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Abstract
Background  Existing studies have already revealed the involvement of C–C chemokine receptor type 7 (CCR7) in diverse 
human cancers, including esophageal cell squamous carcinoma (ESCA). Our current study, aims to explore the relevant 
mechanisms implicated.
Methods  ESCA cell lines were collected for CCR7 expression quantification using western blot. Following the transfec-
tion, the viability, migration and invasion of ESCA cells were evaluated via cell counting kit-8 and Transwell assays. The 
specific molecular mechanisms underlying the effects of CCR7 in ESCA cells were explored via calculating the expressions 
of proteins related to metastasis and Janus kinase 2/signal transduction and transcription activation 3 (JAK2/STAT3) 
signaling pathway via western blot. The correlation between CCR7 and metastasis-related proteins was explored via 
Pearson’s correlation test.
Results  CCR7 was high-expressed in ESCA cells and CCR7 knockdown repressed the viability, migration and invasion 
of ESCA cells, concurrent with the increased expression of E-cadherin (E-cad, which was also known as CDH1 and lowly 
expressed in ESCA cells) and the decreased expressions of vimentin (Vim, which was highly expressed in ESCA cells) and 
matrix metalloproteinase-9 (MMP-9, which was also highly expressed in ESCA cells). Meanwhile, CCR7 was positively cor-
related with Vim and MMP-9 yet negatively correlated with E-cad in ESCA cells, which indicated that CCR7 has a role in 
promoting tumor progression in ESCA cells. Besides, the phosphorylation of STAT3 and JAK2 in ESCA cells was elevated, 
which was diminished following CCR7 knockdown.
Conclusion  This study proves the modulation of CCR7 on ESCA in vitro, which was achieved via JAK2/STAT3 signaling 
pathway. Our discovery will provide new therapeutic basis and insights for ESCA.

Keywords  Esophageal cell squamous carcinoma · C–C chemokine receptor 7 · Migration · Invasion · JAK2/STAT3 
signaling pathway
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EGFR	� Epidermal Growth Factor receptor
JAK2/STAT3	� Janus kinase 2/signal transduction and transcription activation 3
CCL18	� Chemokine C–C motif ligand 18
SOX12	� Sex‑determining region Y box 12
ECM	� Extracellular matrix
E-cad	� E-cadherin
Vim	� Vimentin
TYKs	� Tyrosine kinases

1  Introduction

As one of the major categories of esophageal cancer, esophageal cancer (ESCA) is a prevalent malignancy in the devel-
oping world and carries significant morbidity and mortality, with significant alcohol and tobacco use as the major risk 
factors [1, 2]. ESCA primarily consists of two separate diseases from an epidemiological and pathological standpoint: 
esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). Notably, ESCC makes up about 
90% of these cases [3]. ESCC is a rapidly growing, aggressive cancer with a high rate of lymph node metastasis that often 
impacts the upper two-thirds of the esophagus [4]. Dysphagia and cervical lymph node enlargement typically do not 
present until the disease has advanced significantly, leading to a poor prognosis and a 5-year survival rate that remains 
low [5]. Over the past few decades, there has been a significant amount of research conducted on the molecular pro-
cesses responsible for ESCC pathogenesis [6, 7]. Genetic factors, such as mutations in TP53 and NFE2L2 tumor suppressor 
genes [8, 9], alongside epigenetic changes like DNA methylation and non-coding RNAs [10, 11], have been identified 
as crucial contributors to the initiation and progression of ESCC. The complex imbalance in gene expression, including 
amplification of proto-oncogenes, mutations, deletions, and epigenetic alterations, may act collectively to sustain the 
malignant biological features of ESCC [9, 12]. Nonetheless, the comprehension of ESCC’s oncogenic process continues 
to be elusive, thereby restricting the development of effective therapy.

Chemokines release their effects through binding to the cell surface chemokine receptors that belong to the highly 
druggable class A G-protein coupled receptor (GPCR) family [13]. As a member of the chemokine receptor family, C–C 
chemokine receptor type 7 (CCR7) has been already discussed in various biological processes including cancer [13, 14]. 
For instance, cervical lymph node metastasis of tongue squamous cell carcinoma (TSCC) could be promoted by CCR7, 
which therefore has the potential to serve as a biomarker for TSCC [15]. Also, CCR7 overexpression causes cetuximab 
resistance by cross-talking with Epidermal Growth Factor receptor (EGFR) in colorectal cancer [16]. Besides, CCR7 signaling 
could promote microglia/macrophage recruitment and chemotherapy resistance in glioblastoma [17]. A review on the 
biomarkers has addressed the involvement of CCR7 in ESCC, whilst the detailed mechanisms have not been expounded, 
which will be uncovered in this study [18].

