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Abstract

Huaier, a sandy beige mushroom with anti-tumor effects, has been applied into Traditional Chinese Medicine for more than
600years. Previous studies showed that Huaier exerted its anti-tumor effects not only by direct action on tumor cells,
but also indirectly by modulation of immune function. In the present study, we found that Huaier treatment significantly
repressed tumor growth in mice with 4T| breast cancer and resulted in significant accumulation of CD4" T cells and
mature dendritic cells (DCs) in the tumor microenvironment. In vitro experiments demonstrated that Huaier treatment
promoted both DC2.4 and bone marrow derived DCs (BMDCs) to express costimulatory molecules, enhance production
of IL-1B and IL-12p70, while it inhibited their phagocytic activities, suggesting that Huaier treatment promotes maturation
of DCs. Furthermore, we found Huaier-treated DCs profoundly stimulated proliferation of alloreactive CD4" T cells and
drove them to differentiate into Th1 subset. Expression of PI3K, Akt, p-Akt, JNK, and p-JNK was up-regulated, while p-p38
MAPK was down-regulated in Huaier-treated BMDCs, suggesting that Huaier promotes maturation of DCs with potent
ability to activate Thl immune response via modulation of MAPK and PI3K/Akt signaling pathways. Our findings provide
further evidence for the mechanisms underlying the anti-tumor activity of Huaier.
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effect via immunomodulation,” such as increasing the pro-
portion of CD4* T cells and NK cells,'* regulate the polariza-
tion of macrophages®* and their functions,'>!®?! increase
immune-stimulating cytokine secretion.'*

Dendritic cells (DCs) are the main component of profes-
sional antigen-presenting cells (APCs) and provide a link
between the innate and adaptive immune system.?® DCs
exist in all tissues, sensing pathogens and other danger sig-
nals, endocytosing the antigen, processing and presenting it
to naive T lymphocytes.”*?’ The unique ability of DCs to
initiate adaptive immune response is attributed to the secre-
tion of several cytokines and the expression of various cell
surface molecules, such as major histocompatibility com-
plex (MHC), costimulatory, and adhesion molecules.?®?
Increasing lines of evidence show that DCs are essential
immune cells in immunotherapy against cancer.

Recently, an in vivo study has highlighted that combined
treatment of Huaier and DC-CIK on nude mice is more potent
in killing tumor cells.>' However, given that DCs exert inevi-
table functions in both innate and adaptive immune responses,
whether Huaier extractum can regulate DCs function has not
yet been elucidated. In this study we investigated the regula-
tory effects of Huaier on DCs and found that Huaier promotes
DC maturation, favors DCs to induce Th1l immune response
and results in potent anti-tumor activity.

Materials and Methods

Reagents

Huaier extractum was donated by Qidong Gaitianli
Pharmaceutical Co., Ltd. (Jiangsu, China). RPMI 1640 was
purchased from Gibco-BRL (Rockville, IN, USA). Fetal
bovine serum (FBS) was purchased from Zhejiang Tianhang
Biotechnology Co., Ltd. (Zhejiang, China). Recombinant
murine GM-CSF and IL-4 were brought from Peprotech
(Rocky Hill, NJ, USA). Lipopolysaccharide (LPS), fluores-
cein isothiocyanate (FITC)-dextran and carboxylate-modi-
fied red fluorescent latex beads were purchased from
Sigma-Aldrich (St Louis, MO, USA). Mouse CD4 (L3T4)
and CD11c MicroBeads were purchased from Miltenyibiotec
(Bergisch Gladbach, Germany). Cell Counting Kit-8 was
purchased from Dojindo Laboratory (Kumamoto, Japan).

Preparation of Huaier Extractum

Two grams of Huaier extractum was dissolved in 5ml
RPMI 1640. The solution was filtered through a sterilized
0.22 um filter to get the 400 mg/ml stock solution and was
stored at 4°C for short-term storage.

Cell Culture

DC2.4, acell line of dendritic cells originated from C57BL/6
mouse, was provided by Professor Dajing Xia (Zhejiang

University School of Public Health). Cells were cultured in
RPMI 1640 medium containing 10% FBS at 37°C in a
humidified incubator under 5% CO,.

