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Abstract

Kai-Xin-San consists of Ginseng Radix, Polygalae Radix, Acori Tatarinowii Rhizoma, and Poria at a ratio of 3:3:2:2. Kai-Xin-San has been
widely used for the treatment of emotional disorders in China. However, no studies have identified the key proteins implicated in response
to Kai-Xin-San treatment. In this study, rat models of chronic mild stress were established using different stress methods over 28 days. After
14 days of stress stimulation, rats received daily intragastric administrations of 600 mg/kg Kai-Xin-San. The sucrose preference test was
used to determine depression-like behavior in rats, while isobaric tags were used for relative and absolute quantitation-based proteomics
to identify altered proteins following Kai-Xin-San treatment. Kai-Xin-San treatment for 2 weeks noticeably improved depression-like be-
haviors in rats with chronic mild stress. We identified 33 differentially expressed proteins: 7 were upregulated and 26 were downregulated.
Functional analysis showed that these differentially expressed proteins participate in synaptic plasticity, neurodevelopment, and neurogen-
esis. Our results indicate that Kai-Xin-San has an important role in regulating the key node proteins in the synaptic signaling network, and
are helpful to better understand the mechanism of the antidepressive effects of Kai-Xin-San and to provide objective theoretical support for
its clinical application. The study was approved by the Ethics Committee for Animal Research from the Chinese PLA General Hospital (ap-
proval No. X5-2016-07) on March 5, 2016.
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Introduction

Major depressive disorder, a mental disorder, affects more
than 300 million people worldwide and is a leading cause of
disability (Ignacio et al., 2019). Although the pathogenesis
of depression has been extensively studied, the underlying
mechanisms of antidepressant drugs are not yet clear (Seki
et al,, 2018; Soza et al., 2018). The monoaminergic system is
targeted in most antidepressant drugs to regulate treatment
responses. However, such drugs have been found to have a
delayed onset of action, measured in weeks or even months
(Insel and Wang, 2009), and a relatively low percentage of
remission (< 50%) (Mann, 2005). Another important prob-
lem is the existence of treatment-resistant depression (Collo
G, Merlo Pich, 2018; Zhou et al., 2018). There is therefore an
urgent clinical need for antidepressant therapies with multiple
targets, such as neurogenic and neurotrophic factors, intra-
cellular signaling cascades, synaptic transmission, glutamate
signaling, and modulation of glucocorticoids and cytokines,
to overcome the delayed clinical effects (Hodes et al., 2010; Su
etal, 2012; Ignacio et al., 2014).

Multi-target therapy with herbal drugs has been suggested as
an alternative and complementary treatment for depression. In
a recent review, Butler and Pilkington (2013) summarized the
application and efficacy of Chinese herbs in depression, anx-
iety, and insomnia. Kai-Xin-San (KXS), a traditional Chinese
medicine, has been widely used to supplement Qi, nourish the
heart, and calm the mind in patients since the time of the Tang
dynasties (i.e., 652 A.D.). KXS consists of Ginseng Radix (rhi-
zome and root of Panax ginseng C. A. Mey.), Acori Tatarinowii
Rhizoma (rhizome of Acorus tatarinowii Schott), Polygalae
Radix (root of Polygala tenuifolia Wild.), and Poria (sclerotium
of Poria cocos (Schw.) Wolf). KXS has effects on depressive-like
symptoms including grief, sorrow, moodiness, and forgetful-
ness (Dong et al., 2014). We have previously demonstrated that
KXS relieves depression-like symptoms by increasing the levels
of neurotransmitters and neurotrophic factors in the brain of a
mouse model of behavioral despair and a rat model of chronic
mild stress (CMS) (Zhou et al., 2012; Hu et al., 2014b). In addi-
tion, various factors, including monoamine neurotransmitters,
brain-derived neurotrophic factor (BDNF), the hypothalam-
ic-pituitary-adrenal axis, glutamate, and the cAMP response
element-binding protein (CREB) pathway, may all participate
in the mechanism of action underlying the antidepressive ef-
fect of KXS (Hu et al., 2009, 2010a, 2010b, 2011, 2012, 2014a).
However, as yet no studies have been performed to identify the
key proteins implicated in KXS treatment.

Proteomics is a powerful platform for the comprehensive
profiling of drug-regulated proteins, and has been widely
applied to investigate the mechanisms of different drugs,
including in traditional Chinese medicine (Liu et al., 2018).
Isobaric tags for relative and absolute quantitation (iTRAQ)-
based quantitative proteomics has been widely used to explore
protein alterations in patients with depressive disorders (Hen-
ningsen et al., 2012; Zhan et al., 2014; Han et al., 2015; Shao et
al,, 2015). In the present study, we aimed to examine the differ-
ential expression of hippocampal proteins in CMS rats treated
with KXS, using an iTRAQ-based method of proteomics.

