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A Gli inhibitor GANT61 suppresses cell proliferation, promotes cell apoptosis
and induces G1/GO cycle retardation with a dose- and time-dependent manner
through inhibiting Notch pathway in multiple myeloma
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ABSTRACT ARTICLE HISTORY
Purpose: This study aimed to explore the effect of GANT61 on regulating cell proliferation, cell Received 22 July 2019
apoptosis and cell cycle, and to investigate whether GANT61 would function in multiple myeloma Revised 16 November 2019
(MM) via inhibiting Notch pathway. Methods: RPMI-8226 and U266 cells were treated by GANT61 ~ Accepted 20 April 2020

(0, 2.5, 5.0, 10.0, 20.0, 30.0, 40.0, 50.0 umol/L) for 18, 24 and 36 hours (h), and cell proliferation was KEYWORDS

detected by Cell Counting Kit 8. Then these cells were treated by GANT61 at 0, 2.5, 5.0, 10.0 umol/ Multiple myeloma; GANT61;
L for 24 h or treated by 10.0 pumol/L GANT61 for 0, 18, 24 and 36 h, and cell apoptosis rate, notch; proliferation;
apoptosis markers and cell cycle were detected by AV/Pl, Western blot, and PI staining. Notch1, apoptosis; cell cycle
Jagged1, Jagged2 and Hes1 expressions were detected by gPCR and Western blot. Further rescue

experiments were conducted by upregulating Notch1. Results: In RPMI-8226 and U266 cells,

GANT61 inhibited cell proliferation, increased cell apoptosis rate and cell percentage of G1/GO

phase while decreased cell percentage of S phase in a dose- and time-dependent manner.

Besides, GANT61 inhibited Notch1, Jagged1, Jagged2 and Hes1 expressions in a dose- and time-

dependent manner as well. In rescue experiments, Notch1 upregulation attenuated the inhibition

of cell proliferation, promotion of cell apoptosis, induction of G1/GO cycle retardation and

repression of Notch signaling pathway induced by GANT61 treatment in RPMI-8226 and U266

cells. Conclusions: GANT61 suppresses cell proliferation, promotes cell apoptosis and induces G1/

GO cycle retardation with a dose- and time-dependent manner through inhibiting Notch pathway

in MM.

Abbreviations: MM: Multiple myeloma; Hh: Hedgehog; EMT: epithelial mesenchymal transition;
AML: acute myeloid leukemia; GANT61: GLI antagonist; DMSO: dimethyl sulfoxide; CCK-8: Cell
Counting Kit 8; C-Caspase 3: Cleaved Caspase 3; Bcl-2: B-cell lymphoma-2; RT-qPCR: real-time
quantitative polymerase chain reaction; OD: optical density; PTCH1: Patched1

Introduction MM and exploring additional, efficient treatment
options are imperative to improve the treatment
outcomes [2].

Gli family transcription factors are regarded as
primary activators of Hedgehog (Hh) pathway,
which is a highly conserved signaling pathway reg-
ulating the progenitor cell fate in normal develop-
ment and homeostasis [5,6]. As a Gli inhibitor,
GANTS61 blocks the Gli function and acts down-
stream of cyclopamine to repress the Hh transcrip-
tional regulation, which exhibits good efficiency in
diminishing several cancers such as neuroblastoma,
colon carcinoma and gastric cancer via multiple
mechanisms including inhibiting p21 mediated cell
cycle progression, promoting Fas signaling stimu-
lated cell apoptosis, repressing DNA damage repair

Multiple myeloma (MM), a B-cell malignancy char-
acterized by proliferation of malignant plasma cells
in the bone marrow, leads to approximately 86,000
new cases annually worldwide, and accounts for
around 1% of neoplastic diseases and about 13%
of hematologic malignancies [1-4]. With the advent
of therapeutic strategies such as proteasome inhibi-
tors, immunomodulatory agents, corticosteroids,
alkylators, as well as improvements in supportive
care, treatment outcomes of MM have been
improved with 5-year median survival of over
50%, while there are still patients who relapse and
becoming resistant to current therapies. Thus, dee-
per understanding about underlying mechanisms of
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and epithelial mesenchymal transition [7-9].
Besides, GANTG61 also presents potential as treat-
ment for hematologic malignancies including mye-
lodysplastic syndromes and acute myeloid leukemia
(AML) [5,10,11]. However, no study about the effect
of GANT61 on treating MM has been reported.
Considering the therapeutic effect of GANT61 on
solid tumors and hematologic malignancies, we
hypothesized that GANT61 might possess anti-
tumor effect in MM as well. Furthermore, genetic
or pharmacological inhibition of Notch pathway
impedes the accumulation of Gli protein, which
indicates that there might be a crosstalk between
Notch and Hh pathways, and Notch signaling is
considered as a critical pathway implicated in MM
development and progression [12-14]. Thus, we
further hypothesized that GANT61 might be effi-
cient in treating MM via blocking Notch signaling
pathway, while no evidence has been uncovered yet.
Therefore, we conducted this study to explore
the effect of GANT61 on regulating cell prolifera-
tion, cell apoptosis and cell cycle. More impor-
tantly, we further investigated whether GANT61
function via inhibiting Notch pathway in MM.

