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Abstract

AIM: To investigate the value of chaperonin containing TCP1, subunit 3 (CCT3) to predict the prognosis of patients with hepatocellular carcinoma (HCC) and determine its function in HCC progression. 

METHODS: CCT3 expression levels were examined in human non-cancerous liver tissues and a variety of HCC cell lines by quantitative real-time PCR and immunoblotting. CCT3 expression was suppressed by small interfering RNA. The effects of reducing CCT3 expression in HCC cells were tested. The 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT) assay, cell counting experiment, cell cycle assay, apoptosis assay and invasion assay were employed to evaluate cell functions in vitro. Immunohistochemistry was performed on HCC specimens. In addition, CCT3 expression in HCC specimens was also assessed at the protein and mRNA level. Associations between clinicopathological characteristics and prognosis were analyzed, along with the possible mechanisms involved in CCT3’s function in HCC progression. 

RESULTS: The expression levels of CCT3 mRNA and protein were upregulated in HCC cell lines in contrast to adjacent non-cancerous tissues. Reducing CCT3 expression not only suppressed cell proliferation in cell counts, MTT assay, cell cycle assay and induced cell apoptosis (P < 0.05 vs negative control), but also inhibited the tumor cell invasion capacity in vitro (P < 0.01 vs negative control). Overexpression of CCT3 in the nuclei of cancer cells in HCC specimens (58 of 104 patients, 55.8%) was associated with poor prognosis in HCC patients (3-year survival rate, 55.5% vs 84.2%, P = 0.020) after hepatectomy. Mechanistic analyses showed that signal transducer and activator of transcription 3 (STAT3) activation was decreased even when stimulated by interleukin-6 after knocking down CCT3 in the HepG2 cell line. 

CONCLUSION: Overexpression of CCT3 in the nuclei of cancerous cells is associated with HCC progression. CCT3 may be a target that affects the activation of STAT3 in HCC.
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Core tip: Hepatocellular carcinoma (HCC) is a lethal disease and it is difficult to evaluate prognosis and manage the disease. This study showed that overexpression of chaperonin containing TCP1, subunit 3 (CCT3) in the nuclei of cancerous cells was an independent risk factor for the prognosis of HCC patients and was associated with tumor histological type and microvascular invasion. CCT3 affects activation of the interleukin-6/signal transducer and activator of transcription 3 signal pathway in vitro. CCT3 could play an essential role in the progression of HCC and might represent a prognostic biomarker in patients with HCC after hepatectomy.

INTRODUCTION

As the most common primary liver cancer, hepatocellular carcinoma (HCC) is the third most common cause of cancer death globally[1]. Approximately 750000 new cases of liver cancer are reported each year[2]. Eighty percent of HCC cases develop from fibrosis caused by viral hepatitis or alcohol[3]. In China, most HCC patients develop cirrhosis that is caused by hepatitis B virus hepatitis. The natural course of HCC is likely to be invasive and unpredictable. The prognosis of HCC has been assessed using different clinical classification criteria, the Barcelona Classification (BCLC), for instance, which enrolled tumor number, size, vascular invasion, Child-Pugh score and performance status[4]. However, patients with HCC may have a distinctly different disease course and outcome, even with the same BCLC score or classification. Molecular profiling is likely to be promising to assess prognosis and to target treatment in individuals with HCC[5].

Chaperonin containing TCP-1 [TCP-1 ring complex (TRiC), CCT/TRiC], a large molecular weight complex presents in eukaryotic cells, comprises eight homologous subunits (CCT1, 2, 3, 4, 5, 6, 7, 8). These subunits are assembled in two stacked octameric rings, which form a cage[6]. The subunits possess identical ATPase domains, whose polypeptide-binding regions have radically diverged while evolving to enhance binding specificity[7]. All of these subunits form a cage, which plays a critical role in protein folding and refolding. Being folded into specific three-dimensional structures is necessary for proteins to reach their native states and become functionally active. If incorrectly folded or misfolded, proteins can lose biological functions, and even gain harmful functions[8]. CCT/TRiC generally contributes to the folding of 10% to 15% of newly synthesized proteins into their native states in eukaryotic cells, in addition to refolding some proteins that have lost their native states under stress conditions[9,10]. CCT/TRiC is involved with a variety of proteins concerned with cell growth, proliferation, and apoptosis in normal and tumor cells, such as cyclin B, cyclin E, actins, tubulins, the von Hippel-Lindau (VHL) tumor suppressor protein, P53 and STAT3[11-16]. 

CCT3 (60 kDa) is a critical subunit in CCT/TRiC complexes, which plays a significant role in specifically binding these factors during protein folding or refolding. CCT3 is overexpressed in HCC tissues[17-19], ovarian cancer and cholangiocarcinoma[20,21]. Although the functions of CCT/TRiC involved in cell proliferation and the tumorigenesis of different tumors in vitro have been studied by targeting CCT1, CCT2, CCT4, and CCT8[22-24], few studies have been conducted on CCT3. Thus, it is unclear what effect CCT3 has on HCC. 

In this study, the expression of CCT3 in HCC patients was evaluated. In addition, we investigated its effects on HCC cell proliferation, apoptosis, invasion and its potential mechanisms in vitro by targeted silencing of the CCT3 gene. These findings will contribute to the clarification of its function in HCC, and assess its value in clinical prognosis and targeted therapy in HCC.

MATERIALS AND METHODS
Sample collection and cell culture

Before this study, the protocol and sample collection were approved by the Institutional Review Board of Peking University People’s Hospital, Beijing, China. The human HCC cell lines SMMC-7721, HepG2, Huh-7 and Hep3B were purchased from Shanghai Institute for Biological Sciences, Shanghai, China. The cells were maintained in 5% CO2 at 37 ℃ in RPMI 1640 (Hyclone, Logan, UT, United States) supplemented with 10% fetal bovine serum (GIBCO, Carlsbad, CA, United States).

