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Abstract: The activation of the epithelial-to-mesenchymal transition (EMT) program is an important step for tumor
initiation, invasion, and metastasis in solid tumors, including lung cancer. The purpose of this study was to identify
the sequence variants in the miR-205/200 family-regulated EMT pathway and test their association with risk for lung
cancer. Fifty samples were resequenced to identify sequence variants in the miR-205/200 family-regulated EMT
pathway. The association between tagSNPs and risk for non-small cell lung cancer was discovered and validated in
New Mexico (386 cases and 514 controls) and Massachusetts (2453 cases and 1555 controls) case-control studies,
respectively. The function of SNPs on miR-200b-a-429 promoter activity was tested using luciferase reporter and
expression assays. Forty-one sequence variants with minor allele frequency > 0.03 were identified, and 16 variants
were selected as tagSNPs. Genetic association analysis identified that the G allele of rs61768479 was associated
with a 50% reduced risk for lung cancer (OR=0.50, 95%CI=0.30-0.85, uncorr-P=0.01); however, this association was
not validated (OR=0.90, 95%CI=0.72-1.13, uncorr-P=0.35). The G allele of rs61768479 was associated with lower
promoter activity and miR expression by disrupting the binding of NKX2.5. In summary, no association was identified
between sequence variants in the miR-205/200 family-regulated EMT pathway and risk for lung cancer. However,
this study identified a comprehensive panel of tagSNPs (n=16) in the miR-205/200 family-regulated EMT pathway
that can be applied to other EMT-related phenotypes such as cancer chemoresistence and prognosis.
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Introduction

The activation of the embryogenic epithelial-to-
mesenchymal transition (EMT) program has
been primarily implicated as an important step
for tumor invasion and metastasis in numerous
types of solid tumors, including lung cancer [1].
EMT is a morphogenetic process in which cells
lose their epithelial characteristics and gain
mesenchymal properties accompanied by the
progressive acquisition of a motile and invasive
phenotype [1]. Three independent studies re-
cently identified that immortalized normal

epithelial cells from breast, ovarian, and lung
can acquire morphologic changes and a stem
cell-like phenotype characteristic of EMT follow-
ing the activation of oncogenes or chronic expo-
sure to tobacco carcinogens, respectively [2-4].
These findings extend the role of EMT from can-
cer invasion and metastasis to initiation and
progression of solid tumors.

MicroRNAs (miRs) are evolutionary conserved
small RNAs that modulate gene expression by
inhibiting the protein translation process and/or
degrading the respective target messenger RNA
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[B]. Single nucleotide polymorphisms (SNPs) in
miRs and in 3' untranslated region (UTR) in miR-
regulated genes affect function by modulating
the maturation of miRs and/or the miRNA-
mMRNA interactions [5]. Moreover, these SNPs
were also associated with various cancer phe-
notypes including risk for lung cancer [5]. Inde-
pendent reports have identified that the miR-
205 and miR-200 family (miR-205/200 family)
are key determinants of the epithelial pheno-
type. The miR-205/200 family directly targets
ZEB1 and ZEB2, demonstrating that miRs can
indirectly regulate E-cadherin expression. The
loss of this expression is a critical step in driving
the EMT program into carcinogenesis [1,6].

We hypothesized that sequence variants in the
miR-205/200 family—regulated EMT pathway
could influence risk for lung cancer. This hy-
pothesis was tested by comprehensive re-
sequencing to identify sequence variants in
miRs (MiR-200c¢-141 cluster, miR-205, and miR-
200b-a-429 cluster) and genes (ZEB1, ZEB2,
and E-cadherin) involved in this pathway. The
association between common SNPs identified
and risk for non-small cell lung cancer (NSCLC)
was tested using a discovery and validation
strategy.

