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ORIGINAL RESEARCH ARTICLE

The effects of isolates and immune function on hematologic parame-
ters of Blastocystis infection rats
Ting Deng, Juan Li", Xiaohua Li, Xiaobo Li, Yiming Yan"

School of Basic Medicine, Gannan Medical University, Ganzhou 341000, Jiangxi Province, China. E-mail:
lily_lij@163.com (Juan Li); yym2008101@163.com (Yiming Yan)

ABSTRACT

Objective: To define a complex of changes in hematologic parameters associated with subtypes (ST) of Blasto-
cystis sp. infections and the status of immune function in Sprague Dawley (SD) rats, and lay the foundation for Blasto-
cystis hominis pathogenesis research. Methods: 5 isolates of ST1, ST3 and ST7 were used, including 1 isolate of ST1
from symptomatic patient, 2 isolates of ST3 and ST7 from symptomatic patients and asymptomatic carrier separately.
Immune compromise model was set up using dexamethasone (DEX) and infection models with 5 isolates of ST1, ST3
and ST7, and then examined the hematologic changes post infection 15 days using fully automatic hematology analyzer
sysmex xe-2100. Results: The results showed that infections of Blastocystis STs leaded to the increase of platelet in-
dexes including MPV and PDW except ST3 isolated from asymptomatic carrier only with PDW increase and the higher
values of PLT in ST7 isolated from asymptomatic carrier compared with the controls in the immune competence status
(P < 0.05). However, the infections of Blastocystis ST7 isolated from symptomatic patient gave rise to higher values of
WBC, LYMP, EO, MCV and RDW-SD while lower values of NEU% compared with the controls in immune compro-
mise status (P < 0.05). Meanwhile, higher values of WBC and LYMP and lower NEUT% values were observed in ST1
infections compared with the controls (P < 0.05); lower NEUT values in ST1 infections and controls compared with
ST3 and ST7 respectively were observed (P < 0.05); the infection of ST3 isolated from symptomatic patient resulted in
higher values of MCV and RDW-SD while the asymptomatic isolate of ST3 only had higher RDW-SD (P < 0.05).
Conclusion: The virulence of Blastocystis sp. isolated from symptomatic patient is higher than that of the identical
subtype one isolated from asymptomatic carrier. The infection of ST7 isolated from symptomatic patients may result in
the most distinct hematologic changes among STs, and then followed by ST1 symptomatic isolate. And the severity of
Blastocystis sp. infection may be mediated by the immune status of host.

Keywords: Blastocystis; Immune Function; Hematologic Parameters

ARTICLE INEO 1. Introduction

Blastocystis is a protozoan that lives in the intestines of humans,
Received 16 August 2021 mammals, birds, mice and reptiles. The infection rate is about 3%-5%
Accepted 28 September 2021 . . . . o
Available online 6 October 2021 in developed countries and about 60% in developing countries!). Many
intestinal symptoms and skin diseases are related to Blastocystis infec-

COPYRIGHT ) . ) .
tion*. The most common intestinal symptoms of Blastocystis infec-
Copyright © 2021 Ting Deng, et al. tion are diarrhea and abdominal pain'!, and nonspecific symptoms in-
EnPress Publisher LLC. This work is li- . [1.4,5] .
censed under the Creative Commons Attrib- clude nausea, von_ntmg and flatulence . Basedson small subunit
ution-NonCommercial 4.0 International rRNA gene analysis, 13 subtypes have been found®. Among them, 9
License (CC BY-NC 4.0). . [7.8] .
https:/creativecommons.org/licenses/by-nc/ types (ST1-ST9) are founql !n humans'"*. Rec_ent- studies have sug-
4.0/ gested that the pathogenicity of Blastocystis is related to sub-

types®*¥ but the results are still controversial®™. Some reports be-
lieve that the symptoms of ST1 infection are highly correlated with
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subtypes, suggesting that ST1 has potential patho-
genicity™. ST3 is the most common subtype in
human epidemiological investigation, having poten-
tial pathogenicity according to some stud-
ies®?.ST7 is common in Asia™, but rarely report-
ed in the West™ and most are isolated from
patients with symptoms®. It has been suggested
that Blastocystis is an opportunistic pathogenic
protozoan, because immunosuppressed people are
prone to infection and show symptoms. However,
the role of this protozoan in health and disease is
unknown.

It is known that many pathogens such as bac-
teria, viruses and fungi can cause changes in hema-
tologic parameters™ %\, There are also some re-
ports on the changes of hematologic parameters
caused by parasitic infection™ 2%, but there is little
study on the changes of hematologic parameters
caused by Blastocystis infection. It is reported that
dexamethasone can cause apoptosis of thymus,
spleen and lymph node cells and significantly in-
hibit the immune system!®!). In this paper, dexame-
thasone was used to establish an immunosuppres-
sive animal model to explore the relation-
ship between the changes of hematologic parame-
ters and isolates and immune function of Blasto-
cystis infection rats.

2. Materials and methods

2.1 Collection of isolates and capsules

Five isolates, HC07-12 (ST1), HC09-01 (ST3),
HCO08-03 (ST3), HC07-03 (ST7) and HC09-05
(ST7), were used in this experiment. Among them,
HCO07-12, HC08-03 and HCO07-03 were isolated
from diarrhea patients in the First Affiliated Hospi-
tal of Gannan Medical College, and the rest were
isolated from asymptomatic physical examination
personnel. These isolates were conserved and pas-
saged in the laboratory. The trophozoites in the LES
medium of Blastocystis hominis were inoculated
into the cystic medium after preliminary centrifuga-
tion. At the peak of capsule maturation on the 6"
day, the capsules in the cystic medium were sepa-
rated with lymphocyte separation solution. The
capsules were treated with distilled water and stored
at 4 °C for standby.

2.2 Experimental animals, feed, and experi-
mental environment

60 SPF-grade SD rats, male, with a body mass
of (100 +10) g, were purchased from Hunan SJA
Laboratory Animal Co., Ltd., (animal certificate
No.: 4300016942). All animals were fed in a single
cage for 1 week with mixed formula feed (provid-
ed by the Experimental Animal Center of Gannan
Medical College), ate and drank freely. Change
drinking water and feed every day, keep the living
environment of rats ventilated and clean, observe
their conditions of eating, drinking, activity and
defecation, and start the experiment after confirm-
ing the health of rats.

2.3 Establishment of the dexamethasone
iImmunosuppression model

60 SD rats were adaptively maintained for 1
week and randomly divided into two groups,
namely the immunosuppression group and im-
munonormal group. Immunosuppressive rats were
added with dexamethasone at 0.25 mg kg™ d™ in
drinking water for 10 days, while the rats in the
immunonormal group were routinely housed.

2.4 Infection experiments

On the 11™ day after immunosuppression
modeling, the immunosuppression group and im-
munonormal group were randomly divided into 6
groups, respectively. The infection group was orally
fed with 1000 capsules of HCO07-12, HC09-01,
HC08-03, HC07-03 and HCO09-05 respectively, and
the control group was orally fed with the same
amount of normal saline (0.85% NaCl). Feces of all
rats were collected every other day after gavage and
placed in LES medium containing 10% calf se-
rum®®. Typical vacuolar or granular type found by
microscopic examination was positive for infection.

2.5 Collection of blood samples and deter-
mination of hematologic parameters

On the 16" day of infection, the rats in the two
groups fasted food for 24 hours and water for 12
hours. Weigh and inject 10% chloral hydrate into
the standard abdominal cavity of rats according to
0.3 mL 400 g*. Fix the limbs of anesthetized rats,
collect blood from their hearts and inject it into
heparin sodium anticoagulant tubes for examination.



The automatic hematology analyzer sysmex
xe-2100, produced by Sysmex Corporation, was
used to determine hematologic parameters by the
impedance method.

2.6 Statistical analysis

Express hematologic parameters as X =s, an-
alyze data by SPSS 14.0 two-way ANOVA, and plot
with prism 5.0.

3. Results

The results of changes in hematologic param-
eters caused by infection of different isolates under
normal immune function and immunosuppression
are shown in Figures 1-10. Figure 1 shows that the
PDW value of Blastocystis infection rats in the
immunonormal group were higher than that in the
control group, which was statistically significant (P
< 0.05). Figure 2 shows that except HC09-01 iso-
lated from asymptomatic carriers, the MPV value of
other Blastocystis infection rats in the immunonor-
mal group were higher than that in the control
group, which is statistically significant (P < 0.05).
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Figure 1. Effect of different isolates of Blastocystis infection
on PDW of SD rats with different immune functional states.
Note: * comparison with the control group, P < 0.05.

mean platelet volume

Figure 2. Effect of different isolates of Blastocystis infection
on MPV of SD rats with different immune functional states.
Note: * comparison with the control group, P < 0.05.
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Figure 3 shows that ST7 HCQ09-05 isolated
from asymptomatic carriers leaded to the PLT value
of rats with normal immune function was higher
than that of rats in the control group, which was
statistically significant (P < 0.05).
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Figure 3. Effect of different isolates of Blastocystis infection
on PLT of SD rats with different immune functional states.
Note: * comparison with the control group, P < 0.05.

Figures 4 and 5 show that the WBC and
LYMP values of rats in the immunosuppression
group were higher than those in the control group (P
< 0.05) due to the isolation of ST7 HCO7-03 and
ST1 HCO7-12 from symptomatic patients.
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Figure 4. Effect of different isolates of Blastocystis infection
on WBC of SD rats with different immune functional states.
Note: * comparison with the control group, P < 0.05.
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Figure 5. Effect of different isolates of Blastocystis infection
on LYMP of SD rats with different immune functional states.
Note: * comparison with the control group, P < 0.05.



Figure 6 shows that the infection of ST3
HC09-01 isolated from asymptomatic carriers re-
sulted in the increase of NEUT value in the im-
munonormal group (P < 0.05). The infection of ST3
HC08-03 from symptomatic patients and ST3
HC09-01 and ST7 HCO09-05 isolated from asymp-
tomatic carriers resulted in the increase of NEUT
value in the immunosuppression group.
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Figure 6. Effect of different isolates of Blastocystis infection
on NEUT of SD rats with different immune functional states.

Note: * comparison with the control group, P < 0.05.

Figure 7 shows that ST1 HC07-12 and ST7
HCO07-03 isolated from symptomatic patients re-
sulted in lower NEUT% of immunosuppressive rats
than in the control and other subtypes (P < 0.05).
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Figure 8. Effect of different isolates of Blastocystis infection
on EO values of SD rats with different immune functional
states.

Note: * comparison with the control group, P < 0.05.

Figure 8 shows that ST7 HCO7-03 isolated
from symptomatic patients resulted in higher EO
values of immunosuppressive rats compared with
those of the control group (P < 0.05).
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Figure 9. Effect of different isolates of Blastocystis infection
on MCYV values of SD rats with different immune functional
states.

Note: * comparison with the control group, P < 0.05.

Figure 9 shows that ST7 HCO7-03 and ST3
HCO08-03 isolated from symptomatic patients re-
sulted in higher MCV values of immunosuppressive
rats than those of the control group (P < 0.05).
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Figure 10. Effect of different isolates of Blastocystis infection
on RDW-SD of SD rats with different immune functional
states.

Note: * comparison with the control group, P < 0.05.

Figure 10 shows that the infection of ST7
HCO07-03 and ST3 HCO08-03 isolated from sympto-
matic patients and ST3 HC09-01 isolated from

asymptomatic carriers was higher than that of the
control group (P < 0.05).

4. Discussion

Blastocystis is a widely distributed intestinal
parasitic protozoan of humans and many kinds of
animals. Although Blastocystis infection is common,
its pathogenesis is still controversial. This is be-
cause Blastocystis is not only distributed in symp-
tomatic patients, but also in asymptomatic peo-



plet2% and Blastocystis has genetic diversity, and
pathogenic strains coexist with non-pathogenic
strains'®?4. The effects of different subtypes and
different Blastocystis isolates in the same subtype
on hematologic parameters in immunonormal and
immunosuppressive rats were studied. Five isolates
of subtypes ST1, ST3 and ST7 were used in this
study. One isolate of each subtype was isolated
from symptomatic patients, and ST3 and ST7 were
isolated from asymptomatic carriers. In this study, it
was found that under the condition of normal im-
mune function, the infection of each isolate of
Blastocystis only caused the overall or partial in-
crease of platelet parameters PDW, MPV and PLT,
suggesting that Blastocystis infection has the ten-
dency to lead to coagulation, and its exact mecha-
nism is not clear. Blastocystis infection releases
proinflammatory factors such as IL-6, IL-8 and
cysteine protease, which may have a potential
mechanism to activate coagulation reaction. Blas-
tocystis infection causes changes in the parameters
of erythrocyte and leukocyte lines under immuno-
suppression, but it varies according to the strain.
Isolation of ST3 and ST7 strains from symptomatic
patients resulted in MCV and RDW-SD changes in
immunosuppressive rats, suggesting that infection
with strong toxic isoforms ST3 and ST7 may cause
large cellular anemia, consistent with clinical re-
ports that Blastocystis infection can cause iron defi-
ciency anemial®!.

The infection of ST7 isolated from sympto-
matic patients led to the increase of WBC, LYMP,
NEUT and EO, and the decrease of NEUT%, which
may be due to the increase of neutrophil num-
ber, but the increase proportion is less than that of
WBC, LYMP and EO. The infection of ST1 isolated
from symptomatic patients resulted in the increase
of WBC and LYMP, but the decrease of NEUT and
NEUT%. The infection of ST3 isolated from
asymptomatic carriers increased the NEUT value of
rats in the immunonormal group and immunosup-
pression group, while the infection of ST3 isolated
from symptomatic patients only increased the
NEUT value of rats in the immunosuppression
group. Neutrophils are the most important movable
phagocytes in mammals. As the first innate immune
cell to reach the infected site, it plays an important

role in initiating innate immunity, inflammatory
response and specific immune response. In this
study, it was found that the number and proportion
of neutrophils decreased due to the infection of ST1
with strong virulence, while the neutrophils in-
creased due to the infection of ST3 with weak viru-
lence. These results suggest that neutrophils may
play an important role in immunity against Blasto-
cystis infection. ST1 subtype Blastocystis may have
virulence factors to kill neutrophils, but the exact
mechanism needs to be further explored. This study
found that the infection of ST3 isolated from
asymptomatic carriers increased the number of neu-
trophils, but whether it could improve other natural
immune functions, whether it was a normal member
of intestinal microecology, and whether it had clin-
ical application value still need to be confirmed by
further research.

5. Conclusion

In conclusion, the virulence of the isolates
from symptomatic patients was stronger than that of
the same subtype isolated from asymptomatic carri-
ers. The virulence of ST7 isolated from sympto-
matic patients was the strongest, resulting in the
most extensive changes of hematologic parameters,
followed by ST1, whose characteristic change was
the decrease of neutrophils. The severity of Blasto-
cystis infection also depends on the host’s immune
function status. Hosts with normal immune function
are not pathogenic or only show a tendency to in-
crease platelet parameters; immunosuppressive
hosts can result in changing parameters of
white blood cells and red blood cells.
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and clinicopathological features in patients with membranous
nephropathy
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ABSTRACT

Objective: To assess the correlation between Serum phospholipase A2 receptor antibody and clinicopathological
features in patients with membranous nephropathy. Method: The patients being hospitalized for renal biopsy were se-
lected in this study from January 2016 to January 2018. And normal controls were randomly selected; all the patients
were divided into idiopathic membranous nephropathy and non-idiopathic membranous nephropathy groups; patients
with idiopathic membranous nephropathy were divided into three groups, namely stage I, stage Il and stage IlI; using
software for statistical analysis. Results: A total of 357 patients were enrolled, including 155 patients with idiopathic
membranous nephropathy, 183 patients with non-idiopathic membranous nephropathy, and 19 cases for normal controls.
The average age of the idiopathic membranous nephropathy (IMN) group is higher than that of the membranous
nephropathy group (P = 0.01). Different pathological stages of idiopathic membranous nephropathy general clinical
characteristics analysis results showed that the age, cys ¢, serum creatinine (Scr) in stage 111 membranous nephropathy
group were higher than those of the stage | and 11 membranous nephropathy (P values were 0.003, 0.000 and 0.000 re-
spectively); titers of serum phospholipase A2 receptors antibody with stage 11 and 111 membranous nephropathy higher
than the stage | membranous nephropathy group (P = 0.006); serum albumin (Alb) levels correlated inversely with se-
rum anti-PLA2R antibody titers (rs = —0.234, P = 0.003), serum antiphospholipase A2 receptor (PLA2R) antibody titer
level in patients with idiopathic membranous nephropathy was significantly higher than that in patients with
non-membranous nephropathy (P < 0.001). Conclusion: Baseline titer of serum anti-PLA2R antibody is negatively
correlated with Alb in the IMN patients, and serum anti-PLAZ2R antibody level in patients with stage | IMN was sig-
nificantly lower than stage 11 and 111 IMN patients.

Keywords: Phospholipase A2 Receptor Antibody; Idiopathic Membranous Nephropathy; Clinicopathological
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the antigen, reactivate the complement and form a
membrane attack complex C5b-9, causing a series
of renal injury, its exact pathogenesis is not
clear? Therefore, the diagnosis, treatment and
prognosis of IMN have been controversial for a
long time. With the deepening of research, Beck et
al.”! found anti phospholipase A2 receptor (PLA2R)
antibodies in the blood of most IMN patients
through Western blotting and mass spectrometry in
2009, and inferred that a glycoprotein-m-type
PLA2R with a molecular weight of 185 kD on po-
docytes of IMN patients is the main target antigen.
However, no anti-PLA2R antibody was detected in
the blood of non IMN patients, suggesting that an-
ti-PLAZ2R antibody is a unique molecular biological
change of IMN, which is of great significance for
the diagnosis and differential diagnosis of IMN. Qin
et al.” also verified the value of detecting serum
anti-PLA2R antibody in IMN patients in Chinese
population. Many studies have confirmed that se-
rum PLAZR antibody is related to the disease activ-
ity of IMN, but the relationship between serum
PLAZ2R antibody titer and clinical biochemical in-
dexes such as Alb and proteinuria is still controver-
sial. There are also differences in serum PLA2R
antibody titer in patients with different pathological
stages. The purpose of this study is to clarify the
relationship between serum PLAZ2R antibody and
serum protein to explore the relationship between
guantitative proteinuria, cystatin ¢ (cys c), blood
lipid, creatinine and other clinical and biochemical
indexes, and to explore the application value of
PLAZ2R antibody in early detection and differentia-
tion of pathological stages of membranous
nephropathy.

2. Data and methods

2.1 Research objects

Patients who underwent renal biopsy in the
Department of Nephrology of Ganzhou people’s
Hospital from January 2016 to January 2018 were
selected. Clinical indexes such as age, gender, Alb,
cys ¢, blood cholesterol (CHO), blood creatinine
(Scr) and proteinuria were collected, and randomly
selected health physical examiners. The serum
PLAZ2R antibody of healthy subjects was detect-

ed by enzyme-linked immunosorbent assay (ELI-
SA). According to the results of pathological light
microscope, immunofluorescence and electron mi-
croscope of renal biopsy, they were divided into the
IMN group and the non-membranous nephropathy
group. IMN patients were divided into stage I, stage
Il and stage Il groups according to the results of
the pathological stage. All patients were not given
glucocorticoid before renal biopsy and immuno-
suppressive therapy.

2.2 Detection of serum anti-PLA2R antibody

5 mL of blood was drawn from patients before
renal biopsy, and the anti-PLA2R antibody titer
in blood samples was quantitatively detected by
enzyme-linked immunosorbent assay (ELISA). The
anti-PLA2R antibody 1gG detection kit (ELISA)
was produced by the Germany company EURO-
IMMUN, and was operated in strict accordance
with the instructions. If the serum anti-PLA2R an-
tibody titer was greater than 14 RU mL™, it was
determined as positive.

2.3 Pathological diagnosis of renal biopsy

After excluding contraindications and signing
the informed consent, all patients underwent right
renal inferior pole puncture under ultrasound guid-
ance, and the renal tissues were routinely exam-
ined by HE, PAS, PASM, Masson staining, light
microscope, immunofluorescence and electron mi-
croscope. The Ehrenreich Chung staging method
was used for the staging of membranous nephropa-
thy®!.

2.4 Statistical method

SPSS 22.0 statistical software was used for
analysis. The guantitative data were subject to nor-
mal distribution and expressed by mean =standard
deviation. One-way analysis of variance (ANOVA)
was used for inter group comparison, and the SNK
method was used for multiple comparison. If not
obeying the normal distribution, it was expressed by
the median M (Min, Max). The nonparametric test
of multiple independent sample data was used for
the comparison between groups. When it is statisti-
cally significant, the Nemenyi method was used for
multiple comparison. Qualitative data were ex-
pressed by cases (%), and comparison between



groups was tested by x*. Spearman correlation coef-
ficient was used to analyze the correlation between
variables, and P < 0.05 was statistically significant.

3. Results

3.1 Basic data of enrolled patients

A total of 357 patients were selected, including
155 patients with IMN, 99 males and 56 females:
the ratio of males to females was 1.77:1, and the
average age was (50.16 £+10.60) years. There were
183 cases of non-membranous nephropathy, in-
cluding 116 males and 67 females: the ratio of
males to females was 1.73:1, with an average age of
(43.32 £16.41) years; it included 69 cases of IgA
nephropathy, 26 cases of minimal change, 28 cases
of focal segmental glomerulosclerosis (FSGS), 18
cases of podocyte disease (MCD or potential FSGS),
28 cases of mesangial proliferative glomerulone-
phritis, and 8 cases of diabetic nephropathy and 6
cases of Henoch Schonlein purpura nephritis. There
were 19 healthy cases as the control group. There
was no significant difference in gender ratio be-
tween IMN group and non-membranous nephropa-
thy group (P = 0.21). The average age of the IMN
group was higher than that of the non-membranous
nephropathy group (P = 0.01).

3.2 Comparison of anti-PLA2R antibody
(RU mL-1) between IMN and
non-membranous nephropathy

The serum PLAZ2R antibody titer in the IMN
group was significantly higher than that in the
non-membranous nephropathy group (H = 235.448,
P < 0.001). The results are shown in Table 1.

Table 1. Comparison of anti-PLA2R antibody (Ru mL™) be-
tween patients with IMN and non-membranous nephropathy

0.003, 0.000 and 0.000, respectively); the titer of
serum anti PLA2R antibody in stage Il membranous
nephropathy group and stage Ill membranous
nephropathy group was higher than that in stage |
membranous nephropathy group (P = 0.006). The
results are shown in Table 2.

Table 2. Analysis of general clinical characteristics of IMN
in different pathological stages

Clinical Stage | StageII Stage III Test P

characteris- statis-

tics tics

Number of 19 117 19

cases

Sex (M/F) 13/6 73/44 13/6 0.425 0.798

Age (years)  49.89+ 4926+ 57.63+ 5898  0.003
9.75 10.35 6.28

Cysc(mgL™) 097+ 100+ 148+ 18208 0.000
0.15 0.29 0.58

Proteinuria 517+ 563+ 539+ 0.189 0.828

(9/24 h) 334 325 2.94

Alb (gL 2629+ 2564+ 2741+ 0.667 0515
8.08 6.32 4.24

CHO 818+ 784 754x 0.349 0.706

(mmol-L™Y) 279 246 1.29

Scr (umol-L™Y) 7532+ 7485+ 9967+ 8.195  0.000
11.09 25.63 30.15

anti-PLA2R 1896 135.90 128.9 10.261  0.006

(RU'mL™) (0.75, (0.60,  (2.88,
66.00) 691.46) 526.20)

Patients M (Min, Max) H p
IMN 66.80 (0.60,691.46) 235.44 <0.001
Non-membranous  0.61 (0.60, 8.89) 8

nephropathy

Control 0.615 (0.60, 2.35)

3.3 Analysis of general clinical characteris-
tics of IMN in different pathological stages

The age, cys ¢ and Scr in stage Il membra-
nous nephropathy group were higher than those in
stage | membranous nephropathy group and stage |1
membranous nephropathy group (P values were

3.4 Spearman correlation between an-
ti-PLAZ2R antibody and clinical indexes in
patients with IMN

Serum PLAZ2R antibody was negatively corre-
lated with Alb (r; = —0.234, P = 0.003) with statis-
tical significance, and had no correlation with clin-
ical indexes such as cys ¢, CHO, Scr and
proteinuria (P = 0.432, 0.704, 0.526 and 0.078 re-
spectively). The results are shown in Table 3.

Table 3. Spearman correlation analysis between an-

ti-PLA2R antibody and clinical indexes in patients with
IMN

Clinical characteristics r; P

Cysc (mg L) -0.064 0.432
Proteinuria (g/24 h) -0.142 0.078
Alb (gL -0.234 0.003
CHO (mmol L) -0.031 0.704
Scr (umol-L™Y) —0.051 0.526

4. Discussions

With the development of global society,
economy and environment, the incidence rate and
detection rate of IMN also show a rising trend',
which is one of the important reasons for chronic
kidney disease and progression to end-stage renal
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disease. The exploration of IMN’s etiology and
complete exposition of its molecular biological
pathogenesis has never stopped. In 1959, Heymann
et al.”? established a Heymann nephropathy model
similar to the pathological changes of human mem-
branous nephropathy in rats. In 2009, Beck et al.l¥!
found that anti-PLA2R antibody existed in
the blood of most IMN patients by Western blotting
and mass spectrometry and inferred that a glyco-
protein M-type PLA2R with a molecular weight of
185 kD on podocytes of IMN patients is the main
target antigen combined with it, but no anti-PLA2R
antibody is detected in the blood of non IMN pa-
tients, which suggests that anti-PLA2R antibody is
a unique molecular biological change of IMN.
Through these important studies, The consensus
that IMN is an organ specific autoimmune disease
has become more and more clear and rich, and fur-
ther research has been carried out on the detection
methods and value of these target antigens and their
autoantibodies, especially serum anti-PLA2R anti-
body and renal PLA2R have become a global re-
search hotspot in recent years.

