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Abstract
Background  Nasopharyngeal carcinoma (NPC) is an EBV-associated neoplasm occurring endemically in Southeast Asia 
and sporadically all over the world. In children and adolescents, high cure rates have been obtained using chemotherapy, 
radiochemotherapy and maintenance therapy with interferon beta (IFNβ). The mechanism by which IFNβ contributes to a 
low systemic relapse rate has not yet been fully revealed.
Patients and methods  NK cells and serum samples from two patients with NPC were analyzed before and at different time 
points during IFNβ therapy, for assessment of TRAIL expression and NK cell cytotoxicity. Cytotoxicity was measured using 
the calcein release assay and the contribution of different death effector pathways was analyzed using specific inhibitors.
Results  Treatment with IFNβ induced TRAIL expression on patients’ NK cells and increased their cytotoxicity against NPC 
targets in vitro. NK cell-mediated cytotoxicity was predominately mediated via TRAIL. IFNβ also induced the production of 
soluble TRAIL (sTRAIL) by NK cells and its release upon contact with NPC cells. IFNβ treatment increased serum levels 
of sTRAIL in patients. Moreover, sTRAIL concentrated from patients’ serum samples induced apoptosis ex vivo in NPC 
cells from a patient-derived xenograft.
Conclusion  Increased cytotoxicity of NK cells against NPC cells and increased serum levels of biologically active TRAIL 
in patients treated with IFNβ could be a means to eliminate micrometastatic disease and explain the low systemic relapse 
rate in this patient group.

Keywords  Nasopharyngeal carcinoma · Interferon beta · Natural killer cells · Tumor necrosis factor apoptosis-inducing 
ligand · Adolescents · Children
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Introduction

Nasopharyngeal carcinoma (NPC) is an EBV-associated neo-
plasm mainly occurring in adolescents/young adults and in 
people above 60 years of age [1, 2]. It is endemic in Southeast 
Asia, occurs less frequently in Northern Africa, and is rarely 
seen in Europe and the Americas. Tumors in the endemic 
region and the young age group are usually undifferentiated 
and characterized by a marked lymphomononuclear infiltrate 
[3, 4]. State-of-the-art treatment in adolescents and young 
adults consists of the combination of neoadjuvant chemo-
therapy and radiochemotherapy resulting in 5-year event-free 
survival rates of around 80% in patients with localized disease 
[5–8]. Relapse occurs in about 20% of patients and is almost 
exclusively metastatic. The addition of interferon beta (IFNβ) 
as maintenance therapy has led to event-free survival rates 
above 90% as demonstrated by two prospective multicenter 
studies, NPC-GPOH-91 and NPC-GPOH-2003 [6, 7]. Though 
there is sufficient clinical evidence about the effectiveness of 
IFNβ in the treatment of NPC [6, 7, 9–12], studies explor-
ing the mechanisms of the anti-tumor effects of IFNβ against 
NPC have only started recently. In a first study, we could show 
that IFNβ induces apoptosis in NPC cell lines and cells of 
a patient-derived xenograft at concentrations achievable in 
humans [13]. Apoptosis was dependent on the induction of 
surface expression of the death ligand TRAIL on NPC cells 
and subsequent activation of the TRAIL signaling pathway. 
However, the anti-tumor effect of IFNβ, in general, is not only 
mediated by its direct action on tumor cells but also indirectly 
by activating an anti-tumor immune response [14, 15]. IFNβ 
has been shown to induce TRAIL expression on NK cells [16, 
17]. NK cells play a major role in protecting against tumor 
initiation and metastasis [18–21]. Recently, a higher extent 
of tumor infiltration by NK cells was shown to be associated 
with a better overall and progression-free survival in NPC 
patients [22]. There is evidence that the anti-metastatic effect 
of NK cells is mediated by TRAIL and that this effect can be 
augmented by type I interferons [23, 24]. In a mouse model of 
hepatic metastasis, injection of IFNα into mice led to activa-
tion of liver NK cells and metastasis rejection [25].

In this study, we have analyzed the effects of IFNβ treat-
ment on two NPC patients with regard to the expression of 
TRAIL and its influence on NK cell cytotoxicity.

Materials and methods

Patients

Blood samples from two patients with EBV-positive naso-
pharyngeal carcinoma were used in this study. Patients were 

two 18-year-old females who were coincidentally diagnosed 
with EBV-positive NPC at the same time, which was clas-
sified by histology as nonkeratinizing squamous cell car-
cinoma of undifferentiated subtype in both cases. Both 
patients had locoregional NPC with stage II (T2N1M0) 
in one patient and stage III (T3N1M0) in the other one. 
Patients were treated according to the recommendations 
of the Nasopharyngeal Carcinoma Study Section of the 
German Society of Pediatric Oncology and Hematology 
(GPOH) which propose three cycles of chemotherapy with 
5-fluorouracil and cisplatin, followed by radiochemotherapy 
and then maintenance therapy with IFNβ over 6 months 
[26]. Therapy with IFNβ was started with 3 Mio U of human 
recombinant IFNβ s.c. three times a week for the 1st week, 
and was afterwards increased to 6 Mio U s.c. three times a 
week. Blood samples were drawn at 0 h, 6 h and 24 h on day 
1 of weeks 1, 2 and 4 of maintenance treatment with IFNβ. 
Both patients received recombinant human interferon beta 
1a (Rebif®, Merck, Darmstadt, Germany). For comparison, 
peripheral blood mononuclear cells (PBMC) from healthy 
volunteers were obtained.