Methods
Cells source and culture

MM cell lines RPMI-8226 and U266 were pur-
chased from American Type Culture Collection
(Manassas, USA) and cultured in Roswell Park
Memorial Institute (RPMI) 1640 medium (Gibco,
USA) supplemented with 10% fetal bovine serum
(FBS) (Gibco, USA) and penicillin/streptomycin
(10 mg/mL solution with dilution 1:100)
(Thermo Fisher Scientific, USA) under 95% air
and 5% CO, condition at 37°C.

Drug preparation

GLI antagonist (GANT61) was purchased from
Sigma-Aldrich Company (Missouri, USA), and
dissolved in dimethyl sulfoxide (DMSO) (Sigma-
Aldrich, USA) to an original concentration of 10
mM and stored at —20°C. The original solution
was diluted to the final concentration and used
to treat the cells in the following experiments.

Effect of GANT61 on cell proliferation, apoptosis
and cell cycle in RPMI-8226 and U266 cells

RPMI-8226 and U266 cells seeded into 96-well
plates, and were treated by GANT61 at final con-
centrations of 0, 2.5, 5.0, 10.0, 20.0, 30.0, 40.0, 50.0
umol/L for 18, 24 and 36 hours (h), respectively.
Then in each group, cell proliferation was detected
using Cell Counting Kit 8 (CCK-8) (Dojindo
Laboratories, Japan), and proliferation inhibition
rate was calculated with 0 umol/L GANT61 group
as control. Besides, RPMI-8226 and U266 cells
were seeded into 6-well or 24-well plates, and
were treated by 0, 2.5, 5.0, 10.0 pumol/L GANT61
for 24 h. Then cell apoptosis rate was detected
using Annexin V-FITC Apoptosis Detection Kit
(BD, USA) and flow cytometry (BD, USA), cell
apoptosis marker protein Cleaved Caspase 3
(C-Caspase 3), B-cell lymphoma-2 (Bcl-2), Bax
and Survivin were detected by Western Blot, and
cell cycle was detected using Tali™ Cell Cycle Kit
(Invitrogen, USA) and flow cytometry (BD, USA),
meanwhile, Cyclin D was detected by Western
Blot. Furthermore, RPMI-8226 and U266 cells
were seeded into 6-well or 24-well plates, and
were treated by 10.0 pmol/L GANT61 for 0, 18,
24 and 36 h, then cell apoptosis rate, cell apoptosis
markers and cell cycle were detected.

Effect of GANT61 on Notch signaling pathway in
RPMI-8226 and U266 cells

PMI-8226 and U266 cells were seeded into 6-well
plates, and were treated by 0, 2.5, 5.0, 10.0 umol/L
GANT61 for 24 h, then protein and mRNA
expressions of Notch signaling pathway-related
factors including Notchl, Jaggedl, Jagged2, Hesl
were detected in each treatment group by Western
Blot and real-time quantitative polymerase chain
reaction (RT-qPCR). Besides, RPMI-8226 and
U266 cells were also treated by 10.0 pmol/L
GANTS61 for 0, 18, 24 and 36 h, and protein as
well as mRNA expressions of Notchl, Jaggedl,
Jagged2, Hesl were also detected in each group.
In order to confirm the influence of GANT61 on
Gli 1, RPMI-8226 and U266 cells were treated by
10.0 umol/L GANT®61 for 24 h (GANT®61 group),
meanwhile, cells treated by DMSO with the similar
conditions were used as the control (NC group),



and protein expression of Gli 1 was detected by
Western Blot.

Effect of Notch1 overexpression on attenuating
GANTG61 efficacy in RPMI-8226 and U266 cells

In order to further validate whether GANT61
functions in MM cells via inhibiting Notch signal-
ing pathway, compensation experiments were per-
formed. In brief, (1) the Notchl overexpression
plasmid and control overexpression plasmid were
constructed by Shanghai GenePharma Company
(Shanghai, China) using the vector pEX-1. (2)
The Notchl overexpression plasmid and control
overexpression plasmid were transfected into
RPMI-8226 and U266 cells with HilyMax
(Dojindo, Japan), and were treated with or without
10.0 pmol/L GANT61. According to the trans-
fected plasmids and treatment, cells were categor-
ized into four groups: Control group (control
overexpression plasmids transfection without
GANTS61 treatment), Notchl group (Notchl over-
expression plasmids transfection without GANT61

treatment), Control+GANT61 group (control
overexpression  plasmids transfection  with
GANT61 treatment) and Notchl+ GANT61

group (Notchl overexpression plasmids transfec-
tion with GANT61 treatment); (3) cell prolifera-
tion in each group was detected at 0, 18, 24 and 36
h after transfection using CCK8 (Dojindo
Laboratories, Japan), cell apoptosis rate was
detected at 24 h by Annexin V-FITC Apoptosis
Detection Kit (BD, USA) and flow cytometry (BD,
USA), cell apoptosis marker protein C-Caspase 3
and Bcl-2 were detected at 24 h by Western Blot,
and cell cycle was detected at 24 h by Tali™ Cell
Cycle Kit (Invitrogen, USA) and flow cytometry
(BD, USA). (4) protein and mRNA expressions of
Notch signaling pathway-related factors including
Notchl, Jaggedl, Jagged2, Hesl were detected at
24 h by Western Blot and RT-qPCR.

