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Primary brain tumors constitute one of the leading causes of 
cancer-related mortality [1]. Brain tumors have a great impact 
on the socio-economic life of patients and their families, treat-
ment effects, and healthcare costs. Diffuse gliomas are the most 
common type of malignant brain tumor according to the Cen-
tral Brain Tumour Registry of the United States [2], boasting an 
astrocytic origin in more than 75% of cases, with glioblastomas 
being the most common among all diffuse gliomas. Adult diffuse 
gliomas generally affect the cerebral hemispheres and show a 
diffuse infiltrative growth pattern into the surrounding neuro-
pil [3]. According to the World Health Organization (WHO)’s 
classification of tumors of the central nervous system, adult dif-
fuse gliomas can be subdivided into three types based on their 
histomorphological features and genetic makeup, as follows: as-
trocytoma, isocitrate dehydrogenase (IDH)-mutant; oligodendro-

glioma, IDH mutant and 1p/19q–co-deleted; and glioblastoma, 
IDH–wild-type [4]. They may also be further segregated into 
distinct histological grades, ranging from WHO grades 1–4, on 
the basis of a well-defined morphology, including cellularity, nu-
clear atypia, mitotic activity, microvascular proliferation, and ne-
crosis [5]. Affected patients have poor clinical outcomes, espe-
cially those with primary glioblastomas, in whom the average 
survival time is about 12–15 months after diagnosis [6]. The 
latest WHO classification of brain tumors has incorporated mo-
lecular parameters into the diagnosis of diffuse gliomas [7]. An-
giogenesis plays a pivotal role in malignant transformation, and 
its dysregulation leads to the formation of a leaky vascular net-
work of tumor-associated capillaries, promoting survival and pro-
liferation of the tumor cells [8]. Gliomas are characterized by an 
increase in blood vessel formation, which plays an important role 
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in tumor growth, tumor biological behavior, and disease outcome. 
High-grade gliomas exhibit increased vascularity, the worst prog-
nosis and reduced survival rates. A hypothesis formulated by 
Weidner et al. [9], which suggested tumor growth to be an an-
giogenesis-dependent phenomenon, has received strong scientific 
support. The process of neovascularisation is multidimensional, 
including inflammation, the release of angiogenic cytokines, va-
sodilatation, and increased tumor metabolism [10]. Recently, it 
was postulated that the tumor vasculature is not always derived 
from endothelial cell proliferation and the sprouting of new capil-
laries but also from alternative vascularisation mechanisms like 
vascular co-option and vasculogenic mimicry (VM) [11]. In the 
present study, the authors analyzed various microvascular pat-
terns (MVPs) in adult diffuse gliomas [12]. The degree of angio-
genesis affects tumor biology and invasiveness as well as aggressive 
behavior. Microvascularisation is of great significance in glioma 
development and malignant transformation. Microvascularity is 
highly correlated with the grading and subtyping of diffuse gli-
omas and contributes as one of the most important histological 
features. Abnormal angiogenesis reportedly leads to proliferation, 
survival, and metastasis of tumor cells [13,14]. The study also 
examined the association of various angiogenic patterns with tu-
mor grade. 

MATERIALS AND METHODS

This cross-sectional study was carried out on 50 patients who 
were histopathologically diagnosed with adult diffuse gliomas 
between January 2019 and June 2022 in the Department of 
Pathology and Lab Medicine. Informed consent was obtained 
from all patients according to the research proposal approved by 
the institutional ethics committee. All cases of adult diffuse gli-
oma included were WHO central nervous system (CNS) grade 
2–4 gliomas [7]. At least one representative formalin-fixed, par-
affin-embedded block was identified from each case for perform-
ing manual immunohistochemistry (IHC) by CD34 QB end 
10, mouse monoclonal antibody. Sections were collected on posi-
tively charged hydrophobic slides, and IHC was performed man-
ually in each case. IHC is a process in which various antigens can 
be detected within a tissue sample using an unlabelled primary 
antibody capable of binding those antigens of interest with high 
specificity. A multiepitope retrieval system (cat No. MERS-3.1) 
and the PolyExcel HRP/DAB detection system kit (both Pathn-
Situ Biotechnologies, Hyderabad, India) were used for antigen 
retrieval and IHC staining, respectively.

