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Evaluation of Bevacizumab for the Treatment of Epidural 
Fibrosis by Immunohistochemical Staining for CD105 and 
Osteopontin

ABSTRACT

surgery, the main goal is the prevention of EF (11). Among 
many ongoing studies and research on EF prevention after 
laminectomy, anti-neoplastic agents are a special focus of 
interest (2).

The primary cause of EF is chemotactic factors released from 
lysed erythrocytes and thrombocytes in the surgical area 
after laminectomy and migration of fibroblasts originating 
from paraspinal muscles. Adhesions develop secondary to 

█    INTRODUCTION

Laminectomy is one of the most widespread surgical 
procedures in neurosurgery (3,16). Although the 
development of epidural fibrosis (EF) after laminectomy 

is a natural process, advanced EF is associated with root 
pressure and tension as one of the most common causes 
of failed back surgery (6). As treatment approaches for EF 
are associated with high rates of complications and failed 

AIM: To evaluate bevacizumab for epidural fibrosis (EF) treatment in an experimental rat model using histopathology as well as 
immunohistochemical staining for CD105 and osteopontin (OPN).
MATERIAL and METHODS: Sixteen Wistar Albino rats underwent either laminectomy alone to induce EF (group I, control) or 
laminectomy plus local bevacizumab treatment (group II). The degree of EF was compared between groups using the current 
histopathological grading method as well as immunohistochemistry for CD105 and OPN. In addition, the consistency of EF staging 
using CD105 and OPN expression was compared to that using histopathology.
RESULTS: The grade of EF was significantly lower in group II than in group I based on the fibroblast count and fibrosis density 
determined using histopathology, as well as by CD105 expression determined using immunohistochemistry. In contrast, OPN 
expression was not a reliable marker for EF evaluation because it did not show a significant difference between the two groups.
CONCLUSION: Bevacizumab prevents EF development as assessed using both histopathology and CD105 expression. CD105 is 
a potentially reliable marker for the immunohistochemical grading of EF, in contrast to OPN.
KEYWORDS: Bevacizumab, CD105, Epidural fibrosis, Osteopontin, VEGF
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hyperplasia of fibrous connective tissue. Fibroblasts, which 
are major players in tissue repair, are activated by inflammatory 
cytokines and growth factors (transforming growth factor 
β and basic fibroblast growth factor) and attempt to repair 
local defects in the vertebral laminae (Figure 1A). With the 
production of collagen fibrils, fibroblasts become fibrocytes; 
thus, scar tissue is formed from fibrous connective tissue (9).

Bevacizumab is a recombinant humanized monoclonal 
antibody raised against vascular endothelial growth factor 
(VEGF) that is used as an anti-neoplastic drug because of its 
anti-angiogenic function (23). By blocking VEGF receptors 
in damaged tissue, bevacizumab renders VEGF inactive, 
thereby preventing the formation of fibrous tissue through a 
reduction in angioneogenesis (Figure 1B) (15,20,26). There is 
a recognized proportional relationship between the degree of 
angiogenesis and fibrotic tissue (24).

CD105 is a membrane glycoprotein that regulates signaling of 
transforming growth factor-β1 (24). Several studies showed that 
CD105 was expressed by macrophages, erythroid precursors, 
syncytiotrophoblasts of terminal placenta, and stromal cells 
(8,10,18,25). Importantly, although CD105 expression levels 
can be used to determine microvessel density in tumor-
associated angiogenesis, there are no studies on its potential 
use in the determination of EF after laminectomy.

Osteopontin (OPN) is a small integrin-binding ligand, N-linked 
glycoprotein that was first identified in cortical bone (21). OPN 
is synthesized by numerous cells containing fibroblasts (1,13). 
Recent studies have shown that OPN plays a significant role in 
EF formation in rat peridural scar models (5). As it is expressed 

from inflammatory cells and fibroblasts, OPN can also be used 
in the determination of fibrosis (22).

Only one study has reported bevacizumab associated with EF 
development after spinal surgery (16). Therefore, we exam-
ined the mechanism underlying bevacizumab-mediated EF 
prevention using immunohistochemistry. Additionally, we as-
sessed whether CD105, a marker of angiogenesis expressed 
by macrophages, and OPN, a marker of fibrosis, could be 
used as potential markers reflecting the degree of EF after 
laminectomy by immunohistochemistry and compared their 
utility to standard methods.

█    MATERIAL and METHODS
This study was approved by the experimental animal research 
ethics committee of Marmara University (04.01.2016/001) and 
conducted at the experimental animal laboratory of Marmara 
University. A total of 16 Wistar Albino rats with an average 
weight of 250 ± 30 g were used. Throughout the experiment, 
all animals were housed in individual cages and received 
no medical treatment after the first procedure. Surgical 
intervention was achieved using microsurgical instruments.

