
Abstract. Cytokines are a protein family of regulatory factors
derived from tumors and their environmental components that
contribute to the growth, invasion and metastasis of breast
cancer. However, the way in which tumor progression and
cytokines regulate each other is not well understood. In this
study, we used an oligoDNA microarray to assess the kinetic
expression profile of cytokine genes in tumor tissues and lymph
nodes during the progression of tumor growth in mice that had
been subcutaneously challenged with breast adenocarcinoma
SB5b cells. Our results demonstrated that IL-15, IL-17, IL-18
and IL-18 binding protein (IL-18bp), which are associated with
inflammation, were increased in tumor tissues. Conversely,
chemokines and their receptors, including CXCR4/CXCL12,
CCR7/CCL21, CCL9, CXCL9 and CCL12, were over-
expressed in lymph nodes during tumor growth. Furthermore,
RT-PCR and Western blot analysis revealed that IL-18, a
pro-angiogenic factor in tumors, was up-regulated in tumor
tissues. Interestingly, CCR3, IL-1R2, SOCS and IL-20 were
up-regulated in tumor tissues, but down-regulated in lymph
nodes during tumor growth. This result suggests that the
expression of cytokines and cytokine-related genes was
differentially regulated, which resulted in a beneficial effect for
tumor progression.

Introduction

Breast cancer, which is the most common malignancy in
women, is characterized by a distinct pattern of metastasis
involving regional lymph nodes, bone marrow, the lungs and
liver (1). In addition, progressive phenotypes such as tumor
invasion and metastasis are currently the major causes of poor

prognosis in the treatment of breast cancer patients (2-4).
However, it has recently been established that tumors are an
ensemble product largely dependent on surrounding factors.
Indeed, immune cells and stromal and vascular cells participate
in the survival and progression of most solid tumors (5).

Cytokines, which are primarily secreted from immune cells,
are important mediators that regulate the survival, growth,
differentiation and effector function of cells (6). Although these
molecules provide beneficial effects that lead to the elimination
of tumor cells from the host, they can also enhance the growth
of tumors in vivo (7). For example, cancer cells produce
immunosuppressive cytokines such as transforming growth
factor-ß1 (TGF-ß), which can alter the characteristics of
surrounding cells to create a favorable environment for the
development of tumors and allow tumors to acquire immune
evasion mechanisms (8). Furthermore, the secretion of
chemokines in secondary lymphoid organs that are recruiting
tumor cells are known to promote tumor invasion and
metastasis (9,10). Collectively, a variety of molecules form a
network between tumor sites and lymphoid organs and their
interplay is involved in the immune surveillance of tumor cells
in the tumor-bearing host.

Over the last few years, several studies have been
conducted using microarray to identify i) genes related to the
metastases of primary breast tumors (11), ii) genes expressed
differentially between normal individuals and cancer patients
(12) and iii) changes in the gene expression pattern before
and after chemotherapy (13). However, no genome-wide
studies conducted to date have been limited to cytokine-
associated genes or designed to clarify the complex network
and relationships of cytokines with tumor and immune
cells.

Therefore, in the present study, we used oligoDNA
microarray analysis to kinetically evaluate the expression
profiles of cytokines, chemokines and their receptors at both
tumor sites and regional lymph nodes using tumors grown in
mice that were challenged with breast cancer SB5b cells
injected subcutaneously into the mammary region. We found
that the expression of some cytokines was regulated in a variety
of patterns during the progression of tumor growth. These
results may help expand our understanding of the roles that
cytokines and chemokines play in the regulation of mammary
carcinoma development.
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Materials and methods

Cells and animals. SB5b cells were derived from an
adenocarcinoma of the breast that arose spontaneously in a
C3H/He mouse in our animal facility (14). The cells were
maintained at 37˚C in a humidified 5% CO2 atmosphere in
DMEM (Gibco BRL, Grand Island, NY) supplemented with
10% heat-inactivated fetal bovine serum (FBS, Biomeda,
Foster City, CA) and antibiotics (100 units/ml penicillin and
100 μg/ml streptomycin, Gibco BRL). Eight to twelve-week-
old pathogen-free C3H/He mice (H-2k) were obtained from
Orient Bio (Kapyong, Korea) and maintained and treated under
standard conditions according to the Animal Care Committee
guidelines of Korea University.

