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ARTICLE INFO ABSTRACT

Article history: Background: Indian jujube is a fruit abundantly cultivated in Taiwan. Its major allergen in latex-fruit
Received for publication August 2, 2011. syndrome is Ziz m 1 of the chitinase III family. The Ziz m 1 Pichia (rZiz m 1-P) has chitinase activity but not Ziz
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Objective: This study examined whether plant chitinase III, using rZiz m 1-P and rZiz m 1-E, can stimulate
allergic inflammation similar to that of mammalian chitinases.
Methods: Five patients allergic to latex-Indian jujube and five nonallergic controls were evaluated. Their
peripheral blood mononuclear cells (PBMC) were cultured with rZiz m 1-E or rZiz m 1-P and pulsed with
phorbol 12-myristate 13-acetate. Eleven cytokines were measured by FlowCytomix human Th1/Th2 plex kit
and interleukin (IL)-13 by sandwich enzyme-linked immunosorbent assay (ELISA).
Results: Interleukin-13 significantly increased in rZiz m 1-P stimulated PBMC of allergic subjects but was
undetectable when stimulated with rZiz m 1-E. The stimulation index significantly increased in IL-13 (380.6 +
77.33 vs 13.70 = 6.92), IL-5 (6.70 = 0.59 vs 0.70 = 0.37), IL-1B (32.70 = 0.83 vs 2.10 = 1.29), and tumor
necrosis factor beta (TNF-) (17.10 + 2.66 vs 1.50 + 0.66) between allergic and nonallergic subjects after rZiz
m 1-P stimulation. There was no difference in terms of IL-2, [FN-v, IL-8, and TNF-« production.
Conclusions: The biological function of chitinase activity is required for Ziz m 1 to induce a Th2-specific
immune response. This is the first report on PBMC responses of latex-fruit syndrome subjects toward an
active exogenous plant class Il chitinase that can stimulate multiple cytokines, especially IL-13, from allergic
subjects. This implies the role of cross-reactive food allergens in propagating allergic inflammation among
allergic subjects.

© 2011 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction 1 has been identified using the Escherichia coli expression system
(rZiz m 1-E).2 The rZiz m 1-P possesses chitinase activity but rZiz m
1-E does not.>

Chitin is the second most abundant polysaccharide in nature
after cellulose. It makes up the exoskeleton of lower organisms
such as fungi, crustaceans, and insects. Recently, exogenous chitin
has been shown to activate macrophages and other innate immune
cells. It regulates innate and adaptive immune responses and mod-
ulates adaptive type 2 allergic inflammation.#~° Chitinases, en-
zymes for digesting chitin, are found in a large variety of organisms,
including bacteria, plants, insects, and fungi, as one of their defense
Reprints: Yi-Hsing Chen, MD, PhD, Division of Allergy, Imnmunology and Rheuma- proteins,10
tology, Taichung Veterans General Hospital, 160 Taichung Harbor Road, Section 3, More recently, mammals have been shown to contain such

Taichung 407, Taiwan; E-mail: ysanne@vghtc.gov.tw. 1112 A A5 . .- . . .
Disclosures: Authors have nothing to disclose. enzymes. Acidic mammalian chitinase is an important media

Funding Sources: This study was supported by a grant from Taichung Veterans tor of interleukin-13 (IL-13)-induced responses in T helper type 2
General Hospital, Taiwan (project number TCVGH-987312C). (Th2)-dominated asthma.'>'# Interleukin-13 is a cytokine secreted

Indian jujube (Zizyphus mauritiana), also known as Chinese ap-
ple, is a sweet fruit commonly found in tropical and subtropical
regions and widely grown in Southern China, Africa, India, Malay-
sia, Australia, and some Pacific countries. It is a very popular fruit in
Taiwan. Ziz m 1 is the major Indian jujube allergen involved in
latex-fruit syndrome.! Its complementary DNA (cDNA) has been
cloned, sequenced, and expressed in yeast (rZiz m 1-P),> whereas
the immunoglobulin E (IgE)-binding epitope of recombinant Ziz m
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predominantly by activated Th2 cells that has been implicated in
the pathogenesis of asthma in human and animal studies.’®> How-
ever, whether plant chitinase is able to induce inflammation in
humans has never been investigated.

