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Background: Nicotinamide phosphoribosyltransferase (NAMPT) and the transforming
growth factor-p (TGF-P) signaling pathway play important roles in colorectal tumorigenesis
and progress. However, the underlying regulatory mechanisms between NAMPT and TGF-
signaling in colorectal cancer (CRC) remain poorly understood.

Methods: Public data were extracted from the Oncomine database and the PrognoScan
database to investigate the mRNA expression and the prognostic value of NAMPT, respec-
tively, in CRC. Western blot tests were performed to detect Smad2, Smad3, p-Smad2,
p-Smad3, Smad4 expression in CRC cells transfected with human NAMPT-siRNA or
NAMPT-overexpressing plasmid. TGF-B1 concentrations in culture supernatants were
assayed using ELISA kits. The effect of TGF-B1 on NAMPT expression was evaluated by
quantitative real-time PCR and Western blot. The dual-luciferase reporter assay was
employed to confirm the binding of miR-1-3p to NAMPT 3'-UTR. Subsequently, NAMPT
levels in HCT116 cells transfected with the mimics and inhibitors of miR-1-3p were detected
by quantitative real-time PCR and Western blot.

Results: NAMPT was overexpressed in human CRC and was correlated with short overall
survival. NAMPT increased the protein expression levels of components in the TGF-f signaling
pathway including Smad2, Smad3, and Smad4. Moreover, NAMPT promoted TGF-f1 secretion.
Intriguingly, the TGF-B1 treatment down-regulated NAMPT expression at mRNA and protein
levels in CRC cells which were partly through the up-regulation of miR-1-3p that directly bound
to the NAMPT 3'-UTR. These outcomes demonstrated that NAMPT was a downstream target of
miR-1-3p and there was a negative association between NAMPT and miR-1-3p in CRC.
Conclusion: There is a negative feedback loop between NAMPT and the TGF- signaling
pathway in CRC cells, providing new insight into the mechanism underlying the regulatory
pathways in CRC.

Keywords: miR-1-3p, nicotinamide phosphoribosyltransferase, regulatory mechanism,
Smad, tumorigenesis

Introduction

Colorectal cancer (CRC) is the third most common malignant tumor with an incidence
of 6.1% and a mortality rate of 9.2% globally.'** Despite the great advances in clinical
diagnosis and treatment in the last few decades, the effective therapeutic targets of CRC
are still under challenge due to the complexity of its pathogenesis.>* Therefore, it is of
particular importance to identify specific molecular targets of CRC and clarify the
related mechanisms to improve the prognosis of CRC patients.
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Nicotinamide phosphoribosyltransferase (NAMPT),
also known as pre-B-cell colony-enhancing factor (PBEF)
and visfatin, is a rate-limiting enzyme in the salvage path-
way of nicotinamide adenine dinucleotide (NAD) synthesis
in mammals.” NAMPT was overexpressed in various types
of cancers including CRC, which was associated with vas-
cular invasion, advanced TNM stage, and poor prognosis of
CRC patients.®*” Our previous study has shown that
NAMPT as a potential progression marker of CRC pro-
motes CRC cell viability.® In addition to its effect on
impairment of cellular energy metabolism in cancer cells,
NAMPT is also involved in non-metabolic functions such
as sirtuin function, DNA repair machinery, redox home-
ostasis, and tumor-related immune suppression.” It has
been shown that NAMPT is a molecular target of potent
anticancer agents and its inhibitors have been applied in
several early phase clinical trials for cancer therapy.'’
However, the molecular mechanism underlying NAMPT
functions in CRC progression requires further clarification.

The (TGF-B) is
a superfamily of structurally and functionally related proteins

transforming growth  factor-f8

and regulates numerous cellular functions including prolifera-
tion, apoptosis, differentiation, migration, and epithelial-
mesenchymal transition (EMT).'""'? Paradoxically, TGF-p
exhibits tumor suppressive and promoting effects in cancer
depending on the molecular and cellular context.'>'
Activation of the receptors by TGF- ligands phosphorylates
downstream signaling transducer proteins Smad2 and Smad3,
which then assemble into complexes with Smad4. Ultimately,
Smad-complex shuttles to the nucleus and regulates transcrip-
tion of TGF-p3 target genes, such as Inhibitor of Differentiation
1 (ID1).">'7 Although NAMPT and the TGF-p signaling
pathway are involved in tumor progression, their interrelation-
ship in carcinogenesis is not fully elucidated.

