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Immune responses in the microenvironment of a metastatic 4T1 mouse model
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ABSTRACT

The 4T1 murine mammary carcinoma cells have the ability to spread to
target organs in BALB/c mice breast cancer model. The spread of 4T1 cells
mimics human stage IV breast cancer and elicits immune responses. The aim of
this study is to establish an animal model of mammary carcinoma metastasis to
discern the in vivo effects of growth and spread of breast cancer. Six-weeks-old
female BALB/c mice were inoculated with 4T1 murine breast cancer cells. Gross
and histological studies were carried out to determine the approximate day of
metastatic onset. Production of IFN-gamma was assessed by ELISA to understand
its role in tumour growth and metastasis. Lymphocyte markers such as CD8",
CD25 and CD49b were analysed to elucidate its role in tumour growth and
progression. The metastatic onset occurs approximately 11 days after inoculation
and accompanied with hepatosplenomegaly. The breast cancer cells from primary
tumour were found to spread rapidly to the liver on day 11. IFN-y production was
higher in inoculated mice serum compared to control. Higher numbers of CD§",
CD25 and CD49b cells were observed in the peripheral blood of inoculated mice,
compared to control. In conclusion, the 4T1 murine breast cancer cells can
migrate and metastasise rapidly to the liver, eliciting various immune responses.
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INTRODUCTION

The most common cancer worldwide for males is lung cancer and for
females is breast cancer (Parkin et al., 1999), with breast cancer shown to be one
of the major causes of cancer-related mortality in women (Hill and Iverson, 1997).
The metastatic process is made up of a sequence of events, namely invasion,
intravasation, transport, arrest, extravasation and growth. Several cytokines are
known to promote the dissemination of breast cancer tumours to target organs and
one of them is interferon-gamma (IFN- y). Recently, IFN- y has also been
implicated to have a prominent role in immune responses to tumours (Elpek et al.,
2007).

The generation of a mouse model of breast cancer is a critical step towards
the understanding of many factors underlying mammary carcinogenesis. In this
study immunocompetent mice (BALB/c) and a syngeneic mammary carcinoma
cells (4T1).

The 4T1 were used poorly immunogenic and the primary tumour in mice
can metastasises via the hematogenous route to liver, lungs, bone and brain,
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making it a good model of human metastatic breast cancer (Heppner et al., 2000).
The aim of this study is to establish an animal model of mammary carcinoma
metastasis to discern the in vivo effects of growth and spread of breast cancer in
an immunocompetent mouse model.

MATERIALS AND METHODS

Cell line and reagents

The 4T1 cells (Pulaski et al., 2000) were purchased from ATCC (P.O. Box
1549, Manassas, Virginia 20108, USA). The cell line was cultured in RPMI
medium 1640 (Gibco, USA) supplemented with 10% fetal bovine serum (Gibco,
USA), 2% HEPES (Gibco, USA), 2% sodium pyruvate (Gibco, USA) and 1%
penicillin-streptomycin antibiotic mixture (Gibco, USA). The cells were cultured
according to the protocol provided by ATCC (ATCC Tissue Culture Protocol).
Experimental model

Six to eight-weeks-old female BALB/c mice were obtained from the
Animal Facility in Universiti Putra Malaysia. (Serdang, Kuala Lumpur,
Malaysia). Mice were challenged intramammarily in the right flank mammary pad
with 100 pl of 4T1 cells at a concentration of 1x10° cells/ml. Mice were housed at
the Animal Holding Facility at the International Medical University and all
animal procedures were subjected to review and approval by the Research and
Ethics Committee of International Medical University.
Gross and histopathological studies

Lungs, liver and spleen were carefully removed when tumour was first
palpable (day 11 after inoculation). The morphology and conditions of the
extracted organs were observed. The organs were stored in 10% formalin solution
for at least 48 hours and were retained as materials for histopathological studies,
subjecting through Haemotoxylin and Eosin (H&E) staining. The metastastic
tumour infiltrations were evaluated using the Nikon Brightfield Compound
Microscope at a magnification power of 100X using the NIS Elements BR 3.0
software. Sections from control mice (did not receive 4T1 cells) were used for
comparison.
Estimation of on serum levels of IFN-y

The IFN- y production level in mice plasma was estimated using a
commercial ELISA kit (eBioscience, USA). The results were analysed using a
microplate reader (Tecan, Switzerland) at 450 nm. The determination of cytokine
concentration estimation was achieved by plotting the mean absorbance values against
the standard concentrations and this was compared to the standard curve.
Staining of cell surface markers

Briefly, 100 ul of whole blood aliquots were single-stained with three
antibodies: BD Biosciences, USA, FITC-conjugated CD8, PE-conjugated CD25,
PE-conjugated CD49b, with the last tube serving as control (non-stained). After
20 minutes of staining, the tubes were washed once with PBS using centrifugation
and resuspended with 200 ul of PBS after the supernatant was discarded. They
were analysed using the flow cytometer (FACSCALIBUR, BD Biosciences,
USA).
Statistical analysis

The statistical tests were employed on the data using SPSS 15.0 software
and data were checked for normal distribution before proceeding to other tests.
The unpaired t- test was performed at a p-value set at less than 0.05.
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RESULTS

Gross analysis of harvested organs

Most of the organs from the 4T1-inoculated mice did not show any abnormal
morphological features or any visible tumour nodules (Fig. 1). The liver and spleen from
the 4T1-inoculated mice were almost twice the size of the same organs from the control
mice denoting hepatosplenomegaly. This morphological abnormality indicates tumour
infiltration in the liver and the hyperfunction of the spleen following the spread of the
tumour.

