-—
v
A4

Heoo®06

http://pubs.acs.org/journal/acsodf

Network Pharmacology with Experimental Investigation of the
Mechanisms of Rhizoma Polygonati against Prostate Cancer with
Additional Herbzymatic Activity

Bexultan Kazybay, Qinglei Sun, Kanat Dukenbayev, Ayan Amantaiuly Nurkesh, Na Xu,
Aidana Kutzhanova, Madina Razbekova, Anar Kabylda, Qing Yang, Qian Wang, Cuiping Ma,

and Yingqiu Xie™
I: I Read Online

[l Metrics & More |

Cite This: ACS Omega 2022, 7, 14465—-14477

ACCESS |

Article Recommendations

ABSTRACT: A combination therapy of RhizomaPolygonati (RP) St B
with goji (Lycium chinense) has earned a long history in the - l;é_;‘"’} -
prescriptions to promote male health. However, the mechanisms at
both molecular and nanoscale quantum levels are unclear. Here,
we found that processed RP extract induces apoptosis and cell
cycle arrest in cancer cells, thereby inhibiting prostate cancer cell ¥
proliferation enhanced by processed goji extract associated with an ¥ z5,
augment of the nanoscale herbzyme of phosphatase. For network
pharmacology analysis, RP-induced PI3K-AKT pathways are I /n(“vf"y'\) A
essential for both benign prostatic hyperplasia and prostate cancer, e TH € g::;:::e p
and the RP/goji combination induces potent pathways which Goji (Gou Qi) M,/J
include androgen and estrogen response, kinase regulation,

apoptosis, and prostate cancer singling. In addition, the experimental investigation showed that the prostate cancer cells are
sensitive to RP extract for inhibiting colony formation. Finally, the natural compound baicalein found in RP ingredients showed a
linked activity of top-ranked signaling targets of kinases including MAPK, AKT, and EGFR by the database of cMAP and HERB.
Thus, both the nanozyme and ingredients might contribute to the RP in anti-prostate cancer which can be enhanced by goji extract.
The proposed nanoscale RP extract might be of significance in developing novel anti-prostate cancer agents by combining goji
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compositions and targeted therapy compounds.

Bl INTRODUCTION

Rhizoma Polygonati (RP), especially the combination therapy
with goji (Lycium chinense), has earned a long history in the
Traditional Chinese Medicine (TCM) prescription to benefit
male health. RP is a TCM that is also applied for food in the
south of China but widely grown in many countries, including
India, Korea, Pakistan, Iran, Japan, Russia, European countries,
and America.”” RP has multiple functions in phytopharmaceut-
icals including anti-aging, anti-diabetes, anti-Parkinson disease,
and anti-cancer through multiple mechanisms including kinase
signaling."**

Natural RP ingredients include chemical compounds of
baicalein, diosgenin, steroidal saponins, lectins, and homoiso-
flavanones, with a majority of polysaccharides and some proteins
such as lectin."”® RP natural ingredients have been reported to
play a role in anti-cancer including breast cancer, lung cancer,
leukemia, gastric cancer, and prostate cancer.” For example,
polysaccharides of RP extract could augment activated
autophagy signaling through Beclin-1/LC3 to prevent the
growth of the prostate cancer-related fibroblasts.” The
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mechanisms include the RP or family species extract-induced
cell cycle arrest at GO/G1 in breast cancer cells,' apoptosis
induced by the protein component of lectin in human melanoma
by MAPK or AKT,*” and enhanced immune response in other
cancers.'

The functional protein-based natural enzyme is seldom
reported in traditionally used RP, which might be due to
processed RP proteins becoming denatured, thereby decreasing
activity, while nanoscale particles may retain their state and form
new assembly of structures. We reported the assemblies upon
processing of steamed or baked herbs which can generate
nanozyme activity.'” The nanozyme has been found recently
and applied widely in medicine but rarely in phytomedicine
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Figure 1. RP extract induces cell death (A) and regulates the cell cycle (B) in prostate cancer PC3 cells. ns, non-significant. *p < 0.05; **p < 0.01.

because of possible artificial synthesis with metal element-
enhanced enzyme activity.'' Here, we aimed to apply the natural
RP with traditional processing without metal enhancement and
further studied the quantum level of nanozyme—herbzyme, as
defined previously,'’ to explore whether and how it crosstalks in
cellular response in prostate cancer signaling.

