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Abstract: Nicotinamide phosphoribosyltransferase (Nampt) catalyzes the rate-limiting step of nicotinamide adenine
dinucleotide (NAD*) synthesis and is required for cell growth, survival, DNA replication and repair, and angiogenesis.
Nampt expression increases gene expression which promotes cell survival and increases SirT1 activity, promoting
angiogenesis, and it is increased in several human malignancies. Recently, others have shown that ovarian serous
adenocarcinomas (0SAs) express high levels of activated Stat3. Since Nampt expression is increased by Stat3, we
hypothesized that Nampt protein might be highly expressed in OSAs. Using tissue microarray (TMA) and the avidin-
biotin complex immunohistochemical technique we examined Nampt expression in 47 samples of benign ovarian
tissue and 49 samples of ovarian serous adenoacarcinomas. Our data show that Nampt protein expression is signifi-
cantly increased in OSAs as compared to benign ovarian tissue (0.49+/-0.12 benign vs. 4.78+/-0.46 malignant; +/-
standard error of the mean). This is the first report demonstrating Nampt overexpression in OSA, which may shed
light on the pathogenesis of OSA. Further studies of the role of Nampt overexpresion in OSA may shed light on the
prognosis and clinical course of OSA. Last, since an effective pharmacologic Nampt inhibitor is currently in clinical
use, further studies of Nampt overexpression in OSA may be used in selecting patients for Nampt inhibitor therapy.

Keywords: Nicotinamide phosphoribosyltransferase, serous adenocarcinoma, ovarian cancer, nicotinamide adenine
dinucleotide, Stat3, Interleukin-6

Introduction

Ovarian cancer is the fifth leading cause of fe-
male cancer deaths and confers the highest
malignancy-related mortality within gynecologi-
cal malignancies. Roughly 80% of these ovarian
malignancies are serous adenocarcinomas
(OSAs), the majority of which are high-grade [1].
Unlike many malignancies, 0OSAs typically
emerge in the absence of a recognizable pre-
existing lesion, and often carry a poor prognosis,
with less than 25% of OSAs detected at stages |
and Il. Commonly OSAs present with diffuse
peritoneal involvement, limiting surgical options
to debulking only. Additionally, despite the intro-
duction of new chemotherapeutic agents, little
progress has been made in improving cure
rates, a parameter still largely dependent upon
stage at presentation. For these reasons the

long-term survival of patients with OSAs is poor,
with more than 50% of patients eventually suc-
cumbing to the disease [1,2].

Nicotinamide phosphoribosyltransferase
(Nampt) catalyses the rate limiting step of
nicotinamide adenine dinucleotide (NAD*) syn-
thesis [3]. Nampt expression promotes cell
growth and survival, angiogenesis, and is highly
expressed in gastric and colorectal carcinomas,
and malignant astrocytomas/glioblastomas [3-
8]. It has been shown that Nampt may be in-
duced (~1.5 to 2.0-fold above basal levels) by
factors such as hypoxia, serum deprivation, and
methylmethane sulfonate in cell culture, and
fasting in animals, via a Stat3-dependent
mechanism [9-10]. cDNA and tissue microarray
studies of ovarian malignancies have shown
overexpression of activated signal transducer
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and activator of transcription 3 (Stat3), particu-
larly in high-grade serous carcinomas [11,12].
Stat3 is a transcription factor that acts as an
oncogene in several human malignancies in-
cluding OSA [13,14].

We hypothesized that the increased Stat3 ex-
pression may result in increased Nampt expres-
sion in OSA. Using tissue microarray technology
and immunohistochemistry we studied Nampt
protein expression pattern in OSA as compared
to benign ovarian tissue (BOT).

