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Simple Summary: The translocator protein 18kDa (TSPO) gene is highly expressed in glioblastoma (GBM), the most common
primary malignant brain tumor and remains one of the most difficult tumors to treat. TSPO is located in the outer mitochondrial
membrane and binds cholesterol through its C-terminal domain. One frequent single-nucleotide polymorphism (SNP) rs6971,
which changes the alanine 147 into threonine (Alal47Thr) has been found in the C-terminal domain of the TSPO region and
dramatically alters the affinity with which TSPO binds drug ligands. However, the potential association between the TSPO ge-
netic variants and GBM clinical outcomes is not known. Here, we evaluated the effects of the Alal47Thr SNP localized in this
TSPO region on biological sex-specific overall and progression-free GBM survival. Our findings suggest an association between
the TSPO rs6971 variant and adverse outcomes in male GBM patients but not in females. These findings also suggest that the
TSPO rs6971 SNP could be used as a prognostic marker of survival in GBM patients.

Abstract: Glioblastoma (GBM) is the most common primary brain tumor in adults, with few available therapies and a 5-year
survival rate of 7.2%. Hence, strategies for improving GBM prognosis are urgently needed. The translocator protein 18kDa (TSPO)
plays crucial roles in essential mitochondria-based physiological processes and is a validated biomarker of neuroinflammation,
which is implicated in GBM progression. The TSPO gene has a germline single nucleotide polymorphism, rs6971, which is the
most common SNP in the Caucasian population. High TSPO gene expression is associated with reduced survival in GBM patients;
however, the relation between the most frequent TSPO genetic variant and GBM pathogenesis is not known. The present study
retrospectively analyzed the correlation of the TSPO polymorphic variant rs6971 with overall and progression-free survival in
GBM patients using three independent cohorts. TSPO rs6971 polymorphism was significantly associated with shorter overall
survival and progression-free survival in male GBM patients but not in females in one large cohort of 441 patients. We observed
similar trends in two other independent cohorts. These observations suggest that the TSPO rs6971 polymorphism could be a
significant predictor of poor prognosis in GBM, with a potential for use as a prognosis biomarker in GBM patients. These results
reveal for the first time a biological sex-specific relation between rs6971 TSPO polymorphism and GBM.
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1. Introduction

Glioblastoma (GBM) is the most common primary malignant brain tumor in adults,
and accounts for 14.5 % of all primary brain and central nervous system (CNS) neoplasms
[1]. In the U.S.,, the incidence rate for GBM is 3.23 per 100,000 population, being the highest
for malignant tumors, and is 1.6 times higher in males than females [1]. Despite the ag-
gressive and multimodal standard-of-care treatment, which includes maximal safe surgi-
cal resection followed by radiation in addition to concomitant and adjuvant chemother-
apy, the prognosis remains extremely poor, with a 5-year survival rate of 7.2% [1]. The
median survival also shows a biological sex-based disproportion, of 20.4 months for fe-
males and 17.5 months for males [2].

The unfavorable prognosis for GBM can be attributed to numerous features, includ-
ing the intra- and inter-heterogeneity and intrinsic cell plasticity [3], a high rate of invasion
to the brain parenchyma, a hypoxic intratumoral environment [4], the presence of cancer
stem cells which contributes to the treatment resistance and recurrence [5], and an immu-
nosuppressive tumor state [6]. Moreover, increasing evidence suggests that mitochondrial
dysfunction plays a key role in the pathogenic events of GBM, due to their role as central
regulators of cell metabolism, cell death, oxidative stress, invasion, and inflammation [7].

The translocator protein 18kDa (TSPO), previously known as the peripheral benzo-
diazepine receptor [8], has been extensively studied within the last two decades, due to
its location in the outer mitochondrial membrane (OMM). TSPO is known to play crucial
roles in essential mitochondria-based physiological processes, such as mitochondrial res-
piration, metabolism, cellular bioenergetics, cholesterol transport and steroidogenesis,
and heme biosynthesis, among others [8-12]. TSPO expression is most abundant in ster-
oid-synthesizing tissues, whereas the heart and kidney express intermediate levels of
TSPO. Interestingly, TSPO is expressed at low levels in the normal brain neuropil but be-
comes highly expressed following nervous system insults and neuroinflammation [13, 14],
highlighting the role of TSPO as a sensitive biomarker of brain injury and neuroinflam-
mation. Given the clinical interest, TSPO positron-emission tomography (PET) imaging
has been used in a wide variety of neuroinflammatory conditions [15-20], including high-
grade gliomas [21-24].

