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Abstract

Background: Spinal ependymomas are rare neoplasms that originate from the ependymal cells lining 
the central canal of the spinal cord. Since serum levels of cytokines and chemokines are imbalanced 
in tumorigenesis, this study investigated the serum levels of IL-8, CCL2, and CXCL12 chemokines in 
patients with spinal cord ependymoma and their correlation with multiple tumor parameters. Methods: 
In the current investigation, blood samples were obtained from 50 patients with spinal ependymomas 
and 25 healthy individuals, who acted as controls, to assess the levels of specific chemokines. The serum 
levels of interleukin (IL)-8, chemokine (C-C motif) ligand 2 (CCL2), and C-X-C motif chemokine 
ligand 12 (CXCL12) chemokines were measured using the enzyme-linked immunosorbent assay 
(ELISA). In contrast, their gene expression levels were assessed using real-time polymerase chain 
reaction (RT-PCR). Then, the correlation of these factors with tumor size, grade, recurrence, and 
Karnofsky Performance Status (KPS) score was investigated. Results: The current study demonstrated 
that serum expression levels of IL-8, CCL2, and CXCL12 were significantly elevated in patients with 
spinal ependymoma compared to the control group. The cytokine IL-8 showed a significant relationship 
with tumor size, grade, and KPS score. CXCL12 and CCL2 also had a significant relationship with 
tumor size and grade. 
Conclusion: Based on the current study, IL-8, CXCL12, and CCL2 are  significantly elevated in spinal 
ependymoma patients and linked to tumor progression. These findings  underscore the need for future 
studies to broaden the characterization of spinal ependymoma and develop blood-based markers for 
these tumors to guide clinical management.
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INTRODUCTION

Ependymomas are one of the rare primary 
neoplasms (3-5%) in children (< 10 years old) 
and adults (45-55 years old) in the central nervous 
system (CNS), arising from ependymal cells in 
the spinal cord.1 Common symptoms include 
weakness, back pain, tingling, numbness, and 
paralysis.2 Due to diverse histopathological features 
and clinical presentations, ependymoma diagnosis 
is challenging. Although treatment options include 
surgery, radiation, and chemotherapy, the disease 

recurrence rates are high, and the long-term 
prognosis is poor.3 Accordingly, for early diagnosis 
and treatment monitoring, identifying molecular 
biomarkers from non-invasive liquid biopsies (e.g., 
serum and plasma) offers promising alternatives 
to tissue biopsies for biomarker discovery.
	 Chemokines are fundamental small cytokines 
(8-12 kDa) involved in immune responses, 
inflammation, tumorigenesis, and cancer 
progression.4 IL-8 is a multifunctional chemokine 
produced by various cell types (e.g., monocytes, 



Neurology Asia December 2025

1218

neutrophils, and tumor cells) in response to 
inflammatory stimuli and plays a vital role in 
inflammation by attracting T cells to damaged 
sites through neutrophil activation.5 Current 
evidence suggests that IL-8 is a crucial factor in 
neovascularization and tumorigenesis associated 
with squamous cell carcinoma and other cancers.6 
For example, it was noted that elevated IL-8 serum 
levels were present at all stages of colorectal 
and glioma cancers.7,8 Chemokine (C-C motif) 
ligand 2 (CCL2), monocyte chemoattractant 
protein-1 (MCP-1), is one of the first identified 
chemokines involved in attracting monocytes 
and macrophages, and its overexpression is 
closely linked to tumor metastasis, invasion, 
and immune resistance.9 Notably, CCL2 has 
a crucial impact on regulating tumor behavior 
and enhancing the function of tumor-associated 
macrophages, leading to the release of cell death-
related molecules, a process activated by platelets. 
However, these macrophages may also facilitate 
epithelial-mesenchymal transition, making the 
tumor more prone to metastasis.10 Stromal cell-
derived factor 1 (SDF-1), also known as C-X-C 
motif chemokine ligand 12 (CXCL12), is a 
homeostatic CXC chemokine. It was suggested 
that CXCL12 and its receptors (e.g., CXCR4 and 
CXCR7) are essential in ovarian epithelial tumor 
development and metastasis.11 Furthermore, an 
elevated level of CXCL12 was reported in bladder, 
gastric, liver, prostate, and lung cancers.12

	 Despite recent research exploring potential 
chemokine biomarkers in the serum of spinal 
ependymoma and medulloblastoma patients, 
there has been no study focused on chemokine 
biomarkers specifically in spinal ependymoma 
patients. Taken together, the current investigation 
aimed to evaluate the serum levels of IL-8, 
CCL2, and CXCL12 chemokines in spinal cord 
ependymoma patients and their relationship with 
tumor size, tumor grade, tumor recurrence, and 
Karnofsky Performance Status (KPS) score.

