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Abstract

:

Simple Summary


It is generally reported that the prognostic factors for ampulla of Vater cancer include T stage, N stage, and lymphovascular invasion and subtype, and the meaning of MUC stain is controversial. This retrospective study by the authors evaluated the significance of various MUC stains in AoV cancer using single-center clinicopathological data. The results showed that MUC5AC was significant for lymph node metastasis and was furthermore valuable as a prognostic factor for predicting overall survival. If this is evaluated in addition to the hematoxylin and eosin stain, which is commonly performed in preoperative biopsy, it is expected to be a method to select groups that require more extensive LN dissection and further prevent locoregional recurrence.




Abstract


Introduction: Mucins play a pivotal role in epithelial carcinogenesis; however, their role remains elusive in ampulla of Vater (AoV) cancer, regardless of histological subtype. Therefore, we investigated the clinical significance of MUC1, MUC2, MUC5AC, and MUC6 expression in AoV cancer. Methods: Using samples from 68 patients with AoV cancer, we performed immunohistochemical staining for MUC1, MUC2, MUC5AC, and MUC6 using a tissue microarray. Subsequently, we analyzed their expression patterns in relation to clinicopathological parameters and patient outcomes. Results: Of the patients, 98.5% exhibited positive expression for MUC1, while MUC2, MUC5AC, and MUC6 were expressed in 44.1%, 47.1%, and 41.2% of the patients, respectively. Correlation analyses between mucin expression and clinicopathological factors revealed no significant associations, except between MUC5AC expression and N stage. Univariate analysis demonstrated significant associations between MUC5AC expression and overall survival (OS). Multivariate analysis further confirmed that MUC5AC expression was a significant predictor of OS, along with the N stage. However, MUC5AC expression was not meaningfully associated with recurrence-free survival (RFS). The patients positive for MUC5AC expression had a considerably shorter OS than those with negative expression. Conclusions: Our study provides insights into the clinical impact of mucins on AoV cancer, regardless of the histological subtype. Although MUC1 expression is universal, MUC5AC expression is a significant prognostic indicator that correlates with lymph node metastasis and poor OS. These results emphasize the possible utility of MUC5AC as a biomarker for extensive lymph node dissection and the prognostic evaluation of patients with AoV cancer.
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1. Introduction


Ampulla of Vater (AoV) cancer is particularly rare, accounting for <1% of gastrointestinal cancers and 6–9% of periampullary malignancies [1,2]. Despite the favorable prognostic indicators associated with AoV cancer, including early detection and high surgical resectability, the outcome can vary significantly depending on its stage at diagnosis. The five-year overall survival (OS) rate for AoV cancer ranges from 20 to 60%, highlighting the impact of disease staging on long-term prognosis [3,4].



The histological type of ampullary adenocarcinoma has been independently associated with patient survival and plays an important role in guiding the selection of adjuvant regimens [5,6,7]. Recent reports, including our previous study, have suggested that subtyping using immunohistochemical (IHC) staining alone could have significant clinical implications [8,9,10]. Investigating a combination of different markers and their expression may provide a more comprehensive understanding of tumor biology, which can aid in determining prognosis and tailoring treatment strategies for individual patients.



Of these markers, mucins, which are high-molecular-weight glycoproteins manifested in epithelial tissues, have been explored for their potential influence on carcinogenesis and tumor invasion [11,12]. They are broadly classified into two primary types based on their composition: membrane-bound mucins (MUC1s) and secreted gel-forming mucins (MUC2, MUC5AC, MUC5B, and MUC6). Intestinal-type tumors are typically positive for MUC2 and MUC5AC [8,9] but negative for MUC1 [9]. Pancreatobiliary-type tumors are negative for CDX2, MUC2, and CK20 in general [8,9]. Although the combined detection of mucins has been utilized to distinguish ampullary adenocarcinomas, its clinical significance in AoV cancer remains limited and contradictory [8,9,13,14,15,16].