Surgical Procedure

Sixteen Wistar Albino rats, aged 10–12 weeks, were used. 
Thirty minutes before surgery, a single dose of 50 mg/kg 
ceftriaxone (Rocephine, Roche, Turkey) was administered 
intraperitoneally as prophylaxis. General anesthesia was 
induced by intraperitoneal administration of 100 mg/kg 
ketamine hydrochloride (50 mg/ml; Ketalar, Parke-Davis, 

Figure 1A, B: Stages of epidural fibrosis development and proposed mechanism of fibrosis prevention by bevacizumab.
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Eczacibasi, Istanbul) and 10 mg/kg xylazine hydrochloride 
(Rompun 2%, Bayer, Germany). Next, the rats were positioned 
at the operating table; the surgical site was disinfected with 
povidone iodine solution (Poviod; 10% polyvinyl pyrrolidone-
iodine complex, Saba, Turkey).

The surgical site was covered with sterile drapes. The L1-2 
level of the spinal cord was identified, and a midline skin 
incision of approximately 2–2.5 cm was made at the L1-2 level. 
Paraspinous muscles were stripped with blunt dissection, total 
laminectomy was performed under surgical microscope to 
include an area of approximately 4 mm2 at the level of L1–L2, 
and the dural sac was exposed. Hemostasis during surgery 
was provided with saline irrigation. Bipolar cauterization, bone 
wax, or other hemostatic materials were not used. 

Animals were divided into two groups. The control group 
(group I, n=8) underwent only laminectomy at the level 
of L1–2, and saline was applied to the surgical area. The 
treatment group (group II, n=8) underwent L1-2 laminectomy 
and received topical bevacizumab (Avastin; Genentech, San 
Francisco, CA, USA) by the application of cotton wool soaked 
in bevacizumab to the laminectomy site for 5 minutes.

The incision area was sutured using 3/0 silk sutures, and all 
animals were sacrificed by cervical dislocation six weeks 
later. Evaluation before sacrifice determined that motor 
functions were normal in all animals and that there were no 
wound-site infections or other systemic pathologies. Relevant 
vertebral columns were removed en-bloc, together with the 
paraspinal muscles. Tissues were fixed in 10% formalin (4% 
formaldehyde), and pathological assessment was performed 
in a blinded manner. The amount of fibrosis in the laminectomy 
area and its relationship with the dura mater was compared 
within and between the experimental groups using previously 
published histological and immunohistochemical criteria, as 
detailed below.

Histopathological Evaluation

After 24 hours fixation in 10% formalin buffer, the vertebral 
columns were decalcified with incubation in 10% formic 
acid for two days. Following the decalcification process, 
specimens from each laminectomy site were collected, 
and the specimens were washed under running water for 
6 hours, then the routine tissue follow-up procedure was 
applied in Leica 300S Autotechnicon. The specimens 
were embedded into the paraffin wax and longitudinal 
sections of 3 mm thickness were prepared using a microtome 
and stained with Hematoxylin and Eosin (H&E).

Specimens were examined at 40× magnification under light 
microscopy by an experienced pathologist who determined 
the extent of fibrosis and cell density arachnoid fibrosis. The 
extent of fibrosis in the dura mater was evaluated based 
on the criteria established by He et al. (Table I) (11,12). The 
number of fibroblasts and inflammatory cells were determined 
based on the mean of a total of three areas in each specimen, 
including one area in the center and two areas at the edges 
of the laminectomy. The grading system for fibroblast and 
inflammatory cell counts was as follows: grade I, <100 
fibroblasts/inflammatory cells per 400× field; grade II, 100–

150 fibroblasts/inflammatory cells per 400× field; grade III: 
>150 fibroblasts/inflammatory cells per 400× field (Table II). 
To increase accuracy, specimens were also stained with a 
monoclonal antibody against vimentin 1:100 (Vimentin clone: 
V9, LEICA Biosystems Nevcastle Upun Tyne-UK) to determine 
vimentin intensity as an indirect measurement of fibroblast 
numbers (30). Similarly, inflammatory cell density was 
assessed at 40x magnification. Furthermore, we evaluated 
the sections for bone renewal, winding of the nerve root and 
adhesions between dura and arachnoid layers (Figures 2A, B).

Bone regeneration, scar tissue encircling the nerve root, and 
adhesions in the dura-arachnoid gap were also recorded.

