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Abstract
AIM: To investigate estrogen receptors expression in duodenal familial adenomatous polyposis (FAP) and any relationship with epithelial proliferation/apoptosis markers.
METHODS: Twenty-two patients affected by FAP undergoing duodenal resection for malignancies were recruited. Controls were 15 healthy subjects undergoing endoscopy for dyspeptic symptoms. ER-, ER-, Ki-67, TUNEL and caspase 3 expression (labeling index: percentage of positive cells) were evaluated by immunohistochemistry or immunofluorescence and examined by light or confocal microscopy. Samples were assigned to four groups: normal tissue, low (LGD) and high-grade dysplasia (HGD), adenocarcinoma (AC). One-way analysis of variance, corrected by Bonferroni’s test, and Pearson’s correlation test were applied for statistical analysis.
RESULTS: ER-beta showed a progressive decline: normal tissue (23.5 ± 4.9), LGD (21.1 ± 4.8), HGD (9.3 ± 3.5), AC (7.1 ± 3.1). The normal tissue of FAP subjects expressed ER-beta like the controls (23.9 ± 6.2). Conversely, ER- showed a progressive increase from normal tissue (24.8 ± 5.6) to AC (52.0 ± 8.2); the expression in normal tissue was similar to controls (22.5 ± 5.3). Ki67 demonstrated a statistically significant progressive increase at each disease stage up to AC. TUNEL did not reveal differences between controls and normal tissue of FAP subjects, but progressive decreases were observed in LGD, through HGD to AC. Pearson’s correlation test showed a direct relationship between ER- and TUNEL LI (r = 0.8088, P < 0.0001). Conversely, ER- was inversely correlated with TUNEL LI (r = - 0.7257, P < 0.0001). The co-expression of ER- and caspase 3 declined progressively from normal to neoplastic tissue.
CONCLUSION: This study confirmed that ER- is strongly decreased in duodenal FAP carcinomas, declining in a multiple step fashion, thereby suggesting a putative anti-carcinogenic effect. ER- showed the opposite trend. ER-/caspase 3 co-expression suggests this hormone’s possible involvement in apoptosis. Hormonal influences in FAP duodenal tumorigenesis, and modulation of these as a possible chemoprevention strategy, may be a promising approach.
Key words: Familial adenomatous polyposis; Duodenal cancer; Estrogen receptors; Immunohistochemistry; Confocal microscopy; Dysplasia

© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.
Di Leo A, Nesi G, Principi M, Piscitelli D, Girardi B, Pricci M, Losurdo G, Iannone A, Ierardi E, Tonelli F. Epithelial turnover in duodenal familial adenomatous polyposis: A possible role for estrogen receptors? World J Gastroenterol 2016; 22(11): 3202-3211  Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/i11/3202.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3202

Core tip: Familial adenomatous polyposis (FAP) is a genetically inherited disease featuring multiple colonic polyps, with possible duodenal involvement. No study investigating the relationship between estrogen receptors (ERs) and cellular turnover has previously been reported in duodenal FAP patient’s subset. In the present study we found that ER- is strongly decreased in duodenal FAP carcinomas, in a multiple step fashion suggesting a putative anti-carcinogenic effect. ER- shows the opposite trend. A possible ER-beta involvement in apoptosis is suggested by its co-expression with caspase-3. The modulation of hormonal influences in FAP duodenal tumorigenesis as a possible chemoprevention strategy may be a promising approach.
INTRODUCTION
Familial adenomatous polyposis (FAP) represents a genetic hereditary disease due to adenomatous polyposis coli (APC) gene mutation, influencing the early development of multiple (more than a hundred) colonic polyps[1]. FAP is considered to be a rare disease, with an incidence ranging from 1: 7000 to 1:8000 births per year[2,3]. The mechanism of inheritance is usually autosomal dominant, with a very high penetrance, although 25%-30% of cases arise from a de novo mutation. The APC gene acts as a tumor suppressor, being involved in the degradation of beta-catenin, a protein involved in the Wnt pathway, responsible for the genetic transcription of oncogenes such as Myc[4].