CD34–periodic acid–Schiff dual staining

After conventional CD34 IHC staining, the last step of coun-
terstaining with hematoxylin was skipped and the tissue was in-
stead stained with periodic acid–Schiff (PAS) stain for 5–10 min-
utes, which was followed by incubation in Schiff’s reagent for 
another 30 minutes and then counterstaining with Mayer’s he-
matoxylin for 1 minute. The slides were then mounted with DPX 
mounting media and viewed under a light microscope (Olym-
pus, Tokyo, Japan) to detect CD34 and PAS stain as dual ma-
genta pink and brown signals. Adult liver tissue was used as a 
positive control and stained appropriately. During staining, 
CD34, being a pan-endothelial marker, will highlight the true 
vessels taking part in angiogenesis, while PAS stain will reveal 
the basement membrane of vessels and vascular mimicry [15,16].

MVP analysis

MVPs were analyzed in cases of adult diffuse glioma as per the 
criteria defined by Chen et al. [17]. Five different categories of 
MVPs were defined. Anti-endothelial antibody CD34 alone can 
categorize the four types of microvascular proliferations like 
microvascular sprouting (MS), microvascular clustering (MC), 
vascular garland (VG), and glomeruloid tuft (GT) while catego-
rizing VM the duel staining of CD34-PAS is essential. The MS 
display simple vessels with delicate capillary like vessels with a 
lumen. Vascular clusters (VCs) are distinct focal aggregations of 
vessels without connective stroma. VGs are clustered vessels ar-
ranged in a garland-like formation with/without connective 
stroma. GTs are clustered vessels embedded within a connective 
stroma with a glomerulus-like appearance (containing 15–100 
nuclei). Finally, VM is a phenomenon defined by the presence 
of vascular channels lined by cells that present negative for endo-
thelial markers but with PAS positivity. To reduce the interob-
server variability and assure reproducibility, multi-hotspot as-
sessment was carried out by two observers independently.

Statistical analysis

The presentation of categorical variables used numbers and 
percentages, while qualitative variables are given using mean ± 

standard deviation values. For the comparison of qualitative vari-
ables that were normally distributed, the Fisher’s exact test was 
used to assess the association of two independent variables be-
ing a small sample size of 50. The p-value was then calculated, 
with p < .05 considered to be statistically significant. The analy-
sis of data was completed with the use of the Statistical Package 
for Social Sciences (SPSS) software ver. 25.0 (IBM Corp., Ar-
monk, NY, USA). 



https://jpatholtm.org/https://doi.org/10.4132/jptm.2024.03.11

Microvascular patterns in diffuse glioma  •     129

RESULTS

An ambispective, descriptive observational study was carried 
out on a total of 50 histologically proven cases of adult diffuse 
glioma. The mean age of included patients at the time of diag-
nosis was 43.43 years (range, 21 to 65 years), and the male-to-
female ratio was 1.5:1.0, showing a male predominance. Tumors 
were found most commonly to involve the frontal lobe, followed 
by the temporal lobe, while a midline location was observed in 
three cases. All adult diffuse gliomas were classified based on mor-
phology and assigned a histological grade; ultimately, it was ob-
served that most patients (n = 31) had grade 4 gliomas, followed 
by grade 2 (n = 12) and grade 3 (n = 7) gliomas, respectively.

The examination of MVPs revealed MS to be the most com-
mon pattern, while VCs were the least common pattern. VGs 
were observed in 8% of cases, while GTs were evident in 19 out 
of 50 cases (38.0%) (Fig. 1). A rare pattern of VM was noticed 
in just three of 31 cases of grade 4 glioma (Fig. 2) on dual stain-
ing (Table 1). The MVPs were further categorized into type 1 
(MS and MC) and type 2 (VG and GT) cases, respectively. The 

authors then further studied the association of these pattern types 
with tumor grade. Ultimately, it was found that the type 1 pat-
terns were more commonly associated with lower-grade gliomas, 
while type 2 patterns were maximally seen in patients with high-
grade gliomas (Table 2). This association was highly statistically 
significant (p < .001). The authors further continued to explore 
the association of MVPs with histological types in adult diffuse 
glioma (Table 3). It was noted that patients with glioblastomas 
displayed type 2 patterns in 22 out of 31 cases (70.97%), while 
diffuse astrocytoma and oligodendroglioma (grade 2) revealed 
type 1 patterns in 5/5 and 7/7 cases, respectively. The association 
of MVPs with various histological types was also highly signifi-
cant (p < .001).

