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Abstract

Background: Investigation of novel blood-circulating agents as potential biomarkers
for glioblastoma multiforme (GBM) patients’ diagnosis and monitoring has gained
lots of attention, due to limitations of imaging modalities and invasive tissue biopsy
procedures. The present study aims to assess the diagnostic and prognostic values of
preoperative stem cell factor (SCF) plasma level in GBM patients.

Methods: Preoperative plasma samples from 58 GBM patients and 20 patients with
nonglial tumors and 30 healthy controls were obtained. SCF levels were measured by
employing the enzyme-linked immunosorbent assay test and the values were com-
pared between these three groups. Then, the association of SCF plasma level and
tumor volume, progression-free survival (PFS), and overall survival (OS) for the
GBM patients were evaluated.

Results: Mean preoperative SCF plasma level of the GBM patients (2.80 + 1.52 ng/
ml) was significantly higher (p < 0.0001) than the healthy controls (0.80 + 0.24 ng/
ml) and patients with nonglial tumor (1.41 + 0.76 ng/ml). Receiver operating charac-
teristic analysis revealed that the preoperative SCF plasma level could distinguish the
GBM patients from healthy controls and patients with nonglial tumors with the area
under curve values of 0.915 and 0.790, respectively. However, no significant associa-
tion was observed between the GBM patients’ preoperative SCF plasma levels and
tumors’ volume (Spearman Rho correlation coefficient, 0.1847; 95% CI, p = 0.1652).
The GBM patients were divided into two subgroups based on mean preoperative SCF
plasma levels (2.80 ng/ml). No significant difference was observed between the pa-
tients” PFS (p = 0.3792) and OS (p = 0.1469) at these two subgroups.

Conclusion: Taking together, the SCF plasma level can serve as a novel diagnostic
blood-circulating biomarker for patients with GBM. However, its plasma level is not

correlated with GBM patients’ tumor volume, PES, or OS.
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1 | INTRODUCTION

Glioblastoma multiform (GBM) is the most aggressive and
common type of primary brain tumors in human. GBM is
often referred to as a grade IV astrocytoma.1 Its therapeutic
approach consisted of surgical resection and postoperative
radiotherapy with concurrent and/or adjuvant chemother-
apy. However, GBM patients exhibit a median survival of
15 months and a mean 5-year survival rate of <10%.%*

Diagnosis and monitoring of GBM patients typically rely
on imaging techniques. However, imaging modalities are
unable to differentiate between tumor progression and pseu-
doprogression which are some treatment-related changes
mimicking tumor progression. This can lead to misinterpre-
tation of therapy response and delay clinical interventions.
Therefore, the assessment of molecular markers at the tumor
tissue is necessary for GBM diagnosis and predicting pa-
tient's prognosis and their response to treatment.*® However,
neurosurgical procedures for obtaining tumor tissue are so
invasive and with complications. Therefore, only patients in
the good general condition, who their tumors are in noncriti-
cal parts of brain can undergo these procedures. Furthermore,
tissue specimens from a single portion of GBM tumor cannot
represent the whole tumor condition, due to GBM heteroge-
nicity. Also, real-time assessment of tumor tissue dynamics
via multiple biopsies throughout treatment, often cannot be
performed due to high invasiveness and risk for the patient.
Therefore, identifying new tumor biomarkers at the blood-
stream has gained lots of attention due to ease of access, low
cost, and minimal invasiveness.>’

Serum tumor biomarkers have undeniable roles in cancer
diagnosis and treatment. These soluble molecules are se-
creted into the patient's circulation by malignant cells or their
associated normal cells at the tumor microenvironment.” An
appropriate serum tumor biomarker should be able to (i) early
detect tumor presence; (ii) predict response or resistance to
the used therapeutic approach; (iii) monitor the patient after
primary therapy; and (iv) predict the patient's prognosis.lo’12
Currently, different serum tumor markers including carci-
noembryonic antigen (CEA), cancer antigen 15-3 (CA15-3),
a-fetoprotein (AFP), and prostate-specific antigen (PSA) are
used in clinical oncology practice.13 14

