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Abstract: Cancer immunotherapy has been accompanied by promising results over the past few years. Programmed 
Cell Death Protein 1 (PD-1) plays a vital role in inhibiting immune responses and promoting self-tolerance through 
modulating the activity of T-cells, activating apoptosis of antigen-specific T cells and inhibiting apoptosis of regula-
tory T cells. Programmed Cell Death Ligand 1 (PD-L1) is a trans-membrane protein that is considered to be a co-
inhibitory factor of the immune response, it can combine with PD-1 to reduce the proliferation of PD-1 positive cells, 
inhibit their cytokine secretion and induce apoptosis. PD-L1 also plays an important role in various malignancies 
where it can attenuate the host immune response to tumor cells. Based on these perspectives, PD-1/PD-L1 axis is 
responsible for cancer immune escape and makes a huge effect on cancer therapy. This review is aimed to sum-
marize the role of PD-1 and PD-L1 in cancer, looking forward to improve the therapy of cancer.
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Introduction

Cancer is a serious health problem and one of 
the primary diseases leading to morbidity and 
mortality in the world [1]. Chemoradiotherapy is 
currently the primary treatment option for 
patients with advanced cancer but can be lim-
ited due to severe side effects and drug resis-
tance [2]. Therefore, developing new therapies 
to overcome the disadvantages is extremely 
required.

Cancer immunotherapy has been recently de- 
veloped with the aim of designing effective 
treatments to improve the specificity and 
strength of the immune system against cancer 
[3]. James P. Allison and Tasuku Honjo won the 
2018 Nobel Prize of Physiology or Medicine for 
discovering a cancer treatment by suppressing 
negative immunomodulation. Their research  
on the immune checkpoints programmed cell 
death protein 1 (PD-1) and cytotoxic T-lym- 
phocyte-associated protein 4 (CTLA-4), demon-
strated that they acted as a “brake” role in 
immune function, and suggested that immune 
checkpoint inhibition may reactivate T cells and 
eliminate cancer cells more effectively [4]. An 
increasing number of studies report that im- 

mune checkpoint inhibitors may be of signifi-
cant therapeutic value.

Accumulating evidence indicates that the inhi-
bition of PD-1 promotes an effective immune 
response against cancer cells [5]. PD-1 signal-
ing pathway suppression has shown that the 
clinical response of patients with different solid 
tumors and hematological malignancies, main-
ly relies on T-cells effectively to penetrating the 
tumor [6]. In addition, targeting PD-L1 has been 
associated with a significant clinical response 
in a wide range of cancer patients [7]. The pur-
pose of the present review was to elucidate the 
role of PD-1/PD-L1 signaling in cancer, aiming 
to provide novel anticancer therapeutic strate-
gies in the future.

Overview of PD-1/PD-L1 pathway

PD-1/PD-L1 pathway controls the induction and 
maintenance of immune tolerance within the 
tumor microenvironment. The activity of PD-1 
and its ligands PD-L1 or PD-L2 are responsible 
for T cell activation, proliferation, and cytotoxic 
secretion in cancer to degenerating anti-tumor 
immune responses (Figure 1).
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PD-1

PD-1, also referred to as CD279, was first dis-
covered in interleukin-3 (IL-3)-deprived LyD9 
(murine hematopoietic progenitor) and 2B4-11 
(murine T-cell hybridoma) cell lines in 1992 [8]. 
PD-1 is 15% similar to the amino acid sequence 
of CD28, 20% similar to CTLA4, and 13% simi-
lar to induced T-cell co-stimulator [9]. PD-1 is a 
55-kDa transmembrane protein containing 
288 amino acids with an extracellular N-ter- 
minal domain (IgV-Like), a membrane-permeat-
ing domain and a cytoplasmic tail located at 
the N and C ends, respectively, with two tyro-
sine base [10].

PD-1 is an inhibitor of both adaptive and innate 
immune responses, and is expressed on acti-
vated T, natural killer (NK) and B lymphocytes, 
macrophages, dendritic cells (DCs) and mono-
cytes [11]. Of note, PD-1 is highly expressed on 
tumor-specific T cells [11]. Transcription factors 
such as nuclear factor of activated T cells 
(NFAT), NOTCH, Forkhead box protein (FOX) O1 
and interferon (IFN) regulatory factor 9 (IRF9) 
may trigger the transcription of PD-1 [12]. The 
conserved upstream regulatory regions B and C 
(CR-B and COR-C) are important for the expres-
sion of the PD-1 gene. There is a binding site in 
the CR-C region that is connected to NFATc1 
(NFAT2) in TCD4 and TCD8 units [13]. Instead, 
c-FOS connects to sites in the CR-B region and 
enhances PD-1 expression when it stimulates 
T-cell receptors upon Ag detection in naive T 

PD-1 plays two opposing roles, as it can be both 
beneficial and harmful. As regards its benefi- 
cial effects, it plays a key role in reducing the 
regulation of ineffective or harmful immune 
responses and maintaining immune tolerance. 
However, PD-1 causes the dilation of malignant 
cells by interfering with the protective immune 
response [16].

PD-L1

PD-1 ligand (PD-L1; also referred to as CD279 
and B7-H1), belongs to the B7 series and is a 
33-kDa type 1 transmembrane glycoprotein 
that contains 290 amino acids with Ig- and IgC 
domains in its extracellular region [17].

