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Abstract: This investigation aims to study the reversal effect of the Chinese herbal compound SanHuang decoc-
tion on axitinib resistance in clear cell renal cell carcinoma (ccRCC) cells and its mechanistic role by employing
cellular and mouse models. Axitinib-resistant ccRCC cell lines (A498-DR and 786-0-DR) were cultured and treated
with SanHuang decoction. The apoptosis and migration of tumor cells were observed by flow cytometry and wound
healing assays, respectively, and the expression of a disintegrin-like and metalloprotease with thrombospondin type
1 motif 18 (ADAMTS18) was evaluated by reverse transcription-polymerase chain reaction (RT-PCR) and Western
blotting (WB). In addition, A498-DR cells were inoculated into mice to establish tumorigenic models, and the models
were treated with normal saline, axitinib, or different concentrations of SanHuang decoction plus axitinib. Then,
the tumor diameter in each group was measured, and the expression of ADAMTS18 was evaluated by RT-PCR, WB
and immunohistochemistry. In addition, the distribution of T cells (CD45+, CD4+, CD8+) and PD-L1 expression
was analyzed by flow cytometry to evaluate the level of immune cell infiltration. SanHuang decoction significantly
reduced the proliferative activity of axitinib-resistant tumor cells and enhanced the sensitivity of tumors to axitinib
in vitro (cell lines) and in mice. In the SanHuang decoction group, the expression level of ADAMTS18 was increased
to some extent, and several phenomena were observed, including (1) subcutaneous transplanted tumors grew
slower, (2) the CD45+/PD-L1 ratio was decreased and (3) the proportions of CD8+ and CD4+ T cells were increased.
Overexpression of ADAMTS18 was synergistic with SanHuang decoction treatment to jointly improve tumor immune
infiltration and inhibit immune escape. Pearson correlation analysis of sample data showed that there was a nega-
tive correlation between the expression of ADAMTS 18 and PD-L1 in tumor tissues. In conclusion, the Chinese herbal
compound SanHuang decoction can reverse axitinib resistance in ccRCC cells by regulating immune cell infiltration
and affecting ADAMTS18 expression.
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Introduction advanced ccRCC [2], and they have substan-
tially extended the overall survival of patients

Clear cell renal cell carcinoma (ccRCC) is one of and improved the disease control rate; they are

the most common urinary system malignancies
and has the highest mortality rate. Despite
early surgery in patients with localized ccRCC,
recurrence and metastasis can occur in approx-
imately 30% of cases [1]. ccRCC is less sensi-
tive to traditional chemoradiotherapy, and
there is a lack of effective treatment means for
advanced patients. Since 2005, tyrosine
kinase inhibitors (TKIs) such as axitinib have
been widely applied to the clinical treatment of

recommended by urinary surgery guidelines as
first-line drugs for the treatment of advanced
ccRCC [3].

Approximately 1/3 of patients, however, have
been found to be initially resistant to TKls dur-
ing clinical trials, and drug resistance can also
emerge in initially sensitive patients after 1
year of medication, making it difficult for TKls to
effectively treat advanced ccRCC patients [4].


http://www.ajcr.us

A potentially novel therapy for ccRCC by integrated Chinese and Western medicine

The mechanism of axitinib resistance in ccRCC
remains unclear, and there are no efficient
methods for reversing axitinib resistance.
Therefore, it is of great importance to explore
the mechanism of axitinib resistance in ccRCC
and reverse this resistance using effective
targets.

Natural medicine has multiple advantages in
the treatment of malignancies. Through
research on ancient books and modern docu-
ments, the special antitumor ability of curcum-
in has been found. According to relevant stud-
ies, curcumin can serve as a sensitizer for che-
motherapeutic drugs or TKls to reverse multi-
drug resistance by regulating the expression of
different drug-resistant proteins [5, 6] and
enhancing the chemotherapy sensitivity of lung
cancer, colon cancer, pancreatic cancer, and
breast cancer [7-10]. Recently, our research
team reported for the first time throughout the
world that curcumin can reverse sunitinib resis-
tance in ccRCC cell lines in vitro, and its specif-
ic mechanism is presumably related to the
regulation of disintegrin-like and metalloprote-
ase with thrombospondin type 1 motif 18
(ADAMTS18) expression [11, 12]. Moreover, in
2022, we also identified that curcumin can
inhibit the proliferation of ccRCC cells in vitro
and in vivo by regulating miR-148/ADAMTS18
and suppressing autophagy [13].

