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ABSTRACT 

Background: MicroRNAs are small non-coding RNAs that regulate the 

expression of different genes, involved in cancer progression, angiogenesis 

and metastasis. Bio-informatic statistical analysis indicated that miR-182, 

over-expressed in colorectal cancer (CRC), has like predictive target 

Thrombospondin-1 (TSP-1), a protein inversely correlated with tumor 

vascularity and metastasis that results downregulated in different types of 

cancer including CRC. Early Growth Response 1 (Erg-1) and Specificity 

Protein 1 (Sp-1) are transcriptional factors that bind consensus sequence on 

TSP-1 gene promoter and are putative target of miR-96/182/183 cluster. 

MiR-182 could target SMAD4, which expression influences angiogenesis, 

increasing expression of TSP-1. 

Aims: Considered that we investigated whether and how the silencing of 

miR-182 could restore TSP-1 expression levels in HT-29 and HCT-116 cells. 

Materials and Methods: We determined the expression levels of TSP-1 and 

miR-182 in HT-29 and HCT-116 by qRT-PCR. Then, cells were transfected 

with synthetic oligonucleotides targeting miR-182 (anti-miR-182) and we 

evaluated TSP-1 mRNA, using qRT-PCR, and intracellular and secreted 

protein levels by Western blotting (WB) and ELISA. Next, we evaluated Erg-1 

and Sp-1 total and fractionated protein levels by WB and we assessed their 

function by ChIP. Finally we evaluate intracellular SMAD4 levels by WB. 

Results: We found that TSP-1 expression increased after transfection with 

anti-miR-182. Moreover, we observed that anti-miR-182 induced Egr-1 

expression, nuclear traslocation and its binding on TSP-1 promoter in HCT-

116. Instead Sp-1 was up-regulated both as total and as nuclear protein in 

HT-29 tranfescted and then recruited on the TSP-1 promoter consensus 

sequence. Finally, we found increased SMAD4 levels in transfected cells. 

Conclusions: Our data suggest that anti-miR-182 could determine an up-

regulation TSP-1 expression, modulating Egr-1 and Sp-1 function. Moreover, 

the restoration of SMAD4 expression induced by silencing of miR-182 could 

be another mechanism by which anti-miR-182 could restore the anti-

angiogenic phenotype. Understanding the molecular mechanism by which 

miRNAs regulate gene expression could be used to restore TSP-1 expression 

to contrast angiogenic and invasive events in colon cancer. 
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miRNAs: Function and mechanism of action 

MicroRNAs (miRNAs) are a group of non-coding regulatory RNAs, 20-22 

nucleotides in length, which have been shown to regulate several cellular 

processes such as proliferation, differentiation, apoptosis, cell metabolism 

and angiogenesis 
1
. 

MiRNAs are transcribed by the RNA Pol-II as pri-miRNAs and then processed 

into mature miRNAs by the sequential action of Drosha and Dicer 

ribonucleases 
1
. Upon maturation, miRNAs are incorporated into the RNA-

induced silencing complex (RISC). The key components of the RISC are the 

Argonaute (Ago) proteins. All Argonaute proteins share two main, highly 

conserved, structural features: the PAZ domain and the PIWI domain. The 

PAZ domain binds dsRNA while the PIWI domain has extensive homology to 

the RNAse H catalytic domain 
2
 (Fig.1). In humans, only Ago2 (slicer) has 

endonucleolitic activity 
3
. miRNAs are able to coordinate the expression of 

entire sets of genes, thus finely tuning the mammalian transcriptome 
1
. 

MiRNAs can regulate gene expression by recognizing specific binding sites in 

the 3’ untranslated region (UTR) of target mRNA molecules mainly through 

their seed sequence (nt.2-8). Additional complementary regions are often 

found in the non-seed sequence (nt.9-22) 
1
. MiRNAs binding leads the 

degradation of the target mRNAs, to the inhibition of their translation, or 

both 
1; 4

. In animals, it has been recently proposed that downregulation of 

target genes mostly occurs through mRNA destabilization, with only a very 

modest effect on translational efficiency 
5
. 

To date over 1000 of miRNAs have been identified in humans. Interestingly, 

about 30% of miRNAs in both humans and mouse are organized in cluster 
6; 

7; 8
. They are transcribed as a single polycistronic unit that is rapidly 

processed in order to obtain the single mature miRNAs. Evolutionary, this 

organization facilitates functional overlap and cooperativity among miRNAs. 

This would allow several miRNAs to coordinately regulate multiple nodes 

belonging to the same pathway or different pathways in a timely fashion 
7
, 

although this hypothesis has not been formally tested yet. In the last few 

years miRNAs have been shown to have a great impact in both normal 

cellular processes and cancer. They are highly conserved across vertebrates 

and have a fundamental role in controlling developmental pathways. Genes 

controlling developmental processes such as cell proliferation, cell death 

and differentiation are commonly associated with cancer, and many 

microRNAs are implicated in tumour development and progression 
9
. In fact, 

a significant number of miRNAs is located in tumour susceptibility loci in 
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mice 
10

.  miRNA ‘‘signatures’’ of human cancer have been found of great 

help for tumor classification and clinical outcome predictions 
11; 12

. 

 

 
 

Figure 1: microRNA biogenesis. The production of miRNAs from pri-miRNA is a complex and coordinated 

process operated by different groups of enzymes and associated proteins in the nucleus or cytoplasm. 
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miRNAs and cancer 

It is estimated that more than 60% of all protein coding genes are the 

potential targets of miRNA 
13; 14

. Naturally the reported roles of miRNA are 

implicated in almost all aspects of cellular functions, including cell 

differentiation, cell death, cell cycle, developmental timing, inflammation, 

metabolism and stemness 
11; 15; 16; 17; 18

. 

As expected from their involvement in normal physiological functions, 

dysregulation of miRNA expression has been shown to be involved in the 

pathogenesis of a wide variety of pathological conditions, such as heart 

disease, neurodegenerative disease and cancer. The dysregulation of miRNA 

is implicated in almost all aspects of cancer characteristics, including cell 

cycle, apoptosis, invasion ⁄metastasis, angiogenesis and hypoxia-resistance. 

