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[ABSTRACT] Colorectal cancer (CRC) is the third most lethal cancer and leading cause of cancer mortality worldwide. A key driver
of CRC development is colon inflammatory responses especially in patients with inflammatory bowl disease (IBD). It has been proved
that Panax notoginseng saponins (PNS) have anti-inflammatory, anti-oxidant and anti-tumor effects. The chemopreventive and im-
munomodulatory functions of PNS on colitis-associated colorectal cancer (CAC) have not been evaluated.This present study was de-
signed to study the potential protective effects of PNS on AOM/DSS-induced CAC mice to explore the possible mechanism of PNS
against CAC. Our study showed that PNS significantly alleviated colitis severity and prevented the occurrence of CAC. Functional as-
says revealed that PNS relieved immunosuppression of Treg cells in the CAC microenvironment by inhibiting the expression of IDO1
mediated directly by signal transducer and activator of transcription 1 (STAT1) rather than phosphorylated STAT1. Ultimately, Rh1,
one of the PNS metabolites, exhibited the best inhibitory effect on IDO1 enzyme activity. Our study showed that PNS exerted signific-
ant chemopreventive function and immunomodulatory properties on CAC. It could reduce macrophages accumulation and Treg cells
differentiation to reshape the immune microenvironment of CAC. These findings provided a promising approach for CAC intervention.
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Introduction

Colitis-associated colorectal cancer (CAC) is a cata-
strophic complication of inflammatory bowel disease (IBD).
IBD is more likely to develop into CAC due to continuous
production of pro-inflammatory cytokines, DNA-damaging
reactive oxygen species, and nitrogen species . Clinical
symptoms of CAC such as rectal bleeding or changes in
bowel habits are attributed to underlying IBD. Meanwhile, it
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is difficulty to recognize early malignant lesions on colono-
scopy . Consequently, patients with CAC are frequently
diagnosed with advanced-stage malignancies. However, CAC
patients are currently treated with the same chemotherapy re-
gimens as patients with sporadic colorectal cancer (CRC),
while duration of response and overall survival are worse for
CAC patients P! Therefore, it is urgent to attach importance
to preventing from CAC.

Emerging evidences have revealed that CD4" helper T
cells, CD8" cytotoxic T cells, regulatory T cells (Treg), myel-
oid-derived suppressor cells (MDSCs) and macrophages play
critical roles in the progression of CAC ™. Among these im-
mune cells, Treg cells are engaged in sustaining immune
homeostasis during pathological and physiological immune
responses. Treg cells showed an activated phenotype in late
stages of CAC by expressing programmed death receptor-1
(PD-1), cytotoxic T lymphocyte-associated antigen-4 (CTLA-
4), CDI127 and TIM-3. These suggesting an increa-
sed suppressive capacity which promote immune escape and
accelerate the development of CAC " ¥, Indoleamine 2, 3-di-
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oxygenase 1 (IDO1) is a cytosolic enzyme involved in the
rate-limiting step of the tryptophan (Trp) metabolism to
kynurenine (Kyn) ', It is well-documented that IDO1 ex-
pression in tumor cells is associated with tumor-infiltrating
FoxP3" Tregs while a negative association with CD8" cyto-
toxic T cells in the primary tumors and metastatic tissues "'
IDO1 has been confirmed to be regulated by STAT1 7',
signal transducer and activator of transcription 3 (STAT3) !'”),
COX, ™, Bridging integrator 1 (BIN1) ®"* and nuclear
factor-kappa B (NF-xB) .

PNS are the main active pharmaceutical ingredients ex-
tracted from the traditional Chinese herbal medicine Panax
notoginseng (Burk) F. H. Chen (Sanqi). Accumulating stud-
ies have shown that PNS exert multiple pharmacological
activities, such as anti-inflammation, anti-oxidation, inhibi-
tion of platelet aggregation, regulation of blood glucose and
neuronal protection “**”!. Notably, PNS or its main compon-
ents alleviate colitis via inhibition of the phosphoinositide-3-
kinase/protein kinase B (PI3K/AKT) and NF-«xB signaling
pathways * >, Moreover, previous reports have shown that
PNS used alone or combined with conventional chemother-
apy enhance anti-tumor efficacy in colorectal cancer cells ***,
However, the effect of PNS on chemoprevention and tumor
immunity and its underlying mechanism remain poorly un-
derstood.

