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Abstract 

Tumor necrosis factor alpha (TNFα) plays diverse roles in liver damage and hepatocarcinogenesis with 
its multipotent bioactivity. However, the influence of TNFα on protein expression of hepatocellular 
carcinoma (HCC) is incompletely understood. Therefore, we aimed to investigate the differential 
protein expression of HCC in response to TNFα stimulus. We observed that HepG2 cell revealed a 
higher resistance to TNFα-induced apoptosis as compared to the non-tumorigenic hepatocyte THLE-2. 
By using a label-free quantitative proteomic analysis, we found that 520 proteins were differentially 
expressed in the HepG2 cells exposed to TNFα, including 211 up-regulated and 309 down-regulated 
proteins. We further confirmed several proteins with significant expression change (TNFα/control 
ratio>2.0 or <0.5) by immunoblotting using specific antibodies. We also analyzed the differential 
expressed proteins using Gene ontology and KEGG annotations, and the results implicated that TNFα 
might regulate ribosome, spliceosome, antigen processing and presentation, and energy metabolism in 
HepG2 cells. Moreover, we demonstrated that upregulation of heat shock protein 70 (HSP70) was 
involved in both the promoted migration and the inhibited apoptosis of HepG2 cells in response to 
TNFα. Collectively, these findings indicate that TNFα alters protein expression such as HSP70, which 
triggering specific molecular processes and signaling cascades that promote migration and inhibit 
apoptosis of HepG2 cells. 
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Introduction 
Hepatocellular carcinoma (HCC) is the most 

common type of liver tumors that causes over 600,000 
deaths per year in the world [1]. Patients with HCC 
usually combine with cirrhosis, thrombocytopenia, 
ascites and neutropenia, and the complicated 
combination often makes the therapies for the patients 
ineffectual [2]. In addition, the prognosis of HCC is 
poor due to the frequent resistance to current 
chemotherapies via the dysfunction of signaling 
pathways controlling cell proliferation and 

survival [3]. 
Tumor necrosis factor alpha (TNFα) possesses 

multipotent bioactivity that mediates various cellular 
responses, including proliferation, proinflammatory 
factor production, and cell death. Particularly, TNFα 
is known to involve in the pathophysiology of 
multiple liver disorders such viral hepatitis, alcoholic 
hepatitis, nonalcoholic fatty liver disease, and 
ischemia-reperfusion injury. The roles of TNFα in 
liver injury acts as not only a mediator of cell death 
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but also an inducer of cell proliferation [4, 5]. 
Moreover, continuous TNFα production during 
chronic inflammation is reported to dysregulate 
diverse signaling cascades, thereby contributing to 
tumorigenesis [6]. For example, nuclear factor-kappa 
B (NF-κB) signaling that can be efficiently and 
specifically activated by trimeric form of TNFα has 
been known to be closely associated with 
tumorigenesis [7]. Recently, high level of TNFα has 
been recognized as an independent predictor of poor 
survival in HCC patients, and the combination of 
anti-TNFα treatment and 5’-fluorouracil can promote 
apoptosis of HCC cells [8]. 

In this study, we aimed to explore the 
differential protein expression in response to TNFα by 
using a label-free quantitative proteomic approach, 
combining liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) and spectra counting, to 
identify and semi-quantitate the changes of protein 
expression in HCC cell HepG2. The identified 
proteins with significant change were subjected to 
gene ontology (GO), KEGG annotation analysis, and 
biological evaluation of the understanding of specific 
pathways and subcellular processes induced by 
TNFα. 

Materials and Methods 
Materials 

Protease inhibitor (P2714), trypsin (T802), 
ammonium bicarbonate (ABC; A6141), acrylamide 
(A3699), Coomassie Brilliant Blue (CBB, B7920), 
formic acid (94318), and trifluoroacetic acid (TFA; 
T6508) Tris (161-0719), 4-vinylpyridine (V3204), 
dithiothreitol (DTT; 161-0611), sodium dodecyl sulfate 
(SDS), and TNFα (H8916) were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). 

Cell Culture and Treatments 
Human HCC cell line HepG2 (ATCC® 

HB-8065™) and non-malignant liver cell line THLE-2 
was obtained from the American Type Culture 
Collection (ATCC; Rockville, MD, USA), cultured 
with complete medium [MEM/EBSS (HyClone, 
Logan, UT, USA) containing 10% fetal bovine serum 
(Gibco BRL, Gaithersburg, MD, USA), 100 U/mL 
penicillin, 100 µg/mL streptomycin, and 1% 
L-glutamine, and maintained at 37°C in a humidified 
atmosphere of 5% CO2. 

