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ABSTRACT
Background: PD-L1 is expressed widely in the body. PD-1-PD-L1 interaction is known to drive T cell dysfunction,

which can be blocked by anti-PD-1/PD-L1 antibodies. Researchers have shown that blocking PD-L1 in both the early

and chronic stages of the disease may increase T cell activity. What’s more, we tried to find the improvement of PD-

L1 on the body's immunity.

Methods: Nanobody binding to PD-L1 was prepared, and the PD-L1 nanobody was verified by SDS-PAGE and

Western-Blot. Affinity detection of PD-L1 Nanobody and PD-L1 receptor was made by ELISA and flow cytometry.

The cytotoxicity of the PD-L1 nanobody was tested by BHK-21, MDBK, and sheep kidney cells. The inhibitory effect

on tumor model was verified. PD-L1 nanobody activated the macrophages was tested. Staphylococcus aureus was

used to test the protective effect of the mice.

Results: PD-L1 nanobody was successfully made and had a high affinity with PD-L1 recepter. PD-L1 has no

cytotoxicity to many cells. It could decrease the tumor in weight. We also find PD-L1 nanobody activated the

macrophages and protected the mouse from the challenge of Staphylococcus aureus.

Conclusions: The PD-L1 nanobody improved the immunity of animals. It was verified that PD-L1 inhibited T cells

may be always present in mice, and the activation of these cells improved the immunity and survival rate of mice.
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INTRODUCTION
Programmed cell death-1 (PD-1, Pdcd1), an immunoreceptor
belonging to the CD28/CTLA-4 family negatively regulates
antigen receptor signaling by recruiting protein tyrosine
phosphatase, SHP-2 upon interacting with either of two ligands,
Programmed cell death ligand-1 (PD-L1) and ligand-2 (PD-L2) [1].
PD-1 is an important immunosuppressive receptor, a
transmembrane type I glycoprotein [2]. It has been established
that PD-1 is an inhibitory receptor up-regulated by activated T,
B, and NK lymphocytes and that its ligand PD-L1 mediates a
negative feedback of lymphocyte activation, contributing to the
restoration of the steady state condition after acute immune
responses [3]. Binding  between  T cell-intrinsic   PD-1 and  APC-
intrinsic PD-L1 triggers inhibitory signaling to attenuate the
T cell response [4].  PD-1  was  expressed  mainly on  CD4(+)

CD25(+) T cells [5]. Recent studies have revealed that membrane-
bound PD-1  and  PD-L1 also  have soluble forms  [6].   Beyond
potent inhibitory effects on T cells, PD-1 also has a role in
regulating B cell and monocyte responses [7].  PD-L1 is regulated
by signaling pathways, transcription factors and epigenetic
factors, such as the GSK3β/β-catenin pathway, P53 protein and
EMT.[8] PD-L1 has been shown to negatively regulate immune
responses via its interaction with PD-1 receptor [9].  T-cells are a
type of lymphocyte (a subtype of white blood cells) that play a
central role in cell-mediated immunity. [10]Tregs might be
involved in the treatment of PD-1/PD-L1 blockade and
PD-1/PD-L1 axis could influence Treg differentiation and
function [11].  The  T-cell  response is  central  in  the adaptive
immune-mediated elimination of pathogen-infected and/or
cancer cells. This activated T cell response can inflict an
overwhelming degree of damage to the targeted cells, which in
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most instances leads to the control and elimination of foreign
invaders [12].  Inhibitors of PD-1 signaling have revolutionized
cancer therapy [13]. T cell exhaustion is often   associated with
inefficient control of persisting infections and cancers, but re-
invigoration of exhausted T cells with inhibitory receptor
blockade can promote improved immunity and disease
outcome   [14].  Current    immunotherapies   yield   remarkable
clinical outcomes by boosting the power of host immunity in
cancer cell elimination and viral clearance [15]. An increasing
amount of evidence supports the therapeutic potential of
targeting exhausted T cells and T (SCM) cells [16].

Antibodies that block PD-L1 and PD-1 binding have been used
for the prevention and therapy of human pathogenic diseases,
but have not yet been evaluated for the treatment of infectious
diseases of livestock [17]. Increased IFNγ signaling following anti-
PD-L1 treatment can remodel the macrophage compartment to
enhance    T-cell    responses   [18].   Importantly,   addition   of
antibodies against PD-1 or PD-L1 restored function in
neutrophil, monocyte, T cells, and NK cells, underlining the
impact of the PD-1:PD-L1 axis in sepsis-immune suppression.
[19]. PD-L1 cannot engage PD-1 to inhibit T cell activation when
APCs    express    substantial   amounts   of   CD80   [20].    The
identification of B7-1 as an additional binding partner for PD-
L1, together with the discovery of an inhibitory bidirectional
interaction between PD-L1 and B7-1, reveals new ways the
B7:CD28  family  regulates  T cell  activation  and tolerance [21].
Researchers are developing effective immunotherapy to combat
T cell exhaustion and re-energize T cells [22].