Janus kinase 2/signal transduction and transcription activation 3 (JAK2/STAT3) signaling pathway is a downstream 
of the JAK/STAT pathway and its dysfunction has been demonstrated to assist the progression and development of 
cancer [19]. Certain scientists have suggested that this specific pathway is responsible for nearly all immune regulation 
processes, including those related to the identification of tumor cells and the evasion of the immune system by tumors 
[20]. The activation of both STAT1 and STAT2 plays a crucial role in generating immune responses against tumors through 
the production of type I and type II interferons (IFNs) and the subsequent enhancement of IFN-related activities. On 
the contrary, STAT3 has been widely associated with tumor cell survival, immune system suppression, and persistent 
inflammation within the tumor environment [21, 22]. The identification of reciprocal regulatory mechanisms, modifica-
tion of proteins after translation, and alternative methods of signal transmission have increased the complexity of the 
control exerted by JAK-STAT on the initiation and advancement of tumors [20, 23]. An integrated bulk and single-cell 
gene expression profile has identified Chemokine C–C motif ligand 18 (CCL18) could promote ESCC cell proliferation 
via JAK2/STAT3 pathway [24]. The activation of JAK2/STAT3 pathway and malignant transformation of ESCA could be 
induced by sex‑determining region Y box 12 (SOX12) [25]. Besides, B7-H4 promotes the proliferation of ESCC cells via 
JAK2/STAT3 pathway [26]. Additionally, CCR7 regulates squamous cell carcinoma of the head and neck cells via JAK2/
STAT3 pathway [27]. Nonetheless, such interaction has not been explored in ESCC so far, which brings this study about. 
Here, we utilized ESCC cell lines to validate the expression of CCR7, and knocked down CCR7 in order to assess its effect 
on cancer cell function. Finally, the phosphorylation levels of JAK2 and STAT3 in ESCC cells were detected by the western 
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blotting to further explore the mechanism of action of CCR7. In conclusion, our study provides new ideas for the clinical 
diagnosis and treatment of ESCC.

2 � Materials and methods

2.1 � Cell culture

Human ESCC cell lines (KYSE410, KYSE510, KYSE520 and KYSE150) and normal esophageal epithelial cell line HEEC were 
purchased from the American Type Culture Collection (ATCC). We used high-sugar Dulbecco’s Modified Eagle Medium 
(DMEM) with 10% fetal bovine serum (FBS) and 1% penicillin–streptomycin mixture to culture all cells. The medium was 
changed every 2–3 days in a humidified incubator at 37°C with 5% CO2, and the cells were passaged at appropriate times 
according to their growth. Prior to the experiments, the cells need to reach the logarithmic growth phase, and serum 
starvation can be performed as needed to synchronize the cell cycle or reduce the basal metabolic level. These detailed 
culture methods ensure that the cells grow under optimal conditions and lay the foundation for subsequent experiments.

2.2 � Cell transfection

The small interfering RNAs (siRNAs) against CCR7 (si-CCR7 #1 and si-CCR7#2) and the negative control siRNAs were synthe-
sized and ordered from RiboBio. These siRNAs were transfected into ESCC cells following the protocol for Lipofectamine 
2000 reagent (Invitrogen) provided by Invitrogen. Cells were inoculated in six-well plates the day before transfection to 
ensure that the cell density reached 50% confluence the next day. During transfection, siRNA and Lipofectamine 2000 
were diluted with serum-free medium Opti-MEM, respectively, and left to stand for 5 min before being mixed and incu-
bated at room temperature for 20 min to form siRNA-Lipofectamine complexes. Subsequently, the complex was added 
to the cell culture medium and gently shaken. After transfection, the cells were incubated in an incubator at 37 °C with 
5% CO2 for 6 h, after which they were replaced with normal medium containing 10% FBS. All cells were harvested 48 h 
after transfection and used for subsequent analysis in various experiments.

2.3 � Cell counting kit‑8 (CCK‑8) assay

In the CCK-8 assay, logarithmically growing ESCC cells were seeded at a density of 5 × 103 cells per well in 96-well plates 
containing serum and cultured for 12, 24, 36, and 48 h. Subsequently, 20 μL of CCK-8 solution (Beyotime Institute of Bio-
technology) was added to each well, and the cells were incubated for an additional 4 h. The WST-8 in the CCK-8 solution 
is reduced by dehydrogenases in living cells to produce a soluble orange formazan product. The absorbance at 450 nm, 
which reflects cell proliferation, was measured using a microplate reader (Bio-Rad Laboratories, Inc.).

