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Abstract: Targeted therapy may provide survival benefit for advanced hepatocellular carcinoma (HCC) and Aurora A
kinase (AURKA) represents a feasible target in cancer treatment. The purpose of this study is to investigate the anti-
cancer activity of alisertib (ALS) on Hep3B cells based on a proteomic study conducted with the stable-isotope label-
ing by amino acids in cell culture (SILAC). The proteomic response to ALS was obtained with SILAC-based proteomic
study. Cell cycle distribution and apoptosis were assessed using flow cytometry and autophagy was determined
using flow cytometry and confocal microscopy. ALS inhibited the proliferation of Hep3B cells, with IC,  values for 24-
and 48-h exposure of 46.8 and 28.0 uM, respectively. Our SILAC study demonstrated that there were at least 565
proteins responding to ALS treatment, with 256 upregulated, 275 downregulated and 35 stable. Ninety-four signal-
ing pathways, majority of which involved cell proliferation and survival, programmed cell death, and nutrition and
energy metabolism, were regulated by ALS. ALS significantly inhibited the phosphorylation of AURKA at Thr288 in
a concentration-dependent manner. Subsequent study showed that ALS remarkably arrested Hep3B cells in G,/M
phase via regulating the expression of key cell cycle regulators, and induced a marked autophagy via the PI3K/Akt/
mTOR axis. Inhibition of autophagy enhanced the anticancer activity of ALS in Hep3B cells. Overall, ALS leads to
comprehensive proteomic response, inhibits cellular proliferation, and induces cell cycle arrest and autophagy in
Hep3B cells. Further studies are warranted to explore the role of ALS in the treatment of HCC.

Keywords: Hepatocellular carcinoma, Hep3B cells, Aurora kinase A, alisertib, cell cycle, apoptosis, autophagy,
SILAC, proteomics

Introduction accounts for 85-90% of all liver cancer [2, 3].
Currently, surgical therapy including resection
and transplantation remains the curative treat-

ment options for HCC, however, only a small

Liver cancer is the sixth most common cancer
and the second leading cause of cancer-related

death worldwide despite the development of
various screening, preventive and therapeutic
strategies [1]. It is the fifth most common can-
cer in men (554,000 cases, 7.5% of the total)
and the ninth in women (228,000 cases, 3.4%).
According to the GLOBOCAN 2012, an estimat-
ed 782,500 new liver cancer cases accounting
for 5.6% of all cancers diagnosed and 745,500
deaths (9.1% of total) occurred worldwide dur-
ing 2012 [1]. Hepatocellular carcinoma (HCC)

portion of the patients with HCC are candidates
for surgery due to delayed diagnosis [4-8]. The
1-year survival rate for people with liver cancer
is 44% and the 5-year survival rate is 17% [2, 3].
The median overall survival of the patients with
advanced HCC is less than one year and the
5-year survival rate is less than 10%. In recently
years, a number of studies have demonstrated
that systemic treatment options, such as
molecular target therapy and systemic chemo-
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Figure 1. ALS inhibits the phosphorylation of AURKA in Hep3B cells. Hep3B cells were incubated with ALS at 0.1,
1, and 5 yM for 24 h, and the protein samples were subject to Western blotting assay. Representative blots of p-
AURKA and AURKA. Bar graphs show the relative level of p-AURKA and ratio of p-AURKA/AURKA. B-Actin was used as
the internal control. Data are the mean + SD of three independent experiments. ***P < 0.001 by one-way ANOVA.

therapy, were able to provide definite survival
benefit for late-stage HCC patients [5, 8-14]. So
far, sorafenib, an oral multitargeted tyrosine
Kinase inhibitor, is still the standard treatment
for advanced HCC, although a series of clinical
studies on new targeted agents for HCC have
been completed or still ongoing [7-9, 14, 15].

Aurora kinases, which play an important role in
regulating mitosis, cell division, and cell cycle
progression, are comprised of three family
members, including Aurora kinase A (AURKA),
AURKB, and AURKC [16, 17]. AURKA is essen-
tial for the timely entry into the M phase of the
cell cycle, maintaining spindle bipolarity and
chromosome segregation, while AURKB is
required for chromosome condensation, align-
ment on the spindle, spindle checkpoint func-
tion, and cytokinesis. The knowledge of AURKC
function is limited [18]. Aberration in the activi-
ty of AURKA lead to improper mitotic progres-
sion and has been implicated in the pathogen-
esis of various cancers [16, 17]. Overexpression
and amplification of AURKA in HCC have been
associated with aggressive tumor characteris-
tics, chemoresistance and poor prognosis in
HCC [19-21]. These findings indicate AURKA
could be a potential target for the treatment of
HCC.

Alisertib (ALS, MLN8237, see Figure S1), an
investigational small-molecule inhibitor, selec-
tively inhibits AURKA [22]. Studies by us and
other groups have demonstrated the antican-
cer effect of ALS on various types of cancers in
preclinical models [23-32]. Besides, a number
of Phase | and Phase Il clinical trials investigat-
ing the effect of ALS for advanced solid tumors
and hematologic malignancies have been com-
pleted or are ongoing, and have shown some
promising results [22]. However, the evidence
of the effect of ALS on HCC is very limited. In

3559

the present study, the anticancer activity of ALS
in HCC Hep3B cells, such as anti-proliferation,
inducing effect on cell cycle arrest and pro-
grammed cell death, was investigated based
on a proteomic study conducted with the meth-
od of stable-isotope labeling by amino acids in
cell culture (SILAC).

Materials and methods
Chemicals and reagents

ALS, MK-2206 and rapamycin were purchased
from Selleckchem Inc. (Houston, TX, USA).
Wortmannin (a PI3K inhibitor and a blocker of
autophagosome formation) were purchased
from Invivogen Inc. (San Diego, CA, USA).
Dulbecco’s phosphate buffered saline (PBS),
fetal bovine serum (FBS), thiazolyl blue tetrazo-
lium bromide (MTT), RNase A, dimethyl sulfox-
ide (DMSOQ), 7-amino-actinomycin D (7-AAD),
propidium iodide (PI), **C, L-lysine, °C, N,
L-arginine and L-arginine, and chloroquine (CQ)
were purchased from Sigma-Aldrich Inc. (St
Louis, MO, USA). Dulbecco’s Modified Eagle’s
Medium (DMEM) were obtained from Corning
Cellgro Inc. (Herndon, VA, USA). Phenol red-free
culture medium and 4,6-diamidino-2-phenylin-
dole were bought from Invitrogen (Carlsbad, CA,
USA). The annexinV: phycoerythrinv (PE) apop-
tosis detection kit was purchased from BD Bio-
sciences Inc. (San Jose, CA, USA). The Cyto-ID®
autophagy detection kit was obtained from
Enzo Life Sciences Inc. (Farmingdale, NY, USA).
The Pierce bicinchoninic acid (BCA) protein
assay kit, skim milk, and western blot substrate
were purchased from Thermo Scientific
(Waltham, MA, USA). Polyvinylidene difluoride
(PVDF) membrane was purchased from EMD
Millipore (Bedford, MA, USA). Primary antibod-
ies against human cyclin B4, p-cyclin B1 at Ser
133, cell division cycle protein 2 homologue
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(CDC2), p-CDC2 at Tyr15, phosphorylated (p)-
CDC25C at Ser216, Akt, p-Akt at Ser473, mam-
malian target of rapamycin (MTOR), p-mTOR at
Ser2448, PI3K, p-PI3K at Tyrd58, AURKA,
p-AURKA at Thr288, phosphatase and tensin
homolog (PTEN), beclinl, SQSTM1/p62, micro-
tubule-associated protein 1A/1B-light chain 3
(LC3)-1, and LC3-1l were all purchased from Cell
Signaling Technology Inc. (Beverly, MA, USA).
The antibody against human [-actin was
obtained from Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA).

Cell lines and cell culture

Hep3B cell line was obtained from the American
Type Culture Collection (Manassas, VA, USA)
and cultured in DMEM medium supplemented
with 10% heat-inactivated FBS and 1% penicil-
lin/streptomycin. The cells were maintained in
a 5% C0,/95% air-humidified incubator at 37°C.
ALS was dissolved in DMSO with a stock con-
centration of 50 mM and the stock solution
was stored at -20°C. ALS was freshly diluted to
the predetermined concentrations with culture
medium. The final concentration of DMSO was
at 0.05% (v/v). The control cells received the
vehicle only.

Quantitative proteomic study using SILAC

Quantitative proteomic experiments were per-
formed using a SILAC-based approach as
described previously [31, 33-38]. Briefly,
Hep3B cells were cultured in DMEM-F12 medi-
um (for SILAC) with (heavy) or without (light)
stable isotope labeled amino acids (**C, L-lysine
and **C_ **N, L-arginine) and 10% dialyzed FBS.
Hep3B cells cultured in heavy medium were
treated with 1 pM ALS for 24 h after six cell
doubling times. After treatment with ALS,
Hep3B cells were harvested and lysed with hot
lysis buffer [100 mM Tris base, 4% sodium
dodecyl sulfate (SDS), and 100 mM dithiothrei-
tol], and protein concentration was determined
using ionic detergent compatibility reagent.
Subsequently, equal amounts of heavy and
light protein samples were combined to reach a
total volume of 30-60 pL containing 300-600
ug protein. The combined protein sample was
digested using a filter-aided sample prep
(FASP™) protein digestion kit and desalted
using a C, solid-phase extraction column. The
peptide mixtures (5 yL) were subject to the
hybrid linear ion trap (LTQ Orbitrap XL'™, Thermo
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Fisher Scientific Inc.). Liquid chromatography-
tandem mass spectrometry was performed
using a 10-cm long, 75 um (inner diameter)
reversed-phase column packed with 5 um
giameter C,¢ material having a pore size of 300
A (New Objective Inc., Woburn, MA, USA) with a
gradient mobile phase of 2%-40% acetonitrile
in 0.1% formic acid at 200 pL per min for 125
min. The Orbitrap full mass spectrometry scan-
ning was performed at a mass (m/z) resolving
power of 60,000, with positive polarity in profile
mode (M +H*). Peptide SILAC ratio was calcu-
lated using MaxQuant version 1.2.0.13. The
SILAC ratio was determined by averaging all
peptide SILAC ratios from peptides identified of
the same protein. The protein IDs were identi-
fied using Scaffold 4.3.2 from Proteome
Software Inc. (Portland, OR, USA).

