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Candidate oncogene placenta specific 8 affects cell growth and cell migration in non-small cell lung cancers
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Abstract: Background: Placenta specific 8 (PLAC8) is a candidate oncogene involved in the development and progression of solid tumors. However, the status of PLAC8 in lung cancer (LC), especially non-small cell lung cancer (NSCLC) is still not lucid. Methods: Tissue microarray analysis (TMA) was performed to detect the expression patterns of PLAC8 in LC tissues and cell lines. Then a series of cellular experiments were performed fto assess cell proliferation, cell cycle profiles, and cell motility to explore the role of PLAC8 in NSCLC-derived cell lines: H1299 and A549. Results: TMA results showed that PLAC8 played complex and even contradictory roles in different LC samples. Detailed cell-based experiments confirmed that PLAC8 could promote cell viability, alter the cell cycle, and accelerate cell mobility by regulating cell cyclins or cadherins, respectively. Conclusions: The study findings indicate that PLAC8 might participate in LC, especially NSCLC, by affecting cellular physiological processes. The outcomes also shed new light on the potential role of PLAC8 as a therapeutic biomarker in NSCLC.
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Introduction

Lung cancer (LC) is one of the leading causes of global cancer-related deaths [2–5]. In China, LC has become a severe public health problem and an economic burden because of incorrect diagnosis and high mortality [6,7]. Despite advances in our understanding of the diverse histological types and molecular types of LC [2], there are many challenges. For example, identifying more proto-oncogenes and tumor suppressors involved in lung tumorigenesis is warranted, which necessitates the exploration of novel molecular targets and biomarkers for early diagnosis and treatment of LC.

Placenta specific 8 (PLAC8), also known as Onzin, is a 115-amino acid protein that was first identified from a collection of 15,000 mouse genes with placental and embryonic RNAs [8]. PLAC8 is a small, highly conserved, cysteine-rich protein shown to be involved in the progression of various cancers, including LC, hepatocellular cancer, breast cancer, nasopharyngeal cancer, to name a few [9–13]. For example, down-regulated PLAC8 could promote cell viability, proliferation, and tumor formation via the miR-185-5p/PLAC8/β-catenin axis in hepatocellular carcinoma [10]. In another report, PLAC8 inhibited cell proliferation, cell invasion, and epithelial-mesenchymal transition in oral squamous cell carcinoma [11]. Further, PLAC8 contributed to tamoxifen resistance through the motigen-activated protein kinase (MAPK)/extracellular regulated protein kinases (ERK) pathway in breast cancer [12]. Interestingly, knockout of PLAC8 could increase the sensitivity of nasopharyngeal carcinoma cells to radiotherapy by promoting apoptosis [13]. Taking these findings together, PLAC8 is closely associated with the proliferation, apoptosis, migration, autophagy, chemo-resistance, and radio-sensitivity of several tumor cells. Furthermore, the impact of PLAC8 is heterogeneous and might have opposite effects in different tumors.

Recent studies have also revealed that PLAC8 might play an important role in LC [14,15]. For instance, a report showed that PLAC8 expression was elevated in lung tumors where the alteration of PLAC8 expression could affect tumor growth via the Krüppel-like factors (KLF4)/PLAC8 and Wnt/β-Catenin pathways. Notwithstanding these findings, the research on the involvement of PLAC8 in tumor cell migration and the underlying mechanism are yet to be probed.

Our previous study showed that the knockout of PLAC8 could affect the proliferation and migration of HEK293T [16]. In the current study, we found that PLAC8 expression was decreased in multiple LC cells, while its level in an inflammatory pseudotumor was elevated. Further study revealed that knockout of PLAC8 could inhibit cell growth and reduce cell migration, while overexpression of PLAC8 could promote cell proliferation and enhance cell motility. To summarize, PLAC8 could be an oncogene, which participated in LCs as a complex tumor regulator. Our study also confirmed that certain cell cyclins and epithelial cell adhesion molecules were involved in PLAC8-induced pathological changes in lung tumors. These results might provide novel molecular targets and novel insights for the treatment of LC.