Network pharmacology analysis provided the potent
expedited analysis of mechanisms of RP in phytomedicine.
Recently, clinicians have applied RP in anti-COVID-19
prescriptions based on the official treatment protocols.'” We
applied a network pharmacology analysis and reported the
potent pathways of anti-COVID-19 including blood pressure,
apoptosis, and cell signaling.” Moreover, the anti-fatigue
mechanism was analyzed by network pharmacology, and it
was reported that the E2F1 and PI3K-AKT associations are
essential pathways."

Given that RP plays essential roles in male health recorded in
the ancient pharmacology, we here aimed to explore the
possibility, efficiency, mechanisms, and pathways of RP extract
in anti-prostate cancer using benign prostatic hyperplasia (BPH)
as control via experimental investigation or network pharmacol-
ogy analysis with databases and experimental connectivity.

B RESULTS

The Chinese herbal medicine RP extract has been applied in
anti-cancer, but how it can function in treatment is still unclear.
Here, we applied RP extract to test the efficiency of targeting
prostate cancer cells.

RP Extract Induces Prostate Cancer Cell Death and
Inhibits Cell Cycle. Previously, we reported that RP extract
inhibits cell growth by potentially targeting kinase signaling
through its phosphatase activity. To further explore the
mechanisms of cell proliferation inhibition, we first tested the
cell death and cell cycle regulation by RP. We found that RP
induces cell growth inhibition after treatment at early cell death
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events indicated by annexin V-positive and Dead Cell Marker
(Figure 1A). In addition, RP extract induces cell cycle arrest at
GO0/G1 in prostate cancer cells, as shown in Figure 1B,
compared to the vehicle control.

RP Extract-Induced Cell Growth Inhibition Is En-
hanced by the Traditionally Prescribed Combination of
Goji Associated with the Nanoscale Herbzyme of
Phosphatase Activity. It has been shown and widely used
in traditionally prescribed combinations of RP with goji in food
or enhancement for male dysfunction, but with unknown effects
on prostate cancer. Synergistic cooperation between RP and goji
was achieved to inhibit the cancer cells growth (Figure 2A).
However, the nanoscale herbzyme which is through potent
phosphatase-kinase signaling and chemical components may
also enhance the surface effect of the nanozyme, and chemical
compounds themselves may exert the anti-cell growth function
through drug targets of cell signaling. Thus, the nanoscale RP
may be applied as a chemical ingredient delivery carrier in
addition to the herbzyme of phosphatase activity. Both RP from
Mount Tai and goji have nanoassembly of nanoflower structures
as previously reported'’ at a low density and reproducible at a
high density (Figure 2B). We further investigated the particle
size distribution and found that the Z-Average (d nm) is 238.0
and the polydispersity index (PDI) is 0.684. A majority of
particles (61%) are in a size of 17.64 + 6.224 nm (Figure 2C).
Next, we measured the zeta potential of RP, which is —7.95 + 2.3
mV. Goji extract showed nanoparticles of 160 nm in most sizes
investigated by atomic force microscopy (AEM)'® (Figure 2E).
Moreover, we tested the combined mixture effect of nano-
particles of RP and goji by measuring the synergistic cooperation
on the phosphatase activity under pH 13 conditions when
natural alkaline phosphatase (ALP) minimizes its function in
vitro (Figure 2F). Thus, the nanoscale phosphatase may play a
role in enhancing the synergistic effect.
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Figure 2. RP extract-induced cell growth inhibition in prostate cancer is enhanced by goji extract, which correlates to nanoherbzyme activity. (A) Cell
viability assay. (B) SEM showing the size and cluster of RP extract at the nanoscale at a high density compared to previous reports for low-density
individually separated forms.'® (C) RP nanoparticle size distribution. The Z-Average (d nm) is 238.0, and the PDI is 0.684. (D) RP nanoparticles and
control zeta potential. The zeta potential of RP is —7.95 # 2.3 mV. (E) AFM further analysis of goji extract nanoparticle size in three dimensions as
previously reported.'® (F) Phosphatase assay of RP, goji, and the RP mixture with goji extract nanoparticles alone or by interactions i vitro.

