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IGF-1R inhibitor PQ401 inhibits osteosarcoma cell
proliferation, migration and colony formation
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Abstract: IGF-1R is expressed abnormally in osteosarcoma (0S) and could participate in its progression. In this
study, we aimed to explore the effect of the IGF-1R inhibitor PQ401 as a treatment for 0S. The relative expression
of IGF-1R in OS patient tumors and the U20S cell line were determined by gRT-PCR and by accessing information in
a public database. Inhibition of cell proliferation by PQ401 was determined by MTT assay. Cell migration under low
concentration treatment of PQ401 was carried out by transwell and wound healing assays. PQ401 induction of OS
cell apoptosis was investigated by flow cytometry. Tumorigenesis under PQ401 treatment was evaluated by a colony
formation assay. Finally, downstream blockage of the IGF-1R pathway was verified by western blotting. Our results
show that the expression of IGF-1R was remarkably higher in OS cells, particularly in U20S, than in other cancer-
type cell lines. The inhibition of the IGF-1R pathway by PQ401 exhibited significant anticancer activity in the U20S
cell line in not only proliferation but also migration and colony formation. In addition, PQ401 is a strong inducer of
OS cell apoptosis. Furthermore, western blotting was used to demonstrate that the IGF-1R related downstream
pathway, including total ERK1/2, was significantly inhibited by PQ401. Thus, IGF-1R inhibition may represent a novel

treatment for OS.
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Introduction

Osteosarcoma (0S), one of the most frequent
types of primary malignant bone neoplasms,
occurs in both children and adolescents [1].
The most common and effective therapeutic
strategy for patients with OS is orthopedic sur-
gical intervention. However, the recurrence and
metastasis rates are quite high, resulting in a
low survival rate [2]. In attempt to address this,
chemotherapy and occasionally radiotherapy
are employed; however, once the patient devel-
ops metastasis, particularly in the lungs, those
treatments always fail [3]. Therefore, novel th-
erapeutics treatments that target the molecu-
lar pathway regulating the metastasis of OS are
urgently needed.

Receptor tyrosine kinases (RTKs) play a critical
and essential role in cancers, including osteo-
sarcoma, and have become ideal targets for
anti-cancer therapy [4]. IGF-1R, an important

RTK, is believed to regulate cancer cell survival,
apoptosis and motility [5, 6]. However, research
focused on using IGF-1R inhibitors for OS as a
cancer treatment is still quite limited.

A novel inhibitor of IGF-1R, PQ401, which is a
diarylurea compound serving as a specific IGF-
1R inhibitor, was evaluated in certain cancers
as a possible anti-cancer drug. However, no evi-
dence concerning the effect of PQ401 on os-
teosarcoma has thus far been identified. Th-
erefore, in the present study, we aimed to study
the anticancer activity of PQ401 using osteo-
sarcoma cell lines and provide evidence for its
use in osteosarcoma treatment.

Materials and methods
Cell lines, cell culture and chemicals

The U20S and 143B cell lines were obtained
from the American Type Culture Collection (AT-
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CC, USA). Cells were cultured in Dulbecco’s
modified Eagle’s medium supplemented with
10% fetal bovine serum (Gibco, USA), 100 U/ml
penicillin and 100 U/ml streptomycin (Gibco,
USA) in a humidified incubator with 5% CO, at
37°C. PQ401 (Sigma-Aldrich, USA) was diluted
to a stock concentration of 1 mM in PBS con-
taining 2% DMSO.

Patient samples

Tissue from five OS patients with clinical diag-
nosis of potential metastasis was biopsied and
confirmed by a definite pathology report. All
patients were provided with and signed con-
sent forms. Aliquots of the biopsy samples
were stored at -80°C for further analysis. This
study was conducted in accordance with the
regulations of the human ethics committee of
Harbin Medical University.