Subjects and Methods

KXS preparation
Ginseng Radix, Polygalae Radix, Acori Tatarinowii Rhizoma,

and Poria were mixed at a ratio of 3:3:2:2 and processed as
previously reported (Hu et al., 2008). The aqueous extracts
were filtered and evaporated under reduced pressure to obtain
concentrates, which were freeze-dried to yield powder. A yield
of 1 g powder contained 3.76 g of total original herbs. The ob-
tained KXS powder was then dissolved in saline at 0.714 g/mL
and standardized using a high-performance liquid chroma-
tography (HPLC)-fingerprint method (Hu et al., 2008) (Figure
1). All materials necessary to formulate KXS were purchased
from the LvYe Medicinal Material Company, China, and
identified by Professor Ping Liu. The voucher specimens were
registered in the Herbarium of Traditional Chinese Medicinal
Pharmacy, Chinese PLA General Hospital, China.

Animals and CMS procedure

We purchased 45 specific-pathogen-free 6-week-old male
Sprague-Dawley rats from the Laboratory Animal Breeding
and Research Center in PLA General Hospital, China (license
No. SCXK (Jing) 2017-0006). All animal procedures and pro-
tocols were performed in accordance with the Guide for the
Care and Use of Laboratory Animals (NIH) and were reviewed
and approved by the Ethics Committee for Animal Research
from the PLA General Hospital (approval No. X5-2016-07)
on March 5, 2016. The rats were housed individually and fed a
laboratory standard diet ad libitum for 1 week to acclimate to
the environment. Before the onset of CMS, rats were randomly
assigned to three groups (n = 15/group), including the control
group (rats without CMS), CMS group, and KXS group (CMS
rats treated with KXS). The CMS rat models of depression
were established using a published protocol (Hu et al., 2010b)
(Figure 1). Briefly, the stressors comprised continuous illu-
mination for 24 hours, tilted cage for 12 hours, high-speed
agitation for 10 minutes, deprivation of food for 24 hours,
deprivation of water for 24 hours, immobilization for 2 hours,
and forced swimming in ice water for 5 minutes. CMS was
conducted for 28 days (7 days/cycle for 4 cycles). In the KXS
group, 600 mg/kg/d KXS was orally administered once daily
for 14 days after stress stimulation (Dong et al., 2013). At the
end of the experiment, all rats were sacrificed by decapitation,
and hippocampal tissue was dissected quickly on ice before
being transferred to liquid nitrogen.

Sucrose preference test

Following the 1-week adaptation period, all rats were deprived
of drinking water and food for 24 hours. During a 1-hour
window, rats were fed with a 1% sucrose solution and water.
Sucrose intake was measured by comparing bottle weight be-
fore and after the 1-hour window, and expressed in relation to
the total liquid consumption (sucrose intake/(sucrose intake
+ water intake)) (Hu et al., 2013). The sucrose preference test
was conducted again after 4 weeks of CMS and 2 weeks of
KXS administration.

Protein preparation and iTRAQ labeling

Approximately 100 mg of hippocampus was homogenized
in 300 pL of lysis buffer (8 mM urea, 1% DTT, and protease
inhibitor cocktail (1:1000, P8340, Sigma-Aldrich, St. Louis,
MO, USA) (1:5, w:v)) using a Dounce glass/Teflon homog-
enizer (Kimble-Chase, Rochester, NY, USA). Undissolved
materials were removed by centrifugation at 4000 x g at 4°C
for 30 minutes. Protein concentrations were determined using
the Bradford assay (BioRad, Hercules, CA, USA). Protein ex-
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tracts were denatured, alkylated, and digested with sequenc-
ing-grade modified trypsin (50:1) overnight at 37°C. Protein
was labeled with iTRAQ reagent tags using 4-plex iTRAQ kits
according to the manufacturer’s instructions (AB Sciex Inc.,
Framingham, MA, USA). The CMS samples were labeled with
iTRAQ tags 115. Protein samples from the control and KXS
groups were labeled with tags 114 and 116, respectively.

Strong cation exchange chromatography

After a 2-hour incubation at room temperature, all labeled
samples were mixed at equal ratios. Strong cation exchange
chromatography was performed to remove excess iTRAQ re-
agent and interfering substances. The samples were separated
using an HPLC system (Rigol, Beijing, China) equipped with
a 4.6 x 250 mm C-18 HPLC column (5 um, Agela, Tianjin,
China). The fractions were collected using gradient elution
with buffer A (2% acetonitrile (ACN), 98% H,O; pH 10.0)
and buffer B (98% ACN, 2% H,O, pH 10.0) at a flow rate of 0.7
mL/min. Mobile phase: 30 minutes of 5-35% buffer B; 2 min-
utes of 35-95% buffer B; 5 minutes of 95% buffer B; 2 minutes
of 95-5% buffer B; 6 minutes of 5% buffer B.