2.4 � Transwell assay

The migration and invasion of ESCC cells were determined via Transwell assay. In detail, the Transwell chamber coated 
with or without Matrigel (Corning) was applied in invasion or migration assay. 5 × 104 cells within 200 μL non-serum 
medium was added to the upper chamber and the complete serum (600 μL) was added to the corresponding lower 
chamber. Following the incubation for 48 h, migrated and invaded cells were fixed in 4% fixative (Beyotime Institute of 
Biotechnology) for 15 min and dyed using 0.1% crystal violet (Beyotime Institute of Biotechnology). Images of cells were 
taken from a light microscope (Olympus).

2.5 � Reverse‑transcription quantitative PCR

The total RNA extraction from cells was carried out via TriZol reagent (Invitrogen) and the PrimeScript™ RT Reagent Kit 
(Takara Bio, Inc.) was used to reverse-transcribe the extracted RNA into complementary DNA. Hereafter, Fast SYBR™ Green 
Master Mix (ThermoFisher Scientific) was applied for the PCR assay. The relative expression of genes was finally quantified 
via 2−ΔΔCT method with GAPDH as the normalization control [28, 29]. See Table 1 for the primers used.
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2.6 � Western blot

Radioimmunoprecipitation assay lysis buffer (P0013B, Beyotime Institute of Biotechnology) was applied to lyse the total 
protein from cells. Subsequently, following the determination on the concentration via BCA method, the protein sample 
(30 μg) was separated by SDS-PAGE and moved onto the PVDF membrane. TBST containing 5% defatted milk was used 
for blocking non-specific binding during 1-h incubation at room temperature. The relevant primary and secondary 
antibodies were applied for further incubation at 4 ℃ overnight (with primary antibodies) and at room temperature for 
1 h (with secondary antibodies). The signals were developed via ECL chemiluminescence assay kit (P0018S, Beyotime 
Institute of Biotechnology) and the results were evaluated via Quantity One 4.6.6 (Bio-Rad Laboratories, Inc.). Antibodies 
used were listed in Table 2.

2.7 � Statistical analyses

All data from independent triplicates were shown in the form of as mean ± standard deviation and analyzed in Graph-
Pad Prism 8.0.2. Independent samples t test were performed for two-group data comparison. The correlation between 
CCR7 and metastasis-related proteins was explored via Pearson’s correlation test. The data were deemed as statistically 
significant when the P-value was lower than 0.05.

3 � Results

3.1 � Higher expression of CCR7 in ESCC

With the aim to determine the involvement of CCR7 in ESCA, 4 ESCA cells lines were collected and the levels of CCR7 in 
these cells were quantified, where an increased CCR7 expression in 4 ESCC cells lines was seen (Fig. 1A-B,  P < 0.001). Of 
note, the expression of CCR7 was relatively higher in KYSE410 and KYSE520 cells; Thus, these two cells were applied for 

Table 1   Sequences of primers Gene Identified ID Primers (5ʹ-3ʹ)

Forward Reverse

CCR7 NM_001838.4 CAA​CAT​CAC​CAG​TAG​CAC​CTGTG​ TGC​GGA​ACT​TGA​CGC​CGA​TGAA​
CDH1 NM_004360.5 GCC​TCC​TGA​AAA​GAG​AGT​GGAAG​ TGG​CAG​TGT​CTC​TCC​AAA​TCCG​
Vim NM_003380.5 AGG​CAA​AGC​AGG​AGT​CCA​CTGA​ ATC​TGG​CGT​TCC​AGG​GAC​TCAT​
MMP-9 NM_004994.3 GCC​ACT​ACT​GTG​CCT​TTG​AGTC​ CCC​TCA​GAG​AAT​CGC​CAG​TACT​
GAPDH NM_002046.7 GTC​TCC​TCT​GAC​TTC​AAC​AGCG​ ACC​ACC​CTG​TTG​CTG​TAG​CCAA​

Table 2   Information of antibodies

Identifier Host species Dilution ratio Molecular 
weight (kDa)

