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Introduction

CRC is the third leading cause of cancer-related deaths world-
wide,1 characterized with poor prognosis and treatment. It would 
be important to search for early diagnostic biomarkers to reduce 
the mortality of CRC.2,3 MicroRNAs (MiRNAs) are non-pro-
tein-coding, 19–22 nucleotide RNAs that regulate expression 
of a wide variety of genes by targeting their mRNAs, leading 
to mRNA degradation or inhibition of protein translation.4,5 
MiRNAs are known to play important roles in CRC and other 
kinds of cancers.6-8 In particular, studies showed that expression 
levels of miR-143 are downregulated in many types of cancers, 
including CRC, but whether its levels are correlated with CRC 
clinical stages is not known yet. In addition, the roles and mecha-
nisms of miR-143 in regulating angiogenesis, tumorigenesis and 
drug resistance remain to be elucidated.

The expression profiles of circulating miRNAs in patients’ 
blood are of special interest, because alterations of miRNA 
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signature in circulation are observed in certain cancers and other 
diseases.9-14 The levels of specific miRNAs in blood may be used 
as tumor screening and diagnostic markers as well as predictors 
of overall patient survival.15-20 For example, the expression profiles 
of miR-1, miR-486, miR-30d and miR-499 in serum were served 
as predictors of overall survival of non-small cell lung cancer.21 
However, so far there is no specific circulating miRNA reported 
to be associated with CRC development.

IGF-IR is a transmembrane protein that activates a number 
of downstream signaling pathways including the phosphoinosit-
ide 3-kinase (PI3K)/AKT pathway for regulating angiogenesis 
and tumorigenesis.22 Recent studies have identified some miR-
NAs post-transcriptionally regulating IGF-IR, such as miR-
145, miR-375 and miR-7.23-25 IGF-IR also plays important roles 
in regulating CRC resistance to oxaliplatin, one of the stan-
dard first-line treatments of CRC.26,27 However, the mecha-
nism underlying IGF-IR-mediated drug resistance remains  
unclear.
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almost 70% when compared with those of the negative control 
(Fig. S1C). Consistent with this result, secreted VEGF protein 
levels were decreased by 45% in the culture medium of SW1116 
cells overexpressing miR-143 cells (Fig. S1D). These findings 
indicate that miR-143 functions as suppressor of cell prolifera-
tion and migration in CRC cells.

IGF-IR is a direct target of miR-143. To determine the func-
tional target of miR-143, we searched for putative targets of miR-
143 by using the Targetsearch algorithm developed by ourselves, 
and found a putative miR-143 binding site in 3'-UTR of IGF-IR. 
This binding site was totally conserved in at least six kinds of spe-
cies including human, rhesus monkey, mouse, rat, dog and cow 
(Table S1). To experimentally validate whether miR-143 directly 
targets IGF-IR, we cloned the 3'-UTR region of IGF-IR with 
wild type or mutant miR-143 binding sites, respectively, into 
pMIR-REPORTER vector as indicated in Figure 3A. Forced 
expression of miR-143 markedly decreased wild type reporter 
activities by almost 40%, whereas the mutant reporter luciferase 
activities weren’t affected, suggesting that the predicted binding 
sites were the binding regions of miR-143 within IGF-IR 3'-UTR 
(Fig.  3B). Western blotting showed that miR-143 overexpres-
sion was sufficient to inhibit IGF-IR protein expression (Fig. 3C 
and D). In order to investigate the relationship between expres-
sions of miR-143 and IGF-IR in human CRC specimens, we ana-
lyzed the levels of IGF-IR expression in 62 pairs of CRC samples 
by immunohistochemistry (IHC). The relative expression levels 
of IGF-IR were analyzed by two experienced pathologists in 
a blind manner and marked as final IHC scores: 0 (negative), 
+ (weak), ++ (moderate) and +++ (strong). When the levels of 
miR-143 were much lower, the intensities of IGF-IR were much 
higher (Fig.3E). Scatter plot analysis showed an inverse cor-
relation between miR-143 expression levels and IHC scores of 
IGF-IR signals (Fig. 3F). These results demonstrated that miR-
143 directly inhibited IGF-IR expression by directly targeting its 
3'-UTR region, and miR-143 expression levels were inversely cor-
related with IGF-IR levels in CRC tissues.

