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Abstract
Background  Corticosteroid is commonly used before surgery to control cerebral oedema in brain tumours and is frequently 
continued throughout treatment. Its long-term effect of on the recurrence of WHO-Grade 4 astrocytoma remains controversial. 
The interaction between corticosteroid, SRC-1 gene and cytotoxic T-cells has never been investigated.
Methods  A retrospective cohort of 36 patients with WHO-Grade 4 astrocytoma were examined for CD8 + T-cell and SRC-1 
gene expressions through IHC and qRT-PCR. The impact of corticosteroid on CD8+T-cells infiltration, SRC-1 expression, 
and tumour recurrence was analyzed.
Results  The mean patients age was 47-years, with a male to female ratio 1.2. About 78% [n = 28] of the cases showed 
reduced or no CD8+T-cell expression while 22% [n = 8] of cases have showed medium to high CD8+T-cell expression. 
SRC-1 gene was upregulated in 5 cases [14%] and 31 cases [86%] showed SRC-1 downregulation. The average of total days 
and doses of administered corticosteroid from the preoperative period to the postoperative period was at range of 14–106 
days and 41–5028 mg, respectively. There was no significant statistical difference in RFI among tumours expressing high 
or low CD8+T-cells when corticosteroid was administered in recommended or exceeded doses [p-value = 0.640]. There was 
a significant statistical difference in RFI between CD8+T-Cell expression and SRC-1 gene dysregulation [p-value = 002]. 
Tumours with high CD8+T T-cell expression and SRC-1 gene downregulation had late recurrence.
Conclusions  Corticosteroid treatment can directly affect the SRC-1 gene regulation but does not directly influence cytotoxic 
T-cells infiltration or tumor progression. However, SRC-1 gene downregulation can facilitate late tumor recurrence.

Keywords  WHO Grade 4 Astrocytoma · Corticosteroid · CD8 · T-cells · SRC-1

Introduction

The 5th edition of World Health Organization [WHO] of 
Central Nervous System [CNS] and European Association 
of Neuro-oncology [EANO] has subclassified WHO-Grade 
4 astrocytoma into IDH-mutant and IDH-wildtype cate-
gories. Specifically, IDH-wildtype astrocytoma has been 
identified as a glioblastoma [1, 2]. Treating patients with 
WHO-Grade 4 astrocytoma is a challenging task, given the 
median survival rate of the disease of about 14–15 months 
even with surgical resection and combined radiotherapy 
and chemotherapy, attending sometimes the survival of 

18 months and rarely up to two years [3–6]. The progres-
sion of the disease is influenced by several factors such as 
patient age, extent of resection, co-morbidities, and IDH 
mutational status, all of which have been demonstrated to 
affect the outcome [1]. One of the recently investigated 
factors is the administration of corticosteroid in glioma 
patients during adjuvant therapies. Because steroid par-
ticles may reach tumour microenvironment, the impact 
of these molecules on tumour infiltrating lymphocytes, 
mainly Cytotoxic T-cells, and other gene receptors has 
not been fully explored.

Dexamethasone [DEX] is a potent synthetic corticos-
teroid that is commonly used to treat vasogenic edema 
in patients with brain tumours. However, its effect on 
survival has not been investigated in clinical randomized Extended author information available on the last page of the article
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trials [7, 8]. In 1952, The use of corticosteroids to treat 
cerebral edema in patients with brain tumours was first ini-
tiated by Ingraham. In 1957, Kofman utilized prednisone 
to treat peritumoral edema in brain metastases [9]. Preop-
erative corticosteroid treatment usually relief symptoms of 
cerebral edema within 48 h [10]. It is commonly adminis-
tered after surgery and prior to initiating radiotherapy in 
individuals whose tumors exhibit a substantial mass effect. 
DEX has a minimal mineralocorticoid activity, long half-
life, and high potency. Despite its common use in clinical 
practice, few guidelines have set out the requirements and 
the optimal dose of corticosteroid treatment in patients 
with brain tumour. For patients experiencing symptoms, 
it is recommended to administer a maximum daily dose of 
16 mg corticosteroid, divided into four equal doses, fol-
lowing surgery [11–13]. Two reviews have recommended 
an initial loading dose of 10–20 mg DEX when a patient 
presents with acute symptoms caused by a brain tumour 
followed by maintenance dosing with DEX in divided 
doses up to 16 mg daily [14, 15]. Patients should be care-
fully monitored for endocrine, muscle, gastrointestinal, 
psychiatric, and hematologic complications. As the glu-
cocorticoid receptor binding site is present in the BAFF 
(B-cell activating factor) promoter region, but not in the 
APRIL promoter region, it is advised to detect BAFF lev-
els at an early stage. Nonetheless, administering a combi-
nation of corticosteroids and vitamin D3 could potentially 
reduce APRIL serum levels [16]. DEX should therefore 
be tapered down once symptoms begin to improve and 
before radiotherapy starts. Some studies have recom-
mended tapering when a dose equivalent to 16–20 mg of 
DEX daily is attained [17]. Patients who have high-grade 
glioma, are symptomatic, or have poor life expectancy 
can also be continued on DEX [0.5–1.0 mg] daily after 
radiotherapy. It is also recommended that DEX being dis-
continued before starting adjuvant chemotherapy however, 
this decision is determined by the treating physician [18].

The impact of corticosteroids on cellular growth in gli-
oma models and patient survival remains a controversial 
topic. The experimental evidence is limited and insufficient 
to draw conclusive results. Shield et al. reviewed 73 glio-
blastoma patients who received radiotherapy and chemo-
therapy with DEX, and they found that using DEX during 
adjuvant therapies have been correlated with poor overall 
survival [OS] [19]. Furthermore, there are scattered reports 
suggesting that DEX dependency during radiotherapy can 
be an independent poor predictor of survival in glioblastoma 
[20, 21]. According to Watnie et al.‘s findings, patients who 
required corticosteroids after surgery had a 1.9 times greater 
risk of death compared to patients who did not require ster-
oids following their operation [21]. It was found that corti-
costeroid use during radiotherapy is an independent indica-
tor of shorter OS [9, 22]. Studies also revealed that patients 

who did not receive DEX at the beginning of radiotherapy 
had a median survival of 20 months, while patients who 
were on DEX had a survival time of 13 months [9, 22].

The exact mechanism by which steroids reduce peritu-
moral edema is not fully understood. However, it is believed 
that DEX possesses anti-inflammatory properties that can 
inhibit T-cells in the microenvironment. This inhibition may 
prevent the evolution of tumour-associated macrophages 
[TAMs] into tumour cells [23]. It is also not clear whether 
DEX impacts the effectiveness of DNA-damaging therapy 
for WHO-Grade 4 astrocytoma [24]. Studies examining the 
relationship between T-cell infiltration and prognosis in 
glioblastoma have yielded conflicting results. While some 
studies indicated that there was a correlation between T-cells 
and the survival of glioblastoma patients, others did not 
support this association. The accumulation of CD8 cyto-
toxic T-cells in the glioma microenvironment may lead to 
faster eradication of tumour cells [25–28]. Mouldine et al. 
considered CD8 cytotoxic T-cells as independent predictor 
of OS in patients with glioblastoma. This mechanism may 
not work all the time considering the relationship between 
TILs and TAMs. Kurdi at al found that when TAMs enclose 
tumour cells, they prevent cytotoxic T-cell to identify and 
supress tumour cells [29]. This may cause tumour cells evo-
lution. The regulation of CD8 cytotoxic T-cells infiltrating 
the microenvironment has not been previously explained. 
However, other unknown factors may downregulate cyto-
toxic T-cells. The association between T-cell regulation 
and corticosteroid treatment in patients with WHO-Grade 
4 astrocytoma has not yet been investigated, although the 
cellular immune response in relation with glucocorticoids, 
often suppressive action of glucocorticoids, was signaled 
in literature [30, 31]. It is still unclear whether the injected 
DEX targets a specific gene receptor in the glioma microen-
vironment, and it is also uncertain if the cells in the micro-
environment are affected uniformly.