Nanobody (VHH) is a special variable region of heavy chain
antibody, which exists in camels, sharks. The advantages of
VHH, such as stable structure, small volume, strong penetrating
ability, low production cost, large yield, and excellent affinity
with antigen sites, make nanobodies the first choice for
inhibitors [23]. In  this  study, PD-L1 nanobodies  were prepared
and verified that PD-L1 nanobodies can improve immunity.

MATERIALS AND METHODS

Materials

Cells

Baby Hamster Syrian Kidney (BHK-21) cells, Madin Darby
Bovine Kidney (MDBK) cells, Sheep kidney cells (kidney) and
mouse macrophages were provided by Xinjiang Key Laboratory
of High Incidence of Local and Ethnic Diseases, Shihezi
University (Shihezi, China).

Materials

The IFN-γ (SEKM-0031), nitric oxide (NO) (BC1475), TMB
color developing solution and IL-4 detection kits (SEKM0005)
were purchased from Beijing Solarbio Science & Technology
Co., Ltd. (Beijing, China). The MTS Cell Proliferation
Colorimetric Assay Kit (Catalog # K300-500) was purchased
from BioVision (Milpitas, CA, USA). Fetal bovine serum (FBS)
was purchased from Gibco (USA). Mouse anti-His monoclonal
IgG antibody and horseradish peroxidase (HRP) labeled rabbit

anti-mouse IgG were purchased from Shenggong Bioengineering
(Shanghai) Co., Ltd.

Methods

SDS-PAGE identification of PD-L1 protein and PD-L1
nanobody

SDS-PAGE was made by a 12% separation gel and 5% stacking
gel; Eight μl of the sample was loaded on the stacking gel with
the voltage adjusted to 80 V. Staining was performed using
Coomassie Brilliant Blue staining solution.

WB identification of PD-L1 protein

PD-L1 protein was transferred to NC membrane and blocked
overnight at 4°C using 5% PBSM. It was then washed 3 times
with PBST. The 1000-fold diluted mouse Anti-PD-L1
(ABM4E54) to PD-L1, Anti-PD-L1 (ABM4E54) ab210931
antibody was added and incubated at 37 ° C for 1 hour. It was
washed 3 times with PBST. A 2000-fold diluted Goat anti-mouse
polyclonal antibody IgG-H&L (HRP) (abcam ab6789) was used.
After washing 3 times with PBST, color development was
performed using an DMB solution.

Affinity detection of PD-L1 Nanobody and PD-L1 receptor

The coating solution was used to dilute the PD-L1 protein to
100 ng per well, and it was added to a 96-well ELISA plate, and
blocked with 5% PBSM overnight. After washing 3 times with
PBST, the serial dilutions were added to the ELISA wells coated
with PD-L1 protein. PD-L1 nanobody was added 50 µl per well
in serial dilutions. After incubating for 2 hours of 37°C, the 96-
well ELISA plate was washed for 3 times of PBST. The mouse
anti-alpaca antibody was added in 2,000-fold diluted. After
incubated at 37°C for 1 hour, the 96-well ELISA plate was
washed for 3 times of PBST. After the rabbit anti-mouse HRP
antibody with 10,000-fold diluted was incubated at 37°C for 1
hour. It was washed 3 times with PBST, and TMB color
developing solution was added and incubated at 37°C for 15
minutes. The reaction was terminated with the stop solution
and the OD450 was read.

Cytotoxicity of the PD-L1 nanobody

BHK-21, MDBK, and sheep kidney cells were incubated in
DMEM medium containing 10% FBS for 6 h at 37°C. The PD-
L1 nanobodies were added in final concentrations of 5, 10, 20,
and 40 μg/mL. Cells were then incubated at 37°C for 38 h.
twenty μL/well of MTS reagent was added for 3 h at 37°C. The
absorbance was measured at 492 nm after shaking.

Flow cytometry to detect the affinity of PD-L1 Nanobody and
PD-L1 receptor

Nanobodies with 1 μg/mL were added 50 μL to a test tube for
each stream. PBS was added 50 μL to the control tubes. The
PC-3 cell suspension (about 106 cells) was added 50 μL to each
tube and mixed gently. The tube was incubated in a refrigerator
at 4°C for 60 minutes. After incubation, 2 mL PBS was added
to each tube in the flow rate detection. Centrifuge was
performed at 800 rpm at 4°C for 3 minutes, and the
supernatant was discarded. Washing procedure was repeated
three times. Add 100 μL of diluted anti-His tag antibody of each
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flow cytometry microporous tube or plate (diluted 1: 100 with
PBS). The samples were washed three times at 4°C. The cells
were resuspended and tested.

