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Abstract: An increasing number of studies have demonstrated that circular RNAs (circRNAs) 

can regulate gene expression through interacting with microRNAs. In this study, we analyzed 

the expression of antisense to CDR1as in colorectal cancer (CRC). CDR1as had a higher expres-

sion in CRC tissues compared to adjacent, normal mucosa and was positively associated with 

tumor size, T stage, lymph node metastasis, and poor overall survival (OS). Downregulation of 

CDR1as suppressed CRC cell proliferation and invasion and increased microRNA-7 (miR-7) 

expression. Intriguingly, ectopic expression of miR-7 in CRC cells consistently inhibited 

proliferation and invasion, and the miR-7 inhibitor was able to rescue the function of CDR1as 

knockdown. Mechanistic studies demonstrated that CDR1as silencing suppressed EGFR and 

IGF-1R expression, which could be partially blocked by the miR-7 inhibitor. Finally, positive 

correlations between CDR1as expression and EGFR and IGF-1R expression were observed 

in CRC samples. Thus, given the importance of CDR1as in blocking miR-7 and positively 

regulating EGFR and IGF-1R, dysregulated CDR1as expression may play an important role 

in CRC progression.
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Introduction
Colorectal cancer (CRC) is one of the most common malignancies in the world and the 

third leading cause of cancer-related mortality in both men and women.1 It is estimated 

that there are 1.36 million new CRC cases and 694,000 CRC-related deaths globally 

each year.2 In China, CRC is the fifth most commonly diagnosed cancer and also  

the fifth leading cause of cancer death.3 Although the clinical achievements for the 

early stage of CRC are remarkable, the 5-year survival rate is only 12.5% for CRC 

patients with metastases.4 Approximately 20% of CRC patients have metastases at 

initial diagnosis, and almost 50% of CRC patients will develop metastases.5 Therefore, 

the investigation of the molecular mechanisms involved in CRC progression remains 

crucial for developing novel and effective therapies.

Circular RNA (circRNA) is a large class of RNA with covalently joined 3′ and 5′ 
ends formed by back splice. Although the existence of circRNAs in mammalian cells 

was indicated more than 3 decades ago,6 they were mistaken as rare existing transcrip-

tional noise.7 Through high-throughput RNA sequencing and bioinformatic analysis, 

thousands of different circRNAs in animal cells have been identified.8–13 Several studies 

have shown that circRNAs are abundantly expressed and evolutionarily conserved 

across the eukaryotic tree of life, thus suggesting potential biological functions.10,14

Recent studies have demonstrated that circRNAs are able to function as microRNA 

(miRNA) sponges, eg, circRNA-Sry acts as a sponge for miR-138 and circRNA-ITCH 
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serves as a sponge for microRNA-7 (miR-7), miR-17, and 

miR-214.9,10,15 Antisense to the cerebellar degeneration-

related protein 1 transcript (CDR1as) harbors ~70 conserved 

binding sites and acts as a strong sponge for miR-7.9,10 

Overexpression of CDR1as can induce developmental 

defects in embryonic zebrafish midbrain and regulate insulin 

transcription and secretion in islet cells through blocking 

miR-7.16 In addition, CDR1as promotes hepatocellular 

carcinoma cell proliferation and invasion and serves as a 

risk factor for hepatic microvascular invasion.17,18 However, 

the expression profile, function, and underlying signaling 

cascade of CDR1as involved in CRC progression remain 

unclear.

In the present study, we sought to investigate the role of 

CDR1as in CRC progression and the underlying mechanisms. 

We found that the CDR1as/miR-7 axis critically regulates 

CRC progression.

Materials and methods
human tissues and cell lines
A total of 40 pairs of human primary CRC tissues and 

normal mucosa tissues and another 182 consecutive CRC 

samples were collected at the Zhongshan Hospital of Fudan 

University between October 2011 and April 2012. Tissue 

samples were immediately frozen in liquid nitrogen and 

stored at −80°C. All patients received radical primary tumor 

resections, and no preoperative adjuvant radiotherapy and/

or chemotherapy was administered. For patients with high-

risk II stage or III/IV stage disease, postoperative adjuvant 

chemotherapy was given according to the CRC guidelines 

of the National Comprehensive Cancer Network. This study 

was approved by the Clinical Research Ethics Committee of 

Zhongshan Hospital of Fudan University, and all methods 

were performed in accordance with the relevant guidelines 

and regulations. All human samples and clinical data were 

obtained with written informed consent. Overall survival 

(OS) was calculated from the day of surgery to the date of 

CRC-related death or last follow-up.

