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ABSTRACT: In antitumor activities, baicalin and astragaloside IV
inhibit tumor growth, induce cell death, and restrain metastasis in
various cancers. Generally, a mixture of massive herbs like
scutellaria or astragalus matches with other drugs to reach a
curative effect in traditional Chinese prescription. Therefore,
researchers aspire to an effective type of drug combination that
shows promoted absorption and higher bioavailability in preclinical
studies. Here, we report an optical method to detect chiral baicalin
and astragaloside IV and also monitor the absorption of different
chirals in ovarian cells. Eventually, R-Baicalin-Astragaloside IV dual
drugs combination shows promoted absorption of each other
compared with single chiral drugs or another. Based on the optical
method results, we designed a series of in vitro and in vivo
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experiments to explain and analyze the mechanism of the curative effect. Therein, the result reveals that the tumor-associated
neutrophils were reduced via the down-regulated TLR4/MYD88/NF-kB pathway to increased PD-1/PD-L1 immune response in
epithelial ovarian cancer under the influence of R-Baicalin-Astragaloside IV. Thus, this work offers a comprehensive report on
structure—activity relationships of chiral and dual drug strategies to improve its bioavailability in therapy of ovarian cancer.
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1. INTRODUCTION

Ovarian cancer (OC) is one of the most deadly gynecological
tumors, of which epithelial OC (EOC) is the most common
pathological type, accounting for 50—70%." Nearly three-
quarters of patients are diagnosed at stage III or IV, and most
of them die within 18 months due to primary treatment
resistance or recurrence.”” Despite extensive biological research
and clinical trials conducted over the years, the overall survival
(OS) of patients has not improved significantly, so effective new
therapies are urgently needed. Therein, immune checkpoint
blocking (ICB) induces effective immunobinding therapies,
such as programmed cell death (PD-1) or its ligand (PD-L1)
antibodies, but these effects are observed in only 20—30% of
patients, and even lower in OC, as low as 5.9-21%, with a
median response rate less than 15%.> A variety of immune cell
types exist in the tumor microenvironment (TME), including
macrophages, dendritic cells, neutrophils, natural killer cells, B
cells, and T cells.* Recent studies have shown that these immune
cells play an important anticancer or cancer-promoting role. The
functional and phenotypic status of immune subsets plays an
important role in determining response to ICBs, among which
the therapeutic effect is related to effective T cell status and
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intact host PD-L1 and PD-1 signaling pathways.”® Most OC
tumors have low levels of T cell infiltration and exhibit a “desert”
T cell phenotype,® so that OC immunotherapy has long been
neglected. Actually, T cell cloning and proliferation can be
regulated by other immune cells in TME, such as tumor-
associated neutrophils (TANs) which promote cancer cell
proliferation, metastasis, and angiogenesis via promoting T cell
IEN-y production and inhibiting antitumor T cell response.”
Neutrophils are the most abundant immune cells and infiltrate
every part of the human body; multiple studies have found that
the importance of neutrophils in cancer is becoming increasingly
apparent; thus, the idea that neutrophils are just a bystander in
TME is no longer there. In pancreatic cancer, higher TANs
density predicted poorer OS, while higher infiltration of CD8 +
GZMB + T cells was associated with improved survival.*’
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Figure 1. Schematic of the MOC and the discerning process and experimental setup and the results of the prepared chiral molecule solution
experience. (a) Schematic of the experimental setup, which consists of a combination of a HWP and linear polarizer, QWPs, PDs, MOC, and a
microsyringe system. (b) Schematic diagram of the MOC. The thickness of the coupling layer ranges from 30 to S0 nm, and the metal substrate is about
300 nm. The guiding layer which contains an outside capillary with a radium of 0.1 mm and a 1.1 mm thick glass slab. (c) The excitation of UOMs via a
free space coupling technique in MOC (reflective is R1). (d) A series of the reflectivity R1 spectrum of the modes with respect to the incident angle and
amode at a coupling angle at the MOC, respectively. (e) Theoretical results of the difference in reflectivity when kinds of sample injected into cavity.
(f—i) The experimental results of R/S-baicalin and the R/S-AS-IV solution with different concentrations, respectively.

Therefore, the regulation of neutrophils to modulate T cells and
enhance the immune response to ICB is emerging as a novel
tumor therapeutic approach.

Baicalin, as a flavonoid isolated from the Scutellaria baicalensis
plant, astragaloside IV (AS-IV), as a saponin compound isolated
from astragaloside, have various pharmacological activities,
including antitumor, antimicrobial, and antioxidant, and has
wide clinical applications.'*~"* Meanwhile, they can play a role
in antitumor activities by regulating the TME and tumor cell
growth cycle.'*™"” Therefore, we hope to explore the potential
targets and mechanisms of baicalin and AS-IV in the
immunotherapy of OC, so as to find a new method of TCM
assisted tumor immunotherapy. In this work, we report a metal-
cladding optofluidic cavity (MOC) method to detect chiral
baicalin and AS-IV, and also monitor the absorption of different
chirals of baicalin and AS-IV in ovarian cells. As a result, R-
Baicalin and R-AS-IV combination show promoted absorption
of each other compared with single chiral drugs. In contrast, S-
baicalin and S-AS-IV present inhibition of each. Based on the
detection, we designed a series of in vitro and in vivo
experiments to analyze this phenomenon. Therein, the result
reveals that the TANs were reduced via down-regulated TLR4/
MYD88/NF-«kB pathway to increase PD-1/PD-L1 immune
response in EOC under the influence of R-baicalin-AS-IV. Thus,
this paper offers a comprehensive report on pharmacokinetic
behavior of chiral and dual drug strategies to improve its
bioavailability and immunocompetence in the therapy of OC.

2. MATERIALS AND METHODS

2.1. Metal Cladding Optofuidic Chip

The MOC possesses a variety of fascinating optical properties.”** The
most unique feature is the excitation of ultrahigh-order guided modes
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(UOMs) in the cavity under illumination. Moreover, the reflective
coefficient of UOM:s is extremely sensitive to the dielectric coefficient of
the guided layer. For the MCOC, the reduced dispersion equation for
the m-order eigenmode can be written as

kody/n®> = N = mn (1)

where N is the effective refractive index. The incident beam meeting
coupling conditions (the component of wave vector along propagation
direction resonates with the propagation constant of the eigenmodes)
will be coupled into the waveguide, resulting in coupling peaks. The
coupling peak is particularly sensitive to the refractive index that the
sensitivity s is defined as

dN, _n
N

dn A (2)
where the sensitivity approaches infinity with N ¢ approaching zero in
UOMs.*

Based on the properties, we demonstrated the discrimination of two
pairs of chiral molecules in cell and animal experiments. As shown in
Figure 1la, the intensity of LCP/RCP shows a difference in reflective
light when the chiral molecule is injected into MCOC due to the
different dielectric coeflicients of the chiral molecules for LCP and
RCP. The difference in reflectivity of LCP/RCP, D can be expressed as

(see more details in Supporting Information Section SI)

D = KAeg, (3)

where Ag, is the change in the dielectric coefficient for LCP light (thus,
—Ag, for RCP light). K is the characteristic parameter determined by
the MCOC. Therefore, the difference in reflectivity of LCP and RCP
will be characterized by opposite signs for a pair.

2.2. Cell Culture

The OC cell lines SKOV3 and ID8 were purchased from the National
collection of authenticated cell cultures (Shanghai, China). All cell lines
were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
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supplemented with 10% fetal bovine serum (FBS) and penicillin—
streptomycin antibiotic mixture (Gibco) at 37 °C in an atmosphere of
5% CO.,.