The human TSPO gene located on chromosome 22q13.3 is made up of 4 exons with
a large intron, containing repetitive sequences separating the first and second exons; a
GC-rich promoter region, and multiple transcription initiation sites [25-27]. TSPO is a hy-
drophobic protein composed of 169 amino acids with a high degree of homology among
species, from bacteria to humans [9]. The structure of the protein has five putative trans-
membrane domains, in which the C-terminus is exposed to the cytoplasm [28]. The cho-
lesterol recognition amino acid consensus sequence has been identified on the interface
between the fifth transmembrane domain and the cytosol facing C-terminus domain
(L144-5159) [29]. In addition, the TSPO gene has several polymorphisms, but only two
variants, namely rs6971 and 156972, are the most frequent in human populations, and are
located in the C-terminal domain [30]. The most studied variant, rs6971, is an A/G transi-
tion in exon 4, which leads to a non-conservative amino acid substitution, Alal47Thr, in
the fifth transmembrane domain of the protein. This polymorphism destabilized the pro-
tein, especially in the ligand-binding pocket, reducing the affinity of TSPO for cholesterol
and its transport into mitochondria [31]. This single nucleotide polymorphism (SNP) has
been associated with psychiatric disorders, such as bipolar disorder, depression, and anx-
iety [32-35]. The structural alteration caused by the rs6971 polymorphism also decreases
the distance between the second and fifth transmembrane domains [36], which dramati-
cally reduces the binding affinity of second-generation TSPO-PET radiotracers [37, 38].
The second most common, though less studied, polymorphism, rs6972, is a G/A transition
also in exon 4 of the TSPO gene, leading to a single amino acid substitution, Argl62His,
and has been reported to affect the conformation of the C-terminus, using structural bio-
informatics models [30].
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Several studies have shown a positive correlation between TSPO expression and
grade of malignancy, glioma cell proliferation, and a negative correlation with survival in
glioma patients [39-41]. Noteworthy, TSPO expression varies significantly depending on
the GBM subtype, and is significantly higher in isocitrate-dehydrogenase wild-type
(IDHYT) compared to IDH mutant (IDHMVT) GBM [42]. However, the association between
the most frequent TSPO genetic variant and GBM susceptibility, prognosis, and patient
outcome is not known.

In the present study, we analyzed the association between rs6971 TSPO polymorphic
variant and clinical outcomes for GBM patients. We use three independent cohorts of
GBM patients to evaluate the correlation of TSPO genetic variant with the overall survival
(OS) and progression-free survival (PFS) time, incorporating biological sex and treatment-
specific analysis. Our results indicate allele-specific effects of TSPO rs6971 SNPs on the
survival of GBM patients in a sex-specific manner.

2. Materials and Methods
2.1. Study Population

The Cleveland Clinic Foundation (CCF) cohort: Peripheral blood samples from 441
GBM patients were collected through the Rose Ella Burkhardt Brain Tumor and Neuro-
Oncology Center (BBTC) at the Cleveland Clinic under IRB2559. White blood cells from
each blood sample are isolated via Ficoll gradient and then snap-frozen and stored at -80
Celsius for research use. In this study, we selected all available GBM samples. Genomic
DNA was extracted using a Qiagen DNeasy Blood & Tissue Kit following the manufac-
turer’s protocols. DNA purity and concentration were measured using a ThermoFisher
NanoDrop spectrophotometer.

The Case Western Reserve University (CWRU) cohort: Newly diagnosed, untreated
brain tumor patients were identified for the Ohio Brain Tumor Study (OBTS) under ap-
proval from University Hospitals IRB CC296. Clinical and pathological data were gath-
ered for each patient. Patient blood samples were collected at the time of consent. DNA
extraction from whole blood samples was conducted using a Qiasymphony robotic plat-
form with Qiagen processing kits designed to maximize DNA (QIAsymphonyDSP DNA
midi kit) yields and purity.

The Cancer Genome Atlas (TCGA) cohort: Raw BAM files from the TCGA-GBM co-
hort were utilized for the analysis of the TSPO rs6971 SNP using whole-exome sequencing
data aligned by the TCGA. Alignment of the SNP rs6971 genotype was identified via the
use of HaplotypeCaller, where samples with alternative counts at the reference position
chr22:43162920 were identified. After classification of the samples by genotype, the phe-
notype data was downloaded via TCGA, and survival analysis was performed. Survival
analysis was performed using a log-rank test via R version 4.1.0.

