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Barrett’s esophagus (BE)/Barrett’s metaplasia (BM) is
a recognized precursor of esophageal adenocarci-
noma (EA) with an intermediary stage of dysplasia.
The low yield and high cost of endoscopic screening
of patients with BE underscores the need for novel
biomarkers, such as microRNA (miRNA), which have
emerged as important players in neoplastic progres-
sion for risk assessment of developing dysplasia/ad-
enocarcinoma. Recently, we reported highly elevated
levels of miRNA-196a (miR-196a) in EA and demon-
strated its growth-promoting and anti-apoptotic func-
tions. Here, we evaluated miR-196a as a marker of BE
progression to low-grade dysplasia, high-grade dys-
plasia, and EA using microdissected paraffin-embed-
ded tissues from 11 patients. Higher levels of miR-
196a were observed in EA, BE, and dysplastic lesions
compared with normal squamous mucosa, and in
high-grade dysplasia compared with BE and low-
grade dysplasia. Using frozen tumor tissues from 10
additional patients who had advanced EA, we evalu-
ated the correlation of miR-196a with its in silico-
predicted targets, keratin 5 (KRT5), small proline-
rich protein 2C (SPRR2C), and S100 calcium-binding
protein A9 (S10049), which are down-regulated dur-
ing BE progression. MiR-196a levels inversely corre-
lated with the predicted target mRNA levels in EA. We
confirmed that miR-196a specifically targets KRT5,
SPRR2C, and S10049 3’ UTRs using miR-196a-mimic
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and luciferase reporter-based assays. In conclusion,
this study identified miR-196a as a potential marker
of progression of BE and KRT5, SPRR2C, and S10049
as its targets. (Am J Pathol 2009, 174:1940-1948; DOI:
10.2353/ajpath.2009.080718)

The incidence of esophageal adenocarcinoma (EA) has
increased by three-to fourfold in the past 3 decades
exceeding all other type of cancers."? Patients with EA
generally present with advanced stage and despite ag-
gressive treatment the overall 5-year survival is 25%.3
Barrett’'s esophagus (BE)/Barrett metaplasia (BM) is a
recognized precursor of EA with an intermediate step of
dysplasia. At present, histological assessment is the gold
standard for risk assessment of dysplasia or EA in BE
patients. Esophagogastroduodenoscopy (EGD) with four
quadrant biopsies to detect dysplasia and early invasive
adenocarcinoma is the only regular screening method
currently recommended for patients with BE. However,
low yield and high cost of EGD screening necessitates a
search for better methods and biomarkers to identify
high-risk patients. Markers such as aneuploidy, tet-
raploidy, and p16 and p53 genetic abnormalities (loss of
heterozygosity of chromosomes 9p and 17p, respec-
tively) have been correlated with risk assessment.**
However, despite extensive studies these markers have
been of limited clinical utility, warranting the exploration
of novel biomarkers such as microRNA in BE and its
progression to dysplasia and carcinoma.

MicroRNAs (miRNAs) are small (16 to 29 nucleotides)
RNA molecules that are part of noncoding evolutionarily
conserved class of endogenous riboregulators that alter the
gene expression through target mRNA degradation or by
reducing the translation of target mRNA by binding to their
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3’ untranslated region.® In cancer and metastasis, increas-
ing numbers of mMiRNAs have been implicated in the dereg-
ulation of gene expression, thus establishing them as an
important new class of oncogenes and tumor suppressors.”

Gene expression signature analysis, which involves
the analysis of global gene expression at mRNA level is
widely used for cancer detection and diagnosis and to
study progression.® The relatively recent identification of
miRNAs as an additional level of posttranscriptional reg-
ulation of gene expression has shifted the focus to eval-
uating their value as diagnostic and prognostic markers
in cancer. To date, every type of tumor analyzed has had a
miRNA profile significantly different from that of the corre-
sponding normal tissue.® Further, a recent study showed
that tissue-specific expression pattern of miRNAs also
makes them valuable in the identification of tissue origin in
unknown primary cancers.'® Recent studies have identified
the tumor suppressor or oncogenic role of mMiRNAs, whose
expression or functions are deregulated during the neo-
plastic transformation of tissues.”

