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ABSTRACT

Malignant melanoma is the most aggressive form of skin
cancer. Metastatic dissemination in distant organs is one
of the hallmarks of melanoma progression. Immunosup-
pression and tumour escape from immune surveillance are
thought to be the major factors responsible for the estab-
lishment and progression of melanoma; however, the exact
mechanisms leading to decreased anti-tumour immunity
are not completely understood. We aimed to analyse the
anti-tumour immune response during hematogenous me-
tastasis using a B16-F1 metastatic melanoma model in
C57BL/6 mice. At 21 days after tumour cell inoculation,
rapid metastatic melanoma growth was observed, reflected
through the increased incidence, number and size of meta-
static colonies in the lungs (B16-F1). Phenotypic analyses of
splenocytes revealed an increased percentage of CD3* T cells,
a markedly reduced percentage of CD19* B cells and an in-
creased percentage and absolute number of CD4*Foxp3'T
regulatory cells. The cytotoxic activities of total spleno-
cytes and isolated NK cells were significantly decreased in
tumour-bearing mice. Thus, the metastatic progression of
melanoma in this model is associated with diminished NK
cytotoxicity, which may be due to an increased expansion of
suppressive CD4*Foxp3* T regulatory cells in the spleen.
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SAZETAK

Maligni melanom je najagresivnija forma tumora koZe.
Diseminacija metastatskih Celija u udaljene organe je glavna
karakteristika progresije melanoma. Smatra se da su imunosu-
presija i izbegavanje imunskog nadzora glavni faktori odgovorni
za uspostavljane metastaza, ali precizni mehanizmi odgovorni
za oslabljen antitumorski imunski odgovor nisu u potpunosti
razjasnjeni. U ovoj studiji, koriséenjem eksperimentalnog mo-
dela metastatskog melanoma (B16-FI1) u C57BL/6 misevima
analizirali smo antitumorski imunski odgovor u toku hemato-
genih metastatskih procesa. Dvadeset prvog dana nakon ubriz-
gavanja tumorskih Celija detektovan je ubrzan rast metastaza
malignog melanoma sto se ogleda u poveéanoj incidenci, broju
i veli¢ini metastatskih kolonija u plucima. Fenotipska analiza
splenocita ukazuje na poveéan procenat CD3*T limfocita, zna-
Cajno smanjene CD19* B limfocita i poveéan procenat i apso-
lutan broj regulatornih CD4*Foxp3*T limfocita. Citotoksicka
aktivnost ukupnih splenocita i NK Celija u slezini je statisticki
znacajno smanjena u misevima kojima su ubrizgane Celije ma-
lignog melanoma. Dobijeni rezultati u ovom eksperimentalnom
modelu ukazuju da metastatskoj progresiji melanoma znacaj-
no doprinosi smanjena ubilacka sposobnost NK Celija koja je
najverovatnije posledica zabelezene ekspanzije imunosupresiv-
nih regulatornih CD4*Foxp3* T limfocita u slezini.

Kljucne reci: B16-F1, maligni melanom, metastaze,
NK Celije, regulatorni T limfociti

UDK: 616-006.81-033.2 / Ser J Exp Clin Res 2012; 13 (3): 85-92
DOI: 10.5937/SJECR13-1726

Correspondence to: Gordana Radosavljevic, M.D., PhD; Center for Molecular Medicine and Stem Cell Research
Faculty of Medicine, University of Kragujevac, Svetozara Markovica 69, 34000 Kragujevac, Serbia
Tel: +38134306800; Fax: +38134306800112; E-mail: perun.gr@gmail.com

ORIGINAL ARTICLE ORIGINALNI NAUCNI RAD ORIGINAL ARTICLE ORIGINALNI NAUCNI RAD

85



86

oo
= [
INTRODUCTION

Malignant melanoma is the most aggressive form of skin
cancer. This disease arises from the malignant transformation
of melanocytes, a complex process that involves the activation
of multiple oncogenes and the inactivation of tumour sup-
pressor genes (1,2). Metastatic tumour cells are characterised
by their motility, ability to invade the surrounding tissues and
enter the bloodstream, ability to survive the transit through
the body and their ability to colonise distant organs (3). The
invasion of malignant melanocytes, with subsequent meta-
static dissemination and tumour growth in distant organs or
tissues, is the hallmark of melanoma progression (4).

