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Ezrin and adherens junction-associated protein 1 (AJAP1) are structural proteins which are involved in numerous human malignancies. However, little is known about the relationship between them in breast cancer. This study was set out to investigate the relationship between them and to further explore the mechanism of AJAP1-mediating cytoskeleton in breast cancer progression. Ezrin and AJAP1 expressions were detected in 377 samples of breast cancer by immunohistochemistry, and different expression patterns between AJAP1 and Ezrin with clinicopathological parameters were analyzed. Besides, univariate and multivariate Cox models were used to evaluate their prognostic potential. Enzyme-linked immunosorbent assay, Western blot, qRT-PCR, and phalloidin staining of F-actin were used to explore the relationship and the mechanism between AJAP1 and Ezrin in cytoskeleton arrangement. 377 cases of breast cancer results showed that AJAP1 expression was negatively related with histological grade and lymph node involvement and could be an independent prognosis marker of breast cancer. AJAP1 expression tended to be higher in the Ezrin-negative expression case. Patients with AJAP1negative and Ezrinpositive expression had a worse prognosis (p < 0.0001) and shorter DFS (p = 0.015). More importantly, AJAP1 depletion increased the cell ability of F-actin formation through promoting Ezrin expression. AJAP1 depletion might mediate breast cancer malignancy potential through promoting Ezrin expression and cytoskeleton formation.
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Introduction

Breast cancer, the leading cancer killer across the world, has been threatening women’s health and its morbidity and mortality have increased recently (1). Tumor invasion and metastasis are two important reasons resulting in breast cancer development. Besides, cytoskeleton-associated proteins also play key roles in this process (2).

Adherens junction-associated protein 1 (AJAP1) is also named shrew-1; it was firstly found as a novel transmembrane protein of adherens junctions in epithelial cells (3, 4). AJAP1 has been proved as a tumor suppressor in glioma (5–7), hepatocellular carcinoma (8, 9), esophagus carcinoma (10), oligodendroglioma (11), and endometrial cancer (12). Especially in glioblastoma, AJAP1’s role has been fully explored. For example, both Han et al. (7) and Yang et al. (5) testified that AJAP1 expression affected the cytoskeleton in glioblastoma and predicted poor prognosis. AJAP1 also participated in many transduction signals of cell–cell and cell–extracellular matrix related to cell motility, migration, and invasion ability. Our previous study verified that AJAP1 depletion promoted breast cancer progression by accelerating β-catenin nuclear transaction (13). However, data about the breast cancer are still scarce.

Ezrin is an important member of ERM (ezrin, radixin, and moesin) proteins, which is critical for structural stability and integrity maintenance (14). Recent studies show that Ezrin can act as a tumor metastasis regulator in invasion and metastasis of many types of cancer (15–18). Besides, it also mediates many cellular activities such as polarity, motility, adhesion, and survival which are associated with cancer development and progression (19, 20). Overexpression of Ezrin is seen as a tumor prognosis marker of several human cancers (21–26). In breast cancer, Ezrin also plays an instrumental role in mediating tumor progression and metastasis (27). However, more data on the mechanism of Ezrin in breast cancer need to be further explored.

The above data showed that both adherens junction-associated protein 1 (AJAP1) and Ezrin were structural proteins. In the current study, we first investigated the relationship between Ezrin and AJAP1 expression and then evaluated their prognosis accuracy in predicting prognosis of breast cancer patients. More importantly, these results might bring a new insight on the feedback loop of AJAP1 and Ezrin in breast cancer progression.



Materials and Methods


Patients’ Selection and Related Information

377 patients of breast cancer who underwent mastectomy and a diagnosis of invasive ductal carcinoma were made based on a histopathological evaluation between 2005 and 2006 at Tianjin Medical University Cancer Institute and Hospital. They were randomly selected, and all were informed with study information. None of them received preoperative treatment such as chemotherapy and radiotherapy. Besides, their clinicopathologic data were available. Patients of this cohort were female, and the age range is 27 to 82 years (median age is 51 years).



