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Abstract. The inactivation of tumor suppressor gene positive 
regulatory domain containing I (PRDM1) and activation of 
signal transducer and activator of transcription 3 (STAT3) 
have been detected in the majority of extranodal NK/T-cell 
lymphoma, nasal type (EN-NK/T-NT) cases. In the present 
study, their association with and effects on the clinicopatho-
logic features of EN-NK/T-NT are described. PRDM1 was 
revealed to be expressed in 19 out of 58 patients (32.8%) with 
EN-NK/T-NT, and phosphorylated STAT3 was overexpressed 
in 42 out of 58 (72.4%). Oncogenic pathways were investigated 
by NanoString encounter technology in 5 PRDM1(+) and 
5 PRDM1(-) EN-NK/T-NT specimens. Multiple oncogenic 
pathways involved in cell apoptosis, cellcycle (CC) and 
angiogenesis were discriminately activated in EN-NK/T-NT 
cases, and in PRDM1(+) cases in particular. The sustained 
activation of the Janus kinase 3 (JAK)/STAT3 pathway 
was more pronounced. In addition, missense mutations in 
the SRC homology 2 domain of STAT3 were detected in 
7 out of 37 EN-NK/T-NT cases (18.92%), and the acquired 
mutation was related to the activation of the JAK3/STAT3 
pathway. The downregulation of PRDM1 and upregulation of 
phospho-STAT3 (Tyr705) were associated with angiocentric 
infiltration of EN-NK/T-NT (P=0.039). Notably, the prog-
nosis of patients in the PRDM1(+)/STAT3 [mutated (mut-)] 

group was considerably improved than that of patients in the 
STAT3(mut+)/PRDM(-) group (P=0.037). In addition, the 
inhibition of NK/T cell lymphoma cell lines by Stattic and 
tofacitinib could suppress cell proliferation by inducing cell 
apoptosis or arresting the CC. The present results revealed that 
the JAK3/STAT3 oncogenic pathway and PRDM1 expression 
could stratify clinicopathologic features of EN-NK/T-NT. 
The inhibition of the JAK3/STAT3 pathway may serve as a 
treatment option for EN-NK/T-NT.

Introduction

Extranodal NK/T-cell lymphoma, nasal type (EN-NK/T-NT) 
is a highly aggressive non-Hodgkin lymphoma, charac-
terized by prominent tumor necrosis and angiocentric 
invasion. Neoplastic cells are cytoplasmic CD3ε(+), CD56(+), 
cytotoxic-molecule(+) and Epstein-Barr virus(+) (1). This type 
of lymphoma usually occurs in the upper airway tract, mostly 
in the nasal and paranasal area, and is more prevalent among 
Asian and South American populations (2). In recent years, 
disease outcome has improved with chemotherapy and radio-
therapy, but the prognosis remains poor, with a 5-year overall 
survival (OS) rate of 42-70% (3,4). The underlying pathogen-
esis of the disease remains unclear, and no effective targeted 
therapy is currently available.

Array comparative genomic hybridization and gene- 
expression profiling in EN‑NK/T‑NT revealed that the 6q21 
regions most frequently deleted involve the downregulation of 
several important tumor-suppressor genes, such as POPDC3, 
PREP, positive regulatory domain containing I (PRDM1), 
ATG5, AIM1, HACE1 and FOXO3 (5,6). Recent studies 
identified PRDM1, a tumor suppressive transcriptor, as being 
frequently inactivated in EN-NK/T-NT (7). Its inactivation 
may be associated with the combination of 6q21/PRDM1 
gene deletion, PRDM1 mutation, aberrant upregulation of 
miRNA and/or an epigenetic mechanism (8-11). Our team 
previously reported that the hypermethylation of PRDM1 
played a predominant role in the downregulation of PRDM1 
expression, significantly affecting the biological behavior of 
tumor cells in EN-NK/T-NT. Notably, the PRDM1 expression 
exerted an effect on the outcome of patients (10,11). Thus, 
PRDM1 expression has an important clinical prognostic 
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value, and its inactivation may be an important pathogenetic 
mechanism for EN-NK/T-NT.

Gene‑expression profiling also detected the activation of 
several oncogenic pathways in EN-NK/T-NT, including those 
of NF-κB, mitogen-activated protein kinase (MAPK), and Janus 
kinase 3/activator of transcription 3 (JAK3/STAT3) (8,12,13). 
The JAK3/STAT3 pathway is known to play a crucial role in 
regulating cell growth, survival, motility and cell differentia-
tion through the regulation of several downstream genes (14). 
The STAT3 protein is a key factor in JAK3/STAT3 pathway 
activation, and phospho-STAT3 (Tyr705) (p-STAT3) the acti-
vated status of STAT3. The phosphorylated form of STAT3 
was detected in cell lines and the majority of the NK/T cell 
lymphoma primary tumors, and it may be associated with 
STAT3 gene mutation (15-17).

Although PRDM1 gene inact ivat ion and the 
JAK3/STAT3 pathway play significant roles in the pathogenesis 
of EN-NK/T-NT, the association between them and their roles 
in EN-NK/T-NT are elusive. In the present study, oncogenic 
pathways were clarified in EN‑NK/T‑NT. The expression of 
PRDM1, activation of STAT3, and their genomic statuses were 
detected. In addition, potential clinical roles of PRDM1 and 
p-STAT3 were evaluated.

