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Abstract: Increased insulin-like growth factor (IGF) axis activity is associated with the development
and progression of different types of malignancies, including colorectal cancer (CRC). MicroRNAs
(miRNAs) belonging to the let-7 family have been reported to target genes involved in this axis and are
known as tumor suppressors. In this study, in silico bioinformatic analysis was performed to assess
miRNA–mRNA interactions between eight miRNAs belonging to the let-7 family and genes involved
in the IGF signaling pathway, coding for receptors and substrates. miRNAs’ expression analysis
revealed that hsa-let-7a-5p, hsa-let-7b-5p, hsa-let-7c-5p, hsa-let- 97 7d-5p, hsa-let-7e-5p, hsa-let-7f-5p,
and hsa-let-7g-5p were significantly down-regulated in 25 CRC tumoral tissues (T) compared to the
corresponding adjacent peritumoral tissues (PT). Moreover, our results showed an upregulation of
miR-let-7e-5p in CRC tissues with mutations in KRAS codon 12 or 13, and, for the first time, found a
specific dysregulation of let-7a-5p, let-7b-5p, let-7c-5p, let-7d-5p, and let-7i-5p in CRC with perineural
invasion. Our results sustain the relationship between the IGF axis, let-7 miRNAs, and CRC and
suggest an association between the expression of these miRNAs and perineural invasion.

Keywords: insulin-like growth factor; let-7 microRNAs; colorectal cancer; perineural invasion

1. Introduction

The insulin and insulin-like growth factor (IGF) signaling system is one of the main
actors of growth and energy metabolism and plays a significant role in the pathogenesis
and progression of many cancers. Although insulin and IGF serve different physiological
functions, they share signaling pathways that involve phosphoinositide 3-kinase (PI3K),
Akt or Ras, and MAP kinase [1]. Through these pathways, they mediate responses to a
variety of other cellular stimuli, promoting cell proliferation and inhibiting apoptosis [2].
Therefore, this axis is a potential target for multiple lines of therapy, being incriminated
also in tumor resistance and invasiveness. Silencing the IGF pathway has shown promising
results in preclinical trials, albeit with significant challenges [3,4].

IGFs are small peptides isolated in human plasma which were named due to their
resemblance to proinsulin. IGF-1 is secreted by multiple organs and tissues and can act
both as endocrine, exocrine, or autocrine hormones [5].

The connection between the IGF-1 signaling pathway and colorectal cancer (CRC) has
been suspected more than 10 years due to observation of the association between CRC and
lifestyle factors (mainly physical inactivity and obesity) mediated by insulin resistance and
hyperinsulinemia via the IGF axis [6].

Notably, one of the hallmarks of CRC initiation and progression is the Warburg effect—
enhanced glucose uptake and aerobic glycolysis even in the presence of mitochondria
functioning. However, the exact mechanisms involved in this type of metabolic reprogram-
ming are still unknown [7].
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Studies in CRC patients have shown that plasma levels of IGF-1 are higher in CRC
patients compared to healthy controls [8], but they are not correlated to disease burden
or post-operative progression [4]. Moreover, in CRC tissues, a wide range of positivity of
IGF-1, IGF-2, and IGF-1R [9–12] as well as an impairment of these transcript levels [9,11,13]
have been found.

The let-7 mi-RNA family is known as a tumor suppressor, and some studies have
proposed it as a biomarker and prognostic factor in multiple fields of oncology and other
diseases [14]. IGF1/IGF1R are potentially targeted by the let-7 miRNA family. The liaison
between let-7 family miRNAs, CRC, and IGF1 pathways has previously been reported [15].
However, the association between let-7 family miRNAs’ expression and mechanisms
leading to perineural invasion has not been deeply studied.

Perineural invasion (PNI) is a possible course for metastatic spread in a variety of can-
cers, including CRC, and is usually a poor prognostic factor [16]. Moreover, PNI presence
has been associated with a higher T and N stage, histological features of adenocarcinoma,
and higher tumor grade [17].