PD-L1 is usually expressed by macrophages, 
some activated T cells and B cells, DCs and 
some epithelial cells, particularly under inflam-
matory conditions [18]. In addition, PD-L1 is 
expressed by tumor cells as an “adaptive im- 
mune mechanism” to escape anti-tumor re- 
sponses [19]. PD-L1 is associated with an 
immune environment rich in CD8 T cells, pro-
duction of Th1 cytokines and chemical factors, 
as well as interferons and specific gene expres-
sion characteristics [20]. It has been demon-
strated that IFN-γ causes PD-L1 upregulation in 
ovarian cancer cells, which is responsible for 
disease progression, whereas IFN-γ receptor 1 
inhibition can reduce PD-L1 expression in acu- 
te myeloid leukemia mouse models through  
the MEK/extracellular signal-regulated kinase 
(ERK) and MYD88/TRAF6 pathways [21]. IFN-γ 

Figure 1. The PD-1/PD-L1 axis inhibits T cell activation, proliferation, and 
survival and cytotoxic secretion within cancer cell.

cells [13]. NFATc is activated 
and binds to the promoter 
region of the pdcd1 gene [13]. 
In addition, IFN-α combined 
with IRF9 may result in PD-1 
expression via binding to the 
promoter of the pdcd1 gene in 
exhausted T cells [14]. During 
chronic infections, PD-1 is 
expressed in exhausted TCD8 
cells due to its demethylated 
promoter, and the FOXO1 tran-
scription factor binds to the 
PD-1 promoter to increase its 
expression [14]. Cancer cell 
leakage increases the expres-
sion of the c-FOS subunit of 
AP1, thereby increasing the 
expression of PD-1 [15].
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induces protein kinase D isoform 2 (PKD2), 
which is important for the regulation of PD-L1. 
Inhibition of PKD2 activity inhibits the expres-
sion of PD-L1 and promotes a strong antitu- 
mor immune response. NK cells secrete IFN-γ 
through the Janus kinase (JAK)1, JAK2 and sig-
nal transducer and activator of transcription 
(STAT)1 pathways, increasing the expression of 
PD-L1 on the surface of the tumor cells [22]. 
Studies on melanoma cells have shown that 
IFN-γ secreted by T cells through the JAK1/
JAK2-STAT1/STAT2/STAT3-IRF1 pathway may 
regulate the expression of PD-L1. T and NK 
cells appear to secrete IFN-γ, which induces 
PD-L1 expression on the surface of the target 
cells, including tumor cells [23].

PD-L1 acts as a pro-tumorigenic factor in can-
cer cells via binding to its receptors and acti- 
vating proliferative and survival signaling path-
ways [24]. This finding further indicated that 
PD-L1 is implicated in subsequent tumor pro-
gression. In addition, PD-L1 has been shown  
to exert non-immune proliferative effects on a 
variety of tumor cell types. For example, PD-L1 
induced epithelial-to-mesenchymal transition 
(EMT) and stem cell-like phenotypes in renal 
cancer cells, indicating that the presence of  
the intrinsic pathway of PD-L1 promotes kid- 
ney cancer progression [25].

Effects of signaling pathways on PD-1/PD-L1 
in cancer

PD-1/PD-L1 axis can be modulated by various 
signals in cancer cells (Figure 2), which exert a 

[27]. Previous data have reported that the ac- 
tivation of PI3K/AKT enhances the nutritional 
intake and energy production of CD8- T cells, 
and mTOR is responsible for regulating the bio-
logical effects of immune cell stimulation [28]. 
Activation of PI3K/AKT can promote PD-L1 
expression through increased extrinsic signal-
ing or decreased expression of negative regu- 
lators, such as phosphatase and tensin homo-
log (PTEN). Downregulation of PTEN may lead  
to the activation of PI3K/AKT and facilitate the 
expression of PD-L1 [29]. Similarly, Zhao et al 
demonstrated that PD-1/PD-L1 blockade may 
attenuate apoptosis of CD8+ T cells through 
regulating the PI3K/AKT/mTOR pathway in gas-
trointestinal stromal tumors (GIST), indicating 
that PD-1/PD-L1 plays an important role in the 
immune system in combination with the PI3K/
AKT/mTOR pathway. It has also been repor- 
ted that PD-L1 knockdown in GIST cells can 
decrease the expression of PI3K, p-AKT and 
p-PI3K [30]. In addition, Wei et al demonstrated 
that the overexpression of PD-L1 activated 
PI3K/AKT in the nucleus in colorectal cancer 
cells [31].

MAPK signaling pathway

The mitogen-activated protein kinase (MAPK) 
signaling pathway is an important signal trans-
duction system that is associated with the con-
version of extracellular signals to intracellular 
responses, and it can also regulate cell pro- 
liferation, differentiation, invasion, metastasis 
and death through phosphorylation activa- 

Figure 2. Various pathways regulation of PD-1/PD-L1 expression. PI3K/AKT 
pathway, MAPK pathway, JAK/STAT pathway, WNT pathway, NF-κB pathway 
and Hedgehog (Hh) pathway promote the expression of PD-1/PD-L1 axis.

critical role in tumorigenesis. 
Therefore, it is imperative to 
observe this signaling network 
in order to improve the pres-
ently available understanding.

PI3K/AKT signaling pathway

The phosphoinositide 3-kinase 
(PI3K)/protein kinase B (AKT) 
pathway is associated with cell 
proliferation and can regula- 
te a variety of cell proliferation 
and apoptosis-related proce- 
sses [26]. Increased mamma-
lian target of rapamycin (mTOR) 
activity has also been reported 
in human cancers. In addition, 
the mTOR pathway is involved 
in the regulation of the innate 
and adaptive immune systems 
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tion [32]. c-Jun amino-terminal kinase (c-Jun), 
p38MAPK and ERK are three parallel pathways 
involved in the MAPK pathway [33]. Recent 
research has gradually become focused on the 
association between the PD-1/PD-L1 axis and 
the MAPK pathway. For example, Stutvoet et al 
demonstrated that inhibition of the MAPK path-
way prevented epidermal growth factor and 
IFN-γ-induced CD274 mRNA and PD-L1 protein 
and membrane upregulation in lung adenocar-
cinoma cells [34]. In addition, Jalali et al report-
ed that PD-L1 antibody is linked to the MAPK 
signaling molecules in Hodgkin’s lymphoma 
(HL) cells; they also found that p-P38 and p-ERK 
were decreased in all HL lines after using an 
anti-PD-L1 antibody. Similarly, inhibition of 
MEK1/2, an important factor of the MAPK 
pathway, can markedly prevent PD-L1 expres-
sion in renal cell carcinoma [35].

