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ABSTRACT
Introduction: Taking into account the possibility of myelin-associated proteins having a role in
brain tumour development, the study aimed to evaluate the diagnostic usefulness of myelin-
associated proteins (Nogo-A, MAG, OMgp) released into extracellular space in patients with brain
tumours.
Patients and methods: Protein concentration in primary brain tumour (n¼ 49) and non-tumou-
ral subjects (n¼ 24) was measured in cerebrospinal fluid (CSF) and serum by means of ELISA.
Immunohistochemistry for IDH1-R132H was done on 5-lm thick formalin-fixed, paraffin-
embedded tumour sections with the use of an antibody specific for the mutant IDH1-
R132H protein.
Results: The receiver operator characteristic curve analysis showed that CSF Nogo-A and serum
MAG were useful in differentiating patients with primary brain tumour from non-tumoural indi-
viduals. This was also true in the case of the separate analysis of the astrocytic tumour versus
non-tumoural groups and the meningeal tumour versus non-tumoural groups. Neither Nogo-A
nor MAG or OMgp concentrations were significantly different, in serum or CSF, between IDH1
wild-type astrocytic brain tumour patients compared to IDH1 mutant patients.
Conclusions: Our results indicated the potential usefulness of CSF Nogo-A and serum MAG
evaluation as circulating biomarkers of primary brain tumours. Because blood is relatively easy
to obtain, future research should be conducted to explicitly indicate the value of serum MAG
concentration evaluation as a brain tumour biomarker.

KEY MESSAGES

1. Myelin-associated proteins may be circulating brain tumour biomarkers.
2. Nogo-A and MAG proteins seem to be the most useful in brain tumour diagnosis.
3. Decreased CSF Nogo-A concentration is an adverse prognostic factor for patients’ survival.

Abbreviations: aa: amino acid; AUC: area under the ROC curve; BBB: blood–brain barrier; CNS:
central nervous system; CR: Cys-rich motif; CSF: cerebrospinal fluid; Cys: cysteine; ELISA: enzyme-
linked immunosorbent assay; GPI: glycosylphosphatidylinositol; GPIb: platelet glycoprotein Ib;
IDH: isocitrate dehydrogenase; Leu: leucine; LRRs: Leucine-rich repeats; MAG: myelin-associated
glycoprotein; MBP: myelin basic protein; NgR1: Nogo Receptor 1; Nogo-A: neurite growth iso-
form A of reticulon-4; OMgp: oligodendrocyte myelin glycoprotein; PirB: paired immunoglobulin
receptor B protein; ROC: receiver operating characteristic; Ser: serine; Thr: threonine; WHO:
World Health Organization.
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1. Introduction

Despite the dramatic development in neuroimaging
techniques in recent years, the issue of early diagnosis
of malignant glial brain tumours persists. Glioma is
usually detected too late, when it has infiltrated the
brain to a major extent, thus preventing early inter-
vention. The discovery of a circulating biomarker for
these tumours would be of great importance [1–4].

Neurite growth isoform A of reticulon-4 (Nogo-A),
myelin-associated glycoprotein (MAG), and oligo-
dendrocyte myelin glycoprotein (OMgp) are all myelin-
derived proteins. Nogo-A expression is found in neu-
rons and oligodendrocytes of the central nervous sys-
tem in adults [5]. MAG is present in the innermost
membrane of the mature, compact myelin of astro-
cytes, oligodendrocytes, and Schwann cells. This minor
myelin component is present in both the central and
peripheral nervous system [6]. Interestingly, MAG has
a dual function; in embryonic neurons it promotes
axonal growth, whereas in adult neurons it inhibits
axonal growth [7]. OMgp is a glycosylphosphatidylino-
sitol (GPI)-anchored protein expressed in the central
nervous system in both neurons and oligodendrocytes.
At the NODES of Ranvier, OMgp mediates the oligo-
dendrocyte–oligodendrocyte and oligodendrocy-
te–axonal membrane interactions [6].

After the injury, such as those occurring during glioma
invasion, Nogo-A, MAG, and OMgp are released from the
cell membrane to the extracellular space. Their growth-
inhibitory signal is transmitted via the cell surface recep-
tor complex including Nogo Receptor 1 (NgR1), Lingo-1,
p75NTR, and TROY. The recently paired immunoglobulin
receptor B protein (PirB) has also been identified as an
additional transmembrane receptor with a high affinity
to bind myelin-associated proteins [6].