Guidelines advise a strict surveillance protocol in APC[5], starting from the age of 10-12, by annual colonoscopic examinations. The dramatically high number of adenomas is often an indication for elective prophylactic colorectal surgery[6]. The most widespread surgical options are subtotal colectomy/ileorectal anastomosis, total proctocolectomy/ileostomy, and proctocolectomy/ileal-pouch-anal anastomosis[7,8]. However, after the colonic resection, an annual surveillance protocol is essential, because the risk of a new cancer in a different site of the gastrointestinal system remains high. In particular, adenomatous polyps may arise in the duodenum, especially in the periampullary area. After colorectal carcinoma, a periampullary tumor is the most common malignancy (5%-6%), being the main cause of death in subjects who have undergone colectomy[9]. In the case of duodenal cancers, the Whipple procedure has been widely employed, but recently novel and less demolitive procedures have been successfully attempted, such as pylorus-preserving duodenectomy or pancreas-preserving duodenectomy[10].

Estrogen receptors (ERs) are a class of nuclear receptors that are closely involved in colorectal carcinogenesis[11]. In particular, the beta isoform (ER-) has been found to be protective against cancer growth and down-regulated in colorectal cancer (CRC), whereas the alpha isoform (ER-) promotes cell proliferation and is up-regulated in CRC[12,13]. To date, only one study has investigated the colonic expression of ERs in subjects affected by FAP, confirming this trend by demonstrating a progressive decrease of ER- from normal tissue to CRC, through low-grade (LGD) and high-grade dysplasia[14]. The possibility of ER-beta modulation via a selective stimulation by natural products, such as phytoestrogens, has been postulated to be a possible chemoprevention strategy against CRC[11]. Indeed, some studies have demonstrated the safety and effectiveness of phytoestrogen supplementation in the prevention of CRC[15]. Recently, Calabrese et al[16] have shown that supplementation with a phytoestrogen mixture is able to decrease amount and size of duodenal adenomas in FAP patients who underwent prophylactic colectomy, thus emphasizing the role of ER in FAP, not only in the colon, but even in extra-intestinal sites.

To the best of our knowledge, no study investigating the relationship between ERs and cellular turnover (proliferation/apoptosis) has yet been reported in the duodenal FAP patients subset. Hence, we performed an experimental study investigating the expression of ER- and  in subjects undergoing duodenal resection for epithelial malignancy after prophylactic colectomy. Additionally, in this study ERs expression was correlated with the markers of cellular proliferation (Ki-67) and apoptosis (TUNEL). Finally, a declining co-expression of ER-beta with caspase 3, a known marker of the early stages of apoptosis, was detected in the progressive stages of FAP carcinogenesis.
MATERIALS AND METHODS
Patients
The study group included 22 patients (8 females and 14 males) affected by FAP undergoing duodenal surgical resection for epithelial malignancy. The age of enrolled patients was 44.2 ± 12.9 years (mean ± SD); median age was 44 years. The patients underwent the removal of duodenal neoplasms by different procedures in relation to the stage of the disease and according to the guidelines[5]: 4 patients underwent endoscopic polypectomy, 5 surgical polypectomy through a duodenotomy, 7 ampullectomy, 3 duodenal resection and 3 pancreatoduodenectomy. Resected lesions were histologically classified as: low grade dysplasia (LGD), high grade dysplasia (HGD) or carcinoma (AC). Formalin embedded samples were retrospectively retrieved. Collection and processing were performed according to BRISQ recommendations[17].

The control tissue consisted of duodenal biopsy samples from 15 healthy individuals (6 females and 9 males) undergoing upper endoscopy and showing a histologically normal mucosa. The mean age of the control group was similar to that of the study group (42.5 ± 11.4 years, median 43 years). Control tissues were selected from archive material. At least two biopsy samples had been taken in subjects undergoing upper endoscopy for dyspeptic symptoms from the second Duodenum. The absence of both histological and endoscopic abnormalities in this site was the main selection criterion. Further confirmation of a normal duodenal picture was based on the presence of less than 10 CD3/100 enterocytes at immuno-histochemical staining. Finally, in all patients, possible causes of “Duodenal lymphocytosis” had been excluded according to a previous report by our group[18]. Demographic and clinical characteristics of enrolled patients, including the familial polyposis history, are reported in Table 1.

