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Background: Studies conducted so far have focused mainly on the assessment of IL-6 
levels in patients with ruptured brain aneurysms. Carrying out detailed studies in patients 
with un-ruptured brain aneurysms (UIA) would be extremely important, as it would answer 
the question of whether IL-6 plays also a role in primary aneurysm formation and growth.
Methods: IL-6, S100, NSE, and albumin concentrations in 67 UIA patients and 17 indivi
duals without vascular lesions in the brain were tested using in vitro diagnostic immunoas
says according to the manufacturers’ instructions. IL-6 Quotient was calculated by dividing 
cerebrospinal fluid (CSF) IL-6 by serum IL-6.
Results: We showed that IL-6 Quotient was significantly higher in UIA patients (1.78) 
compared to the control group (0.87; p<0.001). Multivariate logistic regression analysis 
demonstrated that a growth in IL-6 Quotient increases the probability of UIA diagnosis. In 
UIA patients CSF IL-6 concentration was significantly higher (4.55 pg/ml) compared to the 
serum concentration (2.39 pg/ml; p<0.001). In both the study and control group, the blood- 
brain barrier was intact, thus the CSF-blood gradient of the IL-6 concentration in UIA 
patients was likely to be the expression of local synthesis of the cytokine within the central 
nervous system. Patients with multiple brain aneurysms had significantly higher CSF IL-6 
levels (5.08 pg/ml) compared to individuals with a single aneurysm (4.14 pg/ml; p=0.0227).
Conclusion: This totality of the may suggest IL-6 as a biomarker for UIA formation; 
however, further studies are needed to unequivocally confirm clinical application of IL-6 
concentration evaluation.
Keywords: cerebrospinal fluid, CSF, interleukin 6, IL-6, unruptured intracranial aneurysm, 
UIA, IL-6 Quotient

Background
An intracranial aneurysm (IA) can lead to a life-threatening subarachnoid hemor
rhage (SAH), which is lethal in approximately 50–60% of cases and significantly 
disabling for those who survive.1 Recognition of the factors involved in the 
pathomechanism of IA formation and growth would be extremely important, as it 
could indicate a direction for preventive treatment of IA before its rupture.2

IA formation begins with hemodynamically induced inflammatory dysfunction 
of the endothelium, which is the cause, not the consequence, of the presence and 
rupture of the aneurysm.2 There is a correlation between an abnormal remodeling of 
the cerebral vessel and a wall shear stress (WSS) gradient.3 Hemodynamical 
alternations lead to local inflammatory changes in endothelial cells (ECs) and 

Correspondence: Joanna Kamińska; Olga 
M Koper-Lenkiewicz  
Department of Clinical Laboratory 
Diagnostics, Medical University of 
Bialystok, Waszyngtona 15A St., Białystok, 
15-269, Poland  
Tel/Fax +48 85 7468584  
Email joanna.kaminska@umb.edu.pl;  
o.koper@wp.pl

Journal of Inflammation Research 2021:14 6103–6114                                                     6103
© 2021 Kamińska et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 2 September 2021
Accepted: 31 October 2021
Published: 23 November 2021

http://orcid.org/0000-0002-2986-4852
http://orcid.org/0000-0003-4170-0997
http://orcid.org/0000-0002-2883-394X
http://orcid.org/0000-0001-7127-850X
http://orcid.org/0000-0001-8028-5146
http://orcid.org/0000-0003-2391-3307
http://orcid.org/0000-0002-9594-8173
http://orcid.org/0000-0003-4132-9278
http://orcid.org/0000-0003-2948-4574
http://orcid.org/0000-0003-4438-9110
http://orcid.org/0000-0002-8096-3987
http://orcid.org/0000-0002-8101-6535
http://orcid.org/0000-0001-5199-2773
mailto:joanna.kaminska@umb.edu.pl
mailto:o.koper@wp.pl
http://www.dovepress.com/permissions.php
https://www.dovepress.com


vascular smooth muscle cells (VSMCs).2,4–7 The forma
tion of an aneurysm begins when WSS initiates the pro
duction of the nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-kappa B) being a transcription factor 
that initiates the process of inflammation. WSS also leads 
to infiltration of inflammatory cells (macrophages, neutro
phils, lymphocytes) and activation of matrix metallopro
teinases (MMPs) in the aneurysm wall, which in turn leads 
to the release of inflammatory cytokines, adhesion mole
cules, chemokines, immunoglobulins, proteases, reactive 
oxygen species (ROS), and complement components.2,8,9 

At the same time, mechanisms protecting the arterial wall 
are activated. The VSMCs’ inner membrane hyperplasia is 
induced, aimed at blurring the defects of the arterial walls 
and increasing the synthesis of nitric oxide (NO), which 
provides direct protection of the artery wall and inhibits 
the activation of NF-kB.8,10