2.2.1. CCK8 Assay. Cell viability was detected via a cell counting
kit-8 (CCK-8) assay. SKOV3 cell lines were incubated with baicalin,
AS-IV or dual drugs for 24—48 h, and then replaced with 100 yL 10%
CCK-8 reagent (TargetMOI, China) for 1 h at 37°C. The OD of each
well was measured at 450 nm using a Thermo Scientific Varioskan Flash
(Thermo Fisher Scientific, USA).

2.2.2. EdU Staining. The cell proliferation was measured using the
EdU assay kit according to the manufacturer’s instructions. Briefly, the
cells in the 6-well plates were exposed to different drugs for 24 h at 37
°C in an atmosphere of 5% CO,, 10 umol/mL EdU for 2 h, fixed with
4% formaldehyde for 1S5 min, and permeabilized in 0.3% Triton X-100
for 10 min. Then, the cells were incubated with click additive solution
for 20 min. The cells were labeled using 200 yL streptavidin-HRP for 30
min and DAB solutions for 30 min. The cells were imaged by a
microscope (Olympus America Inc.,, USA), and the number of EdU
positive cells was counted from 3 random fields in each well.

2.2.3. Cell Invasion and Migration. Cell invasion and migration
was measured using a 24-well Transwell chamber (Corning Costar)
precoated with or without Matrigel. Cells in the serum-free medium
with different drugs were seeded at 1 X 10° per well in the top chamber,
while 20% FBS in the DMEM medium was added in the bottom
chamber. After incubation for 24 h at 37 °C, the cells were fixed with 4%
formaldehyde for 15 min, stained with 0.5% crystal violet for 15 min,
and counted.

2.2.4. Wound Healing. SKOV3 cells were seeded at a
concentration of 1 X 10° cells/well into 12-well plates in DMEM
supplement. Cells were incubated overnight, yielding a confluent
monolayer for wounding. Wound tracks in the monolayer were scored
in each well using a 200 uL pipet tip. Then, the suspended cells were
washed twice with PBS, and the wounded cell monolayer was incubated
in 5% FBS medium with different drugs for 24 h. Photographs of the
wound area were captured at 0 and 24 h with a microscope (Olympus
America Inc., USA).

2.2.5. qPCR. Total RNA was extracted from cells and then reverse-
transcribed into ¢cDNA using EZ-press RNA purification (EZ
bioscience). qPCR was performed on the Bioer/LineGene 9600
detection system with an SYBR Premix ExTaq Kit (Takara). The data
were normalized to the expression of GAPDH. The sequences of the
primers are given in Table S3.

2.3. Animals and the In Vivo Model

All animal experiments were performed in accordance with the National
Guidelines for Animal Care and were approved by the Animal
Experiment Ethics Committee of Shanghai Renji hospital affiliated to
Shanghai Jiao Tong University School of Medicine (approval number:
R52022—0921, approval date: 2022.09.14).

2.3.1. Animal Treatments. Mice were maintained under specific
pathogen free conditions to ensure compliance with the 3R principles
and were randomly assigned to each experimental group. All mice were
supplied with sterile drinking water and were fed freely. Six to eight
week old female BALB/c-nu and C57BL/6 mice were used for the
studies. BALB/c-nu mice were injected with 5 X 106 SKOV3 cells, while
C57BL/6 mice were injected with 5 X 10° ID8 cells. All cells were
injected subcutaneously into the flank. Details of the specific animal
experimental procedures are provided in the Supporting Information
(Section S3).

2.4. RNA Sequencing

Total RNA from tumor tissues was extracted with Trizol Reagent
(Invitrogen Life Technologies, Carlsbad, CA, USA) and assessed with
an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA,
USA) and a NanoDrop spectrophotometer (Thermo Scientific,
Waltham, MA, USA). Total RNA samples that met the following
requirements were used in subsequent experiments: an RNA integrity
number (RIN) > 8.0 and A260/A280 = 1.8—2.0. Libraries were
sequenced on the Illumina NovaSeq 6000 platform (Illumina, San
Diego, CA, USA) at Shanghai Personal Biotechnology Co., Ltd.
(Shanghai, China), generating 150 bp paired-end reads. Each sample
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was sequenced to a depth of >6 Gb clean data (approximately 20
million paired-end reads). We used HTSeq (0.9.1) statistics to compare
the Read Count values on each gene as the original expression of the
gene and then used FPKM to standardize the expression. Then,
different expression of genes was analyzed by DESeq (1.39.0) with
different expression of multiple log2FoldChangel > 1, significant P-
value <0.0S. Differences in gene expression profiles between the two
groups were represented by volcano maps, with vertical dashed lines
representing up-regulated and down-regulated differences of 2.0 times
(log2 conversion), and differentially expressed genes was drawn by the
R language ggplots2 software package. In order to further analyze the
function of differentially expressed genes after dual drugs admin-
istrations, we used top GO to conduct the related analysis of GO
enrichment and KEGG pathway to annotate the differential genes and
the gene list and the number of each pathway, and the hypergeometric
distribution method was used to obtain P values (P < 0.05). Use genes
cloud platform (https://www.genescloud.cn) for data analysis, and
heatmap package (V1.0.8) developed by heat map tool drawing heat
maps.

2.5. Extraction of Peripheral Blood Mononuclear Cells

Mice blood and spleen were collected after sacrifice, and lymphocyte
separation solution (Dakewe Biotech, 7211011) was added into 15 mL
centrifuge tube. Peripheral blood was diluted by RPMI 1640; spleen
was ground and then filtered with 70 gm biofilters, then mixed fluid was
spread on the upper surface of the solution; 800 g centrifuge for 20 min
at room temperature. After centrifugation, the lymphocytes were then
washed and counted.

2.6. Isolation of Single Cell Suspension

The subcutaneous tumor tissues of mice were separated and washed
twice with PBS. The fat and peripheral tissue were removed, cut into
small pieces, and then single cells were extracted using the mouse tumor
dissociation kit (Miltenyi Biotec, 130-096-730). 100 yL Enzyme D, 10
uL Enzyme R, and 12.5 uL Enzyme A were added into 2.35 mL RPMI
1640 medium and inserted into gentleMACS C Tube together with
tumor tissues. The gentleMACS program was started: m_impTu-
mor_02, and vibrated at 37 °C for 45 min. The gentleMACS program
was started: 1 X m_impTumor_03. The solution was filtered using a 70
um filter and the filter was slowly rinsed using 15 mL RPMI 1640
medium; 300 g centrifuge for 7 min at room temperature. After
centrifugation, the supernatant was removed to acquire a single cell
suspension.

2.7. Extraction and Functional Assays of TAN

Neutrophils were extracted from the tumor by a neutrophil enrichment
kit (stemcell, 19762). Details of the specific experimental procedures
are provided in the Supporting Information (Section S10).

2.7.1.ROS Detection. ROS concentration of TANs was conducted
by a reactive oxygen species assay kit (beyotime, S0033S). Cells were
washed three times with PBS and then loaded with 20 kM DCFH-DA
in fresh medium for 30 min. After three additional PBS washes, the cells
were analyzed by flow cytometry.

2.7.2.IL-6 Detection. IL-6 concentration of TANs was performed
by a Mouse IL-6 ELISA Kit (beyotime, PY2782). SO uL of the standard
diluent and samples were added to the plate, and the plate was sealed
with a sealing film, and incubated at room temperature for 120 min. The
wash was repeated by washing buffer, and the plate was pat dried after
the last wash. Then, 100 uL of the TMB solution was added to each
well. The plate was sealed and incubated at room temperature for 20
min. Then, 100 xL stop solution was added to each well to terminate
the reaction. A microplate reader was used to measure the absorbance at
450 nm.