Recently, we reported that miRNA-196a (miR-196a)
levels were much higher in EA than in normal esophageal
and gastric mucosal tissues and that ANXAT, a potential
tumor suppressor gene is a direct target of miR-196a.'?
miR-196a has been shown to have a defined biological
function in hindlimb development by acting on HOXB and
sonic hedgehog (Shh) signaling™ and in the pathogen-
esis of acute myeloid leukemia.'® Furthermore, recent
studies have demonstrated that miR-196a levels allowed
discrimination of normal pancreas from chronic pancre-
atitis and adenocarcinoma and that miR-196a levels in-
versely correlated with survival in pancreatic adenocar-
cinoma patients.'*:1®

We demonstrated growth-promoting and anti-apopto-
tic ability of miR-196a in esophageal cancer cell lines
suggesting miR-196a may be an oncomir.'2 Global gene
expression profiling studies revealed that several genes,
including ANXAT, show gradual decrease in expression
during progression of BE to EA."”'® Interestingly, many
of these genes were potential in silico targets of miR-196a.
These genes also included some that are down-regu-
lated in tumors resistant to preoperative chemoradiation
in our previous studies (Table 1).19:2°

Increased miR-196a levels in EA, the oncogenic po-
tential of miR-196a,'? and the down-regulation of several
in silico predicted miR-196a targets during progression of
EA'"'8 prompted us to investigate the potential of this
miRNA as a marker of neoplastic progression from nor-
mal esophageal mucosa to EA. With this aim, we evalu-
ated alterations in the levels of miR-196a in normal squa-
mous mucosa (NSM), BE, dysplastic lesions, and EA.

We selected three miR-196a in silico targets, S100 cal-
cium-binding protein A9 (S700A9), small proline-rich pro-
tein 2C (SPRR2C), and keratin 5 (KRT5), on the basis of
their reported down-regulation during BE progression to
EA and assessed correlation between their mRNA levels
with miR-196a levels in cancers. ST00A9 belongs to the
S-100 family of calcium-binding proteins that are evolu-
tionarily conserved and have a role in cell proliferation,
differentiation, and migration.?" SPRR2C belongs to the
family of small proline-rich (SPRR) proteins that function
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Table 1. Potential Targets of miR-196a Down-Regulated

during Progression of BE-EA

Gene symbol Gene name

ANXAT* Annexin A1

S7100A9*  S100 calcium-binding protein A9
SPRR2C*  Small proline-rich protein 2C
KRT5* Keratin 5

CLCAZ2* CLCA family member 2, chloride channel
regulator
CYP4B1 Cytochrome P450, family 4, subfamily B,

polypeptide 1
KRT4* Keratin 4
LDOC1 Leucine zipper, down-regulated in cancer 1
LTA4H Leukotriene A4 hydrolase

PTN* Pleiotrophin
MAL Mal, T-cell differentiation protein
TPD52L1  Tumor protein D52-like 1

VSNL1 Visinin-like 1

Genes that are computationally predicted to be potential targets
of miR-196a and whose expression is known to be altered during
the neoplastic progression of normal esophageal mucosa to
adenocarcinoma. '’ 18

*Genes that are also known to be down-regulated in tumors
resistant to chemoradiation. 2%

as crosslinkers of epidermal differentiation complex pro-
teins.?? This family of genes is known to be up-regulated
during inflammation, infection, and epithelial barrier remod-
eling®® and is functionally involved in protecting the epithe-
lia from environmental insults. KRT5 is a structural protein
that belongs to the family of cytokeratins and is down-
regulated in EA.?* To evaluate whether KRT5, ST00A9, and
SPRR2C genes are true cellular targets of miR-196a, we
transfected cells derived from EA with a miR-196a mimic
and used luciferase reporter functional assays. Our results
show gradual increase in miR-196a levels from NSM-BE-EA
and suggest a role of miR-196a as a negative modulator of
KRT5, ST00A9, and SPRR2C genes in EA.

Materials and Methods

Clinical and Pathological Characteristics and
Patient Samples in the Progression Study

We searched the institutional database of the Department
of Pathology at The University of Texas M.D. Anderson
Cancer Center and selected 11 patients who were diag-
nosed with early EA and underwent esophagogastrec-
tomy without preoperative neoadjuvant therapy. A de-
tailed retrospective chart review was performed to
document stage, EGD findings, and treatment. The study
was approved by the institutional review board with
waiver of informed consent.

Endoscopic ultrasonography, EGD, computed tomog-
raphy (CT), and positron emission tomography scan find-
ings were reviewed for location and stage of tumor, and
the presence and extent of BE. All patients were retro-
spectively clinically staged as per the sixth edition of the
American Joint Commission on Cancer staging system.2®

Hematoxylin and eosin (H&E)-stained slides from mul-
tiple preoperative biopsies and esophagogastrectomy
specimens were reviewed for presence of BE, degree of
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Figure 1. Morphology of the different progres-
sion stages of EA. H&E-stained sections showing
stages of progression from normal squamous (A),
BE (B), LGD (C), HGD (D) to invasive adenocar-
cinoma (E) from a representative case. The dotted
line indicates areas used in manual microdissec-
tion. Original magnifications, X200.

