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Epigenetic regulation of miR-518a-5p-CCR6 feedback loop promotes both 
proliferation and invasion in diffuse large B cell lymphoma
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ABSTRACT
To investigate the detailed functions and underlying mechanisms of miR-518a-5p/CCR6 in diffuse 
large B cell lymphoma (DLBCL) is needed. In this study, CCR6 expression levels were tested both in 
DLBCL cell lines and specimens. Through bioinformatics analysis and quantitative real-time PCR 
(qRT-PCR) validation, CCR6’s targeted miRNA was obtained. Dual luciferase assay was used to 
verify their targeted relationship. Futhermore, using qRT-PCR, western blot, CCK8, Transwell 
assays, flow cytometry, pyrosequencing, chromatin immunoprecipitation, and azacitidine/C646 
treatment, the detailed functions and underlying mechanisms of CCR6 and its targeted miRNA in 
DLBCL were detected. We found that negative correlation existed between CCR6 and miR-518a-5p 
in DLBCL. Both up-regulated miR-518a-5p and down-regulated CCR6 inhibited cell proliferation 
and invasion in vitro. Experiment then verified the regulatory relationship between miR-518a-5p 
and CCR6. JAK2 and STAT6 levels were reduced in DLBCL cells transfected with miR-518a-5p 
mimic or CCR6 small interfering RNA. Interestingly, we showed for the first time that a hyper- 
methylated condition existed at the promoter region of miR-518a-5p and azacitidine changed 
levels of miR-518a-5p in a time- and concentration-dependent manner. Finally, we found an 
enriched histone H3 on lysine 27 acetylation existed in the promoter of CCR6, whose expression 
could also be changed via C646 in a time- and concentration-dependent manner. The above 
results suggest that miR-518a-5p-CCR6 feedback loop plays a critical role in DLBCL development. 
The overexpression of CCR6 is mainly mediated by epigenetic modification through transcrip-
tional and post-transcriptional activation, which provides new directions for DLBCL treatment.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is an aggres-
sive lymphoma and the most frequent lymphoma 
accounting for more than 30% of the lymphoma 
cases [1]. It also has one of the highest mortality 
rates in the developed world. Although efforts have 
been made in recent years to improve survival out-
comes of DLBCL patients, mortality figures remain 
high. As such, identification of potential biomarkers 
is required for a better understanding of DLBCL 
pathogenesis, intensive monitoring to optimize the 
likelihood of timely intervention, and developing 
individualized treatment plans.

Chemokines, known as chemotactic cytokines 
and the largest subfamily of cytokines, have been 
widely accepted as an important part of cross talk 
between tumour cells and tumour microenviron-
ment [2]. They and their receptors are also found 

to play an important role in tumour initiation, 
growth and invasion [2]. More recently, chemo-
kines and their receptors were reported to be asso-
ciated with the modulation of DLBCL, including 
tumour proliferation, tumour migration and inva-
sion [3]. In our previous bioinformatics analysis, it 
has been suggested that CCR6 may play an impor-
tant role in DLBCL [4]. The human CCR6 gene is 
located on chromosome 6q27 with only one che-
mokine ligand, CCL20. CCR6 is expressed on 
immature dendritic cells, natural killer T cells, 
subsets of CD4+ and CD8 + T cells, and most 
B cells [5]. CCR6 is also a specific marker of 
regulatory T cells distinguishing them from other 
helper T cells [5]. Although CCR6 has been ver-
ified to be expressed on numerous cancer cells, 
including colorectal cancer, thyroid cancer and 
laryngeal cancer [6–8], the expression status and 
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function of CCR6 in DLBCL are not fully eluci-
dated. Further investigations are needed to fill in 
these blanks.

MicroRNA (MiRNA), a small and high- 
conserved non-coding RNA molecule (containing 
about 22 nucleotides), functions in RNA silencing 
and mediates post-transcriptional regulation of 
gene expression. To date, dysregulation of 
miRNAs in cancer contribute to the multistep 
process of carcinogenesis either as oncogenes or 
tumour suppressor genes, that is, miRNAs and 
their targeted genes combine together in 
a functional network to influence disease initiation 
and progression [9]. Thus, we hypothesize that 
CCR6’s targeted miRNAs also likely play 
a similar role in DLBCL.

Epigenetics is a way of genetic inheritance, 
which refers to the mechanism that mediates tran-
scriptional and post-transcriptional regulation 
without altering primary DNA sequences. 
Epigenetics includes DNA methylation, histone 
modification, chromatin remodelling, and non- 
coding RNAs. It has been verified that chemo-
kines/chemokine receptors underlying cancer 
pathogenesis are associated with epigenetic altera-
tions [10]. MiRNAs whose permanent expression 
levels are silenced by methylation have been 
reported in various B-cell lymphomas [11–13]. 
Since chemokines/chemokine receptors’ regulation 
mechanisms have not been reported yet in DLBCL 
and are worthy of further study, we want to reveal 
which epigenetic alteration contributed to CCR6’s 
regulation.

In the present study, it was confirmed that 
CCR6 expression was elevated in most DLBCL 
tissues compared with non-tumour lymph node 
tissues. Bioinformatics and Chromatin immuno-
precipitation (ChIP) analysis showed the CCR6 
promoter was acetylated, which was positively 
associated with its expression. Targeted miRNA 
screening and validation showed that miR-518a- 
5p, which was highly methylated, mediated post- 
translational regulation of CCR6. Downregulation 
of CCR6 and overexpression of miR-518a-5p 
resulted in cancer suppression in vitro. 
Interestingly, we also demonstrated that CCR6 
and miR-518a-5p formed a feedback loop and 
negatively regulated the expression of each other 
in DLBCL cell lines. Our study offers new 

biomarkers for DLBCL. Furthermore, the data 
here show for the first time that epigenetic mod-
ification of CCR6 at transcriptional and post- 
transcriptional levels promotes DLBCL prolifera-
tion and invasion, which may provide new treat-
ment directions for DLBCL.

Material and methods

miRNA prediction

To predict potential miRNAs that target CCR6, 
TargetScan (http://www.targetscan.org/vert_72/) 
[14],  miRWalk (http://mirwalk.umm.uni- 
heidelberg.de/) [15], StarBase (http://starbase. 
sysu.edu.cn/starbase2/) [16], miRDB (http:// 
mirdb.org/) [17], miRTarBase (http://mirtar 
base.mbc.nctu.edu.tw/php/index.php) [18] and 
DIANA-microT (http://diana.imis.athena-innova 
tion.gr/DianaTools/index.php?r=microT_CDS/ 
index) [19] were used. Overlapping miRNAs 
from at least five miRNA databases were 
selected.