Stem cell factor (SCF, also is known as steel factor and
c-Kit ligand) is a dimeric molecule that can bind and activate
the c-Kit receptor (also, referees to CD117). SCF plays key
roles as a growth factor in promoting and regulating cells’ via-
bility, proliferation, and differentiation in different biological
processes in the human body.15 Moreover, the uncontrolled
activity of the SCF/c-Kit pathway can cause the formation
of different human malignancies.16 The SCF/c-Kit pathway
is often overexpressed in different types of human tumors
and can enhance tumorigenesis, proliferation, angiogene-
sis, stemness, and metastasis.! ¥ Also, some studies have
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reported the relation of SCF/c-Kit expression and tumor ag-
gressiveness and patients’ poor prognosis. 16.20-22 1y addition,
activated SCF/c-Kit pathway is related to tumor resistance to
treatment.”> > Sun et al. demonstrated that SCF expression
by glioma cells can activate brain microvascular endothelial
cells and consequently increase brain tumors angiogenesis in
animal models. " They reported that not only primary human
gliomas express SCF per se (which was completely depen-
dent to their grade), but also make normal neurons to express
SCF in brain regions which has been invaded by glioma cells.
Therefore, these regions usually exhibited high concentration
of microvasculature according to Sun et al. observations.
Moreover, SCF downregulation could significantly inhibit
glioma tumors proliferation and growth progression in the
tumor-bearing animals which was deeply related to decrease
of the tumor-mediated angiogenesis. According to their
study, overexpression of SCF was significantly associated
with shorter survival time in GBM patients.

According to the best of our knowledge, different studies
have reported the expression of SCF/c-Kit pathway in GBM
tumors.*®*’ However, the current knowledge about the asso-
ciation of SCF serum level and determinative parameters in
the GBM patients’ clinical practice is limited. Therefore, the
main aim of the present study is to evaluate the diagnostic
sensitivity of the SCF plasma level for GBM and the correla-
tion of this biomarker with the GBM patients’ tumor volume,
prognosis, and overall survival to evaluate its significance as
an independent blood-circulating diagnostic and prognostic
biomarker.

2 | MATERIALS AND METHODS

2.1 | Human ethics and informed consent

All procedures and methods were in accordance with the
last version of the Helsinki Declaration.”® All patients were
completely awared of the study and its purposes. The written
informed consent was obtained from all patients and healthy
controls to approve their agreement before involving in the
study.

2.2 | Study population

A total of 58 newly diagnosed GBM patients were included
in this study. All the patients received the best approved
therapeutic approach at the time of diagnosis which was con-
sisted of surgery and radiotherapy with concomitant and ad-
juvant temozolomide. Multiple magnetic resonance imagines
(MRI) were performed for patients’ before and after surgery.
All tumors were examined histopathologically and classi-
fied according to the World Health Organization (WHO)
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classification. Besides, 20 patients with different types of
nonglial brain tumors and 30 healthy controls with no recent
history of head injury or symptoms or signs of an intracra-
nial lesion were included in this study. The written informed
consent was obtained from all patients and healthy controls
before involving in the study.

2.3 | Plasma samples collection

The blood samples of patients with GBM and nonglial tu-
mors were collected exactly before surgery. Also, the healthy
volunteers’ samples were taken in the absence of a concur-
rent inflammatory illness at the time of the appointment.
Blood was drawn into tubes that contained a one-tenth vol-
ume of 0.1 M sodium citrate as an anticoagulant to separate
plasma. Then, the samples were centrifuged at 3000 X g for
10 min. The supernatant fluid was collected and aliquoted
into 2 ml cryotubes and stored in liquid nitrogen for further
experiments.

2.4 | DNA extraction and
molecular evaluation

The QIAamp DNA Mini Kit (Qiagen) was employed to ex-
tract DNA from frozen tumor specimens. Subsequently, a
Nano-Drop ND-1000 spectrophotometer was used to meas-
ure the DNA concentration and quality. The isocitrate de-
hydrogenase 1 and 2 genes (IDH1/2) mutation status (DNA
pyro-sequencing) and the MGMT (O6-methyl guanine me-
thyl transferase gene) promoter methylation status (DNA
pyro-sequencing) were assessed based on previously pub-
lished studies.***

2.5 | Enzyme-linked immunosorbent assay
(ELISA)

All the stored plasma samples were analyzed for SCF at
once. All the stored samples were equilibrated to the room
temperature and diluted 1:2 into 1X Diluent M. Then, they
were assessed, blind to the clinical data, by employing the
human SCF ELISA kit (ab108901, Abcam). All samples
were tested in duplicate according to the manufacturer's in-
structions. The absorbance was read on a microplate reader
(Bio-Rad 680) at a wavelength of 450 nm. To generate the
standard curve, the prepared standard concentrations (0,
0.156, 0.625, 2.500, 10.00, and 40.00 ng/ml) were put on the
x-axis and the corresponding mean at 450 nm absorbance on
the y-axis. According to the manufacturer's instructions, the
minimal detectable dose of SCF for this kit is 0.09 ng/ml and
its standard range of detectable dose is from 0.156 ng/ml to

