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Abstract

Colorectal cancer (CRC) is the third most common cancer disease. Here we examined Nampt
expression in patients with CRC and the effect of Nampt on cell viability in CRC cells. Nampt
protein was overexpressed in colorectal adenoma as well as colorectal carcinoma. The immu-
noreactive staining of Nampt was negative in the adjacent normal colorectal tissue, weak in col-
orectal adenoma, and strong in colorectal carcinoma, which may represent tumor progression.
Further evaluation of clinical data showed that Nampt expression was not correlated with the
clinicopathological characteristics of CRC. Additionally, our in vitro studies demonstrated that
Nampt promotes CRC cell viability, whereas the Nampt inhibitor FK866 suppressed CRC cell
viability, which was in concordance with the previous studies in other cancer cells. Treatment with
Nampt-siRNA reduced the Nampt protein expression resulting in the inhibition of the cell viability
of HCT116 and Caco?2. Thus, the involvement of Nampt in cell growth indicates that Nampt may
play an important role in colorectal tumorigenesis. As a consequence, our results suggest that
Nampt may be considered as a progression marker of colorectal tumor and a potentially thera-

peutic target for the treatment of CRC.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer and the third leading cause of cancer
death expected to occur in both men and women in
the United States in 2014 [1] and accounted for almost
10% of global cancer incidence burden in 2012 [2].
Initially, it is developed as a benign precursor lesion
(adenoma), which can progress to an invasive lesion
(adenocarcinoma) with the capacity to metastasize
(metastatic adenocarcinoma). The 5-year survival rate
of this disease is approximately 90% for patients with
localized disease and approximately 66% for patients
with regional disease, as determined at diagnosis [3].
Obesity as one of risk factors has been reported to be

associated with colorectal adenomas [4]. Recent epi-
demiological and experimental evidence indicates
that obesity is related to the metabolic abnormalities
that are associated with the development of certain
types of epithelial malignancies, including CRC [5].
Pathological and genetic observations demonstrated
that colorectal adenoma precedes the majority of col-
orectal carcinoma with the possibility of undergoing a
malignant transformation into carcinoma. Although
numerous genetic alterations have been known to be
involved in the development of CRC, the molecular
mechanisms underlying this colorectal carcinogenesis
and the molecular alterations that are responsible for
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the regulation of this disease are still not clear [6].
Thus, understanding the mechanisms involved in the
initiation and progression of CRC is a pivotal step for
the generation of optimal and more effective thera-
peutic approaches.

Nicotinamide phosphoribosyltransferase
(Nampt), also known in the literature as visfatin or
pre-B cell enhancing factor (PBEF) which was isolated
from peripheral blood lymphocytes and described as
a secreted growth factor for early B cell proliferation
[7], possesses many important functions for cellular
patho-physiology being an insulin-mimetic adipokine
which is highly expressed and secreted by visceral
adipose tissue, associated with obesity [8]. Further-
more, Nampt is the rate-limiting enzyme that converts
nicotinamide into NAD* which is essential for cellular
metabolism, energy production, DNA repair, and
survival [9, 10]. It is well known that cancer cells have
a higher basal turnover of NAD and also display
higher energy requirements compared with
non-malignant cells [11]. Increasing evidence demon-
strated that Nampt acts as a multifunctional enzyme
and is important for the metabolism and immune
response as well as cancer disease development [12].

The overexpression of Nampt has been found in
human malignant tumors of different types, including
colorectal carcinoma, gastric cancer, prostate cancer,
ovarian cancer, breast cancer, thyroid carcinoma, en-
dometrial cancer, myeloma, melanoma, astrocyto-
mas/glioblastoma and other carcinomas [13-22].
Nampt was first reported to be overexpressed in col-
orectal cancer using suppression subtractive hybridi-
zation [15]. Additionally, plasma Nampt levels in pa-
tients with advanced and early cancer were higher
than in controls [23, 24]. However, the expression of
Nampt in both of human colorectal adenoma and
carcinoma tissues was not explored yet. Furthermore,
whether Nampt expression is associated with clini-
copathological characteristics in colorectal carcinoma
tissue is unknown.