There are different conclusions on the correla-
tion between serum PLAZ2R antibody titer and IMN
disease activity at home and abroad. Most research
results tend to believe that that there is negative
correlation between serum PLAZ2R antibody and
Alb. A German study™ shows that patients with
high serum PLA2R antibody titer are often older,
and the Alb level was also lower; Kei et al.”! de-
tected the serum PLA2R antibody in 38 patients
with IMN and 21 patients with secondary membra-
nous nephropathy by enzyme-linked immuno-
sorbent assay and indirect immunofluorescence de-
tection at the same time. It was found that the Alb
level was negatively correlated with the serum
PLAZ2R antibody titer (r = —0.468, P = 0.043), but
not with the quantification of proteinuria; Yun et
al.’ observed 100 IMN patients and found that the
initial Alb level of patients with positive serum
PLAZ2R antibody was significantly lower than that
of patients with negative serum PLA2R antibody
(25 gDL*vs 3.1 gDL? P =0.004). The propor-
tion of proteinuria within the scope of nephrotic
syndrome in the serum antibody positive group was
also significantly higher than that in the serum an-

tibody negative group (87.0% vs 48.4%, P =
0.001), but there was no significant difference in
renal function between the two groups. Qin et al.*!
found that serum PLAZ2R antibody was detected by
enzyme-linked immunosorbent assay in a study in-
cluding 572 patients diagnosed as IMN through re-
nal biopsy. Correlation analysis showed that serum
antibody titer was negatively correlated with Alb
level (r = -0.20, P < 0.001), but Ramachandran et
al.'” found that there was no significant correla-
tion between PLAZ2R staining in renal tissue and
serum PLA2R antibody titer (r = 0.03, P = 0.76),
there is also no correlation between serum antibody
titer and proteinuria and serum albumin. Radice et
al.™ found a positive correlation between serum
PLAZ2R antibody level and proteinuria quantifica-
tion. However, Julien et al.* did not find a corre-
lation between serum PLAZ2R antibody titer and
proteinuria amplitude through retrospective analysis
of the clinical data of 68 patients with IMN patho-
logically diagnosed by renal biopsy. In terms of
correlation, Zhou Guangyu et al.' studied 15 pa-
tients with IMN and found that serum PLAZ2R anti-
body was positively correlated with proteinuria and
negatively correlated with blood ALB, while Yuan
Li et al.® analyzed the antibody titer and labora-
tory related data of 17 patients with IMN with posi-
tive serum PLA2R antibody and found that there
was no correlation between anti PLA2R antibody
and proteinuria and renal function Spearman corre-
lation analysis between anti-PLA2R antibody and
clinical indexes in IMN patients in this study sug-
gests that serum anti-PLAZ2R antibody and Alb was
negatively correlated, and has no correlation with
cys ¢, CHO, Scr and proteinuria, the reasons of
which may be as follows. (1) Although anti-PLA2R
antibody is an important serum marker of IMN, it is
only a part of the molecular biology link of the spe-
cific pathogenesis of IMN patients, which reflects
the immunological activity of patients to a certain
extent, or it is only a initiating factor. The produc-
tion of proteinuria in IMN patients is mainly related
to glomerular podocytes. It is related to the destruc-
tion of basement membrane structure and functional
integrity. For IMN patients with positive serum
PLAZ2R antibody, a very complex molecular bio-
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logical stimulation reaction chain is required from
the synthesis and secretion of serum PLA2R anti-
body to the formation of proteinuria. This process
also involves some other cells and molecules other
than anti-PLAZ2R antibody. (2) The interval of the
renal biopsy in different patients is in different
stages of its natural course of diseases, and bias
may occur when the sample size of the study is
small. (3) The quantitative determination of 24-hour
proteinuria is affected by many factors such as uri-
nary volume and glomerular filtration rate. Hypo-
proteinemia is often more prominent in patients
with serious clinical conditions. At this time, due to
the low osmotic pressure of plasma colloid, the ef-
fective circulating blood volume is also reduced,
with reduced blood perfusion of kidney, and the
24-hour urine volume of these patients may also be
significantly reduced. So the quantitative urine pro-
tein can not well reflect their disease activity, and
the Alb index is relatively affected by fewer factors,
so it can more accurately reflect the severity of
clinical diseases.

The analysis of the general clinical character-
istics of IMN in different pathological stages
showed that the age, cys ¢ and serum Scr in stage
111 membranous nephropathy group were higher
than those in stage | membranous nephropathy and
stage Il membranous nephropathy group (P values
were 0.003, 0.000 and 0.000, respectively); the se-
rum PLAZ2R antibody titer of stage Il membranous
nephropathy and stage 111 membranous nephropathy
was higher than that of stage | membranous
nephropathy (P = 0.006), which was basically con-
sistent with the observation results of some previ-
ous studies™ 8!, For patients with IMN, especially
those with membranous nephropathy related to an-
ti-PLA2R antibody, the serum PLA2R antibody
titer is related to the stage of renal pathological
progress. Patients with low serum antibody titer
often correspond to the pathological changes of
early membranous nephropathy. The serum PLA2R
antibody detected in this study is 1gG4. Although
from the half-life and fluctuation law of IgG4, the
low titer level may be at two different pinots of time
of the same concentration in the early stage of anti-
body synthesis and the late stage of elimination.
Both early membranous nephropathy and late

membranous nephropathy in the pathological pro-
gression stage of membranous nephropathy may
correspond to the low titer level of serum anti-
body, but patients with pathological late membra-
nous nephropathy often have clinical symptoms and
signs and are detected, and have even been treated
for a period of time. Therefore, for newly hospital-
ized IMN patients, when the serum PLA2R anti-
body titer is low, the renal pathology is more likely
to be early membranous nephropathy. It can be in-
ferred that the serum PLAZ2R antibody titer has a
certain predictive value for the renal pathological
development stage of newly hospitalized IMN pa-
tients, especially early membranous nephropathy.
Theoretically, there are certain rules from antigen
stimulation to antibody synthesis and secretion and
onset time, patient body surface area or body
weight, 1gG half-life, kidney adsorption capacity
and swelling curve characteristics of PLA2R anti-
body. Based on these rules, it is also possible to
infer the pathological progression stage of patients
with membranous nephropathy by detecting the titer
level of serum PLA2R antibody. Because the sam-
ple size of this study is too small, and there are no
patients with stage 1V and V membranous nephrop-
athy included in the study, more cases and patients
including all pathological stages are needed as the
research objects, and the establishment of a biolog-
ical and mathematical model based on the half-life
and inflation law of PLA2R antibody in blood and
the relationship between quantitative and qualitative
change of immune complex in the process of kidney
deposition gives the possibility to further explore
the exact relationship between the quantitative
change of serum PLAZ2R antibody and the progres-
sion stage of nephrosis in patients with IMN.
Therefore, the conclusion of this study is that
the baseline titer of serum PLAZ2R antibody in pa-
tients with IMN is negatively correlated with serum
albumin, and may be related to the pathological
progression stage of membranous nephropathy. The
titer of serum PLAZ2R antibody in patients with
stage | IMN is significantly lower than that in pa-
tients with stage 1l and 111 IMN. Limited to condi-
tions, this study is a single center with a small sam-
ple size research, its limitations are inevitable. We
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expect a larger sample size and multicenter research
to provide more powerful evidence.
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Studies on the proliferation inhibition effects of TUA from Actinidia
chinensis Radix on lung cancer xenografts in nude mice and its pre-
liminary mechanism

Xiaohua Guo, Haibo Hu, Qi Jin, Hongliang Li, Qilai Cheng”

School of Pharmacy, Gannan Medical University, Ganzhou 341000, Jiangxi Province, China. E-mail: cql_57@126.com

ABSTRACT

Objective: To investigate inhibitory effect of TUA (2B, 3B, 23-trihydroxy-urs-12-en-28-oic acid) isolated from
Actinidia chinensis Radix on the lung cancer xenografts in nude mice and explore its preliminary mechanism. Methods:
NCI-H460 cells were implanted into nude mice and the transplantation tumor block from nude mice of more than 2
generations was inoculated to the right armpits of BALB/c mice with dissecting needle to establish a lung cancer xeno-
graft model. When the transplanted volume was about 50 mm?, the mice were randomly divided into 6 groups: (1)
model group; (2) 10 mg &g cisplatin group; (3) 10 mg kg * PDTC group; (4) TUA high dose group (30 mg kg%); (5)
TUA middle dose group (12 mg kg ™); (6) TUA low dose group (6 mg g ). Administration approach was intratumoral
injection. The effects of each group on the weight of transplanted tumor animals, the volume and weight of tumor were
continuously observed for 14 days. Tumor volume growth curve was drawn and tumor inhibitory rate and index were
calculated; HE staining was used to observe nude mice tumor tissue pathological changes. The effects of TUA on
NF-«B signaling pathway related proteins were detected by immunohistochemistry and Western blot. Results: In vivo
experiments showed that the transplanted tumors in nude mice became smaller compared with the models. With the
increase of TUA dose, the tumor tissue became smaller and smaller, especially in high TUA dose (30 mg kg ™). It had
the similar size with the NF-kB inhibitor PDTC (10 mg-kg™) group. HE dyeing observation results confirmed the de-
gree of tumor necrosis and fission in TUA treated tumor tissues obviously decreased. Immunohistochemical results
showed that comparing the TUA treatment group with the model group, p65 expression in tumor tissues was reduced,
and expression of IkBa increased. Western blot results also showed that the NF-«xB related p65 protein expression levels
decreased, at the same time IxBo, protein expression level increased; the apoptosis related proteins Survivin protein ex-
pression was depressed, Caspase-3 protein expression was promoted. Conclusion: TUA significantly inhibits the
growth of lung transplantation tumor and its mechanism. It may be related to the decreasing the expression of p65, Sur-
vivin and increasing the expression of [kBa, Caspase-3 in tumor tissues.

Keywords: 2, 3B, 23-Trihydroxy-urs-12-en-28-oic Acid; Lung Cancer; Xenograft; Apoptosis-Related Proteins
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ough many countries in the world have been trying
to apply some new strategies for the prevention and
treatment of lung cancer, the 5-year survival rate
will not exceed 18%". Therefore, in order to im-
prove the survival rate of lung cancer patients, the
most urgent task is to develop new clinical drugs,
especially some natural products derived from ani-
mals and plants, which have extensive biological
activities and almost no adverse reactions.

Over the past century, natural products have
provided a large number of drug sources for the
treatment of human diseases!®. In recent years, in
vivo and in vitro studies have shown that a consid-
erable number of terpenoids isolated and identified
from plants have significant antitumor activities
against different kinds of tumor cell lines. Some of
them have been successfully applied to the preven-
tion of clinical human tumor diseases, especially
some pentacyclic triterpenoids compounds such as
oleanolic acid, glycyrrhetic acid and carbenoxo-
lone®®). Therefore, the research and development of
new pentacyclic triterpenoids and their derivatives
with stronger antitumor activity have attracted more
and more interest of researchers with life science
related professional backgrounds such as medi-
cine, biochemistry and molecular biology.

TUA (2B, 3B, 23-trihydroxy-urs-12-en-28-oic
acid) is one of the main active components of
Ursane type triterpenoids extracted, isolated and
identified from Actinidia chinensis Radix, a tradi-
tional Chinese medicine. Actinidia chinensis Radix,
also known as Chinese actinidia root, is a folk Chi-
nese herbal medicine widely used in Jiangxi,
Guangxi and Sichuan. It has always been said that it
can treat “unknown swelling poison” among the
people. It has been used in many areas to prevent
and treat tumors and has achieved good curative
effects, including gastric cancer, esophageal cancer,
liver cancer, and lung cancer®. A large number of
studies have shown that Ursane type triterpenoids
and their derivatives with the similar structure to
TUA have a wide range of pharmacological activi-
ties, such as antioxidant effect, anti-immune effect,
neuroprotective effect, and anti-tumor effect!”).

Previous studies of our research group showed
that TUA could inhibit the proliferation of lung
cancer cell NCI-H460 to induce tumor cell apopto-

sis in vitro®. In this experiment, the lung cancer
cell NCI-H460 cell line was used to prepare the
nude mouse transplantation tumor model and TUA
was taken as the research object to observe the ef-
fect of TUA application on the NCI-H460 xeno-
grafts in vivo and explore the mechanism of action,
which can provide a theoretical basis for the further
elaboration of the potential chemoprevention use of
cancer.

2. Materials
2.1 Drugs (reagent)

TUA was isolated from the root of Actinidia
chinensis Radix (Actinidiaceae) in this laboratory.
The Actinidia chinensis Radix was separated by
solvent extraction and various column chromatog-
raphy. The obtained compounds were identified by
physical and chemical analysis and spectral tech-
nology, and finally the Ursane triterpenoids were
obtained. The purity of TUA was examined by Ag-
ilent 1100 HPLC, DAD detector and the area nor-
malization method. The content was more than 97%.
In this experiment, TUA was dissolved with dime-
thyl sulfoxide (DMSO). The final concentration of
solvent DMSO shall not exceed 0.1%. The drugs
used in the experiment were generally stored in —4 °C
refrigerator for no more than 4 days. The concentra-
tion of drugs was adjusted by RPMI-1640 medium;
using it right after it was ready. Roswell Park Me-
morial Institute 1640 medium (RPMI1640, GIBCO
Company, USA); SDS (Bio-Rad company, Batch
No.: 210008353); DAB color development kit
(Zhongshan Jingiao, Batch No.: K133319D); vari-
ous antibodies: (1) GAPDH high-quality internal
reference labeled with internal reference antibody
HRP (Shanghai Kangcheng Biology, Article No.:
KC-5G5); (2) primary antibody name: Caspase-3
(novusibo, Article No.: NB500-210), corresponding
secondary antibody: Rabbit Anti-Mouse 1gG (H +
L)-HRP; primary antibody name: Survivin (Cell
signaling, Article No.: 2802), corresponding sec-
ondary antibody: Rabbit Anti-Mouse 1gG (H +
L)-HRP; primary antibody name: p65, IkBa (abcam,
Article No.: 16502), corresponding secondary anti-
body: Goat Anti-Rabbit 1gG (H + L),
Mouse/Human ads-HRP; (3) secondary antibody
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name: Goat Anti-rabbit IgG (H + L), Mouse/Human
ads-HRP (southern biotech, Article No.: 4050-05);
secondary antibody name: Rabbit Anti-Mouse 1gG
(H + L)-HRP (southern biotech, Article No.:
6170-05); DMSO and all other biochemical rea-
gents were purchased from Sigma-Aldrich (St
Louis, MO, USA).

2.2 Key instruments

Inverted optical microscope  (CKX41,
OLYMPUS); cell constant temperature incubator
(HERACELL150i, Thermo scientific); desktop
high-speed frozen centrifuge (H1650R, Shanghai
Luxiangyi); microplate reader (SPECTRA max Plus
384, Molecular Devices, Inc); electrophoresis sys-
tem (Mini-Proten Tetra System, Bio-RAD Corpora-
tion); gel imager: (ChemiDoc XRS + System,
Bio-RAD Corporation).

2.3 Cell system and experimental animals

The human lung cancer cell line NCI-H460
was purchased from the Shanghai Cell Bank, Chi-
nese Academy of Sciences. 70 SPF-level BALB/c
nude mice, 18-22 g, 6-8 weeks old, female, were
purchased from Shanghai Slac Laboratory Animal
Co., Ltd. with license No.: SCXK (Shanghai) 2012—
0002.

3. Experimental methods

3.1 Cell culture and treatment

NCI-H460 cells were placed in RPMI 1640
medium (which mainly contained 10% fetal bovine
serum (FBS), 100U mL™ penicillin, 2 mmol L
L-glutamine, and 100 mg L™ streptomycin, etc.)
and routinely cultured in a confined incubator with
95% saturated humidity and 5% CO,, at 37 °C. Cell
growth was observed daily, with a single passage
cycle of 3 days. All subsequent experiments used
normally cultured NCI-H460 cells in the log growth
phase. Meanwhile, the final concentration of dime-
thyl sulfoxide (DMSO) of the dissolved samples
(test drug and control products) was <0.1%.

3.2 Preparation of the transplanted tumor
animal model

Collect NCI-H460 cells in logarithmic growth
stage, wash them with serum-free and antibi-

otic-free RPMI-1640 culture medium for 3 times,
count the cells by flow cytometry, adjust the cell
density, conduct animal experiments in the ul-
tra-clean stage, briefly disinfect them with alcohol
cotton. Then blow and mix the cell suspension with
1 mL sterile syringe, and inoculate 0.1 mL subcu-
taneously on the right side of nude mice for 5 x<10°
cells/animal to prepare tumorigenic animals. After 2
weeks, the subcutaneous tumor tissue was taken,
soaked in precooled PBS. The tumor capsule and
internal tissue were removed, the active tissue was
cut into small squares of about 1 cm?, and the ana-
tomical needle was inserted into the subcutaneous
part of the right limb of nude mice.

3.3 Tumor suppressor experiments

Three days after inoculation, the growth of
nude mice was observed every day. The action, re-
sponse to external stimuli, diet, fecal color and
weight (W) of nude mice were observed, as well as
the tumor growth. After the third day of transplanta-
tion, when the transplanted volume was about 50
mm?, the mice were randomly divided into 6 groups.
Intraperitoneal administration was started and the
tumor diameter was measured. The specific group-
ing is as follows: (1) the model group: given normal
saline after tumor inoculation; (2) the positive con-
trol group 1: given cisplatin after tumor inoculation,
with a dose of 10 mg kg *; (3) the positive control
group 2: given NF-«B inhibitor pyrrolidine dithio-
carbamate (PDTC), with a dose of 10 mg kg™; (4)
the TUA high dose group: with a dose of 30 mg kg~
1 (5) the TUA medium dose group: with a dose of
12 mg kg ; (6) the TUA low dose group: with a
dose of 6 mg kg . The longest diameter (a) and the
shortest diameter (b) of the tumor were measured
with a vernier caliper, and the tumor volume (V)
was calculated. V (cm®) = 1/6mab® = 0.5236ab’.
Draw tumor volume growth curve. At the end of the
experiment, the nude mice were killed by cervical
dislocation. The subcutaneous tumor blocks were
taken, weighed and photographed, soaked in 4%
paraformaldehyde for fixation, and half of the tu-
mor samples from each group were frozen in liquid
nitrogen (—80 °C) for subsequent pathological sec-
tions, such as HE staining, immunohistochemistry
and Western blotting. A. growth index: the longest
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diameter (a) and shortest diameter (b) were meas-
ured for 4 to 5 times per week, and the calculated
volume: V = 1/6mab® = 0. 5236ab?; then draw the
tumor volume growth curve. B. tumor index: tumor
index (mg/g) = tumor weight (mg)/mouse weight
(9). C. tumor suppressor rate (%) = [(1 — T/C)] =
100%. In the formula, T means the average tumor
weight of the test drug group; C means the average
tumor weight of the control group (the model group,
tumor bearing animals without being given drugs).

3.4 Using HE staining to observe the histo-
pathological changes of tumors in nude mice

3.4.1 Making slices

The tumor tissue was fixed in 4% formalde-
hyde solution for-5 days. Remove the tissue from
the fixed solution and trim it to an appropriate
shape and thickness. The tissue blocks were dehy-
drated by 80%, 90%, 95%, 100% ethanol I, 100%
ethanol Il and 100% ethanol |11, given transparent
treatment carried with xylene | for 45 min, and xy-
lene 11 for 15 min, and soaked in wax for 5 h. Ac-
cording to the principle that the material is taken
from the bottom, the tissue is embedded with paraf-
fin, and the wax block is placed at —20 °C for re-
frigeration after cooling and solidification. Make
slices (with 4 um thickness) and put the slices into
65 °C incubator for 6-12 h; box and store at room
temperature.

3.4.2 HE staining

Xylene | for 15 min, xylene Il for 15 min, ab-
solute ethanol | for 5 min, absolute ethanol Il for 5
min, 95% ethanol for 5 min, 80% ethanol for 5 min,
tap water immersion for 1 min. Immerse the slices
in Hematoxylin dyeing solution, dye at room tem-
perature for 5 min, and wash with tap water for 1
min. Immerse the slices in 1% hydrochloric acid
alcohol solution for a few seconds and in tap water
until the tissue returns to blue. Immerse the slices in
Eosin staining solution for 3-5 min, and wash off
the floating color on the slide with tap water. 80%
ethanol for 0.5 min, 95% ethanol I for 0.5 min, 95%
ethanol 11 for 0.5 min, absolute ethanol | for 0.5 min,
absolute ethanol 11 for 0.5 min, xylene | transparent
for 3 min, xylene Il transparent for 3 min. After
taken out, they were sealed with neutral gum, ob-

served with microscopic and photographed; staining
results were analyzed.

3.5 Using immunohistochemistry (IHC) to
detect the expression of p65 and IkBa in tu-
mor tissues

3.5.1 Making slices

Tissue slices were placed in a 65 °C incubator
for 6-12 h.

3.5.2 IHC to detect the expression of p65 and
IkBa in tumor tissues

Using Xylene to dewax. Gradient alcohol re-
hydration: xylene | for 20 min—xylene 1l for 20
min—2100% ethanol for 5 min—100% ethanol 11 for
5 min—95% ethanol for 5 min—80% ethanol for 5
min—PBS washing for 3 <3 min. Block and inac-
tivate endogenous peroxidase: incubate with 3%
H,0, at 37 °C for 10 min, and rinse with PBS for 3
% 3 min. Antigen repair: microwave repair in 0.01
M citric acid buffer (pH 6.0), natural cooling to
room temperature, PBS washing for 3 <3 min, drop
the primary antibody and incubate it in the refriger-
ator at 4 °C to overnight (use PBS buffer to replace
the primary antibody as negative control), then turn
to room temperature equilibrium for 30 minutes,
and rinse with PBS for 3 x5 min. Then add sec-
ondary antibody, incubate at 37 °C for 15 min, and
rinse with PBS for 3 x5 min. DAB reaction stain-
ing, observe the reaction progress under the micro-
scope, and rinse with tap water; hematoxylin
re-staining, drying, and sealing.

3.5.3 Data statistics

Under the microscope, three different visual
fields were randomly selected for each immuno-
histochemical section (= 200) to observe and in-
terpret the positive expression intensity and positive
rate. The staining results were analyzed by
semi-quantitative analysis: scored by staining inten-
sity combined with the percentage of positive cells.

3.6 Western blot to test the expression of p65,
IxBa, Caspase-3

Take an appropriate amount of tumor tissues
preserved in liquid nitrogen, add 1 mL of cell lysate
containing 1% protease inhibitor, homogenize it in
a homogenizer, extract the total protein of cells,
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quantify it with BCA. Equal amount of total protein
(40 pg) was taken for semi-dry transmembrane with
a 10% SDA-PAGE, Bio-Rad transmembrane ometer,
and 5% skimmed milk was used to seal. Adding the
primary antibody and incubating at 4 °C for the
night, and washing the membrane. Adding the sec-
ondary antibody and incubating at room tempera-
ture for 1 h, and washing the membrane. Using ECL
to show colors, and analyzing the image by Gel-pro
Analyzer software. The protein content was ex-
pressed by the ratio of the primary anti-
body/GAPDH. The dilution ratio of the primary
antibody p65, IkBa was 1:2,000, while the dilution
ratio of the corresponding secondary antibody Goat
Anti-Rabbit 19G (H + L), Mouse/Human ads-HRP
was 1:20,000; the dilution ratio of the primary an-
tibody Caspase—3 was 1:500, the dilution ratio of
the primary antibody Survivin was 1:1,000, while
that of the corresponding secondary antibody Rab-
bit Anti-Mouse IgG (H + L)-HRP was 1:1,000.
GAPDH labeled by HRP was taken as an internal
reference with a dilution ratio of 1:10,000.

3.7 Statistical analysis

The experiments were repeated at least 3 times.
The data were statistically analyzed by SPSS 17.0
software. The measurement data were expressed
with x +s, and the counting data were expressed in
rate. The comparison between measurement data
groups was tested by independent sample t, and
analysis of variance was used for multi group com-
parison. P < 0.05 means the difference was statisti-
cally significant.

4. Results

4.1 Tumor suppressor experiments

Animal tumorigenesis and growth: 59 of 60
nude mice in this experiment had tumorigenesis,
with the tumorigenesis rate of 98.30%. After inocu-
lating the tumor block for 3 days, tumor like nod-
ules with a diameter of about 3—4 mm could be seen,
and the texture was soft. After that, the neoplastic
nodules became harder and the volume increased
significantly. The change of subcutaneous trans-
planted tumor in nude mice after administration is
shown in Figure 1, the growth curve after admin-
istration for 2 weeks (day 1-day 14) is shown in

Figure 2, and the tumor weight inhibition rate and
tumor index are shown in Table 1. It can be seen
from Figure 1 that after administration, the tumor
tissue in nude mice became smaller; with the in-
creasing dose of TUA, the tumor tissue became
smaller and smaller, especially at the high dose of
TUA (30 mg kg %), and the tumor tissue size was
similar to that of NF-xB inhibitor PDTC (10 mg kg~
1. Similar results can be obtained from the growth
curve in Figure 2. The tumor tissue volume in the
model group gradually increased (from 59.16 mm?®
to 1177.81 mm®), and the tumor volume in the ad-
ministration group increased slowly, which was
more obvious at the high dose of TUA (30 mg kg ™?)
(from 59.16 mm® to 429.11 mm?), further indicating
that TUA has a certain inhibitory effect on the
growth of tumor tissues. Similar conclusions can be
drawn from the tumor weight inhibition rate and
tumor index in Table 1. Comparing high and me-
dium dose of TUA with model groups, the differ-
ences were statistically significant (P < 0.05 or P <
0.01). The treatment effects of cisplatin and the
NF-«kB inhibitor PDTC, the drugs commonly used
clinically for lung cancer, were also statistically
significant when compared with model groups (P <
0.01) (Table 2).

§ 8 ! ¥ . model group

=N P——.

4441

UA medium dose

group

" (SR8

15 PDTC group | Cisplatin group

Figure 1. Effect of TUA on the tumor grthh in nude mice.
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Figure 2. The inhibition effect of TUA on the tumor growth in
nude mice (Growth curve).
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Table 1. Tumor growth inhibitory rate and tumor markers/x s,
n=5

Tumor inhibi-

Groups tory rate /% P Tumor index P
Model

roun 0.00 0.00 2.40 +12.36

TUA 85.81 +16.33%* 0007 26.52 +548%* 0.006
i) 81 16, . 52 45, .
TuA 5853 +10.54% 0021 32.07 +10.77% 0.042
(median)

TUA (low) 45.07+9.95% 0025 40.62+958% 0018
PDTC 8423 +13.24* 0003 27.06 +6.85%* 0.007
Cisplatin  90.31 +16.84%* 0.008 20.88 +5.02** 0.008

Table 2. Analysis of variance results (ANOVA)

Source of dif- Quad- Free Var- Value Value
ference raticsum degree iance F P
Between groups  39.45 4 9.86 18.60 0.00
Within group 12.19 23 0.53

Total difference  51.64 27

4.2 HE staining

Transplanted tumor tissues by He staining
presented blue nucleus, pink cytoplasm and bright
red blood cells, which are shown in Figure 3. As
can be seen from the figure, a large number of tu-
mor necrosis areas and nuclear division phenome-
non were visible in the tissue slices of the model
group. In the TUA group, similar to the PDTC and
cisplatin groups, the degree of tumor necrosis and
nuclear division image were significantly reduced,
and more collagen fibers can be seen. It is further
proved that TUA has some inhibitory effect on the
proliferation of transplanted tumors from the per-
spective of the pathology.

Model group x 200
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Figure 3. Histopathological changes of tumor after TUA
treatment (HE staining).

4.3 Immunohistochemistry

The immunohistochemical method was used to
detect the expression of NF-xB (p65), IkBa in
transplanted tumor tissues. Immunostaining results
are shown in Figure 4. It can be seen from the fig-
ure that p65 immune positive was mainly located in
the nucleus and cytoplasm, while IkBa immuno-
positivity was mainly localized in the cytoplasm of
cells, both of which were brownish yellow. Com-
pared with the model group, the expression of p65
in tumor tissues decreased in the TUA treatment
group (Figure 4A), while the expression of IkBa
increased (Figure 4B), and the positive control
drugs PDTC and cisplatin also showed similar ef-
fects.

Model group x 200

Model group x 200

T

Figure 4. Effect of TUA on expressions of p65, IxBa in tumor.

4.4 \Western blot results

The changes of apoptosis-related protein ex-
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pression in transplanted tumor tissues were ana-
lyzed by Western blot, and the results of each
treatment group are shown in Figure 5. It is known
from the figure that the expression level of p65
protein associated with NF-kB decreased, along
with the increase of the expression of IkBa protein.
Survivin protein expression associated with apopto-
sis was inhibited and Caspase-3 protein expression
was increased. The TUA high-dose group (30
mg kg ') was comparable to the positive control
drugs PDTC and cisplatin.

