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Abstract

Epidermal papillomas of alpine newts (Ichthyosaura alpestris) collected in the field (Germany, Austria) were studied by histology (LM),
scanning electron microscopy (SEM), and transmission electron microscopy (TEM). Papillomas were found on the head, the trunk and the
tail, with the most and largest on the head of males. They protruded beyond the body surface exhibiting an appearance like a cauliflower.
The head of one specimen studied by SEM had a large papilloma and was densely populated with bacteria, fungi and sessile ciliates. The
surface of papillomas was covered either by stratum corneum cells, or by deeper cell layers that may be exposed by injuries. Histology re-
vealed that papillomas consisted of compact bulbous extensions that were deeply embedded into the dermis and separated from each other
by small septa (papillae) of connective tissue. Bulbs were distinctly demarcated by a thin basal lamella that was continuous with the basal
lamella of the adjacent non-altered epidermis. An invasion of papilloma-cells through the basal lamella in the underlying connective tissue
could not be unequivocally demonstrated; only once we found an area by TEM, which could be interpreted in this way. Bulbs may have
two types of cavities or cysts. One type contained masses of keratinized cell layers, the other appeared either largely empty, or contained
cellular debris and/or PAS-positive substances discharged by secretory cells lining the cyst. Tumor cells within a bulb are offen arranged in
clusters or nests. Generally, cells appeared relatively undifferentiated having large euchromatic or heterochromatic nuclei, prominent nu-
cleoli, and a moderate amount of cell organelles. Also the amount of tonofilamets and number and size desmosomes (macuale adhaerentes)
seemed to be reduced. Virus-like particles were found neither in the cytoplasm nor in the nucleus. Compared to the unaltered epidermis,
in which no mitoses were seen, mitotic cells occurred in all papillomas examined. In addition, the neoplastic tissue always contained mac-
rophages and further ‘leucocytes’, but necrotic areas were rare. Dermal papillae separating the bulbs from each other and the dermal tissue
immediately beneath the basal lamina of papillomas contained a high number of cells (e.g., fibroblasts and cells of the immune system).

Kurzfassung

Epidermale Papillome bei Bergmolchen (Ichthyosaura alpestris) aus Deutschland und Osterreich, die im Freiland gesammelt worden wa-
ren, wurden histologisch (LM) und feinstrukturell (SEM, TEM) charakterisiert. Die z. T. stark aufgewdlbten und wie ein Blumenkohl ge-
furchten Papillome, fanden sich am Kopf, am Rumpfund am Schwanz, die gréften und meisten jedoch vor allem am Kopf der Médnnchen.
Dieser war bei einem Ménnchen relativ dicht von Bakterien und Pilzhyphen sowie von einigen sessilen Ciliaten besiedelt. Die Oberfliche
der Papillome war entweder mit Stratum corneum-Zellen oder einer weniger stark keratinisierten Zelllage bedeckt oder war so verletzt, dass
noch tiefer gelegene Zellschichten sichtbar waren. Das histologische Bild zeigte kompakte epidermale Verdickungen, {iberwiegend aus
Keratinocyten, die weit in die Dermis ragten und hier durch bindegewebige Papillen voneinander getrennt waren. Die Verdickungen waren
deutlich von der darunter liegenden Dermis durch eine intakte Basallamelle abgegrenzt, die kontinuierlich in die Basallamelle der benach-
barten, offenbar nicht verdnderten Epidermis-Bereiche {iberging. Eine Invasion neoplastischer Keratinocyten durch die Basallamelle in das
Bindegewebe konnte nicht zweifelsfrei belegt werden; nur einmal fanden wir in Ultradiinnschnitten einen kleinen Bereich, der in diesem
Sinne interpretiert werden konnte. In den Papillomen kamen zwei Typen von Cysten oder Hohlen vor. Ein Typ enthielt grole Mengen
keratinisierter Zelllagen, der andere Typ erschien entweder weitgehend leer oder enthielt Zellreste und/oder PAS-positive Substanzen von
sekretorischen Zellen der Cystenbegrenzung. Innerhalb der Papillome schienen die Keratinozyten oft in Gruppen angeordnet, zu sein. Die
Keratinozyten waren relativ undifferenziert, besalen groe eu- und heterochromatische Kerne, auffallig gestaltete Nucleoli sowie einer
mafige Anzahl von Organellen; zudem schienen auch die Menge an Tonofilamenten sowie Anzahl und GréBe der Desmosomen (maculae
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adhaerentes) reduziert zu sein. Virusiahnliche Partikeln wurden weder im Kern noch im Cytoplasma gefunden. Verglichen mit der benach-
barten Epidermis war die Mitoserate im Tumor erhéht. Im Tumorgewebe verstreut waren zudem Makrophagen und andere ,Leukozyten’;
nekrotische Bereiche waren aber selten. Dariiber hinaus enthielten die bindegewebigen Papillen, welche die einzelnen Verdickungen
voneinander trennten sowie das Bindegewebe basal der Papillome eine auffallend hohe Anzahl von Zellen (Fibroblasten, Zellen des

Immunsystems).
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Introduction

Neoplasias (synonymously used with the terms neo-
plasms and tumors; STACEY & PARKER, 2004), i.e., diseas-
es in which genetically altered cells escape from the nor-
mal cell-cycle regulation and monitoring of the immune
system, have been reported in various organs of Anura
and Urodela (= Caudata), whereas no such reports are
known from Gymnophiona (reviewed in SCHLUMBERGER
& LUckE, 1948; AsHAsHIMA et al., 1987; GREEN & HARSH-
BARGER, 2001; StacYy & PARKER, 2004; DENSMORE & GREEN,
2007). Generally, however, neoplasias are relatively rare
in Amphibia, due to the fact that especially anurans pos-
sess effective antitumor responses (RoBert, 2010), and
that urodeles have a remarkable regenerative capacity
(e.g. LAURENS, 1997; STACY & PARKER, 2004; RUGGIERO &
BusTuoaBab, 2006).

In Urodela the most frequently described neoplasias
are spontaneous (i.e. without previous exposition to a
known carcinogen) epidermal papillomas (also named
squamous papillomas, warts, epitheliomas, see Stacy &
PARKER, 2004). These epithelium-derived tumors are usu-
ally benign, but occasionally may turn malignant. They
have been reported and in part histologically examined in
several species (e.g. Triturus cristatus: SEILERN-ASPANG
et al., 1966; Ichthyosaura (formerly Triturus) alpestris:
Caampy & CHamry 1935; DARQUENNE & Marz 1971
fide AsHasumma et al., 1987; HacHTEL & GREVEN, 2014;
Ambystoma mavortium: Rosg, 1981; HARSHBARGER ef al.,
1989; Cynops pyrrhogaster: BRYANT 1973; PFEIFFER ef al.
1979, 1989; AsHasHMA et al., 1982, 1985, 1986; Hy-
nobius lichenatus: AsasniMA & MEYER-RocHow, 1988;
Andrias japonicus: FRYE et al., 1989 fide TRAUTH ef al.,
2002; Cryptobranchus alleganiensis: TRAUTH et al., 2002;
HARSHBARGER & TRAUTH, 2002).