40 ng/ml. This kit is specific for human SCF and percent-
age of cross reactivity with other species including beagle,
bovine, mouse, rat, and swine is zero and just for monkey is
<10. Intra-assay and inter-assay precisions (CV%) of the kit
are 4.5 and 7.2, respectively. Its average recovery is 96% in
a range of 86%—107%. For the linearity of the plasma dilu-
tion (no dilution, 1:2, 1:4), the average % expected values are
between 98% and 102%.

2.6 | Tumor volume estimation

Preoperative post-contrast T1-weighted MRIs of the GBM
patients were analyzed for tumor volume estimation. For
this purpose, the modified ellipsoid equation (1) was used
according to previous studies.’ In this equation, A, B, and C
represent the largest perpendicular diameters of the enhanc-
ing lesion.

Tumor’ svolume = % (1)

2.7 | Statistical analysis

All statistical analyses were performed by employing JMP
14.0 software (SAS Institute). The statistical differences
between the preoperative SCF plasma levels of the GBM
patients, patients with nonglial tumors, and healthy con-
trols were assessed using a one-way analysis of variance
(ANOVA). The logistic model was employed to evaluate the
discriminating diagnostic value of the SCF plasma level be-
tween the GBM patients, patients with nonglial tumors, and
healthy controls. The area under the curve (AUC) of the re-
ceiver operator characteristic (ROC) was analyzed. The as-
sociation between the SCF plasma level and tumor volume
in GBM patients was assessed by the Spearman correlation
coefficient. Overall survival (OS) was calculated from the
date of surgery until death or last follow-up. Progression-free
survival (PFS) was defined as the time from surgery to dis-
ease progression or death. Kaplan—Meier survival analyses
using the log-rank test were performed to investigate the dif-
ferences between PFS and OS of the GBM patients with SCF
plasma levels above the mean and those below the mean.

3 | RESULTS

3.1 | Patients’ characteristics

Among 58 GBM patients who were included in this study,
30 patients were male (52%) and 28 were female (48%).
The patients’ median age was 60 years and their ages
ranged from 30 to 81 years (Table 1). The median estimated
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TABLE 1 Study population's

characteristics
Parameters

Age,y
Median (range)
Gender, n (%)
Male

Female
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Preoperative KPS score, n (%)

<80
>80

Healthy controls Nonglial tumors

(n = 30) (n =20) GBM (n = 58)
56 (25-81) 58.5 (34-82) 60 (30-81)
17 (43) 11 (55) 30 (52)

13 (57) 9 (45) 28 (48)

— — 25 (43)

— — 33 (57)

Preoperative tumor volume, n (cm3)

Median (range)

Extend of surgery, n (%)

23.8 (4.5-112.5)

Biopsy — — 23 (40)
Partial resection — — 17 (29)
Total resection — — 18 (31)
IDH1/2 mutation status, n (%)
Mutated — — 10 (17)
Wild type — — 48 (83)
MGMT promoter methylation status, n (%)
Methylated — — 22 (38)
Not methylated — — 36 (62)
PFS, mo
Median (range, 95% — — 9.9 (7.8-12.6)
CI)
OS, mo

Median (range, 95%

CI)

17.1 (11.8-25.1)

Abbreviations: 95% CI, 95% confidence interval; GBM, glioblastoma multiforme; IDH1/2, isocitrate
dehydrogenase 1 and 2 genes; KPS, Karnofsky Performance Scale; MGMT, O6-methyl guanine methyl

transferase gene; mo, month; n, number; OS, overall survival; PFS, progression-free survivaly, years.

tumor volume of the GBM patients according to the pre-
operative MRIs was 23.8 cm® (range, 4.5-112.5 cm®). The
preoperative Karnofsky Performance Scale (KPS) score
for about 57% of the enrolled GBM was evaluated to be
>80. Based on surgery reports and post-surgery MRIs, 18
patients (31%) underwent complete resection surgery. This
number for partial resection and biopsy were 17 (29%) and
23 patients (40%), respectively. Among the patients, three
(5%) persons were diagnosed with secondary glioblastoma.
The best approved therapeutic approach at the time of di-
agnosis was used for the patients. For all of the involved
GBM patients in this study, the status of IDH1/2 mutation
and MGMT promoter methylation were analyzed. Mutated
IDH1/2 was observed in 10 cases (17%) and 22 cases
(38%) were identified with methylated MGMT promoter.
The GBM patients’ median PFS and OS were 9.9 months

