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Introduction

Squamous cell carcinoma of the head and neck (HNSCC), 
which generally includes malignant tumor covered by 
squamous epithelium occurs in the oral cavity, pharynx and 
larynx, is the sixth most common cancer worldwide (1,2). 
In spite of the development of resection and radiotherapy 

against HNSCC, the prognosis of HNSCC patients is 
still poor because of its early lymph node metastasis, 
which is one of the most annoying characteristic of cancer 
(3,4). The development of malignant tumors commonly 
is accompanied by lymph angiogenesis. However, more 
and more evidence showed that tumor-induced lymph 
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angiogenesis plays an important role in promoting 
tumor growth, especially lymph node metastasis (5). It 
has been reported that the high lymphatic vessel density 
is significantly correlated with cervical lymph node 
metastasis (6). Therefore, the mechanism of tumor lymph 
angiogenesis can provide important theoretical basis 
for lymph node metastasis, and explore new diagnostic 
and therapeutic targets, which is of great significance to 
improve the prognosis of HNSCC. Although vascular 
endothelial growth factor (VEGF)-C and VEGF-D have 
been identified as two relatively high specific lymphatic 
endothelial markers, the molecular mechanism of the 
regulation of lymph angiogenesis by HNSCC is still largely 
unclear (7). 

As an important inflammatory cytokine, tumor necrosis 
factor (TNF)-α plays an important role in inflammation, 
immune stress, cell homeostasis, and incidence and 
development of malignant tumors (8,9). Studies have 
shown that TNF-α participates in almost every stage in the 
occurrence and development of cancer, including malignant 
transformation, proliferation, angiogenesis, invasion and 
metastasis of tumor cells (10). Actually, in many pathological 
conditions, the occurrence of inflammation is closely and 
indivisibly related to lymph angiogenesis (11). During the 
research of some non-neoplastic diseases, it was revealed 
that TNF-α could promote the formation of lymphatic 
vessels by regulating the proliferation of lymphatic 
endothelial cells (12). Moreover, TNF-α could up-regulate 
the mRNA and protein level of VEGF-C, which is a well-
known promotion factor for tumor lymph angiogenesis, in 
cells such as fibroblasts and rheumatoid synoviocytes (13,14). 
More importantly, it has also been reported that TNF-α 
was directly involved in the tumor lymph angiogenesis (15).  
However, the involvement of TNF-α in lymph angiogenesis 
of head and neck squamous cell carcinoma has not been 
reported. Our previous work demonstrated that TNF-α is 
significantly associated with recurrence and lymph node 
metastasis of oropharyngeal squamous cell carcinoma, 
especially in HPV16 positive patients, indicating the 
potential involvement of TNF-α in the tumor lymph 
angiogenesis of HNSCC (16,17).

Mitogen-activated protein kinase (MAPK) is  a 
group of serine-threonine protein kinases which could 
be activated by different extracellular stimuli, such as 
cytokines, neurotransmitters, hormones, cell stress and 
cell adhesion (18). This signaling pathway is involved 
in cell proliferation, differentiation and apoptosis, and 
is closely related to the occurrence and development of 

tumors (18). As an atypical member of MAPK family which 
was originally identified in 1991, extracellular signal-
regulated kinase (ERK)-3 was found to be up-regulated in 
several human tumors such as non-small cell lung cancer, 
gastric cancer and breast cancer and closely related to tumor 
invasion and metastasis (19). Although there are only few 
studies on the molecular regulation mechanism of ERK3, 
the latest research has illustrated that TNF-α could induce 
the up-regulation of ERK3 through the transcription factor 
c-Jun, thus up-regulating VEGFR-2 and stimulating the 
proliferation, migration of vascular endothelial cells and 
angiogenesis (20). Considering the similarity of vascular 
angiogenesis and lymph angiogenesis, we hypothesized that 
TNF-α could induce tumor lymph angiogenesis in HNSCC 
through the up-regulation of ERK3 and aimed to verify the 
deduction in this work.