Materials and methods
Study populations

The discovery cohort comprised NSCLCs
(n=386) and 514 cancer-free controls fre-
quency matched to cases by age groups (5-y
differences), gender, and former or current
smoking status from New Mexico (NM). The en-
rollment criteria for the NM study have been
described [7]. In brief, patients with lung cancer
were recruited through two local hospitals, the
Veterans Hospital and the University of New
Mexico Hospital. Controls with no history of any
prior cancer were recruited from two ongoing
local smoker cohorts, the Veterans Smokers
Cohort (mainly veterans from Albuquerque), and
the Lovelace Smokers Cohort (general residents
in Albugquerque). Cases over 82 y old (the maxi-
mum age in the control group), cases with any
prior cancer history, never smokers, cases with
small cell lung cancer, or cases with missing
data on smoking-related covariates were ex-
cluded in the data analysis.

A second lung cancer case-control study was
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conducted to validate findings from the NM
study. The study population was derived from a
large ongoing molecular epidemiologic study in
Boston, MA, that began in 1992 and now has
enrolled 2538 NSCLC patients. Details of this
case-control population have been described
previously [7]. Briefly, all histologically con-
firmed, newly diagnosed patients with NSCLC at
Massachusettts General Hospital were recruited
between December 1992 and February 2006.
Before 1997, only early stage (stage | and Il)
patients were recruited. After 1997, all stages
of NSCLC cases were recruited in this study.
Controls (n=1555) were recruited at Massa-
chusettts General Hospital from healthy friends
and nonblood-related family members (usually
spouses) to patients. No matching was per-
formed. Importantly, none of the controls were
patients. Potential controls with a previous diag-
nosis of any cancer (other than nonmelanoma
skin cancer) were excluded from participation.

The demographics of the two study population
are described in Table 1 and 2. Ethical approval
was obtained from the institutional review
boards of Lovelace Respiratory Research Insti-
tute (Western IRB), New Mexico VA Health Care
System, University of New Mexico Hospital, and
the Human Subjects Committees of Massachu-
setts General Hospital and Harvard School of
Public Health. Informed consent was obtained
from each study subject.

Cells lines

Normal human bronchial epithelial cells
(NHBECS) isolated from bronchoscopy of lung
cancer-free smokers (n = 22) and two cancer
cell lines (H1299 and A549) acquired from
American Type Culture Collection (Rockville,
MD, USA) were used in this study. Experiments
were conducted in H1299 and A549 passaged
for < 6 months after resuscitation and in
NHBECs at passage 1.

Discovery of sequence variants in the six candi-
date regions

Twenty-five NSCLC cases and 25 controls that
are Caucasians from NM were selected for dis-
covery of sequence variants. Only Caucasians
were selected for discovery of sequence vari-
ants because >70% and >96% of the partici-
pants in the NM and MA cohorts are Caucasian,
respectively. Genomic DNA isolated from periph-
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Table 1. Demographic data of New Mexico lung cancer case-control study

Variables Controls Cases P value
N 514 386
Age (mean * SD) 65.1+£9.0 65.3+9.1 0.81a
Sex (male, %) 66.2 68.1 0.53¢b
Ethnicity (%) 0.04 v
White 71.2 71.5
Hispanic 22.0 17.6
Others 6.8 10.9
Current smoking status (current 31.9 33.2 0.69 b
smoker, %)
Packyears (median, range) 35 (0.03-205) 52 (0.15-175) <0.0001 ¢

Tumor stage (%)
land Il
lIland IV

Histology (%)
Adenocarcinoma
Squamous cell carcinoma
Others @

43.3
56.7

55.1
20.1
15.8

a Two-sided two-sample t test between cases and controls

b x2 test for differences between cases and controls

¢ Two-sided Wilcoxon rank sum test between cases and controls

d Others included large cell lung cancer, poorly differentiated and other non-small cell lung cancer

Table 2. Demographic data of Massachusetts lung cancer case-control study

Variables Controls Cases P value
N 1555 2538
Age (mean £ SD) 58.7(12.4) 65.2(10.7) <0.0001 2
Sex (male, %) 44.2 51.1 0.0001°
Ethnicity (%) 0.012¢b
White 97.7 96.2
Others 2.3 3.8
Smoking status (%) <0.0001°
Never 35.2 8.9
Ex smoker 45.7 51.8
Current smoker 19.2 39.2
Pack-years for ever smokers (median, range) 20.0 (0.1-218) 51.0 (0.1-231) <0.0001 ¢
Tumor stage (%)
land Il 43.5
llland IV 56.5
Histology (%)
Adenocarcinoma 41.4
Squamous cell carcinoma 20.0
Others d 38.6
Rs61768479 genotype (%) 0.3646 °
Wild type (CC) 87.5 88.4
Heterozygous (CG) 12.1 11.0
Homozygous (GG) 0.4 0.6

a Two-sided two-sample t test between cases and controls.

b x2 test for differences between cases and controls.

