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Background & objectives: Insidious symptomatology, late clinical presentation and poor prognosis of
oesophageal cancer (EC) highlight the pressing need for novel non-invasive biomarkers for early tumour
diagnosis and better prognosis. The present study was carried out to evaluate the clinical significance of
circulating and tissue miR-144 expression in oesophageal cancer.

Methods: Clinical significance of miR-144 expression was evaluated in preneoplastic (12) and neoplastic
(35) oesophageal cancer tissues as well as matched distant non-malignant tissues using real-time PCR
(qPCR). Circulating levels of miR-144 were also analyzed in serum samples of EC patients as well as
normal individuals to determine the diagnostic potential of miR-144. Further, targets of miR-144 were
predicted using bioinformatic tools and their gene ontology (GO) terms were assigned.

Results: Real-time PCR analysis revealed significant upregulation of miR-144 in 29 of 35 (83%) EC
tissues as compared to matched distant non-malignant tissues (P=0.010). All the dysplastic tissues
showed upregulation of miR-144 as compared to their matched distant non-malignant tissues. Relative
levels of circulating miR-144 in serum significantly distinguished EC patients from normal controls
(P=0.015; AUC = 0.731) with high sensitivity of 94.7 per cent. Bioinformatically predicted target, PUR-
aplha (PURA) was found to be significantly (P=0.018) downregulated in 81 per cent (26/32) EC patients
and its expression was found to be significantly and negatively correlated with miR-144 expression at
mRNA level.

Interpretation & conclusions: Our findings showed significant upregulation of miR-144 in serum samples
of EC patients indicating its potential as minimally invasive marker. Further studies need to be done to
understand the role of miR-144 in the pathogenesis of EC.
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Oesophageal cancer (EC) is the eighth most of EC in India in men is approximately double those
common cancer and the sixth most common cause in women (male:female ratio 1.8:1)'. At early stages,
of death from cancer worldwide'. In India the oesophageal cancer tends to be asymptomatic in
estimated number of death was 39,000 and five year nature resulting in late clinical presentation and poor
prevalence was 22,000 in 2012!. The incidence rate prognosis.
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In spite of improvements in diagnostic and
therapeutic modalities, the five year survival rate of
this disease remains 17-23 per cent*?, mainly due to
lack of sensitive, specific and reproducible markers for
early diagnosis and better monitoring of the disease.
Hence, it is imperative to discover novel non-invasive
or minimally-invasive biomarkers for early detection
of oesophageal cancer.

Micro RNAs (miRNAs) are being extensively
analyzed for their diagnostic as well as therapeutic
potential in various diseases*®. Circulating miRNAs
have been found to show aberrant expression in
cancers®’. In addition to their altered expression in
tissues, miRNAs are highly stable, readily detectable
and easy to access in body fluids making them good
targets for minimally/non invasive detection of cancer®’.

Altered expression of miR-144 has been reported
in cancers viz. nasopharyngeal carcinoma'® rectal
cancer', chronic myeloid leukaemia'? and gastric
carcinoma’®. Overexpression of miR-144 in cancer
may be due to gene amplification as it is located
on chromosome 17ql11.2, a region reported to be
amplified in oesophageal adenocarcinoma' and
nasopharyngeal carcinoma'’. Guo et al'® have shown
upregulation of miR-144 in oesophageal cancer
tissues using microarray. In another study, Yang et
al'” demonstrated significant upregulation of miR-
144 in oesophageal cancer using microarray, but their
quantitative reverse transcriptase PCR results for
validation of microarray data were not significant. Xie
et al'® demonstrated significant upregulation of miR-
144 in saliva of oesophageal cancer patients. However,
none of these studies have analyzed the expression
of miR-144 in preneoplastic oesophageal tissues to
explore its potential as an early diagnostic marker.
Moreover, expression of miR-144 in serum samples of
oesophageal cancer patients has not been analyzed yet.

Thus keeping in view the limited information of
miR-144 in oesophageal cancer, the aim of the present
study was to determine the clinical significance of
miR-144 in oesophageal cancer tissues and explore its
potential as minimally invasive diagnostic marker by
analyzing its expression in serum of EC patients and
healthy subjects. Further, in silico tools were used to
identify novel targets of miR-144.