Materials and methods

Patients and samples. Archived formalin-fixed paraffin- 
embedded (FFPE) tumor blocks were collected from 58 
Chinese patients (35 males and 23 females; median age, 
47 years old) diagnosed with EN-NK/T-NT from the 
Department of Pathology, Peking University First Hospital 
(Beijing, China). Thirty of the primary EN-NK/T-NT cases 
included in this study have been described in previous studies. 
The diagnosis of EN-NK/T‑NT was confirmed according to 
the WHO classification (18). Follow‑up data were available for 
51 patients. The follow‑up period was defined as the period 
from the date of initial diagnosis to the death of the patient 
(from any cause) or last follow-up.

Cell culture, treatment and viability. Three nasal NK/T cell 
lymphoma cell lines were used in the present study: NKL (19), 
NK92 (20) and YT (21). YT and NKL cells were obtained 
from Beijing Hong Bo Kang Biological Technology (Beijing, 
China). NK92 cells were purchased from the Chinese Academy 
of Medical Sciences (Beijing, China). The cell culture methods 
used have been described in our previous study (9). Cells were 
seeded at 2x105 cells/ml/well in 24-well plates and treated with 
tofacitinib (50 and 100 nM) (cat. no. 14703; Cell Signaling 
Technology, Inc., Danvers, MA, USA) and Stattic (1, 2, 5 and 
10 µM) (cat. no. HY-13818; MedChemExpress, Inc., Shanghai, 
China) at indicated concentrations  for 24 and 48 h, with 
dimethyl sulfoxide (DMSO) used as the control, before being 
subjected to cell counting and MTS assays.

Immunohistochemistry (IHC). IHC was performed using the 
DAKO EnVision Detection Kit (Agilent Technologies, Inc., 
Santa Clara, CA, USA). The tissue sections were subjected 
to heat-induced antigen retrieval in EDTA buffer (pH 9.0), 
and a primary antibody against PRDM1 (dilution 1:100; 
cat no. 9115; Cell Signaling Technology; clone no. C14A4) 

or p-STAT3 (dilution 1:100; cat no. 9145; Cell Signaling 
Technology; clone no. D3A7) was used. A positive nuclear 
staining pattern was interpreted as PRDM1 or p-STAT3 
immunoreactivity. Based on the studies by Garcia et al (22) 
and Nie et al (23,24), the positive expression of PRDM1 
nuclear staining was semi-quantitatively graded as follows: 
Negative (0 to <10% positive cells) and positive (>10 to 100% 
positive cells). A high expression of p‑STAT3 was defined as 
moderate/strong nuclear staining in ≥50% of the tumor cell 
population and a low expression of p-STAT3 as <50% nuclear 
staining (16,17). Samples from the plasma cell myelomas and 
squamous epithelium of the nasal mucosa were used as posi-
tive controls for PRDM1 staining, and lung adenocarcinoma 
tissue and squamous epithelium of the nasal mucosa were used 
as a positive control for p-STAT3. For the negative control 
reactions, phosphate-buffered saline (PBS) was used instead 
of the primary antibody.

Western blot analysis. Cell lysis buffer (Nanjing Keygen 
Biotech, Co., Ltd., Nanjing, China) was used to lyse YT, NK92 
and NKL cells and collect protein. BCA assay (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) was used to quantify 
protein concentration. A total of 40 µg of protein from each 
sample was separated by electrophoresis in 10% sodium 
dodecyl sulphate polyacrylamide gels. After electroblotting the 
gels were transferred to polyvinylidene difluoride membranes 
(EMD Millipore, Billerica, MA, USA). The membranes 
were blocked with 5% milk for 1 h at room temperature, 
followed by incubation with a rabbit or mouse monoclonal 
antibody against PRDM1 (dilution 1:1,000; cat. no. 9115; Cell 
Signaling Technology; clone no. C14A4), p-STAT3 (Tyr705) 
(dilution 1:1,000; cat. no. 9145; Cell Signaling Technology; 
clone no. D3A7), STAT3 (dilution 1:1,000; cat. no. 4914; Cell 
Signaling Technology; clone no. 79D7), or β-actin (dilution 
1:5,000; cat. no. TA346894; ZSGB-BIO, Inc., Beijing, China) 
overnight at 4˚C. Anti‑rabbit and anti‑mouse horseradish perox-
idase-conjugated secondary antibodies (both dilution 1:5,000; 
cat. nos. ZB-2305 and ZB-2306; ZSGB-BIO, Inc.) were used to 
incubate for 60 min at room temperature. Enhanced chemilu-
minescence (EMD Millipore, Billerica, MA, USA) was used to 
develop protein signals. The band intensity of western blotting 
was measured by densitometry using the G:BOX Chemi XT4 
(Syngene, Cambridge, UK). Protein expression was quantified 
by densitometry and normalized to β-actin.

PanCancer pathways analysis. According to our IHC 
grading criteria, 8 PRDM1(+) and 8 PRDM1(-) FFPE samples 
and 2 samples of normal nasal mucosa were selected from 
the 58 NK/T lymphoma cases. Total RNA was extracted 
using RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany) 
according to the manufacturer's instructions. After deter-
mining the RNA quality using the Agilent 2100 Bioanalyzer 
(Agilent Technologies, Inc.), 5 PRDM1(+) and 5 PRDM1 (-) 
specimens (P1, P2, P3, P4, P5 and N1, N2, N3, N4, N5, respec-
tively) that met the criterion of NanoString analysis were 
identified. The 2 normal nasal mucosa samples were used as 
blank controls (B1, B2). The NanoString nCounter PanCancer 
Pathways Panel (NanoString Technologies, Inc., Seattle, WA, 
USA) includes 770 essential genes representing 13 Canonical 
Pathways: Notch, Wnt, Hedgehog, TGFβ, MAPK, STAT, 
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P13K, RAS, chromatin modification, transcriptional regula-
tion, DNA damage control, cell cycle (CC), and apoptosis. 
The NanoString nCounter assay was performed according 
to the standard protocol of NanoString with analysis and 
normalization of the raw NanoString data conducted using 
nSolver Analysis Software v3.0 (NanoString Technologies, 
Inc.). All procedures associated with mRNA quantification, 
including sample preparation, hybridization, detection and 
scanning, were carried out as recommended by NanoString 
Technologies, Inc.