Immunohistochemistry and Evaluation

Immunohistochemistry assay was carried out as in our previous study (13). All primary antibodies included ER (ZETA, SP1; 1:200 dilution), PR (ZETA, SP2; 1:200 dilution), epidermal growth factor receptor 2 (HER2) (Invitrogen, Carlsbad, CA, USA, CB11; 1:100 dilution), Ki67 (Invitrogen, K-2; 1:100 dilution), AJAP1 (Abcam, Cambridge, MA, USA, ab205496, 1:100 dilution), and Ezrin (Santa Cruz Biotechnology, Dallas, TX, USA, sc-58758;1:200 dilution), respectively. Sections of normal breast tissue were processed simultaneously and served as positive controls for ER and PR. Similarly, HER2- and Ki67-positive breast cancer tissues were used as positive controls for HER2 and Ki67, respectively. Besides,AJAP1-positive glioma tissues represent AJAP1 positive, Ezrin-positive breast cancer tissues represent Ezrin positive. In addition, normal goat serum substituted primary antibodies as negative controls. Besides, we have also used positive and negative controls for each run. The AJAP1 and Ezrin score evaluation was based on the location of immunoreactivity, the percentage of stained cells. The percentage of positivity of the tumor was scored as “0” (no tumor cells), “1” (1%–25%), “2” (26%–50%), “3” (51%–75%), and “4” (75%–100%). The staining intensity of the positive tumor cells was scored as “0” (no staining), “1” (weak staining), “2” (moderate staining), and “3” (strong staining). Eventually, the multiplier of scores is as follows: 0–3 for negative expression, 4–12 for positive expression.



Follow-Up

All the patients had decent follow-up data which were obtained by medical records or telephone calls. The time of last follow-up was August 1, 2018. Follow-up time ranges from 85 to 144 months (average 104 months).



Cell Culture

T47D and MDA-MB-231 cell lines were obtained from the American Type Culture Collection (ATCC, Manassas, USA) for further study. They were cultured in RPMI-1640 medium (Gibco, Grand Island, NY, USA) with 10% FBS and 1% penicillin/streptomycin (HyClone, Logan, UT, USA) in a 5% CO2 incubator at 37°C.



Western Blot

Total proteins were extracted by using RIPA with PMSF according to the manufacturer’s protocol. An equal amount (30 µg) of samples was separated on 10% SDS-PAGE gels and transferred to PVDF membranes (Millipore, Burlington, MA, USA). Then, the membranes were blocked in 5% non-fat milk for 1 h. Eventually, these membranes were detected using the ECL detection Kit (Solarbio, Beijing, China) after incubating the primary antibodies including anti-AJAP1 (AJAP1; Abcam; ab205496, rabbit secondary antibody) and anti-Ezrin (Ezrin; Santa Cruz Biotechnology, sc-58758, mouse secondary antibody).



Cell Transfection and Plasmids

The AJAP1 siRNAs and control plasmids are shown as in our previous study (13). T47D and MDA-MB-231 cells were transfected using FuGENE 6 according to the manufacturer’s instruction.



Real-Time Quantitative RT-PCR

Total RNA was isolated from cell lines using TRIzol reagent (Invitrogen, Inc.) under the manufacturer’s protocols. Then the RNA was reversed transcribed to cDNA using SuperScript Reverse Transcriptase (Takara, Shiga, Japan). Reactions were performed using the SYBR Green PCR Kit (Takara, Japan). GAPDH was used as an internal control. The mRNA expression folds were analyzed by 2-ΔΔCt. The primer sequences were as follows: Ezrin-forward: 5′-CGCTCTAAGGTTCTGCTCT-3′, Ezrin-reverse: 5′-TCCTGGGCAGACACCTTCTTA-3′; GAPDH-forward: 5′-CTGGGCTACACTGAGCACC-3′, GAPDH-reverse: 5′-AAGTGGTCGTTGAGGGCAATG-3′. Each experiment was conducted at least three times.