Although the involvement of Nogo-A, MAG, and
OMgp in the inhibition of central nervous system
regeneration has been widely studied [6], the data on
their role in brain tumour pathophysiology is scarce.
The few existing studies concern mostly Nogo-A
[8–12] and only one study focuses on MAG [13]. Our
previous work was the only one to evaluate Nogo-A
concentration in patients with primary brain tumours
– its cerebrospinal fluid (CSF) levels were significantly
lower compared to non-tumoural subjects [12]. The
extracellular pool of Nogo-A and MAG could be of
principal importance for glioma growth as NgR1 acti-
vation by these proteins inhibits glioma cell motility
and invasiveness in vitro [13]. The role of OMgp in
brain tumours has not been studied.

Taking into account the possibility of myelin-associ-
ated proteins having a role in brain tumour

development, the study aimed to evaluate whether
CSF and serum MAG and OMgp concentrations are
different between astrocytic and meningeal tumour
patients compared to non-tumoural individuals. In the
next step, we compared the diagnostic utility of evalu-
ating the three myelin-associated proteins of interest
(Nogo-A, MAG, OMgp) in patients with primary brain
tumour. Because isocitrate dehydrogenase (IDH) gli-
oma mutants showed a better prognosis compared to
IDH-wildtype glioma patients, in the astrocytic brain
tumour subgroup we also analyzed Nogo-A, MAG, and
OMgp levels depending on the IDH1 gene mutation.
Finally, we examined the relationship between the
tested proteins and patient diagnosis and survival.

2. Patients and methods

2.1. Subjects

The study population included 49 individuals (25
males/24 females; median age 59 years, with an age
range of 36–83 years) with previously untreated pri-
mary brain tumours: patients with astrocytic brain
tumours (N¼ 33) and patients with tumours of the
meninges (N¼ 16). For individual patient characteris-
tics see Supplementary Materials (Table S1). A brain
tumour remission in medical history was the exclusion
criterion. The comparative group was composed of 24
non-tumoural subjects (5 males/19 females; median
age 59 years, with an age range from 30 to 70 years)
with an unruptured intracranial aneurysm, which is
usually asymptomatic [14] and discovered incidentally
[14,15]. The exclusion criteria included: cancer in med-
ical history or acute/chronic inflammatory diseases.
Patients with brain tumour and control subjects were
recruited between July 2015 and March 2017.

2.2. Sample collection and storage

At the Department of Neurosurgery at the Clinical
Medical Hospital in Bialystok, CSF and serum samples
were procured. CSF was extracted from the subarach-
noid space of the brain, during a craniotomical pro-
cedure. Surgical procedures were performed
conventionally: under general anaesthesia with a
three-pin Mayfield headholder to fix the patient’s head
in position. Lifting of the bone flap was preceded by
skin incision and lancing of dura mater, thus permit-
ting visualization of the arachnoid membrane and sub-
arachnoid space. With the assistance of an operating
microscope, the subarachnoid space was opened care-
fully and inflowing CSF was aspirated with a single-
use, sterile syringe, and soft venous catheter.
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Particular attention was paid to preventing contamin-
ation of the CSF with blood or the warm saline solu-
tion used as irrigation. Thus, each of the
aforementioned steps was carried out at the very
beginning of each procedure, before any bleeding
might have occurred [16].

Patients’ blood was collected in 2.7-mL test tubes
without anticoagulant (S-Monovette, SARSTEDT). CSF
and blood samples were centrifuged (20min/1000g)
within 0.5 h after collection. Obtained serum and CSF
supernatant samples were aliquoted and stored at
–75 �C until further analysis.

The study was conducted in agreement with the
Helsinki-II-declaration and was approved by the
Bioethics Human Research Committee of the Medical
University of Bialystok (Permission No. R-I-002/383/
2015). Informed consent was obtained from all sub-
jects involved in the study.

2.3. Nogo-A, MAG, and OMgp
concentration analysis

To determine whether myelin-associated protein con-
centration changed in individuals with brain tumours,
we first evaluated protein levels in CSF and serum.
Nogo-A concentration was analyzed in 49 patients
with brain tumour and 24 non-tumoural individuals.
MAG and OMgp concentrations were analyzed in 30
patients with brain tumour and 10 non-tumou-
ral subjects.

Nogo-A, MAG, and OMgp concentrations were ana-
lyzed by means of the enzyme-linked immunosorbent
assay (ELISA) method in compliance with the manufac-
turer’s instructions. CSF and serum samples were not
diluted before analysis.

Nogo-A concentration was measured using a Human
RTN4 ELISA kit (Catalogue No. EH3732) from Wuhan
Fine Biological Technology Co., Ltd. The detection
range for the kit is between 78.125 and 5000pg/mL,
the minimum detectable dose (sensitivity) of the assay
is <46.875pg/mL. The sensitivity of this assay was
defined as the lowest protein concentration that could
be differentiated from 0.00pg/mL. It was determined
by the mean O.D. value of 20 replicates of the zero
standard added to their three standard deviations (SD).
Values <46.875ng/mL were considered as 0.00ng/mL.

