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INTRODUCTION 
 

Colorectal cancer (CRC) is currently considered to be 

the disease with the third highest mortality rate and 

tumor-related mortality worldwide [1]. Early diagnosis 

of CRC can enable a better prognosis through medical 

treatment options. However, the diagnosis and treatment 

of advanced or metastatic CRC is still very scarce. 

Although targeted therapies have been successfully used 

to treat certain types of tumors, their performance in the 

treatment of CRC is not satisfactory, and for patients 

with advanced disease, their survival benefit is relatively 

small [2, 3]. Therefore, the timely identification of novel 

biomarkers and further evaluation of their detection 

value are crucial for the treatment of CRC. 

 

Noncoding RNAs (ncRNAs) participate in gene 

regulation to further influence the biological behavior of 

cells [4]. Long noncoding RNAs (lncRNAs) are a type 

of RNA with a length greater than 200 nucleotides and 

without protein-coding function [5]. Long intergenic 

noncoding RNAs (lincRNAs) are a subspecies of 

lncRNAs [6]. LncRNAs derived from intergenic regions 

between two protein-coding genes are classified as 

lincRNAs [7]. A previous study found that lincRNAs 

participate in various biological behaviors of various 
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ABSTRACT 
 

Long intergenic noncoding RNAs (lincRNAs) regulate a series of biological processes, and their anomalous 
expression plays critical roles in the progression of multiple malignancies, including colorectal cancer (CRC). 
Although many studies have reported the oncogenic function of LINC00665 in multiple cancers, few studies have 
explored its role in CRC. The aim of this study was to assess the effect of LINC00665 on the malignant behaviors of 
CRC and explore the underlying regulatory mechanism of LINC00665. LINC00665 was significantly upregulated in 
CRC. A loss-of-function assay revealed that LINC00665 downregulation inhibited the proliferation and promoted 
the apoptosis of CRC cells, which was mediated by cyclin D1, CDK4, caspase-9 and caspase-3. Through mechanistic 
exploration, we found that miR-126-5p directly bound to LINC00665. Moreover, LINC00665 and miR-126-5p both 
regulated PAK2 and FZD3 expression. Mechanistically, miR-126-5p was predicted and further verified as a target 
of both PAK2 and FZD3. These findings demonstrate that LINC00665 might play an important pro-proliferative and 
antiapoptotic role in CRC and might be a potential biomarker and a new therapeutic target for CRC. 
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cancers and emphasized their significance as biomarkers 

or therapeutic targets [4]. The mechanisms of action of 

lincRNAs in the context of CRC are not fully defined; 

therefore, exploring the roles of lincRNAs in CRC could 

develop a new direction of diagnosis and treatment. 

MicroRNAs (miRNAs) are considered short ncRNA 

fragments and negatively regulate gene transcript 

function. Studies have proven that lncRNAs regulate 

mRNA expression through their miRNA sponge, named 

the competitive endogenous RNA (ceRNA) network, 

and this function is closely related to tumor development 

[8]. Thus, we proposed to investigate the ceRNA 

network in CRC in this study. 
 

The Wnt/β-catenin pathway seems to be a main factor 
during carcinogenesis among different cancers. Studies 

have shown that 10 Frizzled receptors (FZD1–10) are 

distributed in the highly conserved WNT network, 

which guides the dynamic balance of cell metabolism 

[9–11]. FZDs can transmit extracellular signals to the 

output of a variety of transcription programs, which 

determine cellular outcomes in pathological and 

physiological processes [12]. Studies have indicated 

that downregulation of the FZD3 receptor inhibits 

proliferation in human melanoma through the WNT 

signaling pathway [13]. p21 activated kinase 2 (PAK2) 

belongs to the PAK family, which acts as a downstream 

substrate of GTPases Rac and CDC42 [14, 15]. The 

PAK family (PAK 1-6) participates in the biological 

behavior of different tumor types, such as proliferation 

and apoptosis [16, 17]. Among them, PAK2 may be 

related to the progression and prognosis of tumors and 

has the potential to become a cancer therapy target [18–

20]. Accordingly, FZD3 and PAK2 and their roles in 

tumors need to be considered. 
 

The present study was designed to provide new ideas 

and perspectives for the role of LINC00665 and 

determine its underlying mechanism in CRC. In this 

research, the expression of LINC00665 in CRC tissues 

and cell lines was detected. Additionally, we also 

assessed the relationship between LINC00665 

expression and miR-126-5p. Overall, we determined 

that LINC00665 acted as an oncogene by modulating 

miR-126-5p, thereby aggravating tumorigenesis, 

demonstrating that LINC00665 might be a valuable and 

promising therapeutic target for CRC. 

 

RESULTS 
 

LINC00665 expression was overexpressed in human 

CRC 
 

To identify the role of LINC00665 in CRC, we analyzed 

the data obtained from a bioinformatics website 

(HCMDB data set), and the data showed that LINC00665 

was significantly increased in CRC tissues (P < 0.05; 

Figure 1A). We then evaluated the levels of LINC00665 

expression in CRC tumor tissues via qPCR, which 

showed significant upregulation of this lincRNA 

specifically in CRC samples (P < 0.05; Figure 1B). We 

also determined that  LINC00665 expression in various 

CRC cell lines (LOVO, HCT116, DLD1, SW480, and 

RKO) was upregulated compared with that in the normal 

colonic cell line (NCM460, n = 6; P < 0.05; Figure 1C). 

The results from in vitro experiments indicated that the 

expression of LINC00665 in LOVO and RKO cells was 

even higher than that in other cells (n = 6; P < 0.01; 

Figure 1C), and these cells were chosen for further 

investigation. To determine the knockdown efficiencies 

in CRC cells, LINC00665-targeting siRNAs (si-

LINC00665; si#1 and si#2) were used. We found two 

siRNAs (si#1 and si#2) with higher transfection 

efficiency, which were selected for further experiments 

(n = 6; P < 0.05; Figure 1D). Together, the above results 

indicate that LINC00665 may be associated with CRC 

aggressiveness. 

 

LINC00665 knockdown inhibited CRC cell 

proliferation 

 

To determine the effect of LINC00665 on cell 

proliferation, the CellTiter 96® AQueous One Solution 

Cell Proliferation assay was performed. We found that 

LINC00665 knockdown suppressed the proliferation of 

CRC cell lines (n = 6, P < 0.05; Figure 2A). In addition, 

colony formation assays showed that the colony 

formation number was significantly reduced after 

silencing LINC00665 in CRC cells (n = 6, P < 0.05; 

Figure 2B, 2C). To further investigate the underlying 

mechanism, several important cell cycle-related proteins 

(cyclin D1, cyclin-dependent kinase 4 (CDK4), Rb and 

phosphorylated Rb (p-Rb)) were investigated. The 

protein levels of cell cycle-related proteins were 

decreased after LINC00665 knockdown in CRC cells (n 

= 6, P < 0.05; Figure 2D, 2E). Taken together, our data 

demonstrated that knockdown of LINC00665 

suppressed proliferation in CRC. 