Phalloidin Staining of F-Actin

On the first day, stable cell lines were transferred to 24 wells. 24 hours later, they were fixed with paraformaldehyde for 10 min and permeabilized with 1 ml 0.2% of Triton X-100 for 10 min. After three times of PBS washing, samples were blocked with 1% of bovine serum albumin (BSA; Sigma-Aldrich, St. Louis, MO, USA) and incubated with 100 μl fluorescent phalloidin (Phalloidin-iFluor 488 Reagent, Abcam, ab176753) for 1 h, stained with DAPI for 10 min. Both of them were put in the dark environment at room temperature. After 3 times of PBS washing, cells were observed under a confocal microscope (Olympus, Center Valley, PA, USA).



Enzyme-Linked Immunosorbent Assay (ELISA)

The ELISA technique kit (Cusabio Biotech, Wuhan, China) was used to evaluate Ezrin expression in different AJAP1 expression groups according to the manufacturer’s guidelines. Eventually, both of them were assessed using a spectrophotometer (Thermo Scientific, Waltham, MA, USA) at 450 nm.



Bioinformatics Analysis

StarBase V3.0 (https://www.ncbi.nlm.nih.gov/geo/) online databases were used to validate the potential relationship between AJAP1 and Ezrin in breast cancer. StarBase V3.0 is an open-source platform for studying the miRNA–ncRNA, miRNA–mRNA, ncRNA–RNA, RNA–RNA, RBP–ncRNA, and RBP–mRNA interactions from CLIP-seq, degradome-seq, and RNA–RNA interactome data. Besides, it also allows researchers to perform Pan-Cancer analysis on RNA–RNA and RBP–RNA interactions, as well as the survival and differential expression analysis of miRNAs, lncRNAs, pseudogenes, and mRNAs.

Then we also downloaded breast cancer datasets from the Cancer Genome Atlas (TCGA) project and used “R” software to analyze the potential relationship between AJAP1 and Ezrin expression.



Statistical Analysis

Statistical analyses were conducted using SPSS24.0 software. Clinicopathological parameters with the expression of two proteins were evaluated by the chi-square test and spearman test. Kaplan–Meier curves of DFS and OS were constructed. All data were shown as mean ± S.D. p < 0.05 was considered statistically significant.




Results


Expression of Ezrin and AJAP1 in Breast Cancer

AJAP1 and Ezrin expressions were detected in 377 cases of breast cancer using immunohistochemistry (IHC) technology. Positive staining of Ezrin was mainly observed in the cytoplasm in the breast cancer tissue slides. Different staining intensities of Ezrin are demonstrated in Figure 1A. As our previous study reported (13), AJAP1 was mainly located in the cytoplasm, with little membrane staining. There are four different expression patterns between AJAP1 and Ezrin (Figures 1B–E). Thus, AJAP1-positive staining was observed in 213 (56.5%) cases of 377 breast cancer samples and Ezrin-positive staining occurred in 165 (43.77%) cases of 377 breast cancer tissue slides.




Figure 1 | Different expression of Ezrin and AJAP1 in breast cancer. (A) Different staining intensity of Ezrin in breast cancer (×100). (B–E) Series slides of Ezrin and AJAP1 expression in breast cancer tissue slides: (B) AJAP1 negative/Ezrin-negative (×100), (C) AJAP1-negative/Ezrin-positive (×100), (D) AJAP1-positive/Ezrin-negative (×100), (E) AJAP1-positive/Ezrin-positive (×100).





