Analyses of the possible anti-tumor effect of Yokukansan
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Abstract

The Kampo medicine Yokukansan (YKS) has a wide variety of properties such as
anxiolytic, anti-inflammatory and analgesic effects, and is also thought to regulate
tumor suppression. In this study, we investigated the anti-tumor effect of YKS. We used
Lewis lung carcinoma (LLC)-bearing mice that were fed food pellets containing YKS
and then performed a fecal microbiota analysis, a microarray analysis for microRNAs
(miRNASs) and an in vitro anti-tumor assay. The fecal microbiota analysis revealed that
treatment with YKS partly reversed changes in the microbiota composition due to LLC
implantation. Furthermore, a miRNA array analysis using blood serum showed that
treatment with YKS restored the levels of miR-133a-3p/133b-3p, miR-1a-3p and
miR-342-3p following LLC implantation to normal levels. A TargetScan analysis
revealed that the epidermal growth factor receptor 1 (EGFR1) signaling pathway is one
of the major target pathways for these miRNAs. Furthermore, treatment with YKS
restored the levels of miR-200b-3p and miR-200c-3p, a recognized mediator of cancer
progression and controller of emotion, in the hypothalamus of mice bearing LLC. An in
vitro assay revealed that a mixture of pachymic acid, saikosaponins a and d and
isoliquiritigenin, which are all contained in YKS, exerted direct and additive anti-tumor
effects. The present findings constitute novel evidence that YKS may exert an
anti-tumor effect by reversing changes in the fecal microbiota and miRNAs circulating
in the blood serum and hypothalamus, and the compounds found in YKS could have

direct and additive anti-tumor effects.
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Abbreviations

CF, Control food; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; DNMT3a,
DNA methyltransferase 3a; EGFR, epidermal growth factor receptor; EMT,
epithelial-to-mesenchymal transition; GM, geissoschizine methyl ether; HPA,
hypothalamic-pituitary-adrenal; I1L-6, Interleukin-6; LLC, Lewis lung carcinoma;
miRNAs, microRNAS; N.Acc, nucleus accumbens; NO, nitric oxide; NSCLC,
non-small cell lung cancer; NT, non-tumor; STAT, Signal Transducers and Activators
of Transcription; TLR, Toll-like receptor; YKS, Yokukansan; YKSF, YKS-treated food;

Zeb2, Zinc finger E-box-binding homeobox 2.

Introduction

Psychological stress, such as that associated with depression or social isolation, has
been identified as an important factor in tumor growth [1]. Psychosocial stress affects
sympathetic, neuroendocrine, and immune responses, resulting in facilitation of the
hypothalamic-pituitary-adrenal (HPA)-axis and sympathetic nervous system, and
subsequently contributes to the progression of tumor growth through the regulation of
inflammatory responses by immune cells [2].

MicroRNAs (miRNAs) are small nucleotide sequences of non-coding RNA that
regulate the expression of transcriptome involved in embryonic development,
differentiation, proliferation, and apoptosis [3]. In the field of pain research, we
previously reported that the expression of miR-200/429 was dramatically decreased in
the nucleus accumbens (N.Acc), which is the terminus of the reward system, by
neuropathic pain-like stimuli [4]. We also found that sciatic nerve ligation changed the

expression of many miRNAs in the amygdala, which is the main brain region for



controlling negative emotion [5]. Furthermore, it has recently been reported that the
miR-200 family is related to several malignancies, including lung cancer, breast cancer,
ovarian cancer, prostate cancer, lymphoma, pancreatic cancer, colorectal cancer and
gastric cancer [6]. The miR-200 family helps to regulate the epithelial-to-mesenchymal
transition (EMT), cancer cell proliferation, and drug resistance [7].

The gut microbiota has a varied and multifactorial cell density and composition. Shifts
in the composition and diversity of the gut microbiota have been associated with
carcinogenesis [8], tumor immunotherapy [9], and anticancer immunosurveillance [10],
as well as interactions with the host immune system and cancer development and
treatment [11].

