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Abstract

Objectives: Dendritic cells (DCs) are antigen-pre-
senting cells that participate in the immune
response; recently, it has been reported that growth
hormone (GH) promotes their maturation. The aim
of this study was to investigate mechanisms by
which GH acts on DC maturation and activation.
Materials and methods: Human peripheral blood
monocytes (HPBMs) were induced to become
immature DCs and treated with GH to obtain
mature DCs. An osteosarcoma mouse model was
established by injection of LMS& cells to investigate
anti-tumour effect of GH-induced DCs in vivo.
Results: After administration of GH, DCs reduced
miR-200a expression and nuclear Nrf2 accumula-
tion; miR-200a down-regulation inhibited DC mat-
uration. Nrf2 ubiquitination level was increased by
Keapl overexpression in murine bone marrow
derived dendritic cells (BMDCs), which was can-
celled by miR-200a in GH exposed cells. In vivo,
tumour volume was significantly reduced by GH-
treated DCs and the effect was reversed by overex-
pression of miR-200a.

Conclusions: GH promoted maturation and activa-
tion of DCs, and regulation of miR-200a played a
part in this process by modulation of the Keapl/
Nrf2 pathway.

Introduction

Dendritic cells (DCs), as antigen-presenting cells, are
central to the immune response (1). Their function is to
process antigenic material and present it on their cell
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surfaces, to T cells, which are involved in activation or
suppression of a specific immune response in the body.
Immunization therapy has been shown to be a valuable
way of combatting many cancers (2). Cancer-associated
DCs can induce cytotoxic T lymphocytes (CTLs), which
harbour specific anti-tumour antigens (3). Investigating
the function of DCs provides a new approach to
improvement in cancer therapy.

Immature DCs reside in non-lymphoid tissues where
they can capture and process antigens; their antigen-pre-
senting function is carried out when they mature and
migrate to T-cell-containing areas of lymphoid organs
(1). Thus, DC maturation is a critical component of the
immune response. It is well known that various stimuli,
such as evoked by cytokines, bacterial products and sen-
sitizers, can induce DC maturation (4-6). One recent
study has shown that growth hormone (GH) can pro-
mote induction and maturation of DCs and facilitate
autologous lymphocyte proliferation (7). GH is a peptide
hormone that stimulates cell reproduction and regenera-
tion in mammals. However, mechanisms by which GH
acts to regulate DC maturation are still unknown.

MicroRNAs (miRNAs) are small non-coding RNAs
that function in post-transcriptional regulation of gene
expression (8), and have been reported to be involved in
various physiological and pathological processes (9,10).
More than 100 miRNAs are expressed in immune cells
and play pivotal roles in development and differentiation
of immune cell subsets (11-13). Regulation of DC mat-
uration and its function in cytokine production have
been shown in previous studies (12,14,15). The miR-
200 family has been reported to play an important role
in innate responses (16).

The Keap1/Nrf2 signalling pathway is critical in pro-
tecting cells from electrophilic and oxidative stress. How-
ever, activation of Nrf2 in many tumours contributes to
survival and proliferation of cancer cells, as well as to
resistance to anti-cancer therapy, one aspect of carcinogen-
esis (17). miR-200a regulates the Keap1/Nrf2 pathway in
mammary epithelium (18). We formed the hypothesis that
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the Keapl/Nrf2 pathway, via miR-200a regulation, could
be involved in maturation and activation of DCs by GH
stimulation. This study has aimed to confirm the role of
GH in DC maturation, and to investigate underlying mech-
anisms, according to our hypothesis.

Materials and methods

DC induction and autologous T cell preparation

In the order of 2-5 ml peripheral blood was obtained from
healthy children after written informed consent was
obtained from their parents/guardians. All human experi-
ments were approved by the ethics committee of the First
Affiliated Hospital of Zhengzhou University. Mononuclear
cells were collected from blood supernatants. After wash-
ing in RPMI 1640, mononuclear cells were diluted to
4 x 10° cells/ml with RPMI 1640 containing 10% auto-
serum, incubated in 24-well plates (1 ml/well), then cul-
tured at 37°C for 2 h in an atmosphere of 5% CO,. RhIL-4
(5 ng/ml) and thGM-CSF (10 ng/ml) were used to induce
differentiation of adherent mononuclear cells into imma-
ture DCs. Recombinant GH (10 mg/ml) was supplemented
to induce their maturation. Medium containing GH and
cytokines was replaced every two days. DCs obtained were
identified 5-9 days after incubation.