Correlation Between Ezrin and AJAP1 Expression With Clinicopathological Parameters

Next, the association between AJAP1 expression and Ezrin expression and the clinicopathological characteristics of breast cancer patients are shown in Table 1. It was obvious that AJAP1 expression was closely associated with histological grade (p < 0.0001) and lymph node (p < 0.0001). Meanwhile, Ezrin expression was more closely related with histological grade (p = 0.004) and lymph node (p < 0.0001). However, other clinicopathological parameters did not show any significant association with AJAP1 expression or Ezrin expression.


Table 1 | AJAP1 and Ezrin expression with clinicopathological parameters in breast cancer patients.





Different Expressional Patterns of AJAP1 and Ezrin With Clinicopathological Parameters

Table 2 shows that the different expressional patterns’ results were inconsistent with the former results and they were also associated with lymph node (p < 0.0001) and histological grade (p < 0.001). Next, Figure 2A also shows that AJAP1 expression was also related with Ezrin expression. What is more, starBase v3.0 was utilized to reveal that AJAP1 expression was negatively related with Ezrin expression (Figure 2B). We also used Spearman test to analyze the relationship between AJAP1 and Ezrin. Figure 2C shows that AJAP1 was inversely related with Ezrin expression in 377 cases of breast cancer. The data of the TCGA dataset also identified this (Figure 2D).


Table 2 | AJAP1/Ezrin expression and clinicopathological parameter in patients with breast cancer patients.






Figure 2 | AJAP1 expression is negatively correlated with Ezrin expression. (A) Number of cases of different Ezrin expression in AJAP1+ and AJAP1- samples. (B) Scatter plot analysis for the correlation between AJAP1 and Ezrin based on starBase v3.0. (C) Spearman test about the relationship between AJAP1 and Ezrin in 377 breast cancer cases. (D) Spearman analysis for the correlation between AJAP1 and Ezrin based on TCGA datasets.





Survival Analysis

Kaplan–Meier curves demonstrated that a high expression of AJAP1 showed a good prognosis and short disease progression (Figure 3A, OS: p < 0.0001; Figure 3B, DFS: p = 0.003). The OS and DFS curves showed that Ezrin expression was associated with shorter OS (p = 0.008, Figure 3C) and DFS (p = 0.0043, Figure 3D). The results of expression patterns with OS and DFS demonstrated that tumors with AJAP1-Ezrin+ expression exhibited the worst OS (p < 0.0001, Figure 3E) and shortest DFS (p = 0.015, Figure 3F) among four groups.




Figure 3 | Overall survival and disease-free survival of 377 cases of breast cancer. (A, B) OS (A) and DFS (B) of different AJAP1 expression. (C, D) OS (A) and DFS (B) of different Ezrin expression. (E, F) OS (E) and DFS (F) of different combination between AJAP1 and Ezrin expression.



What is more, univariate analysis (Table 3) demonstrated that AJAP1-/Ezrin+ was a significant risk factor for unfavorable prognosis of OS (p = 0.005) and DFS (p = 0.044). Histological grade and lymph node metastasis also showed poor OS (p < 0.0001 and p < 0.0001, respectively) and short DFS (p = 0.031 and p = 0.003, respectively) among the four groups. Other factors did not have significant difference.


Table 3 | Univariate analysis of OS and DFS in breast cancer patients.



Multivariate analysis (Table 4) showed that AJAP1-Ezrin+, histological grade, and lymph node metastasis were risk factors for OS (p = 0.021, p = 0.005, and p < 0.0001). Additionally, none of the factors showed a significant difference.


Table 4 | Multivariate analysis of OS and DFS in breast cancer patients.



Taken together, AJAP1-Ezrin+ was a potential risk factor for predicting breast cancer patients with poor prognosis.



Evaluation of Diagnostic Efficiency

Next, ROC curves and the area under the curve (AUC) were used to assess the accuracy of AJAP1 and Ezrin expressions as biomarkers for breast cancer diagnosis. Results demonstrated that AJAP1 AUC was 0.777 (95% confidence interval was 0.711–0.844, p < 0.0001) in different breast cancer patients and the optimal cutoff value was 0.528 (Figure 4A). Meanwhile, Ezrin’s AUC was 0.610 (95% confidence interval was 0.507–0.714, p = 0.045) with the optical cutoff value of 0.329 (Figure 4B).