Model group

TUA group (high) PDCT Cisplatin

P63 -

IxBo. - . —— -

Survivin  “——

Caspase-3 === SRS sssssss S

GAPDH w— —_— -

Figure 5. Influence of TUA on expressions of apoptosis-related
proteins in tumor.

5. Discussion

As we all know, the urgent problem encoun-
tered in the treatment of lung cancer is the wide
range of adverse reactions and drug resistance of
antitumor drugs used in chemotherapy. It is urgent
to adopt new treatment strategies for the diagnosis
and treatment of lung cancer. For example, extract-
ing and separating natural products from driven
plants with strong anti—lung cancer effect and small
toxic and side effects has always been an effective
way. In recent years, many studies have demon-
strated that TUA isolated from Chinese herbal
medicine have extensive antitumor activity. In order
to develop more effective anticancer drugs, plant
extracts or monomer compounds rich in TUA have
attracted more and more interest of researchers. For
example, the antitumor effects of ursolic acid, asi-
atic acid, ilein and a series of its derivatives isolated
from Chinese herbal medicine have been confirmed,
and some compounds have been applied in clinical
trials. However, the antitumor effect of TUA in Ac-
tinidia chinensis Radix has not been reported, espe-
cially the anti—lung cancer effect of TUA. Therefore,
it is necessary to systematically investigate its
pharmacological activity. In this study, the results
confirmed that TUA had potential inhibitory effect

on lung cancer growth in vivo (transplanted tumor),
and had less toxic and side effects on normal tissues.
The experiment also confirmed that its mechanism
of inhibiting tumor growth may be related to tumor
cell apoptosis through inhibiting NF-xB signaling
pathway.

NF-kB is an important transcription factor in-
volved in tumorigenesis associated with inflamma-
tory diseases'”. NF-kB is generally highly ex-
pressed in human lung tumor tissues or tumor cells.
High expression of NF-kB is associated with many
aspects of tumorigenesis, such as tumor cell growth,
anti-apoptotic effect, metastasis, tumor angiogene-
sis and resistance to chemotherapeutic drugs!'®. The
activation of NF-«B is related to tumor cell apopto-
sis, tumorigenesis and development, so it can inhib-
it IKKB/NF-xB signaling pathway to achieve the
purpose of treating related tumors™. A large num-
ber of studies have confirmed that when NF-«kB is
inhibited, the proliferation of tumor cells is inhibit-
ed. At the same time, the cell cycle is also blocked,
and the apoptosis is increased gradually™. NF-kB
combines with DNA target to form homologous or
heterodimer and regulates the transcription of
downstream genes, resulting in tumor cell prolifera-
tion and diffusion™. In conclusion, NF-«B plays an
important role in the development of innovative
antitumor drugs. NF-xB is likely to be a new thera-
peutic target.

During the research on the prevention and
treatment of lung cancer (NSCLCCs), whether in
vivo or in vitro, there are many natural products,
such as curcumint, vinorelbine™ Feroniellin
Al and Minnelide!™. It has been demonstrated
that inhibiting tumor tissue growth and inducing
tumor cell apoptosis can be achieved by inhibiting
NF-kB pathway. The Tsao’s research group showed
that Protocatechuic acid (PCA) enables the dose-
dependent downregulation of the expression of the
NF-xB p50 and NF-kB p65 protein in the lung can-
cer cell line A549, H3255, and Calu-6M*!. Another
study also proved that Bee venom (BV) can regu-
late NF-kB activity to inhibit the further prolifera-
tion of lung cancer A549 and NCI-H460 cell
lines™ . The results of Western blot showed that the
expression of p65 protein in transplanted tumors
was inhibited after TUA treatment. At the same
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time, IkBa protein expression increased. It indicat-
ed that the apoptosis of NSCLCCs mediated by
TUA is related to the inhibition of NF-«xB activity,
which is consistent with the above results.

In the development of tumors, cells apoptosis
generally plays the role of reversing regulation
(which can prevent the rapid proliferation and dif-
ferentiation of tumor cells). This process is co-reg-
ulated by a number of apoptosis promoters and re-
pressors of apoptosis. The ability to stimulate and
restore apoptosis of tumor cells is an effective tu-
mor control pathway. Activated NF-kB can inhibit
tumor cell apoptosis in a variety of ways, mainly by
inducing the expression of anti-apoptotic proteins
such as tumor apoptosis protein inhibitory family
(IAPS), Bcl-2 family and TRAF family, or inhibit-
ing the expression of apoptosis promoting proteins
such as Caspase family. Therefore, inhibition of
NF-kB signaling pathway will contribute to the ex-
pression of genes involved in tumorigenesis and
development, which in turn will accelerate the
apoptosis of tumor cells. Survivin, an important
member of the 1APs family—tumor apoptosis sup-
pressor proteins, is expressed only in embryonic
tissues in non-pathological states but not in adult
terminal differentiated tissues. However, in patho-
logical cases, Survivin is expressed in the vast ma-
jority of tumor tissues. It is currently believed that
the mechanism that Survivin promotes tumor de-
velopment is probably related to its promoting tu-
mor cell proliferation, inhibiting tumor cell apopto-

sis, and promoting tumor metastasis and invasion®..

In recent years, many studies have shown that Sur-
vivin upregulates its expression in lung and gastric
cancer tissues?. The results of this study showed
that NCI-H460 cells had decreased Survivin ex-
pression in tumor cells after TUA treatment, and
that Survivin expression in it was diminished with
increasing TUA’s concentration. It is speculated
that it is due to the regulatory function of gene ex-
pression being inhibited, which cannot help tumor
cells avoid apoptosis, at the same time blocking the
abnormal proliferation of tumor cells and acceler-
ating the further apoptosis of tumor cells. Caspase-3
is an important effector molecule in apoptosis sig-
nal transduction pathway, leading to apoptosis?.
The results also confirmed that the expression level

of Caspase-3 in NCI-H460 cells increased after
TUA treatment.

The xenograft tumor model of lung cancer
NCI-H460 cells in nude mice was prepared to ob-
serve the effect of TUA on transplanted tumor in
nude mice, so as to provide experimental basis for
further study of the anti-lung cancer effect and
mechanism of TUA. The results of tumor inhibition
experiment and HE staining showed that after
treatment with different concentrations of drugs,
TUA had a certain inhibitory effect on the trans-
planted tumor of NCI-H460 nude mice. Compared
with the model group, the difference was significant
(P < 0.01), and the tumor inhibition effect was sim-
ilar to that of cisplatin and NF-«xB, inhibitor PDTC.
In order to explore the mechanism of the anti-tumor
effect of TUA on NCI-H460 nude mice, in this ex-
periment, immunohistochemistry and Western blot
technology were used to detect the expression of the
transplanted tumor and the apoptosis-related protein
p65, IxkBa, Survivin, Caspase-3 in each experi-
mental group. The results also confirmed that the
levels of p65 protein expression were decreased. At
the same time, the level of protein IxkBa expression
was increased. Survivin protein expression of pro-
teins associated with apoptosis was inhibited and
Caspase-3 protein was upregulated.

In conclusion, this experiment confirmed that
TUA has potential inhibitory effect on human lung
cancer cell line NCI-H460 by transplanting tumor
in vivo, and its possible anti-tumor mechanism is
mainly to inhibit the NF-xB signaling pathway and
the expression of related genes regulated by it, so as
to promote tumor cell apoptosis. The results of this
study can provide a theoretical basis for the further
development of TUA as a clinical anti-lung cancer
drug.
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ABSTRACT

Compared with other types of breast cancer, triple negative breast cancer has a poor survival prognosis due to its
high aggressiveness and lack of effective therapeutic targets. Immune checkpoint (PD-1/PD-L1 and CTL-4) inhibitors
have emerged as a breakthrough therapy in the treatment in various metastatic cancers. PARP inhibitors promote DNA
damage in tumor cells, not only promoting immune initiation through a series of molecular mechanisms, but also lead-
ing to adaptive upregulation of programmed death ligand 1 (PD-L1) expression. Therefore, the combination of the two
inhibitors can improve the efficacy of tumor treatment. We reviewed the research progress of their combined use in
triple negative breast cancer, and put forward relevant ideas for further development, hoping to find the best treatment
mode of the combined use of the two.
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1. Introduction

Triple negative breast cancer (TNBC) is that estrogen receptor
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(ER) progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER-2) are all breast cancers with negative expression. It
accounts for about 15% of all breast cancer, and it is characterized by
high aggression, easy metastatic recurrence, and poor prognosis. At
present, according to the gene expression and biological characteristics
of breast cancer, it is divided into four categories: ER +/Luminal group,
normal breast group, HER2 + group, basal-like group. About 85%
of basal-like group breast cancers belong to TNBC, and some of them
express at least one of ER, PR and Her-2. However, there are some
differences in gene expression profile and immunophenotype between
TNBC and basal-like group breast cancers, so they cannot be com-
pletely identical. TNBC lacks endocrine therapy and corresponding
treatment for HER2 target, so the treatment methods are limited. Alt-
hough TNBC is relatively sensitive to chemotherapy, it is prone to re-
currence and metastasis in the short term. Therefore, breast cancer re-
searchers have been actively exploring new therapeutic approaches for
TNBC, such as anti-tumor angiogenesis, EGFR inhibitors, multitarget
drugs, PARP inhibitors and comprehensive utilization of various
methods. According to the current preliminary research results, it is
shown that the combination of immune detection point PD-1/PD-L1
inhibitor and PARPis can improve the therapeutic effect of TNBC.
This paper reviews the role of PD-1/PD-L1 and PARP, the basic re-
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search of their combination and the related research
contents in TNBC.

Triple negative breast cancer (TNBC) is that
estrogen receptor (ER) progesterone receptor (PR),
and human epidermal growth factor receptor 2
(HER-2) are all breast cancers with negative ex-
pression. It accounts for about 15% of all breast
cancer, and it is characterized by high aggression,
easy metastatic recurrence, and poor prognosis. At
present, according to the gene expression and bio-
logical characteristics of breast cancer, it is divided
into four categories: ER +/Luminal group, nor-
mal breast group, HER2 + group, basal-like group.
About 85% of basal-like group breast cancers be-
long to TNBC, and some of them express at least
one of ER, PR and Her-2. However, there are some
differences in gene expression profile and im-
munophenotype between TNBC and basal-like
group breast cancers, so they cannot be completely
identical. TNBC lacks endocrine therapy and cor-
responding treatment for HER2 target, so the treat-
ment methods are limited. Although TNBC is rela-
tively sensitive to chemotherapy, it is prone to
recurrence and metastasis in the short term. There-
fore, breast cancer researchers have been actively
exploring new therapeutic approaches for TNBC,
such as anti-tumor angiogenesis, EGFR inhibitors,
multitarget drugs, PARP inhibitors and comprehen-
sive utilization of various methods. According to
the current preliminary research results, it is shown
that the combination of immune detection point
PD-1/PD-L1 inhibitor and PARP is can improve the
therapeutic effect of TNBC. This paper reviews the
role of PD-1/PD-L1 and PARP, the basic research
of their combination and the related research con-
tents in TNBC.

2. Programmed death pro-
tein-1/programmed death lig-
and-1(PD-1/PD-L1)

Tumor cells can use immune checkpoints to
escape the attack of immune cells. At present, stud-
ies have confirmed that the immune checkpoint is
cytotoxic T lymphocyte-associated antigen-4 (CT-
LA-4), programmed cell death protein-1 (PD-1) and
programmed death ligand-1 (PD-L1). By designing

and synthesizing these immune checkpoint inhibi-
tors, the activity of immune checkpoint can be in-
hibited and reactivate the immune response effect
of T cells on tumor, so as to achieve the anti-tumor
effect. However, the roles of the two immune
checkpoints are different: CTLA-4 mainly plays a
role in the activation stage of T cells induced by
antigen-presenting cells in lymph nodes, while
PD-1 plays a role in the effector stage of T cells at
tumor sites. Therefore, the antitumor activity of
PD-1/PD-L1 antibody may be better than CTLA-4
antibody.

PD-1, a member of the immunoglobulin B7
family, was first identified in apoptotic T cell lym-
phomas, a transmembrane protein on the T cell sur-
face and an important inhibitory receptor. It was
named the programmed death receptor-1 (PD-1) for
its promotion to programmed cell death. PD-1 is
mainly expressed in activated T/B lymphocytes,
NK cells, monocytes, mesenchymal stem cells
(BMSCs) and dendritic cells (DCs)™, which plays
an important role in immune cell differentiation and
apoptosis and is an important immunosuppressive
molecule for maintaining autoimmune tolerance!.

Currently, PD-1 has identified two ligands:
PD-L1 and PD-L2. They all belong to the B7 family
and are similar®.. The affinity between PD-L2 and
PD-1 is about 3 times higher than PD-L1, but
PD-L1 is the most dominant ligand of PD-1, which
is highly expressed in multiple tumor tissues and is
closely related to the pathological type, pathological
stage, survival prognosis, etc”.

The immunosuppressive effect of PD-1/PD-L1
signaling pathway plays an important role in main-
taining body health and internal environment stabil-
ity. Its immunosuppressive activity has a great im-
pact on the occurrence and development of malig-
nant tumors. The combination of PD-1 and PD-L1
can inhibit the proliferation of CD4" T lymphocytes
and CD8" T lymphocytes, so it weakens the tumor
killing effect of T lymphocytes, leads to immune
escape of tumor cells, and promotes the rapid
growth of tumors®. Therefore, blocking the com-
bination of PD-1 and PD-L1 can restore the im-
mune Killing effect of T lymphocytes in tumor pa-
tients and enhance the efficacy of killing tumors,
and finally block the development process of ma-
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lignant tumors. Many studies have confirmed that
tumor immunotherapy by blocking PD-1 and
PD-L1 is very effective in the treatment of a variety
of malignant tumors.

3. Poly ADP-ribose polymerase
(PARP)

PARP is a kind of poly ADP ribose polymer-
ase, which plays an important role in DNA damage
repair and cell apoptosis. It is activated by identify-
ing DNA fragments with structural damage, partic-
ipates in base excision repair (BER), and is used to
repair single-strand breaks (SSBs) closely related
ribozymes!®. So far, more than 18 members of
PARP family have been found, of which PARP-1
and PARP-2 are the earliest and most mature
members and PARP-1 is involved in the PARP ac-
tivities of most enzymes®”. PARP-1 includes three
domains: (1) N-terminal DNA binding domain
(DBD), which is composed of two zinc finger
structures and a nuclear localization signal region.
Zn | and Zn Il recognize damaged DNA, and Zn 1l
participates in the connection between domains and
activates proteins; (2) intermediate autoregulation
domain (AD), which is rich in glutamate residues
and a BRCAI carboxyl terminal, as well as Caspa-
se-3 digestion function; (3) The C-terminal catalytic
domain is the main binding region of adenine dinu-
cleotide. PARP catalyzes the decomposition of nic-
otinamide adenine dinucleotide (NAD+) into nico-
tinamide and ADP ribose through its own
glycosylation, and then takes ADP ribose as sub-
strate to “PAR” the receptor protein and PARPI
itself to form PARP-ADP ribose branched chain®.

By activating NF-xB, PARP-1 upregulates of
pro-inflammatory cytokines such as tumor necrosis
factor a (TNFa) and IL-6, and their inhibitors down
regulate these cytokines and reduce the occurrence
of local inflammation'. The balance of
pro-inflammatory and anti-inflammatory responses
was maintained by PARP-1 and its inhibition™. In
monocytes, PARP-1 controls the development of
dendritic cell (DC). PARP inhibitors suppress
CD86, CD8, IL-12, and IL-10 expression®™. CD86
expression can be restored by exogenous IL-12. As
a result, depending on the expression of cytokines,
PARPis may have a role in the maturation and

function of DCM'Y. Activated T nuclear factor
(NFAT), which is required for T cell activity, is
regulated by PARP-1. Therefore, increased trans-
activation is caused by PARPiIs that NFAT depends
on and the delay of NFAT nuclear export™?.
PARPIs can shield CD8" T lymphocytes from oxy-
gen radicals produced by phagocytes, and it can
also protect CD8" lymphocytes from apoptosis
caused by oxygen radicals!™®. Therefore, PARPis
may be used in conjunction with immunotherapy
ionizing radiation treatment of tumors with signifi-
cantly invasive CTL.

BRCAI/2 is a tumor suppressor gene. The loss
of BRCAI and BRCAZ2 expression causes homolo-
gous recombination repair damage, followed by
genomic instability, and increases frequency of
DNA mutations. Its genetic mutant phenotype in-
duces the risk of breast and ovarian cancer, and im-
proves sensitivity to DNA damage drugs. BRCAI/2
mutant cells are defective in DNA damage repair.
Cells cannot repair duplex damaged DNA by ho-
mologous recombination when cellular PARP ac-
tivity is inhibited, and repair the damaged DNA by
another error-prone repair pathway, resulting in
chromosomal group instability, cell cycle inhibition
and apoptosis.

The close relationship between PARP and the
development of multiple malignant tumors, which,
as a new target of tumor treatment, has become a
hot target in recent years.

4. A combination of PD-1/PD-L1
inhibitors and PARP inhibitors to
treat TNBC

PARPis and immune checkpoint inhibitors
cooperate with and enhance the tumor anti-
gen-specific activation of the CD8" T lympho-
cyte-mediated antitumor immune response. PARPis
promotes tumor-infiltrating lymphocytes (TILs) by
upregulating chemokines and induces a CTL-me-
diated immune response. PARPIs induces the up-
regulation of PDL-1, suppresses CTL, and promotes
the escape of immune tumors. Anti-CTLA-4 im-
munotherapy stimulates T cells and works in tan-
dem with PARP inhibitors to trigger an anti-tumor
immune response. Anti-PDL-1/PD-1 immunother-
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apy restores the PARPis-induced increase of PDL-
1-mediated CTL inhibition. Therefore, anti-PDL-1/
Pd-1 antibodies can work together with PARPIs to
stimulate an anti-tumor immune response!*.
Lymphocytes inoculated in a mouse model
identified in the BR5FVB1-Akt cell line “BRCA-1
deficient ovarian cancer”, PARPIs elicited a local
immune response™.  Intraperitoneal  cytotoxic
CD8" T cells and NK cells increased, producing
greater IFNy and a. Furthermore, the proportion of
MDSCs (bone marrow-derived suppressor cells)
dropped. MDSCs aid tumor growth, particularly by
inhibiting T cells™*®. Therefore, PARPis boosts an-
titumor immunity by boosting TIL (like NK cells
and CTL) and lowering MDSC levels. The overex-
pression of CCL2 and CCL5 in this model can ex-
plain the rise in TILs™!, because CCL2 can deliver
TIL in ovarian disease patients™”. PARPis’ capaci-
ty to influence the makeup and function of TILs
is being used in conjunction with immunotherapy to
maximize response. Several mouse models reported
the advantages of PARPis and immunothera-
py>182 The emergence of immunotherapy and
PARPis in the treatment of some cancers has
prompted research on their combination. The ma-
jority of malignancies discovered by these combi-
nations are tumors that lack DNA repair activity,
such as BRCA defective tumor cells. PARPis™
and immune checkpoint inhibitors like anti-PD-1
work effectively on these cancers®. Immune
checkpoint inhibiting agents might be used to in-
crease TAA expression in tumors that have been
mutated, promoting a particular immune re-
sponse??. High mutation load is related to improv-
ing survival rate where anti-PD-1 therapy was used
to treat melanoma patients, even as tumors from
responding sufferers are rich because of mutations

in DNA restore function, which include BRCA-212%1,

These findings reinforce the rationale for combining
immunodetection point inhibitors with PARP inhib-
itors in malignancies with DNA repair defects.
Recently, Jiao et al. have observed the combi-
nation of PARPis (olaparib) and anti-PD-1/PD-L1
in the treatment of TNBC by in vivo and in vitro
experiments. The expression of PARP protein is
opposite to that of PD-L1 in human breast cancer.
In the syngeneic mouse model inoculated with

TNBC cell system, PARPis up-regulated PD-L1
expression on the surface of EMT6 tumor cells.
This was accomplished via generating a reduction
in TILs and facilitating the deactivation of the
GSK3p mechanism, so PARPis plays an immuno-
suppressive role by reducing the level of TILs. An-
ti-PD-L1 reversed the inhibitory effect on TILs, and
combined with PARPIs, enhanced expression of
TILs with antitumor responses over PARPi and an-
ti-PD-L1 alone. These data further support the study
of PARPis combined with anti-PD-L1/PD-1 im-
munotherapy™®. In vivo, inhibition of PARP has
been demonstrated to trigger PD-L1 upregulation,
which may be the result of the described interferon
expression. However, in vitro and xenotransplanta-
tion are also viable options®?”. The latter result im-
plies that PD-L1 regulation downstream of PARP is
parallel to the internal mechanism of cells, but in-
dependent of external signals. The adaptable and
inherent overexpression of PD-L1 may stamp down
PARP inhibitor-mediated downstream immune re-
sponse and may be overcome by binding of PARP
inhibitors to PD-1/PD-L1 inhibitors.

Because the response rate of TNBC against
PDL-1 or anti-PD-1 treatment is still unsatisfactory,
only 10%-20% of TNBC patients respond partially.
Glycosylation PD-L1 is the operative part of PD-L1
which is of necessity to the interaction between
PD-L1 and PD-1. TNBC cells had much greater
levels of glycosylated PD-L1 than non-TNBC cells.
Bin et al. discovered that 2-deoxyglucose (2-DG)
may be utilized as an analog of glucose to diminish
PD-L1 glycosylation during the selecting of glucose
to prevent PD-L1 glycosylation. Because PARP
inhibition increases PD-L1 expression, 2-DG low-
ers glycosylated PD-L1 expression mediated by
PARP inhibition. PARP inhibition in combination
with 2-DG provides a powerful anticancer effect?".
Therefore, the results provide a strong theoreti-
cal basis for the combination of PD-1/PDL-1 inhib-
itors and PARPIs in the treatment of TNBC.

Till now, only three PARP inhibitor/anti-PD-1/
L1 combos have been studied: olaparib/durva-
lumab®®?!niraparib/pbrobrolizumab!®2%, and
BGB-A 317/BGB-290"%. The premier combination
of the two was well-tolerated, and its toxicity was
consistent with that of the related drugs observed in
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single drug environment. The latter, on the other
hand, had a higher risk of hepatotoxicity, showing
the tolerance of the combining of PARPis and
PD-1/PD-L1 inhibition agents may vary depending
on the drug used and/or the exact environment. Ni-
raparib/pbrobroli-zumab combined treatment for
advanced three negative breast cancer (100 cases)
also showed initial activity. The ORR was 28% and
60% in patients with BRCA 1/2 mutations, again
consistent with PARP inhibitor monotherapy™".
These preliminary breast and ovarian findings back
up the theory for further exploration of joint appli-
cation. Because compared with PARPis with single
treatment, combined application may bring benefits
to a wider population without DDR defects, or have
longterm benefits for all patients; the latter is like-
ly because the benefits of ICB are mainly consid-
ered to improve survival®?.

5. Conclusion

At present, the preliminary research shows that
the composition between PD-1, PD-L1 inhibitor
and PARP inhibitor has better clinical efficacy in
the treatment of TNBC, and provides the basic re-
search basis for the combination, which allows us to
see a little breakthrough in the treatment of
TNBC, brings a glimmer of confidence to clinical
workers and a glimmer of dawn to patients, but
there are still several key questions to be further
answered: (1) Compared with monotherapy, what
are the advantages of comprehensive treatment?
Are potential disadvantages beneficial to long-term
survival? (2) What is the best dose or time ar-
rangement for combination therapy? (3) Is it possi-
ble to improve the curative effect by combining
other treatment methods, such as chemotherapy,
radiotherapy, anti-vascular growth, ATR inhibitors,
etc? Can the patient tolerate it? How to optimize the
treatment plan? These need our vast number
of breast cancer researchers to actively explore and
research, to find effective treatment for TNBC pa-
tients, so that patients can achieve long-term sur-
vival purposes.
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ABSTRACT

Objective: To detect the expression and distribution of I1-FABP in intestinal tissue and the changes of serum con-
centrations at different time of acute intestinal ischemia, and explore the significance and mechanism of I-FABP in ear-
ly diagnosis of acute ischemic bowel disease. Methods: The selected 96 healthy adult SD rats were randomly divided
into the experimental group and control group; 48 in each group. Each group was randomly subdivided into 6 groups
with 8 rats in each group. The superior mesenteric artery was ligated in the experimental group and the peritoneal
switch operation was performed in the control group. The venous blood samples were extracted from each group rats’
right ventricle at 0.5 h, 1 h, 2 h, 4 h, 8 h, 12 h after the operation and the concentration of I-FABP was tested respec-
tively. Then the rats were killed, and the diseased intestinal tubes were cut out for paraffin sections. The I-FABP in in-
testinal tissue was stained by routine HE staining and direct immunofluorescence staining. Results: The I-FABP was
mainly expressed in the epithelial villi of intestinal mucosa, and there was a small amount of expression in the intestinal
submucosa and even the muscularis. Within 1 hour of intestinal ischemia, the number of I-FABP positive granules in
the intestine and intestinal cavity increased gradually, and then gradually decreased after 1 hour. The difference has
statistically significant between the experimental group and the control group (P < 0.05). The serum I-FABP: In the
experimental group, the serum I-FABP concentration began to increase at 0.5 h, and reached a peak at 1 h (290. 24 £+
156.69) pg-L*, then gradually decreased. Compared with the control group, the difference was statistically significant
(P < 0.05). Conclusion: I-FABP usually mainly exists in the epithelial cells of intestinal mucosa. When acute intestinal
ischemia occurs, the epithelial cells of intestinal mucosa permeability changes; I-FABP expression rapidly releases to
intestinal tissue and intestinal cavity, and is absorbed into the blood. Therefore, I-FABP has certain clinical significance
in early diagnosis and treatment of acute intestinal ischemia.

Keywords: Intestinal Fatty Acid Binding Protein; Acute Intestinal Ischemia; Immunofluorescence; Diagnosis
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particularly important. It has been found that the early intestinal fatty
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acid binding protein (I-FABP) in All patients is
higher than that in normal people®®*. Blood I-FABP
is significantly increased in patients with narrow
intestinal obstruction compared with simple intesti-
nal obstruction, so the detection of I-FABP content
in blood can be used as an auxiliary means for the
diagnosis of All. However, some studies believe
that the concentration of I-FABP in blood is posi-
tively correlated with the degree of intestinal is-
chemia in the early stage of Al With the exten-
sion of ischemia time, the concentration of I-FABP
in blood gradually decreases. In this study, the con-
centration of serum I-FABP in different periods of
intestinal ischemia in rat acute mesenteric ischemia
models was detected and combined with the
I-FABP immunofluorescence labeling of intestinal
tissue in the process of intestinal ischemia to under-
stand the serological changes of I-FABP in the de-
velopment of All and its significance. The expres-
sion of intestinal ischemia further proves the
significance of I-FABP as a laboratory serum bio-
chemical index in the early diagnosis of All,
providing effective help for clinical diagnosis and
treatment of acute small intestinal obstruction.

