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IGHLIGHTS
The  expression  level  of  EPHX4  was  higher  in  HNSC  patients’  tissues.
EPHX4  expression  is  closely  associated  with  the  immunity  of  HNSC.
EPHX4  promotes  HNSC  cells  proliferation,  colony  formation  and  invasion.
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Abstract
Objectives:  The  role  of  Epoxide  Hydrolase-4  (EPHX4),  a  member  of  epoxide  hydrolase  family,
has not  been  investigated  in  cancer.  The  purpose  of  this  article  is  to  explore  the  application
value of  EPHX4  in  laryngeal  cancer  and  its  relationship  with  immune  infiltration.
Methods:  We  observed  that  EPHX4  expression  and  its  survival  assays  in  laryngeal  cancer  spec-
imens based  on  The  Cancer  Genome  Atlas  (TCGA)  cohorts.  We  also  analyzed  the  correlation
between  immune  cell  infiltration  levels  and  EPHX4  gene  copy  number  in  laryngeal  cancer.
Finally, we  conducted  in  vitro  assay  to  evaluate  the  functions  of  EPHX4  in  laryngeal  cancer
cell line.
Results:  EPHX4  is  highly  expressed  in  laryngeal  cancer  specimens  and  has  a  poor  prognosis.
EPHX4 related  immune  cell  analysis  showed  that  it  participated  in  NK  Natural  killer  cell  medi-
ated cytotoxicity.  Finally,  Cell  experiments  indicate  that  EPHX4  could  promote  laryngeal  cancer
cell line  proliferation,  colony  formation  and  invasion.
Conclusions:  Our  research  results  suggest  that  EPHX4  may  be  a  potential  immunotherapy  target
for laryngeal  cancer.  The  nominated  immune  signature  is  a  helpful  and  promising  prognostic
indicator in  laryngeal  cancer.
Levels  of  Evidence: Level  3.
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aryngeal  cell  carcinoma  is  a  complex  and  malignancy  of
he  head  and  neck.  In  the  whole  world,  approximately
50,000  LSCC  patients  are  diagnosed  annually.1 A  recent
tudy  showed  that  more  than  11,000  cases  of  LSCC  were
iagnosed  annually  in  China.2 With  the  rapid  development
f  surgery,  radiation,  chemotherapy,  systemic  therapy  and
ovel  gene-targeted  therapy,  LSCC  treatment  has  improved
ignificantly.  Although  less  than  half  LSCC  patients  present
ith  locally  advanced  disease  or  regional  nodal  metastases,

he  rate  of  cancer  mortality  is  still  high.3,4 Therefore,  fur-
her  elucidation  of  the  progression  of  LSCC  at  the  gene  level
s  urgently  needed  to  improve  LSCC  patient  prognosis.

Accumulating  evidences  have  verified  immune  infiltrates
n  the  tumor  microenvironment  of  HNSCC.5,6 The  quan-
ity  and  function  of  the  immune  infiltrate  are  crucial  to
nduce  an  efficient  antitumor  immune  response.  Various
nfiltrating  immune  cells  in  Tumor  Microenvironment  (TME)
re  significantly  associated  with  the  different  levels  of
mmune  response  activation,  tumor  progression  and  the
fficient  immunotherapy.7---10 Therefore,  knowing  the  rela-
ionship  between  tumor  cells  and  the  immune  infiltrate  are
undamental  for  understanding  and  inventing  novel  treat-
ents  for  LSCC  patients.
Epoxide  Hydrolase-4  (EPHX4)  is  a  member  of  epoxide

ydrolase  family.11 The  function  of  epoxide  hydrolase  pro-
ein  family,  which  comprises  a  small  number  of  proteins
hat  act  as  detoxifying  enzymes,  mainly  catalyzes  the  addi-
ion  of  a  water  molecule  to  an  epoxide  as  the  overall
eaction  in  the  cell.11 Over-activation  of  epoxy  compounds
ould  lead  to  mutagenic,  toxic,  and  even  carcinogenic
roperties.12 EPHX4  is  primarily  expressed  in  the  brain,  how-
ver,  some  studies  reported  EPHX4  was  also  expressed  in
seudomyxoma  peritonei  and  normal  colonic  epithelia,13

revious  studies  have  not  evaluated  the  expression  level  of
PHX4  in  LSCC.

