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Summary

Asthma is a chronic inflammatory disease that involves a variety of

cytokines and cells. Interleukin-16 (IL-16) is highly expressed during aller-

gic airway inflammation and is involved in its development. However, its

specific mechanism of action remains unclear. In the present study, we

used an animal model of ovalbumin (OVA)-induced allergic asthma with

mice harboring an IL-16 gene deletion to investigate the role of this cyto-

kine in asthma, in addition to its underlying mechanism. Increased IL-16

expression was observed during OVA-induced asthma in C57BL/6J mice.

However, when OVA was used to induce asthma in IL-16�/� mice, a

diminished inflammatory reaction, decreased bronchoalveolar lavage fluid

(BALF) eosinophil numbers, and the suppression of OVA-specific IgE

levels in the serum and BALF were observed. The results also demon-

strated decreased levels of T helper type 2 (Th2) and Th17 cytokines upon

OVA-induced asthma in IL-16�/� mice. Hence, we confirmed that IL-16

enhances the lung allergic inflammatory response and suggest a mecha-

nism possibly associated with the up-regulation of IgE and the promotion

of Th2 and Th17 cytokine production. This work explored the mechanism

underlying the regulation of IL-16 in asthma and provides a new target

for the clinical treatment of asthma.

Keywords: IgE; interleukin-16; ovalbumin-induced asthma; T helper type

2 cytokines; T helper type 17 cytokines.

Introduction

Bronchial asthma, a chronic airway inflammatory disease

that seriously endangers human health, is associated with

a high global incidence.1 Because its course can last for

several decades, it has resulted in a heavy economic bur-

den for patients and society. The acute challenge mouse

models reproduce many key features of clinical asthma,

for example airway inflammation, elevated levels of IgE,

goblet cell hyperplasia, epithelial hypertrophy and airway

hyper-responsiveness (AHR) to specific stimuli.2 Hence,

mouse models of the acute allergic response to inhaled

allergens have been widely used to clarify the mechanisms

underlying the immunological and inflammatory

responses in asthma.3–5

It has been shown that the pathogenesis of asthma is

closely related to the dysfunction of helper T (Th) cell

subsets, especially Th2 cells. Both clinical and animal

experiments have confirmed the production of Th2

cytokines in asthma, such as interleukin-4 (IL-4), IL-5

and IL-13, which can induce the activation of initial

effector cells such as eosinophils and mast cells, and sub-

sequently activate many inflammatory mediators, result-

ing in chronic airway inflammation.6–8 In addition, the

Abbreviations: AHR, airway hyper-responsiveness; BALF, bronchoalveolar lavage fluid; Con, control group; ELISA, enzyme-linked
immunosorbent assay; H&E, hematoxylin and eosin; IFN-c, interferon-c; IL-4, interleukin-4; OVA sIgE, OVA-specific IgE; OVA,
ovalbumin; PAS, Periodic Acid-Schiff stain; PBS, phosphate-buffered saline; qPCR, quantitative real-time polymerase chain reac-
tion; Th, helper T; WT, wild-type
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applications of immunoregulatory therapies that induce a

