCS6. 
Neither this complex interaction nor the mutual effects of these 
factors between them and with many other players of colorectal 
tumorigenesis process were studied in these works.

Το make complexity deeper, mutated Ras regulates let-
7 levels via a feedback loop. Let-7 is negatively regulated by 
RAS protein via indirect route: by activation of NFκΒ, which 
activates LIN28 [28] and by up regulating the expression on 
LIN28 via MAPK activated c-myc expression [17]. Nonetheless, 
experimental findings are not consistent with the theoretical 
background. Vickers et al., showed, for instance, that mt K-ras 
CRC displays higher let-7 levels compared to wt K-ras CRC [68]. 
One possible explanation might be that clonal selection, which, as 
already mentioned, selects clones with the unfavorable G-allele 
in the K-ras mutated context, generates a counterweight to 
attenuate the forthcoming oncogenic effect.

LET-7 AND CANCER
Let-7 is broadly accepted as a bona fide tumor-suppressor 

miRNA [18,23,33,52], as it represses cell proliferation pathways 
[69]. Let-7 genes have been mapped to genetic regions 
frequently altered or deleted in cancers [14,70]. Let-7 prevents 
all capabilities, globally accepted as the hallmarks of cancer [71]. 
Low let-7 levels are, in contrast, tumor-promoting: they lead 
growing cells to sustain proliferative signaling (up regulating 
oncogenes), to evade growth suppressors (let-7 inhibits 
epithelial-mesenchymal transition or EMT, since it inhibits 
HMGA2 [17] and TBF-β [27]), to resist cell death (action upon 
BCL-XL [72]), to promote replicative immortality and to induce 
angiogenesis (via up regulation of LIN28 [28,33]), to activate 
invasion and metastasis (low let-7 levels enhance EMT and 
increase LIN28) and to reprogram energy metabolism (low let-7 
attenuates Warburg effect) [17].

Furthermore, let-7 depletion enhances both characteristics 
that help the acquisition of these capabilities. First, low let-
7 provokes genomic instability, either directly, as it hyper 
activates critical oncogenes as K-ras [19] which cause DSBs 
(DNA double-strand breaks) and DNA damage response (DDR) 
[36] or indirectly, as the resulting hyper expression of LIN28 
inhibits the repair of DSBs [17]. Second, low let-7 fosters tumor-
promoting inflammation, by hyper activating MAPK pathway and 
by increasing IL-6 production [17,28,52].

LET-7 IN NORMAL AND NEOPLASTIC COLON
The predominant let-7 isoforms normally found in colonic 

epithelia are let-7-a, let-7-b [20] and let-7-c [73] whereas let-
7-g and let-7-f are found in slightly increased levels [20]. Let-7 
keeps differentiated cells in their differentiated state, and if this 
function fails, neoplastic conformation initiates [27]. Neoplastic 
transformation, a process similar to reversed embryogenesis, 
presupposes loss of let-7 even from the very early stages of the 
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process [26]. Indeed, the levels of various let-7 members are 
found down regulated in colorectal cancer tissues: this fact was 
valid for the isoforms let-7-a, let-7-b [20,74], let-7-c and let-7-f 
[74], whereas other researchers correlated reduced mature 
levels of let-7-a with CRC [75-77]. Moreover, the chromosomal 
locus of let-7-a1 (9q22.3) is frequently deleted in colon cancer 
[78]. To complete the image, Liu et al., demonstrated that the 
prevalent isoforms of let-7 inside colorectal cancer cell lines 
don’t differ compared to the normally found prevalent ones (let-
7a and let-7b) [79].

Nevertheless, neither normal colonic epithelia nor cancerous 
colorectal tissues exhibit homogeneity, regarding let-7 levels 
inside their different cell types. A gradual increase of let-7 
levels is remarkable across the axis of the normal crypt, from 
the bottom of the crypt domain to the top of the villous domain 
[80]: normal colorectal stem cells in the basis of the crypt express 
low or undetectable let-7 levels [23,25,35,73], whereas normal 
differentiated colonic cells display increased let-7 levels [23]; 
the role of let-7 is to control crypt fission and repress cell cycle 
progression [73] preventing in this way the neoplastic initiation. 