In the last available review highlighting the connection between miRNAs and PNI in
different malignancies, miR-128-3p, miR-3679-5p, and miR-145 were tied to PNI in CRC.
Surprisingly, miRNAs belonging to the let-7 family have been associated with PNI in
multiple other types of cancer [18], but no studies in CRC are reported. Evidently, research
in this narrow field has been sparse.

This study started by bioinformatics analysis to assess the relationship between miR-
NAs hsa-let-7a-5p, hsa-let-7b-5p, hsa-let-7c-5p, hsa-let-7d-5p, hsa-let-7e-5p, hsa-let-7f-5p,
hsa-let-7g-5p, hsa-let-7i-5p, and genes involved in the IGF1 signaling pathway, coding for
receptors and substrates. This analysis was followed by the comparison of the expression
level of these miRNAs in 25 CRC tumoral and in the corresponding adjacent peritumoral
tissues. Furthermore, the association between miRNAs’ expression and tumoral features
was evaluated. The results of this work confirmed the expression impairment of these
miRNAs in CRC and suggested their association with perineural invasion.

2. Materials and Methods
2.1. Patients

Twenty-five patients with confirmed primary CRC who underwent curative surgical
intervention at the Fundeni Clinical Institute, Bucharest, Romania were enrolled in the
study. Tumoral (T) and the corresponding adjacent peritumoral mucosa (PT) tissues were
collected from patients. The tissues were formalin fixed and paraffin embedded (FFPE)
for histological, immunohistochemical evaluation and DNA isolation. Part of the T and
PT tissue was preserved in RNA protect Tissue Reagent (Qiagen, Hilden, Germany) and
then stored at −80 ◦C until RNA isolation. Informed consent was obtained from all of the
patients, and the study was conducted in accordance with the Declaration of Helsinki and
approved by the Ethics Committee of the “Fundeni” Clinical Institute (11 December 2019)
and Victor Babes National Institute of Pathology (approval number 78 of 3 December 2019).
In Table 1 the clinical features of the patients and the characteristics of the analyzed tumor
specimens are presented.

2.2. KRAS/BRAF Mutation Detection and MSI Evaluation

DNA isolation from FFPE tissues and the detection of KRAS codon 12 and codon 13
mutations, as well as the evaluation of microsatellite instability (MSI), were performed as
previously described [19]. BRAF mutations in codon 600 and codon 601 were detected using
the BRAF 600/601 StripAssay (ViennaLab Diagnostic GmbH, Vienna, Austria) according to
the manufacturer’s protocol.

2.3. In Silico let-7 miRNAs and IGF1 Signaling Pathway Interaction

The interactions between the miRNAs hsa-let-7a-5p, hsa-let-7b-5p, hsa-let-7c-5p, hsa-
let-7d-5p, hsa-let-7e-5p, hsa-let-7f-5p, hsa-let-7g-5p, and hsa-let-7i-5p and the genes in-
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volved in the IGF1 signaling pathway, coding for receptors and substrates (IGF1R, IGF2R,
INSR, IRS1, and IRS2) were identified using miRTargetLink 2.0 [20]. This tool provides
miRNA–target interactions experimentally validated (weak and strong) and computation-
ally predicted.

Table 1. Clinical features of the patients and characteristics of the analyzed tumor specimens.

Features CRC Patients (N = 25)

Age (mean ± SD; min-max) 65.56 ± 11.53 (30–83)

Sex (N; %) F (13; 52%); M (12; 48%)

Family history of cancer (N; %) 6; 24%

Moderate alcohol consumption (N; %) 12; 48%

Localization (N; %)

Ascending colon (5; 20%)
Transverse colon (2; 8%)

Descending colon (3; 12%)
Sigmoid (5; 20%)

RSJ (6; 24%)
Rectum (4; 16%)

Grade (N; %)
G1 (4; 16 %)
G2 (14; 56%)
G3 (7; 28%)

TNM (N)

T2 N0 M0 (N = 1);
T2 N1 M0 (N = 1);
T2 N2 M0 (N = 1);
T3 N0 M0 (N = 10);
T3 N1 M0 (N = 5);
T3 N2 M0 (N = 3);
T4 N0 M0 (N = 2);
T4 N1 M0 (N = 1);
T4 N2 M0 (N = 1);