¢ Two-sided Wilcoxon rank sum test between cases and controls.

d Others included large cell lung cancer, poorly differentiated and other non-small cell lung cancer.
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Table 3. Identification of sequence variants by deep sequencing

miRs/Genes Regions for re-sequencing 2 Base pairs © No. of variants ¢
miR-200c¢-141 chrl2: 6941423-6944215 2.8 6
miR-205 chr1:207671501-207672810 1.3 2
miR-200b-a-429 chr1:1086424-1090740 & 1091896-1094918 7.3 25
ZEB1 chr10:31856386-31858143 1.8 2
ZEB2 chr2:144861842-144863330 15 0
E-cadherin chrl6:67327618-67328993 1.4 6
Total 16.0 41

SNPs 32

I/Dd 9

a Coordinates based on NCBI build 36; P Unit is kilo base pairs; ¢ MAF > 0.03; ¢ I/D symbolizes insertion/deletion

polymorphisms

eral lymphocytes was used for this analysis. The
genomic regions for primary transcripts of miR-
200c-141 cluster, miR-205, and miR-200b-a-
429 cluster, the 3-UTRs of ZEB1 and ZEB2, and
the promoter of E-cadherin were studied (Table
3). The well characterized promoter of the miR-
200b-a-429 cluster is located 4 kb upstream of
miR-200b [8]. Therefore, a 4.3 kb fragment lo-
cated 1.6 kb upstream of the mature miR-200b
was sequenced. The promoter for the miR-200c¢
-141 cluster and miR-205 has not been charac-
terized. Thus, the putative transcriptional start
sites for the miR-200c¢-141 cluster and miR-205
were searched using University of California,
Santa Cruz (UCSC) genome browser. A 1.8 kb
fragment upstream of mature miR-200c and a
0.6 kb fragment upstream of mature miR-205
were amplified. Sequencing of the purified PCR
product in both directions was conducted by
Sequetech (Mountain View, CA). Sequence vari-
ants were identified using Sequencher 4.8
(Gene Codes Corporation, Ann Arbor, Ml).

Selection of tag SNPs and genotyping

An expectation maximization algorithm was
used to construct the haplotype alleles in the
miR-200c¢-141 cluster, miR-200b-a-429 cluster,
and the promoter of E-cadherin because multi-
ple sequence variants with minor allele fre-
quency (MAF) > 0.04 and not in high linkage
disequilibrium (LD) were identified in these re-
gions [9]. Haplotype-tagging SNPs (htSNPs)
were identified to tag the common haplotypes
(prevalence > 0.05 in Caucasians) using the
R2h algorithm [9]. Additional tagSNPs were se-
lected using the pairwise R2 algorithm with the
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htSNPs forced in. This approach incorporates a
comprehensive set of variants that can tag both
the common haplotype alleles and the ungeno-
typed variants. SNPs and insertion/deletion
polymorphisms that were selected as tagSNPs
were genotyped in the NM samples using the
allele-specific primer extension assay on the
[llumina BeadXpress and Transgenomic Wave
system, respectively. The average call rate for
the 16 tag SNPs in the NM study is 0.94 (0.92-
0.97). Several DNA samples with known geno-
types from the re-sequencing were included in
each plate and assayed together with other
samples for quality control. Samples (10%) were
also randomly selected and genotyped for a
second time, and the concordance was 100%.
The MA samples were genotyped using a
TagMan SNP genotyping assay (Life Technolo-
gies Corporation, Carlsbad, CA). The call rate for
rs61768479 in the MA study is 0.9999. Ten
percent of the MA samples were also genotyped
for a second time and the genotype concor-
dance is 100%. Sequences for primers and
probes and the assay conditions are available
on request.