MiR-143 inhibits tumor angiogenesis and tumor growth. 
We employed the chorioallantoic membrane (CAM) system 
to test the effects of miR-143 on angiogenesis. As shown in 

In this study, we aim to address the following questions: 
(1)  Whether miR-143 expression is detectable in circulating 
blood, which may be associated with cancer development; (2) 
What is the role of miR-143 in tumor growth and angiogene-
sis; (3) What is/are functional target(s) of miR-143 involved in 
tumor growth and angiogenesis; and (4) What role of miR-143 
and underlying mechanisms in CRC resistance to oxaliplatin 
treatment.

Results

Downregulation of miR-143 expression in blood samples 
and tumor tissues of human CRC patients. To determine 
the expression level of miR-143 in circulating blood samples, 
qRT-PCR analysis was performed in plasma samples from 41 
CRC patients and 10 healthy subjects. The results showed that 
miR-143 expression was detectable in both cancer patients’ and 
healthy subjects’ specimens. Interestingly, miR-143 expression 
levels were significantly decreased in the plasma samples of CRC 
patients when compared with the normal subjects (Fig. 1A), sug-
gesting miR-143 expression can be a potential biomarker as a 
noninvasive diagnostic tool. We also tested the expression lev-
els of miR-143 in 62 pairs of cancer tumor specimens and adja-
cent normal tissues and found that miR-143 expression levels 
in tumor tissues were significantly lower than those in adjacent 
normal ones (Fig. 1B). We also compared the miR-143 expres-
sion levels among different stages. We found that the miRNA 
expression levels in cancer tissues were correlated with the stages 
of CRC patients. The late stages C+D showed even lower miR-
143 expression levels than those in early stages A and B (Fig. 1C 
and Table 1). In addition, miR-143 levels were markedly lower 
in the patients with lymph node metastasis than those in the 
patients without lymph node metastasis (Fig. 1D), which was 
consistent with the above result, since lymph node metastasis 
commonly occurs in Duke’s stages C and D, but not in Duke’s 
stages A and B. Taken together, the low expression levels of cir-
culating miR-143 in blood samples of CRC patients and tumor 
tissues were closely related with stages and metastasis, indicating 
that circulating miR-143 levels may be used as a potential new 
biomarker for the diagnosis of CRC.

MiR-143 overexpression inhibits cell proliferation and 
migration, and suppresses expression of HIF-1α and VEGF. To 
test the direct role of miR-143 in CRC cells, we established sta-
ble cell lines by infecting SW1116 cells with lentivirus carrying 
miR-143 or the negative control precursor (miR-NC) followed 
by puromycin selection. High levels of miR-143 expression were 
confirmed in the SW1116/miR-143 stable cell line (Fig. S1A). 
Cell viability assay indicated that overexpressing miR-143 sig-
nificantly reduced cell growth rate 48 h after seeding (Fig. 2A). 
Forced expression of miR-143 also markedly reduced the wound-
healing rate in cancer cells (Fig. 2B). To test the involvement 
of downstream signaling molecules, we showed that miR-143 
expression inactivated AKT and downregulated protein levels of 
HIF-1α, which is a major regulator of VEGF expression at tran-
scriptional level (Fig. S1B). qRT-PCR assay showed a significant 
decrease of VEGF mRNA levels in SW1116/miR-143 cells by 

Table 1. Comparison of clinical patothologic factors and normalized 
expression levels of miR-143 in 62 pairs of CRC tissues

Colorectal cancer n Normalized expression of miR-143a

Duke’s stage

A 11 0.5174 (0.3559–0.7727)

B 23 0.5361 (0.3495–0.6908)

C + D 28 0.3879 (0.2074–0.5182)

p value 0.0188

Lymph node

Negative 34 0.536 (0.3551–0.6920)