The first evidence that miRNA is involved in the pathogenesis of cancer was 

obtained from the study of chronic lymphocytic leukemia (CLL), in which 

miR-15a and miR-16-1 were identified on a region of the genome that was 

frequently lost in CLL patients 
19

.  These miRNA target anti-apoptotic protein 

BCL2 and their downregulation promotes cancer. Hence, it was proposed 

that these miRNA have a ‘tumor-suppressive’ role in the pathogenesis of CLL 
20

. Since then, a number of reports have demonstrated the involvement of 

miRNA in cancers. miRNAs have been classified as oncogene or tumor 

suppressor according to their ability to influence cancer related pathways 
21

 

although their roles are sometimes dependent on cellular context (Fig.2). As 

suggested by their name, oncogenic miRNAs promote phenotypes 

associated with cancers, including cell proliferation, invasion and resistance 

to apoptosis. OncomiRs are in many cases upregulated in cancers and their 

elevated expression is indispensable for sustained growth of cancer cells 
22

. 

Therefore, inhibition of these miRNAs by anti-miRNAs can be a new class of 

molecular targeted therapy. In contrast, tumor-suppressive miRNAs are 

miRNAs that have anti-tumor functions.  

 



Effects of anti-miR-182 on Thrombospondin-1 expression in                                              Dott.ssa Valeria Amodeo 

human colon cancer cells      

 

7 

 

 
Figure 2: MicroRNAs can function as tumour suppressors and oncogenes.  A.  In normal tissues, miRNAs 

normally modulate cellular growth, proliferation, differentiation and cell death. B. The reduction or deletion 

of a miRNA that functions as a tumour suppressor leads to tumour formation.  C. The amplification or 

overexpression of a miRNA that has an oncogenic role would also result in tumour formation 

 

 

Because oncogenic and tumor-suppressive miRNAs confer cancer-promoting 

or cancer-suppressing characteristics to cancers, these miRNAs are regarded 

as potential targets for novel cancer therapies. In addition, aberrantly 

expressed miRNA can be used for the diagnosis of cancers. Considering that 

the functions of a substantial proportion of miRNAs are not known, 

systematic exploration of cancer-associated miRNAs might be beneficial to 

detect such clinically relevant miRNA.  

MiRNA expression can be altered by several mechanisms in human cancers 

including (Fig.3):  

- Chromosomal abnormalities 
23

: MiRNAs often reside in particular genomic 

regions that are prone to alterations in cancer. These regions could include 

either a minimal region of loss of heterozygosity, which can harbor a tumor 

suppressor gene; a minimal region of amplification, which might contain 

oncogenes or fragile sites. 

-  Epigenetic changes 
24

: An extensive analysis of genomic sequences of 

miRNA genes showed that approximately half of these genes are associated 

with CpG islands, suggesting that miRNAs can represent candidate targets of 

the DNA methylation machinery mutations and polymorphisms (SNPs).  
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- Abnormalities in miRNA-processing genes and proteins : Mutations and 

polymorphisms located in mature miRNAs, pre-miRNAs, or more likely in 

adjacent genomics regions can also change miRNAs expression by affecting 

their processing. The   protein   machinery  that is involved in the biogenesis  

of  miRNAs is complex. On consequence, alterations of these proteins should 

have dramatic effects on miRNAs expression.  

 

 
 

Figure 3:  MiRNA expression can be altered by several mechanisms in human cancers. 
a.The loss of function of a miRNA b.  The amplification or overexpression of a miRNA 

 

 

 

Involvement of microRNA in colorectal cancer pathogenesis 
Overexpression and silencing or switching off of specific miRNAs, have been 

described in the carcinogenesis of CRC. Upregulation of mature miRNA may 

occur owing to transcriptional activation or amplification of the miRNA 

encoding gene, whereas silencing or reduced expression may result from 

deletion of a particular chromosomal region, epigenetic silencing, or defects 

in their biogenesis 
25

. Many proteins involved in key signaling pathways of 

CRC, such as members of the Wnt/β-catenin and phosphatidylinositol-3-

kinase (PI-3-K) pathways, KRAS, p53, extracellular matrix regulators as well 

as epithelial-mesenchymal transition (EMT) transcription factors 
26

 are 

altered and seem to be affected by miRNA regulation in CRC. Analyses of 

these miRNAs in functional studies are crucial to better understanding CRC 

pathogenesis and with an aim to eventually identify novel therapeutic 

targets. On the other hand, expression profiles of hundreds of miRNAs have 

been shown to have at least the same potential for identification of 

biomarkers as profiling of their mRNA or protein counterparts. This allows 

predicting prognosis and therapy response as well as distinguishing certain 

disease entities, including CRC. miR-135a and miR-135b decrease translation 
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of the APC transcript in vitro. Of note, miR-135a and miR-135b were also 

found to be upregulated in vivo in colorectal adenomas and carcinomas and 

correlated with low APC levels 
27

. These observations suggest that alteration 

in the mir-135 family can be one of the early events in CRC's molecular 

pathogenesis. KRAS oncogene has been reported to be a direct target of the 

let-7 miRNA family 
28

. Another miRNA associated with KRAS regulation in 

CRC is miR-143 
29

. miR-21 is the miRNA most frequently upregulated in CRC 
30; 31; 32

. It seems that suppression of PTEN controlled by miR-21 is associated 

with augmentation of PI-3-K signaling and progression of CRC. The 

conserved miR-34a-c family was found to be direct transcriptional targets of 

p53. EMT is the conversion of an epithelial cell into a mesenchymal cell. 

Morphologically, EMT is characterized by a decrease of E-cadherin, loss of 

cell adhesion and increased cell motility leading to promotion of metastatic 

behavior of cancer cells (including CRC) 
33

. The transcriptional repressor zinc-

finger E-box binding homeobox 1 (ZEB1) is a crucial inducer of EMT in 

various human tumors, and it recently was shown to promote invasion and 

metastasis of tumor cells. The functional links to EMT comes from members 

of the miR-200 family (miR-200a, miR-200b, miR-200c, miR-141 and miR-

429). ZEB1 directly suppresses transcription of miRNA-200 family members 

miR-141 and miR-200c, which strongly activate epithelial differentiation in 

pancreatic, colorectal and breast cancer cells 
34

 (Fig.4). 

