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Abstract

Serum miRNAs (miRs) have gained consideration as encouraging molecular markers for cancer diagnosis and prediction of
prognosis. The authors aimed to identify the exact role of miR-17-5p, miR-125b, and miR-221 among glioblastoma multiforme
(GBM) patients before and after standard treatment, and correlate their expression with survival pattern. The study included 25
GBM patients and 20 healthy controls. Serum miR-17-5p, miR-125b, and miR-221 expression were analyzed before and after
treatment using quantitative real-time polymerase chain reaction (qQPCR). The diagnostic efficacy for the tested miRs was
evaluated using the receiver operating characteristic (ROC) curve, and the relation of miRs expression versus clinical criteria
for GBM was assessed. Patients’ survival patterns were examined versus miRs expression levels. A significant difference was
reported between miRs expression among the enrolled individuals. Both miR-17-5p and miR-221 reported significant elevations
in GBM patients who: are above 60 years old, underwent biopsy resection, have a non-frontal lesion, with tumor size above 5 cm,
and with performance status equals 2 according to the Eastern Cooperative Oncology Group (ECOG) Performance Status. With
regard to miR-125Db, a significant difference was detected according to surgery strategy, primary lesion of the tumor, and ECOG
status. MiRs levels were significantly decreased for GBM patients after treatment. Survival patterns demonstrated an increase in
miR-17-5p, miR-125b, and miR-221 in GBM patients with worse progression-free survival and among those with worse overall
survival. Detection of serum miR-17-5p, miR-125b, and miR-221 aids in the prediction of prognosis and response to treatment
strategy for GBM patients.
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Introduction

Glioblastoma multiforme (GBM) is a fatal type of cancer that
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affects the central nervous system and has no curative treat-
ment (Dahlrot et al. 2013, Zeng et al. 2017). Age is recorded
as a risk factor for GBM (Vartanian et al. 2014) and the re-
ported median survival for GBM patients is 12 to 15 months
after diagnosis (Li et al. 2017). Proliferation and invasive an-
giogenesis are the most common features of GBM (Zhang
etal. 2017). GBM is detected by conventional neuroimaging.
Nevertheless, it is considered as an invasive and expensive
process that has an unwarrantable accuracy (Mabray et al.
2015, Shiroishi et al. 2016). Due to the fact of infiltrative
growth in GBM, surgical resection is only used as a palliative
therapy (Mitchell et al. 2005). It is worth mentioning also that
GBM patients might suffer from resistance to chemotherapy
(Stupp et al. 2009).

The miRNAs (miRs) are present in blood, and recently they
are being viewed as an imperative tool to overcome invasive
detection techniques and resistance to chemotherapy. They
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are commonly considered to be perfect biomarkers for clinical
use (Pichler and Calin 2015). MiRs are a large class of 18-25
nuclear non-coding RNAs that are endogenously expressed
(Rolle 2015, Shea et al. 2016). These molecules can link to
RNA and cause transnational silencing or degradation, hence
inhibiting gene expression (Zeng, Yin, Li et al. 2018a).
Several studies have examined miRs in GBM with regard to
their expression levels and roles, in order to gain fresh insight
into how to treat this disease (Zeng, Yin, Wang et al. 2018b).
MiRs have been identified as obviously specified markers that
can be identified readily by means of microarrays or polymer-
ase chain reactions (PCR) in peripheral blood (Dong et al.
2014).

Among the oncogenic miRs are miR-125b, miR-17-5p, and
miR-221-3p. With regard to miR-125b, its molecular dysfunc-
tion is related to cancer-associated inflammation (Tili et al.
2013). It is involved in the proliferation, apoptosis, and invasion
of cancer cells, and is considered a significant drug resistance
modulator (Sun et al. 2013). These proliferative and anti-
apoptotic effects influence nuclear factor kappa B (NF-kB) ac-
tivity, which in turn affects DNA, cytokines, and response to
temozolomide (TMZ) in GBM patients (Haemmig et al. 2014).

