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Abstract

Objectives: Astrocytic gliomas are the most common primary brain tumours that developed from glial origin. Macro-
phages are the predominant inflammatory cells in infiltrating gliomas.

The study aimed to investigate the association between circulating macrophages with tissue resident angiogenic cells
and microvascular dysfunction in astrocytic glioma.

Methods: A total of 22 astrocytic glioma patients were consented from Hospital Universiti Sains Malaysia. Tumour
(n=22) were sliced and stained with CD133+ and VEGFA+ angiogenic markers and counter stained with DAPI. The
Spearman rho’s test was used for the data analysis. The plasma CD68, macrophage level and von Willebrand factor level
or factor VlIl level (vWF/ FVIII) was measured using Elisa Kit (CUSABIO BIOTECH CO., LTD).

Results: The mean plasma CD68 macrophages was 12.48+19.98 pg/ml. The mean percentage of brain tumour tissue
angiogenic cells was (1.26+0.95%), adjacent normal brain tissue angiogenic cells was (0.72+0.68%). Spearman’s rho cor-
relation test showed a significant correlation between brain tumour angiogenic cells and plasma CD68 macrophages
(n=22) (Spearman’s rho, r=0.43, p=0.047). However no correlation was observed between plasma CD68 macrophages
with adjacent normal brain (Spearman’s rho r =0. 019, p=0. 932). In this study vWF/FVIII level was analysed and about
14 patients with (mild factor level of >5%), 8 patients with (moderate factor level of 1-5%) and no patients had (severe
factor level of <1%) was found. The mean vVWF/FVIII percentage patient with mild level was 12.48+7.77 % and moderate
VWF/FVIII factor level was 3.53+£1.32%. The spearman’s rho correlation test showed a significant correlation between
patient with moderate vVWF/FVIII level with plasma CD68 macrophages (Spearman’s rho r=0.73, p=0.041).
Conclusion: Circulating macrophages associated with brain tumour angiogenic cells and vWF/FVIII of astrocytic
glioma. Thus targeting these parameters in the treatment of glioma might be useful.
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liomas that found at intracranial site accounts for 30

to 45% of the tumour in the human. The bone marrow
cells contribute towards the microglial brain population
such as macrophages.! Besides endothelial progenitor
cells (EPCs), the local immune microenvironment within
glioma is dependent on both glioma cells and infiltrating
inflammatory cells. Some data suggest that microglia (the
brain’s resident antigen-presenting cells) and/or macro-
phages and neutrophils are the predominant inflammatory
cells in infiltrating gliomas.?*

In a study among the lung cancer patients and normal
patients the macrophage (CD163+) level was higher com-
pared to non-malignancy patients and about half of these
macrophages (CD163+) were positive for CD68+ markers
indicating its infiltrating properties. The study also suggests
that the CD163+ macrophages undergo transition from M1
to M2 phenotype that causes no functional macrophage
against the tumour and eventually makes the tumour into
a malignant state.”? The vascular endothelial growth factor
as one of the tumour-derived chemoattractants responsi-
ble in the recruitment of tumour associated microglia/mac-
rophages. The study reported that the tumour associated
microglia/macrophages that normally found surrounding
the glioma initiating cells associated positively with the
grade of the tumour and glioma initiating cell numbers.
The recruitment and infiltration level of macrophages into
glioma initiating cells was higher compared to adhesive
glioma cells. The CD68 marker which is responsible to stain
the tumour associated microglia/macrophages found to be
increased along with tumour malignancy following order
of 7.9% in WHO grade Il,19.7% in WHO grade lll and 29.2%
in WHO grade IV.®®!