JAK-STAT signaling pathway

JAK signaling activation of the STAT pathway is 
an evolutionarily conserved signaling pathway 
used by a variety of cytokines, IFNs, growth fac-
tors and related molecules [36]. This approach 
provides a crucial mechanism for extracellular 
factors to control gene expression. Therefore, it 
may be used as a basic example of how cells 
respond to environmental conditions and inter-
pret these signals to regulate cell growth and 
differentiation [37]. Recently, the JAK/STAT 
pathway was reported to induce PD-L1 expres-
sion in cancers, which may be of value in can-
cer therapy. Toshifumi et al reported that 
AG490, a JAK2 inhibitor, suppressed the upreg-
ulation of PD-L1 at both the mRNA and protein 
levels [38]. These results confirmed that the 
JAK/STAT pathway regulates the expression of 
PD-L1. In addition, fibroblast growth factor 
receptor (FGFR)2 signaling effectively activated 
the JAK/STAT3 signaling pathway, which was 
accompanied by increased PD-L1 expression  
in vitro. In colorectal cancer xenograft models, 
overexpression of FGFR2 promoted PD-L1 ex- 
pression and increased the size of the tumors. 
This effect may be blocked via downregulation 
of the JAK/STAT3 pathway by JAK inhibitors 
[39].

WNT signaling pathway

Deregulated WNT signaling has been shown to 
facilitate malignant transformation, tumor pro-
gression and resistance to conventional can- 

cer therapy [40]. A large body of evidence indi-
cates that abnormal WNT signals can also dis-
rupt cancer immunomonitoring, thereby pro-
moting immune escape and resistance to a 
variety of immunotherapies, including immu- 
ne checkpoint blockers [41]. For example, in 
mouse models of breast cancer, the protea-
somal degradation of non-glycosylated PD-L1 
was facilitated by active signaling from the 
GSK3B-β-TrCP axis (e.g., without WNT ligands). 
By contrast, in mouse melanoma models, 
GSK3 blockers improve tumor eradication by 
repressing the gene encoding PDCD1 [42]. 
Furthermore, the use of selective WNT inhibi-
tors or activators to reduce or upregulate PD-L1 
expression, respectively, for the treatment of 
triple-negative breast cancer (TNBC), is based 
on functional crosstalk between WNT activity 
and PD-L1 expression [43].

NF-κB signaling pathway

It was recently demonstrated that the expres-
sion of the PD-L1 gene can be induced by Toll-
like receptor (TLR) or IFN-γ-driven nuclear fac-
tor (NF)-κB. Lim et al observed that the NF-κB 
inhibitor curcumin, in combination with anti-
CTLA-4 checkpoint inhibition therapy, reduced 
the growth of breast cancer, colon carcinoma, 
and melanoma cell lines, suggesting that NF-κB 
inhibition may play a dual role: targeting tumor 
cell proliferation and survival, as well as tu- 
mor immune checkpoints [44]. NF-ĸB is likely 
involved in LMP1-induced PD-L1 expression, as 
the NF-ĸB inhibitor caffeic acid phenethyl ester 
decreased PD-L1 induction. NF-ĸB is also a 
major mediator of INF-γ-induced PD-L1 expres-
sion. The NF-ĸB inhibitor, but not MAPK, PI3K or 
STAT3 inhibitors, abolished IFN-induced PD-L1 
expression [45]. Furthermore, Peng et al report-
ed that chemotherapy induces local immune 
suppression through NF-κB-mediated PD-L1 
upregulation in ovarian cancer [46].

Hedgehog signaling pathway

The Hedgehog (Hh) signaling pathway is cur-
rently known to be crucial for the proliferation 
of substrate cells, and mutations in this path-
way may lead to tumor formation; as a result, 
small molecular inhibitors that alter the compo-
sition of this pathway, including SMO and GLI, 
have been the focus of recent therapeutic 
developments [47]. Importantly, it was suggest-
ed that Hh signaling can regulate PD-L1 expres-
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sion, and inhibition of Hh signaling may induce 
lymphocyte antitumor activity [48]. Jayati et al 
reported that Hh signals help induce PD-L1 
expression in gastric cancer, PD-1/PD-L1 inhi-
bition reverses Gli2-induced tolerance, and it is 
recommended that combined drug therapy 
inhibition of Hh signaling and immune check-
points may be suitable for selected patients 
[49].