Yokukansan (YKS) is a Kampo medicine consisting of seven medicinal herbs,
including Uncaria hook, Bupleurum root, Japanese Angelica root, Cnidium rhizome,
Atractylodes lancea rhizome, Poria sclerotium, and Glycyrrhiza root [12]. Recent basic
studies have addressed the efficacy of YKS for treating psychological stress and anxiety
via the activation of serotonin 5-HT1a receptors [13], a cholinergic mechanism [14],
modification of glutamatergic neuron activity [15] and regulation of orexin secretion
[16], along with anti-inflammatory [17] and analgesic effects [18]. Since YKS has
multiple actions associated with its anti-stress and anxiolytic effects, it can also be
expected to regulate tumor suppression. However, little is known about tumor
suppression by YKS or its mechanism.

In this study, we clarified the effect of YKS on tumor growth. Furthermore, we
investigated changes in the composition of the gut microbiota and the expression of
circulating miRNAs, and also performed cell viability assays on some of its component

compounds that can be expected to have an anti-tumor effect.



Materials and Methods
Animals

This study was conducted in accordance with the Guiding Principles for the Care and
Use of Laboratory Animals, Hoshi University, as adopted by the Committee on Animal
Research of Hoshi University, which is accredited by the Ministry of Education, Culture,
Sports, Science, and Technology of Japan. We performed the experiments using male
C57BL/6J mice (Tokyo Laboratory Animals Science, Tokyo, Japan), aged 7 weeks at
the start of the experimental procedures. After the implantation of LLC cells, animals
were individually housed in a room with an ambient temperature of 23 £ 1 °C and a 12

hr light-dark cycle (lights on 8:00 a.m. to 8:00 p.m.).

Drugs and administration

Yokukansan consisted of seven medicinal herbs: 4.0 g of Atractylodes lancea rhizome,
4.0 g of Poria sclerotium, 3.0 g of Cnidium rhizome, 3.0 g of Uncaria hook, 3.0 g of
Japanese Angelica root, 2.0 g of Bupleurum root, and 1.5 g of Glycyrrhiza root. It was
supplied by Tsumura & Co. (Tokyo, Japan) as a powdered mixture of dried herbal
extracts. Control food (CF) was standard pellet chow for rodents (Oriental Yeast Co.,
Ltd.). For YKS-treated food (YKSF), powdered Yokukansan was mixed into CF at a
concentration of 0.6%. We measured the food intake and body weight of each mouse

daily. Food and water were freely available during the experiment.

Graft tumor growth assay



We anesthetized the animals with isoflurane (3%; Wako Pure Chemical Industries,

Tokyo, Japan). LLC cells, which belong to Kras-mutant cell line [19], were

resuspended in a mixture of extracellular matrix (ECM) gel (Sigma-Aldrich Co., St.
Louis, MO) and Hank’s Balanced Salt Solution (HBSS, Thermo Fisher Scientific Inc.,
Waltham, MA) (3:1) at a concentration of 2x10° cells/0.5mL, and 0.5mL of this
suspension was then transplanted subcutaneously into the right lower back of mice.
Tumor volume was measured at 4, 7, 11, 14, 18, and 21 days using a caliper, and

calculated as (L x W?)/2, (L: length and W: width).

Microarray analysis for microRNAs

Total RNA, including miRNAs, was extracted from the serum of 1 mouse per group at
22 days after LLC cell implantation, using a mirVana PARIS Kit (Thermo Fisher
Scientific). Agilent Mouse 8x60K expression Microarrays were used to profile
miRNA expression. All of the procedures for microarray analysis were performed by

DNA Chip Research Inc. (Tokyo, Japan).

MiRNA target prediction and pathway analysis

To predict miRNA target mRNAs, TargetScan Mouse 7.1 (www.targetscan.org) was
used. The resulting target mMRNA lists for each miRNA were integrated using a Venn
diagram with GeneSpring 14.5 (Agilent Technologies). The integrated target mRNA list
was subjected to a pathway analysis through a Simple Experiment Analysis using the

WikiPathways database.

Quantification of miRNAs with real-time PCR (qRT-PCR)



Mice were sacrificed by decapitation at 22 days of treatment with YKS. Total RNA
extracted from blood serum and brains of mice were isolated for the RT reaction and
transcribed cDNA was then used for subsequent PCR amplification with Universal
PCR Master Mix, No AmpErase UNG (Thermo Fisher Scientific). Real-time PCR was
conducted at 95°C for 10 min, followed by 40 cycles at 95°C for 15 s and 60°C for 1
min. The threshold cycle (Ct) method was used to determine the relative quantity of

each miRNA.