Purification of NK cells

PBMC were obtained from EDTA blood samples by Ficoll 
density gradient centrifugation. NK cells were isolated 
from PBMC by positive magnetic selection of CD56+ cells 
according to the manufacturer’s instructions (Miltenyi, 
Bergisch Gladbach, Germany). Purified NK cells were 
used immediately for flow cytometric analysis, cytotoxic-
ity assays and RNA sequencing. NK cells were held in 
RPMI1640 medium (Gibco, Paisley, UK) supplemented 
with 10% FCS and 100 U/ml penicillin and 100 mg/ml 
streptomycin (Gibco).

Cell lines

The NPC cell line C666-1 and the nasopharyngeal epithe-
lial cell line NP69 were used. C666-1 cells were maintained 
in RPMI1640 medium (Gibco) supplemented with 10% 
fetal bovine serum (Gibco), 100 U/ml penicillin, 100 mg/
ml streptomycin (Gibco), and NP69 cells in keratinocyte 
serum-free medium (Gibco). Cells were cultured in a 
humidified incubator with 95% air and 5% CO2 at 37 °C. 
Cell line C666-1 expresses FAS and TRAIL-R2, cell line 
NP-69 FAS and TRAIL-R1 as previously shown [13].

Patient‑derived xenograft

The xenograft C17 was established from a patient with an 
EBV-positive metastatic NPC in nude mice [27]. For the 
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experiment described, single cells suspensions were derived 
from freshly isolated C17 tumor fragments as described before 
[13]. C17 cells express FAS and TRAIL-R2 as reported previ-
ously [13].

Animal studies

Swiss nude mice were bred in the animal facility at Gustave 
Roussy and housed in pathogen-free conditions in filter cap 
cages holding a maximum of five animals with irradiated 
aspen chip bedding and cotton fiber nesting material. They 
were maintained on a 12/12 light/dark cycle, with ad libitum 
UV-treated water and RM1 rodent diet. Typically, xenografts 
were performed on 6–8 female mice by subcutaneous intro-
duction of tumor fragments (about 200 mg) under general 
anesthesia. They were sacrificed when the total tumor volume 
reached 1700 mm3. The animals were monitored for signs of 
pain, such as immobility or restlessness, reduction of drinking 
and food intake. The persistence of abnormal behaviors led to 
the euthanasia of animals with suffering presumption. Prior 
to tumor collection, mice were sacrificed by cervical disloca-
tion. Otherwise, mice were euthanatized by carbon dioxide 
asphyxiation.

Reagents

For cell culture studies, human recombinant interferon beta 
(IFNβ) was obtained from R&D System, the primary mouse 
monoclonal antibody against TRAIL, clone 2E5, from Enzo 
Life Science (Paris, France), anti-FAS antibody, clone ZB4, 
from Millipore (Temecula, USA) and concanavalin A from 
Sigma (St. Louis, USA). For immunohistochemistry, the fol-
lowing antibodies were used: mouse anti-human TRAIL-R1 
monoclonal antibody (Enzo Life Science, Clone TR1.02), 
mouse anti-human TRAIL-R2 monoclonal antibody (Enzo 
Life Science, Clone DJR2-2), mouse anti-human TRAIL mon-
oclonal antibody (Enzo Life Science, Clone III6F) as well as 
mouse anti-pan Keratin-, anti-CD3- and anti-CD56 antibodies 
(DAKO-Agilent).

Immunohistochemistry

Immunohistochemistry was performed on 3 μm sections of 
formalin-fixed, paraffin-embedded tissue samples as previ-
ously described [13].

Calcein release assay

A standard fluorescence-based calcein-AM release assay 
was used to determine the cytotoxic activity, using patients’ 
and healthy donors’ NK cells as effector cells and C666-1, 
C17 and NP69 cells lines as a source of target cells. Target 
cells were washed and resuspended in 15 µM calcein-AM 

(Thermo Fisher, Eugene, USA) for 30 min at 37 °C, before 
co-incubation with NK cells at different effector to target 
(E:T) ratios as indicated for 4 h at 37 °C. 4% Triton (Merck, 
Darmstadt, Germany) was added to ensure maximum calcein 
release in controls. After centrifugation, cell-free superna-
tant was transferred to a Cell Carrier Plate (Sarstedt, Nüm-
brecht, Germany) to measure relative fluorescence units 
(RFU) using a spectrophotometer (TECAN Infinite 200 Pro, 
Tecan, Männedorf, Switzerland). The percentage of specific 
lysis was calculated as follows: [(RFU value in respective 
treatment − RFU value in control (spontaneous release))/
(RFU value Triton (maximum release) − RFU value in con-
trol (spontaneous release)) × 100].

