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SUMMARY

Transplantable murine melanomas are well-established models for the study of
experimental cancer therapies. The aim of this study was to explore the behaviour
of four different B16 murine melanoma cell sublines after inoculation into C57BL/6]

mice; and, more specifically to analyse skin changes, with respect to two specific
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parameters: clinical (tumour volume, melanin amount, erythema) and histological (H
& E, S100, VEGF expression). Both non-invasive and invasive analysis showed that

B164AS is the most aggressive melanoma cell line for C57BL/6]’s skin, followed by
B16F10 and then by diminished aggressive growth pattern by the B16GMCSF and
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B16FLT3 cell lines.
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Skin cancers include basal cell carcinoma, squamous cell car-
cinoma and malignant melanoma. The first two types of skin
cancer are the most frequent malignant neoplasms among
fair-skinned population (Andrade et al. 2012). Recent studies
showed that the incidence of melanoma was also increasing
especially in young adult women (Reed et al. 2012). Ultravio-
let (UV) radiation can promote the limited proliferative
capacity of melanocytes (Gupta et al. 2013). Although the
incidence of melanoma among other types of skin cancer is a
parameter with increased variability, the severity of this dis-
ease is undisputed. Due to its highly metastatic potential and
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resistance to chemotherapy, it is responsible for most deaths
(Rigel 2005; Svobodova et al. 2006). Over the past years,
Food and Drug Administration approved three agents for the
treatment of melanoma, namely pegylated interferon alpha-
2b, vemurafenib and ipilimumab (Lee et al. 2012). More
research is still required to find a highly effective drug, with
low side effects, against this challenging type of cancer. For
this purpose, preclinical studies in animal models provide
valuable clues for clinical trials.

Transplantable murine melanomas are well-established
models for the study of experimental cancer therapies. Many
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immunotherapeutic protocols have been tested using the mur-
ine B16 melanoma cell line (and its sublines) that originates in
the syngeneic C57BL/6 (H-2b) mouse strain. Although
B164A35 is one of the most widely used cell line for the murine
melanoma model, as evidenced by the latest papers in the field
(Danciu et al. 2013a,b; Lee et al. 2013; Villareal et al. 2013;
Qokubo et al. 2014), several subline derivates have been
obtained to study different therapeutic strategies. The sublines
B16F1 and B16F10 were derived from the mother B16 line by
selection for their ability to form lung colonies in vivo after
intravenous injection and subsequently established in vitro
after one (B16F1) or 10 (B16F10) cycles of lung colony for-
mation. B16F10 is a subline that possesses high lung metasta-
tic ability, whereas B16F1 is a subline with low metastatic
potential (Fidler 1973; Teicher 2010). B16GMCSF is a sub-
line derived from B16F10 by transduction, employing an
MFG retroviral vector-encoding murine Granulocyte -
Macrophage Colony Stimulating Factor (GM-CSF) (Kumar
et al. 1999). It has been shown that GM-CSF surface-modi-
fied B16F10 melanoma cell vaccine may induce protection
against the wild-type tumour challenge (Gao et al. 2006;
Danciu et al. 2013a,b). The fourth cell subline analysed in
this study is B16FLT3. It was also obtained from the murine
B16 cell line, which was transfected with the gene for the
Fms-like tyrosine kinase 3 (Flt3)-L cytokine (Vargas et al.
2006; Danciu et al. 2013a,b). Although both GM-CSF and
Flt3 ligand induce marked expansion of dendritic cells, it has
been shown that GM-CSF-secreting tumour cells promoted
higher levels of protective immunity than vaccination with
FLT3-L-secreting tumour cells (Zarei e al. 2009).

The aim of this study was to analyse the behaviour of this
four different B16 murine melanoma cell sublines in the
C57BL/6] host, and more specifically to explore and analyse
their skin targeted properties, with respect to two parameters:
clinical (tumour volume, melanin amount, erythema) and his-
tological features [Haematoxylin and Eosin (H&E), S100,
Vascular Endothelial Growth Factor (VEGF) expression].