Patients’ specimens

DLBCL cases selected in our study met the follow-
ing criteria: (1) cases should only be confirmed by 
pathological examination of lymph node biopsy or 
lymphadenectomy; (2) formalin-fixed, paraffin- 
embedded (FFPE) lymph node specimens prior 
to any treatment were available between Jan 2016 
and Jan 2018; (3) all the patients have undergone 
to the same first-line treatment course (R-CHOP/ 
CHOP). Thus FFPE samples originating from 56 
cases of DLBCL and 29 cases suffered from reac-
tive lymphoid hyperplasia were collected in the 
Haematology Department of Fujian Medical 
University Union Hospital. Our research was 
approved by the Medical Ethics Committee of 
Fujian Medical University Union Hospital, and 
written informed consent was obtained from all 
patients ahead of the experiment. The study has 
been performed in accordance with the ethical 
standards as laid down in the 1964 Declaration 
of Helsinki and its later amendments or compar-
able ethical standards. Information on those 
included DLBCL patients is listed in Table S1.
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Immunohistochemistry analysis

Immunohistochemistry analysis was performed on 
the above FFPE sections. The primary antibody 
used was CCR6 (1:500, Abcam, USA). Staining 
was detected using a MaxVisionTM detection kit 
(KIT-5220, Fuzhou Maixin Inc., China).

Bioinformatics analysis of CCR6

The expression level of CCR6 in DLBCL was also 
verified through the Cancer Cell Line 
Encyclopaedia (CCLE, https://portals.broadinsti 
tute.org/ccle/) [20].

CCR6 mutation in DLBCL was detected 
through cBioPortal for Cancer Genomics (http:// 
cbioportal.org). Epigenetic modification of the 
CCR6 promoter region was performed via 
Cistrome Data Browser (http://cistrome.org/db/) 
[21] and the UCSC Genome Browser database 
(http://genome.ucsc.edu/) [22].

Cell cultivation and transfection

The normal B cell line, HMy2.CIR was purchased 
from the Cell Bank of Chinese Academy of Science 
(Shanghai, China). DLBCL cell lines SU-DHL-2 and 
SU-DHL-6 were both obtained from the American 
Type Culture Collection (ATCC, Manassas, VA, 
USA). All the cell lines were authenticated using 
short tandem repeat (STR) analysis. For cell cultiva-
tion, SU-DHL-2 and SU-DHL-6 cells were cultured in 
Roswell Park Memorial Institute-1640 (RPMI-1640) 
medium (Gibco, USA), while the HMy2.CIR cell was 
cultured in Iscove’s Modified Dulbecco (IMBM) 
Medium (Gibco, USA). All mediums were supple-
mented with 10% foetal bovine serum (FBS) (Gibco, 
USA) and 1% penicillin-streptomycin. Cells were 
maintained at 37°C in standard culture conditions.

Subsequently, cells were cultured in 24-well 
dishes (5.0 × 104 cells per well) for 2 hours before 
transfection. Cells transduced with empty vectors 
were established as a control group. Transfections 
were performed with HitransG P (Genechem, 
China) according to the manufacturer’s protocol 
(Genechem, China). SU-DHL-2 and SU-DHL-6 
cells were selected for the down-regulation and 
up-regulation experiment by transferring small 
interfering RNA (siRNA)/mimics.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

Total RNA of cells was extracted by TRIzol 
(CWBIO, China) and sequentially purified via the 
chloroform, isopropanol, and 70% ethanol. 
Reverse transcription for miRNA and mRNA 
relied on an All-in-One™ miRNA qRT-PCR 
Detection Kit (GeneCopoeia, USA) and 
a RevertAid First Strand cDNA Synthesis Kit 
(Thermoscientific, USA), respectively. qRT-PCR 
was carried out on Applied Biosystems 7500/7500 
Fast Real-time PCR System (Thermo Fisher 
Scientific, USA). The U6 and GADPH were used 
to normalize miRNA and mRNA samples, respec-
tively. Relative quantification of target primers was 
calculated by the 2-ΔΔCT method. The experi-
ment was repeated three times. Primers used for 
qRT-PCR analysis are listed in Table S2.

Western blot analysis

Total protein was extracted by protein extract 
radio-immunoprecipitation assay (RIPA) from 
cells. A total of 12 μg protein was separated by 
10% sodium lauryl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred onto 
the polyvinylidene fluoride (PVDF) membranes. 
After 1 hour’s block through 5% DifcoTM Skim 
Milk at room temperature, the PVDF membranes 
were incubated with the appropriate primary anti-
bodies at 4°C overnight (CCR6, JAK1, JAK2, 
STAT3, STAT4, STAT5A, STAT6 and GADPH at 
1:500, 1:1000, 1:1000, 1:1000, 1:1000, 1:1000, 
1:1000, and 1:3000, respectively). Information on 
the antibodies used in this study was listed in 
Table S3. The PVDF membranes were then 
washed through Tris Buffered Saline with 0.05% 
Tween-20 (TBST) three times and incubated with 
the secondary antibody (1:5000) at room tempera-
ture for one hour. Finally, the membranes were 
exposed for quantitative analysis, using GAPDH as 
an internal reference. All experiments were 
repeated in triplicate.

Cell proliferation and invasion analysis

Proliferative ability of DLBCL cells was analysed 
by CCK-8 and colony formation assays. Briefly, as 
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for the CCK-8 assay, 2 × 103 cells were incubated 
into the 96-well plates in 200 μl serum medium. 
After incubation for 24 hours, the cells were left 
untreated (blank control), miRNA negative con-
trol, miRNA mimic, CCR6 siRNA−, CCR6 
siRNA+, miRNA negative control+CCR6 siRNA−, 
miRNA negative control+CCR6 siRNA+, miR- 
518a-5p inhibitor+CCR6 siRNA− and miR-518a- 
5p inhibitor+CCR6 siRNA+ groups for 24, 48, 72 
or 96 hours.

