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Abstract

Angelicae Sinensis, Radix Astragaliand Rhizoma Coptidis are all herbs of modified Danggui
Buxue Tang (DGBX) and are extensively applied herbs in traditional Chinese medicine for
the treatment of anemia and inflammation. In this study, immune-induced AA mice were
used as an animal model, and the immunosuppressive agent, Ciclosporin A (CsA), was
used as a positive control. Multiple pro-inflammatory cytokines were examined by bead-
based multiplex flow cytometry. The T-cell subsets were assessed using a fluorescence-
activated cell sorter (FACS). Western blot analysis was used to estimate the protein expres-
sion levels of specific transcription factors for T helper cells (Th1, Th2 and Th17) and key
molecules of the Janus-activated kinase (Jak)/signal transducer and activator of transcrip-
tion (Stat3) signaling pathway. DGBX treatment could significantly increase the production
of whole blood cells in peripheral blood (PB); inhibit the expansion of Th1 and Th17 cells;
increase the differentiation of Th2 and Tregs cells; regulate the expression levels of T-bet,
GATA-3, RORYy and proinflammatory cytokines; and decrease the expression levels of key
molecules in the Jak/Stat signaling pathway. These results indicate that DGBX can regulate
the differentiation of T lymphocytes, resulting in immunosuppressive and hematogenic func-
tions on AA mice. DGBX might be a good candidate for inclusion in a randomized study for
AA with more data on the possible side effects and doses used in humans. Ultimately, it
may be used for applications of traditional medicine against AA in modern complementary
and alternative immunosuppressive therapeutics.
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Introduction

Aplastic anemia (AA) is a bone marrow failure syndrome characterized by the reduction or
absence of mature hemopoietic progenitors in all cell lineages [1]. Most cases of AA are associ-
ated with an aberrant immune response. Cytotoxic T cells (CD8") are expanded in AA and are
involved in the production of proinflammatory cytokines, including interferon (IFN) y, tumor
necrosis factor (TNF) aand interleukin (IL)-1f, which induce immune destruction and apo-
ptosis of hematopoietic progenitor cells [2]. Several studies have confirmed that T helper (Th)
cells, including IFNy-producing (Th1), IL-4-producing and IL-17-producing (Th17) CD4" T
cells, play pivotal roles in autoimmunity [3, 4] and contribute to the pathogenesis of AA. Regu-
latory T cells (Tregs), specifically expressing CD25 and transcription factor FOXP3, maintain
the immunologic self-tolerance and immunosuppression [5, 6]. Intrinsic impairment of Tregs
plays a critical role in the pathophysiology of AA [7]. Treg-mediated immunosuppressive strat-
egies should contribute to suppressing excessive Th1 and Th17 immune responses in AA.

In traditional Chinese medicine (TCM), herbal decoctions are specific combinations of dif-
ferent herbs that are used as formulas for unique methods [8]. Combinatory therapeutic strate-
gies use multiple herbal decoctions based on the patient’s symptoms and characteristics and
are used to treat several diseases [9]. Multiple components act on multiple targets and exert
synergistic therapeutic effects [10]. Radix Angelicae Sinensis, Radix Astragali and Rhizoma Cop-
tidis are the extensively applied herbs in TCM used for the treatment of anemia and inflamma-
tion. A modified herbal decoction, DGBX, is composed of these three herbal medicines. It is
derived from a famous Chinese herbal decoction Danggui Buxue Tang (DBT). The pharmaco-
logical properties of DBT have been illustrated in hematopoiesis, thrombopoiesis and immune
regulation [11-13]. Rhizoma coptidis is well known for its anti-inflammatory, antioxidative,
antiviral, and antimicrobial functions. Pharmacological studies have shown that Rhizoma cop-
tidis can significantly protect mice against LPS-induced acute liver injury [14] and inhibit LPS-
induced MCP-1/CCL2 production in vitro in an AP-1- and NF-kB-dependent manner [15]. It
also has an anticachectic effect on esophageal cancer, and an effect associated with the ability
of berberine to down-regulate tumor IL-6 production [16]. In our previous studies, DGBX
(also called Bushen Shengxue Jiedu Fang) was found to promote the activition of stem cell fac-
tors, induce the proliferation and differentiation of hematopoietic stem cells (HSCs), inhibit
immune reactions induced by IFNY, and recover the normal functions of HSCs [17, 18]. How-
ever, the molecular mechanism by which DGBX affected the proliferation and differentiation
of T lymphocytes for immunosuppresion was unclear.

Here, we studied the potential molecular mechanisms of immunosuppressive and hemato-
poietic functions of DGBX in immune-mediated AA. The expression levels of key molecular
molecules of Janus-activated kinase (Jak)/signal transducer and activator of transcription
(Stat) were assessed. We wanted to identify the specific cellular and protein targets involved in
the immunosuppressive function of DGBX on AA treatment.

Materials and methods
Preparation of the herbal composition of DGBX

A total of 126 g of raw herbal pieces, including Radix Astragali (origin of inner Mongolia,
China, 90 g), Radix Angelicae Sinensis (origin of Gansu, China, 18 g) and Coptis chinensis
Franch (origin of Sichuan, China, 18 g) (individual ratio = 5:1:1, according to usual clinical
dosage), were first boiled together in a 6x volume of water for 30 min. The residue from the
first extraction was boiled in an 8x volume of water for 25 min. Finally, the filtered solutions
were combined and concentrated into a volume of 140 mL. One milliliter of aqueous extract
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solution contains 0.9 g/mL raw herbs. The raw herbal pieces were purchased from Beijing
Xidan Pharmaceutical Co., Ltd., China.

High-performance liquid chromatography-mass spectrometer
(HPLC-MS) analysis

The herbal extract was filtered using a standard test sieve of 150 um, freeze-dried and main-
tained in desiccators at 4°C until use. Next, 0.02 g of the lyophilized powder was extracted with
5 mL methanol/water (v/v = 1:1) in the sonicator for 20 min at room temperature before being
filtered through a 0.22-pm membrane. A 10 pL aliquot of the extract was injected into the ana-
Iytical column for analysis. The separation of the compounds was carried out on a Phenom-
enex Kinetex C18 (2.6 um, 100 x 2.1 mm) operated at 35°C. The mobile phase, which consists
0f 0.1% formic acid in water (A) and acetonitrile (B), was delivered at a flow rate of 0.4 mL/
min under a gradient program. The diode-array detector was set to monitor at 254 nm, and
the online UV spectra were recorded in the scanning range of 190-400 nm. The mass spectra
were acquired using a TripleTOF™ 4600 system with a Duo Spray source (SCIEX, Foster City,
CA, USA) in negative and positive ESI mode. For TOF-MS and TOF-MS/MS analysis, the
spectra covered the range from m/z 100 to 1,000 Da and 50-1000 Da. The data were analyzed
by Peak View Software™ 2.2 (SCIEX, Foster City, CA, USA). The substances were identified by
HPLC-MS based on retention time, accurate mass and MS/MS spectrum comparison to spec-
tra available in the public literature.