2. Materials and methods

2.1 Materials and instruments

Materials and instruments include experi-
mental rats that were purchased from the animal
room of Gannan Medical University, PE labeled
rabbit anti-intestinal fatty acid binding protein an-
tibody (Shanghai Anyan), centrifuge (LC-4012),
microplate reader (SK202, Shenzhen, Sinothinker
Company), biochemical analyzer (BECKMAN
COULTER, AU680), electron  microscope
(OLYMPUS, CX31), and fluorescence microscopy
(OLYMPUS, CX31).

2.2 Grouping of experimental animals and
establishment of intestinal ischemia models

96 healthy SD rats (half male and half female)
were randomly divided into two groups (the ex-
perimental group and control group), with 48 rats in
each group. The two groups were randomly subdi-
vided into 6 groups (I, I1, 11, 1V, V, VI), with 8 rats
in each group. The intestinal ischemia model was
established by ligating the superior mesenteric ar-

tery in the experimental group, and the peritoneal
switch operation was performed in the control

group.

2.3 Blood samples being collected and as-
sayed

3 mL of venous blood samples were extracted
from each group rats’ right ventricle with sterile
syringes at 0.5 h, 1 h, 2 h, 4 h, 8 h, 12 h after the
operation. The supernatant was taken after centrif-
ugation at 3000 r min* for 10 min at 4 °C, and se-
rum |-FABP concentration was measured by ELI-
SA.

2.4 Staining intestinal tissue by HE staining
and staining 1-FABP by immunofluorescence
staining

Experimental animals in each group were
killed immediately after blood collection, the dis-
eased intestinal tubes were cut, then fixed, embed-
ded, sectioned, HE stained, and intestinal patho-
morphological changes were observed by 400-fold
microscopy. Sections were prepared in the same
method, dewaxed, and antigen repaired; and
I-FABP in intestinal tissue was stained by direct
immunofluorescence staining of PE-labeled rabbit
anti-I-FABP antibody. At the same time, a blank
control group was also set and I-FABP expression
in intestinal tissue at different periods of time of
intestinal ischemia under a 100 x fluorescence mi-
croscope. The acquired images were analyzed by
the Image-pro plus 6.0 software and the number of
positive particles was calculated.

2.5 Statistical method

Statistics data were processed and analyzed by
using the SPSS 22.0 statistical software. The meas-
uring data of each group were shown as ¥ =+ s.
One-way ANOVA was used for comparisons be-
tween groups, and SNK-q test for pairwise compar-
isons between groups, P < 0.05 was statistically
significant.

3. Results

3.1 Measurement of serum I-FABP concen-
tration in each group

The changes of serum I-FABP concentration in
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each group are shown in Table 1. It began to rise at
0.5 h and reached the peak at 1 h (P < 0.05). Then,
with the lasting of ischemia, the I-FABP concentra-
tion gradually decreased.

Table 1. Changes of serum I-FABP concentration in each group
/ug LY % =s

Experimen- Control

Time F P
tal group group

Superior mesenteric artery 182.63 + 52.54 +

ligation for 0.5 h (1) 64.56" 29.36

Superior mesenteric artery 290.24 + 50.10 +

ligation for 1 h (11) 156.69"¢  37.48

Superior mesenteric artery 251.91+ 4183+ 276 <

ligation for 2h (111) 109.62"# 2077 83  0.001

Superior mesenteric artery 228.09 + 33.53

ligation for 4 h (1V) 99.29" % +7.06

Superior mesenteric artery 191.29 + 35.74 +

ligation for 8 h (V) 85.64" 12.14

Superior mesenteric artery 176.19 + 51.48 +

ligation for 12 h (VI) 86.02" 30.63

Note: * Comparison of each experimental group and control
group, P < 0.05; @ comparison of Il and I, P < 0.05; # com-
parison of 11l and 11, P < 0.05; 3% comparison of IV and III, P <
0.05; mcomparison of VV and VI, P < 0.05.

3.2 Analysis of immunofluorescence staining
images and statistical analysis

The number of I-FABP positive particles in
each experimental group and control group is
shown in Table 2. Compared with the control group,
the number of I-FABP positive particles in each
experimental group was significantly higher than
that in the control group within 2 hours of intestinal
ischemia. After 2 hours, the number of I-FABP pos-
itive particles gradually decreased and significantly
lower than that in the control group, the difference
was statistically significant (P << 0.05).

Table 2. Expression of I-FABP in ischemic intestinal tissue/x +
s

Experimen- Control

Time F P
tal group group

Superior mesenteric artery .

ligation for 0.5 h (1) 45l +34 323436

Superior mesenteric artery «@

ligation for 1 h (1) 705+71° % 328 +40

Superior mesenteric artery _— 103. <

ligation for 2h (111 4412357 329£23 gag 0001

Superior mesenteric artery *

ligation for 4 h (V) 273 £37 © 323 +23

Superior mesenteric artery *o

ligation for 8 h (V) 224 x31 © 341432

Superior mesenteric artery 161 +15°& 375423

ligation for 12 h (VI)

Note: * Comparison of each experimental group and control
group P < 0.05; @ comparison of 1l and I, P < 0.05; # compar-
ison of Il and I, P < 0.05; 3% comparison of IV and III, P <
0.05; =comparison of V and 1V, P < 0.05; & comparison of VI
and V, P < 0.05.

3.3 Intestinal histopathology

HE staining of rat intestine at various periods
of time of ischemia is shown in Figure 1.

€, i - |
a: In the control group, the villi of small intestine were ar-
ranged orderly without obvious necrosis and abscission. b:
After intestinal ischemia for 0.5 h, the villi of small intes-

tine began to fall off. c: After intestinal ischemia for 1 h, there
was partial and obvious necrosis of the villus of the small intes-
tine. d: After intestinal ischemia for 2 h, most of the small in-
testinal villi were necrotic and exfoliated, and the normal villi
structure was rare. e: After intestinal ischemia for 4 h, small
intestinal villus was almost necrotic, the normal villus structure
was rare, and there was no obvious necrosis of the muscular
layer. f: After intestinal ischemia for 8 h, small intestinal villus
and gland were necrotic, the blood vessels of mesentery were
dilated and congested, with obvious bleeding, and the muscular
layer was necrotic. g: After intestinal ischemia for 12 h, intes-
tinal tissue cells dissolved.

Figure 1. HE staining of rat intestine at each time point (>400).

.

0: Blank group: no positive staining was found. A: In the con-
trol group, more positive particles were found in the intestinal
tissue. 1-FABP was mainly expressed in the intestinal mucosal
epithelial villi, and a small amount was also expressed in the
intestinal submucosa and even the muscular layer. B: After
intestinal ischemia for 0.5 h, the morphology of intestinal wall
was normal. I-FABP positive particles increased in intestinal
mucosal glands and intestinal wall muscular layers, especially
granular fluorescence was obvious in intestinal wall. C: After
intestinal ischemia for 1 h, the morphology of intestinal wall
was basically normal. I-FABP positive granular fluorescence
was found in intestinal mucosal glands and intestinal wall
muscular layers, with the most uniform distribution. D: After
intestinal ischemia for 2 h, I-FABP positive particles were less
than those of C. E: After intestinal ischemia for 4 h, the posi-
tive particles of I-FABP were less than those of D. F: After 8 h
of intestinal ischemia, I-FABP positive particles were scattered
in intestinal tissue and lumen, and the number was lower than
that of E. G: After intestinal ischemia for 12 h, intestinal tissue
cells dissolved. A small amount of I-FABP positive particles
were scattered among necrotic tissue, and the number was sig-
nificantly lower than that of F.

Figure 2. Expression of intestinal tissue in each group (>400).
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3.4 Observation of the immunofluorescence
staining images for I-FABP

As observed under a 100 x fluorescence mi-
croscope, PE produced an emission fluorescence
wavelength of 450 nm with positive I-FABP stain-
ing in orange. See Figure 2.

4. Discussion

All is divided into two main categories ac-
cording to the etiology™. The first category is is-
chemia caused by intravascular factors, such as
mesenteric arteriovenous embolism and thrombosis,
also known as acute mesenteric ischemic syndrome
(AMIS). The second type is the disorder of intesti-
nal blood supply caused by some factors other
than blood vessels, such as volvulus, intussuscep-
tion and incarcerated inguinal hernia, that is, stran-
gulated mechanical small bowel obstruction
(SMSBO). Although there are many and different
causes of All, the ischemic changes of the intestinal
canal itself are basically the same, that is, a process
from ischemia to necrosis. In the early stage of is-
chemia, the histopathology of intestinal tissue
mainly showed the damage of intestinal wall glan-
dular duct, the abscission of intestinal mucosal epi-
thelial cells, edema, inflammatory cell infiltration
and so onll. After stopping the blood supply for
several minutes, the intestinal mucosa will suffer
ischemic injury. With the extension of ischemic
time, the epithelial cells of intestinal mucosa will
fall off obviously, the normal villus structure is rare,
and myometrial necrosis will occur, resulting in cell
lysis and changes in the tissue structure of intestinal
canal.

I-FABP is a water-soluble protein that is rela-
tively stable to heat. Its molecular weight is small,
about 12-15 KD™.. It is abundant in the intestine
and mainly exists at the top of intestinal mucosal
epithelial villi®". Its main function is to regulate
fatty acid metabolism. Intestinal bile acid salts and
trypsin emulsify and decompose food derived lipids
into medium and short chain fatty acids and long
chain fatty acids. The former is absorbed by intes-
tinal epithelial cells in a diffusion manner. Long
chain fatty acids (C16-20) combining with I-FABP
are targeted and transported to intracellular mito-

chondria, endoplasmic reticulum and other places to
participate in lipid synthesis and decomposition in
the body™ . The main metabolic pathway of
I-FABP is glomerular filtration and it is removed
from the body by the kidney. Its half-life period is
11 min. Therefore, 1-FABP can also be detected
through urine!™. Under normal circumstances, the
concentration of I-FABP in peripheral blood is very
low and can hardly be detected. Because the blood
flow at the intestinal villi is a countercurrent ex-
change mechanism, it is most difficult to tolerate
ischemia, hypoxia and other injuries. In the early
stage of intestinal ischemia, the oxygen partial
pressure at the top of intestinal villi is significantly
reduced, resulting in ischemic necrosis of cells at
the top of intestinal villi, and the I-FABP in it can
pass through the cell membrane earlier, capillaries,
lymphatic capillaries and portal veins to enter
the blood circulation, as well as the intestinal cavity
and abdominal cavity!4.

It was found that the concentration of serum
I-FABP increased significantly at 0.5 h of intestinal
ischemia, reached the peak at 1 h of intestinal is-
chemia, and then decreased gradually with the ex-
tension of ischemia time. It is mainly due to the
continuous destruction of intestinal mucosal epithe-
lial villi and the release of a large amount of
I-FABP to peripheral blood in the early stage of in-
testinal ischemia (<1 h). 1 h after intestinal ische-
mia, the epithelial villi of intestinal mucosa
have been largely destroyed, and the I-FABP re-
leased to peripheral blood gradually decreases. At
the same time, due to the short half-life period of
I-FABP and its metabolism through the kidney, it is
continuously consumed, so that the concentration of
I-FABP in peripheral blood continuously decreases
with the extension of ischemia time. At the same
time, immunofluorescence showed that after PE
labeling with I-FABP antibody, I-FABP was mainly
expressed in intestinal mucosal epithelial villi, and a
small amount was also expressed in intestinal sub-
mucosa and even the muscular layer. Within 1 h of
intestinal ischemia, the expression of I-FABP posi-
tive particles in intestinal tissue gradually increased.
Considering that in acute intestinal ischemia, intes-
tinal tissue mainly mobilizes and uses fatty acids for
energy supply, the transport and metabolism of fatty
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acids need to be combined with FABP, so as to in-
directly activate FABP in tissue. At the same time,
the fatty acids entering the cell are transported to
the nucleus after binding with FABP, and then bind
with the fatty acid activation receptor in the nucleus
to activate the downstream nuclear factor signal
transduction pathway, so as to regulate the synthesis
and expression of intracellular FABP at the tran-
scriptional level and make the synthesis and expres-
sion of intracellular FABP Further increasel™*®,
When ischemia reached 1 h, the number of I-FABP
positive particles in intestinal tissue was the largest,
which further verified that the damaged intestinal
mucosal tissue released the most I-FABP. After 1 h,
with the extension of intestinal ischemia time, the
number of I-FABP positive particles in intestinal
tissue gradually decreased, the normal villi gradu-
ally decreased or even disappeared, the intestinal
mucosal epithelial villi had been largely destroyed,
and the mucosal epithelial cells necrotized and dis-
solved.

In conclusion, I-FABP mainly exists in intes-
tinal mucosal epithelial cells at ordinary times. In
the early stage of acute ischemia, I-FABP is rapidly
expressed, released into intestinal wall tissue and
intestinal cavity, and absorbed into blood. When the
serum I-FABP concentration reaches the peak, the
intestinal mucosal epithelial villi have been seri-
ously damaged. At this time, the ischemic damage
may have reached the submucosa. Clinicians should
consider surgical treatment. This suggests that
I-FABP can not only be used for the early diagnosis
of intestinal ischemia, but also play a guiding role
in the treatment of intestinal ischemia. Therefore,
I-FABP has certain clinical significance in the early
diagnosis and treatment of acute intestinal ischemia.
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ABSTRACT

Objective: To explore the expression and clinic significance of 8-OHdG in breast cancer. Methods: Pre-operative
serum 8-OHdG levels were detected with an enzyme-linked immunosorbent assay in a well-defined series of 173 breast
cancer patients. 8-OHdG expression in cancer cells from 150 of these patients was examined by immunohistochemistry.
The HPLC-ECD method is used to determine 8-OHdG concentration in urine. Results: The serum 8-OHdG levels and
immunohistochemical 8-OHdG expression were in concordance with each other (P < 0.05, r = 0.163). Breast cancer
patients with negative 8-OHdG immunostaining show lower survival rate according to the multivariate analysis (P <
0.01). This observation was even more remarkable in ductal carcinomas (n = 140) patients (P < 0.001). A low serum
8-OHdG level was associated statistically significantly with lymphatic vessel invasion and a positive lymph node status.
Comparison of 8-OHdG concentration in urine of breast cancer patients and healthy women was statistical significance
(P < 0.01). Conclusion: Low serum 8-OHdG levels and a low immunohistochemical 8-OHdG expression were associ-
ated with an aggressive breast cancer phenotype. In addition, negative 8-OHdG immunostaining was an independent
prognostic factor for breast cancer-specific death in breast carcinoma patients. Using 8-OHdG concentration in urine to
predict DNA damage resulting from breast cancer can provide good biological indicators for detecting harm in ear-
ly breast cancer.

Keywords: 8-OHdG; Enzyme-linked Immunosorbent Assay; Immunohistochemistry; Reactive Oxygen Species

1. Introduction

ROS (reactive oxygen species) is a metabolite of normal cells,
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which can act on pyrimidine, purine and chromatin proteins, resulting
in gene base modification and gene mutation. These reactions interact
with oncogenes and may lead to cancer formationt.

Because the life of ROS is very short, for example, the life of the
most harmful -OH is estimated to be less than 1 ns, it is difficult to de-
tect ROS directly. Therefore, the most effective method to detect ROS
is to use antibodies to neutralize the “footprint” of oxidative damage'?.
8-hydroxydeoxyguanosine (8-OHdG) is a specific marker of
2-deoxyguanosine damage caused by ROS attacking DNA. The mo-
lecular weight of 8-OHdG is 283.2. It is formed after the hydroxyl rad-
ical (-OH) in oxygen-containing radical (ROS) attacks the DNA base
guanine and is removed from the DNA chain after enzyme repair. It is
water-soluble and can be excreted from the body through urinef.
8-OHdG is one of the biomarkers of oxidative stress. It can be detect-
ed by immunohistochemistry, enzyme-linked immunosorbent assay
and HPLC-ECD. In this study, we analyzed the level of 8-OHdG in
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serum and urine, 8-OHdG expression in tissue, and
combined with clinicopathological parameters to
evaluate the feasibility of 8-OHdG as a predictor
and prognostic factor of breast cancer.

2. Materials and methods

2.1 Data collection

A total of 173 breast cancer patients admitted
to the First Affiliated Hospital of Gannan Medical
University from 1982 to 2011 were selected. All
cases were histologically confirmed as breast cancer,
and the staging criteria were based on the tumor
staging established by WHO. None of them re-
ceived any treatment before blood collection. All
the patients were female, including 140 cases of
ductal carcinoma, 25 cases of lobular carcinoma
and 8 cases of other types of breast cancer. The av-
erage follow-up time of this study was 40.5 months.
Serum samples were stored in polystyrene tubes at
—80 °C. Pathological wax blocks of 150 patients
were randomly selected from the 173 patients for
immunohistochemical examination. Urine of 60
normal women of the same age group who had not
suffered from gynecological diseases or received
treatment in the past were collected as the control
group, and the concentration of 8-OHdG in urine
was analyzed. This study was approved by the
medical ethics committee of the First Affiliated
Hospital of Gannan Medical University.

2.2 Using ELISA to detect the expression
level of 8-OHAG in blood of breast cancer
patients

The level of 8-OHdG in serum was deter-
mined by ELISA (ELISA kit was purchased from
Shanghai Esha Biotechnology Co., Ltd., as well as
all the following reagents). Anti 8-OHdG monoclo-
nal antibody was used. Blood samples were pre-
treated with a microporous filter. 200 uL serum was
added to each test tube, centrifuged at 140 rpm for
30 min; the supernatant was taken, added with pri-
mary antibody. Another test tube was added with
samples, plate vibrated, and incubated at 4 °C for
the night. Each tube was rinsed with 250 pL rinse
solution for 3 times, followed by secondary anti-
body, plate vibration, and incubation at room tem-
perature for 1 h. Then, each test tube was added

with 100 pL reaction stopper, and plate vibrated,
and the absorbents were measured at 450 nm on the
panel display. The standard curve was used to cal-
culate the amount of 8-OHdG in the samples.

2.3 Using immunohistochemistry to detect
8-OHdG expression in breast cancer tissue
samples

Paraffin blocks were conventionally sliced,
de-waxed with xylene, dehydrated with alcohol of
different gradients, and heated with 10 mm citric
acid in a microwave oven for 10 min. The slices
were cooled at room temperature, soaked in 3%
hydrogen peroxide in methanol for 15 min, and in-
cubated overnight at 4 °C. The incubation solution
was 1:125 primary antibody (8-OHdG), colorant
was 1:400 biological secondary antibody and avi-
din-biotin-peroxidase complex. Aminobtetraethyl
lead was used as color-changing material, while
xylitol was used for the staining count.

The intensity of 8-OHdG in cells was divided
into four groups: — negative (nuclear staining <5%),
+ weak (nuclear staining 5%-20%), ++ medium
(nuclear staining 21%-80%), +++ strong (nuclear
staining >80%). For statistical analysis, staining
results were divided into negative (-) and positive
(+, ++, +++).

2.4 Examination of the concentration of
8-OHDG in urine by HPLC-ECD

Urine samples from breast cancer patients
were collected by catheterization before surgery,
and those from normal women were collected by
natural urination. Urine samples were stored in a
refrigerator at —80 °C. Adjust pH value of urine to
4.5 by HCI solution. 5 mL urine was put into a 15
mL centrifuge tube, centrifuged at 1,500 rpm for 5
min, and 2 mL supernatant was taken and added to
the first extraction tube. Add 10 mL MeOH into the
extraction tube; add 5 mL distilled water; add 10
mL buffer A; add 3 mL buffer A for washing, and
add 3 mL 5% MeOH into buffer A for washing, and
collect it in a 15 mL centrifuge tube. Add the col-
lected solution to the second extraction tube. Add
1.5 mL 20% MeOH into buffer A for washing, and
collect it in a 15 mL centrifuge tube. Remove
MeOH in a vacuum concentrator and condense it
for 1.5 h. Use buffer A for quantification to 1 mL.

37



Inject 100 pL of it into HPLC-ECD for analysis.

2.5 Statistical analysis

Software spss 15.0 was used for statistical
analysis. Spearman’s test, Mann-Whitney U-test
and Pearson x* were used to calculate the results of
ELISA, immunohistochemistry and HPLC-ECD,
respectively. The survival rate was analyzed by the
survival curve. External factor analysis was per-
formed by lox regression analysis, P < 0.05 means
the difference is statistically significant.

3. Results

3.1 Expression of 8-OHdG in breast cancer
tissue samples

8-OHdG immunohistochemical staining was
located in the nucleus (Figure 1). Among all pa-
tients, 147 patients had positive 8-OHdG immuno-
histochemistry; among the patients with intraductal
carcinoma, there were 120 patients with positive
8-OHdG immunohistochemical expression. The
distribution of immunohistochemical staining is
shown in Table 1. According to Spearman’s test,
the expression of 8-OHdG in serum was positively
correlated with that in tissue (P < 0.05, r = 0.163).

Table 1. 8-OHdG immunohistochemical results

Group n - + ++

8-OHdG expression

+++

n % n % n % n %

All the patients

173 26 15.0 26 15.0 73 42.1 48 27.7

Ductal carcinoma 140 20 14.2 27 19.2 59 42.1 34 24.2

i : y i . ¥_
F il g8 .ac wh cazh

Figure 1. Strong positive 8-OHdG expression in breast cancer.
Note: A: x10; B: >40; arrows indicate positive cells.

3.2 Relationship between the expression of
8-OHdG in blood and the biological charac-
teristics of breast cancer patients

Among patients with breast cancer, the level of
serum 8-OHdG in patients with lymphatic metasta-
sis and lymph node metastasis is relatively low.
When comparing the biological characteristics of
tumor in all patients, there was statistical signifi-
cance between the two characteristics of lymphatic
metastasis and the number of lymph node metasta-
sis and the level of serum 8-OHdG (P < 0.05) (Ta-
ble 2).

patients

Table 2. Statistical relationship between 8-OHdG and biological characteristics of breast cancer
Clinical 8-OHdG P Clinical 8-OHdG P Clinical 8-OHdG P
information value value | information value value | information value value
T staging Lymphatic metastasis Progesterone receptor
1 0.18+0.13 009 | Positive 0.12 +0.09 305 Positive 016+012 035
2~4 0.15+0.11 Negative 0.17 +0.13 Negative 0.19 +0.13
N staging Vascular metastasis Ki-67
0 0.18 +£0.12 8.05 Positive 0.10+0.04 018 Jo-~2 016012 041
1~2 0.15+0.13 Negative 0.17 +£0.13 3 0.19+0.14
Grading Estrogen receptor Her-2
1~2 017012 037 | positive 0.16 £0.12 024 | positive 015+009 014
3 0.17 +£0.13 Negative 0.19 +0.14 Negative 0.17 +0.13

3.3 Relationship between 8-OHdG and
clinicopathological parameters in breast
cancer tissue

Compared with patients with positive 8-OHdG
immunohistochemical expression, those with nega-
tive expression had a higher risk of death. Survival
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rate data are shown in Table 3. In survival factor
analysis, negative 8-OHdG is an independent prog-
nostic factor in patients with low survival rate. The

results of survival curve analysis showed that there

Table 3. Relationship between 8-OHdG and biological characteristics of breast cancer

was a significant difference in disease-free survival
time between positive and negative 8-OHdG posi-
tive (see Figure 2).

Clinical information n Average survival P Clinical information n Average survival P
time/month value time/month value

T staging Progesterone receptor

1 110 687 <0.01 = Positive 116 67.5 <0.05

2~4 63 635 Negative 57 643

N staging Ki-67

0 97 704 <0.01 0-~2 127 69.6 <0.001

1~2 76  62.6 3 46  56.7

Tissue grading Her-2

1~2 110 700 <0.01 = Positive 22 608 0.21

3 63 621 Negative 151 67.6

Lymphatic metastasis Histological type

Positive 16 556 0.16 ' pyctal 140 66.4 0.33

Negative 151 67.9 Others 33 677

Vascular metastasis 8-OHdG expression

Positive 9 582 009 positive 127 66.9 <0.01

Negative 158 67.6 Negative 23 495

Estrogen receptor 8-OHdG expression in ductal carcinoma

Positive 140 690 <0.01 = Positive 106 67.4 <0.001

Negative 33 559 Negative 17 421

Note: only 167 patients with lymphatic and vascular metastasis were collected, and the other 6 patients in the early stage had no rel-

evant information.
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P<0.001
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40.0

60.0

Follow-up time (month)

A: all breast cancer (P < 0.01); B: ductal carcinoma (P < 0.001)

Figure 2. Survival curve analysis.

3.4 Concentration of 8-OHdG in urine

of breast cancer patients and healthy women

The 8-OHdG concentration in urine and the

correction by creatinine and body weight of breast
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cancer patients and healthy women were compared
(Table 4). The concentration of 8-OHdG in the two



groups was statistically significant (P < 0.01). The
mean 8-OHdG concentration in urine of breast
cancer patients was (81.81 £74.4) nmol, which was
higher than that of healthy women (33.14 +18.1)
nmol (P < 0.01). Corrected by creatinine in urine,
the mean 8-OHdG concentration in urine of breast
cancer patients was (16.39 £ 17.3) umol-mol ™, still
higher than that of healthy women (4.70 £ 7.1)
umol'mol™ (P < 0.01). After corrected by body
weight, the mean value of 8-OHdG/kg in urine
of breast cancer patients was (676.82 =+ 608.0)
pmolkg™, which was also higher than that of
healthy women (286.37 + 160.7) pmolkg® (P <
0.01).

Table 4. Comparison of 8-OHdG concentration in urine be-
tween breast cancer patients and the control group/x =+s

Grou 8-OHdG _8-OHdG/Creatin 8-OHdG
P nmol ine /umol-mol™  /pmol-kg™
Breast 81.81 16.39 £17.3 676.82 +
cancer +74.4 608.0
n=173 (15.45- (1.64-90.01) (131.09-
354.27) 3163.11)
Control 33.14 + 470 £7.1 286.37 =
group 18.1 160.7
n=60  (16.86- (0.94-53.22) (127.62—
101.81) 808.53)
Pvalue <0.01 <0.01 <0.01

4. Discussion

ROS is a by-product of normal cell metabo-
lism and may also be produced by stimulation of
foreign substances. 8-OHdG is the product formed
after ROS attacks DNA. The formation of 8-OHdG
is easy to cause errors in DNA replication, resulting
in gene mutation, and then cancer; at the same time,
it will be removed from the DNA strand after re-
paired by repair enzyme in vivor.

Studies have pointed out that when cells are
attacked by carcinogens, they may produce some
oxygen-containing free radicals, which may cause
oxidative damage to nucleic acids; when these
products are attacked by oxygen-containing radicals,
they cause more than dozens of products of nucleic
acids oxidative damage, of which 8-OHdG is the
most representative; and because 8-OHdG will
cause the error of deoxyribose insertion during
DNA replication, G — T conversion occurst. It is
found that 8-OHdG can be used as a biological in-
dex related to mutation formation or cancer for-
mationt. Through this study, it is found that

8-OHdG negative staining in breast cancer tissue
may be an independent prognostic factor for breast
cancer patients with poor prognosis. The low level
of 8-OHdG expression in serum and tissue may be a
strong feature of breast cancer invasion. This study
found that there was a positive correlation between
oxidative stress and serum 8-OHdG level in breast
cancer cells.

