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Abstract: Nivolumab was developed as a monoclonal antibody against programmed death 

receptor-1, an immune checkpoint inhibitor which negatively regulates T-cell proliferation and 

activation. Intravenous administration of nivolumab was approved for the treatment of unresect-

able malignant melanoma in 2014 in Japan. When advanced melanoma patients were treated 

with nivolumab, median overall survival became longer. Overall survival rate was significantly 

better in nivolumab-treated melanoma patients than dacarbazine-treated melanoma patients. 

Nivolumab had an acceptable long-term tolerability profile, with 22% of patients experiencing 

grade 3 or 4 adverse events related to the drug. Therefore, nivolumab can become an alternative 

therapy for advanced malignant melanoma.
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Introduction
Malignant melanoma is a melanocyte neoplasm that usually takes place in the skin and 

occasionally harbors mutations in genes including BRAF.1,2 Each year in the world, 

the number of estimated new cases of malignant melanoma is 132,000 and approxi-

mately 48,000 patients die from malignant melanoma. When malignant melanoma is 

diagnosed at the early stage (stage 0/I), 5-year survival rate is more than 90% after 

surgical excision. However, when malignant melanoma is overlooked, it tends to invade 

deeply and metastasize to lymph nodes and other organs. Median overall survival rate 

for melanoma patients with metastasis is less than 1 year.

For advanced melanoma, systemic therapy is usually needed; however, there were 

only limited options just a few years ago. There are a lot of patients who are resistant 

to conventional chemotherapies with an alkylating agent, dacarbazine, and interferon 

(IFN)-α.

There have been a lot of studies on development of novel therapies for unresect-

able malignant melanoma targeting immune checkpoint inhibitors.3,4 One of the recent 

advancements came from the new development of monoclonal antibody against an 

immune checkpoint inhibitor, programmed death receptor-1 (PD-1).5,6

Nivolumab was developed as a fully human IgG4 monoclonal antibody against 

PD-1, an immune checkpoint inhibitor that negatively controls T-cell proliferation and 

functions. Intravenous administration of nivolumab was approved for the treatment 

of unresectable malignant melanoma in 2014 in Japan. This review focuses on the 

functional and molecular characteristics of PD-1 and the clinical efficacy and toler-

ability of its antibody, nivolumab.

PD-1 and its ligands: PD-L1 and PD-L2
The PD-1 gene was first cloned and its nucleotide sequence was reported by Professor 

Honjo’s group in Japan by a subtractive hybridization technique in their pursuit of 
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a novel protein involved in programmed cell death.7,8 The 

group used a murine 2B4.11 and LyD9 cell line which had 

been shown to die by a programmed cell death. PD-1 gene 

was isolated with subtractive hybridization using cDNA 

derived from 2B4.11 and LyD9.

As shown in Figure 1, PD-1 is a type I transmembrane gly-

coprotein with an estimated molecular weight of 50–55 kDa. 

Extracellular domain contains an immunoglobulin-like struc-

ture showing sequence homologies with those of other immune 

checkpoint inhibitors, like cytotoxic T-lymphocyte-associated 

protein 4 (CTLA4). Unlike other checkpoint inhibitors like 

CTLA4, PD-1 cannot homodimerize, since the membrane 

proximal cysteine residue does not exist in PD-1.

The PD-1 cytoplasmic domain is thought to transduce the 

negative signals into the cells through its immunoreceptor 

tyrosine-based inhibitory motif (ITIM) and immunoreceptor 

tyrosine-based switch motif (ITSM). ITIM and ITSM can 

bind with Src homology 2 domain-containing phosphatases, 

Src homology region 2 domain-containing phosphatase 

(SHP)-1, and SHP-2.

To evaluate the function of tyrosines in ITIM and ITSM 

of PD-1, Okazaki et al made constructs containing amino acid 

replacements in tyrosine residues in ITIM and/or ITSM.9 They 

transfected B-lymphocyte cell lines with each expression 

vector with PD-1 mutants and found that a tyrosine residue in 

ITSM but not in ITIM is necessary for the inhibitory signaling 

cascade from intracellular PD-1. The amino acid sequences 

around the ITSM of PD-1 were identical between human and 

mouse, suggesting that structures around the tyrosine in ITSM 

are important in negative regulation by PD-1. Phosphorylation 

of tyrosine in ITSM induces the binding of SHP-2 to PD-1, 

which in turn dephosphorylates and down-modulates the 

function of ZAP70 in T-lymphocytes (Figure 1).9

The PD-1 is expressed in a quite limited series of cells. 