FK866, also known as APO866, is a potent and
specific small molecule inhibitor of Nampt, and sup-
presses the cancer cell growth in addition to the in-
duction of apoptosis by NAD depletion [25]. Thus,
FK866 appears to be an ideal tool molecule for exam-
ining the physiological function of Nampt in the can-
cer cell. The present study was undertaken to explore
the expression of Nampt in human colorectal adeno-
mas and carcinomas as well as to investigate whether
Nampt expression is correlated with clinicopatholog-
ical characteristics in colorectal carcinomas. Further-
more, we evaluated the effect of Nampt, its inhibitor
FK866 and Nampt-siRNA on cell proliferation in CRC
cell lines HT29, Caco2, and HCT116, respectively.

Materials and methods

Colorectal tissue specimen collection from
human patients

Conducting the study on human tissue speci-
mens was approved by the Ethics Committee of
Jinshan Hospital, Fudan University at Shanghai,
China. A total of 117 paraffin-embedded samples
constituted by 35 adjacent normal colorectal tissues,
25 colorectal adenomas and 57 colorectal carcinomas
were subjected to histo-pathological and clinical di-
agnosis at Jinshan Hospital from 2012 to 2013. None of
the patients had received radiotherapy or chemo-
therapy before surgery.

The 10% formalin-fixed paraffin-embedded col-
orectal tissue specimens were collected and patho-
logically diagnosed in the Department of Pathology.
Four micrometer thick sections of these specimens
were stained by hematoxylin and eosin (H&E) to con-
firm the histological characteristics as well as the final
diagnosis with both the tumor stage and grade.

Immunohistochemical staining and analysis

Four micrometer tissue sections were baked at
60°C for 2 h, followed by paraffin removal in xylene
and rehydrating them with a series of graded alco-
hols. Subsequently, the sections were immersed in
EDTA antigen retrieval solution (Maixin Bio, Fuzhou,
Fujian, China) and heated in boiling water bath at
100°C for 20 min. Endogenous peroxidase activity
was blocked by 3% hydrogen peroxide at room tem-
perature for 15 min. Non-specific signal was blocked
by 10% normal goat serum (Maixin Bio) at room
temperature for 40 min, and then the sections were
incubated with a monoclonal rabbit anti-Nampt an-
tibody (1:250 dilution, Abcam, Cambridge, UK) at 4°C
overnight, followed by the incubation with biotinyl-
ated anti-rabbit secondary antibody (Maixin Bio) at
room temperature for 1 h. The first antibody was
omitted for a negative control. After washing, the
signal was detected using a DAB Kit (Maixin Bio).
Finally, the sections were counterstained with hema-
toxylin and examined with image record under a light
microscope (Olympus, Tokyo, Japan).

Scoring of Nampt immunoreactive staining was
performed independently by two examiners who had
no prior knowledge of patient's clinical status. The
sections were evaluated at two magnifications (x100
and x400). The proportion of cells exhibiting Nampt
expression was scored by the extent of immunoreac-
tive staining and was assigned to one of the following
categories as described previously [26]. Briefly, the
percentage of positive cells was scored as given in the
following: 0, no positive cells; 1, <25% positive cells; 2,
26-50% positive cells; 3, 51-75% positive cells; 4, >75%
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positive cells. The intensity of staining was scored as:
0, no staining; 1, weak staining; 2, moderate staining;
3, strong staining. The final staining index (SI) was
developed based on the sum score of the positive
staining and intensity. The SI was then clustered into
four groups: ‘0", £2 sum points; ‘1, 3-4 sum points; 2/,
5-6 sum points; ‘3", 7 sum points. Finally, the cases
with grades equal to 0 and 1 were defined as Nampt
negative and those with grades equal to 2 and 3 were
defined as Nampt positive.

Cell culture and transfection with siRNA,

Human-derived CRC cell lines HT29, Caco-2,
and HCT116 were obtained from the Institute of Cell
Biology, Chinese Academy of Sciences (Shanghai,
China). The cells were maintained in RPMI 1640 me-
dium (HyClone, Thermo Fisher Scientific Inc., Beijing,
China), MEM (HyClone), and McCoy's 5A medium
(Sigma-Aldrich, Saint Louis, MO, USA), respectively,
supplemented with 10% fetal bovine serum (Hy-
Clone) at 37°C in a humidified 5% CO, atmosphere.