The most detailed information of epidermal papillo-
mas in Urodela currently available is from the salaman-
drid C. pyrrhogaster. Studies on this species include field
and laboratory investigations about the geographical var-
iation of epidermal papillomas, seasonality, prevalence,
temperature dependence, growth, spontaneous regres-
sion (PFEIFFER et al., 1979; AsasHiMA, & Komazaki, 1980;
ASHASHIMA et al., 1982, 1985; AsnanMA & Kovama, 1986;
ASHAHIMA et al., 1986; Oka et al., 1992). Ultrastructural
studies on such papillomas have been published by
PrEIFFER ef al. (1979, 1989), and a few TEM images are
found in TrauTH et al. (2002), in which some slight al-

terations of the papilloma-tissue were described com-
pared to the unaffected epidermis. In some papillomas of
C. pyrrhogasters virus-like particles were demonstrated
by TEM (PrEIFFER ef al., 1979, 1989).

Recently we reported on epidermal papillomas in free
living alpine newts Ichthyosaura alpestris (Salamandri-
dae) collected 2013 in Germany (HACHTEL & GREVEN,
2014). A more recent collection of a larger number of
newts from Austria showing the same symptoms prompt-
ed us to study these papillomas in more detail and discuss
our findings in a broader context.

Material and methods

Origin of the specimens

Five specimens of Ichthyosaura alpestris with epidermal
papillomas were found on May 3 and June 2013 in the
Konigsdorfer Forst bei Kerpen (Rhein-Erft-Kreis, NRW,
Germany) (see HACHTEL & GREVEN, 2014).

In April 2016 more than 100 specimens of I. alpestris
and Lissotriton vulgaris captured in a eutrophic pond of
the school in Rankweil (Austria) were inspected. From
these only I. alpestris (approx. 25—30%) showed epider-
mal papillomas (K. ZIMMERMANN, in litt). Concerning num-
ber and location of papillomas a total of 27 affected spe-
cimens were more carefully examined.

Macrophotography
The Austrian animals were photographed with a Nikon
D4 and macro- lenses (AF Micro Nikkor 60 mm) without

flash. Details of heads were photographed using a SMZ
745T Nikon Binocular with camera head (DS-5M).

Histology (LM), scanning (SEM) and trans-
mission electron microscopy (TEM)

For histology and ultrastructure 7 specimens (2 from Ger-
many, 5 from Austria) were anesthetized with MS 222
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Tab. 1. Number, and site of papillomas in 27 specimens of Ichthyosaura alpestris from Austria. Se = sex; He = head; TB = trunk and belly,

Ta = tail.
Nr |12 |3 |/4|5|6/|7|8|9/|1011|12|13|14|15|16 17|18 (19|20 |21 22|23 |24 25|26 27
Se | 2|22 2129222888888 |8|8]|8]|8]|8|8]|8|8|8]8]|8]3
He |4 |3 (2|2 |1 |3 |10 |1 |1|4|3 |1 |57 |4|2|1|3]1|1]6|9|1|1]1]|0
™ | 3|01 |1 ]|3]0|]O0 |1 3|01 |3[0|2|2|0]0|1|1|2]|2|2[3]|]1]0]0]1
Ta |O|O0|2|8|0|0]O0O|O0O|2|]0|0|0|4|1 |41 |0|2]0|2|0]1|0|0]0]|0]|O
Total 7 |3 |5 |11|4 |3 |1 |1|6|1|5|6 |5 |8 |13/5|2|4|4|5|3 |9 |12|/2|1|1 |1

Tab. 2. Relation between the total numbers (no) of papillomas in
the different body regions of females and males (F, M) of Ichthyo-
saura alpestris. The tail was taken as reference point (= 1).

Relations
? 3 z ? ) z
No 9 18 27
Head 17 50 67 1.2 4.2 2.6
Trunk/Belly | 12 21 33 0,9 1.8 1.3
Tail 14 12 26 1 1 1

(Sigma) and skin samples were excised from the papillo-
mas and from unaffected body areas.

LM: Samples of the Austrian newts were either fixed in
buffered 4% formalin for several hours, routinely embed-
ded in paraffin, sectioned at 7—10 um, and subjected to
the PAS-reaction; nuclei were counterstained (MULISCH
& WELscH, 2019) or processed for TEM (see below).
Further, 1 pm sections from resin embedded mate-
rial (see below) from the German and the Austrian sam-
ple were stained with Azur B/Toluidin blue according
to RicHARDSON ef al. (1960). Histological sections were
examined and photographed using the NDP.view pro-
cedure (Hamamatsu) and the Olympus, Vanox-T AH-2-
microscope with a digital camera (Olympus C-3030-Z)

SEM: One Austrian specimen with a single papilloma on
its head was euthanized (see above) and decapitated. The
head was fixed in 2.5% glutaraldehyde in 0.1 M phos-
phate buffer pH 7.4, 2, washed in buffer, dehydrated, crit-
ical point dried, sputtered with gold and examined under
the SEM (Leo 1430 (Fa. Zeiss). Thereafter the head was
cut lengthwise to expose the interior of the papilloma,
and sputtered and viewed again

TEM: Small pieces of the skin of the samples from
Germany were excised from the back and the flanks,
were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate
buffer pH 7.4, washed in the same buffer and postfixed
with 1% osmiumtetroxide + 1.5% potassiumferrocyanide.
The osmium-ferrocyanide method enhances the electron
density of membranes, and structures known to contain
acidic mucopolysaccharides including intercellular ma-
terial. However, staining is somewhat unreliable result-
ing in variable filling of extracellular space and uneven
staining of membranes (see KARNOVSKY, 1971; SCHNEPF
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et al., 1982; Acuas, 1982). After postfixation specimens
were washed with the same buffer, dehydrated in 70%,
90% and 100% ethanol 15 min each, and embedded in
Araldite. Ultrathin sections were made with a diamond
knife, stained with uranyl-acetate and examined with a
Zeiss transmission electron microscope EM 109.

Skin pieces of the samples from Austria were fixed
in 2.5% glutaraldehyde in 0.1 M phosphate buffer
pH 7.4, washed in the same buffer and postfixed with
1% osmiumtetroxide in the same buffer, dehydrated
and also embedded in Araldite or Epon. Ultrathin sec-
tions were stained as above and examined mainly with a
Zeiss transmission electron microscope EM 109 (Diissel-

dorf).

Results

Outer inspection and external appearance

A closer inspection of 27 Austrian specimens (9 females,
18 males) with skin papillomas allowed some statements
on the number, location and appearance of papillomas.
Regarding the macroscopically visible tumors, their
numbers ranged from 1 to 12 (in some cases counting
was somewhat arbitrary, especially when papillomas
were very close to each other or seemed to be fused.).
Their size (longest diameter) varied between 1 mm and
approx. 1 cm (Tab. 1, 2; Fig. 1 A-D).

Generally, papillomas were distributed over the entire
body. However, independent of their external appearance,
most were seen on the head and males had more papillo-
mas on the head and the trunk than females. Females had
a similar number of papillomas on the trunk and the tail
(see Table 1, 2). In between the lesions the integument
appeared unaltered.