For TNFα treatment, cells were grown to 75 - 
80% confluence, washed with PBS and then starved in 
serum-free medium for 16 hours (h). The starved cells 
were incubated with serum-free medium containing 
10 µg/mL TNFα at 37°C for 24 h and then harvested 
for the subsequent experiments. 

Cell Viability Assay 
Cell viability was determined by MTT assay. 

Briefly, cells were seeded at a density of 4 x 104 
cells/well in a 24-well plate and cultured for 24 h to 
allow the cells for attachment. After the TNFα 
treatment, the supernatant was aspirated and the cells 
were washed with phosphate-buffered saline (PBS). 
Then, the cells were incubated with MTT solution [5 
mg/mL 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide] for 4 h. After the incubation, the supernatant 
was removed and isopropanol was added. The 
absorbance at 563 nm solubilized was determined for 
the solubilized formazan using a spectrophotometer 
(SpectraMAX 360 pc, Molecular Devices, Sunnyvale, 
CA, USA). The cell viability was presented as the 
percentage as comparing with control. Each treatment 
was performed in triplicate for statistical analysis. 

Flow Cytometry Analysis 
Cells were synchronized at G0 phase and then 

incubated in complete medium to allow cell-cycle 
progression. After the treatments, cells were collected, 
fixed with 1 mL of ice-cold 70% ethanol, incubated at 
-20oC for 24 h, and centrifuged at 380 g for 5 min. Cell 
pellets were treated with l mL of cold staining 
solution containing 20 μg/mL propidium iodide, 20 
μg/mL RNase A, and 1% Triton X-100, and incubated 
for 15 min in dark. After the incubation, the cells were 
subjected to cell cycle distribution analysis by using a 
FACS Calibur system (version 2.0, BD Biosciences, 
Franklin Lakes, NJ, USA) with CellQuest software. 
Each treatment was performed in triplicate for 
statistical analysis. 

GeLC-MS/MS Analysis 
A total of 50 µg of each protein fraction from 

each biological replicate was resolved on a 12% 
SDS-PAGE gel and stained with CBB. Each lane was 
processed into 5 gel slices and subject to 
pyridylethylation and in-gel trypsin digestion as 
described previously [9]. Peptides were extracted 
once in 100 μL of 1% formic acid and subsequently 
twice in 100 μL of 50% acetonitrile in 5% formic acid. 
The volume was reduced to 50 μL in a vacuum 
centrifuge prior to LC-MS/MS analysis. 

Extracted peptides were separated using an 
Ultimate 3000 nanoLC system (Dionex LC-Packings, 
Amsterdam, The Netherlands) equipped with a 20 cm 
x 75 μm i.d. fused silica column custom packed with 3 
μm 120 Å ReproSil Pur C18 aqua (Dr. Maisch, GMBH, 
Ammerbuch-Entringen, Germany). After injection, 
peptides were trapped at 30 µL/min on a 5 mm x 300 
μm i.d. Pepmap C18 cartridge (Dionex-LC Packings, 
Amsterdam, The Netherlands) at 2% buffer B (buffer 
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A, 0.05% formic acid in distilled water); buffer B, 80% 
ACN and 0.05% formic acid in MQ) and separated at 
300 nL/min in a 10-40% buffer B gradient in 60 min. 
Eluting peptides were ionized at 1.7 kV in a Nano 
made Triversa Chip-based nanospray source using a 
Triversa LC coupler (Advion, Ithaca, NJ). Intact 
peptide mass spectra and fragmentation spectra were 
acquired on an LTQ FT hybrid mass spectrometer 
(Thermo Fisher, Bremen, Germany). Intact masses 
were measured at a resolution of 50,000 in the ICR cell 
using a target value of 1 x 106 charges. In parallel, 
following an FT prescan, the top 5 peptide signals 
(charge-states 2+ and higher) were submitted to 
MS/MS in the linear ion trap (3 amu isolation width, 
30-millisecond activation, 35% normalized activation 
energy, Q-value of 0.25 and a threshold of 5000 
counts). Dynamic exclusion was applied to a repeat 
count of 1 and an exclusion time of 30 sec. 