Figure 4 | The diagnosis power of AJAP1 (A) and Ezrin (B) expression in breast cancer patients.



Next, the sensitivity and specificity of AJAP1 expression and Ezrin expression were calculated using AJAP1 expression 0.528 and Ezrin expression 0.329 as the cutoff. AJAP1 expression specificity and sensitivity were 0.561 and 0.767, respectively. As for Ezrin expression, the corresponding values were 0.9 and 0.628, respectively.



AJAP1 Affects the Cytoskeleton of Breast Cancer Cell by Mediating Ezrin Expression

The above results showed that AJAP1 expression was negatively related with Ezrin expression in breast cancer tissue slides. Besides, both AJAP1 and Ezrin were important molecules that maintained the cell structure and actin cytoskeleton. Next, the effect of changing the AJAP1 expression on the cytoskeleton of breast cancer cells was explored. Firstly, we conducted T47D cells with a knocked-down AJAP1 expression and MDA-MB-231 with an overexpressed AJAP1 expression. Results of the Western blot showed that AJAP1 depletion promoted Ezrin expression in T47D and upregulated AJAP1 exhibited the opposite results in MDA-MB-231 cells (Figure 5A). Then, qRT-PCR was also conducted to observe the RNA levels in cells with different expressions of AJAP1 (Figure 5B). It seemed that overexpressed AJAP1 can reduce the Ezrin RNA level and downregulation of AJAP1 increased the Ezrin RNA level, while when we overexpressed or knocked down Ezrin expression, it had no effect on AJAP1 (Supplementary Figure S1). Collectively, AJAP1 negatively mediated Ezrin expression in breast cancer cell lines. After that, the effect of changing the AJAP1 expression on the cytoskeleton of breast cancer cells was explored. The results of fluorescent staining of F-actin through phalloidin showed that AJAP1 depletion in T47D cells increased the amount of F-actin expression in the cytoskeleton filaments, which is demonstrated by a significant increase in fluorescent intensity compared with ShControl groups (Figure 5C). Consistently, ELISA assay showed a significant increase in Ezrin expression level after silencing AJAP1 expression in T47D cells (Figure 5D, top panel). Apart from this, overexpressed AJAP1 expression in MDA-MB-231 cells revealed contrasting results (Figures 5C, D). These experiments together suggested that AJAP1 suppressed actin expression by promoting Ezrin expression.




Figure 5 | AJAP1 inhibits cytoskeleton formation by reducing Ezrin expression. (A) Western blot results of Ezrin expression in AJAP1-overexpressed MDA-MB-231 cells and AJAP1-silenced T47D cells. (B) qRT-PCR results of Ezrin expression in AJAP1 overexpressed MDA-MB-231 cells and AJAP1-silenced T47D cells. (C) Fluorescent staining of F-actin by phalloidin in AJAP1 depletion T47D cells and AJAP1 overexpressed MDA-MB-231 cells. (D) The Ezrin level changes in different expression of AJAP1 stable cell lines by ELISA. Data were shown as mean ± SD. Each experiment was conducted at least three times **p < 0.01, ***p < 0.001.






