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Abstract. The C‑C motif chemokine ligand  22  (CCL22) 
chemokine is produced by M2‑like tumor‑associated macro‑
phages (TAMs) in the tumor microenvironment. Chemokine 
C‑C  motif receptor  4  (CCR4), the CCL22 receptor, on 
T helper2 (Th2) cells leads to a Th2 cytokine‑dominant envi‑
ronment. In our previous study, lymph node metastasis was 
the main predictor of tongue squamous cell carcinoma (SCC) 
via CCL22. Therefore, the present study aimed to investi‑
gate the effects of CCL22 and a Th2 cytokine‑predominant 
tumor microenvironment on vascular endothelial growth 
factor  (VEGF)‑C expression and lymphangiogenesis. The 
post‑operative courses of 110 patients with early‑stage tongue 
SCC with a histopathological diagnosis based on the 8th TNM 
classification were followed up (mean/median follow‑up time, 
47.1/42.0 months) from surgery until death or the last follow‑up 
visit, and subsequent lymph node relapse was assessed. 
Lymphangiogenesis and the immunohistochemical expres‑
sion of several markers (CCL22, CCR4 and VEGF‑C) were 
evaluated. The Kaplan‑Meier method was used to plot lymph 
node relapse‑free survival and overall survival curves, which 
were compared using the log‑rank test. In vitro, the association 
between CCL22 and VEGF‑C by interleukin (IL)‑4/signal 

transducer and activator of transcription 6 (STAT6) stimula‑
tion was examined. Lymphangiogenesis was significantly 
associated with lymph node relapse (P<0.001) and a CCL22+ 
macrophage ratio (P<0.001). CCL22+ TAMs were positive 
for VEGF‑C and surrounded by CCR4+ cells. Additionally, 
VEGF‑C expression was increased in IL‑4/STAT6‑stimulated 
macrophages. In addition, the STAT6 signaling pathway was 
activated in the SCC cells in the deeply invaded part of the 
tumor along with the aggregated macrophages. In conclu‑
sion, TAM CCL22 expression led to lymph node relapse via 
VEGF‑C expression within the tumor microenvironment 
and the IL‑4/STAT6 signaling pathway in early stage tongue 
SCC. Additionally, the worst pattern of invasion and depth 
of invasion were revealed to be useful parameters for lymph 
node relapse in patients with tongue SCC. The present study 
suggested that CCL22 contributed to the role of M2‑like 
differentiated TAMs in prognosis and lymph node relapse via 
IL‑4/STAT6 and VEGF. The IL‑4/STAT6 signaling pathway 
may be a new molecular target for tongue SCC.

Introduction

Squamous cell carcinoma (SCC) of the tongue is a common 
oral malignancy affecting patients worldwide (1‑3). Lymph 
node metastasis of the neck is an important prognostic factor 
for this disease (4, 5). In our previous study of early SCC of the 
tongue, post‑operative lymph node relapse was also identified 
as an important prognostic factor (6).

In recent years, novel immunotherapies have received 
much attention. However, the mechanisms involved in their 
anticancer effects are still not fully understood. In addition, 
it has been suggested that chemokines may also influence 
mechanisms within the tumor microenvironment (7), which is 
composed of many immune and inflammatory cells, including 
macrophages. M2‑like macrophages, in particular, are major 
constituent cells and an important source of chemokines (8).

A pivotal chemokine, CCL22 is mainly expressed by 
macrophages and dendritic cells  (9), while its receptor, 
chemokine C‑C motif receptor 4 (CCR4), is mainly expressed 
by T cells (10). With regard to the tumor microenvironment, 
CCL22 is expressed mainly by M2‑like tumor‑associated 
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macrophages (TAMs) (6). CCR4 is also known as a marker 
of regulatory T cells (Tregs) and Th2 cells (11,12). CCL22 
attracts Th2 cells via CCR4 increasing Th2 cytokines 
[e.g., interleukin (IL)‑4], which leads to the increased expres‑
sion of CCL22 in M2‑like macrophages (12,13). Cytotoxic 
T cells (CTLs) are anti‑tumor immune cells that are also found 
in the tumor microenvironment (14). The expression of CCL22 
was suggested to be involved in the suppression of CTLs in 
tongue SCCs via the expression of Tregs (6).

Several studies have revealed that vascular endothelial 
growth factor  (VEGF)‑C leads to lymphangiogenesis and 
the induction of lymph node metastasis (15,16). CD163, one 
of the representative markers of M2‑like macrophages (17), is 
involved in the expression of VEGF‑C in oral SCC (18). Since 
CD163 is expressed in the same macrophages as CCL22 (6,19), 
it follows that whether CCL22 expression is involved in 
VEGF‑C expression and lymphangiogenesis should be investi‑
gated. In addition, several head and neck SCCs express CCR4, 
which, together with CCL22, allow carcinoma cells to migrate 
to lymph nodes (20).

In the diagnosis of tongue SCC, it should be noted that 
characterizing an invasive pattern is useful for a prognosis and 
to predict lymph node metastasis (6,21). The worst pattern of 
invasion (WPOI) is one such example. The WPOI, originally 
described in 2005, sets out various grades: type 1 refers to a 
pushing border; type 2 is a finger‑like growth, type 3 refers 
to large separate islands with more than 15 cells per island; 
type 4 represents small tumor islands with 15 cells or fewer per 
island; and type 5 represents a satellite of the tumor, ≥1 mm 
from the main tumor or the next closest satellite (22). The 
WPOI mode of invasion was found to significantly correlate 
and affect the prognosis of OSCC (23).

