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Abstract

Nampt (Nicotinamidephosphoribosyltransferase - also known as visfatin/PBEF) is the enzyme that re-
gulates the NAD+ level, therefore influencing many metabolic pathways within the cells. As circulating
cytokine, extracellular Nampt (eNampt) exerts pro-inflammatory, pro-chemotactic, pro-angiogenic and
insulin-like effects; however the mechanism of eNampt action is still unclear.Earlier studies have shown
that eNampt exerts a stimulating effect on the proliferation of many cancer cell lines. However, the effect
of this cytokine on cell proliferation in primary culture is little known. Therefore, the aim of the study was
to analyse the influence of eNampt on the proliferation of rat adrenocortical cells in primary culture and
to investigate similar influence of eNampt on the line H295R of human adrenal corticocarcinoma cells.
Proliferation of the examined cells was assessed using the RTCA (Real Time Cell Analyzer) method. The
obtained results indicate that eNampt stimulates the proliferation of H295R cells, but does not change the
proliferation of cultured rat adrenocortical cells. In primary culture of rat adrenocortical cells, Fk866 (spe-
cific Nampt inhibitor) does not modify the rate of proliferation of tested cells. In H295R cells the addition
of Fk866 alone inhibits proliferative activity and stimulates apoptosis. Fk866 also inhibits the stimulating
effect of eNampt on H295R cell proliferation.
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Introduction

Nampt (Nicotinamidephosphoribosyltransferase
- also known as visfatin/PBEF) is an enzyme reg-
ulating NAD+ level in cells [1]. The NAD synthesis
originates from 4 main substrates, such as tryp-
tophan (Trp), nicotinamide (NAM), nicotinic acid
(NA), and nicotinamideriboside (NR), but in mam-
mals the main substrate (~90%) is nicotinamide
(NAM) [2, 3]. Moreover, the fact that intracellular
NAD levels increase with Nampt gene overexpres-
sion in multiple, diverse cell types suggests that
Nampt expression is sufficient to induce NAD bio-
synthesis [4-10]. NAD+ is used as a substrate by po-
ly-ADP-ribose polymerases, sirtuins, and ADP-ribo-
syltransferases, which respectively play important
roles in DNA damage repair, deacetylation, and gen-
eration of second messengers required for intracel-
lular calcium release [11, 12].

There is already much evidence of the strong ef-
fect of Nampt on metabolism. Many of carcinogen-
esis factors, such as SirT1, CtBP and PARP-1 are in-
duced by its action, indicating Nampt as one of the
most important factors of cancer malignances [13].
Moreover, Nampt gene expression was found to be
higher in tumor cells than normal cells [11, 13-20].

As a circulating cytokine, eNampt is mainly se-
creted by adipose tissues, with macrophages, he-
patocytes, chondrocytes, leucocytes, inflamed endo-
thelial cells, human peripheral blood lymphocytes,
CLL lymphocytes, gastric cancer cells and even anti-
gen presenting cells (APCs) being possible sources
of eNampt [11]. eNampt has been reported to has
pro-inflammatory, prochemotactic, proangiogenic
and insulin-like effects [21, 22].

As known, Nampt plays a central role in the system-
ic regulation of NAD biosynthesis in cells, hence it can
also regulate their proliferation. In the available liter-
ature there are many publications that this cytokine
exerts dose-dependent stimulating effect on prolifer-
ative activity, mainly of cancer cells [18, 23-28]. This
stimulation occurred probably through AKT/PI3K,
ERK/MAPK and GSK-3f proteins [23, 25, 26, 28].

Only a few publications indicate that Nampt reg-
ulates the function of steroidogenic cells, as well as
the function of hypothalamo-pituitary-adrenal axis
of the rat [29-33]. However, the role of Nampt in
the regulation of proliferation of steroidogenic cells
is not known. Therefore, the aim of the presented
experiments was to investigate Nampt's influence
on proliferative activity of normal rat adrenocorti-
cal cells and human adrenal corticocarcinoma NCI-
H295R cells.

