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Iman H Hewedi' Background: The microenvironment of astrocytomas includes infiltrative inflammatory cells
Nehal A Radwan' that are dynamic in nature, possibly reflecting tumor biology. We evaluated the inflammatory
Lobna S Shash! cell infiltrate in astrocytic tumors aiming for a better understanding of their immunobiology.

Tarek H Elserry? Methods: Immunohistochemical expression of CD68, CD3, and CD20 was investigated

in 21 glioblastomas, 21 anaplastic astrocytomas, 13 diffuse astrocytomas, and 18 pilocytic
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astrocytomas. The inflammatory infiltrate was classified based on microanatomic location as

Ain Shams University, Cairo, Egypt perivascular and intratumoral, and subsequently graded semiquantitatively.

Results: Perivascularly, CD68-positive infiltrate was noted in 71.4% of glioblastomas compared
with 14.3% of anaplastic astrocytomas (P =0.0001), 7.7% of diffuse astrocytomas (P =0.0001),
and 33.3% of pilocytic astrocytomas (P = 0.017). Intratumorally, 85.7% of glioblastomas exhib-
ited CD68-positive infiltrate compared with 42.9% of anaplastic astrocytomas (P =0.004), 38.5%
of diffuse astrocytomas (P = 0.008), and 33.3% of pilocytic astrocytomas (P = 0.001). Among

diffusely infiltrating astrocytomas, intratumoral CD3-positive infiltrate was only associated

with glioblastoma. A CD20-positive infiltrate was only detected in the perivascular space of a

single case of diffuse astrocytoma.

Conclusion: These data indicate a distinct immune profile in the glioblastoma microenviron-

ment primarily related to the prevalence of macrophages. Thus, novel glioblastoma therapies

should address this key CD68-positive population and its possible role in generating an antitumor

immune response.
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Introduction

Malignant gliomas are heterogeneous, diffuse, and highly infiltrating by nature. Despite

wide surgical resection and improvements in radiotherapy and chemotherapy, these

tumors are still incurable and the prognosis of patients with glioblastoma remains

extremely dismal.!

The aggressive nature of glioblastoma is closely related to its complex pathophysiol-

ogy, in particular, its ability to disturb the antitumoral immune response.? Although the
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central nervous system is conventionally regarded as “immunologically privileged”,

Departments of Pathology, Faculty of being shielded by the blood-brain barrier, recent studies suggest that inflammatory
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cells are an important component of the glioma microenvironment.** Consequently,

PO Box 11566, Cairo, Egypt triggering the immune response in these tumors is theoretically an attractive treat-
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ment strategy because even invading scattered tumor cells can be selectively targeted
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Innate immunity is the initial antigen-nonspecific
response that results in rapid production of effector cytokines
that in turn mature and activate antigen-presenting cells. One
of the most important prerequisites for the immune activation
of T-cell responses is the presence of functional antigen-
presenting cells that process and present tumor antigens,
secrete specific cytokines and chemokines, and abundantly
express costimulatory molecules essential for initiating and/
or propagating tumor-directed T-cells. In gliomas, antigen-
presenting cells candidates have included microglia, mono-
cyte/macrophages, B-lymphocytes, and dendritic cells.®

The location of the immune cells may also affect tumor-
host interaction and may influence tumor growth. Perivascular
inflammatory infiltrates may differ from intratumoral T-cell
infiltrates due to differences in the proximity of the latter to
the tumor cell. The intratumoral T-cell infiltrates may be asso-
ciated with a more direct functional effect on tumor cells.’

The present study was motivated by the still limited num-
ber of detailed investigations addressing the inflammatory
infiltrate in surgically retrieved human astrocytic tumors. This
study aims to assess the overall features of the inflammatory
infiltrate in diffuse astrocytomas, anaplastic astrocytomas,
glioblastomas, and pilocytic astrocytomas. We evaluated
cells positive for CD68, CD3, and CD20 in both perivascu-
lar and intratumoral areas for all studied astrocytomas in an
attempt to explore the possibility of a specific immune cell
profile pattern among these tumors.