Table 1. Primers applied in qPCR.
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qPCR

qPCR assay was conducted with the following
steps: (1) total RNA was extracted by TRIzol
(Invitrogen, USA); (2) transcription to cDNA was
performed with PrimeScript™ RT reagent Kit
(Takara, Japan); (3) PCR was performed using
TB Green™ Fast qQPCR Mix (Takara, Japan). -
actin was used as the internal reference. And pri-
mers information is displayed in Table 1.

Western Blot

Western Blot assay was conducted with the follow-
ing steps: (1) total protein was extracted with
RIPA Lysis and Extraction Buffer (Thermo,
USA), and the concentration was determined by
Pierce™ BCA Protein Assay Kit (Thermo, USA);
(2) electrophoresis was performed, and proteins
were transferred to membranes, followed by incu-
bation with primary antibody and secondary anti-
body; (3) the bands were visualized by Pierce”ECL
Plus Western Blotting Substrate (Thermo, USA)
and X-ray film (Kodak, USA). The antibodies
used are listed in Table 2.

CCK-8

Cells were washed by PBS and added with 10 pL
CCK-8 (Dojindo, Japan) as well as 100 puL serum-
free medium. Then, cells were incubated for 2 h,
and the optical density value was measured.

AV/PI

Trypsinization was performed with 0.25% Tyrisin
(Sigma, USA). After washed by PBS, 100 pL sus-
pension was prepared and Annexin V-FITC
Apoptosis Detection Kit (BD, USA) was added in
darkness. Then, flow cytometer (BD, USA) was
applied to evaluate the cell apoptosis rate.

Gene Forward Primer (5X-3[K) Reverse Primer (5K-3KX)
Notch1 GCCGCCTTTGTGCTTCTGTTC CCGGTGGTCTGTCTGGTCGTC
Jagged1 GAACCCGATCAAGGAAATCA GGCTTTCTGCTGGTGTTTGT
Jagged?2 GACGTGCTCTAGCAGTGCAAGAA AACAACCACAGGTGCGTCAACAG
Hes1 ATCACACAGGCTGGGGTAGC TGACACTGGCTGGGGTAGC
B-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT
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Table 2. Antibodies applied in Western Blot.

Antibody Company Dilution
Primary Antibody

Rabbit polyclonal to Caspase 3 Abcam (UK) 1:1000
Rabbit polyclonal to Cleaved Caspase 3 Abcam (UK) 1:1000
Rabbit monoclonal to Bcl-2 Abcam (UK) 1:1000
Rabbit monoclonal to Notch1 Abcam (UK) 1:1000
Rabbit monoclonal to Jagged1 Abcam (UK) 1:1000
Rabbit monoclonal to Jagged2 Abcam (UK) 1:1000
Rabbit monoclonal to Hes1 Abcam (UK) 1:500
Rabbit monoclonal to beta Actin Abcam (UK) 1:2000
Rabbit monoclonal to Bax Abcam (UK) 1:1000
Rabbit monoclonal to Survivin Abcam (UK) 1:1000
Rabbit monoclonal to Cyclin D Abcam (UK) 1:1000
Rabbit monoclonal to Gli 1 Abcam (UK) 1: 500
Secondary Antibody

Goat Anti-Rabbit IgG H&L (HRP) Abcam(HK) 1:5000

Cell cycle

Cells were collected, resuspended and subse-
quently fixed with 75% alcohol at 4°C for 24 h.
After centrifugation and wash by PBS, cells were
added with 500 pL Tali® Cell Cycle Kit
(Invitrogen, USA) and incubated for 30 min.
Flow cytometer (BD, USA) was used to measure
cell count.

Statistics

Statistical analysis was performed using SPSS 21.0
Software (IBM, USA) and statistical graphs were
made using GraphPad 7.01 Software (GraphPad
Inc, USA). Data were mainly presented as mean
value * standard deviation. Comparison among
groups was determined by one-way ANOVA test
followed by multiple comparisons test, comparison
between the two groups was determined by t-test.
P value < 0.05 was considered as significant.

Results

Effect of GANT61 on inhibition of cell
proliferation

To investigate the effect of GANT61 on cell prolif-
eration, RPMI-8226 cells and U266 cells were treated
with different concentrations (2.5, 5, 10, 20, 30, 40,
50 umol/L) of GANT61 and incubated for 18, 24 as
well as 36 h, respectively. Then, cell proliferation was
measured and proliferation inhibition rate was cal-
culated. In both RPMI-8226 cells and U266 cells,
GANT61 with different concentrations (2.5, 5, 10,

20, 30, 40, 50 umol/L) were able to inhibit cell
proliferation, and the inhibition rate was elevated
along with increased GANT61 concentration
(Figure 1(a,b)). Besides, the inhibition rate was also
raised along with the increased treatment time
(Figure 1(a,b)). These data indicated that GANT61
effectively inhibited cell proliferation in a dose- and
time-dependent manner in MM.

