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Abstract. Nasal-type natural killer/T-cell lymphoma (nasal 
NKTCL) is an aggressive hematological neoplasm with 
poor prognosis, and its incidence is higher in Asia than 
in Western countries. Increasing evidence suggests that 
aberrant activation of signal transducers and activators of 
transcription 3 (STAT3) is related to numerous malignancies. 
However, the involvement of STAT3 in the pathogenesis of 
nasal NKTCL is poorly understood. In this study, immu-
nohistochemistry (IHC) showed that 21/28 (75.0%) nasal 
NKTCL tissues harbored constitutively expression of 
phospho-STAT3 (p-STAT3) which was positively correlated 
with the Ki-67 levels (P﹤0.05). Immunofluorescence (IF) 
also detected p-STAT3 expression in SNK6 cells (NKTCL 
cell line). Furthermore, WP1066 (a novel selective STAT3 
inhibitor) was able to inhibit proliferation and induce apop-
tosis of SNK6 cells. Moreover, western blot analysis and 
RT-PCR demonstrated that WP1066 downregulated the 
protein and mRNA expressions of the pro-survival molecules 
(including c-Myc, cyclin D1, and Bcl-2) in SNK6 cells. These 
results suggested that STAT3 activation represents a potential 
target in nasal NKTCL. WP1066 may be a promising agent in 
antitumor therapy against nasal NKTCL.

Introduction

Nasal-type natural killer/T-cell lymphoma (nasal NKTCL), 
is a rare subtype of non-Hodgkin's lymphoma (NHL) derived 
from natural killer (NK) cells and, more rarely, T cells 
closely correlate with Epstein-Barr virus (EBV) infection (1). 

Its frequency among all lymphoma is ~3-10% in East Asia, 
but ﹤1% in Western countries (2). Even though 2/3 of nasal 
NKTCL patients present with localized lesions, the prognosis 
of nasal NKTCL remains dismal because of its aggressive 
course and resistance to conventional chemotherapy (3,4). 
Genetic variants, cellular immune deficiency, and EBV infec-
tion have been implicated in the molecular pathogenesis of 
nasal NKTCL (5). The exact etiology is still ambiguous, and 
therefore the best first‑line therapeutic strategies have not 
been established (6).

Signal transducers and activators of transcription 3 
(STAT3), a major component of the STAT family, has 
been established to play important roles in the develop-
ment and progression of many human malignancies, such 
as glioma, pancreatic cancer, prostate cancer, anaplastic 
large cell lymphoma, and T-cell large granular lymphocyte 
leukemia (7-10). Phosphorylation of STAT3 triggers its 
dimerization and nuclear transport, where it promotes the 
transcription of genes that stimulate tumor growth. Thus 
phospho-STAT3 (p-STAT3) was used as a measurement of 
STAT activation. Briefly, multiple pathways unify and use 
STAT3 as a central molecular hub (11-14). Inappropriately 
activated STAT3, located at the converging point of various 
signaling networks, ultimately activated multiple downstream 
genes that facilitate tumor invasion, metastasis, and angiogen-
esis, but suppressed host immune surveillance (15-18). In light 
of this role, inhibitors of the STAT3 pathway are attractive 
therapeutic targets for cancer. WP1066 represents a novel 
promising STAT3 inhibitor in antitumor therapy (19,20). 
However, the involvement of STAT3 activation in the devel-
opment of nasal NKTCL is still poorly understood.

In the present study we detected the STAT3 activity in 
nasal NKTCL tissues and cell line, and investigated the inhibi-
tory effect and the underlying mechanisms of WP1066 (small 
molecule STAT3 inhibitor) in the nasal NKTCL cells.

Materials and methods

Cell line and culture. The human NKTCL SNK6 cell line 
was cultured in RPMI-1640 (Gibco) supplemented with 
1% penicillin/streptomycin mixture, 2 mM L-glutamine, 
1,000 U/ml interleukin (IL)-2 (Beijing SL Pharmaceutical Co., 
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Ltd., Beijing, China), and 10% human AB serum provided by 
the Blood Center of Shandong Province (Jinan, China) in 5% 
CO2 at 37˚C.

