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Abstract 

Background. Odontogenic tumors are a group of rare heterogeneous diseases that range from 

hamartomatous tissue proliferations to benign and malignant neoplasms. Recurrences can 

occur after 10 years, so long-term clinical and radiological follow-up is required. The study 

of the molecular mechanisms involved in the development of these lesions is necessary to 

identify new prognostic markers. In this study we evaluate the possible role of nicotinamide 

N-methyltransferase (NNMT) in ameloblastomas (AM) and odontogenic keratocysts (OKC). 

Materials and methods. 105 surgical specimens of primary and recurrent lesions were 

obtained from 55 patients (25 AM, 30 OKC). In particular, 50 AMs (25 primary, 25 

recurrences) and 55 OKCs (30 primary, 25 recurrences) were retrieved. We carried out 

immunohistochemical analyses to evaluate the cytoplasmic expression of NNMT, measuring 

the percentage of positive cells and the value of NNMT expression intensity. 

Results. NNMT expression was significantly higher in recurrent than primary AMs (P = 

0.0430). This result was confirmed by staining intensity, showing more cases with 

moderate/intense staining in recurrent AMs (P = 0.0470). NNMT expression was 

significantly lower in recurrent than primary OKC (P = 0.0014). Staining intensity showed 

more cases with moderate/intense staining in primary OKCs (P = 0.0276). 

Conclusions. This report is the first to evaluate NNMT expression in odontogenic lesions and 

to demonstrate a differential expression in recurrent AMs and OKCs, suggesting that there is 

potential for use of NNMT as prognostic marker. 

 

Keywords. 

Odontogenic tumors; ameloblastoma; odontogenic keratocyst; NNMT; 

immunohistochemistry. 
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Introduction. 

Odontogenic tumors (OT) constitute a group of heterogeneous diseases that range from 

hamartomatous tissue proliferations to benign and to malignant neoplasms with metastatic 

potential. They derive from epithelial, ectomesenchymal and/or mesenchymal elements that 

are or have been part of the tooth-forming apparatus.1 OTs are rare tumors with unknown 

etiology: most of them arise ex novo, while some OTs may originate from pre-existing 

odontogenic cysts.2,3 

Recently, the research is focusing on ameloblastoma (AM), due to the high of frequency 

oncogenic alterations reported in literature, and on odontogenic keratocyst (OKC), since its 

controversial nature. AM is a benign intraosseous epithelial odontogenic neoplasm 

characterized by expansion and a tendency for a local recurrence if not adequately removed. 

AM can occur at all ages, with a peak incidence of diagnosis in the IV-V decades of life.4  

About 80% of lesions arise in mandible, especially in posterior region. The risk of recurrence 

varies from 15% to 80%, based on the meticulousness of the surgical treatment.5 More than 

50% of relapses occur within 5 years, but can also occur beyond 20-25 years.6,7 

Odontogenic keratocyst (OKC) is an odontogenic cyst characterized by a thin, regular lining 

of parakeratinized stratified squamous epithelium with palisading hyperchromatic basal cells.  

OKC was renamed as “keratocystic odontogenic tumor” in 2005 since then it had been 

reclassified as benign OT. This emphasized the intrinsic growth potential of the tumoral 

epithelium, the higher recurrence rate and the tendency to multiplicity, to distinguish it from 

other odontogenic cysts.8 However, the 2017 WHO guideline reclassified this entity as OKC, 

including in odontogenic cysts group, due to the lack of enough evidence to justify its 

classification as a neoplasm, stressing the issue is still highly debated.2 
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About 5% of all OKCs occur as part of naevoid basal cell carcinoma syndrome (NBCCS). 

These cases tend to be multiple and to arise in younger patients. The mandibula is the most 

affected site, especially its posterior region. 