In  this  report,  we  demonstrated  the  prognostic  impact
nd  the  immune  implication  of  EPHX4  in  LSCC.  To  the  begin-
ing,  we  analyzed  the  relationship  between  the  expression
evel  of  EPHX4  and  the  Overall  Survival  (OS)  of  EPHX4
n  LSCC  patients  from  The  Cancer  Genome  Atlas  (TCGA)
atasets.  Secondly,  we  systematically  studied  the  sta-
us  of  lymphocytes  and  the  signaling  pathways  regulating
he  EPHX4-regulated  immune  response.  Furthermore,  we
erformed  in  vitro  assay  to  investigate  the  function  of
PHX4  in  LSCC  cell  lines.  Our  results  showed  the  poten-
ial  role  of  EPHX4  in  LSCC  would  help  us  to  understand  the
nderlying  molecular  mechanism  between  EPHX4  and  the
umor-immune  microenvironment  in  LSCC.

ethods

ata  collection  and  processing

SCC  patients  datasets  were  downloaded  from  TCGA
atasets  (https://portal.gdc.cancer.gov/),  included  111

umor  and  12  nontumor  specimens.  The  expressing  data
f  mRNAs  were  analyzed  by  th  the  limma  package  for

 software.  The  R  package  ‘‘survival’’  was  performed  to
nvestigate  the  relationships  between  LSCC  patients  and
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he  survival  data.  All  original  data  are  downloaded  from
CGA  datasets.  The  experimental  study  was  approved  by
he  Ethics  Committee  of  the  Second  Affiliated  Hospital  of
antong  University.

etermination  of  tumor-infiltrating  immune  cells  in
CGA laryngeal  cancer

e  used  Cell  Type  Identification  by  Estimating  Relative
ubsets  of  RNA  Transcripts  (CIBERSORT)  way  to  qualify
nd  quantify  22  different  types  of  immune  cells  in  tis-
ues  (https://cibersort.stanford.edu/).  This  method  mostly
epends  on  a  leukocyte  gene  signature  matrix,  called  LM22.

elationships  between  EPHX4  and  tumor  immune
ell infiltration

umor  Immune  Estimation  Resource  (TIMER)  was  applied
o  understand  a  comprehensive  profile  of  tumor  immune
ells  of  pan-cancer  (cistrome.dfci.harvard.edu/TIMER/).  We
valuated  six  immune  infiltrates  (neutrophils,  macrophages,
endritic  cells,  B-cells,  CD4+  T-cells  and  CD8+  T-cells)  in
NSCC  by  utilizing  this  website  server.  Several  modules  were
ainly  provided  on  this  website,  containing  Gene,  Survival,
utation,  SCNA,  Diff  Exp,  Correlation,  and  Estimation.  We

nvestigated  correlation  between  immune  cell  infiltration
nd  survival,  EPHX4  copy  numbers,  EPHX4  mRNA  expression
evels,  and  individual  immune  cell  infiltration.

mmunomodulators

he  relationship  between  immunomodulators  and  EPHX4
xpression  were  explored  from  a web  portal  TISIDB
http://cis.hku.hk/TISIDB/) to  explore  tumor-immune  sys-
em  interactions.  We  analyzed  immunostimulators  and
mmunoinhibitors  that  were  significantly  associated  with
PHX4  expression  (Spearman  correlation  test,  p  < 0.05).
he  result  of  protein  network  was  then  subjected  to  GO
nnotation  and  KEGG  pathway  enrichment  analysis  utiliz-
ng  web-based  tools  (https://string-db.org/) and  WEB-based
ene  SeT  Analysis  Toolkit  (http://www.webgestalt.org/).