Cell viability assay

The MTT assay was performed to examine the
effect of ALS on cell viability. Briefly, Hep3B
cells were seeded in 96-well culture plates at a
density of 8,000 cells per well. After incubation
for 24 h, the cells were treated with ALS at dif-
ferent concentrations ranging from 0.1 to 100
UM for 24 or 48 h. Cell viability was determined
by the MTT assay. Absorbance at the 450 nm
wavelength was measured with a Synergy H4
Hybrid microplate reader (BioTek Inc., Winooski,
VT, USA). IC_  values were determined using the
relative viability over ALS concentration curve.

Cell cycle distribution analysis

The effect of ALS on cell-cycle distribution of
Hep3B cells was examined using flow cytome-
try. Hep3B cells were treated with ALS at 0.1, 1,
and 5 uM for 24 h, or treated with 1 yM ALS for
4,8, 12, 24, 36 and 60 h. After treatment with
ALS, cells were trypsinized, collected, and fixed
in 70% ethanol at -20°C for 24 h. Following the
fixation, cells were centrifuged and resuspend-
edin 1 mL of PBS containing 1 mg/mL RNase A
and 50 pg/mL PI, and incubated in the dark for
30 min at room temperature. A total number of
1x10* cells were subject to cell-cycle analysis
using a flow cytometer (Becton Dickinson Im-
munocytometry Systems, San Jose, CA, USA).

Quantification of cellular apoptosis

Hep3B cells were treated with ALS at 0.1, 1,
and 5 uM for 24 h, or treated with 1 yM ALS for
4,8, 12, 24, 36 and 60 h, then subject to flow
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Table 1. The top 10 IPA canonical pathways regulated by alisertib

in Hep3B cells

fluorescence microscopy for
detecting the intracellular au-

Ingenuity canonical pathways P-value

Ratio (H/L) tophagy level. The cells were

EIF2 signaling
Regulation of elF4 and p70S6K signaling 2.67x10"
Remodeling of epithelial adherens junctions 4.42x10%

RAN signaling 3.08x10*2
mTOR signaling 8.62x101?
Protein ubiquitination pathway 6.9x101
Epithelial adherens junction signaling 4.07x10%°
tRNA charging 4.2x10°

Glycolysis | 9.83x10°
Gluconeogenesis | 9.83x10°

1.4x103% 48/185 (0.259)

processed with the Cyto-ID®
autophagy detection kit (No.

29/14 i
9/146(0199)  £N751031-K200)  according

21/68(0.309) to the manufacturer’s instruc-
10/17(0.588) tions. The cells were examined
26/188 (0.138) using a Leica TCS SP2 laser
29/255 (0.114) scanning confocal microscopy
21/146 (0.144) (Leica Microsystems, Wetzlar,
11/39 (0.282) Germany) using a standard

9/25 (0.36) FITC filter set for imaging the

9/25 (0.36) autophagic signal at wave-

Abbreviations: EIF, eukaryotic initiation factor; H, medium supplemented with

lengths of 405/488 nm.

stable isotope-labeled l-arginine and I-lysine; L, medium supplemented with normal

l-arginine and I-lysine; mTOR, mammalian target of rapamycin.

Table 2. Top five molecular and cellular functions regulated by

alisertib in Hep3B cells

Western blotting analysis

Hep3B cells were treated with
ALS at 0.1, 1, and 5 uM for 24
h and the protein samples

Names P-value range

Cellular growth and proliferation
Protein synthesis

Cell death and survival

RNA posttranscriptional modification
Gene expression

5.45%x10%-5.84x103
6.12x10%-2.27x103°
6.24x10%-3.81x10%°
4.13x10%-2.38x10%°
1.41x10%-1.58x10*°

Number of were subject to western blot-
molecules ting assay to determine the
271 expression levels of various
140 cellular proteins. Visualization
264 was performed using Bio-Rad
53 ChemiDoc™ XRS system (Her-
153 cules, CA, USA) with enhanced

cytometric analysis. The effect of ALS on the
apoptosis of Hep3B cells was quantitated using
the annexin V: PE apoptosis detection kit (BD
Biosciences Inc.) according to the manufactur-
er’s instruction.

Quantification of cellular autophagy

Hep3B cells were treated with ALS at 0.1, 1,
and 5 uM for 24 h, or treated with 1 uM ALS for
4,8, 12, 24, 36 and 60 h, then subject to flow
cytometry for analyzing the intracellular autoph-
agy level. The cells were dyed with green detec-
tion and Hoechst 33342 nuclear stain reagent
contained in the Cyto-ID® autophagy detection
kit (No. ENZ-51031-K200) according to the
manufacturer’s instructions. The cells were an-
alyzed using the green (FL1) channel of a flow
cytometer (Becton Dickinson Immunocytometry
Systems).

Confocal fluorescence microscopy examina-
tion

Hep3B cells were treated with ALS at 0.1, 1,
and 5 uyM for 24 h, then subjected to confocal
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chemiluminescence substrate.
The blots were analyzed using
Image J and protein level was normalized to the
matching densitometric value of B-actin as
internal control.

Statistical analysis

Data are presented as mean * standard devia-
tion (SD). Comparisons of multiple groups were
evaluated by one-way analysis of variance fol-
lowed (ANOVA) by Tukey’s multiple comparison
procedure. A value of P < 0.05 was considered
statistically different. Assays were performed
at least three times independently.

Results
ALS inhibits the proliferation of Hep3B cells

We first examined the effect of ALS on the pro-
liferation of Hep3B cells using the MTT assay.
The results showed that ALS treatment inhibit-
ed the proliferation of Hep3B cells in a concen-
tration-and time-dependent manner. Compared
to the control cells (100%), the viability of
Hep3B cells decreased to 89.0%, 85.5%,
82.0%, 63.2%, 49.9% and 36.5%, respectively,
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when cells were treated with ALS at 0.1, 1, 5,
25, 50 and 100 uM, respectively, for 24 h. After
incubation for 48 h, the viability decreased to
99.8%, 96.7%, 87.2%, 58.4%, 35.5% and
12.6%, respectively (Eigure S1). The IC, values
for 24 and 48-h ALS treatment were 46.8 and
28.0 uM, respectively.

Proteomic response to ALS treatment in
Hep3B cells

To investigate the molecular targets of ALS in
Hep3B cells, we next performed a SILAC-based
proteomic study with ALS. Our results revealed
that 565 protein molecules in all had been
identified as potential molecular targets of ALS
in Hep3B cells, with 256 protein molecules
being upregulated, 275 protein molecules
being downregulated and 35 protein molecules
stable (Table S1). Then these identified pro-
teins were subject to IPA analysis. The IPA
results showed that 94 signaling pathways
were regulated by ALS in Hep3B cells (Table S2
and Figure S2), with EIF2 signaling, regulation
of elF4 and p70S6K signaling, remodeling of
epithelial adherens junctions, RAN signaling,
mTOR signaling, protein ubiquitination pathway,
epithelial adherens junction signaling, tRNA
charging, glycolysis |, and gluconeogenesis | as
the top ten pathways (Table 1). More than one
fourth of them were involved in the nutrition
and energy metabolism. Cellular growth and
proliferation, protein synthesis, cell death and
survival, RNA post-transcriptional modification
and gene expression have been identified as
the top five molecular and cellular functions
regulated by ALS in Hep3B cells (Table 2). ALS
regulated cell cycle at G,/M checkpoint in
Hep3B cells (Figure S3). The mTOR signaling
pathway was also regulated by ALS in Hep3B
cells (Figure S4). Taken together, IPA analysis
results have showed the proteins regulated by
ALS are involved in a number of important cel-
lular processes, in particular, cell proliferation
and survival, programmed cell death, and nutri-
tion and energy metabolism (intracellular
hemostasis). Then we focus on analyzing the
effect of ALS on the proliferation, cell cycle dis-
tribution, apoptosis and autophagy.

ALS inhibits the phosphorylation of AURKA in
Hep3B cells

To verify the proteomic data from the SILAC

assay, we conducted a series of cell-based
functional assays. We first examined its effect
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on the phosphorylation of the present kinase in
Hep3B cells. As shown in Figure 1, ALS treat-
ment significantly inhibited the phosphoryla-
tion of AURKA at Thr288 in a concentration-
dependent manner. Compared to the control
cells, a reduction of 49.7% and 70.3% of the
p-AURKA level was detected when Hep3B cells
were treated with ALS at 1 and 5 uM, respec-
tively, for 24 h (P < 0.05 or 0.001). Accordingly,
the ratio p-AURKA over AURKA decreased by
79.5% and 86.9%, respectively (P < 0.001).
These results demonstrate ALS exerts its effect
on Hep3B cells via inhibiting the phosphoryla-
tion of AURKA.

ALS leads to G,/M phase arrest and accumu-
lation of aneuploidy in Hep3B cells

Since AURKA is a cell cycle-regulatory kinase
and IPA analysis revealed that ALS had a
remarkable role in the regulation of G,/M DNA
damage checkpoint (Table S2 and Figure S3),
we next examined the effect of ALS on the cell
cycle distribution of Hep3B cells using flow
cytometry. Our results showed that ALS treat-
ment arrested Hep3B cells at G,/M phase
and induced accumulation of aneuploidy in a
concentration- and time-dependent manner
(Figure 2). The percentage of Hep3B cells
arrested in G,/M phase ascended to 29.3%,
84.6% and 73.1% when treated with ALS at 0.1,
1 and 5 yM for 24 h, respectively, compared to
the control cells (with a basal level of 14.4%)
(Figure 2A).