Concerning coloration and surface, papillomas were
somewhat different in appearance. Some were relatively
small and, depending on the location, black (dorsum) or
silvery (flanks) (Fig. 1 E). Larger ones show a pink sur-
face convoluted or folded like a cauliflower with a few
pigment cells delimitating single bulbs (Fig. 1 F, G). In
some cases papillomas appeared seriously injured show-
ing some haemorrhages (Fig. 1 H).

The single specimen, whose head was studied with
SEM, revealed some lesions on the surface of the papil-
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Fig. 1. Multiple papillomas on the skin of Ichthyosaura alpestris. A, B, D —Males. B, D: The same male from both sides. C: Female. Note

location, site and different aspects of papillomas. E—H: Details showing papillomas of different age and different developmental stages.

E : Early stages covered with an intact surface and coloured according to the dermal pigment cells (from HAcHTEL & GREVEN, 2014).

F : Largely uncoloured papilloma with circular arrays of pigment cells delineating individual papilloma bulbs. G : Unpigmented large

papilloma on the tip of the snout. H: Papillomas behind the eye and on the tip of the snout. Note haemorrhages on the head (arrows).

loma (Fig. 2 A). Cells of the exposed surface had small
microridges (Fig. 2 B) similar to the surface of the unaf-
fected skin, and both surfaces merged continuously with
each other on the tumor edges that were characterised
often by a step caused by the elevation of the papilloma
above the skin surface. In other probably unaffected ar-
eas microridges appeared thicker and swollen (Fig. 2 C).
Noteworthy are the numerous fungal hyphae and bacte-
ria scattered over the entire head surface (Fig. 2 D, E)
and the presence of some peritrichous ciliates (Fig. 2 E,
F); their relatively long stalk, coiled like a spring, sug-
gests specimens of Vorticella sp. Longitudinal fractures
of papillomas show the arrangement of partly elongated
cells in clusters (Fig. 2 G, see below).

Histology

Compared to the adjacent, non-affected epidermis that
consisted of 3 to 5 cell layers depending on the body re-
gion (see Fig. 4 A), the epithelial component of the papil-
loma tumor was considerably thickened bulging upwards
beyond the surface, downwards into the dermis and later-
ally (Fig. 3 A, 4 B). In the environment of some papil-
lomas thickness of the epidermis increased gradually.
Papillomas mostly form multiple bulges separated from

one another by thin strands of connective tissue (dermal
papillae; Fig. 3 A, 4 H-K).

The outermost layers of cells in the tumor epidermis
were either keratinized (stratum corneum) as in normal
skin or keratinized layer(s) were missing exposing the
underlying non-keratinized cell layer, i.e. either the tran-
sitional or replacement layer (stratum granulosum) or,
depending on the severity of the disruption, more deeper
cells of the stratum intermedium (= stratum spinosum)
(Fig. 3B, 4B, E). Generally, keratinocytes appear to
have intercellular spaces more widened apically than ba-
sally (Fig. 4 B, E). The basal cells (stratum basale) and
the basal lamina of papillomas were continuous with the
adjacent seemingly non-affected epidermis and basal
lamina clearly separated epithelia from the underlying
dermis (Fig. 3 C, 4 H) No clear evidence for breaks in the
basal lamina was found at the light microscopical level
(Fig. 4 H). The bulk of papilloma cells consisted of more
or less tightly packed keratinocytes that often appeared to
be arranged in clusters or nests not specifically separated
from adjacent clusters (Fig. 4 C, D). The cell population
of the neoplastic tissue appeared relatively uniform, es-
pecially in the lower third of a papilloma, less differenti-
ated; they contained large, often lobate euchromatic and
heterochromatic nuclei in varying proportions. Some of
the cells appear to undergo apoptosis (Fig. 4 E, I, K).
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Fig. 2. SEM of the head of Ichthyosaura alpestris with a large papilloma. A: Overview; papilloma (asterisk) with a folded surface (arrow-
heads); note fungal hyphae; eye (ey). The amorphous materials are secretions of the granular glands (arrow). B: Surface of the middle part
of the papilloma showing microridges of the pavement cells C: Surface below the eye with denser microridges and numerous bacteria.
D: Fungal hyphae (left side) and numerous bacteria colonizing the surface of the papilloma. E, F: Peritrichous ciliates and bacteria on the
lower eye lid; eye (ey). G: Fractured skin showing part of a bulbous papilloma (asterisk) with elongated basal keratinocytes (arrowhead);

border of the bulb (arrows). Note adjacent bulbs.

Many papillomas exhibited cavities or cysts that
reach considerable sizes. Two types could be distin-
guished. One type, preferably localized near the surface,
was lined by flat cells and was filled with whirls of kerati-
nized cell layers (Fig. 3 B—D). The second type, often
very large (Fig. 3 A, 4 F), may occur in several numbers
within a single bulb, if they are small (Fig.3 A, E, F,
4 G), and may nearly reach the surface (Fig. 3 G). These
cysts contained various amounts of cellular debris and
PAS-positive material that obviously came from the cells
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lining the cavity. In our sections we did not find any fu-
sion of the two types of cysts.

Compared to the “normal” epidermis, in which no
mitoses were seen in over 50 sections (German samples),
mitotic figures were detected at all levels in the papilloma
(Fig. I, J). Some of them could not be clearly assigned to
a specific stage (aberrant mitoses?). Further, cells char-
acterised by a clear cytoplasm and numerous inclusions,
considered as macrophages (Fig. 4 J) and/or other ‘leuco-
cytes’, were distributed in the neoplastic tissue.
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Fig. 3. Light micrographs from papillomas of Ichthyosaura alpestris (samples from Austria; Paraffin-sections. A: Overview of a large
papilloma on the head. Note various bulbs, large and small cavities (asterisks) filled with cellular debris, and the thin obviously unaffected
epidermis (arrow head; de = dermis. B, C, D: Cavities in papillomas filled with keratinized cell layers; note lesion in B (arrowhead); mg =
mucus gland: E: Papilloma with multiple small cavities (arrows). F: Cells lining the cavity and the cavity itself contain PAS-positive
(stained red) material. G: Cavity (asterisk) approaching the surface of the papilloma.

In contrast to the to stratum spongiosum of the dermis, lae separating the single bulbs from each other and a
which revealed irregularly arranged collagen fibres bun-  small zone of connective tissue underlying papillomas
dles interspersed with chromatophores, axons, elongate  contained a large numbers of cells (some of them under-
fibrocytes, and blood vessels (e.g. 4 A), the thin papil-  going mitosis) that did not reveal the typical elongated

10 SENCKENBERG



VERTEBRATE ZOOLOGY — 68(1) 2018

appearance of mature fibrocytes; these cells represent
fibroblasts and cells of the immune system (Fig. 4 A, B).

