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Abstract
AIM: To identify those with micropapillary pattern, ascertain relative frequency, and document clinicopathologic characteristics by review gastric carcinomas. 
METHODS: One hundred and fifty one patients diagnosed with gastric cancer who underwent gastrectomy were retrospectively studied, and the presence of a regional invasive micropapillary component was evaluated by light microscopy. All available hematoxylin-eosin (HE)-stained slides were histologically reviewed, and 5 tumors were selected as putative micropapillary carcinoma when cancer cell clusters without vascular core, within empty lymphatic-like space comprised at least 5% of the tumor. Tumor tissues from these 5 invasive gastric carcinomas were immunostained using an anti-mucin 1 (MUC1) antibody (clone MA695) to detect the characteristic inside-out pattern and with D2-40 antibody to determine the presence of intratumoral lymph vessels. Detection of intraepithelial neutrophil apoptosis was evaluated in consecutive histological tissue sections by three idependent methods, namely light microscopy with HE staining, the conventional terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling (TUNEL) method and immunohistochemistry for activated caspase-3 (clone C92-605). 
RESULTS: Among 151 gastric cancers resected for cure, 5 (3.3%) were represented by adenocarcinomas with a micropapillary component. Four of the patients died of disease from 6 to 23 mo, and one patient was alive with metastases at 9 mo. All patients had advanced-stage cancer (≥ pT2) and lymph node metastasis. Positive MUC1 immunostaining on the facing-stroma surface (inside-out pattern) of the carcinomatous cluster cells, together with negative immunostaining for D2-40 in the cells limiting lymphatic–like spaces, confirmed the true micropapillary pattern in these gastric neoplasms. In all five cases several micropapillae were infiltrated by neutrophils. HE staining, TUNEL assay and immunostain for caspase-3 demonstrated apoptotic neutrophils within cytoplasmic vacuoles of tumor cells. These data suggest phagocytosis (cannibalism) of apoptotic neutrophils by micropapillary tumor cells. Tumor cell cannibalism is usually found in aggressive tumors with anaplastic morphology. Our data extend these observations to gastric micropapillary carcinoma: a tumor histotype analogously characterized by aggressive behavior and poor prognosis. The results are of interest because they raise the intriguing possibility that neutrophil cannibalism by tumor cells may represent one of the mechanisms favoring tumor growth in gastric micropapillary carcinomas. 
CONCLUSION: This is the first study showing phagocytosis (cannibalism) of apoptotic neutrophils by tumor cells in gastric micropapillary carcinomas.
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Core tip: Five rare cases of micropapillary carcinoma of the stomach are reported. Phagocytosis (cannibalism) of apoptotic neutrophils by tumor cells is demonstrated for the first time in micropapillary components of gastric carcinomas. These unique features might help us to better understand the aggressive behavior and poor prognosis of this rare entity. 
Barresi V, Branca G, Ieni A, Rigoli L, Tuccari G, Caruso RA. Phagocytosis (cannibalism) of apoptotic neutrophils by tumor cells in gastric micropapillary carcinomas. World J Gastroenterol 2015; In press