CCK-8 from a CCK-8 kit (Dojindo 
Laboratories, Japanese) was added into each well 
and incubated at 37 °C for 2 hours. The absor-
bance was measured at 450 nm using 
a microplate reader (BioTek, USA). For the colony 
formation assay, 2 × 103 DLBCL cells were seeded 
into the 6 cm-dishes with 10 ml serum medium at 
37°C, 5% CO2 for 10-14 days. Next, cells were 
washed with phosphate buffer saline (PBS) multi-
ple times and fixed by 5 ml methyl alcohol for 
20 minutes. Colonies were stained with Giemsa 
and visually counted behind a transparent mash 
paper. Each experiment was repeated in triplicate.

Transwell assays were performed to examine the 
invasion of DLBCL cells in vitro. The upper cham-
bers included serum-free RPMI1640 medium and 
were coated with Matrigel (Corning Incorporated, 
USA). The lower chambers were filled with 
RPMI1640 supplemented with 10% FBS. After suc-
cessful transfection, cells were seeded into upper 
chambers at a cell density of 5 × 104/mL and 
cultured at 37°C for 24 hours. The migrated and 
invaded cells were counted under an inverted 
microscope (Olympus Corporation, Japan).

Flow cytometry

For apoptosis analysis, DLBCL cells were cultured 
in vitro and divided into nine groups, including 
untreated (blank control), miRNA negative control, 
miRNA mimic, CCR6 siRNA-, CCR6 siRNA+, 
miRNA negative control+CCR6 siRNA-, miRNA 
negative control+CCR6 siRNA+, miR-518a-5p inhi-
bitor+CCR6 siRNA- and miR-518a-5p inhibitor 
+CCR6 siRNA+ groups. Untreated cells and trans-
fected cells were harvested after 72 hours’ transfec-
tion and dual-stained with PE Annexin V Apoptosis 
Detection Kit (BD PharmingenTM, USA) following 
manufacturer’s instructions. Stained cells were 

immediately analysed on the same Flow Cytometer 
(BD PharmingenTM, USA).

For cell cycle analysis, DLBCL cells were cul-
tured in vitro and divided into five groups, includ-
ing untreated (blank control), miRNA negative 
control, miRNA mimic, CCR6 siRNA-, CCR6 
siRNA+. After 72 hours, the cells were collected, 
washed with cold PBS and fixed in 75% ethanol 
overnight at 4°C. Subsequently, the ethanol was 
removed and the cells were washed with PBS two 
times and added with 500 μl propidium iodide (PI; 
BD PharmingenTM, USA) for staining, mixed 
evenly, and cultured in conditions devoid of light 
for 30 minutes at 4°C. Finally, flow cytometry (BD 
PharmingenTM, USA) was used to detect cell cycle.

Dual-luciferase reporter assay

The 3´ UTR segments of CCR6, which were pre-
dicted to interact with its targeted miRNAs, were 
amplified by PCR and cloned to psiCHECK-2 
vector (Promega, USA), named wild type (WT) 
or mutation (MUT) reporters, respectively. Then 
WT or MUT reporters was co-transfected with 
293 T cells in accordance with manufacturer’s 
instructions (Promega Dual-Luciferase system, 
Promega, USA). Cells were harvested after 48 h 
post-transfection. The luciferase activity was 
detected using the Tanon-1200 gel imaging system 
(Tanon, China). All experiments were repeated in 
triplicate.

Methylation-specific polymerase chain reaction 
(MSP)

The methylation status of CCR6’s targeted 
miRNAs were investigated in clinical specimens 
and DLBCL cell lines. Following DNA extraction, 
bisulphite modification was carried out according 
to the manufacturer’s instructions (Epitect 
Bisulphite Kit, QIAGEN, Germany). PCR was car-
ried out using primers specifically for methylated 
and unmethylated miRNA. The conditions for 
PCR were one cycle of 94°C for 15 minutes, 43 
cycles at 94°C for 30 seconds, 52°C for 30 seconds, 
and 72°C for 30 seconds, and a final extension at 
72°C for 7 minutes. Positive and negative PCR 
control DNA sets were purchased from QIAGEN, 
and distilled water served as a blank control. PCR 
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products were analysed by 2% polyacrylamide gel 
electrophoresis and ethidium bromide staining.

When only a methylated miRNA product was 
present, miRNA was defined as completely methy-
lated; when only an unmethylated miRNA product 
was observed, miRNA was defined as completely 
unmethylated. In addition, when both methylated 
and unmethylated miRNA products were observed, 
miRNA was defined as partially methylated.

Pyrophosphate sequencing

Pyrophosphate sequencing was performed to 
determine whether miRNA expression had an 
influence on its own promoter methylation. 
PyroMark Assay Design 2.0 was used to design 
pyrophosphate sequencing primers. Subsequently, 
the genomic DNA samples were PCR amplified 
and the site-specific methylation levels were quan-
tified via pyrosequencing analysis (PyroMark Q96 
ID, QIAGEN, Germany).

ChIP

ChIP assays were performed in SU-DHL-2 and SU- 
DHL-6 cells according to the manufacturer’s pro-
tocol (Thermoscientific, USA). The diluted DNA- 
protein complex was incubated with an equal 
amount of antibody (Abcam, United Kingdom) or 
mouse IgG (Abcam, United Kingdom) magnetic 
beads overnight at 4°C. We adsorbed magnetic 
beads with a magnetic separation rack, purified 
the DNA and then analysed by qRT-PCR. The 
PCR primers for amplifying the promoter region 
of the CCR6 were as follows: forward: 5´- 
ACCGCAGATAACGACAATGC −3´;, reverse: 5 
´- CATGAGCACGTTAAGTCCCG −3´.

Effect of azacitidine and C646 in DLBCL

We also used azacitidine (#AB2385, Sigma, USA), 
a DNA methyltransferase inhibitor, and C646, 
(S7152, Selleck, USA), a histone acetyltransferase 
inhibitor, to validate the epigenetic regulation of 
CCR6 and its candidate miRNA, respectively. 
Expression levels of CCR6 and its miRNA in dif-
ferent time periods (0, 12, 24, and 48 h) and 
concentrations were investigated.

Statistical analysis

All data analyses were performed by the SPSS 20.0 
(IBM, USA) and GraphPad Prism 7 (GraphPad 
Software Inc., USA) software. The continuous 
data were depicted as mean ± standard deviation 
and compared by t-test. P < 0.05 was considered as 
statistical significance. P < 0.01 was considered as 
obvious statistical significance.