Detection of DC phenotypes

9 days after incubation, DCs were harvested and
washed. Cells were labelled with fluorescent antibodies
anti-HLA-DR-PC7, anti-CDlo, anti-CD80-FITC and
anti-CD83-APC (BD Pharmingen, USA), according to
the manufacturer’s instructions. DC phenotypes were
detected by FACS using a Canto flow cytometer (Bec-
ton Dickinson, San Jose, CA, USA). Data were analysed
using BD FACS Diva 6.0 software.

Detection of IL-12

IL-12 concentration in DC supernatant was detected
using an ELISA kit (GeneStar, Nanjing, China), accord-
ing to the manufacturer’s instructions.

Lymphocyte viability

At days 5, 7 and 9 of DC culture, 1 x 10> cells per ml
were harvested and treated with mitomycin (50 pg/mg)
for 30 min, to serve as stimulator cells. 1 x 10° cells per
ml autogenic lymphocytes, to serve as responding cells,
were harvested and co-incubated with DCs in 96-well
plates for 72 h, in complete RPMI 1640 medium contain-
ing 10% FBS and supplemented with 20 U/mL IL-2. DCs
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and autogeneic lymphocytes were co-incubated in 96-well
plates for 72 h. MTT assay was then performed to detect
lymphocyte viability, as described in previous studies
(19). Viability index of lymphocytes was calculated as
follows: value (index of lymphocytes) = (ODs7( in exper-
imental group)/(ODs;, responding cells in control
group + ODsy( stimulator cells in control group). In this
experiment, DCs treated with GH or DCs from HPBMCs
transfected with miR-200a mimic/inhibitor were consid-
ered to be experimental groups.

Cytotoxicity of CTLs

DCs were obtained 9 days after incubation. 1 x 10> per
ml DCs and 1 x 10° per ml lymphocytes were co-incu-
bated in 24-well plates for 72 h, then CTLs were col-
lected. 1 x 10* per well CTLs and MG-63 or U20S
osteosarcoma cells were incubated in 96-well plates at
37°C for 4 h in an atmosphere of 5% CO,. CTL cytotoxi-
city was detected by MTT assay. Cytotoxicity of CTLs
was calculated using the following formula: value (cyto-
toxicity of CTLs) = [l — ODsy in the experimental
group/(OD57 in responding cells group + ODsyq in the
target cell group)]. In this experiment, DCs treated with
GH were considered to be the experimental group.

Quantitative PCR

Total RNA of DCs or BMDCs was extracted using TRIzol
(Invitrogen, Carlsbad, CA, USA) and complementary
DNA was reverse-transcribed using a TagMan miRNA
reverse transcription kit (Applied Biosystems, Foster City,
CA, USA) according to the manufacturer’s instructions.
Relative expression of miR-200a was quantified by Power
SYBR Green PCR Master Mix (Applied Biosystems). U6
served as reference gene. Relative expression of miR-200a
was calculated by the AACt method. Sequences of miR-
200a were as follows: forward primer, 5'-GGCTAACACT
GTCTGGTAACGATG-3' and reverse primer, 5'-GTG
CAGGGTCCGAGGT-3'. Sequences of U6 were as fol-
lows: forward primer, 5-GCTTCGGCAGCACATA
TACTAAAAT-3’ and reverse primer, 5'-CGCTTCACG
AATTTGCGTGTCAT-3'.

Western blotting

Cytoplasmic and nuclear proteins were prepared using
the Nuclear and Cytoplasmic Protein Extraction Kit
(Beyotime, Shanghai, China) following the manufac-
turer’s instructions and protein was quantified with the
Bradford method. After denaturation for 5 min, protein
extracts were separated on 10% SDS-PAGE and trans-
ferred to PVDF membranes (Bio-Rad, Hercules, CA,
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USA), blocked with 5% non-fat dry milk in Tris-HCI
buffered saline and incubated with appropriate primary
antibodies (Cell Signaling, Beverly, MA, USA). Second-
ary antibodies were then added and incubated at room
temperature for 2 h. All antibodies were diluted with
1:1000 in TBS buffer. After washing membranes, pro-
tein activity was detected and imaged with the aid of a
GS800 Densitometer Scanner (Bio-Rad). Data were pro-
cessed using PDQuest 7.2.0 software (Bio-Rad); a-tubu-
lin served as control protein.

Transfection

To overexpress or down-regulate miR-200a expression,
mimic or inhibitor of miR-200a was used, by transfection
into various DCs. Transfection of the negative control (NC)
served as a control, as it has no homology to any known
mammalian gene. Lipofectamine 2000 reagent (Invitrogen)
was used to perform cell transfection. Mimics and inhibi-
tors of miR-200a, as well as NC, were synthesized by Ribo-
bio Co., Ltd. (RIBOBIO, Guangzhou, China).