Materials and methods

Cells

Mouse adherent melanoma cell line B164A5 was purchased
from ECACC (European Collection of Cell Cultures, Salisbury,
UK). B16F10, B16GMCSF and B16FLT3 cells were provided
by Prof. Radeke, Pharmazentrum Frankfurt/Center for Drug
Research, Development, and Safety, Clinic of JW Goethe Uni-
versity, Frankfurt, Germany. Cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
heat-inactivated foetal calf serum (FCS), 1% non-essential
amino acids and 1% penicillin-streptomycin in a humidified
atmosphere containing 5% CO, at 37°C. All cell culture media
and supplements were obtained from Life Technologies (Pais-
ley, UK). To prepare the cells for inoculation, cells were trypsi-
nized, counted using trypan blue, washed with PBS,
resuspended at a concentration of 10° cell / 0.1 ml in saline
solution and injected immediately as described below.

Animal studies

Animal studies were conducted on 7- to 8-week-old C57BL/
6] female mice with an average weight of 20-25 g. Mice were
purchased from Charles River (Sulzfeld, Germany). The work
protocol followed all National Institute of Animal Health
(NIAH) rules: animals were maintained during the experiment
in standard conditions: 12 h light-dark cycle, food and water
ad libitum, temperature 24°C and humidity above 55%. The
experiment was conducted according to the rules of the Ethical
Committee of the ‘Victor Babeg’ University of Medicine and
Pharmacy of Timigoara, Romania. The number of mice
included in the study was thirty, and the mice were divided
equally in five groups as follows: group A — blank group, group
B — mice inoculated with B164A5 cells, group C — mice inocu-
lated with B16F10 cells, group D — mice inoculated with
B16GMCSEF cells and group E — mice inoculated with B16FLT3
cells. In day 0 of the experiment, mice in groups B, C, D and E
were inoculated subcutaneously (s.c.) into the hair-depilated lat-
eral abdomen with 0.1 ml of 10° cells/mouse. Group A, the
blank group was injected with saline solution, the vehicle used
for the injection of cells. Mice were inspected daily for the
development of tumours or other changes. Tumour growth was
measured in millimetres, daily, using callipers, and tumour
volume was estimated by the formula: length x width?/2
(Giavazzi et al. 1986). On day 21 post-inoculation, after the
last measurements had been taken, mice were sacrificed by
cervical dislocation. Tumours were collected, measured,
weighed, and afterwards histological analysis was performed.

Non-invasive skin measurements

All the measurements on mice skin were carried out with a
Multiprobe Adapter System (MPAS) from Courage-Khazaka,
Koln, Germany. For measurement of melanin and erythema
Mexameter® MX 18 was used to obtain quantitative infor-
mation regarding melanin and erythema (haemoglobin)
amounts and to monitor modifications of these features
during tumour evolution The device emits light over 3 wave-
lengths, namely 568, 660 and 880 nm, and measures remit-
ted light over a 5 mm diameter. The erythema and melanin
indices are determined as follows:

500 Infrared
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Mx = melanin index, Ex = erythema index and infrared/red/
green = infrared/red/green remittance.

These indices are relative values, and the maximum ratio
between each colour is 1:5. The range of values is 0-1000, a
higher value representing more melanin or erythema, and a
value of 500 representing a remittance ratio of 1:1. The mea-
surement was carried out for four parts of the skin located
near the tumour, and mean and standard deviations were
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calculated (Hoshino et al. 2010). Melanin and erythema
values were measured at baseline (day 0) and every two days
until day 17 of the experiment. The measurement area was
5 mm in diameter. Afterwards, the mice were sacrificed and
the skin and main visceral organs were collected. Histologi-
cal and immunohistochemical analyses were performed.

Histological and immunobistochemical analyses

For the histological analysis, skin samples were fixed in 10%
formalin solution and were embedded in paraffin and cut at
4 pm. Finally, after dewaxing, the samples were stained with
the conventional H & E method and examined.