Effects of microRNAs on PD-1/PD-L1 in can-
cer

Overview of microRNAs

Recently, small nucleotide molecules called 
microRNAs (miRNAs) have become a focus of 
attention during tumor development by regulat-
ing cell cycle, metastasis, angiogenesis, metab-
olism and apoptosis of cancer cells [50]. miR-
NAs regulate gene expression through tran- 
scriptional regulation of mRNA. However, only 
few studies have acknowledged the role of  
miRNAs in activating gene expression [51]. 
Extensive data from a large number of studies 
suggest the role of miRNAs as tumor suppres-
sors, carcinogenic, diagnostic and prognostic 
biomarkers in lung cancer [52]. They are also 
involved in regulating cancer cell metabolism 
and resistance or sensitivity to chemotherapy 
and radiotherapy [53]. Furthermore, the role of 
miRNAs in the regulation of PD-1 and PD-L1 
was investigated, as described below and in 
Table 1. These molecules play an important 
role in tumor immune escape, leading to the 
development of microenvironments conducive 
to tumor growth and progression.

microRNAs and PD-1/PD-L1

miR155 miR-155 plays a role in malignant 
hematological diseases, and is overexpressed 
in several hematopoietic and certain solid can-
cers. Some of the targets of miR-155 regulate 
cell growth, invasion, migration and stemness, 
and inhibit apoptosis [54]. Recent data also 
indicate that miR-155 plays a key role in the 

activation of the immune system, as miR-155 
inhibition of tumor-related immune cells may 
promote tumor immune escape and promote 
tumor growth [55]. Zheng et al found that miR-
155 can induce Fas-mediated apoptosis in 
CD8- T cells in an immune cell/B lymphoma cell 
co-culture system, and can target anti-PD-1 
and anti-PD-L1 antibodies [56]. In addition, 
miR-155 enhances PD-L1 expression of lym-
phoma cells, recruits CD8- T cells through 
PD-1/PD-L1 interaction, and inhibits CD8- T-cell 
function by dephosphorylating AKT and ERK 
[57].

miR-34 The members of the miR-34 family 
have been reported to possess tumor-suppres-
sive properties, such as inhibition of cell migra-
tion, invasion, proliferation, survival, EMT and 
stemness, and drug resistance [58]. A re- 
cent study demonstrated the synergy between  
miR-34a delivery and radiation therapy, which 
induces an immune response to the tumor 
through targeting PD-L1, leading to an increase 
in tumor infiltration by CD8+ cells and a signifi-
cant reduction in tumor volume compared with 
either treatment alone [59]. In addition, Cortez 
et al reported that overexpression of miR-34b 
or miR34c inhibits the expression of the PD-L1 
protein, while MRX34, a liposome nanoparticle 
possessing miR-34a simulation properties, 
increased miR34a levels in tumors and reduced 
PD-L1 mRNA and PD-L1 protein levels in non-
small-cell lung cancer (NSCLC) [59].

miR-33a Recent studies demonstrated that 
miR-33a can regulate the expression of im- 
mune markers [60]. Laura et al analyzed the 
association between the level of expression of 
PD-1/PD-L1 and miR-33a, and found that miR-
33a was negatively correlated with the expres-
sion of PD-1/PD-L1. miR-33a levels were found 
to be lower in patients with higher expression 
of PD-1, PD-L1 and CTLA4. To assess the asso-
ciation among patient survival, miR-33a and 
PD-1, patients with lung adenocarcinoma were 
grouped based on the joint expression of miR-
33a and PD-1, and then the differences in sur-

Table 1. The effects of microRNAs on PD-1/PD-L1 in different cancers
microRNAs function cancer mechanism reference
miR-155 activation of the immune system lymphoma promoting PD-L1 45

miR-34 inducing a tumor immune response Non-small cell lung cancer inhibiting PD-L1 47

miR-33a regulating the expression of immune markers lung adenocarcinoma suppressing PD-1/PD-L1 50

miR-21 regulating the immune response gastric cancer suppressing PD-1 53-54

miR-146a regulating immune cells melanoma promoting PD-L1 68

miR-873 regulating the expression of immune markers breast cancer inhibiting PD-L1 55
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vival of the two groups (high miR-33a/low PD-1 
and low miR-33a/high PD-1 expression) were 
compared. The former group (patients with high 
miR-33a and low PD-1 levels) had a better prog-
nosis, suggesting that miR-33a is a good prog-
nostic marker as a result of PD-1 regulation 
[61].

miR-21 miR-21 is one of the most abundant 
miRNAs in mammalian tissues, comprising~ 
10% of total miRNAs in several types of tumor 
cells, and is a critical factor involved in immune 
responses [62]. Iliopoulos et al reported that 
the level of miR-21 was upregulated in PD-1-/- T 
cells compared with wild-type controls by 
miRNA analysis of antigen-specific CD4+ T cells 
[63]. Zheng et al observed that PD-1 inhibition 
increased miR-21 expression, reducing the per-
centage of Treg cells, but increasing the per-
centage of Th17 cells. It was demonstrated that 
PD-1 is a negative regulator of miR-21, which 
may affect the Th17/Treg balance in patients 
following gastric cancer resection [64]. Thus, 
PD-1 may affect the differentiation of Th17/
Treg cells, partially through regulating miR-21 
expression in CD4+ T cells.

miR-873 Previous studies have demonstrated 
that miR-873 acts as a tumor suppressor by 
inhibiting IGF2BP1 expression in glioblastoma 
and by targeting the differentiated embryonic 
chondrocyte expressed gene 2 (DEC2) in 
esophageal cancer [65]. Recently, Gao et al 
reported an increase in the expression of sev-
eral pluripotent transcription factors (OCT4, 
ALDH1A1, Nanog and SOX2) in MCF-7 cells with 
inhibitor-873 or plvx-PD-L1 transfection, while 
co-transfection with inhibitor-873 and si-PD-
L1-2 attenuated or even reversed the promot-
ing effects induced by inhibitor-873. By con-
trast, in MDA-MB-231 cells with miR-873 ov- 
erexpression or PD-L1 knockdown, the expres-
sion of stemness markers was inhibited, while 
the inhibitory effect of miR-873 was reduced by 
PD-L1 overexpression. In addition, the trans-
fection of inhibitor-873 or plvx-PD-L1 increases 
the formation of CD44-/CD24- cell spheres in 
MCF-7 cells, which can identify stem cells 
among breast cancer cells, whereas inhibitor-
873-mediated promotion through PD-L1 knock-
down shows that miR-873 reduces the number 
of stem cells among breast cancer cells via 
PD-L1 [66].

