Journal of Clinical Surgery and Surgical Research B Rs BioRes Scientia

2024 Volume 3, Issue 3
DOI: 10.59657/2992-9989.brs.24.029

Research Article Open 3 Access

Lymphopenia in Patients with Glioblastoma: Literature Review
and Case Presentations

Sofia Sklyar! “, Darya Sitovskaya23*“ , Yulia Mirolyubova2"’, Victoria Kushniroval* , Bobir
Safarov*", Konstantin Samochernykh?!
"Polenov Neurosurgical Institute — Branch of Almazov National Medical Research Centre, Saint-Petersburg, Russia.
?Almazov National Medical Research Centre, Saint-Petersburg, Russia.
*Federal State budgetary Educational Institution of Higher Education St. Petersburg State Pediatric Medical University, Saint-
Petersburg, Russia.
*Bukhara State Medical Institute named after Abu Ali ibn Sino, Bukhara, Uzbekistan.
*Corresponding author: Darya Sitovskaya.

Abstract

Interest in studying the functioning of the adaptive immune system in malignant gliomas has recently emerged. Numerous
studies have been conducted to analyze the local immune status. Currently, glioblastoma is considered an immunologically
"cold" tumor, characterized by low levels of lymphocyte infiltration and the presence of various local mechanisms that suppress
and evade activated immune cells. The study of the systemic component of the immune response in malignant gliomas is still
in its early stages. Lymphopenia, a condition characterized by low levels of lymphocytes, has been observed in patients with
glioblastomas, not only as a result of medical treatment, but also due to the tumor itself. In this review, we present three
clinical cases that assess the lymphocyte subpopulation in the peripheral blood and the infiltration of immune system cells
into the tumor. We also discuss potential immunotherapy options for this group of patients, taking into consideration the
unique functioning of the immune system in glioblastomas.
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Introduction with the recognition of immune control of tumors,
have raised questions about the functioning of the
immune system in central nervous system tumors and
the potential for its activation. Of particular interest
is glioblastoma, the most common and malignant
intracerebral tumor of the central nervous system.
Despite the use of standard complex treatments, such
as immunotherapy with checkpoint inhibitors,
clinical trials have shown mixed results in terms of
efficacy [6,11-12]. This highlights the need for further
research and the development of new, effective
treatment methods [13-17].

Glioblastoma is known to be an immunologically
“cold” tumor, meaning that it has a low level of
infiltration by activated immune cells [18]. The reason
for this is not clear. Some researchers believe that the
low infiltration of T-lymphocytes in glioblastoma is
due to the high expression of inhibitory receptors on
tumor cells [19,20]. Other studies suggest that the
tumor microenvironment creates an

There is no denying the fact that the adaptive immune
system plays a crucial role in recognizing and
eliminating cancer cells [1,2]. However, tumors have
developed various mechanisms to evade the activated
immune system. Cancer is now recognized as a
pathological process characterized by uncontrolled
cell proliferation, migration of tumor cells, and
suppression of the immune system [3-5]. While it was
previously believed that the central nervous system
(CNS) was an  immunologically  privileged
environment, recent research has shown otherwise.
Studies have revealed the presence of functioning
lymphatic vessels in the meninges, described pathways
for the "exit" of antigens from the brain into the deep
cervical lymph nodes, determined the phagocytic and
antigen-presenting properties of  microglia,
established the infiltration of activated T-lymphocytes
in pathological foci in the brain parenchyma, and
identified the glymphatic system [6-10]. As a result,
the central nervous system is now considered an
immunologically dynamic system rather than a
privileged one. These scientific advancements, along

immunosuppressive environment that hinders the
activity of T-lymphocytes [21,22]. However, it is
possible that the dysfunction of T-lymphocytes is
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caused by a decrease in their numbers due to
treatment with dexamethasone, a drug commonly
used to reduce cerebral edema, or specific anti-tumor
treatments. Further research on this topic will not
only enhance our understanding of the pathogenesis
of glioblastoma, but also aid in determining the most
effective methods of immunotherapy for this highly
malignant central nervous system tumor.

Materials and Methods

The study was conducted at the Neurosurgical
Department No. 4 of the Polenov Neurosurgical
Institute. The Pathology Department and the Central
Clinical Diagnostic Laboratory of the Almazov
National Medical Research Centre were also involved
in the study. The main objective of the study was to
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analyze lymphocyte subpopulations in peripheral
blood and assess tumor infiltration by activated
lymphocytes. The study included two male patients
over the age of 18 who were diagnosed with
supratentorial glioblastoma. Both patients provided
informed consent to participate in the study, which
was conducted in accordance with the Helsinki
Declaration of Human Rights. The histological
conclusion was based on the 2021 WHO
classification of CNS tumors [11]. It is important to
note that both patients underwent primary
neurosurgical tumor removal. The study also took
into consideration whether the patients received
symptomatic therapy with dexamethasone at the time
of blood donation. The clinical and demographic
characteristics of the study group are presented in

Table 1.