PD-1 expression is observed in activated T-lymphocytes 

and T-cells with chronic stimulations. PD-1 expression 

is not found in naïve T-lymphocytes. Upon stimulation 

through T-cell receptor and costimulation, nuclear factor 

of activated T-cells, cytoplasmic 1 (NFATc1) binds with 

DNA and induces the expression of PD-1 mRNA. IFN-α 

stimulation exerts IFN regulatory factor 9 binding with 

the promoter sequence of PD-1 gene and induces the PD-1 

mRNA transcription.

In contrast to the limited expression of PD-1, PD-1 

ligands – PD-L1 and PD-L2 – are widely expressed. PD-L1 

and PD-L2 are type I transmembrane glycoproteins and 

belong to the B7 family. Other B7 family protein, CD80 and 

CD86, bind with CD28 and CTLA-4 and share sequence 

homology with PD-1. Extracellular domains of PD-L1 and 

PD-L2 have immunoglobulin-like structures. PD-L1 and 

PD-L2 have 40% amino acid homology between them. The 

functions of cytoplasmic regions of PD-L1 and PD-L2 are 

not well known.

PD-L1 is expressed in a wide variety of immune cells 

including activated T-lymphocytes, B-lymphocytes, den-

dritic cells, and macrophages. PD-L1 is also expressed in 

non-lymphoid cells or tissues, such as endothelial cells, lung 

cancer cells, and breast cancer cells.

Figure 1 Molecular structures of PD-1 and PD-1 ligands, PD-L1 and PD-L2.
Abbreviations: PD, programmed death receptor; SHP, Src homology region 2 domain-containing phosphatase.
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The PD-L2 protein is usually expressed in lymphoid tis-

sues; however, its expression is also observed in some cancer 

cell lines and tissues as discussed later.

Autoimmunity in PD-1-deficient 
mice
To delineate biological roles of PD-1 in vivo, Nishimura et al 

generated PD-1 deficient mice by a gene-targeting strategy.10–12 

On the C57BL/6 background, the serum level of IgG3 in 

PD-1-knockout mice was markedly elevated compared 

with that in control wild-type mice. Aged PD-1 deficient 

mice developed lupus-like glomerulonephritis. Histological 

examination of PD-1-deficient mice revealed the deposition 

of IgG3 and C3 in glomeruli.

Aged PD-1-deficient mice also developed arthritis with 

the proliferation of synovial cells histologically resembling 

rheumatoid arthritis.

When lpr mutation of the Fas gene was introduced into 

PD-1 deficient mice, they exhibited much more severe glom-

erulonephritis and arthritis. Moreover, massive lymphade-

nopathy took place in B6-lpr/lpr × PD-1-/- mice.

When PD-1-deficient mice were backcrossed on BALB/c 

background, PD-1-deficient mice began to die as early as 5 weeks 

of age. Two-thirds of PD-1-deficient mice died by 30 weeks  

of age. Histological examination of the autopsy specimens of 

PD-1-deficient mice demonstrated that both ventricles were 

dilated and the right ventricle wall was thin. Functional assess-

ment revealed that the movement of walls of the left ventricles 

was significantly decreased. IgG was deposited on the cardio-

myocytes. Thus, PD-1-deficient mice suffered from autoimmune 

dilated cardiomyopathy with severely impaired contraction.

These results on the PD-1 deficient mice with the several 

backgrounds indicated that loss of PD-1 led to the systemic 

autoimmunity in several organs. Moreover, also in humans, 

as discussed later in this paper, PD-1 blockade by anti-PD-1 

antibody administrations leads to autoimmune adverse 

events, such as thyroiditis. Therefore, PD-1 is considered to 

play an important role in patrolling and preventing excessive 

immune reactions by negatively regulating the functions of 

autoreactive T-lymphocytes in a physiological state.