dysplasia, and histological subtype of carcinoma. In ad-
dition, the depth of invasion and regional lymph node
status were evaluated in 11 resection specimens for early
EA with mucosal or submucosal invasion. The resection
specimens were reviewed by two gastrointestinal pathol-
ogists to identify the foci of nonneoplastic squamous
mucosa (NSM), BE, low-grade dysplasia (LGD), high-
grade dysplasia (HGD), and invasive adenocarcinoma (a
representative case is shown in Figure 1). In these 11
patients, adequate material was available from NSM, BE,
LGD, and HGD. In addition, the adenocarcinoma com-
ponent was available in six patients. Eight slides with
5-um-thick sections were prepared from the formalin-
fixed paraffin block without trimming the block for each
lesion from the surgical resection specimens. These
slides were H&E-stained and the lesion of interest was
manually microdissected with minimal to absent contam-
ination of stromal cells. Because the NSM, BE, and dys-
plastic lesions are surface lesions, pure epithelial cells are
easily microdissected from a glass slide. From the cases of
invasive adenocarcinoma, areas with more than 90% ade-
nocarcinoma cells were selected. Figure 1 shows the plane
of microdissection in NSM and in each lesion. In two pa-
tients (nos. 3 and 6), two to three areas from BE, LGD, HGD,
and early EA were microdissected from sections prepared
from paraffin blocks. In other patients, it was not possible to
have multiple blocks of each lesion because extent of LGD,
HGD, and EA was limited.

Identification of miR-196a Targets and Clinical and
Pathological Characteristics of Patient Samples for
miR-196a and Its Target Correlative Study

From the list of genes down-regulated during BE progres-

sion to EA in the study of Kimchi and colleagues,’” we
identified 13 genes (Table 1) as potential targets of miR-

196a on the basis of the sequence complementarity be-
tween their 3’-untranslated regions (3'-UTR) and miR-196a
using the Sanger microRNA database (http.//micromna.
sanger.ac.uk/sequences/). Interestingly, we noted that 7
of the 13 miR-196a in silico targets were also down-reg-
ulated in tumors resistant to preoperative chemoradiation
(Table 1).792° To determine whether increased miR-196a
levels correlate with decreased expression levels of com-
putationally predicted targets, we measured S100A9,
SPRR2C, and KRT5, mRNA levels in fresh frozen-tissue
from 10 additional patients who had advanced EA. The
selection of the target genes was based on their down-
regulation during BE progression to EA'” and in EA. 192024
Because the specimens used in the current progres-
sion studies were from early cancers, it was not possible
to harvest fresh tumor tissue for miR-196a and mRNA
because of inability to identify invasive carcinoma by
gross examination. Thus, specimens for target correlative
study included fresh frozen and histologically confirmed
adenocarcinomas from patients who had advanced loco-
regional disease. Five of the ten patients for the target
correlative study were included in our prior study.'®

Real-Time Quantitative Polymerase Chain
Reaction (Real-Time qPCR) for miRNA
Expression Analysis

Total RNA from microdissected tissue was isolated by
using the RecoverALL total nucleic acid isolation kit (Am-
bion/Applied Biosciences, Austin, TX) according to the
manufacturer’'s instructions. The RNA vyield was mea-
sured using Nanodrop (Thermo Scientific, Wilmington,
DE). The levels of miR-196a and miR-16 were determined
by stem loop real-time gPCR using gene-specific TagMan
minor groove binding primers according to the TagMan
MicroRNA assay protocol (PE Applied Biosystems, Fos-
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ter City, CA). miRNA levels in each sample were analyzed
in duplicate reactions. The reverse transcription (RT) re-
action was performed with 50 ng of total RNA from each
specimen in a total volume of 7.5 ul using 50 nmol/L
gene-specific stem-loop primer, 1Xx RT buffer, 0.25 mmol/L
each of d NTPs, 3.33 U/ul MultiScribe reverse transcrip-
tase, and 0.25 U/ul RNase inhibitor (PE Applied Biosys-
tems). The reaction mix was incubated in an Applied
Biosystems 9800 ThermoCycler in a 96-well plate for 30
minutes at 16°C, 30 minutes at 42°C, and 5 minutes at
85°C, and then held at 4°C. In two patients with multiple
samples of each histology, miRNA levels were assessed
from each separately microdissected sample.

Real-time gPCR was performed using an Applied Bio-
systems 7900 sequence detection system in a 10-ul vol-
ume that included 0.67 ml of RT product, 1X TagMan
Universal PCR master mix, and 1 wl of gene-specific
primers and probe mix from the TagMan microRNA as-
say. The PCR thermal cycling conditions were as follows:
10 minutes at 95°C for AmpliTag Gold activation and 40
cycles for the melting (95°C, 15 seconds) and annealing/
extension (60°C for 1 minute) steps. Each miRNA was
analyzed in duplicate reactions. Default threshold set-
tings were used to determine threshold cycle (CT).

Comparative CT Method (227 for Relative
Quantification of mIRNA Expression

We used miR-16 as normalizer because this miRNA
showed minimal variation in esophageal, breast, and en-
dometrial cell lines'? and also in our pilot miR profiling
studies of esophageal cancers. The relative expression
levels of each miRNA in comparison with the normalizer
were then calculated using the formula 22T where ACT
represents the difference between each target gene and
the normalizer (average CT for the target minus average
CT for miR-16).

