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Summary
Background  and  aims:  Recent  meta-analysis  of  genome-wide  association  studies  (GWASs)  iden-
tified a  novel  variant  rs992157  at  2q35  that  was  associated  with  colorectal  cancer  (CRC)  in  the
population  of  European  ancestry.  We  aimed  to  replicate  the  association  of  rs992157  with  CRC  in
the Chinese  population  and  to  further  determine  the  real  susceptible  gene  of  CRC  as  indicated
by this  variant.
Methods:  824  CRC  patients  and  1063  healthy  controls  were  included.  The  frequency  of  the
genotype and  the  allele  of  rs992157  were  compared  between  the  patients  and  the  controls  and
between  different  subgroups  of  patients  classified  by  status  of  metastasis.  Expression  level  of
TMBIM1 was  compared  between  the  tumor  tissue  and  the  adjacent  normal  tissues  collected
from 43  patients  during  surgery.  Besides,  the  relationship  between  genotypes  of  rs992157  and
the tissue  expression  of  TMBIM1  was  analyzed.
Results:  Patients  were  found  to  have  significantly  higher  frequency  of  allele  G  than  the  controls
(44.2% vs.  40.0%,  P  =  0.009;  OR  =  1.18).  Moreover,  allele  G  was  associated  with  an  increased
risk of  lymph  node  metastasis  (P  =  0.02)  and  distant  metastasis  of  CRC  (P  =  0.04).  The  mean

expression  level  of  TMBIM1  was  significantly  higher  in  tumor  tissue  than  in  the  adjacent  normal
tissues (0.0019  ±  0.00068  vs.  0.00041  ±  0.00024,  P  <  0.001).  In  addition,  patients  with  genotype
GG were  found  to  have  remarkably  higher  TMBIM1  expression  in  the  tumors  than  those  with
genotype AA  (0.0024  ±  0.00052  vs.  0.0015  ±  0.00078,  P  =  0.005).
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Conclusion:  Variant  rs992157  is  significantly  associated  with  the  susceptibility  and  progression
of CRC.  It  can  increase  the  risk  of  CRC  possibly  via  up-regulation  of  TMBIM1.
© 2018  Elsevier  Masson  SAS.  All  rights  reserved.
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Introduction

Colorectal  cancer  (CRC)  is  a  common  malignancy  leading  to
cancer-related  death  worldwide  [1,2,3].  In  previous  studies,
it  has  been  well  documented  that  family  history  is  a  strong
risk  factor  for  CRC,  thus  implicating  the  role  of  genetic  fac-
tors  in  the  development  of  the  disease  [4,5,6]. To  date,  many
candidate  genes  have  reported  to  be  associated  with  CRC,
including  POLD1,  APC,  MUTYH  and  SMAD4  [7,8,9,10].  Lim-
ited  by  small  sample  sizes  or  by  the  selection  bias,  however,
only  a  few  of  those  reported  variants  can  be  successfully
replicated  in  different  populations.

Compared  with  high-penetrance  mutations,  common
variants  had  weaker  contribution  to  CRC  risk.  Theoretically,
a  combination  of  common  variants  could  help  differentiate
individuals  with  higher  risk  of  CRC  among  general  popula-
tions.  Recently,  genome-wide  association  studies  (GWASs)
have  been  used  to  identify  more  CRC  susceptible  variants  in
different  populations  [11—13].  It  was  estimated  that  these
newly  identified  loci  can  explain  approximately  15%  of  the
heritability  for  CRC  [12].  It  is  noteworthy  that  most  GWASs
have  been  conducted  in  patients  from  European  ancestry,
the  outcome  of  which  may  show  weak  association  with  CRC
in  other  ancestry  groups.

