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Abstract

Objective    To investigate the effect of c-fos gene silencing on differentially expressed proteins (DEPs) in
human bronchial epithelial (HBE) cells after exposure to fine particulate matter (PM2.5).

Methods     HBE  cells  and  c-fos-silenced  HBE  cells  were  exposed  to  50  μg/mL  PM2.5,  LC-MS/MS  and
tandem mass tag (TMT) labeling methods were combined with bioinformatics methods,  and DEPs and
interaction networks were identified.

Results    In the HBE group, 414 DEPs were screened, of  which 227 were up-regulated and 187 down-
regulated. In the c-fos silenced HBE group, 480 DEPs were screened, including 240 up-regulated proteins
and  240  down-regulated  proteins.  KEGG  annotations  showed  that  DEPs  in  the  HBE  group  are  mainly
concentrated  in  the  glycolysis/gluconeogenesis  pathway  and  those  in  the  c-fos  silenced  group  are
concentrated  mainly  in  endoplasmic  reticulum  and  the  processing  of  proteins.  Additionally,  the
abnormal expression of GPRC5C, DKK4, and UBE2C was identified in top 15 DEPs. After constructing the
protein interaction network, 20 Hub proteins including HNRNPA2B1, HNRNPL, RPS15A, and RPS25 were
screened from the HBE group and the c-fos silenced HBE group.

Conclusion     c-fos  gene  affected  the  expression  of  cancer-related  proteins.  Our  results  provided  a
scientific basis for further study of PM2.5-induced carcinogenesis mechanism.
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INTRODUCTION

A ir  pollution  is  a  recognized  risk  factor  for
human  health;  atmospheric  fine
particulate  matter  PM2.5 is  considered  to

be  the  culprit  of  haze  weather[1].  With  the  rapid
growth of China’s economy in recent years,  most of

our population has been exposed to an environment
with PM2.5

[2] exceeding the levels  reported in World
Health Organization (WHO) air  quality guidelines[3,4].
Because PM2.5 is classified as a human carcinogen by
the  international  agency  for  research  on  cancer
(IARC), air pollution has also become a public health
problem  to  be  solved  urgently  in  our  country.  A
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number  of  epidemiological  investigations  and
experiments  have  proved  that  PM2.5 can  enter  the
alveoli  and  the  blood  circulation  through  breathing;
therefore, it is closely related to the higher incidence
of human respiratory and cardiovascular diseases[5-6].
Therefore,  it  is  particularly  important  to  study  the
toxicological  effects  of  PM2.5 on  the  lungs  to  reveal
the  relationship  between  air  pollution  and  human
health.

As  a  major  substance  in  air  pollutants,  PM2.5 is
closely  related  to  human  health[7,8].  Many  studies
have been carried out on respiratory damage caused
by  PM2.5

[9].  Lung  cancer  is  a  malignant  tumor  that
threatens human life and health. In recent years, the
incidence and mortality of lung cancer in China have
increased.  Many  studies  have  shown  that  PM2.5
exposure  causes  inflammation,  immune  system-
associated  disorders,  epigenetic  changes[10],  and
cancer[11,12].  The  c-fos  gene  is  a  proto-oncogene,
which  is  closely  related  to  tumorigenesis  and
development  and  plays  an  important  role  in
regulating  the  basic  life  activities  of  cells[13,14].  The
purpose  of  this  study  was  to  analyze  the
differentially  expressed  proteins  (DEPs)  in  normal
HBE cells and c-fos gene-silenced cells by proteomics
after PM2.5 exposure.

In  recent  years,  proteomics  has  been  widely
used  in  many  research  fields,  which  also
considered a new platform for screening candidate
molecular biomarkers[15]. Mass spectrometry-based
techniques can quickly provide high-quality protein
expression  information.  Studies  have  shown  that
PM2.5 causes damage to HBE cells such as oxidative
stress,  inflammatory  response,  and  DNA
damage[16,17], but no report has explored the effect
of  PM2.5 on  protein  expression  via  proteomics  in
HBE  cells.  Therefore,  this  study  is  based  on  the  c-
fos  silenced  HBE  cells  constructed  successfully  in
our  laboratory.  Tandem  Mass  Tag  (TMT)  labeled
protein  quantification  technology  and  mass
spectrometry  technology  were  combined  with
bioinformatics  to  analyze  c-fos  silenced  HBE  cells
and DEPs  after  PM2.5 exposure  and provide  a  new
direction  for  the  molecular  mechanism  of  PM2.5
exposure in HBE cells.