Effect of GANT61 on promotion of cell apoptosis

To evaluate the effect of GANT61 with different
concentrations on cell apoptosis, 0, 2.5, 5, 10
umol/L GANT61 were used to treat RPMI-8226
cells and U266 cells for 24 h to evaluate the effect
of GANT61 with different concentrations on cell
apoptosis. Cell apoptosis rate was increased in 2.5
pumol/L group, 5 pumol/L group and 10 umol/L
group compared to 0 umol/L group (all P < 0.05)
in both RPMI-8226 cells (Figure 2(a,b)) and U266
cells (Figure 2(e,f)), and it was elevated along with
increased GANT61 concentration. Besides, apop-
totic marker C-Caspase 3 and Bax as well as anti-
apoptosis marker Bcl-2 and Survivin showed the
same trends in a dose-dependent manner (all
P < 0.05) (Figure 2(c,d,g,h)). As to the effect of
GANT61 with different treatment time on cell
apoptosis, RPMI-8226 cells and U266 cells were
treated with 10 umol/L GANT®61 for 0, 18, 24 and
36 h. As displayed in Figure 3, cell apoptosis rate
was increased in 18-h group, 24-h group and 36-h
group compared to 0-h group (all P value < 0.05)
in both RPMI-8226 cells (Figure 3(a,b)) and U266
cells (Figure 3(e,f)), and it was raised along with
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Figure 1. GANT61 inhibited cell proliferation in MM cells.
Proliferation inhibition rate by GANT61 in RPMI-8226 cells (a).
Proliferation inhibition rate by GANT61 in U266 cells (b).
Comparison among groups were determined by one-way
ANOVA test followed by multiple comparisons test. P value <
0.05 was considered significant. *, P < 0.05; **, P < 0.01; ***,
P < 0.001. MM, multiple myeloma.
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Figure 2. Cell apoptosis in MM cells treated by different con-
centrations of GANT61. Cell apoptosis rate after treated by
various concentrations (0, 2.5, 5, 10 ymol/L) of GANT61 at 24
h in RPMI-8226 cells (a, b). Expressions of C-Caspase 3, Bcl-2,
Bax and Survivin after treated by various concentrations (0, 2.5,
5, 10 umol/L) of GANT61 at 24 h in RPMI-8226 cells (c, d). Cell
apoptosis rate after treated by various concentrations (0, 2.5, 5,
10 umol/L) of GANT61 at 24 h in U266 cells (e, f). Expressions of
C-Caspase 3, Bcl-2, Bax and Survivin after treated by various
concentrations (0, 2.5, 5, 10 umol/L) of GANT61 at 24 h in U266
cells (g, h). Comparison between two groups was determined
by t-test. P value < 0.05 was considered significant. *P < 0.05;
*¥*p < 0.01; ***P < 0.001. MM, multiple myeloma; C-Caspase 3,
Cleaved Caspase 3; Bcl-2, B-cell lymphoma-2.

the increased treatment time. Furthermore, apop-
totic marker C-Caspase 3 and Bax as well as anti-
apoptosis marker Bcl-2 and Survivin presented the
similar results in a time-dependent manner (all
P value < 0.05) (Figure 3(c,d,c;h)). These data
suggested that GANT61 enhanced cell apoptosis
in a dose- and time-dependent manner in MM.
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Figure 3. Cell apoptosis in MM cells treated by GANT61 with
different treatment times. Cell apoptosis rate after treated by 10
pumol/L GANT61 with different treatment times (0, 18, 24, 36 h)
in RPMI-8226 cells (a, b). Expressions of C-Caspase 3, Bcl-2, Bax
and Survivin after treated by 10 umol/L GANT61 with different
treatment times (0, 18, 24, 36 h) in RPMI-8226 cells (c, d). Cell
apoptosis rate after treated by 10 umol/L GANT61 with different
treatment times (0, 18, 24, 36 h) in U266 cells (e, ). Expressions
of C-Caspase 3, Bcl-2, Bax and Survivin after treated by 10
pumol/L GANT61 with different treatment times (0, 18, 24, 36
h) in U266 cells (g, h). Comparison between two groups was
determined by t-test. P value < 0.05 was considered significant.
*P < 0.05; ***P < 0.001. MM, multiple myeloma; C-Caspase 3,
Cleaved Caspase 3; Bcl-2, B-cell lymphoma-2.