miR-146a miR-146a is a major regulator of mul-
tiple proinflammatory events, including effects 

on the TRAF6/TNF axis in T cells and the JAK/
STAT/MHC axis in antigen-presenting cells; 
therefore, it appears to play a key role in the 
immune cells residing in the melanoma micro-
environment [67]. Justin et al demonstrated 
that miR-146a plays an important role within 
the STAT1/IFNg axis in the melanoma microen-
vironment, affecting melanoma cell migration, 
proliferation and mitochondrial fitness, as  
well as PD-L1 levels. Additionally, they com-
pared the combination therapy of miR-146a 
antagomiR with anti-PD-1 vs. anti-PD-1 treat-
ment alone, and isotype with scrambled oligo-
nucleotide controls [68]. Their observations in 
melanoma-bearing mice indicated improved 
survival when treated with the miR-146a 
antagomiR/anti-PD1 combination, suggesting 
that combined inhibition of PD-1 and miR-146a 
may be a novel strategy for enhancing antitu-
mor immune response elicited by checkpoint 
therapy in cancer.

Effects of lncRNAs on PD-1/PD-L1 in cancer

Overview of lncRNAs

Long non-coding RNAs (lncRNAs) are generally 
defined as endogenous cellular RNA molecules 
of >200 nucleotides in length that lack an open 
reading frame of significant length (<100 amino 
acids) and contain 2 or more exons [69]. They 
were originally discovered in mice during large-
scale sequencing of full-length cDNA libraries 
as part of the FANTOM project [70]. Currently, 
there are 16,066 lncRNA genes and 29,566 
lncRNA transcripts documented in the human 
genome database (version 29) of GENCODE, 
compared with 19,940 protein-coding genes 
[71]. LncRNAs have also been shown to be sub-
jected to transcriptional editing, such as splic-
ing, polyadenylation and 5’ capping. Subse- 
quently, each lncRNA develops a final stable 
structure that determines its unique cellular 
function, enabling it to interact with other mol-
ecules [72]. Recent data also reported that 
lncRNAs play important roles in multiple bio-
logical pathways, including modulation of the 
innate immune response (Table 2).

lncRNAs

AFAP1-AS1 The expression of the lncRNA ac- 
tin filament-associated protein 1 antisense 
RNA1 (AFAP1-AS1) was significantly enhanced 
in nasopharyngeal carcinoma (NPC), and was 
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found to promote invasion and metastasis of 
cancer cells by regulating the expression of sev-
eral small GTPase family members and mole-
cules in the actin cytokeratin signaling pathway 
[73]. In addition, Tang et al found that there 
were 4,196 differentially expressed genes in 
the GSE12452 database. Among these differ-
entially expressed genes, AFAP1-AS1 was high-
ly expressed in NPC cells and was positively 
correlated with PD-1 expression. However, it is 
unclear whether AFAP1-AS1 promotes pD-1 
expression, and further studies are required 
[74].

NKX2-1-AS1 NKX2-1-AS1 is located in the 
14q13.3 chromosome region and is amplified 
in 15% of lung cancer cases [75]. The upregula-
tion of CD274 mRNA and PD-L1 protein was 
validated in H661 cells by qPCR and cilantro via 
RT-qPCR in H441 cells, respectively, after 
NKX2-1-AS1 knockout. In the specimens tested 
herein and in the publicly available GEO dataset 
(GDS3627), the reverse trends in tumor sym-
pathising NKX2-1-AS1 and PD-L1 regulation 
and non-tumor control were observed [76]. 
These findings suggested that NKX2-1-AS1 
inhibits the expression of CD274 (PD-L1) mRNA 
and protein in lung cancer and high levels of 
NKX2-1-AS1 are crucial for maintaining low lev-
els of PD-L1 expression, in order to limit the 
ability of tumor cells to evade the immune 
system.

UCA1 Recent data demonstrated that gRNA/
cas9-targeted UCA1 induces apoptosis of blad-
der cancer cells, and the downregulation of the 
PD-1 gene may be achieved by electroporation 
of gRNA/cas9 targeting PD-1, which was 
detected by PCR. The combination of anti-PD-1 
and anti-UCA1 treatment suppressed tumor 
growth and effectively improved the survival of 
xenografted mice. Additionally, this treatment 
increases the production of T-cell IFN-γ, which 
is further enhanced by the expression of Th1-
related immune stimulation genes to reduce 
the transcription of regulatory/inhibitory im- 

mune genes and to reshape the immunosup-
pression of tumor micro-environmental stimu-
lation states. Finally, anti-UCA1 treatment was 
shown to induce IFN-γ-dependent PD-L1 ex- 
pression in xenograft tumors in vivo [77]. These 
results demonstrate the efficacy of combina-
tion therapy using lncRNA UCA1-targeted thera-
py and PD-1 immune checkpoint inhibition, 
thereby supporting this combination for the 
clinical treatment of bladder cancer.