Functional characterization

Expression of mature miR-200b in NHBECs was
quantified using the miScript SYBR Green PCR
Kit (Qiagen, Valencia, CA). Allele-specific expres-
sion was quantified using a TagMan SNP Geno-
typing Assay from Applied Biosystems (Carlsbad,
CA). This assay was conducted in mRNA and
genomic DNA isolated from the same culture.
The ratio of abundance between G and C alleles
in genomic DNA was set as 100% to calibrate
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the ratio seen in cDNA. The expression plasmids
for NKX2.5 and ZEB1 were acquired from Ori-
gene (Rockville, MD). Mutants of NKX2.5 and
Hapl were generated using a Phusion Site-
Directed Mutagenesis kit (New England Biolabs,
Ipswich, MA). The promoter of the miR-200b-a-
429 cluster with different haplotypes was ampli-
fied by PCR from homozygotes or heterozygotes
when a homozygote for a haplotype was not
present in the 50 subjects used in discovery of
the sequence variants and cloned into the pGL2
-basic vector. The luciferase activity for promot-
ers with different haplotypes was measured
using the Dual Luciferase Assay System
(Promega, Madison, WI). Sequences for primers
and probes and the assay conditions are avail-
able on request.

Statistical analysis

Hardy-Weinberg equilibrium was tested for each
SNP in the controls only, and no deviation from
the Hardy-Weinberg equilibrium was identified
(not shown). The MAF for 16 tag SNPs in the 50
samples for discovery of sequence variants is
between 0.04 and 0.41. Co-dominant inheri-
tance model with 2 degree of freedom that as-
sumes that the effect of the heterozygote differs
from that of both homozygotes was applied to
SNPs with MAF >0.11. The dominant inheri-
tance model that assumes that the effect of the
variant homozygote is equal to that of the het-
erozygote was applied to SNPs with MAF be-
tween 0.04 and 0.11. There is 80% power to
detect an OR of 1.82-1.93 and of 1.88-2.42 in
the NM study for SNPs with MAF >0.11 and with
MAF between 0.04 and 0.11 with Bonferroni
corrected alpha at 0.003 (0.05/16). In addition,
under the dominant model, there is 80% power
to detect an OR of 1.30 in the MA study for
rs61768479 with MAF = 0.065. A logistic re-
gression model was used to calculate the odds
ratios (ORs) and the corresponding 95% confi-
dence intervals (95% Cls) for each individual
genetic variant with adjustment for non-genetic
risk factors selected a priori including age, sex,
ethnicity, current smoking status, and
packyears in the analyses of the NM and MA
studies. The haplotype-based association analy-
sis was conducted for the miR-200c-141 clus-
ter, miR-200b-a-429 cluster, and the promoter
of E-cadherin for the NM samples [9]. Probabili-
ties of the common haplotype alleles generated
by the EM algorithm for each individual were
used as explanatory variables in a logistic re-
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gression model with adjustment for non-genetic
factors to assess the association between the
haplotypes and risk for lung cancer. All statisti-
cal analyses were conducted in Statistical Analy-
sis System 9.2.

Results

Discovery of novel sequence variants and
tagSNPs in the six candidate regions

Forty-one sequence variants with MAFs > 0.03
were identified in the 50 samples used for SNP
discovery that included nine insertion/deletion
polymorphisms and 32 SNPs (Table 4).
Rs72563729 with a 3% MAF locates 2 bp be-
yond the mature miR-200b. However, functional
experiments did not identify any effect of this
SNP on the 3-UTR activity of ZEB1 (not shown).
No other sequence variant was identified in the
region of the six mature miRs. Eight of 41 se-
quence variants with MAF 0.03-0.09 were dis-
covered for the first time. The LD plots for the E-
cadherin promoter, miR-200c-141, and miR-
200b-a-429 in the 50 Caucasians are shown in
Figure 1. Among these 41 sequence variants,
14 SNPs and two deletion polymorphisms were
selected as tagSNPs with nine sequence vari-
ants as the htSNPs that discriminate the com-
mon haplotype alleles in the miR-200c¢-141
cluster, the miR-200b-2-429 promoter, and the
E-cadherin promoter (Table 5).