In  a  recent  meta-analysis  of  GWASs,  a  common  variant
rs992157  at  2q35  was  found  to  be  associated  with  CRC  in
the  population  of  European  ancestry  [14].  Subsequently,  the
association  between  rs992157  and  CRC  was  replicated  in  five
Northern  European  cohorts  composed  of  4,439  CRC  cases  and
15,847  controls  [15].  Given  the  possibility  of  considerable
differences  in  genetic  architecture  across  populations  such
as  allele  frequencies  or  the  extent  of  linkage  disequilibrium
(LD),  replication  of  rs992157  in  populations  of  non-European
ancestry  appears  reasonable.  Herein,  for  the  first  time,  we
carried  out  a  case-control  study  to  genotype  rs992157  in
829  CRC  cases  and  1,345  controls  from  the  Chinese  Han
population.  Our  purpose  was  to  replicate  the  association  of
rs992157  with  CRC  in  Chinese  and  to  further  determine  the
real  susceptible  gene  of  CRC  as  indicated  by  this  variant.

Methods

Subjects

Under  the  approval  of  local  institution  review  board,  a  total

of  824  patients  diagnosed  as  CRC  between  December  2010
and  June  2018  at  our  clinic  center  were  retrospectively
reviewed.  The  diagnosis  of  CRC  was  based  on  a  combination
of  physical  condition,  clinical  laboratory  tests,  radiological
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xamination  and  histological  analysis.  The  inclusion  criteria
ere  as  follows:

 receiving  no  chemotherapy  or  radiotherapy  prior  to
surgery;

 with  no  history  of  other  malignant  tumor.

1063  healthy  volunteers  who  underwent  physical  exam-
nation  were  recruited  as  normal  controls.  All  the  controls
ere  excluded  to  have  a  familial  history  of  CRC  or  of  other
alignant  tumors.  Baseline  characteristics  were  collected

or  each  participant.

enotyping

ll  the  patients  signed  the  informed  consent  for  the  collec-
ion  of  peripheral  blood.  The  genomic  DNA  was  extracted
rom  lymphocytes  of  300  �L  peripheral  blood  with  commer-
ial  DNA  extraction  Kit  (Qiagen,  Tokyo,  Japan)  according  to
he  manufacturer’s  instructions  [16]. The  variant  rs992157
as  genotyped  for  each  participant  using  TaqMan  Geno-

yping  Assay  as  described  in  previous  studies  [17,18].
he  genotyping  outcome  was  interpreted  by  LightCycler

®

80  Sequence  Detection  System  (Roche  Diagnostics  GmbH,
annheim,  Germany).  Twenty  percent  of  the  samples  were

andomly  selected  for  replication.  A  duplication  rate  of  100%
as  observed,  which  indicated  high  reliability  of  the  geno-

yping  assay.

issue  expression  of  PNKD  and  TMBIM1

umor  tissue  and  the  adjacent  normal  tissues  were  collected
rom  43  patients  during  the  surgical  intervention.  Total  RNA
as  then  isolated  from  the  frozen  tissues  using  a  commer-
ial  kit  (CWBio.  Co.  Ltd,  Beijing,  China)  [19].  Specifically,
efore  the  isolation  of  total  RNA,  parts  of  the  tissues  were
araffin-embedded  to  evaluate  the  percentage  of  cancer
ells  through  Hematoxylin-Eosin  staining.  All  samples  were
onfirmed  to  have  more  than  90%  cancer  cells.  Reverse
ranscription  into  the  cDNA  and  the  subsequent  quanti-
ative  PCR  was  performed  as  previously  described  [19].
he  quantitative  gene  expression  level  was  measured  using
YBR  Master  Mixture  (TAKARA,  Tokyo,  Japan)  on  the  Light-
ycler  480  (Roche  Diagnostics  GmbH,  Mannheim,  Germany).
lyceraldehyde  3-phosphate  dehydrogenase  (GAPDH)  was
sed  as  the  internal  control.  The  following  specific  primers

re  used:  forward  5’  —  CTATCCCCGGAGCTGGAATAC  -3’,
everse  5’  —  GTGGCCTTTAGGGTAGCGATT  -3’  for  PNKD,
orward  5’  —  GAGAGAGCGGTGAGTGATAGC  -3’,  reverse
’  —  ACCTTTCGGATAAAAGTGTGTCG  -3’  for  TMBIM1  and
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Table  1  Baseline  characteristics  of  the  subjects.