Mice

BALB/c female mice (n = 6 per group, 7 to 8 weeks old) and DBA/2 female mice (7 to 8 weeks
old) were purchased from HFK Bioscience Co. Ltd. (Beijing, China). Animal care and use
were conducted in accordance with institutional guidelines, and all animal experiments were
approved by the Institutional Animal Care and Use Committee of the National Institute of
State Scientific and Technological Commission.

Induction of AA

The method for inducing the AA mouse model was as follows. BALB/c mice, except for mice
in the normal group, received a sublethal total body irradiation dose of 3.5 Gy from Model 143
'%7Cesium p-irradiator one hour before lymph node cell infusion. Inguinal, brachial and axil-
lary infusion of lymph node cells was obtained from female DBA/2 mice. A total of 1x10°
lymph cells were infused into the BALB/c mice by intravenous tail injections to induce AA

[19, 20]. Mice in the normal group were irradiated with lead brick and injected with an isodose
of physiological saline.

Drug treatment

Drug treatment was started after lymph node cell infusion and lasted for 28 days. Mice were
randomly divided into four groups as follows. In the normal group, mice were fed the control
diet and orally given sterile saline. In the model group, mice were fed the same as the normal
group. In the Cyclosporin (CsA) group, CsA (Batch No. H10960122, Zhongmei Huadong
Pharmaceutical Co. LTD, Hangzhou, China) was provided to mice fed the same control diet.
These mice were orally given 25 mg/kg CsA daily for the 28-day experimental period. In the
DGBX group, mice were fed the same control diet and orally given 6.3 g/kg DGBX (equivalent
to the human dose) daily for the 28-day experimental period. The mice were sacrificed on the
29th day after treatment. Mice were anesthetized by isoflurane anesthesia (2-3% isoflurane
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with oxygen supply). Peripheral blood (PB) was obtained by removing the eyeballs, while bone
marrow cells (BMCs) were obtained by femoral cavity flushing.

Whole blood cell analysis

Whole blood cell analysis was examined on days 7, 14, 21 and 28 of the experimental period.
Ten microliters of whole blood was obtained by cutting the mouse tail tip. Blood cells were sus-
pended in 2 mL PBS buffer for analysis. Cell analysis was executed using the Blood Cell Ana-
lyzer (Nihon Kohden, Tokyo, Japan), according to the manufacturer’s instruction manual.
Red blood cells (RBCs), white blood cells (WBCs), hemoglobin (HB) and platelets (PLTs) were
quantified.

Bead-based multiplex flow cytometry

A total of 0.8 mL of PB was collected from each mouse by eyeball extirpation 24 hours after the
last administration. Blood samples were incubated at room temperature for 60 min, and sera
were isolated by centrifugation at 500 g and 4°C for 10 min. Aimplex Mouse Inflammation
6-Plex assay kits (Quantobio, Beijing China), including IFNYy, IL-2, IL-4, IL-6, IL-10 and IL-
17a, were used according to the manufacturer’s instruction manual. Briefly, the assay proce-
dure consisted of a 60-min antigen and capture-antibody-conjugated bead incubation step, a
30-min biotinylated detection incubation step and a 20-min streptavidin-PE incubation step.
Fluorescence signals of the sample beads were acquired by a flow cytometer, and the inflam-
matory cytokines were analyzed using FCAP Array 3.0 (BD Biosciences, NYC, NY, USA).

Fluorescence-activated cell sorter (FACS) analysis

Half of the spleens were removed, diced, and expressed through a 40-pm Nylon mesh. Then,
0.4 mL of peripheral blood was collected from each mouse and suspended in 0.6 mL PBS
buffer. To quantify the percentages of CD3"CD4" and CD3"CD8" cells, cells were washed and
stained with anti-mouse CD3 PE-Cyanine7, CD4 PE-Cyanine5 and CD8a PE antibodies
(eBioscience, San Diego, CA, USA). To determine the percentages of Th1, Th2 or Th17 cells,
splenocytes were stimulated with phorbol 12-myristate 13-acetate (PMA) (50 ng/ml) and iono-
mycin (Ion) (1 ug/ml) (Sigma, San Francisco, CA, USA) for 5 h in the presence of GolgiPlug
(BD Bioscience) according to the manufacturer’s protocol. Cells were washed and stained with
anti-mouse CD4 PE-Cyanine5 antibody (eBioscience). Following CD4 staining, cells were
blocked, fixed and permeabilized using the Fixation/Permeabilization kit according to the
manufacturers’ instructions (BD Bioscience). They were then stained with anti-mouse IFNy-
PE, IL-4 PE-Cyanine7 or anti-mouse/rat IL-17a FITC antibodies (BD Bioscience). To deter-
mine the percentages of Treg cells, cells were stained with anti-mouse CD4 PE-Cyanine5 and
anti-mouse CD25 PE antibodies (eBioscience). Following the CD4 and CD25 staining, cells
were blocked, fixed and permeabilized using the Fixation/Permeabilization kit according to
the manufacturers’ instructions (BD Bioscience), and stained with anti-mouse/rat-FOXP3-
FITC antibody (eBioscience). Flow cytometry was performed by a FACS Calibur cytometer
and analyzed by CellQuest software (Beckman Coulter, Brea, CA, USA).

Western blot analysis

The other half of the spleen of each mouse was lysed in 0.5 mL of a lysis buffer (Sigma). The
extracts were cleared by centrifugation at 10,000 g at 4°C for 15 minutes and then diluted with
lysis buffer to achieve approximately 2 mg/mL protein concentration. Protein samples were
separated on 10% SDS-PAGE and transferred onto nitrocellulose membranes (Amersham
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Pharmacia Biotech, Uppsala, Sweden). The membranes were incubated with primary antibod-
ies, including anti-T-bet/Tbx21 antibody (1:1000), (Abcam, Cambridge, MA, USA), anti-
mouse GATA-3, RORy, Jakl, Stat-1 and Stat-3 rabbit monoclonal antibodies (CST, Boston,
MA, USA), and were then incubated with a horseradish peroxidase-conjugated secondary
antibody (CST). All immunoreactive proteins were visualized with SuperSignals west Pico
Chemiluminescent Substrate (Thermo Scientific, Rockford, IL, USA). Densitometry plots
showing the protein expression levels were normalized to GAPDH and expressed in terms of
the fold change relative to the levels in the normal group.

Statistical analysis

All data are presented as the mean * standard deviation (S.D.). The statistical analyses were
performed using SPSS13.0 (SPSS Inc., Chicago, IL, USA). One-way analyses of variance
(ANOVA) followed by the Tukey-Kramer test for multiple comparisons was used to compare
the treatment groups. P<0.05 was considered to be statistically significant.