Database Searching and System Biology 
Analysis 

MS/MS spectra were searched against Homo 
sapiens (human) SwissProt 2014_07 (546,000 
sequences; 194,259,968 residues) using Sequest 
(version 27, rev 12), which is part of the BioWorks 3.3 
data analysis package (Thermo Fisher, San Jose, CA, 
USA). MS/MS spectra were searched with a 
maximum allowed deviation of 10 ppm for the 
precursor mass and 1 amu for fragment masses. 
Methionine oxidation was allowed as variable 
modifications and cysteine pyridylethylation was 
allowed as fixed modifications, two missed cleavages 
were allowed and the minimum number of tryptic 
termini was 1. After database searching, the DTA and 
OUT files were imported into Scaffold (versions 1.07 
and 2.01) (Proteome software, Portland, OR, USA). 
The scaffold was used to organize the data and to 
validate peptide identifications using the Peptide 
Prophet algorithm, and only identifications with a 
probability >95% were retained. Subsequently, the 
Protein-Prophet algorithm was applied and protein 
identifications with a probability of >99% with 1 or 2 
peptides in at least one of the samples were retained. 
Proteins that contained similar peptides and could not 
be differentiated based on MS/MS analysis alone 
were grouped. For each protein identified, the 
number of spectral counts (the number of MS/MS 
associated with an identified protein) was exported to 
Excel. 

The LC-MS/MS data were uploaded from a 
Microsoft Excel spreadsheet onto DAVID functional 
annotation tools (http://david.abcc.ncifcrf.gov/ 
tools.jsp). DAVID functional annotation tools analysis 
to describe common pathways or molecular 
connections between control and experiment. The 

representations of the molecular relationships 
between protein were generated using the Gene 
Ontology Analysis, based upon processes showing 
significant (P<0.05) association. 

Immunoblotting 
Cells were collected and lysed in the lysis buffer 

[10 mM Tris-HCl, pH7.5; containing 1% v/v Triton 
X-100, 150 mM NaCl, 0.5 mM EDTA, 1 mM 
phenylmethanesulfonylfluoride (PMSF), 1 mM NaF, 1 
mM Na4P2O7, 10 µg/mL aprotinin and leupeptin 
(Sigma-Aldrich)]. After centrifugation to remove cell 
debris, the supernatants were collected for protein 
quantitation using BCA protein assay kit (Pierce 
Biotechnology). The crude proteins (30 µg/lane) were 
separated in 12.5% SDS-PAGE and then transferred 
onto nitrocellulose membrane (Millipore, Bedford, 
MA, USA). After blocking with 3% w/v skimmed 
milk, the membranes were incubated with primary 
antibodies for 2 h. The primary antibodies against 
human 14-3-3ε (No.9635), HMGB1 (D3E5, No.6893), 
cathepsin B (G60, No.3373), calnexin (C5C9, No.2679), 
HSP 70 (No.4872), histone H4 (No.2592), and 
α-tubulin (No.2144) were purchased from Cell 
Signaling Technologies (Beverly, MA, USA); 
α-actinin-1 (7A4, No. NBP1-48251) and 
sialidase-1/NEU1 (No.MAB6860) was purchased 
from Novus Biologicals (Littleton, CO, USA); and 
gelsolin (GS-2C4, No.ab11081) was purchased from 
Abcam (Cambridge, UK). After washing with PBS 
containing 0.1% v/v Tween-20, the reacted 
membranes were incubated with anti-IgG antibodies 
conjugated with peroxidase (Abcam). The detection of 
the antigen-antibody complex was performed by 
using ECL reagent (Millipore, Bedford, MA, USA) 
and luminescence image system (LAS-4000; Fujifilm, 
Tokyo, Japan). 

RNA interference 
Small interfering RNA (siRNA) transfection was 

applied to knockdown the expression of HSP70 in 
HepG2 cells. Specific siRNA against HSP70 and the 
non-specific negative control were obtained from 
Qiagene (Hilden, Germany) and prepared according 
to manufacturer’s instructions, and dissolved in 
siRNA suspension buffer at concentration of 20 µM as 
previously described [10]. The HSP70 siRNA was 
transfected into HepG2 cells with T-Pro NTR II 
reagent (Ji-Feng Biotechnology CO., Ltd. Taiwan) to 
obtain high knockdown efficiency. Control 
non-silencing siRNA (sense 5’-UUC UCC GAA CGU 
GUC ACG UdTdT -3’, antisense 5’-ACG UGA CAC 
GUU CGG AGA AdTdT-3’). HSP70 siRNA targeting 
[2 lines pooled, HSP70(a), sense 5’-CCA UUG AGG 
AGG UAG AUU ATT-3’, antisense 5’-GTG GUA ACU 
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CCU CCA UCU AAU-3’, and HSP70(b), sense 5’-GUU 
ACU UCA AAG UAA AUA ATT-3’, antisense 5’-ACC 
AAU GAA GUU UCA UUU AUU-3’]. 