Effect of GANT61 on regulation of cell cycle

To evaluate the effect of GANT61 with different con-
centrations on cell cycle, RPMI-8226 cells and U266
cells were treated with 0, 2.5, 5 and 10 pmol/L
GANT®61 for 24 h. Cell percentage of G1/GO phase
was increased, while cell percentage of S phase was
decreased in 2.5 pmol/L group, 5 umol/L group and 10
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Figure 4. Cell cycle analysis in MM cells treated by different
concentrations of GANT61. Statistical graph of cell cycle analysis
after treated by various concentrations (0, 2.5, 5, 10 pmol/L) of
GANT61 at 24 h in RPMI-8226 cells (a). Cell cycle analysis by
flow cytometer after treated by various concentrations (0, 2.5, 5,
10 umol/L) of GANT61 at 24 h in RPMI-8226 cells (b). Expression
of Cyclin D after treated by various concentrations (0, 2.5, 5, 10
pumol/L) of GANT61 at 24 h in RPMI-8226 cells (c, d). Statistical
graph of cell cycle analysis after treated by various concentra-
tions (0, 2.5, 5, 10 umol/L) of GANT61 at 24 h in U266 cells (e).
Cell cycle analysis by flow cytometer after treated by various
concentrations (0, 2.5, 5, 10 umol/L) of GANT61 at 24 h in U266
cells (f). Expression of Cyclin D after treated by various concen-
trations (0, 2.5, 5, 10 umol/L) of GANT61 at 24 h in U266 cells
(g, h). Comparison between two groups was determined by
t-test. P value < 0.05 was considered significant. **P < 0.01;
***p < 0.001; NS, no significance; MM, multiple myeloma.

pumol/L group compared to 0 pmol/L group (all
P value < 0.05) in both RPMI-8226 cells (Figure 4(a,
b)) and U266 cells (Figure 4(e,f)), and the variations of
cell percentage were elevated along with increased
GANT61 concentration. Moreover, the protein
expression of Cyclin D decreased along with the
increased GANT61 concentration (Figure 4(c,d,g,h)).
Besides, cell percentage of G2/M phase was non-
differentiated in 2.5 umol/L group, 5 pmol/L group
and 10 pmol/L group compared to 0 umol/L group (all
P value > 0.05). As to the effect of GANT61 with
different treatment time on cell cycle, RPMI-8226
cells and U266 cells were treated by 10 pmol/L
GANT®61 for 18, 24 and 36 h. In both RPMI-8226
cells (Figure 5(a,b)) and U266 cells (Figure 5(e,f)), cell
percentage of G1/G0O phase was increased but cell
percentage of S phase was decreased in 18-h group,
24-h group and 36-h group compared to 0-h group
(all P value < 0.05), and the fluctuations were elevated
along with the increased treatment time. Meanwhile,
cell percentage of G2/M phase was non-differentiated
in 18 h group, 24-h group compared to 0-h group (all
P value > 0.05), and decreased in 36-h group com-
pared to 0-h group (all P value < 0.05). The protein
expression of Cyclin Dc reduced along with the
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Figure 5. Cell cycle analysis in MM cells treated by GANT61
with different treatment times. Statistical graph of cell cycle
analysis after treated by 10 pmol/L GANT61 with different
treatment times (0, 18, 24, 36 h) in RPMI-8226 cells (a). Cell
cycle analysis by flow cytometer after treated by 10 umol/L
GANT61 with different treatment times (0, 18, 24, 36 h) in RPMI-
8226 cells (b). Expression of Cyclin D after treated by 10 umol/L
GANT61 with different treatment times (0, 18, 24, 36 h) in RPMI-
8226 cells (c, d). Statistical graph of cell cycle analysis after
treated by 10 umol/L GANT61 with different treatment times (0,
18, 24, 36 h) in U266 cells (e). Cell cycle analysis by flow
cytometer after treated by 10 umol/L GANT61 with different
treatment times (0, 18, 24, 36 h) in U266 cells (f). Expression of
Cyclin D after treated by 10 umol/L GANT61 with different
treatment times (0, 18, 24, 36 h) in U266 cells (f, g).
Comparison between two groups was determined by t-test.
P value < 0.05 was considered significant. **P < 0.07;
***P < 0.001; NS, no significance. MM, multiple myeloma.

increased treatment time (all P wvalue < 0.05)
(Figure 5(c,d,g;h)). These data implied that GANT61
caused G1/GO cycle retardation in a dose- and time-
dependent manner in MM.