ell  culture

ne  human  laryngeal  cancer  cell  line-HN6,  were  obtained
rom  Typical  Culture  Cell  Bank,  Chinese  Academy  of  Sci-
nces  (Shanghai,  China),  and  cultured  in  DMEM  supplement
ith  10%  FBS  (Thermo  Fisher  Scientific)  and  1%  penicillin-

treptomycin.

mmunoblotting

ells  were  lysed  with  ice-cold  RIPA  buffer  supplemented
ontaining  125  mM  Tris-HCl  (Ph  6.8),  4%  SDS,  20%  glycerol,

nd  0.004%  bromphenol  blue  supplemented  with  complete
rotease  cocktail.  Protein  concentrations  were  measured
ith  a  BCA  protein  assay  kit  (Pierce).  Proteins  in  the  lysates
ere  separated  by  SDS-PAGE  and  immunoblotted.

https://portal.gdc.cancer.gov/
https://cibersort.stanford.edu/
http://cistrome.dfci.harvard.edu/TIMER/
http://cis.hku.hk/TISIDB/
https://string-db.org/
http://www.webgestalt.org/
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Figure  1  The  expression  of  EPHX4  in  laryngeal  cancer  and  its  clinical  significance.  (A)  The  significant  upregulation  of  EPHX4  was
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bserved in  laryngeal  cancer.  (B)  Survival  assays  based  on  TCG
CGA datasets  with  high  EPHX4  expression.

NA  isolation  and  qPCR  analysis

otal  RNA  was  isolated  with  TRIzol  reagent  (Takara),  and
DNA  was  then  produced  with  a  RevertAid  First  Strand  cDNA
ynthesis  (Roche)  and  served  as  template  for  real-time
CR  using  an  SYBR  Green-based  qRT-PCR  system  accord-
ng  to  the  manufacturer’s  protocol.  Elative  RNA  levels  of
ndicated  genes  were  determined  using  the  comparative
−��CT method  and  normalized  to  GAPDH.

RT-PCR  primers  used:
EPHX4  (forward:  5’–3’:  TACGTGCGGATCAAGGATTCA,

everse:  5’–3’:  GGTAACGCCAAGAATACCAGAA)
GADPH  (forward:  5’–3’:  GGAGCGAGATCCCTCCAAAAT,

everse:  5’–3’:  GGCTGTTGTCATACTTCTCATGG).

ell  proliferation  assay

 ×  103 cells  were  plated  into  a  new  96-well  plate.  The  cell
iability  was  detected  by  CCK-8  assay  kit  (Pierce)  following
he  manufacturer’s  protocols  at  indicated  timepoints  after
eeding.  The  results  were  analyzed  by  GraphPad  Prism  8.0
ool.

olony  formation  assay

N6  or  stable  cell  lines  were  obtained  with  0.25%  trypsin,
ounted,  and  seeded  into  a  new  6-well  dish  at  2  ×  103

ells/dish.  After  10  days,  the  colonies  were  calculated  after
xed  with  paraformaldehyde  (4%),  followed  by  staining  with
%  crystal  violet  and  imaging.

ound-healing  assay
N6  or  stable  cell  lines  were  obtained  and  seeded  into
ew  6-well  plates,  The  next  day,  cells  were  mechanically
cratched.  We  got  images  at  the  same  wounded  region  at  the
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tasets.  A  poor  prognosis  was  observed  in  laryngeal  cancer  by

ndicated  timepoints  after  wounding,  and  the  percentage  of
ound  closure  was  determined  by  Image  J  software.

HC

e  conducted  IHC  assays  based  on  the  standard  protocol
reviously.14 Cancer  samples  from  LSCC  patients  were  sec-
ioned  into  4-�m  thick  slides  for  the  detection  into  of  EPHX4
xpression.  Staining  was  conducted  following  to  standard
rotocol.