Expression of PD-L1 and PD-L2 
in malignant tumors and PD-1 
in tumor-infiltrating lymphocytes
As we mentioned above, in contrast to the limited expression 

of PD-1, PD-L1 is expressed in a wide variety of immune 

cells including activated T-lymphocytes, B-lymphocytes, 

dendritic cells, and macrophages. PD-L1 is also expressed 

in non-lymphoid cells or tissues, such as endothelial cells. 

To explore the expression level and pattern of PD-L1 in 

cancers, there have been several reports on the expression 

of PD-L1 in various types of malignant tumors using immu-

nohistochemistry and other techniques.

There was a correlation between the expression of PD-L1 

in renal cell carcinoma and stages and prognosis.13

The expression of PD-L1 in esophageal cancer and its 

association with prognosis was demonstrated by a Japanese 

group.14 PD-L2-positive patients also had a poorer prognosis 

than the negative patients.

Also, in gastric cancer, ovarian cancer, urothelial cancer, 

and pancreatic cancer, there is a correlation between the 

expression of PD-L1 and tumor stages and prognosis.15–18

Correlation between the expression of PD-L1 in malig-

nant melanoma and tumor stages and prognosis was first 

studied by the group from Japan.19 Analysis of 59 clinical 

specimens of malignant melanoma revealed that patients 

with high PD-L1 immunoreactivity in tumors were at more 

advanced stage of malignant melanoma and were more likely 

to die from malignant melanoma than patients with low 

PD-L1 immunoreactivity. Another study by an Italian group 

also concluded that high PD-L1 expression in malignant 

melanoma indicates a poor prognosis.20

Taken together, the high expression of PD-L1 in tumors 

can be one of the prognostic factors in various malignant 

tumors indicating a worse survival rate. Moreover, in some 

tumors like esophageal cancer, high expression of PD-L2 

in tumors is also correlated with poor prognosis.

The presence of PD-1-positive tumor-infiltrating lym-

phocytes is also associated with poor prognosis in various 

cancers, such as renal cancer and breast cancer.21,22

Anti-PD-1 antibody therapy in mice
To explore the possibility of modulation of immune check-

point inhibitor PD-1/PD-L1 system for tumor treatment, 

a Japanese group injected the mouse tumor cell lines into 

mice and compared the frequencies of tumor formation 

between wild-type mice and PD-1-deficient mice.23–24 P815 

is a murine mastocytoma cell line which does not express 

PD-L1 or PD-L2. P815 was transfected with an expression 

PD-L1 vector. Forced expression of PD-L1 in P815 cells 

made the cells less susceptible to the cytotoxic activity of 

cytotoxic T-lymphocytes. Moreover, P815 cells with high 

PD-L1 tended to form tumors when injected into mice.

Another cell line, myeloma J558L cell line, was injected 

into wild-type or PD-1-deficient mice in a subsequent study. In 

J558L-injected wild-type mice, tumors grew rapidly, while tumor 
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formation was suppressed in PD-1-deficient mice. The same 

group also injected B16 melanoma cells into the murine spleen 

in wild-type or PD-1 transgenic mice and found that tumors grew 

more rapidly in PD-1 transgenic mice than in wild-type mice.24

These results on PD-1 and PD-L1 in tumor immunity 

led to a development of a new therapy for human malignant 

tumors (Figure 2).

Development of a PD-1-abrogating 
IgG4 monoclonal antibody: 
nivolumab
Transgenic mice expressing human immunoglobulin loci 

were injected with PD-1-expressing cells and fully human 

anti-PD-1 antibodies were produced.25 Binding of each 

antibody with PD-1 and lack of binding with other immune 

checkpoint inhibitor was checked. A monoclonal anti-PD-1 

antibody was chosen for its high affinity for PD-1. This fully 

human IgG4 anti-PD-1 antibody was changed into an IgG4 

antibody with a hinge mutation (S228P) to reduce binding 

to Fc receptors (nivolumab).