MTT assay

The MTT assay was performed to determine
the chemosensitivity of osteosarcoma cells. In
brief, a total of 5x10% U20S or 143B cells per
well were seeded in 96-well plates with 100 pl
culture medium and cultured for 24 h. Then,
the cells were exposed to different concentra-
tions of PQ401 in 1% FBS medium for another
48 h. 100 pl medium containing MTT (5 mg/ml)
was added to each well, and the cells were
incubated at 37°Cforadditional 4 h. Afterwards,
150 yl DMSO was added, and the cells were
incubated with gentle shaking for 15 min. The
absorbance of each well at 490 nm was then
determined by a microplate reader. Cisplatin
(Sigma, USA) was used as a positive drug con-
trol for the MTT test and cell culture medium
was used as a negative control for this assay.
For IC,, time-dependent test, the cells were
treated for 24 h, 48 h and 72 h.

Wound healing assay

The wound healing assay was used to measure
U20S cell migration under the treatment of
PQ401. Atotal of 4x10° cells/well were seeded
into 6-well plates with 10% FBS culture medi-
um overnight. On the next day, a wound scratch
was made by scraping a micropipette tip across
the cell monolayer in the center. After removing
the dislodged cells by gentle washing with cul-
ture medium, cells were treated with PQ401 in
5% FBS culture medium for 48 h. At O h and 48
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h, five representative images of the wound-
healing were taken. Cell migration was mea-
sured by the closure area measured by Image)
[71.

Transwell assay

The transwell migration assay was performed
to investigate the effects of PQ401 on the
migration of U20S cells. Cells were collected
and resuspended in serum-free culture medi-
um. A total of 1x10* cells in 200 ul serum-free
culture medium containing PQ401 were seed-
ed into the upper chamber, while 600 ul culture
medium supplemented with 10% FBS was
added to the lower chamber. Following 24 h of
incubation at 37°C, the upper chamber was
carefully scraped off using a cotton swab. The
cells that migrated were stained with 0.5%
crystal violet, and five randomized visual fields
were counted. The number of cells was quanti-
fied using ImagelJ.

Apoptosis assay

Atotal of 1x10° U20S cells/well were seeded in
6-well plates with 2 ml culture medium and cul-
tured for 24 h. The cells were treated with
PQ401 at 5 yM and 10 pM in cell culture medi-
um containing 0.05% DMSO for another 24 h
prior to harvesting. Then, the cells were washed
twice with ice-cold PBS, and their concentra-
tions were adjusted to 1x10%/ml in binding buf-
fer. 200 ul PBS containing cells was taken from
the suspension and incubated for 30 min with
5 ul Annexin V-FITC, and then with 5 ul Pl. FACS
analysis for annexin-V and PI staining was per-
formed using a C6 flow cytometer.

Colony formation assay

Briefly, 3000 cells were seeded into a 100 mm
cell culture dish overnight in fresh cell culture
medium. The next day, the cells were treated
with PQ401 at O yM, 5 pM, or 10 uM in cell
culture medium with 0.05% DMSO for 10 days.
Then, cells were fixed in cold methanol and
stained with 0.1% crystal violet for 10 min.
After washing twice with PBS, a picture of the
whole plate was taken, and the occupied area
was quantified by ImageJ.

Western blot

U20S cells were lysed in RIPA containing 1%
protease inhibitor and 1% phosphatase inhibi-
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tor. Briefly, solubilized proteins were quanti-
fied using the colorimetric DC protein assay
(Bio-Rad, USA). Then, 20 pg protein was lo-
aded for electrophoresis in a 10% SDS-PAGE
gel and transferred onto a PVDF membrane
(Bio-Rad, USA). The primary antibodies agai-
nst p-IGF-1R (1:1000, Santa Cruz, USA), total-
ERK1/2 (1:2000, Santa Cruz, USA), p-AKT
(1:1000, Santa Cruz, USA), beta-actin (1:2000,
Santa Cruz, USA) were diluted in the blocking
buffer. The membrane was incubated with pri-
mary antibody at 4°C overnight. Detection of
bands was carried out using chemilumines-
cence by ChemiDoc (Bio-Rad, USA).