To enhance the effect of curcumin, a Chinese
herbal compound SanHuang decoction con-
taining curcumin was prepared, and its reversal
effect on axitinib resistance in ccRCC and spe-
cific mechanism were validated in cell lines and
mice. To our knowledge, this is the first experi-
ment to explore the mechanism of a Chinese
herbal compound containing curcumin in
reversing axitinib resistance in ccRCC in mice,
which may provide novel insights for the treat-
ment of advanced refractory ccRCC with inte-
grated traditional and Western medicine in the
future.

Methods
Drugs and reagents

Preparation of SanHuang decoction: 50 g of
SanHuang crude herbs (30 g of Astragalus
membranaceus, 10 g of prepared rhubarb, and
10 g of Curcuma longa) were extracted twice
with distilled water (1:10, w/v) using reflux
extraction, and the resulting liquid was pre-
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served each time. The drug residues were then
removed, and the remaining liquid from the two
extractions was concentrated at 1 g/mL and
filtered through a 0.2 pM filter (Millipore,
Billerica, MA, USA). Finally, the extract was
stored at -20°C. The above herbs were pur-
chased from the Beijing Asian Games Village
Hospital of Traditional Chinese Medicine.

ccRCC A498 and 786-0 cell lines (Shanghai
Institute of Cell Biology), axitinib (Beacon
Pharma), curcumin (purity >98%, Shanghai
PureOne Biotechnology), antibodies (Beijing
Bioss Antibodies Co., Ltd.), polymerase chain
reaction (PCR) Kkits (Thermo Fisher, USA), pro-
tein extraction kits (Thermo Fisher), RNA kits
(Tiangen Biotech), electrophoresis apparatus
and gel imaging system (Rio-Rad), Dulbecco’s
modified Eagle’s medium (DMEM), and fetal
bovine serum (Thermo Fisher) were used. All
primers were designed by Sangon Biotech
(Shanghai) Co., Ltd.

Construction of axitinib-resistant cell lines

A498 and 786-0 cell lines were induced with
axitinib at an initial concentration of 0.5 uM
and cultured with new medium. After the cell
lines became stable, the concentration of
axitinib was increased by 0.5 pyM each time
until the cell lines became resistant to 15 uyM
axitinib (A498-DR and 786-0-DR).

Detection of apoptosis by flow cytometry

After the cell concentration was adjusted, the
cells were cultured overnight. Following adher-
ence to the wall, the cells were centrifuged for
48 h, washed twice with precooled phosphate-
buffered saline (PBS), dispersed with 100 pL of
binding buffer, and incubated with the corre-
sponding dyes away from light at room temper-
ature for 15 min. Then, 300 uL of binding buffer
was added, and the cells were transferred to
the corresponding flow tube away from light,
followed by the detection of apoptosis.

Wound healing assay

After 24 h of culture, the cells were digested
and suspended in serum-free medium. The cell
concentration was adjusted, and the cells were
inoculated into a 6-well plate. Upon reaching
complete confluence, the cells were scratched
vertically with a 200 yL pipette tip. The shed
cells were washed away with PBS, and 2 mL of
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serum-free medium was added for routine cul-
ture. At O, 12, and 24 h after scratching, the cell
scratch space was observed under an inverted
microscope, and the relative scratch space was
calculated (space,, , ., /space,).

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

RNA was extracted from cells using RNA extrac-
tion kits. The target gene sequences were que-
ried from the NCBI, and the primers were
designed. The reaction conditions were as fol-
lows: 40 cycles x (95°C for 30 s, 95°C for 5 s,
60°C for 34 s, 70°C for 10 s, and 95°C for 15
s). Blank controls and internal reference con-
trols were set up for amplification in the same
system.