Histologic subtype (N; %) Adenocarcinoma (21; 84%)
Mucinous (4; 16%)

Lymphovascular invasion (N; %) 9; 36%

Perineural invasion (N; %) 6; 24%

Microsatellite instability (N; %) 2; 8%

KRAS/BRAF mutations

KRAS codon 12 (N; %) 9; 36%

KRAS codon 13 (N; %) 3; 12%

BRAF codon 600 (N; %) 2; 8%

2.4. miRNAs Expression Analysis

Total RNA, including miRNAs, was isolated using a miRNeasy Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s protocol. The reverse transcription of
10 ng RNA was performed with a miRCURY LNA RT Kit (Qiagen), and the expression of
the selected 8 miRNAs involved in the IGF-1 signaling pathway was evaluated using a
miRCURY LNA SYBR Green PCR Kit and a miRCURY LNA miRNA PCR Assay (Qiagen).
For each sample, two technical replicates were evaluated, and the difference in the Ct
value between the duplicates was <0.4 cycles. The Ct data were normalized against the
geometric mean of SNORD38B and SNORD49A. In the comparison of T vs. PT, the miRNA
expression data are presented as 2 −∆∆Ct values (fold change—FC values) using the values
of PT tissues as control. In the other comparisons, showing a stratification of the PT and
T samples according to the presence of PNI and KRAS mutations, data are presented as 2
−∆Ct values.
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2.5. Statistical Analysis

The non-parametric Wilcoxon signed-rank test was applied in order to assess the
differences between paired tumoral and the adjacent peritumoral mucosa, since the values
of miRNA levels were not normally distributed (Shapiro–Wilk test, p < 0.05). The Mann–
Whitney test was used to compare the tumoral miRNAs levels in the other comparisons.
The differences in miRNA levels between the groups were considered significant when p <
0.05 and 0.65 ≥ FC ≥ 1.5. The Statistical Package for the Social Sciences (SPSS version 20.0,
IBM, New York, NY, USA) and GraphPad Prism 8.4.3 (GraphPad Software, San Diego, CA,
USA). were used to perform statistical analysis and generate the graphs.

3. Results

The in silico analysis to assess the miRNA–mRNA interaction between the eight let-7
miRNAs and the genes involved in the IGF1 signaling pathway, coding for receptors and
substrates (IGF1R, IGF2R, INSR, IRS1, and IRS2), showed that all of the miRNAs were
predicted or validated to target the selected genes, except IGF2R and IRS1. The interaction
graph is reported in Figure 1, and the types of interactions (predicted or validated) are
reported in supplementary data (Table S1).
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Figure 1. Interaction graph between let-7 miRNAs (blue nodes) and genes involved in the IGF1
signaling pathway (green nodes).

The differential expression between tumoral (T) and the paired adjacent peritumoral
mucosa (PT) showed that seven out of the eight analyzed let-7 miRNAs were significantly
downregulated in T: let-7a-5p (FC = 0.44, p = 0.001), let-7b-5p (FC = 0.48, p = 0.002), let-7c-5p
(FC = 0.63, p = 0.001), let-7d-5p (FC = 0.65, p = 0.007), let-7e-5p (FC = 0.50, p = 0.004), let-
7f-5p (FC = 0.53, p < 0.001), and let-7g-5p (FC = 0.59, p = 0.001). Let-7i-5p was moderately
less expressed in T tissue without reaching statistical significance (FC = 0.80, p = 0.115)
(Figure 2).

