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Abstract
Purpose  Glioblastoma (GBM) is the most common and malignant primary brain tumor in adults with a median overall 
survival of only 14.6 months despite aggressive treatment. While immunotherapy has been successful in other cancers, its 
benefit has been proven elusive in GBM, mainly due to a markedly immunosuppressive tumor microenvironment. SARS-
CoV-2 has been associated with the development of a pronounced central nervous system (CNS) inflammatory response 
when infecting different cells including astrocytes, endothelial cells, and microglia. While SARS-CoV2 entry factors have 
been described in different tissues, their presence and implication on GBM aggressiveness or microenvironment has not 
been studied on appropriate preclinical models.
Methods  We evaluated the presence of crucial SARS-CoV-2 entry factors: ACE2, TMPRSS2, and NRP1 in matched sur-
gically-derived GBM tissue, cells lines, and organoids; as well as in human brain derived specimens using immunohisto-
chemistry, confocal pixel line intensity quantification, and transcriptome analysis.
Results  We show that patient derived-GBM tissue and cell cultures express SARS-CoV2 entry factors, being NRP1 the most 
crucial facilitator of SARS-CoV-2 infection in GBM. Moreover, we demonstrate that, receptor expression remains present 
in our GBM organoids, making them an adequate model to study the effect of this virus in GBM for the potential develop-
ment of viral therapies in the future.
Conclusion  Our findings suggest that the SARS-CoV-2 virus entry factors are expressed in primary tissues and organoid 
models and could be potentially utilized to study the susceptibility of GBM to this virus to target or modulate the tumor 
microenviroment.
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Introduction

The emergence of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), is responsible for the Coronavi-
rus disease 2019 (COVID-19) [1]. As the mechanisms of 
viral damage are beginning to be understood, reports have 
highlighted how SARS-CoV-2 can interact with the host’s 
intracellular machinery upon cell infection and produce 
a significant inflammatory response in parenchymal and 
immune cells [2–5].

Previous research suggests that SARS-CoV-2 can be 
detected in the brain and might preferentially infect spe-
cific cell populations of the central nervous system (CNS); 
however, results have been inconsistent and even discordant 
[6–13]. A proposed mechanism for infection is viral entry 
into cells with high expression of viral receptors or entry 
facilitators: angiotensin-converting enzyme-2 (ACE2), trans-
membrane serine protease-2 (TMPRSS2), and neuropilin-1 
(NRP1) among others [14–18]. ACE2 alone can render 
cells susceptible to SARS-CoV2 infection, but this is usu-
ally expressed at low protein levels in respiratory and olfac-
tory epithelial cells [19]. For this reason, co-factors such 
as TMPRSS2 and NRP1 have been deemed important for 
SARS-CoV-2 infection, although the list of factors is grow-
ing and not only entry factors are required but also genes 
that are part of the life cycle and replication machinery of 
the virus.

Glioblastoma (GBM) is the most common malignant 
brain tumor with a dismal prognosis and no effective treat-
ment despite multiple research efforts [20]. Studies suggest 
that GBM is susceptible to neurotropic (e.g. Zika, herpes) 
and oncolytic virus infection [21, 22]. These viruses are 
being studied in the preclinical setting as therapies against 
GBM and as tools to understand GBM biology and the tumor 
microenvironment (TME). There are only scattered reports 
on the susceptibility of GBM to infection with the novel 
SARS-CoV-2 virus, limited to an individual case report [21] 
and in vitro 2D commercial cultures models [22, 23]. In 
this work, we obtained surgically derived-human tissue to 
evaluate the expression of SARS-CoV-2 entry factors and 
to generate a human-derived organoid model that harbors 
the 3D tumor microenvironment. Our model allows further 
exploration of the three-dimensional interactions between 
the SARS-CoV-2 intrinsic machinery and GBM cells. We 
show that patient-derived glioblastoma tumors present entry 
factors for SARS-CoV-2 in a patient-specific manner, and 
that our organoid model recapitulates SARS-CoV-2 receptor 
expression, making it an important model to study SARS-
CoV-2 in GBM.

Methods

Isolation and culture of glioblastoma stem cells

Human GBM tissues were obtained at the Mayo Clinic in Flor-
ida (IRB:16-008485). GBM cells were harvested and isolated 
as previously described [24–27]. All cell lines were handled in 
accordance with the biosafety practices and ethical guidelines 
of UCONN Health and Mayo Clinic that regulate the use of 
human cells for research.

