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Simple Summary: The implications of extracellular nicotinamide phosphoribosyltransferase (eNAMPT)
in colonic polyps remain uncertain. A 2-year prospective cohort study was conducted. Of 532 patients,
80 (15%) had prominent malignant potential (PMP) in colonic polyps, including villous adenomas,
adenomas with high-grade dysplasia, and adenocarcinomas. Baseline associations were observed:
colonic polyp pathology, total cholesterol, and neutrophil-to-lymphocyte ratio with eNAMPT levels,
and age, polyp size, and eNAMPT levels with polyp pathology. Baseline eNAMPT levels were higher
in patients harboring polyps with PMP than in patients without PMP, and baseline eNAMPT levels
predicted PMP (cutoff: >4.238 ng/mL). Proportions of eNAMPT-positive glandular and stromal cells
were higher in polyps with PMP than in polyps without PMP. eNAMPT levels decreased within 48 weeks
postpolypectomy and remained stable afterward regardless of PMP until 96 weeks postpolypectomy.
However, those with PMP had a higher degree of eNAMPT decline within 24 weeks. With a link
to inflammation and lipid metabolism, along with its decreasing trend after polypectomy, serum
eNAMPT may serve as a surrogate marker of PMP in colonic polyps. In situ probing of the NAMPT-
associated pathway holds promise in attenuating PMP, as much of the eNAMPT likely originates from
colonic polyps.

Abstract: Background/aims: The implications of extracellular nicotinamide phosphoribosyltrans-
ferase (eNAMPT), a cancer metabokine, in colonic polyps remain uncertain. Methods: A 2-year
prospective cohort study of patients who underwent colonoscopy was conducted. Biochemical
parameters and serum eNAMPT levels were analyzed at baseline and every 24 weeks postpolypec-
tomy. NAMPT-associated single-nucleotide polymorphisms (SNPs), including rs61330082, rs2302559,
rs10953502, and rs23058539, were assayed. Results: Of 532 patients, 80 (15%) had prominent ma-
lignant potential (PMP) in colonic polyps, including villous adenomas (n = 18, 3.3%), adenomas
with high-grade dysplasia (n = 33, 6.2%), and adenocarcinomas (n = 29, 5.5%). Baseline associations
were as follows: colonic polyp pathology (p < 0.001), total cholesterol (p = 0.019), and neutrophil-to-
lymphocyte ratio (p = 0.023) with eNAMPT levels; and age (p < 0.001), polyp size (p < 0.001), and
eNAMPT levels (p < 0.001) with polyp pathology. Higher baseline eNAMPT levels were noted in
patients harboring polyps with PMP than in patients without PMP (p < 0.001), and baseline eNAMPT
levels significantly predicted PMP (cutoff: >4.238 ng/mL, p < 0.001). Proportions of eNAMPT-
positive glandular and stromal cells were higher in polyps with PMP than in polyps without PMP
(64.55 ± 11.94 vs. 14.82 ± 11.45%, p = 0.025). eNAMPT levels decreased within 48 weeks postpolypec-
tomy (p = 0.01) and remained stable afterward regardless of PMP until 96 weeks postpolypectomy.
However, those with PMP had a higher degree of eNAMPT decline within 24 weeks (p = 0.046).
All investigated SNPs were in linkage disequilibrium with each other but were not associated with
eNAMPT levels. Conclusion: With a link to inflammation and lipid metabolism, along with its
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decreasing trend after polypectomy, serum eNAMPT may serve as a surrogate marker of PMP in
colonic polyps. In situ probing of the NAMPT-associated pathway holds promise in attenuating PMP,
as much of the eNAMPT likely originates from colonic polyps.