transformation from Th2 to Th1 responses have also been

explored.9

Further, as a newly discovered CD4+ T-cell subset,

Th17 cells have been reported to be involved in the

pathogenesis of asthma.10 Th17 cells secrete several

cytokines including IL-17 (also known as IL-17A), IL-22,

IL-6 and tumor necrosis factor a. As effective inducers of

inflammation, Th17 and IL-17 are significantly associated

with asthma cells and have been considered the definitive

factors of severe asthma.11–14 Moreover, Th17 cytokines

induce the release of pro-fibrotic cytokines from human

eosinophils in asthmatics.15

Interleukin-16 is a pro-inflammatory cytokine that is

produced by many cells such as the lymphocytes, mono-

cytes, eosinophils, mast cells and airway epithelial cells in

individuals with asthma.16 Interleukin-16 was shown to

use the CD4 molecule as its receptor and mediate the

chemotactic activity of CD4+ T lymphocytes, eosinophils

and monocytes. Because IL-16 acts specifically on CD4+

cells, it is not surprising that it plays an important role in

allergic inflammation, allergic asthma, rheumatoid arthri-

tis and multiple sclerosis.17–19 Previous studies have

shown that serum levels of IL-16 in patients with asthma

are significantly higher than those in healthy individuals

and that IL-16 expression in airway epithelial cells is

increased.20,21 In an ovalbumin (OVA)-induced mouse

model of asthma, the expression of IL-16 in serum and

bronchoalveolar lavage fluid (BALF) was increased, and

an IL-16 neutralizing antibody was found to down-regu-

late OVA-specific IgE (OVA sIgE) and reduce AHR.22

Further, intra-airway administration of an IL-16-blocking

peptide largely inhibited the development of antigen-in-

duced AHR.23 These studies indicate that IL-16 plays a

pro-inflammatory role during the progression of asthma.

However, other studies showed that IL-16 might exert an

anti-inflammatory effect on asthma as treatment with this

cytokine can inhibit antigen-induced airway hyper-reac-

tivity, in addition to decreasing the number of eosino-

phils in the BALF and Th2-type cytokine production in

mice.24,25 We suggested that the better way to investigate

the immunomodulatory effect of IL-16 during asthma

was to use knockout mice.

In the present study, we identified increased IL-16

activity in the lung, serum and BALF of C57BL/6J mice

upon OVA-induced allergic inflammation. We used an

IL-16-deletion mouse model to then research the role of

this cytokine in OVA-induced acute allergic inflamma-

tion. We discovered that IL-16�/� mice are less suscepti-

ble to OVA-induced allergic asthma than wild-type (WT)

mice. In addition, we found that IL-16 deletion results in

a significant decrease in the proportion of Th2 and Th17

cells in the spleen, and an obvious reduction in IL-4 and

IL-17A levels. Accordingly, we speculate that IL-16 per-

haps affects the extent of the inflammatory reaction

during OVA-induced allergic asthma in mice by regulat-

ing Th2 and Th17 cells. Although for years it has been

known that IL-16 is up-regulated during asthma, this is

the first report to determine the pro-inflammatory effect

of IL-16 using specific IL-16�/� mice.

Materials and methods

Mice

C57BL/6J WT mice were obtained from Shandong Exper-

imental Animal Center. IL-16 gene-knockout (IL-16�/�)
mice were generated by CRISPR/Cas9-mediated genome

engineering at the Nanjing Biomedical Research Institute

of Nanjing University.26 Mice were viable and fertile, and

no abnormalities were found in thymus, spleen and

lymph node. All mice were maintained under standard

conditions of temperature and humidity with a 12/12-hr

light/dark cycle and specific pathogen-free conditions at

Jining Medical University. For all experiments, 6- to 8-

week-old female mice were used. All animals were cared

for according to the guidelines of the Jining Medical

University Animal Care and Use Committee.

We performed genotyping using genomic DNA isolated

from mouse tail biopsies, and the primers are listed as fol-

lows: IL-16-forward: TGGTACCCCAGTTAGGTGTCATCC,

IL-16-reverse: GACCAGAAAATCGTCCTCCATCTT. PCR

genotyping results are shown in the Supplementary material

(Fig. S1).

OVA-induced mouse model of airway allergic inflamma-
tion

The OVA-induced mouse model of airway allergic inflam-

mation was performed as described by Reddy et al.27 Mice

were arbitrarily assigned to two or four groups, with each

consisting of eight mice. Six-week-old female mice were

sensitized on days 0 and 14 through an intraperitoneal

injection of 20 lg of OVA (Sigma-Aldrich, St. Louis, MO,

grade V) adsorbed to 2 mg of an aluminum hydroxide gel

(Inject alum; Thermo Fisher Scientific, Waltham, MA,

USA) in 0�2 ml of phosphate-buffered saline (PBS, pH

7�4). Then, mice were challenged with 1% aerosolized

OVA (Sigma-Aldrich, grade II) for 30 min each day for

six consecutive days on days 21–26. Control animals

received an intraperitoneal injection of 0�2 ml of PBS con-

taining 0�05 ml of aluminum hydroxide gel and were chal-

lenged with PBS only. Twenty-four hours after the last

challenge, mice were killed to harvest the serum, BALF,

lungs and spleen (Fig. 1).