Quantitation of SPRR2C, ST100A9, and KRT5
mRNA Levels in an EA Cell Line Transfected
with miR-196a Mimic

The base complementarity of miR-196a with 3’-untrans-
lated region (3'-UTR) of SPRR2C, S100A9, and KRT5 is
shown in Figure 2. To evaluate if overexpression of miR-
196a resulted in reduction of these potential target mRNA
levels, the EA cell line BIC-1 was transfected with a RNA
mimic of miR-196a purchased from Dharmacon, Inc.
(Chicago, IL). The miRNA mimic is a synthetic double-
stranded RNA oligonucleotide, which on delivery gener-
ates higher levels of respective miRNA in cells. The mimic
was transfected into the cultured cells using Dharma-

KRT5 (3' UTR)

FECT Duo transfection reagent (Dharmacon, Inc.) at a
final concentration of 40 nmol/L. After 48 hours, total RNA
was extracted from the cells and the levels of miR-196a
and SPRR2C, S100A9, and KRT5 mRNA were measured
by real-time gPCR analysis, as described above. A non-
specific mMiRNA mimic (Dharmacon, Inc.) was used as an
appropriate negative control.

Generation of the Target 3'-Untranslated
Region (3'-UTR) Luciferase Reporter Constructs

To further confirm that KRT5, SPR2C, and S100A9 are
true in vitro targets of miR-196a, regions of 3'-UTR of
these genes containing the putative miR-196a recogni-
tion site (Figure 2) were amplified using genomic DNA
and then cloned into the pGL3 control vector (Promega
Corp., Madison, WI) at the Xbal site and confirmed by
sequencing. The size of the fragment amplified and the
primers used for amplification are shown in Table 2. Two
esophageal cancer cell lines, namely BIC1 (with relatively
high endogenous miR-196a levels) and OE33 (with rela-
tively low endogenous mir-196a levels) were used for
luciferase assay. Co-transfection of the plasmid and the
RNA mimics into the cells was accomplished using Dhar-
maFECT Duo transfection reagent (Dharmacon, Inc.). A
nonspecific mIRNA mimic was used as an appropriate
negative control. Luciferase activity was measured 48
hours after transfection using the Dual Luciferase Re-
porter Assay System kit (Promega Corp.). Luciferase as-
says were done in triplicate. For each target, the lucif-
erase assay was performed twice in each cell line to
confirm the effect of miR-196a overexpression.

Quantitative Analysis of SPRR2C, S100A9, and
KRT5 mRNA Levels in Tumors

For cDNA synthesis, 200 ng of total RNA from each
adenocarcinoma sample was reverse-transcribed in a
final volume of 20 ul using random primers and Super-
Script Il reverse transcriptase (Invitrogen, Carlsbad, CA).

Table 2. Primers Used to Amplify the 3'-UTR of the
miR-196a Target Genes
Gene Size Primers

S7100A9 365bp Forward: 5'-TAGTCTAGAGGTCATAGAACACATC-3’
Reverse: 5'-TAGTCTAGAGACTTGGAGGAAGAGAC-3’

SPRR2C 365 bp Forward: 5'-TAGTCTAGACAGCTTCGGAATTCATC-3’
Reverse: 5'-TAGTCTAGAGCTACTTTATTCAGGGAG-3'

KRT5 373 bp Forward: 5’'-TAGACTAGTGAACCTGCTGCAAGT-3'
Reverse: 5'-TAGACTAGTATATTATAAAAGCAT-3'

Size of the 3'-UTR region of the three target genes with the potential
binding region of miR-196a and the primers used to amplify these
regions from the genomic DNA.
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The TagMan minor groove binder probe and the ABI
Prism 7900 HT sequence detection system (PE Applied
Biosystems) were used to perform real-time gPCR. The
primers and probes for SPRR2C, S100A9, KRT5 and an
internal control, glucuronidase- (GUSB), were obtained
from PE Applied Biosystems via their Assays-on-Demand
gene expression products services. PCR assays in-
cluded 10 ul of TagMan Universal Master Mix No Amper-
ase UNG (2X%), 1 ul of 20X Assays-on-Demand Gene
Expression Assay Mix, and 2 ul of cDNA diluted in
RNase-free water in a final volume of 20 ul. The ABI Prism
7900 HT sequence detection system and cycling condi-
tions identical to those described above for miRNA were
used for mRNA expression analysis. Each target was
amplified individually and in duplicate. The relative levels
of each target were then calculated using average of the
duplicates on the basis of the difference between ampli-
fication of the target and GUSB mRNA using the ACT
method as described above. The gPCR data for both
miR-196a as well as its targets were averages of dupli-
cate reactions from a single experiment.