An  immunoreactive  intensity  score  was  calculated  by
ultiplying  the  staining  value  with  the  percentage  category

alue,  and  finally  the  average  score  was  calculated  from
cores  of  the  three  independent  pathologists.

tatistical  analysis

he  proper  statistical  analyses  that  were  conducted  using
PSS  and  Graph  Prime  8.0  software.  Unpaired  Student  t  tests
as  performed  to  compare  between  two  groups,  statistical

ignificance  was  determined  as  indicated  in  the  figure  leg-
nd.  p  <  0.05  was  considered  significant;  *p  <  0.05;  **p  <  0.01;
**p  <  0.001;  Kaplan-Meier  plots  with  log-rank  test  were  used
o  analyze  overall  survival  data.

esults

pregulation  EPHX4  expression  and  its  prognostic
alue in laryngeal  cancer

o  explore  the  possible  function  of  EPHX4  in  LSCC,  we  found
hat  the  mRNA  expression  level  of  EPHX4  was  significantly

pregulated  in  LSCC  compared  with  normal  tissues  (Fig.  1A).
urvival  analysis  based  on  TCGA  datasets  revealed  that  LSCC
atients  with  low  EPHX4  displayed  a  longer  overall  survival
han  those  with  high  EPHX4  expression  (p  =  0.003)  (Fig.  1B).
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tumor  specimens  for  TCGA  LSCC  cohorts  is  showed  in
Figure  2  Evaluation  of  the  proportions  of  22

he  landscape  of  infiltrating  immune  cells  in
aryngeal cancers  and  nontumor  tissues
o  delve  into  the  association  of  EPHX4  levels  with  the
attern  of  immune  cells,  we  extracted  and  processed  the
ignature  gene  profile  by  the  use  of  CIBERSORT  method.

F
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4

s  of  immune  cell  infiltration  in  TCGA  cohorts.

fter  removing  the  samples  with  p  ≥  0.05,  the  landscape
f  the  infiltrating  immune  cells  in  cancerous  and  non-
ig.  2. When  compared  to  normal  tissues,  the  proportions
f  T  cells  CD4  naive  and  macrophages  M1  were  signifi-
antly  increased,  while  B-cells  naive,  T-cells  CD4  memory
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Figure  3  Associations  between  EPHX4  gene  and  immune  cell  infiltration  levels.  (A)  Heatmaps  and  violin  plots  showed  the  differ-
ences in  the  immune  cell  distribution  between  malignant  (red)  and  normal  (blue)  tissue  in  laryngeal  cancer  cohorts.  (B)  The  bar
chart summarized  the  percentage  of  22  infiltrated  immune  cells  from  laryngeal  cancer  and  normal  tissues.
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Figure  4  Significant  (A)  GO  and  KEGG  pathw

esting,  monocytes,  mast  cells  resting  and  eosinophils  in
SCC  decreased.  In  comparison  to  normal  specimens,  dif-
erent  patterns  of  the  infiltrating  immune  cells  in  TCGA
SCC  cohorts  are  shown  in  Fig.  3A.  Moreover,  in  TCGA
SCC  cohorts,  different  correlations  pattern  among  the
mmune  cells  were  found  (Fig.  3B).  Our  results  demonstrated
hat  EPHX4  could  regulate  the  immune  activity  of  LSCC
icroenvironment.

O  and  KEGG  pathway

e  further  conducted  correlation  analysis  and  found  59
enes  significantly  related  to  the  expression  of  EPHX4.  More-
ver,  we  conducted  GO  assays,  and  Fig.  4A  lists  the  top  10
f  each  aspect.  The  enriched  BP  (Biological  Process)  was
nvolved  in  cell  chemotaxis,  response  topologically  incorrect
rotein,  positive  regulation  of  regulated  secretory  pathway,
ositive  regulation  of  exocytosis,  ER-associated  misfolded
rotein  catabolic  process,  endoplasmic  reticulum  man-
ose  trimming,  retinal  ganglion  cell  axon  guidance,  protein
emannosylation  protein,  alpha-1,2-demannosylation,  cel-
ular  response  to  misfolded  protein.  The  enriched  CC  (Cel-
ular  Components)  involved  secretory  granule  membrane,
colin-1-rich  granule  membrane,  tertiary  granule,  endoplas-
ic  reticulum  quality  control  compartment,  immunological