Validation of humanized mouse tumor model

Twenty female hPD-L1-C57BL/6 which was PD-L1 humanized,
and 7-week-old were inoculated subcutaneously with 1106
MC38 cells. When the average tumor volume reached 100
mm3, mice with moderate tumor volume and weight were
selected into the group, and they were divided into 2
experiments. In the group, 6 animals were enrolled in each
group, and the administration was started on the day of
grouping. The intraperitoneal injection dose was 7 mg/kg, twice
a week, 6 times in a row. Measure the diameter of the tumor
with a vernier caliper, the calculation formula is V =
0.5LengthWidth2. After tumor inoculation, monitoring
included tumor growth, weight gain, and the effect of treatment
on animal behavior. At the end of the experiment, the tumor-
bearing mice were euthanized, the tumor masses were peeled off
and weighed, and pictures were taken separately.

PD-L1 nanobody activated macrophages

Mouse macrophages were incubated in DMEM medium
containing 10% FBS in 96-well plates at 37°C for 3 h. The
phage was added 1 µg/mL. Cells were incubated for 24 h at
37°C. PBS and the PDL1 nanobody were added in final
concentrations of 5, 10, 20, and 40 μg/mL. Cells were
incubated for 36 h at 37°C. The contol group was added to 100
μL extract, 50 μL reagent one, and 50 μL reagent two. The PD-
L1 group and PBS group was added to 100 μL sample, 50 μL
reagent one, and 50 μL reagent two. After 15 min agitation at
room temperature, the absorbance was measured at 550 nm.

PD-L1 nanobody improve the mice immunity

Thirty-two BALB /C mice were injected with PD-L1 nanobody,
each injected with 0.2 mL at a concentration of 0.5 mg/mL.
Three days later, blood samples were collected, and serum
samples were separated to detect cytokines IL-4, IFN-γ and NO.
Staphylococcus aureus was injected with minimum lethal dose
1.9×109 (150 μl) cfu. A total of 16 mice were injected. Among
them, 8 mice were injected in the PBS group and 8 mice in the
PD-L1 group. The state of the mice was observed 24 hours later.

Data analysis

The results are expressed as mean ± standard deviation (SD).
Statistical analysis was performed using GraphPad Prism 8
software, and significant difference analysis was performed by
Mann Whitney U test (* = P <0.05, ** = P <0.01).

RESULTS

Preparation and Characterization of PD-L1
nanobodies

Figure1: Characterization of PD-L1 nanobodies.

A: SDS-PAGE identification of PD-L1 protein. M is protein
Marker, 1-5 are protein samples; B: SDS-PAGE identification of
PD-L1 nanobodies. M is a protein molecule Marker, 1-4 is a
different protein sample; C: Western-blot identification of PD-
L1 protein. D: Affinity determination results of PD-L1
Nanobodies and PD-L1 receptor. Note: The abscissa is the
gradient dilution factor, and the ordinate is the OD450 value.
E: Cytotoxicity of PD-L1 Nanobodies. Note: The abscissa is
treated with different concentrations of PD-L1 (μg/mL), and the
ordinate is the OD value at 492 nm. BHK-21 is the BHK-21 cell
experimental group. Kidney was the experimental group of
sheep kidney cells, MDBK was the MDBK cell experimental
group, and the data were expressed as mean ± SD. F: NO
enhancement of PD-L1 in mouse primary cells. Note: Negative
is a kit negative control; PBS is a negative control with PBS
added, and PD-L1 is an experimental group with PD-L1
Nanobody added.

The target band of PD-L1 was consistent with the expected size
(Fig.1A), which proved that the protein was successfully
expressed and that PD-L1 was expressed in a soluble form. PD-
L1 has 4 purified nanobodies (Fig.1B). The high specificity of
PD-L1 protein was demonstrated by WB (Fig.1C). The
Nanobody still has affinity for the PD-L1 receptor when diluted
3680 times (Fig.1D). Nanobodies have no cytotoxicity to mouse,
sheep and cattle cells at different concentrations (Fig.1E). Phage
was added to primary cells induced by mouse bone marrow stem
cells. After adding the PD-L1 nanobodies and incubating for 24
hours, the PD-L1 nanobody concentration was positively
correlated with the enhancement of NO (Fig.1F).