The effect of ALS treatment at 1 uM on cell
cycle distribution in Hep3B cells over 60 h were
further evaluated (Figure 2B). After exposed to
ALS for 4, 8, 12, 24, 36 and 60 h, the percent-
age of Hep3B cells in G,/M phase increased to
37.4%, 47.1%, 59.6%, 89.7%, 95.4% and
94.4%, respectively, from the basal level
29.9%. Of note, prolonged ALS treatment over
36 h led to accumulation of aneuploid cells.
The percentage of diploid and aneuploid cells
at 36 h and 60 h after ALS treatment were
17.4% and 82.6%, and 20.8% and 79.2%,
respectively. In the population of aneuploid
cells, the percentage of cells arrested in G,/M
phase increased to 34.7% at 60 h from 11.9%
at 36 h. A significant reduction of cells in both
G, and S phase was observed in a concentra-
tion- and time-dependent manner (Figure 2).
Taken together, these results demonstrate that
ALS alters the cell cycle distribution of Hep3B
cells and induces G,/M phase arrest and accu-
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Figure 2. Effect of ALS on cell cycle distribution of Hep3B cells. Hep3B cells were treated with ALS at 0.1, 1, and 5
UM for 24 h (A), or treated with ALS at 1 uM for 4, 8, 12, 24, 36, and 60 h (B), and then subject to flow cytometric
analysis. Representative flow cytometric plots of cell cycle distribution. Bar graphs show the percentage of Hep3B
cells in G,, S, and G,/M phases. Data are the mean + SD of three independent experiments. *P < 0.05, **P <

0.001, and ***P < 0.001 by one-way ANOVA.

mulation of aneuploid in a concentration- and
time-dependent manner.

ALS alters the expression of key cell cycle
regulators in Hep3B cells

We next examine the effect of ALS on the

expression levels of key regulators responsible
for G, checkpoint in Hep3B cells using Western
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blotting assay. Although the total level of CDC2
and cyclin B1 increased significantly, there
were also a remarkable alteration in the phos-
phorylation level of CDC2 and cyclin B1 when
Hep3B cells were treated with ALS at 1 and 5
MM. Treatment of Hep3B cells with ALS at 1 and
5 uM led to an increase in the level of p-CDC2
(Tyrd5) by 85.7% and 59.1% (P < 0.001, Figure
3), respectively, while led to a decrease in the

Am J Transl Res 2017;9(8):3558-3572



Alisertib Kills hepatocellular carcinoma Hep3B cells

Hep3B cells 5 159
ALS (M) 0 0.1 1 <
o 1.04
p-CDC25C 33
(Ser216) NN NS ———— " 0 kDa 2T
S L s
-CDC2/CDK1 S
P (Tvris) — — w— 34KDa 3
00 0 0.1 - 1 0 50
CDC2/CDK1 “Sasmie Wmmee Ae S 34 kDa 4q  ALS concentration (M)
p-cyclinB1 S5 kD E N
(Ser133) [T S —— a 2
3 2
CyclinB1 - T —— — 55 kDa E
$ 14
@
B-actin WS WIS SN S 4S5 kDa -
20+ T 29 201
Q s b
ol
IRE % 2 é 151
Qo = N
(5] ‘lf_’ 1.5
a8 10 8 5, § 1.0
58 SE 101 s
g 0.5 ; 05 3 051
- 3 o
ool 3 ol Y -
0 01 10 5.0 0 0.1 10 50 0 01 10 50

AL S concentration (uM)

ALS concentration (uM)

AL S concentration (uM)

Figure 3. ALS modulates the expression of key proteins responsible for the G, checkpoint. Hep3B cells were incu-
bated with ALS at 0.1, 1, and 5 uM for 24 h, and the protein samples were subject to Western blotting assay. Repre-
sentative blots of p-CDC25C (Ser216), p-CDC2/CDK1 (Tyrl5), CDC2/CDK1, p-cyclin B1 (Ser133), and cyclin B1. Bar
graphs shows the relative level of the above proteins. 3-Actin was used as the internal control. Data are the mean +
SD of three independent experiments. *P < 0.05, **P < 0.001, and ***P < 0.001 by one-way ANOVA.

level of p-cyclin B1 (serl133) by 27.1% and
37.3% (P < 0.05 or 0.01, Figure 3). Both the
activation of p-CDC2 at Tyr15 and inhibition of
p-cyclin B1 at ser133 resulted in inactivation of
CDC2-cyclin B1 complex in Hep3B cells with
p53 deletion. Besides, there was a 78.8% and
69.9% increase in the level of p-CDC25C at
Ser216, a kinase responsible for the dephos-
phorylation of CDC2 at Tyrl5, when Hep3B
cells were treated with 1 and 5 uyM ALS for 24 h
(P < 0.05 or 0.001, Figure 3). These data dem-
onstrate that ALS leads to G,/M arrest and
accumulation of aneuploid Hep3B cells via
altering the expression of key cell cycle
regulators.

ALS induces remarkable autophagy in Hep3B
cells

To further test the anticancer activity of ALS, we
examined the effect of ALS on programmed cell
death in Hep3B cells. Although the IPA analysis
revealed that both apoptosis signaling and
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myc-mediated apoptosis signaling pathway
were regulated by ALS (Table S2), our flow cyto-
metric data showed that the effect of ALS on
apoptosis is weak (Figure 4). The IPA analysis
results demonstrated the effect of ALS on
nutrition and energy metabolic process, indi-
cating the regulatory role of ALS in autophagy.
Then flow cytometric analysis, LC3 conversion,
beclin 1 and SQSTM1/p62 expression assay
and puncta formation assay examined by con-
focal fluorescence microscopy were performed
to test the effect of ALS on autophagy. As
shown in Figure 5A, treatment on Hep3B cells
with ALS significantly increased the percentage
of autophagic cells dose- and time-dependent-
ly. Compared to the control cells (with basal
level 9.8%), there was a 31.9% and 20.9%
increase in autophagy when treated with ALS at
1 and 5 puM for 24 h, respectively (P < 0.001,
Figure 5A). After incubation of Hep3B cell with
ALS at 1 uM for 24, 36 and 60 h, the autophagy
rate increased by 2.5-, 3.4- and 5.8-fold,
respectively (P < 0.001, Figure 5A).
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As shown in Figure 5B, ALS treatment at 5 yM
for 24 h increased the expression of LC3-1l and
beclin 1 by 85.9% and 22.0%, respectively (P <
0.05 or 0.01, Figure 5B), but decreased the
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expression of LC3-1and SQSTM1/p62 by 56.2%
and 24.1%, respectively (P < 0.05, Figure 5B).
The ratio of LC3-1I/LC3-1 was elevated 2.8-fold
and 4.3-fold when Hep3B cells were treated
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with ALS at 1 and 5 uM for 24 h, respectively. and Figure S4), we speculated that ALS induced
The confocal microscopic examination showed autophagy with involvement of the well-known
that autophagic level was increased 1.7- and PI3K/Akt/mTOR pathway. We first examined
2.7-fold when Hep3B cells were treated with the effect of ALS on the expression of this axis-
ALS at 1 and 5 uM for 24 h, respectively (P < related proteins and their phosphorylation lev-
0.001, Figure 5C). Taken together, these results els. As shown in Figure 6A, ALS markedly inhib-
demonstrate that ALS is a potent autophagy ited the phosphorylation of PI3K at Tyr199, Akt
inducer in Hep3B cells. at Serd73 and mTOR at Ser2448, but did not

impact the expression of total PI3K, Akt and
ALS modulates the PI3K/Akt/mTOR pathway mTOR. ALS treatment at 5 uyM for 24 h
in Hep3B cells decreased the ratio of p-PI3K/PI3K, p-Akt/Akt,

and p-mTOR/mTOR by 66.9%, 37.2% and
Since the IPA analysis demonstrated the mTOR 30.4%, respectively (P < 0.05 or 0.01, Figure
signaling, along with upstream PI3K/Akt signal- 6A). In addition, treatment of Hep3B cells with
ing were regulated by ALS (Table S2, Table 1 5 uM ALS for 24 h upregulated the expression
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for 24 h, then subject to the MTT assay. Bar graph
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mean + SD of three independent experiments. **P
< 0.001 and ***P < 0.001 by one-way ANOVA.

of PTEN, the negative regulator of PI3K, by
35.5% (P < 0.05, Figure 6A).

We next used specific chemical inhibitors to
validate the involvement of PI3K/Akt/mTOR
pathway in ALS-induced autophagy. As shown
in Figure 6B, co-incubation of ALS with WM (10
UM, a PI3K inhibitor), MK-2206 (1 pM, an Akt
inhibitor) and rapamycin (15 yM, an mTOR
inhibitor) enhanced ALS-induced autophagy,
with autophagy level being elevated from
22.3% (5 uM ALS alone) to 34.2%, 56.5% and
34.7%, respectively (P < 0.001, Figure 6B).
Collectively, these findings suggest that ALS
induce autophagy via the PI3K/Akt/mTOR path-
way in Hep3B cells.

Inhibition of autophagy enhances the antican-
cer activity of ALS in Hep3B cells

Finally, we explored the effect of inhibition of
ALS-induced autophagy on the viability of
Hep3B cells. As shown in Figure 7, inhibition of
ALS-induced autophagy with CQ enhanced the
cell-killing activity of ALS, with the viability of
Hep3B cells decreased from 83.1% (5 uM ALS
alone) or 76.9% (30 yM CQ alone) to 56.7% (5
UM ALS plus 30 uM CQ) (P < 0.01, Figure 7).
These data suggest that autophagy inhibitor
may augment the anticancer activity of ALS in
Hep3B cells.