DISCUSSION

Primary brain tumors are among the most prevalent causes of 
cancer-related death [18]. Gliomas account for 40%–50% of all 
intracranial tumors, and about half of all gliomas in adults are 
glioblastomas [19]. Pathologically, gliomas include a range of 

Fig. 1. (A) Microvascular sprouting: simple vessels which are delicate capillary-like with a defined lumen. (B) Vascular garlands: clustered ves-
sels arranged in garland like formation, with/without connective stroma. (C) Vascular clusters seen as focal aggregations of vessels without 
the connective stroma. (D) The glomeruloid tufts: clustered vessels embedded within the connective stroma with a glomerulus-like appear-
ance (CD34 immunohistochemical staining).
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CNS tumors originating from glial cells. Adult diffuse gliomas 
are defined as infiltrating glial tumors of the CNS that infiltrate 
the surrounding neuropil and stand as the most aggressive CNS 
tumors. Angiogenesis is important in the pathogenesis of a va-
riety of non-pathological as well as pathological conditions, in-
cluding malignancies [20,21]. Weidner et al. [9] first proposed 
that tumor growth and metastasis are dependent on angiogene-
sis and suggested that blocking angiogenesis could be the key to 
blocking the progression of the disease. Glioblastomas are highly 
vascularised tumors, and microvascular proliferation holds an 
integral role in the disease progression of low–grade gliomas to 
glioblastomas. The vascular networks in adult diffuse glioma 
shows heterogeneity in morphology as well as in the mechanisms 
leading to their formation and development [22]. The evidence 
of angiogenesis plays a critical role in biological behavior and 
ultimately the patients’ prognosis. This has instigated more re-
search on the basic mechanisms of vascularization. For more 
than three decades, sprouting angiogenesis was considered the 
exclusive mechanism of vascularisation in tumors. However, sev-
eral additional mechanisms, such as intussusceptive angiogene-
sis, vessel co-option, glomeruloid angiogenesis, recruitment of 
bone marrow–derived endothelial progenitor cells and VM, have 
been identified [23,24].

Growing tumors have been found to extend their blood sup-
ply and exhibit increased oxygen and nutritional demands by the 
following mechanisms: formation of new capillary buds from 
pre-existing vessels (sprouting), lining along the pre-existing 
blood vessels (vessel co-option), migration of angioblasts/endo-
thelial progenitor cells from bone marrow under the influence 
of growth factors (also known as vasculogenesis), splitting of pre-
existing vessel with the formation of connective columns (tissue 
pillars) in the vascular lumen and intussusceptive microvascular 
growth remodeling of existing vasculature to form complex glo-
meruloid bodies (glomeruloid angiogenesis) [24,25].

The present study of 50 patients with adult diffuse gliomas 
included individuals with a wide age range of 21–65 years. Men 
were affected more so than their female counterparts in a ratio of 

Table 1. Distribution of various MVPs and their correlation with tu-
mor grade amongst patients with adult diffuse gliomas (n = 50)

No.
Microvascular pattern 

(MVP)
Grade 2 
(n = 12)

Grade 3 
(n = 7)

Grade 4 
(n = 31)

Total

1 Microvascular sprouting 11 (91.7) 5 (71.4) 8 (25.8) 24 (48.0)
2 Vascular cluster 1 (8.3) 1 (14.3) 1 (3.2) 3 (6.0)
3 Vascular garland 0 1 (14.3) 3 (9.7) 4 (8.0)
4 Glomerular tufting 0 0 19 (61.3) 19 (38.0)

Total 12 (100) 7 (100) 31 (100) 50 (100)

Values are presented as number (%).