Material & Methods

Forty seven endoscopically resected tumours and
matched distant non-malignant oesophageal tissue
biopsy specimens (obtained from a region at least

8 cm away from the tumour) were collected at the
department of Gastroenterology, All India Institute of
Medical Sciences, New Delhi, India, from July 2010
to January 2013. All biopsy specimens were diagnosed
and verified by histopathological analysis. The tumours
were histopathologically graded as preneoplastic (n=12)
and neoplastic (n=35). Of the 12 preneoplastic tissues,
seven were hyperplastic and five showed evidence
of dysplasia. After collection, the samples were
immediately snap frozen in liquid nitrogen and stored at
-80°C. Patients demographic, clinical and pathological
data including age, gender, alcohol consumption,
tobacco and histological differentiation were recorded
in a predesigned proforma (Table I). Of the 47 patients,
blood samples were collected from 19 patients whose
tumours were analysed for the expression of miR-144.
Blood samples were also collected from 19 age and
gender matched normal healthy individuals. The serum
was separated and stored at -80°C till further use. This
study was approved by the institutional human ethics
committee prior to its commencement and an informed
written consent was obtained from each patient.

Table 1. Clinicopathological characteristics of patients with
oesophageal cancer (EC) and normal individuals
EC patients Normal individuals

(n=47) (n=19)
Age (median) (yr) 30-78 (60) 22-65 (41)
Sex
Men 28 12
Women 19 7
Total 47 19
Differentiation
Hyperplasia 7 N/A
Dysplasia 5 N/A
Oesophageal cancer 35 N/A
ESCC 28
Adenocarcinoma 7
Habits
Alcohol (percentage) 12 (25) None
Tobacco smoking 23 (49) None
(percentage)
Tobacco chewing 17 (36) None
(percentage)
Tobacco 34 (72) None
(total percentage)
ESCC, oesophageal squamous cell carcinoma
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RNA extraction and first strand complementary
DNA (¢cDNA) synthesis: RNA from EC and matched
non-malignant tissues was isolated using PAXgene
Tissue miRNA Kit (Qiagen, Copenhagen, Denmark),
while total RNA from serum of patients and healthy
individuals was extracted using QIAamp Viral RNA
Mini Kit (Qiagen, Copenhagen, Denmark) as described
previously'. First strand cDNA was synthesized from
DNA free total RNA using universal cDNA synthesis
kit (Exiqon A/S, Vedbaek, Denmark), following the
method described elsewhere'.

Quantitativerealtime PCR (gPCR): miR-144 expression
analysis was carried out using LNA™ (locked nucleic
acid) forward and reverse primers (Exiqon A/S,
Vedback, Denmark; Attp://www.exigon.com/ls/ layouts/
DownloadHttpHandler/Download.ashx?dUrl=http://
coreone-prod/shop/excel-downloader-for-qpcr-or-unirt.
Jsp?type=unirt) and SYBR Green master mix (Exigon
A/S, Vedbaek, Denmark) on Opticon2 Real time PCR
system (Biorad, USA) using a protocol described
previously'. Primers for PURA and SPREDI were
designed using NCBI Primer-Blast tool, whereas
primers for PTEN and 5S ribosomal RNA (55 rRNA)
were taken from previous studies'®*. qPCR of PURA,
SPREDI and PTEN was carried out using gene specific
primers (Table II) and KAPA SYBR fast real time PCR
kit (Kapa Biosystems, Boston Massachusettes, US)
following manufacturer’s protocol.

58 rRNA was used as an internal control to
evaluate the levels of miR-144 and its target by
gPCR. For validating 55 rRNA as an internal control,
the concentration of RNA was determined and a
variable V! was calculated, where V' = Sample'Con/50-
Sample'Cts,'8. A stable value of V' indicated that the
expressionlevel of 5SS rRNAremained stable and it could

be used as an internal control. The cycle threshold (Ct)
was recorded for each sample. 24T method was used
to calculate the fold change (where ACt = (C, miRNA
— C,5s) and AAC, = AC, tumour tissue -AC, distant
non-malignant tissue) and histogram was drawn using
Livak’s method?! to represent fold change in expression
of circulating miR-144 in representative EC patients as
compared to matched healthy controls. Melting curve
analysis?? was used for qPCR amplification products
and confirmed by agarose gel electrophoresis.