 

LINC00665 knockdown promoted CRC cells 

apoptosis 

 

Furthermore, the potential influence of LINC00665 on 

cell apoptosis was assessed by Western blotting analysis 

and flow cytometry. As shown in Figure 3A, 3B, we 

demonstrated that the protein levels of cleaved caspase-

9 and caspase-3 were much higher after silencing 

LINC00665 than in the NC group. Similarly, the 

apoptosis rates of CRC cells were significantly elevated 
in the si-LINC00665 groups compared to the NC group 

(n = 6, P < 0.05; Figure 3C, 3D). These results indicate 

that the downregulation of LINC00665 induced 
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apoptosis in CRC cells, suggesting that LINC00665 

plays an oncogenic role. 

 

LINC00665 functioned as a ceRNA to sponge miR-

126-5p 

 

To further investigate this hypothesis, we aimed  

to identify the miRNAs that might be targeted  

by LINC00665 using starBase tools 

(http://starbase.sysu.edu.cn). The predicted targets 

showed that miR-126-5p was a potential downstream 

target of LINC00665, and the potential binding site is 

presented (Figure 4A). To further reveal the underlying 

mechanism of LINC00665 in CRC malignant 

phenotypes, the subcellular distribution of LINC00665 

was analyzed in CRC cancer cells. The results illustrated 

that LINC00665 was mostly distributed in the cytoplasm 

(n = 6, P < 0.05; Figure 4B) and further suggested that 

LINC00665 can function as a miRNA sponge and thus 

regulate target gene expression. Then, the regulatory 

relationship between LINC00665 and miR-126-5p was 

further investigated by qPCR. The results demonstrated 

that cell transfection with the miR-126-5p mimic reduced 

LINC00665 levels (n = 6, P < 0.05; Figure 4C); however, 

the miR-126-5p inhibitor upregulated LINC00665 

expression (n = 6, P < 0.05; Figure 4C). To verify the 

role of LINC00665 as a target of miR-126-5p, we 

constructed LINC00665 luciferase reporters containing 

the WT (LINC00665-WT) and MUT (LINC00665-

MUT) miR-126-5p binding sites. The dual-luciferase 

reporter assay showed that luciferase activity was 

reduced after transfection with the miR-126-5p mimic in 

the LINC00665-WT group; however, luciferase activity 

was not changed after cotransfection with the miR-126-

5p mimic and LINC00665-mut (n = 6, P < 0.05; Figure 

4D). Furthermore, Pearson’s correlation analysis revealed 

that LINC00665 and miR-126-5p were negatively 

correlated in CRC tissues (Figure 4E). 

 

 
 

Figure 1. LINC00665 expression was upregulated in CRC tissues and cell lines. (A) LINC00665 was overexpressed in CRC tissues  
as indicated by HCMDB data analysis (*P < 0.01). (B) qPCR was used to measure the expression level of LINC00665 (*P < 0.01).  
(C) The expression levels of LINC00665 in multiple CRC cell lines compared with NCM460 normal colonic epithelial cells (n = 6; *P < 0.05 vs 
NCM460). (D) The knockdown efficiencies were examined in LOVO cells and RKO cells transfected with si-LINC00665 (si#1 and si#2; n = 6;  
*P < 0.05 vs NC). 

http://starbase.sysu.edu.cn/
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MiR-126-5p is involved in LINC00665-mediated 

proliferation of CRC cells 

 

Next, to evaluate whether the biological effects 

associated with LINC00665 expression could be 

reversed by restoring miR-126-5p expression, we 

cotransfected the LINC00665 overexpression plasmid 

and miR-126-5p mimic into CRC cells. The Cell Titer 

96® AQueous One Solution Cell Proliferation assay 

demonstrated that miR-126-5p decreased the number of 

CRC cells, whereas cotransfection of the LINC00665 

expression plasmid and miR-126-5p mimic showed that 

the LINC00665-induced increase in the number of CRC 

cells was ameliorated after miR-126-5p transfection (n 

= 6, P < 0.05; Figure 5A). As shown by colony 

formation assays, CRC colony formation was inhibited 

after transfection with miR-126-5p (n = 6, P < 0.05; 

Figure 5B, 5C). Accordingly, restoration of miR-126-5p 

expression ameliorated the LINC00665-induced 

increase in colony formation (n = 6, P < 0.05; Figure 

5B, 5C). These results indicate that the impact of 

LINC00665 on cell proliferation was largely diminished 

upon miR-126-5p expression in CRC cells. 

 

LINC00665 sponges miR-126-5p to regulate PAK2 

and FZD3 

 

To identify the miR-126-5p target gene, TargetScan 

database analysis showed that PAK2 and FZD3  

were potential targets of miR-126-5p (Figure 6A). In 

addition, Western blot analyses detected a significant 

downregulation of PAK2 and FZD3 in cells after 

transfection with the miR-126-5p mimic and 

upregulation of PAK2 and FZD3 in cells after miR-

126-5p inhibitor transfection (n = 6, P < 0.05; Figure 

6B, 6C). Luciferase reporter assays further tested the 

 

 
 

Figure 2. LINC00665 knockdown inhibits the proliferation of CRC cells. (A) The CellTiter 96® AQueous One Solution Cell Proliferation 

assay showed different growth curves of LOVO and RKO cells after LINC00665 knockdown (n = 6; *P < 0.05 vs NC). (B, C) Colony formation 
analysis showed that the rates of colony formation in the LINC00665-knockdown groups were reduced compared with the control (NC) (n = 6; 
*P < 0.05 vs NC). (D, E) Cell cycle-related protein (cyclin D1, CDK4, Rb, and p-Rb) expression levels in the control (NC) and LINC00665-
knockdown groups were determined by Western blotting (n = 6; *P < 0.05 vs NC). 
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interaction of these RNAs. As the data from the assays 

showed, the luciferase activity was significantly 

decreased after cotransfection of PAK2-WT or FZD3-

WT and miR-126-5p mimics; however, the luciferase 

activity was not changed after transfection with PAK2-

MUT or FZD3-MUT and miR-126-5p mimics (n = 6, P 

< 0.05; Figure 6D). Additionally, we transfected CRC 

cells with LINC00665-specific siRNAs with or without 

a miR-126-5p inhibitor and found that the decrease in 

PAK2 and FZD3 expression induced by LINC00665 

knockdown could be rescued by inhibiting miR-126-5p 

(n = 6, P < 0.05; Figure 6E, 6F). Previous studies 

showed that tumorigenic FZD3 signaling was 

independent of the canonical WNT pathway [13]. We 

found that the decreased levels of β-catenin in cells with 

LINC00665 knockdown were partly restored after 

transfection with the miR-126-5p inhibitor (n = 6, P < 

0.05; Figure 6E, 6F). In conclusion, LINC00665 

regulates PAK2 and FZD3 expression by regulating 

miR-126-5p. 

DISCUSSION 
 

The aberrant expression of lncRNAs plays key roles in 

the biological behavior of a variety of cancers. 