This study aimed to examine whether plant chitinase III, using
Ziz m1 as a model, can stimulate allergic inflammation like mam-
malian chitinases. To substantiate whether the biological function
of chitinase activity is required, rZiz m 1-E was used as a control.

Methods
Subjects

Five subjects with allergies to latex and Indian jujube (P1-P5)
and 5 healthy individuals without allergies (NA1-NA5) were re-
cruited from the Allergy and Asthma Clinic of Taichung Veterans
General Hospital. The Institutional Review Board of Taichung Vet-
erans General Hospital approved the study, and all of the subjects
provided written informed consent. All of them had been exposed
occupationally to latex gloves. All subjects allergic to latex and
Indian jujube had moderate to severe reactions to latex and Indian
jujube whereas the controls had no symptoms and no skin test
reactions to latex and Indian jujube extract. No statistical difference
was found regarding age and sex between control and study
groups.

Purification of recombinant Ziz m 1 from Pichia pastoris and
Escherichia coli expression system

The ¢cDNA coding Ziz m 1 was cloned into the pPIC9K vector
(Invitrogen, Carlsbad, CA, USA) in frame with the a-factor secretion
signal sequence. The transformation of the P pastoris strain GS115
and extracellular expression were performed according to the in-
struction manual. The rZiz m 1-P was purified from culture super-
natant by Resource Q anion-exchange column (Pharmacia, Upp-
sala, Sweden) as described previously.? The expression of Zizm 1 in
E coli BL21(DE3) (rZiz m 1-E) was performed as described previ-
ously.?

Isolation and culture of peripheral blood mononuclear cells

Peripheral blood (30 mL) was obtained by venous puncture on
sodium-heparin vacuum tubes. Peripheral blood mononuclear cells
(PBMCs) were isolated by Ficoll-Paque density gradient (Pharma-
cia, Sweden), and interphase cells were washed three times with
phosphate-buffered saline. The cells were resuspended at a density
of 1 x 106 cells/mL in complete medium consisting of RPMI 1640
(Sigma Biochemical Co., St. Louis, Missouri) supplemented with
2 g/mL sodium bicarbonate, 2 mM L-glutamine, 5 mM N-(2-hydroxy-
ethyl)piperazine-N’-(2-ethanesulfonic acid) buffer, 200 U/mL penicil-
lin, 200 ug/mL streptomycin, and 10% heat-inactivated human autol-
ogous serum. The PBMCs were cultured in a 96-well plate (Nunc,
Roskild, Denmark) with or without various concentration of rZiz m 1
(5-50 png/mL) for different lengths of time (2- 6 days). Before harvest-
ing at each time point, the cultures were pulsed with 50 ng/mL of
phorbol 12-myristate 13-acetate for an additional 24 hours.

Cytokine measurement by ELISA

After stimulation, cell-free supernatants were collected by cen-
trifugation at 800g for 5 minutes and assayed for IL-5, IL-13, and
interferon-gamma (IFN-y) with enzyme-linked immunosorbent
assay (ELISA) kits according to the manufacturer’s protocol (Bender
MedSystems, Vienna, Austria). Interleukin-5, IL-13, and IFN-vy con-
centrations were determined by interpolation from a standard
curve performed with purified human IL-5, IL-13, and IFN-v. The
lowest detection limit of IL-5, IL-13, and IFN-y were 8, 3, and16
pg/mL, respectively.