Fecal microbiota sequencing

Fecal boli of each mouse were immediately collected, frozen in dry ice, and then
stored at -80°C until extraction. For 16S ribosomal RNA (rRNA) sequencing, the V3
to V4 region of 16S rRNA genes from extracted DNA were amplified using bacterial
universal primers. The purified amplicons (average 500-bp) were pooled in equimolar
amounts and used as a template to prepare a sequencing library. Sequencing was
performed using an Illumina MiSeq (Illumina, San Diego, CA). Data processing,
assignment, and data aggregation were performed using Repertoire analysis software

(Repertoire Genesis, Tokyo, Japan). Cluster analysis was performed with GeneSpring

software (Adilent Technologies, CA, USA).

Cell culture
The LLC cell line was cultured in RPMI 1640 medium HELPES Modification

(Sigma-Aldrich) with 10% fetal bovine serum (FBS; Invitrogen™ Life Technologies



Co., Carlsbad, CA) and penicillin-streptomycin (PS; Invitrogen™). Cell culture was

maintained in a water-humidified 37°C incubator with 5% CO..

Reagents
The reagents used in this study consisted of seven compounds contained in YKS:

pachymic acid, isoliguiritigenin, saikosaponin a (Toronto Research Chemicals Inc.,

Toronto, Canada), saikosaponin c, saikosaponin d, B-eudesmol (FUJIFILM Wako

Pure Co., Osaka, Japan), and palmitic acid (Combi-Blocks Inc., San Diego, CA).

MTT assay

LLC cells were seeded at a density of 5x10* cells/ml. Seven compounds at
concentrations of 1, 3, and 10 uM and a 4-compound mixture at concentrations of 1 and
3 uM were added to the cells, which were then incubated for 48 hr. After incubation, 20
uL of 5 mg/mL 3-(4,5-dimethylthiazol-2-yl) 22,5-diphenyltetrazolium bromide (MTT)
was added to each well for 2 hr, and then the reaction was stopped by replacing the
media with 100 uLL of DMSO. Optical density analysis was performed using a

microplate reader at an absorption wavelength 600 nm.

Statistical analysis

Data are expressed as means + SEM. Differences between groups were analyzed for
significance using the unpaired Student’s t-test or one-way ANOVA with Tukey’s post
hoc test. A value of p<0.05 was considered statistically significant. Data involving

time-dependent changes were analyzed using two-way repeated measures (RM)



ANOVA followed by Bonferroni post-hoc tests, where appropriate. All statistical

analyses were performed with Prism version 5.0 (GraphPad Software, La Jolla, CA).

Results
Effect of YKS on tumor development
To investigate whether YKS affects tumor growth, we used LLC-bearing mice fed

control food (CF) pellets containing 0.6% YKS (YKSF; about 0.9 g/kg/day) and

measured their tumor volumes. Treatment with YKSF was started after LLC
implantation and continued for 3 weeks (Fig. 1A). While tumor growth proceeded
gradually after tumor implantation in all mice in the LLC-implanted groups, the tumor
volume in the YKSF-LLC group was less than that in the CF-LLC group. The
difference between the CF-LLC and YKSF-LLC groups was statistically significant at
21 days after LLC implantation ("“p<0.001, Fig. 1B). During the experimental period,
there were no significant differences in food intake or changes in body weight between

the two groups (Fig. 1C, D). These results suggest that treatment with YKS for 3 weeks

may suppress tumor growth.

Regulation of the gut microbiota composition by YKS treatment

Recent studies have suggested that there could be an association between the gut
microbiota and antitumor immunity [20]. Therefore, we examined whether YKSF
feeding could affect the composition of the gut microbiota. Unexpectedly, the overall
gut microbiota compositions were not different among the non-tumor and control food
(CF-NT) group, tumor-bearing and control food (CF-LLC) group, non-tumor and

control food containing 0.6%YKS (YKSF-NT) group, and tumor-bearing and control



food containing 0.6%YKS (YKSF-LLC) group (Fig. 2A). Next, we analyzed the gut
microbiota at the species level and found that the CF-LLC group had significantly lower
levels of Bacteroidales, Desulfovibrionaceae and Veillonellaceae than the CF-NT group
('p<0.05, “p<0.01, Fig. 2b). Furthermore, the reductions in Bacteroidales and
Desulfovibrionaceae in the YKSF-LLC group were significantly less than those in the
CF-LLC group (*p<0.05, Fig. 2B) and a similar though non-significant trend was noted
for Veillonellaceae. These data suggest that the gut microbiota composition changed
under the tumor-bearing condition, and that these changes could be reduced, at least in

part, by treatment with YKS.