2.2. SNP Selection and Genotyping

Patient genotyping was performed using rhAmpTM SNP assays (IDT, custom de-
sign) for the human TSPO polymorphism: rs6971 (A->G). The genotyping reaction was
carried out according to the manufacturer’s protocol. Briefly, 10 pL reaction volumes were
prepared by combining 5.3 pL of combined master mix (IDT, 1076018) and reporter mix
(IDT, 1076024), 0.5 uL thAmpTM SNP assay, 2.2 uL nuclease-free water, and 2 pL diluted
DNA sample. gBlocks gene fragments (IDT, custom design) for each SNP were used as
positive controls for all genotyping. Reactions were performed in an Applied Biosystems
QuantStudioTM 3 (Thermo Fisher) instrument with cycling parameters as specified by the
assay manufacturer.
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2.3. GlioVis Analysis

Gene expression and GBM patient survival data from TCGA Project, the Chinese Gli-
oma Genome Atlas (CGGA) database, REMBRANDT brain cancer dataset, and Graven-
deel database, were analyzed using GlioVis (http://gliovis.bioinfo.cnio.es/). We only in-
cluded adult patients from all the databases, and stratified patients by biological sex,
when available. We use patient’s data from the TCGA-GBM database whose tumors had
Affymetrix HG-U133A, Agilent-4502A, and RNA-seq RNA expression for our gene of in-
terest. Tukey’s Honest Significant Difference (HSD) test was performed. P-values of the
pairwise comparisons are indicated in the graphs as ***p<0.001; **p<0.01; *p<0.05; and ns,
not significant.

2.4. Statistical Analysis

Demographic and clinical characteristics were compared between rs6971 polymor-
phism genotype groups. Wilcoxon rank-sum test was used to assess differences in contin-
uous data. Differences in categorical data were assessed through Pearson's Chi-squared
test and Fisher’s exact test where appropriate (cell counts less than 5 cases). Kaplan-Meier
curves were generated, and log-rank test performed to assess differences in OS and PFS
between groups. These survival differences were also assessed for patients who had re-
ceived standard of care and surgery (gross total or near total resection). Median survival
and 95% confidence intervals for OS and PES are reported. All statistical analyses were
performed in R (version 4.0.5). P-values under 0.05 are statistically significant.

3. Results

3.1 TSPO expression is upregulated in GBM patient samples

To evaluate TSPO expression in GBM, we conducted a TSPO mRNA expression anal-
ysis in TCGA-GBM dataset using GlioVis platform. We observed a significant increase in
TSPO gene expression in GBM compared to that of non-tumor brain tissue (p<0.001) (Fig-
ure 1A). A significant increase in the mRNA TSPO expression in GBM tumor samples was
also observed comparing the three different RNA data platforms available from the
TCGA-GBM database, as well as in the REMBRANDT and Gravendeel independent da-
tasets (p<0.001) (Supplementary Figure 1).

p<0.001

MRNA expression (log2)

mMRNA expression (log2)
mMRNA expression (log2)

Non-tumor GBM
(n=10) (n=528)
Histology

IDH-WT IDH-Mut Female Male
(n=372) (n=30) (n=203) (n=314)
IDH status Biological Sex

Figure 1: TSPO gene expression analysis in TCGA-GBM cohort. Patient GBM samples from the TCGA-GBM database,
using the platform Affymetrix HG-U133A, were analyzed using GlioVis. (A) mRNA expression levels in GBM samples
compared to tumor-free brain samples. (B) Expression levels of TSPO in GBM patients grouped by IDH status (IDH-WT
vs IDH-Mut). (C) TSPO expression levels between males and females with GBM. The number of patients (n) and p-value

of the pairwise comparisons using Tukey’s Honest Significant Difference test are indicated in each graph.
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Similarly, we also found higher gene expression of TSPO in IDH wild-type GBM sub-
type compared to IDH mutant GBM subtype in the TCGA-GBM dataset (p<0.001) (Figure
1B). Interestingly, no significant difference was observed when comparing females versus
males in the same GBM cohort (Figure 1C).

To investigate the association between TSPO mRNA expression and OS time in GBM
patients, we interrogated a series of independent datasets (the Chinese glioma genome
atlas (CGGA), TCGA-GBM using Affymetrix HG-U133A platform, and Gravendeel). We
stratified the GBM patients in each database based on their biological sex. We found a
statistically significant difference in the OS time for the entire population only in the
Gravendeel dataset (p=0.0024) (Figure 2). Interestingly, when GBM patients were strati-
fied by biological sex in the three analyzed databases, high TSPO gene expression was
associated with a significantly shorter median survival time only in the females, and not
in males (Figure 2).
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Figure 2: Kaplan-Meier survival curves of TSPO mRNA expression in GBM patients stratified by biological sex using the
CGGA, TCGA-GBM, and Gravendeel datasets. Overall survival analysis of GBM patients with a high or low expression
of TSPO, using the median as the cutoff value, was analyzed using the (A) CGGA database, (B) the TCGA-GBM Database
(Affymetrix HG-U133A platform), and (C) Gravendeel database, available at GlioVis data portal. Survival curves analysis
were stratified by biological sex, including the entire population (left panel), male population (middle panel), and the
female population (right panel) for the three independent databases. Genotype patient numbers and p-values are indi-

cated in each graph, and the median and statistical data are in Supplementary Table 1.
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3.2. Patients Characteristics in CCF and CWRU datasets

