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Uncovering the Immunoregulatory Function and
Therapeutic Potential of the PD-1/PD-L1 Axis in Cancer
Michael R. Pitter1,2,3 and Weiping Zou1,2,3

Immune checkpoint blockade involves the targeted antagonism
of immunosuppressive interactions between antigen-presenting
cells and/or tumor cells and effector T cells. Blockade of B7-H1,
also known as programmed death-ligand 1 (PD-L1), prevents the
ligation of inhibitory PD-L1 molecules to programmed cell death
receptor 1 (PD-1) on T cells, engendering a potentiated response of
tumor-specific T cells against tumor cells. In a Cancer Research
article, Hirano and colleagues showed that T-cell–mediated tumor
immunity becomes impaired when tumor cells interact with T cells

via PD-L1 in the mouse tumor microenvironment. They showed
that targeting PD-L1 or PD-1 with mAbs increased tumor cell lysis
by T cells and suggested that tumor PD-L1 forms a “shield”
preventing tumor cell lysis. Alongside other original mouse and
human studies, this work generated scientific rationales for a new
generation of cancer treatment focused on targeting the inhibitory
PD-1/PD-L1 signaling pathway in the tumor microenvironment.

See related article by Hirano and colleagues, Cancer Res 2005;65:
1089–96

Discovery of PD-L1
Programmed death-ligand 1 (PD-L1) was discovered through the

bioinformatic identification of its homology to the B7-1 costimulatory
protein; thus, PD-L1, or homolog 1, closely resembles B7-1 yet differs in
function. B7-1 and B7-2 (CD80 and CD86, respectively) are co-
stimulatory surface proteins that promote T-cell survival and prolifer-
ation when binding to T-cell CD28. Conducting a BLAST search in the
NCBI database using the published human B7-1 and B7-2 amino acid
sequences as references revealed that there exists a sequencehomologous
with both B7-1 and B7-2 in both mouse and human. A B7 homology-
based search of the cDNA expressed sequence tag (EST) libraries
revealed ESTs overlapping with B7-1 and B7-2, which would be iden-
tified asB7-H1. Using these sequences, the full-lengthhuman cDNAwas
derived from a human placental cDNA library, and, in parallel, the full-
lengthmouse cDNAwas isolated from amurine-activated T-cell cDNA
library. PD-L1 protein is orthologous between human and mouse.
Across species, PD-L1 shares common structures with other B7-family
members, including the immunoglobulin V and C domains in the
extracellular region, a hydrophobic transmembrane domain, and a
charged intracellular region. The extracellular region of PD-L1 was
observed to share 20% amino acid identity with B7-1 versus 15% with
B7-2. Although PD-L1 was identified as a close homolog to B7-1, PD-L1
demonstrates distinct patterns of expression and function (1, 2).

Expression of PD-L1
IHC has revealed relatively high PD-L1 protein expression on

several human tumor tissues, yet low expression on normal

tissues (3). Furthermore, both mouse and human tumor cell lines
express negligible levels of PD-L1 protein without stimulation
with IFNg . The tumor masses excised from mice inoculated with
tumor cell lines express PD-L1, indicating that tumor PD-L1
protein is stimulated in vivo in the tumor microenvironment.
PD-L1 protein expression is also detected among myeloid cell
subsets, including myeloid dendritic cells and macrophages, in the
human tumor microenvironment and human tumor-draining
lymph nodes (4). The discovery of PD-L1 expression on tumor
cells and myeloid cells preceded the important work of elucidating
the mechanisms through which tumor cell and/or host PD-L1
contributes to the impairment of tumor immunity in the tumor
microenvironment.

Mode of Action of PD-L1
Initial studies of PD-L1 on tumor cells revealed that tumor surface

protein promotes T-cell apoptosis (3). Hirano and colleagues in
Lieping Chen’s group reported in Cancer Research that cancer cell
PD-L1 reduced T-cell cytolytic activity (Fig. 1), suggesting it can shield
cancer cells and promote immune evasion (5). Subsequent studies have
also shown that engagement of PD-L1þ cells with T cells may induce
T-cell anergy, functional exhaustion, and IL10 production (6). Taken
together, the ligation of PD-L1 to T-cell programmed cell death
receptor 1 (PD-1) impairs mouse and human T cell–mediated anti-
tumor immunity.