The human CRC cell lines, HCT-116 and DLD-1, and 

human normal colonic epithelium cell lines, NCM460 and 

CCD841CoN, were purchased from the Chinese Academy 

of Sciences (Shanghai, China). HCT-116 was maintained in 

McCoy’s 5a and DLD-1 in Roswell Park Memorial Institute 

(RPMI)-1640 medium. Both of them were supplemented with 

10% fetal bovine serum (FBS). NCM460 and CCD841CoN 

were cultured in Dulbecco’s Modified Eagle’s Medium 

(DMEM) containing 20% FBS.

rna extraction and quantitative real-
time reverse transcription polymerase 
chain reaction (rT-Pcr)
Total RNA was extracted using RNeasy Mini Kit (QIAGEN, 

Hilden, Germany). cDNA was synthesized with PrimeScript® 

RT-PCR Kit (Takara, Kusatsu, Japan). Quantitative RT-PCR 

(qRT-PCR) was performed using SYBR® Premix Ex Taq™ 

(Takara) on an ABI 7500 platform (Applied Biosystems, 

Carlsbad, CA, USA). Beta actin was used as an internal con-

trol for mRNA detection. The primer sequences for mRNA 

detection are listed in Table S1.

For miR-7 detection, specific bulge-loopTM miR-7 primers 

were purchased from RiboBio (Guangzhou, China). U6 small 

nuclear RNA was used as an internal control for miRNA 

detection.

lentivirus and mirna transfection
The lentivirus targeting human CDR1as was purchased from 

GeneChem (Shanghai, China). The targeting sequence was 

designed as follows: 1 sense 5′-TGCACCTGTGTCAAGG

TCTTTTCAAGAGAAAGACCTTGACACAGGTGCTTT

TTTC-3′ and 2 sense 5′-TGGTCTTCCAGCGACTTCAAT

TCAAGAGATTGAAGTCGCTGGAAGACCA-3′.
miR-7 mimics and inhibitors were synthesized by 

RiboBio. The miRNA oligonucleotides were transfected 

using Lipofectamine® RNAiMAX™ (50 nmol/L; Invitrogen, 

CA, USA).

cell viability assay
After 72 h lentivirus infection or 24 h miRNA transfection, 

HCT-116 (2,500/well) and DLD-1 (3,000/well) cells were 

planted into 96-well culture plates. Cell viability was mea-

sured at 24, 48, 72, 96, and 120 h post seeding, by using the 

Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) according 

to the manufacturer’s instructions.

cell cycle assay
Seventy-two hours after infection, cells were harvested, 

washed with phosphate-buffered saline (PBS), and fixed 

in 70% ethanol at 4°C overnight. After fixation, cells 

were washed with PBS before suspension in RNase 

A/propidium iodide solutions (100 mg/mL RNase A and 

5 µg/mL propidium iodide). Cells were incubated at room 

temperature for an hour. Stained cells were analyzed by 

a FACScan flow cytometer (BD Biosciences, Mountain 

View, CA, USA).
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annexin V/propidium iodide apoptosis assay
Cell apoptosis was assessed by annexin V/propidium iodide 

(BD Biosciences, San Jose, CA, USA). Cells were harvested, 

washed with PBS, and resuspended in 1× binding buffer at 

a concentration of 1×106 cells/mL. A total of 100 µL solu-

tion was transferred to a new tube and added with 5 µL of 

APC Annexin V and 5 µL of propidium iodide. Cells were 

incubated at room temperature for 15 min in the dark and 

then analyzed by a FACScan flow cytometer.

colony-formation assay
HCT-116 (400/well) and DLD-1 (800/well) cells were seeded 

in six-well plates after 72 h lentivirus infection. The culture 

medium was changed every 3 days. After incubating for 

2 weeks, colonies were fixed with 4% paraformaldehyde for 

15 min and stained with 5% Giemsa for 20 min. The colonies 

containing at least 50 cells were scored.

cell invasion assay
The cell invasion assay was performed in 24-well transwell 

chambers pre-coated with Matrigel (Corning, NY, USA). After 

72 h lentivirus infection, HCT-116 cells (8×104) and DLD-1 

cells (1.2×105) in 200 µL serum-free medium were seeded 

into the upper chamber, and the lower chamber was filled with 

600 µL medium containing 10% FBS. After incubating for 

24 h, cells on the inner membrane were removed with a cotton 

swab. The outer membrane was fixed and stained using the 

HEMA 3 Manual Staining System (Thermo Fisher Scientific, 

Waltham, MA, USA). Cell numbers were counted and aver-

aged in five random fields at a magnification of 100×.