Table 2. MVP types and their correlation with tumor grade in adult 
diffuse gliomas (n = 50)

No.
Type of 
MVP

Low grade,
grade 2 
(n = 12)

High 
grade,

grades 3 
and 4 
(n = 38)

Total p-value

1 Type 1 (classic) 12 (100) 15 (39.5) 27 (54.0) < .001
Fisher’s exact test2 Type 2 (bizarre) 0 23 (60.5) 23 (46.0)

3 Total 12 (100) 38 (100) 50 (100)

Values are presented as number (%).
MVP, microvascular pattern.

Table 3. MVP types amongst various histological types of adult diffuse gliomas (n = 50)

Types of MVP
Diffuse 

astrocytoma
(n = 5)

Anaplastic 
astrocytoma

(n = 5)

Oligodendroglioma 
(n = 7)

Anaplastic 
oligodendroglioma 

(n = 2)

Glioblastoma
(n = 31)

Total p-value

Type 1 (classic) 5 (100) 4 (80.0) 7 (100) 2 (100) 9 (29.0) 27 (54.0) < .001
Fisher’s exact testType 2 (bizzare) 0 1 (20.0) 0 0 22 (71.0) 23 (46.0)

Total 5 (100) 5 (100) 7 (100) 2 (100) 31 (100) 50 (100)

Values are presented as number (%).
MVP, microvascular pattern.

Fig. 2. Vasculogenic mimicry seen as vascular channels lined by 
cells, negative for endothelial markers, but exhibit periodic acid–
Schiff positivity (CD34–periodic acid–Schiff dual staining).
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1.5:1.0. The most common pattern exhibited in our study was 
the MS pattern, followed by the GT, VG, and VC patterns, while 
VM was least common. These findings are in coherence with 
those of Jha et al. [16], who studied MVPs using CD34, CD31, 
and F VIII in 24 cases of glioblastoma and observed MS to be the 
most common pattern, being present in all 24 cases. The other 
patterns, in decreasing order, were VC, VG, GT, and VM, respec-
tively. These bizarre microvascular patters are observed in vari-
able combinations in adult diffuse glioma.

These authors additionally noted the presence of ‘classic’ (cap-
illary-like) and ‘bizarre’ (GT, VCs, and vascular garlanding) vas-
cular patterns, along with VM, in their cases of glioblastoma, 
and suggested that MS and simple vessels form the predominant 
pattern in these low-grade glial tumors. 

In the present study, MS was more commonly seen in cases of 
grade 2 gliomas, while VCs were noticed across cases of all grades. 
Meanwhile, VGs were observed more commonly in grade 4 cases, 
and GTs were present in all grade 4 glioma cases. Our study also 
noted bizarre vascular patterns composing up to 46% of the to-
tal MVPs found in most of the cases of adult diffuse glioma.

Chen et al. [17] examined 78 cases of glioblastoma in their 
study for all five types of MVP, reporting that type 1 MVPs to-
taled 71.8% and type 2 MVPs totaled 28.2%. These authors 
concluded that there exist significant differences in prognosis 
according to MVP type; notably, the cases with type 2 patterns 
exhibited poorer progression-free and overall survival rates than 
those with type 1 patterns.

According to the study by Yue and Chen [15], the poor prog-
nosis and MVPs of glioblastoma cases are of serious concern to 
many clinicians and researchers. However, very few studies to 
date have examined the correlation between microvascular niche 
patterns (MVNPs) and proteomic distribution. In their study, 
CD34 immunofluorescence staining and matrix-assisted laser 
desorption ionization mass spectrometry imaging technology 
were used to investigate protein distributions in MVNPs. Based 
on such characteristics, MVNPs were divided into two types by 

cluster analysis—namely, type I (classic patterns), composed pri-
marily of MS and VC cases, and type II (bizarre patterns), com-
posed primarily of VG and GT cases. Survival analysis indicated 
that MVNP type, such as classic or bizarre pattern, to be an in-
dependent prognostic factor for progression-free and overall 
survival among patients with glioblastoma (Table 4) [26].