ynapse,  cornified  envelope,  intrinsic  component  of  synap-
ic  vesicle  membrane,  tertiary  granule  membrane,  specific
ranule  membrane.  The  enriched  MF  (Molecular  Function)
nvolved  unfolded  protein  binding,  protein  tyrosine  kinase
ctivity,  UDP-glucosyltransferase  activity,  transmembrane-
phrin  receptor  activity,  glucosyltransferase  activity,  ephrin
eceptor  activity,  ephrin  receptor  binding,  transmembrane
eceptor  protein  tyrosine  kinase  activity,  amyloid-beta
inding,  transmembrane  receptor  protein  kinase  activ-

ty.  We  also  found  five  KEGG  pathways  related  to  the
ysregulation  of  EPHX4  mRNA  expression,  which  com-
rised  with  protein  processing  in  endoplasmic  reticulum,
moebiasis,  viral  protein  interaction  with  cytokine  and

C
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B)  analysis  of  the  EPHX4  coexpression  genes.

ytokine  receptor,  lysosome  and  natural  killer  cell  mediated
ytotoxicity  (Fig.  4B).

orrelations  between  EPHX4  expression  and
mmune cells

ext,  we  evaluated  the  correlation  between  the  expres-
ion  levels  of  EPHX4  and  immune  cell  infiltration  using
ISIDB  (http://cis.hku.hk/TISIDB/)  database,  which  showed
he  relationship  between  EPHX4  expression  and  abundance
f  28  TILs  in  different  types  of  cancer.  Moreover,  we  found
hat  the  expression  of  EPHX4  is  more  closely  related  to  the
bundance  of  Mast,  CD56bright,  CD56dim,  Tem  CD8,  Mem  B,
eutrophil,  NKT,  pDC,  NK,  Th1,  Act  CD  8,  Macrophage,  Treg,
ct DC  in  HNSCC  (Fig.  5).

elationship  between  EPHX4  expression  and
mmunomodulators

o  further  investigate  the  association  EPHX4  expression
ith  immunomodulators,  we  first  studied  the  relationship
etween  EPHX4  expression  and  immunoinhibitors  among
arious  human  cancer  types.  The  results  showed  that  EPHX4
xpression  was  obviously  associated  with  immunoinhibitors
n  different  kinds  of  cancer.  The  significant  association
etween  EPHX4  and  immunoinhibitors  in  HNSCC  was  also
ound.  Then,  we  analyzed  the  association  between  EPHX4
xpression  and  immunostimulators  and  MHC  molecule.  The
esults  showed  that  EPHX4  expression  correlated  obviously
ith  parts  of  immunostimulators  and  MHC  molecule  in
NSCC  (Fig.  6).

We  also  explored  the  signaling  molecular  pathways  by
hich  EPHX4  might  modulate  the  immune  response  in
NSCC.  We  identified  immunostimulators  (VTCN1,  TGFB1,

DC244,  LAG3,  PDCD1,  TIGIT,  IDO1,  CD274,  ADORA2A,
DR)  and  immunoinhibitors  (TNFSF13,  TNFSF4,  KLRC1,
NFRSF25,  IL2RA,  CXCR4,  ENTPD1,  ULBP1,  RAET1E,  KLRK1,
D276,  TMIGD2,  IL6,  CXCL12,  C10ORF54,  NT5E,  TNFRSF4,

http://cis.hku.hk/TISIDB/
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Figure  5  Correlation  between  EPHX4  expression  levels  and  immune  cell  subsets.  The  red  and  black  asterisks  in  the  correlation
heatmap indicated  various  immune  cell  types  significantly  associated  with  EPHX4  expression  levels  in  laryngeal  cancer  cohorts.  The
dot plots  showed  the  correlations  between  EPHX4  expression  levels  and  immune  cell  subsets  in  laryngeal  cancer  cohorts.
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Figure  6  Correlation  between  EPHX4  expression  levels  and  immunomodulators.  The  red  and  black  asterisks  in  the  correlation
h socia
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eatmap indicated  different  immunomodulators  significantly  as
he dot  plots  showed  the  correlations  between  EPHX4  expressio