Airway hyperresponsiveness

Twenty-four hours after the last challenge, AHR was

determined using whole-body plethysmography (Buxco,
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St. Paul, MN, USA). Briefly, mice were placed in the

body and respiration was kept stead for 10 min. Different

concentrations of methacholine (0, 6�25, 12�5, 25, 50 mg/

ml; Sigma-Aldrich) were given at intervals of more than

5 min per dose. The airway resistance was evaluated by

enhancing respiratory intermission (enhanced pause,

Penh) values in all groups of mice. Penh (%) = (Texpiratory

time/Trelaxation time � 1) 9 peak respiratory flow/peak

inspiratory flow 9 100%.

Collection of blood and BALF

Twenty-four hours after the last challenge, the blood of

mice was collected via the retroorbital plexus and sera

were obtained by centrifugation (1485 g, 10 min) and

stored at �80° for enzyme-linked immunosorbent assay

(ELISA). BALF was collected by delivering 0�8 ml of cold

PBS into the airway with a self-made tracheal intubation

and the liquid was gently pumped. This process was

repeated three times to recover a total volume of 2–
2�5 ml per mouse. The BALF was centrifuged at 209 g at

4° for 10 min and the supernatants were stored at �80°
until analysis. The pellet was resuspended in 200 ll of

PBS, centrifuged onto slides, and then stained with

Wright–Giemsa; neutrophils, eosinophils, lymphocytes

and macrophages were identified based on standard mor-

phology by microscopy. The total number of cells was

counted using a hemocytometer. Two different blinded

investigators counted the cells with a microscope, and

approximately 200 cells were counted in each of four dif-

ferent randomized positions.

ELISA

The concentrations of serum and BALF IL-16, OVA-

specific IgE, IL-4, IL-17A and interferon-c (IFN-c) in

mice were detected using respective mouse ELISA kits

(Biolegend, San Diego, CA, USA) according to the manu-

facturer’s protocol. Briefly, 100 ll of serum or BALF from

each sample was added to the well and incubated at room

temperature for 2 hr. After washing the plate with wash

buffer four times, 100 ll of detection antibody was added

to each well and samples were incubated at room temper-

ature for 1 hr. Then, after washing the plate with wash

buffer four times, 100 ll of avidin-horseradish peroxidase

was added to each well, which was incubated at room

temperature for 30 min. After washing the plate with

wash buffer five more times, 100 ll of substrate solution

was added to each well and the plate was incubated in

the dark until the desired color developed, at which time

100 ll of stop solution was added to each well and the

absorbance was read at 450 nm with a Microplate reader

(BioTek, Winooski, VT, USA). All measurements were

performed in duplicate.

Quantitative real-time polymerase chain reaction

Total RNA was extracted from the lung tissue of mice with

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and con-

verted to cDNA using a RevertAid First Stand cDNA Syn-

thesis Kit based on the manufacturer’s instructions (Thermo

Fisher Scientific, Waltham, MA, USA). Quantitative real-

time polymerase chain reaction (qPCR) was performed

using SYBR Green PCR Master Mix (Vazyme, Q111-02,

Jiangsu, China), and the 2�DDCt method was used for gene

expression analysis. All quantified data were normalized to

mouse GAPDH levels. The primers used for real-time were

as follows: IL-16, forward, 50-GCAAGACCAACTCGGT-
CACT-30, reverse, 50-GCCCTTCATCAGCACTATGTT-30;
IL-4, forward, 50-GGTCTCAACCCCCAGCTAGT-30, reverse,
50-GCCGATGATCTCTCTCAAGTGAT-30; IL-17A, forward,
50-GAAGCTCAGTGCCGCCA-30 reverse, 50-TTCATGTGGT
GGTCCAGCTTT-30; IFN-c, forward, 50-ATGAACGCTACA
CACTGCATC-30, reverse, 50-CCATCCTTTTGCCAGTTC
CTC-30; GAPDH, forward 50-AGGTCGGTGTGAACGGAT
TTG-30, reverse, 50-TGTAGACCATGTAGTTGAGGTCA-30.