More recently, the depth of invasion (DOI) has also 
attracted attention as a prognostic factor (24) and is associated 
with lymph node metastasis (25). According to the new 8th 
TNM classification, DOI determines pathological or clinical 
T staging (26).

In the current study, the relationship between the expres‑
sion of CCL22 in the tumor microenvironment and lymph 
node relapse in patients with tongue SCC, with reference to 
WPOI and DOI, was investigated.

Materials and methods

Patient cohort and study design. We examined tumor sections 
from 110 patients with tongue SCC who underwent primary 
surgery at a hospital at the University of Occupational 
and Environmental Health, Kitakyushu, Japan, between 
January 1997 and August 2017. Patients in this study had the 
following background: Tumor size ≤40 mm; depth of invasion 
≤10 mm; no metastasis in any node; surgical margins >5 mm; 
and had not undertaken neoadjuvant therapy prior to surgery. 
Lymph node metastasis was monitored using imaging analyses 
(ultrasonography, computed tomography, or magnetic reso‑
nance imaging) in 2‑ to 6‑month intervals post‑surgery and 
verified by pathological diagnosis. Lymph node relapse‑free 
survival (LNFS) and overall survival (OS), as the endpoints 
of analysis (September 2019), were defined as the time from 
surgery until lymph node relapse or death had occurred, 
respectively, or until the last follow‑up visit.

Patient samples (females, 32; males, 78) aged 32‑89 years 
[mean  ±  standard deviation  (SD), 64.6±13.3  years] were 
obtained at diagnosis.

Our study was approved by the Research Ethics Committee 
of the University of Occupational and Environmental Health 
(permission nos. H29‑212 and H24‑6) and was performed in 
accordance with the guidelines of the Declaration of Helsinki.

Histopathological staining and classification of tongue SCC, 
WPOI, and histological grade. After fixation of resected tumor 
tissues in 10% formalin and embedding in paraffin, sections 
(thickness, 3 µm) underwent hematoxylin and eosin (H&E) 
staining.

Histological classification was based on the American Joint 
Committee on Cancer Staging Manual, 8th edition (27). The 
WPOI classification system was used to assess the pattern of 
tumor invasion in patients. Tumor differentiation was divided 
into three groups: well‑differentiated (I), moderately differen‑
tiated (II), and poorly differentiated (III; Table I).

Immunohistochemical studies. An automated immunostainer, 
Histostainer 36A (Nichirei Biosciences Inc.), was used to 
process sections that had been fixed in 10% formalin and 
immersed in paraffin in accordance with the manufacturer's 
protocol. Antibodies used were: mouse monoclonal anti‑human 
CD68 (clone Kp‑1, 1:100) and CD8 (clone C8/144B, 1:100), 
both from Dako Japan; and rabbit polyclonal antibody to 
CCL22 (1:100) and goat polyclonal antibody to CCR4 (1:300), 
both from Abcam. Mouse monoclonal anti‑human VEGF‑C 
(clone  MM0006‑2E65, 1:50) was obtained from Novus 
Biologicals. Mouse monoclonal anti‑human antibody to D2‑40 
(clone D2‑40, 1:1; Nichirei) was used to examine lymphatic 
vessels.

Five areas were randomly selected and CCL22‑, CCR4‑, 
CD8‑, and VEGF‑C‑positive cells were counted using a 
microscope (magnification, x400); data was expressed as 
per mm2 surface area. Two independent pathologists, blinded 
to patients' backgrounds or their prognosis, evaluated all 
immunochemical and histological slides.

Cell proliferation assays were also performed, as described 
in our previous study, by using anti‑Ki67 (mouse monoclonal, 
clone MIB‑1; 1:100; Dako) (6).

Agreement among observers was excellent (agreement 
>95%) for all antibodies and according to an interclass 
correlation coefficient. In the case of a rare disagreement, a 
third, departmental board‑certified pathologist calculated a 
consensus score.

Immunofluorescence assays. Thin sections (4 µm) were used 
for immunofluorescence assays and anti‑CCL22, CCR4 and 
VEGF‑C antibodies were used in experiments as described 
above. In addition, we used rabbit polyclonal anti‑human 
VEGF‑C (1:100; Santa Cruz Biotechnology, Inc.), and rabbit 
polyclonal anti‑human signal transducer and activator of 
a transcription 6 (STAT6; phospho Y641) (1:100; Abcam). 
Secondary antibodies used were: rhodamine‑conjugated 
donkey anti‑rabbit IgG (1:200; Merck) and goat anti‑mouse 
IgG (H+L;  1:200; Merck); and FITC‑conjugated goat 
anti‑rabbit IgG (H+L; 1:200; Merck) and donkey anti‑goat IgG 
(1:200; Merck). A nuclear stain, 4',6‑diamidino‑2‑phenylindole 
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(DAPI; GeneTex), was used on sections, which were then 
mounted. An ECLIPSE E600 inverted fluorescence micro‑
scope (Nikon) was used to examine slides, and images 
captured and analyzed with LuminaVision software (v. 2.2.2; 
Mitani Corporation).

