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Abstract. Nicotinamide phosphoribosyltransferase (NAMPT) 
possesses various functions in human cells, and altered 
NAMPT expression is associated with human carcinogenesis. 
The present study detected the expression of NAMPT in 
normal and cancerous breast tissues from 83 patients using 
immunohistochemistry, and analyzed its association with the 
clinicopathological and survival data of the patients. NAMPT 
was significantly overexpressed in the breast invasive ductal 
carcinoma tissues compared with adjacent normal mammary 
gland tissues. Upregulated NAMPT expression was associated 
with a larger tumor size, lymph node metastasis, advanced 
clinical tumor-node-metastasis stages, and estrogen receptor 
and progesterone receptor expression. Furthermore, NAMPT 
expression was associated with poor overall and disease-free 
survival in patients with breast cancer. In conclusion, NAMPT 
increased protein expression in tumor cells may contribute 
to the development and progression of breast invasive ductal 
carcinoma. Thus, detection of NAMPT expression might be 
useful as a biomarker for the early detection and prognosis 
prediction of breast cancer.

Introduction

Breast cancer is a significant health problem in women glob-
ally, and breast cancer incidence rates are higher in North 
America and Western Europe, compared with those in other 
parts of the world. In the United States in 2016, there were 
~249,260 new cases of breast cancer and 40,890 cancer-related 
deaths (1). In China, breast cancer has become one of the most 
frequently diagnosed cancers in women aged 30-59 years 
old (2), and a high proportion of the patients are diagnosed at 
the advanced stages of disease (2); for those patients, treatment 

responses, even with post-surgical chemotherapy and radio-
therapy, remain poor (2). Thus, novel molecular biomarkers 
are required for the early detection and treatment response 
prediction in patients with breast cancer.

Mammalian cell nicotinamide phosphoribosyltransferase 
(NAMPT) is the rate-limiting enzyme in the biosyn-
thesis of nicotinamide adenine dinucleotide (NAD) that is 
responsible for transferring a phosphoribosyl group from 
5-phosphoribosyl-1-pyrophosphate to nicotinamide, resulting 
in the production of nicotinamide mononucleotide (NMN) 
and pyrophosphate. NMN is then converted to NAD by NMN 
adenylyltransferase (Fig. 1) (3). Increasing evidence suggests 
that NAMPT is a multifunctional enzyme with crucial roles 
in in metabolism and immune response, and altered NAMPT 
expression is associated with human tumorigenesis (4). 
Silencing of NAMPT expression in pancreatic cancer cells has 
been demonstrated to induce tumor cell metabolic collapse 
and cell death both in vitro and in vivo (5), whereas NAMPT 
overexpression is associated with poor treatment response of 
breast cancer patients to doxorubicin-based chemotherapy (6). 
Previous studies from our group have demonstrated that 
NAMPT is highly expressed in gastric cancer and is associ-
ated with malignant behaviors of cancer cells as well as 
resistance to chemotherapy (7,8). The aim of the present study 
was to detect NAMPT expression in normal and cancerous 
breast tissues using immunohistochemistry and to examine its 
association with clinicopathological and survival data from 
breast cancer patients.

Materials and methods

Patient samples. Paired cancerous and adjacent noncancerous 
breast tissues were collected from 83 newly diagnosed and 
surgically treated breast cancer patients at Weihai Municipal 
Hospital (Weihai, China) between January and December 
2008. The adjacent normal tissues were >5 cm away from 
the tumor lesions. All patients were histologically diagnosed 
with invasive ductal carcinoma and aged 29-66 years old, 
with an average age of 47 years. None of the patients received 
presurgical radiotherapy or chemotherapy. The present study 
was approved by the Ethics Committee of Weihai Municipal 
Hospital, and informed consent was obtained from each 
patient. The histologic types and grades of the primary 
tumors were determined according to the modifications of 
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the World Health Organization classification (9), whereas 
the staging of breast cancer was defined according to the 
tumor-node-metastasis (TNM) system (10).