Because of the peak incidence in young adults, the high recurrence rate, local aggressiveness 

and lack of standardized management for OTs, it would be desirable to investigate the 

molecular mechanisms involved in their development. New sensitive molecular biomarkers 

and targets for molecular-based treatments are necessary to improve the diagnosis and 

prognosis of OTs. The present study focused on the enzyme nicotinamide N-

methyltransferase (NNMT, EC 2.1.1.1), since its biological significance in odontogenic 

lesions has not examined yet. 

NNMT is an S-adenosyl-L-methionine (SAM)-dependent cytoplasmatic enzyme, belonging 

to Phase II Metabolism.9 It is involved in the hepatic biotransformation and detoxification of 

many drugs and xenobiotics. In particular, NNMT catalyzes the N-methylation of 

nicotinamide and other structural related compounds as pyridines.10,11 

Although NNMT is mainly expressed in the liver, a low expression has been also detected in 

the kidney, lung, skeletal muscle, placenta, heart, and brain.9 Overexpression of NNMT has 

been reported in many cancers, such as glioblastoma, renal, lung and oral malignancies, 

suggesting that the enzyme may play an important role in malignant transformation.12-15 

NNMT overexpression affects cell resistance to radiation-induced damage16 and is positively 

correlated with enhanced cancer cell migration and poor prognosis.17,18 These data seem to 

suggest the potential prognostic role of NNMT in several neoplasms. However, the function 

of NNMT in cancer cell metabolism is yet unclear. 

The aims of the present retrospective study were to evaluate for the first time the NNMT 

expression in two odontogenic lesions, namely ameloblastoma (AM) and OKC, and to assess 

its role as prognostic marker of recurrence. 
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Materials and Methods. 

Case selection 

This retrospective study considered a total of 105 surgical samples obtained from a cohort of 

55 randomly selected patients with AM (n. = 25) or OKC (n. = 30), who were treated at the 

Department of Maxillofacial Surgery, “Ospedali Riuniti” General Hospital, Ancona, Italy, 

between 1994 and 2017. In particular, 50 AMs (25 primary and 25 recurrent lesions) and 55 

OKCs (30 primary and 25 recurrent lesions) were retrieved from the archives of the Institute 

of Pathology, Marche Polytechnic University, Ancona, Italy, by a single operator (L.T.), to 

ensure uniformity of the collected data. All patients received surgical treatment with curative 

intention. The clinical-pathological data of each patients had been collected and cataloged 

from clinical records of Department of Surgical and Special Odontostomatology and by the 

Department of Maxillofacial Surgery, Ospedali Riuniti of Ancona. Each sample was 

histologically re-evaluated to confirm the original diagnosis and reclassified according to the 

4th Edition of the World Health Organization Classification of Head and Neck Tumors.2 The 

study was conducted in accordance with the “Ethical Principles for Medical Research 

Involving Human Subjects” statement of the Helsinki Declaration. This study received 

exemption from the institutional review board because of its retrospective nature. 

 

Immunohistochemical Analyses 

For each case, 4-μm serial sections from formalin-fixed, paraffin-embedded blocks of 

representative lesions areas were cut. Only sections containing sufficient odontogenic 

epithelium to assess the antibody reactivity with 1000 cells were considered for the 

investigation. Immunohistochemistry was performed on histological sections mounted on 

poly-L-lysine coated glass slides. 
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The sections were incubated with PT-Link, Low pH, (Dako, Agilent Technologies) to 

deparaffinization, rehydration and epitope retrieval, for 30 minutes at 97°C. After rinsing, the 

slides were transferred to the Autostainer Link 48 instrument (Dako, Agilent), for the 

immunohistochemical staining. Endogenous peroxidase activity was quenched by incubation 

with 3% hydrogen peroxide for 7 minutes. Sections were rinsed with Tris-Buffered Saline 

(TBS) and incubated with rabbit polyclonal anti-human NNMT antibody, (Sigma-Aldrich, St. 

Louis, Missouri, USA), dilution 1:1500, or mouse monoclonal anti-human Ki-67 antibody 

(clone MIB‐1; Dako, Glostrup, Denmark) dilution 1:50, for one hour in a humidified 

chamber, at room temperature. 

