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ABSTRACT: Spontaneous neoplasia of the intestinal tract in sentinel and moribund zebrafish
Danio rerio is common in some zebrafish facilities. We previously classified these tumors as adenocarcinoma, small-cell carcinoma, or carcinoma otherwise unspecified based on histomorphologic
characteristics. Based on histological presentation, the primary differential diagnosis for the intestinal carcinomas was tumor of neuroendocrine cells (e.g. carcinoids). To further characterize the
phenotype of the neoplastic cells, select tissue sections were stained with a panel of antibodies
directed toward human epithelial (cytokeratin wide spectrum screening [WSS], AE1/AE3) or
neuroendocrine (S100, chromogranin A) markers. We also investigated antibody specificity by
Western blot analysis, using a human cell line and zebrafish tissues. Nine of the intestinal neoplasms (64%) stained for AE1/AE3; 7 (50%) also stained for WSS. None of the intestinal neoplastic
cells stained for chromogranin A or S100. Endocrine cells of the pituitary gland and neurons and
axons of peripheral nerves and ganglia stained for chromogranin A, whereas perineural and periaxonal cells of peripheral intestinal ganglia, and glial and ependymal cells of the brain stained for
S100. Immunohistochemistry for cytokeratins confirmed the majority of intestinal neoplasms in
this cohort of zebrafish as carcinomas.
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For over a decade, spontaneous intestinal neoplasia has been observed in zebrafish Danio rerio submitted to the ZIRC (Zebrafish International Resource
Center) diagnostic service (Spitsbergen et al. 2012,
Paquette et al. 2013). Many of the fish from these
populations also displayed preneoplastic changes in
the intestine, including epithelial hyperplasia and

dysplasia. Based on routine histology, neoplastic
lesions were classified either as adenocarcinoma
(50.4%) or small cell carcinoma (37.2%), or other
(carcinoma not otherwise specified, tubular adenoma, tubulovillous adenoma, 12.4%) (Paquette et
al. 2013).
The cellular phenotype of these neoplasms has not
been fully elucidated. Considering the location and
morphology, the primary alternative to intestinal car-
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cinomas are small cell carcinoma or carcinoid tumors
derived from neuroendocrine cells (Klöppel & Anlauf
2005, Modlin et al. 2008). The purpose of this study
was to more fully characterize zebrafish intestinal
tumors using immunohistochemistry. There is close
conservation between human and zebrafish tumorigenic mechanisms at the molecular, cellular, and tissue levels, including expression of tumor antigen target epitopes (Amatruda & Patton 2008, Liu & Leach
2011). Based upon interspecies target epitope conservation and the limited availability of zebrafish-specific antibodies, we chose to evaluate tumor antigen
expression using antibodies raised against human
antigens. Both wide spectrum screening (WSS) and
AE1/AE3 are cytokeratin markers expressed in
human intestinal adenocarcinomas (Chu & Weiss
2002). S100 is a marker for neural crest-derived-cells
found in human neurogenic neoplasms (e.g. schwannoma, melanoma, ependymoma, astroglioma) and
gastrointestinal stromal tumors (GISTs) (Miettinen &
Lasota 2001). Chromogranin A is expressed in chromaffin cells of endocrine and neuroendocrine origin
and their respective neoplasms, such as pheochromocytoma and small-cell carcinomas (Ferrari et al.
1999). In addition, WSS and AE1/AE3 cytokeratins,
S100 and chromogranin A antibodies were evaluated
by Western blotting, in order to compare and contrast
differences, if any, between the respective human
and zebrafish proteins.

animals were pooled and homogenized with IP lysis
buffer (Roche) and incubated overnight at 4°C. Protein concentration was determined using the Thermo
Scientific Pierce Micro BCA protein assay (Thermo
Scientific), with bovine serum albumin as standard.
Zebrafish protein samples were then prepared and
separated by electrophoresis on a SDS-PAGE gel
using MagicMarkTM XP Western Protein Standard
(Life Technologies) and human acute monocytic
leukemia cell line HTP-1 (ATCC® TIB-202™American Type Culture Collection) as positive controls.
Proteins were transferred onto a nitrocellulose membrane (Life Technologies,) and blocked by immersion
in 2% bovine serum albumin (BSA) dissolved in
phosphate-buffered saline (PBS). The membranes
were then incubated at 4°C overnight with the primary antibodies against WSS (Dako Z0622) 1:2000,
AE1/AE3 (Dako M3515) 1:400, S100 (Dako Z0311)
1:500 or chromogranin A (Dako A0430) 1:2000 (Dako,
Agilent Technologies). After incubation, the membranes were washed with PBS containing 0.1%
Tween-20 6 times and incubated for 1 h with a secondary antibody of goat anti-rabbit IgG-HRP (WSS,
S100, and chromogranin A) or goat anti-mouse IgGHRP (AE1/AE3) (Dako, Agilent Technologies). Membranes were subsequently washed 3 times with PBS
containing 0.1% Tween-20. Substrate development
for photo documentation was performed using the
PierceTM ECL chemiluminescent substrate (Thermo
Scientific).

