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5.3.3 Overexpression of p62/IMP2 has no effect on cell proliferation 

In recent years, it has been reported that p62/IMP2 expression can support cell growth 

[40], so we measured cell proliferation ability after overexpression of p62/IMP2 in breast 

cancer cells. However, we did not see any effect of p62/IMP2 expression on breast cancer cell 

proliferation from the result. The cell growth of variants (p62/IMP2 positive and negative 

cells) was tracked for 7 days. As shown in Figure 13, the cell growth curve did not suggest any 

statically significant change after the comparison.  

Therefore we concluded that p62/IMP2 may be just specifically involved in cell 

migration and cell adhesion but not proliferation in the breast cancer progression.  
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Figure 15: p62/IMP2 can bind c-myc mRNA in MDA-MB-231 cells. After pulling down the 

whole p62/IMP2-targets complex (1) and separating target mRNAs from p62/IMP2 protein and 

purifying target mRNAs, we got 755ng mRNAs (2) for reverse transcription as a cDNA pool. 

Then we used a primer of c-myc to perform the normal PCR and got the band on the gel, which 

indicated that c-myc mRNA is a target of p62/IMP2 (3). 
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Figure 16: Up-regulation of c-myc by overexpression of p62/IMP2 in MDA-MB-231 cells. 

mRNA level of c-myc was analyzed by real-time PCR in MDA-MB-231 cells, and results 

showed that c-myc mRNA was increased with the overexpression of p62/IMP2 (a & b). Protein 

level of c-myc was analyzed by Western Blotting in MDA-MB-231 cells. The c-myc protein was 

also increased with the overexpression of p62/IMP2 (c). So p62/IMP2 can does work in MDA-

MB-231 cells, and p62/IMP2 can increase c-myc expression in the RNA level as well as in 

protein level.  
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6.3.2 Changes in human extracellular matrix and adhesion molecular expression in 

response to overexpression of p62/IMP2   

The local microenvironment of cancer cells plays an important role in cancer progression, 

and its major component is the extracellular matrix (ECM). The deregulation of ECM is very 

common in cancer, especially in cancer metastasis. Abnormal ECM can promote cancer 

metastasis by affecting cell migration and cell adhesion directly. Since our study in specific aim 

2 suggested that p62/IMP2 can reduce cell adhesion to promote cancer metastasis, we have an 

interest on uncovering the underlying mechanisms, particularly in regards to human breast 

cancer. The Human Extracellular Matrix & Adhesion Molecules RT² Profiler PCR Array was 

decided to perform with p62/IMP2 positive/negative cells to see which genes work together with 

p62/IMP2. This array profiles the expression of 84 genes critical for cell-cell and cell-matrix 

interactions, including basement membrane constituents, collagens, and genes defining ECM 

structure, metalloproteinases and their inhibitors.  

Out of 84 genes, 16 were found to be upregulated with a difference greater than 2 fold 

with overexpression of p62/IMP2. Only 2 were found to be down-regulated (Fig.17.). Among 

them, the p-value of 7 genes, including 6 up-regulated genes and 1 down-regulated gene, was 

less than 0.05 (Table 6). THBS1 was one of the candidates in the array, and its mRNA was 

increased 2.4 fold. It is well-known that the turnover of THBS1 mRNA can be increased by c-

myc expression. This information validated the result of our qPCR array as reliable. In our 

additional qPCR experiment, the increased mRNAs of verscian, CTGF, ADAMTS1, THBS1 and 

COL7A1 were confirmed again with our primers in MDA-MB-231 cells (Fig.19a).  

