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            Abstract

            
               
Background and Objectives: Despite various treatment and diagnostic options, Breast cancer remains one of the top cancer in women both in developed and
                  the developing world. In such a scenario, Immunohistochemistry plays an important role in pathology of breast disease which
                  contributes for solving diagnostic problems and for determining prognosis and response to therapy. There is growing list of
                  IHC markers available, the present study highlights the importance of vimentin a mesenchymal marker in breast carcinoma cases.
               

               Objectives of the Study: 1) To assess the expression of vimentin in various types of breast carcinomas.
               

               2) To find out the correlation between expression of vimentin and prognostic markers such as tumor size, tumor grade and lymph
                  node status.
               

               Materials and Methods: The study included 50 cases of modified radical mastectomy specimens received in the Department of Pathology, during December
                  2017 to May 2019. After collecting the history, the specimens were examined, fixed in 10% formalin and sections were studied
                  by hematoxylin and eosin and immunohistochemically.
               

               Results:  In the present study majority of the patients were in the age group of <40 years (Mean age-51 years). Vimentin expression
                  was seen in 23/50 (46%) of cases. Its expression was correlated significantly with high grade tumors (P value<0.05) indicating
                  epithelial to mesenchyamal transition of tumor cells. Majority of the tumors were of grade 2(48%) and diagnosed histopathologically
                  as invasive carcinoma breast NST. Vimentin expression did not correlate with lymph node status and tumor size (P value<0.05).
               

               Interpretation and Conclusion:  Vimentin is preferentially expressed in high grade tumours. Its expression has no correlation with tumour size and nodal
                  metastasis, which could aid in early treatment and prolonged survival rate among patients independent of other prognostic
                  parameters.
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               Introduction

            Cancer is a group of diseases that cause cells in the body to change and spread out of control. Cancer incidence and mortality
               are rapidly growing worldwide.
            

            Mammary gland is a highly dynamic organ that develops through branching morphogenesis in puberty, evolves during menstrual
               cycle and undergoes terminal differentiation/dedifferentiation during pregnancy, lactation and involution. 
            

            Neoplasm of the breast is the most common malignancy in women around the world. In 2008, 8 million deaths were recorded as
               a result of malignant diseases, and this figure is estimated to reach 11 million by 2030.1, 2

            Earlier cervical cancer was the most common cancer in Indian women but now the incidence of breast cancer has surpassed cervical
               cancer and is leading cause of cancer death, although cervical cancer still remains most common in rural India.3 Changes in risk factors have led to an increase in the prevalence of breast cancer. According to GLOBOCAN 2018 there were
               2 million new cases in 2018 accounting for 25% of all new cancer cases in women.
            

            Breast cancer is a multifactorial disease1 and various factors contribute to its occurrence. Many studies and experiments demonstrated that carcinomatous cells acquire
               mesenchymal phenotype and express mesenchymal markers. That is high grade epithelial tumors have shown loss of epithelial
               morphology and acquire mesenchymal characteristics termed as Epithelial mesenchymal transition (EMT) that correlate with invasiveness
               and metastatic potential of tumor. Cells proceeding EMT exhibit down-regulation of epithelial markers and cause up regulation
               of mesenchymal markers such as Vimentin and fibronectin.4, 5

            Vimentin, a class 3 intermediate filament is ubiquitously expressed in normal mesenchymal cells. It is known to maintain cellular
               integrity and provide resistance against stress. Vimentin is attached to nucleus, endoplasmic reticulum, and mitochondria
               either laterally or terminally. Vimentin is a multifunctional protein and its ability to interact with large number of proteins,
               makes it a potential regulator of several different physiological functions. Increased vimentin expression has been reported
               in various epithelial cancers including prostate. Breast, CNS tumors, GIT tumor, malignant melanoma and lung cancers. 6

            Many literatures have shown that Vimentin expression in breast tumors is one of the important prognostic indicators. Vimentin
               positive cells are associated with high grade tumors, increased tumor proliferation6 and also with low PR, low ER, increased basement membrane invasiveness and drug resistance.7

            So, in our study we analyzed the expression of Vimentin using immunohistochemistry in breast carcinoma. We also studied the
               expression of this marker in relation to histopathological grade, tumor size and lymph node metastasis.
            

         

         
               Objectives of the Study

            
                  
                  	
                     To assess the expression of vimentin in various types of breast carcinomas.

                  

                  	
                     2. To find out the correlation between expression of vimentin and prognostic markers such as tumor size, tumor grade and lymph
                        node status.
                     