In this study the angiogenic cells in the tissue resident was
determined using two markers (CD133+ and VEGFA+) ex-
pression. In the previous staining of CD133+ cells in gliomas
vary from complete lack of immunoreactivity to single cells
expression or cell clusters staining. The CD133+ cells mean
proportion of staining with WHO grade 1l (0.9%), lll (7.2%)
and IV (16.7%) were determined. The CD133 correlated with
CD68 with r value of 0.730; p=0.01 and also correlated with
glioma initiating cells with Iba1l marker expression, r=0.634;
p=0.01. Both glioma initiating cells and tumour associated
microglia/macrophages located at nest or cords in tumour
cores and margins and also around microvessels and mostly
found in perivascular region. The tumour associated microg-
lia/macrophages regulated by VEGF-A and neurotensin. The
tumour associated microglia/macrophages mainly found
around glioma initiating cells which responsible to secrete
the cytokines such as VEGF-A. The VEGF-A help to promote
more recruitment of tumour associated microglia/macro-
phages to enhance the angiogenesis and to promote their

immunosuppressive capacity.®

The VWF is glycoprotein that involved in inflammation and
angiogenesis® that found at the site of vascular injury site.
9 Endothelial vWF function in vessel formation and vascu-
lar development.'" Since the newly formed blood vessels
at the tumour site appear to be less disorganised, tortuous,
dilated, leaky and hemorrhagic,>'! we postulate vWF play
important role in repairing the injured endothelium and
enhance the recruitment of macrophages, CD68.

The current study aimed to investigate the association be-
tween macrophages with angiogenic cells and microvas-
cular dysfunction in astrocytic glioma. To our knowledge
none has investigated the marcrophage inflammatory
cells with angiogenic cells and microvascular dysfunction
in astrocytic glioma. Therefore, in this present study, we
are investigating the involvement of inflammatory cells in
gliomas in relation to angiogenic cells and microvascular
dysfunction in astrocytic glioma as it influences the patho-
physiology of tumour cells.

Methods

Patient Population

Astrocytic glioma patients (WHO grade | to IV) from the
Hospital of Universiti Sains Malaysia (HUSM) that were re-
cruited in the study. The sampling was done over a 3-year
period (2012-2014). Twenty two patients with confirmed
diagnosis of astrocytic gliomas with histological confirma-
tion were enrolled in the study.

Tissue sampling

Microsurgical specimens of brain tumour and adjacent
normal brain tissue from the same 22 astrocytic glioma pa-
tients were obtained from each patient after the surgery
for the analyses of tissue EPCs cells with CD133+ and VEG-
FRA+ markers. Tissue biopsy were fixed in 10% paraformal-
dehyde and analysed forimmunofluorescence microscopy.

Immunofluorescence Microscopy

The percentage of CD133+VEGFA+ in the tumour speci-
mens was characterized using immunofluorescence mi-
croscopy method. Tissue biopsy was fixed in paraformal-
dehyde 10% and then brain tissue samples and adjacent
normal brain tissue were cut thickness of 4 mm. The tissue
then processed in tissue processor (Leica TP 1020, Germa-
ny) and embedded in paraffin block. Tissue blocks were cut
serial dissections with a microtome (Microm HM 325 Rotary
Microtome, Germany) for thickness of 3 um. The tissue then
were deparaffinized with two changes of xylene, then by
xylene 1:1 with ethanol and rehydration with two changes
of absolute, 95% and 70% ethanol each in 3 minutes. Then



the tissue with running cold tab water was rinsed. The tis-
sue was applied with drops of 0.1% Triton x-100/PBS for 10
minutes and washed 3 times with 1x PBS. Finally the tissue
added with PBS/BSA 0.5% for 5 minutes.

The tissue sections then stained with two antibodies; Phy-
coerythrin-conjugated (PE) anti-human CD133 monoclo-
nal antibody (mAb) and Fluorescein Isothiocyanate (FITC)
anti-human VEGFA+ (Bioss, Woburn Massachusetts) with
overnight in a dark humid incubation chamber at tempera-
ture of 4°C. The tissue then were washed with 1X PBS for 3
times and counterstained with 4,6-diamidino-2-phenylin-
dole (DAPI) for 30 minutes. The slides washed with 1X PBS
for 3 times and mounted in prolong antifade (life technolo-
gies) mounting medium and assessed through BX41 Olym-
pus microscopy. The images were captured at 200x magni-
fications and merged to find the co expression of the two
markers. Each sample of brain tumour about 606.50 mm?
of the tissue area including brain tumour and adjacent nor-
mal tissue were investigated. The percentages of EPCs in
the tumour and adjacent normal brain (CD133+VEGFA+)
were determined using image J software 1.45s.