MicroRNAs (miRNAs) are small non-coding RNAs
with a length of about 22 nucleotides that could suppress
a gene by binding to the 3'-untranslated region (3’-UTR)
of mRNAs, resulting in the degradation of mRNA and the
suppression of translation. Regarding molecular mechan-
isms underlying cancer, miRNAs are critical gene expres-
sion regulators acting as oncogenic or tumor suppressor,
therefore play crucial roles in tumorigenesis including
CRC."®?° Using an online TargetScan tool (http://www.
targetscan.org/vert 72/), miR-1-3p is predicted to be one
of the miRNAs that might bind to the 3'-UTR of the
NAMPT gene. The bioinformatics analysis based on 645
cases from 9 microarray datasets showed that miR-1-3p

was significantly down-regulated in CRC and may

suppress CRC through multiple biological approaches.?'
In primary tumors, miR-1-3p is associated with age, muci-
nous component, tumor grade, and overall survival of
CRC patients.”> However, the effect of miR-1-3p on
NAMPT and the related mechanism in CRC remains lar-
gely unknown.

In this study, we examined the expression of NAMPT
in colorectal adenoma and carcinoma tissues by bioinfor-
matics analyses and investigated the relationship between
NAMPT and the TGF-B signaling pathway in CRC cells.
The association of NAMPT and miR-1-3p in CRC cells
and the possible mechanism underlying TGF-B1-mediated
NAMPT regulation via miR-1-3p were also clarified.

Materials and Methods

Bioinformatics Analyses
The Oncomine database (http://www.oncomine.org) was

applied to investigate the mRNA expression of NAMPT
in CRC and normal tissues. The screening criteria were
determined as follows: P-value = 0.05; fold-change = 1.5,
mRNA data type, and 10% gene ranking. For the prog-
nostic value of NAMPT in CRC, the expression data of
GSE17536 in the PrognoScan database were obtained and
the overall survival (OS) curve was plotted with the probe
243296 at** For exploring the relationship between
NAMPT and Smad2, Smad4, TGFBI, the starBase online
tool (http://starbase.sysu.edu.cn/panCancer.php) was used
in TCGA-COAD data.”*

Cell Culture and TGF-B| Treatment
HT29, Caco2, and HCT116 human CRC cell lines were
obtained from the Institute of Cell Biology, Chinese
Academy of Sciences (Shanghai, China). HT29 and
HCT116 cells were cultured in RPMI 1640 medium
(HyClone, Thermo Fisher Scientific Inc., Beijing, China)
and Caco2 cells were cultured in MEM (HyClone) supple-
mented with 10% fetal bovine serum (HyClone) at 37°C in
a humidified 5% CO, atmosphere. After seeding at the cell
density of 3x10° cells per well in 6-well plates for 24 h,
the CRC cells were treated with TGF-B1 (R&D Systems,
Minneapolis, MN, USA) at different doses (0, 2.5, 5, and
10 ng/mL) for 24 h.

NAMPT-siRNA, NAMPT Plasmid, miRNA

Mimics, and Inhibitors Transfection
The cells were first seeded in 6-well plates for 24 h and
then transiently transfected with human NAMPT-siRNA
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which was a pool of 3 target-specific siRNAs used to
knock down gene expression (sc-45,843, Santa Cruz
Biotechnology, Inc., Dallas, TX, USA). Non-targeting
siRNA (sc-37,007, Santa Cruz) was used as a negative
control. Lipofectamine RNAIMAX (Invitrogen Life
Technologies, Carlsbad, CA, USA) was used for transfec-
tion according to the manufacturer’s instruction.

For plasmid transfection, HCT116 cells were trans-
Lipo8000™ Transfection Reagent
(Beyotime, Haimen, Jiangsu, China) in the exponential

fected using the

phase with 2.5 pg FLAG-tagged plasmid -carrying
NAMPT cDNA (EX-A1275-M12, GeneCopoeia, Inc.,
Rockville, MD, USA) and empty vector control plasmid
(EX-NEG-M12, GeneCopoeia).