Positive 28 0.399 (0.1962–0.5225)

p value 0.0065

“a” indicates median values of normalized expression levels of miR-143 
with 25th-75th percentile in parenthesis.
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Figure  4A, forced expression of miR-143 in SW1116 cells sig-
nificantly suppressed the angiogenesis responses by 40% when 
compared with the negative control. To test the effect of miR-143 
on tumor growth, SW1116 cells overexpressing miR-143 or miR-
NC were subcutaneously injected into posterior flank of nude 
mice (n = 6). Xenograft tumor volumes were measured every 2 d 
when they were palpable. On day 16 after implantation, tumors 
from cells overexpressing miR-143 were significantly smaller 
than those from control cells (Fig. 4C). Nude mice were sac-
rificed on day 24 after implantation, and xenografts were col-
lected and weighed. Representative xenograft tumors were shown 
in Figure 4B. When compared with controls, the average tumor 
weights from the miR-143-overexpression group were markedly 
reduced by 80% (Fig. 4D). Total proteins from representative 
tumor samples were analyzed by western blotting, and it was 
determined that miR-143 suppressed its target IGF-IR expression 

Figure 1. MiR-143 expression levels are downregulated in blood samples and cancer tissues and correlated with CRC clinical stages. (A) The relative 
expression levels of miR-143 in plasma of CRC patients were detected and normalized to those of the spiked-in control cel-miR-39. **p < 0.001 indi-
cates significant difference comparing miR-143 expression levels in the plasma from CRC patients and from healthy subjects. (B) Expression levels of 
miR-143 in 62 pairs of CRC tumor tissues and adjacent normal specimens were analyzed by stem-loop qRT-PCR and normalized to the levels of U6. The 
fold changes were obtained by the ratio of miR-143 abundance in cancer tissues to that in the adjacent normal tissues. *p < 0.05 indicates significant 
difference comparing miR-143 expression in tumor tissues with adjacent normal tissues. (C) Relative expression levels of miR-143 in different stages of 
cancer tissues. *p < 0.05 indicates significant difference comparing miR-143 expression in Duke’s stage C+D with stage A, while #p < 0.05 comparing 
miR-143 expression in Duke’s stage C+D with stage B. (D) Relative expression levels of miR-143 in different types of lymph node metastasis. *p < 0.05 
comparing miR-143 expression in positive lymph node metastasis with negative one.

in vivo (Fig. 4E). It was also confirmed that VEGF expression 
in xenograft tumors were significantly decreased by miR-143 by 
30% (Fig. 4F).

MiR-143 inhibits cell proliferation and sensitizes CRC 
cells to oxaliplatin treatment through IGF-IR. To investigate 
whether IGF-IR, the target gene of miR-143, was involved in 
miR-143-regulated cell proliferation, we overexpressed IGF-IR 
protein levels in SW1116/miR-143 cells by infecting cells with 
lentivirus carrying IGF-IR (Fig. S2A), and restoration of IGF-IR 
also rescued AKT activity and VEGF expression suppressed 
by miR-143 (Figs. S2A and B). As expected, overexpression of 
IGF-IR reversed miR-143-mediated suppression of cell growth 
(Fig. 5A). To explore the role of miR-143 in chemotherapy, we 
treated CRC cells with different concentrations of oxaliplatin, 
a leading chemo-drug used for treatment of CRC. Cell viability 
was determined after 72 h treatments. As shown in Figure 5B, 
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Discussion

Since lin-4 was first discovered by Ambros and colleagues,28 
miRNAs have been among one of the most actively researched 
fields due to their important functions in gene regulation.29-31 
Recent studies showed that miRNAs can be secreted into the 
blood system by normal cells and/or tumor cells, and are found 
to be stable in serum or plasma.9,10,13 In this study, we analyzed 
the expression levels of miR-143 in plasma from CRC patients 
and healthy subjects and, interestingly, found that circulat-
ing miR‑143 expression levels were significantly lower in CRC 
patients than in healthy subjects. Here, we demonstrated that 
miR-143 expression was detectable in human blood, with expres-
sion levels correlating with the downregulation of miR-143 lev-
els in human CRC tissues. Moreover, we also found that the 
downregulation of miR‑143 expression was associated with later 
clinical cancer stages and lymph node metastasis in CRCs. These 
results strongly suggested that circulating miR-143 expression 
levels have clinical implications, which may be used as a new 
biomarker for CRCs.