(95% confidence interval (95% CI), 7.8—12.6 months) and
17.1 months (95% CI, 11.8-25.1 months), respectively. Of
20 patients with nonglial intracranial tumors, 11 were male
(55%) and 9 were female (45%). Their median age was
58.5 years (range, 34-82 years). Histopathological evalu-
ations exhibited that the patients with nonglial tumors con-
sisted of 10 meningioma patients (50%), 7 brain metastasis
patients (35%), 2 patients (10%) with the diagnosis of pri-
mary central nervous system lymphoma, and 1 patient (5%)
with the diagnosis of medulloblastoma. Also, 30 healthy
controls were included in this study as controls. Of these
healthy controls, 17 persons were male (57%) and 13 were
female (43%). Their median age was 56 years (range, 25—
81 years). All the GBM patients, patients with nonglial tu-
mors, and healthy controls’ characteristics are summarized
in Table 1.
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3.2 | SCF plasma level in the patients with
GBM, patients with nonglial tumors, and
healthy controls

SCF level was assessed in the preoperative plasma of the
GBM patients and compared with the patients with non-
glial tumors and healthy controls. As Figure 1A illustrates,
the GBM patients exhibited a significantly (p < 0.0001)
higher mean SCF plasma level (2.80 + 1.52 ng/ml) than the
healthy controls (0.80 + 0.24 ng/ml). A statistically signifi-
cant difference (p < 0.0001) was observed between the mean
preoperative SCF plasma level of the patients with GBM
(2.80 + 1.52 ng/ml) and nonglial tumors (1.41 + 0.76 ng/
ml). Also, receiver operating characteristics (ROC) analy-
sis was used to evaluate the predictive value of the SCF
plasma level for discrimination between the GBM patients,
healthy controls (Figure 1B), and patients with nonglial tu-
mors (Figure 1C). ROC analysis revealed that the preopera-
tive SCF plasma level could distinguish the GBM patients
from healthy control and patients with nonglial tumors with
the area under curve (AUC) values of 0.915 and 0.790, re-
spectively. Therefore, the SCF plasma level can be identified
as an efficient diagnostic plasma biomarker in patients with
a newly diagnosed brain mass to differentiate between glio-
blastoma and nonglial tumors.

3.3 | Association of preoperative SCF
plasma level and GBM tumor's volume,
IDH1/2 mutation status, and MGMT promoter
methylation status

The correlation between preoperative SCF plasma level and
GBM patients’ tumor volume was assessed by the Spearman

Rho correlation coefficient. No significant association was
found between GBM patients’ preoperative SCF plasma
levels and tumor volume (Spearman Rho correlation coef-
ficient, 0.1847; 95% CI, p = 0.1652). According to previ-
ous studies, the mean value of the selected plasma biomarker
was accounted as the threshold divided the GBM patients
into two groups.31 Therefore, the GBM patients were di-
vided into two groups including SCF >2.80 ng/ml and SCF
<2.80 ng/ml. The patients’ characteristics of these two sub-
groups are mentioned in Table 2. As Figure 2 illustrates, the
patients with SCF plasma levels above the mean value did
not exhibit significantly (p = 0.2967) higher tumor volumes
(n:24, mean: 35.78 + 23.03 cm’) in comparison with the pa-
tients with below the threshold levels of plasma SCF (n:34,
29.04 +23.03 cm3). Moreover, no difference was observed at
KPS score (p =0.7914), IDH1/2 mutation status (p = 0.5624),
and MGMT promoter mutation status (p = 0.5929) of these
two subgroups.