Statistical Methods

One-way within-subjects analysis of variance was used to
test against the null hypothesis that there is no overall
difference in relative expression levels among normal,
precancerous, and cancerous tissue.?® For statistically
significant analysis of variance results, Student’s t-tests
were performed to further test the difference of miRNA
expression between any two neoplastic progression
stages. Holm’s method was applied to adjust P values of
t-tests to correct multiple comparisons.?” Relative ex-
pression levels were log-transformed before analysis. P
values =0.05 were considered statistically significant.
Spearman’s rank correlation coefficient was used to mea-
sure the rank-based association between miR-196a lev-
els and SPRR2C, S100A9, and KRT5 mRNA levels
among the 10 cancer specimens. To assess the signifi-
cance of coefficients, the P values were computed using
algorithm AS 89.%8

Results

The study population for miRNA analysis in progression
specimens comprised men with an average age of 63
years (range, 57 to 74 years). All patients had long-
segment BE on EGD and resection specimens with early
EA. Seven cases had submucosal invasion and four
cases had intramucosal invasion. Eight tumors were
moderately differentiated, two were well-differentiated,
and one tumor was poorly differentiated. Representative
histology of different stages of progression of EA are
shown in Figure 1.

The patient population for the correlative study of miR-
196a and its targets included nine men and one woman
with an average age of 62 years (range, 40 to 79 years).
All patients had advanced loco-regional disease (stage Il
or lll) on pretreatment staging. Nine tumors were moder-
ately differentiated and one tumor was poorly differenti-
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Figure 3. Micro-RNA 196a levels are characteristically up-regulated with
progression of EA. A: Real-time qRT PCR analysis of miR-196a levels in each
lesion in each patient. Each bar represents average miRNA expression level
of duplicate reactions of a single experiment. The figure shows an increase
in the levels of miR-196a with neoplastic progression of normal esophageal
mucosa (N) to adenocarcinoma (EA). The greatest increase in the levels of
miR-196a was observed between N and BE with smaller increases in subse-
quent stages of neoplastic histological progression from BE to low-grade
(LGD), LGD to high-grade dysplasia (HGD), and to EA. B: The box plots of
the average levels of miR-196a at each stage of progression in the 11 patients.
Each box shows the variation of relative values of miRs and the black
horizontal bar shows the mean value in each box. C: Box plots of the log
transformed relative values of miR-196a during progression. D: Analysis of
miR-196a levels from multiple separately microdissected samples with same
histology in two patients. RNA was isolated from two to three different areas
of same histological stage of progression, ie, BE, LGD, HGD, and EA and
miR-196a levels were measured by qRT-PCR separately from each site in
duplicates. Each bar represents mean miR-196a level (£SD) from multiple
sites within same histology from a single experiment. As illustrated in the
figure, there was minimal variation in the levels of miRNA among multiple
sites of same histology. Asterisks indicate miRNA levels were significantly
higher in BE compared with NSM, LGD compared with BE, and in HGD/EA
compared with LGD (P < 0.05).

ated. No tumor in either population had signet ring cell
histology on pretreatment biopsies.

miR-196a Levels during Progression of
BE-Dysplasia-EA

The relative expression levels of miR-196a in each histo-
logical type of lesion at different stages of progression in
11 patients are shown in Figure 3A and in Table 3. miR-
196a levels increased incrementally with each stage of
progression from normal mucosa to EA. The box plot of
relative levels of miR-196a for the samples analyzed (Fig-
ure 3, B and C) reflects the progressive increase in
miR-196a levels and illustrates that the progression of



Table 3. MicroRNA-196a Levels in Progression from BE to

Early Adenocarcinoma

Mean + SD Range

Normal squamous mucosa 0.00045 + 0.00065 2.4e-06 to 0.002

Barrett's esophagus 0.013 = 0.015 0.001 to 0.052
(intestinal metaplasia)

Low-grade dysplasia 0.014 = 0.010 0.0083 to 0.032

High-grade dysplasia 0.028 = 0.016 0.008 to 0.061

Early adenocarcinoma 0.068 = 0.060 0.005 t0 0.134

Summary of miR-196a levels in different progression stages leading
to EA from the set of 11 patients. A trend of consistent increase in miR-
196a levels during progression is evident.