Evaluation of tumor growth in vivo. C3H/He mice were
injected subcutaneously into the right anterior mammary
region with 0.2 ml of a single-cell suspension that contained
1x105 of SB5b cells. The tumors that developed were then
measured every 3 or 4 days using vernier calipers and the
volumes were determined according to the formula: V = 0.5
x A x B2, where A is the largest dimension of the tumor and B
is the smallest dimension. The measured values were
presented as the mean ± SD.

Cell preparation. At specified time points, tumor tissues from
tumor-bearing mice (TBM) that were challenged with SB5b
cells were removed and minced into 1-mm pieces that were
subsequently digested in a buffer containing 0.5 mg/ml
collagenase type IV (Sigma, St. Louis, MO) and 0.05 mg/ml
DNase (Sigma) for 6 h at room temperature. The resulting
cells were then strained through a 70-μm mesh to obtain a
single cell suspension. In addition, lymph nodes were obtained
from each stage of the TBM and then ground into single cells.
The red blood cells (RBC) within both tissue cells were then
lysed by incubation in RBC lysis buffer for 5 min. The samples
were then washed three times with DMEM-10% FBS, after
which the single cells were resuspended in DMEM-10% FBS.

OligoDNA microarray analysis. An oligoDNA microarray
(GenoCheck, Ansan, Korea) consisting of 141 mouse cytokine-
related genes was used to identify differentially expressed

genes. This microarray is designed to identify control genes
such as housekeeping genes and arabidopsis DNA. For target
preparation, the total RNA was extracted from tumor tissues
and regional lymph nodes of the TBM (n = 2-3/gp) that had
been challenged with SB5b breast cancer cells using TRIzol
reagent (Sigma) according to the manufacturer's instructions.
Total RNA from the SB5b cells and tissue from the lymph
nodes of normal mice were used as control samples. The
synthesis of fluorescence-labeled cDNA probes and hybrid-
ization processes were conducted using previously described
methods (15). Following hybridization, the raw images from
the microarray slides were analyzed using the software
program, GenePix Pro 5.1 (Axon Instruments). For hierarchical
clustering analysis of the gene expression profiles, we used the
GeneSpring 6.1 program (Silicon Genetics, CA) and the Tree
View program (http://www.microarrays.org/software). The
results of the microarray analysis were confirmed by reverse
transcription-polymerase chain reaction (RT-PCR).

RT-PCR analysis. Total RNA from either whole tumor tissues
or regional lymph nodes was extracted using TRIzol reagent.
cDNA was then synthesized from 1 μg of total RNA in an
Omniscript RT kit (Qiagen, Hilden, Germany). After cDNA
synthesis, PCR amplification was conducted using an
AccuPower PCR PreMix kit (Bioneer, Daejeon, Korea). The
specific primers used to amplify each gene are listed in Table I.
All PCR products were then electrophoresed on a 1.5% agarose
gel.

