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through NTRK2-mediated anoikis resistance

Zhilan Li1,2,3, Zhuan Zhou1,2, Xia Wu1,2, Qin Zhou1, Chaoliang Liao1,2, Ying Liu1,2,3, Dan Li4, Liangfang Shen1, 
Deyun Feng3, Lifang Yang1,2,5

1Department of Oncology, Key Laboratory of Carcinogenesis and Cancer Invasion of Ministry of Education, 
Xiangya Hospital, Central South University, Changsha, China; 2Cancer Research Institute, School of Basic 
Medicine Science, Central South University, Changsha, China; 3Department of Pathology, Xiangya Hospital, 
Central South University, Changsha, China; 4Institue of Molecular Medicine and Oncology, College of Biology, 
Hunan University, Changsha, China; 5Hunan Key Laboratory of Oncotarget Gene, Hunan Cancer Hospital and The 
Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, Changsha, China

Received February 17, 2020; Accepted June 18, 2020; Epub July 1, 2020; Published July 15, 2020

Abstract: Anoikis resistance is an important mechanism that mediates tumor metastasis. Studies have found that 
Epstein-Barr virus (EBV)-encoded latent membrane protein 1 (LMP1) promotes the occurrence, development, and 
metastasis of nasopharyngeal carcinoma (NPC). However, the related mechanism, especially whether LMP1 is in-
volved in NPC metastasis through anoikis resistance, has not yet been elucidated. In present study, we showed that 
LMP1 enhanced the ability of NPC cells to resist anoikis by upregulating neurotrophic tyrosine kinase receptor type 
2 (NTRK2 or TrkB) expression through NF-κB signaling and promoted the migration and invasion of NPC cells. After 
knockdown of NTRK2, the p-ERK and p-AKT in NPC cells were inhibited, and twist expression was further reduced, 
resulting in upregulation of E-cadherin expression and downregulation of vimentin expression. Subsequently, the 
results of a xenograft experiment showed that inhibiting NTRK2 could reduce LMP1-mediated NPC metastasis in 
vivo. In summary, these findings demonstrated that EBV-LMP1 upregulates twist expression to promote epithelial-
mesenchymal transition (EMT) through the NTRK2-mediated AKT/ERK signaling pathway, thus mediating anoikis 
resistance and promoting NPC metastasis. These data will provide new molecular markers and potential targets for 
NPC metastasis.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malig-
nant tumor derived from the nasopharyngeal 
epithelium. Clinically, 70%-80% of patients with 
NPC have cervical lymph node metastasis or 
distant metastasis at the time of diagnosis, 
which has become an important factor limiting 
the survival of patients [1]. Epstein-Barr virus 
(EBV) infection is closely related to the occur-
rence and development of NPC [2, 3]. Latent 
membrane protein 1 (LMP1) is a tumorigenic 
protein encoded by EBV that can activate mul-
tiple signaling pathways including the NF-κB, 
MAPK, PI3K/AKT, IRF7, and STAT signals in a 
ligand-independent manner [4], and participate 
in tumor cell metabolism [5, 6], angiogenesis 
[7], DNA damage repair [8], and telomerase 
activity [9]. Studies have found that LMP1-

positive NPC cells have a stronger metastatic 
capacity than LMP1-negative NPC cells [10- 
13], but the mechanism has not been fully 
elucidated.

Anoikis is a programmed cell death process 
induced by the separation of cells from adja-
cent cells or the extracellular matrix (ECM)  
that can prevent cells from growing and att- 
aching to inappropriate substrates, thereby 
avoiding the cell colonization in distant organs 
[14]. Resistance to anoikis is a key step in tu- 
mor invasion and metastasis [15, 16]. Tumor 
cells can avoid anoikis by changing integrin 
expression, activating apoptotic signaling path-
ways, inducing epithelial-mesenchymal transi-
tion (EMT), regulating microRNA, inducing oxi-
dative stress, or activating autophagy to pro-
mote distant metastasis. For example, integrin 
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α2β1 protects melanoma cells against anoikis 
[17]. The activated PI3K/AKT pathway can help 
breast cancer cells prevent anoikis [18], and 
the activated MAPK signal promotes anoikis 
resistance of ovarian cancer cells by inducing 
EMT [19]. In esophageal cancer cells, high 
expression of miR-21 can promote anoikis re- 
sistance by regulating PDCD4 and PTEN [20]. 
Activation of the BLT2-ROS cascade promotes 
anoikis resistance when prostate cancer cells 
detach from the ECM [21]. Upregulation of pro-
tective autophagy in glioma stem cells can  
promote anoikis resistance [22]. These studi- 
es imply that multiple mechanisms are involved 
in regulating anoikis resistance.

The current study found that LMP1 could 
enhance the anoikis resistance, migration and 
invasion of NPC cells. Furthermore, neurotro- 
phic tyrosine kinase receptor type 2 (NTRK2 or 
TrkB), a key molecule in the promotion of anoi-
kis resistance, was selected in NPC. We found 
that LMP1 could upregulate NTRK2 expressi- 
on, thereby activating AKT and ERK signaling 
that induced EMT through twist, and promoting 
anoikis resistance and metastasis in NPC.

Materials and methods

Cell cultures, transfection and reagents

CNE1 and HK1 are LMP1-negative NPC cell 
lines, CNE1-LMP1 (CM) and HK1-LMP1 (HM) 
are cell lines that stably express LMP1, C666- 
1 is an EBV-positive NPC cell line, C666-1-
shLMP1 is an NPC cell line with LMP1 stably 
knocked down [5], CM-shNTRK2 and C666- 
1-shNTRK2 are NPC cell lines with NTRK2 sta-
bly knocked down, and the sequences of shR-
NAs are described in Table S1. 293T/17 [HEK 
293T/17] (ATCC® CRL-11268) is a human  
renal epithelial cell line. All NPC cells were  
cultured in RPMI-1640 medium (HyClone, 
Logan, UT, USA) supplemented with 10% fe- 
tal bovine serum (FBS, HyClone), and 293T/17 
cells were cultured in Dulbecco’s modified 
Eagle medium (HyClone) supplemented with 
10% FBS. Cells were transfected using Lipo- 
fectamineTM 2000 (1888676, Invitrogen, Carl- 
sbad, CA, USA) according to the manufacturer’s 
instructions. LMP1-, p65- and control-siRNA 
were synthesized by Ribo Bio-technology (Gu- 
angzhou, China), and the siRNA sequences are 
listed in Table S2. The inhibitors used in this 
study were as follows: K252a (Abcam, Cam- 

bridge, MA, USA), MK-2206 (Topscience, Sh- 
anghai, China) and PD98059 (MedChem Ex- 
press, Monmouth Junction, NJ, USA).