Quantification of lymphangiogenesis. Using anti‑D2‑40, the 
density of lymphatic vessels (LVD) was measured as previ‑
ously described (28). LVD was evaluated at the periphery, 
within 2 mm of the tumor, and next to the invasive front. Five 
areas that showed many lymphatic vessels were chosen using 
light microscopy at a x40 magnification. All stained vessels in 
each area at a x200 magnification were counted and the data 
was expressed as per mm2. The mean number of lymphatic 
vessels was calculated and expressed as LVD in a blinded 
manner (described above).

Cell culture. A human macrophage cell line (human CD14+ 
monocytes from peripheral blood, single donor; C‑12909, 
https://www.promocell.com/product/human‑cd14‑mono‑
cytes‑hmocd14‑pb/) from PromoCell GmbH (Heidelberg, 
Germany) was cultured at a density of 1x106 cells in Monocyte 
Attachment Medium (PromoCell GmbH). Cells were cultured 
in M1‑Macrophage Generation Medium DXF so that they 
could differentiate into M1‑ and M2‑like macrophages as in 
our previous study (19). In addition, these cells were treated 
with 1, 10 or 20 ng/ml of interleukin‑4 (IL‑4; R&D Systems) 
for 24  h. Human monocytic  (THP‑1) cells were obtained 
from the American Type Culture Collection and maintained 
in RPMI‑1640 containing 10% fetal bovine serum (Gibco; 
Thermo Fisher Scientific, Inc.), 1% penicillin‑streptomycin 
(Gibco; Thermo Fisher Scientific, Inc.), and 2 mmol/l of gluta‑
mine (Gibco; Thermo Fisher Scientific, Inc.).

Real‑time polymerase chain reaction. For quantitative real‑time 
polymerase chain reactions (qRT‑PCR), a TaqMan assay and 
a 7700  Sequence Detection System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) were used as in our previous 
study (19). A pre‑made primer/probe set (Applied Biosystems 
Japan, Ltd.) containing primers and fluorogenic probes for 
CCL22 and VEGFC was used. Messenger RNA expression was 
normalized to that of 18s ribosomal RNA in each sample.

Luciferase reporter assay. The CCL22 gene was cloned from 
an upstream gene region using information on chromosome 
16q13, and a luciferase assay was performed as described in 
our previous study (29). Genomic DNA was extracted from 
monocytes isolated from 15 ml whole blood donated from 
four healthy volunteer donors. A human CCL22 promoter 
region spanning between ‑966 and +32 bp from the tran‑
scription start site was then generated by PCR. A pGEM‑T 
Easy vector was used to subclone the PCR product. Serial 
5'‑deletion constructs (‑518/+32, ‑491/+32, ‑281/+32) were 
generated by PCR and digestion with appropriate restriction 
enzymes. Luciferase reporter genes that included a mutation 
in the STAT6 site of the CCL22 promoter were generated by 
site‑directed mutagenesis (Stratagene) using the following 
primers: 5'‑ATGTGGACAGCACGAGAAGCCCCAGAT‑3' 
for STAT6 mutation, where the underlined nucleotides repre‑
sented the mutated site.

Twenty micrograms of promoterless pGL3‑basic 
vector or CCL22 promoter luciferase constructs were 
used to transfect THP‑1 monocytic cells treated with 
20  ng/ml 12‑O‑tetradecanoylphorbol‑13‑acetate as in our 
previous study (29). A pSV‑beta‑galactosidase control plasmid 
(Promega Corporation) was used as an internal control. A 
luminometer (Bio‑Orbit Oy) was used to measure lumines‑
cence.

Secretion and regulation of CCL22 in macrophages. 
CCL22 protein expression via IL‑4 (R&D  Systems), with 
or without AS1517499 (Axon Medchem BV) as a selective 
STAT6 inhibitor, in human macrophage cell line (C‑12909; 
PromoCell  GmbH) culture supernatants was measured 
using an enzyme‑linked immunosorbent assay (ELISA) kit 
(R&D Systems) as in a previous study (29).

Statistical analysis. Statistical analyses of data between the 
groups were performed using one‑way ANOVA followed 
by the Tukey‑Kramer post‑hoc comparison test. Survival 
curves were plotted according to a Kaplan‑Meier method 
and compared using a log‑rank test. Odds ratios (ORs) and 
corresponding 95% confidence intervals were calculated from 
logistic regression models. Pearson's correlation coefficient 
was used to assess the association between lymphangiogenesis 
and other factors.

Two‑sidedP‑values were used. A P‑value ≤0.05 was consid‑
ered statistically significant. EZR software (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan) was used 
for all analyses. EZR software is a graphical user interface 
for R, a modified version of R commander (version 1.6‑3; 
The R Foundation for Statistical Computing, Vienna, Austria, 
version 2.13.0) with statistical functions used in biostatis‑
tics (30).

The optimal cut‑off values for lymph node relapse 
(maximizing the sum of sensitivity and specificity) were also 
analyzed by EZR software using receiver operating character‑
istic (ROC) curve analysis.

Results

Clinical and pathological characteristics of 110 patients with 
tongue SCC. Table I shows clinicopathological features of the 
110 patients of this study based on a WPOI classification system. 
The patients were categorized as follows, and the various 
parameters were compared: WPOI‑1, 19 (17.3%); WPOI‑2, 
24 (21.8%); WPOI‑3, 24 (21.8%); WPOI‑4, 29 (26.4%); and 
WPOI‑5, 14 (12.7%).