Table 1: Clinical and Demographic Characteristics of Patients with Glioblastoma.

Patient | Age | Gender SR o

Prescribing dexamethasone
treatment | before taking a blood sample | dexamethasone therapy

Number of days of

No 1 76 m ST

yes 14

No2 | 63 m ST

no -

Note: m—man, w-woman, ST—surgical treatment, CT—chemotherapy.

The biopsy material was examined by fixing tumor
fragments in 10% buffered formalin, dehydrating
them in a standard manner, and embedding them in
paraffin. Histological sections were stained with
hematoxylin and eosin, and the results of
immunohistochemical (IHC) reactions with
antibodies to GFAP, IDH1r132h, and a marker of
proliferative activity Ki67 were studied in patients no
1 and no 2. In patient no 1, antibodies from Dako
(USA) and the EnVision imaging system were used to
study CD45, CD3, CD4, CDS8, and CD20.
Histological analysis and microphotography were
performed using a Leica DM2500 M microscope
equipped with a DFC320 digital camera and an IM50
image manager (Leica Microsystems, Wetzlar,
Germany). Lymphocyte infiltration in the tumor and
perifocal zone (if present) was assessed using a semi-
quantitative method, with a scale of O (no staining),
1+ (single cells in 1 mm” of tissue), 2+ (10-20 stained
cells in 1 mm?), and 3+ (>30-stained cells per 1 mm?).
The data are presented in mean and standard
deviation format.
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Lymphocyte subpopulations were assessed in a venous
blood sample collected the day before surgery. The
main  subpopulations of lymphocytes  were
determined using quantitative flow cytometry on a
BD FACS Aria analyzer (manufactured by Becton
Dickinson, USA). The standard panel for lymphocyte
subpopulations included monoclonal antibodies to
CD45, CD3, CD4, CDS8, CD19, CD16, and CD56
(manufactured by Becton Dickinson, USA). The total
number of lymphocytes, including T cells
(CD3+/CD45+), cytotoxic T cell
(CD3+CD8+/CD45+), T-helper cells
(CD3+CD4+/CD45+), NK cells (CD3-
CD16+CD56+/CD45+), and B lymphocytes
(CD19+/CD45+), was determined. The results were
compared with reference values and scientific
literature data.

Results

The results of laboratory tests are presented in Table
2, shows the main subpopulations of lymphocytes in
the peripheral blood of patients with glioblastoma.
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Table 2: The main subpopulations of lymphocytes in the peripheral blood of patients with glioblastoma.
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No 1 1130 789 414 354 155 0,8 177
No 2 1354 1002 372 603 176 1,6 135
No 3 13203570 | 690-2540 190-1140 410-1590 90-660 1,5-2,60 90-590

Note: cells/ul - cells per microliter, Ref. — reference

Based on the results and the individual treatment
characteristics of each patient, it is appropriate to
consider each case separately. Patient 1, who was in
the preoperative stage and receiving dexamethasone,
had lymphopenia (1130 cells/ul). The T-helper cell
count in the peripheral blood was below the threshold
level, and the CD4+/CD8+ ratio was below the
reference values (354 cells/pl). In the second clinical
case, the patient did not receive dexamethasone
before neurosurgical treatment or at the time of blood
sampling. The total number of lymphocytes in the
peripheral blood was close to the lower threshold
value (1354 cells/pl), and all subpopulation
quantitative indicators were within the reference
values. However, the CD4+/CD8+ ratio was at a
lower threshold level due to the relatively low T-helper

count (603 cells/pl). In addition to the standard IHC
study, lymphocyte infiltration of the tumor and
perifocal zone was assessed in two patients. The results
are presented in Figures 1-3.

Caseno1

Histological examination of the surgical material from
a 76-year-old patient (Fig. 1) confirmed IDH-wildtype
glioblastoma: a highly malignant glial tumor GFAP+
with a diffuse growth pattern and high proliferative
activity, with a nuclear labeling level of 15-18% using
the Ki67/MIB1 marker. Anti-IDH1r132h antibody
staining was negative. Perivascular and stromal
lymphocytic infiltration was detected in the central
and perifocal zones of the tumor, with a score of 2+.