Cell viability

Cells were plated in ultralow-attachment 6-well 
plates (5×105 cells per well) and incubated for 
24 h at 37°C. The cells were trypsinized and 
stained with a trypan blue solution (T10282, 
Thermo Fisher Scientific, Waltham, MA, USA), 
and the proportion of living cells was calculat- 
ed as previously described [23].

Western blot analysis

Cells were lysed with IP lysis buffer containing  
a 10% cocktail (B14001, Bimake, Houston,  
TX, USA), the supernatants were collected by 
centrifugation at 13,000 rpm for 15 min, and 
the protein concentration was determined 
using a BCA kit (Pierce Chemical, Rockford,  
IL, USA). SDS-PAGE was performed using 30- 
50 µg of total cell protein. Then, the protein  
was transferred to a PVDF membrane, blocked 
with 5% skim milk at room temperature, and 
incubated with the indicated antibodies. The 
primary antibodies used were anti-LMP1 (1: 
500, M0897) purchased from DAKO (Glostrup, 
Denmark), anti-β actin (1:10,000, ab026) pur-
chased from Abclonal (Wuhan, China); anti-p-
JNK1/2/3 (Thr183+Tyr185) (1:1000, AF3318) 
purchased from Affinity Biosciences (Cincinna- 
ti, OH, USA); anti-vimentin (1:2000, NBP1-31- 
327) purchased from Novus Biologicals (Lit- 
tleton, CO, USA); anti-twist (1:1000, 25465-1- 
ap), anti-snail (1:1000, 13099-1-ap), anti-p-
AKT (S473) (1:1000, 66444-1-IG), anti-AKT 
(1:1000, 60203-2-IG), anti-p38 (1:1000, 66- 
234-1-IG), and anti-JNK (1:10,000, 66210-1-IG) 
purchased from Proteintech (Wuhan, China); 
anti-ERK (1:1000, D160317) purchased from 
Sangon Biotech (Shanghai, China); and anti-
cleaved PARP (1:1000, 5625), anti-cleaved ca- 
spase3 (1:1000, 9664), anti-NTRK2 (1:1000, 
4603S), anti-p-p65 (Ser536) (1:1000, 3033), 
anti-p65 (1:1000, 8242S), anti-E-cadherin (1: 
1000, 3195S), anti-LC3 (1:1000, 3868S), anti-
p-p38 (Thr180/Tyr182) (1:1000, 4511T), and 
anti-p-ERK (Thr202/Tyr204) (1:1000, 4370T) 
purchased from Cell Signaling Technology 
(Danvers, MA, USA). Blots were analyzed using 
a chemiluminescence imaging system (Bio-
Rad, Hercules, CA, USA).
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Real-time quantitative PCR (qPCR)

Total RNA was isolated with TRIzol (15596026, 
Thermo Fisher Scientific) according to the man-
ufacturer’s protocol. Reverse transcription was 
performed according to manufacturer instruc-
tions (K1621, Thermo Fisher Scientific). qPCR 
was performed using TaqManTM Gene Expres- 
sion Master Mix (4369016, Thermo Fisher 
Scientific) on the ABI 7500 Real-Time PCR 
System (Foster City, CA, USA). qPCR primers 
are listed in Table S3.

Annexin-V FITC/PI analysis

Cells were plated in ultralow-attachment 6- 
well plates (5×105 cells per well) and incubat- 
ed for 24 h at 37°C. The cells were trypsiniz- 
ed and treated according to the instructions  
of the Annexin-V FITC/PI Apoptosis Detection 
Kit (KGA107, KeyGEN BioTECH, Jiangsu, China). 
The proportion of apoptotic cells was observ- 
ed and calculated under a fluorescence micro-
scope (DMI3000B, Leica, Wetzlar, Germany), or 
apoptotic analysis was performed with a flow 
cytometer (FlowSight, Millipore, Billerica, MA, 
USA).

Soft agar assay

Six-well plates were precoated with 0.6% agar 
(A9414, Sigma-Aldrich, St. Louis, MO, USA) in 
growth medium. After solidification, cells (500-
1000 cells per well) were suspended in 0.35% 
agar and added to the 6-well plates to form a 
double agar layer. The cells were fed by adding 
0.2 mL of medium to the top of each well every 
2 days. After 2 weeks, the cell clones were 
observed and counted under a light microsco- 
pe (DMI3000B, Leica) as previously described 
[24].

Scratch assay

A cell monolayer was scraped to create a 
‘scratch’ with a tip. Then, the debris was re- 
moved, serum-free medium was added, and an 
image was observed and acquired with a mic- 
roscope (DMI3000B, Leica). After 8 h of cul-
ture, a second image was acquired. Photoshop 
software was used to analyze the narrowed  
distance, and SPSS statistical software was 
used for statistical analysis.

Transwell assay

Two hundred microliters of cell suspension 
(2×104) was added to a transwell chamber 
(353097, Corning, NY, USA) covered with 
Matrigel (356230, BD Biosciences, San Jose, 
CA, USA), and medium supplemented with 10% 
FBS was added to the lower chamber. After  
24 h of incubation, the cells were fixed with 
methanol and stained with crystal violet for 15 
min. The number of invaded cells was counted 
under a microscope (DMI3000B, Leica).

Immunohistochemistry (IHC)

Twenty-one NPC tissue samples were obtain- 
ed from Xiangya Hospital. IHC was performed 
using a universal two-step immunohistochem-
istry kit (PV-9000, ZSGB-BIO, Beijing, China) 
and DAB kit (ZLI-9017, ZSGB-BIO, Beijing, 
China) according to the kit instructions. The  
primary antibodies used were anti-LMP1 (1: 
50, M0897, DAKO), anti-NTRK2 (1:100, 13129-
1-AP, Proteintech), and anti-cleaved PARP (1: 
200, 5625, CST). Positive staining was identi-
fied according to the percentage and the stain-
ing intensity.

Luciferase reporter assay

To generate wild-type luciferase reporter plas-
mids, an NTRK2 promoter fragment amplified 
by PCR was cloned into the pGL3-Basic vec- 
tor (Promega, Madison, WI, USA). Mutant-type 
plasmids with NF-κB p65 binding site muta-
tions in the promoter of NTRK2 were generat- 
ed using a mutagenesis kit (C214-02, Vazyme, 
Nanjing, China) according to the manufactur-
er’s instructions. The primers are listed in  
Table S4. After respectively transfecting wild-
type and mutant-type plasmids into cells, lucif-
erase activities were measured according to 
the instructions of the Dual-Luciferase Repor- 
ter System (E1910, Promega, Madison, WI, 
USA), and fluorescence values were detected 
with a multifunctional chemiluminescence de- 
tector (VICTOR X3, PerkinElmer, Waltham, MA, 
USA).

Chromatin Immunoprecipitation (ChIP)

ChIP was performed using a ChIP assay kit 
(265157, Thermo) following the manufactur- 
er’s instructions. The antibody used was anti-
NF-κB p65 (1:100, 8242S, CST). The primers 
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for the NTRK2 promoter domain containing the 
NF-κB p65-binding site used in the ChIP assays 
are shown in Table S5.