Results
Identification of the chemical constituents in DGBX by HPLC-MS

Representative liquid chromatography-mass spectrometry chromatograms are shown in Fig 1.
Eighteen constituents were identified by the accurate mass and relative ion abundance of the
target peaks. The predominant constituents in DGBX identified through the target peaks were
epiberberine (11), coptisine (12), berberine (16) and calycosin (17). The secondary constitu-
ents were magnoflorine (3), jatrorrhizine (9), ononin (10) and palmatine (15). L-tryptophan
(1), feruloylquinic (2), calycosin-7-O-p-D-glucoside (4), ferulic acid (5), tetradehydroscouler-
ine (7) and Calycosin-7-O-B-D-glucoside-6"-O-malonate (8) were also identified from the
lyophilized powder of DGBX aqueous extracts. The area percentage for each of the constitu-
ents is shown in Table 1.
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Fig 1. HPLC-MS Base Peak Chromatogram (BPC) of the total ion chromatogram (TIC) for the
lyophilized powder of DGBX water decoction. The abscissa represents the retention time, while the
ordinate represents the chromatographic peak intensity.

https://doi.org/10.1371/journal.pone.0180417.9001
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Table 1. The area percentage for each of the constituents in lyophilized powder.

No. Retention time Constituent

1 6.14 L-tryptophan

2 8.61 3-O-Feruloylquinic

3 10.82 Magnoflorine

4 12.5 Calycosin-7-O-B-D-glucoside

5 13.04 Ferulic acid

6 13.2 Senkyunolide |

7 14.17 tetradehydroscoulerine

8 15.22 Calycosin-7-O-B-D-glucoside-6"-O-malonate
9 15.81 Jatrorrhizine

10 16.01 Ononin

11 16.08 epiberberine

12 16.21 Coptisine

13 16.67 (6aR,-11aR)-3-Hydroxy-9,10- dimethoxypterocarpan-3-O-f-D-glucoside
14 17.6 Z-Butylidenephthalide

15 18.12 Palmatine

16 18.31 Berberine

17 18.47 Calycosin

18 23.19 Formononetin

https://doi.org/10.1371/journal.pone.0180417.t001

DGBX improved hemocytopoiseis in the AA mouse model

Peak Area
5440.812553
4588.19873
13382.70745
3992.375891
4009.576298
1309.902567
3814.129456
3594.518283
9032.289494
15605.47807
49569.11554

296.8966796
131.5811972
23821.41377
127700.1708
0.439904637
0.994467535

Area %
2.0432
1.7230
5.0256
1.4993
1.5057
0.4919
1.4323
1.3498
3.3919
5.8603
18.6147

0.1115
0.0494
8.9456
47.9552
0.0002
0.0004

To assess the hematopoiesis function of DGBX on AA, whole blood cell analysis was per-
formed in the AA mouse model. The quantities of WBCs and PLT's in PB of AA mice were
decreased significantly compared to those of normal mice on the 7th day after inducing the
AA model, and the quantities RBCs and HGB were reduced significantly on the 21st day after
making the model. Treatment by DGBX and CsA increased the quantities of whole blood cells

in PB significantly at 14-28 days after AA mouse model induction (Fig 2).

Effect of DGBX on the proliferation and differentiation of CD3* T

lymphocytes in the AA mouse model

AA is an immune-mediated disorder characterized by the active destruction of hematopoietic
cells by effector T lymphocytes [21, 22]. We measured the percentages of CD3"CD4" cells and
CD3"CD8" cells in PBs and splenocytes of AA mice after 28 days of treatment. The percent-
ages of CD3"CD4" cells of AA mice were significantly reduced compared with those of normal
mice (P<0.01 PB, P<0.05 spleen). The level of the CsA treatment group was significantly
decreased (P<0.01, compared with the model group). Strangely, this percentage in the PB of
the DGBX group was maintained at a higher level after treatment (Fig 3). The percentages of
cytotoxic T cells (CD3*CD8") in the PB and spleen of AA mice were also significantly
decreased compared to those of normal mice (P<0.01). The level of cytotoxic T cells in the AA
mice treated by CsA was lower than that in other groups (P<0.01 or P<0.05) (Fig 4).

DGBX regulates the differentiation of CD4*CD25"FOXP3* regulatory T

cells in AA mice

The CD4"CD25"FOXP3" Tregs are indispensable for the maintenance of immunologic self-
tolerance and immunosuppression [6, 23]. Impaired function of Tregs has been involved in
the pathogenesis of AA [24]. As shown in Fig 5, the percentages of Tregs in AA mice were

PLOS ONE | https://doi.org/10.1371/journal.pone.0180417  July 6, 2017

6/17


https://doi.org/10.1371/journal.pone.0180417.t001
https://doi.org/10.1371/journal.pone.0180417

@° PLOS | ONE

Modified Danggui Buxue Tang regulates the differentiation of T cells in anemia mouse

8 WBC s RBC
7
5
6 |
s N
S 4 S 3
bl v
X 3 X
- 2
2
1 1
0 T T T T 1 0 T T T T 1
10 15 20 25 30 10 15 20 25 30
Days Days
HGB PLT
807 350~
60+ b hy
3 = 2504
= '__E = 200§ T
8D 40 - > f
- 150 _:
204 1001
50
’l; T T T T 1 3 T T T T 1
10 15 20 25 30 10 15 20 25 30
Days Days

-~ Normal =+ Model -« CsA = DGBX

Fig 2. Effects of DGBX on hemocytopoiseis in AA mice. RBC, red blood cell; WBC, white blood cell; HGB,
hemoglobin; PLT, platelet.

https://doi.org/10.1371/journal.pone.0180417.9002

decreased significantly compared to the normal group (P<0.01). However, DGBX increased
the differentiation of Tregs markedly compared to the untreated group (P<0.05).

Effects of DGBX on the proliferation and differentiation of Th cells in AA
mice

A marked expansion of Th1 and Th17 cells and an abnormal phenotype and function of Tregs
and Th2 cells are associated with increased severity of AA [25]. Here, we assessed the prolifera-
tion and differentiation of Th cells by FACS analysis. As shown in Fig 6, the percentages of
CD4"IFNy" Thl and CD4"IL-17" Th17 cells in AA mice were significantly higher than these
in normal mice (P<0.01), and the level of CD4"IL-4" Th2 cells in AA mice was decreased sig-
nificantly (P<0.01, compared with normal group). After four weeks of treatment with DGBX,
the abnormally high levels of Th1 and Th17 cells in the splenocytes were down-regulated
(P<0.01, as compared with model group), but there was no change in the differentiation of
Th2 cells. These results indicated that DGBX could regulate the proliferation and differentia-
tion of Th cells in the AA mouse model.