Discussion

Currently, HCC treatment guidelines recom-
mend a multidisciplinary team for the clinical
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management and therapeutic options should
be stage-dependent [39, 40]. HCC patients
diagnosed in later stages are proposed to
receive systemic therapy. To date, sorafenib
remains the only drug approved for the therapy
of inoperable or metastatic HCC. Although the
SHARP and Oriental study have shown that
sorafenib can delay tumor progression and pro-
long survival of patients with advanced HCC
[12, 13], the efficacy of sorafenib is far from
being satisfied. Acquired resistance of HCC to
sorafenib is often observed. A series of clinical
studies on new targeted agents (such as
brivanib, sunitinib, linifanib, ramucirumab,
everolimus and erlotinib) for HCC treatment
have been conducted, but all these studies
failed [9]. Investigation of other effective agents
is urgently mandatory. A number of Aurora
Kinase inhibitors (AKIs) have been developed
and tested in Phase | and Il trials [41]. In the
present study, we investigated the anticancer
activity of ALS in Hep3B cells using a SILAC pro-
teomic analysis. Our results demonstrated that
ALS regulated a number of proteins and molec-
ular signaling pathways, which involved various
molecular and cellular functions with cellular
growth and proliferation and cell death and sur-
vival among the top five. Subsequent cell-based
validation studies showed that ALS treatment
inhibited the proliferation and led to G,/M
phase arrest and accumulation of aneuploid
Hep3B cells. ALS induced significantly autopha-
gy via PIBK/Akt/mTOR signaling pathway, but it
was a weak inducer of apoptosis in Hep3B
cells.

SILAC is valuable in revealing the general pro-
teomic responses to drug treatment [42]. In
particular, it can be used to systemically and
quantitatively assess the target network of
drugs, and identify new biomarkers for the diag-
nosis and treatment of cancers [42, 43]. We
conducted a SILAC-based proteomic study to
identify the potential molecular targets of ALS
in Hep3B cells. It revealed that those proteins
and molecular signaling pathways regulated by
ALS were largely involved in cellular growth and
proliferation, cell death and survival, protein
synthesis, gene expression and RNA post-tran-
scriptional modification. The proteomic results
suggest that ALS may target these signaling
molecules to elicit its anticancer effects in the
treatment of Hep3B cells.

Proper mitotic progression largely depends on
the normal kinase activity of AURKA, while inhi-
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bition of AURKA lead to improper mitotic events,
including G,/M phase arrest [44]. Our results
demonstrated that ALS treatment inhibited the
phosphorylation of AURKA at Thr288 in a con-
centration-dependent manner, followed by
G,/M phase arrest. This is consistent with the
proteomic findings with regard to the remark-
able role of ALS in the regulation of G,/M DNA
damage checkpoint. The effect of ALS on the
cell cycle distribution in Hep3B cells was fur-
ther confirmed with suppressed activity of
CDC2-cyclin B1 complex. We observed that ALS
treatment led to increased phosphorylation of
CDC2 at Tyr15 and inhibition of cyclin B1 phos-
phorylation at Ser133 in Hep3B cells. The
altered phosphorylation of CDC2 and cyclin B
could result in inactivation of CDC2-cyclin B1
complex, finally leading to G,/M arrest. We fur-
ther detected the increased phosphorylation
level of CDC25C at Ser216 by ALS, a kinase
responsible for the dephosphorylation of CDC2
at Tyrl5. Collectively, these data indicate that
ALS induces G,/M arrest in Hep3B cells via
regulating key regulators of cell cycle.

Autophagy plays a critical role in providing ener-
gy for cellular renovation and maintaining intra-
cellular hemostasis. Under most circumstanc-
es, autophagy represents a pro-survival pro-
cess against apoptosis [45-48]. The PI3K/Akt/
mTOR axis is a central pathway involved in
autophagy through the regulation of cell growth,
motility, protein synthesis, cell metabolism, cell
survival, and cell death in response to various
stimuli [49, 50]. PTEN inhibits Akt/mTOR and
MAPK signaling, leading to cell death and
growth regulation [51]. In the present study, our
finding demonstrated that ALS treatment
induced remarkable autophagy. The p-PI3K/
PI3K, p-Akt/Akt ratio and p-mTOR/ mTOR were
significantly decreased by ALS in a concentra-
tion-dependent manner in Hep3B cells. We
also found that ALS induced remarkable
increased the expression of PTEN. These find-
ings indicate that ALS has a significant autoph-
agy-inducing effect on Hep3B cells via inhibi-
tion of the PIBK/Akt/mTOR axis.

In the present study, ALS only exerted weak
pro-apoptotic effect in Hep3B cells. The rea-
sons for the weak inducing effect of ALS on
apoptosis in Hep3B cells are unknown. Auto-
phagy may suppress the apoptosis due to
crosstalk and Hep3B cells may be resistant to
initiation of apoptosis by ALS due to disabling
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of pro-apoptotic signals and activation of anti-
apoptotic signals. The genetic heterogeneity of
HCC may also contributes to this. Mutations of
p53 as well as a deregulation between the
expression of pro- and anti-apoptotic proteins
of the Bcl-2 family are frequently observed in
HCC. Our study showed that inhibition of ALS-
induced autophagy enhanced its cell-killing
activity, probably through augmented apopto-
sis and/or necrosis.

Recently, a study has shown that ALS is a sub-
strate of P-glycoprotein, and inhibition of P-gl-
ycoprotein by verapamil increased ALS uptake
in Caco2 and MKN45 cells [52]. These findings
imply that combinational use with autophagy
blockers or P-glycoprotein inhibitors may enha-
nce the anticancer activity of ALS in Hep3B
cells, a cell line with P-glycoprotein overexpres-
sion [53, 54]. Besides, transarterial infusion or
chemoembolization with ALS might be an alter-
native to systemic administration, since local
concentration of drug could be increased dra-
matically using the above two methods [55].
Combined use of ALS with cytotoxic agents may
be an alternative strategy to enhance its
efficacy.

Conclusions

This study shows that ALS regulates a number
of functional proteins and molecular signaling
pathways, ALS inhibits cell proliferation, induc-
es cell-cycle arrest and autophagy. More stud-
ies are warranted to investigate the role of ALS
in the treatment of HCC. Proper combinational
therapy may enhance the efficacy of ALS for
HCC.
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Figure S1. Chemical structure and cytotoxicity of ALS. A. The chemical structure of ALS. B. Cytotoxicity of ALS towards
Hep3B cells determined by MTT assay.
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Table S1. The 566 protein molecules regulated by alisertib in Hep3B cells

No. Protein ID Protein Name Gene Name H/L Ratio
1 Q9P258  Protein RCC2 RCC2 1.60
2 H7C457  Collagen a-1 (XVIIl) chain COL18A1 1.54
3 P52292  Importin subunit o-1 KPNA2 1.54
4 P35613  Basigin BSG 1.46
5 Q15417  Calponin-3 CNN3 1.34
6 PO9960  Leukotriene A, hydrolase LTA4H 1.34
7 Q96FW1  Ubiquitin thioesterase OTUB1 OTuB1 1.33
8 014818  Proteasome subunit o type-7 PSMA7 1.32
9 P38117  Electron transfer flavoprotein subunit ETFB 1.31
10 P35579  Myosin-9 MYH9 1.31
11 E7EV56  Pericentriolar material 1 protein PCM1 1.30
12 P13284  vy-Interferon-inducible lysosomal thiol reductase IFI30 1.30
13 P28482  Mitogen-activated protein kinase 1 MAPK1 1.30
14 Q01581  Hydroxymethylglutaryl-CoA synthase, cytoplasmic HMGCS1 1.30
15 043175  D-3-phosphoglycerate dehydrogenase PHGDH 1.28
16 P23381  Tryptophan-tRNA ligase, cytoplasmic WARS 1.27
17 C9JZR2  Catenin 5-1 CTNND1 1.27
18 P34897  Serine hydroxymethyltransferase, mitochondrial SHMT2 1.27
19 P31153  S-adenosylmethionine synthase isoform type-2 MAT2A 1.27
20 P51149  Ras-related protein Rab-7a RABT7A 1.25
21 043809 Cleavage and polyadenylation specificity factor subunit 5 NUDT21 1.25
22 Q9Y617  Phosphoserine aminotransferase PSAT1 1.24
23 F5GWX5  Chromodomain-helicase-DNA-binding protein 4 CHD4 1.24
24 Q6AWB1  Dynactin subunit 1 DKFZp686E0752 1.23
25 Q13492  Phosphatidylinositol-binding clathrin assembly protein PICALM 1.23
26 P52907  F-actin-capping protein subunit o-1 CAPZA1 1.22
27 Q9UGI8  Testin TES 1.22
28 P25325  3-Mercaptopyruvate sulfurtransferase MPST 1.21
29 Q9UBT2  SUMO-activating enzyme subunit 2 UBA2 1.21
30 P11216  Glycogen phosphorylase, brain form PYGB 1.21
31 Q03252  Lamin-B2 LMNB2 1.20
32 P31930  Cytochrome b-c1 complex subunit 1, mitochondrial UQCRC1 1.20
33 H3BQZ7  Heterogeneous nuclear ribonucleoprotein U-like protein 2 hCG_2044799 1.20
34 P11766  Alcohol dehydrogenase class-3 ADH5 1.19
35 E9PB90  Hexokinase-2 HK2 1.19
36 P36507  Dual specificity mitogen-activated protein kinase kinase 2 MAP2K2 1.18
37 P41091  Eukaryotic translation initiation factor 2 subunit 3 EIF2S3 1.18
38 Q07065 Cytoskeleton-associated protein 4 CKAP4 1.18
39 P19105  Myosin regulatory light chain 12A MYL12A 1.18
40 095865  N(G),N(G)-dimethylarginine dimethylaminohydrolase 2 DDAH2 1.17
41 Q13200 26S proteasome non-ATPase regulatory subunit 2 PSMD2 1.17
42 Q9Y4L1  Hypoxia up-regulated protein 1 HYOU1 1.16
43 P50454  Serpin H1 SERPINH1 1.16
44 P08107  Heat shock 70 kDa protein 1A/1B HSPA1A 1.15
45 Q99832  T-complex protein 1 subunit n CCT7 1.15
46 014980  Exportin-1 XPO1 1.14
47 QINYU2  UDP-glucose:glycoprotein glucosyltransferase 1 UGGT1 1.14
48 P48735 Isocitrate dehydrogenase [NADP], mitochondrial IDH2 1.14
49 Q9UJZ1  Stomatin-like protein 2, mitochondrial STOML2 1.14
50 P68402  Platelet-activating factor acetylhydrolase 1B subunit PAFAH1B2 1.14
51 P04080  Cystatin-B CSTB 113
52 P09417  Dihydropteridine reductase QDPR 1.13
53 Q12905 Interleukin enhancer-binding factor 2 ILF2 1.13
54 Q9Y3I0  tRNA-splicing ligase RtcB homolog C220rf28 1.13
55 043390 Heterogeneous nuclear ribonucleoprotein R HNRNPR 1.13