The sections were washed three times with TBS and were incubated with Dako EnVision™ 

FLEX Horseradish Peroxidase (HRP), for 20 minutes. After rinsing, the sections were 

incubated with Dako EnVision ™ FLEX 3.3′-Diaminobenzidine (DAB), for 10 minutes.  

Slides were rinsed with distilled water, manually counterstained with Mayer’s hematoxylin 

(Bio-Optica, Milano, Italy) for 3-5 minutes, dehydrated, mounted with permanent mounting 

medium and examined by light microscopy. Positive controls consisted of tissue specimen 

sections of clear cell renal cell carcinoma, with known antigenic reactivity. A negative 

control was performed in all cases by substituting the primary antibody with normal mouse 

serum. Negative controls in all instances resulted in a negative immunoreactivity for NNMT. 

NNMT cytoplasmic staining of epithelial cells was evaluated, as previously reported.15 To 

evaluate NNMT expression, the mean percentage of positive cells was determined from the 

analysis of 100 cells in 10 random areas at x40 magnification. The percentage of positive 

cells was estimated per tenfold, from 0% to 100%, per image-field. For each patient, the 

mean value of scored percentages was considered. The staining intensity of NNMT was 

scored and reported into a dichotomous scale: “-” (no staining observed or incomplete, weak 

or barely perceptible cellular staining); and “+” (complete, moderate to intense, 
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circumferential cellular staining). The expression of Ki-67 was evaluated by assessing the 

percentage of cells displaying a positive-stained nucleus (estimated per tenfold, from 0% to 

100%) and mean value of scored percentages was considered. 

Two expert pathologists (C.R. and M.M.) independently assessed the positivity for NNMT, 

blinded to the clinical and pathological data. Each specimen was analyzed three times. 

 

Statistical Analysis 

Data were analyzed using GraphPad Prism software version 7.00 for Windows (GraphPad 

Software, San Diego, CA, USA). Data were presented as mean ± SD. 

Differences were determined using Mann-Whitney U test when 2 groups were compared, 

whereas Kruskal-Wallis test with Dunn post hoc test was used when 3 groups were 

compared. The χ2 test and the Fisher exact test were used for grouped variables (staining 

intensity). Correlations between NNMT expression levels and continuous variables (age, 

size) were analyzed using the Spearman correlation coefficients. Weighted Cohen's kappa 

was used to determine interobserver agreement. A P value < 0.05 was accepted as statistically 

significant. 

 

Results. 

In this study, 105 surgical samples of odontogenic lesions were analyzed. Demographic and 

clinicopathological data of AM and OKC groups are listed in Table 1. AM group included 25 

patients: 17 males and 8 females, with a male to female ratio of 2.1:1. The mean age was 51.4 

years old (range 16-82). A total of 50 surgical samples of AM were collected (25 primary and 

25 recurrences).  

The mandible was the most affected site (mandible to maxilla ratio of 2.1:1). The size range 

varied between 0.4 and 8.5 cm, with mean diameter of 3.0 cm (Table 1). 
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OKC group included 30 patients: 21 males and 9 females, with a male to female ratio of 

2.3:1. The mean age was 46.8 years old (range 8-81). A total of 55 surgical samples of OKC 

were collected (30 primary and 25 recurrences). The mandible was the most affected site 

(mandible to maxilla ratio of 2.1:1). The size range varied between 0.4 and 6.0 cm, with 

mean diameter of 2.3 cm (Table 1). 

Cytoplasmic expression of NNMT was evaluated in the epithelial component of AM and 

OKC samples. The relationship between clinicopathological data and NNMT levels in AM 

was then analyzed. No statistical differences between NNMT expression and sex, age, site, 

size, and clinical variants were found (P > 0.05). A minor expression of NNMT was found in 

epithelial cells of Acanthomatous variant compared to Follicular variant (P = 0.0411). 