Mice and Treatment of 4T | Breast Cancer
Murine Model

Female C57BL/6 (H-2°) mice and BALB/c (H-2%) mice
aged 6 to 8weeks were purchased from SLC Laboratory
Animal Co., Ltd. (Shanghai, China), and were housed in
specific pathogen free conditions. For the in vivo experi-
ment, female BALB/c mice were weighed and randomly
divided into three groups (Control, Hl and H2, 5 mice in
each group). 4T1 cells (1X10° were subcutaneously
injected into the right armpit of each mouse. Seven days
later, different treatments were given to each group. For
group H1, 200 ul solution containing 25 mg Huaier extrac-
tum was given by gavage once a day. For group H2, the
dose of Huaier extractum was raised to 50mg/200 pl. For
group Control, instead of Huaier solution, 200 ul water was
given by gavage per day. The administration of gavage
lasted for 21 days. Mice were sacrificed for the follow-up
experiments. The largest diameter (LD) and the smallest
diameter (SD) of tumors were measured. The tumor volume
(TV) was calculated according to the previously reported
formula'*: TV (mm®) = (LDXSD?)/2.

Preparation of Bone Marrow Derived DCs

Bone marrow derived dendritic cells (BMDCs) were
induced from mouse femur bone marrow cells as described
elsewhere.’? Briefly, C57BL/6 mice derived erythrocyte-
deleted marrow cells were seeded in six-well culture plates
with RPMI 1640 supplemented with 10% FBS, GM-CSF
(30ng/ml) and IL-4 (10ng/ml). Three days later, the non-
adherent cells were removed with gentle washes and the
adherent cells were replenished with RPMI 1640 supple-
mented with 10% FBS, GM-CSF (30ng/ml) and IL-4
(10ng/ml). On day 6, the non-adherent and loosely adherent
cells were harvested and purified by CD11¢ MicroBeads
according to the instructions of manufacturer.

Flow Cytometry Analysis

To analyze the immune cell components in the blood, spleen
and tumor tissues, peripheral blood, spleens and tumors in
4T1 breast cancer-bearing mice were sampled. Single cell
suspensions were made as previously reported.'* The cells
were stained with Zombie Red Fixable Viability Kit
(BioLegend, San Diego, California) to exclude dead cells.
Live cells were then stained with the following fluorescein-
conjugated monoclonal antibodies and analyzed by FACS:
CD45-APC/Cy7, CD45-Pacific Blue, CD3-PE/Cy7, CD3-
Percp/Cy5.5, CD4-PE, CD4-FITC, CD8-FITC, CDS-PE/
Cy7 (BioLegend, San Diego, California). To determine the
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DCs in the 4T1 breast cancer microenvironment, single
cells were stained with CD45-APC/Cy7, CD11c-FITC,
CD40-PE/Cy7, CD54-APC, CD86-PE, MHC II-Percp/
Cy5.5 (BioLegend, San Diego, California), and were ana-
lyzed on a BD FACSCanto II. To examine the in vitro influ-
ence of Huaier on maturation and function of DCs, 2X 103
DCs (DC2.4 or BMDCs) were cultured in 24-well plates for
36 hours in the absence (group Control) or presence (group
H) of 4mg/ml Huaier. For group LPS, DCs were treated
with 1 pg/ml LPS. The cells were harvested and used for
subsequent experiments. For analysis of DC phenotype, the
cells were stained with the indicated fluorescein-conjugated
monoclonal antibodies (PE-conjugated anti-mouse CD40,
CD54, CD86, MHC class 1 (H-2K®), MHC class II (I-AY),
and FITC-conjugated anti-mouse CD80 (eBioscience,
Thermo Fisher Scientific, Shanghai, China), and were ana-
lyzed on a FACS Calibur.

Quantitative Real-Time PCR

IL-1B and IL-12p40 mRNA expressions in DCs from the
tumor microenvironment were analyzed by quantitative
RT-PCR (qRT-PCR). Total RNA was extracted with Trizol
reagent (Thermo Fisher Scientific), and cDNAs were synthe-
sized using a cDNA synthesis kit (Takara) according to the
manufacturer’s instructions. QRT-PCR was performed with a
SYBR PCR kit (Takara) on an ABI 7500 Real-Time PCR
Systems (Applied Biosystems). The data were normalized to
the PB-Actin expression level in each sample. Primer se-
quences: /I-1p (F: 5>-GCAACTG TTCCTGAACTCA ACT-
3’, R: 5’-ATCTTTTGGGGTCCGTCAACT-3"); 1I-12p40 (F:
5’-GAGCACTCCCCATT CCTACTTCT-3’, R: 5’-CCCT
CCTCTGTCTCCTTCATCTT-3"); B-Actin (F: 5’-AG TGT
GACGTTGACATCCGT, R: 5’-GCAGCTCAGTA ACAGT
CCGC-3’).

