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Malignant melanoma may be a life-threatening disease caused by various conditions. Cutaneous bacteria could play a role in
melanoma development or regression. The present work aimed to analyze the bacterial species present on the epidermis of
piglets with hereditary melanoma. Bacteria isolated by swabs directly from melanomas and healthy epidermis were analysed
using MALDI-TOF mass spectrometry. From the total of 290 isolates, 92 were identified, while the extraction by ethanol
turned out to be more efficient compared to identification by direct transfer. Staphylococcus sciuri, Staphylococcus cohnii, and
Lactococcus lactis were significantly more frequent on healthy skin, whereas Staphylococcus chromogenes, Staphylococcus
hyicus, and Enterococcus faecalis have thrived significantly better on melanoma. Overall, the results indicate that the microbiota of melanoma is different from that of healthy epidermis, so piglet skin bacteria inspections are recommended.
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INTRODUCTION

Malignant melanoma is the most aggressive form
of skin cancer. Due to its metastatic potential it causes
up to 90% of deaths from skin cancer (C e r v i n k o v a
et al., 2017)spontaneous regression of the metastatic
form of tumour is a rare phenomenon observed in
only 0.23% of cases. The most frequently mentioned
factors leading to spontaneous regression of MM are
operative trauma, infection, vaccination (BCG and
rabies vaccines. Malignant melanoma is classified
into 4 different clinical subtypes: superficial spreading

melanoma, lentigo maligna melanoma, nodular melanoma, and acral lentiginous melanoma (M c C o u r t
et al., 2014). The incidence of melanoma is generally
more common in people from higher socioeconomic
class, thus the largest incidence occurs in Australia
and USA, followed by western European countries.
Most affected has been the Caucasian race, however
melanoma occurs also in other races (L i t t l e , E i d e ,
2012). Not only skin phototype, but also duration of
sunlight exposure without sun protection use as well
as genetic factors are considered as main predisposing
factors (B a t a i l l e , d e V r i e s , 2008).
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The microbiota seems to play a crucial role in
the development of tumour in mice and rat models
where germ-free or antibiotics-treated rats or mice
have usually fewer tumours, although the evidence
has been found mainly for colorectal and liver cancer
(S c h w a b e , J o b i n , 2013). G r i v e n n i k o v et al.
(2012) also found that metabolism of certain bacterial
species can also enhance tumour growth. The association between skin cancer and wound-caused inflammation is also known. H o s t e et al. (2015) showed
that tumour incidence correlates with wound size,
bacteria and chronic inflammation, and that exposure
to bacterial flagellin, the protein present in flagellated
bacteria, promotes tumour formation in mice. T r a n et
al. (2013) discovered that tetanus–diphtheria–pertussis vaccination enhanced a spontaneous regression of
metastatic melanoma.
The aim of our work was to evaluate if there is
a correlation between the composition of bacterial
species and incidence of melanoma on skin of pigs.
MATERIAL AND METHODS