Additional slides containing 5-pum thick sections were per-
formed from each case and were stained with anti-VEGF
antibody (monoclonal mouse anti-human antibody, Clone
VG1, code no. M7273; Dako Co, Denmark) and with S100
protein antibody (polyclonal anti-human antibody, Dako Co,
Denmark code 1573, ready-to-use). The dewaxing and rehy-
dration of the sections was followed by heat-induced epitope
retrieval in citrate buffer pH 9 for 20 min, respectively, pH
7.2 for 30 min (with PT link module; DakoCytomation, Den-
mark). The immunohistochemical technique continued with
blocking of the endogenous peroxidases, using hydrogen per-
oxide 3%. Incubation with the VEGF primary antibody (dilu-
tion 1:30) and S100 primary antibody (dilution 1:100) was
for 30 min. After incubation with the primary antibody, the
slides were exposed to labelled streptavidin-biotin system and
then 3,3-diamino-benzidine dihydrochloride was applied as
chromogen. Nuclei were stained with Lillie’s modified hae-
matoxylin. The entire immunohistochemical procedure was
performed with Dako Autostainer Plus (DakoCytomation).
Image acquisition and analysis were performed using Nikon
Eclipse E 600 microscope and Lucia G software for micro-
scopic image analysis (NIKON, Germany).

For both antibodies, the intensity of reaction was assessed as
1 — low staining, 2 — moderate staining and 3 — intense staining.
The immunostaining was considered 0 — negative when <10%
of tumour cells showed positivity. Examination was performed
with the microscope Eclipse E80i Nikon, and images were
acquired with Lucia G soft for microscopic image analysis.

Statistical analysis

One-way aNova followed by Bonferroni post-test was used
to determine the statistical difference between various exper-
imental and control groups.*, ** and *** indicate P < 0.05,
P < 0.01 and P < 0.001 compared to control group.

Results

Clinical results

Our results (Figure 1) show a linear development of the
tumour, directly proportional with the number of days post-
inoculation in all four groups of mice. The results started to
be statistically significant in all groups compared to the blank

International Journal of Experimental Pathology, 2015, 96, 73-80

B16 melanoma cell sublines and C57BL/6] skin 75

= 1500 -

[}

n

A

”E 1000 - -= Group A
s -+ Group B
g -+ Group C
° 5001 - Group D
5 -~ Group E
<]

E o

- T T T T T T T T T 1

6 8 10 12 14 16 18 20 22 2

Days after inoculation

Figure 1 Tumour volume (mm?®) evolution throughout the
experiment.

group from day 12 postinoculation (P = 0.021) until the end
of the experiment (P = 0.009). In group B and C, tumours
arose on day 6 postinoculation while in groups D and E,
tumours arose on day 8 postinoculation. As a general obser-
vation, tumours were larger throughout the experiment in
groups B and C, compared to groups D and E. At the end of
the experiment, the average tumour volume was as follows:
1033.67 + 400 mm> in group B, 895.33 + 445 mm® in
group C, 638.647 + 426 mm’> in groups D and
732 + 465 mm® in group E. One-way anova followed by
Bonferroni post-test showed no significant difference between
the volume of the tumour in the four groups (B, C, D and E)
at the end of the experiment (P = 0.702).

Non-invasive measurements for melanin amount and
degree of erythema were conducted every two days starting
from day O until the end of the experiment. Normal values
for melanin in the blank group (C57BL/6] host) varied
between 650 and 665 arbitrary units (as explained in the
Materials and Methods section). After inoculation the
amount of melanin increases linearly in all four groups, as
shown in Figure 2. Until day 7 postinoculation, values were
similar in all inoculated groups. Differences started to
increase on day 9 postinoculation and continued until the
end of the experiment. As a ‘general rule’ observed during
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Figure 2 Melanin amount (arbitrary units) evolution in the
different experimental groups among the 21 days of
experiment.
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Figure 3 Erythema (arbitrary units) evolution in the different
experimental groups among the 21 days of experiment.

days 9-21, mice in group B presented the highest values,
corresponding to amounts of melanin. For groups C, D and
E, the amount was quite similar during days 9-21. One-way
ANoVA followed by Bonferroni post-test showed no signifi-
cant difference between the melanin amount in the four
groups (B, C, D and E) at the end of the experiment
(P = 0.570).