Changes in miRNA expression under YKS treatment

To evaluate whether YKS could affect miRNA expression levels in blood serum, a
miRNA array analysis was performed. Scatterplots comparing the expression profiles of
CF-NT and CF-LLC, or CF-NT and YKSF-LLC are shown in Fig. 3A and 3B,
respectively. The expression of many miRNAs was altered in the LLC-bearing
condition. While specific miRNAs were up- or down-regulated (> 2-fold change) in
the CF-LLC group, some of these changes were reversed to the respective normal levels
in the YKSF-LLC group. Among them, miR-133a-3p/133b-3p and miR-1a-3p were
found to be clearly up-regulated in the CF-LLC group, and these changes were
restored by YKS treatment. In contrast, miR-342-3p was down-regulated in the
CF-LLC group, and this effect was slightly reduced by YKS (Fig. 3C). We
guantitatively validated the changes in miR-133a-3p, miR-133b-3p, miR-1a-3p and

miR-342-3p using a gRT-PCR assay (Table 1).
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Prediction of mRNA targets for miR-133a-3p/133b-3p, miR-1a-3p, and
miR-342-3p

To identify the candidate MRNA targets for miR-133a-3p/133b-3p, miR-1a-3p and
miR-342-3p, we used Target Scan Mouse 7.1. Target mRNA lists for each miRNA
were integrated using a Venn diagram with GeneSpring 14.5. We obtained a total of
1475 target genes (Fig. 3D). We extracted the top 10 pathways from a WikiPathway
analysis with all of the target mMRNA candidates, and found that the EGFR1 signaling
pathway was included in each of the top 10 pathways (Fig. 3E). Indeed, 26 target
MRNAs were enriched in the EGFR1 signaling pathway (Fig. 3F). These results suggest

that YKS may exert an anti-tumor effect by modulating the EGFR1 signaling pathway.

MiRNA expression levels in the hypothalamus

To examine the effects of YKS on the brain, we performed a quantitative analysis of
miRNA expression in the hypothalamus using QRT-PCR. Expression levels of members
of the miR-200 family such as miR-200b-3p and miR-200c-3p, which would play a
critical role in cancer progression, brain dysregulation and emotionality, were
significantly down-regulated in the CF-LLC group compared to the CF-NT group

*kk

("p<0.01, "“p<0.001, Fig. 4A, B). Interestingly, these reductions were significantly
reduced in the YKSF-LLC group compared to the CF-LLC group (*p<0.05, Fig. 4A, B).
The expression level of another miR-200 family member, miR-429-3p, was
significantly decreased by LLC (Fig. 4C). This decrease in the level of miR-429-3p in
the YKSF-LLC group was slightly reduced compared to that in the CF-LLC group (Fig.

4C). The expression levels of another emotion-controller, miR-34c-5p, but not

miR-34b-3p, were significantly increased in both the YKSF-NT and CF-LLC groups
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("p<0.01, Fig. 4D, E). However, there were no significant differences in the expression
of miR-34b-3p or miR-34c-5p between the CF-LLC and YKSF-LLC groups (Fig. 4D,

E).

Cell viability by the MTT assay

While pachymic acid, saikosaponins a and d, and isoliquiritigenin significantly
decreased cell viability at 10 uM, saikosaponin c, palmitic acid, and p-eudesmol did not
influence cell viability (Fig. 5A). Further MTT assays were performed in the presence
of pachymic acid, saikosaponins a and d, and isoliquiritigenin, both separately and as a
4-component mixture. Pachymic acid, saikosaponin a and isoliquiritigenin significantly
decreased cell viability in a concentration-dependent manner at 1 and 3 M. In the same
concentration 4-compound mixture, an additive decrease in cell viability was clearly

observed compared to pachymic acid alone (Fig. 5B).

Discussion and conclusions
It has been reported that YKS has anti-inflammatory, anti-stress and analgesic effects,
and YKS is commonly used to treat neurosis, insomnia and dementia [21-23], and these

symptoms are often seen in cancer patients [24]. In the present study, we found that oral

intake of YKS for 3 weeks suppressed tumor growth in LLC-bearing mice. These
results suggest that YKS may be effective for tumor suppression.