Patients and tissue specimens

Tumor tissues and adjacent non-cancerous tissues (n = 20) were collected from patients who had undergone resection for primary HCC in the Department of Hepatobiliary Surgery, Peking University People’s Hospital between 2013 and 2014. Neither radiofrequency ablation therapy nor transcatheter arterial chemoembolization (TACE) was performed in these patients preoperatively. Non-cancerous liver tissues were collected from patients with hepatic hemangiomas who underwent hepatectomy. After resection, the tissues were washed with 0.9% sodium chloride solution, then immersed in liquid nitrogen and stored in -80 ℃. One hundred and four paraffin-embedded HCC samples were collected from primary HCC patients who had undergone hepatectomy in the Department of Hepatobiliary Surgery, Peking University People’s Hospital between 2008 and 2012. Patients with extrahepatic metastasis confirmed by computed tomography (CT), magnetic resonance imaging (MRI), or positron emission tomography were excluded. Tumor stages were determined according to the TNM system of the American Joint Committee on Cancer[25]. The histological grade of each tumor was determined based on the Edmondson-Steiner grading system[26]. Macrovascular invasion was defined by the thrombus adjacent to the tumor, with a blurred boundary presented in the portal vein, which was confirmed by at least one imaging modality, CT or MRI[27]. Microvascular invasion (MVI) was defined by a thrombus that was formed by cancerous cells presented in the vascular space encircled by vascular endothelial cells, located in the tumor capsule or in the surrounding liver parenchyma, either in the portal vein or hepatic vein branches. Clusters of cancerous cells or a few cancerous cells, which floated in isolated vessels, but were not covered by endothelium, were not diagnosed as MVI[28]. Patients enrolled in this study had detailed medical records of the etiology of hepatitis, gender, age, pre-operative alpha-fetoprotein (AFP) level, cirrhosis description, number and size of tumor nodules, Child-Pugh scores, radical resection or palliative resection and post-operative TACE. Follow-up was undertaken at outpatient visits, which included liver function tests, AFP and CT or MRI at 3 mo post-operatively, and every 3 mo for two years. Thereafter, laboratory tests and imaging were repeated at 6-month intervals. The study endpoint was February 28, 2015, and the median follow-up period was 36.5 mo. All patients who did not survive, died of HCC or related complications. Three-year survival (time from date of surgery to date of death or last follow-up) rate was used to evaluate prognosis. 

RNA and protein extraction

Extraction of RNA was conducted using Trizol solution (Invitrogen, Shanghai, China). Total and nuclear pro​teins from cells and tissue were extracted with a total protein extraction kit or a nuclear-cytosol extraction kit (Applygen Technologies Inc., Beijing, China). The samples were then stored at -80 ℃.

RNA reverse transcription, and quantitative real-time PCR

Quantitative real-time PCR (qPCR) amplification was undertaken using a Takara TP800 Real-time PCR system (Takara, Shiga, Japan). RNA was converted into cDNA. The amplification reactions were conducted with specific primers as follows: CCT3 forward primer 5’-CCTCCAGGTATCTTTTCCACTCT-3’, reverse primer: 5’-TCAGTCGGTGGTCATCTTTGG-3’. GAPDH forward primer 5’-TGACTTCAACAGCGACACCCA-3’, reverse primer 5’-CACCCTGTTGCTGTAGCCAAA-3’. The PCR conditions were performed as follows: 95 ℃ for 15 s to activate DNA polymerase; followed by 45 cycles of 95 ℃ for 5 s, 60 ℃ for 30 s; 1 cycle of 95 ℃ for 60 s, 55 ℃ for 60 s; and 81 cycles of heating from 55 ℃ to 95 ℃ for 4 s. The set point temperature was increased after cycle 2 by 0.5 ℃. Specificities of the reaction products were evaluated by melting curve analyses. All experiments were repeated three times for the genes. 

Western blotting

Western blotting was carried out on lysates of HCC tissues and cell lines as described previously[15] using rabbit polyclonal anti-CCT3 antibodies (1:1000, Abcam, Cambridge, MA, United States), rabbit monoclonal anti-GAPDH (1:2000, Cwbiotech, Beijing, China), rabbit monoclonal anti-(p)STAT3, rabbit monoclonal anti-STAT3 (1:2000, Abcam) and rabbit polyclonal anti-Histone 3 antibodies (1:2000, Abcam). The secondary antibody was an HRP-conjugated anti-rabbit IgG antibody (1:4000; Zhongshan, Beijing, China). The enhanced chemiluminescence reagent (Thermo, South Logan, UT, United States) was used for signal detection.

Immunohistochemistry

Paraffin-embedded blocks were sectioned at 3-m thickness. The Polink-1 HRP DAB Detection System One-step polymer detection method was used as follows: tissue sections were deparaffinized in xylene, and then rehydrated through ethanol to water. Endogenous peroxidase activity blocking was performed with 3% H2O2 for 15 min. Antigen retrieval was performed as follows: sections were heated in a high pressure cooker with 10 mmol/L citrate buffer (pH 6.0) at 1000 kW power heated by an induction cooker for 2.5 min, and then left to cool naturally. Non-specific binding was abolished using 5% goat serum (Beyotime Biotechnology, Beijing, China) for 30 min. Prediluted primary polyclonal rabbit anti-CCT3 antibodies (1:80, Abcam Co., Hong Kong, China) were used. Negative control slides without antibody were included in this step. The slides were incubated for 16 h at 4 ℃. After washing with phosphate-buffered saline (PBS), secondary antibody at working dilutions (rat anti-rabbit IgG, Beijing XiYa Jinqiao Biology Technology Company, Beijing, China) was added to the section, which was incubated for 1 h at room temperature. After washing, diaminobenzene (DAB) was added to develop the color reaction. After ending the reaction, the sections were counterstained with hematoxylin, cleared and mounted.

