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Case Report

Swim bladder tumor in the young adult scoliotic medaka

(Oryzias latipes)

Satoshi Furukawal!*, Yumiko Hoshikawal, Kota Irie!, Yusuke Kuroda!, and Kazuya Takeuchi!

I Biological Research Laboratories, Nissan Chemical Corporation, 1470 Shiraoka, Shiraoka-shi, Saitama 349-0294, Japan

Abstract: A swim bladder tumor was detected in one scoliotic medaka aged 22 weeks. The tumor was located in the dorsal abdominal
cavity, with maximum dimension of 1,850 x 1,500 um. No swim bladder lumen was identified, and the region where the swim bladder
lumen would have been located, was replaced with adipose tissues. The tumor was a non-invasive, expansile, and encapsulated solid
mass with a few cysts, and comprised a homogenous population of well-differentiated, densely packed, gas glandular epithelium-like
cells. The tumor mass was connected to a rete mirabile that showed a hyperplastic capillary plexus; however, the tumor cells did not
invade the rete mirabile, thereby revealing that the tumor was an adenoma originating from the gas glandular epithelium of the swim
bladder. Since proliferative lesions in the swim bladder have been reported in some teleosts with skeletal deformations, including
medaka, the occurrence of a spontaneous swim bladder tumor in teleosts is considered to be closely associated with various types of
skeletal deformation, and spinal curvature in particular. (DOI: 10.1293/tox.2020-0088; J Toxicol Pathol 2021; 34: 157-160)
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The swim bladder in teleosts is an organ that controls
whole-body density, buoyancy, and sound production and
originates from an outgrowth of the anterior part of the
alimentary canall. These swim bladders are classified into
two types based on the presence or absence of a pneumatic
duct, namely, a physostomous swim bladder (in Salmoni-
formes, Cypriniformes, Clupeiformes, etc.) or a physoclis-
tous swim bladder (in Myctophiformes, Perciformes, Gadi-
formes, etc.). In teleosts with a physoclistous swim bladder
and some kinds of the teleosts with a physostomous swim
bladder, the filling and the emptying of the gas bladder are
respectively made by a secretory section (gas gland and rete
mirabile) and a resorbing section (oval body)?2:3.

Spontaneous swim bladder tumors are rare in teleosts,
with only few cases described in limited species4. These
tumors have been reported in medaka5, mullet®, guppy>: 7,
cods8, seahorse’, and Nothobranchius fish!0. The swim blad-
der tumors can be roughly classified into two types based
on their origin: mesenchymal or gas gland epithelial tu-
mors. Most swim bladder tumors are of the latter type and
are diagnosed as adenomas, papillary adenomas, and/or
adenocarcinomas. In our previous study, we reported swim
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bladder tumors in three wavy medakas!!, which were char-
acterized by kypholordosis!2. In the present study, we en-
countered a swim bladder tumor in a young adult scoliotic
medaka, which was characterized by sideways curved ver-
tebrae, and described the detailed histopathological features
of this tumor.

Our one medaka, aged 22 weeks, was sourced from the
stocks of medaka for fish toxicity studies at the Biological
Research Laboratory, Nissan Chemical Corporation. The
fish was maintained in dechlorinated tap water at 25 + 1°C
under a 16:8-hour light:dark photoperiod. The fish was sacri-
ficed by overexposure to CO, gas and fixed in Bouin’s solu-
tion overnight, before being refixed in 10% neutral-buffered
formalin. Thereafter, the fixed fish was separated into two
sections by mid-sagittal cut, and both sections were embed-
ded in paraffin, serial sectioned at a thickness of 4 um, and
stained routinely with hematoxylin and eosin for histopatho-
logical examination. This study was conducted according to
the Guidelines for Animal Experimentation, at the Biologi-
cal Research Laboratory, Nissan Chemical Corporation.