Western blot analysis. For Western blot analysis, whole cell
lysates were prepared, as previously described (16). Briefly,
100 μg of each protein sample was separated on a 12% SDS-
polyacrylamide gel and then transferred onto a nitrocellulose
membrane. Next, the membrane was incubated in biotinylated
rabbit anti-interleukin (IL)-18 antibody (RDI, Flanders, NJ),
after which it was incubated in the presence of horseradish
peroxidase-streptavidin. The protein level of the GAPDH
(Santa Cruz, Santa Cruz, CA) was used as an internal loading
control. Finally, the immuno-reactive bands were developed
on X-ray film using an ECL Western Blotting Analysis
System (Amersham, Buckinghamshire, UK) according to the
manufacturer's instructions.
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Table I. Primer sequences for PCR amplification.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Sense (5'-3') Antisense (5'-3') Product (bp)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
IL-10Rß gaacctgactttcacagctc gcccatgagtcataaatgtt 315
IL-17 tccagaaggccctcagacta agcatcttctcgaccctgaa 239
IL-18bp gccactgtcttaactggaag agaatgatgtgatactgggc 374
IL-20 tggacagggtattcaaagtc agttctcccaaagcctttac 223
CXCL10 catggtcctgagacaaaagt tgatgacacaagttcttcca 412
CCR3 attccatggactgaaagatg aagaaagccattcatcaaga 411
TGF-ß2 ccctagattttgacttgcac gcccagtcactaagactctg 335
GAPDH acatcaagaaggtggtgaag attcaagagagtagggaggg 392
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
bp, base pair.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Results

Establishment of an in vivo breast cancer mouse model with
SB5b cells. To establish an in vivo mouse model of breast
cancer, we injected SB5b breast carcinoma cells subcu-
taneously into C3H/He mice. The mice were then evaluated
for the formation of a tumor every 3 or 4 days. Ten days after
challenge with the SB5b cells, a local tumor was initially
observed in the anterior mammary region of the mice. As
shown in Fig. 1, the tumor growth developed rapidly between
days 20 and 24 after the tumor injection. For kinetic analysis
of the cytokine profiles during tumor progression, we divided
the progress grade of the TBM into 5 stages according to the
size of the tumor (stage 1-stage 5).

Expression profiles of cytokine-related genes in breast tumor
tissues and lymph nodes of TBM. To evaluate the expression
pattern of cytokine-related genes during the progression of
breast cancer, tumor tissues and regional lymph nodes were

freshly isolated from TBM during each stage. A mouse 141
cytokine microarray was then used to generate the gene profiles
of tumors collected from both sites, which were subsequently
evaluated by comparison with those from SB5b cells in culture
or lymph node cells from normal mice.

Of the detectable genes, many were found to be up- or
down-regulated in either the tumor tissues or lymph nodes of
the mice with breast cancer. For example, cytokine genes such
as IL-15, IL-17 and IL-18 were up-regulated, while IL-19 was
down-regulated in tumor tissues during the progression period
(Fig. 2 and Table II). Conversely, genes such as CCL12,
CCL9, CXCL5 and IL-24 were only up- or down-regulated in
the TBM lymph node cells (Fig. 3 and Table III). However,
some genes were differentially expressed in samples from both
sites. For example, the CCR3, IL-1R2 and IL-20 genes were
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Figure 1. Tumor growth in C3H/He mice challenged with SB5b breast
cancer cells. C3H/He mice were injected subcutaneously with 1x105 SB5b
tumor cells in the mammary fat pad region. The local tumor volumes were
then determined as described in the Materials and methods section.

Table II. Up- or down-regulated genes in tumor tissues during
tumor progression.
–––––––––––––––––––––––––––––––––––––––––––––––––

Ratio (tumor tissue/SB5b cells)
––––––––––––––––––––––––––––––––––––

Gene symbol Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
–––––––––––––––––––––––––––––––––––––––––––––––––
Up-regulation
CCR3 1.34 1.46 2.13 2.32 3.31
IL-18bp 1.27 1.48 2.60 2.89 2.85
IL-18 1.24 1.20 1.78 1.75 2.04
IL-15 1.29 1.30 1.50 1.54 1.62
IL-17 1.77 1.92 2.15 1.29 1.75
CXCL11 1.33 2.56 1.11 1.05 1.12
IL-1R2 1.20 1.49 2.19 2.05 1.30
IL-20 1.68 1.44 1.69 1.62 1.82
SOCS3 1.51 1.95 1.87 1.45 1.63

