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 Background: Immunosuppression is regarded as the main cause of death induced by sepsis. Anti-programmed death-ligand 
1 (PD-L1) therapy is promising in reversing sepsis-induced immunosuppression but no evidence is available 
on use of commercially available anti-PD-L1 medications for this indication. The present preclinical study was 
performed to investigate the therapeutic effect of an anti-PD-L1 nanobody (KN035) in sepsis.

 Material/Methods: The level of expression of PD-L1 in PD-L1 humanized mice was confirmed with flow cytometry. Plasma concen-
trations of KN035 at different dosages at different time points were detected using an enzyme-linked immu-
nosorbent assay. PD-L1 humanized mice were allocated into 4 groups: sham, cecal ligation and puncture (CLP), 
isotype (isotype+CLP), and PD-L1 (KN035+CLP). The 7-day survival rate was observed to investigate outcomes 
in CLP mice. Disease severity was assessed with histopathological scoring of mice lungs and livers. Immune 
status was assessed based on cell apoptosis in the spleen and bacterial clearance.

 Results: PD-L1 levels were significantly elevated in peripheral lymphocytes, monocytes, and neutrophils after CLP sur-
gery. Blood concentrations of KN035 showed that 2.5 mg/kg had potential to be an ideal dosage for KN035 
therapy. Survival analysis demonstrated that KN035 was associated with significantly reduced mortality on 
Day 7 after surgery (P=0.0083). The histopathological tests showed that KN035 alleviated sepsis-induced in-
jury in the lungs and liver. KN035 reduced the number of apoptotic cells in the spleen and almost eliminated 
bacterial colonies in the peritoneal lavage fluid from the CLP mice.

 Conclusions: KN035, an anti-PD-L1 antibody, can improve the rate of survival in CLP mice and alleviate sepsis-induced apop-
tosis in the spleen.
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Background

Sepsis, defined as infection-induced dysregulated host re-
sponse and organ dysfunction, is the leading cause of death 
in Intensive Care Units (ICUs) [1]. Recently, some clinical tri-
als have suggested that the sepsis survival rate has been de-
creasing, and the Surviving Sepsis Campaign Bundles have 
been widely applied in clinical settings [2–4]. However, be-
cause the incidence of sepsis is increasing, given the aging of 
the global population, mortality from the condition remains 
relatively high [5,6]. In China, the rate of mortality from sep-
sis is reported to be 66.7 per 100 000 population [7], which 
is higher than for most cancers, including brain tumors, gyne-
cologic and kidney cancers, and lymphoma and leukemia [8].

In the 1990s, a pro-inflammatory response was considered 
as the main cause of death in patients with sepsis, thus, tu-
mor necrosis factor (TNF)-a and interleukin (IL)-1 were used 
to treat the condition [9–11]. Unfortunately, several large-scale 
clinical trials of these approaches reported no positive results. 
Activated protein C was the next medication considered prom-
ising for improving outcomes in patients with sepsis [12], until 
2 well-designed multicenter clinical trials, published in 2011, 
showed no mortality benefit [13,14]. Approval for use of Xigris 
in patients with severe sepsis then was withdrawn by the US 
Food and Drug Administration and the British Committee for 
Standards in Hematology [15]. These clinical trials remind us 
that we should reconsider the pathogenesis of sepsis.

Sepsis can induce profound immune disturbance, including 
both pro-inflammatory responses and immune tolerance re-
actions [16]. The function of major organs impaired by the hy-
perinflammation can be maintained with life support, such as 
mechanical ventilation, renal replacement therapy, and extra-
corporeal membrane oxygenation, but many patients with sep-
sis die from persistent nosocomial or secondary infections [17]. 
One autopsy study showed that profound immunosuppressive 
molecules were upregulated and immune cells were remark-
ably depleted in patients who died of sepsis [18]. Therefore, 
immune-stimulating therapy was considered as a new direc-
tion for treatment of the condition.