Western blot
Whole protein extracts were lysed by radioimmunopre-

cipitation assay (RIPA) buffer (Thermo Fisher Scientific) 

according to the manufacturer’s protocol. At that time, 30 µg 

proteins were run on a10% sodium dodecyl sulfate poly-

acrylamide gel electrophoresis (SDS-PAGE) gel at 100 V for 

2 h and transferred to a polyvinylidene fluoride membrane 

at 80 V for 2 h. Membranes were blocked with 5% bovine 

serum albumin (BSA) in Tris buffered saline with Tween-20 

(TBST) at room temperature for 1 h. They were then incu-

bated overnight at 4°C with one of the following primary 

antibodies: anti-EGFR (1:2,000) and anti-IGF-1R (1:1,000) 

from Cell Signaling Technology (Danvers, MA, USA) and 

anti-beta actin (1:1,000) from Santa Cruz Biotechnology 

(Dallas, Texas, USA). After washing with TBST, membranes 

were incubated with secondary antibodies for 1 h at room 

temperature and signals were developed using an enhanced 

chemiluminescence kit (Pierce, Waltham, MA, USA).

statistical analysis
Data were presented as mean ± standard deviation. Signifi-

cant differences between the groups were found using the 

student’s t-test and the Mann–Whitney U test. The correlation 

of CDR1as, EGFR, and IGF-1R expression was determined 

by the Pearson correlation test.

Results
cDr1as is highly expressed in crc
CDR1as expression was measured in 40 CRC samples 

and corresponding adjacent, normal tissues by qRT-PCR. 

Higher CDR1as expression was detected in 29 out of 

40 (72.50%) CRC samples (Figure 1A). CDR1as also had 

a higher expression in CRC cell lines compared to normal 

colonic epithelium cell lines (Figure 1B). qRT-PCR analysis 

of additional 182 consecutive CRC samples revealed that 

high CDR1as expression was correlated with sex (P=0.003), 

tumor size (P=0.032), primary pT stage 3/4 (P=0.003), and 

primary pN stage 1/2 (P=0.002; Table 1). Kaplan–Meier 

analysis indicated that patients with a high CDR1as expres-

sion had a significantly poorer OS (hazard ratio [HR] =1.799, 

95% confidence interval [CI] = [1.055–3.068], P=0.034) than 

patients with a low CDR1as expression (Figure 1C).

cDr1as downregulation inhibits tumor 
cell proliferation
Two colon cell lines HCT-116 and DLD-1 were infected 

with lentivirus containing either shRNA targeting CDR1as 

(shCDR1as) or control-scrambled shRNA (shCON). qRT-

PCR analysis showed that both the shRNAs effectively 

decreased CDR1as mRNA expression. This resulted in 

decreased cell viability, as measured by a CCK-8 assay 

(Figure 2A). Cell-cycle analysis further demonstrated that 

CDR1as knockdown induced a G0/G1 population increase 

from 58.0% to 76.3% in HCT-116 cells and from 51.1% to 

69.2% in DLD-1 cells (Figure 2B). To investigate whether 

cell apoptosis also contributes to the decrease of cell viability, 

cell apoptosis was analyzed by flow cytometry. No signifi-

cant apoptosis increase was observed in HCT-116 cells upon 

CDR1as knockdown (Figure 2C). Consistently, CDR1as 

silencing significantly impaired the colony-formation capacity 

of CRC cells (Figure 2D). Together, these data suggest that 

CDR1as may play an important role in CRC proliferation.
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cDr1as downregulation suppresses 
tumor cell invasion
Based on the significant association between CDR1as 

expression and tumor pT and pN stages in CRC samples, 

the effect of CDR1as on CRC cell invasion was also 

investigated. Knockdown of CDR1as significantly inhibited 

cell invasion, as determined by a transwell assay (Figure 3A). 