One of the common genes associated with steroid 
interaction is steroid receptor coactivator [SRC]. SRC is 
a one of p160 steroid receptor gene family that contains 
three major members, namely SRC-1, SRC-2, and SRC-3 
[32]. The identification of SRC-1 was initially based on 
its ability to increase transcriptional activity of receptors 
located at nuclear membrane. SRC-2 and SRC-3 were 
subsequently discovered due to their frequent amplifica-
tion in breast and ovarian cancers and their homology to 
SRC-1. The SRC-1 protein has a size of approximately 
160 kDa and regulates the ligand-dependent transactiva-
tion of several nuclear receptors such as estrogen, andro-
gen, and thyroid receptors [33, 34] (Fig. 1). Its intracel-
lular ubiquitination regulates the termination of hormone 
action. SRC-1 has been explored in the brain tissue, and 
mainly located in the ventromedial nucleus of the thala-
mus and hippocampus [35, 36]. Its normal physiological 
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role in brain development, memory and learning has been 
reported [37]. SRC-1 has been found in high-levels in the 
brain compared to SRC-2 and SRC-3 [35, 38]. In the adult 
mouse brain, SRC-1 mRNA was upregulated in many sub-
cortical structures in the brain [39].

Additionally, the detection of SRC-1 expression in 
astrocytic tumors provides further evidence for the pres-
ence of SRC-1 in glial cells [40]. Its expression in astrocy-
tomas indicates the potential role of SRC-1 in progression 
of astrocytomas. Nevertheless, SRC-2 and SRC-3 were 
also discovered to be highly expressed in astrocytic tumors 
[41]. The association between corticosteroid treatment 
given for patients with brain tumour and SRC-1 has not 
ever been discussed in the literature.

Our current study investigated the impact of corticoster-
oid injections on the function of cytotoxic T-cells and the 
regulation of the SRC-1 gene in the microenvironment of 
WHO-Grade 4 astrocytoma, as well as the impact of this 
relationship on tumor recurrence.

Materials and methods

Patients selection

The use of patient samples in this research study has been 
authorized by the Biomedical Ethics Committee at King 
Faisal Specialist Hospital and Research Center [CA-2020-
06] and King Abdulaziz University [HA-02-J-008]. Our 
study included 36 patients diagnosed histologically with 
WHO-Grade 4 astrocytoma after complete surgical resec-
tion, in the period between 2016 and 2018 (Table 1). The 
histological diagnosis has been revisited by a certified neu-
ropathologist [MK/AK], based on 2021-WHO classifica-
tion of CNS tumours [1, 29]. All tumours showed tissue 
necrosis and microvascular proliferation.

Patients’ data were obtained from hospital records and 
included patient’s age at diagnosis, gender, location of 
tumour, IDH1R132H mutation status, treatment plan, and 
recurrence-free interval [RFI] (Table 1). The RFI was esti-
mated from the beginning of the complete surgical resec-
tion to the first day of tumour recurrence.

Patients presented with peritumoral vasogenic edema 
were treated with corticosteroid, dexamethasone [DEX], 

Fig. 1   Schematic illustration of the transcriptional regulation and 
synthesis of SRC-1 gene. After transcription, mRNA is matured 
through rough endoplasmic reticulum and translocated in the cell 
nuclei to co-activate the targeted receptor in the nucleus. To regu-
late the gene transcription, SRC-1 transcriptional complex is formed 
to contains the cAMP response element binding protein [CREB]-

binding protein [CBP], p300, and the p300/CBP-associated factor 
[p/CAF] as well as protein arginin methyltransferases 1 [PRMT1]. 
To stop its function, SRC-1 translocates to the proteasomes and gets 
degraded by ubiquitination. The degradation of SRC-1 can be termi-
nated by MG132.
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prior to surgery at rate between 3 and 16 mg daily. All 
patients were treated with radiotherapy, and some of them 
were selected to have adjuvant chemotherapy. A total 
dose of 60  Gy was administered during radiotherapy, 
and the post-surgical chemotherapy regimen adhered to 
the Stupp protocol [5]. Temozolomide [TMZ] was given 
at rate of 150–200 mg/m2 for five days for 6–12 cycles. 
The patients were clustered into two groups, based on 
the total dose and days of administered steroid. The total 

dose of administered steroid was calculated as “preop-
erative dose + postoperative dose” along therapy course. 
The usual rate of administered DEX before surgery was 
16 mg per day and for 3–5 days. DEX has been tapered 
down when symptoms began to improve and before radio-
therapy started. Symptomatic patients after radiotherapy 
or who had a poor life expectancy have been maintained 
on a 0.5–1.0 mg dose of DEX daily after diagnosis, which 
was totally considered for 4–6 weeks. Some symptomatic 

Table 1   Biological data of the 36 tumour cases enrolled in our study. IDH: Isocitrate dehydrogenase; SRC-1: Steroid Receptor coactivator-1; 
TDOS: Total dose of administered steroid; TDS: Total days of administered steroid; RFI: Recurrence free-interval

IDH Isocitrate dehydrogenase, SRC-1 Steroid Receptor coactivator-1, TDOS Total dose of administered steroid, TDS Total days of administered 
steroid, RFI Recurrence free-interval

Age Sex IDH Status CD8 T-cell SRC-1 Expression TDOS TDS Chemotherapy RFI

14 F IDH-mutant No expression Upregulated 3260.5 381 TMZ + 149
60 F IDH-mutant No expression Upregulated 1187 158 TMZ 163
52 F IDH-wildtype Low Eepression Upregulated 2631 171 None 177
31 M IDH-mutant No expression Upregulated 441 105 TMZ 361
21 M IDH-mutant Medium expression Upregulated 424 53 TMZ 322
31 M IDH-mutant Low expression Downregulated 3812.1 745 TMZ + 684
34 F IDH-mutant Medium expression Downregulated 5028 508 TMZ 651
58 M IDH-mutant No expression Downregulated 3389 382 TMZ 213
66 F IDH-mutant Medium expression Downregulated 1524.2 1065 TMZ 623
43 M IDH-wildtype Low expression Downregulated 2042 250 TMZ 475
44 F IDH-wildtype Medium expression Downregulated 1763.5 235 TMZ 302
69 F IDH-wildtype Medium expression Downregulated 1211 238 TMZ 534
25 M IDH-mutant High expression Downregulated 1890 233 TMZ 639
85 M IDH-wildtype High expression Downregulated 1124.6 229 TMZ 850
47 M IDH-wildtype Medium expression Downregulated 800 203 TMZ 747
55 M IDH-mutant Low expression Downregulated 672 192 TMZ + 481
61 F IDH-mutant Low expression Downregulated 848 170 TMZ 552
46 M IDH-wildtype Low expression Downregulated 1140.8 167 TMZ 171
29 M IDH-mutant Low expression Downregulated 1352.9 163 TMZ 229
64 M IDH-wildtype Low expression Downregulated 1118 130 TMZ 372
45 M IDH-mutant Low expression Downregulated 911 106 TMZ + 176
28 M IDH-mutant Low expression Downregulated 1063.5 99 TMZ 357
27 F IDH-mutant Low expression Downregulated 565.2 96 TMZ 372
59 F IDH-mutant Low expression Downregulated 753 91 TMZ + 534
29 F IDH-mutant Low expression Downregulated 762 60 TMZ 548
54 M IDH-wildtype Low expression Downregulated 178 51 TMZ 33
56 F IDH-wildtype Low expression Downregulated 1158 148 TMZ 485
35 F IDH-wildtype Low expression Downregulated 212.3 59 TMZ 723
83 M IDH-wildtype Low Expression Downregulated 410.4 38 None 217
51 M IDH-wildtype Low Expression Downregulated 266.8 59 None 135
55 M IDH-wildtype Low Expression Downregulated 215.6 43 None 604
64 F IDH-wildtype Low Expression Downregulated 246.4 41 TMZ 191
60 F IDH-wildtype No Expression Downregulated 41 34 TMZ 186
38 M IDH-mutant Low Expression Downregulated 295.5 37 TMZ 261
57 Male IDH-wildtype Low Expression Downregulated 204 14 TMZ + 311
41 Male IDH-wildtype Low Expression Downregulated 445 36 TMZ 270
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patients continued using steroid along the chemotherapy 
cycle, up to two years. In our study, we clustered the 
patients into two groups based on recommended dose 
of the administered steroid that should be given to the 
patients before or after the surgery. The cutoff value for 
the total dose and days of steroid was calculated as the 
following:

•	 For the doses of steroid [Preop: 50  mg; Postop: 
600 mg; Total [pre + post]: 800 mg.