Immunohistochemistry of estrogen receptors
ER- and ER- nuclear expression was detected by anti-ER- (Novocastra Menarini, Milan, Italy) and anti-ER- monoclonal (Santa Cruz, CA, United States) mouse antibodies. First, antigen was recovered (shakeup in phosphate buffered saline - PBS - with TWEEN 0.025% followed for ER- and ER- by enzymatic unmasking - proteolytic enzyme for auto-stainer, Dako, Copenhagen, Denmark, and microwave treatment in citric buffer at pH 6.0, respectively) and, successively, the samples underwent overnight incubation at 4 ℃ using primary antibodies (dilution 1:50 with PBS).

After washing in PBS, sections underwent 20 min (two steps) ambient temperature incubation with an HRP polymer-based anti-mouse kit (Biocare Medical, Concord, CA, United States). 3,3-diaminobenzidine-tetrahydrochloride (DAB, Vector laboratories) represented the chromogen, while haematoxylin (Sigma, Italy) the nuclear counterstain.
Healthy colonic mucosa as well as breast carcinoma sections represented ER- and ER- positive controls, respectively.
Evaluation of epithelium proliferation
Ki-67 was used as marker of epithelium proliferation and detected by monoclonal rabbit antibody (clone MIB-1, Dako, Copenhagen, Denmark). After de-waxing by xylene, samples were cleaned by absolute ethanol and water graded mixtures. Endogenous peroxidase activity was inhibited by 3% hydrogen peroxide. Antigen was unmasked by microwave oven (two steps of 5 min in citrate buffer pH 6.0) at 750 W. After non-specific antigen inhibition by goat serum (5%), primary antibody (Dako, Copenhagen, Denmark) was incubated overnight at 4 ℃, at a dilution of 1: 100. Secondary peroxidase-conjugated antibody (EnVision, DakoCopenhagen, Denmark) was used (40 min, ambient temperature). Aminoethylcarbazole (Vector laboratory) was the chromogen and aqueous haematoxylin the counterstain dye.

Evaluation of epithelium apoptosis
TUNEL (in situ Cell Death Detection kit, Roche, Italy) was used as apoptosis marker. Briefly, samples were de-waxed and incubated with 0.1 mol/L citrate buffer (pH 6.0) in microwave oven at 350 W for 10 min. Then, sections were treated by TUNEL probe (37 ℃, 1 h). TOPRO 3 was used as counterstain (Invitrogen Molecular Probes) at a dilution of 1:5000. Confocal microscopy magnification was used for TUNEL expression evaluation.

Caspase 3 and ER-beta co-expression
Caspase-3 was investigated by a polyclonal rabbit antibody cell signaling (gene ID 836 - Novus Biologicals, Milan, Italy) as well as the co-expression with ER-beta (Novocastra Menarini, Milan, Italy). Sections were agitated in PBS buffer with TWEEN 0.025% for 10 min and incubated in microwave oven (citric buffer pH 6.0, 10 min, 750 W) for antigen unmasking. Then, they were treated (1 h, ambient temperature) in 5% BSA and FCS blocking solution. Successively, they were immersed in a combination of anti-ER-beta 1:50/anti-Caspase-3 1:50, at 4 ℃ overnight. Alexa 555 fluorescent-conjugated goat anti-rabbit/anti-mouse (Invitrogen, Life Technologies, Monza, Italy) at a dilution of 1:200 represented secondary antibody. Nuclear counterstain was obtained using TOPRO-3 (Invitrogen-Molecular Probes) for 10 min at ambient temperature.
Semiquantitative estimation of immunohistochemistry
Samples were examined at × 400. The count of positive cells was performed on 10 well-oriented villi/crypts. Labeling index (LI), i.e., percentage of positive cells, represented the numerical value of the estimation.

For each patient, the cell count was carried out in areas of adenocarcinoma, high-grade dysplasia, low-grade dysplasia and normal tissue. Due to the large size of the surgical resection, each sample contained all four pictures. The evaluation was performed by two blinded observers.

Statistics: Comparison among the five groups (Controls, normal mucosa in FAP, LGD, HGD, AC) of ER-beta, ER-, ER ratio, TUNEL and Ki67 was carried out by one-way analysis of variance (ANOVA) plus post-hoc Bonferroni’s test. Correlation analysis was carried out by Pearson’s test, and the r values with 95%CI were calculated. Significance was set at P < 0.05 (two-tailed). Weighted k statistics coefficient according to Landis and Koch benchmarks was computed for diagnostic agreement of immunohistochemistry (< 0.4: poor agreement; 0.4-0.8: moderate-good agreement; > 0.8: excellent agreement). GraphPad Prism software version 5.00 for Windows (GraphPad Software, San Diego California United States) was used for computing. An expert in Biomedical Statistics evaluated the statistical methods used in this study.