Western blot analysis further showed that MMP-9 was 

decreased upon CDR1as knockdown (Figure 3B). Together, 

these data suggest that CDR1as also regulates cell  

invasion in CRC.

cDr1as promotes crc progression 
through partially blocking mir-7
Previous studies have demonstrated that CDR1as could func-

tion as an miR-7 antagonist with a high binding capacity.9,10 

To determine whether miR-7 expression was negatively 

correlated with CRC progression and CDR1as expression, 

qRT-PCR analysis of miR-7 from the 182 tumor samples 

was carried out. miR-7 expression was not significantly 

correlated with any clinicopathological factors (Table S2). 

In addition, there was no significant correlation between 

miR-7 and CDR1as expression (Figure S1). However, miR-7 

expression was significantly increased in both HCT-116 and 

DLD-1 cell lines upon CDR1as knockdown (Figure 4A). To 

further determine whether miR-7 and CDR1as have opposite 

functions in CRC, HCT-116 and DLD-1 cells were treated 

with miR-7 mimics by transient transfection. Overexpres-

sion of miR-7 led to a significant decrease in cell viability 

in both HCT-116 and DLD-1 cells (Figure 4B). In addition, 

miR-7 mimics significantly resulted in a G0/G1 population 

increase in both the two cell lines and had no effect on cell 

Figure 1 cDr1as is highly expressed in crc.
Notes: (A) qrT-Pcr analysis of cDr1as expression in 40 paired crc tissues and adjacent normal tissues. (B) qrT-Pcr analysis of cDr1as expression in four colon cancer 
cell lines and two normal epithelial cell lines. (C) Kaplan–Meier curve of Os with cDr1as in crc patients. *P0.05, **P0.01, and ***P0.001.
Abbreviations: CRC, colorectal cancer; qRT-PCR, quantitative reverse transcription polymerase chain reaction; OS, overall survival; HR, hazard ratio; CI, confidence 
interval.
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both HCT-116 and DLD-1 cells with CDR1as knockdown. 

The miR-7 inhibitor significantly increased the cell viability 

and invasion (Figure 4E and F). Collectively, these results 

suggest that CDR1as may function through partially 

blocking miR-7.

cDr1as positively regulates egFr and 
igF-1r expression in crc
To further determine which miR-7 targets were involved 

in the growth and invasion promoting effect of CDR1as in 

CRC, a panel of growth and invasion-related miR-7 targets 

was chosen for qRT-PCR analysis. Only EGFR and IGF-1R 

were downregulated in CDR1as knockdown HCT-116 cells 

(Figure 5A). Western blot analysis further confirmed that 

EGFR and IGF-1R were decreased in CDR1as knockdown 

HCT-116 cells (Figure 5B). To further test whether EGFR 

and IGF-1R were directly regulated by CDR1as/miR-7 axis, 

CDR1as knockdown HCT-116 cells were transfected with 

the miR-7 inhibitor. Western blot analysis demonstrated 

that the miR-7 inhibitor partially rescued CDR1as silencing-

induced EGFR and IGF-1R downregulation (Figure 5C). 

Furthermore, qRT-PCR analysis of the first 40 CRC samples 

also demonstrated a positive correlation between CDR1as 

expression and EGFR and IGF-1R expressions (Figure 5D). 

Together, these results suggest that EGFR and IGF-1R were 

direct targets of CDR1as/miR-7 in CRC.

Discussion
In this study, CDR1as was found to be highly expressed in 

40 sample pairs, containing CRC tumor samples and normal 

mucosa. Further analysis in additional 182 consecutive CRC 

patients revealed that a higher CDR1as expression was cor-

related with worse OS. Knockdown of CDR1as increased 

miR-7 expression, suppressed CRC cell proliferation and 

invasion, and inhibited EGFR and IGF-1R expression. 