Methods

Cell lines and cell culture

The human oral squamous cell carcinoma cell lines Hep-2  
and human lymphatic endothelial cells (hLECs) were 
obtained from BeNa Culture Collection (Hangzhou, 
Zhejiang, China). hLEC were cultured with 85% RPMI-
1640 (Thermo Fisher Scientific, Waltham, MA, USA) and 
15% FBS (Atlas Biologicals), and Hep-2 were maintained 
in RPMI-1640 (Thermo Fisher Scientific, Waltham, MA, 
USA) and 10% FBS at 37 ℃ in a humidified atmosphere 
containing 5% CO2.

The hLEC cells were plated in a six-well plate and 
treated with EBM-2 or Hep-2 conditioned medium for  
48 h. Then the cells were collected and used to extract 
protein and RNA for correlation detection (western blot 
analysis and qRT-PCR).

HNSCC mice xenograft model construction

Six-week-old nude mice, weighing approximately 14 g 
were purchased from Jiesijie Company (Shanghai, China), 
and housed under a 12 h light/dark cycles at 24–25 ℃ 
with a relative humidity of 50–55% conditions. All animal 
experimental protocols were approved by the Committee 
for the Handling and Use of Animals at Changhai Hospital, 
Navy Medical University.

Hep-2 (4×106) cells were injected directly into nude 
mice to construct a mice xenograft model. After tumor cell 
implantation, mice in TNF-α group were treated by TNF-α 
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(0.1 mg/Kg·Bw) through intravenous (tail vein) injection 
and mice in control group were injected by corresponding 
saline. After 2–3 weeks of culture, these mice were sacrificed 
and the tumor were collected for subsequent experiment 
and the number of lymphangiogenesis inside and around 
the tumor were counted.

Immunohistochemical staining 

Head and neck squamous cell carcinoma tissue sections 
from the carcinoma nude mice models were deparaffinized. 
After citrate antigen repairing and 20 min blocking with 
goat serum (1:20), the samples were incubated with 
anti-LYVE-1 (1:500) (Abcam, # ab14917, Cambridge, 
MA, USA) at 4 ℃ overnight in the incubator. Tissue 
sections were stained with DAB for 10 min, and again 
stained with hematoxylin. Images were captured using 
a photomicroscope and analyzed (Olympus, Shinjuku, 
Tokyo, Japan). The expression of LYVE-1 (LOD value) was 
quantified with ImageJ.

RNA extraction and qRT-PCR 

After 24 h cultivation of hLECs, the mRNA level of ERK3, 
TNF-α, VEGF-C and VEGFR-3 was measured in the  
Hep-2 conditioned medium by qRT-PCR. Briefly, total 
mRNA was collected with trizol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s 
instruction, and quantified by Nanodrop 2000/2000C 
(Thermo Scientific, Waltham, MA, USA). cDNA was 
obtained using the Promega M-MLV System (Promega, 
Madison, WI, USA) following the manufacturer’s 
instructions. PCR forward and reverse primer sequences 
were designed. PCR detecting conditions were set as 95 ℃ 
10 s, 1 cycle; 95 ℃ 5 s, 60 ℃ 30 s, 45 cycles. The relative 
mRNA expression was calculated with 2−∆∆CT method, using 
GAPDH as an internal control. Nanodrop 2000/2000C 
spectrophotometric were used to analysis the relative levels 
of mRNAs and the quality of extracted RNA.

Western blot analysis 

In order to investigate expression level of ERK3, TNF-α, 
VEGF-C and VEGFR-3, hLEC cells were collected 
and lysed by RIPA lysis buffer (Cell Signal Technology, 
Danvers, MA, USA) on ice according to the manufacturer’s 
instruction. Then, the total cellular proteins were 
subjected to SDS-PAGE (10%) for western analysis. 