56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

QOY5B9
F6SBX2
P06493
P42167
P30040
E9PPI5
Q8NE71
P31948
H3BT13
QI96KP4
P62158
P19338
Q07955
HOY3Y4
P30084
000303
075874
P11413
P05455
QOP2E9
QOUK76
P35241
QO6AE4
HOYLC2
DBRAS2
Q15019
P11021
P37837
HOYD73
QOH4AG
P14625
E9PGT1
QIHC35
QOH307
043776
P82979
P22314
Q96PK6
P22626
PO8574
E9PCY7
P08238
P34932
ABPVHO
P12270
P30044
QOUBM7
G8JLD5
B4DGU4
PO7814
DBRFM5
P48643
P55735
H3BNOS
E7EMDO
F5HO18
P04844
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FACT complex subunit SPT16

Isoleucine-tRNA ligase, mitochondrial
Cyclin-dependent kinase 1

Lamina-associated polypeptide 2, isoforms 3/y
Endoplasmic reticulum resident protein 29
Midkine

ATP-binding cassette sub-family F member 1
Stress-induced-phosphoprotein 1

Small nuclear ribonucleoprotein Sm D3

Cytosolic non-specific dipeptidase

Calmodulin

Nucleolin

Serine/arginine-rich splicing factor 1

Septin-7

Enoyl-CoA hydratase, mitochondrial

Eukaryotic translation initiation factor 3 subunit F
Isocitrate dehydrogenase [NADP] cytoplasmic
Glucose-6-phosphate 1-dehydrogenase

Lupus La protein

Ribosome-binding protein 1

Hematological and neurological expressed 1 protein
Radixin

Far upstream element-binding protein 1
Proteasome subunit o type

Annexin

Septin-2

78 kDa glucose-regulated protein

Transaldolase

26S proteasome non-ATPase regulatory subunit 13
Golgi phosphoprotein 3

Endoplasmin

Translin

Echinoderm microtubule-associated protein-like 4
Pinin

Asparagine-tRNA ligase, cytoplasmic

SAP domain-containing ribonucleoprotein
Ubiquitin-like modifier-activating enzyme 1
RNA-binding protein 14

Heterogeneous nuclear ribonucleoproteins A2/B1
Cytochrome c1, heme protein, mitochondrial
Heterogeneous nuclear ribonucleoprotein H

Heat shock protein HSP 90-8

Heat shock 70 kDa protein 4

Copine-1

Nucleoprotein TPR

Peroxiredoxin-5, mitochondrial
7-Dehydrocholesterol reductase

Dynamin-1-like protein

Catenin B-1

Bifunctional glutamate/proline-tRNA ligase

Succinate dehydrogenase [ubiquinone] flavoprotein subunit, mitochondrial

T-complex protein 1 subunit epsilon
Protein SEC13 homolog

40S ribosomal protein S15a
NADPH-cytochrome P450 reductase

GTP-binding nuclear protein Ran

Dolichyl-diphosphooligosaccharide-protein glycosyltransferase subunit 2

SUPT16H
IARS2
CDK1
TMPO

ERP29
MDK
ABCF1
STIP1
SNRPD3
CNDP2
CALM1
NCL
SRSF1
7-Sep
ECHS1
EIF3F
IDH1
G6PD
SSB
RRBP1
HN1
RDX
FUBP1
PSMA4
ANXA3
2-Sep
HSPA5
TALDO1
PSMD13
GOLPH3
HSP90B1
TSN
EML4
PNN
NARS
SARNP
UBA1
RBM14
HNRNPA2B1
CcYc1i
HNRNPH1
HSP90AB1
HSPA4
CPNE1
TPR
PRDX5
DHCR7
DNM1L
CTNNB1
EPRS
SDHA
CCT5
SEC13
ARL6IP1
POR
RAN
RPN2

1.13
1.12
1.12
1.12
1.12
1.12
1.12
1.12
1.12
1.12
1.12
111
111
111
111
141
111
111
111
111
111
111
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.10
1.09
1.09
1.09
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.07
1.07
1.07
1.07
1.07
1.07



113
114
115
116
117
118
119
120
121

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

155
156
157

159
160
161
162
163
164
165
166

168

P11387
P23246
Q14974
P68371
F8W6I7
Q15691
P11047
P31689
E9PEJ4

043823
P35637
H3BQF1
Q92598
P32119
P12277
E7ES10
P35520
QouUL46
P42704
E9PRQ7
K7ELO2
032012
Q07666
P04843
P49588
075367
F8VZ29
QoP258
P30101
Q9BWD1
P13797
p27824
PO7900
P04792
P09972
Q16658
PO7602
ABNKBS
P53396
H7BZJ3
B4DJV2
Q12906
P09874
P13667
P22102
Q96124
E9PF10
Q99460
P45880
013263
095373
095573
Q15084
P62805
060664
P26599
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DNA topoisomerase 1

Splicing factor, proline- and glutamine-rich

Importin subunit B-1

Tubulin B-4B chain

Heterogeneous nuclear ribonucleoprotein A1
Microtubule-associated protein RP/EB family member 1
Laminin subunit y-1

DnaJ homolog subfamily A member 1

Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase
complex, mitochondrial

A-kinase anchor protein 8

RNA-binding protein FUS

Adenine phosphoribosyltransferase

Heat shock protein 105 kDa

Peroxiredoxin-2

Creatine kinase B-type

Calpastatin

Cystathionine B-synthase

Proteasome activator complex subunit 2
Leucine-rich PPR motif-containing protein, mitochondrial
UBX domain-containing protein 1

Thimet oligopeptidase

Nucleoside diphosphate kinase

KH domain-containing, RNA-binding, signal transduction-associated protein 1
Dolichyl-diphosphooligosaccharide-protein glycosyltransferase subunit 1
Alanine-tRNA ligase, cytoplasmic

Core histone macro-H2A.1

Ubiquitin-conjugating enzyme E2 N

Protein RCC2

Protein disulfide-isomerase A3

Acetyl-CoA acetyltransferase, cytosolic

Plastin-3

Calnexin

Heat shock protein HSP 90-a

Heat shock protein -1

Fructose-bisphosphate aldolase C

Fascin

Proactivator polypeptide

Aminopeptidase B

ATP-citrate synthase

Thioredoxin

Citrate synthase

Interleukin enhancer-binding factor 3

Poly [ADP-ribose] polymerase 1

Protein disulfide-isomerase A4

Trifunctional purine biosynthetic protein adenosine-3
Far upstream element-binding protein 3

Nuclear pore complex protein Nup155

26S proteasome non-ATPase regulatory subunit 1
Voltage-dependent anion-selective channel protein 2
Transcription intermediary factor 1-3

Importin-7

Long-chain-fatty-acid--CoA ligase 3

Protein disulfide-isomerase A6

Histone H4

Perilipin-3

Polypyrimidine tract-binding protein 1

TOP1
SFPQ
KPNB1
TUBB4B
HNRNPA1
MAPRE1
LAMC1
DNAJAL
DLAT

AKAPS
FUS
APRT
HSPH1
PRDX2
CKB
CAST
CBS
PSME2
LRPPRC
UBXN1
THOP1
NME1-NME2
KHDRBS1
RPN1
AARS
H2AFY
UBE2N
RCC2
PDIA3
ACAT2
PLS3
CANX
HSP90AA1
HSPB1
ALDOC
FSCN1
PSAP
RNPEP
ACLY
PDIA3
Ccs
ILF3
PARP1
PDIA4
GART
FUBP3
NUP155
PSMD1
VDAC2
TRIM28
IPO7
ACSL3
PDIA6
HIST1H4A
PLIN3
PTBP1

1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.06
1.06

1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.05
1.60
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04



169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

214
215
216
217
218
219
220
221
222
223
224
225

P17844
Q15393
P38646
P50395
Q04917
P54727
P35580
P63363
PO7108
Q15185
P49327
Q16777
QoBSJ8
P00441
Q15365
P47897
QSTAT6
ASMXPS
PO7237
P45974
P50502
075643
Q92499
Q8WUM4
Q12874
E7EX73
P11142
Q15233
QONY33
E9PMH2
Q92973
Q01081
Q14697
QOUHDS
K7EKO7
015274
K7EJ57
P28838
P62241
P52272
Q9BY32
QOHBT1
Q92841
Q06210
Q92945
Q9BTTO
P46783
060701
Q16643
P68036
PO7384
Q86VP6
Q5JP53
000410
P35232
P25705
P04075
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Probable ATP-dependent RNA helicase DDX5
Splicing factor 3B subunit 3