2.8. Flow Cytometry

The cell suspension was stained with Zombie Aqua (Biolegend
423101) to exclude dead cells. Then use APC antihuman/mouse
Granzyme B Recombinant (clone QA16A02) Biolegend 372203; APC
antimouse Ly6G (clone 1A8) Biolegend 127613; PerCP/CyanineS.5
Antimouse CD4S (clone 30-F11) Biolegend 103131; FITC Anti-
mouse/human CD11b (clone M1/70) Biolegend 10120S; FITC
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Figure 2. Effect of chiral baicalin, astragaloside (AS-IV), and the combination of two drugs on cell growth and cell viability, respectively. (a) OC cells
were cultured with baicalin and AS-IV at a concentration of 100 ym. After 1 h, 2 h, 3 h, 6 h, 12 h, and 18 h of culture, the culture medium and
intracellular fluid were sampled to detect changes in the concentration (see Methods). (b,c) Various concentrations of R-/S-baicalin and R-/S-AS-IV
in the culture medium and intracellular with different culture times, respectively.

Antimouse CD8a (clone 53—6.7) BioLegend 100705, PE antimouse
CD279 (PD-1) Antibody (clone 29F.1A12) BioLegend 135205 to dye
cells for 15 min. After staining, the samples were washed twice with PBS
and resuspended in the staining buffer. The samples were detected by
an LSR Fortessa X-20 and Celesta Flow cytometry system and analyzed
by Flow Jo software.

2.9. Western Blot

Cells were lysed in RIPA buffer containing protease inhibitors, and
protein concentrations were determined by using a BCA assay. Samples
were denatured by boiling in loading buffer (S min, 100 °C), and then,
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equal amounts of protein (20—50 pg) were separated by sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (12% gel) at 110 V
for 1.5 h. Next, proteins were transferred onto PVDF membranes using
a wet transfer system (200 mA, 1.5 h, 4 °C) and blocked with blocking
buffer for 1 h at room temperature. Primary antibodies such as f-actin
(A01015,1:5000, Abbkine); TLR4 (19811—1-AP,1:1000, Protein-
tech), MYD88 (67969—1-Ig,1:1000, Proteintech); and NF-xB
(80979—1-RR,1:1000, Proteintech) were diluted and incubated
overnight at 4 °C. Membranes were washed 3 times with TBST, then
incubated with HRP-conjugated secondary antibodies (1:5000) for 1 h
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at RT. f-actin served as a loading control. Results were visualized using
the ECL substrate and quantified by Image]J software.

2.10. Immunofluorescence

The mice tissues were fixed with formaldehyde and embedded in
paraffin. Subsequently, the tissue samples were cut into 4 pm
thicknesses, deparaffinized in xylene, and rehydrated through graded
ethanol solutions to analyze PD-1, CD8 expression, and neutrophil
infiltration. The sections were deparaffinized and rehydrated and then
blocked with 3% bovine serum albumin for 30 min. The sections were
next incubated with anti-Ly6G antibody (1:300, #88876s, CST); CDS8,
PD-1(Proteintech, China) overnight at 4 °C and Cy3-labeled
secondary antibody for 1 h at 37 °C, followed by nuclear staining
with DAPI for 10 min at room temperature. Co-localization of MYD88
and Ly6g was performed by anti-Ly6G antibody (1:300, #88876s,
CST) and Alexa Fluor 555-labeled secondary antibody, MYD88(1:200,
#23230-1-AP, Proteintech) and Alexa Fluor 488-labeled secondary
antibody, respectively. The staining results were observed with images
acquired using a Nikon confocal laser microscope (Eclipse Ti-SR,
Nikon) and an imaging system (DS-U3, Nikon). The fluorescence
intensity quantification were analyzed with the Image] software.

2.11. Immunohistochemistry and HE Staining

After routine deparaffinization, rehydration, and antigen retrieval, the
sections were incubated with monoclonal antibodies against TLR4,
MYD88, NFKB, PD-L1(Proteintech, China) at 4 °C overnight,
followed by incubation with the corresponding secondary antibodies
at 37 °C for half an hour and visualization using DAB. The average
optical density image was analyzed with the Image] software.
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2.12. Binding Affinities and Modes of Interaction

To analyze the binding affinities and modes of interaction between the
drug candidate and their targets, AutodockVina 1.2.2, a silico protein—
ligand docking software was employed. The molecular structures of
TLR4 and MYD88 was retrieved from PubChem Compound (https: //
pubchem.ncbi.nlm.nih.gov/ ). The three-dimensional coordinates of
TLR4 (PDB ID, 4R7D; resolution, 2.753 A) and MYD88 (PDB ID,
4DOM,; resolution, 1.798 A) were downloaded from the PDB (http: //
www.rcsb.org/pdb/home/home.do). For docking analysis, all protein
and molecular files were converted into PDBQT format with all water
molecules excluded, and polar hydrogen atoms were added. The grid
box was centered to cover the domain of each protein and
accommodate free molecular movement. The grid box was set to 30
A x 30 A X 30 A, and the grid point distance was 0.05S nm. Molecular
docking studies were performed by Autodock Vina 1.2.2 (http://
autodock.scripps.edu/).

2.13. XPS Analysis

The Thermo Scientific Nexsa G2 was used for the test: monochrom-
atized Al target (1486.6 eV), a test beam spot size of 400 ym, a full
spectrum pass energy of 100 eV, a step size of 1.0 eV, a narrow spectrum
pass energy of 50 eV, a step size of 0.05 eV, and the X-ray was at a 30°
angle to the horizontal plane. The neutralizer gun was kept on
throughout the process to alleviate uneven charging.

2.14. Statistical Analysis

Statistical analyses were conducted using Graphpad Prism 8 software.
Results are expressed as mean + standard error of the mean. The
significance of differences among experimental groups was determined
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by ANOVA analysis. The differences are considered statistically
significant at p < 0.0S.

3. RESULTS

3.1. Chiral and Dual Drugs Promoted the Therapeutic
Effective by MOC Detection

To demonstrate the ability to distinguish chiral molecules, we
measured the difference in the reflectivity of prepared baicalin
and AS-IV solutions. The results showed that the difference in
reflectivity of two pairs of chiral molecules is proportional to the
concentration with the opposite sign coefficient, which is
consistent with theoretical predictions (Figure 1b,c and
Supporting Information Section S1). The experimental setup
is shown in Figure la. The power and spin angular momentum
of the laser beam (generated by a 100 mW 632.8 nm laser beam)
are controlled by a combination of a half-wave plate (HWP), a
quarter-wave plate, and a linear polarizer (LP). Two photo-
electric detectors (PDs) are used to detect the incident and
reflective beam intensities. The samples of the prepared chiral
molecule solution are injected into the MOC with a micro-
syringe system (the part I of Supporting Information). Then, the
reflectivity of LCP/RCP is detected to generate a difference in
reflectivity. After each experiment, a blank buffer was used to
wash the cavity. Figure 1f—i shows the experimental results of
the prepared chiral molecule solution, in which the difference in
reflectivity is positive and negative for R-structure molecules (R-
baicalin and R-AS-1V) and S-structure molecules (S-baicalin and
S-AS-IV), respectively. Its absolute value increased linearly with
the concentration of chiral molecules, with correlation
coeflicients of 0.00290 + 0.00006/—0.00292 + 0.00005 mL-
mg_1 for R-/S-baicalin and 0.00279 + 0.00007/—0.00301 +
0.00005 mL-mg~" for R-/S-AS-IV. Therefore, the experimental
results of the prepared chiral molecule solution are consistent
with the theoretical results. Moreover, the changing intensity of
the light induced by the optical rotation for the ADP is 0.00084
mL-mg™", indicating that the sensitivity of MOC is greater than
the optical rotation.