Immunoprecipitation and immunoblotting

BMDCs were pre-cultured in 100 mm dishes for 24 h.
Cells were supplemented with different treatments for a
further 12 h, then lysed in RIPA buffer containing pro-
teinase inhibitor. Lysates were homogenized twice by
ultrasonication for 10 s, and incubated on ice for
30 min. Homogenates were then centrifuged at
15 000 g for 15 min. Concentration of protein extracts
was detected using the Bradford method with the aid of
a protein assay kit (Beyotime).

Immunoprecipitation and immunoblotting were con-
ducted by conventional methods. In brief, whole cell
lysates with 0.5 mg proteins were pretreated with protein
A-Sepharose beads for 1 h, cultured with 1 pg anti-Keapl
or anti-Nrf2 antibody for 4 h to make Nrf2/Keapl
immunoprecipatitate.  Immunoprecipitated complexes
were then washed five times in RIPA buffer and boiled in
SDS sample buffer for 5 min. Immunoprecipitation prod-
ucts were run on 8% SDS-PAGE and electrophoretically
transferred to PVDF membranes (Bio-Rad). These were
then incubated with primary antibodies (Cell Signaling)
according to the manufacturer’s protocol, before being
incubated with horseradish peroxidase conjugated sec-
ondary antibody for 2 h. Protein was finally detected and
imaged using a GS800 Densitometer Scanner (Bio-Rad).

Luciferase activity assay

Luciferase activity assay was conducted as previously
described (20). In brief, pGL3-Nrf2 3’-UTR reporter plas-
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mid contains wild type Nrf2 3’-UTR cloned into a pGL3
vector. 3’-UTR mutant pGL3-Nrf2 reporter plasmid was
generated with point mutations within potential miR-200a
binding sites. Control plasmids or test plasmids were
transfected into BMDCs using Lipofectamine 2000 (Invit-
rogen) in strict accordance with the manufacturer’s
instructions. Relative luciferase activities were detected
using Dual-Luciferase Reporter Assay (Promega, Madi-
son, WI, USA).

Establishment of osteosarcoma mice

Animal experiments were conducted according to the
Guide for the Care and Use of Laboratory Animals and
approved by the Animal Research Ethics Committee of
the First Affiliated Hospital of Zhengzhou University. An
osteosarcoma mouse model was obtained by subcuta-
neous injection of 1 x 10° LMS cells (a murine osteosar-
coma cell line) into female C3H mice. After tumour
establishment, mice were treated with the appropriate
injections twice weekly: tumour cell lysis (Group A,
n = 6), tumour cell lysis + DCs transfected with NC
(Group B, n = 6), and tumour cell lysis + DCs transfected
with miR-200a mimic (Group C, n = 6). Tumour volume
of lung metastases were detected using Micro-CT (ZKKS,
China) to obtain high-resolution CT images, in all direc-
tions, of the living osteosarcoma mice. Tumour volumes
of lung metastases were calculated using the formula:
(m x long axis x short axis x short axis)/6.

Statistical analysis

SPSS 17.0 software was used to conduct data analysis.
All bars are presented as means + SD. Differences
between two groups were determined by independent-
sample t-tests for in vitro experiments. Differences
between three groups were determined by analysis of
variance (ANOVA) and Tukey tests. P < 0.05 was con-
sidered statistically significant.

Results

Growth hormone promotes maturation and activation of
dendritic cells

Immature DCs were co-incubated with GH for 9 days to
investigate effects of GH on DC maturation. As shown in
Fig. 1, immunophenotypes HLA-DR, CD-1a, CD80 and
CD83 in the GH-treated group were 49.5%, 36.1%,
32.6% and 34.5%, respectively, which was significantly
higher than controls (Fig. 1a). IL-12 concentration in DC
supernatant was also elevated in the GH group at days 5,
7 and 9 (Fig. 1b,c). Results also showed that GH pro-

Cell Proliferation, 48, 573-581



576 Q.-L. Liu et al.

moted T lymphocyte viability (Fig. 1c) and elevated CTL
cytotoxicity (Fig. 1d).