Materials and methods
Animals and reagents

Wistar rats were obtained from the Laborato-
ry Animal Breeding Centre of the Department of
Toxicology, Poznan University of Medical Sciences
(Poznan, Poland). The animals were maintained un-
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der standard light conditions (14:10 h light/dark cy-
cle, illumination onset at 6.00 a.m.) at 23°C, 50-60%
air humidity, 8-10 air changes per hour (mechanical,
via HEPA filters) with free access to standard pellets
and tap water. The study protocol was approved by
the independent Local Ethics Committee for Animal
Studies in Poznan (protocol no. 75/2016). Recom-
binant human Nampt protein was purchased from
BioVendor R&D Products (Brno, Czechia) and the
specific Nampt inhibitor Fk866 was purchased from
ApexBio Technology (Houston, TX, USA). The ACTH
(Cortrosyn®) was purchased from Organon (Merck
& Co, USA).

Primary culture of rat adrenocortical cells

The method used for culturing rat adrenocortical
cells has been described previously [33-36]. Brief-
ly, adrenal glands were obtained from 35~60-80
g, 21-day-old, male rats. Glands were immediate-
ly transferred into a vessel with culture medium
(DMEM/F12 without phenol red), mechanically
chopped and digested with collagenase type 1 (1
mg/ml in DMEM/F12 medium; Sigma Aldrich; Mer-
ck KGaA) in a water bath at 37°C for 30 min. The
suspension was further mechanically disintegrated
using a glass pipette and poured through a nylon fil-
ter into a test tube, followed by centrifugation (200
x g for 10 min at room temperature). The collected
cells were subsequently suspended in DMEM/F12
(11039-021, ThermoFisher Scientific, Waltham,
MA, USA)with 10% FBS (F7524, Sigma-Aldrich;
Merck KGaA) and Antibiotic Antimycotic Solution
(A5955, Sigma-Aldrich; Merck KGaA) and plated on
culture plates.

Human adrenal corticocarcinoma NCI-H295R cell
culture

Human H295R adrenocortical cells were obtained
from the American Type Culture Collection (Manas-
sas, VA, USA) and cultured in H295R complete media
containing DMEM/F12 (11039-021, ThermoFisher
Scientific, Waltham, MA, USA) supplemented with
2.5 % Nu-Serum™ (355500, Corning, NY, USA) and
ITS (insulin transferrin selenium) (354350, Corning,
NY, USA). The cells were cultured in standard 37°C
and 5% CO, conditions.

Determination of the proliferation rate of
cultured cells

Proliferation rate of cultured cells was estimated
by means of the xCelligence Real-Time Cell Analyz-
er (RTCA) DP (dual purpose) (Roche). The system
measures real-time changes in electrical impedance
across microelectrodes integrated into the bottom
of tissue culture E-Plates. The impedance measure-
ment provides quantitative information about the
biological status of the cells, including cell number,
viability and morphology. Studies were performed
on cells prepared as described above. The measured
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number of cells was displayed as cell index. Cell
Index is a unitless parameter proportional to the
number of cells measured by impedance of electron
flow caused by adherent cells. Fifty microliters of
cell culture medium was added to each well for the
impedance background measurement. After adding
the cells and/or drugs, the final volume was 200 pL.
The E-Plates were incubated at 37° C with 5% CO,
and monitored on the RTCA system at 15-minute
time intervals for 80 h (rat adrenocortical cells) or
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Treatment of cultured cells

From 48 h onwards, proliferating cells were ex-
posed to tested substances (eNampt, Fk866, ACTH)
individually or in combination, at different con-
centrations, as shown in Figures 1-3. All test sub-
stances were added once in 48h of culture. The con-
centrations of administrated eNampt were chosen
based on the physiological eNampt serum levels in
humans, which were reported around 1-4 ng/ml
(~108M) [37-39]. The serum eNampt concentra-