Based on the observations of increased TSPO mRNA in GBM patients and an associ-
ation to OS time in a sex-specific manner, we retrospectively analyzed a large dataset that
included 441 GBM patients from CCF. The patient's characteristics based on the TSPO
rs6971 polymorphism genotype are detailed in Table 1. In total, we identified 34 patients
with the homozygous wild-type A/A genotype, 175 patients with the heterozygous A/G
genotype, and 232 patients with the homozygous variant G/G genotype. There was a bor-
derline significant difference (p=0.056) in the mean age-at-diagnosis between the wild-
type A/A genotype (54 years old) and the variant G/G genotype (61 years old), or the het-
erozygous A/G genotype (61 years old). No significant difference was observed in the ra-
tio of males to females between the three different genotypes, maintaining a higher prev-
alence in males (67%) than in females (33%), regardless of the genotype. Strikingly, the
effect of the TSPO rs6971 polymorphism on OS time was statistically significant (p<0.001)
showing a median of 13 months for the variant G/G genotype patients or a median of 12
months for the heterozygous A/G genotype patients compared with a median of 25
months for wild-type A/A genotype patients. Furthermore, the TSPO rs6971 polymor-
phism was also significantly associated with the PFS time (p=0.003). The variant G/G and
the heterozygous A/G genotypes were associated with worse PFS times (7 and 5 months
respectively) when compared with the wild-type A/A genotype (9 months). This indicates
that the presence of only one mutated G allele is associated with a shorter OS and PFS
time in GBM patients. Patients were also stratified into those receiving surgery and stand-
ard of care treatment, Karnofsky Performance Score (KPS), and tumor recurrence, but no
significant association was found with any genotype.

As a validation cohort, we retrospectively analyzed the CWRU dataset that included
131 GBM patients. Table 2 details the patient's characteristics based on the TSPO rs6971
polymorphism genotype. Out of the 131 GBM patients included in CWRU database, we
identified 10 patients with the homozygous wild-type A/A genotype, 67 patients with the
heterozygous A/G genotype, and 54 patients with the homozygous variant G/G genotype.
There was no difference in the mean age-at-diagnosis between any of the genotypes; how-
ever, there was a significant difference (p=0.014) in the ratios of males to females between
genotypes. The variant G/G genotype was identified in 22% of females and 78% of males,
as compared with the heterozygous A/G genotype which is present in 43% of females and
57% of males, and the wild type A/A genotype identified in 60% of females and 40% of
males. No significant association was found between any genotype and the KPS score,
tumor recurrence, vital status, and the treatment received.

Table 1: Patient Characteristics by TSPO rs6971 polymorphism genotype from the CCF dataset

G/G A/G A/A
Characteristics Overalll variant  heterocygous wild type p-value?
N =44l N =2321 N=1751 N =341
Age at Diagnosis 61 (53,70) 61(53,70) 61(54,70) 54 (46,67)  0.056
Sex >0.9
Female 145 (33%) 76 (33%) 57 (33%) 12 (35%)
Male 296 (67%) 156 (67%) 118 (67%) 22 (65%)
Surgery 0.9
Gross Total Resection 152 (49%) 79 (49%) 59 (48%) 14 (48%)
Near Total Resection 73 (23%) 37 (23%) 31 (25%) 5 (17%)
Subtotal Resection 88 (28%) 46 (28%) 32 (26%) 10 (34%)

Unknown 128 70 53 5
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G/G A/G A/A
Characteristics Overall] variant  heterocygous wild type p-value?
N=adl N =2321 N =175! N =341

Standard of Care 03
No 66 (15%) 36 (16%) 28 (16%) 2 (5.9%)
Yes 375 (85%) 196 (84%) 147 (84%) 32 (94%)

KPS >0.9
<=70 62 (14%) 32 (14%) 25 (15%) 5 (15%)
70+ 370 (86%) 195 (86%) 147 (85%) 28 (85%)
Unknown 9 5 3 1

Overall Survival (Months) 14 (7,26) 13 (7,27) 12 (6, 20) 25 (16,52) <0.001

Vital Status 0.009
Alive 42 (9.6%) 31 (13%) 8 (4.6%) 3 (8.8%)
Deceased 397 (90%) 200 (87%) 166 (95%) 31 (91%)
Unknown 2 1 1 0

Progression Free Survival 6 (3, 12) 7 (3,13) 5(3, 10) 9 (4, 27) 0.003

Recurrence 0.5
No 114 (26%) 60 (26%) 48 (28%) 6 (18%)
Yes 323 (74%) 169 (74%) 126 (72%) 28 (82%)
Unknown 4 3 1 0

Median (IQR); n (%)

2Kruskal-Wallis rank-sum test; Pearson's Chi-squared test; Fisher's exact test

Note: Unknown demographic and clinical characteristics are included in the table but are not

assessed in statistical tests.

