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INTRODUCTION  

Oral squamous cell carcinoma (OSCC) is the most common type of oral cancer. Despite progress in the treatment of OSCC, overall survival has not improved substantially in the last three decades. Therefore, 

identification of reliable biomarkers becomes essential to develop effective anti-cancer therapy1.  

In this study, we focused on the enzyme Nicotinamide N-methyltransferase (NNMT), which plays a fundamental role in the biotransformation of many xenobiotics2.  

Although several tumors have been associated with abnormal NNMT expression, its role in cancer cell metabolism remains largely unknown3,4. 

In order to explore the function of NNMT in cancer cell metabolism, we examined NNMT expression in 7 human oral cancer cell lines by Real-Time PCR, Western blot and catalytic activity assay, and we 

evaluated the effect of shRNA-mediated knockdown of NNMT on cell proliferation and carcinogenesis in vitro and in vivo in PE/CA-PJ15 cells.  

A. NNMT mRNA expression in OSCC  

To quantitatively explore NNMT mRNA 

expression in oral cancer cell lines, total 

RNA isolated from cells was subjected to 

Real-time PCR analysis. As shown in 

Figure 1, NNMT mRNA was detected in all 

of the cancer cell lines tested, as its 

expression level was very high in PE/CA-

PJ15 cells. 

Figure 1 

B. Western blot analysis 

To confirm the above-reported results, NNMT expression was detected at protein levels by Western 

Blot analysis. The analysis, performed on protein extracts obtained from OSCC cell lines, showed a 

single band at approximately 30 kDa, which corresponds to the known molecular mass of NNMT, with 

different levels of immunoreactive intensity. Weak or very weak NNMT bands were detected in four 

out of seven cell lines (PE/CA-PJ41,PE/CA-PJ49, HSC-2, and HSC-3) while strong NNMT bands 

were detected in three cell lines (PE/CA-PJ34, PE/CA-PJ46, and PE/CA-PJ15). Consistent with the 

results of Real Time-PCR, the strongest NNMT signal was observed in PE/CA-PJ15 cells (Figure 2). 

Figure 2 

C. NNMT catalytic activity assay 

An HPLC-based catalytic assay was perform to 

analyze NNMT activity. In keeping with the results 

of Real-Time PCR and Western Blot analysis, the 

level of NNMT specific activity, expressed in U/mg 

protein, was  particularly high in PE/CA-PJ15 

(0.57) compared to the other cell lines in which 

activity levels were lower or undetectable (Figure 

3). In most samples the activity was found to be 

below the detection threshold of the instrument. 

D. Efficiency of RNA interference 

In order to modulate NNMT expression for functional assays, PE/CA-PJ15 cell line was stably 

transfected with four shRNA plasmids targeting different regions of NNMT mRNA, while control cells 

were treated with transfection reagent only (mock). To determine the specific effects of shRNA 

treatment on NNMT expression, the NNMT mRNA and protein levels were analyzed by Real-Time 

PCR and Western blot analysis, respectively. Compared with mock, both NNMT mRNA and protein 

levels were significantly reduced after transfection. Mean NNMT mRNA expression was 6.25-fold 

lower in transfected compared to mock cells (Figure 4A). In keeping with the results of Real-time 

PCR, lanes loaded with equal protein amounts showed that NNMT expression was markedly 

decreased in transfected samples compared with that detected in mock cells (Figure 4B). Considering 

its remarkable silencing effect, pLKO.1-448 plasmid was used for in vivo experiments. 

F. Inhibition of in vivo tumor growth by NNMT downregulation 

To investigate whether NNMT plays a critical function in tumor formation in vivo, transfected and 

mock PE/CA-PJ15 cells (5X106 cells/mouse) were  subcutaneously injected on the left and right 

backs of athymic BALB/c nu/nu mice (10 mice/group) and tumor growth was monitored weakly. 

After 8 weeks, the mean size of tumors developing in mice injected with transfected PE/CAPJ15 

cells (222.3 ± 65.5 mm3, n=10) was significantly different from that in mice injected with mock 

PE/CA-PJ15 cells (981.7 ± 137.5 mm3, n=10). As shown in Figures 6 and 7 the growth of tumors 

formed by the transfected cells injection was significantly inhibited compared with tumors observed 

after injection of mock cells. The differences between silenced group and control group were 

statistically significant (*p<0.05). At 8 weeks after inoculation all mice were killed and tumors were 

removed and stained with hematoxylin and eosin for histological evaluation. The morphological 

appearance confirmed the epithelial histogenesis of the tumor in agreement with the cell lines 

inoculated,  excluding the formation of the primary tumor (Figure 8). These results indicated that 

shRNA-mediated NNMT downregulation exerted a strong growth-suppressive effect on OSCC cell 

lines in vivo. 

E. Effect of shRNA targeting NNMT on cell 

proliferation 

To examine the role of NNMT in tumor cell 

metabolism, and analyze the biological effect 

associated with enzyme downregulation, shRNA 

vectors against NNMT were introduced into 

PE/CA-PJ15 cells, and cell viability and colony 

formation were then assayed. The effect of 

NNMT silencing on cell proliferation was 

evaluated by MTT assay. As shown in Figure 

5A, three of the four plasmids were able to 

significantly reduce cell growth. The results of 

MTT colorimetric assay were expressed as 

relative cell viability referred to control 

(absorbance at zero time and equal to 100%). 

Enzyme down-regulation resulted in reduced 

percentage values at all time points, the 

decrements being greatest with pLKO.1-448 

plasmid. 

Cell proliferation inhibition was confirmed by soft 

agar colony-forming assay. The colonies formed 

by NNMT-transfected cells were less numerous 

and much smaller than those formed by mock 
cells (Figure 5B). 

CONCLUSION 

The results obtained from silencing and in vivo experiments seem to suggest that NNMT is an 

important molecule involved in tumor cell proliferation and a potential target for counteracting tumor 

growth. Overall, this evidence indicates that NNMT may provide an excellent molecular target for 

oral cancer therapy. RNA interference-directed knockdown of NNMT in cancer cells might represent 

a convenient and novel tool for studying the biological role of NNMT and raises the potential of its 

application for oral cancer therapy. 
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