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Abstract Background: Ligands for CXCR3 chemokines
[IFN-c-inducible protein of 10 kD (IP-10/CXCL10),
monokine induced by IFN-c (Mig/CXCL9), IFN-
inducible T cell a chemoattractant (I-TAC/CXCL11)]
and those for CCR4 [macrophage-derived chemokine
(MDC/CCL22), thymus- and activation-regulated
chemokine (TARC/CCL17)] have been shown to play
the central roles for T helper-cell recruitment into the
tissues. To examine the role of these chemokines in tu-
mor progression of lung cancer, we investigated their
expression in human lung cancer tissues to determine the
possible relationship between their expression and the
prognosis of patients. Methods: Total RNA was pre-
pared from lung cancer tissues of 40 patients (24 ade-
nocarcinoma and 16 squamous cell carcinoma). We
measured gene expression levels of chemokines (IP-10,
Mig, I-TAC, MDC and TARC) by real-time quantita-
tive RT-PCR. Results: Higher gene expression of MDC
in lung cancer was significantly correlated with longer
disease-free survival time and lower risk of recurrence
after tumor resection. We could not find any significant
relationship of IP-10, Mig, I-TAC and TARC gene
expression with disease-free survival or lower risk of
recurrence after surgery. Conclusions: These results
suggest that increased gene expression of MDC in tumor
tissues may be a predictive marker for improving the
prognosis of lung cancer.

Keywords Lung cancer Æ Macrophage-derived
chemokine (CCL22) Æ Prognosis Æ Real-time
quantitative RT-PCR

Abbreviations MDC: Macrophage-derived chemokine Æ
IP-10: Interferon-inducible protein of 10 kD Æ Mig:
Monokine induced by interferon-gamma Æ I-TAC:
Interferon-inducible T cell a chemoattractant Æ TARC:
Thymus- and activation-regulated chemokine Æ RT-
PCR: Reverse transcription-polymerase chain
reaction Æ TNF-a: Tumor necrosis factor-a Æ IFN-c:
Interferon c Æ GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase

Introduction

In spite of recent advances in new chemotherapy agents
or molecular-targeted medicine, lung cancer is still one
of the leading causes of death [1]. Although surgical
resection is generally recognized as the most effective
initial treatment for the early stage of non-small cell-
lung cancer (NSCLC), local recurrence or distant
metastasis frequently occurs after surgery. The current
TNM classification for lung cancer has been widely used
in order to evaluate the prognosis and to decide the most
appropriate management. However, the overall 5-year
survival rate for patients with stage I NSCLC is
approximately 70–80%, and TNM staging is not suffi-
cient to predict the prognosis of the disease [2]. There-
fore, it is important to determine which patients are at a
higher risk for relapse. For this purpose, a better
understanding of the fundamental nature and dynamics
of various immuno-inflammatory cells in lung cancer
tissues and the search for new molecular markers are
required.

Chemokines are small chemotactic cytokines that
participate in pleiotropic functions, including migration
of various kinds of inflammatory cells or regulation of
tumor growth [3]. Recent studies have demonstrated
that chemokine is a useful molecule for cancer immu-
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notherapy because it regulates tumor cell growth by the
mechanism of chemoattraction for specific immune cells
including T cells, which play a critical role in establish-
ing anti-tumor immunity [4, 5]. However, the more re-
cent data indicated that tumor-derived chemokines and
chemoattracted leukocytes may provide selective
advantage for specific tumors [6]. Depending on the
cancer types and on the types of recruited cells, the
prognostic outcome may vary considerably. Certain
types of chemokine receptors are selectively expressed in
specific immune cells [7]. CXCR3 is expressed mainly in
type-1 helper T cells (Th1 cells), and ligands for CXCR3
(IP-10/CXCL10, Mig/CXCL9 and I-TAC/CXCL11) are
specific chemoattractants for Th1 CD4+ T cells [8–10].
CCR4 is expressed in type-2 helper T cells (Th2 cells) [7],
and ligands for CCR4 (MDC/CCL22 and TARC/
CCL19) are thought to be characteristic for Th2 CD4+
T cell-mediated immunity [11]. Although polarization of
CD4+ T cells to either Th1 or Th2 has a great impact
on T cell-mediated tumor immunity [12], the role of Th1/
Th2 balance in malignant tumor tissue is not fully
understood, especially in lung cancer tissue.