Results

CCR6 expression in DLBCL cells and tissues

To determine the expression of CCR6 in DLBCL 
cell lines, two cell lines SU-DHL-2 and SU-DHL-6 
were firstly used. It was found that CCR6 mRNA 
and protein levels were significantly higher in 
DLBCL cell lines than the normal B cell line, 
HMy2.CIR (Figure 1(ac)). Consistent with the 
results, an analysis from CCLE showed that 
CCR6 mRNA expression was elevated in eight 
other DLBCL cell lines, including SU-DHL-1, SU- 
DHL-4, SU-DHL-8, SU-DHL-10, OCI-LY3, OCI- 
LY10, OCI-LY19 and Toledo (Figure 1(d)). 
Among the above DLBCL cell lines, SU-DHL-4, 
SU-DHL-1, Toledo and OCI-LY19 belong to 
germinal centre B-cell-like (GCB) lymphoma, 
while SU-DHL-2, SU-DHL-8, OCI-LY3, and OCI- 
LY10 are identified as activated B-cell-like (ABC) 
lymphoma. These results support the hypothesis 
that CCR6 is markedly overexpressed in DLBCL 
cell lines.

To further confirm the results, an immunohis-
tochemistry analysis of 56 DLBCL samples was 
performed. Similar to the results of DLBCL cell 
lines, positive CCR6 staining was observed to be 
strongly correlated with tumours, not the reactive 
lymphoid hyperplasia tissues (78.6% vs. 48.3%, 
p = 0.007). Then, we performed qRT-PCR in 
patients’ specimens. Results showed that CCR6 
mRNA levels were also significantly elevated in 
DLBCL tissues compared with controls (Figure 1 
(e)). Therefore, it was demonstrated that CCR6 
played as a promoter in DLBCL.

Clinical significance of CCR6 in DLBCL

In order to investigate clinical significance of 
CCR6 in DLBCL, receiver operating characteristic 
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(ROC) curve analysis was performed to evaluate 
the association between CCR6 mRNA levels and 
DLBCL. Interestingly, we found that CCR6 might 
be an effective diagnosis biomarker to differentiate 
between reactive lymph node hyperplasia and 
DLBCL, with an area under the curve (AUC) of 
0.917 (Figure 1(f), P = 0.000).

The median mRNA levels of CCR6 in DLBCL 
tissues was regarded as the cut-off. CCR6 expression 
levels were divided into two groups (≥4.1 and <4.1). 
As shown in Table 1, higher expression of CCR6 was 
observed to be correlated with the presentation of 
B symptoms (p = 0.047) and worse international 
prognostic index (IPI) scores (p = 0.029). By con-
trast, CCR6 expression levels were not correlated 
with other clinicopathological parameters, including 

gender, age, subtypes, clinical stages and first-line 
treatment response.

miRNA prediction

The targeted miRNAs of CCR6 were predicted 
through TargetScan [14], miRWalk [15], StarBase 
[16], miRDB [17], miRTarBase [18] and DIANA- 
microT [19]. Overlapping miRNAs predicted by at 
least five prediction programmes were identified for 
further analysis, i.e. hsa-miR-129-5p, hsa-miR-518a- 
5p and hsa-miR-6879-3p. Among the miRNAs, only 
miR-518a-5p exhibited much lower expression levels 
in DLBCL cell lines than the HMy2.CIR cell line 
(Figure 1(g), p < 0.001). QRT-PCR analysis displayed 
a similar result in DLBCL tissues (Figure 1(h), 

Figure 1. CCR6 and miR-518a-5p expression levels in DLBCL cell lines and tissues. (a). The expression level of CCR6 was measured in 
two DLBCL cell lines; (b). Western blot analysis (left) and densitometric analysis (right) for CCR6 in the SU-DHL-2 cell line compared 
with the normal B cell line HMy2.CIR; (c). Western blot analysis (left) and densitometric analysis (right) for CCR6 in the SU-DHL-6 cell 
line compared with the normal B cell line HMy2.CIR; (d). CCR6 expression in seven other cell lines from the CCLE database; €. 
Expression levels of CCR6 in DLBCL samples compared with the control group; (f). ROC analysis for the accuracy of CCR6 in the 
diagnosis of DLBCL; G. qRT-PCR analysis for miR-518a-5p expression in two DLBCL cell lines compared with the normal B cell line 
HMy2.CIR; H. qRT-PCR analysis for miR-518a-5p expression levels in DLBCL samples compared with the control group; I. The 
correlation between miR-518a-5p and CCR6 evaluated by the Pearson correlation test. *P < 0.05 and **P < 0.01.
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p < 0.001), suggesting that CCR6 might be targeted by 
miR-518a-5p and miR-518a-5p might play an impor-
tant role in DLBCL.

Clinical significance of miR-518a-5p in DLBCL

The clinical value of miR-518a-5p was validated 
using a Pearson correlation analysis between 
expression levels of miR-518a-5p and CCR6 in 
DLBCL samples. As shown in Figure 1(i), 
a significantly negative correlation was detected 
(the Pearson correlation coefficient was −0.597, 
p = 0.000), that is, miR-518a-5p expression levels 
were significantly reduced in DLBCL with high 
CCR6 expression.

The median levels of miR-518a-5p in DLBCL tis-
sues were regarded as the cut-off. Then miR-518a-5p 
expression levels were divided into two groups (≥0.98 
and <0.98). However, as shown in Table 2, miR-518a- 
5p expression levels were not observed to be corre-
lated with DLBCL clinicopathological parameters. 
Even so, these results supported the hypothesis that 
miR-518a-5p is markedly inhibited in DLBCL and 
miR-518a-5p as a post-transcriptional repressor 
might regulate CCR6 expression.