Recently, the gut microbiota has been considered to be associated with many diseases,
including cancer. Therefore, we investigated whether the composition of the gut
microbiota could be changed by YKS treatment. As a result, Bacteroidales,

Veillonellaceae and Desulfovibrionaceae were reduced in the CF-LLC group, and this
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effect was itself reduced in the YKSF-LLC group. Interestingly, it has recently been
reported that Bacteroidales has an anti-tumor effect via cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) [25]. Although further investigation is
required, the effect of YKS may involve, at least in part, CTLA-4 regulation. Although

the mechanism of YKS-induced recovery from the decrease in gut microbiota in the

process of tumor growth has not been identified yet, the previous report showed that

isoliquiritigenin, which is a component compound of YKS, could improve the gut

microenvironment under the state of cancer [26]. Therefore, we hypothesize here that

this effect may, at least in part, contribute to the suppression of tumor progression.

Another key finding of the present study was that YKS treatment reduced changes in
the expression levels of circulating miRNAs in blood serum and brain-related miRNAs
in the hypothalamus of tumor-bearing mice. Among miRNAs that were altered in blood
serum, the effects on miR-133a-3p/133b-3p, miR-1a-3p and miR-342-3p were
reduced by YKS treatment. Thus, we sought to identify potential common targets of
miR-133a-3p/133b-3p, miR-1a-3p and miR-342-3p, and found that one of these
common targets was the EGFR1 signaling pathway. EGFR has been shown to be
implicated in carcinogenic processes such as cell survival, proliferation, metastasis and
angiogenesis [27]. This type of cancer EGFR is considered to be one of the most potent
drivers of tumor development, and is a critical target for lung cancer therapies [28]. In
fact, EGFR mutations have been observed in a certain percentage of lung cancers [29].
A growing body of evidence suggests that EGFR is mainly overexpressed in non-small
cell lung cancer (NSCLC) and such overexpression of EGFR is associated with reduced
survival, frequent lymph node metastasis, poor prognosis and chemosensitivity [30, 31].

When several specific ligands bind to EGFR, activation of its signaling pathways,

13



including the RAS/RAF/ERK/MAPK pathway, results in cell proliferation [32]. The
PI3K/Akt pathway, and Signal Transducers and Activators of Transcription (STAT) 3
and 5 signal transduction pathways activated by the stimulation of EGFRs are involved
in the evasion of apoptosis [33]. Considering this background, we hypothesized that
YKS may suppress the tumor-activated EGFR1 signaling pathway while also modulating
the expression of blood serum-oriented miRNAs, and contribute to the suppression of
tumor growth.

The HPA axis is known to be a pivotal component of an organism’s response to stress.

Activation of the stress network through the HPA axis may directly interact with

immune cell responses [34]. Therefore, we next investigated the functional changes

related to miRNAs in the hypothalamus of tumor-bearing mice, which is the brain

region that efferent molecules are easy to reach due to the possible damage of the

blood-brain barrier in mice with tumor. It has been reported that many miRNAs are

expressed and enriched in the hypothalamus, and these miRNAs play important roles in
regulating hypothalamic control functions [35]. miR-200b-3p and miR-200c-3p have
been considered to be correlated with tumor progression and brain dysfunction such as
major depressive disorder, Huntington’s disease and cerebral ischemia [36-38]. In the
present study, we found that the levels of miR-200b-3p and miR-200c-3p in the
hypothalamus, which were both significantly decreased in the CF-LLC group, were
significantly restored in the hypothalamus of the YKSF-LLC group. In contrast, no
significant differences in miR-34b-3p or miR-34c-5p, both of which are enriched in the
brain and critical for control of negative emotions [39, 40], were found between the

CF-LLC and YKSF-LLC groups. It has recently been reported that the miR-200

expressed in microglia requlates the microglial inflammatory process and neuronal
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survival by modulating the c-Jun/MAPK pathway [41]. Furthermore, the miR-200

family has been shown to control postnatal forebrain neurogenesis via Zinc finger

E-box-binding homeobox 2 (Zeb2) inhibition [42]. More importantly, we previously

reported that the expression of DNA methyltransferase 3a (DNMT3a) was significantly

increased with decrease in miR-200b/429 clusters in the N.Acc. under a neuropathic

pain-like state [4]. Taken together, these results suggest that down-regulation of the

miR-200 family in the hypothalamus could contribute to brain dysregulation associated

with neuroinflammation. Although the direct mechanism of YKS-induced recovery

from the decrease in the expression of miR-200s in the hypothalamus in the process of

tumor growth should be investigated in future approach, we hypothesize here that YKS

may have therapeutic potential for cancer by ameliorating brain dysregulation
consequent to changes in the miRNA profile, including the miR-200 family, due to
cancer.

