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ABSTRACT

Background: Due to the multifactorial etiology, tumor manifestation in any vertebrate species
may become a critical issue. This topic requires more consideration for species in aquatic
ecosystems as an enclosed habitat. In addition, knowledge about oncogenesis in the aquaculture
industry enhances the quality of products and its earned benefits.

Objectives: This study investigated the tumor lesions, their characteristics, and probable causes,
in the most commercially important fish in the southern Caspian Sea: Caspian white fish (Rutilus
kutum).

Methods: To accomplish this goal, after gross pathology of more than 20 cases, histopathological
examinations and electron microscopic assays were employed.

Results: The findings confirmed squamous cell carcinoma and squamous cell papilloma in the
examined cases. Furthermore, the virus-like particles were clearly observed in the transmission
electron microscopy results, indicating the probable viral etiology for these neoplastic lesions in

Caspian Kutum.

Conclusion: This study is the first to report the tumor prevalence in fish species of the southern
Article info: . Caspian Sea, which could be an alert for the mentioned ecosystem’s health and the whole
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Introduction

aspian white fish (Rutilus kutum) (Ka-
mensky, 1901), also known as Caspian
Kutum, is a native and the most commer-
cially important bony fish in the southern
Caspian Sea. This cyprinid anadromous
fish is distributed in the southern Caspian
Sea basin, as the largest lake in the world,
bordered with the Kura River in Azerbaijan, the Atrak
River in Turkmenistan, and the Iranian coastal region
(Mirzajani et al., 2016; Samavat et al., 2019). Based on
16 years study of beach seine fishing, Caspian white fish
was identified as the most preyed fish in this area, serv-
ing as a critical indicator of fish species in the southern
Caspian Sea ecosystem (Fazli & Parafkandeh Haghighy,
2016).

Therefore, investigating the pathogenic or life-threat-
ening agents of this species is of utmost importance.
Moreover, the accumulation of pathogens, as well as
heavy metals and persistent organic compounds in ed-
ible piscine species, may be potentially hazardous to the
ecosystem and public health, considering the epizoot-
ics of some pathogens between various species in the
aquatic environment and in some cases between aquatics
and human beings (Farrell et al., 2021; Goyal & Nelson,
1984). Viruses stand out as the most troubling among
pathogens due to their prevalence and incurability. In
addition, several tumor viruses cause cancer in warm-
blooded and cold-blooded animals (Groff, 2004; Harsh-
barger et al., 2021).

The occurance of neoplasia has been frequently docu-
mented in many freshwater and marine fishes, from 1916
of an epidermal papilloma in European smelt (Osmerus
eperlanus) to now, with purely genetic or chemical car-
cinogenic origin as well as viral causes which more than
half of them were reported as skin tumors (Baumann,
1992; Breslauer, 1916; da Rocha et al., 2018; Harshbarg-
er & Clark, 1990).

This study provided the first report of proliferative skin
lesions detected in Caspian white fish with suspected on-
cogenic viral etiology and the first report of neoplasm
seen in a fish species of the southern Caspian Sea.

Materials and Methods
Sampling

Sampling was conducted during harvest season (Oc-
tober to April) from 43 different beach seine fishing.
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The captured fishes (nearly 6000), all of which were R.
kutum, were screened for abnormal signs and suspected
samples and then were further delivered to “the refer-
ence virology laboratory for fish which belongs to Ira-
nian Fisheries Science Research Institute (IFSRI),” for
diagnostic examinations.

Histopathological examinations

After gross pathology and biometry of all samples,
some with apparent signs of abnormal proliferative le-
sions on their lips were selected to be examined histo-
pathologically. To accomplish this, tissues were excised
and placed in conical tubes containing 10% buffered
formalin solution that was refreshed after 24 hours. Be-
fore embedding in paraffin, the dehydration process of
tissues was performed in ethanol concentration gradients
of 50%, 70%, 90%, and 100%, cleared with chloroform.
The 5-pm sections were prepared from tissue samples
using a rotary microtome. Afterward, staining was done
using hematoxylin and eosin (H&E), and sections were
examined by light microscope (Nikon Ci-L plus) accord-
ing to the standard procedures.

Electron microscopy

To perform the electron microscopy, sections were
prefixed for 2 hours at 4°C with 2.5% glutaraldehyde
(TAAB laboratories-3 Minerva, Calleva Park, Alder-
maston, Berks, RG78NA, England—EM grade) in 0.1
M phosphate buffer saline (PBS, pH=7.2). The prepared
sections were washed three times in the PBS (10 min for
each time). After washing, they were post-fixed in 0.5%
osmium tetroxide (TAAB laboratories-3 Minerva) in the
same buffer at room temperature for 1 hour. The samples
were dehydrated in ascending alcohol series, acetone,
and acetone-resin mixture (50/50), embedded in TAAB
embedding resin (TAAB laboratories-3 Minerva), and
polymerized at 60°C for 48 hours. Next, 50-nm ultra-thin
sections were then prepared by Lika Ultracut R (Lika,
Wetzlar, Germany), placed on a 300 mesh copper grid
and double stained with 20% uranyl acetate (BDH Labo-
ratory Chemicals Division, England, No. 0148860) for
45 min in pure methanol (E. Merck, D-6100 Darmstadt)
and Reynolds solution (lead nitrate and sodium citrate;
(Reynolds, 1963) for the same time. Finally, the samples
were examined with the Transmission Electron Micro-
scope (EM208S, PHILIPS, Netherlands) at the acceler-
ating voltage of 100 kV.
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Figure 1. Gross pathology of abnormal mouth cutaneous neoplasia in R. kutum