The miR-1-3p mimic, miR-negative control (miR-NC),
miR-1-3p inhibitor (anti-miR-1-3p), and the negative control
of inhibitor (anti-miR-NC) were purchased from GenePharm
(Shanghai, China) and their sequences were shown in
Supplementary Table S1. After seeding cells into 6-well

plates for 24 h, cells were transfected with miR-1-3p mimic
or miR-NC and anti-miR-1-3p or anti-miR-NC using
Lipo8000™ Transfection Reagent and incubated for 48 h.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from cells using the RNAeasy™
Animal RNA Isolation Kit with Spin Column (Beyotime)
according to the manufacturer’s instruction. The miRNA
and mRNA were reversely transcribed for PCR using the
Transcriptor First Strand ¢cDNA Synthesis Kit (Roche
Applied Science, Indianapolis, IN, Germany) with the reac-
tion conditions as 25°C for 10 min, 50°C for 60 min, 95°C
for 5 min, 4°C for 60 min. PCR primer sequences
(Supplementary Table S2) were synthesized by Sangon
Biotech Co., Ltd. (Shanghai, China). PCR amplification
was performed at 95°C for 10 min, followed by 40 cycles
of 95°C for 10 s and 60°C for 31 s using an SYBR Green
Master kit (Roche Applied Science). Each experiment was

conducted in triplicate and repeated three times. The
expression level of NAMPT mRNA normalized to
GAPDH as an endogenous control was calculated using
244Ctin which the threshold cycle (Ct) was obtained
using the Sequence Detection Software V1.4 (7300 Real-
Time PCR System, Applied Biosystems, Foster City,
CA, USA).

Western Blot Analysis
Cells were lysed in sodium dodecyl sulfate (SDS) lysis
buffer (Beyotime) containing 1% phenylmethylsulfonyl

fluoride (PMSF), protease, and phosphatase inhibitor cock-
tail (Beyotime) followed by sonication. The protein con-
centration was determined by the BCA Protein Assay kit
(Beyotime). An equal amount of protein (30 pg) was sepa-
rated by 10% or 12% SDS-polyacrylamide gel electrophor-
esis and transferred to a PVDF membrane (Millipore,
Billerica, MA, USA) with the transfer buffer (Beyotime).
After blocking with 5% nonfat dry milk in Tris-buffered
saline containing Tween-20 (TBS-T), the membrane was
incubated with a primary antibody overnight at 4°C, fol-
lowed by the incubation of horseradish peroxidase-
conjugated goat anti-rabbit IgG or anti-mouse 1gG (1:5000
dilution, Absin Bioscience Inc., Shanghai, China) for 1 h at
room temperature. The unbound antibodies were eluted
with TBS-T for 10 min x 3 times. The following primary
antibodies were used: rabbit anti-NAMPT (1:1000 dilu-
tion), mouse anti-ID1 (1:1000 dilution) (Sigma Chemical
Co., St. Louis, MO, USA), mouse anti-GAPDH (1:5000
dilution, Absin), rabbit anti-phospho-Smad2 (1:1000 dilu-
tion), rabbit anti-phospho-Smad3 (1:1000 dilution), rabbit
anti-Smad2 (1:2000 dilution), rabbit anti-Smad3 (1:2000
rabbit anti-Smad4 (1:2000 dilution) (Cell
Signaling Technology, Inc., Danvers, MA, USA). Signals
detected
Chemiluminescent HRP Substrate (Millipore) and quanti-
fied using the Tanon-4500 Gel Imaging System with GIS ID
Analysis Software v4.1.5 (Tanon Science & Technology
Co., Ltd., Shanghai, China).

dilution),

were using the Immobilon™  Western

ELISA

Cellular supernatants of HCT116 and Caco2 cells after
transfection for 48 h were assayed for the detection of
TGF-B1 concentration using commercially available
human TGF-B1 ELISA kits (ImmunoWay Biotechnology
Company, Plano, TX, USA), according to the manufac-
turer’s protocol. The colorimetric reaction was measured
at 450 nm.