Network Pharmacology Assay of RP-Induced Cell
Signaling against Prostate Cancer. To further explore the
chemical compounds assisting the complex signaling, we
investigated the ingredient-mediated signaling by a network
pharmacology assay (Figures 3—6). First, drug targets of potent
chemical compounds were screened to search prostate cancer
targets using BPH as a control. For protein—protein interaction
(PPI) maps of the common targets, the top-ranked interactions
involve pS3, Caspase 3 apoptosis proteins, survival proteins
BCL2L1, and kinase pathways AKT1 and STAT3 (Figure 3A—
D). We found that the common targets of RP with prostate
cancer are similar to BPH with 1.1 or 2.8%, respectively (Figure
3E,F).

For enriched ontology clusters analysis, the set of common
genes of the compound drug with prostate cancer was uploaded
to the Metascape database for gene ontology (GO) enrichment
analysis of biological processes. The generated network was then
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managed by Cytoscape 3.7.2 for further visualization. The
results indicated 20 relevant biological processes including
responses to hormones, lipids, immune stimulation, and toxic
and extracellular stimulation, which are similar to both BPH and
prostate cancer (Figure 4). For Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis, we found that virus
infection pathways are top in prostate cancer, and PI3K-AKT
pathways are essential for both BPH and prostate cancer. The
same four pathways are the PI3K-Akt signaling pathway, Kaposi
sarcoma-associated herpes virus infection, and pathways in
cancer and hepatitis B. In addition, RP—BPH illustrated
proteoglycans in the cancer pathway, while RP-prostate cancer
did not, suggesting the glycan-mediated BPH therapy potential
(Figures S and 6).

Network Pharmacology Analysis of Goji-Induced Cell
Signaling against Prostate Cancer. We next performed
network analyses on goji-induced PPI network signaling in

https://doi.org/10.1021/acsomega.1c03018
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Figure 3. PPI analyses of common targets of RP with BPH (A,C,E) and prostate cancer (B,D,F). (A—D) Network data were analyzed on the
ClusterONE plug-in of Cytoscape 3.8.0 to distinguish the highly interacted cluster which is given in red, and the top 10 hub targets of the PPI network
are indicated. The ranking is given alongside. (E,F) Venn diagrams were constructed.

prostate cancer using BPH as a control (Figures 6 and 7). We
found that PPI maps showed similar ranks of nodes between
BPH and prostate cancer with clusters of cytokine storm,
apoptosis, kinase MAPK, growth factor EGF, and VEGF (Figure
6). Moreover, the KEGG pathway analysis showed the signaling
of prostate cancer, general cancer, AGE-RAGE, and fluid shear
stress and atherosclerosis pathways (Figure 7).

Network Pharmacology Analysis of RP—Goji Combi-
natorial Induction on Cell Signaling against Prostate
Cancer. We further analyzed the RP/goji combinatorial
application-induced pathways by searching the common or
crosstalk signaling by the network analysis (Figures 8—10). First,
we found that both RP and goji target-related PPI maps have a
high rank of nodes related to hormone receptor AR and ER, heat
shock protein HSP90AA1L, CDK kinases, VEGF, and Jun

(Figure 8A,B). In addition, for the number of common targets of
RP/goji to prostate cancer versus BPH, BPH showed about 4-
fold more targets than prostate cancer, suggesting the
combinatorial therapy effect on BPH with multiple mechanisms
in addition to cancer signaling (Figure 8).

For GO analysis, the top-ranked biological processes include
blood circulation, response to chemical stimulation, and lipids,
suggesting that the combinatorial treatment may be related to
the lipid metabolism and bloodstream dynamics for prevention
of prostate disease or cancer (Figure 9). For molecular
functions, the top-ranked lists are transcription, enzyme binding,
nuclear receptors and androgen receptor (AR) binding, DNA
binding, and protein binding, suggesting the transcriptional
regulation and potent kinase signaling-mediated functions.

https://doi.org/10.1021/acsomega.1c03018
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Figure 4. RP compound target-related PPIs with GO analysis against BPH and prostate cancer. GO cluster analysis was performed by putting the set of
common genes of the compound drug with prostate cancer with the Metascape database, a gene annotation and analysis resource, for GO enrichment
analysis. The generated network was then analyzed by Cytoscape 3.7.2 for further visualization. The results indicate 20 relevant biological processes.
The size is related to the proportional number of input genes, and the color represents its cluster groups.