Table 2: Patient Characteristics by TSPO rs6971 polymorphism genotype from the CWRU dataset

Overall G/G, A/G, A/A,
Characteristic N=13 1; variant heterocygous  wild type p-value?
N =541 N =671 N =101
Age at Diagnosis 64 (55, 69) 64 (55, 70) 62 (56, 68) 62 (50, 71) 0.5
Sex 0.014
Female 47 (36%) 12 (22%) 29 (43%) 6 (60%)
Male 84 (64%) 42 (78%) 38 (57%) 4 (40%)
Surgery 0.7
Gross Total Resection 75 (59%) 33 (62%) 37 (57%) 5 (50%)
Subtotal Resection 53 (41%) 20 (38%) 28 (43%) 5 (50%)
Unknown 3 1 2 0
Standard of Care 0.7
No 45 (37%) 20 (39%) 21 (33%) 4 (44%)
Yes 78 (63%) 31 (61%) 42 (67%) 5 (56%)
Unknown 8 3 4 1
KPS 0.7
<=70 56 (60%) 23 (61%) 29 (62%) 4 (44%)
70+ 38 (40%) 15 (39%) 18 (38%) 5 (56%)
Unknown 37 16 20 1
Overall Survival (Months) 12 (5,21) 10 (5, 16) 13 (6, 22) 18 (9, 24) 0.4
Vital Status 0.7
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Overall G/G, A/G, A/A,
Characteristic N=13 1; variant heterocygous  wild type p-value?
N =541 N=67" N =10!
Alive 3 (2.3%) 2 (3.7%) 1 (1.5%) 0 (0%)
Deceased 128 (98%) 52 (96%) 66 (99%) 10 (100%)
Progression Free Survival 8 (4, 12) 6 (4, 10) 10 (5, 13) 9(5,17) 0.11
Unknown 57 22 32 3
Recurrence 0.6
No 56 (43%) 22 (41%) 31 (47%) 3 (30%)
Yes 74 (57%) 32 (59%) 35 (53%) 7 (70%)
Unknown ! 0 1 0
Median (IQR); n (%)

2Kruskal-Wallis rank-sum test; Fisher's exact test
Note: Unknown demographic and clinical characteristics are included in the table but are not
assessed in statistical tests

3.3 High Frequency of TSPO rs6971 polymorphism in the CCF and CWRU datasets

Out of the 441 GBM patients in the CCF dataset, 92% carry at least one mutated G
allele for the TSPO rs6971 polymorphism, with a global minor allele frequency (MAF) of
0.725. This TSPO SNP polymorphism exhibit a higher frequency in the GBM population
analyzed than the previously reported MAF of 0.3 in Caucasian populations [30]. We also
observed that out of the 131 GBM patients in the CWRU dataset, 92% of the GBM patients
carry at least one mutated G allele for the TSPO rs6971 polymorphism, with a MAF of
0.668. Table 3 shows the comparison between both datasets.

Table 3: Comparison between CCF and CWRU datasets for TSPO rs6971 polymorphism

Characteristic Overall CCF dataset CWRU dataset p-value®
N =572 N =411 N =131
Age at Diagnosis 62 (53, 70) 61 (53, 70) 64 (55, 69) 0.2
Sex 0.6
Female 197 (34%) 150 (33%) 47 (36%)
Male 385 (66%) 301 (67%) 84 (64%)
rs6971 SNP Status 0.056
G/G variant 286 (50%) 232 (53%) 54 (41%)
A/G heterocygous 242 (42%) 175 (40%) 67 (51%)
A/A wild type 44 (7.7%) 34 (7.7%) 10 (7.6%)
Unknown 10 10 0

Median (IQR); n (%)

2Wilcoxon rank-sum test; Pearson's Chi-squared test; Fisher's exact test

3.4. The TSPO rs6971 polymorphism is associated with worse overall survival in GBM patients
stratified by biological sex and treatment