Association between tagSNPs and risk for lung
cancer in the discovery and validation cohort

Genotyping of the 16 tagSNPs in the NM cases
and controls identified that the G allele of
rs61768479 was associated with a 50% re-
duced risk for NSCLC (OR=0.50, 95%CI=0.30-
0.85, uncorr-P=0.01) (Table 5). Haplotype
based analysis identified that haplotype allele in
the miR-200b-a-429 promoter solely tagged by
rs61768479 (Hap9, Figure 2) is associated with
a reduced risk for NSCLC (not shown). However,
this association was not validated in the MA
samples, although the OR was in the direction
of a protective association (OR=0.90, 95%
Cl=0.72-1.13, uncorr-P=0.35). None of the
other tag SNPs was studied in the MA popula-
tion. The MA study population differs signifi-
cantly from the NM study population in terms of
the age in controls, gender, ethnicity, inclusion
of never smokers, packyears for controls, and
tumor histology. Stratification analysis by smok-
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Table 4. Discovery of sequence variants in miR-205/200 family-regulated EMT pathway

Sequence variants MAF a Alleles b Gene or miR Chr Coordinate ¢
rs7194355 0.23 C/A E-cadherin 16 67327789
rs34561447 0.13 A/- E-cadherin 16 67328208
rs5030625 0.14 -/A E-cadherin 16 67328348
rs16260 0.26 C/A E-cadherin 16 67328535
rs3743674 0.15 T/C E-cadherin 16 67328873
rs45625236 0.13 13-bps deletion d E-cadherin 16 67328924
M2C1N3e 0.03 Cc/T miR-200c¢-141 12 6941893
rs74057236 0.09 G/A miR-200c¢-141 12 6941974
rs7305746 0.03 G/C miR-200c¢-141 12 6942294
rs58463981 0.04 G/A miR-200c¢-141 12 6943258
M2C1N2e 0.05 GA/- miR-200c¢-141 12 6943449
rs16933011 0.09 C/A miR-200c-141 12 6944066
rs1539636 0.07 c/T miR-200b-a-429 1 1086771
rs1539635 0.38 A/G miR-200b-a-429 1 1086955
M2BA429S1e 0.03 C/G miR-200b-a-429 1 1086962
rs1539634 0.06 T/C miR-200b-a-429 1 1086963
rs9442384 0.06 Cc/T miR-200b-a-429 1 1087150
rs61768478 0.30 C/A miR-200b-a-429 1 1087154
rs9442385 0.06 G/T miR-200b-a-429 1 1087198
rs3035611 0.06 -/ACCC miR-200b-a-429 1 1087277
M2BA429S4 e 0.03 G/A miR-200b-a-429 1 1087995
rs61768479 0.07 C/G miR-200b-a-429 1 1088221
rs12135382 0.41 T/C miR-200b-a-429 1 1088284
rs4379629 0.40 G/C miR-200b-a-429 1 1088577
rs5772039 0.06 C/- miR-200b-a-429 1 1088692
rs9660710 0.06 C/A miR-200b-a-429 1 1089205
rs11584885 0.29 G/A miR-200b-a-429 1 1089300
M2BA429S2 e 0.04 23-bps insertion f miR-200b-a-429 1 1089486
rs35668979 0.04 c/T miR-200b-a-429 1 1089673
rs1891905 0.07 T/C miR-200b-a-429 1 1090080
rs1891904 0.09 A/C miR-200b-a-429 1 1090182
rs72563729 0.03 G/A miR-200b-a-429 1 1092426
rs61768480 0.29 G/A miR-200b-a-429 1 1093013
rs34585025 0.08 35-bps deletion & miR-200b-a-429 1 1093253
rs7518873 0.09 G/A miR-200b-a-429 1 1093405
M2BA429N3 e 0.05 T/C miR-200b-a-429 1 1094447
M2BA429N4 e 0.03 Cc/T miR-200b-a-429 1 1094814
rs2249632 0.32 G/A mir-205 1 207671725
rs3842530 0.32 12-bps insertion h mir-205 1 207672260
rs7349 0.09 G/A ZEB1 10 31857911
ZEB1N1e 0.03 T/A ZEB1 10 31857755