INTRODUCTION
Micropapillary carcinoma was originally described by Siriaunkgul and Tavassoli[1] as a rare subtype of invasive ductal carcinoma of the breast, characterized by pseudopapillary cell clusters devoid of fibrovascular cores and surrounded by empty and clear spaces. Then this neoplastic architectural pattern was identified as a distinct entity in other organs including the bladder[2], lung[3], pancreas[4], parotid gland[5], gallbladder[6] and colorectum[7,8]. Ultrastructural studies, performed on breast micropapillary carcinomas, demonstrated the presence of microvilli on the external surface of tumor cells facing the surrounding stroma[9,10]. Immunohistochemical studies confirmed these data showing mucin 1 (MUC1) EMA, CD10 and villin, normally expressed at the apical surface (luminal surface) on the cells in normal glandular epithelium, exclusively on the basal surface of micropapillary clusters[11]. These findings suggest that micropapillary growth pattern is due to abnormal inversion of tumor cell polarity where the stroma-facing (basal) surface of the cells acquires apical secretory properties[12]. This inversion of cell polarity has been defined “inside-out” pattern and it is considered a diagnostic feature of micropapillary carcinoma[12]. 
MUC1 is a glycoprotein that plays a key role in lumen formation and prevents interaction between cell and stroma[12,13]. The “inside-out“pattern of MUC1 expression may explain the aggressive behavior and high metastatic potential micropapillary carcinoma[12]. Furthermore, MUC1 is one of the epithelial tissue-specific genes repressed in tumor cells during epithelial-mesenchymal transition, a process by which epithelial cells acquire the potential to migrate through the extracellular matrix, similarly to mesenchymal cells[14]. 
A micropapillary component is usually found at the invasive front of the tumor, where it may share morphologic features with the histological appearance of the tumor budding of many colorectal carcinomas. Recently, we showed the characteristic “inside-out” pattern of MUC1 expression in the so-called “poorly-differentiated clusters” of colorectal carcinomas[15]. Therefore, we suggested that a micropapillary component and “poorly differentiated clusters” represent the same biological phenomenon during epithelial-mesenchymal transition in colorectal cancer[15]. Several immunohistochemical variants of “inside-out” pattern of MUC1 expression have been reported in recent literature. In particular, an incomplete “inside-out” pattern, defined as the presence of tumor cell clusters partly, but not completely, decorated with EMA or MUC1 immunostaining has been described in breast carcinoma[16]. Moreover, neutrophils may favor a micropapillary phenotype, via elastase that degrade E-cadherin on pancreatic tumor cells[17]. Overall, these data suggest that the micropapillary phenotype is a complex phenomenon that has been only partially explored. 
The invasive micropapillary variant of gastric carcinoma has been the subject of recent review as well as publications and case reports describing about 144 cases[11,18-27]. These series reported on clinicopathologic and immunohistochemical features of this entity. In this work, gastric carcinomas were reviewed to identify those with micropapillary pattern, ascertain relative frequency, and document clinicopathologic characteristics. We also analyzed the relationship between neutrophils and tumor cells and found phagocytosis (cannibalism) of apoptotic neutrophils by micropapillary carcinoma cells. 