After transferring to polyvinylidene difluoride (PVDF) 
membranes, blots were incubated with 5% BSA (Gibco, 
Rockville, MD, USA) in Tris buffered saline containing 
0.5% Tween 20 for 60 min. Then incubated overnight at 
4 ℃ on a rocker with the following primary antibodies: 
anti-ERK3 (SAB, #33914), anti-TNF-α (abcam, #ab6671), 
Anti-VEGF antibody (SAB, #41702) and VEGFR3 (SAB, 
#44895) antibody (1:1,000). Following washing three times 
with TBST for 5 min, membranes were incubated with 
horseradish peroxidase (HRP) conjugated goat anti-rabbit 
IgG polyclonal secondary antibody (1:3,000) (Beyotime, 
#A0216, Beijing, China) at room temperature for 1 h. Using 
Amersham’s ECL + plusTM Western blot system kit for 
color developing. Signals were detected with enhanced 
chemiluminescence, using GAPDH as the internal standard 
(Kodak, Rochester, NY, USA).

Wound healing assay

The hLEC cells were plated in a 24-well plate for culture. 
When the cell density reached 90% the cells were replaced 
with the EBM-2 and Hep-2 conditioned medium for 
scratching test. A line wound was made by scraping 100 μL  
tips across the confluent cell layer. After washing the 
cells for three times, the medium were added to remove 
detached and damaged cells and incubated for 72 h; wound 
photographs were captured using a light microscope 
(DFC500; Leica, Wetzlar, Germany) at 0, 12, 24, 48 and  
72 h and the width of the scratch wounds were analyzed. 

hLEC cytotubule formation assay 

Matrigel was dissolved and the 96-well plate was precooled 
overnight at 4 ℃. Matrigel was diluted with 1:1 serum-free 
and growth factors supplemented medium. After mixing, 2 
conditioned media (EBM-2, Hep-2 conditioned medium) 
were added and 50 μL per well to the 96-well plate and 
incubated at 37 ℃ for 30 min. Added 10,000 to 15,000 cells 
per well for 48 h culturing in an incubator, and then the 
tube-like structure were observed at the point of 0, 24 and 
48 h with a fluorescence microscope.

CCK8 assay

CCK8 assay was used to detect the hLECs proliferation 
activity which were plated in 96-well plates with 2,000 
cells per well and two culture media (EBM-2 and  
Hep-2 conditioned medium) were added to the culture 
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plate, respectively, and incubated four 72 h. The assays were 
performed at 0, 24, 48 and 72 h with the Cell Counting 
Kit-8 kit with a 96-well cell plate reader and then were 
examined at 450 nm using a microplate reader.

ERK3 overexpression plasmid construction and transfection

ERK3 overexpression plasmid were designed and 
constructed by Shanghai Bioscienceres, Co., Ltd. (Shanghai, 
China). The plasmids were transfected into hLECs using 
Lipofectamine 2000 transfection reagent (Thermo Fisher 
Scientific, Waltham, MA, USA). The validity and efficiency 
of ERK3 over-expression were detected and verified by 
qRT-PCR (~5-fold over-expression) and Western blot 
analysis, respectively. 

Statistical analysis

qRT-PCR was analyzed by 2−∆∆CT method. The data are 
expressed as mean ± SD and analyzed using GraphPad Prism 
6 software (GraphPad Software Inc., San Diego, CA, USA). 

Two-tailed t-test was used to compare the difference. P values 
less than 0.05 were considered statistically significant.