Studies indicate that among inflammatory factors, 
interleukin 6 (IL-6) seems to play a critical role in the 
formation and progression of IA.3,11–13 It is produced eg 
by monocytes/macrophages and lymphocytes infiltrating 
the arterial wall.2,14,15 Animal model experiments show 
that IL-6 applied locally is a potent basal artery 
constrictor.16 Human studies suggest that the evaluation 
of IL-6 concentration in the cerebrospinal fluid (CSF) may 
help predict vasospasm following aneurysmal SAH.11,17–19 

Moreover, it has been shown that elevated levels of IL-6 in 
the blood during the first three days after rupture of the 
brain aneurysm is an early and independent predictor of 
poor clinical prognosis within 30 days after aneurysmal 
SAH.20

It is extremely important to identify signaling pathways 
that are responsible for the development and rupture of an 
aneurysm.2 Studies conducted so far have focused mainly 
on the assessment of IL-6 levels in patients with ruptured 
brain aneurysms. Carrying out detailed studies in patients 
with unruptured brain aneurysms (UIA) would be extre
mely important, as it would answer the question of 
whether IL-6 also plays a role in primary aneurysm for
mation and growth.

Since the disturbance of the integrity of the Blood- 
brain barrier (BBB) and the permeability of the Blood- 
cerebrospinal fluid barrier (BCSFB) may affect the final 
concentration of IL-6 in the CSF, we assessed the concen
tration of this cytokine depending on the condition of the 
above-mentioned barriers in the first step. In the next step, 
we compared CSF IL-6 concentration to serum values in 
UIA patients, to check whether IL-6 synthesis occurs 

locally as a result of changes in the cerebral vessel. In 
our previous study, we observed that the calculation of IL- 
8 Quotient (concentration of CSF protein divided by serum 
protein) was a satisfactory approach to distinguish UIA 
patients from individuals without vascular lesions in the 
brain.21 Finally, we calculated IL-6 Quotient in UIA 
patients compared to the control group as well as taking 
into account the size and the number of aneurysms.

Methods
Subjects
The study group consisted of 67 patients: 53 females/14 
males, with a median age of 59 years. The patients were 
operated on due to an unruptured brain aneurysm between 
July 2015 and October 2019 at the Department of 
Neurosurgery at the Clinical Hospital of the Medical 
University of Bialystok. All patients underwent craniot
omy and direct surgical clipping of unruptured intracranial 
aneurysm (UIA). In all patients, the aneurysms were 
asymptomatic and located at the anterior part of the 
Willis’ Circle. The decision for intervention was made 
only after careful consideration of the risk of aneurysm 
rupture vs the inherited risk of surgical procedure. The 
commonly used guidelines (eg, size >5 mm and/or irregu
lar shape), representing the increased risk of rupture22 and 
the patients’ opinions were taken into consideration when 
making the decision. The presence of UIA was established 
with MR angiography in 21 patients, and with CT angio
graphy in 33 patients. Thirteen individuals required con
firmation with contrast digital angiography to pinpoint the 
location, size, and shape of the aneurysm. Table 1 contains 
the aneurysms’ geometrical information in the study 
group.

Exclusion criteria comprised neurodegenerative condi
tions like multiple sclerosis, neuroinfection and a brain 
tumor in the medical history, surgery or major trauma in 
preceding months, antibiotics, anti-inflammatory, or corti
costeroid administration in preceding months.

The comparative group was made up of 17 subjects (7 
males/10 females, mean age 66 years, quartiles 57–68 
years), suffering from trigeminal neuralgia due to an anato
mical conflict between the trigeminal nerve and a cerebellar 
artery. All patients in this group showed to be unresponsive 
to conservative treatment and were qualified for posterior 
fossa craniotomy and microvascular decompression. The 
procedure consisted of the exposition of the conflict area 
at the cerebro-pontine angle, disinsertion of the compressing 
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artery from the trigeminal nerve, displacement of the artery, 
and finally its fixation to the cerebellar tentorium with 
a binding agent (Tachosil ®, Takeda, Linz, Austria). The 
exclusion criteria from the control group were consistent 
with those of the study group. All patients before surgery 
had fasting basic laboratory tests done between 6:00 AM 
and 7:00 AM. Table 2 presents the characteristics of the 
study and control groups. In the analyzed basic laboratory 
parameters, we observed a significant difference in the 
results obtained for WBC, MPV, INR, K+, CRP in patients 
with UIA compared to the control group, but the results 
found in both groups for these parameters are within the 
reference range, indicating no clinical significance for the 
observed differences.

Sample Collection and Storage
Surgical procedures were conducted in the usual man
ner: under general anesthesia with the patient’s head 
immobilized in a three-pin Mayfield head holder. Skin 
incision preceded lifting of bone flap and lancing of 
dura mater, allowing for visualization of the arachnoid 
membrane and subarachnoid space. Subarachnoid space 
was carefully opened with the aid of an operating 
microscope, and inflowing CSF removed with a single- 

use, sterile syringe, and soft venous catheter. Particular 
care was taken to prevent any contamination of the CSF 
with blood or warm saline solution used as irrigation. 
All the aforementioned steps were taken at the start of 
each procedure, before any bleeding could occur. In all 
CSF samples, the red blood cell count (RBC) was mea
sured using UF-4000 (Sysmex, Kobe, Japan). Only CSF 
samples with RBC count that equal 0/µL were used for 
further analysis.