Stress-70 protein, mitochondrial

Rab GDP dissociation inhibitor beta

14-3-3 protein n

UV excision repair protein RAD23 homolog B
Myosin-10

Tubulin alpha-1B chain

Acyl-CoA-binding protein

Prostaglandin E synthase 3

Fatty acid synthase

Histone H2A type 2-C

Extended synaptotagmin-1

Superoxide dismutase [Cu-Zn]
Poly(rC)-binding protein 1

Glutamine-tRNA ligase

Nuclear protein localization protein 4 homolog
Reticulocalbin-2

Protein disulfide-isomerase

Ubiquitin carboxyl-terminal hydrolase 5
Hsc70-interacting protein

U5 small nuclear ribonucleoprotein 200 kDa helicase
ATP-dependent RNA helicase DDX1
Programmed cell death 6-interacting protein
Splicing factor 3A subunit 3

Eukaryotic translation initiation factor 4 y1
Heat shock cognate 71 kDa protein

Non-POU domain-containing octamer-binding protein
Dipeptidyl peptidase 3

Peptidyl-prolyl cis-trans isomerase
Transportin-1

Splicing factor U2AF 35 kDa subunit

Neutral alpha-glucosidase AB

Septin-9

Histone H3

Nicotinate-nucleotide pyrophosphorylase [carboxylating]
Mitochondrial import receptor subunit TOM40 homolog
Cytosol aminopeptidase

40S ribosomal protein S8

Heterogeneous nuclear ribonucleoprotein M
Inosine triphosphate pyrophosphatase
Calcyclin-binding protein

Probable ATP-dependent RNA helicase DDX17

Glutamine-fructose-6-phosphate aminotransferase [isomerizing] 1

Far upstream element-binding protein 2

Acidic leucine-rich nuclear phosphoprotein 32 family member E

40S ribosomal protein S10

UDP-glucose 6-dehydrogenase

Drebrin

Ubiquitin-conjugating enzyme E2 L3

Calpain-1 catalytic subunit

Cullin-associated NEDD8-dissociated protein 1
Tubulin B chain

Importin-5

Prohibitin

ATP synthase subunit a, mitochondrial

Fructose-bisphosphate aldolase A

DDX5
SF3B3
HSPA9

GDI2
YWHAH
RAD23B
MYH10
TUBA1B
DBI
PTGES3
FASN
HIST2H2AC

ESYT1

SOD1
PCBP1

QARS

NPLOC4

RCN2

P4HB

USP5

ST13

SNRNP200
DDX1
PDCD6IP
SF3A3
EIF4G1
HSPA8
NONO
DPP3
AIP
TNPO1
U2AF1
GANAB
9-Sep
H3F3B
QPRT
TOMM40
LAP3
RPS8
HNRNPM
ITPA
CACYBP
DDX17

GFPT1
KHSRP

ANP32E
RPS10
UGDH
DBN1
UBE2L3
CAPN1
CAND1
TUBB
IPO5
PHB
ATP5A1
ALDOA

1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02



226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282

P17174
P61978
K7EJES
Q04760
P68133
Q99880
B1ALCO
P78371
P39748
060506
QBXQNG
P31946
P00387
P62258
P10809
P42166
075947
Q14444
P26639
P55072
P67809
B72972
B1AKS5
Q13838
PO8758
043707
POB576
P30740
P62424
060832
F8VZX2
FSW1N5
QOUKY7
P14866
PO6733
P62979
F8WIN3
P43686
B4DQUS
043143
Q13813
P68431
QoY624
P26640
QONTK5
P30086
E9PM92
HOYSE6
F8VWM2
P21333
P61158
P46060
QoY265
Q00839
P63241
Q01105
P60842
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Aspartate aminotransferase, cytoplasmic
Heterogeneous nuclear ribonucleoprotein K
Lon protease homolog, mitochondrial
Lactoylglutathione lyase

Actin, o skeletal muscle

Histone H2B type 1-L

Actin-related protein 2/3 complex subunit 5
T-complex protein 1 subunit B

Flap endonuclease 1

Heterogeneous nuclear ribonucleoprotein Q
Nicotinate phosphoribosyltransferase
14-3-3 protein B/«

NADH-cytochrome b, reductase 3

14-3-3 protein €

60 kDa heat shock protein, mitochondrial
Lamina-associated polypeptide 2, isoform o
ATP synthase subunit d, mitochondrial
Caprin-1

Threonine-tRNA ligase, cytoplasmic
Transitional endoplasmic reticulum ATPase
Nuclease-sensitive element-binding protein 1
Protein-L-isoaspartate O-methyltransferase
F-actin-capping protein subunit B
Spliceosome RNA helicase DDX39B
Annexin A5

o-Actinin-4

ATP synthase subunit B, mitochondrial
Leukocyte elastase inhibitor

60S ribosomal protein L7a

H/ACA ribonucleoprotein complex subunit 4
Poly(rC)-binding protein 2

Nascent polypeptide-associated complex subunit o

Protein CDV3 homolog
Heterogeneous nuclear ribonucleoprotein L
a-Enolase

Ubiquitin-40S ribosomal protein S27a

Cleavage and polyadenylation specificity factor subunit 6

26S protease regulatory subunit 6B
Ras-related protein Rab-11A

Putative pre-mRNA-splicing factor ATP-dependent RNA helicase DHX15

Spectrin o chain, non-erythrocytic 1
Histone H3.1

Junctional adhesion molecule A
Valine-tRNA ligase

Obg-like ATPase 1
Phosphatidylethanolamine-binding protein 1
Small acidic protein

DNA replication licensing factor MCM2
Phosphate carrier protein, mitochondrial
Filamin-A

Actin-related protein 3

Ran GTPase-activating protein 1

RuvB-like 1

Heterogeneous nuclear ribonucleoprotein U
Eukaryotic translation initiation factor 5A-1
Protein SET

Eukaryotic initiation factor 4A-1

GOT1
HNRNPK
LONP1
GLO1
ACTA1
HIST1H2BL
ARPC5
CCT2
FEN1
SYNCRIP
NAPRT1
YWHAB
CYB5R3
YWHAE
HSPD1
TMPO
ATP5H
CAPRIN1
TARS
vcpP
YBX1
PCMT1
CAPZB
DDX39B
ANXA5
ACTN4
ATP5B
SERPINB1
RPL7A
DKC1
PCBP2
NACA
CDhV3
HNRNPL
ENO1
RPS27A
CPSF6
PSMC4
RAB11A
DHX15
SPTAN1
HIST1H3A
F11R
VARS
OLA1
PEBP1
C11orf58
MCM2
SLC25A3
FLNA
ACTR3
RANGAP1
RUVBL1
HNRNPU
EIF5A
SET
EIF4A1

1.02
1.02
1.02
1.02
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00



283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339

Q86UY0
AGPVNS
F8VY35
P52209
FSVWSO
HOYFA4
Q16555
P02545
PO7737
060488
P61160
P43243
Q96P70
P13010
pP27348
FSW7C6
QouLV4
Q3zCM7
Q6DKJ4
014579
P00352
P61981
K7ELL7
P63104
P62937
Q71DI3
Q13185
QINR30
Q99714
Q8NC51
B7Z7P8
Q13347
QOY490
P63261
P62314
P49411
P12956
PO7858
P12004
P35221
Q99733
P62633
Q92575
Q06830
P40227
QINS69
H7C469
P31939
Q7KZF4
HOYK49
P18669
Q00610
P40926
P40925
E9PBS1
P05386
P04406
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Thioredoxin domain-containing protein 5

Serine/threonine-protein phosphatase 2A activator

Nucleosome assembly protein 1-like 1

6-Phosphogluconate dehydrogenase, decarboxylating

60S acidic ribosomal protein PO
Cysteine-rich protein 2
Dihydropyrimidinase-related protein 2
Prelamin-A/C

Profilin-1

Long-chain-fatty-acid—CoA ligase 4
Actin-related protein 2

Matrin-3

Importin-9

X-ray repair cross-complementing protein 5
14-3-3 protein 6

Coronin-1C

Tubulin B-8 chain

Nucleoredoxin

Coatomer subunit &

Retinal dehydrogenase 1

14-3-3 protein y

Glucosidase 2 subunit B

14-3-3 protein /0

Peptidyl-prolyl cis-trans isomerase A
Histone H3.2

Chromobox protein homolog 3
Nucleolar RNA helicase 2
3-Hydroxyacyl-CoA dehydrogenase type-2

Plasminogen activator inhibitor 1 RNA-binding protein
Eukaryotic peptide chain release factor subunit 1

Eukaryotic translation initiation factor 3 subunit |

Talin-1

Actin, cytoplasmic 2

Small nuclear ribonucleoprotein Sm D1
Elongation factor Tu, mitochondrial
X-ray repair cross-complementing protein 6
Cathepsin B

Proliferating cell nuclear antigen
Catenin o-1

Nucleosome assembly protein 1-like 4
Cellular nucleic acid-binding protein
UBX domain-containing protein 4
Peroxiredoxin-1

T-complex protein 1 subunit 6

Mitochondrial import receptor subunit TOM22 homolog

Cathepsin D

Bifunctional purine biosynthesis protein PURH
Staphylococcal nuclease domain-containing protein 1

Electron transfer flavoprotein subunit o, mitochondrial

Phosphoglycerate mutase 1

Clathrin heavy chain 1

Malate dehydrogenase, mitochondrial
Malate dehydrogenase, cytoplasmic
Multifunctional protein ADE2

60S acidic ribosomal protein P1
Glyceraldehyde-3-phosphate dehydrogenase

TXNDC5
PPP2R4
NAP1L1
PGD
RPLPO
CRIP2
DPYSL2
LMNA
PFN1
ACSL4
ACTR2
MATR3
IPO9
XRCC5
YWHAQ
RPL10
CORO1C
TUBBS
NXN
COPE
ALDH1A1
YWHAG
PRKCSH
YWHAZ
PPIA
HIST2H3A
cBX3
DDX21
HSD17B10
SERBP1
ETF1
EIF3I
TLN1
ACTG1
SNRPD1
TUFM
XRCC6
CTSB
PCNA
CTNNA1
NAP1L4
CNBP
UBXN4
PRDX1
CCT6A
TOMM22
CTSD
ATIC
SND1
ETFA
PGAM1
cLTc
MDH2
MDH1
PAICS
RPLP1
GAPDH