A negative regulatory feedback loop between 
miR-518a-5p and CCR6 in DLBCL

Motivated by the above observation that negative 
correlation existed between miR-518a-5p and 
CCR6 expression levels in DLBCL tissues, we con-
tinued to investigate the correlation between miR- 
518a-5p and CCR6 in vitro. As shown in Figure 2 
(ab), CCR6 could be partially reversed in SU-DHL-2 
and SU-DHL-6 cells transfected with miR-518a-5p 
mimic, while CCR6 knockdown activated miR-518a- 
5p in DLBCL cells (Figure 2(c)). Since our results 
showed that the expression of miR-518a-5p is regu-
lated by CCR6, we hypothesized that miR-518a-5p 
and CCR6 may reciprocally regulate each other. To 
test this, we searched for the targeted binding site 
between miR-518a-5p and 3�UTR of CCR6 mRNA 
using the MicroRNA.org online prediction (http:// 
www.microrna.org/microrna/home.do, Figure 2(d)). 
Dual luciferase assay revealed that miR-518a-5p 
mimic transfection significantly declined the relative 
luciferase activity of CCR6, indicating the regulatory 
relationship between miR-518a-5p and CCR6 
(Figure 2(d)). Thus, these findings indicated that 
miR-518a-5p and CCR6 formed a negative regula-
tory feedback loop in DLBCL.

Table 1. The correlation between CCR6 expression and clinico-
pathological features in DLBCL.

CCR6

Clinical features Number ≥4.1 <4.1 P value

Gender
Male 37 19 18 0.571
Female 19 12 7

Age(Years)
≥53 28 15 13 1.000
<53 28 16 12

Subtype
GCB 30 18 12 0.591
Non-GCB 26 13 13

Clinical stage
I–II 10 3 7 0.092
III–IV 46 28 18

IPI score
0–2 33 14 19 0.029
≥3 23 17 6

B symptoms
Aberrant 44 21 23 0.047
Present 12 10 2

LDH
Normal 28 14 14 0.591
Abnormal 28 17 11

CR after first-line chemotheray
Yes 34 17 17 0.412
No 22 14 8

GCB: germinal centre B-cell like; LDH: lactate dehydrogenase; IPI: inter-
national prognostic index; CR: complete response. 

Table 2. The correlation between miR-518a-5p expression and 
clinicopathological features in DLBCL.

CCR6

Clinical features Number ≥0.98 <0.98 P value

Gender
Male 37 23 14 0.394
Female 19 9 10

Age(Years)
≥53 28 16 12 1.000
<53 28 16 12

Subtype
GCB 30 18 12 0.788
Non-GCB 26 14 12

Clinical stage
I–II 10 7 3 0.489
III–IV 46 25 21

IPI score
0–2 33 18 15 0.785
≥3 23 14 9

B symptoms
Aberrant 44 25 19 1.000
Present 12 7 5

LDH
Normal 28 18 10 0.418
Abnormal 28 14 14

CR after first-line chemotheray
Yes 34 19 15 1.000
No 22 13 9

GCB: germinal centre B-cell like; LDH: lactate dehydrogenase; IPI: inter-
national prognostic index; CR: complete response. 
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The role of miR-518a-5p and CCR6 in the 
proliferation and invasion of DLBCL cells

Based on the above experimental data of miR-518a- 
5p and CCR6, we speculated that both miR-518a-5p 
and CCR6 played an important role in DLBCL 
tumorigenesis. To investigate this assumption, we 
enhanced miR-518a-5p or suppressed CCR6 expres-
sion levels in SU-DHL-2 and SU-DHL-6 cells. Then 
CCK-8 assays were applied to determine the effects 
of miR-518a-5p and CCR6 on DLBCL cell prolifera-
tion. Results showed that the proliferation ability of 
SU-DHL-2 and SU-DHL-6 cells was decreased via 
miR-518a-5p overexpression or CCR6 knockdown 
(Figure 3(a)). In agreement with the CCK-8 assay, 
colony amounts of DLBCL cells were notably 
decreased with the transient transfection of CCR6 

siRNA compared with those in the negative control 
group, and vice versa in DLBCL miR-518a-5p 
mimic/negative control cells (Figure 3(b)).

Cell apoptosis analysis through flow cytometry 
exhibited that knockdown of CCR6 resulted in 
a remarkable rise in cell apoptosis (Figure 3(c)). 
Similar conclusions were reached in SU-DHL-2 
and SU-DHL-6 cells with miR-518a-5p overex-
pression (Figure 3(d)). Significant changes in the 
G1 and S cycles appeared in cells by transferring 
CCR6 siRNA (Figure 3(e)), indicating that knock-
down of CCR6 limited DLBCL cell proliferation 
through its stimulatory effect on both apoptosis 
and cell cycle arrest. However, no significant 
changes in cell cycle were found in miR-518a-5p 
mimic-treated DLBCL cells, suggesting the DLBCL

Figure 2. A negative regulatory feedback loop between miR-518a-5p and CCR6 in DLBCL. (a). qRT-PCR (left) and western blot 
analysis (middle and right) of CCR6 for the efficiency of miR-518a-5p overexpression in SU-DHL-2 cells; (b). qRT-PCR (left) and 
western blot analysis (middle and right) of CCR6 for the efficiency of miR-518a-5p overexpression in SU-DHL-6 cells; (c). qRT-PCR 
analysis of miR-518a-5p for the efficiency of CCR6 knockdown in both SU-DHL-2 and SU-DHL-6 cells; D. The binding site between 
miR-518a-5p and the 3�-UTR of CCR6 mRNA (upper) as well as the result of dual luciferase assay (lower). *P < 0.05 and **P < 0.01.

EPIGENETICS 35



cell proliferation limitation only relied on its sti-
mulatory effect on apoptosis.

Furthermore, we performed transwell assays to 
investigate the invasion capability of DLBCL cells 
with CCR6 downregulation or miR-518a-5p over-
expression. It was indicated that both knockdown 
of CCR6 and overexpression of miR-518a-5p sig-
nificantly inhibited invasion in DLBCL cells 
(Figure 3(fg)). These results support miR-518a-5p 
and CCR6 participate in the invasion of DLBCL 
cells in vitro.

