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ABSTRACT. In chicken, peritoneal cystic lesions have not been clearly categorized. In this study, 
diffuse peritoneal multiple cysts were observed in two layer hens. The cysts in the serosa were 
lined with single layers of squamous or cuboidal cells. The papillary proliferations of columnar cells 
were also observed in one case. The smooth muscle layer or mass were observed around the cysts 
in both cases. The cystic lining cells were positive for pan-cytokeratin, vimentin, S100 and Wilms 
tumor 1. Ultrastructurally, they had sparsely microvilli on the luminal surface. The histological 
results indicated the present cases were multicystic mesothelioma, but also had characteristics of 
Mullerian epithelium. This is the first report describing the detailed pathological feature of unique 
multicystic tumor in chicken.
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In the layer hens, ovarian and oviductal adenocarcinoma occur at a high rate, and they can spread widely throughout the 
peritoneal cavity [8], but multicystic tumor is uncommon. In this study, we experienced two cases of peritoneal multiple 
cysts in layer hens which had different characteristics from adenocarcinoma. As long as we know, there was little information 
about pathological feature and classification of peritoneal cysts in chicken. In this study, we described histopathological, 
immunohistochemical and ultrastructural features of the multicystic lesion in two chicken and compared them with the avian and 
human peritoneal multicystic tumors.

Peritoneal cystic lesions were incidentally detected from two white leghorn layer hens (case 1 and case 2) at routine chicken meat 
inspections. These hens had been raised at deferent farms and slaughtered on deferent days. They were uncertain age, but it was guessed 
that they were about 600 to 700 days old. Their abdominal organs 
were covered with multiple transparent cysts of less than 1 cm 
in diameter. The cysts contained clear, colorless and watery 
fluid. A larger number of the cysts were observed in case 1 than 
case 2. In case 1, the cysts diffusely spread almost throughout 
the mesentery (Fig. 1). Especially severe cyst formations were 
observed on the pancreas, duodenum, a part of liver and gizzard. 
Moderate cyst formations were also observed on the surface of the 
proventriculus, small intestine and spleen. A small number of the 
cysts were observed on the surface of the large intestine, kidney, 
oviduct and ovary. Similarly in case 2, the cysts had proliferated 
especially on the pancreas, duodenum and mesentery. A small 
number of the cysts were observed at the surface of the liver, 
proventriculus, gizzard, small and large intestine, spleen, kidney 
and ovary. The right degenerating oviduct dilated with viscous 
secretary fluid in both cases. Any conspicuous gross abnormalities 
were not observed on the parenchymal cross-sections of the 
organs, including the left oviductal mucosae.

In both cases, heart, lung, liver, pancreas, proventriculus, 
gizzard, small and large intestine, mesentery, spleen, kidney, 
ovary and oviduct were collected and fixed by 10% phosphate-
buffered formalin. The formalin-fixed tissues were embedded 
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Fig. 1.  Macroscopic feature of the gastrointestinal tract of case 1. 
 There were multiple transparent cysts on the peritoneum, 
especially around the duodenum, pancreas and mesentery. a, 
proventriculus; b, gizzard; c, pancreas. Bar, 3 cm.
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in paraffin after dehydration, cut into 4 µm paraffin sections, and stained with hematoxylin and eosin (H&E). Some selected 
sections with cystic lesions were also stained with periodic acid-Schiff (PAS), von Kossa, Masson’s trichrome (MT) or Alcian blue 
stain. Immunohistochemistry was also performed with anti-pan cytokeratin (CK), anti-vimentin, anti-alpha smooth muscle actin 
(SMA), anti-S100, anti-neuron specific enolase (NSE), anti-calretinin, anti-Wilms tumor 1 (WT1), anti-progesterone receptor (PR), 
anti-estrogen receptor (ER) and anti-avian leucosis virus (ALV) antibodies [27]. The details of the primary antibodies are shown 
in Table 1. For heat-induced epitope retrieval, the sections in distilled water were autoclaved for 10 min at 121°C. The staining 
was carried out with a polymer method (EnVision+ Single reagents, HRP, mouse or rabbit, Dako, Kyoto, Japan), followed by 3, 
3′-diaminobenzidine-H2O2 solution as chromogen and hematoxylin as counterstain. The specificity of the antibodies was assessed 
by evaluating the normal tissues in the same individual (other than ALV) or tissues in ALV-affected chicken (ALV). Transmission 
electron microscopy was performed with formalin-fixed tissue samples according to methods described previously [17].