Liquid chromatography-tandem mass spectrometry
analysis

The fractionated peptides were separated on a TripleTOF
5600 mass spectrometer coupled to an Eksigent Ultra HPLC
(AB Sciex). The sample was dissolved in solution A (1.9%
ACN, 98% H,0, 0.1% fomic acid), trapped on a precolumn
(C18, 100 pm x 20 mm, 5 pm particle size), and separated in
a capillary analytical column (C18, 75 pm x 120 mm, 3 um
particle size). Solutions A and B (98% ACN, 1.9% H,0, 0.1%
fomic acid) were used in the gradient elution at a flow rate of
330 mL/min.

The peptides were then analyzed on a TripleTOF 5600 MS
at an electrospray potential of 2.0 kV at 320°C. The Eksigent
Ultra HPLC was set to perform data acquisition in the positive
ion mode with a range of 300-1400 kDa in the full scan. The
MS scan range was set at 300-1400 m/z and the MS/MS scan
range was from 120 m/z to an auto-selected range according
to the lowest m/z. Data-dependent acquisition was performed,
and the top 50 precursor ions were selected to fragment using
collision-induced dissociation. The collision-induced disso-
ciation energy was automatically adjusted by the rolling colli-
sion-induced dissociation function.

Database search

The liquid chromatography-tandem mass spectrometry data
were then compared against data in the NCBI database us-
ing Protein Pilot Software Beta (ABSciex, Framingham, MA,
USA, version 4.5). For protein identification and quantifica-
tion, peptide mass tolerance and fragment tolerance were each
set at 0.3 Da. Only one missed tryptic cleavage was allowed.
The false positive rates were controlled below 1%.

Protein identification and quantitation

The raw data were converted into an MGF format and com-
pared against the Rat International Protein Index database
(version 3.87, http://www.ebi.ac.uk/IPI/IPIhelp.html) using
the Mascot search engine (version 2.3.01). All identified pro-
teins were based on at least two peptides. The false positive
rates obtained from a decoy database were controlled below
5%. The relative intensities of the reporter ion were used to
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derive quantitative information about the labeled peptides.
Three criteria were used to select differentially expressed pro-
teins: (1) more than one high-scoring peptide; (2) P value <
0.05; and (3) fold-changes were > 1.2 or < 0.83.

Bioinformatics

DAVID Bioinformatics Resources v6.7 (http://david.abcc.
ncifcrf.gov/home.jsp) (Dennis et al., 2003) were used to
obtain the gene ontology (GO) terms of enrichment, and
highlighted the most relevant GO and Kyoto encyclopedia of
genes and genomes (KEGG) terms associated with modulated
proteins obtained from the comparisons. A P value < 0.05 was
considered enriched. KEGG terms with corrected P values
< 0.05 were considered significant. Functional analysis was
performed using a gene ontology tool (GOTERM_CC_ALL)
with UniProt (Swiss-Prot/TrEMBL, http://www.uniprot. org/)
accession numbers. Significant pathways were classified into
hierarchical categories according to KEGG. The analysis of
protein—protein interactions was performed with STRING 9.0
(http://www.string-db.org/).

Statistical analysis

All data are expressed as the mean * standard error. Differ-
ences between groups were analyzed using a one-way analysis
of variance followed by Dunnett’s test. All data were analyzed
statistically using Prism 5.0 (Graph Pad Software, Inc.). P-val-
ues of less than 0.05 were considered statistically significant.

Results

KXS increases sucrose consumption and body weight in
CMS model rats

Figure 2 shows sucrose consumption and body weight in
control, CMS, and KXS rats before CMS treatment (day 0),
after CMS treatment (day 28), and after KXS treatment (day
42). Decreased sucrose consumption is a key symptom of de-
pression-like behavior, which can reflect anhedonia (Géa et
al,, 2019). The CMS model that was used in the current study
induced lower sucrose consumption. After 28 days of CMS ex-
posure, sucrose intake significantly decreased (P < 0.001), and
body weight also decreased in the CMS group. After chronic
administration of KXS powder (600 mg/kg/d) for 14 days,
sucrose consumption was higher in the KXS group than in the
CMS group at day 42 (P < 0.001; Figure 2A). Furthermore,
compared with the CMS group, body weight was higher in the
KXS group (Figure 2B).

Effect of KXS on differential proteomics in rats with CMS
The number of differentially expressed proteins in the control,
CMS, and KXS groups is shown in Figure 3. The detailed in-
formation for these proteins is listed in Table 1. We identified
88 differentially expressed proteins between the CMS and
control groups (compared with the control group, 29 pro-
teins had increased expression and 59 proteins had decreased
expression in the CMS group). In addition, there were 162
differentially expressed proteins between the KXS and CMS
groups (compared with the CMS group, 51 proteins had de-
creased expression and 111 proteins had increased expression
in the KXS group).