Ultrastructure

The organisation of the stratum corneum covering the ne-
oplastic tissue, as well as the underlying replacement layer
was similar to the corresponding layers in unaffected re-
gions (Fig. 5 A). However, the stratum corneum, consist-
ing mostly of two layers, appeared not fully keratinized
and in part desquamated (Fig, 5 B, C). These underlying
keratinocytes showed signs of degradation (Fig.5 C).
The bulk of keratinocytes seemed less differentiated
(Fig. C—G). The width of the intercellular space varies
from large (Fig. 5 C, D, E) to very narrow (Fig. 5 F).
Adjacent cells were connected by small desmosomes
(maculae adhaerentes), often somewhat obscured by the
staining with potassiumferrocyanide, but very conspicu-
ous in less impregnated parts of the papilloma (Fig. 5 B)
and in the samples from Austria, which were not treated
with potassiumferrocyanide. Although not counted, des-
mosomes appeared reduced in number compared to the
adjacent normal epidermis. Also the amount of tonofila-
ments appeared to be smaller than in the normal tissue
and filaments are tightly packed. Cytoplasmic organelles
and membrane systems did not show conspicuous abnor-
malities, but seemed to be present in a lesser amount than
in the unaffected epidermal cess. Basal cells are attached
to the basal lamina by hemidesmosomes (Fig. 5 H). Only
once we saw a breakthrough in the basal lamina pene-
trated by a small projection of a keratinocyte (Fig. 5 H).

Macrophages, not connected with adjacent keratino-
cytes by desmosomes, were scattered throughout papillo-
mas. Apart from the usual cell organelles, they contained
membrane-bound granules, large vacuoles with inclu-
sions (secondary lysosomes), a polymorphic nucleus and
some ‘lamellipodia’ (Fig. 5 E), but other ‘leucocytes’
with inclusions, but without lamellipodia (granulocytes)
may be present (Fig. 5 F).

Nuclei of keratinocytes are large, oval or ellipsoid,
sparsely lobated, and in varying proportions eu- and het-
erochromatic (see above, Fig. 5 A—G). Papilloma cells of
Austrian and German samples often contained nucleolus-
like inclusions with a highly specific, sometimes hexago-
nal organisation, to our knowledge not desribed as yet
(Fig. 6 A; see also Fig. 5 C—F). We did not find virus-like
particles either in the nuclei or in the cytoplasm.

Cysts with cellular debris and PAS-postive sub-
stances were lined with keratinocytes (Fig. 6 B—D) that
typically showed apically small microvilli or microridges
and contained small bundles of tonofilaments (Fig. 6 C).
However the apical portions of their cytoplasm were rich
in vacuoles with granular and floccular material, which
they discharge in the cyst lumen (Fig. 6 D).

Concerning the dermal papillae and the dermis un-
derlying papillomas, TEM largely confirmed the light
microscopical findings. Both contain fibroblast-like cells
and various cells of the immune system, i.e. ‘leucocytes’
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tentatively classified by morphological criteria, but not
further specified (e.g. Fig. 5 G, 6 E-QG).

Discussion

External appearance, histology and ultrastructure of the
tumors studied herein prove them to be epidermal papil-
lomas resembling skin tumors known from other newts.
However, apart from the broad studies with Cynops pyr-
rhogaster, which contain data on morphology and epi-
demiology (i.e. seasonality, thermal effects, resistance
to infections, ultrastructural demonstration of viruses
etc.), epidermal papillomas in newts and other amphib-
ians appeared still strikingly unexplored. All other studies
on spontaneous epidermal papillomas in newts are case
reports. To our knowledge the data situation concern-
ing European newts is even scarcer (Triturus cristatus:
SEILERN-ASPANG et al., 1966; Triturus (today Ichthyosaura)
alpestris: CHaMPY & CHAMPY 1935; DARQUENNE & MaTz,
1971 fide AsasHiMA & MEYER-RocHOW 1988; HACHTEL &
GREVEN, 2014), and only a few papillomas have been di-
agnosed by more than simply taking a look at the external
appearance (CHAMPY & CHAMPY 1935; SEILERN-ASPANG et
al., 1966; HACHTEL & GREVEN, 2014).

Histology and ultrastructure

Papillomas described herein, typically formed large
bulbs of tightly packed keratinocytes that appeared to
have a relatively high mitotic rate at least in the sam-
ples from Germany. Except for a single case (see below)
bulbs were well-demarcated and separated from the un-
derlying tissue by a basal lamina, which was continuous
with the basal lamina of adjacent parts of the seemingly
unaffected epidermis (see for example the histological
description of epidermal papillomas in newts BRYANT,
1973; PrEIFFER et al., 1979; Rosg, 1981; AsAsHIMA &
MEeyER-RocHow, 1988; HARSHBARGER et al., 1989 fide
Stacy & PARKER, 2004; TRAUTH et al., 2002; HACHTEL &
GREVEN, 2014).

The only detailed study on this subject addressing the
ultrastructure (TEM) was conducted by PFEIFFER et al.
(1989). In the neoplastic tissue of Cynops pyrrhogaster
authors found (1) undefined material (membrane frag-
ments, floccular and granular material) in the intercellular
space; (2) modifications of stratum corneum cells (filled
with electron lucent granules; not seen in the present
study) that were occasionally buried within the stratum
granulosum (probably pre-stages of the cysts filled with
keratinized cells); (3) loss of intercellular bridges and des-
mosomes in the space between the stratum corneum and
the subjacent replacement layer (not seen in our samples);
(4) widening of the intercellular spaces (see below); and
(6) in about 40% of 25 tumors examined virus-like par-
ticles in the cytoplasm (see also the few TEM images in
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PrEIFFER ef al.,1979; ASASHIMA et al., 1982; not seen in the
present study). Authors concluded “The fine structure of
hyperplastic stratum granulosum cells, which constituted
the greater mass of the epitheliomas, was generally nor-
mal...” (PFEIFFER et al., 1989, p. 663).

Regarding intercellular spaces; their widening has
been emphasized in epidermal papillomas of other newts
(e.g.; TRAUTH et al., 1992), but such widened intercel-
lular spaces were not apparent in the German material,
whereas moderate to large intercellular spaces were seen
in the Austrian material. These differences should not be
overemphasized, as the amphibian epidermis is highly
susceptible to various parameters including fixation.

PrEIFFER ef al. (1989) as well as TRAUTH et al. (1992)
stated, somewhat misleading, that the tumors they de-
scribed were derived from the intermediate layer(s) of
the epidermis, which they equate with the stratum granu-
losum in the epidermis of higher vertebrates (for a some-
what modified terminology see LAVKER, 1972; Fox, 1986,
1994). In a previous article PFEIFFER ef al., 1979) stated
that proliferation occurred throughout the epidermis. We
think that mainly cells of the stratum intermedium (and
surely of the stratum basale) are involved. Mitotic figures
were mostly seen in lower areas of the papillomas.

Gross morphology and histology suggest several
putative developmental stages of papillomas. We think
that in an early stage a slight skin elevation is covered
with an intact stratum corneum with a coloration deter-
mined by the chromatophores underlying the epidermis.
Proliferation of the hyperplastic epidermal cells leads to
an expansion upward, downward (= endo- and exophytic
growth) and laterally. In later stages papillomas may be
still covered by the stratum corneum or the underlying
neoplastic cells layers may be exposed to the environ-
ment (papillomas without a s. corneum have also been
mentioned by TRAUTH et al., 1992) either by mechanical
abrasion of the outer layer(s) or by desquamation due to
other reasons.