Role of growth hormone in regulation of miR-200a and
Keap1/Nrf2 pathway

Real-time PCR results indicated that GH significantly
down-regulated miR-200a expression in DCs (Fig. 2a).
Keap1/Nrf2 was measured by western blotting and GH
was found to elevate Keapl expression (Fig. 2b). Cyto-
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MiR-200a inhibited maturation and activation of
dendritic cells
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Nrf2 pathway. miR-200a expression of DCs
was detected by real-time PCR (a). Protein
expression of Keapl (b), Nrf2 (c), and Nrf2
targets (d) in DCs treated with or without GH
were measured by western blotting with o-
tubulin as internal reference protein. *versus
control, P < 0.05.
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levels of miR-200a. Immunophenotypes of DCs were
detected by FACS, and results showed HLA-DR,
CD-1oa, CD80 and CDS83 were significantly reduced by
the miR-200a mimic (Fig. 3a). IL-12 concentration in
DC supernatant and T lymphocyte proliferation also
decreased (Fig. 3b,c). HPBMCs were transfected with
miR-200a inhibitor to down-regulate its expression.
Positive expression ratio of DC phenotypes, IL-12 level
and proliferation index of T lymphocytes were markedly
elevated compared to groups transfected with a negative
control (NC).

MiR-200a was involved in regulation of growth
hormone in the Keapl/Nrf2 pathway

Murine bone marrow derived dendritic cells (BMDCs)
were treated with GH for 24 h, after which relative
miR-200a level was significantly down-regulated
(Fig. 4a). GH promoted Keapl expression and inhibited
nuclear Nrf2 level of BMDCs (Fig. 4b,c). Level of Nrf2
in target genes NQOI and HO-1 was also reduced in
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cells (Fig. 4d). However, effects of GH on regulation of
Keap1/Nrf2 molecules was reversed by up-regulation of
miR-200a.

Involvement of MiR-200a in regulation of growth
hormone and Nrf2 ubiquitination

Nrf2 ubiquitination was detected by immunoprecipita-
tion and immunoblotting. As presented, GH elevated
ubiquitination level of Nrf2, and this elevation was
reversed by down-regulation of Keapl (Fig. 5a) or
transfection of a miR-200a mimic (Fig. 5b). To overex-
press BMDC Keapl by pCMV5-Keapl, Nrf2 ubiquiti-
nation level was increased, which cancelled the effect of
miR-200a on GH exposed cells (Fig. 5c).

MiR-200a inhibited Keap-1 3'UTR activity in murine
bone marrow-derived dendritic cells

BMDCs were co-transfected with Keapl 3’-UTR repor-
ter along with inhibitors or mimics of miR-200a, for
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Figure 4. MiR-200a is involved in regulation of growth hormone
in the Keapl/Nrf2 pathway. Murine bone marrow-derived dendritic
cells (BMDCs) were treated with GH for 24 h and miR-200a expres-
sion was then detected by real-time PCR (a). BMDCs were transfected
with an miR-200a mimic or negative control (NC) after treatment with
GH; protein expressions of Keapl (b), Nrf2 (c), and Nrf2 targets (d) in
BMDCs were measured by western blotting with o-tubulin as internal
reference protein; *versus control, P < 0.05.

24 h and luciferase activity assay as then performed.
Results indicated that miR-200a inhibitor significantly
increased Keap 3/-UTR 1 activity (Fig. 6a) and miR-
200 mimic markedly reduced it (Fig. 6¢), compared to
the group transfected with NC. In addition, protein
expression of Keapl was also up-regulated by miR-200a
inhibitor (Fig. 6b) and down-regulated by miR-200a
mimic (Fig. 6d).

MiR-200a was involved in tumour metastasis in
osteosarcoma mice

An osteosarcoma mouse model was established by
administration with subcutaneous injection of LMS
cells. As shown in Fig. 7, osteosarcoma mice were
treated with DCs (Group B) and volume of Ilung
metastases was significantly reduced compared to con-
trols (Group A). However, the effect was reversed by
treatment with miR-200a mimic transfected DCs
(Group C).
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Figure 5. MiR-200a is involved in regulation of growth hormone,
which affects Nrf2 ubiquitination. Murine bone marrow-derived
dendritic cells (BMDCs) were treated with GH, si-Keapl/si-control,
miR-200a mimic/miR-NC and pCMV5-Keap1/pCMV5; immunoprecip-
itation (IP) and immunoblotting (IB) were used to detect Nrf2 ubiquiti-
nation.

