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ABSTRACT
Objective: Amphiregulin (AREG), which is known as a ligand for the epidermal 
growth factor receptor (EGFR), is widely expressed by cancerous and immune cells. 
By activating EGFR signaling, AREG enhances GLUT1 expression. It also promotes 
intracellular glucose uptake. In this way it supports glycolysis and lactate production. 
This metabolic hallmark is known as the Warburg effect. A similar glycolytic shift 
occurs in activated natural killer (NK) cells, which are essential components of antiviral 
and antitumor immunity. The aim of this study is to investigate the relationship between 
serum AREG levels and NK cell activation in patients with non–small cell lung cancer 
(NSCLC).
Methods: This is a case–control study which includes 40 NSCLC patients and 40 
healthy controls. Serum AREG levels were measured by ELISA and NK cell activation 
was assessed by using flow cytometric analysis of CD107a, CD69, CD314 (NKG2D), 
and CD337 (NKp30) parameters.
Results: Serum AREG levels were significantly lower in NSCLC patients compared 
to healthy individuals. Although the overall percentage of NK cells was increased in 
patients, expression of activation markers especially CD107a was reduced. Correlation 
analysis revealed weak negative associations between AREG levels and expression of 
CD107a, CD69, CD314, and CD337.
Conclusion: Collectively, these findings suggest that reduced serum AREG levels 
may be linked to impaired NK cell activation in NSCLC, potentially through limited 
glucose uptake, highlighting AREG as a potential regulator of immune metabolism and 
a candidate for further investigation in tumor immune evasion.
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Main Points
•	 Serum amphiregulin (AREG) levels are significantly 

decreased in NSCLC patients compared to healthy 
individuals. 

•	 NSCLC patients exhibit increased NK cell percentages 
but reduced activation marker expression, notably 
CD107a. 

•	 Weak negative correlations exist between plasma 
AREG levels and NK cell activation markers in 
NSCLC, suggesting impaired NK cell function. 

•	 Reduced AREG may contribute to NK cell metabolic 
dysfunction and tumor immune evasion, highlighting 
its potential as an immunometabolic therapeutic target.

INTRODUCTION
Non-small cell lung cancer (NSCLC) is one of the leading 
causes of cancer-related mortality worldwide [1]. Its tendency 
for treatment resistance and metastatic spread makes NSCLC 
a critical focus for the identification of new biomarkers and 
therapeutic targets.

Amphiregulin (AREG) is known as a transmembrane protein 
which is used as a ligand for epidermal growth factor receptor 
(EGFR). AREG exists in two forms: pro-AREG, a membrane-
bound precursor with its carboxy-terminal fragment (CTF), and 
second one is soluble form of AREG, which is released into the 
bloodstream by tumor necrosis factor-α converting enzyme 
(TACE, also known as ADAM17). This form is also a member 
of the disintegrin and metalloproteinase (ADAM) family [2,3]. 
Circulating AREG is detectable in human serum, establishing 
it as a systemic (endocrine) growth factor. It activates signaling 
pathways in tumor cells through autocrine mechanisms, as 
well as paracrine, juxtacrine, and endocrine signaling from 
both tumor-associated and distant healthy tissues [4]. Thus, 
AREG is often described as a multicrine signaling molecule. 
Notably, the CTF of AREG is essential for sustaining the 
autocrine growth of keratinocytes, demonstrating the distinct 
signaling properties of this fragment [5]. Moreover, AREG-
overexpressing cells can stimulate the proliferation of neighbor 
cells by paracrine mechanisms [6]. AREG overexpression has 
shown in various human cancers. However, the genetic and 
epigenetic mechanisms underlying this overexpression remain 
poorly defined, despite the identification of multiple stimulatory 
signals [4]. AREG mediates its biological effects by binding 

to EGFR, thereby activating downstream signaling cascades 
such as Ras/MAPK, PI3K/AKT, mTOR, and STAT [4,7]. These 
pathways regulate gene expression and govern critical cellular 
processes including proliferation, survival, invasiveness, and 
angiogenesis [7]. In some malignancies, AREG expressiones are 
limited to tumor cells, whereas AREG expression is absent from 
adjacent stroma or infiltrating inflammatory cells. [8]. Likewise, 
AREG expressions have been detected in tumor tissues of 
NSCLC patients [9].

Natural killer (NK) cells are critical components of the innate 
immune system that can recognize and destroy tumor cells. 
They are characterized by CD16 and CD56 positivity and lack of 
CD3 expression [10,11]. On NK cells, CD107a (degranulation), 
CD69 (early activation), CD314 (NKG2D), and CD337 (NKp30) 
surface markers provide insights into their activation status and 
effector function. NK cell activity in tumor microenvironment 
(TME) is regulated by a complex interplay of cellular and 
molecular signals, making it a vital area of research for novel 
cancer immunotherapies [3,12].