The fish revealed growth abberations and decreased lo-
comotor activity. It grossly presented scoliosis: the vertebra
was laterally curved at the trunk region and the boundary
between the trunk and tail regions (Fig. 1a). Histologically,
the tumor was located posterior to the head kidney in the
dorsal abdominal cavity that was divided by the diaphragm
superior to the gastrointestinal tract, and compressed the
diaphragm and head kidney in the left side section (Fig. 1b).
The tumor mass had a maximum dimension of 1,850 x 1,500
pm. No swim bladder lumen was identified, and the region
where the swim bladder lumen would have been located,
was replaced with adipose tissues (Fig. 1b). Moreover, the
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Fig. 1. a) Gross appearance of swimming scoliotic medaka. Vertebra showing laterally curved at trunk region (A) and boundary (A) between
trunk and tail regions. b) Loupe image of a sagittal section (left side). Tumor mass (—) and rete mirabile. Tumor compressing diaphragm
and head kidney without formation of swim bladder lumen. Hematoxylin and eosin (HE) stain. Bar = 2,000 pm. c¢) Loupe image of a
sagittal section (right side). No tumor mass or swim bladder lumen. Thickening of body kidney. HE stain. Bar = 2,000 um. d) Low
magnification of gas gland adenoma and rete mirabile. Encapsulated expansile solid mass with a few cysts. Rete mirabile showing a hy-
perplastic capillary plexus. HE stain. Bar =700 pm. ¢) High magnification of tumor cells. Tumor mass supported by capillaries and mini-
mal stroma. Homogenous population of well-differentiated, densely packed, gas glandular epithelium-like cells with pale eosinophilic
vacuolated cytoplasm. HE stain. Bar = 45 pm. f) Medium magnification of boundary between gas gland adenoma and rete mirabile. No
infiltration of tumor cells into rete mirabile. HE stain. Bar = 90 um. Di, diaphragm; Gi, gill; He, heart; Ki/b, body kidney; Ki/h, head

kidney; In, intestine; Li, liver; RM, rete mirabile; Te, testis.

tumor mass was unevenly located on the left side of abdomi-
nal cavity, and no mass was detected in the right side sec-
tions (Fig. Ic). Furthermore, the body kidney showed thick-
ening caused by the loss of swim bladder lumen. The tumor
was a non-invasive, expansile, and encapsulated solid mass
with a few cysts, which contained an eosinophilic substance
(Fig. 1d), and comprised a homogenous population of well-

differentiated, densely packed, gas glandular epithelium-
like cells. Histologically, the tumor cells were arranged in
cords, trabeculae, and solid patterns, supported by capillar-
ies and minimal stroma. They were of various sizes and of
round to polygonal shape with distinct cell borders and pale
eosinophilic vacuolated cytoplasm (Fig. le). Anisonucleosis
was observed with irregularly shaped and indistinct nucle-
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oli, although no mitotic figures were detected. The tumor
mass was connected to a rete mirabile that showed a hyper-
plastic capillary plexus with focal dilated lumen (Fig. 1d);
however, the tumor cells did not invade the rete mirabile
(Fig. 1f). From these histological features, this tumor was
diagnosed as an adenoma originating from the gas glandu-
lar epithelium of the swim bladder. Notably, histopathologi-
cal lesions in other organs were observed, such as multiple
cysts in the liver.

The morphology of swim bladder tumor in the pres-
ent case was similar to that in the wavy medakas, described
in our previous report!!; however, the rete mirabile was
enlarged by the hyperplastic capillary plexus in this case.
The proliferated rete mirabile in the swim bladder tumors
was also detected in Sparus auratal3. Although it was un-
clear whether this lesion was a specific change in the swim
bladder tumors, the capillary plexus connected to the tumor
seemed to be more developed, resulting from the large tu-
mor mass in the present case.

Swim bladder tumors can be induced in teleosts via ex-
posure to environmental contaminants and carcinogens!4. 15,
Chemically-induced swim bladder tumors originating from
gas glandular epithelium have been reported in the me-
daka exposed to N-methyl-N’-nitro-N-nitrosoguanidine!®,
4-chloroaniline!’, aniline!’, or bis(tri-n-butyltin)oxide!8 and
in the guppy exposed to methyl mercury chloride!. Spon-
taneous swim bladder tumors are rare, with an incidence
of 0.02% (2/10,000) in medakas older than 24 weeks of age
and 0.14% (7/5,000) in guppies older than 13 weeks of age
that have been used in the control groups for various carci-
nogenicity testsS. In contrast, the incidence of swim bladder
tumors is markedly higher at 10.7% (3/28) in wavy meda-
kas!l. Additionally, it is reported that the juvenile fishes with
skeletal deformations exhibit a high prevalence of sponta-
neous proliferative changes in the swim bladder, including
the swim bladder tumors. Such abnormalities have been
found in Sparus aurata'3 with kypholordosis and Atlantic
cod8 with notochord deformations and subsequent axial
skeleton deformation. Because a swim bladder tumor was
additionally detected in a scoliotic medaka in the present
study, these findings collectively support the occurrence
of spontaneous swim bladder tumors is closely associated
with various types of skeletal deformation, and spinal cur-
vature in particular. Moreover, it has been proposed that
failure to gulp surface air by few farm-raised juvenile ma-
rine fishes leads to an abnormally closed swim bladder and
spinal curvature2. In our previous and present studies, all
spinally curved medakas with a swim bladder tumor had
an abnormally closed swim bladder lumen. In addition, our
wavy medakas without a swim bladder tumor showed swim
bladder deformation induced as a secondary effect of spinal
curvature. Therefore, the swim bladder tumors in the wavy
or scoliotic, medaka is likely involved with effects caused
by an uninflated swim bladder or by swim bladder deforma-
tion, on the proliferation of gas glandular epithelium.