NFRSF13C,  CD40,  TMEM173)  significantly  associated  with
PHX4  in  HNSCC.  we  analyzed  protein-protein  network  of
0-associated  immunomodulators  produced  by  the  STRING
nline  server  (Fig.  7A).  GO  was  used  to  annotate  these
0  genes  and  KEGG  pathway  enrichment  analysis  of  these
ene  showed  that  cytokine-cytokine  receptor  interac-
ion,  intestinal  immune  network  for  IgA  production,  cell

dhesion  molecules,  natural  killer  cell  mediated  cytotoxi-
ity,  rheumatoid  arthritis,  Malaria  signaling  pathway  were
ssociated  with  EPHX4-mediated  tumor-immune  microenvi-
onment  (Fig.  7B,C).

e

d
E

8

ted  with  EPHX4  expression  levels  in  laryngeal  cancer  cohorts.
vels  and  immunomodulators  in  laryngeal  cancer  cohorts.

epletion  of  EPHX4  suppressed  cell  proliferation,
lonogenicity,  migration  in  laryngeal  cancer

o  specify  the  role  of  EPHX4  gene  in  LSCC,  we  then  con-
tructed  a  shRNA-EPHX4  and  EPHX4  vector  to  knockdown
nd  overexpression  of  EPHX4  respectively  in  laryngeal  cell
ine  (HN6  cell  line).  Their  knockdown  and  overexpression  of

fficacy  was  evaluated  by  western  blotting  (Fig.  8

A).  As  determined  by  CCK8  experiments,  EPHX4  knock-
own  inhibited  cell  proliferation,  while  re-expresssion-
PHX4  reversed  effects  (Fig.  8B).  EPHX4  knockdown
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Figure  7  Analysis  of  immunomodulators  associated  with  EPHX4  expression  levels.  (A)  Protein-protein  network  of  30-associated
immunomodulators  in  laryngeal  cancer,  produced  by  the  STRING  online  server.  (B)  Gene  Ontology  annotation  of  30-associated
immunomodulators  in  laryngeal  cancer.  (C)  Kyoto  Encyclopedia  of  Genes  and  Genomes  pathway  analysis  of  the  above  those  30
genes.
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Figure  8  EPHX4  promoted  the  proliferation,  migration  of  laryngeal  cancer  cell  line.  (A)  Immunoblotting  of  normal  con-
trol (NC)  versus  EPHX4  knowdown  with  sh#1,  sh#2,  and  vector  versus  EPHX4-overexpressing  (EPHX4)  efficiencies  in  HN6  cell
line. (B)  CCK-8  assay  was  performed  in  NC  and  EPHX4  knockdown  and  overexpression  in  HN6  cell  line.  (C)  Clonogenic  assays  of
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uppressed  colony  formation  ability,  while  EPHX4  re-
xpresssion-EPHX4  also  rescued  effects  (Fig.  8C).

Cancer  cell  migration  plays  a  key  role  in  cancer  progres-
ion.  To  explore  the  role  of  EPHX4  in  migration,  a  cell  scratch
ssay  was  conducted  to  investigate  the  horizontal  migra-
ion  ability.  Our  results  showed  that  migration  was  inhibited
n  EPHX4  knockdown  cell  line,  while  EPHX4  re-expresssion-
PHX4  rescued.  horizontal  migration  ability  of  HN6  cell  line
Fig.  8D).  To  explore  the  expression  pattern  of  EPHX4,  we
erformed  an  IHC  staining  to  analyze  its  expression  in  LSCC
umor  tissues,  EPHX4  protein  was  expressed  at  significantly
igher  levels  in  LSCC  tumor  tissues  than  in  paired  normal
issues  (Fig.  8E).

iscussion

SCC  patients  in  advanced  and/or  metastatic  stagehave  a
erious  poor  prognosis.15 Recent  studies  showed  that  the
umor-immune  interactions  are  critical  in  the  progression
f  LSCC.6 A  recent  study  reported  that  Orphanin  might  be

 novel  oncogenic  biomarker  for  LSCC,  which  is  involved  in
entral  and  peripheral  functions  such  as  modulation  of  pain
nd  so  on.  That  results  suggest  the  important  role  of  neu-
ons  in  LSCC  progression.16 This  sobering  date  suggest  the
rgent  need  to  find  novel  biomarkers  and  explore  potential
mmune-related  therapeutic  targets  for  LSCC.