Manufacturer

CCR7 antibody Rabbit 1/2000 40 Biorbyt
Recombinant Anti-E Cadherin antibody [rCDH1/1525] Mouse 1/2000 130 Abcam
Vimentin (D21H3) XP® Rabbit mAb Rabbit 1/1000 57 CST
Anti-JAK2 antibody Rabbit 1/10000 133 Abcam
Anti-JAK2 (phospho Y1007) antibody Rabbit 1/2000 133 Abcam
Recombinant Anti-STAT3 antibody [EPR787Y] Rabbit 1/2000 88 Abcam
Recombinant Anti-STAT3 (phospho Y705) antibody [EPR23968-52] Rabbit 1/1000 88 Abcam
Recombinant Anti-GAPDH antibody [EPR16891]—Loading Control Rabbit 1/10000 36 Abcam
Goat Anti-Rabbit IgG H&L (HRP) Goat 1/2000 N/A Abcam
Goat Anti-Mouse IgG H&L (HRP) Goat 1/2000 N/A Abcam
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subsequent assays. This is mainly due to the fact that stable expression of such genes enables subsequent findings to 
be easily detected and analyzed.

3.2 � Silencing CCR7 represses ESCA cell viability, migration and invasion

To be able to explore the potential effects of CCR7 on ESCC development and progression, we validated the changes in 
ESCC cells after knocking down CCR7 expression. Hereafter, CCR7 level was forced to be knocked down using the relevant 
siRNAs and the decreased CCR7 level in these two aforementioned ESCA cells confirmed the successful intervention. In 
other words, knockdown of CCR7 expression was followed by significant changes in CCR7 in ESCC cells (Fig. 2A–D,  P < 
0.001). In addition, the results of CCK-8 assay showed that the silencing of CCR7 could repress the viability of ESCC cells 
KYSE410 and KYSE520, as reflected by the reduced optical density (OD) value in these two cells (Fig. 2E, F, P < 0.001).

In the meantime, the data from Transwell assay showed that silencing CCR7 reduced the quantity of invaded and 
migrated cells at 48 h (Fig. 3A-D,   P < 0.001). Further exploration on the molecular mechanisms was then initiated. We 
focused on E-cadherin (E-cad), Vimentin (Vim) and MMP-9, all of which have been addressed to be the metastasis-related 
proteins in cancers. In ESCC cells and HEEC, we found higher expressions of Vim and MMP-9 yet lower expression of 
(CDH1) in ESCC cells (Fig. 4A-B, P < 0.0001). The subsequent Pearson’s correlation analysis in ESCA cells has additionally 
proven the negative correlation between CCR7 and CDH1 (Fig. 4C) yet the positive correlation between CCR7 and Vim 
as well as CCR7 and MMP9 (Fig. 4D, E). These results further emphasize the ability of CCR7 to enhance migration and 
invasion of ESCC cells, which may be accomplished through the regulation of E-cad, Vim, and MMP-9.

Following the silencing of CCR7, the expression levels of these proteins in ESCC cells were further quantified, an 
increased CDH1 mRNA level and decreased levels of Vim and MMP-9 were additionally seen in both KYSE410 and KYSE520 
cells transfected with CCR7-specific siRNAs (Fig. 4F, G,   P < 0.05). Altogether, it could be concluded that CCR7 silencing 
could repress ESCA cell proliferation, migration and invasion in vitro.

3.3 � Determination on JAK2/STAT3 pathway and its relationship with CCR7 in ESCC

Finally, we shifted our attention to JAK2/STAT3 pathway, since its involvement in ESCC has been already addressed. 
Increased phosphorylation of STAT3 and JAK2 in ESCC cells KYSE410 and KYSE520 has been witnessed (Fig. 5A–D,   P < 
0.05), hinting the activation status of JAK2/STAT3 pathway in ESCC.

With the purpose of exploring the association between CCR7 and JAK2/STAT3 pathway in ESCC, the phosphorylation 
levels of JAK2/STAT3 in ESCC cells KYSE410 and KYSE520 were additionally quantified, unveiling a sharp reduction on 

Fig. 1   Higher expression of CCR7 in ESCC. A, B CCR7 expression level in ESCA cells (KYSE410, KYSE510, KYSE520 and KYSE150) and normal 
esophageal epithelial cells (HEEC). The results from independent triplicates were expressed as mean ± standard deviation and the data with 
P < 0.05 were deemed to be statistically significant. ns non-significant; ***P < 0.001, ****P < 0.0001
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the phosphorylation of JAK2 and STAT3 (Fig. 5E-H,  P < 0.001). Therefore, it could be hinted that CCR7 could target JAK2/
STAT3 pathway in ESCA cells.