Materials and Methods

Plasmids, single guide RNAs, and transfection

We established PLAC8 knockout H1299 cell lines employing the clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9 technology as previously described [16]. Briefly, the CRISPR/Cas9 editing plasmid, PX458 harboring PLAC8-targeted gRNA (5′-CACCGACTCTCTACAGGACCCGATA-3′) that showed editing efficiency in HEK293T cells [16] was transfected into H1299 cells with lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA). The monoclonal PLAC8 knockout H1299 cell line was isolated from a single green fluorescent protein (GFP)+ cell and subjected to fluorescence-activated cell sorting (FACS) with an SH800S Cell sorter (Sony, Tokyo, Japan). Once the isolated H1299 cells reached 90%–100% confluence, two independent strains of monoclonal PLAC8 KO cell lines (H2-PLAC8 and H3-PLAC8) were identified and selected for further experiments.

The PLAC8-overexpressing A549 cell lines were constructed as previously described with minor modifications [17]. To summarize, the coding sequence (CDS) of PLAC8 was synthesized by Bio-Transduction Lab, Wuhan, China and was inserted into a hygromycin resistance mammalian expression vector pCMV-3tag-8 (Agilent Technologies, Palo Alto, LA, USA). It was transfected into A549 cells using lipofectamine 3000 (L3000015, Thermo Fisher Scientific, San Jose, CA, USA), while the original vector served as a negative control. The transfected A549 cells were treated with 300 µg/mL hygromycin (1366, BioFroxx, Germany) and incubated all normal A549 cells were all killed to obtain stable PLAC8-overexpressing clones. A stable PLAC8-overexpressing cell line (A549-OE8-2) was finally confirmed by western blotting.

Cell culture, reverse transcription and quantitative real-time polymerase chain reaction (RT-qPCR)

The human lung-derived cell lines (H1299, NCI-H46, 95-D, NCI-H1975, SPC-A-1, SK-MES-1, H125, and A549) were purchased from ScienCell (Shanghai, China). The purchased cell lines and the PLAC8 knockout cell lines (H2-PLAC8 and H3-PLAC8) were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Hyclone, Waltham, MA, USA) supplemented with 10% fetal bovine serum (Gibco, Grand Island, NY, USA) at 37°C in a humid atmosphere containing 5% CO2. The PLAC8 overexpressing cell lines (A549-OE8-1 and A549-OE8-2) were cultured under the same conditions with the addition of 150 µg/mL hygromycin.

Total RNA was extracted from the cells using an RNA extraction kit (Bioteke, Beijing, China) to measure the PLAC8 mRNA levels in human lung-derived cell lines. The template cDNA was then synthesized with a cDNA synthesis kit (Thermo Fisher Scientific, San Jose, CA, USA). The primers used are listed as follows:

GAPDH-F: 5′-TGACTTCAACAGCGACACCCA-3′;

GAPDH-R: 5′-CACCCTGTTGCTGTAGCCAAA-3′;

PLAC8-F: 5′-AATTCAGCAGACACCTCTTCAG-3′;

PLAC8-R: 5′-GCTAAGTTCAGGGACAACATTCA-3′;

The quantitative real-time PCR was performed with SYBR qPCR Mix (Biosharp, Hefei, China) and analysis with a QuantStudio® 5 Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) as previously described [18]. The mRNA expression levels of PLAC8 were calculated using the 2−ΔΔCt method and normalized against the expression levels of glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

Immunohistochemical staining

The immunohistochemical staining was performed as previously described with minor modifications [15]. Briefly, tissue microarrays (TMA) (LC2083) were purchased from Biomax, Derwood, MD, USA, which contained 30 cases of each squamous cell carcinoma and adenocarcinoma, 22 small cell carcinomas, 5 large cell carcinomas, 22 bronchioloalveolar carcinomas, 10 carcinoid, 5 sarcomatoid carcinomas, 30 matched or matched metastatic carcinomas, 10 inflammatory pseudotumors, 20 inflammation tissues, 18 matched or matched adjacent normal tissues and 6 normal tissues. These TMA slides were stained with PLAC8 antibodies (#13885, Cell Signaling Technology, Beverly, MA, USA, 1:1000) using anUltraSensitive™ SP (mouse/rabbit) IHC Kit (KIT-9720, MXB Biotechnologies, Fuzhou, China) according to the manufacturer’s protocol. The stained slides were embedded in neutral balsam (SJ-601, Leica, Heidelberg, Germany), and the bright-field images were photographed under a BX51 microscope (Olympus, Tokyo, Japan).