MiR-143 may play a potential role as a tumor suppressor in 
many kinds of cancers, including CRC.32-34 Angiogenesis plays 
vital roles in tumor growth, which requires well-orchestrated 
molecular events during this process. Here, we reported that 
miR-143 functions as an anti-angiogenic regulator in CRC 
tumor growth. Overexpression of miR-143 in CRC cells led to 
reduced amount of microvessels in a CAM model and impaired 
tumor growth in a xenograft model in nude mice. Further stud-
ies indicated that miR-143 inactivated AKT and inhibited its 
downstream modulators, HIF-1α and VEGF, key regulators in 
angiogenesis and tumorigenesis.35,36

IGF-IR is a key regulator of tumor development which plays 
vital roles in regulating cell proliferation, differentiation and 
survival.37,38 We and others’ labs have demonstrated that IGF-IR 
promotes angiogenesis and tumor growth through the PI3K/
AKT downstream pathway.39-41 Moreover, we found that IGF-IR 
also functioned in the process of chemoresistance to oxalipla-
tin, a first-line regimen for CRC treatment.42-44 We identified 
IGF-IR as a novel direct target of miR-143 and as a very impor-
tant linker in the miR-143-mediated tumor suppression events. 
Moreover, we found that miR-143 overexpression increased che-
mosensitivity of cancer cells to oxaliplatin treatment in vitro, 
indicated by decreased cell viability and increased cell apoptosis. 
Re-expression of IGF-IR reversed the miR-143-mediated effect 
in drug resistance of CRC cells, suggesting that IGF-IR played 
central roles in miR-143-induced chemosentivity to oxaliplatin 
treatment. Further experiments are needed to deeply elucidate 
how IGF-IR is involved in miR-143-induced chemosensitivity.

In summary, our present investigation suggests that miR-
143 functions as a tumor suppressor by negatively regulating 
IGF-IR expression via specifically targeting its 3'-UTR region. 
In human CRC tissues, miR-143 levels are inversely related with 
the protein levels of IGF-IR. MiR-143 impairs tumor growth 
and angiogenesis through the PI3K/AKT/HIF-1/VEGF path-
way. Interestingly, we demonstrate that miR-143 sensitizes 
oxaliplatin treatment in an IGF-IR-dependent manner. We also 

overexpression of miR-143 in CRC cells significantly increased 
chemosensitivity to oxaliplatin treatment, while IGF-IR overex-
pression reversed the chemosensitivity process. Cell growth rate 
was tremendously inhibited by miR-143 and restored by IGF-IR 
overexpression with oxaliplatin treatment (Fig. S2C). In order 
to explore whether miR-143 plays a role in cell apoptosis that is 
relevant to oxaliplatin treatment, cell apoptosis rates in the pres-
ence of oxaliplatin (4 μM) were assayed by FACS analysis at indi-
cated times. Overexpression of miR-143 alone didn’t affect cell 
apoptosis; nevertheless, when it combined with oxaliplatin treat-
ment, cell apoptosis was significantly induced (Fig. 5C). More 
intriguingly, IGF-IR overexpression reversed the effect induced 
by miR‑143. Western blotting analysis also showed that cas-
pase-3, a key executor of cell apoptosis, was involved in the apop-
tosis process. Caspase-3 remained inactive in cells with miR-143 
overexpression alone. But when cells were treated with oxalipla-
tin along with miR-143 overexpression, caspase-3 was activated, 
whereas IGF-IR overexpression reversed the activation of caspase 
cleavage (Fig. 5D). These results indicated that miR-143 induced 
CRC chemo-sensitivity to oxaliplatin treatment in an IGF-IR-
dependent manner. To our knowledge, this finding is the first 
time to show that miR-143 increases CRC chemosensitivity to 
oxaliplatin treatment through caspase-3.