Statistical Analysis 
Data were expressed as means ± SEMs of the 

three independent experiments. Statistical 
significance analysis was determined by using 1-way 
ANOVA followed by Dunnett for multiple 
comparisons with the control or the impaired 2-tailed 
Student t-test. P values less than 0.05 were considered 
as statistically significant. 

Results 
HepG2 cells exhibits resistance to 
TNFα-induced apoptosis 

The effects of TNFα on cell viability of human 
HCC cell line HepG2 and non-malignant liver cell line 
THLE-2 were first explored. As shown in Fig. 1A, the 
cell viability of HepG2 was reduced to 95.3 ± 1.2% of 
control (P<0.05) in response to TNFα treatment at 10 
µg/mL for 24 h. Comparing to the cell viability of 
HepG2, the cell viability of THLE-2 was reduced to 
60.7 ± 3.1% of control (P<0.005) with the same TNFα 
treatment. Similar observations were also obtained in 
sub-G1 phase ratio of the two cell lines. The Sub-G1 
phase ratio of HepG2 and THLE-2 cells in response to 
the TNFα treatment was increased to 6.2 ± 1.1% 
(P<0.05) and 26.1 ± 3.2% (P<0.01), respectively (Fig. 
1B). Taken together, these findings showed that 
HepG2 cell was resistant to TNFα-induced apoptosis 
as comparing to the non-malignant THLE-2 cell. 

Reproducible protein profiles extracted from 
HepG2 cell on SDS-PAGE and GeLC-MS/MS 
data 

First, we assessed whether the protein extraction 

results in consistent protein profile. Cells were 
incubated with TNFα at 10 µg/mL for 24 h, and then 
the crude proteins were extracted, separated by 12.5% 
SDS-PAGE and observed by CBB staining (Fig. 2A). 
The resulting protein bands showed similar pattern 
among the three independent experimental replicates, 
suggesting that profiles of extracted proteins were 
nonsignificantly changed among the three replicates 
of control and TNFα treatment. The gels were then 
subjected to in-gel digestion for peptide extraction 
and following LC-MS/MS analysis for protein 
identification and MS/MS spectra collection. The 
number of proteins identified in each experiment was 
presented in Fig. 2B. These data suggested that each 
experimental replicate was performed in a highly 
reproducible manner. In addition, of the 1142 and 
1042 proteins identified in control and TNFα-treated 
cells (Fig. 2B), only minor unique proteins (9 – 14) 
were identified in single experiment among the three 
replicates, implying that the protein identification for 
each replicate was highly reproducible and the 
subsequent spectra counting for semi-quantitation 
basing on statistical analysis could be confident. These 
results were consistent with the negligible change of 
protein patterns on SDS-PAGE (Fig. 2A), showing that 
the protein expression profile among the 
experimental replicates was highly congenial. 
Combining the three experimental replicates, we 
observed that 852 proteins were identified in both 
control and TNFα treatment, with 290 and 190 
exclusively identified in the control and the TNFα 
treatment group, respectively (Fig. 2C). Collectively, 
our proteomic results showed that TNFα treatment 
contributed to a differential protein expression profile 
of HepG2 cell. 

 
Figure 1. Effects of TNFα on 
HepG2 cell and THLE-2 cell. 
Cells were treated with PBS 
(Control) or TNFα at 10 µg/mL 
for 24 h, and then were subject 
to (A) MTT assay for 
determining cell viability and (B) 
cell cycle distribution analysis 
for determining sub-G1 phase 
ratio. *, ** and ***, P <0.05, 0.01 
and 0.005 as compared to 
control, respectively. 
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Figure 2. Crude protein patterns by CBB staining (A) and the Venn diagrams 
showing the overlap of identified proteins in individual biological replicate in 
control and TNFα treatment (B). The summary of the non-redundant proteins 
identified between control and TNFα treatment was represented in (C). 