In the LM2-4 cells, we also found the increased expression of c-myc with the 

overexpression of p62/IMP2 (Fig.18). Therefore we tried to validate the results of qPCR array 
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from MDA-MB-231 cells in LM2-4 cells, and CTGF, ADAMTS1, VCAN, and COL7A1 were 

confirmed to be increased in mRNA level with overexpression of p62/IMP2 (Fig.19b). 
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Figure 17: Volcano plots analysis of adhesion qPCR array. This is a volcano plot that showed 

the significant gene expression changes with overexpression of p62/IMP2. Down-regulated 

genes are described as green in color, and up-regulated genes are in red. Group 1: clone 6 (p62+) 

& Control Group: clone 5 (p62-).  
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Table 6: The candidate genes selected from adhesion qPCR array in MDA-MB-231 cells. The expression of 18 genes was shown 

to be changed with overexpression of p62/IMP2. 7 genes from them were selected as candidates for the follow-up study (fold 

difference: 2; p-value: 0.05). 
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Figure 18: Up-regulation of c-myc by overexpression of p62/IMP2 in LM2-4 cells. mRNA 

level of c-myc was analyzed by real-time PCR in LM2-4 cells. The c-myc mRNA was increased 

with the overexpression of p62/IMP2 (a & b). Protein level of c-myc was analyzed via Western 

Blotting in LM2-4 cells. The c-myc protein was also increased with the overexpression of 

p62/IMP2 (c). 
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Figure 19: The evaluation of candidates from MDA-MB-231 cells and LM2-4 cells. 

Increased mRNA of VCAN, CTGF, ADAMTS1, and COL7A1 were confirmed again with our 

primers in MDA-MB-231 cells (a). Also in the LM2-4 cells, we validated the results from MDA-

MB-231 cells in LM2-4 cells, and CTGF, ADAMTS1, VCAN, and COL7A1 were confirmed to 

be increased in mRNA level with overexpression of p62/IMP2 (b). 
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6.3.3 p62/IMP2 binds CTGF mRNA and stabilizes the transcript 

CTGF is well-known to contribute to the process of tissue wound repair. Some functional 

features of it are very similar to that of p62/IMP2. CTGF plays important roles in many 

biological processes, including cell migration and adhesion, tissue development and stem cell 

pluripotency. In addition, it plays significant roles in many human biological disorders like 

diabetes, and cancer. It has been known that CTGF expression can be regulated by post-

transcriptional regulatory molecules, including microRNAs (miR-18a) in 3’-UTR, which will 

result in the repressed translation of CTGF or the degradation of its transcripts. Interestingly, in 

previous studies, p62/IMP2 as an mRNA-binding protein can bind its target mRNAs within 5’ or 

3’ untranslated regions (UTRs). This information raised the possibility that p62/IMP2 could bind 

CTGF mRNAs directly and competitively. Therefore, we mapped that CTGF was a novel target 

of p62/IMP2 in breast cancer cells using an RNA immunoprecipitation assay and the experiment 

of mRNA half-life detection. The results illustrated in Figure 20a show that CTGF can be pulled 

down with p62/IMP2, but not GAPDH. The results in Figure 20c demonstrated that this binding 

stabilized the mRNA of CTGF. The well-known target of p62/IMP2, c-myc mRNA is viewed as 

a positive control here (Fig. 20a and 20b). Our data indicated that CTGF mRNA is a novel target 

of p62/IMP2 in breast cancer cells and that this binding can stabilize mRNA of CTGF.  
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Figure 20: CTGF mRNA is a novel target of p62/IMP2. a) In the MDA-MB-231 cell line, 

p62/IMP2 bound to mRNA of CTGF and c-myc but not GAPDH. b) p62/IMP2 regulated the 

stability of c-myc mRNA in MDA-MB-231 cells. In the negative clone 5, the half-life of c-myc 

mRNA is about 30 minutes, but in the positive clone 6, it is about 50 minutes. c) p62/IMP2 

regulated stability of CTGF mRNA. The half-life of CTGF mRNA is about 2 hours in negative 

clone 5, but it is about 4 hours in the positive clone 6.  
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Chapter 7: Discussion and Future Direction 

 

7.1 Discussion 

 