Histological assessment

The lungs from each mouse were fixed with 4%

paraformaldehyde (Sigma) at 4°. After 24 hr, the fixed

lung tissues were embedded in paraffin, and then cut into

4-lm sections with a microtome and stained with hema-

toxylin and eosin (H&E) to analyze lung inflammation.

Some sections were stained with Periodic Acid-Schiff

stain (PAS) to assess mucin. Lung inflammation and

mucin production were assessed using a microscope in a

blinded fashion as previously described.28,29 Briefly, the

severity of infiltration was assessed based on a five-point

inflammation scoring system as follows: 0, no inflamma-

tory cells; 1, a few cells; 2, a ring of inflammatory cells

one cell-layer deep; 3, a ring of inflammatory cells two to

four cell-layers deep; 4, a ring of inflammatory cells more

than four cell-layers deep. The level of mucus secretion

was evaluated based on the number of PAS-positive

mucus-containing cells as follows: 0, < 0�5% PAS-positive

cells; 1, 0�5–25%; 2, 25–50%; 3, 50–75%; 4, > 75%. A

mean score was obtained from three animals.

Immunohistochemistry

For this, 4-lm-thick, paraffin-embedded lung-tissue sec-

tions were heated for 1 hr at 65° and dehydrated with a

Day 14 21 26 27

Challenge AnalysisSensitization Sensitization

0

Figure 1. Protocol for asthma allergic mouse model. Experimental

protocol of the study, n = 8 per group.
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gradient of ethanol solutions comprising different concen-

trations. After incubating with 0�3% H2O2 to inhibit

endogenous peroxidase activity and blocking with normal

goat serum for 30 min, sections were incubated with a

mouse anti-IL-16-specific antibody (1 : 200; Abcam;

ab180792, Cambridge, UK) overnight at 4°. After washing
with PBS, slides were incubated with biotinylated rabbit

anti-mouse IgG (1 : 1000 dilution; Streptavidin-Peroxi-

dase Immunohistochemical staining kit, SP-0022) for

20 min at 37°. Then, after washing with PBS, sections

were incubated with a streptavidin-peroxidase reagent for

another 20 min at 37°. After three additional PBS washes,

sections were stained with diaminobenzidine under a

microscope until intense staining could be observed. After

hematoxylin staining and dehydration with a gradient of

ethanol, sections were analyzed with a microscope (Olym-

pus, Tokyo, Japan).

Flow cytometry

To determine the percentages of Th1, Th2 and Th17 sub-

sets of CD4+ Th cells, single-cell suspensions (1 9 106)

from mouse spleens were prepared and cultured for 2 hr

with ionomycin (BioLegend) and phorbol 12-myristate

13-acetate (BioLegend); then, 1 9 brefeldin A (BioLe-

gend) was used to block the samples for 4 hr. After stain-

ing with mouse fluorescein isothiocyanate-conjugated

(FITC-) CD4 antibodies (BioLegend), single-cell suspen-

sions were stained with mouse Peridin chlorophyll

protein 5�5-conjugated (PerCP5�5-) IFN-c, phycoerythrin-
conjugated (PE-) IL-4 and allophycocyanin-conjugated

(APC-) IL-17A (BioLegend) antibodies to differentiate

Th1, Th2 and Th17 cells after fixation and

permeabilization. All cells were analyzed by flow cytome-

try (Becton Dickinson, NJ, USA). An isotype control was

used for each antibody.

Statistical analysis

All values are expressed as means � SEM. All statistical

analysis and plotting were performed with GRAPHPAD

PRISM 6 software by performing a one-way analysis of

variance. P < 0�05 was considered statistically

significant.

Results

Levels of IL-16 in serum, BALF and lung tissue are
elevated in C57BL/6J mice upon OVA-induced
allergic inflammation

To determine levels of IL-16 during allergic asthma, wild-

type C57BL/6J mice were randomly divided into two

groups, namely the control group (Con) and asthma

group (OVA). ELISA analysis showed that the levels of

IL-16 in the serum and BALF of the asthma group were

higher than those in the control group (Fig. 2a,b); this

was also confirmed based on mRNA levels in lung tissue

(Fig. 2c). Moreover, as shown in Fig. 2(d,e), IL-16 was

mainly localized to the epithelium in all mice; however,

compared with those in the control group, IL-16-positive

cells were not only increased in the epithelium but also

identified in the cellular infiltrate surrounding the blood

vessels and tracheas. These results suggested increased

expression of IL-16 during OVA-induced allergic

inflammation.
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There are no changes of spleen morphology and
percentage of B cells, T cells, dendritic cells,
macrophages, natural killer cells in the spleen
between WT and IL-16�/� mice

