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        Abstract


        Introduction


        Cancer microenvironment is a complex of different kinds of cells. Ligands of different Toll-like receptors has been used in clinical trials in past decade but the mixed outcome leads to further studies. Toll-like receptor 9 expression has been observed in different type of cancer. α-Smooth muscle actin (α-SMA) is an indicator of myofibroblast. In previous studies, myofibroblasts was reported to induce angiogenesis and proliferation in cancer by providing growth factors and extracellular matrix. In the present study, we have tried to find out the effect of TLR9 expression on expression of α-SMA in breast cancer myofibroblasts.


        Methods and material


        Surgically resected tumor tissues from the breast cancer patient. To evaluate the expression of TLR9 and α-SMA in breast cancer, immunohistochemistry was carried out. Clinicopathological parameters were also studied to correlate the expression of TLR9 and α-SMA. Correlation between TLR9 and α-SMA was also studied.


        Result


        In our study, TLR9 expression was found to be expressed in the ductal epithelial cells as well as in tumor associated fibroblast and mononuclear inflammatory cells. After correlating the expression of TLR9 with the α-SMA, we have found that expression of TLR9 in the stromal compartment was correlated with the α-SMA expression in stromal compartment.


        Conclusion


        TLR9 have appositive impact on expression of α-SMA in stromal cells that might act as bad prognosis for the disease.
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        Introduction


        Toll-like receptors are evolutionarily conserved pattern recognition receptor that recognizes microbial component as well as the several molecules generated by our body [1]. TLR-9 is a nucleic acid sensing TLR that recognizes unmethylated bacterial or viral CpG motif-containing DNA. Various human cancer cell lines as well as clinical tumors including breast, brain, lung, ovarian, prostate, kidney, gastric, hepatocellular carcinoma, cervical squamous cell carcinoma, glioma, colorectal cancer, and neuroblastoma has TLR9 expression. More recently, it has been reported that TLR9 expresses in stromal compartments of several tumors like esophagus, ovary, hepatocellular carcinoma [2,3]. The breast tumor microenvironment consists of the cancer-causing malignant epithelial cells, along with plasmacytoid-derived dendritic cells DCs (pDCs) and myofibroblasts in the stroma [4]. Myofibroblasts are present in most abundantly in the tumor stroma of breast, colon, melanoma, and various other solid tumors. Myofibroblasts can directly induce angiogenesis, tumor progression by stimulating tumor cell with the release of various growth factors and providing extracellular matrix [5]. These myofibroblasts possess a very distinct and peculiar morphology of large and plump cells; however, there several established markers that help in the molecular characterization of myofibroblasts. α-Smooth muscle actin (α-SMA) has reported being one of the established markers for myofibroblasts [6]. In esophageal cancer, TLR9 expression in fibroblast is associated with a low rate of lymph node metastasis [7], while in renal cell carcinoma, mucoepidermoid salivary gland carcinoma, and pancreatic cancer, low tumor TLR9 protein expression is associated with poor survival [3]. TLR9 has been reported to be widely expressed by clinical breast tumor sample but the expression of TLR9 in the stromal compartment of the breast tumor and its clinicopathological significance, as well as its effect on stromal myofibroblast, has not been studied yet [8,9].


        In the present study, we have examined the expression of TLR9 in breast tumor samples. We have also investigated the expression of α-SMA as a marker for stromal myofibroblast in the same cohort of the patients. Finally, we have tried to find out the correlation between the expression of TLR9 and α-SMA in a breast tumor sample to understand the correlation of TLR9 on myofibroblast differentiation and cancer progression.


        Material and Methods


        Patients and samples


        Subjects of 38 unilateral primary breast carcinomas undergone modified radical mastectomy from women at Burdwan Medical College and Hospital were included. The patients were diagnosed between 2016 and 2018. The histological subtype all the tumors were invasive carcinoma of no special type (NST). The number of positive axillary lymph nodes were evaluated by a qualified pathologist. They were graded according to Scarff Bloom Richardson's (SBR) grading system. Written consent was taken from all subjects included in the study. The study was approved by the institutional ethical committee.


        Immunohistochemistry (IHC)


        Tissue Sections of 4 μm thickness were prepared from the paraffin-embedded tissue blocks. Tissue sections were deparaffinized in xylene and then rehydrated through a series of graded ethyl alcohol (100%, 90%, 80%, 70%, 50%, and 30%). Tissues sections were treated in citrate buffer (pH-6.8) for 15 min to retrieve the antigen in a microwave. After cooling, tissues were washed in distilled water, followed by 1X PBS [pH 7.4]. The endogenous peroxide activity was blocked with 3% H2O2 for 15 minutes. The samples were rinsed in 1X PBS and then pre-incubated with a protein blocking solution (10% Normal Goat Serum) for 1 hour in humidified chamber at 37 ℃. Human TLR 9 primary antibody (Thermo Fischer Scientific, Catalog - PA5-20202), α-SMA (Thermo Fischer Scientific, Catalog – 14-9060-80) and IgG (Catalog # 31154) were incubated (1:100 dilution) at 4 ℃ overnight in a humid chamber. Slides were washed three times in 1X PBST and incubated with HRP conjugated anti-rabbit and anti-mouse secondary antibody (1:1000) for 30 min at room temperature. The peroxidase signal was visualized by treatment with a DAB substrate-chromogen system (Sigma, Cat No.-D3939) for 10 min. Finally, the sections were counter-stained with Harrish-hematoxylin. Experimental negative control slides were treated with antibody control to check any nonspecific bindings.