In the following section, we will use the experimental results
shown in Figure lh—i as the calibration data to detect the
concentrations of R-/S-baicalin and R-/S-AS-IV at intracellular
and extracellular levels of OC cell, respectively, as shown in
Figure 2a. First, OC cells were coincubated with the same
concentrations of chiral drugs (R-/S-baicalin or R-/S-AS-1V)
from 0 to 18 h. As shown in Figure 2b—f and (the part I of
Supporting Information), compared with the concentration of
R-/S-baicalin or R-/S-AS-IV at the extracellular (culture
solution) and intracellular levels, the R-baicalin and R-AS-IV
had a good absorption on the OC cell, respectively. Moreover,
the effects of absorption reinforce each other when R-baicalin
and R-AS-IV were added into the culture medium at the same
time by 1:1 concentration. In contrast, the amount of S-baicalin
and S-AS-1IV, S-baicalin and R-AS-IV, and R-baicalin and S-AS-
IV absorption obviously decreased compared to R-baicalin and
R-AS-1V, as shown in Figures 2b—f, S3 and S4. Meanwhile, the
combination of S-baicalin and S-AS-IV had reciprocal inhibitory
absorption when added into culture. These phenomena are
consistent with our results, confirming that baicalin and AS-IV
own an inhibitory effect on OC cells and vary between different
chiral drugs. In conclusion, the combination of R-baicalin and R-
AS-IV promoted the therapeutic effective in OC.
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3.2. Dual Drugs Exhibit Better Therapeutic Efficacy than
Single Drugs in OC

As shown in Figure 3a—c, it was found that both drugs could
inhibit the proliferation, migration, and invasion of the SKOV3
cellline, and the inhibitory effect was enhanced with the increase
of concentration. The 24 h IC50 values of baicalin and AS-IV for
SKOV3 cell line were 102.1 and 127.4 um, respectively. At the
same time, dual drug significantly reduced cell proliferation
compared with single drug (P < 0.05), and the ICS0 at 24 and 48
h was 64.88 and 61.99 um respectively, in Figure 3c.

The coefficient of drug interaction (CDI) was used to
evaluate the synergistic effect between baicalin and AS-IV, and
the synergistic effect was quantized according to the formula
CDI = AB/(A X B), where AB is the survival fraction of dual
drugs treatment, and A and B are the survival fraction of single
treatment. CDI < 1 indicates synergy, CDI = 1 indicates
additivity, and CDI > 1 indicates antagonism. As shown in Table
1, baicalin and AS-IV have synergistic effects at all concen-

Table 1. CDI of Dual Drugs

AS-IV (uM)
CDI (24 h/48 h)

bai
(uM) 10 30 60 90 120

10 0.96/0.98 0.95/0.91 0.77/0.76 0.75/0.59 0.63/0.71
30 0.99/0.91 0.88/0.88 0.74/0.65 0.78/0.52 0.59/0.62
60 0.97/0.85 0.92/0.85 0.67/0.43 0.63/0.41 0.48/0.53
90 0.99/0.98 0.97/0.88 0.67/0.44 0.66/0.25 0.13/0.19
120 0.94/0.90 0.92/0.91 0.51/0.50 0.56/0.28 0.05/0.14

trations, and the synergistic effects are strongest at 60 and 90 ym
concentrations. According to synergy scores in Section S2 of
Supporting Information, the most synergistic area was baicalin
ranging 60—120 uM with AS-IV ranging 60—120 yM at 24 h,
and baicalin ranging 30—90 ym with AS-IV ranging 30—90 ym
at 48 h (Figure S6). Therefore, we concluded baicalin and AS-IV
had a strong synergistic effect, and the recommended
concentration was 60 gm baicalin with 60 ygm AS-IV in OC.

In addition, the SKOV3 cell suspension was injected
subcutaneously in BALB/c-nude mice and randomly divided
into four groups, as shown in Figures 3d and S7. All animal
experiments were performed in accordance with the national
and institutional guidelines for animal care and approved by the
Animal Experiment Ethics Committee of Shanghai Renji
hospital affiliated to Shanghai Jiaotong University School of
Medicine (approval number: R52022-0921, approval date:
2022.09.14). The mice were fed PBS, baicalin 20 mg/kg, AS-IV
20 mg/kg, and dual drugs 20 mg/kg once a day. It was found that
the tumor of the baicalin group was significantly smaller than the
control group, P < 0.001; the tumor of the AS-IV group was
significantly smaller than that of the control and baicalin groups,
P < 0.01; the tumor of the dual drugs group was significantly
smaller than that of the control and baicalin groups, P < 0.001. It
can be seen that the dual drugs can effectively inhibit the growth
of OC tumors, especially in C57 mice (Figure S8). Collectively,
these results reveal that the dual drugs could significantly inhibit
the migration and invasion of the SKOV3 cell line and inhibit the
growth of the OC tumor.
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Figure 4. Tumor growth and expression of CD8 T cells and neutrophils of C57 mice treated with dual drugs at different concentrations, differential
genes and functional analysis between dual drugs and control group, colocalization of MYD88 and Ly6g in EOC. (a) Transplanted tumor in C57 and
BALB/c-nude mice under dual drug treatment. (b)Transplanted tumor and growth curve of CS7 mice at different concentrations. (c) The
immunofluorescence intensity of CD8 and Ly6g in tumor tissues under different drug concentrations (magnification X 400) and quantitative statistics,
*P < 0.0, ¥*P < 0.01, ***P < 0.001, ns had no statistical difference. (d) Flow cytometry detected the proportion of neutrophils and CD8 + T cells of
PBMCs under different drug concentrations and quantitative statistics. (e) Volcano map, GO and KEGG functional analysis of differential genes, heat
map analysis of TLR4/MYD88/NF-kB genes in C57 mice between two groups. (f) The immunofluorescence intensity and gray values of green

(MYDS88) and red (Ly6g).

3.3. Dual Drugs Increase the CD8 + T Cell and Reduces TANs
in OC

It was found that dual drug owned better inhibitory effects in
CS7 mice than BALB/c-nude mice (Figure S9), which indicated
immune cell involvement. Therefore, ID8 cell suspension was
injected subcutaneously in C57 mice and randomly divided into
three groups to reveal changing of immune cells. The mice were
fed PBS, dual drugs 20 mg/kg, and 40 mg/kg once a day. It was
found that the tumor of the low and high group was significantly
smaller than the control group, P < 0.001, as shown in Figures 4b
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and S10, which inferred that the dual drugs can effectively inhibit
the growth of OC tumors. Next, peripheral blood mononuclear
cells (PBMCs) in spleen and peripheral blood were isolated,
respectively, according to manufacture protocols (Section SS).
The proportion of CD8 + T lymphocytes and neutrophils in
PBMCs were analyzed by flow cytometry, and the expression of
their markers in tumor tissues was analyzed by immunofluor-
escence.

After 28 days of administration, the neutrophils ratio of three
group was 11.87 + 1.08, 8.46 + 2.09, and 4.95 + 0.48. The
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Figure 5. The molecular docking analysis. The molecular docking analysis. (a) Distribution of TLR4 and MyD88 proteins in cells and cell membranes.
(b,c) The N-terminal, central, and C-terminal domains of TLR4 are divided by the spot line, respectively. (d) The binding position of R/S- baicalin in
MYDB88. (e) The binding position of R/S- baicalin in TLR4. (f) The binding position of R/S-AS-IV in MYDS88. (g) The binding position of R/S-AS-IV
in TLR4. (h) The molecular formula of R/Sbaicalin. (i) molecular formula of R/S-AS-1V. (j) the XPS survey of baicalin, TLR4, MyD88, S/R-baicalin +
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Figure S. continued

TLR4, and S/Rbaicalin + MyD88. j1—j3. C, O, and N element binding energies in baicalin, TLR4, MyD88, S/Rbaicalin + TLR4, and S/R-baicalin +
MyD8S8, respectively. (k) The XPS survey of AS-IV, TLR4, MyD88, S/R-AS-IV + TLR4, and S/R-ASIV + MyD88.k1-k3. C, O, and N element binding
energies in AS-IV, TLR4, MyD88, S/RAS-IV + TLR4, and S/R-aAS-IV + MyD88, respectively.

proportion of neutrophils in peripheral blood in the low and
high groups was significantly decreased compared with the
control group, P < 0.05 (Figure 4d) The intensity of Ly6g in
tumor tissues was significantly decreased in the high group than
the control group, P < 0.05. There was no significant difference
between the low group and control group, P > 0.05 (Figures 4¢c
and S16). Meanwhile, the CD8 + T cells ratio of the three group
was 8.55 + 0.53,9.84 + 0.52, and 11.82 + 0.49, respectively. The
proportion of CD8 + T cells in the spleen was significantly
increased in the low and high groups compared with the control
group, P < 0.01(Figure 4d). The expression of CDS8 in the high
group was elevated than that in the control group (P < 0.001),
with no difference between low and control groups (Figures 4c
and S16). Combined with the above experimental results, we
found that dual drugs can effectively reduce neutrophils and
increase the proportion of CD8 + T cells in OC mice. Therefore,
we hypothesized that dual drugs may inhibit tumor growth by
regulating CD8 + T cells and neutrophils. More experiments will
be presented for further verification.