Statistical analysis: Population distributions of EC and
normal samples were determined using Shapiro-Wilk
test and populations having P>0.05 were considered
normally distributed. Differences between groups
(EC and normal) were evaluated using Student’s ¢ test
and Mann-Whitney U test. Point-biserial correlation
was used to analyze the correlation between miR-144
expression (ACt) and tumour status (oesophageal cancer
samples were taken as 1 to represent presence of tumour
and non-malignant tissues were taken as 0 to represent
absence of tumor). All calculations were carried out
using SPSS software 13.0 (SPSS Inc, Chicago, IL,
USA). The receiver operating characteristic (ROC)
curve was used to assess the diagnostic accuracy and
area under the ROC curve (AUC) was determined. The
correlation between miR-144 expression and mRNA
levels of target genes i.e., PURA, SPREDI and PTEN
was analyzed using Pearson correlation test.

Target prediction and gene ontology (GO) terms
determination: The miRGen targets interface, which
provides an intersection for the four widely used target
prediction tools (miRanda, TargetScanS, PicTar and
DIANA-microT) was used for prediction of miR-144
targets®. Most putative targets of miR-144 were further
screened by using a two way approach as described
previously'”. In the first approach, only targets

Table II. Primers used for qPCR analysis

Gene name Sequence Product length (bp)

SPREDI Forward: 5’-GAGACAGTTGTTACCAGTGAGCC-3’ 132
Reverse: 5’-TGTCCAAGCCTGGCTGACCAAA-3’

PURA? Forward: 5-CACCTCCTTGACTGTGGACAAC-3’ 153
Reverse: 5-GCAGAAGGTGTGTCCGAACTTG-3’

35S rRNA™ Forward: 5’- GTCTACGGCCATACCACCCTG-3’ 121
Reverse: 5~ AAAGCCTACAGCACCCGGTAT-3’

PTEN? Forward: 5>-GAGTTTACCGGCAGCATCAA-3’ 246
Reverse: 5’- TTGAACTGGCAGGTAGAAGG-3’

Tself designed

Superscript numerals indicate reference numbers
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predicted by at least three softwares were selected and
their minimum free energy of hybridization (MFE)
was determined using RNAhybrid. The most putative
targets were further screened out on the basis of their
MFE where -21 kcal/mol was taken as the cut-off. Gene
ontology terms were determined for all the predicted
targets using Gene Ontology Tools developed at Lewis
Sigler Institute, Princeton University** and blast2go
tool®.

In the second approach, most putative targets were
screened on the basis of their GO terms, number of
binding sites, P (probability of conserved targeting),
context score and MFE using TargetScan (http://www.
targetscan.org/vert 71/), PicTar (http://pictarmdc-
berlin.de/) and RNAhybrid (http://bibiserv.techfak.
uni-bielefeld.de/rnahybrid/) softwares.
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Results

Upregulation of miR-144 in EC tissues: Expression of
miR-144 was observed in preneoplastic and neoplastic
oesophageal tissues and their matched distant non-
malignant tissues using qPCR. For both populations,
Shapiro-Wilk test confirmed significant deviation from
normal distribution (P<0.05; Fig. 1a and 1b).

miR-144 was found to be significantly upregulated
in 83 per cent (29/35) of oesophageal cancer patients
(P=0.010). Mean ACt value for cancer tissue was
5.75 (standard error of mean, SEM = 0.96) and for
non-malignant tissue it was 8.704 (SEM = 0.98). Fig.
2a and 2b show the relative expression of miR-144
in representative EC tissue specimens and matched
distant non-malignant oesophageal tissues. miR-144
was found to be upregulated in 90 per cent (24/28)
oesophageal squamous cell carcinoma (ESCC) tissues
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Fig. 1. Panels (a) and (b) show histograms representing population distribution of oesophageal cancer (EC) tissues and matched distant
non-malignant tissues. Panels (¢) and (d) show histograms representing population distribution of EC patients and normal subjects based on