Immunofluorescence assay

Cells were washed with PBS, treated with 500 
µl/well prechilled ice-cold methanol, fixed for 
10 min, and then blocked with 10% donkey 
serum for 1 h. The primary antibody was incu-
bated overnight at 4°C. The primary antibo- 
dies used were anti-p65 (1:400, 8242S,  
CST), anti-E-cadherin (1:100, Cusabio, Wuhan, 
China), anti-vimentin (1:400, NBP1-31327, 
NOVUS), anti-twist (1:50, 25465-1-ap, Pro- 
teintech), and anti-snail (1:50, 13099-1-ap, 
Proteintech), and the fluorescent secondary 
antibody (SAB4600042, anti-mouse or SAB- 
4600234, anti-rabbit, Sigma) was incubated 
for 45 min at room temperature. A DAPI stain-
ing solution (E607303, BBI Life Sciences, 
Shanghai, China) was used to stain the nucle-
us. A reagent for preventing fluorescence 
quenching (E675001, BBI Life Sciences, Sh- 
anghai, China) was used to seal slides, and  
a confocal microscope (LSM 510 META, Carl 
Zeiss, Germany) was used to capture fluores-
cence images.

In vivo experiments

Animal studies were conducted in accordan- 
ce with institutional ethical guidelines for the 
care and use of experimental animals. Nine 
6-week-old female mice (BALB/c-nu) were ran-
domly divided into 3 groups. CNE1, CM or 
CM-shNTRK2 cells (2×106) were suspended in 
200 µl of PBS and injected via the tail veins  
to establish an animal metastasis model as 
previously described [25, 26]. All mice were 
sacrificed 9 weeks after the injection, the  
lungs were isolated, and metastases on the 
lung surface were observed. Tissue embedd- 
ing and H&E staining were performed, and  
the expression of LMP1, NTRK2 and cleaved 
PARP was detected by immunohistochemis- 
try.

Statistical analysis

All data are represented as the average value 
and standard deviation obtained from three 
independent experiments. Comparisons be- 
tween groups were performed using Student’s 
t-test. Statistical significance was defined as 

P<0.05. The relationship between LMP1 and 
NTRK2 was analyzed by the Pearson method. 

Results

LMP1 promotes anoikis resistance and en-
hances the migration and invasion of NPC 
cells

To investigate whether LMP1 regulates anoi- 
kis, the NPC cell lines CNE1, CM, HK1, HM, 
C666-1 and C666-1-shLMP1, which have dif-
ferent LMP1 expression level, were selected  
for experiments (Figure 1A). The cells were  
suspended in ultralow-attachment plates, and 
total protein was extracted for western blot 
analysis after 48 h. The results showed that  
the LMP1-positive NPC cell lines CM, HM and 
C666-1 had lower expression of cleaved PARP 
and caspase3 than the LMP1-negative NPC  
cell lines CNE1, HK1 and C666-1-shLMP1, sug-
gesting that LMP1-positive NPC cells are more 
resistant to anoikis (Figure 1B). Under suspen-
sion culture conditions for 24 h, the NPC cell 
lines CM, HM and C666-1 had a greater ability 
to form clusters than the LMP1 negative cell 
lines (Figure 1C), indicating that there was mo- 
re communication among these cells, which is 
conducive for signal transmission among cells 
and promotes cell survival [27]. Then, Anne- 
xin-V/PI staining results showed that the apop-
tosis of HM and C666-1 cells were decreased 
compared with those of HK1 and C666-1-
shLMP1 cells after suspension culture (P<0.01) 
(Figure 1D, 1E). After 24 h of suspension cell 
culture, trypan blue exclusion and flow cyto- 
metric analysis experiments found that the sur-
vival of LMP1-positive cells were higher than 
those of LMP1-negative cells, meanwhile, the 
cell apoptosis of C666-1 cells were lower than 
those of C666-1-shLMP1 cells, and this phe-
nomenon was more obvious when the cell cul-
ture density was relatively low (Figure S1A, 
S1B). After transfection of siRNA-LMP1 into  
CM and HM cells and suspension culture for 24 
h, trypan blue exclusion assay showed that  
the cell survival decreased (P<0.01) (Figure 
1F). Furthermore, the ability to resist anoikis is 
necessary for cells to form clones in soft agar, 
and the ability to form soft agar clones pre- 
dicts the metastatic potential of tumor cells 
[28]. As shown in Figure 1G, the data showed 
that CM and HM cells formed more clones th- 
an CNE1 and HK1 cells (P<0.05), indicating 
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Figure 1. LMP1 promotes anoikis resistance. (A) qPCR was performed to determine the expression of LMP1 in NPC cells (CNE1, CM, HK1, HM, C666-1, and C666-
1-shLMP1 cells). (B) Western blot was used to analyze LMP1, cleaved PARP and caspase3 levels in NPC cells after suspension culture for 48 h. (C) NPC cells were 
grown under anchorage-free conditions (in ultralow-attachment cell culture plates) for 24 h. Scale bar: 200 μm. (D) Fluorescence microscopy and (E) flow cytometric 
analysis were performed to observe cell apoptosis after culture under suspension conditions for 24 h. Scale bar: 50 μm. (F) After transfection with siRNA-NC or 
siRNA-LMP1, the viability of nonadherent cells was assessed in a trypan blue rejection experiment. Scale bar: 100 μm. (G) The colony numbers of NPC cells in soft 
agar (2 weeks) are shown. Scale bar: 100 μm. CM (CNE1-LMP1), HM (HK1-LMP1). UN: untreated, NC: negative control. Columns: mean of three replicates; statistical 
significance was calculated using a t-test (ns: no significance, *P<0.05, **P<0.01, and ***P<0.001).
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that LMP1-positive NPC cells are more resis-
tant to anoikis and have greater metastatic 
potential than LMP1 negative cells. Scratch 
experiments showed that the wound healing 
ability of CM and HM cells was stronger than 
that of CNE1 and HK1 cells (P<0.05 and P< 
0.01, respectively), and transwell assay re- 
sults also showed that CM and HM cells were 
more invasive than CNE1 and HK1 cells (P< 
0.01 and P<0.001, respectively) (Figure S2A, 
S2B). These results indicate that LMP1 can  
promote anoikis resistance and enhance the 
migration and invasion of NPC cells.