                  

               

            

         

         
               Materials and Methods

            Data for the present study was obtained from lumpectomy specimens, received in the department of pathology during the period
               from December 2017 to May 2019. Patients demographic data such as age, sex, mode of presentation e.g. lump/nipple discharge
               side, Procedure, tumor size on gross examination, histologic subtype of breast cancer and axillary nodal status. Ethical clearance
               obtained from ethical committee of our college. 
            

            The haematoxylin and eosin (H&E) sections of the cases were taken and reviewed for histological type, histological grade,
               and lymph node status. Grading was calculated according to Nottingham grading system. All sections were screened for representative
               tumor paraffin blocks and selected for IHC (Immunohistochemistry).
            

            The representative neoplastic tissue blocks were cut at 4 microns, taken in coated slide & incubated at 58C overnight. Sections
               were deparaffinized and dehydrated in Xylene, absolute alcohol, 90% and 70% alcohol. Antigen retrieval was done by placing
               the slides with tri-sodium citrate buffer solutions in microwave and were covered with peroxide block to quench endogenous
               peroxidase activity. The Sections were stained with primary antibody for one hour. The peroxidase antiperoxidase method was
               followed for secondary staining and DAB used for colouring antigen-antibody complex.
            

         

         
               Results

            The development of brown colour was interpreted as positive and scoring was done using the method mentioned below.

            
                  Evaluation of immuohistochemical staining

               The most representative tumour areas were selected for scoring immunostaining pattern. The scoring was done using light microscopy.
                  Cytoplasmic granular staining was considered as positive reaction for Vimentin. Cut off of positivity in 10% tumor cells was
                  taken as positivity (Table  1).
               

               
                     
                     Table 1

                     Immunoreactive score for vimentin expression
                     

                  

                  
                        
                           
                              	
                                 
                              
                               Score

                              
                           
                           	
                                 
                              
                               Vimentin expression

                              
                           
                        

                        
                              	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               Negative with no staining of tumor cells

                              
                           
                        

                        
                              	
                                 
                              
                               1+

                              
                           
                           	
                                 
                              
                               Weak staining of more than 10% of tumor cells

                              
                           
                        

                        
                              	
                                 
                              
                               2+

                              
                           
                           	
                                 
                              
                               Moderate staining of more than 10% of tumor cells

                              
                           
                        

                        
                              	
                                 
                              
                               3+

                              
                           
                           	
                                 
                              
                               Strong staining of more than 10% of tumor cells

                              
                           
                        

                     
                  

                  

               

               

               In the present study, more number of cases were in the age group of less than 40 years and least were in age >70 years of
                  age group. The age of the patients ranged from 28 to 90 years. Mean age of cases in our study was 51.0 years. Among vimentin
                  positive tumors age of younger patient was 29 years and that of older was 75 years.
               

               In the study we found no significant distribution of cases related to side of carcinoma and almost all cases of breast carcinoma
                  were diagnosed as invasive carcinoma breast NST and 2 cases of carcinoma with medullary features and mucinous carcinoma, and
                  only 1 case of each invasive papillary carcinoma, lobular carcinoma and mixed type invasive and lobular carcinoma.
               

               Grading was according to WHO 2012 guidelines.(by using Elston’s modification of the Bloom and Richardson method). Out of 50
                  cases 18 cases were Grade 1/ well differentiated carcinoma, 24 cases were grade 2/ moderately differentiated and 8 cases were
                  grade 3/ poorly differentiated carcinoma. Hence majority of cases were moderately differentiated / grade 2 carcinoma.
               

               Invasive tumor size ranged from 2cm to 9cm with mean of 5cm. Maximum cases, 36(72%) out of 50 ranged between tumor size 2-5cm
                  and 13 cases(26%) were of tumor size >5cm with only 1 case showed tumor size <2cm.
               

               Nodal metastasis was found in 40 out of 50 cases with average involvement of four lymph nodes. The number of lymph nodes harvested
                  per case ranged from 0 to 14 were we found 26 cases involving lymph nodes >4, 14 cases shows metastatic deposits in 1-3 lymph
                  nodes, and ten cases shows no deposits. 
               

               In our study, vimentin expression was significant in 23/50(46%) cases. Tumors were considered positive when there was distinct
                  brown cytoplasmic staining in cancer cells. 
               

               Positive staining in fibroblasts, endothelial cells, lymphocytes and macrophages and negative staining of epithelial cells
                  in non-neoplastic tubules served as ‘built in’ positive and negative controls respectively.
               