Glioblastoma and iPSC derived‑cerebral organoid 
culture

For GBM organoid (GBMO) formation, we utilized the meth-
ods established in our lab [28, 29]. Briefly, dissociated single 
cells were cultured with GBM growth media for 4–7 days. 
GBM neurospheres were transferred to Matrigel droplets 
(BD Bioscience, San Jose, CA, USA) by pipetting into cold 
Matrigel on a sheet of Parafilm with 3 mm dimples. These 
droplets were allowed to gel at 37 °C and were subsequently 
removed from the Parafilm. After 4 days of stationary growth, 
tissue droplets were transferred to a spinning bioreactor con-
taining organoid media including 48% Neurobasal, 48% 
DMEM/F12, 1% B27 supplement, 0.5% N2 supplement, 1% 
Glutamax, 0.5% MEM-NEAA, insulin, 2-ME and 1% Antibi-
otic–Antimycotic. Human iPSCs (hiPSC) and iPSC-derived 
organoids were generated, as previously described [28, 29].

Matched glioblastoma tumor tissue

Matched GBM paraffin block tissues (newly diagnosed, IDH 
wildtype samples) were obtained from our pathology archives. 
Samples were obtained from the same patients that the GBM 
cell lines were derived from. Human brain and lung tissues 
were obtained from patients deceased from non-neurological 
conditions.

Immunohistochemistry

5 µm thick sections were obtained, and endogenous peroxi-
dases were deactivated by incubating in peroxidase blocking 
for 15 min. The slides were then stained with Anti-ACE2 
(Abcam, ab15348), Anti-TMPRSS2 (Millipore MABF2158-
100UG), and Anti-NRP1 (Proteintech 60067) antibodies. 
Slides were scanned in the Aperio AT2® and visualized in 
Aperio ImageScope Software©.
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Immunocytochemistry and quantitative confocal 
microscopy of matched glioblastoma cells

GBM cells were seeded and stained with Anti-ACE2 
(Abcam, Cat# ab15348), Anti-TMPRSS2 (Millipore 
MABF2158-100UG), and Anti-NRP1 (Proteintech 
60067–1-Ig) antibodies. To study the distribution of ACE2, 
TMPRSS2, and NRP-1, we used Quantitative Confocal 
Microscopy (QCM) with high resolution parameters com-
bined with stereology [30–33]. Acquisition parameters were 
established relative to a negative control. We used 2.5D pixel 
intensity analysis to determine the relative expression of 
SARS-Cov2 in each neural or GBM stem cells utilizing the 
Zeiss ZEN Blue Microscope Software.

Quantitative confocal microscopy of glioblastoma 
organoids

To quantify cells expressing ACE2, NRP1 and TMPRSS2 
in each organoid, three pictures per each stained organoid 
region were taken as 20 × images using confocal laser scan-
ning microscopy (LSM900, ZEISS, Germany). For each 
organoid, a region designed as “surface” was defined as the 
organoid tissue contained from the external boundary of 
each organoid section until 150 um depth. The remaining 
internal region (> 150 um deeper) was defined as “core”. 
The number of ACE2, NRP1, or TMPRSS2 positive cells 
was normalized by number of nuclei (DAPI) per photograph. 
Comparison among groups was performed using Student's 
t-test after assessment of data distribution normality.

Gene expression of SARS‑CoV‑2 entry factors 
in normal brain and glioblastoma human tissue 
from publicly available datasets

Data regarding transcriptomic expression of ACE2, 
TMPRSS2, and NRP1 included in Fig. 1A, B were obtained 
from Zhang Y, et al.[34], and are available at NCBI GEO 
database: GSE73721. Data in Fig. 1C was obtained from the 
GTExPortal. Comparison between relative gene expression 
was performed using one-way ANOVA, Student t-test, or 
Tukey's multiple comparisons test.

Gliovis®—Data Visualization Tools for Brain Tumor 
Datasets (http://​gliov​is.​bioin​fo.​cnio.​es/) – was queried to 
study mRNA expression of SARS-CoV-2 entry factors in 
GBM and normal brain tissues. Comparisons among dif-
ferent groups (Fig. 2A) were achieved using pairwise com-
parisons with corrections for multiple testing (p-values with 
Bonferroni correction).