In order to further elaborate the post transcrip-
tional regulation of miR-518a-5p, we proceeded to 
explore whether the decreased proliferative and 
invasive capabilities by CCR6 siRNA could be 
restored through miR-518a-5p repression com-
pared with those in the negative control group. 
As shown in Figure 3(h), decreased proliferation 
caused by the CCR6 inhibitor was partially abol-
ished by miR-518a-5p repression in an CCK-8 
assay. Similar to the CCK-8 assay, the diminished 
colony amounts of DLBCL cells induced by the

Figure 3. MiR-518a-5p/CCR6 accelerates DLBCL cell proliferation and invasion in vitro. (a). The proliferative ability of DLBCL miR- 
518a-5p mimic/negative control (left) cells and DLBCL CCR6 inhibitor/negative control (right) cells was measured via the CCK-8 assay; 
(b). The SU-DHL-2 and SU-DHL-6 cells with miR-518a-5p mimic or CCR6 inhibitor transfection were subjected to the colony formation 
assay; (c). The cell apoptosis of SU-DHL-2 CCR6 inhibitor/negative control (upper) cells and SU-DHL-6 CCR6 inhibitor/negative control 
(lower) cells was measured through flow cytometry analysis; (d). The cell apoptosis of SU-DHL-2 miR-518a-5p mimic/negative control 
(upper) cells and SU-DHL-6 miR-518a-5p mimic/negative control (lower) cells was measured through flow cytometry analysis; (e). The 
cell cycle of SU-DHL-2 CCR6 inhibitor/negative control (upper) cells and SU-DHL-6 CCR6 inhibitor/negative control (lower) cells was 
measured through flow cytometry analysis; (f). The invasion ability of SU-DHL-2 CCR6 inhibitor/negative control (upper) cells and SU- 
DHL-6 CCR6 inhibitor/negative control (lower) cells was measured through the Transwell assay; (g). The invasion ability of SU-DHL-2 
miR-518a-5p mimic/negative control (upper) cells and SU-DHL-6 miR-518a-5p mimic/negative control (lower) cells was measured 
through the Transwell assay; (h). The proliferative capacity of SU-DHL-2 miR-518a-5p inhibitor/negative control cells with co- 
transfection of the CCR6 inhibitor was indicated by CCK-8; (i). The invasion capacity of SU-DHL-2 miR-518a-5p inhibitor/negative 
control cells with co-transfection of the CCR6 inhibitor was indicated via the Transwell assay; (j). The proliferative capacity of SU-DHL 
-2 miR-518a-5p inhibitor/negative control cells with co-transfection of the CCR6 inhibitor was indicated through the colony 
formation assay; (k). The cell apoptosis of SU-DHL-2 miR-518a-5p inhibitor/negative control cells with co-transfection of the CCR6 
inhibitor was measured through flow cytometry analysis. The data were represented as the means ± standard deviation of three 
independent experiments. *P < 0.05 and **P < 0.01.
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CCR6 inhibitor was partially strengthened by co- 
transfected with miR-518a-5p siRNA (Figure 3(j)). 
Cell apoptosis analysis through flow cytometry 
exhibited that co-transfection with the CCR6 and 
miR-518a-5p inhibitor resulted in a remarkable 
fall in cell apoptosis rates compared with the 
CCR6 inhibitor group (Figure 3(k)), suggesting 
that miR-518a-5p regulated CCR6 to affect cell 
apoptosis and promote cell proliferation. 
Additionally, knockdown of miR-518a-5p could 
reverse the CCR6 siRNA-mediated inhibition of 
cell invasion in the Transwell assay (Figure 3(i)). 
Taken together, these data verify the inhibitory 
effect of miR-518a-5p on CCR6 in vitro.

The influence of miR-518a-5p and CCR6 in 
JAK-STAT signalling pathway

To investigate the modulation that miR-518a-5p/ 
CCR6 mediated cell proliferation and invasion in 
DLBCL cells, we speculated that miR-518a-5p and 
CCR6 were related to the classical signal pathways. 
Motivated by KEGG pathways of CCR6 (Figure 4(a)) 
and the critical role of the JAK-STAT pathway in 
lymphoma [23,24], we tested JAK1-2, STAT3-6 in 
DLBCL cells transfected with miR-518a-5p mimic 
and CCR6 siRNA, respectively. As shown in Figure 
4(be), both JAK2 and STAT6 were effectively 
decreased compared with the negative control 
group at mRNA and protein levels, suggesting that 
miR-518a-5p/CCR6 regulated DLBCL cell prolifera-
tion, invasion, apoptosis and cell cycle arrest through 
targeting JAK2-STAT6 signalling pathway.

The mechanism underlying the abnormal 
expression of miR-518a-5p in DLBCL

Methylation rates of miR-518a-5p in DLBCL tissues 
and cell lines
According to our former observation that miR- 
518a-5p was significantly restrained in DLBCL cell 
lines and tumour tissues, we hypothesized that 
a potential inhibiting factor existed during the tran-
scription of miR-518a-5p in DLBCL tumorigenesis. 
Since methylation is implicated in various tumour 
suppressor miRNAs, we detected methylation levels 
not only in DLBCL tissues, but also in miR-518a-5p 
mimic DLBCL cells through MSP. Primers used for 
MSP analysis are listed in Table S4.

As shown in Figure 5(a), 64.3% tumour tissues 
from DLBCL patients existed hyper-methylation 
for miR-518a-5p, including 8 complete methyla-
tion and 28 partial methylation, while there were 
only 2 patients revealing hyper-methylation in the 
control group. Similar results of MSP for the miR- 
518a-5p promoter are detected in DLBCL cells 
(Figure 5(b)), further indicating a hyper- 
methylated condition in the miR-518a-5p promo-
ter in DLBCL.

The influence of miR-518a-5p expression on its 
own promoter methylation
To validate the relationship between miR-518a- 
5p expression and miR-518a-5p’s promoter 
methylation, SU-DHL-2 and SU-DHL-6 cells 
were transfected with miRNA negative control 
and miR-518a-5p mimic, respectively. 
Pyrosequencing analysis of the miR-518a-5p 
promoter region was then performed in the 
above two DLBCL cell lines. As shown in 
Figure 5(c), compared with the negative control 
group, methylation levels of the CpG_3 site were 
decreased in miR-518a-5p mimic DLBCL cells, 
indicating the methylated level of the CpG_3 site 
was negatively correlated with miR-518a-5p 
expression in DLBCL.