In  this  research,  firstly  we  evaluate  the  EPHX4  expression
nd  prognostic  of  this  gene  in  LSCC  patients.  The  expres-
ion  level  of  EPHX4  was  higher  in  LSCC  tissues  the  in  normal
issues,  and  low  EPHX4  were  significantly  associated  with
etter  OS  in  TCGA  LSCC  cohorts.  Altogether,  these  results
emonstrate  EPHX4  may  act  as  an  oncogenic  function  and  a
utative  prognostic  biomarker  for  LSCC  patients.

Accumulating  evidence  has  showed  that  there  is  a  great
pportunity  to  predict  and  guide  tumor  immunotherapeutic
esponsiveness  due  to  the  constant  recognition  of  the  impor-
ance  of  cancer  immune  microenvironment.17 Our  study
howed  that  EPHX4  expression  is  closely  associated  with  the
mmunity  of  HNSCC.  First,  we  found  that  EPHX4  gene  copy
umbers  were  significantly  associated  with  the  infiltration
atterns  in  HNSCC,  such  as  T-cell  CD8+  and  T-cell  CD4+  mem-
ry.  Then,  TISIDB  analysis  was  performed  to  investigate  the
elationship  between  EPHX4  expression  and  immune  cells,
nd  we  discovered  that  there  were  significantly  positive
orrelations  between  EPHX4  expression  and  abundances  of
-cells  CD4  naive  and  macrophages  M1,  while  negative  corre-
ations  between  EPHX4  expression  and  abundances  of  B-cells
aive,  T-cells  CD4  memory  resting,  monocytes,  mast  cells
esting,  and  eosinophils  also  were  found.  Above  all  results

erified  that  an  important  role  of  EPHX4  in  cancer  immune
icroenvironment.  In  this  study,  high  expression  of  EPHX4
xpression  predicted  a  poor  prognosis  in  LSCC.  The  negative
ole  of  EPHX4  expression  prognosis  of  HNSCC  patients  was

e
d
t
i

C  and  EPHX4  knockdown  and  overexpression  HN6  cell  line  were  r
ealing assays  of  EPHX4  knockdown  and  overexpression  in  HN6  cel
PHX4 protein  levels  in  LSCC  tumors  and  in  paired  normal  tissues.Sc
ower in  ESCC  tumors  than  in  paired  normal  tissues  (n  =  12).
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onsistent  to  different  potential  roles  of  various  immune  cell
ypes.  These  findings  further  suggested  that  EPHX4  might  be
n  important  linkage  between  progression  and  prognosis  sur-
ival  of  LSCC  patients  which  might  act  as  indicator  for  LSCC
reatments.

Nowadays,  increasing  evidence  verified  that  immune
heckpoint  blockade  plays  a  vital  role  in  the  treatment
or  cancer  therapy,  especially  for  advanced  cancers.18 To
etter  understand  the  underlying  molecular  and  biological
unction  of  EPHX4  protein,  we  performed  TISIDB  analysis  to
pecify  the  relationship  between  EPHX4  and  immunomod-
lator  in  HNSCC.  Most  of  the  immune  gene  integrated  into
rognostic  signatures  involved  in  the  regulation  of  the  activ-
ty  and  proliferation  of  T-cells,  highlighting  the  importance
f  T-cell-mediated  immunity  in  HNSCC.  However,  to  our
urprise,  our  results  demonstrated  that  EPHX4  was  signifi-
antly  negatively  correlated  with  CD274,  PDCD1,  IDO1  and
AG3,  which  all  attenuate  anti-tumor  immunity  and  escape
estruction  by  the  immune  system.  Therefore,  EPHX4  might
e  a  biomarker  for  not  efficacious  therapy  based  on  CD274,
DCD1,  IDO1  and  LAG3  targets.  Our  results  demonstrated
hat  risk  scores  based  on  EPHX4-associated  immunomodu-
ators  could  identify  risk  groups  determined  by  differential
xpression  patterns  of  a  set  of  signature  genes.  Our  findings
ight  promote  the  development  of  well-defined  signatures

or  LSCC  patients’  prognoses.
Using  TCGA-HNSCC  datasets,  a  KEGG  pathway  analysis  of