Flow cytometry results of PD-L1 Nanobody

PD-L1 Nanobody and MC-38 cells are shown in the fig.2. The
results of flow cytometry data show that the binding ability of
PD-L1 Nanobodies to PD-L1 is different. Among them, S3 and
S6 Nanobodies have the strongest binding ability.
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Figure2: Flow cytometry of PD-L1 nanobody.

A: Use MC-38 cells to express PD-L1 receptor. B-I: The flow
cytometry results

Validation of humanized mouse tumor model

Figure3: The result of mouse tumor model.

Note. The data analysis was performed by Student's T test using
EXCEL software, * < 0.05 and ** < 0.005.

On the 21st day after administration, the average tumor volume
in the control group was 3329.20 ± 1061.19 mm3. The tumor
volume in the PD-L1 nanobody group was 2623.70 ± 327.25
mm3. The tumor inhibition rate was 22.10%. The average
tumor weight in the control group was 3.5368 ± 0.7332 g. The
average tumor weight in the PD-L1 nanobody group was 2.7634
± 0.2830 g.

Test results of mice attacked by Staphylococcus
aureus

The state of the mice after 24 hours of challenge is shown in the
Fig.4.

Figure4: The result of attacked by Staphylococcus aureus.

Note. The data analysis was performed by Student's T test using
EXCEL software, * < 0.05 and ** < 0.005.

PD-L1 Nanobody could protect animals when they were
attacked by Staphylococcus aureus and enhanced the number of
mice that survived.

DISCUSSION
PD-1/PD-L1 blockade has an immunoregulatory activity which
may synergize with the antiviral effect  of IFN-alpha therapy [24].
The CD8 (+) T cell priming is directed essentially as a
corroboration work between cells of innate immunity including
dendritic cells (DCs) and natural killer (NK) cells with CD4 (+)
T cells    in    adoptive    immunity   [25].   Cytotoxic   CD8(+)  T
lymphocytes (CTL) efficiently control acute virus infections but
can become exhausted when a chronic infection develops.[26]
CD8(+)HLA-DR(+) Treg-induced suppression on CD8(+)
responder T cells was abrogated by an anti PD1 neutralizing
antibody    [27].    In    cancer    and     chronic    infection,   this
differentiation program is derailed, and antigen specific CD8 T
cells differentiate to a hyporesponsive state generally referred to
as T cell  exhaustion   [28].  At  the  same time, macrophages are
more sensitive to antigens and can be used to detect the strength
of the immune response. The coinhibitory receptor PD-1,
expressed on T cells, delivers negative signals when engaged by
its ligand PD-L1, expressed on dendritic cells, Mϕ, and
endothelial cells to attenuate T cell activation, effector
functions, and survival [29].  PD-1 has recently been shown to be
highly expressed on exhausted T cells during chronic viral
infection, and blockade of PD-1 or PD-L1 can revive exhausted
T cells, enabling them to proliferate and produce effector
cytokines [30].  As  PD-L1  are  expressed  widely in the body and
affect the responses against self and foreign antigens, controlling
PD-1/PD-L interactions enables the management of several
immune-related diseases such as autoimmune disease, virus
infection, and cancers [31]. PD-1-PD-L1  interaction is known to
drive T cell dysfunction, which can be blocked by anti-PD-1/PD-
L1 antibodies [32].  PD-L1 blockade also resulted in increased in
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vivo NK cell persistence and retention of their cytotoxic
phenotype  [33].  The   development   of   these   small  molecule
inhibitors opens a new avenue for tumor immunotherapy based
on PD-1/PD-L1 signaling pathway [34].

T cell exhaustion is a state of T cell dysfunction that arises
during  many chronic infections and cancer [35]. It is defined by
poor effector function, sustained expression of inhibitory
receptors and a transcriptional state distinct from that of
functional effector or memory T cells [35]. Despite investigation
of exhaustion, mostly about CD8 responses toward viral
infections, recent studies have reported that chronic exposure to
antigen may develop exhaustion in CD4 + T cells, B cells, and
NK cells [36]. PD-1 and PD-L1 have attracted wide attention
from researchers in the field of immunotherapy [37]. PD-L1 is an
immunoinhibitory molecule that suppresses the activation of T
cells [38]. The  molecular pathways involved in T cell exhaustion
remain  poorly  understood [39]. Reversing T-cell exhaustion is a
promising immunotherapy for cancer that has yielded
encouraging results [40].

There are many shortcomings in this study. For example,
although the mice used for tumor models are humanized mice,
the mice used for challenge protection are ordinary mice. Before
and after the injection of PD-L1 Nanobody, the levels of IFN-γ,
IL-4 and NO did not change, but they played a protective effect.
It has not been further verified which cells produced the effect.
The cells which have changed in the mouse needs to be further
verified.