AREG has been reported to potentiate the Warburg effect by 
increasing GLUT1 expression, thereby increasing glucose 
uptake in tumor cells and promoting glycolytic metabolism [13]. 
Because the cytotoxic functions of NK cells, whose activation 
depends on a similar mechanism, are dependent on glycolysis, 
systemic AREG levels may influence NK cell metabolism and 
activation.

Therefore, this study aimed to investigate the relationship 
between serum AREG levels and NK cell activation in NSCLC 
patients. Our aim was to determine whether AREG is associated 
with altered NK cell function and to investigate its potential 
contribution to evading tumor immune defenses.

MATERIALS AND METHODS
Study Population
A total number of 40 patients who presented to the Department 
of Thoracic Surgery at Gaziantep University School of 
Medicine and diagnosed with the non-small cell lung cancer. 
The demographic characteristics of the patients, including age, 
gender, comorbidities, and smoking status, were determined. 
Patients with a previous cancer diagnosis or a history of 
chemotherapy, radiotherapy, or immunotherapy were excluded 
from the study. The patients were staged according to the 8th 
edition TNM classification based on pathology data, tumor size, 
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tumor location, and Positron Emission Tomography reports. 
Prior to surgical intervention and medical oncology treatment, 
4 ml of venous blood samples were collected from each patient 
into EDTA and serum tubes for flow cytometry and ELISA 
measurements. Since changes in AREG levels have been 
reported in individuals with comorbidities, a total of randomly 
selected 40 healthy subjects with no history of cancer and 
comorbidity were voluntarily enrolled for the study. The present 
study was ethically approved by the Internal Review Board (IRB) 
of Gaziantep University (Decision number: 2023/370, Date: 
2023–12–06) in accordance with the Declaration of Helsinki. 
All study participants provided signed informed consent.

Evaluation of NK Cell Population and Activation by Flow 
Cytometry
For flow cytometry analysis, blood samples incubated with 
CD107a, CD314, CD337, CD69, CD16, CD56, and CD3 antibodies 
(all from Biolegend, USA) in the dark at room temperature for 
30 minutes. Following incubation, 500 µl of lysis solution was 
added and incubated for 15 minutes. The samples were then 
centrifuged at 1850 RPM for 10 minutes and washed with cell 
wash solution twice. Finally, the cell pellets were resuspended 
in 300 µl of cell wash solution and analyzed using the C6 flow 
cytometer (BD Biosciences, USA).

Measurement of AREG Protein Levels by ELISA 
Blood samples collected in serum tubes were centrifuged at 
4000 rpm for 10 minutes at +4°C. The resulting supernatant 
was carefully transferred into 2 mL Eppendorf tubes and 
stored at -80°C until analysis. AREG (Amphiregulin) protein 
levels were quantified using a commercially available ELISA 
kit (SunRed, China) in accordance with the recommendations 
of the manufacturer. Briefly, samples and standards were added 
and incubated at 37°C for 60 minutes. After washing the plates 
five times, Chromogen A and B were added and incubated for 
10 minutes at 37°C. The reaction was stopped, and absorbance 
was measured at 450 nm using the Thermo Multiskan Go 
spectrophotometer. Protein concentrations were determined 
using a standard curve based on a four-parameter logistic 
regression model using Curve Expert software.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism 
v8 (GraphPad Software, San Diego, CA, USA). Continuous 
variables were non-normally distributed (Shapiro-Wilk test) 
and are presented as median (IQR). Differences between groups 

were evaluated using the Mann-Whitney U test (for two groups) 
or the Kruskal-Wallis test followed by Dunn’s post hoc test (for 
>2 groups). Categorical data were analyzed via the Chi-square 
test, and correlations were assessed using Spearman’s rank 
coefficient ($\rho$). A two-sided p value < 0.05 was considered 
statistically significant.

RESULTS
Demographic and Clinical Characteristics of Patients
Demographic and clinical characteristics of patients and healthy 
volunteers were presented in Table 1 and Table 2, respectively. 
Particularly, it was determined that 62.5% of the NSCLC patients 
included in the study had the SCC histopathological subtype, 
while 35% had adenocarcinoma. When evaluated according to 
tumor location, it was found that 30% of the tumors were in 
the right lower lobe, followed by 22.5% in the left upper lobe. 
According to TNM staging, the most common stages were III 
and IV.