 It is well-documented that CRC is a disease of stem cells 
[80,81]. Inside colorectal cancer tissue, the inhomogeneity of let-
7 levels is more prominent. Cancer stem cells still contain lower 
levels of let-7; up regulation of let-7 regulates cell proliferation 
and stem cell transition to differentiated cancer cells [23]. In 
fact, let-7 is the strongest marker of the epithelial signature: its 
presence (along with E-cadherin expression) is a hallmark of 
differentiated epithelial cells (type I cells), its absence (along 
with vimentin presence) is a hallmark of dedifferentiated 
mesenchymal cells (type II cells) [82]. Therefore, low let-7 levels 
govern the dedifferentiation process, which is accomplished by 
EMT, a process that generates stem cells and leads to invasion 
and metastasis of cancer [26]. Conversely, high levels of let-7 
govern differentiation and limit the aggressiveness of colorectal 
cancer: they are major guardian against stemness [26], invasion 
and metastasis [17]. 

Interestingly, the supportive stroma around colon cancer 
cells harbors high let-7 levels. Stroma consists of mesenchymal 
cells as well as immune inflammatory cells. Stromal inflammatory 
cells contain up to 4 times higher let-7 levels, compared to 
invasive cancer cells, conferring to diminished lymphocytic 
innate immunity against colorectal cancer cells and raising the 
aggressiveness of the tumor [39].This notification is consistent 
with several studies reporting increased let-7 levels in colorectal 
cancer tissues [16,83-85]. Nonetheless, it is broadly accepted by 
the vast majority of the scientific society, that low levels of let-
7 are the responsible for directing colorectal cancer tissue to an 
aggressive state [21,26,86].

LET-7 REGULATES ALL INTERMEDIATE STAGES 
OF COLORECTAL TUMORIGENESIS

 Let-7 genes have gained the interest of many researchers in 
colorectal carcinogenesis because of their abundance in colonic 
epithelium, their pro-differentiation effects [12] and their anti 
proliferative properties [69].

Mature let-7 levels are found down regulated in colorectal 

neoplastic tissues compared to the normal adjacent tissues both 
in premature and late stage of colorectal carcinogenesis process 
[87]. Two queries emerge. First, what is the nature of this down 
regulation? Apart from the already mentioned regulators, TP53, 
seems to play a key role. Wt TP53, commonly found in early stages, 
suppresses let7-a and let7-b directly (by binding to its promoter 
[88,89]) and indirectly (by inhibiting Fas [89]). Paradoxically, 
mutated TP53, commonly found in late stages of the process (4-
26% of adenomas and 50-75% of carcinomas carry the mutation 
[90]), results in the same phenomenon, i.e. it lowers let-7 levels, 
via inhibiting its maturation process [87,91]. 

The second question may be related to the first. What are 
the consequences of this depletion? In the primitive stages of 
colorectal carcinogenesis (i.e. benign polyp formation), let-
7 depletion results in oncogene hyper activation (e.g. K-ras, 
c-myc) and down regulation of LIN28; both increase genomic 
instability [17,36,92]. Nonetheless, cancer does not occur and the 
total process stops to the precancerous lesions (adenomas). In 
general, the road to cancer is halted, at least partially, because of 
the induction of the established barriers of cancer, i.e. apoptosis 
and oncogene-induced senescence [92,93]. Oncogene-induced 
senescence occurs mainly in early stage of colorectal cancer [58]. 
Furthermore, raised incidences of apoptosis and senescence 
have been documented in colorectal adenomas, coinciding with 
reduced proliferation activity [92]. It is well-known that low let-7 
levels are capable to induce apoptosis [37,38,89]. Moreover, low 
let-7 levels induce oncogene-induced senescence globally [17] 
and, more specifically, in colorectal cancer context [54]. It seems, 
therefore that, inside the frame of wild-type TP53 and under the 
effect of the, commonly early found, K-ras mutation [36,94], low 
let-7 levels are beneficial in colorectal adenoma and, probably, 
in very early carcinoma stage. Probably, inside this setting one 
should integrate the contradiction that let-7 family members 
suppress immune innate tumor reaction [17,39]: low let-7 levels 
provide advantage by enhancing the innate immunity against 
cancer progression.