Analysis of NK cell cytotoxicity

To analyze the contribution of death ligands in NK cell-
mediated killing, NK cells were incubated with the block-
ing anti-TRAIL mAb, clone 2E5 (100 ng/ml) and NPC cells 
were incubated with the anti-FAS antibody, clone ZB4 
(100 ng/ml); cells were pretreated for 1 h with the respec-
tive antibodies before co-culture. In some experiments, NK 
cells were pretreated with 2.5 µg/ml concanavalin A (ConA; 
Sigma) for 2 h to inactivate the perforin/granzyme B path-
way. Cytotoxicity was determined via calcein release assay 
as described above.

Flow cytometric analysis

NK cells from patients were suspended at a density of 
1 × 105 cells in 500 μl of medium. Additionally, NK cells 
from healthy donors had been pretreated with or without 
IFNβ at 1000 U/ml for 24 h. Analysis of surface expression 
of TRAIL was done as previously described [13].

RNA extraction, library construction and sequencing

Total RNA was isolated from patients’ NK cells and NK 
cells of healthy donors treated with 1000 U/ml IFNβ for 
0 h (control), 6 h or 24 h using the Maxwell RSC Simply 
RNA Tissue kit (Promega, Mannheim, Germany) according 
to the manufacturer´s instructions. RNA quality was evalu-
ated using the Agilent 4200 Tape Station (RNA screen tape 
assay) (Agilent, Santa Clara, USA) and quantification was 
done using the Quantus Fluorometer (Promega). Libraries 
were generated from 1 µg of total RNA with the TrueSeq 
Stranded Total RNA Library Prep Kit (Illumina, San Diego, 
USA) and Ribo-Zero Gold Kit (Illumina) as described by 
the manufacturer. Quality and quantity of the RNA libraries 
were assessed using the 4200 Tape Station (D1000 screen 
tape assay) and the Quantus Fluorometer, respectively. 
The libraries were run on an Illumina NextSeq 500 plat-
form using the High Output 150 cycles Kit (2 × 76 cycles, 
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paired-end reads, single index) (Illumina), resulting in 
101.5 M reads per sample in average. Data were analyzed 
with an inhouse pipeline embedded in the workflow manage-
ment system of the Quick NGS environment.

Determination of sTRAIL serum levels

Serum samples from patients were obtained at the time 
points described above and were stored at − 80° C 
until analysis. Supernatants from 4 h co-cultures of NK 
cells, either stimulated or not with 1000 U/ml IFNβ, 
with C666-1 cells, were collected and stored in − 80° C 
until analysis. In all samples, levels of soluble TRAIL 
(sTRAIL) were measured using a commercial ELISA 
kit (R&D Systems, Minneapolis, USA) according to the 
manufacturer’s instructions.

Concentration of sTRAIL and cytotoxicity assay

Serum from both patients obtained at 24 h after IFNβ 
injection on day 1 of week 2 was concentrated for protein 
by centrifugation using Vivaspin columns (Sartorius, Göt-
tingen, Germany). Total protein concentration was then 
determined by the NanoDrop method [28] (Peqlab, Erlan-
gen, Germany) and sTRAIL concentration was calculated 
by the initial TRAIL concentration multiplied by the total 
protein concentration factor. Supernatants or PBS as a 
control were then added to C17 cells labeled with calcein 
as above. Where indicated, C17 cells were preincubated 
with a blocking anti-TRAIL mAb. After incubation for 
24 h, cells were centrifuged and cell-free supernatant was 
analyzed as described before for the calcein assay. As a 
control, supernatant from PBMC and NK cells of healthy 
controls incubated for 24 h with 1000 U/ml IFNβ was 
used.

Confocal microscopy

NK cells were allowed to settle onto poly-l-lysine (Sigma)-
coated coverslips for 15 min and were then fixed with 4% 
paraformaldehyde (Sigma). Staining for TRAIL was done 
as previously described with a monoclonal antibody recog-
nizing TRAIL (Alexis Biochemicals, San Diego, CA, USA; 
1:200) [13].

Statistical analysis

Data are represented as a mean ± SE. Each set of data repre-
sents the mean from at least three independent experiments 
conducted in quintuplicates for calcein release assays and 
triplicates for flow cytometric analyses. Differences between 
groups were examined for significant differences by unpaired 
t test. The level of statistical significances was set at p < 0.05.