a and b) Cases with squamous cell papilloma, c and d) Cases with squamous cell carcinoma

Results
Gross pathology

During gross pathology examinations of specimens,
22 were diagnosed with definite cutaneous neoplasms.
Specimens have flat, round, or oval cauliflower-shaped
bumps only on the upper jaw and, in some cases, on both
jaws in front of their lip. The diameter of lesions on the
lips varied from 0.5%0.5 cm to 4x2 cm, and their color
was similar to the surrounding skin or a bit lighter (Fig-
ure 1).

No abnormal lesions were observed in other areas of
the skin. In addition, there were no signs of metastasis
diagnosed in the internal organs through the necropsy.

The median length, weight, and age of examined fish
were 39.03 cm, 780 g, and 4 years, respectively. The
water temperature varied between 9°C and 15°C during
sampling.

Histopathological findings

In the microscopic study, in 20 of 22 cases, neoplasms
were diagnosed as squamous cell papilloma and in 2 of
22 cases as squamous cell carcinoma. The normal skin
of lip surroundings consists of about 15 to 25 layers of
epidermal non-keratinized squamous cells with many
mucosal cells, among which cuboidal Malpighian cells
of different thicknesses existed below them. The basal
layer consists of columnar cells as a germ cell layer, and
collagenous and cartilaginous dermal tissue are integrat-
ed under the epidermal layer (Figure 2a). Meanwhile,
the number of epidermal cell layers was higher in the
lip skin tissue, up to 50. It also contains a chemoreceptor
that is scattered throughout this layer.

All investigated skin papillomas were benign neo-
plasms without aggressive characteristics in which the
upper layer of epidermal cells was reduced or destroyed,
and undifferentiated cubic Malpighian cells without ag-
gressive characteristics were observed below it. They
were smaller in size, proliferated and compacted next to
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Figure 2. The histopathological study of examined tissues from R. kutum

a) Section of normal tissue containing 15 to 30 layers of different cells (arrow), plenty of mucosal cells and the normal basal
membrane (H&E staining, x100 magnification); b) Section of lip skin tissue, the normal epithelium (b,), chemoreceptors (b,),
and hyperplastic layer of squamous cells (b,) (H&E staining, x40 magnification); c) The hyperplastic epidermal tissue (white
arrow) (H&E staining, x100 magnification); d) A hyperplastic mass of undifferentiated and non-specialized Malpighian cells
(m) and reduction of mucous cells compared to normal epithelial tissue (arrow) (H&E staining, x40 magnification); e) Papil-
lomatosis with X-cells (X), tumor cells of Malpighian character with normal shape (m) (H&E staining, x 400 magnification); f)
Tumor cells in mitotic stage (arrows) (H&E staining, x1000 magnification); g) Connective tissue with tumor cells (white arrow)
and developed vessels (vascularization) at the base and center of the tumor (black arrows) (H&E staining, x100 magnifica-
tion); h) Pleomorphic squamous epithelial cells arising from the epidermis and extending into the dermis (black arrows) (H&E
staining, x100 magnification); and i) Squamous cell carcinoma; keratin pearls, central keratinization surrounded by concentric
layers of abnormal squamous cells (black arrows) (H&E staining, x100 magnification).

Figure 3. Electron micrograph of the cytoplasm and nuclei of x-cells

Virus-like particles are dense in both cytoplasm (a, b, c) and nucleus (d), The aggregations of these particles are labeled with a
red rectangle, presented in various magnifications (scale bar a:100 nm, b: 200 nm, c¢: 1 pm, d: 1 pm)
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each other. This Malpighian layer was much thicker than
normal lip tissue, and the mitotic stage was observable
in the cells. Furthermore, mucosal cells were completely
destroyed. In addition, the chemoreceptors had disap-
peared or were compressed by the surrounding hyper-
plastic tissue. Large and rounded Malpighian cells called
X cells were present in some cases. Vascular tissue was
also developed in the base and central part of the tumors,
which are responsible for blood supply and nutrition to
the abundant and dividing cells of the tumor tissue (Fig-
ure 2c-g).