DGBX decreased the production of inflammatory cytokines in the AA
mouse model

We also examined the levels of pro-inflammatory and anti-inflammatory cytokines in sera by
bead-based multiplex flow cytometry. The abnormally high levels of pro-inflammatory cyto-
kines, including IL-1, IL-2, IL-6 and IL-17a, were significantly decreased by DGBX treatment.
The quantities of pro-inflammatory cytokines in the treatment group were significantly lower
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Fig 3. DGBX regulates the proliferation of CD3*CD4"* T cells in PBs and splenocytes. (A) The
percentages of CD3*CD4* T cells in PBs of mice after 4 weeks of treatment. (B) The percentages of
CD3*CD4* T cells in splenocytes of mice after 4 weeks of treatment. The results are presented in the bar
charts; a. normal group, b. model group, c. group treated with CsA, and d. group treated with DGBX. The data
are presented as means + SD, n = 6. *P<0.05, **P < 0.01.

https://doi.org/10.1371/journal.pone.0180417.9003

than those in the model group (P<0.01 or P<0.05). However, DGBX had no effects on the
production of anti-inflammatory cytokines (IL-4 and IL-10) (Fig 7).

DGBX regulated the expression levels of specific transcription factors of
Th cells in the AA mouse model

To study the molecular mechanisms by which DGBX regulates the differentiation of Th cells,
we assessed the protein levels of Th-specific transcription factors, including T-bet (Th1),
GATA-3 (Th2) and RORy (Th17), by western blot analysis. As shown in Fig 8A, the protein
level of T-bet was significantly higher and the level of GATA-3 was lower in the spleen of the
AA mouse model (P<0.01), compared with that of normal mice. Treatment with DGBX could
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presented as means + SD, n=6. *P<0.05, **P<0.01.

https://doi.org/10.1371/journal.pone.0180417.9004

significantly down-regulate the expression of T-bet and RORy in AA mice (P<0.05 or
P<0.01). However, it had no regulatory effect on the expression of GATA-3.

Effects of XFHM on the expression levels of key molecules of the Jak/
Stat3 signaling pathway

As shown in Fig 8B, the protein levels of key molecules (Jakl, Statl and Stat3) of the Jak/Stat
signaling pathway in AA mice were significantly decreased by DGBX treatment (P<0.01 or
P<0.05). These results indicated that DGBX could suppress the active immune destruction of
hematopoietic cells by inhibiting the activation of the Jak/Stat signaling pathway and by inter-
vening in the expression of key molecules in the Jak/Stat signaling pathway.
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presented as means + SD, n=6. *P<0.05, **P<0.01.

https://doi.org/10.1371/journal.pone.0180417.9006

Discussion

AA is an immune-mediated bone marrow failure syndrome. The pathophysiology of AA
occurs via immune destruction in HSCs attacked by CD8" cytotoxic T cells (CTLs), CD4" Thl
and Th17 cells [26, 27]. CTLs produce pro-inflammatory cytokines, including IFNy and
TNFa, to activate the Fas-dependent pathway to induce the apoptosis of CD34" HSCs [2]. A
proper balance between Th1 and Th2 is important in maintaining the homeostasis of hemo-
poietic progenitor cells. Untreated AA patients have a higher proportion of Th1 cells, which
produce IFNy and IL-2, due to a shift in the IFNy/IL-4 ratio induced by the immune response
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[28]. Aberrant activated Th1 cells also secrete IFNy and TNFa, contributing to the immune
attack of HSCs and inhibiting hematopoietic colony formation [29]. The impaired function of
CD4"CD25"Foxp3™ Tregs has been confirmed to contribute to the pathogenesis of autoim-
mune diseases including AA [30]. Tregs appear to have intrinsic impairment of functions of
suppressing normal effector T cell effects and the production of IFNy in patients with AA [31,
32]. The Treg-mediated immunosuppressive strategy is beneficial to suppress excessive Th
immune response in AA [7]. Th17 cells specifically secreting IL-17 were expanded in the
acquired AA, which was correlated with the severity of this disease. The expansion of Th17
cells correlated with the depletion of Tregs and showed a reciprocal function between Th17
and Tregs, contributing to the autoimmune process of AA [27]. The combination of Th1 and
Th17 expansion and the decrease in the Th2 and Tregs immunophenotype and function con-
tributed to the hematopoietic failure induced by the immune attack on the bone marrow [33].
In the present study, we found that DGBX had regulatory effects on the proliferation and

differentiation of T lymphocytes. After 28 days of treatment, DGBX had no effects on the levels
of CD3"CD8" CTL cells in an immune-mediated AA mouse model. However, the proportion
of CD3"CD4" T cells was significantly increased by DGBX treatment, which may have been
due to the hematosis function of DGBX. Interestingly, DGBX treatment could inhibit the
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the Jak/Stat signaling pathway in AA mice. (A) The expression levels of T-bet, GATA-3 and RORy were
estimated in spleen lysates by western blot analysis. (B) The expressive levels of Jak1, Stat1 and Stat3 were
estimated in spleen lysates. GAPDH was used as an internal control. The quantified results are presented in a
bar chart. Data are presented as means + SD, n = 6. *P<0.05, **P< 0.01.
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expansion of Thl and Th17 cells and increase the differentiation of Th2 and Treg cells, for reg-
ulating the complex interaction between Th1, Th2, Th17 and Treg in the AA mouse model,
thus providing immunosuppressive effects on the immune-mediated bone marrow failure.

The activated signals from the T cell receptor and cytokine receptors initiated the differenti-
ation of effector T lymphocytes. The activation of T cells by IFNy or IL-4 initiates the differen-
tiation of Th1 and Th2 and then induces the expression of specific transcription factors for
driving Th cell differentiation. T-bet and Statl contribute to Th1 cells, and GATA-3 specifies
Th2 cell differentiation. The transcription factor RORyt is required for Th17 cell specifically
[34-36]. In this study, DGBX inhibited the expression levels of T-bet and RORy and the pro-
duction of IFNY, IL-2, IL-6 and IL-17. It also increased the expression of GATA-3 in the AA
mouse model. We predicted that DGBX can regulate the proliferation and differentiation of
Th cells by intervening in the expression of Th-specific transcription factors and related pro-
inflammatory cytokines.