•	 Preop: Group 1 [≤ 50] 22 patients (61.1%); Group 2 
[> 50] 14 patients (38.9%).

•	 Postop: Group 1 [≤ 600] 14 patients (38.9%); Group 2 
[> 600] 22 patients (61.1%).

•	 Total: Group 1 [≤ 800] 17 patients (74.92%); Group 2 
[> 800] 19 patients (52.8%).

•	 For the total days of steroid cutoff [Preop: 5 days; 
Postop: 50 days, Total: 60 days].

Tissue processing

A 4 μm thick section and tissue rolls were cut from forma-
lin-fixed paraffin-embedded [FFPE] blocks of 36 tumours. 
The thick section slides were used to process the immuno-
histochemistry [IHC] for anti-CD8 antibody, and the tissue 
rolls were utilized for RNA extraction to evaluate SRC-1 
gene expression by using Real Time-Polymerase Chain 
Reaction [RT-PCR].

Immunohistochemistry [IHC] for anti‑CD8 antibody

Anti-CD8 antibody [Rabbit monoclonal, SP16 Clone, 
ThermoFisher Scientific Invitrogen, Cat# MA514548] 
directed against human antibody has been used in IHC for 
36 unstained slides. The Ultra-View Detection Kit from Ven-
tana was used for the assay, and it was processed in the GX 
Ventana automated stainer [Tuscon, AZ, USA]. The protocol 
involved deparaffinization with EZ Prep at 75 °C, heat pre-
treatment in a cellular medium for 60 min, followed by incu-
bation at an optimal temperature of 37 °C for 20 min. The 
antibody was dilute to 1:100. After the mentioned assay, the 
slides underwent counterstaining with Hematoxylin II and 
bluing reagent for 30 min, and a section of normal tonsillar 
tissue was used as a positive control.

The Anti-CD8 antibody is used to stain the tumor-infil-
trating lymphocytes [TILs], specifically the CD8 cytotoxic 
T-cell, in the microenvironment of astrocytoma. Using light 
microscopy, each section was initially screened at low mag-
nification [x10], and subsequently, two focal non-necrotic 
areas with anti-CD8 expression were selected for further 
examination at a higher magnification field [x25]. Cells 
expressing anti-CD8 was considered as CD8 T-cells positive 

while the total cells was defined as cells with both expressed 
CD8+T-cell and non-stained cells. In each selected area, the 
labelling index [LI] of CD8+T-cell expression was assessed 
through the following equation:

The average count of two examined areas was taken by 
the following equation: [Area (1) %Area (2) %] divided by 
2. This protocol is typical to the protocol used by Mauldin 
et al. [25]. Four staining patterns were defined: no expres-
sion [0%], low expression [< 30%], medium expression 
[30–50%], and high expression [> 50%] (Fig. 2a–d)

RNA extraction

RNA was extracted from 36 tumour samples and two con-
trols. The extraction used the RNeasy FFPE Kit [QIA-
GEN 73,504] according to manufacturer’s protocol. All 
centrifugation steps were performed at 8000 g for 15 s at 
room temperature, unless otherwise stated. Briefly, each 
FFPE sample was transferred to an Eppendorf, RNase-
free, 1.5mL tube and deparaffinized after vertexing for 
30 s with 1mL of 99% m-Xylene [Sigma-Aldrich 18,556]. 
Samples were centrifuged at 17,000 g for 2 min to pellet 
the samples and the supernatant was discarded. The pellet 
was washed with 1mL ethanol [100%] and centrifuged at 
17,000 g for 2 min; to ensure the samples are completely 
clean of m-Xylene, the ethanol-washing step was repeated 
twice. The ethanol was dried off the samples in a 37 °C 
dry bath for 10 min with the lid open. 150µL Buffer PKD 
was mixed thoroughly with the pellet and followed with 
10µL Proteinase K. Samples were incubated at 56 °C for 
15 min; followed by incubation at 80 °C for 15 min and 
3 min on ice. The tubes were centrifuged at 18,000 g for 
15 min to pellet insoluble tissue debris and the supernatant 
was transferred to a clean, RNase-free 1.5mL tube. The 
supernatant was mixed with 16µL DNase Buffer followed 
by 10µL DNase; the DNase was mixed gently by pipetting 
and left to incubate for 15 min at room temperature. 320µL 
Buffer RBC was vortexed with the sample and 720µL 
500µL ethanol [100%] was added and mixed by pipetting. 
700µL of the lysate-ethanol mixture was transferred to a 
spin column and centrifuged. The flow-through in the col-
lection tube was discarded in an appropriate waste con-
tainer and the spin column was replaced in the collection 
tube. The remaining lysate-ethanol mixture was added to 
the spin column, centrifuged, and the flow-through was 
discarded. 500µL of Buffer RPE was added to the spin col-
umn, centrifuged, and flow-through was discarded. Wash-
ing with Buffer RPE was repeated, then the spin column 
was placed in a new collection tube and centrifuged empty 

Labelling Index [%] =

[
(

CD8+ T − cells
)

(Total cells)
× 100

]

.
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with the lid open at 17,000 for 5 min. The dry spin col-
umn was transferred to an RNase-free 1.5mL tube. 20µL 
of RNase-Free Water was added centrifuged for 1 min at 
17,000 g. 1µL of the sample was used from the RNA-con-
taining eluates for spectrophotometric analysis. The rest 
of the eluate [~ 19µL] was stored immediately at − 20°.

Complementary DNA [cDNA] synthesis

cDNA was synthesized using the High-Capacity cDNA 
Reverse Transcription Kit [Applied Biosystems™, 
4,368,814] according to manufacturer’s protocol. Briefly, 
a master mix was prepared with 1µL RT Buffer, 0.4µL 
dNTP Mix [100mM], 1µL RT Random Primers, and 1µL 
MultiScribe™ Reverse Transcriptase was mixed with 
70ng of RNA, and the final volume was adjusted to 10µL 
with RNase-free water. For samples whose concentration 
was < 10ng/µL, the maximum volume of RNA was added 
[7.1µL]. After cDNA synthesis, 170µL RNase-free water 
was added.

Gene sequencing using RT‑PCR

The PCR primers for the experimental targeting gene [SRC-
1] and one reference gene, Glyceraldehyde-3-Phosphate 
Dehydrogenase [GAPDH], were pre-designed [PCR-CDA-
HAS-SRC-11]. The following primer sequence for SRC-1 
was used: Forward 5′-GAG​ACC​ACG​AAA​GGT​GCC​TAC-3′ 
and Revers 5′- CCC​TTG​GCG​TTG​TCG​AAG​TC − 3 (Ampli-
con 56).

Real-time PCR was performed using the EverGreen 
Universal qPCR Master Mix [Haven Scientific, PCR5505], 
according to manufacturer’s protocol in triplicate reactions. 
Briefly, 4.9µL of the resulting cDNA was mixed with 5µL 
of the EverGreen master mix and the appropriate volume of 
each oligo for a final PCR reaction volume of 10µL, and final 
reaction volumes was in the 0.2mL qPCR 96-Well Plate, 
Semi-Skirted plates from Haven Scientific [PCR-SSP-02]. 
Plates were sealed with the Real-Time PCR Optical Adhe-
sive Seal from Haven Scientific [PCR-OS-0011]. The plates 
were run on the QuantStudio3 system using the following 
protocol: 3 min at 95 °C, followed by 40 cycles of 95 °C 
for 15 s then 60 °C for 60 s [data collection]. To eliminate 

inter-run variabilities, all assays for a given sample were run 
on the same plate.