Functional analysis of differentially expressed proteins in
KXS-treated CMS rats
Biological functional analysis demonstrated that the differ-
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entially expressed proteins in the CMS group are involved in
cellular and metabolic processes, the regulation of biological
processes, macromolecule metabolic processes, and responses
to stimuli (Figure 4A). In the KXS group, we observed a sim-
ilar pattern of differentially expressed protein functions, but
the number of proteins in each category was double that in
the CMS group.

Molecular functional analysis identified that the differen-
tially expressed proteins were involved in protein binding,
nucleic acid binding, and structural molecule activity in both
the CMS and KXS groups. Proteins for helicase activity, pro-
tein transporter activity, and ligase activity were observed in
the KXS group only, and proteins for electron carrier activity
were observed in the CMS group only (Figure 4B).

Potential molecular targets of KXS in CMS

We identified 33 differentially expressed proteins in the CMS
group compared with both the control and KXS groups, in-
cluding 7 upregulated and 26 downregulated proteins (Table
2). Functional analysis showed that these proteins participate
in synaptic plasticity, neurodevelopment, and neurogenesis,
and may be responsible for the major therapeutic effect of
KXS. Proteins that were downregulated by CMS and upreg-
ulated by KXS are involved mainly in glutamate signaling
(amino acid transporter, Arpp-21 protein, proline-rich trans-
membrane protein 2), synaptic plasticity (such as brain acid
soluble protein 1 and secretogranin-1), mMTORCI1, BDNE, the
cAMP pathway (eukaryotic translation initiation factor 4E
binding protein 2, cAMP-regulated phosphoprotein 19), met-
abolic processes (thymosin beta-4/10, protein Dpm1, protein
Txndc17), and cell survival processes (leucine zipper puta-
tive tumor suppressor 1, death-associated protein 1, protein
LOC102548415). In contrast, proteins that were upregulated
by CMS and downregulated by KXS are mainly involved in
cytoskeletal/structural molecule activity (myelin-associated
glycoprotein; keratin, type II cytoskeletal 72; keratin, type II
cytoskeletal 1; keratin, type I cytoskeletal 10), and synaptic
plasticity (deoxyguanosine kinase (predicted) and protein
Sdk2) (Table 2).

Protein-protein interaction network of KXS in CMS

Our previous research and other literature were also reviewed
and analyzed to explore the relevance of the proteins and
genes that were affected by KXS treatment. Table 3 shows the
28 proteins that may be involved in the antidepressant effect
of KXS. Figure 5 shows the network that consists of the 28
proteins. We found that the backbone network consists of
BDNE, Ark, CREB, mTOR, Eef2, Eif4ebp2, and PI3K.

Discussion

In brain tissue from depressed patients, differentially ex-
pressed proteins that are involved in synaptic transmission,
such as glutamate transport, have been identified in microar-
ray studies (Choudary et al., 2005; Sequeira et al., 2009). Glu-
tamate accumulation may not only cause cytotoxic damage
to neurons and glia (Petroff, 2002), but may also perturb the
ratio of excitatory neurotransmitter levels (Cryan and Kaup-
mann, 2005). In patients with major depressive disorder,
Choudary et al. (2005) revealed a downregulation of SLC1A2,
a key member of the glutamate/neutral amino acid trans-
porter protein family. Arpp-21 protein (ARPP21) is involved
in glutamate signaling through mediation of the calmodulin
pathway (Lin et al., 2015). Mutant proline-rich transmem-
brane protein 2 (PRRT2) may affect glutamate signaling and
glutamate receptor activity by the inhibition of SNAP25 (Li
et al., 2015). In our study, we revealed a downregulation in
proteins such as SLC1A2, APRR21, and PRRT2 in the KXS
group compared with the CMS group. These results suggest
that glutamate transporters and signaling, which may stop the
accumulation of glutamate in the brain, may be involved in
the antidepressant effect of KXS.

Because of their important roles in dendritic structure,
synaptic stability, and synaptic plasticity, a disruption in spe-
cific integrin subunits, such as tubulin and actin, may cause
impairments in behavior (Minamide et al., 2000; Medina et
al., 2008; Davis et al., 2011). In a previous study, cytoskeletal
abnormalities induced a regression of dendritic processes in
hippocampal neurons, a decreased calcium concentration in
dendritic spines, and caused depression-associated neurode-
generation (Lee et al., 2002). In our study, there was signifi-

Table 1 NCBI accession numbers of significant differential proteins between control, CMS and KXS groups

CMS/CON

KXS/CMS

Up-regulated (fold-
changes > 1.2)

Q10758, P29975, P23347, MOR7B4, Q6IFW6, FIM9X4,
D3ZJF8, P15865, D3ZDE4, P43278, P62804, P02767,

G3V6R0, D4ABX1, FILRV4, Q8VH49, E9PU42, D3ZX30, P32215, P01835, Q5FVI0, P29975,
D3ZXI2, P20761, P63182, D3ZTY1, D4A8N1, P02767, D4A7Q3, F1ILQI4, D4AAV2, D3ZLC3,