Western blotting (WB)

Total protein was extracted from cells, subject-
ed to SDS-PAGE, transferred to a membrane at
a constant current of 0.3 A for 2 h, blocked with
5% skim milk powder for 2 h, incubated with
specific primary antibodies at 4°C overnight,
washed 3 times with PBS (10 min/wash) and
incubated with horseradish peroxidase (HRP)-
labeled secondary antibodies for 2 h. Then, ECL
substrate was added, the band was analyzed
on a gel imaging system (Rio-Rad), and its gray
value was calculated.

Axitinib-resistant animal models

This experiment was reviewed and approved by
the Animal Ethics Committee (ethics No.:
J2022023) of Peking University First Hospital
on April 18", 2022. BALB/c mice were pur-
chased from Beijing Huafukang Biotechnology
Co., Ltd. [license No. SCXK (Beijing) 2019-
0008] and raised in an SPF laboratory. A498-
DR cells were subcutaneously injected into the
backs of mice. After tumor formation, the tumor
was measured with a micrometer, and its vol-
ume was determined (L x W x H x 0.5). The
tumor volume was measured every 2 days and
is described as the mean + standard deviation.
When the volume reached approximately 80
mm?3, axitinib was administered by oral gavage
(40 mg/kg/d). The tumor volume was moni-
tored until drug resistance developed. The
assessment for drug resistance was evalu-
ated based on the increase in transplanted
tumor volume >25% over the initial volume or
continuous tumor growth during long-term
observation.
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The mice were randomly divided into 12 groups
using a random number table (5 mice in each
group) and administered the corresponding
drugs by gavage for 30 days, and then the mice
were euthanized. None of the mice died due to
other unexpected causes. Animal health and
behavior were monitored at least twice a day.
After the experiment, euthanasia was per-
formed by intraperitoneal injection of 100 mg/
kg pentobarbital sodium. All animal welfare
was fully considered, including efforts to mini-
mize suffering and distress, use of analgesics
or anesthetics, or special housing conditions.
All of the research staff accepted special train-
ing in animal care and obtained the occupa-
tional qualification certificate for laboratory
animals.

The detailed groups: 1) Control group: 53.6
mg/kg normal saline (morning) + 400 mg/kg
normal saline (afternoon) + 400 mg/kg normal
saline (evening); 2) Axitinib group: 53.6 mg/kg
axitinib (morning) + 400 mg/kg normal saline
(afternoon) + 400 mg/kg normal saline (eve-
ning); 3) Axitinib + SanHuang decoction (lower
concentration) group: 53.6 mg/kg axitinib
(morning) + 400 mg/kg SanHuang decoction
(afternoon) + 400 mg/kg normal saline (eve-
ning); 4) Axitinib + SanHuang decoction (higher
concentration) group: 53.6 mg/kg axitinib
(morning) + 400 mg/kg SanHuang decoction
(afternoon) + 400 mg/kg SanHuang decoction
(evening); 5) Overexpressed-NC group: pADV-
MCMV-3xFLAG-EGFP + 53.6 mg/kg normal
saline (morning) + 400 mg/kg normal saline
(afternoon) + 400 mg/kg normal saline (eve-
ning); ©) Overexpressed-ADAMTS18 group:
pADV-mCMV-3xFLAG-EGFP-ADAMTS18 + 53.6
mg/kg normal saline (morning) + 400 mg/kg
normal saline (afternoon) + 400 mg/kg normal
saline (evening); 7) Overexpressed-ADAMTS18
+ Axitinib group: pADV-mCMV-3xFLAG-EGFP-
ADAMTS18 + 53.6 mg/kg axitinib (morning) +
400 mg/kg normal saline (afternoon) + 400
mg/kg normal saline (evening); 8) Overex-
pressed-ADAMTS18 + Axitinib + SanHuang
decoction group: pADV-mCMV-3xFLAG-EGFP-
ADAMTS18 + 53.6 mg/kg axitinib (morning) +
400 mg/kg SanHuang decoction (afternoon) +
400 mg/kg normal saline (evening); 9) shNC
group: pADV-shRNA-Scramble + 53.6 mg/kg
normal saline (morning) + 400 mg/kg normal
saline (afternoon) + 400 mg/kg normal saline
(evening); 10) shADAMTS18 group: pADV-
ADAMTS18 shRNA + 53.6 mg/kg normal saline