Test tubes without anticoagulant (S-Monovette, 
SARSTEDT) were used in patients’ blood samples 
(2.7 mL) collection. Blood was centrifuged for 20 
minutes at 1000 x g to obtain serum within 30 minutes 
after the venipuncture. Also, CSF samples were cen
trifuged for 20 minutes at 1000 x g. Obtained serum 
and CSF supernatant were aliquoted and placed in 
storage at −75°C before use. Before the assessment, 
all specimens were gradually defrosted and mixed 
using a Vortex. The concentration of IL-6 in CSF and 
serum was assessed for 61 patients and the concentra
tion of S100 for 53 patients due to a sufficient quantity 
of samples not being available for analysis. The 
remaining analysis was performed for all (n=67) 
patients included in the research.

CSF and Serum IL-6 Concentration 
Evaluation
The concentration of IL-6 in serum and CSF was tested 
using in vitro diagnostics electrochemiluminescence 
immunoassay (ECLIA) on the COBAS e411 analyzer 
(Roche Diagnostics, Penzberg, Germany) according to 
the manufacturer’s instructions. Serum and CSF samples 
were not diluted before analysis. The detection range of 
the assay test is 1.5–5000 pg/ml. The cytokines: IL-1α, 
−1β, −2, −3, −4, −8, interferon-ɣ, and tumor necrosis 
factor-α in the concentration of 50 ng/ml do not show 
cross-reactions. The assay is unaffected by icterus (bilir
ubin <680 µmol/l or <40 mg/dl), hemolysis (hemoglobin 
<0.621 mmol/l or <1.0 g/dl), lipemia (lipid <1500 mg/dl), 
and biotin (<123 nmol/l or <30 ng/ml).

CSF Total Protein and CSF and Serum 
Albumin Evaluation
The concentration of total protein in CSF and albumin in 
CSF and serum was tested using an automatic biochemical 
analyzer ACCENT-200 (PZ Cormay S.A., Motycz, 
Poland). Total protein concentration in CSF was assessed 

Table 1 Aneurysms’ Geometry Information in the Study Group

Aneurysm Geometry Characteristics

Aneurysm Location: No (%)

MCA 54 (81%)

MCA, ICA 1 (2%)
ICA 9 (13%)

AcomA 3 (4%)

Side:

Left 31 (46%)
Right 36 (54%)

Aneurysm size [mm]: n=53#

Median 5.3 mm

< 5 mm 21 (40%)

5-9.9 mm 30 (57%)
≥ 10 mm 2 (3%)

Number of aneurysms:

Single 38 (57%)
Multiple 29 (43%)

Notes: # In the case of 14 UIA patients there was no history of the size of the 
operated aneurysm. 
Abbreviations: AcomA, anterior communicating artery; ICA, internal carotid 
artery; MCA, middle cerebral artery.
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using the pyrogallol red colorimetric method. Albumin 
concentration in CSF and serum was measured by the 
immunoturbidimetric method. The tests were performed 
according to the manufacturer’s instructions.

CSF and Serum S100 Protein (S100) and 
Neuron-Specific Enolase (NSE) Evaluation
CSF and serum S100 concentration was tested on the 
COBAS e411 analyzer (Roche Diagnostics, Penzberg, 

Table 2 Demographical and Clinical Characteristics of Unruptured Intracranial Aneurysm (UIA) Patients and Control Group

Clinical Characteristics of the Study Group

UIA Group (n=67) Control Group (n=17) p-value

Median (interquartiles)

Age [years] 59 (51–66) 66 (57–68) 0.0550

Gender: Female /Male 53/14 10/7 0.1263&

Caucasian ethnicity 67 (100) 17 (100) 1.0000
Weight [kg] 70 (63–80) 82 (68–87) 0.1045

Growth [m] 1.64 (1.60–1.68) 1.68 (1.60–1.72) 0.4071

BMI 25.91 (23.31–30.08) 28.83 (25.69–32.03) 0.1458
Systolic BP [mmHg] 137 (123–150) 143 (132–152) 0.3140

Diastolic BP [mmHg] 80 (77–90) 80 (73–95) 0.8340

Heart rate [minute] 74 (66–81) 74 (64–81) 0.6994

Basic Laboratory Parameters

WBC [x103/µl] 7.33 (6.27–8.70) 5.97 (4.77–7.52) 0.0110
RBC [x106/µl] 4.45 (4.18–4.77) 4.51 (4.45–4.60) 0.5218

HGB [g/dl] 13.50 (12.80–14.20) 13.50(12.90–14.00) 0.8947
HCT [%] 39.40 (37.60–42.10) 40.20 (38.50–41.00) 0.8083