Several studies indicate that the Jak/Stat signaling pathway regulates the functions of cyto-
kines, including erythropoietin, thrombopoietin, and granulocyte colony-stimulating factor
during the treatment of anemia [37-39]. IFNy binding to IFNy-receptor initiates the IFNy-
induced response [40] and subsequently transduces signals to activate intracytoplasmic Jak
tyrosine kinase. Jak tyrosine kinase induces the activation of Statl, preferentially activates

PLOS ONE | https://doi.org/10.1371/journal.pone.0180417  July 6, 2017 13/17


https://doi.org/10.1371/journal.pone.0180417.g008
https://doi.org/10.1371/journal.pone.0180417

@° PLOS | ONE

Modified Danggui Buxue Tang regulates the differentiation of T cells in anemia mouse

Stat3 phosphorylation, and then translocates signals to the nucleus and induces the transcrip-
tion of the target genes, contributing to the immune attack and apoptosis in bone marrow cells
[41, 42]. Our results showed that DGBX treatment could decrease the expression of key mole-
cules in the Jak/Stat signaling pathway, resulting in immunosuppressive and hematogenic
functions of the AA mouse model. These may explain in part the effective mechanism of
DGBX treatment for AA.

HPLC-MS has become essential for the analysis of herbal constituents. It is used as a power-
ful analytical tool for identifying the compounds of herbal formulas in TCM [43, 44]. The base
peak spectrum from lyophilized powder of DGBX water decoction was measured to obtain
information on its chemical constituents. Eighteen constituents were identified by HPLC-MS
analysis. Pharmacological study confirmed that magnoflorine could regulate the differentia-
tion of neutrophils and T cells for anti-inflammation [45]. Coptisine and calycosin could mod-
ulate the activation of the nuclear factor-xB (NF-xB), MAPK or PI3K/Akt/GSK-3 signaling
pathways, contributing to an inhibitory effect on the inflammatory response induced by pro-
inflammatory cytokines [46, 47]. Jatrorrhizine [47], berberine [48] and palmatine [49] have
inhibitory functions on cell apoptosis through anti-oxidative activation or intervening in the
inducible nitric monoxide synthase system. In this study, the combination of these multiple
components had regulatory effects on the proliferation and differentiation of T cells, modu-
lated the activation of the Jak/Stat signaling pathway, and exerted immunosuppressive func-
tions on AA.

Conclusions

Our sudy confirmed that DGBX treatment could decrease the proliferation and differentiation
of effector T cells and impair Treg-mediated immunosuppressive functions. DGBX treatment
inhibited the activiation of the Jak/Stat signaling pathway by regulating the expression of key
molecules and contributed to the repair of aberrant immune responses and deficiencies in
hematopoietic cells. These results suggest that DGBX might be tried in a randomized study for
AA, although more data on the possible side effects and doses in humans are needed. The
hope is that DGXB could eventually be used against AA in modern complementary and alter-
native immunosuppressive therapeutics.

Author Contributions
Conceptualization: Limin Chai.

Data curation: Peiying Deng, Xue Li, Yi Wei.
Formal analysis: Peiying Deng, Xue Li, Yi Wei, Juan Liu, Meng Chen.
Funding acquisition: Limin Chai.
Investigation: Lingqun Zhu, Limin Chai.
Methodology: Limin Chai.

Project administration: Limin Chai.
Resources: Yamei Xu, Bin Dong.

Software: Yamei Xu, Limin Chai.
Supervision: Limin Chai.

Validation: Limin Chai.

Visualization: Lingqun Zhu, Limin Chai.

PLOS ONE | https://doi.org/10.1371/journal.pone.0180417  July 6, 2017 14/17


https://doi.org/10.1371/journal.pone.0180417

@° PLOS | ONE

Modified Danggui Buxue Tang regulates the differentiation of T cells in anemia mouse

Writing - original draft: Limin Chai.

Writing - review & editing: Limin Chai.

References

1.

10.

11.

12

13.

14.

15.

Young NS, Bacigalupo A, Marsh JC. Aplastic anemia: pathophysiology and treatment. Biology of blood
and marrow transplantation: journal of the American Society for Blood and Marrow Transplantation.
2010; 16(1 Suppl):S119-25. https://doi.org/10.1016/j.bbmt.2009.09.013 PMID: 19782144; PubMed
Central PMCID: PMC3521519.

Young NS. Pathophysiologic mechanisms in acquired aplastic anemia. Hematology / the Education
Program of the American Society of Hematology American Society of Hematology Education Program.
2006:72-7. https://doi.org/10.1182/asheducation-2006.1.72 PMID: 17124043.

Hoyer KK, Kuswanto WF, Gallo E, Abbas AK. Distinct roles of helper T-cell subsets in a systemic auto-
immune disease. Blood. 2009; 113(2):389-95. https://doi.org/10.1182/blood-2008-04-153346 PMID:
18815283; PubMed Central PMCID: PMC2615653.

Perez-Diez A, Joncker NT, Choi K, Chan WF, Anderson CC, Lantz O, et al. CD4 cells can be more effi-
cient at tumor rejection than CD8 cells. Blood. 2007; 109(12):5346-54. https://doi.org/10.1182/blood-
2006-10-051318 PMID: 17327412; PubMed Central PMCID: PMC1890845.

Campbell DJ, Koch MA. Phenotypical and functional specialization of FOXP3+ regulatory T cells.
Nature reviews Immunology. 2011; 11(2):119-30. https://doi.org/10.1038/nri2916 PMID: 21267013;
PubMed Central PMCID: PMC3289970.

Miyara M, Sakaguchi S. Human FoxP3(+)CD4(+) regulatory T cells: their knowns and unknowns.
Immunology and cell biology. 2011; 89(3):346-51. https://doi.org/10.1038/icb.2010.137 PMID:
21301480.

ShiJ, Ge M, Lu S, Li X, Shao Y, Huang J, et al. Intrinsic impairment of CD4(+)CD25(+) regulatory T
cells in acquired aplastic anemia. Blood. 2012; 120(8):1624—-32. https://doi.org/10.1182/blood-2011-11-
390708 PMID: 22797698.

Zierau O, Zheng KY, Papke A, Dong TT, Tsim KW, Vollmer G. Functions of Danggui Buxue Tang, a
Chinese Herbal Decoction Containing Astragali Radix and Angelicae Sinensis Radix, in Uterus and
Liver are Both Estrogen Receptor-Dependent and -Independent. Evidence-based complementary and
alternative medicine: eCAM. 2014; 2014:438531. https://doi.org/10.1155/2014/438531 PMID:
25214874; PubMed Central PMCID: PMC4156991.

LiuT,CaoH,JiY,PeiY,YuZ Quan, etal. Interaction of dendritic cells and T lymphocytes for the
therapeutic effect of Dangguiliuhuang decoction to autoimmune diabetes. Scientific reports. 2015;
5:13982. https://doi.org/10.1038/srep13982 PMID: 26358493; PubMed Central PMCID: PMC4566122.

Wang L, Zhou GB, Liu P, Song JH, Liang Y, Yan XJ, et al. Dissection of mechanisms of Chinese medici-
nal formula Realgar-Indigo naturalis as an effective treatment for promyelocytic leukemia. Proceedings
of the National Academy of Sciences of the United States of America. 2008; 105(12):4826-31. https:/
doi.org/10.1073/pnas.0712365105 PMID: 18344322; PubMed Central PMCID: PMC2290784.