Programmed death-ligand 1 (PD-L1) is a co-inhibitory mole-
cule that plays a role in immune tolerance in the antigen-pre-
senting process. The process requires 2 signals, including the 
combination of MHC molecules and CD4/CD8, and the combi-
nation of co-stimulatory molecules. The co-stimulatory mole-
cules are classified as positive and negative. The positive mol-
ecules include CD28, CD80, and CD86, and the negative ones 
are co-inhibitory molecules, including cytotoxic T-lymphocyte-
associated protein 4, programmed cell death protein 1, PD-L1, 
and programmed death-ligand 2 [19]. Our previous study dem-
onstrated that PD-L1 is an effective target for sepsis because 

the neutralizing antibody against PD-L1 can improve the sur-
vival of mice that have undergone cecal ligation and puncture 
(CLP) [19–21]. A subsequent study also showed that anti-PD-L1 
peptide was beneficial for CLP mice [22]. Anti-PD-L1 antibody 
had been widely used to treat malignant tumors [23,24], but 
no information exists about the effect of these medications 
on sepsis. A study of the safety and pharmacology of BMS-
936559 in severe sepsis was registered in ClinicalTrials.gov, but 
it was terminated because of a change in business objectives, 
according to the trial record on the website. KN035, a specif-
ic nanobody against PD-L1, was designed to block PD-L1 in 
humans, with high specificity. Several clinical trials of KN035 
have been initiated in cancer, but whether it can be used to 
treat sepsis is unknown. The present study was performed to 
investigate the therapeutic role of KN035 in sepsis using a 
murine model of CLP.

Material and Methods

Mice and reagents

Male transgenic mice with PD-L1 humanization, aged 8 to 
10 weeks and weighing 20 to 25 g, were purchased from the 
Shanghai Model Organisms Center, Inc. (Shanghai, China). Wild-
type mice were obtained from the Animal Experimental Center 
of the Naval Medical University (Shanghai, China). Mice were 
acclimatized in our lab for at least 1 week before the exper-
iments began. All experiments were in compliance with the 
National Institutes of Health Guide for the Care and Use of 
Laboratory Animals and performed with the approval of the 
Animal Care and Use Committee of our university. KN035 and 
the isotype antibody were produced by Alphamab Co., Ltd., 
Suzhou, Jiangsu, China. Other reagents were all commercially 
available from the respective companies.

Cecal ligation and puncture

The CLP model was performed as previously described [19,25]. 
In general, mice were anesthetized with sevoflurane (3%) 
(Hengrui, Lianyungang, Jiangsu, China), and subcutaneous 
butorphanol (4 mg/kg) was used for analgesia (Hengrui, 
Lianyungang, Jiangsu, China) [26]. The skin and peritoneal 
membrane were cut at the mid-line with a scissor, and the ce-
cum was exposed with the protection of wet gauze. The ce-
cum was then ligated by half with a 1-0 Prolene thread and 
punctured twice with a 22-gauge needle. Some cecal content 
was extruded slightly from the ligated cecum. Then, the intes-
tine was returned to the peritoneal cavity and the abdominal 
wall was closed in 2 layers. The cecum was exposed without 
the ligation and puncture in the sham-operated mice. After 
surgery, the mice were resuscitated with 1 mL of subcutane-
ous saline. All mice were given free access to food and water 
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after recovery from anesthesia. All mice were put to death by 
cervical vertebra dislocation after blood sampling by cardiac 
puncture or completion of the survival analysis.

KN035 administration

For pharmacokinetic analysis, wild-type C57BL/6 mice were di-
vided into 3 groups: 1 mg/kg, 2.5 mg/kg, and 10 mg/kg (n=5 
mice per group). The mice were injected intravenously (IV) via 
the tail vein with 1 mg/kg, 2.5 mg/kg, and 10 mg/kg of KN035, 
respectively. For pharmacodynamic experiments, PD-L1 hu-
manized mice were allocated into sham, CLP, isotype+CLP, and 
KN035+CLP groups. At 3 h after CLP surgery, the mice in the 
CLP, isotype+CLP, and KN035+CLP groups were injected IV with 
200 μL of saline, 2.5 mg/kg of isotype antibody, and 2.5 mg/kg 
of KN035, respectively. Survival analysis was performed in 10 
mice per group within 7 days after surgery, and the other tests 
were performed in 6 mice per group at 24 h after surgery.

Flow cytometry

Flow cytometry was performed to detect the PD-L1 expression 
level in the PD-L1 humanized mice after CLP surgery. Blood sam-
ples were collected by heart puncture and anticoagulated in a 
BD Vacutainer (BD, Franklin Lakes, New Jersey, U.S.A.) 24 h af-
ter surgery. The white blood cells were stained with anti-CD3-
APC, anti-CD11b-FITC, anti-Ly6C-APC, anti-Ly6G-APC, and an-
ti-PD-L1-PE antibodies (purchased from eBioscience, San Jose, 
California, U.S.A.). Flow cytometry assays were performed with 
a FACSCalibur Flow Cytometer (BD Biosciences, Heidelberg, 
Germany) and the data were analyzed with FlowJo 7.6 soft-
ware (Tree Star, Ashland, Oregon, U.S.A.). The level of PD-L1 ex-
pression was shown as the percentage of PD-L1-positive cells.