PLT [x103/µl] 235 (195–276) 263 (238–300) 0.0626

MPV [fl] 10.8 (10.3–11.4) 10.3 (9.8–10.7) 0.0113
P-LCR[%] 31.8 (27.1–36.7) 28.2 (24.1–30.5) 0.0522

PT [s] 12.3 (11.9-12.8) 12.7 (12.1–13.1) 0.1367

INR 0.92 (0.89–0.97) 0.99 (0.91–0.99) 0.0469
APTT [s] 28.2 (26.9–29.7) 27.1 (25.9–29.9) 0.4727

Fibrinogen [mg/dl] 339 (295–390) 307 (273–351) 0.1458

Na+ [mmol/l] 138 (137–140) 139 (136–140) 0.6912
K+ [mmol/l] 4.4 (4.1–4.7) 4.7 (4.4–4.9) 0.0456
Glucose [mg/dl] 96 (88–107) 99 (89–103) 0.9648

Urea [mg/dl] 31 (25–39) 28 (22–46) 0.7574
Creatinine [mg/dl] 0.76 (0.67–0.85) 0.80 (0.70 −0.86) 0.6831

CRP[mg/l] 0.70 (0.40–1.90) 1.75 (1.50–3.00) 0.0409

Comorbidities and Risk Factors n (%) p-value

Smoking tobacco# 35 (52) 5 (29) 0.0923

Drinking alcohol@ 8 (12) 3 (18) 0.5334

Diabetes 3 (5) 4 (24) 0.0407&

Obesity$ 18 (27) 7 (41) 0.2492

Hypertension 46 (69) 8 (47) 0.0970

Cardiovascular diseases 10 (15) 0 (0) 0.2013&

Head injury 7 (11) 0 (0) 0.3678&

Notes: &Yates’ chi-square, #more than 20 cigarettes a day for over 12 months and more, @more often than occasionally, $body mass index (BMI) > 30.0 (kg/m2), the bold 
font of p-value means that it is statistically significant (p<0.05). Conversion factors to SI units are as follows: for WBC – 1.0, for RBC – 1.0, for HGB – 10.0, for PLT – 1.0, for 
glucose – 0.0555, for creatinine – 88.4. The p-value of < 0.05 is considered statistically significant. 
Abbreviations: APTT, activated partial thromboplastin; eGFR, estimated glomerular filtration rate; HCT, hematocrit; HGB, hemoglobin; INR, International Normalized 
Ratio; Time; K+, potassium ion; MPV, mean platelet volume; Na+, sodium ion; P-LCR, platelet-large cell ratio; PLT, platelet count, PT, prothrombin time; RBC, red blood cell 
count; SAH, subarachnoid hemorrhage; UIA, unruptured intracranial aneurysm; WBC, white blood cell count.
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Germany) according to the manufacturer’s instructions. The 
assay is dedicated to the quantitative determination of S100 
(S100 A1B and S100 BB) in human samples. Detection 
range is between 0.005 and 39 µg/l. The test is unaffected 
by icterus (bilirubin < 680µmol/l or <40 mg/dl), hemolysis 
(hemoglobin <0.621 mmol/l or <1.0 g/dl), lipemia (lipid 
<1500 mg/dl), and biotin (<205 nmol/l or <50 ng/ml).

CSF and serum NSE concentrations were tested on the 
COBAS e411 analyzer (Roche Diagnostics, Penzberg, 
Germany) according to the manufacturer’s instructions. 
Detection range is between 0.050 and 370 ng/ml. The cyto
kines: IL-1α, −1β, −2, −3, −4, −8, interferon-ɣ, and tumor 
necrosis factor-α in the concentration of 50 ng/ml do not show 
cross-reactions. The assay is unaffected by icterus (bilirubin 
<1231 µmol/l or <72 mg/dl), hemolysis (hemoglobin <0.621 
mmol/l or <1.0 g/dl), lipemia (triglycerides <22.8 mmol/l or 
<2000 mg/dl), and biotin (<409 nmol/l or <100 ng/ml).

Statistical Analysis
The obtained results were analyzed with the use of the 
STATISTICA 12.0 PL software (StatSoft Inc., Tulsa, USA) 
and GraphPad Prism 5.0 (GraphPad Software, San Diego, 
USA). They did not follow the normal distribution (X2-test), 
thus nonparametric statistical analyses were applied. The X2- 
test with Yates correction was used to investigate whether 
patients were gender-matched and whether there were any 
differences regarding risk factors. The Mann–Whitney test 
was used to compare two independent samples. Correlation 
coefficients were obtained by applying Spearman’s rank cor
relation. Values for continuous variables are presented as med
ian with quartiles. A receiver operator characteristic (ROC) 
curve was generated to determine the performance of IL-6 
level evaluation in order to distinguish between the study and 
control group. The Youden index, a function of sensitivity and 
specificity, indicated an optimal trade-off between these two 
(cut-off point) for the parameters tested. Logistic regression 
analysis was performed to find out if IL-6 may be predictive in 
UIA diagnosis. Differences were considered significant for 
p<0.05.