MATERIALS AND METHODS

Reagents and Instruments

Human bronchial epithelial cells were purchased
from Shanghai China Cell Bank, Dulbecco’s Modified
Eagle Medium (DMEM) was purchased from Hyclone

(USA),  and  fetal  bovine  serum  (FBS)  was  purchased
from  Gibco  (USA).  Medium  flow  atmospheric
sampler  (TH-150C  III)  was  obtained  from  Wuhan
Tianhong  Instrument  Co.,  Ltd.  Q  Exactive  mass
spectrometer,  Ultimate  3000,  APC-3000,  and
TMTsixplex™  Isobaric  Label  were  purchased  from
Thermo  Fisher  (USA).  TEAB  was  purchased  from
Thermo  Company  and  Trypsin/Lys-C  Mix  and
Mass  Spec  Grade  were  purchased  from  Promega.
(USA)

PM2.5 Sample Collection and Preparation

The medium flow membrane filters were used to
collect  PM2.5 (TH-150F,  Wuhan  Tianhong  Company,
China) for 24 h per day in Taiyuan (Shanxi university
campus,  Taiyuan,  Shanxi  province,  China).  PM2.5
samples were collected once every three months for
three days during 2017–2018. The flow rate was set
at  100  L/min.  Moreover,  quartz  fiber  membrane
filter  was  applied  to  collect  PM2.5.  The  quartz  fiber
membrane that adsorbs PM2.5 particles was cut into
small  pieces  and  dissolved  in  ultra-pure  water  with
sonication  for  30  min.  The  solution  of  PM2.5 was
dried in freeze vacuum for 24 h and then UV-treated
for  1  h[18,19].  The  PM2.5 stock  solution  was  prepared
by  adding  sterile  water.  It  can  be  used  in  cell
experiments after autoclaving.

Cell Culture and Exposure

The  c-fos  silenced  HBE  cells  were  successfully
constructed  in  our  laboratory  previously  using
shRNA lentiviral vectors. The efficiency of c-fos gene
silence  was  revealed  to  be  satisfactory  by  RT-PCR
and  western  blot.  HBE  cells  and  c-fos  silenced  cells
were  cultured  and  passaged  in  high  glucose  DMEM
(containing  10% newborn  bovine  serum,  100  U/mL
penicillin,  100  μg/mL  streptomycin)  in  a  37  °C,  5%
CO2 incubator.  After  the  cells  covered  80%–90% of
the  bottom  of  the  bottle,  they  were  treated  with
PM2.5 solution at the dose of 50 μg/mL and cultured
in high glucose DMEM without serum and antibiotics
at 37 °C and 5% CO2 for 24 h.

Preparation of Protein Samples

Cells  exposed  to  PM2.5 were  washed  thrice  with
phosphate  buffer  saline  (PBS),  followed  by  addition
of  trypsin  containing  ethylene  diaminetetraacetic
acid  (EDTA)  and  digestion  for  7  min  in  a  37  °C,  5%
CO2 incubator.  The  cells  were  gently  blown  with
DMEM  containing  10% FBS  to  stop  digestion.  They
were pipetted into a centrifuge tube and centrifuged
at 1,000 rpm for 5 min. The medium was discarded,
and  1  mL  PBS  was  added.  The  solution  was
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resuspended and centrifuged at 1,000 rpm for 5 min.
PBS  was  discarded.  This  procedure  was  repeated
twice,  and  the  clean  residual  PBS  was  separated.
About  200  μL  lysate  of  8  mol/L  urea  (protease
inhibitor  in  urea)  was  added  to  each  tube.  To
enhance the  contact  of  the  cells  and lysate,  air  was
blown into the tube. The solution was placed on ice
for 15 min after centrifugation and centrifuged again
at 4 °C, 12,000 rpm for 15 min. Protein quantification
was performed according to  the instructions  on the
BCA  protein  quantification  kit  and  the  solution  was
stored at -80 °C until usage.