MATERIALS AND METHODS
Case selection 
A consecutive series of 151 patients with gastric adenocarcinomas who underwent gastrectomy at the University Hospital of Messina (Italy) between January 2001 and July 2005, were retrospectively analyzed. All samples were fixed in 10% neutral formalin for 24-36 h at room temperature, and then embedded in paraffin at 56 ℃. Gastric carcinoma was classified according to the World Health Organization (WHO) classification[28]. All available slides were histologically reviewed, and 5 tumors were selected as putative micropapillary carcinoma when cancer cell clusters without vascular core, within empty lymphatic-like space comprised at least 5% of the tumor.
Immunohistochemistry
Four-micrometer thick consecutive sections were cut from the paraffin blocks of the 5 putative micropapillary carcinomas and submitted to the immunohistochemical procedure against MUC1, D2-40, and caspase-3. Antigen retrieval was performed prior to the addition of the primary antibody, by heating slides placed in 0.01 mol/L citrate buffer at pH 6.0 in a microwave oven (750 W) for three 5‑min cycles. Sections were successively incubated with the primary monoclonal antibody against MUC1 (clone Ma695, 1:100 w.d.; Novocastra Laboratories, Newcastle, United Kingdom), D2-40 (clone M3612; 1:200 w.d.; DakoCytomation, Copenhaghen, Denmark), Caspase-3 (clone C92-605, 1:100 w.d.; BD Biosciences). The bound primary antibodies were visualized by using the LSAB kit (Dako Cytomation, Glostrup, Denmark) according to the manufacturer’s instructions. To reveal the immunostaining, the sections were incubated in darkness for 10 min with 3,3’-diaminobenzidine tetrahydrochloride (Sigma Chemical Co., St Louis, MO, United States), in the amount of 100 mg in 200 mL 0.03% hydrogen peroxide in phosphate-buffered saline solution. Nuclear counterstaining was carried out by using Mayer’s hemalum. The immunohistochemical procedures were carried out automatically by using Dako Autostainer Link 48 (Dako Cytomation, Glostrup, Denmark) according to the manufacturer’s instructions.
TUNEL assay 
TUNEL Assay was conducted by using a TUNEL detection Kit according to the manufacturer’s instruction (Apotag, HRP kit DBA, Milan, Italy). Briefly, sections were incubated with 15 μg/mL proteinase K for 15 min at room temperature and then washed with PBS. Endogenous peroxidase was inactivated by 3% H2O2 for 5 min at room temperature and then washed with PBS. Sections were immersed in terminal deoxynucleotidyltransferase (TdT) buffer containing deoxynucleotidyl transferase and biotinylated dUTP in TdT buffer, incubated in a humid atmosphere at 37 ℃ for 90 min, and then washed with PBS. The sections were incubated at room temperature for 30 min with anti-horseradish peroxidase-conjugated antibody, and the signals were visualized with diaminobenzidine. Sections of human tonsil and human small intestine, as well as a control tissue provided with the Apo Tag Kit, were the positive controls.
Statistical analysis