There was a high correlation between lymphatic invasion 
and WPOI classification (WPOI‑1 vs. WPOI‑2 vs. WPOI‑3 
vs. WPOI‑4 vs. WPOI‑5; 0.0 vs. 12.5 vs. 50.0 vs. 62.1% vs. 1
00%, respectively). WPOI‑1 and ‑2 patients with lymph node 
relapse were 2/43 (4.7%) of the patient cohort. In comparison, 
16/67 patients (23.9%) with WPOI‑3, ‑4, and ‑5 showed lymph 
node relapse (Table I). The occurrence of lymph node relapse 
was significant in WPOI‑3, ‑4, and ‑5 cases (P=0.008; Fisher's 
exact test) suggesting WPOI‑3, ‑4, and ‑5 lesions were prone 
to lymph node relapse. In terms of lymph node relapse rates, 
WPOI was classified into two distinct groups: WPOI‑1 and ‑2 
(WPOI‑low); and WPOI‑3, ‑4, and ‑5 (WPOI‑high).
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Impacts of WPOI classification for prognosis. The 5‑year 
LNFS rates in patients in WPOI‑low vs. WPOI‑high groups 
were 88.4% vs. 65.7%, respectively; the difference was statis‑
tically significant (P=0.001; Fig. 1A). In addition, the 5‑year 
OS rates in patients in WPOI‑low vs. WPOI‑high groups were 
93.6 vs. 76.1%, respectively; the difference was statistically 
significant (P=0.006) (data not shown).

Ki67 (a marker of tumor proliferation) was expressed only 
in the margin of the tumor infiltrating region in WPOI‑low and 
WPOI‑high cases; it was randomly expressed in tumor cells 
of the whole infiltrate (Fig. 1B; Ki67). Scattered CD8‑positive 
cells (cytotoxic T  lymphocytes; CTLs) were found in the 

tumor microenvironment and only a few were found in 
WPOI‑high compared to WPOI‑low tissues (Fig. 1B; CD8). 
WPOI‑high tissues had significantly more Ki67‑positive tumor 
cells than WPOI‑low tissues (P<0.001; Fig. 1C). In contrast, 
CD8‑positive cells were significantly decreased in WPOI‑high 
compared to WPOI‑low lesions (P<0.001; Fig. 1D).

In short, the WPOI classification correlated well with the 
growth potential of the tumor and decreased cellular immu‑
nity.

Macrophage expression in tumor microenvironment and 
relationship with WPOI and lymph node relapse. The 

Figure 1. Lymph node relapse‑free survival curves for patients with tongue SCC, and association of Ki67, CD8, CD68 and CCL22 with WPOI. WPOI‑1 to 
‑5 were classified into two categories based on the frequency of lymph node relapse: WPOI‑1 and ‑2 were considered as WPOI‑low, and WPOI‑3, ‑4 and ‑5 
were considered as WPOI‑high. (A) Kaplan‑Meier lymph node relapse‑free survival curves for 110 patients with tongue SCC based on WPOI‑low and ‑high 
status. (B) Ki67 (scale bar, 200 µm) and CD8 (scale bar, 100 µm) expression in WPOI‑low and ‑high groups by immunohistochemical staining. (C) Ki67 
expression was significantly increased and (D) CD8+ cells were significantly decreased in the WPOI‑high compared with in the WPOI‑low group. (E) CD68 
and CCL22 expression in WPOI‑low and ‑high groups by immunohistochemical staining (scale bar, 50 µm). (F) CD68+ cells were not significantly different 
across WPOI classifications, but mean values tended to be inversely proportional to WPOI. (G) CCL22+ cells increased proportionally to WPOI classification. 
(H) Comparison of the ratio between CCL22+ cells to CD68+ cells between WPOI‑low and ‑high groups. In box plots, the boxes display the median and inter‑
quartile range of the data, and the whiskers display the 10th and 90th percentiles. Blue diamonds and blue arrows indicate the mean ± SD. *P<0.05; ***P<0.001. 
N.S., not significant; SCC, squamous cell carcinoma; WPOI, worst pattern of invasion; CCL22, C‑C motif chemokine ligand 22.
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number of CD68‑positive macrophages per area did not 
significantly differ with WPOI classification, but the mean 
value tended to be inversely proportional to WPOI clas‑
sification (Fig. 1E‑CD68 and F). In contrast, the numbers 
of CCL22‑positive macrophages per area did not differ in 
WPOI‑1 vs. ‑2, but increased proportionally from WPOI‑2 
to ‑5 (Fig. 1E‑CCL22 and G). Fig. 1H shows the CCL22/CD68 
ratio (CCL22 ratio). WPOI‑high SCC had a significantly high 
CCL22 ratio (vs. WPOI‑low; P<0.001). These results suggest 
that the CCL22 ratio may be an indicator of WPOI classifica‑
tion.

Implications of expression of CCL22 and lymph node relapse 
for prognosis. Fig. 2A shows H&E and CCL22 stains for 
the same grade of WPOI‑high cases, with or without lymph 
node relapse, during the observation period. CCL22‑positive 

macrophage expression was significantly higher in lymph 
node relapse cases (Fig. 2B). In comparison, CD68 expression 
showed a slight low mean and median value in patients with 
lymph node relapse, but this was not significantly different 
compared to those without lymph node relapse (Fig. 2C). In 
cases of lymph node relapse, the expression of CD8 positive 
cells was significantly lower, whereas the expression of Ki67 
was significantly higher (Fig. 2D and E).