serum samples analysis.
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Fig. 2. Increased expression of miR-144 in oesophageal cancer (EC): (a) Histogram showing comparison of ACt (inverted) for miR-144
in representative EC tissues (C1-C6) and matched distant non-malignant tissues (N1-N6). High value of 1/Act represents high miRNA
expression. (b) Boxplot diagram showing differential expression of miR-144 in cancer vs matched distant non-malignant tissues. High value
of 1/ACt represents high miRNA expression. (¢) ROC curve of miR-144 for discriminating EC tissues from distant non-malignant tissues.

and 71 per cent (5/7) oesophageal adenocarcinoma
tissues as compared to their matched distant non-
malignant tissues.

Since high value of ACt represents low miRNA
expression, a significant negative correlation was found
between ACt (r=-0.253, P=0.034) and tissue type.

Of the 12 preneoplastic tissues, 43 per cent (3/7)
hyperplastic tissues and 100 per cent dysplastic (5/5)
tissues showed upregulation of miR-144 as compared
to their matched distant non-malignant tissues. ROC
curve analysis yielded an AUC of 0.678 (95% CI:
0.552-0.805, P=0.010) (Fig. 2c¢).

Upregulation of miR-144 in EC serum samples:
The expression of miR-144 was examined in
serum samples from 19 EC patients and 19 normal
individuals using qPCR. Population distribution in EC
samples and normal individuals was determined, and
the hypothesis that the sample population distribution

follows a normal distribution/Gaussian distribution
was checked by Shapiro-Wilk test (Fig. 1c and 1d). EC
samples were normally distributed (P>0.05; P=0.231)
whereas normal samples deviated significantly from
normal distribution (P<0.05; P=0.001). As populations
were not normally distributed a non-parametric test
(Mann-Whitney U test) was employed to determine
the difference between the two groups. miR-144 was
significantly (P=0.015) upregulated in serum samples
of EC patients as compared to normal controls with
mean ACt value of 7.43 (SEM=0.561) for cancer
and 11.88 (SEM=1.605) for normal subjects (Fig.
3b). Mean ACt value of normal samples was used for
normalization to calculate the fold change in expression
of circulating miR-144. Circulating miR-144 was found
to be upregulated by more than two folds in 18 of 19
oesophageal cancer patients as compared to normals.
Fig. 3a shows the relative expression of miR-144 in
representative EC serum samples and matched normal
samples. Point-biserial correlation was used to analyze
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Fig. 3. Increased expression of circulating miR-144: (a) Histogram showing comparison of fold change for miR-144 in representative EC
patients (C1-C6) and matched healthy controls (N1-N6). (b) Boxplot showing differential expression of miR-144 in serum samples. Lower
value of ACt represents higher miRNA expression. High value of 1/ACt represents high miRNA expression. (¢) ROC curve of circulating

miR-144 for discriminating EC patients from normal subjects.

the correlation between miR-144 expression (ACt) and
serum type where oesophageal cancer serum samples
were taken as 1 to represent presence of tumour and
normal as 0 to represent absence of tumor. Since,
high value of ACt represents low miRNA expression,
a significant negative correlation was found between
ACt (r=-0.399, P=0.006) and serum type. The AUC
for circulating miR-144 was 0.731 (P=0.015) in terms
of discriminating EC patients from normal subjects
(Fig. 3c¢).

In silico target prediction and GO term determination:
DIANA-miRGen was used to predict miR-144 targets,
followed by target screening using a two-way approach.
In the first approach, MFE was calculated using
RNAhybrid for targets that were commonly predicted
(~ 100) by all three prediction programmes namely
miRanda, PicTar and TargetScanS. SPRED1 (sprouty-
related, EVH1 domain containing 1; MFE =-25.2 kcal/
mol), NR2F2 (nuclear receptor subfamily 2, group F,