        Evaluation of IHC staining for the expression of TLR9 and α-SMA


        TLR9 and α-SMA immunostained slides were anonymized and blinded for the interpretation of the immunostaining score. For TLR9 as well as α-SMA, a modified semi-quantitative intensity score (H score) adapted from Measure, et al. (2016) [10] was used.


        For, TLR9 expression in malignant epithelial cells, briefly; score 0: Negative staining, score 1: Weak cytoplasmic staining, score 2: Moderate cytoplasmic staining, score 3: Strong cytoplasmic staining in most of the tumor cells, score 4: Strong cytoplasmic and sub-membranous staining in almost all tumor cells where H score 2-4 signifies overexpression and H score 0-1 signifies under expression. A similar H score was developed for the expression of TLR9 in stromal cancer-associated fibroblast (CAFs) and mononuclear inflammatory cells (MICs) (score 0: Negative staining, score 1: Weak staining, score 2: Strong staining). TLR9 under-expression was defined with H score between 0 and 1 and TLR9 over-expression with an H score as 2.


        A similar semi-quantitative intensity score (H score) has been developed for the expression of α-SMA in stromal myofibroblasts (score 0: Negative staining, score 1: Weak staining, score 2: Strong staining). TLR9 under-expression was defined with H score between 0 and 1 and TLR9 over-expression with an H score as 2.


        Statistical analyses


        All statistical analyses were performed with Graph Pad Prism software package (Version 7.0). The correlation of TLR9 and α-SMA protein expression and different clinicopathological parameters and comparison between the expressions of TLR9 and α-SMA were determined using the chi-square test. In all tests, p-value < 0.05 was considered statistically significant.


        Result


        Expression of TLR9 in breast tumor sample


        IHC assay performed on tumor samples confirmed TLR9 protein localization in malignant epithelial cancer cells as well as in adjacent stromal cells, which are mainly comprised of stromal myofibroblast and mononuclear inflammatory cells (MICs) (Figure 1 and Figure 2). The clinicopathological analysis indicated that TLR9 expression in breast cancer has no significant association with age, histopathological stage, but there is a statistical correlation between lymph node metastasis and expression of TLR9 in malignant epithelial cells (Table 1).


        
          [image: ] Figure 1: Immunohistochemical analysis for the expression of TLR9 in malignant epithelial cells of breast tumor tissue.

          A) Experimental Negative Control 40X magnification; B to F: Stained with TLR9 primary antibody.

          B) IHC score 0 at 40X magnification.

          C) IHC score 1 at 40X magnification.

          D) IHC score 2 at 40X magnification.

          E) IHC score 3 at 40X magnification.

          F) IHC score 4 at 40X magnification. View Figure 1

        

        

        
          [image: ] Figure 2: Immunohistochemical analysis for the expression of TLR9 in adjacent stromal cells of breast tumor tissue.

          A) Experimental Negative Control 40X magnification; B to D: stained with TLR9 primary antibody.

          B) IHC score 0 at 40X magnification.

          C) IHC score 1 at 40X magnification.

          D) IHC score 2 at 40X magnification. Arrows indicate the stromal cells with elongated plump spindle shaped nuclei and MIC with dark small round nuclei. View Figure 2

        


        
          Table 1: The association between TLR9 expression and clinical characteristics in breast cancer patients. View Table 1

        


        Expression of α-SMA in the breast tumor sample


        IHC assay performed on tumor samples confirmed that alpha SMA protein localizes, particularly in adjacent stromal cells, which are mainly comprised of stromal myofibroblast. The expression of α-SMA has been observed in malignant epithelial cells in some cases also (Figure 3). The clinicopathological analysis indicated that α-SMA expression in stromal cells of breast cancer has a significant association with age but no correlation with histopathological stage and lymph node metastasis (Table 2).


        
          [image: ] Figure 3: Immunohistochemical analysis of α-SMA in adjacent stroma cells of breast tumor tissue.

          A) Experimental Negative Control 40X magnification; B to F: stained with α-SMA primary antibody.

          B) IHC score 0 at 40X magnification.

          C) IHC score 1 at 40X magnification.

          D) IHC score 2 at 40X magnification.

          E) IHC score 3 at 40X magnification.