Human Nampt-siRNA was a pool of 3 tar-
get-specific siRNAs designed to knock down gene
expression (sc-45843, Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA). Non-targeting siRNA (sc-37007,
Santa Cruz) was used as a negative control. The cells
were plated in 96-or 6-well plates for 24 h and then
transfected with siRNA using the transfection reagent
Lipofectamine RNAIMAX (Invitrogen Life Technolo-
gies, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. After transfection, the cells were
subjected to further Cell Counting Kit-8 (CCK-8) as-
say or to protein extraction for Western blotting.

Treatment of Nampt orFK866

The recombinant human Nampt (cat # SRP4908)
and its inhibitor FK866 (cat # F8557) were obtained
from Sigma. HT29, Caco2, and HCT116 cells were
seeded in 96-well culture plates at 4000 cells/well and
allowed to attach for 24 h in an incubator. The com-
plete medium was then replaced with serum-free
medium for 16 h to allow for cell cycle synchroniza-
tion. The cells were then either incubated with re-
combinant human Nampt at the concentration of 0,
25, 50, and 100 ng/ml or FK866 at the concentration of
0, 50 and 100 nM for 24, 48, and 72 h, respectively.

Cell viability measurement

The cell viability was determined using CCK-8
kit (Dojindo Laboratories, Kumamoto, Japan). Briefly,
after incubation with Nampt or FK866 for 24, 48 or 72
h, 10 ul of CCK-8 reagent was added to each well, and
the plates were further incubated in an incubator for 1
h. Subsequently, the absorbance at 490 nm was
measured by a microplate reader (Bio-Rad Laborato-
ries, Inc., Hercules, CA, USA). The cell viability (%)

was calculated as: (average OD of treated groups at 0,
24, 48 or 72 h/average OD of untreated groups at the
same time point) x 100.

Western blot analysis

The cells were lysed on ice with SDS lysis buffer
(Beyotime, Haimen, Jiangsu, China) supplemented
with 1% PMSEF (Beyotime) and 1% protease inhibitor
Cocktail (Sangon Biotech, Shanghai, China), followed
by sonication. Besides, the fresh tumor tissues and
their adjacent normal colorectal tissues from four pa-
tients with CRC were obtained by surgical resection
and proteins were extracted with SDS lysis buffer.
Protein samples were subjected to centrifugation,
quantification and subsequently boiled prior to its
analysis. Equal amounts of total protein (30 pg) were
separated on 10% SDS-PAGE and transferred to a
PVDF membrane (Millipore, Billerica, MA, USA).
After blocking with 5% non-fat milk (Sangon Biotech)
in Tris-buffered saline with Tween-20 (TBS-T) at room
temperature for 2 h, the membrane was incubated
with a primary antibody at 4°C overnight followed by
the incubation with an horseradish peroxi-
dase-conjugated goat anti-rabbit IgG (1:10,000 dilu-
tion, Abcam) or anti-mouse IgG (1:10,000 dilution,
Cell Signaling Technology, Inc., Danvers, MA, USA)
at room temperature for 1 h. The relative protein lev-
els were calculated using GAPDH or B-actin as a
loading control. The following primary antibodies
were used: rabbit anti-Nampt (1:1000 dilution, Sig-
ma), mouse anti-GAPDH (1:5000 dilution, Pro-
teintech, Chicago, IL, USA), mouse anti-B-actin
(1:2000 dilution, Proteintech). Signals were detected
using Immobilon™ Western Chemiluminescent HRP
Substrate  (Millipore) and quantified using
Tanon-4500 Gel Imaging System with GIS ID Analysis
Software v4.1.5 (Tanon Science & Technology Co.,
Ltd., Shanghai, China).

Statistical analysis

All statistical analyses were performed with
SPSS Statistics 17.0 software (SPSS, Chicago, IL, USA).
Based on the SI system, the categories on positivity
and negativity were classified. Statistical evaluation
was performed using Xz test or Fisher's exact test to
compare the positivity between two groups of the
colorectal tissues and to analyze the correlation be-
tween Nampt expression and the clinicopathological
characteristics. For comparison between the two
scoring  groups of  immunostaining, the
Mann-Whitney U test was applied. Significance levels
for comparison of differences between experimental
and control groups were analyzed by a Student's
t-test. Results are presented as the mean + standard
error of mean (SEM). At least 3 independent experi-
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ments were performed for each experimental series.
Significant difference was considered at the value of
P<0.05.