Currently, research on the regulatory roles and 

mechanisms of lncRNAs in cancer has become 

increasingly in-depth [21–23]. However, the underlying 

molecular mechanisms of lincRNAs in CRC remain 

unknown. Many of these molecules have been found to 

be dysregulated in cancer, but in-depth research reports 

are limited [24]. Accumulating studies have revealed 

the crucial role of LINC00665 in multiple cancers, 

including gastric cancer [25], breast cancer [26] and 

hepatocellular carcinoma [27]. However, few studies 

have explored the function and potential mechanism of 

LINC00665 in CRC. In this study, we revealed that 

LINC00665 expression was upregulated in CRC tissues 

and cells. Furthermore, to further uncover the role of 

LINC00665 in CRC, we detected the CRC cell lines’ 

biological behavior. 

 

 
 

Figure 3. Knockdown of LINC00665 induced apoptosis in CRC cells. (A) Apoptosis-related protein levels were analyzed by Western 

blotting (n = 6; *P < 0.05 vs NC). (B) Western blotting showed the protein levels in both cell lines (n = 6; *P < 0.05 vs NC). (C, D) The apoptosis 
rates of LOVO and RKO cells after siRNA treatment were detected by flow cytometry. 
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Figure 4. LINC00665 is a direct target of miR-126-5p and is inversely related to miR-126-5p in CRC. (A) Predicted miR-126-5p 

binding sites in the LINC00665 sequence. (B) Subcellular fractionation and qPCR analysis confirmed that LINC00665 was largely enriched in 
the cytoplasm of cells. (C) qPCR showed LINC00665 expression in cells transfected with a miR-126-5p inhibitor or mimic (n = 6, *P < 0.05 vs 
NC). (D) Luciferase reporter assay revealed the binding relationship between LINC00665 and miR-126-5p (n = 6, *P < 0.05 vs NC). (E) miR-126-
5p mRNA levels were plotted against LINC00665 expression in CRC specimens, demonstrating a significant negative correlation (two-tailed 
Pearson’s correlation, r = 0.4839; P < 0.01). 
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Therefore, we found through siRNA function 

experiments that the proliferation of CRC cells was 

significantly inhibited after LINC00665 downregulation. 

The cell cycle controls the proliferation of different cells 

through highly conserved and strictly regulated biological 

processes [28]. Studies have confirmed that the 

interaction between cyclin D1 and CDK4 accelerates the 

G1 phase transition of cells, which further increases Rb 

phosphorylation (p-Rb) [29, 30]. Herein, we further 

detected cell cycle-related protein expression in CRC 

cells. This study demonstrated that LINC00665 

knockdown caused a reduction in the expression of cyclin 

D1, CDK4, and p-Rb. Caspase-3 and caspase-9 play an 

important role in the activation of downstream DNA 

cleavage molecules [31]. Activated caspases are an 

important way to induce apoptosis in cancer cells. We 

found that knockdown of LINC00665 activated caspase-

9 and caspase-3 expression to further induce apoptosis. 

Overall, the focus of this study was to understand the role 

of LINC00665 in CRC, and the results suggest that 

LINC00665 might become a potential therapeutic target 

for CRC. 

 

Accumulating evidence indicates that lncRNAs are used 

as ceRNAs of endogenous miRNAs to bind to miRNAs, 

and this function competitively inhibits the binding of 

miRNAs to their targets. A recent study showed that 

LINC00665 sponges miR-9-5p to further promote CRC 

progression by increasing ATF1 expression [31]. 

Similarly, we provide novel evidence of a ceRNA 

regulatory network in which LINC00665 functions as a 

miRNA sponge. We found that LINC00665 directly 

binds to miR-126-5p by bioinformatics analysis and 

dual-luciferase assays. Further evidence showed that 

miR-126-5p is negatively correlated with LINC00665. 

It has been demonstrated that miR-126-5p plays a role 

as a tumor suppressor in many cancers [32, 33], 

including CRC. Additionally, to confirm that 

LINC00665 competitively binds to miR-126-5p, related 

functional experiments were used. We demonstrated 

 

 
 

Figure 5. MiR-126-5p inhibits LINC00665 function. (A) CellTiter 96® AQueous One Solution Cell Proliferation assays of cells cotransfected 

with an NC mimic or miR-126-5p mimic and a control plasmid (pcDNA3.1) or LINC00665 expression plasmid (pcDNA3.1-LINC00665) (n = 6; *P 
< 0.05 vs NC+pcDNA3.1; #P < 0.05 vs NC+pcDNA3.1-LINC00665). (B, C) Cells cotransfected with the NC mimic or miR-126-5p mimic and 
LINC00665 expression plasmid were subjected to a colony formation assay (n = 6; *P < 0.05 vs NC+pcDNA3.1; #P < 0.05 vs miR-126-5p 
+pcDNA3.1). 
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that LINC00665 could be a molecular sponge to directly 

offset the inhibitory action of miR-126-5p in CRC cells. 

Thus, the roles of LINC00665 in CRC cell-induced 

proliferation might occur through a candidate ceRNA of 

miR-126-5p. 

 

In the present study, it was further determined that 

FZD3 and PAK2 were target genes of miR-126-5p 

through database screening, cell culture experiments, 

and dual luciferase reporter assays. FZD3 can increase 

the activation and stability of β-catenin protein by 

binding to the relevant ligands of the WNT pathway 

and further activate the transcription of downstream 

target genes [10]. We found that LINC00665 regulated 

β-catenin by interacting with endogenous miR-126-5p. 

Studies have found that PAK2 plays important roles in 

tumor cell proliferation, invasion, apoptosis and so on 

[34, 35]. Many studies have found that PAK2 is 

abnormally expressed in many tumors and can even be 

used as a tumor treatment target [36–38]. In this  

study, we found that knockdown of LINC00665 could 

inhibit FZD3 and PAK2 expression, while miR-126-5p 

inhibition abolished this phenomenon. In addition, 

LINC00665 caused the proliferation of CRC cells  

by sponging miR-126-5p to prevent miR-126-5p  

from inhibiting FZD3 and PAK2, which implied a 

potential mechanism for the roles of LINC00665 as an 

oncogene. 

 

In summary, the above results showed that LINC00665 

acts as an oncogenic lncRNA to facilitate the 

progression of CRC by sponging miR-126-5p and 

increasing FZD3 and PAK2 expression. This study 

mainly sheds light on the molecular mechanisms by 

which LINC00665 promotes CRC proliferation and 

inhibits cell apoptosis. This study may highlight a novel 

role of LINC00665 as a therapeutic target in future 

CRC therapy. 