Keywords: visfatin; PBEF; advanced colonic polyp; colonoscopy

1. Introduction

Colorectal cancer (CRC) is the third most common cancer in men and the second
most common cancer in women worldwide [1]. Most CRCs arise from colonic polyps,
especially adenomatous polyps [2]. Polyp number, size, and pathological findings are
crucial for CRC. Advanced adenomas are defined as those that are >1 cm or those that
contain appreciable villous tissue or high-grade dysplasia [3,4]. The efforts to control CRC
focus mainly on strategies to reliably detect and resect advanced adenomas before they
become malignant [4]. Currently, colonoscopy is the gold standard for detecting colonic
polyps and affords an opportunity for therapy through polypectomy and histological
diagnosis. Nevertheless, colonoscopy may not detect all colonic polyps, particularly small
polyps and those located in the proximal colon [5]. Missed lesions potentially lead to
more than half of all interval cancers diagnosed 3–5 years after the index procedure [6].
Furthermore, in 5%–10% of patients, usually those with diverticulosis or previous pelvic
surgery, the endoscopist may not be able to pass the instrument comfortably and safely to
the cecum [7]. Although some epigenetic, proteomic, and fecal DNA markers for the early
detection of CRC and polyps have been reported [8,9], a noninvasive marker of advanced
polyps that aids in decreasing the misdiagnosis rate of colonoscopy is currently unavailable.

Nicotinamide phosphoribosyltransferase (NAMPT) is a regulator of the intracellular
nicotinamide adenine dinucleotide (NAD) pool. Through its NAD biosynthetic activity,
NAMPT influences the activity of NAD-dependent enzymes [10], thereby acting as a driver
or pacemaker that maintains the pace of metabolism throughout the body [11]. NAMPT en-
hances cellular proliferation and tips the balance toward cell survival following a genotoxic
insult; moreover, NAMPT is considered a molecular link among metabolism, inflamma-
tion, and cancer [12]. NAMPT is found both extracellularly (eNAMPT) and intracellularly
(iNAMPT). Specifically, eNAMPT is a highly conserved 52-kDa protein and is responsible
for transmitting interorgan signals [13]. iNAMPT is associated with cell aging and cell
survival [14]. In addition to its enzymatic function, eNAMPT exhibits cytokine-like activity
and is considered an adipokine. Thus, eNAMPT is also called pre-B-cell colony-enhancing
factor or visfatin [15]. Both the liver and peripheral blood leukocytes contain maximal
eNAMPT mRNA transcript levels, but the eNAMPT protein is ubiquitously expressed
in all tissues [16]. eNAMPT regulates glucose-stimulated insulin secretion in pancreatic
β cells through NAD intermediates [17]. However, it does not appear to control glucose
metabolism in some conditions but may play a regulatory role in lipid metabolism [18].
For example, a positive correlation between eNAMPT and total cholesterol (TC) levels
was shown in postmenopausal women [19], women with polycystic ovary syndrome [20],
and hepatitis C virus-infected patients [21]. In nondiabetic adults, NAMPT mRNA is
a proinflammatory marker of adipose tissue associated with systemic insulin resistance
and hyperlipidemia [22]. Altogether, eNAMPT has endocrine, paracrine, and autocrine
actions [23]. Interestingly, fat-mediated alterations of the gut microbiota link bile acid
metabolism to CRC risk [24]. Bile acids are involved in the absorption of fat and the regula-
tion of lipid homeostasis [25], and chronic inflammation, such as inflammatory bowel dis-
ease, exposes these patients to a number of signals known to have tumorigenic effects [26].
Namely, similar to eNAMPT, CRC risk is also highly associated with lipid metabolism
and inflammation. To date, associations between eNAMPT and oncogenic potential have
been uncovered in several cancers, including CRC [27], esophagogastric junction adeno-
carcinoma [28], melanoma [29], chronic lymphocytic leukemia [30], myeloproliferative
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neoplasm-associated myelofibrosis [31], rhabdomyosarcomas, and leiomyosarcomas [32].
Therefore, eNAMPT is defined as a new cancer metabokine. However, the implications
of eNAMPT in colonic polyps remain uninvestigated. Thus, we sought to elucidate these
implications by conducting a prospective study to analyze eNAMPT profiles by adjusting
for crucial confounders in patients with colonic polyps who underwent polypectomy with
an available pathological diagnosis.

2. Materials and Methods
2.1. Patients

The study group comprised patients who were > 18 years old and underwent screen-
ing, surveillance, or therapeutic colonoscopy. Specifically, the patients were referred from
our health checkup center for a first-time polypectomy, had a first-degree relative with a
history of CRC, and had a positive fecal test, abdominal pain, and unexplained weight loss.