 

Spectra counting quantitation shows that 
TNFα induces differential protein expression 
in HepG2 cell 

Basing on the reproducible crude protein 
profiles, we explored whether TNFα affected protein 
expression in HepG2 cells. We semi-quantitated the 
expression level of identified proteins by using 
spectra counting and found that 520 of the total 1332 
identified proteins basing on a minimum of 2 unique 
peptides were significantly altered [log2(level in TNFα 

treatment/level in control)>1.0 or <-1.0]. The 
quantitative analysis was summarized in Table 1 and 
the number of significantly altered proteins in each 
experimental replicate was also indicated. According 
to the analysis, 211 and 309 proteins were with 
up-regulated and down-regulated expression in 
TNFα-treated cells, respectively. 

 

Table 1. Summary of proteomic analysis for HepG2 cell by three 
biological replicates 

Condition Exp Identified 
proteins 

Nonredundant 
proteins 

Protein abundance 
with significant 
change 

Control #1 1051 1142 309 
#2 1019   
#3 1095   

TNFα #1 1007 1042 211 
#2 1022   
#3 1028   

 

Gene Ontology (GO) analysis for 
characterization of proteomic alteration 

After identifying and quantitating the extracted 
proteins, we next investigated the biological process 
and molecular function linking to the proteins with 
significant change [log2(level in TNFα treatment/level 
in control)>1.0 or <-1.0] in response to TNFα 
treatment by using DAVID online annotation and 
gene ontology (GO) annotation analysis. A complete 
list of GO annotations for all the proteins significantly 
altered with the associated P values for functional 
enrichment is provided in Supplemental Table 1. The 
biological processes associating with significantly 
altered proteins featured by GO annotations were 
shown in Fig. 3A. We observed that the proteins 
associating with the cellular process, cellular 
component organization, catabolic process, DNA 
repair and cell cycle process were up-regulated in 
response to TNFα treatment. Conversely, we found 
that the proteins associating with translation 
elongation, RNA processing, and metabolic process 
were down-regulated in response to TNFα treatment. 
Similarly, we performed the molecular function 
analysis for the protein with significant changes (Fig. 
3B) and observed that the proteins exhibiting ATP 
binding, ATPase activity, and hydrolase activity were 
up-regulated in response to TNFα treatment. On the 
contrary, proteins exhibiting RNA binding, nucleic 
acid binding, binding and translation factor activity 
were down-regulated in response to TNFα treatment. 
Taken together, we suggested that TNFα treatment 
suppressed specific gene transcription and the 
subsequent translation that promoted energy 
metabolism. 
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Figure 3. Gene ontology (GO) annotations for (A) biological process and (B) molecular function of proteins with up-regulated (dark bars) and down-regulated (gray 
bars) expression level in response to TNFα treatment. The relative number of proteins was shown as a percentage of the total number of proteins with significantly 
changed in each state normalized to the total number of proteins with each annotation identified in the experiment. 

 

Table 2. KEGG pathways significantly enriched in HepG2 cells in 
response to TNFα (Fisher Exact P-value <0.1), the number of 
proteins identified in each pathway, and the Fisher p-value. 

KEGGID Term Count % P-value 
hsa03010 Ribosome 15 6.44 7.87E-09 
hsa03040 Spliceosome 17 7.30 2.15E-08 
hsa04612 Antigen processing and presentation 7 3.00 0.0121 
hsa03050 Proteasome 5 2.14 0.0228 
hsa00630 Glyoxylate and dicarboxylate metabolism 3 1.29 0.0460 
hsa00071 Fatty acid metabolism 4 1.72 0.0647 
hsa00280 Valine, leucine and isoleucine degradation 4 1.72 0.0812 
hsa00471 D-Glutamine and D-glutamate metabolism 2 0.86 0.0897 

 

KEGG Ontology analysis for characterization 
of altered proteins 

We also conducted KEGG (Kyoto Encyclopedia 
of Genes and Genomes) analysis using the KOBAS 
online search tool (v. 2.0) to further characterize the 
proteins with expression change in response to TNFα 
treatment. As shown in Table 2, the KEGG analysis 
summarized the pathways in which the identified 
proteins with significant change involved. We 
observed that TNFα treatment significantly regulated 
the pathways (Fisher's Exact test, P ≤0.1) involving in 
the ribosome, spliceosome, antigen processing and 
presentation, proteasome, glycoxylate and 
dicarboxylate metabolism, fatty acid metabolism, and 
metabolism of amino acids. Accordingly, we 
suggested that TNFα treatment may enhance RNA 
processing, protein degradation, and fatty acid 
oxidation in HepG2 cells. 