Figure 2. MiR-143 overexpression suppresses proliferation and migra-
tion of SW1116 cells. (A) Cell viability was evaluated. Results were means 
± SE from three independent experiments performed in sextuple. (B) 
SW1116 cells stably overexpressing miR-143 or miR-control were cul-
tured to 90% confluence. A sterile 200 μl pipette tip was used to scratch 
the cells to form a wound. The wound gaps were photographed (top) 
and measured (bottom).
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Materials and Methods

Clinical specimens. Paired human CRC specimens and matched 
normal adjacent tissue samples were collected from patients 
undergoing standard surgical procedures in the First Affiliated 
Hospital of Anhui Medical University, with the informed con-
sent of the patients. Parts of tissue samples were immediately 

demonstrated that miR-143 expression is not only decreased in 
human CRC specimens associated with clinical features, but 
also is downregulated in patients’ circulating bloods. Taken 
together, these findings suggest that miR-143 may be a useful 
biomarker for CRCs and provide new information for using 
miR-143/IGF-IR-based therapeutic strategies for CRC treat-
ments in the future.

Figure 3. IGF-IR is a direct target of miR-143. (A) Putative seed-matching sites (in bold and italic) or mutant sites (underlined) between miR-143 and 
3'-UTR of IGF-IR. (B) Luciferase activities of reporter constructs containing wild-type (WT) or mutant (MT) 3'-UTR of IGF-IR were assayed and normal-
ized to those of renilla activities (internal control). Data were presented as means ± SE from three independent experiments with triple replicates 
per experiment. (C and D) Total proteins were subjected to western blotting and detected for IGF-IR expression levels. Relative densities of protein 
expression signals were calculated and normalized to GAPDH protein levels from three separate experiments. Data were means ± SE. (E) The correla-
tion analysis was performed between IGF-IR protein levels and miR-143 expression levels in CRC tissues. The IHC scores were used to describe protein 
levels of IGF-IR in tumor tissues, which were evaluated by experienced pathologists in a blind manner. (F) Linear regression curves of miR-143 expres-
sion and IGF-IR protein levels. *p < 0.05 comparing miR-143 with scrambled miRNA control (miR-NC).
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Hefei, with the consent of patients and healthy subjects. The 
protocols were approved by Institutional Review Committees 
of Anhui Medical University and Nanjing Medical University. 
Plasma was isolated from whole blood by centrifuging at 1,400 
rpm for 10 min and was stored at −80°C refrigerator. The plasma 
RNAs were extracted following a similar procedure as described 
previously.45 In brief, a volume of 300 μL of blood and 900 μL 
of TRIZol (Invitrogen) were thoroughly mixed and followed by 
adding manual synthetic C. elegans miR-39 (cel-miR-39) to final 

snap-frozen in liquid nitrogen, and parts were fixed in forma-
lin for histological examination. All samples were histologi-
cally classified and graded according to Duke’s stage by clinical 
pathologist. No information regulated by HIPPA was included 
in the study. The experiment protocols were approved by the 
Institutional Review Committees of Anhui Medical University 
and Nanjing Medical University.

Plasma collection and plasma RNA extraction. Whole 
human bloods were collected from Anhui Medical University, 

Figure 4. MiR-143 inhibits angiogenesis and tumorigenesis in vivo. (A) Angiogenesis assay by chorioallantoic membrane (CAM) model as described 
in “Materials and Methods.” Top: Representative CAM plugs. Bar = 2 mm. Bottom: The branches of blood vessels, which were counted as the index 
of angiogenesis was obtained from the CAMs of 8–10 embryos per treatment 96 h after implantation. The data represented as mean ± SE of blood 
vessel numbers were normalized to those of the control. (B) Tumor growth assay in nude mice (n = 6). Representative pictures of xenograft tumors are 
shown. Bar = 2 mm. (C) Tumor growth curve upon implantation. (D) The average weights of xenograft tumors. Data were means ± SE. (E) Protein levels 
of IGF-IR in xenograft tumors. (F) qRT-PCR analysis of VEGF mRNA levels in xenograft tumors. Data were presented as means ± SE *p < 0.05 indicates 
significant difference comparing miR-143 treatment and miR-NC (control).
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2 wk to obtain SW1116/miR-143 and SW1116/miR-NC stable 
cell lines. To overexpress IGF-IR in CRC cells, lentivrius carrying 
IGF-IR ORF cDNA (GeneCopoeia) were packaged and used to 
infect cells as instructed by manufacturer’s manual.