Materials and methods

Upon Institutional Review Board approval, Tis-
sue Microarray (TMA) Human ovarian cancer
tissue microarrays were purchased from Protein
Biotechnologies, San Diego, CA, and AccuMax
Array, Seoul, South Korea, catalog numbers
TMA-006 and A213ll, respectively. The Protein
Biotechnologies microarray consisted of 80
ovarian samples, 1.5 mm in diameter each,
including 39 benign ovarian tissue samples
(BOT), 39 OSAs, 1 clear cell carcinoma, and 1
mucinous carcinoma. The AccuMax Array con-
sisted of 52 ovarian samples in duplicate
(including benign cases), 1.0 mm in diameter
each. This included 8 BOT, 10 OSAs, 1 serous
borderline tumor, 2 fibromas, 3 dysgermino-
mas, 3 granulosa cell tumors, 5 clear cell carci-
nomas, 2 mucinous cystadenomas, 1 mucinous
borderline tumor, 3 mucinous adenocarcino-
mas, 5 endometrioid carcinomas, 4 yolk sac
tumors, 3 transitional cell tumors, 1 Brenner
tumor, and 1 serous cystadenocarcinoma.

Nampt Immunohistocehmistry (IHC)

The concentration of primary Nampt antibody
was optimized on normal kidney as control tis-
sue. The staining of the TMA was performed in
the Tissue Core Histology Lab Facility at the
Moffitt Cancer Center. The microarray slides
were stained using a Ventana Discovery XT
automated system (Ventana Medical Systems,
Tucson, AZ) as per manufacturer's protocol with
proprietary reagents. Briefly, slides were depar-
affinized on the automated system with EZ Prep
solution (#950-100, Ventana Medical Systems,
Tucson, AZ). Heat-induced antigen retrieval
method was used in Cell Conditioning 1 (#950-
124, Ventana Medical Systems, Tucson, AZ).
The mouse monoclonal anti-Nampt antibody
(#ALX-804-717, Plymouth Meeting, PA) was
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used at a 1:1000 concentration in Dako anti-
body diluent (#S0809, Dako, Carpenteria, CA)
and incubated for 60 min. The Ventana Anti-
mouse secondary Antibody was used for 16
min. The detection system used was the Ven-
tana OmniMap kit. Slides were then dehydrated
and coverslipped as per normal laboratory pro-
tocol.

Evaluation of Nampt Stain

Relative Nampt protein immunohistochemical
expression was determined as the product of
immunostain intensity and percent of cells
stained. Both were scored on a 0-3 scale, with 3
being maximal. Immunostain intensity was
scored with no staining being O, light staining as
1, moderate staining as 2, and heavy staining
as 3. The percent of cell stained was measured
with no detectable staining as 0, 1-33% as 1,
34-66% as 2, and 67-100% as 3. The final IHC
score was the product of the percent of cells
stained score multiplied by the intensity score,
allowing for a maximal score of 9 and a minimal
score of O. Nuclear staining was seen in all tis-
sue samples examined, while cytoplasmic stain-
ing was seen in some, but not all tumor sam-
ples. We therefore measured and quantified
Nampt staining within the nuclear compart-
ment.

Statistical Analysis

The standard error of the mean (SEM) was cal-
culated by using the standard deviation in the
staining of each tumor type and dividing this
number by the square root of the sample size.
For the TMA with duplicate tumors samples
(AccuMax), the same tumor sample was scored
twice and the average of the two scores was
used as a data point. SEM calculations could
not be performed for those samples consisting
of only 1-2 tumors.

Results

After eliminating those samples which lost tis-
sue during the IHC processes, we examined
Nampt expression in 47 BOT samples and 49
OSAs. Nampt protein expression was low in BOT
(IHC score 0.49+/-0.12), and it was significantly
increased in OSA (IHC score 4.87+/-0.46, Table
1 and Figure 1). The other ovarian tumor types,
represented on the TMA, also revealed higher
Nampt protein expression as compared to BOT.
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Table 1. Nampt IHC scoring in different ovarian neoplasms

Tissue Type Sample Number Staining SEM
Benign Ovarian Tissue 47 0.49 0.12
Serous Adenocarcinoma 49 4.87 0.46
Clear Cell Carcinoma 6 5.44 0.94
Endometrioid Carcinoma 5 4.89 0.68
Yolk sac tumor 4 0.75 0.25
Mucinous Adenocarcinoma 4 6.60 0.64
Dysgerminoma 3 1.00 0.25
Granulosa cell tumor 3 3.00 0.79
Transitional Cell Carcinoma 3 3.17 0.74
Fibroma 2 0.75 -
Mucinous cystadenoma 2 1.00 -
Mucinous borderline tumor 1 1.00 -
Brenner Tumor 1 3.00 -
Serous borderline tumor 1 1.00 -
Discussion

BOT vs. OSA

IHC Score
i
|

g
BOT OSA

Figure 1. The relative IHC score of BOT compared to
OSA. 47 BOT and 49 OSA samples were examined,
scored, and the standard error of the mean was cal-
culated.