Cytokine measurements by fluorescent bead immunoassay

Culture supernatant was analyzed simultaneously for 11 differ-
ent cytokines, namely IL-18, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10,
IL12p70, IFN-+, tumor necrosis factor (TNF)-«, and TNF-g, using the
bead-based FlowCytomix (Bender MedSystems) as described pre-
viously.'® Briefly, 25 uL of each analyte and various concentrations
of each cytokine standard were added to 25 uL of antibody-conju-
gated beads in a 96-well plate. After the final wash, the contents of
each well were resuspended in 200 uL assay buffer and placed in
12 X 75-mm polystyrene tubes, and then read on a FACScan flow
cytometer (BD Immunocytometry Systems, San Jose, California).
The flow cytometer was equipped with a 488-nm laser capable of
detecting and distinguishing fluorescence emissions at 575 nm and
685 nm. Cytokine concentrations were calculated by comparison
with a standard curve for each cytokine derived from the cytokine
standards assayed in the same manner.

RNA extraction and cDNA synthesis

Peripheral blood mononuclear cells were homogenized in Trizol
reagent (Invitrogen) according to the manufacturer’s instructions.
The RNA concentration and purity was determined by measuring
the absorbance at 260 and 280 nm in a NanoDrop spectrophotom-
eter (Thermo Scientific, Delaware). Complementary DNA was syn-
thesized from 1 ug of total RNA in a 20-uL reaction mixture con-
taining 2.5 wM oligo-dT primer, 1 mM deoxyribonucleoside
triphosphates, 5 uM dithiothreitol, 40 U RNaseOUT RNase inhibitor,
and 15 U ThermoScript reverse transcriptase (Invitrogen, Carlsbad,
California). The reaction was performed at 50°C for 60 minutes
followed by a heat denaturation step at 85°C for 5 minutes.

Reverse transcription polymerase chain reaction

Expression of IL-5, IL-13, and IFN-y messenger RNA (mRNA)
were analyzed by conventional reverse transcription polymerase
chain reaction (PCR). The reaction mixture contained 2 mM of
MgCl,, 200 uM of deoxyribonucleoside triphosphates, 1.25 units of
hot-start SuperTherm Gold DNA polymerase (Hoffman-La-Roche,
Basel, Switzerland), 10 pmole of specific sense and anti-sense prim-
ers for each cytokine gene, and 100 ng of first-strand cDNA in a total
volume of 50 pL. After beginning by a single 95°C for 10 minutes
preincubation step, PCRs were performed under the following con-
ditions: denaturation, 94°C for 1 minute; annealing, 60°C for 1
minute; and extension for 1 minute at 72°C in a Perkin Elmer
thermocycler. The number of cycles used was dependent on the
transcript amplified. Beta-actin cDNA was amplified as an internal
control.

Primer sequences were: IL-5, 5'-GCTTCTGCATTTGAGTTT-
GCTAGCT-3’ (forward) and 5'- TGGCCGTCAATGTATTTCTTTAT-
TAAG-3’ (reverse); IL-13, 5'-CTCCTCAATCCTCTCCTGTT-3’ (for-
ward) and 5'-GTTGAACCGTCCCTCGCGAAA-3’ (reverse); IFN-v,
5'- TCCAGATGCAATCAATGCC-3’ (forward) and 5’- CATGGGA-
GCTAGAGGAGGAACG-3' (reverse); and p-actin, 5'-AAAGACCTG-
TACGCCAACACAGTGC-3’ (forward) and 5'-CCGGACTCGTCAT-
ACTCCTGCTTGC-3’ (reverse). The PCR products were analyzed
by 2% agarose gel electrophoresis and ethidium bromide staining
followed by Kodak molecular imaging system (NY).