a MAF was calculated based on the 50 samples used for sequence variants discovery; ? -’ symbolizes deletion. The
letter after °/’ is the minor allele; ¢ Coordinate is based on NCBI Build 36; ¢ CCCCGTGCCCCAG/-; € Novel polymor-
phisms identified by re-sequencing; f-/TCCCCCCGGGAGCGTCTCAGGCC;
€TCACCCGTCTGCTGGCCCCGCTCGGCCCTCCGCCC/-; h -/GCAGCAGCAGCA

ing status, packyears, and cancer histology was
conducted in the MA study to address theese
potential confounding effects. Interestingly, a
protective effect associated with rs61768479
was identified in light and moderate smokers
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with packyears <40 (OR=0.79, 95%CI=0.60-
1.03), although the association is not statisti-
cally significant (uncorr-P=0.079). No significant
association was identified in either never smok-
ers or heavy smokers. Furthermore,
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Figure 1 The LD plots for the E-cadherin promoter (1A), miR-200c¢-141 cluster (1B), and miR-200b-a-429 cluster (1C).
The number in each diamond represents the r2 between any two corresponding SNPs. The r2 between any two SNPs
in a candidate region is also displayed by the shades of grey in each diamond with white and black representing no

LD (r2 = 0) and prefect LD (r2 = 1), respectively.

rs61768479 was not associated with tumor
histology. A re-sampling approach was also em-
ployed to create a database with 1455 cases
and 655 controls from the large MA study popu-
lation that had age distribution and gender com-
ponent similar to the NM study population. This
study only included non-Hispanic whites and
ever smokers. No statistically significant asso-
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ciation was identified (uncorr-P values > 0.18)
in the overall analysis and the stratification
analyses by gender, packyears, and histology
(not shown).

Functional characterization of rs61768479

Because the promoter of miR-200b-a-429 has
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Table 5. The association between 16 tagSNPs and risk for NSCLC in the New Mexico study

miRs/Genes/SNPs Genotype @ Controls Cases OR (95% Cl)
miR-200c-141 cluster
rs74057236 ¢ c/C 419 302 1.0
C/T&T/T 75 60 1.12 (0.76-1.65)
M2C1IN2 Undel/Undel 449 324 1.0
Undel/Del 58 41 1.03 (0.66-1.61)
rs16933011 ¢ G/G 404 312 1.0
G/T&T/T 87 50 0.75 (0.51-1.11)
miR-200b-a-429 cluster
rs1539636 ¢ G/G 384 292 1.0
G/A & A/A 89 66 1.06 (0.73-1.53)
rs1539635 ¢ A/A 202 151 1.0
G/A 215 163 0.98 (0.72-1.32)
G/G 67 51 0.88 (0.57-1.38)
rs61768478 ¢ G/G 284 211 1.0
G/T 158 123 0.96 (0.70-1.30)
T/T 31 24 0.86 (0.47-1.56)
rs61768479 ¢ c/C 433 341 1.0
C/G & G/G 52 24 0.50 (0.30-0.85) d
rs12135382 ¢ ival 167 125 1.0
T/C 216 171 1.04 (0.76-1.43)
c/C 90 64 0.82 (0.54-1.24)
rs35668979 G/G 458 351 1.0
G/A 24 14 0.83(0.42-1.66)
rs1891905 ival 400 311 1.0
T/C&C/C 72 51 0.94 (0.62-1.40)
rs7518873 c/C 397 294 1.0
C/T&T/T 97 68 1.02 (0.71-1.47)
M2BA429N3 ival 456 342 1.0
T/C&C/C 28 22 0.94 (0.52-1.70)
miR-205 / rs2249632 G/G 215 163 1.0
G/A 218 141 0.90 (0.66-1.22)
A/A 56 50 1.01 (0.64-1.59)
E-cadherin
rs16260 ¢ c/C 223 189 1.0
C/A 201 143 0.81(0.48-1.35)
A/A 48 30 0.84 (0.62-1.13)
rs45625236 © Undel/Undel 399 282 1.0
Undel/Del 93 80 1.20 (0.85-1.70)
ZEB1 / rs7349 c/C 422 307 1.0
C/T&T/T 63 57 1.24 (0.82-1.88)