In this study, we identified the potential chemopreven-
tion of PNS on CAC through suppressing STAT1/IDOI
which mediated Treg cells differentiation. The findings illus-
trate the underlying molecular mechanism of PNS involved in
the chemopreventive and immunomodulatory effects and
provide new therapeutic candidates for CAC.

Materials and Methods

Cell culture and isolation

Murine colon carcinoma CT26 cell line and human cer-
vical cancer Hela cell line were obtained from the Cell Bank
of the Chinese Academy of Sciences (Shanghai, China).
CT26 cells were cultured in Roswell Park Memorial Institute
(RPMI) 1640 medium (Gibco, USA) with 10% fetal bovine
serum (FBS). Hela cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Gibco, USA) with 10% FBS.
Both cell lines were cultured under a humidified 5% (V/V)
CO, atmosphere at 37 °C.

Spleen single-cell suspensions were isolated as descr-
ibed ", 1820 g BALB/C mice were sacrificed for neck dis-
location, soaked in 75% ethanol for 5 min, and a small in-
cision was made on the left side of the abdomen, and the
spleen was carefully removed. The spleen was placed in a
petri dish containing 5-20 mL phosphate buffered saline
(PBS). The single-cell suspension is made by cutting the or-
gan into small pieces with scissors and then gently press-
ing it into a fine stainless steel wire mesh (70 um) with a
sterile syringe piston. Mouse peripheral blood mononu-
clear cells (PBMC) were isolated using mouse peripheral
blood lymphocyte isolation Kit (P8620, Solarbio, China).

Colitis-associated colorectal cancer model

Pathogen-free C57BL/6 mice (male and female in half)
were purchased from the Model Animal Research Center of
Nanjing University (Nanjing, China) at 6—8 weeks. They
were exposed to a 12 : 12-hr light/dark cycle. The mice re-
ceived an intraperitoneal injection of 10 mg-kg' AOM
(Sigma A5486, USA) and maintained with regular drinking
water for 1 week. Then the mice received three cycles of DSS
(MP Biomedicals, molecular weight 35—50 kDa) treatment,
with each cycle including 2.5% DSS treatment for 1 week
and regular water for 2 weeks ©*. Mice weight, diarrhea de-
gree, and rectum bleeding degree were evaluated twice a
week to evaluate disease activity index (DAI) % Mice were
euthanized at the end of the experiment with blood samples
and colon tissues collected. All procedures were approved by
the Committee on the Ethics of Animal Experiments of China
Pharmaceutical University.
Plant materials

PNS were purchased from Dasf Biotech (batch number:
DASF1423S75), the main contents of PNS were analyzed by
HPLC method and the results were presented in Fig. S1. In
addition to 3 weeks of DSS, mice were given 75 mg-kg’
PNS (low dose), 150 mg-kg™ PNS (high dose) or 75 mg-kg™'
5-ASA (Dibo Biology, Shanghai, K758001) dissolved in dis-
tilled water.
Acute peritonitis

75, 150 mg-kg™ PNS or 200 mg-kg" Epacadostat (IN-
CB024360, S7910, Selleck) were applied for 5 days in 8-
week-old mice before the intraperitoneal injection of 700 pg
Alum (dissolved in 0.2 mL sterile PBS). After 12 h, serum
was collected and the peritoneal cavities were washed with
6 mL cold sterile PBS. CD11b" Ly6G" neutrophils present in
the peritoneal exudate (PE) and CD3" CD4" helper T cells,
CD3" CD8  cytotoxic T cells, CD4" CD25" FoxP3"
Treg cells present in PBMC were analyzed using flow cyto-
metry. The concentration of IL-1f in the PE and IL-14, IL-6,
IL-4, IFN-y in the serum were quantified by ELISA. Macro-
phage in PE were collected to detect IDO1 expression by Im-
munofluorescent.
Western blot