 

 
 

Figure 6. LINC00665 regulates PAK2 and FZD3 expression by competitively binding with miR-126-5p in CRC. (A) Predicted miR-

126-5p binding sites in the PAK2 and FZD3 sequences. (B, C) Western blotting was used to detect the levels of PAK2 and FZD3 in cells 
transfected with the miR-126-5p mimic and inhibitor (n = 6; *P < 0.05 vs NC). (D) Luciferase assays in 293T cells transfected with miR-126-5p 
and wild-type or mutant PAK2 and the FZD3 target sequence (n = 6, *P < 0.05 vs NC). (E, F) Western blotting showed the expression of PAK2, 
FZD3 and β-catenin in cells transfected with si-LINC00665 or cotransfected with si-LINC00665 and miR-126-5p inhibitor (n = 6; *P < 0.05 vs 
NC; #P < 0.05 vs si-LINC00665). 
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MATERIALS AND METHODS 
 

Patients and tissue samples of CRC 

 

Sixty-seven samples of CRC tissues and their 

corresponding adjacent nontumor tissues were provided 

by The Affiliated Hospital of Qingdao University. The 

samples were immediately collected, frozen and stored 

at −80° C until use. Informed consent forms were 

obtained from each patient, and the present study was 

approved by the Hospital Ethics Review Committee. 

 

Cell lines and medium 

 

The human CRC cell lines DLD1, RKO, HCT116, 

LOVO, SW480 and NCM460 were obtained from the 

Institute of Biochemistry and Cell Biology of the Chinese 

Academy of Sciences (Shanghai, China). The cells were 

grown in RPMI 1640 (Invitrogen, CA, USA) with 10% 

fetal bovine serum (Thermo Fisher Scientific, Waltham, 

MA, USA), 100 U/ml penicillin, and 100 mg/ml 

streptomycin (Gibco, Grand Island, NY) and incubated at 

37° C with 5% CO2 in a humidified atmosphere. 

 

RNA extraction and real-time quantitative 

polymerase chain reaction (qPCR) 

 

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was 

used to extract total RNA from CRC tissues and cells. 

cDNA was synthesized and generated by the PrimeScript 

RT Reagent Kit (TaKaRa, Dalian, China). A SYBR 

Green PCR Master mix kit (TaKaRa, Dalian, China) was 

used following the manufacturer’s instructions. GAPDH 

was used as the internal control, GAPDH, and the 2−ΔΔCt 

method was used to calculate relative fold change 

expression. The primers were provided by GenePharma 

(Shanghai, China). The sequences of all primers used in 

the experiment were as follows: LINC00665, forward: 5′-

GGTGCAAAGTGGGAAGTGTG-3′ and reverse: 5′-CG 

GTGGACGGATGAGAAACG-3′; GAPDH, forward: 5′-

GGGAGCCAAAAGGGTCATCA-3′ and reverse: 5′-

TGATGGCATGGACTGTGGTC-3′. 

 

Bioinformatic analyses 

 

The putative target genes of LINC00665 and miR-126-

5p were predicted by DIANA-LncBase Predicted v.2 

(http://carolina.imis.athena-innovation.gr/diana_toolsd), 

starBase (http://starbase.sysu.edu.cn/) and TargetScan 

7.2 (http://www.targetscan.org/). 

 

Cell transfection 

 

LINC00665 siRNAs (si#1 and si#2), miR-126-5p 

mimics, negative control (NC) mimic, miR-126-5p 

inhibitors, NC inhibitor, LINC00665 expression vector 

and NC plasmid were obtained from GenePharma 

(Shanghai, China). and the sequences are shown in the 

Supplementary Data. Lipofectamine 3000 reagent (Life 

Technologies, Grand Island, NY, USA) was used to 

transfect the above cells. 

 

Dual luciferase reporter assay 

 

The pcDNA3.1(+) expression vector (Life 

Technologies, Grand Island, NY, USA) was used to 

clone LINC00665 fragments containing the wild-type 

(WT) or mutated (MUT) miRNA target sequence. 

FZD3 and PAK2 fragments containing the WT or MUT 

target sequence were provided by GenePharma 

(Shanghai, China). The Dual Luciferase Reporter Assay 

System (Promega, Madison, WI, USA) was used to 

quantify the luciferase activities. All procedures 

followed the manufacturer’s protocol. 

 

Cell proliferation assay 

 

All cells were plated in 96-well plates at 37° C. After 

culturing for 24 h, the cells were transfected with 

siRNA. Then, a Cell Counting Kit (CellTiter 96® 

AQueous One Solution Cell Proliferation Assay kit, 

Promega, USA) was added, and each cell well was 

tested at each time point (0 h, 24 h, 48 h, and 72 h). A 

SpectraMax M5 multifunctional microplate reader 

(Molecular Devices, Sunnyvale, CA, USA) was used to 

measure the optical density at 490 nm. 

 

Colony formation assay 

 

Approximately 500 siRNA-transfected cells were seeded 

on a six-well plate for 24 hours, cultured for 7 days, 

washed with PBS, and fixed with 4% paraformaldehyde 

for approximately 30 minutes. Then, images were 

captured by a digital camera (Sony, Tokyo, Japan). 

ImageJ software was used to counter the colonies. The 

rate of colony formation was calculated as the number of 

colonies formed by inoculated cells multiplied by 100%. 

 

Subcellular fractionation 

 

Cytoplasmic and nuclear RNA from CRC cells was 

extracted by a nuclear and cytoplasmic protein 

extraction kit (Beyotime, Shanghai, China) according to 

the manufacturer’s protocol. The cytoplasmic and 

nuclear RNA expression ratios were determined by 

qPCR. The cytoplasmic and nuclear controls were 

GAPDH and U6, respectively. 

 

Flow cytometric assay 

 

After culturing the siRNA-transfected cells for 48 

hours, flow cytometry analysis was performed. 

http://carolina.imis.athena-innovation.gr/diana_toolsd
http://starbase.sysu.edu.cn/
http://www.targetscan.org/
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Fluorescein isothiocyanate-Annexin V and propidium 

iodide (Absin, Shanghai, China) were used to stain 300 

μl binding buffer of cell suspension. Apogee Flow 

Cytometers (Apogee Flow Systems, Hemel Hempstead, 

UK) were used to analyze the stained cells. 

 

Western blotting assay 

 

RIPA buffer (Thermo Fisher Scientific, Waltham, 

Massachusetts, USA) was used to extract the protein 

from CRC tissue and cells for Western blotting assay. 

The protein was separated using 10% SDS-PAGE, and 

then a polyvinylidene fluoride (PVDF) membrane was 

used to transfer protein followed by blocking with 5% 

nonfat milk. The primary antibodies were as follows: 

anti-cyclin D1, CDK4, Rb, p-Rb (Ser807/811), 

procaspase-9, cleaved caspase-9, procaspase-3, cleaved 

caspase-3, PAK2, β-catenin, β-actin (1:1000, Cell 

Signaling Technology, Beverly, MA, USA) and anti-

FZD3 (1:1000, Abcam, Cambridge, MA, SA). Then, the 

membrane was incubation at 4° C for 12 h. After three 

washes, the membrane was incubated with HRP-

labeled secondary antibody (Cell Signaling 

Technology, USA), incubated for 1 h at room 

temperature, developed with an enhanced chemi-

luminescence kit (Millipore, Billerica, MA, USA) and 

captured by X-ray film. 