PHX4-associated  immunomodulators  revealed  that  natural
iller  cell  mediated  cytotoxicity  might  participate  in  EPHX4-
ediated  immune  response.  The  process  of  T-cell  activation
eeds  antigen  processing  and  presentation,  NK  cell  activa-
ion  is  governed  by  the  interaction  of  NK  receptors  with
arget  cells.  Many  positive  results  are  emerging  for  devel-
ping  and  processing  NK  cell-based  cancer  immunotherapy.
owever,  there  are  many  problems  to  overcome,  for  exam-
le,  difficulty  to  suit  clinical-grade  ex  vivo  proliferation,
imited  in  vivo  persistence  and  infiltration  to  solid  tumors,
nd  tumor  editing  to  evade  NK  cell  activity.  In  our  study,  it
s  biologically  plausible  to  speculate  that  EPHX4  might  influ-
nce  the  efficacious  of  NK-target  therapy,  further  exploring
he  molecular  function  of  EPHX4  in  NK  cells  is  helpful  to
oost  NK-target  tumor  immunity.

However,  this  study  needs  to  be  expanded  to  overcome
everal  limitations.  Firstly,  although  we  performed  in  vitro
ssays  to  verify  the  function  of  EPHX4  in  tumor  progres-
ion,  our  results  were  derived  from  a  public  database.  The
linical  prospective  research  with  a  larger  sample  size  is
rgently  required  to  validate  our  results.  Secondly,  we  com-
rehensively  studied  the  immune  implications  of  EPHX4  in
NSCC;  however,  the  molecular  mechanism  between  EPHX4

xpression  and  immune  response  is  still  unknown.  Further
etailed  assays  should  focus  on  cell  and  animal  research
o  specify  the  underlying  molecular  mechanism  of  EPHX4
n  LSCC  samples.  Thirdly,  we  preliminarily  explored  the

ecorded  (left)  and  quantitatively  analyzed  (right).  (D)  Wound
l  line  were  recorded.  (E)  Left:  Representative  IHC  images  of
ale  bar:100  uM.  Right:  EPHX4  protein  levels  were  significantly
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elationship  between  the  changes  of  immunomodulator  and
PHX4  expression,  a  certain  number  of  clinical  specimens
nd  co-cultivation  assays  were  still  needed  to  validate  our
ioinformatics  results  in  the  future.

In  summary,  our  results  demonstrate  that  EPHX4  was
xpressed  at  high  levels  in  LSCC  tissues,  and  high  expres-
ion  of  EPHX4  in  LSCC  patients  predict  poorer  prognosis.
PHX4  expression  was  strongly  associated  with  immune
haracteristics,  including  infiltrating  immune  cells  and
mmunomodulators.  All  these  findings,  together  suggested
hat  EPHX4,  might  act  an  important  role  in  the  can-
er  immune  microenvironment  of  LSCC.  Therefore,  EPHX4
as  predicted  to  be  a  probable  candidate  as  both  a  new

mmunotherapeutic  method  and  a  prognostic  indicator  for
SCC  treatment.

onclusion

ur  study  demonstrated  that  EPHX4  is  an  oncogene  in  LSCC
atients  and  compared  EPHX4  mRNA  expression  levels  with
mmune  characteristics.  We  propose  that  EPHX4  might  be  a
otential  immunotherapeutic  target  for  LSCC.  In  the  future
tudy,  we  will  perform  in  vitro  and  in  vivo  experiments  to
alidate  the  role  of  EPHX4  in  immunotherapeutic  value  of
SCC  patients.
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