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The expression of chemokines CCL19, CCL21
and their receptor CCR7 in oral squamous cell carcinoma
and its relevance to cervical lymph node metastasis
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Abstract The purpose of this study is to determine the
expression of CCL19, CCL21, and CCR7 in samples of oral
squamous cell carcinoma (OSCC) and their relationship
with clinical and microscopic parameters. A comparative
analysis was made of the mRNA expression of these chemo-
kines and receptor in OSCC and normal oral mucosa. The
immunoexpression of CCR7, CCL19, and CCL21 was also
verified in OSCC and lymph nodes. Statistical significance
was accepted at P<0.05. Similar levels of CCR7, CCL19,
and CCL21 mRNA in OSCC and normal oral mucosa were
seen. A low expression of CCL19 and CCL21 in the intra-
and peritumoral regions was observed. Scarce CCL19+ and

CCL21+ cells were also noted in metastatic and non-
metastatic lymph nodes. No association was found between
the expression of these chemokines and clinical and micro-
scopic parameters. Our findings would suggest that CCL19
and CCL21 may not be associated with cervical lymph node
metastasis or other clinical and microscopic factors in
OSCC.
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Introduction

Chemokines are small chemotactic cytokines which induce
the migration and activation of leukocytes [1] and have
recently been implicated in the regulation of tumor growth
and the organ-specific spread of different tumor cells [2–5].
These molecules work through selective membrane-bound
G protein-coupled receptors, whose two major families are
CCR and CXCR [1].

The chemokines CCL19 (ELC/MIP-3β) and CCL21
(SLC/6Ckine), released by lymphatic endothelial cells and
T cells of the lymph nodes, act as ligands of CCR7 [5]. In
various malignant diseases, including breast, pancreatic, and
head and neck cancers [6–8], the expression of CCR7 in
cancer cells would seem to be related to tumor cell capacity
to establish lymph node metastasis Moreover, it has also
been suggested that the CCR7 receptor, activated by CCL19
and CCL21, is involved in other events related to tumori-
genesis, such as tumor cell proliferation [9], tumor cell
surveillance [10], adhesion [11], migration [12], invasion
[13], and angiogenesis [14].
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Oral squamous cell carcinoma (OSCC) is characterized
by a substantial degree of local invasion and an elevated rate
of metastasis to the cervical lymph nodes, which directly
affects prognosis [15, 16]. In this respect, studies undertaken
by our group have shown a positive association between
cervical lymph node metastasis and the expression of che-
mokines and their specific receptors in OSCC [17–19]. One
of our recent studies has shown a positive association be-
tween the stromal cell-derived factor-1 (CXCL12) and its
specific receptor, CXCR4, and the spread of tumor cells to
the cervical lymph nodes in patients with OSCC [18].

In head and neck cancer and in OSCC, certain studies
have indicated an expression of CCR7 in tumor cells and a
positive association between this receptor and cervical
lymph node metastasis [8, 9, 11, 20]. In addition, the
CCR7/CCL19/CCL21 axis may be involved in the ad-
vanced clinical stage of the disease, as well as tumor relapse
and death, thus contributing to a more negative prognosis in
patients with OSCC [9].

The chemokines CCL19 and CCL21 and their specific
receptor CCR7 would seem to have a biological significance
in the development and progression of OSCC [8, 9, 11, 20].
Some studies have demonstrated a positive association be-
tween the CCR7 expression and regional metastasis in
patients with oral cancer [8, 9, 11, 20]. However, for this
disease data on CCL19 and CCL21 are lacking, in particular
on the association between these chemokines and clinical
factors. So, against this background, this study set out to
investigate the expression of CCR7, CCL19, and CCL21
and the relationship between these proteins and the clinico-
pathological factors of OSCC.

Materials and methods

This study was approved by the Institute’s Research Ethics
Committee for human subjects.

Quantitative reverse transcription–polymerase chain reaction

Samples were taken from 20 patients with primary OSCC (12
males and 8 females, aged between 42 and 85 with a median
age of 60.8 years) in the Goiás State Oral Disease Center at the
Federal University of Goiás Dental School. Six samples of
clinically healthy gingival mucosa, collected during third mo-
lar extraction, were used as the control group. The samples
were divided into two equal parts. Half of each specimen was
immersed in Trizol reagent (Life Technologies, Grand Island,
NY, USA) and stored at −80 °C (MDF-C8V, Sanyo Scientific,
USA). The other half was fixed in neutral buffered formalin,
embedded by routine technique in paraffin wax, and cut into
5-μm sections for hematoxylin and eosin staining to confirm
the diagnosis of OSCC.

Total RNAwas extracted from the samples using a Trizol
reagent, in accordance with the manufacturer’s protocol
(Invitrogen Corp.). The quantity and purity of total RNA
were determined on a BioPhotometer (Eppendorf, Ham-
burg, Germany) by evaluating absorbance at 260 nm and
the 260:280 nm ratio, respectively. Complementary DNA
was synthesized by reverse transcription of 400 ng of total
RNA using oligo (dT) as primers (High Capacity cDNA
synthesis kit, Applied Biosystems, Warrington, UK). A real-
time polymerase chain reaction (qPCR) was performed us-
ing a StepOne thermocycler (Applied Biosystems). The
reaction included 1 μL of the RT reaction product in a 20-
μL total volume PCR reaction mix which included 8 μL of
nuclease-free water, 10 μL of TaqMan qPCR master mix,
and 1 μL of TaqMan gene expression assays, including
forward and reverse primers, as well as the fluorophore-
conjugated probe (Applied Biosystems) for human genes
(Table 1). The optimized thermal cycling conditions were:
50 °C for 2 min, 95 °C for 10 min, followed by 40 cycles at
95 °C for 15 s and 60 °C for 1 min. For each sample,
analyses of gene expression were performed in duplicate.
The experiments were performed with three different sam-
ples in each experimental group. For all genes, primers and
probes spanning exon boundaries were selected to avoid
amplification of contaminating genomic DNA. To deter-
mine the relative levels of gene expression, the relative
standard curve method (User Bulletin #2, Applied Biosys-
tems) was used and normalized to the housekeeping gene β-
actin. The relative mRNA expression was arbitrarily set to
100 % for gingival mucosa.

Immunohistochemistry

Samples from 54 patients with primary OSCC were
obtained from the files of the Anatomopathology and Cyto-
pathology Division of the Araújo Jorge Hospital, Goiás
Combat Cancer Association, Goiânia, Brazil. Samples of
lymph nodes (n030) were also taken from the patients with
oral tumors but without cervical lymph node metastasis
(negative). Samples were obtained of both the lymph node
with metastasis (positive) and the lymph node without me-
tastasis (negative) from the patients with cervical lymph
node metastasis. All the patients with oral tumors had been

Table 1 Human genes used for mRNA expression analysis

Genesa Descriptions Accession no. Amplicon (bp)

CCR7 Hs99999080_m1 NM_001838.3 67

CCL19 Hs00171149_m1 NM_006274.2 61

CCL21 Hs99999110_m1 NM_002989.2 72

β-actin Hs999999903_m1 NM_001101.3 171

a Applied Biosystems, Carlsbad, CA, USA
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admitted for surgical treatment, and none had undergone
radiotherapy, chemotherapy, or any other treatment prior to
surgery. Clinical data (gender, age, ethnicity, tobacco and
alcohol consumption, tumor location, extension, T and N
stages) and follow-up information (clinical outcome and
survival time) were obtained from medical records. The
inclusion criteria stipulated for this study were: patients with
oral cavity SCC, of either gender, over 35 years of age, T2/
T3 primary tumor size, and a minimum follow-up of
48 months. The exclusion criteria were patients with SCC
at other sites, people without any clinical history, and those
who had undergone radiotherapy, chemotherapy, or any
other treatment prior to surgery.

All specimens were fixed in 10 % buffered formalin
(pH 7.4) and paraffin embedded. The microscopic features
were evaluated from the analysis of one 5-μm section of
each sample, stained routinely with hematoxylin and eosin.
All of the SCC sections were graded according to WHO
tumor classification [21]. All the sections were examined by
light microscopy to confirm the presence or absence of
lymph node metastasis and to characterize the OSCC.

Paraffin-embedded tissues were sectioned (3 μm) and col-
lected in serial sections on glass slides coated with 2 % 3-
aminopropyltriethylsilane (Sigma–Aldrich, St. Louis, MO).
The immunohistochemistry reaction was conducted as previ-
ously described [18]. The following primary antibodies were
used: polyclonal goat anti-human CCL19 (N-18; sc-9777,
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at
1:100; polyclonal goat anti-human CCL21 (C-15; sc-5808,
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at
1:100; monoclonal mouse anti-human CCR7 (IMG-71209,
Imgenex, San Diego, CA, USA) at 1:100, monoclonal mouse
anti-human Ki-67 (MM1; Novocastra, Newcastle, UK) at
1:100; monoclonal mouse anti-human bcl-2 (clone 124,
DAKO, Glostrup, Denmark) at 1:500; and polyclonal rabbit
anti-human Bax (clone A3533, DAKO, Glostrup, Denmark)
at 1:500, at 4 °C overnight in a humidified chamber.

After washing in TBS, the sections were treated using a
labeled streptavidin–biotin kit (K0690, DAKO, Carpinteria,
CA). The subsequent steps were also performed as previ-
ously described [18]. Negative controls were obtained by
omitting primary antibodies, which were substituted by 1 %
PBS-BSA and by non-immune rabbit (X0902, Dako) or
mouse (X501-1, Dako) serum. The external positive control
for CCR7, CCL19, and CCL21 was lymphocytes of ar-
chived amygdala samples.

Cell counting and statistical analysis

A quantitative analysis was performed to assay the immu-
noexpression of CCR7 by neoplastic and stromal cells. The
percentage of CCL19+ and CCL21+ cells in the intratumoral
and peritumoral regions was determined. In the lymph node

samples, the numbers of CCL19+ and CCL21+ nodal cells
were calculated per square millimeter. All counts were per-
formed in ten alternate microscopic high-power fields
(×400) using an integration graticule (4740680000000-
Netzmikrometer 12.5x, Carl Zeiss, Göttingen, Germany).

Tumor proliferation (Ki-67+ neoplastic cells) and regula-
tory apoptotic proteins (bcl-2+ and Bax+ neoplastic cells)
were assessed by calculating the proportion of positive cells
to the total neoplastic cell population at the OSCC invasion
front. The comparative analyses between experimental
groups were performed using the nonparametric Kruskal–
Wallis, followed by the Dunn test, and/or the Mann–Whit-
ney test. A comparative analysis of the number of CCL19+

and CCL21+ nodal cells per square millimeter between
metastatic and non-metastatic lymph nodes in the same
patients was performed using the parametric Wilcoxon
signed-rank test.

In addition, comparative analyses between the percen-
tages of CCL19+ and CCL21+ neoplastic and stromal cells
with clinical (cervical lymph node metastasis) and micro-
scopic characteristics (proliferation index, measured by the
proportion of neoplastic cells with Ki-67 antibodies; and
apoptosis index, measured by the proportion of bcl-2+ and
Bax+ neoplastic cells) were calculated by the nonparametric
Mann–Whitney test, and the values were dichotomized by
the median value.

The influence of tumor-associated CCL19 and CCL21 on
the prognosis of OSCC patients was evaluated by the
Kaplan–Meier test. Survival time was calculated from the
moment of surgical resection to a patient’s last follow-up
appointment or death. CCL19 and CCL21 were dichoto-
mized by their median values, and differences in survival
between the groups were evaluated by the log rank test.
Significance was set at 0.05.

Results

Assessment of the mRNA expression revealed similar levels
of CCR7, CCL19, and CCL21 in both the OSCC (n020)
and control groups (n06; P>0.05 for all genes analyzed;
Fig. 1). In relation to CCR7, CCL19, and CCL21 protein
expression, in all the OSCC samples, neoplastic cells dis-
played a high expression of CCR7 (>90 %; Fig. 2). How-
ever, only a few CCR7+ inflammatory cells were observed
in the peritumoral region (Fig. 2). Our results also presented
a low expression of CCL19 and CCL21 in the intra- and
peritumoral regions of primary tumors. Furthermore, similar
percentages of CCL19+ and CCL21+ neoplastic and stromal
cells were found for the groups of primary OSCC with and
without lymph node metastasis (P>0.05; Table 2).

When evaluating the lymph node tissues, a small number
of CCL19+ and CCL21+ lymph nodal cells in metastatic and
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non-metastatic lymph nodes was observed (Fig. 3). Howev-
er, the density of CCL19+ lymph nodal cells was signifi-
cantly higher in non-metastatic than in the metastatic lymph
nodes of different patients (P00.02).

The main clinical and microscopic features of our series of
54 OSCC patients are summarized in Table 3. No association
was found between the percentages of CCL19+ and CCL21+

neoplastic and stromal cells and other microscopic features,
such as proliferation index, proportion of bcl2+ neoplastic

cells, and proportion of Bax+ neoplastic cells (P>0.05 for all
evaluations).

As regards the last follow-up appointment, mean survival
time was 45.28 months (95 % CI023.50–67.06). A log-rank
test showed no difference in survival time between the

Fig. 1 Expressions of CCR7, CCL19, and CCL21 in clinically healthy
gingival mucosa (Control; white bars) and oral squamous cell carci-
noma (gray bars). Quantitative reverse transcription–polymerase chain
reaction showed no differences in gene expression between control and
OSCC samples. mRNA expression was normalized against the expres-
sion of the housekeeping gene β-actin. The bars represent mean and
the vertical lines the standard deviation of the mean of the samples in
each experimental group

Fig. 2 Representative expression of CCR7 (brown staining) in the
intratumoral region of OSCC. Immunohistochemical staining; original
magnification, ×400

Table 2 Percentages of CCL19+ and CCL21+ cells in the intra- and
peritumoral regions of OSCC without (NMOSCC) and with (MOSCC)
lymph node metastasis (Mann–Whitney test, P>0.05 for all
comparations)

Mean ± standard deviation

NMOSCC (n024) MOSCC (n029)

CCL19 (intratumoral) 7.21±9.82 14.13±10.98

CCL19 (peritumoral) 3.05±5.92 4.62±9.88

CCL21 (intratumoral) 6.16±19.28 3.40±4.82

CCL21 (peritumoral) 3.09±4.03 7.52±8.36

Fig. 3 Expression of CCL19 (a) and CCL21 (b) by few lymph nodal
cells (brown stains) in the metastatic cervical lymph nodes. Immuno-
histochemical staining; original magnification, ×400 (a–b)
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CCL19 and CC21 groups (P00.90/P00.57 and P00.65/P0
0.72, respectively, for intra-/peritumoral regions).

Discussion

Malignant cells that can metastasize to a specific organ may
have various properties supporting their tissue invasion or
growth, such as enhanced adherence to microvascular cells,
higher responsiveness to chemotactic signals released from
the target organs, and increased affinity of the specific
receptor to soluble or tissue-associated growth signals in
the target organ [1, 3, 5]. There is some evidence that the
chemokine receptor CCR7 and its ligands CCL19 and
CCL21 are involved in the directional migration of neoplas-
tic cells to regional lymph nodes in many types of cancers
[6, 7, 10, 12, 13]. Recent studies observed a positive rela-
tionship between CCR7 expression in neoplastic cells and
cervical metastasis in OSCC [9, 11]. High levels of CCL19
and CCL21 have been demonstrated in cervical lymph

nodes that present metastatic CCR7+ neoplastic cells in head
and neck cancer [20] and OSCC [11].

In this study, on the other hand, although an elevated
percentage of CCR7+ neoplastic cells was seen in all the
OSCC samples (irrespective of whether the patient devel-
oped cervical metastasis or not), a low expression of its
ligands CCL19 and CCL21 in the microenvironment of
the primary tumor and lymph nodes was noted. Additional-
ly, similar mRNA levels of CCR7, CCL19, and CCL21 in
both primary OSCC and control tissues were found. Thus,
considering that CCR7+ SCC cells migrate toward CCL21
and CCL19 in a dose-dependent manner [8, 11], it can be
suggested that in our OSCC cases the chemotactic gradient
in the local microenvironment and lymph node tissues was
not sufficient to stimulate cancer cell migration.

These divergent findings can be explained by differences
in disease outcome, tumor location and parameters ana-
lyzed. Also, despite the fact that all previous studies have
used immunohistochemistry there are differences in meth-
ods of cell labeling and quantification. In this context, it is
important to note that this study was the first to investigate
CCL19 and CCL21 expressions separately in the parenchy-
ma and stroma of primary tumors, and evaluate the relation-
ship between the CCL21 and CCL19 immunoexpression
and regional metastasis, patient survival, proliferation/apo-
ptotic index, and other clinical and microscopic factors in
oral cavity SCC.

There is some evidence supporting the relationship be-
tween CCR7 and tumor size in OSCC [9, 11] since this
receptor may be involved in tumor cell proliferation [9] and
neoplastic cell surveillance through apoptosis inhibition [8].
Wang et al. demonstrated the influence of the CCL19 and
CCL21 expressions on tumor growth in head and neck SCC
since CCL19 exercised an antiapoptotic effect and CCL21
induced tumor cell growth in a paracrine manner [8]. Howev-
er, in this study, no association was found between the expres-
sion of CCL19/CCL21 and the regulatory apoptotic proteins
and proliferation index. Thus, considering that the secretion of
both CCL19 and CCL21 by SCC cells and by paracrine
sources can combine to promote CCR7 activation in neoplas-
tic cells [8], we suggest that the chemokine expression was
insufficient to stimulate this receptor in this study. Addition-
ally, no association was found between the percentages of
CCL19+ and CCL21+ neoplastic and stromal cells and other
clinical features, such as the TNM stage and survival rate.

Although our results showed few CCL19+ and CCL21+

in lymph nodes (irrespective of whether metastatic or not),
the density of the CCL19+ lymph nodal cells was higher in
non-metastatic lymph nodes than in metastatic lymph nodes
of different patients. Interestingly, it has been demonstrated
by our group that the same non-metastatic lymph nodes
present a higher density of activated cytotoxic T lympho-
cytes (CD8+/Perforin+) than metastatic lymph nodes (data

Table 3 Main clinical and microscopic findings (percentage) of
patients with OSCC (n054)

Clinical and microscopic features OSCC (%)

Age <60 years 50

>60 years 50

Gender Male 73

Female 27

Ethnic group Caucasian 61

Non-Caucasian 39

Location Oral tongue 34

Floor of the mouth 20

Others 46

Tobacco Yes 100

No 0

Alcohol Yes 65

No 35

Clinical outcome Dead 31

Alive (overall survival) 69

Survival time Alive, ≥48 months 16

Alive, <48 months 84

Metastasis Yes 58

No 42

Ki-67 proportion
(mean014.93 %; 95 %
CI01.07–28.73)

<14.93 % 58

>14.93 % 42

Bcl-2 proportion
(mean00.97 %; 95 %
CI00.39–2.56)

<0.97 % 90

>0.97 % 10

Bax proportion
(mean04.81 %; 95 %
CI00.46–18.81)

<4.81 % 71

>4.81 % 29
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not shown). Based on this fact, it could be suggested that the
chemokine CCL19 may be contributing to the host defense
against cancer progression since T CD8+ lymphocytes ex-
press CCR7 receptor [5] and are probably being attracted to
these lymph node areas. However, further studies would be
needed to confirm this hypothesis.

In this study, although we had observed an elevated per-
centage of CCR7+ neoplastic cells, there was a low expression
of CCR7+ ligands in the lymph nodes. It could be concluded
from this that the chemokines CCL19 and CCL21 might not
be involved in the establishment of cervical lymph node
metastasis in OSCC. On the other hand, earlier results of our
group demonstrated strong evidence that the CXCR4/
CXCL12 axis is related to cervical metastasis and neoplastic
cell proliferation in OSCC [18]. Thus, taking into account our
previous results and these present findings, we postulate that
the CXCR4/CXCL12 axis, but not the CCR7/CCL21/CCL19,
is an activation pathway involved in the establishment of
cervical lymph node metastasis in OSCC.
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