Single-cell RNA seq data from human GBM samples 
was obtained from Müller et al.[35], available at UCSC 
Cell Browser (https://​cells.​ucsc.​edu/?​ds=​gbm). Compari-
sons between percentages of positive populations were 

performed using Chi-square test. Positive transcriptional 
expression was defined as a normalized value > 0. Analysis 
and estimation of tumor infiltration and purity were per-
formed using RNA-seq data of GBM samples available at 
TCGA as described by Li T, et al.[36, 37], using TIMER2.0 
(http://​timer.​cistr​ome.​org/) and CIBERSORT-ABS and 
XCELL (for NK cells, CD+4 central memory T cells, and 
endothelial cells) as methods of analysis. Spearman’s cor-
relation was performed to estimate cell infiltration and gene 
correlation.

Results

SARS‑CoV‑2 entry facilitators in healthy human 
brain

Given the controversy regarding the presence of SARS-
CoV-2 entry facilitators in the brain, we explored the expres-
sion of ACE2, TMPRSS2, and NRP1 at transcriptional and 
protein levels. Transcriptional analysis in different types of 
cells (cortical astrocytes, cortical oligodendrocytes, corti-
cal microglia/macrophages, cortical endothelial cells, cor-
tical neurons, and astrocytes from GBM tumor periphery) 
from healthy human brains was first carried out. Data was 
obtained from GEO database: GSE73721 [34]. We found 
that the transcriptional expression of ACE2 and TMPRSS2 
was minimal regardless of the cell type (Fig. 1A). The 
expression of NRP1 was significantly higher in astrocytes 
from normal brain and GBM periphery, when compared to 
oligodendrocytes (p = 0.002 and p = 0.015, respectively) 
(Fig. 1A, B). A higher transcriptional expression of NRP1 
over ACE2 and TMPRSS2 was similarly revealed by analyz-
ing whole tissue of different regions of the brain (p < 0.05) 
(Fig. 1C).

To confirm these results, we analyzed normal brain 
tissue from five different patients. Interestingly, despite 
the low transcriptional expression of ACE2 reported [8], 
we found a strong expression of ACE2 in most cortical 
and subcortical astrocytes (white circle). Neurons showed 
weak positivity in two cases (black circle), and oligoden-
drocytes (blue circle) were heterogeneously positive in 
three cases (Fig. 1D). TMPRSS2 expression was positive 
in the cortex while sparing the white matter, with only 
weak staining in cortical neurons (black circle) and neu-
ropil but not in other cells of the cortex or white matter. 
These results correlate with the transcriptomic expression 
shown in Fig. 1A and C and might reflect the role of other 
proteins such as NRP1 as more relevant facilitators of 
SARS-CoV-2 infection in the CNS.NRP1 expression was 
positive in the cortex. Neurons were positive with nuclear 
predominance in all samples (black circle). In the white 
matter, oligodendrocytes were heterogeneously positive 

http://gliovis.bioinfo.cnio.es/
https://cells.ucsc.edu/?ds=gbm
http://timer.cistrome.org/
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to NRP1 in 4 out of 5 patients (blue circle). Astrocytes 
showed the most robust positivity, with intense stain-
ing in the nucleus, cytoplasm, and astrocytic projections 
(white circle) (Fig. 1D). Interestingly, most NRP1 posi-
tive astrocytes were in the cortex or presenting perineural 
satellitosis. Astrocytic predominance of NRP1 expres-
sion is in line with the transcriptomic data presented in 
Fig. 1B [38]. NRP1 and ACE2 expression was substan-
tial in ependymal cells from all samples (black squares) 
(Fig. 1D), which is in line with a higher likelihood of 
SARS-CoV-2 infection in choroid plexus organoids 
reported by others [12, 13].

SARS‑CoV‑2 entry facilitators in human 
glioblastoma

We analyzed the expression of the SARS-CoV-2 entry 
factors in human GBM. RNA-seq data from 156 GBM 
tumors and 4 samples of normal brain from the Cancer 
Genome Atlas Program (TCGA) database were com-
pared (Fig. 2A). Transcriptional expression of ACE2 and 
TMPRSS2 showed no differences between groups; how-
ever, NRP1 expression was significantly higher (p < 0.003) 
in GBM when compared to normal brain (Fig. 2A).