To test the effect of IL-16 gene deficiency on the spleen,

the morphology and some cells of the spleen were

observed. In 8-week-old WT and IL-16�/� mice, there

was no significant difference in spleen morphology

(Fig. 3a). Spleen cell suspensions from WT and IL-16�/�

mice were stained with mouse FITC-B220, FITC-CD11c,

FITC-F4/80, PE-NK1�1, APC-CD3, FITC-CD4, and PE-

CD8 antibodies and flow cytometry was performed using

a FACSCalibur. There were no changes in the percentage

of B cells (Fig. 3b), dendritic cells (Fig. 3c), macrophages

(Fig. 3d), natural killer (NK) cells, and T cells (Fig. 3e)

between WT and IL-16�/� mice. Results were similar in

thymus and mesenteric lymph nodes (see Supplementary

material, Figs S2 and S3).
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IL-16 deletion effects on AHR and reduces OVA-
induced allergic inflammation in mice

The airway responsiveness to methacholine was signifi-

cantly enhanced in OVA-treated mice compared with

PBS-treated mice, as demonstrated by a significant

increase in Penh values, an indirect parameter for airway

function. In OVA-treated mice, the level of AHR in IL-

16�/� mice tends to be reduced compared with that from

WT mice; however, this was not significant (see Supple-

mentary material, Fig. S4).

Next, we assessed changes in allergic airway inflamma-

tion after IL-16 deletion. There was no difference in cell

numbers in the BALF between PBS-treated groups of

both WT and IL-16�/� mice; however, comparing OVA-

treated groups, the BALF from IL-16�/� mice contained

fewer eosinophils than that of WT mice (Fig. 4a). As

shown in Fig. 4(b), compared with that in the PBS-trea-

ted control group, the OVA group showed typical patho-

logical features of allergic airway inflammation based on

H&E staining, as well as inflammatory cell infiltration

around the blood vessels and tracheas; interestingly, these

cells were less abundant in IL-16�/� mice compared with

numbers in WT mice. As shown in Fig. 4(d), an

obviously decreased inflammation score was noted in

OVA-treated IL-16�/� mice compared with that in WT

mice. In addition, many mucus-containing epithelial cells

were observed in OVA-treated mice; however, these cells

were relatively scarce in IL-16�/� mice (Fig. 4c,e). Based
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on these data, we expounded that IL-16 deletion in mice

suppresses OVA-induced allergic inflammation during

asthma.

IL-16 deletion down-regulates OVA-specific IgE in the
serum and BALF

Ovalbumin-specific IgE is an important indicator of

asthma; therefore, we examined the effect of IL-16 dele-

tion on OVA-specific IgE content. According to ELISA,

these levels were increased in the serum and BALF of

OVA-treated groups, whereas this effect was diminished

in IL-16�/� mice (Fig. 5a,b). These data further reinforce

that IL-16 deletion in mice can indeed suppress OVA-in-

duced allergic inflammation during asthma.

IL-16 deletion inhibits the production and expression
of Th2- and Th17-specific cytokines in OVA-
challenged mice

Many cytokines secreted by Th1, Th2 and Th17 cells are

involved in the pathophysiology of asthma. To investigate

the effect of IL-16 deletion on these cytokines, we

detected their expression levels in BALF and serum sam-

ples from control and asthma group mice. ELISA results

showed that levels of IL-4 and IL-17A were obviously

increased in the BALF and serum of OVA-treated animals

compared with those in control groups. Furthermore, the

levels of IL-4 and IL-17A in the serum (Fig. 6a,b) and

BALF (Fig. 6d,e) of IL-16�/� mice were lower than those

in WT mice. Compared with those in control groups,

levels of the Th1 cytokine IFN-c were significantly

reduced in the BALF of OVA-treated mice, and these

levels were higher in IL-16�/� mice than in WT mice

(Fig. 6f). However, regarding serum levels of IFN-c, there
were no differences between control and OVA-treated

groups or IL-16�/� and WT mice (Fig. 6c). In addition,

we tested the mRNA expression of genes encoding IL-4,

IL-17A and IFN-c in lung tissues. As expected, qPCR

results for IL4, IL17A and IFNg were consistent with

ELISA results for the BALF (Fig. 6g–i).