Am J Cancer Res 2023;13(7):2841-2860



A potentially novel therapy for ccRCC by integrated Chinese and Western medicine

A498
2uM axitinib

786-0
2uM axitinib

A498
10uM axitinib

786-0O
10uM axitinib

A498-DR
2uM axitinib

786-0O-DR
2uM axitinib

A498-DR
10pM axitinib

786-0O-DR
10uM axitinib

Figure 1. Axitinib-resistant cell lines. A: Low concentration (2 uM) of axitinib; B: High concentration (10 yM) of ax-

itinib.

(morning) + 400 mg/kg normal saline (after-
noon) + 400 mg/kg normal saline (evening);
11) shADAMTS18 + Axitinib group: pADV-
ADAMTS18 shRNA + 53.6 mg/kg axitinib
(morning) + 400 mg/kg normal saline (after-
noon) + 400 mg/kg normal saline (evening);
12) shADAMTS18 + Axitinib + SanHuang de-
coction group: pADV-ADAMTS18 shRNA + 53.6
mg/kg axitinib (morning) + 400 mg/kg
SanHuang decoction (afternoon) + 400 mg/kg
normal saline (evening).

Analysis of T-cell subsets by flow cytometry
(FCM)

The immunophenotypic analysis of tumor cells
and single-cell suspensions was evaluated by
FCM. All primary antibodies used in this study
were purchased from BiolLegend (CA, United
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States). CD45-APC-Cy7 (clone 30-F11), CD4-
PE-Cy7 (clone RM4-4), CD8-FITC (clone 53-6.7),
and PD-L1-PE (clone RMP1-30) were used for
staining. For the analysis of cell apoptosis,
according to the manufacturer’s protocol, cells
were stained with annexin V-fluorescein iso-
thiocyanate (FITC) and propidium iodide (PI)
(BD Apoptosis Detection Kit, BD Pharmangen,
CA, United States). The fresh transplanted
tumor tissue of the mouse model was cut into
small pieces and then digested with type IV col-
lagenase to produce a single cell suspension.
After the single-cell suspension was filtered
and washed with cold PBS, the cells and the
primary antibody were coincubated on ice for
30 minutes. Then, they were washed and fixed
in PBS containing 1% formalin. The data were
ultimately analyzed by flow cytometry (CyAn
ADP, Beckman) and FlowJo software.
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Figure 2. Cell apoptosis. A: A498-DR cells; B: A498-DR cells after treatment with 10 yM axitinib; C: A498-DR cells
after treatment with 2 mg/mL SanHuang decoction; D: A498-DR cells after treatment with 10 mg/mL SanHuang
decoction; E: 786-0-DR cells; F: 786-0-DR cells after treatment with 10 uM axitinib; G: 786-0-DR cells after treat-
ment with 2 mg/mL SanHuang decoction; H: 786-0-DR cells after treatment with 10 mg/mL SanHuang decoction.

A A498-DR-axitinib A498-DR-SanHuang Decoction

Oh

2ah B8

B 786-0-DR-axitinib 786-0-DR-SanHuang Decoction

Oh

24h

Figure 3. Wound healing assay. A: A498-DR cells; B: 786-0-DR cells.
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Figure 4. Expression of ADAMTS18 in cell lines. A. RT-PCR: Expression of ADAMTS18 in axitinib-resistant RCC cell
lines and wild type cells; B. RT-PCR: Expression of ADAMTS18 in A498-DR and 786-0-DR cells after different treat-
ments; C. WB: Expression of ADAMTS18 in A498-DR cells after different treatments; D. Histogram analysis of WB

results.

