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ABSTRACT
Curcumin analogue 1,5-bis (4-hydroxy-3-methoxyphenyl)-1,4-pentadiene-3-one (MS13) has been shown
to exhibit significant cytotoxic and anti-proliferative activity. In the present study, protein expression profile
of MS13-treated HPV-16 positive CaSki human cervical cancer cells was determined using twodimensional gel electrophoresis and identified differentially expressed proteins by mass spectrometry.
Eighty two up-regulated and 11 down-regulated proteins were identified in response to 48 h of 3.5µM
MS13 treatment. Functional analysis revealed that the highly up-regulated proteins were associated with
metabolic process (CAPNS1, PDXK, MTHFD1, ACADVL and NPM1), cell communication (ARHGDIB),
cell cycle and apoptosis (LMNA), transcriptional regulation (SRSF1 and SRSF7) and translational
regulation (DDX47) whereas highly down-regulated proteins were associated with metabolic process
(ALDOA, ATP5B and ANXA5), protein folding (HSP90B1 and HSP90AB2P), structural molecule activity
(ACTN4) and transcriptional regulation (HNRNPL). These findings revealed that MS13 may exhibit its
anticancer properties on cervical cancer cells through regulation of these proteins.
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INTRODUCTION
Cervical cancer remains one of the major causes of
mortality among women worldwide despite the effort and
progress that has been made in the prevention,
1
diagnosis and treatment of the disease. Over 99% of
cervical cancers were found to be associated with
2
persistent human papillomavirus (HPV) infection. HPV3,4
16 is the most oncogenic strain, followed by HPV-18.
Both strains account for approximately 70% of all
5
cervical cancers. Curcumin (diferuloyl methane), a
natural compound extracted from turmeric (Curcuma
longa), has been shown to exhibit anticancer properties
through the modulation of various molecular pathways
and induces biological effects such as anti-inflammatory,
anti-tumorigenic, anti-mutagenic, anti-metastatic and
6,7
anti-angiogenic properties in vitro and in vivo.
Curcumin has shown apoptotic and anti-proliferative
activity in cervical cancer cells through downregulation
of transcription factor NF-κB and downstream gene
8
products including pro-inflammatory cytokine COX-2
9
and apoptosis regulator Bcl-2. Curcumin also induces
cell cycle arrest by suppressing the expression of cyclin
D1, regulator of cyclin-dependent kinase (CDKs) which
9,10
is required for cell cycle progression.
Curcumin’s
diverse array of molecular targets affords it great
potential as a chemotherapeutic agent but its clinical
applicability is limited by its low systemic
11
bioavailability.
Structural modification of curcumin
represents a strategy to improve its stability and
pharmacokinetic properties. Recently, a series of new
curcumin analogues with 5-carbon chain between aryl
rings, known as diarylpentanoids has shown to display
greater growth inhibitory effect and higher effectiveness
12
13
in inducing apoptosis in human cervical , pancreatic ,
14
breast and prostate cancer cells in comparison to
curcumin. Although several investigators have
demonstrated anticancer activities of diarylpentanoids
on various cancers, studies investigating the anticancer
effect on cervical cancer are limited. In order to
understand
the
anticancer
mechanism
of
diarylpentanoid, we have analysed the protein
expression profiles of cervical cancer cells treated with
diarylpentanoid MS13 using two-dimensional gel
electrophoresis
(2DE).
Significant
differentially
expressed protein (DEP) spots (p<0.05) were selected
for protein identification using nanoflow liquid
choromatography electrospray-ionisation coupled with
mass spectrometry/mass spectrometry (LC-MS/MS) and
bioinformatics. The biological functions of these DEPs
were studied to provide a better understanding of the
anticancer mechanism of MS13.