Cells were lysed in RIPA buffer (25 mmol-L™" Tris-HCl
pH 7.6, 150 mmol-L™" NaCl, 1% NP-40, 1% sodium deoxy-
cholate, 0.1% SDS) containing a phosphatase inhibitor
(FD1002, FUDE Biological Technology). Protein concentra-
tions were quantified using BCA Protein Assay Kit (23228,
Thermo Scientific). Equal amounts of protein were separated
by SDS-PAGE and transferred onto nitrocellulose mem-
branes. The membranes were then incubated with antibodies
against phosphorylated STAT1 (P-STATI; Y701, D4A7,
CST), STAT! (66545-1-1g, Proteintech), IDO1 (66528-1-Ig,
Proteintech), f-actin (60008-1-Ig, Proteintech), followed by
incubation with the appropriate secondary HRP-conjugated
antibodies, and development with High-sig ECL Western
Blotting Peroxide Buffer (180-5001W, Tanon) and High-sig
ECL Western Blotting Luminol/Enhancer Solution (180-
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5001B, Tanon).
Immunohistochemistry

Immunohistochemistry was performed using Streptavid-
in-biotin method detection system from ZSGB-BIO (SP9001).
Sections were deparaffinized and rehydrated through a des-
cending alcohol series, followed by antigens retrieval, and en-
dogenous peroxidase activity blocking. The sections were
then incubated with primary antibodies against FoxP3 (22228-
1-AP, Proteintech), IDO1, IL-15 (D3U3E, CST), PCNA
(10205-2-AP, Proteintech) overnight at 4 °C followed by
visualized with a two-step process and a DAB staining kit
(ZSGB-BIO, China). Finally, slides were counterstained with
hematoxylin, dehydrated, and mounted.
Immunofluorescent

For immunofluorescent analysis, Hela cells were seeded
at 15 mm glass-bottom cell culture dishes (752001, Nest) and
rested overnight to allow proper attachment followed by ap-
plication of PNS for 24 h. To promote IDO1 expression, Hela
cells were then stimulated with IFN-y (20 ng-mL™") for anoth-
er 24 h. The cells were washed twice with sterile PBS and
then fixed in absolute methanol for 10 min at =20 °C. Fol-
lowed by three washes with PBS, Hela cells were blocked in
5% bovine serum albumin (BSA) dissolved in PBS for 60
min. Primary antibodies against P-STAT1 and STAT1 were
incubated at 4 °C overnight. Hela cells were washed three
times with PBS followed by incubation with Alexa-488 or
Alexa-647 (ab150077 or ab150155, Abcam) secondary anti-
bodies for 60 min at room temperature. DAPI (C1002,
Beyotime) was used for nuclear staining. Samples were im-
aged through Zeiss LSM700 co-foucus microscope and ana-
lyzed by Zen software.
Flow cytometry

Single-cell suspensions of colon tissues were isolated

37, Briefly, colons of the

following established procedures
mice were washed with EDTA to remove epithelium cells
and digested with collagenase IV (V900893, Sigma) to liber-
ate cell populations. Tissue digests were separated by centri-
fugation on a 40%/80% Percoll (Sigma) gradient. Cells at the
40%/80% interface were collected as the leucocytes enriched
in lamina propria (LP). Harvested cells were stained with
combinations of the following antibodies against CD3-APC
(17-0032-82, eBioscience), CD4-FITC (11-0041-85, eBios-
cience), CD8-PE (12-0081-82, eBioscience), CD25-APC (17-
0251-81, eBioscience), FoxP3-PE (126404, Biolegend),
CD11b-APC (12-0112-82, eBioscience), F4/80-PE (11-4801-
82, eBioscience), Ly6G-FITC (11-5931-81, eBioscience). For
staining FoxP3, cells were stained with surface markers be-
fore fixation and permeabilization using the FoxP3 staining
buffer kit (Thermo Scientific) according to manufacturer in-
structions. Cell identification was performed using MACS
Quant Flow Cytometer (Miltenyi). Data were analyzed using
FlowlJo (Tree Star, USA).
RNA extraction, cDNA synthesis and gPCR

RNA was isolated using RNA-easy Isolation Reagent
(R701, Vazyme) followed by reverse transcription using HiS-

cript II 1st Strand cDNA Synthesis Kit (R211, Vazyme). qP-
CR was performed using Hieff ® qPCR SYBR Green Master
Mix (Low Rox Plus) (11202ES03, YEASEN).
Splenocytes and CT26 cells co-culture model

