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ABSTRACT 

Sepsis is a life-threatening multiple organ dysfunction caused by host immune response imbalance due to infection. 
It is one of the main reasons for hospitalized patients to enter the intensive care unit and die. Due to its complex 
pathogenesis, there is currently no specific clinical treatment. A large number of studies have shown that a variety 
of immune cell damage in the late stage of sepsis causes immunosuppression in patients, which is the main reason 
for the high mortality rate of sepsis. Therefore, how to combat the immunosuppression induced by sepsis has 
become a current research focus. Programmed death receptor 1 and its ligand, as a negative costimulatory 
molecule, have attracted much attention in the treatment of sepsis immunosuppression in recent years. More and 
more clinical evidence shows that their high expression in the body is related to sepsis. The occurrence of 
immunosuppression is closely related. Therefore, this article describes the role of programmed death receptor 1 
and its ligands in the immune system to provide references and new ideas for the treatment of clinical sepsis.  

INTRODUCTION 

Sepsis is a life-threatening multiple organ dysfunction caused by the host's unbalanced response to 
infection(Singer, Deutschman, & Seymour, 2016) and is one of the main reasons for hospitalized patients 
to enter the Intensive Care Unit (ICU) and die(Vincent, Marshall, & Namendys-Silva, 2014). Globally, 
more than 5 million people die from sepsis every year (Fleischmann, Scherag, & Adhikari, 2016),  and 
statistics show that in 2017 alone, about 20% of deaths are related to sepsis(Rudd, Johnson. & Agesa, 
2020). However, due to the highly complex pathogenesis of sepsis, there is currently no specific clinical 
treatment plan. Since the third International Sepsis and Septic Shock Consensus Conference in 2016 
defined Sepsis3.0, more and more evidence has shown that immunosuppression induced in the later 
stage of sepsis is the main cause of patient death (Boomer & Chang, 2011). Immunosuppression leads 
to a large number of apoptosis of T cells and B cells in patients and a decline in the ability to respond to 
pathogenic microorganism infection, which is closely related to the higher mortality rate of sepsis 
(Hotchkiss, Tinsley & Swanson, 2001). Recently, studies have shown that targeted immunotherapy can 
well improve the 28-day survival rate of patients (Wu, Zhou, & Liu, 2013). Programmed cell death 
receptor 1 (PD-1), as a negative costimulatory molecule, binds to its ligand (Programmed cell death 
ligand 1, PD-L1) and exerts a negative regulatory effect to induce immune tolerance (Boomer & Chang, 
2011) is one of the most important pathways in immunosuppression. In recent years, blocking the PD-
1 signaling pathway has made breakthroughs in fighting tumors. Due to the many similarities between 
tumor immunity and sepsis immunity (Topalian, S.L; Hodi, F.S. & Brahmer, 2012) blocking PD-1/PD-L1 
pathway to treat sepsis immunosuppression shows a good prospect. Therefore, this article reviews the 
possible mechanism of PD-1/PD-L1 pathway in the immunosuppression of sepsis and the current 
research progress of targeting PD-1/PD-L1 in the treatment of sepsis, which provides new ideas for the 
treatment of sepsis. 

THE RELATIONSHIP BETWEEN PD-1/PD-L1 PATHWAY AND IMMUNOSUPPRESSION IN SEPSIS 

PD-1 is an immunosuppressive molecule of the B7-CD28 family, which belongs to type I transmembrane 
protein (Keir, Butte & Freeman, 2008). It is mainly expressed on CD4+, CD8+ T cells and can also be 
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expressed on B cells, monocytes/macrophages, and dendritic cells. Cells and natural killer cells and 
other surfaces. Its ligands PD-L1 (B7-H1, CD274) and PD-L2 (B7-DC, CD273) belong to the 
immunoglobulin superfamily. 

(Keir, Butte, & Freeman, 2008; Dong, Zhu, G. & Tamada, 1999) and PD-L1 is widely expressed on a 
variety of tissue cells. After PD-1 binds to PD-L1, it recruits Src homology-containing tyrosine 
phosphatase 1 (SHP-1) or SHP-2 to make T cell receptor (TCR). And B cell receptor (BCR) signal 
transduction effector molecules are dephosphorylated, thereby exerting a negative regulation of 
lymphocytes (Okazaki, Maeda & Nishimura, 2001:14). Therefore, the PD-1/PD-L1 pathway plays an 
important role in innate immunity and specific immune regulation. 

The Impact of PD-1/PD-L1 Pathway on the Innate Immune System 

Neutrophils.  