. a Al = : -
Figure 1: Results of histological examination of patient Nel, 76 years old. H&E stain, A-x400, B-x200; A: Malignant glial
tumor with cellular polymorphism. Lymphocytic infiltration of the tumor stroma with a few lymphocytes, 2+; B: Perifocal
zone of the tumor adjacent to unchanged brain tissue. Perivascular lymphocytic infiltration, 2+; C: Level of proliferative

activity by Ki67 15-18%, x400; D: Diffuse cytoplasmic staining with antibodies to GFAP, x200

An immunohistochemistry (IHC) study was
conducted on lymphocyte differentiation clusters in
patient No. 1. The results showed that the CD45
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marker-stained numerous stromal lymphocytes in the
center of the tumor (Fig. 2A), as well as perivascular
lymphocytes in the perifocal zone (Fig. 2B).



https://bioresscientia.com/

Journal of Clinical Surgery and Surgical Research

Additionally, microglia were found to be activated in
all areas of the tumor (Fig. 2C). The average number
of lymphocytes in 1 mm” of tissue was 20.703.8 cells.
However, no staining of lymphocytes with the CD20
marker was observed. Further analysis revealed
positive staining of tumor tissue lymphocytes with the
CD3 marker, which colocalized with CD45 staining
(Fig. 2 D-E). It should be noted that the CD3 marker
did not stain microglia. The average number of CD3+
lymphocytes in 1 mm” of tumor center tissue was
20.703.8 cells, while in the perifocal zone it was
25.204.4 cells. Staining with the CD4 marker (Fig. 2
F-G) showed that some lymphocytes were stained, and
these cells were also colocalized with CD3+ cells.
Interestingly, microglial staining with the CD4
marker was also detected, with an increase in the
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perifocal zone of the tumor. The average number of
CD4+ lymphocytes in 1 mm* of tumor center tissue
was 7.703 cells, which accounted for 37.2% of the
total T-lymphocyte pool. In the perifocal parts of the
tumor, the average number of CD4+ lymphocytes in
I mm?® of tissue was 8.301.8 cells, accounting for
32.9% of the total pool of T-lymphocytes. Similarly,
staining with the CD8 marker (Fig. 2 H-I) showed that
some lymphocytes were stained and colocalized with
CD3+ cells. The average number of CD8+
lymphocytes in 1 mm® of tumor center tissue was
1803.2 cells, which accounted for 86.9% of the total
T-lymphocyte pool. In the perifocal zone of the tumor,
the average number of CD8+ lymphocytes in 1 mm?*
of tissue was 10.202.6 cells, accounting for 40.5% of
the total pool of T-lymphocytes.

Figure 2: Results of [HC typing of lymphocytes of the patient no 1. A: [HC by antibodies to CD45 in the central part of the
tumor, x400; B: IHC by antibodies to CD45 in the perifocal parts of the tumor, x200; C: IHC by antibodies to CD45 in
the central part of the tumor, microglia staining is indicated by an arrow, *400; D: I[HC by antibodies to CD3 in the central
part of the tumor, x200; E: IHC by antibodies to CD3 in the perifocal parts of the tumor, x200; F: IHC by antibodies to
CD4 in the central part of the tumor, x200; G: IHC by antibodies to CD4 in the perifocal parts of the tumor, x400; H:
[HC by antibodies to CD8 in the central part of the tumor, x200; I: [HC by antibodies to CD8 in the perifocal parts of the
tumor, x200

Case no 2

Histological examination of biopsy material from

patient Ne 2, a 63-year-old, confirmed the presence of

© 2024 Darya Sitovskaya, et al.

glioblastoma. The tumor stroma showed diffuse
lymphocytic infiltration, with an average of 43.806.2
cells per 1 mm?® of tissue (Fig. 3). The lymphocytes
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observed ranged from lymphoblasts to mature cells,
with some plasmacytes also present.
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Figure 3: Results of histological examination of patient N° 2, 63 years old H&E stain, A -x200, B-x400. A: Abundant
lymphocytic infiltration of the tumor stroma, 3+, B: Numerous lymphocytes of varying degrees of maturity, single
plasmacytes indicated by an arrow, 3+.

This patient had a higher number of lymphocytes in
both the peripheral blood and tumor tissue compared
to patient NO1. Patient N0 3 had a higher number of
lymphocytes in the peripheral blood compared to
patients no 1 and N0 2, but no tumor tissue was
obtained.