G3V7U2, D3ZK97, Q61G04, Q6IMF3, Q5BJY9, D3ZBNO, F1M173, FILNP1, FILMQ1, FIM9F9, D4A219, G3V7B0, BOBMT9, MORD]7, FIM7S3, P62329,

G3V9B3, Q6AYW3, D3ZDA6, D4ADV4, D3ZF21,
MOR8Q2, D3ZCZ3, D4A1C0, Q9Z1H9, P19944, P00159

Q8CFC9, 088656, QQEPH2, P05964, P63312, FILRP7, MOR4A0, G3V6L0, MOR5F8, QAW V63,
P20760, Q4QR75, Q5XII8, F1L.Q96, FIM3MO0, BOK010, P13668, QQWUD?2, Q9EP]0, P13437,

Q9QX67, Q5PPP3, Q66H40, Q02293, MORBLS, D3ZNX9, MORBES, F1LU13, F1ILQJ1, D3ZIX4,
Q6AYK1, Q5BJP2, G3V6N7, Q05175, D3ZJ]7, 035147, Q642A9, Q5M7T2, P60841, D3ZH00,
HO9KVF3, Q925G0, D4A3]3, FIM9X4, Q8VID1, G3V8R0, 035314, Q5M834, AOA0ISMJT6,
Q5XIC3, G3V6Y9, P30680, D3ZFB6, AOA096MIV6, D3Z738, Q497A9, MORCU7, Q80VLO,
Q712U5, D3ZK41, D3ZJB7, Q5XIMS5, G3V795, MORBKY, Q66H43, FILQCS, D3ZIV3, D4A131,
F1LRL4, Q6PDU1, Q5XIE0, F7EZK1, Q03344, AOA096MJ90, F1M2K7

Down-regulated
(fold-changes <
0.83)

P63312, P62329, P18437, Q8K585, Q5U1IWS, Q66H40,
Q5FVI0, D4AAZ9, D3ZLX7, G3V6Y9, MORD]7,

088600, D3ZJF8, QGIFW6, D3ZDA6, Q4FZU2, QGIMF3, Q5U2Y6, P84087, D3ZDE4, Q61G04,
D3Z528, E9PUO1, Q64598, F1ILNES, Q6IG02, Q05140, G3V9B3, Q09426, D3ZAW2, Q3KRES,
MORBLS, G3V6R0, P63055, QIR1R4, D3ZXK6, G3V7B0, P51907, Q6P6Q2, P10688, Q6IRG7, D3ZY19, Q924S1, F1LX47, Q5BK56, D4AA63, Q5SFVF3,

Q923]J6, D3ZIX4, D3ZBT2, Q05175, MOR734, D3ZMG1, Q3SWT4, FILN57, Q6IFU7, D3ZK01, G3V8E8, QSPDW6, D3ZK70, Q5U2Q7, D4AAZ9,

Q9QX67, P62634, Q3MIDY, FILWR6, Q924S1, BOK010,
D4A0W4, MORBKSY, G3V795, FIM9F9, D4A7Q3,
D3ZP34, Q8VIDI, Q3B8N7, Q8CFC9 ,F1M208,
D3ZXY8, Q4QQW3, MOR9P1,035314, FILNP1,
Q497A9, P18757, Q80XX4, W4VSR4, D4A1C1, D3ZS15,
P04550, FIMON1, Q712U5, D4A2D8, D3ZFB6, FIM8Y2,
D3ZIV3, D4A8N1, P07936

D3ZBE6, Q5FVQ2, FILPT0, Q51034, Q5I0K3, G3V7C4, B2RZ66, P68255, G3V6X7, D4AE02,
D3ZA45, FIM1L9

CMS: Chronic mild stress group; CON: control group; KXS: Kai-Xin-San group.
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Figure 2 Effect of KXS on behavioral changes in rats with CMS.

600 Control

Figure 1 Chronic mild stress procedure
(A) and chemical fingerprinting of
KXS standardization (B).

iTRAQ: Isobaric tags for relative and ab-
solute quantitation; KXS: Kai-Xin-San.
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(A) Sucrose intake; (B) body weight. CMS resulted in a significantly decreased sucrose preference when compared with control and KXS-treated
rats. All data are expressed as the mean + Standard Error (n = 15 per group). **P < 0.01, ***P < 0.001. ##P < 0.01, vs. KXS group (one-way analysis
of variance followed by Dunnett’s test). CMS: Chronic mild stress; KXS: Kai-Xin-San.

Figure 3 Effect of KXS treatment on differentially expressed proteins
in CMS rats.