Immunohistochemistry. All tissue samples were fixed in 10% 
buffered formalin at room temperature for 24 h and subse-
quently embedded into paraffin. Tissue sections 4‑µm thick 
were then prepared from these paraffin blocks and immu-
nohistochemically stained using the streptavidin peroxidase 
(SP) technique. In brief, tissue sections were deparaffinized 
in xylene, rehydrated in a series of ethanol solutions, and then 
submerged in tap water. The tissue sections were subjected to 
antigen retrieval in a pressure cooker containing 0.01 M citrate 
buffer and blocking of the peroxidase activity in 3% H2O2 for 
30 min at room temperature. Next, they were incubated with 
20% normal goat serum (Abcam, Cambridge, MA, USA) 
diluted in PBS for 30 min and then with an anti-NAMPT 
antibody (cat. no., ab45890; 1:50; Abcam) at 4˚C overnight. 
The next day, the tissues sections were washed with PBS 
briefly three times, and then incubated with a goat anti‑mouse 
immunoglobulin G (cat. no., sc-2039; 1:200; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) conjugated with SP 
for 30 min at room temperature. After washing with PBS, the 
tissue sections were subjected to a colorimetric reaction using 
3,3'-diaminobenzidine solution, then counterstained with 
hematoxylin briefly, mounted with mounting medium, and 
covered with a coverslip. The immunostained tissue sections 
were reviewed and photographed under a light microscope. 
Image acquisition and analysis were then performed. Positively 
stained cells appeared brown or displayed brown cytoplasmic 
granules in the cytoplasm. NAMPT immunostaining scores 
were based on the intensity of the immunostaining and the 
% of positively stained cells. Immunostaining intensity was 
scored as follows: 0, no staining; 1, weak staining; 2, moderate 
staining; and 3, strong staining. Percentage of positive staining 
was scored as follows; 1, ≤25% positive cells; 2, 26‑50% 

positive cells; 3, 51‑75% positive cells; and 4, ≥76% positive 
cells. The sum of these two scores resulted in a final score for 
each case to determine high vs. low expression of NAMPT 
protein (a score of ≥3 was termed high NAMPT expression, 
whereas a score of 1-2 was termed low NAMPT expression). 
The staining of each tissue section was scored separately by 
two independent experts simultaneously, and discordant scores 
were re-evaluated and scored with their consensual opinion.

Statistical analysis. All statistical analyses were performed 
using the SPSS version 17.0 software (SPSS, Inc., Chicago, 
IL, USA). Comparisons of NAMPT expression with clinico-
pathological parameters, including tumor stage, tumor grade, 
age at diagnosis, body mass index, tumor size, lymph node 
status, recurrence, estrogen receptor (ER) status, progesterone 
receptor (PR) status, and human epidermal growth factor 
receptor 2 (HER2) status, were analyzed using the χ2 or 
Fisher's exact test (when a cell in a 2x2 table had an expected 
frequency of ≤5). Survival curves were generated using 
Kaplan-Meier curves and statistically analyzed using the 
log-rank test. Multivariate analysis was performed using Cox's 
proportional hazard model. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Differential expression of NAMPT in normal breast and 
cancerous tissues. NAMPT protein expression was local-
ized in the cytoplasm and cell membrane of positive tumor 
or normal cells. Specifically, NAMPT protein was mostly 
expressed in breast invasive ductal carcinoma as well as in 
a few adjacent normal mammary glands (Fig. 2). There was 
no single tumor with completely negative NAMPT expres-
sion (Fig. 2). Expression of NAMPT protein was significantly 
upregulated in breast cancer tissues compared with normal 
breast tissues (P<0.001; Table I). Then, the association of 

Figure 1. The NAD biosynthesis pathway. NAMPT can transfer a phosphoribosyl group obtained from PRPP to nicotinamide, resulting in the production 
of NMN and PPi. Thereafter, NMN is converted to NAD by NMNAT. NAD, nicotinamide adenine dinucleotide; NAMPT, nicotinamide phosphoribosyl-
transferase; PRPP, 5-phosphoribosyl-1-pyrophosphate; NMN, nicotinamide mononucleotide; PPi, pyrophosphate; NMNAT, nicotinamide mononucleotide 
adenylyltransferase.
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NAMPT expression with the clinicopathological data from the 
breast cancer patients was analyzed. The results demonstrated 
that upregulated NAMPT protein expression was associated 
with a larger tumor size, lymph node metastasis, advanced 
clinical TNM stages, and ER and PR expression (Table II).