Gong AG, Lau KM, Zhang LM, Lin HQ, Dong TT, Tsim KW. Danggui Buxue Tang, Chinese Herbal
Decoction Containing Astragali Radix and Angelicae Sinensis Radix, Induces Production of Nitric Oxide
in Endothelial Cells: Signaling Mediated by Phosphorylation of Endothelial Nitric Oxide Synthase.
Planta medica. 2016; 82(5):418-23. https://doi.org/10.1055/s-0035-1558332 PMID: 26824621.

Yang M, Chan GC, Deng R, Ng MH, Cheng SW, Lau CP, et al. An herbal decoction of Radix astragali
and Radix angelicae sinensis promotes hematopoiesis and thrombopoiesis. Journal of ethnopharma-
cology. 2009; 124(1):87-97. https:/doi.org/10.1016/j.jep.2009.04.007 PMID: 19443149,

Gao QT, Cheung JK, LiJ, Chu GK, Duan R, Cheung AW, et al. A Chinese herbal decoction, Danggui
Buxue Tang, prepared from Radix Astragali and Radix Angelicae Sinensis stimulates the immune
responses. Planta medica. 2006; 72(13):1227-31. https://doi.org/10.1055/s-2006-947186 PMID:
16902872.

Choi YY, Kim MH, Cho IH, Kim JH, Hong J, Lee TH, et al. Inhibitory effect of Coptis chinensis on inflam-
mation in LPS-induced endotoxemia. Journal of ethnopharmacology. 2013; 149(2):506—12. https://doi.
org/10.1016/}.jep.2013.07.008 PMID: 23871807.

Remppis A, Bea F, Greten HJ, Buttler A, Wang H, Zhou Q, et al. Rhizoma Coptidis inhibits LPS-induced
MCP-1/CCL2 production in murine macrophages via an AP-1 and NFkappaB-dependent pathway.
Mediators of inflammation. 2010; 2010:194896. https://doi.org/10.1155/2010/194896 PMID: 20652055;
PubMed Central PMCID: PMC2905940.

PLOS ONE | https://doi.org/10.1371/journal.pone.0180417  July 6, 2017 15/17


https://doi.org/10.1016/j.bbmt.2009.09.013
http://www.ncbi.nlm.nih.gov/pubmed/19782144
https://doi.org/10.1182/asheducation-2006.1.72
http://www.ncbi.nlm.nih.gov/pubmed/17124043
https://doi.org/10.1182/blood-2008-04-153346
http://www.ncbi.nlm.nih.gov/pubmed/18815283
https://doi.org/10.1182/blood-2006-10-051318
https://doi.org/10.1182/blood-2006-10-051318
http://www.ncbi.nlm.nih.gov/pubmed/17327412
https://doi.org/10.1038/nri2916
http://www.ncbi.nlm.nih.gov/pubmed/21267013
https://doi.org/10.1038/icb.2010.137
http://www.ncbi.nlm.nih.gov/pubmed/21301480
https://doi.org/10.1182/blood-2011-11-390708
https://doi.org/10.1182/blood-2011-11-390708
http://www.ncbi.nlm.nih.gov/pubmed/22797698
https://doi.org/10.1155/2014/438531
http://www.ncbi.nlm.nih.gov/pubmed/25214874
https://doi.org/10.1038/srep13982
http://www.ncbi.nlm.nih.gov/pubmed/26358493
https://doi.org/10.1073/pnas.0712365105
https://doi.org/10.1073/pnas.0712365105
http://www.ncbi.nlm.nih.gov/pubmed/18344322
https://doi.org/10.1055/s-0035-1558332
http://www.ncbi.nlm.nih.gov/pubmed/26824621
https://doi.org/10.1016/j.jep.2009.04.007
http://www.ncbi.nlm.nih.gov/pubmed/19443149
https://doi.org/10.1055/s-2006-947186
http://www.ncbi.nlm.nih.gov/pubmed/16902872
https://doi.org/10.1016/j.jep.2013.07.008
https://doi.org/10.1016/j.jep.2013.07.008
http://www.ncbi.nlm.nih.gov/pubmed/23871807
https://doi.org/10.1155/2010/194896
http://www.ncbi.nlm.nih.gov/pubmed/20652055
https://doi.org/10.1371/journal.pone.0180417

@° PLOS | ONE

Modified Danggui Buxue Tang regulates the differentiation of T cells in anemia mouse

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

lizuka N, Miyamoto K, Hazama S, Yoshino S, Yoshimura K, Okita K, et al. Anticachectic effects of Copti-
dis rhizoma, an anti-inflammatory herb, on esophageal cancer cells that produce interleukin 6. Cancer
letters. 2000; 158(1):35—41. PMID: 10940506.

Juan Liu CZ, Aiming Wu, Jun Yan, Bin Dong, Limin Chai. Influence of Bushen Shengxue Jiedu Fang on
proliferation of hemopoietic stem cells in mice with aplastic anemia. Journal of Beijing University of Tra-
ditional Chinese Medicine. 2013; 36(8):4. 538-541.

Bin Dong JL, Lixia Lou, Aiming Wu, Xiying Lv, Limin Chai. Influences of Bushen Shengxue Jiedu Fang
on expressions of erythropoiesis-related factors in mice with aplastic anemia. Journal of Beijing Univer-
sity of Traditional Chinese Medicine. 2014; 37(6):4. 397—-400.

Bloom ML, Wolk AG, Simon-Stoos KL, Bard JS, Chen J, Young NS. A mouse model of lymphocyte infu-
sion-induced bone marrow failure. Experimental hematology. 2004; 32(12):1163-72. https://doi.org/10.
1016/j.exphem.2004.08.006 PMID: 15588941.

LiJ, Chen H, Lv YB, Wang Q, Xie ZJ, Ma LH, et al. Intraperitoneal Injection of Multiplacentas Pooled
Cells Treatment on a Mouse Model with Aplastic Anemia. Stem cells international. 2016;
2016:3279793. https://doi.org/10.1155/2016/3279793 PMID: 26997957; PubMed Central PMCID:
PMC4779840.

Young NS, Maciejewski J. The pathophysiology of acquired aplastic anemia. The New England journal
of medicine. 1997; 336(19):1365—72. https://doi.org/10.1056/NEJM199705083361906 PMID:
9134878.

Young NS, Scheinberg P, Calado RT. Aplastic anemia. Current opinion in hematology. 2008; 15
(3):162-8. https://doi.org/10.1097/MOH.0b013e3282fa7470 PMID: 18391779; PubMed Central
PMCID: PMC3410534.