Considering the comparison between tumoral tissues with perineural invasion (PNI+)
vs. those without perineural invasion (PNI-), we found an upregulation in the PNI+
samples of the following miRNAs: let-7a-5p (FC = 2.30, p = 0.014), let-7b-5p (FC = 2.87,
p = 0.006), let-7c-5p (FC = 3.65, p = 0.011), let-7d-5p (FC = 2.71, p = 0.009), and let-7i-5p
(FC = 2.63, p = 0.036) (Figure 3A–E).
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Figure 3. miRNAs differentially expressed between PNI+ and PNI- (A) let-7a-5p (FC = 2.30); (B) let-
7b-5p (FC = 2.87); (C) let-7c-5p (FC = 3.65); (D) let-7d-5p (FC = 2.71); (E) and let-7i-5p (FC = 2.63); and
miRNA differentially expressed between KRAS+ and KRAS- (F) let-7e (FC = 1.78 in T and FC = 2.15
in PT). Bars represent the mean of expression ± SEM. Statistical significance was calculated with
Mann–Whitney test; * p < 0.05 in the comparisons performed in T; # p < 0.05 in the comparisons
performed in PT.
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When comparing the miRNAs’ expression levels between the 12 T with KRAS mu-
tation (codon 12 or codon 13) vs. the 13 T without KRAS mutation, we found that miR-
let-7e-5p was upregulated (FC = 1.78, p = 0.040). This increase was also observed when
comparing the PT tissues of the two groups (FC = 2.15; p = 0.004) even though none of the
PT tissues presented mutations (Figure 3F).

A downregulation of miRNAs let-7c-5p, let-7d-5p, and let-7i-5p was found when
comparing T with BRAF mutation vs. those without BRAF mutation (FC = 0.21 p = 0.027;
FC = 0.32 p = 0.027; FC = 0.30 p = 0.040, respectively). This result cannot be suggestive,
since only two T tissues reported BRAF mutation.

No significant difference in miRNAs expression was observed in relation to the other
characteristics of the tumors or patient features which includes localization, grade, histo-
logic subtype, lymphovascular invasion, microsatellite instability, sex, family history of
cancer, and reported moderate alcohol consumption (p > 0.05)

4. Discussion

Insulin and insulin-like growth factor 1 (IGF-1) act on the tyrosine kinase receptors
INSR and IGF-1R. INSR and IGF-1R are frequently overexpressed in cancer cells [21,22],
where they activate a variety of intracellular signaling cascades that inhibit apoptosis and
promote cell cycle progression [22,23].

Studies conducted on colonic tissues aimed at the detection of the IGF-1R gene and
protein expression, found that the IGF-1R mRNA levels are significantly higher in CRC
tissue compared with adjacent normal mucosa [13,15]. Moreover, the level of IGF-1R
protein is associated with tumor localization, grading, tumor growth, lymphatic vessel
invasion, and mismatch repair protein expression status [12].

Investigations on INSR have shown that the isoform A is significantly higher in CRC
than in normal tissues [24], while isoform B expression has been indicated to be reduced in
adenomas compared to normal colon tissue [25].

Using bioinformatics analysis, we observed the miRNA–mRNA interaction between
eight let-7 miRNAs and three genes coding for the receptors IGF-1R and INSR, and the
insulin receptor substrate IRS2. Through qRT-PCR we found that let-7a-5p, let-7b-5p, let-7c-
5p, let-7d-5p, let-7e-5p, let-7f-5p, and let-7g-5p were downregulated in the tumoral tissues.
These results partially reproduced those obtained by Li and collaborators, which found a
significant downregulation of let-7a, let-7b, and let-7e in CRC tissues, whereas no changes
in the expression levels of let-7c, let-7d, let-7f, and let-7g were observed in their study [15].
Notably, in our study let-7a, let-7b, and let-7e were identified as the most downregulated
miRNAs.

The involvement of the let-7 family in CRC has been investigated in other studies.
Results on the expression of let-7a has indicated that this miRNA shows low expression in
human CRC cell lines [26], and that its levels could be upregulated by cisatracurium [27], a
compound which inhibits the proliferation and induces apoptosis of the cancer cells [28].
Studies in human tissues have indicated let-7a-5p to be downregulated in CRC compared
to normal tissue from non-CRC controls [29,30], whereas no difference has been found in a
study comparing let-7a-5p between adjacent normal and tumor tissues [31]. Interestingly, a
negative correlation between this miRNA and tumor size, stage and lymph node metastasis
in CRC patients has been observed [32].