Reverse transcription-quantitative polymerase
chain reaction (RT-qgPCR)

Total RNA of patient samples, as well as the
U20S and 143B cell lines, was extracted by
using Trizol reagent (Invitrogen, USA) and th-
en reverse transcribed into cDNA using the
Prime-Script RT-PCR kit (Takara, Japan). The
expression levels of IGF-1R were determined
using SYBR-Green Master Mix (Roche, USA)
according to the manufacturer’'s protocol.
GAPDH was used as the internal control for
quantification. A total of 1 ug cDNA was used
in the qPCR reactions using an ABI7500 Fast
Real-time PCR system (Applied Biosystems,
USA). Data were analyzed using the 24t me-
thod [8]. The primer sequences were as fo-
llows:

IGF-1R forward, 5’AGGATATTGGGCTTTACAACC-
TG3’; reverse, 5’ GAGGTAACAGAGGTCAGCATTT-
T3’; GAPDH forward, 5 TGCACCACCAACTGCT-
TA3’; reverse, 5’ GGATGCAGGGATGATGTTC3.

Public database extraction

The human protein atlas database (https://
www.proteinatlas.org/) was used to extract the
IGF-1R expression profile of cell lines [9].

Statistical analysis

Data are presented as the mean % standa-
rd deviation. The differences between groups
were compared with Student’s t-test or one-way
analysis of variance using Prizm GraphPad
(Version 7). Each experiment was performed in
triplicate unless otherwise stated. A p-value
<0.05 was considered to indicate a significant
difference.
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Results

PQ401 chemical information and IGF-1R ex-
pression in OS patients

We extracted IGF-1R expression levels from
the human protein atlas database for all av-
ailable cell lines. Similar to MCF7, which is
an IGF-1R inhibitor sensitive cancer cell line,
we found that, for U20S cells, the IGF-1R
transcriptional expression level is in the top
list (Figure 1B). As an IGF-1R inhibitor, PQ-
401 might affect cancer cell proliferation
and migration if the tumor cells expressed
high levels of IGF-1R. To this end, we chose
the U20S cell line (which has higher IGF-1R
expression than the 143B cell line) as our
in vitro model to test the relative effect of
PQ401. In addition, we collected samples fr-
om five patients with a diagnosis of late-sta-
ge OS and quantified IGF-1R mRNA from bo-
th primary and metastasis sites for compari-
son with the U20S cell line (Figure 1C). All cli-
nical parameters of the OS patients were li-
sted in Table 1.

PQ401 exerts antiproliferative effects on U20S
cells

To evaluate the effect of PQ401 in proliferati-
on, U20S and 143B cells were treated with
different concentrations of PQ401 and the
cell viability was assessed using the MTT as-
say. The results showed that PQ401 exhibit-
ed significant suppression of proliferation ac-
tivity on the U20S cells, which acted in a do-
se-dependent manner (Figure 2A). However,
PQ401 did not show the same effect on low-
IGF-1R 143B cells. (Figure 2B). The IC, of
PQ401 for suppression of OS cell prolifera-
tion in our 48 h MTT test was 5 puM. In addi-
tion, cisplatin, a traditional chemotherapy dr-
ug, was used in our test as a positive con-
trol drug. Compared with cisplatin, the sin-
gle drug applicant of PQ401 in vitro did not
exhibit a greater inhibition of proliferation in
the high IGF-1R U20S cell line. We measured
IC,, concentrations for a range of incubation
times; the results showed that longer time
treatment (72 h) could significantly decrease
the U20S cell viability (Figure 2C). However,
PQ401 only inhibited 143B cell line viability
by approximately 20% and showed no time-
dependent behavior (Figure 2C).
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Figure 1. PQ401 chemical structure and IGF-1R expression in cell lines and OS patient samples. A. PQ401 chemical structure, International Union of Pure and
Applied Chemistry name and structural formula. B. Public data extracted from human protein atlas. Red arrow highlights U20S cell line IGF-1R expression. TPM:
Transcripts per million. C. Five OS patients’ relative IGF-1R expression normalized to U20S cells in both primary and metastasis sites. GAPDH is used as an internal
reference.
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Table 1. Clinical characteristics of the OS patients

Patient Gender Age P site M site H-Grade TNM Cancer stage
Case 1 M 22 Distal Femur Lung G2 T1NxM1la IV-A
Case 2 F 66 Distal Femur Lung G3 TAN1IM1a IV-A
Case 3 F 59 Proximal Tibia Lung Gl TANxMla IV-A
Case 4 M 64 Distal Femur Lung, Brain G3 TANIM1b IV-B
Case 5 M 17 Distal Femur Lung G3 TAIN1M1a IV-A