No statistical analysis was performed.
RESULTS
Clinicopathological features of the 5 patients are summarized in Table 1. There were 4 males and 1 female. Ages ranged from 47 to 75 years (median, 58 years). Two patients had clinical stage T2 tumor and 3 had stage T3 disease (Table 1). All patients had lymph node metastases. Follow-up data after surgery were available in all 5 cases (range 6-23 mo). Four of patients died of disease from 6 to 23 mo, and one patient was alive with metastases at 9 mo. 
At histology, in all 5 cases there was a papillary adenocarcinoma in the superficial portion of the tumor and an invasive micropapillary component at the deep invasive cancer front. In one case, the micropapillary phenotype was greater than 80% of the tumor. In all of the investigated cases, the invasive micropapillary component was characterized by cancer cell clusters without vascular core within empty lymphatic-like space (Figure 1A). Cluster cells demonstrated a moderately abundant eosinophilic cytoplasm and vesicular nuclei with prominent nucleoli. At immunohistochemistry, clusters cells were reactive for MUC1 on the facing-stroma surface, demonstrating an inside-out pattern (Figure 2). In addition, immunostain for D2-40 was negative in the cells limiting the lymphatic-like spaces, which ruled out the possibility of lymphatic vessel invasion. Several micropapillae were infiltrated by numerous neutrophils (Figure 1B). Tumor necrosis was absent. Neutrophils were mainly intraepithelial and less frequently were found in the tumor stroma (Figure 1A). Some intraepithelial neutrophils were observed within cytoplasmic vacuoles of micropapillary tumor cells and showed the characteristic morphologic findings of apoptotic death such as chromatin condensation and cell shrinkage (Figure 1B). They exhibited TUNEL-positive nuclei (Figure 3) and cytoplasmic immunoreactivity for caspase-3 (Figure 4).
DISCUSSION
The aim of the current retrospective study was to identify the incidence, as well as clinicopathological characteristics, of gastric micropapillary carcinomas. Of 151 gastric carcinomas, resected for cure at the University Hospital of Messina (Italy) from 2001 to 2005, 5 fulfilled the criteria as gastric micropapillary carcinomas. The frequency of gastric micropapillary carcinoma was 3.3 % in our study. Based on the limited number of cases in this study, gastric micropapillary carcinoma is characterized by a particularly aggressive clinical outcome. In the present study, patients died of the disease or were alive with metastases in less than 2 years from initial diagnosis. 
In our study, positive MUC-1 immunostaining on the facing-stroma surface (inside-out pattern) of the carcinomatous cluster cells, together with negative immunostaining for D2-40 in the cells limiting the lymphatic–like spaces, confirmed the true micropapillary pattern in these gastric neoplasms. 
Neutrophil infiltration has been described in a series of invasive micropapillary carcinomas of the pancreas[4] and periampullary region[29] as well as in a case of colorectal micropapillary carcinoma[30]. In our five cases, we showed for the first time intraepithelial apoptotic neutrophils in several micropapillary components of gastric tumors. To investigate neutrophil apoptosis, we chose three independent techniques: light microscopy with hematoxylin-eosin staining, TUNEL and caspase-3 immunohistochemistry. At the light microscopic level, some intraepithelial neutrophils were found within cytoplasmic vacuoles and showed morphologic signs of apoptosis, such as pyknotic nuclei and cell shrinkage. TUNEL staining and caspase-3 immunoreactivity confirmed the apoptotic nature of these neutrophil changes. These findings are similar to that described in tumor cell cannibalism both in cytological or histological samples of human tumors where it is possible to detect cells with one or more vacuoles, possibly containing cells under degradation, that push the nucleus to the cell periphery[31,32]. Taken together, our data show phagocytosis (cannibalism) of apoptotic neutrophils by micropapillary carcinoma cells. 
Tumor cell cannibalism is described as the ability of tumor cells to cannibalize their siblings as well as cells from the immune system[32]. Neutrophil cannibalism by tumor cells must be distinguished from other “cell-in-cell” phenomena, such as emperipolesis and entosis. Emperipolesis has been defined as a random passage of different types of cells through the cytoplasm of another cell without any important change on either the host or invading cells[33]. We rule out the possibility that the presence of neutrophils within micropapillary tumor cells is merely due to emperipolesis, as these neutrophils were apoptotic. Entosis is a term coined by Overholtzer et al[34] to describe a form of cell engulfment involving the cells that resembles emperipolesis. However, the entosis may be characterized by a nonapoptotic cell death of the internalized cell, whereas in our cases of micropapillary carcinomas we showed apoptotic mechanisms of neutrophil death. 
While phagocytic behaviors have been reported for most forms of human cancer, not all cancer cells within a tumor are phagocytic. For most of the tumors described, phagocytic/cannibalistic behavior was restricted primarily to those cells that are highly invasive and metastatic such as pleomorphic giant cell carcinoma of the lung, gall bladder, pancreas, and intestine[33]. In addition to pleomorphic giant cell carcinoma, our cases of gastric micropapillary carcinomas represent a further example of adenocarcinoma with aggressive behavior associated with neutrophil tumor cell phagocytosis. 
Our findings of neutrophil cannibalism by tumor cells may suggest several intriguing hypotheses. First, this phenomenon may be interpreted as a sort of “feeding” activity necessary to sustain survival of tumor cells independent of the microvasculature[35]. Second, the presence of cannibalized cells may interfere with cell division, leading to non-genetic polyploidy[36]. Finally, recent studies have demonstrated that horizontal DNA transfer between mammalian cells can occur through the uptake of apoptotic bodies, where genes from the apoptotic cells were transferred to neighboring cells phagocytosing the apoptotic bodies[37-39]. It has been suggested that horizontal transfer of DNA from apoptotic bodies could be one explanation to the chromosomal instability and aneuploidy observed in cancer cells[39]. Cannibalism mediated chromosomal instability and aneuploidy could be one of the reasons for aggressive behavior of micropapillary carcinoma, but further studies are needed to verify these hypotheses. 
COMMENTS