Determination of protein expression level by 
immunoblotting 

To confirm the expression changes of proteins in 

response to TNFα treatment, we performed 
immunoblotting to determine the expression level of 
proteins which have been reported associating with 
cell survival, cell cycle, protein degradation, and 
energy metabolism. As shown in Fig. 4, we noted that 
TNFα treatment altered the expression level of 
14-3-3ε, α-actinin-1, calnexin, heat shock protein 70 
(HSP70), cathepsin B, high mobility group protein B1 
(HMGB1), gelsolin, and sialidase-1/NEU1, and the 
changes of these proteins were consistent with the 
above spectral counting quantitation. Thus, we 
proposed that the quantitative analysis by MS/MS 
spectra counting highly correlated with that by 
immunoblotting.  

Upregulation of HSP70 involves in the 
promoted cell migration and apoptosis 
induced by TNFα 

The identified proteins with significant changes 
in response to TNFα treatment were highly linked to 
the cytoskeleton and cell cycle regulation. Among the 
identified proteins, HSP70 expression changes have 
been reported to play an important role in mediating 
migration and apoptosis of various tumors [11-13]. 
Thus, we further investigated the role of upregulated 
HSP70 in promoted cell migration and inhibited 
apoptosis of HepG2 cell. We silenced the HSP70 
expression by specific siRNA against HSP70 
(siHSP70) and monitored the cell migration using 
wound healing assay. As shown in Fig. 5A, we 
observed that the protein level was significantly 
decreased by siHSP70, and the TNFα-promoted 
migration was inhibited by siHSP70 pretreatment 
(Fig. 5B). In addition, we also found that pretreatment 
of siHSP70 following TNFα treatment significantly 
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increased sub-G1 phase as compared to TNFα 
treatment alone (Fig. 5C). Taken together, we 
proposed that upregulation of HSP70 involved in 
TNFα-promoted cell migration and TNFα-suppressed 
apoptosis of HepG2 cell. 

 
 

 
Figure 4. Protein expression changes in response to TNFα. Cells were reacted 
with TNFα for 24 h, lysed for protein extraction, and the resulting crude 
proteins were subjected to immunoblotting. The indicated proteins were 
detected by using specific antibodies and chemiluminescence. Three 
independent immunoblotting experiments were performed for each protein 
and the representative images were shown. HSP70, heat shock protein 70. 
HMGB2, high mobility group B2. 

 

Discussion 
In the present study, we observe that TNFα 

stimulus certainly affects a spectrum of protein 
expression in human HCC cell line HepG2, which 
may contribute to potential cellular responses 
involving in the resistance of cell death and the 
promotion of cell migration and survival. To diminish 
the biological and experimental variation, we use 
consecutive passages of HepG2 cells and confirm the 
protein profiles of each extraction prior to the protein 
identification and quantitation using MS/MS 
analysis. By using GO and KEGG pathway analysis, 
we also explore the cellular network in which the 
identified proteins with significant expression change 
involve. We determine several protein expression 
levels by immunoblotting and find that the protein 
expression quantitation by MS/MS spectra counting 
and by immunoblotting is compatible. Furthermore, 
we demonstrate that upregulation of HSP70 
expression plays an important role in the 
TNFα-enhanced migratory ability and 
TNFα-suppressed apoptosis of human HCC cell line 
HepG2. Collectively, we not only establish a 

quantitative proteomic approach that could be useful 
and helpful for the exploration of cellular protein 
expression but also provide a differential protein 
expression profile of and demonstrate the role of 
HSP70 in HepG2 cell in response to TNFα treatment. 

 
 

 
Figure 5. Involvement of HSP70 in TNFα-promoted cell migration and 
TNFα-suppressed apoptosis of HepG2 cell. Cells were transfected with 
scramble RNA (SCR) or siHSP70, reacted with TNFα for 24 h, and then (A) 
lysed for immunodetection of HSP70; or subjected to (B) wound healing assay, 
or (C) cell cycle distribution analysis. a and b, P<0.05 as compared to control 
(Ctrl) and TNFα+SCR group, respectively. 