Contrast to this, in late stages of colorectal carcinogenesis 
process, upon the deleterious effects of mutated TP53, low let-
7 may inhibit apoptosis [17,37,38]. Taking into consideration 
the stage-dependent nature of oncogene-induced senescence 
[58], the increased proliferation index and the low incidence of 
apoptosis and senescence found in advanced stages of colorectal 
tumorigenesis [92], one might imply that low let-7 levels are 
harmful in colorectal carcinoma stage.

Despite the fact that colorectal tumors develop due to loss of 
let-7 and other tumor-suppressors, Vickers et al., demonstrated 
that mature let-7-a levels parallels the progression of colorectal 
cancer; in case metastases occur, they proved that let7-a 
continues to up regulate [68]. Towards the same direction, Ruoxu 
and coworkers proved that higher levels of let-7-a and let-7-b 
might be associated with stage III/IV colorectal cancer patients 
[39]. This phenomenon may mirror the pressure of natural 
selection, or, alternatively, the unknown significance of tumor-
promoting properties of let-7. Other researchers demonstrated 
the increased levels of let-7 in advanced colorectal cancer tissues 
[83-85], probably due to the contribution of the let-7-rich stroma 
to the estimation of let-7 levels.
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Suppressed let-7 is involved in every single stage of the 
entire spectrum of patho physiological stages of colorectal cancer 
development [43], as it is illustrated in Figure 1. In the very early 
steps of the process, low let-7 cooperates with WNT pathway 
activation (β-catenin, c-myc) [17,19,35-37,42]. Following this, 
it represses EGFR signaling activation (RAS, AKT2) [17,35,54-
63]. Next, it participates in the third stage, by repressing TGF-β 
response inactivation. In the fourth stage, low let-7 levels acquire 
onco genetically important interdependency on TP53 expression. 
At last, it inhibits EMT [17], promoting invasion and metastasis. 
Furthermore, it is noteworthy that low let-7 levels in the front-
specific of liver colorectal metastases lead to more aggressive 
cancer and poor clinical outcomes compared to their respective 
high levels [95], a remark emphasizing the importance and the 
contribution of let-7 in metastatic colorectal disease. 

LET-7 AS A BIOMARKER IN COLORECTAL CANCER
Let-7 is a very stable molecule that resists prolonged 

storage, exposure to high or low pH values or even boiling [10]. 
These characteristics are invaluable for its use as a biomarker. 
Nonetheless, the utility of let-7 as an important biomarker in 
clinical practice has not been documented yet. Limited reports 
confer contradictory data about the role of let-7 in early detection 
of CRC. 

Few reports exist, for instance, regarding the value of let-7 
levels in blood circulation for early diagnosis of CRC, and their 
primary data rather generate concerns than clarifications. 
Ghanbari and coworkers proved simultaneous decline of let-7a 
and let-7f in plasma and stool samples from patients with early-
stage CRC [96]. Contrast to this finding, Wang et al., proved that 
let-7-g levels were significantly increased in the serum of CRC 
patients compared to control group [97] and Ogata-Kawata et 
al., demonstrated that let-7-a, alongside with other miRNAs, 
were up regulated in plasma of patients suffering from colorectal 
cancer and were down regulated after the surgical removal of the 
tumors [98]. Since many works searching for the potential role of 
circulating let-7 in CRC diagnosis are in evolution, it is reasonable 
to wait with great interest their results in the near future.