Despite the overall similarity with previously stud-
ied epidermal papillomas of newts, we herein show some
morphological traits hitherto undescribed or only mar-
ginally considered.

(1) Presence of immigrant mesenchymal cells, mainly
of the immune system in the neoplastic tissue: Such cells
like “blood cells, fibrocytes, mesenchymal macrophages,
melanocytes” appear to be common in the “normal” trans-

formed newt epidermis and dermis (see Fox, 1986, tab. 1,
and p. 97; 1994), but have to our knowledge not sufficient-
ly characterized in the amphibian epidermis. We classified
most of the large cells scattered throughout the papilloma
tissue as macrophages due to their largeness, they vari-
able appearance, their “lamellipodia” (for ultrastructure of
newt macrophages see CURTIS et al., 1979; REYER, 1990 a,
b) and the fact that they were not connected with adjacent
cells by desmosomes, but certainly, other ‘leucocytes’ may
be present in the neoplastic tissue. Currently we do not
know, whether their presence has to do directly or indi-
rectly with the tumor. It is however known, that amphib-
ian macrophages are involved in viral clearance, and that
macrophages may be vectors of an aviral persistance (for
review see GRAYFER & ROBERT, 2016).

(2) Connective tissue between and beneath the bulbs
unusually rich in fibroblast-like and other, occasion-
ally mitotic, cells: An “increased cellularity ... beneath
tumors was occasionally observed” by PrEIFFER et al.
(1979, p. 1905; see also CHamMPY & CHaMPY, 1935). This
proliferation seems to be common in various other epi-
theliomas and may among other things be associated with
an infiltration of inflammatory cells, i.e. various ‘leuco-
cytes” such as macrophages, granulocytes, lymphocytes.
Some of these cells were classified by their morphology
(see CASTELLANI, 1968; Tooze & Davies, 1968 CURTIS et
al., 1979; Turner, 1988), but they should be character-
ized by specific stainings in future. Acute and chronic
inflammatory response of the stroma was also reported
from mammalian neoplastic skin lesions including hu-
mans (e.g., YANOFSKY ef al., 2011; WASSEF et al., 2012).

(3) Presence of more or less ovoid clusters of keratino-
cytes within a given bulb: These clusters may indicate
focal multiplication of single or few infected cells more
than once in a growing papilloma, but direct evidence for
that is missing.

(4) Cysts (or cavities) of variable sizes containing ei-
ther masses of keratinized cell layers or cellular debris
and PAS-positive secretions: In our sections we did not
find evidence that these cysts communicate with the ex-
ternal surface or that they merge with each other. To our
knowledge only CHamPY & CHampY (1935, p. 209.) dis-
tinguished “tumeurs de type cavitaire” and “de type com-
pact” in newts and described their variable size, but did

« Fig. 4. Light micrographs from papillomas of Ichthyosaura alpestris (A, B, E, F, G samples from Austria; C, D, H, 1, J, K; samples

from Germany; semithin sections of papillomatous bulges and the underlying connective tissue. A: Unaffected skin; note thinness of the

epidermis (ep); the dermis (de) has relatively few cells. gg = granular gland. B: Small papilloma with fold (asterisk). C, D: Cells are often

arranged in clusters (outlined in white). E: Detail of B showing widened intercellular spaces (arrow), shedding of stratum corneum cells

(arrowhead) and apoptotic cells (e.g. close to the scale bar). F: Larger bulge with fold (small asterisk) and large cavity containing cellular

debris. Note prismatic cells lining the cyst (arrow) and the cell-rich dermis (de) adjacent to the bulge. G: Small cyst and surrounding elon-

gate cells (sequential section of B). H: Cell-rich dermal papilla (de) between two bulges that are sharply demarcated (arrows). I: Mitoses

of a basal cell (large arrow) in the bulge and in the dermal papilla (small arrow). Cells with heavily stained nuclei are probably apoptotic.

J: Basis of a bulge with mitosis (arrowhead). Clear cells are mainly ‘leucocytes’. Note cell rich dermal papilla; typical elongate fibrocytes

(arrow). K: Mitoses in the cell-rich dermal papilla (de) between two bulges (arrows). ca = capillary.
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not mention cysts with keratinized cell layers indicating
a kind of hyperkeratosis. The PAS-positive substances, in
the second type of cysts were secreted by keratinocytes.
Especially in the mid and upper regions of the ‘normal’
epidermis of newts (Triturus cristatus) LAVKER (1972)
demonstrated small PAS-postive membrane bound gran-
ules that he interpreted as mucus granule (see also Fox,
1984). Production of mucus appeared considerably en-
hanced at least in some of the neoplastic keratinocytes;
in addition also its composition might be altered as sug-
gested by their size and ultrastructure.

The herein described papillomas share some features
described for mammalian skin lesions including human,
such as ‘inverted follicular keratosis’ and ‘irritated seb-
orrheic keratosis’, i.e. benign skin lesions of mammals
including humans, which are sharply demarcated, may
show endophytic and exophytic growth, and contain ker-
atin-filled pseudocysts, and (micro)cysts lined by non-
keratinized squamous cells scattered with mucus secret-
ing cells and/or filled with neutrophils (e.g. WASSEF et
al., 2012; see also Digital Pathology Project digital.path.
utah.edu/).

The rich colonisation with bacterial, fungal hyphae
and peritrichous ciliates, studied in only a single speci-
men, may indicate its overall weakening probably due to
the large papillomas. Bacteria, surely in part indigenous,
were found in a moderate number also on the seemingly
unaffected skin (not shown).

Comments on epidemiology

Prevalence, causes (i.e. aetiology) and pathogenesis of
epidermal papillomas in newts are by no means well es-
tablished (RoBerT, 2010). Although the herein presented
findings do not contribute much to these questions, a few
notes shall be added.

It is assumed that epidermal tumors in newts may be
caused by chemical agents and/or viruses.

CHamPY & CHampy (1935) believed that the causa-
tive agent of the tumors they found in Ichthyosaura al-
pestris was a virus showing species specificity (among
others as other newt species were not affected). Rose &
HarsHBARGER (1977) and Rose (1981) did not find vi-
ruses in epidermal papilllomas of Ambystoma tigrinum
from seawage ponds, whereas AsasHiMA et al. (1982)
and PrEIFFER ef al. (1979, 1989) found virus particles in
nearly the half of tumors in Cynops pyrrhogaster noting a

(morphological) similarity to herpes-type viruses, but did
not further pursue this matter.

In the neoplastic tissue examined by us, we could not
find viral particles either in the nucleus or in the cyto-
plasm of the keratinocytes. This might have to do with
the fact (1) that our sample was too small, i.e. that viruses
were not present in all cells, (2) that presence of papillo-
mas and viruses was highly temperature dependent — for
example in wild-caught C. pyrrhogaster percentage of
newts with papillomas was highest in autum (AsASHIMA
etal., 1982, 1986) and growth of these tumors was highly
temperature dependent; in adenocarcinomas of frogs vi-
rus particles were absent in summer, but present in win-
tertime (GRANOFF, 1973; AsaniMa & Koyama , 1986) —,
or (3) that viruses were not the disease agent (which does
not necessarily exclude their presence in these tumors).