For KEGG pathway analysis, the hormone signaling, immune-
related Th 17 differentiation, and PI3K-AKT pathways and stem
cells are top lists, especially with calcium signaling (Figure 9). In
AR tracing expression cells of PC3, cell growth are more
sensitive to RP treatment at 0.5 mg/mL, which can inhibit 3D-
cell growth of colony formation (Figure 10A). In contrast, based
on estrogen signaling prediction in prostate cancer, we applied a
breast cancer cell line MDA-MB-231 but with estrogen depleted
and we found the significant resistance to the RP extract
treatment as high as 22 mg/mL for inhibition of cell growth
(Figure 10B). In details, at a low dose, the MDA-MB-231 cells
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showed resistance to the RP extract. Given that colony
formation is related to stem cell signaling, our data suggest the
anti-stem-like potential of RP in anti-cancer.

Experimental Database of Connectivity Analysis of RP
Ingredient-Induced Signaling in Gene Profiling of
Prostate Cancer Cells. Based on RP-mediated nanoscale
phosphatase activity by self-assembly at pH 13, we assumed that
some ingredients may play essential roles, which may create a
basic surface for RP nanoparticles of the extract. Given berberine
is a benzylisoquinoline alkaloid, which can induce self-assembly
and anti-infection functions,'* the RP ingredient of baicalein is

https://doi.org/10.1021/acsomega.1c03018
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Figure S. RP compound target-related PPIs with KEGG pathways and functions in a network pharmacology analysis. The set of common genes was
uploaded to the KOBAS database to get information about genes and their respective KEGG pathways. The results indicate that the main five pathways

are enriched.

related to AR and more prostate cancer-related gene targets
through database mining. Thus, we further analyzed the
experimental related connectivity of the cMAP database"
with visualizations by the HERB'® online database tool and
found that baicalein-induced differentially expressed genes are
similar in number for up- and down-regulation, a KEGG
enrichment list of apoptosis, protein modification, and GO
enrichment with the top list of cell cycles, kinase, and kinase
regulation, which is consistent with the whole extract of RP in
prostate common targets (online analysis results at http://herb.

ac.cn/Experiments/detail/?v=HBEXP000174). Finally, the
connectivity analysis showed the PC3 and VCAP prostate
cancer cells, which are androgen-non-responsive cells, have
linked the activity of top-ranked signaling targets of kinases
including MAPK, AKT, and EGFR, which are known for
androgen-independent prostate cancer key pathways (online
analysis results at http://herb.ac.cn/Experiments/detail/?v=
HBEXP000174).
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Figure 8. PPI analyses of common targets of goji, RP, BPH, and prostate cancer. (A) Network data were analyzed via the ClusterONE plug-in of
Cytoscape 3.8.0 to distinguish the highly interacted cluster which is given in red. (B) Maximal Clique Centrality by cytoHubba plug-in of Cytoscape
was used to determine the top 10 hub targets of the PPI network. The ranking is given alongside. (C) Venn diagram was constructed.

B DISCUSSION

As RP extract has been applied in anti-aging and enhanced male
health with unclear mechanisms, we tested the function in male
aging-related prostate diseases of prostate cancer while using
BPH as a control to explore the potential of RP in anti-cancer.
BPH has an overlapping mechanism of prostate disease
compared to the transformed cancer such as AR signaling,'”
but how the Chinese herbal medicine can function in treatment
is still unclear. In this study, we applied RP extract to test the
efficiency of targeting prostate cancer cells and demonstrated
that RP inhibits prostate cancer cell growth, arrests its cell cycle,
and induces apoptosis. Additionally, the network pharmacology
revealed that such properties of RP may be explained by its
targeting of the PI3K/AKT1 signaling cascade along with other
kinase signaling and hormone-related pathways. These results
were supported by cell viability and colony formation assays of
MDA-MB-231 or PC3 cell lines.

RP Extract Induces Prostate Cancer Cell Cycle Arrests
and Cell Death. The cell cycle arrest process involved in
cellular growth may induce cancer cell apoptosis.™'” We
reported in this study that RP leads to cell cycle arrest in the GO/
G1 phase. Such dysregulation of the cell cycle has been
associated with cancer cell growth inhibition. While some cell