Since YKS is composed of seven medicinal herbs, the overall effect of YKS may
result from the synergistic actions of these herbal medicines. Some of these herbs
contained in YKS are known to possess anti-tumor activity. Pachymic acid, a
lanostane-type triterpenoid contained in Poria sclerotium, exerts anti-tumor effects._It

can inhibit the growth of several human cancer cells through apoptosis by reducing

prostaglandin synthesis and AKT activity [43, 44], activation of the endoplasmic

reticulum (ER) stress pathway [45, 46], and the inhibition of mitochondrial capacity

[47]. Saikosaponin contained in Bupleurum root includes multiple saponins (a,b,c,d,e,f),
and the main saponins that are responsible for the anti-tumor effect are considered to be

saikosaponins a and d._Saikosaponin a induces apoptosis and cell cycle arrest via the

sequential activation of caspase family through the involvement of the p53/p21 pathway
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[48-52] and the suppression of phosphatidylinositol 3kinase/Akt and MAPK signaling

[53] in several cancer cell lines. Isoliquiritigenin, a natural flavonoid contained in

Glycyrrhiza root, inhibits the proliferation of human NSCLC A549 cells though the p53
and Fas/FasL apoptotic system [54] and induces cell cycle arrest and p21(CIP1/WAF1)
expression [55]. In addition, isoliquiritigenin induced apoptosis and suppressed tumor
growth in human NSCLC cells [56]. However, the anti-tumor effects of YKS, which
contains these compounds, have not been clarified. In this study, we examined the
anti-tumor effects of YKS using a LLC cell xenograft mouse model and further
identified the active compounds by MTT assay. Next, we confirmed the anti-tumor
effects of pachymic acid, saikosaponins a and d, and isoliquiritigenin, and showed that a

mixture of these 4 compounds had an additive anti-tumor effect. Although these

components are not included with the same amount in YKS, our findings suggest that

YKS contains many compounds with various anti-tumor effects and these exert an

additive or a synergistic effect on tumor growth.

In conclusion, our findings suggest that YKS suppresses tumor growth and restores
the expression of miR-200b/c-3p in the hypothalamus and miR-133a/b-3p, miR-1a-3p,
and miR-342-3p in serum. Furthermore, disruption of the fecal microbiota composition
in tumor-bearing mice was partly restored to the control composition by YKS. These
results suggest that YKS may exert an anti-tumor effect partly by restoring the
expression levels of miRNAs in blood serum and the hypothalamus, and the gut
microbiota composition. Critically, the present in vitro study suggests that the combined
effects of pachymic acid, saikosaponins a and d, and isoliquiritigenin, which are

constituents of YKS, on tumor suppression may explain the promising effect of YKS.

This study presents a new approach to evaluate the efficacy of YKS._Further research is
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needed to clarify how components of YKS correspond to restoring the levels of

miRNASs in blood serum and hypothalamus, and the gut microbiota composition.
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Figure Legends

Fig. 1 Time-course of tumor volume, food intake and body weight of mice fed pellets
containing YKS. (A) Experimental schedule. (B) Quantitative analysis of tumor size in
tumor-bearing mice fed control food (CF-LLC) (n=12) and control food containing
0.6% YKS-LLC (YKSF-LLC) (n=14) at 4, 7, 11, 14, 18, and 21 days after tumor
implantation (***p<0.001 vs. CF-LLC). (C, D) Time-course of changes in food intake

(C) and body weight (D) of LLC-bearing mice. All data are presented as means + SEM.