LMP1 upregulates NTRK2 expression

After determining that LMP1 can promote anoi-
kis resistance in NPC cells, we analyzed the  

key molecules involved in LMP1 regulate anoi-
kis. Ninety-eight genes related to anoikis were 
selected from the literature, and their mRNA 
levels were analyzed in CNE1, CM, HK1, and 
HM cells by a qPCR array. By using a two- 
fold difference as a screening condition, five 
genes were identified to have upregulated 
expression in CM and HM cells: BCL-2, CXCR4, 
MMP9, FN1 and NTRK2 (Figure 2A). Among 
these genes, the alteration of NTRK2 was  
the most obvious (Figure 2B). In LMP1-positive 
CM, HM, and C666-1 cells, the mRNA expres-
sion of NTRK2 was significantly higher than 
that in LMP1-negative cells (P<0.001) (Figure 
2C). Furthermore, western blot analysis show- 
ed that the protein level of NTRK2 was also 
high in LMP1-positive cells (Figure 2D). IHC 
results for 21 NPC tissue samples showed that 

Figure 2. LMP1 upregulates NTRK2 expression. (A) A qPCR array was performed to analyze alteration of anoikis-re-
lated genes in LMP1-positive and LMP1-negative NPC cells. The red rectangle indicated the differentially expressed 
genes. (B) qPCR was performed to verify the expression alteration of BCL-2, CXCR4, FN1, MMP9 and NTRK2. (C) 
qPCR and (D) Western blot were performed to detect NTRK2 expression in NPC cells. (E) IHC staining for LMP1 and 
NTRK2 in clinical NPC tissue samples, and the correlation between the expression of these two proteins are shown. 
Scale bar: 50 μm. Columns: mean of three replicates; statistical significance was calculated using a t-test (*P<0.05, 
**P<0.01, and ***P<0.001).
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NTRK2 was highly expressed in LMP1-positive 
NPC tissue samples, implying that LMP1 and 
NTRK2 were positively correlated (P=0.0262) 
(Figure 2E). These results confirm that LMP1 
can upregulate NTRK2 expression in NPC.

NTRK2 promotes anoikis resistance in NPC 
cells

Further, we investigated whether LMP1-induced 
NTRK2 promotes anoikis resistance in NPC. 
The NTRK2 inhibitor K252a was used to knock 
down NTRK2 activity in HM cells (Figure S3A), 
and C666-1-shNTRK2 and CM-shNTRK2 cells 
with NTRK2 stably knocked down were estab-
lished (Figures S3B, S4). After 48 h of suspen-
sion culture, western blot analysis showed th- 
at the protein expression of cleaved caspase3 
and cleaved PARP was increased (Figure 3A).  
In addition, the formation of cell clusters was 
decreased when cells were cultured in ultralow-
attachment plates (Figure 3B). Annexin-V/PI st- 
aining results indicated increased apoptosis 
after knocking down NTRK2 (P<0.01) (Figure 
3C, 3D), whereas a trypan blue exclusion test 
showed that the cell survival was reduced (P< 
0.05 and P<0.01, respectively) (Figure 3E). 
Furthermore, the ability of cellular clone forma-
tion was weakened in two cell lines CM-shNT- 
RK2 and C666-1-shNTRK2, which were NTRK2 
stably knocked down (P<0.01) (Figure 3F). The- 
se results indicate that NTRK2 induced by 
LMP1 can promote anoikis resistance in NPC 
cells.

LMP1 upregulates NTRK2 expression through 
NF-κB

Studies have shown that LMP1 activates IKKβ 
through TRAF and TAK1, then IKKβ phosphory-
lates the NF-κB inhibitor IκBα and lets its rapid 
degradation, further the p65: p50 or cRel: p52 
translocate into the nucleus to regulate target 
gene expression. In parallel with this, increas-
ing phosphorylation at Ser536 of the NF-ĸB 
p65 by IKKβ and IKKα, plays a key role in the 
transcriptional competence of NF-ĸB and the 
nuclear translocation of p65. LMP1 also stimu-
lates noncanonical NF-κB activation through 
TRAF and NIK. In this pathway, IKKα is activat-
ed by NIK and phosphorylates p100 to trigger 
its proteasomal processing into the mature 
p52, then enables the nuclear translocation of 
RelB: p52 [10, 29, 30]. Meanwhile, bioinformat-
ics analysis of our study showed that in NTRK2 

promoter, p65: p50 is the only binding molecu-
lar dimer of NF-κB pathway. So, we will study 
whether LMP1 regulates NTRK2 through p65. 
After transfection of siRNA-p65 into HM and 
C666-1 cells, the mRNA levels of NTRK2 were 
decreased (P<0.05) (Figure 4A). Western blot 
analysis showed that both p-p65 and NTRK2 
were overexpressed in LMP1-positive NPC ce- 
lls, while total p65 was slightly alteration. We  
also found that the expression of p-p65 and 
NTRK2 was reduced after LMP1 or NF-κB p65 
was silenced (Figure 4B). Immunofluorescence 
observation showed that more NF-κB p65 tr- 
anslocated into nuclei, suggesting that more 
activated NF-κB signaling occurred in LMP1-
positive CM and HM cells than in CNE1 and 
HK1 cells (Figure 4C). Genmatix software anal-
ysis predicted two NF-κB p65 binding sites in 
the promoter of NTRK2 (Figure 4D). The ChIP 
analysis showed that more NF-κB p65 was 
enriched at the site 2 of the NTRK2 promoter  
in LMP1-positive C666-1 cells than in C666-1-
shLMP1 cells (P<0.01), but the enrichment at 
the site 1 of the NTRK2 promoter was not sig-
nificantly changed (Figure 4E). By luciferase 
reporter assay, NF-κB p65 was proved to en- 
hance the luciferase activity of wild-type NT- 
RK2. The luciferase activity of mutant site 1 
NTRK2-1 was not significantly different from 
that of wild-type NTRK2, however, the lucifer-
ase activity of mutant site 2 NTRK2-2 showed  
a lower alteration of promoter activity (P<0.01) 
(Figure 4F). These results indicate that LMP1-
mediated NF-κB activity is capable of targeting 
the upregulation of NTRK2 expression.