Results

The effect of TNF-α treatment on lymph angiogenesis of 
HNSCC mice xenograft model

In order to verify the ability of TNF-α to induce lymph 
angiogenesis in HNSCC, Hep-2 cells were utilized to 
construct HNSCC mice xenograft model. Subsequently, 
mice in TNF-α group were treated by TNF-α through 
intravenous inject ion and mice in control  group 
were injected by corresponding saline. As shown in  
Figure 1A, the RT-PCR results demonstrated that the 
mRNA expression level of VEGFR-3, which is also a well-
known biomarker for lymph angiogenesis, was significantly 
up-regulated in TNF-α group (P<0.01), clearly indicating 
the ability of TNF-α to promote lymph angiogenesis. 
Besides, another marker for lymphatic endothelial cells 
lymphatic vessel endothelial hyaluronan receptor (LYVE)-1  
was also proved to be distinctly up-regulated (P<0.001) 

Figure 1 The effect of TNF-α treatment on lymph angiogenesis of HNSCC mice xenograft model. (A) Relative mRNA expression of 
VEGFR-3 in HNSCC mice xenograft model with (control group) or without (TNF-α group) TNF-α treatment was detected by qRT-PCR; 
(B,C) the expression of LYVE-1 in HNSCC mice xenograft model with (control group) or without (TNF-α group) TNF-α treatment was 
detected by IHC; (D) the expression of ERK3 and VEGFR-3 in control group and TNF-α group were detected by Western blot; (E) relative 
mRNA expression of MMP2, MMP9 and SP1 in control group and TNF-α group were detected by qRT-PCR. The data were expressed as 
mean ± SD, P value less than 0.05 was considered statistically significant. *, P<0.05; **, P<0.01; ***, P<0.001. TNF, tumor necrosis factor; 
HNSCC, squamous cell carcinoma of the head and neck; hLECs, human lymphatic endothelial cells.
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which was determined by immunohistochemistry (IHC) 
staining (Figure 1B,C). The above results suggested that 
TNF-α may possess the potential to regulate lymph 
angiogenesis in HNSCC. 

For the sake of exploring the underlying mechanism 
of the promotion effect of TNF-α, Western blot analysis 
was performed to detect the protein level of related 
signaling pathway. As shown in Figure 1D, the protein 
level of VEGFR-3 was significantly up-regulated by the 
treatment of TNF-α, which was in consistent with the 
abovementioned results of RT-PCR. More importantly, it 
was also demonstrated that treatment of TNF-α induced 
the up-regulation of ERK3 simultaneously, indicating the 
potential mediating effect of ERK3. Furthermore, the 
up-regulation of the mRNA levels of the downstream, 
including matrix metalloproteinase (MMP)2, MMP9 and 
SP-1, of ERK3 also proved the previous results (Figure 1E). 

The effect of TNF-α on expression of related proteins in 
hLECs 

Given the results obtained from the animal experiments, 
the effect of TNF-α on the tumor lymph angiogenesis in 
HNSCC should further be studied in cell level. Herein, a 
conditioned medium was constructed by culturing Hep-2  
cells, which is a commonly used cell line for HNSCC 
research, for 24 h and utilized to culture human lymphatic 
endothelial cells hLECs to simulate the microenvironment 
of HNSCC. After 24 h cultivation of hLECs, the mRNA 
level of TNF-α was measured in the Hep-2 conditioned 
medium by qRT-PCR, the results of which showed 
significant up-regulation of TNF-α mRNA level compared 
with the normal medium for hLECs (EBM-2), proving the 
high TNF-α concentration environment of the conditioned 
medium (Figure 2A). Subsequently, further qRT-PCR and 
Western blot analysis assays demonstrated that the mRNA 
expression levels of VEGF-C and VEGFR-3 and the 
protein level of VEGF-C were up-regulated, respectively 
(Figure 2B,C). Actually, the up-regulation of VEGFR-3 was 
perfectly in accordance with the results from animal models. 
Moreover, as the exploration of mechanism, the mRNA and 
protein levels of ERK3 in hLECs were also detected and 
both showed a similar uptrend with the animal experiments 
(Figure 2B,C). Therefore, the studies in cell level showed the 
up-regulation of both tumor lymph angiogenesis markers 
VEGF-C and VEGFR-3, and the up-regulation of ERK3 
suggested the potential mechanism. 