Based on the initial differences observed, we evaluated the association of the TSPO
rs6971 polymorphism on the OS in GBM patients from the CCF cohort. In the overall pop-
ulation, a statistically significant difference was observed in the median survival time for
the variant G/G genotype patients (14.7 months) and the heterozygous A/G genotype pa-
tients (13.6 months), as compared with wild-type A/A genotype patients (25.3 months)
(p=0.00034; log-Rank-test) (Figure 3A). When patients were stratified by the biological sex,
the variant G/G genotype (14.3 months) and the heterozygous A/G genotype (13.8
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months) were associated with a significantly worse OS time only in males as compared
with the wild-type A/A genotype (29.9 months) (Figure 3A). This effect was not observed
in females (Figure 3A). We further stratified the patients by treatment, comprising those
who underwent surgical resection followed by the standard of care, and biological sex.
The OS time was significantly worse among those variant G/G genotype patients (20.9
months) and the heterozygous A/G patients (18.2 months) that received surgery and
standard of care, as compared with the wild-type A/A genotype patients (36.2 months)
that also received the same treatment (p=0.019; log-Rank-test) in the overall population.
This association was only significantly different in the male subgroup that received sur-
gery and standard of care treatment, where the variant G/G genotype patients (18.5
months) and the heterozygous A/G patients (18.8 months) exhibit a shorter OS time as
compared with the wild-type A/A genotype patients (51.3 months)(p=0.0024) (Figure 3B).
Again, this effect was not observed in the females who also received the same therapeutic
approach (Figure 3B). Similar trends were observed in the CWRU dataset (Supplementary
Figure 2A-B) however it was not statistically significant due to the cohort being under-
powered (only N=10 of the wild-type compared to N=54 of the variant).
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Figure 3: Overall survival (OS) curves in the carriers of the TSPO rs6971 polymorphism stratified by genotype, biological
sex, and treatment, using the CCF cohort. (A)- Overall survival probability curves in the entire population (left panel),
male subgroup (middle panel), and female subgroup (right panel) comparing the wild-type A/A, heterozygous A/G, and
variant G/G genotypes for the TSPO rs6971 polymorphism using the patient data from the CCF cohort. (B)- Overall sur-
vival curves stratifying by treatment (those who underwent surgical resection followed by standard of care treatment) in
the entire population (left panel), the male subgroup (middle panel), and the female subgroup (right panel) comparing
the wild-type A/A, heterozygous A/G, and variant G/G genotypes for the TSPO rs6971 polymorphism. Genotype patient

numbers and p-values are indicated in each graph, and the median and statistical data are in Supplementary Table 1.

In addition, we analyzed a third independent cohort using the TCGA-GBM database
and found a borderline significant difference (p= 0.08; log-Rank-test) in the median sur-
vival time only in males, for the variant G/G genotype patients (12.5 months) and the het-
erozygous A/G genotype patients (12 months), as compared with the wild-type A/A gen-
otype patients (13.5 months). This effect was not observed in females (Supplementary Fig-
ure 3). There was no significant association of the TSPO rs6971 polymorphism with the
OS time in the overall population for any of the three genotypes (Supplementary Figure
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3). We could not stratify patients based on the treatment received due to a lack of clinical
information in the database.

3.5. The TSPO rs6971 polymorphism is associated with worse progression-free survival in
GBM patients stratified by biological sex and treatment

We further defined the association of TSPO rs6971 polymorphism on the overall re-
currence probability or PFS of GBM patients, in the CCF cohort. Patients with the variant
G/G genotype or the heterozygous A/G genotype for the rs6971 SNP exhibit a significantly
worse PFS time in the overall population (8.1 months and 7.1 months respectively) as
compared with the wild-type A/A genotype (11.8 months) (p=0.015) (Figure 4A). This dif-
ference was even more significant only in males (p=0.0076) as compared with females
(p=0.055) (Figure 4A). When patients were also stratified by treatment received, the PFS
time was significantly worse in males (p=0.015) among those variant G/G genotype pa-
tients or the A/G genotype patients (10.5 months and 8.6 months, respectively), as com-
pared with the wild-type A/A genotype patients (25.7 months), that also received the same
treatment (Figure 4B). This association was not significant in the overall population nor in
females who also received the same therapeutic approach (Figure 4B).
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Figure 4: Progression-free survival (PFS) curves in the carriers of TSPO rs6971 polymorphism stratified by genotype, bio-
logical sex, and treatment, using the CCF cohort. (A)- Overall recurrence probability curves in the entire population (left
panel), male subgroup (middle panel), and female subgroup (right panel) comparing the wild-type A/A, heterozygous
A/G, and variant G/G genotypes for the TSPO rs6971 polymorphism using patient data from the CCF cohort. (B)- Overall
recurrence probability curves stratifying by treatment (those who underwent surgical resection followed by standard of
care treatment) in the entire population (left panel), the male subgroup (middle panel), and the female subgroup (right
panel), comparing the wild-type A/A, heterozygous A/G, and variant G/G genotypes for the TSPO rs6971 polymorphism.
Genotype patient numbers and p-values are indicated in each graph, and the median and statistical data are in Supple-

mentary Table 1.