Subjects with a history of bowel resection and inflammatory bowel diseases and suspi-
cion of polyposis syndrome; those with infections with human immunodeficiency virus,
hepatitis C virus, or hepatitis B virus; those with hemochromatosis, acromegaly, or cancers,
or who were recipients of solid organ transplants; those on immunomodulatory, lipid-
lowering, glucose-lowering, or anti-hypertensive drugs; and those who had undergone
incomplete colonoscopy (failure to intubate the colon/cecum) and poor bowel preparation,
as assessed with the Aronchick scale [33], were excluded.

Colonoscopy was performed by experienced endoscopists using an electronic endo-
scopic reporting system.

2.2. Study Design

A total of 532 patients were recruited at a tertiary referral center between December
2014 and December 2020. All patients were naive patients who had not previously under-
gone polypectomy or colon surgery (63 underwent a screening colonoscopy, 50 patients
received a surveillance colonoscopy due to a positive fecal occult blood test, and the others
(n = 419) underwent a therapeutic colonoscopy following transfer from the check-up center
after a screening colonoscopy). The patients underwent bowel preparation with a split-dose
regimen of either 2 L of polyethylene glycol electrolyte solution or 300 mL of sodium pico-
sulfate/magnesium citrate preparation–Bowklean solution [34]. During the colonoscopy, se-
dation was induced by the administration of intravenous midazolam and fentanyl at the en-
doscopist’s discretion. Before colonoscopy, some factors, including body mass index (BMI),
fasting triglycerides (TGs), total cholesterol (TC), homeostasis model assessment-estimated
insulin resistance (HOMA-IR) [fasting insulin (µU/mL) × fasting glucose (mmol/l)/22.5],
high-density lipoprotein cholesterol (HDL-C), uric acid (UA), carcinoembryonic antigen
(CEA), high-sensitivity C-reactive protein (HS-CRP), alanine aminotransferase (ALT),
neutrophil-to-lymphocyte ratio (NLR), estimated glomerular filtration rate (eGFR), and
eNAMPT levels (R&D Systems, Minneapolis, MN, USA), were measured for all patients.
After polypectomy, all the abovementioned measurements were performed every 24 weeks
during the follow-ups. The genotypes of NAMPT-associated SNPs, including rs61330082 [35],
rs2302559 [36], rs2058539, and rs10953502 [37], were assessed as described previously [38]
(Supplementary Table S1) or were assessed using TaqMan SNP Genotyping assays (Applied
Biosystems, Waltham, MA, USA) ( Supplementary Table S2). Serum biochemical measure-
ments were conducted in research laboratories or the clinical pathology department of
the hospital using routine automated techniques. All detected polyps were removed and
sent in individual jars for pathological assessment. Polyp location (left colon: descending
and sigmoid colons and rectum; right colon: transverse and ascending colons and cecum),
size, and number were recorded. The polyp sizes were estimated using a closed jumbo
biopsy forceps tip (2.4 mm) or snare catheter (2 mm). In the case of multiple polyps, only
the records of the largest polyp were analyzed (categories used for classification of size,
histopathology, and location).
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2.3. Polypectomy or Surgical Removal of Polyps

Polyps were removed by surgery, endoscopic mucosal resection, endoscopic submu-
cosal dissection, biopsy forceps, or polypectomy, as indicated.

2.4. Immunohistochemical (IHC) Studies of Colonic Polyps

IHC studies of colonic polyps were performed in paraffinized samples. The patholog-
ical findings were coded according to the degree of their malignant potential as follows,
with codes 0–2 indicating negligible malignant potential [4]: 0, no polyp; 1, inflammation,
muscle prolapse, or juvenile polyp; 2, hyperplastic polyp; 3, sessile serrated adenoma
(SSA); 4, tubular adenoma; 5, tubulovillous adenoma; 6, villous adenoma; 7, adenoma
with high-grade dysplasia; and 8, adenocarcinoma. The randomly selected cases of each
pathological entity (0–8) were stained with eNAMPT using antibodies against eNAMPT
(Lifespan BioScience Inc., Seattle, WA, USA) according to the manufacturer’s protocol.
All polyp pathology was reviewed by gastrointestinal pathologists at participating sites
who were blinded to study participation and polyp prediction details. In addition, IHC
for eNAMPT was performed using peripheral blood (PB) smears according to the manu-
facturer’s protocols [29]. After serial centrifugation of PB, smears of isolated peripheral
leukocytes were prepared. The intensity of eNAMPT expression in IHC was assessed
using ImageJ software (http://imagej.nih.gov/ij/ (accessed on 1 January 2022), National
Institutes of Health, USA) for samples from 20 patients of each polyp code (0–8).