Immunocytochemistry

Cells were plated on coverslips at a density of 2 × 104/mL, then washed with PBS three times after incubating at 37  ℃ for 6 h. Cells on the coverslips were fixed with 4% paraformaldehyde for 15 min, then air dried, incubated with 0.5% Triton X-100 for 20 min, washed with PBS three times and incubated with 3% H2O2 for 15 min. The follow-up procedures were all the same as the immunohistochemistry (IHC) procedures, except that the antigen retrieval step was omitted. 

Evaluation of staining

The IHC slides were reviewed and scored by two pathologists (Qian LH and Song JQ), who were blinded to the clinical parameters, from the Pathology Department of Peking University People’s Hospital, independently. CCT3 staining in the nuclei and the cytoplasm was evaluated separately. The score was calculated based on the sum of staining intensity and the percentage of positive staining of cancerous cells. The percentage of positively stained areas in the cytoplasm of cells was defined using a scale of 0-3 (0: < 10%, 1: 10%-25%, 2: 26%-75%, and 3: > 76%). Staining intensity was scored as “0” (no staining), “1” (weak staining), “2” (moderate staining), or “3” (strong staining). The percentage of positively stained nuclei were scored as 0: < 20%, 1: 20%-49%, 2: 50%-79%, and 3: > 80%) in cancerous cells. The total immunostaining score of nuclei or cytoplasm ranged from 0 to 6. CCT3 expression levels was classified as: “-” (0-1), “+” (2-3), “++” (3-4) and “+++” (4-6). Patients were then divided into low CCT3 expression (“-” and “+”) and high CCT3 expression (“++” and “+++”) groups[29,30].

Lentivirus vector construction and cell transfection

A lentiviral shRNA vector was used to target the expression of CCT3 in the SMMC-7721 and HepG2 cell lines. CCT3 knockdown recombined lentivirus vector, control vector pGCSIL-GFP and the small interfering ribonucleic acid (siRNA) were constructed by Gene Chem (Gene Chem, Shanghai, China). siRNA molecules used for CCT3 siRNA were as follows: CCT3 sense: 5'-CGGGCCAAGTCCATGATCGAAATTCTC-GAGAATTTCGATCATGGACTTGGCTTTTTG-3', anti-sense: 5’-AATTCAAAAAGCCAAGTCCATGATCGAAA TTCTCGAGAATTTCGATCATGGACTTGGC-3’. For the negative control sense: 5'-CCGGTTCTCCGAACGTGTCA-CGTTTCAAGAGAACGTGACACGTTCGGGAATTTTTG-3', anti-sense: 5’-AATTCAAAAATTCTCCGAACGTGTCACG TTCTCTTGAAACGTGACACG TTCGGAGAA-3’.

Transient transfection was performed when cells reached 30% confluence. After the infected cells with green fluorescent protein (GFP) exceeded 80% of the total in 72 h, the cells were harvested for further assays. Knockdown efficiency was evaluated by western blotting and qPCR.

Cell proliferation assay

The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay and cell counting were used to assess cell proliferation and viability. Cells were plated in 96-well plates at approximately 2 × 103/well, and then incubated for 24, 48, 60, 72, 96 or 120 h. Twenty L of MTT (5 mg/mL) (Sigma, St. Louis, MO, United States) was added to the wells at each time point. Supernatants in the wells were removed, and 100 L dimethyl sulfoxide (DMSO) (Sigma) was used to end the reaction. The optical density in each well was detected by the Biotek Elx800 microplate reader (Biotek, Winooski, VT, United States). Cells infected with GFP-CCT3-siRNA (CCT3-siRNA) and control vector pGCSIL-GFP (negative control, NC) were plated in the 96-well plates at approximate 1 × 103/well, and then incubated for 120 h. The cells with GFP were counted using a Thermo Cellomics ArrayScan VT1 (Thermo) each day during the experiment. For each experimental group, five wells were used. All experiments were repeated in triplicate.

Cell cycle assay

Cells were collected after reaching 80% confluence, washed once in ice cold PBS, and fixed in 70% ice ethanol overnight. The fixed cells were then resuspended in 25 L (2 mg/mL) propidium iodide (Sigma), 10 L (10 mg/mL) RNaseA (Fermentas, MBI, Lithuania), and 1000 L PBS, and then incubated in the dark at 4 ℃ for 1 h. They were subjected to flow cytometry analysis using a FACSCalibur device (BD, Franklin Lakes, NJ, United States). Triplicate experiments were conducted in each group. 

Apoptosis assay

Transfected cells were collected after reaching 85% confluence. After washing twice with ice PBS solution, they were resuspended using 400 L 1 × binding buffer followed by 1 mL 1 × staining buffer. After incubating with 5 L Annexin V-APC (Ebioscience, San Diego, CA, United States), the cells were subjected to flow cytometry using a FACSCalibur device (BD). Each experiment was performed three times. 

Matrigel invasion assay

The assays were conducted with the Chemicon Cell Invasion Assay Kit ECM550 (Chemicon, Temecula, CA, United States). The CCT3-siRNA group and NC group were collected after reaching 80% confluence. The cells (2 × 104/well) in 200 L RPMI 1640 were added to the upper chamber. Five hundred L RPMI 1640 containing 10% FBS was then added to the bottom chamber. After incubating for 48 h, non-migrating cells were removed from the top surface of the membrane. The membranes were fixed with 4% paraformaldehyde at room temperature for 30 min, then stained with 0.5% crystal violet, washed three times with PBS and counted under a microscope. Ten random fields were counted to calculate the number of stained cells. Triplicate experiments were performed in the groups.