150-200 h (H295R cells) with or without treatment. tion of the rat is similar to that of humans [40].
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Figure 1 Primary culture of rat adrenocortical cells. RTCA (Real Time Cell Analyzer) delivered cell index. Cells were
cultured for 80 h in the presence of eNampt (1x107 M), Fk866 (1x107 M) and ACTH (1x107 M) with or without Fk866.
Normalized RTCA chart plot (cell index - recorded every 15 min) in which points are marked every 45 minutes. n=4
per group. The red vertical line represents the time of data normalization (in which the number of cells has been set at
1) and the administration of tested substances. Statistically significant differences in relation to the control group (by
using Kruskal-Wallis one-way analysis of variance (ANOVA) followed by Wilcoxon-Mann-Whitney post-hoc test) are in-
dicated by a red colour, p<0.05. Black - no differences. eNampt, extracellular nicotinamide phosphoribosyltransferase;
ACTH, adrenocorticotropic hormone; Fk866, specific Nampt inhibitor
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Figure 2 Culture of H295R human adrenocortical cells. RTCA (Real Time Cell Analyzer) delivered cell index. Cells
were cultured for 150 h in the presence of eNampt (1x107 M; 1x10% M; 1x10-° M). Normalized RTCA chart plot (cell
index - recorded every 15 min) in which points are marked every 45 minutes. n=5-8 per group. The red vertical line
represents the time of data normalization (in which the number of cells has been set at 1) and the administration of
eNampt. Statistically significant differences in relation to the control group (by using Kruskal-Wallis one-way analysis
of variance (ANOVA) followed by Wilcoxon-Mann-Whitney post-hoc test) are indicated by a red colour, p<0.05. Black -
no differences. eNampt, extracellular nicotinamide phosphoribosyltransferase
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Figure 3 Culture of H295R human adrenocortical cells. RTCA (Real Time Cell Analyzer) delivered cell index. Cells were
cultured for 200 h. Cells were exposed to Fk866 (1x107 M) with or without eNampt (1x107 M). Normalized RTCA chart
plot (cell index - recorded every 15 min) in which points are marked every 45 minutes. n=5-8 per group. The red vertical
line represents the time of data normalization (in which the number of cells has been set at 1) and the administration of
tested substances. Statistically significant differences in relation to the control group (by using Kruskal-Wallis one-way
analysis of variance (ANOVA) followed by Wilcoxon-Mann-Whitney post-hoc test) are indicated by a red colour, p<0.05.
Black - no differences. eNampt, extracellular nicotinamide phosphoribosyltransferase; Fk866, specific Nampt inhibitor

Statistical analysis

The curves of the cell index were normalized by
means of software of RTCP system. The diagrams show
the means of repeated experiments (for rat 4 repe-
titions; for H295R cells5-8 repetitions). For multiple
comparisons, statistical analysis of the data was per-
formed by using Kruskal-Wallis one-way analysis of
variance (ANOVA) followed by Wilcoxon-Mann-Whit-
ney post-hoc test between all measurements. Calcula-
tions were performed using R x64 3.4.1 software.

Ethical approval:

The research related to animals use has been com-
plied with all the relevant national regulations and
institutional policies policies for the care and use of
animals. Bioethical Committee approval no.75/2016.

Results

As can be seen from fig. 1, neither the addition
of eNampt (1x107 M), nor the addition of Fk866
(1x107 M), a specific Nampt inhibitor, change the
proliferation of rat adrenocortical cells in the pri-
mary culture. In these conditions, the addition of
ACTH (1x10-7 M) alone or with FK866 inhibits the
proliferation of tested cells. In the case of human
adrenal corticocarcinoma H295Rcells, eNampt in
concentrations of 1x107 M and 1x10® M significant-
ly stimulate proliferative activity of the studied cells
(fig. 2). On the other hand, eNampt at concentra-
tions of 1x10'® M does not influence the prolifer-
ation of these cells. As shown in fig. 3, Fk866 (spe-
cific Nampt inhibitor) alone in the concentration of
1x107 M inhibits proliferation of H295R cells and
inhibits stimulating effect of eNampt (1x10-7 M) on
proliferation of these cells.

