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Abstract: Objectives: To investigate the synergistic anti-tumor effects and underlying mechanisms of combining 
cytokine-induced killer (CIK) cell therapy with programmed death 1 (PD-1) blockade in the treatment of nasopha-
ryngeal carcinoma (NPC). Methods: CIK cells were generated from peripheral blood mononuclear cells (PBMCs) of 
healthy donors. The combinatorial effects were assessed in vitro by co-culturing CIK cells with HK-1 NPC cells to 
assess cytotoxicity, apoptosis-related gene expression, cytokine secretion, and activation of the mitogen-activated 
protein kinase kinase (MEK)/extracellular signal-regulated kinase (ERK) pathway. In vivo efficacy was evaluated in 
a NOD scid gamma (NSG) mouse xenograft model (n=6/group). Results: In vitro, PD-1 blockade dose-dependent-
ly enhanced CIK cell-mediated cytotoxicity, apoptosis, and secretion of interferon-gamma (IFN-γ), tumor necrosis 
factor-alpha (TNF-α), and interleukin-2 (IL-2), concomitant with MEK/ERK pathway activation. In vivo, combination 
therapy significantly inhibited tumor growth compared with either monotherapy. This was associated with increased 
infiltration of cluster of differentiation (CD)3+, CD4+, CD8+, and CD56+ immune cells, enhanced tumor apoptosis 
(TUNEL+), reduced proliferation (Ki67), and alleviated oxidative stress within the tumor microenvironment. Conclu-
sions: Combined CIK cell therapy and PD-1 blockade demonstrated significant synergistic anti-tumor activity against 
NPC by enhancing cytotoxicity, activating key signaling pathways, and remodeling the tumor immune microenviron-
ment. This strategy represents a promising therapeutic approach for NPC.
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Introduction

Epithelial cells within the nasopharynx give rise 
to nasopharyngeal carcinoma (NPC), with a 
high incidence in Southeast Asia and Southern 
China [1, 2]. Despite advancements in radio-
therapy and chemotherapy, the prognosis for 
advanced NPC remains poor due to frequent 
local recurrences and distant metastases [3]. 
This inference underscores the urgent need for 
novel combination therapies. Combining cyto-
kine-induced killer (CIK) cells with programmed 
death receptor protein 1 (PD-1) inhibitors, as an 
adjuvant approach, has shown promise in aug-
menting anti-tumor immune responses [4, 5]. 
However, the therapeutic potential of this com-
bination has not been thoroughly investigated 
in NPC.

Immunotherapy has emerged as an option for 
improving NPC treatment outcomes [6, 7]. Re- 
cent research has advanced our understanding 
of immune evasion mechanisms in NPC, impli-
cating several critical factors; these encompass 
the equilibrium between effector and regulatory 
T cells, physical barriers within the tumor micro-
environment, and immunosuppressive signal-
ing pathways. For instance, Geels et al. eluci-
dated the dual function of CD8+ T cells in 
anti-PD-1 therapy and proposed that concur-
rent blockade of the inducible T-cell co-stimula-
tor ligand (ICOSL) could counteract immunosup-
pressive feedback, thereby enhancing ther- 
apeutic efficacy [8]. Sargsian et al. reported 
that silver nanoparticles could induce immuno-
genic cell death, transforming immunologically 
“cold” tumors into “hot” ones, thereby enhanc-
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ing immunotherapy efficacy [9]. Similarly, He 
Zhuoying et al., identified the restrictive role of 
the extracellular matrix in T-cell infiltration and 
suggested that inhibition of Discoidin Domain 
Receptor 1 (DDR1) may further potentiate im- 
mune checkpoint blockade [10]. Collectively, 
these studies underscore a growing trend to- 
ward combinational immunotherapy strategies. 
However, further investigation is required to 
validate their long-term efficacy, safety, and 
individualized ause.