The influence of azacitidine on miR-518a-5p 
expression in DLBCL cell lines
We also used azacitidine, a DNA methyltransfer-
ase inhibitor, to verify the mechanism of miR- 
518a-5p regulation. We treated SU-DHL-2 and 
SU-DHL-6 cells with azacitidine (6 μmol/L) for 
48 hours and measured the expression levels of 
miR-518a-5p. As shown in Figure 5(d), azacitidine 
notably relieved transcription inhibition and pro-
moted miR-518a-5p expression in both SU-DHL-2 
and SU-DHL-6 cells. Additionally, when exposed 
to azacitidine for different time periods (0, 12, 24, 
and 48 h) or concentrations (0, 2, 4, and 6 μmol/ 
L), the levels of miR-518a-5p in SU-DHL-2 and 
SU-DHL-6 cells gradually increased in a time- and 
dose-dependent manner (Figure 5(e)). By contrast, 
the mRNA and protein levels of CCR6 were dra-
matically reduced in SU-DHL-2 and SU-DHL-6 
cells (Figure 5(fg)). These findings were not only 
consistent with the results of previous MSP and 
pyrosequencing analysis, but also demonstrated 
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the mechanism underlying the overexpression of 
CCR6 in DLBCL from post-transcriptional regula-
tion. Furthermore, epigenetic modification might 

be effective and important for DLBCL, especially 
in light of introduction of epigenetic inhibitors 
into clinical practice of DLBCL.

Figure 4. Up-regulation of miR-518a-5p and down-regulation of CCR6 attenuated JAK2-STAT6 signalling pathway activity. (a). The 
KEGG pathway of CCR6; (b). qRT-PCR analysis of JAK1-2, STAT3-6 mRNA expression in miR-518a-5p mimic/negative control SU-DHL-2 
(left) and SU-DHL-6 (right) cells; (c). Western blot analysis and densitometric analysis of JAK2 and STAT6 in miR-518a-5p mimic/ 
negative control SU-DHL-2 and SU-DHL-6 cells; (d). qRT-PCR analysis of JAK1-2, STAT3-6 mRNA expression in CCR6 inhibitor/negative 
control SU-DHL-2 (left) and SU-DHL-6 (right) cells; (e). Western blot analysis and densitometric analysis of JAK2 and STAT6 in CCR6 
inhibitor/negative control SU-DHL-2 and SU-DHL-6 cells. *P < 0.05 and **P < 0.01.
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The mechanism underlying the overexpression of 
CCR6 in DLBCL

To detect the mechanisms contributed to the abnor-
mal expression of CCR6 in DLBCL, we firstly 
searched cBioPortal (http://www.cbioportal.org/) to 
investigate the frequency of genetic alteration in 
CCR6 in DLBCL patients. Among the five included 
datasets [25–29], CCR6 only had a genetic alteration 
in 2 of 1295 DLBCL cases, accounting for less than 
0.1% of cases. The frequency of genetic alteration in 
CCR6 is very low, suggesting that epigenetic regula-
tion mainly contribute to abnormal expression of 
CCR6 in DLBCL patients.

From UCSC, it is found that histone H3 on lysine 
27 acetylation (H3 K27ac) enrichment exists at the 
CCR6 promoter region. Then we performed 
H3K27ac enrichment analysis in the CCR6 promoter 
through the Cistrome Data Browser. As Figure 6(a) 
showed, enrichment of H3K27ac in the promoter 
region of CCR6 was involved in OCI-LY1, OCI- 
LY7, SU-DHL-6 and OCI-LY3 cells. It is suggested 
that histone H3K27ac may be involved in the tran-
scriptional regulation of CCR6.

Next, the transcriptional regulation of histone acet-
ylation in CCR6 was determined by treating SU-DHL 
-2 and SU-DHL-6 cell lines with C646, a histone 
acetyltransferase inhibitor. This treatment resulted in 
a significantly decreased expression of CCR6 mRNA 
in a time- and dose-dependent manner (Figure 6(b)). 
This change was further verified by ChIP in DLBCL 

cell lines. After C646 treatment, as the inhibitor con-
centration increased, the concentration of H3K27ac 
bound to the promoter region of CCR6 decreased 
(Figure 6(c)). Taken together, we concluded that 
H3K27ac in the promoter of CCR6 increases the 
transcription of CCR6 in DLBCL.

Discussion

Chemokine and their receptors are important mole-
cules in the regulation of cancer progression, includ-
ing DLBCL [3]. Clinical studies have shown that 
CCR1, CXCR5, CCL18, and CXCL12 may be useful 
for DLBCL detection and classification [30–34]. In 
our study, we verified the role of CCR6 in DLBCL 
for the first time. Our results showed that CCR6 was 
significantly elevated in DLBCL and higher expres-
sion of CCR6 correlated with the presentation of 
B symptoms and worse IPI scores. Further studies 
detected down-regulated CCR6 suppressed the pro-
liferation and invasion capabilities of DLBCL cells 
through inducing the G1 cell cycle arrest and promot-
ing their apoptosis. In this regard, we have reasons to 
speculate CCR6 plays a critical role in DLBCL.

As we know, mRNAs are usually regulated by their 
targeted miRNAs from post-transcriptional regula-
tion. Several potential target miRNAs of CCR6 were 
predicted by bioinformatics analysis. Among these 
miRNAs, only miR-518a-5p showed much lower 
expression levels in DLBCL than the control group. 
Thus we hypothesized that CCR6 was the functional

Figure 5. MiR-518a-5p is under the regulation of methylation in DLBCL cells. (a). Different methylation levels existed on the miR- 
518a-5p promoter region between DLBCL tissues and reactive lymphoid hyperplasia; (b). Methylation analysis of miR-518a-5p 
through MSP in SU-DHL-2 (upper) and SU-DHL-6 (lower) cells; (c). Methylation levels of two CpG sites on the miR-518a-5p promoter 
region were examined via pyrosequencing analysis in SU-DHL-2 (left) and SU-DHL-6 (right) cells; (d). Relative miR-518a-5p expression 
levels determined by Control/Azacitidine in SU-DHL-2 and SU-DHL-6 cells; (e). Different concentrations (0, 2, 4, 6 μmol/L) and times 
(0, 12, 24, 48 h) were applied to determine the effects of Azacitidine on miR-518a-5p expression in DLBCL cells; (f). The mRNA levels 
of CCR6 in SU-DHL-2 and SU-DHL-6 cells when treated with Azacitidine/Control; (g). Western blot analysis and densitometric analysis 
of CCR6 in SU-DHL-2 (upper) and SU-DHL-6 (lower) cells when treated with Azacitidine/Control. The data are shown as the means 
±standard deviation of three independent experiments. *P < 0.05 and **P < 0.01.
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target of miR-518a-5p in DLBCL. According to the 
clinical data, the negative expression correlation 
between miR-518a-5p and CCR6 was concluded. 
CCR6 could be partially reversed in DLBCL cells 
transfected with miR-518a-5p mimic. Functional 
experiments demonstrated miR-518a-5p suppressed 
cell proliferation, invasion and promoted apoptosis in 
DLBCL.