Buckner JH. Mechanisms of impaired regulation by CD4(+)CD25(+)FOXP3(+) regulatory T cells in
human autoimmune diseases. Nature reviews Immunology. 2010; 10(12):849-59. https://doi.org/10.
1038/nri2889 PMID: 21107346; PubMed Central PMCID: PMC3046807.

Kotsianidis I, Bouchliou |, Nakou E, Spanoudakis E, Margaritis D, Christophoridou AV, et al. Kinetics,
function and bone marrow trafficking of CD4+CD25+FOXP3+ regulatory T cells in myelodysplastic syn-
dromes (MDS). Leukemia. 2009; 23(3):510-8. https://doi.org/10.1038/leu.2008.333 PMID: 19020538.

Kordasti S, Marsh J, Al-Khan S, Jiang J, Smith A, Mohamedali A, et al. Functional characterization of
CD4+ T cells in aplastic anemia. Blood. 2012; 119(9):2033—43. https://doi.org/10.1182/blood-2011-08-
368308 PMID: 22138514.

Brodsky RA, Jones RJ. Aplastic anaemia. Lancet. 2005; 365(9471):1647-56. https://doi.org/10.1016/
S0140-6736(05)66515-4 PMID: 15885298.

de Latour RP, Visconte V, Takaku T, Wu C, Erie AJ, Sarcon AK, et al. Th17 immune responses contrib-
ute to the pathophysiology of aplastic anemia. Blood. 2010; 116(20):4175-84. https://doi.org/10.1182/
blood-2010-01-266098 PMID: 20733158; PubMed Central PMCID: PMC2993623.

Giannakoulas NC, Karakantza M, Theodorou GL, Pagoni M, Galanopoulos A, Kakagianni T, et al. Clini-
cal relevance of balance between type 1 and type 2 immune responses of lymphocyte subpopulations
in aplastic anaemia patients. British journal of haematology. 2004; 124(1):97—105. PMID: 14675414.

Zeng W, Maciejewski JP, Chen G, Young NS. Limited heterogeneity of T cell receptor BV usage in
aplastic anemia. The Journal of clinical investigation. 2001; 108(5):765—73. https://doi.org/10.1172/
JCI12687 PMID: 11544283; PubMed Central PMCID: PMC209382.

Solomou EE, Rezvani K, Mielke S, Malide D, Keyvanfar K, Visconte V, et al. Deficient CD4+ CD25+
FOXP3+ T regulatory cells in acquired aplastic anemia. Blood. 2007; 110(5):1603—-6. https://doi.org/10.
1182/blood-2007-01-066258 PMID: 17463169; PubMed Central PMCID: PMC1975843.

Balabanian K, Lagane B, Infantino S, Chow KY, Harriague J, Moepps B, et al. The chemokine SDF-1/
CXCL12 binds to and signals through the orphan receptor RDC1 in T lymphocytes. The Journal of bio-
logical chemistry. 2005; 280(42):35760-6. https://doi.org/10.1074/jbc.M508234200 PMID: 16107333.

Nistico A, Young NS. gamma-Interferon gene expression in the bone marrow of patients with aplastic
anemia. Annals of internal medicine. 1994; 120(6):463—-9. PMID: 8311369.

Zeng Y, Katsanis E. The complex pathophysiology of acquired aplastic anaemia. Clinical and experi-
mental immunology. 2015; 180(3):361-70. https://doi.org/10.1111/cei.12605 PMID: 25683099;
PubMed Central PMCID: PMC4449765.

Murphy KM, Reiner SL. The lineage decisions of helper T cells. Nature reviews Immunology. 2002; 2
(12):933—44. https://doi.org/10.1038/nri954 PMID: 12461566.

Ivanov Il, McKenzie BS, Zhou L, Tadokoro CE, Lepelley A, Lafaille JJ, et al. The orphan nuclear recep-
tor RORgammat directs the differentiation program of proinflammatory IL-17+ T helper cells. Cell. 2006;
126(6):1121-33. https://doi.org/10.1016/j.cell.2006.07.035 PMID: 16990136.

PLOS ONE | https://doi.org/10.1371/journal.pone.0180417  July 6, 2017 16/17


http://www.ncbi.nlm.nih.gov/pubmed/10940506
https://doi.org/10.1016/j.exphem.2004.08.006
https://doi.org/10.1016/j.exphem.2004.08.006
http://www.ncbi.nlm.nih.gov/pubmed/15588941
https://doi.org/10.1155/2016/3279793
http://www.ncbi.nlm.nih.gov/pubmed/26997957
https://doi.org/10.1056/NEJM199705083361906
http://www.ncbi.nlm.nih.gov/pubmed/9134878
https://doi.org/10.1097/MOH.0b013e3282fa7470
http://www.ncbi.nlm.nih.gov/pubmed/18391779
https://doi.org/10.1038/nri2889
https://doi.org/10.1038/nri2889
http://www.ncbi.nlm.nih.gov/pubmed/21107346
https://doi.org/10.1038/leu.2008.333
http://www.ncbi.nlm.nih.gov/pubmed/19020538
https://doi.org/10.1182/blood-2011-08-368308
https://doi.org/10.1182/blood-2011-08-368308
http://www.ncbi.nlm.nih.gov/pubmed/22138514
https://doi.org/10.1016/S0140-6736(05)66515-4
https://doi.org/10.1016/S0140-6736(05)66515-4
http://www.ncbi.nlm.nih.gov/pubmed/15885298
https://doi.org/10.1182/blood-2010-01-266098
https://doi.org/10.1182/blood-2010-01-266098
http://www.ncbi.nlm.nih.gov/pubmed/20733158
http://www.ncbi.nlm.nih.gov/pubmed/14675414
https://doi.org/10.1172/JCI12687
https://doi.org/10.1172/JCI12687
http://www.ncbi.nlm.nih.gov/pubmed/11544283
https://doi.org/10.1182/blood-2007-01-066258
https://doi.org/10.1182/blood-2007-01-066258
http://www.ncbi.nlm.nih.gov/pubmed/17463169
https://doi.org/10.1074/jbc.M508234200
http://www.ncbi.nlm.nih.gov/pubmed/16107333
http://www.ncbi.nlm.nih.gov/pubmed/8311369
https://doi.org/10.1111/cei.12605
http://www.ncbi.nlm.nih.gov/pubmed/25683099
https://doi.org/10.1038/nri954
http://www.ncbi.nlm.nih.gov/pubmed/12461566
https://doi.org/10.1016/j.cell.2006.07.035
http://www.ncbi.nlm.nih.gov/pubmed/16990136
https://doi.org/10.1371/journal.pone.0180417

@° PLOS | ONE

Modified Danggui Buxue Tang regulates the differentiation of T cells in anemia mouse

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

Bettelli E, Korn T, Kuchroo VK. Th17: the third member of the effector T cell trilogy. Current opinion in
immunology. 2007; 19(6):652-7. https://doi.org/10.1016/j.c0i.2007.07.020 PMID: 17766098; PubMed
Central PMCID: PMC2288775.