RESULTS
Inter-observer agreement regarding immuno​histochemistry estimation of ER-, ER-, TUNEL and Ki67 expression yielded k = 0.84 (95%CI: 0.72-0.94).

ER- LI showed a progressive increase from normal tissue (24.8 ± 5.6) to AC (52.0 ± 8.2). The expression in normal tissue was similar to that in controls (22.5 ± 5.3). There was a non-significant increase (28.0 ± 7.7) in LGD, while an up-regulation of ER- (42.2 ± 17.2) was demonstrated in HGD, similar to that in AC. Statistical analysis demonstrated Negative controls = normal tissue = LGD < HGD = AC, as reported in Figure 1. Immunohistochemical staining of ER-alpha is shown in Figure 2.

ER- LI revealed an opposite trend to ER-alpha, with a progressive decline from normal tissue (23.5 ± 4.9) to LGD (21.1 ± 4.8), HGD (9.3 ± 3.5) and AC (7.1 ± 3.1). The normal tissue of subjects affected by FAP expressed ER-beta like the controls (23.9 ± 6.2). Statistical analysis demonstrated Negative controls = normal tissue = LGD > HGD = AC, as reported in Figure 1. Immunohistochemical staining of ER-beta is shown in Figure 3.

Finally, the ER-/ ratio (Figure 1) showed a tendency to decline from normal tissue to AC.

Ki67 LI demonstrated a statistically significant progressive increase at each disease stage up to AC (Negative controls 20.7 ± 5.5 = Normal tissue 21.5 ± 6.3 < LGD 35.3 ± 5.2 < HGD 46.3 ± 8.5 < AC 59.3 ± 9.5). There was no difference in apoptosis (TUNEL LI) between controls and Normal tissue of FAP, but a progressive decrease in LGD, through HGD to AC (Negative controls 13.6 ± 1.9 = Normal tissue 13.1 ± 9.2 > LGD 8.0 ± 1.3 > HGD 2.3 ± 1.2 = AC 1.7 ± 0.7). Epithelium proliferation/apoptosis LI and statistics are reported in Figure 4.

As reported in Figure 5, Pearson’s correlation test showed that ER-beta was directly correlated with TUNEL LI (r = 0.8088, 95%CI: 0.6478-0.9007, P < 0.0001), whereas ER- was inversely correlated with TUNEL LI [r = - 0.7257, 95%CI: -0.8543 - (-0.5135), P < 0.0001]. The relationship between ER-beta and apoptosis markers was confirmed by the evidence of ER-beta/caspase 3 co-expression. This co-expression, as reported in Figure 6, was observed to decrease progressively from normal to neoplastic tissue (Negative controls 19.89 ± 5.241 = Normal tissue 21.14 ± 3.850 = LGD 18.84 ± 3.918 > HGD: 7.288 ± 3.062 = AC: 5.870 ± 2.576). In Figure 7, the co-expression of ER-beta and caspase 3 is clearly shown in normal tissue, while an evident, poor expression is observed in HGD.
DISCUSSION
FAP is a rare disease in which a genetic mutation predisposes affected subjects to multiple colorectal cancers. Although it represents a typical monogenic Mendelian example of genetic CRC, carcinogenesis may be sustained by other pathways, including inflammatory and hormonal factors. Indeed, Giardiello et al[19] have reported a case of polyp regression in a patient with FAP after the administration of oral contraceptives. Likewise, Tonelli et al[20] reported that raloxifene, a selective ER modulator, is able to reduce desmoid tumors and mesenteric fibromatosis in patients with Gardner’s syndrome. Furthermore, engineered human colon cancer cells (HCT8) over-expressing ER-beta showed an inhibited cell proliferation and an increased cell adhesion, in a ligand-independent manner, as reported by Martineti et al[21]. The magnitude of this effect was directly correlated with the level of ER-beta expression. In this regard, our group[14] has previously demonstrated that LGD, HGD and carcinoma in FAP are characterized by a progressive decline in colonic ER-beta expression and a contemporary increase in ER-alpha expression. This finding is consistent with the results of the present study, and may provide evidence that ERs in FAP play a similar role to the one identified in both sporadic[22-24] and inflammatory CRC[25-27]. Indeed, ER-alpha acts as a pro-carcinogenic and ER-beta as an anti-carcinogenic.