Table 1. Demographic Characteristics of NSCLC Patients and 
Healthy Controls

Demographic Characteristics
NSCLC 
(n = 40, %)

Healthy Controls 
(n = 40, %)

Gender
Female 5 (12.5) 16 (40)
Male 35 (87.5) 24 (60)

Age (year) Mean ± SD 65.9 ± 10.9 37.5 ± 7.8

Comorbidity
Yes 31 (77.5) 0 (0)
No 9 (22.5) 40 (100)

Serum AREG Levels in NSCLC Patients
Using ELISA method, serum levels of AREG was determined 
and presented in Figure 1. Particularly, AREG levels were 
found to be significantly lower in patients compared to healthy 
controls (p < 0.0001). Furthermore, when compared with the 
clinical characteristics of the patients, AREG levels were lower 
in those with the ACC subtype compared to SCC; however, this 
difference was not statistically significant (p = 0.164). Moreover, 
serum AREG levels were found to be gradually decreased with 
the advancing stage of cancer patients (p = 0.1245). Due to 
the limited number of patients in Stage II, they were excluded 
from this analysis. Patients with metastases was found to have 
lower AREG levels compared to those without; however, this 
difference was not statistically significant (p = 0.257). Finally, the 
correlations between PET uptake, tumor size, and serum AREG 
protein levels were analyzed. A weak negative correlation was 
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observed between PET uptake and AREG levels (r = b -0.1377, 
p = 0.397), as well as between tumor size and AREG levels 
(r = -0.2129, p = 0.1871). Collectively, these findings strongly 
indicated that patients in advanced clinical stages have lower 
AREG protein levels.

Table 2..Clinical Characteristics of NSCLC Patients

Clinical Features
NSCLC Patients 
n=40 (%)

Histopathologic 
Subtype

ACC 14 (35)

SCC 25 (62.5)

Large cell carcinoma 1 (2.5)

Tumor location

right lower lobe 12 (30)

right upper lobe 6 (15)

right hilar 5 (12.5)

left lower lobe 6 (15)

left upper lobe 9 (22.5)

left hilar 2 (5)

Tumor diameter (cm) Mean ± SD 5.3 ± 2.7

T 

T1a 3 (7.5)

T1b 3 (7.5)

T1c 3 (7.5)

T2a 6 (15)

T2b 3 (7.5)

T3 4 (10)

T4 18 (45)

N

N0 18 (45)

N1 14 (35)

N2 6 (15)

N3 2 (5)

M
M0 29 (72.5)

M1 11 (27.5)

TNM Stage

Stage 1A1 2 (5)

Stage 1A2 3 (7.5)

Stage 1A3 1 (2.5)

Stage 1B 4 (10)

Stage 2B 4 (10)

Stage 3A 11 (27.5)

Stage 3B 4 (10)

Stage 4A 9 (22.5)

Stage 4B 2 (5)

Figure 1. Serum AREG levels in NSCLC patients and healthy 
controls. Since the resulting data is not normally distributed, 
statistical analysis was performed using the Mann-Whitney U 
test. **** p < 0.0001. 

NK Cell Percentages and Activation Status in NSCLC 
Patients
The percentages and activation status of NK cell in patients 
with NSCLC were determined by flow cytometry (Figure 2A 
and 2B). Accordingly, compared to healthy controls, NSCLC 
patients exhibited significantly lower CD3 levels (p = 0.009) 
and higher CD16/56 levels (p = 0.033), suggesting the increased 
ratio of NK cells in these patients. In addition, it was found that 
CD107a levels were significantly lower (p < 0.0001) and CD337 
levels were significantly higher (p = 0.0313) in NSCLC patients 
compared to healthy controls. Also, no significant changes were 
observed in CD69 (p = 0.1791) and CD314 (p = 0.7531) levels 
between the patient and control groups (Figure 2C). Additionally, 
A weak negative correlation was found between AREG levels 
and CD3, CD16/56, CD107a, CD69, CD314, and CD337 in 
patients, while a weak positive correlation was observed in 
healthy controls (Table 3). However, these correlations were not 
statistically significant.
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Table 3. Correlation between AREG Protein Levels and CD 
Markers in NSCLC Patients and Healthy Controls

CD markers

Serum AREG levels (pg/mL)