Pharmacokinetic assay

For the pharmacokinetic assay, an enzyme-linked immuno-
sorbent assay (ELISA) plate (MaxiSorp NUNC-immuno plate, 
Thermo Scientific, Rockford, Illinois, U.S.A.) embedded with 3 
µg/mL PD-L1-muFc was prepared. Plasma isolated from the 
mice injected with KN035 was incubated in the plates and an-
ti-human immunoglobulin G (Fc-specific) peroxidase antibody 
produced in a goat was added as the secondary antibody. A 
standard curve was drawn using standard KN035 solution to 
calculate the concentration of plasma KN035.

Histopathological test

The lungs and livers were harvested 24 h after surgery and 
fixed in 4% paraformaldehyde. Paraffin sections were prepared 
and stained with hematoxylin-eosin (HE). The scoring criteria 
used were as previously described [25]. Generally, for lungs, 0, 
normal tissue; 1, minimal inflammatory change; 2, no obvious 

damage to the lung architecture; 3, thickening of the alveolar 
septae; 4, formation of nodules or areas of pneumonitis that 
distorted the normal architecture; and 5, total obliteration of 
the field. For livers: 0, none; 1, individual cell necrosis; 2, up to 
30% lobular necrosis; 3, up to 60% lobular necrosis; 4, more 
than 60% lobular necrosis. The slides were examined by 2 pa-
thologists who were unaware of the study groups.

TdT-mediated dUTP nick-end labeling assay

The TdT-mediated dUTP nick-end labeling (TUNEL) assay was 
performed to detect apoptosis in the spleen, which is a com-
mon feature of sepsis-induced immunosuppression. An In-Situ 
Cell Death Detection Kit (Roche, Basel, Switzerland) was used 
for the TUNEL assay. Each spleen sample was fixed in paraf-
fin section and deparaffinized with xylene, and then hydrated 
with ethanol and pretreated with proteinase K. The endoge-
nous peroxidase was blocked with 3% H2O2 and the sections 
were incubated in a terminal transferase reaction mixture. 
Tris-buffered saline solution was used as a negative control. 
Finally, the sections were incubated with streptavidin-HRP, col-
orized with diaminobenzidine, and counterstained with bis-
benzamide. The level of apoptosis was expressed as the aver-
age number of TUNEL-positive cells per field.

Bacterial clearance in peritoneal lavage fluid

Peritoneal lavage fluid (PLF) was harvested by infusing 2 mL of 
phosphate-buffered saline into the peritoneal cavity 24 h after 
surgery and serially diluting it to 104- and 106-fold. A total of 
100 μL of the diluted PLF was spread on tryptic soy agar blood 
agar plates and incubated at 37°C for 24 h. The colonies were 
counted and expressed as colony forming units (CFUs) per mL.

Statistical analyses

GraphPad Prism 6.0 software (San Diego, California, U.S.A.) was 
used for most of the statistical analyses. The exception was the 
comparison of blood concentrations of KN035, which was per-
formed with the PROC NLMIXED method with Bonferoni correc-
tion using SAS 9.4 software (Cary, North Carolina, U.S.A.). Normal 
distribution of continuous data was shown as a mean±standard 
deviation (SD) and compared using t tests in 2 groups, where-
as in 3 or more groups, a comparison was performed using 
analysis of variance. Histopathological scores were compared 
using Kruskal-Wallis tests followed by Dunn’s multiple com-
parison test for intergroup comparisons. Kaplan-Meier sur-
vival curves with Bonferroni correction were created for sur-
vival analysis. P<0.05 was considered statistically significant.
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Results

PD-L1 expression was elevated in the main immune cells 
in CLP mice

The experiment was designed based on the theory that PD-L1 
was upregulated in immune cells during sepsis. Therefore, PD-L1 
expression from CD3-positive T lymphocytes; CD11b-positive, 
Ly6C-positive monocytes; and CD11b-positive, Ly6G-positive neu-
trophils was assessed in the transgenic mice with humanized 
PD-L1. Similar to our previous studies with wild-type mice [19,21], 
PD-L1 was significantly upregulated significantly in lymphocytes, 
monocytes, and neutrophils 24 h after CLP surgery (Figure 1).