IL-6 stimulation of cells

CCT3-siRNA and NC HepG2 cells were incubated overnight in 5% CO2 at 37 ℃. IL-6 (Sigma) at 0, 0.1, 0.3 and 1 ng/mL was administered to the cells. After culturing at 37 ℃ for 30 min, the lysates were harvested.

Statistical analysis

SPSS 17.0 software (SPSS Inc., Chicago, IL, United States) and Graph Pad Prism 5.0 (GraphPad Software Inc., La Jolla, CA, United States) software were used for statistical analyses and plotting the data. All continuous variables were expressed as the mean ± SD and evaluated with the Mann-Whitney U nonparametric test or two-tailed paired t test. The 2 test (Pearson’s test or continuity correction test) or Fisher’s exact test were employed to evaluate qualitative variables. The Kaplan-Meier method and log-rank test were used for plotting survival curves and for comparisons. The Cox proportional hazards regression model was used to evaluate the independent risk factors associated with prognosis. Statistical significance was set at P < 0.05.

RESULTS

CCT3 expression level in cell lines and liver tissues 
Western blotting analyses and qPCR confirmed that the mRNA and protein transcription levels of CCT3 in HCC cell lines were increased compared with those in the non-cancer liver homogenate (HNCL) (Figure 1A and B). 
Downregulation of CCT3 in vitro

To determine the function of CCT3 in HCC progression, SMMC-7721 and HepG2 cells were transfected with siRNA oligonucleotides, and found that CCT3 protein and mRNA expressions were downregulated (P < 0.01), which was verified by western blotting (Figure 1C and E) and qPCR (Figure 1D and F). 

Role of CCT3 in HCC cell proliferation and cycle progression

We calculated the proliferation rates of the negative control (NC) and siRNA-CCT3 groups in SMMC-7721 and HepG2 cells, using the cellomics assay. A decrease in the proliferation rate was observed in the CCT3-siRNA group in contrast to the NC group at days 3​-5 (P < 0.05, P < 0.01) (Figure 2A). The MTT assay revealed that inhibition of CCT3 expression significantly inhibited the proliferation of HCC cells (P < 0.01, Figure 2B). The DNA content of CCT3-siRNA and NC cells was determined by flow cytometry. The percentage of cells in the S stage in the CCT3-siRNA group increased compared with the NC group (P < 0.05, P < 0.01) (Figure 2C). 

Role of CCT3 in HCC cell apoptosis

To determine whether inhibition of HCC cell growth was attributed to induction of apoptosis, an Annexin V-APC binding assay was performed. This revealed that reducing CCT3 expression induced increased apoptosis (P < 0.01) (Figure 2D). 

Knock-down of CCT3 suppresses HCC cell invasion in vitro

An invasion assay showed that suppression of CCT3 expression could reduce cell invasion. The number of cells in the CCT3-siRNA group that invaded the lower compartment of the migration chamber was less than that in the NC group (P < 0.01) (Figure 2E).

Clinical and demographic data 

In 20 paired fresh frozen HCC tissue samples, increased mRNA and protein levels of CCT3 were observed in 16 tumor samples compared with adjacent non-cancerous tissues, as shown by semi-quantitative western blotting analyses (sum of ranks 314.4 vs 505.5, Mann-Whitney U = 104.5, P = 0.01) (Figure 3A and B) and qPCR analyses (sum of ranks 315 vs 505, Mann-Whitney U = 105, P = 0.01) (Figure 3C). We performed immunohistochemical staining in 104 primary HCC patients who had undergone hepatectomy. The characteristics of the selected patients are shown in Table 1. The patients’ ages ranged from 35 to 84 years, with a mean age of 58.7 years. Eighty-three patients were male and 21 were female. Eighty-one patients (81.7%) had hepatitis B virus surface antigen, six patients (5.8%) had hepatitis C virus antibodies (none of these patients were positive for both types of hepatitis) and 13 patients (12.5%) had neither hepatitis C virus antibodies nor hepatitis B virus surface antigen. 

Association between clinicopathological parameters and CCT3 expression in HCC patients 

Immunohistochemistry analysis revealed that the CCT3 protein accumulated in the cytoplasm and nuclei of cancerous cells in HCC specimens. In non-cancerous liver cells, CCT3 accumulated mainly in the cytoplasm (Figure 3D). Overexpression of CCT3 was commonly found in the nuclei of tumor cells in moderately and poorly-differentiated HCC specimens. However, reduced overexpression of CCT3 was present in well-differentiated HCC and non-cancerous liver cells. We analyzed the associations between CCT3 expression and clinicopathological parameters. Seventy-five samples were found to have high expression of CCT3 in the cytoplasm of cancerous cells (immunostaining levels of “++” and “+++”) (Table 2), and 58 samples had high expression of CCT3 in the nuclei of cancerous cells. We observed relationships between the clinicopathological characteristics of HCC patients and CCT3 expression in the cytoplasm and nuclei of cancerous cells, respectively. No association was observed between CCT3 expression in the cytoplasm and other clinicopathological parameters. 

However, CCT3 expression in the nuclei was associated with histological type (P < 0.001) and microvascular invasion (P = 0.040). To confirm that the accu​mulation of CCT3 in the nuclei was associated with the differentiation level of HCC shown by immuno​histochemistry-paraffin (IHC-P), we extracted nuclear protein from fresh frozen cancerous tissue taken from three patients with poorly-differentiated HCC, three patients with moderately-differentiated HCC and two patients with well-differentiated HCC and non-cancerous liver tissues from patients with hepatic hemangioma, and analyzed the level of CCT3 protein in the nuclei by western blotting. CCT3 expression in poorly-differentiated and moderately-differentiated cancerous tissues was higher than that in well-differentiated and non-cancerous liver tissues (Figure 3E).