SNHG20 The small nuclear RNA host gene 20 
(SNHG20) at 17q25.2 was first identified in 
hepatocellular carcinoma (HCC) and has been 
shown to play an important role in several  
cancers [78]. Zhang et al demonstrated th- 
at SNHG20 modulates the expression of ataxia 
telangiectasia-mutated kinase (p-ATM), p-JA- 
K1/2, and PD-L1 in esophageal squamous cell 
carcinoma (ESCC) cells, and observed that the 
levels of p-ATM, p-JAK1/2 and PD-L1 are down-
regulated in KYSE450 cells with SNHG20 inhi-
bition but upregulated in Het-1A cells following 
pcDNA3.1/SNHG20 transfection [79].

lncRNA MALAT1 lncRNA MALAT1 has long been 
known as a drug target in cancer treatment 
[80]. MALAT1 promotes EMT and angiogenesis 
by sponging miR-126-5p in colorectal cancer 
[81]. In addition, MALAT1, PD-L1 and CD8 were 
more highly expressed in diffuse large B-cell 
lymphoma (DLBCL) tissues, while the miR-195 
expression levels were lower. The expression of 
miR-195 is negatively correlated with MALAT1 
and PD-L1. MALAT1 can sponge miR-195 to 
regulate the expression of PD-L1. MALAT1 
increases miR-195 levels and lowers PD-L1 lev-
els, indicating that MALAT1 can regulate tumor-
igenesis and immune escape of DLBCL re- 
mained unclear [82].

Function of PD-1/PD-L1 in cancer

Breast cancer 

Recent research demonstrated that PD-L1 ex- 
pression is associated with EMT in human 

Table 2. The effects of LncRNAs on PD-1/PD-L1 in different cancers
LncRNAs function cancer mechanism reference
AFAP1-AS1 regulating the immune response nasopharyngeal carcinoma promoting PD-L1 74

NKX2-1-AS1 regulating the expression of immune markers lung cancer inhibiting PD-L1 76

UCA1 regulating the expression of immune markers bladder cancer promoting PD-L1 77

SNHG20 regulating the expression of immune markers esophageal squamous cell carcinoma promoting PD-L1 79

MALAT1 regulating the expression of immune markers diffuse large B cell lymphoma inhibiting PD-L1 82
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breast cancer stem cells (BCSCs). Compared 
with the cell line, PD-L1 was found to be upreg-
ulated in MCF-7 and BT-549 tumorspheres, 
which depends in part on PD-L1 promoter 
demethylation. In addition, the distribution of 
slow histones in the PD-L1 promoter region is 
less prominent compared with that in the cell 
line, and the overexpression of histone acety-
lase also contributes to the PD-L1 upregulation 
in the tumor [83]. These findings suggest that 
PD-L1 plays an important role in BCSCs. Recent 
pathological studies have revealed that the 
level of PD-L1 was higher in several subtypes of 
estrogen receptor (ER) α-negative breast can-
cer. Lu et al reported that the average PD- 
L1 mRNA level in ERα-positive breast cancer 
cell lines was markedly lower compared with 
that of ERα-negative breast cancer cell lines. 
Therefore, they investigated PD-L1 expression 
in the ER-positive breast cancer cell lines MCF7 
and T47D and the ER-negative breast cancer 
cell lines BT549 and MDA-MB-231. RT-qPCR 
and western blot analysis revealed that the 
mRNA and protein levels of PD-L1 in MCF7 and 
T47D cells were markedly lower compared with 
those in BT549 and MDA-MB-231 cells [84]. 
Interestingly, recent reports have demonstrat-
ed that PD-L1 inhibits the growth of cancer 
cells, and PD-L1 silencing leads to an increase 
in spontaneous apoptosis and doxorubicin-
induced apoptosis in breast cancer cells [85].

Lung cancer 

Daniel et al hypothesized that anti-C5a therapy 
can enhance the ability of PD-1 to control lung 
cancer growth. In the subcutaneous 393P mo- 
del, anti-C5a l-aptamer AON-D21 combined 
with the anti-PD-1 monoclonal antibody RMP1-
14 resulted in more significant suppression of 
tumor growth compared with the effect of each 
treatment alone [86]. Kazuki et al demonstrat-
ed that PD-L1 was positively associated with 
male sex, smoking, advanced cancer stage, 
vascular invasion, squamous cell carcinoma 
histology, and wild-type epidermal growth fac-
tor receptor gene mutations in lung cancer. 
Univariate and multivariate survival analyses 
revealed that PD-L1-positive patients had a 
worse prognosis than PD-L1-negative patients 
[87]. In addition, recent data reported that the 
PD-1 molecules on the surface of Lewis lung 
cancer cells, C57BL/6 mouse spleen T lympho-
cytes and peripheral blood T lymphocytes were 

positively expressed. Compared with the con-
trol group, the volume of the transplanted 
tumor from Lewis lung cancer cells in C57BL/6 
mice was larger with a 10-μg soluble form of 
PD-L1 (sPD-L1) injection, whereas no signifi-
cant difference in tumor volume was observed 
with a 2.5- and 5-μg injection. Therefore, a  
certain dose of sPD-L1 was able to promote  
the growth of Lewis lung cancer cell xenograft 
tumors in C57BL/6 mice [88].

Colorectal cancer 

PD-L1 expression has been associated with 
poor clinical outcomes. Low levels of differenti-
ation and right-colon CRCs indicated a poor 
prognosis. The expression of PD-L1 was not 
associated with sex, age, tumor size, T stage, 
lymph node metastasis, or TNM stage. A num-
ber of inflammatory cytokines regulate the 
expression of PD-L1, and PD1/PD-L1 binding 
can induce active T-cell apoptosis and interleu-
kin-10 (IL-10) expression as a negative feed-
back system [89]. PD-L1 expression can help 
tumor cells escape the surveillance of the 
immune system and enhance Treg function in 
CRC. PD-L1 expression is more common in 
metastatic CRC, and the expression of PD-L1 in 
primary CRC may not represent tumors that 
have spread to distant organs. PD-L1 expres-
sion in metastatic CRC should be considered 
as an independent factor when assessing the 
patient eligibility for immunotherapy [90].