Discussion

Tumor metastasis and invasion are a series of complex, multistep progression that depends on the dynamic motion of cell to cell and cell to extracellular matrix. Besides, the key factor is cytoskeleton-related proteins. Ezrin belongs to the ERM (ezrin–radixin–moesin) family, located on 6q25.2-q26 (17). Most studies also demonstrated that it was a tumor metastasis mediator (28). In breast cancer, many reports revealed Ezrin’s different functions. Li et al. (29) revealed that upregulated Ezrin expression was positively related with lymph node involvement and proved that Ezrin could be a biomarker for predicting lymphatic metastasis of invasive ductal carcinoma. Consistent with their results, we showed that Ezrin expression was related with lymph node involvement and histological grade as well. As for breast cancer prognosis, high expression of Ezrin predicted poor OS and high DFS. Besides, David et al. (25) analyzed different locations of Ezrin and summarized that loss of Ezrin apical polarization was related with adverse tumor characteristics of breast cancer cells. Complete membrane staining of Ezrin was linked to high-grade, strong Her-2 and p-AKT expression. In this study, any significant relation between Ezrin expression and Her-2 expression had not been observed due to the limited number of samples. Moreover, silencing of Ezrin reduced the ability of breast cancer cell motion and invasion. Besides, many reports showed that estrogen E2, CD44, etc., mediated Ezrin to promote the malignant potential of breast cancer (30, 31). What is more, Ezrin is also related with breast cancer multidrug resistance (32, 33). It was found in the study that microparticles from breast cancer had tissue selectivity, that is to say, they only transferred resistance proteins to malignant breast cells. ERM protein family and cytoskeletal dynamic proteins may be one of the mechanisms for the multidrug resistance of microparticles from breast cancer (34).

Cell adhesion molecules are glycoproteins which link to the metastasis of tumor cells and that have been extensively studied in recent years. They are mainly distributed on the surface of the cell membrane, and their main function is to regulate the adhesion ability between cells and matrix. AJAP1 is a novel protein of adherens junction and has also been explored in 377 samples of breast cancer tissues. Our study found that the AJAP1-positive rate in 377 samples is 56.5% (213/377) and a low expression of AJAP1 also positively associated with histological grade and lymph node. AJAP1 expression was negatively associated with Ezrin expression including the prognosis function for breast cancer patients. A number of studies on AJAP1 vital function in a variety of types of cancer have attracted people’s attention (5–12, 35–39). Moreover, our report provided the first document to explore the relationship between AJAP1 and Ezrin expression in breast cancer tissue slides and analyzed their expression with clinicopathological parameters.

During the past decades, many tools and markers were found to reflect the prognosis of breast cancer and created great advantage on daily clinical work (40–43). In our research, we found that AJAP1 expression was negatively linked with Ezrin expression and their combination can predict the prognosis of breast cancer. However, the ROC curve demonstrated that AJAP1 showed more accuracy to evaluate the OS status than Ezrin expression. Thus, the results for the combination of AJAP1 and Ezrin expression showed that AJAP1negative Ezrinpositive tended to have a low OS. Meanwhile, univariate and multivariate analyses demonstrated that AJAP1negativeEzrinpositive was a potential risk factor for breast cancer patients’ OS.

The proliferation of tumor cells depends on cytoskeletal recombination, formation of filamentous actin (actin) stress fibers, and increased cytoskeletal protein content. All of them may become the key to influencing the occurrence of cancer invasion and metastasis. Previous studies showed that AJAP1 controlled cell cytoskeleton to inhibit the tumor progression of glioma. Thus, we next examined the effect of AJAP1 act on the cytoskeleton. Here, in our study, we found that AJAP1 depletion can reduce the expression of F-actin. Besides, we also detected the level of Ezrin in AJAP1-silencing cells by ELISA and found that downregulation of AJAP1 can reduce the Ezrin expression. Therefore, we presumed that AJAP1 may have prevented tumor malignant behavior by inhibiting Ezrin expression. However, the concrete mechanism needed to be explored in the future days.

To sum up, our research revealed that AJAP1 was low expressed in breast cancer and elucidated its potential pivotal biological role as well. Besides, we also demonstrated a new relationship between AJAP1 and Ezrin in mediating the cytoskeleton of breast cancer cells. However, further studies were needed to analyze the concrete pathway between AJAP1-mediated Ezrin activity in prohibiting breast cancer progression and related clinical therapeutic strategies.
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