Dual-Luciferase Reporter Assay

The whole 3’-UTR of NAMPT that contains the binding
site of miR-1-3p was predicted by the TargetScan. The
wild-type NAMPT clone and corresponding 3'-UTR-
mutated NAMPT clone were synthesized simultaneously
by GENEWIZ, Inc (Suzhou, Jiangsu, China). A partial 3'-
UTR of NAMPT (514 bp) that contains the predicted
binding site of miR-1-3p was amplified from genomic
DNA and inserted into the reporter vector pmirGLO. All
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clones were verified by restriction enzymes Nhel and Xhol
digestion and DNA sequencing.

HCT116 cells were cultured in 24-well plates and
cotransfected with 0.5 pg wild-type or mutated NAMPT
reporter plasmid and 50 nM miR-1-3p mimics or negative
controls using Roche X tremeGENE siRNA Transfection
Reagent (Roche Applied Science). After transfection for
24 h, cells were lysed and luciferase activities were
detected using the Luc-Pair™ Duo-Luciferase Assay Kit
(GeneCopoeia) following the manufacturer’s instructions.
Renilla luciferase activity was applied for standardization.

Statistical Analysis

All data were presented as the mean =+ the standard error of
the mean (SEM) from at least three independent experi-
ments as indicated. Statistical analyses were carried out
using GraphPad Prism 6 (La Jolla, CA, USA) and SPSS
v16.0 (Chicago, IL, USA) software. Student’s t-test or
one-way ANOVA test was applied to calculate the signifi-
cance of differences between two groups or among multi-
ple groups. Differences with the value of p<0.05 were
considered to be statistically significant.

Results
NAMPT is Overexpressed in CRC

Patients

Cancer data analyses of the Oncomine database revealed
that several types of cancer have an increased expression
of NAMPT, including colorectal cancer (Figure 1A).
A high level of NAMPT mRNA expression was found in
adenoma and carcinoma tissues compared with normal
colorectal tissues from different groups in the microarray
datasets with fold change >2 (Figure 1B-G). A similar
result was obtained from the data in COAD with 471
colorectal cancer and 41 normal samples (Figure 1H).
These results indicated that NAMPT might be involved
in CRC progression. Besides, the survival plots from
GSE17536 revealed that the overexpression of NAMPT
mRNA was associated with worse OS of patients with
CRC (Figure 1I).

Knockdown of NAMPT Inhibits the TGF-
B Signaling Pathway

Since NAMPT and the TGF-f signaling pathway play an
important part in colorectal tumorigenesis, we speculated
that NAMPT might regulate the TGF-pf/Smad signaling
pathway in CRC. The starBase online tool was used in

TCGA-COAD data to explore the relationship between
NAMPT and the TGF-B signaling mediators (Smad2 and
Smad4). The results revealed that the expression of
NAMPT was positively correlated with Smad2 and
Smad4 (Figure 2A).

Smads are the key signal transducers of the TGF-f
signaling pathway. To test the effects of NAMPT on
Smads, we first detected the influence of NAMPT knock-
down on the expression of Smads in HCT116 and Caco2
cells. qRT-PCR and Western blot tests confirmed that both
mRNA and protein expression levels of NAMPT were
reduced in cells transfected with NAMPT-siRNA compare
with the control (Figure 2B and C). As shown in Figure 2C
and D, Smad2 and Smad3 were phosphorylated upon 5 ng/
mL TGF-B1 TGEF-
Bl-induced phosphorylation of Smad3 was significantly

stimulation for 24 h. However,

suppressed after transfection with si-NAMPT. No signifi-
cant variation of the p-Smad2 level was found between the
TGF-B1 + si-NC group and TGF-1 + si-NAMPT group
both in HCT116 and Caco2 cells. Moreover, knockdown
of NAMPT significantly decreased the protein levels of
Smad2, Smad3, and Smad4. Treatment with TGF-B1 did
not attenuate the effect of NAMPT silencing on Smads.
These results indicated that knockdown of NAMPT
repressed the TGF-Bl1 signaling pathway proteins and
decreased TGF-B1-mediated phosphorylation of Smad3.