The difference was not significant when compared to the
blank group (P = 0.269). At the end of the experiment, the
average amount of melanin was as follows: 650 + 13 arbi-
trary units in group A, 1147 + 287 arbitrary units in group
B, 993 + 322 arbitrary units in group C, 851 + 128 arbitrary
units in group D and 879 + 108 arbitrary units in group E.

Together with the determination,
another non-invasive measurement that was conducted
was the degree of erythema. Normal values for the blank

melanin amount

b '* 3
\::/“l}ra v-{:':i-xfiﬁ

group (C57BL/6] host) vary between 50 and 60 arbitrary
units (as explained in the Materials and Methods section).
After inoculation, the degree of erythema increased line-
arly in all four groups, as shown in Figure 3. The values
in all four inoculated groups (corresponding to a certain
day of measurement) are quite similar. One-way ANOVA
followed by Bonferroni post-test showed no significant dif-
ference between the erythema degree in the four groups
(B, C, D and E) at the end of the experiment (P = 0.704).
The changes were significant when compared to the blank
group (P = 0.008). At the end of the experiment, the aver-
age value corresponding to the degree of erythema was as
follows: 59 + 3 arbitrary units in group A, 191 + 47
arbitrary units in group B, 193 4+ 322 arbitrary units in
group C, 163 + 14 arbitrary units in group D and
185 + 11 arbitrary units in group E.

Histological and immunohistochemical results

In group B, the conventional H&E analysis showed intense
pigmentation in almost all tumour cells and with predomi-
nance at the periphery of the tumour (Figure 4a). The
tumour borders were infiltrative, and there were large areas
of tumoral necrosis. There was no ulceration or lymph-
vascular invasion. The mitotic index was 15 mitoses/1 mm?>.
In this group, S100 and VEGF were strongly positive in
almost all tumour cells (Figure 5a and 6a).

The evaluation of H&E in group C revealed moderate
pigmentation with intense pigmentation in nests of tumour
melanocytes (Figure 4b). There were large areas of tumoral
necrosis with haemorrhage and infiltrative borders. There
was no ulceration in this group and no lymph-vascular
invasion. The mitotic index was 10 mitoses/l mm?. $100

Figure 4 HE staining in the different
groups with skin melanoma: (a) group
B — intense pigmentation in almost all
tumour cells with a predominance at
the periphery of the tumour; (b) group
C — moderate pigmentation with
intense pigmentation in nests of tumour
melanocytes; (c) group D — skin
melanoma with local presence of
melanin in isolated cells; (d) group E —
presence of diffuse melanin with some
loss of pigmentation.
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Figure 5 S100 staining in the different
groups with skin melanoma: (a) group
B — strongly positive, consistent, in
almost all tumour cells; (b) group C —
moderately and strongly positive,
heterogeneous; (c) group D — moderate
intensity with focal areas of intense
positive; (d) group E — low positivity
with areas of moderate expression of
$100.

expression was heterogeneous with a moderately and
strongly positivity in the tumour (Figure 5b). The most
important observation is the heterogeneity of VEGF expres-
sion in this group, with a low and medium intensity as pre-
dominant. The majority of the cells stained positively for
VEGF and were perivascular in distribution (Figure 6b). The
cells with intense expression of VEGF were concentrated at
the peripheri of the tumour.

In group D, melanin was present in isolated melanoma
cells (Figure 4c). There were few areas of necrosis and the
tumour showed an infiltrative growth pattern. The ulcera-

LT,

Figure 6 VEGEF staining in the different
groups with skin melanoma: (a) group
B — intense VEGF expression in tumour
cells in almost all cells; (b) group C —
VEGEF expression has a moderate
intensity with a perivascular
predominance; (c) group D — VEGF
showing moderate intensity; the
isolated pigmented cells with melanin
have intense expression of VEGF and a
granular appearance; (d) group E —
moderate intensity of VEGF in isolated
cells and nests.
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tion was absent in this group, the lymph-vascular invasion
was absent, and the mitotic index was 6 mitoses/l mm?.
The S100 assessment showed moderate positivity with focal
areas of intense positive expression (Figure 5c), while VEGF
was variable from low to intense with a granular cytoplas-
mic pattern. The predominant positivity was moderate, and
the isolate pigmented cells with melanin had intense expres-
sion of VEGF (Figure 6¢).