          F) IHC score 4 at 40X magnification. View Figure 3

        

        

        
          Table 2: The association between α-SMA expression and clinical characteristics in breast cancer patients. View Table 2

        


        Correlation of expression of TLR9 in ductal compartment and expression of α-SMA in stromal cells


        Previously the expression of TLR9 in malignant epithelial cells had been studied extensively in all subtypes of breast cancer, and its relationship with several clinicopathological parameters has also been studied [8]. So, we have tried to establish the correlation of TLR9 expression in malignant epithelial cells with the expression of α-SMA in stromal cells. Nevertheless, there was no significant correlation between the expression of TLR9 in malignant epithelial cells with the expression of α-SMA in adjacent stroma (Table 3).


        
          Table 3: Correlation in expression of TLR9 in tumor epithelial cells of the patients with α-SMA expression in stromal cells. View Table 3

        


        TLR9 expression in the stromal compartment was significantly associated with α-SMA based on IHC analysis in breast tumor tissues


        Previously the prognostic significance of TLR9 expression in the stromal compartment of breast tumor had been reported [8]. Increased numbers of stromal myofibroblast had been associated with improved outcomes in several human tumors [11]. The high content of stromal myofibroblast and MICs was associated with a better outcome in TNBCs patients [10]. However, the effect was not studied on the expression of α-SMA in breast cancer. To assess the effect of TLR9 on the expression of α-SMA in the adjacent stroma and its prognostic effect, we compared the expression of TLR9 in patients with the expression of α-SMA. We observed that an increase in the expression of TLR9 in the stromal compartment increases the expression of α-SMA in the form of an increased frequency of stromal myofibroblasts (p = 0.04) (Table 4).


        
          Table 4: Correlation in expression of TLR9 and α-SMA expression in stromal cells. View Table 4

        


        Discussion


        TLR9 expression shows cancer-specific prognosis in various cancer [3]. The prognostic significance of TLR9 in cancers appears to be double-edged. In esophageal cancer, TLR9 expression in fibroblast is associated with a low rate of lymph node metastasis. In case of glioma, TLR9 expression increases with increase in histological grade [7,12,13] while in renal cell carcinoma, mucoepidermoid salivary gland carcinoma, and pancreatic cancer, low TLR9 expression is associated with poor survival [3]. TLR9 is expressed in all clinically relevant subtypes of breast cancer [8,14]. In the present study, we have studied the expression of TLR9 and α-SMA in the breast tumor sample and its correlation with several clinical parameters. We have also analyzed the significance of TLR9 on the expression of α-SMA in breast carcinoma tissues. TLR9 has been expressed both in malignant epithelial cells as well as in adjacent stromal compartment. The dual localization of the TLR9 has been observed in endosomal as well as sub-membranous. We also observed that, in cases where strong TLR9 expression in stromal cells have desmoplastic stroma with high MIC infiltration. The TLR9 expression status of tumor-associated fibroblast-like cells has been shown to be of prognostic value in breast cancer [15]. TLR9 expression by fibroblast-like cells was significantly associated with a low rate of distant metastases. Although the biological significance of TLR9 expression by stromal fibroblast-like cells is currently unknown [15].


        On the other hand, expression of α-SMA has been studied as an indicator of myofibroblast [9,16,17]. The myofibroblast has been reported be expressed by a variety of cancer and is positively correlated with accelerated tumor growth. Myofibroblast secretes different kinds of insulin-like growth factor-2 (IGF-2), stroma cell-derived factor 1 (SDF-1/CXCL12) which stimulates breast cancer cell proliferation through the CXCR4 receptor [5].


        In recent studies, several tumors show the significance of TLR9 in the expression of α-SMA. In idiopathic interstitial pneumonia (IIP) pathogenesis, activation of cells with CpG-ODN induces the expression of α-SMA [16]. In the case of murine hepatocellular sarcoma cancer model, TLR9 -/- mice show a reduced level of α-SMA in comparison to wild type mice [18]. α-SMA expression was considered to be a predictive factor for prognosis in the ovarian tumor [19]. α-SMA expression and stromal density are prognostic markers in resected pancreatic cancer patients [20].


        In this study, we have found a positive correlation between expression of TLR9 in the stromal cell with the expression of α-SMA in the stromal compartment, which may indicate the role of TLR9 in the induction of stromal compartment to induce the expression of α-SMA. The positive correlation of TLR9 expression with lymph node metastasis as well as expression of α-SMA indicate its positive effect on cancer metastasis and cancer progression.


        Taken together, our data indicate that the expression of TLR9 in stromal cells of breast tumor positively affect the expression of α-SMA in stromal cells that might indicate the positive effect of TLR9 in myofibroblast differentiation of stromal compartment. It has been reported that myofibroblast differentiation of the stromal cells positively induces the metastasis of the tumor and hence may act as poor prognostic marker for the disease [5,21].
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