METHODS 

Study design and subjects

The current case-control study involved 50 
patients diagnosed with spinal ependymoma 
and 25 healthy participants. Following the 
approval from the research ethics committees 
of Islamic Azad University-Arsanjan Branch 
(IR.IAU.A.REC.1403.025) and patient consent, 
demographic data and blood samples were 
collected from all participants.

RNA extraction, cDNA synthesis, and Real-Time 
PCR analysis

Whole blood  (3-5 mL) was collected from 
participants in ethylenediamine tetraacetic acid 
(EDTA) tubes. Peripheral blood mononuclear 
cells (PBMCs) were isolated by  Ficoll-Paque 
density gradient centrifugation. PBMC total 
RNAs were extracted with TRIzol reagent 
(Invitrogen, Massachusetts, USA) according to 
the manufacturer’s  instructions. RNA purity and 
concentration were determined using a NanoDrop 
spectrophotometer, and samples with an A260/
A280 ratio of 1.8  to 2.1 were processed for 
further analysis.
	 One µg of RNA  was converted to cDNA 
using Takara PrimeScript RT Master Mix (Takara 
Bio Inc., Japan). SYBR Green chemistry was 
used for quantitative  PCR on a QuantStudio 
3 Real-Time PCR System (Thermo Fisher 
Scientific). Custom primers for IL-8, CXCL12, 
CCL2, and the housekeeping gene GAPDH 
were designed using  Primer3 software and were 
synthesized by Integrated DNA Technologies. 
A reaction mixture consisting of 2 µL cDNA, 
10 µL SYBR Green Master Mix, 1 µL forward 
and reverse primers (10 µM each), and 6 µL 
nuclease-free water  was used for each 20 µL 
reaction. Thermal  cycling parameters were as 
follows: initial denaturation at 95°C for 10 min, 
followed by 40 cycles of denaturation (15 sec 
at 95°C) and annealing/extension at 72°C for 1 
min. Melt-curve  analysis verified the specificity 
of amplification. Quantification was performed 
using  the 2−ΔΔCt method, and IL-8, CXCL12, and 
CCL2 levels were normalized to GAPDH.

Chemokine quantification

Peripheral venous blood samples (3–5 mL) from 
spinal ependymoma patients and healthy controls 
were collected in  serum separator tubes (no 
anticoagulant). Samples were allowed to clot at 
room temperature for 30–60 minutes. The serum 
was separated by centrifugation at 2400 × g for 10 
minutes and stored at −80°C until analysis. Levels 
of IL-8, CXCL12, and CCL2 were assessed using 
an enzyme-linked immunosorbent assay (ELISA) 
with commercially available  kits (R&D Systems, 
USA). All assays were carried out according  to 
the protocols provided by the manufacturer.

Statistical analysis

The Kolmogorov–Smirnov Z test was performed 
to assess the normality  of the IL-8, CXCL12, 
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and CCL2 levels. Data are presented as mean 
± standard deviation  (SD) or frequency 
(percent). Logistic regression models, adjusted 
for potential  confounders, were used to assess 
relationships between chemokine levels and other 
parameters. To control for multiple comparisons, 
p-values were adjusted using the Benjamini-
Hochberg procedure to control the False Discovery 
Rate (FDR). Adjusted p-values (q-values) were 
considered statistically significant at q < 0.05. 
Statistical analyses were conducted using IBM 
SPSS  Statistics v24.0 (IBM Corp., Armonk, 
NY,  USA).