cycle-specific proteins regulate cell cycle positively, there are also
cyclin-dependent kinases (CDKs) at different cell cycle phases
with inhibitory functions.” Previous studies demonstrate that
berberine, a main in%redient of RP, induces GO/G1 phase arrest
in colorectal cancer’' and hepatocellular carcinoma cells.”” It
has been shown that berberine arrests cell cycles in the GO/G1
phase by up-regulating p21, a CDK inhibitor.”> Berberine’s
inhibitory effect on PI3K-AKT and MAPK signaling is also
reported. These are consistent with the results of RP in this study
and suggest the possible explanation of how RP may induce cell
cycle arrest which causes cancer cell apoptosis and further
reduces prostate cancer cell growth. However, further analyses
are required to elucidate the underlying RP mechanisms.
RP-Induced Anti-cancer Signaling Analyzed by Net-
work Pharmacology Enhanced by Goji by Phosphatase
Activity. The PI3K-AKT signaling plays a crucial role in cancer
cell survival in response to various stresses including osmotic
stress, oxidative stress, and those caused by chemotherapeutic
medicines and irradiation which usually occur during the cancer
treatment procedures.”* As the signaling pathway gets activated,
it leads to the phosphorylation of downstream cascades (Bad,
GSK3/) which control critical survival functions of cancer cells
such as the regulation of cell cycle, cell growth, and apoptosis.”
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Figure 9. GO enrichment and KEGG pathway enrichment analyses of common targets of goji, RP, BPH, and prostate cancer. (A) Metascape database
provided main GO results including biological processes. (B) Data of the KEGG pathway enrichment were selected from the Kobas database based on
the corrected p-values and a k score of 0.4 and visualized. Main 10 pathways are illustrated.
this study, where we determined in PPI results that RP might

target this signaling pathway because its top-ranked proteins

include AKT1, TP53, VEGFA, BCL2L1, MTOR, and

CDKN1A, which are involved in the PI3K-AKT pathway.
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Therefore, it plays a fundamental role in prostate cancer
carcinogenesis and progression.”® However, this can be
disturbed via the inhibition of phosphorylation of several key

players such as GSK3p. This is consistent with the findings of
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Figure 10. RP-induced cell growth inhibition in PC3 cells. (A) PC3
cells were sensitive to RP extract (0.5 mg/mL) for colony formation in a
soft agar assay. (B) MDA-MB-231 cells are resistant to RP at alow dose.
(C) Venn diagram of the ingredients of RP and goji. *p < 0.05; **p <
0.01.

KEGG enrichment analyses also supported these data. Because
the downstream cascade of the PI3K-AKT pathway also consists
of kinase pathways, we hypothesize that RP might affect them as
well. In addition, we found that RP has phosphatase activity of
the nanozyme/herbzyme'® which can be enhanced by goji.
Thus, goji-enhanced RP functions may crosstalk with the
phosphatase/kinase and regulate kinase pathways through the
above signaling we found.

The recurrence of prostate cancer after the androgen
deprivation therapy which is commonly used along with radio-
and chemotherapies is linked to cells that do not express AR or
changes in function or structure.”” Recent studies found that
androgen-independent prostate cancer may be targeted via ER
pathways.”® According to Chaurasiya et al.,”” ERA1 regulates the
PI3K/AKT pathway in PC3 cells and its agonists may be used to
inhibit AKT signaling. As RP at 0.5 mg/mL inhibits colony
formation of PC3 cells that have no much function of AR, while a
44-fold higher dose of RP (22 mg/mL) was required to inhibit
cell growth of the MDA-MB-231 estrogen-depleted cell line, our
data suggest the possible mechanism of RP, which may be the
activation of ER to block AKT activity in PC3 cells. Additionally,
our experimental assays in consistency with network pharmacol-
ogy displayed that RP’s anti-cancer effect is enhanced by goji,
which is commonly used in combination with RP. Goji has been
reported to target prostate cancer tumors by inducing cell
apoptosis.’’ These may explain the synergistic effect of goji with
RP.

Comparing to Other Similar Works. Our work reported
an RP-induced anti-cancer function in prostate cancer. RP-
induced anti-cancer has been studied in different types of cancer.
Cell cycle arrest at GO/G1 by RP polysaccharides has been
reported in H22 hepatocellular carcinoma transglanted tumor
growth and induced caspase-mediated cell death.”* Cancer cells
that are reported to be inhibited by RP include breast cancer
cells (MCF-27, MDA-MB-435), esophageal cancer cells (ECA-

109), gastric cancer cells (HGC-27), colorectal cancer cells
(HCT-8), Hela cells, leukemia cells (HL-60), prostate cancer-
associated fibroblasts, and lung cancer cells."*7?3" The
mechanisms are also related to the immune system response.’
In recent findings, polysaccharides extracted from Polygonatum
cyrtonema Hua could arrest the Hela cells at the G2/M cell cycle
phase via increased expression of CyclinD1,>* which is different
from our finding of GO/G1 arrest in prostate cancer. This might
be due to the special prostate cancer signaling crosstalk of
distinct cancer signaling. The evidence is that in the same
cervical cancer cells of Hela, another compound, methyl
protodioscin, which is a steroid saponin, induced the same
cycle arrest as G2/M.>