NSCLC patients Healthy controls

r p r p

CD3 -0.019 0.907 0.213 0.192

CD16/56 -0.164 0.318 -0.026 0.871

CD107a -0.259 0.111 0.047 0.775

CD69 -0.071 0.668 0.065 0.698

CD314 -0.017 0.915 0.073 0.658

CD334 -0.01. 0.951 0.034 0.837

DISCUSSION
AREG, an EGFR ligand, is increasingly recognized in cancer 
biology for its roles in promoting tumor cell proliferation, 
survival, metastasis, and therapy resistance. Several studies have 
reported that AREG facilitates cell migration and proliferation in 
lung cancer, along with inhibition of apoptosis [14,15]. Therefore, 
high AREG expression in lung cancers has been associated 
with poor prognosis and reduced survival [16]. These findings 
highlight the potential of AREG as a regulator of tumor growth, 
differentiation, and metastasis. Interestingly, a study by Jiang 
et al. [17] demonstrated that nanoparticles can enhance AREG-
dependent proliferation in lung cancer cells through mechanisms 
involving glutamine metabolism at the gene expression level. 

Figure 2. Flow cytometry analysis results of NK cell percentage and NK activation of patients and controls. (A) Scatter plot of a 
randomly selected patient and flow cytometry graphs for CD3 (FITC), CD16/56 (PE), CD107a (PE), CD69 (FITC), CD314 (PE), 
and CD337 (PE), (B) scatter plot of a randomly selected healthy control and flow cytometry graphs for CD3 (FITC), CD16/56 
(PE), CD107a (PE), CD69 (FITC), CD314 (PE), and CD337 (PE). (C) The percentages of CD3, CD16/56, CD107a, CD69, CD314, 
and CD337 in patient and control groups are shown. Since the data did not follow a normal distribution, statistical analysis was 
performed using the Mann-Whitney U test. * p < 0.05, **p < 0.01, **** p < 0.0001, ns: not significant.

C
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Similarly, Ishikawa et al. [19] reported increased serum AREG 
levels in patients with non-adenocarcinoma NSCLC subtypes. 
In contrast, our study revealed significantly lower serum AREG 
levels in NSCLC patients compared to healthy controls. This 
discrepancy may reflect altered post-translational regulation, 
increased AREG consumption at the tumor site, or sequestration 
in the tumor microenvironment, rather than decreased gene 
expression. This raises interesting questions about the role of 
AREG in the immune environment of NSCLC, particularly in 
relation to NK cell function. It is well known that activated NK 
cells rely primarily on glycolysis to meet their energy needs 
[18]. In our study, decreased expression of CD107a and other 
activation markers suggests impaired NK cell activity in NSCLC 
patients. Given the capacity of AREG to upregulate GLUT1 and 
promote glucose uptake, we speculate that decreased circulating 
AREG may impair NK cell metabolism, activation, and 
cytotoxic functions. However, our data do not directly indicate 
whether this is due to NK cell expression of AREG itself or to 
the metabolic response to it.

In contrast to studies reporting elevated AREG in NSCLC 
[19], our observation of reduced serum levels suggests a 
‘ligand sink’ effect, likely due to rapid sequestration by 
EGFR-overexpressing tumors. This systemic depletion may 
deprive NK cells of metabolic support, leading to the observed 
‘exhausted’ phenotype (high proportion but low CD107a), a 
pattern previously described in lung cancer [20,21]. Moreover, 
the inverse trend between AREG levels and clinical stage 
reinforces this consumption hypothesis, proposing the low-
AREG/low-activation status as a marker of immunometabolic 
impairment.

Limitations
Functional NK cytotoxicity tests (e.g., IFN-γ, perforin, or 
granzyme B) were not performed in our study. Furthermore, 
the patient groups were heterogeneous in terms of stage. These 
factors limit the generalizability of the findings. Future studies 
with larger samples and functional validation should be planned 
to address these aspects.

This limitation highlights the need for further mechanistic 
studies to evaluate AREG expression and signaling within NK 
cells in NSCLC patients. Such investigations could provide 
deeper insights into the metabolic regulation of immune 
surveillance in lung cancer and identify novel immunometabolic 
therapeutic targets.

CONCLUSIONS
The observed weak negative correlations between serum AREG 
levels and NK cell activation markers in NSCLC patients, 
compared with the positive correlations observed in healthy 
controls, suggest a complex interaction between AREG and 
immune regulation. These findings highlight the need for further 
studies investigating the therapeutic potential of novel immune 
strategies targeting AREG to enhance NK cell function, 
particularly in advanced NSCLC patients.

Our study highlights the importance of understanding how 
AREG influences NK cell activity, an area largely understudied 
in the literature. By exploring this link, our findings contribute 
to the growing body of evidence demonstrating the roles AREG 
plays in regulating both tumor development and tumor immune 
evasion mechanisms. This study thus lays the groundwork for 
future investigations into the utility of AREG as a potential 
biomarker and immunometabolic target in NSCLC therapy.
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