CIK cells represent a heterogeneous subset of 
T lymphocytes with dual characteristics of natu-
ral killer (NK) cells and T cells, offering unique 
anti-tumor capabilities [11, 12]. They recognize 
and eliminate various solid tumor cells through 
tumor-associated antigens or non-specific path- 
ways independent of the major histocompatibil-
ity complex (MHC), rendering them exception-
ally adaptable for clinical applications [13, 14]. 
CIK cells have demonstrated robust anti-tumor 
activity in several malignancies, including lung, 
liver, and gastric cancers [15]. PD-1 is a critical 
immune checkpoint molecule. Upon binding to 
its binding partner ligand, PD-L1, it suppresses 
T-lymphocyte activation, thereby enabling tu- 
mor cells to evade immune surveillance [16, 
17]. PD-1 inhibitors (such as nivolumab and 
pembrolizumab) disrupt this interaction, restor-
ing T-cell effector function and showing remark-
able efficacy across various malignancies [18, 
19]. These immune checkpoint inhibitors have 
shown remarkable success in treating melano-
ma, non-small cell lung cancer, and others [20, 
21]. With advancing insight into immunothera-
py, combination strategies have emerged as  
a promising approach to enhance therapeutic 
efficacy. Combining CIK cells with PD-1 inhibi-
tors yields synergistic effects by directly target-
ing tumor cells while simultaneously alleviating 
immune suppression, thereby augmenting both 
T-cell and CIK cell activity [16, 22]. This combi-
national approach has shown promise for treat-
ing refractory cancers, encompassing renal cell 
carcinoma and triple-negative breast cancer 
[23].

Given that the potential of combining CIK cells 
with PD-1 inhibitors in NPC remains underex-
plored, this study aimed to investigate the effi-
cacy and safety of this combination using in 
vitro and in vivo models. Moreover, this investi-
gation sought to uncover the underlying mecha-
nisms by which this therapeutic strategy en- 

hances anti-tumor immunity. These findings 
may contribute to developing new combination-
al strategies for NPC treatment.

Materials and methods

Ethical statement

All animal experiments were performed in 
accordance with the guidelines approved by 
the Ethics Committee of The First Affiliated 
Hospital of College of Medicine, Zhejiang Uni- 
versity. The collection and use of human sam-
ples were approved by the Ethics Committee of 
The First Affiliated Hospital of College of Me- 
dicine, Zhejiang University.

CIK cell preparation

Human peripheral blood mononuclear cells 
(PBMCs) were procured from the heparinized 
blood of five healthy donors by Ficoll density 
gradient centrifugation. Informed consent was 
obtained from all participants. The PBMCs were 
resuspended at 1×106 cells/mL in Roswell Park 
Memorial Institute (RPMI, Gibco, USA) 1640 
medium comprising 10% fetal bovine serum 
(FBS, Gibco, USA). To promote CIK cell differen-
tiation, the cells were cultured with monoclonal 
anti-CD3 antibodies (GenScript, China), recom-
binant human interleukin-2 (IL-2, CoSinCayon, 
China), IL-1α (CoSinCayon, China), and inter- 
feron-γ (IFN-γ, CoSinCayon, China). The medium 
was replaced every 5 days, with cultures con-
tinuing for 21 days. On day 21, a portion of 
these cells was harvested for flow cytometric 
analysis to examine the expression of surfa- 
ce markers on the primary effector cells us- 
ing anti-CD3-Fluorescein Isothiocyanate (FITC, 
Thermo Fisher Scientific Inc., USA) and anti-
CD56-Phycoerythrin (PE) antibodies (Cytognos 
S.L, Spain), to monitor changes in the CIK cell 
phenotype.

In vitro tumor cell killing assay

CIK cells, induced and expanded as previously 
described, were co-cultured with revived HK-1 
cells at specific effector-to-target (E:T) propor-
tions (10:1, 20:1, and 40:1) in 6-well plates 
(Thermo Fisher Scientific Inc., USA), with three 
replicates per ratio. HK-1 cells were prepared at 
a concentration of 5×104/mL and seeded into 
the lower chamber of the 6-well plates compris-
ing 0.4 μm pore-sized Transwell inserts, while 
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CIK cells were seeded in the upper chamber. 
The control cohort consisted of HK-1 cells cul-
tured alone, with three replicates. In experi-
mental cohorts, PD-1 monoclonal antibody 
(GenScript, China) was introduced at doses of 1 
μg/mL and 10 μg/mL, whereas PBS of equiva-
lent volume served as the control.