3.4 | Association of preoperative SCF
plasma level and GBM patient's PFS and OS

The mean value of the preoperative SCF plasma level was
utilized as a cutoff point to divide the GBM patients into two
groups including SCF >2.80 ng/ml and SCF <2.80 ng/ml.
As Figure 3A illustrates, the median PFS was 10.2 months
(95% CI, 7.9-12.4 months) for patients with levels below the
threshold and 9.6 months (95% CI, 7.8—12.6 months) for the
SCF >2.80 ng/ml group (p = 0.3792). As Figure 3B shows,
the median OS of the GBM patients at the SCF <2.80 ng/ml
and SCF >2.80 ng/ml groups was 17.5 months (95% CI, 11.8—
25.1 months) and 17.1 months (95% CI, 12.5-24.6 months),

respectively. Therefore, no significant difference was
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FIGURE 1 (A) The dot plot of preoperative SCF plasma levels of the GBM patients (n = 58), patients with nonglial tumors (n = 20),

and healthy controls (n = 30). (B) Receiver operating characteristics (ROC) plot to illustrate the predictive value of the SCF plasma level for
discrimination between the GBM and healthy controls. (C) ROC curve to illustrate the diagnostic ability of the SCF plasma level for discrimination

between the GBM patients and patients with nonglial tumors
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TABLE 2 Patients characteristics at SCF >2.80 ng/ml and SCF
<2.80 ng/ml subgroups of GBM patients

SCF >2.80 SCF <2.80

Parameters (n=24) (n=34)
Age,y

Median (range) 61 (37-81) 60 (30-79)
Gender, n (%)

Male 12 (50) 18 (53)

Female 12 (50) 16 (47)
Preoperative KPS score, n (%)

<80 11 (46) 14 (41)

>80 13 (54) 20 (59)

. 3
Preoperative tumor volume, n (cm”)

Median (range) 28.9 (4.5-112.5) 19.9 (14.2-92.8)
Extend of surgery, n (%)
Biopsy 11 (46) 12 (35)
Partial resection 5Q@21) 12 (35)
Total resection 8 (33) 10 (30)
IDH1/2 mutation status
Mutated 4(17) 6 (18)
Wild type 20 (83) 28 (82)
MGMT promoter methylation status
Methylated 8 (33) 14 (41)
Not methylated 16 (67) 20 (59)
PFS, mo
Median (range, 95% 9.6 (7.8-12.6) 10.2 (7.9-12.4)
CI)
OS, mo
Median (range, 95%  17.1 (12.5-24.6) 17.5 (11.8-25.1)
CI)

Abbreviations: 95% CI, 95% confidence interval; GBM, glioblastoma
multiforme; IDH1/2, isocitrate dehydrogenase 1 and 2 genes; MGMT, O6—
methyl guanine methyl transferase gene; mo, month; n, number; OS, overall
survival; PFS, progression-free survival; y, years.

observed between the two groups of GBM patients for PFS
(p =0.3792) and OS (p = 0.1469) parameters.

4 | DISCUSSION

Previous studies have investigated the diagnostic and prog-
nostic value of SCF serum levels for different types of can-
cers. Mroczko et al. identified that SCF serum level can be
an appropriate biomarker for non-small cell lung carcinoma
diagnosis and patients’ monitoring. They reported that its di-
agnostic sensitivity is related to the stage of the disease.*?
Also, the SCF level was reported to be significantly higher
in the colorectal cancer patients’ serum in comparison with
healthy controls. Moreover, SCF serum level exhibited more
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FIGURE 2 Association of preoperative SCF plasma level and
tumor volume in the GBM patients

diagnostic sensitivity than the current colorectal tumor mark-
ers including CEA and CA 19-9.%

Identification of alternative blood biomarkers with diag-
nostic and prognostic value can be extremely helpful in the
GBM patients” management, due to limitations of imaging
modalities and invasive tissue biopsy procedures.7 Xu et al.
quantified a list of different proteins in plasma and serum
specimens from GBM patients and healthy subjects. Five of
the proteins, which SCF was one of them, were identified as
high-efficient diagnostic biomarkers for patients with malig-
nant glioma.34 Also, Sun et al. reported that overexpression
of SCF in GBM tumors has significant correlation with the
patients’ shorter survival time. They attributed these observa-
tions to pro-angiogenetic effect of SCFE."

In the current study, we put one step beyond and inves-
tigated the diagnostic and prognostic significance of pre-
operative SCF plasma levels in GBM patients. According
to our observations, the preoperative SCF plasma level
was significantly higher in GBM patients in comparison
with healthy and nonglial tumor-bearing patients and ex-
hibited high diagnostic sensitivity. However, the SCF
level was not associated with the GBM patients’ tumor
volume, PFS, and OS. Therefore, the preoperative SCF
plasma level can help in GBM patient's management as a
diagnostic biomarker and for differentiate between glio-
blastoma and nonglial tumors in a newly diagnosed brain
mass. However, this plasma biomarker does not exhibit
prognostic significance. Many other plasma proteins were
reported as efficient diagnostic and prognostic biomark-
ers for GBM patients. Perez-Larraya et al. investigated
the diagnostic and prognostic significance of preoperative
insulin-like growth factor-binding protein 2 (IGFBP-2),
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FIGURE 3 Kaplan-Meier (A) progression-free survival and (B) overall survival curves of the GBM patients are shown according to the