 

Statistical analysis 

 

Student’s t-test was used to analyze the differences 

between two groups. Differences between more 

than two groups were analyzed using one-way 

analysis of variance (ANOVA) followed by a post hoc 

test. The data were calculated as standard deviations 

(SDs). A value of less than 0.05 was considered 

significant. 

 

Editorial note 

 
&This corresponding author has a verified history of 

publications using a personal email address for 

correspondence. 

 

AUTHOR CONTRIBUTIONS 
 

WCL and LLP performed the research; WCL, WPG and 

STD designed the study; HY, KY, LYB and PXG 

contributed essential reagents or tools; WCL, WPG and 

HY analyzed the data; WCL wrote the paper. All 

authors read and approved the final manuscript. 

 

CONFLICTS OF INTEREST 
 

The authors have no conflicts of interest to declare. 

FUNDING 
 

This study was supported by the Medical Road 

Foundation of China (No. YLGX-WS-2020019). 

 

REFERENCES 
 

1. Siegel R, Desantis C, Jemal A. Colorectal cancer 
statistics, 2014. CA Cancer J Clin. 2014; 64:104–17. 

 https://doi.org/10.3322/caac.21220  
PMID:24639052 

2. Brenner H, Kloor M, Pox CP. Colorectal cancer. Lancet. 
2014; 383:1490–502. 

 https://doi.org/10.1016/S0140-6736(13)61649-9 
PMID:24225001 

3. Mody K, Baldeo C, Bekaii-Saab T. Antiangiogenic 
therapy in colorectal cancer. Cancer J. 2018; 24:165-70. 

 https://doi.org/10.1097/PPO.0000000000000328 
PMID:30119079 

4. Guttman M, Donaghey J, Carey BW, Garber M, Grenier 
JK, Munson G, Young G, Lucas AB, Ach R, Bruhn L, Yang 
X, Amit I, Meissner A, et al. lincRNAs act in the circuitry 
controlling pluripotency and differentiation. Nature. 
2011; 477:295–300. 

 https://doi.org/10.1038/nature10398  
PMID:21874018 

5. Crea F, Clermont PL, Parolia A, Wang Y, Helgason CD. 
The non-coding transcriptome as a dynamic regulator 
of cancer metastasis. Cancer Metastasis Rev. 2014; 
33:1–16. 

 https://doi.org/10.1007/s10555-013-9455-3 
PMID:24346158 

6. Zhang Y, Yang L, Chen LL. Life without A tail: new 
formats of long noncoding RNAs. Int J Biochem Cell 
Biol. 2014; 54:338–49. 

 https://doi.org/10.1016/j.biocel.2013.10.009 
PMID:24513732 

7. Kuwabara Y, Tsuji S, Nishiga M, Izuhara M, Ito S, Nagao 
K, Horie T, Watanabe S, Koyama S, Kiryu H, Nakashima 
Y, Baba O, Nakao T, et al. Lionheart LincRNA alleviates 
cardiac systolic dysfunction under pressure overload. 
Commun Biol. 2020; 3:434. 

 https://doi.org/10.1038/s42003-020-01164-0 
PMID:32792557 

8. Zhu X, Jiang L, Yang H, Chen T, Wu X, Lv K. Analyzing 
the lncRNA, miRNA, and mRNA-associated ceRNA 
networks to reveal potential prognostic biomarkers for 
glioblastoma multiforme. Cancer Cell Int. 2020; 20:393. 

 https://doi.org/10.1186/s12935-020-01488-1 
PMID:32821246 

9. Dijksterhuis JP, Baljinnyam B, Stanger K, Sercan HO, Ji 
Y, Andres O, Rubin JS, Hannoush RN, Schulte G. 

https://doi.org/10.3322/caac.21220
https://pubmed.ncbi.nlm.nih.gov/24639052
https://doi.org/10.1016/S0140-6736(13)61649-9
https://pubmed.ncbi.nlm.nih.gov/24225001
https://doi.org/10.1097/PPO.0000000000000328
https://pubmed.ncbi.nlm.nih.gov/30119079
https://doi.org/10.1038/nature10398
https://pubmed.ncbi.nlm.nih.gov/21874018
https://doi.org/10.1007/s10555-013-9455-3
https://pubmed.ncbi.nlm.nih.gov/24346158
https://doi.org/10.1016/j.biocel.2013.10.009
https://pubmed.ncbi.nlm.nih.gov/24513732
https://doi.org/10.1038/s42003-020-01164-0
https://pubmed.ncbi.nlm.nih.gov/32792557
https://doi.org/10.1186/s12935-020-01488-1
https://pubmed.ncbi.nlm.nih.gov/32821246


 

www.aging-us.com 13581 AGING 

Systematic mapping of WNT-FZD protein interactions 
reveals functional selectivity by distinct WNT-FZD pairs. 
J Biol Chem. 2015; 290:6789–98. 

 https://doi.org/10.1074/jbc.M114.612648 
PMID:25605717 

10. Nusse R, Clevers H. Wnt/β-catenin signaling, disease, 
and emerging therapeutic modalities. Cell. 2017; 
169:985–99. 

 https://doi.org/10.1016/j.cell.2017.05.016 
PMID:28575679 

11. Logan CY, Nusse R. The Wnt signaling pathway in 
development and disease. Annu Rev Cell Dev Biol. 
2004; 20:781–810. 

 https://doi.org/10.1146/annurev.cellbio.20.010403.11
3126 PMID:15473860 

12. Zhan T, Rindtorff N, Boutros M. Wnt signaling in 
cancer. Oncogene. 2017; 36:1461–73. 

 https://doi.org/10.1038/onc.2016.304  
 PMID:27617575 

13. Li C, Nguyen V, Clark KN, Zahed T, Sharkas S, Filipp FV, 
Boiko AD. Down-regulation of FZD3 receptor 
suppresses growth and metastasis of human 
melanoma independently of canonical WNT signaling. 
Proc Natl Acad Sci USA. 2019; 116:4548–57. 

 https://doi.org/10.1073/pnas.1813802116 
PMID:30792348 

14. Reddy PN, Radu M, Xu K, Wood J, Harris CE, Chernoff J, 
Williams DA. p21-activated kinase 2 regulates HSPC 
cytoskeleton, migration, and homing via CDC42 
activation and interaction with β-Pix. Blood. 2016; 
127:1967–75. 

 https://doi.org/10.1182/blood-2016-01-693572 
PMID:26932803 

15. Radu M, Lyle K, Hoeflich KP, Villamar-Cruz O, 
Koeppen H, Chernoff J. P21-activated kinase 2 
regulates endothelial development and function 
through the Bmk1/Erk5 pathway. Mol Cell Biol. 2015; 
35:3990–4005. 