A number of studies based on expression profiling has proven there are 

significant changes of miRNA expression levels in CRC tissue in comparison 

to colorectal epithelium and these have identified groups of miRNAs 

enabling prognostic stratification of CRC patients and prediction of their 

responses to selected chemotherapeutic regimens and radiotherapy. 

miRNAs' occurrence has been repeatedly observed also in serum and 

plasma, and miRNAs as novel minimally invasive biomarkers have indicated 

reasonable sensitivity for CRC detection and compare favorably with the 

fecal occult blood test. 
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Figure 4: MicroRNAs' involvement in Vogelstein's model of colorectal cancer pathogenesis 

 

 

miRNAs regulation of angiogenesis in CRC 

Angiogenesis is defined as the growth of endothelial sprouts out of pre-

existing post-capillary venules. During oncogenesis, tumor cells acquire 

characteristics that provide them with a growth advantage over normal 

cells. These characteristics, often referred to as the hallmarks of cancer, are 

shared by most, if not all, types of cancer and include infinite and self-

sufficient growth, evasion of death signals, enhanced tissue invasion and 

metastasis, and sustained angiogenesis 
35

. To induce angiogenesis, tumor 

cells have to undergo an angiogenic switch. More recent findings indicate 

that specific miRNAs might also be responsible for regulation of endothelial 

gene expression during tumor angiogenesis 
36; 37

. Tumour neovascularization 

is partly driven by hypoxia, which stimulates tumour cell production of 

angiogenic factors such as vascular endothelial growth factor-A (VEGFA). An 

important regulator involved in the cellular response upon hypoxia is TP53 . 

Mutations in TP53 are common in CRC 
38

 and associated with increased 

tumour angiogenesis 
39

. MiR-107 was identified as a downstream target of 

TP53 and proved capable of inhibiting the translation of hypoxia-inducible 

factor-1 beta (HIF1B)
40

. Upon hypoxic signalling in a CRC cell line, 

overexpression of miR-107 resulted in decreased VEGF expression. The 

oncogene c-Myc (MYC) is an important regulator of tumour angiogenesis. 
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MYC is often coactivated with RAS, of which HRAS and KRAS are known to 

up-regulate VEGF. In a CRC model, the combination of mutations in KRAS 

and TP53 yielded indolent, poorly vascularized tumours 
41

. A robust tumour 

vasculature and progressive neoplastic growth only developed after 

overexpression of the MYC oncogene 
41

. MYC-induced up-regulation of the 

miR-17-92 cluster is directly responsible for activating angiogenesis by 

down-regulation of the antiangiogenic Thrombospondin-1 (TSP-1) 
41

 (Fig.5). 

Other miRNAs have been found differentially expressed during the 

development of CC, among of them, the miR-96, miR-182 and miR-183 

clusters are up-regulated 
42

. In particular, miR-182 seems to control genes 

involved in melanoma cancer cells migration, invasion and, on consequence, 

influenced their metastatic potential 
43

, moreover miR-182 is involved in 

cellular DNA damage response 
44

. 

 
Figure 5: Regulation of angiogenesis in CRC 

 

        

Thrombospondin-1 (TSP-1) 

TSP-1 is a multifunctional extracellular matrix protein and one of a 

fivemember family of extracellular calcium-binding proteins 
45

; it is a 

platelet- and cell-derived homotrimeric glycoprotein, secreted in a wide 

range of tissues where it is bound to the extracellular matrix 
46

 (Fig.6).  

Numerous in vitro and in vivo experiments have been carried out to identify 

multiple mechanisms by which TSP-1 inhibits angiogenesis. Three copies of 

the thrombospondin type 1 repeat (TSR), found in the middle of TSP-1 
47

, are 

essential to inhibit tumor angiogenesis and growth.  Through TSRs, TSP-1 

binds to its receptor, CD36, to β1 integrins and to transforming growth 

factor-β (TGF-β).  
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Figure 6: Graphical representation of the structure of the TSP-1 molecule. The thrombospondin monomer is 

a 150,000 MW glycopeptides. Regions containing amino acid sequence homologous to procollagen, 

properdin and EGF are shown. Heparin, calcium ion and cell binding domains are indicated. 

 

Several evidences indicate that the anti-angiogenic activity of TSP-1 is 

mostly mediated by the inhibition of endothelial cell migration and the 

induction of apoptosis via interaction of TSP-1 with CD36 
48; 49

. In fact, CD36 

expression has been shown to correlate with decreased stromal 

vascularization and a better prognosis in colon cancer 
50

, and in vitro, CD36 

mediates TSP-1 inhibition of endothelial cell migration and tube formation 
49; 51

. The interaction of TSRs and β1 integrins inhibits the migration of 

endothelial cells in a CD36- independent manner
52

. TSP-1 also indirectly 

influences angiogenesis through the activation of TGF-β, in fact TSP-1 is the 

only member of the thrombospondin family that can activate TGF-β 
53

 

(Fig.7). Even if the precise mechanism underlying the activation of TGF-β by 

TSP-1 is not fully understood, seems that the amino acid sequence RFK 

between the first and second TSRs of TSP-1 is essential 
54

. TSP1 is one of the 

genes that has been found to be aberrantly methylated in some colorectal 

cancers as well as in neuroblastomas and gastric cancers 
55; 56; 57

. In 

consequence, the aberrant methylation of TSP1 promote tumor formation 

through inhibiting the TGF-β signaling pathway activation, showing a novel 

epigenetic mechanism for inhibiting the TGF-β signaling pathway in 

colorectal cancer 
58

.  

TSP-1 has also been shown to inhibit angiogenesis by directly interacting 

with vascular endothelial growth factor (VEGF), and inhibiting matrix 

metalloproteinase-9 activation 
45

. In addition, TSP-1 may inhibit 

angiogenesis by decreasing the level of circulating endothelial cell 

progenitors 
59

.  
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Figure 7: Schematic representation of the functions of TSP-1 in tumors.  