Abbreviations: P: primary; M: metastasis; H-Grade: Histology Grade; TNM: T: Tumor; N: Lymph Node; M: Metastasis.
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Figure 2. PQ401 inhibits U20S and 143B cell proliferation. A. U20S cell cells were treated with PQ401 (0.25 to 20
uM) for 48 h followed by application of the MTT assay. Culture medium was used as the blank control and indicated
as O uM. Cisplatin was used as positive control and applied at indicated concentrations. B. PQ401 effect on 143B
cell line. C. Percentage of cell viability of U20S and 143B cell lines was significantly decreased with PQ401 treat-
ment at a concentration of 5 uM at the indicated time point compared with the culture medium control group. At 24,
48, and 72 h, the cell viability was assessed. D. Real-time PCR for the relative IGF1R expression between the two
selected cell lines. The means and error bars (standard deviation) were derived from experiments using triplicate

samples. (***P<0.001).

Inhibition of IGF-1R significantly enhances in-
duction of apoptosis in osteosarcoma cells by
PQ401

To access the effect of PQ401 on apoptosis

induction in OS cells, U20S cancer cells were
treated with PQ401 at IC,, concentration (5
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uM) and 10 uM, and then subjected to An-
nexin-V/Pl staining and analysis by flow cyto-
metry. It was observed that PQ401 induced
apoptosis in a dose-dependent manner. Our
results clearly show that both early and late
apoptosis were increased after PQ401 treat-
ment (Figure 3B, 3C).
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Figure 3. PQ401 induced U20S cell apoptosis in a dose-dependent manner. Cells were treated with indicated concentrations of PQ401 for 24 h and stained with
Annexin-V/PI. A. A representative flow cytometry result of U20S in negative control cell culture medium. B. With treatment of PQ401 at 5 uM. C. With treatment of
PQ401 at 10 uM. D, E. Statistical analysis showed that PQ401 signifcantly increased both early and late apoptosis in U20S cells at 10 yM. However, with PQ401

treatment at 5 uM for 24 h, there is no signifcant difference in late apoptosis compared with blank control. Each experiment was performed in triplicate. NS = not
signifcant, ***P<0.001.
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Figure 4. PQ401 inhibited U20S cell migration at low concentration. A. Wound healing assay: O h picture represents
starting point of wound gap. The 48 h picture represents final migration status. The front line was marked with
white. B. Statistical result of migration closure area compared with starting point. C. Transwell assay: the migrated
cells were stained in crystal violet and counted using ImagelJ. D. Statistical results of transwell assay compared with
negative control (Blank). (*P<0.05; **P<0.01; ***P<0.001).

PQ401 significantly inhibits osteosarcoma cell
migration

The cell migration capability was tested using
wound healing and transwell assays. Our find-
ings demonstrated that OS cancer cell migra-
tion was significantly decreased with low con-
centrations of PQ401 (0.25 uM and 0.5 uM,
Figure 4A, 4C). The inhibition of cell migration
at 0.5 yM was stronger than 0.25 yM in both
wound healing and transwell assays (Figure 4B,
4D).

Inhibition of clonogenesis and the IGF-1R re-
lated pathway by PQ401

Colony formation inhibition by PQ401 was cho-
sen to evaluate the effect of IGF-1R on clono-
genesis. Our findings show that the U20S cell
colony formation capability was significantly
decreased with the treatment of PQ401 at the
IC,, (5 uM) and at 10 uM (Figure 5B, 5C). In
addition, exposure of U20S cells to 5 uM of
PQ401 for 4 h resulted in a significant reduc-
tion in phosphorylation of IGF-1R and AKT
(Figure 5E). For total extracellular-signal-regu-

1595

lated kinase 1/2 (ERK1/2), which is related to
cell proliferation and colony formation, the pro-
tein expression level was also significantly de-
creased.