Neutrophils are the first barrier to protect the human body from infection and are essential for the 
containment and eradication of pathogenic microorganisms (Nathan, 2006). Damage to their 
chemotactic ability and phagocytic activity will result in an imbalance of immune response in patients 
with sepsis, which is very important. A large extent affects the outcome and prognosis of the patient's 
condition (Muller, Tulleken & Zijlstra, 2000; Chishti, Shenton & Kirby, 2004). Clinical studies have found 
that the PD-L1 expression level of neutrophils in patients with sepsis is significantly increased, 
accompanied by decreased phagocytic activity and decreased bacterial clearance. It is speculated that 
the reason may be that PD-L1 induces negative signal transduction, thereby shutting down the process 
of neutrophils' immune response to pathogen infection (Patera, Drewry & Chang, 2016). Another study 
showed that the expression of PD-1 in neutrophils was positively correlated with Sequential Organ 
Failure Assessment (SOFA), Acute Physiology and Chronic Health Evaluation Scoring System (APACHE-

Ⅱ ) (P<0.05)(19). It suggests that PD-1/PD-L1 not only plays an important role in neutrophil 

dysfunction but is also closely related to the development of the severity of the patient’s condition. In 

addition, Kim et al. also proved that PD-L1 cross-linking can cause down-regulation of ERK1/2 and p-
Akt, stimulate the production of reactive oxygen species and activate JNK phosphorylation, thereby 
promoting the expression of fasL and inducing cell apoptosis (Kim, Park & Lee, 2008). Another part of 
the literature shows that the differential expression of PD-L1 on neutrophils may be closely related to 
the development of sepsis mortality. In the experiment, PD-L1 gene-deficient sepsis mice and wild-type 

sepsis. Compared with mice, the former CCL2, CXCL2, KC, Tumor Necrosis Factor- α  (TNF- α ), 

Interleukin-6 (IL-6) and other inflammatory factors significantly decreased, and the 14-day mortality 
rate was significantly reduced (gene defective: 32%, wild type: 54%, P<0.05)( Wang, Li & Zhao, 2015) 
which means that PD-L1 is expected to become a potential new target against sepsis. 

Monocytes/Macrophages 

Monocytes/macrophages play an important role in mediating the release of cytokines and removing 
foreign bacterial infections. Studies have found that the activation of the PD-1/PD-L1 signaling pathway 
can enhance the migration and spread of macrophages and inhibit macrophages by down-regulating the 
expression level of T helper 2 cell (Th2) cytokines Phagocytic activity (Ayala, Elphick & Kim, 2014; Che, 
Zhang & Li, 2018).The mouse model showed that the significant increase in the expression of PD-1 in 
macrophages was closely related to the decreased ability to clear bacteria and increased mortality in 
septic mice. Compared with PD-1+/+ macrophages, PD-1-/- macrophages secreted pro-inflammatory 

factors IFN- γ  and IL-12 levels significantly increased, and anti-inflammatory factor IL-10 levels 

significantly decreased and showed Good bacterial clearance and phagocytic activity in vitro (Huang, 
Venet & Wang, 2009). This means that the PD-1 gene defect may help maintain the anti-pathogen ability 
of macrophages. Other studies have shown that the migration and spreading ability of PD-1-/- 
macrophages in septic mice is lower than that of PD-1+/+ macrophages. The mechanism may be related 

to the interaction of PD-1 and CD11b. The changes in the aggregation ability of cytoskeletal α-actin and 

F-actin are related to the changes in upstream inhibition of phosphatase and RAP1-dependent 
migration. The benefits of this reduced migration ability are not yet clear, but its reduced mobility can 
prolong the interaction between macrophages and T cells, thereby enhancing the adaptive immune 
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response induced by sepsis and benefiting macrophages in infection. The site stays and removes more 
pathogens (Ayala, Elphick & Kim, 2014).  

In addition, a prospective cohort study on the relationship between the expression level of monocyte 
PD-L1 in patients with sepsis and mortality showed that the percentage of monocytes expressing PD-L1 
in the circulating blood of patients with sepsis (n=59) was 29.2%, the healthy group (n=29) was 12.9%, 
there was a significant difference between the two (P<0.001). More interestingly, the study also found 
that the percentage of monocytes expressing PD-L1 in the circulating blood of septic shock patients who 
died within 28 days was significantly higher than that of surviving patients (P=0.001), and monocytes 
in septic patients. The expression level of PD-L1 is independently correlated with 28-day mortality 
(P=0.016)(Liu, Lu, & Wang, 2014). In summary, the up-regulation of PD-1/PD-L1 expression levels on 
monocytes/macrophages may indicate an increase in disease severity. 