Patients  (n  =  824)  Controls  (n  =  1063)  P

Age  (years)  56.4  ±  13.1  55.9  ±  11.3  0.37
Ratio of  male  to  female  435/389  543/520  0.46
Lymph node  metastasis  N/A  N/A
Negative 393  (47.7%)
Positive  431  (52.3%)
Distant  metastasis N/A  N/A
Negative 439  (53.2%)
Positive 385  (46.8%)

Table  2  Distribution  of  the  genotype  and  allele  frequency  of  rs992157  in  the  patients  and  controls.

Genotype P Allele P Odds  ratio
(95%  CIa)

GG  GA  AA  G  A

Patients  (n  =  824)  154  (18.7%)  421  (51.1%)  249  (30.2%)  0.028  729  (44.2%)  919  (55.8%)  0.009  1.18  (1.04—1.35)
Controls (n  =  1063)  168  (15.8%)  515  (48.4%)  380  (35.7%)  851  (40.0%)  1275  (60.0%)
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a Indicates confidential interval.

orward  5’  —  CCTCTGACTTCAACAGCGACAC-3’,  reverse
’  —  TGGTCCAGGGGTCTTACTCC-3’  for  GAPDH.  The  ampli-
cation  procedure  consisted  of  a  denaturation  step  of
5 ◦C  for  10  min,  45  amplification  cycles  at  95 ◦C  for  10  s,
nnealing  at  60 ◦C  for  30  s and  elongation  at  72 ◦C  for  10  s.
elative  mRNA  expression  was  analyzed  using  the  2−��Ct

ethod  based  on  melting  curve  analyses.  All  amplifications
ere  completed  in  triplicate.

tatistical  analysis

emographic  data  were  compared  between  the  cases  and
he  controls  by  the  Chi-square  test  or  the  student’s  t test.
ardy—Weinberg  equilibrium  (HWE)  test  was  examined  by  a
ne-degree-of-freedom  goodness-of-fit  test.  The  allele  and
enotype  frequencies  were  compared  between  the  cases
nd  the  controls  by  the  Chi-square  test.  In  addition,  the  dis-
ribution  of  genotypes  of  rs992157  was  compared  between
he  subgroups  of  the  patients  stratified  by  metastasis  with
he  Chi-square  test.  The  odds  ratio  (OR)  and  95%  confidence
ntervals  (95%  CIs)  was  calculated  with  the  minor  allele  as
eference.  The  comparison  of  PNKD  and  TMBIM1  expression
n  the  tumor  and  the  adjacent  normal  tissues  was  carried
ut  by  the  Student-t  test.  The  One-way  ANOVA  test  was  used
o  analyze  the  relationship  between  genotypes  of  rs992157
nd  the  tissue  expression  of  PNKD  and  TMBIM1.  SPSS  ver-
ion  19.0  (SPSS  Inc.,  Chicago,  IL,  USA)  was  used  for  the
ata  analysis.  A  P-value  of  <  0.05  was  considered  statistically
ignificant.

esults
emographic  data  of  the  subjects

s  shown  in  Table  1,  the  cases  and  controls  were  matched  in
erms  of  age  (56.4  ±  13.1  vs.  55.9  ±  11.3,  P  =  0.37)  and  gen-
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er  (435/389  vs.  543/520,  P  =  0.46).  The  clinical  pathologic
ata  of  the  patients  including  lymph  node  metastasis  and
istant  metastasis  were  also  summarized  in  Table  1.

ssociation of rs992157 with the development
nd metastasis of CRC

WE  test  showed  no  significant  difference  regarding  the
enotype  frequency  in  the  controls.  As  shown  in  Table  2,
s992157  were  found  to  have  significantly  different  fre-
uencies  of  allele  or  genotype  between  the  cases  and  the
ontrols.  Compared  with  the  controls,  CRC  patients  were
ound  to  have  significantly  higher  frequency  of  genotype  GG
18.7%  vs.15.8%,  P  =  0.028).  Besides,  patients  were  found
o  have  significantly  higher  frequency  of  allele  G  that  the
ontrols  (44.2%  vs.  40.0%,  P  =  0.009;  OR  =  1.18).