a To ensure adequate statistical power, SNPs with MAF < 0.11 were tested under a dominant model and SNPs with MAF > 0.11
were tested under a co-dominant model; ° Age, gender, ethnicity, current smoking status, and packyears were included as adjust-
ment factors in an unconditional logistic regression model; ¢ These SNPs were selected as htSNPs ; ¢ P=0.01.

been well characterized and multiple sequence
variants were identified, a haplotype-based pro-
moter activity assay was performed to deter-
mine the functional potential of SNPs in this
promoter. Four common haplotypes were identi-
fied in the miR-200b-a-429 promoter. The hap-
lotype alleles and frequency are GAGCT
(57.5%), GGTCC (18.5%), GGTGC (4.4%), and
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AGGCC (8.7%) for Hapl, Hap8, Hap9, and
Hap12, respectively. The miR-200b-a-429 pro-
moter increases promoter activity 10-20-fold
compared with the promoterless basic pGL2
vector in H1299 and A549. A 12-15% reduc-
tion of promoter activity was observed for the
haplotype (Hap9) carrying rs61768479 com-
pared with haplotypes (Hapl, Hap8, and
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Figure 2 The transcription of miR-200b is affected by rs61768479. Four common haplotypes were identified in the
miR-200b-a-429 promoter. The haplotype alleles and frequency are GAGCT (57.5%), GGTCC (18.5%), GGTGC (4.4%),
and AGGCC (8.7%) for Hap1, Hap8, Hap9, and Hap12, respectively. The fourth letter bolded is rs61768479. (A) Com-
petition between NKX2.5 and ZEB1 on the promoter activity of miR-200b-a-429 in H1299. NKX2.5 Mut carries two
loss-of-function mutants (T178M and K183E) that result in transcriptional inactivation. (B) Luciferase activity for miR-
200b-a-429 promoter with different haplotypes in H1299. Hapl Mut is a mutant form of Hap1 with the NKX2.5 bind-
ing site where rs61768479 resides deleted. The luciferase activity for Hap9 and Hapl Mut was reduced by about
25% as compared to Hapl, Hap8, and Hapl12 (P<0.003). No difference was found for luciferase activity between
Hapl, Hap8, and Hap12 (P>0.2). (C) rs61768479 dependent allele-specific transcription of miR-200b-a-429. The
level of transcription for the G allele is 15-45% lower than that for the C allele (P=0.0002) in seven HBECs heterozy-
gous for rs61768479. The ratio of abundance between G and C alleles in genomic DNA isolated from the same HBEC
sample was set as 100%. (D) Expression of mature miR-200b in 7 C/Gs is 25% lower than in 15 homozygotes
(P=0.083). Error bars are the standard deviations.

Hapl12) not carrying this SNP (not shown).
Rs61768479 was predicted to locate in one of
five binding sites of NKX2.5, a transcriptional
factor critical for cardiogenesis [10]. The overex-
pression of NKX2.5 increased the miR-200b-a-
429 promoter activity 23-29-fold in H1299 and
2.5-3.5-fold in A549 (not shown). Cotransfec-
tion of expression plasmids for NKX2.5 and
ZEB1, a well known repressor for miR-200b-a-
429 transcription revealed a competition be-
tween these transcriptional factors for regulat-
ing promoter activity in H1299 (Figure 2A). Spe-
cifically, the increase of promoter activity for
Hap9 after NKX2.5 overexpression was 25-
30% less compared with the other three com-
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mon haplotypes in H1299 and A549 (Figure 2B,
not shown). Moreover, site-directed mutagene-
sis of the most common haplotype (Hapl)
through deletion of a NKX2.5 binding site where
rs61768479 resides reduced promoter activity
to that seen with Hap9 (Figure 2B).
Rs61768479 locates within the primary tran-
script of the miR-200b-a-429 cluster. The major
miR expressed from the miR-200b-a-429 clus-
ter in normal HBECs is miR-200b (not shown).
Measurement of allelic specific expression in
seven normal HBECs heterozygous for
rs61768479 revealed that the G allele ex-
pressed 30% less primary miR transcript com-
pared with the C allele (P=0.00016, Figure 2C).
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Furthermore, a 25% reduction in mature miR-
200b expression was seen in these seven het-
erozygotes compared with the 15 wildtype ho-
mozygotes (P=0.08, Figure 2D).