Immunohistochemical Assessment

Microvessel density in specimens was determined by 
immunohistochemical staining using monoclonal antibodies 
against OPN and CD105 and the streptavidin-biotin 
peroxidase method. The immunohistochemical study was 
done in the Leica Bond III. The slides are kept at 80oC in the 
incubator for 3 hours and installed in the Bond III device. 
From the primary antibodies, 1/400 dilution was prepared for 
CD105 (Clone EP274, catalog number AC-0243A, Epitomics, 
Burlingame, CA, USA) and 1/100 dilution was prepared for 
OPN (Clone EP106, catalog number AC-0102RUO; Epitomics, 
Burlingame, CA, USA). After automatized coloring, the slides 
are kept in xylene for 3 minutes and sealed.

Assessment of Microvessel Density

An Olympus CX41 light microscope was used to scan the 
slides stained with anti-CD105 and anti-OPN antibodies, and 
three different areas in each slide were selected as hot spots 
of neovascularization at low magnifications (40× and 100×). 
At 400× magnification, in each hot spot, brown-stained single 
endothelial cells that were separated from other connective 
tissue elements or clusters of endothelial cells were defined 
as a microvessel independently of the presence of a lumen 

Table I: Criteria for Histopathological Grading of Scar Tissue by 
He et al. (12)

Grade Extent of scar tissue

0 No scar tissue in the dura mater

1 Fine fibrous bands present between the scar tis-
sue and the dura mater 

2 Adhesions on <2/3 of the laminectomy defect

3 Widespread scar tissue affecting>2/3 of the 
laminectomy defect

Table II: Criteria for Histopathological Grading of Fibroblast Count 

Grade Mean fibroblast count (40×)

1 <100

2 100–150

3 >150
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Figure 2: Histopathological examination of tissue slides using H&E. A) Grade III fibrosis in a control animal in group I. B) Grade I fibrosis 
in a bevacizumab-treated animal in group II (star, neural tissue; black arrow, dura; blue arrow, fibrosis).

Figure 3: Immunohistochemical staining for CD105. A) Grade III fibrosis in a control animal in group I. B) Grade I fibrosis in a bevacizumab-
treated animal in group II (star, neural tissue; black arrow, dura; blue arrow, fibrosis).

Figure 4: Immunohistochemical staining for osteopontin (OPN). A) Grade III fibrosis in a control animal in group I. B) Grade I fibrosis in 
a bevacizumab-treated animal in group II (star, neural tissue; black arrow, dura; blue arrow, fibrosis).
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cells (p=0.001), and CD105 ratio (p=0.001) between the 
bevacizumab and control groups (Table IV). Grade 0–1 
fibrosis was higher in group II (bevacizumab treated animals), 
whereas grade 3 fibrosis was higher in group I (control 
animals). Furthermore, all cases in group II exhibited grade 
1 fibroblast density, whereas all cases in group I exhibited 
grade 3 fibroblast density. Fibroblast density was graded the 
highest in 100% of Group 1 animals, but remained at grade 
1 in Group II. Inflammatory cell density and CD105 grade 1 
were high in group II and grade 3 was high in group I. No 
significant difference was found in OPN grades between the 
groups (p=0.493; Figure 5A, B).

All animals (100%) in group I had grade 3 fibrosis, whereas 
3 (37.5%) and 5 (62.5%) animals were determined to exhibit 
grade 0 and 1 fibrosis, respectively, in group II. Therefore, the 
rate of EF based on the fibrosis grade was significantly lower 
in group II than in group I (p=0.001; Table IV, Figure 5A, B).

All animals in group I had grade 3 fibroblast counts, whereas all 
animals in group II (100%) exhibited grade 1 fibroblast counts. 
Therefore, the rate of EF was based on the fibroblast count 
was significantly lower in group II than in group I (p<0.001; 
Table IV, Figure 5A, B).

The extent of EF was also assessed based on the inflammatory 
cell density, which revealed that 2 (25%) and 6 (75%) animals 
in group I exhibited grades 3 and 2, respectively. Conversely, 
all animals (100%) in group I exhibited grade 2 inflammatory 
cell density; therefore, the rate of EF according to this grading 
was also significantly lower in group II than in group I (p=0.001; 
Table IV, Figure 5A, B).

(Figures 3A, B; 4A, B). Each slide was graded based on the 
number of vessels in each hot spot as follows: ≤3, grade 1; 
3–6, grade 2; ≥7, grade 3 (Table III). Vessels with a muscle 
layer were not accepted as newly formed vessels and were 
not included in the counting. The mean of the number of 
vessels in three hot spots for each slide was defined as the 
microvessel density in each animal.