Table 1 correlations between cDrlas expression and clinico-
pathological parameters in crc

Characteristic n CDRlas expression, 
median (range)

P-value

sex 0.003*
Female 83 2.18 (0.53–4.98)
Male 99 3.87 (1.46–8.93)

age (years) 0.584
60 68 2.68 (0.55–7.22)
60 114 2.83 (1.00–7.80)

location 0.561
right colon 40 2.55 (0.81–5.54)
left colon 57 2.85 (0.75–10.43)
rectum 85 2.85 (1.02–7.18)

Tumor size (cm) 0.032*
5 111 2.57 (0.52–7.16)
5 71 3.87 (1.46–8.13)

histology 0.166
adenocarcinoma 149 2.95 (1.13–7.54)
Mucinous adenocarcinoma 33 1.88 (0.38–8.25)

Primary pT stage 0.003*
1/2 37 1.09 (0.24–4.70)
3/4 145 2.95 (1.40–8.08)

Primary pn stage 0.002*
0 95 1.57 (0.77–5.79)
1/2 87 2.65 (1.09–7.26)

synchronous distant metastasis 0.221
no 158 2.74 (0.75–7.24)
Yes 24 3.36 (2.33–8.31)

stage 0.433
i, ii 88 2.59 (0.76–7.64)
iii, iV 94 2.83 (1.24–7.48)

Preoperative cea level 0.331
5 99 2.95 (0.77–7.81)
5–19 49 2.47 (0.89–4.21)
20 34 2.96 (1.38–9.87)

Note: * represents P0.05.
Abbreviations: crc, colorectal cancer; cea, carcinoembryonic antigen.

apoptosis (Figure 4C and D). This suggests that miR-7 mimics 

has an opposite function of CDR1as. To further determine 

whether the function of CDR1as silencing is dependent on 

miR-7, an miR-7 inhibitor was transiently transfected into 

Figure 2 (Continued)
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Figure 2 cDr1as downregulation inhibits tumor cell proliferation.
Notes: (A) qrT-Pcr analysis of cDr1as expression and cell viability analysis in shcOn and shcDr1as lentivirus-infected hcT-116 and DlD-1 cells. (B) cell-cycle 
distributions of hcT-116 and DlD-1 cells infected with shcOn or shcDr1as lentivirus for 72 h. (C) CDR1as knockdown did not significantly increase apoptosis rate in 
colon cancer hcT-116 cells. (D) colony images and counts of shcOn and shcDr1as lentivirus-infected hcT-116 and DlD-1 cells. *P0.05, **P0.01 and ***P0.001.
Abbreviations: qrT-Pcr, quantitative reverse transcription polymerase chain reaction; shcOn, control-scrambled shrna; shcDr1as, shrna targeting cDr1as; 
OD, optical density.
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ββ

Figure 3 cDr1as downregulation suppresses tumor cell invasion.
Notes: (A) Invasion images and counts of colon cancer cells infected with control or shCDR1as lentivirus for 72 h (magnification 100×). (B) Western blot analysis of MMP-9 
in hcT-116 and DlD-1 cells infected with control or shcDr1as lentivirus for 72 h. **P0.01 and ***P0.001.
Abbreviations: shcOn, control-scrambled shrna; shcDr1as, shrna targeting cDr1as.

Moreover, the miR-7 inhibitor partially blocked the role of 

CDR1as knockdown. This indicated that CDR1as/miR-7 axis 

was associated with CRC progression.

Recent studies showed that CDR1as was a strong sponge 

for miR-7 in the embryonic zebrafish and islet cells.10,16 As for 

the function of CDR1as in cancer, it has been reported to be 

upregulated in HCC samples and knockdown of CDR1as 

inhibited HCC progression.17 CDR1as was further found 

to be one of the independent factors of hepatic macro-

scopic vascular invasion (MVI). CDR1as expression in 

Figure 4 (Continued)
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Figure 4 cDr1as promotes cell growth and invasion through partially blocking mir-7.
Notes: (A) qrT-Pcr analysis of mir-7 expression in shcOn and shcDr1as lentivirus-infected hcT-116 and DlD-1 cells for 72 h. (B) growth curves of mirna-ctrl and 
mir-7 mimics in hcT-116 and DlD-1 cells for 5 days. (C) cell-cycle distributions of hcT-116 and DlD-1 cells transfected with mirna-ctrl or mir-7 mimics for 48 h. 
(D) miR-7 mimics did not significantly increase apoptosis rate in colon cancer HCT-116 cells. (E) growth curves of shcOn, shcDr1as, and shcDr1as plus the mir-7 
inhibitor in hcT-116 and DlD-1 cells. (F) invasion images and counts of hcT-116 and DlD-1 cells treated by shcOn, shcDr1as, and shcDr1as plus the mir-7 inhibitor. 
*P0.05 and **P0.01.
Abbreviations: mir-7, microrna-7; qrT-Pcr, quantitative reverse transcription polymerase chain reaction; shcOn, control-scrambled shrna; shcDr1as, shrna 
targeting cDr1as; mirna, microrna; ctrl, control; OD, optical density.
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β