member 2; MFE = -24.4 kcal/mol) and FBXL3 (F-box
and leucine-rich repeat protein 3; MFE = -24.2 kcal/
mol) were found to be the most putative targets of miR-
144 (Table III). In the second approach targets were
screened for three GO terms viz. tumour suppressor,
positive regulator of apoptosis/apoptosis and negative
regulator of cell proliferation. Most putative targets
were selected by determining context scores, number of
conserved sites and MFE by using PicTar, TargetScanS
and RNAhybrid. On the basis of these parameters, most
putative target found for tumour suppressor term was
GLTSCRI1 (glioma tumour suppressor candidate region
gene 1), for positive regulator of apoptosis targets were
PURA (purine-rich element binding protein A) and
ALDHI1A3 (aldehyde dehydrogenase 1 family, member
A3). For negative regulator of cell proliferation, CDHS5
(cadherin 5, type 2, vascular endothelium) and DLGS5
[discs, large homolog 5 (Drosophila)] were the most
potential targets (Table IV).
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Table III. Potential targets for miR-144 taking -22 Kcal/mol as cut-off for minimum free energy of hybridization (MFE) (by first

14. NM_000430

approach)
S.No Ref Seq Target MFE
(kcal/mol)

1. NM 152594 Sprouty-related, EVH1 domain containing 1 (SPRED1) -25.2
2. NM 021005 Nuclear receptor subfamily 2, group F, member 2 (NR2F2) -24.4
3. NM 012158 F-box and leucine-rich repeat protein 3 (FBXL3) -24.2
4. NM 021813 BTB and CNC homology 1, basic leucine zipper transcription factor 2(BACH2) -24.1
5. NM_005859 Purine-rich element binding protein A (PURA) -24
6. NM 014923 Fibronectin type 11 domain containing 3A (FNDC3A) -23.9
7. NM_001020658NM_014676  Pumilio RNA-binding family member 1 (PUM1) -23.5
8. NM_001999 Fibrillin 2 (FBN2) -23
9. NM 012309 SH3 and multiple ankyrin repeat domains 2 (SHANK2) -23
10. NM 024721 Zinc finger homeobox 4 (ZFHX4) -22.7
11. NM_ 198889 Ankyrin repeat domain 17 (ANKRD17) -22.7
12. NM 018650 MAP/microtubule affinity-regulating kinase 1 (MARK1) -22.7
13. NM_003070 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, -22.6

subfamily a, member 2 (SMARCA?2)
Platelet-activating factor acetylhydrolase 1b, regulatory subunit 1 (PAFHIBI1) -22.5

15. NM 001001890 Runt-related transcription factor 1 (RUNXT1) -22.5
16. NM 014962 BTB (POZ) domain containing 3 (BTBD3) -22.4
17. NM 001128 Adaptor-related protein complex 1, gamma 1 subunit (AP1G1) -22.4
18. NM 032124 Haloacid dehalogenase-like hydrolase domain containing 2 (HDHD?2) -22.2
19. NM 139168 Splicing regulatory glutamine/lysine-rich protein 1(SREK1) -22.2
20. NM 138316 Pantothenate kinase 1 (PANK1) -22.2
21. NM_000332 Ataxin 1 (ATXN]1) -22.2
22. NM 206854 QKI, KH domain containing, RNA binding (QKI) -22

Downregulation of PURA in EC tissues: Expression
of PURA was analysed in 43 oesophageal cancer
tissues (32 neoplastic and 11 preneoplastic) and their
matched distant non-malignant tissues using qPCR.
EC samples were normally distributed (P=0.443) but
for population of non-malignant tissues, Shapiro-
Wilk test confirmed significant deviation from normal
distribution (P=0.004; Fig. 4a and b). PURA was found
to be significantly downregulated in 81 per cent (26/32)
of oesophageal cancer patients (P=0.018). Mean ACt
value for cancer tissue was 13.89 (SEM=0.801) and
for non-malignant tissue it was 10.66 (SEM=1.097).
Fig. 5a shows the relative expression of PURA in
representative oesophageal cancer tissue specimens and
matched distant non-malignant oesophageal tissues.
Out of eleven preneoplastic tissues, it was found to be
downregulated in 43 per cent (3/7) hyperplastic and 75
per cent (3/4) dysplastic tissues as compared to their

matched distant non-malignant tissues. ROC curve
analysis yielded an AUC of 0.672 (95% CI: 0.539-
0.805, P=0.018) (Fig. 5b).