MAG concentration was measured using the
Human MAG ELISA kit (Catalogue No. orb407125) from
Biorbyt Ltd., Cambridge, England. The detection range
for the kit is between 0.625 and 40 ng/mL, the sensi-
tivity of the assay is 0.156 ng/mL. The sensitivity of
this assay was defined as the lowest protein

concentration that could be differentiated from
0.00 pg/mL. It was determined by the mean O.D. value
of 20 replicates of the zero standard added to their
three standard deviations (SD). Values <0.156 ng/mL
were considered as 0.00 ng/mL.

OMgp concentration was measured using the
Human OMG ELISA kit (Catalogue No. orb404974)
from Biorbyt Ltd., Cambridge, England. The detection
range for the kit is between 0.156 and 10 ng/mL, the
sensitivity of the assay is 0.039 ng/mL. The sensitivity
of this assay was defined as the lowest protein con-
centration that could be differentiated from 0.00 pg/
mL. It was determined by the mean O.D. value of 20
replicates of the zero standard added to their three
standard deviations (SD). Values <0.039 ng/mL were
considered as 0.00 ng/mL.

2.4. IDH1 mutation detection

IDH1 mutation, representing above 90% of the IDH
mutations existing in gliomas [14], is detected by
R132H monoclonal specific antibodies.
Immunohistochemistry for IDH1-R132H was done on
5-lm thick formalin-fixed, paraffin-embedded tumour
sections. A specific antibody for the mutant IDH1-
R132H protein (H09, Dianova, dil 1:100) was applied.
As a detection system, a labelled streptavidin-biotin kit
(Agilent, Denmark) was used. Antigen retrieval was
performed in citrate buffer (pH 6.0) in a
pTLink (Agilent).

Combined cytoplasmic and nuclear staining was
interpreted as immunopositive. Three-tiered semiquan-
titative system results were as follows: if no tumour
cell was immunopositive – it was reported as negative;
if there was an admixture of immunopositive and
immunonegative tumour cells or areas of immunopos-
itive and immunonegative tumour cells were adjacent
to each other – it was reported as partly/focal positiv-
ity; if all tumour cells were immunopositive – it was
reported as complete (diffuse) positivity.

2.5. Statistical analysis

The obtained results were statistically analyzed with
the use of the STATISTICA 12.0 PL software (StatSoft
Inc., Tulsa, USA), STATA 12.1 (StataCorp LP), and
GraphPad Prism 5.0 (GraphPad Software, San Diego,
USA). The concentration of the tested parameters did
not follow a normal distribution (Shapiro–Wilk test),
thus nonparametric statistical analysis was employed.
The Mann–Whitney test was used to compare two
independent samples, and the ANOVA rank
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Kruskal–Wallis test was used for the comparison of
three samples. Values for measured variables are
stated as median with 25th and 75th percentiles
(interquartiles, IQs). Receiver operator characteristic
(ROC) curve was generated to calculate the area under
the ROC curve (AUC) [17,18]. The Youden index, which
is a function of sensitivity and specificity, was esti-
mated to indicate an optimal cut-off value [19].
Logistic regression analysis was performed to find out
whether the concentration of tested molecules may
be predictive in brain tumour diagnosis. In the whole
study group, we also performed a Kaplan–Meier sur-
vival analysis. Differences were considered statistically
significant for two-tailed p< .05.

3. Results

3.1. CSF Nogo-A, MAG, and OMgp results

Overall, the group of patients with brain tumour had
statistically lower CSF Nogo-A concentrations when
compared to non-tumoural subjects (p< .001). ANOVA
rank Kruskal–Wallis indicated that both, astrocytic and
meningeal tumour subgroups had statistically lower
CSF Nogo-A concentrations compared to non-tumou-
ral individuals (H¼ 37.57; df ¼ 2; p< .001, respectively)
(Table 1 and Figure 1(A)).

CSF MAG results were below the sensitivity of the
assay kit in one patient with meningeal brain tumour.
Overall, the group of patients with brain tumour had
lower CSF MAG concentrations compared to the non-
tumoural group, but it was not significant (p¼ .508).
The ANOVA rank Kruskal–Wallis test did not show a
statistical difference for CSF MAG concentrations
(H¼ 0.49; df ¼ 2; p¼ .780) (Table 1).

CSF OMgp results were below the sensitivity of the
assay kit in thirteen patients with astrocytic brain
tumour, eight patients with meningeal brain tumour,

and all non-tumoural individuals. Overall, the group
patients with of brain tumour had the same CSF
OMgp median concentration as non-tumoural sub-
jects. Also, the ANOVA rank Kruskal–Wallis test did not
show a statistical difference for CSF OMgp concentra-
tions (H¼ 5.86; df ¼ 2; p¼ .053) (Table 1).