Notably, the percentage of epithelial cells that showed NNMT positivity was significantly 

higher in recurrent than primary neoplasms (48.0% vs 34.6%, P = 0.0430) (Figure 1A and 

2A-B, Table 2). This result was confirmed by staining intensity, showing more cases 

classified as “+” in recurrent than primary AMs (17 vs 10 cases, P = 0.0470) (Figure 1C). 

Immunohistochemical analysis of Ki-67 showed no significant difference between primary 

and recurrent AMs (10.6 ± 7.5 vs 10.2 ± 8.6, P > 0.05) (Figure 3).  

Regarding OKC, the relationship between clinicopathological data and NNMT expression 

was also analyzed. No statistical differences between NNMT expression and sex, age, site, 

and size were found (P > 0.05). The percentage of epithelial cells that showed NNMT 

positivity was significantly higher in primary OKC than in recurrences (P = 0.0014) (Figure 

1B and 2C-D, Table 2). Staining intensity of NNMT confirmed these results, with epithelial 

staining being more intense in primary OKCs (24 vs 6 cases, P = 0.0276) (Figure 1D). The 

evaluation of Ki-67 expression showed no significant differences between primary and 

recurrent OKCs (9.9 ± 1.8 vs 8.4 ± 1.7, P > 0.05) (Figure 3). 
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Lastly, the investigators had excellent interobserver agreement, with a weighted Cohen’s 

kappa of 0.885. 

 

Discussion. 

In 2005, World Health Organization classified OKC as a benign odontogenic neoplasm, 

based on several biological features, such as PTCH alterations.8 However, in 2017 OKC has 

been re-classified as cyst, due to insufficient evidence to support its neoplastic origin.2 

Indeed, although PTCH alterations are seen in 80% of OKCs, they are not specific, since the 

mutation of this tumor suppressor gene have been found in other odontogenic cysts.19 

This debate is still open, and the classification system of OTs is subject to continuous and 

critical revision. To address this issue, part of the research efforts is currently focused on 

identifying molecular markers differentially expressed within odontogenic lesions and whose 

levels are significantly correlated with different tumor behaviors. 

The nuclear protein Ki-67 is a well-known cellular marker strictly associated with cell 

proliferation.20 Previous studies reported a low Ki-67 expression in odontogenic cyst and 

neoplasms.21 Furthermore, data reported in literature seem to demonstrate that Ki-67 

expression do not differ between OKC and AM, while other odontogenic cysts display low 

Ki-67 levels.21,22 Another study found no differences in Ki-67 expression between primary 

and recurrent OKCs, suggesting that incomplete removal, rather than intrinsic growth rate, 

was likely to be responsible for recurrences.22 In the present study, no differences were found 

in Ki-67 expression between primary and recurrent odontogenic lesions, confirming what is 

reported in literature about the limited usefulness of this marker in OKC and AM (Figure 3). 

Indeed, it is assumed that the low expression of Ki-67 may hinder the evaluation of the 

proliferation activity in these lesions.23  
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Results obtained in the present study showed that there were no differences in NNMT 

expression between primary OKCs and AMs. On the contrary, enzyme levels within recurrent 

lesions were significantly lower in OKCs than in AMs, suggesting the presence of different 

features underlying metabolism as well as cell proliferation activity. 

NNMT was found to be upregulated in a wide variety of neoplasms, including clear cell renal 

cell carcinoma (ccRCC),24,25 oral squamous cell carcinoma (OSCC),17,26,27 non-small cell 

lung cancer,28 bladder urothelial carcinoma,13,29 and cutaneous malignant melanoma.30 

However, the biological effects related with enzyme overexpression in cancer have not been 

totally disclosed and the role played by NNMT in cancer cell metabolism remains partly 

unclear. 