Patients and tissues. The paraffin-embedded tissues from 
28 cases of nasal NKTCL (19 males and 9 females; age range 
24-72 years, median 47.5 years) were collected from Shandong 
Provincial Hospital affiliated to Shandong University prior to 
therapeutic intervention in this study. All patients were diag-
nosed according to the WHO criteria between January 2009 
and June 2015. Reactive hyperplasia of lymph node (RHLN) 
served as control. This study was approved by the Medical 
Ethics Committee of Shandong Provincial Hospital affiliated 
to Shandong University. All human samples were obtained 
after informed consents had been given, according to the 
Declaration of Helsinki.

Reagents. STAT3 inhibitor WP1066, purchased from Selleck 
Chemicals (Boston, MA, USA), was dissolved in DMSO to 
make the stock solution. Stock solution was finally diluted into 
cell culture medium to make the final working concentrations.

Immunohistochemistry (IHC). IHC of patients' paraffin‑em‑
bedded tissue sections was performed using primary 
rabbit antibodies for p-STAT3 (Tyr705) (Cell Signaling 
Technology, Danvers, MA, USA). Briefly, formalin-fixed, 
paraffin‑embedded tissue sections of 4 mM thickness were 
deparaffinized and hydrated. High‑pressure antigen retrieval 
was performed in 0.01 M sodium citrate (pH 6.0). Endogenous 
peroxidase was blocked with 3% H2O2 in methanol for 15 min 
at room temperature, followed by incubation with normal 
serum to block non-specific staining. Primary rabbit anti-
bodies were diluted as p-STAT3 (Tyr705) (1:400) applied to 
incubate the sections overnight in a humidified chamber at 
4˚C; then the second antibody from SP reagent kit (Zhongshan 
Goldenbridge Biotechnology Co., Beijing, China) was used 
to incubate the sections for 1 h at room temperature. After 
washing, the tissue sections were treated with biotinylated 
anti-rabbit secondary antibody, followed by further incuba-
tion with streptavidin-horseradish peroxidase complex. After 
staining with 3,3'-diaminobenzidine kit (DAB; Zhongshan 
Goldenbridge Biotechnology Co.), the sections were counter-
stained with hematoxylin and mounted. Immunohistochemical 
staining was assessed in a series of randomly selected five 
high‑power fields, which were believed to be representative of 
the average in tumors at x400 magnification, by two indepen-
dent observers who were blinded to all clinical data. Tumors 
displaying staining in ≥30% of the cells were categorized as 
positive cases. whereas, tumors displaying staining ﹤30% of 
the cells were categorized as negative cases.

Immunofluorescence (IF). SNK6 cells were cultured for 24 h 
in the presence or absence of 5 µM WP1066. After cytospin, 
cells were fixed in acetone and methanol (1:1) for 15 min at 
room temperature; after three washes in PBS for 10 min each, 
they were blocked in PBS with 10% donkey serum for 1 h at 
room temperature. Then the cells were incubated with primary 
rabbit anti-p-STAT3 (Tyr705) antibody (1:100; Cell Signaling 
Technology) overnight at 4˚C in a humidified chamber. After 
three washes the following day, cells were incubated with 

the secondary antibody Alexa Fluor 568-labeled donkey 
anti-rabbit IgG antibody (1:500; Invitrogen, Eugene, OR, 
USA) for 1 h at room temperature in the dark. After washing 
three times with PBS, 4',6-diamidino-2-phenylindole (DAPI) 
was used to stain nuclei followed by analysis using confocal 
microscopy (LSM 780; Carl Zeiss).