β

Figure 5 cDr1as positively regulates egFr and igF-1r in crc.
Notes: (A) qrT-Pcr analysis of mir-7-targeted genes in hcT-116 cells infected with shcOn and shcDr1as lentivirus for 72 h. (B) Western blot analysis of egFr and 
igF-1r following shcOn and shcDr1as lentivirus infection for 72 h in hcT-116 cells. (C) Western blot analysis of egFr and igF-1r in hcT-116 cells treated by shcOn, 
shcDr1as, and shcDr1as plus the mir-7 inhibitor for 72 h. (D) egFr and igF-1r mrna levels were positively correlated with cDr1as expression in crc tumor samples. 
**P0.01.
Abbreviations: crc, colorectal cancer; qrT-Pcr, quantitative reverse transcription polymerase chain reaction; mir-7, microrna-7; shcOn, control-scrambled shrna; 
shcDr1as, shrna targeting cDr1as.

HCC tissues was positively correlated with hepatic MVI, 

alpha-fetoprotein levels, and younger age.18 However, the 

expression and role of CDR1as in CRC are still unknown. In 

this study, we found that CDR1as had a higher expression in 

CRC tumor samples than in adjacent normal mucosa, and a 

high CDR1as expression was correlated with poor OS. Our 

results further demonstrated that the function of CDR1as in 

CRC is partially dependent on miR-7. Although knockdown 

of CDR1as increased miR-7 expression in HCT-116 and 

DLD-1 cells, we did not see a significant adverse correlation 

between CDR1as and miR-7 in CRC tumor samples. This 

might be ascribed to the characteristic of CDR1as serving as 

an miR-7 sponge. CDR1as may bind and sequester miR-7, 

yet does not regulate miR-7 expression. When CDR1as is 

degraded, miR-7 may be released in cytoplasm, making it 

detectable.17,19 In addition, miR-7 expression could also be 
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regulated on both transcriptional and post-transcriptional 

levels. As for transcriptional regulation, HoxD10 can inter-

act with the miR-7 chromatin and positively regulate miR-7 

expression, resulting in a tumor suppressive phenotype.20 

For post-transcriptional regulation, miR-7-1 biogenesis in 

non-brain cells was inhibited by HuR and MSI2 through 

forming a HuR/MSI2/pri-miR-7-1 complex, resulting in the 

stabilization of the pri-miR-7-1 structure.21 In addition, the 

miR-7 inhibitor partially blocking the function of CDR1as 

knockdown indicated that CDR1as may regulate CRC 

progression through other mechanisms. Some functions of 

circRNAs have been proposed, besides acting as miRNA 

sponges, including interactions with binding proteins and 

transcriptional and post-transcriptional regulations.13,22

To understand the biological role of CDR1as, the 

regulatory network of miR-7 needs to be considered. MiR-7 

suppressed several oncogenic signaling pathways through 

directly targeting EGFR, IGF-1R, and PAK1, indicating a 

tumor-suppressive role for miR-7.20,23–25 Ectopic expression of 

miR-7 suppressed CRC cell proliferation and caused cell-cycle 

arrest in the G1 phase through targeting YY1.26 MiR-7 was 

further reported to have a low expression in CRC samples, and 

miR-7 upregulation inhibited CRC cell invasion by regulating 

its direct target PAX6.27 MiR-7 was also reported to regulate 

cetuximab sensitivity, and a low expression of miR-7 was an 

independent and significant prognostic factor for survival.28 

Our study also revealed an inhibitory role of miR-7 in CRC, 

which is similar to CDR1as knockdown. Furthermore, we 

identified that EGFR and IGF-1R are direct targets of CDR1as/

miR-7 axis, indicating that EGFR and IGF-1R may participate 

in the oncogenic function of CDR1as/miR-7 axis.