The present study documented type 1 patterns in 54% and 
type 2 patterns in 46% of cases, respectively. Type 1 prolifera-
tion was associated with low-grade gliomas, while type 2 MVPs 
were seen in association with high-grade gliomas in our study. 
It was postulated that tumor cells themselves may de-differen-
tiating and acquire an endothelial phenotype, forming a PAS posi-
tive vascular pattern called VM. The VM pattern was first de-
scribed in cases of uveal melanoma. Intussusceptive microvascular 
growth (IMG) has been found to be a quicker way of increasing 
the complexity of the tumor microvessel network, independent 
of endothelial cell proliferation. It has been found that this pro-
cess becomes relevant once the sprouting of blood vessels has 
begun. It has been suggested that the absence of endothelial 
cell proliferation in IMG implies that neovascularisation by this 
mechanism would be resistant to angiosuppressive treatment. 
Microvascular proliferation has since been observed in a variety 
of solid tumor, such as carcinoma of the breast, prostate, ovaries, 
lungs, synovial sarcoma, rhabdomyosarcoma, pheochromocyto-
ma, and glioblastomas. The discovery of VM has challenged the 
hypothesis that angiogenesis is the only means by which tumors 
acquire a blood supply [27]. In a recent study, Jha et al. [16] 
proposed the presence of vascular mimicry to be an adverse prog-
nostic factor for postoperative survival in newly diagnosed cases 
of glioblastoma. 

VM was found in 6% of patients with adult diffuse gliomas 
in the current study, all of whom had grade 4 tumors. In contrast, 
Jha et al. [16] reported 50% of cases in their study had VM, and 
38.1% of cases in the study by Liu et al. [28] and 28.75% of 
cases in the study by Wang et al. [29] also had the VM pattern, 
respectively.

Table 4. MVP characteristics: a comparison with previous studies

No. Antibody Dual stain Sample size MVP Conclusion Reference

1 CD34 CD34-PAS 45 They examined WHO grade 2, 3 & 4  
  astrocytomas

Reported vasculogenic mimicry in malignant  
  astrocytoma

Yue and Chen (2005) [15]

2 CD34 CD34-PAS 50 Included glioblastoma cases only Type II MVP had poorer prognosis than type I Chen et al. (2015) [17]
3 CD34 CD34-PAS 24 Evaluated 24 glioblastoma patients MS common pattern, VC associated with  

  Ki-67 labeling index
Jha et al. (2018) [16]

4 CD34 CD34-PAS 50 Evaluated 50 cases of adult diffuse  
  glioma

Type 2 MVP, more common in HGG;  
  and LGG displayed type 1 pattern

Present study 

MVP, microvascular pattern; PAS, periodic acid–Schiff; WHO, World Health Organization; MS, microvascular sprouting; VC, vascular cluster; HGG, high grade 
glioma; LGG, low grade glioma.
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Chen et al. [17] in their study found that the proportion of 
cases with the VM pattern was significantly low relative to the 
proportions of other MVP types. They also observed a potential 
relationship between the expressions of Ki-67 and p53 and mi-
crovascular heterogeneity. These findings led us to speculate 
whether vascular parameters have significance apart from influ-
encing the tumor grade. Several trials have evaluated the impact 
of anti-angiogenic treatment on the overall survival of glioblas-
toma patients but offered inconsistent results. Alternate mecha-
nisms of vascularisation operating during tumor proliferation 
and growth may be responsible for the failure of anti-angiogenic 
therapy. It was further hypothesized that multiple vascularisa-
tion mechanisms and angiogenic signaling pathways exist, and 
the inhibition of any single signaling pathway may trigger the 
onset of alternative vascularisation mechanisms. 

Although there is significant heterogeneity among MVPs, in 
cases of adult diffuse glioma, specific histomorphological patterns 
of MVPs allowed us to classify these tumors into two categories. 
Notably, we found that type 2 patterns, including VM, were as-
sociated with higher grades of glioma. This signifies and further 
supplements the role not only of neo-angiogenesis but also the 
aberrant or abnormal vasculature in disease progression and could 
help realize future targets for planning treatment strategies. 