       One of our main finding in the present study is that p62/IMP2 expression is highly 

associated with breast cancer development. Our data illustrates the expression of p62/IMP2 in 

breast cancer tissues using the IHC microarray analysis, and the detection of anti-p62/IMP2 

autoantibody in sera from patients with breast cancer as measured by ELISA. Our IHC analysis 

found high levels of p62/IMP2 expression in breast cancer tissues when compared to adjacent 

normal tissues. The ELISA data showed a high frequency of anti-p62/IMP2 autoantibody in sera 

from patients with breast cancer compared to it in the sera from healthy individuals and patients 

with breast benign tumor. The overexpression of p62/IMP2 and the detection of p62/IMP2 

autoantibodies have been reported to occur in several types of cancers. p62/IMP2 is 

developmentally regulated and is expressed in fetal tissues but not in adult livers, and aberrantly 

expressed in some hepatocellular carcinomas. Detectable autoantibody to p62/IMP2 was found 

to be present in 21.1% of HCC patients from China but not in patients with precursor conditions 

such as chronic hepatitis and liver cirrhosis. In 2013, Liu et al. studied the expression of 

p62/IMP2 in colon cancer tissues by IHC. Of 64 colon cancer tissue specimens examined, 48 

tissues (75.0%, 48/64) expressed p62/IMP2, while normal colon tissues did not show any 

expression (0% 0/34) [64]. In a study of 82 patients with digestive canal tumors , 38.6% of 

patients had sera that tested positive for autoantibodies to p62/IMP2, and 33.7% of them had 

metastatic disease, which suggests that high levels of autoantibody to p62/IMP2 might  correlate 

with metastasis [62]. Detectable antibody to p62/IMP2 has also been found in other types of 
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cancers, such as ovarian cancer and esophageal cancer [61]. Our results reveal that p62/IMP2 is 

overexpressed in breast cancer (69.0%) and that the frequency of detectable autoantibody to 

p62/IMP2 (29.0%) in the sera of breast cancer patients was significantly higher than the 

frequency in sera from normal individuals (1.0%). Several studies have demonstrated that 

autoantibody in sera from patients with cancers is produced by the immune system which is 

stimulated by some cellular proteins. These cellular proteins were generally called tumor-

associated antigens (TAAs), of which may originate via mutated proteins or abnormally 

expressed proteins in cancer. The anti-TAA autoantibody and its potential applications in cancer 

have been extensively investigated. Autoantibody is stable and can be detected by using ELISA 

which is noninvasive, easily acceptable way in clinical. More importantly, the significant 

elevation of autoantibody levels also correlates with the occurrence of some cancers so the 

detection of the autoantibody can be used for diagnosing early stages of some cancer types. In 

future studies, serial serum samples (the collection of sera from an individual every year for 

several years before and after the diagnosis of breast cancer) should be examined to see if an 

autoantibody to p62/IMP2 can be viewed as a real biomarker in the early diagnosis of breast 

cancer.  

        The functional studies of p62/IMP2 showed that this protein can promote cancer 

progression [67, 66, 40]. However, there is not much research that discusses the effect of 

p62/IMP2 on breast cancer progression, so it would be interesting to test whether p62/IMP2 

expression promotes progression of breast cancer in vitro. To explore the role of p62/IMP2 in 

breast cancer in vitro, the growth ability, the migration ability, and the ability to adhere to the 

extracellular matrix of cells with overexpressing p62/IMP2 were examined in this study. Our 

data demonstrated that p62/IMP2 can increase cell migration and reduce cell adhesion to the 
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extracellular matrix, but it has no obvious impact on cell proliferation. Increased cell migration is 

important consequence of EMT [74, 75]. To study cell migration we used a scratch wound-

healing assay. It is generally believed that EMT is an important event in cancer metastasis. EMT 

is also a physiological process that occurs during embryonic development and wound 

healing[76]. During wound healing, cells undergo a transient EMT in order to migrate into the 

wound site and close the gaps in the epithelial cell sheets that were created by the wounding 

process. Also our result of adhesion assay suggested that the reduced adhesion of breast cells 

with overexpressed p62/IMP2 to extracellular matrix may promote breast cancer cells to leave 

the primary site and spread to distant organs of the body.  