NAMPT Overexpression Activates the
TGF-B Signaling Pathway

As shown in Figure 3A, the NAMPT protein level was
increased in HCT116 cells transfected with the NAMPT-
overexpressing plasmid. Western blot was applied to eval-
uate the effect of NAMPT overexpression on the TGF-f
signaling pathway. NAMPT overexpression increased the
protein levels of Smad2, Smad3, Smad4 as well as phos-
phorylation of Smad2 and Smad3 compared to the control
plasmid transfected cells (all P < 0.05) (Figure 3B-D).
ID1, as one of the targeted genes directly regulated by the
TGF-B signaling pathway, was also significantly up-
HCT116 transfected NAMPT-
overexpressing plasmid (Figure 3E).

regulated in cells

NAMPT Promotes the Secretion Level of
TGF-BI

To evaluate the influence of NAMPT on the secretion of
TGF-B1 in CRC cells, we measured the TGF-B1 concen-
trations in cell supernatants from NAMPT-overexpressing
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Figure | Bioinformatics analysis of NAMPT mRNA expression and the related survival plot in colorectal tissues. (A—G) Data were obtained from the microarray datasets of
the Oncomine database. NAMPT was overexpressed in various types of cancers including colorectal cancer in A. High levels of NAMPT mRNA expression were observed in
colorectal cancer compared with normal colorectal tissues in the microarray datasets of Skrzypczak in B and C, Hong in D, Gaedcke in E, Kaiser in F, Sabates-Bellver in G,
respectively. (H) TCGA-COAD data was used to compare the NAMPT expression in colorectal cancer tissues with normal tissues. (I) Survival plot. The data from
GSE17536 showed that high expression of NAMPT mRNA was associated with short overall survival (OS) in CRC patients.

and NAMPT-silencing cells by ELISA. TGF-B1 concen-
tration in supernatants from NAMPT-silencing HCT116
and Caco2 cells was lower compared with the control
cells (Figure 4A and B). However, transfection with
NAMPT-overexpressing plasmid in HCT116 cells pro-
moted the TGF-B1 production in the supernatants com-
pared with the respective control (Figure 4C).

TGF-B1 Suppresses NAMPT Expression
in CRC Cells

Using bioinformatics analysis, we found a negative correlation
between NAMPT and TGFBI (Figure 5A). Furthermore, the
sequence of potential Smad2/3 binding sites was found within

the NAMPT promoter in the JASPAR database (Figure 5B).
Therefore, we speculated that the NAMPT expression might
be regulated by TGF-B1. After TGF-B1 treatment, NAMPT
expression in HT29, HCT116, and Caco2 cells was signifi-
cantly decreased at the mRNA (Figure 5C) and protein
(Figure 5D and E) levels (P <0.05), when the concentration
of TGF-B1 was higher than 5 ng/mL. These results indicated
that there was a negative feedback loop between NAMPT and
the TGF-f signaling pathway.

MiR-1-3p Binds to the 3'-UTR of NAMPT

To investigate the molecular mechanism of the effect of
TGF-f1 on NAMPT expression, we performed the
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Figure 2 NAMPT silencing inhibited the TGF-f signaling pathway. (A) The starBase online tool in TCGA-COAD data was applied to explore the relationship of NAMPT
with Smad2 (left panel) and Smad4 (right panel). (B) HCT 16 and Caco2 cells were transfected with si-NAMPT or si-NC for 48 h and incubated in the presence or absence
of TGF-BI (5 ng/mL) for 24 h. The effect of NAMPT knockdown after si-NAMPT transfection was detected by qRT-PCR. (C) The influence of NAMPT silencing on the
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presented as mean * SEM from three independent experiments. *P < 0.05; **P < 0.01.