Assessment of cell proliferation. The influence of WP1066 
on viability of SNK6 cells was assessed by carrying out trip-
licate assays with the Cell Counting kit-8 (CCK-8; Dojindo, 
Kumamoto, Japan). SNK6 cells (5,000 cells/100 µl/well, 
respectively) were seeded into 96‑well plates at 37˚C with 5% 
CO2 and incubated with WP1066 at designated concentrations 
(0, 0.625, 1.25, 2.5, 5 and 10 µM) for 24 h. Thereafter, the cells 
were incubated with 10 µl of CCK-8 for 4 h according to the 
manufacturer's instructions. The absorbance at 450 nm was 
measured using a SpectraMax M2 Multi-Mode Microplate 
Reader (Molecular Devices, Sunnyvale, CA, USA). The 
micrographs of SNK cells after WP1066 incubation were also 
recorded.

Analysis of cell apoptosis. Effects of WP1066 on ap optosis 
of SNK6 cells were evaluated by Annexin V-phyco-
erythrin (PE)/7-aminoactinomycin D (7-AAD) assay. Flow 
cytometric analysis of these cells labeled with Annexin V-PE 
and 7-AAD was performed according to the manufacturer's 
instructions (BD Biosciences). Cells with designated treat-
ments were harvested, washed twice with cold PBS and 
resuspended in 1X binding buffer at a concentration of 
1x106 cells/ml. This was followed by transferring 100 µl of 
the solution to a 5 ml tube, to which 5 µl of Annexin V-PE 
and 5 µl of 7-AAD were added. The tube was gently vortexed 
and incubated for 15 min at room temperature in the dark. At 
the end of incubation, 400 µl of 1X binding buffer was added. 
The rates of cellular apoptosis were acquired immediately on 
a Navios Flow Cytometer (Beckman Coulter). Viable cells are 
not stained with Annexin V-PE or 7-AAD. The necrotic cells 
were Annexin V-PE and 7-AAD-positive, whereas apoptotic 
cells were Annexin V-PE-positive and 7-AAD-negative.

Western blot analysis. Total protein was extracted from 
SNK6 cells with the treatment. Total protein was extracted 
using lysis buffer (Shenergy Biocolor, Shanghai, China) and 
1% PhosSTOP (Roche, Mannheim, Germany). The protein 
concentration was determined by the BCA assay (Shenergy 
Biocolor). Cell lysate was then electrophoresed on 10% 
SDS-polyacrylamide gels and transferred onto polyvinylidene 
difluoride (PVDF) membranes. The membranes were blocked 
with 5% skim-milk in Tris-saline buffer with 0.1% Tween-20, 
and then incubated with primary antibodies at 4˚C overnight. 
After washing with TBST, secondary antibody conjugated 
with the horseradish peroxidase (Zhongshan Goldenbridge 
Biotechnology Co.) was added to the membranes. Proteins 
were detected using the chemiluminescence detection 
kit (Millipore, USA). Primary antibodies against p-STAT3 
(Tyr705) (1:2,000), STAT3 (1:1,000), c-Myc (1:1,000), 
cyclin D1 (1:1,000), and Bcl-2 (1:1,000) were purchased 
from Cell Signaling Technology. The expression level of 
β-actin was used as the loading control for the western blot 
analysis. Western blot analysis results were analyzed using 
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the LAS 4000 Image software and Multi Gauge version 3.0 
software (Fujifilm Life Science, Japan).

Real‑time quantitative polymerase chain reaction (RT‑qPCR). 
The expression of genes was detected by RT-qPCR analysis. 
Total RNA was extracted by TRIzol reagent (Takara, Dalian, 
China) from cells following incubation of WP1066 at different 
concentrations for 24 h. Then the reverse transcription reac-
tion was conducted by means of Takara reverse transcription 
reagents (Takara). Amplification reactions were performed using 
a SYBR Premix Ex Taq Ⅱ kit (Takara) on a LightCycler 480 
real-time PCR system (Roche), using β-actin as an internal 
reference. The 2-ΔΔCt method was used for data analysis with 
LightCycler 480 Gene Scanning version 1.5 software (Roche). 
The primers of related genes are provided in Table Ⅱ.