PD-L1 acts as a regulatory molecule on T cells and can inhibit
the   activity of T cells [41]. PD-1 also   could  be  expressed  on T
cells,  B  cells  and  macrophages  [42]. PD-L1   blockade together
with CD4 T cell depletion effectively rescued deeply exhausted
CD8 T cells and enhanced antiviral control during the late stage
of   chronic  infection   without   any   associated  mortality  [43].
Interaction with PD-L1 contributes to functional exhaustion of
responding T cells and may limit immunopathology during
infection [44]. Notably,  the  immunoregulatory  molecule PD-L1
plays a determinant role in controlling/inhibiting activated T
cells and  thus  maintains  immune  tolerance [45].  PD-1/PD-L1
inhibitory signal pathway has been verified to be involved in the
establishment   of  persistent  viral  infections  [46]. Viruses often
subvert antiviral immune responses by taking advantage of
inhibitory immune signaling [47].  Upregulation of PD-1 and its
ligands PD-L1 and PD-L2 is observed during acute virus
infection and after infection with persistent viruses including
important human pathogens such as human immunodeficiency
virus (HIV), hepatitis C virus (HCV), and hepatitis B virus
(HBV) [48]. Dysfunctional virus-specific T cells are a hallmark of
many   chronic    viral   infections  [49].  A (H1N1) pdm09  virus
induced PD-L1 expression on human dendritic cells (DCs) and
T cells, as well as PD-1 expression on T cells  [50].   Regulatory T
(Treg) cells act as terminators of T cell immuniy during acute
phase of viral infection [51]. However, it has recently been shown
that during the initial phase of infection virus-specific CD8+ T
cells express high levels of PD-1, but are fully competent in
producing  cytokines  and  killing  virus-infected  target cells [52].
Moreover, microglial cells and astrocytes govern the activity of
brain-infiltrating antiviral T-cells through upregulation of PD-L1

expression [53].  Absence  of PD-1  enhanced  proliferation  of T
cells in adenovirus-infected livers and resulted in a rapid
clearance of the virus [54].  T cell  exhaustion  can be partially or
completely reversed by blocking inhibitory receptors such as
PD-1 [55]. T-cell proliferative  dysfunctionality  could be reverted
by PD-1/LAG-3  co-blockade [55]. In addition,  exhausted T cells
during chronic viral infections could be revived by PD-L1
blockade [56]. Co-blockade of PD-L1 further enhanced T effector
cell function, resulting in superior anti-viral and anti-tumor
immunity over single target blockade [57].

CONCLUSION
These researchers have shown that blocking PD-L1 in both the
early and chronic stages of the disease may increase T cell
activity. [41, 42, 44, 45, 48, 50-52, 56, 57]. The PD-L1 nanobody
improved the immunity of animals. It was verified that PD-L1
inhibited T cells may be always present in mice, and the
activation of these cells improved the immunity and survival rate
of mice.

Author Contributions

Conceptualization, C.F.; methodology, P.W., J.Y.; software, P.W.,
J.J.; writing—original draft preparation, P.W., J.J.; writing and
editing, P.W., J.J.; funding acquisition, C.F. All authors read and
approved the final manuscript.

Funding

This research was funded by CX Collaborative Innovation 2011
Collaborative Innovation Special Project (Grant no. 0101-
KC-0003), Humanization of 2019 novel coronavirus nanobodies
(Grant no. ZZZC202084B), and The Molecular Mechanism of
the Brucella virulence factors in Persistent infection (Grant no.
U1803236).

Institutional Review Board Statement

Ethical review and approval were waived for this study, due to
studies not involving humans or animals directly.

Acknowledgments:

Contributions from the authors of all the literature covered in
this article are appreciated.

Conflicts of Interest

The authors declare no conflict of interest.

REFERENCES
1. Okazaki T, Honjo T. PD-1 and PD-1 ligands: from discovery to clinical

application. Int. Immunol. 2007; 19(7),813-824.

2. Elena G DVD, Alessandra F. Recent Insights Into the Role of the
Pd-1/pd-l1 Pathway in Immunological Tolerance and Autoimmunity.
Autoimmun Rev. 2013.

3. Antonangeli F, Natalini A, Garassino MC, Sica A, Santoni A, Di Rosa
F. Regulation of PD-L1 Expression by NF-κB in Cancer. Front
Immunol.2020; 11,584626.

Chen C et al.