 https://doi.org/10.1128/MCB.00630-15 
PMID:26391956 

16. Lu H, Liu S, Zhang G, Bin Wu, Zhu Y, Frederick DT, Hu Y, 
Zhong W, Randell S, Sadek N, Zhang W, Chen G, Cheng 
C, et al. PAK signalling drives acquired drug resistance 
to MAPK inhibitors in BRAF-mutant melanomas. 
Nature. 2017; 550:133–36. 

 https://doi.org/10.1038/nature24040  
PMID:28953887 

17. Chow HY, Dong B, Valencia CA, Zeng CT, Koch JN, 
Prudnikova TY, Chernoff J, Group I. Paks are essential 
for epithelial- mesenchymal transition in an Apc-driven 
model of colorectal cancer. Nat Commun. 2018; 
9:3473. 

 https://doi.org/10.1038/s41467-018-05935-6 
PMID:30150766 

18. Gao C, Ma T, Pang L, Xie R. Activation of P21-activated 
protein kinase 2 is an independent prognostic 
predictor for patients with gastric cancer. Diagn Pathol. 
2014; 9:55. 

 https://doi.org/10.1186/1746-1596-9-55 
PMID:24621074 

19. Hyland PL, Lin SW, Hu N, Zhang H, Wang L, Su H, Wang 
C, Ding T, Tang ZZ, Fan JH, Qiao YL, Xiong X, Wheeler 
W, et al. Genetic variants in fas signaling pathway 
genes and risk of gastric cancer. Int J Cancer. 2014; 
134:822–31. 

 https://doi.org/10.1002/ijc.28415 PMID:23921907 

20. Cho HJ, Baek KE, Kim IK, Park SM, Choi YL, Nam IK, Park 
SH, Im MJ, Yoo JM, Ryu KJ, Oh YT, Hong SC, Kwon OH, 
et al. Proteomics-based strategy to delineate the 
molecular mechanisms of RhoGDI2-induced metastasis 
and drug resistance in gastric cancer. J Proteome Res. 
2012; 11:2355–64. 

 https://doi.org/10.1021/pr2011186 PMID:22364609 

21. Shan TD, Tian ZB, Li Q, Jiang YP, Liu FG, Sun XG, Han Y, 
Sun LJ, Chen L. Long intergenic noncoding RNA 00908 
promotes proliferation and inhibits apoptosis of 
colorectal cancer cells by regulating KLF5 expression. J 
Cell Physiol. 2021; 236:889–99. 

 https://doi.org/10.1002/jcp.29899 PMID:33020901 

22. Kim K, Jutooru I, Chadalapaka G, Johnson G, Frank J, 
Burghardt R, Kim S, Safe S. HOTAIR is a negative 
prognostic factor and exhibits pro-oncogenic activity in 
pancreatic cancer. Oncogene. 2013; 32:1616–25. 

 https://doi.org/10.1038/onc.2012.193 PMID:22614017 

23. Sun LB, Zhao SF, Zhu JJ, Han Y, Shan TD. Long 
noncoding RNA UCID sponges miR 152 3p to promote 
colorectal cancer cell migration and invasion via the 
Wnt/β catenin signaling pathway. Oncol Rep. 2020; 
44:1194–205. 

 https://doi.org/10.3892/or.2020.7670 PMID:32705216 

24. Kung JT, Colognori D, Lee JT. Long noncoding RNAs: 
past, present, and future. Genetics. 2013; 193:651–69. 

 https://doi.org/10.1534/genetics.112.146704 
PMID:23463798 

25. Qi H, Xiao Z, Wang Y. Long non-coding RNA LINC00665 
gastric cancer tumorigenesis by regulation miR-149-
3p/RNF2 axis. Onco Targets Ther. 2019; 12:6981–90. 

 https://doi.org/10.2147/OTT.S214588 PMID:31695413 

26. Ji W, Diao YL, Qiu YR, Ge J, Cao XC, Yu Y. LINC00665 
promotes breast cancer progression through 
regulation of the miR-379-5p/LIN28B axis. Cell Death 
Dis. 2020; 11:16. 

 https://doi.org/10.1038/s41419-019-2213-x 
PMID:31907362 

https://doi.org/10.1074/jbc.M114.612648
https://pubmed.ncbi.nlm.nih.gov/25605717
https://doi.org/10.1016/j.cell.2017.05.016
https://pubmed.ncbi.nlm.nih.gov/28575679
https://doi.org/10.1146/annurev.cellbio.20.010403.113126
https://doi.org/10.1146/annurev.cellbio.20.010403.113126
https://pubmed.ncbi.nlm.nih.gov/15473860
https://doi.org/10.1038/onc.2016.304
https://pubmed.ncbi.nlm.nih.gov/27617575
https://doi.org/10.1073/pnas.1813802116
https://pubmed.ncbi.nlm.nih.gov/30792348
https://doi.org/10.1182/blood-2016-01-693572
https://pubmed.ncbi.nlm.nih.gov/26932803
https://doi.org/10.1128/MCB.00630-15
https://pubmed.ncbi.nlm.nih.gov/26391956
https://doi.org/10.1038/nature24040
https://pubmed.ncbi.nlm.nih.gov/28953887
https://doi.org/10.1038/s41467-018-05935-6
https://pubmed.ncbi.nlm.nih.gov/30150766
https://doi.org/10.1186/1746-1596-9-55
https://pubmed.ncbi.nlm.nih.gov/24621074
https://doi.org/10.1002/ijc.28415
https://pubmed.ncbi.nlm.nih.gov/23921907
https://doi.org/10.1021/pr2011186
https://pubmed.ncbi.nlm.nih.gov/22364609
https://doi.org/10.1002/jcp.29899
https://pubmed.ncbi.nlm.nih.gov/33020901
https://doi.org/10.1038/onc.2012.193
https://pubmed.ncbi.nlm.nih.gov/22614017
https://doi.org/10.3892/or.2020.7670
https://pubmed.ncbi.nlm.nih.gov/32705216
https://doi.org/10.1534/genetics.112.146704
https://pubmed.ncbi.nlm.nih.gov/23463798
https://doi.org/10.2147/OTT.S214588
https://pubmed.ncbi.nlm.nih.gov/31695413
https://doi.org/10.1038/s41419-019-2213-x
https://pubmed.ncbi.nlm.nih.gov/31907362


 

www.aging-us.com 13582 AGING 

27. Shan Y, Li P. Long intergenic non-protein coding RNA 
665 regulates viability, apoptosis, and autophagy via 
the MiR-186-5p/MAP4K3 axis in hepatocellular 
carcinoma. Yonsei Med J. 2019; 60:842–53. 

 https://doi.org/10.3349/ymj.2019.60.9.842 
PMID:31433582 

28. Liu H, Shin SH, Chen H, Liu T, Li Z, Hu Y, Liu F, Zhang C, 
Kim DJ, Liu K, Dong Z. CDK12 and PAK2 as novel 
therapeutic targets for human gastric cancer. 
Theranostics. 2020; 10:6201–15. 