The miR-17-92 cluster is composed of seven mature miRs
(miR-17-5p, miR-19a, miR-92-1, miR-17-3p, miR- 20a, miR-
18a, and miR-19b) that affect multiple regulatory pathways
(Coller etal. 2007, Emst et al. 2010). Relative to its expression
in the normal brain, miR-17-5p is unique in secondary GBM
(Sasaki et al. 2010). It has been previously demonstrated that
miR-17-5p inhibits GBM cell proliferation. Accordingly, the
survival of patients with higher miR-17-5p is longer than
those with lower miR-17-5p expression levels (Zeng, Yin,
Wang et al. 2018b). This could be attributed to the ability of
miR-17-5p to target PTEN (Xie et al. 2014) that is known to
suppress tumors (Morales et al. 2014).

On the other hand, miR-221 and miR-222 are very compa-
rable. They are often present as a gene cluster (miR-221/222),
and have been widely studied for numerous human disorders
(Song et al. 2017). MiR-221 was upregulated in GBM and is
reported to induce cell death. It has been shown to be
overexpressed in glioma cells leading to an increase in DNA
damage markers (Quintavalle et al. 2013). In the current study,
we aimed at assessing the role of serum miR-17-5p, miR-221,
and miR-125b as prospective non-invasive instruments to di-
agnose GBM, and examining their function in response lto
therapy and survival in GBM patients.

Materials and methods
Ethical approval and consent to participate

After obtaining approval from the Medical Ethical Committee
from National Research Centre (ID 17111) on the study and
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after all individuals had signed their written informed consent;
blood samples were collected from all individuals.

Study population

Our study involved 25 patients (16 males, 9 females) diag-
nosed with GBM from the Clinical Oncology Department,
Faculty of Medicine, Ain Shams University, Egypt, in addi-
tion to 20 healthy volunteers. Serum samples were withdrawn
at diagnosis and after completion of the treatment protocol for
those who fulfilled the inclusion criteria as newly diagnosed
GBM cancer patients with age more than 18 years and a per-
formance score less than or equal 2 according to the Eastern
Cooperative Oncology Group (ECOG) Performance Status.
Any GBM patient who did not fulfill the inclusion criteria
was excluded from the study. GBM patients then received
their standardized treatment protocols, which included radio-
therapy (total dose of 60 Gy, given in 30 fractions over
6 weeks) with concomitant temozolomide (TMZ) chemother-
apy (75 mg/day for 45 days), followed by six cycles of TMZ
treatment at a dose of 150 mg/sq.m body surface area. After
the last cycle of the treatment strategy, other blood samples
were collected from GBM patients, who were followed up at
regular intervals and evaluated clinically and radiologically by
MRI with contrast.

Sample processing

Blood samples were taken from study subjects (3 ml each)
into polymer gel tubes with clot activator (Greiner Bio-One
GmbH, Australia). Clotting took place over 30 min at room
temperature, followed by centrifugation at 10,000xg for
10 min at 4 °C. Serum was stored at —80 °C in aliquots for
further analysis of miRs.

RNA isolation

MiRNA extraction was performed using miRNeasy Mini kit
(Catalog # 217004, Qiagen, USA). Briefly; the lysis reagent
was added to thawed serum (1:5) then left for 5 min at room
temperature; afterwards, a volume of chloroform was added to
the tubes (1:1). Samples were then centrifuged at 12,000xg for
15 min at 4 °C (13-18KS, Sigma, Germany), and after remov-
ing the upper aqueous phase to a new tube, 1.5 volumes of
100% ethanol were added. Samples were transferred into an
RNeasy Mini spin column in 2-ml collection tubes and cen-
trifuged for 15 s at > 8000xg at room temperature. The RWT
buffer (700 pl) was added to the RNeasy Mini spin columns.
After centrifugation, the flow-through was discarded, RPE
buffer (500 ul) was added, columns were then centrifuged
and the flow-through was discarded. RNase-free water
(30 pl) was directly added onto the RNeasy Mini spin column
membranes, and centrifugation was done for 1 min at
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> 8000xg. The purity and the concentration of the purified
miRs were detected using spectrophotometer Nano-drop
(Quawell, Q-500, Scribner, USA), and samples were stored
at —80 °C till further assessments.