After 48 hours of incubation at 37°C in 5% CO2, 
apoptosis-related gene expression in tumor 
cells was assessed by quantitative polymerase 
chain reaction (qPCR). Total RNA was isolated 
from cells in each experimental group, followed 
by reverse transcription to generate comple-
mentary DNA (cDNA). SYBR Green real-time 
qPCR kits (Vazyme, China) were used to mea-
sure mRNA levels of caspase-3, B-cell lympho-
ma 2 (Bcl-2), and Bcl-2-associated X protein 
(Bax). Primer sequences are shown in Table 1. 
GAPDH served as an internal control, and the 
qPCR reactions were conducted according to 
the supplier’s instructions. In parallel, cytokine 
production was assessed using enzyme-linked 
immunosorbent assay (ELISA). Supernatants 
from the co-culture system were harvested, 
and the concentrations of IFN-γ, TNF-α, IL-2, 
and IL-6 were quantified utilizing ELISA kits 
(ml106726 etc., mlBio, China).

Mitogen-activated protein kinase/extracellular 
signal-regulated kinase (MEK/ERK) pathway 
analysis in CIK cells by western blot

CIK cells from the high-concentration co-cul-
ture system were harvested, and total protein 
was extracted using RIPA lysis buffer (Beyotime, 
P0013C) containing protease and phospha-
tase inhibitors. Protein concentration was de- 
termined using a BCA assay kit (Beyotime, 
P0009). For each sample, 20 µg of protein was 
separated by 10% SDS-PAGE and transferred 
to PVDF membranes (Merck Millipore, USA). 

The membranes were blocked with 5% non-fat 
milk for 1 hour at room temperature and then 
incubated overnight at 4°C with the following 
primary antibodies: anti-ERK (1:1000, NewEast 
Biosciences, China), anti-p-ERK (1:1000, New- 
East Biosciences, China), anti-MEK (1:1000, 
NewEast Biosciences, China), anti-p-MEK (New- 
East Biosciences, China), and anti-GAPDH 
(1:5000, NewEast Biosciences, China) as a 
loading control. Subsequently, the membranes 
were incubated with HRP-conjugated second-
ary antibodies (1:5000, Beyotime, China) for 1 
hour at room temperature. Protein bands we- 
re visualized using an ECL detection system 
(Beyotime, China). Band densities were quanti-
fied using ImageJ software, and the expression 
levels of target proteins were normalized to 
GAPDH.

In vivo tumor xenograft experiment

Animal experiments were conducted at the 
Zhejiang University Medical Animal Center. Six-
week-old male NSG mice (Charles River, China) 
were randomly assigned to four cohorts (n=6 
per cohort): the negative control cohort, CIK 
cell cohort, anti-PD-1 monoclonal antibody co- 
hort, and CIK + anti-PD-1 monoclonal antibody 
cohort. To establish the xenograft tumor model, 
HK-1 cells (2×106) were inoculated subcutane-
ously near the right axillary region of each spec-
imen. Treatment was initiated once the tumor 
volume reached 500 mm3. The CIK cohort re- 
ceived intravenous injections of 1×108 CIK 
cells, the anti-PD-1 cohort received intravenous 
injections of anti-PD-1 monoclonal antibody (10 
mg/kg), and the CIK + anti-PD-1 cohort received 
both treatments. The negative control cohort 
received an equivalent volume of PBS solution. 
Treatments were administered weekly for three 
weeks. Tumor size was measured with calipers 
every two days, and tumor volume was calcu-
lated using the formula: V = 0.5 × a × b2, where 
“a” is the length and “b” is the width of the tu- 
mor. Tumor fold change growth (FCTG) was cal-
culated as: FCTG = (Ve - V0)/V0, where V0 is the 
pre-treatment tumor volume, and Ve is the 
post-treatment tumor volume. An FCTG < 2 indi-
cated effective tumor growth inhibition. At the 
end of the experiment, the mice were eutha-
nized by CO2 asphyxiation followed by cervical 
dislocation, in accordance with the AVMA Gui- 
delines for the Euthanasia of Animals. The tu- 
mors, spleens, and serum samples were pro-
cured for subsequent examination. The study 