As  shown  in  Table  3,  patients  with  allele  G  were  more
ikely  to  develop  lymph  node  metastasis  (P  =  0.02),  with  an
R  of  1.26  (95%  CI  =  1.04  —  1.54).  Comparably,  rs992157  was
lso  significantly  associated  with  an  increased  risk  of  distant
etastasis  of  CRC  (P  =  0.04,  OR  =  1.22).

elationship between genotypes of rs992157
nd gene expression

s  shown  in  Fig.  1, the  mean  expression  level  of  TMBIM1
as  significantly  higher  in  tumor  tissue  than  in  the  adjacent
ormal  tissues  (0.0019  ±  0.00068  vs.  0.00041  ±  0.00024,

 <  0.001).  There  was  no  significant  difference  regarding
he  expression  level  of  PNKD  between  the  two  groups
0.00043  ±  0.00031  vs.  0.00039  ±  0.00025,  P  =  0.51).  Results
f  the  comparison  of  the  TMBIM1  expression  among  differ-

nt  genotypes  of  rs992157  were  shown  in  Table  4.  The  mean
alue  of  TMBIM1  expression  in  tumors  was  0.0024  ±  0.00052
or  genotype  GG,  0.0018  ±  0.00063  for  genotype  GA  and
.0015  ±  0.00078  for  genotype  AA.  Patients  with  geno-
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Table  3  Allele  and  genotype  distribution  of  rs992157  in  patients  stratified  by  metastasis.

Genotype P Allele P Odds  ratio
(95%  CIa)

GG  GA  AA  G  A

Lymphatic  metastasis  0.06  0.02  1.26  (1.04—1.54)
Yes (n  =  431)  91  (21.1%)  223  (51.7%)  117  (27.2%)  405  (47.0%)  457  (53.0%)
No (n  =  393)  63  (16.0%)  198  (50.4%)  132  (33.6%)  324  (41.2%)  462  (58.8%)
Distant metastasis 0.02  0.04  1.22  (1.01—1.49)
Yes (n  =  385) 74  (19.2%) 213  (55.3%) 98  (25.5%)  361  (46.9%)  409  (53.1%)
No (n  =  439) 80  (18.2%) 208  (47.4%) 151  (34.4%) 368  (42.0%) 510  (58.0%)

a Indicates confidential interval.

Table  4  Tissue  expression  of  TMBIM1  and  its  relationship  with  the  genotype  of  rs992157.

Expression  of
TMBIM1

Genotypes  of  rs992157 P

GG  (n  =  10)  GA  (n  =  21)  AA  (n  =  12)

Tumors  0.0024  ±  0.00052  0.0018  ±  0.00063  0.0015  ±  0.00078  0.01
Normal tissue  0.00045  ±  0.00025  0.00037

Figure  1  Tissue  expression  of  TMBIM1.  A.  TMBIM1  was  signifi-
cantly over-expressed  in  tumor  tissues  as  compared  with  normal
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expression  of  TMBIM1  in  the  tumor  tissues.  Data  from  online
tissues  (fold  change  =  4.63,  P  <  0.001).  B.  For  tumor  tissues,
genotype  GG  was  indicative  of  remarkably  higher  expression
of TMBIM1  than  genotype  AA  (P  <  0.001).
type  GG  were  found  to  have  remarkably  higher  TMBIM1
expression  in  the  tumors  than  those  with  genotype  AA
(P  =  0.005).
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 ±  0.00011  0.00035  ±  0.00015  0.32