The bacterial samples were collected by MTS-002
Swabs with Amies medium with activated charcoal
(Med-Lab trade, Czech Republic) from four eightweek-old MeLiM (melanoblastoma-bearing Liběchov
minipigs) piglets with hereditary melanoma ( H o r a k
et al., 1999). The animals were housed in the farrowing
pen together with the sow and they had an unlimited
approach to water and commercial feed mixtures according to their age. Melanoma and cutaneous smears
were harvested from the defined area on the back or
proximal part of the limbs. The cutaneous smears
were sampled from the site 5 cm far from the edge of
selected melanoma. By this procedure we obtained
eight samples, four melanoma and four controls. The
samples were immediately inoculated using spreadplate technique on 9 mm Petri dishes containing the
following media (all Oxoid, UK): CM0003 Nutrient
agar for isolation of total aerobic bacteria, CM0619
Wilkins-Chalgren anaerobe agar for isolation of total
anaerobic bacteria, and CM0145 Staphylococcus medium No. 110 for isolation of staphylococci.
The plates were subsequently cultivated at 37°C
for 24 h for total aerobes and staphylococci and at
37°C for 24 h in anaerobic atmosphere created by an
AnaeroGen Atmosphere Generation System (Oxoid).
After the cultivation, 56 colonies from Nutrient agar,
24 colonies from Wilkins-Chalgren anaerobe agar,
and 24 colonies from Staphylococcus medium were
isolated and propagated at 37°C for 24 h in vials
containing CM0067 Nutrient broth No. 2 (Oxoid). In
addition, 88 colonies from Nutrient agar, 80 colonies
from Wilkins-Chalgren anaerobe agar, and 24 colonies
from Staphylococcus medium were directly used for
MALDI TOF analysis.
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After cultivation, the obtained well grown isolates
underwent the identification by MALDI TOF mass
spectrometry on an AutoFlex Speed mass spectrometer
(Bruker Daltonik, Germany) using ethanol-formic
acid extraction (Schulthess et al., 2013)the direct
transfer-formic acid method with on-target formic acid
treatment, and ethanol-formic acid extraction. At first,
1 ml of each sample was centrifuged at 14 500 g for
3 min, the supernatant was discarded, and the surface of
pellet was washed by 70% ethanol in order to remove the
residual growth medium. After another centrifugation,
the ethanolic supernatant was discarded and the pellet
was resuspended in 15 µl of 70% formic acid (Fisher
Scientific, USA) and 15 µl of acetonitrile (LC-MS
Chromasolv®), centrifuged, and supernatant was used
for MALDI-TOF analysis. The 1 µl of supernatant was
applied on MTP 384 polished steel target plate (Bruker
Daltonik) and allowed to air dry. Then, all samples were
overlaid by 1 µl of α-cyano-4-hydroxycinnamic acid
dissolved in acetonitrile, water, and trifluoroacetic acid
(50 : 47.5 : 2.5) as a MALDI matrix (Bruker Daltonik).
Direct transfer method was carried out by the application of a selected colony directly from the agar
plate to MALDI target and, overlaying by 1 µl of
formic acid and 1 µl of acetonitrile. After drying out,
the sample was overlaid by MALDI matrix as in the
previous procedure.
After drying out at room temperature, the plate
containing samples obtained by both described procedures was inserted into an AutoFlex Speed mass
spectrometer (Bruker Daltonik) and measured in positive linear mode in the detection mass range 2–20 kDa.
To optimise the experimental conditions, a solution of
Bruker Bacterial Test Standard (BTS; Bruker Daltonik)
containing Escherichia coli DH5 alpha extract was used
to calibrate the system, according to manufacturer’s
instructions. The obtained data were evaluated by
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Fig. 1. Occurrence of species successfully identified by MALDI-TOF
mass spectrometry
species with asterisk showed a significant difference (P < 0.05)
between proportions of control and melanoma groups by Chi-squared
test
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MALDI Biotyper Real Time Classification software
(Bruker Daltonik). For the statistical evaluation the
samples that were not identified properly and samples
reaching less than 1.800 MALDI Biotyper score value
were excluded. The samples with more than 1.800 score
value, but comprising other species identified by the
score differing less than 0.200 were also excluded.
This approach has been used based on manufacturer’s instructions where the score between 1.700 and
1.999 indicates probable genus identification, score
between 2.000 and 2.299 indicates secure genus
and probable species identification, and score over
2.300 indicates secure species identification.
Statistical evaluation was performed by Statgraphics
Centurion XV (StatPoint) using Chi-squared test at
a significance level of P = 0.05. Differences in variability of bacterial species between melanoma and
control group were evaluated for each growth media
separately and altogether.
RESULTS