Disclosure of Potential Conflicts of Interest: The authors
declare that there is no conflict of interest.

Acknowledgments: The authors would like to thank Dr.
Jeffrey C. Wolf in Experimental Pathology Laboratories
Inc. for some important suggestions, as well as Ms. Yukiko
Sudo, Ms. Yoshie Nagashima, Mr. Atsushi Funakoshi, and
Ms. Kaori Maejima in Nissan Chemical Co. for their excel-
lent technical assistance.

References

1. Smith FM, and Croll RP. Autonomic control of the swim-
bladder. Auton Neurosci. 165: 140-148. 2011. [Medline]
[CrossRef]

2. Genten F, Terwinghe E, and Danguy A. Swim and gas blad-
ders. In: Atlas of Fish Histology, 1st. F Genten, E Terwing-
he, and A Danguy (eds). Science Publshers, Enfield USA.
99-103. 20009.

3. Ganias K, Michou S, and Nunes C. A field based study of
swimbladder adjustment in a physostomous teleost fish.
Peer]. 3: €892. 2015. [Medline] [CrossRef]

4. Roberyts RJ, and Rodger HD. The pathophysiology and
systematic pathology of teleost. In: Fish Pathology, 4th
ed. Roberts RJ (ed). Wiley Blackwell, New Delhi. 62—143.
2016.

5. Fournie JW, Hawkins WE, and Walker WW. Proliferative
lesions in swimbladder of Japanese medaka Oryzias latipes
and guppy Poecilia reticulata. Dis Aquat Organ. 38: 135—
142. 1999. [Medline] [CrossRef]

6. Sirri R, Bianco C, Zuccaro G, Turba ME, and Mandrioli L.
Hernia of the swim bladder (aerocystocele) with concurrent
mycotic granulomatous inflammation and swim bladder
carcinoma in a wild mullet (Mugil cephalus). J Vet Diagn
Invest. 28: 739-743. 2016. [Medline] [CrossRef]

7. Stolk A. Tumours of fishes. XVIII. Adenoma of the swim
bladder in the viviparous cyprinodont Lebistes reticulatus
(Peters). Proc K Ned Akad Wet (Biol Med). 60c: 650—657.
1957.

8. Zhuravleva NG, Matishov GG, Ottesen OH, and Larina
TM. Neoplasms in the swim bladder of juvenile cod. Dokl
Biol Sci. 440: 340-342. 2011. [Medline] [CrossRef]

9. Stilwell JM, Boylan SM, Howard S, and Camus AC. Gas
gland adenoma in a lined seahorse, Hippocampus erectus,
Perry 1810. J Fish Dis. 41: 171-174. 2018. [Medline] [Cross-
Ref]

10. Dykova I, Blazek R, Souckova K, Reichard M, and Slaby
O. Spontaneous adenocarcinoma of the gas gland in Noth-
obranchius fishes. Dis Aquat Organ. 137: 205-210. 2020.
[Medline] [CrossRef]

11. Furukawa S, Hoshikawa Y, Irie K, Kuroda Y, and Takeu-
chi K. Swim bladder tumors in the wavy medaka (Oryzias
latipes). J Toxicol Pathol. 34: 107—-111. 2021. [CrossRef]

12. Irie K, Kuroda Y, Mimori N, Hayashi S, Abe M, Tsuji N,
Sugiyama A, and Furukawa S. Histopathology of a wavy
medaka. J Toxicol Pathol. 29: 115-118. 2016. [Medline]
[CrossRef]