IL-16 deletion diminishes the Th2 and Th17 cell
population in OVA-challenged mice

Th1, Th2 and Th17 cells are involved in allergic inflam-

matory responses. The relative percentages of these cells

in the spleen of WT and IL-16�/� were detected by flow

cytometry. As shown in Fig. 7(a–d), compared with those

in the control group, the percentages of Th2 and Th17

cells were greatly increased and the percentage of Th1

cells was decreased in the asthma group. Moreover, in the

asthma group, compared with those in WT mice, the per-

centages of Th2 and Th17 cells were obviously reduced,

whereas the proportion of Th1 cells was increased in IL-

16�/� mice. Therefore, we concluded that IL-16 deletion

decreases the percentages of Th2 and Th17 cells and

increases the proportion of Th1 cells. In addition, we also

detected the percentages of CD4+ CD25+ Foxp3+ cells

and Th9 cells in the spleen; however, there were no dif-

ferences between IL-16�/� mice and WT mice (see Sup-

plementary material, Fig. S5a–c).

Discussion

In the present study, we assessed the effect of IL-16 on

OVA-induced acute allergic asthma using IL-16-deletion

mice. IL-16�/� mice were less susceptible to OVA sensiti-

zation and challenge than WT mice. Interleukin-16 dele-

tion inhibited eosinophil accumulation and OVA-specific

IgE levels in serum and BALF, but did not affect AHR.

The unfavorable effect of IL-16 appears to be caused by

potentiating the Th2 and Th17 response.

Many studies have shown that the increasing expression

of IL-16 has been demonstrated in a variety of diseases,

including asthma.30 Interleukin-16 was previously identi-

fied in the BALF 4 hr after antigen challenge in asthmatic

subjects.31 Increased airway expression of IL-16 was

detected in bronchial biopsy samples obtained from aller-

gic subjects with asthma 24 hr after allergen challenge.32

Levels of IL-16 protein and mRNA were also readily

detected and uniformly distributed in the airway epithe-

lium and infiltrating CD4+ cells in biopsies from asthmat-

ics.21 In our study, we identified increasing expression of

IL-16 in lung tissue, and specifically in both the serum

and BALF of OVA-induced allergic mice. Thus, IL-16 is

indeed highly expressed in asthma.

In this study, marked inflammatory cell infiltration into

the lungs was observed in the airways of OVA-induced

allergic mice. The IL-16 deletion diminished eosinophil

infiltration inflammatory scores. Interleukin-16 has been
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(BALF) of OVA-challenged asthma mice. OVA-specific IgE levels in

serum of each group (a). OVA-specific IgE levels in BALF of each
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described as a potent human eosinophil chemoattractant

in vitro.33,34 Our data demonstrated that IL-16 increased

inflammation by chemotaxis of eosinophils in OVA-in-

duced allergic mice. The IL-16 deletion decreased up-reg-

ulation of OVA-specific IgE in the serum and BALF in

asthmatic mice, which agrees with findings that IL-16

neutralizing antibody or blocking peptide could reduce

OVA-specific sIgE in a model of OVA-induced

asthma.22,23 It may be related that IL-16 binding to the

CD4 molecule regulates B-cell class switching to IgE

through the contact between CD4+ T cells and B cells

with lower levels of IL-4. Hence, our data support that

IL-16 plays a pro-inflammatory role in OVA-induced

asthma.

Interleukin-16 neutralizing antibody or blocking pep-

tide inhibited OVA-induced AHR.22,23 This sounds con-

tradictory to later published papers, showing that AHR

was diminished by intratracheal IL-16 treatment and

intraperitoneal administration of IL-16.24,25 However, in

our study there was no significant correlation between IL-

16 and OVA-induced AHR; AHR were not alleviated

obviously after IL-16 deletion in allergic asthma mice.