For WPOI‑high patients, the relationship between lymph 
node relapse and prognosis was examined. As a result, a 
difference in the 5‑year OS rates between patients, with and 
without lymph node relapse, was statistically significant 
(P=0.0014; Fig. 2F).

Relationship between LVD and CCL22 expression via WPOI and 
DOI. Lymphatic vessels with D2‑40 immunohistological staining 

Figure 2. Implications of lymph node relapse for prognosis and CCL22 expression. (A) H&E and CCL22 immunohistochemical staining of WPOI‑high tumor 
tissues (scale bar, 100 µm). Comparisons of (B) CCL22+ and (C) CD68+ expression in WPOI‑high tissues with or without lymph node relapse. Comparisons 
of (D) CD8+ cells and (E) Ki67 expression in WPOI‑high tissues with or without lymph node relapse (scale bar, 100 µm). (F) Kaplan‑Meier survival curves in 
patients with or without lymph node relapse in the WPOI‑high group. In box plots, the boxes display the median and interquartile range of the data, and the 
whiskers display the 10th and 90th percentiles. Blue diamonds and blue arrows indicate the mean ± SD. *P<0.05; **P<0.01. N.S., not significant; H&E, hema‑
toxylin and eosin; WPOI, worst pattern of invasion; CCL22, C‑C motif chemokine ligand 22.
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are shown in Fig. 3A. A significant relationship between increased 
LVD and WPOI was observed (WPOI‑low vs. ‑high; P<0.001; 
Fig 3B). When LVD was compared in WPOI‑high cases, with 
or without lymph node relapse, it was found to be significantly 
increased in the lymph node relapse group (P<0.001; Fig. 3C).

Fig. 3D shows the relationship between DOI and lymph 
node relapse in WPOI‑high SCC. DOI was significantly higher 
in patients with lymph node relapse (without vs. with lymph 
node relapse; mean, 3.96 vs. 6.26 mm, P=0.0145). Therefore, 
not only WPOI but also DOI seems to be related to LVD.

Fig.  3E shows the ROC curve of DOI for lymph node 
relapse [area under the curve  (AUC); 0.7524]. DOI could 
be thus classified into two (<3.4 mm; n=63; and ≥3.4 mm; 
n=47) expression groups using the Youden index from the 
ROC curve (sensitivity, 0.8333; specificity, 0.6522). When 
comparing between WPOI‑low and ‑high for DOI cut‑off 
values (n=5 and n=42), the positive rate of DOI was signifi‑
cantly higher in the WPOI‑high group (Fisher's exact test; 

P<0.001). Additionally, this cut‑off value was significantly 
correlated with LVDs in all patients (Fig. 3F). The expression 
of CD68 and CCL22 in TAMs showed opposing trends when 
comparing negative and positive DOI (Fig. 3G and H). As a 
result, the CCL22‑positive/CD68‑positive macrophage ratio 
(CCL22 ratio) was most useful as an index for macrophages 
with a DOI cut‑off value for lymph node relapse (Fig. 3I).

A correlation between LVD and the number of 
CCL22‑positive macrophages or the CCL22 ratio was 
examined. The increase in the LVD was proportional to the 
expression of both the number of CCL22‑positive macro‑
phages/mm2 (R=0.4400; P<0.001) and CCL22 ratio (R=0.5983; 
P<0.001; Fig. 3J), showing a significantly positive correlation.

These results suggest that both WPOI and DOI may 
be involved in CCL22‑mediated lymph node metastasis. 
Additionally, a reason for the correlation between CCL22 and 
LVD was thought to be that CCL22‑positive macrophages 
expressed VEGF‑C (Fig. 3K).

Figure 3. Comparison of LVD and DOI by WPOI grade, lymph node relapse and CCL22 expression. (A) Vessels with positive D2‑40 immunohistochemical 
staining, as well as a vein and tumor tissue (scale bar, 10 µm). Arrowheads indicate lymph vessels. (B) LVD expression was compared between WPOI‑1 
and ‑2 (low) and WPOI‑3, ‑4 and ‑5 (high) lesions. Comparisons of (C) LVD and (D) DOI in patients with lymph node relapse in the WPOI‑high group. 
(E) ROC curve for DOI and lymph node relapse (3.4 mm was defined as the cut‑off value). Comparisons between the DOI‑negative (<3.4 mm) and ‑positive 
(≥3.4 mm) groups of (F) LVD, (G) CD68+ and (H) CCL22+ macrophages. (I) Association between the CCL22+/CD68+ macrophage ratio (CCL22 ratio) and 
DOI. (J) Correlation between the CCL22 ratio and LVD. (K) Immunofluorescence micrographs of CCL22 (green) and VEGF‑C (red) expression on macro‑
phages in the tumor microenvironment (scale bar, 100 µm). In box plots, the boxes display the median and interquartile range of the data, and the whiskers 
display the 10th and 90th percentiles. Blue diamonds and blue arrows indicate the mean ± SD. *P<0.05; **P<0.01; ***P<0.001. N.S., not significant; DOI, depth 
of invasion; LVD, density of lymphatic vessels; ROC, receiver operating characteristic; VEGF, vascular endothelial growth factor; WPOI, worst pattern of 
invasion; CCL22, C‑C motif chemokine ligand 22.
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Implications of CCL22 ratio for lymph node relapse in 
patients with WPOI‑high SCC. WPOI‑high patients had a 
higher lymph node relapse rate. We therefore examined the 
predictors for lymph node relapse in this patient group.