Materials and methods

Tissue specimens

This retrospective study was conducted on 73 cases of
astrocytomas, including 21 glioblastomas, 21 anaplastic
astrocytomas (grade III), 13 diffuse astrocytomas (grade II),
and 18 pilocytic astrocytomas. All cases were retrieved
from the archives of the Department of Pathology, Ain
Shams University Specialized Hospital, Cairo, Egypt. All
grade II diffuse astrocytomas received between May 2007
and January 2013 were included, while comparable numbers
of glioblastomas, anaplastic astrocytomas, and pilocytic
astrocytomas received during the same period were selected
via random sampling. All tissue specimens were obtained
from the initial surgery of patients prior to any adjuvant
treatment.

The cases included were selected to have sufficient rep-
resentative tissues for evaluation following comprehensive
neuropathologic review based on the current World Health
Organization classification.? The study was carried out with
full local ethics approval.

Immunohistochemistry

Immunohistochemical staining was carried out on serial 4 um
sections of formalin-fixed paraffin-embedded tissue using
a standard labeled streptavidin-biotin-peroxidase complex
technique, and diaminobenzidine served as the chromogen.
Staining was performed applying a mouse monoclonal anti-
body against CD68 (Cell Marque, Rocklin, CA, USA, catalog
number 168M-98, ready-to-use), a rabbit polyclonal antibody
against CD3 (Cell Marque, catalog number 103A-76, dilution
1:500), and a mouse monoclonal antibody against CD20 (Lab
Vision, Kalamazoo, MI, USA, catalog number MS-340 SO,
dilution 1:250). Lymph nodal tissues were used as a positive
control, while a negative control was achieved using the same
tissues but omitting the primary antibody.

Immunohistochemical analysis
Immunohistochemical assessment was performed on a
semiquantitative basis using a four-tier scale according
to the scoring system described by Yang et al.* The scor-
ing was performed in ten consecutive high-powered fields
(HPFs) and in three separate regions of the tissue (a total of
30x0.56 mm?). Inflammatory infiltrates within the tumor tis-
sue (intratumoral) were evaluated separately from inflamma-
tory cells within the Virchow—Robin spaces (perivascular).
The regions of tissue with the highest degree of inflammation
(not associated with necrosis or hemorrhage) were selected
for analysis. The intratumoral infiltrate was scored 0-3
using the following scheme: 0, rare infiltrate of <5 cells
per ten HPFs; 1, focal infiltrate of 5-20 cells per ten HPFs;
2, intermediate infiltrate of 20—100 cells per ten HPFs;
and 3, extensive infiltrate of >100 cells per ten HPFs. The
perivascular inflammatory cell infiltrate was analyzed for
at least 20 small vessels per each ten HPFs and scored 03
as follows: 0, rare infiltrate of less than one cell per vessel;
1, focal infiltrate of 2-5 cells per vessel; 2, intermediate
infiltrate of 5-20 cells per vessel; and 3, extensive infiltrate
of >20 cells per vessels. For all immunostains, 0 and 1+
are regarded as negative expression, while 2+ and 3+ are
regarded as positive expression.

Statistical analysis

Analysis was done using Statistical Package for Social
Science version 15.0.1 software (SPSS Inc., Chicago, IL,
USA). The Chi-square test and Fisher’s exact test were
used as appropriate to compare the two study groups. The
McNemar test was used to assess the statistical difference of
intratumoral and perivascular localization for inflammatory
infiltrate among any studied group. P-values < 0.05 were
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considered to be statistically significant and those <0.01
were highly significant.

Results

The age and sex distribution of the study cases are summa-
rized in Table 1. We critically assessed all astrocytomas for
the presence of tumor-associated microglia/macrophages,
T-cells, and B-cells to determine the overall features of
the inflammatory infiltrates in these tumors (Table 2 and
Figures 1 and 2).

CDé68-positive cells

The density of CD68-positive cells that represented the
microglia/macrophage population was significantly higher
in glioblastoma compared with all other groups studied.
In the perivascular space, CD68-positive infiltrate was
noted in 71.4% of glioblastomas compared with 14.3%
of anaplastic astrocytomas (P = 0.0001), 7.7% of diffuse
astrocytomas (P = 0.0001), and 33.3% of pilocytic astrocy-
tomas (P =0.017). In the intratumoral compartment, 85.7%
of glioblastomas showed CD68-positive infiltrate compared
with 42.9% of anaplastic astrocytomas (P = 0.004), 38.5%
of diffuse astrocytomas (P = 0.008), and 33.3% of pilocytic
astrocytomas (P = 0.001).