Sanger sequencing. We were able to extract genomic DNA from 
37 of the 58 FFPE specimens using DNeasy Blood & Tissue 
kit (Qiagen GmbH) according to the manufacturer's instruc-
tions. Sanger sequencing was used to confirm STAT3 SRC 
homology 2 (SH2)-domain mutations. STAT3 SH2-domain 
primer sequences were as follows: Exon 19-1 forward, 5'-TAG 
ACG GGC CTG AGG ATT T-3' and reverse, 5'-CAA AGG GCC 
AGG ATG TAC TTT-3'; Exon 19-2 forward, 5'-AGA CTT GGC 
TTT CCC ATT ACT C-3' and reverse, 5'-TTG CTA ACA GGG 
CAT CCA TC-3'; Exon 20-1 forward, 5'-GCT CTC AGC AAG 
CCA GT-3' and reverse, 5'-TCA CTG AAT CTT AGC AGG AAG 
G-3'; Exon 20-2 forward, 5'-GGA GCG GGC CAT CTT GA-3' and 
reverse, 5'-CTC AGC AGC CAC CAG CA-3'; Exon 21-1 forward, 
5'-TCT CTG AGA TGA CCT AGC TGT AG-3' and reverse, 5'-CCA 
TGA TCT TAT AGC CCA TGA TGA-3'; Exon 21-2 forward, 
5'-GTC CGT GGA ACC ATA CAC AA-3' and reverse, 5'-GCT CTC 
TGG CCG ACA ATA C-3'; Exon 21-3 forward, 5'-CTC TAT CCT 
GAC ATT CCC AAG G-3' and reverse, 5'-GCA TTT GCC TAT 
CTA TCC TCC A-3'; Exon 22 forward, 5'-TGC GAA GTC ACA 
GTC AGT AAG-3' and reverse, 5'-GAT TAA CTC TCA CCC AGT 
GTC C-3'. Polymerase chain reaction (PCR) was performed using 
Platinum Taq Polymerase (cat. no. 10966-083; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) cycled at 95˚C for 10 min, 
45 cycles at 95˚C for 30 sec, 56˚C for 30 sec, 72˚C for 1 min, 
and a final extension of 72˚C for 10 min. PCR sequencing was 
carried out using ABI BigDye Terminator v3.1 (cat. no. 4337457; 
Thermo Fisher Scientific, Inc.) and cycled at 96˚C for 1 min, 29 
cycles at 96˚C for 10 sec, 50˚C for 5 sec and 60˚C for 4 min. The 
resulting products were run on an ABI 3730xl DNA analyzer 
(Applied Biosystems; Thermo Fisher Scientific, Inc.).

Flow cytometry. The extent of drug-induced apoptosis and 
CC arrest was determined by staining with an Annexin V 
Apoptosis Detection kit I (BD Biosciences, San Jose, CA, 
USA) and Propidium Iodide Flow Cytometry kit (Abcam, 
Cambridge, MA, USA) following the manufacturer's instruc-
tions. Flow cytometry was performed using FACSAria II 
instruments and a FACSCalibur flow cytometer (both from 
BD Biosciences).

Statistical analysis. For the cell proliferation experiment, the 
data were obtained from at least 3 independent experiments, 
each with triplicate measurements (n≥3). Statistical analysis of 
the data was performed using one-way ANOVA followed by 
Dunnett's post hoc test. P-values of <0.05 were considered to 
indicate a statistically significant difference. Fisher's exact test 
was used to analyze the association between STAT3 mutation 
and the clinical parameters of the subjects. The Spearman 
rank correlation coefficient test was used to determine the 

correlation between PRDM1 and p-STAT3 expression. OS 
was calculated using the Kaplan-Meier method and compared 
to log-rank tests. A two-sided P<0.05 was considered to indi-
cate a statistically significant difference. All analyses were 
performed using SPSS 19.0 software (IBM Corp., Armonk, 
NY, USA).

Results

p‑STAT3 and PRDM1 expression in EN‑NK/T‑NT. To 
determine the activation status of STAT3 and the expression 
of PRDM1 in EN-NK/T-NT, IHC analysis of PRDM1 and 
p-STAT3 was performed in 58 cases of EN-NK/T-NT. The 
results revealed that 32.8% (19/58) of the cases exhibited weak, 
moderate or strong nuclear staining of PRDM1 (≥10% posi-
tive cells) (Fig. 1A and C). p-STAT3 was highly expressed 
in 72.4% (42/58) of the EN-NK/T-NT cases. The staining 
intensity of p-STAT3-positive cells was strong in the majority 
of cases (Fig. 1B and C). The expression of PRDM1 and 
p-STAT3 in malignant NK cell lines was also examined by 
western blot analysis. As revealed in Fig. 1D, the expression 
level of p-STAT3 was higher in YT and NKL than in NK92 
cells, whereas PRDM1 was highly expressed in the YT, but 
not in the other 2 cell lines. These results demonstrated that 
STAT3 was frequently activated and PRDM1 commonly 
downregulated in EN-NK/T-NT.