Statistical analysis. Results are expressed as mean ± standard 
error of mean (SEM). One-way analysis of variance (ANOVA) 
or t-tests were used to test for differences between groups. 
Fisher's exact probability test was used to analyze the 
correlation between the immunohistochemical expression 
of p-STAT3 and the clinicopathological parameters of the 
28 nasal NKTCL patients. P﹤0.05 was accepted as evidence 
of significance.

Results

Protein expression of p‑STAT3 in nasal NKTCL tissues 
and cell line, and the correlation between p‑STAT3 and 
clinicopathological parameters of nasal NKTCL patients. We 
examined the expression of p-STAT3 in tissues from 28 cases 
of nasal NKTCL by IHC. The positive expression of p-STAT3 
was detected in 21/28 (75.0%) cases, when tumor tissues 
displaying staining in ≥30% of the cells were categorized as 

positive cases. The expression of p-STAT3 was detected in 
both tumor and stromal cells, indicating the involvement of 
p-STAT3 in the tumor microenvironment (Fig. 1A). However, 
p-STAT3 staining was too weak to be detected in the control 
RHLN tissues. Moreover, Fisher's exact probability test 
showed that the immunohistochemical expression of p-STAT3 
was positively correlated with Ki-67 levels (proliferative 
index) of these tumor tissues. However, no correlation was 
identified between p‑STAT3 expression and the other clinical 
histopathological parameters (Table Ⅰ). The expression of 
p-STAT3 in NKTCL cell line SNK6 was also demonstrated by 
IF using confocal microscopy (Fig. 1B). The blue color labeled 
the nucleus staining with DAPI, and red color represented the 
p-STAT3 expression in SNK6 cells.

WP1066 inhibits proliferation and induces apoptosis of 
SNK6 cells. Cytotoxicity of WP1066 on SNK6 cells was 
evaluated by morphology and the CCK-8 assay after a 24-h 
WP1066 treatment at different concentrations (0, 0.625, 1.25, 
2.5, 5 and 10 µM). Morphology observations found that the 
number of SNK6 cells with WP1066 incubation decreased 
significantly compared to the control group (Fig. 2A). 
Simultaneously, CCK‑8 analysis confirmed that the viability 
of the SNK6 cells decreased in a dose-dependent manner 
after a 24-h WP1066 treatment (Fig. 2B). The half maximal 
inhibitory concentration (IC50) value of WP1066 in SNK6 
cells at 24 h was calculated as 2.62±0.28 µM. Effect of 
WP1066 on apoptosis of SNK6 cells was assessed after a 
24-h WP1066 treatment at different concentrations. Flow 
cytometric analysis demonstrated that the percentage of 
apoptotic cells increased significantly at 24 h following 
medium- to high-concentration WP1066 treatment compared 
with the solvent treatment groups (control groups) (P﹤0.05, 
n=3) (Fig. 3A and B).

Figure 1. Protein expression of phospho-STAT3 (p-STAT3) in nasal-type natural killer/T-cell lymphoma (nasal NKTCL) tissues and SNK6 cells. 
(A) Representative images of immunohistochemistry (IHC) showing p-STAT3 expression in tissues from reactive hyperplasia of lymph node (RHLN) and 
nasal NKTCL patients. Scale bar, 20 µm. (B) Immunofluorescence (IF) analysis revealed that p‑STAT3 (red) was expressed in SNK6 cells (upper row). The 
p‑STAT3 staining was downregulated significantly in SNK6 cells after incubation with WP1066 at 2.5 µM for 24 h (lower row). Scale bar, 10 µm.
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Influence of WP1066 on protein expression of p‑STAT3 
and downstream molecules in SNK6 cells. Western blot 
analysis exhibited the decrease of protein expression for 
p-STAT3 in SNK6 cells after a 24-h treatment of WP1066 
in a dose-dependent manner (Fig. 4A and B). Concomitantly, 
there was a significant reduction in the protein expression of 
c-Myc, cyclin D1, and Bcl-2 after WP1066 treatment from 
moderate to high concentration in SNK6 cells (Fig. 4C). The 
inhibitory effect of WP1066 on phosphorylation of STAT3 in 
SNK6 cells was also confirmed by IF analysis. WP1066 treat-
ment brought about a significant downregulation of p‑STAT3 