 

TSP-1 levels expression is inversely correlated with tumor vascularity, in fact 

microvessel density is significantly higher in TSP-1-negative colorectal 

tumors and correlated with prognosis: it has been shown that patients with 

TSP-1-negative tumors had a significantly worse prognosis than did those 

with TSP-1-positive tumors.  Moreover TSP-1 may be useful for predicting 

recurrence in patients with colon cancer because the frequency of hepatic 

recurrence was significantly higher whose colorectal tumors are VEGF-

positive and TSP-1-negative 
60

 than in patients with TSP-1-positive colon 

cancer 
61

. The fact that TSP-1 is a potent endogenous inhibitor of 

angiogenesis and is often down-regulated in tumor tissue lays the basis to 

explore therapeutic applications of TSP-1. These efforts fall into two basic 

approaches, the identification of strategies to up-regulate endogenous TSP-

1, and the delivery of recombinant TSRs or synthetic peptides that contain 

sequences from the TSRs 
62

.  

 

 

Transcriptional regulation of tsp-1 gene 

Is known that TSP-1 promoter region is important for basal transcriptional 

activity 
63

, and in the 5’-flanking region between -234 and +750 are localized 

several putative binding sites for Egr-1 and Sp-1 
63

. These transcriptional 

factors can compete to bind the same GC-rich sites. Huang et al. 

demonstrated that Egr-1 expression augments the Sp-1 activation of non-

overlapping Sp-1 + Egr-1 sites, but inhibits Sp-1 activity when the sites are 

overlapping by competing with Sp-1 for the binding site. In addition, Sp-1 is 
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a strong inducer of Egr-1 suggesting a mechanism in which Sp-1 facilitates 

the inhibition of its own transactivating potential by induction of Egr-1. This 

‘‘facilitated inhibition’’ of Sp1 transactivation activity by Egr-1 could be a 

common mechanism for the regulation of a wide range of growth-related 

genes 
64

. 

A recent work shows that the 5-Fluoruracil (5-FU) induces the activation of 

Egr-1 via p38 mitogen-activated protein kinase (MAPK) pathway. This event 

determines the Egr-1 binding on TSP-1 gene promoter and, of consequence, 

the enhanced TSP-1 expression in human colon carcinoma KM12C cells
65

, 

whereas Sp-1 plays a role in the EGF-induced activation of the TSP-1 gene 
66

. 

In addiction TSP-1 expression seems to be regulated also by microRNAs . In 

fact, a down-regulation of c-myc increases the stability of TSP-1 mRNA 

through the decreased expression of miR-17-92 cluster after treatment with 

5-FU 
67

. 

 

The role of SMAD4 in CRC 

Smad4 was originally described as tumor suppressor gene deleted in 

pancreatic cancer (DPC4), and is located at chromosome 18q21.1 
68

. Smad 4 

gene mutation plays a significant role in colon carcinogenesis. Loss of Smad 

activation and/or expression occurs in approximately 10% of CRCs. This 

subset has a poor prognosis because of its association with advanced 

disease and the presence of lymph node metastases at diagnosis 
69

. Loss of 

Smad4 function occurs at later stages of malignancy, playing a role in the 

acquisition of advanced phenotypes. The frequency of mutational events of 

Smad4 gene increases with the progression of carcinogenesis, being 0% in 

adenomas, 10% in intramucosal carcinomas, 7% in invasive carcinomas 

without distant metastasis, 35% in primary invasive carcinomas with distant 

metastasis, and 31% in carcinomas metastasized to the liver and distant 

lymph nodes, or disseminated 
70

. In SMAD4 null (MC38 and SW620) cell 

lines, TGF-β induced invasion, migration, tumorigenicity and potentiality for 

metastasis, while incubation with LYLY2109761 (a potent TGF-β receptor 

kinase inhibitor) reversed these effects, suggesting that loss of SMAD4 might 

underlie the functional shift of TGF-β from a tumor suppressor to a tumor 

promoter. It has been shown that the restoration of SMAD4 to human 

pancreatic carcinoma cells blocked their ability to grow progressively as 

tumors in vivo. Unexpectedly, SMAD4 re-expression did not restore 

sensitivity to growth inhibition by TGF-β. Rather, Smad4 decreased the 

expression of VEGF and increased levels of the angiogenesis inhibitor TSP-1 
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causing the cells to switch from potently angiogenic to antiangiogenic in 

vitro and in vivo 
71

. The SMAD4 effects on VEGF and TSP-1 expression may 

contribute to reduced tumor growth through diminished vascular supply 

(Fig.8). 

 

 
Figure 8: Smad4 mediates an angiogenic switch. Basal expression levels of the prominent angiogenesis 

regulator VEGF are reduced, whereas levels of the angiogenesis inhibitor are induced in a Smad4- 

dependent manner. 
 

 

miRNAs and anticancer therapy 

New technologies that utilize synthetic miRNAs or artificial target sites to 

exploit or inhibit endogenous miRNA regulation are emerging. Therapeutic 

strategies based on modulation of miRNA expression hold great promise 

owing to the ability of these small RNAs to regulate cellular behavior. The 

most promising therapeutic techniques tested to date are miRNA mimics 

and anti-miRNA oligonucleotides (AMOs). Because the loss of a miRNA 

inhibitory effect contributes to oncogene activation, it could be possible to 

inhibit the expression of dysregulated oncogenes by using synthetic miRNA 

mimics. On contrary, anti-miRNAs are modificated oligonucleotides 

designed to knock down miRNAs target. The 2’-O-methyl (2’-OMe), 2’-O-

methoxyethyl (2’-MOE) are exemples of modificated oligonucleotides to 

target mi-RNAs. These modifications, frequently a methyl group, contributes 
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a limited amount of nuclease resistance and improves binding affinity to 

RNA compared with unmodified sequences. Recently, at the light of the 

success of siRNA as a potent and specific inhibitor of gene expression the 

scientists introduced the “locked nucleic acid (LNA)”, an oligonucleotide that 

contains conformationally locked nucleotide monomers with a methylene 

bridge connecting the 2’-oxygen and 4’-carbon atoms of the ribose ring. 