Fig. 1   SARS-CoV-2 Entry Facilitators in Normal Huma n Brain. A 
Mean transcriptomic expression of ACE2, TMPRSS2, and NRP1 
after RNA-seq of specific cell cultures isolated from human brains. 
B Transcriptomic expression of NRP1 according to cell type, com-
parisons were made using one-way ANOVA and Tukey’s multiple 
comparisons tests (Astrocytes [GBM periphery] vs. oligodendrocytes 
(p = 0.0154); Mature astrocytes vs. oligodendrocytes (p = 0.002)) C 
Heatmap of the transcriptomic expression of ACE2, TMPRSS2, and 
NRP1 in different regions of normal brain, generated using GTExPor-

tal, transcriptomic expression of NRP1was significantly higher than 
ACE2 and TMPRSS2 expression (p = 0.0001). D. Immunocytochem-
istry of SARS-CoV-2 entry factors (ACE2, TMPRSS2 and NRP-1) 
in patient-derived brain normal tissue. Arrows represent the area that 
was selected for higher magnification analysis. Astrocytes (white cir-
cles), neurons (black circles), oligodendrocytes (blue circles), and 
ependymal cells (black squares) are identified in all pictures, pictures 
taken at 20 X magnification



71Journal of Neuro-Oncology (2023) 161:67–76	

1 3

Furthermore, we used patient-derived GBM tissues and 
matched cell lines (QNS108, QNS120, QNS140, QNS166, 
QNS315, and QNS337) and one matched case of tumor 
recurrence (QNS166-2) (Supplementary Fig. 1). Expression 
of entry factors had intra- and interpatient heterogeneity, but 
were positive in all cases (Fig. 2B, C). For tissues, ACE2 
was found in the cytoplasm and membrane of GBM tissues 
and at the dendritic projections of GBM cells. TMPRSS2 
presented weak positivity in the cytoplasm and cell mem-
brane and NRP1 expression in GBM tissue was positive in 
the nucleus, cytoplasm, membrane, and neuropil in all cases 

(Fig. 2B). Patient-derived cell lines had a positive but het-
erogeneous signal of all three SARS-CoV-2 entry factors 
(2C, Supplementary Fig. 3A and B.).

NRP1 is expressed in a cell‑type‑specific manner 
in GBM and correlates with an immunosuppressive 
tumor microenvironment

NRP1 is a well-known prognostic factor of survival in GBM 
and has been described as a critical mediator of SARS-
CoV-2 infection [11, 14, 39]. The substantial expression of 

Fig. 2   SARS-CoV-2 Entry 
Facilitators in Human Glioblas-
toma. A Transcriptomic expres-
sion of ACE2, TMPRSS2 and 
NRP1 according to RNA-seq 
data from TCGA in glioblas-
toma (n = 153) and normal 
brain (n = 4). Comparisons 
performed using unpaired t-test 
after examining for normal 
distribution. p = ns for ACE2 
and TMPRSS2, p = 0.003 for 
NRP1. B Immunocytochemistry 
of SARS-CoV-2 entry factors 
(ACE2, TMPRSS2 and NRP-1) 
in patient-derived glioblastoma 
tissue (QNS108, QNS120, 
and QNS337), pictures were 
taken at 20 X magnification. C 
Representative images of a glio-
blastoma patient-derived cell 
line (QNS 108) were stained for 
ACE2 and TMPRSS2, and for 
ACE2 and NRP-1. All staining 
was analyzed by Zeiss LSM 800 
confocal microscopy. Merged 
images show co-localization of 
markers. Scale bars = 10 µm. 
Graphs at the right show Pixel 
intensity in QNS108 GBM cells 
that show distribution of ACE2 
(red) and TMPRSS2 (green) 
and distribution of ACE2 (red) 
and NRP-1 (green) SARS-
COV-2 receptors
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NRP1 in human GBM tissue samples suggests that NRP1 
might play a crucial role as a facilitator of SARS-CoV-2 
infection in GBM (Fig. 2). To thoroughly profile the expres-
sion of NRP1 in human GBM, we analyzed data from single-
cell RNA-seq from eleven GBM patients available at the 
UCSC Cell Browser [35]. Figure 3A shows the different cell 
populations identified in human GBM samples (left panel) 
and their corresponding NRP1 transcriptomic expression 
(right panel). We found that in GBM cells, NRP1 expres-
sion was associated with a specific cell phenotype. Higher 
expression of NRP1 was identified in cells with mature inter-
mediate proliferating cell (IPC)/Newborn neuron (33.3%) 
phenotype, radial glia (22.46%), glycolytic progenitor 
cells (7.84%), and in immature astrocytes (4.85%). Lower 