Discussion

Growth hormone is a peptide that stimulates cell repro-
duction and regeneration in mammals. GH and its recep-
tors are expressed in various immune cells such as T
lymphocytes, B lymphocytes, monocytes and natural
killer cells, in thymus, spleen and bone marrow (21).
Biological functions of GH in the immune system
include modulating cytokine production (22,23), regulat-
ing thymocyte development (24), enhancing lymphocyte
development and antibody production (25,26), enhanc-
ing monocyte migration (27) and neutrophil adhesion
(28). However, few previous articles have revealed
effects of GH on DC activation and maturation. Liu
et al. recently reported that GH promoted induction and
maturation of DCs, and facilitated autologous lympho-
cyte proliferation (7). In this study, effects of GH
promoting activation and maturation of DCs was con-
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Figure 7. MiR-200a is involved in tumour metastasis in osteosar-
coma mice. 18 female C3H mice were administered with subcutaneous
injection of LMS cells (1 x 10° cells/mouse) to establish an osteosar-
coma mouse model. Mice were then treated with appropriate injec-
tions: tumour cell lysis (Group A, n = 6), tumour cell lysis + DCs
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metastases were detected. *versus Group A, P < 0.05; *versus Group
B, P < 0.05.
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firmed. In addition, we found that the Keap1/Nrf2 path-
way via miR-200a regulation, played a part in this pro-
cess.

Dendritic cells (DCs) are potent antigen-presenting
cells participating in the immune response; ability of
DCs to regulate immunity is dependent on their matura-
tion. Immature DCs reside in non-lymphoid tissues
where they can capture and process antigens; antigen-
presenting properties arise when mature DCs migrate to
T-cell-containing  areas  of  lymphoid  organs.
Immunophenotypes HLA-DR, CDlo, CD80 and CD83
are expressed in DCs, expression implying the cells mat-
uration. Various factors can induce DC maturation,
including cytokines, bacteria or bacteria-derived prod-
ucts, and ligation of select cell surface receptors. In this
study, immunophenotypes HLA-DR, CDla, CD80 and
CD83 levels were significantly increased in immature
DCs after treatment with GH, proving that GH promoted
DC maturation. Elevated IL-12 concentration in DC
supernatants, as well as viability index of T lymphocytes
and CTL cytotoxicity, confirmed activation of DCs.

It was shown that GH promoted DC maturation and
activation, but the mechanisms for this remain unknown.
Nuclear erythroid 2 p45-related factor 2 (Nrf2) is a
redox-sensitive transcription factor that regulates expres-
sion of antioxidant and detoxification genes. Williams
et al. have found that deletion of Nrf2 affects important
constitutive functions of both bone marrow-derived and
highly purified myeloid lung DCs, such as secretion of
inflammatory cytokines and their ability to take up
exogenous Ag (29). Nrf2 is activated following its
detachment from its cytosolic inhibitor, Keapl, then
translocates to the nucleus where it binds to antioxidant
response elements in the promoter region of target
genes, leading to their transcriptional induction. Nrf2
targets to HO-1 and NQOI1, which have antioxidant
activities. Chauveau et al. have demonstrated that induc-
tion of HO-1 expression, with cobalt protoporphyrin in
human and rat DCs, inhibits lipopolysaccharide-induced
phenotypic maturation and secretion of proinflammatory
cytokines, resulting in inhibition of alloreactive T-cell
proliferation (30). We also investigated role of the
Keapl/Nrf2 pathway in the process through which GH
promotes DC maturation and activation. It was revealed
that GH inhibited Nrf2 pathway activation, due to high
levels of Nrf2 ubiquitination induced by Keapl. Expres-
sion of Nrf2 target genes HO-1 and NQOI was also
down-regulated by GH. These data suggest that the Nrf2
pathway maybe involved in the process of GH-induced
DC maturation.

In addition, to further investigate mechanisms under-
lying promotion of GH on DC maturation, miR-200a
was detected. The miR-200 family has been found to
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play an important role in innate responses by modulat-
ing expression of chemokines (16). Our experiments
showed that miR-200a level in DCs was significantly
reduced by GH treatment. In addition, miR-200a overex-
pression inhibited DC maturation while its down-regula-
tion promoted DC maturation, implying that miR-200a
takes part in DC maturation. Eades et al. have demon-
strated that miR-200a regulates the Keapl/Nrf2 path-
way in mammary epithelium (18). We also observed
that down-regulation of miR-200a elevated Keapl
expression and inhibited accumulation of nucleus Nrf2
in GH-exposed BMDCs. Results of luciferase activity
assay showed that miR-200a reduced Keapl 3'UTR
activity in BMDCs, further indicating regulation of miR-
200a in the Keapl/Nrf2 pathway. In vivo, anti-tumour
effects of GH-treated DCs was reversed by miR-200a
overexpression.

In conclusion, we have shown that GH promoted
maturation and activation of DCs, and regulation of
miR-200a took part in this process by modulating the
Keapl/Nrf2 pathway. However, Keapl/Nrf2 is not the
only regulation pathway of DC maturation and activa-
tion. Further studies must be conducted to clarify mech-
anisms by which GH affects DC function; GH
stimulation of DCs can also be applied to aim to combat
various cancers, in animal experiments.
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