LMP1-induced NTRK2 promotes anoikis resis-
tance through EMT

Studies have shown that EMT [18], autophagy 
[22] and oxidative stress response [21] are 
important mechanisms of anoikis resistance. 
After 48 h of suspension culture, western blot 
analysis showed that NTRK2 expression was 
increased, E-cadherin expression was down-
regulated and Vimentin expression was up- 
regulated in LMP1-positive HM cells compared 
with LMP1-negative HK1 cells, After knocking 
down of NTRK2, the expression of E-cadherin 
and Vimentin showed opposite alterations in 
HM-shNTRK2 cells (Figure 5A). The results sh- 
owed that NTRK2 was the key molecule of 
LMP1 mediated EMT in NPC cells. Further, the 
NTRK2 inhibitor K252a was used to knock 
down NTRK2 activity in HM cells, and C666-1-
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Figure 3. NTRK2 induces anoikis resistance in NPC cells. The NTRK2 inhibitor K252a (200 nM) was used to knock down NTRK2 activity in HM cells, and C666-1-
shNTRK2 and CM-shNTRK2 cells with NTRK2 stably knocked down were used. (A) The expression of NTRK2, cleaved PARP and cleaved caspase3 was analyzed by 
western blot after suspension culture for 48 h. (B) NPC cells were grown under anchorage-free conditions for 24 h. Scale bar: 50 µm. (C) Fluorescence microscopy 
and (D) flow cytometric analysis were performed to investigate cell apoptosis after culture under suspension conditions for 24 h. Scale bar: 50 µm. (E) The viability 
of nonadherent cells was assessed by a trypan blue rejection experiment. (F) The colony numbers of NPC cells in soft agar (2 weeks) are shown. Scale bar: 100 μm. 
Columns: mean of three replicates; statistical significance was calculated using a t-test (*P<0.05, **P<0.01, and ***P<0.001).
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Figure 4. LMP1 upregulates NTRK2 expression through NF-κB p65. A. After transfection with siRNA-NC or siRNA-p65, the expression of p65 and NTRK2 in HM and 
C666-1 cells was detected by qPCR. B. The expression of p-p65, p65 and NTRK2 in HK1, HM, C666-1 and C666-1-shLMP1 cells was detected by western blot after 
siRNA-p65 treatment. C. The subcellular location of NF-κB p65 was analyzed by immunofluorescence staining in CNE1, CM, HK1 and HM cells. Cells were stained 
with a primary anti-p65 antibody (green), and the nucleus was counterstained with DAPI (blue). Scale bar: 50 μm. D. A schematic of the NTRK2 luciferase (Luc) 
construct is shown. The locations of the putative p65 binding elements and the mutations are indicated. E. ChIP analysis was carried out using a p65 Ab, and the 
enrichment of the NTRK2 promoter sequence was detected by qPCR. F. A luciferase assay was performed using the NTRK2 promoter-firefly luciferase reporter with 
a wild-type or mutated p65 binding site in 293T cells. UN: untreated, NC: negative control. Columns: mean of three replicates; statistical significance was calculated 
using a t-test (ns: no significance, *P<0.05, **P<0.01, and ***P<0.001). 
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shNTRK2 cells with NTRK2 stably knocked 
down were used for following study. After 48 h 
of suspension culture, the data showed that 
E-cadherin expression was significantly up- 
regulated, and vimentin expression was down-
regulated, along with cleaved PARP and cas-
pase3 level was increased (Figure 5B). At the 
same time, the cell morphology was changed 
significantly, showing a trend for a rounded 
morphology instead of a spindle shape (Figure 
5C). However, autophagy-related LC3 did not 

change significantly after NTRK2 silencing 
(Figure S4), suggesting that NTRK2 partici-
pates in anoikis resistance through EMT rather 
than autophagy in NPC cells. Furthermore, the 
results of immunofluorescence experiments 
also showed that the expression of E-cad- 
herin was enhanced and that of vimentin was 
weakened in NPC cells after NTRK2 knocking 
down (Figure 5D). These results indicate that 
LMP1-induced NTRK2 resists anoikis by pro-
moting EMT.

Figure 5. LMP1-induced NTRK2 promotes anoikis resistance through EMT. The NTRK2 inhibitor K252a (200 nM) 
was used to knock down NTRK2 activity in HM cells, and C666-1-shNTRK2 cells with NTRK2 stably knocked down 
were used. A. The expression of LMP1, NTRK2, E-cadherin and Vimentin was analyzed by western blot. B. The ex-
pression of E-cadherin, Vimentin, and cleaved PARP and caspase3 was analyzed by western blot. C. Cell morphology 
under a microscope is shown. D. The expression of E-cadherin and vimentin in HM and C666-1 cells was evaluated 
by immunofluorescence. Scale bar: 50 µm. 
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NTRK2 promotes EMT though twist by activat-
ing ERK/AKT in NPC cells

Studies have indicated that NTRK2 regulates 
EMT mainly through two transcription factors, 
twist and snail [12, 13, 19]. After knocking 
down NTRK2 activity, the data showed that 
twist expression was downregulated, while 
snail expression did not change significantly  
in HM and C666-1 NPC cells (Figure 6A). 
Immunofluorescence analysis showed the sa- 
me results (Figure 6B). These data indicate 
that NTRK2 participates in EMT mainly throu- 
gh twist in NPC cells. Studies have also shown 

that NTRK2 is involved in the regulation of 
many signaling pathways, including the MAPK 
[31], AKT [32], and JAK/STAT3 [33] pathways. 
Western blot results showed that the expres-
sion of p-ERK and p-AKT in NPC cells was sig-
nificantly downregulated after stably knocked 
down of NTRK2 expression and that there  
were no significant changes in the total pro- 
tein levels of ERK and AKT, in addition, there 
were no significant changes in the total protein 
and phosphorylation levels of p38 and JNK 
(Figure 6C). After inhibiting AKT using MK- 
2206 or inhibiting ERK using PD98059 in HM 
and C666-1 cells, the data indicated that twist 

Figure 6. NTRK2 promotes EMT though twist by activating ERK/AKT in NPC cells. The NTRK2 inhibitor K252a (200 
nM) was used to knock down NTRK2 activity in HM cells, and C666-1-shNTRK2 cells with NTRK2 stably knocked 
down were used. A. The expression of twist and snail was analyzed by western blot. B. The expression of twist and 
snail in HM and C666-1 cells was evaluated by immunofluorescence. Scale bar: 50 µm. C. Levels of AKT and MAPK 
signaling were determined by western blot analysis. D. The expression of twist, E-cadherin and vimentin was de-
tected by western blot after inhibiting AKT and ERK. E. The expression of NTRK2, AKT, ERK, twist, E-cadherin and 
vimentin was detected by western blot after LMP1 stably knocked down in C666-1 cells.
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expression was reduced, vimentin expression 
was downregulated, and E-cadherin expression 
was upregulated and its alteration was more 
obvious after inhibiting both AKT and ERK 
(Figure 6D). Further, western blot results sh- 
owed that the expression of NTRK2, p-ERK and 
p-AKT in NPC cells was significantly reduced 
after stably knocked down of LMP1 expression 
and that there were no significant changes of 
the total protein levels of ERK and AKT, at the 
same time, twist and vimentin expression was 
downregulated, and E-cadherin expression was 
increased (Figure 6E). These results indicated 
that LMP1-induced NTRK2 regulates twist th- 
rough ERK and AKT.