Immunohistochemistry

The tumor tissue isolated from the killed mice
was immediately fixed with 4% paraformalde-
hyde for 24 h and then embedded in paraffin.
The embedded section was cut into 5 ym sec-
tions for staining. The dewaxed and rehydrated
sections were boiled with sodium citrate anti-
gen repair solution under high pressure for 3
minutes. After washing in PBS three times, the
sections were incubated with 3% hydrogen per-
oxide methanol solution for 15 min to inhibit
endogenous peroxidase activity. After blocking
the nonspecific reaction with 10% normal rab-
bit serum, the sections were incubated with
ADAMTS18 antibody at 4°C overnight. Then,
the sections were washed and incubated with
horseradish peroxidase-bound secondary anti-
body (GB23303, 1:200, Servicebio) at room
temperature for 50 min and finally restained
with hematoxylin.
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Statistical analysis

Origin 8.5 was used for analysis. Measurement
data are described as the mean * standard
deviation and were compared by t test between
two groups and by one-way ANOVA combined
with a post hoc Bonferroni test among groups.
Enumeration data were described by percent-
ages and compared by the chi-square test
between two groups. P<0.05 was considered
statistically significant.

Results

Successful construction of axitinib-resistant
cell lines

The cell growth morphology was observed
under an inverted microscope. Under low (2
pUM) and high (10 uM) concentrations of axitinib,
A498-DR and 786-0-DR cells displayed similar

Am J Cancer Res 2023;13(7):2841-2860
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3000+
)
E dedede
£
E’ 2000
% dededk
>
E 1000~
5 -
=
0-
N » oY ® Y
o & & & o
& N > N Rid
> o & v R
ov' '&x "900 c.’,b(\
& &8 ~ R
o ) & &
S &
& S #
&
<2
S
QO
v.
4
o
2849

RL2-A :: PD-L1-APC-Cy7-A

RL2-A :: PD-L1-APC-Cy7-A

Control shADAMTS18
Q-1 Q12 Qi1 Q1-2
1.54% 20.09% 10° {o57% 12.33%
E». 10*
3
8
£ 10°
-
Q
o
<
9
4
Q14 Q14
59.53% 70.22%
10° 10°
BL2-A :: CD45-PE-A BL2-A :: CD45-PE-A
shADAMTS18+ hNC
SanHuang decoction S
Q1-1 Q1-2 Q1-2
1.64% 26.82% 22.84%
I
>
3
o
o
g
o
e
<
9
¥ 9
Q1-3 Q14 Q14
15.38% 56.16% 55.83%
102 10° 10 10° 10°
BL2-A :: CD45-PE-A
30- .
9
g 20
o
7] *x
2 :
g 10-
Q.
©
0~
> <] @ S
«° N %" &
& b Yx“‘\ {3‘0
&
N &
) N
&
&
Q
Y
&

Am J Cancer Res 2023;13(7):2841-2860



A potentially novel therapy for ccRCC by integrated Chinese and Western medicine

B D
A
B A
C
B
D
E
A. Control group;
B. shADAMTS18 group; A. Axitinib+ SanHuang Decoction (lower concentration) group;
C. shADAMTS18 + Axitinib group; B. Axitinib+ SanHuang Decoction (higher concentration) group.
D. shADAMTS18 + Axitinib + SanHuang Decoction group;
E. overexpressed-ADAMTS18 group.
4000

Tumor Volume(mms’
- N w
[=] [=] [=}
[=] [=] [=}
o o o
1 [] 1
Tumor Volume(mms’

o
1

2850 Am J Cancer Res 2023;13(7):2841-2860



A potentially novel therapy for ccRCC by integrated Chinese and Western medicine

Figure 5. SanHuang decoction inhibited axitinib-resistant tumor growth in BALB/c mice. A: Tumor volume in differ-
ent groups; B: Tumor volume in different groups; C: The apoptosis rate of tumor in different groups; D: Tumor volume
in different concentrations of SanHuang decoction group.
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Figure 6. Expression of ADAMTS18 after SanHuang decoction treatment
in BALB/c mice. A: RT-PCR: Expression of ADAMTS18 in different concen-
trations of SanHuang decoction group; B: WB: Expression of ADAMTS18

in different concentrations of SanHuang decoction group.

changes (i.e., spindle-shaped and clustered
growth), while A498 and 786-0 cells showed
dispersed growth (Figure 1A, 1B).