Dendritic cells 

Dendritic cells (DC), as a professional antigen-presenting cell, is a bridge connecting innate immune 
response and specific immune response. Previous studies have found that the expression of PD-1/PD-
L1 in spleen DCs of septic mice was significantly up-regulated, which induced DCs to show a tolerant 
phenotype in the later stage (Liu, Lu & Wang, 2014). Tolerant DC can not only reduce the expression 
level of MHCII and CD86, but also limit the secretion of various anti-inflammatory factors such as IL-12 

and TNF-γ, thereby down-regulating the immune activity of T cells(Lyu, Liu & Zhao,2014) and the 

immune function of T cells is impaired. It is one of the important mechanisms of immunosuppression in 
patients with sepsis in the later stage. Clinical studies have found that patients who died of sepsis 
showed a large loss of splenic DC, which in turn caused severe damage to the function of B cells and T 
cells, and induced immunosuppression (Hotchkiss, Tinsley& Swanson,2002).  

The study by Brahmamdam et al. found that the number of DCs in the spleen of septic mice and control 

mice treated with anti-PD-1 antibody were 2.8±0.4×106 and 0.4±0.1×106, respectively (P<0.01), and 

the results showed anti-PD -1 antibody could effectively reverse the reduction in the number of splenic 
DCs caused by sepsis. This means that anti-PD-1 antibodies are expected to become a viable treatment 
method to improve immunosuppression in sepsis. 

Natural Killer Cell 

Natural Killer Cell (NK) plays an important role in the innate immune system. Abnormal NK function 
and decreased count often indicate a poor prognosis for patients with sepsis (Brahmamdam, Inoue & 
Unsinger,2010).  Recent studies have found that the up-regulation of PD-1/PD-L1 expression levels 
can inhibit the activation and proliferation of NK and cause its dysfunction by inhibiting the activation 
of PI3K/AKT signals. Inhibitory synapses can be formed between PD-1+NK cells and PD-L1+ target cells, 
thereby reducing the killing effect of NK on target cells (Jang, Huang, & Zheng, 2015). In addition, PD-1 
mediated SHP-2 activation inhibited the cytotoxicity and granule exocytosis of NK and led to the 

reduction of IFN-γ  secretion(Liu, Cheng & Xu, 2017; Jang, Huang & Zheng, 2015; Giuliani, Janji & 

Berchem, 2017) which further induced immunosuppression. Therefore, the PD-1/PD-L1 pathway is of 
great significance in inhibiting NK from participating in the body's immune response. 

However, there are few clinical trials about PD-1/PD-L1 inhibiting NK, and its specific mechanism needs 
more research to confirm. Depletion and apoptosis of T lymphocytes are one of the important 
mechanisms of sepsis-induced immunosuppression (Wu, Zhou & Liu, 2013). Some scholars believe that 
PD-1-mediated SHP-1/SHP-2 activation can inhibit the activation of T cells by blocking the PI3K/AKT 
pathway(Chemnitz, Parry & Nichols, 2004) and induce immunosuppression. Sheppard et al. proposed 
that the proximal membrane inhibition mechanism of PD-1 can reduce the phosphorylation of the 

ZAP70/CD3 ζ  signal body and cause the down-regulation of the TCR signaling pathway, thereby 

affecting the participation of T cells in the immune response (Sheppard, Fitz & Lee 2004). 

In addition, the interaction of PD-1/PD-L1 has also been confirmed to enhance the inhibitory effect of 
regulatory T lymphocytes (Treg) on normal T cell activation(Yan, Zhuansun, & Chen, 2014). A study of 
18 patients with sepsis showed that the expression level of CD4+ T cell PD-1 in patients with septic 
shock on day 1 and 3 was significantly higher than that in the healthy group, and patients appeared with 
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the increase in PD-1 expression level Different degrees of decreased TCR diversity and lymphopenia 
(Tomino, Tsuda & Aoki, 2017). On the contrary, after blocking the PD-1/PD-L1 pathway by anti-PD-L1 
antibody, the secretion level of IL-10 was significantly reduced, and it effectively inhibited Treg-
mediated immune regulation in vitro and immune tolerance in vivo and reversed T lymphocytes 
apoptosis(Zhang, Li, & Lou, 2011; Kitazawa, Fujino. & Wang, 2007). These studies confirm that the PD-
1/PD-L1 pathway plays an important role in the abnormalities of T lymphocytes. Targeting PD-L1 can 
improve the apoptosis of T lymphocytes in patients with sepsis. This provides ideas for the treatment of 
sepsis immunosuppression. 