Pharmacokinetics of KN035 in mice

To determine the dose of KN035 for treating sepsis, the plasma 
concentration was measured with ELISA at 1.5 h, 24 h, 48 h, 5 
days, and 7 days, after IV injection of 1 mg/kg, 2.5 mg/kg, and 
10 mg/kg of KN035. The peak concentration of KN035 occurred 
at 1.5 h at all 3 doses (Figure 2). The interindividual variability 
was greater at higher doses, with higher standard deviations. 
The plasma concentrations in mice were significantly different 
among the mice treated with the 3 different doses (P<0.001). 
Our previous studies showed that 10 μg/mL of anti-PD-L1 an-
tibody was enough to reverse sepsis-induced dysfunction in T 
cells and monocytes in vitro [19]. The concentration of KN035 
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Figure 1.  Anti-programmed death-ligand 1 (PD-L1) expression is upregulated in peripheral lymphocytes, monocytes, and neutrophils 
from septic mice with PD-L1 humanization at 24 h after cecal ligation and puncture (CLP) surgery. Data shown as 
mean±standard deviation (SD) (n=6 per group). P<0.05 vs. sham group. CLP – cecal ligation and puncture.
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was close to 10 μg/mL within 5 days after injection into mice 
of the 2.5 mg/kg and 10 mg/kg dosages; therefore, a final 
dose of 2.5 mg/kg was chosen for the following experiments.

KN035 improved the survival rate and alleviated organ 
injury in CLP mice

Seven-day survival is the criterion standard for determining the 
therapeutic effect of a drug against sepsis. Sepsis resulted in 
an 80% mortality rate in the CLP mice, and the 7-day survival 
rate was improved with the KN035 injection, but not the iso-
type antibody (P<0.0083). Interestingly, the comparison between 
the sham and KN035+CLP groups showed no significant dif-
ference (P=0.146) (Figure 3). Histopathological tests were per-
formed to evaluate the effect of KN035 on sepsis-induced lung 
and liver injury. HE staining showed that the injury scores for 
lung and liver in the KN035+CLP group were both significantly 
lower than those in the CLP and isotype+CLP groups (P<0.05, 
KN035+CLP group vs. CLP group and isotype+CLP group), but 
remained a bit higher than in the sham group (Figure 4).

KN035 reversed sepsis-induced apoptosis in the spleen 
and enhanced bacterial clearance

Sepsis-induced immunosuppression has been demonstrat-
ed in association with lymphocyte apoptosis in the thymus 
and spleen [27]. Thus, we assessed the extent of apoptosis in 

the spleen cells with a TUNEL assay (P<0.05) (Figure 5A, 5B). 
The percent of TUNEL-positive cells in the spleen was signif-
icantly lower in the KN035+CLP group than in the CLP and 
isotype+CLP groups.

Immunosuppression also can be validated by inability to clear 
bacteria in the abdominal cavity of CLP mice, which could be 
the cause of death when sepsis progresses. Bacterial cultural 
of PLF showed that KN035 almost eliminated bacterial repro-
duction, while the number of bacterial colonies remained rath-
er high in the CLP and isotype+CLP groups (P<0.05), even af-
ter the PLF was diluted. The bacterial load in PLF in the KN035 
group was comparable to that in the sham group (Figure 5C). 
The bacterial load in the blood was also assessed, but no bac-
terial growth was found in samples from any of the groups.

Discussion

The present study demonstrated that KN035, an anti-human 
PD-L1 nanobody, was capable of reversing apoptosis in im-
mune cells and compromised bacterial clearance induced by 
sepsis, and thus could improve the survival rate and attenuate 
organ injury in a murine model of severe sepsis. The immune-
stimulating effect was shown by the reduced apoptosis in the 
spleen and diminished bacteria in the PLF of CLP mice. The 
overall beneficial effect of KN035 on sepsis was confirmed by 
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the improved 7-day survival rate and decreased injury score 
in the lungs and livers.