Bacterial colonies were formed on all three tested
media. We managed to identify 92 isolates out of 290 in
total where the analysis by ethanol-formic acid extraction has been much more effective as we successfully
identified 56 out of 97 isolates giving 57.73% success
rate compared to direct transfer method where we successfully identified only 36 out of 193 giving 18.65%
success rate. Identified species are shown in Fig. 1.
In terms of groups we successfully identified to
the species level 39 isolates from healthy epidermis
(control group) and 53 isolates from melanoma.
The most abundant bacterium was Staphylococcus
sciuri identified 23 times in total (17 times in control group and 6 times in melanoma group). This species falls with the proportion 0.26 beyond the limit
(P < 0.05 confidence level). Other identified bacterium
worth mentioning was Lactococcus lactis isolated in
7 cases exclusively from control group by WilkinsChalgren anaerobe agar. The 0.00 proportion of L. lactis
is also beyond the limit (P < 0.05). On the contrary,
the melanoma group showed exclusive abundance of
Staphylococcus chromogenes, which was identified
8 times in this group and not even once in control group
which means that the proportion 0.00 of this strain is
also beyond the limit (P < 0.05). The same case displayed Staphylococcus hyicus, which was identified 7
times in melanoma group and not even once in control
group and also lays beyond the limit (proportion 1.00,
P < 0.05). Enterococcus faecalis was detected 12 times
in melanoma group and only once in control group
and with the proportion 0.92 falls beyond the limit (P
< 0.05). Last significant proportion was displayed by
Staphylococcus cohnii identified 5 times in control
group and once in melanoma group which makes a
proportion of 0.17 and falls beyond limit (P < 0.05).

Comparison using Chi-square test showed a clear
significant difference between the proportions of bacteria in control and melanoma group (P < 0.0001).
A significant difference was observed even when
comparing identified bacteria from Nutrient agar
(P = 0.006) and Wilkins-Chalgren agar (P = 0.01)
alone. Comparison of proportions in Staphylococcus
medium did not find significant differences (P = 0.17)
due to small amount of isolates.
DISCUSSION