We were able to divide the patients into two groups 
according to the CCL22 ratio as follows: low (<0.38; n=72) and 
high (≥0.38; n=38) based on ROC curve analysis for lymph node 
relapse. The AUCs for the number of CCL22/mm2 and CCL22 
ratios for lymph node relapse according to the ROC curve were 
0.7811 vs. 0.8210. The AUC was higher for the CCL22 ratio. In 
patients with high WPOI, predictor variables including grade, 
DOI, CCL22 ratio, and majority parameters (age, alcohol use, 
sex, and smoking) were analyzed in a logistic regression model 
with lymph node recurrence as the dependent variable. Table II 
shows adjusted OR and p values. The lymph node relapse in 
patients with WPOI‑high was significantly associated with a 
high CCL22 ratio (P=0.0225) but not with the other variables by 
univariate and multivariate logistic regression model analyses.

Relationship of CCL22 and VEGF‑C expression via 
CCR4 expression. In WPOI‑high lesions, the expression of 
CCR4‑positive cells was found to be significantly higher than in 
WPOI‑low lesions (Fig. 4A). In addition, more CCR4‑positive 
cells were observed immunohistologically in patients with 
lymph node relapse in the same lesion as in Fig. 2A (Fig. 4B). 
Among WPOI‑high cases, CCR4‑positive cells were signifi‑
cantly more prevalent in lymph node relapse cases (Fig. 4B) and 
were found around VEGF‑C positive macrophages (Fig. 4C). 
The aggregation of CCR4‑positive cells was proportional to 
the expression of VEGF‑C‑positive cells, with a significant 
correlation noted (R=0.6532; P<0.001; Fig. 4D).

Thus, the function of CCR4‑positive cells was also 
important as a factor in the correlation between CCL22 and 
VEGF‑C.

Regulation of CCL22 and VEGF‑C expression via 
IL‑4/STAT6. In vitro, CCL22 expression was significantly 

Table I. Clinicopathological data of 110 patients with tongue SCC divided in WPOI-1 (n=19), WPOI-2 (n=24), WPOI-3 (n=24), 
WPOI-4 (n=29) and WPOI-5 (n=14).

Parameters	 WPOI-1	 WPOI-2	 WPOI-3	 WPOI-4	 WPOI-5	 Total

Age, n (%)
  ≥75 years	 6 (31.6)	 6 (25.0)	 7 (29.2)	 11 (37.9)	 2 (14.3)	 32 (29.1)
  <75 years	 13 (68.4)	 18 (75.0)	 17 (70.8)	 18 (62.1)	 12 (85.7)	 78 (70.9)
Sex, n (%)
  Male 	 13 (68.4)	 19 (79.2)	 17 (70.8)	 20 (69.0)	 9 (64.3)	 78 (69.9)
  Female	 6 (31.6)	 5 (20.8)	 7 (29.2)	 9 (31.0)	 5 (35.7)	 32 (29.1)
Alcohol use, n (%)
  Yes	 12 (63.2)	 14 (58.3)	 13 (54.2)	 18 (62.1)	 9 (64.3)	 66 (60.0)
  No	 7 (36.8)	 10 (41.7)	 11 (45.8)	 11 (37.9)	 5 (35.7)	 44 (40.0)
Smoking, n (%)
  Yes	 15 (78.9)	 19 (79.2)	 20 (83.3)	 22 (75.9)	 9 (64.3) 	 85 (77.3)
  No	 4 (21.1)	 5 (20.8)	 4 (16.7)	 7 (24.1)	 5 (35.7)	 25 (22.7)
Grade, n (%)
  I 	 15 (78.9)	 18 (75.0)	 14 (58.3)	 16 (55.2)	 3 (21.4)	 66 (60.0)
  II 	 4 (21.1)	 6 (25.0)	 9 (37.5)	 10 (34.5)	 4 (28.6)	 33 (30.0)
  III 	 0 (0.0)	 0 (0.0)	 1 (4.2)	 3 (10.3)	 7 (50.0)	 11 (10.0)
DOI, n (%)
  ≥5 mm	 0 (0.0)	 0 (0.0)	 4 (16.7)	 13 (44.8)	 9 (64.3)	 26 (23.6)
  <5 mm	 19 (100.0)	 24 (100.0)	 20 (83.3)	 16 (55.2)	 5 (35.7)	 84 (76.4)
Mean DOI, mm	 0.816	 1.621	 3.142	 4.590	 6.679	 3.240
Lymphatic vessel invasion, n (%)
  Yes	 0 (0.0)	 3 (12.5)	 12 (50.0)	 18 (62.1)	 14 (100.0)	 47 (42.7)
  No	 19 (100.0)	 21 (87.5)	 12 (50.0)	 11 (37.9)	 0 (0.0)	 63 (57.3)
Lymph node relapse, n (%)
  Yes	 1 (5.3)	 1 (4.2)	 3 (12.5)	 5 (17.2)	 8 (57.1)	 18 (16.4)
  No	 18 (94.7)	 23 (95.8)	 21 (87.5)	 24 (82.8)	 6 (42.9)	 92 (83.6)
Death due to tongue SCC, n (%)
  Yes	 1 (5.3)	 2 (8.3)	 2 (8.3)	 4 (13.8)	 10 (71.4)	 19 (17.3)
  No	 18 (94.7)	 22 (91.7)	 22 (91.7)	 25 (86.2)	 4 (28.6)	 91 (82.7)