Cell proliferation analysis

Cell counting assays were performed to detect the effects of PLAC8 on cell proliferation as previously reported with minor modifications [16,18]. In this assay, the cells were seeded at a density of 2,000 cells/well in 96-well tissue culture plates with 200 µL culture medium. After 4 h incubation with 100 µg of 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma, St Louis, MO, USA) reagent at 37°C, 150 µLdimethyl sulfoxide (DMSO, Sigma, St Louis, MO, USA) was added to each well, and the absorbance at 490 nm was recorded at 0, 24, 48, 96, 120 h, respectively. In the colony formation assay, approximately 200 cells were plated in 6-well plates and cultured for 10 days. The colonies were then fixed with 4% paraformaldehyde and stained with the fast Giemsa Stain kit (40751ES01, Yeasen, Shanghai, China) according to the manufacturer’s protocol. The stained colonies were photographed and counted. We computed the clone formation rate (CFR) using the expression: CFR = clone counts/seeded cell counts × 100%.

Cell cycle analysis

The cells were cultured in 60 mm cell culture dishes until they reached 90% confluence. The cells were collected and fixed with 70% ethanol for 2 h on ice to perform the subsequent cell cycle assay. The fixed cells were centrifuged and resuspended with staining buffer (10 mg/mL propidium iodide (PI): 1 mg/ml RNase: phosphate buffered solution (PBS) = 5: 1: 94). To perform the cell apoptosis assay, 1 × 106 cells were collected and stained with an rh Annexin V/FITC Kit (ANT001, AntGene, Wuhan, China) according to the manufacturer’s protocol. The cell cycle distribution and cell apoptosis were analyzed with a BD FACS Calibur Flow Cytometer (BD Biosciences, San Jose, CA, USA) following the manufacturer’s instructions.

Cell motility analysis

Wound healing and invasion assays were performed as previously described with minor modifications [18]. For the wound healing assay, the cells were seeded in 60 mm cell culture dishes and allowed to reach 90% confluence. A wound was then made on the cell layer with a sterile 10 µL pipette tip. The scraped wounds were photographed and analyzed at 0, 12, 24, and 36 h, respectively. The rate of healing was calculated using the expression: rate = (1-wound width/original width) × 100%.

The invasion assay was performed with a 24-well plate Transwell® system with a polycarbonate filter membrane with a pore size of 8.0 μm (Corning Costar, Corning, NY, USA) as previously mentioned [16]. To summarize, 2 × 105 cells resuspended with DMEM containing 1% FBS were seeded on the filter, while the bottom plate was filled with DMEM with 10% FBS and the cells were cultured at 37°C for 48 h. Then, the cells on the top side of the filter were wiped out with a sterile cotton swab, and the migrated cells on the bottom side were fixed with 4% polyoxymethylene and stained with the fast Giemsa Stain kit. Randomly chosen fields (five) were photographed for each well under the microscope, and the number of migrating cells within each field was counted. The cells were lysed in protein lysis buffer (P0013J, Beyotime, Shanghai, China) supplemented with phenylmethanesulfonyl fluoride (PMSF, ST506, Beyotime, Shanghai, China) to perform western blotting. Subsequently, 20 μg of total proteins were separated using 10% SDS-polyacrylamide gel electrophoresis (PAGE) and transferred to nitrocellulose (NC) membranes. For PLAC8, we used PLAC8 (E1J2Z) Rabbit mAb (#13885, Cell Signaling Technology, Beverly, MA, USA, 1:1000) while cell cyclins were blotted with indicated antibodies using the Cell Cycle Regulation Antibody Sampler Kit II (#9870, Cell Signaling Technology, Beverly, MA, USA, 1:1000). The bands were then visualized employing the BeyoECL Plus kit (P0018S, Beyotime, Shanghai, China) according to the manufacturer’s protocol. Quantitative analysis was performed with the ImageLab® software (Bio-Rad, Hercules, CA, USA) and β-actin was the internal control.

Statistical analysis

All statistical analyses were performed using the software origin8.0. All experiments were repeated for at least three times independently. Differences between groups were calculated using a Student’s t-test. Results were expressed as means ± standard deviation (SD) and p < 0.05 was considered to indicate significant differences.