Discussion

Current strategies for osteosarcoma treatment
mainly focus on surgery, chemotherapy, or rare-
ly, radiation therapy. Chemotherapy is still wide-
ly used for osteosarcoma patients with metas-
tasis. However, the treatment outcome is usu-
ally poor due to early chemoresistance [10].
Therefore, identification of novel targets, with
potential for effective management of aggres-
sive osteosarcoma, is urgently needed. IGF-1R
is a transmembrane tyrosine kinase receptor of
the insulin receptor family, which regulates
tumor proliferation, apoptosis, invasion, and
metastasis [11-14]. The aberrant expression of
IGF-1R has been confirmed in many human
cancers, including osteosarcoma [15]. It is
believed that IGF-1R overexpression contrib-
utes to cancer metastasis and chemotherapy
resistance [16-18]. Thus, IGF-1R is emerging as
an anti-cancer target in OS.

Int J Clin Exp Pathol 2019;12(5):1589-1598



PQ401 exerts anti-osteosarcoma effects

D
1.5
[1:
o
<
21.0
o
[=]
(8]
g
Z05
o
4
0.0
N
&

E Blank 5uM
p-IGFIR TR "
ERK1/2 gwwe

P-akt -

fS‘Q‘}

Figure 5. PQ401 inhibited clonogenesis, blocked IGF-1R phosphorylation and suppressed related downstream path-
way. A. Colony formation phenotype for U20S cells in cell culture medium (negative control). B. In the presence of
PQ401 at 5 uyM. C. In the presence of PQ401 at 10 uM. D. Statistical results of colony formation assay. E. Western
blot result for the IGF-1R relative pathway, (**P<0.01; ***P<0.001).

Thorsten et al. used tissue microarray to iden-
tify IGF-1 expression levels in 66 OS patients,
and their results suggested that high IGF-1/IGF-
1R expression is significantly associated with
metastasis and a worse clinical outcome [19].
They also demonstrated that IGF-1/IGF-1R axis
activation could identify patients with metasta-
sis and thus poor response to chemotherapy. In
our study, we not only showed that the U20S
cell line has the top level of IGF-1R expression
in the available cell lines described in the
human protein atlas but also verified that the
IGF-1R expression was approximately 8 times
higher than that of the 143B OS cell line. In
addition, the response of OS cell lines to PQ401
shows an IGF-1R expression-level dependent
manner; that is, the higher the level of IGF-1R
expression is, the better the anti-cancer effect
of PQ401. In clinical samples, we found that
metastasis site clinical samples have higher
IGF-1IR mRNA expression than primary site
samples. These findings indicated that IGF-1R
inhibitor treatment could be an effective thera-
py for OS and especially for inhibition of metas-
tasis. Interestingly, the only clinical sample with
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a relatively low expression level of IGF-1R was
assessed to be histopathology grade 1. The
association between IGF-1R expression and
histopathology grade needs to be further
elucidated.

PQ401, a novel diarylurea compound, was pre-
viously found to have anti-cancer drug proper-
ties in glioma and breast cancer [20, 21].
However, there are no reports describing the
effect of PQ401 as a putative chemotherapy
drug in osteosarcoma cells. Thus, we first
explored the therapeutic potential of PQ401 to
inhibit IGF-1R function as a treatment for
human osteosarcoma. Our results showed that
PQ401 effectively suppressed osteosarcoma
cell growth, migration and colony formation in
vitro, as well as induced apoptosis in vitro. We
found that PQ401 inhibited U20S cell viability
almost as effective as cisplatin. However, in a
relatively low-IGF-1R OS cell line (143B), the
inhibition effect of PQ401 was significantly
reduced compared with cisplatin. It is widely
believed that dysregulated apoptotic pathways
play major roles in carcinogenesis. In the pres-

Int J Clin Exp Pathol 2019;12(5):1589-1598
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ent study, we also observed that PQ401 can
significantly cause U20S cell apoptosis and clo-
nogenesis at the IC,  concentration with the
blockage of IGF-1R phosphorylation and relat-
ed downstream signaling.

Taken together, our results suggest that PQ401
may be a promising drug candidate for clinical
chemotherapy for OS patients with metastasis.
Higher IGF-1R level OS patients may benefit
more from PQ401 treatment.
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