DOI, depth of invasion; SCC, squamous cell carcinoma; WPOI, worst pattern of invasion.
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higher in M2‑like compared to M1‑like macrophages, as was 
VEGF‑C expression; in M2‑like macrophages, the expres‑
sion of both was increased by IL‑4 in a dose‑dependent 
manner (Fig. 4E and F). The regulation of VEGF‑C expression 
in macrophages is known to be via an IL‑4/STAT6 signaling 
pathway (31); CCL22 was also examined in this study. We 
found that W1 and W2 promotors, including a STAT6 
motif, had significantly higher luciferase activity after IL‑4 
stimulation. However, there was no significant difference in 
the luciferase activities of W3 and W4 promoters without a 
STAT6 motif after IL‑4 stimulation. When a STAT6 mutation 
was inserted into W1 (M1), the luciferase activity signifi‑
cantly decreased (Fig. 4G) and no longer responded to IL‑4 
stimulation. STAT6 activation also affected the production 
of CCL22 protein via IL‑4 (Fig. 4H). Our results supported 
the conclusion that IL‑4 induces CCL22 expression via 
an STAT6‑dependent pathway. Fig. 4I shows STAT6 acti‑
vated‑cells (green) and VEGF‑C‑positive macrophages (red). 
VEGF‑C‑positive cells accompanied STAT6 activation. In 
addition, STAT6 activation of almost all carcinoma cells was 
observed in the deeply invaded part of the tumor. However, 
in normal tissue around the tumor, STAT6 activation was 
observed only in basal cells (Fig. 4I normal).

Thus, STAT6 activation was considered to be an important 
factor in lymph node metastasis of tongue SCC.

Discussion

Immunosuppressive and anti‑inflammatory molecules linked 
to TAMs are associated with a poor cancer prognosis (32,33). 
Interactions between cells in the tumor microenvironment are 
critical for tumor progression and are involved in invasion 
and metastasis. Certainly, macrophages are also involved in 
the interaction (34). In this study, we focused on lymphangio‑
genesis through cell‑cell interactions in which M2‑like TAMs 
attract Th2 cells in the tumor microenvironment.

In patients with tongue SCC, having a WPOI‑high grade 
classification generally led to a poor prognosis  (23). The 
WPOI classification was divided into two groups according to 
the lymph node relapse ratio. A WPOI‑high group, involving 
invasive tumor islands, showed a significant decrease in CD8 
and increase in Ki67, and a significantly poor prognosis. 
The expression of CCL22 in the tumor microenvironment 
also correlated with decreased CD8 and increased Ki67 in 
our previous study (6). The molecular biological effects of 
CCL22 include several factors that influence tumor prognosis. 
However, few studies have investigated the correlation between 
CCL22 expression and lymph node metastasis. Lymph node 
relapse and lymphatic vessel invasion are important prog‑
nostic determinants of OSCC. However, venous invasion did 
not correlate with prognosis in patients with early tongue 

Table II. Univariate and multivariate logistic regression model used to identify independent predictors for lymph node relapse in 
WPOI-3, -4 and -5 groups.

	 Univariate analysis	 Multivariate analysis
	---------------------------------------------------------------------------	--------------------------------------------------------------------------- 
Parameters	 N (%)	 OR	 95% CI	 P-value	 OR	 95% CI	 P-value

Age, years
  ≥75	 20 (29.9)	 0.729	 0.182-2.474	 0.628	-	-	-  
  <75	 47 (70.1)
Sex
  Female	 21 (31.3)	 1.500	 0.445-5.995	 0.532	-	-	-  
  Male	 46 (68.7)
Alcohol use
  Yes	 40 (59.7)	 1.167	 0.373-3.889	 0.794	-	-	-  
  No	 27 (40.3)
Smoking
  Yes	 51 (76.1)	 0.407	 0.119-1.430	 0.150	-	-	-  
  No	 16 (23.9)
Grade
  III	 11 (16.4)	 9.139	 2.298-41.605	 0.002	 3.408	 0.751-17.575	 0.120
  I or II	 56 (83.6)
DOI, mm
  ≥3.4	 42(62.7)	  5.750	  1.414-39.059	  0.030	 4.251	 0.871-32.042 	 0.100
  <3.4	 25(37.3)
CCL22/CD68 ratio
  ≥0.38	 35 (52.2)	 21.429	 3.885-402.398	 0.004	 12.736	 2.018-250.014	 0.023
  <0.38	 32 (47.8)

DOI, depth of invasion; OR, odds ratio; WPOI, worst pattern of invasion; CCL22, C-C motif chemokine ligand 22.
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SCC (6). Lymphangiogenesis is one of the causes of lymph 
node metastasis via lymph node invasion and leads to a poor 
prognosis (35).

Compared with WPOI‑low, the WPOI‑high group showed 
increased expression of CCL22 and LVD. WPOI‑high with 
lymph node relapse also showed a further increase in expres‑
sion of CCL22, LVD, and DOI. When the correlation between 
the CCL22 ratio and LVD was examined, a positive and signif‑
icant correlation was found. In this study, the cut‑off value of 
DOI for lymph node recurrence was defined as 3.4 mm, which 
was also consistent with the cut‑off DOI value for positive 
sentinel lymph node metastasis in OSCC (25). In future, the 
DOI cut‑off value is expected to be a reference value for lymph 
node metastasis in early OSCC.