Results

PLAC8 expression is repressed in lung cancers

PLAC8 has been reported to be a candidate oncogene associated with multiple diseases, especially tumors [9]. Previous studies with the oncomine database [19,20] have observed that the expression levels of PLAC8 were significantly decreased in LCs compared with the paired adjacent normal tissues [15]. The expression pattern of PLAC8 was analyzed in human LC tissue microarrays (TMA) to further identify the role of PLAC8 in LC. The PLAC8 staining intensity and the clinicopathological information of the TMAs have been shown in Table 1. We found that the staining signals of PLAC8 in inflammatory pseudotumors, chronic pneumonia, and adjacent normal lung tissue were much stronger than in lung carcinomas.
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Further statistical analysis showed that the PLAC8 expression in six types of lung tumors (atypical carcinoid, metastatic squamous cell carcinoma, metastatic adenocarcinoma, squamous cell carcinoma, adenocarcinoma, and small cell carcinoma) were much lower compared with adjacent normal lung tissue (Fig. 1A), while the PLAC8 level in inflammatory pseudotumor was higher than that in adjacent normal lung tissue. Four representative images of PLAC8 expression (negative, weak, moderate, and strong) have been shown in Fig. 1B. Taking these results together, the expression of PLAC8 was decreased in LCs and increased in inflammation, which indicated that PLAC8 might play a crucial role in pathological processes.
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Figure 1: The protein expression patterns of PLAC8 in lung cancer samples. (A) PLAC8 protein levels were reduced in 5 types of lung cancers (LCs) (atypical carcinoid, metastatic squamous cell carcinoma, metastatic adenocarcinoma, squamous cell carcinoma, and adenocarcinoma) and increased in inflammatory pseudotumors, compared with normal lung tissue. (B) Four representative images have been presented from the immunohistochemical (IHC) analysis of PLAC8 expression (negative, weak, moderate, and strong) in the LC samples.

Knockout of PLAC8 decreased cell proliferation and induced G1 arrest in the H1299 cell line

We next checked the expression levels of PLAC8 in 8 lung-derived cell lines. It was found that PLAC8 was highly expressed in H1299, 95-D, SPC-A-1, and H125 cells, while much lower levels were seen in NCI-H460, NCI-H1975, SK-MES-1, and A549 cells (Fig. 2). These results indicated that PLAC8 might be involved in different signal pathways and influence the pathological processes in different cell lines. To further investigate how PLAC8 played a role in tumorigenesis, H1299 was chosen to construct a PLAC8-knockout cell line, while A549 was chosen to establish a PLAC8-overexpressing cell line.
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Figure 2: PLAC8 mRNA expression patterns in eight human lung cell lines. The relative mRNA expression of PLAC8 in the human lung cell lines H1299, NCI-H460, 95-D, NCI-H1975, SPC-A-1, SK-MES-1, H125 and A549, respectively. The expression of H1299 was normalized to 1.

Abnormal cell growth is reported to be a typical characteristic of pathological processes. We established two PLAC8 knockout H1299 cell lines. A comparison of mRNA sequences and predicted protein sequences of PLAC8 in H1299 (NM_001130716.2), H2-PLAC8, and H3-PLAC8 cells is shown in Suppl. Fig. S1. The function of PLAC8 in proliferation has been depicted in Fig. 3. As shown in Fig. 3A, the western blotting showed that PLAC8 was highly expressed in H1299, which is consistent with the mRNA expression result. Meanwhile, given that the protein expression of PLAC8 could not be detected in two knockout cell lines (H2-PLAC8 and H3-PLAC8), it indicated that the knockout cell lines were successfully established. Subsequent MTT assays revealed that both H2-PLAC8 and H3-PLAC8 exhibited decreased cell viability (Fig. 3B). Furthermore, colony formation assays showed that knockout of PLAC8 inhibited cell proliferation and growth in H2-PLAC8 and H3-PLAC8 cells (Figs. 3C and 3D). These results indicated that knockout of PLAC8 might play an inhibitory role on the proliferation of H1299 cells.
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Figure 3: Knockout of PLAC8 inhibits cellular proliferation and colony formation in H1299 cells. (A) Western blotting analysis shows knockout of PLAC8 protein in two knockout cell lines (H2-PLAC8 and H3-PLAC8) compared with the control. (B) Knockout of PLAC8 inhibits cell proliferation, where the value at the starting point (day 1) was set to 1 (***p < 000.1). (C and D) Knockout of PLAC8 inhibits colony formation and the number of colonies has been quantified.