Zhou B, Damrauer JS, Bailey ST, Hadzic T, Jeong Y, Clark K, et al. Erythropoietin promotes breast
tumorigenesis through tumor-initiating cell self-renewal. The Journal of clinical investigation. 2014; 124
(2):553-63. https://doi.org/10.1172/JCI69804 PMID: 24435044; PubMed Central PMCID:
PMC3904607.

Zhang B, LiL, Ho Y, Li M, Marcucci G, Tong W, et al. Heterogeneity of leukemia-initiating capacity of
chronic myelogenous leukemia stem cells. The Journal of clinical investigation. 2016; 126(3):975-91.
https://doi.org/10.1172/JC179196 PMID: 26878174; PubMed Central PMCID: PMC4767357.

Qiu C, Xie Q, Zhang D, Chen Q, Hu J, Xu L. GM-CSF induces cyclin D1 expression and proliferation of
endothelial progenitor cells via PI3K and MAPK signaling. Cellular physiology and biochemistry: interna-
tional journal of experimental cellular physiology, biochemistry, and pharmacology. 2014; 33(3):784—
95. https://doi.org/10.1159/000358652 PMID: 24662605.

Takaoka A, Mitani Y, Suemori H, Sato M, Yokochi T, Noguchi S, et al. Cross talk between interferon-
gamma and -alpha/beta signaling components in caveolar membrane domains. Science. 2000; 288
(5475):2357-60. PMID: 10875919.

Munoz J, Dhillon N, Janku F, Watowich SS, Hong DS. STAT3 inhibitors: finding a home in lymphoma
and leukemia. The oncologist. 2014; 19(5):536—44. https://doi.org/10.1634/theoncologist.2013-0407
PMID: 24705981; PubMed Central PMCID: PMC4012967.

Fagerlie SR, Koretsky T, Torok-Storb B, Bagby GC. Impaired type | IFN-induced Jak/STAT signaling in
FA-C cells and abnormal CD4+ Th cell subsets in Fancc-/- mice. Journal of immunology. 2004; 173
(6):3863—70. PMID: 15356134.

Chen Q, Xiao S, Li Z, Ai N, Fan X. Chemical and Metabolic Profiling of Si-Ni Decoction Analogous For-
mulae by High performance Liquid Chromatography-Mass Spectrometry. Scientific reports. 2015;
5:11638. https://doi.org/10.1038/srep11638 PMID: 26118924; PubMed Central PMCID: PMC4484491.

YanY, Chai CZ, Wang DW, Yue XY, Zhu DN, Yu BY. HPLC-DAD-Q-TOF-MS/MS analysis and HPLC

quantitation of chemical constituents in traditional Chinese medicinal formula Ge-Gen Decoction. Jour-
nal of pharmaceutical and biomedical analysis. 2013; 80:192—202. https://doi.org/10.1016/j.jpba.2013.
03.008 PMID: 23584078.

Ahmad W, Jantan |, Kumolosasi E, Bukhari SN. Standardized extract of Tinospora crispa stimulates
innate and adaptive immune responses in Balb/c mice. Food & function. 2016; 7(3):1380-9. https://doi.
org/10.1039/c5fo01531f PMID: 26839149.

Zhou K, Hu L, Liao W, Yin D, Rui F. Coptisine Prevented IL-beta-Induced Expression of Inflammatory
Mediators in Chondrocytes. Inflammation. 2016; 39(4):1558-65. https://doi.org/10.1007/s10753-016-
0391-6 PMID: 27294276.

Quan GH, Wang H, Cao J, Zhang Y, Wu D, Peng Q, et al. Calycosin Suppresses RANKL-Mediated
Osteoclastogenesis through Inhibition of MAPKs and NF-kappaB. International journal of molecular sci-
ences. 2015; 16(12):29496-507. https://doi.org/10.3390/ijms161226179 PMID: 26690415; PubMed
Central PMCID: PMC4691122.

Shin JS, Choi HE, Seo S, Choi JH, Baek NI, Lee KT. Berberine Decreased Inducible Nitric Oxide
Synthase mRNA Stability through Negative Regulation of Human Antigen R in Lipopolysaccharide-
Induced Macrophages. The Journal of pharmacology and experimental therapeutics. 2016; 358(1):3—
13. https://doi.org/10.1124/jpet.115.231043 PMID: 27189969.

Ishikawa S, Tamaki M, Ogawa Y, Kaneki K, Zhang M, Sunagawa M, et al. Inductive Effect of Palmatine
on Apoptosis in RAW 264.7 Cells. Evidence-based complementary and alternative medicine: eCAM.
2016; 2016:7262054. https://doi.org/10.1155/2016/7262054 PMID: 27340419; PubMed Central
PMCID: PMC4906184.

PLOS ONE | https://doi.org/10.1371/journal.pone.0180417  July 6, 2017 17/17


https://doi.org/10.1016/j.coi.2007.07.020
http://www.ncbi.nlm.nih.gov/pubmed/17766098
https://doi.org/10.1172/JCI69804
http://www.ncbi.nlm.nih.gov/pubmed/24435044
https://doi.org/10.1172/JCI79196
http://www.ncbi.nlm.nih.gov/pubmed/26878174
https://doi.org/10.1159/000358652
http://www.ncbi.nlm.nih.gov/pubmed/24662605
http://www.ncbi.nlm.nih.gov/pubmed/10875919
https://doi.org/10.1634/theoncologist.2013-0407
http://www.ncbi.nlm.nih.gov/pubmed/24705981
http://www.ncbi.nlm.nih.gov/pubmed/15356134
https://doi.org/10.1038/srep11638
http://www.ncbi.nlm.nih.gov/pubmed/26118924
https://doi.org/10.1016/j.jpba.2013.03.008
https://doi.org/10.1016/j.jpba.2013.03.008
http://www.ncbi.nlm.nih.gov/pubmed/23584078
https://doi.org/10.1039/c5fo01531f
https://doi.org/10.1039/c5fo01531f
http://www.ncbi.nlm.nih.gov/pubmed/26839149
https://doi.org/10.1007/s10753-016-0391-6
https://doi.org/10.1007/s10753-016-0391-6
http://www.ncbi.nlm.nih.gov/pubmed/27294276
https://doi.org/10.3390/ijms161226179
http://www.ncbi.nlm.nih.gov/pubmed/26690415
https://doi.org/10.1124/jpet.115.231043
http://www.ncbi.nlm.nih.gov/pubmed/27189969
https://doi.org/10.1155/2016/7262054
http://www.ncbi.nlm.nih.gov/pubmed/27340419
https://doi.org/10.1371/journal.pone.0180417