MATERIALS AND METHODS
Immunohistochemistry
Cases
A subset of paraffin-embedded sentinel and moribund zebrafish, previously fixed with Dietrich’s, was
selected from the archive at the ZIRC diagnostic
service, based upon the presence of intestinal tumors
previously classified as adenocarcinoma, small-cell
carcinoma, or carcinoma not otherwise specified
(Paquette et al. 2013). These specimens demonstrated distinct histomorphologic characteristics of
the comparative mammalian tumors (Lingeman &
Garner 1972, Sidhu 1979, Brenner et al. 2004), determined using routine hematoxylin and eosin-stained
slides.

Western blotting
Five whole frozen zebrafish ~30 d post fertilization
(dpf) were processed for immunoblot analyses. The

Immunohistochemistry was performed according
to standard operating procedures of the Veterinary
Diagnostic Laboratory at Oregon State University. In
brief, 4 to 5 µm sections on charged slides (Tanner
Scientific) were rehydrated. Slides were either high
temperature antigen retrieved (chromogranin A:
Dako A0430 [1:1000]; S100: Dako Z0311 [1:400]) in a
microwave pressure cooker for 10 min or enzymatically digested with Proteinase K (Dako S3020) for
5 min (CK(WSS): Dako Z0622 [1:500]; AE1/AE3:
Dako M3515 [1:100]). In a Dako Autostainer primary
antibodies were applied for 30 min at room temperature followed by MaxPoly-One polymer HRP rabbit
or mouse (MaxVision Biosciences) for 10 min at room
temperature. Signal was developed with chromogen
Nova Red (SK-4800, Vector Laboratories), and slides
were counterstained with Dako hematoxylin (s3302).
Sections of whole zebrafish served as positive and
negative controls for immunohistochemistry.
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Considering the subjectivity in evaluation of
immunohistochemistry results, the slides were read
independently by 3 of the authors (C. E. Paquette,
M. L. Kent, and C. V. Löhr). Results were recorded as
follows for each antibody: positive, equivocal (weak
staining or few neoplastic cells showing positivity), or
negative.

RESULTS
Cases
The fish selected for analysis were sourced from
6 individual facilities and included 7 females and
7 males, ranging in age from 301 to 1071 dpf. Both
wild-type and mutant lines were represented. Six
tumors were located in the anterior third of the intestine, 7 were mid-intestine, and 1 was located in the
mid-distal intestine. Four of the tumors analyzed were
classified as adenocarcinoma, 5 as small-cell carcinoma, and 5 as carcinoma not otherwise specified.

Western blotting
In proteins from whole zebrafish homogenate, WSS
stained 2 distinct bands at ~40 kDa, while a series of
bands ranging from 48 to 59 kDa was expected and
observed with the human cell homogenate (Adem
et al. 2002, Chu & Weiss 2002) (Fig. 1a). AE1/AE3
recognized several zebrafish protein bands between
~38 and 41 kDa, whereas a series of bands at ~40 and
between 48 and 67 kDa was expected and observed
with the human cells (Woodcock-Mitchell et al. 1982,
Chu & Weiss 2002) (Fig. 1b). S100 reacted with a
zebrafish protein at ~10 kDa, compared to ~21 kDa
for human S100 protein (Singh & Cheng 1996) (Fig. 1c).
Chromogranin A recognized a band at ~44 kDa in
the zebrafish tissue and at the expected 74 kDa in the
human cells (Montero-Hadjadje et al. 2008) (Fig. 1d).

Immunohistochemistry
The expression of WSS, AE1/AE3, S100, and chromogranin A antibodies was analyzed in normal tissue
and tissue from intestinal tumors from 14 individual
zebrafish. Intestinal tumors included adenocarcinoma (Fig. 2a,c), small-cell carcinoma (Fig. 2b,d),
and carcinoma not otherwise specified (not shown).
Strong staining for WSS was present in normal
epithelial cells of the intestine (Fig. 3a), skin, nares,