  



Int. J. Med. Sci. 2017, Vol. 14 

 
http://www.medsci.org 

291 

Although we first provide the differential 
protein expression profile of HepG2 cell in response 
to TNFα, proteomic analysis of HepG2 in response to 
other stimuli such as mushroom polysaccharide [14] 
or in comparison to human hepatocyte [15] has been 
reported. Among these proteomic analyses for 
HepG2, cytoskeletal components, HSPs/chaperones, 
14-3-3 family, oxidoreduction-associating proteins, 
and energy metabolism-associating proteins have 
been widely identified and investigated. Similarly, we 
identify 8 cytoskeletal components, 10 
HSPs/chaperones, 5 14-3-3 isoforms, 7 
oxidoreduction-associating proteins, and 6 energy 
metabolism-associating proteins (Supplementary 
data), and their expression levels are significantly 
changed in response to TNFα. 

14-3-3 proteins, indicating in cell cycle process by 
GO analysis, modulate cellular functions via binding 
intracellular proteins with Ser/Thr 
phosphorylation-dependent domains and 
consequently influence subcellular localization, 
conformation, activity, and protein complex stability 
[16, 17]. Seven isoforms of 14-3-3 proteins have been 
identified and reported to play pivotal roles in 
regulating cell cycle progression, DNA repair, 
apoptosis, and cell adhesion and motility [16, 17]. 
Among the 14-3-3 isoforms, overexpression of 14-3-3ε 
has been reported in breast cancer [18], lung cancer 
[19], and HCC [20]. In addition, upregulation of 
14-3-3ε has been demonstrated to protect colorectal 
cancer cells and endothelial cells from oxidative 
stress-induced apoptosis [21, 22]. Recently, 14-3-3ε has 
been reported to mediate cell polarization and 
migration via changing Zeb-1/E-cadherin expression, 
which contributes to HCC tumor development, 
progression, and metastasis [23, 24]. Our results 
revealed that 14-3-3ε level was increased in response 
to TNFα, suggesting that 14-3-3ε may play a role in 
the TNF-induced anti-apoptotic signals. 

α-actinins are ubiquitously expressed 
cytoskeleton proteins that interact with various 
adaptor proteins such as vinculin [25] and integrins 
[26], and then link actin filaments to focal adhesions 
[27]. Among four α-actinins in mammalian cells, 
α-actinin-4 is primarily involved in cell motility and 
cancer invasion [28, 29]. Comparing to α-actinin-4, 
α-actinin-1 shows some different biological functions 
contributing to tumor development and progression 
[30, 31]. Our analysis revealed that TNFα treatment 
significantly increased α-actinin-1 and other 
cytoskeletal proteins such as tubulin, actin and 
actin-related protein 3, indicating that TNFα altered 
cytoskeletal protein network which may contribute to 
promoted cell survival. 

Heat shock proteins (HSPs) and molecular 
chaperones play important roles in protein 
homeostasis, cell physiology, and protection against 
stressors [26, 32]. HSPs involve not only in protein 
folding/refolding, trafficking and degradation but 
also in the control of cell growth, differentiation, 
apoptosis and tissue repair [32]. Recently, roles of 
HSPs in promoting cancer cell survival and 
overexpression of HSPs in malignancies have been 
greatly noticed [33, 34]. Elevated HSP70 levels protect 
cancer cells from apoptosis and cellular pressures 
attributed to enhanced growth and accumulation of 
mutant proteins [35]. Abnormal levels of HSP70 have 
been implicated in breast cancer cell growth [36] and 
tumorigenesis of Rat-1 fibroblasts [37]. Similarly, we 
observe that TNFα upregulates HSP70 expression 
level, contributing to promoted cell migratory ability 
and suppressed apoptosis of HepG2 cell. Thus, we 
propose that silencing HSP70 may increase sensitivity 
to the antitumor drug for HCC cells as previously 
described for other malignancies [38, 39]. 
Overexpression of HSP90 has been observed in 
several types of tumors such as acute myeloid 
leukemia and is linked with poor prognosis [33, 34, 
40]. HSP90 may act as an oncogenic chaperone 
attributing to its protective function on mutant and 
oncogenic proteins from degradation. Molecular 
chaperone calnexin is a type-I integral membrane 
protein in the endoplasmic reticulum (ER) which 
facilitates the processing of N-linked glycoprotein 
synthesis [41, 42]. Interestingly, HSP90 is not been 
identified in our proteomic analysis; therefore, the 
expression of HSP90 needs further investigation. 