CT26 cells were treated with mitomycin C (MMC,
MS5353, Sigma) at 37 °C for 30 min and placed on a 96-well
plate according to 10* cells per well after washing three
times. Splenocytes of BALB/C mice were extracted on the
next day and co-cultured with CT26 cells on the 96-well plate
for 3 days, keeping the number of splenocytes was three
times that of CT26 cells per well. Then Cell Counting Kits
(CCK8, 40203ES60, YEASEN) were utilized to detect the
proliferation of splenocytes. To analyze the effect of PNS on
Treg cells, splenocytes were gained and stained with CD4-
FITC, CD25-APC, FoxP3-PE to determine the proportion of
Treg cells using flow cytometry.
IDO activity assay

Since kynurenine is the product of IDO1-dependent cata-
bolism of tryptophan, the biological activity of IDO1 was
evaluated by monitoring the level of kynurenine in the cul-
ture medium. 100 pL of culture supernatant was mixed with
25 uL of 30% trichloratic acid (TCA) diluted with water, vor-
texed and incubated in a 50 °C shaker for 30 min. Then cent-
rifuged at 10 000 x g for 10 min. After that, 100 uL super-
natant was added to the equal volume of P-Dimethylbenzal-
dehyde (PDAB, 2% diluted with glacial acetic acid) in a 96-
well plate and incubated at room temperature for 10 min. The
absorbance at 492 nm was determined. The concentration of
kynurenine was quantified using a standard curve generated
from defined kynurenine concentrations (0-500 pmol-L™").
Statistics

Each experiment was repeated at least three times to en-
sure the reliability of the results. All data were represented by
mean + standard deviation (SD) or mean =+ standard error of
the mean (SEM). Significant differences between the groups
were estimated by Unpaired ¢ test or one-way ANOVA. A
value of P < 0.05 was considered statistically significant. All
statistical analyses were performed using GraphPad 8.0
(GraphPad Software, USA).

Result

PNS alleviated AOM/DSS-induced colitis and suppressed the
growth of colorectal adenomas.

Firstly, we established the CAC model that combined
AOM-induced carcinogenesis and DSS-induced chronic in-
flammation as followed in Fig. 1A. Our results demonstrated
that PNS significantly alleviated colitis symptom through
preventing body weight loss, colon shortness and decreasing
the DAI scores compared to AOM/DSS group (Fig. 1B—E).
Moreover, we also confirmed that PNS suppressed tumor
growth with the reduction of tumor number, polys size and
tumor load in a dose-dependent manner. In addition, high
dose of PNS was prior to the positive drug 5-ASA in tumor
suppression (Fig. IF-H). Meanwhile, PNS treatment signific-
antly attenuated inflammatory cells infiltration in the mucosa
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Fig. 1 PNS alleviated AOM/DSS-induced colitis and suppressed the growth of colorectal adenomas. (A) The treatment scheme
designed for the AOM/DSS model of CAC. (B) Representative images of colon tissues. (C) Relative weight changes along with the
whole process. (D) Average DAI changes along with the whole process. Clinical parameters include weight loss, stool consistency
and bleeding of indicated mice. (E) Colon length. (F) Tumor number. (G) Tumor polys size. (H) Tumor load (total diameters of
the tumors on the colon tissue of each mouse). (I) H&E staining (scale bar = 200 pm). Values are mean + SD. ‘P<0.05,"P<0.01,

st

P<0.001 vs AOM/DSS group by one-way ANOVA

and maintained integrity of the colonic epithelium, thus lead-
ing to the protective effect on the colons (Fig. 1I). Taken to-
gether, two doses of PNS significantly relieved AOM/DSS-
induced colon inflammation and tumorigenesis.

To further explore the immunomodulatory effect of PNS,
we established acute peritonitis (AP) model regarding INCB
as the positive drug to verify the immunoregulatory effect of
PNS. The results showed PNS inhibited the aggregation of
CDI11b" Ly6G" neutrophils in peritoneal exudate (Fig. S2A).
Moreover, PNS alleviated the concentration of IL-1/ in peri-
toneal exudate while there was no difference in cytokine pro-
duction in the serum such as IL-1f4, IL-6, IL-4 and IFN-y
(Fig. S2B). We supposed that anti-inflammatory effect of