Immunotherapy, Vol.7 Iss.4 No:1000p366 5

https://pubmed.ncbi.nlm.nih.gov/17606980/
https://pubmed.ncbi.nlm.nih.gov/17606980/
https://pubmed.ncbi.nlm.nih.gov/25640631/
https://pubmed.ncbi.nlm.nih.gov/25640631/
https://pubmed.ncbi.nlm.nih.gov/25640631/
https://www.frontiersin.org/articles/10.3389/fimmu.2020.584626/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.584626/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.584626/full


4. Zhao Y, Harrison DL, Song Y, Ji J, Huang J, Hui E. Antigen-Presenting
Cell-Intrinsic PD-1 Neutralizes PD-L1 in cis to Attenuate PD-1
Signaling in T Cells. Cell Rep.2018; 24(2),379-390.e6.

5. Toor SM, Syed Khaja AS, Alkurd I, Elkord E. In-vitro effect of
pembrolizumab on different T regulatory cell subsets. Clin. Exp.
Immunol.2018; 191(2),189-197.

6. Zhu X, Lang J. Soluble PD-1 and PD-L1: predictive and prognostic
significance in cancer. Oncotarget 8(57),97671-97682(2017).

7. Salmaninejad A, Khoramshahi V, Azani A et al. PD-1 and cancer:
molecular mechanisms and polymorphisms. Immunogenetics.2018;
70(2),73-86.

8. Tuo Z, Zong Y, Li J et al. PD-L1 regulation by SDH5 via β-catenin/
ZEB1 signaling. Oncoimmunology 8(12),1655361(2019).

9. Song MY, Hong CP, Park SJ et al. Protective effects of Fc-fused PD-L1
on two different animal models of colitis. Gut.2015; 64(2),260-271.

10. Thiramanas R, Li M, Jiang S, Landfester K, Mailänder V. Cellular
Uptake of siRNA-Loaded Nanocarriers to Knockdown PD-L1:
Strategies to Improve T-cell Functions. Cells.2020; 9(9).

11. Cai J, Wang D, Zhang G, Guo X. The Role Of PD-1/PD-L1 Axis In
Treg Development And Function: Implications For Cancer
Immunotherapy. Onco Targets Ther. 2019; 12,8437-8445.

12. Fenwick C, Joo V, Jacquier P et al. T-cell exhaustion in HIV infection.
Immunol. Rev. 2019; 292(1),149-163.

13. De Sousa Linhares A, Battin C, Jutz S et al. Therapeutic PD-L1
antibodies are more effective than PD-1 antibodies in blocking
PD-1/PD-L1 signaling. Sci Rep.2019; 9(1),11472.

14. Kurachi M. CD8(+) T cell exhaustion. Semin Immunopathol.
2019; 41(3),327-337.

15. Franco F, Jaccard A, Romero P, Yu YR, Ho PC. Metabolic and
epigenetic regulation of T-cell exhaustion. Nat Metab.2020; 2(10),
1001-1012.

16. Ando M, Ito M, Srirat T, Kondo T, Yoshimura A. Memory T cell,
exhaustion, and tumor immunity. Immunol Med.2020; 43(1),1-9.

17. Wei N, Lu J, Gong H et al. Inclusion of PD-L1 into a recombinant
profilin antigen enhances immunity against Babesia microti in a
murine model. Ticks Tick Borne Dis.2020; 11(4),101446.

18. Xiong H, Mittman S, Rodriguez R et al. Anti-PD-L1 Treatment
Results in Functional Remodeling of the Macrophage
Compartment. Cancer Res.2019; 79(7),1493-1506.

19. Patera AC, Drewry AM, Chang K, Beiter ER, Osborne D,
Hotchkiss RS. Frontline Science: Defects in immune function in
patients with sepsis are associated with PD-1 or PD-L1 expression
and can be restored by antibodies targeting PD-1 or PD-L1. J.
Leukoc. Biol.2016; 100(6),1239-1254.

20. Sugiura D, Maruhashi T, Okazaki IM et al. Restriction of PD-1
function by cis-PD-L1/CD80 interactions is required for optimal T
cell responses. Science.2019; 364(6440),558-566.

21. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands
in tolerance and immunity. Annu. Rev. Immunol.2008;
26,677-704.

22. Mognol GP SR, Wong V ea. Exhaustion-associated Regulatory
Regions in Cd8(+) Tumor-infiltrating T Cells. Proc. Natl. Acad.
Sci. U.S.A.. ,2017.

23. Marek P EK, Ganesan V ea. Improved Tumor Targeting of Anti-
her2 Nanobody Through N-succinimidyl 4-guanidinomethyl-3-
iodobenzoate Radiolabeling. J Nuc Med Off Pub Soci Nuc Med. ,
2014.