RNA-seq was performed to identify differential genes and
functional analysis in OC under dual drugs treatment. The total
RNA was extracted from tumor tissues, and 16,772 genes were
detected. The differential expression results of RNA sequencing
showed that 2086 up-regulated genes and 1801 down-regulated
genes were detected in the dual drugs group compared with the
control group (Figures 4e and S12). The KEGG pathway
analysis confirmed the primary biological functions of the
differentially expressed genes. Notably, the “PD-L1 expression
and PD-1 checkpoint pathway in cancer” (PD-1/PD-L1
signaling pathway) ranked among the top 3 most significantly
enriched KEGG pathways, with an enrichment factor (EF) of
0.015 and FDR-adjusted p-values (P,g) of 2.7 X 10™*. Among
them, CD247 and CD274 were significantly increased, while
TIRAP, MYD88, HIF1A, IFNGR1, NFKBIB, and other genes
were significantly decreased (P < 0.05). Considering TIRAP acts
as a TLR4 adapter, involved in MyD88-dependent TLR4 signal
transduction, it mainly regulates inflammatory signaling path-
ways to affect the activation, migration, and function of
neutrophils. Meanwhile, dual drugs significantly downregulated
TLR4/MYD88/NF-kB pathway (EF = 0.021, P,;; = 1.8 X 107
and neutrophil activation pathways (NOD-like receptor signal-
ing pathway (EF = 0.018, P4 = 4.2 X 107*). It can be found that
dual drugs significantly decrease the TLR4/MYD88/NF-«xB
pathway protein in OC (Figure S24). Furthermore, we
conducted paraffin sections of tumor tissues for MYD88 and
Ly6g colocalization staining and found that MYD88 was mainly
colocalized with Ly6g, which verified MYD88 expressed on
tumor neutrophils, in Figures 4f and S17. It proposed a
hypothesis that dual drugs could play an important role in PD-1/
PD-L1 signaling pathway by inhibiting TLR4/MYD88/NF-xB
pathway of TANs. In the following experiments, we further
explored the potential mechanism of dual drugs in OC
immunotherapy.
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3.4. Binding Affinities and Modes of Interaction between
the Drug Candidate and Their Targets

To evaluate the affinity of the candidate drugs for their targets,
we performed a molecular docking analysis. The binding poses
and interactions of baicalin and AS-IV with two proteins were
obtained with Autodock Vina v.1.2.2 and binding energy for
each interaction was generated (Figures S and Supporting
Information $20). Results showed that each candidate bonds to
its targets through visible hydrogen bonds and strong electro-
static interactions. Moreover, the hydrophobic pockets of each
targets were occupied successfully by the two candidate drugs
(Figure Sd—g and S19 and S20). For baicalin, TLR4 and
MYD88 had low binding energies of —8.701 and —7.418 kcal/
mol, indicating high stable binding. For AS-IV, TLR4 and
MYD88 had low binding energies of —9.503 and —7.27 kcal/
mol, indicating high stable binding (Tables 2 and S2).

Table 2. Binding Energy

target drug binding Energy (kcal/mol)
TLR4 baicalin —8.701
MYD88 baicalin —7.418
TLR4 AS-IV —-9.503
MYD88 AS-IV =7.27

Meanwhile, the different positions of baicalin and AS—IV
interaction with TLR4 are shown in Figure Sa—c, respectively.
Therein, the binding position of baicalin present at the
transmembrane region of the TLR4 structure increases binding
to the envelope to fix the receptor, and the binding position of
AS-IV present at intercellular region of TLR4 structure enhances
the guidance of the interaction and forms a signal complex. In
contrast, the binding positions of baicalin and AS-IV in MyD88
are the same (Figures Sa and S20) and at the C-terminus of the
MyD88 structure. The C-terminals of MyD88 and TLR4
structures bind together to mediate downstream signaling.
Therefore, baicalin and AS-IV which induce or reduce other
adaptor proteins were recruited by intracellular cascade reaction.
Besides, baicalin and AS-IV interact with TLR4 and Myd88
which have been confirmed by X-ray photoelectron spectros-
copy (XPS), and the combination acts as the TLR4 inhibitor on
the PD-1/PD-L1 immune response due to overlapping binding
sites (Figure Sjk, S21 and S22)

To verify the results of the molecular dynamics simulations,
we analyze baicalin and AS-IV interactions with TLR4 and
Myd88 by XPS. In Figure 5j—k3, we observe that the intensity of
C=0, C—-OR, and C 1s would be changed when baicalin and
AS-IV interact with TLR4 and MyD88. Therein, the baicalin
interacts with Myd88 causing the intensity of C—OR to be
increased and interacts with TLR4 causing the intensity of C=
O to be decreased (Figure Sj—3). In Figure Sk—k3, when
baicalin interacts with TLR4, the MgO of TLR4 has vanished,
and the intensity of O 1s and B203 of MyD88 is increased,
respectively. Meanwhile, the intensity H4 has appeared in TLR4
when baicalin interacts with TLR4, and N 1s has been vanished.
The same analysis can be observed when AS-IV interacts with
TLR4 and MyD88. The intensity of C=0 has been decreased

https://doi.org/10.1021/acs.molpharmaceut.5c00681
Mol. Pharmaceutics 2026, 23, 694—710


https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.molpharmaceut.5c00681/suppl_file/mp5c00681_si_001.pdf
pubs.acs.org/molecularpharmaceutics?ref=pdf
https://doi.org/10.1021/acs.molpharmaceut.5c00681?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Molecular Pharmaceutics pubs.acs.org/molecularpharmaceutics

(a) S e ®
7 day 0 day 7 day 28 day
Adaptive feeding (DB cells injection  Drug trsatment Sacrifice and analyze

Con: PBS solution PD-L1: anti-mouse PD-L1 6y antimouse PDLT 200ug/pe [
200ug/per + anti-mouse Ly6g 200ug/per PD-L1 : |
% A A
nti-mose PD-L1 200ug/ an anti-mouse me 200ug/per High PO-L1 200ug/|
pc resstorva 200ug/per al drugs 20m e o n?d::‘;o:lfreng el

P R

Low

N
<+, & d‘pf«v" &

High | .1 o

@ S e i e ki el

ser e +
r r ; —
3 o 25 = y,—‘ .
an
w + —
2w Ea et - Y
8 = & £ s
¥ T <] T 3 = wite] E a
5% 15 4 a 3] T g
E ‘ % g 20 I 40 T ;
g= I a 2 [ £
?” § ! J © 10 || [~28 Fi ]
o £ Al i
=
. chl el L e LI L LT LT
-~ L £ N o Ry &N o* Y
‘P‘;Q‘\' Vi®.g\9’ s C-°Qc>'.;\"\ve' \P{a‘“ <J°q<>\'\, o »de & b° = $ Q?‘ °"l.@\§ tP: > {é «\?' \,d"