Cell viability assay. One thousand cells per well were seeded 
and cultured in 96-well plates. Cell viability was assayed using 
a CCK8 kit (Dojindo Laboratories) according to the manu-
facturer’s instruction at indicated time points. All results were 
obtained from three separate experiments with six replicates per 
experiment.

Wound healing assay. Cells were cultured until reached 90% 
confluence in 6-well plates. Cell layers were scratched using a 
200 μL tip to form wounded gaps, washed with PBS twice and 
cultured. The wounded gaps were photographed at different time 
points and analyzed by measuring the distance of migrating cells 
from five different areas for each wound.

In vitro chemosensitivity array. Cancer cells were seeded 
at a density of 4,000 cells per well in a 96-well plate overnight. 
Freshly prepared oxaliplatin (Sigma-Aldrich) was added with the 
final concentration ranging from 1 to 64 μM. Seventy-two hours 
later, cell viability was assayed by CCK8 kit.

concentration of 10−5 nM as spiked-in control. Total RNAs were 
extracted using Trizol solution according to the manufacturer’s 
instructions, and eluted in 30 μL DEPC-treated water. Aliquots 
of RNAs (5 μL) were used to perform reverse transcription reac-
tions as templates and analyzed by qRT-PCR.

Cell culture. Human CRC cell line SW1116 and derived 
stable cell lines were cultured in RPMI 1640 medium, and 
HEK293T cells were cultured in DMEM medium supple-
mented with 10% fetal bovine serum, 100 units/ml penicillin 
and 100 μg/ml streptomycin in a 37°C incubator containing 
5% CO

2
.

Lentiviral packaging and stable cell line establishment. To 
stably overexpress miR-143 in CRC cells, the lentiviral packag-
ing kit was used (Thermo Fisher Scientific). Lentivirus carrying 
miR-143 or negative control (miR-NC) was packaged follow-
ing the manufacturer’s manual. Red fluorescent protein (RFP) 
gene was inserted into the packaging system and co-expressed 
with miRNAs. Lentivirus was packaged in HEK293T cells and 
secreted into the medium. SW1116 cells were infected by lentivi-
rus carrying miR-143 or miR-NC with the presence of polybrene 
(Sigma-Aldrich) and selected by puromycin (Sigma-Aldrich) for 

Figure 5. MiR-143 increases chemosensitivity of CRC cells to oxaliplatin treatment through IGF-IR. (A and B) Cell viability was evaluated in cells stably 
expressing scrambled miRNA control (miR-NC), miR-143 or miR-143 + IGF-IR, respectively, with (A) or without (B) the oxaliplatin treatments at different 
doses. Data were means ± SE. (C and D) Cells stably expressing miR-NC, miR-143 or miR-143 + IGF-IR were treated with 4 μM of oxaliplatin at indicated 
time points and subjected to apoptosis analysis by flow cytometry (C) and western blotting (D). Data were means ± SE **p < 0.001 indicated signifi-
cance between group of miR-143 and control group miR-NC, while #p < 0.05 represented significance between group of miR-143 and group of miR-143 
+ IGF-IR.
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(Cell Signaling Technology). The assessment of IHC signals was 
performed by two experienced pathologists in a blind manner. 
Five high-power fields (200×) of every sample were randomly 
selected. Percentages of positive tumor cells were categorized into 
five semi-quantitative classes: 0 (≤ 5% positive cells), 1 (6–25% 
positive cells), 2 (26–50% positive cells), 3 (51–75% positive 
cells) and 4 (> 76% positive cells). Intensity of staining was also 
semi-quantitatively determined on a scale of 0–3 as follows: 0 
(negative), 1 (weakly positive), 2 (moderately positive) and 3 
(strongly positive). Multiplication of percentage scores and inten-
sity of staining gave the final IHC score: 0 (negative), + (1–4), ++ 
(5–8) and +++ (9–12) as previously described.51

Xenograft tumor model in nude mice. For tumor growth 
assay, male nude mice [BALB/cA-nu (nu/nu), 6-wk-old] were 
purchased from SLAC Animal Center and maintained in spe-
cial pathogen-free (SPF) conditions. Animal protocols were 
approved by the Animal Welfare Committee of Nanjing Medical 
University. Aliquots of cells (4 × 106) were suspended in 150 μl of 
FBS-free RPMI 1640 medium and subcutaneously injected into 
posterior flank of nude mice (n = 6). Tumor size was measured 
using vernier caliper every 2 d when they were visible, and tumor 
volume was calculated according to the formula: volume = 0.5 × 
length × width2.