Abbreviations: si-NC, negative control of siRNA; si-NAMPT, NAMPT-siRNA.

bioinformatics analysis which indicated that the 3’-UTR of
NAMPT contains a potential binding site of miR-1-3p. To
determine whether miR-1-3p directly binds to the 3'-UTR
of NAMPT, we constructed two plasmids: a wild-type
NAMPT 3'-UTR (NAMPT-3'UTR-wt) with the miR-1-3p
binding site (position at 2650-2659 of 3'-UTR) and
a mutated NAMPT 3'-UTR (NAMPT-3'UTR-mut) in
which the binding site was changed from TTTACATTCC
to CAGTAGACAG (Figure 6A). The dual-luciferase
reporter assay revealed that the luciferase activity was
significantly decreased after the cotransfection of
NAMPT-3'UTR-wt plasmids with miR-1-3p mimics com-
pared with the miR-NC (P<0.05). However, no significant

difference in luciferase activity was observed between

miR-1-3p mimics and miR-NC groups after cells cotrans-
fected with NAMPT-3'UTR-mut plasmids (Figure 6B).
These findings suggest that miR-1-3p directly targets
NAMPT 3'-UTR.

NAMPT is Mediated by miR-1-3p in

HCT116 Cells

To confirm that miR-1-3p would negatively regulate NAMPT
expression, gain-of-function and loss-of-function approaches
were applied. The expression of NAMPT was detected by
gRT-PCR and Western blot in HCT116 cells transfected with
miR-1-3p mimics or inhibitors. Although miR-1-3p mimics
had no effect on the mRNA level of NAMPT (Figure 7A),
NAMPT expression at the protein level was significantly
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Figure 3 NAMPT overexpression activated the TGF-B signaling pathway and up-regulates ID| in HCT 116 cells. (A) Western blot analysis showed NAMPT overexpression in
cells transfected with a plasmid for 72 h. (B) Western blot analysis showed the expression status of the components in the TGF-f signaling (p-Smad2, p-Smad3, Smad2,
Smad3. (C) Semi-quantitative analysis of the relative optical density of protein expression in B (n=3). (D) The effect of NAMPT overexpression on Smad4 was detected by
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analyzed in cells transfected with a plasmid for 72 h. Data were presented as mean+SEM. Lipo, control cells treated with Lipo8000™ transfection reagent; CTL, cells
transfected with empty vector control plasmid; Flag-NAMPT, cells transfected with FLAG-tagged plasmid carrying NAMPT cDNA. *P < 0.05 compared to vector.

down-regulated after miR-1-3p mimics transfection
(Figure 7B and C). The down-regulation of miR-1-3p by its
inhibitor led to an increase in the expression of NAMPT

mRNA and protein (Figure 7D-F).

MiR-1-3p Expression is Regulated by
TGF-B|

The present study revealed that NAMPT expression was
down-regulated by TGF-1 and miR-1-3p, so we speculated
that the effect of TGF-1 on NAMPT expression might be
mediated by miR-1-3p. To confirm this hypothesis, we
investigated whether TGF-B1 affects miR-1-3p expression.
The gRT-PCR revealed that miR-1-3p expression was sig-
nificantly increased in HCT116 after treatment with 5 ng/mL
of TGF-B1 (P < 0.05) and 10 ng/mL of TGF-B1 (P < 0.01)

for 24 h compared with the control (Figure 8). These data
indicated that TGF-B-regulated NAMPT expression was at
least in part mediated via miR-1-3p.

Discussion

NAMPT, as an adipokine and proinflammatory cytokine, is
dramatically increased in several types of cancer and plays
an important role in carcinogenesis.”> 2’ Consistent with
our previous study,® bioinformatics analyses in this study
revealed NAMPT overexpression in colorectal adenoma
and carcinoma tissues, providing extra evidence for the
roles of NAMPT in CRC development. Besides, we found
NAMPT overexpression might be associated with poor
survival of CRC patients. Similarly, the results of immu-
nohistochemical staining from previous studies indicated
that high expression of NAMPT in CRC is correlated with
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advanced TNM and short overall
survival.*®  Nevertheless, the underlying regulatory
mechanisms of NAMPT in CRC are still limited.
NAMPT is a potent oncogene that modulates cancer stem
cell properties through Sirtl and PARP in CRC.?® Another
study also showed that NAMPT regulates Sirt1/P53 sig-
naling during CRC cell growth.”” Moreover, the Wnt/p-