The effect of TNF-α on morphology, proliferation, 
migration and tube formation of hLECs 

Next, the effect of TNF-α on the morphology and cellular 

Figure 2 The effect of TNF-α on expression of related proteins 
in hLECs. (A) Relative mRNA expression of TNF-α in EBM-2 
and Hep-2 conditioned medium; (B) relative mRNA expression of 
ERK3, VEGF-C and VEGFR-3 in hLECs cultured with EBM-2  
or Hep-2 conditioned medium were detected by qRT-PCR; (C) the 
protein expression of ERK3 and VEGF-C in hLECs cultured with 
EBM-2 or Hep-2 conditioned medium was detected by Western 
blot. The data were expressed as mean ± SD, P value less than 0.05 
was considered statistically significant. *, P<0.05; **, P<0.01. TNF, 
tumor necrosis factor; hLECs, human lymphatic endothelial cells.
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Figure 3 The effect of TNF-α on morphology, proliferation, migration and tube formation of hLECs. (A)  The cell morphology of hLECs 
cultured with EBM-2 or Hep-2 conditioned medium; (B) cell proliferation of hLECs cultured with EBM-2 or Hep-2 conditioned medium; 
(C) the migration ability of hLECs cultured with EBM-2 or Hep-2 conditioned medium detected by wound healing assay; (D) the tube 
formation ability of hLECs cultured with EBM-2 or Hep-2 conditioned medium. The data were expressed as mean ± SD, P value less than 
0.05 was considered statistically significant. **, P<0.01. TNF, tumor necrosis factor; hLECs, human lymphatic endothelial cells.
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biological behaviors of hLEC was investigated. As shown 
in Figure 3A, after the cultivation of hLECs in the Hep-2  
conditioned medium for 48 h, observation of cell 
morphology exhibited that the cells became more narrow 
and elongated with more pseudo convex filamentous 
projections, which is similar with epithelial mesenchymal 
transition (EMT) to some extent. Moreover, the CCK8 
assay showed an apparently higher rate of cell proliferation 
of hLECs cultured with Hep-2 conditioned medium than 
the EBM-2 medium, indicating the promotion effect of 
TNF-α to cell proliferation of hLECs (Figure 3B). The 
wound healing assay (Figure 3C) displayed that, compared 
with the EBM-2 medium with relatively lower level of 
TNF-α, the Hep-2 conditioned medium with high level 

of TNF-α could increase the migration ability of hLECs. 
Importantly, it was also demonstrated that the tube 
formation ability of hLECs could be slightly enhanced 
by the Hep-2 conditioned medium (Figure 3D). Taken 
together, the above results clearly showed that TNF-α could 
change the cell morphology, promote cell proliferation, 
increase cell migration ability and enhanced tube formation 
ability of hLECs, indicating its potential to induce tumor 
lymph angiogenesis and lymphatic metastasis.

The effect of ERK3 over-expression on hLECs

In order to further verify the mediating role of ERK3 in 
the promotion effect of TNF-α to lymph angiogenesis in 
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Figure 4 The effect of ERK3 over-expression on hLECs. (A,B) ERK3 over-expression was confirmed by qRT-PCR and Western blot; (C) 
the effects of ERK3 over-expression on relative mRNA expression of ERK3, VEGF-C, VEGFR-3 and TNF-α; (D) the effects of ERK3 
over-expression on protein expression of VEGF-C; (E) the effects of ERK3 over-expression on cell proliferation of hLECs. The data were 
expressed as mean ± SD, P value less than 0.05 was considered statistically significant. *, P<0.05; **, P<0.01; ***, P<0.001. TNF, tumor 
necrosis factor; hLECs, human lymphatic endothelial cells.
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HNSCC, the hLECs stably transfected with ERK3 over-
expressed plasmid were constructed. The validity and 
efficiency of ERK3 over-expression were detected and 
verified by qRT-PCR (~5-fold over-expression) and Western 
blot analysis, respectively (Figure 4A,B). Notably, the ERK3 
over-expression up-regulated the mRNA expression levels of 
VEGF-C and VEGFR-3 and the protein level of VEGF-C, 
which showed the same trend with the Hep-2 conditioned 
medium. Interestingly, the over-expression of ERK3 could 
also up-regulate the mRNA expression level of TNF-α 
(Figure 4C,D). Finally, the CCK8 assay demonstrated that, 
similar with the Hep-2 conditioned medium, ERK3 over-
expression was also able to accelerate the cell proliferation 

of hLECs (Figure 4E).

