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Inhibition of the Invasion of Human Glioblastoma U87 Cell 
Line by Ruxolitinib: A Molecular Player of miR-17 and            
miR-20a Regulating JAK/STAT Pathway

ABSTRACT

AIM: To determine the interaction between ruxolitinib, JAK/STAT signalling, and two angio-microRNAs (miRs) to expose potential 
target molecules in the inhibition of glioblastoma invasion.   
MATERIAL and METHODS: The invasion properties of glioblastoma were analyzed using a cancer cell spheroid invasion assay. 
Following treatment of 195 nM ruxolitinib, the relative expression levels of miR-17 and miR-20a and genes of IL-6/JAK/STAT3 
receptor signaling belonging to the JAK/STAT pathway were measured by qRT-PCR in treated and untreated three-dimensional 
tumor spheres of U87 cells. 
RESULTS: Our results indicated that a therapeutic dose of ruxolitinib (195 nM) significantly increased miR-17 and miR-20a 
expression. Ruxolitinib treatment resulted in the production of IL-6 and active formation of IL-6 receptor complex for the subsequent 
activation of the IL-6R/JAK2/STAT3 axis. However, ruxolitinib treatment significantly decreased the expression of JAK2 and PI3K. 
Pearson correlation analyses revealed a strong negative correlation of miR-17 with JAK2, STAT3, and PI3K expressions, and also 
miR-20a has a negative correlation with expression levels of JAK2 and PI3K. The only positive correlation was found to be between 
miR-20a and IL-6, gp130 expressions.
CONCLUSION: The specific JAK2 inhibitor ruxolitinib plays an important role in glioblastoma angiogenesis biology via inhibiting 
IL-6 receptor-dependent JAK/STAT signaling. Additionally, both miR-17a-3p and miR-20a overexpression induced by ruxolitinib 
treatment may be playing a major role in downregulated JAK2, STAT3, and PI3K proteins. Our results suggest that miR-17-3p and 
miR-20a-5p may serve as new therapeutic targets for the treatment of glioblastoma.
KEYWORDS: Angiogenesis inhibitors, Drug effects, Glioblastoma, Invasion, Ruxolitinib, JAK/STAT signaling pathway, microRNAs, 
Molecular targeted therapy 
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█    INTRODUCTION

Glioblastoma multiforme (GBM), also known as grade 
IV glioma, is the most common type of adult primary 
brain tumor, and is currently among the incurable 

forms of cancer. Angiogenesis and invasion are common 
events that limit treatment of GBM (33,34,38,39). Therefore, 
understanding the mechanisms underlying and inhibition 
of these events may be help to inform optimal therapeutic 
strategies to treaty GBM. 
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Interleukin 6 (IL-6) interacts with gp130 and IL-6R to form 
receptor complex which in turn leads to downstream 
activation of the Janus kinase/signal transducer and activator 
of transcription 3 (JAK/STAT3) signaling pathway. Previous 
studies have shown that the IL-6/JAK/STAT3 signaling 
pathway is strongly associated with glioblastoma including 
cell invasion and angiogenesis (26,30). Thus, the inhibition of 
this pathway may be critical to the prevention of glioblastoma 
invasion.

Previous studies have reported that two JAK inhibitors, 
AG490 and WP1066, efficiently suppressed glioblastoma 
invasion (19,44). Ruxolitinib, an inhibitor of JAK1 and JAK2, 
is approved by U.S. Food and Drug Administration (FDA) for 
polycythemia vera and primary myelofibrosis (13). At present, 
a clinical trial of ruxolitinib in patients with grade III glioma and 
glioblastoma is ongoing (9).

Non-coding regions of the human genome produce small 
ribonucleic acid (RNA) molecules of 18-25 nucleotides that 
are termed microRNAs (miRs). miRs are small players with a 
pivotal role in the development and progression of gliomas 
due to their high levels of activation in the post-transcriptional 
regulation of protein expression. The term angio-miR was 
coined to identify specific classes of miRs that are involved 
in angiogenesis, and they were shown to play a potential role 
in the tumorigenesis of glioblastoma (12). In this regard, miRs 
have received a great deal of attention as potential therapeutic 
targets for the treatment of glioblastoma (2).

The aims of this study were to determine the potential role of 
the ruxolitinib on  IL-6/JAK/STAT3 axis of JAK/STAT pathway in 
glioblastoma invasion, and to investigate the regulatory effect 
of ruxolitinib induced miR-17 and miR-20a in the glioblastoma 
tumor spheroid model of the U87 cell line.