Therefore, our paper aimed to synthetically assess the prevalence of MUC1, MUC2, MUC5AC, and MUC6 expression levels in patients with AoV cancer, their correlation with clinicopathological indicators, and recurrence-free survival (RFS) and OS.




2. Methods


2.1. Participants


A retrospective review was conducted of 68 patients diagnosed with adenocarcinoma of the AoV who underwent pancreaticoduodenectomy at Pusan National University Hospital between January 2008 and December 2020. Patients were selected based on a histological slide review by a biliary-pancreatic pathologist. The patients with mucinous, squamous, and neuroendocrine carcinoma; those who underwent R1 resection; exhibited distant metastatic disease, including of the para-aortic lymph nodes; or underwent combined resection of any other organ, including the vessels, were excluded. Tumor staging adhered to the AJCC 8th edition guidelines [17].




2.2. Follow-Up and Survival Evaluation


Follow-up evaluations were performed on the patients twice a year, which included abdominal and chest computed tomography scans, along with the monitoring of tumor markers (CA19-9 and CEA). RFS, defined as the period between the date of surgery and recurrence, was determined by reviewing the patients’ medical records and imaging study results. OS was calculated as the period between the date of operation and the date of death on the basis of medical records or public administration data, with the endpoint set at 30 November 2023.




2.3. Tissue Microarray (TMA) Analysis


Before staining with hematoxylin and eosin (H&E), formalin-fixed, paraffin-embedded tissue samples are created and used to identify appropriate tumor sites by a pathologist specializing in pancreatic diseases. After review, final sampling was conducted. Two representative cores (2.0 mm in diameter) from each tumor were punched and sequentially inserted into the recipient block using TMA. After TMA construction, H&E staining was used to identify the tumor present within the tissue core.




2.4. Immunohistochemical Staining


The immunohistochemical staining of TMA sections was performed using automated staining technology (Benchmark XT; Ventana, Oro Valley, AZ, USA). After deparaffinizing and rehydrating the sections, antigen retrieval was performed and the sections made were MUC1 (Ma695, 1:500; Novocastra Laboratories, Solihull, UK), MUC2 (CLH2, 1:500; Novocastra Laboratories), MUC5AC (CLH5, 1:500) incubated with a primary antibody for 30 min (Novocastra Laboratories), and MUC6 (Ccp58, 1:500; Novocastra Laboratories) using the horseradish peroxidase EnVision system detection kit (DAKO, Glostrup, Denmark) or the ultraVIEW Universal DAB detection kit (Ventana). The reaction was visualized and counterstained with Mayer’s hematoxylin solution.



The immunoreactivities of MUC1, MUC2, MUC5AC, and MUC6 were assessed by a pathologist who was blinded to the clinicopathological data. An immunoreactivity scoring system (IRS) that combines the intensity and proportion of positive cells was used. Each tumor was scored by estimating the average immunoreactivity of the TMA cores. Immunoreactivity was categorized as ‘negative’ (0 to 1 IRS point, no or mild reaction in <10% of positive cells) and as ‘positive’ (>1 IRS point, moderate to intense reaction in ≥10% of positive cells) according to the IRS classification. Representative images of positive immunohistochemical stainig of MUC1, MUC2, MUC5AC, and MUC6 is shown in Figure 1.




2.5. Statistical Analysis


The clinicopathological characteristics of AoV cancer patients were analyzed using the Mann–Whitney U test and chi-square test for continuous and categorical variables. The survival comparisons of patients with different mucin expression levels were performed using Kaplan–Meier survival analysis using the log-rank test. Univariate and multivariate analyses were performed using the Cox proportional hazards model. Statistical analyses were performed using the R software (version 4.2.1). Words such as ‘Survival’, ‘Survminer’, and ‘Moonbook’ were used. The cutoff for statistical significance was set at p < 0.05.