2.5. Statistical Analysis

All statistical analyses were performed using either MedCalc (MedCalc ver. 12.4,
MedCalc Software Corp., New York, NY, USA), Statistical Analysis System (SAS version 9.4),
PLINK (version 1.07), HAPLOVIEW (version 4.2), Statistical Package for the Social Sciences
(SPSS ver. 21.0, SPSS Inc., Chicago, IL, USA), or MassARRAY Typer 4.0 (Sequenom) software.
By adjusting for all independent variables with a p value < 0.1 in the univariate analyses,
multivariate linear regression models were used to assess the relationship between various
dependent and independent factors. When comparing variables from multiple groups, data
were analyzed by one-way analysis of variance (ANOVA). Post hoc analysis was performed
with least significant difference multiple comparison analysis. Variables measured before
and at every 24 weeks after polypectomy were analyzed and compared with ANOVA
employing general linear model-repeated measures. The performance of eNAMPT in
predicting the malignant potential of colonic polyps was analyzed by calculating the
area under the receiver-operating characteristic (ROC) curve (AUC) and compared using
Delong’s test. The sensitivities and specificities were compared using McNemar’s paired
comparison test. For the genetic analyses, SNPs of poor quality were removed using a
sequentially exclusive procedure. First, samples with a genotyping call rate <0.9 were
removed. Next, SNPs with a minor allele frequency (MAF) < 0.01 were removed. Finally,
SNPs with an adjusted p value < 0.05 that controlled for the false discovery rate [39] in
an exact Hardy–Weinberg equilibrium test [40] were removed. Genotype association tests
were performed as described previously [41]. The associations between the tested variables
and the haplotype block were assessed using stepwise regression models.

2.6. Informed Consent

Written informed consent was obtained from each patient. The study protocol con-
formed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by
the hospital institutional review board.

3. Results
3.1. Baseline Characteristics of Enrolled Patients

The baseline characteristics of the enrolled patients are shown in Table 1. Of the
532 patients, 379 (71.2%) were males and 153 (28.8%) were females, and the median and
mean ages were 57.00 and 55.75 years, respectively. The median polyp number and size
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were 2 and 1.2 cm, respectively. In total, 80 (15%) polyps had prominent malignant potential
(PMP) in their colonic polyps, including villous adenomas (n = 18, 3.3%), adenomas with
high-grade dysplasia (n = 33, 6.2%), and adenocarcinomas (n = 29, 5.5%). The left colon
contained 61.4% of the polyps. Most polyps <1 cm (n = 140) were tubular adenomas
(67.7%) or hyperplastic polyps (19.5%), while 0.7% were villous adenomas (n = 1), 4.9%
were adenomas with high-grade dysplasia (n = 7), and 0.7% (n = 1) were adenocarcinoma.
Among the polyps >1 cm (n = 392), 53.6% were tubular adenomas, 17.8% were tubulovillous
adenomas, 4.4% were villous adenomas (n = 17), 6.6% (n = 26) were adenomas with high-
grade dysplasia, and 7.1% (n = 28) were adenocarcinomas.

Table 1. Baseline characteristics of patients who underwent colonoscopy (median/mean ± standard
deviation (range)).

Baseline Variables Total (n = 532)

Male sex, n (%) 379 (71.2)
Female sex, n (%) 153 (28.8)

Age (yr) 57.00/55.75 ± 10.53 (24–85)
BMI 25.33/25.37 ± 3.55 (15.6–35.1)

HOMA-IR 1.19/1.55 ± 1.57 (0.16–13.87)
TC (mg/dL) 193.0/194.0 ± 35.14 (104–314)
TGs (mg/dL) 116.0/133.2 ± 75.2 (25–630)

HDL-C (mg/dL) 45.00/46.58 ± 11.36 (22–85)
TG/HDL-C 2.695/3.211 ± 2.279 (0.42–14.00)
UA (mg/dL) 6.00/6.010 ± 1.499 (2.8–11.0)