MATERIALS AND METHODS
Chemicals and reagents
RPMI-1640, Fetal Bovine Serum and penicillin
(100U/mL)/streptomycin (100µg/mL) were purchased
®
®
from Gibco , USA. DMSO, Triton X-100, bromophenol
blue, iodoacetamide, formaldehyde and potassium
ferricynade were purchased from Sigma-Aldrich, USA;
urea, thiourea, glycerol, SDS, Tris, acetic acid, sodium
thiosulfate,
silver
nitrate,
sodium
carbonate,
hydrochloric acid and ammonium bicarbonate from
Merck, USA; CHAPS, DTT, IPG buffer (pH 3-10) and 2D

Quan Kit from GE Healthcare, UK; protease inhibitor,
RNAse A and trypsin from Thermo Scientific, USA;
acetonitrile from Fisher Scientific, USA; Dnase I from
Qiagen, Venlo, Limburg and formic acid from Fluke,
USA.
Cell culture and synthesis of diarylpentanoid
HPV-16 positive human cervical cancer cells, CaSki was
obtained from American Type Culture Collection (ATCC,
USA). CaSki cells were cultured in RPMI-1640 and
supplemented with 10% Fetal Bovine Serum and
penicillin (100U/mL)/streptomycin (100µg/mL). Cultured
o
cells were grown at 37 C in a humidified atmosphere of
5% CO2. The diarylpentanoid, 1,5-bis(4-hydroxy-3methoxyphenyl)-1,4-pentadiene-3-one
(MS13)
was
15
synthesised as previously described .
Treatment with diarylpentanoid
The cells were plated in T75 culture flasks (Nunc,
Denmark) in culture media and incubated at 37°C with
5% CO2 in humidified incubator for 24 h. MS13 was
prepared in a stock concentration of 50mM using DMSO
and the treatment dose of EC50=3.5µM was obtained by
dilution in culture medium. Following 24 h of cell plating,
CaSki cells were treated with 0.01% DMSO (negative
control) or 3.5µM of MS13 for 48 h. The experiment
included negative controls and was performed in
triplicate with three biological replicates.
Sample preparation for 2DE
At the end of 48 h incubation period, cells were pelleted,
washed with ice-cold PBS and suspended in 200µL of
extraction buffer composed of 7M urea, 2M thiourea, 4%
CHAPS, 65mM DTT, 1% protease inhibitor and 2% IPG
buffer (pH 3-10). Suspension was vortexed on ice at
2500 rpm for 2 mins and frozen on dry ice for 10 mins.
The second cycle of freeze-thaw was performed with 5
mins of vortexing. The samples were vortexed on ice at
2500 rpm for 15 mins. DNAse I and RNAse A at final
concentrations of 20 units/mL and 0.25 mg/mL
respectively were added to degrade nucleic acid and
incubated on ice for 45 mins. The lysate was centrifuged
o
at 13,000 x g at 4 C for 1 h. The protein concentration
was determined using 2D Quan Kit.
2-Dimensional gel electrophoresis (2DE)
Individual sample amount was adjusted by dilution in
rehydration buffer (7M urea, 2M thiourea, 2% (w/v)
®
CHAPS, 65mM DTT, 0.2% Triton X-100, 0.002%
bromophenol blue, 0.5% (v/v) IPG buffer pH 3-10) to a
final protein concentration of 1.1mg in 300uL and
incubated at room temperature for 30 mins. A total of
1.1mg of protein samples were loaded onto immobilised
pH gradient (IPG) strips (13cm, pH 3-10, linear, GE
Healthcare) for 16 h passive rehydration at room
temperature. Isoelectric focusing (IEF) was performed
o
using Ettan IPGphor3 platform (GE Healthcare) at 20 C
following the parameters: 500V for 2 h 20 mins, hold;
1000V for 1 h, gradient; 8000V for 2 h 30 mins, gradient,
and 8000V for 30 mins, hold. Isoelectric-focused strips
were equilibrated in equilibration buffer (6M urea, 30%
(v/v) glycerol, 2% (w/v) SDS, 375mM Tris (pH8.8),
0.002% bromophenol blue, 1% (w/v) DTT for 30 mins,
followed by the same buffer containing 2.5% (w/v)
iodoacetamide instead of DTT for 30 mins. Second
dimensional SDS-PAGE was performed on 12% uniform
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SDS-polyacrylamide gels at 90V for 30 mins and then
200V until the dye front reached the bottom of the gels
using Hoefer SE600 (GE Healthcare). The experiment
was repeated three times to ensure reproducibility.
Protein visualisation and image analysis
The gels were fixed overnight in 50% ethanol and 12%
acetic acid, and washed 3 times for 20 mins each in
20% ethanol. Gels were sensitised in 0.02% (w/v)
sodium thiosulfate and washed in double distilled water
twice for 15 s each. The gels were stained with 0.2%
(w/v) silver nitrate and 0.076% formaldehyde for 15
mins, washed twice in double distilled water for 1 min
each, then developed in 6% (w/v) sodium carbonate,
0.0004% sodium thiosulfate, 0.05% formaldehyde for 5
mins and stopped in 12% acetic acid. The gel images
were captured using ChemiDoc™ XRS Imaging System
(Bio-Rad, USA) and Quantity One® software (Bio-Rad).
2DE gel images were analysed by PDQuest software
version 8.0.1 (Bio-Rad). The PDQuest software was
used to subtract background, normalise and match gels,
and to assign identification and calculate intensity to
each protein spot. Sensitivity value of 14.9, minimal
peak value of 1400 and Gaussian modelling were
applied for spot detection. Relative comparison of the
intensity abundance between control and treated group
was performed using Student’s t-test. Protein spots
selected for identification met the following criteria: (i) ttest value (p<0.05), (ii) at least 1.5-fold change, and (iii)
the identification of the spot in 2 out of 3 replicates.
In-gel tryptic digestion
Protein spots were manually excised from the gels. Gel
plugs were destained in 30mM potassium ferricynade
and 100mM sodium thiosulfate until the brown colour
disappeared, then washed for 5-10 mins at least 5
times, until the solution was clear. An aliquot of 0.4µg of
trypsin in 1mM hydrochloric acid and 40mM ammonium
bicarbonate in 9% acetonitrile was added to digest the
o
gel plugs and incubated overnight at 37 C. Supernatant
were collected. The tryptic digested peptides were
o
extracted using 5% formic acid, incubated at 37 C for 15
mins, and the supernatant was pooled. Protein
extraction was repeated using 5% formic acid in 50%
acetonitrile,
and
High
Performance
Liquid
Chromatography (HPLC) grade pure acetonitrile. The
pooled extracts were dried overnight in a centrifugal
evaporator CVE-3100 (Eyela, Japan) at a rotation speed
0
of 1000 rpm at 60 C.
LC-MS/MS and data analysis
The dried peptides were reconstituted with 5µL of 0.1%
formic acid in water and loaded into Agilent C18 300A
Large Capacity Chip (Agilent Technologies, USA) and
equilibrated with 0.1% formic acid in water. Peptides
were eluted from the column with the following gradient:
3-50% formic acid in water from 0-30 minutes, 50-95%
formic acid in water from 30-32 minutes and maintained
at 95% formic acid in water from 32-39 minutes. Q-TOF
polarity was set at positive with capillary and fragmentor
voltage being set at 2050V and 300V respectively, and
o
5L/minute of gas flow at 300 C. Protein spectra were
analysed in auto MS mode ranging from 110-3000 m/z
for MS scan and 50-3000 m/z for MS/MS scan. The
data obtained from LC-MS/MS was processed with
PEAKS Studio 7.0 (Bioinformatics Solution, Waterloo,