3. Results


3.1. Expression of Mucins in AoV Cancers


Figure 2 and Supplementary Table S1 show the expression profiles of different mucin types (MUC1, MUC2, MUC5AC, and MUC6) in the 68 patients with AoV cancer. Six (8.8%) and one (1.5%) samples were positive and negative for all four mucins, respectively. While the majority of the patients (67/68, 98.5%) exhibited a positive expression of MUC1, the expression of MUC2, MUC5AC, and MUC6 was observed in 30 (44.1%), 32 (47.1%), and 28 (41.2%) patients, respectively. Of the 32 MUC5AC-expressing tumors, 22 (68.8%) were positive for MUC6.




3.2. The Correlation between Mucin Expression and Clinicopathological Factors


Next, we analyzed the correlation between the expression levels of MUC2, MUC5AC, and MUC6 and various clinicopathological factors in the 68 patients with AoV cancer (Supplementary Table S2). After excluding MUC1 due to its universally positive expression (excluding one patient), the results revealed no statistically significant correlations between mucin expression and age, sex, T stage, tumor differentiation, lymphovascular invasion (LVI), and perineural invasion (PNI). However, an association was identified between the expression of MUC5AC and the N stage (p = 0.017).




3.3. Prognostic Significance of MUC5AC Expression


Univariate analysis revealed significant associations between the T stage (Hazard ratio [HR]: 1.678, confidence interval [CI]: 1.055–2.67, p = 0.029), N stage (HR: 2.142, CI: 1.359–3.376, p = 0.001), LVI (HR: 2.384, CI: 1.169–4.864, p = 0.017), and MUC5AC expression (HR: 2.781, CI: 1.338–5.777, p = 0.006) and OS. Multivariate analysis identified the N stage (HR: 1.708, CI: 1.025–2.848, p = 0.04) and MUC5AC expression (HR: 2.3, CI: 1.095–4.828, p = 0.028) as the significant predictors of OS (Table 1). Univariate analysis indicated associations between the T stage (HR: 2.044, CI:1.164–3.589, p = 0.013) and N stage (HR: 1.935, CI: 1.174–3.19, p = 0.01), and LVI (HR: 2.783, CI: 1.248–6.205, p = 0.012) and RFS, while MUC5AC expression did not exhibit such an association. However, in multivariate analysis, none of the factors, including the T stage, N stage, or LVI, showed a significant association with RFS (Table 2).



The patients with AoV cancer presenting a positive MUC5AC expression had a notably shorter OS than those with negative expression levels (p = 0.004, Figure 3A). The 3- and 5-year OS rates were 51.9% and 30.3%, respectively, in the patients with positive expression, compared to 78.8% and 61.9%, respectively, in those with negative expression. Conversely, RFS did not show significant differences according to the MUC5AC expression levels (p = 0.059; Figure 3B).





4. Discussion


Abnormal mucin expression has been found in epithelial malignancies [11,12]. Altered mucin expression has been extensively studied to classify histological subtypes in ampullary adenocarcinoma. Among the mucins, MUC1, MUC2, MUC5AC, and MUC6 have been the focus of numerous investigations [13]. In our study, we attempted to explore the prognostic importance of these mucins in AoV cancer, confirming previously known factors, such as T stage, N stage, and lymphovascular invasion, along with identifying MUC5AC as a prognostic factor.



AoV cancer typically exhibits a desmoplastic stroma and commonly expresses MUC1, MUC5AC, MUC6, and MUC2 [13,14]. Consistent with the existing literature, our results demonstrated that MUC1 expression had the highest incidence, with other mucins showing similar frequencies. MUC1, a transmembrane mucin glycoprotein, is commonly detected in epithelial cells and has been widely studied as a tumor marker [11]. Its overexpression contributes to metastasis by inhibiting tumor cell adhesion and allowing the evasion of immune surveillance [11,12]. In AoV cancer, MUC1 expression shows a connection between advanced disease stage and poor prognosis [13]. However, on account of the limited sample size, its clinical role is difficult to generalize. Although MUC1 has also been suggested to distinguish the pancreatobiliary subtypes of ampullary carcinomas, its use has not been independently validated and it mostly has been examined in conjunction with CK or CDX2 [8,9]. Furthermore, the reported positivity rates of MUC1 in AoV cancer vary widely, ranging from 70% to 100% [13,14], complicating its use as a prognostic value. In the present study, the MUC1 expression was 98.5%. Thus, its potential as a prognostic factor or standard for subtype classification has not been adequately assessed.