IL‑4 is a typical Th2 cytokine that differentiates T lympho‑
cytes predominantly into Th2 cells, and also differentiates 
macrophages into M2‑like macrophages (19). M2‑like macro‑
phages produced CCL22 and VEGF‑C, and the response was 
enhanced by IL‑4. An IL‑4 dominant environment also allows 
the migration of macrophages into the local environment 
and, consequently, TAMs differentiate into M2‑like macro‑
phages (36,37). Moreover, lymphatic vessels proliferate when 
the cytokine balance is predominantly Th2 (38). IL‑4, in coop‑
eration with tumor cells and macrophages, has various roles in 
the tumor microenvironment (36). Interestingly, the prolifera‑
tion of lymphatic endothelial cells is known to be suppressed 
by Th2 cytokines (39), supporting the notion that the effect of 
IL‑4 on lymphangiogenesis in the tumor microenvironment 

Figure 4. Association between CCL22 and CCR4 via the IL‑4/STAT6 signaling pathway. Comparisons of CCR4 expression in (A) WPOI‑low and ‑high 
lesions, and (B) WPOI‑high tissues with or without lymph node relapse (scale bar, 100 µm). In box plots, the boxes display the median and interquartile range 
of the data, and the whiskers display the 10th and 90th percentiles. Blue diamonds and blue arrows indicate the mean ± SD. (C) Localization of VEGF‑C+ 
and CCR4+ cells. VEGF‑C+ cells appeared surrounding the invasive tumor and CCR4+ cells were observed within their vicinity. The dotted line outlines the 
boundary of the tumor and invading tumor cells. The blue DAPI stain indicates cellular nuclei (scale bar, 50 µm). (D) Correlation between CCR4 and VEGF‑C 
expression. Macrophage subtypes and the effect of IL‑4 stimulation on (E) CCL22 and (F) VEGF‑C expression were examined using human macrophages. 
(G) Luciferase assay in THP‑1 cells with 5’‑serial deletion constructs and point mutations, and responses to 20 ng/ml IL‑4. The luciferase activity of each 
sample was normalized to β‑galactosidase activity. The ‘X’ in the box indicates a mutation. (H) CCL22 levels in M2‑like macrophages in response to IL‑4 
(1, 10 and 20 ng/ml) and AS1517499 (200 nM) in cell culture supernatants measured by ELISA. (I) Activation of IL‑4/STAT6 and VEGF‑C expression in a case 
of WPOI‑4 with lymph node relapse. The image labeled ‘Normal’ shows normal tissue away from the tumor, while the image labeled ‘Tumor’ shows a deep 
infiltration site (scale bar, 200 µm). The ‘High‑power’ image shows a high‑power magnification image of the square indicated by arrowheads in the ‘Tumor’ 
image (scale bar, 20 µm). Phospho‑STAT6 (green) was expressed in the nucleus and VEGF‑C (red) was expressed in the cytoplasm. The blue DAPI stain 
indicates cellular nuclei. The data are expressed as the mean ± SD of triplicates from three independent experiments. *P<0.05; **P<0.01; ***P<0.001. N.S., not 
significant; IL‑4, interleukin‑4; p/phospho‑STAT6, phosphorylated signal transducer and activator of transcription 6; VEGF, vascular endothelial growth 
factor; WPOI, worst pattern of invasion; CCL22, C‑C motif chemokine ligand 22.
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depends on cell‑cell interactions via the M2‑like differentia‑
tion of TAMs. Macrophage‑mediated cell‑cell interaction is 
thought to be important, as seen in lymphangiogenesis due to 
increased VEGF‑C in a Th2‑dominant environment in other 
diseases (38,40). The tumor microenvironment contains many 
immune or inflammatory cells, such as M1‑like macrophages 
and Th1 cells. The proportion of M2‑like macrophages, but 
not the total number of CD68‑positive macrophages, is associ‑
ated with the presence of lymph node relapse. Therefore, the 
balance of each type of inflammatory cell may affect the extent 
of tumor progression via cell‑cell interactions (41).

Macrophage CCL22 expression is also dependent on the 
IL‑4/STAT6 signaling pathway, which is generally known as 
a pathway for the differentiation of T cells into Th2 as shown 
in animal experimental models (42). In this study, the activa‑
tion of the IL‑4/STAT6 signaling pathway in TAMs led to the 
expression of CCL22 and VEGF‑C in the tumor microenvi‑
ronment of tongue SCC via a Th2‑predominant environment. 
The activation of this pathway may play a critical role in the 
tumor progression response via CCL22 expression in the tumor 
microenvironment. However, a quantitative correlation was not 
found between the number of positive lymph vessels for VEGF 
receptor‑3 (VEGFR3), a VEGF‑C receptor, and lymph node 
relapse (data not shown). Since the expression of VEGFR3 has 
been demonstrated in many tumor and immune cells, activation of 
signal transduction pathways, in addition to VEGFR3‑expressing 
cell types, may be important for lymph node relapse (43). Further 
examination of various quantitative and qualitative parameters 
of VEGFR3 is considered necessary in future.

In conclusion, WPOI and DOI were revealed to be useful 
parameters for lymph node relapse in patients with tongue SCC. 
It is suggested that CCL22 contributes to the role of M2‑like 
differentiated TAMs in prognosis and lymph node relapse via 
IL‑4/STAT6 and VEGF. The IL‑4/STAT6 signaling pathway 
may be a new molecular target for tongue SCC, as shown in 
other cancers (44).
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