Nivolumab activates human 
melanoma antigen-specific 
cytotoxic T-lymphocytes
Wong et al added the nivolumab into the culture medium and 

examined the number of cytotoxic T-lymphocytes against 

human melanoma associated antigens, melanoma antigen 

recognized by T-cells (MART)-1, and glycoprotein 100 

(gp100).6,25–27 They found that administration of nivolumab 

resulted in the increase in the number of MART-1- or gp100-

responsive cytotoxic T-lymphocytes. Cytokine production 

by T-lymphocytes was also increased by the addition of 

nivolumab.

Initial studies on nivolumab 
for malignant tumors
Brahmer et al studied the effect of nivolumab for 39 patients 

with malignant tumors including colorectal cancer (CRC), 

advanced metastatic melanoma, prostate cancer, non-small-

cell lung cancer, and renal cell carcinoma.28 Nivolumab was 

well tolerable and the serum half-life of nivolumab was found 

to be 12–20 days.

One patient with CRC showed durable complete response, 

and one patient with malignant melanoma and another patient 

with renal cell carcinoma showed partial responses.

Based upon the Phase I study on effects, safety, and tol-

erability of nivolumab against malignant tumors described 

above, Topalian et al studied the effects of nivolumab for 

296 patients with malignant tumors.29

In total, 41% of the patients showed treatment-related 

adverse events: nine patients with pneumonitis, four patients 

with allergic rhinitis, 33 patients with diarrhea, 36 patients with 

Figure 2 The mechanism of the effect of anti-PD-1 antibody, nivolumab, for malignant tumors.
Note: Administration of an anti-PD-1 antibody, nivolumab, blocks the negative regulation of tumor immunity by PD-1 and PD-1 ligands (PD-L1/PD-L2) (A and B).
Abbreviation: PD, programmed death receptor.
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rash, 28 patients with pruritus, eleven patients with increased 

alanine aminotransferase, nine patients with increased 

thyroid-stimulating hormone, eight patients with aspartate 

aminotransferase, seven patients with hypothyroidism, three 

patients with hyperthyroidism, and nine cases with infusion-

related reaction or hypersensitivity.

Objective responses (complete response or partial 

response) were observed in 26 of 94 patients (29%, 19%, 

30%, 41%, and 20% at a dose of 0.1 mg/kg, 0.3 mg/kg, 

1.0 mg/kg, 3.0 mg/kg, and 10.0 mg/kg, respectively). 

Progression-free survival rate at 24 weeks was 41% for 

malignant melanoma patients.

The median PD-1 receptor occupancy rate in peripheral 

blood mononuclear cells by nivolumab after one cycle of 

nivolumab treatment was 64%–70% for malignant mela-

noma patients.

Immunohistochemical study revealed that 25 of the 42 

examined malignant tumor specimens were positive for 

PD-L1 expression. Of these 25 patients, nine (36%) had an 

objective response, whereas there was no objective response 

among the 17 patients with PD-L1-negative tumors, indicat-

ing that nivolumab is more likely to be effective for PD-L1-

positive tumors than for PD-L1-negative tumors.

Several things have been kept in mind when interpreting 

these data. First, the expression of PD-L1 can be increased 

by phosphoinositide-3 kinase and other pathways irrelevant 

of T-cell infiltration or antitumor immune response. In this 

case, PD-L1-positive tumors will not be necessarily anti-

PD1 therapy.

Second, some patients without PD-L1 expression have been 

shown to respond to anti-PD1 therapy in other reports. There 

are several possible explanations for this phenomenon. First, 

there is a heterogeneity of the tumor in the expression level of 

PD-L1 and tumor biopsies are not representative of the whole 

tumor. Secondly, the expression of PD-L1 is dynamic and 

inducible by some cytokines like IFN-γ secreted by immune 

cells. Therefore, reactivation of CD8+ T-cells in the tumor will 

induce higher expression of PD-L1 compared to the baseline 

expression of PD-L1, when tumor biopsies are performed. 

Thirdly, due to the technical limitation of immunohistochemi-

cal PD-L1 detection system, some weakly PD-L1-expressing 

tumors can be classified into PD-L1-negative tumors.