The metastatic spread of tumour cells involves interac-
tions between tumour and immune cells (5), during which im-
mune cells could either eliminate tumour cells and attenuate
the metastasis or facilitate the metastatic dissemination (6).
The role of anti-tumour immunity in metastatic melanoma
growth is not completely understood. CD8*T cell-mediated
cellular immunity against melanoma-associated antigens has
been shown to play an important role in the anti-tumour im-
mune response in experimental melanoma models (7). How-
ever, in patients with melanoma, these melanoma-specific
CD8" T cells are not efficient in controlling tumour progres-
sion. Thus, it appears that the role of CD8* cytotoxic T cells is
variable and could be related to the immunosuppressed state
associated with advanced tumours (8,9).

The immunosuppressive tumour microenvironment
may be a major obstacle for the development of effective
tumour-specific immune responses. Recent studies of ma-
lignant melanoma have demonstrated that the number
of regulatory CD4*CD25'Foxp3*T cells in the peripheral
blood and within tumours is elevated, suggesting that these
cells play a role in the induction of antigen-specific, local
immune tolerance at tumour sites (10,11).

Natural killer (NK) cells, a key component of the innate
immunity pathway, are cytolytic cells that recognise and kill
malignant cells without prior sensitisation (12,13). NK cells
are able to eliminate malignant cells from the circulation and
thus serve as the earliest effectors against the dissemination
of hematogenous metastasis [reviewed in (13)]. Natural Killer
Group 2 Member D (NKG2D) is a powerful activating NK cell
receptor that recognises various ligands on malignant trans-
formed cells, such as MICA/B in humans and H60 and RAE-1
in mice (14). Natural regulatory T cells were shown to directly
inhibit NKG2D-mediated NK cell cytotoxicity and suppress
NK cell-mediated tumour rejection (15).

B cells are the effector cells of humoral immunity, and
their role in antitumour immunity is not yet clear. Some stud-
ies suggest that these cells play a dual role in tumour-specific
cellular immunity. For example, B cells can positively regulate
cellular immune responses by serving as antigen-presenting
cells and/or by providing costimulatory signals that can in-
duce tumour-specific cytotoxic T cell activation (16-18). On
the other hand, regulatory B cells (B10 cells) can negatively
regulate inflammation and immune responses through the
production of IL-10 (19-21). It has also been reported that

B cells enhance premalignancy by potentiating chronic in-
flammation (22,23). The antibodies produced by activated B
cells home to premalignant lesions and modulate chronic in-
flammation by cross-linking the FcR on resident leukocytes.
This activity results in rapid degranulation and the release of
proinflammatory mediators that further enhance the cascade
of activation and recruitment of innate immune cells (23).

In the present study, we aimed to analyse anti-tumour
innate and adaptive immune responses during hematog-
enous metastasis using the B16-F1 metastatic melanoma
model in C57BL/6 mice.

MATERIALS AND METHODS

Mice

Eight to ten-week-old female and male C57BL/6 mice
(purchased from the Military Medical Academy, Belgrade,
Serbia) were used as model hosts for experimental metastat-
ic melanoma. Mice were housed under standard laboratory
conditions. The experiments were approved by the Ethics
board of the University of Kragujevac Faculty of Medicine.

Murine melanoma cell line B16-F1

The murine skin melanoma cell line B16-F1, which
is syngeneic to the C57BL/6 background, was purchased
from the American Type Culture Collection (CRL-6323;
ATCC, USA). The cells were routinely cultured as previ-
ously described (24,25).