Association of NAMPT protein expression with survival 
of breast cancer patients. Next, the association of NAMPT 
expression with survival of the breast cancer patients was exam-
ined. Kaplan‑Meier curves, stratified by high vs. low NAMPT 
expression, revealed that high NAMPT expression was associ-
ated with a poor overall and disease-free survival in patients, 
while breast cancer tissues without or with low NAMPT 
expression had better disease-free and overall survival rates 
(P=0.010 and P=0.045; Fig. 3). Furthermore, compared with 
patients with ER-positive tumors, patients with ER-negative 
tumors had a significantly worse disease‑free survival both 
in the high NAMPT group and in the low NAMPT group 
(P=0.022 and P=0.002, respectively) and overall survival both 
in the high NAMPT group and in the low NAMPT group 
(P=0.042 and P=0.019, respectively) (Figs. 4 and 5).

To evaluate the factors associated with NAMPT 
expression in these patients, hazard ratios (HRs) were 
estimated by univariate and multivariate Cox regression 
analyses (Tables III and IV). For the univariate analysis, 
the significant factors associated with disease‑free survival 
included tumor stage (HR=52.39, 95% CI=11.90‑230.65, 
P<0.001), tumor grade (HR=2.66, 95% CI=1.01‑7.01, P=0.047), 
ER status (HR=0.29, 95% CI=0.12‑0.72, P=0.007) and NAMPT 
expression (HR=3.13, 95% CI=1.27‑7.73, P=0.013; Table III). 
By contrast, the only significant factor associated with overall 

survival was tumor stage (HR=55.02, 95% CI=7.12‑425.20, 
P<0.001; Table IV). However, after adjusting for the patient 

Figure 2. Immunohistochemical analysis of NAMPT expression in normal and cancerous breast tissues. (A) Strong immunostaining of NAMPT protein in breast 
cancer tissue. Arrow indicates NAMPT positive expression. (B) Strong and moderate immunostaining of NAMPT protein in breast cancer tissue. Arrow indicates 
NAMPT positive expression. (C) Negative immunostaining of NAMPT in normal breast tissue. Magnification, x400. NAMPT, nicotinamide phosphoribosyl-
transferase.

Table I. NAMPT expression in breast cancer tissue samples.

 High NAMPT Low or no NAMPT
Group expression expression P-value

Breast cancer 40 43
Adjacent 0 83 0.001
normal tissues

NAMPT, nicotinamide phosphoribosyltransferase.

Table II. Association of NAMPT expression with clinico-
pathological characteristics in breast cancer patients.

 Level of NAMPT
 expression
 -----------------------------------------
Variables Low (n) High (n) P-value

Age (years)
  ≤50 25 19
  >50 18 21 0.330
Tumor size (cm)
  <2 25 12
  ≥2 18 28 0.010
LN metastasis
  No 36 24
  Yes 7 16 0.016
TNM stage
  I/II 37 26
  III/IV 6 14 0.030
Grade
  I/II 34 28
  III 9 12 0.340
ER expression
  Negative 6 19
  Positive 37 21 0.001
PR expression
  Negative 11 23
  Positive 32 17 0.003
HER2 expression
  Negative 24 27
  Positive 19 13 0.274

NAMPT, nicotinamide phosphoribosyltransferase; LN, lymph 
node; TNM, tumor-node-metastasis staging; ER, estrogen receptor; 
PR, progesterone receptor; HER2, human epidermal growth factor 
receptor 2.
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age at diagnosis, tumor stage, tumor grade, ER status, HER2 
status, and NAMPT expression by multivariate Cox regression 
analysis, only tumor stage (HR=63.42, 95% CI=12.91‑311.48, 
P<0.001 and HR=115.26, 95% CI=13.24‑1003.63, 
P<0.001, respectively) and NAMPT expression (HR=0.53, 
95% CI=0.17‑1.59, P=0.255 and HR=0.20, 95% CI=0.04‑0.89, 
P=0.034, respectively) were significant independent predic-
tors of disease-free and overall survival in the breast cancer 
patients (Tables III and IV).