Effect of GANT61 on inhibition of Notch pathway

To evaluate the effect of GANT61 with different
concentrations on Notch pathway, 0, 2.5, 5, 10
pumol/L GANT61 were used to treat RPMI-8226
cells and U266 cells for 24 h to evaluate the effect
of GANT61 with different concentrations on Notch
pathway. In both RPMI-8226 cells and U266 cells,
mRNA expressions (Figure 6(a,d)) and protein
expressions (Figure 6(b,c.e,f)) of Notchl, Jaggedl,
Jagged2 and Hesl were decreased in 2.5 pumol/L
group, 5 pmol/L group and 10 pmol/L group com-
pared to 0 umol/L group (all P value < 0.05), and
these expressions were decreased along with the
increased GANT61 concentration. For the effect of
GANT®61 with different treatment time on Notch
pathway, RPMI-8226 cells and U266 cells were trea-
ted by 10 umol/L GANT61 for 18, 24 and 36 h. As
described in Figure 7, mRNAs (Figure 7(a,d)) and
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Figure 6. Regulation of Notch pathway in MM cells treated by
different concentrations of GANT61. mRNA expressions of Notch
pathway-related factors (including Notch1, Jagged1, Jagged2,
Hes1) after treated by various concentrations (0, 2.5, 5, 10
pumol/L) of GANT61 at 24 h in RPMI-8226 cells (a). Protein
expressions of Notch pathway-related factors (including
Notch1, Jagged1, Jagged2, Hes1) after treated by various con-
centrations (0, 2.5, 5, 10 pmol/L) of GANT61 at 24 h in RPMI-
8226 cells (b, c). mRNA expressions of Notch pathway-related
factors (including Notch1, Jagged1, Jagged2, Hes1) after treated
by various concentrations (0, 2.5, 5, 10 umol/L) of GANT61 at 24
h in U266 cells (d). Protein expressions of Notch pathway-
related factors (including Notch1, Jaggedl, Jagged2, Hes1)
after treated by various concentrations (0, 2.5, 5, 10 umol/L)
of GANT61 at 24 h in U266 cells (e, f). Comparison between two
groups was determined by t-test. P value < 0.05 was considered
significant. *P < 0.05; **P < 0.01; ***P < 0.001. MM, multiple
myeloma.

protein expressions (Figure 7(b,c,e,f)) of Notchl,
Jaggedl, Jagged2 and Hesl were decreased in 18-h
group, 24-h group as well as 36-h group compared
to 0-h group (all P value < 0.05), and these expres-
sions were reduced along with the increased treat-
ment time. These data indicated that GANT61
inhibited Notch pathway in a dose- and time-
dependent manner in MM.

Effect of GANT61 on Gli 1 expression

To confirm the regulation of GANT61 on Gli in
MM cells, Gli 1 protein was detected after treated
by GANT61 (Supplementary Figure 1). In both
RPMI-8226 cells as well as U266 cells, Gli 1 pro-
tein expression was reduced in GANT61 group
compared to NC group, suggesting that GANT61
did inhibit Gli in MM cells.

Notch pathway in rescue experiments

In order to investigate whether GANT61 functioned
in MM cells via inhibiting Notch pathway, rescue

Expressi

Figure 7. Regulation of Notch pathway in MM cells treated by
GANT61 with different treatment times. mRNA expressions of
Notch pathway-related factors (including Notch1, Jaggedi,
Jagged2, Hes1) after treated by 10 pmol/L GANT61 with differ-
ent treatment times (0, 18, 24, 36 h) in RPMI-8226 cells (a).
Protein expressions of Notch pathway-related factors (including
Notch1, Jagged1, Jagged2, Hes1) after treated by 10 umol/L
GANT61 with different treatment times (0, 18, 24, 36 h) in RPMI-
8226 cells (b, c). mRNA expressions of Notch pathway-related
factors (including Notch1, Jagged1, Jagged2, Hes1) after treated
by 10 umol/L GANT61 with different treatment times (0, 18, 24,
36 h) in U 266 cells (d). Protein expressions of Notch pathway-
related factors (including Notch1, Jagged1, Jagged?2, Hes1) after
treated by 10 pmol/L GANT61 with different treatment times (0,
18, 24, 36 h) in U266 cells (e, f). Comparison between two
groups was determined by t-test. P value < 0.05 was considered
significant. *P < 0.05; **P < 0.01; ***P < 0.001. MM, multiple
myeloma.

experiments were carried out. And we observed that
in both RPMI-8226 cells (Figure 8(a-c)) and U266
cells (Figure 8(d-f)), Notchl, Jaggedl, Jagged2 and
Hesl mRNA and protein expressions were elevated
in Notchl+ GANT61 group compared to Control
+GANT61 group, as well as increased in Notchl
group compared with Control group (all P value <
0.05). These data implied that Notchl overexpres-
sion attenuated the inhibition of Notch signaling
pathway in GANTG61 treated MM cells.

Cell proliferation, cell apoptosis and cell cycle in
rescue experiments

In both RPMI-8226 cells and U266 cells, cell pro-
liferation (Figure 9(a,f)) was increased but cell
apoptosis rate (Figure 9(b,c,g,h)) was decreased
in Notchl+ GANT61 group compared to Control
+GANT61 group, and in Notchl group compared
to Control group (all P value < 0.05). Meanwhile,
apoptotic marker C-Caspase 3 expression was
decreased while anti-apoptosis marker Bcl-2
expression was increased in Notchl+ GANT61
group compared to Control+GANT61 group, and
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Figure 8. Regulation of Notch pathway after transfection with
Notch1 overexpression plasmids in MM cells. mRNA expressions
of Notch pathway-related factors (including Notch1, Jagged1,
Jagged2, Hes1) after transfection with Notch1 overexpression
plasmids in RPMI-8226 cells (a). Protein expressions of Notch
pathway-related factors (including Notch1, Jagged1, Jagged2,
Hes1) after transfection with Notch1 overexpression plasmids in
RPMI-8226 cells (b, ¢). mRNA expressions of Notch pathway-
related factors (including Notch1, Jagged1, Jagged?2, Hes1) after
transfection with Notch1 overexpression plasmids in U266 cells
(d). Protein expressions of Notch pathway-related factors
(including Notch1, Jagged1, Jagged2, Hes1) after transfection
with Notch1 overexpression plasmids in U266 cells (e, f).
Comparison between two groups was determined by t-test.
P value < 0.05 was considered significant. **, P < 0.01; ***
P < 0.001; NS, no significance. MM, multiple myeloma.
C-Caspase 3, Cleaved Caspase 3; Bcl-2, B-cell lymphoma-2.