Table 1. Primers for qPCR
Primer Sequence (5’-3’)
Caspase-3-F ATGGAAGCGAATCAATGGA
Caspase-3-R TGTACCAGACCGAGATGTC
Bcl-2-F TCCGATCAGGAAGGCTAGAGTT
Bcl-2-R TCGGTCTCCTAAAAGCAGGC
Bax-F CCGCCGTGGACACAGAC
Bax-R CAGAAAACATGTCAGCTGCCA
GAPDH-F GAAGGTGAAGGTCGGAGTCA
GAPDH-R GAAGATGGTGATGGGATTTC
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was approved by the institutional ethics com-
mittee (approval number: IIT20240567B).

CIK cell infiltration

Immunohistochemical analysis was conducted 
on tumor and spleen tissues to assess CIK cell 
infiltration using markers including CD3+, CD4+, 
CD8+, and CD56+. For each mouse, sections of 
both tumor and spleen tissues were subjected 
to immunohistochemical staining with all four 
antibodies (C7930, Merck Sigma-Aldrich, USA).

Apoptosis detection and enzyme activity assay 
in tumor tissue

Terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) and Ki67 immuno-
fluorescence staining were performed to as- 
sess apoptosis in tumor tissues. Supernatants 
from homogenized tumor tissues were collect-
ed, and enzyme activity assays were performed 
to measure the levels of superoxide dismutase 
(SOD) (ab65354, Abcam plc., UK), malondialde-
hyde (MDA) (ab238537, Abcam plc., UK), gluta-
thione peroxidase (GPX) (ml107243, mlBio, 
China), and catalase (CAT) (ab83464, Abcam 
plc., UK) using commercially available kits per 
the supplier’s protocols.

Statistical analysis

Data were presented as mean ± standard devi-
ation (mean ± SEM). Comparisons between two 
independent cohorts were executed utilizing 
Student’s t-test, while one-way analysis of vari-
ance (ANOVA) with Tukey’s post hoc test was 
employed for multiple cohort comparisons. 
Trends in continuous variables, encompassing 
tumor volume and cytokine levels, were ana-
lyzed using repeated-measures ANOVA. A P- 
value < 0.05 was considered significant. All sta-
tistical analyses were executed utilizing Gr- 
aphPad Prism 6.0 software.

Results

CIK cell preparation

Flow cytometric analysis demonstrated a nota-
ble elevation in the proportion of CD3+, CD56+ 
cells in CIK cell cultures after 21 days of induc-
tion, compared to pre-induction levels (P < 
0.01), indicating successful CIK cell induction 
(Figure 1A).

In vitro tumor cell killing assay

In the CIK cell-treated cohort, mRNA levels of 
caspase-3 and Bax in HK-1 cells were upregu-
lated, while Bcl-2 expression was reduced com-
pared to the model cohort. The addition of PD-1 
antibodies further enhanced the levels of cas-
pase-3 and Bax and suppressed Bcl-2 expres-
sion in a dose-dependent manner (Figure 1B). 
Moreover, the secretion of IFN-γ, TNF-α, and 
IL-2 in the supernatant from the CIK-treated 
cohort was higher than that in the control 
cohort. Upon the addition of PD-1 antibodies, 
the secretion of these cytokines increased fur-
ther (Figure 1C). These findings indicate that 
PD-1 antibodies augmented the capacity of CIK 
cells to trigger apoptosis in HK-1 cells.