A great bulk of studies explored the involvement of NNMT in proliferative capacity of tumor 

cell. shRNA-mediated gene silencing of NNMT led to a significant inhibition of in vitro cell 

proliferation and anchorage-independent cell growth, both in HeLa-derived KB cancer cells31 

and in human lung cancer cell line A549.11 Moreover, NNMT knockdown efficiently reduced 

cell growth and tumor formation ability of 786O ccRCC cells32 and PE/CA PJ-15 OSCC cell 

line,9 upon subcutaneous injection into athymic mice, thus suggesting the potential role 

played by the enzyme in in vivo tumorigenicity. 

A recent work showed that NNMT is selectively expressed in some breast cancer cell lines. 

Subsequent enzyme downregulation was significantly associated with inhibition of cell 

growth in vitro and tumor formation in mice in Bcap-37 and MDA-MB-231 cell lines, 

originally displaying high NNMT expression levels. On the contrary, the induction of NNMT 

upregulation in MCF-7 and SK-BR-3 cells, lacking endogenous enzyme expression, led to 

opposite effects with respect to those obtained upon NNMT silencing.33 

NNMT overexpression was also found to be associated with cancer stem cells (CSCs), acting 

as important determinants in cancer initiation, progression and recurrence. In particular, 
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enzyme upregulation was reported in CSC-enriched cell populations obtained from Hep-2 

laryngeal carcinoma cell line. Moreover, CSC-enriched cells exhibited a strong ability to 

form tumor in vivo. Considering the fundamental role played by CSCs in carcinogenesis, 

these results candidate NNMT as a leading molecule affecting metabolism and proliferation 

capability of cancer cell.34 

In HSC-2 OSCC cell line, NNMT upregulation significantly increased cell growth in vitro. 

Subsequent molecular analyses were carried out to explore whether enzyme overexpression 

was associated with the involvement of specific cellular pathways. Concerning cell 

proliferation, Ki-67 expression was therefore investigated. Results obtained showed that Ki-

67 levels did not undergo dysregulation upon induction of NNMT upregulation, thus 

suggesting that proliferative capacity of cancer cell is a complex phenotypical aspect 

regulated by the combined effects of different molecular determinants.35 

In conclusion, this report is the first to evaluate NNMT expression in odontogenic lesions and 

to demonstrate a differential expression between recurrent AMs and OKCs. 

 

These preliminary results seem to indicate that there is potential for the use of NNMT as 

prognostic marker in odontogenic lesions. However, statistical analyses performed using data 

obtained from a small cohort of samples display limited power, even when results are 

significant. For this reason, larger studies are needed to confirm these findings and to explore 

the biological role of NNMT. 
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Figure legends. 

 

Figure 1 Graphs showing NNMT levels expressed as percentage of positive cells (mean ± 

SD) in AMs (A) and OKCs (B). Bar charts showing NNMT levels expressed as staining 

intensity (“-” negative/weak staining, “+” moderate/intense staining) in AMs (C) and OKCs 

(D) (* P < 0.05) 
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Figure 2 NNMT cytoplasmic expression in AMs and OKCs. Primary (A) and recurrent (B) 

plexiform AM consisting of strands and cords of odontogenic cells that form anastomoses, 

surrounded by loose connective tissue (x20 magnification). The inset areas of greater 

magnification showed that the cytoplasmic staining of NNMT is significantly lower in 

primary AMs than recurrences. Primary (C) and recurrent (D) OKC consisting of 

parakeratinized epithelium without rete ridges, with palisaded basal layer and focal areas 

showing reversed nuclear polarity (x20 magnification). The inset areas of greater 

magnification showed that the cytoplasmic staining of NNMT is significantly higher in 

primary OKCs than recurrences. 
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Figure 3 Ki-67 expression in AMs and OKCs. Primary (A) and recurrent (B) plexiform AM 

(x20 magnification). The inset areas of greater magnification showed no difference in nuclear 

staining of Ki-67 between primary and recurrent AMs. Primary (C) and recurrent (D) OKC 

(x20 magnification). The inset areas of greater magnification showed no difference in nuclear 

staining of Ki-67 between primary and recurrent OKCs. 
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Table 1. Clinicopathological data of AM and OKC samples. “Sex” category reports the 

number of patients (n. = 25 for AM; n. = 30 for OKC). 