For the analysis, three replicates of threshold cycle [CT] 
values were considered for both targeting gene and reference 
gene. The mean CT and standard deviation for the reference 
[GAPDH] and target [SRC-1] genes were calculated from 
the RT-PCR data and analyzed by ∆∆CT and ∆CT methods. 
Using the Step One System and Data Assist software, the 
average CT for both the control and tested genes were calcu-
lated from the generated RT-PCR data. Subsequently, the CT 
of the target gene was normalized to the CT of the reference 
gene. The ∆CT of the test sample was then normalized to 
the ∆CT of the control sample, and based on this informa-
tion, the relative quantification [Rq] and differential expres-
sion [fold change, FC] were calculated [1]. ΔCT for Ctrl or 
test = CT target gene – CT reference gene, [2] ΔΔCT = ΔCT 
test sample – ΔCT control sample, [3] Relative quantification 
[Rq] = 2 −∆∆CT = value. The fold change [differential expres-
sion] was also calculated. ΔCT values for each sample were 
determined using: ΔCT = [mean CT reference gene – mean 
CT target gene. The results of gene expression are illustrated 
in (Table 1).

Statistical analysis

Our statistical analysis was performed to explore the effect 
of corticosteroid administrated to the patients and its effect 
on CD8 cytotoxic T-cell and SRC-1 gene regulation, the 
Fisher’s exact test has been used. A two-tailed t-test for inde-
pendent samples [equal variances assumed] was applied to 
compare the RFI by the amount of administrated corticoster-
oid [preoperative, postoperative and the total amount admin-
istered in the entire period]. Kaplan-Meier curve [KMC] and 
log-rank test were used to compare the distribution of RFI 
with SRC-1 expression, CD8 cytotoxic T-cells and the total 
amount of administered corticosteroid in the entire period. 
A p-value of < 0.05 was considered statistically significant. 
All statistical analyses in this study were performed using 
IBM SPSS ver. 24 [SPSS Inc., Chicago, IL, USA].

Results

The average age of participants was 47 years, with a male to 
female ratio of 1.2. Most of the tumours [69%, n = 25] were 
located in the frontal-parietal area and the rest [31%, n = 11] 
were located in occipital, temporal and cerebellar area. The 
total dose and the total days of administered corticosteroid 
for all patients were calculated. IDH1R132H were equally 
distributed among all cases. CD8+T-cell expression was 
absent in 5 cases [13.9%], low in 23 cases [63.0%], medium 
in 6 cases [16.7%] and high in 2 cases [5.6%] (Table 1). All 
Cases with low and no CD8 expression [n = 28] were merged 

Fig. 2   a–f  Anti-CD8 stains cytotoxic T-cells in tumour microenvi-
ronment using IHC Magnification [x25]. Four staining patterns were 
defined: a  no expression [0%] b  low expression [< 30%], c medium 
expression [30–50%], d  high expression [> 50%]. For the relation-
ship between CD8, SRC-I and RFI, e  There was no significant sta-
tistical difference in RFI among the two group of patients [Group 1: 
<800 mg, Group 2: >800 mg] administered with DEX up to 1-year 
after surgery; f There was a significant statistical difference between 
CD8+T-Cell expression and SRC-1 gene in tumour microenvironment

◂
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as “low CD8+T-cell expression”. All cases with medium 
and high CD8 expression [n = 8] were merged as “high 
CD8+T-cell expression”. SRC-1 gene was upregulated in 5 
cases [14%] and 31 cases [86%] showed SRC-1 gene down-
regulation. The mean of the total days of administered ster-
oid from the preoperative period to the postoperative period 
was at range of 14–106 days. The mean of the total dose 
of administered steroid from the preoperative period to the 
postoperative period was at range of 41-5028 mg. Isolated 
radiotherapy was given only for 4 [11%] cases and 32 [89%] 
cases had combined radiotherapy and chemotherapy. TMZ 
was given to 26 [72.2%] cases and 10 [27.8%] cases received 
TMZ with other chemotherapeutic agents. The mean RFI 
was 391.6 days.

The relationship between CD8+T‑Cells expression 
and RFI among different groups

 There was no significantly statistical difference in RFI 
[p-value = 0.640] among tumours expressing high or low 
CD8+T-cells when corticosteroid [DEX] has been admin-
istered in recommended or exceeded doses before or after 
the surgery (Table 2). Cases [n = 17] who received exceeded 

doses of DEX and their CD8+T-cells were highly expressed 
had a RFI between 8 months and 2 years. Moreover, there 
was no significantly statistical difference in RFI among 
the two group of patients [Group 1: < 800 mg, Group 2: > 
800 mg] administered with DEX from preoperative period 
and up to 1-year after surgery [p-value = 0.640] (Fig. 2e).

The relationship between SRC‑1 regulation 
and CD8+T‑Cells expression with RFI

There was a significantly statistical difference between 
CD8+T-Cell expression and SRC-1 gene regulation in the 
tumour microenvironment [p-value = 002]. Tumours with 
high CD8+T-cell expression and SRC-1 gene downregula-
tion had late recurrence (Fig. 2f). All tumours with SRC-1 
gene upregulation, regardless CD8+T-Cell expression, had 
earlier RFI compared to tumours with downregulated SRC-1 
gene. Patients who have received corticosteroids continu-
ously for up to one year showed delayed RFI in tumors with 
low CD8 + T-Cell expression and downregulated SRC-1 
gene (Table 2).

Table 2   The relationship between CD8+T-cells Expression and RFI 
among different groups of patients taking corticosteroid [DEX]. 
Patients who have received corticosteroids continuously for up to 1- 

year showed delayed RFI in tumors with low CD8+T-Cell expression 
and downregulated SRC-1 gene

*RFI is counted in months. *Fisher exact test

Pre-OP Amount steroid groups
Group1[ ≤ 50 mg] Group2[> 50 mg] Total p-value

CD8+T-cell expression Low expression 18 [81.8] 10 [71.4] 28 [77.8] 0.683
High expression 4 [18.2] 4 [28.6] 8 [22.2]

RFI Mean [SD] 11.9 [6.9] 14.8 [7.0] 13.1 [7.0] 0.237
Post-OP amount steroid groups

Group1[ ≤ 600 mg] Group2[> 600 mg]
CD8+T-cell expression Low expression 13 [92.9] 15 [68.2] 28 [77.8] 0.115

High expression 1 [7.1] 7 [31.8] 8 [22.2]
RFI Mean [SD] 10.6 [6.2] 14.6 [7.2] 13.1 [7.0] 0.100

Total-amount steroid groups
Group1[ ≤ 800 mg] Group2[> 800 mg]

CD8+T-cell expression Low expression 15 [88.2] 13 [68.4] 28 [77.8] 0.236
High expression 2 [11.8] 6 [31.6] 8 [22.2]

RFI Mean [SD] 12.3 [6.9] 13.7 [7.3] 13.1 [7.0] 0.573
CD8 + T-cell expression
Low expression High expression

SRC-1 Gene expression Upregulated Downregulated Upregulated Downregulated
RFI > 1y Frequency 1 11 0 6
Total dose of steroid Mean – 1105.29 – 1929.63

Std Deviation – 1028.77 – 1562.46
Minimum – 212.3 – 800
Maximum – 3812.1 – 5028
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Discussion