Fig. 1. Western blot against (a) wide spectrum screening
(WSS), (b) AE1/AE3, (c) S100, and (d) chromogranin A compared to expected targeted protein sizes (indicated by
boxes). M: marker protein; Z: normal whole adult zebrafish
tissue homogenate; H: HTP-1 cells (human)

and gills (Fig. 3b), and renal collecting ducts of adult
zebrafish, serosal cells of the coelomic cavity and
meninges, and cross-reacted with chondrocytes and
endothelium. Neural tissue and exocrine pancreas
were negative. AE1/AE3 demonstrated the same
staining pattern as WSS including staining of epithelial cells of the intestine and gills (Fig. 3c and Fig. 3d,
respectively) and no staining of nervous tissue and
exocrine pancreas. However, WSS produced a stronger staining reaction in epithelial cells and less
intense cross-reactivity in endothelial cells than
AE1/AE3. Seven of the 14 (50%) intestinal neoplasms scored positive for WSS (Fig. 3e), and 9 of
the 14 (64%) were positive for AE1/AE3 (Fig. 3f)
(Table 1).
Chromogranin A reacted positively with scattered
neurons of vertebral ganglia, most cells in the pituitary gland, some nerve fibers in the normal brain
and spinal cord, axons and/or sheath cells in peripheral nerves, and thin fibers in the lateral line, sensory
organs of the skin and along the cutaneous basement
membrane, skeletal muscle, and myenteric plexus
(Fig. 3g). Staining intensity was stronger for the latter. Normal intestinal epithelium was negative. All of
the intestinal tumors were regarded as negative for
chromogranin A (Fig. 3g).
In normal zebrafish tissue, S100 antibody showed
strong immunoreactivity with glial cells in the nervous tissue including vertebral and myenteric ganglia
(Fig. 3h), the nasal epithelium, meninges, thin fibers
in the lateral line, skeletal musculature, and indi-
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Fig. 2. Danio rerio. Intestine with neoplasia from 2 out of 14 individuals (see Table 1) . (a) Fish 1. Intestinal adenocarcinoma
with neoplastic cells (arrows) within the lamina propria and muscularis, extending to the serosal layer. Hematoxylin and eosin
(H&E). (b) Fish 7. Intestinal small cell carcinoma infiltrating the lamina propria with invasion into the muscularis (arrows).
H&E. (c) Fish 1. Higher magnification of the intestinal adenocarcinoma in (a) shows neoplastic cells forming solid and
pseudoacinar structures. (d) Fish 7. Higher magnification of intestinal small cell carcinoma in (b) shows fusiform neoplastic
cells forming small aggregated nests

vidual cells in occasional renal tubules and showed
weak reactivity in endocrine cells of the pituitary
gland. Normal intestinal epithelium was negative for
S100. All intestinal tumors were scored negative for
S100 (Fig. 3h), except for 2 carcinomas designated
‘equivocal’ by 2 of the evaluators.

DISCUSSION
We recently reported, in a retrospective survey of
the ZIRC diagnostic database, on the occurrence of
intestinal tumors among zebrafish from several laboratories (Paquette et al. 2013). Some laboratories
exhibited a high prevalence, and the majority of the
intestinal tumors within that study were classified as
adenocarcinomas, small-cell carcinomas, or carcinomas otherwise unspecified based upon histomor-

phology. Immunohistochemical analysis reported
here indicates that most, if not all, of the neoplasms
are of epithelial origin. Two-thirds of the intestinal
zebrafish tumors were positive for cytokeratins,
while none stained strongly positive with neural tissue markers. Neoplastic cells in the small cell carcinomas were more often negative for the 2 epithelial antibodies. These cells are morphologically less
differentiated, with a small nucleus and minimal
cytoplasm.
It is not surprising that not all intestinal carcinomas
stained for cytokeratins. Poor differentiation and progression towards anaplasia or tumor formation from
pluripotent blast cells (Kapoor & Khanna 2004) is
associated with expression patterns of intermediate
forms that are untypical for a particular cell type.
Stratification of expression can be observed even
amongst neoplastic cells within the same tumor (Chu
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Fig. 3. Danio rerio. Immunohistochemistry of intestinal neoplasia and normal structures. All micrographs are from one individual (Fish 1, see Table 1) (a) Cytokeratin expression in the normal cells of the intestinal epithelium. Wide spectrum screening
(WSS). (b) Cytokeratin expression in the gill epithelium. WSS. (c) Cytokeratin expression in the normal cells of the intestinal
epithelium including mesothelial cells (arrow). AE1/AE3. (d) Cytokeratin expression in the gill epithelium. AE1/AE3. (e) Neoplastic cells (arrows) of the invasive intestinal tumor shown in Fig. 2a and previously classified as adenocarcinoma based upon
histomorphologic characteristics stain for cytokeratin. WSS. (f) Neoplastic cells (arrows) of the same intestinal tumor shown in
(e), stained for cytokeratin. AE1/AE3. (g) Neurons of myenteric plexus are stained (arrows), whereas neoplastic cells of the
adenocarcinoma shown in Fig. 2a do not stain (arrowhead). Chromogranin A. (h) Normal ganglion cells of autonomic ganglia
expressing positive staining (arrows), whereas neoplastic cells of the intestinal tumor shown in Fig. 2a do not stain
(arrowheads). S100