The CD68 infiltrate was statistically similar between
pilocytic astrocytomas and diffuse astrocytomas in both
perivascular and intratumoral regions (P = 0.191 and
P = 1.00, respectively). The same observation was made
on comparing pilocytic astrocytomas with anaplastic astro-
cytomas regarding CD68 infiltrate whether perivascular
or intratumoral (P = 0.255 and P = 0.542, respectively).
Lastly, no significant difference was noted between diffuse
astrocytomas and anaplastic astrocytomas regarding the
CD68-positive population in the perivascular region (7.7%
versus 14.3%, P=1.00) or in the intratumoral region (38.5%
versus 42.9%, P = 0.800).

The spatial distribution of the CD68-positive infiltrate
as perivascular or intratumoral for each tumor group studied
was carefully addressed (Table 2). CD68-positive infiltrate
was more prevalent in the intratumoral region than in the
perivascular space among anaplastic astrocytomas (42.9%
versus 14.3%, P = 0.31, McNemar test).

As a final point, we compared intratumoral and perivas-
cular CD68-positive infiltrate in pilocytic astrocytomas,
anaplastic astrocytomas, and glioblastomas between adult and
pediatric cases. The only age-related statistically significant
difference was noted for the perivascular CD68 infiltrate
among glioblastomas. Fifteen of 18 adult glioblastomas
(83.3%) had a positive perivascular CD68 infiltrate, while
all three pediatric glioblastomas had a negative perivascular
CD68 (P =0.015, Fisher’s exact test).

CD3-positive cells
Among diffusely infiltrating astrocytomas, perivascular
T-cell lymphocytic infiltrate was noted in only three cases
of glioblastomas (14.3%) and a single case of diffuse
astrocytoma (7.7%). Intratumorally, no CD3-positive
infiltrate was observed in any of the diffuse astrocytomas
or anaplastic astrocytomas, while 28.6% of glioblastomas
showed a positive intratumoral CD3 infiltrate. This relative
prevalence of an intratumoral CD3-positive infiltrate among
glioblastomas compared with anaplastic astrocytomas was
statistically significant (28.6% versus 0%, P =0.021).

There was no statistically significant difference regard-
ing perivascular CD3 infiltrate in glioblastomas compared
with pilocytic astrocytomas (P = 0.235). Glioblastomas and
pilocytic astrocytomas also revealed comparable intratumoral
CD3 infiltrate, being 28.6% in the former and 33.3% in the
latter (P = 0.748).

The intratumoral CD3 infiltrate was significantly higher
in pilocytic astrocytomas compared with either diffuse
astrocytomas (33.3% versus 0%, P = 0.28) or anaplastic

Table | Age and sex distribution among the astrocytomas studied (n = 73)

Pilocytic astrocytoma

Diffuse astrocytoma

Anaplastic astrocytoma Glioblastoma

(n=18) (n=13) (n=21) (n=21)

Age

Range (years) 4-37 32-64 11-58 11-57

Mean = standard deviation 169128 457 £ 11.1 38+ 16.7 42+ 154
Pediatric (=19 years) versus adult cases

Pediatric, n (%) 12 (66.6) 0(0) 6 (28.5) 3(14.3)

Adult, n (%) 6 (33.3) 13 (100) 15 (71.4) 18 (85.7)
Sex

Male, n (%) 3(l6.7) I'1(84.6) 15 (71.4) 15(71.4)

Female, n (%) 15 (83.3) 2 (15.4) 6 (28.6) 6 (28.6)
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Table 2 Distribution of CD68 and CD3 infiltrate in all astrocytomas studied (n = 73)

Perivascular Intratumoral P* Sig
Negative Positive Negative Positive
n % n % n % n %
Pilocytic astrocytoma (n = 18)
CDé68 12 66.7 6 333 12 66.7 6 333 1.00 NS
CD3 18 100.0 0 0.0 12 66.7 6 333 0.033 S
Diffuse astrocytoma (n = 13)
CDé8 12 92.3 | 7.7 8 61.5 5 385 0.125 NS
CD3 12 923 | 7.7 13 100.0 0 0.0 1.00 NS
Anaplastic astrocytoma (n = 21)
CDé8 18 85.7 3 14.3 12 57.1 9 42.9 0.031 S
CDh3 21 100.0 0 0.0 21 100.0 0 0.0 - -
Glioblastoma (n = 21)
CDé68 6 286 15 714 3 14.3 18 85.7 0.250 NS
CD3 18 85.7 3 14.3 15 714 6 28.6 0.250 NS

Note: *McNemar test.