Figure 6. Tumor growth in C57 mice treated with different drugs, detection of neutrophils, and CD8 + T cells in the tumor of C57 mice treated with
different drugs. (a) Hlusion of mice models (b) Subcutaneous tumor and tumor growth curves of C57 mice treated with different drugs. (c—e) The
intensity of Ly6g, CD8, and PD-1 in tumor tissues detected by immunofluorescence under different drug concentrations (magnification X 400), and
statistical data. (f) The proportion of Ly6g + CD11b+, PD-1 + Ly6g + CD11b+, CD8+, GZMB + CD8+, and PD-1 + CD8+ cells of C57 mice by flow
cytometry. (g) Quantitative statistics of £.*P < 0.0S, **P < 0.01, ***P < 0.001, and ns had no statistical difference.

when AS-IV interacts with MyD88, and on the contrary, the As shown in Figures 6b and S11, tumors of the PD-L1 group
intensity of C=0 has been increased when AS-IV interacts with were smaller than those in the control group (P < 0.001). The
TLR4. Therefore, baicalin and ASIV interact with TLR4 and tumor of Ly6g and the TLR4 group was smaller than that of the
Myd88 which have been confirmed by XPS. PD-L1 group (P < 0.001), and the tumor of the high group was

3.5. Dual Drugs Reduce the TLR4/MYD88/NF-«B Pathway significantly reduced (P < 0.01), with no significant difference to
Regulated by Tumor Associated Neutrophils to Increase the Ly6g and the TLR4 group, P > 0.05. It can be found that the

the CD8+T Cell Inmune Response in the PD-1/PD-L1 dual drugs can effectively enhance the inhibitory treatment of
the PD-L1 antibody in OC. Moreover, the results show that dual

Pathway

drugs induced immunofluorescence expression of neutrophils in
In our study, we found that there was a significant decrease in C57 mice. The Ly6g expression in the PD-L1 group was
neutrophils and a remarkable increase in CD8 + T cells under significantly higher than that in the control group, P < 0.05; The
the administration of dual drugs; therefore, we inferred that dual expression of Ly6g, TLR4, and the high group was lower than

drugs reduced the neutrophils of OC and increased the CD8 + T that of the PD-L1 group (P < 0.001) (Figures 6¢c and S18). The
cell immune response by regulating the TLR4/MYD88/NF-kB CD8 expression in the PD-L1 group was significantly lower than

pathway. We designed an experiment in six groups to verify this that in the control group (P < 0.05); The expression of Ly6g,
hypothesis. ID8 cell suspension was transplanted subcuta- TLR4, and the high group was higher than that of the PD-L1
neously in C57 mice and randomly divided into six groups: group (P < 0.01) (Figures 6d and S18). The PD-1 expression of

control group, PD-L1 group, Ly6g group, TLR4 group, low Ly6g, TLR4, and low and high groups was higher than that of the
group, and high group (Figure 6a and Section S3 Mice tumor PD-L1 group (P < 0.05) (Figures 6e and S18). Results showed
model ®). that PD-L1 blocking therapy could increase the expression of
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Figure 7. TAN depletion functional assays and protein expression of TLR4/MYD88/NF-kB axis (a) Purity of TAN. (b) ROS detection of TAN. (c)
IL-6 detection of TAN. (d) Protein levels of TLR4/MYD88/NF-kB axis in TAN. (e) Quantitative statistics of D. *P < 0.0S, ***P < 0.001.

Ly6g and weaken the fluorescence intensity of CD8 in tumor
tissues, while dual drugs could reduce the expression of Ly6g and
increase the expression of CD8 and PD-1 in tumors.

In addition, after the tumors were resected, flow cytometric
analysis of neutrophils and T cells were performed. As a result,
the proportions of Ly6g + CD11b+ in six groups were 23.60 =+
2.77,36.17 + 3.35, 1.52 & 0.63, 4.07 + 0.19, 26.44 + 7.16, and
2.82 + 0.08. The proportion of neutrophils in the PD-L1 group
was significantly higher than that in the control group (P <
0.05); the proportion of neutrophils in Ly6g, TLR4, and the high
group was significantly lower than that in the PD-L1 group(P <
0.001). Meanwhile, the proportions of PD-1 + Ly6g + CD11b+
in six groups were 2.20 + 1.41, 17.45 £ 2.88, 10.92 + 1.10, 3.03
+ 1.69, 7.85 + 2.17, and 14.80 + 5.10, respectively. The
proportion of PD-1 + Ly6g + CD11b+ in the PD-L1 group was
significantly higher than the control group (P < 0.001); The
proportion of TLR4 and the low group was significantly lower
than the PD-L1 group (P < 0.01). Statistically, the proportions
of CD8 + T cells in tumors of mice were 19.12 + 4.29, 3.21 +
0.54,29.43 + 3.45,25.50 £ 1.09, 7.54 £ 1.91, and 26.60 + 0.76.
The proportion of the PD-L1 group was significantly lower than
the control group (P < 0.001); The proportion of Ly6g, TLR4,
and the high group was significantly higher than that in the PD-
L1 group(P < 0.001). At the same time, the proportion of PD-1
+ CD8 + T cells was 42.55 + 8.52,33.14 + 8.09,42.79 +
11.06,38.37 + 15254858 + 4.27, and 56.78 + 7.63. The
proportion of the PD-L1 group was significantly lower than the
control group (P < 0.05); The proportion of Ly6g, low and high
groups was significantly higher than that in the PD-L1 group (P
< 0.05). The proportion of GZMB + CD8+ was 39.51 =+ 7.10,
24.01 + 6.69, 76.95 + 7.00, 57.93 + 9.12, 21.54 + 8.71, and
47.40 & 1.70. The proportion of Ly6g, TLR4, and the high group
was significantly higher than the PD-L1 group (P < 0.05).
Furthermore, dual drugs reduced neutrophils and elevated CD8
+ T cells in spleen and peripheral blood, while increasing both
neutrophils and CD8+T cells of bone marrow cells (Figures
S13—S15). It was found that the combination of dual drugs
could decrease TANS, upregulate the ratio of CD8 + T cells, and
increase GZMB + T cells and PD-1 + T cells in the tumor.
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3.6. Dual Drugs Downregulate ROS and IL-6 in Tumor
Associated Neutrophils via the TLR4/MYD88/NF-xB
Pathway

Furthermore, we extracted the neutrophils from the tumor by
the neutrophil enrichment kit (stemcell, 19762) and then
conducted the detection of ROS by reactive oxygen species assay
kit (beyotime, S0033S) and IL-6 (beyotime, PY2782). The
purity of TAN was over 80% (Figures 7a and $25), and the ROS
concentration in Ly6g, TLR4, and high groups significantly
decreased compared with the PD-L1 group (P < 0.001), while
the low group showed a decrease compared with the PD-L1
group (P < 0.01). Meanwhile, the IL-6 levels in the Ly6g, TLR4,
and high groups significantly decreased compared with the PD-
L1 group (P < 0.001), and the low group exhibited a decrease
compared with the PD-L1 group (P < 0.05) (Figure 7b,c and
S$25). In addition, we extracted proteins from neutrophils in
tumor tissues and conducted Western blotting experiments to
verify the gene expression. As shown in Figure 7d,e, TLR4,
MYD88, and NF-«B protein levels in Ly6g, TLR4, low and high
groups significantly decreased compared to the PD-L1 group (P
< 0.05). In conclusion, dual drugs increase TAN depletion in
TLR4/MYD88/NF-xB manner.