Downregulation of SPRED1 in EC tissues: Expression
of SPREDI1 was analysed in 43 oesophageal cancer
tissues (32 neoplastic and 11 preneoplastic) and their
matched distant non-malignant tissues. Population
of EC tissues was normally distributed (P=0.450),
however, for non-malignant tissue samples, Shapiro-
Wilk test confirmed significant deviation from normal
distribution (P=0.001) (Fig. 4c and d). SPREDI
was found to be downregulated in 69 per cent
(22/32) of oesophageal cancer patients, however, the
downregulation was not significant (P=0.177). Mean
ACtvalue for cancer tissue was 13.88 (SEM=0.778) and
for non-malignant tissue it was 11.82 (SEM=1.079).
Of the 11 preneoplastic tissues, it was found to be
downregulated in 57 per cent (4/7) hyperplastic and
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Fig. 4. Panels (a) and (b) show histograms representing population distribution of PURA ACt for EC tissues and matched distant non-
malignant tissues. Panels (¢) and (d) show histograms representing population distribution of SPRED1 ACt for EC patients and normal

subjects.
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Fig. 5 (a). Boxplot diagram showing differential expression of PURA in cancer vs matched distant non-malignant tissues. (b) ROC curve of
PURA for discriminating EC tissues from distant non-malignant tissues.



(a)

SHARMA et al: miR-144 OVEREXPRESSION IN HUMAN EC 101

UCAUGUAG UAGAU  GACAU
AGUACAUU GUUUG  CUGUA

5'C

W6 GMW G3

duc U us'
AUGUAG AGAUAUGACA
UGCAUU UCUGUGCUGU

5 C

C

ug

(b) PURA [NM_005859]: 1531
20.0000 -
15.00004
[0]
2
s
O )
= 10.0000
°
<
o
2
& 500004
. P=0.028
00000{ o™ o T o
0.00 100.00 200.00 300.00

miR-144 fold change

Fig. 6. Negative association between miR-144 and its
bioinformatically predicted target PURA: (a) Picture depicting
miR-144 binding sites in 3’UTR region of PURA as predicted
by RNAhybrid and PicTar. (b) Scatter plot showing negative
correlation between miR-144 and PURA.

75 per cent (3/4) dysplastic tissues as compared to their
matched distant non-malignant tissues.

Correlation between miR-144 and target genes:
RNAhybrid and PicTar were used to locate miR-144
binding sites in 3’UTR region of PURA (Fig. 6a).
Correlation between miR-144 and its putative targets
(PURA amd SPREDI) was analysed using pearson
correlation test in 41 EC tissues (31 neoplastic and 10
preneoplastic) as compared to their matched distant
non-malignant tissues. miR-144 expression was found
to be significantly and inversely correlated with PURA
expression in 75 per cent (31/41) oesophageal cancer
tissues (r=-0.344; P=0.028) suggesting PURA to
be the downstream target of miR-144 (Fig. 6b). The
other putative target, i.e. SPRED]1, was also inversely
correlated with miR-144 expression in 65 per cent
(27/41) oesophageal tissues, however, this correlation
was not found to be significant (r=-0.145, P=0.365).

Correlation of PTEN with miR-144 and its target:
PTEN was found to be downregulated in 56 per cent
(17/30) EC tissues as compared to matched distant
non-malignant tissues. Pearson correlation test was
used to analyze the correlation between PTEN, miR-
144 and newly identified potential targets of miR-
144, i.e. PURA and SPREDI. A significant positive
correlation was observed (r=0.404; P=0.027) between
expression levels of PURA mRNA and PTEN mRNA
levels. A negative but not significant correlation
(r=-0.233) was observed between miR-144 expression
and PTEN mRNA levels. SPRED-1 expression was
also found to be positively correlated (r=0.238) with
PTEN expression, however, the correlation was not
significant.