In line with our results, a downregulation of let-7b was observed in tumoral tis-
sues [15,33] and in the plasma [34] of CRC patients, and, along with a panel of other
miRNAs, it has been indicated as a biomarker able to distinguish between normal and
tumoral colonic tissues [35]. In contrast, in a study performed on FFPE samples, the expres-
sion of let-7b was found to be upregulated in CRC [29]. This difference can be explained
by the fact that comparing miRNA expression profiles of paired fresh frozen and FFPE
samples; only 27–38% of the differentially expressed miRNAs overlapped between the two
source systems [36].
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Let-7c has been indicated as a hub miRNA related to CRC prognosis [37], and, con-
trasting with our results, its level has been found to be increased in CRC tissue samples
as compared to normal colonic tissues [29]. Literature data on the expression of let-7d-5p
are also contrasting, with some works reporting its diminished level in CRC tissues [38]
as in our study, and other studies detecting its upregulation in tumoral tissues [29] and
cell lines [39]. Regarding the expression of let-7e-5p, a study on TCGA datasets found its
expression levels to be lower in colorectal tumor tissues than in normal tissues [40], as con-
firmed by Li et al. and our data, which detected the same changes by qRT-PCR [15]. Finally,
our study revealed the under-expression of two other miRNAs, let-7f-5p and let-7g-5p. The
results on the involvement of these miRNAs in CRC are not clear, with one study showing
let-7g-5p upregulation in tumoral tissues [29] and one, in agreement with our findings,
showing decreased expression of let-7f in CRC cell lines [41].

The discrepancies among the studies on the expression of let-7 miRNAs in CRC could
be due to the different characteristics of tumoral tissues in terms of the grade, stage, tumor
locations, presence of perineural invasion, and KRAS or BRAF mutation status. Indeed, our
results showed an upregulation of let-7e-5p in CRC tissues with mutation in KRAS codon 12
or 13 and, for the first time, suggested an association between let-7a-5p, let-7b-5p, let-7c-5p,
let-7d-5p, and let-7i-5p and perineural invasion in CRC. Among the identified miRNAs,
only let-7a and let-7d have so far been discussed in the literature as being involved in PNI,
reporting a downregulation in oral squamous cell carcinoma [42] and an upregulation in
head and neck squamous carcinoma [43] in PNI condition, respectively. Our study suggests
a possible association between the let-7 miRNAs/IGF axis and PNI in CRC patients, without
reporting functional validation. Due to the importance of PNI as a negative prognostic
factor in CRC, further exploration in a larger cohort of patients is necessary, as well as
functional studies to clarify the intricate mechanisms by which miRNAs are involved in
PNI.

5. Conclusions

In conclusion, our results showed a general downregulation of let-7 miRNAs in tu-
moral CRC tissues. The let-7 miRNA profile in CRC is related to specific clinicopathological
characteristics of tumors, mainly KRAS or BRAF mutations and the presence of PNI. These
characteristics must be considered when conducting studies for the identification of miR-
NAs as prognostic and predictive biomarkers, as well as for the application of let-7-targeting
therapy against CRC.
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analyzed miRNAs and IGF1R, IGF2R, INSR, IRS1, and IRS2 genes.

Author Contributions: Conceptualization, A.M.N., M.D. and E.M.; formal analysis, E.M. and M.D.;
investigation, A.M.N., M.D. and V.H.; resources, V.H. and B.T.; writing—original draft preparation,
A.M.N., M.D., T.E.M. and E.M.; writing—review and editing, all the authors.; supervision, M.E.H.;
funding acquisition, M.D. and M.E.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Romanian Ministry of Research, Innovation and Digitiza-
tion under grants no. PN 1N/2019_19.29.01.05, PN 1N/2019_19.29.02.02, and 31PFE/30.12.2021.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the “Victor Babes” National Institute of
Pathology (approval number 78, 3 December 2019) and the Ethics Committee of the “Fundeni”
Clinical Institute (11 December 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/life12101638/s1
https://www.mdpi.com/article/10.3390/life12101638/s1


Life 2022, 12, 1638 8 of 9

References
1. Siddle, K. Signalling by insulin and IGF receptors: Supporting acts and new players. J. Mol. Endocrinol. 2011, 47, R1–R10.