NLR 1.81/2.053 ± 1.349 (0.44–18.2)
HS-CRP (mg/dL) 1.340/2.925 ± 7.640 (0.2–109.91)

CEA (ng/mL) 1.24/1.85 ± 4.49 (1–65)
Platelet count (103/µL) 227.0/229.4 ± 59.97 (41.00–498.0)

eNAMPT (ng/mL) 3.39/4.14 ± 2.86 (0.35–33.43)
ALT (U/L) 27.00/32.37 ± 24.78 (7–196)

eGFR (mL/min/1.73 m2) 87.93/94.17 ± 72.81 (13.0–120)
Polyp size and number

Size of the largest polyp (cm) 1.20/1.53 ± 1.45 (0–18.0)
Number, n (%) 2.00/2.02 ± 0.881 (1–3)

N = 0 22 (4.1)
N = 1 199 (37.4)
N = 2 140 (26.3)
N = 3 171 (32.1)

Polyp pathology, n (%)
No polyp 16 (3.0)

Inflammation, muscle prolapse, or juvenile polyp 17 (3.2)
Hyperplastic polyp 35 (6.6)

Sessile serrated adenoma 26 (4.9)
Tubular adenoma 291 (54.7)

Tubulovillous adenoma 67 (12.6)
Villous adenoma 18 (3.4)

Adenoma with high-grade dysplasia 33 (6.2)
Adenocarcinoma 29 (5.5)

Polyp location (largest one), n (%)
Right colon (ascending and transverse colons and cecum) 205 (38.5)
Left colon (rectum, sigmoid, and descending colon), n (%) 327 (61.5)

NAMPT-associated SNP genotype, n (%)
NAMPT-rs2302559 (CC/CT/TT) 451 (84.7)/78 (14.6)/3 (0.6)

NAMPT-rs61330082 (CC/CT/TT) 121(22.7)/293 (55.1)/118 (22.2)
NAMPT-rs10953502 (CC/CT/TT) 3 (0.6)/101 (19.0)/428 (80.8)
NAMPT-rs2058539 (CC/CA/AA) 3 (0.6)/100 (18.8)/429 (80.6)

BMI: body mass index; HOMA-IR: homeostasis model assessment-estimated insulin resistance; TC: total choles-
terol; TGs: triglycerides; HDL-C: high-density lipoprotein cholesterol; UA: uric acid; NLR: neutrophil-to-
lymphocyte ratio; HS-CRP: high-sensitivity C-reactive protein; CEA: carcinoembryonic antigen; eNAMPT: extra-
cellular nicotinamide phosphoribosyltransferase; ALT: alanine aminotransferase; eGFR: estimated glomerular
filtration rate; n: number of patients; N: number of polyps; SNP: single-nucleotide polymorphism.

3.2. Baseline Associations of Various Variables

The multivariate analyses showed that the levels of baseline TC and NLR and pathol-
ogy of the largest colonic polyp were independently associated with baseline eNAMPT
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levels (Table 2). Thus, we stratified baseline eNAMPT levels by the pathological findings
of the colonic polyps. Patients with villous adenomas (group 6), adenomas with high-
grade dysplasia (group 7) and adenocarcinomas (group 8) had higher eNAMPT levels than
patients in the other groups (groups 1–5), while no differences in eNAMPT levels were
found among patients in groups 6–8. Similarly, no differences could be identified between
polyps in groups 1–5 (Figure 1). Thus, we reclassified the patients by the presence of PMP
(groups 6–8) of colonic polyps and examined the efficacy of eNAMPT in predicting the
PMP of colonic polyps. The AUC for eNAMPT in predicting the PMP of colonic polyps
was 0.766 [95% confidence interval (CI): 0.716–0.810, sensitivity: 72.34%; specificity: 78.93%,
p < 0.001], with a cutoff value of >4.238 ng/mL (Figure 2A). In contrast, the AUC for CEA
in predicting the PMP of colonic polyps was only 0.534 (p = 0.5778), with a cutoff value of
>2.22 ng/mL (Figure 2B).