After administering corticosteroid [DEX] to a patient with 
a brain tumor, the steroid particles enter the brain tissue 
through the blood-brain barrier [BBB] and reach the tumor 
microenvironment. However, the exact timing of how long 
the steroid particles remain in the tumor microenvironment 
is unclear, and it is also uncertain what exact reactions the 
steroid can have, aside from reducing peritumoral edema. 
The mechanism of how steroid particles interact with SRC-1 
receptor and CD8 cytotoxic T-cells in WHO-Grade 4 astro-
cytoma has never been described. CD8 cytotoxic T-cells 
may have the ability to suppress tumor cell proliferation 
and progression; the co-treatment using chemotherapy can 
diminish CD8 T cells proliferation [25–28, 42, 43]. The only 
dominant cells that can prevent this mechanism to occur 
is the tumour associated macrophages [TAMs]. TAMs can 
mask tumour cells and prevent them being identified by 
cytotoxic T-cells [29]. Previous studies found that long-
term use of corticosteroid after surgery has had a negative 
impact on patients OS [19, 21]. Our findings did not lead to 
the same conclusion. We found that the tumor recurrence 
time did not significantly differ between cases expressing 
high or low CD8 cytotoxic T-cells, regardless of the amount 

of injected corticosteroid (Fig. 3). This implies that ster-
oid particles do not have an impact on the functioning of 
cytotoxic T-cells. It can also be suggested that the steroid 
molecules may either be diluted in the edematous tissue 
surrounding the tumor cells or bind with other receptors, 
thereby preventing them from initiating any auxiliary reac-
tion. One of these gene receptors is SRC-1. SRC-1 expres-
sion has been previously detected in astrocytoma [40]. Its 
expression in tumour microenvironment suggests its possi-
ble role in tumour progression. Nevertheless, its association 
with corticosteroid therapy and cytotoxic T-cells function 
has never been investigated. When steroid particles reach 
the tumour microenvironment, they may bind to SRC-1 gene 
receptor (Fig. 3) Typically, steroid particles are expected 
to inhibit the regulation of the SRC-1 gene, which would 
lead to a reduction in its expression in tumor microenviron-
ment. However, in our study, we observed that five tumors 
showed an upregulated SRC-1 gene, indicating that steroid 
particles did not bind to the SRC-1 receptors. These tumors, 
with an upregulated SRC-1 gene, had an earlier tumor recur-
rence when compared to those with downregulated SRC-1 
gene, regardless of CD8 + T-Cell expression. The cases that 
exhibited late tumor recurrence were only those with down-
regulated SRC-1 gene (Fig. 2). Among them, 6 cases had 

Fig. 3   After administering corticosteroid [DEX] to a patient with a 
brain tumor, the steroid particles reach the tumor microenvironment 
through BBB. DEX particles either bind to SRC-1 receptors or are 
diluted in edematous tissue. DEX directly affects SRC-1 gene regula-

tion and indirectly affects cytotoxic T-cells. Tumors with an upregu-
lated SRC-1, had an earlier tumor recurrence compared to those with 
downregulated SRC-1 gene, regardless of CD8 + T-Cell expression
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high CD8 cytotoxic T-cells, and 11 cases had low CD8 cyto-
toxic T-cells Table 2. The cases that showed large number 
of cytotoxic T-cells had an average total dose of a steroid of 
1926.63 mg compared to cases with small number of cyto-
toxic T-cells which had an average total dose of a steroid 
of 1105.29 mg. This clearly identifies that steroid dose has 
no effect on T-cell expression in tumour microenvironment 
and has no significant impact on tumour progression. Cor-
ticosteroid therapy directly affects SRC-1 gene regulation 
and indirectly affect the cytotoxic T-cells. When the SRC-1 
gets downregulated or upregulated, the cytotoxic T-cells 
react aggressively with tumour cells. However, the SRC-1 is 
considered an independent factor for tumour recurrence. To 
study SRC-1 gene regulation in glioblastoma patients treated 
by corticosteroids, in relation with CD8 T cells expression, 
the use of antisense RNA of SRC-1 gene constitutes one 
of substantial possibilities. A study conducted by Resnicoff 
et al. suggests that the regression of established wild-type 
C6 tumors is feasible through the injection of C6 cells that 
express an antisense RNA to Insulin growth factor (IGF)-1R 
RNA. This study implies that there may be practical appli-
cations of this approach in SRC-1 regulator gene to test the 
effectiveness of corticosteroid in glioblastoma [44]. The two 
primary approaches to regulate expression by recognizing 
cellular RNAs through antisense mechanisms are single-
stranded antisense oligonucleotides and duplex RNAs [45].

Several mechanisms and theories have been proposed 
in the literature to explain the interaction between corti-
costeroid therapy [DEX] and tumor progression, but none 
of them have provided a definitive answer. A microarray 
analysis on mice glioma samples was performed by Pit-
ter et al., to identify the DEX genes associated mecha-
nism responsible for DEX flaring or resistance. The study 
showed that DEX has decreased tumour cells proliferation 
as well as the expression of many cells cycle-related genes 
[22]. These genes were predicted to be involved in prolif-
eration process, either via cell mitotic mechanism, cycle 
checkpoints or DNA damage.

The radiotherapy sensitivity can affect the glioma cells 
proliferation during the cell cycle proliferative stage. Gli-
oma cells are generally more radiosensitive when they are 
in G2/M stage of the cell cycle and more resistant when 
they are in G1 stage of the cycle. Any drug injected dur-
ing this cycle to decrease cellular growth would poten-
tially reduce the radio-sensitivity of all cell population 
[46]. Glassier et al. found the p21 protein is induced by 
DEX in glioma cells and slows cell cycle progression [47]. 
This mechanism is induced or inhibited based on the accu-
mulated dose of DEX that patient receive before or after 
surgery. In our study, the use of chemotherapy, primarily 
TMZ, did not show any significant impact on the effect 
of steroids on patient survival. Gorlia et al.‘s found that 
patients who received TMZ and radiotherapy were less 

frequently treated with steroids at the beginning of their 
treatment. They also concluded that patients who were 
treated with steroids at the start had a shorter OS [over-
all survival] [48]. Additionally, it has been demonstrated 
that DEX acts as an antagonist to TMZ-induced apoptosis 
in glioblastoma, indicating that the combination of TMZ 
and DEX may counteract each other in the treatment of 
glioblastoma [49].

Although the total number of samples analyzed is rela-
tively low, it is important to note that our study is the first to 
establish a correlation between SRC-1 gene expression and 
cytotoxic T-cells with RFI in WHO-grade 4 astrocytomas.

Conclusions

Our findings indicate that: [a] corticosteroid treatment does 
not affect the function of cytotoxic T-cells infiltration and 
has no significant impact on tumor progression; [b] tumors 
with downregulated SRC-1 gene had a later tumor recur-
rence compared to those with upregulated SRC-1 gene, 
regardless of cytotoxic T-cell infiltration; [c] corticosteroid 
treatment directly affects SRC-1 gene regulation and indi-
rectly affects cytotoxic T-cells infiltration.

.

Acknowledgements  Special thanks to Deanship of Scientific Research 
at King Abdulaziz University for their support.

Author contributions  All authors contributed to the study conception 
and design. MK wrote the conceptualization and study design. MF 
and MK did the genetic analysis. BA, EF, SK, AB, TS, TH, YK, FO, 
YM, AS, RM, SA, NM, SB provided clinical and data information and 
samples. SH and AAK performed IHC and histological interpretation. 
MK , TH and MF Performed statistical analysis. All authors have criti-
cally reviewed and approved the final draft and are responsible for the 
content and similarity index of the manuscript.

Funding  This research work was by institutional fund projects under 
grant no. (IFPIP: 348-828-1443). The authors gratefully acknowledge 
technical and financial support provided by the Ministry of Education 
and King Abdulaziz University, DSR, Jeddah, Saudi Arabia.

Data availability  The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Competing interests  The authors declare no competing interests.

Ethics approval and consent to participate  This study was per-
formed in line with the principles of the Declaration of Helsinki. The 
approval was granted by Biomedical Ethics Committee at King Faisal 
Specialist Hospital and Research Center [CA-2020-06] and King 
Abdulaziz University [HA-02-J-008] to authorize using patient sam-
ples in research.