Estimation of in vivo metastasis in B16-F1

mouse melanoma model

For inoculation, B16-F1 melanoma cells were harvested
at ~90% confluency using 0.25% trypsin and 0.02% EDTA in
phosphate buffered saline (PBS; PAA Laboratories GmbH).
Cells were washed once in complete medium and twice in
DMEM before inoculation. The viability of tumour cells
was determined using the trypan blue assay, and only cell
suspensions with >95% viable cells were used.

An experimental metastasis assay was performed by the
intravenous injection of 5x10* B16-F1 cells, in a volume 0.2
ml, into the lateral tail vein of syngeneic C57BL/6 mice, as de-
scribed previously (26). The mice were sacrificed on day 21
following melanoma cell injection, and lung, liver and brain
tissues were removed for histological examination (24).

Splenic cell preparation

At 12 days after tumour cell injection, mice were sac-
rificed, and single-cell suspensions from spleens were ob-
tained by mechanical dispersion through a cell strainer (BD
Pharmingen, USA) in complete growth medium. Pellets were
resuspended in red blood cell lysis solution, washed three
times and resuspended in complete growth medium.

Phenotyping of splenocytes
The following anti-mouse mAbs were used: CD3, CD4,
CD8, CD3e, CD19, F4/80 and NK1.1 (BD Pharmingen/
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eBioscience, USA). Appropriate isotype control antibodies
were used to assess the level of specific labelling. Dead cells
were excluded by gating out propidium iodide-positive
cells. For intracellular Foxp3 staining, cells were fixed and
permeabilised with permeabilisation buffer (BD Pharmin-
gen, USA). Permeabilised cells were stained with anti-
mouse Foxp3 mAbs (BD Pharmingen). Stained cells were
analysed using a FACSAria Flow cytometer (BD, USA).
The gate used for FACS analysis was the mononuclear cell
region in the FSC/SSC plot. The data were analysed using
CELLQUEST software (BD, USA).

Adherent cell separation

Single-cell suspensions of the spleens were incubated
for 2 h in complete media on plastic Petri dishes that had
previously been covered with FBS. The non-adherent cells
were removed by vigorously washing with DMEM, and the
adherent cells were collected by gentle scraping with rub-
ber policemen.

NK cell and CD8" T cell separation

NK cells were isolated from splenocyte suspensions by
magnetic cell sorting. Single-cell suspensions of splenocytes
were labelled using microbeads conjugated to monoclonal
anti-mouse CD49b (DX5) antibodies (Miltenyi Biotec, USA)
and positively selected as previously described (24). CD8* T
cells were negatively selected from single-cell suspensions of
splenocytes using a Dynal mouse T cell negative isolation kit
(Invitrogen) as previously described (27).

Cytotoxicity assay

The cytotoxic activities of splenocytes, adherent cells,
CD8" T cells and NK cells were measured using a 4-h MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) assay. Isolated splenocytes, adherent cells, CD8* T
cells and NK cells were used as effector cells (E), and B16F1
melanoma cells were used as target cells (T). MTT cytotox-
icity assays were performed as previously described (28).

The percentage of cytotoxicy was calculated as: cytotoxicy
(%) = [1-(experimental group (OD)/control group (OD))] x
100. The data were expressed as the mean+SD of triplicate
wells. Cytotoxic capacity was also presented in lytic units,
LU20/107 cells, which were calculated from the means of
triplicates percentages of killing obtained at four different T:E
ratios. The estimated numbers represent the mean values.

Statistical analysis

The data were analysed using SPSS version 13. Statis-
tical significance was evaluated using the Student’s t-test.
The normal data distribution was evaluated by the Kol-
mogorov—Smirnov test. The results were considered sig-
nificantly different when p<0.05.

RESULTS

The detection of metastatic melanoma

growth in the lung

Metastatic melanomawas established in syngeneic C57BL/6
mice by the intravenous injection of 5x10*B16-F1 cells into the
lateral tail vein. On day 21 following tumour cell injection, all
mice were sacrificed, and the lungs, liver and brain were in-
vestigated for the presence of metastatic colonies. Metastatic
colonies were evident in the lung tissue; eleven out of twelve
mice (92%) developed numerous lung metastases, as shown in
Figure 1A. Metastatic colonies were not observed in other pa-
renchymal organs at this timepoint (data not shown).