In this study, the low expression of 8-OHdG
in breast cancer tissue and the low level of 8-OHdG
in preoperative serum were significantly correlated
with the prognosis of breast cancer. This correlation
is more obvious in ductal carcinoma. Ductal carci-
noma is an important histological subtype of breast
cancer with different prognosis. Therefore, more
accurate prognostic factors need to be identified.
According to our experimental results, negative
8-OHdG expression and low serum 8-OHdG levels
in tumor tissue are independent prognostic factors
of low survival rate in breast cancer patients.

The low level of serum 8-OHdG is a sign of
weak DNA repair after oxidative damage, or the
improvement of antioxidant defense function rela-
tive to ROS. The main repair enzyme of 8-OHdG is
DNA glycosylase 1, whose function is very im-
portant to prevent base pair G — T mutation®.
ROS can damage DNA glycosylase 1 and cannot
cleave damaged guanine, resulting in the decrease
of 8-OHdG level in extracellular fluid®. The im-
provement of antioxidant defense in tumor tissue
provides advantages for cancer cell growth by
avoiding apoptosis and ROS induced necrosis. Ex-
cessive antioxidant enzymes will prevent the inter-
action between ROS and DNA, thus reducing the
formation of 8-OHdG in tissue™. Translation fac-
tor Nrf 2 is an up-regulator of multifunctional anti-
oxidant enzymes, which can remove ROS from
cells. On the other hand, Nrf 2 upregulation is very
common in drug-resistant cancer cells. It can pro-
vide cancer cell growth advantage in the tumor
treatment stage™™. Although 8-OHdG is relatively
less studied in breast cancer patients, Nrf 2
up-regulated, and antioxidant enzyme inducers and
resistance may explain the poor prognosis of pa-
tients with low8-OHdG in the initial stage of
8-OHdG.

By comparing the concentration of 8-OHdG in
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the urine of breast cancer patients and healthy
women, the former was 81.81 nmol, which was sig-
nificantly higher than that of the latter, 33.14 nmol,
with statistical difference (P < 0.001). The same
results were obtained after adjustment by creatinine
and body weight. There has been no studies on the
correlation between 8-OHdG in the urine of breast
cancer patients and healthy women. From the re-
sults of this study, it has been found that there was a
statistically significant correlation between the
concentration of 8-OHdG in urine and breast cancer
patients. Therefore, the concentration of 8-OHdG in
urine can be used to predict the DNA damage
caused by breast cancer and provide good biologi-
cal indicators for the early damage of breast cancer.
We believe that the expression of immuno-
histochemical 8-OHdG expression in breast cancer
patients is related to the level of 8-OHdG in plasma.
The decrease of 8-OHdG in plasma and breast can-
cer cells indicates the increase of invasiveness, es-
pecially in ductal cancer. Negative immunohisto-
chemical 8-OHdG expression is an independent
predictor in breast cancer patients. These results
provide a standard for judging the prognosis
of breast cancer, and provide an important prelimi-
nary study for further better treatment of tumors.
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ABSTRACT

Objective: To study the potential therapeutic effects of active vitamin D3 (1.25(0OH),Ds) in the experimental au-
toimmune neuritis (EAN). Methods: The EAN model was established by actively immunizing Lewis rats with synthetic
PO1g0_199 pepide and Freund’s complete adjuvant. 1.25(0OH),D5 treatment was given, weight change of rats and clinical
score were analyzed. HE staining was used to detect the inflammatory cell infiltration of sciatic nerves and demye-
lination of sciatic nerves was observed by transmission electron microscope (TEM) at the same time. The expressions of
inflammatory cytokines 1L-17, IL-10, TGF-B, IFN-y were detected by ELISA, and the expressions of Th17, Treg were
examined by RT-PCR. Results: 1.25(0OH),Ds; ameliorated body weight loss and myelin lesions. It decreased expressions
of inflammatory cytokines IL-17, IFN-y and RORrt while those of IL-10, TGF-p and FoxP3 were increased. Conclu-
sions: 1.25(0OH),D; can improve the clinical pathological changes of EAN rats, and the mechanism may be related to
the changes of inflammatory cytokines. 1.25(0OH),D; is expected to become a new strategy for the clinical treatment of
GBS/EAN.

Keywords: Experimental Autoimmune Neuritis; 1.25(0OH),Ds; Inflammation Cytokines; T-lymphocytes

1. Introduction

Guillain-Barrésyndrome (GBS), also known as acute inflamma-
tory demyelinating polyneuropathy, is an autoimmune disease charac-
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terized by demyelination of peripheral nerves and nerve roots and in-
filtration of small vascular inflammatory cells. Due to the unknown
etiology, symptomatic supportive therapy and specific immunotherapy,
such as plasma exchange and intravenous immunoglobulin, are mainly
used, but the effects of the two treatments are not satisfactory. At pre-
sent, there is no measure to block the progress of the disease. EAN is a
classic animal model of GBS. It has the pathological characteristics of
peripheral nerve demyelination and inflammatory cell infiltration. Its
clinical manifestations and neurophysiological changes are very similar
to human GBS. It is widely used in the basic research of the pathogen-
esis and treatment of GBS. 1.25(0H),Ds is the active form of vitamin
D. After binding with vitamin D receptor (VDR), it forms a dimer with
retinoid X receptor (RXR) and binds to vitamin D response elements
(VDRE) on the DNA sequence of downstream genes, so as to control
the transcription of downstream genes. It has long been believed that
vitamin D mainly plays a role in calcium and phosphorus metabolism
and bone metabolism. However, VDR is expressed in almost all human
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tissue types, including immune cells™. Recent
studies have shown that vitamin D plays a role in
innate and specific immunity by regulating the ac-
tivation of T Ilymphocytes, B lymphocytes and
macrophages. Epidemiological studies show that
vitamin D deficiency is associated with a variety of
autoimmune diseases'? ®!. Spanier et al.”! found that
supplementation of vitamin D3 can reduce the inci-
dence rate and severity of experimental autoim-
mune encephalomyelitis (EAE). However, Meehan
et al.!! proposed that it’s hypercalcemia caused by
1.25(0H),Ds; which can improve EAE, rather than
the therapeutic effect of 1.25(0OH),D; itself. How-
ever, the effect of vitamin D on EAN is not clear.
Therefore, this study established an EAN rat model,
observed the behavioral manifestations, pathologi-
cal changes and inflammatory cytokines of EAN
rats after 1.25(OH),D; treatment, and comprehen-
sively evaluated the effect of 1.25(0OH),Ds; on EAN
and its mechanism.

2. Materials and methods
2.1 Materials

2.1.1 Experimental animals

Healthy male Lewis rats, 6-8 w, weighing
160-180 g, were purchased from Beijing Charles
River Laboratory Animal Technology Co., Ltd.

2.2.2 Main reagents

Peripheral nerve myelin antigen POygp 199 Was
purchased from GL Biochem (Shanghai) Ltd.;
Freund’s incomplete adjuvant and active vitamin D;
were purchased from Sigma company of the United
States; mycobacterium tuberculosis H37Ra was
purchased from Difco company; Trizol was pur-
chased from Invitrogen; ELISA Kkits for IL-17,
IL-10, TGF-B, and IFN-y were purchased from
ABclonal.

2.2 Methods

2.2.1 Establishment of the EAN model and
treatment with 1.25(0OH);D;

25 Lewis rats were randomly divided into the
normal control group (Control), model group
(EAN), low-dose vitamin D group (VDI), medi-
um-dose vitamin D group (VDm) and high-dose

vitamin D group (VDh), with 5 rats in each group.
250 ug PO01gg 199 Was emulsified in the same amount
of complete Freund’s adjuvant (containing 10
mg-mL™ mycobacterium tuberculosis H37Ra) as
the sensitizers. The rats in the model group and
vitamin D treatment groups were injected with sen-
sitizers at multiple points on the soles of both feet
of the hind limbs for a total of 100 uL/rat. From the
5" day after immunization, VDI, VDm, and VDh
groups were given 0.25 pg-kg ™, 1 ng-kg*, 4 pg-kg™
1.25(OH),D3 by gavage administration once a day
for 7 days. The control and EAN groups were given
0.2 mL peanut oil by gavage administration every
day for 7 days.

2.2.2 Clinical score of nervous system signs

From the 0 day of immunization, two experi-
menters weighed, observed and scored the rats at
the same time every day. The scoring criteria are as
follows: 0 point: normal; 1 point: the tension of rat
tail muscle decreases and the tail tip turns up; 2
points: caudal paralysis, and loss of righting reflex;
3 points: loss of righting reflex; 4 points: gait dis-
order and abnormal posture; 5 points: hemiplegia of
hind limbs; 6 points: moderate paralysis of hind
limbs; 7 points: severe paralysis of hind limbs; 8
points: quadriplegia; 9 points: on the verge of death;
10 points: death.

2.2.3 Evaluation of action potential of sciatic
nerves

The action potential conduction velocity and
latency of rat sciatic nerves were measured by
a biological signal recorder. The methods are as
follows: at the peak of onset, lay the rats in a prone
position on a constant temperature operating table
under 10% chloral hydrate anesthesia, shave the
hair of the left leg, cut off the skin of the left hip
after routine disinfection, cut off the blunt separa-
tion along the fascia, free and expose the sciatic
nerves, and put them in the stimulating electrode
recording electrode, set the nerve stimulation in-
dexes as: 1 Hz, 5 mA, 0.1 ms, and evoke compound
muscle action potential (CAMP). The CAMP am-
plitude, latency and motor nerve conduction veloc-
ity (MNCV) were detected and recorded by a
four-channel biological signal collector. The nerve
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conduction of each rat was recorded 3 times. Dur-
ing the measurement, the nerve stem was kept moist
with tabletop liquid.

2.2.4 Morphological evaluation of sciatic
nerves

On the 15™ day after immunization, the sciatic
nerves were immediately separated under 10%
chloral hydrate anesthesia, fixed in 4% paraformal-
dehyde, dehydrated with gradient alcohol, trans-
parentized by xylene, and then embedded in paraf-
fin, and sectioned. The infiltration of lymphocytes
and macrophages between sciatic nerve bundles and
around small vessels was observed under HE stain-
ing light microscope.

2.2.5 Ultra-structural observation of sciatic
nerves

On the 15" day after immunization, the sciatic
nerves were immediately isolated under 10% chlo-
ral hydrate anesthesia, and fixed in 0.2 mol-L™ glu-
taraldehyde. The demyelination of sciatic nerve
axons was observed by a transmission electron mi-
croscope after routine dehydration, embedding, ul-
trathin section and staining.

2.2.6 Detection of IL-17, IL-10, TGF-p and
IFN-y levels by ELISA

On the 15" day after immunization, blood was
collected from the retroorbital venous plexus, cen-
trifuged at 3,000 rpm for 5 min, and the supernatant
was retained. Add 100 pL standard substances or
samples to be tested into the detection hole of the
enzyme plate according to the requirements of the
manual and incubate at 37 °C for 2 h. Add 100 pL
antibodies to each hole after plate washing and in-
cubate at 37 °C for 1 h. After plate washing, add
100 pL enzyme binding substrate respectively and
incubate at 37 °C for 30 min. Discard the liquid in
the hole and add 100 uL TMB after plate washing.
Add 100 pL termination solution after 15 min. Set
the wavelength at 450 nm, zero the blank hole, and
immediately detect the OD value with an enzyme
labeling instrument. The concentration of IL-17,
IL-10 TGF-B and IFN-y in serum was calculated
according to the standard curve.

2.2.7 Detection of IL-17, IFN-y, RORrt,

FoxP3 mRNA levels by RT-PCR

On the 15" day after immunization, the rats
were anesthetized with 10% chloral hydrate and
routinely disinfected, and the spleen was taken out
in a sterile environment. Grind the spleen with Tri-
zol in liquid nitrogen, and extract total RNA. The
RNA concentration was measured by ultraviolet
spectrophotometer and then reverse transcribed into
cDNA for RT-PCR to detect the level change of
IL-17, IFN-y, RORrt, FoxP3 mRNA. The primer
design was as follows: FoxP3 F: 5 CCT ACC CAC
TGC TGG CAA ACG 3’, R: 5> ACT TCT CTC
TGG AGG AGG CAC TG 3’; RORrt F: 5 AGG
TAT GAC CGATGC TCT TA 3, R: 5> TAT TTT
CGG ATAAGT CTAGG 3% IL-17 F: 5 TGG ACT
CTG AGC CGC ATTGA 3’, R: 5 GAC GCATGG
CGG ACA ATA GA 3’; IFN-y F: 5> AAA GAC
AAC CAG GCCATCAG 3’,R:5°’CTT TTC CGC
TTC CTT AGG CT 3’; GAPDH F: 5 TCG TGG
AGT CTA CTG GCG TCT T 3, R: 5 CAT TGC
TGACAATCT TGAGGG AG 3.

2.3 Statistical methods

SPSS 16.0 statistical software was used to an-
alyze the data. The measurement data were ex-
pressed as x =s. The measurement data between
groups were compared by analysis of variance. The
pairwise comparison between multiple samples was
carried out by Mann-Whitney test. The difference P
< 0.05 is statistically significant.

3. Results

3.1 Weight change and clinical score of rats

The rats in the EAN group began to appear
symptoms on the 5™ day after immunization, which
reached the peak on the 15" day. The clinical scores
of the VDI group (6.6 +£0.23), the VDm group (5.2
+0.28) and the VVDh group (6.2 +=0.33) were lower
than those of the EAN group (7.1 £0.35). The ef-
fect in the VDm group was more obvious, but there
was no significant difference between groups (P >
0.05). The weight gain rate of rats in the EAN
group decreased from the onset of clinical symp-
toms, and the weight decreased rapidly at the peak
of onset on the 13"-15™ day. However, the weight
gain rate of rats in the 1.25(OH),D; intervention
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group decreased from the onset of clinical symp-
toms, but there was no significant weight loss. The
weight loss of the VDI, VDm and VVDh groups was
lower than that of the EAN group, but there was no
significant difference compared with the EAN
group (P > 0.05). See Figure 1.
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Figure 1. Effects of 1.25(0OH),D3 treatment on clinical scores
(A) and weight (B) of EAN rats.

3.2 Neurophysiological changes in EAN rats

The sciatic nerve conduction velocity in the
EAN group was (57.7 £0.78) m-s™*, which was sig-
nificantly lower than that in the control group
(133.3 £0.28) m's™* (P < 0.05); the conduction ve-
locity of sciatic nerves in the VDI group, VDm
group and VDh group were (66.7 =+ 0.45) m's?,
(71.8 £0.56) m's™ and (66.4 +1.15) m-s™ respec-
tively, which were significantly improved compared
with the EAN group, especially in the VDm group
(P < 0.05). The amplitude of action potential of sci-
atic nerves in the EAN group was (7.49 % 0.13)
m-s*, which was lower than that in the control
group (17.8 +0.44) m's™* (P < 0.05); the action po-
tential amplitudes of sciatic nerves in the VDI group,
VVDm group and VDh group were (13.3 £0.36) m's~
! (14.8 £0.31) m-s* and (13.6 +0.47) m- %, respec-
tively, which were significantly higher than those in
the EAN group. In conclusion, 1.25(0OH),Ds treat-
ment reduced peripheral nerve injury in EAN rats,
and the VDm group had the best effect. See Figure
2.
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Figure 2. Effects of 1.25(0OH),D; treatment on sciatic nerve conduction
velocity (A) and action potential amplitude (B) in EAN rats.

3.3 Sciatic nerve inflammatory cell infiltra-
tion and demyelination in EAN rats

At the peak of the disease, the sciatic nerves
were examined by HE staining and a transmission
electron microscope.

Figure 3. Inflammatory cell infiltration and demyelination of
sciatic nerves were detected by HE staining and a transmission
electron microscope.

The results of HE staining showed that com-
pared with the control group, a large number of in-
flammatory cells infiltrated around the small vessels
of sciatic nerves in the EAN group, while the in-
flammatory cell infiltrated around the vessels in the
VDm group was significantly reduced (Figure 3
HE - A, B, C). The results of the transmission elec-
tron microscope showed that the axonal structure of
myelinated nerve fibers in the control group was
normal, and the myelin lamina was regularly ar-
ranged around the center of the circle. In the EAN
group, there were swelling of myelin lamina, hon-
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eycomb changes and peeling of myelin inner layer
and axon. After treatment with 1.25(OH),Ds, the
changes of myelin swelling and cavity formation in
the VDm group were less than those in the EAN
group (Figure 3TEM - A, B, C).

3.4 Detection of IL-17, IL-10, TGF-p and
IFN-y in rats’ serum by ELISA

Existing theories believe that inflammatory
cytokines are one of the factors aggravating the
disease of EAN. Therefore, we used ELISA to de-
tect IL-17, IL-10, TGF-B and IFN-y level in periph-
eral blood of rats in each group. The results showed
that compared with the control group, the serum
inflammatory cytokines IL-17 and IFN-y in the
EAN group increased obviously. The levels of
IL-10 and TGF-B decreased significantly. The dif-
ference (P < 0.05) is of statistical significant. Com-
pared with the EAN group, serum IL-17 and IFN-y
in the VDI, VDm and VDh groups after
1.25(0H),D5 treatment decreased significantly. The
levels of IL-10 and TGF-B increased significantly
(P < 0.05). There were significant differences in the
pairwise comparison between the VDI group vs the
VDm group and the VDm group vs the VDh group
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(P < 0.05), but there was no significant differ-
ence between the VDI group vs the VVDh group (P >
0.05). See Figure 4.
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Figure 4. The level of inflammatory cytokines in peripher-

al blood (x =s).
Note: * compared with the control group, P < 0.05; # compared
with the EAN group, P < 0.05.

3.5 Detecting of the expression level of in-
flammatory cytokine mRNA in rat spleen by
RT-PCR

At the peak of onset, the inflammatory cyto-
kine mRNA in the spleen of rats in each group was
detected by RT-PCR.
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Note: * compared with the control group, P < 0.05; # compared with the EAN group, P < 0.05.

The results showed that compared with the
control group, the expression level of IL-17 and
IFN-y, RORrt mRNA in the EAN group increased
significantly and the level of FoxP3 mRNA de-

creased significantly. The difference was of statisti-
cal significance (P < 0.05). Compared with EAN
group, the expression level of IL-17 and IFN-y,
RORrt mRNA in VDm decreased significantly, and
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the level of FoxP3 mRNA increased significantly (P
< 0.05). Compared with the EAN group, the VDh
group showed obvious decrease only in the IFN-y
level. The level of IL-17 in the VDm group was
significantly lower than that in the VDI group (P <
0.05). The above experimental results showed that
the expression level of inflammation related cyto-
kines decreased after 1.25(0OH),D; intervention
treatment, and the therapeutic effect of medi-
um-dose 1.25(0OH),Ds was significantly better than
that of the low- and high-dose groups. See Figure
5.

4. Discussion

At present, it is considered that GBS is an au-
toimmune disease mediated by T cells. The main
clinical symptoms are limb weakness and symmet-
rical delayed paralysis of limbs. The main patho-
logical features are demyelination of peripheral
nerves and nerve root and infiltration of small vas-
culitis cells. EAN is a classic animal model of GBS,
very similar to GBS in pathological changes, clini-
cal manifestations and neuroelectrophysiological
changes, and is widely used in the study of the
pathogenesis and treatment of GBS, Many studies
have shown that the destruction of immune homeo-
stasis is the basis of GBS. Th17, Treg cells and their
effectors constitute a complex network of down-
stream genes regulated by VDR and systemic lupus
erythematosus and multiple sclerosis, which are
involved in the occurrence, development and prog-
nosis of GBS. Under physiological homeostasis,
Th1/Th2 and Th17/Treg cells are in dynamic bal-
ance®™. The characteristic cytokine I1L-17 secret-
ed by Thl7 cells participates in the occurrence of
autoimmune diseases by inducing the inflammatory
cascade of target organs. Treg cells with high ex-
pression of transcription factor FoxP3 inhibit Th
cell function, secrete inhibitory inflammatory cyto-
kines, inhibit autoimmune response and maintain
immune homeostasis through direct contact. When
the body is stimulated by pathogens, Thl and Th17
cells are activated to produce inflammatory re-
sponse against pathogens. If the regulation of this
process is unbalanced, it may lead to autoimmune
diseases. In the early stage of EAN, IFN-y and
IL-17 levels in peripheral blood increase signifi-

cantly; after the disease enters the recovery period,
IFN-y and IL-17 levels decrease gradually™. The
content of IL-17A in lymphocytes of EAE rat model
increases significantly™, Thi cells in peripher-
al blood of patients with GBS increases significant-
ly, and Treg cells decreases significantly. Our pre-
vious study found that the expression of Th1/Th2
and Th17/Treg in peripheral blood of GBS patients
is unbalanced. Gastrointestinal perfusion of bifi-
do-bacterium infantis in ENA rats can improve the
Th17/Treg imbalance and autoimmune inflamma-
tory responsel***4,

Vitamin D has no biological activity. It is
transformed into the active form of 1.25(0OH),D;
and plays a role in combination with VDR. VDR
widely exists in immune cells and the central nerv-
ous system, such as hypothalamus, hippocampus
and cortical neurons. Recent studies have shown
that vitamin D plays a role in innate and specific
immunity by regulating T lymphocytes; at the same
time, studies have shown that vitamin D can not
only affect the proliferation and maturation of T
cells, but also reduce the expression of IL-17, pro-
mote the proliferation of Treg cells and enhance
their immune tolerance!™®. Kevin et al. 1,
Tedeschi et al.™ and Volt et al.l'! detected that the
downstream genes regulated by VDR are related to
systemic lupus erythematosus and multiple sclerosis.
Studies of Hau et al.”®, and Jeffery et al.”"! showed
that the therapeutic effect of 1.25(0OH),Ds in rheu-
matoid arthritis and psoriasis was related to IL-17A.

In this study, 0.25 pg-kg™, 1 ug-kg™, 4 pg-kg™
1.25(OH),D3 were used to intragastric treatment of
EAN rats. The results showed that compared with
the PO peptid-induced EAN model group,
1.25(0H),D5 reduced the clinical symptoms, clini-
cal scores and weight loss in EAN rats. The sciatic
nerve conduction velocity was significantly im-
proved. From the perspective of morphology, the
method effectively reduced the sciatic neuritis cell
infiltration and myelin sheath loss, among which
the 1 pg-kg™ VDm group had the best effect. Re-
search of Mohammadi et al.[??! showed that vitamin
D reduces infiltration and demyelination of in-
flammatory cells into the central nervous system,
which is consistent with our results.

The inflammatory cytokines in peripheral blo-
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od of EAN rats were detected at the peak of the
disease. 1.25(0OH),D; decreased the expression of
pro-inflammatory cytokines 1L-17 and IFN-y, and
increased the expression of anti-inflammatory cyto-
kines IL-10 and TGF-f in peripheral blood of EAN
rats. The moderate-dose group (VDm) had a worser
effect, while the high-dose group had a better effect.
IFN-vy, on the one hand, promotes the pathogenesis
of EAN by activating macrophages to produce NO
and reactive oxygen intermediates, and on the other
hand, down-regulates IL-17 by inhibiting the am-
plification of Th17 cells in the IL-23 pathway,
which plays a bidirectional role in EAN. Speck et
al.”®! confirmed that high expression of TGF-B and
IL-10 is related to the recovery and remission of
EAE, and neutralizing or inhibiting TGF-f and
IL-10 can aggravate the severity of EAE. However,
Treg adoptive transfer can reduce the levels of
TGF-B, IL-10 and IL-4, thereby alleviating EAE.
The results of this study suggest that 1.25(0OH),Ds
changed the balance of pro-inflammatory cytokines
and anti-inflammatory cytokines in the EAN rat
model, alleviated EAN clinical symptoms, and the
therapeutic effect was dose-dependent. Further de-
tection of Th17 and Treg cell transcription factors in
the spleen of EAN rats at the peak of the disease
showed that compared with the control group, the
expression levels of IL-17, IFN-y and RORtrt
mMRNA in EAN rats increased, while FoxP3 mRNA
level decreased. 1.25(0OH),D; decreased the expres-
sion levels of IL-17, IFN-y and RORrt mRNA in
EAN rats, and up-regulated the level of Foxp3
mMRNA. Recombinant IL-17 aggravates sciatic in-
flammatory cell infiltration and demyelination in
EAN rats at acute stage. Reinfusion of amplified
Treg cells in vitro can alleviate neuralgia and pe-
ripheral neuroinflammatory demyelination changes
after peripheral nerve injury in EAN rats®!. In this
study, treatment of 1.25(0OH),D; and up-regulation
of FoxP3 were followed by down-regulation of
Th17 and other transcription factors, indicating that
the distribution of Th17/Treg cells and inflamma-
tory cytokines in EAN rats changed, and the im-
balance of Th17/Treg was corrected. The treatment
of 1.25(0OH),D; may be related to Thl7/Treg re-
balance. Ahangar-Parvin et al.”® and Haghmorad et
al.”® found that vitamin D could prevent the onset

of EAE and change the proportion of Thl, Th1l7,
Th2 and Treg cells in EAE, which is consistent with
our research results.

VDR, as the nuclear receptor of 1.25(0OH),Ds,
can play a role in regulating gene transcription by
binding to the VDRE sequence of the downstream
gene promoter region. Tone et al.’”! found VDRE
sequence in the highly preserved non-coding se-
quence of FoxP3 gene in rats. 1.25(0OH),D; stimu-
lates FoxP3 expression in CD4" CD25T cells in
human and rats®?®!. FoxP3 has the ability to directly
inhibit IL-17 and IFN-y, FoxP3, RORrt and Runxl
interact to inhibit IL-17 production, and VDR
can block the expression of Runxl and inhibit
RORrt transfer viability!”®?]. These studies show
that 1.25(0OH),D; may stimulate FoxP3 expres-
sion by directly binding to the VDRE sequence of
FoxP3 gene intron to promote FoxP3 promoter ac-
tivity, thereby regulating the expression of RORitt,
inhibiting the pro-inflammatory Thl7 response in
the autoimmune process and alleviating EAN in-
flammation.

To sum up, 1.25(0OH),D; may mediate the
protective effect on EAN by influencing the number
and function of T cells, inducing the differentiation
of Treg cells, reducing the production of
pro-inflammatory cytokines and increasing the ex-
pression of anti-inflammatory cytokines. Therefore
supplementing 1.25(OH),D; may be an adjunct
therapy for GBS, but the disease progression of the
EAN rat model is self-limited. During the limited
treatment period of the EAN model, whether the
immunomodulatory effects of 1.25(0OH),D; can be
reproduced in patients with GBS requires further
study. The results of this study expound the mecha-
nism of 1.25(0OH),D; treatment for EAN, which
provides experimental basis for its future applica-
tion in the prevention and treatment of GBS.
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ABSTRACT

Sialic acid-binding immunoglobulin-like lectin 9 (Siglec-9) is a receptor that expresses on the surface of immune
cells. 1t plays an important role in the body’s immune response. Increased expression of Siglec-9 has been reported in
infectious diseases, autoimmune diseases and cancer. Pathogenic microorganism and tumor cells can inhibit the recog-
nition and killing of immune cells by upregulating their own specific sialic acid and binding with Siglec-9 on the sur-
face of host immune cells, and suppress the release of pro-inflammatory cytokines and promote the release of an-
ti-inflammatory cytokines, eventually leading to immunosuppression, tumor immune escape and the like. However, the
immunosuppressive function of Siglec-9 may be advantageous for diseases such as neutrophil asthma and autoimmune
diseases. Therefore, further research on the mechanism of action of Siglec-9 is of great significance.
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1. Introduction

Sialic acid-binding immunoglobulin-like lectins (Siglecs) family is a kind
of transmembrane proteins that can recognize sialic acid ligands. It is a major
subgroup of type I lectins™. Siglecs found in mammals can be divided into
two categories based on evolutionary conservation and sequence similarity.
The first group is composed of Sn (sialoadesin, Siglec-1) and CD22 (Siglec-2),
MAG (myelin associated glycoprotein, Siglec-4) and Siglec-15; the second
group is CD33 related sialic acid-binding immunoglobulin-like lectins
(CD33-related Siglecs, CD33rSiglecs), including 10 of human (Siglec-3, -5,
-6, -7, -8, -9, -10, -11, -14, -16) and 5 of rodents (Siglec-3, -E, -F, -G, -H).
They have 50%-80% sequence similarity™?. Human Siglec-9 and mouse
Siglec-E have high homology, while the structural sequences of Siglec-9 and
Siglec-7 in human are highly similar. Most members of the Siglec family are
inhibitory receptors, including Siglec-9. At present, many studies have shown
that Siglec-9may play an important role in the pathogenesis of many diseases,
including infectious diseases, autoimmune diseases and cancer, but its mecha-
nism of regulating immune response is not yet clear. Further research on the
mechanism of Siglec-9 in diseases is of great significance for clinical diagno-
sis and treatment. This paper summarizes the current research on the mecha-
nism of Siglec-9 in diseases.