Analysis of DC Endocytosis

FITC-dextran and red fluorescent latex beads were used to
determine the endocytosis ability of BMDCs, respectively.
When red fluorescent latex beads were used, they were opso-
nized in 10% FBS for 30 minutes at 37°C and incubated with
DCs from different groups at a 10:1 ratio for 3 hours at 37°C
(4°C for negative control group).*** When FITC-dextran
was used, however, 2X10° DCs per group were suspended in
I ml RPMI 1640 supplemented with 1 mg/ml FITC-dextran
and incubated at 37°C for 1hour (4°C for negative control
group).> The fluorescence intensity of latex beads or dextran
phagocytosed by DCs was determined by FACS.

Analysis for DCs to Stimulate CD4* T Cell
Proliferation

Capacity of DCs to stimulate T cell proliferation was ana-
lyzed by mixed leukocyte reaction (MLR). Briefly, BALB/c

mice derived CD4" T cells were prepared from spleen by
using CD4 MicroBeads according to the manufacturer’s
instruction. 1X10° CD4* T cells were added to 96-well
plates and co-incubated with 1X10* mitomycin C inacti-
vated C57BL/6 mice derived BMDCs from different groups
in a total volume of 200 pul for 96 hours under the condition
of 5% CO, at 37°C. The proliferation of CD4" T cells was
determined by CCK-8 kit according to the instruction of the
manufacturer.

Analyses of Cytokine Secretions

The supernatants of different culture groups were collected
and stored at —20°C for measurement of cytokine secretion
levels. Concentrations of IL-1, IL-4, IL-10, IL-12p70, and
IFN-y in the culture supernatants were measured by ELISA
kits according to the instructions of the manufacturer.
Commercial ELISA kits (eBioscience, Thermo Fisher
Scientific, Shanghai, China) include IL-1 beta (Cat #
88-7013-22), 1L-4 (Cat # 88-7044-88), IL-10 (Cat #
88-7105-22), IL-12p70 (Cat # 88-7121-88), and IFN-
gamma (Cat # 88-7314-22) mouse ELISA Kit.

Western Blot Analyses

CDl1lc magnetic beads-purified CS57BL/6 mice derived
BMDCs (2X10° cells) were treated with 1ug/ml LPS or
4mg/ml Huaier extractum for 0, 15, 30, and 60minutes,
respectively. After treatment, DCs from different groups
were harvested and lysed with lysis buffer. The lysates were
centrifuged at 12,000X g for 20 minutes at 4°C, the superna-
tants were harvested and the protein concentrations were
determined by BCA assay. Protein samples were fractionated
on 12% Tris-glycine gels, followed by proteins transfer onto
a PVDF membrane (Millipore, Bedford, MA, USA). The
membranes were blocked with 5% non-fat dry milk and then
probed with 1:500 to 1:1,000 diluted primary antibodies
against the following mouse proteins (Cell Signaling
Technology, Beverly, MA, USA), including Akt (Cat#4685),
phosoho-Akt (Cat#4060), PI3K (Cat#4249), INK (Cat#9252),
phospho-JNK (Cat#4668), p38 (Cat#9212), phospho-p38
(Cat#4511), ERK (Cat#4695), phospho-ERK (Cat#4370),
and GAPDH (Cat#51332), followed by HRP-labeled sec-
ondary antibodies at a 1:5,000 dilution. Antibody binding
was visualized with a chemiluminescent substrate and visual-
ized on autoradiography film.

Statistical Analysis

Data were presented as the mean * standard deviation
(SD). Comparisons within and across the groups were per-
formed by Student’s #-test or ANOVA. The SPSS version
23.0 software and GraphPad Prism 6.0 software were used
for statistical analysis. P <<.05 was considered to be statisti-
cally significant.
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Figure |. Huaier inhibits tumor growth. 4T | breast cancer-bearing mice were treated by gavage once a day for 2| days with different
doses of Huaier. Tumor volumes were measured and analyzed. (A) Tumors from different groups; (B) Tumor growth tendency of
each group; (C) The statistics of tumor burden in each group at day 21.

n=5, ¥**P< 0001 compared with the HI and H2.