RESULTS
 
Demographic characterization 

Table 1 presents the characteristics of the study 
participants. This study examined 50 patients 
with spinal ependymoma alongside 25 healthy 
individuals serving as the control group. This 
control group comprised 25 participants, including 
13 men and 12 women, with an average age of 
approximately 50 years. The 50 patients with 
spinal ependymoma consisted of 25 men and 25 
women, with an average age of approximately 
49 years. Among these patients, 6 had tumors 
smaller than 3 cm, 30 had tumors ranging from 
3 to 5 cm, and 14 had tumors ≥ 5 cm. In terms 
of tumor grade, 9 patients were classified as 
grade I, 22 as grade II, and 19 as grade III. 
Furthermore, regarding disease recurrence, 22 
patients experienced recurrence, while 28 did not.

Expression levels of IL-8, CXCL12, and CCL2 in 
spinal ependymoma patients vs. healthy subjects

In this study, we analyzed the expression levels 

of the chemokines IL-8, CXCL12, and CCL2 
in spinal ependymoma patients compared to 
healthy controls. The results showed a substantial 
increase in  the three chemokines in patients 
compared with healthy subjects. IL-8 levels 
were significantly elevated, indicating increased 
neutrophil  recruitment and angiogenesis in 
the tumor microenvironment. We observed an 
increase in the expression of CXCL12, which 
may promote tumor cell proliferation and immune 
cell  infiltration. The levels of CCL2 were also 
increased, reflecting monocyte/macrophage 
activation and proinflammatory signaling 
(Figure 1). These results reveal a strong 
chemokine-driven inflammatory environment 
in  spinal ependymoma that may mediate tumor 
progression and microenvironment remodeling.

Serum IL-8 level in spinal ependymoma patients 
vs. healthy subjects and correlation with 
recurrence, tumor size, grade, and KPS score

The serum level of the cytokine IL-8 in patients 
with spinal ependymoma was significantly higher 
compared to the control group (q = 0.0015) 
(Figure 2A). Furthermore, there was no significant 
difference in IL-8 levels between patients who 
experienced recurrence and those who did not (q 
= 0.4222) (Figure 2B).  In contrast, the findings 
regarding the relationship between serum IL-8 
levels and tumor size and grade indicated a 
significant positive correlation; as tumor size (q 
= 0.0015) (Figure 2C) and grade (q = 0.0015) 
(Figure 2D) increased, the serum IL-8 levels also 
increased significantly. Additionally, the results 
related to the KPS index in Figure 2E revealed a 
significant negative correlation, suggesting that 
higher serum IL-8 levels are associated with a 
decrease in the KPS index (q = 0.0078).

Table 1: Baseline characteristics of study participants

Characteristics Ependymoma patients Healthy control
N 50 25

Male/Female 25/25 13/12

Age 49.98±8.89 50.4±12.4

Tumor size (cm)
<3 6 (12%) -

3-5 30 (60%) -

>5 14 (28%) -

Tumor grade
I 9 (18%) -

II 22 (44%) -

III 19 (38%) -

Recurrence
Yes 22 (44%) -

NO 28 (56%) -
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Figure 1.	Expression levels of IL-8, CXCL12, and CCL2 in spinal ependymoma patients compared to healthy 
subjects. The expression levels of IL-8, CXCL12, and CCL2 are displayed in the figure for spinal 
ependymoma patients versus healthy controls. All three chemokines were  significantly higher in patients 
than in healthy subjects. The results are expressed as the mean ± standard deviation (SD). Statistical 
significance is indicated as *** for q < 0.001, ** for q < 0.01, and * for q < 0.05, where q-values represent 
p-values adjusted using the Benjamini-Hochberg method to control the false discovery rate.

Figure 2.	Serum IL-8 levels in spinal ependymoma patients compared to healthy subjects and their correlation with 
recurrence, tumor size, grade, and KPS score. (A) Serum IL-8 levels in patients with spinal ependymoma 
were  significantly higher than those in the control group. (B) Patients with recurrence exhibited similar 
levels of IL-8  cytokine as those without recurrence. (C) A strong positive correlation was found between 
serum IL-8 concentration and tumor size, with serum IL-8 levels significantly increasing alongside 
tumor size. (D) This strong positive correlation was also noted between serum IL-8 levels and tumor 
grade, demonstrating significantly increased serum IL-8 levels with  each increase in tumor grade. (E) 
A considerable negative correlation existed between serum IL-8 levels  and the KPS index, indicating 
that heightened serum IL-8 levels correlate with a significant reduction in the KPS index.