Table 2. Univariate and multivariate analyses of factors associated with baseline eNAMPT levels.

eNAMPT (ng/mL)

Univariate Analysis Multivariate Analysis

Variants 95% CI of Estimated β

(Estimated β) p Values 95% CI of Estimated β

(Estimated β) p Values

Sex (Male) −0.835–0.674 (−0.147) 0.674
Age (yr) −0.016–0.041 (0.013) 0.377

BMI −0.046–0.145 (0.049) 0.308
HOMA-IR −0.384–0.451 (0.033) 0.874

TC (mg/dL) 0.002–0.02 (0.011) 0.017 * 0.002–0.021 (0.011) 0.019 *
TGs (mg/dL) −0.24–0.032(−0.001) 0.626
HDL (mg/dL) −0.024–0.032 (0.004) 0.781

TG/HDL-C −0.175–0.130 (−0.036) 0.613
UA (mg/dL) −0.034–0.389 (0.177) 0.1

NLR 0.076–0.568 (0.322) 0.01 * 0.041–0.531 (0.286) 0.023 *
HS-CRP (mg/dL) −0.09–0.077 (0.034) 0.123

CEA (ng/mL) −0.093–0.058 (−0.017) 0.648
Platelet count (103/µL) −0.003–0.008 (0.002) 0.435

ALT (U/L) −0.16–0.011 (−0.002) 0.726
eGFR (mL/min/1.73 m2) −0.006–0.003 (−0.002) 0.524

Polyp size (cm) −0.059–0.383 (0.162) 0.149
Polyp number −0.035–0.681 (0.323) 0.076

Polyp pathology 0.35–0.726 (0.538) <0.001 * 0.355–0.788 (0.571) <0.001 *
Polyp location −0.306–0.731 (0.212) 0.42

NAMPT-rs2302559
(CC:0/CT:1/TT:2) −1.111–0.398 (−0.356) 0.354

NAMPT-rs61330082
(CC:0/CT:1/TT:2) −0.457–0.507 (0.025) 0.918

NAMPT-rs10953502
(CC:0/CT:1/TT:2) −0.542–0.984 (0.221) 0.57

NAMPT-rs2058539
(CC:0/CA:1/AA:2) −0.583–0.931 (0.174) 0.652

eNAMPT: extracellular nicotinamide phosphoribosyltransferase; CI: confidence interval; BMI: body mass index,
HOMA-IR: homeostasis model assessment-estimated insulin resistance; TC: total cholesterol; TGs: triglycerides;
HDL-C: high-density lipoprotein cholesterol; UA: uric acid; NLR: neutrophil-to-lymphocyte ratio; HS-CRP: high-
sensitivity C-reactive protein; CEA: carcinoembryonic antigen; ALT: alanine aminotransferase, eGFR: estimated
glomerular filtration rate. * p < 0.05.
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Figure 2. ROC curves for baseline eNAMPT (A) and CEA (B) in determining the malignant potential
of polyps.

The associations among the independent factors of baseline eNAMPT, including
colonic pathology, TC and NLR, were as follows: baseline age, eNAMPT levels, and polyp
size were associated with colonic polyp pathology ( Supplementary Table S3); baseline
eNAMPT and HDL-C levels, platelet count, and polyp size and number were associated
with baseline TC levels ( Supplementary Table S4); and baseline eNAMPT and HS-CRP
levels were associated with baseline NLR ( Supplementary Table S5).

3.3. Genetic Study

All four investigated NAMP-associated SNPs were in high linkage disequilibrium
(LD) with each other. Moreover, rs2302559, rs10953502, and rs23058539 were in the same
LD block ( Supplementary Figure S1). However, none of them were associated with
baseline eNAMPT or any other metabolic profiles, including TC and HOMA-IR levels
(Supplementary Tables S3–S5).
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3.4. Immunohistochemistry (IHC) of eNAMPT in Colonic Polyps and PB Smears

We compared the proportions of eNAMPT-positive cells between polyps with and
without PMP. The quantitative proportions of eNAMPT-positive cells were higher in
polyps with PMP than in those without PMP (64.55 ± 11.94% vs. 14.82 ± 11.45%, p = 0.025).
Specifically, eNAMPT-positive cells were mainly detected in the lumen site. Some stromal
cells, including inflammatory and endothelial cells, also expressed eNAMPT. Additionally,
some cell clumps in glandular crypts expressed eNAMPT, especially in adenocarcinomas.
For polyps with PMP, both the nuclei and cytoplasm of glandular cells expressed eNAMPT,
whereas for simple adenomas or hyperplastic polyps, the nuclei of glandular cells expressed
the majority of eNAMPT (Figure 3). However, peripheral blood (PB) smears showed similar
ratios (48 ± 16 vs. 56 ± 19%, p = 0.368) of eNAMPT-positive leukocytes between the patients
harboring polyps with and without PMP.