Canada). Protein homology of each sample was
searched against Homo sapiens protein database in
National Center for Biotechnology Information (NCBI)
(Aug 2013) by comparing the de novo sequence tag.
Carbamidomethylation was set as fixed modification and
maximum mixed cleavages at 3. Parent mass and
fragment mass error tolerance were both set at 0.1Da
with monoisotopic as precursor mass search type.
Search results were filtered based on the following
criteria: (i) false discovery rate (FDR) ≤ 1%, (ii) PEAKS
score (-10logP) ≥ 40, and (iii) non-hypothetical protein.
MS/MS spectra were also searched against cRAP
protein database in The Global Proteome Machine (The
GPM) (Version 2012.01.01) to eliminate the possible
common contaminants.
Protein Functional Classification
Official gene symbols of DEPs were obtained from
Ingenuity Pathway Analysis (IPA) and uploaded into
Protein Analysis Through Evolutionary Relationships
TM
(PANTHER )
classification
system
(http://pantherdb.org/) to classify them according to their
TM
functions by matching the gene symbols to PANTHER
GO slim. The unmatched gene symbols were then
uploaded to The Database for Annotation, Visualization
and Integrated Discovery (DAVID) Bioinformatics
Resources 6.7 (https://david.ncifcrf.gov/) for further
functional classification. Functional annotation was
performed based on biological process and limited to
Homo sapiens.