In group E, we detected the presence of melanin
distributed diffusely and an overall loss of pigmentation
(Figure 4d). As in group D, there was no ulceration and no
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lymph-vascular invasion, the tumoral necrosis was isolated,
the borders were infiltrative, and the mitotic index was
8 mitoses/1 mm?. In this group, $100 showed low positivity
with areas of moderate expression (Figure 5d). VEGF had a
low to moderate intensity in melanoma cells. The cells were
small with a spindle-like appearance (Figure 6d).

Discussion

The present study shows that among the tested cell lines
B164AS5 is the most aggressive for C57BL/6] skin. Melanin is
the most important pigment of skin, synthesized by melano-
cytes, as a normal defence to diverse stimuli (Pinon et al.
2011; Sass et al. 2013). The major cutaneous melanin role is
protection against epidermal carcinogenesis and malignant
melanomagenesis (Brozyna et al. 2008). Pinon et al. (2011).
This is an index of the fact that melanocytes respond to UVB
exposure and synthesise melanin and proliferate, instead of
undergoing apoptosis. As melanoma is a malignant tumour
of melanocytes, the role of these pigment-producing cells
(Thomas et al. 2007), and moreover, the implication of mel-
anin expression in melanoma, can give important clues about
melanoma as a disease and its responses of melanomas to
different therapeutic approaches. It is well known that mela-
nin content is variable in different types of melanomas, mela-
nomas being evaluated as ‘deeply’, ‘heavily’, ‘lightly’
pigmented or amelanotic, as Watts et al. (1981) reported in
his work many years ago. Brozyna et al. (2008) demon-
strated that amelanotic melanomas have a better response to
radiotherapy than those with higher melanin content. Liu
et al. (2006) showed that in human subjects, fast-growing
melanoma (usually associated with a worse prognosis) have
a higher percentage of amelanotic cells. Furthermore,
recently the relationship between mitotic rate and the lack of
pigment in melanoma has been described (Shen ez al. 2014).

Our data show that in all B16 sublines, after inoculation,
the level of melanin increased as compared to the control
group. Among the tested groups, mice injected with B164AS5
cells (group B) had the highest content of melanin. The values
started to increase from day 9 after inoculation, as described
in the Results section. The second high melanin level was reg-
istered in the group injected with B16F10 cells. Fedele ez al.’s
experiment with B16F10 melanoma cells implanted into
C57BL/6] mouse strain, revealed that melanin was released in
excess by the tumour cells, resulting in tumours with blackish
colour extending into the subcutaneous tissue. Also, a large
number of metastases in lung and liver parenchyma were
noticed in their experiment (Fedele ef al. 2013).

As reported previously, in most cases, melanin values can
also be correlated with erythema values (Kaur & Saraf
2011; Danciu et al. 2013a,b; Hexse et al. 2013). Brenner
et al. first described the erythematous rash that accompanies
melanoma (Brenner & Wolf 1992; Mashiah et al. 2009).
The erythematous eruption, termed ‘Brenner sign’, is corre-
lated with angiogenesis (Russo et al. 2011). It is known that
tumour growth in vivo is dependent on vascularization
on the first day after inoculation. When tumours are not vas-

cularized then tumour growth is slow and linear. After
angiogenesis has occurred, the tumours begin to grow rap-
idly (Rose ef al. 1999; Zhao et al. 2010; Soica et al. 2012).
The erythema and tumour growth measurements show that
both parameters increased linearly after cell inoculation.
Although the ‘behaviour’ of erythema values was similar for
all four cell lines subtypes, as described in the Results sec-
tion, tumour volume was higher in the group of B164AS,
followed by B16F10. Ulceration is a very important prog-
nostic factor in case of human melanoma (Balch et al.
2009). In this study, during the 21 days of observation,
ulceration of the tumour was not detected in any of the
experimental groups. Overwijk and Restifo (2001) reported
that in the case of implanted B164A5 cells, tumours become
necrotic in the centre and start to ulcerate or bleed when
allowed to grow larger, for a period exceeding 21 days.