█    MATERIAL and METHODS
Drugs and Chemicals

Ruxolitinib (CAS 941678-49-5) was purchased from Santa 
Cruz Biotechnology (Santa Cruz, CA). The PureLink® RNA 
Mini Kit, mirVana™ miRNA Isolation Kit, High Capacity cDNA 
Reverse Transcription Kit, TaqMan™ Advanced miR cDNA 
Synthesis Kit, Power SYBR® Green Master Mix, TaqMan™ 
Gene Expression Master Mix, and molecular grade water were 
obtained from Thermo Fisher Scientific.

Cell Culture, Generation of Spheroids And Treatments

The human glioblastoma cell line U87-MG (American Type 
Culture Collection [ATCC]® HTB-14™) was cultured in ATCC-
formulated Eagle-s Minimum Essential Medium (Catalog No. 
30-2003), 10% fetal calf serum (Gibco Life Technologies), 
2 mM glutamine (Gibco-Life Technologies), and 1% final 
concentration of penicillin/streptomycin (Invitrogen, Life 
Technologies). Cells were kept in a humidified incubator at 37°C 
and 5% CO2 during the entire study. Tumor spheroids were 
generated according to Berens et al. (1). For the treatments, 
40 µl collected spheroids in medium, 100 µL Matrigel matrix 
(Corning, USA), and 100 µL collagen type I (Sigma Aldrich, 
USA), mixed in a cold Eppendorph tube, and 40 µl mixture 

were plated on six wells of 24-well plates previously coated 
with Matrigel. The plate was placed into a 37°C 5% CO2 
incubator to polymerize the three-dimensional culture. Next, 
1 mL of cell culture media was gently added to each well. 
After 24 hours, the tumor spheroids were treated with 195 
nM ruxolitinib for 48 hours. Six replicates were used for each 
treatment, and duplicate experiments were performed. 

Evaluation of Invasive Activity

After treatment, cell invasion was recorded for 48 hours 
using an inverted phase contrast light microscope at 20x 
magnification on a Zeiss Axio Vert.A1 with digital camera. 
Two parameters were used in the calculation of invasion 
capacity: 1) the longest invasive distance emanating from the 
spheroid, 2) total area invaded by cells leaving the spheroid, 
as suggested by according to Del Duca et al. (11). Images 
were analyzed using Image J software (35).

RNA Isolation, Reverse Transcription and qRT-PCR Assay

Total RNA was isolated from single spheroids of each group 
(five replicates) using an RNA purification kit (Thermo Fisher 
Scientific, USA). The cDNAs were synthesized with a High-
Capacity cDNA Reverse Transcription Kit (Thermo Fisher 
Scientific, USA). MiRs were isolated from the single spheroids 
of each group (five replicates) using a mirVana™ miRNA 
Isolation Kit, and cDNAs were synthesized with an Advanced 
miRNA cDNA Synthesis Kit, in accordance with kit protocols. 
Quantitative real time polymerase chain reaction (qRT-PCR) 
analysis was performed on a QuantStudio 5 Real-Time PCR 
system (Life Technologies, USA) using the TaqMan™ Gene 
Expression Master Mix (Life Technologies, USA). The thermal 
cycling condition and oligonucleotide primer IDs are shown 
in Table I. Relative expression levels were calculated using 
the comparative cycle threshold (2-∆∆Ct) method, and the 
ribosomal RNA 18S for mRNA and U47 for miR were used as 
internal controls.

Statistical Analysis

The differences in the invasion rate, tumor volume, and the 
relative fold change in gene and miR expression between 
control and experimental groups were determined using 
independent sample t-tests. Pearson correlation coefficient 
were used for correlation analysis. Both statistical analyses 
were performed using SPSS 20.0 software at a significance 
level of p≤0.05.

█    RESULTS
The effect of the JAK2 inhibitor ruxolitinib on tumor cell growth 
and invasion was studied in a three-dimensional culture 
system. Tumor spheroids of U87-MG cell were treated with 
195 nM of ruxolitinib, and the effects on tumor volume and 
invasion were examined (Figure 1A, B). Although ruxolitinib 
slightly suppressed growth of tumors spheroids, the reduction 
in tumor volume of 21.9% was not statistically significant 
(p=0.061). However, ruxolitinib significantly inhibited tumor 
invasion, which served as a biomarker of metastatic potential, 
via a 95.2 % reduction in invasion area in the three-dimensional 
culture system of the U87 cell line (p<0.0001). 
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Table I: Genes, miRNAs, Taq-Man Assay ID and PCR Conditions bb vn elong to qRT-PCR Assay