Histological examination revealed multiple cysts in the peritoneal serosa (Fig. 2a, 2b). The cysts in case 1 were lined with single 
layers of squamous or cuboidal epithelial cells. There were papillary proliferations of small columnar epithelial cells sporadically 
(Fig. 2a). The cysts in case 2 were lined with single layers of small squamous or cuboidal epithelial cells (Fig. 2b). The papillary 

Table 1. Primary antibodies and result of immunohistochemistry

Antibody Clone Animal Dilution Source
Expression by the neoplastic cells

Case 1 Case 2
CK AE1/AE3 Mouse × 40 Abcam, Tokyo, Japan + +
Vimentin VM452 Mouse × 400 Novus Biologicals, Littleton, CO, USA + +
SMA Polyclonal Rabbit × 200 Abcam - -
S100 Polyclonal Rabbit × 100 Thermo Scientific, Fremont, CA, USA + +
NSE Polyclonal Rabbit × 200 Spring Bioscience, Pleasanton, CA, USA - -
Calretinin Polyclonal Rabbit × 40 Lsbio, Seattle, WA, USA - (nuclear) - (nuclear)
WT1 Polyclonal Rabbit × 100 Santa Cruz Bio, Santa Cruz, CA, USA + +
PR hPRa 2 Mouse × 50 Thermo Scientific - -
ER Polyclonal Rabbit × 100 Spring Bioscience - -
ALV Antiserum Rabbit × 40,000 Tsukamoto et al. [27] - -

CK, pan-cytokeratin; SMA, smooth muscle actin; NSE, neuron specific enolase; WT1, Wilms tumor 1; PR, progesterone receptor; ER, estrogen 
receptor; ALV, avian leukosis virus.

Fig. 2. Histological feature of cystic lesion. a: The neoplastic cells formed the cysts and papillary proliferation (arrow). Calcification (ar-
rowhead) was occasionally observed in the stroma of papillary lesions. Case 1. H&E stain. Bar, 200 µm. b: Proliferation of spindle cells was 
observed in the stroma of cysts (arrow). Multifocal or diffuse mononuclear cell infiltration was also observed in the stroma. Case 2. H&E stain. 
Bar, 200 µm. c: PAS-positive amorphous deposits (arrows) were observed in the stroma of cysts. Case 2. PAS stain. Bar, 100 µm. d: Calcified 
circle structures in the stroma of papillary lesions were positive for PAS. Case 1. PAS stain. Bar, 100 µm. Insert, von Kossa stain.
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proliferations were not observed in case 2. These neoplastic cells in both cases were almost uniform size and they had mildly 
eosinophilic cytoplasm, round or elongated nucleus and unclear nucleolus. Their mitosis and invasions into vessels or parenchyma 
of normal organs were not found. The cystic contents were stained mildly eosinophilic by H&E, mildly positive for PAS stain, and 
negative for Alcian blue stain (data not shown). In both cases, PAS-positive amorphous or circular structures were occasionally 
deposited in the stroma (Fig. 2c, 2d). The amorphous deposits seemed like a hyaline by H&E and showed bright magenta by MT 
stain (data not shown). The circular structures were mainly observed in the papillary lesion and calcified like psammoma body 
(Fig. 2d). Between the cysts, there was observed thin connective tissue with multifocal mild infiltration of lymphoid and plasma 
cells (Fig. 2b). Occasionally, focal proliferations of spindle cells were also observed in the stroma (Fig. 2b). Pyogenic inflammation 
occurred in a part of the right dilated oviductal mucosa. The other abnormal findings were not found in the oviducts of both cases. 
Lymphoid cells mildly infiltrated in the cardiac, renal, hepatic and gastrointestinal mucosal stroma in case 1.

Immunohistochemistry showed that the neoplastic cells were strongly positive for CK and vimentin in the cytoplasm (Fig. 3a, 
3b). For S100, they were mildly positive in the cytoplasm and partially positive in the nucleus (Fig. 3c). For calretinin, neoplastic 
cells were strongly positive at the luminal surface, but negative in the nucleus (Fig. 3d). For WT1, positive reactions were partially 
observed in the nucleus (Fig. 3e). The neoplastic cells were negative for SMA, NSE, PR, ER and ALV in both cases. In the stroma, 
the SMA-positive layer surrounded the cysts, which was prominent in case 2 (Fig. 3f). In both cases, SMA-positive cellular masses 
were also observed in the stroma.

Ultrastructurally, the neoplastic cells had sparsely microvilli on the luminal surface (Fig. 4). The cell membranes were closely 
connected by desmosomes and interdigitations. In case 2, the interdigitations were observed more than case 1, but the microvilli 
and the desmosomes were less than case 1 (Fig. 4). Cilium and intracytoplasmic lumina were not found on the cells in either case. 
ALV-like viral particles were not observed in both cases.