Discussion

Our research has revealed very interesting re-
sults regarding Nampt’s role in the regulation of
adrenocortical cell proliferation, both normal and
neoplastic. In our experiments we have observed
that eNampt exerts a stimulating effect on the pro-
liferation of H295R human adrenal corticocarcino-
ma cells, but does not show such an effect on nor-
mal rat adrenocortical cells in primary culture. In
addition, Fk866, a specific Nampt inhibitor, does
not affect the proliferation rate of rat adrenocorti-
cal cells under the experimental conditions applied,
while this compound strongly inhibits mitotic activ-
ity of H295R cells.

Numerous previous studies on established cell
lines have shown that eNampt exerts a stimulat-
ing effect on the rate of proliferation of different
cancer cells. Such action has been observed, inter
alia, in the case of MCF-7 and MDA-MB-231 breast
cancer cells [23, 24], PC3 prostate cancer cell [25]
Me45 melanoma cell [18], hepatocellular carcino-
ma (HCC) cells [26], AGS gastric cancer cell line [27]
Ishikawa and KLE endometrial carcinoma cell lines
[28]. No Nampt receptor has been identified so far
and the stimulating effect of Nampt on proliferation
most probably occurs through AKT/PI3K, ERK/
MAPK and GSK-3f proteins signaling pathways [23,
25, 26, 28].

The results of our research confirm these numer-
ous reports about the stimulating effect of eNampt
on the proliferation of cancer cells. In these studies
we used various eNampt concentrations, including
those similar to physiological values found in hu-
man and rat serum [37-40]. It should be noted that
eNampt serum concentrations in various types of
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cancer are usually elevated [21, 22, 28, 37-39, 41-
43]. Another significant difference is the reaction
of the studied cells to Fk866, which is a specific
Nampt inhibitor [44, 45]. In the culture of H295R
cells, Fk866 strongly inhibits proliferation, while in
the primary culture of rat adrenocortical cells, this
inhibitor has no influence on proliferation, at least
in the period studied (48h). It is also surprising to
note that in primary culture of rat adrenocortical
cells Fk866 does not modify the effect of ACTH on
the degree of proliferation of these cells. This ob-
servation may suggest that in vitro ACTH-induced
inhibition of adrenocortical cell proliferation is not
associated with increased energy demand.

In the light of the above results, it should be em-
phasized that the cultured rat adrenocortical cells
retained the normal reaction to ACTH added. In cul-
ture of these cells ACTH strongly inhibits prolifera-
tion, which was also observed in the present study
[36, 46, 47]. We could not perform a similar experi-
ment on H295R cells. H295R cells do not respond to
corticotropin stimulation and do not exhibit MC2R
(ACTH receptor) expression at both mRNA and pro-
tein levels [48, 49].

The differences observed in the proliferation of
H295R cells and rat adrenocortical cells exposed to
eNampt and/or Fk866 are most probably related to
the “energy state” of these cells. Nampt is essential
for the biosynthesis of NAD and found to be up-
regulated in many cancer cells. In addition, previ-
ous studies indicate that NAD formed as a result of
Nampt activity is required to control the prolifera-
tive activity of different cells [11, 12, 50]. Cultured
rat adrenocortical cells most likely maintain normal
physiological levels of Nampt and under these con-
ditions the probable inhibitory effect of Fk866 is
less marked.

Conclusions

Summing up, the research carried out on human
H295R cells and on primary culture of rat adre-
nocortical cells revealed significant differences in
their reaction to eNamp. The strong eNampt stimu-
lating effect on proliferative activity of H295R cells
and the lack of effect on rat cells indicate an impor-
tant role of Nampt in cancer cell biology.

Our previous studies have shown that iNampt
have great impact on basal steroid hormone pro-
duction of primary rat adrenal cells. The inhibition
of iNampt by Fk866 leads to decrease of basal corti-
costerone and aldosterone production[33].
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