2. Biological characteristics of Siglec-9

Siglec-9, also known as CD329, contains 463 amino acids and its
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gene is located on the long arm of chromosome
1984, Siglec-9 is widely expressed on the surface
of immune cells, such as neutrophils, monocytes,
macrophages, dendritic cells and natural killer (NK)
cells™. All CD33rSiglecs members have similar
sequences and are type | transmembrane proteins.
Siglec-9 contains an immunoglobulin  like
N-terminal, a V-region domain and two C2 region
domains, in which the V region is the site of sialic
acid binding; the cytoplasmic tail includes an im-
munoreceptor tyrosine-based inhibitor motif (1TIM)
and an ITIM like sequence®®. Phosphorylation of
tyrosine residues on the ITIM motif near the mem-
brane end of Siglec-9 can recruit protein tyrosine
phosphatases SHP-1 and SHP-2 (SRC homology 2
domain containing protein tyrosine phosphatase
1/2), and activate tyrosinase phosphorylation, so as
to down regulate or inhibit the downstream intra-
cellular activation signal®®®. Therefore, Siglec-9 is
an inhibitory receptor on the cell surface.

The ligands of Siglecs are mainly sialic acid
containing glycoproteins or glycolipids. Sig-
lecs bind to ligands in roughly the same way, which
can be divided into two categories: one is cis inter-
actions, that is, they bind to sialic acid ligands (cis
ligands) on the same cell membrane; the second is
trans interactions, which combines with sialic acid
ligands (trans ligands) on the surface of other cell
membranes®®®l. A high concentration of sialic acid
formed locally on the same cell membrane can
achieve cis interactions with Siglec, directly act on
or mask the sialic acid binding site of Siglec, so as
to weaken trans interactions. Siglec-9 on immune
cells preferentially interacts with sialic acids ligands
whose terminal are linked in the form of a(2,3)- and
a(2,6)-: the immune response between cells
and between cells and pathogenic microorganisms
can inhibit the activity of immune cells, facilitating
the survival of pathogenic microorganisms and the
immune escape of tumor cells™ ™. In addition,
vascular adhesion protein-1 (VAP-1) is an important
molecule regulating leukocyte migration to in-
flammatory sites. Siglec-9, as a leukocyte ligand,
can be used for positron emission tomography (PET)
imaging to assist inflammation and cancer diagno-
sisttel,

Soluble Siglec-9 (sSleclec-9) is the extracellu-

lar part of Siglec-9, which has antibacterial ef-
fect by competitively inhibiting the binding be-
tween Siglec-9 and its ligands, and preventing
down-regulation of host immune response, and can
play an anti-tumor role by inhibiting downstream
signal transduction mediated by tumors related mu-
cinl (MUC1)IM181,

3. Mechanism of Siglec-9 in various
diseases

3.1 Pulmonary diseases

Siglec-9 ligands are widely distributed in hu-
man’s lung tissues (submucosal glands, epithelial
cells and connective tissue) and are consistent with
the distribution of neutrophil inflammation, which
may be related to Siglecs-9’s involvement in regu-
lating neutrophil function™. And inflammation
leads the up regulation of Siglec-9 ligands’ expres-
sion in lung tissues, which may help to control lung
inflammation!?”,

Zeng et al. found that Siglec-9 expression on
neutrophils increased in alveolar and peripheral blo-
od of patients with the chronic obstructive pulmo-
nary disease (COPD)™. At the same time, cigarette
extract (CSE), lipopolysaccharide (LPS), some cy-
tokines and dexamethasone (DEX) can up regulate
the expression of Siglec-9. And they further found
that DEX may have anti-inflammatory effect on
neutrophils by up regulating the expression of Sig-
lec-9. The expression of Siglec-9 also increased in
COPD patients, and increased the oxidative burst of
neutrophils and the chemotaxis of interleukin
(IL)-8 by competitively inhibiting the binding of
Siglec-9 to its ligands. Other studies have shown
that through the analysis of Siglec-9 genotype and
clinical characteristics in patients with COPD, it is
found that some variant Siglec-9 weakens the re-
sponse to inflammation. The inhibition of immune
cell activation may be a risk factor for the devel-
opment of emphysema!?.

In the mouse model of acute pulmonary in-
flammation, neutrophil recruitment in the lungs of
Siglec-E-deficient mice increased®!. In addition,
mouse Siglec-E inhibits the recruitment of neutro-
phils to the lung by promoting the activation of
NADPH (nicotinamide adenine dinucleotide phos-
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phate) oxidase®. Therefore, it is speculated that
human Siglec-9, which is homologous to it, may
also regulate the function of neutrophils and inhibit
lung inflammation in a similar way. Therefore, Sig-
lec-9 may become a new target for immunosup-
pressive therapy of neutrophilic pulmonary in-
flammation (including some COPDs, and severe
asthma).

3.2 Tumors

Tumor cells can achieve immune escape by up
regulating inhibitory molecules to inhibit the host
immune system, including PD-L1 (programmed
death-ligand 1) and Siglec-9 ligands™®2®. In addi-
tion, the change of sialylation on the surface of tu-
mor cells is of great significance for tumor progres-
sion, especially in combination with Siglecs to
regulate immunity cell function®?", Monocytes
expressing Siglec-9 have been found to increase in
a variety of tumor tissues, including the non—small
cell lung cancer'?®!.

MUCL is a kind of transmembrane glycopro-
tein containing sialoglycan, which is abnormally
expressed in a variety of tumor tissues, and can di-
rectly bind to Siglec-9 as Siglec-9 ligands. MUC1
expressed by tumor cells is combined with Siglec-9
on the surface of immune cells® . On the one
hand, it directly inhibits antitumor immunity; on the
other hand, it triggers MUC1 mediated immune
response signal transduction, inducing recruitment
B-catenin to enter into the nucleus, which leads to
the growth of tumor cells. In sSiglec-9 transgenic
mice, the proliferation of breast tumor cells ex-
pressing MUC1 was inhibited, and the expression
of MUC1 tended to decrease™. It was found that
Siglec-9 inhibits tumor proliferation by inhibiting
MUC1 mediated downstream signal transduc-
tion, but this antitumor effect does not exist in cell
research in vitro®!, The difference of this result
may depend on many factors. For example, the in-
fluence of experimental environment in vivo is
more complex than that in vitro.

On the other hand, Siglec-9 or Siglec-E ex-
pressed on the surface of macrophages may inhibit
the differentiation into M2 macrophages that pro-
mote tumors™?®. Heinz L&ubi et al. found that there
were more M2 macrophages and faster tumor

growth in Siglec-E-deficient mice, indicating that
Siglec-E can limit tumor growth; moreover, Sig-
lec-9 has polymorphism, and the binding of K131Q
Siglec-9 to ligands is reduced, which can improve
the early survival rate of patients with non-small
cell lung cancers (NSCLC)34. Overall, the effect
of Siglec-9 on tumors is complex and may be dif-
ferent at different stages of tumor cell growth.

3.3 Autoimmune diseases

Siglec-9 is also up-regulated in rheumatoid ar-
thritis (RA). It inhibits collagen induced arthritis by
promoting the differentiation of anti-inflammatory
regulatory T cells (Treg) and inhibiting the differen-
tiation of pro-inflammatory helper T cells 17 (Th17)
in a certain dependent manner®. In the serum and
synovial fluid of RA patients, the level of Siglec-9
was also increased and correlated with the severity
of RA disease. On the contrary, the results of
Takuya Matsumoto et al. may be significantly dif-
ferent due to different animals and conditions used
in the experiment®™, that sSiglec-9 obviously in-
hibits arthritis incidence rate and severity, and
through in vitro experiments, it has been found that
the anti-inflammatory role is achieved by inhibiting
nuclear factor-kappaB (NF-xB) pathway to reduce
the activity of M1 macrophages. In addition, Sig-
lec-9 can specifically bind to VAP-1, label Siglec-9
peptide with radionuclide 68Ga, and detect it by
PET imaging VAP-1 in blood vessels, clearly
showing synovitis and contributing to the early di-
agnosis of RAF™],

However, in systemic lupus erythematosus, the
expression of Siglec-9 on monocytes and neutro-
phils did not change significantly, while the expres-
sion of Siglec-14, another member of Siglecs family,
increased!®®,

3.4 Sepsis

Although the immune response is the body’s
protective response in the early stage of sepsis, the
subsequent sustained strong immune response will
lead to organ dysfunction. Therefore, timely and
appropriate intervention of immune response
is beneficial to alleviate sepsis.

Macrophage polarization and cytokines play
an important role in the development of sepsis®.
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Siglec-9 can regulate the polarization of macro-
phages and promote the differentiation into M2 type
that inhibits inflammation. On the other hand, the
interaction between Siglec-9/Siglec-E and toll-like
receptor 4 (TLR4) on immune cells is also involved
in the pathogenesis of sepsis; Siglec-9/Siglec-E
mediates the endocytosis of TLR4, which may reg-
ulate its activity by affecting its signal transduction
and degradation, and then change the expression of
downstream cytokinest* 4. The specific mecha-
nism needs to be further studied. In vitro experi-
ments have shown that Siglec-9 activation can
promote the production of anti-inflammatory cyto-
kine IL-10 in macrophages and inhibit pro-inflama-
tory cytokine IL-6 and tumor necrosis factor by in-
hibiting LPS induced TLR4 Signal transduction-a
(tumor necrosis factor-a, TNF-0)*** Therefore,
Siglec-9, as an immunosuppressive receptor, may
become a new strategy for anti-inflammatory treat-
ment of sepsis.

3.5 Others

Changes in sialylation on the bacterial surface
can enhance the virulence of bacteria and contribute
to the survival of bacteria in the host*!. For exam-
ple, group B streptococcus (GBS) binds to Siglec-9
on neutrophils, resulting in oxidative burst and
damage to the formation of neutrophil extracellular
traps (NETs), which inhibits the host immune re-
sponse and is conducive to the survival of patho-
genic microorganisms™. In transgenic mice, sSig-
lec-9 can inhibit GBS infection by restoring the
immune response of neutrophils™.

Human immunodeficiency virus (HIV)-1 can
interact with Siglec-1, -3, -9 through surface acidu-
lated glycoprotein 120 (gp120), which promotes the
sensitivity of macrophages™*®.. In chronic hepatitis B,
it was found that the expression of Siglec-9 ligands
increased in HBV infected liver tissue; the expres-
sion of Siglec-9 positive NK cells decreased and
was negatively correlated with the DNA titer of se-
rum hepatitis e antigen and hepatitis B virus (HBV);
the expression of Siglec-9 on NK cells of patients
with sustained viral response returned to the normal
level®. In addition, blocking Siglec-9 can reverse
the inhibition of NK cells. Overall, Siglec-9, as an
inhibitory receptor on the surface of NK cells, par-

ticipates in the regulation of immunity and is related
to the persistence of HBV in the host, but the spe-
cific mechanism is not clear.

4. Conclusions

According to many studies, Siglec-9, as an in-
hibitory receptor on immune cells, is involved in
the pathogenesis of many diseases, mainly inhibit-
ing the immune response; on the other hand, Sig-
lec-9 may play different roles in different diseases
or different periods of the same disease, having
both advantages and disadvantages for the devel-
opment of the disease. However, the specific me-
chanism of Siglec-9 is not completely clear and
needs to be further studied. sSiglce-9 may weaken
the function of Siglec-9 and positively regulate
immune function through competitive inhibi-
tion, but there are still disputes in the current ex-
perimental results in vivo and in vitro.

In addition, Siglec-9 may be used as a poten-
tial biological marker to help the diagnosis, staging
and treatment of some diseases. Using the immu-
nosuppressive effect of activating Siglec-9 as a
treatment strategy can inhibit the sustainable de-
velopment of inflammation and provide a new
choice for autoimmune diseases and allergic dis-
eases. On the other hand, inhibiting or blocking the
activity of Siglec-9 can enhance immune response
and provide new therapeutic targets for tumors and
infectious diseases. In conclusion, in-depth study of
the mechanism of Siglec-9 has far-reaching signifi-
cance for disease diagnosis and treatment.
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ABSTRACT

Non-small cell lung cancer (NSCLC) poses a serious threat to people’s health. Its morbidity and mortality are
among the highest among all malignant tumors, and there is an urgent need for more effective new treatment methods.
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drug) was approved by the US Food and Drug Administration (FDA) in March 2015, applying to the patients who pro-
gressed or has received platinum chemotherapy drugs in the past. Immunotherapy of advanced NSCLC has entered a
new era. This article reviews the current research progress of NSCLC immunotherapy.
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1. Introduction

The incidence rate and mortality of Lung cancer are very high.
According to the world cancer statistics 2018, the incidence rate of
lung cancer ranks first (2.1 million) in all malignant tumors, and the
mortality rate is second (1.8 million), which seriously endangers peo-
ple’s health. Non-small cell lung cancer (NSCLC) is the most common
clinical type of lung cancer, accounting for about 85% of all lung can-
cer types™. Most NSCLC patients are in the advanced stage at the time
of treatment, and the treatment prognosis is poor. Therefore, it is of
great clinical significance to explore new treatment methods for ad-
vanced NSCLC to improve the prognosis of patients?. In the past, the
main treatment of advanced NSCLC was radiotherapy and chemother-
apy, and the 5-year survival rate was less than 15%". In recent 10
years, studies have confirmed that the driver gene mutation was posi-
tive in advanced NSCLC patients can get significant survival benefits
through targeted therapy!. Nowadays, tumor immunotherapy has
pushed the treatment of NSCLC to a climax again, and some have
proved to be beneficial to patients. However, only 20% of pa-
tients benefit from immunotherapy, and up to 50% of patients have
experienced adverse events®. How to choose immunotherapy to
maximize the survival benefit of patients with advanced NSCLC
has become an urgent clinical problem to be solved.

2. Immunotherapy of tumor

The human immune system plays an important role in the process
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of tumor development. There is an interactive rela-
tionship between the two. The human immune sys-
tem not only can promote tumor growth but also
inhibit tumor growth, which is called “immune ed-
iting” of cancer'®. The immune system clears tumor
cells by recognizing tumor-specific antigens and
related antigens and generating T cell immune re-
sponse. It mainly includes the following processes.
Firstly, dendritic cells migrate to tumor cells and are
activated by new antigens released during carcino-
genesis. Secondly, dendritic cells present antigens
on major histocompatibility complex (MHC) | and
Il molecules and capture activated antigens on T
cells specific T cells. Finally, activated cytotoxic T
lymphocytes (CTL) are transported to the tumor site
to produce effective immune surveillance, and fi-
nally kill cancer cells and prevent tumorigenesis".
At present, the research of tumor immunotherapy
mainly focuses on tumor vaccines and immune
checkpoint inhibitors.

2.1 Tumor vaccine

The tumor vaccine is a newly developed vac-
cine to prevent tumors. Its principle is to activate
the patient’s autoimmune system, induce the body’s
specific cellular and humoral immune response by
using tumor cells or tumor antigen substances, so
that enhance the body’s anti-cancer ability, and
prevent the growth, diffusion, and recurrence of
tumor, to achieve the purpose of eliminating or
controlling the tumor. Immune checkpoint inhibi-
tors are mainly effective for patients with immuno-
genic tumors, such as tumor-infiltrating lympho-
cytes (TILs), of which antigens are closely related.
New antigens are produced by gene mutations in
the process of tumorigenesis, represented by tumor
mutation burden (TMB). High TMB tumors
have been proved to be the most immunogenic and
sensitive tumor inhibitors to immune checkpoints.
However, in patients with non-immunogenic tumors,
TILs have weak or no infiltration, and they are not
active. Therefore, a key problem in immune-on-
cology is: how to transform non-immunogenic tu-
mors into immunogenic tumors? One way to
achieve this goal is to use cancer vaccines. Among
the developed cancer vaccines, the Provenge vac-
cine for prostate cancer proved ineffective in phase

Il clinical trials, and other cancers, including
NSCLC, showed certain clinical benefits®®. In a
randomized, double-blind, phase 1B trial, NSCLC
patients with HLA-A*201 positive and TERT ex-
pression who did not progress after first-line plati-
num chemotherapy were randomly divided into
groups and treated with Vx-001 or placebo. The
results showed that the study did not reach its pri-
mary endpoint (the median OS of placebo and
Vx-001 were 11.3 and 14.3 months, respectively; P
= 0.86)P!. A study of the docetaxel autologous tu-
mor-derived autophagy vaccine in patients with
advanced NSCLC showed that the GM-CSF drop
vaccine could induce the immune response of tumor
cells, and it did not observe obvious immunotoxici-
ty, although this study does not continue due to its
poor prognosis. However, the research on tumor
vaccine for patients with advanced NSCLC has
made further development™™®. Although studies
have shown that the tumor vaccine can benefit some
patients, the Ctumor vaccine is still in the stage of
laboratory research and has not been put into clini-
cal use. We still need to do more prospective trials
to study it.

2.2 Application of immune checkpoint inhib-
itors in NSCLC

2.2.1 Cytotoxic T cell lymphocyte antigen-4
(CTLA-4)

Cytotoxic T cell lymphocyte-associated anti-
gen-4 (CTLA-4), also known as CD152, is a protein
receptor that acts as an immune checkpoint and can
down-regulate the immune response. Previous
studies have shown that the activation of T lym-
phocytes is considered to require at least two sig-
nals: one is transmitted by T cell receptor complex
after antigen recognition, and the other is transmit-
ted by costimulatory receptors (such as CD28).
CTLA-4 is expressed on activated T cells, about 30%
is homologous to CD28, can bind to CD28 ligands
(such as CD80 and CD86), and has high affinity,
indicating that when CTLA-4 is up-regulated in
activated T cells, it may preferentially interact with
CD80 and CD86. Ipilimumab is an immunoglobulin
monoclonal antibody against CTLA-4. It was ap-
proved by FDA in 2011 for the treatment of meta-
static malignant melanoma™. Therefore, clinical
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studies on the therapeutic efficacy and toxicity of
CTLA-4 inhibitors are mostly carried out in mela-
noma patients. A phase 111, randomized, open, mul-
ticenter Arctic trial was conducted to evaluate the
efficacy and safety of immunotherapy in patients
with advanced NSCLC after multi-line treatment.
The results showed that in patients with PD-L1 >
25%, Dorvalumab (drug 1) alone improved PFS and
OS compared with standard treatment; in patients
with PD-L1 < 25%, Dorvalumab combined with
CTLA-4 inhibitor Tremeliumab can only improve
PFS and OS numerically, but there is no significant
difference. The safety is the same as that of previ-
ous treatment™. There is still a long way to go to
study the therapeutic efficacy or adverse reactions
of CTLA-4 inhibitors in NSCLC.

2.2.2 Programmed death 1(PD-1) and pro-
grammed cell death ligand 1(PD-L1)

Blocking PD-1/PD-L1 tumor immunotherapy
has been proved to improve the ability to kill tumor
cells by blocking the PD-1/PD-L1 signal pathway,
restoring the immune activity of T cells in NSCLC,
and enhancing immune response®. At present, sev-
eral PD-1 and PD-L1 inhibitors have been ap-
proved by FDA and European Medicines Agency
(EMA) approved and recommended as the standard
therapeutic drug for NSCLC. For example, EMA
and FDA recommend pembrolizumab as a first-line
treatment for advanced lung squamous cell carci-
noma with negative driver gene and PD-L1 expres-
sion = 50%. Pembrolizumab is also approved for
locally advanced or metastatic NSCLC patients
with PD-L1 expression > 1%. In addition, for unre-
sectable locally advanced NSCLC, durvalumab was
approved by FDA and EMA as monotherapy for
NSCLC patients whose condition did not progress
after radiotherapy and chemotherapy regardless of
PD-L1 expression level (FDA approval)®*. At
present, the expression of tumor cell PD-L1 is con-
sidered to be the best molecular marker for the
dominant population in anti-PD-1/PD-L1 treatment.
Many clinical studies have found that the positive
expression of tumor cell PD-L1 is related to its cu-
rative effect and prognosist*>*®. However, a large
number of studies show that only about 20% of pa-
tients can benefit from immunotherapy. Given the

high cost of immunotherapy, how to select the
dominant population of immunotherapy and realize
the precise treatment of NSCLC is also an im-
portant direction for us to explore in the future.

3. Immunotherapy for NSCLC

3.1 Combined immunochemotherapy

The synergistic effect of immunotherapy com-
bined with chemotherapy has been confirmed in
clinical trials. A large number of studies have con-
firmed that chemotherapy combined with immuno-
therapy can benefit patients more than chemother-
apy alone8l. In 2017, FDA approved pembroli-
zumab combined with pemetrexed and carboplatin
treatment of advanced non-small cell lung cancer™.
In 2018, FDA approved pembrolizumab combined
with paclitaxel and carboplatin as a first-line treat-
ment for metastatic squamous cell carcinoma, re-
gardless of PD-L1 expression. A meta-analysis in-
cluded 14 relevant randomized controlled trials
(RCTs). A total of 8081 newly diagnosed patients
with advanced NSCLC were included in the study.
The results showed that in terms of tumor response
and long-term survival, immunotherapy combined
with first-line chemotherapy showed stronger ad-
vantages than chemotherapy alone, but also in-
creased grade 3-5 toxic and side effects. The meta-
analysis also showed that although combination
therapy was superior to single chemotherapy in tu-
mor response and long-term survival, combination
therapy increased grade 3-5 toxicity!”. Based on a
large number of studies, the combination of immu-
notherapy can enhance the recognition and clear-
ance of tumor cells by the immune system, to pro-
duce a lasting and effective anti-tumor immune
response. It is particularly important to formulate an
accurate administration plan, obtain the maximum
anti-tumor immune response and disease control
rate, and minimize adverse reactions. Wu et al.
proposed “medium dose intermittent chemotherapy
(MEDIC)” and the main purpose of the regimen is
to increase the anti-tumor immunogenicity and
produce a sustained anti-tumor immune response by
initiating repeated cytotoxic injury. In addition to
the formulation of dose, the use sequence of each
regimen also plays an important role in obtaining an
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effective anti-tumor response. Some studies have
shown that the response rate of immunosuppres-
sants is 23%-25%, while chemotherapy is the first
18%-20%. However, up to now, there is no suffi-
cient evidence to confirm what kind of administra-
tion sequence can maximize the survival benefit of
patients. How to select the optimal combination
scheme, administration sequence, dosage, and how
to select the dominant population will be an im-
portant direction for our exploration in the future.

3.2 Immunocombined radiotherapy

In recent years, with the understanding of the
immune stimulation characteristics of local radio-
therapy and its impact on the cell cycle, as well as
the understanding of the immune regulation mecha-
nism at the molecular and cellular levels, changes
have taken place. The traditional viewpoint on the
anticancer effect of ionizing radiation is. Among all
newly diagnosed cancer patients, more than 60%
will receive radiotherapy with curative purpose or
palliative treatment™™. More and more evidence
shows that tumor cell death induced by local radia-
tion can also act on the distal non-radiation tumor
site through injury signal cascade, immunogenic
cell death, or both at the same time, to achieve the
systemic anti-tumor effect, to activate the immune
system. These findings have led to the transfor-
mation of the application of radiotherapy in the
treatment of various malignant tumors®®. Many
pieces of evidence show that the combination of
radiotherapy and immunotherapy can increase the
cellular immune response in patients with advanced
solid tumors, including lung cancer, and has a syn-
ergistic effect when combined with immune check-
point blocking therapy™. However, the current re-
search data on immune combined radiotherapy are
limited to small sample size, short follow-up period,
or lack of randomized controlled trials, or some tri-
als use different immunotherapy, different radiation
doses, or grades. Nevertheless, the results of these
early clinical trials show that in patients with ad-
vanced NSCLC, the clinical effect of combined ra-
diotherapy and immune checkpoint blocking thera-
py is better than that of treatment alone. The
success lies in that the combination of radiotherapy
and immunotherapy can make the slow response

tumors more sensitive to immunotherapy.

3.3 Combined immune targeted therapy

The mutation rate of epidermal growth factor
receptor (EGFR) in patients with advanced NSCLC
is 40.3%-64.5%. Tyrosine kinase inhibitor(TKI)
can work on the EGFR gene directly and inhibit
tumor development. Studies have shown that the
current three generations of EGFR-TKI can signifi-
cantly prolong the progression-free survival (PFS)
of patients. However, drug resistance is inevitable
in patients with advanced NSCLC receiving target-
ed therapy, and about 50% of patients have
EGFR-T790M mutation'®®). Previous studies have
confirmed that the EGFR gene can play the role of
oncogene through the non-cellular autonomous
mechanism and may promote other oncogenes to
play the function of immune escape, while
EGFR-TKI can improve the antitumor ability of
immunotherapy by upregulating PD-L1 expression
of tumor cells®?®.. A phase Ib multicenter clinical
study was conducted to study the safety of neci-
tumumab combined with pembrolizumab in the
treatment of stage IV NSCLC. The results showed
that the safety of the combination of the two drugs
was tolerable and had no additional toxicity com-
pared with the single drug®®?. Therefore, the treat-
ment of EGFR-TKI combined with immunosup-
pressants may become a new treatment strategy for
patients with EGFR mutant NSCLC.

3.4 Immune combination against blood ves-
sels

From the traditional platinum-containing dual
drug therapy to the molecular targeted therapy in
recent 10 years, and then to the rise of the latest
immunotherapy, the treatment of advanced NSCLC
is no longer limited to radiotherapy and chemo-
therapy. In 2006, FDA approved the anti-angioge-
nesis drug bevacizumab as the first-line treatment
of advanced SCLC, which provides new deci-
sion-making for patients with advanced NSCLC. A
large number of experiments have shown that anti-
angiogenic drugs combined with chemotherapy,
targeting, and immunotherapy can produce syner-
gistic effects’?”. In a study conducted by Rizvi in
2015, the efficacy and safety of nivolumab alone
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and nivolumab combined with bevacizumab were
evaluated for patients with advanced NSCLC. The
results of nivolumab combined with bevacizumab
in the treatment of simple adenocarcinoma and
nivolumab alone in the treatment of squamous cell
carcinoma and adenocarcinoma showed that both
groups did not reach the main endpoint of the study,
and the overall survival (OS). The median PFS of
patients is 37.1 weeks; the median PFS of patients
with squamous cell carcinoma in the single drug
group is 16 weeks, and the median PFS of patients
with adenocarcinoma is 21.4 weeks. Both drugs are
safe®. Although antiangiogenic drugs can bring
some clinical benefits, there are still many problems
needed our attention. For example, the combined
treatment of multi-target antiangiogenic drugs has
just started, and biomarkers are not yet available.
Therefore, further researches need to explore
the best combination therapy and effective bi-
omarkers.