About  150  μg  of  total  protein  sample  was  used
for each sample in an ultrafiltration tube, and 500 μL
of  10  mmol/L  DL-Dithiothreitol  (DTT)  was  added.
After centrifugation at 4 °C, 12,000 rpm, for 15 min,
the filtrate was discarded in the collection tube. This
was repeated thrice and the tubes were incubated at
room  temperature  25  °C  for  1  h.  About  400  μL
20 mmol/L Indole-3-acetic acid (IAA) was added at to
the  tubes,  and  they  were  centrifuged  at  4  °C,
14,000 rpm for 15 min. The filtrate was discarded in
the  collection  tube  (100  μL  remaining  in  the
ultrafiltration  tube  after  centrifugation),  and  the
procedure  was  repeated  twice.  The  tubes  were
incubated  for  1  h  in  the  dark.  About  400  μL  of
100 mmol/L  triethylamine�borane  (TEAB)  was
centrifuged at 4 °C,  14,000 rpm for 15 min,  and the
filtrate  was  discarded  in  the  collection  tube  (100 μL
remaining  in  the  ultrafiltration  tube  after
centrifugation).  This procedure was repeated thrice.
The  ultrafiltration  tube  was  placed  in  a  new
collection  tube,  centrifuged  at  4  °C,  1,000  rpm  for
1  min,  and  the  filtrate  was  collected.  Trypsin  was
added  at  a  ratio  of  100:1  (100  μg  total  protein  was
added  to  1 μg  trypsin),  and  the  enzyme  were
hydrolyzed at 37 °C overnight.

TMT Marking and Sub-components

According  to  the  Thermo  Scientific™  TMT™
instruction  method,  TMT  was  used  to  label  the
digested  samples.  Each  tube  was  labeled  with  1
label, vortexed, and incubated at room temperature
for 1 h. About 8 μL of 5% hydroxylamine was added
for  15  min  at  room  temperature  to  terminate  the
reaction.  To evaporate the solution in  EP tube after
mixing,  2–18  centrifugal  concentrator  was  used.
About 0.1% formic acid (FA) was used to dissolve the
evaporated samples.  The samples were divided into
groups  using  Ultimate  3000  and  APC-3000
instruments  (Thermo,  USA).  Each  component  was
evaporated  to  dryness  using  a  PVC 2–18 centrifugal
concentrator.

LC-MS/MS Analysis

The components of the spin-dried samples were
dissolved in 20 μL of  0.1% FA,  mixed by vortex,  and
tested  using  a  Q  Exactive  mass  spectrometer.
UniProt  human  database  was  used  to  obtain  the
original data.

Bioinformatics Analysis

Enrichment  analysis  of  differential  proteins  was
performed using the DAVID database (https://david.
ncifcrf.gov/).  Gene  ontology  (GO)  analysis  of
differential  proteins  can  be  performed  based  on
three aspects (biological processes, cell components,
molecular  functions).  For  enrichment,  the  Kyoto
encyclopedia  of  genes  and  genomes  (KEGG)  can
reflect  the  pathways  of  differential  protein
participation, and R language (ver 3.5.1) was used to
draw  a  KEGG  bubble  chart  to  compare  differential
proteins.  STRING  database  (https://string-db.org/)
was  used  to  predict  the  interactions  between
differential  proteins.  Cytoscape  software  is  a  tool
that can visualize the network, combining the results
of  the  protein  interaction  TSV  files  obtained  by
STRING  to  draw  differential  protein  interaction
networks  map,  and  screen  Hub  proteins  to  further
study  the  significantly  affected  metabolism  and
related signal transduction pathways.

Statistics

x̄ ± s

SPSS  24.0  statistical  software  was  used  for
statistical  analysis.  The  experimental  data  is
expressed as . Comparison between groups was
performed using analysis of variance. LSD-t test was
used  for  pairwise  comparison.  Fisher’s  exact
probability  test  was  used  for  GO  and  KEGG
enrichment  analyses. P <  0.05  was  considered
statistically significant.