The distribution of the cell cycle phases was then detected and analyzed with flow cytometry. We found that knockout of PLAC8 redistributed the cell cycle in H1299 cells (Fig. 4). The percentage of the cells in the G1 phase was increased while that in the S phase was reduced in H2-PLAC8 and H3-PLAC8 cells (Fig. 4). To further explore the underlying molecular mechanisms, the expression levels of cell cyclins were detected employing western blotting. We found that the expression levels of P27kip1, P21waf/cip1, cyclin-dependent kinase4 (CDK4), and cyclin E2 were increased, while the expression levels of CDK2, cyclin D1, and cyclin D3 were decreased. These results indicated that PLAC8 might affect cell growth by regulating the cell cycle via cell-cyclin-induced G1 arrest.
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Figure 4: Knockout of PLAC8 induces G1 arrest in H1299 cells. (A and B) Knockout of PLAC8 increases the population of cells in the G1 phase, while reducing the number of cells in the S phase (*p < 0.05, ***p < 000.1). (C) Knockout of PLAC8 alters the expression of cell cycle proteins. Representative blots from three experiments with similar results are shown.

Knockout of PLAC8 suppressed cell motility in the H1299 cell line

The alteration of cell motility is important in metastasis of cancers [15]. We performed a wound-healing assay and invasion assay to determine the effect of PLAC8 on cell motility (Fig. 5). As shown in Figs. 5A and 5B, H2-PLAC8 and H3-PLAC8 cells exhibited significantly less wound closure compared to H1299 cells after 24 h, indicating that the PLAC8 knockout inhibited cell migration. Furthermore, the Transwell® chamber was employed to perform the cell invasion assay as outlined in the materials section. We observed that the number of invading cells in H2-PLAC8 and H3-PLAC8 cells were statistically lower than that in H1299 cells. Moreover, the expression level of E-cadherin, which is a key negative regulator of cell motility, was increased in H2-PLAC8 and H3-PLAC8 cells. These results indicated that PLAC8 might play a positive role in cell motility by regulating E-cadherin.

[image: images]

Figure 5: Knockout of PLAC8 inhibits cell migration in H1299 cells. (A and B) Knockout of PLAC8 inhibits cell motility in the wound-healing assay (*p < 0.05, **p < 0.01). (C and D) PLAC8 inhibits cell invasion (***p < 0.001). (E) Knockout of PLAC8 increases the expression of E-cadherin.

PLAC8 overexpresssion promoted cell proliferation and altered cell cycle distribution in the A549 cell line

We then assessed the multifaced roles of PLAC8 in LC in A549 cells by constructing and verifying PLAC8-overpressing cell lines, as shown in Fig. 6A. We successfully constructed a PLAC8-overexpressing cell line (A549-OE8-2), which could stably express PLAC8 protein. The MTT assay and colony formation assay were then also performed in the A549 cell line. We observed that A549-OE8-2 cells exhibited statistically higher cell viability than that of A549 cells (Fig. 6B). Meanwhile, colony formation results also indicated that overexpression of PLAC8 could significantly increase the number of cell colonies in A549 (Figs. 6C and 6D).
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Figure 6: Overexpression of PLAC8 increases cell proliferation in A549 cells. (A) Western blotting shows overexpression of PLAC8 protein in an overexpression cell line (A549-OE8-2) compared with the control. (B) Overexpression of PLAC8 increases cell proliferation (**p < 0.01, ***p < 0.001). (C and D) Knockout of PLAC8 increases the rate of colony formation. The number of colonies has been quantified (*p < 0.05).

Subsequent flow cytometry analysis revealed that PLAC8 overexpression reduced the percentage of cells in the G2/M phase (Figs. 7A and 7B). The western blot showed that up-regulated cell cyclins included cyclin B1, cdc2, P-cdc2, P21waf/cip1, and P-H3, while down-regulated cell cyclins included cyclin E2, CDK2, P27kip1, and P-Wee1 (Fig. 7C). These results demonstrated that PLAC8 might promote proliferation of A549 cells through the altered expression of certain cell cyclins.
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Figure 7: Overexpression of PLAC8 reduces the cell proportion in the G2/M phase in A549 cells. (A and B) Overexpression of PLAC8 reduces the population of cells in the G2/M phase (*p < 0.05). (C) Overexpression of PLAC8 alters the expression of cell cycle proteins. Representative blots from three experiments with similar results are shown.