Axitinib plus SanHuang decoction could induce
apoptosis similar to axitinib in wild-type cells

The apoptosis rate of A498-DR cells had no sig-
nificant changes under 10 yM axitinib (Figure
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2A, 2B), while the apoptosis rate
was significantly increased un-
der low (2 mg/mL) (Figure 2C)
and high (10 mg/mL) concentra-
tions of SanHuang decoction
combined with 10 pM axitinib
(Figure 2D). For A498-DR cells,
10 uM axitinib plus 2 mg/mL
SanHuang decoction induced
apoptosis similar to axitinib in
wild-type cells. Similar results
were also observed in the 786-0-
DR cell line. The apoptosis rate
of 786-0-DR cells had no signifi-
cant changes under 10 uM
axitinib (Figure 2E, 2F), while the
apoptosis rate was increased
under low (2 mg/mL) (Figure 2G)
and high (10 mg/mL) concentra-
tions of SanHuang decoction
combined with 10 pM axitinib
(Figure 2H).

High-3

Axitinib plus SanHuang decoc-
tion inhibited cell migration as
well as axitinib in wild-type cells

The results of the wound healing
assay showed that the relative
scratch space of A498-DR and
786-0-DR cells at 24 h was
significantly increased in the
SanHuang decoction + axitinib
group compared to the axitinib
group, and the difference was
statistically significant (Figure
3A, 3B).

The reversal effect of SanHuang
decoction on drug resistance in
cell lines in vitro might be related
to the regulation of ADAMTS18

The results of RT-PCR analysis showed that the
expression level of ADAMTS18 was higher in
wild-type cells than in axitinib-resistant ccRCC
cell lines (Figure 4A). After treatment with
SanHuang decoction, the expression level of
ADAMTS18 was increased in A498-DR and
786-0-DR cells, and there were statistically sig-
nificant differences under 5 mg/mL and 10
mg/mL SanHuang decoction (Figure 4B). A sim-
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Figure 8. The relationship between ADAMTS18 and PD-L1.

ilar trend was observed in A498-DR cells by WB
(Figure 4C, 4D).

SanHuang decoction could suppress axitinib-
resistant tumor growth in BALB/c mice

BALB/c mice were treated with axitinib 13 d
after subcutaneous tumor formation. The
tumor began to develop resistance to axitinib,
and its volume was significantly expanded from
the 20" d, indicating drug resistance. According
to the in vivo tumor size analysis (Figure 5A,

2852

5B), the combination of SanHuang decoction
and axitinib could further reduce the tumor
volume, suggesting that SanHuang decoction
reversed axitinib drug resistance in BALB/c
mice. Simultaneously, when the ADAMTS18
gene was overexpressed/silenced, the tumor
volume of mice was significantly reduced/
increased, denoting that the ADAMTS18 gene
may also reverse axitinib resistance in tumor
cells. When ADAMTS18 was overexpressed,
external addition of SanHuang decoction did
not further enhance the decreased tumor vol-
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ume, which denoted that
overexpression of ADAMTS18
could fully reverse the role of
SanHuang decoction in sensi-
tizing axitinib, and in other
words, SanHuang decoction
played the role of suppressing
tumor growth mainly through
regulating ADAMTS18 expres-
sion. It could also be deter-
mined from the apoptosis
analysis that silenced ADA-
MTS18 might inhibit the apop-
tosis of tumor cells, but this
process could be reversed by
the use of SanHuang decoc-
tion (Figure 5C). Further com-
paring the effects of different
administrations of SanHuang
decoction on tumors in mice,
the results showed that the
tumor volume of the once a
day group was significantly
larger than that of the twice a
day group, suggesting that the
reversal of axitinib resistance
by SanHuang decoction was
dose-dependent (Figure 5D).

