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Abstract

Background: Jiedu Sangen Decoction (JSD), a traditional Chinese medicine formula, has been widely applied in the
treatment of gastrointestinal cancer, especially in colorectal cancer. Our study mainly aimed to assess the combined
efficacy of Jiedu Sangen aqueous extract (JSAE) and a PD-L 1 inhibitor (Pl) in colon cancer cells migration and invasion, along
with epithelial-mesenchymal transition, and then provide deep insights into the potential mechanism.

Methods: We explored the inhibitory effects on invasion and metastasis and the reverse effect on EMT process in
CT-26 colon cancer cell via Transwell migration assay, Matrigel invasion assay and confocal laser scanning microscopy.
Furthermore, regulation in expression of EMT-related proteins and molecular biomarkers and underlying signal pathway
proteins were detected through Western blotting and IHC.

Results: The combination of JSD and PD-LI inhibitor could inhibit migration, invasive ability and EMT of CT-26 cells in a
concentration-dependent manner. Meanwhile, JSD combined with PD-LI inhibitor could also remarkably reverse EMT and
metastasis in vivo. In addition, the protein expression of N-cadherin, Slug, Snail, Vimentin was down-regulated along with
E-cadherin s up-regulation with the combination of JSD and PD-L | inhibitor, while that of PI3K/AKT was notably down-regulated.
Conclusions: These findings indicated that JSAE and a PD-LI inhibitor could drastically inhibit the migration and invasion
of colorectal cancer by reversing EMT through the PI3K/AKT signaling pathway.
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Colorectal cancer (CRC) is the world’s third deadliest can-
cer and kills about 700,000 people every year.! The metas-

tasis of colorectal cancer has been supposed to mainly lead
to treatment failure.? Now it is believed that CRC metasta-
sis is closely related to epithelial-mesenchymal transition
(EMT).>* EMT is a biological process in which epithelial
cells lose their polarity and are converted into a mesen-
chymal phenotype. Cancer cells with EMT will lose their
polarity and increase their motility, which facilitates their
invasion and metastasis.’ Notably, the PI3K/AKT signaling
pathway plays a key role in the EMT process,®’ and
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suppression of EMT contributes to inhibition of cancer
metastasis.®’

Programmed cell death 1 ligand 1 (PD-L1) is the ligand
of programmed cell death protein 1 (PD-1), which is known
as an immune-inhibitory receptor mainly expressed by acti-
vated T cells, B cells, and myeloid cells. The interaction
between PD-1 and PD-L1 activates a critical immune
checkpoint leading to T cell dysfunction, exhaustion, and
tolerance.'” Thus, PD-L1 is highly related to cancer pro-
gression and invasion.'"'> Numerous studies have revealed
that PD-L1, as expressed by tumor cells, can promote
EMT"3'7; one study reported that PD-L1 may induce EMT
via the PI3K/AKT pathway.'”

Jiedu Sangen Decoction (JSD) is a Chinese herbal for-
mulation exploited by us as a supplementary treatment of
CRC,'®!? comprising 3 Chinese traditional herbs: Teng Li
Gen (Radix Actinidiae chinensis), Shui Yang Mei Gen
(Root of Thinleaf Adina) and Hu Zhang Gen (Polygoni
Cuspidati Radix). The known constituents of this concoc-
tion, including ursolic Acid, 12-en-28-oic acids of oleanane-
type (from Radix Actinidiac chinensis) and emodin (from
Polygoni Cuspidati Radix), have been proved to have anti-
tumor potential via the PI3K/AKT signaling pathway.?’23
In previous research, we found that JSD could upregulate
PD-L1 expression in the SW480 cell line by using Western
blot assay. And several studies had suggested that more
benefit from PD-L1 inhibitory agents comes along with the
high level of PD-L1 expression.?*?* Thus, from the above
points, we hypothesized that JSD plus PD-L1 inhibitor may
take effect synergistically in suppressing EMT and migra-
tion and invasion of CRC cells. In this report, we demon-
strated that, in vivo and in vitro, the combination of JSD and
PD-L1 inhibitor inhibited and reversed the EMT and
repressed the migration and invasion of CT-26 murine colon
cancer cells via inhibiting the PI3K/AKT pathway.