In triple-negative breast cancer, the polysaccharide extracted
from Polygonatum sibiricum decreased the population of myeloid
cells and hematopoietic cell expansion in the spleen, suggesting
the anti-breast cancer function.”* In the P. sibiricum, there are 64
chemical compounds with main parts as rthamnetin, wogonin,
chrysosplenetin B, dauriporphine, and S-hydroxyl-7,8-panicolin,
whose targets include Akt, MAPK14, PIK3CG, and GSK3 of
kinases and cell death-related pS53, NOS2, and SCNSA, as
almost half drug-targeted compounds are related to anti-cancer
by network pharmacology analysis,”> which is consistent with
our current results. The screened top-ranked targets of Akt” are
similar to our results based on whole chemical component
database analysis. Importantly, the top targets are related to
kinases, which is interesting to our finding that RP has
phosphatase activity and potentially can target kinases as a
nanoscale drug in delivery. Another study on RP-mediated anti-
cancer effects revealed that some fractions of extracted steroidal
glycosides could inhibit growth of HepG2, AS549, and Caco2
cancer cells.>® In addition, polysaccharides extracted from P.
sibiricum could affect the MAPK signaling cascade in anti-cancer
through cytokine-related immune enhancement.’”

The most interesting finding from breast cancer cells is that
the extract of homoisoflavanones promotes the breast cancer cell
MCEF7 growth and binds to the estrogen receptor a ligand
binding domain, suggesting the estrogen-like function.>® We
may propose the combination of the special extract using nano
RP as a carrier to inhibit hormone-sensitive prostate cancer
instead of anti-androgen therapy which may result in decreased
quality of life.”” Moreover, estrogen-based therapy needs more
accurately estimate of the side effects in the pandemic era.*’

All the above others’ studies focused on extracting RP on
cancer signaling and apoptosis effects, but the whole extract of
processed RP-mediated effects, especially by nanoparticles of
the extract, is unclear. Nanoparticles of the herb have anti-cancer
effects by the drug carrier, encapsulation, and drug delivery, but
the nanozyme effect also is unknown. Here, we reported the
nanozyme function by RP extract in vitro as a potent
phosphatase to inhibit cancer cell signaling of growth.
Phosphatase is a stem cell marker. Therefore, the nanoscale
RP’s herbzyme activity may be functional in anti-cancer besides
the chemical compound-mediated anti-cancer pathways. Here,
we systematically analyzed both chemical compounds and the
herbzyme of the nanoscale extract effect, which is a complete
understanding and prediction of the RP in prostate cancer, in
addition to that reported for the sugar or steroid-mediated
function of RP extract.

Opverall, our study suggested an underlying mechanism of
RP’s anti-prostate cancer characteristics. However, in the future,
there should be an in vivo experiment to validate the results of
our network pharmacology analyses as the outcome is based on
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the data mining and analysis of huge amounts of information via
bioinformatics tools which may differ from the actual in vivo
experimental results.

B CONCLUSIONS

RP extract inhibits prostate cancer cell growth, which is
enhanced by the traditionally prescribed combination of goji
associated with nanoscale herbzymatic phosphatase activity in
vitro. Network pharmacology analysis of RP/goji combinatorial
induction on cell signaling against prostate cancer includes
hormone receptor AR and ER, kinases, and hormone signaling,
which were validated by experimental investigation on colony
formation, and cancer cell growth inhibition.

B MATERIALS AND METHODS

Nanoparticle Processing, Measurement of Size Dis-
tribution, and Zeta Potential. RP nanoparticles were
obtained by processing RP slices of commercial products
(Mount Tai-RP, Taian Xianlu Food Co., Ltd., Taian, China) as
described previously,'” followed by boiling in a microwave and
filtering by 200 nm. RP nanoparticle size distributions were
measured using a Zetasizer Nano ZS analyzer (Malvern
Instrument) with disposable microcuvettes under settings of a
material absorbtion of 0.010 and a temperature of 25 °C. Zeta
potential was measured by Malvern Instruments at a temper-
ature of 25 °C with a count rate (kcps) of 17.4.