Reverse transcription and cDNA preparation

Synthesis of complementary DNA (cDNA) was done using
MiScript II reverse transcription kit (Cat number # 218160,
Qiagen, USA). A total volume of 20 ul of reverse transcrip-
tion reaction components as follows: 4 pl MiScript HiFlex
buffer, 2 ul nucleic mixture, 2 pl MiScript RT mixture, and
RNase-free water and template of purified miRNA with ad-
justed concentration 100 ng/reaction were used. The PCR
tubes were then placed in the thermal cycler (SureCycler
8800, Agilent, USA), and the transcription profile was adjust-
ed for 60 min at 37 °C and then 5 min at 95 °C to inactivate
miScript reverse transcriptase mixture. Purity and concentra-
tion of cDNA were detected using spectrophotometer Nano-
drop (Quawell, Q-500, Scribner, USA) and it was stored at
—20 °C till performing quantitative real-time PCR (qPCR).

Quantitative real-time PCR (qPCR)

Quantification of the investigated miRs was performed
using miScript SYBR Green PCR kit (# 218073,
Qiagen, USA) following the manufacturer’s protocol
using the following primers; miR-17-5p (Hs miR 17 2
miScript Primer Assay, MS00029274), miR-125b
(Hs_miR-125b_1 miScript Primer Assay MS00006629)
and miR-221 (Hs_miR_221 2 miScript Primer Assay,
MS00003857). Normalization of the expression levels of
the investigated miRs was performed using RNU6-2
(Hs_ RNU6-2 11 miScript Primer Assay: MS00033740)
as an endogenous control. The concentration of cDNA
was adjusted at 2 ng/ml, and a total volume of 20 ul
was used for the assay. Assay steps were carried out as
per the manufacturer’s protocol. Simply, reactions were
incubated in a 96-well plate at 95 °C for 15 min. A total
of 40 cycles were performed where each cycle was as
follows; 15 s at 94 °C, 30 s at 55 °C and 34 s at 70 °C.
The acquired fluorescence was measured by Stratagene
Real-time PCR System (Max3005P qPCR System,
Stratagene, Agilent Biotechnology, USA).

Calculations of fold changes were performed following the
ACt method, where ACt'’s represented the differences in the
cycle threshold numbers between the investigated miRs and
the endogenous control RNU6-2. The change in the differ-
ences between the examined miRs among the GBM patients
and the healthy controls was represented by AACt (Livak and
Schmittgen 2001).

Statistical analysis

Data were analyzed using SPSS (version 24 SPSS, Inc.,
Chicago USA), and p-values were two-tailed and considered
significant if <0.05. The fold change in investigated miRs was
calculated using the equation of 2“7, Chi-square tests were
used to detect the variations between categorical variables.
The association between the clinicopathological and demo-
graphic factors with investigated miRs was determined by
ANOVA. A receiver operating characteristic (ROC) curve
was plotted between GBM patients and healthy individuals
to detect the sensitivities and the specificities for the miRs,
and their clinical efficacy (Zweig and Campbell 2014).
Progression-free survival (PFS) was reported as the time from
the first receival of the neoadjuvant treatment strategy to dis-
tal, regional, or local recurrence. Overall survival (OS) was
measured from the date of first diagnosis to the date of last
follow-up or death of the patient, both of which were analyzed
using the Kaplan—Meier statistical method, and compared by a
log-rank test.

Results

In the current prospective study, a total of 45 individuals were
enrolled; 20 individuals served as healthy controls, and 25
individuals were diagnosed with GBM. Both groups were of
matched ages and followed the inclusion criteria. No signifi-
cant differences were reported among the enrolled individuals
regarding their gender status as 12 cases were females
(26.7%), three of them were control, and the rest were GBM
patients. Males were 33 (73.3%); 17 participants were control,
and the rest were patients with GBM. With regard to the age of
individuals, 30 were below 60 year-old (17 controls and 13
GBM patients), and 15 were above or equal to 60 year-old
(three controls and 12 GBM patients) as reported in Table 1.

