
Letter to the Editor
Restrictive IL-10 induction by
an innocuous parainfluenza virus
vector ameliorates nasal allergy
To the Editor:
IL-10 is a regulatory cytokine secreted during inflammatory

responses that restrains immune cell proliferation; it plays a
pivotal role in the acquisition andmaintenance of antigen-specific
T-cell tolerance.1 Peptide-based allergen-specific immuno-
therapy is currently being used for the treatment of several
allergic diseases, and the induction of IL-10 and IL-10–producing
regulatory T cells by allergen-specific immunotherapy has been
demonstrated to be the essential mechanism that controls local
allergic responses.2,3

Because excessive and frequent allergen exposure induces the
expression of IL-10,4 we hypothesize that there would be an
increased number of IL-10–producing cells in the nasal mucosa
during nasal allergy in addition to elevated levels of IL-4. To
demonstrate this hypothesis, we first visualized IL-10–producing
cells in the nasal mucosa of pollinosis mouse model induced
by repeated challenges with Japanese cedar pollen (JCP)
extract (Torii Pharmaceutical Co Ltd, Tokyo, Japan; see this
article’s Methods section, point 1, in the Online Repository at
www.jacionline.org) in IL-10 internal ribosome entry sites green
fluorescence protein–enhanced reporter mice (IL-10 tiger; see
this article’s Methods section, point 2).5 In combination with
surface staining, the nasal sections from nasal sneezing
mice by JCP showed a significantly increased number of
IL-10–producing CD191 B cells and CD11b1 myeloid cells,
and small but increased number of CD41 T cells and CD81
T cells on day 56 compared with the sections from PBS-treated
IL-10 tiger mice (Fig 1, A; see Fig E1 in this article’s Online Re-
pository at www.jacionline.org). These data suggest the presence
of a self-regulatory and natural homeostatic immune mechanism
for the nasal allergy. We also performed flow cytometric
analysis to count the actual IL-10–producing cells from the
nasal tissue homogenates. Mononuclear cells were collected
from JCP-challenged IL-10 tiger mice, and cell surface
staining was performed with CD4/CD8/CD19/CD11b anti-
bodies. Interestingly, CD191 and CD11b1 cell numbers were
more in IL-10–producing cells than in CD4 and CD8 cells
(Fig 1, B).

Subsequently, we investigated the possible therapeutic
application of IL-10 in vivo by using a recently developed
recombinant human parainfluenza type 2 virus (rhPIV2)
vector that is highly expressive, replication-deficient, and
very low-pathogenic.6,7 We evaluated the efficacy of the
intranasal administration of rhPIV2 to induce the expression
of IL-10 (rhPIV2/IL-10) in a nasal pollinosis model
(Fig 2, A; see this article’s Methods section, point 3). Balb/
c mice were sensitized and repeatedly challenged with JCP
extract until day 56 following the schedule described above;
rhPIV2/IL-10, control mock rhPIV2, or control PBS was
applied onto the nasal cavity on days 58 and 60. On day
62, 20 IU of JCP was applied and then the number of
sneezing episodes was counted, and histopathological analysis
was performed.
The number of sneezing episodes during 10 minutes after the
last JCP challenge was significantly decreased in rhPIV2/IL-10–
treated mice compared with that of the mock rhPIV2-treated and
PBS-treated mice (Fig 2, B). The inflammatory response
including severe edema and the infiltration of mononuclear
cells, neutrophils, and eosinophils were obvious in the PBS- or
rhPIV2-treated mice, but these infiltrated cell numbers
were significantly decreased in rhPIV2/IL-10-treated mice
(Fig 2, C; see Fig E2 in this article’s Online Repository at
www.jacionline.org). We speculate that rhPIV2/IL-10 infects
and constitutively produces IL-10, although actually the produced
IL-10 was undetected (see Fig E3 in this article’s Online
Repository at www.jacionline.org). The cytokine level in the
nasal secretion was measured using FlowCytomix (eBioscience,
San Diego, Calif). The inflammatory cytokine levels in the
nasal secretion were significantly reduced in rhPIV2/IL-10–
treated mice (see Fig E4 in this article’s Online Repository at
www.jacionline.org).