Results

Nampt as a progress marker for human colo-
rectal adenoma and carcinoma

By immunohistochemistry staining, the aberrant
expression of Nampt was observed in human colo-
rectal adenoma and adenocarcinoma, compared with
the adjacent normal colorectal tissue that all showed
negative staining. The highest degree of overexpres-
sion of Nampt was detected in colon and rectum ad-
enocarcinomas (Fig. 1A and 1B). We found that
Nampt was predominantly located in the cytoplasm
with no defined membranous staining. Based on the
SI system as indicated above, the level of Nampt ex-
pression in the tissues was classified into positive and
negative categories. Compared with the adjacent
normal colorectal tissue, the positive rate of Nampt
expression was significantly higher in human colo-
rectal adenoma (P<0.05) and carcinoma (P<0.001)
(Table 1). Furthermore, the positive rate of Nampt
expression in the malignant colorectal adenocarcino-
ma was higher than in the benign colorectal adenoma
(P<0.001) (Table 1). The same conclusion was drawn
from the statistical analysis of the immunoreactive
scores of Nampt protein between the types of tissues
examined (Table 2). Briefly, Nampt expression
showed a remarkable increase from the adjacent
normal tissue to colorectal carcinoma through ade-
noma (P<0.001). The overexpression of Nampt in tu-
mor tissues was further confirmed by Western blot.
We found that there was about 1.5 times increase of
Nampt expression in tumor tissues compared with
matched adjacent normal colorectal tissues (Fig. 1C
and 1D). These data suggest that Nampt may be a
progression marker of the colorectal tumor. Nampt
expression level alteration between the colorectal
adenoma and carcinoma suggests that Nampt might
be one of the inductive factors of carcinogenesis dur-
ing the colorectal neoplastic transformation.

Table 1 Nampt expression in colorectal tissues

Table 2 Histological types and their relationship to Nampt ex-
pression

Comparison Z score P-value
Normal vs. adenoma -6.318 <0.001
Normal vs. carcinoma -7.747 <0.001
Carcinoma vs. adenoma -4.156 <0.001

Histology n Nampt expression P-value
Positive n (%) Negative n (%)

Normal 35 0(0) 35 (100) 0.0262

Adenoma 25 4 (16) 21 (84) <0.001>

Carcinoma 57 35 (61) 22 (39) <0.001¢

Normal adjacent normal colorectal tissue, adenoma colorectal benign tumor, carci-
noma colorectal malignant tumor, n number of cases

anormal vs. adenoma, Fisher's exact test; > adenoma vs. carcinoma, y?2 test; < normal
vs. carcinoma, x? test

Normal adjacent normal colorectal tissue; adenoma colorectal benign tumor; carci-
noma colorectal malignant tumor

The Mann-Whitney U test was used to analyze Nampt immunoreactive scores
between two types of tissues

Correlation of Nampt expression with the
colorectal malignant tumor clinical and
pathological characteristics

For correlation between Nampt expression and
the clinicopathological characteristics in CRC, either
the Chi-square test or the Fisher's exact test was per-
formed as indicated. All information listed in Table 3
was collected by reviewing medical charts and pa-
thology records. By comparison of Nampt protein
expression associated with gender and age, we found
that Nampt expression was not significantly different
between male and female as well as between younger
(<60 years) and older (=60 years) patients with CRC
(P>0.05). The positive rate of Nampt expression was
52.9% and 73.9% in colon and rectum, respectively,
without significant difference between two regions
(P>0.05). Moreover, there was no relationship be-
tween Nampt expression and tumor size (Table 3).
Multiple comparison of clinical stages revealed that
there was no obvious difference in the positivity of
Nampt expression. In addition, Nampt expression
was not correlated with the depth of wall invasion.
Furthermore, we found that the Nampt protein was
not associated with lymph node metastasis (P>0.05).
Overall, these data indicate that there is no correlation
of Nampt expression with clinicopathological features
of CRC patients, such as gender, age, location, tumor
size, clinical stages, depth of wall invasion, and lymph
node metastasis.