703Journal of Neuro-Oncology (2023) 163:693–705	

1 3

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-
Branger D, Hawkins C, Ng HK, Pfister SM, Reifenberger G, 
Soffietti R, von Deimling A, Ellison DW (2021) The 2021 WHO 
classification of tumors of the central Nervous System: a sum-
mary. Neuro Oncol 23(8):1231–1251. https://​doi.​org/​10.​1093/​
neuonc/​noab1​06

	 2.	 Weller M, van den Bent M, Preusser M, Le Rhun E, Tonn JC, 
Minniti G, Bendszus M, Balana C, Chinot O, Dirven L, French 
P, Hegi ME, Jakola AS, Platten M, Roth P, Rudà R, Short S, 
Smits M, Taphoorn MJB, von Deimling A, Westphal M, Soffietti 
R, Reifenberger G, Wick W (2021) EANO guidelines on the 
diagnosis and treatment of diffuse gliomas of adulthood. Nat 
Rev Clin Oncol 18(3):170–186. https://​doi.​org/​10.​1038/​s41571-​
020-​00447-z. (Epub 2020 Dec 8. Erratum in: Nat Rev Clin 
Oncol. 2022 May;19(5):357–358)

	 3.	 Hau P, Jachimczak P, Schlaier J, Bogdahn U (2011) TGF-
β2 signaling in high-grade gliomas. Curr Pharm Biotechnol 
12(12):2150–2157. https://​doi.​org/​10.​2174/​13892​01117​98808​
347

	 4.	 Siegel RL, Miller KD, Jemal A (2019) Cancer statistics, 2019. CA 
Cancer J Clin 69(1):7–34. https://​doi.​org/​10.​3322/​caac.​21551

	 5.	 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, 
Taphoorn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn 
U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A, 
Lacombe D, Cairncross JG, Eisenhauer E, Mirimanoff RO, Euro-
pean Organisation for Research and Treatment of Cancer Brain 
Tumor and Radiotherapy Groups, National Cancer Institute of 
Canada Clinical Trials Group (2005) Radiotherapy plus concomi-
tant and adjuvant temozolomide for glioblastoma. N Engl J Med 
352(10):987–996. https://​doi.​org/​10.​1056/​NEJMo​a0433​30

	 6.	 Sampson JH, Gunn MD, Fecci PE, Ashley DM (2020) 
Brain immunology and immunotherapy in brain tumours. 
Nat Rev Cancer 20(1):12–25. https://​doi.​org/​10.​1038/​
s41568-​019-​0224-7

	 7.	 Raslan A, Bhardwaj A (2007) Medical management of cerebral 
edema. Neurosurg Focus 22(5):E12. https://​doi.​org/​10.​3171/​foc.​
2007.​22.5.​13

	 8.	 Vredenburgh JJ, Cloughesy T, Samant M, Prados M, Wen PY, 
Mikkelsen T, Schiff D, Abrey LE, Yung WK, Paleologos N, Nich-
olas MK, Jensen R, Das A, Friedman HS (2010) Corticosteroid 
use in patients with glioblastoma at first or second relapse treated 
with bevacizumab in the BRAIN study. Oncologist 15(12):1329–
1334. https://​doi.​org/​10.​1634/​theon​colog​ist.​2010-​0105

	 9.	 Pitter KL, Tamagno I, Alikhanyan K, Hosni-Ahmed A, Pattwell 
SS, Donnola S, Dai C, Ozawa T, Chang M, Chan TA, Beal K, 
Bishop AJ, Barker CA, Jones TS, Hentschel B, Gorlia T, Schlegel 
U, Stupp R, Weller M, Holland EC, Hambardzumyan D (2016) 
Corticosteroids compromise survival in glioblastoma. Brain 
139(Pt 5):1458–1471. https://​doi.​org/​10.​1093/​brain/​aww046

	10.	 Drappatz J, Schiff D, Kesari S, Norden AD, Wen PY (2007) Medi-
cal management of brain tumor patients. Neurol Clin 25(4):1035–
1071. https://​doi.​org/​10.​1016/j.​ncl.​2007.​07.​015

	11.	 Lagerwaard FJ, Levendag PC, Nowak PJ, Eijkenboom WM, Hans-
sens PE, Schmitz PI (1999) Identification of prognostic factors 
in patients with brain metastases: a review of 1292 patients. Int J 
Radiat Oncol Biol Phys 43(4):795–803. https://​doi.​org/​10.​1016/​
s0360-​3016(98)​00442-8

	12.	 Hempen C, Weiss E, Hess CF (2002) Dexamethasone treatment 
in patients with brain metastases and primary brain tumors: do 
the benefits outweigh the side-effects? Support Care Cancer 
10(4):322–328. https://​doi.​org/​10.​1007/​s00520-​001-​0333-0

	13.	 Sturdza A, Millar BA, Bana N, Laperriere N, Pond G, Wong RK, 
Bezjak A (2008) The use and toxicity of steroids in the man-
agement of patients with brain metastases. Support Care Cancer 
16(9):1041–1048. https://​doi.​org/​10.​1007/​s00520-​007-​0395-8

	14.	 Dietrich J, Rao K, Pastorino S, Kesari S (2011) Corticosteroids 
in brain cancer patients: benefits and pitfalls. Expert Rev Clin 
Pharmacol 4(2):233–242. https://​doi.​org/​10.​1586/​ecp.​11.1

	15.	 Roth P, Wick W, Weller M (2010) Steroids in neurooncology: 
actions, indications, side-effects. Curr Opin Neurol 23(6):597–
602. https://​doi.​org/​10.​1097/​WCO.​0b013​e3283​3e5a5d

	16.	 Kamhieh-Milz J, Ghosoun N, Sterzer V, Salama A (2018) Effect 
of glucocorticoid treatment on BAFF and APRIL expression in 
patients with immune thrombocytopenia (ITP). Clin Immunol 
188:74–80. https://​doi.​org/​10.​1016/j.​clim.​2017.​12.​010

	17.	 Lo SS, Gore EM, Bradley JD, Buatti JM, Germano I, Ghafoori 
AP, Henderson MA, Murad GJ, Patchell RA, Patel SH, Robbins 
JR, Robins HI, Vassil AD, Wippold FJ 2, Yunes MJ, Videtic GM 
(2014) Expert panel on radiation oncology-brain metastases; ACR 
appropriateness criteria® pre-irradiation evaluation and manage-
ment of brain metastases. J Palliat Med 17(8):880–886. https://​
doi.​org/​10.​1089/​jpm.​2014.​9417

	18.	 Kostaras X, Cusano F, Kline GA, Roa W, Easaw J (2014) Use 
of dexamethasone in patients with high-grade glioma: a clinical 
practice guideline. Curr Oncol 21(3):493–503. https://​doi.​org/​10.​
3747/​co.​21.​1769

	19.	 Shields LB, Shelton BJ, Shearer AJ, Chen L, Sun DA, Parsons 
S, Bourne TD, LaRocca R, Spalding AC (2015) Dexamethasone 
administration during definitive radiation and temozolomide ren-
ders a poor prognosis in a retrospective analysis of newly diag-
nosed glioblastoma patients. Radiat Oncol 10:222. https://​doi.​org/​
10.​1186/​s13014-​015-​0527-0

	20.	 Hohwieler Schloss M, Freidberg SR, Heatley GJ, Lo TC (1989) 
Glucocorticoid dependency as a prognostic factor in radiotherapy 
for cerebral gliomas. Acta Oncol 28(1):51–55. https://​doi.​org/​10.​
3109/​02841​86890​91111​81

	21.	 Watne K, Hannisdal E, Nome O, Hager B, Hirschberg H (1993) 
Prognostic factors in malignant gliomas with special reference 
to intra-arterial chemotherapy. Acta Oncol 32(3):307–310. 
https://​doi.​org/​10.​3109/​02841​86930​90936​00

	22.	 Klement RJ, Champ CE (2017) Corticosteroids compromise 
survival in glioblastoma in part through their elevation of blood 
glucose levels. Brain 140(3):e16. https://​doi.​org/​10.​1093/​brain/​
aww324

	23.	 Rovit RL, Hagan R (1968) Steroids and cerebral edema: the 
effects of glucocorticoids on abnormal capillary permeability 
following cerebral injury in cats. J Neuropathol Exp Neurol 
27(2):277–299