4 � Discussion

Cancer is one of the deadliest diseases and its cure is far from being discovered and only a few patients respond to the 
treatments [30, 31]. Esophageal cancer is a common malignant disease of esophageal epithelium, which can be catego-
rized into two primary histological subtypes including ESCC [32, 33]. A review has addressed the efficacy of CCR7 as a 
biomarker in ESCC, whilst the detailed mechanisms have not been expounded [18]. Here, we validated the exploration of 
the potential mechanism of action of CCR7 on cancer progression based on an in vitro ESCC cell model. We first evaluated 
the expression of CCR7 in esophageal squamous cell carcinoma cells and its effects on cell proliferation, migration and 
invasion by Western blot, CCK-8 and transwell assays. Subsequently, the specific mechanisms by which CCR7 regulates the 
JAK2/STAT3 signaling pathway in these processes were explored by correlation analysis and signaling pathway studies.

CCR7 was known as a GPCR containing 7 transmembrane domains expressed on a variety of cells like central memory 
T cells, natural killer cells, naïve T/B cells, regulatory T cells, immature/mature dendritic cells, and even a minority of 
tumor cells [34]. Aberrant expression of CCR7 in some tumor types has already been detected and was linked to pro-
survival and invasive pathways [35]. The involvement of CCR7 in some tumors has been addressed already, like TSCC 
[15], colorectal cancer [16] and glioblastoma [17]. When examining the relevant molecular mechanisms underlying the 
pro-survival effects of CCR7, it has been shown that CCR7 could promote the proliferation and strengthen the migration 
and invasion of prostate cancer cells T24 via increasing the expression of MMP-9 (an extracellular matrix (ECM) protein 
widely discovered to the pathology of cancers) [36, 37]. Another study on breast cancer has demonstrated the cancer-
promoting effects of CCR7, together with its repressive effects on E-cad (a calcium-dependent adhesion molecule and 
one of the most crucial molecules for the metastasis of tumor cells) [38, 39]. Lung cancer cell migration and invasion could 
be initiated via epithelial-to-mesenchymal transition (EMT, of which Vim is a key biomarker and a type III intermediate 
filament that has an upregulated expression during cancer metastasis) [40, 41].

Fig. 2   Silencing CCR7 represses the viability of ESCC cells. A-D Validation on the knockdown efficiency of si-CCR7 #1 and si-CCR7#2 in ESCC 
cells KYSE410 (A, B) and KYSE520 (C, D). E, F CCK-8 assay results showing the effects of CCR7 silencing on the viability of KYSE410 (E) and 
KYSE520 (F) cells. The results from independent tripli7cates were expressed as mean ± standard deviation and the data with P < 0.05 were 
deemed to be statistically significant. ***P < 0.001, ****P < 0.0001
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Considering the dim molecular mechanisms of CCR7 in ESCC, we, in addition to the observation and determination 
on the effects of CCR7 on the proliferation, migration and invasion of ESCC cells via the relevant assays like CCK-8 and 
Transwell, further quantified the levels of these three proteins (E-cad, MMP-9 and Vim) of interest. It was observable in 
the results of this study that E-cad was lowly expressed yet MMP-9 and Vim were highly expressed in ESCC cells and the 
silencing of CCR7 increased the expression of E-cad (which was negatively correlated with CCR7) and decreased the 
levels of Vim and MMP-9 (which was positively correlated with CCR7) in ESCC cells. After conducting a thorough analysis 
of bioinformatics data, Zhang and colleagues discovered that MMP-9 was overexpressed in the majority of malignant 
tumors. Additionally, they observed a significant correlation between MMP-9 expression and the clinical outcomes of 
cancer patients. This extensive examination across various cancer types highlights the potential utility of MMP-9 as a 
valuable biomarker for targeted therapy [42]. Specifically, research has shown that activation of CCR7 by its particular 
ligand, external chemokine ligand 19 (CCL19), was linked to a notable linear rise. The RT-qPCR and Western blot revealed 
that CCL19/CCR7 markedly increased MMP9 expression, a gene associated with metastasis [43]. In addition, Guo et al. 
revealed that CCR7 favors chemotaxis and migration of squamous cell carcinoma of the head and neck cell line, upregu-
lates MMP-9 protein, stimulates MMP-9 protein activity, and induces reorganization of the actin cytoskeleton [44]. These 
findings collectively indicate that MMP-9 plays a crucial role in mediating the pro-tumorigenic effects of CCR7, particularly 
in enhancing tumor metastasis and invasion. Of note, there exist some other proteins that may be accountable for the 
pro-ESCC effects of CCR7, like N-cadherin [45], MMP-2 [46]. Whether CCR7 could exert its cancer-promoting effects via 
positively modulating the expressions of these proteins, despite not being addressed here, will be covered in our future 
study.