Results

Expression of TRAIL receptors on patients’ tumor 
cells and detection of NK cells in tumor infiltrates

Tumors of both patients were analyzed by immunohisto-
chemistry. Staining for both TRAIL-R1 and -R2 revealed 
a low to moderate membranous expression pattern in car-
cinoma cells and histiocytic cells. Inflammatory infiltrates 
contained mainly CD3-positive T lymphocytes and few NK 
cells, both expressing TRAIL. The staining patterns were 
similar for both patients and results are shown for patient 1 
(Supplementary figure 1).

IFNβ administered to patients with nasopharyngeal 
carcinoma induces expression of TRAIL in NK cells

As IFNβ induces the expression of TRAIL on lympho-
mononuclear cells [16, 17] and nasopharyngeal carcinoma 
cells have been shown to be susceptible to TRAIL-medi-
ated apoptosis [13], we investigated whether the dosage 
of IFNβ administered to NPC patients was able to induce 
TRAIL expression on patients’ NK cells. At the beginning 
of maintenance therapy, PBMCs from two NPC patients 
were obtained before, 6 h and 24 h after the subcutaneous 
injection of the first dose of 3 Mio U human recombinant 
IFNβ. NK cells were isolated and TRAIL surface expression 
was analyzed by flow cytometry. NK cells isolated from two 
healthy donors treated in vitro with 1000 U/ml IFNβ served 
as controls.

As shown in Fig. 1, TRAIL surface expression was not 
detectable at baseline in NK cells from patients and controls. 
6 h after IFNβ administration, TRAIL could be detected on 
NK cells of both patients, decreasing again at 24 h. Simi-
larly, in NK cells of healthy controls, in vitro incubation 
with IFNβ led to the appearance of TRAIL after 6 h, further 
increasing after 24 h. Upregulation of TRAIL by NK cells 
after in vivo exposure to IFNβ in patients or in vitro expo-
sure in controls was also noted at the mRNA level through 
RNAseq analysis (Supplementary table 1). Interestingly, the 
surface expression of TRAIL in patients’ NK cells almost 
disappeared 24  h after administration of IFNβ, but the 
TRAIL mRNA expression at 24 h was higher than at 6 h.

Fig. 1   Induction of TRAIL expression on NK cells of NPC patients 
after subcutaneous administration of IFNβ. Two patients with NPC 
received 3 Mio U IFNβ s.c. at day 1 of week 1 of IFNβ maintenance 
therapy. NK cells were isolated before, 6  h and 24  h after IFNβ 
administration. TRAIL expression was measured by flow cytometry. 
As controls, NK cells from two healthy volunteers were incubated 
in  vitro with 1000 U/ml IFNβ. Representative histograms of tripli-
cates are shown

◂
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Increased TRAIL expression of NK cells during IFNβ 
maintenance therapy

In the GPOH treatment recommendations for NPC, mainte-
nance therapy with IFNβ started with 50% of the IFNβ dose 
in the 1st week, for optimal monitoring of side effects [6, 7, 
26]. If IFNβ is well tolerated, as it was the case for these two 
patients, the dosage is increased to 100%, equaling 6 Mio U 
s.c. three times a week, for a total of 6 months. To investi-
gate whether a dose-dependent increase in TRAIL expres-
sion of NK cells was seen under the full dose of IFNβ and 
whether this effect prevailed in the course of maintenance 
therapy, TRAIL expression on NK cells was also studied 
on day 1 of weeks 2 and 4 after the start of IFNβ therapy. 
As shown in Table 1, at week 2, NK cells of both patients 
already expressed TRAIL at baseline, prior to the next injec-
tion of IFNβ, and baseline levels were further increased at 
week 4. Though the baseline expression of TRAIL at day 1 
of weeks 2 and 4 was higher in NK cells of patient 1, TRAIL 
expression levels on NK cells 6 h after IFNβ administration 
were in a similar range for both patients, with 88.1% for 
patient 1 and 87.0% for patient 2 at week 4.

IFNβ administered to patients with nasopharyngeal 
carcinoma increases NK cell killing of NPC cells 
in vitro

Since NK cells can be induced to express TRAIL and NPC 
cells are susceptible to TRAIL-mediated apoptosis, we 
investigated whether NK cells from NPC patients were able 
to kill NPC cells, and whether killing could be augmented 
by IFNβ. Therefore, NK cells isolated from the two patients 
were incubated with calcein-labeled cells of NPC cell line 
C666-1 at an effector target (E:T) ratio of 6:1. Cells of the 
non-malignant nasoepithelial cell line NP69 served as con-
trols. After 4 h of incubation, calcein release of NPC cells 
was measured as a means of cell death. In addition, NK cells 
isolated from two healthy donors were stimulated with IFNβ 
in vitro as above and used as controls.