ELISA

Plasma was prepared from the blood collected in EDTA
tube. The blood was centrifuged for 15 minutes at 1000g
within 30 minutes of collection. The sample then was
stored at -800C. The sample was centrifuged again after
thawing before the assay.

The amounts of circulating inflammatory cells from plasma
were measured using ELISA kits. The ELISA kits for CD68
(marker for macrophages) and ELISA kits for vWF (mark-
er for microvascular dysfunction) were used according to
manufacturer’s instructions. Each sample was performed in
duplicate.

Plasma concentration of CD68 was quantitatively deter-
mined by using CD68 Elisa kit (CUSABIO BIOTECH CO.,LTD).
The standard prepared with known concentration. The
standard vial was centrifuged at 6000 rpm for 30 s. The
standard reconstituted with 1.0 ml of sample diluents. This
reconstitution produces a stock solution of 1000pg/ml for
CD68 marker. Meanwhile the reconstitution for vVWF/FVIII
produces a stock solution of 400 ng/ml marker. The stan-
dard was allowed to sit for a minimum of 15 minutes with
gentle and uniform agitation by pipette with 1 ml measur-
ing range prior to making serial dilutions. The serial dilu-
tions were performed by 250 ul of sample diluents added
to 1.5ml microcentrifuge tubes and mixed with 250 ul of
standard stock solution. The series of dilution were pre-
pared for the concentration of (1000pg/ml, 500pg/ml, 250
pg/ml, 125 pg/ml, 31.25 pg/ml, and 15.63 pg/ml) for CD68
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marker. The series of dilution were prepared for the con-
centration of (400ng/ml , 200ng/ml, 100 ng/ml, 50 ng/ml,
25 ng/ml, 12.5 ng/ml and 6.25 ng/ml) for vVWF marker. The
blank sample added with sample diluents for 0 ng/ml con-
centration.

250 pl of Sample Diluent into each tube (S0-56) were pipet-
ted. The stock solution to produce a 2-fold dilution series
was prepared. Each tube was mixed thoroughly before the
next transfer. The undiluted standard serves as the high
standard with 1000 pg/ml for CD68 concentration and
the sample diluents serves as zero standard with 0 pg/ml
concentration. The standard preparation was used within 4
hours and will be discarded after use.

After the standards dilutions were done, 100ul of these
standards and samples added into each pair of adjacent
wells. The covered wells were incubated for 2 hours at
370C. Then, the liquid from each well were removed with-
out washing. Then 100 ul of Biotin-antibody working solu-
tion of each well were added and incubated for 1 hour at
370C. After incubation the wells are washed for three times.
The 200 ul of wash buffer was added and let it stand for 2
minutes, and then liquid was removed by flicking the plate
on a paper towel. The HRP-avidin working solution (100ul)
added to each well, the microtiter plate covered with new
adhesive strip and incubated for 1 hour at 370C. The wells
were washed again for five times. 90ul of TMB substrate
were added to each well and incubated for 10-30 min-
utes at 37 °C. The plate kept away from drafts and other
temperature fluctuations in the dark. Finally 50 ul of stop
solution were added to each well and the optical density
of each well were determined by using a microplate reader
set to 450 nm within 30 minutes.

The duplicate reading for each standard, control and sam-
ple were averaged and subtracted with the average zero
standard optical density. The standard curve was plotted.
The normal level of VWF/FVIII is 200 ng/ml (100%). The
vWF/FVIIl level was categorised into three levels of severity,
severe (factor level less than 1%), moderate (factor level of
1-5%) and mild (factor level of >5%).1"¢!

Statistical Analysis

All data are presented as means+SDs. The correlation anal-
yses Spearman rho's correlation test was used. Statistical
significance was set at p<0.05. All analyses were performed
using SPSS software version 20.0.