NRP1 expression was seen in oligodendrocyte precursor 
cells (OPC) (1.59%), dividing OPC (0.87%), and neurons 
(2.76%) (Fig. 3B). Analysis of the tumor microenvironment 
showed NRP1 mRNA expression was more common in 
endothelial cells (53.57%), tumor associated macrophages 
(TAM) (49.1%), pericytes (40%), and microglia (34.61%). 
B lymphocytes and dividing B lymphocytes were found to 
express lower percentages of NRP1 positive cells, 0.23% and 
0.51%, respectively (Fig. 3C). The elevated transcriptomic 
expression of NRP1 in intratumoral microglia and TAM and 
minimal expression in B lymphocytes are in line with the 
protein expression profile found in peripheral immune cir-
culating cell populations [40]. These results prompted the 
evaluation of a potential association between NRP1 and the 

Fig. 3   Description of NRP1 expression in Glioblastoma and cor-
relation with the Immunosuppressive Tumor Microenvironment. A 
Transcriptomic expression of NRP1 after single-cell sequencing, each 
dot represents an individual cell within the different cell groups. B 
Transcriptomic expression of NRP1 according to glioblastoma can-
cer cell phenotype. C Transcriptomic expression of NRP1 in Oligo-

dendrocytes and neurons. D Transcriptomic expression of NRP1 in 
cells of the tumor microenvironment. E Correlation between NRP1 
gene expression and tumor purity and infiltration of immune cell in 
the GBM TME. F Gene ontology enrichment analysis of biological 
processes associated with NRP1 in GBM
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GBM immune tumor microenvironment (TME), which was 
performed by querying RNA-seq deconvoluted data from 
153 GBM patients registered in the TCGA. We found that 
NRP1 transcriptomic expression was negatively correlated 
with tumor purity (r = − 0.2, p = 1.88e−2), infiltration of M1 
macrophages (r = − 0.202, p = 1.79e−2), natural killer (NK) 
cells (r = − 0.346, p = 3.4e−5) and CD+ 4 central memory 
T cells (r = − 0.28, p = 1.05e−3). A positive correlation was 
found between NRP1 expression and infiltration of M2 
macrophages (r = 0.229, p = 7.23e−3), regulatory T cells 
(r = 0.459, p = 1.73e−8), and endothelial cells (r = 0.288, 
p = 6.51e−4) (Fig. 3D). Gene ontology enrichment analy-
sis confirmed that leucocyte migration and chemotaxis are 
among the top 5 most important biological processes medi-
ated by NRP1 protein (Fig. 3E). Taken all together, these 
results support the idea that GBM is likely to be susceptible 
to SARS-CoV-2 infection due to the higher expression of 
the key entry factor NRP1 in GBM cells and the immune 
cell status in the TME.

SARS‑CoV‑2 entry factor expression in human 
glioblastoma organoids

After we demonstrated the expression of key entry factors 
of SARS-CoV-2 in human GBM tissue and matched GBM 
cells, we studied if these factors were also present in GBM 
organoids (GBMO) (Fig. 4A). To generate an adequate 
experimental comparison group, human induced pluripotent 
stem cell (hiPSC)-derived cerebral organoids were also gen-
erated and analyzed. We performed immunohistochemistry 
in GBMO generated from six different human GBM cell 
lines (GBMO-108, GBMO-120, GBMO-30, GBMO-965, 
GBMO-1201, and GBMO-640). We co-stained our GBMO 
with vimentin and, ACE2, TMPRSS2, or NRP1. We found 
that these cells retained the positivity for ACE2, TMPRSS2, 
and NRP1 in all GBMOs.

Our group has previously demonstrated the presence of 
different regions in GBMOs, which are directly related to 
tumor cell oxygenation and distance from surface [26]. To 
analyze if the expression of SARS-CoV-2 markers varies 
upon the distance from surface, we divided the sectional 
areas of our organoids in “surface” (0–150 um from surface) 
and “core” (> 150 um from surface) regions. We found the 
expression of ACE 2 was homogenous across these two dif-
ferent regions, and it was expressed to a lesser extend in 
the core region of the iPSC-derived organoid (p = 0.0095) 
(Fig. 4D, Supplementary Fig. 4). TMPRSS expression pre-
sented a similar pattern, except from the striking difference 
found in GBMO-120 surface and core regions (p = 0.0003) 
(Fig. 4D, Supplementary Fig. 4). The expression of NRP1 
seemed to be more associated with the distance from surface, 
three out of out six GBMOs showed significant differences 
in the expression levels of NRP1 (GBMO-965, p = 0.0175; 

GBMO-1201, p = 0.0395; GBMO-640, p = 0.0166), which 
was also found in our iPSC-derived organoid (p = 0.0494) 
(Fig. 4B, Supplementary Fig. 4). In all cases where differ-
ences were found in SARS-CoV-2 entry factors expression, 
the “surface” region contained a higher number of positive 
cells than the “core” region.