Gastric cancer 

Wu et al observed that PD-1, PD-L1 and PD-L2 
mRNA levels were upregulated in gastric cancer 
tissues. PD-L1 is on the rise in gastric cancer 
patients infected with EBV in TC (P-0.009) and 
TIIC. The Hp state is not associated with  
PD-1 or PD-L1/PD-L2 expression. In TIIC, PD- 
L1 expression was found to be independently 
associated with better gastric cancer pro- 
gnosis. The expression of PD-1 and PD-L1 is a 
favorable prognostic marker indicating the 
dose effect on gastric cancer-related mortality. 
A comprehensive evaluation of PD-1 and PD-L1 
in TC and TIICs may help predict the prognosis 
of gastric cancer and identify patients who may 
benefit from targeted treatment [91]. Recently, 
PD-L1 has been reported to be expressed in 
TAFs. Mu et al found that the mRNA expression 
of PD-L1 increased significantly in a gastric 
cancer cell line cultured with TAFs and this 
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effect was time-dependent. By increasing the 
expression of PD-L1, TAFs promote the growth 
of gastric cancer cells [92]. Wang et al found 
that pharmacological inhibitors or small inter-
fering RNA inhibit edphatoe, which can increase 
PD-L1 levels in cultured gastric cancer cells 
and xenografts. Autophagy inhibition leads to 
accumulation of p62/SQSTM1 and activation 
of NF-ĸB, whereas NF-ĸB inhibition or p62/
SQSTM1 knockdown attenuates PD-L1 induc-
tion by autophagy inhibition [93].

Bladder cancer 

PD-L1 expression levels have been shown to be 
associated with the severity of bladder cancer. 
It was previously found that tumors with a high-
er PD-L1 content were more likely to be more 
malignant, with higher recurrence frequency 
and lower survival rate [94]. In addition, PD-L1 
tumor cell expression is responsible for en- 
hanced resistance to BCG therapy, which is 
considered to be associated with immune sys-
tem suppression, as a fully functioning immune 
system is required for BCG efficacy [95]. Zhu et 
al reported that the PD-L1 protein is regulated 
by the ATG7 autophagy protein in bladder can-
cer (BC), and demonstrated that ATG7 overex-
pression increased PD-L1 protein levels, mainly 
by promoting autophagy-mediated degradation 
of FOXO3a. These results revealed that combi-
nation therapy with autophagy inhibitors and 
PD-1/PD-L1 immune checkpoint inhibitors can 
improve the efficacy of BCG in humans [96].

Pancreatic cancer 

PD-L1 is considered to be a new predictor of 
prognosis in pancreatic cancer patients. It has 
been suggested that blocking PD-L1 can effec-
tively suppress pre-established pancreatic can-
cer in mouse models by increasing IFN-r and 
reducing IL-10 [97]. In addition, the level of 
tumor-infiltrating Tregs in PD-L1-positive tumors 
is higher compared with that in PD-L1-negative 
tumors. Such outcomes provided the rationale 
for therapy targeting the PD-1/PD-L1 pathway 
against pancreatic cancer [98]. Another study 
demonstrated that the expression of PD-1 on 
peripheral CD8+ T cells was markedly higher in 
pancreatic ductal adenocarcinoma (PDAC) 
patients compared with that in intraductal pap-
illary mucinous neoplasm (IPMN) patients or 
healthy donors. ROC analysis further confirmed 
the diagnostic significance of PD-1 expression 

in PDAC. There is a significant correlation be- 
tween PD-1 expression on peripheral CD8- T 
cells and the clinical stage, N classification and 
M classification of PDAC [99].

Prostate cancer 

Currently available studies report that pD-1, 
PD-L1, and PD-L2 exhibit higher levels of 
expression than Il-17rc in the prostates of 
Il-17rc wild-type mice. Il-17rc wild-type mice 
were found to have more invasive prostate can-
cer in a PTEN-null background compared with 
il-17rc knockout mice. This finding indicates 
that increasing PD-1/PD-L1/2 expression can 
enhance immune inhibition in the tumor micro-
environment, thereby promoting the formation 
of prostate cancer. PD-L1 is differentially ex- 
pressed among primary prostate cancer pa- 
tients. Furthermore, high PD-L1 expression has 
been associated with a poor prognosis [101]. 
Accordingly, PD-1/PD-L1-targeted therapy may 
be a promising novel treatment option for hor-
mone-naïve prostate cancer patients.

DLBCL 

PD-L1 is also expressed in DLBCL tumor cells 
and tumor-infiltrating non-malignant cells. By 
contrast, PD-1 expression on tumor-infiltrating 
lymphocytes (TILs) in patients with DLBCL has 
been associated with favorable overall survival 
(OS) [102]. Furthermore, high levels of plasma 
PD-L1 is associated with poor OS in DLBCL. 
The PD-1/PD-L1 pathway contributes to tumor 
cell survival, and inhibiting this pathway may be 
an effective approach to DLBCL treatment. 
Andorsky et al described a PD-L1+ DLBCL cell 
line that exhibited properties of non-GCB phe-
notype (e.g., inhibition of T-cell proliferation and 
IFN-γ secretion by tumor-associated T cells), 
suggesting that PD-L1 plays a pivotal role in the 
DLBCL tumor microenvironment and results in 
an aggressive clinical phenotype and a worse 
outcome [103]. PD-L1+ DLBCL is also associat-
ed with EBV infection, suggesting that EBV-
related DLBCL patients may be suitable candi-
dates for anti-PD-1/PD-L1 immunotherapy.