Moreover, MUC1 overexpression is associated with drug resistance in various tumors [12,18]. There is still no adjuvant chemotherapy regimen for AoV, which may be due to the resistance of MUC1 to cytotoxic chemotherapy drugs, such as gemcitabine and 5-FU. Therefore, the role of MUC1 in determining treatment strategies requires further investigation.



MUC2 is primarily expressed in gel-forming goblet cells and has been suggested as a potential biomarker for identifying the intestinal subtype of AoV cancer [8,9]. However, its independent prognostic significance remains unclear, as previous studies have typically described it in conjunction with CK20 or CDX2, without establishing its prognostic role. A study by Santini reported the lack of a prognostic role for MUC2 expression in AoV cancer, albeit with a small sample size [19]. Consistent with this, our findings indicated no correlation between MUC2 expression and OS or RFS in patients with AoV cancer.



Our study highlights MUC5AC as an independent prognostic indicator for AoV cancer. Similar to MUC2, MUC5AC is a gel-forming mucin expressed in gastric foveolar and tracheobronchial epithelial cells. The dysregulation of MUC5AC expression shows varied correlations with survival and prognosis in different cancers. For instance, decreased expression is associated with poor prognosis in gastric carcinoma, whereas increased expression is associated with poor prognosis in pancreatic, colon, and lung cancers [20,21,22,23,24]. However, the prognostic value of MUC5AC in ampullary carcinomas remains controversial. Recent studies by Xue et al. supported MUC5AC as a strong prognosticator [16], whereas Perkins et al. did not observe any prognostic role [25]. Our findings provide limited evidence suggesting that MUC5AC may be a significant prognostic factor for ampullary carcinoma. Further research is necessary to validate the clinical impact of MUC5AC in AoV cancers.



Lymph node metastasis has been identified as a prognostic factor in AoV cancer [15], and our study revealed an association between MUC5AC and lymph node metastasis. Although the mechanism by which MUC5AC affects AoV cancer progression remains unclear, it is believed to regulate cell–cell and cell–stroma interactions, thereby enhancing the invasiveness and metastatic behavior of various cancer types [12]. Sanada et al. showed that MUC5AC expression was higher in the invasive components of ampullary carcinoma, including invasive vascular lesions and lymph node metastases [26]. Similarly, Jun et al. reported that MUC5AC is more commonly expressed in ampullary carcinomas with a higher tumor microenvironment prognostic risk and high invasiveness [27]. These results indicate the involvement of MUC5AC in tumor development, including invasion and metastasis. Importantly, MUC5AC expression emerged as an independent predictor of poor survival in AoV cancer, along with lymph node metastasis, as determined by multivariate analysis. Moreover, our study revealed that MUC5AC expression is significantly related to aggressive clinicopathological features of AoV cancer, such as lymph node metastasis. However, further studies are needed to elucidate the association between MUC5AC and the aggressive behavior of AoV cancer.



Among the periampullary carcinomas, AoV cancer has a relatively favorable prognosis, owing to the high incidence of R0 resection. Our findings suggest the potential of MUC5AC as a biomarker for lymph node metastasis and the prognosis of AoV cancer. The lymphatic drainage of AoV cancer is known to be the first spreading area in the posterior pancreaticoduodenal node group, and is then reported to proceed to the para-aortic area via the inferior pancreaticoduodenal artery area. Hence, the detection of MUC5AC expression in preoperative biopsy specimens may warrant consideration for radical lymph node dissection including the first jejunal branch of the superior mesenteric artery, retroperitoneal and para-aortic node [28]. Additionally, it could aid in the prognostic assessment of AoV cancer.