24. Urbani S, Amadei B, Tola D et al. Restoration of HCV-specific T
cell functions by PD-1/PD-L1 blockade in HCV infection: effect
of viremia levels and antiviral treatment. J. Hepatol.2008; 48(4),
548-558.

25. Farhood B, Najafi M, Mortezaee K. CD8(+) cytotoxic T
lymphocytes in cancer immunotherapy: A review. J. Cell. Physiol.
2019; 234(6),8509-8521.

26. David P, Megger DA, Kaiser T et al. The PD-1/PD-L1 Pathway
Affects the Expansion and Function of Cytotoxic CD8(+) T Cells
During an Acute Retroviral Infection. Front Immunol.2019;
10,54.

27. Machicote A, Belén S, Baz P, Billordo LA, Fainboim L. Human
CD8(+)HLA-DR(+) Regulatory T Cells, Similarly to Classical
CD4(+)Foxp3(+) Cells, Suppress Immune Responses via PD-1/PD-
L1 Axis. Front Immunol.2018; 9,2788.

28. Philip M, Schietinger A. Heterogeneity and fate choice: T cell
exhaustion in cancer and chronic infections. Curr. Opin.
Immunol.2019; 58,98-103.

29. Weyand CM, Berry GJ, Goronzy JJ. The immunoinhibitory
PD-1/PD-L1 pathway in inflammatory blood vessel disease. J.
Leukoc. Biol.2018; 103(3),565-575.

30. Keir ME, Francisco LM, Sharpe AH. PD-1 and its ligands in T-cell
immunity. Curr. Opin. Immunol.2007; 19(3),309-314.

31. Chamoto K, Al-Habsi M, Honjo T. Role of PD-1 in Immunity and
Diseases. Curr. Top. Microbiol. Immunol. 2017;410,75-97.

32. Xu-Monette ZY, Zhang M, Li J, Young KH. PD-1/PD-L1 Blockade:
Have We Found the Key to Unleash the Antitumor Immune
Response. Front Immunol.2017; 8,1597.

33. Oyer JL, Gitto SB, Altomare DA, Copik AJ. PD-L1 blockade
enhances anti-tumor efficacy of NK cells. Oncoimmunology.2018;
7(11),e1509819.

34. Wu Q, Jiang L, Li SC, He QJ, Yang B, Cao J. Small molecule
inhibitors targeting the PD-1/PD-L1 signaling pathway. Acta
Pharmacol. Sin. 2021;42(1),1-9.

35. Pauken KE EJW. Snapshot: T Cell Exhaustion. Cell. 2015.

36. Shahbazi M, Soltanzadeh-Yamchi M, Mohammadnia-Afrouzi M. T
cell exhaustion implications during transplantation. Immunol.
Lett.2018; 202,52-58(2018).

37. Lu D, Ni Z, Liu X et al. Beyond T Cells: Understanding the Role
of PD-1/PD-L1 in Tumor-Associated Macrophages. J Immunol
Res.2019; 2019,1919082.

38. Wang X, Teng F, Kong L, Yu J. PD-L1 expression in human
cancers and its association with clinical outcomes. Onco Targets
Ther.2016; 9,5023-5039.

39. Blackburn SD, Shin H, Haining WN et al. Coregulation of CD8+
T cell exhaustion by multiple inhibitory receptors during chronic
viral infection. Nat. Immunol. 2009;10(1),29-37.

40. Xia AL, Wang JC, Yang K, Ji D, Huang ZM, Xu Y. Genomic and
epigenomic perspectives of T-cell exhaustion in cancer. Brief Funct
Genomics.2019; 18(2),113-118.

41. Miller RA MTN, Cagle PT. Pd-1/pd-l1, Only a Piece of the Puzzle.
Arch. Pathol. Lab. Med.2016.

42. Chen Ruo-Qiao LF, Qiu Xin-Yao ea. The Prognostic and
Therapeutic Value of PD-L1 in Glioma. Front Pharmacol. 2019.

43. Penaloza-MacMaster P, Provine NM, Blass E, Barouch DH. CD4 T
Cell Depletion Substantially Augments the Rescue Potential of
PD-L1 Blockade for Deeply Exhausted CD8 T Cells. J. Immunol.
2015; 195(3),1054-1063.

44. Mueller SN, Vanguri VK, Ha SJ et al. PD-L1 has distinct functions
in hematopoietic and nonhematopoietic cells in regulating T cell
responses during chronic infection in mice. J. Clin. Invest.
2010;120(7),2508-2515.

45. Ben Nasr M, Tezza S, D&#39 et al. PD-L1 genetic overexpression
or pharmacological restoration in hematopoietic stem and
progenitor cells reverses autoimmune diabetes. Science
translational medicine.2017; 9(416).