Strictly speaking, we cannot exclude any of the
three options. Skin lesions of Urodela and Anura are at-
tributed mainly to iridoviruses and herpes-like viruses.
Iridoviruses, i.e. the highly virulent host specific rana-
viruses cause ulcerations, edema, and hyperkeratosis
in the hyperplastic and hypertrophic epidermis, but si-
multaneously affect other tissues causing severe disease
followed by mass mortality (for review see Durrus, &
CUNNINGHAM, 2010; MILLER ef al., 2011, RECTOR & VAN
RansT, 2013; see also GENG et al., 2011, and for histo-
logical images BOLLINGER et al., 1999). The likewise
host-specific herpesviruses are known to cause adenocar-
cinomas (Lucké tumor) (for review see VAN BEURDEN &
ENGELsMa, 2012). A single article reports on epidermal
hyperplasia with enlarged nuclei in frogs associated with
herpesvirus-like particles (BENNATI ef al., 1994).

Generally, these lesions and pathologies of these
virus-induced diseases are not comparable to those of
the epidermal papillomas described herein and by others
(see citations above). As yet, however, further diagnos-
tic techniques were not used for these papillomas. One
might also suspect that epitheliotrophic host-specific vi-
ruses such as papillomaviruses may be involved, which
often infect squamous epithelia of a variety of vertebrates
including humans when cells are exposed by wounding.
However, contrary to some suspections, especially in
summarizing articles (e.g. ScumIDT & REAvILL, 2015),
papillomaviruses have (so far) not been found in am-
phibians (e.g. Bravo et al., 2010; DoorBAR et al., 2016).
Therefore, it was speculated that the host range of papil-
lomaviruses is restricted to amniotes (see RECTOR & VAN
RansT, 2013).

«— Fig. 5. TEM of the papilloma. A, C, D, E, G, H: samples from Austria; A, F: samples from Germany. A: Apical region with stratum

corneum (arrowhead) and underlying cell layers with bundles of tonofilaments (small arrows). Note bacteria on the surface (arrow).

B: Detail of the bilayered stratum corneum and the ‘replacement’ layer. Tonofilaments (arrow); desmosome (arrowhead); rer = rough en-

doplasmic reticulum. C: Bottom of a fold (see Fig.4 B and E). Shed stratum corneum-cells (arrowhead) und underlying, partly degenerat-

ing cells (asterisk) of the ‘replacement layer’. D: Upper third of a papilloma with widened intercellular spaces (I); macrophage (asterisk).

E: Macrophage between neoplastic keratinocytes. F: Keratinocytes from the middle of a papilloma; note the small intercellular space

impregnated with potassiumferrocyanide and a putative eosinophil granulocyte (asterisk). G: Basal part of a papilloma with small intercel-

lular spaces. Left bottom: dermal papilla with melanocyte (arrow) and immune cells. H: Suspected breakthrough of the basal lamina (bl)

by a keratinocyte (arrowhead). Hemidesmosomes (arrows).

SENCKENBERG

15



GREVEN, H. & Guex, G.-D.: Histology and fine structure of epidermal papillomas in the Alpine newt /chthyosaura alpestris

16 SENCKENBERG



VERTEBRATE ZOOLOGY — 68(1) 2018

In the papillomas inspected during this study the ba-
sal basal lamina appeared intact preventing invasion of
tumor cells into the dermis. Only once we found a small
breakthrough of the basal lamina. This means that malig-
nancy can not be entirely excluded simply due to the lack
of a sufficient number of samples. For example, TRAUTH
et al (2002) upgraded their first diagnosis of an epidermal
papilloma in Cryptobranchus alleganiensis, after exam-
ining some more skin samples of the previously exam-
ined specimen, in which they found signs of dermal inva-
sion (see HARISHBERGER & TRAUTH, 2002). PFEIFFER et al.
(1979) reported that squamous cell papillomas in C. pyr-
rhogaster occasionally continued to develop causing dis-
ease and either directly or indirectly death, but also often
regressed spontaneously. Later authors emphasized the
general absence of metastases, but the occasional pres-
ence of invasiveness (PFEIFFER et al., 1989). Papillomas
studied by us did not seem to affect the animals directly.
At the time of capture the German specimens seemed
neither emaciated nor otherwise weakened (HACHTEL &
GREVEN, 2014) and also the Austrian specimens, in part
kept alive from April to October in a small tank outdoors,
did not show any signs of impairment, and even repro-
duced successfully. In no case, however, a conspicuous
regression of the tumors was observed.

In any case, these tumors run the risk of being dam-
aged just because they are protruding and have cysts or
cavities often near the surface. Therefore, these sites may
be an entrance for various infections triggering among
others inflammatory processes and viral diseases and/or
sites releasing infectious tissue. Otherwise papillomas
are often late effects of injuries of the epithelia involved
(see above). In this context it is noteworthy that in our
material injuries were often seen on the head and the tip
of the snout (see also HACHTEL & GREVEN, 2014) and that
infection was heaviest on the male’s head. However, in
C. pyrrhogaster PrEIFER et al. (1979) did not find sig-
nificant differences between the sexes and preferred
sites of the body. Transmission and spread of putative
infection(s) certainly requires physical contact with the
substrate (e.g. when foraging), with conspecifics or with
predators. However, due to the lack of reliable data, ad-
ditional speculations would not make sense.

Conclusion

In brief, the bulk of the papillomas described herein for
Ichthyosaura alpestris are characterized by exo- and
endophytic growth of keratinocytes derived from cells

of the stratum intermedium and stratum basale, and an
immigration of cells of the immune system. The dermis
just underneath shows a relatively dense layer of various
cells that represent in largely an inflammatory infiltrate.
These lesions seem to be mostly benign; their primary
cause is unclear.

Acknowledgements

We are indebted to Ms Dipl. Biol. M. HacuteL, who provid-
ed the two specimens collected in Germany, and the “Untere
Landschaftsbehorde des Rhein-Erft-Kreises® for permission to
catch and use the newts for the present study (Reference 70/8-80-
06-06). We also thank Mag. Dr. K. ZimmeErMANN (Kommunikation
und Fachberatung inatura, Erlebnis Naturschau GmbH, Dornbirn,
Austria), who collected the animals, checked 18 individuals for
number and location of the papillomas and gave us the specimen
for the morphological analysis in accordance with ,,Vorarlberger
Gesetz fiur Natur- und Landschaftsschutz, LGBLNr. 72/2012, §8
(2)”. Many thanks also to Dr. U. HetzeL, Institut fiir Veterinar-
pathologie, Vetsuisse-Fakultdt Universitét Ziirich, and his staff for
embedding the samples from Austria (LM, TEM) and generously
contributing a couple of images. The study was partly carried out
in the context of the project “Krankheitsiiberwachung bei einhe-
imischen Amphibien (G.-D. Guex, ZH 045/15, KT Ziirich). The
assistance of Ms Marion Nissen (TEM) and Mr Steffen KOHLER
(REM), Diisseldorf, is greatly acknowledged.

References

Acuas, A.P. (1982): The use of osmium tetroxide-potassium fer-
rocyanide as an extracellular tracer in electron microscopy. —
Stain Technology, 57: 69—73.