Activation of JAK3/STAT3 pathway and its correlation with 
the status of PRDM1 in EN‑NK/T‑NT. To identify whether 
the JAK3/STAT3 pathway plays a predominant role in 
EN-NK/T-NT tumors, a panel of 13 classical oncogenic path-
ways was selected to perform gene expression analysis using 
the NanoString nCounter® system. A total of 10 [5 PRDM1(+) 
and 5 PRDM1(-)] EN-NK/T-NT and 2 normal nasal mucosa 
samples were assessed. First, the scoring of 13 pathways in each 
case was analyzed using unsupervised hierarchical clustering. 
As revealed in the heat map (Fig. 2A), 5 EN-NK/T-NT tumor 
samples (i.e., N4, N3, P1, P5 and P2) scored highly in the 
Wnt, RAS, apoptosis, STAT, TXmisReg, TGFβ and PI3K 
signaling pathways, suggesting the strong activation of these 
pathways in EN-NK/T-NT. P3 and P4 also scored highly in 
the STAT pathway (Fig. 2A), indicating the aberrant activation 
of the STAT pathway in the detected EN-NK/T-NT samples. 
The expression patterns of major genes in STAT pathways in 
EN-NK/T-NT were further analyzed. Fig. 2B reveals that the 
STAT pathway scores were much higher in the EN-NK/T-NT 
tumor samples than in the control (fold change >7). The heat 
maps in Fig. 2C further illustrated the expression levels of 
individual genes involved in the JAK/STAT pathway in each 
case. As depicted in Fig. 2C, STAT pathway-activating genes 
(including JAK3, STAT3, STAT1, STAT4, MYC, PIM1 and 
PCNA) were increased, while STAT pathway-suppressing 
genes (including IL17, PIK3CA, PIK3R and SOCS2) were 
decreased in the majority of EN-NK/T-NT samples, supporting 
an overall effect of JAK3/STAT3 activation on EN-NK/T-NT 
tissues.

The 10 cases were then divided into either the PRDM1(+) 
or the PRDM1(-) group, according to the PRDM1 IHC staining 
results. As depicted in the bar graph (Fig. 3A), STAT, DNA 
Repair and CC pathways were highly upregulated in the 
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two groups, although it was more marked in the PRDM1(+) 
group. Consistently, linear associations of pathway score 
analysis revealed that STAT, DNA repair and CC pathways 
were strongly activated in both the PRDM1(-) and PRDM1(+) 
groups (Fig. 3B and C). These results indicated that the acti-
vation of the STAT pathway may be independent from the 
PRDM1 expression in EN-NK/T-NT.

Genomic alterations of STAT3 and PRDM1 in EN‑NK/T‑NT. 
The strong p-STAT3 expression in the majority of EN-NK/T-NT 
cases prompted us to investigate the underlying mechanism of 
STAT activation. Recent studies have revealed that STAT3 muta-
tions are highly associated with STAT3 activation in lymphoma 
cells. Since STAT3 mutations occur almost exclusively in its 
SH2 coding region, the SH2 domain-coding region of STAT3 

Figure 1. p-STAT3 and PRDM1 expression in EN-NK/T-NT. (A) Examples of IHC analysis of PRDM1 in EN-NK/T-NT specimens and control samples. In 
EN-NK/T-NT specimens, PRDM1 was commonly inactivated. Representative images of PRDM1 (a) negative, (b) low, and (c) high expression. (d) Samples 
from plasma cell myelomas, and (e) the squamous epithelium of nasal mucosa, were used as positive controls for PRDM1 staining. (B) Examples of IHC 
analysis of p-STAT3 in EN-NK/T-NT specimens and control samples. In EN-NK/T-NT specimens, p-STAT3 was commonly activated. Representative images 
of (a) p‑STAT3 negative, (b) low, and (c) high expression. (d) Samples from adenocarcinoma tissue, and (e) the inflammatory nasal mucosa, were used as 
positive controls for p-STAT3 staining. (C) A scatter plot revealed no direct correlation between PRDM1 immunostaining and p-STAT3 expression. (P=0.959, 
r=0.005) (D) Western blot analysis of the expression level of STAT3, p-STAT3 and PRDM1 in YT, NKL and NK92 cells. p-STAT3, phospho-STAT3 (Tyr705); 
PRDM1, positive regulatory domain containing I; EN-NK/T-NT, extranodal NK/T-cell lymphoma, nasal type; IHC, immunohistochemistry.
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was sequenced in 3 NK/T lymphoma cell lines (YT, NKL and 
NK92) and 37 EN-NK/T-NT cases. Fig. 4A summarized all 
6 missense mutation types detected in 2 lymphoma cell lines 
(Y640F in YT and NKL, but not NK92) and 7 EN-NK/T-NT 
cases (e.g., S614C in case no. 2). Fig. 2B presents the sequencing 
results of these missense mutations. The STAT3 missense 
mutation rate was 18.92% (7/37) (Table I). In addition, a silent 
mutation (G618G, GGG>GGT) was detected in 2 EN-NK/T-NT 
cases (case nos. 8 and 15). Notably, all 7 EN-NK/T-NT cases 
with STAT3 missense mutations exhibited a marked p-STAT3 
expression (Table I), strongly indicating that STAT3 gene muta-
tions in the SH2 domain is a driving force for the activation of 
the JAK3/STAT3 pathway in EN-NK/T-NT.