Statistical Analysis

SPSS 15.0 for Windows (IBM, Armonk, NY, USA) was used 
for statistical analysis. Descriptive statistics are presented as 
numbers (n) and percentages (%) for categorical variables. 
Categorical variables between the groups were tested using 
the chi-square test. When conditions were not met, a Monte 
Carlo simulation was applied. p values <0.05 were considered 
as statistically significant.

█    RESULTS
There were significant differences in fibrosis grade (p=0.001), 
density of fibroblasts (p<0.001), density of inflammatory 

Table III: Criteria for Grading Microvessel Count by Immunohisto-
chemical Staining for CD105

Grade Mean vessel count (400×)

1 ≤3

2 4–6

3 ≥7

Table IV: Grading of Epidural Fibrosis Based on Fibrosis Score, Fibroblast and Inflammatory Cell Counts, and CD105 and OPN Expression 
By Immunohistochemistry

Control Bevacizumab

  n % n % p

Fibrosis score Grade 0 0 0.0 3 37.5 0.001

Grade 1 0 0.0 5 62.5

Grade 3 8 100 0 0.0

Fibroblast Count Grade 1 0 0.0 8 100 <0.001

Grade 3 8 100 0 0.0

Inflammatory Cell Count Grade 1 0 0.0 8 100 0.001

Grade 2 2 25.0 0 0.0

Grade 3 6 75.0 0 0.0

CD105 Grade 1 0 0.0 8 100 0.001

Grade 2 2 25.0 0 0.0

Grade 3 6 75.0 0 0

Osteopontin Grade 1 4 50.0 6 75.0 0.493

Grade 2 2 25.0 2 25.0

Grade 3 2 25.0 0 0.0
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Figure 5: Distribution of epidural fibrosis in the control (group I) (A) and treatment (group II) (B) groups, according to the grading methods.

A

B

Fibrosis score Fibroblast density Inflammatory cell density CD105 grade

0

0

0

8

Osteopontin grade

0

0

8

0

2

6

0

2

6

4

2

2

Grade 0

Grade 1

Grade 2

Grade 3

Grade 0      Grade 1      Grade 2      Grade 3

Epidural Fibrosis Grades of Group 1

Epidural Fibrosis Grades of Group 2

Grade 0

Grade 1

Grade 2

Grade 3

Grade 0      Grade 1      Grade 2      Grade 3

Fibrosis score Fibroblast density Inflammatory cell density CD105 grade Osteopontin grade

3

5

0

0

8

0

0

8

0

0

8

0

0

6

2

0

N
u

m
b

er
N

u
m

b
er

9

8

7

6

5

4

3

2

1

0

9

8

7

6

5

4

3

2

1

0
0  0  0 0  0 0 0

0  0 0  0 0  0 0  0 0

3

5

8 8 8

6

2

2 2 2 2

4

66

88



960 | Turk Neurosurg 28(6):954-962, 2018

Yilmaz I. et al: Bevacizumab for Epidural Fibrosis

of fibroblasts and inflammatory cells, and CD105 expression 
reflected consistent results, whereas grading for EF using 
OPN expression was not consistent with the other methods 
used for evaluation of the EF in the current study. Importantly, 
no toxic effects of bevacizumab were observed in the dura 
mater, paraspinal muscles, or other tissues.

The extent of angiogenesis can be determined directly in 
tumor and/or fibrotic tissue by measurement of microvessel 
density. An increase in the number of microvessels indicates 
a strong angiogenic response (17). Staining for proteins 
expressed in the endothelial cell membrane using immuno-
histochemical methods is utilized to determine microvessels 
in fibrotic tissue. To date, no study has used CD105, a poten-
tial immunohistochemical marker for microvessel density, 
to examine the extent of EF after laminectomy using immu-
nohistochemistry. Anti-CD105 binds to endothelial cells in 
angiogenic tissue, whereas it is either undetectable or weakly 
stains normal tissue. Therefore, staining for CD105 is an ideal 
approach for the evaluation of angiogenesis (28,29). Further-
more, anti-CD105 is highly selective for blood vessel endothe-
lium and reacts specifically with endothelial cells only, without 
evident staining in inflammatory or stromal cells (4). Therefore, 
determination of the extent of EF with anti-CD105 reduces 
the likelihood of false-positive blood vessel staining. In the 
current study, grading of EF based on microvessel density as 
assessed by CD105 immunostaining was consistent with the 
grading based on fibroblast count and fibrosis density. This 
result supports CD105 as potentially an objective and suit-
able immunohistochemical marker for EF determination, as an 
alternative to other currently used methods, which is a novel 
finding of the current study.