Does rhPIV2/IL-10 affect the immune response in distant
lymphoid tissues? We investigated the immunomodulatory
effects of vaccination in the distant lymphoid tissues, and
evaluated cytokines production of lymphocytes from cervical
lymph nodes and spleen. Lymphocytes were isolated by density
gradient centrifugation using Ficoll (Sigma, St Louis, Mo). The
cells were cultured in the presence of phorbol 12-myristate
13-acetate (25 ng/mL), ionomycin (1 mg/mL), and brefeldin
A (1 mg/mL) and incubated for 8 hours at 378C in an
atmosphere of 5% CO2. Intracellular levels of IL-4, IL-13,
IFN-g, and TNF-a were measured by flow cytometry. The
percentage of these cytokine-producing lymphocytes did not
change by rhPIV2/IL-10 treatment (see Fig E5 in this article’s
Online Repository at www.jacionline.org), suggesting that the
immune response beyond the nasal mucosa was not affected
by vaccination. We also measured the plasma levels of IgE,
histamine, and TH2 cytokines including IL-4, IL-5, and IL-6.
As shown in Fig E6 in this article’s Online Repository at
www.jacionline.org, the plasma IgE level was elevated in
JCP-challenged mice and it was not affected by rhPIV2/IL-10
vaccination. Plasma histamine was undetectable in JCP-
challenged mice. Although the plasma IL-4 was not detected
in JCP-challenged mice, IL-5 and IL-6 levels were elevated in
JCP-challenged mice, and they were not changed by mock
rhPIV2 or rhPIV2/IL-10 vaccination, suggesting that only twice
application does not affect the systemic cytokine milieu. In
addition, elevation of IgE level in JCP-challenged mice was
confirmed to be JCP specific by histamine-releasing assay as
described in Fig E6, C. Although the data are not shown,
infected rhPIV2 vector resides for several days, and the
suppressive effects for the nasal allergy lasts for less than
7 days after rhPIV2/IL-10 vaccination.

Fine-tuning of the immune system mainly depends on the
balance of TH1, TH2, TH17, and regulatory T cells.8 Nasal
pollinosis, especially in its acute phase, is a TH2-dominant
immune disease. Regulatory T cells and/or induction of IL-10
are critical for the control of excessive TH2 burden during nasal
pollinosis. The protective role of IL-10 is particularly important
owing to its short biological half-time. The present results
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FIG 2. Anti-inflammatory effects of rhPIV2/IL-10. A, Schematic diagram of the recombinant hPIV2/IL-10

construct. B, The number of sneezing episodes was significantly suppressed in rhPIV2/IL-10–treated mice

(Wilcoxon signed-rank test, n 5 8, *P < .05). C, Representative microphotographs of H&E, Toluidine

Blue, Giemsa, and other immune staining are also shown. H&E, Hematoxylin and eosin stain; IL-10,
rhPIV2/IL-10–treated pollinosis mice; PBS, PBS-treated pollinosis mice; PIV, rhPIV2-treated pollinosis mice.
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revealed that treatment with rhPIV2/IL-10 by nasal approach
ameliorates pollinosis symptoms without affecting the systemic
immune response including distant lymphoid tissue cytokine
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FIG 2. (Continued).
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METHODS
1. Mice were initially sensitized by intraperitoneal injection of 500 IU JCP

and 100 mL aluminum hydroxide on day 27 and then 20 IU of JCP was

repeatedly applied into the nasal cavity 3 times per week from day 0 until day

56. Animal care was performed according to ethical guidelines, and approved

by the Institutional Board Committee for Animal Care and Use of Mie

University (approval no. 23-36).