AsasHiMa, M. & Komazaki, S. (1980): Spontaneous progressive
skin papilloma in newts (Cynops pyrrhogaster). — Proceedings
of the Japanese Academy Ser. B Phys. Biol. Sci., 56: 638—42.

AsasHiMA, M. & Kovama, H. (1986): The effects of temperature
on amphibian tumors. — Japanese Hyperthermic Oncology, 2:
359-370. (in Japanese with English abstract)

AsasHiMA, M. & MEYER-RocHow, V.B. (1988): Papilloma in Hyno-
bius lichenatus (Amphibia, Urodela). — Zeitschrift fiir mikro-
skopisch-anatomische Forschung, 102: 756—759.

AsasHiMA, M., OINuma, T. & MEYER-RocHow, V.B. (1987): Tumors
in Amphibia. — Zoological Science, 4: 411-425.

AsasHiMA, M., OINuma, T. Matsuyama, H. & Nagano, M. (1985):
Effects of temperature on papilloma growth in the newt Cynops
pyrrhogaster. — Cancer Research, 45: 1198—1205.

« Fig. 6. Papilloma (samples from Austria). A: Conspicuously organised nucleolus-like inclusion of a papilloma cell (arrowheads). B, C, D:

Small cavity (cyst) in the papilloma shown in Fig. 4 G (B) lined by secretory keratinocytes (arrowhead); (C ) keratinocytes with subapical

secretory granules (asterisk) and bundles of tonofilaments (arrow); nu = nucleus; (D) detail of the subapical zone of three adjacent cells;

two of them contain subapical secretory vesicles. E, F, G: Inflammatory infiltration with various “leucocytes” in the connective tissue

beneath a papilloma; (E) lymphocytes (Ic) and fibroblast-like cells; note the highly contoured basal lamina of the papilloma (arrows); ca =

capillary; mc = melanocyte; (F): Small portions of the cytoplasm of a basophil showing the substructure of its inclusions. (G): Eosinophilic

granulocyte (?).

SENCKENBERG

17



GREVEN, H. & Guex, G.-D.: Histology and fine structure of epidermal papillomas in the Alpine newt /chthyosaura alpestris

AsasHiMAa, M., Komazaki, S., Satou, C. & OmNuma, T. (1982): Sea-
sonal and geographical changes of spontaneous skin papillo-
mas in the Japanese Newt Cynops pyrrhogaster. — Cancer Re-
search, 42: 3741-3746.

AsasHiMa, M., Seki, M., Kanno, H. & Koyama, H. (1986): Mor-
phological changes in newt epidermis caused by controlled
temperature. — Proceedings of the Japan Academy, Ser. B 62:
83-86.

Bennarty, R., BonNETTI, M., LAVAZZA, A. & GELMETTI, D. (1994): Skin
lesions assocated with herpesvirus-like particles in frogs Rana
dalmatina. — Veterinary Record, 135: 625—626.

BoLLINGER, T.K., Mao, J., ScHock, D., BricHam, RM. & CHIN-
CHAR, V.G. (1999): Pathology, isolation, and preliminary molec-
ular characterization of a novel Iridovirus from tiger salaman-
ders in Saskatchewan. — Journal of Wildlife Diseases, 35: 413 —
429.

Bravo, 1.G., DE SANJOSE, S. & GOTTSCHLING, M. (2010): The clini-
cal importance of understanding the evolution of papillomavi-
ruses. — Trends in Microbiology, 18: 432—438.

BryanT, S.V. (1973): Spontaneous epidermal tumor in an adult
newt Cynops pyrrhogaster. — Cancer Research, 33: 623-625.

CastTELLANI, L.C. (1968): The ultrastructure of newt leukocytes. —
Monitore Zooll. Ital. (N.S.), 2: 15-30.

CHampy, C. & Cuampy, M. (1935): Epithelioma transmissible du
triton. — Bulletin du Cancer, 24: 206—220.

CHow, L.T., Broker, T.R. & STeEINBERG, B.M. (2010): The natural
history of human papillomavirus infections of the mucosal epi-
thelia. — APMIS, 118: 422—-449.

Curris, S.K., Cowpen, R.R. & NageL1, J.W. (1979): Ultrastructure
of the bone marrow of the salamander Plethodon glutinosus
(Caudata: Plethodontidae). — Journal of Morphology, 159: 151—
184.

DensmorE, C.L. & GreeN, D.E. (2007): Diseases of Amphibians. —
ILAR Journal, 48: 235-254.

DOoORBAR, J., EGawa, N., GrirrIN, H., KraNIEC, CH. & MURAKAMI, 1.
(2016): Human papillomavirus molecular biology and disease
association. — Revues in Medical Virology, 25: 2—23.

Durrus, A.L.J. & CuNNINGHAM, A.A. (2010): Major disease threats
to European amphibians. — Herpetological Journal, 20: 117—
127.

Fox, H. (1986): Epidermis. — In: BEREITER-HAHN, J., MaTOLTSY, A.G.
& RicHarps, K.S (eds): Biology of the Integument 2 Verte-
brates. — Springer Verlag, Berlin, Heidelberg, New York, pp.
78—-110.

Fox, H. (1994): The structure of the integument, — In: HEATWOLE,
H. (ed.): Amphibian Biology. — Surrey Beatty & Sons, Chipping
Norton, NSW, pp. 1-32.

FryE, F.L., GILLESPIE, D.S. & HARSHBARGER, J.C. (1989): Squamous
cell papillomatosis in a Japanese giant salamander, Megaloba-
trachus japonicus. Abstracts: Third International Colloquium
on the Pathology of Reptiles and Amphibians, January 1315,
1989, Orlando, Florida, p. 112.

GENG, Y., WanG, K.Y., ZHou, Z.Y., L1, C.W., Wang, J., HE, M.,
YN, Z. Q. & Lai, WM. (2011): First report of a ranavirus as-
sociated with morbidity and mortality in farmed Chinese Giant
Salamanders (Andrias davidianus). — Journal of Comparative
Pathology, 145: 95-102.

GRANOFF, A. (1973): Herpesvirus and the Lucké tumor. — Cancer
Research, 33: 1431-1433.

GRAYFER, L. & ROBERT, J. (2016): Amphibian macrophage develop-
ment and antiviral defenses. — Developmental and Comparative
Immunology, 58: 60—67.

GRreEeN, D.E. & HARSHBARGER, J.C. (2001): Spontaneous neoplasia
in Amphibia. — In: WrigHT, K.M.T. & WHITAKER, B.R. (eds):
Amphibian Medicine and Captive Husbandry. — Malabar, Krie-
ger, pp. 335—-400.

HacHTEL, M. & GRrEVEN, H. (2014): Epidermale Papillome bei Berg-
molchen (Ichthyosaura alpestris) im Konigsdorfer Forst bei
Kerpen (Rhein-Erft-Kreis, NRW). — Zeitschrift fiir Feldherpe-
tologie, 21: 96—100

HARSHBARGER, J.C. & TrauTh, S.E. (2002): Squamous cell carci-
noma upgrade of the epidermal papilloma reported in an Ozark
hellbender (Cryptobranchus alleganiensis bishopi). — In: McKiN-
NELL, R.G. & CarrsoNn, D.L. (eds): Proceedings of the Sixth
International Symposium on the Pathology of Reptiles and
Amphibians. — University of Minnesota Printing Services, Min-
neapolis, Minnesota, pp. 43—48.