Results
Blood-Cerebrospinal Fluid Barrier 
(BCSFB) Permeability Does Not Influence 
CSF IL-6 Concentration and IL-6 
Quotient in UIA Patients
Proper BCSFB permeability is related to the CSF flow rate. 
Albumin Quotient (QAlb), which is equal to albumin 

concentration in the CSF divided by serum albumin concen
tration, reflects changes in the CSF flow rate.23,24 We found 
that median QAlb was slightly lower in UIA patients (5.77 
x10−3) compared to the control group (6.23 x10−3), but the 
difference was insignificant (Figure 1), indicating that these 
two groups did not differ with regard to BCSFB 
permeability.

Considering that QAlb is age-dependent,25 we calculated 
the upper limit of QAlb for each patient individually (for 
detailed information on how to calculate the upper limit of 
QAlb please refer to21). Based on the QAlb value we divided 
UIA patients into those with proper BCSFB permeability 
(n=51) and those with QAlb above the upper limit (n=16). 
We found that neither CSF IL-6 concentration nor IL-6 
Quotient differs between patients with QAlb < the upper 
limit compared to patients with QAlb > the upper limit 
(Figure 2A and B). Also, Spearman’s rank correlation coeffi
cient analysis did not reveal any relationship between QAlb 
and CSF IL-6 or IL-6 Quotient (p>0.05).

UIA Patients Have Proper Blood-Brain 
Barrier (BBB) Integrity and This Barrier 
Does Not Influence IL-6 Results
Well-established markers of BBB integrity are the brain- 
related proteins S100B and NSE, which are released into 
peripheral circulation in the case of a damaged barrier.26,27 

We found that UIA patients had both significantly lower 

Figure 1 Albumin quotient (QAlb) in UIA patients compared to the control group. 
Notes: QAlb – Albumin Quotient calculated by dividing albumin concentration in 
the cerebrospinal fluid (CSF) by the albumin concentration in the serum. Due to the 
fact that albumin concentration in the serum [g/dl] is much higher than in the CSF 
[mg/dl], it is expressed in different units. Dividing different units by one another is 
a mistake, thus when calculating the QAlb, units should be unified. This division 
results in a fraction factor which is inconvenient in everyday practice,24 therefore 
QAlb is quoted as an integer multiplied by 10−3. 
Abbreviations: UIA, unruptured intracranial aneurysm; C, control group; p, 
p-value.
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Figure 2 (A) CSF IL-6 concentration depending on QAlb in UIA patients. (B) IL-6 Quotient depending on QAlb in UIA patients. 
Notes: QAlb depends on age; for patients between 15 and 60 years old it is calculated using the following formula: QAlb = [(age in years/15) + 4] x10−3; the upper limit of 
QAlb is <8.00 x 10−3 for patients >60 years of age;24. 
Abbreviations: CSF, cerebrospinal fluid; IL-6, interleukin 6; IL-6 Quotient, CSF IL-6 concentration divided by serum IL-6 concentration; UIA, unruptured intracranial 
aneurysm; QAlb, Albumin Quotient calculated by dividing CSF albumin concentration by serum albumin concentration; p, p-value.

Figure 3 (A) Serum S100 concentration in UIA patients compared to the control group. (B) Serum NSE concentration in UIA patients compared to the control group. 
Abbreviations: S100, S100 protein; NSE, neuron-specific enolase; UIA, unruptured intracranial aneurysm; C, control group; p, p-value.

Figure 4 CSF IL-6 concentration compared to serum IL-6 concentration in UIA 
patients. 
Abbreviations: CSF, cerebrospinal fluid; IL-6, interleukin 6; UIA, unruptured 
intracranial aneurysm; p, p-value.

Figure 5 IL-6 Quotient in UIA patients compared to the control group. 
Abbreviations: IL-6, interleukin 6; IL-6 Quotient, cerebrospinal fluid IL-6 concen
tration divided by serum IL-6 concentration; UIA, unruptured intracranial aneur
ysm; C, control group; p, p-value.
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serum S100 and NSE concentrations (0.07 µg/l and 13.37 
ng/ml, respectively) compared to the control group (0.09 
µg/l and 16.59 ng/ml, respectively) (Figure 3A and B). 
According to the manufacturer’s instructions, expected 
values in healthy subjects with undamaged BBB should 
not exceed 0.105 µg/l for S100 and 16.3 ng/ml (95% CI: 
15.7–17.0 ng/ml) for NSE. The correlation coefficient 
analysis showed that in the UIA group neither S100 nor 
NSE displayed a relationship with serum IL-6, CSF IL-6, 
or IL-6 Quotient (p>0.05).

CSF IL-6 is Synthesized Intrathecally in 
UIA Patients. IL-8 Quotient is Useful to 
Distinguish UIA Patients from Individuals 
Without Vascular Lesions in the Brain
To detect whether IL-6 is synthesized locally within the 
central nervous system in UIA patients, we evaluated its 
levels in the cerebrospinal fluid and found that CSF IL-6 
median concentration was significantly higher (4.55 pg/ml) 
compared to serum concentration (2.39 pg/ml, Figure 4).