Inhibitors of PD-1/PD-L1 in cancer

PD-1/PD-L1-targeted inhibitors have been 
reported to play a critical role in cancers. Here, 
we summarized several regiments which are 
essential to improve cancer treatment (Figure 
3).
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Nivolumab 

Nivolumab is a fully human monoclonal anti-
body that inhibits the interaction between PD-1 
and PD-L1. Zhao et al reported the case of a 
patient with advanced liver carcinosarcoma 
treated with nivolumab plus apatinib, which 
resulted in partial remission [104]. However, 
grade 3 increase of aminotransferase levels 
occurred during treatment, suggesting that the 
combination therapy should be recommended 
only after risk assessment. Nivolumab has 
been approved for patients with advanced UC 
who failed to respond to previous platinum-
based chemotherapy on the basis of results 
from the phase 2 CheckMate 275 trial [105].  
A key advantage of immunotherapy over the 
limited chemotherapy options available after 
platinum-based chemotherapy is the greater 
durability of treatment benefit, as illustrated by 
the long-term survival data from multiple stud-
ies, including the phase 3 CheckMate 017 (n= 
272) and CheckMate 057 (n=582) studies of 
nivolumab vs. docetaxel in patients with previ-
ously treated squamous and non-squamous 
advanced NSCLC, respectively [106]. The esti-
mated 2-year OS rates with nivolumab vs. 
docetaxel were 23 vs. 8%, respectively, for 
patients with squamous NSCLC, and 29 vs. 
16%, respectively, for those with non-squa-
mous NSCLC; the estimated 3-year OS rate for 
the combined CheckMate 017 and 057 study 
populations was 17% with nivolumab vs. 8% 
with docetaxel.

Pembrolizumab 

Joseph et al demonstrated that patients with 
lung metastases respond to pembrolizumab 
better compared with those with liver metasta-
ses (62 vs. 22%, respectively) [107]. Similarly, 
patients with lung metastases have a 1-year 
OS of 89%, in contrast to those with liver me- 
tastases who have a 1-year OS rate of 53%. 
Patients with head and neck recurrence and/or 
metastatic squamous cell carcinoma (SCCHN) 
had limited overall survival rates of 6 months  
or less. Immunotherapy using anti-PD-1 che- 
ckpoint inhibitors has led to improved tumor 
response and survival. For example, pem- 
brolizumab has been shown in the phase Ib 
KEYNOTE-012 and single-arm phase II KEY- 
NOTE-055 studies to have a response rate of 
18% and a median overall survival of 6 to 8 
months in treated, recurrent, and metastatic 
patients [108]. In addition, pembrolizumab plus 
trastuzumab has been used to treat patien- 
ts with PD-L1-positive, trastuzumab-resistant, 
and HER2-positive breast cancer [109].

JQ1 

Liu et al studied the effects of JQ1 on PD-L1 
mRNA and protein levels in renal cell carcino-
ma primary culture cells, as well as in prostate, 
liver and lung cancer cell lines [110]. They 
found that JQ1 inhibits cell growth in a dose-
dependent manner. The expression of PD-L1 
decreased in the primary culture of JQ1-treated 

Figure 3. Inhibitors of PD-1/PD-L1 in cancers.
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renal, prostate, liver, and lung cancer cell lines. 
In addition, they also observed that PD-L2 lev-
els decreased in the JQ1-treated cells. Thereby, 
JQ1 appears to regulate the PD-1/PD-L1 axis.

Atezolizumab 

Atezolizumab is a humanized engineered anti-
PD-L1 monoclonal antibody that blocks inte- 
ractions between PD-L1 and its receptors PD-1 
and B7.1, thereby enhancing T-cell mediated 
anticancer immunity [111]. Atezolizumab mono-
therapy has been approved for metastatic UC 
and NSCLC. Recently, atezolizumab was com-
bined with bevacizumab (anti-VEGF) and com-
pared with sunitinib for first-line treatment of 
ccRCC in the phase 3 IMmotion 151 trial. 
Studies indicate that atezolizumab/bevacizum-
ab met one of its co-primary endpoints, with 
improved investigator-assessed PFS versus 
sunitinib in patients with advanced ccRCC and 
expression of PD-L1 on ≥1% of tumor-infiltrat-
ing immune cells via immunohistochemistry 
[112].

Avelumab 

Avelumab is a human IgG1 monoclonal anti-
body PD-L1 inhibitor. In the phase 1 b trial 
(JAVELIN Solid Tumor) investigating avelumab 
in previously treated patients with metastatic 
or recurrent NSCLC, PD-L1 expression on tumor 
and immune cells was attenuated. Preliminary 
data from a single-group, nonrandomized, pha- 
se 1 b trial involving 55 patients with advanc- 
ed renal-cell carcinoma showed that avelumab 
in combination with axitinib can lead to effec-
tive responses in 58% of patients and a rate of 
disease control of 78% [113].

Cemiplimab 

Inhibitors of the PD-1 have generated promis-
ing outcomes in advanced Cutaneous Squa- 
mous Cell Carcinoma (cSCC). Cemiplimab binds 
to PD-1 and inhibits its interaction with PD-L1 
and PD-L2 by acting as a human programmed 
death receptor-1 monoclonal antibody. In Se- 
ptember 2018, the FDA approved cemiplimab 
to treat patients with metastatic or locally 
advanced cSCC who are not candidates for sur-
gery or radiotherapy [114].

Conclusion

Taken together, PD-1/PD-L1 plays a vital role in 
most cancers, making it a key area for further 

research. From the data described, PD-1/
PD-L1 is an opportunity and challenge for can-
cer treatment. A large number of solid cancers 
exhibit higher expression of PD-1/PD-L1, PD-1/
PD-L1-targeted inhibitors will be responsible for 
cancer treatment. Immunotherapy is a promis-
ing treatment that may lead to further survival 
benefits for some patients. The advantages of 
immunotherapy based on PD-1/PD-L1 block-
ades for various tumors appear to be the logi-
cal next step. Although, there are a great num-
ber of unknowns, including dose, safety, du- 
rability, and indeed efficacy.
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