Statistical analysis

Data were presented as mean * standard error of mean unless
otherwise specified. Differences between means were analyzed
using nonparametric Mann-Whitney U test, using SPSS 12.0 soft-
ware (SPSS Inc., Chicago, Illinois). A P < .05 was considered stati-
cally significant.
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Table 1

Demographic, clinical and laboratory characteristics of the study subjects

No. Age/ Occupation Latex-Specific IgE 1Ziz m 1-P Symptoms
Sex CAP (kU/1)/SPT ELISA (OD)/SPT

P1  34/F Nurse 27.4/4+ 1.3/4+ AS, OAS

P2 31/F Nurse 232+ 3.8/2+ AS, AR

P3  39/F Medical technician 20.2/4+ 0.5/4+ AS,0AS

P4  45/M Physician 12.9/3+ 2.1/4+ ARAC, A

P5 57/M Physician 0.7/2+ 3.1/3+ AR.AC, OAS

NA1 42/F Physician —/- — None

NA2 28/M Lab technician —/- — None

NA3 26/F Lab technician —/- — None

NA4 34/M Lab technician == — None

NA5 23/F Lab technician =[= — None

Abbreviations: SPT, skin prick test; ELISA, enzyme-linked immunosorbent assay;
OD, optic density; AS, asthma; OAS, oral allergy syndrome; AR, allergic rhinitis; AC,
allergic conjunctivitis; A, angioedema.

Results
Characteristics of the subjects

The demographic, clinical, and laboratory data of the five aller-
gic patients and five nonallergic controls are shown in Table 1. All of
the patients showed positive SPT reactions and increased specific
IgE antibodies to latex by ImmunoCAP (Phadia, Uppsala, Sweden)
and to rZiz m 1-P in-house ELISA, respectively. The five nonallergic
controls had negative SPT reaction and no specific IgE antibodies
against latex and rZiz m 1.

rZiz m 1-P-induced IL-13 protein secretion but not rZizm 1-E

In this experiment, rZiz m 1-P and rZiz m 1-E were used to
stimulate PBMCs from latex-Indian jujube-allergic patients or nor-
mal subjects. Interleukin-13 and IFN-y protein secretions were
then measured. Cytokine production was measured by ELISA in
culture supernatants harvested on days 3, 4, 5, 6, and 7. Cytokine
secretion in culture supernatants significantly increased and
reached its highest level on day 7 for IL-13 after stimulation with
rZiz m 1-P (Fig 1A). However, the level of IL-13 in rZiz m 1-E-
stimulated cells was undetectable in both groups (Fig 1A).

The rZiz m 1-P also induced more IFN-vy proteins from allergic
subjects compared with rZiz m 1-E on all time points (Fig 1B).
Interestingly, rZiz m 1-P and rZiz m 1-E induced similar amounts of
IFN-y proteins from nonallergic subjects. Such results suggested
that IL-13 production but not IFN-vy required chitinase activity.

IL-5, IL-13, and IFN-y mRNA expression by rZiz m
1-P-stimulated PBMCs

RNA was isolated from PBMC cells stimulated with rZiz m 1-P for
5 days in the presence of phorbol 12-myristate 13-acetate and
analyzed by reverse transcription PCR. Interleukin-5 and IL-13
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Figure 2. Reverse transcription PCR analysis of IL-5, IL-13, I[FN-v, and g-actin mRNA
expression in PBMCs from a latex-Ziz m 1-allergic subject (P) and a nonallergic
control (NA). PBMCs were cultured with medium (lane 1), Con A (lane 2), or rZiz m
1-P (lane 3) for 5 days and restimulated with PMA for 24 h.

mRNA expression were up-regulated by rZiz m 1-P stimulation in
PBMC from patients compared with medium control (Fig 2). In
contrast, no significant IL-5 and IL-13 mRNA expression was seen
in PBMCs from nonallergic subject. The PBMCs from allergic pa-
tients expressed significantly lower amounts of the Th1 cytokine
IFN-vy after rZiz m 1-P stimulation compared with medium control,
whereas IFN-y mRNA expression in nonallergic subjects was up-
regulated.