Figure 2. Cytotoxicity of WP1066 on SNK6 cells. (A) Micrograph of SNK6 cells after incubated with different concentrations of WP1066 (0, 0.625, 1.25, 
2.5, 5 and 10 µM) for 24 h. (B) Viability of SNK6 cells was assessed by Cell Counting kit-8 (CCK-8) after a 24-h incubation of WP1066 with the indicated 
concentrations. The results indicate that WP1066 inhibited the proliferation of SNK6 cells in a dose-dependent manner at 24 h.

Table Ⅰ. Correlation between p‑STAT3 protein expression in 
nasal NKTCL tissues and the clinicopathological parameters 
of the 28 nasal NKTCL patients.

 p-STAT3
 --------------------------------------------------------------
 Total no. Positive Negative P-value

Gender    
  Male 19 15 4 0.398
  Female   9   6 3 
Age (years)    
  ≥45 15 12 3 0.412
  ﹤45 13   9 4 
EBER    
  Positive 20 16 4 0.306
  Negative   8   5 3 
Ki-67 (%)    
  ≥60 20 18 2 0.009a

  ﹤60   8   3 5 

aP﹤0.05, Fisher's exact probability test. p-STAT3, phospho-STAT3; 
nasal NKTCL, nasal-type natural killer/T-cell lymphoma; EBER, 
Epstein-Barr virus-encoded small RNA; positive, cells displaying 
staining accounted for >30%; negative, cells displaying staining 
accounted for ≤30%.

Table Ⅱ. PCR primer sequences.

Gene Primer sequence

c-Myc 5'-GGCTCCTGGCAAAAGGTCA-3'
 5'-AGTTGTGCTGATGTGTGGAGA-3'
Cyclin D1 5'-CAAATGGAGCTGCTCCTGGTG-3'
 5'-CTTCGATCTGCTCCTGGCAGG-3'
Bcl-2 5'-ATGTGTGTGGAGAGCGTCAA-3'
 5'-ACAGTTCCACAAAGGCATCC-3
β-actin 5'-TGACGTGGACATCCGCAAAG-3'
 5'-CTGGAAGGTGGACAGCGAGG-3'
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in SNK6 cells (Fig. 1B). The inhibition of these pro-survival 
factors downstream of STAT3 pathway may be the potential 
mechanisms contributing to the antitumor effect of WP1066 in 
nasal NKTCL cells.

Effect of WP1066 on mRNA levels of pro‑survival genes related 
to STAT3 pathway in SNK6 cells. To investigate the regulation 
of WP1066 on the oncogenic genes downstream of STAT3 
pathway, the mRNA levels of c-Myc, cyclin D1, Bcl-2 genes were 
determined by RT-qPCR after WP1066 treatment with different 
concentrations for 24 h. The mRNA levels of these three genes 
were significantly downregulated after WP1066 treatment from 
moderate to high concentration in SNK6 cells (Fig. 4D).