in Notchl group compared to Control group (all
P value < 0.05) (Figure 9(d,e,j, i)). Additionally,
cell percentage of G1/GO phase was decreased but
cell percentage of S phase was increased in Notchl
+GANT61 group compared to Control+ GANT61
group, and in Notchl group compared to Control
group (all P value < 0.05) (Figure 10(a-d)). These
data suggested that GANT61 suppressed cell pro-
liferation, promoted cell apoptosis and induced
G1/GO cycle retardation through inhibiting
Notch signaling pathway in MM.

Discussion

Our results indicated that: (1) GANT61 inhibited
cell proliferation, promoted cell apoptosis and
induced G1/GO cycle retardation in a dose- and
time-dependent manner in MM; (2) GANT®61 pre-
sented with good treating effect via inhibiting
Notch pathway in MM.

Hh pathway is essential for embryonic develop-
ment and adult hemostasis, while aberrant activa-
tion of Hh pathway is implicated in tumorigenesis,
and tumors with activated mutations in this

RPMI 8226 cell

Protein Relative Expression

Figure 9. Cell proliferation and cell apoptosis after transfection
with Notch1 overexpression plasmids in MM cells. Cell prolif-
eration after transfection with Notch1 overexpression plasmids
in RPMI-8226 cells (a). Cell apoptosis rate after transfection with
Notch1 overexpression plasmids in RPMI-8226 cells (b, c).
Expressions of apoptotic marker C-Caspase 3 and anti-
apoptosis marker Bcl-2 after transfection with Notch1 overex-
pression plasmids in RPMI-8226 cells (d, e). Cell proliferation
after transfection with Notch1 overexpression plasmids in U266
cells (f). Cell apoptosis rate after transfection with Notch1 over-
expression plasmids in U266 cells (g, h). Expressions of apopto-
tic marker C-Caspase 3 and anti-apoptosis marker Bcl-2 after
transfection with Notch1 overexpression plasmids in U266 cells
(i, j). Comparison between two groups was determined by
t-test. P value < 0.05 was considered significant. *, P < 0.05;
** P < 0.01; *** P < 0.001; NS, no significance. MM, multiple
myeloma. C-Caspase 3, Cleaved Caspase 3; Bcl-2, B-cell lym-
phoma-2.

pathway present sensitivity to Hh inhibitors,
which may provide an effective approach to
impede initiation and development of tumors
[15]. One of the common strategies to establish
Hh inhibitors is to repress Gli, which is an impor-
tant participator in Hh pathway [6,16-19].
GANTS61, as a Gli inhibitor, blocks Gli function
and further inhibits Hh signaling pathway, thereby
represses cell proliferation in several cancers
[6,16-19]. Based on the previous studies,
GANT®61 exerts inhibitory effect on Gli through
the following mechanisms: (1) interacts with
nucleus to impair Gli function; (2) disrupts Glil-
and Gli2-mediated transcription; (3) suppresses
Glil DNA binding activity [6,18]. Recently, the
influence of GANT61 in tumor cells has been
displayed in some experiments [16,17,19]. For
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Figure 10. Cell cycle after transfection with Notch1 overexpres-
sion plasmids in MM cells. Cell cycle analysis after transfection
with Notch1 overexpression plasmids in RPMI-8226 cells (a, b).
Cell cycle analysis after transfection with Notch1 overexpression
plasmids in U266 cells (c, d). Comparison between two groups
was determined by t-test. P value < 0.05 was considered sig-
nificant. *, P < 0.05; **, P < 0.01; NS, no significance.

instance, one interesting study reveals that
GANT®61 application promotes cell apoptosis via
inducing mitochondrial superoxide generation and
downregulating Glil, Gli2 as well as Patchedl
(PTCH1) in malignant mesothelioma cells [16].
Besides, GANT®61 results in decreased estradiol-
induced cancer stem cell proliferation as well as
Glil(or Gli2) overexpression in estrogen receptor
(ER)-positive ~ breast  cancer  cells [17].
Furthermore, GANT61 induces DNA damage via
activating ATM/Chk2 axis, thereby inhibits Gli/
Gli2 and decreases cell proliferation in human
colon carcinoma cells [19]. These studies indicate
that GANT61 application may be an efficient ther-
apeutic option in these tumors.