Figure 2a shows that NK cells from both patients were 
able to kill NPC cells. Specific killing by NK cells of patient 
1 was 30.2 ± 2.4% and of patient 2 34.9 ± 3.2% and was 
similar to killing by NK cells isolated from two healthy 

volunteers (32.4 ± 2.9% and 33.9 ± 3.3%). Killing signifi-
cantly increased when NK cells were isolated from patient 
1 after 6 h and patient 2 after 24 h of the first subcutaneous 
injection of IFNβ. Interestingly, similar to the increase of 
TRAIL expression on NK cells at weeks 2 and 4, baseline 
cytotoxicity of NK cells from both patients against C666-1 
cells rose 2 and 4 weeks after the start of maintenance ther-
apy and cytotoxicity was even further increased 6 h and 24 h 
after application of IFNβ, reaching levels of 78.8 ± 3.5% in 
patient 1 and 75.5 ± 4.9% in patient 2 24 h after IFNß appli-
cation on day 1 of week 4. Addition of IFNβ in vitro to NK 
cells isolated from healthy volunteers increased their cyto-
toxicity to NPC cells after 6 h and 24 h. In contrast, NK cells 
from patients and controls, either unexposed or exposed to 
IFNβ were unable to kill nasoepithelial cells NP69. Taken 
together, these results show that NK cells isolated from 
patients with NPC are able to kill NPC cells in vitro and 
that killing is increased when NK cells have been exposed 
to IFNβ in vivo.

In the next step, we analyzed the contribution of the 
different death effector pathways in NK cell killing against 
NPC cells. NK cells kill target cells via two major path-
ways, the granzyme/perforin pathway and the death ligand 
pathway with FasL and TRAIL as main effectors in the 
latter one [29, 30]. To block the granzyme/perforin and 
TRAIL pathway, NK cells from both patients isolated at 
day 1 of week 4 and from two healthy volunteers were 
incubated with concanavalin A and an anti-TRAIL anti-
body, respectively, before coculturing them with NPC 
cells; for blockage of the FasL/Fas pathway, NPC cells 
were incubated with a FAS blocking antibody before co-
culture with NK cells. Cytotoxicity was measured as shown 
above using the calcein assay. Figure 2b demonstrates that 
blocking of TRAIL reduced cytotoxicity of NK cells the 
most, followed by blockade of FAS; no major effect of 
concanavalin A was observed. When patients’ NK cells 
were isolated 6 and 24 h after injection of IFNβ, the con-
tribution of TRAIL to NK cell-mediated cytotoxicity was 
even higher. This suggests that the increase in NK cell 
cytotoxicity induced by IFNβ results to a large extent from 
the increase in TRAIL expression on NK cells as shown in 
Fig. 1. A similar pattern was observed in NK cells isolated 
from two healthy volunteers stimulated with IFNβ in vitro 

Table 1   Induction of TRAIL 
on the surface of NK cells from 
NPC patients treated with IFNβ

Values are net fluorescent intensities between mean fluorescent intensity of anti-TRAIL antibody and mean 
fluorescent intensity of the respective isotype

Patient 1 Patient 2

0 h 6 h 24 h 0 h 6 h 24 h

Week 1 0.05 ± 2.4 9.9 ± 3.0 2.3 ± 2.9 0.04 ± 2.7 18.8 ± 3.1 0.04 ± 3.3
Week 2 22.0 ± 3.3 28.9 ± 2.9 20.1 ± 2.7 11.0 ± 2.5 21.2 ± 3.1 9.1 ± 3.0
Week 4 79.1 ± 3.0 88.1 ± 3.6 83.4 ± 3.0 61.1 ± 3.3 87.0 ± 3.7 84.4 ± 3.1
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or when NPC cells were exposed to IFNβ before co-culture 
with NK cells (data not shown).

Increased serum levels of soluble TRAIL during IFNβ 
maintenance therapy

TRAIL also exists in a soluble form (sTRAIL) which is able 
to induce apoptosis in susceptible cells [31]. As IFNβ has 
been previously shown to promote the release of sTRAIL 
from cell populations such as neutrophils, monocytes, T and 
B lymphocytes [32], we investigated whether sTRAIL could 
be detected in the serum of the two patients treated with 

IFNβ. As shown in Fig. 3, serum sTRAIL levels were in a 
similar low range for the two NPC patients before the start of 
IFNβ treatment and the two healthy controls. sTRAIL levels 
slightly rose 6 h after injection of IFNβ in both patients and 
doubled after 24 h. Baseline levels of sTRAIL before injec-
tion of IFNβ were higher in the 2nd week of maintenance 
therapy compared to the 1st week, and increased further 
in the 4th week. These results go along with the previous 
observations underlining that the effect of IFNβ on expres-
sion of membrane-bound TRAIL on NK cells and the release 
of sTRAIL increases during the 1st month of maintenance 
therapy.