3.7. Dual Drugs Decrease the TLR4/MYD88/NF-«xB Pathway
and Cause No Adverse Events

Besides, we performed immunohistochemical staining on tumor
tissues. In Figures 8a—d and S23, compared with the control
group, the expression of TLR4 was higher in the PD-L1 group (P
< 0.05); the score of Ly6g, TLR4 and the high group was lower
than the PD-L1 group (P < 0.001). Besides, the expression of
MYDA88 in the PD-L1 group was higher than the control group
(P < 0.05); the score of Ly6g, TLR4, low and high groups was
lower than the PD-L1 group (P < 0.01). What is more, the
expression of NF-kB in the PD-L1 group was higher than in the
control group (P < 0.05); the score of Ly6g, TLR4, and the high
group was lower than the PD-L1 group (P < 0.001). Comparing
the expression of PD-L1 in IHC tissues, we found that there was
no significant difference between the PD-L1 group and the
control group (P > 0.05). The score of Ly6g and the high group
was higher than that of the PD-L1 group (P < 0.001). It implied
that dual drugs can increase the expression of PD-L1 in tumor
tissues treated with PD-L1 blocker. It reveals that the dual drugs
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Figure 8. Immunohistochemical detection of TLR4, MYD88, NF-«B, and PD-L1 in tumors of C57 mice treated with different drugs and side effect
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MYD88 in CS7 mice treated with different drugs and quantitative statistics. (c) The contents of NF-xB in C57 mice treated with different drugs and
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staining of major organs (heart, liver, spleen, lung, kidney, and ovarian) in different groups. (f) Liver and kidney biochemical indexes of C57 mice in
different groups. (g) Cell viabilities of liver, kidney, thyroid, and myocardial normal cell lines under different concentrations. *P < 0.0S, **P < 0.01, ns

showed no statistical difference.

inhibit the TLR4/MYD88/NF-kB pathway to reduce TANs-
derived ROS/IL-6, which in turn increases PD-L1 expression
and restores CD8+ T cell activity.

In addition, we removed main organs like heart, liver, spleen,
lung, kidney, and ovary to perform HE staining and found no
significant difference in morphology among all groups. Mean-
while, there was no significant difference between groups in liver
and kidney biochemical indexes, while the normal cell viabilities
were maintained over 80% after incubating at the concentration
of 120 pm for 24 and 48 h, which indicated dual drugs exhibited
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no significant toxic effects on normal cells and organs at the
therapeutic concentration(Figures 8e,f and $23).

4. DISCUSSION

According to the 2020 edition of the histological classification
(developed by the World Health Organization), ovarian tumors
include 13 broad categories of pathological types, and EOC) are
the most common histological type, accounting for 50%—70%
cases. As the seventh most common disease in female cancer, its
S year survival rate after diagnosis is only 30—51%. An important
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factor behind the low survival rate is that patients are often found
to be in the advanced stage when diagnosed.'*™*' In contrast,
when OC is diagnosed at an early stage, the 5 year survival rate is
often 92%, but when the disease reaches an advanced stage, this
indicator is as low as 29%." What is more, due to its hidden
clinical symptoms in the early and middle stages, three-quarters
of patients are not diagnosed during a visit until they have
reached an advanced stage of the disease. The current treatment
mode for OC is surgery/neoadjuvant chemotherapy + surgery,
postoperative adjuvant chemotherapy, maintenance therapy,
and relapse after initial treatment. According to statistics, the
overall effective rate of carboplatin combined with the paclitaxel
(TC) regimen, as traditional first-line chemotherapy regimens
for OC, is about 30%—40%. If drug resistance develops, then the
standard first-line chemotherapy regimen becomes ineffective.
For patients with recurrent OC, the objective response rate to
second-line treatment regimens (recommended by the NCCN
Guidelines) is typically only $%—20%, leaving these patientsin a
dilemma of having almost no effective therapeutic options.””
Therefore, it is an urgent problem for gynecologic oncologists to
improve the therapeutic effect of OC and reduce tumor
recurrence.

Recent clinical trials have shown that PD-1/PD-L1 blocking
therapy has shown unprecedented lasting efficacy in patients
with various cancers.”” However, only a small number of
patients could benefit from it due to immune ignorance with
little or no tumor infiltrating immune cell infiltration, immune
cell infiltration within nonfunctional immunity, such as little or
no expression of PD-L1, or immune infiltration present only at
the outer edge of the tumor cell mass.”® In order to improve the
response rate, many scholars continue to explore the field of ICB
combination drug research, and a number of clinical trials of
combined blocking of CTLA4 and PD-1/PD-L1 have shown
lasting survival benefits for various tumor types.”*”>° The
combination of ICBs with chemotherapy drugs is thought to kill
immunosuppressive cells in TME while increasing exposure to
tumor antigens by inducing tumor cell death, thereby enhancing
the host immune system’s recognition and elimination of tumor
cells.” To this end, ICBs in combination with concurrent and/or
chemotherapy are being extensively studied, with phase III
clinical data showing benefits in OS and/or progression-free
survival in patients with nonsmall cell lung cancer,”’ =" triple-
negative breast cancer,”’ and head and neck squamous cell
carcinoma.’’ Similarly, the combination of ICBs and targeted
therapies has also improved clinical responses in liver and
endometrial cancer.’’ >* However, the effect of different
chemotherapy agents on the immune response in TME has
not been fully elucidated, and the risk of immune-related adverse
events (irAE) in immune-related adverse cases is significantly
increased if patients are given a combination medication
strategy. Any organ can be affected by irAE, with the skin,
gastrointestinal tract, and endocrine system (including the
thyroid, adrenal, and pituitary glands) most likely to be involved,
with effects ranging from mild to fatal.>> Based on the above
background, it is urgent to find a drug combined with ICB to
enhance therapeutic efficacy while reducing adverse events.

OC is mainly infiltrated by dysfunctional T cells and
immunosuppressive Treg cells, so it is defined as the immune
“cold” mode.® Immunotherapy for OC has long been neglected,
but some studies suggest that some OC patients can still benefit
from immune checkpoint inhibitors. Therefore, the relationship
between PD-1/PD-L1 expression in OC and the TME needs to
be further investigated. The PD-1/PD-L1 signaling pathway
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plays an important role in tumor evasion of host immune
response, and numerous studies have shown that it is directly
related to the prognosis of various cancers.”*®*” Our sequencing
found that dual drugs are enriched in the PD-1/PD-L1 pathway,
suggesting that dual drugs may improve the outcome of OC
patients through immune regulation. High expression of PD-L1
on tumor cells associates with better immune response to
immune checkpoint blockade, while many studies found that
patients with negative expression of PD-L1 in tumors could still
benefit from immunotherapy. Therefore, PD-L1 expression
seems not a static feature but a dynamic feature that changes
with time and treatment. Some scholars even believe that ICB
efficacy is not related to PD-L1 expression in tumor tissues but
to tumor immune microenvironment, in which T cell infiltration
plays a very important role.”*® Clonal analysis has found that
anti-PD-1 treatment affects the evolutionary landscape of
patients’ tumors and may lead to clonal expansion of certain T
cells. In patients with advance disease, T cells are mainly
represented by selective expansion of regulatory T cells with
ineffective response or immunosuppression.”” By establishing a
mouse model of OC, we found that the density of CD8 + T cells
in the tumor and spleen increased significantly when the mice
received baicalin-AS-IV combination treatment. Therefore, we
hope to further explore the mechanism of the combination of
dual drugs in the immune microenvironment of OC. The aim is
to find a new treatment to transform the state of T cell depletion
into a cytotoxic clone subgroup and improve the immune
response to ICB therapy.