NSM-BE-LGD-HGD-EA was associated with a concomi-
tant increase of miR-196a levels. The differences among
different stages were statistically significant by a one-way
within-subjects analysis of variance with P < 0.0001. In
patients with EA available for microdissection, a 10- to
100-fold increase in miR-196a levels was present in EA
when compared with the NSM as reflected by pair wise
comparisons (P = 0.0005, Student’s t-test with P values
adjusted by the Holm’s method). The pair wise compar-
isons also indicated that the miR-196a levels in precan-
cerous lesion were significantly higher than the preced-
ing precursor lesion or control squamous mucosa: NSM
versus BE (P = 0.00001), versus LGD (P = 0.0005),
versus HGD (P = 0.00002); BE versus HGD (P = 0.03);
and LGD versus HGD (P = 0.01). To determine whether
miR-196a levels varied among different areas with same
histology in the same patient, we measured miR-196a in
two to three separately microdissected sites for each
histology in two additional patients (Figure 3D). As illus-
trated in the figure, there was minimal variation in the
mean levels of miIBRNA among multiple sites of same
histology. In case 3, the mean levels = SD were 0.05 =
0.002 in BE, 0.06 = 0.006 in LGD, and 0.1 = 0.005 in EA.
The increases in miR-196a levels in BE compared with LGD
and in EA compared with LGD were statistically significant
with P = 0.03 and P = 0.0002, respectively. In case 6, the
mean MiRNA levels + SD from different sites were 0.004 +
0.001 in BE, 0.006 = 0.0008 in LGD, 0.009 =+ 0.001 in HGD,
and 0.008 = 0.0005 in EA. The miRNA levels were signifi-
cantly higher in LGD compared with BE (P = 0.01) and in
HGD compared with LGD (P = 0.02).

Correlation of miR-196a Levels with mRNA
Levels of Predicted Targets, SPRR2C, ST00A9,
and KRT5 in EA

To test whether down-regulation of SPRR2C, ST00A9,
and KRT5 genes during the progression of BE-EA' is
attributable to increased miR-196a levels, we tested the
correlation between their mRNA levels to mR-196a levels
in 10 additional patients who had advanced EA. miR-
196a levels varied considerably in these tumors speci-
mens, ranging from 0.0009 to 1.7 and the specimens
were arbitrarily separated into two categories expressing
relatively low (samples 1 to 5) and high (samples 6 to 10)
levels of miR-196a (Figure 4A). Although, the mean miR-
196a level = SD was comparatively low in the low-ex-
pressing category of tumors (0.008 * 0.008), this level
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Figure 4. Inverse correlation of miR-196a levels with mRNA levels of ST00A2,
SPRR2C, and KRT5, three genes characteristically down-regulated in EA. A:
Relative miR-190a levels in advanced EAs from 10 patients as measured by
real-time qPCR. The relative levels showed considerable variation among EA,
so the EA specimens were arbitrarily grouped into low- (samples 1 to 5) and
high-expressing (6 to 10) tumors. The relative mRNA levels of SI00A2 (B),
SPRR2C (C), and KRT5 (D) in the same samples were inversely correlated
with the relative levels of miR-196a. Each data point represents mean ex-
pression levels of duplicates from a single experiment.

NN

was substantially higher in comparison with the mean
miR-196a levels in the normal mucosa (0.0005 =+ 0.0007).
miR-196a levels in early EA (paraffin-embedded tissue,
0.08 + 0.06) and advanced EA (frozen tissue, 0.04 =+
0.05) were not significantly different (P = 0.26 by Stu-
dent’s t-test).

The mRNA levels of ST00A9, SPRR2C, and KRT5 also
varied significantly among the tumors with levels ranging
from 0.15 to 1021.87 (246.4 = 359.3), from 0.0 to 115.3
(23.46 = 38.36), and from 0.0 to 106.68 (29.0 + 36.87),
respectively (Figure 4, B-D). The tumor specimens with
low miR-196a expression showed high mRNA levels of
SPRR2C, S100A9, and KRT5. Conversely, specimens
with high miR-196a levels showed low expression of its
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targets. For instance, the mean mRNA levels (+SD) of
SPRR2C, S100A9, and KRT5 were 47.1 £ 44.2 (range,
3.78 to 115.3), 491.4 + 374.8 (range, 123.6 to 1021.9),
and 57.9 = 31.2 (range, 33.63 to 106.7), respectively, in
low expressers of miR-196a. On the other hand, in the
miR-196a high-expressing category of tumors, the mean
mRNA levels of SPRR2C, S100A9, and KRT5 were
0.003 = 0.005, 1.5 = 1.78,and 0.16 = 0.35, respectively.
The mRNA levels of the targets correlated inversely with
miR-196a levels (Spearman’s rank correlation coeffi-
cients of —0.77, —0.81, and —0.78 for SPRR2C, S100A9,
and KRT5, respectively, P < 0.01). The mRNA levels of
these three genes were also analyzed in a set of three
random NSM samples to compare their expression levels
in NSM with that in tumors. Our analysis showed that the
average mMRNA levels of these genes in NSM were higher
than the levels in the set of 10 tumors examined. The
average levels (£SD) of S100A9 (1482.4 + 344.0) and
KRT5 (218.5 = 120.7) in NSM were higher than the high-
est levels seen in the tumors, ie, 1021.9 for ST00A9 and
106.7 for KRT5. In the case of SPRR2C, the average
levels observed in NSM (58.7 *+ 39.0) was higher than the
levels in all tumor samples except for the highest ex-
presser (115.3). This comparison indicated that the
mRNA levels of S100A9, SPRR2, and KRT5 were sup-
pressed during neoplastic transformation of esophageal
tissue.