Results

Participant Characteristics

Twenty two patients with astrocytic glioma were re-
cruited in this study which included all grades of glioma



40 Das et al., Association Between Macrophages with Angiogenic Cells and Microvascular Dysfunction in Astrocytic Glioma / doi: 10.14744/ejm0.2021.79703

(WHO grade IV, n=9, grade lll, n=8, grade Il, n=2, grade |,
n=3). Types of diagnosis were pilocytic astrocytoma, dif-
fuse fibrillary astrocytoma, diffuse astrocytoma, anaplas-
tic astrocytoma, anaplastic oligodendroglioma, anaplastic
ependymoma, anaplastic gemistocytic astrocytoma, glio-
blastoma with oligodendroglioma component, gliosar-
coma and glioblastoma multiformae. Socio-demographic
and clinical characteristics of patient’s are shown in Table 1.
All data are presented as median +SDs.

Thepresentstudy showedthatthe mean percentage ofbrain
tumour tissue angiogenic cells was (1.25+0.21%), adjacent
normal brain tissue angiogenic cells was (0.74+0.15%). The
mean plasma CD68 was 12.48+4.26 pg/ml. Spearman’s rho
correlation test was performed between plasma CD68 with
tissue resident angiogenic cells. There was a significant as-
sociation between brain tumour angiogenic cells and plas-
ma macrophage, CD68 (Spearman’s rho, r=0.43, p=0.047),
Figure 1. However no correlation was found between plas-
ma CD68 with adjacent normal brain (Spearman’s rho r =0.
019, p=0.932).

Table 1. Socio-demographic and clinical characteristics of
respondents

In this study vVWF/FVIII level was analysed and about 14 pa-
tients had (mild factor level of >5%), 8 patients with (moder-
ate factor level of 1-5%) and no patients had (severe factor
level of <1%) was found. The mean vWF/FVIII percentage
patient with mild level was 12.48+7.77 % and moderate
vWEF/FVIII factor level was 3.53+£1.32%. The spearman’s rho
correlation test showed a significant correlation between
patient with moderate VWF/FVIII level with plasma CD68
macrophages (Spearman’s rho r = 0.73, p=0.041), Figure 2.

Discussion

The macrophage marker CD68 is used to detect the tu-
mour-infiltrating macrophages.'! The presence study
found a significant correlation between plasma macro-
phage CD68 and brain tumour angiogenic cells. However
no correlation was found between plasma macrophage
CD68 with the normal brain tissue angiogenic cells. This
supported by previous study that found the presence of
macrophage clusters surrounding infiltrating glioma tu-
mour cells that suggest the recruitment of macrophages
towards the tumour site.'® The macrophages correlated
with tumour angiogenic cells could be explained by pre-
vious research studies that reported the thymidine phos-
phorylase positive cells that originated from macrophage
CD68, involved in angiogenesis processes by stimulating
the tumour cells to secrete vascular endothelial growth
factor." In another study it was found the population of
macrophages abundantly present in glioma tumour com-
pared to normal brain parenchyma.?” Predominant popu-
lation of microglia/macrophages identified in the glioma
tumour tissue compared to normal brain tissue suggesting
the macrophages have capabilities to infiltrate into the
glioma tissue.?" Other possibilities could be the ABCB1A,
ABCG2 and ABCC4 transporters that found in stromal and
brain side population for the efflux activities that found to
be lacking in the macrophages that cause the accumula-

Characteristics n (%)
Age
<40 years 8 (40.0)
>40 years 14 (60.0)
Gender
Male 16 (70.0)
Female 6(30.0)
Astrocytic glioma diagnosis
Glioblastoma multiformae WHO grade IV 9 (40.9)
Anaplastic WHO grade Il 8(36.4)
Diffuse WHO grade Il 2 (09.1)
Pilocytic WHO grade | 3(13.6)
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Figure 1. Correlation between macrophage (CD68) and brain tu-
mour angiogenic cells of astrocytic glioma patients.