Based on the above finding, i.e., miR-518a-5p acts 
as the functional target and a post-transcriptional 
repressor of CCR6, we need to find out how CCR6/ 
miR-518a-5p affects DLBCL development. To solve 
this problem, CCR6’s downstream JAK-STAT signal-
ling pathways were investigated. We revealed that 
levels of JAK2 and STAT6 were decreased in 
DLBCL cells transfected with miR-518a-5p mimic or

Figure 6. H3K27ac in the promoter of CCR6 promotes CCR6 transcription. (a). Enrichment analysis of H3K27Ac in CCR6 promoter in 
DLBCL cell lines through Cistrome Data Browser; (b). Different concentrations (0, 4, 8 μmol/L) and times (0, 12, 24, 48 h) were applied 
to determine the effects of C646 on the CCR6 expression in DLBCL cells; (c). Alteration of H3K27ac enrichment in CCR6 promoter in 
SU-DHL-2 (left) and SU-DHL-6 (right) cell line after C646 treatment.
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CCR6 siRNA. Similar result has been reached by Hao 
et al. [35], who reported chemical JAK2 inhibition 
decreased the cellular proliferation of classical 
Hodgkin lymphoma (cHL) and primary mediastinal 
large B-cell lymphoma (MLBCL) cell lines and 
induced their apoptosis. Further study demonstrated 
that chemical JAK2 inhibition decreased phosphory-
lation of JAK2, STAT1, STAT3, and STAT6 and 
reduced the expression of additional downstream tar-
gets, including PD-L1 in vivo and in vitro [35]. 
Miloudi et al. [36] found that primary mediastinal 
B-cell lymphoma (PMBL) cells are characterized by 
several genetic abnormalities that conduct to the con-
stitutive activation of JAK2/STAT6 signalling path-
way. Since JAK2 is mainly activated by 
phosphorylation in lymphoma cases [37], we specu-
late miR-518a-5p/CCR6 plays an important role in 
activating the JAK2-STAT6 signalling pathway and 
then promoting DLBCL development.

Epigenetics plays an important role in gene tran-
scriptional regulation and the destruction of epige-
netic mechanisms is closely related to tumorigenesis. 
In the present study, we showed for the first time that 
miR-518a-5p was forced to be inhibited due to high 
enrichment of methylation at its promoter region. 
The higher degree of methylation, the lower the 
miR-518a-5p expression, which can be partially 
reversed in the presence of azacitibine in DLBCL 
cells. Meanwhile, we verified the role of H3K27ac 
in regulating CCR6 expression in DLBCL cells, 
CCR6 was up-regulated in DLBCL due to enrich-
ment of H3K27ac in its promoter, which can be 
partially reversed in the presence of C646. Since 
azacitibine could affect both miR-518a-5p and 
CCR6 expression, it was considered that the over-
expression of CCR6 was mainly mediated by epige-
netic modification through transcriptional and post- 
transcriptional activation, i.e., levels of CCR6 was 
regulated by both histone acetylation and miR- 
518a-5p methylation. Additionally, in view of the 
ubiquitous nature of the chemokine/chemokine 
receptor network makes it difficult to target; the 
research of nano-drug carriers is still immature, reg-
ulating tumour related genes through epigenetic 
modification is supposed to be effective and impor-
tant, especially in light of introducing epigenetic 
inhibitors into clinical practice.

Interestingly, it was found that in DLBCL cell 
lines, artificial CCR6 downregulation by transfection 

led to significantly increased expression of miR- 
518a-5p. Thus we hypothesized that miR-518a-5p 
and CCR6 can constitute a negative feedback loop 
in DLBCL. To validate our hypothesis, we applied 
bioinformatics analysis and mechanism experi-
ments. We uncovered that miR-518a-5p regulated 
the expression of a luciferase construct containing 
the 3´UTR of CCR6. Therefore, it is concluded that 
the miR-518a-5p-CCR6 negative feedback loop 
exists in DLBCL. Based on this observation, it is 
reasonable to speculate miR-518a-5p partially 
reversed the biological function of CCR6, and vice 
versa. We also hypothesized both miR-518a-5p and 
CCR6 levels could be changed in DLBCL when 
exposed to azacitibine and C646, respectively, i.e., 
the abnormal expression of miR-518a-5p and 
CCR6 might be regulated through both miR-518a- 
5p hyper-methylation and CCR6 acetylation. 
However, in this study we have well described the 
inhibitory effect of miR-518a-5p on CCR6. The inhi-
bitory effect of CCR6 on miR-518a-5p required 
further verification in the future.

In conclusion, the present study is the first to 
reveal the role of CCR6 and its targeted miRNA in 
DLBCL. Their clinical significance and functions 
were assessed (Figure 7). Moreover, it is revealed 
that epigenetic mechanisms play a critical role in 
DLBCL. As shown in Figure 7, overexpression of 
CCR6 in DLBCL is mediated by histone H3K27 
acetylation and miR-518a-5p methylation. 
Furthermore, the study is the first to report the 
negative feedback loop between CCR6 and miR- 
518a-5p. Thus this study not only provides new 
markers, but also new directions for DLBCL treat-
ment, especially when studies of chemokine/che-
mokine receptor targeting drugs are not 
satisfactory. Meanwhile, this study provides 
a theoretical basis for the combination of two 
epigenetic inhibitors in DLBCL. However, the 
mechanisms underlying the observation that 
CCR6 inhibits miR-518a-5p need further research 
in the future. The translational and post- 
translational regulation of CCR6 are also required. 
Anyway, the miR-518a-5p-CCR6 feedback loop 
plays a critical role in promoting aggressive biolo-
gical behaviours of DLBCL. The abnormal expres-
sion of CCR6 is mainly mediated by epigenetic 
modification through transcriptional and post- 
transcriptional activation, which then activates 
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the JAK2-STAT6 signalling pathway and promotes 
DLBCL progression. Our results may serve as 
a reference for future lymphoma research in 
epigenetics.
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