Discussion

The role and function of lymphocyte subpopulations
in immune control have been previously described in
various oncological pathologies, such as leukemia,
gastric cancer, colorectal malignancies, and lung
cancer [24-27]. T-lymphocytes, specifically T-helper
cells (CD3+CD4+/CD45+) and T-cytotoxic cells
(CD3+CD8+/CD45+), play a crucial role in immune
control [1-3, 23]. T-helper cells stimulate the adaptive
immune response by interacting with dendritic cells
carrying information about tumor antigens. Through
the release of cytokines and direct contact, they
activate effector cells of the immune system. T-
cytotoxic lymphocytes target malignant cells and are
responsible for their destruction [28].
The study of the immune status of patients with
malignant gliomas of the central nervous system,
particularly glioblastoma, is highly relevant. In 1977,
it was first reported that patients with intracerebral
astrocytomas had low levels of T lymphocytes in their
blood [29]. Subsequent studies have confirmed T-
lymphocyte  dysfunction  in  patients  with
glioblastomas [30-32], with 42% of cases showing this
immune system state at diagnosis, unrelated to
specific antitumor treatment [32]. These studies
defined lymphopenia as a T-lymphocyte count below
1500 cells/pul. Additionally, it was found that the
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decrease in T lymphocytes is primarily due to a
decrease in T helper cells. In our study, patient No. 1,
who is undergoing surgical treatment, had a total
lymphocyte count below the threshold (1130
cells/pul), mainly due to a low level of T-helper cells
(354 cells/ul). In the second clinical case, before
specific antitumor therapy, the total T-lymphocyte
count was 1354 cells/ul, which is below the
borderline norm according to the study. It has been
suggested that T cells may be sequestered in the bone
marrow in intracerebral neoplasms [33]. One study
found that patients with glioblastomas who did not
receive specific antitumor treatment had a significant
number of T cells, including T helper cells and T
cytotoxic lymphocytes, in their bone marrow aspirates
compared to their blood count. In contrast, the
healthy control group had similar levels of T-
lymphocytes in both blood and bone marrow. The
mechanism behind the isolation of immune system
cells in the bone marrow is linked to a decrease in the
expression of the SIP1 protein (sphingosine-1-
phosphate receptor 1) on the surface of T
lymphocytes. However, the reason why only
intracranial tumors cause this defect in immune
system functioning and the mechanism behind it are
still unknown.

Today, there is ongoing debate in the scientific
medical community regarding the impact of
glucocorticosteroids on systemic immunity. While
some studies have not found a connection between
lymphopenia and the use of dexamethasone [6,32],
others have reported a correlation [34, 35]. It is
important to note that patient No 1 received
symptomatic therapy with dexamethasone, unlike
patient Ne 2, and in the first case, the level of T-
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lymphocytes was lower. Additionally, the infiltration
of tumor T-lymphocytes in the histological material
was significantly lower in the first patient compared
to the second clinical case, where dexamethasone was
not prescribed. Studies have shown that naive T cell
are the most sensitive subpopulation to
glucocorticosteroids. ~ The  administration  of
dexamethasone led to an increase in CTLA-4
(cytotoxic T-lymphocyte-associated protein-4) on the
surface of these cells, which blocked the cell cycle and
differentiation [35].

Systemic lymphopenia also affects the local immune
response. As demonstrated in clinical case Ne 1, the
infiltration of glioblastoma by T lymphocytes is very
weak. In addition to the systemic decrease in
lymphocytes, there are other known mechanisms by
which glioblastoma evades immune control. Once in
the tumor microenvironment, the few effector T cells
encounter an immunosuppressive environment
created by glioblastoma [6]. Tumor cells and tumor-
associated macrophages express proteins that inhibit
the functioning of effector cells of the immune
system, while myeloid cells attracted by glioblastoma
produce enzymes that break down nutrients for T
lymphocytes. As a result, the T lymphocytes
infiltrating glioblastoma represent a small population
of exhausted immune cells. It was also shown that pre-
chemotherapy Systemic Inflammatory Index < 480
was associated with better overall survival and
progression-free survival. The authors observed that
only CD68+macrophage and CD66b+neutrophils
expressed in the vascular/perivascular region showed
a statistically significant prognostic role in median
overall survival and progressionfree survival [36].
However, in patient Ne 2, there was abundant
lymphocytic infiltration of the tumor stroma,
indicating that the tumor may not be
immunologically "cold" in this case.

Thanks to recent studies, our understanding of the
immune status of patients with glioblastomas has
significantly expanded. One of the main challenges in
achieving an effective immune response is systemic
lymphopenia. However, the development of
treatment methods such as CAR T-therapy (chimeric
antigen receptor T-lymphocyte therapy) may offer a
promising solution to this issue. Additionally, the
impact of glucocorticosteroids on lymphocytes should
be considered. Some experts suggest replacing these
drugs with bevacizumab to achieve an anti-edematous
effect [37-38]. Furthermore, the unique features of
local immune surveillance in glioblastoma must be
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considered. Given the various mechanisms of local
immunosuppression in this tumor, it is advisable to
develop different combinations of immunotherapy to
increase the number of T cells and activate them.
When considering the use of checkpoint inhibitors, it
is important to analyze the lymphocytic infiltration of
the tumor stroma in each individual patient.

Conclusion

With the results of fundamental research from the
past decade, we can expect numerous preclinical and
clinical  studies soon to  develop  new
immunotherapeutic approaches for the treatment of
glioblastoma, the most malignant and common
tumor of the central nervous system. These
advancements have the potential to greatly improve
the prognosis for our patients.
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