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1038/s41571-020-00447-z
https://doi.org/10.1038/s41571-020-00447-z
https://doi.org/10.2174/138920111798808347
https://doi.org/10.2174/138920111798808347
https://doi.org/10.3322/caac.21551
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1038/s41568-019-0224-7
https://doi.org/10.1038/s41568-019-0224-7
https://doi.org/10.3171/foc.2007.22.5.13
https://doi.org/10.3171/foc.2007.22.5.13
https://doi.org/10.1634/theoncologist.2010-0105
https://doi.org/10.1093/brain/aww046
https://doi.org/10.1016/j.ncl.2007.07.015
https://doi.org/10.1016/s0360-3016(98)00442-8
https://doi.org/10.1016/s0360-3016(98)00442-8
https://doi.org/10.1007/s00520-001-0333-0
https://doi.org/10.1007/s00520-007-0395-8
https://doi.org/10.1586/ecp.11.1
https://doi.org/10.1097/WCO.0b013e32833e5a5d
https://doi.org/10.1016/j.clim.2017.12.010
https://doi.org/10.1089/jpm.2014.9417
https://doi.org/10.1089/jpm.2014.9417
https://doi.org/10.3747/co.21.1769
https://doi.org/10.3747/co.21.1769
https://doi.org/10.1186/s13014-015-0527-0
https://doi.org/10.1186/s13014-015-0527-0
https://doi.org/10.3109/02841868909111181
https://doi.org/10.3109/02841868909111181
https://doi.org/10.3109/02841869309093600
https://doi.org/10.1093/brain/aww324
https://doi.org/10.1093/brain/aww324


704	 Journal of Neuro-Oncology (2023) 163:693–705

1 3

	24.	 Grasso RJ, Johnson CE, Boler RK, Moore NA (1977) Combined 
growth-inhibitory responses and ultrastructural alterations pro-
duced by 1,3-bis(2-chloroethyl)-1-nitrosourea and dexametha-
sone in rat glioma cell cultures. Cancer Res 37(2):585–594

	25.	 Mauldin IS, Jo J, Wages NA, Yogendran LV, Mahmutovic A, 
Young SJ, Lopes MB, Slingluff CL Jr, Erickson LD, Fadul CE 
(2021) Proliferating CD8+ T cell infiltrates are associated with 
improved Survival in Glioblastoma. Cells 10(12):3378. https://​
doi.​org/​10.​3390/​cells​10123​378

	26.	 Dietrich PY, Dutoit V, Tran Thang NN, Walker PR (2010) 
T-cell immunotherapy for malignant glioma: toward a combined 
approach. Curr Opin Oncol 22(6):604–610. https://​doi.​org/​10.​
1097/​CCO.​0b013​e3283​3dead8

	27.	 Sampson JH, Archer GE, Mitchell DA, Heimberger AB, Hern-
don JE, Lally-Goss D, McGehee-Norman S, Paolino A, Rear-
don DA, Friedman AH, Friedman HS, Bigner DD (2009) An 
epidermal growth factor receptor variant III-targeted vaccine 
is safe and immunogenic in patients with glioblastoma multi-
forme. Mol Cancer Ther 8(10):2773–2779. https://​doi.​org/​10.​
1158/​1535-​7163.​MCT-​09-​0124

	28.	 Townsend SE, Allison JP (1993) Tumor rejection after direct 
costimulation of CD8 + T cells by B7-transfected melanoma 
cells. Science 259(5093):368–370. https://​doi.​org/​10.​1126/​scien​
ce.​76783​51

	29.	 Kurdi M, Alghamdi B, Butt NS, Baeesa S (2021) The relation-
ship between CD204 M2-polarized tumour-associated mac-
rophages (TAMs), tumour-infiltrating lymphocytes (TILs), and 
microglial activation in glioblastoma microenvironment: a novel 
immune checkpoint receptor target. Discov Oncol 12(1):28. 
https://​doi.​org/​10.​1007/​s12672-​021-​00423-8

	30.	 Ramírez F (1998) Glucocorticoids induce a Th2 response 
in vitro. Dev Immunol 6(3–4):233–243. https://​doi.​org/​10.​1155/​
1998/​73401

	31.	 Fahey AJ, Robins RA, Kindle KB, Heery DM, Constanti-
nescu CS (2006) Effects of glucocorticoids on STAT4 activa-
tion in human T cells are stimulus dependent. J Leukoc Biol 
80(1):133–144. https://​doi.​org/​10.​1189/​jlb.​06052​96

	32.	 Xu J, Li Q (2003) Review of the in vivo functions of the p160 
steroid receptor coactivator family. Mol Endocrinol 17(9):1681–
1692. https://​doi.​org/​10.​1210/​me.​2003-​0116

	33.	 Auger AP, Tetel MJ, McCarthy MM (2000) Steroid receptor 
coactivator-1 (SRC-1) mediates the development of sex-spe-
cific brain morphology and behavior. Proc Natl Acad Sci U S A 
97(13):7551–7555. https://​doi.​org/​10.​1073/​pnas.​97.​13.​7551

	34.	 Kamiya Y, Zhang XY, Ying H, Kato Y, Willingham MC, Xu J, 
O’Malley BW, Cheng SY (2003) Modulation by steroid recep-
tor coactivator-1 of target-tissue responsiveness in resistance to 
thyroid hormone. Endocrinology 144(9):4144–4153. https://​doi.​
org/​10.​1210/​en.​2003-​0239

	35.	 Meijer OC, Steenbergen PJ, De Kloet ER (2000) Differential 
expression and regional distribution of steroid receptor coacti-
vators SRC-1 and SRC-2 in brain and pituitary. Endocrinology 
141(6):2192–2199. https://​doi.​org/​10.​1210/​endo.​141.6.​7489

	36.	 Apostolakis EM, Ramamurphy M, Zhou D, Onate S, O’Malley 
BW (2002) Acute disruption of select steroid receptor coactiva-
tors prevents reproductive behavior in rats and unmasks genetic 
adaptation in knockout mice. Mol Endocrinol 16(7):1511e1523. 
https://​doi.​org/​10.​1210/​me.​16.7.​1511

	37.	 Meng Z, Wang X, Zhang D, Lan Z, Cai X, Bian C, Zhang J 
(2021) Steroid receptor coactivator-1: the central intermediator 
linking multiple signals and functions in the brain and spinal 
cord. Genes Dis 9(5):1281–1289. https://​doi.​org/​10.​1016/j.​gen-
dis.​2021.​06.​009

	38.	 An BS, Selva DM, Hammond GL, Rivero-Muller A, Rahman 
N, Leung PCK (2006) Steroid receptor coactivator-3 is required 

for progesterone receptor trans-activation of target genes in 
response to gonadotropin-releasing hormone treatment of pitui-
tary cells. J Biol Chem 281(30):20817–20824. https://​doi.​org/​
10.​1074/​jbc.​M6007​43200

	39.	 Nishihara E, Yoshida-Komiya H, Chan CS, Liao L, Davis RL, 
O’Malley BW, Xu J (2003) SRC-1 null mice exhibit moder-
ate motor dysfunction and delayed development of cerebellar 
purkinje cells. J Neurosci 23(1):213–222. https://​doi.​org/​10.​
1523/​JNEUR​OSCI.​23-​01-​00213.​2003

	40.	 Liu C, Zhang Y, Zhang K, Bian C, Zhao Y, Zhang J (2014) 
Expression of estrogen receptors, androgen receptor and steroid 
receptor coactivator-3 is negatively correlated to the differen-
tiation of astrocytic tumors. Cancer Epidemiol 38(3):291–297. 
https://​doi.​org/​10.​1016/j.​canep.​2014.​03.​001

	41.	 Kefalopoulou Z, Tzelepi V, Zolota V, Grivas PD, Christo-
poulos C, Kalofonos H, Maraziotis T, Sotiropoulou-Bonikou 
G (2012) Prognostic value of novel biomarkers in astrocytic 
brain tumors: nuclear receptor co-regulators AIB1, TIF2, and 
PELP1 are associated with high tumor grade and worse patient 
prognosis. J Neurooncol 106(1):23–31. https://​doi.​org/​10.​1007/​
s11060-​011-​0637-y