Background

Micropapillary carcinoma has been recently characterized as a rare but distinctive variant of adenocarcinoma in several organs. From a histopathological viewpoint, it is formed by small papillary cell clusters surrounded by lacunar spaces, resembling lymphatic channels. This tumor histotype is associated with frequent lymphovascular invasion and poor clinical outcome
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The phenomenon of tumor cell cannibalism, a morphologic feature mainly seen in highly malignant tumors, is characterized by the ability of tumor cells to cannibalize their siblings as well as cells from the immune system such as neutrophils and lymphocytes. Although cell cannibalism is a morphologic marker of aggressive biological behavior, it has not been studied in micropapillary carcinoma, a tumor histotype also characterized by dismal prognosis. 

Innovations and breakthroughs
Previous studies have documented the mere presence of intraepithelial neutrophils in micropapillary carcinomas of the colon, as well as of the pancreas and periampullary region. The phenomenon of neutrophil cannibalism by tumor cells must be distinguished from emperipolesis where the invading cell appears normal, or from entosis where the invading cell undergoes non-apoptotic cell death. In order to characterize the necrotic changes of cannibalized neutrophils, we performed three independent techniques: light microscopy with hematoxylin-eosin, TUNEL and caspase-3 immunohistochemistry. In our study, we showed for the first time apoptotic neutrophil cannibalism by tumor cells in 5 cases of micropapillary gastric carcinomas.

Applications 

The presence of cannibalistic tumor cells is a further morphologic feature associated with the high-grade malignancy of gastric micropapillary carcinomas. A study evaluating this phenomenon in a series of micropapillary carcinomas in relation to diagnostic purpose, frequency, stage and biology may be of value. 

Terminology

Micropapillary carcinoma is a recently recognized type of adenocarcinoma with an aggressive behavior as shown by local recurrence, and extensive nodal involvement. Cellular cannibalism is generically defined as a large cell enclosing a slightly smaller one within its cytoplasm. Neutrophil-tumor cell cannibalism is a particular form of cannibalism where apoptotic neutrophils are shown in tumor cell cytoplasm by HE staining, TUNEL assay and specific immunohistochemical methods.
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This topic is very interesting and the significance of apoptotic neutrophils in the micropapillary tumor cells should be further studied.
REFERENCES
	1 Siriaunkgul S, Tavassoli FA. Invasive micropapillary carcinoma of the breast. Mod Pathol 1993; 6: 660-662 [PMID: 8302807]

2 Amin MB, Ro JY, el-Sharkawy T, Lee KM, Troncoso P, Silva EG, Ordóñez NG, Ayala AG. Micropapillary variant of transitional cell carcinoma of the urinary bladder. Histologic pattern resembling ovarian papillary serous carcinoma. Am J Surg Pathol 1994; 18: 1224-1232 [PMID: 7977945 DOI: 10.1097/00000478-199412000-00005]

3 Amin MB, Tamboli P, Merchant SH, Ordóñez NG, Ro J, Ayala AG, Ro JY. Micropapillary component in lung adenocarcinoma: a distinctive histologic feature with possible prognostic significance. Am J Surg Pathol 2002; 26: 358-364 [PMID: 11859208 DOI: 10.1097/00000478-200203000-00010]

4 Reid MD, Basturk O, Thirabanjasak D, Hruban RH, Klimstra DS, Bagci P, Altinel D, Adsay V. Tumor-infiltrating neutrophils in pancreatic neoplasia. Mod Pathol 2011; 24: 1612-1619 [PMID: 21822201 DOI: 10.1038/modpathol.2011.113.]

5 Michal M, Skálová A, Mukensnabl P. Micropapillary carcinoma of the parotid gland arising in mucinous cystadenoma. Virchows Arch 2000; 437: 465-468 [PMID: 11097376 DOI: 10.1007/s004280000274]

6 Hara S, Kijima H, Okada K, Igarashi Y. Invasive micropapillary variant of the gallbladder adenocarcinoma and its aggressive potential for lymph node metastasis. Biomed Res 2010; 31: 89-95 [PMID: 20460736 DOI: 10.2220/biomedres.31.89].]