Abbreviations: S, statistically significant; NS, not statistically significant.

astrocytomas (33.3% versus 0%, P=0.006). Among pilocytic
astrocytomas, CD3-positive infiltrate was more prevalent in
the intratumoral compartment than in the perivascular space
(33.3% versus 0%, P =0.033, Table 2). Age was shown not
to influence CD3 infiltrate either intratumorally or perivas-
cularly among the astrocytoma groups studied.

CD20-positive cells

The astrocytoma microenvironment appeared to be almost
entirely shielded from B-lymphocytic infiltration. No intra-
tumoral CD20-positive infiltrate was noted in any of the
cases studied. Perivascularly, only a single case of diffuse

astrocytoma showed a CD20-positive infiltrate.
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Figure | Data for semiquantitative assessment of inflammatory infiltrate among astrocytomas.
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Figure 2 Synopsis of immunohistochemical markers of inflammatory infiltrate in
astrocytomas. Glioblastomas: CD68 intratumoral and perivascular immunoreactivity
(A and B), CD3-positive intratumoral infiltrate (C), and negative CD20
immunoreactivity (D). Anaplastic astrocytomas: CDé8-positive perivascular
infiltrate (E), and negative CD3 infiltrate (F). Diffuse astrocytomas: perivascular
CDé68 immunoreactivity (G), and CD3 perivascular infiltrate as exceptionally noted
in a single case (H). Pilocytic astrocytomas: perivascular CDé68 infiltrate (l), and
intratumoral CD3 infiltrate (J), (immunoperoxidase, original magnification 400x).

Discussion
The concept that inflammatory cells represent a pivotal
component of the glioma microenvironment has emerged
in response to a growing body of evidence.?*’ This study
included a comprehensive analysis of CD68, CD3, and CD20-
positive cells in all grades of diffusely infiltrating astrocy-
tomas in addition to pilocytic astrocytomas, while addressing
their district distribution as perivascular and intratumoral.

It has been demonstrated that tumor-associated microglia/
macrophages are the largest immune cell population in

infiltrating human glioma tissue.'®!! These cells produce
cytokines and signals that promote glioma growth, inva-
sion, and angiogenesis.'>'* It has also been reported that
tumor-associated microglia/macrophages likely prevent
T-cell expansion in the microenvironment of such tumors.®
Yang et al* have investigated CD68 infiltrate in glioblastomas
and pilocytic astrocytomas and reported a higher density of
macrophages in glioblastomas. Yi et al® reported that the
higher the histologic grade of diffusely infiltrating astrocy-
toma, the greater the number of infiltrating tumor-associated
microglia/macrophages in tumor tissue. In this study, CD68-
positive infiltrate was higher in glioblastomas compared
with anaplastic astrocytomas, diffuse astrocytomas, and
pilocytic astrocytomas. We found that increased tumor-
associated microglia/macrophages was characteristic for
the glioblastoma microenvironment because a significantly
lower density of CD68-positive infiltrate was noted among all
the remaining astrocytic tumor groups studied. This distinct
increase in tumor-associated microglia/macrophages in the
glioblastoma microenvironment is suggested to be related
to either a final step in the progression of astrocytoma from
anaplastic astrocytoma to glioblastoma, or to a primary
glioblastoma pathway. This noted boost in CD68-positive
infiltrate among glioblastomas is unlikely to be passively
associated with blood brain barrier breakdown, or we would
expect a similar increase in CD20+ B-cells and other blood
elements seen in the peripheral blood. Therefore, we infer
that recruitment of tumor-associated microglia/macrophages
in glioblastomas is an active process related to tumor-derived
chemoattractants expressed in such tumors, which was also
pointed out in previous reports.'>!¢

With the exception of the relative increase of the intra-
tumoral as opposed to perivascular CD68-positive infiltrate
seen in anaplastic astrocytomas, this study demonstrates a
comparable distribution of macrophages in the perivascular
and intratumoral regions. Yang et al* also noted similar
perivascular and intratumoral CD68-positive macrophages in
glioblastomas. In contrast, the majority of tumor-associated
microglia/macrophages were distributed around blood
vessels in a study reported by Yi et al, suggesting a bidirec-
tional interaction between the endothelium and microglia/
macrophages.’