RESULTS
Our previous study has demonstrated that a dose of
approximately 3.5µM MS13 resulted in 50% reduction in
12
CaSki cell viability at 48 h (EC50). Based on these
results, we investigated the protein expression profile
and identified DEPs to elucidate the potential anticancer
mechanism
in human cervical cancer cells.
Representative 2DE gel images of control and 3.5µM
MS13-treated cells are shown in Figure 1. A total of 16
protein spots demonstrated significant difference
(p<0.05) over 1.5-fold change in MS13-treated cells
compared to control cells. The up- and down-regulated
proteins were assessed qualitatively. Amongst these, 12
spots were up-regulated and 4 spots were downregulated in response to MS13 treatment. Overall, 82
proteins were identified from the 12 up-regulated protein
spots whereas 11 proteins were determined from 4
down-regulated spots. Proteins with -10lgP score that
met or exceeded the threshold of 40 were presented in
Tables 1 and 2. The up-regulated DEPs were
categorised into 10 functional groups with metabolic
process (21%) accounted for the major proportion,
followed by structural molecule activity and cytoskeletal
organisation (16%), transport (10%), cell communication
(8%), protein folding (7%), redox regulation and
detoxification (7%), transcriptional regulation (7%), cell
cycle and apoptosis processes (7%), proteolysis (6%)
and translational regulation (6%) (Figure 2). The downregulated proteins were categorised into 7 groups with
metabolic process (28%) contributing towards the
highest percentage followed by protein folding (18%).
Nine percent of the functional groups were respectively
composed of proteolysis, cell cycle, structural molecule
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activity, immune system process and transcriptional
regulation (Figure 3). Approximately 5% of upregulated
and 9% of down-regulated proteins were not associated
with biological functions and were annotated as
‘Unknown’. In the present study we have identified
several highly up- and down-regulated proteins with
fold-changes ranging from 1.97 to 3.05 and 1.76 to 2.67,
respectively. The up-regulated proteins included
ARHGDIB that was associated with cell communication,

CAPNS1, PDXK, MTHFD1, ACADVL and NPM1 with
metabolic process, LMNA with cell cycle and apoptosis,
SRSF1 and SRSF7 with transcriptional regulation, and
DDX47 with translational regulation. Amongst the highly
down-regulated proteins ALDOA, ATP5B and ANXA5
were associated with metabolic process, HSP90AB2P
and HSP90B1 with protein folding, ACTN4 with
structural molecule activity and HNRNPL with
transcriptional regulation.

Figure 1
2DE gel analysis of protein expression in (A) untreated as control and
(B) 3.5µM MS13-treated CaSki cells.

Figure 2
Function classification of up-regulated DEPs based on biological process using
TM
PANTHER system and DAVID Bioinformatics Resources 6.7.
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Figure 3
Function classification of down-regulated DEPs based on biological process using
TM
PANTHER system and DAVID Bioinformatics Resources 6.7.
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Table 1
Functional classification of up-regulated proteins in
CaSki cells treated with 3.5µM MS13.

SSP no. Gene symbol
Cell communication
7104
ARHGDIB
7601
PRKAR1A

Accession

-10lgP

Coverage (%)

gi|119616745
gi|179895

51.87
67.83

3103
SEPT2
gi|15680208
8109
SFN
gi|187302
8109
YWHAQ
gi|54696890
8109
YWHAB
gi|197692221
Cell cycle and apoptosis process
4308
LMNA
gi|21619981
7601
KRT7
gi|67782365
8109
YWHAH
gi|119580405
8109
YWHAG
gi|5726310
Metabolic process
7104
CAPNS1
gi|51599151
7104
PDXK
gi|4505701
4308
MTHFD1
gi|30048109
4308
ACADVL
gi|119610652
4308
NPM1
3103
PGK1
3103
ANXA2
3103
TPI1
3103
PGK2
4504
ENO1
4504
ENO2
Protein folding
3103
HSPA1A/1B
4104
GRPEL1
4504
DNAJA2
6102
TCP1