RESULTS

Profile analysis of DEPs

The  integrated  method  of  LC-MS/MS  and  TMT
labeling was used to analyze the proteomic changes
in  the  PM2.5-exposed  HBE  cells  and  c-fos  silenced
HBE  cells.  The  DEPs  with  post-translational
modifications  were  extracted  from  the  UniprotKB
database,  and  the  differential  proteins  were
obtained  according  to  the  criteria  of P <  0.05.  The
volcano  diagram  in Figure  1 shows  the  differential
protein  expression  profile,  and  the  heat  map  in
Figure  1 shows  the  different  distribution  of  DEPs  in
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the  c-fos  silenced  HBE  group  between  the
experimental  group  and  the  control  group.
According to the criteria of FC ≤ 0.83 or FC ≥ 1.2 and
P value < 0.05, top 15 differential proteins in the HBE
group  were  selected,  of  which  6  were  up-regulated
and  9  down-regulated.  Among  c-fos  silenced  HBE
groups,  4  proteins  were  up-regulated  and  11  were
down-regulated in top 15 DEPs (Tables 1-2).

GO Enrichment Analysis of DEPs

Normal  HBE  cells  and  c-fos  silenced  HBE  cells
were exposed to PM2.5 treatment. The analysis of GO
and  KEGG  annotations  showed  that  HBE  group  and
c-fos  silenced  HBE  group  were  involved  together  in
the  biological  processes  in  which  the  differential
proteins were mainly related with mRNA splicing, via
spliceosome,  cell–cell  adhesion,  and  translational
initiation. The differential  proteins in the HBE group
are  mainly  involved  in  biological  processes  such  as

translational  elongation,  regulation  of  cellular
response  to  heat,  and  negative  regulation  of
apoptotic  process.  The  c-fos  silenced  HBE  group  is
mainly  involved  in  biological  processes  such  as
ribosomal  small  subunit  biogenesis,  regulation  of
translational initiation, and cell  division. The cellular
components  of  differential  proteins  in  two  groups
are  mainly  distributed  in  extracellular  exosome,
mitochondrion,  ribosome,  myelin  sheath,  and  other
components. The cellular components of differential
proteins in the HBE group were mainly distributed in
the  spliceosomal  complex,  catalytic  step  2
spliceosome, and lysosomal lumen, whereas in the c-
fos  silenced  HBE  group,  the  differential  proteins
involved  were  mainly  in  the  mitochondrial  inner
membrane and perinuclear region of cytoplasm. The
molecular  functions  of  the  differential  proteins  in
two  groups  are  mainly  involved  in  poly  (A)  RNA
binding, protein binding, cadherin binding in cell–cell
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Figure 1. Volcano gram and heat map of proteomics analysis. (A) Volcanic map of PM2.5-induced DEPs in
HBE  cells.  (B)  Volcanic  map  of  PM2.5-induced  DEPs  in  c-fos  silenced  HBE  cells.  (C)  Heat  map  of  PM2.5-
induced DEPs in HBE cells. (D) Heat map of PM2.5-induced DEPs in c-fos silenced HBE cells.
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adhesion,  and  structural  constituent  of  ribosome.
The  molecular  functions  of  the  differential  proteins
in  HBE  group  are  mainly  associated  with  ubiquitin
protein  ligase  binding,  Arp2/3  complex  binding,
protein  kinase  binding,  and  G-protein  coupled
receptor  binding.  The  molecular  functions  of  the
differential proteins in c-fos silenced HBE group were

mainly related to translation initiation factor activity,
mRNA  3'-UTR  binding,  and  ribosome  binding
(Figures 2-4).

KEGG Enrichment Analysis of DEPs

KEGG  analysis  showed  that  the  pathways  in
which  the  DEPs  in  two  groups  participate  together

Table 1. Top 15 differentially expressed proteins in the HBE group

Protein accession number Protein name Gene FC Up/down P value

Q9NQ84-2 G-protein coupled receptor family C group 5 member C GPRC5C 1.30 up    0.01

Q92597 Protein NDRG1 NDRG1 1.27 up < 0.01

O75874 Isocitrate dehydrogenase (NADP) cytoplasmic IDH1 1.25 up    0.02

O95749 Geranylgeranyl pyrophosphate synthase GGPS1 1.25 up    0.01

P14324 Farnesyl pyrophosphate synthase FDPS 1.25 up < 0.01

P82930 28S ribosomal protein S34, mitochondrial MRPS34 1.22 up < 0.01

P02768 Serum albumin ALB 0.57 down < 0.01

P02765 Alpha-2-HS-glycoprotein AHSG 0.59 down    0.01

Q8N257 Histone H2B type 3-B HIST3H2BB 0.67 down    0.01

Q15004 PCNA-associated factor PCLAF 0.68 down    0.01

P02774-3 Vitamin D-binding protein GC 0.74 down    0.02

Q8NI35 InaD-like protein PATJ 0.75 down    0.04

Q8N2C7 Protein unc-80 homolog UNC80 0.76 down    0.01

P35237 Serpin B6 SERPINB6 0.77 down    0.01

P13693 Translationally-controlled tumor protein TPT1 0.81 down < 0.01

Table 2. Top 15 differentially expressed proteins in the c-fos silenced HBE group