	 Statistical significance is indicated as *** for q < 0.001, ** for q < 0.01, and * for q < 0.05, where 
q-values represent p-values adjusted using the Benjamini-Hochberg method to control the false discovery 
rate.

	 IL-8; interleukin-8, KPS; Karnofsky Performance Status. 
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Serum CXCL12 level in spinal ependymoma 
patients vs. healthy subjects and correlation with 
recurrence, tumor size, grade, and KPS score

The serum CXCL12 level in ependymoma patients 
was significantly elevated compared to the control 
group (q = 0.0041) (Figure 3A). Furthermore, as 
presented in Figure 3B, there was no significant 
difference in serum CXCL12 levels between 
patients with recurrence and those without (q 
= 0.3788). Conversely, the findings related to 
the correlation between serum CXCL12 levels 
and tumor size (Figure 3C) and grade (Figure 
3D) revealed a significant positive relationship, 
indicating that as tumor size (q = 0.0036) and 
grade (q = 0.0109) increase, serum CXCL12 levels 
are also significantly elevated. Lastly, the results 
in Figure 3E indicated no significant correlation 
between serum CXCL12 levels and KPS index 
(q = 0.4726).

Serum CCL2 level in spinal ependymoma 
patients vs. healthy subjects and correlation with 
recurrence, tumor size, grade, and KPS score

The serum level of the CCL2 chemokine in 
ependymoma patients was significantly elevated 
when compared to the control group (q = 0.0015) 
(Figure 4A). In addition, the results presented in 
Figure 4B show no significant difference in serum 
CCL2 levels between patients with recurrence 
and those without (q = 0.4326). The correlation 
between serum CCL2 levels and tumor size 
and grade is reported in Figures 4C and 4D, 
respectively, which indicate that as tumor size (q = 
0.0015) and grade (q = 0.0015) increase, the serum 
CCL2 levels are also significantly elevated. Lastly, 
the findings in Figure 4E revealed no significant 
correlation between serum CCL2 levels and the 
KPS index (q = 0.2320).

Figure 3.	Serum CXCL12 levels in spinal ependymoma patients compared to healthy subjects and their correlation 
with recurrence, tumor size, grade, and KPS score. (A) Serum CXCL12 levels  were significantly higher 
in ependymoma patients than in controls. (B) There was no significant difference in serum CXCL12 levels 
between  patients who recurred and those who did not. (C) A strong  positive correlation was observed 
between serum CXCL12 levels and tumor size, indicating that higher serum CXCL12 levels correspond 
to larger tumor sizes. (D) A very strong positive correlation exists between serum CXCL12 levels and 
tumor grade, suggesting that serum CXCL12 levels are significantly higher in  higher-grade tumors. (E) 
No significant correlation was found between elevated serum CXCL12 levels and KPS index.

	 Statistical significance is indicated as *** for q < 0.001, ** for q < 0.01, and * for q < 0.05, where 
q-values represent p-values adjusted using the Benjamini-Hochberg method to control the false discovery 
rate.

	 KPS; Karnofsky Performance Status.
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DISCUSSION

 The findings of the current study indicated that serum 
IL-8 level was significantly increased in patients 
with spinal ependymoma, and its overactivity 
facilitates the tumor growth, angiogenesis, and 
metastasis.13 Notably, silencing IL-8 expression 
results in a decrease in pro-angiogenic factors 
within the tumor microenvironment, leading 
to reduced angiogenesis.14 Furthermore, the 
current results indicated a significant correlation 
between increased IL-8 and tumor size and grade. 
In this context, Najdaghi et al. reported that 
serum IL-8 levels were present at all stages of 
colorectal cancer (e.g., proliferation, angiogenesis, 
and metastasis).7 Fousek et al. showed the 
involvement of IL-8 in various tumorigenesis 
processes, including the stimulation of tumor 
cell proliferation, migration, and angiogenesis, 
along with the modulation of immune response.6 