The rarity of FAP is an obstacle to experimentation, but animal models mimicking the pathogenesis of FAP are useful in providing data that can be applicable to humans. Apcmin/+ mice are genetically modified rodents with the same mutation in the APC gene which occurs in human FAP. Animals develop multiple bowel adenomas evolving into carcinomas. Using this model, Cleveland et al[28] have demonstrated that the loss of ER-beta supports the growth of many large polyps, while the activation of ER-alpha triggers the Wnt/-catenin pathway. Although the interaction between ERs and APC has not been fully investigated, a possible “key to understanding” could be deduced according to Kouzmenko et al[29]. In this study, APC was shown to be physically associated with ER-alpha in a ligand-dependent manner, thus inhibiting the transcription of ER-alpha related genes such as c-myc and cyclin D. Meanwhile, nuclear ER-beta has been demonstrated to be able to cleave beta catenin, a function that is normally played by APC[30]. In this way, ER-alpha and beta may act in reciprocally opposite ways in the regulation of the Wnt/ catenin/APC pathway.

Many attempts to obtain an effective chemo​prevention have been made in human and animal models. The results support the hypothesis that selective estrogen stimulation is protective in FAP, as also in sporadic CRCs. Indeed, the promising report by Calabrese et al[16] about the beneficial effect of a selective stimulation of ER-beta on duodenal polyps offers a clue that estrogens and ERs may modulate carcinogenesis in FAP. Moreover, Barone et al[31] have shown that a phytoestrogen supplementation slows down polyp onset through a process of over-stimulation of ER-beta in Apcmin/+ mice. Additionally, Khor et al[32] demonstrated that phenethyl isothiocyanate chemoprevention is mediated by an increased expression of caspase 3 in the same model. Interestingly, some reports show that ER-beta activation induces a phosphorylation of p38/MAPK, which is involved in caspase-3 activation, driving cells into the apoptotic cycle[33,34]. Finally, caspase 3 expression is strongly reduced in Apcmin/+ mice with carcinoma[35].

All the data reported about ERs and path​ophysiological mechanisms of cellular turnover have been obtained in human and animal models at the level of the large bowel in the course of FAP. As known, a subset of patients may develop adenomas and carcinomas in the duodenum. In this setting, no study about carcinogenic mechanisms and ERs involvement has yet been performed, but clinical evidence in only one study shows that ER-beta stimulation by phytoestrogens has a beneficial effect on polyp size and number[16].

In the present study, we firstly assessed the expression of ERs alpha and beta in FAP patients with duodenal carcinoma and their relationship with epithelial proliferation/apoptosis markers. Additionally, based on the evidence of a link between the ER-beta and caspase 3 pathways in anti-neoplastic activity, we studied the co-expression of these molecules. Although the small sample size may be a limit of the study, we must bear in mind the rarity of FAP, whose incidence ranges from 1:7000 to 1:8000 births per year[2,3]. Moreover, its localization in the small bowel is very uncommon, accounting for only 8.5% in a registry study of 1255 patients with FAP[36]. In any case, all studies regarding duodenal FAP have included a similar number of cases, to the best of our knowledge[37-39].

Our main results may be summarized as follows: (1) a sharp ER-beta decrease is evident in the progression from normal tissue to neoplasm; (2) ER- expression is directly related to apoptosis expressed as TUNEL LI; and (3) the co-expression of ER-beta and caspase 3 undergoes a sharp decline from normal to neoplastic tissue. This evidence supports the possibility of a relationship between ERs and cellular turnover.