With respect to the PRDM1 genomic status, no correla-
tion between the STAT3 gene mutation and 6q21/PRDM1 

gene deletion was identified. Despite that, STAT3 activation, 
PRDM1 loss, and 6q21 and/or PRDM1 heterozygous deletion 
could simultaneously be detected in the NKL cell line and 
in 9 EN-NK/T-NT cases (case nos. 22, 28, 34, 36, 41, 42, 48, 
52 and 55), suggesting that genetic alterations of STAT3 and 
PRDM1 could be independent events in the development of 
EN-NK/T-NT (Table II).

Stratified clinicopathological significance of STAT3 activa‑
tion and PRDM1 expression in EN‑NK/T‑NT. To explore 
the clinicopathological significance of STAT3 mutations 
and PRDM1 activation and expression in EN-NK/T-NT, 
the survival effect of STAT3 expression and mutations 
was analyzed. Kaplan-Meier single-factor analysis and the 
log-rank test revealed that patients in the mutated STAT3 

Figure 2. Activation of JAK3/STAT3 pathway in EN-NK/T-NT. NanoString nCounter analyzed 13 distinct oncogenic pathways and scored them using unsuper-
vised hierarchical clustering between the tumor (group N+P) and blank groups (normal nasal mucosa specimens, group B). (A) Heat map scoring of 13 pathways 
for each case, demonstrated clear differences between normal and tumor specimens. Red indicates high expression and green low. Expression values were scaled 
within pathways. The 13 signaling pathways were divided into 3 clusters. Five EN-NK/T-NT cases (right) exhibited a cluster of high scores in the Wnt, RAS, 
apoptosis, STAT, TXmisReg, TGFβ and PI3K signaling pathways. (B) Box plots of pathway scores revealing clear differences in the STAT pathway scores 
between the tumor and normal nasal mucosa groups (control). Tumor cases had higher scores than the normal nasal mucosa cases (fold change >7). (C) Heat map 
indicating the expression level of genes associated with the STAT pathway. Red indicates high expression and green low. Expression values were scaled for genes. 
The expression of genes associated with STAT3 pathway activation was increased, whereas that of genes involved in the suppression of its activation was low in 
tumor samples. STAT3, signal transducer and activator of transcription 3; EN-NK/T-NT, extranodal NK/T-cell lymphoma, nasal type.
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group [STAT3(mut+)] had a considerably shorter survival time 
than those in the non-mutation group [STAT3(mut-)] (Fig. 5A; 
P=0.017) while the p-STAT3 level did not predict OS time 
in EN-NK/T-NT (Fig. 5B). In addition, STAT3(mut+) and 
p-STAT3(+) were revealed to be correlated with angiocentric 
infiltration but no other pathological factor (i.e., site, Ann 
Arbor Stage, outcome or necrosis) in EN-NK/T-NT (Table III). 
These findings indicated that STAT3(mut+) is a predictor for 
poor prognosis in patients with EN-NK/T-NT. The survival 
effect of PRDM1 expression was also analyzed. PRDM1(+) 
staining predicted a favorable effect on OS time (Fig. 5C; 
P=0.037). Furthermore, EN-NK/T-NT cases in this cohort 
were divided into 4 groups: PRDM1(+)/STAT3(mut-), 
PRDM1(+)/STAT3(mut+), PRDM1(-)/STAT3(mut-) and 
PRDM1(-)/STAT3(mut+). Notably, the majority of cases 
with PRDM1(-)/STAT3(mut+) resulted in a poorer prog-
nosis (Fig. 5D; P=0.037), as compared to the other groups, 
suggesting that detecting STAT3 mutations and PRDM1 
expression may be useful for routine pathological diagnosis 
and patient prognosis.

Effects of inhibition of JAK3/STAT3 pathway on EN‑NK/T‑NT 
cells. The potential therapeutic application of suppressing the 
JAK3/STAT3 pathway in EN-NK/T-NT was explored. The cell 
viability of YT and NKL cells harboring STAT3 Y640F was 
inhibited by the STAT3 inhibitor Stattic (Fig. 6A). However, 
Stattic had a low toxicity in NK92 cells with wild-type 
STAT3, which usually exhibit relatively lower p-STAT3 levels 
than YT and NKL cells (Fig. 6A). To evaluate whether Stattic 
induces apoptosis, the apoptosis of various Stattic-treated 
cells was analyzed by flow cytometry. The treatment of YT 
and NKL cells with Stattic significantly increased apoptotic 
cells, when compared with DMSO-treated cells. However, 
no increase in the number of apoptotic cells was observed 
in NK92 cells (Fig. 6B). In addition, YT, NKL and NK92 
cells were treated with tofacitinib, a JAK inhibitor, to further 
identify the biological effect of the JAK3/STAT3 pathway on 
NK/T cells. As revealed in Fig. 7A, not only did the number 
of NK92 cells significantly decrease following treatment with 
50 and 100 nM tofacitinib, but also the number of YT and 
NKL slightly decreased. However, tofacitinib did not alter 

Figure 3. Correlation between the JAK3/STAT3 pathway and PRDM1 status in EN-NK/T-NT. (A) Pathway scoring results for each pathway in PRDM1(+) 
(group P) and PRDM1(-) (group N) cases revealed that STAT, DNA Repair and CC pathways were highly upregulated in both groups, particularly in PRDM1(+) 
cases. Global significance scores and linear associations plotted for each pathway in groups (B) N and (C) P, revealed that STAT, DNA Repair and CC 
pathways were highly upregulated in both groups. STAT3, signal transducer and activator of transcription 3; PRDM1, positive regulatory domain containing I; 
EN-NK/T-NT, extranodal NK/T-cell lymphoma, nasal type; CC, cell cycle.
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the number of apoptotic cells in the 3 cell lines (not shown). 
Next, the effect of tofacitinib on the CC was investigated. 
Flow cytometric analysis demonstrated that 100 nM tofaci-
tinib significantly increased the percentage of YT, NKL and 
NK92 cells at the G0/G1 phase with a concomitant reduction 
in the percentage of cells in the S (YT, NKL and NK92) and 
G2 (NK92) phases in the treated NK/T lymphoma cells, as 
compared with the control group (Fig. 7B). These findings 
indicated that suppressing the JAK3/STAT3 pathway may 
have a therapeutic effect in EN-NK/T-NT.