Discussion

STAT3 protein is known as an important effector of multiple 
growth factor receptors and cytokine signals to participate 

in tumorigenesis by preventing apoptosis, enhancing prolif-
eration, angiogenesis, invasiveness, chemoresistance, and 
immune evasion. Constitutive activation of the STAT3 
pathway has been noted in a wide range of cancers and typi-
cally occurs in response to stimulation by tumor-promoting 
factors, including epidermal growth factor, IL-6, Tyr kinase, 
and many others (21,22). Inhibition of aberrantly activated 
STAT3 signaling pathway may present a novel antitumor 
strategy (Fig. 5). In our present study, constitutively protein 
expression of p-STAT3 was detected in both nasal NKTCL 
tissues and cell line (SNK6), suggesting the activation of 
STAT3 signal in this neoplasm. Moreover, immunohisto-
chemical expression of p-STAT3 in nasal NKTCL tissues was 
found to be positively correlated with the Ki-67 levels in these 
cases with Fisher's exact test analysis. This was in accordance 
with previous studies of glioma and colorectal cancers in 
which STAT3 activation was generally correlated with poor 
prognosis (23,24).

Based on the published data, STAT3 has gained notoriety 
as a hub to relay multiple oncogenic signals modulating tran-
scription of target genes. STAT3 was shown to promote growth 
and protect tumor cells against apoptosis by regulating genes 
encoding multiple oncogenic proteins, such as Bcl-2, Mcl-1, 
VEGF, c-Myc, and cyclin D1 (25-28). The evidence suggested 
that STAT3 was a promising candidate for antitumor target. 
WP1066 was a novel small molecule STAT3 inhibitor synthe-
sized by modifying the structure of AG490 (a tyrphostins to 
block JAK2 activity) (29,30). AG490 inhibited STAT3 only 
at high concentrations (IC50, 50-100 µM) and did not show 
significant antitumor effect in animal models (31,32). In 
contrast, WP1066 has exhibited significant antitumor activity 
against human cancer cells in vitro and in a xenograft mouse 
model, including gastric cancer, acute myelogenous leukaemia 
and melanoma (33-35).

Up to date, the exact working mechanism of WP1066 is 
largely unknown. This study evaluated the effect and mecha-
nism of WP1066 in nasal NKTCL cells, and we demonstrated 
that WP1066 inhibited STAT3 activation and induced apop-
tosis in SNK6 nasal NKTCL cell line. Our findings indicated 
that the downregulation of c-Myc, cyclin D1, and Bcl-2 may 
partly contribute to the potential mechanisms for the antitumor 
effect of WP1066 in nasal NKTCL cells. The proliferation of 
SNK6 cells was significantly inhibited by WP1066 with IC50 
concentration as 2.62±0.28 µM at 24 h, which was similar to 
previous data described in renal cancer and erythroleukemia 
cell lines. Our results suggested that using WP1066 to inhibit 
the STAT3 signaling pathway could be a novel therapeutic 
strategy against nasal NKTCL.

To the best of our knowledge, our study is the first to report 
the antitumor effect and working mechanism of WP1066 
through downregulation of p-STAT3 and downstream 
pro-survival molecules in nasal NKTCL. These findings 
showed that inhibitors of the STAT3 signaling pathway have 
enormous potential in the treatment of nasal NKTCL. 
Although crosstalk between STAT3 and other oncogenic 
signaling pathways deserve more exploration, this novel study 
contributes to further investigation on the useful biomarkers 
and potential therapeutic targets in nasal NKTCL. WP1066 
is still undergoing preclinical and clinical trials which will 
provide novel insights into their antitumor activity, pharma-

Figure 3. WP1066 induces apoptosis of SNK6 cells. (A) After exposure 
to WP1066 of different concentrations (1.25, 2.5 and 5.0 µM) or 0.1% 
solvent (DMSO) for 24 h, apoptosis of SNK6 cells was quantified by 
Annexin V/7‑amino actinomycin D (7‑AAD) flow cytometry. (B) The apop-
tosis ratio of SNK6 cells increased in a dose-dependent manner with the 
WP1066 treatment. Statistical data represent the mean ± standard error of 
mean (SEM) of three independent experiments. *P﹤0.05, compared with 
control group.
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cokinetic, and toxicity (36). Moreover, the small molecule 
STAT3 inhibitor may be a promising combination for conven-
tional chemotherapies to overcome or delay tolerance of nasal 
NKTCL and improve the prognosis of this disease.
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