PNS might be concentrated in the primary tissue and there
was no enough time to affect the blood in condition of acute
inflammation. Consistent with activation of adaptive immune
responses, we observed an increase in the CD8 : CD4 T cell
ratio and a downtrend of Treg proportion treated with PNS
(Fig. S2C and S2D). Besides, we also found that PNS sup-
pressed the expression of IDOI1 in peritoneal macrophages
(Fig. S2E).
PNS' attenuated macrophage accumulation and Treg cells
proportion in the CAC model

To clarify the mechanism underlying the effect of PNS
on colon inflammation, the percentage of macrophages in
colon tissues was analyzed and the results showed that high
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dose of PNS reduced the aggregation of macrophages, which
might explain the consequence of colon length and DAI in-
dex influenced by PNS (Fig. 2A and S3A). Furthermore, pro-
inflammatory cytokine IL-14 in the serum was significantly
reduced by high or low dose of PNS which was better than 5-
ASA. However, IL-4 and IL-6 in the serum exhibited no sig-
nificant changes among the groups (Fig. 2B). Macrophage is
one of the most dominant sources of IL-1f, so it was reason-
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Serum 1L-1f Serum 1L-6
=g
g
" ok E
8
=
8
Q
=
0
S o > A ¥
g &) & S o
v Rl & ® Rl
P ® RN
Serum 1L-4 Serum TGF-p

200 -

(pg'mL™)
> @
(=} [}

TGF-f concentration/
4
S

0.015F

0.010 F

Spleen index/%

0.005 -

PBMC treg 20- Spleen treg

> g
>

> ~
& S
> YQ XQ% XQQ% X
L

o

Fig.2 PNS attenuated macrophage accumulation and Treg cells proportion in the CAC model. (A) Percentage of CD11b" F4/80"
macrophages in colon lamina propria (LP) cells. (B) The concentration of IL-1p, IL-6, IL-4 and TGF-f in the serum. (C) The pro-
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(Fig. 2D). To identify the mechanism of PNS on tumor sup-
pression, we isolated lymphocytes from peripheral blood,
spleen and colon tissues for flow cytometry analysis. Our
result revealed that PNS ameliorated the percentage of Treg
in PBMC and splenic lymphocytes (Fig. 2E-F and
S4A—S4B) while PNS showed no significant influence on
CDS8 : CD4 T cells ratio in PBMC or CD3" total T cells in
colon tissue (Fig. S3B and S3C). In summary, the immunore-
gulatory effect of PNS on tumor suppression mainly focused
on Treg cells.
PNS alleviated T cell differentiation into Treg cells through
IDOI.

In order to confirm the effect of PNS on Treg proportion,
we analyzed the expression of FoxP3 expression through

THC. The resulted reflected the distribution of Treg cells was
alleviated by PNS in colon lamina propria (Fig. 3A). CD4"
naive T cells could differentiate into Treg cells when stimu-
lated by some immuno- suppressive factors such as TGF-f
released by tumor cells . So we utilized CT-26 cells co-cul-
tured with freshly isolated splenocytes to establish an in vitro
model to further investigate the effect of PNS on the prolifer-
ation and differentiation of Treg cells, both of them revealed
that PNS suppressed the differentiation of Treg cells and pro-
moted the proliferation of splenocytes consistent with the res-
ults in vivo (Fig. 3B—C). Furthermore, we checked related im-
mune checkpoints (ICKs) and found that the mRNA levels of
CTLA-4 and LAG-3 in splenocytes of the co-culture model
were not influenced by PNS. Although PNS downregulated
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Fig.3 PNS alleviated T cell differentiation into Treg through IDO1. (A) IHC for FoxP3 protein expression in colon tissues (scar
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the transcription level of PD-L1 in CT26 cells, it exerted no
effect to PD-1 expression in splenocytes. Notably, PNS signi-
ficantly suppressed IDO1 expression on the transcription
level among these ICKs (Fig. 3D—3F). Combined with the
above about IDOI inhibition in the acute peritonitis (AP)
model, PNS might exert immunoregulatory effect on Treg
cells through modulating the expression of IDOL1.

PNS suppressed IDO1 expression through modulating STATI
expression.