Down-regulation of NTRK2 inhibits the metas-
tasis of LMP1-positive NPC

CNE1, CM, or CM-shNTRK2 cells were injected 
into nude mice via the tail vein. After 9 weeks, 
the mice were sacrificed, and the lungs were 
removed. Figure 7A shows that there were no 
obvious metastases on the lung surface in the 

mice of the CNE1 group. However, a large num-
ber of metastases was observed in the CM 
group, and the number of metastases in the 
CM-shNTRK2 mice were significantly reduced. 
H&E staining showed that the area of tumor 
metastases in the CM group was significan- 
tly larger than that in both CNE1 and CM- 
shNTRK2 groups (Figure 7B). IHC results indi-
cated that in the LMP1-positive CM group, 
NTRK2 was highly expressed and cleaved  
PARP expression was low, whereas the results 
were reversed in the LMP1-negative CNE1 
group. In the CM-shNTRK2 group, both LMP1 
and cleaved PARP were highly expressed (Fi- 
gure 7C). These results verify that LMP1 en- 
hances the ability of NPC to resist anoikis by 
up-regulating NTRK2 expression, thereby pro-
moting NPC metastasis.

Discussion

Metastasis of NPC is an important factor limit-
ing the survival of patients [34, 35]. Recently, 
anoikis has been found to be closely related to 

Figure 7. Down-regulation of NTRK2 expression inhibits the metastasis of LMP1-positive NPC. A. The NPC cells CNE, 
CM, or CM-shNTRK2 (2×106) were injected into nude mice via the tail vein. All mice were sacrificed 9 weeks after in-
jection, and the lungs were isolated. Representative images of the lungs are shown. B. H&E staining was performed. 
Scale bar: 200 μm. C. The expression of LMP1, NTRK2 and cleaved PARP in the lungs was analyzed by immunohis-
tochemistry. Scale bar: 50 μm. D. The model of the mechanism by which LMP1-induced NTRK2 promotes anoikis 
resistance and metastasis in NPC is shown. 
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tumor metastasis and become a hot spot in  
the field of tumor metastasis [36]. A series of 
studies have shown that LMP1 can promote 
NPC metastasis [10, 12, 13], but the relation-
ship between LMP1 and anoikis is not clear. 
Here, we found that EBV-LMP1 promoted resis-
tance to anoikis and NPC metastasis. Notably, 
the present study found that when the culture 
density of NPC cells was 0.5×105 cells per well 
(6-well plate), the survival rate of LMP1-positive 
cells after suspension culture was significantly 
higher than that of LMP1-negative cells. When 
the culture density was 5×105 cells per well,  
the survival rate of LMP1-positive cells after 
suspension culture was still higher than that  
of LMP1-negative cells. However, when the cul-
ture density reached 1×106 cells per well, the 
survival rates of LMP1-positive cells and LMP1-
negative cells after suspension culture were 
not significantly different, which is consistent 
with Wasil LR’s study [37]. These data imply 
that anoikis is associated with cell density. The 
reason may be that the signal transmission 
between cells can promote cell survival, when 
the cell culture density is low, the intercellular 
communication is reduced, so the possibility of 
inducing apoptosis is relatively obvious [27].

NTRK2 is a membrane-bound receptor that 
belongs to the tyrosine receptor kinase family. 
NTRK2 can promote anoikis resistance in so- 
me tumor cells [38-41]. Here, we showed that 
LMP1-induced NTRK2 could promote NPC cell 
resistance to anoikis and metastasis. Further 
research indicated that LMP1 upregulated NT- 
RK2 expression through NF-κB p65. Tumor ce- 
lls resist anoikis through a variety of mecha-
nisms, including regulating EMT [19], autopha-
gy [22], and oxidative stress [21]. Studies have 
shown that NTRK2 regulates EMT through twist 
and snail [12, 13, 19]. In the present study, we 
demonstrated that NTRK2 participated in EMT 
only through twist in NPC cells, which may be 
related to cell-type specificity. Meanwhile, our 
study also indicated that the expression of au- 
tophagy-related LC3 was not related to LMP1-
induced NTRK2 in NPC cells. Whether NTRK2 
participates in anoikis resistance through oxi-
dative stress or other mechanisms in NPC cells 
needs further investigation.

NTRK2 involves in many signaling pathways, 
including the MAPK [31], AKT [32], JAK/STAT3 
pathways [33]. The current study indicated that 
the expression of p-AKT and p-ERK was signifi-

cantly downregulated after NTRK2 knocking 
down, whereas the total protein levels of AKT 
and ERK did not change, and the total protein 
and phosphorylation levels of p38 and JNK  
did not change as well. It is suggested that 
NTRK2 regulates twist by activating ERK and 
AKT signaling in NPC. Moreover, after treat- 
ing cells with inhibitors of AKT and ERK, we 
found that twist and vimentin expression 
increased and E-cadherin expression decrea- 
sed obviously. These results imply that NTRK2 
promotes EMT by increasing the twist level 
through AKT/ERK signaling.

In conclusion, the present study demonstrate 
that the NPC tumorigenic protein LMP1 can 
promote anoikis resistance in NPC cells in vitro 
and in vivo, and identify that EBV-LMP1 in  
NPC cells mediates AKT and ERK signaling 
through NTRK2 and then upregulates twist 
expression to promote EMT, thereby inducing 
anoikis resistance and enhancing NPC metas-
tasis (Figure 7D). These data will provide new 
molecular markers and potential targets for 
clinical intervention of NPC.
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Table S1. Sequences of shRNA targeting NTRK2
Gene name oligonucleotides sequence (5’ to 3’)
shNTRK2-1 F: GATCCGCACATCAAGCGACATAACATTTCAAGAGAATGTTATGTCGCTTGATGTGCTTTTTTG 

R: AATTCAAAAAAGCACATCAAGCGACATAACATTCTCTTGAAATGTTATGTCGCTTGATGTGCG
shNTRK2-2 F: GATCCGAGGAAGAACATCAAGGGCATTTCAAGAGAATGCCCTTGATGTTCTTCCTCTTTTTTG

R: AATTCAAAAAAGAGGAAGAACATCAAGGGCATTCTCTTGAAATGCCCTTGATGTTCTTCCTCG

Table S2. Sequences of siRNA and negative control
Gene name oligonucleotides sequence (5’ to 3’) 
LMP1 GCTCTCTATCTACAACAAA1

P65 GCGACAAGGUGCAGAAAGATT2

Control TTCTCCGAACGTGTCACGT
1. Li J, Zhang XS, Xie D, Deng HX, Gao YF, Chen QY, Huang WL, Masucci MG, Zeng YX. 
Expression of immune-related molecules in primary EBV-positive Chinese nasopharyn-
geal carcinoma: associated with latent membrane protein 1 (LMP1) expression. Cancer 
Biol Ther 2007; 6: 1997-2004. 2. Wang Q, Jiang H, Li Y, Chen W, Li H, Peng K, Zhang 
Z, Sun X. Targeting NF-kB signaling with polymeric hybrid micelles that co-deliver siRNA 
and dexamethasone for arthritis therapy. Biomaterials 2017; 122: 10-22. 