iscussion

any  new  genetic  variants  associated  with  the  develop-
ent  of  CRC  have  been  reported  through  GWASs,  most  of
hich  were  performed  in  European  descents  [20,21].  Repli-
ation  study  is  important  for  the  validation  of  these  reported
ariants,  which  could  help  expand  the  understanding  of
he  genetic  architecture  of  CRC.  Recently,  through  a  meta-
nalysis  of  seven  GWASs  in  European,  Orlando  et  al  [14]
dentified  that  rs992157  was  a  new  risk  variant  of  CRC  which
as  located  in  the  intron  of  PNKD  and  TMBIM1.  Consistently,

anskanen  et  al  [15]  validated  that  rs992157  was  significan-
ly  associated  with  an  increased  risk  of  CRC  in  the  Finnish
opulation.  In  this  study,  we  evaluated  the  association  of
s992157  with  the  susceptibility  of  CRC  in  the  Chinese  pop-
lation.  For  the  first  time,  we  confirmed  that  rs992157  was
ignificantly  associated  with  CRC  in  our  cohort.  The  allele  G
as  found  to  confer  a  1.18-fold  increased  risk  to  the  devel-
pment  of  CRC,  which  was  in  line  with  the  OR  value  of  1.1
nd  1.14  reported  in  previous  studies  [14,15].

As  rs992157  is  intronic  to  both  PNKD  and  TMBIM1,  it
emains  undetermined  which  of  the  two  genes  could  be
nvolved  in  the  development  of  CRC.  In  the  current  study,
e  analyzed  the  expression  level  of  these  two  genes  in  both
RC  tissues  and  the  adjacent  normal  tissue.  It  was  observed
hat  TMBIM1  was  remarkably  over-expressed  in  the  tumor
issues,  while  there  was  no  significant  difference  regarding
he  expression  of  PNKD.  In  the  study  of  Orlando  et  al  [14],
s992157  was  predicted  to  have  allele  specific  cis-regulatory
elationship  with  the  expression  of  PNKD  and  TMBIM1.  There-
ore,  we  further  investigated  whether  rs992157  was  the
xpression  quantitative  trait  loci  in  the  CRC  tissues.  Patients
ith  genotype  GG  were  found  to  have  significantly  higher
atabase  HaploReg  showed  that  rs992157  was  located  within
 regulatory  region  marked  by  a  number  of  histone  marks
nd  motifs  [22].  Further  investigations  are  needed  to  clarify
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he  functional  role  of  rs992157  in  the  regulation  of  TMBIM1
xpression  in  CRC  tissues.

TMBIM1,  also  named  as  RECS1,  encodes  a  membrane  pro-
ein  localized  in  endosomes  and  lysosomes  [23].  To  date,
here  was  a  lack  of  study  investigating  the  relationship
etween  TMBIM1  and  the  development  of  cancer.  TMBIM1
as  reported  to  play  a  role  in  the  suppression  of  matrix  met-
lloproteinase  production  and  regulation  of  Fas-mediated
poptosis  and  inflammation,  which  was  also  known  as  a  phys-
ological  process  prior  to  the  onset  of  CRC  [24].  Interestingly,
n  our  study,  variant  rs992157  was  found  associated  with  the
etastasis  of  CRC.  Patients  with  genotype  GG  of  rs992157

ad  a  higher  incidence  of  both  lymph  metastasis  and  distant
etastasis.  It  is  therefore  possible  that  TMBIM1  may  function

s  a  trigger  of  CRC  and  promote  cell  migration.  The  pre-
ise  mechanisms  underlying  potential  regulatory  effect  of
MBIM1  on  cell  proliferation  and  migration  of  CRC  is  worthy
f  further  investigation.