For hematologic malignancies, GANT61 has
been investigated in a few previous studies
[10,11,20]. For example, a study shows that the
use of GANTG61 decreases cell proliferation and
colony formation in myelodysplastic syndromes
cells, and another two studies disclose that
GANT61 suppresses cell proliferation as well as
promotes cell apoptosis in AML cells [10,20].
Besides, an interesting study applying various con-
centrations of GANT61 in leukemic cells displays
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that GANT61 promotes cell apoptosis by a dose-
dependent manner [11]. For the effect of GANT61
on cell cycle, a study shows that GANT61 blocks
the cell cycle at G1/GO phase in AML cells [20].
These explorations indicate that GANT61 has
antiproliferative or proapoptotic effect on cells in
these hematologic malignancies, while the related
evidence of GANT61 in MM cells is rarely
reported. In order to explore the effect of
GANT61 on killing MM cells, we treated RPMI-
8226 cells as well as U266 cells with different
concentrations of GANT61 for various treatment
time, and the following CCK8 assay, AV/PI assay,
qPCR assay, Western Blot assay as well as PI assay
were conducted to assess the effect of GANT61 on
cell proliferation, cell apoptosis and cell cycle in
these MM cells. We found that GANT61 inhibited
cell proliferation but enhanced cell apoptosis and
induced G1/GO cycle retardation in RPMI-8226
cells as well as U266 cells, and these influences in
MM cells presented with a dose- and time-
dependent manner. These data suggested that
GANT61 might serve as a tumor suppressor
through regulating cell proliferation, cell apoptosis
and cell cycle in RPMI-8226 cells as well as U266
cells.

Notch pathway, as a cell-fate determinant, reg-
ulates self-renewal and differentiation in several
tissues and cell types. Moreover, the role of
Notch pathway in cancers is widely studied, and
its hyperactivation has been regarded as oncogenic
in several cancers such as breast cancer and T-cell
acute lymphoblastic leukemia [21-23]. Emerging
studies have disclosed that Notch pathway facil-
itates cell proliferation in MM cells, and have
proposed Notch pathway as a promising target in
treatment of MM [14,24,25]. For instance, a study
displays that expressions of Notch pathway-related
factors including Notch 1, Notch 2 and Jagged 1
are elevated in primary MM cells, and Notch path-
way activation (by Jagged 1 stimulation) acceler-
ates the cell proliferation in MM [14].
Additionally, a study discloses that Notch pathway
suppression (by y-secretase inhibitor) inhibits cell
viability and enhances cell apoptosis in MM [24].
Furthermore, another study observes that Notch
suppression (by y-secretase inhibitor) inhibits cell
proliferation by a dose- and time-dependent man-
ner and induces GO/G1 cell cycle arrest in MM
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cells (RPMI 8226 cells) [25]. All these studies
imply that Notch pathway plays a crucial role in
the cancer-promoting mechanisms in MM, and
interfering Notch pathway may serve as an effi-
cient treatment approach.

Considering that GANT61 exerts anti-tumor
effect in a proportion of solid tumors and several
hematologic malignancies through blocking Hh
pathway and may exert killing effect in MM,
moreover, Notch pathway participates in the
pathogenesis of MM and there may be interaction
between Hh and Notch pathways uncovered in
a previous study, we hypothesized that GANT61
might exert anti-tumor effect in MM cells through
inhibiting Notch pathway [5,10-12,20,26,27].
However, the evidence about the interaction
between GANT61 and Notch pathway in MM is
seldomly reported. To investigate whether
GANTS61 functioned in MM cells through inhibit-
ing Notch pathway, we assessed the influence of
GANT®61 on Notch pathway and conducted rescue
experiments in RPMI-8226 cells as well as U266
cells. We found that GANT61 inhibited Notch
pathway in a dose- and time-dependent manner.
Furthermore, Notch pathway activation enhanced
cell proliferation, reduced cell apoptosis and
decreased G1/GO cycle retardation in RPMI-8226
cells as well as U266 cells. These data suggested
that GANT61 suppressed cell proliferation, pro-
moted cell apoptosis and induced G1/GO cycle
retardation through inhibiting Notch pathway,
which might provide important reference for the
further exploration of therapeutic strategy in MM.
Additionally, there were still some limitations in
our study: (1) the expressions between mRNAs
and proteins might present with some distinctions,
which might result from that the protein transcrip-
tion was affected by many factors, and meanwhile,
the quantification methods of mRNA and protein
were different, however, the mRNA and protein
expressions showed the same overall trend; (2) this
was a primary study, we mainly intended to
explore whether GANT61 presented with killing
effect in MM via regulating Notch pathway, while
more explorations with other Notch inhibitors
were not included in this present study; (3)
in vivo experiments were not included in this pre-
sent study due to the insufficiency of funds; (4)
human normal cell lines were not applied, whose

application might help to make sure that the
effects of GANT61 were specific to MM cell lines
instead of normal cells. Therefore, future study
that includes in vivo experiments and human nor-
mal cell lines is needed, which may validate our
findings and provide more indications for the
treatment of MM.

In conclusion, the Gli inhibitor GANT61 sup-
presses cell proliferation, promotes cell apoptosis
and induces G1/GO cycle retardation with a dose-
and time-dependent manner through inhibiting
Notch pathway in MM.
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