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A B S T R A C T

Iron oxide nanoparticles (IONPs) have been shown to attenuate T helper (Th)1 and Th2 cell-mediated immunity
in ovalbumin (OVA)-sensitized mice. The objective of this study is to investigate the effects of IONPs on the
immune responses of Th17 cells, a subset of T cells involved in various inflammatory pathologies. For in vivo
study, a murine model of delayed-type hypersensitivity (DTH) was employed. BALB/c mice received a single
dose of IONPs (0.2–10mg iron/kg) via the tail vein 1 h prior to ovalbumin (OVA) sensitization. Their footpads
were subcutaneously challenged with OVA to induce DTH reactions. The expression of Th17 cell-related mo-
lecules in inflamed footpads were examined by immunohistochemistry. For in vitro study, OVA-primed sple-
nocytes were directly exposed to IONPs (1–100 μg iron/mL), and then re-stimulated with OVA in culture. The
expression of Th17 cell-related molecules were measured by reverse transcription-polymerase chain reaction and
enzyme-linked immunosorbent assay. IONP administration attenuated the number of interleukin (IL)-6, IL-17,
the transcription factor ROR-γ, and chemokine receptor 6 positive cells in OVA-challenged footpads, whereas the
number of transforming growth factor-β, IL-23 and chemokine (C-C motif) ligand 20 positive cells was not
altered. Direct exposure of OVA-primed splenocytes to IONPs suppressed the production of IL-6 and IL-17, and
the mRNA expression of IL-17 and ROR-γt. These data indicate that exposure to IONPs attenuates Th17 cell
responses in vivo and in vitro.

1. Introduction

Iron oxide nanoparticles (IONPs) have been exploited for potential
applications in various biomedical fields, including cell labeling and
transfection, contrast enhancement of magnetic resonance imaging
(MRI), delivery of drugs and genes, thermal treatment, etc. [1–7]. In
particular, superparamagnetic IONPs have been used in clinical as MRI
contrasting agents for detection of liver tumors [7–10]. For this appli-
cation IONPs are administered intravenously, resulting in a rapid up-
take of the nanoparticles by the reticuloendothelial system [7,11].
Hence, the liver, spleen and other immune organs are major sites of
particle deposition [12], raising concerns about the potential impacts
on the immune system by medicinal preparations of IONPs.

In addition to macrophages whose functionality has been well stu-
died to be modulated by IONPs [13–17], accumulating evidence in-
dicates that T cells are affected by the nanoparticles. Exposure of

normal, non-sensitized mice to IONPs via intravenous or oral admin-
istrations affected the cellularity of T cells in the peripheral blood and
spleen [18,19]. Systemic exposure to INOPs also increased the pro-
duction of T cell-derived cytokines, including interleukin (IL)-2, IL-10,
and interferon (IFN)-γ in the blood [18]. A single intravenous admin-
istration with IONPs attenuated antigen-specific immune responses,
including antibody production and T cell functionality, in ovalbumin
(OVA)-sensitized mice [20]. Mechanistic investigation revealed that
exposure of OVA-primed splenocytes to IONPs in culture suppressed
cytokine production induced by OVA re-stimulation [21], indicating
that IONPs directly influenced the functionality of splenic T cells.
Furthermore, both T helper (Th)1 and Th2 cell-mediated immune re-
sponses were suppressed by IONPs in OVA-sensitized murine models
[22,23]. Taken together, these results indicate that T cells are a sensi-
tive target in the immune system to IONPs.

Th17 cells, a subset of Th cells expressing high levels of IL-17, are
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known to play a crucial role in the pathophysiology of various disease
conditions, including collagen-induced arthritis, contact dermatitis,
dermal inflammation and inflammatory bowel disease [24–30]. IL-17
possesses strong proinflammatory properties and acts on various im-
mune cells resulting in the production of the pro-inflammatory cyto-
kines IL-6 and tumor necrosis factor (TNF)-α, and the chemokines
CCL2, CCL3 and IL-8, thereby promoting leukocyte infiltration and
tissue inflammation [31–33]. The development of Th17 cells from naïve
T cells requires the cooperative effect of IL-6 and transforming growth
factor (TGF)-β, which up-regulates the expression of RAR-related or-
phan receptor gamma (ROR-γ), a characteristic transcription factor
dictating the development of Th17 cells [34–38]. In addition to IL-6 and
TGF-β, IL-23 is another critical cytokine for the development and
maintenance of Th17 cells, as it stabilizes and promotes the prolifera-
tion of Th17 cells [39,40].