MEK/ERK pathway in CIK cells

Western blot analysis revealed that the co-
treatment of CIK cells with PD-1 antibodies sig-
nificantly increased the levels of phosphorylat-
ed ERK (p-ERK) and phosphorylated MEK (p- 
MEK) compared to CIK cell treatment alone. 
The total ERK and MEK protein expression 
remained unaltered (Figure 1D). These results 
imply that PD-1 antibodies may enhance the 
anti-tumor effects of CIK cells by activating the 
MEK/ERK signaling pathway.

In vivo tumor growth

Both CIK cell treatment and combination thera-
py significantly suppressed tumor progression 
in mice. The combination of CIK cells with PD-1 
antibodies further slowed tumor growth, with 
volumes considerably smaller than those in the 
single-agent or control cohorts, indicating a 
synergistic anti-tumor effect. The FCTG value 
was lowest in the combination therapy cohort, 
confirming its superior ability to inhibit tumor 
growth (Figure 2A, 2B). To assess systemic  
toxicity, the body weights of the mice were mon-
itored throughout the experiment. No signifi-
cant weight loss was observed in any of the 
treatment groups compared to the control gr- 
oup. Furthermore, at the end of the study, the 
weights of major organs, including the spleen, 
showed no significant differences across the 
cohorts (Figure 2C). These findings suggest 
that the CIK cell therapy and anti-PD-1 antibody 
treatment, both individually and in combina-
tion, were well-tolerated by the animals.
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Enzyme activity assay results

Immunohistochemical analysis showed that 
CIK cell treatment increased the infiltration of 
CD3+, CD4+, CD8+, and CD56+ cells in both 

tumor and spleen tissues compared to the con-
trol cohort. The addition of PD-1 antibodies fur-
ther enhanced immune cell infiltration (Figure 
3), suggesting that the combination therapy 
promotes a more substantial infiltration and 

Figure 1. Phenotypic identification and functional analysis of CIK cells. A. Surface marker assessment by flow cytom-
etry illustrating CD3 and CD56 expression patterns on CIK cells. B. Real-time quantitative PCR showing the mRNA 
levels of apoptosis-related genes, encompassing caspase3, BAX, and Bcl-2. C. ELISA analysis indicating cytokine 
secretion levels of IL-2, IL-6, TNF-α, and IFN-γ. D. Western blot (WB) analysis of proteins involved in key signaling 
pathways, including ERK and MEK in CIK cells. Data are denoted as mean ± standard error of the mean (SEM). *P 
< 0.05, **P < 0.01, ***P < 0.001, ns, not significant (compared to the control cohort).

Figure 2. Combined PD-1 antibody and CIK cell therapy in a mouse xenograft tumor model. A. Schematic repre-
sentation of the treatment protocol with PD-1 antibodies and CIK cells, detailing three sequential injections. B. Im-
ages and tumor growth data for mice treated with PBS (control), CIK cells, PD-1 antibodies or combination therapy 
(CIK+PD-1). Each cohort included six mice (n=6). C. Changes in mice weight and organs. *P < 0.05, **P < 0.01, 
***P < 0.001, ns, not significant (vs. the model cohort).
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activation of effector immune cells. Further- 
more, combination therapy notably elevated 
the levels of SOD, GPX, and CAT in tumor tis-
sues, while reducing MDA levels (P < 0.05) 
(Figure 4), suggesting a reduction in oxidative 
stress in the tumor microenvironment.

Tumor tissue apoptosis detection

The TUNEL assay demonstrated that both CIK 
cells and PD-1 antibodies induced apoptosis in 
tumor cells compared to the control cohort, 
with the combination therapy cohort exhibiting 
the highest number of apoptotic cells (Figure 
5A). However, Ki67 immunofluorescence stain-
ing further revealed the lowest number of Ki67-
positive cells in the combination therapy cohort, 
indicating the most significant inhibition of 
tumor cell proliferation (Figure 5B).

Discussion

Nasopharyngeal carcinoma is a malignancy 
originating from the nasopharyngeal epitheli-
um, characterized by a unique geographical 
distribution and a strong association with Ep- 
stein-Barr virus (EBV) infection [24, 25]. This 
study investigated the therapeutic potential 
and underlying mechanisms of combining CIK 
cells with PD-1 inhibitors in NPC treatment. The 
results revealed synergistic effects, exhibiting 
enhanced anti-tumor efficacy in both in vitro 
and in vivo models.