7 Sakamoto K, Watanabe M, De La Cruz C, Honda H, Ise H, Mitsui K, Namiki K, Mikami Y, Moriya T, Sasano H. Primary invasive micropapillary carcinoma of the colon. Histopathology 2005; 47: 479-484 [PMID: 16241995 DOI: 10.1111/j.1365-2559.2005.02241.x]

8 Haupt B, Ro JY, Schwartz MR, Shen SS. Colorectal adenocarcinoma with micropapillary pattern and its association with lymph node metastasis. Mod Pathol 2007; 20: 729-733 [PMID: 17464318 DOI: 10.1038/modpathol.3800790]

9 Luna-Moré S, Gonzalez B, Acedo C, Rodrigo I, Luna C. Invasive micropapillary carcinoma of the breast. A new special type of invasive mammary carcinoma. Pathol Res Pract 1994; 190: 668-674 [PMID: 7808965 DOI: 10.1016/S0344-0338(11)80745-4]

10 Caruso RA, Cicciarello R, Gagliardi ME, Albiero F, Costa G, Fedele F, Cavaliere R, Finocchiaro G, Mesiti M, Cavallari V. Micropapillary carcinoma of the breast with necrosis-like cell death: a case report. Ultrastruct Pathol 2008; 32: 153-159 [PMID: 18696401 DOI: 10.1080/01913120802179473]

11 Guzińska-Ustymowicz K, Niewiarowska K, Pryczynicz A. Invasive micropapillary carcinoma: a distinct type of adenocarcinomas in the gastrointestinal tract. World J Gastroenterol 2014; 20: 4597-4606 [PMID: 24782612 DOI: 10.3748/wjg.v20.i16.4597]

12 Nassar H, Pansare V, Zhang H, Che M, Sakr W, Ali-Fehmi R, Grignon D, Sarkar F, Cheng J, Adsay V. Pathogenesis of invasive micropapillary carcinoma: role of MUC1 glycoprotein. Mod Pathol 2004; 17: 1045-1050 [PMID: 15154007 DOI: 10.1038/modpathol.3800166]

13 Barresi V, Vitarelli E, Grosso M, Tuccari G, Barresi G. Relationship between immunoexpression of mucin peptide cores MUC1 and MUC2 and Lauren's histologic subtypes of gastric carcinomas. Eur J Histochem 2006; 50: 301-309 [PMID: 17213039]

14 Guaita S, Puig I, Franci C, Garrido M, Dominguez D, Batlle E, Sancho E, Dedhar S, De Herreros AG, Baulida J. Snail induction of epithelial to mesenchymal transition in tumor cells is accompanied by MUC1 repression and ZEB1 expression. J Biol Chem 2002; 277: 39209-39216 [PMID: 12161443 DOI: 10.1074/jbc.M206400200]

15 Barresi V, Branca G, Vitarelli E, Tuccari G. Micropapillary pattern and poorly differentiated clusters represent the same biological phenomenon in colorectal cancer: a proposal for a change in terminology. Am J Clin Pathol 2014; 142: 375-383 [PMID: 25125629 DOI: 10.1309/AJCPFEA7KA0SBBNA]

16 Acs G, Esposito NN, Rakosy Z, Laronga C, Zhang PJ. Invasive ductal carcinomas of the breast showing partial reversed cell polarity are associated with lymphatic tumor spread and may represent part of a spectrum of invasive micropapillary carcinoma. Am J Surg Pathol 2010; 34: 1637-1646 [PMID: 20975342 DOI: 10.1097/PAS.0b013e3181f5539c]

17 Gaida MM, Steffen TG, Günther F, Tschaharganeh DF, Felix K, Bergmann F, Schirmacher P, Hänsch GM. Polymorphonuclear neutrophils promote dyshesion of tumor cells and elastase-mediated degradation of E-cadherin in pancreatic tumors. Eur J Immunol 2012; 42: 3369-3380 [PMID: 23001948 DOI: 10.1002/eji.201242628]

18 Tajima S, Kodama H, Kamiya T, Terasaki M. Gastric carcinoma with an invasive micropapillary carcinoma component showing HER2 gene amplification and CD10 expression: a case report and review of the literature. Pathol Int 2014; 64: 402-408 [PMID: 25143129 DOI: 10.1111/pin.12184]

19 Ninomiya S, Sonoda K, Shiroshita H, Bandoh T, Arita T. Five-year survival after surgery for invasive micropapillary carcinoma of the stomach. Case Rep Surg 2013; 2013: 560712 [PMID: 23607038 DOI: 10.1155/2013/560712]