Significant changes in protein expression between the control, CMS,
and KXS groups, with changes of at least > 1.2-fold or < 0.83-fold (P <
0.05). CMS: Chronic mild stress; KXS: Kai-Xin-San.
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cantly increased expression of myelin-associated glycoprotein
and three keratin (Krt) family proteins (Krt72, Krtl, Krt10) in
the CMS group compared with the control and KXS groups.
These four cytoskeleton-related proteins have been shown to
play key roles in the axonal cytoskeleton, serving as scaffolds
for various cellular processes including tissue growth and
stress responses (Fruttiger et al., 1995; Marcus et al., 2002;
Coulombe and Wong, 2004; Ramms et al., 2013), thus further
supporting their roles in depression and in the antidepressive
effects of KXS treatment.

In an animal model, exposure to marked psychological
stress can trigger a depressive-like disorder by downregulat-
ing the expression of neurotrophin-related genes, which has
a negative impact on neurogenesis and synaptic plasticity,
ultimately resulting in the loss of glial cells and glial gluta-
mate transporters (Harvey et al., 2003; Martins-de-Souza et
al., 2012). In the present study, we identified downregulated
proteins that were involved in neurogenesis and synaptic plas-
ticity, supporting previous findings in animal models.

The major pharmacologically active ingredients in KXS
include ginsenosides (Rgl, Rbl, and Re) and oligosaccha-
ride esters (tenuifoliside powder A and 3,6'-disinapoylsu-



Dong XZ, Wang DX, Zhang TY, Liu X, Liu B, Hu Y (2020) Identification of protein targets for the antidepressant effects of Kai-Xin-San in
Chinese medicine using isobaric tags for relative and absolute quantitation. Neural Regen Res 15(2):302-310. doi:10.4103/1673-5374.265555

A

Figure 4 Gene-ontology-based functional categorization of proteins
with significantly different expression levels following CMS or KXS
treatments.

Bioinformatics was used to analyze the biological processes and mo-
lecular function that involve KXS-regulated proteins. The regulation
of cellular processes, metabolic processes, biological process, macro-
molecule metabolic processes, and responses to stimuli may have an
antidepressant role. The x-axis in this graph represents the amount of
protein. (A) Biological process; (B) molecular function. CMS: Chronic
mild stress; KXS: Kai-Xin-San.

A

crose) (Wang et al., 2010; Dong et al., 2014; Hu et al,, 2014a).
With its natural combinatorial chemistry, KXS is a potential
multi-target treatment for depressive disorder. This idea is
supported by the reported multiple targets involved in KXS
treatment, including the excitatory neurotransmitter gluta-
mate and its receptors, downstream signaling effectors such as
calcium/calmodulin-dependent protein kinase II (CaMKII),
protein kinase B (AKT), extracellular signal-regulated kinas-
es, CREB, phosphatidyl inositol-3 kinase (PI3K), and BDNF
and its receptor Trk (Hodes et al., 2010; Hu et al., 2010b, 2011,
2014a; Dong et al., 2014; Liu et al., 2015).

In the current study, we identified upregulated eukaryotic
initiation factor 4E binding proteins 2 (eIF4E-BP2) in the
KXS group. Functional analysis identified that BDNF and its
upstream PI3K-AKT-mTOR pathway are major mechanisms
in synapses and neurogenesis. mTORC1-dependent release of
IF4E-BP2 is the major form of 4E-BP in the brain, and the re-
sulting enhancement in eIF4F formation (eIF4E-eIF4G inter-
action) is critical to multiple forms of translation-dependent
synaptic plasticity (Richter and Klann, 2009). eIF4E-BP2 may
be regulated by MAP-kinase-interacting kinase. Therefore,
their interaction may contribute to BDNF-TrkB signaling, as
well as the protein-synthesis-dependent structural plasticity
of dendritic spines (Panja et al., 2014). Six proteins regulated
by KXS were identified in our network analysis, including
cAMP-regulated phosphoprotein 19 (ARPP19), three gluta-
mate transport proteins, paroxysmal nonkinesigenic dyski-
nesia, and deoxyguanosine kinase, as possibly being involved
in preventing excitotoxic injury in the brain (Haldipur et
al., 2014) and in regulating the excitatory neurotransmitter
levels as previously mentioned. Paroxysmal nonkinesigenic
dyskinesia and deoxyguanosine kinase are two novel proteins
that may have functions in abnormal behaviors that involve
reversing the impairment of synaptic facilitation and trans-
mission (Ronchi et al., 2012; Ansoleaga et al., 2015; Shen et
al., 2015). We also found that some synaptic plasticity cluster
proteins were decreased in the CMS group and activated in
the KXS group, such as Sdhaf4, Ahil, Hmgn3, Baspl, and
Chgb. Protein-protein interactions provide crucial scaffolds
for modeling to give insights into the complex interactive

B

Figure 5 Network of the proteins that may be involved in the antidepressant effect of Kai-Xin-San.
(A) Interaction between differentially expressed proteins; (B) signal pathway involved in the Kai-Xin-San antidepressant effect.
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Table 2 Quantitative information of the 33 regulated proteins by both KXS and CMS treatment