               
                     
                     Table 2

                     Score wise distribution of vimentin expression in breast carcinoma
                     

                  

                  
                        
                           
                              	
                                 
                              
                               S.No.

                              
                           
                           	
                                 
                              
                               Vimentin score

                              
                           
                           	
                                 
                              
                               No of cases (total 50)

                              
                           
                           	
                                 
                              
                               % of cases

                              
                           
                        

                        
                              	
                                 
                              
                               1

                              
                           
                           	
                                 
                              
                               Score0/Negative

                              
                           
                           	
                                 
                              
                               27

                              
                           
                           	
                                 
                              
                               54

                              
                           
                        

                        
                              	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               Score 1+

                              
                           
                           	
                                 
                              
                               1

                              
                           
                           	
                                 
                              
                               2

                              
                           
                        

                        
                              	
                                 
                              
                               3

                              
                           
                           	
                                 
                              
                               Score 2+

                              
                           
                           	
                                 
                              
                               21

                              
                           
                           	
                                 
                              
                               42

                              
                           
                        

                        
                              	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               Score 3+

                              
                           
                           	
                                 
                              
                               1

                              
                           
                           	
                                 
                              
                               2

                              
                           
                        

                     
                  

               

               All 50 cases were taken for immunohistochemistry staining, analysis of vimentin expression and scoring was done to grade intensity
                  of expression. Distinct brown granular cytoplasmic expression was considered as positive for vimentin expression. Out of 50
                  cases, 27 cases showed negative/ score 0, 1 cases had score 1+ expression, 21 had 2+ expression and 1 had score 3+ expression.(Table  2)
               

               Vimentin is preferentially expressed in invasive carcinoma breast NST(49%) (Figure  1 ) and carcinoma with medullary features(100%) and not detected in invasive papillary carcinoma (Figure  2), lobular carcinoma, mixed type invasive and lobular carcinoma and mucinous carcinoma (Figure  3).
               

               

               
                     
                     Figure 1

                     Poorly differentiated invasive carcinoma breast NST showing vimentin positivity in 60% of tumor cells (DAB, x10)

                  
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/a9892bbf-69af-4496-b06e-a1662a2f212e/image/5f26415d-91d3-48c5-8e2c-77550855d836-uimage.png]

               

               
                     
                     Figure 2

                     Invasive papillary carcinoma showing no Immunostaining for vimentin (DAB, x40)

                  
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/a9892bbf-69af-4496-b06e-a1662a2f212e/image/80e6a594-10f8-41be-bb56-4cce26d894ba-uimage.png]

               

               

               
                     
                     Figure 3

                     Mucinous carcinoma showing no Immunostaining for vimentin (DAB, x40)

                  
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/a9892bbf-69af-4496-b06e-a1662a2f212e/image/0c749217-bb22-40d9-8f86-c9ecc4731e7f-uimage.png]

               

               Grade 3/poorly differentiated tumors showed positivity in 6/8 cases, while 15/24 grade 2/moderately differentiated cases and
                  only 2/18 cases showed vimentin positivity.
               

               Correlation of vimentin expression was done with grade of the tumor. Grade 1 carcinoma showed predominantly score 0 expression.
                  Where as grade 2 and grade 3 carcinoma showed predominantly score 2+ expression. Significant correlation was found between
                  grade of the carcinoma and vimentin expression in breast carcinoma with P value < 0.05.
               

               No significant statistical correlation was found between vimentin expression and size of the carcinoma with P value>0.05.

               Correlation of vimentin expression was done with total number of lymph node involved. No significant statistical correlation
                  was found between vimentin expression and lymph node involvement in the present study with P value > 0.05. 
               

            

         

         
               Discussion

            Breast cancer has a diverse clinical spectrum. Despite similarities in the histologic presentation at the time of disease
               diagnosis, their clinical behaviors, including time to disease progression and metastasis, cannot be predicted with certainty.
               
            

            Breast cancer is a heterogeneous disease that consists of multiple molecular subtypes. The presence of hormone receptors ER
               and PR and over expression of human EGFR-2(HER-2) is of central importance in the therapeutic decision making process for
               patients with breast cancer. Apart from predicting response to therapy, these factors may also determine the likelihood of
               disease relapse. Hormone positive receptors have been considered to have favorable outcome were as triple negative breast
               cancers tend to have poor prognosis because of their lack of expression of ER, PR and HER-2 and lack targeted therapies. As
               a result, the interest in this aggressive TNBC from both clinicians and scientists has grown exponentially.
            