 https://doi.org/10.7150/thno.46137 PMID:32483448 

29. Chiron D, Martin P, Di Liberto M, Huang X, Ely S, 
Lannutti BJ, Leonard JP, Mason CE, Chen-Kiang S. 
Induction of prolonged early G1 arrest by CDK4/CDK6 
inhibition reprograms lymphoma cells for durable 
PI3Kδ inhibition through PIK3IP1. Cell Cycle. 2013; 
12:1892–900. 

 https://doi.org/10.4161/cc.24928 PMID:23676220 

30. Gogolin S, Ehemann V, Becker G, Brueckner LM, 
Dreidax D, Bannert S, Nolte I, Savelyeva L, Bell E, 
Westermann F. CDK4 inhibition restores G(1)-S arrest 
in MYCN-amplified neuroblastoma cells in the context 
of doxorubicin-induced DNA damage. Cell Cycle. 2013; 
12:1091–104. 

 https://doi.org/10.4161/cc.24091 PMID:23462184 

31. Zhao X, Weng W, Long Y, Pan W, Li Z, Sun F. 
LINC00665/miR-9-5p/ATF1 is a novel axis involved in 
the progression of colorectal cancer. Hum Cell. 2020; 
33:1142–54. 

 https://doi.org/10.1007/s13577-020-00393-z 
PMID:32776307 

32. Sun Z, Ou C, Liu J, Chen C, Zhou Q, Yang S, Li G, Wang 
G, Song J, Li Z, Zhang Z, Yuan W, Li X. YAP1-induced 
MALAT1 promotes epithelial-mesenchymal transition 
and angiogenesis by sponging miR-126-5p in colorectal 
cancer. Oncogene. 2019; 38:2627–44. 

 https://doi.org/10.1038/s41388-018-0628-y 

PMID:30531836 

33. Liu C, Hou J, Shan F, Wang L, Lu H, Ren T. Long non-
coding RNA CRNDE promotes colorectal carcinoma cell 
progression and paclitaxel resistance by regulating 
miR-126-5p/ATAD2 axis. Onco Targets Ther. 2020; 
13:4931–42. 

 https://doi.org/10.2147/OTT.S237580  
PMID:32581554 

34. Shuang T, Wang M, Shi C, Zhou Y, Wang D. Down-
regulated expression of miR-134 contributes to 
paclitaxel resistance in human ovarian cancer cells. 
FEBS Lett. 2015; 589:3154–64. 

 https://doi.org/10.1016/j.febslet.2015.08.047 
PMID:26363097 

35. Coniglio SJ, Zavarella S, Symons MH. Pak1 and Pak2 
mediate tumor cell invasion through distinct signaling 
mechanisms. Mol Cell Biol. 2008; 28:4162–72. 

 https://doi.org/10.1128/MCB.01532-07 
PMID:18411304 

36. Jiang N, Hjorth-Jensen K, Hekmat O, Iglesias-Gato D, 
Kruse T, Wang C, Wei W, Ke B, Yan B, Niu Y,  
Olsen JV, Flores-Morales A. In vivo quantitative 
phosphoproteomic profiling identifies novel regulators 
of castration-resistant prostate cancer growth. 
Oncogene. 2015; 34:2764–76. 

 https://doi.org/10.1038/onc.2014.206  
PMID:25065596 

37. Kumar R, Sanawar R, Li X, Li F. Structure, biochemistry, 
and biology of PAK kinases. Gene. 2017; 605:20–31. 

 https://doi.org/10.1016/j.gene.2016.12.014 
PMID:28007610 

38. Gupta A, Ajith A, Singh S, Panday RK, Samaiya A, Shukla 
S. PAK2-c-Myc-PKM2 axis plays an essential role in 
head and neck oncogenesis via regulating Warburg 
effect. Cell Death Dis. 2018; 9:825. 

 https://doi.org/10.1038/s41419-018-0887-0 
PMID:30068946 

  

https://doi.org/10.3349/ymj.2019.60.9.842
https://pubmed.ncbi.nlm.nih.gov/31433582
https://doi.org/10.7150/thno.46137
https://pubmed.ncbi.nlm.nih.gov/32483448
https://doi.org/10.4161/cc.24928
https://pubmed.ncbi.nlm.nih.gov/23676220
https://doi.org/10.4161/cc.24091
https://pubmed.ncbi.nlm.nih.gov/23462184
https://doi.org/10.1007/s13577-020-00393-z
https://pubmed.ncbi.nlm.nih.gov/32776307
https://doi.org/10.1038/s41388-018-0628-y
https://pubmed.ncbi.nlm.nih.gov/30531836
https://doi.org/10.2147/OTT.S237580
https://pubmed.ncbi.nlm.nih.gov/32581554
https://doi.org/10.1016/j.febslet.2015.08.047
https://pubmed.ncbi.nlm.nih.gov/26363097
https://doi.org/10.1128/MCB.01532-07
https://pubmed.ncbi.nlm.nih.gov/18411304
https://doi.org/10.1038/onc.2014.206
https://pubmed.ncbi.nlm.nih.gov/25065596
https://doi.org/10.1016/j.gene.2016.12.014
https://pubmed.ncbi.nlm.nih.gov/28007610
https://doi.org/10.1038/s41419-018-0887-0
https://pubmed.ncbi.nlm.nih.gov/30068946


 

www.aging-us.com 13583 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Data 
 

 

Supplementary Table 1. All siRNA sequences used in this study. 

Name Sequence 

NC/ NC mimic-F UUCUCCGAACGUGUCACGUTT 

NC/NC mimic-R ACGUGACACGUUCGGAGAATT 

LINC00665 si#1-F GCUGAAUAGUUCUGUAUGUTT 

LINC00665 si#1-R ACAUACAGAACUAUUCAGCTT 

LINC00665 si#2-F CCACCUUUCUUGUGGUUCUTT 

LINC00665 si#2-R AGAACCACAAGAAAGGUGGTT 

miR-126-5p mimic-F CAUUAUUACUUUUGGUACGCG 

miR-126-5p mimic-R CGUACCAAAAGUAAUAAUGUU 

NC inhibitor  CAGUACUUUUGUGUAGUACAA 

miR-126-5p inhibitor CGCGUACCAAAAGUAAUAAUG 

 

Sequence of the putative miR-126-5p binding site in 
luciferase reporters 

LINC00665-WT: 

AGAATGCAATTAACTGATAAGATACTGTGGCA

AGCTATATCCGCAGTTCCCAGGAATTCGTCCAA

TTGATTACACCCAAAAGCCCCGCGTCTATCACC

TTGTAATAATCTTAAAGCCCCTGCACCTGGAAC

TATTAACGTTCCTGTAACCATTTATCCTTTTAAC

TTTTTTGCCTACTTTATTTCTGTAAAATTGTTTT

AACTAGACC 

 

LINC00665-MUT: 

AGAATGCAATTAACTGATAAGATACTGTGGCA

AGCTATATCCGCAGTTCCCAGGAATTCGTCCAA

TTGATTACACCCAAAAGCCCCGCGTCTATCACC

TTTGCCGCCGCTTAAAGCCCCTGCACCTGGAAC

TATTAACGTTCCTGTAACCATTTATCCTTTTAAC

TTTTTTGCCTACTTTATTTCTGTAAAATTGTTTT

AACTAGACC 

 