2. IL-10 tiger mouse is a knockin mouse in which an internal ribosome

entry site green fluorescence protein element was inserted immediately before

the polyadenylation site of the IL-10 gene, designated tiger (IL-10 internal

ribosome entry site green fluorescence protein–enhanced reporter). This strain

provides a valuable tool for IL-10 analysis and it is especially useful to detect

actual IL-10–producing cells in vivo.

3. The mouse IL-10 gene open reading frame is flanked by hPIV2-specific

gene end of NP gene (R2), by the intergenic sequence (IG), and by the gene

start (R1) transcriptional signal of V/P gene. It was inserted into a cloned

cDNA of the hPIV2 antigenome at a Not I site in the 59-noncoding region of

NP gene. A genomic nucleotide length divisible by 6 was preserved. For

generation of replication-deficient virus, 2 stop codons (;) were introduced

on the M gene.
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FIG E1. The number of IL-10–producing cells in a mouse model of

nasal pollinosis. JCP-challenged mice showed increased number of

IL-10–producing CD191 B cells and CD11b1 myeloid cells, and less number

of CD41 T cells and CD81 T cells on day 56 compared with the sections from

PBS-treated IL-10 tiger mice (Wilcoxon signed-rank test). A P value of less

than .05 was considered statistically significant (n5 6; **P < .001, *P < .05).
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FIG E2. The suppression of enhanced inflammatory response by rhPIV2/IL-10 treatment. The number of

mononuclear cells, neutrophils, and eosinophils was increased in the PBS- or rhPIV2-treatedmice, but these

infiltrated cell numbers were significantly decreased in rhPIV2/IL-10–treated mice (Wilcoxon signed-rank

test; n 5 8, **P < .001, *P < .05).

J ALLERGY CLIN IMMUNOL

nnn 2016

5.e3 LETTER TO THE EDITOR



FIG E3. The detection of PIV2. Immunostaining was performed using

anti-PIV2 antibody.E1 PIV2 was detected in rhPIV2/IL-10–treated mice,

suggesting the infection of rhPIV2/IL-10-vector.
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FIG E4. The cytokine concentration in nasal secretion. The concentration of

the inflammatory cytokines including IL-1b, IL-2, IL-4, IL-5, IL-10, and TNF-a

in the nasal secretion was dramatically suppressed in rhPIV2/IL-10–treated

mice (Wilcoxon signed-rank test; n 5 8, **P < .001, *P < .05).
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FIG E5. Cytokine production by lymphocytes from cervical lymph node (LN) and spleen. A, IL-4 and IL-13

production was measured by flow cytometry. The percentage of cytokine-producing lymphocytes was

similar between rhPIV2 and rhPIV2/IL-10 treatment groups. B, Similarly IFN-g– and TNF-a–producing

lymphocytes were not different between rhPIV2 and rhPIV2/IL-10 application.
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FIG E6. Plasma IgE and cytokine concentration, and histamine-releasing assay. A, Plasma IgE level

was increased in the JCP group and the levels were unchanged with rhPIV2 or rhPIV2/IL-10 application.

B, Plasma TH2 cytokine IL-4, IL-5, and IL-6 concentration was measured with flowcytomix. IL-4 was

undetected in all samples. IL-5 and IL-6 were detected, but unchanged in all JCP applied groups even treated

with rhPIV2 and rhPIV2/IL-10. C, Histamine-releasing assay was performed using plasma from 4 groups.

A total of 3 3 104 mouse mast cells (ATCC, CRL-8306) were cultured in 150 mL of culture medium (ATCC

30-2002) supplemented with 20 IU of JCP and 50 mL of plasma samples, and cultured for 8 hours. Histamine

level was measured by ELISA (SPI-BIO A05890) and was increased in the plasma from JCP mice. The levels

were unchanged even using the plasma from rhPIV2- and rhPIV2/IL-10–applied mice. Statistical analysis

was performed using the Kruskal-Wallis nonparametric ANOVA test with post hoc analysis using Dunn’s

multiple comparison test. A P value of less than .05 was considered statistically significant (n5 6; *P < .05).
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