We also found that median IL-6 Quotient was signifi
cantly higher (1.78) in UIA patients compared to the 
control individuals (0.87) (Figure 5).

To assess the diagnostic utility of IL-6 Quotient 
evaluation in differentiating UIA patients from indivi
duals without vascular lesions in the brain, we per
formed receiver operating characteristic (ROC) curve 
analysis and assessed the area under the ROC curve 
(AUC) (Figure 6).

Figure 6 The diagnostic utility analysis of IL-6 Quotient evaluation in differentiating 
UIA patients from individuals without vascular lesions in the brain. 
Notes: ROC curve for IL-6 Quotient (AUC±SE=0.775 ± 0.053, p<0.0001; YI=0.56; 
SE=74%; SP=82%; AC=76%; PPV=94%; NPV=47%) for differentiating UIA patients 
from individuals without vascular lesions in the brain. 
Abbreviations: IL-6 Quotient, cerebrospinal fluid IL-6 concentration divided by 
serum IL-6 concentration; UIA, unruptured intracranial aneurysms; ROC, Receiver 
Operating Characteristic; AUC, area under the ROC curve; SE, standard error; 
Cut-off, optimal cut-off based on the highest Youden Index; YI, Youden Index; SE, 
sensitivity; SP, specificity; AC, diagnostic accuracy; PPV, positive predictive value; 
NPV, negative predictive value.

Table 3 Multivariate Logistic Regression Analysis Results for UIA 
Diagnosis

Variable OR 95% CI p-value

Multivariate Logistic Regression Analysis

1. IL-6 Quotient 476,446.7 1.84–1.23e+11 0.040
2. CSF S100 [µg/l] 0.099 0.02–0.49 0.005
3. S100 Quotient 1.094 1.02–1.17 0.007
4. Interaction (Age* IL-6 
Quotient)

0.835 0.69–0.99 0.048

Notes: *Interaction; the bold font of p-values mean that it is statistically significant 
(p<0.05). 
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 4 The Interpretation of the Interaction (Age* IL-6 
Quotient) in Multiple Logistic Regression Analysis

Age 
[years]

OR Interpretation

20 12,805.76 For people aged 20, with an increase in IL-6 

Quotient by 1, the chance of UIA diagnosis is 

12,806 times greater

30 2099.43 For people aged 30, with an increase in IL-6 

Quotient by 1, the chance of UIA diagnosis is 
2099 times greater

40 344.19 For people aged 40, with an increase in IL-6 
Quotient by 1, the chance of UIA diagnosis is 

344 times greater

50 56.43 For people aged 50, with an increase in IL-6 

Quotient by 1, the chance of UIA diagnosis is 

56 times greater

60 9.25 For people aged 60, with an increase in IL-6 

Quotient by 1, the chance of UIA diagnosis is 
9.3 times greater

70 1.52 For people aged 60, with an increase in IL-6 
Quotient by 1, the chance of UIA diagnosis is 

1.5 times greater

Note: *Interaction.
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IL-6 Quotient Growth is Predictive for 
UIA Diagnosis
Logistic regression analysis was performed to assess whether 
IL-6 Quotient growth could be predictive for UIA diagnosis. 
Due to the correlation coefficient analysis conducted in our 
study group presenting that the older the UIA patient, the 
lower the IL-6 Quotient (R=−0.32, p=0.0121), we deduced 
that there is some correlation between age and IL-6 Quotient 
levels. Thus, the multivariate logistic regression analysis 
model was adjusted for age. In the created model, predictor 
variables influencing UIA diagnosis included the values of 
IL-6 Quotient, CSF S100, S100 Quotient, and age. 
Multivariate logistic regression analysis did not show weight, 
height, body mass index (BMI), obesity, alcohol, smoking, 
blood pressure, diabetes, head trauma, or cardiovascular dis
eases as predictive for UIA diagnosis.

We showed that: 1) if IL-6 Quotient increases by 1 then 
the chance of UIA diagnosis will change depending on the 
patient’s age, and it will increase eβ1þβ4age times 
(β1=13.07, β4=−0.18); 2) if CSF S100 concentration 
increases by 1 µg/l then the chance of UIA diagnosis 
decreases by 10.1 times; 3) if CSF S100 Quotient 
increases by 1 then the chance of UIA diagnosis increases 
by 1.095 times (increases by 9.5%) (Table 3). Table 4 
presents the interpretation of the interactions (Age* IL-6 
Quotient) in multiple logistic regression analysis (Table 4).