Statistical analysis. Data were presented as mean ± SE of at 
least three independent experiments except specially indicated. 
Student’s unpaired t-test was used for comparison of two inde-
pendent groups. The correlations between miR-143 expression 
levels and clinicopathologic features or IHC staining scores of 
human CRC specimens were analyzed by Mann-Whitney test 
for two groups and Kruskall-Wallis test for three or more groups. 
Values were considered significantly different at p < 0.05.
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Apoptosis assay. Apoptosis were measured by flow cytometry 
as described before.46 Briefly, cells were trypsined and labeled 
with Alexa Fluor 647 Annexin V (Biolegend) and 7-AAD 
(BD PharMingen), and subjected to FACS analysis. Cells were 
considered apoptotic when they were annexin V-positive and 
7-AAD-negative.

Transfections and dual-luciferase reporter assay. 3'-UTR of 
IGF-IR was amplified by PCR using Pfu DNA polymerase from 
cDNA library prepared from SW1116 cells, and inserted into 
pMIR-REPORTER vector (Ambion). Primers used for wild type 
and mutant reporter constructs were listed in Table S2. Wild 
type and mutant constructs were validated by DNA sequencing. 
SW1116 cells were seeded in 24-well plates and co-transfected 
with 0.3 μg of luciferase reporter plasmids, 0.1 μg of Renilla 
luciferase reporter (internal control) and equal amounts (30 nM) 
of pre-miR-143 or pre-miR-NC (Ambion) using Lipofectamine 
2000 (Invitrogen). Firefly and Renilla luciferase activities were 
measured 24 h after transfection using a dual luciferase assay kit 
(Promega). Experiments were repeated three times with three 
replicates each.

RNA isolation and quantitative real-time PCR (qRT-
PCR) analysis. Total RNAs were extracted from cultured cells 
or human tissue specimens using TRIzol reagent according to 
the manufacturer’s instruction. To quantify the mRNA levels of 
VEGF, RNAs were transcribed using PrimeScript RT Reagent 
Kit and oligo dT primer (Takara). To measure miR-143 expres-
sion levels, RNAs were transcribed by stem-loop RT primer using 
PrimeScript RT Reagent Kit (Takara) as previously described.47,48 
qRT-PCR was performed using SYBR Premix DimerEraser 
(Takara) on a 7900HT system. GAPDH or U6 levels were used 
as an internal control, respectively. Primers were listed in Table 
S2.

Protein extraction and western blotting. Cells or tissues 
were harvested and lysed on ice for 30 min in RIPA buffer 
(Beyotime) supplemented with 1 mM phenylmethylsulfonyl flu-
oride (PMSF). Lysates were subjected to western blotting assay, as 
described before,49 and detected with antibodies against IGF-IR, 
phospho-AKT (Ser-473), total AKT, β-tubulin (Cell Signaling 
Technology), HIF-1α, HIF-1β (BD Biosciences), GAPDH 
(Santa Cruz Biotechnology) or β-actin (Sigma-Aldrich).

Chorioallantoic membrane (CAM) angiogenesis assay. 
Fertilized chicken eggs were incubated at 37°C with 70% 
humidity for 8 d. An artificial air sac was created as we previ-
ously described.50 Cells were suspended in serum-free medium 
and mixed with equal volume of growth factor-reduced Matrigel 
(BD Biosciences). Aliquots (3 × 106, 60 μL) of the mixture 
were applied onto the CAM of 9-d-old embryos. The plugs 
were trimmed out and photographed 4 d after the implantation, 
and the number of blood vessels was obtained by counting the 
branching of the blood vessels.

Immunohistochemistry (IHC). Formalin-fixed, paraffin-
embedded tissues of 62 pairs of human CRC specimens were 
sectioned at 5 μm and incubated with antibodies against IGF-IR 
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