Figure 2. Correlation between macrophage (CD68) and vWF/FVIII of
astrocytic glioma patients with moderate vVWF/FVIII level.



tion of macrophages towards the glioma tumour site com-
pared to parenchyma of the normal brain.®

This study also found among the moderate vVWF/FVIII level
patients, there was a significant association between mac-
rophage (CD68) and vWF/FVIII level. The previous study
has reported the patients with moderate level of VWF/FVIII
tends to have have moderately severe bleeding or have
prolonged bleeding.'® We postulate that the glioma pa-
tients having microvascular damage or dysfunction at the
tumour site and this phenomenon makes the recruitment
of macrophages, CD68 towards damaged endothelium
at the tumour site to repair the injured blood vessels by
producing the inflammation. We also postulate that the
macrophages at the damaged endothelium might infil-
trate into the tumour tissues through the damaged endo-
thelium or spilt vessels to eradicate the tumour cells. This
finding supported by previous study that found the local
immune microenvironment within glioma is dependent on
both glioma cells and infiltrating inflammatory cells espe-
cially the macrophages. Some data suggest that microglia
(the brain’s resident antigen-presenting cells) and/or mac-
rophages is the predominant inflammatory cells infiltrating
the gliomas.”®The macrophages of human gliomas actasa
predominant immune subset that produce innate immune
responses that activate antitumour effectors T cells against
malignant human gliomas.?" The previous study found the
presence of macrophages in glioma tumours account for
35% of the glioma tumour mass.'”® The role of the mac-
rophages might involved in tumour eradication.® Macro-
phages involves in suppression of the tumour growth by
inducing antitumour immune response. However the im-
mune responses of macrophages often inactivated by gli-
oma cells through secretion of immunosuppressive factors
that leads to tumour progressions.??

Conclusion

This study found that the circulating macrophages cor-
related with brain tumour angiogenic cells and plasma
vWF/FVIIlin astrocytic glioma. Therefore the treatment that
consider these parameters might help in providing better
treatment for the patients.

Disclosures

Ethics Committee Approval: Ethical approval was obtained from
the Human Research Ethics Committee, Universiti Sains Malaysia
(FWA Reg No: 00007718; IRB Reg. No: 00004494).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept - P.D.; Design - P.D.; Super-

vision — N.N.N., NN\W.A,, K.N,, Y.CK., K.R.; Data collection &/or pro-
cessing — PD.; Analysis and/or interpretation — P.D., N.N.N., N.W.A,,

41

K.N., Y.CK.; Literature search — PD.; Writing — P.D.; Critical review
- P.D., N.N.N.

References

1. Machein, M.R,, et al., Minor contribution of bone marrow-de-
rived endothelial progenitors to the vascularization of murine
gliomas. Brain Pathol 2003;13:582-97. [CrossRef]

2. Parney, IF, J.S. Waldron, and A.T. Parsa, Flow cytometry and in
vitro analysis of human glioma-associated macrophages. Labo-
ratory investigation. J Neurosurg 2009;110:572-82. [CrossRef]

3. Graf, MR, et al., Development of systemic immunity to
glioblastoma multiforme using tumor cells genetical-
ly engineered to express the membrane-associated iso-
form of macrophage colony-stimulating factor. J Immunol
1999;163:5544-51.

4. Hao, Q. et al, Contribution of bone marrow-derived cells
associated with brain angiogenesis is primarily through leu-
kocytes and macrophages. Arterioscler Thromb Vasc Biol
2008;28:2151-7. [CrossRef]

5. Fries G., PA.,, Kempski O., Glioblastoma associated circulating
monocytes and the release of epidermal growth factor. J Neu-
rosurg 1996;85:642-647. [CrossRef]

6. Rehman, J, et al., Peripheral Blood “Endothelial Progenitor
Cells” Are Derived From Monocyte/Macrophages and Secrete
Angiogenic Growth Factors. Circulation 2003;107:1164-1169.

7. Chen, L, et al., Increased pro-angiogenic factors, infiltrating
neutrophils and CD163+ macrophages in bronchoalveolar
lavage fluid from lung cancer patients. International Immuno-
pharmacology 2014;20:74-80. [CrossRef]

8. Yi, L, et al,, Glioma-initiating cells: A predominant role in mi-
croglia/macrophages tropism to glioma. Journal of Neuroim-
munology 2011;232:75-82. [CrossRef]

9. Starke, R.D,, et al.,, Endothelial von Willebrand factor regulates
angiogenesis. Blood 2011;117:1071-1080. [CrossRef]

10. Verma, S., M.R. Buchanan, and T.J. Anderson, Endothelial Func-
tion Testing as a Biomarker of Vascular Disease. Circulation
2003;108:2054-2059. [CrossRef]

11. Gallinaro, L., et al., A shorter von Willebrand factor survival in
O blood group subjects explains how ABO determinants in-
fluence plasma von Willebrand factor. Blood 2008;111:3540-5.