We hypothesized that the expression of CXCR3 li-
gands (IP10, Mig and I-TAC) and CCR4 ligands (MDC
and TARC) in tumor tissue might reflect the immune-
inflammatory status of Th cell polarization to Th1 or
Th2, and it could be a useful marker for prediction of
prognosis of lung cancer patients. In this study, we
investigated IP-10, Mig, I-TAC, MDC and TARC gene
expressions in tumor tissues obtained from lung cancer
patients who underwent surgical resection. We analyzed
the possible association between the level of gene
expression of each chemokine and clinico-pathologic
factors including disease-free survival.

Materials and methods

Patients and sample collections

Tumor tissues were collected from 40 patients under-
going lobectomy or pneumonectomy for the treatment
of lung cancer including 24 adenocarcinoma and 16
squamous cell carcinoma at Nagoya University Hospital
between March 2000 and July 2001. Normal lung tissues
distal to tumor tissue were used as controls. Specimens
were irrigated with physiological saline immediately
after excision. Some of the specimens were frozen
immediately with liquid nitrogen and kept at �80�C
until analysis. The remaining tissues were fixed with
10% formalin. All the patients provided written in-
formed consent, and tissue was obtained with the ap-
proval of the Nagoya University Institutional Review
Board. None of the patients received adjuvant chemo-
therapy after surgery. None of these subjects had atopic
diseases such as bronchial asthma or atopic dermatitis.
The characteristics of the 40 lung cancer patients are
shown in Table 1.

Real-time quantitative reverse transcriptase polymerase
chain reaction

Total RNA was extracted using ISOGEN (Nippon
Gene, Kanazawa, Japan) from human lung cancer tissue
and normal lung tissue according to the manufacturer’s
instructions. Total RNA (5 lg) was reverse-transcribed
using random primers (Promega, Madison, WI) and
Superscript II reverse transcriptase (Life Technologies
Inc., Gaithersburg, MD) according to the manufac-
turer’s protocol. One microliter of each cDNA sample,
corresponding to 250 ng total RNA, was used for real-
time PCR. The sequences of PCR primers and TaqMan
probes were as follows: IP-10 (CXCL10 gene; NCBI
accession No. NM001565) forward primer, 5¢-TCCAA
GGTCTTTAGAAAAACTTGAAAT-3¢/location in the
sequence 189–215; reverse primer, 5¢-CTTTTTCATTG
TAGCAATGATCTCAAC-3¢/244–270; probe, 5¢-ATT
CCTGCAAGCCAATTTTGTCCACG-3¢/217–242; Mig
(CXCL9 gene; NCBI accession No. BC095396) forward
primer, 5¢-GGAGTGCAAGGAACCCCAGTA-3¢/115–
135; reverse primer, 5¢-TGTTTAAGGTCTTTCAAGG
ATTGTAGGT-3¢/ 185–212; probe, 5¢-CGCTGTTCCT
GCATCAGCACCAAC-3¢/148–171; I-TAC (CXCL11
gene; NCBI accession no. NM005409) forward pri-
mer, 5¢-GACATTATTACTGGAGTCAAGCCCTTA-3¢/
863–889; reverse primer, 5¢-GGAAAGAAGTGTGTAT
TTGCATGAA-3¢/936–960; probe, 5¢-AAGTCAAAAG
CATCTATGTGTCGTAAAGCATTCCT-3¢/891–925;
MDC (CCL22 gene; NCBI accession no. NM002990)
forward primer, 5¢-GCGTGGTGTTGCTAACCTT
CA-3¢/202–222; reverse primer, 5¢-AAGGCCACGGT
CATCAGAGT-3¢/301–320; probe, 5¢-CTGTGCCGAT
CCCAGAGTGCCC-3¢/236–257; TARC (CCL17 gene;
NCBI accession No. NM002987) forward primer, 5¢-TC
CAGGGATGCCATCGTTT-3¢/301–319; reverse pri-
mer, 5¢-AACTGCATTCTTCACTCTCTTGTTGT-3¢/
359–384; probe, 5¢-TGCAGGGCAGGGCCATCT
GTTC-3¢/329–350; glyceraldehyde-3- phosphate dehy-
drogenase (GAPDH) (GAPDH gene) forward primer,
5¢-CCAGGTGGTCTCCTCTGACTTC-3¢/912–933; re-
verse primer, 5¢-GTGGTCGTTGAGGGCAATG-3¢/
975–993; probe, 5¢-ACACCCACTCCTCCACCTTTG
ACGCT-3¢/ 941–966. TaqMan probes for IP-10, and
GAPDH were purchased from PE Applied Biosystems
(Foster City, CA) and probes for Mig, I-TAC, MDC
and TARC were purchased from NIPPON EGT (Toy-
ama, Japan). Real-time PCR was performed in an ABI
PRISM 7700 Sequence Detection System (Applied
Biosystems) to quantify IP-10, Mig, I-TAC, MDC,
TARC and GAPDH mRNA. Real-time PCR was per-
formed in a total volume of 50 ll with the following
components: 2· reaction buffer (qPCR Mastermix Plus;
Eurogentec, Seraing, Belgium), 0.3 lM of each primer
and 0.1 lM of TaqMan probe. Cycle parameters were
50�C for 2 min to activate UNG, 95�C for 10 min to
activate Taq, followed by 40 cycles of 95�C for 15 s and
60�C for 1 min. The threshold cycle (CT) was recorded
for each sample to reflect the mRNA expression levels

1321



and DCT was calculated by subtracting CT (con-
trol:GAPDH) from CT (target gene). IP-10, Mig,
I-TAC, MDC, and TARC mRNAs were indexed to the
GAPDH mRNA using the following formula:

1
�
ð2DCTÞ � 100: ð1Þ

Cell lines and cultures

A549 (alveolar cell carcinoma), H1299 (lung adeno-
carcinoma) and H441 (papillary lung adenocarcinoma)
were purchased from American Type Culture Collec-
tion (Manassas, VA). EBC-1 (lung squamous cell car-
cinoma) was purchased from RIKEN Cell Bank
(Tsukuba, Ibaragi, Japan). All cell lines were main-
tained in RPMI 1640 (Sigma-Aldrich, St. Louis, MO)
supplemented with 100 U/ml of penicillin, 100 lg/ml of
streptomycin, 0.25 lg/ml of amphotericin B, sodium
pyruvate 1 mM, non-essential amino acids 0.1 mM (all
from Gibco BRL, Carlsbad, CA), 2 mM glutamine
(Cosmo Bio, Tokyo, Japan) and 10% fetal calf serum
(Gibco BRL). Cells were cultured at 37�C in a
humidified 5% CO2 incubator. These cells were seeded
into a 6-well culture dish (Nunc A/S, Rosklide, Den-
mark), (106 per well) and cultured for 24 h with or
without TNF-a and/or IFN-c. Recombinant human
TNF-a was purchased from Pepro Tech EC Ltd.
(London, UK). Recombinant human IFN-c was pur-
chased from Invitrogen Corporation (Carlsbad, CA).
Supernatants from each well were collected to measure
chemokine concentration. After centrifugation for
5 min at 4�C, cell-free supernatant was aliquoted and
preserved at �70�C until chemokine concentrations
were measured.

Enzyme-linked immunosorbent assay

The concentration of chemokines was measured by
enzyme-linked immunosorbent assay (ELISA) method
as described previously [13]. Briefly, the aliquoted

samples of supernatant from cell culture were thawed
only once and tested to avoid repeated freeze–thaw
cycles. Concentrations of chemokines were analyzed in
specific ELISAs with matched antibody pairs (R&D
Systems Inc., Minneapolis, MN), according to the
manufacturer’s recommendations. Flat-bottomed 96-
well microtiter plates (Nunc-Immunoplate, Nunc,
Roskilde, Denmark) were coated with 50 ll/well of the
monoclonal anti-chemokines antibody [2 lg/ml in
phosphate-buffered saline (PBS)] for 24 h at 4�C and
then washed with wash buffer (0.05% Tween in PBS
pH 7.4) three times. The microtiter plates were blocked
with blocking buffer (PBS containing 1% BSA, 5%
sucrose, and 0.05% NaN3) for 1 h at room tempera-
ture. After washing three times, 50 ll of supernatant
was added and followed by incubation for 2 h at room
temperature. Plates were washed three times and a
50 ll/well of biotinylated anti-chemokines antibody
(50 ng/ml) was added. Then the plates were incubated
for 2 h at room temperature. After washing, strepto-
avidin–peroxidase conjugate was added and incubated
at room temperature for 20 min. Then the plates were
washed again and o-phenylendiamine substrate (Sigma-
Aldrich Co., St. Louis, MO) was added, followed by
incubation at room temperature to the desired extinc-
tion. The reaction was terminated with 25 ll/well of
1 M H2SO4 solution. Plates were read at 490 nm in an
automated microplate reader (Wallac ARVO SX,
PerkinElmer Inc., Wellesley, MA). Standard curves
were generated using a dilution of recombinant
chemokines serially (R&D Systems Inc., Minneapolis,
MN). The lower limit of detection of the ELISA was
31.25 pg/ml for IP-10, 31.2 pg/ml for Mig and 15.6 pg/
ml for I-TAC, MDC and TARC. No cross-reactivity
was observed among IP-10, Mig, I-TAC, MDC and
TARC. We also confirmed that our ELISA system for
each chemokine had no cross-reactivity with re-
combinant human IL-8 (rhIL-8), rhMCP1, rhMCP2,
rhMCP3, rhRANTES, rhI-309, rhMIP1a and
rhMIP1b.

Immunohistochemistry

Immunohistochemistry for CCR4 and CXCR3 was
performed on paraffin-embedded 5-lm-thick sections
obtained from surgical specimens fixed in 10% forma-
lin. Samples were immunostained with anti-human
CCR4 antibody (clone 1G1; BD Biosciences Pharmin-
gen, San Diego, CA) or anti-human CXCR3 antibody
(clone 1C6; BD Biosciences Pharmingen, San Diego,
CA). In brief, sections were dewaxed in xylene and
dehydrated through graded concentrations of ethanol.
Endogenous peroxidase was blocked by incubation in
peroxidase blocking solution (S2023; Dako Japan Inc.,
Kyoto, Japan). Antigen retrieval was performed for
20–40 min at 95�C in a water bath, incubating with
target retrieval solution (S1700 or S2368; Dako Japan
Inc., Kyoto, Japan). After these procedures, sections

Table 1 Characteristics of 40 patients with lung cancer

Number of patients
(men/women)

40 (27/13)

Mean age (±SD) 66.2±9.0
Adenocarcinoma/Squamous cell
carcinoma

24/16

Stage Adenocarcinoma Squamous cell
carcinoma

Ia 9 4
Ib 5 4
IIa 3 2
IIb 3 3
IIIa 4 3
Differentiation
Well 13 4
Moderate 8 7
Poor 3 5
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were washed in TBST (50 mM Tris–HCL buffer,
pH7.6, including 0.1% Tween 20 and 0.15 M NaCl) for
5 min, followed by incubation of the primary anti-
bodies (anti-human CXCR3 antibody or anti-human
CCR4 antibody) for 30 min. After washing three times
with TBST, the sections were incubated with Envi-
sion+ (K4061; Dako Japan Inc., Kyoto, Japan) for
30 min in a humidified box at room temperature. Sec-
tions were washed again in TBST for 5 min, three
times and then developed with DAB+ (K3467, Dako
Japan Inc., Kyoto, Japan) for 5 min, and counter-
stained with hematoxyline solution for 1 min (S2020;
Dako Japan Inc., Koyto, Japan).

Statistical analysis

Differences of chemokine gene expression between lung
cancer specimens and normal tissues were evaluated
with the Mann–Whitney U test. For correlation anal-
yses between chemokine gene expression levels with one
another, we performed a Pearson’s correlation analysis
to determine the degree of statistical significance.
Associations between the chemokine expression level
and clinical factors were analyzed with the Mann–
Whitney U test and v2 test. Disease-free survival curve
was generated by the Kaplan–Meier method and veri-
fied by the log-rank (Mantel–Cox) and Breslow–Ge-
han–Wilcoxon tests. Cox’s proportional hazard model
was used for univariate analysis of prognostic values.
Statistical significance was considered when a P value
<0.05 was obtained. All analyses were performed
using the StatView 5 statistical package for Macintosh
except for univariate Cox hazard analysis, which was
done using JMP.

Results

Chemokine gene expression in lung cancer tissue

We investigated the gene expression of CXCR3 ligand
chemokines (IP-10/CXCL10, Mig/CXCL9 and I-TAC/
CXCL11) (Fig. 1) and CCR4 ligand chemokines (MDC/
CCL22 and TARC/CCL17) (Fig. 2) in lung cancer tis-
sues and normal lung tissues. As shown in Figs. 1 and 2,
no significant difference was observed in the mean
expression levels of IP-10, Mig and MDC genes between
lung cancer and normal lung tissues. However, several
cases of lung cancer tissues showed ‘higher expression’
gene levels of these three chemokines. I-TAC and TARC
gene expression levels of lung cancer tissues were sig-
nificantly lower than normal lung tissues (Figs. 1c, 2b).

To investigate the balance of gene expression levels
among these chemokines, we performed correlation
analyses. As shown in Fig. 3, gene expression levels of
IP-10 and Mig were highly correlated (Fig. 3a), and
those of IP-10 and I-TAC were also highly correlated
(Fig. 3b). We could not detect correlation of gene
expression levels between IP-10 and MDC (Fig. 3c).
These results indicate that CXCR3 ligand chemokines
and MDC are differentially regulated in lung cancer
tissues although CXCR3 ligand chemokines in tumor
tissues were well correlated with each other. There was
no significant correlation between IP-10 and TARC
(data not shown). Further, MDC expression was not
correlated with TARC (Fig. 3d), which indicates that
these two chemokines may also be differentially regu-
lated in lung cancer tissues although they share the same
receptor, CCR4. We then analyzed the ratio of IP-10
gene expression to MDC gene expression. We could not

Fig. 1 Gene expression level of
IP-10 (a), Mig (b), I-TAC (c) in
lung cancer tissues (n=40) and
normal lung tissues (n=6)
evaluated by quantitative real-
time RT-PCR. Total RNA was
extracted from tumor tissues
and normal lung tissue, and
quantity of mRNA was
measured using real-time RT-
PCR. Quantitative RT-PCR
analysis was performed in
duplicate and repeated twice.
Values are means of two
independent experiments.
Levels of each chemokine gene
expression are expressed as a
percentage of the GAPDH gene
expression calculated as
described in Materials and
methods
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detect any differences of IP10/MDC gene expression
ratio between lung cancer and normal lung tissues (data
not shown). These results indicated that the levels and
the balances of gene expression of CXCR3 ligand
chemokines and CCR4 ligand chemokines in lung can-
cer tissues might not be different from those of normal
tissues.

MDC/CCL22 gene expression and the prognosis
of lung cancer

As we speculated that expression of chemokines in lung
cancer tissue might influence tumor progression, we
investigated the association between gene expression of
CXCR3 ligand and CCR4 ligand chemokines in the
cancer tissues, and the prognoses of lung cancer patients.
We analyzed the association of IP-10, Mig and MDC
expression levels and the recurrence of lung cancer pa-
tients after surgery in a univariate Cox proportional
hazards model (Table 2). We found that MDC high
gene expression showed significant inverse association
with the recurrence of lung cancer (P=0.006); however,
high IP-10 or Mig gene expression did not. We also
analyzed disease-free survival according to gene
expression levels of these chemokines. Higher expression
of MDC was significantly correlated with longer disease-
free survival time (P<0.05) although no significant dif-
ference was observed in high levels of IP-10 or Mig gene
expression (Fig. 4). Then we analyzed the relationships
between intra-tumor expression levels of MDC gene and
other clinical factors of lung cancer patients. As shown
in Fig. 5a, patients with stage I lung cancer showed
significantly higher expression levels of MDC gene than
those with stage II or III disease (P<0.02). In addition,
patients with T1 disease compared with T2-4, and pa-
tients with N0 compared with N1-2 showed significantly
higher MDC gene expression (Fig. 5b, c). We could not
find any association between expression levels of other
chemokines investigated in this study and clinical fac-
tors. These results demonstrate that MDC/CCL22 gene
expression in cancer tissues may be a possible predictive
marker for a favorable outcome of lung cancer.

Histological examination of lung cancer tissues
showed that many mononuclear cells or macrophages

Fig. 2 Gene expression level of MDC (a) and TARC (b) in lung
cancer tissues and normal lung tissues evaluated by quantitative
real-time RT-PCR. Quantitative RT-PCR analysis was performed
in duplicate and was repeated twice. Values are means of two
independent experiments. Levels of each chemokine gene expres-
sion are expressed as a percentage of the GAPDH gene expression
calculated as described in Materials and methods

Fig. 3 Correlation between
chemokines in lung cancer
tissue. a–c In each tumor, gene
expression levels of IP-10 are
plotted on the vertical axis
against the levels of chemokines
indicated on the horizontal axis.
Expression of IP-10 gene was
highly correlated with Mig (a)
and I-TAC (b), but not with
MDC (c). d MDC expression
levels are plotted on the vertical
axis against TARC expression
levels. Expression of MDC gene
was not correlated with TARC
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infiltrated into the tumor nest or peripheral non-tumor
area in most cases. We could not find the association
between MDC gene expression levels and intensity of
inflammatory cell infiltrations (data not shown).
Immunohistochemistry for CCR4 and CXCR3 showed
that these receptors were expressed in infiltrated lym-
phoid cells, suggesting that these cells might be chem-
oattracted into cancer tissues (Fig. 6).

MDC/CCL22 production in lung cancer cell lines
in vitro

As lung cancer tissue contains various types of cells such
as cancer cells, stromal cells, and infiltrating inflamma-
tory cells, we tried to elucidate whether lung cancer cells
could produce MDC/CCL22 and IP-10 or not. We
measured the concentration of MDC (white column)
and IP-10/CXCL10 (black column) in supernatant from
cultured human lung cancer cell lines stimulated with or
without pro-inflammatory cytokines (TNF-a and IFN-
c). We used lung cancer cell lines of H441 (papillary
adenocarcinoma), A549 (alveolar cell carcinoma),
H2099 (adenocarcinoma) and EBC1 (squamous cell
carcinoma). As shown in Fig. 7a, H441 cells spontane-
ously produced a considerably high amount of MDC.
The production of MDC was enhanced by the stimula-
tion of TNF-a. A549 cells and H2099 cells produced
little MDC even under the TNF-a stimulation (Fig. 7b,
c). EBC1 (squamous cell carcinoma) produced MDC
moderately, and TNF-a enhanced its production
(Fig. 7d). In contrast to MDC, IP-10/CXCL10 pro-
duction was observed in all cell lines under stimulation
with TNF-a or TNF-a combined with IFN-c (Fig. 7a–
d). These results demonstrate that lung cancer cells
could produce MDC in response to various immuno-
logical stimulations such as pro-inflammatory cytokines
in the tumor microenvironment, and the level of its
production varies widely with tumor cells.

Discussion

Primary functions of chemokines are chemoattraction
and activation of specific leukocytes in various immuno-
inflammatory responses [4]. Recent studies have shown
that chemokines are also involved in growth, angio-
genesis and metastasis of cancer cells, and therefore they
are thought to be key players in cancer biology [4]. In
addition, some investigators have shown that chemo-
kines or expression of their receptors in cancer correlates
with disease progression and prognosis [14–16].

In this study, we investigated gene expressions of five
chemokines including IP-10, Mig and I-TAC (which
bind CXCR3 receptor of Th1 cells), and MDC and
TARC (which bind CCR4 receptor of Th2 cells) in lung
cancer tissues. We showed that IP10, Mig and MDC
gene expression levels in lung cancer tissues were not
significantly different from those in normal tissues.

Table 2 Cox-proportional hazards model-derived relative risk of
recurrence after resection of lung cancer based on chemokine level
as a dichotomous variable

Variable (chemokine expression
level above the median)

Relative risk
(95% CI)

P

CXCL10 (IP-10) high (>2.175) 1.909 (0.527–7.308) 0.329
CXCL9 (Mig) high (>4.067) 1.238 (0.341–4.563) 0.744
CCL22 (MDC) high (>1.172) 0.117 (0.022–0.488) 0.006

Groups of patients were stratified based on whether they had levels
of corresponding chemokines above (high) or below the median

Fig. 4 Kaplan–Meier curves describing disease-free survival.
Patients with high levels of IP-10 (a) or Mig (b) gene expression
showed no better disease-free survival compared to those with low
levels of expression. However, patients with high level of MDC
gene expression (c) showed significantly better disease-free survival
compared to those with low levels of gene expression
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However, a subset of lung cancer cases showed relatively
increased gene expression of these chemokines. Among
these chemokines, MDC gene expression showed a po-
sitive correlation with better prognosis after surgery.
The result is rather unexpected as we had first hypoth-
esized that increased gene expression of CXCR3 binding
chemokines (chemoattractive factors for Th1 cells)
might be associated with better prognosis. In general, it
is thought that type-1 immunity (Th1-type immunity),
which is regulated by IFN-c and IL-12, is important for
eradicating tumors, and type-2 immunity (Th2-type
immunity) effector cells suppress Th1-dependent immu-
nity by producing IL-4 or IL-13 [12]. However, IL-4 has
also been reported to provide potent anti-tumor activity
against various tumors [17, 18]. Thus, the precise role of
Th1 and Th2 cells in anti-tumor immunity has not been
fully understood [12]. MDC/CCL22 is a chemotactic
factor for a variety of immune cells including not only
CD4+ T cells but also NK cells, monocytes or dendritic
cells. Some investigators have reported the gene transfer
of MDC using adenoviral vector into murine tumor
cells, which brought successful results in the treatment of
lung carcinoma [19, 20]. These reports suggested that
dendritic cells or T cells (CD4 or CD8 T cells) play
important roles for establishing anti-tumor activity by
MDC. Interestingly, Guo et al. [19] observed a signifi-
cant increase of IL-4 production early after the MDC
administration into tumor site followed by the increase
of IL-12 and IL-2 production. They showed the anti-
tumor response induced by MDC was markedly im-
paired in IL-4 knock out mice, suggesting an important
role of IL-4 in the induction of anti-tumor immunity by
MDC. In precursor B cell lymphoblastic leukemia,
MDC is secreted by tumor cells following CD40 liga-

tion, and mediates the chemoattraction of tumor-specific
effector T cells [21]. Our immuno-histochemical study
illustrated that CCR4 positive lymphocytes infiltrated
into lung cancer tissues. This might suggest that MDC
could enhance infiltration of immune cells to tumor
environment. However, we could not find the associa-
tion between intensity of mononuclear cell infiltration
into tumor tissues and gene expression levels of MDC.
The infiltration of inflammatory cells into tumor tissue is
influenced by many factors. So, it may be difficult to
assess the association between inflammatory cells
recruitment and the single chemokine (MDC). Recently,
several research groups have shown that an inflamma-
tory reaction in tumor tissue could foster tumor devel-
opment [22]. Lin et al. [23] reported that macrophages
could promote both the development of breast cancer
and their metastases. They showed this by knocking out
the gene for colony-stimulating factor 1 (CSF-1), a
cytokine that attracts macrophages in a mouse geneti-
cally engineered to develop breast cancer. Daniel et al.
[24] also showed reduced tumor development of skin
cancer in a mouse strain lacking CD4+ T cells. These
reports suggest that inflammatory reactions including
expression of chemokines at tumor environment may
play dual roles in cancer development. Although
chemokines may recruit anti-tumor immune cells into
tumor site, they may also induce inflammation that
could promote invasion and metastasis of tumor [6].
Further studies are needed to elucidate the precise rela-
tionship among chemokines’ expression, inflammatory
cells’ recruitment and anti-tumor effect.

IP-10 and Mig are important angiostatic factors as
well as chemoattractants for Th1 lymphocyte recruit-
ment [25]. In renal cell carcinoma, IP-10 and Mig

Fig. 5 Expression of MDC was significantly increased in cases with
early stage. MDC gene expression quantified by real-time PCR was
analyzed according to the TNM staging categories. a Stage I versus

stages II and III, b T1 versus T2, T3 and T4, c N0 versus N1 and
N2. *P<0.05; **P<0.02 for the difference between two groups
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expressions in tumor tissue have been reported to be
associated with better prognosis [26]. In contrast, we
could not demonstrate the association between gene
expression of these chemokines and prognosis of lung
cancer patients. As reported previously, tumor-sup-
pressive activities are greatly influenced by the kind of
tumor and activation state of the host’s immune system
in chemokine-gene-based immunotherapy [27]. There-
fore, the discrepancies may be due to the difference of
tumor biology between lung carcinoma and renal cell
carcinoma.

In the present in vitro study, we showed that lung
adenocarcinoma cell line H441 produced a large amount
of MDC with or without pro-inflammatory cytokine
stimulation. EBC-1 (squamous cell carcinoma cell line of
the lung) also produced MDC with TNF-a stimulation.
In contrast, we could not detect any significant pro-
duction of MDC from A549 cells even with TNF-a–
IFN-c stimulation, which was consistent with previous
reports that bronchial epithelial cell lines (A549 and
BEAS-2B) produced no MDC even in cultivation with

TNF-a, IL-4 or IFN-c [11, 28]. In addition, a previous
report showed that human ovarian carcinoma cells as
well as microenvironmental macrophages produce a
large amount of MDC in vivo [29]. Taken together, we
speculated that lung cancer cells by themselves could
produce MDC, and its production might depend on the
characteristics of tumor cells. To investigate the effect of
autocrine on MDC-producing cells, we examined the
expression of CCR4 at mRNA level, and the blocking of
CCR4 using anti-CCR4 antibody. The experiment
showed no CCR4 expression and no influence on cell
growth or growth inhibition in vitro (data not shown).
Further studies are needed to determine the precise
mechanism of MDC production in lung cancer tissue
and how intra-tumoral MDC influences the prognosis in
lung cancer.

Recently, increased evidences have shown the benefit
of adjuvant chemotherapy for lung cancer patients who
underwent surgery at stages IB or II [30, 31]. However,
for patients with stage IIIA disease, the role of chemo-
therapy at adjuvant settings is still controversial. In such

Fig. 6 Representative immunohistochemistry of CCR4 (a, b) and
CXCR3 (c, d) in lung cancer tissues. Paraffin sections of lung
cancer tissues were immunostained with anti-human CCR4

antibody (1G1) or anti-human CXCR3 antibody (1C6). a and c
adenocarcinoma; b and d squamous cell carcinoma. (·200 original
magnification)
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cases, precise prediction of prognosis or recurrence of
tumors after tumor resection may be useful for adding
the next therapeutic modality. Our study indicates that
measurement of MDC gene expression in tumor tissue
specimen obtained by biopsy or surgical procedures
would give important information to predict the tumor
recurrence or the relapse. To confirm our results pro-
spectively, a protocol study for the treatment of lung
cancer patients using the stratification dependent on
MDC expression status needs to be validated.

In summary, we have found that a subset of lung
cancer tumors express increased levels of MDC/CCL22
gene expression, which correlated with decreased risk of
the tumor recurrence after tumor resection. Our study
also showed that lung cancer cell lines produced MDC
with or without chemokine stimulation, which suggested
that tumor cells could produce MDC as well as intra-
tumoral inflammatory cells. Although additional pro-
spective studies are needed to confirm this hypothesis,
we suggest that the intra-tumoral gene level of MDC

may be a useful marker for predicting the prognosis of
lung cancer.
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