Incorporation of LNA monomers into oligonucleotides and siRNA constructs 

has been shown to increase the nuclease resistance significantly, stabilize 

the duplex structure and improve mismatch discrimination
72

. A number of 

groups have shown that vectors expressing miRNA target sites can be used 

to saturate an endogenous miRNA, preventing the downregulation of its 

natural target. This technology, which has been defined with different 

names utilizes different gene delivery systems, including plasmids and 

vectors based on adenoviruses, retroviruses, and lentiviruses (Fig.9). 

 

Figure 9: miRNAs as therapeutics. (a) The miRNA mimic technology. (b) Vectors expressing miRNA target 

sites (c) Knockdown of oncomiRs through anti-microRNA oligonucleotides 
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TSP-1 expression in the tumoral microenvironment is correlated with the 

suppression of tumor growth and the inhibition of the angiogenic process, 

on consequence TSP-1 down-regulation in CRC is associated with the             

angiogenic-switch in favor of the formation of new vessels. As molecular 

basis about events that are responsible for the decreased expression of TSP-

1 are almost clear, excluding the role played by the state of methylation of 

the promoter as confirmed by literature data, we hypothesized an 

regulatory role by miRNAs.  MiR-182, belonging to the cluster miR-96/miR-

182/miR-183, is highly expressed in tumoral colon samples respect normal 

speciments 
42

 and considered that bioinformatic analysis reveals that TSP-1 

mRNA is a predictive target of miR-182, in this study we focused our 

attention on the effects of the silencing of miR-182 on TSP-1 expression 

regulation in HCT-116 and HT-29 colorectal cancer cells.  

Because is known that miRNAs have a pleitropic effects, then we focused 

our attention on Egr-1 and Sp-1, predictive targets of miR-96/182/183 

cluster, to establish if the effects of anti-miR-182 on TSP-1 expression are 

mediated by these transcriptional factors. Moreover, miR-182 could target 

SMAD4 that regulates VEGF and TSP-1 expression in a reciprocal manner in 

pancreatic cancer cells. On consequence, we evaluated if the effects of anti-

miR-182 on TSP-1 could implicate SMAD4 signaling in HCT-116 cells, in 

addiction to transcriptional influence.  

MicroRNA-based drugs represent a promising new class of therapeutic 

agents in degrees of abnormal or hyperactive silence genes responsible for 

many diseases. Newer chemotherapeutics agents, the so-called ‘targeted’ or 

‘biological’ therapies have improved survival in patients with metastatic 

CRC, however, had a relatively small effect on survival outcomes 
73; 74; 75

. For 

this reason new therapeutic approaches, as microRNAs, could be used to  to 

contrast angiogenic spread and metastatic events.  
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Cell cultures  

To determine whether miR-182 regulates TSP-1 expression we used three 

human colon cancer cell lines: HT-29 (ATCC, Catalog No. HTB-38), Caco-2 

(ECACC, Catalog No. 86010202), HCT-116 (ECACC, Catalog No. 

91091005).HT-29 and HCT-116 were routinely grown in Gibco Mc-Coy’s 

(Invitrogen, Carlsbad, CA). Caco-2 cell line were grown in Gibco DMEM:F-12 

(L-Glutamine (+) , 15mM HEPES (+) NEAA (+), Invitrogen, Carlsbad, CA). 

All media were supplemented with 10% Foetal Bovine Serum (FBS),  100 

U/mL Penicillin and 50mg/mL Streptomycin.  

 

Anti-miRNAs transfections 

Transfections were performed with anti-miR-182  (Ambion, Austin, TX). HT-

29 and HCT-116  cells were seeded at 5x10
5
 in 60mm culture dish. After 24 h 

(40–50% confluence), the cells were transfected with anti-miR-182 (100 nM) 

using siPort Neo Fx transfection agent (Ambion, Austin, TX), according to 

manufacturer’s instructions. The mixture was transfected into all colon 

cancer cell lines for 24h in conditioned medium.  Non-specific anti-miR 

(Ambion, Austin, TX) was used as negative control. The success of 

transfection was confirmed by quantitative Real-Time PCR. 

 

Quantitative Real-Time PCR to determine the expression of miRNAs and 

TSP-1  

Total cellular RNA and miRNAs were isolated using the miRNeasy Mini Kit 

(Qiagen Inc, Valencia, CA) and quantified through RNA 6000 Nano Assay 

(Agilent Techologies, Palo Alto, CA, USA) and using 2100 Bioanalyzer (Agilent 

Technologies, Santa Clara, CA) we evaluated the integrity. For TSP-1 mRNA 

detection,  2 µg of total RNA were reverse transcribed using the High 

Capacity cDNA Archive kit (Applied Biosystems, Foster City, CA), according to 

manufacturer’s instructions and 5 µl of the RT products were used to 

amplify TSP-1 mRNA sequence using the Hs00962914_m1 TSP-1 TaqMan 

gene expression assay (Applied Biosystems, Foster City, CA). Ten nanograms 

of total RNA were reverse transcribed using Taqman MicroRNA Reverse 

Transcription Kit (Applied Biosystems, Foster City, CA). The obtained cDNA 

was amplified using Taqman hsa-miR-182 MicroRNA assay (Applied 

Biosystems, Foster City, CA). To normalize quantitative Real-Time PCR 

reactions, parallel reactions were run on each sample for RNU6B snRNA or 

Cyclophilin A. Changes in the target mRNA content relative to RNU6B or 

Cyclophilin were determined using the comparative Ct method to calculate 
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changes in Ct, and ultimately fold and percent change. An average Ct value 

for each RNA was obtained for replicate reactions. 

 

TSP-1 detection by ELISA 

A total of 5x10
5
 HT-29 and HCT-116 cells were transfected with anti-miR-182, 

as described before. After treatment, conditioned medium was collected to 

measure secreted TSP-1 expression levels using HumanQuantikine ELISA Kits 

(R&D Systems, Minneapolis, MN) following manufacturer’s instructions. All 

points were done in triplicate and the experiments were repeated three 

times. All TSP-1 concentrations were within the range of curve standard. 