In particular, the highest Nampt expression was
noted in the surface epithelial tumors, and in
the endometroid and clear cell types (Table 1
and Figure 2).
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Based on previous analyses of the molecular
alterations underlying ovarian cancers, we hy-
pothesized there would be overexpression of
Nampt. This study demonstrated increased
Nampt expression in these tumors as compared
to BOT Nampt catalyzes the rate-limiting step of
the NAD* synthesis salvage pathway. NAD* is
required for DNA synthesis and repair, cell
growth and division, and also promotes angio-
genesis, cell migration, and apoptosis inhibition
via regulating SirT1 activity [3,15-20]. Interest-
ingly, microarray studies have demonstrated
that SirT1 is over-expressed in ovarian serous
adenoacarcinomas [21]. Thus Nampt overex-
pression could have a role in promoting in-
creased cell growth and viability.

Examination of other epithelial neoplasms re-
vealed a general pattern of increasing Nampt
expression accompanying malignancy and in
particular the higher grade malignant neo-
plasms. In our study we similarly observed high
Nampt staining in clear cell carcinoma, muci-
nous adenocarcinoma, endometrioid carci-
noma, and in the OSAs. Mucinous borderline
tumor, serous borderline tumor, ovarian fi-
broma, and mucinous cystadenoma revealed
significantly less Nampt staining. Interestingly,
the yolk sac tumor and dysgerminoma had
Nampt staining only slightly greater than benign
ovarian tissue, while the granulosa cell tumor,
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Figure 2. Representative IHC results for Nampt staining on various ovarian tumors. A. low and high power views of
benign ovary. B, C, and D, low and high power fields of an ovarian high grade serous adenocarcinoma, clear cell carci-

noma, and a granulosa cell tumor.

transitional cell, and Brenner tumors showed
intermediate staining. However, we acknowl-
edge that for these subtypes the number of tu-
mors examined is too low to make any definite
conclusion (Table 1). Further studies to clarify
the significance of Nampt protein expression in
these tumor types are warranted. Other investi-
gators using microarray studies have demon-
strated that different ovarian tumors show very
different gene expression profiles, specific for
different tumor types [1,11,14,22-24]. Addition-
ally, Nampt expression produces NAD* neces-
sary for cell growth and division and also pro-
motes the expression of genes promoting cell
survival [25]. It is therefore not surprising that
Nampt expression varies in different ovarian
tumor types and is highly expressed in high
grade tumors.

Interleukin-6 (IL-6) has been implicated in sev-
eral malignancies arising in a background of
chronic inflammation. IL-6 activates Stat3, re-
sulting in up-regulation of anti-apoptotic gene
expression and the promotion of uncontrolled
cell proliferation [26]. Stat3 activation also in-
duces Nampt, increasing the NAD+* required for
cell proliferation [1,10]. Thus Nampt may be
added to the list of genes induced via the IL-6/
Stat3 axis which promotes malignancy. Support
for this view comes from the observation that IL-
6 levels are elevated in ovarian malignancies,
with highest levels seen in mucinous and OSAs,
two ovarian malignancies in which we found
had very high Nampt expression [27].
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Lastly, a specific Nampt inhibitor, FK866 has
shown promising results in the treatment of
human malignancies [28,29]. Since Nampt is
over expressed in high grade 0SAs, and the
prognosis for these malignancies is often very
poor at higher stages [1,11,12], this inhibitor
may provide an alternative adjuvant therapeutic
modality for these malignancies. Further studies
of Nampt in high grade OSAs may be helpful in
selecting participants for Nampt inhibitor ther-
apy.
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