Calnexin forms heterodimeric complexes with 
the calnexin-associated protein disulfide isomerase 
ortholog ERp57 to exert its chaperone activity [43]. A 
Recent study is reported that calnexin and another 
ER-associated chaperone GRP78 are overexpressed in 
keratocystic odontogenic tumors [44]. Our results 
revealed that protein level of HSP70, HSP90 and 
calnexin were increased in response to TNFα 
treatment, suggesting that the promoted molecular 
chaperone expression may play an important role in 
the evoked prosurvival signals in HepG2 cell. 

Lysosomes and cathepsins play a pivotal role in 
cancer cell death [45]. The lysosomal permeabilization 
facilitates cathepsin release, causing cell death via 
mitochondria-dependent apoptosis [46]. Among the 
lysosomal enzymes, cathepsin B is a cysteine protease 
mainly involved in the degradation or processing of 
lysosomal proteins [47], vesicle trafficking [48], cell 
death [49]. Our findings revealed that level of 
cathepsin B was significantly reduced in response to 
TNFα, suggesting that inhibition of lysosomal cell 



Int. J. Med. Sci. 2017, Vol. 14 

 
http://www.medsci.org 

292 

death may involve in the prosurvival signals evoked 
by TNFα in HepG2 cells. 

Gelsolin is a calcium-binding protein that 
controls cytoskeletal actin dynamics and plays an 
important role in cell metabolism and survival [50]. 
Gelsolin is known to involve in a variety of cellular 
signal cascades for motility, apoptosis, proliferation, 
differentiation, epithelial-mesenchymal transition 
[51], and carcinogenesis phenotypes [52, 53]. 
Interestingly, gelsolin plays roles as both effector and 
inhibitor of apoptosis, depending on its association 
with different cancer types. Our findings revealed 
that TNFα lowered level of gelsolin in HepG2 cells; 
however, whether gelsolin acts as an inhibitor of 
apoptosis in HCC in response to TNFα needs further 
validation. 

HMGB1 is a widely expressed and highly 
abundant protein and plays multiple roles in 
physiological and pathological processes. Thus, 
HMGB1 is implicated in human health and diseases 
[54]. Loss of HMGB1 has been reported that leads to a 
serial of abnormalities in the nuclear structure and 
function, such as genomic instability [55], abnormal 
gene transcription [56], and impaired DNA damage 
response [57]. Comparing to HMGB1, our analysis 
showed that level of HMGB1 was reduced in HepG2 
cells with exposure to TNFα, suggesting that lowered 
HMGB1 may involve in carcinogenesis promoted by 
TNFα. 

Several cancers show a tendency for decreased 
sialidase-1/NEU1 expression. Interestingly, 
sialidase-1/NEU1 expression and metastatic ability 
present a good inverse relationship. Cells transformed 
by oncogenic v-fos transfection show a severe 
decrease in sialidase activity and acquired higher lung 
metastatic potential [58]. In addition, the introduction 
of sialidase-1/NEU1 into Bl6 melanoma cells resulted 
in suppression of experimental pulmonary metastasis 
and tumor progression, with a decreased 
anchorage-independent growth and increased 
sensitivity to apoptosis [59]. Our findings showed that 
TNFα significantly reduced the level of 
sialidase-1/NEU1, suggesting that the decreased 
sialidase-1/NEU1 may induce enhanced 
anchorage-independent growth and anti-apoptotic 
signals. 

Conclusion 
In this study, we establish a label-free 

quantitative LC-MS/MS approach provide a 
differential protein expression profile of HepG2 cell in 
response to TNFα stimulus. Our results indicate that 
TNFα stimulus significantly modifies protein 
expression level of 511 cellular proteins, and the 
association of the 56 identified proteins with TNFα is 

first reported. GO and KO and KEGG pathway 
analysis categorize the identified proteins with 
significant expression changes into mainly cell cycle 
process, RNA process, fatty acid and amino acid 
metabolism, and cell death process. Furthermore, we 
demonstrate that inducible overexpression of HSP70 
involves in the promotion of migratory ability and 
suppression of apoptosis in response to TNFα, 
suggesting that HSP70 could be a potential target to 
enhance sensitivity to anti-tumor drugs for HCC cells. 
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