 

Parameter Ameloblastoma  OKC 

Classic Unicystic Peripheral Total  

Sex 

 - Male 

 - Female 

 

8 

3 

 

8 

3 

 

1 

2 

 

17 

8 

  

21 

9 

Age 59.6 ± 15.8 40.5 ± 19.1 66.0 ± 5.7 51.4 ± 19.5  46.8 ± 17.6 

Site 

 - Maxilla 

 - Mandible 

 

7 

16 

 

6 

16 

 

3 

2 

 

16 

34 

  

18 

37 

Size 3.3 ± 1.6 2.8 ± 2.3 2.1 ± 0.4 3.0 ± 1.9  2.3 ± 1.2 

Histological type 

 - Follicular 

 - Plexiform 

 - Acanthomatous 

 

13 

7 

3 

 

10 

8 

4 

 

1 

1 

3 

 

24 

16 

10 

  

/ 

/ 

/ 

Clinical form 

 - Primary 

 - Recurrence 

 

12 

11 

 

11 

11 

 

2 

3 

 

25 

25 

  

30 

25 
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Table 2. Differences in clinicopathological data and NNMT expression at epithelial level of 

AM and OKC. “n. cases” refers to the number of surgical samples (AM = 50; OKC = 55), 

except for “Sex” and “Age” categories, which report the number of patients (AM = 25; OKC 

= 30).  

 

 AM  OKC 

Parameter n. cases mean ± SD P-value  n. cases mean ± SD P-value 

Sex 

   - Male 

   - Female 

 

17 

8 

 

40.6 ± 25.5 

43.1 ± 29.8 

 

> 0.05a 

  

21 

9 

 

27.4 ± 30.6 

30.6 ± 31.5 

 

> 0.05a 

Age 

   - < 65 years 

   - > 65 years  

 

16 

9 

 

43.3 ± 26.4 

37.5 ± 27.7 

 

> 0.05a,c 

  

24 

6 

 

26.7 ± 30.7 

38.1 ± 29.8 

 

> 0.05a,c 

Site 

   - Maxilla 

   - Mandible 

 

16 

34 

 

48.1 ± 27.1 

38.2 ± 26.3 

 

> 0.05a 

  

18 

37 

 

35.3 ± 29.4 

25.0 ± 31.0 

 

> 0.05a 

Variants 

   - Classic 

   - Unicystic 

   - Peripheral 

 

23 

22 

5 

 

37.0 ± 29.5 

40.0 ± 21.9 

68.0 ± 19.2 

 

 

> 0.05b 

    

Histological type 

   - Follicular 

   - Plexiform 

   - Acanthomatous 

 

24 

16 

10 

 

48.0 ± 27.5 

41.0 ± 29.6 

23.1 ± 25.6 

 

 

> 0.05b* 

 

    

Size 

   - ≤ 2.5 cm 

   - > 2.5 cm 

 

26 

24 

 

42.0 ± 29.2 

40.8 ± 24.5 

 

> 0.05a,c 

  

40 

15 

 

25.4 ± 28.9 

36.3 ± 34.5 

 

> 0.05a,c 

Clinical form 

   - Primary 

   - Recurrence 

 

25 

25 

 

34.6 ± 29.5 

48.0 ± 22.4 

 

0.0430a 

  

30 

25 

 

40.0 ± 13.3 

31.0 ± 22.9 

 

0.0014a 

 
a Mann-Whitney U test. 
b Kruskal-Wallis test with Dunn’s post hoc test. 
c Lack of significance was confirmed by Spearman correlation test (ρ < |0.18|, p > 0.05). 

* Significant differences in NNMT expression in epithelial cells (Follicular vs 

Acanthomatous; P = 0.0411). 
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