Previous murine studies showed that systemic exposure to nano-
fullerene attenuated delayed-type hypersensitivity (DTH) reactions as-
sociated with a reduced production of IL-6 and IL-17 [41]. In contrast,
respiratory exposure to diesel exhaust particles aggravated pathological
symptoms of DTH by enhancing the expression of several pro-in-
flammatory cytokines, such as IL-17 [42]. These results demonstrated
that the functionality of Th17 cells associated with DTH is modulated
by non-metal nanomaterials. In the present study, a murine model of
DTH induced by ovalbumin (OVA) was employed to address whether
Th17 immune responses were influenced by IONPs in vivo. Direct ef-
fects of IONPs on Th17 cells were also investigated using OVA-primed
splenocytes in culture.

2. Materials and methods

2.1. Reagents and chemicals

Resovist®, a commercial medicinal preparation containing 28mg
iron/mL of IONPs, was obtained from Bayer Schering Pharma AG,
(Berlin, Germany). The particle size distribution of Resovist® has been
confirmed to be a monodisperse population with an average diameter of
58.7 nm [21]. The core of Resovistis is comprised of Fe3O4 (magnetite)
and γ-Fe2O3 (maghemite), which is coated with carboxydextran [7].
Reagents used for enzyme-linked immunosorbent assay (ELISA) were
purchased from R&D Systems (Minneapolis, MN, USA). All reagents
used for reverse transcription-polymerase chain reaction (RT-PCR)
were obtained from Promega (Madison, WI, USA). Fetal bovine serum
(FBS) and cell culture supplies were obtained from Hyclone (Logan, UT,
USA). All other reagents were obtained from Sigma-Aldrich (St. Louis,
MO, USA).

2.2. In vivo experiments

2.2.1. Protocol of delayed-type hypersensitivity (DTH)
Male BALB/c mice at age of 5–6weeks old were supplied by

BioLasco (Ilan, Taiwan). Mice were randomized and housed in plastic
cages containing a saw-dust bedding (5 mice per cage) and allowed to
acclimatize to new housing conditions for a week prior to experi-
mentation. The animals had free access to standard laboratory food and
water. The sensitization and challenge protocol of DTH model has been
described previously [22]. The mice were randomly divided into the
following groups (5 mice per group), including non-sensitized (NS),
ovalbumin-sensitized (OVA), vehicle-treated and OVA-sensitized (VH),
and IONP-treated and OVA-sensitized (IONP) groups. The mice were
either left non-sensitized (NS) or sensitized with ovalbumin (OVA) by
subcutaneous injection using a sensitization solution containing 100 μg
OVA and 1mg alum in 0.25mL saline on day 0. The OVA-sensitized
mice were intravenously administered with a single dose of IONPs
(0.2–10mg iron/kg; 0.2 mL/mouse) and/or vehicle (VH; saline) 1 h
prior to OVA sensitization. To induce DTH reactions, the hind footpad
of each mouse received a subcutaneous challenge of OVA (10 μg in

20 μL saline) on day 7. The footpads of mice were harvested on day 8.
Tissue blocks of footpads were fixed in 10% neutral buffered formalin
for 24 h, decalcified in a rapid decalcifier-solution (Merck, Darmstadt,
Germany) for 48 h, embedded in paraffin, and then cut into 3–4 μm
sections for IHC staining. The protocol of animal experiments was ap-
proved by the Institutional Animal Care and Use Committee of the
National Taiwan University (NTU-103-EL-00105).

2.2.2. Immunohistochemical (IHC) staining
Tissue sections of footpads were deparaffinized and rehydrated ac-

cording to standard procedures. Antigen retrieval of the rehydrated
slides was performed using Trilogy™ (Cell Marque, Hot Springs, AR,
USA) following the supplier's instructions. The slides were immersed in
3% H2O2 in methanol to quench the activity of endogenous peroxidase
and then blocked with horse serum. The slides were incubated with
anti-mouse CCL-20, CCR6, IL-6, IL-17, IL-23, ROR-γ or TGF-β antibody
(Abcam, MA) at 37 °C for 1–2 h. After washing, super enhancer was
applied onto the slides and incubated for 1 h. The slides were treated
with a poly-horseradish peroxidase (HRP) reagent and incubated for
another 1 h. The slides were incubated with the HRP substrate 3-amino-
9-ethylcarbazole (AEC) or 3,3′-diaminobenzidine (DAB) for 2min and
then subjected to hematoxylin counter staining (blue color) for visua-
lization. Positive signals with dark-red (AEC) or brown (DAB) color
were counted manually.