Discussion

The contribution of the current study to cancer
biology is the identification of 16 tagSNPs
through a comprehensive re-sequencing ap-
proach that captures the major genetic variation
in the miR-205/200 family-regulated EMT path-
way in Caucasians. We identified a common
SNP (rs61768479) in the promoter of the miR-
200b-a-429 cluster that reduces the levels of
the miR-200b primary transcript and the mature
miR-200b through affecting the trans-activation
activity of the NKX2.5. Characterization of the
long-range LD for SNPs located 500 kb sur-
rounding rs61768479 using 1000 genome pi-
lotd CEU population did not identify any SNPs
that have moderate to high LD (r2 > 0.4) with
rs61768479, further reassuring that this SNP
may be causal by itself. Association studies
found that rs61768479 was associated with
reduced risk for NSCLC in the discovery cohort,
but not in the validation cohort although the
association observed was in the direction of a
protective effect. MiR-200b locates on chromo-
some 1p36.33, one of the most common re-
gions with genomic amplicons in solid tumors
including lung cancer [11]. Although the mecha-
nism of miR-200b dysfunction in lung carcino-
genesis is unclear, over expression of miR-200b
was recently identified in lung adenocarcinomas
and was associated with the increased cancer
risk when detected in the sputum [12]. Further-
more, over expression of miR-200b was also
associated with the recurrence of stage | NSCLC
after surgical resection [13]. Thus, sequence
variants that reduce miR-200b expression may
impact risk for lung cancer as seen in the NM
cohort.

Replication of an association in follow-up stud-
ies is usually difficult due to disease heteroge-
neity, the modest effects of genetic variants on
disease risk, population stratification, and the
altered gene-environment interaction in differ-
ent study populations [14]. Instead, the correla-
tive support from the functional assays might be
as or more relevant than a replication study for
finding a real causal variant [14]. The MA study
population differs significantly from the NM
study population in several demographic char-
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acteristics. Several sensitivity analyses were
conducted to address potential selection bias or
confounding related to these factors. Interest-
ingly, a protective effect associated with
rs61768479 of borderline significance was
identified in light and moderate smokers with
packyears < 40 (uncorr-P=0.079), suggesting
that gene-environment interactions may influ-
ence the non-replicated association in the MA
study. In addition, the competitive regulation of
miR-200b by NKX2.5 and ZEB1 and the fre-
quent silencing of NKX2.5 during lung carcino-
genesis by promoter hypermethylation (Leng
unpublished) are other confounders. Thus, the
association between rs61768479 and risk for
lung cancer needs to be tested in multiple popu-
lations before a strong conclusion can be
reached. The presence of transformed mesen-
chymal cells within tumors has been clinically
associated with poor prognosis and chemoresis-
tence among patients with solid tumors includ-
ing NSCLC [15]. Thus, the effect of sequence
variants in the miR-205/200 family-regulated
EMT pathway on other EMT related phenotypes
such as chemoresistence and prognosis needs
to be tested in future.

Conclusions

A group of tagSNPs was identified through a
comprehensive re-sequencing approach in the
miR-205/200 family-regulated EMT pathway in
Caucasians. A common SNP (rs61768479) in
the promoter of the miR-200b-a-429 cluster
reduces the levels of the miR-200b primary
transcript and the mature miR-200b through
affecting the trans-activation activity of NKX2.5.
Association studies found that rs61768479
was associated with reduced risk for NSCLC in
the discovery cohort but not in the validation
cohort. Testing multiple populations will sub-
stantiate the importance of this sequence vari-
ant for influencing lung cancer risk.
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