Efforts trying to correlate let-7 levels in colorectal cancer 
tissue with prognosis and survival did not provide straight-
forward results, either. Nakajima et al., found that let-7g levels 
were not correlated to survival [99]. Opposite to this, Ju et al., 
demonstrated that let-7g levels correlated with the clinical 
outcome of CRC patients [100]. Low let-7a levels were weakly 
associated with microsatellite instability (MSI) and let-7-a levels 
were correlated either with microsatellite stability or with MSI-
low tumors [99]. Despite this notification, CRC patients stage II 
with microsatellite stability (MSS) were more likely to exhibit 
clinical recurrence when let-7b and let-7d were up regulated 
[101]. Similarly, two studies correlated increased CRC tissue let-7 
levels with bad prognosis, the first in metastasic disease [102] and 
the second in stage III/IV CRC patients [38]. Against these data, 
low let-7 at the invasion front of colorectal liver metastases were 
proved to reduce overall survival [95], increased let-7 levels have 
been correlated with improved prognosis in the unique study 
with metastatic mt K-ras CRC patients in which the investigators 
measured let-7 levels [32] and two well-studied works associated 
low let-7 levels with poor prognosis [20,32].

In early CRC stages, the G-variant genotype of LCS6, known to 
represss let-7 levels, has been associated with improved [58] or 
neutral [59] effect on patients’ prognosis. As mentioned earlier, 
the correlation of the G-genotype to prognosis and survival of 
CRC patients needs further clarification [60].

Increased let-7 expression inside CRC is a positive predictive 
factor in advanced CRC stages, where adjuvant or advanced 
therapies are necessary. Increased let-7 levels were correlated 
to radio sensitivity [17,22,103]. Similarly, increased let-7 levels 
confer to sensitivity to various chemotherapeutic regimens. Let-
7 family members as an entity were positively related to chemo 
sensitivity to chemotherapeutics [12,22]. Let-7-d levels were 
positively related to chemo sensitivity to chemotherapeutics 
[22], whereas let-7-g levels predicted chemo sensitivity to 
per os 5-FU chemotherapeutic S-1 [85,99,100]. Nonetheless, 
2 concluded opposite data: the former showed that that over-
expression of let-7-a reduces sensitivity to doxorubicin, paclitaxel 
or interferon-γ [22], the latter that low let-7 expression predicted 
improved response to folate-based chemotherapy.

Increased efficacy to anti-EFGR antibodies (cetuximab) 
was shown also in patients harboring high let-7 levels [55,32]. 
Nevertheless, the conclusions from these 2 studied cannot 
be grouped, since in the former cetuximab was given as 
monotherapy in metastatic wt K-ras CRC patients, whereas in 
the latter cetuximab was given in combination to irinotecan in 
metastatic mutated K-ras CRC patients. Analogously, low let-7-b 
and let-7-e levels, especially in cancer stem cells, are synonymous 
to resistance to cetuximab [99,104]. 

Accumulated data support, unfortunately, that the positive 
predictive marker (i.e. high let-7 levels) that might attract 
clinicians to select patients for therapy is attenuated because 
of the counteractive effect of the corresponding modality: 
colorectal tumors develop defensive mechanisms against 
treatment. Cetuximab was found to reduce the levels of let7-b 
and let-7e [104] and irradiation reduced the levels of let-7-a 
[103,105], let-7-b [105] and let-7-d [22]. Besides these, things 
may be more convoluted than apparently look: let-7d levels 
displayed bidirectional behavior (i.e. either up regulation or 
down regulation) in response to irradiation, depending on the 
genetic background of the irradiated cell population and on the 
dose and time after irradiation [22].

IS LET-7 A POTENTIAL TARGET IN COLORECTAL 
CANCER?

In theory, a useful strategy concerning miRNA-based therapy 
might prove to restore the levels of a tumor-suppressor miRNA 
by forced expression or to inhibit a miRNA with oncogenic 
capabilities (oncomir) via anti-sense oligonucleotides (ASOS), 
anti-miRNA oligonucleotides (AMOS), microRNA sponges 
or oncomir masking [27,106,107]. Regarding let-7 as a new 
therapeutic goal in CRC, scientists should overcome several 
hurdles. 