Discussion

In the present study, the levels of miR-144
were assessed in non-neoplastic, preneoplastic and
neoplastic oesophageal tissues as well as serum samples
from patients with oesophageal cancer and normal
individuals. miR-144 was found to be significantly
upregulated in 83 per cent oesophageal cancer tissues
as compared to their matched-distant non-malignant
tissues. The dysplastic tissues showed upregulation of
miR-144 as compared to their matched distant non-
malignant tissues, indicating that miRNA may have a
role in early stages of oesophageal carcinogenesis. In
addition, significantly higher miR-144 levels in serum
samples of patients with EC as compared to normals
indicate the potential of this miRNA as minimally
invasive marker for diagnosis of oesophageal cancer.

The observed upregulation of miR-144 in EC in the
present study is consistent with its previously suggested
oncogenic function in nasopharyngeal carcinoma and
its increased expression in renal cancer'®!. Earlier
microarray studies showed differential expression of
miR-144 in ESCC'%!8, Therefore, in the present study
we used LNA™ technology. This can discriminate
between miRNAs differing by one nucleotide thereby
allowing excellent discrimination of miRNAs with
high specificity.

miR-144 plays an important role in regulating
cell proliferation, clonigenicity, migration, invasion
and tumour formation in various cancers'’. Various
studies have validated PTEN'*?, RB1%°, mTOR?, and
caspase-3% to be the direct targets of miR-144. Zhang
et al'® showed that miR-144 overexpression suppressed
expression of PTEN promoting G1 phase transition
due to increase in expression of Akt and cyclin D1. It
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also led to decreased E-cadherin expression resulting
in increase in migration and invasion. miR-144
treatment has also been shown to sufficiently reduce
the levels of procaspase-3 affecting the activation
of caspase cascade®. Lee et al’® have reported that
Rbl, a well known negative cell cycle regulator is
targeted by versican-bound miRNAs like miR-144
and miR-199a-3p and transfection of versican 3> UTR
interfered miRNA functioning freeing RB1 and PTEN
for mRNA translation. We identified two new targets
of miR-144, PURA and SPREDI. PURA, one of the
newly identified targets, was found to be significantly
downregulated in 81 per cent of oesophageal cancer
tissues as compared to their matched distant non-
malignant tissues. Down-regulation of PURA has also
been observed in other cancers viz., chronic myeloid
leukaemia* and androgen-independent prostate
cancer®’. PURA exhibits the characteristics of a tumour
suppressor protein and its overexpression blocks the
cell cycle in G1 or G2 phases of proliferating cells with
distinct morphological consequences®!. Our results
demonstrate that PURA may be a potential target of
miR-144 and observed downregulation of PURA
may be caused by increased expression of miR-144.
However, further analysis of PURA at protein level is
warranted to shed light on regulation at translational
level.

The other predicted target of miR-144 SPREDI,
was found to be downregulated in 69 per cent EC
tissues as compared to matched distant non-malignant
tissues. Although an inverse correlation of SPREDI
was observed with miR-144 expression at mRNA
level in 65 per cent oesophageal cancer tissues, the
correlation was not significant. Since in animals,
instead of mRNA degradation, translational repression
is a major mechanism for gene silencing by miRNAs*,
further analysis at protein level is warranted to validate
its association with miR-144.

In this study, we also analyzed the expression of
one of the proven miR-144 targets i.e., PTEN using
gPCR (data not shown). PTEN was observed to be
downregulated in 56 per cent EC tissues as compared
to matched distant non-malignant tissues. A significant
positive correlation was observed (r=0.404; P=0.027)
between expression levels of PURA mRNA and PTEN
mRNA supporting our finding that PURA may be a
target of miR-144.

In conclusion, our results demonstrated increased
expression of circulating miR-144 in serum of
oesophageal cancer patients, which could be used

to discriminate ooesophageal cancer patients from
normal individuals with good sensitivity (94.7%).
Also, upregulation of miR-144 in all the dysplastic
EC tissues as compared to their matched-distant
non-malignant tissues suggests that it may serve as a
biomarker for early detection of oesophageal cancer.
Further investigation on miRNA-144 functions by
introducing its antagonist may help better understand
the role of this miRNA in pathogenesis of EC and may
provide a potential strategy for treating this disease.
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