Discussion

Although early detection and treatment of breast cancer have 
significantly advanced compared with decades ago, more 
research is needed for the molecular diagnosis and prognosis 
prediction of breast cancer. In the current study, NAMPT 
expression was analyzed and associated with breast cancer 
development and progression in order to potentially identify it 
as a novel biomarker for breast cancer. The present data demon-
strated that NAMPT expression was significantly higher in 
breast cancer tissues compared with normal mammary gland 
tissues, and that upregulated NAMPT protein expression was 
associated with a larger tumor size, advanced clinical TNM 
stages, lymph node metastasis, and ER and PR expression. 
Furthermore, NAMPT expression was associated with poor 
overall and disease-free survival in patients, whereas breast 
cancer without or with low NAMPT expression had a better 
disease-free and overall survival. In conclusion, the present 
findings suggest that NAMPT upregulation may contribute to 
breast cancer development and progression and that detection 
of NAMPT protein levels may serve as a biomarker for the 
early detection and prognosis prediction of breast cancer.

Indeed, NAMPT has been reported to be overexpressed 
in several types of human cancer and to induce resistance 
to therapy (3), suggesting that NAMPT could be used as a 
chemotherapeutic target (3). Translationally, NAMPT might 
be a useful biomarker for carcinogenesis and tumor progres-
sion (4). For example, upregulated NAMPT expression has 
been associated with an increase in melanoma volume, early 
metastases, and tumor cell de-differentiation (11). In addition, 
NAMPT overexpression has been observed in hematological 
malignancies, such as lymphomas, and is associated with 
aggressive phenotypes of malignant lymphoma (12). In solid 

Figure 4. Kaplan‑Meier curves stratified by ER expression in patients with high 
tumor expression of NAMPT. (A) Disease-free survival. (B) Overall survival. 
ER, estrogen receptor; NAMPT, nicotinamide phosphoribosyltransferase.

Figure 5. Kaplan‑Meier curves stratified by ER expression in patients with low 
tumor expression of NAMPT. (A) Disease-free survival. (B) Overall survival. 
ER, estrogen receptor; NAMPT, nicotinamide phosphoribosyltransferase.

Figure 3. Kaplan‑Meier survival curves stratified by NAMPT expression 
in breast cancer patients. (A) Disease-free survival. (B) Overall survival. 
NAMPT, nicotinamide phosphoribosyltransferase.
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Table IV. Univariate and multivariate analyses of overall survival in breast cancer cases.

 Univariate Multivariate
 ------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------
Variables HR 95% CI P‑value HR 95% CI P‑value

Age (years)
  >50 0.96 0.32-2.86 0.941 0.82 0.24-2.81 0.754
  ≤50 1.00   1.00
Stage
  III/IV 55.02 7.12-425.20 <0.001 115.26 13.24-1003.63 <0.001
  I/II 1.00   1.00
Grade
  III/IV 2.56 0.79-8.31 0.118 0.90 0.24-3.33 0.872
  I/II 1.00   1.00
ER
  Positive 0.59 0.19-1.81 0.359 0.80 0.19-3.39 0.766
  Negative 1.00   1.00
HER2
  Positive 0.72 0.22-2.35 0.591 0.80 0.22-2.91 0.731
  Negative 1.00   1.00
NAMPT
  High 1.34 0.41-4.35 0.628 0.20 0.04-0.89 0.034
  Low 1.00   1.00

HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; NAMPT, nicotinamide 
phosphoribosyltransferase.

Table III. Univariate and multivariate analyses of disease-free survival in breast cancer cases.