Discussion

NK cell malignancy is a multistep process, often involving the 
cooperation of tumor suppressor gene inactivation and onco-
gene activation. Previous studies have revealed that PRDM1 
is a tumor suppressor gene in NK/T cell lymphomas, and 
PRDM gene deletion is a common event (6,7). Karube et al 
using semi-quantitative RT-PCR detected PRDM1 expres-
sion in one representative donor and neoplastic samples 
and revealed that average expression of PRDM1 levels in 
neoplastic samples were significantly lower than those in 
normal NK cells (6). PRDM1 expression has been revealed 
to be associated with the stage of the disease and has a posi-
tive effect on prognosis (10). The present study also revealed 

PRDM1 low expression in the majority of EN-NK/T-NT 
cases, and confirmed the effect of PRDM1 expression on the 
prognosis of EN-NK/T-NT.

Previous studies have revealed that the JAK/STAT signaling 
pathway is crucial for disease development. Gene- expres-
sion profiling also revealed that the JAK3/STAT3 signaling 
pathway was one of the discriminating pathways in NK/T 
lymphoma (13). The JAK family consists of 4 types: JAK1, 
JAK2, JAK3 and TyK2. Somatic mutations in JAK1, JAK2 
and JAK3 result in constitutively active kinases in myelo-
proliferative diseases and leukemia/lymphomas. Somatic 
activating mutations in JAK1 and JAK2 have been mainly 
detected in acute lymphoblastic leukemia and myeloprolifera-
tive neoplasms (25). However, mutations in JAK3 have been 
mainly found in T- and NK cell lymphoma. In ENKTL, JAK3 
phosphorylation has been detected in most cases. JAK3 acti-
vating mutations were identified in approximately one‑third of 
the cases. In addition, a high expression of p-STAT3 has been 
detected in a variety of tumors, including colorectal, gastric 
and breast cancer, and non-Hodgkin lymphoma (25-27). 
Bouchekioua et al (28) and Nairismägi et al (29) using western 
blot analysis on the expression level of p-STAT3 expression 
in NK/T cell lines determined that p-STAT3 have a low/no 
expression in normal NK cells. However, p-STAT3 has been 
revealed to be overexpressed in tumor cell lines, as well as 

Figure 4. Genomic mutations of STAT3 in extranodal NK/T-cell lymphoma, nasal type. (A) Location of the mutated nucleotides in the SH2 domain of the 
STAT3 gene in tumor specimens and YT and NKL cell lines. (B) STAT3 missense mutation through Sanger sequencing. STAT3, signal transducer and 
activator of transcription 3; SH2, STAT3 SRC homology 2.
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in most EN-NK/T-NT primary tumors (16,17). In the present 
study, NanoString results revealed that the STAT pathway 
was activated in 70% of EN-NK/T-NT cases, IHC results 
revealed that p-STAT3 was highly expressed in 72.4% of 
EN-NK/T-NT samples, and western blot analysis results 
revealed that p-STAT3 was activated in NK/T cell lines. 
Therefore, JAK3/STAT3 was activated in the majority of the 
EN-NK/T-NT cases, demonstrating its important role.

It is well known that the JAK3/STAT3 pathway can be 
activated by two main mechanisms in EN-NK/T-NT, either 

by Epstein-Barr virus infection or by driver gene muta-
tion (12,17,30,31). Recently, next generation sequencing 
revealed that the frequencies of JAK3 (A572V, A573V) 
mutations were variable and relatively low (17,30,32-34). 
Sanger sequencing of the cases in the present study did not 
reveal these single nucleotide variants (data not shown), 
which was consistent with a recent study (35). By contrast, 
the STAT3 mutation rate was high and stable. In 4 published 
sequencing data, the mutation frequencies of the STAT3 gene 
was 12% (3/25), 26% (9/34), 10.5% (11/105) and 8% (2/25) in 

Table I. Clinicopathological features of 37 extranodal NK/T-cell lymphoma, nasal type.

Sample  Age Biopsy Ann Arbor PRDM1 p-STAT3 STAT3
no. Sex (years) site stage expression expression mutation Outcome