Fold change
Gene Peptide Unique peptide Protein
Accession No.  name Protein name count count cover (%)  Function description CMS/CON  KXS/CMS KXS/CON
Synaptic plasticity and neurogenesis
G3V6RO Slela2 Amino acid transporter 4 1 16.39 Glutamate transport 0.708 4.947 4.75
Q5FVIo Arpp21  Arpp-21 protein 1 1 9.09 Glutamate transport 0.577 1.732 1
D3ZFB6 Prrt2 Proline-rich transmembrane 1 1 9.3 Glutamate signaling 0.827 1.226 1.013
protein 2
G3V9B3 Mag Myelin-associated 8 1 18.21 Cytoskeletal/structural 1.254 0.733 0.964
glycoprotein
axon cytoskeleton
Q6IG04 Krt72 Keratin, type II cytoskeletal 72 3 1 4.04 Cytoskeletal/structural 1.273 0.692 0.856
molecule activity
Q6IMF3 Krt1 Keratin, type IT cytoskeletal 1 7 5 8.64 Cytoskeletal/structural 1.267 0.648 0.789
molecule activity
Q6IFW6 Krt10 Keratin, type I cytoskeletal 10 7 6 9.32 Cytoskeletal/structural 1.417 0.588 0.841
D4A7Q3 Sdhaf4  Protein Sdhaf4 2 2 18.27 Prevents neurodegeneration  0.799 1.449 1.159
mitochondrial succinate
dehydrogenase
FIM9F9 Ahil Jouberin 1 1 1.05 Synaptic plasticity 0.798 1.391 1.111
Q66H40 Hmgn3  High mobility group 1 1 15.79 environment plasticity gene  0.554 1.272 0.632
nucleosome-binding domain-
containing protein 3
Q05175 Basp1 Brain acid soluble protein 1~ 13 13 57.27 PIP2 signaling pathway 0.741 1.245 0.923
035314 Chgb Secretogranin-1 11 11 20.59 Neurite outgrowth 0.814 1.232 1.003
Q497A9 Eif4ebp2  Eukaryotic translation 1 1 5 mTORC1 BDNF 0.814 1.224 0.997
initiation factor 4E binding
protein 2
Q712U5 Arppl9  cAMP-regulated 5 4 63.39 cAMP pathway 0.825 1.219 0.962
phosphoprotein 19
MORBK9 Pnkd Protein Pnkd 1 1 11.97 Dysregulated dopamine 0.786 1.213 0.954
signaling
D3ZDE4 Dguok Deoxyguanosine kinase 2 1 5.4 Neurite outgrowth 1.324 0.682 0.904
(predicted), isoform CRA_a
D3ZDA6 Sdk2 Protein Sdk2 1 1 0.97 MAGI-containing synaptic ~ 1.249 0.607 0.759
scaffold
Other function
D4A8N1 Dpml Protein Dpm1 1 1 3.46 Metabolic process 0.828 1.471 1.218
Dolichol-linked
oligosaccharide biosynthesis
P62329 Tmsb4x ~ Thymosin beta-4 3 3 45.45 Metabolic process 0.398 1.348 0.493
TG metabolic
P63312 Tmsb10  Thymosin beta-10 3 3 31.82 metabolic process 0.397 1.319 0.526
Insulin-stimulated sprouting
BOKO010 Txndc17  Protein Txndc17 2 2 13.82 Metabolic process/ 0.779 1.288 1.004
oxidoreductase activities
Q8VID1 Dhrs4 Dehydrogenase/reductase 1 1 2,51 Metabolic process/ 0.804 1.233 0.992
SDR family member 4 oxidoreductase activity
G3V795 Slcolcl  Solute carrier organic anion 2 2 2.93 Metabolic process 0.788 1.214 0.956
transporter family member Thyroid hormone
transmembrane transporter
activity
Q8CFC9 Lzts1 Leucine zipper putative tumor 1 1 2 Cell survival/apoptotic 0.807 1.338 1.079
suppressor 1 process
QIQX67 Dap Death-associated protein 1 1 1 9.8 Cell survival/apoptotic 0.769 1.275 0.981
process
MORBLS Teeal6 Protein LOC102548415 5 1 24.12 Cell survival/apoptotic 0.699 1.269 0.888
process
G3V6Y9 Ppig Peptidyl-prolyl cis-trans 1 1 1.6 Immune and inflammatory ~ 0.657 1.228 0.807
isomerase G
G3V7B0 Nol9 Nucleolar protein 9 1 1 3.5 Phosphorylation 0.731 1.359 0.993
MORD]J7 Tceal5 Protein NEWGENE_1594149 6 2 30 Protein binding immune 0.694 1.353 1.028
D3ZJF8 Fcgbp Protein Fcgbp 1 1 0.35 Proteinaceous extracellular ~ 1.391 0.554 0.77
matrix immune system
typical mucus components
D3ZIV3 Madlll  Protein Mad1ll 1 1 1.53 Mitotic spindle assembly 0.827 1.21 1.001
checkpoint
D3ZIX4 Hifx Protein H1fx 1 1 4.69 Nucleic acid binding 0.738 1.259 0.93
FILNP1 Aridlb  Protein Arid1b 1 1 0.86 Nucleic acid binding 0.814 1.419 1.155