Protein accession number Protein name Gene FC Up/down P value

Q9UBT3 Dickkopf-related protein 4 DKK4 1.29 up    0.01

P53602 Diphosphomevalonate decarboxylase MVD 1.24 up    0.04

Q92820 Gamma-glutamyl hydrolase GGH 1.22 up < 0.01

O95471 Claudin-7 CLDN7 1.22 up    0.01

Q9Y6V0-5 Protein piccolo PCLO 0.55 down < 0.01

P02768 Serum albumin ALB 0.57 down < 0.01

P05090 Apolipoprotein D APOD 0.58 down < 0.01

Q15004 PCNA-associated factor PCLAF 0.60 down < 0.01

P02765 Alpha-2-HS-glycoprotein AHSG 0.61 down < 0.01

P02787 Serotransferrin TF 0.68 down    0.05

Q8N2C7 Protein unc-80 homolog UNC80 0.69 down < 0.01

Q8NI35 InaD-like protein PATJ 0.71 down    0.01

P02788 Lactotransferrin LTF 0.72 down    0.02

P35237 Serpin B6 SERPINB6 0.75 down < 0.01

O00762 Ubiquitin-conjugating enzyme E2 C UBE2C 0.76 down < 0.01
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Figure 4. Functional annotation of differentially expressed proteins after PM2.5 exposure. (A) HBE group.
(B) c-fos silenced HBE group.
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are carbon metabolism, ribosome, citrate cycle (TCA
cycle),  amino  acid  biosynthesis,  and  spliceosome.
Glycolysis/gluconeogenesis  is  the  only  pathway
involved  in  differential  proteins  in  the  HBE  group.
The pathways of  differential  protein participation in
c-fos  silenced  HBE  group  include  protein  processing
in  endoplasmic  reticulum,  aminoacyl-tRNA
biosynthesis, pyruvate metabolism, lysosome, valine
and other pathways (Figure 5).

Protein Interaction Analysis

The  STRING  database  was  used  to  analyze  the
protein–protein  interactions  of  the  screened  DEPs.
The  results  were  visualized  in  cytoscape  shown  in
Figure  3A.  The  Hub  network  in  the  two  network
diagrams is obtained using the cytoHubba plug-in in
cytoscape,  which  is  the  key  protein  in  the  protein
interaction network. The Hub proteins in the normal
HBE  group  are  HNRNPA2B1,  HNRNPA3,  RBMX,
HNRNPU,  SNRPA,  HNRNPF,  SF3B1,  SF3A3,  HNRNPL,
and ALYREF. In the c-fos silenced HBE group, the Hub
proteins  were  RPS9,  RPS21,  RPS7,  RPS25,  RPL31,
RPS27A, RPS15, RPS15A, RPS28, and RPL30 (Figure 6,
Table 3).

DISCUSSION

In  the  present  study,  we  used  bioinformatics  to
annotate  the  HBE  group  and  c-fos  silenced  HBE
group.  GO  results  revealed  that  c-fos  silence  can

affect biological processes such as apoptosis, protein
translation  processing,  and  cell  division.  KEGG
enrichment  analysis  found  that  c-fos  silence  can
affect  protein  processing  and  lysosome  pathways.
According to the criteria of FC ≤ 0.83 or FC ≥ 1.2, and
P < 0.05, top 15 differential proteins such as GPRC5C
and NDRG1 in the HBE group were screened, and top
15 differential proteins such as DKK4 and MVD in the
c-fos  silenced  HBE  group  were  screened.  Ross
identified that  GPRC5C expression was continuously
elevated  in  neuroblastoma  stem  cells[20].  Some
studies have found that high glucose can reduce the
expression  of  Wnt  signaling  pathway  antagonist
DKK4  and  enhance  the  transport  of  classic  Wnt
signaling  pathway  through  Wnt3a  ligand-mediated
β-catenin to promote the proliferation of liver cancer
cells[21].  Related studies have shown that UBE2C can
express carcinogenic factors, and its high expression
is  significantly  related  to  the  poor  prognosis  of
breast  cancer  patients  (P <  0.05)[22].  Changes  in  the
expression levels of these top 15 differential proteins
indicated the functionality  and importance of  the c-
fos  gene  for  the  molecular  mechanism  of  PM2.5
oncogenesis.