Case 1 M 6 Nasal Ⅳ High High No Alive
Case 2 M 49 Nasal I High High S614C Alive
Case 3 M 63 Nasal II Negative High No Alive
Case 4 F 22 Nasal III Negative Negative No Alive
Case 5 M 35 Nasal III Negative High No Died
Case 6 M 66 Skin IV Negative Negative No Died
Case 7 M 51 Nasal III Negative Negative No Alive
Case 8 M 53 Nasal III High High G618G Alive
Case 9 F 41 Inguinal lymph nodes IV Negative High No Alive
Case 10 F 43 Nasal IV High High No Died
Case 11 M 52 Nasal Ⅳ High High No Died
Case 12 M 36 Nasal Ⅱ Negative Negative No Alive
Case 13 M 29 Skin Ⅲ Low High G618R Alive
Case 14 M 55 Nasal Ⅳ Negative Low No Died
Case 15 M 48 Nasal II High Low G618G Alive
Case 16 F 62 Nasal III High low No Died
Case 17 M 77 Nasal II High High No Alive
Case 18 M 47 Nasal IV Negative High No Died
Case 19 M 29 Nasal III High High No Died
Case 20 F 25 Nasal IV High High No Died
Case 21 M 66 Tonsil Ⅰ Low High No Alive
Case 22 M 80 Nasal Ⅳ Low Low No Died
Case 23 F 62 Axillary lymph node IV Negative High No Died
Case 24 F 38 Skin NA Negative High T708p Died
Case 25 F 81 Nasal III High High No Died
Case 26 M 49 Intestine Ⅳ Negative High A702t Died
Case 27 F 55 Bone marrow II Negative Negative No Alive
Case 28 M 28 Skin Ⅳ Negative High Y640f Died
Case 29 M 45 Nasal Ⅰ Low High No Alive
Case 30 M 73 Skin  IV Negative High No Died
Case 31 F 41 Nasal Iv Negative High N647i Died
Case 32 F 23 Nasal III Negative Negative No Alive
Case 33 F 54 Nasal Ⅳ Negative Negative No Died
Case 34 M 12 Nasal IV Negative High Y640f Died
Case 35 M 63 Tonsil Ⅰ Low High No Alive
Case 36 M 71 Nasal Ⅰ Negative High No Alive
Case 37 F 29 Inguinal lymph nodes II Negative High No NA

M, male; F, female; NA, data not available; PRDM1, positive regulatory domain containing I; STAT3, signal transducer and activator of 
transcription 3; p-STAT3, phospho-STAT3 (Tyr705); EN-NK/T-NT, extranodal natural killer/T-cell lymphoma, nasal type.
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patients and/or cell lines, respectively (17,30,32,33). Notably, 
all STAT3 mutations occurred at the SH2 domain. Therefore, 
frequent mutations in this domain can be presumed to be 
gain-of-oncogenic-function type mutations. In the present 
study, the SH2 domains of STAT3 in cell lines and primary 
tumors were sequenced. The STAT3 mutation was detected 
in 18.92% of EN-NK/T-NT cases, with an increased 
p‑STAT3 expression also identified in those cases, demon-
strating that the activation of the JAK3/STAT3 pathway may 
be partly caused by STAT3 mutations. Among the 6 types 
of missense mutations, T708P in STAT3 had not been previ-
ously reported. Notably, EN-NK/T-NT patients with STAT 
mutations had a considerably poorer OS. Therefore, STAT3 
mutation is a prognostic marker for EN-NK/T-NT patients, 
but p-STAT3 is not.

Certain studies have indicated that STAT3 could mediate 
the upregulation of PRDM1, which in return inhibits STAT3 
phosphorylation in B cells (36). ChIP-seq data have also 

confirmed that STAT3 has the potential to bind to multiple 
areas within PRDM1 (37). However, in the present study, the 
JAK3/STAT3 pathway was activated in both the PRDM1(+) 
and PRDM1(-) groups, although it was more marked in the 
PRDM1(+) group. The NKL cell line with PRDM1 deletion 
exhibited a high p-STAT3 expression, with the NK92 cell 
line with PRDM1 deletion exhibiting no p-STAT3 expres-
sion. In the present cohort, a high expression of p-STAT3 
was detected in the majority of the EN-NK/T-NT cases, 
but there were only a few cases with a high expression of 
PRDM1. These results indicated that PRDM1 inactivation 
and JAK3/STAT3 pathway activation could be independent 
events in the process of EN-NK/T-NT pathogenesis and 
progression, despite their possible influence on each other at 
the regulation level.

Stattic (38), a STAT3 inhibitor, inhibited cell viability 
and induced apoptosis in STAT3-mutant YT and NKL 
cells. However, Stattic had a low toxicity in NK92 cells with 

Table II. Summary of PRDM1 expression, combination of gene deletion, p-STAT3 expression and STAT3 mutation in EN-NK/T-NT.

Sample PRDM1 protein 6q21 and/or PRDM1 HD  p-STAT3 STAT3 mutation

YT + - + Y640F
NKL - + + Y640F
NK92 - + - -
Case 22 - + + -
Case 26 - + + A702T
Case 28 - + + Y640F
Case 29 + - + -
Case 33 - - - -
Case 34 - + + Y640F
Case 35 + - + -
Case 36 - + + -
Case 37 - + - ND
Case 38 - + - ND
Case 39 - + - ND
Case 40 - - + ND
Case 41 - + + ND
Case 42 - + + ND
Case 43 - - + ND
Case 44 - + - ND
Case 45 - + - ND
Case 46 + + + ND
Case 47 - - + ND
Case 48 - + + ND
Case 49 - - + ND
Case 50 - - - ND
Case 51 + - + ND
Case 52 - + + ND
Case 53 + + + ND
Case 54 - - - ND
Case 55 - + + ND

PRDM1, positive regulatory domain containing I; p-STAT3, phospho-STAT3 (Tyr705); STAT3, signal transducer and activator of transcription 3; 
EN-NK/T-NT, extranodal natural killer/T-cell lymphoma, nasal type; HD, heterozygous deletion; ND, no detection.
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Figure 6. Stattic, a STAT3 inhibitor, affects STAT3-mutant cell growth and apoptosis. (A) NKL, NK92 and YT cells were treated with Stattic for the indicated 
concentrations and days, respectively. The proliferation of YT and NKL, but not those of NK92, was sensitive to 2 µM Stattic, as determined by MTS assay 
after 24 and 48 h of treatment. (B) Cells were treated with Stattic (2 µM) for 48 h and the apoptosis of Stattic-treated cells was assessed by Annexin V/7ADD 
and tested with FACS. STAT3, signal transducer and activator of transcription 3.