Down-regulation
IL-19 0.45 0.38 0.45 0.37 0.45
TGFß2 0.76 0.53 0.53 0.50 0.71

–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Up- or down-regulated genes in lymph nodes during
tumor progression.
–––––––––––––––––––––––––––––––––––––––––––––––––

Ratio (TBM-lymph node/normal lymph node)
–––––––––––––––––––––––––––––

Gene symbol Stage 1 Stage 3 Stage 5
–––––––––––––––––––––––––––––––––––––––––––––––––
Up-regulation
IL-18bp 0.98 1.84 3.18
CCL12 N.D 1.35 2.41
CCL9 0.93 1.35 2.04
CXCL9 0.94 1.55 1.96
IL-10Rß 0.88 1.70 1.93
CXCR4 1.16 1.39 1.92
STAT1 0.96 1.57 1.91
CCR7 1.01 1.74 1.88
IRF1 0.88 1.55 1.64
IRF4 0.90 1.63 1.63
IFN-·R1 1.05 1.44 1.61
CXCL12 0.89 1.68 1.57
JAK1 0.94 1.56 1.59
NFATc1 1.01 1.52 1.56

Down-regulation
CCR3 0.83 0.26 0.26
IL-20 1.20 0.31 0.27
CXCL5 1.19 0.33 0.31
TNF-·SF1ß 1.09 0.41 0.33
SOCS5 1.09 0.53 0.41
IL-24 1.33 0.51 0.48
IL-23 1.03 0.58 0.51
IL-6 0.83 0.57 0.57
JAK3 1.05 0.59 0.61
CSF3 1.02 0.39 0.63
INHA 0.78 N.D 0.66
IL-21 1.22 1.10 0.68
NFATc3 1.29 0.82 0.68
IL-1R2 1.15 0.26 1.07

–––––––––––––––––––––––––––––––––––––––––––––––––
N.D, not determined.
–––––––––––––––––––––––––––––––––––––––––––––––––
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up-regulated in tumor tissue cells, but down-regulated in
lymph node cells. Interestingly, as the breast tumors grew in
mice, the mRNA expression of IL-18bp increased remarkably
in both the tumor and lymph node cells.

To confirm the data generated by the cytokine microarray
analysis, we conducted RT-PCR using primers specific for
the selected genes. As shown in Fig. 4, similar to the results
from the microarray analysis, the mRNA of CCR3 and IL18bp
in tumor tissues from each stage of growth was up-regulated,
while that of TGF-ß2 was down-regulated when compared to
the controls. However, we found that the expression pattern
of CCR3 in tumor tissues did not correspond to that of the
microarray analysis, in which they were up-regulated by
>3-fold during the late stages of tumor progression. Moreover,
when RT-PCR analysis was conducted using lymph node
samples from each stage, we found that the expression patterns
of IL-10Rß, IL-18bp, CCL12 and CXCL10 were similar to
those observed in the microarray analysis.

Increased expression levels of IL-18 in tumor tissue cells. In
some clinical studies, patients with breast carcinoma showed
higher levels of serum IL-18 than their normal counterpart
subjects (3). In addition, the serum IL-18 levels were also
significantly higher in patients suffering from a metastatic
breast tumor when compared to non-metastatic patients, which
suggests that there is a possible correlation between the level
of IL-18 and malignant risk in patients with breast cancer (17).
Therefore, based on the results of previous studies and those
of the microarray analysis conducted in the present study, we
investigated the expression level of IL-18 in tumor tissues.
When RT-PCR analysis was conducted, we observed an
increased level of IL-18 transcripts that corresponded to the
stages of tumor progression and agreed with the results of the
cytokine microarray analysis (Fig. 5A). Next, ELISA was
conducted to determine the amount of IL-18 secreted from
primary cultures of tumor tissue cells; however, no IL-18 was
detected. Because it was possible that the secretion of IL-18
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Figure 2. Hierarchical clustering analysis and line plots of altered genes in the tumor tissues from TBM. (A) Expression profiles of cytokine-associated genes
were obtained using an oligoDNA microarray harboring 141 DNA probes (columns). The fold ratio of gene expression values are represented by colors, with
red representing overexpression and green representing down-regulation as compared to SB5b breast cancer cells. Two dimensional hierarchical clusters were
prepared on the basis of the gene expression profiles of each sample using the GeneSpring 6.1 and Gene Tree View software packages. (B) Line plots were
depicted based on genes that were up-/down-regulated by >1.5-fold. Genes were divided into continuously, irregularly up- or down-regulated patterns. There
were no important cytokine-related genes that were continuously down-regulated.
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or the sensitivity of the antibody used was too low to allow
detection, we evaluated the whole cell lysates from the tumor
mass for the presence of IL-18 by Western blot analysis. The
results of the Western blot analysis revealed that both the active
(18 kDa) and the inactive forms (24 kDa) of IL-18 protein
increased as a function of tumor growth (Fig. 5B).