Results

Huaier Significantly Suppressed the Tumor
Progression and Improved the General Condition
in Tumor-Bearing Mice

To examine the in vivo anti-tumor effect of Huaier extrac-
tum, the 4T1 breast cancer-bearing mice were treated for
21 days by gavage once a day with different doses of
Huaier. Although there was no significant difference in
tumor volumes between group H1 and group H2, the
tumor volumes in the group H1 and H2 were signifi-
cantly reduced when compared with that in the Control
group (Figure 1A-C, P<.0001). Furthermore, mild
hunched mouse stature and ruffled fur in tumor-bearing
mice can be significantly ameliorated in the groups H1
and H2 10days post Huaier treatment. These data sug-
gested that Huaier treatment can suppress tumor growth
and ameliorate the general conditions of breast cancer-
bearing mice.

Huaier Treatment Resulted in CD4* T Cells
Accumulation in Tumor Microenvironment

Since CD4" T cells participate in secreting multiple cyto-
kines in the tumor microenvironment (TME) and CD8* T
cells have the direct cytotoxicity to tumor cells, both CD4*
T cells and CD8* T cells are indispensable in anti-tumor
effects. T cell subsets in peripheral blood, spleen and TME
of 4T1 breast cancer-bearing mice were analyzed. CD3/
CD45 percentages in peripheral blood, spleen and TME
were significantly increased in group H2 (Figure 1A).

Although proportions of both CD4" T cells and CD8" T
cells were not profoundly affected in peripheral blood
(Figure 2B) and spleen (Figure 2C), treatment with high
dose of Huaier extractum (group H2) resulted in significant
accumulation of CD4* T cells, but not CD8* T cells in TME
(Figure 2D).

Huaier Extractum Promoted Accumulation
of Mature Dendritic Cells in Breast Cancer
Microenvironment

DCs are the important component of the immune system
and have a unique ability to prime naive T cells. They play
a crucial role in the induction of anti-tumor immune
response. To exert the priming effect, DCs undergo a matu-
ration process, characterized by the up-regulation of surface
markers, such as CD40, CD54, CD80, CD86 and the major
histocompatibility complex (MHC) I and I1,?® and by reduc-
ing phagocytosis.>”*® In order to examine the in vivo regu-
latory effects of Huaier on DCs, CD11c* DCs in the 4T1
breast cancer microenvironment from different groups were
analyzed for their expression of costimulatory molecules
and MHC II as well as their mRNA expression of immuno-
stimulatory cytokines IL-1 and IL-12. As shown in
Figure 3, although significant increase in the percentage of
CDllIc* cells can only be observed in group H2 (Figure
3A), DCs in breast cancer microenvironment from Huaier-
treated groups expressed increased levels of costimulatory
molecules, including CD40, CD86, and MHC II (Figure 3B
and C), and mRNA of IL-1f3 and IL-12p40 (Figure 3D), when
compared with those from the control group, suggesting
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Figure 2. Effects of Huaier on T cell subsets in different tissues of tumor-bearing mice. Percentages of CD3+ cells in peripheral
blood, spleen and tumor of mice in different groups were shown (A). CD4* and CD8* T cell subsets in peripheral blood (B), spleen
(C) and tumor microenvironment (D) of 4T | breast cancer-bearing mice were analyzed by FACS. Representative FACS profiles in

each group and the related statistical analyses are shown.
n=5, ¥P<.05; ¥*P<.0l.

that Huaier treatment induced mature DCs accumulation in
the tumor microenvironment.

Huaier Favored Maturation of DCs In Vitro

Because in vivo experiments showed Huaier treatment
promoted accumulation of mature DCs in TME, the in
vitro regulatory effect of Huaier on DCs was examined.
DC2.4 and BMDCs were treated with Huaier extractum
and their expression of surface molecules was analyzed at
first. As shown in Figure 4, Huaier up-regulated the
expression of CD40, CD54, CD80, CD86, MHC I, and
MHC II, leading to a mature phenotype of both DC2.4 and
BMDCs (Figure 4A-C). Then, the influence of Huaier on
phagocytic capacity of BMDC was examined. As shown
in Figure 4D, DCs from control group retained the phago-
cytic capacity of FITC-dextran, while DCs treated with
Huaier or LPS showed a significant decrease in phago-
cytic capacity. Moreover, when carboxylate-modified red
fluorescent latex beads were used, the phagocytic capacity

of Huaier treated DCs mirrored the same trend (Figure
4E). These data suggested that Huaier treatment promoted
maturation of DCs in vitro.