Cancers 2023, 15, x FOR PEER REVIEW 9 of 15 
 

 

 

Figure 3. IHC of eNAMPT in colonic polyps. Representative cases of adenocarcinoma (A,B), adenoma
with high-grade dysplasia (C,D), adenoma with villous components (E,F), simple adenoma (G,H),
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3.5. Alterations in eNAMPT Levels after Polypectomy

During the follow-up period of up to 3 years (median: 2.61 years; mean: 2.57 years),
compared with baseline levels, the eNAMPT levels decreased further within 48 weeks
postpolypectomy and remained stable afterward, regardless of PMP. However, the degree
of decline in eNAMPT levels was higher in patients with PMP than in those without PMP
within 24 weeks (decline difference, p = 0.046). The former had higher baseline eNAMPT
levels (6.19 ± 5.43 vs. 3.88 ± 1.97 ng/mL, p < 0.001), and the differences in eNAMPT levels
between patients with and without PMP vanished at 24 weeks (p = 0.797), at 48 weeks
(p = 0.103), and at 96 weeks postpolypectomy (Figure 4).
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postpolypectomy; 2: 48 weeks postpolypectomy; 3: 96 weeks postpolypectomy.

4. Discussion

Since most patients in the current cohort were transferred for therapeutic colonoscopy
to undergo polypectomy, the polyp detection rate was as high as 97%, which is in contrast
to the reported colonic polyp prevalence of 30% [4]. The findings that males accounted for
the majority of colonic polyp cases and that the mean age was 55.75 years were consistent
with the Asia Pacific consensus that male sex is a risk factor for colonic polyps and that
screening for CRC should start at the age of 50 years [42]. Moreover, over half of the colonic
polyps were located on the left side, which is in accordance with the literature [43], and the
PMP rate of 15% was within the reported range [4].

To the best of our knowledge, this prospective study is the first to describe the impli-
cations of eNAMPT in colonic polyps. In addition to the established risk factors for CRC,
including age [44] and polyp size [45], baseline eNAMPT levels were independently associ-
ated with polyp pathology. NLR is an inflammatory factor that indicates the prognosis of
many cancers [46], and we coded the pathology of colonic polyps according to the degree
of their malignant potential [4]. Thus, the associations of NLR and polyp pathology with
eNAMPT levels are consistent with the role of eNAMPT as a link between inflammation
and cancer [12]. In particular, the finding that baseline serum eNAMPT levels were as-
sociated with the PMP of colonic polyps is novel. Accordingly, the levels of eNAMPT in
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patients with CRC are higher than those in control individuals [47], especially those with
advanced disease stages [27]. Although baseline CEA levels are reported to be risk factors
for advanced colonic polyps [48,49], we did not find any role for CEA in highlighting
the PMP of colonic polyps. In contrast, baseline serum eNAMPT levels >4.238 ng/mL
indicated PMP, independent of polyp size. Interestingly, although most polyps <1 cm were
not advanced polyps, 6.3% exhibited PMP. In contrast, among the polyps >1 cm, over 53.6%
were simple adenomas. In clinical practice, polypectomy may be contraindicated in some
patients due to risks of hemorrhage, perforation, or cardiovascular events [50]. In contrast
to biopsy, which may miss residual polyps with undetected PMP, baseline eNAMPT lev-
els are particularly valuable as a surrogate marker for small polyps with PMP or large
polyps without PMP. Thus, eNAMPT levels may be used as a reference to determine the
absolute indication for colonoscopy and polypectomy. There was no definite association
between eNAMPT levels and HOMA-IR; instead, baseline TC levels were associated with
eNAMPT levels. Collectively, in the presence of colonic polyps, the proinflammatory and
lipid-regulatory role of eNAMPT is highlighted by its association with NLR and TC. All
four of the investigated NAMPT-SNPs were in high LD with each other. However, none of
them were associated with eNAMPT, TC, or HOMA-IR levels. The impact of these SNPs
on eNAMPT expression may be negligible on the investigated variables in patients with
colonic polyps. In a murine model, eNAMPT is partially released by melanoma [29], and
the expression of eNAMPT is stronger in most primary human CRC tissue samples than in
their normal counterparts [27]. Our IHC studies also demonstrated that eNAMPT-positive
colonic polyp cells, especially those with malignant or premalignant characteristics, were
the potential source of elevated eNAMPT levels in patients harboring polyps with PMP.
This is consistent with the importance of NAMPT in supporting cancer cell metabolism,
DNA repair, and proliferation [30,31], and in shaping the tumor microenvironment [27].
Furthermore, consistent with the role of eNAMPT as a proangiogenic molecule [51], some
eNAMPT-positive stromal cells were endothelial cells. Both the cell cytoplasm and the
nuclei of polyps with PMP prominently expressed eNAMPT, whereas in polyps without
PMP, the cell nuclei primarily expressed eNAMPT. These findings indicate that eNAMPT
was more readily secreted from polyps with PMP, which led to higher serum levels of
eNAMPT. Furthermore, PB was less likely to be the source of high eNAMPT levels in
patients with colonic polyps with PMP, as patients harboring polyps with and without PMP
exhibited similar PB eNAMPT expression. The immunometabolic effects of eNAMPT may
occur through in situ transcriptional or posttranscriptional regulation with the paracrine
and autocrine [23] effects of colonic polyp cells. These results suggest the potential of
targeting the in situ eNAMPT-associated pathway (probably via colonic mucosa) to reverse
or prevent PMP in colonic polyps. Moreover, given that NAMPT is important for over-
all immune and metabolic regulation [20], locally targeting eNAMPT may be a feasible
alternative to systemically blocking NAMPT, effectively avoiding perturbation of overall
physiological homeostasis.