Discussion

As the sixth most common malignant tumor in the 
world, HNSCC has poor prognosis because of its early 
lymph node metastasis (1). Moreover, the formation of 
lymphatic vessels in tumors is an important prerequisite 
for lymph node metastasis of malignant tumors (21). 
Therefore, the illustration of the mechanism of tumor 
lymph angiogenesis could provide important theoretical 
basis, and benefits for early clinical intervention, thus 
proving survival time and life quality of HNSCC patients. 
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However, different from the hematogenous metastasis 
which has been intensively researched, the mechanism of 
lymph node metastasis is comparatively rarely reported. 
In spite of the questionable specificity, some molecules 
specifically expressed in lymphatic endothelial cells have 
been discovered and labeled by immunohistochemistry 
along with the development of molecular biology (22). At 
present, monoclonal antibody D2-40 and Podoplanin were 
the most commonly used specific biomarker for lymph 
angiogenesis (23,24). Moreover, VEGF-C and VEGF-D 
are also lymphatic endothelial markers with relatively high 
specificity. The VEGF-C/VEGF-D/VEGFR-3 signal 
axis, which is mediated by them, is the major signaling 
pathway to promote lymph angiogenesis in a variety of solid 
tumors. Once VEGFR-3 is activated on the membrane 
of the lymphatic endothelium, VEGFR-3 tyrosine 
phosphorylation is induced, and a series of subsequent 
signaling cascade reactions lead to lymph angiogenesis, 
proliferation, expansion, and lymphatic metastasis of tumor 
cells (7,25). Moreover, LYVE-1 was recently reported to 
be another marker for lymph angiogenesis (26). Although 
the specificity of LYVE-1 was limited when used alone, 
the combination of it with other markers such as Prox-1 
and VEGFR-3 could enhance the specificity and has been 
successfully applied in research of sentinel lymph node 
formation in oral squamous cell carcinoma (27).

As the earliest and most important factor during 
inflammatory response, TNF-α plays very important 
role in occurrence and development of malignant tumors 
with both anti-cancer and cancer-promoting activity (10). 
More importantly, previous studies have demonstrated 
that TNF-α could induce lymph angiogenesis under 
specific conditions. The promotion effect of TNF-α on 
expression of VEGF-C, which is previously mentioned as 
lymph angiogenesis marker, and proliferation of lymphatic 
endothelial cells has been proved in some research of non-
tumor diseases (13,14). It was also reported that TNF-α 
could promote the lymph angiogenesis and lymphatic 
metastasis of ovarian cancer through regulation of TNFR1 
in a VEGFR-3-independent manner (15). Besides, TNF-α 
could also induce the lymph angiogenesis of in situ 
xenograft of gall bladder carcinoma in nude mice through 
the up-regulation of VEGF-C expression by activation of 
NF-κB signaling pathway (28). Our group has previously 
studied the correlation between TNF-α and the recurrence 
of HNSCC and lymph node metastasis based on clinical 
data. The results showed that expression of TNF-α 
was significantly and positively related with the risk of 