In another study, Guequén et al. noted that IL-8 
levels were elevated in glioblastoma, as it is 
released by glioma cells and regulates the function 
of the endothelial barrier, promoting tumor 
progression. IL-8 plays a fundamental role in 
cancer progression and metastasis through various 
mechanisms, including pro-angiogenesis and the 
maintenance of cancer stem cells. Establishing 
an immune microenvironment could inhibit anti-
tumor immune responses.15 However, its capacity 
to modulate the functions of immune cells is 
undoubtedly one of the most important factors. 
	 As the findings of the current study revealed 
significantly higher levels of CXCL12 and CCL2 
chemokines in patients with spinal ependymoma 
compared to controls, previous related research 
indicated that CXCL12 and its receptors 
(e.g., CXCR4 and CXCR7) could play vital 
roles in cancer progression, angiogenesis, and 

Figure 4.	Serum CCL2 levels in spinal ependymoma patients compared to healthy subjects and their correlation 
with recurrence, tumor size, grade, and KPS score. (A)  Serum CCL2 chemokine levels were significantly 
higher in ependymoma patients than in controls. (B)  No differences in serum CCL2 levels were observed 
between patients with recurrence and those without. (C) A positive correlation was found between serum 
CCL2 levels and tumor size, indicating that as tumor size increased, serum CCL2 levels also significantly 
increased. (D) Furthermore, a correlation between serum CCL2 levels and tumor grade was reported, 
showing that as tumor grade elevates, serum  CCL2 levels also rise significantly. (E) There was no 
significant relationship between serum CCL2 elevation and the KPS index.

	 Statistical significance is indicated as *** for q < 0.001, ** for q < 0.01, and * for q < 0.05, where 
q-values represent p-values adjusted using the Benjamini-Hochberg method to control the false discovery 
rate.

	 KPS; Karnofsky Performance Status.
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chemotherapy resistance.11 Notably, CXCL12 
affects tumor biology through two mechanisms: 
direct activation of signaling pathways that promote 
cancer growth and indirect effects involving the 
localization of its receptors and increased uptake 
by cancer cells. As a result, the elevated CXCL12 
levels are associated with increased tumor cell 
proliferation.16 A study conducted by Roberto et 
al. highlighted that the CXCL12 level was elevated 
in pancreatic adenocarcinoma, which eventually 
led to tumor growth associated with lymph node 
metastasis. Accordingly, the CXCL12/CXCR4/
CXCR7 signaling axis was crucial for pancreatic 
cancer development, with variations in receptor 
expression and CXCL12 binding affecting cancer 
behavior.17 

	 CCL2 is primarily produced by monocytes, but 
tumor cells can also synthesize it. Its expression 
is influenced by various transcription factors 
and is stimulated by factors like tumor necrosis 
factor (TNF)-α and IL-1β.18 High CCL2 levels are 
linked to tumor metastasis, invasion, and immune 
resistance, although some studies suggest it may 
help recruit anti-tumor inflammatory monocytes.19 

Pro-inflammatory factors and oncogenes, such as 
p53, can enhance CCL2 expression. Additionally, 
tumor-associated macrophages, fibroblasts, and 
adipocytes contribute to CCL2 production.20 On 
the other hand, the CCL2/CCR2 axis plays a crucial 
role in tumor fibrosis and angiogenesis.21 Various 
studies have corroborated the elevated CCL2 levels 
in tumors. For example, the interaction between 
CCL2 and IL-33 was critical for esophageal cancer 
progression. In ovarian cancer, CCL2 released 
from adipocytes promoted metastasis via the 
PI3K/AKT/mTOR pathway.22  Furthermore, breast 
neoplasms secreted higher levels of CCL2 and 
IL-8, which are associated with invasive signaling 
pathways.23 In gallbladder cancer, elevated CCL2 
expression enhanced invasion, and the increased 
CCR2 and CCL2 serum levels were linked to 
lung metastasis in mouse models.24 Overall, these 
findings underscore the fundamental role of CCL2 
function in cancer progression and metastasis 
across various tumor types.
	 Additionally, stratified analysis by tumor 
grade showed a clear trend of increasing serum 
levels of IL-8, CXCL12, and CCL2 with higher 
tumor grades (I to III). This trend reinforces 
the contribution of these chemokines in tumor 
aggressiveness and may indicate their role in 
the malignant transformation of ependymomas. 
Specifically, IL-8 levels were markedly elevated 
in grade III tumors, underscoring its involvement 
in angiogenesis and immune evasion. Similarly, 