Altogether the aforementioned data demonstrate
that from all the tested proteins only CSF Nogo-A sig-
nificantly differentiated patients with brain tumour
from non-tumoural individuals. Thus for further diag-
nostic utility, analysis of only CSF Nogo-A was pursued.

3.2. Serum Nogo-A, MAG, and OMgp results

In both patients with brain tumour and non-tumoural
individuals, serum Nogo-A concentrations were
undetectable. Serum MAG results were below the sen-
sitivity of the assay kit in fourteen patients with astro-
cytic brain tumour, six patients with meningeal brain
tumour, and one non-tumoural individual. The com-
bined brain tumour groups had statistically lower
serum MAG concentrations compared to the non-
tumoural group (p¼ .004). ANOVA rank Kruskal–Wallis
showed a statistically significant difference between
patients with astrocytic brain tumour and non-tumou-
ral individuals (H¼ 9.05; df ¼ 2; p¼ .029) as well as
between patients with meningeal tumour and non-
tumoural individuals (p¼ .008) (Table 1 and
Figure 1(B)).

Serum OMgp results were below the sensitivity of
the assay kit in eleven patients with astrocytic brain
tumour, nine patients with meningeal brain tumour,
and three non-tumoural individuals. The combined
brain tumour groups had statistically lower serum
OMgp concentrations compared to the non-tumoural
group (p¼ .031). The ANOVA rank Kruskal–Wallis test
showed a statistically significant difference between
patients with meningeal brain tumour and non-

Table 1. Nogo-A, MAG, and OMgp concentrations in patients with brain tumours compared to non-tumoural individuals.
Total brain tumour Astrocytic brain tumour Meningeal tumour Non-tumoural group

Nogo-A (pg/mL)
CSF 418.00 (249.00–1964.00)b 462.00 (352.00–2998.00)a,b 234.00 (98.50–646.50)b 6,550.00 (3,627.00–10,017.00)
Serum 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00)

MAG (ng/mL)
CSF 7.43 (4.15–12.99) 7.12 (2.77–16.58) 7.43 (6.22–9.15) 9.86 (6.67–13.92)
Serum 0.00 (0.00–2.65)b 0.00 (0.00–4.18)b 0.00 (0.00–2.61)b 6.95 (3.03–14.19)

OMgp (ng/mL)
CSF 0.00 (0.00–0.09) 0.00 (0.00–0.80) 0.00 (0.00–0.00) 0.00 (0.00–0.00)

AR ¼ 23.1 AR ¼ 18.1 AR ¼ 16.0
Serum 0.00 (0.00–0.10)b 0.00 (0.00–0.46) 0.00 (0.00–0.00)b 0.24 (0.00–1.49)

AR ¼ 20.3 AR ¼ 14.1 AR ¼ 27.4

Results are presented as median with 25th and 75th percentiles. For patients with astrocytic brain tumour, patients with meningeal brain tumour, and
control subjects we also calculated the OMgp average rank (AR), which better characterizes concentration changes between these groups.
CSF: cerebrospinal fluid.
aStatistically significant when compared to the meningeal group.
bStatistically significant vs. non-tumoural group.
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tumoural individuals (H¼ 7.72; df ¼ 2; p¼ .034) (Table
1 and Figure 1(C)).

The aformentioned data demonstrate that MAG
and OMgp could both be potentially useful bio-
markers in the serum. However, for further diagnostic
utility analysis, we decided to pursue only serum MAG.
The reason for our decision is presented in the
Discussion section.

3.3. CSF MAG versus serum MAG

To investigate whether MAG expression differs
between the central and peripheral nervous system,
we compared CSF to serum values. Patients with brain
tumour had significantly higher median CSF MAG

concentrations compared to serum MAG values
(7.43 ng/mL vs. 0.00 ng/mL; p< .001). On the contrary,
in the non-tumoural group median CSF MAG concen-
tration was not statistically different compared to the
serum value (9.86 ng/mL vs. 6.95 ng/mL; p¼ .436).
These results indicate differing serum MAG expressions
in patients with brain tumour and non-tumoural
subjects.

3.4. Nogo-A, MAG, and OMgp concentrations
depending on the IDH1 mutation

Because the available literature indicates that isocitrate
dehydrogenase (IDH) glioma mutants showed a better
prognosis compared to IDH-wildtype glioma patients

Figure 1. (A) CSF Nogo-A dot plots for the astrocytic and meningeal brain tumour groups and non-tumoural individuals. (B)
Serum MAG dot plots for the astrocytic and meningeal brain tumour groups and non-tumoural individuals. (C) Serum OMgp dot
plots for the astrocytic and meningeal brain tumour groups and non-tumoural individuals. p< .05 is considered to be statistically
relevant. CSF: cerebrospinal fluid.
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at different WHO grades [20,21], we also analyzed
Nogo-A, MAG, and OMgp levels depending on the
IDH1 gene mutation in the astrocytic brain tumour
subgroup. Neither Nogo-A nor MAG or OMgp concen-
trations were significantly different, in serum or CSF,
between patients with IDH1 wild-type astrocytic brain
tumour compared to patients with IDH1 mutant astro-
cytic brain tumour (data not shown), which may indir-
ectly indicate that the tested molecules could not be
recognized as prognostic biomarkers of brain tumours.