Fig. 2   Increased NK cell cytotoxicity against NPC cells after admin-
istration of IFNβ to patients. Patients received 3 Mio U IFNβ at day 
1 of week 1 and 6 Mio U IFNβ at day 1 of weeks 2 and 4. NK cells 
were isolated before, 6 h and 24 h after IFNβ administration and co-
cultured at an E:T ratio of 6:1 with calcein-labeled C666-1 cells. 
NK cells from healthy volunteers, incubated in vitro with IFNβ were 
used as positive controls for effectors and nasoepithelial cells NP69 
for targets. a Data are presented as means ± SEM (Student’s t test; 
*P < 0.05; **P < 0.01; ***P < 0.001). b Killing of NPC cells by NK 

cells is predominately mediated via TRAIL. NK cells from patients 
isolated before, 6 h and 24 h after IFNβ administration on day 1 of 
week 4 of IFNβ maintenance therapy were incubated as above with 
calcein-labeled NPC cells with or without an anti-TRAIL anti-
body, anti-FAS antibody or concanavalin A. NK cells from healthy 
donors, incubated in  vitro with 1000 U/ml IFNβ were used as con-
trols for effectors and nasoepithelial cells NP69 for targets. Data are 
presented as means ± SEM (Student’s t test; *P < 0.05; **P < 0.01; 
***P < 0.001)
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IFNβ induces the production of soluble TRAIL in NK 
cells which gets released upon interaction with NPC 
cells

We were then interested in knowing whether NK cells 
also produced sTRAIL. For this, NK cells of a healthy 
volunteer were cultured in the presence or absence 
of IFNβ for 24 h and then co-cultured with NPC cells 
C666-1 at an E:T ratio of 6:1. After 4 h of co-culture, 
supernatant was analyzed for the presence of sTRAIL. 
sTRAIL was already detectable in the supernatant of 
unstimulated NK cells and was about four times higher in 
NK cells incubated with IFNβ (Fig. 4a). When NK cells 
treated as above were stained for TRAIL and analyzed 
by confocal microscopy, a predominately cytoplasmatic 
staining pattern was detected in cells incubated for 24 h 
with IFNβ but not in unstimulated NK cells. Interest-
ingly, when staining of NK cells was done after 4 h of 
co-culture with NPC cells, TRAIL could not be detected 
in IFNβ-stimulated NK cells anymore, indicating that the 
contact with NPC cells lead to the release of intracel-
lularly stored TRAIL and the loss of surface expression 
of TRAIL (Fig. 4b). This loss of surface expression of 
TRAIL could be confirmed by flow cytometry of NK 
cells treated as above (Fig. 4c), as treatment of NK cells 
with IFNβ for 24 h lead to marked upregulation of surface 
TRAIL which then markedly diminished after 4 h of co-
culture with NPC cells. Interestingly, downregulation of 
TRAIL on NK cells was also observed in patients’ NK 
cells obtained 24 h after application of IFNβ compared to 
6 h (Fig. 1), suggesting that during the time period of 24 h 
NK cells had encountered TRAIL receptor-positive target 
cells inducing the release of sTRAIL as well as leading to 
the loss of TRAIL surface expression.

Induction of apoptosis by sTRAIL from serum of NPC 
patients treated with IFNβ

As sTRAIL levels increased in the serum of NPC patients 
after application of IFNβ, we questioned, whether such 
sTRAIL was able to induce apoptosis in NPC cells. There-
fore, serum from both patients obtained 24 h after IFNβ 
injection on day 1 in week 4 was concentrated for protein 
using Vivaspin columns. C17 cells isolated from a patient-
derived NPC xenograft and labeled with calcein were then 
incubated with protein-concentrated serum at 30 ng/ml 
sTRAIL. As shown in Fig. 5, sTRAIL-containing serum spe-
cifically killed NPC cells as killing could be greatly impaired 
by a TRAIL-blocking antibody. Supernatant of PBMC and 
NK cells stimulated in vitro with IFNβ also killed C17 cells 
in a TRAIL-specific manner, indicating that IFNβ induces 
expression functional sTRAIL by NK cells.

Discussion

In this manuscript, we have shown that IFNβ applied to 
two patients with NPC (1) induced TRAIL expression on 
patients’ NK cells, (2) increased their cytotoxicity against 
NPC cells, and (3) that this killing effect was largely medi-
ated by TRAIL. Furthermore, treatment of patients with 
IFNβ increased serum levels of biologically functional solu-
ble TRAIL (sTRAIL) indicating an additional way to induce 
apoptosis in NPC cells.

Malignant NPC cells are known to express TRAIL recep-
tors in situ. Examining 174 tumor biopsy specimens from 
patients with NPC by immunohistochemistry, Wang et al. 
detected TRAIL-R1 in 29.9% and TRAIL-R2 in 36.6% of 
tumors [33]; the percentage of biopsy specimens which 
expressed at least one TRAIL receptors was not given, but 

Fig. 3   Increased detection of soluble TRAIL in the serum of NPC 
patients treated with IFNβ. Serum from two patients with NPC, 
treated with IFNβ was obtained at the indicated time points; sTRAIL 

was measured by ELISA. Serum from two healthy volunteers was 
used as a control. Data are presented as means ± SEM
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Fig. 4   IFNβ-stimulated NK cells produce soluble TRAIL which gets 
released upon co-culture with NPC cells. a Supernatant from NK 
cells stimulated or not for 24 h with IFNβ at 1000 U/ml and then co-
cultured for 4 h with NPC cells C666-1, and then was analyzed for 

sTRAIL by ELISA. NK cells treated as above and co-cultured or not 
for 4  h with NPC cells C666-1 were stained with anti-TRAIL anti-
body and analyzed by b confocal microscopy or c flow cytometry