CXCL12 and CCL2 were substantially higher in 
higher-grade tumors, suggesting their importance 
in cell proliferation and the recruitment of tumor-
associated immune cells. These findings support 
the prognostic relevance of chemokine profiling 
in clinical management and risk stratification of 
spinal ependymoma.
	 Comparative analyses of chemokine expression 
profiles between spinal and intraventricular 
ependymomas reveal notable differences that 
underscore the unique microenvironmental 
characteristics of spinal tumors. Spinal 
ependymomas exhibit elevated expression of 
chemokines such as CCL2, which is associated 
with the recruitment of monocytes and tumor-
associated macrophages, contributing to an 
immunosuppressive tumor microenvironment.25 In 
contrast, intracranial ependymomas, particularly 
those located in the posterior fossa, demonstrate a 
pro-inflammatory microenvironment characterized 
by the expression of MHC class II-related 
molecules and other pro-inflammatory cues.26 
These differences in chemokine expression and 
immune cell infiltration patterns highlight the 
distinct biological behaviors of ependymomas 
based on their anatomical location, which may 
have implications for prognosis and therapeutic 
strategies.
	 Genetic polymorphisms in the IL-8 gene 
promoter region, notably rs4073 (IL-8 -251T>A), 
have been associated with variations in IL-8 
expression levels and susceptibility to various 
inflammatory and neoplastic diseases in Asian 
populations. For instance, a meta-analysis 
encompassing 33 case-control studies revealed 
that the IL-8-251A allele is significantly associated 
with an increased risk of gastric cancer in Asian 
populations, including Chinese and Korean 
individuals.27 Similarly, studies have demonstrated 
associations between IL-8 polymorphisms 
and elevated risks of other cancers in Asian 
populations.28 These findings suggest that genetic 
variations in IL-8 may contribute to the observed 
differences in chemokine levels and disease 
susceptibility among Asian populations. Further 
genetic analyses are warranted to elucidate the 
role of these polymorphisms in the pathogenesis 
and progression of spinal ependymomas.
	 There  are several limitations to the current 
study. First, while the 50 patients with spinal 
ependymoma and 25 healthy controls are adequate 
for a preliminary report, the sample  size may be 
insufficient to generalize the results to a larger 
population. Additionally, the study design does 
not allow the researchers to conclude the  long-
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term prognostic value of IL-8, CXCL12, and 
CCL2, as no longitudinal data were collected. In 
addition, this study found associations between 
chemokine and clinical features but could not 
uncover the molecular  mechanisms behind the 
associations of chemokine with the tumors of high 
aggressiveness, thereby leading to a lack of insight 
into the role of chemokine in tumor progression. 
The analyses failed to fully account for potential 
confounders, including comorbidities, concurrent 
treatments, or genetic variants  that might 
affect the observed outcomes. The investigation 
additionally only highlighted serum biomarkers, 
which may not necessarily reflect the tumor 
microenvironment, nor was it functional to  show 
that these chemokines drive malignancy. Future 
studies should focus on longitudinal follow-
up, mechanistic exploration, and tissue-based 
analyses to better define the role of these specific 
chemokines in spinal  ependymoma.
	 In conclusion, this study highlights the 
significant elevation of serum IL-8, CXCL12, and 
CCL2 levels in patients with spinal ependymoma 
compared to healthy controls. In particular, 
IL-8 showed significant correlations with tumor 
size, grade, and KPS score, highlighting its 
potential  role as a prognostic biomarker for 
spinal ependymoma. Contrastingly, CXCL12 and 
CCL2 exhibited a highly significant association 
with tumor size and grade, thereby reinforcing 
the hypothesis of their involvement in tumor 
progression. The observations described above 
reveal information about the chemokine-driven 
inflammatory milieu of spinal  ependymoma 
and the implications for tumor behavior. These 
chemokines may serve as novel biomarkers for 
the diagnosis,  prognosis, and therapeutic targeting 
of spinal ependymoma. 
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