preoperative SCF plasma level. The mean value of the preoperative SCF plasma level was utilized as a cutoff point to divide the GBM patients into

two groups including SCF >2.80 ng/ml and SCF <2.80 ng/ml

chitinase-3-like protein 1 (YKL-40), and glial fibrillary
acidic protein (GFAP) plasma levels in GBM patients. A
combined profile of the mentioned biomarkers exhibited
high efficacy as a diagnostic tool for GBM suspicious brain
lesions. Besides, IGFBP 2 level could play the role of an
independent prognostic factor in GBM patients.31

Moreover, the correlation of SCF plasma level with
other diseases' progression was previously reported.
Makowska et al. demonstrated that SCF serum level can
reflect disease severity in asthma patients.35 Kanbe et al.
published some observations to demonstrate the associ-
ation of SCF serum level with atopic dermatitis activity
and severity.36 Mean SCF serum concentration was five-
fold higher in chronic renal failure patients in comparsion
with healthy controls. Also, it was significantly correlated
with important clinical parameters of these patients in-
cluding blood urea nitrogen, creatinine, and hemoglobin.37
Besides, different studies reported different mean normal
values for SCF plasma levels according to their healthy
controls’ samples analysis. Wodnar-Filipowicz et al. re-
ported 3.3 + 1.0 ng/ml as the mean SCF plasma level in
257 healthy subjects (n = 257).%8 Zhong et al. investigated
the correlation between blood pressure and the SCF/c-Kit
plasma level. The mean value of SCF plasma level in the
normal controls was 0.76 + 0.04 ng/ml (n = 36).% Kojima
et al. reported 1.16 + 0.31 ng/ml as the mean value of
healthy subjects’” SCF plasma concentration (n = 20). The
main aim of their study was comparing the SCF plasma
level between healthy controls and patients with aplastic
anemia.* According to our measurements, the mean SCF
plasma level in the healthy controls was 0.80 + 0.24 ng/ml.
Taking together, many further comprehensive studies are
needed to solve these inconsistencies.

4.1 | Conclusion

According to our observations, the preoperative SCF
plasma level was founded to be significantly higher in

GBM patients in comparison with healthy controls and
patients with nonglial tumors. However, the level of this
blood-circulating protein was not associated with the GBM
patients’ tumor volume, PFS, and OS. These results sug-
gest that the measurement of the SCF plasma level can
aid in GBM patient's management for diagnostic purposes
and as an efficient diagnostic plasma biomarker in patients
with a new brain mass to differentiate between glioblas-
toma and nonglial tumors. However, this plasma biomarker
does not exhibit prognostic value. So, further studies are
needed to evaluate this blood-circulating biomarker effi-
cacy at predicting the GBM patients’ prognosis. Maybe, a
vast comprehensive study with a high number of involved
participants for estimating the baseline SCF plasma level
should be performed at first.

ACKNOWLEDGMENT
This study was supported by Arak University of Medical
Sciences (Grant number: 3428).

CONFLICT OF INTERESTS
The authors declare no conflict of interest.

HUMAN ETHICS AND INFORMED

CONSENT

This study was conducted after approval of the ethics commit-
tee of Arak University of Medical Sciences (IR.ARAKMU.
REC.1398.174).

DATA AVAILABILITY STATEMENT
All data are available upon request.

ORCID

Amirhosein Kefayat ‘2 https://orcid.
org/0000-0002-0616-8870

Alireza Amouheidari ‘2 https://orcid.
org/0000-0001-5329-9438

Fatemeh Ghahremani © https://orcid.
org/0000-0002-7244-6066


https://orcid.org/0000-0002-0616-8870
https://orcid.org/0000-0002-0616-8870
https://orcid.org/0000-0002-0616-8870
https://orcid.org/0000-0001-5329-9438
https://orcid.org/0000-0001-5329-9438
https://orcid.org/0000-0001-5329-9438
https://orcid.org/0000-0002-7244-6066
https://orcid.org/0000-0002-7244-6066
https://orcid.org/0000-0002-7244-6066

KEFAYAT ET AL.