HARSHBARGER, J.C., Rosg, F.L. & CuLLEN, L.J. (1989): Histopatho-
logy of skin, connective tissue, pigment cell and liver neo-
plasms in neotenic Ambystoma tigrinum from a sewage la-
goon. — Herpetopathologia, 1: 19—27. (not seen)

Karnovsky, M.J. (1971): Use of ferrocyanide reduced osmium
tetroxide in electron microscopy. — Proceedings of the 11™
Annual Meeting of the American Society for Cell Biology New
Orleans, p. 146.

LAvkeRr, R.M. (1972): Fine structure of newt epidemis. — Tissue &
Cell, 4: 663—-675.

MILLER, D., GrAY, M. & STORFER, A. (2011): Ecopathology of rana-
viruses infecting amphibians. — Viruses, 3: 2351-2373.

MutiscH, M. & WELscH, U. (Hrsg.): Romeis Mikoskopische Tech-
nik. — Spektrum Akademischer Verlag, Heidelberg.

Oka, K., KisHi, K., SHiROYA, T., AsasHiMA, M. & PrEIFrER, C.J.
(1992): Reduction of papilloma size by ultraviolet irradiation
in the Japanese newt, Cynops pyrrhogaster. — Journal of Com-
parative Pathology, 106: 1-8.

PreIFFeR, C.J., AsaHsHIMA, M. & Hiravasu, K. (1989): Ultrastructural
characterization of the spontaneous papilloma of Japanese
newts. — Journal of Submicroscopical Cytology and Pathology,
21: 659—-668.

PrEIFFER, C.J., NaGal, T., Funmura, M. & Tosg, T. (1979): Sponta-
neous regressive epitheliomas in the Japanese Newt, Cynops
pyrrhogaster. — Cancer Research, 39: 1904—1910.

RECTOR, A. & vAN RaNsT, M. (2013): Animal papillomaviruses. —
Virology 445: 213-223.

REYER, R.W. (1990a): Macrophage invasion and phagocytic activ-
ity during lens regeneration from the iris epithelium in newts. —
The American Journal of Anatomy, 188: 329—344.

REYER, R.W. (1990b): Macrophage mobilization and morphology
during lens regeneration from the iris epithelium in newts:
studies with correlated scanning and transmission electron
microscopy. — The American Journal of Anatomy, 188: 345—
365.

RicHArDSON, K.C., JARETT, L. & FiNkE, E.H. (1960): Embedding in
epoxy resins for ultrathin sectioning in electron microscopy. —
Stain Technology, 35: 313—-323.

RoBERT, J. (2010): Comparative study of tumorigenesis and tumor
immunity in invertebrates and non mammalian vertebrates. —
Developmental and Comparative Immunology, 34: 915-925.

SENCKENBERG



VERTEBRATE ZOOLOGY — 68(1) 2018

Rosg, F.L. (1981): The tiger salamander (Ambystoma tigrinum):
a decade of sewage associated neoplasia. — In: Dawg, C.J.,
HARSHBARGER, J.C., Konpo, S., SuciMura, T. & TAKAYAMA, S.
(eds.): Phyletic approaches to cancer. — Tokyo, Japan Science
Society Press, pp. 91-100.

Rosk, F.L. & HARSHBARGER, J.C. (1977): Neoplastic and possibly
related skin lesions in neotenic tiger salamanders from a Se-
wage Lagoon. — Science, 196: 315-317.

Rugens, L.N., CLoTHIER, R.H., BaLLs, M. & Jonunson, R.O. (1997):
Cancer resistance in Amphibia. — Developmental & Compara-
tive Immunology, 21: 102.

RucaiEro, R.A. & Bustuoasap, O.D. (2006): The biological sense
of cancer: a hypothesis. — Theoretical Biology and Medical
Modelling, 2006, 3:43 doi: 10.1186/1742-4682-3-43

ScHLUMBERGER, H.G. & Luckeg, B. (1948): Tumors of fishes, am-
phibians, and reptiles. — Cancer Research, 8: 657—754.

ScamibT, R.E. & ReaviLr, D. (2015): Diseases of the Head of
Amphibians and Reptiles. — ExoticsCon 2015 Main Conference
Proceedings: 571-582.

Schnepr, E., Hausmann, K. & HertH, W. (1982): The osmium te-
troxide-potassium ferrocyanide (OsFeCN) staining technique
for electron microscopy: a critical evaluation using ciliates, al-
gae, mosses, and higher plants. — Histochemistry, 76: 261—-271.

SEILERN-ASPANG, F., WIESER, W. & WEISSBERG, M. W. (1966): Expe-
rimentelle Untersuchungen an einem epidermalen Haut-Kar-
zinom bei Amphibien. — Archiv fiir Geschwulstforschung, 27:
201-229.

Stacy, B.A. & PARKER, J.M. (2004): Amphibian oncology. — Vete-
rinary Clinics Exotic Animal Practice, 7: 673 —695.

Toozk, J., & Davies, H.G. (1968): Light and electron microscopic
observations on the spleen and the splenic leukocytes of the
newt Triturus cristatus. — American Journal of Anatomy, 123:
521-556.

TRAUTH, S., HARSHBARGER, J.C. & DANIEL, P. (2002): Epidermal pa-
pilloma in an Ozark Hellbender (Cryptobranchus alleganiensis
bishopi) from the Spring River of Northern Arkansas. — Journal
of the Arkansas Academy of Science, 56: 190—197.

TURNER, R.J. (1988): Amphibians. — In: RowLEY, A.F. & RATCLIFFE,
N.A. (eds): Vertebrate Blood Cells. — Cambridge, Cambridge
University Press, pp. 129-210.

VAN BEURDEN, S. & ENGELsSMA, M. (2012): Herpesviruses of Fish,
Amphibians and Invertebrates. — In: MAGEL, G.D. (ed.): Herpe-
sviridae — A Look into this unique Family of Viruses. — Rijeka,
InTech, pp. 217-242.

Wassker, S.N., Batra, P.S. & Barnert, S. (2012): Skull Base In-
verted Papilloma: A Comprehensive Review. — International
Scholarly Research Network ISRN Surgery, 2012, Article ID
175903, 34 pages, doi:10.5402/2012/175903

YaNovsky, V., MERCER, S.E. & PueLps, R.G. (2011): Histopatho-
logical variants of cutaneous squamous cell carcinoma: a re-
view. — Journal of Skin Cancer. 2011, Article ID 210813, 13
pages, doi:10.1155/2011/210813

Note added in proof

One year after the remediation of the Austrian pond, no newts with
papillomas were found. However, there were significantly fewer
newts than in the previous year. Further, HPV (Human Papilloma
Virus) was detected neither by immunohistology nor by PCR
kindly carried out by Profs Drs Rolf Graf, Dieter Zimmermann,
and Daniela Lenggenhager, all University Hospital Ziirich (Swit-
zerland).
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