Combination therapy with 
nivolumab and ipilimumab 
for melanoma
Ipilimumab is a fully human IgG1 monoclonal antibody against 

another immune checkpoint inhibitor, CTLA4. Administration 

of ipilimumab for advanced melanoma improved overall 

survival.30,31 Wolchok et al conducted a Phase I trial of nivolumab 

combined with ipilimumab for advanced melanoma.32

In total, 86 patients were enrolled in the study. Fifty-three 

patients received nivolumab and ipilimumab every 3 weeks 

for 12 weeks and nivolumab alone (concurrent regimen). 

Thirty-three patients pretreated with ipilimumab received 

nivolumab every 2 weeks (sequenced regimen).

Among the concurrent regimen group, 21 (40%) out of 

53 patients showed objective responses. Among the sequenced 

regimen group, six (20%) out of 30 patients showed objec-

tive responses.

Based upon the above-mentioned result of the Phase I 

study of combination therapy of nivolumab and ipilimumab, 

Postow et al performed a double-blind study and concluded 

that combination therapy with nivolumab and ipilimumab is 

statistically significantly more effective than an ipilimumab 

monotherapy.33

Combination therapy with 
nivolumab and vaccine for 
malignant melanoma
Weber et al examined the effect of nivolumab with or without 

a peptide vaccine for malignant melanoma.34 Ninety patients 

with stage III or IV advanced malignant melanoma were 

enrolled in this study. Objective response rate for nivolumab 

with or without vaccine was 25%. Objective response rate 

in PD-L1 tumor-positive group was 67% and that in PD-L1 

tumor-negative group was 19%. The effect of combination 

with vaccine was not fully elucidated in this study.

Durable effect of nivolumab 
for malignant melanoma
Topalian et al studied the durable effect of nivolumab for 

malignant melanoma.35 One hundred and seven patients with 

malignant melanoma were enrolled in this study. Median overall 

survival was 16.8 months. Objective response rate was 31%.

In total, there were adverse events in 90 (84.1%) out of 

107 patients: fatigue, pyrexia, pain, rash, pruritus, vitiligo, 

acneiform dermatitis, photosensitivity reaction, diarrhea, 

nausea, abdominal pain, dry mouth, vomiting, decreased 

appetite, hypothyroidism, and infusion-related reaction.

Comparison of the effect of 
nivolumab for malignant melanoma 
with other chemotherapies
Recent studies compared the effects and adverse events of 

nivolumab and other chemotherapies.36,37
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The effect of nivolumab was compared with that of 

dacarbazine for malignant melanoma patients without BRAF 

mutation.36 Objective response rate for nivolumab-treated 

patients was 40.0%, while that for dacarbazine-treated patients 

was 13.9%. The rate of any adverse events in nivolumab-

treated patients was 74.3%, whereas that for dacarbazine-

treated patients was 75.6%.

Weber et al compared nivolumab with other chemothera-

pies, dacarbazine or paclitaxel with carboplatin, in patients 

unresponsive to anti-CTLA-4 treatment.37 Objective response 

rate for nivolumab was 31% and that for dacarbazine or 

paclitaxel with carboplatin was 10.7%.

Therefore, nivolumab has been well demonstrated to 

show better response for malignant melanoma than the 

existent chemotherapy, dacarbazine.

Conclusion
There are a lot of patients with advanced melanoma who are 

resistant to conventional chemotherapies with an alkylating 

agent, dacarbazine, and IFN-α. Recent studies have revealed 

that nivolumab with or without ipilimumab or vaccines can 

become an alternative therapy for those patients. Moreover, 

recent papers showed nivolumab treatment showed superior 

prognostic outcome than that of dacarbazine for advanced 

malignant melanoma. Based upon the findings mentioned 

above, nivolumab may be a well tolerable and durable therapy 

for an advanced melanoma.

Pembrolizumab is another humanized anti-PD1 antibody 

and blocks the interaction between PD1 and its ligands. 

Pembrolizumab has also been approved for treating advanced 

melanoma in USA.38

Expression of PD-L1 in tumors can be a good indicator for 

objective responses to nivolumab; however, further analysis 

is required to find other biomarkers in the serum to anticipate 

the outcomes of nivolumab in future.
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