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98



340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
301
3092
393
394
395
396

P23526
P50990
P49748
P46778
P31942
C9JOW2
Q92616
Q9C005
P46109
P27695
Q15181
P62906
000299
E7EMC7
P49257
P36578
P63010
P62263
P04632
B4DURS
Q99613
E9PPJO
Q9BVAL
P27797
Q14204
Q08945
P23528
PO6744
000425
P56192
P60174
P26641
c9JJ34
Q5VU59
P55884
P00558
E5RI99
PO6748
P20042
PO0367
P20700
PO8727
Q08211
P42224
075369
075083
Q15056
J3KPE3
Q8WXF1
P05387
P41250
P14324
P30153
P14618
P35268
Q8N8S7
P53621
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Adenosylhomocysteinase

T-complex protein 1 subunit 6

Very long-chain specific acyl-CoA dehydrogenase, mitochondrial

60S ribosomal protein L21

Heterogeneous nuclear ribonucleoprotein H3

LIM and SH3 domain protein 1

Translational activator GCN1

Protein dpy-30 homolog

Crk-like protein

DNA-(apurinic or apyrimidinic site) lyase

Inorganic pyrophosphatase

60S ribosomal protein L10a

Chloride intracellular channel protein 1
Sequestosome-1

Protein ERGIC-53

60S ribosomal protein L4

AP-2 complex subunit B

40S ribosomal protein S14

Calpain small subunit 1

T-complex protein 1 subunity

Eukaryotic translation initiation factor 3 subunit C
Splicing factor 3B subunit 2

Tubulin B-2B chain

Calreticulin

Cytoplasmic dynein 1 heavy chain 1

FACT complex subunit SSRP1

Cofilin-1

Glucose-6-phosphate isomerase

Insulin-like growth factor 2 mRNA-binding protein 3
Methionine-tRNA ligase, cytoplasmic
Triosephosphate isomerase

Elongation factor 1-y

Ran-specific GTPase-activating protein

Eukaryotic translation initiation factor 3 subunit B
Phosphoglycerate kinase 1

60S ribosomal protein L30

Nucleophosmin

Eukaryotic translation initiation factor 2 subunit 2
Glutamate dehydrogenase 1, mitochondrial
Lamin-B1

Keratin, type | cytoskeletal 19

ATP-dependent RNA helicase A

Signal transducer and activator of transcription 1-0/3
Filamin-B

WD repeat-containing protein 1

Eukaryotic translation initiation factor 4H
Guanine nucleotide-binding protein subunit f-2-like 1
Paraspeckle component 1

60S acidic ribosomal protein P2

Glycine-tRNA ligase

Farnesyl pyrophosphate synthase

Serine/threonine-protein phosphatase 2A 65 kDa regulatory subunit Ax isoform

Pyruvate kinase PKM
60S ribosomal protein L22
Protein enabled homolog

Coatomer subunit o

AHCY
ccT8
ACADVL
RPL21
HNRNPH3
LASP1
GCN1L1
DPY30
CRKL
APEX1
PPA1
RPL10A
cLIC1
SQSTM1
LMAN1
RPL4
AP2B1
RPS14
CAPNS1
cCT3
EIF3C
SF3B2
TUBB2B
CALR
DYNC1H1
SSRP1
CFL1
GPI
IGF2BP3
MARS
TPIL
EEF1G
RANBP1
PM3
EIF3B
PGK1
RPL30
NPM1
EIF252
GLUD1
LMNB1
KRT19
DHX9
STAT1
FLNB
WDR1
EIF4H
GNB2L1
PSPC1
RPLP2
GARS
FDPS
PPP2R1A
PKM
RPL22
ENAH
COPA

0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.97
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96



397
308
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
217
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453

E7EQR4
FSVPF3
C9J9K3
099497
Q00341
P18124
P20290
Q10567
HOYENS
P00338
P38919
P55060
P53618
P50991
P24534
PO7355
QOUNZ2
P30041
095433
H3BNDS
P62136
P12814
P37802
P51654
QoUMS4
P25398
P51991
E7EQV3
P61353
B4E022
P13639
P22087
P39023
Q9BR76
P46940
P26368
P30085
000629
Q13409
Q14247
P46379
E9PLDO
P78344
P29692
ABNHL2
P32969
P25786
Q07021
Q01082
Q01518
P78347
F5GY37
POS670
P68104
Q14315
PO5787
075533
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Ezrin

Myosin light polypeptide 6

40S ribosomal protein SA

Protein DJ-1

Vigilin

60S ribosomal protein L7

Transcription factor BTF3

AP-1 complex subunit -1

40S ribosomal protein S2

L-lactate dehydrogenase A chain
Eukaryotic initiation factor 4A-IlI

Exportin-2

Coatomer subunit B

T-complex protein 1 subunit &

Elongation factor 1-38

Annexin A2

NSFL1 cofactor p47

Peroxiredoxin-6

Activator of 90 kDa heat shock protein ATPase homolog 1
Ubiquitin carboxyl-terminal hydrolase
Serine/threonine-protein phosphatase PP1-a catalytic subunit
o-Actinin-1

Transgelin-2

Glypican-3

Pre-mRNA-processing factor 19

40S ribosomal protein S12
Heterogeneous nuclear ribonucleoprotein A3
Polyadenylate-binding protein 1

60S ribosomal protein L27

Transketolase

Elongation factor 2

rRNA 2-O-methyltransferase fibrillarin

60S ribosomal protein L3

Coronin-1B

Ras GTPase-activating-like protein IQGAP1
Splicing factor U2AF 65 kDa subunit
UMP-CMP kinase

Importin subunit -3

Cytoplasmic dynein 1 intermediate chain 2
Src substrate cortactin

Large proline-rich protein BAG6
Ras-related protein Rab-1B

Eukaryotic translation initiation factor 4 y 2
Elongation factor 1-6

Tubulin alpha chain-like 3

60S ribosomal protein L9

Proteasome subunit alpha type-1

Complement component 1 Q subcomponent-binding protein, mitochondrial

Spectrin beta chain, non-erythrocytic 1
Adenylyl cyclase-associated protein 1
General transcription factor II-I
Prohibitin-2

Vimentin

Elongation factor 1-oc 1

Filamin-C

Keratin, type Il cytoskeletal 8

Splicing factor 3B subunit 1

EZR
MYL6
RPSA

PARK?
HDLBP
RPL7
BTF3
AP1B1
RPS2
LDHA
EIF4A3
CSE1L
CoPB1
ccT4
EEF1B2
ANXA2
NSFL1C
PRDX6
AHSA1
USP7
PPP1CA
ACTN1
TAGLN2
GPC3
PRPF19
RPS12
HNRNPA3
PABPC1
RPL27
TKT
EEF2
FBL
RPL3
CORO1B
I0GAP1
U2AF2
CMPK1
KPNA4
DYNC1/2
CTIN
BAG6
RAB1B
EIF4G2
EEF1D
TUBAL3
RPL9
PSMA1
C108P
SPTBN1
CAP1
GTF2l
PHB2
VIM
EEF1A1
FLNC
KRT8
SF3B1

0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.92
0.92
0.92
0.92
0.92
0.92



454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

10

P13489
PO5783
E7EUYO
J3KNBT7
G3V1AL
Q5T7C4
Qov281
P09382
QOUQ80
P09327
Q6P2Q9
P26196
QONZI8
P51858
Q13126
QOUHX1
Q12904
P02786
P14868
C9JD32
Q15149
Q14566
P49915
HOY4R1
F8VUAG
Q15942
000151
P30050
P30048
P16422
J3KTFS
P18206
014979
M0QZS6
P29966
P04040
HOYE29
Q96AG4
Q02790
P02768
Q16531
B7Z7F3
P40429
K7ERT7
Q13907
043852
Q13162
D6RO38
Q7L2H7
P84077
P21796
P15924
P20618
P25205
Q16836
E7ETKO
QONVJ2
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Ribonuclease inhibitor

Keratin, type | cytoskeletal 18

DNA-dependent protein kinase catalytic subunit
Tropomyosin -3 chain

60S ribosomal protein L8

High mobility group protein B1

Cofilin-2

Galectin-1

Proliferation-associated protein 2G4

Villin-1

Pre-mRNA-processing-splicing factor 8

Probable ATP-dependent RNA helicase DDX6
Insulin-like growth factor 2 mRNA-binding protein 1
Hepatoma-derived growth factor
S-methyl-5-thioadenosine phosphorylase
Poly(U)-binding-splicing factor PUF60

Aminoacyl tRNA synthase complex-interacting multifunctional protein 1
Transferrin receptor protein 1

Aspartate-tRNA ligase, cytoplasmic

60S ribosomal protein L23

Plectin

DNA replication licensing factor MCM6

GMP synthase [glutamine-hydrolyzing]
Inosine-5-monophosphate dehydrogenase 2

60S ribosomal protein L18

Zyxin

PDZ and LIM domain protein 1

60S ribosomal protein L12

Thioredoxin-dependent peroxide reductase, mitochondrial
Epithelial cell adhesion molecule

Rho GDP-dissociation inhibitor 1

Vinculin

Heterogeneous nuclear ribonucleoprotein D-like
SUMO-activating enzyme subunit 1

Myristoylated alanine-rich C-kinase substrate
Catalase

Rho GTPase-activating protein 1

Leucine-rich repeat-containing protein 59
Peptidyl-prolyl cis-trans isomerase FKBP4

Serum albumin

DNA damage-binding protein 1

Ran-binding protein 3

60S ribosomal protein L13a

Synaptic vesicle membrane protein VAT-1 homolog
Isopentenyl-diphosphate d-isomerase 1