3.5. Logistic regression analysis results

To find out whether the concentrations of Nogo-A,
MAG, and OMgp may predict brain tumour diagnosis,
we conducted logistic regression analysis. In the
model of univariate logistic regression analysis, pre-
dictor variables influencing brain tumour diagnosis
included: sex, CSF Nogo-A concentration, white blood
cell count (WBC), potassium (Kþ), glucose, and urea
concentrations. We showed that: (1) the chances of
developing a brain tumour in men are almost four
times higher than in women; (2) with an increase in
CSF Nogo-A by 100 pg/mL, the chances of a brain
tumour decrease by 6.11%; (3) with an increase in
WBC by 1� 103/mL, the chances of brain tumour pres-
ence increase by almost one and a half times; (4) with
an increase in Kþ concentration by 1mg/dL, the chan-
ces of brain tumour presence increase by 3.71-fold; (5)
with an increase in glucose concentration of 10mg/dL,
the chances of brain tumour presence increase by
25.37%; and (6) with an increase in urea concentration
by 1mg/dL, the chances of brain tumour presence
increase by 9.00% (Table 2).

In the model of multivariate logistic regression ana-
lysis, predictor variables influencing brain tumour
diagnosis included: CSF Nogo-A, Kþ, urea, and

creatinine concentrations. We showed that: (1) with an
increase in CSF Nogo-A by 100 pg/mL, the chances of
brain tumour presence decrease by 15.03%; (2) with
an increase in Kþ concentration by 1mg/dL, the chan-
ces of brain tumour presence increase by more than
17-fold; (3) with an increase in urea concentrations by
1mg/dL, the chances of brain tumour presence
increase by 23.00%; (4) with an increase in creatinine
concentration by 0.01mg/dL, the chances of develop-
ing a brain tumour decrease by 6.76% (Table 2).

3.6. CSF Nogo-A and serum MAG diagnostic
utility analysis

The diagnostic utility analysis found that both CSF
Nogo-A and serum MAG were useful in differentiating
patients with primary brain tumour from non-tumoural
individuals. This was also true in differentiating indi-
vidual brain tumour subgroups, patients with astro-
cytic brain tumour, or patients with meningeal brain
tumour, from non-tumoural subjects. Our findings pre-
sent CSF Nogo-A and serum MAG as being potentially
useful circulating biomarkers of primary brain tumours
(Figure 2(A–C)).

3.7. Kaplan–Meier survival analysis for the whole
study group

Kaplan–Meier survival analysis was performed for the
whole study group. The survival status was updated in
February 2020. We found that the probability of sur-
vival showed a tendency to be greater for patients
with higher CSF Nogo-A concentrations, but it was not
significant (p¼ .102). Interestingly, when separately
analyzing males and females, we found that the prob-
ability of survival was significantly greater for females
with higher CSF Nogo-A concentrations (p¼ .032,
Figure 3(A)). Intriguingly, the probability of survival
showed a tendency to be greater for patients with a
lower CSF MAG concentration; it was visible but not
significant (p¼ .318, Figure 3(B)). Kaplan–Meyer curve
analysis showed that the probability of survival tended
to be greater for patients with higher serum MAG con-
centrations compared to those with lower serum MAG
concentrations, but the obtained difference was not
significant (p¼ .429, Figure 3(C)).

4. Discussion

Our study is the first which evaluated MAG and
OMgp concentrations in CSF and serum of patients
with primary brain tumours. We showed that both

Table 2. Logistic regression analysis.
Covariates OR 95% CI p Value

Univariate logistic regression analysis
Sex 3.958 1.27–12.29 .017
CSF Nogo-A (pg/mL) 0.999a 0.99–0.99 <.001
WBC (�103/mL) 1.446 1.17–1.78 .001
Kþ (mmol/L) 3.709 1.09–12.57 .035
Glucose (mg/dL) 1.022b 1.00–1.04 .034
Urea (mg/dL) 1.090 1.04–1.14 .001

Multivariate logistic regression analysis
CSF Nogo-A (pg/mL) 0.998a 0.99–0.99 .005
Kþ (mmol/L) 17.264 1.21–246.73 .036
Urea (mg/dL) 1.228 1.05–1.44 .010
Creatinine (mg/dL) 0.001 0.00–0.70 .039

OR, odds ratio; CI, confidence interval.
aOR interpreted by intervals of 100 units.
bOR interpreted by intervals of 10 units.
Conversion factor conventional to SI unit: WBC [109/L] – 1.0, glucose
[mmol/L] – 0.0555, urea [mmol/L] – 0.357, creatinine [mmol/L] – 88.402.
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serum MAG and serum OMgp concentrations in the
combined brain tumour groups were statistically
lower compared to the non-tumoural group. This
was also true when analyzing the brain tumour sub-
groups separately (astrocytic and meningeal brain
tumour groups).

An unexpected result was the finding of some
serum OMgp concentrations in both primary brain
tumours (N¼ 11) and non-tumoural individuals
(N¼ 7). This is interesting because according to the
literature OMgp is exclusively expressed only within
the central nervous system [6]. The primary structure

Figure 2. (A) ROC curves for CSF Nogo-A (AUC± SE ¼ 0.909± 0.033, p< .001; YI ¼ 0.65; SE ¼ 65%; SP ¼ 100%; AC ¼ 77%; PPV
¼ 100%; NPV ¼ 59%) and serum MAG (AUC± SE ¼ 0.797± 0.079, p< .001; YI ¼ 0.57; SE ¼ 77%; SP ¼ 80%; AC ¼ 78%; PPV ¼
92%; NPV ¼ 53%) for differentiating the combined brain tumour groups from non-tumoural individuals. (B) ROC curves for CSF
Nogo-A (AUC± SE ¼ 0.871 ± 0.045, p< .001; YI ¼ 0.56; SE ¼ 73%; SP ¼ 83%; AC ¼ 77%; PPV ¼ 86%; NPV ¼ 69%) and serum
MAG (AUC± SE ¼ 0.770 ± 0.090, p¼ .003; YI ¼ 0.60; SE ¼ 70%; SP ¼ 90%; AC ¼ 77%; PPV ¼ 93%; NPV ¼ 60%) for differentiat-
ing the astrocytic brain tumour group from non-tumoural individuals. C: ROC curves for CSF Nogo-A (AUC± SE ¼ 0.987± 0.013,
p< .001; YI ¼ 0.88; SE ¼ 88%; SP ¼ 100%; AC ¼ 95%; PPV ¼ 100%; NPV ¼ 92%) and serum MAG (AUC± SE ¼ 0.850± 0.089,
p< .001; YI ¼ 0.60; SE ¼ 80%; SP ¼ 80%; AC ¼ 80%; PPV ¼ 80%; NPV ¼ 80%) for differentiating the meningeal brain tumour
group from non-tumoural individuals. ROC: receiver operating characteristic; CSF: cerebrospinal fluid; 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: specifi-
city; AC: diagnostic accuracy; PPV: positive predictive value; NPV: negative predictive value.
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of OMgp is composed of four domains. At the N-ter-
minus there is 32 aa Cys-rich motif (CR), which is fol-
lowed by a 7 1=2 tandem Leucine-rich repeats (LRRs)
of 24 aa each, and subsequently by a domain of 4 1=2
repeats of 40 residues each rich in Ser/Thr. The
COOH-terminus contains glycosylphosphatidylinositol
(GPI) as a membrane anchor. Among proteins, the
platelet glycoprotein Ib (GPIb) was found to be the

most similar to OMgp. These two proteins share
richly in CR and LRRs motifs, but also contain Ser/
Thr-rich regions [22]. Moreover, Mikol et al. [22]
showed the similarity between the GPIbab hetero-
dimer gene and the OMgp gene, which indicates that
these two proteins may also be related by gene
structure. The possible cross-reactivity in the ELISA
test between these two proteins could account for

Figure 3. (A) Kaplan–Meier survival analysis for the total study group. Males and females were analyzed separately. Based on CSF
Nogo-A median concentrations, males/females were divided into those with CSF Nogo-ALow (�median; Me ¼ 1356 pg/mL) and
those with CSF Nogo-AHigh (>median). (B) Kaplan–Meier survival analysis for the whole study group. Based on CSF MAG median
concentrations, patients were divided into those with CSF MAGLow (�median; Me ¼ 7.43 ng/mL) and those with CSF MAGHigh

(>median). (C) Kaplan–Meier survival analysis for the whole study group. Based on serum MAG median concentrations, patients
were divided into those with serum MAGLow (�median; Me ¼ 0.00 ng/mL) and those with serum MAGHigh (>median). CSF, cere-
brospinal fluid.
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our current results. For this reason, the obtained
results regarding OMgp concentrations will not be
subjected to further discussion.

Our current study presented CSF Nogo-A concen-
tration as statistically lower in the brain tumour group
compared to non-tumoural subjects. This was also
true for both astrocytic brain tumours and meningeal
tumours. Serum Nogo-A concentrations using the
ELISA method were not detected in both brain
tumours and non-tumoural subjects. This is in line
with already published results indicating that Nogo-A
is exclusively expressed within the central nervous sys-
tem [6].

Studies of Jung et al. [10] and Kuhlmann et al. [11]
showed significantly higher Nogo-A expression in
oligodendroglial tumours compared to astrocytic
tumours, which could be explained by the fact that
Nogo-A protein is found only in neurons and oligo-
dendrocytes [5]. It is absent in the meninges of the
mature adult brain [23]. Our study group of patients
with neuroepithelial brain tumour was composed
exclusively of astrocytic brain tumours. Altogether, this
data could explain the decreased CSF Nogo-A concen-
trations in the current cohort of patients with brain
tumour (astrocytic plus meningeal) compared to non-
tumoural individuals, and moreover strengthen the
hypothesis that decreased CSF Nogo-A could be con-
sidered a marker for these tumours.

We found that serum MAG concentration in
patients with primary brain tumour was significantly
lower compared to non-tumoural individuals. MAG is
present in the myelin of Schwann cells [6]. Thus, we
suggest that MAG expression within myelin of the per-
ipheral nervous system in patients with primary brain
tumour may be lower compared to non-tumoural
individuals.

Liao et al. [13] showed that the adhesiveness of
U87MG cells is inhibited via the interaction of MAG
and Nogo-66 with the NgR on the plasma membrane
of these cells. In further studies, Jin et al. [8] trans-
fected U87MG cells with a sense-Nogo-A cDNA con-
struct and compared them to U87MG cells not
expressing Nogo-A (U87MG-E cells). They found that
the migration, invasiveness, Rho activity as well as
phosphorylated cofilin expression of the U87MG-
Nogo-A cells was decreased compared to the control
ones. Moreover, U87MG-Nogo-A cells became flatter
than those from the U87MG-E line. The authors sug-
gested that Nogo-A may inhibit migration and inva-
siveness of glioma cells by decreased RhoA-cofilin
signalling [8]. Taking into consideration the results of
Liao et al. [13], Jin et al. [8] and our current study

showing significantly decreased CSF Nogo-A and
serum MAG concentrations in patients with brain
tumour compared to non-tumoural individuals, it is
tempting to hypothesize that the Nogo-A and MAG
expression may influence primary brain
tumour biology.

In our study, the Kaplan–Meier curve analysis
showed that the probability of survival was signifi-
cantly lower for subjects with lower CSF Nogo-A con-
centrations compared to those with higher CSF Nogo-
A values. These results may indicate that decreased
CSF Nogo-A concentration is an adverse prognostic
factor for patient survival. Interestingly, Hao et al. [24]
found that decreased expression of Nogo-A by SMMC
7721 hepatocellular carcinoma cell lines resulted in
growth inhibition of these cells. A similar effect was
not observed in the case of non-small cell lung carcin-
oma H1299 cell lines, colon carcinoma RKO cell lines,
and ovarian cancer SKOV3 cell lines [24]. These results
suggest that Nogo-A may exert diverse effects
depending on the cancer cell type. This phenomenon
could be explained by the differences in receptor
complexes which may have a different array of constit-
uents dependent upon the type of tumour cell. All
NgR1 ligands: Nogo-A, MAG, and OMgp signal their
effect through a receptor complex consisting of a min-
imum of Nogo-66 receptor. But most importantly,
NgR1 is a GPI-linked protein and requires additional
partners to the signal transduction [6].

In the next step, we conducted ROC analysis to
investigate the accuracy of CSF Nogo-A and serum
MAG concentration evaluation to differentiate patients
with primary brain tumour (astrocytic brain tumours
plus meningeal brain tumours) from non-tumoural
individuals. The diagnostic utility analysis showed that
the highest AUC (0.909), Youden Index (0.65), diagnos-
tic specificity (100%), and positive predictive value
(PPV) (100%) were found for CSF Nogo-A. Serum MAG
displayed less worth in differentiating the total group
of patients with primary brain tumour from non-
tumoural individuals (AUC ¼ 0.797, Youden Index ¼
0.57, diagnostic specificity ¼ 80%). In other words, the
evaluation of CSF Nogo-A concentrations was found
to be the most suitable for primary brain tumour diag-
nosis, as the specificity of the test reached 100%. It is
well-established that the higher the specificity, the
smaller the number of false-positive results [25,26].