Linear regression analysis was performed to create the curve standard. The 

range of curve standards was 7.81, 15.6, 31.3, 62.5, 125, 250, 500 pg/mL; all 

TSP-1 concentrations in samples were within the range of curve standard. 

Linear regression analysis was performed to create the standard curve.  

 

Western blotting (WB) 

The cells, after  transfection with anti-miR-182, were lysed to obtain total 

proteins using Complete Lysis-M Reagent (Roche, Mannheim, Germany) or 

cytoplasmic and nuclear protein fractions using NE-PER Nuclear and 

Cytoplasmic Extraction Reagents (Pierce, Rockford, IL). The expression of 

proteins was analyzed in 120 µg of total protein lysates and 80–50 µg of 

cytoplasmic and nuclear protein fractions. The following antibodies (Abs) 

were used for WB: anti-TSP-1 (3F357)  mouse monoclonal IgG1 (1:1,000, 

Santa Cruz Biotechnology, Santa Cruz, CA), anti-SMAD4 mouse monoclonal 

IgG1 (1:500; 100 µg/ml, Gene Tex, Inc.), anti-Egr-1(S-25) mouse monoclonal 

Ab (1:500 Santa Cruz Biotechnology, Santa Cruz, CA), anti-SP-1 (C-20 X) 

rabbit polyclonal Ab (1:1000 Santa Cruz Biotechnology, Santa Cruz, CA), anti-

GAPDH (6C5) mouse monoclonal Ab (1:1000 Santa Cruz Biotechnology, 

Santa Cruz, CA), anti-C23 (MS-3) mouse monoclonal Ab (1:1000 Santa Cruz 

Biotechnology, Santa Cruz, CA). The proteins were separated on an 8% 

polyacrylamide gel under denaturing conditions, and the specific signal was 

detected with ECL-WB substrate (Pierce Biotechnology Inc., Rockford, IL). 

 

Chromatin immunoprecipitation (ChIP)  

ChIP was performed using the Chromatin Immunoprecipitation Assay kit 

(Upstate, Temecula, CA), according to manufacturer’s instructions.  HT-29 

and HCT-116 cells were transfected with 100 nM anti-mir-182 for 48 h, or 

left untreated. Next, the cells were cross-linked with 1% formaldehyde and 

chromatin was collected and sonicated. Soluble chromatin was 
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immunoprecipitated with the following Abs: 5 µg anti-Egr-1 (S-25) mouse 

monoclonal Ab (Santa Cruz Biotechnology) or 5 µg anti-SP-1 (C-20 X) rabbit 

polyclonal Ab (Santa Cruz Biotechnology). DNA–protein immune complexes 

were eluted, reverse cross-linked and DNA was extracted with 

phenol/chloroform and precipitated. The presence of the TSP-1 promoter 

domain containing consensus sequence for Egr-1  in immunoprecipitated 

DNA was identified by qRT-PCR using SYBR Green with the following 

primers: TSP-1 (region -482 to +162) forward 5’-AACGAATGGCTCTCTTGGTG-

3’, reverse 5’-GGGCGACTTACCTGTGTGTA-3’. The same primers amplify the 

promoter region containing Sp-1 consensus sequences. The PCR conditions 

for the TSP-1 promoter region were: 40 cycles at 1min, 30 sec at 95°C, 30 

sec at 60°C, 1min at 72°C. In control samples, the primaries Abs were 

replaced with non-immune rabbit IgG. To normalize qRT-PCR reactions, 

chromatin inputs were used as control and were run on each sample. An 

average CT value for each samples was obtained for triplicate reactions. 

 

Statistical analysis 

The correlations were studied by Student’s t-test. P-values of <0.05 were 

considered statistically significant. 
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TSP-1 is down-regulated and miR-182 was over-expressed  in HT-29 and 

HCT-116 colon cancer cell lines 

Preliminary evaluations are performed to assess miR-182 and TSP-1 mRNA 

expression levels in HCT-116, HT29 using Caco-2 as control cells by qRT-PCR. 

We decided to use Caco-2 because it has been shown that these cells 

spontaneously differentiate in culture and form a polarized monolayer 

similar to that of the small intestine 
76

.  We observed that miR-182 was over-

expressed by 3-fold in HT-29 and by 2.1-fold in HCT-116 cells respect to 

Caco-2 cell line (Fig.10A). Then,  we evaluated TSP-1 mRNA expression levels 

in the same cells. Data showed that TSP-1 mRNA levels are down-regulated 

by 80% and by 95% in HT-29 and HCT-116 cells respectively, respect to Caco-

2 cells (Fig.10B). These first results confirm the inverse correlation of 

expression levels of TSP-1 and miR-182 in the in vitro model that we 

proposed as in literature reported 
61

 
42

. 

 
Figure 10: miR-182 and TSP-1 expression in colon cancer cell lines. A: miR-182 is up-regulated in  HT29 and 

HCT-116 cancer cell lines. RUN6B was used as endogenous control. The graphs represent respectively the 

fold abundance of miR-182 relative to Caco-2 colon cancer cell B: TSP-1 mRNA is down-regulated in  HT29 

and HCT-116 cancer cell lines. To normalized TSP-1 quantitative real-time PCR reactions, parallel reactions 

was run on each sample for Cyclophilin A (PPIA). The graphs represent respectively the reduction of TSP-1 

mRNA relative to Caco-2 colon cancer cell line  

 

 

Effects of anti-miR-182 on TSP-1 expression 

Hypothesizing the possible role of miR-182 in TSP-1 regulation and in the 

light of their inverse correlation, we investigated the effects of a synthetic 

oligonucleotide designed to target the mature forms of miR-182 on TSP-1 

expression in colorectal cancer cells (anti-miR-182). Following miR-182 

silencing, we observed that TSP-1 mRNA  increased by 2.7-fold and 3.1-fold 

in HT-29 and HCT-116 respectively relative to untransfected and negative 

control cells (Fig. 11A). We also evaluated intracellular and secreted TSP-1 

protein levels. Western blotting results, obtained on total cellular lysates, 
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indicated that intracellular TSP-1 protein levels increased in transfected HT-

29 and in HCT-116 cells (Fig. 11B), while, by ELISA, we analyzed the amount 

of secreted TSP-1 that was elevated  by 2.2-fold and by 1.9-fold in HT-29 and 

HCT-116 respectively (Fig. 11C).  