         In a recent study of breast cancer, Gui et al found that adhesion of primary breast cancer 

cells from node-positive women to each of fibronectin and collagen was significantly less than 

that in  node-negative patients[77]. Many proteins play important roles in this process. Some 

proteins such as SOX2 (a regulator of embryonic stem cells) and CO-029 (also a tumor-

associated antigen), can increase the migratory and metastatic potentials and decrease adhesion 

ability of serous ovarian carcinoma cells [78, 79]. Many proteins like them can contribute to the 

disorganization of ECM responsible for the changed adhesion between cells and ECM. In fact, 

the process of EMT and disorganization of ECM are independent of each other sometimes, while 

in most cases the deregulated ECM can promote EMT and verse versa. Other reports stated that 

ECM can modulate EMT to promote cancer metastasis [80]. ECM surrounding tumor cells is 

responsible for activating and adjusting intracellular signaling to drive EMT [81]. In short, our 

data from in vitro study indicated that p62/IMP2 may be an important regulator in breast cancer 

metastasis by increasing the migration ability of breast cancer cells and reducing the adhesion 

ability of breast cancer cells to extracellular matrix.  
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         To further explore how p62/IMP2 regulates wound healing and adhesion, a Human 

Extracellular Matrix & Adhesion Molecules RT² Profiler PCR Array was carried out to observe 

mRNA changes regulated by p62/IMP2. We found that most of changed genes are upregulated 

(such as CTGF, VCAN, ADAMTS1, and COL7A1) by overexpression of p62/IMP2. How 

p62/IMP2 regulates these genes has yet not to be reported.  Since p62/IMP2 is an mRNA binding 

protein, the main function of p62/IMP2 is to stabilize its target mRNAs and upregulate their 

expression. Therefore, one possibility is that the mRNAs of upregulated genes with 

overexpression of p62/IMP2 in breast cancer cells are bound to p62/IMP2 proteins. Among 

them, CTGF was chosen to test such a possibility because the half-life of its mRNA is short. In 

our experiment, CTGF mRNA is indicated to be a target of p62/IMP2 by the mRNA half-life 

assay and RIP assay. Because of the role of CTGF on cell migration process, studies about the 

expression of CTGF correlated to cancer metastasis have increased since 2013[82]. It has been 

shown that overexpression of CTGF was related with potential metastasis in pancreatic cancer, 

lung cancer, gastric cancer, and osteolytic metastasis of breast cancer [83-85]. In 2014, CTGF 

was firstly demonstrated to be unregulated in p62/IMP2 transgenic mice and the unregulated 

expression of CTGF is TGF-beta-independent[86]. They suggested that IL13 might be involved 

in the up-regulation. However, our data showed that p62/IMP2 can bind to mRNAs of CTGF 

directly and stabilize its mRNAs.  

          As to other genes, they may be regulated by p62/IMP2 directly or indirectly. Here we 

how the function of cell migration and cell adhesion are important to and relate with cancer 

metastasis. ADAMTS1 is necessary for normal growth, and ADAMTS1 null mice were observed 

to manifest growth retardation [87]. In cancer, the role of ADAMTS1 is controversial. This 

protein is reported to promote tumor growth and metastasis in some cancers while in others its 



66 

 

expression is down-regulated as a tumor suppressor role. It is proposed that the proteolytic status 

of ADAMTS1 and its mutations determines its impact on tumor metastasis[88]. versican is 

viewed as an anti-adhesive molecule. A number of recent studies have demonstrated that 

versican, a large chondroitin sulfate (CS) proteoglycan, harbors anti-adhesive properties and the 

ability to modulate migration in a number of different cell types, including osteosarcoma cells, 

smooth muscle cells (SMCs), and various types of tissue fibroblasts [89]. Its anti-adhesive 

characteristic plays a critical role in cancer. Purified versican is able to reduce attachment of 

prostate cancer cells and melanoma to fibronectin-coated surfaces in vitro[90], so increased 

levels of versican in cancer are believed to be associated with progression of cancer to its 

metastatic disease. Previous research has established that elevated levels of versican are observed 

in most malignancies such as melanomas, Sarcoma, breast, brain, and ovary cancers [91]. 