In order to verify whether PNS indeed play the roles in
Treg differentiation by regulating IDO1, we analyzed the ex-
pression of IDOL1 in colon tissues in the CAC model. Accord-
ing to our immunohistochemical data, PNS effectively inhib-
ited the expression of IDO1 in colon tissues of AOM/DSS-
exposed mice (Fig. 4A). To further explore the mechanism of
PNS on IDOI1, we established an in vitro model stimulated by
recombinant IFN-y (20 ng'mL™") to induce endogenous IDO1
expression in Hela cells. 800 pg-mL™" PNS significantly de-
creased the mRNA abundance and protein expression of
IDO1 (Fig. 4B and 4D). Genes downstream IFN-y signaling
that might affect IDO1 expression were analyzed by qPCR
(Fig. 4C and S4C). Similar to the result of IDOI1, 800
pg-mL™ PNS suppressed the transcription and protein ex-
pression of STAT1 (Fig. 4C and 4D). Furthermore, immuno-
fluorescent analysis revealed the stable suppression of
STATI and P-STATI by PNS (Fig. 4E and S4E). Except for
STATI1, PNS alleviated STAT3 transcription in vitro model
while showed no significance on P-STAT3 expression in
colon tissues in AOM/DSS model implying that IDO1 sup-
pression by PNS might not be through STAT3 (Fig. S4C and
S4D).

PNS primarily targeted STATI rather than P-STATI.

It has been well investigated that the homologous dimer
of P-STAT1 translocates into the nucleus and binds to the
IDO1 promoter to activate IDO1 expression “”.. The phos-
phorylation process can be completed in a short time. In or-
der to confirm whether PNS directly acted on P-STATI, we
evaluated the expression of STAT1 and P-STATI after ap-
plying IFN-y for 1, 3, 12 h. The results demonstrated that
PNS had no effect on the expression of P-STAT1 and IDO1
expressions in 1 and 3 h until the expression of STAT1 was
decreased by PNS in 12 h implying that PNS modulated P-
STAT1 and IDOI1 through STAT1 expression (Fig. SA and
S5A). Moreover, we utilized JAK1/2 inhibitor Baricitinib to
decrease the phosphorylation of STAT1. After pretreatment
with Baricitinib, the expression of P-STAT1 and IDO1 upon
IFN-y treatment could be downregulated significantly while
the expression of STAT1 mostly influenced by PNS rather
than the inhibitor. Combined with Baricitinib, 800 pg-mL™"
PNS still reduced the expression of IDO1 reflecting that PNS
mainly affects IDO1 protein expression by directly affecting
STATI total protein expression(Fig. 5B and S5B). What’s
more, the reduction of STATI1 and P-STAT]1 in colon tissues
of CAC model confirmed STAT! function on the immun-
omodulatory effect of PNS (Fig. 5C and 5D).

®

PNS metabolite Rh1 significantly inhibited the enzyme activ-
ity of IDO1

It is necessary to study the efficacy of monomers in PNS
for better clinical applications. Rgl, Rbl, R1 are the main
components of PNS and its contents in PNS are showed in
Fig. S4. The analysis illustrated that the metabolite Rh1 can
inhibit IDO1 enzyme activity at a very low concentration
(2.5 pg'mL™") while only after reaching a higher concentra-
tion (400, 200 pg-mL™" respectively) did Rbl, R1 inhibit
IDO1 enzyme activity (Fig. 6). Therefore, Rh1 might be re-
garded as a potential monomer of PNS to prevent CAC.

Discussion

Until now, combination chemotherapy regimen of iri-
notecan, fluorouracil, and oxaliplatin (OXP) has been re-
garded as the first-line treatment for advanced CAC after sur-
gery "), But low selectivity, insufficient concentrations in tu-
mor tissues, and systemic toxicity in most patients limit the
anti-tumor effect of the combined chemotherapy " *. So it is
urgent to improve the efficacy of existing treatments or ex-
plore new approaches to protect from CAC. Many researches
indicated that Chinese herbal injection had obvious advant-
ages in reducing toxicity of chemotherapy, enhancing life
quality and improving short- and long-term efficacy . As
one of the most common Chinese herbal medicine, notogin-
seng significantly enhanced the anti-proliferation effect of 5-
FU suggesting a possible reduction in the dose of 5-FU when
used in combination with notoginseng thereby decreasing the
drug’s dose-related side effects ®*. Another study showed
that notoginseng enhanced the cytotoxicity of cisplatin by in-
creasing the gap junction’s intercellular communication **.
Therefore, PNS might be regarded as an adjuvant combined
with chemo-therapies for better clinical treatment. Import-
antly, we identified the chemopreventive effect of PNS on
CAC so that PNS might be applied for decreasing the occur-
rence of CAC as an intervention treatment.