As the most abundant immune cells in the human body,
neutrophils infiltrate all parts of the human body. In the TME,
the view that neutrophils are only a bystander has been
overturned. Studies have shown that in patients with disease
progression, there is a large number of neutrophils infiltrated in
tumor tissues, or a large accumulation of neutrophils in
peripheral blood or an increased ratio of neutrophils to
lymphocytes in peripheral blood.*”*' Multiple studies have
shown that in the case of hypoxia, the essence creates a special
inflammatory environment to recruit white blood cells, in which
neutrophils may produce harm to the body due to the
antimicrobial and immunomodulatory mediators such as
MMPs, ROS, and VEGF produced by MMPS, changing the
immune microenvironment while promoting the occurrence,
development, angiogenesis, progression, and metastasis. ">+
Gentles et al. created a new resource (PRECOG) to analyze the
relationship between clinical outcomes and the abundance of
multiple tumor-associated white blood cell (TAL) subpopula-
tions. This large-scale global genetic analysis confirmed that
neutrophils are the primary immune prognostic parameter of
cancer and suggested that neutrophils may influence prognosis
through interaction with other immune cells.** In TME, TAN is
closely related to other immune cells, and neutrophils should be
a key mediator in the efficacy, clinical value, and toxicity of these
treatments in patients treated with ICB. High TAN density
predicted poor OS, while high infiltration of CD8 + GZMB + T
cells was positively correlated with survival.>** In gastric cancer,
the release of GM—CSF induces the activation of neutrophils
within the tumor, which is accompanied by the activation of
JAK/STAT3 signaling pathway and induces the expression of
PD-L1.* These activated neutrophils exert their tumor-
promoting role by inhibiting T cell immunity in a PD-1/PD-
L1l-dependent manner, promoting immunosuppression and
disease progression.46 In our works, we found that CD8 + T
cells proliferated after anti-PD-L1 treatment but mainly depleted
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PD-1+ CDS8 + T cells, which is consistent with existing research
results.”*” In addition, after receiving Ly6g inhibitor,
neutrophils in spleen, peripheral blood and tumor tissues were
significantly inhibited, and bone marrow cells produced a large
number of naive neutrophils. Meanwhile, CD8 + T cells were
significantly increased, and GZMB + T cells with a killing effect
were mainly increased, while the proportion of depleted PD-1 +
T cells was significantly reduced. Therefore, neutrophils in the
immune microenvironment can reduce the expansion of
cytotoxic CD8 + T cells and increase their depletion in tumor
therapy; however, Ly6g inhibitors may inhibit neutrophils,
which are responsible for killing pathogens and exerting anti-
infective effects, thereby increasing the risk of infection in
patients, so that we need milder alternative drugs.

Baicalin, a flavonoid isolated from the Scutellaria baicalensis
plant, is a potential anticancer candidate that can inhibit tumor
growth, induce cell death, and inhibit metastasis in various
cancers. At the same time, as a novel therapeutic drug that can
target TLR4, baicalin combines with TLR4 to 1nh1b1t the TLR4/
HIF-1a/VEGF pathway in colorectal cancer.” AS-IV is a
saponin compound isolated from Astragaloside, which can
play a role in antitumor activities by regulating the TME and
tumor cell growth cycle. AS-IV inhibits the proliferation,
invasion, and migration of tumor cells by regulating TLR4/
NF-«B/STATS3 signaling pathway or inhibiting macrophage M2
polarization by the HMGBI-TLR4 axis.”'®*” In tumors,
neutrophils can inhibit the T cell immune response through
the PD-1/PD-L1 pathway, thus achieving immune escape.’
Since TLR4 is an inflammatory sensor that is highly expressed
on TAN," baicalin and AS-IV have been reported in multiple
literature to target TLR4 for antitumor effects.”'® Sequencing
results analyzed the involvement of baicalin and AS-IV in the
PD-1/PD-L1 pathway through the TLR4/MYD88/NF-kb
pathway, which is a classical inflammatory pathway. The
TOLL receptor family is expressed in myeloid cells, and most
of the genes highly related to myeloid phenotypes are involved in
the recruitment and function of neutrophil lineages. The toll-IL-
1 receptor (TIR) domain containing aptamectin (TIRAP) and
IL1R2, encodes innate and IL-1f signaling proteins that
promote rich inflammatory responses in bone marrow cells,
was decreased in dual drug treated cells and mice.”” The TLR4/
MYD388 pathway is an essential pathway for encoding antitumor
neutrophils.”” Studies have found that in endometrial cancer,
TAN mainly changes the structure of the tumor cell a6p4
binding complex through the MYD88 pathway to promote
tumor cell shedding.’® MYD88, as a TLR-4 signal transduction
protein, is an important downstream component of the TLRs
signal cascade, which can mediate the paclitaxel resistance of
EOC and is not expressed in normal ovaries. Studies have shown
that positive expression of MYD88 is significantly correlated
with tumor metastasis, disease-free survival and OS, that is,
positive expressmn of MYD88 is a significant adverse prognostic
factor for EOC.”" Our experimental results showed that ICB
with TLR4 inhibitors significantly inhibited tumor growth by
inhibiting the TLR4/MYD88/NF-kb pathway and improved
the killing effect of CD8 + T cells. As a natural TLR4 inhibitor,
baicalin-AS-IV targets the TLR4/MYD88 dual complex, with a
stronger inhibitory effect on the TLR4/MYD88/NF-«kb path-
way of neutrophils and a minor inhibitory effect on peripheral
blood, spleen, and bone marrow. Combined with the above
analysis and our experimental results, we concluded that a dual
drug can increase the killing effect of CD8 + T cells by inhibiting
the TLR4/MYD88/NF-kb pathway of TANs in OC.
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It is believed that neutrophils can be divided into pro-tumor
type N1 and antitumor type N2, or seven types of N1—N6, each
of which has different mechanisms of action in the field of
tumor.*" In addition, neutrophils are indistinguishably defined
from bone marine-derived suppressor cells (MDSC), which
express high levels of CD11b, arginase, and granulocyte marker
GR1, which is composed of the membrane proteins Ly6c and
Ly6g. They can be broadly divided into monocytes (CD11b +
Ly6G-Ly6Cyg,) and polymorphonuclear (CD11b + Ly6G +
Ly6C10w) groups, the latter being the dominant group in most
cancers.”” All in all, MDSC and neutrophils may play different or
even opposite roles in biology, but there is no clear criterion to
distinguish these two. Thus, this represents an area requiring
further investigation. Not only does the presence of neutrophils
themselves influence the immune response but their specific
location in the tumor may also be associated with prognosis.
Unlike peri-tumor or stromal neutrophils, intratumor neutro-
phils have the strongest association with a poor prognosis. In
addition, circulating neutrophils can coordinate with the TAN
to promote tumor growth, invasion, and even tumor-associated
thrombosis by releasing neutrophilic extracellular traps. Recent
high-dimensional single-cell analyses have shown that circulat-
ing and tumor-infiltrating neutrophils exhibit heterogeneity in
their transcriptome and surface protein expression levels. This
brings a new direction for future research, that is, whether the
phenotypically different neutrophil states that coexist in tumors
have different origins or different functional activities, and
whetl}ler specific antitumor states can be expanded therapeuti-
cally.

5. CONCLUSION

Combined with the above experimental results, we found that
the combination of R-baicalin and R-AS-IV acted on the PD-1/
PD-L1 signaling pathway in OC, which was consistent with the
results of our studies and reflected our idea of combining
traditional Chinese and Western medicine to improve body
immunity. It was further found that the combination of R-
phenotype chiral of dual drugs could reduce TANs, enhance
TAN depletion by decreasing ROS and IL-6, increase the
density of GZMB + CD8 + T cells, and reduce the depletion of
PD-1 + CD8 + T cells, while high infiltration of GZMB + CD8 +
T cells was associated with a better prognosis. Therefore, the
dual drug has the effect of reducing TANs and increasing the
cytokilling of CD8+T cells in OC. In summary, R-baicalin-AS-
IV plays an antitumor role by reducing TAN recruitment to
inhibit the TLR4/MYD88/NF-kB signaling pathway and
enhance CD8+T cell immune killing.
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