Histolopathological analysis of metastatic tumour infiltrates in target organs.
The microscopical sections of the liver showed the tumour cells were either deep
blue or deep purple in colour (Fig. 2). The cells were also noted to be on the larger
side and usually appear as clumps or groups.

The tumour cells from the primary tumour excised on day 17 appear to be
cuboidal and epithelial (Fig. 3a) while those from the tumour excised on day 21 appear to
be spindle and fibroblastic (Fig. 3b).

The tumour cells also were seen in the sinusoidal region, possibly restricting the
blood flow and obstructing the fenestrated system of the vascular channels. Microscopic
sections of lungs and spleen of the 4T1-inoculated mice did not show presence of any
metastatic tumour cells.

Production of IFN- y in serum of inoculated mice and control mice

As shown in Fig.4, the amount of IFN- y in the plasma of 4T1-inoculated appears
to fluctuate. However, the trend in plasma levels of IFN- y production between the
inoculated and control mice was similar and statistically not significant (p=0.368).
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Fig. 4: Chart showing the IFN-gamma production in 4T1-inoculated mice and control mice
on day O and every two days from day 11 (palpable tumour mass) onwards
(p>0.05).

Flow cytometry analysis of cell surface markers

As shown in fig. 5a, the gated percentage of CD8" for the inoculated mice
was higher than control mice from day 11 onwards and its production was found
to be statistically significant (p<0.05) (0.047). Similarly in Figure 5b the gated
percentage of CD25 for the inoculated group was almost 3 times higher than of
the control mice, with its production being statistically not significant (p=0.051).
Figure 5c elucidates that the gated percentage of CD49b for inoculated mice was 3
times higher than the control mice, the production being statistically significant
(p=0.043).
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Figs. 5: Comparing the mean percentages of CD8+, CD25+ and CD49b+
cells between 4T1-inoculated and control mice from day 0 to 23 as
determined by flow cytometry.

DISCUSSION

Effect of breast cancer metastasis on target organs, lungs, liver, spleen: gross
and histopathological analysis

There was a clear case of hepatosplenomegaly and this can be associated
with increase workload, suggesting it is a response to hyperfunction. One of the
goals of our animal study was to pinpoint the approximate time frame for metastatic
reference. Histopathological analysis revealed metastatic infiltrations in the liver, starting
approximately on day 11 after the experimental mice were injected with viable 4T1 cells.
Association of breast cancer metastasis and IFN- y production

The IFN-gamma has been implicated to be a critical mediator of
metastatic tumour progression in BALB/c mice (Pulaski et al., 2000). Production
of IFN- y at the tumour site subsequently induce production of more IFN- y by
newly arrived cells of the innate immune system, such as NK cells and this is
known to activate the cytotoxic functions of additional tumour infiltrating cells
such as NK cells and activated macrophages. The fluctuating trend of IFN-gamma
in our study suggests that the continued production of IFN-gamma is a result of
the immune system trying to reject the 4T1 cells by activating the MHC class |
protein pathways to increase the tumour immunogenecity by promoting its
recognition by tumour-specific T cells.
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Effect and role of CD8", CD25 and CD49b in breast cancer metastasis

The increase of CD8" lymphocytes presence in our study is in agreement
with the study conducted by Ekert and Vaux (1997), suggesting that the immune
system recognises the infiltration of the tumour cells and might be trying to
stimulate a wave of immunoediting and inducing cancer cell killing through some
of the killing mechanism used by CD8" T-cells i.e. by direct exocytosis of
granules that contain perforin and granzymes and by signalling by FasL.

We believe that there could be a positive correlation between the increased
number of CD25 cells and tumour progression in experimental as well as clinical
settings, providing a positive indirect evidence that this cell may play an
important role in tumour immune evasion (Ormandy et al., 2005; Wolf et al.,
2003). The increased population of CD25" as shown in our study has also been in
agreement with suggestions by other researchers who showed that animals with
tumours had increased percentages of systemic T-regulatory cells (CD25"9"),
playing a dominant role in early tumour progression (Elpek et al., 2007).

The study showed a rather poor presence of CD49b when compared to T
cells, and this is in agreement with the suggestion that MHC Class | might be
associated with T-cell infiltration instead of NK cells (Dranoff, 2003). The
relatively high production of CD49b seen in the inoculated mice group is a
probable indication of NK cells that were produced to generate an effective T-cell
response, bringing about an anti-tumour effect and also promoting a reciprocal
cross-talk between immune cells, initiating efficient immune responses (Ferlazzo
and Miinz, 2004).

CONCLUDING REMARKS

The interrelationships of the immune cells and tumour can be considered
important, especially in view of the role played by the immune system in the
pathogenesis and progression of the breast cancer. Further understanding of the
metastasis process allows a more critical evaluation of the roles of the many
cellular and molecular factors implied in the microenvironment of a 4T1 mouse
model.
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Fig. 1: Image showing the gross pictures of various organs (liver, lungs and
spleen) taken from control and tumour-inoculated mice on day 17.

Fig. 2: Image showing a microscopic image of H&E stained liver section
of a 4T1l-inoculated mouse taken on day 17. Red circles
denotes the cluster of metastatic tumour infiltrates appearing as
deep blue and deep purple clumps or groups and are also larger
in size compared to normal hepatic cells.
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Fig. 3: Image showing a microscopical picture of H&E stained section of the primary
tumour of a 4T1-inoculated mice that was sacrificed on a) Day 17 and b) Day 21.
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