MUC6-positive expression reportedly signifies gastric differentiation, while negative expression correlates with the intestinal type of AoV cancer [29]. However, its prognostic significance for AoV cancer remains unclear. Our study did not reveal any association with clinicopathological variables. Interestingly, we observed a higher frequency of the co-expression of MUC5AC and MUC6, although this difference was not statistically significant. A previous study reported that the co-expression of these two mucins is associated with a better prognosis in other types of AoV cancers [29]. Further validation of the correlation between MUC5AC and MUC6 expression in a larger cohort is required.



Despite the inherent limitations of a single-institution study conducted by a single researcher, our findings offer valuable insights into the clinicopathological variations in mucin expression among rare AoV cancer cases, irrespective of the histological subtype. Previous studies, including ours, have established that CK7, CK20, and CDX2 are sufficient markers for subtyping [10]. Therefore, in this study, we did not explore the association between mucin expression and histological subtype. Although the AoV phenotype is defined through immunohistochemical markers in TMA samples using IHC labeling, histochemical testing for all subtypes of mucin is not mandatory [30]. Moreover, the use of TMA may affect MUC expression as it may be heterogeneous except for MUC1, which shows ubiquitous expression. We focused on the clinical significance of mucins, particularly their prognostic value in AoV cancer. Moreover, it is essential to note that the threshold for mucin expression used in our study was set at >1 IRS point, with no or mild reaction in <10% of the positive cells. Another study on ampullary carcinoma, which set the cutoff for MUC5AC positivity at either >25% or 1%, reported significant survival differences between MUC5AC-positive and MUC5AC-negative patients, regardless of the histological subtype [16]. Thus, despite the differences in cutoff values, the detection of any positive expression of MUC5AC in patients with AoV cancer is associated with worse survival outcomes.




5. Conclusions


In conclusion, our findings provide valuable insights into the clinicopathological differences in mucin expression in AoV cancer regardless of the histological subtype. While MUC1 expression is ubiquitous, MUC5AC expression has emerged as a significant prognostic factor associated with lymph node metastasis and poor OS. Therefore, MUC5AC expression in preoperative biopsies can serve as a useful biomarker for extensive lymph node dissection and prognostic evaluation in patients with AoV cancer. Further validation and mechanistic exploration are warranted to elucidate the clinical impact of mucin expression in AoV cancer and pave the way for personalized therapeutic approaches.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/cancers16112120/s1, Table S1: Expression of mucins in 68 patients with AoV cancer; Table S2: Correlation between the expression of mucins and clinicopathologic factors for 68 AoV cancer.





Author Contributions


H.I.S.: conceptualization and design; H.I.S., S.K., N.K.L., S.B.H., Y.M.P. and B.G.N.: data collection and curation; J.L. and T.I.K.: formal analysis; S.-B.S., C.H.K., H.I.S. and B.G.N.: writing—original draft; J.H.A. and B.G.N.: review and editing. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by a Biomedical Research Institute Grant (202300060001) from Pusan National University Hospital.




Institutional Review Board Statement


This retrospective study was conducted after approval from the Pusan National University Hospital Clinical Trial Center Institutional Review Board (IRB number 2303-007-124). All the participants provided written informed consent, and clinical information was retrospectively obtained from the patients’ medical records.




Informed Consent Statement


All study participants, or their legal guardian, provided informed written consent prior to study enrollment.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author.




Conflicts of Interest


The authors declare no conflicts of interest.




Abbreviations


AoV: ampulla of Vater; CI, confidence interval; H&E, hematoxylin & eosin; HR, hazard ratio; IHC, immunohistochemistry; IRS, immunoreactivity scoring system; OS, overall survival; RFS, recurrence-free survival; TMA, tissue microarray.