When tumor and myeloid PD-L1 binds to T-cell PD-1, this
inhibits antitumor T-cell immunity through a variety of means.
PD-L1–expressing cells utilize several mechanisms to evade T-cell
immunity (6). For example, PD-L1 mediated induction of apoptosis
in T cells. PD-L1–deficient mice have an accumulation of CD8þ T
cells in the liver due to reduced apoptosis (7). T cells may also
become functionally anergic/tolerant or unresponsive to tumor
antigens following PD-1 ligation to antigen-presenting cell PD-L1.
Similarly, T cells may become exhausted or dysfunctional, a
phenomenon that occurs primarily in the context of chronic
infection or inflammation whereby the T cells become unresponsive
due to overstimulation. Indeed, the tumor microenvironment con-
ditions resemble those often found in inflammatory diseases in
which chronic irritation imposed on T cells disrupts their function.
Furthermore, PD-L1 expression can promote the development
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and function of regulatory T cells, which are known to promote
tumor growth by means of maintaining immunosuppression and
tolerance.

Therapeutically Targeting PD-L1 and
PD-1

mAbs targeting PD-L1 and PD-1 have been approved by the FDA
to treat several cancer types. In their original studies, Lieping Chen
and colleagues showed that mAbs targeting the interaction between
PD-L1 and PD-1 potentiate antitumor immunity in a human
ovarian cancer xenograft model (4) and tumor-bearing mice (5).
Notably, in addition to tumor PD-L1, early (4) and recent (8–10)
studies have demonstrated the critical importance of PD-L1 in
myeloid dendritic cells and macrophages in preclinical models
and patients with cancer receiving immune checkpoint blockade
(Fig. 1).

PD-1 in tumor-infiltrating T cells plays a complicit role in the
immunosuppressive networks sufficient to disrupt antitumor
immunity (5). In line with this, PD-1–deficient mice develop
systemic and organ-specific autoimmune disorders. Interestingly,
activated normal T cells can express PD-1, and PD-1 binding to
PD-L1 serves to physiologically limit T-cell overactivation. How-
ever, this interaction constitutes a hurdle in the process of tumor
immunity (2, 5, 6). Several mAbs against PD-1 have shown efficacy
in rescuing antitumor T-cell function and generate clinical efficacy
in several types of human cancers (6). In addition to PD-L1, PD-1
can also bind to PD-L2 and possibly other ligands (6). Thus,
mechanistically, blockade of PD-L1 and PD-1 may not identically
affect the T-cell responses. As the head-to-head randomized clinical
trial, comparing mAbs against PD-L1 and PD-1, is not available, it

remains unknown whether targeting PD-L1 and PD-1 yields similar
therapeutic efficacy in patients with cancer.

Combination Therapy
Lieping Chen’s group observed that while contemporary

immunotherapies such as CD137 mAb (also known as 4-1BB) or
adoptive T-cell transfer were sufficient to elicit strong T-cell
responses against tumor cells, expression of PD-L1 allowed cancer
cells to circumvent these therapies and continue to grow (5).
Tumor-associated PD-L1 was found to confer resistance to
anti-CD137 antibody therapy for established tumors, and PD-L1
blockade sensitized the antitumor effects mediated by anti-CD137
antibody. Thus, combining PD-L1 and PD-1 pathway blockade with
other therapeutic measures—including adoptive T-cell therapy,
epigenetic reprogramming, antibodies targeting T-cell costimula-
tion, metabolic reprograming, and conventional cancer therapies,
such as chemotherapy, radiotherapy, and targeted therapy—has
become a common strategy to enhance tumor immunity, overcome
resistance, and elevate therapeutic efficacy (6).

Conclusion
The original studies from Lieping Chen’s team and others have

paved the way for new insights and philosophies in tumor immunol-
ogy and anticancer therapy.
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Figure 1.

Targeting PD-L1 in cancer. Treatment with PD-L1-blockade therapy reduces PD-L1 expressing cell-mediated T-cell inhibition. Interactions between T-cell
PD-1 and PD-L1 on tumor cells or dendritic cells promotes immunosuppression and inhibits antitumor immunity. Antibody-mediated targeting of PD-L1
blocks its ligation to PD-1 to increase activity of tumor-specific T cells against tumor cells.
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