Calumenin

Peroxiredoxin-4

Calcium/calmodulin-dependent protein kinase type Il subunit &
Eukaryotic translation initiation factor 3 subunit M
ADP-ribosylation factor 1

Voltage-dependent anion-selective channel protein 1
Desmoplakin

Proteasome subunit B type-1

DNA replication licensing factor MCM3
Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial
40S ribosomal protein S24

ADP-ribosylation factor-like protein 8B

RNH1
KRT18
PRKDC

TPM3

RPL8

HMGB1
CFL2
LGALS1
PA2G4
viL1
PRPF8
DDX6
IGF2BP1

HDGF

MTAP
PUF60
AIMP1

TFRC

DARS

RPL23
PLEC
MCM6
GMPS
IMPDH2
RPL18
zvx
PDLIM1
RPL12
PRDX3
EPCAM
ARHGDIA
veL
HNRPDL
SAE1
MARCKS
CAT
ARHGAP1
LRRC59
FKBP4
ALB
DDB1
RANBP3
RPL13A
VAT1
IDI1

CALU
PRDX4

CAMK2D

EIF3M

ARF1
VDAC1

DSP
PSMB1
MCcM3

HADH
RPS24
ARL8B

0.92
0.92
0.92
0.92
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.89
0.88
0.88
0.88
0.88
0.88
0.87
0.87
0.87
0.87
0.86
0.86
0.86
0.86
0.86



511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566

P12955
Q86V81
QIBSE5
E7EPNO
QoY333
P50135
G3V119
QONQC3
P40939
P41252
P58546
K7EJ78
075937
P25787
Q8IVo8
Q09666
P21291
P10768
Q96QK1
C9JDE9
P17655
PAGTT7
Q15424
QOH6S3
Q96C90
Q9POLO
043242
P00390
QoY678
P26038
096019
P05023
P62081
D6RG13
E9PIR7
QoUBB4
P10644
P11717
D6RG15
Q14152
PO7954
QOBXP5
W4VSQ9
P33991
P36542
P62701
Q86TG7
Q16891
QoUDY2
QONYL9
P02787
B4DDF4
Q12792
Q16851
P04264
P35527
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Xaa-Pro dipeptidase

THO complex subunit 4

Agmatinase, mitochondrial

Protein PRRC2C

U6 snRNA-associated Sm-like protein LSm2
Histamine N-methyltransferase

DBIRD complex subunit KIAA1967
Reticulon-4

Trifunctional enzyme subunit o, mitochondrial
Isoleucine-tRNA ligase, cytoplasmic
Myotrophin

40S ribosomal protein S15

DnaJ homolog subfamily C member 8
Proteasome subunit o type-2

Phospholipase D3

Neuroblast differentiation-associated protein AHNAK
Cysteine and glycine-rich protein 1
S-formylglutathione hydrolase

Vacuolar protein sorting-associated protein 35
3-Ketoacyl-CoA thiolase, peroxisomal
Calpain-2 catalytic subunit

60S ribosomal protein L5

Scaffold attachment factor B1

Epidermal growth factor receptor kinase substrate 8-like protein 2

Protein phosphatase 1 regulatory subunit 14B

Vesicle-associated membrane protein-associated protein A

26S proteasome non-ATPase regulatory subunit 3
Glutathione reductase, mitochondrial

Coatomer subunit y-1

Moesin

Actin-like protein 6A
Sodium/potassium-transporting ATPase subunit o-1
40S ribosomal protein S7

40S ribosomal protein S3a

Thioredoxin reductase 1, cytoplasmic

Ataxin-10

cAMP-dependent protein kinase type |- regulatory subunit

Cation-independent mannose-6-phosphate receptor
Twinfilin-2

Eukaryotic translation initiation factor 3 subunit A
Fumarate hydratase, mitochondrial

Serrate RNA effector molecule homolog
CDC42-interacting protein 4

DNA replication licensing factor MCM4

ATP synthase subunit y, mitochondrial

40S ribosomal protein S4, X isoform
Retrotransposon-derived protein PEG10
Mitochondrial inner membrane protein

Tight junction protein Z0-2

Tropomodulin-3

Serotransferrin

Calponin-2

Twinfilin-1

UTP-glucose-1-phosphate uridylyltransferase
Keratin, type Il cytoskeletal 1

Keratin, type | cytoskeletal 9

PEPD
ALYREF
AGMAT
PRRC2C
LSM2
HNMT
KIAA1967
RTN4
HADHA
IARS
MTPN
RPS15
DNAJC8
PSMA2
PLD3
AHNAK
CSRP1
ESD
VPS35
ACAAL
CAPN2
RPL5
SAFB
EPS8L2
PPP1R14B
VAPA
PSMD3
GSR
CoPG1
MSN
ACTL6A
ATP1A1
RPS7
RPS3A
TXNRD1
ATXN10
PRKAR1A
IGF2R
TWF2
EIF3A
FH
SRRT
TRIP10
MCM4
ATP5C1
RPS4X
PEG10
IMMT
P2
TMOD3
TF
CNN2
TWF1
UGP2
KRT1
KRT9

0.86
0.86
0.86
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.84
0.84
0.84
0.84
0.84
0.84
0.84
0.83
0.83
0.82
0.82
0.81
0.81
0.81
0.80
0.79
0.79
0.78
0.78
0.77
0.77
0.76
0.76
0.76
0.76
0.75
0.75
0.75
0.74
0.74
0.73
0.72
0.72
0.70
0.69
0.68
0.66
0.66
0.64
0.62
0.59
0.58
0.49
0.45
0.22
0.14
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Figure S2. Proteomic analysis revealed 94 related pathways were regulated by ALS in Hep3B cells.
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Figure S3. ALS regulates cell cycle at G,/M checkpoint in Hep3B cells. Notes: Hep3B cells were treated with 1 yM
ALS for 24 h and the protein samples were subject to quantitative proteomic analysis. Color indicates the molecules
regulated by ALS.
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Figure S4. mTOR signaling pathway regulated by ALS in Hep3B cells. Notes: Hep3B cells were treated with 1 uM
ALS for 24 h and the protein samples were subject to quantitative proteomic analysis. Color indicates the molecules
regulated by ALS.
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Table S2. The 94 Ingenuity Canonical Pathways regulated by alisertib in
Hep3B cells (sorted by log P value)

No. Ingenuity canonical pathways

1 EIF2 signaling

2 Regulation of elF4 and p70S6K signaling

3 Remodeling of epithelial adherens junctions

4 RAN signaling

5 mTOR signaling

6 Protein ubiquitination pathway

7 Epithelial adherens junction signaling

8 tRNA charging

9 Glycolysis |

10 Gluconeogenesis |

11 Actin cytoskeleton signaling

12 14-3-3-mediated signaling

13 Unfolded protein response

14 ILK signaling

15 RhoA signaling

16 Regulation of cellular mechanics by calpain protease
17 Germ cell-Sertoli cell junction signaling

18 Sertoli cell-Sertoli cell junction signaling

19 Integrin signaling

20 Tight junction signaling

21 Aldosterone signaling in epithelial cells

22 PIBK/AKT signaling

23 Pyrimidine deoxyribonucleotides de novo biosynthesis |
24 Fatty Acid B-oxidation |

25 Clathrin-mediated endocytosis signaling

26 ERK/MAPK signaling

27 Mitochondrial dysfunction

28 HIPPO signaling

29 Caveolar-mediated endocytosis signaling

30 Signaling by Rho family GTPases

31 Leukocyte extravasation signaling

32 Cell Cycle: G,/M DNA damage checkpoint regulation
33 Lipid antigen presentation by CD1

34 Protein kinase a signaling

35 Superpathway of geranygeranyldiphosphate biosynthesis (via mevalonate)
36 RhoGDlI signaling

37 Superpathway of cholesterol biosynthesis

38 p70S6K signaling

39 NRF2-mediated oxidative stress response

40 Glutaryl-CoA degradation

41 Pentose phosphate pathway

42 VEGF signaling

43 BER pathway

44 Fcy receptor-mediated phagocytosis in macrophages and monocytes
45 Breast cancer regulation by stathminl

46 Mevalonate pathway |



15

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

Alisertib kills hepatocellular carcinoma Hep3B cells

TCA cycle
Gap junction signaling

DNA double-strand break repair by non-homologous end joining

Isoleucine degradation |

Telomere extension by telomerase

FAK signaling

Huntingtons disease signaling

Superpathway of serine and glycine biosynthesis |
Aspartate degradation Il

Virus entry via endocytic pathways

Apoptosis signaling

Spliceosomal cycle

L-cysteine degradation Ill

Formaldehyde oxidation Il (glutathione-dependent)
Granzyme B signaling

Mechanisms of viral exit from host cells

IGF-1 signaling

Sucrose degradation V (mammalian)

CDK?5 signaling

Telomerase signaling

Tryptophan degradation X (mammalian, via tryptamine)

Hypoxia signaling in the cardiovascular system
Ketogenesis

Mitotic roles of Polo-like kinase
Inosine-5’-phosphate biosynthesis Il
Regulation of actin-based motility by Rho
Ephrin B signaling

Myc mediated apoptosis signaling

Cell cycle control of chromosomal replication
Colanic acid building blocks biosynthesis
Paxillin signaling

Pentose phosphate pathway (oxidative branch)
Serine biosynthesis

Trans, trans-farnesyl diphosphate biosynthesis
Prostate cancer signaling

ERK5 signaling

Rac signaling

Pentose phosphate pathway (non-oxidative branch)
Superoxide radical degradation

y-Linolenate biosynthesis Il (animals)
PPARoa/RXRa activation

Superpathway of methionine degradation
Cardiac B-adrenergic signaling

Ethanol degradation Il

Ethanol degradation IV

Amyloid processing

Glucocorticoid receptor signaling

Cysteine biosynthesis Il (mammalian)