Discussion

The local cytokine/chemokine milieu generated by the tumor
microenvironment is important for the growth, metastasis and
immune evasion of breast tumors. Cytokines, which regulate
the survival, growth, differentiation and effector response of
innate and acquired cellular immunities (7), are primarily
secreted by mononuclear phagocytes and activated T
lymphocytes, although they are also produced by cancer cells.

In the present study, we evaluated the cytokine-related gene
expression pattern generated by tumor cells and lymph
node cells during the development of breast cancer. Our
results revealed that their expression was commonly and
differentially regulated in the tumor and lymph node sites
during the progression of tumor growth.

IL-18 and its natural inhibitor, IL-18bp, were remarkably
up-regulated in tumor tissue cells (Fig. 2 and Table II). IL-18,
which was originally identified as interferon-Á-inducing
factor, is a pro-inflammatory cytokine that regulates the
Th1 response and inhibits angiogenesis (18). Due to its anti-
neoplastic properties, IL-18 has been proposed for use as a
novel adjuvant to treat cancer (19). However, previous studies
have shown that IL-18 also exerts favorable effects on tumor
progression (2-4). For example, Kim et al and Park et al
reported that IL-18 mediates the angiogenesis of tumors via a
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Figure 3. Hierarchical clustering analysis and line plots of altered genes in the regional lymph nodes obtained from TBM. (A) Expression profiles of cytokine-
associated genes were obtained using an oligoDNA microarray harboring 141 DNA probes (columns). The fold ratio of gene expression values are represented by
colors, with red representing overexpression and green representing down-regulation as compared to the lymph nodes of normal mice. Two dimensional
hierarchical clusters were prepared on the basis of the gene expression profiles of each sample using the GeneSpring 6.1 and Gene Tree View software packages.
(B) Line plots were depicted based on genes that were up-/down-regulated by >1.5-fold. Genes were divided into continuously, irregularly up or down-regulated
patterns.
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mutual stimulation between this cytokine and vascular
endothelial growth factor (20,21). Some studies have also
suggested that IL-18 stimulates migration of tumor cells in a
matrix metalloproteinase-dependent manner (22,23). Moreover,
several studies have demonstrated that IL-18 can enable
tumors to survive from attacks by immune cells (24,25). The
remarkable induction of IL-18 in tumor tissues is in agreement
with the results of former studies, which indicate that it may

contribute to tumor growth, survival and escape from immune
surveillance. Although increased levels of IL-18 and IL-18bp
were detected in this study, no changes in the IFN-Á levels were
observed during any stage of tumor development (Fig. 2A
and Table II). However, further studies must be conducted to
elucidate the reason for the absence of changes in IFN-Á
expression in this study. The levels of IRF-1, which acts as a
tumor suppressor, were slightly higher in the lymph nodes of
mice with cancer (Fig. 3 and Table III). The anti-tumor activity
of IFN-Á is mediated in part through IFN regulatory factor-1
(IRF-1); therefore, its production may have been blocked by
IRF-2 (26).