Table S3. Primers for real-time quantitative PCR 
Gene name Forward sequence (5’ to 3’) Reverse sequence (5’ to 3’)
ACP1 GAACAGGCTACCAAGTCCGT CCCACGTTCCAGTCAGAAAC
ACTA1 TGCCAACAACGTCATGTCG CAGCGCGGTGATCTCTTTCT
ACTA2 GTGTTGCCCCTGAAGAGCAT GCTGGGACATTGAAAGTCTCA
AKT1 GTCATCGAACGCACCTTCCAT AGCTTCAGGTACTCAAACTCGT
AMPK TTTGCGTGTACGAAGGAAGAAT CTCTGTGGAGTAGCAGTCCCT
ATG5 AGAAGCTGTTTCGTCCTGTGG AGGTGTTTCCAACATTGGCTC
BAD CCCAGAGTTTGAGCCGAGTG CCCATCCCTTCGTCGTCCT
BBC3 GCAAATGAGCCAAACGTGAC GGTCACACGTGCTCTCTCTA
BCAR1 ATGGGCAGTACGAGAACAGC GGCCAGGTCGTGGTCTATG
BCL2 CCTCGCTGCACAAATACTCC TGGAGAGAATGTTGGCGTCT
BCL2L11 TAAGTTCTGAGTGTGACCGAGA GCTCTGTCTGTAGGGAGGTAGG
BCL2L2 AGTGGGATTTAGGGAACGCA ATCCCACCACCACCAGATTT
BCL2L4 CCCGAGAGGTCTTTTTCCGAG CCAGCCCATGATGGTTCTGAT
BECN1 ACCTCAGCCGAAGACTGAAG AACAGCGTTTGTAGTTCTGACA
BID ATGGACCGTAGCATCCCTCC GTAGGTGCGTAGGTTCTGGT
BIK TGGAGGTTCTTGGCATGACT TGATGTCCTCAGTCTGGTCG
BMF AGAAGAGAACAGGAACGGGG AGAAAGAAGGTCCCGCTTGA
BNIP3 TGAGTCTGGACGGAGTAGCTC CCCTGTTGGTATCTTGTGGTGT
CASP3 AGAGGGGATCGTTGTAGAAGTC ACAGTCCAGTTCTGTACCACG
CASP8 GGAGGAGTTGTGTGGGGTAA CCTGCATCCAAGTGTGTTCC
CASP9 CTCAGACCAGAGATTCGCAAAC GCATTTCCCCTCAAACTCTCAA
CAV1 CATCCCGATGGCACTCATCTG TGCACTGAATCTCAATCAGGAAG
CBY1 AGCAGAGACAGGGGTTAGTGG TCCGGCTGATCCTCAGTTCAT
CCND1 GCTGCGAAGTGGAAACCATC CCTCCTTCTGCACACATTTGAA
CD44 CTGCCGCTTTGCAGGTGTA CATTGTGGGCAAGGTGCTATT
CDC42 CCATCGGAATATGTACCGACTG CTCAGCGGTCGTAATCTGTCA
CDH1 ATTTTTCCCTCGACACCCGAT TCCCAGGCGTAGACCAAGA
CDH2 AGCCAACCTTAACTGAGGAGT GGCAAGTTGATTGGAGGGATG
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CDKN1A CGATGGAACTTCGACTTTGTCA GCACAAGGGTACAAGACAGTG
CFLAR AGAGTGAGGCGATTTGACCTG GTCCGAAACAAGGTGAGGGTT
CREB CCACTGTAACGGTGCCAACT GCTGCATTGGTCATGGTTAATGT
CXCL8 ACTGAGAGTGATTGAGAGTGGAC AACCCTCTGCACCCAGTTTTC
CXCR4 CTGGCCTTCATCAGTCTGGA TCATCTGCCTCACTGACGTT 
DDP1 CCGACTGGTTCGCTTCTACC CGGTGTAAGACAGGAGTCCATC
EGFR TTGCCGCAAAGTGTGTAACG GTCACCCCTAAATGCCACCG
EIF2AK3 GGAAACGAGAGCCGGATTTATT ACTATGTCCATTATGGCAGCTTC
EPHB2 AGAAACGCTAATGGACTCCACT GTGCGGATCGTGTTCATGTT
ERBB2 TGTGACTGCCTGTCCCTACAA CCAGACCATAGCACACTCGG
FADD GTGGCTGACCTGGTACAAGAG GGTAGATGCGTCTGAGTTCCAT
FAK CCATGCCCTCGAAAAGCTATG TCCAATACAGCGTCCAAGTTCTA
FN1 AGGAAGCCGAGGTTTTAACTG AGGACGCTCATAAGTGTCACC
FOXO1 GGATGTGCATTCTATGGTGTACC TTTCGGGATTGCTTATCTCAGAC
FOXO3 TCACGCACCAATTCTAACGC CACGGCTTGCTTACTGAAGG
HGF GCTATCGGGGTAAAGACCTACA CGTAGCGTACCTCTGGATTGC
HIF2A GGACTTACACAGGTGGAGCTA TCTCACGAATCTCCTCATGGT
HMOX1 AAGACTGCGTTCCTGCTCAAC AAAGCCCTACAGCAACTGTCG
HRK GGGTTGGCATTTTGGGTGAT AGTCGAGAAGTGCACTCCAA
ID1 CTGCTCTACGACATGAACGG GAAGGTCCCTGATGTAGTCGAT
IKBKB CTGGCCTTTGAGTGCATCAC CGCTAACAACAATGTCCACCT
ILK TGGAACCCTGAACAAACACTC AGCACCTTCACGACAATGTCA
IPCEF1 TTGTCAACCTGCCTGATTTCAC AGGTCTTGATCTGTGGATGGC
ITGA5 GGCTTCAACTTAGACGCGGAG TGGCTGGTATTAGCCTTGGGT
JUN AACAGGTGGCACAGCTTAAAC CAACTGCTGCGTTAGCATGAG
KDR GTGATCGGAAATGACACTGGAG CATGTTGGTCACTAACAGAAGCA
MAPK1 TACACCAACCTCTCGTACATCG CATGTCTGAAGCGCAGTAAGATT
MAPK8 TCTGGTATGATCCTTCTGAAGCA TCCTCCAAGTCCATAACTTCCTT
MCL1 GCTGCATCGAACCATTAGCA ATGCCAAACCAGCTCCTACT
MMP1 GGGGCTTTGATGTACCCTAGC TGTCACACGCTTTTGGGGTTT
MMP2 CCCACTGCGGTTTTCTCGAAT CAAAGGGGTATCCATCGCCAT
MMP3 TCACTCACAGACCTGACTCG AAAGCAGGATCACAGTTGGC
MMP7 GAGTGAGCTACAGTGGGAACA CTATGACGCGGGAGTTTAACAT
MMP9 AGACCTGGGCAGATTCCAAAC CGGCAAGTCTTCCGAGTAGT
MUC1 TGCCGCCGAAAGAACTACG TGGGGTACTCGCTCATAGGAT
MYC AACACACAACGTCTTGGAGC GCACAAGAGTTCCGTAGCTG
NANOG CCCCAGCCTTTACTCTTCCTA CCAGGTTGAATTGTTCCAGGTC
NFE2L2 TCCAGTCAGAAACCAGTGGAT GAATGTCTGCGCCAAAAGCTG
NOTCH1 TGGACCAGATTGGGGAGTTC GCACACTCGTCTGTGTTGAC
NRP1 ACGTGGAAGTCTTCGATGGAG CACCATGTGTTTCGTAGTCAGA
NTRK2 ACCCGAAACAAACTGACGAGT AGCATGTAAATGGATTGCCCA
PDGFRB TGATGCCGAGGAACTATTCATCT TTTCTTCTCGTGCAGTGTCAC
PDK1 GGATTGCCCATATCACGTCTTT TCCCGTAACCCTCTAGGGAATA
PDK4 GACCCAGTCACCAATCAAAATCT GGTTCATCAGCATCCGAGTAGA
PERP CTTCACCCTTCATGCCAACC GCCAATCAGGATAATCGTGGCT
PI3K AGAGCACTTGGTAATCGGAGG CTTCCCCGGCAGTATGCTTC
PKM ATGTCGAAGCCCCATAGTGAA TGGGTGGTGAATCAATGTCCA
PMAIP1 GCCCTTGGAAACGGAAGATG CAGTAGGCCAGCGGTAATCT
POU5F1 AATTTGTTCCTGCAGTGCCC CTCTCGTTGTGCATAGTCGC
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PPD1CA ACCGCATCTATGGTTTCTACGA TTGAAGCAGTCAGTGAAGGTTT
PTEN AGGGACGAACTGGTGTAATGA CTGGTCCTTACTTCCCCATAGAA
PTP1B TCCCTTTGACCATAGTCGGAT GTGACCGCATGTGTTAGGCA
RAC1 CATCAAGTGTGTGGTGGTGG TAAGCCCAGATTCACCGGTT
RELA GTGGGGACTACGACCTGAATG GGGGCACGATTGTCAAAGATG
SEMA3F AGTGTCCGTACGATCCCAAG TGTCAGGAATGAGCTCAGCA
SHC1 GCCAAAGACCCTGTGAATCAG GTATTGTTTGAAGCGCAACTCG
SNAL1 ACTGCAACAAGGAATACCTCAG GCACTGGTACTTCTTGACATCTG
SOD GCTCCGGTTTTGGGGTATCTG GCGTTGATGTGAGGTTCCAG
SOX2 TACAGCATGTCCTACTCGCAG GAGGAAGAGGTAACCACAGGG
SRC TGGCAAGATCACCAGACGG GGCACCTTTCGTGGTCTCAC
STAT3 ATCACGCCTTCTACAGACTGC CATCCTGGAGATTCTCTACCACT
TWIST1 GTCCGCAGTCTTACGAGGAG GCTTGAGGGTCTGAATCTTGCT
TGFB1 CAATTCCTGGCGATACCTCAG GCACAACTCCGGTGACATCAA
TIGAR ACTCAAGACTTCGGGAAAGGA CACGCATTTTCACCTGGTCC
TNFR1 TCACCGCTTCAGAAAACCACC GGTCCACTGTGCAAGAAGAGA
TRAIL TGCGTGCTGATCGTGATCTTC GCTCGTTGGTAAAGTACACGTA
VIM AGTCCACTGAGTACCGGAGAC CATTTCACGCATCTGGCGTTC
XIAP AATAGTGCCACGCAGTCTACA CAGATGGCCTGTCTAAGGCAA
ZEB1 CAGCTTGATACCTGTGAATGGG TATCTGTGGTCGTGTGGGACT
ZEB2 GCGATGGTCATGCAGTCAG CAGGTGGCAGGTCATTTTCTT
LMP1 CGTTATGAGTGACTGGACTGGA TGAACAGCACAATTCCAAGG
ACTIN CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT

Table S4. Primers for plasmid construction
Plasmid name Primer sequence (5’ to 3’)
NTRK2-wt-luc F: GAAGATCTCCAGGACGACATCCCTAG

R: CCCAAGCTTAATTAGGGACCGGGAGGC restriction site
NTRK2-mutant-1-luc F: CTCCCGGGATCTTCTGGGGCGCAGATTCCTTGTTAGATGCGA

R: CGCCCCAGAAGATCCCGGGAGCGCCGCCGGTCGGTGCCCGGC
NTRK2-mutant-2-luc F: CATGTGGGAACCCACACACGCGCGCACACACGCACACATCCT

R: GCGTGTGTGGGTTCCCACATGCTGCTGCTGTCTGCTTCTGG mutation site

Table S5. Primers used in ChIP assay
Gene name Forward sequence (5’ to 3’) Reverse sequence (5’ to 3’)
NTRK2 Biding site 1 GGCGCTACCGCTGCTCGG GTCCTCAGCCTCGAGGTG
NTRK2 Biding site 2 GGAATCTGGGGGCGAGCA ACACAGACACACACACGC
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Figure S1. Analysis of the viability and apoptosis at different cell densities of NPC cells under anchorage-free con-
dition. A. The viability of NPC cells (CNE1, CM, HK1, HM, C666-1, C666-1-shLMP1) was assessed by Trypan blue 
rejection experiment after 24 h cultured with different cell densities under anchorage-free condition. B. Flow cyto-
metric analysis investigated cell apoptosis at different cell densities of C666-1 and C666-1-shLMP1 cells under 
anchorage-free conditions for 24 h. Columns: mean of three replicates; statistical significance was calculated using 
a t-test (ns: no significance, *P<0.05, **P<0.01, and ***P<0.001).
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Figure S2. LMP1 enhances the migration and invasion of NPC cells. (A) An invasion assay and (B) a migration  assay 
(24 h) were performed in NPC cells with different expression levels of LMP1. Scale bar: 100 μm. CM (CNE1-LMP1), 
HM (HK1-LMP1). Columns: mean of three replicates; statistical significance was calculated using a t-test (*P<0.05, 
**P<0.01, and ***P<0.001).

Figure S3. Analysis of the effect of K252a and targeting NTRK2 shRNA. A. The expression of NTRK2 was analyzed by 
western blot after treated with K252a at different concentrations in C666-1 cells. B. C666-1 cells were transfected 
with two NTRK2 shRNA, and the expression of NTRK2 was analyzed by western blot. 

Figure S4. Analysis of the autophagy after NTRK2 silencing in NPC CM and C666-1 cells. After the establishment 
of CM-shNTRK2 and C666-1-shNTRK2 cells with NTRK2 stable knockdown, western blot was performed to analyze 
the expression of NTRK2 and LC3.