Both EGFR and IGF-1R were extensively studied in 

tumors. EGFR was reported to mediate multiple cellular 

functions, including proliferation, apoptosis, migration, 

differentiation, and dedifferentiation.29 In addition, the anti-

EGFR antibody cetuximab had greatly increased the survival 

of patients with RAS wild-type metastatic CRC.30 IGF-1R is 

overexpressed in CRC tumor samples and promotes tumor 

growth, angiogenesis, and metastasis.31–33 In addition, activa-

tion of IGF-1R is linked to anti-EGFR therapy resistance and 

poor prognosis in CRC.34 Our study showed that CDR1as 

expression was positively associated with EGFR and IGF-1R 

expression in CRC tumor samples, further suggesting that 

CDR1as/miR-7 axis may promote CRC progression through 

regulating EGFR and IGF-1R.

Conclusion
This study demonstrated that CDR1as overexpression is 

associated with poor survival of CRC patients and that 

knockdown of CDR1as suppresses CRC cell proliferation and 

invasion through upregulating miR-7. In addition, we found 

that EGFR and IGF-1R are direct targets of CDR1as/miR-7 

axis and both EGFR and IGF-1R expression are positively 

associated with CDR1as expression in CRC samples. Based 

on these observations, we suggest that aberrant CDR1as/

miR-7 axis may serve as a promising molecular target for 

designing novel therapies to control CRC progression.
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Figure S1 cDrlas expression is not correlated with mir-7.
Note: Pearson correlation analysis of cDrlas and mir-7 expression in 182 crc 
tumor samples.
Abbreviations: mir-7, microrna-7; crc, colorectal cancer.

Table S1 Specific real-time qPCR primers

Genes Forward and reverse primers

PaK1 F 5′-cagccccTccgaTgagaaaTa-3′
r 5′-caaaaccgacaTgaaTTgTgTgT-3′

egFr F 5′-aggcacgagTaacaagcTcac-3′
r 5′-aTgaggacaTaaccagccacc-3′

igF-1r F 5′-TcgacaTccgcaacgacTaTc-3′
r 5′-ccagggcgTagTTgTagaagag-3′

PTK2 F 5′-TggTgcaaTggagcgagTaTT-3′
r 5′-ccaggTggTTggcTcacTa-3′

YY1 F 5′-ggcagaaTTTgcTagaaTgaag-3′
r 5′-agTTggTgTcgTTTTagTTTTg-3′

Xrcc2 F 5′-TgcTTTaTcaccTaacagcacg-3′
r 5′-TgcTcaagaaTTgTaacTagccg-3′

PaX6 F 5′-TgggcaggTaTTacgagacTg-3′
r 5′-acTcccgcTTaTacTgggcTa-3′

β actin F 5′-caaccgcgagaagaTgaccc-3′
r 5′-gaggcgTacagggaTagcac-3′

Abbreviation: qPcr, quantitative polymerase chain reaction.

Supplementary materials

Table S2 correlations between mir-7 expression and clinico-
pathological parameters in crc

Characteristic n miR-7 expression,  
median (range)

P-value

sex 0.357
Female 83 2.78 (0.76–6.72)
Male 99 3.34 (1.18–7.12)

age (years) 0.335
60 68 2.54 (0.48–6.13)
60 114 2.92 (1.04–7.02)

location 0.713
right colon 40 2.71 (0.84–5.63)
left colon 57 2.85 (0.78–8.41)
rectum 85 2.80 (1.00–5.78)

Tumor size (cm) 0.092
5 111 3.54 (1.22–7.98)
5 71 2.73 (0.63–6.82)

histology 0.553
adenocarcinoma 149 2.64 (1.01–7.38)
Mucinous adenocarcinoma 33 2.43 (0.75–6.43)

Primary pT stage 0.148
1/2 37 2.65 (0.97–5.68)
3/4 145 2.14 (1.05–7.76)

Primary pn stage 0.658
0 95 2.08 (1.30–7.39)
1/2 87 2.15 (0.58–7.45)

synchronous distant metastasis 0.493
no 158 3.10 (2.13–7.19)
Yes 24 2.95 (0.82–6.29)

stage 0.348
i, ii 88 2.96 (1.26–7.38)
iii, iV 94 2.32 (0.64–6.90)

Preoperative cea level 0.632
5 99 2.88 (0.67–7.31)
5–19 49 2.35 (0.80–5.03)
20 34 3.27 (1.43–7.97)

Abbreviations: crc, colorectal cancer; cea, carcinoembryonic antigen.
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