Another potential immunohistochemical marker for the evalu-
ation of fibrosis is OPN, which participates in tissue remodel-
ing, macrophage and neutrophil migration, angiogenesis, and 
the formation of collagen fibrils during wound healing (27). 
OPN also plays an important anti-inflammatory role in acute 
and chronic inflammation, preventing or reducing the severity 
of inflammation (19). The current study is the first to compare 
OPN as a potential immunohistochemical marker with current 
methods to determine the grade of EF after laminectomy. 
However, our findings did not show OPN as a consistent 
marker comparable with the established histopathological 
methods for EF or CD105 staining. Therefore, OPN expression 
using immunohistochemistry might not be a reliable marker in 
the determination of EF.

Only one study thus far investigated the effect of bevacizumab 
on spinal EF (16). It found that bevacizumab reduced the 
development of EF following experimental laminectomy, as 
assessed by histopathological evaluation. In contrast to that 
study, which did not utilize immunohistochemistry, the current 
study used both histopathology and immunohistochemistry 
to assess the effect of bevacizumab on EF development 
and demonstrated that EF was significantly reduced by local 
application of bevacizumab, which reduced neovascularization 
in damaged tissue, as determined by CD105 immunostaining; 
however, OPN was not a reliable marker.

The EF grading according to the CD105 staining revealed that 
2 (25%) and 6 (75%) animals in group I were grades 2 and 
3, respectively, whereas all animals (100%) in group II were 
grade 1. Accordingly, the rate of EF using this parameter was 
significantly lower in group II than in group I (p=0.001; Table 
IV, Figure 5A, B).

Finally, the EF grading according to the OPN staining 
demonstrated that 4 (50%), 2 (25%), and 2 (25%) of the 
animals in group I had grade 1, 2, and 3 OPN expression, 
respectively. Conversely, in group II, 6 (75%) and 2 (25%) 
animals were determined as grades 1 and 2, respectively, and 
there was no significant difference in OPN expression between 
the two groups, as a parameter to determine EF development 
(p=0.493; Table IV, Figures 5A, B).

█    DISCUSSION
EF is one of the most common causes of failed back surgery 
following laminectomy, one of the widely used neurosurgical 
procedures. Treatment of EF is difficult and has a high 
complication rate, and associated costs are extremely high. 
Therefore, most of the previous studies were aimed at EF 
prevention rather than treatment (11). A better understanding 
of the factors that lead to the development of EF, as well as 
the underlying mechanisms, is necessary. The various factors 
associated with an increased rate of EF after laminectomy 
include the presence of a wide, dead cavity associated with a 
major surgery site, greater accumulation of blood products in 
an environment associated with insufficient bleeding control, 
infection, foreign body, excessive retraction, and use of 
bipolar cautery (2).

The role of angiogenesis in the development of EF is not known 
(7). VEGF is a strong angiogenic cytokine that also protects 
endothelial cells from radiation and stress-induced apoptosis. 
VEGF also directly contributes to tissue regeneration including 
remodeling, normal fibroblast functions, wound-healing and 
inflammatory response (14). Bevacizumab is a monoclonal 
VEGF antibody that is used primarily as an anti-cancer agent. 
By blocking VEGF receptors in damaged tissue, bevacizumab 
renders VEGF inactive and inhibits angiogenesis, (15,20). 
Angiogenesis is also a critical step in wound healing, and 
the extent of fibrotic tissue correlates with the degree of 
angiogenesis. Previous studies demonstrated the effect 
of bevacizumab on fibrosis, and findings support a role for 
bevacizumab in reducing EF (16), which was shown to associate 
with its anti-angiogenic property (16). However, to the best 
of our knowledge, no studies investigated the mechanism 
underlying the prevention of EF by the anti-angiogenic effect 
of bevacizumab by using immunohistochemistry.

In the current study, the extent of EF, fibrosis score, the number 
of fibroblasts and inflammatory cells, and the expression levels 
of CD105 and OPN were evaluated, which revealed successful 
EF development in all animals in group I. In addition, the extent 
of EF was lower in animals that received local bevacizumab in 
group II than those in the control group I. Among the markers 
used to evaluate the degree of EF, fibrosis score, the number 
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█    CONCLUSION
Local application of bevacizumab after laminectomy 
significantly reduces EF. Whereas CD105 is a reliable marker 
for EF evaluation, consistent with grading using established 
methods. Grading using OPN immunostaining is not reliable. 
No local toxic or systemic side effects were observed with 
bevacizumab, suggesting its potential utility in clinical studies.
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