Log2 fold
change

Protein
description

#Peptides

#Unique

Avg. Mass

21
12

2
5

1
5

20703
42982

3.05
1.76

53.56
288.17
168.2
150.4

4
81
57
39

2
75
23
15

2
2
2
3

41477
27776
27763
28112

1.74
1.48
1.48
1.48

Rho GDP-dissociation inhibitor 2
cAMP-dependent protein kinase type I-alpha
regulatory subunit
Septin-2
14-3-3 protein sigma
14-3-3 protein theta
14-3-3 protein beta/alpha

96.91
167.69
138.95
138.17

25
50
26
25

11
28
12
11

11
19
1
1

53197
51386
26706
28374

1.97
1.76
1.48
1.48

Prelamin-A/C
Keratin, type II cytoskeletal 7
14-3-3 protein eta
14-3-3 protein gamma

142.77
63.91
101.93
55.51

34
10
37
6

8
2
14
4

1
2
14
4

28316
35102
32610
72878

3.05
3.05
1.97
1.97

gi|13536991
gi|54673534
gi|119597993
gi|15929332
gi|31543397
gi|13325287
gi|930063

47.25
229.75
77.82
132.69
165.85
199.65
45.29

9
51
16
60
26
59
9

3
74
4
16
27
39
4

3
10
4
16
3
20
2

28400
44615
32449
26669
44796
17788
47154

1.97
1.74
1.74
1.74
1.74
1.47
1.47

Calpain small subunit 1
Pyridoxal kinase
C-1-tetrahydrofolate synthase, cytoplasmic
Very long-chain specific acyl-CoA dehydrogenase,
mitochondrial
Nucleophosmin
Phosphoglycerate kinase 1
Annexin A2
Triosephosphate isomerase 1
Phosphoglycerate kinase 2
Enolase 1
Enolase 2

gi|4529893
gi|119602776
gi|119603100
gi|119568001

111.46
83.69
73.91
146.67

32
37
7
20

13
7
3
11

10
7
3
11

41827
19589
45746
60344

1.74
1.54
1.47
1.34

Heat shock 70 kDa protein 1A/1B
GrpE protein homolog 1, mitochondrial
DnaJ homolog subfamily A member 2
T-complex protein 1 subunit alpha
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SSP no.

Gene symbol

Accession

-10lgP

Coverage (%)

Proteolysis
3103
PSMA6
gi|23110944
92.18
26
4104
PSMC3
gi|48145579
74.95
15
4104
PSMC1
gi|119601826 69.17
9
6104
UCHL1
gi|119613387 216.23
67
Structural molecule activity and cytoskeletal organisation
7601
ACTG1
gi|4501887
208.49
79
7601
ACTB
gi|13279023
197.83
79
7601
KRT8
gi|90110027
101.64
20
4104
ARPC1A
gi|300360515 44.77
8
5506
KRT17
gi|119581157 187.82
73
5506
KRT19
gi|127796377 94.44
13
Transcriptional regulation
4308
SRSF1
gi|21104372
109.07
31
4308
SRSF7
gi|119620769 79.06
39
3103
HMGB1
gi|13097234
73.36
13
FUS
4504
gi|34481861
41.3
15
7601
POTEF
gi|153791352 143.71
12
Translational regulation
7104
DDX47
gi|134254726 66.24
25
3103
EEF2
gi|19353009
90.64
17
PA2G4
4504
gi|119617291 106.55
22
4504
EEF1G
gi|39644794
53.09
7
Transport
7601
ACTA2
gi|178027
154.37
32
7601
ACTBL2
gi|63055057
131.04
25
4504
GDI2
gi|119606836 91.05
14
4104
RAB7A
gi|20379060
73.46
30

#Peptides

#Unique

Avg. Mass

Log2 fold
change

Protein
description

6
6
3
34

6
6
3
1

27399
45250
44507
24524

1.74
1.54
1.54
1.06

Proteasome subunit alpha type-6
26S protease regulatory subunit 6A
26S protease regulatory subunit 4
Ubiquitin carboxyl-terminal hydrolase isozyme L1