In the CWRU dataset, we also observed a similar trend to the CCF dataset (Supple-
mentary Figure 4A) that was not statistically significant due to underpower (only N=10 of
the wild-type compared to N=54 of the variant). When patients were further stratified by
treatment received, the PFS time was worst only in the overall population (p=0.018)


https://doi.org/10.20944/preprints202108.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 August 2021 d0i:10.20944/preprints202108.0135.v1

among those variant G/G genotype patients that received surgery and standard of care
(5.8 months), as compared with the wild type A/A genotype patients (8.5 months), or the
heterozygous A/G genotype patients (11.1 months) that also received the same treatment
(Supplementary Figure 4B). This significant difference was not observed when patients
were stratified by biological sex. We could not analyze the PFS time in the TCGA database,
due to the lack of clinical information in the database.

4. Discussion

In this study, global TSPO gene expression was analyzed in publicly available inde-
pendent datasets where we observed a statistically significant worse survival time only in
female GBM patients with high TSPO gene expression. These results showed an associa-
tion of TSPO with biological sex-specific mechanisms in GBM clinical outcomes. This
prompted us to perform genotyping of the most frequent TSPO polymorphism- rs6971 -
in GBM patient samples stratified by sex, using a large cohort from the Cleveland Clinic.
We show statistically significantly worse survival time in male carriers of at least one var-
iant G allele in the TSPO rs6971 SNP, as compared with the carriers of the A/A wild-type
genotype. In addition, the rs6971 G/G variant genotype and A/G heterozygous genotype
carriers also show a significantly worse recurrence-free survival time among male GBM
patients as compared with the carriers of A/A wild-type genotype. This indicates that the
presence of only one mutated G allele in the TSPO rs6971 polymorphism could be suffi-
cient to predict a shorter survival time in male GBM patients. We also used two independ-
ent GBM patients cohorts to validate our results and although the OS and PFS analysis
did not show statistically significant association with the TSPO SNP, we observed that the
rs6971 wild type A/A genotype carriers have a better survival time only in GBM male
patients as compared with the carriers of at least one G allele, showing a similar trend to
the CCF cohort.

The CCF dataset is a carefully curated cohort from a single institution based on the
clinical characteristics where all the patients completed the cycles of the standard treat-
ment. The CWRU dataset comprised fewer patients compared to the primary cohort (CCF
dataset), and among these only 10 patients exhibit the wild-type A/A genotype. Moreover,
these numbers get even smaller when stratifying the patients by the biological sex and
treatment received, which drives the statistical power down. The TCGA dataset is an older
cohort where the data were collected from multiple institutions all over the world to reach
their accrual targets (usually around 500 specimens per cancer type). This dataset is ex-
tremely heterogenous and was acquired as part of routine care and not as part of a con-
trolled research study or clinical trial. The clinical survival endpoint analyses in the TCGA
dataset are approximate, because of the lack of absolute verification of the cause of death,
and relatively short and uniformly clinical follow-up records. All these differences among
the different cohorts analyzed can explain the statistical limitations found in this study for
the CWRU and the TCGA-GBM datasets [43]. To the best of our knowledge, this study is
the first to evaluate the effect of TSPO genetic polymorphisms on mortality among pa-
tients with GBM in a sex-specific context.

From all the genetic variants reported in the TSPO gene, only two, rs6971 and rs6972,
reach a frequency of about 30% in the Caucasian population, with a global MAF reported
of 0.30, whereas all other SNPs were very rare [30]. In the CCF dataset, the TSPO rs6971
SNP reach a frequency of 0.725, which may indicate that in the GBM patient population,
the most common allele for the TSPO rs6971 SNP is the mutated one, and may have an
important role in the pathogenesis of GBM.

The variant allele of the TSPO rs6971 has been associated with reduced cholesterol
entry into mitochondria, consequently blunting the production of steroid precursors [29,
44, 45]. The Alal47Thr allelic variant has been indicated to possibly affect the synthesis of
the neurosteroid pregnenolone in lymphomonocytes [46]. Because steroid molecules are
involved in several biological functions, this TSPO polymorphism could be associated
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with the susceptibility to or protection against diseases that have been associated with a
decreased or increased production of steroids.

Interestingly, in all the cohorts evaluated, the prevalence of GBM is higher in males
than in females corroborating the reported sex differences in the incidence of GBM [1].
Furthermore, our results in differential survival times among male and female carriers of
distinct germline variants in the TSPO gene support the role of gender-specific molecular
patterns in GBM. Current epidemiological data indicate that the male to female incidence
ratio for GBM is 1.6:1 in the United States [1]. Several studies suggest that patient out-
comes also differ between males and females in the adult GBM patient population [47,
48]. It is evident that biological sex differences are inherent drivers of GBM incidence and
survival; therefore, the elucidation of biological sex-specific mechanisms in GBM has the
potential to improve patient outcomes and develop more personalized GBM therapies.

