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MiR-141-3p is u?regulated in esophageal squamous cell carcinoma and targets
pleckstrin homology domain leucine-rich repeat protein phosphatase-2, a negative
regulator of the PI3K/AKT pathway
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The phosphatidylinositol-3-kinase (PI3K)/AKT pathway is frequently activated

in various human cancers and plays essential roles in their development and progression.
The miRNA microarray analysis revealed that miR-31-5p, miR-141-3p, miR-200b-3p, miR-200c-3p, and
miR-205-5p were expressed at higher levels in the ESCC cell lines than the normal esophageal
epithelial cell line. Bioinformatical analyses of mRNA microarray data identified several AKT/PI3K
pathway-related genes as candidate targets of these miRNAs, which include tumor suppressors such as
DNA-damage-inducible transcript 4 and pleckstrin homology domain leucine-rich repeat protein
phosphatase-2 (PHLPP2). To validate the targets of relevant miRNAs experimentally, synthetic mimics
of the miRNAs were transfected into the esophageal epithelial cell line.
Here,we report that miR-141-3p suppress the expression of PHLPP2, a negative regulators of the
AKT/PI3K pathway, as a target in ESCC.
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microRNA (miRNA)

Het-1A
TE-1 TE-5 TE-8 miRNA
miRNA Akt
pathway miRNA
RNA
Het-1A BEBM BEGM kit ( ) GA-1000
0.01 mg/ml fibronectin, 0.03 mg/ml bovine collagen type 1 0.01 mg/ml bovine
serum albumin TE-1 TE-5 TE-8 10% fetal
bovine serum FBS RPM11640
miRNA
miRNA miRCURY LNA miRNA Array (Exiqon) Agilent
Expression Array
RT-PCR
Total RNA RNAiso Plus
total RNA cDNA  PrimeScript RT
Reagent Kit ( ) RT-PCR KOD SYBR gPCR Mix
PHLPP2 anti-PHLPP2 Abcam
Anti-rabbit 1gG HRP-linked Cell Signaling Technology
alpha-Adaptin Anti-adaptin Affinity
Bioreagents Anti-Mouse 1gG H+L Rabbit, IgG whole, Perosidase
Conjugated Wako
miRNA
Het-1A  Lipofectamine RNAIMAX Transfection Reagent ( )
mirVana miRNA mimics ( )
1. miRNA 3
miRNA miR-31 miR-141,
miR-200b, miR-200c miR-205
Akt pathway
PHLPP2 3 UTR miR-141
Table 1
Abbreviations MiRNAs upregulated in the ESCC-derived cell lines.
miRNA® Fold change (Log, ratio)
ES_CC EsgPhageal squamous cell carcinoma TEAJHer 1A TES/Her 1A TESHer 1A
miRNA microRNA
DDIT4 DNA-damage-inducible transcript 4 hsa-miR-205-5p 375 4.19 212
PHLPP2  pleckstrin homology domain leucine-rich repeat :szgﬁﬁ?‘j;p 323 ;2; ;gg
protein phosphatase-2 hsa-miR-200b-3p 298 251 219
PI3K The phosphatidylinositol-3-kinase hsa-miR-31-5p 101 1.10 2.55

comparisons.

? The order of miRNAs is based on the averaged fold changes of the three
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Fig. 1. Validation of the upregulation of miRNAs in tumorous esophageal squamous epithelium-derived cell lines by qRT-PCR.

The expression levels of five miRNAs identified in microarray analyses as being expressed at higher levels in ESCC cell lines than Het-1A cells, a normal esophageal squamous
epithelium cell line, were analyzed by qRT-PCR. Data were normalized to the expression level of 185 rRNA. For each miRNA, the average expression level in the cell line displaying
the highest level of expression was set at 1. Data represent the mean + SD of triplicate measurements. *p < 0.05 versus Het-1A. n. d., not detected.

Table 2

PI3K/Akt pathway-related mRNAs downregulated in the ESCC-derived cell lines.