References


	



Morita, S.Y.; Balch, C.M.; Klimberg, V.S.; Pawlik, T.M.; Posner, M.C.; Tanabe, K.K. Distal cholangiocarcinoma and periampullary cancer. In Textbook of Complex General Surgical Oncology; McGraw-Hill Education: New York, NY, USA, 2018; p. 1467. [Google Scholar]

	



Ramai, D.; Ofosu, A.; Singh, J.; John, F.; Reddy, M.; Adler, D.G. Demographics, tumor characteristics, treatment, and clinical outcomes of patients with ampullary cancer: S surveillance, epidemiology, and end results (SEER) cohort study. Minerva Gastroenterol. Dietol. 2019, 65, 85–90. [Google Scholar] [CrossRef] [PubMed]

	



Adsay, V.; Ohike, N.; Tajiri, T.; Kim, G.E.; Krasinskas, A.; Balci, S.; Bagci, P.; Basturk, O.; Bandyopadhyay, S.; Jang, K.T.; et al. Ampullary region carcinomas: Definition and site specific classification with delineation of four clinicopathologically and prognostically distinct subsets in an analysis of 249 cases. Am. J. Surg. Pathol. 2012, 36, 1592–1608. [Google Scholar] [CrossRef] [PubMed]

	



El Nakeeb, A.; El Sorogy, M.; Ezzat, H.; Said, R.; El Dosoky, M.; El Gawad, M.A.; Elsabagh, A.M.; El Hanafy, E. Predictors of long-term survival after pancreaticoduodenectomy for peri-ampullary adenocarcinoma: A retrospective study of 5-year survivors. Hepatobiliary Pancreat. Dis. Int. 2018, 17, 443–449. [Google Scholar] [CrossRef] [PubMed]

	



Bronsert, P.; Kohler, I.; Werner, M.; Makowiec, F.; Kuesters, S.; Hoeppner, J.; Hopt, U.T.; Keck, T.; Bausch, D.; Wellner, U.F. Intestinal-type of differentiation predicts favourable overall survival: Confirmatory clinicopathological analysis of 198 periampullary adenocarcinomas of pancreatic, biliary, ampullary and du-odenal origin. BMC Cancer 2013, 13, 428. [Google Scholar] [CrossRef] [PubMed]

	



Schiergens, T.S.; Reu, S.; Neumann, J.; Renz, B.W.; Niess, H.; Boeck, S.; Heinemann, V.; Bruns, C.J.; Jauch, K.-W.; Kleespies, A. Histomorphologic and molecular phenotypes predict gemcitabine response and overall survival in adenocarcinoma of the ampulla of Vater. Surgery 2015, 158, 151–161. [Google Scholar] [CrossRef] [PubMed]

	



Ecker, B.L.; Vollmer, C.M.; Behrman, S.W.; Allegrini, V.; Aversa, J.; Ball, C.G.; Barrows, C.E.; Berger, A.C.; Cagigas, M.N.; Christein, J.D.; et al. Role of Adjuvant Multimodality Therapy After Curative-Intent Resection of Ampullary Carcinoma. JAMA Surg. 2019, 154, 706–714. [Google Scholar] [CrossRef] [PubMed]

	



Kumari, N.; Prabha, K.; Singh, R.K.; Baitha, D.K.; Krishnari, N. Intestinal and pancreatobiliary differentiation in periampullary carcinoma: The role of immunohistochemistry. Hum. Pathol. 2013, 44, 2213–2219. [Google Scholar] [CrossRef] [PubMed]

	



Ang, D.; Shia, J.; Tang, L.H.; Katabi, N.; Klimstra, D.S. The utility of immunohistochemistry in subtyping adenocarcinoma of the ampulla of vater. Am. J. Surg. Pathol. 2014, 38, 1371–1379. [Google Scholar] [CrossRef] [PubMed]

	