The LINC00665 sequence in overexpression plasmid 
(pcDNA3.1 vector) 

LINC00665 2856bp 

ENST00000591372.2 

CCTCCCATTTCCGGAAGCCTGGCGCAAGGTTGG

TCTGCAGGTGGCCTCCAGGTGCAAAGTGGGAAG

TGTGAGTCCTCAGTCTTGGGCTATTCGGCCACGT

GCCTGCCGGACATGGGACGCTGGAGGGTCAGCA

GCGTGGAGTCCTGGCCTTTTGCGTCCACGGGTG

GGAAATTGGCCATTGCCACGGCGGGAACTGGGA
CTCAGGCTGCCCCCCGGCCGTTTCTCATCCGTCC

ACCGGACTCGTGGGCGCTCGCACTGGCGCTGAT

GTAGTTTCCTGACCTCTGACCCGTATTGTCTCCA

GATTAAAGGTACGACATTTGGAGGCCCCAGCG

AGAAACGTCACCGGGAGAAACGTCACCGGGC

GAGAGCCGGGCCCGCTGTGTGCTCCCCCGGAA

GGACAGCCAGCTTGTAGGGGGGAGTGCCACCT

GAAAAAAAAATTTCCAGGTCCCCAAAGGGTG

ACCGTCTTCCGGAGGACAGCGGATCGACTACC

ATGTGGGTGCCCACAAAAATTCCACCTCTGAG

TCCTCAACTGCTGACCCCGGGGTCAGGAACTG

TTGGAAACTACTGAAACTGGCCGACCTGATCT

TCAAAATGTGCCCCTAGGAAAGGTGGATGCCA

CCGTGTTCACAGACAGTAGCAGCTTCCTCGAG

AAGGGACTACGAAAGGCCGGTGCAGCTGTTAC

CATGGAGACAGATGTGTTGTGGGCTCAGGCTT

TACCAGCAAACACCTCAGCACAAAAGGCTGA

ATTGATCGCCCTCACTCAGGCTCTCCGATGGG

GTAAGGATATTAACGTTAACACTGACAGCAGG

TACGCCTTTGCTACTGTGCATGTACGTGGAGC

CATCTACCAGGAGCGTGGGCTACTCACCTCAG

CAGGTGGCTGTAATCCACTGTAAAGGACATCA

AAAGGAAAACACGGCTGTTGCCCGTGGTAACC

AGAAAGCTGATTCAGCAGCTCAAGATGCAGTG

TGACTTTCAGTCACGCCTCTAAACTTGCTGCCC

ACAGTCTCCTTTCCACAGCCAGATCTGCCTGA

CAATCCCGCATACTCAACAGAAGAAGAAAACT

GGCCTCAGAACTCAGAGCCAATAAAAATCAG

GAAGGTTGGTGGATTCTTCCTGACTCTAGAAT

CTTCATACCCCGAACTCTTGGGAAAACTTTAA

TCAGTCACCTACAGTCTACCACCCATTTAGGA

GGAGCAAAGCTACCTCAGCTCCTCCGGAGCCG

TTTTAAGATCCCCCATCTTCAAAGCCTAACAG

ATCAAGCAGCTCTCCGGTGCACAACCTGCGCC

CAGGTAAATGCCAAAAAAGGTCCTAAACCCA

GCCCAGGCCACCGTCTCCAAGAAAACTCACCA

GGAGAAAAGTGGGAAATTGACTTTACAGAAG
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TAAAACCACACCGGGCTGGGTACAAATACCTT

CTAGTACTGGTAGACACCTTCTCTGGATGGAC

TGAAGCATTTGCTACCAAAAACGAAACTGTCA

ATATGGTAGTTAAGTTTTTACTCAATGAAATC

ATCCCTCGACATGGGCTGCCTGTTGCCATAGG

GTCTGATAATGGACCGGCCTTCGCCTTGTCTAT

AGTTTAGTCAGTCAGTAAGGCGTTAAACATTC

AATGGAAGCTCCATTGTGCCTATCGACCCCAG

AGCTCTGGGCAAGTAGAACGCATGAACTGCAC

CCTAAAAAACACTCTTACAAAATTAATCTTAG

AAACCGGTGTAAATTGTGTAAGTCTCCTTCCTT

TAGCCCTACTTAGAGTAAGGTGCACCCCTTAC

TGGGCTGGGTTCTTACCTTTTGAAATCATGTAT

GGGAGGGCGCTGCCTATCTTGCCTAAGCTAAG

AGATGCCCAATTGGCAAAAATATCACAAACTA

ATTTATTACAGTACCTACAGTCTCCCCAACAG

GTACAAGATATCATCCTGCCACTTGTTCGAGG

AACCCATCCCAATCCAATTCCTGAACAGACAG

GGCCCTGCCATTCATTCCCGCCAGGTGACCTG

TTGTTTGTTAAAAAGTTCCAGAGAGAAGGACT

CCCTCCTGCTTGGAAGAGACCTCACACCGTCA

TCACGATGCCAACGGCTCTGAAGGTGGATGGC

ATTCCTGCGTGGATTCATCACTCCCGCATCAA

AAAGGCCAACGGAGCCCAACTAGAAACATGG

GTCCCCAGGGCTGGGTCAGGCCCCTTAAAACT

GCACCTAAGTTGGGTGAAGCCATTAGATTAAT

TCTTTTTCTTAATTTTGTAAAACAATGCATAGC

TTCTGTCAAACTTATGTATCTTAAGACTCAATA

TAACCCCCTTGTTATAACTGAGGAATCAATGA

TTTGATTCCCCAAAAACACAAGTGGGGAATGT

AGTGTCCAACCTGGTTTTTACTAACCCTGTTTT

TAGACTCTCCCTTTCCTTTAATCACTCAGCCTT

GTTTCCACCTGAATTGACTCTCCCTTAGCTAAG

AGCGCCAGATGGACTCCATCTTGGCTCTTTCA

CTGGCAGCCGCTTCCTCAAGGACTTAACTTGT

GCAAGCTGACTCCCAGCACATCCAAGAATGCA

ATTAACTGATAAGATACTGTGGCAAGCTATAT

CCGCAGTTCCCAGGAATTCGTCCAATTGATTA

CACCCAAAAGCCCCGCGTCTATCACCTTGTAA

TAATCTTAAAGCCCCTGCACCTGGAACTATTA

ACGTTCCTGTAACCATTTATCCTTTTAACTTTT

TTGCCTACTTTATTTCTGTAAAATTGTTTTAAC

TAGACCCCCCCTCTCCTTTCTAAACCAAAGTAT

AAAAGCAAATCTAGCCCCTTCTTCAGGCCGAG

AGAATTTCGAGCGTTAGCCGTCTCTTGGCCAC

CAGCTAAATAAACGGATTCTTCA 

 