The reversal of axitinib-
resistant tumor growth by
SanHuang decoction might be
regulated by ADAMTS18

The tumor tissues of three
mice in the “axitinib + San-
Huang decoction (lower con-
centration) group” and “axi-
tinibo + SanHuang decoction
(higher concentration) group”
were collected for RT-PCR
and WB detection. The results
showed that the mRNA ex-
pression level of the ADA-
MTS18 gene in the high con-
centration group was higher
than that in the low concen-
tration group (Figure 6A), with
similar conclusions at the pro-
tein expression level (Figure
6B). The immunohistochemi-
cal results also showed that
the ADAMTS18 gene expres-
sion level in the SanHuang
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decoction treatment group was
higher than that in the group
without SanHuang decoction
(Figure 7A-E).

SanHuang decoction might re-
verse axitinib resistance in ccRCC
by regulating immune cell infiltra-
tion and affecting ADAMTS18 ex-
pression

The levels of ADAMTS18 and
PD-L1 in the ADAMTS18-over-
expressing group of mouse tu-
mor tissues were analyzed by
gRT-PCR. Pearson correlation
analysis showed that the ex-
pression of ADAMTS18 and
PD-L1 was negatively correlated
(Figure 8). Therefore, it was con-
cluded that PD-L1 might be the
potential regulatory target of
ADAMTS18, and the regulatory
effect of SanHuang decoction on
ADAMTS18 might influence the
expression level of PD-L1 by
affecting the infiltration state of
immune cells.

The cell suspension was pre-
pared from the transplanted
tumor tissue of mice and stained
with CD45-, CD4-, CD8-, and
PD-L1-specific antibodies. The
stained cells were analyzed by
flow cytometry. The immune cell
infiltration in wild-type tissues
and axitinib-resistant tissues
was first compared in Figure 9A,
9B. Subsequently, the results
showed that compared with that
in the control group, the CD45+/
PD-L1 ratio in the shADAMTS18
group was increased (Figure
10A), with a reduction in the pro-
portion of CD8+ and CD4+ T cells
(Figure 10B, 10C), denoting that
tumor immune infiltration was
decreased and immune escape
was promoted. However, by using
SanHuang decoction, the above
phenomenon could be reversed
(Figure 10A-C). Compared with
the low concentration SanHuang
decoction group, the high con-
centration SanHuang decoction
group exhibited a decreased
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Figure 10. The analysis of immune cell infiltration. A: The level of CD45+/
PD-L1 in different groups; B: The level of CD8+ and CD4+ T cells in differ-

ent groups; C: Histogram analysis of FCM results.

CD45+/PD-L1 ratio and an increases propor-
tion of CD8+ and CD4+ T cells (Figure 11A-D).

Similarly, compared with the control group, the
CD45+/PD-L1 ratio in the ADAMTS18-over-
expressing group was decreased (Figure 12A),
with an increasing proportion of CD8+ and
CD4+ T cells (Figure 12B, 12C). Simultaneously,
by using SanHuang decoction, the above pat-
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0t 1o As a traditional Chinese herb,
curcumin exerts an inhibitory
effect on a variety of tumors.
However, curcumin is a mono-
mer of a traditional Chinese herb
with a single mechanism, res-
tricting its use in conventional
anticancer therapy. The San-
Huang decoction used in this
study is a traditional Chinese
herbal compound containing cur-
cumin, created by Professor Xu
ZY, a famous doctor of tradi-
tional Chinese medicine in
Jiangsu, China, and prepared
using Astragalus membrana-
ceus, prepared rhubarb and
Curcuma longa at 3:1:1 ratio
[16]. It has been applied for 4
decades in clinical trials, and its
use in breast cancer has even
become popular since it can
improve the inflammatory micro-
environment and enhance the
chemotherapy sensitivity of breast cancer [17,
18]. As proven by basic research, the mecha-
nism by which SanHuang decoction regulates
resistance to Western medicine may be related
to the PI3K/AKT signaling pathway [19-24]. Our
team had already reported for the first time
that curcumin can affect the AKT signaling
pathway by regulating ADAMTS18, thereby
suppressing the development of ccRCC [12,

BL1-A :: CD8-FITC-A
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Figure 11. The analysis of CD45+/PD-L1, CD8+ and CD4+ T cells in dif-
ferent concentrations of SanHuang decoction treatment. A: The level of
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CD4+ T cells in lower concentration; C: The level of CD45+/PD-L1 in dif-
ferent groups; D: Histogram analysis of FCM results.

pathway by regulating ADAM-
TS18, thereby inhibiting ccRCC
and reversing drug resistance.