Recently, various ICK inhibitors targeting PD-1/PD-L1
and CTLA-4 have been developed to benefit patients with de-
ficient mismatch repair (AIMMR)/high levels of microsatellite
instability (MSI-H) ™. We confirmed the immunoregulatory
effect of PNS on CAC is based on STAT1-dependent expres-
sion of IDO1 to suppress Treg cells differentiation for the
first time. Moreover, except for IDO1, PNS suppressed the
gene expression of PD-L1 in CT26 cells in the co-culture
model reflective of PNS effect on immunotherapy. Takeshi
Iwasaki et al found that the expression of PD-L1 and IDO1
positively correlated with IFN-y and STATI expression in
soft tissue leiomyosarcoma (LMS) ™! which suggests
changes in the expression of IDO1 and PD-L1 in the co-cul-
ture model in our study might be similarly influenced by
STATI1. Notably, the mechanism between STAT1 and IDO1
we illustrated was limited in IFN-y activating pathways which
mainly included JAK/STAT1 and NF-«B signaling pathways.
Here, PNS could not influence NF-«xB mRNA expression il-
lustrating that the possibility of NF-xB pathway was ex-
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colorectal cancer ™. Notably, except for T cell immunity,
IDO1 is inseparable from inflammation. Under normal
physiological conditions, IDO1 plays a homoeostatic role in
regulating mucosal immunity in response to the local intestin-
al microbiota stimulus ™. Associated research displayed that
impairing de novo NAD" synthesis through IDO1 inhibition
enhanced proinflammatory responses in macrophages .
Therefore, active inflammatory responses caused by IDO1 in-
hibition is an inevitable question for Epacadostat or other
ICK inhibitors targeted on IDO1. In our study, PNS not only
inhibited the enzyme activity and expression of IDOI but
also suppressed the secretion of IL-1p, thus well counterac-
ted the increased inflammatory response caused by IDOI1 in-
hibition. Meanwhile, it has been proved that Rh1 suppressed
inflammation stimulated by LPS through TAK1/STAT3 or
TLR4/STATI pathways *”. Combined with our conclusion
that Rh1 significantly inhibited the enzyme activity of IDOI,
Rh1 could be a potential minor ginsenoside to exert favor-
able efficacy in immunotherapy. To sum up, PNS might be
potential candidates combined with IDO1 inhibitors for bet-
ter effects in immunotherapy.

STATI exerts importance in the innate and adaptive im-
munity and protects from pathogen infections. Activated
STAT1 modulates diverse cellular processes, such as prolifer-
ation, differentiation and cell death P”. Consistent with our
conclusion, Pfliigler et al. found that Treg cells were signific-
antly reduced in STAT1™ Apc™™ tumors and tumor cell-in-
trinsic STAT1 suppressed stroma immune cell activation
through IDO1. Moreover, they confirmed strong co-expres-
sion between STATI and IDO1 at the mRNA level derived

e

P <0.0001, statistics were analyzed by One-way

from TCGA data ®'. Interestingly, p-STAT] regulates tran-
scription of protein-encoding genes, including STATI its-
elf ®%. Therefore, STATI inhibition by PNS reduced P-
STAT1 which in turn further decreased STAT]1 transcription.
Moreover, it has been proved that forced STAT1 expression
or IFN treatment increased the expression of other IFN sig-
naling pathway components, such as STAT2, IRF9 and IRF1
and then these transcription factors bind to STAT1 promoter,
forming a positive feedback control of STAT1 expression P2,
While the transcription factors related to the positive feed-
back were not mentioned in our study, we could only specu-
late that PNS might block the positive feedback of STAT1
leading to reduced STAT1 expression.

Our findings collectively highlighted that PNS played
chemopreventive roles on CAC and functioned as an immun-
omodulator by downregulating Treg differentiation mediated
by IDO1. To date, Chinese herbal therapies are still in initial
stages. Our novel data establish the role of PNS as a poten-
tial intervention target in the initiation and development of
CAC.
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