Methods
Preparation of JSAE and PD-L| Inhibitor

The 3 herbs of JSD formula were sourced from The First
Affiliated Hospital of Zhejiang Chinese Medical University,
Hangzhou, China. Two hundred grams of Teng Li Gen
(Radix Actinidiae chinensis), Shui Yang Mei Gen (Root of
Thinleaf Adina), and Hu Zhang Gen (Polygoni Cuspidati
Radix) was pulverized to rough powder, followed by decoc-
tion with 8 and 6 times volume of distilled water for 2 hour,
respectively. The aqueous extracts were merged and vac-
uum evaporated to 2g/ml as Jiedu Sangen aqueous extract
(JSAE) and stored at 4°C for further use. The PD-L1 inhibi-
tor was purchased from Selleck (S7911, Shanghai, China).

Cell Culture

The murine colon cancer cell line CT-26 (Catalog number:
TCM37) was purchased from the cell resource center of

Shanghai Institutes for Biological Sciences (Shanghai,
China) and was cultured in RPMI Medium 1640 (GIBCO,
US) supplemented with 10% fetal bovine serum (GIBCO,
US), 100 U/ml penicillin and 100 mg/ml streptomycin, incu-
bated at 37°C in a humidified atmosphere with 5% CO,. The
cells were subcultured using Trypsin-EDTA digestion and
divided into 5 groups: Control, EGF, JSAE, PD-L1 inhibitor
(PI) and JSAE plus PD-L1 inhibitor (JP). Cells were treated
with 50ng/ml EGF for 48 hours for EMT induction to estab-
lish the CT-26 cell EMT model,?*?” except for the Control
group. Subsequently, the cells in groups of Control and EMT
were cultured with normal RPMI Medium 1640, while
JSAE, PI and JP groups were intervened with 6 mg/ml JSAE,
10 pg/ml PD-L1 inhibitor (dissolved in PBS) and 6 mg/ml
JSAE plus 10 pg/ml PD-L1 inhibitor for 48h, respectively.

Animals

After completing all the experiments in vitro, we continued
to culture the murine colon cancer cell line CT-26 and per-
formed remaining experiments in vivo. All animal experi-
ments were approved by Zhejiang Chinese Medicine
University Laboratory Animal Research Center with the
approval number of SYXK (Zhejiang) 2013-0184, and con-
ducted according to the Animal Research Act, 1985 (New
South Wales, Australia) and the Australian Code of Practice
for Care and Use of Animals for Scientific Purposes (2013).
52 healthy male specific pathogen free BALB/c mice at
weight of 120-200g were obtained from the experimental
animal center of Zhejiang Chinese Medical University and
maintained for one-week environment accustomization. To
establish the mouse model of hepatic metastatic CRC, 50 ul
CT-26 cells in a concentration of 2 X 10%mL were intrasple-
nically inoculated. The 52 BALB/c mice were randomly allo-
cated to 4 groups after 1 week from the inoculation: JSAE
group, normal saline group, PI group, and JP group. The mice
in JSAE and JP group were intragastrically administrated
with 0.4ml/20g JSAE of 1.2 g/ml for 14 days. The mice in PI
and JP group were treated with intraperitoneal injection of
100 pg PD-L1 inhibitor (dissolved in normal saline) for four-
teen days. The mice in NS group received oral treatment of
0.4ml/20 g normal saline for 14 days. All mice were sacri-
ficed by cervical dislocation with intraperitoneal anesthesia
of 0.1 ml 1% Pentobarbital Sodium in the fifteenth day from
the initiation of treatment. The liver tissues, after removal
from the body of mice, were split into 2 parts, then fixed in
4% paraformaldehyde for immunohistochemistry and stored
in —80°C for further research. After animal experiments
done, all mice were sacrificed by cervical dislocation with
intraperitoneal anesthesia of 0.1 ml 1% Pentobarbital Sodium.

Immunohistochemistry (IHC)

The liver tissues excised from the mice were fixed in 4%
paraformaldehyde buffer for 24h and then embedded in
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paraffin. Subsequently, the paraffin sections were stained
with E-cadherin, N-cadherin antibody (1:100, Abcam, UK)
for immunohistochemistry to detect the expression in the
liver of hepatic metastatic colon cancer mice.

Transwell Migration Assay

3103 CT-26 cells per well were seeded in the upper cham-
ber of a polycarbonate transwell filter (8pum, 24well;
Corning, USA) with 200 uL of serum-free medium, while
500 pL of fetal bovine serum (FBS) was added to the lower
chamber as a chemoattractant simultaneously. After
24 hours incubation at 37°C, the cells remaining at the
upper side of the well membrane were erased with cotton
swabs. Then, the migrated cells on the lower surface were
fixed in 4% paraformaldehyde, stained with 0.1% crystal
violet solution, and counted for 9 randomX400 fields per
well. These experiments were repeated for 3 times.

Matrigel Invasion Assay

40 pL of 1:8 RPMI Medium 1640-diluted Matrigel
(Corning, USA) was added to each well. Then 7X10° CT-26
cells per well were plated onto the Matrigel surface. The
following process was carried out as Transwell migration
assay. The experiments were independently repeated thrice.

Confocal Laser Scanning Microscopy

Cell slide was fixed in 4% paraformaldehyde for 30 minutes
and incubated with diluted primary antibodies (E-cadherin
1:100, N-cadherin 1:100, F-cadherin 1:100) overnight at
4°C, and followed by secondary antibody incubation
(1:400) at room-temperature in darkness for 50 minutes.
Then, the cells were further incubated in DAPI staining
solution at atmospheric temperature for 10 minutes in dark
environment, and observed at magnification X400 under the
confocal microscope and photographed. These experiments
were repeated 3 times.

Western Blotting

The protein variation in CT-26 cells and liver tissues from
the sacrificed mice were determined by Western blotting.
Briefly, the protein concentration was determined using
the BCA assay kit. Equal quantities of proteins (30 pg)
were electrophoresed by 10% sodium dodecyl sulfate-
polyacrylamide (SDS—-PAGE) and transferred onto poly-
vinylidene difluoride membranes. Then, membranes were
blocked in 5% non-fat milk in TBS buffer containing
0.1% tween (TBST) and followed by incubated with the
primary antibody (1:1000, Abcam, UK) at 4°C overnight.
After additional TBST washes, membranes were incu-
bated with corresponding horseradish peroxidase-conjugated

secondary antibodies (Bio-Rad, USA) at 1:5000 dilutions
for 2hours at room temperature and visualized by adding
ECL detection reagent (Bio-Rad, USA). These experiments
were repeated thrice.

Statistical Analysis

All values are presented as the mean £ SD. The groups
were compared using ANOVA with SPSS (version 22.0;
SPSS, Inc., USA). P <.05 was considered to be statistically
significant difference.

Results

JSD Combined with PD-LI Inhibitor Reverse
EMT in vitro

EMT plays a pivotal role involved in the metastasis of
CRC,%3% mainly featured by the decrease of E-cadherin
accompanied by elevated N-cadherin and B-actin.’!*?
Using confocal laser scanning microscopy (CLSM), we
found that E-cadherin expression increased in JSAE, PI
and JP group, but N-cadherin expression in PI and JP group
decreased, when compared with the control and EGF
group. Meanwhile, B-actin expression was decreased in JP
and JSAE group, compared with control and EGF group
(Figure la). In addition, Western blotting assay demon-
strated that E-cadherin expression significantly increased
while N-cadherin, Snail, Slug, Twist were attenuated in JP
group, compared with control and EGF group (Figure 1b).
The alteration in EMT-related molecules hints that the joint
use of JSD and PD-L1 inhibitor might reverse the EMT
process in CT-26 cells.

JSD Combined with PD-L1 Inhibitor Inhibits
Migratory and Invasive Ability of CT-26 Cells

To further examine the effect of united application of JSD
and PD-L1 inhibitor on migration ability of colon cancer
cells, we used Transwell Assay to monitor the changes in
CT-26 cells migration behavior. As can be seen from the
figure, EGF group has the best migration ability among
other groups, especially when compared to control group,
which indicated that the CT-26 cell EMT model was suc-
cessfully established (Figure 2¢ and d). Furthermore, the
results demonstrated that JP group significantly decreased
the migration ability of CT-26 cells when compared with
control, EGF and PI group (Figure 2a and c). In the inva-
sion experiment, the Matrigel Assay displayed significant
reduction of CT-26 cells invasive ability in JP group com-
pared with control, EGF, JSAE and PI group (Figure 2b
and d). These data indicate that the combination of JSD
and PD-L1 inhibitor dampens the migratory and invasive
ability of CT-26 cells.
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Figure |. JSD combined with PD-LI inhibitor reverse EMT in vitro. (a) The expression of E-cadherin, N-cadherin and B-actin were
measured by CLSM. (b) The expression of EMT-related proteins in CT-26 cell were measured by Western blotting assay.
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Figure 2. JSD combined with PD-LI inhibitor inhibits migratory and invasive ability of CT-26 cells. (a, c) The migration ability of CT-
26 cells in relevant groups was detected by Transwell Assay. (b, d) The invasive ability of CT-26 cells in relevant groups was detected
by Matrigel assay. Compared to EGF group, ¥P < .05; Compared to JP group, AP < .05.

JSD Combined with PD-LI Inhibitor is Correlated each group, a Kaplan-Meier survival curve (Figure 3) was
with Improved Overall Survival (OS) of Mice generated, which showed that JSD plus PD-L1 inhibitor
with Hepatic Metastatic Colorectal Cancer significantly prolonged mice survival compared with

We used CT-26 cells for the hepatic metastatic colorectal ~ other groups. Concretely, the OS appeared as NS < PI <

cancer mice models. To evaluate the overall survival of JSAE < JP.
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Figure 3. Survival curves of mice (12 mice per group) with
metastatic tumor formed by CT-26 cells in relevant groups.

JSD Combined with PD-L1 Inhibitor Inhibits EMT
and Metastasis in vivo

Having conducted the survival analysis, we tried to deter-
mine if the EMT level is associated with the survival data,
and to test the inhibitory effect of JSD plus PD-L1 inhibitor
on EMT and metastasis in vivo. Using IHC to detect the
biomarkers of E-cadherin and N-cadherin in livers from
mice model, we found that the joint use of JSAE and PD-L1
inhibitor upregulated the expression of E-cadherin but
reduced the N-cadherin expression, compared with the NS,
JSAE and PD-L1 groups (Figure 4a and b). We also used
Western blotting assay to examine the relevant protein lev-
els of EMT, and the results were presented as elevated
expression of E-cadherin in the JP group compared with the
NS and JSAE groups, and reciprocally significant reduction
of the mesenchymal markers expression (N-cadherin and
Vimentin). Meanwhile, the EMT transcriptional regulators
(Snail and Slug) were correspondingly downregulated in
the JP group compared with the NS group (Figure 4c). And
notably, the PD-L1 expression was upregulated in the JSAE
group compared with the NS, PI and JP groups, which is
consistent with our previous study outcomes. Moreover, we
found that the liver size of the JP group is smaller than that
of the NS group, indicating that the combination of JSD
and PD-L1 inhibitor may exert more effect on suppressing
hepatic metastases of colorectal cancer (Figure 4d). Taken
together, these results suggest that the joint use of JSD and
a PD-L1 inhibitor have the potential of suppressing EMT
and distant liver metastasis in mice.

JSD Combined with PD-L1 Inhibitor may Inhibit
EMT via PI3K/AKT Signaling Pathway

Since the PI3K/AKT pathway is essential in regulating
EMT?®® Western blotting was performed to determine

whether the PI3K/AKT pathway was involved in the inhibi-
tory effect of the combination of JSD and PD-L1 inhibitor
on EMT. The results, in vitro, demonstrated that PI3K
expression was downregulated significantly in JP group
compared with EGF group. Although no significant differ-
ence in AKT was observed between the JP and EGF groups,
the expression of P-AKT was significantly decreased in
the JP group (Figure 5a). As for liver tissues, the expression
of PI3K, AKT and P-AKT was significantly decreased in
the JP group compared with the NS and JSAE groups
(Figure 5b). Our results indicated that the combination of
JSD and PD-L1 inhibitor may inhibit EMT via the PI3K/
AKT signaling pathway.

Discussion

CRC is one of the most frequent types of cancer world-
wide.! Distant metastasis, mainly liver and lung, is the main
cause of death for patients with colorectal cancer.’
Unfortunately, the mechanisms underlying metastasis
remain elusive. Tumor metastasis comprises sequential,
interlinked, and selective steps,> many of which are favored
by conversions between the epithelial and mesenchymal
phenotypes, namely, the epithelial-mesenchymal transition.
Several studies have reported that EMT is of key impor-
tance in infiltration and metastasis of cancer.?>3¢ Hallmarks
of EMT include the loss of expression or function of
E-cadherin, known as one of the cell adhesion molecules,
and reduced tight junction proteins (zona occludens 1 and
occludin), along with the concomitant increase of mesen-
chymal markers, such as Vimentin and N-cadherin.?
Among these, multiple invasive and metastatic cancers
have been relevant to high level of E-cadherin and low level
of N-cadherin, E-cadherin is essential to keep the epithelial
phenotype and modulate the balance of the microenviron-
ment through numerous signal pathways,*’® including Akt/
mTOR,* Wnt/B-catenin pathways. N-cadherin acts as an
indicator of EMT and its expression has been related to the
promotion of angiogenesis and vascular homeostasis by sta-
bilizing micro-vessels,*’ and thus suggesting that the loss of
E-cadherin and the growthe of N-cadherin have been widely
recognized to be EMT-activation molecules. We thus rec-
ommend E-cadherin and N-cadherin as key biomarkers to
evaluate EMT progress.

Additionally, the EMT process is mainly initiated by 3
core groups of transcriptional regulators recognized as Snail
zinc-finger family (SNAI1 and SNAIL2 (also known as
SLUG))** zinc-finger E-box-binding homeobox family
proteins (ZEBland ZEB2 (SIP1))*#° and basic helix-loop—
helix family (TWIST1, TWIST2),**7 which can suppress
E-cadherin transcription directly or indirectly. For instance,
Snaill and Snail2 are able to repress E-cadherin transcrip-
tion by binding to the promoter of CDH1, which encodes
E-cadherin.*'*? Expression of Slug and ZEBI is highly
correlated with decreased E-cadherin.*** Further, it was
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Figure 4. J]SD combined with PD-LI inhibitor inhibits EMT and metastasis in vivo. (a, b) The expression of E-cadherin and N-cadherin
in mouse liver tissues was measured by IHC. (c) The expression of EMT-related proteins in mouse liver tissues was measured by
Western blotting assay. (d) The difference of mouse liver size in relevant groups. Compared to EGF group, ¥P < .05; Compared to

JP group, AP < .05.

reported that Twist cooperates with BMII to repress
E-cadherin and the cell cycle inhibitor pl6INK4a.>
Generally, the cells gaining the EMT phenotype lose their
junctions and apical-basal polarity, reorganize their cyto-
skeleton and reprogram gene expression, which increases

their motility and invasiveness.”>! On the other hand,
numerous studies have shown that PD-L1, an important
negative immune regulation molecule, plays a vital role in
regulating the biological functions of cancer cells, increas-
ing their malignancy and aggressiveness and conferring on
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Figure 5. JSD combined with PD-L1 inhibitor may inhibit EMT via PI3K/AKT signaling pathway. (a) The discrepant expression
of proteins related to PI3K/AKT signaling pathway in CT-26 cells. (b) The discrepant expression of proteins related to PI3K/AKT

signaling pathway in mouse liver tissues.

them the EMT phenotype.'®32* Therefore, anti-PD-L1
therapy would be very promising for the treatment of human
carcinomas.>>

In this study, we found that the joint use of JSD and
PD-L1 inhibitor leads to lower potential of migration and
invasion of CT-26 cell lines by Transwell and Matrigel
Assay. Further research by means of Confocal Laser
Scanning Microscopy displayed enhanced E-cadherin
expression but oppositely reduced N-cadherin and B-actin
expression in EMT cell model treated with JSAE combined
with PD-L1 inhibitor. The EMT pathway-related proteins
test demonstrated that, while treated with JSD combined
with PD-L1 inhibitor, E-cadherin were significantly upreg-
ulated, yet positive EMT markers such as N-cadherin, Snail,
Slug and Twist in CT-26 cells, and N-cadherin, Vimentin,
Snail and Slug in mouse liver tissues were dampened,
respectively. These results were then corroborated by
immunohistochemistry exhibiting increased E-cadherin and
decreased N-cadherin expression in the JP group, compared
with the NS and EGF groups. It is worth noting that Western
blotting assay indicated that JSD may upregulate PD-L1
expression, which remain consistent with our previous
results. Jointly considered with literature search, we assume
that JSD increases the expression level of PD-L1 on the
tumor cell surface, which makes the PD-L1 inhibitors play
a positive role in targeting PD-L1 in order to improve the
anti-tumor effects. Subsequently, it is important for us to
develop specific mechanisms of synergetic effects between
Chinese medicinal formulae and PD-L1 inhibitors, and we
need further research to understand better how this combi-
nation works.

Up to now, EMT has been considered as a complex pro-
cess orchestrated by several signaling pathways, in which

the PI3K/AKT pathway counts a great deal.®?%3257 And
interestingly, a recent study carried out by Fei et al.l’
reported that PD-L1 is able to induce EMT in nasopharyn-
geal carcinoma cells through the PI3K/AKT pathway,
which result is echoed by our study in the significant reduc-
tion of PI3K and P-AKT expression in CT-26 cells, and
PI3K, AKT and P-AKT expression in mouse liver tissues
when treated with a PD-L1 inhibitor or JSD plus a PD-L1
inhibitor (Figure 5).

Conclusion

Our results have given evidence of the inhibitory effect of
the combination of JSD and PD-L1 inhibitor on migration
and invasion of CT-26 murine colon cancer cells in vitro
and in vivo by inhibiting and reversing EMT, and implied
that this regulatory activity may function via the PI3K/AKT
signaling pathway.
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