3.5 Double immune therapy

Immune checkpoint inhibitor is the main-
stream direction of immunotherapy for lung cancer
at present. Since CTLA-4 and PD-L1 act on the
activation and effect stages of immune regulation
respectively, blocking the key points of these two
steps at the same time can play a synergistic role
and bring unexpected effects®*®. In 2020, the
American Society of Clinical Oncology (ASCO)
published the 3-year follow-up data of Check-
Mate-227 and the results of CheckMate-9LA, the
first double immunotherapy study. The data con-
firmed that PD-1 combined with CTLA-4 double
immunotherapy is expected to bring lasting benefits
to specific patients. CheckMate-227 brings a new
first-line “de chemotherapy” scheme to patients.
The three-year follow-up data show that first-line
nivolumab combined with low-dose ipilimumab
shows more lasting OS benefits than chemotherapy
regardless of PD-L1 expression. In terms of safety,
the addition of low-dose ipilimumab increases im-
mune-related adverse events, However, the inci-
dence of grades 3—4 is equivalent to that of chemo-
therapy®®. CheckMate 9LA study showed that,
regardless of PD-L1 expression and histological
changes, in the first-line treatment of NSCLC pa-

tients, nivolumab (360 mg, Q3W) combined with
low-dose ipilimumab (1 mgkg*, Q6W) showed
clinical benefits in all efficacy evaluations com-
pared with chemotherapy alone (up to 4 cycles),
and 2-cycle chemotherapy was well tolerated for
the vast majority of patients®®2. CheckMate-227 and
CheckMate-9LA provide treatment options of “de
chemotherapy” and “less chemotherapy” for pa-
tients with gene negative advanced NSCLC, which
may be one of the trends of future research. We
should continue to strengthen the ability to prevent
and manage adverse reactions of immunotherapy,
accumulate more experience, make better use of
immunotherapy, and bring greater clinical benefits
to patients.

4. Summary and prospect

In recent years, the treatment of NSCLC has
provided new treatment strategies for patients with
advanced NSCLC, from the first platinum-con-
taining dual drug to the later targeted therapy, until
the emergence of immunotherapy. Although more
and more data show that a large number of pa-
tients benefit from immunotherapy, immunotherapy
is expensive and the effective rate is no more than
45%. How to determine the dominant population
and how to make rational use of immunotherapy
and combination programs have become an urgent
problem for us to breakthrough. Moreover, the sub-
jects included in many clinical studies are patients
with relatively young age, no autoimmune diseases,
and good PS score, which is different from the real
cases we have seen in the actual clinic. Therefore,
further researches need for immunotherapy.
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1. Introduction

Acute leukemia (AL) is a malignant clonal disease of hematopoi-
etic stem progenitor cells, with rapid onset and progression. The natu-
ral course of disease usually lasts only a few weeks or months. Alt-
hough chemotherapy and immunobiotherapy have seen great advances,
50% to 70% of patients with acute myeloid leukemia (AML) still suf-
fer from relapses, and so do 20% to 30% of children with acute lym-
phoblastic leukemia (ALL)™?. Part of the reason for relapse is the
immune surveillance dysfunction of the body’s innate immune cells.
Therefore, in order to develop more effective anti-leukemia drugs, it is
necessary to understand how leukemia cells evade innate immunity.
NK cell is a kind of large granular lymphocyte, which plays a very
important role in the anti-leukemia process. Its immune deficiency can
cause leukemia cells to evade the attack of host immune system. In this
paper, we review the manifestations and pathogenesis of NK cell im-
munodeficiency in acute leukemia.

2. Expression of NK cell immunodeficiency

2.1 Abnormal proportion and reduced number of NK cell
subsets

NK cells account for about 5%-15% of peripheral blood mononu-
clear cells (PBMC). Immature NK cells have high expression of CD56
(CD56" NK cells) and high expression of NKG2A, but no expres-
sion of CD16. Mature NK cells have low expression of CD56, but no
expression of NKG2A, namely, CD56%™ NK cells®®!. Data showed that
the percentage and absolute number of NK cells in peripheral blood of
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AL patients decreased®"). It has been reported that
the percentage of NK cells in various organs
(spleen, bone marrow, blood and lymph nodes) of
mice with leukemia is lower than that of mice
without leukemia. The absolute NK cell count
of bone marrow and lymph node was lower than
that of non-leukemia mice. There is the selective
reduction of CD27°CD11b" double positive NK
cells in various organs of mice with leukemia (the
maturation process of mouse NK cells is CD27"
CD11B —CD27'CD11b—CD27'CD11b*—CD27"
CD11b")®. Rouce et al. reported that CD56°""-
CD16'NK cells in ALL patients were more than
that in healthy people®. However, Mundy Bosse
and Rey et al. found that the reduction of total
CD56"™"" NK cells and CD56™"" CD16'NK cells
in peripheral blood of patients with AML may be
different from that of patients with ALL®. In
conclusion, NK cells in AL patients are not only
abnormal in proportion, but also have trouble ma-
turing, especially in AML patients.

2.2 Weakened NK cell killing ability

Activated NK cells can non-specifically kill
tumor cells through the following pathways. (1)
Directly kill tumor cells through FASL/FAS, per-
forin, granulation enzyme pathway. (2) FCYR(CD16)
mediated the ADCC effect by binding to the FC
segment of anti-tumor antibody™. (3) Secretion of
IFN-y, TNF-a, TNF-B can produce anti-tumor effect.
It was found that the B expression of perforin and
granase decreased in NK cells of leukemia mice,
and the intracellular IFN-y content decreased after
stimulation®. Clinical studies have shown that both
IFN-y and TNF-a of NK cells in patients with leu-
kemia are reduced, and their killing ability is
weakened!®*!,

2.3 Reduced NK cell proliferation®

Immune cells’ maintaining certain proliferation
ability is the basis of maintaining normal immune
function of the body. The percentage of NK cells in
spleen mitosis of leukemic mice was lower than that
of non-leukemic mice by flow cytometry. 24 h after
injection of IL-15 (which can promote NK cell pro-
liferation and differentiation), the NK cell prolifera-
tion capacity of all organs (spleen, bone mar-

row, blood, lymph node) was lower than that of
non-leukemia mice!®.

2.4 Abnormal NK cell receptor expression

Ho et al. analyzed the bone marrow of 78
newly diagnosed AML patients (46 cases < 60 years
old, 32 cases > 60 years old) and found that the re-
ceptor spectrum of NK cells was changed; except
the activation receptors KIR2DL4, KIR2DS4,
CD94/NKG2C, the expression level of other recep-
tors including natural cytotoxic receptors (NKp30,
NKp44, NKp46), killing immunoglobulin-like re-
ceptors (KIR2DL1, KIR2DL2, KIR3DL1) and ac-
tivated receptors (DNAM-1, NKG2D) was lower
than that of healthy people!”. Sanchez-Correa et al.
found that in AML patients younger than 65 years
old, the expression of DNAM-1 in NK cells of bone
marrow and the levels of NKp30 and NKp46 also
decreased, while the level of NKp46 in elderly
AML patients (> 65 years old) also decreased!?.
However, the expression of DNAM-1 and NKp30
was not different from that of healthy people. The
reason of different results of these two studies is
related to the different age distribution of patients in
the two studies, but both of them indicate that the
receptor spectrum of NK cells in leukaemia has
changed, leading to the weakening of NK cells’
recognition and activation ability.

NKG2A is a transmembrane protein with
C-type lectin structure in the extracellular region
and ITAM in the cytoplasmic region. CD94/NKG-
2A is a suppressor Killer cell receptor, which
can block NK cell-mediated cytotoxicity. Multiple
studies have shown increased NK cell CD94/NKG-
2A expression in AML patients!"**3!. Sandoval-
Borrego et al. found that CD158b was overexpress-
ed in NK cells of AML patients™. For example,
blocking CD158 recipient epitopes (CD158a,
CD158b) can increase the Killing activity of NK
cells in AML patients™,

3. The mechanism of NK cell im-
munodeficiency

The mechanism of tumor immune escape has
not been fully elucidated. The following viewpoints
have been proposed: (1) tumor cells lack the com-
ponents necessary to stimulate immune response; (2)
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tumor antigen induces immune tolerance; (3) tumor
cells induce apoptosis of immune cells or resist
apoptosis; (4) malignant tumors directly or indi-
rectly inhibit immune function®®. For AL immune
escape, NK cell immune deficiency is one of the
reasons. Recent studies have focused on the mecha-
nism of NK cell deficiency leading to AML im-
mune escape, mainly in the following aspects.

3.1 MicroRNA-29b mediates abnormal NK
cell development

MicroRNA-29b is one of the three members of
MicroRNA-29s family, and a large number of stud-
ies have confirmed that MicroRNA-29b is involved
in tumor occurrence, migration and invasionf*®l,
Mundy-Bosse et al. showed that the number of
CD5%"" NK cells in peripheral blood of patients
with acute myeloid leukemia (human NK cell de-

velopment process is shown in Figure 1) de-
creased™. In order to find the cause, they used
RT-PCR to measure the MicroRNA-29b of NK cells
in leukemia mice, and found that CD11b" NK cells
(including the NK cells of middle and late stage
mice): the expression of MicroRNA-29b in CD27*
CD11b* NK cells and CD27°CD11b* NK cells was
higher than that in non-leukemia mice. NK cells
with MicroRNA-29b knockdown were injected into
leukemia mice with reduced WBC and improved
survival. The same team also found increased Mi-
croRNA-29b expression in CD56°"™ NK cells from
AML patients. Currently, the cause of MicroRNA-
29b overexpression in leukemia NK cells is unclear
and further research is needed, but many research-
ers have begun to develop MicroRNA-29b inhibi-
tors to achieve anti-leukemia efficacy.
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Figure 1. Pattern of human NK cell development process.

3.2 Leukemia cells inhibit NK cells

3.2.1 CD200 binds to CD200L of NK cells

CD200 belongs to the immunoglobulin sub-
family, which is expressed on the surface of various
immune cells and is increased in solid tumors such
as bladder cancer and lung cancer. Damiani et al.
analyzed 244 AML patients and found that CD200
(also known as OX2) was expressed in leukemia
cells of 56% AML patients, and CD200 expression
was higher in patients with secondary leukemial*%.
CD200 on the surface of leukemia cells can bind to
CD200L on the surface of NK cells and inhibit the
cytotoxicity and cytokine secretion of NK cells. It
has been reported that the remission rate of patients
with CD200" is lower than that of patients with
CD2007, which is associated with poor prognosis of

AML patientst**2,

3.2.2 Leukemic cells secrete 1L-10

IL-10 is a negative regulator, mainly secret-
ed by macrophages and dendritic cells. Stringaris et
al. found that the killing ability of NK cells in pa-
tients with leukemia was weakened™. In order to
find the mechanism of NK cell inactivation, they
co-cultured NK cells from healthy donors with
acute myeloid leukemia cells (NK-AML) for 24 h.
The expression level of IL-10 in the supernatant of
NK-AML culture medium was significantly in-
creased. Therefore, it is believed that leukemia cells
of patients with AML can secrete IL-10, which has
a significant immunosuppressive effect on NK
cells.
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3.2.3 Expression of NKG2D weakens NK cell
function

NKG2D is generally expressed in NK cells
and T cells. Tang et al. found that U937 and THP-1
cell lines not only express MHC | molecular related
gene A of NKG2D ligand, but also express NKG-
2D If NKG2D expression of U937 and THP-1
cell lines is blocked, NK cells of patients were ac-
tivated by NKG2D ligand of U937 and THP-1 cell
lines, showing degranulation and increased expres-
sion levels of CD107a, IFN-y and TNF-a, namely,
the expression of NKG2D in leukemia cells weak-
ened the immune surveillance function of NK cells.

3.2.4 Secretion of TGF-p induces NK cell in-
activation

TGF-B is a polypeptide that regulates tumor
proliferation, growth, migration and invasion. Hong
et al. reported that there were different forms of
TGF-B exosomes in AML patients and they were
higher than the control group, and the proportion
was different at diagnosis, induction chemotherapy
and after induction chemotherapy, but they were
always present, which could inhibit NKG2D ex-
pression of NK cells, and the addition of TGF-f
antibody could reverse the inhibition of NK cells®?.
The authors suggest that TGF-p exosomes may pre-
dict the presence of minimal residual disease
(MRD). Rouce et al. found that TGF-p was the
most obvious cytokine in the supernatant of leuke-
mia cells cultured in ALL patients, and TGF-p
could be used to reconstruct NK cell functions such
as cytokine secretion and degranulation™. Further
experiments demonstrated that TGF-f3 mediated the
decline of NK cell immune surveillance function
through TGF-B/SMAD signaling pathway, leading
to the escape of leukemia cells. TGF-B/SMAD is
expected to be the target of novel therapies to re-
store the anti-leukemic toxicity of NK cells by in-
hibiting this pathway.

3.2.5 UL16 binding protein-3

UL16 binding protein-3 (ULBP3) is a kind of
NKG2D ligands, which is distributed in colorectal
adenocarcinoma, gastric adenocarcinoma and lung
adenocarcinoma tissue. Soluble ULBP3 exists in
serum of colorectal adenocarcinoma and gastric

adenocarcinoma and is considered as a potential
tumor marker?”. Jiang Q et al. reported that serum
sULBP3 level in the initial AML group was signif-
icantly increased and negatively correlated with the
proportion of NK cells®®. Vitro experiments
showed that exogenous ULBP3 protein affected the
number and cytotoxicity of NK cells through the
mechanism of apoptosis.

3.2.6 Expression of indoleamine 2,
3-dioxygenase 1

Indoleamine 2, 3-dioxygenase 1 (IDO1) is an
enzyme that can degrade tryptophan to canisurine,
and is associated with pathological inflammatory
response and tumor immune escape. Activation of
IDO1 can inhibit T cells, NK cells and promote the
proliferation of regulatory T cells. Studies have
shown that TIM-3 of NK cells binds to GAL-9 on
the leukemia cell membrane of AML patients and
releases IFN-y, which induces increased expression
of IDOL1 in leukemia cells, and IDO1 reduces the
degranulization activity of NK cells, thereby avoid-
ing NK cell killing®. Ma Jinfeng reported that
Gal-9 expression was increased in AML patients,
and Tim-3 expression level in NK cells of medi-
um-high risk AML patients was higher than that of
low-risk AML patients®). These two studies
demonstrate that the Tim-3/Galectin-9 pathway me-
diates immune escape of AML tumor cells by
down-regulating the NK cell immune response
through 1DO1, influencing patient outcomes.

3.2.7 Inducing NK cell to express receptor
activator for NF-kB (RANK)

Tumor necrosis factor family RANKL not only
regulates bone metabolism and immune cell func-
tion, but also affects the survival of dendritic cells
and the ability to stimulate T cells, and promotes
tumor cell metastasis. Schmiedel et al. reported that
68% of AML patients expressed RANKL in their
peripheral blood leukemia cells®?®!. On the one hand,
leukemia cells of RANKL" inhibit NK cells directly
or by secreting a variety of active substances (TNF,
IL-6, IL-8 and IL-10) through RANKL signal; on
the other hand, the active substances secreted in-
duce NK cells to express RANK. RANKL on leu-
kemic cells can bind to NK cell RANK. When
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RANKL is blocked by Denosumab, the secretion of
TNF, IL-6, IL-8 and IL-10 in leukemic cells is sig-
nificantly reduced and the NK cell inhibition is
weakened. In conclusion, a vicious circle is form-
ed between leukemia cells and NK cells, which
leads to NK cell inactivation and leukemia cells
evade immune surveillance.

3.3 TLR4" MSC inhibits NK cells

Mesenchymal stem cells (MSC) are non-hem-
atopoietic pluripotent cells that can be isolated
from bone marrow and adipose tissue and can se-
crete a variety of cytokines and chemokines to
promote tumor growth and metabolism. Lu et al.
isolated MSC from bone marrow of lung cancer
(LC) patients, AML patients and healthy people,
and co-cultured MSC from healthy people with
Hela cells (named CM™%-MSC)®?%. It was found
that LC-MSC, AML-MSC and CM™%-MSC were
all highly expressed TLR4mRNA. Further experi-
ments showed that intravenous injection of TLR4"
MSC into C57BL/6J mice could induce decrease of
peripheral blood NK cells. Co-culture of TLR4"
MSC and NK cells reduced the expression level of
NKG2D receptor in NK cells, and CytoTox 96
non-radioactive cytotoxicity test showed that NK
cell toxicity decreased. When TLR4 function
was blocked, NK cell function recovered. This
study demonstrates that TLR4 plays a key role in
MSC-induced NK cell function inhibition.

3.4 Immunological synapse defects in
NK-AML cells

NK cells and tumor cells can form an immu-
nological synapse (IS), also known as supermole-
culer activation cluster (SMAC). NK cell immune
synapse can be divided into two types. One is in-
hibitory synapse, in which actin recombination
is blocked and dissolved particles are not trans-
ferred to the synapse. The second is the dissolved
synapse, in which the actin skeleton is reorganized
and the dissolved particles are transferred to the
synapse (requiring NK cell receptor (NCRS) polari-
zation). It has been reported that the decrease of
soluble particles in the immune synapse of
NK-AML cells, and almost no aggregation of CD3(
(a marker of NCRs polarization) in the immune

synapse of NK-AML cells is the cause of the defi-
ciency of the immune synapse. Researchers have
found that lenalidomide can increase the dissolved
particles in the immune synapse of NK-THP1 and
NK-HLAG0 cells, while the activation and inhibi-
tory receptors of NK cells are not changed®”.
However, whether lenalidomide can increase the
soluble particles in the immune synapses of
NK-AML and NK-ALL cells is unknown and needs
further study.

3.5 IFN-y inhibits NK cells in tumor micro

Type Il interferon, or y-interferon (IFN-y), is
produced mainly by activated Th1l cells and almost
all CD8'T and NK cells. Previous studies have
shown that IFN-y has antitumor activity, while other
studies have shown that IFN-y has pro-tumor activ-
ity, but the reason for this contradictory result re-
mains unclear. Bellucci et al. reported IFN-y or the
supernatant of NK cells can induce leukemic cells
to up regulate programmed death-1 ligand
(PD-1)BY. If PD-L1 is blocked by antibodies, the
cleavage ability of NK cells is increased. If JAK
inhibitors are used, the cleavage ability of NK cells
is also increased. Therefore, the researchers believe
that IFN in the tumor microenvironment-y activate
JAK1 and JAK2 signaling pathways, and then up
regulate PD-L1; PD-L1 binds to programmed
death-1 (PD-1) of NK cells, weakening the anti-
tumor activity of NK cells.

4. Conclusion

Since one of the causes of AL relapse is im-
mune system dysfunction, understanding the causes
of immune system dysfunction is the basis for find-
ing more effective immunobiotherapy. As an im-
portant part of the immune system, the deficiency
of NK cells is one of the causes of leukemia im-
mune escape. NK cell immune deficiency is mani-
fested in many aspects, including abnormal number
of NK cells, maturation disorder, reduced Killing
ability, reduced proliferation ability, decreased ac-
tivation receptor expression and increased inhibito-
ry receptor expression. The mechanisms of NK cell
immune deficiency include: (1) MicroRNA-29b
mediates changes in NK cell dysplasia; (2) leuke-
mia cells inhibit NK cells through various mechan-
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isms; (3) TLR4" MSC inhibits NK cells; (4) NK-
AML cell immunological synapse defects; (5)
IFN-y in tumor microenvironment inhibit NK cells.
With the deepening of research, drugs targeting the
above targets have been developed, and some have
entered clinical research. NK cell-based immuno-
therapy is expected to become one of the effective
means to treat AL.
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ABSTRACT

Whether infection of Cryptococcus causes disease in host or not depends on the virulence of the pathogen and the
immune defense ability of the host. Cryptococcus neoformans (C. neoformans) mainly causes opportunistic infections
in the immunocompromised or immunodeficient patients. In contrast, Cryptococcus gattii (C. gattii) mainly attacks the
immunocompetent individuals. On the one hand, the host immune cells can eliminate the invasive Cryptococcus
through a complex immune mechanism; on the other hand, Cryptococcus can evade the clearance of host immune
cells by adopting various strategies (immune escape). This review mainly focuses on the pathogenic mechanism of
Cryptococcus, and the host’s immune defense mechanism against cryptococcal infection.

Keywords: Cryptococcus; Immune Mechanism; Macrophage; Dendritic Cells

ARTICLE INFO 1. Introduction

Cryptococcus belongs to the subfamily of fungal basidiomycetes,
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Available online 22 October 2021 pathogens causing human opportunistic infection: Cryptococcus
neoformans (C. neoformans) and Cryptococcus gattii (C. gattii). Cryp-
tococcus neoformans is distributed in nature all over the world, mainly
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4.0/ tropics, C. gattii infection is now diagnosed worldwide!?. C. neofor-

mans infection is the leading cause of death among AIDS patients
worldwide. Especially in sub Saharan Africa, the incidence rate is the
highest!®). In addition to easily cause infections in HIV infection, C.
neoformans also attacks other individuals with low immune function,
such as hematopoietic malignancies, immunosuppressants after organ
transplantation and patients with immune deficiency diseases. C.
neoformans mainly affects individuals with normal immune func-
tion, but there are some special reports about C. neoformans infection
in some immunocompetent patients and C. gattii infection in patients
with immunodeficiency, such as those with HIV,

Cryptococcus is widely distributed in the air in the form of spores,
inhaled into the lungs and deposited in the alveoli through the human
respiratory tract. When the host’s immune function is normal, most of
the invasive C. neoformans are cleared by the host, so there are no ob-
vious infection symptoms. However, when the immune function is
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damaged or low, a small number of Cryptococcus
colonized in the host cells multiply, causing cryp-
tococcal pneumonia. It also spreads through
the blood-brain barrier and invades the central
nervous system, causing cryptococcal meningitist™,
which is characterized by pneumonia such as cough,
pleurisy chest pain, fever and dyspnea, and a series
of clinical symptoms of meningoencephalitis.
Cryptococci can be cultured in cerebrospinal fluid
(Figure 1). The main symptom of C. neoformans
infection is meningoencephalitis, while C. gattii
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infection is more common in the lungs®. The study
results of animal models also support the differ-
ence between the two kinds of pathogens on the
main target organs: mice infected with C. neofor-
mans die of central nervous system infection, while
those infected with C. gattii die of lung infection!”.
It shows that the two species have different effects
on their target organs, but its mechanism has
not been fully clarified. At present, the research on
regulating and enhancing hosts’ defense mechanism
through immune has attracted extensive attention.

Cryptococeal
puenmonia

. Hematogenous
| dissemination

Cryptococeal
meningitis

Cryptococcus in the air is inhaled by the host in the form of spores and deposited in the alveoli. When the immune function of
the body is low or damaged, cryptococci colonized in the host cells proliferate in large numbers, causing cryptococcal pneumonia,
which spreads through the blood-brain barrier, invades the central nervous system, and causes cryptococcal meningitis. Therefore,
cryptococcus is often cultured in the cerebrospinal fluid of patients with cryptococcal meningitis.

Figure 1. The main pathway of cryptococcal infection.

2. Cryptococcus is pathogenic

Cryptococcal capsule is an important virulence
factor. Its main components are glucuronoxylan-nan
(GXM), galactose xylose mannan (GalXM) and a
small amount of mannose protein (MP), among
which GXM accounts for more than 90% of poly-
saccharide components®. Cryptococcal virulence
factors can interfere with the host protective im-
mune response, including the defense of dendritic
cells (DCS) and macrophages (Meg) and anti-
gen-presenting cells of the bone marrow lineage of
monocyte precursors. In addition to producing spe-
cific enzymes and structures conducive to the sur-
vival of pathogens, the cell wall structure of Cryp-

tococcus also actively regulates host specific signal
transduction. This remolded structure leads to im-
mune escape by shielding more immunogenic sur-
face features'®). Cryptococcus can evade clearance
of host immune cells by adopting various strategies
and successfully damage the defense mechanism of
the host. GXM can not only adhere to the cell wall
to form a capsule structure, but also secrete into the
surrounding environment with a large amount
(exo-GXM). The virulence and fungal load of
mouse infection are related to the release of
ex0-GXM. During disseminated infection or intra-
cranial infection, exo-GXM can prevent immune
cells from infiltrating into the brain and inhibit in-
flammation™.
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3. Effect of phagocytes on Crypto-
coccus

After infecting the host, Cryptococcus interacts
with different phagocytic effector cells™. Macro-
phages and dendritic cells (DC) play an important
role in anti-Cryptococcus. Cryptococcus exists in
the air in the form of spores, is inhaled into the al-
veoli through the respiratory tract and contacts with
phagocytes. Phagocytes act as the first immune de-
fense of the host to phagocytize, kill and invade
pathogens and present antigens to activate T cells to
mediate adaptive immune response. However, C.
neoformans can replicate in phagocytes and escape
to the extracellular environment through non lytic
exocytosis, avoiding the clearance of phagocytes®?.
The research shows that during the growth, Cryp-
tococcus removes maturation markers Rab5 and
Rabl11 of phagosome, and inhibit the maturation of
phagocyte lysosome, and the acidification, calcium
channel and enzyme activity of phagosome
is blocked, which makes Cryptococcus proliferate
in cells.

3.1 Macrophage

Macrophages can become the hub of innate
and adaptive immunity after phagocytosing Cryp-
tococcus. However, Cryptococcus can survive and
proliferate in the phagocytosis of these infected host
cells. Cryptococcus can escape host immunity by
cleaving macrophages, but the mechanism of
cleavage is not clear, which may be due to the rup-
ture of host cell membrane caused by a large num-
ber of intracellular Cryptococcus replication. This
shows that Cryptococcus can take macrophages as a
protective area in the host. Chrissy M reviewed the
interaction between Cryptococcus and phagocytes
in detail™: macrophages can efficiently phagocyt-
ize Cryptococcus, but Cryptococcus has a variety of
virulence factors to resist phagocytosis or enhance
its reproductive ability in phagocytosis. However, a
recent study™ has explored the mechanism of
nonspecific uptake of Cryptococcus by macrophag-
es. Macrophages ingest Cryptococcus through
mannose receptor (MR), ingest C. neoformans
through dectin-1 and dectin-2, and ingest C. gattii
through dectin-1, which proves that macrophages’

important role of resisting Cryptococcus. Macro-
phages, as antigen-presenting cells (APC), promote
T lymphocyte activation, induce Thl-like reaction
and eliminate fungi. M1 type (classically activated)
macrophages mediate Th1l response (mainly IFN-y
mediation), leading to the up regulation of reactive
oxygen mediators, reactive nitrogen substances,
proteases and lipid mediators, so that macrophages
can effectively kill pathogens. Thl stimulation can
also increase the presentation of major histocom-
patibility complexes (MHC-1 or MHC-I1I) and me-
diate adaptive immunity by reducing the activity of
phagocyte hydrolases. M2 type (selectively acti-
vated) macrophages mediate Th2 response, help to
inhibit and regulate inflammatory response, and
play a role in the healing process, but have no Kill-
ing effect on Cryptococcus™ (Figure 2).