In conclusion, this report underlines the importance of ERs in FAP beyond genetic factors, underlining that hormonal carcinogenesis is a process common to both genetic and sporadic CRCs. Moreover, this study is the first to suggest a similar carcinogenic mechanism not only at colonic sites, but also in the small bowel and especially in the duodenum in the course of FAP. On these bases, FAP could be considered as an ideal target for a chemoprevention strategy based on natural products such as phytoestrogens[16,40-42], which are very selective and do not share the side effects reported for drugs such as aspirin or other cyclooxygenase inhibitors[43]. Presumably, the chemo​prevention induced by ER-beta agonists may interact with a stimulation of epithelial apoptosis.
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Research frontiers

The authors performed an experimental study investigating the expression of ER- and beta in subjects who had undergone duodenal resection for epithelial malignancy after prophylactic colectomy. Additionally, in this study ERs expression was correlated with the markers of cellular proliferation (Ki-67) and apoptosis (TUNEL). Finally, a co-expression of ER-beta with caspase 3, a known marker of the early stages of apoptosis, was detected in the progressive stages of FAP carcinogenesis.
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Figure Legends
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Figure 1  Labeling Index values of immunohistochemical analysis of ER alpha (A), ER beta (B) and ER beta/alpha ratio (C). aP < 0.05; bP < 0.001.
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Figure 2  Immunohistochemical staining of ER-. A: normal; B: HGD; C: AC.
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Figure 3  Immunohistochemical staining of ER-. A: Normal; B: HGD; C: AC.
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Figure 4  Labeling Index values of immunohistochemical analysis for proliferation - Ki67 (A) and apoptosis - TUNEL (B). aP < 0.05; bP < 0.01; cP < 0.001.
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Figure 5  Direct correlation between ER-beta and TUNEL and inverse correlation between ER- and TUNEL (Pearson’s test).
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Figure 6  Labeling Index values of confocal microscopy analysis of ER-beta and caspase 3 co-expression. cP < 0.001.
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Figure 7  Co-expression of ER- and caspase 3 is clearly shown in normal tissue. A: Nuclear ER- expression in a normal villous area (red signal); B: Nuclear caspase 3 expression in a normal villous area (green signal); C: Merge of the two signals and counterstaining with TOPRO 3 (blue signal): magnification at × 1000; D: Nuclear ER-beta expression in the HGD area (red signal); E: Nuclear caspase 3 expression in the HGD area (green signal); F: Merge of the two signals and counterstaining with TOPRO 3 (blue signal): magnification at × 400.
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Table 1  Main features of enrolled patients


Patient number


�
Age


�
Sex


�
Surgical procedure


�
Relatives with FAP


�
�
1


�
49


�
F


�
Surgical polypectomy/duodenotomy


�
Brother 


�
�
2


�
34


�
M


�
Endoscopic polypectomy


�
Mother 


�
�
3


�
62


�
M


�
Duodenal resection


�
Daughter 


�
�
4


�
29


�
F


�
Endoscopic polypectomy


�
Father, sister


�
�
5


�
32


�
M


�
Ampullectomy


�
Mother 


�
�
6


�
35


�
F


�
Duodenal resection


�
Father, brother 


�
�
7


�
46


�
M


�
Surgical polypectomy/duodenotomy


�
Father 


�
�
8


�
59


�
M


�
Ampullectomy


�
Mother, son


�
�
9


�
58


�
F


�
Duodenal resection


�
Father, daughter


�
�
10


�
51


�
F


�
pancreatoduodenectomy


�
Mother, sister


�
�
11


�
46


�
M


�
Ampullectomy


�
Mother, daughter, sister


�
�
12


�
47


�
M


�
Surgical polypectomy/duodenotomy


�
Brother 


�
�
13


�
33


�
F


�
Surgical polypectomy/duodenotomy


�
Mother 


�
�
14


�
58


�
M


�
pancreatoduodenectomy


�
Mother, sister


�
�
15


�
24


�
F


�
Ampullectomy


�
Father, aunt 


�
�
16


�
51


�
M


�
Ampullectomy


�
Sister 


�
�
17


�
32


�
M


�
Endoscopic polypectomy


�
Mother, brother


�
�
18


�
29


�
F


�
Endoscopic polypectomy


�
Mother 


�
�
19


�
31


�
M


�
Ampullectomy


�
Father 


�
�
20


�
64


�
M


�
pancreatoduodenectomy


�
Mother, son


�
�
21


�
58


�
M


�
Ampullectomy


�
Brother 


�
�
22


�
46


�
M


�
Surgical polypectomy/duodenotomy


�
Father, brother 


�
�









