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Objective. Cerebral edema is a common complication of brain tumors in the perioperative period. However, there is currently no
reliable and convenient method to evaluate the extent of brain edema. The objective is to explore the effectiveness of serum
occludin on predicting the extent of perioperative brain edema and outcome in patients with brain tumors. Methods. This
prospective study enrolled 55 patients with brain tumors and 24 healthy controls in Sanbo Brain Hospital from June 2019
through November 2019. Serum occludin levels were measured preoperatively and on postoperative day 1. Peritumoral edema
was assessed preoperatively using MRI. Pericavity brain edema on postoperative day 1 was evaluated using CT. Results.
Compared with healthy controls, the serum occludin level was higher in patients with brain tumors both preoperatively and
postoperatively (P < 0:001). The serum occludin level correlated positively with the degree of brain edema preoperatively
(r = 0:78, P < 0:001) and postoperatively (r = 0:59, P < 0:001). At an optimal cutoff of 3.015 ng/mL, the preoperative serum
occludin level discriminated between mild and severe preoperative brain edema with a sensitivity of 90.48% and specificity of
84.62%. At an optimal cutoff value of 3.033 ng/mL, the postoperative serum occludin level distinguished between mild and
severe postoperative brain edema with a sensitivity of 97.30% and specificity of 55.56%. Conclusions. The serum occludin level is
associated with cerebral edema and could potentially be used as a biomarker for perioperative cerebral edema. This trial is
registered with ChiCTR1900023742.

1. Introduction

Damage to the blood-brain barrier (BBB) in patients with
brain tumors can cause cerebral edema or hemorrhage. Brain
edema, as a major factor that governs clinical management, is
responsible for clinical symptoms such as neurological deficit
and intracranial hypertension. The severity of perioperative
brain edema and the occurrence of postoperative hemor-
rhage in patients with brain tumors are directly related to
prognosis and risk of death [1]. Computed tomography
(CT) and magnetic resonance imaging (MRI) can be used

to indirectly evaluate the extent of brain edema and hemor-
rhage in patients with brain tumors. However, these imaging
techniques are inconvenient and time-consuming and so
cannot be used to screen for rapid deteriorations in the
postoperative condition of a patient in the intensive care unit
(ICU). Therefore, it is vital that a reliable biomarker be
identified that reflects the degree of cerebral edema and risk
of cerebral hemorrhage in the perioperative period, as this
will facilitate the prevention of and/or timely intervention
for cerebral edema or hemorrhage after surgery for cranioce-
rebral tumors.
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The expressions of several proteins in brain tissue,
including N-cadherin, β-catenin, aquaporin-4, delta-like
protein-4, matrix metallopeptidase- (MMP) 9, and vascular
endothelial growth factor, are associated with the occurrence
of peritumoral brain edema (PTBE) [2–5]. However, few
studies have examined the relationships between serum
proteins and PTBE.

Tight junction proteins such as claudin-5 and occludin
are key structural components of the BBB [6, 7]. Occludin
and claudin-5 form tight junction protein structures that seal
the gap between the endothelial cells of the BBB and thus are
responsible for maintaining the integrity of the BBB [8].
Since occludin expression alone does not result in tight
junction formation [9], it is likely that claudin-5 forms the
primary structure of the tight junction with occludin acting
as an additional supporting structure [10]. This may make
occludin vulnerable to release into the bloodstream following
damage to the BBB. PTBE formation is widely accepted to be
vasogenic brain edema due to the damage of BBB. There is
some evidence that decreased expressions of occludin and
claudin-5 in brain tissue are related to PTBE [11, 12],
suggesting that brain edema can arise if occludin and
claudin-5 are lost from the BBB. Our recent studies have con-
firmed that degraded tight junction protein fragments are
released into the blood and that their levels in the blood are
closely related to the degree of BBB damage after cerebral
ischemia [13, 14]. This suggests that occludin could poten-
tially be used as a biomarker to evaluate damage to the
BBB. However, no previous investigations have reported
whether occludin is degraded and released into the blood-
stream because of damage to the BBB by a brain tumor or
brain surgery.

It is widely recognized that patients with brain tumors
can exhibit damage to their BBB both before and after sur-
gery. Therefore, we hypothesized that the occludin level in
peripheral blood might serve as a biomarker for cerebral
edema due to BBB damage in patients with brain tumors.
To the best of our knowledge, there are currently no studies
describing the association between peripheral blood occludin
levels and the extent of PTBE or postoperative pericavity
edema in patients with brain tumors. Therefore, the aim of
the present study was to investigate the relationships between
the serum occludin level and the extent of PTBE before
surgery and the extent of pericavity brain edema after surgery
in patients with brain tumors.

2. Material and Methods

2.1. Study Design and Participants. This prospective study
enrolled consecutive patients with brain tumors scheduled
for surgery at the Department of Neurosurgery, Sanbo Brain
Hospital, Capital Medical University, between June 1st, 2019,
and November 1st, 2019. A control group of healthy people
was also enrolled at the Physical Examination Center, Sanbo
Brain Hospital, during the same period. The inclusion
criteria for patients with brain tumors were as follows: (1)
primary brain tumor confirmed by imaging investigations
such as CT and MRI, (2) met the indications for surgical
treatment and scheduled to undergo surgery, (3) aged 18–

80 years old, (4) had not received radiotherapy or chemo-
therapy before surgery, and (5) provided informed consent
for inclusion in the study. The exclusion criteria were other
diseases that might lead to the destruction of tight junction
proteins between vascular endothelial cells, including (1)
severe hepatorenal disease, (2) severe gastrointestinal system
disease, (3) peripheral vascular disease, and (4) autoimmune
disease. The healthy people included as a control group were
randomly selected from persons undergoing routine physical
examinations at Sanbo Brain Hospital. Patients with cranio-
pharyngioma or hypophysoma were treated at a dose of
250mg methylprednisolone, and the other brain tumor
patients received 5mL/kg 20% mannitol intravenously for 3
days after operation. The study was approved by the Ethics
Committee of Sanbo Brain Hospital, and all patients
provided informed written consent for inclusion in the study.

2.2. Measurement of Serum Occludin Levels. Peripheral
venous blood samples (4mL) were obtained from patients
with brain tumors at admission (i.e., preoperatively) and
approximately 24 hours (range, 20–28 hours) after surgery.
Blood samples from healthy subjects were taken during their
visit to the physical examination center. Serum (100μL) was
separated from each blood sample, and the level of occludin
in the serum was measured using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit for human
samples (Occludin: USCN, Wuhan, China).

2.3. Measurement of PTBE before Surgery. PTBE was evalu-
ated by 1.5TMRI (Achieva 1.5T, Philips, Amsterdam, Nether-
lands) before surgery (Figures 1(a) and 1(b)). The imaging
sequences used in this study included axial T2-weighted
sequences, fluid-attenuated inversion recovery (FLAIR)
sequences, and axial and coronal T1-weighted spin-echo
sequences before and after intravenous injection of the
contrast agent (gadopentetate dimeglumine; 0.1mg/kg body
weight). All images were analyzed digitally using PACS work-
stations. Enhanced T1-weighted images were used to deter-
mine the tumor boundary, and these maps were then
compared with the respective T2-weighted images or FLAIR
sequences. The degree of PTBE was determined by measuring
the vertical distance from the outer edge of the maximal
edema zone to the tumor boundary. PTBE was graded accord-
ing to the Steinhoff classification [15] as follows: 0, no edema;
I, PTBE limited to 2 cm; II, PTBE limited to half the
hemisphere; and III, PTBE extending to more than half the
hemisphere. For the analysis, mild edema was defined as
Steinhoff grade 0 or I, and severe edema was defined as Steinh-
off grade II or III. Determination of the Steinhoff grade was
made independently by two clinicians who were deputy direc-
tors of imaging and hadmore than 5 years of work experience,
and any disagreements were resolved by discussion.

2.4. Measurement of Pericavity Edema after Surgery. Pericav-
ity brain edema was evaluated by CT (Brilliance 64, Philips)
at approximately 24 hours (range, 20–28 hours) after
surgery (Figures 1(c) and 1(d)). The degree of pericavity
edema was measured as the vertical distance from the outer
edge of the maximal edema zone to the cavity boundary
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after surgery. Evaluation of the degree of edema was the
same as that for PTBE (vide supra).

2.5. Measurement of Neurological Function and Related
Complications. To further analyze the relationships between
the serum occludin level and the neurological function and
related complications, the National Institutes of Health
Stroke Scale (NIHSS) and Glasgow Coma Scale (GCS) were
administered at admission and at around 24 hours (range,
20–28 hours) after surgery. Furthermore, information
regarding the occurrence of intracranial hemorrhage was
collected at approximately 24 hours (range, 20–28 hours)
after surgery [16].

2.6. Statistical Analysis. The data were analyzed using SPSS
22.0 (IBM Corp., Armonk, NY, USA). All continuous data
were confirmed to be normally distributed and so are
presented as mean ± standard deviation ðSDÞ. One-way
analysis of variance was used to compare serum levels of
occludin between groups. NIHSS and GCS scores were com-
pared between groups using Student’s t-test. Categorical data
are presented as n (%) and were compared between groups
using the chi-squared test or Fisher’s exact test. The relation-
ship between the extent of the brain edema (vertical distance
from the outer edge of the maximal edema zone to the
tumor/cavity boundary) and the serum occludin level was
assessed by calculation of Pearson’s correlation coefficient

(a) (b)

(c) (d)

Figure 1: Evaluation of peritumoral brain edema (PTBE) and pericavity brain edema by magnetic resonance imaging (MRI) and computed
tomography (CT), respectively. (a) MRI scan showing mild PTBE before surgery. (b) MRI scan showing severe PTBE before surgery. (c) CT
scan showing mild brain edema around the cavity after surgery. (d) CT scan showing severe brain edema around the cavity after surgery.
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(r). Receiver operating characteristic (ROC) curve analysis,
with calculation of the area under the curve (AUC), was used
to evaluate the ability of the serum occludin level to distin-
guish between mild and severe edema. The optical cutoff
for the serum occludin level was established by calculation
of the Youden index, and sensitivity and specificity values
were determined. Statistical significance was defined as a
two-tailed P value < 0.05.

3. Results

3.1. Baseline Clinical Characteristics of the Study Participants.
A total of 55 patients with brain tumors and 24 healthy peo-
ple were enrolled in this study. The group of patients with
brain tumors and control group of healthy people exhibited
no significant differences in mean age (47:42 ± 15:72 years
vs. 40:63 ± 14:42 years) or gender (56.4% female vs. 51.2%
female; Table 1). Additional clinical data for the patients with
brain tumors are shown in Table 1.

3.2. Comparison of Serum Occludin Levels between Patients
with Brain Tumors and Healthy Volunteers. There was no
significant difference between the preoperative and postopera-
tive serum occludin levels in patients with brain tumors. How-
ever, both the preoperative and postoperative serum occludin

levels in patients with brain tumors were significantly higher
than the levels in healthy people (Figure 2). These results sug-
gest that brain tumors may induce damage to the BBB, leading
to the release of occludin into the bloodstream.

3.3. Analysis of the Relationship between the Preoperative
Serum Occludin Level and the Extent of the Preoperative
PTBE and Tumor Diameter. Pearson’s correlation analysis
revealed that the preoperative serum occludin level was
significantly positively correlated with the extent of the
preoperative PTBE as measured by the vertical distance from
the outer edge of the maximal edema zone to the tumor
boundary (r = 0:78, P < 0:0001; Figure 3(a)). Furthermore,
the preoperative serum occludin level was also significantly
correlated with the degree of preoperative PTBE as measured
by the Steinhoff grade (P < 0:05 for all pairwise comparisons;
Figure 3(b)). However, the preoperative serum occludin level
was not significantly correlated with the diameter of the
tumor (r = 0:222; P = 0:103; Figure 3(c)).

3.4. ROC Curve Analysis of the Ability of the Preoperative
Serum Occludin Level to Predict the Severity of Preoperative
PTBE. ROC curve analysis indicated that the preoperative
serum occludin level showed excellent ability to distinguish
between mild and severe PTBE, with an AUC value of
0.9002 (95% confidence interval, 0.8069–0.9934; P < 0:0001;
Figure 3(d)). At an optimal cutoff value for the preoperative
serum occludin level of 3.015 ng/mL, the sensitivity was
90.48% and the specificity was 84.62%. These results suggest
that the preoperative serum occludin level could potentially
be used to reflect the degree of PTBE before surgery.

Table 1: Baseline clinical characteristics of the study participants.

Characteristic
Patients with brain
tumors (n = 55)

Healthy
volunteers
(n = 24)

P

Age (years) 47:42 ± 15:72 40:63 ± 14:42 0.074

Female 31 (56.4%) 13 (51.2%) 0.857

Tumor location

Frontal lobe 15 (27.3%) N/A N/A

Temporal lobe 14 (25.5%) N/A N/A

Occipital lobe 6 (10.9%) N/A N/A

Parietal lobe 3 (5.5%) N/A N/A

Sella region 6 (10.9%) N/A N/A

Cerebellum 4 (7.3%) N/A N/A

Brain stem 5 (9.1%) N/A N/A

Basal ganglia 2 (3.6%) N/A N/A

Tumor pathology

Glioma 22 (40.0%) N/A N/A

Meningioma 12 (21.8%) N/A N/A

Neurilemmoma 7 (12.7%) N/A N/A

Hypophysoma 4 (7.3%) N/A N/A

Hemangioma 4 (7.3%) N/A N/A

Germinoma 2 (3.6%) N/A N/A

Craniopharyngioma
2 (3.6%) N/A N/A

Chordoma 1 (1.8%) N/A N/A

Cholesteatoma 1 (1.8%) N/A N/A

Data are presented as mean ± standard deviation or n (%). N/A: not
applicable.

3

n = 24

n = 55

⁎ ⁎

2

O
cc

lu
di

n 
(n

g/
m

L)

H
ea

lth
y 

vo
lu

nt
ee

r

Br
ai

n 
tu

m
or

-P
RE

PO
D

Br
ai

n 
tu

m
or

-P
O

D
1

1

0

Figure 2: Comparison of serum occludin levels between patients
with brain tumors and healthy volunteers. Compared with healthy
volunteers (n = 24), serum occludin levels in patients with brain
tumors (n = 55) were significantly higher both before surgery (Brain
tumor-PREPOD) and 1 day after surgery (Brain tumor-POD1).
Data are expressed as mean ± standard deviation. ∗P < 0:05 versus
the healthy volunteer group.
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3.5. Analysis of the Relationship between the Postoperative
Serum Occludin Level and the Extent of the Pericavity
Edema and Tumor Diameter. Pearson’s correlation analysis
indicated that the postoperative serum occludin level was
significantly positively correlated with the extent of the
postoperative pericavity edema as measured by the vertical
distance from the outer edge of the maximal edema zone to
the cavity boundary (r = 0:590, P < 0:0001; Figure 4(a)).
Similarly, the postoperative serum occludin level was signifi-
cantly related to the degree of the postoperative pericavity
edema as measured by the Steinhoff grade (P < 0:05 for all
pairwise comparisons; Figure 4(b)). The postoperative serum
occludin level was not significantly correlated with the tumor
diameter (r = 0:104, P = 0:449; Figure 4(c)).

3.6. ROC Curve Analysis of the Ability of the Postoperative
Serum Occludin Level to Predict the Severity of Postoperative
Pericavity Edema. ROC curve analysis demonstrated that
the postoperative serum occludin level had good ability to
discriminate between mild and severe pericavity edema, with
an AUC value of 0.7763 (95% confidence interval, 0.6267–
0.9258; P < 0:0001; Figure 4(d)). At an optimal cutoff value

for the postoperative serum occludin level of 3.033 ng/mL,
the sensitivity was 97.30% and the specificity was 55.56%.

3.7. Relationship between the Preoperative Serum Occludin
Level and the Clinical Outcomes. To examine whether the
preoperative serum occludin level might be related to clinical
outcomes, patients were divided into two groups according
to the optimal cutoff value for the preoperative occludin level
(3.015 ng/mL). Compared with patients with a preoperative
serum occludin level < 3:015 ng/mL, those with an occludin
level ≥ 3:015 ng/mL had a significantly higher NIHSS score
at admission (3:60 ± 0:48 vs. 2:31 ± 0:42; P < 0:001;
Figure 5(a)) and significantly higher incidence of severe PTBE
at admission (65.3% vs. 15.2%; P < 0:001; Figure 5(b)) but
similar GCS score at admission (14:47 ± 1:60 vs. 14:85 ±
0:70; P = 0:219; Figure 5(a)) and similar incidence of intracra-
nial hemorrhage at 1 day after surgery (20.0% vs. 20.0%; P =
1:000; Figure 5(b)).

3.8. Relationship between the Postoperative Serum Occludin
Level and the Clinical Outcomes. The relationship between
the postoperative serum occludin level and the clinical out-
comes was also assessed. Compared with patients with a
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Figure 3: The relationship between the preoperative serum occludin level and the peritumoral brain edema (PTBE) before surgery. (a)
Pearson’s correlation analysis showing that the preoperative serum occludin level was significantly positively correlated with the extent of
the preoperative PTBE as measured by the vertical distance from the outer edge of the maximal edema zone to the tumor boundary
(n = 55). (b) Preoperative serum occludin levels for the various Steinhoff grades of PTBE. Data are presented as mean ± standard deviation
(grade 0, n = 18; grade I, n = 24; grade II, n = 6; and grade III, n = 7). ∗P < 0:05 vs. grade 0; #P < 0:05 vs. grade I; and $P < 0:05 versus grade
II. (c) Pearson’s correlation analysis showing that the preoperative serum occludin level was not significantly correlated with the tumor
diameter. (d) Receiver operating characteristic curve for the ability of the serum occludin level to distinguish between mild and severe
PTBE. AUC: area under the curve; CI: confidence interval.
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postoperative serum occludin level < 3:033 ng/mL (the opti-
mal cutoff value), those with an occludin level ≥ 3:033 ng/
mL had a significantly higher incidence of severe pericavity
edema at 1 day after surgery (90.9% vs. 18.2%; P < 0:001)
but a similar NIHSS score (6:82 ± 6:64 vs. 4:52 ± 6:66; P =
0:306), GCS score (13:55 ± 2:07 vs. 14:09 ± 1:09; P = 0:407),
and incidence of intracranial hemorrhage (27.3% vs. 18.2%;
P = 0:800) at 1 day after surgery (Figures 5(c) and 5(d)).

4. Discussion

The present report demonstrates that patients with brain
tumors exhibit perioperative changes in the serum level of a
protein that contributes to the structure and function of the
BBB. Importantly, this study revealed a relationship between
the serum level of occludin and the severity of brain edema in
patients with brain tumors. Previous investigations have
confirmed that peritumoral brain edema is vascular edema
caused by damage to the BBB [17–19]. Occludin is an impor-
tant component of tight junctions that constitute the BBB.
Previous animal experiments have reported that cerebral
ischemia results in the activation of MMP-2 and MMP-9 in

brain tissue, leading to the degradation of occludin and
destruction of the BBB [20, 21]. In addition, a study of
intracerebral hemorrhage has revealed that circulating tight
junctions could be considered the potential biomarkers
reflecting the integrity of the BBB in intracranial hemorrhage
[22]. The present study found that the serum occludin level
was increased in patients with brain tumors as compared
with healthy controls, suggesting that tumor-induced
damage to the BBB during the perioperative period may lead
to the loss of occludin from the BBB. Furthermore, we
demonstrated that the serum occludin level correlated well
with the degree of brain edema and could be used to predict
the severity of perioperative brain edema in patients with
brain tumors.

We found that the serum level of occludin was signifi-
cantly higher in patients with brain tumors, both before
and after surgery, than in healthy people. These results
suggest that damage to the BBB occurs in patients with brain
tumors, leading to the release of degraded occludin fragments
into the blood and thus an increase in the serum level of
occludin. Notably, the patients included in this study had a
broad range of tumor types located in different parts of the
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Figure 4: The relationship between the postoperative serum occludin level and the pericavity brain edema after surgery. (a) Pearson’s
correlation analysis indicating that the postoperative serum occludin level was significantly positively correlated with the extent of the
postoperative pericavity edema as measured by the vertical distance from the outer edge of the maximal edema zone to the cavity
boundary (n = 55). (b) Postoperative serum occludin levels for the various Steinhoff grades of pericavity edema. Data are presented as
mean ± standard deviation (grade 0, n = 4; grade I, n = 33; grade II, n = 13; and grade III, n = 5). ∗P < 0:05 vs. grade 0; #P < 0:05 vs. grade I;
and $P < 0:05 versus grade II. (c) Pearson’s correlation analysis indicating that the postoperative serum occludin level was not significantly
correlated with the tumor diameter. (d) Receiver operating characteristic curve for the ability of the postoperative serum occludin level to
distinguish between mild and severe pericavity edema. AUC: area under the curve; CI: confidence interval.
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brain, suggesting that damage to the BBB and degradation/-
release of occludin may be a common consequence of many
different types of brain tumors, irrespective of the mecha-
nism by which the BBB is damaged. Therefore, our study
has identified a novel circulating biomarker that may be ben-
eficial for the detection or/and monitoring of BBB damage
during the perioperative period in patients with brain
tumors. Of course, future studies will need to establish
whether the performance of the serum occludin level as a

clinical biomarker varies between different pathological types
of tumor.

Interestingly, we found a positive correlation between the
peritumoral or pericavity brain edema and the level of serum
occludin, with a higher occludin level associated with more
severe brain edema. Notably, the serum occludin level was
related only to the degree of brain edema and not to the size
of the tumor. Vascular brain edema is a well-recognized
feature of BBB damage, which likely leads to the release of
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Figure 5: The relationship between the serum occludin level and the clinical outcomes in patients with brain tumors. (a) Comparison of
National Institutes of Health Stroke Scale (NIHSS) and Glasgow Coma Scale (GCS) scores at admission between patients with a
preoperative occludin level < 3:015 ng/mL (n = 40) and those with a preoperative occludin level ≥ 3:015 ng/mL (n = 15). (b) Comparison of
the incidences of preoperative severe brain edema and intracranial hemorrhage between patients with a preoperative occludin level < 3:015
ng/mL (n = 40) and those with a preoperative occludin level ≥ 3:015 ng/mL (n = 15). (c) Comparison of NIHSS and GCS scores at 1 day
after surgery between patients with a postoperative occludin level < 3:033 ng/mL (n = 44) and those with a postoperative occludin level ≥
3:033 ng/mL (n = 11). (d) Comparison of the incidences of postoperative severe brain edema and intracranial hemorrhage between
patients with a postoperative occludin level < 3:033 ng/mL (n = 44) and those with a postoperative occludin level ≥ 3:033 ng/mL (n = 11).
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degraded occludin. Previous studies have shown that
peritumoral brain edema is associated with a low content of
occludin in the tumor [23, 24], but it has not been clarified
whether the low content of occludin in the BBB of brain
tumors is mainly due to degradation or low expression of
occludin. Our observation of an elevated level of serum
occludin suggests that a low content of occludin within a
tumor may, at least in part, be due to the degradation of
occludin rather than downregulated expression. There is also
some evidence that matrix metalloproteinases (MMPs) are
considered to be the key to mediate the opening of the
blood-brain barrier [25] and highly expressed in brain
tumors which can be activated by the upregulation of the
beta-catenin pathway [26]. They may play an important role
in the destruction of the blood-brain barrier. Further studies
are needed to clarify the mechanisms underlying BBB
damage and alterations in brain tumor levels of occludin.

Depending on the type of the brain tumor, the develop-
ment of brain edema can involve a variety of factors includ-
ing glioma cells, vascular endothelial cells, neuroglial cells,
microglial cells [27, 28], and cyclooxygenase-2 [29]. Our
study found that the serum occludin level correlated well
with the grade of brain edema, suggesting that damage to
occludin in the BBB may be a common molecular mecha-
nism underlying the development of brain edema in patients
with brain tumors. Some studies of glioma have shown that
MMP expression or activation is related to the downregula-
tion of occludin in the BBB, which leads to destruction of
the BBB [30, 31]. It is possible that MMP activation may be
a major mechanism by which degradation of occludin and
damage to the BBB occur in patients with brain tumors.
However, further research is needed to clarify the relevant
molecular mechanisms in humans.

This study utilized ROC curve analysis to evaluate the
ability of the preoperative and postoperative serum occludin
levels to distinguish between mild and severe edema. The
preoperative and postoperative serum occludin levels showed
excellent (AUC value of 0.9002) and good (AUC value of
0.7763) discriminatory ability, respectively. At an optimal
cutoff value of 3.015 ng/mL, the preoperative serum occludin
level discriminated between mild and severe preoperative
brain edema with a high sensitivity (90.48%) and specificity
(84.62%). At an optimal cutoff value of 3.033 ng/mL, the
postoperative serum occludin level also distinguished
between mild and severe postoperative brain edema with a
high sensitivity (97.30%), although the specificity was some-
what lower (55.56%). Taken together, the findings of the
ROC curve analysis suggest that the serum occludin level
has the potential to be a novel biomarker for perioperative
brain edema in patients with brain tumors.

Brain edema may be an important factor affecting the
neurological function of patients with brain tumors. This
study found that patients with a high serum occludin level
before surgery also had a higher preoperative NIHSS score,
which may be related to more severe damage to the BBB.
However, although the group of patients with elevated serum
occludin levels after surgery had more severe brain edema,
their postoperative NIHSS score did not differ from that for
patients with lower occludin levels. This apparent discrep-

ancy may be due to the neurological functions of these
patients being more affected by other surgery-related factors.
We also found no difference in the incidence of postoperative
cerebral hemorrhage between patients with high and low pre-
operative or postoperative levels of occludin. This latter
finding suggests that postoperative acute cerebral hemor-
rhage may be primarily related to surgical factors (such as
damage to microvessels or incomplete hemostasis) rather
than BBB injury.

This study has some limitations. First, the sample size
was not large, and an extensive range of tumor pathological
types was included. Further large-scale clinical studies are
needed to validate our results and perform subgroup analyses
based on different brain tumor types. Second, we did not
perform long-term follow-up to evaluate the prognosis of
the patients and explore whether outcomes were related to
the serum occludin level.

5. Conclusion

The perioperative serum occludin level is associated with the
severity of peritumoral/pericavity edema in patients with
brain tumors. The serum occludin level could potentially be
used as a biomarker for perioperative cerebral edema in
patients with brain tumors. Further large-scale clinical stud-
ies are needed to validate our results and perform subgroup
analyses based on different brain tumor types.

Data Availability

The results of our study supporting the findings are included
within this paper. In order to protect patient privacy, the
personal data supporting the findings of this study are
restricted by the Ethics Committee of Sanbo Brain Hospital,
Capital Medical University. Data are available to researchers
who meet the criteria for access to confidential data from the
corresponding author.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.

Acknowledgments

This work was supported by the National Key Basic Research
Program (2013CB531900).

References

[1] K. D. Kochanek, J. Xu, S. L. Murphy, A. M. Minino, and H. C.
Kung, “Deaths: final data for 2009,” National Vital Statistics
Reports, vol. 60, no. 3, pp. 1–116, 2011.

[2] R. Rutkowski, R. Chrzanowski, M. Trwoga et al., “Expression
of N-cadherin and β-catenin in human meningioma in corre-
lation with peritumoral edema,” International Journal of Neu-
roscience, vol. 128, no. 9, pp. 805–810, 2018.

[3] M. Gawlitza, E. Fiedler, S. Schob, K. T. Hoffmann, and
A. Surov, “Peritumoral brain edema in meningiomas depends
on aquaporin-4 expression and not on tumor grade, tumor

8 Disease Markers



volume, cell count, or Ki-67 labeling index,” Molecular Imag-
ing and Biology, vol. 19, no. 2, pp. 298–304, 2017.

[4] J. Reszec, A. Hermanowicz, R. Rutkowski, G. Turek, Z. Mariak,
and L. Chyczewski, “Expression of MMP-9 and VEGF in
meningiomas and their correlation with peritumoral brain
edema,” BioMed Research International, vol. 2015, Article ID
646853, 8 pages, 2015.

[5] X. X. Qiu, C. H. Wang, Z. X. Lin et al., “Correlation of high
delta-like ligand 4 expression with peritumoral brain edema
and its prediction of poor prognosis in patients with primary
high-grade gliomas,” Journal of Neurosurgery, vol. 123, no. 6,
pp. 1578–1585, 2015.

[6] B. T. Hawkins and T. P. Davis, “The blood-brain barrier/neur-
ovascular unit in health and disease,” Pharmacological
Reviews, vol. 57, no. 2, pp. 173–185, 2005.

[7] Y. Yang, J. F. Thompson, S. Taheri et al., “Early inhibition of
MMP activity in ischemic rat brain promotes expression of
tight junction proteins and angiogenesis during recovery,”
Journal of Cerebral Blood Flow and Metabolism, vol. 33,
no. 7, pp. 1104–1114, 2013.

[8] E. E. Benarroch, “Blood-brain barrier: recent developments
and clinical correlations,” Neurology, vol. 78, no. 16,
pp. 1268–1276, 2012.

[9] M. Yamamoto, S. H. Ramirez, S. Sato et al., “Phosphorylation
of claudin-5 and occludin by rho kinase in brain endothelial
cells,” American Journal of Pathology, vol. 172, no. 2,
pp. 521–533, 2008.

[10] Y. Persidsky, S. H. Ramirez, J. Haorah, and G. D. Kanmogne,
“Blood-brain barrier: structural components and function
under physiologic and pathologic conditions,” Journal of Neu-
roimmune Pharmacology, vol. 1, no. 3, pp. 223–236, 2006.

[11] M. C. Papadopoulos, S. Saadoun, D. K. Binder, G. T. Manley,
S. Krishna, and A. S. Verkman, “Molecular mechanisms of
brain tumor edema,” Neuroscience, vol. 129, no. 4, pp. 1011–
1020, 2004.

[12] W. Wang, W. L. Dentler, and R. T. Borchardt, “VEGF
increases BMEC monolayer permeability by affecting occludin
expression and tight junction assembly,” American Journal of
Physiology. Heart and Circulatory Physiology, vol. 280, no. 1,
pp. H434–H440, 2001.

[13] R. Pan, K. Yu, T. Weatherwax, H. Zheng, W. Liu, and K. J. Liu,
“Blood occludin level as a potential biomarker for early blood
brain barrier damage following ischemic stroke,” Scientific
Reports, vol. 7, no. 1, p. 40331, 2017.

[14] S. Shi, Z. Qi, Q. Ma et al., “Normobaric hyperoxia reduces
blood occludin fragments in rats and patients with acute ische-
mic stroke,” Stroke, vol. 48, no. 10, pp. 2848–2854, 2017.

[15] S. Jung, K. S. Moon, S. T. Kim et al., “Increased expression of
intracystic matrix metalloproteinases in brain tumors: rela-
tionship to the pathogenesis of brain tumor-associated cysts
and peritumoral edema,” Journal of Clinical Neuroscience,
vol. 14, no. 12, pp. 1192–1198, 2007.

[16] Y. Hu, R. Meng, X. Zhang et al., “Serum neuron specific eno-
lase may be a marker to predict the severity and outcome of
cerebral venous thrombosis,” Journal of Neurology, vol. 265,
no. 1, pp. 46–51, 2018.

[17] Y. Doi, M. Kanagawa, Y. Maya et al., “Evaluation of trans-1-
amino-3-18F-fluorocyclobutanecarboxylic acid accumulation
in low-grade glioma in chemically induced rat models: PET
and autoradiography compared with morphological images

and histopathological findings,”Nuclear Medicine and Biology,
vol. 42, no. 8, pp. 664–672, 2015.

[18] L. G. Dubois, L. Campanati, C. Righy et al., “Gliomas and the
vascular fragility of the blood brain barrier,” Frontiers in Cellu-
lar Neuroscience, vol. 8, p. 418, 2014.

[19] E. Harford-Wright, K. M. Lewis, M. N. Ghabriel, and R. Vink,
“Treatment with the NK1 antagonist emend reduces blood
brain barrier dysfunction and edema formation in an experi-
mental model of brain tumors,” PLoS One, vol. 9, no. 5, article
e97002, 2014.

[20] J. Liu, X. Jin, K. J. Liu, and W. Liu, “Matrix metalloproteinase-
2-mediated occludin degradation and caveolin-1-mediated
claudin-5 redistribution contribute to blood-brain barrier
damage in early ischemic stroke stage,” Journal of Neurosci-
ence, vol. 32, no. 9, pp. 3044–3057, 2012.

[21] W. Liu, J. Hendren, X. J. Qin, J. Shen, and K. J. Liu, “Normo-
baric hyperoxia attenuates early blood-brain barrier disruption
by inhibiting MMP-9-mediated occludin degradation in focal
cerebral ischemia,” Journal of Neurochemistry, vol. 108, no. 3,
pp. 811–820, 2009.

[22] X. Jiao, P. He, Y. Li et al., “The role of circulating tight junction
proteins in evaluating blood brain barrier disruption following
intracranial hemorrhage,” Disease Markers, vol. 2015, Article
ID 860120, 12 pages, 2015.

[23] M.W. Park, C. H. Kim, J. H. Cheong, K. H. Bak, J. M. Kim, and
S. J. Oh, “Occludin expression in brain tumors and its rele-
vance to peritumoral edema and survival,” Cancer Research
and Treatment, vol. 38, no. 3, pp. 139–143, 2006.

[24] R. Murayi and P. Chittiboina, “Glucocorticoids in the manage-
ment of peritumoral brain edema: a review of molecular mech-
anisms,” Child's Nervous System, vol. 32, no. 12, pp. 2293–
2302, 2016.

[25] M. Castellazzi, T. Bellini, A. Trentini et al., “Serum gelatinases
levels in multiple sclerosis patients during 21 months of nata-
lizumab therapy,” Disease Markers, vol. 2016, Article ID
8434209, 7 pages, 2016.

[26] C. Martelli, R. Serra, I. Inserra et al., “Investigating the protein
signature of adamantinomatous craniopharyngioma pediatric
brain tumor tissue: towards the comprehension of its aggres-
sive behavior,” Disease Markers, vol. 2019, Article ID
3609789, 18 pages, 2019.

[27] D. C. Davies, “Blood-brain barrier breakdown in septic
encephalopathy and brain tumours,” Journal of Anatomy,
vol. 200, no. 6, pp. 639–646, 2002.

[28] D. Brandsma, L. Stalpers, W. Taal, P. Sminia, andM. J. van den
Bent, “Clinical features, mechanisms, and management of
pseudoprogression in malignant gliomas,” The Lancet Oncol-
ogy, vol. 9, no. 5, pp. 453–461, 2008.

[29] B. Badie, J. M. Schartner, A. R. Hagar et al., “Microglia
cyclooxygenase-2 activity in experimental gliomas: possible
role in cerebral edema formation,” Clinical Cancer Research,
vol. 9, no. 2, pp. 872–877, 2003.

[30] X. Liu, P. Su, S. Meng et al., “Role of matrix metalloproteinase-
2/9 (MMP2/9) in lead-induced changes in anin vitroblood-
brain barrier model,” International Journal of Biological Sci-
ences, vol. 13, no. 11, pp. 1351–1360, 2017.

[31] H. Cai, Y. Xue, Z. Li et al., “Roundabout4 suppresses glioma-
induced endothelial cell proliferation, migration and tube for-
mation in vitro by inhibiting VEGR2-mediated PI3K/AKT
and FAK signaling pathways,” Cellular Physiology and Bio-
chemistry, vol. 35, no. 5, pp. 1689–1705, 2015.

9Disease Markers


	Peripheral Blood Occludin Level as a Biomarker for Perioperative Cerebral Edema in Patients with Brain Tumors
	1. Introduction
	2. Material and Methods
	2.1. Study Design and Participants
	2.2. Measurement of Serum Occludin Levels
	2.3. Measurement of PTBE before Surgery
	2.4. Measurement of Pericavity Edema after Surgery
	2.5. Measurement of Neurological Function and Related Complications
	2.6. Statistical Analysis

	3. Results
	3.1. Baseline Clinical Characteristics of the Study Participants
	3.2. Comparison of Serum Occludin Levels between Patients with Brain Tumors and Healthy Volunteers
	3.3. Analysis of the Relationship between the Preoperative Serum Occludin Level and the Extent of the Preoperative PTBE and Tumor Diameter
	3.4. ROC Curve Analysis of the Ability of the Preoperative Serum Occludin Level to Predict the Severity of Preoperative PTBE
	3.5. Analysis of the Relationship between the Postoperative Serum Occludin Level and the Extent of the Pericavity Edema and Tumor Diameter
	3.6. ROC Curve Analysis of the Ability of the Postoperative Serum Occludin Level to Predict the Severity of Postoperative Pericavity Edema
	3.7. Relationship between the Preoperative Serum Occludin Level and the Clinical Outcomes
	3.8. Relationship between the Postoperative Serum Occludin Level and the Clinical Outcomes

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