Effect of Nampt on colorectal cancer cell via-
bility

In order to study the effect of Nampt on CRC cell
viability, we treated cells with different doses of re-
combinant human Nampt for 24, 48 and 72 h. Cell
viability was analyzed using the CCK-8 assay and
calculated as indicated above. We found that Nampt
treatment resulted in a significant increase of cell via-
bility in HT29, Caco2, and HCT116 cells and peaked at
24 h after 100 ng/ml administration (P<0.05) (Fig.
2A-2C) compared with it at 0 h. These increases were
reduced after 48 and 72 h in all three cell lines. No
significant difference was observed in cells treated
with low doses (25 and 50 ng/ml).
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Fig. 1 Detection of Nampt expression in the colorectal tissues by immunohistochemical staining. Representative images of Nampt expression in adjacent
normal, adenoma, and adenocarcinoma tissues of colon (A) and rectum (B), respectively, are shown (top panel, original amplification %100, scale bar 100
um; middle panel, original amplification X400, scale bar 50 ym; bottom panel, hematoxylin and eosin staining, original amplification X400, scale bar 50 ym).
A brown color in the cytoplasm is considered as a positive staining. The overexpression of Nampt in tumor tissues was further confirmed by Western blot
(C). Nampt expression was increased in tumor tissues (T) compared with matched adjacent normal colorectal tissues (N) in four randomly selected
patients and semiquantitatively analyzed after densitometry on the gels (D). Bar represents mean+SEM. *, P < 0.05.

http://lwww.jcancer.org



Journal of Cancer 2015, Vol. 6 854
——25 ——25 C ——25
& 130 4 . 100 e 130 - 100 £ 130 A 3 100
SAY < N+ 38
£ 100 I £ 100 ¢ N2 S0k
2 907 - 2 97 2 9019
& 80 1 8 80 - g 80 -
70 T T 1 70 T T 1 70 T T 1
0 24 48 72 0 24 48 72 0 24 48 72
Time (hour) Time (hour) Time (hour)

Fig.2 Determination of cell viability in colorectal cancer cell lines by CCK-8 assay. Cell viability was calculated as in percentage. HT29 (A), Caco2 (B), and
HCT116 (C) cells were treated with Nampt at different doses for 0, 24, 48, and 72 h, respectively. The cell viability was represented as (average OD of
treated groups at 0, 24, 48 or 72 h/average OD of untreated groups at the same time point) x 100. A significant effect was observed in the three cell lines

treated with Nampt at the concentration of 100 ng/ml for 24 h.

Table 3 Nampt expression associated with the clinicopathological
features of patients with colorectal carcinoma detected by im-
munohistochemistry

Clinicopathological n Nampt expression P-value
feature Positiven (%)  Negative n (%)

Gender

Male 28 16(57.1) 12 (42.9) 0.5163
Female 29  19(65.5) 10 (34.5)

Age

<60 17 9(54.9) 8 (47.1) 0.392a
260 40 26 (65.0) 14 (35.0)

Location 0.111a
Colon 34 18(529) 16 (47.1)

Rectum 23 17(73.9) 6(26.1)

Tumor size 0.533a
<5cm 34 22(647) 12 (35.3)

5 cm 23 13 (56.5) 10 (43.5)

Depth of wall inva- 0.249v
sion

Mucosa, submucosa 5 4 (80.0) 1(20.0)

Muscularis propria 10 8 (80.0) 2 (20.0)

Serosa, subserosa 42 23 (54.8) 19 (45.2)

LN metastasis 0.946a
Yes 23 14 (60.9) 9(39.1)

No 34 21(61.8) 13 (38.2)

Clinical stage 0.173b
I 10 9(90.0) 1(10.0)

I 19 10 (52.6) 9 (47.4)

11 24 13 (54.2) 11 (45.8)

v 4 3 (75.0) 1(25.0)

LN lymph node, n number of cases
a X2 test, b Fisher’s exact test

Inhibition of cell viability by Nampt-siRNA

To a further series of experiments, we examined
if knocking-down of Nampt via Nampt-siRNA results
in a reduction of cell viability in CRC HT29, Caco2,
and HCT116 cells. The cells were transfected with
Nampt-siRNA using Lipofectamine RNAiMAX.
Western blot assays confirmed that treatment with
Nampt-siRNA resulted in a downregulation of
Nampt protein expression in HT29, Caco2, and