HNRNPA2B1,  HNRNPA3,  RBMX,  HNRNPU,
SNRPA,  HNRNPF,  SF3B1,  SF3A3,  HNRNPL,  and
ALYREF  were  screened  from  the  differential  protein
interaction  network  map  in  the  HBE  group.
HNRNPA2B  is  an  expressed  heterogeneous
ribonucleoprotein (hnRNP) A/B subfamily. hnRNP are
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RNA-binding  proteins  that  form  complexes  with
heterogeneous nuclear RNA (hnRNA). These proteins
are  associated  with  pre-mRNA  in  the  nucleus  and
affect  pre-mRNA  processing  and  other  aspects  of
mRNA  metabolism  and  transport,  which  can  affect
RNA  processing,  splicing,  transport,  and  stability  of
many  genes.  hnRNPA2/B1  is  expressed  and
promotes the proliferation and metastasis of various
cancer types. Yu et al.[23] found that HNRNPA2B1 can
be  regulated  by  lncRNA  CACNA1G-AS1  to  promote
the progression of epithelial-mesenchymal transition
(EMT)  in  non-small  cell  lung  cancer  (NSCLC)  and
promote  cell  invasion  and  migration  capabilities.
Ayse  studied  the  toxic  effect  of  silver  nitrate  on
human  alveolar  basal  epithelial  cells  of  A549
adenocarcinoma  and  found  that  the  down-

regulation  of  HNRNPL  gene  was  identified  as  an
apoptosis-inducing gene and played a certain role in
the  anti-cancer  process[24].  It  has  been  found  that
inhibition of SF3B1 expression can effectively reduce
the  proliferation  rate  of  AGS  and  MKN28  gastric
cancer  cells  by  inducing  apoptosis  and  G2/M  phase
arrest[25].  From  the  differential  protein  interaction
network diagram of the c-fos silenced HBE group, 10
Hub  proteins  such  as  RPS9,  RPS21,  RPS7,  RPS25,
RPL31,  RPS27A,  RPS15,  RPS15A,  RPS28,  and  RPL30
were  screened.  Some  studies  have  found  that
RPS15A is over-expressed in lung cancer tissues and
plays  a  role  as  an  oncogene  in  the  progression  of
lung  cancer.  Reducing  its  expression  can  inhibit  the
malignant  progression  of  lung  cancer[26,27].  Studies
have found that the expression level of RPS25 in lung
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adenocarcinoma  tissues  is  significantly  higher  than
that in adjacent normal tissues[28]. Study showed that
RPS25-MDM2-p53  regulates  the  feedback  loop  to
affect the occurrence and development of cancer[29].
Chen  et  al.[30] found  that  reduced  expression  of
RPS27a  inhibits  the  proliferation  of  H8  cell  lines  by
up-regulating  Mdm2  phosphorylation  on  serine
residue  166,  promoting  Mdm2-mediated  P53
ubiquitination.  Ribosome  proteins  (RPs)  are
considered to have the function of ribose in vitro and
participate in the biological processes of cell growth,
division,  and  apoptosis.  This  study  showed  that  the
Hub  proteins  screened  in  the  c-fos  silenced  HBE
group  were  all  ribosomal  proteins,  were  rich  in  the
biological  processes of the set analysis,  and showed
a downward regulation trend. The ribosomal protein
in  the  Hub  protein  in  normal  HBE  group  has  an
upward trend.

In  summary,  this  study  preliminary  explored the
proteomic  characteristics  of  c-fos  gene  in  PM2.5-
treated  HBE  cells  and  showed  the  biological  effects
and signal pathways of DEPs in HBE group and c-fos
silenced  HBE  group.  Additionally,  it  revealed  that  c-
fos  gene has  a  certain  effect  on  PM2.5-exposed HBE

cells  and  affected  the  expression  of  cancer-related
proteins.  Our  results  provided  a  scientific  basis  for
further  study  of  PM2.5-induced  carcinogenesis
mechanism.
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