            Therefore, there is dire need to identify the aggressive phenotype such as presence of EMT(epithelial mesenchymal transition)
               type cells, which would help to predict the behavior of cancer cells. EMT phenomenon is triggered by the interplay of several
               extracellular signals; many secreted soluble factors, growth factors, their effectors, and many transcription factors including
               PDGF, Notch and NF KB.8 The translational relevance of these EMT markers has not been well established, and thus in the present study we interrogated
               EMT marker vimentin in breast cancer patients. It was Wendy A Raymond et al. in 1989 who first described the expression of
               vimentin in breast carcinoma.9

            Age is an important factor in occurrence of carcinoma breast occurring in young. The age of the patients ranged from 28 to
               90 years. Mean age of cases in our study was 51.0 years which is slightly more than WHO statistics who have described peak
               age of 45-50 years in Indian population.6 The mean age of patient who presented with well differentiated, moderately differentiated and poorly differentiated was 55.2,
               49.2and 45.5 respectively.
            

             Vimentin expression was significant in 23/50(46%)cases. Our finding was lesser than Thomas et al10 who noted positivity in 25/53 cases(47.1%), and found significant association of vimentin expression with high histological
               grade 3 tumors as well as with ki67 and EGFR expression. Other studies have demonstrated vimentin expression in tumor cells
               varying from 18%, 22.7%, 17.4% and 18%.
            

            A majority of the above studies considered a cut off of positivity in 10% tumor cells as significant positivity. Even we considered
               positivity in more than 10% of tumor cells as cutoff point in our study.
            

            
                  Vimentin and histologic type

               Our data suggest that vimentin expression is unevenly distributed among various histological types of breast carcinomas. Overall
                  percentage of vimentin positive breast carcinomas ranged from 49% to 100% in invasive carcinoma breast NST and in carcinoma
                  with medullary features, were as invasive papillary carcinoma, lobular carcinoma and mucinous carcinoma showed no vimentin
                  expression. 
               

               Domagala et al.7 in their study concluded that vimentin expression in breast carcinoma seems to be associated with ductal rather than lobular
                  differentiation. It is preferentially expressed in medullary carcinoma, infiltrative ductal NOS carcinoma of high histologic
                  grade tumors and none of the lobular carcinomas expressed vimentin. Rakshith et al. in their study also found vimentin expression
                  in invasive carcinoma breast NST, mucinous carcinoma but vimentin negativity in lobular carcinoma breast.
               

               
                     
                     Table 3

                     Comparison of vimentin and tumor grade with other studies
                     

                  

                  
                        
                           
                              	
                                 
                              
                               S.No.

                              
                           
                           	
                                 
                              
                               Study

                              
                           
                           	
                                 
                              
                               Grade 1

                              
                           
                           	
                                 
                              
                               Grade 2

                              
                           
                           	
                                 
                              
                               Grade 3

                              
                           
                        

                        
                              	
                                 
                              
                               1

                              
                           
                           	
                                 
                              
                               Raymond and Leong9 
                              

                              
                           
                           	
                                 
                              
                               1/16(6.2)

                              
                           
                           	
                                 
                              
                               2/23(8.7)

                              
                           
                           	
                                 
                              
                               5/11(45.5)

                              
                           
                        

                        
                              	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               Domagala et al7 
                              

                              
                           
                           	
                                 
                              
                               0/4(0)

                              
                           
                           	
                                 
                              
                               0/34(0)

                              
                           
                           	
                                 
                              
                               15/28(53.5)

                              
                           
                        

                        
                              	
                                 
                              
                               3

                              
                           
                           	
                                 
                              
                               Korsching et al10 
                              

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               -

                              
                           
                           	
                                 
                              
                               19/21(90.5)

                              
                           
                        

                        
                              	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               Sheshadri et al11 
                              

                              
                           
                           	
                                 
                              
                               4/38(10.5)

                              
                           
                           	
                                 
                              
                               10/105(9.5)

                              
                           
                           	
                                 
                              
                               26/86(30.2)

                              
                           
                        

                        
                              	
                                 
                              
                               5

                              
                           
                           	
                                 
                              
                               Hemalatha et al6 
                              

                              
                           
                           	
                                 
                              
                               0/22(0)

                              
                           
                           	
                                 
                              
                               2/20(10)

                              
                           
                           	
                                 
                              
                               7/8(87.5)

                              
                           
                        

                        
                              	
                                 
                              
                               6

                              
                           
                           	
                                 
                              
                               Rakshith et al

                              
                           
                           	
                                 