Huaier Enhanced Pro-Inflammatory Cytokines
Secretion by DCs

Previous studies have demonstrated that activated DCs
produced a specific cytokine milieu participating actively
in priming and polarizing naive T cells.?®* This cytokine
milieu included IL-1, 2, 4, 6, 12, IFN-y, TGF-B, and so
on. Among all these cytokines, IL-1p and IL-12 played a
central role in pro-inflammatory functions.*>*! Thus, we
detected the secretion of IL-1f3 and IL-12p70 in Huaier
treated BMDCs. In accordance with other reports,**!
DCs in the group LPS significantly up-regulated the
secretion of IL-13 and IL-12p70. However, DCs treated
with Huaier also showed an increase in IL-1B and
IL-12p70 secretion but milder compared to the LPS group
(Figure 5A and B).
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Figure 3. Huaier treatment results in mature DC accumulation in 4T | breast cancer microenvironment. (A) The percentage of

CDI Ic* DCs in TME from different groups; (B) FACS analyses of the

expression of CD40, CD86, and MHC Il of CDI Ic" DCs in TME

from different groups; (C) Statistical analyses of the mean fluorescence intensity in each group; (D) mRNA expression of IL-I3 and

IL-12p40 in CD1lc* DCs in TEM were analyzed by qRT-PCR.
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Huaier-Treated DCs Biased to Drive Thl Cell
Differentiation

Since DC is the major source to prime naive T cells, we
speculated that Huaier promoted CD4* T cell accumulation
in TME might work, at least in part, via modulating DC
functions. The capacity of DCs to stimulate CD4" T cell
proliferation was examined by MLR. As shown in Figure
6A, DCs from group LPS and group Huaier played an active
role in CD4* T cell proliferation. The proliferation ratio in
group of Huaier was almost 1.6 times that in the control
group (P<<.001).

CD4* T cells can differentiate into several lineages, such
as Thl, Th2, Thl7, and Treg.*’ Thl and Th2 clones are
mainly discriminated by the secretion of cytokines.** IFN-y
is the signature cytokine of Thl cells,** while Th2 cells
mainly produce IL-4 and IL-10.4%¢ Concentrations of IL-4,
IL-10, and IFN-y in the supernatants of T/DC co-culture sys-
tem were detected by ELISA. Though not as drastic as the
increase caused by DCs from LPS group, IFN-y secretion
was up-regulated in Huaier group (Figure 6B). Moreover,

Huaier treated DCs suppressed the secretion of IL-4 (Figure
6C) but caused no significant change in IL-10 secretion
(Figure 6D) when compared with the control DCs. These
data suggested that Huaier-treated DCs significantly stimu-
late CD4" T cell proliferation and favor naive CD4" T cells
to differentiate into the Th1 subset.

Huaier Activated PI3K/Akt| Pathway but
Inhibited Phosphorylation of p38 MAPK in DCs

Previous studies showed that PI3K/Akt pathway is essential
in DC survival and activation.*”*® The inhibition of PI3K or
Akt expression resulted in DC apoptosis and the defect in
immune stimulation.*® Moreover, it was also demonstrated
that inhibition of p38 mitogen activated protein kinase
(MAPK) during differentiation of DCs augmented the prim-
ing and activation of tumor-specific effector T cells,* and the
c-Jun NH,-terminal kinase (JNK) also played important role
in the maturation of DCs, but activation of the extracellular
signal-regulated protein kinases (ERK) in DCs functions
more importantly in driving Th2 activation.”® Thus, protein
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levels of PI3K, Akt, p-Akt, p38, p-p38, INK, p-JNK, ERK,
and p-ERK in Huaier-treated DCs were examined. As shown
in Figure 7, when compared with the control group,

Huaier-treated DCs showed a significantly up-regulated
expression of PI3K, Akt, and p-Akt; although total p38 pro-
tein was not affected, p-p38 was down-regulated in
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Figure 6. Huaier enhances DCs to stimulate T cells proliferation and to induce Thl polarization. (A) Proliferation of alloreactive
CD4" T cells co-cultured with BMDC:s in different groups. Concentrations of IFN-y (B), IL-4 (C) and IL-10 (D) in the supernatants of
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n=3, NS: no significance, *P <.05, **P <.0l, ***P<.001.