The injection of B16-F1 malignant melanocytes causes

an increase in the percentage of CD8* cells and a de-

crease of the percentage of CD19* B cells in the spleen

The proportions of splenocyte cell populations may be
altered in a tumour-bearing host (29). Therefore, we char-
acterised and quantified the immune cells in the spleen
12 days after melanoma cell injection in comparison with
splenocytes from healthy mice.

Figure 1. Metastatic melanoma growth in the lungs of C57BL/6 mice, 21 days after inoculation with B16-F1 cells

Fresh frozen lung tissues were stained with hematoxylin and eosin (H&E) and examined by light microscope for the number and size of metastatic colo-
nies. H&E-stained sections (4 mm) from at least three different levels were analysed. A. Histological section across the lung of a mouse bearing B16-F1
melanoma cells (original magnification 10x) showing metastatic colonies (arrows). B. Histology of a lung section from a mouse without lung metastasis.
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The total number of mononuclear cells in the spleen
was not significantly affected after the injection of B16-F1
malignant melanocytes (data not shown). As shown in the
left panel of Figure 2A, there was a statistically significant
increase in the percentage of CD3'T cells (p <0.05) due to
the increase in the percentage of CD8* cells (p<0.05; Fig-
ure 2B, left panel). Furthermore, the percentage of CD19'B
cells was drastically reduced (p<0.05; Figure 2A, left panel).
The absolute number of subsets (Figure 2, right panels) cor-
relates with these findings, while the absolute number of
CD19B cells was again significantly reduced (p<0.05; Figure
2A, right panel). There were no significant changes in the
percentages or absolute number of CD4+ cells, NK (CD3e
NK1.1*) cells, or macrophages (F4/80") in the spleen on day
12 after tumour inoculation (Figure 2B and 2C, left panel).

The number of CD4*Foxp3* T regulatory cells in the

spleen is elevated after melanoma cell inoculation

We next investigated whether the number of regulatory
CD4*Foxp3* T cells in the spleen is altered after melanoma cell
inoculation. Flow cytometric analysis showed that the injection
of melanoma cells resulted in a significant increase in the per-
centage and absolute number of CD4*Foxp3* T cells (p<0.05,
Figure 3). It appears that regulatory T cells may facilitate tumour
metastasis by promoting an immunosuppressive environment.

Figure 2. Flow cytometric analysis of splenocytes
from naive and melanoma-injected C57BL/6 mice

A. and B. Injection of B16-F1 malignant melano-
cytes causes a statistically significant increase in the
percentage of CD3*T cells (p<0.05; M + SD: 21.92+
1.05 vs. 29.59+1.17, left panel), which is most likely due
to the increase in the percentage of CD8* cells (p<0.05;
10.23+0.81 vs. 14.04+0.92, left panel). The percentage of
CD19*B cells was drastically reduced (p<0.05; 66.70+0.46
vs. 38.33+2.19, left panel). There was no significant in-
crease in the absolute number of CD3*T cells (N.S;
25.02+4.15 vs. 33.37+3.14, right panel) or CD8" cells (N.S;
11.47+1.64 vs. 15.69+1.32, right panel), while the abso-
lute number of CD197B cells was decreased after tumour
cell inoculation (p<0.05; 73.52+15.00 vs. 43.07+4.32,
right panel). In addition, there was no significant increase
in the percentage (N.S; 18.96+1.03 vs. 19.46+0.75, left
panel) or absolute number of CD4* cells (N.S; 21.01+2.09
vs. 22.01+2.31, right panel). C. There was no significant
change in the percentage (N.S; 1.68+0.33 vs. 2.08+0.33,
left panel) or absolute number of CD3eNKI1.1* cells in
the spleen (N.S; 1.63+0.22 vs. 2.41+0.35, right panel) at
12 days after tumour inoculation. Similarly, there was no
significant change in the percentage (N.S; 7.11+0.09 vs.
5.54+1.67, left panel) or absolute number of F4/80* cells
in the spleen (N.S; 7.63+0.38 vs. 6.68+1.30, right panel)
after tumour cell inoculation. The data are presented as
the mean+SD of at least four mice per group. Statistical
significance was tested by the Student’s t-test. N.S. (not
statistically significant).
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A diminished NK cell-mediated anti-melanoma re-