Gene and miRNA Name Taq-Man Assay ID qRT-PCR Condition

hsa-miR-17-3p Human microRNA-17-3p 477932_mir

1 cycle of 2 min at          
50ºC and 10 min at 95 

ºC followed by 42 cycles 
of denaturation at 95 ºC 
for 15s, annealling and 
extension at 60 ºC for 

1 min

hsa-miR-20a-5p Human microRNA-20a-3p 478586_mir

IL-6 Interleukin 6 Hs00174131_m1

IL6-R Interleukin 6 (IL6) receptor complex Hs01075666_m1

gp130 Interleukin 6 (IL6) signal transducer on costatin m receptor Hs00174360_m1

JAK2 Janus Kinase 2 Hs01078136_m1

STAT3 Signal Transducer and Activator of Transcription 3 Hs01051738_g1

SOCS3 Suppresor of Cytokine Signaling 3 Hs02330328_s1

PI3K Phosphatidylinositol 3-kinase Hs00933163_m1

AKT AKT serine/threonine kinase 1 Hs00178289_m1

mTOR Mechanistic Target of Rapamycin Kinase Hs00234522_m1

18S Human 18S ribosomal RNA Hs03003631_g1

U47 Human Taq Man micro RNA Control Assay 001223_mir

Figure 1: A) Tumour volume and invasion rate of 195nM ruxolitinib 
treated and untreated (control) U87 spheroids. B) Relative % of 
tumour inhibition and relative % of invasion area in control and 
experimental groups at 48 hours. Values expressed as mean ± SE, 
n =5. Red colour indicates significantly different values compared 
to control groups (independent-samples t-test: p≤0.05).

To further examine the mechanism that accounts for the 
inhibition of growth and invasion by ruxolitinib, qRT-PCR in 
spheroids treated with 195 nM ruxolitinib for 48 hours was 
performed for miR-17-3p and miR-20a-5p and gene expression 
of the IL-6 receptor-dependent JAK/STAT pathway. The qRT-

PCR assay revealed a significant upregulation in the relative 
expression level of both angio-miRs in 195 nM ruxolitinib-
treated tumour spheroids compared to the untreated control 
group (miR-17-3p = 2.75 ± 0.6-fold, p =0.023 and miR-20a-5p 
= 9.33 ± 1.85-fold, p =0.0011) (Figure 2). 

To investigate the effects of ruxolitinib on IL-6/JAK/STAT 
signaling, the mRNA levels of two key IL-6 receptors, gp130 
and IL-6R with IL-6 cytokine genes, were determined. 
Whereas ruxolitinib treatment caused significant upregulation 
of IL-6 and gp130, there was no significant change in IL-
6R level (Figure 3). This finding indicated that IL-6 receptor 
signaling occurred in ruxolitinib-treated glioblastoma tumor 
spheroids. To check if whether IL-6 receptor-dependent JAK/
STAT signal was generated, we examined the gene expression 
levels in the JAK/STAT and PI3K/AKT/mTOR axis activated by 
the initiation signal. Ruxolitinib caused a significant decrease 
in JAK2, the main initial factor of IL-6/JAK/STAT axis, and in 
SOCs3 gene expression levels compared to their respective 
controls; additionally, PI3K, the primary initial protein of the 
IL-6/PI3K/AKT/mTOR axis, was significantly suppressed by 
drug treatments at 48 hours in U87 tumor spheroids (Figure 
3). In order to determine the interaction between miRs and 
the JAK/STAT signalling genes, Pearson correlation analyses 
were performed on the relative gene expression level of these 
molecular markers. This analyse revealed a strong negative 
correlation of miR-17 with JAK2, STAT3, and PI3K expressions, 
while miR-20a has a negative correlation with expression 
levels of JAK2 and PI3K. The only positive correlation was 
found to be between miR-20a and IL-6, gp130 expressions 
(Table II).       

█    DISCUSSION
Ruxolitinib, an orally administered inhibitor of JAK1 and JAK2, 
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is used clinically in  patients with myeloproliferative neoplasms 
such as polycythemia vera and primary myelofibrosis (13,27). 
Several previous studies have demonstrated an anti-tumor 
effect of ruxolitinib in, human ovarian cancer, non-small-cell 
lung cancer models, and pancreatic cancer via JAK/STAT 
pathway inhibition (18,32,43). Here, our study revealed that 
ruxolitinib strongly inhibits the invasion of human glioblastoma 
U87 cells via the IL-6/JAK/STAT3 signaling pathway. In 
addition, we found that a strong negative correlation existed 
between miR-17 and JAK2, and STAT3 and PI3K, and a 
significant negative correlation existed between miR-20a and 
JAK2, PI3K expressions.