Many investigators have reported the presence of glioma
T-cell infiltrates in tissue from patients, suggesting genera-
tion of a spontaneous antitumor immune response. Further,
they suggest that the role of infiltrating T-cells in gliomas
may be critical for the design of future immunotherapies.>!’
Therefore, we investigated CD3 T-cell infiltrate in astrocytic
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tumors of all grades. We noted that CD3-positive infiltrate
was comparable between glioblastomas and pilocytic
astrocytomas in both the perivascular and intratumoral
compartments, with slightly more intratumoral pilocytic
CD3-positive infiltrate. These findings are in parallel with
the observations made by Yang et al.* The almost entirely
negative CD3-positive infiltrate in diffuse astrocytomas and
anaplastic astrocytomas has raised doubt that the infiltrating
CD3 cells noted in glioblastomas and pilocytic astrocytomas
might arise merely from a disturbed blood-brain barrier. An
interesting study by Lohr et al® in 2011 also hypothesized
that leaky vessels, which typically occur in glioblastoma
with the onset of angiogenesis in the context of diffusely
infiltrating astrocytomas, facilitate T-cell transmigration
as compared with lower grade tumors. They based their
hypothesis on the parallel positive staining of both plasma
protein fibrinogen and CD3 infiltrate while considering that
the former cannot diffuse into the tumor except in the pres-
ence of leaky vessels. In contrast, other researchers have
assumed immune recognition of gliomas by T-lymphocytes
based on the difference between the noted ratio of CD4+ to
CDB8+ cells within the tumor tissue and the peripheral blood.¢
Although our study assessed T-lymphocytic infiltrate using
CD3 without further subtyping, we are still able to conclude
that this CD3-positive infiltration does not represent just
leakage but rather an active process based on the absence
of accompanying CD20-positive B-lymphocytes and other
blood elements, ie, granulocytes and erythrocytes.

Lastly, this study investigated the possible effect of
patient age on the immunologic microenvironment of
the astrocytomas studied, as hypothesized by Driggers
et al.’® Zhang et al' postulated an antigenic difference
between pediatric and adult glioma patients upon studying
16 glioblastomas, four low-grade astrocytomas, 10 juvenile
pilocytic astrocytomas, and seven ependymomas. These
researchers stated that pediatric brain tumors express fewer
tumor antigens when compared with adult glioblastomas,
and that glioblastomas derived from adults appeared very
antigenic. In this study, perivascular CD68 infiltrate in glio-
blastomas was only noted in adult patients, which is in line
with the notion that adult glioblastoma is more antigenic
relative to pediatric glioblastoma.

In conclusion, this study offers a detailed morphologic
analysis of the immune cell infiltrate in all grades of diffusely
infiltrating astrocytomas as well as pilocytic astrocytomas.
It provides an insightful analysis regarding the variation in
inflammatory infiltrate between these astrocytic tumors yet
it lacked proposing clear mechanisms to explain the distinct

profile noted in glioblastomas. Thus, the distinct boosting
of macrophages noted in glioblastomas indicates that novel
therapies for these aggressive neoplasms should address the
CD68-positive population and its possible role in generating
an antitumor immune response.

Further larger and more comprehensive studies addressing
the functional status, biological significance, and regulatory
pathways for macrophages and T-lymphocytes in infiltrating
astrocytomas are mandatory. The T-cell subpopulations, ie,
CD4, CD8, and regulatory T-lymphocytes, should be thor-
oughly investigated in various grades of human astrocytic
tumor tissue along with their relative spatial distribution
(perivascular or intratumoral), to characterize their possible
role in the microenvironment of these tumors.
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