
Report to AMRF on outcome for project: 

Testing Nicotinamide as a metabolic adjuvant to increase efficacy of immunotherapy in 

melanoma 

Immunotherapy with antibodies that block immune checkpoint receptors on lymphocytes has 

become a leading treatment of melanoma. Immune checkpoints act like switches that turn off an 

attack by immune cells on the cancer. When checkpoints are blocked, the immune response against 

cancer is boosted and results in regression of the cancer and prolongation of patient survival. 

Despite these advances, not all patients will respond, and 40-60% of patients will relapse by 2-3 

years on such treatments. Importantly on-treatment relapse may be caused by development of a T 

cell dysfunctional state caused by prolonged antigen exposure, called T cell exhaustion (TEx). TEx 

cells express multiple inhibitory receptors and demonstrate low cytotoxicity and diminished 

production of cytokines like IFN and IL-2. 

Our previous studies in-vitro on human T cells  demonstrated that nicotinamide can prevent and 

reverse the TEx state (Alavi, Emran et al. 2022). To test whether this also occurs in growing 

melanoma, we have conducted in vivo studies using a mouse melanoma model sensitive to 

immunotherapy with antibodies blocking immune inhibitory receptors on T cells. Details of the 

murine melanoma are described elsewhere (Shklovskaya, Pedersen et al. 2022). 

Specific aims  

1. To compare the effect of nicotinamide supplementation on immunotherapy response in vivo. 

2. To investigate effects of nicotinamide supplementation on tumour-infiltrating T cell (TIL) 

phenotype, using multiparameter flow cytometry 

Methods 

The immunogenic Y3.3UVRc34 murine melanoma tumour cells were subcutaneously injectied into 

the flank of C57BL/6 mice (5x105 cells/mouse, administered in 50μl saline). On day 12, anti-PD1 

or isotype control antibodies were given IP (0.3mg per injection, twice weekly for a total of 5 

injections). The NAD precursor nicotinamide ribosyl (NR) was given daily via oral gavage (OG), 

starting from day 0. NR treatment was  continued until the tumours were either rejected or 

progressed to critical size of 1000mm3. Each experiment group (isotype-treated, anti-PD1, NR, 

anti-PD1+NR) had 7 animals. Differences in animal survival were analysed using the Mantel-Cox 

test. 

The TILs from progressed tumors were examined with flow cytometry for features of TEx and T 

cell differentiation status. 

Results 



The effects of supplementation with NR on tumor growth and anti PD1 immunotherapy are shown 

in Figure 1. There were no statistical differences in the groups getting NR (top row).  

There were no statistical differences immune cell infiltration (CD45-positive), or T cell subset 

frequency (Figure 2).  

Figure 1. Animal survival (top) and tumour growth (bottom) in mice treated with isotype control antibodies, NR, 

anti-PD1 or combination (NR + anti-PD1). Complete responders (CR) and group sizes are indicated. 

 

Figure 2. Immune cell infiltration into tumours. Top (left to right), % immune cells (CD45+ve) of total; % CD8+ 

TILs of immune cells; % CD4+ conventional (CD4+Foxp3 negative, Tconv) of immune cells; % T-regulatory 

(CD4+Foxp3+, Treg) of immune cells. Bottom, a representative example of flow gating. 



There was no significant reduction in PD1 expression over that expected with anti-PD1 (Figure 3). 

 

There were no significant effects on expression of  LAG3 (Figure 4).  

 

 

 

 

 

 

 

 

 

5.  NR did not reduce CD39 expression  (Figure 5) 

  

 

 

Figure 3. PD-1 expression on tumour T cell subsets. Top row, % PD-1high T cells;  Bottom, median PD-1 

expression. (Left to right) CD8, Tconv and Treg subsets.  

 

Figure 4. LAG3 expression on tumour T cell subsets. Top row, % LAG3+ cells;  Bottom, median LAG3 

expression. (Left to right) on CD8, Tconv and Treg subsets. 



CD39 expression was elevated on Treg cells (Figure 5).  

 

Discussion 

The hypothesis explored in the study was that NR would result in more effective immunotherapy 

against the melanoma in this model. This was not confirmed in the study although we cannot 

exclude that small effects may have been detected with larger groups of animals. There was no 

effect on immune cell infiltration, or T cell subset frequency. We also expected that NR would 

reduce markers of T-cell exhaustion. This was not the case, as anti-PD1 itself reduced PD1 

expression, and there were no effects on LAG3 expression. CD39 was elevated on Tregs in the 

combination (NR plus anti-PD1) group, possible as a compensatory feedback. CD39 was strongly 

suppressed by nicotinamide in our in vitro studies. 

At this time there are very few comparable studies in tumor models. The most recent on a model 

of triple negative breast carcinoma reported that another NAD precursor NMN did reduce 

metastases in a PDX model (Jiang, Luo et al. 2023). Studies on triple negative breast carcinoma in 

rats also reported anti-tumor effects (Hamity, White et al. 2020). The question whether NR will 

improve immune responses remains an open question, as our in vitro studies on human peripheral 

T cells (activated via CD3/CD28) may engage different pathways to those against tumours.  

Further studies on the subject are needed. 

 

 

Figure 5. CD39 expression on tumour T cell subsets. Top row, % CD39+ cells;  Bottom, median CD39 

expression. (Left to right) on CD8, Tconv and Treg subsets. 
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