Overexpressing PLAC8 enhanced cell motility in A549 cell lines

The wound-healing assay results showed that overexpression of PLAC8 could significantly accelerate wound closure in A549 cells compared with the negative control (Figs. 8A and 8B). The overexpression of PLAC8 also increased the number of invading cells in A549-OE8-2 cells, as shown in Figs. 8C and 8D. Moreover, while the expression level of N-cadherin was decreased in A549-OE8-2 cells, that of vimentin was up-regulated (Fig. 8E). Our results indicated that N-cadherin and vimentin might participate in the process of PLAC8-induced cell migration.
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Figure 8: Overexpression of PLAC8 increases cell migration in A549. (A and B) Overexpression of PLAC8 increases cell motility in the wound-healing assay (**p < 0.01, ***p < 0.001). (C and D) Overexpression of PLAC8 increases cell invasion (**p < 0.01). (E) Overexpression of PLAC8 alters the expression of vimentin and N-cadherin.

Discussion

PLAC8, a candidate oncogene was shown to be involved in several cases of solid tumor formation and metastasis, such as in the liver [10], prostate [21], kidney [22], etc. In the current study, we aimed to explore the role of PLAC8 in LC, given the paucity of reports. Our analysis in the human LC TMA showed that the expression of PLAC8 was decreased in several tumor tissues, while its level was up-regulated in inflammatory pseudotumors. These results indicated that PLAC8 might play complex even opposite roles in the different pulmonary pathological processes. This also provides a new insight into using PLAC8 as a potential biomarker to distinguish between inflammatory pseudotumors and tumors.

To further investigate the role of PLAC8 in LC tumorigenesis and metastasis, the expression levels of PLAC8 in different lung-derived cell lines were detected. We found that PLAC8 was highly expressed in an NSCLC cell line (H1299), a highly metastatic human lung cancer cell line (95-D), and two human lung adenocarcinoma cell lines (SPC-A-1 and H125). However, the expression levels of PLAC8 were much lower in three other NSCLC cell lines (A549, H460, and SK-MES-1), and a human lung adenocarcinoma cell line (H1975) derived from the normal human embryonic lung. It is hard to conclude to explain the complicated mRNA expression patterns of PLAC8 in different LC-derived cell lines and normal lung cell lines. However, this variation is consistent with the above results that PLAC8 plays a complex and even opposite role in different lung-derived cell lines.

The H1299 and A549 used here are both NSCLC cell lines. H1299 was derived from a metastatic lymph node and lacked p53 protein expression, while the A549 line was established from lung cancer tissue where p53 was normally expressed. A previous study indicated that p53 could suppress tumor growth in the case of NSCLC [23,24]. The expression levels of PLAC8 in H1299 were much higher than those in A549. A potential molecular mechanism could be that PLAC8 might participate in NSCLC metastasis as a part of p53 signaling cascades [23]. We chose two NSCLC cell lines, H1299 (p53-null) which highly expresses PLAC8, and A549 (p53-wild-type), s in which the expression level of PLAC8 was much lower.

To investigate the potential tumor suppressor/activator role of PLAC8 in NSCLC, we knocked out PLAC8 protein in H1299 and overexpressed PLAC8 in A549 cells. Our major aim was to assess the proliferative capacity of PLAC8 in LC cells. The cell growth experiments conducted in H1299 and A549 cells indicated that the PLAC8 knockout could inhibit H1299 cell proliferation, while PLAC8 upregulation could promote A549 cell growth. These results were consistent with other studies that studied the role of PLAC8 in LC [14,15]. Our results demonstrated that PLAC8 might be considered as a tumor activator, especially in NSCLC. Cell cycle assays showed that knockout of PLAC8 could accumulate a higher percentage of cells in the G1 phase and reduce the proportion of cells in the S phase. The potential molecular mechanism could be that G1 cyclin-dependent cell cycle inhibitors, including P27kip1 [25,26] and P21waf/cip1 [27,28] were up-regulated and inhibited cell cycle progression at the G1/S interface, resulting in G1 arrest. Furthermore, the expression of regulators necessary for the G1-S transition was also changed. We observed an increase in CDK4 and cyclin E2 levels and a reduction in cyclin D1, cyclin D3, and CDK2 levels in H1299 with PLAC8 knockout. It is well known that the cyclinD-CDK4/6 complex and the cyclin E/CDK2 complex play important roles in the cell cycle transition from the G1 phase to the S phase [29–31]. As shown in Suppl. Fig. S2A, a possible explanation is that the CDK inhibitors P27kip1 and P21waf/cip1 bind and then inactivate the cyclin D/CDK4/6 complex and the cyclin E/CDK2 kinase complex to induce the G1 arrest [32].