Tissue sections were also double stained for CCR6 and IL-17. Anti-
mouse IL-17 antibody was applied on slides and incubated at 37 °C for
2 h, and then a secondary antibody conjugated with alkaline phos-
phatase (AP) was applied for 1 h. Signals of the first staining (black
color) was detected using the AP substrate 5-bromo-4-chloro-3-in-
dolylphosphate/nitroblue tetrazolium. For the second staining, anti-
CCR6 antibody was applied on the slides for 2 h, followed sequentially
by super enhancer solution and poly-HRP 1 h per each step. The slides
were then incubated with the AEC solution for visualizing the CCR6
staining without counter staining. Double positive signals with black
and dark-red colors were enumerated manually.

Images of IHC staining displaying clear signals were used for
quantitation of IHC results, three measurements per footpad and 6–8
footpads at 200-fold magnification per group were counted manually in
a blinded fashion.

2.3. In vitro experiments

2.3.1. Preparation of ovalbumin (OVA)-primed splenocytes
OVA-primed splenocytes were prepared from BALB/c mice sensi-

tized with OVA as described previously [21]. In brief, BALB/c mice
were sensitized with OVA absorbed to alum (100 μg OVA +1mg alum
in 0.25mL saline) by subcutaneous injection on days 0 and 14. The
mice were sacrificed on day 15, and their spleens were harvested and
made into single cell suspensions. The splenocytes were cultured in
RPMI 1640 medium supplemented with 100 U/mL penicillin, 100 μg/
mL streptomycin, and 5% heat-inactivated FBS at 37 °C in 5% CO2.

2.3.2. Measurement of cytokines by ELISA
OVA-primed splenocytes were seeded into 48-well plates (5× 106

cells/mL; 250 μL/well). The cells were either left untreated (naïve; NA)
or treated in triplicate with IONPs (1–100 μg iron/mL) and/or VH fol-
lowed by stimulation with OVA (100 μg/mL) for 48 h. The level of IL-6
and IL-17 in the supernatants was measured by ELISA following the
supplier's instructions. Three independent experiments were performed.

2.3.3. Reverse transcription-polymerase chain reaction (RT-PCR)
Splenocytes (5× 106 cells/mL) were seeded into culture dishes

(100× 10mm, 10mL/dish) and received OVA stimulation and IONP
treatment as described above. Three independent experiments were
performed. The cells were then collected and TRI reagent (Sigma-
Aldrich) was used for the extraction of total RNA. The expression level
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of β-actin, IL-17 and ROR-γt mRNA was measured by standard RT-PCR.
PCR products were electrophoresed and visualized with ethidium bro-
mide staining. Semi-quantification of the PCR products was performed
using the ImageQuant 5.0 Analysis Software (Molecular Dynamics). The
expression level of β-actin was used as an internal control. No DNA
contamination for all extracted samples was confirmed by the absence
of PCR products from a side-by-side reaction without RT. The primers
used are as follows: 5′-GGTCAACCTCAAAGTCTTTAACTC-3′ and
5′-TTAAAAATGCAAGTAAGTTTGCTG-3′ for IL-17, 5′-ACAGCCACTGC
ATTCCCAGTTT-3′ and 5′-TCTCGGAAGGACTTGCAGACAT-3′ for ROR-
γt, and 5′-AGGGAAATCGTGCGTGACATAAAA-3′ and 5′-ACTCATCGTA
CTCCTGCTTGCTGA-3′ for β-actin.

2.4. Statistical analysis

Data are expressed as the mean ± standard error (SEM) for each
treatment group. Homogeneous data were evaluated by a parametric
analysis of variance (ANOVA), and Dunnett's two-tailed t-test was em-
ployed to assess the statistical difference between IONP-treated groups
and the VH group. P value< 0.05 was considered as statistical sig-
nificance.