PD-L1 is an inhibitory co-stimulating factor involved in T cell 
responses. These responses require binding of MHC-II mole-
cules and T cell receptors and a second signal transmitted by 
the binding of CD28 to CD80/CD86. The second signal may be 
inhibitory, so as to prevent overactivation of T cells, such as 
the PD-L1/PD-1 pathway. The inhibitory co-stimulating factors 
are involved in the immunological tolerance or immune escape 
in tumor pathogenesis. Therefore, the use of anti-PD-L1 anti-
body is becoming one of the most promising therapies against 
cancer [28,23]. Similar to tumor immune evasion, infection 
may also induce immunosuppression during sepsis, as shown 
by the increased apoptosis and dysfunction in immune cells. 
Our previous study showed that PD-L1 also was upregulated 
in lymphocytes, monocytes, and neutrophils in patients with 
sepsis and in CLP mice, and that anti-PD-L1 antibody could 
reverse sepsis-induced lymphocyte apoptosis and monocyte 
dysfunction in vitro and improve the survival of and bacteri-
al clearance in CLP mice [20,21]. Similarly, our present study 
showed that PD-L1 was upregulated in lymphocytes, mono-
cytes, and neutrophils in PD-L1-humanized mice subjected to 
CLP surgery. Therefore, PD-L1 could be an important partici-
pating factor and a potential therapeutic target for sepsis-in-
duced immunosuppression. In our previous in vitro study, we 
demonstrated that 10 μg/mL of anti-PD-L1 antibody could re-
verse sepsis-induced dysfunction in lymphocytes and mono-
cytes. Therefore, we assessed blood concentrations after IV in-
jection of 3 different dosages of KN035 and determined that 
2.5 mg/kg could achieve a blood concentration of 10 μg/mL.

Several anti-PD-L1 antibodies have been developed for tumor 
treatment, including atezolizumab [29], avelumab [30], and dur-
valumab [31]. In some patients with advanced cancer, these 
medications have shown great success in increasing survival 
time. In some patients with early-stage cancer, anti-PD-L1 also 
has been demonstrated to reduce rates of recurrence and mor-
tality [32]. In addition, anti-PD-L1 antibody is useful for revers-
ing PD-L1-mediated immune tolerance, which is also involved 
in immunosuppressive responses during sepsis.

KN035, which was derived from a single-domain antibody 
and developed to block the interaction between PD-L1 and 
PD1, has a lower molecular weight than normal monoclonal 
antibodies; this may result in more favorable physiochemical 
properties for it in promotion of anti-tumor activity. KN035 
has an affinity for PD-L1 that is almost 1000-fold that of PD-
1’s affinity for PD-L1 [33]. Thus, KN035 is quite promising in 
reversing PD-L1/PD-1-mediated immunosuppression. Its po-
tential anti-tumor activity is being studied in several clinical 
trials in the United States, Japan, and China (NCT03101488, 
NCT03248843, NCT02827968). Its effect in sepsis-induced 

immunosuppression, however, has never been investigated. 
The present study showed that KN035 could improve surviv-
al of CLP mice and reverse sepsis-induced apoptosis of splenic 
cells and impaired bacterial clearance. These data provide im-
portant preclinical information to support future clinical trials. 
In accordance with its immune function, KN035 treatment re-
sulted in higher rates of survival and less severe injury in the 
liver and lungs of CLP mice, demonstrating its ability to pro-
mote early elimination of bacteria and to prevent infection-
related organ injury and mortality.

Performing clinical trials of treatments for sepsis remains chal-
lenging, as demonstrated by the fact that no positive results 
have been obtained with anti-TNF-a, anti-IL-1 receptor, granulo-
cyte colony-stimulating factor, or granulocyte macrophage colo-
ny-stimulating factor (GM-CSF) [9–11,34]. Therefore, we believe 
that individualization of immunomodulatory therapy for sepsis 
is extremely important. Meisel et al. [34] used the monocyte 
HLA-DR level as a marker for immune status to assess treat-
ment with GM-CSF. Although the sample size in their study was 
not large enough to identify a significant difference in mortali-
ty, they did find that GM-CSF was associated with lower Acute 
Physiology and Chronic Health Evaluation-II scores and short-
er hospitalizations and intensive care unit stays in immuno-
suppressed patients who had HLA-DR levels <8000 monoclonal 
antibodies per cell. Therefore, immune-stimulatory therapy for 
sepsis should be carefully tailored and screening performed on 
patients to document immunocompromise. In addition, the cri-
terion standard for diagnosing sepsis-induced immunosuppres-
sion should be established by several large-scale, multicenter, 
observational studies. We also may need to determine a cut-
off value of PD-L1 level for distinguishing immunocompromise 
in patients with sepsis. Having that value could be extremely 
important for future clinical trials investigating the therapeu-
tic effect of KN035 in immunosuppressed patients with sepsis.

Conclusions

KN035, an anti-PD-L1 nanobody, is protective in the patho-
genesis of sepsis by reversing apoptosis of immune cells and 
dysfunction in bacterial clearance.
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