The formation of new blood vessels by angiogenesis 
plays a key role in glioblastoma invasion involving various 
physiological processes, including the IL-6/JAK-STAT3 
signaling pathway. The median survival in patients with GBM 
is poor because of local recurrence due to invasion of glioma 
cells into normal brain tissue (4,17,22,33). Moreover, this fact 
is one of the reason for the non-curative nature of surgical 

Figure 2: Relative fold change determined by quantitative real-
time PCR (qRT-PCR) analysis of miR-17-3p and miR-20a-5p in 
control and 195 nM ruxolitinib exposed U87 tumour spheroid. All 
data were normalized with U47 expression and given as relative 
to control. Values expressed as mean ± SE, n =6. Green colour 
indicates significantly different values compared to control groups 
(independent-samples t-test: p≤0.05).

Figure 3: Relative fold change 
determined by quantitative real-time 
PCR (qRT-PCR) analysis of Jak/Stat-
IL6 receptor signalling miR-17-3p 
and miR-20a-5p in control and 195 
nM ruxolitinib exposed U87 tumour 
spheroid. All data were normalized 
with GAPDH expression and given as 
relative to control. Values expressed 
as mean±SE, n =6. Green and red 
colours indicate significantly different 
values compared to control groups 
(independent-samples t-test: p≤0.05).
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Table II: Correlation Between Relative Expression Level of Angio-miRs and JAK/STAT-IL 6 Receptor Signalling Genes

miR-17 miR-20a

Genes Pearson Correlation Sig. (2-tailed) Pearson Correlation Sig. (2-tailed)

Jak2 -,696* ,012 -,725** ,008

Stat3 -,604* ,038 -,489 ,106

PI3K -,738** ,006 -,712** ,009

IL6 ,453 ,139 ,684* ,014

IL6R -,118 ,714 ,013 ,969

gp130 ,490 ,106 ,660* ,019

Socs3 -,446 ,146 -,498 ,099

Akt ,262 ,410 ,395 ,204

mTOR ,216 ,500 ,291 ,359

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

Figure 4: Jak/Stat-IL 6 receptor 
signalling pathway and gene 
and miRNAs expression status 
in ruxolitinib treated tumour 
spheroids of U87 cells.
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participates in regulating invasion of U87 cell lines (17). In the 
U251-MG cell lines, oxymatrine, a natural quinolizidine alkaloid 
extracted with antitumor activities, decreased the expression 
levels of p-AKT and p-mTOR (10). Inhibition of this pathway, 
especially the downregulation of PI3K, was observed in the 
present study (Figure 3). In addition, a negative correlation 
between miR-17, miR-20a, and PI3K was exhibited (Table II).   

MiRs have a pivotal role in cell functions including proliferation, 
apoptosis, differentiation, migration, angiogenesis, and so on 
in the tumorigenesis of glioblastoma (2,31,37,40). Additionally, 
multiple studies have shown that angiomiRs regulate the 
expression of genes, which have a pivotal role in epigenetic 
modification, being involved in both angiogenesis and 
invasion of glioblastoma (2). STAT3 is the most studied stat 
protein in the JAK/STAT pathway and is regulated by miR-17 
cluster family members. The inhibitory effect of miR-17-92 on 
STAT 3 has been shown to be very important in tumor-like 
processes, as well as in hypoxia and angiogenesis (7,14,16). 
MiRs-17, -20a and -106b were determined to target STAT3 
and MAPK14 directly (5). Additionally, it was shown that the 
expression of miR-17, an angiomiR, promoted glioblastoma 
cell invasion (24). In the present study, after treatment of 
ruxolitinib, while expression of both miR-17 and miR-20a 
were significantly up-regulated, strong downregulation was 
observed in JAK2, STAT3 and PI3K expression. In addition, 
significant correlations among these miRs and genes show 
gene-miRs interactions at molecular levels and are supportive 
of our data (Table II). These results suggest that miR-17 and 
miR-20a may regulate cell invasion of glioblastoma via IL-6/
JAK2/STAT3 axis belonging to the JAK/STAT pathway (Figure 
4).

█    CONCLUSION
Our findings suggest that JAK/STAT signaling acts as a 
proangiogenic factor in glioblastoma, and ruxolitinib plays an 
important role in GBM angiogenesis via both inhibiting IL-6/
JAK2/STAT3 axis and significantly inducing miR-17a-3p and 
miR-20a expression which that may downregulate JAK2, 
STAT3, and PI3K. We believe that the combined application 
of ruxolitinib and miR-17/-20a may serve as an attractive 
strategy for the therapeutic intervention for glioblastoma in 
the future.
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