Fig. 5   Soluble TRAIL from the serum of NPC patients kills cells of 
a patient-derived NPC xenograft. Serum obtained 24 h after injection 
of IFNβ at d1 of week 4 of IFNβ maintenance therapy was concen-
trated about tenfold via Vivaspin centrifugation and added to calcein-
labeled C17 PDX cells for 24 h. Lysis of target cells was determined 

by measurement of calcein in collected supernatants by an ELISA 
reader. Killing could be inhibited by anti-TRAIL antibody. As a con-
trol supernatant from PBMC or NK cells incubated in vitro with 1000 
U/ml IFNβ was used
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one can assume that it ranged between 36.6% and 66.5%. As 
the activation of either TRAIL-R1 or -R2 is sufficient for 
eliciting apoptosis, this suggests that a large number of NPC 
patients bear tumors which are sensitive to apoptosis induc-
tion by TRAIL. The authors also found that the expression of 
TRAIL-R2 was associated with a better survival rate, indi-
cating that the TRAIL signaling pathway is of importance 
in the elimination of NPC tumor cells [33]. Using a panel of 
six different NPC cell lines and cells of one patient-derived 
xenograft (PDX) we have previously shown that all NPC 
cell lines studied and PDX cells expressed TRAIL receptors 
and that they were susceptible to TRAIL-mediated apoptosis 
[13]. In addition, IFNβ-induced expression of TRAIL in all 
cell lines except for cell line C666-1 and led to the induction 
of apoptosis in an autocrine way. We were also able to show 
that IFNβ markedly increased the expression of TRAIL-
R2 in NPC cells including PDX cells, suggesting that the 
clinical use of IFNβ in patients could sensitize tumors to the 
induction of apoptosis by TRAIL. As IFNβ has been shown 
to induce TRAIL expression in lymphomononuclear cells 
in vitro [16, 17], such cells could be an additional means to 
induce apoptosis in TRAIL-sensitive NPC cells, especially 
in NPC cells which are refractory to induction of endog-
enous TRAIL expression like C666-1 cells.

Investigating the expression of TRAIL on NK cells of 
two patients who started maintenance therapy with IFNβ, 
we demonstrate that the dosages applied were able to induce 
TRAIL expression. Upregulation of TRAIL expression on 
NK cells was already seen when patients received 3 Mio U 
IFNβ s.c., which was given as a 50% starting dose in the 1st 
week of maintenance treatment. TRAIL expression on NK 
cells of both patients was higher when patients got 6 Mio U 
at week 2 and week 4. Induction of TRAIL in NK cells has 
also been shown on the mRNA level in patients with chronic 
HepC infection receiving IFNα which like IFNβ belongs 
to the type I IFNs [34]; IFNα and IFNβ both signal mainly 
through IFNAR1 and -AR2 [35].

NK cells have been previously shown to kill NPC cells 
in vitro [36]. However, killing was only studied after culture 
of cells for 4 weeks. Killing of NPC cell lines CNE2 and 915 
used as targets in that study was at E:T ratios of 3:1 and 10:1 
around 20% and 30%, respectively, and in a similar range as 
for NK cells of the two patients in this study before start of 
IFNβ maintenance therapy. In our experiments, NK cells iso-
lated from both patients before start of IFNβ treatment killed 
cells of the NPC cell line C666-1 to a similar extent as did 
NK cells isolated from two healthy volunteers. When NK 
cells were isolated from patients after injection of IFNβ, kill-
ing of NPC cells by patients’ NK cells increased with respect 
to NK cells from healthy controls. Similarly to the increase 
in TRAIL expression during the course of maintenance ther-
apy, an increase in the killing ability of patients’ NK cells 
was observed at week 2, when the IFNβ dose was doubled 

and at week 4 of maintenance therapy. Increased killing of 
NK cells isolated from cancer patients when treated with 
IFNβ has been described before by Fujimiya et al., using 
the CML cell line K562 as a target [37]. In that study, NK 
cell cytotoxicity increased 24 h after injection of IFNβ; in 
contrast to our observations, NK cytotoxic activity fell below 
the original baseline levels after 2 weeks of alternate daily 
injections of IFNβ in the Fujimiya study.