In the samples with squamous cell carcinoma (a ma-
lignant tumor of squamous cells), besides the significant
increase in undifferentiated Malpighian cells, mucosal
cells were reduced or disappeared, and the tumor cells
were single or clusters of several interconnected and
polymorphic epidermal cells. Under the basal layer and
inside the dermis tissue, nests of Malpighian cells with
a keratin center (horn pearl) were observed, a notable
symptom of squamous cell carcinoma. Complete necro-
sis of the dermis was observed in some places. Tumor-
ous cells are large and oval; their cytoplasm is slightly
basophilic and has a large centric nucleus. Vascular de-
velopment was seen around the tumor, and no mitotic
forms were observed (Figure 2h and 2i).

Transmission electron microscopy

Transmission electron microscopy results also revealed
the existence of virus-like particles in tumor lesions. The
virus-like particle aggregation was observable within the
cytoplasm and nuclei in some cells (Figure 3).

Discussion

As far as we know, this is the first report of proliferative
skin lesions detected in Caspian white fish with suspect-
ed oncogenic viral etiology. The tumor manifestation in
fish of the Caspian Sea was previously reported in its
northern territories (Romanov & Altufiev, 1990; Volo-
dina et al., 2016; Zhimbey & Mitrofanov, 2002). How-
ever, considering the frequent reports of heavy metal
concentration in fish species of the southern Caspian Sea
(Sheikhzadeh & Hamidian, 2021; Shohreh et al., 2020),
there is no available report of tumor incidence in the fish
population of this region.

According to the comparative histopathological studies,
there are no remarkable differences between tumors in
fish and comparable mammalian tumors; therefore, fish
tumors are classified on much the same basis as mammal
tumors (Masahito et al., 1988). In addition, tumor sup-
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pression mechanisms in fish, as an evolutionarily older
and genetically diverse group, revealed novel mecha-
nisms along with known tumor suppression mechanisms
in mammals (Baines et al., 2022). Likewise, tumors of
skin tissue are the most prevalent types of tumors in fish
and humans (Linares et al., 2015).

The most common skin tumors are papillomas, which
mostly have a wart-like or flat appearance. These benign
lesions are prominent parts of the epidermis with the
proliferation of Malpighian cells with reduced and re-
moved goblet and rod cells by displacement or necrosis
(Ferguson, 1989; Mokhtar, 2017).

This type of neoplasia was also recently reported, such
as in Salvelinus leucomaenis and Carassius auratus,
with proliferation in epithelial cells, also observed in
sections of R. kutum. However, contrary to the etiology
of papilloma in the mentioned cases, it was detected as
non-viral (Lanteri et al., 2016; Sergeenko et al., 2021).
In 2014, an epidermal papilloma was reported in Ptery-
goplichthys joselimaianus with extensive hyperplasia of
Malpighian cells that confirms our findings (Rahmati-
Holasoo et al., 2014). Peters and Watermann (1979)
reported three types of skin papillomas in flat fish with
X cells with large nucleus and nucleolus and abundant
vacuoles inside the cytoplasm. This finding confirms the
current research results.

Squamous cell carcinoma (SCC) develops from squa-
mous cells in the upper part of the epidermis layer. Cir-
cular nest is the most distinguished characteristic of this
type of neoplasia that appears when several Malpighian
cells gather together and form clumps; they become
necrotic and layered, and chitinous secretions gather in
the center (Ferguson, 1989; Mocho & Pereira, 2022). In
SCC cases of this study, keratin production and cell ne-
crosis had started in the center of some circular nests and
were also completed in others.

Although squamous cell carcinoma is less prevalent
than squamous cell papilloma, it had been recently re-
ported in Scardinius erythrophthalmus and Astronotus
ocellatus in which epithelial keratinous pearls were
seen similar to carcinoma of R. kutum, even though in
some cases of S. erythrophthalmus metastases had been
observed in the viscera, no signs of metastasis was ob-
served in R. kutum cases (Hanjavanit & Mulcahy, 2004;
Rahmati-holasoo et al., 2010).

Among all studies on fish oncology and various eti-
ologies of tumor incidences, the virus-associated tumors
have been studied most extensively, especially those that
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appeared in the skin, regarding their visibility (Anders &
Yoshimizu, 1994; Orioles et al., 2021; Vergneau-Gros-
setet al., 2017). However, detrimental but not oncogenic
Betanodavirus has previously been isolated and identi-
fied in fish species of the southern Caspian Sea (Shohreh
etal., 2020; Soltani et al., 2010). Based on previous stud-
ies, the various types of DNA and RNA viruses had been
diagnosed as the cause of these tumorigeneses in piscine
species (Kibenge, 2016). Unfortunately, due to excep-
tional circumstances, it was impossible to analyze the
skin and tissue samples of R. kutum using PCR.

Conclusion

In conclusion, this is the first report of fish neoplasm
detected in the southern Caspian Sea. In the present re-
search, two types of neoplastic skin lesions were iden-
tified as squamous cell papilloma and squamous cell
carcinoma in the Caspian white fish; virus-like particles
were detected later in ultra-thinned neoplastic tissues.
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