        In summary, we identified that p62 is highly expressed in breast cancer tissues. The 

increased expression of p62/IMP2 can regulate extracellular matrix to increase cell migration and 

reduce cell adhesion, leading to possible cancer metastasis. We also identified CTGF mRNA as a 

novel target of p62/IMP2 playing an important role in breast cancer cells. The data further 

support that p62/IMP2 may also be a target when treating breast cancer metastasis.  

7.2 Future Direction 

7.2.1 To determine the role of p62/IMP2 in breast cancer metastasis by in vivo study 

Our data from in vitro study indicated that p62/IMP2 may be a critical regulator in breast 

cancer metastasis. In future studies, we will use an in vivo study to confirm if p62/IMP2 really 

increases the metastatic capacity of breast cancer cells. In regards to which in vivo study, we will 

use a spontaneous (orthotopic) metastasis assay because this method can enhance the possibility 

http://en.wikipedia.org/wiki/Melanoma
http://en.wikipedia.org/wiki/Sarcoma
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of distant metastatic spread, compared with ectopic transplantation [92]. p62/IMP2 positive cells 

and control cells are injected into the mammary fat pad of female SCID mice in two groups 

respectively (five mice in each group). After inoculation of tumor cells for weeks, the mice will 

be dissected and examined to see if there is a metastatic spread in the lungs. The metastatic 

nodules in the lungs will be counted in each group. We will also check to see if metastatic 

disease will be developed in other viscera. If the result shows that the number of visible 

metastatic nodules increased significantly per lung in the experimental mice when compared 

with the control mice, it means that p62/IMP2 expression in breast cancer cells can increase the 

probability of metastatic colonization in the lungs. We will also measure the average size of 

metastatic tumor in the lungs of two groups of mice to see if p62/IMP2 will affect the growth 

rate of metastatic tumor. All metastatic tumors will be photographed. The data mentioned above 

should be confirmed further by immnohistochemistry staining. All dissected lung tissues will be 

paraffin-embedded, sectioned, stained with haematoxylin and eosin (H&E) and anti-p62/IMP2 

antibody to make sure if tumor tissues are p62/IMP2 positive.  

7.2.2 The detection of CTGF and p62/IMP2 expression in the breast cancer cells and the 

staining of CTGF and p62/IMP2 in tumor tissues.  

As a newly identified target of p62/IMP2, CTGF is a very import protein which plays an 

important role in breast cancer metastasis. In tumors with increased expression of CTGF, tumor 

angiogenesis and metastasis can be commonly observed. Bone metastasis of breast cancer cells 

can be inhibited by down-regulating CTGF. Metastasis of breast cancer with high level of CTGF 

expression was also suppressed by the injected anti-CTGF monoclonal antibodies in vivo. 

Therefore, it would be very interesting to know how IMP2/p62 regulates CTFG expression in 

human breast cancer. In our future study, we will detect if p62/IMP2 can increase the CTGF 
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expression in our variants by Western Blotting. Immunohistochemistry will be also performed to 

see if a higher expression of CTGF existed in human breast cancer tissues and if there are co-

expression of p62/IMP2 with CTGF. Other techniques such SiRNA would be used to see if 

p62/IMP2 knock-down attenuates expression of CTGF.  
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Appendix 

 

List of abbreviations 

 

 

IMP IGF2 mRNA binding protein 

EMT Epithelial-mesenchymal transition 

ECM Extracellular matrix 

MMP Metalloproteinases 

TAA Tumor-associated antigen 

RIP RNA immunoprecipitation 

VCAN Versican 

CTGF Connective tissue growth factor 

ADAMTS1 ADAM metallopeptidase with thrombospondin type 1 motif, 1 

THBS1 Thrombospondin 1 

ITGB4 Integrin, beta 4 

SDS-PAGE Sodium docecyle sulfate-polyacrlamide gel eletrophoresis 

HRP Hrseradish peroxidase 

IP Immunoprecipitation 

OD Optical density 

PBS Phosphate-buffered saline 
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