The CIK cells were successfully induced and 
expanded, and their phenotype was consistent 
with previous studies [26]. In vitro, CIK cells 
induced apoptosis in HK-1 cells by upregulating 
pro-apoptotic genes, downregulating anti-apop-
totic genes, and secreting cytokines such as 
IFN-γ, TNF-α, and IL-2. The addition of PD-1 anti-
bodies further enhanced these effects, sug-
gesting that PD-1 antibodies further potentiat-
ed the cytotoxicity of CIK cells by relieving im- 
mune suppression. Western blot analysis fur-
ther indicated that PD-1 antibodies likely exert 
these effects by stimulating the MEK/ERK sig-
naling cascade in CIK cells. The MEK/ERK path- 
way is essential for regulating T-cell activation, 
proliferation, and effector functions [27], sup-
porting our findings that PD-1 inhibition enhanc-
es CIK cell-mediated cytotoxicity, promotes  
a pro-inflammatory cytokine profile, and acti-
vates the MEK/ERK pathway.

Research into the PD-1/PD-L1 axis continues 
to unveil its crucial role in tumor immune eva-
sion, involving complex molecular interactions. 
Studies by Yu et al. on Mind bomb 2 (MIB2)  
and Liu et al. on the Tryptophan-Receptor Com- 
plex-Kynurenine-Aryl Hydrocarbon Receptor-
Programmed Cell Death Protein 1 (TRC-Kyn-
AhR-PD-1) pathway provide fresh insights into 
modulating PD-1/PD-L1 activity in the tumor 
immune microenvironment [28, 29]. Li et al.’s 
Mendelian randomization analysis linking PD- 
1/PD-L1 to circulating biomarkers opens a 
promising avenue for understanding the genet-
ic regulation of immune checkpoints [30]. Fur- 
thermore, Rohit et al.’s molecular dynamics 

Figure 3. Immunohistochemical analysis shows CD3, CD4, CD8, and CD56 expression in tumor (A) and spleen (B) 
tissues from treated mice. Green arrows indicate nasopharyngeal carcinoma cells and red arrows indicate CIK cells. 
Orange arrows indicate spleen cells and red arrows indicate CIK cells. *P < 0.05, **P < 0.01, ***P < 0.001, ns, 
not significant.

Figure 4. Enzyme activity assays quantifying antioxi-
dant enzymes GSH, CAT, SOD, and the lipid peroxida-
tion product MDA in mouse tumor tissues. *P < 0.05, 
**P < 0.01, ***P < 0.001, ns, not significant (vs. the 
control cohort).
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simulation and Pal et al.’s development of a 
novel PD-L1 imaging technique offer valuable 
perspectives on PD-1 and PD-L1 expression 
[31, 32]. The development of small molecules 
like glutamine (threonine-transferase) [Gln(TrT)] 
by Li et al., which simultaneously inhibits the 
T-cell immunoreceptor with Ig and ITIM do- 
mains (TIGIT)/Poliovirus Receptor (PVR) and 
PD-1/PD-L1 pathways, along with Yoon et al.’s 
use of a mRNA-encoded monoclonal antibody 
against CD3 (MA-aCD3) for in situ tumor-infil-
trating lymphocyte (TIL) therapy, underscore 

the potential of dual or multi-target immune 
checkpoint inhibition strategies [33, 34]. These 
studies highlight a shift towards more complex, 
multi-target approaches for cancer immuno- 
therapy. 