CSF IL-6 Concentration Reflects UIA 
Formation but is Not Associated with 
Brain Aneurysm Progression
Correlation coefficient analysis showed that CSF IL-6 
concentration positively correlated with the number of 

aneurysms (R=0.29, p=0.0217) and negatively correlated 
with the aneurysm size (R=−0.48, p=0.0005). IL-6 
Quotient revealed a negative correlation with aneurysm 
size (R=−0.43, p=0.0021). Patients with multiple brain 
aneurysms had significantly higher CSF IL-6 levels com
pared to individuals with a single aneurysm. Both CSF IL- 
6 concentration and IL-6 Quotient were significantly lower 
in patients with aneurysm size ≥ median value (5.3 mm) 
compared to those with a smaller aneurysm size (Table 5).

Discussion
Our study was the first which showed that UIA patients 
had a significantly higher IL-6 Quotient (CSF IL-6 con
centration divided by serum IL-6 concentration) compared 
to patients without vascular lesions in the brain. A further 
detailed analysis conducted in our study showed that IL-6 
Quotient seems to be clinically useful for indicate patients 
with UIA.

Interestingly, in UIA patients we observed an almost 
2-fold higher CSF IL-6 concentration compared to serum 
levels. On this basis, we conclude that a high concentra
tion of IL-6 in CSF may suggest its local synthesis within 
the central nervous system (CNS), and thus its potential 
participation in the formation of intracranial aneurysms. 
Moreover, patients with multiple brain aneurysms had 
significantly higher CSF IL-6 levels compared to indivi
duals with a single aneurysm, which adds weight to the 
contention that IL-6 concentration may reflect UIA 
formation.

The source of IL-6 concentration within the CNS in 
patients with an unruptured brain aneurysm may be vas
cular endothelial cells themselves, migrating along with 
inflammatory cells to the site of the aneurysm formation: 

Table 5 CSF IL-6 Concentration and IL-6 Quotient Depending on Aneurysm Size and the Number of Aneurysms

Number of Aneurysms p-value

Single Multiple

CSF IL-6 [pg/ml] 4.14 (3.25–4.96) 5.08 (4.20–6.70) 0.0227

IL-6 Quotient 1.71 (0.93–2.81) 1.87 (1.27–2.63) 0.3394

Aneurysm Size [mm]

< 5.3 ≥ 5.3

CSF IL-6 [pg/ml] 5.19 (4.44–7.31) 4.00 (3.05–4.78) 0.0022

IL-6 Quotient 2.51 (1.54–3.51) 1.33 (0.86–2.08) 0.0183

Note: The bold font of p-value means that it is statistically significant (p<0.05).
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monocytes/macrophages and lymphocytes, which are 
able to synthesize IL-6 in response to a stimulus.2,14,15 

Additionally, astrocytes stimulated by various cytokines 
such as IL-1β or TNF-α, produce IL-6.11,14,28 An addi
tional source of IL-6 is activated microglia releasing IL- 
6 in response to changes in the CNS.11 The current study 
showed the high local synthesis of IL-6 within the CNS 
in UIA patients. Taking into account the role of IL-6 in 
driving inflammation,29 we may hypothesize its role in 
intracranial aneurysm formation. In this regard, IL-6 
may be essential, as it enhances the inflammatory 

process within the vascular endothelium and the synth
esis of molecules involved in the formation of brain 
aneurysms21,30–34 (Figure 7).

Since the disturbances in the blood-brain barrier (BBB) 
and the blood-cerebrospinal fluid barrier (BCSFB) may 
affect final protein concentration in the CSF,25 we also 
analyzed IL-6 levels depending on the condition of the 
above-mentioned barriers. Particularly, that the in vitro stu
dies by Tada et al showed decreased expression of BBB tight 
junction proteins, ie, occludins and ZO-1, which in their 
opinion may be crucial in the formation of aneurysms in 

Figure 7 Suggested contribution of interleukin 6 (IL-6) to brain aneurysm formation. 
Notes: The formation of a brain aneurysm begins when wall shear stress (WSS) initiates the production of NF-κB, being a transcription factor that initiates the process of 
inflammation. The sources of interleukin 6 (IL-6) in the central nervous system (CNS) are 1) vascular endothelial cells (ECs), 2) leukocytes: monocytes/macrophages and 
lymphocytes migrating to the site of the aneurysm formation in response to high WSS, 3) astrocytes stimulated by various cytokines (eg, IL-1β, TNF-α), and 4) microglia in 
response to changes in the CNS. IL-6, in turn, enhances the inflammatory dysfunction of the endothelium via the production of adhesion molecules by the ECs (eg, VCAM1, 
VCAM2), cytokines (eg, IL-8), chemokines (eg, RANTES, MIG, IP-10), and other molecules involved in the formation of a brain aneurysm. IL-6 also stimulates macrophages 
to secrete CCL-2/MCP-1 established as a critical factor responsible for the formation of IA. IL-6 also increases the c-myc mRNA expression directly stimulating DNA 
synthesis, which promotes vascular smooth muscle cell (VSMCs) proliferation. Additional VSMCs phenotypic modulation results in the loss of their contraction capacity via 
the downregulation in expression of contractile genes (eg, myocardin), and upregulation of genes that may affect the rigidity or elasticity of the vascular wall (eg, collagen 
alfa2(I) gene) as well as proinflammatory genes (eg, MMPs, CCL2/MCP-1, VCAM 1, and ILs).2–4,8,11,14,21,26,28–30 