 Univariate Multivariate
 -------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------
Variables HR 95% CI P‑value HR 95% CI P‑value

Age (years)
  >50 0.80 0.32-1.98 0.622 0.91 0.32-2.59 0.861
  ≤50 1.00   1.00
Stage
  III/IV 52.39 11.90-230.65 <0.001 63.42 12.91-311.48 <0.001
  I/II 1.00   1.00
Grade
  III/IV 2.66 1.01-7.01 0.047 0.98 0.33-2.95 0.967
  I/II 1.00   1.00
ER
  Positive 0.29 0.12-0.72 0.007 0.49 0.16-1.54 0.225
  Negative 1.00   1.00
HER2
  Positive 0.97 0.38-2.45 0.942 0.81 0.28-2.32 0.687
  Negative 1.00   1.00
NAMPT
  High 3.13 1.27-7.73 0.013 0.53 0.17-1.59 0.255
  Low 1.00   1.00

HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; NAMPT, nicotinamide 
phosphoribosyltransferase.
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tumors, NAMPT is upregulated in prostate, gastric, and 
colorectal cancers (13-15), and NAMPT inhibition reduces the 
growth and invasiveness of prostate cancer cells in vitro (15). 
A previous study has reported that detection of NAMPT, 
vascular endothelial growth factor, and HER2 could be useful 
as a biomarker panel for the diagnosis and prognosis of human 
breast cancer (16). The current study further confirmed the 
overexpression of NAMPT protein in invasive breast cancer 
and it association with breast cancer progression and prog-
nosis. Of note, a previous in vitro study has demonstrated that 
NAMPT expression influences breast cancer cell metastatic 
activity and adhesion by inhibition of integrin function (17).

Breast cancer exhibits many molecular alterations; for 
example, BRCA mutations are the main hereditary factor 
in the development of breast cancer, while the expression of 
poly (ADP-ribose) polymerase 1 (PARP1) contributes to the 
BRCA1 phenotype in basal-like and triple-negative breast 
cancers (18). In addition, BRCA1-mediated NAD synthesis is 
largely responsible for PARP1 activity in breast cancer cells, 
while NAMPT regulates NAD levels towards aberrant PARP1 
activity (19). Indeed, Bajrami et al (20) have reported that an 
NAMPT inhibitor in combination with a PARP inhibitor has 
a significant therapeutic potency in nude mouse triple‑negative 
breast cancer cell xenografts. NAMPT was originally cloned as 
a putative cytokine to enhance the maturation of B lymphocyte 
precursors (21). Later, it was reported that NAMPT is able 
to promote both B lymphocyte and vascular smooth muscle 
cell maturation as well as inhibit neutrophil apoptosis (22). 
A previous study has demonstrated that NAMPT expression 
can predict recurrence-free survival of lung and breast cancer 
patients (23). Another recent study has revealed a novel mecha-
nism by which breast cancer cells are able to protect themselves 
from glucose deprivation-induced oxidative stress through 
NAMPT to maintain NADPH levels (24). Together, these 
findings indicate that NAMPT overexpression can alter human 
immune responses and promote breast cancer progression.

FK866 (also known as APO866) is a small-molecule inhib-
itor of NAMPT with potency and selectivity; in vitro, it is able 
to suppress the growth of cancer cells and induce tumor cells 
to undergo apoptosis through NAD depletion (25). Notably, 
FK866 can selectively inhibit various types of cancer cells, 
but not normal cells (25). The current data indicate that breast 
cancer may be another organ site where NAMPT inhibitors 
may be useful in the clinic.

To fully understand the physiological relevance of NAMPT 
expression in normal and cancerous mammary gland cells, 
further research will be necessary. For example, future studies 
may include information on subtypes of breast cancer and 
expression of other molecules to examine the associations with 
NAMPT expression. In addition, the data from the current study 
need to be verified using a larger sample size before NAMPT is 
used clinically as a biomarker. Further studies will also assess 
NAMPT in mediating breast cancer progression and the potential 
of targeting NAMPT as a therapeutic strategy in breast cancer.
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