One of the important limitations of the present study is that, 
while categorizing adult diffuse gliomas, molecular characteriza-
tion or mutational analysis was not taken into account due to re-
source limitations. This study enrolled cases of adult diffuse glio-
mas and did not include pediatric gliomas. Therefore, the results 
of the current study are totally based on the histomorphological 
grading of adult diffuse gliomas and the correlation with mi-
crovascular proliferations. We recommend that further research 
should gather more thoughts or any additional information that 
may be available when molecular classification is taken into ac-
count for the integrative diagnosis of adult diffuse glioma.

Ethics Statement 
This study was performed in line with the principles of the Declaration of 
Helsinki. Approval was granted by the Ethics Committee of University B 
(Date.24/02/21/No.2020/PG/July/32). Written informed consents were ob-
tained.

Availability of Data and Material 
The datasets generated or analyzed during the study are available from the 
corresponding author on reasonable request.

Code Availability
Not applicable.

ORCID   
Soni  https://orcid.org/0009-0008-4879-183X
Vaishali Walke https://orcid.org/0000-0002-1717-6649
Deepti Joshi https://orcid.org/0000-0001-8945-3863
Tanya Sharma https://orcid.org/0000-0001-9035-5486
Adesh Shrivastava https://orcid.org/0000-0002-6399-3949
Amit Agrawal https://orcid.org/0000-0002-3287-5448

Author Contributions  
Conceptualization: VW, S. Data curation: S, AS. Formal analysis: S, TS, 
AA. Funding acquisition: S, VW. Investigation: TS, DJ, VW. Methodology: 
S, AS. Writing—original draft: S, AS, VW. Writing—review & editing: DJ, 
AA, VW. Approval of final manuscript: all authors. 

Conflicts of Interest
The authors declare that they have no potential conflicts of interest. 

Funding Statement
No funding to declare. 

References
1. Jiang H, Zhang Z, Ren X, Zeng W, Wang J, Lin S. Tumor cell-spe-

cific chromosomal abnormality in the vascular endothelial cells of 
anaplastic oligodendroglioma. J Neurosurg 2016; 125: 995-1001.

2. Ostrom QT, Patil N, Cioffi G, Waite K, Kruchko C, Barnholtz-
Sloan JS. CBTRUS statistical report: primary brain and other cen-
tral nervous system tumors diagnosed in the United States in 2013-
2017. Neuro Oncol 2020; 22: iv1-96.

3. Onizuka H, Masui K, Komori T. Diffuse gliomas to date and be-
yond 2016 WHO classification of tumours of the central nervous 
system. Int J Clin Oncol 2020; 25: 997-1003.

4. Gupta A, Dwivedi T. A simplified overview of World Health Orga-
nization classification update of central nervous system tumors 2016. 
J Neurosci Rural Pract 2017; 8: 629-41.

5. Kong X, Guan J, Ma W, et al. CD34 Over-expression is associated 
with gliomas’ higher WHO grade. Medicine (Baltimore) 2016; 95: 
e2830.

6. Meng FW, Liu FS, Liu WH, Li L, Jie LL. Formation of new lymphat-
ic vessels in glioma: an immunohistochemical analysis. Neuropa-
thology 2020; 40: 215-23.

7. WHO Classification of Tumours Editorial Board. WHO classifica-
tion of tumors, central nervous system tumors. 5th ed. Lyon: IARC 
Press, 2021; 7-14.

8. Hardee ME, Zagzag D. Mechanisms of glioma-associated neovas-
cularization. Am J Pathol 2012; 181: 1126-41.

9. Weidner N, Folkman J, Pozza F, et al. Tumor angiogenesis: a new 
significant and independent prognostic indicator in early-stage breast 
carcinoma. J Natl Cancer Inst 1992; 84: 1875-87.

10. Huettner C, Czub S, Kerkau S, Roggendorf W, Tonn JC. Interleukin 
10 is expressed in human gliomas in vivo and increases glioma cell 
proliferation and motility in vitro. Anticancer Res 1997; 17: 3217-24.

11. Holash J, Maisonpierre PC, Compton D, et al. Vessel cooption, re-
gression, and growth in tumors mediated by angiopoietins and VEGF. 
Science 1999; 284: 1994-8.