CMS: Chronic mild stress group; CON: control group; KXS: Kai-Xin-San group.
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Table 3 Regulation of active compounds in KXS on proteins

No.  Gene name Chemical compound Origin herb Reference
1 CAM-L1 3,6'-Disinapoyl sucrose The root of Polygala tenuifolia Willd Hu et al. (2010b)
2 CREB 3,6'-Disinapoyl sucrose The root of Polygala tenuifolia Willd Hu et al. (2010b)
3 laminin 3,6"-Disinapoyl sucrose The root of Polygala tenuifolia Willd Hu et al. (2010b)
4 BDNF 3,6"-Disinapoyl sucrose The root of Polygala tenuifolia Willd Hu et al. (2010b)
5 MAO-A 3,6"-Disinapoyl sucrose Rhizome of Polygala tenuifolia Willd Hu et al. (2011)
6 MAO-B 3,6'-Disinapoyl sucrose Rhizome of Polygala tenuifolia Willd Hu et al. (2011)
7 PI3K Tenuifoliside A (TFSA) Polygala tenuifolia Dong et al. (2014)
8 ERK Tenuifoliside A (TFSA) Polygala tenuifolia Dong et al. (2014)
9 AKT Tenuifoliside A (TFSA) Polygala tenuifolia Dong et al. (2014)
10 GSK Tenuifoliside A (TFSA) Polygala tenuifolia Dong et al. (2014)
11 BDNF YZ-50 The root of Polygala tenuifolia Willd Hu et al. (2010a)
12 AKT 20S-protopanaxadiol (aPPD) A metabolite of ginseng saponins Liu et al. (2011)
13 PI3K Ginsenoside Rd (GSRd) Panax ginseng Liu et al. (2015)
14 AKT Ginsenoside Rd (GSRd) Panax ginseng Liu et al. (2015)
15 MAP-2 Ginsenoside Re and Rd Ginseng Kim et al. (2014)
16 Nerve growth factor receptor (p75)  Ginsenoside Re and Rd Ginseng Kim et al. (2014)
17 p21 Ginsenoside Re and Rd Ginseng Kim et al. (2014)
18 TrkA Ginsenoside Re and Rd Ginseng Kim et al. (2014)
19 NGF Onjisaponins A, B, E, F and G; The root of Polygala tenuifolia Yabe et al. (2003)
20 ChAT mRNA Onjisaponin F The root of Polygala tenuifolia Yabe et al. (2003)
21 MSRA Rg3 Red ginseng Joo et al. (2008)
22 PI3K Ethyl cholestan-22-enol; 3-O-B-D- glucosyl ethyl The rhizome of Polygala tenuifolia Willd ~ Le et al. (2012)
cholestan-22-enol (PT, Polygalaceae)
23 Akt Ethyl cholestan-22-enol; 3-O-B-D- glucosyl ethyl The rhizome of Polygala tenuifolia Willd ~ Le et al. (2012)
cholestan-22-enol (PT, Polygalaceae)
24 ERK Polygalasaponin XXXII(PGS32) Polygala tenuifolia root Xue et al. (2009)
25 CREB Polygalasaponin XXXII(PGS32) Polygala tenuifolia root Xue et al. (2009)
26 BDNF Polygalasaponin XXXII(PGS32) Polygala tenuifolia root Xue et al. (2009)
27 Bcl-2 3,6-Disinapoyl Sucrose Radix Polygala Hu et al. (2012)
28 Bax 3,6-Disinapoyl Sucrose Radix Polygala Hu et al. (2012)

BDNF: Brain-derived neurotrophic factor; CREB: cAMP-response element binding protein; ERK: extracellular regulated protein kinase; GSK:
glycogen synthase kinase; MAP-2: microtubule-associated protein-2; NGF: nerve growth factor; PI3K: phosphoinositide 3-kinase.

mechanisms involved in the effects of KXS on depression.

In conclusion, the present study identified 33 differentially
expressed proteins in the CMS group compared with the con-
trol and KXS groups, including 7 upregulated and 26 down-
regulated proteins. Functional analysis revealed that these
proteins participate in synaptic plasticity, neurodevelopment,
and neurogenesis. Our results provide experimental evidence
that synaptic plasticity, neurodevelopment, and neurogene-
sis may contribute to the antidepressant effects of KXS. This
study provides further support for the antidepressant effect of
KXS and its mechanisms, provides support for the application
of KXS as a new antidepressant drug, and provides poten-
tial targets for antidepressant research involving traditional
Chinese medicine. However, our study mainly focused on
high-throughput data screening and bioinformatics predic-
tion analysis, and further studies in different animal models
and humans are warranted.
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