recurrence of oropharyngeal squamous cell carcinoma 
and lymph node metastasis, especially in HPV16 positive 
patients. Similarly, in patients with HNSCC in the non-
oropharyngeal region, TNF-α is also associated with 
recurrence and lymph node metastasis risk (16,17). These 
results suggested that TNF-α may play a role in lymph 
angiogenesis and lymph node metastasis in HNSCC. In this 
study, the role of TNF-α in lymph angiogenesis was further 
studied in animal level by using mice xenograft model 
constructed by Hep-2 cells with or without extra treatment 
of TNF-α, and cellular level by using hLECs cultured with 
Hep-2 conditioned medium. The results of animal models 
showed that VEGFR-3 and LYVE-1, which could be used 
as lymph angiogenesis marker separately or in combination, 
could both be up-regulated by the treatment of mice models 
by TNF-α. On the other hand, the cultivation of hLECs in 
Hep-2 conditioned medium, in which much higher TNF-α 
level was detected compared with normal EBM-2 medium, 
distinctly up-regulate the mRNA levels of VEGF-C 
and VEGFR-3 as well as the protein level of VEGF-C. 
Moreover, the studies concerning the cell morphology and 
cellular biological behaviors illustrated that the utilization 
of Hep-2 conditioned medium, as well as relatively high 
level of TNF-α, could change cellular morphology (more 
narrow and elongated with more pseudo convex filamentous 
projections), increase cell proliferation, enhance cell 
migration ability and tube formation ability. Collectively, 
all the results elucidated that TNF-α played very important 
role in the lymph angiogenesis in HNSCC. 

Among the various downstream signaling pathway that 
could be regulated by TNF-α, ERKs, which are important 
members in MAPK family, attracted our attention because of 
their close relationship with tumor lymph angiogenesis (29).  
As an atypical member in MAPK family, ERK3 has been 
reported to be involved in the invasion and metastasis of 
various types of cancer in spite of the limited research (30).  
Al-Mahdi et al. indicated that the over-expression of 
ERK3 could induce a rounded morphology and increase 
the migration ability of breast cancer cells (31). Similar 
promotion effect of ERK3 on the migration or invasiveness 
of human lung cancer cells or head and neck cancer cells 
was also proved in previous studies, indicating the critical 
role of ERK3 in invasion and migration of cancer cells 
(30-32). Furthermore, a recent study demonstrated that 
ERK3 could be up-regulated by TNF-α through c-Jun, 
which subsequently promoted endothelial cell migration, 
proliferation and tube formation by up-regulating SRC-
3/SP-1-mediated VEGFR-2 expression (20). Considering 
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the similarity of angiogenesis and lymph angiogenesis, in 
this study, we aimed to explore whether the promotion of 
lymph angiogenesis by TNF-α in HNSCC was through the 
regulation of ERK3. In the research of animal models, the 
up-regulated expression levels of ERK3 and its downstream, 
including MMP2, MMP9 and SP-1 upon treatment of 
TNF-α were verified by Western blot analysis and RT-PCR, 
respectively. Similar uptrend of ERK3 expression was also 
observed in hLECs cultured with Hep-2 conditioned medium 
compared with EBM-2 medium. For further confirming 
the role of ERK3 in the promotion effect of TNF-α to 
lymph angiogenesis, hLECs with over-expressed ERK3 
was constructed and verified by both RT-PCR and Western 
blot analysis. It was demonstrated that the over-expression 
of ERK3 up-regulated the mRNA levels of VEGF-C and 
VEGFR-3 as well as the protein level of VEGF-C, which 
is exactly same with the results obtained from the Hep-2 
conditioned medium cultured hLECs. Moreover, CCK8 
assay showed that cell proliferation of hLECs could also be 
accelerated by the ERK3 over-expression. 

In conclusion, this study demonstrated that TNF-α could 
up-regulate the expression levels of VEGF-C, VEGFR-3 
and LYVE-1, change cellular morphology, accelerate cell 
proliferation, enhance cell migration and tube formation 
ability, thus promoting tumor lymph angiogenesis in 
HNSCC and the regulation of ERK3 may be involved in 
the underlying mechanism. This work could provide new 
diagnostic and therapeutic targets for treatment of HNSCC 
and metastasis, which is of great significance to improve the 
prognosis of HNSCC.
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