Among the genes that were down-regulated in tumor
tissues, TGF-ß is one of the most prominent (Fig. 3 and
Table III). Indeed, TGF-ß is known to exert biphasic effects
by acting as a tumor suppressor during the early stages of
cancer, but by promoting invasion and metastasis during later
stages (27). In the case of our breast cancer model, it appears
that TGF-ß exerts a growth-inhibitory response against cells
obtained from tumors during the early stages of development,
which suppresses further progression of the tumor. However,
during later stages, as the tumor grows rapidly, the tumor
environment overpowers the suppressive function of TGF-ß.
Indeed, as shown in Fig. 2, the levels of another isoform of
TGF-ß, TGF-ß3, were slightly higher during the later stages
of tumor development. Therefore, it is possible that this isoform
promotes tumor growth.

The expression patterns of both chemokine receptors and
their ligands are generally correlated with the invasion and
metastasis of tumor cells because their specific interaction
modulates the numbers and types of infiltrating cells within the
tumor site. The two chemokine receptor-chemokine pairs,
CCR7-CCL19/CCL21 and CXCR4-CXCL12, were over-
expressed in lymph nodes in this model (Fig. 3). CCL19 and
CCL21 are strong chemotactic factors for dendritic cells (DCs).
CCR7-positive mature DCs enter lymph nodes, where they
link the innate and adaptive immunity through interactions
between the T cells and DCs. Together, CCR7 and its ligands,
CCL19 and CCL21, initiate the immune system response to
tumor growth. In addition, CCR7-CCL21 plays a key role in
the migration of tumor cells into the sentinel lymph nodes
(28). In the present study, CXCR4-CXCL12 was up-regulated
>2-fold (Table III). CXCR4 and its ligand, CXCL12, are
known to be expressed in a variety of tissues in which
mammary carcinoma cells preferentially metastasize including
lymph nodes, bone marrow and lung tissue (1,9,29). The
gradient concentration of CCL21 or CXCL12 in lymph nodes
provides the migration cue to tumor cells expressing cognate
receptors, which may help the tumors metastasize to other
organs. In this study, CCL9 and CCL12, which are also
considered to assist in tumor development, were significantly
up-regulated (Fig. 3 and Table III); however, there is little
information regarding the roles that these cytokines play.
CXCL11 peaked during the initial stages of tumor development
and then decreased, while CXCL9 was increased consistently
in lymph nodes (Figs. 2 and 3; Tables II and III). CXCL9 and
CXCL11 are known to be interferon-inducible chemokines
that also have angiostatic activity. Specifically, CXCL9 and
CXCL11 inhibit tumor growth and metastasis via a decrease
in tumor-associated angiogenesis (30).
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Figure 4. Verification of the differentially regulated genes by RT-PCR of
tumor tissues (A) and lymph nodes (B). Total RNA was prepared from
samples obtained during each stage of tumor growth and the mRNA
expression of the selected genes was then analyzed by RT-PCR. The PCR
products were then separated on a 1.5% agarose gel.

Figure 5. Expression of IL-18 by tumor tissues. (A) mRNA expression of
IL-18 was assessed by RT-PCR. (B) Whole cell lysate from samples collected
during each stage of tumor growth was loaded onto an SDS-PAGE gel to
determine the expression of IL-18 by Western blot analysis. GAPDH was used
as an internal control and recombinant IL-18 was used as a positive control.
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In this study, we generated an expression profile of
cytokine-associated genes kinetically for both the primary
tumor site and the lymphoid organ during the development of
breast cancer. We found that a large complex network of
cytokines and chemokines was involved in the development
of breast cancer. In general, the number and expressional
variation of regulated genes was greater in the lymph nodes
than at the tumor site. Although cytokines such as IL-18,
TGF-ß, IRF-1, CXCL9 and CXCL11 generally suppress
tumors, they exert unfavorable effects on the host immune
system as the tumor progresses. Our results may provide
insight into the role that cytokines play in the malignant
progression of breast tumors. However, further study is
necessary to define their specific roles.
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