A deeper analysis of the NgR1 ligands found that
CSF Nogo-A evaluation had lower diagnostic specificity
(83%) compared to serum MAG (90%) when differenti-
ating patients with astrocytic brain tumour from non-
tumoural individuals. However, serum MAG had lower
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AUC (0.770), but higher PPV (93%) compared to CSF
Nogo-A (0.871 and 86%, respectively). In the differen-
tial diagnosis of patients with meningeal brain tumour
from non-tumoural individuals, CSF Nogo-A evaluation
was the most appropriate test with AUC ¼ 0.987 and
a specificity of 100%. However, it should be noted
that both PPV and negative predictive value (NPV) are
likely to be interpreted depending on the prevalence
of the disease [25,27].

The diagnostic utility analysis indicated the useful-
ness of CSF Nogo-A and serum MAG concentration
evaluation to confirm primary brain tumour diagnosis.
However, it is worth mentioning that in our case–con-
trol study the brain tumour group and the non-
tumoural group were relatively small, thus estimated
AUCs could be biased due to relatively few points on
the curve. Other factors influencing the diagnostic
accuracy analysis may be related to sampling bias,
prevalence variability due to inappropriate study
design, clinical patient variability, subgroup differen-
ces, or even reader expectations [25]. Undoubtedly,
good management of any disease requires an accurate
diagnosis of the patient, with minimal risk of misdiag-
nosis or missed diagnosis. Therefore, it is important to
identify a diagnostic test that will be useful for specific
conditions [25]. In this context, our results should be
interpreted carefully and considered rather as a future
direction helpful in the identification of specific pri-
mary brain tumour biomarkers.

Kaplan–Meyer curve analysis demonstrated that the
probability of survival was significantly greater for
females with higher CSF Nogo-A concentrations. This
could be related to the fact that our previous study
presented, utilizing multiple linear regression analysis,
that the mean CSF Nogo-A concentration was 1.9
times higher for women in comparison to men [12].
Nevertheless, the relation between CSF Nogo-A con-
centration and patient survival requires further study.

It was also interesting for us to analyze how bio-
chemical parameters routinely done for all patients
with brain tumour may predict the probability of brain
tumour diagnosis. Interestingly, multivariate logistic
regression analysis showed that predictor variables
influencing brain tumour diagnosis included: CSF
Nogo-A, Kþ, urea, and creatinine concentration. There
is no similar analysis in the available literature, which
makes it impossible to discuss the obtained results.
Undoubtedly, the fact that routinely evaluated bio-
chemical parameters can predict the probability of
brain tumour diagnosis is worth exploring in fur-
ther studies.

One limitation of the study could be the sensitivity
of the applied ELISA tests for Nogo-A, MAG, and
OMgp concentration evaluation. The standard curve
points of MAG and OMgp ELISA kits were expressed in
ng/mL. On the contrary, for Nogo-A the standard
curve points were expressed in pg/mL. These differen-
ces in the sensitivity of the ELISA kits may explain why
some MAG and OMgp results were below the detec-
tion range. Another study limitation could be the spe-
cificity of the applied ELISA kits. Thus, we asked the
ELISA kit suppliers for the anti-Nogo-A, anti-MAG, and
anti-OMgp antibodies specificity. In the case of the
Nogo-A test, the ELISA vendor used UniProtKB:
Q9NQC (1-200aa) antibody, which is only human-spe-
cific. In the case of the MAG and OMgp tests, we have
obtained information that the used kits did not reveal
any cross-reactivity with myelin basic protein (MBP),
myelin protein zero, and myelin protein two. The pos-
sible cross-reactivity of the OMgp ELISA kit with
GPIbab was not tested.

It must be also acknowledged, that our “control
group” did not include entirely healthy people, as
they had diagnosed unruptured brain aneurysms.
Nevertheless, despite this limitation, we still were able
to demonstrate statistically significant differences.
Moreover, there was a sex disparity in non-tumoural
subjects, which was dictated by fact that female sex is
a risk factor of brain aneurysms. Finally, to make a
quantitative tumour marker clinically applicable for
cancer diagnosis, it is necessary to establish reference
values in the control group or evaluate a marker in a
follow-up with a single patient [28]. None of these
actions have been performed in the current study,
which could also be considered a study limitation. But
the current study was just a pilot study in nature, aim-
ing to find potential circulating biomarkers for primary
brain tumours.

5. Conclusions

We demonstrated significantly decreased CSF Nogo-A
concentration in patients with primary brain tumour
(astrocytic plus meningeal) compared to non-tumoural
individuals. We also found that serum MAG concentra-
tion is significantly decreased in these patients com-
pared to control subjects. The obtained results
indicated CSF Nogo-A and serum MAG evaluation as
potential circulating diagnostic markers of primary
brain tumours. We believe that the study we con-
ducted provides cognitive knowledge about quantita-
tive myelin-associated protein evaluation in patients
with primary brain tumour.
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