To determine whether CCT3 could be a prognostic biomarker in HCC patients, we used Kaplan-Meier survival analysis to compare the associations between clinicopathological characteristics and the 3-year survival rate. The level of CCT3 expression in the nuclei correlated with the 3-year survival rate (P = 0.015) combined with postoperative TACE (P < 0.001), type of surgical intervention (P < 0.001), tumor encapsulation (P < 0.001), preoperative serum AFP (P = 0.013), tumor size (P = 0.005), microvascular invasion (P = 0.011), macrovascular invasion (P = 0.008) and TNM stage (P < 0.001). Patients with low CCT3 expression in the nuclei of cancerous cells had a better overall survival (OS) rate than patients with high expression (P = 0.014, Figure 3F). However, the level of CCT3 in the cytoplasm was not associated with these parameters. In the Cox proportional hazards regression model, high expression of CCT3 in the nuclei (HR = 2.387, 95%Cl: 1.144-4.981; P = 0.020) and no postoperative TACE (HR = 5.218, 95%Cl: 2.452-11.106; P < 0.001) were independent risk predictors for prognosis (Table 3).

CCT3 affected activation of STAT3 

In immunocytochemistry sections, we also observed that CCT3 expression was mainly accumulated in the nuclei of NC cells. In the CCT3-siRNA group, CCT3 staining in the nuclei was reduced compared with the NC group (Figure 4A and B). To study the underlying mechanisms, we examined the effects of suppressing CCT3 expression on the level of STAT3 and (p)STAT3, which has been reported to bind with CCT3[15]. These experiments were conducted in HepG2 cells in which STAT3 had been constitutively activated[31]. In the nuclei, we observed that STAT3 and (p)STAT3 expression was downregulated in the CCT3-siRNA group (Figure 4C). To determine if suppression of CCT3 could inhibit the activation of IL-6/STAT3 signaling, we added IL-6 to the CCT3-siRNA group and NC group of HepG2 cells. The amount of (p)STAT3 and STAT3 protein in the nuclei decreased in the CCT3-siRNA group compared with the NC group (Figure 4D). 

DISCUSSION

CCT/TRiC is an important chaperonin identified in eukaryotic cells[32]. Significant upregulation was observed in certain periods of the cell cycle, between the G1/S phase transition to the early S phase[33]. CCT/TRiC plays a critical role in cell proliferation via its effects on the folding or refolding of a variety of proteins such as: cytoskeletal proteins, which are involved in cell growth and division, for example: the actin and tubulin families; oncoproteins, such as p53, p65, cyclin E, cyclin B and VHL tumor suppressor protein[32,34]. 

CCT3 provides a binding site for proteins, such as tubulin and STAT3, in the folding and refolding process, which is mediated by the CCT/TRiC subunit complex[15,35]. These processes help newly translated proteins reach and maintain their native or biological state. Upregulated expression of CCT3 was observed in the log phase in eukaryotic cells[36]. To evaluate the biological functions of CCT3 in HCC, we suppressed the expression of CCT3 in vitro. The proliferation capability of cells in the CCT3-siRNA group was significantly inhibited, while apoptosis was promoted compared with the NC group. Knocking down CCT3 expression resulted in cell cycle arrest at the S phase, which seemed to prevent further downregulation of CCT3, as the expression of the CCT/TRiC subunit complex was at a low level during the G2/M phase[34]. The effects of reducing CCT3 expression on cell biological behavior were similar to knockdown of CCT1, 5 and 8[16,23,25]. This might reflect the fact that TRiC/CCT complexes would be degraded if CCT subunits are not combined with them[37]. In addition, we observed that CCT3 contributed to the invasion capacity of cells. This showed that CCT3 expression may be associated with metastasis in HCC. 

Previous studies demonstrated that CCT3 was significantly elevated in many malignancies. To assess whether CCT3 could be used as a biomarker for HCC, we analyzed tumors and corresponding non-cancerous tissues from 20 HCC patients using qPCR and western blotting. Most tumor tissues showed upregulated expression of CCT3 compared with adjacent non-cancerous tissue. 

To further examine the possible use of CCT3 in clinical studies, CCT3 expression was analyzed by IHC in archived formalin-fixed paraffin-embedded specimens. CCT3 staining was mainly present in the cytoplasm of normal liver cells, adjacent non-cancerous cells and cancerous cells. An interesting finding in the present study was that CCT3 staining was also present in the nuclei of some cancerous cells, especially in the poorly-differentiated and moderately-differentiated HCC specimens. This was also shown by western blotting in some fresh frozen specimens. Few studies have reported this. We decided to divide patients into the cytoplasm staining group and the nuclei staining group, according to the various subcellular locations of CCT3 staining in cancerous cells, and to determine their associations with clinicopathological variables. In the cytoplasm staining group, differences in clinical parameters were not obvious between the positive CCT3 staining group and the negative group. In the nuclei staining group, CCT3 expression was associated with microvascular invasion and histological type. This indicated that CCT3 expression in the nuclei of HCC cancerous cells was associated with tumor proliferation and metastasis. To determine the prognostic value of CCT3 in HCC patients after hepatectomy, Kaplan-Meier survival analysis was performed in these groups. There was no significant difference in the 3-year survival rate between the groups with high CCT3 expression and low expression in the cytoplasm, while patients with high CCT3 expression in the nuclei of cancerous cells had lower OS rates compared with patients with low CCT3 expression in the nuclei. In Cox proportional hazards regression, CCT3 expression in the nuclei, together with no post-operative TACE, and high TNM stage were independent risk factors in predicting poor prognosis of HCC patients. These findings indicated that CCT3 overexpression in the nuclei could be an oncogenic factor for HCC tumorigenesis. 