                              
                               1/22(4.5)

                              
                           
                           	
                                 
                              
                               9/24(37.5)

                              
                           
                           	
                                 
                              
                               8/12(66.5)

                              
                           
                        

                        
                              	
                                 
                              
                               7

                              
                           
                           	
                                 
                              
                               Present study

                              
                           
                           	
                                 
                              
                               2/18(11)

                              
                           
                           	
                                 
                              
                               15/24(62)

                              
                           
                           	
                                 
                              
                               6/8(75)

                              
                           
                        

                     
                  

               

               Grading of cancer reveals its aggressiveness and is evaluated on the basis of morphology and behavior of cells. Grade 1 and
                  Grade 2 tumors were observed to be predominant in the present study, indicating low grade carcinoma among the patients. Expression
                  of vimentin was significant with grade 3 tumors which was in accordance with study conducted by Hemalath et al,6  Rakshith et al.,6  Korsching et al.10 (Table:3). The results were in accordance with the theory of EMT where low-grade cancer cells are known to retain their adhesion
                  properties due to the presence of E-cadherin and alike proteins. With increase in grade the cells undergo transition to mesenchymal
                  cells with loss of adhesiveness, producing higher amount of vimentin.12

                An increase in vimentin expression is associated with loss of epithelial keratin is an indicator of progressive breast cancer.13 Additionally Vora et al. 13 in their study opine that in relation to disease status, gain of vimentin was higher in patients who developed recurrence
                  or metastatic disease than in those who did not.
               

               In our present study, invasive tumor size ranged from 3cm to 9cm with mean of 5cm. 1 case with tumor size <2 cm were positive
                  for vimentin, while majority of vimentin positivity was seen in tumor size between 2-5cm. No significant correlation was seen
                  between vimentin expression and tumor size. This negative correlation has also been described by Domagala et al.,7 Hemalat and Rakshith V et al.6 The pathological size of a tumor which correlates directly with survival of patients showed no significant difference in
                  vimentin expression.
               

               Axillary lymph node status remains most accepted prognostic factor in breast carcinomas. However, detection of positive lymph
                  nodes may occur late in tumor progression, and negative lymph node may not necessarily exclude aggressive disease or distant
                  metastasis.14 Of the 23 vimentin positive cases in primary tumor of our study, 17(34%) cases showed metastases in the lymph node and found
                  no statistically significant correlation with nodal metastasis which was concordant with many other studies, expect few studies
                  by Vora et al.9 in their study showed that vimentin expression was higher in patients with lymph node positive status.
               

            

         

         
               Clinical Significance of EMT

            Cells that undergo EMT phenomenon may gain metastatic potential but these may account only a small proportion of the total
               population of tumor cells. Tumor budding is one which involves single cancer cell or small cluster of cells at the invasive
               front of tumor tissues. Cancer cells in tumor buds have proven for down regulation of E cadherin and increase the expression
               of vimentin and also possess the characteristics of cancer stem cells.15, 16

            It has been proven that the cells that undergo EMT has developed the ability to invade and acquire resistance for most of
               the anticancer drugs by various stress conditions such as exposure to radiation and hypoxic conditions.17, 18 Various types of targeted therapy are developed and used against many carcinomas leading to improved survival rate and clinical
               outcome.19, 20 But however EMT had been reportedly conferring resistance to these targeted agents. Thus it has been getting proven that
               EMT is leading to resistance to multiple drugs and permitting rapid progression of the tumor. Thus thereby clarifying the
               correlation between the mechanism of EMT and drug resistance may help clinicians select an optimal anticancer drug treatment
               and also choose the mode for high risk cases of invasion.
            

         

         
               Conclusion

            Taken together, the concept of EMT is a valuable guide for the morphologic and molecular changes observed in tumor cell invasion
               and metastasis. Association between EMT like cellular phenotype as shown by changes in marker protein expression and tumor
               aggressivity has well proven in malignancy. Accordingly, in our study, high grade tumors preferentially expressed vimentin
               and showed no correlation with tumor size and nodal metastasis. 
            

            For future significance of vimentin as biomarker for malignancy with clinical relevance, more research will be necessary to
               assess the major functions of vimentin in tumorigenesis. In view of available data, vimentin expression in cancer is likely
               to become an attractive and promising therapeutic target and has great potential for providing novel clinical prognostic and
               diagnostic tools. Further, the use of vimentin specific chemical inhibitors as well as novel therapeutic agents directed against
               vimentin in combination with other anticancer agents, must be encouraged.
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