Figure 5. Stratified clinicopathological significance of STAT3 activation and PRDM1 expression in extranodal NK/T-cell lymphoma, nasal type. 
(A) Kaplan-Meier analysis demonstrated the correlation between STAT3 mutation and an inferior OS in patients (P=0.017). (B) Kaplan-Meier analysis revealed 
that the p‑STAT3 expression did not significantly affect OS (P=0.886). (C) Kaplan‑Meier survival analysis revealed that PRDM1 expression in EN‑NK/T‑NT 
had a positive effect on OS (P=0.037). (D) Kaplan-Meier analysis revealed the effect of PRDM1 expression and STAT3 mutation on OS. The group with 
STAT3(mut+)/PRDM1(-) staining had a considerably worse prognosis, as compared with that in other groups (P=0.037). STAT3, signal transducer and acti-
vator of transcription 3; PRDM1, positive regulatory domain containing I; OS, overall survival; EN-NK/T-NT, extranodal NK/T-cell lymphoma, nasal type.
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wild-type STAT3 and did not affect apoptosis. Similarly, 
Stattic was effective against STAT3-mutant NTCL cells 
but less effective in STAT3 wild-type NTCL with a high 
p-STAT3 expression (30). At present, JAK inhibitors are 
expected to be effective in interrupting this signaling pathway 
in cells with a STAT3 expression (39). However, it is unclear 
whether the inhibitor may effectively inhibit this pathway in 
STAT3-mutant cells. Therefore, STAT3 mutant YT, NKL 
cells and WT NK92 cells were treated with tofacitinib, a 
pan-JAK inhibitor that has been revealed to have a functional 
specificity for JAK1/3 over JAK2 in cell assays (40). In consis-
tency with the results of a previous study by Ando et al (41), 
tofacitinib was found to induce G1 CC arrest and inhibit cell 
growth in NK92 and STAT3-mutant cells. These data indi-
cated that JAK1/3 inhibitors may have a therapeutic effect on 
EN-NK/T-NT patients with STAT3 mutations. Furthermore, 

tofacitinib has been approved by the US Food and Drug 
Administration for myeloproliferative disorders, and is 
therefore available for trials on patients with EN-NK/T-NT, 
while Stattic has still not been made clinically available (42). 
However, to facitinib blocks JAK3 activity in EN-NK/T-NT, 
both in vitro and in vivo, and its clinical usage in cancer 
therapy has been limited to pan-JAK inhibition activity (29). 
Further development of small-molecule inhibitors targeting 
STAT3 may synergize with highly selective JAK3 inhibitors 
to improve the outcome of these malignant diseases.

In conclusion, the activation of the JAK3/STAT3 
pathway and inactivation of PRDM1 were two common 
events in EN-NK/T-NT observed in the samples of the 
present study. Notably, these two factors could stratify the 
clinicopathologic features of EN-NK/T-NT. In practice, 
PRDM1 immunostaining and STAT3 gene mutation could 

Table III. Correlation of p-STAT3 expression and STAT3 mutation with clinical factors and prognostic value.

 p-STAT3 expression STAT3 mutation
 --------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------
 n % Low High P-value n % No Yes P-value

STAT3 mutation 37
  Yes 7 18.9 0 7 0.31
  No 30 81.1 8 22
PRDM1 58     37
  PRDM1(+) 19 32.8 2 17 NA 15 40.5 13 2 0.39
  PRDM1(-) 39 67.2 14 25  22 59.5 17 5
Sex 58     37
  Male 35 60.3 7 28 0.11 24 64.9 19 5 1.00
  Female 23 39.7 9 14  13 35.1 11 2
Age (years) 58     37
  ≤60 44 75.9 15 29 0.11 26 70.3 19 7 0.08
  >60 14 24.1 1 13  11 29.7 11 0
Site 58     37
  Nasal 44 75.9 4 10 1.00 27 73 24 3 0.06
  Extranasal 14 24.1 12 32  10 27 6 4
Ann Arbor Stage 36     17
  I/II 10 27 4 6 0.69 5 29.4 5 0 0.26
  III/IV 27 73 8 19  12 70.6 8 4
Outcome 50     35
  Alive 22 39.3 7 15 0.49 15 42.9 13 2 0.67
  Dead 34 60.7 8 26  20 57.1 15 5
Angiocentric infiltration 58     37
  No 34 58.6 13 21 0.04 20 51.4 18 1 0.04
  Yes 24 41.4 3 21  17 48.6 12 6
Necrosis 58     37
  No 20 34.5 7 13 0.36 16 43.2 14 2 0.67
  Yes 38 65.5 9 29  21 56.8 16 5
OS
  Mean ± SD 23.56±31.9 20.05±22.7 0.69 16.41±15.02 7.71±8.05 0.05

p-STAT3, phospho-STAT3 (Tyr705); STAT3, signal transducer and activator of transcription 3; PRDM1, positive regulatory domain 
containing I; OS, overall survival; NA, not analyzed.
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serve as potential biomarkers for prognosis in patients 
with EN-NK/T-NT. In addition, the JAK3/STAT3 pathway 
inhibitor could be a new measure to deal with this highly 
aggressive malignancy.
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