Expression of assessed miRs among the enrolled
individuals

Plotting the ROC curve revealed the following sensitivities
and specificities; 96%, 95% with AUC 0.988 [SE =0.015],
92%, 100% with AUC 0.992 [SE =0.013], and 88%, 100%,
with AUC 0.956 [SE =0.03] for miR-17-5p, miR-125b, and
miR-221 respectively as depicted in Fig. 1. Statistical signif-
icance was achieved between miRs levels in control individ-
uals versus GBM cases as plotted in Fig. 2a-c.

Mean levels of the investigated miRs among clinical
criteria

As summarized in Table 2, increased level of miR17-5p was
statistically significant with GBM patients over 60 years of
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Table 1T Demographic and clinical data for GBM cases and control
group
Factor GBM cases (n=25) Control group (n=20)
N (%) N (%)

Age (years)
< 60 years 13 (52) 17 (85)
> 60 years 12 (48) 3(15)
Gender

Male 16 (64) 17 (85)

Female 9 (36) 3 (15)
Surgery type

Resection 11 (44) -

Biopsy 14 (56) -
Tumor size

<5cm 12 (48)

>5cm 13 (52)
Site of primary lesion

Frontal 12 (48) —

Non-frontal 13 (52) -
ECOG

<2 12 (48) -

=2 13 (52) -
Response

Complete response 2 (8) -

Partial response 4 (16) -
Stable disease 9 (36) -
Progressive disease 10 (40)

60
g + —— miR17-5p|
s w Ve miR125b
1 | miR221
® a0l
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PR S IR S SR RSN S S NN SR ST N ST S S |
0 20 40 60 80 100

100-Specificity

Fig. 1 Receiver operating characteristic (ROC) curve for the investigated
miRs. Area under the curve (AUC) is as follows; 0.988 [SE=0.015],
0.992 [SE=0.013], and 0.956 [SE =0.03] for miR-17-5p, miR-125b,
and miR-221 respectively
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Fig. 2 Expression level of the investigated miRs among the enrolled
individuals. a Expression level of miR-17-5p at mean 85 for control
individuals and 186 for GBM (F =44, p <0.0001). b Expression level
of miR-125b at mean 15 for control individuals and 171 for GBM (F =
61, p<0.0001). ¢ Expression level of miR-221 at mean 5.7 for control
individuals and 38.6 for GBM (F=27.8, p <0.0001)

age, tumor size above 5 cm, non-frontal lesions, GBM patients
who underwent biopsy sample resection as a surgical protocol,
and patients with ECOG equal to 2. Moreover, the level of the
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Table 2 Mean levels (mean +

SEM) of miRs expression among Characteristic factors miR-17-5p miR-125b miR-221
GBM clinical criteria
Age (years)
< 60 years 63+18.26 149 +£23 26.5+5.5
> 60 years 195+33 196 £25 50.9+8.5
Statistics F=143, p<0.001 F=1.78,p=0.195 F=59,p=0.023
Gender
Male 93+22.4 171£26 34.6+7.9
Female 143.6+32.5 172+16 403+7.4
Surgery type
Resection 100+ 18.6 125.7+15.2 17.3+3
Biopsy 2534295 208 +£26 458+6.8
Statistics F=16.9, p<0.001 F=6.5,p=0.018 F=20.8, p<0.001
Tumor size
<5cm 157.7+22.6 147.6 +24 209+43
>5cm 241.7+43.8 194.5+25 542+74
Statistics F=75,p=0.012 F=1.83,p=0.189 F=14.3, p=0.001
Site of primary lesion
Frontal 105.7+19.5 138.7+24 19.8+2.8
Non-frontal 272.7+28.4 207.8+36 58275
Statistics F=24, p<0.001 F=43,p=0.049 F=23,p<0.001
ECOG
<2 116.7+23 125+17 24.8+7
=2 249.7+31.3 215+24 50.6+6.8
Statistics F=11.03, p<0.001 F=284.3 p=0.008 F=68p=0.015

aforementioned miR was higher in female patients relative to
their male counterparts; however, the difference has not
achieved statistical significance. For miR-125b, a significant
increase was demonstrated among patients who underwent
biopsy resection of the tumor, and those with ECOG equal
to 2. Meanwhile, the relationship between miR-125b and the
site of the primary tumor lesion reported a p value of 0.049.
Regarding miR-221, significant changes in its expression lev-
el were reported in relation to all clinical characteristics apart
from gender status as summarized in Table 2.