Kwon, C.H.; Ahn, J.H.; Seo, H.I.; Kim, D.U.; Han, S.Y.; Kim, S.; Lee, N.K.; Hong, S.B.; Park, Y.M.; Noh, B.G. Clinical impact of ampulla of Vater cancer subtype classification based on immunohistochemical staining. World J. Surg. Oncol. 2024, 22, 5. [Google Scholar] [CrossRef]

	



Hollingsworth, M.A.; Swanson, B.J. Mucins in cancer: Protection and control of the cell surface. Nat. Rev. Cancer 2004, 4, 45–60. [Google Scholar] [CrossRef]

	



Reynolds, I.S.; Fichtner, M.; McNamara, D.A.; Kay, E.W.; Prehn, J.H.M.; Burke, J.P. Mucin glycoproteins block apoptosis; promote invasion, proliferation, and migration; and cause chemoresistance through diverse pathways in epithelial cancers. Cancer Metastasis Rev. 2019, 38, 237–257. [Google Scholar] [CrossRef] [PubMed]

	



Wang, T.; Liang, Y.M.; Hu, P.; Cheng, Y.F. Mucins Differently Expressed in Various Ampullary Adenocarcinomas. Diagn. Pathol. 2011, 6, 102. [Google Scholar] [CrossRef] [PubMed]

	



Aloysius, M.M.; Zaitoun, A.M.; Awad, S.; Ilyas, M.; Rowlands, B.J.; Lobo, D.N. Mucins and CD56 as markers of tumour invasion and prognosis in periampullary cancer. Br. J. Surg. 2010, 113, 64–68. [Google Scholar] [CrossRef] [PubMed]

	



Schueneman, A.; Goggins, M.; Ensor, J.; Saka, B.; Neishaboori, N.; Lee, S.; Maitra, A.; Varadhachary, G.; Rezaee, N.; Wolfgang, C.; et al. Validation of histomolecular classification utilizing histological subtype, MUC1, and CDX2 for prognostication of resected ampullary adenocarcinoma. Br. J. Cancer 2015, 113, 64–68. [Google Scholar] [CrossRef] [PubMed]

	



Xue, Y.; Reid, M.D.; Balci, S.; Quigley, B.; Muraki, T.; Memis, B.; Xia, J.; Hacihasanoglu, E.; Bedolla, G.; Pehlivanoglu, B.; et al. Immunohistochemical classification of ampullary carcinomas: Critical reappraisal fails to confirm prognostic relevance for recently proposed panels, and highlights MUC5AC as a strong prognosticator. Am. J. Surg. Pathol. 2017, 41, 865–876. [Google Scholar] [CrossRef] [PubMed]

	



Amin, M.B.; Edge, S.; Greene, F.; Byrd, D.R.; Brookland, R.K.; Washington, M.K.; Gershenwald, J.E.; Compton, C.C.; Hess, K.R.; Sullivan, D.C.; et al. AJCC Cancer Staging Manual, 8th ed; Springer: New York, NY, USA, 2017. [Google Scholar]

	



Nath, S.; Daneshvar, K.; Roy, L.D.; Grover, P.; Kidiyoor, A.; Mosley, L.; Sahraei, M.; Mukherjee, P. MUC1 induces drug resistance in pancreatic cancer cells via upregulation of multidrug resistance genes. Oncogenesis 2013, 2, e51. [Google Scholar] [CrossRef] [PubMed]

	



Santini, D.; Baldi, A.; Vincenzi, B.; Mellone, P.; Campioni, M.; Antinori, A.; Borzomati, D.; Coppola, R.; Magistrelli, P.; Tonini, G. Mucin 2 (MUC2) and mucin 5 (MUC5) expression is not associated with prognosis in patients with radically resected ampullary carcinoma. J. Clin. Pathol. 2006, 60, 1069–1070. [Google Scholar] [CrossRef] [PubMed]

	



Kim, S.M.; Kwon, C.H.; Shin, N.; Park, D.Y.; Moon, H.J.; Kim, G.H.; Jeon, T.Y. Decreased Muc5AC expression is associated with poor prognosis in gastric cancer. Int. J. Cancer 2014, 134, 114–124. [Google Scholar] [CrossRef] [PubMed]