The JAK protein was originally known as “Just another kinase” is a family of non-membrane receptor tyrosine 
kinases (TYKs) which possess catalytic domains, while the STAT proteins are those playing crucial roles in signal 

Fig. 3   Silencing CCR7 inhibits the migration and invasion of ESCC cells. A–D Transwell assay results demonstrating the migration (A, 
C) and invasion (B, D) of ESCC cells KYSE410 and KYSE520. Scale bar: 50 μm. The results from independent triplicates were expressed as 
mean ± standard deviation and the data with P < 0.05 were deemed to be statistically significant. ***P < 0.001, ****P < 0.0001
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Fig. 4   Exploration on the mechanisms underlying the effects of CCR7 in ESCC. A, B Quantification on the levels of E-cadherin (E-cad, CDH1), 
Vimentin (Vim) and matrix metalloproteinase-9 (MMP-9) in ESCC cells KYSE410 and KYSE520 and HEEC. C–E Analysis on the correlation 
between CCR7 and CDH1 (C), Vim (D) and MMP-9 in ESCC cells (E). F, G Expression levels of E-cad, Vim and MMP-9 in ESCA cells KYSE410 
(F) and KYSE520 (G). The results from independent triplicates were expressed as mean ± standard deviation and the data with P < 0.05 were 
deemed to be statistically significant. ns non-significant; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001
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Fig. 5   Determination on JAK2/STAT3 pathway and its relationship with CCR7 in ESCC. A–D Quantification on the phosphorylation of JAK2/
STAT3 in ESCC cells KYSE410 (A, C) and KYSE520 (B, D). E–H Effects of CCR7 silencing on the phosphorylation of JAK2/STAT3 in ESCC cells 
KYSE410 (E, G) and KYSE520 (F, H). The results from independent triplicates were expressed as mean ± standard deviation and the data with 
P < 0.05 were deemed to be statistically significant. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001
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transduction and gene expression activation [47]. As a downstream of JAK/STAT pathway, signals from the extracel-
lular could be transduced to the intercellular domain of specific cell surface receptors by JAK2/STAT3 pathway, which 
has multiple biological functions including cell apoptosis, proliferation, and differentiation [48, 49]. The abnormal 
activation status and the promoting effects of JAK2/STAT3 in ESCC have been addressed [24–26]. So far as we are 
concerned, the interplay between C–C chemokine receptor family and JAK2/STAT3 signaling pathway has been 
addressed in some other diseases like subarachnoid hemorrhage [50, 51]. To our surprise, CCR7, the interested C–C 
chemokine receptor family member, can promote the ETM and stemness of oral squamous cell carcinoma via JAK2/
STAT3 signaling pathway, as reflected by the evidently increased phosphorylation of JAK2 and STAT3 [52]. Similar 
results were also seen in our current study, where the phosphorylation of JAK2 and STAT3 was proven to be increased 
in ESCC cells, whilst CCR7 knockdown led to the decreased level of phosphorylation. This further emphasizes the 
impact of CCR7 on ESCC and reveals the mechanism of CCR7 in influencing ESCC progression through the JAK2/
STAT3 signaling pathway.

To consolidate such result of our study, this requires a comprehensive understanding of the limitations that exist in 
the study. First, the small variety of cell lines used in this study is not fully representative of the biology of all ESCAs. 
Therefore, more ESCC cell lines from different sources and with different characteristics should be added in subse-
quent studies to improve the breadth and representativeness of the results. Second, future studies will also need 
to add in vivo experiments, such as using mouse xenograft models to validate the role of CCR7 in vivo. Finally, this 
study focused on the JAK2/STAT3 signaling pathway, but tumor progression is usually the result of multiple signal-
ing pathways acting together. Studying only one signaling pathway may not be able to fully reveal the mechanism 
of CCR7’s role in ESCA. Future studies should expand the scope of the study to explore other signaling pathways 
that may be regulated by CCR7 and perform multi-pathway cross-analysis to fully understand the function of CCR7.

5 � Conclusion

Collectively, the results showed the abnormally higher levels of CCR7 and JAK2/STAT3 pathway in ESCC and it could 
be concluded from the current study that CCR7 silencing could diminish the phosphorylation of JAK2/STAT3 and the 
malignant behaviors of ESCA cells.
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