For all three non-invasive measurements, tumour volume,
melanin index and erythema, inoculation with B16GMCSF
and B16FLT3 cell lines leads to the lowest values. These
results are consistent with other studies concerning vaccines
expressing GM-CSF and Flt3 (Curran & Allison 2009). It is
well known that GM-CSF is one of the most potent
cytokine which are capable of inducing tumour-specific
systemic immunity (Dranoff et al. 1993; Stagg et al. 2004;
Curran & Allison 2009). Being associated with the growth
and differentiation of hematopoietic progenitors, GM-CSF
exerts its effects on antigen-presenting cells and recruitment
of dendritic cells (Dranoff et al. 1993; Li et al. 2006). It also
chemo-attracts macrophages, lymphocytes and granulocytes
to the vaccine site (Curran & Allison 2009). Dranoff et al.
reported that GM-CSF generates protection against a distant
tumour, while other cytokines, such as IL-2, can induce lo-
coregional tumour rejection (Dranoff et al. 1993; Stagg
et al. 2004). The same protective role is played by the cyto-
kine Flt3L When used prophylactically, it promotes tumour
regression in experimental models (Curran & Allison 2009).
Although it is known that B16-GMCSF can give better
immune protection than B16-FIt3L, Curran and Allison
(2009) reported that the Flt3L efficacy increases with higher
doses, whereas GM-CSF activity decreases at higher expres-
sion levels.

Histological and immunohistochemical analyses support
the above findings. As H&E staining shows, mice skin inoc-
ulated with B164AS5 cell expressed the highest amount of
pigment. Mouse skin inoculated with B16F10 and
B16GMCSF cells showed moderate pigmentation with
isolated areas of intense pigmentation. In mouse skin inocu-
lated with the B16FLT3 cell line, the presence of diffuse
melanin and loss of pigmentation is probably due to the
dedifferentiation of malignant melanocytes.

S$100 protein is widely accepted as a marker of choice in
the immunohistochemical detection of malignant melanoma
(Henze et al. 1997). S100 showed positivity in all groups
with the most intense expression in mouse skin inoculated
with the B164A5 cell line. In B16F10 and B16GMCSF inoc-
ulated groups, S100 was heterogeneous with moderate to
intense positivity, while in B16FLT3 group, the expression
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was low to moderate. A strong expression of S100 protein
is associated with tumour progression (Harpio & Einarsoon
2004). B164AS5 is a cell line derived from the skin of a mur-
ine melanoma of a C57BL/6] mouse strain (Danciu et al.
2013a,b). S100 expression shows that this cell line is the
most ‘well accepted’, in the C57BL/6] host, which is a perti-
nent behaviour, bearing in mind its origin.

VEGEF is a signal protein produced by cells that stimulates
the growth of new blood vessels, (Hoeben et al. 2004). An
increased expression of VEGF in the tumour microenviron-
ment is associated with progression of malignant melanomas
(Brychtova et al. 2008). In this study, VEGF was positive in
all groups. The most intense positivity was noticed in mouse
skin inoculated with the B164A5A cell line while the other
groups showed approximately equal moderate expression. In
mouse skin inoculated with B16F10, perivascular predomi-
nance of VEGF expression was seen on many vessels.

Conclusions

Both clinical (tumour volume, melanin amount, erythema)
and histological (H&E, S100, VEGF expression) approaches
show that B164A5 is the most aggressive melanoma cell line
for C57BL/6]’s skin, followed by B16F10 and followed, in a
similar, diminished manner of aggression, by the B16-
GMCSF and B16FLTS3 cell lines.
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