3. Results

3.1. IONPs attenuated Th17 immune responses in vivo

Previous results showed that IONPs at the dose range used for di-
agnostic imaging suppressed DTH reactions in ovalbumin (OVA)-sen-
sitized mice [20,22]. In the present study, we firstly examined the ex-
pression of IL-17, the major Th17 cell-derived cytokine, in the footpads
of DTH mice using immunohistochemical (IHC) staining. IL-17 signals
were primarily detected surrounding the vasculature in the dermis
layer. The number of IL-17+ cells in the OVA group was significantly
increased, as compared to the non-sensitized (NS) control, demon-
strating an enhanced Th17 immune responses in the inflamed footpads
of DTH mice (Table 1). These results are in parallel with previous re-
sults showing a dampened DTH reactions in IL-17-deficient mice [47].
Notably, a single dose (0.6 and 10mg iron/kg) of IONPs by intravenous
injection prior to OVA sensitization significantly reduced the number of
IL-17+ cells in the footpads of DTH mice, as compared to the VH
control (Fig. 1A and Table 1). We further examined the expression of
the orphan nuclear receptor ROR-γ, a key transcription factor dictating
the development of Th17 lineage, in the inflamed footpads. In parallel
with the effect on IL-17, IONPs at the same dosage (0.6 and 10mg iron/
kg) markedly reduced the number of ROR-γ+ cells in the footpads
(Fig. 1B and Table 1). The development of Th17 cells requires signals
mediated by several cytokines, such as coordinative effects produced by

IL-6 and TGF-β [34–36]. Moreover, signals from IL-23 are crucial for
maintaining Th17 effector functions and stabilizing the phenotype of
Th17 cells [39,40]. We therefore examined the expression of these
cytokines in the inflamed footpads. The results showed that IONPs (0.6
and 10mg iron/kg) significantly suppressed the number of IL-6+ cells
(Fig. 1B and Table 1), but not TGF-β+ and IL-23 (Table 1). These results
demonstrated that the IONP administration attenuated Th17 cell re-
sponses associated with DTH.

3.2. IONPs attenuated the infiltration of CCR6+ Th17 cells in inflamed
footpads

Chemokine networks are involved in the regulation of leukocyte
trafficking and inflammatory responses. Previous studies reported the
presence of CCR6+ Th17 cells in the synovial T cells from individuals
with idiopathic arthritis [43]. Hence, the expression of CCR6 and its
ligand CCL20 in the inflamed footpads of DTH mice was examined. The
results showed that the signal of CCR6 was significantly attenuated by
IONPs (0.6 and 10mg iron/kg; Fig. 1C and Table 1). The expression of
CCL20 was not affected (Table 1). To further address if the reduced
expression of CCR6 occurred in Th17 cells, double IHC staining for
CCR6 and IL-17 was performed, and the results showed a marked re-
duction in the number of CCR6+IL-17+ cells in mice treated with
IONPs (0.6 and 10mg iron/kg; Fig. 1C and Table 1).

3.3. IONPs directly inhibited IL-17 cell responses in vitro

On the basis of the above in vivo results, we sought to investigate
whether IONPs produced a direct effect on Th 17 cell responses in vitro.
OVA-primed splenocytes were prepared from mice sensitized with OVA.
The cells were directly exposed to IONP (10–100 μg iron/mL), and then
stimulated with OVA (100 μg/mL) to activate T cells. As shown in
Fig. 2A, OVA-stimulation markedly increased the levels of IL-17 in the
supernatants of splenocyte cultures, as compared to the non-stimulated
group (NA), indicating a successful activation of Th17 cells. In line with
the in vivo effect on Th17 cell responses, IONPs (10–100 μg iron/mL)
suppressed the production of IL-17 by OVA-primed splenocytes in a
concentration-dependent manner (Fig. 2A). Concordantly, IONPs de-
monstrated a similar inhibitory effect on the production of IL-6 by
splenocytes in culture (Fig. 2B). The suppressive effect by IONPs
(10–100 μg iron/mL) on IL-17 was also confirmed at the mRNA level
(Fig. 3A & B). In addition, direct exposure to IONPs (10–100 μg iron/
mL) attenuated the mRNA expression of ROR-γt by the splenocytes
(Fig. 3A & C).

Table 1
Immunohistochemical staining of IL-17+, IL-6+, TGF-β+, ROR-γ+, IL-23+, CCR6+, CCL-20+ and CCR6+IL17+ cells in the footpads of DTH mice.