CCT3 is mainly accumulated in the cytoplasm of cells. The reasons why CCT3 is translocated into nuclei, resulting in different prognoses, are unknown. As a critical component of CCT/TRiC, more CCT3 enters into the nuclei of cells, which may mean more CCT/TRiC is needed for biological processes in the nuclei. CCT/TRiC may participate in the following biological processes in the nuclei: (1) CCT/TRiC could interact with complexes involved in chromatin remodeling; (2) CCT/TRiC is able to interact with core nuclear pore complex (NPC) subunits and some proteins related to nuclear transport[38]; and (3) CCT/TRiC is capable of taking part in RNA processing/RNA splicing, which contributes to growth regulation[39]. However, these mechanisms require further clarification. 

Recently, it was reported that STAT3 is involved with CCT3. CCT3 can enter into the nuclei with (p)STAT3[15]. STAT3 is the key transcription factor in the IL-6/STAT3 signaling pathway. Its activated form, (p)STAT3 (phosphorylation of STAT3 at Tyr705), enters the nuclei of cancerous cells and is a common phenomenon in HCC[40]. Continuous activation of STAT3 is positively correlated with proliferation and invasion in various tumor cells[41-43] and predicts poor prognosis in malignancies[26,27,43]. Whether CCT3 is a target for inhibition of STAT3 activation has not been extensively studied. To determine these effects, the expression of total STAT3 and (p)STAT3 in the nuclei was evaluated in the CCT3-siRNA group and NC group. The expressions of (p)STAT3 and STAT3 were reduced in the nuclei of the CCT3-siRNA group; however, the total decrease in STAT3 and (p)STAT3 expression was not significant. To further assess whether suppressing CCT3 expression inhibits activation of the IL-6/STAT3 pathway, various doses of IL-6 were added to the cell groups. (p)STAT3 and STAT3 in the nuclei were markedly reduced in the CCT3-siRNA group when stimulated with IL-6. CCT3 may play a key role in the translocation of (p)STAT3 and STAT3 from the cytoplasm into the nuclei. Knockdown of CCT3 may negatively regulate activation of the IL6/STAT3 signaling pathway. This could provide an explanation as to why overexpression of CCT3 in the nuclei of cancerous cells is associated with progression of HCC. 

In summary, CCT3 expression in the nuclei may have significant value as an indicator of poor prognosis in HCC patients after hepatectomy. CCT3 may affect the progression of HCC partly by having an impact on the transport of (p)STAT3/STAT3 into the nuclei of HCC cells. These findings might provide a novel insight to target activated STAT3 in the treatment of HCC.
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Background

As the most common primary liver cancer, hepatocellular carcinoma (HCC) is the third most common cause of cancer death worldwide. The natural course of HCC seems to be invasive and unpredictable, and the prognosis of HCC has been assessed using different clinical classification criteria. Biomarker detection may provide important clinical evidence to predict prognosis and to design individual treatment following surgical intervention. 

Research frontiers

Chaperonin Containing TCP1, Subunit 3 (CCT3) is a critical subunit of the Chaperonin containing TCP-1 (CCT/TRiC), which is essential for the folding of certain proteins into their native structure for biological function. CCT3 is associated with various proteins involved in growth, proliferation, apoptosis in normal cells and tumorigenesis. CCT3 was previously found to be upregulated in some types of malignancies, including HCC; however, its function in the progression of HCC and predicting the prognosis of patients after hepatectomy have not been reported extensively.

Innovations and breakthroughs

In this study, the authors attempted to assess the association between the expression of CCT3 and prognosis of HCC patients after hepatectomy and determine the mechanism in vitro. Overexpression of CCT3 in specific subcellular locations in cancerous cells was identified as a biomarker for poor prognosis in these patients. The mechanism may be partly attributed to its effect on the activation of IL-6/STAT3.

Applications

This study provides evidence that CCT3 may serve as a promising biomarker to evaluate the prognosis in HCC patients after hepatectomy. CCT3 may be used for targeted therapy of HCC following surgical intervention. 