S c h u l t h e s s et al. (2013)the direct transferformic acid method with on-target formic acid treatment, and ethanol-formic acid extraction reported that
the direct transfer preparation method with the use of
formic acid and without the use of ethanol for MALDITOF identification was equally successful for species
identification as the ethanol-formic acid extraction.
Our experiment does not confirm this claim as 53.85%
of successfully identified species is much more than
18.75% obtained by the direct transfer method. The
authors cited identified Gram-positive cocci from
their strain collection which can be the cause of our
different findings whereas we identified more heterogeneous samples containing not only Gram-positive
cocci, but also bacilli and Gram-negative bacteria from
Enterobacteriaceae family. W i l s o n et al. (2017) also
performed multiple extraction methods for MALDITOF identification and they achieved much a more
successful identification (89.9%) by the direct transfer
than in our work. However, they identified bacteria
from collection as did S c h u l t h e s s et al. (2013) in
their study and not samples originating directly from
the environment. With regard to our findings, we recommend to perform the ethanol-formic acid extraction
to identify unknown bacteria from the piglet skin or
a similar environment.
M c I n t y r e et al. (2016)normal cutaneous flora
likely has been selected for because it potentiates or,
at minimum, does not impede wound healing. While
pigs are the gold standard model for wound healing
studies, the porcine skin microbiome has not been
studied in detail. Herein, we performed 16S rDNA
sequencing to characterize the pig skin bacteriome at
several anatomical locations. Additionally, we used
bacterial conditioned-media with in vitro techniques
to examine the paracrine effects of bacterial-derived
proteins on human keratinocytes (NHEK reported
that more than 50% of bacteria identified on pig
skin belong to the Firmicutes phyla. We observed
that all bacteria identified from healthy skin belong
to Firmicutes phyla which could be probably due to
different method of identification considering that
M c I n t y r e et al. (2016) used 16s rDNA sequencing
which is a method able to identify non-cultivable
strains of bacteria.
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Regarding the isolated bacteria, the Staphylococcus
sciuri that has been found significantly more frequently
on healthy skin is commensal bacterium frequently
isolated from humans and animals, but its presence
has also been reported in human and animal infections.
Some members of the species have been shown to be
pathogenic and could carry multiple virulence and
resistance genes (N e m e g h a i r e et al., 2014 ). C h e n
et al. (2007) isolated S. sciuri even from pericardial
fluid from piglets diseased with exudative epidermitis.
In our case we found S. sciuri mainly on healthy skin
so we assume that this species has no involvement
in melanoma proliferation or it has protective effect
against melanoma formation.
Lactococcus lactis is another bacterium present
significantly more often on healthy skin of examined
piglets. Its role in melanoma regression is up to date
unknown, but L. lactis is a generally known probiotic
bacterium and it produces lactic acid that has been
investigated as an inhibitor on melanin synthesis in
melanoma cells (U s u k i et al., 2003). On the contrary, B r a n d et al. (2016) found out that lactic acid
suppressed T and NK cells and thus promoted tumor
growth in their study, although it is not known how does
lactic acid contribute to activation or deactivation of
other immune cells. Generally, lactic acid suppresses
the growth of pathogenic bacteria (C o a t e s et al.,
2014; H o r , L i o n g , 2014), so more investigation is
needed to reveal the role of lactococci in skin cancer.
Staphylococcus cohnii has also occurred in a significantly higher rate in healthy skin. The occurrence of
S. cohnii has mostly been reported in animals (K l o o s
et al., 1976), but it has been shown that it is able to
produce a biofilm similarly as S. sciuri (G a r z a G o n z a l e z et al., 2011). Just like in the case of
S. sciuri, there are no data that S. cohnii would play
a role in melanoma incidence in pigs or in humans.
Exudative epidermitis associated with the abundance
of S. sciuri has been a result of Staphylococcus chromogenes strain in the study carried out by A n d r e s e n
et al. (2005)which is recognised as the causative agent
of exudative epidermitis (EE. Other authors do not
consider S. chromogenes as a an etiological agent of
disease, especially in pigs (S a t o et al., 2004), although
it can develop mastitis in cattle (D e v r i e s e et al.,
2002; E n g e r et al., 2015)and (2. S. chromogenes has
been isolated exclusively from melanomas in our study.
However, due to the lack of data regarding its toxicity in pigs we assume that its presence on melanoma
could be a consequence, not a cause.
When we consider the role of Staphylococcus hyicus
that has been also isolated exclusively from melanomas, we get a different finding. Multiple authors
blame this bacterium as a causative agent of exudative
epidermitis in pigs (A n d r e s e n , 2005; P a r k et al.,
2013) due to its production of exfoliative toxins by
some strains. The fact that S. hyicus is able to trigger
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the skin disease induces the idea that it can participate
on the melanoma progression although a lot more investigation needs to be carried out to prove this claim.
Enterococcus faecalis has been significantly more
abundant on melanoma. This species is a member of
commensal flora of animals, but it can also cause
infections, e.g. in wounds (H w a n g et al., 2011). Its
role in melanoma is, as well as in bacteria mentioned
above, unknown.
Staphylococci are normal inhabitants in healthy
animals (S k a l k a , 1991)in pigs and in domestic fowl,
using the method of selective isolation of strains. A
total of 6066 samples was examined; 4567 strains
were revealed and they included all known species,
except Staphylococcus caseolyticus, S. saccharolyticus,
S. schleiferi and S. lugdunensis. 3.8% of strains failed
to be identified with any species. The test samples
were taken from slaughtered animals, only in calves
intravital smears of tonsils were examined. The species
most frequently isolated from the tonsil tissue in adult
cattle were as follows: S. aureus (19.9%, but apparently some strains can switch to detrimental mode if
favorable conditions occur. The question needed to
be answered is if they can be cause or consequence
of melanoma. This article demonstrates that several
staphylococcal species appear on melanoma more than
on healthy skin and other species vice versa. The same
goes for Enterococcus faecalis and Lactococcus lactis,
which are both lactic acid bacteria but meanwhile
E. faecalis occurred mostly on melanoma, L. lactis
occurred only on healthy skin. E. faecalis is able to
survive and thrive in various niches (N a l l a p a r e d d y ,
M u r r a y , 2008)growth in 40% serum, a biological
cue with potential clinical relevance, elicited adherence of all 46 E. faecalis strains tested to fibronectin
and fibrinogen, but not to elastin; the adherence levels
were independent of strain source and was eliminated
by treating cells with trypsin. As previously reported,
serum also elicited collagen adherence. While prolonged exposure to serum during growth was needed
for enhancement of adherence to fibrinogen, brief
exposure (<5 min and can cause diseases, so its role
on skin could be detrimental.
CONCLUSION

In this work, we managed to isolate and describe
various bacteria from melanoma and healthy skin of
piglets. Our results indicate that ethanol-formic acid
extraction should be used to identify bacteria from
piglet skin by MALDI-TOF.
More research needs to be carried out to verify
the significance of bacteria in influencing melanoma
regression or promotion. Nevertheless, we managed
to find the differences in the microbial composition
of healthy piglet skin and melanoma.
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