[CrossRef]
2. Brahmkhatri, V.P.; Prasanna, C.; Atreya, H.S. Insulin-like growth factor system in cancer: Novel targeted therapies. Biomed Res.

Int. 2015, 2015, 538019. [CrossRef] [PubMed]
3. Nwabo Kamdje, A.H.; Seke Etet, P.F.; Kipanyula, M.J.; Vecchio, L.; Tagne Simo, R.; Njamnshi, A.K.; Lukong, K.E.; Mimche, P.N.

Insulin-like growth factor-1 signaling in the tumor microenvironment: Carcinogenesis, cancer drug resistance, and therapeutic
potential. Front. Endocrinol. 2022, 13, 927390. [CrossRef]

4. Jiang, B.; Zhang, X.; Du, L.-L.; Wang, Y.; Liu, D.-B.; Han, C.-Z.; Jing, J.-X.; Zhao, X.-W.; Xu, X.-Q. Possible roles of insulin, IGF-1
and IGFBPs in initiation and progression of colorectal cancer. World J. Gastroenterol. 2014, 20, 1608–1613. [CrossRef]

5. Allard, J.B.; Duan, C. IGF-Binding Proteins: Why Do They Exist and Why Are There So Many? Front. Endocrinol. 2018, 9, 117.
[CrossRef]

6. Sridhar, S.S.; Goodwin, P.J. Insulin-insulin-like growth factor axis and colon cancer. J. Clin. Oncol. 2009, 27, 165–167. [CrossRef]
7. Kasprzak, A. Insulin-Like Growth Factor 1 (IGF-1) Signaling in Glucose Metabolism in Colorectal Cancer. Int. J. Mol. Sci. 2021, 22,

6434. [CrossRef]
8. Naguib, R.; Abouegylah, M.; Sharkawy, S.; Fayed, A.A.; Naguib, H. Evaluation of Serum Levels of Insulin-Like Growth Factor 1

and Insulin-Like Growth Factor-Binding Protein 3 in Patients With Colorectal Cancer: A Case-Control Study. Cureus 2021, 13,
e19881. [CrossRef]

9. Peters, G.; Gongoll, S.; Langner, C.; Mengel, M.; Piso, P.; Klempnauer, J.; Rüschoff, J.; Kreipe, H.; von Wasielewski, R. IGF-1R,
IGF-1 and IGF-2 expression as potential prognostic and predictive markers in colorectal-cancer. Virchows Arch. 2003, 443, 139–145.
[CrossRef]

10. Shiratsuchi, I.; Akagi, Y.; Kawahara, A.; Kinugasa, T.; Romeo, K.; Yoshida, T.; Ryu, Y.; Gotanda, Y.; Kage, M.; Shirouzu, K.
Expression of IGF-1 and IGF-1R and their relation to clinicopathological factors in colorectal cancer. Anticancer Res. 2011, 31,
2541–2545.

11. Nosho, K.; Yamamoto, H.; Taniguchi, H.; Adachi, Y.; Yoshida, Y.; Arimura, Y.; Endo, T.; Hinoda, Y.; Imai, K. Interplay of insulin-like
growth factor-II, insulin-like growth factor-I, insulin-like growth factor-I receptor, COX-2, and matrix metalloproteinase-7, play
key roles in the early stage of colorectal carcinogenesis. Clin. Cancer Res. 2004, 10, 7950–7957. [CrossRef]

12. Heckl, S.M.; Pellinghaus, M.; Behrens, H.-M.; Krüger, S.; Schreiber, S.; Röcken, C. Questioning the IGF1 receptor’s assigned role in
CRC—A case for rehabilitation? BMC Cancer 2020, 20, 704. [CrossRef] [PubMed]