To kill their targets, NK cells use diverse effectors which 
belong to two main categories: the granzyme B/perforin and 
the death ligand pathway with FASL and TRAIL as its major 
constituents for killing [38]. We investigated the contribu-
tion of these different pathways in the killing of NPC cells 
by NK cells. Our results show that TRAIL is the main effec-
tor of apoptosis induction in NPC cells. The contribution 
of the TRAIL pathway to NPC killing increased when NK 
cells were isolated after injection of IFNβ or NK cells from 
healthy volunteers were incubated in vitro with IFNβ. This 
is in contrast to the killing of other targets by NK cells. The 
killing of K562 cells by NK cells has been shown to be com-
pletely dependent on the granzyme B/perforin pathway [38]. 
Also, in the killing of neuroblastoma cell lines by NK cells, 
the granzyme B/perforin pathway represents the major path-
way of killing and is supplemented by the TRAIL signaling 
pathway in TRAIL-sensitive cell lines [39]. In contrast, kill-
ing of FAS-positive Jurkat cells by NK cells is only partly 
dependent on the granzyme B/perforin system and mainly 
mediated by FASL [40]. The contribution of different death 
effector pathways probably reflects the sensitivity of target 
cells to the corresponding death mechanism.

TRAIL is expressed as a membrane-bound protein on 
the cell surface. It also exists in a soluble form (sTRAIL), 
generated through enzymatic shedding of surface-anchored 
TRAIL or by cellular secretion [32]. Type I interferons 
have been shown to increase the intracellular production 
of TRAIL in neutrophils, monocytes and T cells [41, 42]. 
Though only a minor part of TRAIL is secreted after expo-
sure to type I interferons, additional stimuli like TNFα or 
lipopolysaccharides in neutrophiles or PHA in T cells lead 
to a rapid release of intracellularly stored TRAIL [42, 43]. 
The role of sTRAIL derived from NK cells has not been 
studied so far. Here, we show that IFNβ induces production 
of TRAIL in NK cells, and that TRAIL is being stored intra-
cellularly and is expressed on the cell membrane, similarly 
to neutrophils, monocytes and T cells. Contact with NPC 
cells as targets then leads to the release of intracellularly 
stored TRAIL and its detection in the supernatant. Interest-
ingly, co-culture with NPC cells also leads to the loss of 
membranous expression of TRAIL in NK cells, a phenom-
enon which has not been previously described in other cell 
systems, especially T cells. The loss of surface expression 
of TRAIL from NK cells when co-cultured with NPC cells 
in vitro is consistent with the observation made in vivo that 
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circulating NK cells lose their TRAIL expression 24 h after 
the application of IFNβ. One possible explanation could be 
that in vivo as in vitro NK cells lose their surface TRAIL 
molecules after the interaction with TRAIL receptor-bearing 
target cells. As surface-anchored TRAIL has been shown to 
be cleaved by cathepsin E [44], one can speculate that either 
NPC cells do express cathepsin on their cell surface or that 
cathepsin is secreted by NK cells or NPC cells upon cell to 
cell interaction.

Increased levels of sTRAIL have been measured in 
patients treated with type I interferons [45, 46]. Treatment 
of melanoma patients with IFNα resulted in TRAIL plasma 
levels around 3000 pg/ml [46] which were in a similar range 
as the levels in our two NPC patients. sTRAIL isolated from 
PBMC stimulated in vitro with IFNα has been shown to 
be biologically active and to induce apoptosis in leukemic 
cells [46]. In our experiments, we directly demonstrate that 
sTRAIL from serum of NPC patients was able to kill NPC 
cells of a patient-derived xenograft. We can therefore specu-
late that the clinical efficacy of IFNβ in patients with NPC 
might also rely on the induction of apoptosis by circulating 
sTRAIL in NPC cells.

In summary, IFNβ could mediate an anti-tumor effect 
in patients with nasopharyngeal carcinoma through induc-
tion of TRAIL via three distinct pathways: (1) induction of 
TRAIL expression on NPC cells and subsequent activation 
of the TRAIL pathway in an autocrine and paracrine manner 
[13], (2) induction of TRAIL on NK cells and elimination of 
NPC cells by activated NK cells, and (3) direct induction of 
apoptosis in NPC cells via soluble TRAIL. As relapse in the 
treatment of NPC is nowadays mainly systemic, the activa-
tion of these pathways by IFNβ could explain the clinical 
observation that NPC patients participating in the GPOH 
studies have an increased disease-free survival and lower 
risk of distant failure compared to patients on other pediatric 
studies without adjuvant IFNβ [5–8]. Distant failure rates are 
even higher in treatment protocols for adult NPC patients 
which mainly rely on radiochemotherapy [47]. Therefore, 
the extension of maintenance therapy with IFNβ to adults 
with NPC is expected to decrease the risk for metastatic 
relapse and should ideally be tested in a randomized clini-
cal trial. In addition, our study suggests a potential thera-
peutic benefit of IFNβ-activated NK cells in patients with 
NPC. The adoptive transfer of NK cells has been shown to 
be safe and efficacious in various malignancies refractory to 
standard treatment [48]. A clinical trial using high levels of 
NK cells in patients with small NPC metastases is currently 
ongoing in patients with relapsed disease in Guangzhou, 
China [NCT03007836].
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