The histological results indicated that the present cases were likely to benign mesothelioma. The tumors in the present cases 

Fig. 3. Immunohistochemistry of cystic lesion. a–e: The neoplastic cells were strongly positive for CK (a) and vimentin (b) in the cytoplasm; 
mildly positive for S100 in the cytoplasm and the nucleus (c); strongly positive for calretinin on the luminal surface, but negative in the nucleus 
(d); partially positive for WT1 in the nucleus (e). Inserts, high magnification. Case 1. Bars, 100 µm. f: The layer and mass of spindle cells 
surrounding the cysts were positive for SMA. Case 2. Bar, 100 µm.
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were confined to the serous membrane, did not invade parenchyma. Additionally, mitosis or infiltrating proliferation were not 
found. The neoplastic cells were positive for cytokeratin and vimentin, as previously reported avian mesotheliomas [11, 13]. 
Morphologically, avian mesothelioma commonly develops multiple nodules or masses [5, 6, 11, 19, 24] and the neoplastic cells are 
present in gland-like or papillary arrangements [5–7, 19]. On the other hand, the present cases developed the multicystic lesion that 
was different from the previously reported avian mesotheliomas.

The present cases morphologically resembled human benign multicystic peritoneal mesothelioma (BMPM) which is a rare 
tumor developing during reproductive age [9, 14, 15, 21, 29]. In BMPM, the neoplastic cells are positive for cytokeratin, vimentin, 
calretinin and WT-1, and occasionally positive for PR or/and ER [14, 15, 22, 25, 28]. Their luminal surface is microvillous and 
cell boundaries are often tightly apposed with desmosomes and interdigitations [12, 23]. Therefore, the present cases also had 
immunohistological and ultrastructural similarities with BMPM.

As mentioned above, the present cases had histological features similar to mesothelioma. However, these cases showed 
different characteristics from mesothelioma on the following points: the expression of calretinin and the presence of smooth 
muscles. Calretinin is a useful marker for the definite diagnosis of human mesothelioma [10], and it was also expressed in both 
cytoplasm and nuclear in chicken normal mesothelium (Supplementary Fig. 1). The nuclear immunoreactivity with calretinin has 
high specificity for human mesothelioma [2, 10]. Our previous study also revealed that the neoplastic cells were strongly positive 
for calretinin in a malignant mesothelioma of a broiler breeder [13]. In contrast, the present cases showed negative reactions for 
calretinin in the nucleus. In addition, the smooth muscle layers in the stroma were revealed in the present cases, but mesothelioma 
commonly lacks them [21, 29]. Furthermore, almost the previously reported chicken mesotheliomas were associated with 
tumorigenic ALV infections [5, 7, 13], but the present cases might be spontaneous tumors without ALV infections.

The present cases also had characteristics of epithelial tumors. S100 which was positive in the present cases is positive for 
human ovarian or peritoneal serous carcinoma but negative for mesothelioma [30]. Ultrastructurally, microvilli of human serous 
carcinoma are fewer in number and length than mesothelioma [18]. The microvilli in the present cases were also fewer than 
previously reported chicken mesothelioma [7]. Additionally, the presence of smooth muscles might suggest the possibility that 
the tumor in the present cases originated from Mullerian duct. There are several sources presumed that human peritoneal serous 
adenocarcinoma arises from: mesothelium modified by various Mullerian influences, Mullerian inclusions in the peritoneal 
surfaces, and serous tubal intraepithelial carcinoma in the distal fallopian tubes [3, 4, 26]. Additionally, the mesothelium could 
exhibit a metaplastic process into Mullerian-type epithelium in human [16]. Those studies support the possibility that Mullerian 
epithelial tumors can occur even in chicken peritoneum. However, the present cases lacked cilia which found on oviductal 
epithelium and ovarian adenocarcinoma in human and chicken [1, 8, 18] and they were negative for ER and PR which indicate 
Mullerian differentiation [16].

In conclusion, this study showed unique chicken peritoneal multicystic tumor that was differentiated from ovarian and oviductal 
adenocarcinoma. This tumor had some characteristics of mesothelioma, but also contained notable differences. Mesothelioma is a 
rare tumor in birds [19, 20], and there were few studies about differential diagnoses of avian mesothelioma. The diagnosis of the 
present cases needs to differentiate benign mesothelioma and Mullerian epithelial tumor, but unfortunately difficult in this study. 
Further case studies in chickens will be required for definite diagnosis of this tumor. This is the first report describing the detailed 
pathological feature of the peritoneal multicystic tumor in chicken. We hope that this study will contribute to the classification of 
avian cystic tumors in the future.

Fig. 4. Ultrastructure of the neoplastic cells in case 2. They had sparsely microvilli (arrows) on the luminal surface. 
The cell membranes were closely aligned with interdigitations. Bar, 5 µm.
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