13. Yamamoto, N.; Oshima, T.; Yoshihara, K.; Aoyama, T.; Hayashi, T.; Yamada, T.; Sato, T.; Shiozawa, M.; Yoshikawa, T.; Morinaga,
S.; et al. Clinicopathological significance and impact on outcomes of the gene expression levels of IGF-1, IGF-2 and IGF-1R,
IGFBP-3 in patients with colorectal cancer: Overexpression of the IGFBP-3 gene is an effective predictor of outcomes in patients
with colorec. Oncol. Lett. 2017, 13, 3958–3966. [CrossRef] [PubMed]

14. Chirshev, E.; Oberg, K.C.; Ioffe, Y.J.; Unternaehrer, J.J. Let-7 as biomarker, prognostic indicator, and therapy for precision medicine
in cancer. Clin. Transl. Med. 2019, 8, 24. [CrossRef] [PubMed]

15. Li, Z.; Pan, W.; Shen, Y.; Chen, Z.; Zhang, L.; Zhang, Y.; Luo, Q.; Ying, X. IGF1/IGF1R and microRNA let-7e down-regulate each
other and modulate proliferation and migration of colorectal cancer cells. Cell Cycle 2018, 17, 1212–1219. [CrossRef] [PubMed]

16. Knijn, N.; Mogk, S.C.; Teerenstra, S.; Simmer, F.; Nagtegaal, I.D. Perineural Invasion is a Strong Prognostic Factor in Colorectal
Cancer: A Systematic Review. Am. J. Surg. Pathol. 2016, 40, 103–112. [CrossRef] [PubMed]

17. Tu, J.; Yao, Z.; Wu, W.; Ju, J.; Xu, Y.; Liu, Y. Perineural Invasion Is a Strong Prognostic Factor but Not a Predictive Factor of
Response to Adjuvant Chemotherapy in Node-Negative Colon Cancer. Front. Oncol. 2021, 11, 663154. [CrossRef] [PubMed]

18. Zhang, M.; Xian, H.-C.; Dai, L.; Tang, Y.-L.; Liang, X.-H. MicroRNAs: Emerging driver of cancer perineural invasion. Cell Biosci.
2021, 11, 117. [CrossRef]

19. Cionca, F.L.; Dobre, M.; Dobrea, C.M.; Iosif, C.I.; Comănescu, M.V.; Ardeleanu, C.M. Mutational status of KRAS and MMR genes
in a series of colorectal carcinoma cases. Rom. J. Morphol. Embryol. 2018, 59, 121–129. [PubMed]

20. Kern, F.; Aparicio-Puerta, E.; Li, Y.; Fehlmann, T.; Kehl, T.; Wagner, V.; Ray, K.; Ludwig, N.; Lenhof, H.-P.; Meese, E.; et al.
miRTargetLink 2.0-interactive miRNA target gene and target pathway networks. Nucleic Acids Res. 2021, 49, W409–W416.
[CrossRef] [PubMed]

21. Belfiore, A.; Malaguarnera, R. Insulin receptor and cancer. Endocr. Relat. Cancer 2011, 18, R125–R147. [CrossRef]
22. Yuan, J.; Yin, Z.; Tao, K.; Wang, G.; Gao, J. Function of insulin-like growth factor 1 receptor in cancer resistance to chemotherapy.

Oncol. Lett. 2018, 15, 41–47. [CrossRef]
23. Massimino, M.; Sciacca, L.; Parrinello, N.L.; Scalisi, N.M.; Belfiore, A.; Vigneri, R.; Vigneri, P. Insulin Receptor Isoforms Differently

Regulate Cell Proliferation and Apoptosis in the Ligand-Occupied and Unoccupied State. Int. J. Mol. Sci. 2021, 22, 8729. [CrossRef]
24. Vigneri, P.G.; Tirrò, E.; Pennisi, M.S.; Massimino, M.; Stella, S.; Romano, C.; Manzella, L. The Insulin/IGF System in Colorectal