The Effect of PD-1/PD-L1 Pathway on the Adaptive Immune System 

T lymphocytes 

Depletion and apoptosis of T lymphocytes are one of the important mechanisms of sepsis-induced 

immunosuppression(6, 34, 35). Some scholars believe that PD-1-mediated SHP-1/SHP-2 activation can 

inhibit the activation of T cells by blocking the PI3K/AKT pathway(Chemnitz, Parry, & Nichols, 2004) 

and induce immunosuppression. Sheppard et al. proposed that the proximal membrane inhibition 

mechanism of PD-1 can reduce the phosphorylation of the ZAP70/CD3ζ signal body and cause the 

down-regulation of the TCR signaling pathway, thereby affecting the participation of T cells in the 

immune response(Sheppard, Fitz, & Lee, 2004). In addition, the interaction of PD-1/PD-L1 has also been 

confirmed to enhance the inhibitory effect of regulatory T lymphocytes (Treg) on normal T cell 

activation (Yan, Zhuansun, & Chen, 2014). A study of 18 patients with sepsis showed that the expression 

level of CD4+ T cell PD-1 in patients with septic shock on day 1 and 3 was significantly higher than that 

in the healthy group, and patients appeared with the increase in PD-1 expression level Different degrees 

of decreased TCR diversity and lymphopenia (Tomino, Tsuda & Aoki, 2017). 

On the contrary, after blocking the PD-1/PD-L1 pathway by anti-PD-L1 antibody, the secretion level of 

IL-10 was significantly reduced, and it effectively inhibited Treg-mediated immune regulation in vitro 

and immune tolerance in vivo and reversed T lymphocytes apoptosis (Zhang, Li, & Lou, 2011; Kitazawa, 

Fujino & Wang, 2007). These studies confirm that the PD-1/PD-L1 pathway plays an important role in 

the abnormalities of T lymphocytes. Targeting PD-L1 can improve the apoptosis of T lymphocytes in 

patients with sepsis. This provides ideas for the treatment of sepsis immunosuppression. 

B lymphocytes 

In recent years, the potential effect of PD-1/PD-L1 pathway in inhibiting the function of B lymphocytes 
has received more and more attention. A study of 22 patients with sepsis and 11 healthy controls found 
that the proportions of serum PD-1+B lymphocytes and PD-L1+B lymphocytes in the sepsis group were 
26.5% and 2.4%, respectively (P= 0.0002). While the above two types of cells in the healthy group were 
8.8% and 1.2%, respectively (P=0.024), the results showed that the level of B cells expressing PD-1/PD-
L1 in the sepsis group was significantly higher (Wilson, Zhao & Singer, 2018). 

Previous studies have found that PD-1 can inhibit B lymphocyte-mediated signal transduction by 
recruiting SHP-2 to phosphotyrosine(Okazaki, Maeda, & Nishimura, 2001) thereby inducing 
immunosuppression in sepsis. In addition, the combination of PD-1 and PD-L1 can also reduce the level 
of B cell proliferation and antibody production by inhibiting the secretion of cytokines IL-6 and IL-13 in 
Th2 (Buermann, Römermann & Baars,2016). However, there are few clinical trials on PD-1/PD-L1 
inhibiting B lymphocytes, and the specific mechanism needs more research to further confirm. 

TARGETING PD-1/PD-L1 TO TREAT SEPSIS IMMUNOSUPPRESSION 

With the in-depth understanding of the pathophysiological mechanism of sepsis, targeting PD-1/PD-L1 
has received extensive attention in the treatment of sepsis immunosuppression. Anti-PD-1/PD-L1 
antibody, as an inhibitory immune checkpoint antibody, is considered effective in treating sepsis-
induced immune suppression. Clinical studies have shown that anti-PD-1 and anti-PD-L1 monoclonal 
antibodies can restore the phagocytic activity of neutrophils and monocytes and the expression level of 
CD163 in the peripheral blood of patients with sepsis(Patera, Drewry, & Chang, 2016). 
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After establishing a sepsis mouse model by cecal ligation and puncture (CLP), Zhang et al. found that 
mice pretreated with anti-PD-L1 antibody in the intraperitoneal cavity within 24 hours survived for 8 
days than mice pretreated with saline. The rate is significantly higher (treatment group: 70%, control 
group: 7.8%, P<0.05). The test shows that anti-PD-L1 antibodies can not only increase the secretion of 