Number of positive cells

Iron oxide nanoparticles (mg Fe/kg)

NS OVA VH 0.2 0.6 10

IL-17+ 4 ± 1 17 ± 2 18 ± 4 14 ± 2 9 ± 2⁎ 7 ± 1⁎

IL-6+ 5 ± 1 17 ± 3 18 ± 3 13 ± 2 6 ± 2⁎ 7 ± 1⁎

TGF-β+ 3 ± 1 6 ± 1 7 ± 1 7 ± 1 5 ± 1 5 ± 1
ROR-γ+ 4 ± 1 12 ± 2 10 ± 2 13 ± 3 5 ± 1⁎ 6 ± 1⁎

IL-23+ 8 ± 1 12 ± 1 13 ± 1 11 ± 2 11 ± 1 12 ± 1
CCR6+ 4 ± 1 8 ± 1 9 ± 1 7 ± 1 5 ± 1⁎ 5 ± 1⁎

CCL20+ 7 ± 1 13 ± 2 15 ± 2 13 ± 2 13 ± 2 13 ± 2
CCR6+IL-17+ 3 ± 1 8 ± 1 8 ± 1 6 ± 1 4 ± 1⁎ 4 ± 1⁎

Staining was performed as described in the Materials and methods. The number of positive cells was counted manually. Data are expressed as the mean ± SE of 6–8 footpads per group.
Three independent experiments were performed and the presented results are a representative.

⁎ P < 0.05 compared to the VH group.
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Fig. 1. The effects of IONPs on the expression of Th17 cell-related molecules in vivo. BALB/c mice were treated as described in Materials and methods. DTH reactions in footpads were
induced by a subcutaneous OVA challenge. Footpad tissue sections were subjected to IHC staining for CCR6, IL-6, IL-17 and ROR-γ and double staining for IL-17 and CCR6. (A)
Representative sections stained for IL-17 are shown (original magnification, ×400). Arrows indicate IL-17+ cells with dark-red signals around the blue nuclei. (B) Representative sections
stained for IL-6 and ROR-γ are shown (original magnification, ×400). Arrows indicate cells with positive signals. (C) Representative sections stained for CCR6 and for both CCR6 and IL-
17 are shown (original magnification, ×400). Arrows indicate CCR6+ (dark-red) and IL-17+CCR6+ (dark-red and black) cells in the upper and lower panels, respectively. Quantitative
data are presented in Table 1. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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4. Discussion

Previously results showed that systemic exposure to IONPs atte-
nuated DTH reactions by down-regulating immune responses of Th1
cells and macrophages in OVA-sensitized mice [22]. Interestingly,
nano-fullerene also demonstrated a similar suppressive effect on DTH
[41]. However, nano-fullerene did not affect the expression of IFN-γ, a
Th1 signature cytokine. Instead, nano-fullerene attenuated the activa-
tion of Th17 cells associated with DTH, as evidenced by a reduced IL-17
expression in mice treated with nano-fullerene. To date, it remains
mostly unknown if IONPs influence Th17 immune responses. Results of
the present study showed that a single intravenous administration with
IONPs (0.6 and 10mg iron/kg) markedly reduced the number of in-
filtrated IL-17+ cells in the inflamed footpads. Although previous re-
sults on IFN-γ are inconsistent between nano-fullerence and IONPs,
Th17 cells are affected by both nanomaterials. As Th17 cells play a
critical role in the immunobiology of DTH [47] and many other in-
flammatory conditions [44–46], systemic exposure to nanomaterials
may potentially impact on the pathophysiology of inflammatory dis-
eases involving Th17 cells.

In addition to the in vivo results, we further investigated whether
IONPs induced direct effects on Th17 cells. Results from cell culture
experiments revealed that exposure of OVA-primed splenocytes to
IONPs resulted in a reduced expression of the Th17 signature cytokine
and transcription factor, namely IL-17 and ROR-γt, respectively. These
results demonstrated a direct suppressive effects by IONPs on Th17 cell
responses.

The retinoid-related orphan receptor ROR-γt is a key transcription
factor dictating the development of Th17 lineage and [37,38]. The
present study showed that administration of IONPs reduced the number
of ROR-γ+ cells in the footpads of DTH mice and direct exposure of
OVA-primed splenocytes to IONPs in vitro inhibited the expression of
ROR-γt mRNA, suggesting a potential impact by IONPs on the devel-
opment of Th17 cells. The development of the Th17 lineage also re-
quires the cooperative effect mediated by IL-6 and TGF-β [34–36].
Notably, the production of IL-6 by OVA-primed splenocytes was atte-
nuated by IONP exposure. In addition, the number of IL-6+ cells, but
not TGF-β+, was reduced by IONPs in the footpads of DTH mice, sug-
gesting that IL-6, instead of TGF-β, played a more predominant role in
the underlying immunological mechanisms for IONP-mediated sup-
pression of the Th17 immune responses associated with DTH.