12. Benedetta Bussolati, M.C.D., and Giovanni Camussi., Charac-
terization of molecular and functional alterations of tumor
endothelial cells to design anti-angiogenic strategies. Current
vascular pharmacology, 2010. [CrossRef]

13. Chi, A.S., et al., Angiogenesis as a therapeutic target in malig-
nant gliomas. The Oncologist, 2009 14:621-636. [CrossRef]

14. Rafat N., B.G.C.H., Schulte J., Tuenttenberg J., Vajkoczi P., Cir-
culating endothelial progenitor cells in malignant gliomas. J
Neurosurg 2010; 12:43-49. [CrossRef]

15. Greenfield, J.P, et al., Surrogate markers predict angiogenic
potential and survival in patients with glioblastoma multi-


https://doi.org/10.1111/j.1750-3639.2003.tb00487.x
https://doi.org/10.3171/2008.7.JNS08475
https://doi.org/10.1161/ATVBAHA.108.176297
https://doi.org/10.3171/jns.1996.85.4.0642
https://doi.org/10.1161/01.CIR.0000058702.69484.A0
https://doi.org/10.1016/j.intimp.2014.02.025
https://doi.org/10.1016/j.jneuroim.2010.10.011
https://doi.org/10.1182/blood-2010-01-264507
https://doi.org/10.1161/01.CIR.0000089191.72957.ED
https://doi.org/10.1182/blood-2007-11-122945
https://doi.org/10.2174/157016110790887036
https://doi.org/10.1634/theoncologist.2008-0272
https://doi.org/10.3171/2009.5.JNS081074

42

16.

17.

18.

Das et al., Association Between Macrophages with Angiogenic Cells and Microvascular Dysfunction in Astrocytic Glioma / doi: 10.14744/ejm0.2021.79703

forme. Neurosurgery, (10): p. 2009 May;64(5):819-26; discus-
sion 826-7. [CrossRef]

Borchiellini, A., et al., Quantitative analysis of von Willebrand
factor propeptide release in vivo: effect of experimental endo-
toxemia and administration of 1-deamino-8-D-arginine vaso-
pressin in humans. Blood 1996;88:2951-8. [CrossRef]

Strik, H., et al., Galectin-3: Cellular Distribution and Correlation
with WHO-grade in Human Gliomas. Journal of Neuro-Oncol-
ogy, 2001. 53(1): p. 13-20. [CrossRef]

Thomas Wirth, F.A., Agnieszka Pacholska, aritha Samaranay-
ake and Seppo Yla- erttuala, The Syngeneic BT4 Rat Malignant
Gliomais a Valuable Model to tudy Myelomonocytic ells in Tu-
mors. Cancer Growth and Metastasis, 2012;5:19-25. [CrossRef]

19.

20.

21.

22,

Yao, Y., et al, Macrophage Infiltration-associated Thymidine
Phosphorylase Expression Correlates with Increased Mi-
crovessel Density and Poor Prognosis in Astrocytic Tumors.
Clinical Cancer Research 2001;7:4021-4026.

Golebiewska, A., et al., Side population in human glioblasto-
ma is non-tumorigenic and characterizes brain endothelial
cells. Brain, 2013. [CrossRef]

S. Farzana Hussain, D.Y., Dima Suki, Kenneth Aldape, Elizabeth
Grimm, Amy B. Heimberger, The role of human glioma-infil-
trating microglia/macrophages in mediating antitumor im-
mune responses. Neuro-oncol 2006:261-279. [CrossRef]
STROJNIK, T,, et al., Prognostic Impact of CD68 and Kallikrein 6
in Human Glioma. Anticancer Research 2009;29:3269-3279.


https://doi.org/10.1227/01.NEU.0000343742.06625.DB
https://doi.org/10.1182/blood.V88.8.2951.bloodjournal8882951
https://doi.org/10.1023/A:1011874800612
https://doi.org/10.4137/CGM.S9314
https://doi.org/10.1093/brain/awt025
https://doi.org/10.1215/15228517-2006-008