54
42
11
2
41
9

2
1
6
2
12
1

41793
41737
53704
39659
48106
44092

1.76
1.76
1.76
1.54
1.19
1.19

Actin, cytoplasmic 2
Actin, cytoplasmic 1
Keratin, type II cytoskeletal 8
Actin-related protein 2/3 complex subunit 1A
Keratin, type I cytoskeletal 17
Keratin, type I cytoskeletal 19

9
7
5
3
20

9
7
5
3
1

27745
15257
24894
16107
121444

1.97
1.97
1.74
1.47
1.76

Serine/arginine-rich splicing factor 1
Serine/arginine-rich splicing factor 7
High mobility group protein B1
RNA-binding protein FUS
POTE ankyrin domain family member F

4
8
9
3

4
8
9
3

19802
57500
43787
49845

3.05
1.74
1.47
1.47

ATP-dependent RNA helicase DDX47
Elongation factor 2
Proliferation-associated 2G4
Elongation factor 1-gamma

19
14
6
6

2
3
6
6

42108
42003
48312
23490

1.76
1.76
1.47
1.54

Alpha actin
Beta-actin-like protein 2
Rab GDP dissociation inhibitor beta
Ras-related protein Rab-7a

Note: a SSP number obtained from PDQuest software. b Gene symbol obtained from IPA analysis. c Accession number according to Homo sapiens protein database in NCBI
(Aug 2013). d Proteins with -10lgP score >40 were selected for functional analysis. e Percentage of protein sequence covered by peptides detected in sample. f Number of
peptides matched to protein sequence. g Number of peptides that are uniquely matched to protein sequence. h Average mass of protein.
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Table 2
Functional classification of down-regulated proteins in CaSki
cells treated with 3.5µM MS13.
SSP no.

Gene symbol

Accession

-10lgP

Coverage (%)

#Peptides

#Unique

Avg. Mass

Log2 fold
change

44.32

10

2

2

24938

-1.76

Emerin

45.43

7

1

1

18179

-1.76

Interleukin-1 alpha

gi|28614
gi|179279
gi|809185

47.18
124.35
109.34

3
15
33

1
6
10

1
1
1

39332
56896
35937

-2.17
-1.76
-1.76

Fructose-bisphosphate aldolase A
ATP synthase subunit beta, mitochondrial
Annexin A5

gi|15010550
gi|61104911

223.78
85.37

43
5

45
4

42
1

90194
49123

-2.61
-2.61

Endoplasmin
Heat shock protein 90kDa beta 2

6202
PSME2
gi|30410792
Structural molecule activity
8902
ACTN4
gi|2804273
Transcriptional regulation

64.85

13

4

4

27402

-1.36

Proteasome activator complex subunit 2

53.08

1

1

1

102268

-2.61

Alpha-actinin-4

HNRNPL
1413
Unknown
8902

gi|52632385

68.39

7

3

3

50561

-2.17

Heterogeneous nuclear ribonucleoprotein L

gi|119597948

93.37

6

4

1

36267

-2.61

hCG1786469

Cell cycle
8210
EMD
gi|119593149
Immune system process
8210
IL1A
gi|738207
Metabolic process
1413
ALDOA
8210
ATP5B
8210
ANXA5
Protein folding
8902
HSP90B1
8902
HSP90AB2P
Proteolysis