 
Figure 11: Anti-miR-182 influences TSP-1 expression. A. The expression of TSP-1 mRNA was studied after HT-

29 and HCT-116 transfection with anti-miR-182 or with negative control anti-miR molecules. The graph 

indicates that TSP-1 mRNA levels increase in transfected cells relative to negative control. B. The abundance 

of TSP-1 total protein was determined by WB in 120 µg of total proteins. The pictures indicates the increase 

of TSP-1 protein levels relative to untrasfected cells C: The concentration of secreted TSP-1 was measured by 

ELISA in cells transfected with anti-miR-182 or with negative control anti-miR. 

 

 

Silencing of miR-182 increases Egr-1 and Sp-1 protein levels in HCT-116 and 

HT-29 respectively  

Since Egr-1 and Sp-1 are predictive target of miR-96/182/183 cluster 
77

, we 

investigated the molecular mechanism by which anti-miR-182 could 

determine up-regulated TSP-1 expression in colon cancer cells, as reported 

previously.  For this reason, we evaluated if anti-miR-182 influenced Egr-1 

and Sp-1 expression in the in vitro model that we decided to study. Western 

blotting analysis revealed that Egr-1 total protein levels were up-regulated 

after transfection with anti-miR-182 in HCT-116 cell lines and that Sp-1 was 

slightly increased in HT-29 transfected with anti-miR-182 respect to 

untransfected cells (Fig.12). These results may be indicate that miR-182 

regulates different transcription factors involved in activation of TSP-1 



Effects of anti-miR-182 on Thrombospondin-1 expression in                                              Dott.ssa Valeria Amodeo 

human colon cancer cells      

 

26 

 

expression in different cell types confirming that the actions of miRNAs is 

citotype-specific. 

 

 
Figure 12: Effects of anti-miR-182 on Egr-1 and Sp-1 on protein levels.  

 

 

Anti-miR-182 modulates Egr-1 and Sp-1 nuclear translocation in colon 

cancer cells  

At the light of these data, we studied Egr-1 expression on fractionated 

lysates after transfection with anti-miR-182 in colon cancer cells. We found 

both cytosolic and nuclear accumulation of Egr-1 in transfected HCT-116 

cells respect to untransfected. Moreover, we observed that anti-miR-182 

affects nuclear accumulation of Egr-1 in HT-29. In fact, western blotting data 

evidenced a reduction of cytosolic fraction and an increase of nuclear 

translocation of Egr-1 contemporaneously in HT29 transfected with anti-

miR-182. Probably miR-182 has a regulatory role in this event that here we 

did not investigate (Fig.13). Furthermore, western blotting analysis on 

fractionated protein extracts revealed that nuclear abundance of Sp-1 

increased in HT-29 cells transfected with anti-mir-182 respect to 

untransfected and negative control, whereas anti-miR-182 seems not affect 

Sp-1 nuclear accumulation in HCT-116 cell line (Fig.13).  



Effects of anti-miR-182 on Thrombospondin-1 expression in                                              Dott.ssa Valeria Amodeo 

human colon cancer cells      

 

27 

 

 
Figure 13: Anti-mir-182 modulates Egr-1 and Sp-1 nuclear accumulation. HT-29 and HCT-116 cells were 

transfected with anti-miR-182 or left untreated. Protein loading was controlled by re-probing WB filters for 

the expression of a nuclear marker nucleolin or cytosolic protein GAPDH. 

 

Egr-1 and Sp-1 binding to TSP-1 promoter is influenced by anti-miR-182 in 

HT-29 and HCT-116 cells 

Next, we assessed whether these factors bind specific consensus sequences 

into TSP-1 promoter (from -482 to +162) after transfection with anti-miR-

182. Using ChIP assay, we found that the Egr-1 binding to TSP-1 promoter 

significantly increased by 21.3-fold in HCT-116 cells transfected with anti-

miR-182 compared to untransfected cells. Although our data showed that 

anti-miR-182 induces the nuclear accumulation of Egr-1 in HT-29 cells, as 

before describe, we did not observe the Egr-1 recruitment on the consensus 

sequence into TSP-1 promoter in this cell line (Fig.14A). Since Sp-1 binds to 

two GC boxes lying between -267 and -71 at the 5’-flanking region of the 

TSP-1 gene 
66

, we assessed the recruitment of Sp-1 on TSP-1 sequence 

promoter after tranfection with anti-miR-182. Data indicated that Sp-1 

bound by 4.4-fold TSP-1 sequence promoter in transfected HT-29 respect to 

control cells, on the contrary Sp-1 did not show significant binding TSP-1 

consensus region both in transfected with anti-miR-182 and untranfected 

HCT-116 cells (Fig.14B).  
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Figure 14: Egr-1 and Sp-1 binding to TSP-1 promoter is modulated by miR-182 in HT-29 and HCT-116 cells. 

A: Increased Egr-1 binding on TSP-1 promoter sequence in tranfected HCT-116 cells; Egr-1 is not recruited 

after tranfection with anti-miR-182 in HT-29. B: Increased Sp-1 binding on its consensus motif in HT-29 

induced by anti-miR-182; Sp-1 is not loaded in HCT-116 cells. 

 

Effects of anti-miR-182 on SMAD4 expression 

It has been shown that the restoration of SMAD4 to human pancreatic 

carcinoma cells determines up regulation of mRNA of TSP-1. To test the 

possibility that miR-182 could target SMAD4 and control, on consequence,  

angiogenic activity influencing TSP-1 expression in colon cancer cells,  we 

evaluated SMAD4 intracellular protein levels by WB.  

The colon cancer cell line HT-29 has a known nonsense mutation in the 

SMAD4 gene and exhibited the loss of an entire 18q arm in the aCGH data. 

Thus, the HT-29 cell line was classified as SMAD4 loss. HCT-116 had no 

known coding mutations or significant genomic aberrations at the SMAD4 

locus on Chromosome 18. This cell line was assumed to possess intact 

copies of the SMAD4 gene 
78

. 