20 Ohtsuki Y, Kuroda N, Yunoki S, Murakami S, Mizukami Y, Okada Y, Iguchi M, Lee GH, Furihata M. Immunohistochemical analysis of invasive micropapillary carcinoma pattern in four cases of gastric cancer. Med Mol Morphol 2013; 46: 114-121 [PMID: 23471758 DOI: 10.1007/s00795-013-0037-9]

21 Ushiku T, Matsusaka K, Iwasaki Y, Tateishi Y, Funata N, Seto Y, Fukayama M. Gastric carcinoma with invasive micropapillary pattern and its association with lymph node metastasis. Histopathology 2011; 59: 1081-1089 [PMID: 22175888 DOI: 10.1111/j.1365-2559.2011.04055.x]

22 Fujita T, Gotohda N, Kato Y, Kinoshita T, Takahashi S, Konishi M, Daiko H, Nishimura M, Kuwata T, Ochiai A, Kinoshita T. Clinicopathological features of stomach cancer with invasive micropapillary component. Gastric Cancer 2012; 15: 179-187 [PMID: 21987353 DOI: 10.1007/s10120-011-0094-5]

23 Eom DW, Kang GH, Han SH, Cheon GJ, Han KH, Oh HS, Kim JH, Jang HJ, Hong SM. Gastric micropapillary carcinoma: A distinct subtype with a significantly worse prognosis in TNM stages I and II. Am J Surg Pathol 2011; 35: 84-91 [PMID: 21164291 DOI: 10.1097/PAS.0b013e3181ff61e2]

24 Lee JH, Kim JH, Choi JW, Kim YS. The presence of a micropapillary component predicts aggressive behaviour in early and advanced gastric adenocarcinomas. Pathology 2010; 42: 560-563 [PMID: 20854075 DOI: 10.3109/00313025.2010.508790]

25 Roh JH, Srivastava A, Lauwers GY, An J, Jang KT, Park CK, Sohn TS, Kim S, Kim KM. Micropapillary carcinoma of stomach: a clinicopathologic and immunohistochemical study of 11 cases. Am J Surg Pathol 2010; 34: 1139-1146 [PMID: 20661012 DOI: 10.1097/PAS.0b013e3181e7043b]

26 Shimoda M, Okada Y, Hayashi Y, Hatano S, Kawakubo H, Omori T, Ishii S, Sugiura H. Primary invasive micropapillary carcinoma of the stomach. Pathol Int 2008; 58: 513-517 [PMID: 18705772 DOI: 10.1111/j.1440-1827.2008.02265.x]

27 Kondo T, Kitazawa R, Kitazawa S. Gastric remnant adenocarcinoma with micropapillary component. Dig Dis Sci 2008; 53: 2287-2289 [PMID: 18224441 DOI: 10.1007/s10620-007-0136-3]

28 Lauwers GY, Carneiro F, Graham DY, Curado MP, Franceschi S, Montgomery E, Tatematsu M, Hattori T. Gastric carcinoma, in: F.T. Bosman FT, Carneiro F, Hruban RH, Theise ND, (Eds.), WHO Classification of Tumours of the Digestive System, IARC: Lyon, 2010: 52-54

29 Khayyata S, Basturk O, Adsay NV. Invasive micropapillary carcinomas of the ampullo-pancreatobiliary region and their association with tumor-infiltrating neutrophils. Mod Pathol 2005; 18: 1504-1511 [PMID: 16007065 DOI: 10.1038/modpathol.3800460]

30 Wen P, Xu Y, Frankel WL, Shen R. Invasive micropapillary carcinoma of the sigmoid colon: distinct morphology and aggressive behavior. Int J Clin Exp Pathol 2008; 1: 457-460 [PMID: 18787620]

31 Caruso RA, Muda AO, Bersiga A, Rigoli L, Inferrera C. Morphological evidence of neutrophil-tumor cell phagocytosis (cannibalism) in human gastric adenocarcinomas. Ultrastruct Pathol 2002; 26: 315-321 [PMID: 12396242 DOI: 10.1080/01913120290104593]