Protein
description

Note: a SSP number obtained from PDQuest software. b Gene symbol obtained from IPA analysis. c Accession number according to Homo sapiens protein database in NCBI
(Aug 2013). d Proteins with -10lgP score >40 were selected for functional analysis. e Percentage of protein sequence covered by peptides detected in sample. f Number of
peptides matched to protein sequence. g Number of peptides that are uniquely matched to protein sequence. h Average mass of protein
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DISCUSSION
In this study the highly up- and down-regulated DEPs
associated with cell communication, metabolic process,
cell cycle and apoptosis, transcriptional regulation,
translational regulation, protein folding and structural
molecule activity modulated by MS13 that could
contribute to anticancer activity are discussed below.
ARHGDIB negatively regulates GDP/GTP exchange
reaction by preventing the dissociation of GDP from Rho
proteins, thus limiting the conversion of inactive Rho
16
proteins to active form. The active GTP-bound form is
associated with various cancer metastasis. ARHGDIB
expression has been reported to be inversely correlated
17
with the invasiveness of human bladder cancer cells
and it has been shown to suppress lung metastasis,
16
inhibit cell invasion and reduce cell motility. It may be
inferred that upregulation of ARHGDIB by MS13 may
suppress the metastatic properties of CaSki cells.
Aberrant cell division is the hallmark of cancer cells. It is
often associated with low expression of cell cyclecontrolling proteins or overexpression of cell cyclepromoting proteins. LMNA is associated with cell cycle
control and positively regulates pRB expression and
protects it from proteasomal degradation. LMNAknockout cells displayed an overall net effect of reduced
capacity to undergo cell-cycle arrest in response to DNA
18
damage due to the deregulation of pRB suggesting
that MS13 may initiate cell cycle arrest to suppress
CaSki cell growth. Cancer cells generally alters cellular
19
metabolism to support tumour proliferation. Our data
showed that highly upregulated proteins such as
CAPNS1, PDXK, MTHFD1, ACADVL and NPM1 were
associated with metabolic processes. CAPNS1 is a
small regulatory subunit that stabilises the calciumdependent cysteine proteinase, Calpain I and Calpain II,
which catalyses the cleavage of proteins associated with
20
21
cell adhesion, migration
and apoptosis.
4hydroxytamoxifen (4-OHT), often used to treat breast
cancer, reportedly up-regulated CAPNS1 via induction
of nuclear respiratory factor-1 which induced G1 phase
22
cell cycle arrest. Upregulation of CAPNS1 by MS13
may trigger cell cycle arrest in proliferating cells, thereby
inhibiting cancer cell growth. PDXK catalyses the
synthesis of pyridoxal-5’-phosphate, the biologically
active form of vitamin B6. High PDXK level was
correlated with good prognosis in patients with nonsmall cell lung cancer whilst cancer cells with vitamin
B6-deficiency appeared to be more resistant to stressinduced death than their vitamin B6-proficient
23
counterparts. Therefore, modulation of vitamin B6
metabolism by MS13 may correlate with the induction of
programmed cell death in treated cells. MTHFD1 is
implicated in interconversion of one-carbon derivatives
of bioactive folic acid, tetrahydrofolate. The activated
one-carbon units are utilised in a wide range of cellular
processes, such as de novo purine and thymidylate
synthesis,
serine
and
glycine
interconversion,
methionine biosynthesis, and protein synthesis. Similar
to our findings, T-lymphoblastic leukaemia cells treated
with doxorubicin and mitoxantrone also demonstrated
24
up-regulation of MTHFD1. ACADVL contributes to the
generation of energy through catalysing the first step of
mitochondrial fatty acid beta-oxidation. Treatment with
curcumin and its analogue T63 induced upregulation of