Huaier-treated DCs at 60minutes; Huaier treatment also  significantly affected by Huaier treatment. These data imply
resulted in a mild increase in total JNK, and a profound  that Huaier not only favors DC survival and activation, but
increase in p-JNK; total ERK and p-ERK were not  alsoenhances the ability of DCs to prime and activate T cells.
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Discussion

Huaier is a kind of TCM that has been widely used in clinic
for more than 1600years. In general, Huaier can inhibit
tumor proliferation, apoptosis, angiogenesis and metastasis.!*3
Clinical studies showed that Huaier could be used as an effec-
tive adjuvant in combined therapy for patients with hepatic
carcinoma.?®*>2 Besides the direct anti-tumor effect, it can
also promote the functions of several immune cells and modu-
late immune responses.'* Among the immune cells, DCs play
an indispensable role in both the innate and the adaptive
immunity because of their unique ability to prime naive T
cells and initiate the rapid and potent immune response toward
infection and cancer. Immature DCs reside within peripheral
non-lymphoid tissues where they actively capture and process
antigen. Upon activation by antigen and other stimuli, DCs
migrate from peripheral tissues, via afferent lymphatics, to
secondary lymphoid tissues for antigen presentation. Maturing
DCs undergo a rapid burst of cytokine synthesis and expres-
sion of costimulatory molecules, and relocate to the T cell
zone of lymph nodes to scan, capture and prime antigen-spe-
cific naive T cells, thereby activating T cells to mount a spe-
cific immune response.

Since Sipuleucel-T immunotherapy, a DC cancer vac-
cine, for prostate cancer has already achieved a consider-
able clinical effect,® modalities that promote phenotypic
and functional maturation of DCs are potentially effective
immunotherapeutic strategies for treatment of cancers.

In the present study, we found, in accordance with other
reports,>'* that Huaier can significantly suppress tumor
growth and ameliorate the general conditions of 4T1 breast
cancer-bearing mice. Analyses of cellular constitution
revealed that Huaier treatment resulted in CD4* T cells and
mature DCs accumulation in 4T1 breast cancer microenvi-
ronment, implying that the antitumor effects of Huaier
might partly result from its modulatory effects on DCs. To
verify this speculation, we explored the regulatory effects
of Huaier on DCs in vitro. Our results demonstrated clearly
that Huaier treatment resulted in phenotypic and functional
maturation of both the DC cell line DC2.4 and BMDC,
which was supported by the fact that Huaier treatment
enhances DCs’ capability to express costimulatory mole-
cules including CD40, CD54, CD80, CD86, and MHC 11,
and secrete IL-1f and IL-12p70 while it suppresses the
phagocytic capacity of DCs. Most importantly, when co-
cultured with alloreactive T cells, Huaier-treated BMDCs
profoundly stimulate proliferation of T cells and drive T
cells to differentiate into the Thl subset as verified by the
significantly increased production of IFN-y and decreased
secretion of IL-4 in the supernatants of T cells/Huaier-
treated DCs co-culture.

It has been found that the MAPK signaling pathway is
one of the most ancient signal transduction pathways
which actively participates in all aspects of immune

responses.> There are three major groups in the MAPK
family, p38, JNK and ERK. These three MAPKs regulate
DC maturation and function differently.>> Inhibition of
p38 MAPK during differentiation of DCs augmented the
priming and activation of tumor-specific effector T cells
and overcame regulatory T cell-mediated immunosup-
pression.* Lines of evidence showed that tumor-derived
suppressive factors could up-regulate p38 MAPK activity,
thereby inhibiting the differentiation, maturation and
functions of DCs**>7 and the p38 specific inhibitors
SB202190 and SC203580 could restore the function of
DCs in patients with multiple myeloma.’® JNK also plays
important roles in DC maturation, but ERK activation in
DC functions more importantly to induce Th2 activation.*
In our experiments, we showed that although total p38
MAPK, ERK and p-ERK remained unchanged, the p-p38
in Huaier-treated DCs was down-regulated when the cells
were treated for 60minutes. Meanwhile, significantly
increased total INK and p-JNK were observed. These data
suggest that Huaier favors maturation of DCs with potent
ability to activate Th1 immune response via modulation of
MAPK signaling pathway.

Furthermore, it was reported that the PI3K/Akt pathway
plays critical roles in DC survival and activation.*’#3
Inhibition of PI3K or Akt expression resulted in DC apopto-
sis and a defect in immune stimulation.*® Our data showed
that significantly up-regulated expression of PI3K, Akt, and
p-Akt was observed in Huaier-treated DCs compared to the
control group, suggesting that Huaier favors the survival
and activation of DCs.

Taken together, the present study exploited systemati-
cally, for the first time, the regulatory effects of Huaier on
the phenotypic and functional maturation of DCs, and found
that Huaier promotes DCs maturation and favors them to
induce Th1 immune response via modulation of MAPK and
PI3K/Akt signaling pathways. Our findings provide further
evidence to the mechanisms by which Huaier exerts its anti-
tumor effects.
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