Gene Symbol®

Fold change (Log; ratio)

Putative target sites of miRNA in the 3'-UTR”

TE-1/Het-1A TE-5/Het-1A TE-8/Het-1A 31-5p 141-3p 200 b/c-3p 205-5p
TLR4 9.17 5.73 9.17 MT T T
SPP1 4.52 4.43 3.27
D19 4,32 3.3 3.96
COL2AT 4.15 3.26 413
KIT 4.2 4.32 3.03 M T
DDIT4 43 349 3.39 MT T
THBS4 514 3.67 2.89
FGF6 3.54 2.88 5.45
RPS6KAG 3.57 3.68 3.46 T MT
MYB 3.13 7.51 2.62 MT
ITGA10 3 31 4.44 MT
TLR2 9 1.71 7.14
CSF3 3 3.25 3.08 MT
KDR 3.28 3.37 2.8 T MT MT T
C0L4A4 3.81 453 1.34 T T
FGF13 51 1 4.93 MT
ULK2 422 2.58 1.5 MT MT
IGF1 1.73 1.81 4.02 M
RPS6KA2 1.57 2.67 2.47 MT MT
coL3A1 2.59 274 1.47 M
ANGPT1 1.1 2.67 3 M
ITGA7 2.54 2.2 1.42
TNXB 2.33 1.69 1.47
PIK3R1 4.01 1.44 1.08
IRS1 1.25 1.99 1.44 T MT MT
PPP2R3B 2.85 1.04 1.06
PHLPP2 1.12 1.43 1.05 MT M T
Gene symbols shown in bold represent genes predicted as targets of one or more miRNA(s).
@ The order of genes is based on the averaged fold changes of the three comparisons.
P M and T represent the presence of miRNA target site(s) predicted by MiRanda and TargetScan, respectively.
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Fig. 2. DDIT4 and PHLPP2 mRNA expression in normal and tumorous esophageal
squamous epithelium-derived cell lines.

DDIT4 (A) and PHLPP2 (B) mRNA levels were analyzed by gRT-PCR. Data were
normalized to the expression level of GAPDH. The average normalized miR-141-3p
expression level in Het-1A cells was set at 1. Data represent the mean + SD of triplicate
measurements. *p < 0.05 versus Het-1A.



2. miR-141 PHLPP2
RT-PCR Western blot

3. miR-141 PHLPP2 mRNA
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Fig. 3. Silencing of the PHLPPZ2 gene by miR-141-3p.

(A) Expression levels of the PHLPP2 mRNA in Het-1A cells transfected with the indicated synthetic miRNA mimics or a negative control reagent (NC). PHLPP2 mRNA levels were
analyzed by qRT-PCR, and the data were normalized to the expression level of GAPDH. The average normalized PHLPP2 expression level in NC-transfected cells was set at 1. (B)
Western blot analyses of PHLPP2 protein expression in Het-1A cells transfected with or without (none) a synthetic miR-141-3p mimic or a negative control reagent (NC). The
expression level of w-adaptin was measured as an internal control. (C) A luciferase reporter assay examining targeting of the PHLPP2 3'-UTR by miR-141-3p. The activity of a firefly
luciferase gene under the control of the PHLPP2 3'-UTR was normalized to that of constitutively controlled Renilla luciferase. Data represent the mean + SD of triplicate mea-
surements. *p <0.05 versus control.
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Fig. 4. Expression of miR-141-3p and PHLPPZ mRNA in clinical ESCC specimens.

The expression levels of miR- 141-3p (A) and PHLPP2 mRNA (B) in ESCC and normal esophageal epithelial tissues were analyzed by qRT-PCR. Data were normalized to the expression
level of 185 rRNA and GAPDH for miR-141-3p and PHLPP2 mRNA, respectively. The average normalized levels of miR-141-3p and PHLPP2 mRNA expression in the normal esophageal
epithelial tissue was set at 1. Data represent the mean + SD of triplicate measurements. *p < 0.05 versus the normal esophageal epithelial tissue.
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