ACADVL, and demonstrated cell cycle arrest and
25
apoptosis in lung cancer cells. NPM1 is associated
with diverse biological processes, such as ribosome
26
histone
biogenesis,
chromatin
remodelling ,
27
28
chaperone , centrosome duplication
and cell
proliferation. Low NPM1 expression level was observed
in gastric cancer and metastatic tissue samples
compared to non-neoplastic and non-metastatic
29
samples. Upregulation of NPM1 was identified in HeLa
cervical cancer cells following treatment with 630
31
Shagoal and podophyllotoxin and both treatments
led to induction of apoptosis. Upregulation of these
proteins in CaSki cells suggests that MS13 may
modulate metabolic pathways and contributes to
apoptosis and suppression of cell proliferation.
Expression of transcription regulators, SRSF1 and
SRSF7 were up-regulated in CaSki cells following MS13
treatment. SRSF1 and SRSF7 are implicated in
32
constitutive and alternative splicing of pre-mRNAs.
The relationship between these proteins and
tumorigenesis is not well-documented. However,
elevated expression of SRSF1 was identified in
response to colon cancer treatment using histone
deacetylase inhibitor RC307 and cell growth inhibition
33
was observed. While there is insufficient information
describing the roles of SRSF1 and SRSF7 in cancer
development, upregulation of these proteins may
facilitate anticancer role of MS13 via modulation of
transcriptional regulation. Our proteomics data also
indicated that DDX47, associated with translational
regulation is one of the highly up-regulated proteins. The
precise role of DDX47 is not fully understood. Several
studies have demonstrated its involvement in ribosome
34
biogenesis by mediating pre-rRNA processing and
initiation of apoptosis in cancer cells when interacted
35
with GABAA receptor-associated protein. While there is
limited knowledge regarding the role of DDX47 in cancer
progression, upregulation by MS13 may exhibit
anticancer activity via induction of apoptosis. In the
present study several highly down-regulated proteins
were also noted in MS13 treated CaSki cells. MS13
treatment negatively regulated proteins associated with
metabolic processes, such as ALDOA, ATP5B and
ANXA5. ALDOA is a glycolytic enzyme that catalyses
the reversible conversion of fructose-1,6-bisphosphate
to glyceraldehyde-3-phosphate and dihydroxyacetone
phosphate. Depletion of ALDOA has been proposed to
decrease the growth of lung squamous cell carcinoma
36
and reduced the risk of metastasis.
In fact,
downregulation of ALDOA was also reported in
neuroblastoma
cells
treated
with
curcumin,
37
demonstrating inhibitory effects on cell growth.
Suppression of ALDOA by MS13 potentially decreases
glucose metabolism that is required to support cell
proliferation, thus mediating anti-proliferative activity in
treated CaSki cells. ATP5B is a subunit of ATP synthase
that generates ATP from ADP in the presence of a
proton gradient across the membrane generated by the
38
electron transport system. ANXA5 was shown as an
anticoagulant protein that inhibits the thromboplastin
binding site, and interferes with the blood coagulation
39
cascade. It is also thought to function as an inhibitor of
phospholipase A2, which is associated with
40
phospholipid metabolism. Prostate cancer cells treated
with butylidenephthalide induced apoptosis and
decreased cell viability by down-regulating ATP5B and
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ANXA5. Thus, suppression of these metabolic proteins
may repress the activation of metabolic pathways that
contributes to the anticancer properties of MS13. Heat
shock proteins (HSPs) function as molecular
chaperones assist in correct protein folding. They are
highly expressed in cancer cells to facilitate tumour cell
42
Among these HSPs, we
proliferation and survival.
found that HSP90AB2P and HSP90B1 were
downregulated in MS13-treated CaSki cells. To the best
of our knowledge, there is no clearly defined data on the
function of HSP90AB2P and its relationship to
malignancy. Notably, treatment of lung cancer cells with
curcumin and its analogue T63 showed downregulation
of HSP90B1, which was responsible for the induction of
25
apoptosis
and
cell
cycle
arrest.
Similarly,
downregulation of HSPs in CaSki cells by MS13 may
contribute to the anti-proliferative activity and induction
of apoptosis. ACTN4, associated with structural
molecule activity, is frequently correlated with increased
43cell motility, rapid cell division and cancer metastases.
45
37
In fact, curcumin-treated neuroblastoma cells
and
46
berberine-treated breast cancer cells demonstrated
repression of ACTN4 and inhibition of cell growth in the
treated cells.
In a separate study, low ACTN4
expression was shown to decrease the invasiveness of
47
This suggests that the
pancreatic cancer cells.
downregulation of ACTN4 may be a strategy by which
MS13 inhibits CaSki cell proliferation and reduce its
invasiveness and metastatic potential. Transcriptional
regulator HNRNPL is a multifunctional RNA-binding
protein that plays a role as a repressor or activator of
intron retention, exon skipping or inclusion, and
alternative poly (A) site selection during alternative
48
splicing. Suppression of HNRNPL expression in non-

49

small cell lung cancer lead to loss of tumorigenicity.
HNRNPL interacts with exonic splicing silencer, and
increases the production of anti-apoptotic caspase-9b
through exclusion of a 4-exon cassette, thus enhancing
cancer cell survival. Downregulation of HNRNPL
increases the production of pro-apoptotic caspase-9a
through inclusion of the exons and promotes apoptosis
49
of cancer cells. This may reflect a similar mechanism
by which MS13 downregulates HNRNPL and initiates
apoptosis in CaSki cells.

CONCLUSION
Our study revealed that MS13 modulates key protein
targets that may play important role in the anticancer
mechanism of cervical cancer cells. These findings
suggest that MS13 has therapeutic potential and may
serve as chemotherapeutic agent for cervical cancer.
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