C.neoformans
C.gattii
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After Cryptococcus is recognized and phagocytosed by APC
(Mo and DC), M1 macrophages mediate Th1 response, and M2
macrophages mediate Th2 response; after immature dendritic
cells (DC) phagocytose Cryptococcus, , the expression of mat-
uration markers CD80, CD86 and MH ClI on cell surface in-
creases, which mediate the differentiation of CD** T into Th1,
Th2 and Th17 cells. They produce different inflammatory cy-
tokines and inhibitory cytokines. Immature DC can also medi-
ate Th2 reaction.
Figure 2. Effect of phagocytes on Cryptococcus.

3.2 Dendritic cell

As full-time APCs, dendritic cells mainly reg-
ulate and activate the adaptive immune system ac-
cording to the polymorphism of antigen, and pro-
duce a specific immune response to infection. After
Cryptococcus invades the lung, DC preliminarily
processes Cryptococcus antigen through the endo-
somal/lysosomal pathway, presents it with
MHC-class 1l molecules, and Kills Cryptococcus
through oxygen dependent and oxygen independent
mechanisms!*™. It was found™® that within 2 hours
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after intranasal inoculation of C. neoformans in
mice, C. neoformans could be internalized by lung
DC, lung macrophages and neutrophils; after 7 days
of infection, the expression of maturation markers
CD80, CD86 and MHC-II increased. It shows that
DC gradually develops into mature DC after phag-
ocytosis of C. neoformans, and can present C.
neoformans antigen to specific T cells to activate T
cells. Mature DC can effectively present antigen,
start T lymphocytes and mediate Thl and Thl7
immune response, while immature DC can induce
immune tolerance and mediate Th2 non protective
immune response. Wozniak KLY clarified the
process of DC recognizing, processing Cryptococ-
cus and mediating immune response to Cryptococ-
cus. It shows that DC cells play an important role
in both innate and adaptive immune defense against
cryptococcosis (Figure 2).

DC recognizes Cryptococcus presentation an-
tigen and mainly stimulates T cell pathway. Alt-
hough alveolar macrophages can also activate T
cells through cryptococcal antigen presentation, the
T cell effect stimulated by DC is more effective.
The experimental results showed that®: crypto-
coccal antigen stimulated bone marrow dendritic
cells (BMDC) to induce the release of protective
immune factors IL-12/23p40, but did not release
these protective factors after stimulating bone mar-
row macrophages. The possible reason for this dif-
ference is that after cryptococcal antigen stimula-
tion, BMDC up regulates MHC-1I and CD86,
while bone marrow macrophages down regulate
MHC-I11 and CD86. DC has many subtypes accord-
ing to different sources, and different subtypes have
different characteristics in anti-cryptococcal infec-
tion. Plasma cell like DCs phagocytize C. neofor-
mans and limit its growth through dectin-3 and re-
active oxygen species dependent mechanismst.
The protective immune response against crypto-
coccal antigen is mediated by CD11b" DC and
Langerhans cells®®. CD11b* DC can also mediate
non protective Th2 response®®). Recent studies have
found that Cryptococcus can use the collagen
structure of macrophage receptor to promote the
accumulation of CD11b® DC and change the
Th1/Th2 balance, which is conducive to the repro-
duction and spread of fungi. Monocyte derived DCs

enhance Th1l response after respiratory tract infect-
ed with C. neoformans.

3.3 Effect of T cells on Cryptococcus

Patients suffered from C. neoformans with
AIDS are closely related to T cell defects. T cells
are necessary for adaptive immune response. In
human body, CD4" T cell defect is the main factor
inducing cryptococcosis, in which the count of
CD4" T cells is less than 100-p-L™, indicating an
increased risk of HIV related cryptococcosis?®®. T
lymphocytes that participate the response of the
host to C. neoformans include CD4" T cells, CD8"
T cells and natural killer T (NKT) cells. CD4" T
cells, CD8" T cells and NK cells can directly bind
to Cryptococcus and act in a way of inhibiting fungi.
Recently, an auxiliary T cell (CD* Fox P3 Treg)
was found to inhibit Th2 response in an-
ti-Cryptococcus®. Activated CD4" T cells can ac-
tivate and proliferate B cells, macrophages and
CD8" T cells to produce antibodies. CD8" T cells
play an important role in the host immune response
to C. neoformans’®). Both CD4" T cells and CD8* T
cells produce pro-inflammatory cytokines against
Cryptococcus. CD8" T cells contact C. neoformans
cells directly and release granulysin to kill C.
neoformans.

CD4" T cells are the key to regulating the type
of immune response. Naive CD4" T cells are acti-
vated and differentiated into different subsets of
Thl, Th2 and Th17 to produce cytokines. Thl type
regulates the host to induce cellular immune re-
sponse and produce cytokines IL-2, IL-12, IFN-y
and TNF-a, having a protective effect against
Cryptococcus?®. Th17 is necessary for vaccine
mediated protection of mice against C. neofor-
mans®?®, and mainly secretes cytokines IL-17 and
IL-22. Th2 reaction produces cytokines such as
IL-4, IL-5 and IL-13, which has a non-protective
effect on Cryptococcus infection. In HIV infection,
cytokines change from Thl to Th2, and the host
immune environment becomes more conducive to
cryptococcal infection and diffusion (Figure 2).

4. Conclusions

The diseases and mortality caused by Crypto-
coccus infection in the world are very high every
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year. Because Cryptococcus has unique virulence
factors, such as capsular polysaccharide, which
plays an important role in resisting the immune re-
sponse of the body and can escape the clearance of
host cells. At present, although there is continuous
progress in the study of the pathogenic and immu-
nological mechanism of cryptococcosis, it is still
not enough to effectively control the epidemic of
cryptococcosis. C. neoformans adapts to the intra-
cellular environment and resists the immune re-
sponse of the host through a variety of strategies.
For example, C. neoformans colonizes macrophag-
es, symbiotically proliferates and escapes to the
extracellular environment, causing disease dissem-
ination. Therefore, future research will need to pay
attention to the parasitism capacity of Cryptococcus
in host cells and related immune mechanisms.

The body’s protective immunity against Cryp-
tococcus requires T cell response, which produces
the key protective inflammatory factor TNF-q,
IL-12 and IFN-y. These responses are triggered by
classical DC activation. DC plays an important role
in phagocytosis and killing Cryptococcus. Studies
have shown that TLR4 and TLR2 on the surface of
DC can recognize the capsule component GXM of
Cryptococcust®®. Therefore, an in-depth under-
standing of the interaction between DC and Cryp-
tococcus will help to improve the immunotherapeu-
tic effect of Cryptococcus infection in the future.

In the model of Cryptococcus infection in
mouse lung, early inoculation of IL-12 can reduce
the load of Cryptococcus in lung and inhibit its dif-
fusion to brain, and the therapeutic effect of 1L-12
is related to the production of high concentration of
IFN in lung-y*4. Immunocompromised patients
were given recombinant IFN-ylb can promote the
killing of Cryptococcus in cerebrospinal fluid and
increase the body’s drug resistance®®. If we want to
improve the immune efficacy of cryptococcal infec-
tion treatment, we should deeply understand the
signal transduction pathway involved in cryptococ-
cal pathogenesis.
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ABSTRACT

Tumor immune therapy, especially anti-programmed cell death ligand-1/programmed cell death-1 (PD-L1/PD-1)
treatment, is currently the focus of substantial attention. However, despite its enormous successes, the overall response
rate of cancer immunotherapy remains suboptimal. There is an increased interest in combining PD-L1/PD-1 treatment
with anti-angiogenic drug Apatinib to enhance antitumor effect. Presently available data seem to suggest that Apatinib
may exert immune suppressive effects to make the PD-L1/PD-1 treatment works. Here, we review the extensive tumor
microenvironment immune modulatory effects from antiangiogenic agents Apatinib in order to supporting VEGFR2
targettherapies in clinical trials are existing.
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1. Introduction of Apatinib

Apatinib is a small-molecule antiangiogenic targeted drug devel-
oped by Jiangsu Hengrui Pharmaceutical Co., Ltd. It was listed in the
treatment of gastric cancer in 2014. Furthermore, the drug also shows
great potential in the treatment of multiple other solid tumorst™?. The
main mechanism of action of Apatinib is the competitive binding of the
vascular endothelial growth factor receptor2 (VEGFR-2) intracellular
tyrosine ATP binding site. Then selectively inhibiting tyrosine kinase
activity and blocking signaling after vascular endothelial growth factor
(VEGF) binding, resulting in potent inhibition of tumor angiogenesis.
VEGFR-2 is a high-affinity receptor for VEGF and, together with
VEGFR-1 and VEGFR-3, forms the Flt subfamily of receptor tyrosine
kinases (RTK). VEGFR-1 binds to VEGF with a higher affinity than
VEGFR-2, but VEGFR-1 exerts weak tyrosine phosphorylation of
VEGF. Thus, VEGFR-2 is the primary RTK that can mediate VEGF
signaling in endothelial cells and drive VEGF-mediated angiogenict®.
Moreover, VEGFR-2 is the major regulator of endothelial cell prolifer-
ation, development, migration, angiogenesis, and budding™. Therefore,
Apatinib may have better therapeutic potential than other antiangio-
genic agents such as ramoximab, bevacizumab and sunitinib®. In addi-
tion, Apatinib can sensitize drug-resistant tumor cells to chemothera-
peutic drugs and reverse multidrug resistance (MDR) caused by
ATP binding cassette transporter (ABC) protein'®. It can also stimulate
tumor cell apoptosis, dinhibit cell proliferation and enhance the effica-
cy of conventional chemotherapy drugs to play an anti-cancer role.
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In recent years, the clinical application and re-
lated mechanism of Apatinib in other tumors have
also been widely concerned and explored!™.
However, so far, the clinical application has gener-
ally focused on inhibiting abnormal angiogenesis.
This review summarizes the unique mechanism of
action of Apatinib, based on preclinical and clinical
findings, the molecular mechanism behind the path-
way of interaction with Apatinib was reexplored.
Specifically, Apatinib includes both wellknown an-
ti-angiogenic effects and novel immunomodulatory
mechanisms. It can promote the clinical under-
standing of molecular biology and immunology,
and help to expand the scope and prospect of Apa-
tinib treatment.

2. Immunotherapy and
VEGF/VEGFR targets

Immune  checkpoint inhibitors  (ICIS)
can break through the bottleneck of tumor immu-
nosuppression, restore the suppressed immune ac-
tivity in tumor patients, and promote immune cells
to recognize and then kill tumor cells. It provide a
new idea for immunotherapy®®*J. In recent years,
programmed cell death 1 (PD-1) antibody, pro-
grammed cell death ligand 1 (PD-L1) antibody, and
cytotoxic T lymphocyte-associated protein 4

MDsSC

(CTLA-4) antibody and other representative im-
munotherapies have become an important means of
tumor treatment™?. Especially for antibodies
against PD-1/PD-L1 have achieved significant clin-
ical efficacy in the therapy of malignant tumors
such as lung cancer, kidney cancer, and melanoma.
The high expression of PD-L1 may be a molecular
marker of poor prognosis of cancer, and it is also
the basis for clinical treatment with anti- PD-1/PD-
L1.

However, the anti-PD-1/PD-L1 treatment also
has its limitations, the main problem is the low
proportion of beneficiaries, the response rate of sin-
gle drug use is generally between 10% and 40%,
and not all tumor types are effectivel*®l. The main
reason for the low benefit ratio is that the efficacy
of immunotherapy highly depends on the Tumor
Microenvironment (TME). The TME is mainly
composed of the vasculature, the extracellular ma-
trix, other non-malignant cells around the tumor, as
well as the complex signaling molecular networks
that maintain internal connections in the microen-
vironment. These components not only could pro-
mote the growth and reproduction of the tumor
cells but also induce them to invade and metasta-
sizet™,

Differentiationt
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HIF1-a 1 LTER 1

Recruitment 7
Proliferation 1

Recruitment 1
Polarization to M2 1

Renewed by

Maturation
Antigen presentation 1
IDO
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-
Figure 1. Effect of Apatinib on immune cell populations in the tumor microenvironment.

The anti-tumor immune effect of the body is
mainly the adaptive immune response mediated by
T lymphocytes (CD8" cytotoxic T cells and CD4"
helper T cells)™. However, the existence of TME

and the low immune foci of the tumor itself will
lead to the activation disorder of CD8" cytotoxic T
cells and CD4" helper T cells in tumor patients. The
functions of these two cells are strongly inhibited in
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the tumor microenvironment, which is one of the
main obstacles to anti-PD-1/PD-L1 immunothera-
py™. And it is also one of the main reasons for the
low response rate of immunotherapy. Therefore,
inhibiting of the negatively regulated recruitment of
immune cells in the tumor microenvironment, or

inhibiting the secretion of anti-inflammatory factors.

That may make the effect of the tumor immuno-
therapy more significant. In recent years, more
studies and clinical trials have found that the com-
bined use of anti-tumor angiogenesis drugs and
PD-1/PD-L1 antibodies could effectively improve
the efficacy of immunotherapy. Its mechanism is
closely related to the remodeling of the tumor mi-
croenvironment™ 1 Next, we will describe the
effects of the antiangiogenic agent Apatinib on the
antitumor function of immune cells in preclinical
and clinical trials in detail (Figure 1).

3 Effect of Apatinib on the immune
microenvironment

3.1 Effect of Apatinib on effector T cells

In the terms of T cells, these unusual tumor
vascular networks provide an attack barrier for tu-
mor cells. The abnormal vascular network is mostly
immature neovascularization, which does not have
the tissue structure of normal blood vessels, so it
cannot perform a normal function. Neovascular en-
dothelial cells are loosely connected and lack the
support of pericytes and basal cells. Therefore, tis-
sue fluid seeps from the abnormal vascular network
into the tumor microenvironment to further com-
press the blood vessels, and the blood cannot
transport oxygen and nutrients to the interior of the
tumor, resulting in hypoxia and necrosis in the inte-
rior of the tumor. Similarly, most killer T cells can-
not infiltrate into the tumor, so their killing effect is
inhibited. A small number of T cells crossing vas-
cular endothelial cells into the tumor microenvi-
ronment still cannot kill tumor cells. The reason is
the increased expression of immunosuppressive
marker PD-L1 on the surface of tumor cells under
long-term hypoxia. Therefore, only after an-
ti-vascular treatment, killer T cells infiltrate into the
tumor area, and then anti-PD-1 treatment can exert
a good curative effect™,

VEGF increased the infiltration of regulatory T
cells in the microenvironment and promoted the
failure of CD8" T cells. TOX is a transcription fac-
tor of T cell development and plays an important
role in T cell maturation. In the tumor microenvi-
ronment, VEGF up-regulates the expression of
TOX in CD8" T cells and activates the fail-
ure-related signal pathway of T cells. Anti VEGF
treatment can reverse this phenomenon. VEGFR-2
ramucirumab promotes the increase of the propor-
tion of CD8" T cells in peripheral blood of patients
with gastric cancer®. More studies have found that
VEGFR-2 blocked HIF1-a of CD8" T cells activa-
tion of the pathway leads to increased secretion of
anti-inflammatory factors®. In the mouse lung
cancer model, the use of low-dose Apatinib in-
creased the infiltration of CD8" T cells in tumorst??.
Comprehensive studies have shown that blocking
VEGFR-2 could increase the proportion and activi-
ty of CD8" T cells®?. Moreover, low-dose
VEGFR-2 target drug (DC101) is more conducive
to promoting the tumor infiltration of CD4" and
CDS8" T cells™®, In spontaneous breast cancer mice,
DC101 inhibited tumor growth by increasing the
proportion of CD8" T cells’®®>?. In the exploration
of its mechanism, ELIZABETH ALLEN et al. pro-
posed that combination therapy of anti-VEGFR-2
and anti-PD-L1 antibodies in mice models of breast,
pancreatic and glioblastoma can induce the growth,
and proliferation of endothelial micro veins in the
tumor microenvironment™.  Endothelial micro
veins promote lymphocyte infiltration and activity
through the activation of the lymphotoxin [ recep-
tor (LTBR) on the lymphocyte surface. Using LTBR
directly agonist can enhance the activity of cyto-
toxic T cells (CTL), so that PD-L1 antibody can
further improve its antitumor efficacy after com-
bined treatment with anti-VEGFR-2.

3.2 Effect of Apatinib on regulatory T cells

Regulatory T cells, namely CD4" CD25" Treg,
account for 5% ~ 10% of the total T cells and are
key negative regulatory cells in the tumor immune
microenvironment. Classic sub-Types are divided
into natural regulatory T cells (nTregs) differentiat-
ed from the thymus and inducible regulatory T cells
(iTregs) induced by antigens or other cytokines.
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Foxp3 is the functional activity index of Treg®.

Suzuki H et al. found that Foxp3™ CD4" T cells
specifically express VEGFR-2, and VEGFR-2"
CD4" T cells inhibit the proliferation of VEGFR-2"
CD4" T cells?®®. TGF-B further increases the num-
ber of VEGFR2" Tregs by promoting VEGF-A se-
cretion®. Targeting VEGFR can effectively reduce
the proportion of Treg, weaken its immunosuppres-
sive activity and enhance the antitumor immune
response of effector T cells. VEGF-A directly pro-
motes the proliferation of Treg, and blocking
VEGF-A/VEGFR-2 pathway can reverse this phe-
nomenont®,

TADAYY et al. found that PD-L1 + CD8" T cell
infiltration in peripheral blood increased after tar-
geted VEGFR-2 treatment in patients with gastric
cancer®. The proportion of Treg decreased. Pro-
gression-free survival was longer in patients with
low expression of VEGFR-2" Treg than in patients
with high expression. According to more studies, in
the study of mouse colon cancer, PD-1 antibody
increased the proportion of Foxp3™ Treg in tumor
tissue®”. This phenomenon can recover by com-
bined use of VEFR-2 antibody, and the combined
use increased IFN-y in tumor homogenate And
TNF-a Level. In hepatoma mice, VEGF-2 antibody
(DC101) increased the CTL/Treg ratio in tumor
tissuest®!,

3.3 Effect of Apatinib on macrophages

Tumor-associated macrophages (TAM) are the
main inflammatory cell population in solid tumors
and have an important impact on the composition of
TME. Plasticity is an important concept in TAM
research, that is, TAM can differentiate into M1/M2
types according to different stimuli of TME. M1
macrophages derived from interferon y (IFN-y) and
inflammatory cytokines stimulated and secreted by
lipopolysaccharide (LPS). Matrix remodeling cyto-
kines activated and released by IL-4 and IL-13
stimulated M2 macrophages. “Remodeling” TAM,
that is, transforming M2 into anti-tumor M1,
may become a potentially effective strategy for
cancer treatment®?,

In the treatment of lung cancer mice, oral low
doses of Apatinib increased the proportion of infil-
tration of total macrophages and reduced the pro-

portion of cancer type CD163" M2 macrophagest??.
In liver cancer mice, small-dose VEGFR-2 antibody
(DC101) treatment significantly increased the
number of F4/80" CD80" and CD86" M1 macro-
phages infiltrated in the tumor and reduced the
number of F4/80" CD206" M2 macrophages after
combined anti-PD-1 treatment.

3.4 Effect of Apatinib on DCs

Antigen presentation is a prerequisite for anti-
tumor immune response. Immature dendritic cells
(DCs) lack effective antigen presentation function,
resulting in immune tolerance®. Several studies
have reported that VEGF inhibits the maturation of
DCs in vitro and vivo by activating NF-xB. AL-
FARO C et al. believed that renal cancer cells in-
hibit the maturation and differentiation of DCs un-
der hypoxia, which can reverse by Sunitinib, a
tyrosine kinase inhibitor of VEGFR-2E%. There are
different opinions on the functional blocking sites
of VEGF/VEGFR on DCs. Some studies have said
that VEGFR-1 is the main receptor for DCs matura-
tion, and the signal transduction of VEGFR-2 is
very important for early DCs differentiation
in blood, but only has a slight impact on the final
DCs maturation®. Another study shows that VEGF
inhibits the ability of mature DCs to present anti-
gens to T cells, and the DCs dysfunction induced by
VEGF is mainly mediated by VEGFR-2. Blocking
mADb by anti-VEGFR-2 can reverse DCs dysfunc-
tion™. During the exploration of its mechanism,
MARTI LC et al. judged that VEGF up-regulated
IDO expression in DCs through VEGF/VEGFR
pathway, and IDO further inhibited lymphocyte
proliferation®"’.

3.5 Effects of Apatinib on bone mar-
row-derived inhibitory cells

Myeloid-derived suppressor cells (MDSCs) are
generally considered as CD45" CD11b" CD33"
CD14™ immunosuppressive cell group. MDSCs
were found in tumor, spleen, blood, bone marrow,
and liver®™. In TME, MDSCs attenuate the anti-
tumor function of effector T cells and act on NK
cells to reduce their cytokines, and inhibit their cy-
totoxicity®®). There is a dual expression of
VEGFR-1 and VEGFR-2 on the surface of MDSCs.
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VEGFR-2 mediated signal pathway promotes the
proliferation of MDSCs!”. VEGF/VEGFR-2 signal
transduction also directly promotes the differentia-
tion and migration of MDSCs, recruits MDSCs to
tumor sites and inhibits T cell functionf®®,

4. Clinical application of Apatin-
ib-linked therapy with PD-1/PD-L1

4.1 Non-small-cell lung cancer (NSCLC)

Apatinib showed a significant survival benefit
in phase 11/1B clinical trials in non-small cell lung
cancer, and the effect was better when combined
with anti-PD-1. A phase Il clinical trial showed that
NSCLC patients were treated with 500-750 mg of
Apatinib. Among the 38 NSCLC patients evaluated,
the objective response rate (ORR) was 13.2%, and
the disease control rate (DCR) was 63.2%. The
progression-free survival (PFS) was 3.06 months.
Overall survival (OS) was 7.69 months. It shows
that Apatinib has a certain role in patients with ad-
vanced NSCLC and only has slight adverse reac-
tions!). The results of another phase IB clinical
trial of NSCLC showed that among the 8 NSCLC
patients available for analysis, the ORR and DCR
of Apatinib were 55.6% and 88.9%, which were
superior to anti-PD-1 monotherapy in the same
clinical environment!?.

4.2 Small-cell lung cancer (SCLC)

Apatinib also showed therapeutic benefits in
SCLC patients. Camrelizumab 200 mg combined
with Apatinib 375 mg. Of the 47 SCLC patients
available for evaluation, ORR reached 34.0%, me-
dian PFS was 3.6 months and OS was 8.4 months.
Results-oriented patients were classified into plati-
num-class chemotherapy-sensitive and insensitive
groups in SCLC patients. The ORR of platinum
chemotherapy-sensitive SCLC patients was 37.50%,
the median PFS was 3.6 months, and the OS was
9.6 months. There was no significant differ-
ence between SCLC patients and the platinum
chemotherapy insensitive group (32.3%, 2.7 months,
8 months). This study showed that camrelizumab
combined with Apatinib showed potential antitumor
activity in chemotherapy-sensitive and chemother-
apy-resistant SCLC patients.

4.3 Hepatocellular carcinoma (HCC)

Jianming Xu et al. evaluated the efficacy of
Apatinib combined with SHR-1210 (anti-PD-1 an-
tibody) in a study on patients with advanced HCC
and GC/EGJC at the same timel”. After the end of
the trial, 8 of the 16 HCC patients who can be used
for evaluation obtained partial remission, and the
partial response (PR) was 50.0%. Including
GC/EGJC patients, the ORR of 39 assessable pa-
tients was 30.8%. This study shows that the maxi-
mum tolerated dose of Apatinib as combination
therapy is 250 mg, and patients with advanced HCC
can obtain practical clinical benefits in combination
therapy.

Another study classified patients with HCC.
Seventy of these patients did not receive first phase
treatment, 120 were ineffective in first phase treat-
ment, and all patients had combined Camrelizumab
(anti-PD-1 antibody 200 mg) and Apatinib 250
mg-d~. For the HCC group not receiving phase |
treatment, the ORR was 34.3% and a median PFS
of 5.7 months, annual survival was 74.7%. Trials
with HCC patients who failed phase | treatment
showed that the 120 HCC patients available for
evaluation had an ORR of 22.5% and a median PFS
of 5.5 months, annual survival of 68.2%. This study
demonstrated that Camrelizumab combined with
Apatinib has a survival benefit for patients with
advanced liver cancer!*?,

4.4 Gastric or esophagogastric junction can-
cer (GC/EGJC)

In another phase 111 clinical trial of GC/EGJC
patients, the researchers recruited 267 patients*l.
Compared with the placebo group, the median OS
was significantly prolonged in the Apatinib group
(6.5 months vs. 4.7 months, P < 0.05), and the me-
dian PFS was also prolonged (2.6 months vs. 1.8
months, P < 0.001).

4.5 Triple-negative breast cancer (TNBC)

Apatinib in the phase Il study of TNBC pa-
tients, 30 evaluable patients were given Apatinib
250 mg and SHR-1210 200 mg continuously. The
results showed that the ORR of patients was 43.3%,
DCR was 63.3%, and PFS was 3.7 months. The
median PFS of patients with partial remission
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was 7.69 months, which was significantly higher
than that of patients with TNBC that could not be
evaluated clinically (2 months). SHR-1210 com-
bined with Apatinib showed a good therapeutic ef-
fect in patients with advanced TNBC! .

5. Conclusion

Under physiological conditions, the expression
levels of VEGF and VEGFR in normal human ma-
ture tissues very low, and only the expression level
of VEGF in vascular endothelial cells is high.
However, clinical studies have shown that the high
expression of VEGF and VEGFR has been detected
in most malignant tumors and is associated with the
high risk of cancer metastasis*!. This is because
the growth and development of tumors depend on
the oxygen and nutrients provided by tumor blood
vessels. In highly metabolized tumors, they grow
beyond the supply of blood vessels, leading to hy-
poxia inside the tumor®!. Under hypoxia, hypox-
ia-inducible factor (HIF-1) regulating angiogenesis
is activated, and endothelial cells and tumor cells
jointly mediate the upregulation of VEGF expres-
sion in TME®". VEGF can indirectly promote the
inhibition of T lymphocytes and MDSCs by stimu-
lating endothelial cells to produce prostaglandin E2
(PGE2) 8. Moreover, immunosuppression of tumor
microenvironment is caused by inducing the prolif-
eration and differentiation of regulatory T cells
(Tregs)® and inhibiting the maturation of dendritic
cells (DCs) precursor cells®,

Apatinib, which is an angiogenesis inhibitor,
not only can inhibit Abnormal angiogenesis but also
improve the tumor immune microenvironment.
According to clinical statistics, at present, there are
33 clinical studies on Apatinib, and among them,
there are 29 carried out in China. Comprehensive
clinical trial results show that the combination of
Apatinib and PD-1/PD-L1 antibody can effectively
improve the efficacy of immunotherapy and signif-
icantly improve the survival benefit of patients. As
a new type of antitumor drug, Apatinib has its supe-
rior development prospect and potential. In this pa-
per, we summarized the effects of Apatinib on var-
ious immune cells in the tumor microenvironment
and summarized the beneficial effects of Apatinib
combined with PD-1/PD-L1 antibodies in different

kinds of cancer in the clinical trials.
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