Apoptosis and Cell Cycle Analysis using a Muse
Analyzer. For cell apoptosis and cell cycle analysis, cells were
treated by RP for 24 h under detached conditions in 6-well plates
at 8.5 mg/mL. For the cell apoptosis assay, cells were collected,
suspended, and stained by the protocol provided in a Muse
Annexin V Dead Cell Assay Kit (Merck Millipore). In details,
cells were detached by treatment with trypsin and washed by
phosphate-buffered saline (PBS) buffer, followed by suspending
in PBS with 1% fetal bovine serum at 4 X 10° cells/mL
concentration. Finally, cells were stained with the Muse Annexin
V kit reagent according to the instructions of the manufacturer
of the Muse cell analyzer (Merck Millipore). Cells were counted
as the four populations of non-apoptotic cells with annexin V-/
7-AAD—, early apoptotic cells with annexin V+/7-AAD—, late
stage apoptotic/dead cells with annexin V+/7-AAD+, and
mostly nuclear debris with annexin V—/7-AAD+ (Merck
Millipore protocol). The gating was performed following the
manufacturer’s guidelines of Muse software. During the data
analysis, it requires visually identifying the above-mentioned
four different cell populations on the plot for primary data.
Further, the gates were adjusted using the manufacturer’s Muse
software. The gates were in the same positions for all samples to
remove the debris with the threshold markers. For cell cycle
analysis, cells were treated by trypsin, collected, and washed by
PBS and subjected to fix by ice-cold ethanol (70%) for at least 3
h. Then, cells were washed by PBS gently and finally stained with
reagent kits of the Muse Cell Cycle Assay Kit (Merck Millipore).
Data analysis was performed by the protocol of the Muse cell
analyzer.

Cell Survival and Soft Agar Assays. The cell survival assay
was performed by treating cells for 3 days with the concentration
indicated in the figure legend, followed by fixation and staining
with crystal violet as described previously.*" For the soft agar
assay, cells were plated in 6-well plates with 6% bottom agarose
and 3% top agarose (Sigma-Aldrich) and treated with the vehicle
or RP extract at 0.5 mg/mL during plating when cooling down
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using the standard protocol of the soft agar assay. About 4 weeks
post-treatment, the colonies were counted and inhibition
efficiencies were calculated by percentage.

Network Pharmacology Analysis. RP extract ingredients
were shown in our previously published paper.”® Based on the
chemical compound, we obtained the chemical-gene targets
through the database of “HERB” (http:/ /herb.ac.cn/Detail/2v=
HERB005429&label=Herb).'® The PPI maps of RP or goji drug
target proteins were constructed using the STRING online tool
and Cytoscape software.””** GO and KEGG pathway enrich-
ment were analyzed by g:Profiler (http://biit.cs.ut.ee/gprofiler/
page/citing) with visualization by an online tool for data analysis
and graphing (http://www.bioinformatics.com.cn) or by the
HERB (http://herb.ac.cn/Detail/2v=HERB005429&label=
Herb) database'® and Origin software with the following details.
The Metascape database provided main biological processes
which then were visualized by the GO chord tool of
bioinformatics software, and the data of KEGG pathway
enrichment were selected from the Kobas database based on
the corrected p-values and a x score of 0.4 and visualized by
OriginLab 2020b software.**™** The connectivity map of the
herb compound to known database gene expression profiling
was obtained by HERB online request'° linking to the data set of
cMAP perturbagens (https://clue.io/).15

Phosphatase Herbzyme Activity Assay. The phospha-
tase ALP (purchased from Life Technologies) and substrate of
NBT/BCIP (nitro blue tetrazolium-5-Bromo-4-chloro-3-indol-
yl phosphate) (Thermo Fisher) were used to measure
phosphatase activity of the herbzyme as described previously.'
The ALP was also applied as a positive control.

Scanning Electron and Atomic Force Microscopies.
Atomic force microscopy (AFM) analysis was carried out with a
Smart SPM 1000. AFM and scanning electron microscopy
(SEM) sample preparations were described previously.”' In
detail, for SEM analysis, herbal RP extracts were put on foil
papers and subjected to quick drying in air.'’ Finally, the
samples were investigated using a Zeiss SEM microscope as
described previously.""

Statistical Analysis. Student’s T test was the statistical
analysis method to check the significance, and p < 0.05 or 0.01
was applied for analysis.
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