Hence, the impact of IL-16 on AHR remains controver-

sial, further studies are needed.

It is established that Th2 cells produce IL-4, IL-5 etc.,

which are responsible for the development of asthma,

Th1 cells and IFN-c have an opposite effect; Th1/Th2

cytokine levels comprise an important index to evaluate

asthma.35 Furthermore, it was recently reported that Th17

cells and IL-17A play important roles in asthma and aller-

gic disease.36–41 In vitro, recombinant human IL-16 abro-

gates allergen-mediated IL-13 and IL-5 production by

blood mononuclear cells.42,43 We have only limited

knowledge on regulating Th1/Th2/Th17 cells and cytoki-

nes in asthmatic IL-16�/� mice. We have shown here that

deletion of IL-16 down-regulated Th2 and Th17 cells and
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Figure 6. Interleukin-16 (IL-16) deletion inhi-

bits the production and expression of T helper

type 2 (Th2) -specific and Th17-specific

cytokines in ovalbumin (OVA) -challenged

mice. The expression level of Th2 cytokines IL-

4 (a), Th17 cytokine IL-17A (b) and Th1 cyto-

kine IFN-c (c) in serum. The expression levels

of Th2 cytokines IL-4 (d), Th17 cytokine IL-

17A (e) and Th1 cytokine IFN-c (f) in BALF.

The mRNA expression level of Th2 cytokines

IL-4 (g), Th17 cytokine IL-17A (h) and Th1

cytokine IFN-c (i) in lung. The data are

shown as mean � SEM (n ≥ 5). *P < 0�05,
**P < 0�01 and ns denotes P > 0�05.
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(a). Bar plot of the average percentage of CD4+ IL-4+ cells (b). Bar plot of the average percentage of CD4+ IL-17A+ cells (c). Bar plot of the aver-

age percentage of CD4+ IFN-c+ cells (d). The date are shown as mean � SEM (n ≥ 5). *P < 0�05.
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inhibited IL-4 and IL-17A release in BALF, and up-regu-

lated Th1 and IFN-c in the BALF in OVA-induced asth-

matic mice. However, there was no significant change in

serum IFN-c. It is consistent with our observations of the

mRNA expression of IL4, IL17A and IFNg in lung tissues.

Collectively, these data suggest that the deletion of IL-16

could reduce allergic inflammation by down-regulating

the immune response of Th2 cells and Th17 cells. The

increased levels of the Th1 cytokine IFN-c detected in IL-

16�/� asthmatic mice might have also contributed to the

alleviation of inflammation. Accordingly, we have yet to

determine the potential molecular mechanisms responsi-

ble for IL-16 induction in T cells in response to OVA

challenge. We hypothesize that this could be an effect

related to the dendritic cell-induced priming of T cells or

that IL-16 might directly stimulate CD4+ T cells to pro-

duce increased levels of Th2 or Th17 cytokines. More-

over, it is unknown if IL-16 can alter the recruitment of

distinct T-cell subsets. These issues will be investigated

further in our next study.

In conclusion, the present study has clarified the less

inflammatory susceptibility of IL-16 deletion in allergic

asthma though decreasing OVA-specific IgE and eosino-

phil recruitment. Furthermore, we also find that IL-16

aggravates OVA-induced allergic inflammation by

enhancing Th2 and Th17 responses, which provides new

insight into the mechanism of, and suggests a potential

intervention target for, treatment of asthma.
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Figure S1. PCR genotype results of mouse tail DNA.

Figure S2. There are no changes of thymus morphol-

ogy, CD3+ CD8+ T cells and CD3+ CD4+ T cells in thy-

mus between WT and IL-16�/� mice.

Figure S3. There are no changes of mesenteric lymph

node morphology, B cells, CD3+ CD8+ T cells and

CD3+ CD4+ T cells in mesenteric lymph nodes between

WT and IL-16�/� mice.

Figure S4. There is no significant difference of airway

hyper-responsiveness assay between WT and IL-16�/�

mice sensitized and challenged with OVA.

Figure S5. IL-16 deletion has no effect on

CD4+ CD25+ Foxp3+ cell and Th9 cell population in

OVA-challenged mice.
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