& Weiss 2002) and may be required for critical steps
in tumor progression such as cell invasion (Gabbert
et al. 1985). Specific protein bands for WSS and
AE1/AE3 were detected in the prepared homogenates of adult zebrafish and human HTP-1 cells,
albeit 11 to 16 kDa below their predicted molecular
weights in zebrafish tissue. AE1 and AE3 have been
previously characterized by complimentary keratin
blot-binding analysis (Conrad et al. 1998) and S100
by Western blot (Germanà et al. 2007). The small size
of zebrafish allows for preparing one histologic slide
containing all representative tissues from entire

organ systems. This provides an excellent format for
positive and negative controls for immunohistochemistry, as appropriate normal tissues are present in the
exact specimen as the tissue of interest. In our study,
a wide variety of epithelial cells were strongly positive with both cytokeratin stains.
Cells of gut-derived neuroendocrine neoplasms in
vertebrates often stain for S100 and chromogranin A,
particularly with the latter marker (Bunton 1994, Ferrari et al. 1999, Jirásek & Mandys 2003, Modlin et al.
2008, Giandomenico 2010). None of the tumors examined here had convincing staining for either of the
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Table 1. Summary of wide spectrum screening (WSS), AE1/
AE3, S100, and chromogranin A staining of intestinal tumors
in zebrafish submitted to the Zebrafish International Resource
Center diagnostic service 2001−2011. In each column, the 3
symbols represent readings performed by 3 independent evaluators; + (positive), +/− (equivocal), − (negative). F: fish number;
NOS: carcinoma not otherwise specified
WSS

Adenocarcinoma
F1
+ +
+
F2
+ +
+
F3
− −
−
F4
− −
−

AE1/
AE3

+
+
−
−

+
+
−
−

S100

+
+
−
−

Small-cell carcinoma
F5
− −
−
+/− +/− +/−
F6
− −
−
+/− +/− +/−
F7
− −
−
+/− −
−
F8
+ +
+
+
+
+
F9
− − +/−
+
+
+
Carcinoma NOC
F10 + +
+
F11 − −
−
F12 + +/− +
F13 + +
+
F14 + +/− +

+
+
+
+
+

+
+/−
+
+
+/−

+
+
+
+
+

at the expected size. The other 3 antibodies consistently reacted to produce protein bands 11 to 16 kDa
below their expected molecular weights against the
zebrafish tissue (Conrad et al. 1998, García et al. 2005,
Germanà et al. 2007, Montero-Hadjadje et al. 2008).
For most zebrafish proteins, only molecular weight
estimations based on amino acid sequence are available. However, additional support for the immunoblot
findings might be obtainable using PCR and genetic
analysis of the zebrafish proteins.
Antibodies directed at mammalian proteins are not
optimized for use on zebrafish tissue sections, and
even certain antibodies generated against other teleost fish have shown markedly reduced affinity for
zebrafish antigens (García et al. 2005). Moreover, the
few zebrafish-specific antibodies that have been
developed to date have not been optimized or appropriately validated (Feitsma & Cuppen 2008). Nevertheless, given the morphology and location of the
neoplastic cells, and our results with immunohistochemistry, we conclude that most, if not all, of the
commonly observed intestinal tumors seen in zebrafish are derived from epithelial cells.

Chromogranin A

−
−
−
−

−
−
+/−
−

−
−
−
−

−
−
−
−

−
−
−
−

−
−
−
−

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−
−
−
−
−
+/− − +/−
+/− +/− −

2 neural/neuroendocrine markers. Considering the
caveats detailed for cytokeratin staining above, this
indicates that the intestinal tumors of zebrafish examined here are most likely not of neuroendocrine origin. Mammalian S100 antibody has been shown to
cross-react with zebrafish schwannomas (Marino et
al. 2012) and also stains neural tissues in zebrafish
and other fishes (Masahito et al. 1985, Bunton & Wolfe
1996, Manso et al. 1997, Bunton 2000, Sakamoto &
White 2002, Marino et al. 2007). However, it did not
cross-react in a dysembryoplastic neuroepithelial
tumor of zebrafish that we recently described (Peterson et al. 2013).
Chromogranin A rabbit antibodies have not previously been investigated with the zebrafish model.
Here, we observed specific staining of neural tissues,
particularly in nerve ganglia and the pituitary gland.
In contrast, none of the neoplasms exhibited staining
for this antibody. By immunoblot analysis, chromogranin A expressed a distinct band at ~44 kDa, which
was lower than the predicted zebrafish chromogranin A molecular weight, based on sequence data
(Montero-Hadjadje et al. 2008) but similar to that
observed in brown bullhead Ameiurus nebulosus
(Bunton 2000).
Western blots for S100 and chromogranin A produced only weak bands, and only the former appeared
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