catenin pathway is involved in the functions of NAMPT

invasion, stage,

during CRC proliferation.*

The TGF-B signaling pathway is involved in the CRC
progression and is also found to be inversely associated
with  prognosis.>'*?> However, the interrelationship
between NAMPT and the TGF-B signaling pathway in
CRC remains unclear. Currently, only two studies have
been published regarding the correlation between
NAMPT and the TGF-f signaling pathway. The analysis
results of pharmacogenomic databases from 43 CRC cell
lines demonstrated that inactivating mutations and dele-
tions in type II TGF-B receptors (TGFBR2) are signifi-
cantly associated with increased NAMPT inhibitor FK866
sensitivity.>* Another study showed that in breast cancer
cells, NAMPT promotes EMT by increasing TGF-B1
secretion and activating the TGF-B signaling pathway, as
Smad3 is phosphorylated in response to recombinant
human NAMPT.** In the current study, we demonstrated
that in CRC cells, NAMPT silencing decreased the
secreted TGF-B1 level and the levels of transducer proteins
in the TGF-P signaling pathway, including Smad2, Smad3,
Smad4, and phosphorylated Smad3. Conversely, NAMPT
overexpression increased the protein expression of Smads
(Smad2, Smad3, Smad4, p-Smad2, p-Smad3) and TGF-B

target protein ID1, as well as promoted the secretion of
TGF-B1. These results indicated that NAMPT might reg-
ulate the TGF-B/Smad-dependent pathway. Intriguingly,
TGF-B1 inhibited the expression of NAMPT at mRNA
and protein levels, generating a negative feedback loop
between NAMPT and the TGF-B signaling pathway in
CRC cells. However, this feedback loop in CRC tissues
remains unknown. Further study may be needed to inves-
tigate the functions of the negative feedback loop during
the CRC progression.

Although Smad2 and Smad3 are closely related trans-
ducer proteins of the TGF-B signaling with 92% amino
acid sequence similarity, they have differential sensitivities
in relaying signaling.>>*® The present study revealed that
NAMPT silencing down-regulated p-Smad3, total Smad2,
and Smad3. However, no decrease in phosphorylated
Smad2 was detected, probably due to the low sensitivity
or expression level. Smad4 as a transcription factor for the
TGF-p signaling is frequently mutated in CRC.?” Loss of
Smad4 protein expression is found in approximately
20-40% of human CRCs and could disrupt canonical
TGF-p/Smad signaling.*® In this study, the protein expres-
sion of Smad4 was failed to be detected in HT29 and
Caco?2 cells.

The current study demonstrated that the treatment of
HCT116 cells with miR-1-3p mimics and inhibitors resulted
in a decrease and an increase of NAMPT expression, indicat-
ing that NAMPT is a target of miR-1-3p. Furthermore, TGF-
B1 up-regulated miR-1-3p in HCT116 cells. The luciferase
reporter assay demonstrated that the regulatory outcome of
miR-1-3p on NAMPT was partly mediated by binding of
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Figure 5 Effect of TGF-BI on NAMPT expression in colorectal cells. (A) The starBase online tool in TCGA-COAD data was used to explore the relationship between
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miR-1-3p to the NAMPT 3'-UTR. Collectively, these results
suggested the regulation of NAMPT expression by TGF-$1
was at least in part via the miR-1-3p. It is predicted that 16

miRNAs might bind to the 3'-UTR of the NAMPT gene in
TargetScan, implying that NAMPT is regulated by miRNAs,
including miR-1-3p.® Indeed, NAMPT can be targeted by
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miRNAs as a previous study showed that miR-26b serves as
a tumor suppressor by targeting NAMPT in CRC cells.*

In conclusion, NAMPT is overexpressed in colorectal
adenoma and carcinoma tissues, which is associated with
survival, suggesting that NAMPT may be
a potential biomarker of CRC. NAMPT increases the
transducer protein expression of TGF-f signaling and pro-

WOrse

motes TGF-B1 secretion, while TGF-B1 down-regulates
NAMPT expression through the up-regulation of miR-
1-3p expression. These findings provide a novel regulatory
mechanism by which NAMPT and TGF-B signaling
mutually affect each other, generating a negative feedback
loop in CRC cells. Targeting this loop may have therapeu-
tic potential for CRC.
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