Relation between miRs expression and treatment
strategy

The investigated miRs were measured among GBM patients be-
fore and after treatment. The results are as follows; 182 +24.7
versus 24.7+1.6 at F=45.5, p<0.001 for miR-17-5p; 171.8 +
17.8 versus 65 = 8 at F =29.5, p <0.001 for miR-125b; and 38.2
+5.4 versus 7.2+ 1.8 at F=28.8, p <0.001 for miR-221.

Impact of miRs expression on response to treatment

Mean levels of the investigated miRs were reported with dif-
ferent response categories [complete response (CR), partial

response (PR), stable disease (SD), and progressive disease
(PD)] in Table 3. When patients were categorized as re-
sponders (CR, PR, and SD) and non- responders (PD), the
results revealed sensitivity and specificity for miR-17-5p as
50.5% and 100%, for miR-125b as 52.9% and 100%, for miR-
221 as 76.5% and 100% respectively. Significant differences
were reported in miR-17-5p and miR-221 levels, and response
to treatment as shown in Table 3.

Prediction power of miRs in survival patterns

By using the mean level for miR-17-5p as 186-fold
change, miR-125b as 171.8-fold change, and miR-221 as
139-fold change, the GBM patients were divided into
those above or below the mean level of miR expression.
As shown in Fig. 3a-c, a significant difference was report-
ed between miR-17-5p, miR-125b, and miR-221 with
PFS. GBM patients with low expression levels reported
better PFS as compared to their counterparts with high
expression levels. Similarly, expression of miR-17-5p,
miR-125b, and miR-221 reported significant differences
with OS, where GBM patients with better OS showed
significantly lower expression level (Fig. 4a-c).

@ Springer
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Table 3 Level of miRs

expression according to GBM miR-17-5p miR-125b miR-221
response criteria
GBM response
Complete response 79 112 6.8
Partial response 129 113 13
Stable disease 116 153 25
Progressive disease 302 235 66
Statistics F=15, p<0.001 F=2.5,p=0.086 F=24.33,p<0.001

Discussion

Recently, endogenous circulating miRs have comprised a
widespread research interest not only for being stable against
harsh conditions (Sohel 2016), but also due to the potential of
newer techniques, for example nanotechnology-based
methods to detect their levels, providing a sensitive tool capa-
ble of overcoming the limitations of the currently implicated
techniques (Chaudhary et al. 2018, Zhang et al. 2019). The
authors have previously studied the expression of some miRs
in several types of cancer (Swellam, El Magdoub et al. 2018a,
Swellam, Hashim et al. 2018b, Swellam and Ramadan 2019)
among which was GBM (Swellam, Ezz EI Arab et al. 2019),
and reported their usefulness as molecular markers for early
detection and prediction of prognosis. In the current study, the
authors examined the expression levels of miR-17-5p, miR-
125b, and miR-221. Previous studies have reported the role of
these miRs in carcinogenesis being categorized as oncomiRs
(Bobbili et al. 2017, Jiang et al. 2018, Kong et al. 2018, Kiener
et al. 2019).

Hereby, we reported a significantly higher expression level
of the investigated miRs in GBM patients as compared to
healthy individuals. From a clinical standpoint, aberrant ex-
pression of miRs has been readily identified in biological
fluids in cancer patients, highlighting the importance of their
stability, and offering a rationale for improving efficient liquid
biopsy molecular markers for cancer diagnosis. In the current
study, no significant difference among the enrolled individ-
uals (n =45) with regard to their gender or age was reported.