13. Paperna I. Swimbladder and skeletal deformations in hatch-
ery bred S. aurata. J Fish Biol. 12: 109-114. 1978. [Cross-
Ref]


http://www.ncbi.nlm.nih.gov/pubmed/20817620?dopt=Abstract
http://dx.doi.org/10.1016/j.autneu.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/25870779?dopt=Abstract
http://dx.doi.org/10.7717/peerj.892
http://www.ncbi.nlm.nih.gov/pubmed/10598284?dopt=Abstract
http://dx.doi.org/10.3354/dao038135
http://www.ncbi.nlm.nih.gov/pubmed/27698167?dopt=Abstract
http://dx.doi.org/10.1177/1040638716663600
http://www.ncbi.nlm.nih.gov/pubmed/22134827?dopt=Abstract
http://dx.doi.org/10.1134/S0012496611050048
http://www.ncbi.nlm.nih.gov/pubmed/28677159?dopt=Abstract
http://dx.doi.org/10.1111/jfd.12677
http://dx.doi.org/10.1111/jfd.12677
http://www.ncbi.nlm.nih.gov/pubmed/32132273?dopt=Abstract
http://dx.doi.org/10.3354/dao03437
http://dx.doi.org/10.1293/tox.2020-0058
http://www.ncbi.nlm.nih.gov/pubmed/27182116?dopt=Abstract
http://dx.doi.org/10.1293/tox.2015-0070
http://dx.doi.org/10.1111/j.1095-8649.1978.tb04157.x
http://dx.doi.org/10.1111/j.1095-8649.1978.tb04157.x

160

14.

15.

16.

17.

Swim Bladder Tumor in Young Adult Scoliotic Medaka

Bailey GS, Williams DE, and Hendricks JD. Fish models
for environmental carcinogenesis: the rainbow trout. Envi-
ron Health Perspect. 104(Suppl 1): 5-21. 1996. [Medline]
Brown-Peterson NJ, Krol RM, Zhu Y, and Hawkins WE.
N-nitrosodiethylamine initiation of carcinogenesis in Japa-
nese medaka (Oryzias latipes): hepatocellular proliferation,
toxicity, and neoplastic lesions resulting from short term,
low level exposure. Toxicol Sci. 50: 186—194. 1999. [Med-
line] [CrossRef]

Bunton TE, and Wolfe MJ. N-methyl-N’-nitro-N-nitroso-
guanidine-induced neoplasms in medaka (Oryzias latipes).
Toxicol Pathol. 24: 323-330. 1996. [Medline] [CrossRef]
Johnson R, Tietge J, and Stokes G. Validation of the meda-
ka assay for chemical carcinogens. Compendium of the FY
1988 and 1989 Research Reviews for the Research Methods

18.

19.

20.

Branch. US Army Biomedical Research and Development
Laboratory. 45-60. 1993.

Wester PW, Canton JH, Van lersel AAJ, Krajnc EI, and
Vaessen HAMG. The toxicity of bis(tri-n-butyltin)oxide
(TBTO) and di-n-butyltindichloride (DBTC) in the small
fish species Oryzias latipes (medaka) and Poecilia reticulata
(guppy). Aquat Toxicol. 16: 53—72. 1990. [CrossRef]
Wester PW, and Canton HH. Histopathological effects in
Poecilia reticulata (guppy) exposed to methyl mercury chlo-
ride. Toxicol Pathol. 20: 81-92. 1992. [Medline] [CrossRef]
Kitajima C, Watanabe T, Tsukashima Y, and Fujita S. Lor-
dotic deformation and abnormal development of swimblad-
ders in some hatchery-bred marine physoclistous fish in
Japan. ] World Aquacult Soc. 25: 64—77. 1994. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/8722107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10478854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10478854?dopt=Abstract
http://dx.doi.org/10.1093/toxsci/50.2.186
http://www.ncbi.nlm.nih.gov/pubmed/8736388?dopt=Abstract
http://dx.doi.org/10.1177/019262339602400308
http://dx.doi.org/10.1016/0166-445X(90)90077-3
http://www.ncbi.nlm.nih.gov/pubmed/1411135?dopt=Abstract
http://dx.doi.org/10.1177/019262339202000110
http://dx.doi.org/10.1111/j.1749-7345.1994.tb00806.x