We found that SMAD4 increased in HCT-116 after transfection with anti-

miR-182 respect to negative control and untransfected cells (Fig.15).   
. 
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Figure 15: The increased SMAD4 levels induced by anti-miR-182 determined. The intracellular abundance 

SMAD4 was assessed by WB of 120 mg of total proteins using specific Abs. The picture shows the increased 

SMAD4 levels normalized respect to GAPDH. The pictures indicates the increase of SMAD4 protein levels 

relative to untrasfected and negative control cells 
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TSP-1 has been shown to contrast angiogenesis by inhibiting endothelial cell 

migration 
79

, inducing endothelial cell apoptosis 
80

, antagonizing VEGF-

mediated survival signaling 
81

, inhibiting VEGF mobilization by MMP9 
82

, and  

directly binding VEGF 
83

. In addition, TSP-1 may inhibit angiogenesis by 

decreasing the level of circulating endothelial cell progenitors. Down-

regulation of TSP-1 in tumor cells is a frequent step toward the acquisition 

of an angiogenic phenotype.  

Oncogenes such as Myc 
84

 and Src 
85

 inhibit TSP-1 expression, whereas 

oncosuppressor genes such as WT1 
86

, PTEN 
87

, and Smad4/DPC4 
71

enhance 

TSP-1 expression. 

Considering that several miRNA have been found to regulate the process of 

cancer metastasis independent of primary tumorigenesis 
88

, in this study, we 

described the effects of anti-miR-182 in the  expression of TSP-1 in colon 

cancer cell lines. First, we assessed the expression levels of miR-182 and 

TSP-1 in HT-29 and HCT-116 cells. Data indicated an inverse correlation of 

expression that induced us to investigate whether contrasting the action of 

miR-182 could regulate TSP-1. For this purpose we silencing miR-182 using a 

synthetic oligonucleotide, anti-miR-182, that it targets the mature forms of 

miR-182 and thereby contrasts their expression and function in HT-29 and 

HCT-116. We found that the transfection with anti-miR-182 increased TSP-1 

mRNA, intracellular e secreted protein. Moreover, supposing that anti-miR-

182 could be affect TSP-1 expression by affects transcriptional factors 

expression that bind TSP-1 gene promoter, we focused our attention on Egr-

1 and Sp-1. Both are Cys2-His2–type zinc-finger transcription factors and 

binds to GC-rich, cis-acting promoter elements, in fact overlapping Sp-1 and 

Egr-1 sites are frequent 
64

. In addition, Egr-1 and Sp-1 DNA binding 

capacities are regulated by phosphorylation. 

Our results, obtained after transfection, indicated that anti-miR-182 could 

influence nuclear accumulation both Egr-1 and Sp-1 in HT-29, whereas anti-

miR-182 could affects nuclear translocation of Egr-1 only in HCT-116 cells. 

Subsequent ChIP analyses revealed an increased Sp-1 binding on proximal 

promoter region of TSP-1 gene as a consequence of the its increased nuclear 

accumulation in HT-29, on contrary we did not observe Egr-1 recruitment 

despite of its major nuclear amount. Moreover we found an increased Egr-1 

loading on TSP-1 promoter in HCT-116 transfected with anti-miR-182, and 

we did not observe the recruitment of Sp-1, which not shows any variation 

between cytosolic and nuclear levels.   

Sp-1 increases the amount of Egr-1, which then becomes a potent 

competitor of Sp1 for binding to consensus sequence 
64

. Since that Egr-1 
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inhibits the trans-activation of Sp-1 on overlapping Sp-1/Egr-1 and that Sp-1 

activity could be augment by Egr-1 at non-overlapping sites in the Egr1- 

gene promoter,   we hypothesized a possible regulatory mechanism in which 

anti-miR-182 increased the nuclear amount both Egr-1 and Sp-1 in HT-29 

cells, in this context probably there are not a competition between Egr-1 

and Sp-1 to load consensus sequence because Sp-1 binds non over-lapping 

sites. Reduced levels of miR-182 make Sp-1 is the major transcriptional 

factor implicated in the TSP-1 expression without involvement of Egr-1 in 

HT-29 cells. On contrary, in HCT-116 cell line the molecular mechanism by 

which anti-miR-182 could indirectly modulate TSP-1  is based on the physical 

displacement of Sp-1 on DNA by Egr-1. 

In human pancreatic cancer cells SMAD4 re-expression reduces tumor 

growth through diminished vascular supply decreasing the expression of 

VEGF and increased levels of the angiogenesis inhibitor TSP-1 causing the 

cells to switch from potently angiogenic to antiangiogenic in vitro and in vivo 
71

. Here, we found that SMAD4 protein levels increased after transfection 

with anti-miR-182 in SMAD4-wild type colon cancer cells that we studied. 

In this work we showed that anti-miR-182 mediates suppression of 

angiogenic activity through the induction of the angiogenesis inhibitor TSP-1 

by two mechanism: regulating transcriptional events on tsp-1 promoter and 

inducing SMAD4. 

The fact that TSP-1 is a potent endogenous inhibitor of angiogenesis 

prompted several groups to explore therapeutic applications of TSP-1, 

endeavoring to identify strategies to increase endogenous TSP-1 and the 

delivery of recombinant TSP-1 repeats (TSRs) or synthetic peptides that 

contain sequences from TSRs. Future investigation are expected to reveal 

the molecular basis for the differing effects of TSP-1 on tumorigenesis in 

different tumor types, and to describe the molecular pathways for the 

regulation of TSP-1 by multiple tumor suppressor and oncogenes. In 

particular we focused our attention on miRNAs, small regulatory noncoding 

RNAs which regulate mRNA function and which play a crucial role in cancer, 

where they may act as oncogenes or tumor suppressor genes.  

In this work we showed the potential regulatory role of anti-miR-182 on 

TSP-1 expression in colon cancer. In the light of these results that remark 

the involvement of miRNAs in cancer pathogenesis, miRNAs could become 

new targets for the development of novel therapeutic strategies to restore 

physiological expression levels to modulate indirectly their target 

expression.  
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