REFERENCES

L.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Young RM, Jamshidi A, Davis G, Sherman J. Current trends in
the surgical management and treatment of adult glioblastoma. Ann
Transl Med. 2015;3:121.

Gigliotti MJ, Hasan S, Karlovits SM, Ranjan T, Wegner RE. Re-
irradiation with stereotactic radiosurgery/radiotherapy for recur-
rent high-grade gliomas: improved survival in the modern era.
Stereotact Funct Neurosurg. 2018;96:289-295.

Kefayat A, Ghahremani F, Motaghi H, Amouheidari A. Ultra-
small but ultra-effective: folic acid-targeted gold nanoclusters for
enhancement of intracranial glioma tumors’ radiation therapy ef-
ficacy. Nanomedicine. 2019;16:173-184. https://doi.org/10.1016/j.
nano.2018.12.007.

Stupp R, Brada M, van den Bent M, Tonn J-C, Pentheroudakis G.
High-grade glioma: ESMO clinical practice guidelines for diagno-
sis, treatment and follow-up. Ann Oncol. 2014;25:93-101.

Miiller Bark J, Kulasinghe A, Chua B, Day BW, Punyadeera C.
Circulating biomarkers in patients with glioblastoma. Br J Cancer.
2020;122(3):295-305.

Wang J, Bettegowda C. Applications of DNA-based liquid
biopsy for central nervous system neoplasms. J Mol Diagn.
2017;19:24-34.

Loo HK, Mathen P, Lee J, Camphausen K. Circulating biomarkers
for high-grade glioma. Biomark Med. 2019;13:161-165.
Friedmann-Morvinski D. Glioblastoma heterogeneity and cancer
cell plasticity. Crit Rev Oncog. 2014;19:327-336.

Marié P, Ozreti¢ P, Levanat S, Oreskovi¢ S, Antunac K, Beketi¢-
Oreskovi¢ L. Tumor markers in breast cancer—evaluation of their
clinical usefulness. Coll Antropol. 2011;35:241-247.

Mirabelli P, Incoronato M. Usefulness of traditional serum bio-
markers for management of breast cancer patients. Biomed Res Int.
2013;2013:1-9.

Downing G. Biomarkers definitions working group. Biomarkers
and surrogate endpoints. Clin Pharmacol Ther. 2001;69:89-95.
Bates SE. Clinical applications of serum tumor markers. Ann
Intern Med. 1991;115:623-638.

Tainsky MA. Genomic and proteomic biomarkers for cancer:
a multitude of opportunities. Biochim Biophys Acta Rev Can.
2009;1796:176-193.

Perkins GL, Slater ED, Sanders GK, Prichard JG. Serum tumor
markers. Am Fam Physician. 2003;68:1075-1082.

Lennartsson J, Ronnstrand L. Stem cell factor receptor/c-
Kit: from basic science to clinical implications. Physiol Rev.
2012;92:1619-1649.

Wang X, Ren HE, Zhao T, et al. Stem cell factor is a novel inde-
pendent prognostic biomarker for hepatocellular carcinoma after
curative resection. Carcinogenesis. 2014;35:2283-2290.

Perumal D, Pillai S, Nguyen J, Schaal C, Coppola D, Chellappan
SP. Nicotinic acetylcholine receptors induce c-Kit ligand/stem cell
factor and promote stemness in an ARRB1/f-arrestin-1 dependent
manner in NSCLC. Oncotarget. 2014;5:10486-10502.

Krasagakis K, Fragiadaki I, Metaxari M, et al. KIT receptor
activation by autocrine and paracrine stem cell factor stimu-
lates growth of merkel cell carcinoma in vitro. J Cell Physiol.
2011;226:1099-1109.

Sun L, Hui A-M, Su Q, et al. Neuronal and glioma-derived stem
cell factor induces angiogenesis within the brain. Cancer Cell.
2006;9:287-300.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

.. 5161
Cancer Medicine _ “WI LEYJ—

Yasuda A, Sawai H, Takahashi H, et al. The stem cell factor/c-kit
receptor pathway enhances proliferation and invasion of pancreatic
cancer cells. Mol Cancer. 2006;5:46.

Yasuda A, Sawai H, Takahashi H, et al. Stem cell factor/c-kit re-
ceptor signaling enhances the proliferation and invasion of col-
orectal cancer cells through the PI3K/Akt pathway. Dig Dis Sci.
2007;52:2292-2300.

Gao C, Li S, Zhao T, et al. SCF, regulated by HIF-1a, promotes
pancreatic ductal adenocarcinoma cell progression. PLoS One.
2015;10:e0121338.