Peer-review

The authors assessed the value of CCT3 in different subcellular locations in cancerous cells for predicting prognosis of HCC patients and explored the mechanisms of its function in HCC progression. The study is well designed; great work has been done on a challenging research subject. The results are interesting and suggest that CCT3 could be a target for HCC treatment and to evaluate prognosis of HCC patients.
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Figure 1  Expression of subunit 3 in tissues and cell lines. A: Expression of the subunit 3 (CCT3) protein in human non-cancerous liver tissues (HNCL) obtained from patients with hepatic hemangioma and in hepatocellular carcinoma (HCC) cells by western blotting; B: Expression of CCT3 mRNA in HNCL and HCC cells; C-F: Effect of knocking down the expression of CCT3 by siRNA in the HCC cell lines SMMC-7721 and HepG2, as shown by western blotting and qPCR (bP < 0.01 vs negative control). NC: Negative control.
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Figure 2  Knockdown of subunit 3 expression suppressed proliferation, apoptosis and invasion in hepatocellular carcinoma cell lines. A: Knockdown of subunit 3 (CCT3) gene expression suppressed proliferation in hepatocellular carcinoma (HCC) cells, as assessed by the cellomics assay [aP < 0.05, bP < 0.01 vs negative control (NC)]; B: Proliferation was inhibited in the CCT3-siRNA group, as assessed by the MTT assay, absorbance was recorded at 490 nm (bP < 0.01 vs negative control); C: Suppression of CCT3 expression changed the G1, S, or G2/M level in HCC cells, as assessed by flow cytometry (aP < 0.05, bP < 0.01 vs negative control); D: Inhibiting CCT3 expression in HCC cells induced more apoptosis compared with the negative control (bP < 0.01 vs negative control); E: Invasion was markedly reduced in the CCT3-siRNA group (bP < 0.01 vs negative control).
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Figure 3  Subunit 3 expression in hepatocellular carcinoma specimens and its association with 3-year survival rate. A-C: Expression of subunit 3 (CCT3) protein in hepatocellular carcinoma (HCC) tissues was higher than that in adjacent non-cancerous tissue, as shown by western blotting and qPCR (aP < 0.05 vs control); D: Expression of CCT3 in various differentiated HCC specimens and non-cancerous liver tissues from patients with hepatic hemangioma by immunohistochemistry (Original magnification × 200). a: Non-cancerous liver tissue from hepatic hemangioma patients (CCT3 positive expression in the cytoplasm and negative in the nuclei); b: Highly-differentiated HCC (negative in both the cytoplasm and nuclei); c: Moderately-differentiated HCC (positive in the cytoplasm and negative in nuclei); d: Poorly-differentiated HCC (negative in the cytoplasm and positive in nuclei); e: Poorly-differentiated HCC (positive in the cytoplasm and nuclei); E: Survival curves according to CCT3 expression. Patients with low expression of CCT3 in the nuclei of cancerous cells had higher cumulative survival rates than patients with high expression; F: Expression of CCT3 in the nuclei of well-, moderately-, and poorly-differentiated HCC specimens, and in non-cancerous liver tissues.
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Figure 4  Expression of subunit 3 in HepG2 cells had an impact on the IL6/STAT3 signal pathway. A, B: Staining of subunit 3 (CCT3) in nuclei of the CCT3-siRNA group was reduced compared with the negative control (NC) group,  as shown by immunocytochemistry (ICC, original magnification × 200) and western blotting; C: Knockdown of CCT3 expression reduced the level of total STAT3 in HepG2 cells and (p)STAT3 in the nucleus; D: Stimulation with IL-6 which could decreased the level of STAT3 and (p)STAT3 proteins in the nuclei of cells in the CCT3-siRNA compared with the NC group.
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Table 1  Clinicopathological features of 104 patients with hepatocellular carcinoma


Characteristics�
n (%)�
�
Gender (female/male) �
21 (20.2)/83 (79.8)�
�
Age, mean (yr)�
58.7 (range 35-84, SD 11.2)�
�
Hepatitis type�
�
�
   HBV�
   85 (81.7)�
�
   HCV�
   6 (5.8)�
�
   None�
   13 (12.5)�
�
pT category (UICC)�
�
   pT1�
78 (75)�
�
   pT2�
   14 (13.5)�
�
   pT3a�
   8 (7.7)�
�
   pT3b�
   4 (3.8)�
�
   PT4�
   0 (0.0)�
�
pN category�
�
   pN0�
   104 (100.0)�
�
   pN1�
   0 (0.0)�
�
pM category�
�
�
   pM0�
   104 (100.0)�
�
   pM1�
   0 (0.0)�
�
UICC stage�
�
   Ⅰ�
   64 (61.5)�
�
   Ⅱ�
   12 (11.5)�
�
   ⅢA�
   13 (12.5)�
�
   ⅢB�
   7 (6.7)�
�
   ⅢC�
   8 (7.7)�
�
   Ⅳ�
   0 (0.0)�
�
Histological type�
�
   Well-differentiated�
   26 (25.0)�
�
   Moderately-differentiated�
   60 (57.7)�
�
   Poorly-differentiated�
   18 (17.3)�
�
Macrovascular invasion�
�
   None�
   99 (95.2)�
�
   Present�
   5 (4.8)�
�
Microvascular invasion�
�
   None�
   78 (75.0)�
�
   Present�
   26 (25.0)�
�
Tumor size (cm)�
�
   ≥ 5 �
   58 (55.8)�
�
   < 5 �
   46 (44.2)�
�
Serum AFP level (ng/mL)�
�
�
   < 400 �
   79 (76.0)�
�
   ≥ 400 �
   25 (24.0)�
�
Liver encapsulation invasion�
�
   None�
   93 (89.4)�
�
   Present�
   11 (10.6)�
�
Tumor number �
�
   Solitary �
   83 (79.8)�
�
   Multiple�
   21 (20.2)�
�
Surgical intervention�
�
�
   Radical resection�
   85 (81.7)�
�
   Palliative resection�
   19 (18.3)�
�
Post-operative TACE�
�
   No�
   22 (21.2)�
�
   Yes�
   82 (78.8)�
�
Child-Pugh classification�
�
   A�
   92 (88.5)�
�
   B�
   12 (11.5)�
�
   C�
   0 (0.0)�
�
HBV: Hepatitis B virus; HCV: Hepatitis C virus; TACE: Transcatheter arterial chemoembolization.





Table 2  Associations between subunit 3 expression in different subcellular localizations in cancerous cells and clinicopathological variables of patients with hepatocellular carcinoma  n (%)