32 Caruso RA, Fedele F, Finocchiaro G, Arena G, Venuti A. Neutrophil-tumor cell phagocytosis (cannibalism) in human tumors: an update and literature review. Exp Oncol 2012; 34: 306-311 [PMID: 23070016]

33 HUMBLE JG, JAYNE WH, PULVERTAFT RJ. Biological interaction between lymphocytes and other cells. Br J Haematol 1956; 2: 283-294 [PMID: 13342362 DOI: 10.1111/j.1365-2141.1956.tb06700.x]

34 Overholtzer M, Mailleux AA, Mouneimne G, Normand G, Schnitt SJ, King RW, Cibas ES, Brugge JS. A nonapoptotic cell death process, entosis, that occurs by cell-in-cell invasion. Cell 2007; 131: 966-979 [PMID: 18045538 DOI: 10.1016/j.cell.2007.10.040]

35 Lugini L, Matarrese P, Tinari A, Lozupone F, Federici C, Iessi E, Gentile M, Luciani F, Parmiani G, Rivoltini L, Malorni W, Fais S. Cannibalism of live lymphocytes by human metastatic but not primary melanoma cells. Cancer Res 2006; 66: 3629-3638 [PMID: 16585188 DOI: 10.1158/0008-5472.CAN-05-3204]

36 Krajcovic M, Overholtzer M. Mechanisms of ploidy increase in human cancers: a new role for cell cannibalism. Cancer Res 2012; 72: 1596-1601 [PMID: 22447569 DOI: 10.1158/0008-5472.CAN-11-3127]

37 Bergsmedh A, Szeles A, Henriksson M, Bratt A, Folkman MJ, Spetz AL, Holmgren L. Horizontal transfer of oncogenes by uptake of apoptotic bodies. Proc Natl Acad Sci U S A 2001; 98: 6407-6411 [PMID: 11353826 DOI: 10.1073/pnas.101129998]

38 Yan B, Wang H, Li F, Li CY. Regulation of mammalian horizontal gene transfer by apoptotic DNA fragmentation. Br J Cancer 2006; 95: 1696-1700 [PMID: 17146478]

39 Holmgren L. Horizontal gene transfer: you are what you eat. Biochem Biophys Res Commun 2010; 396: 147-151 [PMID: 20494129 DOI: 10.1016/j.bbrc.2010.04.026]


P-Reviewer: Cai Y, Eom DW S-Editor: Yu J L-Editor:  E-Editor:
A
[image: image1.jpg]



B
[image: image2.jpg]



Figure 1 Invasive micropapillary carcinoma characterized by cell clusters surrounded by lacunar spaces and fibrous stroma (A) and several micropapillae infiltrated by numerous neutrophils. A: HE staining, magnification × 100; B: HE staining, magnification × 400.
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Figure 2 Micropapillary clusters were characteristically mucin-1 immunoreactive on the facing-stroma surface (“inside-out” pattern). Magnification × 200.
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Figure 3 Intraepithelial neutrophils showing TUNEL-positivity. Magnification × 200.
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Figure 4 Neutrophils showing cytoplasmic immunoreactivity for caspase-3 are found within cytoplasmic vacuoles of tumor cells (arrow). Magnification × 200.
Table 1 Clinicopathological features of the 5 patients
	Case No.
	Age (yr)
	Sex
	Location
	Histology
	Tnm
	Outcome

	1
	55
	Male
	Antrum
	Papillary
	T3N2
	DOD, 6 mo

	2
	47
	Male
	Antrum
	Papillary
	T2N3
	DOD, 10 mo

	3
	62
	Male
	Antrum
	Papillary
	T3N1
	DOD, 23 mo

	4
	58
	Male
	Body
	Papillary
	T3N2
	DOD, 7 mo

	5
	75
	Female
	Body
	Papillary
	T2N2
	AWD, 9 mo


DOD: Dead of disease; AWD: Alive with disease (metastases).
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