Chen C et al.

Immunotherapy, Vol.7 Iss.4 No:1000p366 6

https://pubmed.ncbi.nlm.nih.gov/29996099/
https://pubmed.ncbi.nlm.nih.gov/29996099/
https://pubmed.ncbi.nlm.nih.gov/29996099/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5758372/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5758372/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5758372/
https://pubmed.ncbi.nlm.nih.gov/28642997/
https://pubmed.ncbi.nlm.nih.gov/28642997/
https://pubmed.ncbi.nlm.nih.gov/28642997/
https://pubmed.ncbi.nlm.nih.gov/31741753/
https://pubmed.ncbi.nlm.nih.gov/31741753/
https://pubmed.ncbi.nlm.nih.gov/24902766/
https://pubmed.ncbi.nlm.nih.gov/24902766/
https://pubmed.ncbi.nlm.nih.gov/32906726/
https://pubmed.ncbi.nlm.nih.gov/32906726/
https://pubmed.ncbi.nlm.nih.gov/32906726/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6800566/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6800566/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6800566/
https://pubmed.ncbi.nlm.nih.gov/31883174/
https://pubmed.ncbi.nlm.nih.gov/31883174/


46. Xiao W, Jiang LF, Deng XZ et al. PD-1/PD-L1 signal pathway
participates in HCV F protein-induced T cell dysfunction in
chronic HCV infection. Immunol. Res.2016; 64(2),412-423.

47. Raftery MJ, Abdelaziz MO, Hofmann J, Schönrich G. Hantavirus-
Driven PD-L1/PD-L2 Upregulation: An Imperfect Viral Immune
Evasion Mechanism. Front Immunol.2018; 9,2560.

48. Schönrich G, Raftery MJ. The PD-1/PD-L1 Axis and Virus
Infections: A Delicate Balance. Front Cell Infect Microbiol.2019;
9,207.

49. Watanabe T, Bertoletti A, Tanoto TA. PD-1/PD-L1 pathway and
T-cell exhaustion in chronic hepatitis virus infection. J. Viral
Hepat.2010; 17(7),453-458.

50. Valero-Pacheco N, Arriaga-Pizano L, Ferat-Osorio E et al. PD-L1
expression induced by the 2009 pandemic influenza A(H1N1)
virus impairs the human T cell response. Clin. Dev. Immunol.
2013; 2013,989673(2013).

51. Park HJ, Park JS, Jeong YH et al. PD-1 upregulated on regulatory T
cells during chronic virus infection enhances the suppression of
CD8+ T cell immune response via the interaction with PD-L1
expressed on CD8+ T cells. J. Immunol.2015; 194(12),5801-5811.

52. Akhmetzyanova I, Drabczyk M, Neff CP et al. PD-L1 Expression
on Retrovirus-Infected Cells Mediates Immune Escape from CD8+
T Cell Killing. PLoS Pathog.2015; 11(10),e1005224.

53. Chauhan P, Lokensgard JR. Glial Cell Expression of PD-L1. Int J
Mol Sci.2019; 20(7).

54. Mühlbauer M, Fleck M, Schütz C et al. PD-L1 is induced in
hepatocytes by viral infection and by interferon-alpha and -gamma
and mediates T cell apoptosis. J. Hepatol.2006; 45(4),520-528.

55. Zuazo M, Arasanz H, Fernández-Hinojal G et al. Functional
systemic CD4 immunity is required for clinical responses to PD-
L1/PD-1 blockade therapy. EMBO Mol Med.2019; 11(7),e10293.

56. Blank C, Mackensen A. Contribution of the PD-L1/PD-1 pathway
to T-cell exhaustion: an update on implications for chronic
infections and tumor evasion. Cancer Immunol. Immunother.
2007; 56(5),739-745.

57. Hernandez S, Qing J, Thibodeau RH et al. The Kinase Activity of
Hematopoietic Progenitor Kinase 1 Is Essential for the Regulation
of T Cell Function. Cell Rep.2018; 25(1),80-94.

Chen C et al.

Immunotherapy, Vol.7 Iss.4 No:1000p366 7


	Contents
	A Novel PD-L1 Nanobody Validates that Immune Cell Suppressed by Pd-L1 May Always Exist in the Body
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Materials
	Methods

	RESULTS
	Preparation and Characterization of PD-L1 nanobodies
	Flow cytometry results of PD-L1 Nanobody
	Validation of humanized mouse tumor model
	Test results of mice attacked by Staphylococcus aureus

	DISCUSSION
	CONCLUSION
	Author Contributions
	Funding
	Institutional Review Board Statement
	Acknowledgments:
	Conflicts of Interest

	REFERENCES