The mean expression levels of the indicated miRs were
examined in relation to the clinical criteria of GBM patients.
A significant difference is hereby reported between miR-17-
5p and miR-221 on one hand and patient age on the other, as
those above 60 years of age have demonstrated an increased
expression of the two miRs. These results point out the char-
acteristic dysregulated molecular profile of elderly GBM pa-
tients (Crespo et al. 2015). The higher, yet insignificant level
of miR-17-5p in female patients versus male ones requires
further probing, especially in light of previous studies negat-
ing any significant gender-based differences in the level of this
miR in other types of cancer (Chen et al. 2013, Mooney et al.
2015). Currently, a study with a larger number of GBM
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patients is in progress, which could possibly negate or confirm
the observed difference.

Patients were classified into two groups based on the site of
primary lesion as tumor at the frontal site (n = 12) versus other
non-frontal sites (n = 13). An increased expression level of the
investigated miRs was detected among those with non-frontal
site lesion. Increased expression of these oncomiRs denotes
the aggressiveness of their tumors (Delangle et al. 2019).
Hence, it was demonstrated that miR-17-5p and miR-221 ex-
pression levels in relation to the site of tumor play a role as
predictors of prognosis, that is, because a decreased expres-
sion level was reported among GBM patients with frontal site
lesions, which predisposed those patients to complete surgical
resection (Paldor et al. 2016). These data are in accord with
our results, as the expression level of the investigated miRs
was significantly lower in those who underwent a complete
resection with better prognosis, indicating the usefulness of
these miRs as a potential reliable tool for the prediction of
GBM prognosis. Moreover, a survival analysis of 106 patients
has demonstrated a poor prognosis, with high levels of miR-
17-5p (Zhao et al. 2017). However, it should be noted that
some other investigators have demonstrated contradictory
findings, where a high level of this miR was associated with
a better outcome in GBM patients who underwent surgical
treatment (Yuan et al. 2017).

Moreover, the results of the current work elucidate a sig-
nificant relation with ECOG, a useful indicator for tumor per-
formance (Lee et al. 2018). This could be explained in light of
the fact that the investigated miRs have shown significantly
lower levels with ECOG less than 2, indicating the possible
role of those liquid biopsy samples as predictors for better
prognosis.

It is believed nowadays that liquid biopsies are likely to
become an additional standard for monitoring progressive ge-
nomic alterations over tumor evolution, and the enrollment of
liquid biopsy samples for the diagnosis, prognostication, and
prediction of treatment response is becoming of great impor-
tance (Hench et al. 2018). Significant reductions in the expres-
sion levels of the three investigated miRs (miR-17-5p, miR-
125b, and miR-221) were reported after treatment, as shown
in Table 3. Furthermore, those with CR reported a significant-
ly inferior expression level, as shown in Table 4, indicating the
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Fig. 3 Progression-free survival for GBM patients with a miR-17-5p, b
miR-125b and ¢ miR-221

possible role of miRs as potential predictors of response to
treatment and presuming the prognostication status of GBM
patients.

After GBM patients had received their standard care of
treatment, they were subject to further follow-up, and MRIs
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Fig. 4 Overall survival for GBM patients with a miR-17-5p, b miR-125b
and ¢ miR-221

were re-analyzed to reduce intra-observer variability and offer
consistency. Accordingly, and as plotted in Figs. 3 and 4,
miRs expression levels revealed significant differences, where
statistically significant lower expression levels were reported
among patients with better PFS and OS. These results
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Table 4 Mean level for

investigated miRs among Response miR-17-5p miR-125b miR-221

response to treatment
Responders 101+14 120+ 14 143+28
Non-responders 225+29 195+23 49.4+6.3
Statistics F=75,p=0.012 F=45,p=0.045 F=13.7, p=0.001

emphasize the crucial clinical role of the investigated miRs for
prediction of survival behavior in GBM patients.

Conclusion

Assessment of miRs expression in liquid biopsy samples for
detection of solid tumors, prediction of response to treatment,
and survival pattern is of great interest, not only because of its
minimal/non-invasive nature, but also because miRs are stable
and can be used in monitoring patients’ responses to treatment
in a cost-effective manner compared to conventional tradition-
al techniques.
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