	



Manne, A.; Esnakula, A.; Abushahin, L.; Tsung, A. Understanding the Clinical Impact of MUC5AC Expression on Pancreatic Ductal Adenocarcinoma. Cancers 2021, 13, 3059. [Google Scholar] [CrossRef] [PubMed]

	



Dong, Y.; Zhou, L.; Zhao, D.; Li, K.; Liu, Z.; Che, N.; Liu, H. HMUC5AC enhances tumor heterogeneity in lung adenocarcinoma with mucin production is associated with poor prognosis. Jpn. J. Clin. Oncol. 2020, 50, 701–711. [Google Scholar] [CrossRef]

	



Rico, S.D.; Höflmayer, D.; Büscheck, F.; Dum, D.; Luebke, A.M.; Kluth, M.; Hube-Magg, C.; Hinsch, A.; Möller-Koop, C.; Perez, D.; et al. Elevated MUC5AC expression is associated with mismatch repair deficiency and proximal tumor location but not with cancer progression in colon cancer. Med. Mol. Morphol. 2021, 54, 156–165. [Google Scholar] [CrossRef]

	



Matull, W.R.; Andreola, F.; Loh, A.; Adiguzel, Z.; Deheragoda, M.; Qureshi, U.; Batra, S.K.; Swallow, D.M.; Pereira, S.P. MUC5AC are highly specific tumour-associated mucins in biliary tract cancer. Br. J. Cancer 2008, 98, 1675–1681. [Google Scholar] [CrossRef]

	



Perkins, G.; Svrcek, M.; Bouchet-Doumenq, C.; Voron, T.; Colussi, O.; Debove, C.; Merabtene, F.; Dumont, S.; Sauvanet, A.; Hammel, P.; et al. Can we classify ampullary tumours better? Clinical, pathological and molecular features. Results of an AGEO study. Br. J. Cancer 2019, 120, 697–702. [Google Scholar] [CrossRef]

	



Sanada, Y.; Yoshida, K.; Konishi, K.; Oeda, M.; Ohara, M.; Tsutani, Y. Expression of gastric mucin MUC5AC and gastric transcription factor SOX2 in ampulla of vater adenocarcinoma: Comparison between expression patterns and histologic subtypes. Oncol. Rep. 2006, 15, 1157–1161. [Google Scholar] [CrossRef]

	



Jun, S.Y.; Lee, E.J.; Kim, S.I.; An, S. Tumor Microenvironment Prognostic Risk and Its Association with MUC5AC in Ampullary Carcinoma. Arch. Pathol. Lab. Med. 2023, 147, 1060–1074. [Google Scholar] [CrossRef]

	



Shirai, Y.; Ohtani, T.; Tsukada, K.; Hatakeyama, K. Patterns of lymphatic spread of carcinoma of the ampulla of Vater. Br. J. Surg. 1997, 84, 1012–1016. [Google Scholar] [CrossRef]

	



Kawabata, Y.; Tanaka, T.; Nishisaka, T.; Inao, T.; Nishi, T.; Yano, S. Cytokeratin 20 (CK20) and apomucin 1 (MUC1) expression in ampullary carcinoma: Correlation with tumor progression and prognosis. Diagn. Pathol. 2010, 5, 75. [Google Scholar] [CrossRef] [PubMed]

	



Shin, D.W.; Kim, S.; Jung, K.; Jung, J.H.; Kim, B.; Ahn, J.; Kim, J.; Hwang, J.H.; Lee, J.C. Impact of histopathological type on the prognosis of ampullary carcinoma: A systematic review and meta-analysis. Eur. J. Surg. Oncol. 2023, 49, 306–315. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 16 02120 g001] 





Figure 1. Representative images of positive immunohistochemical stainig of MUC1 (A), MUC2 (B), MUC5AC (C), and MUC6 (D). Magnification ×200. 
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