Elevated TSPO expression is a hallmark of gliosis (microglia and astrocytes), which

has led to the use of TSPO as a robust marker for brain injury and neuroinflammation
[13, 14], using both ex vivo and in vivo imaging methods. TSPO-PET imaging is increas-
ingly being used in neuro-oncology, especially in glioma patients, and has been shown
to be a useful tool for assessing tumor progression at follow-up [21, 49]. Moreover, sev-
eral reports have found a positive correlation between tumor grade and TSPO expres-
sion, with the highest expression observed in GBM [39, 40]. However, little is known
about the functional role of TSPO in GBM pathophysiology. Furthermore, the inflamma-
tory tumor microenvironment in GBM influenced by the presence of numerous infiltra-
tive inflammatory cells, mainly microglia and tumor-associated macrophages, plays a
central role in tumor proliferation, invasion, and immunosuppression. TSPO is also over-
expressed in activated microglia and macrophages in the surrounding areas of GBM [42]
and could play an immunomodulatory role in the GBM microenvironment, although
more studies are required to assess the specific mechanisms.

Several reports indicate that TSPO impacts the cell bioenergetic profile by modulat-
ing ATP production, supporting a pro-proliferative role of TSPO in GBM [50-53]. In con-
trast, other authors support an anti-proliferative role of TSPO, showing that TSPO knock-
down and TSPO ligands promote cell proliferation and migration due to a decrease in
apoptosis [54-56]. Studies indicate that TSPO is involved in the regulation of cell death,
however, the exact mechanism and to what extent TSPO regulates the resistance of GBM
cells to apoptosis is not known. This contradictory evidence may be due to context-de-
pendent factors that may influence the role of TSPO in GBM. This may include differences
in cell lines, species, experimental conditions, and signaling pathways. Moreover, TSPO
ligand effects are concentration-, and tissue-specific [57, 58]. It is important to note that
these biological studies have lacked either analysis of or incorporation of TSPO polymor-
phic genotypes in the study design. Based on the results shown here it may be plausible
to conclude that the differences observed between studies may be due to varying influ-
ences/presence of TSPO polymorphisms in the study samples.

In addition, the large inter-individual variability found in TSPO-PET brain signal in
several clinical trials may be explained by the presence of the genetic polymorphisms in
the TSPO gene, which affects the binding affinity patterns among different TSPO radiolig-
ands [30, 37]. While there is some evidence that TSPO genetic polymorphisms, specifically
the rs6971 SNP, may be associated with certain psychiatric disorders such as bipolar and
panic disorders [34, 59], it is not yet known whether TSPO polymorphisms may have clin-
ical implications in the detection and treatment of GBM patients. Further studies will be
required to examine these effects in greater detail.

Our findings provide evidence that the status of the TSPO polymorphic variant may
be useful in predicting GBM patient outcomes in a sex-specific manner. This remains to
be validated in a larger curated cohort. In an underpowered cohort, we observed the ex-
pected trends seen in this study. Unfortunately, due to the rarity of GBM, this cohort was
unpowered to fully validate our initial findings in the CCF cohort. Additional in vitro and
in vivo studies are warranted to fully assess the role of TSPO polymorphisms in GBM with
a specific focus on biological sex differences, but these studies are beyond the scope of this
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paper. Further studies are required to understand the exact mechanisms and signaling
pathways involved in the regulation of GBM malignancy by the different TSPO genetic
variants. There is evidence that steroid hormone receptors are expressed in GBM [60] and
the inhibition of such receptors can promote GBM cell death in vivo and in vitro [61-63]. It
is interesting to postulate that the association of TSPO genetic polymorphisms with ster-
oid hormonal pathways may play a role in GBM development and/or progression, partic-
ularly in a sex-dependent manner.

5. Conclusions

Taken together, our data provide evidence suggesting that the TSPO rs6971 gene var-
iant may be a useful indicator of survival time in GBM patients, with the presence sug-
gesting a poorer survival outlook in male patients. This is the first study that reveals the
potential for a biological sex-specific relation between rs6971 TSPO polymorphism and
GBM clinical outcome. These results, taken together with other studies, provide evidence
that TSPO may play a significant role in GBM pathogenesis. Moreover, our results suggest
that Alal47Thr TSPO gene polymorphism has the potential to be useful as a prognostic
marker of OS and PFS in GBM patients. Future studies will focus on independent valida-
tion of these sex-based results and the potential of TSPO rs6971 polymorphism to be used
as a prognostic biomarker for GBM.
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