The CCR6/CCL20 chemokine axis is involved in the immunobiology
of various inflammatory disorders [43,48–51]. CCR6 is expressed by
several populations of T cells, such as Th17 cells [43,49]. In the present
study, we investigated whether the CCR6/CCL20 pathway was modu-
lated by IONPs. The signal of both CCR6 and CCL20 was elevated in the
footpads of DTH mice, demonstrating that the CCR6/CCL20 axis may
contribute to the DTH reactions. The signal of CCR6 in the footpads of
DTH mice was attenuated in IONP-treated mice, whereas CCL20 was
unaltered. We further addressed whether the expression of CCR6 by
Th17 cells was affected by IONPs, results from IHC double staining
demonstrated that IONPs reduced the number of IL-17+ cells capable of
expressing CCR6. These results are in line with the observed suppres-
sive effects by IONPs on the infiltration of IL-17+ cells. It is suggested

Fig. 1. (continued)
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that IONP-mediated effects on IL-17+ cell infiltration may be attributed
to the reduced recruitment of CCR6+ Th17 cells to the inflamed site.

Pulmonary exposure to IONPs activated macrophages and induced
lung inflammation in normal, non-antigen-sensitized animals, but at-
tenuated allergen-induced Th2 cell-mediated allergic responses in OVA-
sensitized mice [14,16,23]. Moreover, systemic exposure to IONPs at-
tenuated the immune responses of macrophages and Th1 cells asso-
ciated with DTH in OVA-sensitized mice [22]. Hence, in addition to
proinflammatory effects, IONPs possessed immunomodulatory property
on T cell immunity, in which both Th1 and Th2 cell responses were
attenuated. Using the same DTH model and OVA-primed splenocytes,
we further showed that IONPS suppressed Th17 cell responses asso-
ciated with DTH. The suppressive effect of IONPs on the expression of
key Th17-related molecules was further demonstrated in OVA-primed
splenocytes in vitro. IL-17 is known to stimulate the expression of pro-
inflammatory cytokines, including IL-1, IL-6 and TNF-α, under many
inflammatory conditions [31–33]. We therefore speculate that the

diminished Th17 cell responses may be an upstream event contributing
to a reduced expression of proinflammatory cytokines by macrophages
in inflamed footpads and the suppressive effect of IONPs on DTH [22].
Results from the present and previous studies suggest that T cells, in-
cluding Th1 and Th17, are both sensitive targets to systemic IONP ex-
posure. Together, these lines of evidence highlight a need for a more
comprehensive investigation on the potential impact of medicinal na-
nomaterials on T cell-mediated immunity.

In conclusion, the present study demonstrated that a single systemic

Fig. 2. IONPs inhibited antigen-induced IL-6 and IL-17 production by splenocytes in
vitro. Ovalbumin (OVA)-primed splenocytes (5× 106 cells/mL) were prepared as de-
scribed in the Materials and methods. The splenocytes were either left untreated (naïve;
NA) or treated with IONPs (1–100 μg iron/mL) and/or vehicle (VH; saline) followed by
restimulation with OVA (100 μg/mL) for 48 h. The levels of (A) IL-17 and (B) IL-6 in the
supernatants were measured by ELISA. Three independent experiments were performed,
and similar results were observed. Results are a representative of three independent ex-
periments. ⁎P < 0.05 compared to the VH group.

Fig. 3. IONPs suppressed the mRNA expression of IL-17 and ROR-γt by OVA-primed
splenocytes in vitro. Splenocytes (5× 106 cells/mL) were treated as described in Fig. 2.
The mRNA expression of IL-17 and ROR-γt was measured by RT-PCR. (A) Representative
photos of RT-PCR products are shown. The levels of (B) IL-17 and (C) ROR-γt expression
are expressed as mean ± SEM of three independent experiments. ⁎P < 0.05 compared
to the VH group.
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exposure of OVA-sensitized mice to IONPs suppressed Th17 immune
responses associated with DTH, as evidenced by a decreased infiltration
of CCR6+, IL-6+, IL17+ and ROR-γ+ cells in inflamed footpads. In
addition, IONPs caused a direct suppressive effect on the expression of
IL-6, IL-17 and ROR-γt by OVA-primed splenocytes in culture.
Collectively, these results indicate that IONPs attenuate Th17 cell re-
sponses in vitro and in vivo.
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