Additionally, we also observed alterations of the cell cycle in PLAC8 overexpressing A549 cells. The possible molecular mechanisms have been depicted in Suppl. Fig. S2B. The levels of the G2/M checkpoint regulators, such as cyclin B1 [33], P-cdc2 [34], P21waf/cip1 [35], and P-H3 [36] were up-regulated, while those of P-Wee1 [35], CDK2 [37], and P27kip1 [24,38] were lowered. The potential mechanism for this might be that overexpression of PLAC8 altered the expression of G2/M phase regulators, which lowered the cell proportion in the G2/M phase. Taken together, our results confirmed that the alteration of PLAC8 levels could affect cell growth and cell cycle via imbalanced expression of cell cycle regulators.

Recent studies have revealed that PLAC8 plays a crucial role in the malignant progressions of various cancers [22,39]. Given this background, we further explored the role of PLAC8 in NSCLC metastasis. It was observed that knockout of PLAC8 inhibited H1299 cell mobility along with the up-regulation of E-cadherin levels, which is a transmembrane protein that mediates cell-cell interaction and acts as a tumor suppressor in tumor metastasis [40,41]. On the other hand, PLAC8 overexpression promoted cell migration in A549 cells. Furthermore, the expression level of the cell adhesion molecule N-cadherin [42,43] was down-regulated, while that of the intermediate filament protein vimentin [44,45] was increased. Previous reports have documented that tumor metastasis is often associated with the loss of E-cadherin [46], while N-cadherin and vimentin could promote cell migration [47,48]. Taking these findings and reports together, our investigation hypothesized that overexpression of PLAC8 could affect cell migration and cell invasion via the regulation of cadherins and vimentin levels. Collectively, these results uncovered that PLAC8 could act as a tumor activator in NSCLC. The possible underlying molecular mechanism could be that PLAC8 promotes cell proliferation via the regulation of cell cyclins and accelerates cell migration through the alteration of cadherins and vimentin. Our findings suggest that the targeting of PLAC8 may be a new strategy for LC, especially for NSCLC treatment.

Conclusions

In the current study, we found that PLAC8 could affect cell proliferation and migration in NSCLC-derived cell lines by regulating cell cyclins and cadherins, respectively. Our study also indicated that PLAC8 might play a critical role in the development and progression of LC. Further understanding the novel functions of PLAC8 might open a new chance for detecting and treating LC. However, future animal experiments and preclinical trials are necessary to develop a strategy for the promising usage of PLAC8 in LC therapy.
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Supplementary Materials
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Figure S1: Comparison of mRNA sequences and predicted protein sequences of PLAC8 in H1299, H2-PLAC8, and H3-PLAC8 cells. (A) Comparsion of PLAC8 mRNA sequences of among H1299, H2-PLAC8, and H3-PLAC8 cell lines. The gRNA sequence has been labeled with a red frame. The stop codons in two mutants have been labeled with blue frames. (B) Comparison of predicted protein sequences of PLAC8 among H1299, H2-PLAC8, and H3-PLAC8 cell lines.
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Figure S2: Possible schematic model of how PLAC8 influences cell cycle redistribution. (A) A possible schematic model of how PLAC8 alters the cell cycle in H1299 cells. (B) A possible schematic model of how PLAC8 alters the cell cycle in A549 cells.
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OEBPS/Images/table-1.png
TABLE 1

The key clinicopathological parameters (pathology diagnosis, organ, cases) and the staining intensity of PLACS in lung cancer

Pathology diagnosis Organ Cases Staining intensity (SI)
- + ++ +++

Adenocarcinoma Lung 30 23 5 0 1
Small cell carcinoma Lung 22 10 0 1 2
Large cell carcinoma Lung 5 4 1 0 0
Invasive adenocarcinoma Lung 22 19 2 1 0
Atypical carcinoid Lung 10 1 0 0
Carcinoma sarcomatodes Lung 5 4 1 0 0
Metastatic squamous cell carcinoma from hilum of lung Lymph node 14 2 0 2
Metastatic adenocarcinoma from hilum of lung Lymph node 16 13 0 2 1
Inflammatory pseudotumor Lung 10 0 1 4 5
Chronic pneumonia Lung 20 0 5 14 1
Adjacent normal lung tissue Lung 24 0 12 11 1
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