Fig. 2 Effect of YKSF on the gut microbiota composition. (A) Unsupervised
hierarchical clustering of normalized read number of each microbiota species rRNA
DNA amplicons in each mouse. Values at branches are approximately unbiased (AU) P

values (%) computed by bootstrap resampling. Red and blue colors presented in the

heatmap indicate values above and below the mean value of each microbiota species in

each mouse, respectively. Yellow indicates values close to the mean. Grey indicates

values between minimum (blue) and medium (yellow). (B) Changes in the fecal

microbiota composition of non-tumor (NT) and LLC-bearing (LLC) mice at 22 days of
feeding with CF or YKSF. Columns show means + SEM. *p < 0.05, **p < 0.01 vs.

NT-CF group, #p < 0.05 vs. LLC-CF group.
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Fig. 3 Effect of YKSF on the expression of miRNAs in blood serum. (A, B) Pearson’s
correlation scatterplot of miRNA levels in control food-LLC bearing mice (CF-LLC) vs.
control food-non-tumor mice (CF-NT) (A), and control food containing 0.6%YKS-LLC
bearing mice (YKSF-LLC) vs. CF-NT mice (B) at 22 days. The blue points represent
miRNAs for which expression in the CF-LLC group was two-fold more or less than that
in the CF-NT group, and for which expression in the YKSF-LLC group was within
two-fold of that in the CF-NT group. (C) Relative expression of miR-133a-3p,
miR-133b-3p, miR-1a-3p and miR-342-3p in blood serum of NT and LLC mice at 22
days after YKS treatment by miRNA array. (D) Venn diagram of the results of a search
for target mMRNA candidates for miR-133a-3p/133b-3p, miR-1a-3p and miR-342-3p by
a TargetScan analysis. The total number of target mMRNA candidates is 1475. (E) Top 10
pathways extracted from a Wikipathway analysis. All of the target mMRNA candidates as
input are shown. The yellow pathway is the EGFR1 Signaling Pathway. (F) Diagram of
the EGFR1 signaling pathway (WP572_71756). mRNAs in red boxes are matched

MRNAS.

Fig. 4 Effect of YKSF on the expression of miRNAs in the hypothalamus. Quantitative
analysis of the expression of miR-200b-3p (A), miR-200c-3p (B), miR-429-3p (C),

miR-34c-3p (D), and miR-34b-5p (E) in the hypothalamus of NT and LLC mice at 22

days after YKS treatment. Columns represent means + SEM. *p < 0.05, **p<0.01, ***p

< 0.001 vs. NT-CF group, #p < 0.05 vs. LLC-CF group.
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Fig. 5 Compounds in YKS that inhibit LLC cell proliferation. (A) LLC cells were
incubated with each of the seven compounds (10 uM) contained in YKS, i.e., pachymic
acid, palmitic acid, saikosaponins a, ¢ and d, B-eudesmol, and isoliquiritigenin, for 48 hr,
and cell viability was determined by the MTT assay. (B) LLC cells were incubated with
pachymic acid, saikosaponins a and d, and isoliquiritigenin (1 and 3 uM), and a mixture
of these 4 compounds, for 48 hr, and cell viability was determined by the MTT assay.

Columns represent means = SEM. *p < 0.05, **p<0.01, ***p < 0.001 vs. control.

Table 1. Quantitative validation of the expression changes in circulating miRNAs in the

serum in Figure 3C.
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Table 1. Quantitative validation of the expression changes in circulating miRNAs in the serum
in Figure 3C

Target miRNA Sample Av. ACT l:\?;d c(::::l-a"r}?)e S.E.M. p-value
miR-133a-3p CF-NT N.D. - - -
YKSF-NT N.D. - - .
CF-LLC 5.75 - 0.297 -
YKSF-LLC N.D. - - .
miR-133b-3p CF-NT N.D. - - -
YKSF-NT N.D. - - .
CF-LLC 5.55 - 0.109 -
YKSF-LLC N.D. - - .
miR-1a-3p CF-NT N.D. - - -
YKSF-NT N.D. - - -
CF-LLC 5.99 - 0.064 -
YKSF-LLC N.D. - - -
miR-342-3p CF-NT -4.90 1.00 0.076 -
YKSF-NT -5.11 1.16 0.104 (‘f’:oéfg‘_’r)
CF-LLC -3.73 0.448 0.043 '::s"_-g‘::‘f;’ﬁ;
YKSF-LLC -4.37 0.702 0.075 (vZf%g?fB;)
Abbreviations: N.D., not detected. n=3-4.
Table 1

Han et al.
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