Discussion

In this work, we aimed to study the presence of SARS-
CoV-2 entry factors in GBM tissue and cell lines. Previous 
research evaluating SARS-CoV-2 infection in cerebral orga-
noids has shown heterogeneous changes in different types of 
CNS cell populations, [6–9, 11], neural progenitors [8], glial 
cells [10, 11], and ependymal cells of choroid plexus [12, 
13]. Our analysis in healthy human brain tissue supports the 
heterogeneous rates of SARS-CoV-2 infection as we found 
different expression levels of SARS-CoV-2 entry factors in 
the different cell populations, with significant interpatient 
heterogeneity which might be associated with each individ-
ual’s genetic background. Despite this heterogeneity, some 
commonalities exist among patients. For instance, oligo-
dendrocytes have the lowest entry factor expression, while 
astrocytes presented a strong expression of ACE2 and NRP1. 
Interestingly, we noticed that astrocytes near neurons (satel-
lite) were more commonly positive to NRP1 than those more 
distantly located, a phenomenon known as perineural satel-
litosis. This phenomenon reflects the interaction between 
astrocytes and neurons and might be related to the astro-
cytic role as facilitator of neurotropic CNS viral infections 
[41]. At the same time, both observations correlate with the 
experimental results from Wang et al., which showed higher 
SARS-CoV-2 neuronal infectivity when astrocytes are pre-
sent in culture [19].

While evaluating the presence of SARS-CoV-2 entry 
factors in GBM and GBMOs [42–44], we found a substan-
tial protein expression of ACE2, despite the minimal tran-
scriptomic expression. This discordance between ACE2 
transcriptional and protein profiles has also been described 
in cerebral organoids [11, 45]. TMPRSS2 also presented 
minimal transcriptional and protein expression, but it was 
homogeneously positive across all GBM tumor samples, all 
GBM cell lines, and GBMOs. Recently, Lam et al. demon-
strated that the existence of discordant transcriptional and 
proteomic profiles is common in GBM and suggested this 
discordance may represent the product of post-transcrip-
tional regulations [46].

NRP1 was strongly expressed in normal brain and GBM 
at both transcriptomic and proteomic levels, which leads 
to the hypothesis that NRP1 might be a crucial potentia-
tor of SARS-CoV-2 infection in normal brain [14] and in 
GBM. Single-cell RNA seq data showed that NRP1 was 
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most expressed in GBM cells and some TME cells such 
as microglia, TAM, pericytes, and endothelial cells, which 
further correlated with tumor infiltration of immune cells 
associated with immunosuppression. The association we 
found between NRP1 and infiltration of immunosuppressive 
immune cells also invite the idea of utilizing SARS-CoV-2 
as a potential tool to be used for modulation of GBM tumor 
microenvironment.

We demonstrate that our GBMO harbor a diverse popu-
lation of GBM cells with different phenotypes and a spe-
cific tumor microenvironment which is characterized by a 
mixed population of proliferative, apoptotic, hypoxic, and 
quiescent cells [26]. Importantly, by analyzing the transcrip-
tomic profile of our patient derived GBMOs. In previous 
work we show that each one of them recapitulates different 
gene networks proper of GBM tumors and share a common 
intrinsic immune-like genetic program with enrichment of 
genes involved in cytokine production, antigen processing 
and presentation, T-cell receptor inhibition, and interferon 
regulation [26].

Given that non-immune cells GBM cells and tumor-asso-
ciated astrocytes have proven to be important in regulating 
the immune tumor microenvironment [47–49], GBM orga-
noid models could be a valuable tool to test future hypoth-
eses. Organoid models were previously used to study the 
effects of different neurotropic viruses [21, 22]; however, 
there is a lack of reports on the use of organoids to study the 
effect of SARS-CoV-2 on GBM.

Conclusion

Our data shows that SARS-CoV-2 entry factors, ACE2, 
TMPRSS2, and NRP1, are positively expressed in patient-
derived GBM tissue and matched primary cell cultures, 
and organoids. Expression of these factors is patient- and 
cell-type-dependent, being NRP1 the most consistently 
expressed throughout all our analyses and samples. More-
over, our patient-derived GBM organoids represent an 
appealing model to study SARS-CoV-2 interactions with 
GBM. Finally, identifying the expression of SARS-CoV-2 
entry factors in GBM supports the rationale of studying 

the relationship between these two for potential future uses 
in the clinical setting.
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