HCT116 (Fig. 3A and 3B). Next, the effect of
Nampt-siRNA on the cell viability for cultivated
HT?29, Caco2, and HCT116 cells was tested. No dif-
ference of cell viability was found between
non-specific control siRNA and Nampt-siRNA groups
at 48 h post-transfection (Fig. 3C). However as shown
in Fig. 3D, Nampt-siRNA significantly inhibited cell
viability of HCT116 and Caco2 cells, but not HT29
cel, as compared with cells transfected with
non-specific control siRNA (NC) for 72 h. This result
suggested that Nampt knockdown potentially inhibits
the HCT116 and Caco?2 cell growth.

Effect of Nampt inhibitor on colorectal cancer
cell growth

To further confirm the inhibition of Nampt on
the cell viability of CRC cells, the Nampt inhibitor
FK866 was applied. Cell growth was not affected by
FK866 at 24 h. Cell viability of the CRC cell lines
HT?29, Caco2, and HCT116 was decreased after FK866
administration for 72 h (Fig. 4A-4C). We also found a
decrease of the cell viability of Caco2 at 48 h after
treatment. Significant inhibition of cell growth was
observed as a consequence of the treatment with
FK866 at a concentration of 100 nM.

Discussion

In the present study we demonstrated that
Nampt protein was indeed expressed in colorectal
adenoma and overexpressed in colorectal carcinoma,
compared with the adjacent normal colorectal tissue
in which Nampt expression was negative. These re-
sults indicate that Nampt may play at least in part a
role in the carcinogenesis and suggest the functional-
ity of Nampt as a good progression marker for colo-
rectal adenoma and carcinoma.
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Fig.3 Decrease of colorectal cancer cell viability via knocking-down Nampt. (A) HT29, Caco2, and HCT116 cells were transfected with siRNA for 48 h and
Nampt protein was detected by Western blotting. (B) Densitometry of signals in Western blot. (C) Cell viability (%) was detected by CCK-8 assay at 48 h
post-transfection. (D) Cell viability (%) was detected by CCK-8 assay at 72 h post-transfection. C control cells without transfection, Lipo control cells
treated with transfection reagent Lipofectamine RNAIMAX alone, NC cells transfected with negative control of oligonucleotides, siR cells transfected with

Nampt-siRNA. %, P < 0.01 (siR vs. NC).

The overexpression of Nampt gene and protein
was previously demonstrated in CRC using suppres-
sion subtractive hybridization (SSH) and phage dis-
play-derived antibodies, respectively [15, 16]. In a
recent study using a global mass spectrometry-based
metabolomic approach, two tumor cell lines of dif-
ferent origins, namely the ovarian cancer cell line
A2780 and the colorectal cancer cell line HCT116,
were treated with FK866 in the presence and absence
of nicotinic acid, resulting that the amino acids me-
tabolism as well as purine and pyrimidine metabo-
lism undergo significant changes in addition to the
metabolic alterations in the glycolysis, the citric acid

cycle, and the pentose phosphate pathway [27]. Their
results gave some explanations about the chemical
regulatory effect of the inhibitory and the metabolic
role of Nampt during cancer disease development.
Also in another study, a link between the genetic
pathways (in that case the BRCA1l) and the
NAD-dependently metabolic pathways are coopera-
tively regulating the malignant progression of ovarian
cancer since the knockdown or overexpression of
BRCA1 was an effective way to induce an increase or
decrease of Nampt-related NAD synthesis, because
Nampt knockdown-mediated reduction in NAD lev-
els was effective at inhibiting BRCA1 expression
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while the overexpression of Nampt led increased
NAD levels and a subsequent elevation in BRCA1
levels in primary ovarian cancer cells and the other
ovarian cell lines examined in the study [28]. Further,
in another approach studying comparatively human
breast cancer both in vivo and in vitro, high Nampt
level was associated with aggressive pathological and
molecular features, such as estrogen receptor nega-
tivity as well as HER2-enriched phenotypes [29].

A 140 - .
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Fig.4 Regulative effect of the Nampt inhibitor FK866 on the cell viability.
HT29 (A), Caco2 (B), and HCT116 (C) cells were treated without or with
FK866 at different doses for 24, 48, and 72 hours, respectively. *, P<0.01;
** P<0.05 (treated vs. non-treated).