Abbreviations: CAMs, cell adhesion molecules; CCL2/MCP-1; (C-C motif) ligand 2/monocyte chemoattractant protein-1; CNS, central nervous system; ECs, endothelial 
cells; IL-1β, interleukin 1 beta; IL-8, interleukin 8; ILs, interleukins; IP-10, interferon gamma-induced protein 10; MIG, monokine induced by gamma interferon; MMPs, matrix 
metalloproteinases; mRNA, messenger ribonucleic acid; NF-κB, nuclear factor kappa-light-chain-enhancer of activated leukocytes, normal T-cell expressed and secreted; 
RANTES, regulated on activation; TNF-α, tumor necrosis factor-α; VCAM1, vascular cell adhesion molecule 1; VCAM2, vascular cell adhesion molecule 2; VSMCs, vascular 
smooth muscle cells; WSS, wall shear stress.
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rats.35 In turn, Saitou et al and Schulzke et al demonstrated 
normal tight junction morphology and normal barrier trans
port in mice with congenital total occludin deficiency,36,37 

which contradicts the theory of Tada et al.35

A detailed analysis of markers used to assess both 
barriers: QAlb, S100, and NSE proteins indicated that 
UIA patients included in our study possessed barriers in 
the proper condition. Moreover, in UIA patients neither 
QAlb nor S100 and NSE concentration correlated with 
CSF IL-6 levels.

The obtained results strengthen our hypothesis that the 
increased concentration of CSF IL-6 compared to serum 
IL-6 in patients with unruptured brain aneurysms, resulted 
from its local synthesis in the CNS, suggesting the role of 
this cytokine in the formation of an intracranial aneurysm. 
Additionally, our results suggest that the evaluation of 
serum S100 and NSE proteins does not apply to patients 
with UIA, unlike patients with an aneurysm rupture and 
aneurysm SAH.38–40

Chalouhi et al observed a significantly lower concen
tration of IL-6 in the blood collected from the lumen of the 
brain aneurysm compared to the blood collected from the 
normal femoral vessel, but their group included both 
patients with non-ruptured (n=13) and ruptured aneurysms 
(n=3).31 However, when the authors analyzed the concen
tration of cytokine only in those patients with UIA, they 
did not observe significant differences for IL-6.31 We 
conducted our study among a homogeneous, relatively 
large group (n=67) including only unruptured brain aneur
ysm patients, in both CSF and serum, which is an 
undoubted advantage. Our research suggests that the 
assessment of IL-6 concentration only in serum of patients 
with an unruptured brain aneurysm is not clinically applic
able, because it does not reflect the local IL-6 synthesis 
within the CSN. Especially since we have shown that UIA 
patients have both BCSFB and BBB in the proper 
condition.

Study Limitation
A limitation of our study is the “control group”, which 
included people suffering from persistent facial pain caused 
by irritation of the trigeminal nerve. In our study, CSF was 
secured during neurosurgery; its collection by lumbar punc
ture is not routinely performed in UIA patients and would not 
be approved by the local bioethics committee. We wanted to 
collect CSF from the control group in the same way as 
carried out with UIA patients, which resulted in selecting 
patients with trigeminal neuralgia as the comparison group. 

The second study limitation is a lack of correlation between 
IL-6 levels and results of IL-6 polymorphism analysis, taking 
into consideration that studies on the polymorphism of the 
IL-6 gene suggest that this molecule seems to be a candidate 
gene contributing to the pathogenesis of IA. We have 
designed such a study, and we are currently in the process 
of sample collection and applying for funds.

Strengths of the Study
The strength of our study lies in the assessment of IL-6 
concentration in both CSF and serum, and the calculation 
of the IL-6 Quotient. It should be noted that CSF samples 
contaminated with blood were excluded from further ana
lysis. Our study showed that the calculation of the IL-6 
Quotient seems to be clinically useful for indicating indi
viduals with UIA. We also conducted our study among 
a homogeneous, relatively large group (n=67) including 
only unruptured brain aneurysm patients, which is an 
undoubted advantage.

Conclusion
Our study was the first which showed that the calculation 
of IL-6 Quotient seems to be clinically useful for indicat
ing individuals with UIA. In both the study and control 
group the blood-brain barrier was intact, thus the CSF- 
blood gradient of the IL-6 concentration in UIA patients 
was likely to be the expression of local synthesis of the 
cytokine within the central nervous system. We hypothe
size IL-6 participation in intracranial aneurysm formation 
via its multifactorial effect supporting the inflammation 
within the aneurysmal wall, which relays on actions on 
leukocytes, vascular endothelial cells, smooth muscle 
cells, and CNS cells (Figure 7). This hypothesis may be 
further confirmed by the fact that patients with multiple 
brain aneurysms had significantly higher CSF IL-6 levels 
compared to individuals with a single aneurysm.
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