Longitudinally, eNAMPT levels decreased within 48 weeks postpolypectomy, re-
gardless of PMP. Since the NLR was associated with the eNAMPT level, these universal
decreases in eNAMPT levels likely highlight the abolishment of inflammation after the
removal of polyps [52]. Additionally, the much higher degree of decline in eNAMPT levels
24 weeks postpolypectomy in patients with PMP than in those without PMP in polyps
suggested the synergistic effects of PMP and inflammation in augmenting eNAMPT levels.
This finding further supports the causal relationship between eNAMPT levels and the PMP
of colonic polyps in a dynamic manner. In addition to polypectomy or operation, an increas-
ing number of studies have supported the effectiveness of medical therapeutics, including
Chinese herbal medicines (CHMs) [53,54], chemotherapy, immunotherapy, and targeted
drugs [55] for the prevention or treatment of CRC. The dynamic changes in eNAMPT
levels according to the PMP of colonic polyps indicate that eNAMPT potentially serves as
a noninvasive tool to monitor the efficacies of the above medical treatments for CRC.
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This study has limitations. First, the AUC for eNAMPT in predicting the PMP of
colonic polyps was 0.766, which suggests acceptable but not excellent discrimination [56].
In addition to eNAMPT levels, other factors, such as age and polyp size, were also asso-
ciated with the pathology of colonic polyps and might account for it. Second, due to the
medical care-seeking patient-only nature, selection bias, particularly Berkson’s bias [57],
is an inherent problem in the present study, which was based on a single medical center.
Third, some risk factors for colon polyps, such as diet and exercise, cannot be assessed
comprehensively in the current study, which is a limitation. A future prospective study
with a large case number investigating crucial factors comprehensively from other institutes
is needed to verify the role of eNAMPT for colonic polyp PMP.

5. Conclusions

In conclusion, since serum eNAMPT is a link to inflammation and lipid metabolism
and its expression after polypectomy shows a decreasing trend, it may serve as a surrogate
marker for the PMP of colonic polyps, independent of polyp size, number, and location.
Since some eNAMPT may originate from colonic polyps, probing the in situ eNAMPT-
associated pathway holds promise for preventing the development of colonic polyps
with PMP.
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ated with pathology of total cholesterol. Table S5. Univariate and multivariate analyses of factors
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