12. Wang FY, Li XJ. Angiogenesis in glioma. Glioma 2018; 1: 43-9.
13. Fox SB, Harris AL. Histological quantitation of tumour angiogene-

sis. APMIS 2004; 112: 413-30.
14. Loureiro LV, Neder L, Callegaro-Filho D, de Oliveira Koch L, Stavale 



https://jpatholtm.org/https://doi.org/10.4132/jptm.2024.03.11

Microvascular patterns in diffuse glioma  •     133

JN, Malheiros SM. The immunohistochemical landscape of VEGF 
family and its receptors in glioblastomas. Surg Exp Pathol 2020; 3: 9.

15. Yue WY, Chen ZP. Does vasculogenic mimicry exist in astrocyto-
ma? J Histochem Cytochem 2005; 53: 997-1002.

16. Jha K, Pant I, Singh R, Bansal AK, Chaturvedi S. Assessment of mi-
crovascular patterns and density in glioblastoma and their correla-
tion with matrix metalloproteinase-9, p53, glial fibrillary acidic pro-
tein, and Ki-67. Glioma 2018; 1: 201-7.

17. Chen L, Lin ZX, Lin GS, et al. Classification of microvascular pat-
terns via cluster analysis reveals their prognostic significance in glio-
blastoma. Hum Pathol 2015; 46: 120-8.

18. Seyedmirzaei H, Shobeiri P, Turgut M, Hanaei S, Rezaei N. VEGF 
levels in patients with glioma: a systematic review and meta-analy-
sis. Rev Neurosci 2021; 32: 191-202.

19. Schneider T, Mawrin C, Scherlach C, Skalej M, Firsching R. Glio-
mas in adults. Dtsch Arztebl Int 2010; 107: 799-807.

20. Sharma S, Sharma MC, Sarkar C. Morphology of angiogenesis in 
human cancer: a conceptual overview, histoprognostic perspective 
and significance of neoangiogenesis. Histopathology 2005; 46: 481-9.

21. Hlatky L, Hahnfeldt P, Folkman J. Clinical application of antiangio-
genic therapy: microvessel density, what it does and doesn’t tell us. J 
Natl Cancer Inst 2002; 94: 883-93.

22. Bar EE. Glioblastoma, cancer stem cells and hypoxia. Brain Pathol 
2011; 21: 119-29.

23. Mahzouni P, Mohammadizadeh F, Mougouei K, Moghaddam NA, 

Chehrei A, Mesbah A. Determining the relationship between “mi-
crovessel density” and different grades of astrocytoma based on 
immunohistochemistry for “factor VIII-related antigen” (von Will-
ebrand factor) expression in tumor microvessels. Indian J Pathol 
Microbiol 2010; 53: 605-10.

24. Gunsilius E, Duba HC, Petzer AL, et al. Evidence from a leukaemia 
model for maintenance of vascular endothelium by bone-marrow-
derived endothelial cells. Lancet 2000; 355: 1688-91.

25. Rojiani AM, Dorovini-Zis K. Glomeruloid vascular structures in 
glioblastoma multiforme: an immunohistochemical and ultrastruc-
tural study. J Neurosurg 1996; 85: 1078-84.

26. Preusser M, Heinzl H, Gelpi E, et al. Histopathologic assessment of 
hot-spot microvessel density and vascular patterns in glioblastoma: 
Poor observer agreement limits clinical utility as prognostic factors: 
a translational research project of the European Organization for 
Research and Treatment of Cancer Brain Tumor Group. Cancer 
2006; 107: 162-70.

27. Maniotis AJ, Folberg R, Hess A, et al. Vascular channel formation 
by human melanoma cells in vivo and in vitro: vasculogenic mim-
icry. Am J Pathol 1999; 155: 739-52.

28. Liu XM, Zhang QP, Mu YG, et al. Clinical significance of vasculo-
genic mimicry in human gliomas. J Neurooncol 2011; 105: 173-9.

29. Wang SY, Ke YQ, Lu GH, et al. Vasculogenic mimicry is a prognos-
tic factor for postoperative survival in patients with glioblastoma. J 
Neurooncol 2013; 112: 339-45.