sponse in the spleen

We examined in vitro cytotoxic activity of splenocytes
against tumour cells at the target—effector (T:E) ratios of 1:100,
1:50, 1:20 and 1:10. These cells were isolated before and on days
12 after i.v. injections of B16-F1 melanoma cells and were tested
for cytotoxic activity against the melanoma cells using MTT as-
say. As shown in Figure 4A and 4B, cytotoxicity of total splenic
cells was diminished after tumour cell injection.

To identify the type of effector cells that is responsi-
ble for the diminished cytotoxic capacity of splenocytes,
we isolated adherent cells, CD8*T cells and CD49b* NK
cells and tested their anti-tumour cytotoxicity. We did
not find any differences in the cytotoxicity of adherent
cells between naive and melanoma-bearing mice (Fig-
ure 4C and 4F). We next tested the cytotoxic activity of
CD8* T cells against tumour cells. As shown in Figure 4D
and 4F, significant tumour-specific CD8*T cell-mediat-
ed cytotoxicity was observed in control mice (p<0.05).
Remarkably, we found that the cytotoxic activity of NK
cells in the spleen was diminished after tumour cell in-
jection (Figure 4E and 4F). The obtained results indicate
that impaired NK cell cytotoxicity may be associated
with diminished anti-melanoma immune response dur-
ing hematogenous metastasis.



DISCUSSION

In the present study, we observed rapid metastatic
melanoma dissemination in the lung tissue (B16-F1), re-
flected through the increased incidence, number and size
of metastatic colonies. Our data show that hematogenous
metastasis is accompanied by an increase in the percentage
of CD3'T cells, which is most likely due to an increased
percentage of CD8* cells and a drastically reduced percent-
age of CD19" B cells in the spleen. In our tumour model,
diminished cytotoxicity of total splenic cells and NK cells is
associated with an increase in the percentage and absolute
number of CD4*Foxp3*T regulatory cells. These results
suggest that the spread of metastatic melanoma was main-
ly associated with decreased NK cell cytotoxicity, with a
possible role for the suppressive activity of an increased
proportion of Treg cells.

The B16 cell line is derived from a spontaneous tumour
isolated from a C57BL/6 mouse. It is a highly aggressive tu-
mour, and more importantly, it is similar to human melano-
ma in its propensity for metastasis and low MHC expression
(30). In the current study, on day 21 following i.v. injection
of B16-F1 (murine melanoma variant cell line), we demon-
strated rapid metastatic melanoma growth in the lung tissue,
reflected through an increased incidence, number and size of
metastatic colonies. Eleven out of twelve C57BL/6 mice (92%)
developed numerous lung metastases (Figure 1A).

p<0.05

CD4+Foxp3+ cells
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The spleen, a secondary lymphoid organ, may be involved
in the anti-tumour immune response, and a relationship be-
tween splenectomy and lung metastasis has been reported
(31,32). We noticed that at 12 days after inoculation, the
percentage and absolute number of CD3*T cells were signifi-
cantly increased in the spleen. This change is most likely due
to the increased frequency of CD8* cells, as the frequency
and number of CD4" cells was not altered. Interestingly, we
noticed a marked reduction in the percentage and number
of CD19* B cells in the spleens of tumour-injected mice (Fig-
ure 2A), which could be required for optimal cellular immune
responses against B16 tumours iz vivo (33). DiLillo et al (33)
reported that B cell depletion reduces the generation of effec-
tor/memory and cytokine-secreting CD4+ and CD8* T cells
as well as the activation and proliferation of tumour-specific
CD8" T cells. These data suggest that impaired T cell activa-
tion and effector-memory cell generation in the absence of
B cells is likely to promote tumour growth and metastasis.
It has also been reported that the number of NK cells and B
cells in the bone marrow and spleen of tumour-bearing mice
are reduced. This correlates with a decrease in the number of
common lymphoid progenitors, suggesting that the tumour
growth can lead to reduced lymphopoiesis (29). However, in
our tumour model, we found a reduced number of B cells and
an increased number of T cells, and we did not find any dif-
ferences in the number NK cells or macrophages before and
after injection of melanoma cells (Figure 2C).
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Figure 3. The injection of B16-F1 malignant melanocytes causes an increase in the percentage and number of CD4* Foxp3* T cells in the spleen