First, it is difficult to decide whether to down regulate or up 
regulate let-7 in a given patient suffering from colorectal cancer. 
As let-7 is commonly playing an anti tumorigenic role in CRC 
and its high levels usually increase the sensitivity of the tumor 
to treatment modalities, it seems reasonable to increase its 
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expression levels. Restoration of high levels of let-7 expression 
inside a colorectal cancer reduces cell migration and invasion 
[20], inhibits growth [76] and decrease tumor proliferation in 
the setting of heterozygous APC loss [35]. Contrast to this, Geng 
increased the sensitivity of HT29 colon cancer cells to Fas-related 
apoptosis by conferring them a let-7 inhibitor [37]. Therefore, 
the let-7 signature of a given colorectal neoplasm might give the 
answer to the query imposed.

Second, as in vivo genetic studies (e.g. well-studied loss/gain 
research works, pharmacological analyses, clinical trials) of let-
7 function are lacking [108,109], probably due to its abundance 
in colon and its redundancy [12], we are unaware about the 
isoform of let-7 that might be critical to be manipulated in a given 
colorectal neoplasm, we don’t know which maturation isoform 
of let-7 biosynthetic cascade has to be delivered (pri-let-7, pre-
let-7, mature duplex let-7, let-7-p5 or let-7-3p), and we have not 
clearly defined the stage of colorectal carcinogenesis process it 
should generate the optimal result.

Third, the inhomogeneity of let-7 levels inside a given tumor 
should attract special consideration. Currently, it seems not 
feasible to maintain target specificity, i.e. to direct down regulate 
let-7 specifically in tumor microenvironment or to up regulate 
let-7 exclusively inside the incipient cancerous cells [24,27,107].

Fourth, synthesis and purification of therapeutic let-7 is quite 
difficult and let-7 restoration methods are not yet satisfactory 
[27].

Fifth, the delivery method has not been elucidated yet. In 
order to restore let-7 levels in situ, a vector, like adeno-associated 
virus (AAV) over expressing let-7 must be conscripted. As other 
AAV-mediated recombinant miRNAs have caused death in 
mice, as a result of liver cytotoxicity, there is ethical obstacle to 
expand this practice in humans [27]. Other promising delivery 
experimental methods (high density lipoprotein conjugated 
siRNA, nanoparticle-based delivery systems, cationic liposome-
mediated delivery of pri-let-7 and electroporation of synthetic 
let-7) might translate into therapeutic approaches for CRC in the 
near future [27,106].

The last goal to achieve is to overcome or diminish let-7’s 
side-effects, as skin toxicity [32].

FUTURE LET-7/CRC CORRELATION: WEAK 
RELATIONSHIP OR STRONG BOND?

The traditional model of colorectal cancer development 
proposed by Fearon and Vogelstein [5,6] is changing its face day 
by day: the progress of the neoplasm seems to depend on post 
transcriptional regulation by miRNAs [10]. Let-7 is not an innocent 
bystander in the physical history of colorectal cancer. It is rather 
a strong regulator of every single intermediate stage of colorectal 
tumorigenesis procedure, and, probably, a dominant piece of the 
puzzle of the specific individualized signature of a given colorectal 
tumor. Several let-7 isoforms may prove sufficient diagnostic, 
prognostic or predictive biomarkers. Additionally, many novel 
therapeutic modalities are expected to influence the biogenesis 
and action of various let-7 isoforms. This fact might improve 
importantly the prognosis and the survival of colorectal cancer 
patients. However, in order to use let-7 as an in vivo manipulator, 

several obstacles, such as ineffective delivery strategies, should 
de surmounted. Finally, better understanding of let-7’s biology 
and its multiple roles in normal colorectum as well as in malignant 
and premalignant colorectal neoplasms is indispensable, in order 
to exploit the possible preventing advantages of regulating let-7 
in the very early stages of colorectal tumorigenesis process and 
the potential curative benefits of manipulating let-7 in patients 
suffering from colorectal cancer. Consequently, let-7 may prove 
the cornerstone of the personalized management of colorectal 
cancer in the near future.
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