To our knowledge, the present study is the first
report to evaluate the correlation between tissue
Nampt and the clinicopathological characteristics of
the colorectal malignant tumor. Here we found that
Nampt expression in colorectal tissue was not corre-

lated with gender, age, tumor size, depth of wall in-
vasion, and lymph node metastasis. Besides, the ex-
pression of Nampt was not significantly different
between the colon and rectum carcinomas. Moreover,
in this study we found that the expression of Nampt
in CRC tissue was not dependent on the clinical stag-
es, although stage progression significantly correlated
with serum Nampt levels has been found [30]. This is
most likely due to the fact that our series of analyses
were consisted of relatively small numbers of pa-
tients. This fact affects the statistical power of the
examined series results. Thus, continued evaluation
with the large numbers of patients may be needed to
fully understand clearly the role of Nampt in CRC
development and its relationship to clinicopathologi-
cal features.

Although we have not measured the serum
Nampt concentration in the current study, several
previous reports from other groups have showed
Nampt level in CRC patients were higher than those
of controls. For example, Nampt levels in blood were
significantly increased in CRC patients compared
with normal controls [30]. A recent study also showed
that the plasma Nampt levels in Chinese patients with
early and advanced cancer were higher than those of
normal controls [23]. However, the correlation be-
tween circulating Nampt level and clinical stage in
colorectal cancer remains controversial. The serum
Nampt level in the malign group (colon carcinoma)
was not significantly different from that in the benign
group [31]. Another recent study showed that there
were no significant correlations between circulating
Nampt level and the TNM staging for CRC, although
patients with CRC had significantly higher level of
serum Nampt than the control group both before and
after adjustment for covariates (e.g. age and BMI) [24].
These data indicate that Nampt may represent good
biomarker of colorectal malignant potential rather
than staging. On the other hand, higher circulating
level of Nampt may be an independent prognostic
marker in some  malignancies, such as
non-muscle-invasive bladder cancer [32], endometrial
cancer [20], malignant astrocytoma/ glioblastoma [22],
breast cancer [33], and gastric cancer [34]. However,
the association of serum Nampt with prognosis in
colorectal cancer has not been investigated and thus
further study is needed in future.

It has been shown that the treatment of Nampt
resulted in an increase of cell proliferation in breast
cancer and prostate cancer cells [35, 36], whereas the
Nampt inhibitor FK866 induces apoptosis in human
liver carcinoma cells [25], hematologic malignant cells
[37, 38], and gastric cancer cells [13]. Consistent with
these previous studies in other cancer cells, the pre-
sent study demonstrated that Nampt promoted CRC
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cell viability, whereas Nampt inhibitor FK866 sup-
pressed the cell growth. This result was further con-
firmed by the knockdown of Nampt via siRNA. All
these observations indicated that Nampt increases cell
growth and may play an important role in the pro-
cesses of carcinogenesis.

It has been reported that Nampt increases cell
proliferation in prostate cancer and breast cancer cells
by activating the phosphatidylinositol 3-kinase/Akt
(PI3K-Akt) and mitogen activated protein ki-
nase-extracellular signal regulated kinase 1/2 and p38
(MAPK-ERK1/2 and p38) signaling pathways [35, 39],
leading to cancer progression. The same conclusion
may exist for the colorectal carcinoma cells. Inactiva-
tion of this pathway via the Nampt inhibitor FK866
may block the stimulatory effect due to the blockage
of the involved downstream signal transduction
pathways.

In conclusion, the present study demonstrated
that Nampt was overexpressed in human colorectal
adenoma and carcinoma. The immunoreactive stain-
ing of Nampt was negative in the adjacent normal
colorectal tissue, weak in colorectal adenoma, and
strong in colorectal carcinoma, which may represent
tumor progression. Additionally, we demonstrated
that recombinant human Nampt promoted, whereas
Nampt inhibitor FK866 as well as Nampt-siRNA in-
hibited, cell viability in CRC cells. The involvement of
Nampt in cell growth indicates that Nampt may play
an important role in colorectal tumorigenesis. As a
consequence, our results suggest that Nampt may be
considered as a progression marker of colorectal tu-
mor and a potential therapeutic target for the treat-
ment of colorectal cancer.
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