of C57BL/6 mice

A. Melanoma cell-inoculated mice have a higher percentage (p<0.05; 1.75+0.4 vs. 2.77+0.54, left panel) and absolute number of CD4*Foxp3* T regula-
tory cells than do naive mice (p<0.05; 1.9+0.36 vs. 3.06+0.5, right panel). B. A diagram illustrating the percentage of regulatory CD4Foxp3* T cells on
the Oth (light blue) and 12th day after i.v. injection of B16-F1 cells (dark blue). The data are presented as the mean+SD of at least four mice per group.

Statistical significance was tested by the Student’s t-test.
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Figure 4. The cytotoxic activity of total spleno-
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It has been suggested that the interactions between ma-
lignant cells and immune cells in the tumour microenviron-
ment create an immunosuppressive network that protects
the tumour from immune attack, permitting tumour pro-
gression (34-37). Recent studies suggest that T regulatory
(Treg) cells are important cellular components of an immu-
nosuppressive network that stimulates tumour growth and
metastasis (38). We showed that the injection of melanoma
cells resulted in a significant increase in the percentage and
absolute number of CD4*Foxp3* T regulatory cells (Figure
3). It appears that Tregs may facilitate tumour metastasis by
promoting the formation of the immunosuppressive envi-
ronment. The depletion of Treg cells was shown to facilitate
tumour rejection in animal studies, implying that these cells
suppress immune response against tumour cells (39,40).

Next, we also noticed that the cytotoxic activity of to-
tal splenic cells was diminished by day 12 after melanoma
cell injection (Figure 4A and 4B). To define the effector cells
responsible for the diminished cytotoxic capacity of spleno-
cytes, we isolated adherent cells, CD8*T cells and NK cells
and tested their cytotoxicity against tumour cells. We did not
find any difference in the cytotoxicity of adherent cells of na-

ive and melanoma cell-inoculated mice (Figure 4C and 4F),
but CD8* T cells from tumour-inoculated mice were more
cytotoxic than those from naive mice (Figure 4D and 4F).
Tumour immunity depends on factors other than T-cells,
and numerous studies in hematopoietic and solid tumours
have revealed that NK cell activation and cytotoxicity are re-
lated to patient outcome (41-43). Remarkably, we found that
the cytotoxicity of NK cells in the spleen was diminished
after melanoma injection (Figure 4E and 4F). Our results
indicate that impaired NK cell cytotoxicity may be associ-
ated with diminished anti-tumour immune response during
hematogenous metastasis. The diminished cytotoxicity of
total splenic cells and NK cells may be due to an increase in
the frequency and absolute number of splenic CD4*Foxp3*T
regulatory cells. An inverse correlation between NK cell ac-
tivity and Treg cell expansion is also found in cancer patients
(44). There is evidence that Treg cells might hamper NK cell
activation [reviewed in ref (45)]. For example, the suppres-
sive effect of Tregs on the cytotoxicity of NK cells is in large
part a result of the down-regulation of NKG2D mediated
by TGE-f3 (44), and Tregs seem to rather selectively inhibit
NKG2D-mediated NK cell cytotoxicity (15,44).
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Taken together, our results suggest that melanoma sup-
press innate anti-tumour immunity and facilitate metasta-
sis, in part due to the increased expansion of CD4*Foxp3*T
regulatory cells in the spleen.
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