Cancer Development and Resistance to Therapy. Front. Oncol. 2015, 5, 230. [CrossRef] [PubMed]
25. Andres, S.F.; Simmons, J.G.; Mah, A.T.; Santoro, M.A.; Van Landeghem, L.; Lund, P.K. Insulin receptor isoform switching in

intestinal stem cells, progenitors, differentiated lineages and tumors: Evidence that IR-B limits proliferation. J. Cell Sci. 2013, 126,
5645–5656. [CrossRef]

http://doi.org/10.1530/JME-11-0022
http://doi.org/10.1155/2015/538019
http://www.ncbi.nlm.nih.gov/pubmed/25866791
http://doi.org/10.3389/fendo.2022.927390
http://doi.org/10.3748/wjg.v20.i6.1608
http://doi.org/10.3389/fendo.2018.00117
http://doi.org/10.1200/JCO.2008.19.8937
http://doi.org/10.3390/ijms22126434
http://doi.org/10.7759/cureus.19881
http://doi.org/10.1007/s00428-003-0856-5
http://doi.org/10.1158/1078-0432.CCR-04-0875
http://doi.org/10.1186/s12885-020-07173-w
http://www.ncbi.nlm.nih.gov/pubmed/32727431
http://doi.org/10.3892/ol.2017.5936
http://www.ncbi.nlm.nih.gov/pubmed/28521493
http://doi.org/10.1186/s40169-019-0240-y
http://www.ncbi.nlm.nih.gov/pubmed/31468250
http://doi.org/10.1080/15384101.2018.1469873
http://www.ncbi.nlm.nih.gov/pubmed/29886785
http://doi.org/10.1097/PAS.0000000000000518
http://www.ncbi.nlm.nih.gov/pubmed/26426380
http://doi.org/10.3389/fonc.2021.663154
http://www.ncbi.nlm.nih.gov/pubmed/33859950
http://doi.org/10.1186/s13578-021-00630-4
http://www.ncbi.nlm.nih.gov/pubmed/29940619
http://doi.org/10.1093/nar/gkab297
http://www.ncbi.nlm.nih.gov/pubmed/34009375
http://doi.org/10.1530/ERC-11-0074
http://doi.org/10.3892/ol.2017.7276
http://doi.org/10.3390/ijms22168729
http://doi.org/10.3389/fonc.2015.00230
http://www.ncbi.nlm.nih.gov/pubmed/26528439
http://doi.org/10.1242/jcs.132985


Life 2022, 12, 1638 9 of 9

26. Li, J.; Tang, Q.; Dong, W.; Wang, Y. CircBACH1/let-7a-5p axis enhances the proliferation and metastasis of colorectal cancer by
upregulating CREB5 expression. J. Gastrointest. Oncol. 2020, 11, 1186–1199. [CrossRef] [PubMed]

27. Xia, Y.-Z.; Shan, G.-F.; Yang, H.; Zha, J.; Wang, L.; Chen, J.-M.; Zhang, X.-S. Cisatracurium regulates the CXCR4/let-7a-5p axis
to inhibit colorectal cancer progression by suppressing TGF-β/SMAD2/3 signalling. Chem. Biol. Interact. 2021, 339, 109424.
[CrossRef] [PubMed]

28. Yabasin, I.B.; Lu, Z.; Yu, J.-C.; Wen, Q. Cisatracurium-induced proliferation impairment and death of colorectal cancer cells,
HCT116 is mediated by p53 dependent intrinsic apoptotic pathway in vitro. Biomed. Pharmacother. 2017, 91, 320–329. [CrossRef]
[PubMed]

29. Ozcan, O.; Kara, M.; Yumrutas, O.; Bozgeyik, E.; Bozgeyik, I.; Celik, O.I. MTUS1 and its targeting miRNAs in colorectal carcinoma:
Significant associations. Tumour Biol. 2016, 37, 6637–6645. [CrossRef] [PubMed]

30. Bahnassy, A.A.; Salem, S.E.; El-Sayed, M.; Khorshid, O.; Abdellateif, M.S.; Youssef, A.S.; Mohanad, M.; Hussein, M.; Zekri,
A.-R.N.; Ali, N.M. MiRNAs as molecular biomarkers in stage II egyptian colorectal cancer patients. Exp. Mol. Pathol. 2018, 105,
260–271. [CrossRef]
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