miR-196a Mimic Suppresses SPRR2C,
S7100A9, and KRT5 mRNA Levels in
Esophageal Cancer Cell Line

The inverse correlation observed between the levels of
miR-196a and mRNAs of the three genes suggests that
these mRNAs are likely targets of mR-196a. The se-
quence complementarity of miR-196a and computation-
ally identified 3’-UTR binding sites of these three mRNAs
is shown in Figure 2. To further confirm that these mRNAs
are indeed in vitro cellular targets, we tested the effect of
increasing the levels of miR-196a on the mRNA levels of
these genes in a esophageal cancer cell line. This was
achieved by the transfection of a RNA mimic of miR-196a
into BIC1 cell line derived from EA. The miR-196a miRNA
mimic was a synthetic RNA oligonucleotide that on deliv-
ery generated higher levels of miR-196a in the cells.
Increasing miR-196a levels in BIC-1 cells for 48 hours
with the mimic resulted in 69%, 98%, and 20% decrease
in S100A9, SPRR2C, and KRT5 mRNA levels, respec-

tively, compared with the respective controls wherein the
cells were transfected with a nonspecific negative control
RNA mimic (Figure 5).

RNA Mimics of miR-196a Directly Targets the 3’
Untranslated Regions (UTR) of SPRR2C,
S100A9, and KRT5 mRNA

We used a luciferase-based assay to further confirm the
direct targeting of SPRR2C, S100A9, and KRT5 mRNAs
by miR-196a. We cloned the 3'-UTRs of these targets that
included the miR-196a binding sites (shown in Figure 2),
into a PGL3 luciferase reporter plasmid and tested the
effect of increasing miR-196a levels on luciferase expres-
sion. The schematic representation of the principle be-
hind the assay is depicted in Figure 6A. In esophageal
cancer cell lines, BIC1 and OE33, increasing the level of
miR-196a consistently resulted in a reproducible and
considerable decrease (60 to 90%) in the luciferase ac-
tivity compared with the negative mimic control in all
three genes in two independent experiments (a represen-
tative experiment is shown in Figure 6B). The luciferase
assay thus confirmed that these three genes are direct
targets of miR-196a.

Discussion

In the present study, we demonstrate that miR-196a has
the strong potential of being a biomarker of BE progres-
sion. To our knowledge, this is the first study demonstrat-
ing a microRNA marker in the progression of EA. We have
also shown that miR-196a potentially plays a role in the
down-regulation of SPRR2C, ST00A9, and KRT5 genes
whose expression is characteristically decreased or lost
during neoplastic transformation of esophageal tissue.
We also demonstrated significance of miR-196a in EA
using paraffin-embedded tissue from patients with BE-
dysplasia-early EA sequence and in frozen tissue from
patients who had advanced EA.

We quantitatively assessed levels of miR-196a in BE,
different grades of dysplasia, and EA and found that
miR-196a levels are 10- to 100-fold higher in precancer-
ous lesions and EA than in NSM and that levels of miR-
196a proportionally increase with higher histological
grades of dysplasia. Higher levels of miR-196a in each
lesion compared with control nonneoplastic squamous
mucosa suggests that miR-196a alteration is an early



A 3"-UTR of target gene

\__/

Luciferase — I

PGL3-Luc

" miR-196a bin mg
i sequence B

Luciferase mRNA with
3'- UTR of target gene
3w miR-196a

l (from miR-196a mimics)

Decreased
Luciferase Expression

B OControl @ Mimict M Mimic2
PGL3-S100A9 luciferase assay PGL3-SPRR2C luciferase assay PGL3-KRTS5 luciferase assay
5 120 120 120
2 100 = 100 100 —r—
§
< 80 —— s — 8o —
§ 60— —1 60| —1 e —
8
s 401+ 40— — 40 —
E|
= 20 20 20 H S
0 0
BICY OE33) BIC1 OE33 BIC1 OE33

Figure 6. SPRR2C, S100A9, and KRT5 mRNAs are direct targets of miR-196a.
A: The schematic depiction of luciferase assay. To demonstrate the direct
targeting of these mRNA by miR-196a, the 3'-UTRs of the genes with the
predicted miR-196a binding sites were cloned upstream of the luciferase
gene in PGL3 vector plasmid. When transfected into cells the mRNA tran-
script of the luciferase generated from the vector plasmid has the 3'-UTR of
the gene of interest, and the additional miR-196a generated from the RNA
mimics binds to the luciferase mRNA and suppresses its levels, resulting in a
decrease in luciferase activity. B: The plasmid and RNA mimics of miR-196a
were co-transfected into BIC1 and OE33 cells and the effect of miR-196a on
luciferase gene transcription was measured by luciferase assay. The figure
shows mean = SD of triplicates from a single experiment. Repression of
luciferase activity demonstrated the direct binding and repressive effect of
miR-196a on the mRNA of these three genes. A nonspecific miRNA mimic
co-transfected with the luciferase plasmid was used as the respective control.
The decrease in the luciferase activity was statistically significant for all
targets (P < 0.05). The luciferase assay for all three genes was repeated twice
in both cell lines and a representative result is shown here.

