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miR-137 Regulates the Tumorigenicity of Colon Cancer Stem Cells through the
Inhibition of DCLK1

Hisamori, Shigeo
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DCLK1-positive colon cancer cells were widely distributed in the colon
cancer specimens, while DCLK1-positive epithelial cells were rarely detected in normal colon
tissues, including the crypt bottoms. MiRNA-137(miR-137) was highly expressed in the NCoSC
population, whereas the DCLK1 mRNA expression was significantly upregulated in the CoCSC population.

The defect in organoid development by the transduction of miR-137 and shRNAs were substantially
rescued by co-expression of the exogenous DCLK1. Although miRNA-137 overexpression did not affect
the organoid development of the normal intestine, miRNA-137 knockdown promoted the organoid
development of normal colon cells. miR-137 has the potential function to suppress the tumorigenicity

of CoCSCs and that maintained expression of miR-137 in NCoSCs contributes to suppress uncontrolled
cell proliferation through the inhibition of DCLK1 expression.
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Figure 1.

Analysis of human normal colon and colon cancer specimens. A, representative flow-cytometric plot. EpCAM'/CDA44 " /CD66a  cells and EpCAM ' /CD44 /
CDEBa' cells in both colon cancer tissues and normal colon tissues were collected by flow cytometry. B, expression pattern of 384 miRNAs inthe EpCAM ' /CDaa '/
CD66a  population of colon cancer tissues. The amount of miIRNA expression (Ci value) was analyzed by multiplex quantitative real-time PCR. Only miR-15a
and miR-137 were suppressed in the EpCAM' /CD44' /CD66a  population of both colon cancer specimens. Numbers indicate the difference of €y values (AC)
between normal stem cells and CSCs. C, qRT-PCR results of several intestinal stem cell markers, The DCLKT mRNA expression in the EpCAM' /CD44 ' /CD66a  colon
cancer cell population was significantly higher than that of EpCAM' /CD44 /CD66a' colon cancer cell population and EpCAM ' /CD44' /CD66a  normal

colon cells (n = 3, *, P< 0.05, N.S, not significant). D, IHC analysis. Normal tissues adjacent to cancers showed positive DCLK1 immunoreactivity but DCLKI-positive
cells were rare (allow) and no cells located at the bottom of the crypts (left). Cancer tissues showed diffuse DCLK1-positive pattern (right). Scale bar: 100 pm.
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Figure 2.

Targeting DCLKT by miRNA-137. A, schematic representation of the predicted miR-137 target site sequence within the 3'UTR of DCLKI. DCLKT had two predicted
target sites (target 1 and target 2). Five nucleotides within target 1 and two nucleotides within target 2 complementary to the seed sequence (the nuclectide 2-7
of miRNA) of miR-137 were mutated in the DCLKT-mutant plasmid. The number indicates the position of the nuclectides in the wild-type sequence of DCLKT
(NM_00195415). B, activity of luciferase gene linked to the 3'UTR of DCLKL The pGL3 luciferase reporter plasmids with the wild-type (WT) or mutated 3UTR
of DCLKT (mut) were transiently infected into SW480 cells along with 25 nmol/L negative contral or miR-137 precursor. Cotransfected Reniffa luciferase
reporter was used for the normalization. Luciferase activities were measured after 48 hours. The data are mean and SD of separated transfections (n=3,*, P<0.05,
**, P< 0.00). C, semiquantitative RT-PCR analysis of DCLKT mRNA expressions of colon cancer cell line SW480. SW480 cells expressed DCLKI. D,

suppression of endogenous DCLK] protein. SW480 cells were transfected with 25 nmol/L negative control (N.C.) or miR-137 precursor, and DCLK] protein
level was analyzed by Western blotting after 48 hours.
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Figure 3.

Suppression of organoid development by miR-137 through inhibiting the expression of DCLKT in SW480 cells. A, representative images of the organoids
derived from GFP'/mCherry ' /CD44' SW480 cells. The left and middle panels are the fluorescent microscopic images for the detection of GFP and
mCherry, respectively. The right panels are the phase-contrast images of the organoids merged with the images of the green fluorescent images (left)
and the red fluorescent images (middle). Scale bar: 100 um. B, MiR-137 suppressed colon cancer organoid development. The data are mean + SD
(n=3% P<0.01) C, the DCLK] expression was suppressed in the organoids derived from SW4B0 cells transfected with miR-137 expressing lentivirus,
D, representative images of organecids of SW4B0 cells transfected with the pGIPZ lentiviral non-silencing control or the pGIPZ lentiviral shRNA against
DCLKT (shRNA-DCLKD). The organoid development with the shRNA-DCLKT was suppressed compared with that with the non-silencing control. The top panels
are the phase-contrast images of the organoids, and the bottom panels are the fluorescent microscopic images for the detection of GFP. Scale bar: 100 pm.
The data are mean +SD (n = 4, *, P < 0.05, **, P < 0.01).
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Figure 4.

Influence of miR-137 on normal intestinal organoid. A, hPCCs infected by control lentivirus or anti-miR-137-expressing lentivirus were cultured for 7 days.
GFP'/CD44'/CD66a hPCCs were collected by flow cytometry, B, Anti-miR-137 enhanced organoid development. Representative images of the organoids derived
from GFP'/CD44"' /CD66a  hPCCs. The top panels are the phase-contrast images of the organoids, and the bottom panels are the fluorescent microscopic
images for the detection of GFP, Scale bar: 100 pm. The data are mean + SD (n = 9, *, P < 0.01). C, organoids derived from mouse small intestine infected
with miR-137-expressing lentivirus grew as well as those infected with control lentivirus. The bottom panels are the fluorescent microscopic images for the
detection of GFP, and the other panels are the phase-contrast images of the organoids. Day0 and Day?7 indicate the day of infection and 7 days after infection,
respectively. Scale bar: 100 pm. The data are mean + SD (n = 6, N.5., not significant, P > 0.05).
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