In our study, both CIK cell therapy and PD-1 
antibody treatment significantly suppressed tu- 
mor growth in the NSG mouse xenograft model, 
with the combination therapy demonstrating 
even greater tumor inhibition. Pathologic analy-
sis revealed that the combination therapy en- 

Figure 5. Analysis of proliferation and apoptosis in tumor tissues. A. TUNEL staining to detect apoptosis in tumor tis-
sues. TUNEL-positive cells (red) indicate apoptotic cells; the higher the number of positive cells, the higher the level 
of apoptosis. B. Ki67 immunohistochemical staining to evaluate the proliferative capacity of tumor tissues. Ki67-
positive cells (red) represent proliferating cells. The higher the number of positive cells, the stronger the proliferative 
capacity. *P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant.
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hanced tumor cell apoptosis, increased im- 
mune cell infiltration in the tumor and spleen, 
and reduced tumor volume compared to single-
agent therapies, confirming the synergistic eff- 
ects. These findings align with previous res- 
earch indicating that combination immunother-
apy can produce synergistic anti-tumor effects 
by enhancing antigen presentation, reversing 
immunosuppressive microenvironment, and 
promoting effector cell infiltration [35, 36].

Moreover, our study observed that the com- 
bination therapy improved oxidative stress lev-
els in tumor tissues, possibly contributing to its 
enhanced efficacy, as reduced oxidative stress 
can benefit immune cell function. Recent ad- 
vances in improving CIK cell anti-tumor efficacy 
have provided valuable insights and experi-
mental evidence for developing innovative can-
cer immunotherapy strategies, including target-
ing molecular pathways, microRNA regulation, 
and innovative pharmacologic formulations. 
Patel et al. showed that the transcription factor 
GATA binding protein 4 (GATA4) promotes tumor 
suppression by recruiting cytotoxic CD8 T cells 
and enhances the effect of anti-PD-1 therapy, 
highlighting the potential of these targets in 
immunotherapy [37]. Wang et al. identified spe-
cific microRNA clusters regulating cell prolifera-
tion and tumor cytotoxic, providing a new per-
spective for optimizing CIK cell therapy [38]. 
Furthermore, novel pharmacological combina-
tions, such as those explored by Chen et al., 
have demonstrated the potential of combining 
CIK therapy with immune checkpoint inhibitors 
to enhance therapeutic outcomes [39]. This 
suggests that the combination of CIK cells and 
PD-1 inhibitors not only boosts the direct anti-
tumor immune response but also remodels the 
tumor microenvironment by increasing immune 
cell infiltration and alleviating oxidative stress, 
thereby creating a more favorable landscape 
for sustained tumor destruction.

Despite the promising findings, this study has 
several limitations that should be acknowl-
edged. First, our in vitro and in vivo experiments 
were conducted using a single NPC cell line 
(HK-1), which may not fully capture the hetero-
geneity of the disease. Second, the use of 
severely immunodeficient NSG mice, while 
essential for xenografting human cells, limits 
our ability to assess the therapy’s interaction 
with a fully functional host immune system, 
including the role of host antigen-presenting 

cells. However, these limitations provide a 
basis for future investigation. Future studies 
should aim to validate these synergistic effects 
across a broader panel of NPC cell lines and, 
more importantly, in patient-derived xenograft 
(PDX) models. Furthermore, employing human-
ized mouse models could provide deeper in- 
sight into the complex interplay between in- 
fused CIK cells, the tumor, and the host’s im- 
mune components under PD-1 blockade. 
Overall, the promising preclinical evidence from 
this study provides a strong rationale for ad- 
vancing this combination immunotherapy strat-
egy into clinical trials, particularly for patients 
with advanced or recurrent NPC, a population 
with urgent unmet medical needs.

Conclusion

The effectiveness and underlying mechanisms 
of combining CIK cells with PD-1 inhibitors in 
treating NPC were evaluated through in vitro 
and in vivo experiments. The combination ther-
apy demonstrated enhanced anti-tumor eff- 
ects, likely by inducing tumor cell apoptosis, 
activating the MEK/ERK signaling pathway in 
CIK cells, promoting immune cell infiltration, 
and improving the tumor microenvironment. Al- 
though further clinical investigations are need-
ed to assess its sustained efficacy and safety, 
these results suggest that this combination 
therapy holds promise as an effective immuno-
therapeutic strategy for NPC.
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