The  findings  of  our  study  shed  new  light  on  the  genetic
redisposition  of  the  Chinese  population  to  CRC.  The  sample
ize  of  recruited  subjects  was  sufficient  for  the  reliabil-
ty  of  the  results.  We  validated  that  rs992157  of  TMBIM1
ene  was  associated  with  the  risk  of  CRC  in  Chinese  popula-
ion.  Besides,  we  found  that  rs992157  could  be  a  functional
ariant  regulating  the  expression  of  TMBIM1  in  CRC  tissues.
urther  investigation  into  the  role  of  TMBIM1  in  the  biologi-
al  features  of  CRC  is  warranted  to  uncover  the  etiology  of
RC.

onclusion

ariant  rs992157  is  significantly  associated  with  the  suscep-
ibility  and  progression  of  CRC.  It  can  increase  the  risk  of
RC  possibly  via  up-regulation  of  TMBIM1.  The  precise  mech-
nisms  underlying  the  regulatory  effect  of  TMBIM1  on  CRC
ells  are  worthy  of  further  investigations.

isclosure of interest

he  authors  declare  that  they  have  no  competing  interest.

cknowledgment

e  wish  to  thank  all  the  patients  who  participated  in  this
tudy.

eferences

[1] Chen FW, Sundaram V, Chew TA, Ladabaum U. Low prevalence
of criteria for early screening in young-onset colorectal cancer.
Am J Prev Med 2017;53:933—4.

[2] Imperiale TF. The rising prevalence of early-onset colorec-
tal cancer: Ready and FIT to tackle? Gastrointest Endosc
2017;86:900—2.

[3] Matsuda T, Okuyama A. The estimates of 5-year colorectal can-
cer prevalence in adult population in 2012. Jpn J Clin Oncol

2017;47:669—70.

[4] Laitman Y, Jaeger E, Katz L, Tomlinson I, Friedman E. GREM1
germline mutation screening in Ashkenazi Jewish patients with
familial colorectal cancer. Genet Res 2015;97:11.

[

J.  Zhang  et  al.

[5] Segui N, Pineda M, Navarro M, Lazaro C, Brunet J, Infante M,
et al. GALNT12 is not a major contributor of familial colorectal
cancer type X. Human Mutat 2014;35:50—2.

[6] Therkildsen C, Jonsson G, Dominguez-Valentin M, Nissen
A, Rambech E, Halvarsson B, et al. Gain of chromosomal
region 20q and loss of 18 discriminates between Lynch syn-
drome and familial colorectal cancer. Eur J Cancer 2013;49:
1226—35.

[7] Chen SP, Tsai ST, Jao SW,  Huang YL, Chao YC, Chen YL, et al.
Single nucleotide polymorphisms of the APC gene and colorec-
tal cancer risk: a case-control study in Taiwan. BMC Cancer
2006;6:83.

[8] Esteban-Jurado C, Gimenez-Zaragoza D, Munoz J, Franch-
Exposito S, Alvarez-Barona M, Ocana T, et al. POLE and POLD1
screening in 155 patients with multiple polyps and early-onset
colorectal cancer. Oncotarget 2017;8:26732—43.

[9] Kashfi SM, Golmohammadi M, Behboudi F, Nazemalhosseini-
Mojarad E, Zali MR. MUTYH the base excision repair gene family
member associated with colorectal cancer polyposis. Gastroen-
terol Hepatol Bed Bench 2013;6:1—10.

10] Mamot C, Mild G, Reuter J, Laffer U, Metzger U, Terrac-
ciano L, et al. Infrequent mutation of the tumour-suppressor
gene Smad4 in early-stage colorectal cancer. Br J Cancer
2003;88:420—3.

11] Fernandez-Rozadilla C, Cazier JB, Tomlinson I, Brea-Fernandez
A, Lamas MJ, Baiget M, et al. A genome-wide association study
on copy-number variation identifies a 11q11 loss as a candi-
date susceptibility variant for colorectal cancer. Human Genet
2014;133:525—34.

12] Houlston RS, Cheadle J, Dobbins SE, Tenesa A, Jones AM,
Howarth K, et al. Meta-analysis of three genome-wide asso-
ciation studies identifies susceptibility loci for colorectal
cancer at 1q41, 3q26.2, 12q13.13 and 20q13.33. Nature Genet
2010;42:973—7.

13] Schmit SL, Schumacher FR, Edlund CK, Conti DV, Ihenacho U,
Wan P, et al. Genome-wide association study of colorectal can-
cer in Hispanics. Carcinogenesis 2016;37:547—56.