In this experiment, the above
conclusion was first verified in
vitro using cell lines and then
verified in vivo using a mouse
animal model. Verification using
mice was the highlight of this
experiment. A498-DR was sub-
cutaneously injected into mice to
successfully establish axitinib-
resistant model animals. It was
found that the overall tumor
volume was reduced in the
SanHuang decoction group, and
that it was more significantly
reduced in the SanHuang group
compared to the axitinib group,
indicating that SanHuang decoc-
tion can enhance sensitivity to
axitinib. In terms of the molecu-
lar biological mechanism, San-
Huang decoction could increase
the level of ADAMTS18 in tumor
tissues. It was discovered by our
team for the first time that
ADAMTS18 is a tumor suppres-
sor gene in ccRCC, and its low
expression can contribute to the
occurrence and development of
ccRCC [25, 26]. In this experi-
ment, SanHuang decoction pro-
moted the recovery of ADAMT-
S18 expression in drug-resistant
ccRCC cell lines in vitro and in
vivo. Therefore, it is inferred that
the reversal effect of SanHuang
decoction on axitinib resistance
is possibly related to the regula-
tion of ADAMTS18.

According to previous studies,
the upregulated expression of
PD-L1 in tumor or interstitial
cells is the basic mechanism to
promote host immune evasion in
tumor cells [27]. Tumor cells can
inhibit the proliferation of T lym-

13] and reversing the drug resistance of tyro- phocytes, especially CD8+ T lymphocytes,
sine kinase inhibitors to ccRCC [11]. Therefore, through the PD-L1/PD-1 pathway [28]. PD-L1
it is inferred that SanHuang decoction contain- blockade can alleviate immunosuppression,
ing curcumin may also affect the AKT signaling enhance antitumor immunity, and cause ex-
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pansion of tumor-infiltrating lym-
phocytes [29]. It has been sug-
gested that PD-L1 is mainly
expressed on activated peripher-
al CD4+ T cells, CD8+ T cells and
B cells [30]. Nevertheless, tradi-
tional PD1/PD-L1 immunosup-
pressants are expensive and
cause large adverse reactions. It
is difficult to popularize this type
of therapy in developing coun-
tries such as China. Therefore, it
is essential to find a drug that
can play a similar role in blocking
PD1/PD-L1.

In this study, it was found that
when ADAMTS18 was knocked
out, some phenomena were
observed, including (1) the sub-
cutaneously transplanted tumor
in mice grew faster, (2) the
CD45+/PD-L1 ratio was incre-
ased, and (3) the proportions of
CD8+ and CD4+ T cells were
decreased. After treatment with
SanHuang decoction, compared
with the shADAMTS18 group,
the biological effect of trans-
planted tumors was completely
opposite. The above results
suggest that the deletion of
ADAMTS18 further reduces the
tumor infiltration of CD8+ and
CD4+ cytotoxic T lymphocytes,
while treatment with SanHuang
decoction has the opposite
effect. Although many studies
have clarified that ADAMTS18
has abnormal expression in dif-
ferent tumor cells [31, 32], there
are still no reports about ADA-
MTS18 and immune infiltration.
In this research, it was found for
the first time that silencing
ADAMTS18 in ccRCC tissue is
related to inhibiting the cytotoxic
infiltration of CD4+ and CD8+ T
lymphocytes, while overexpres-
sion of the ADAMTS18 gene has
a synergistic effect with the tre-
atment of SanHuang decoction,
which may play a similar role as
an immunosuppressive agent,
improving tumor immune infi-
[tration and inhibiting immune
escape by affecting the expres-
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