TNF-α and IL-6, but inhibit the secretion of IL-10. Mice has the ability to remove bacteria and can 

effectively prevent lymphocyte depletion induced by sepsis(Zhang, Zhou & Lou,2010). Similarly, Chang 
et al. administered anti-PD-1/PD-L1 antibodies to mice within 24-48 hours after CLP induced sepsis, 
and the results showed that mice using anti-PD-1 antibodies and anti-PD-L1 antibodies survived for 14 
days The rates were 73.3% and 70.0%, while the control group was only 34.5% (P<0.01)( Chang, 
Burnham, & Compton, 2013). It is worth mentioning that the study also showed that both antibodies 

can promote the expression of IFN-γ and the expression level of MHCII on antigen-presenting cells. This 

means that blocking the PD-1/PD-L1 pathway can not only reverse the depletion of T lymphocytes, but 
also prevent sepsis from inducing DCs to transform into tolerance, and restore the function of 
macrophages to a certain extent. Recently, a phase I clinical trial (NCT02960854) evaluating the safety 
and pharmacokinetics (PK) of the anti-PD-1 antibody Nivolumab has been completed. The results 
showed that the tested sepsis patients did not develop fever, shock, or "Inflammatory storm," and other 
adverse signs and symptoms worsen (Hotchkiss, Colston & Yende, 2019). Its safety and therapeutic 
effect have been further confirmed. This means that PD-1/PD-L1 is expected to become an effective 
target for immunosuppression in the treatment of sepsis. 

At present, immune combination therapy has achieved considerable results in combating tumor 
immune escape. Since the immune suppression state induced by sepsis is highly similar to that of 
tumors, more and more scholars have turned their attention to immune combination therapy. In the 
establishment of a sepsis mouse model by CLP, it was found that anti-PD-1 antibody combined with IL-

7 treatment has an additive effect on restoring CD28 expression levels, increasing spleen IFN- γ 

secretion, and reducing lymphocyte apoptosis in septic mice effect (Shindo, Unsinger & Burnham, 2015). 
Other studies have shown that the combined use of PD-1 blockers and IL-2 has a good synergistic effect 
in enhancing the immune response of CD8+T cells and eliminating viral infections (West, Jin, & Rasheed, 
2013).  In summary, the combined application of anti-PD-1/PD-L1 antibodies provides a reference for 
the treatment of sepsis immunosuppression and opens up a new situation. 

ADVERSE EFFECTS OF TARGETED PD-1/PD-L1 THERAPY 

Although targeting PD-1/PD-L1 has shown good prospects in the treatment of sepsis 
immunosuppression, most studies at this stage are mainly based on in vitro experiments, and there are 
still many problems in clinical applications. For example, blocking PD-1/PD-L1 for a long time may lead 
to autoimmune diseases such as lupus-like syndrome, type 1 diabetes, and dilated myocarditis (Patil, 
Bohannon, & Sherwood, 2016). And suppressing immune checkpoints at inappropriate times may cause 
uncontrollable "inflammatory storms." In addition, when sepsis patients have multiple underlying 
diseases, the safety of targeted PD-1/PD-L1 therapy and whether it will aggravate the patient's 
condition remains to be discussed. Therefore, in future clinical trials targeting PD-1/PD-L1 to treat 

sepsis immunosuppression, a precise judgment of the patient ’ s immune status, formulation of 

personalized treatment plans, and close observation of adverse reactions are the key to targeted at PD-
1/PD-L1 therapy. 

CONCLUSIONS 

With the rapid development of sepsis research in recent years, targeting PD-1/PD-L1 has received 
extensive attention in the treatment of sepsis immunosuppression. PD-1/PD-L1, as a co-suppressive 
molecule, can regulate various immune cell functions and participate in the body's innate immune 
response and adaptive immune response. More and more clinical research results have confirmed the 
positive effect of targeting PD-1/PD-L1 in the treatment of sepsis immunosuppression. However, due to 
the heterogeneity of sepsis, it is necessary to be extra cautious whether it is treated alone or in 
combination. If necessary, patients should be stratified, and individualized treatment plans should be 
developed. Therefore, how to block the PD-1/PD-L1 pathway in the treatment of sepsis-induced 
immunosuppression is still a problem that researchers need to pay attention to at this stage. 
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