event in carcinogenesis of EA. In addition, the higher
miR-196a levels in HGD as compared with BE and LGD in
patients who had invasive adenocarcinoma suggest that
miR-196a levels can be helpful in differentiating LGD
from HGD in a high-risk population with progression of BE
to invasive adenocarcinoma. The marginal difference in
miR-196a levels between HGD and invasive adenocarci-
noma in the cases analyzed could be attributable to small
number of early invasive carcinoma cases used in this
study or to more stromal contamination in invasive com-
ponent compared with that in dysplastic lesions, although
these were carefully microdissected. However, it may
also indicate that the increase in miR-196a is an early
effect that is most marked at the NSM-BE transition and
LGD-HGD/invasive EA transition and in advanced EA.
In this study all patients of progression cases had long
segment BE comprising of intestinal metaplasia and ex-
tensive dysplasia. It would have been interesting to com-
pare the miR-196a levels between intestinal metaplasia
and cardia type mucosa (nondistinctive BE) in the tubular
esophagus. However, the absence of cardia type mu-
cosa in tubular esophagus separate from admixed intes-
tinal metaplasia in the cases investigated here precluded
such analysis in our study. The precancerous potential of
cardia type mucosa in tubular esophagus (nondistinctive
type BE) is not well established. However, miR-196a lev-
els in cardia type mucosa may address the question if
miR-196a is a marker of BE irrespective of presence or
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absence of intestinal metaplasia. This may be a valuable
marker in short-segment BE or in differentiating nondis-
tinctive type of BE in tubular esophagus from gastric
cardia, a much debated and controversial subject but of
great importance for selecting patients for screening and
surveillance.

The functional role of miR-196a demonstrated in EA
cell lines and decreased target mRNA levels in EA tissue
specimens further support the role of miR-196a in patho-
genesis of EA and in down-regulation of KRT5, SPRR2C,
and ST00A9 genes in EA. This group of genes has been
shown to be down-regulated in EA in more than one
study.’”2° S100A9 belongs to multigene family that
codes for calcium-binding proteins and functions as a
heterodimer with ST00A8. Changes in the levels of both
proteins are being increasingly implicated in epithelial
cancers. Although in squamous cell esophageal carcino-
mas, the loss of ST00A8 and S100A9 is very well docu-
mented.?® It has also been shown that the S100A9 levels
correlate with the extent of tumor differentiation.®°

In a recent study, we have demonstrated that annexin
A1, a potential tumor suppressor is an in vivo target of
miR-196a in EA." In that study, we also showed that
miR-196a promotes cell proliferation and anchorage-in-
dependent growth and inhibits apoptosis in EA cell lines.
These findings suggested that miR-196a plays an impor-
tant role in carcinogenesis of EA.

It is interesting to note that some of the genes such as
GATA-binding protein 6 (GATA6), and HOXB7 are also
predicted targets of miR-196a (Table 1) but are up-reg-
ulated in normal versus BE, and BE versus EA in the
study of Kimchi and colleagues.'” However, no negative
correlation between miR-196a levels and HOXB7 or
GATA6 mRNA levels was observed in tumors in our study
(data not shown). This suggests that miR-196a may not
be directly involved in the regulation of this set of genes
during the progression of EA, and that these genes may
have some other mode of regulation. Decreased levels of
the target mMRNA in miR-196a mimic transfected cell lines,
despite partial complementarity between the two indicate
that degradation of the target mMRNA can occur even with
partial complementarity between the miR and target
mRNA, as recently reported in several studies.'221-33

This study demonstrates successful utilization of par-
affin tissue for quantitative miRNA assay. This is particu-
larly important in esophageal cancer in which availability
of fresh tissue is very limited because most of the pa-
tients, at least in our institution, who undergo esophagec-
tomy have had prior chemoradiation. Minimal variation
seen in the levels of miR-196a among multiple microdis-
sected samples with the same histology from an individ-
ual patient further confirms that there is little heterogene-
ity among different areas within the same histology in a
patient and the technique used in this study is suitable for
miRNA studies in archival paraffin tissue.

We believe that the confirmation of miR-196a as a
marker of progression of BE to EA would fill the lacuna in
the identification of reliable molecular markers of pro-
gression in esophageal cancers. Also, in light of the
potential growth-promoting effects of miR-196a, the ob-
served incremental alterations in miR-196a levels during
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the progression from BE to EA suggest a causal rather
than consequential effect of tumorigenesis in esophageal
tissue. Thus, miR-196a could be a potential therapeutic
target in the treatment of esophageal cancers as well as
a valuable early detection marker. On the basis of these
findings and the potential functions of miR-196a as an
oncomir, further study of miR-196a in larger and clinically
more diverse subsets of patients with BE is warranted.
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