14] Orlando G, Law PJ, Palin K, Tuupanen S, Gylfe A, Han-
ninen UA, et al. Variation at 2q35 (PNKD and TMBIM1)
influences colorectal cancer risk and identifies a pleiotropic
effect with inflammatory bowel disease. Human Mol Genet
2016;25:2349—59.

15] Tanskanen T, van den Berg L, Valimaki N, Aavikko M, Ness-
Jensen E, Hveem K, et al. Genome-wide association study and
meta-analysis in Northern European populations replicate mul-
tiple colorectal cancer risk loci. Int J Cancer 2018;142:540—6.

16] Horie Y, Kitaichi N, Katsuyama Y, Yoshida K, Miura T, Ota
M, et al. Evaluation of PTPN22 polymorphisms and Vogt-
Koyanagi-Harada disease in Japanese patients. Mol Vision
2009;15:1115—9.

17] Schleinitz D, Distefano JK, Kovacs P. Targeted SNP genotyping
using the TaqMan(R) assay. Methods Mol Biol 2011;700:77—87.

18] Shen GQ, Luo A, Wang QK. High-throughput single-nucleotide
polymorphisms genotyping: TaqMan assay and pyrosequencing
assay. Methods Mol Med 2006;128:209—24.

19] Han H, Lei Q, Zhou Y, Gao J, Liu W, Li F, et al. Association
between BMP15 gene polymorphism and reproduction traits
and its tissues expression characteristics in chicken. PlOS One
2015;10:e0143298.

20] Lascorz J, Forsti A, Chen B, Buch S, Steinke V, Rahner N, et al.
Genome-wide association study for colorectal cancer identi-
fies risk polymorphisms in German familial cases and implicates
MAPK signalling pathways in disease susceptibility. Carcinogen-
esis 2010;31:1612—9.

21] Zanke BW, Greenwood CM, Rangrej J, Kustra R, Tenesa A, Far-

rington SM, et al. Genome-wide association scan identifies a
colorectal cancer susceptibility locus on chromosome 8q24.
Nature Genet 2007;39:989—94.

http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0005
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0010
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0015
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0020
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0025
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0030
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0035
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0040
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0045
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0050
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0055
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0060
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0065
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0070
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0075
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0080
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0085
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0090
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0095
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0100
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0105


ity  o

[

Genetic  variant  of  TMBIM1  is  associated  with  the  susceptibil

[22] Ward LD, Kellis M. HaploReg v4: systematic mining of puta-
tive causal variants, cell types, regulators and target genes
for human complex traits and disease. Nucleic Acids Res

2016;44:877—81.

[23] Lisak DA, Schacht T, Enders V, Habicht J, Kiviluoto S, Schnei-
der J, et al. The transmembrane Bax inhibitor motif (TMBIM)
containing protein family: Tissue expression, intracellular
f  colorectal  cancer  in  the  Chinese  population  329

localization and effects on the ER CA(2)(+)-filling state.
Biochim Biophys Acta 2015;1853:2104—14.

24] Dupaul-Chicoine J, Arabzadeh A, Dagenais M, Douglas T,

Champagne C, Morizot A, et al. The Nlrp3 inflammasome sup-
presses colorectal cancer metastatic growth in the liver by
promoting natural killer cell tumoricidal activity. Immunity
2015;43:751—63.

http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0110
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0115
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120
http://refhub.elsevier.com/S2210-7401(18)30229-8/sbref0120

	Genetic variant of TMBIM1 is associated with the susceptibility of colorectal cancer in the Chinese population
	Introduction
	Methods
	Subjects
	Genotyping
	Tissue expression of PNKD and TMBIM1
	Statistical analysis

	Results
	Demographic data of the subjects

	Association of rs992157 with the development and metastasis of CRC
	Relationship between genotypes of rs992157 and gene expression
	Discussion
	Conclusion
	Disclosure of interest
	Acknowledgment
	References