Feature�
n�
CCT3 expression in cytoplasm�
P value�
CCT3 expression in nucleus�
P value�
�
�
�
(+)�
(-)�
�
(+)�
(-)�
�
�
Gender (F/M)�
�
   Female�
21�
14 (18.7)�
  7 (24.1)�
�
11 (19.0)�
10 (21.7)�
�
�
   Male�
83�
61 (81.3)�
22 (75.9)�
0.533�
47 (81.0)�
36 (78.3)�
0.726�
�
Age (yr)�
�
   < 60�
56�
39 (52.0)�
17 (58.6)�
�
31 (53.4)�
25 (54.3)�
�
�
   ≥ 60�
48�
36 (48.0)�
12 (41.4)�
0.544�
27 (46.6)�
21 (45.7)�
0.927�
�
Hepatitis type�
�
   HBV�
85�
59 (78.7)�
26 (89.7)�
�
49 (84.5)�
36 (78.3)�
�
�
   HCV�
  6�
4 (5.3)�
2 (6.9)�
�
2 (3.4)�
4 (8.7)�
�
�
   None�
13�
12 (16.0)�
1 (7.7)�
0.190�
  7 (12.1)�
  6 (13.0)�
0.581�
�
Cirrhosis�
�
   Present�
78�
54 (72.0)�
24 (82.8)�
�
43 (74.1)�
35 (76.1)�
�
�
   None�
26�
21 (28.0)�
5 (17.2)�
  0.2561�
  5 (25.9)�
11 (23.9)�
0.820�
�
UICC stage�
�
   Ⅰ�
64�
46 (61.3)�
18 (62.1)�
�
31 (53.4)�
33 (71.7)�
�
�
   Ⅱ�
12�
11 (14.7)�
1 (3.4)�
0.208�
10 (17.2)�
2 (4.3)�
0.068�
�
   ⅢA�
28�
18 (24.0)�
10 (34.5)�
�
17 (29.3)�
11 (23.9)�
�
�
Histological type�
�
   Well-differentiated �
26�
16 (21.3)�
10 (34.5)�
�
5 (8.6)�
21 (45.7)�
�
�
   Moderately-differentiated�
60�
45 (60.0)�
15 (51.7)�
�
36 (62.1)�
24 (52.2)�
�
�
   Poorly-differentiated�
18�
14 (18.7)�
  4 (13.8)�
0.371�
17 (29.3)�
1 (2.2)�
< 0.001�
�
Macrovascular invasion�
�
   None�
99�
71 (94.7)�
28 (96.6)�
�
54 (93.1)�
45 (97.8)�
�
�
   Present�
  5�
4 (5.3)�
1 (3.4)�
1.000�
4 (6.9)�
1 (2.2)�
0.380�
�
Microvascular invasion�
�
   None�
78�
55 (73.3)�
23 (79.3)�
�
39 (67.2)�
39 (84.8)�
�
�
   Present�
26�
20 (26.7)�
  6 (20.7)�
0.528�
19 (32.8)�
  7 (15.2)�
0.040�
�
Tumor size (cm)�
�
   ≥ 5 �
46�
35 (46.7)�
11 (37.9)�
�
28 (48.1)�
18 (62.9)�
�
�
   < 5 �
58�
40 (53.3)�
18 (62.1)�
0.421�
30 (51.9)�
28 (37.1)�
0.351�
�
Serum AFP level (ng/mL)�
�
   < 400 �
79�
56 (74.7)�
23 (79.3)�
�
43 (74.1)�
36 (78.3)�
�
�
   ≥ 400 �
25�
19 (25.3)�
  6 (20.7)�
0. 619�
15 (25.9)�
10 (21.7)�
0.625�
�
Tumor number�
�
   Solitary�
83�
62 (82.7)�
21 (72.4)�
�
46 (79.3)�
37 (80.4)�
�
�
   Multiple�
21�
13 (17.3)�
  8 (27.6)�
0.243�
12 (20.7)�
  9 (19.6)�
0.887�
�
Liver encapsulation invasion�
�
   None�
93�
66 (88.0)�
27 (93.1)�
�
52 (89.7)�
41 (89.1)�
�
�
   Present�
11�
9 (12.0)�
2 (6.9)�
0.687�
  6 (10.3)�
  5 (10.9)�
1.000�
�
HBV: Hepatitis B virus; HCV: Hepatitis C virus.





Table 3  Prognostic factors for the 3-year survival rate by univariate and Cox proportional multivariate analysis


Factor�
Univariate analysis�
Multivariate analysis�
�
�
3-year survival rate(%)�
P value�
HR (95%CI)�
P value�
�
Gender�
Female/male�
70.7/71.2�
   0.921�
�
�
�
Age (yr)�
< 60/≥ 60�
69.5/72.6�
   0.518�
�
�
�
Hepatitis type�
HBV/HCV/none�
73.0/83.3/52.7�
   0.265�
�
�
�
Cirrhosis�
Present/none�
74.8/59.9�
   0.051�
�
�
�
TNM stage�
Ⅰ/Ⅱ/Ⅲ�
83.6/48.6/52.7�
< 0.001�
0.254 (0.097-0.660)�
0.005�
�
�
�
�
�
1.238 (0.465-3.295)�
0.670�
�
Histological type�
Well/moderately/poorlydifferentiated�
83.2/67.1/66.2�
   0.059�
�
�
�
Macrovascular invasion�
Present/none�
60.0/71.8�
   0.008�
  1.623 (0.203-13.002)�
0.648�
�
Microvascular invasion�
Present/none�
47.6/78.9�
   0.011�
0.834 (0.358-1.939)�
0.673�
�
Tumor size (cm)�
≥ 5/< 5�
58.6/80.2�
   0.005�
1.488 (0.680-3.255)�
0.319�
�
Serum AFP level (ng/mL)�
≥ 400/< 400�
59.5/77.6�
   0.013�
  1.181 (0.494-2.2820)�
0.708�
�
LiverEncapsulation invasion�
Present/none�
18.2/76.5�
< 0.001�
  2.282 (0.340-15.307)�
0.395�
�
Tumor number �
Solitary/multiple�
74.4/57.1�
   0.125�
�
�
�
Surgical intervention�
Radical resection/palliative resection�
78.0/39.5�
< 0.001�
0.811 (0.138-4.754)�
0.817�
�
Postoperative TACE�
Yes/no�
77.0/48.5�
< 0.001�
0.192 (2.157-9.159)�
<0.001�
�
CCT3 expression in cytoplasm�
Positive/negative�
66.8/82.2�
   0.185�
�
�
�
CCT3 expression in nucleus�
Positive/negative�
55.5/84.2�
   0.015�
2.387 (1.144-4.981)�
0.020�
�
Child-Pugh classification�
A/B�
71.7/66.7�
   0.496�
�
�
�
TACE: Transcatheter arterial chemoembolization.