	42.	 Anthony DD, Pan YX, Wu SG, Shen F, Guo YJ (1998) Ex vivo 
and in vivo IGF-I antisense RNA strategies for treatment of 
cancer in humans. Adv Exp Med Biol 451:27–34. https://​doi.​
org/​10.​1007/​978-1-​4615-​5357-1_5

	43.	 Schlingensiepen KH, Schlingensiepen R, Steinbrecher A, Hau 
P, Bogdahn U, Fischer-Blass B, Jachimczak P (2005) Targeted 
tumor therapy with the TGF-beta 2 antisense compound AP 
12009. Cytokine Growth Factor Rev 17(1–2):129–139. https://​
doi.​org/​10.​1016/j.​cytog​fr.​2005.​09.​002

	44.	 Resnicoff M, Sell C, Rubini M, Coppola D, Ambrose D, Baserga 
R, Rubin R (1994) Rat glioblastoma cells expressing an anti-
sense RNA to the insulin-like growth factor-1 (IGF-1) receptor 
are nontumorigenic and induce regression of wild-type tumors. 
Cancer Res 54(8):2218–2222

	45.	 Shen X, Corey DR (2018) Chemistry, mechanism and clinical 
status of antisense oligonucleotides and duplex RNAs. Nucleic 
Acids Res 46(4):1584–1600. https://​doi.​org/​10.​1093/​nar/​gkx12​
39

	46.	 Powell SN, Abraham EH (1993) The biology of radioresistance: 
similarities, differences and interactions with drug resistance. 
Cytotechnology 12(1–3):325–345. https://​doi.​org/​10.​1007/​
BF007​44671

	47.	 Glaser T, Wagenknecht B, Weller M (2001) Identification of 
p21 as a target of cycloheximide-mediated facilitation of CD95-
mediated apoptosis in human malignant glioma cells. Oncogene 
20(35):4757–4767. https://​doi.​org/​10.​1038/​sj.​onc.​12044​98

	48.	 Gorlia T, Stupp R, Brandes AA, Rampling RR, Fumoleau P, 
Dittrich C, Campone MM, Twelves CC, Raymond E, Hegi ME, 
Lacombe D, van den Bent MJ (2012) New prognostic factors 
and calculators for outcome prediction in patients with recurrent 
glioblastoma: a pooled analysis of EORTC Brain Tumour Group 
phase I and II clinical trials. Eur J Cancer 48(8):1176–1184. 
https://​doi.​org/​10.​1016/j.​ejca.​2012.​02.​004

	49.	 Sur P, Sribnick EA, Patel SJ, Ray SK, Banik NL (2005) Dexa-
methasone decreases temozolomide-induced apoptosis in 
human gliobastoma T98G cells. Glia 50(2):160–167. https://​
doi.​org/​10.​1002/​glia.​20168

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/cells10123378
https://doi.org/10.3390/cells10123378
https://doi.org/10.1097/CCO.0b013e32833dead8
https://doi.org/10.1097/CCO.0b013e32833dead8
https://doi.org/10.1158/1535-7163.MCT-09-0124
https://doi.org/10.1158/1535-7163.MCT-09-0124
https://doi.org/10.1126/science.7678351
https://doi.org/10.1126/science.7678351
https://doi.org/10.1007/s12672-021-00423-8
https://doi.org/10.1155/1998/73401
https://doi.org/10.1155/1998/73401
https://doi.org/10.1189/jlb.0605296
https://doi.org/10.1210/me.2003-0116
https://doi.org/10.1073/pnas.97.13.7551
https://doi.org/10.1210/en.2003-0239
https://doi.org/10.1210/en.2003-0239
https://doi.org/10.1210/endo.141.6.7489
https://doi.org/10.1210/me.16.7.1511
https://doi.org/10.1016/j.gendis.2021.06.009
https://doi.org/10.1016/j.gendis.2021.06.009
https://doi.org/10.1074/jbc.M600743200
https://doi.org/10.1074/jbc.M600743200
https://doi.org/10.1523/JNEUROSCI.23-01-00213.2003
https://doi.org/10.1523/JNEUROSCI.23-01-00213.2003
https://doi.org/10.1016/j.canep.2014.03.001
https://doi.org/10.1007/s11060-011-0637-y
https://doi.org/10.1007/s11060-011-0637-y
https://doi.org/10.1007/978-1-4615-5357-1_5
https://doi.org/10.1007/978-1-4615-5357-1_5
https://doi.org/10.1016/j.cytogfr.2005.09.002
https://doi.org/10.1016/j.cytogfr.2005.09.002
https://doi.org/10.1093/nar/gkx1239
https://doi.org/10.1093/nar/gkx1239
https://doi.org/10.1007/BF00744671
https://doi.org/10.1007/BF00744671
https://doi.org/10.1038/sj.onc.1204498
https://doi.org/10.1016/j.ejca.2012.02.004
https://doi.org/10.1002/glia.20168
https://doi.org/10.1002/glia.20168


705Journal of Neuro-Oncology (2023) 163:693–705	

1 3

Authors and Affiliations

Maher Kurdi1,2   · Motaz M Fadul1 · Bassam M. J. Addas3 · Eyad Faizo4 · Shadi Alkhayyat5 · Ahmed K. Bamaga6 · 
Taghreed Alsinani7 · Yousef Katib8 · Fahad Okal9 · Yazid Maghrabi10 · Abdulrahman J. Sabbagh3 · Rana Moshref10 · 
Sultan Albalawi3 · Alaa Alkhotani11 · Taher F. Halawa12 · Nasser Mulla13 · Sahar Hakamy2 · Saleh Baeesa10

 *	 Maher Kurdi 
	 Ahkurdi@kau.edu.sa

1	 Department of Pathology, Faculty of Medicine, King 
Abdulaziz University, Rabigh, Kingdom of Saudi Arabia

2	 Neuromuscular Unit, King Fahad Medical Research Center, 
Jeddah, Saudi Arabia

3	 Department of Surgery, Faculty of Medicine, King Abdulaziz 
University, Jeddah, Saudi Arabia

4	 Department of Surgery, Faculty of Medicine, University 
of Tabuk, Tabuk, Saudi Arabia

5	 Department of Internal Medicine, Faculty of Medicine, King 
Abdulaziz University and Hospital, Jeddah, Saudi Arabia

6	 Department of Paediatric, Faculty of Medicine, King 
Abdulaziz University, Jeddah, Saudi Arabia

7	 Department of Neurosurgery, King Fahad General Hospital, 
Jeddah, Saudi Arabia

8	 Department of Radiology, Faculty of Medicine, Taibah 
University, Madinah, Saudi Arabia

9	 Department of Neuroscience, Neurosurgery Section, King 
Abdulaziz Medical City, National Guard Health Affairs, 
Jeddah, Saudi Arabia

10	 Department of Neuroscience, King Faisal Specialist Hospital 
and Research Center, Jeddah, Saudi Arabia

11	 Department of Pathology, Faculty of Medicine, Umm 
Al-Qura University, Makkah, Saudi Arabia

12	 Department of Paediatric, Faculty of Medicine, King 
Abdulaziz University, Rabigh, Saudi Arabia

13	 Department of Internal Medicine, Faculty of Medicine, 
Taibah University, Medina, Saudi Arabia

http://orcid.org/0000-0002-8979-3849

	Dynamic interplay between corticosteroid treatment and the role of SRC-1 gene dysregulation in the progression of WHO-Grade 4 Astrocytoma
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients selection
	Tissue processing
	Immunohistochemistry [IHC] for anti-CD8 antibody
	RNA extraction
	Complementary DNA [cDNA] synthesis
	Gene sequencing using RT-PCR
	Statistical analysis

	Results
	The relationship between CD8+T-Cells expression and RFI among different groups
	The relationship between SRC-1 regulation and CD8+T-Cells expression with RFI

	Discussion
	Conclusions
	Acknowledgements 
	References