Oertel S, Krempien R, Lindel K, et al. Human glioblastoma and
carcinoma xenograft tumors treated by combined radiation and
imatinib (Gleevec®). Strahlenther Onkol. 2006;182:400-407.
Eberle F, Leinberger FH, Saulich MF, et al. In cancer cell lines
inhibition of SCF/c-Kit pathway leads to radiosensitization only
when SCF is strongly over-expressed. Clin Transl Radiat Oncol.
2017;28:69-75.

Tannolo G, Conticello C, Memeo L, De Maria R. Apoptosis in nor-
mal and cancer stem cells. Crit Rev Oncol Hematol. 2008;66:42-51.
Gomes AL, Reis-Filho JS, Lopes JM, et al. Molecular alterations
of KIT oncogene in gliomas. Cell Oncol. 2007;29:399-408.

Cetin N, Dienel G, Gokden M. CD117 expression in glial tumors.
J Neurooncol. 2005;75:195-202.

Muthuswamy V. The new 2013 seventh version of the Declaration
of Helsinki—-more old wine in a new bottle? Indian J Med Ethics.
2014;11:2-4.

Yang P, Zhang W, Wang Y, et al. IDH mutation and MGMT pro-
moter methylation in glioblastoma: results of a prospective regis-
try. Oncotarget. 2015;6:40896-40906.

Zhang W, Zhang J, Hoadley K, et al. miR-181d: a predictive glio-
blastoma biomarker that downregulates MGMT expression. Neuro
Oncol. 2012;14:712-719.

Gallego Pérez-Larraya J, Paris S, Idbaih A, et al. Diagnostic and
prognostic value of preoperative combined GFAP, IGFBP-2, and
YKL-40 plasma levels in patients with glioblastoma. Cancer.
2014;120:3972-3980.

Mroczko B, Szmitkowski M, Czygier M. Stem cell factor (SCF) in
diagnosis and monitoring of non-small-cell lung cancer. Pol Arch
Med Wewn. 1999;101:213-218.

Mroczko B, Szmitkowski M, WereszczynSka-Siemiatkowska
U, Okulezyk B. Stem cell factor (SCF) and interleukin 3 (IL-
3) in the sera of patients with colorectal cancer. Dig Dis Sci.
2005;50:1019-1024.

Xu BJ, An QA, Srinivasa Gowda S, et al. Identification of blood
protein biomarkers that aid in the clinical assessment of patients
with malignant glioma. Int J Oncol. 2012;40:1995-2003.
Makowska JS, Cieslak M, Kowalski ML. Stem cell factor and its
soluble receptor (c-kit) in serum of asthmatic patients-correlation
with disease severity. BMC Pulm Med. 2009;9:27.

Kanbe T, Soma Y, Kawa Y, Kashima M, Mizoguchi M. Serum
levels of soluble stem cell factor and soluble KIT are elevated in
patients with atopic dermatitis and correlate with the disease sever-
ity. Br J Dermatol. 2001;144:1148-1153.

Kitoh T, Ishikawa H, Ishii T, Nakagawa S. Elevated SCF levels in
the serum of patients with chronic renal failure. Br J Haematol.
1998;102:1151-1156.

Wodnar-Filipowicz A, Yancik S, Moser Y, et al. Levels of soluble
stem cell factor in serum of patients with aplastic anemia. Blood.
1993;81:3259-3264.


https://doi.org/10.1016/j.nano.2018.12.007
https://doi.org/10.1016/j.nano.2018.12.007

5162 ..
—I—Wl LEY_Cancer Medicine _

39.

40.

KEFAYAT ET AL.

Zhong H-L, Lu X-Z, Chen X-M, et al. Relationship between stem
cell factor/c-kit expression in peripheral blood and blood pressure.
J Hum Hypertens. 2010;24:220-225.

Kojima S, Matsuyama T, Kodera Y. Plasma levels and pro-
duction of soluble stem cell factor by marrow stromal cells
in patients with aplastic anaemia. Br J Haematol. 1997;99:
440-446.

How to cite this article: Kefayat A, Amouheidari A,
Ghahremani F, Alirezaei Z. Diagnostic and prognostic
value of stem cell factor plasma level in glioblastoma
multiforme patients. Cancer Med. 2021;10:5154—
5162. https://doi.org/10.1002/cam4.4073



https://doi.org/10.1002/cam4.4073