Cytokine Profiles of rZiz m 1-P-stimulated PBMCs

Eleven cytokines were measured by FlowCytomix human Th1/
Th2 plex kit (Bender) and IL-13 by sandwich ELISA. The results were
represented as stimulation index to correct baseline differences
between individuals. The stimulation index of cytokines was calcu-
lated as a ratio of the cytokine levels after rZiz m 1-P stimulation
divided by the basal levels from unstimulated cells. The rZiz m 1-P
stimulation significantly increased the production of the Th2-asso-
ciated cytokines IL-5 (P < .0001) and IL-13 (P = .004), as well as
IL-18 (P = .024) and TNF-g (P = .002) in allergic individuals com-
pared with nonallergic subjects (Fig 3). No difference was seen
between groups in the production of Th1 cytokines IL-2 and IFN-y
and IL-8 and TNF-a. Production of IL-6 and IL-10 by rZiz m 1-P-
stimulated PBMCs from the allergic group were higher than those of
control subjects, but without statistical significance. Interleukin-
4 and IL-12p70 were not detected in this study.

Discussion

Zizm 1 is the major Indian jujube allergen involved in latex-fruit
syndrome. A previous study showed that Ziz m 1 is a plant class III
chitinase.? The current study is the first to report on PBMC re-
sponses of latex-fruit syndrome patients toward an active exoge-
nous chitinase, Ziz m 1. The data show a distinct pattern of cytokine
production from PBMCs of latex-fruit-allergic patients after stim-
ulation with rZiz m 1-P. Compared with controls, latex-fruit-aller-
gic patients have significantly increased production of Th2 cyto-
kines, IL-13, IL-5, and IL-10, and pro-inflammatory cytokines, IL-18,
IL-6, and TNF-B, on stimulation with rZiz m 1-P, the recombinant
allergen that possesses chitinase activity. Nonetheless, rZiz m 1-E,
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Figure 1. Kinetics of (A) IL-13 and (B) IFN-y production by rZiz m 1-P (P) and rZiz m 1-E (E) stimulated PBMC from five allergic subjects and five nonallergic controls. Cytokine
levels were assessed by ELISA in culture supernatants harvested on days 3, 4, 5, 6, and 7. Data were expressed as mean = SEM of 5 independent experiments.



4 M.-F. Lee / Ann Allergy Asthma Immunol xx (2011) xxx

*
e
*

W latex-Ziz m 1 allergic
subjects

non-allergic controls

60 1
50 + m
40 1 I
30 1
*kk
20 | —
*kk ‘
10 ¢ — I
0+ L S S I_h I ii] J =
IL-6

IL-1p IL-2 IL-5 IL-8  IL-10  IL-13  IFN-y TNF-u TNF-B

- = N v W W B A
S W S U © W O W
S o 6 & & & & ©

2

Stimulation Index

_——

Figure 3. Stimulation index of cytokines from rZiz m 1-P-stimulated PBMCs. The
PBMCs from nonallergic (n = 5) or latex-Ziz m 1 allergic (n = 5) subjects were
cultured withrZizm 1 (5 ug/mL) for 7 days. Cytokines levels in the supernatant were
measured by FlowCytomix assay except IL-13, which was measured by sandwich
ELISA. Data were shown as mean of stimulation index = SEM and analyzed by
Mann-Whitney U test. *P < .05; ***P < .001.

which has no chitinase activity, is unable to induce IL-13 from these
subjects. Thus, the biological function of chitinase activity is re-
quired for Ziz m 1 to induce Th2-specific cytokine response in PBMC
from latex-fruit-allergic patients.

T-helper type 2 cells propagate allergic inflammation by secret-
ing various cytokines, including IL-5, IL-13, and IL-4. Interleukin-5
induces the differentiation of eosinophils and may be responsible
for the tissue damage observed in chronic asthma. Interleukin-13 is
thought to be one of the central mediators of allergic asthma.'” It
shares many of the properties of IL-4'®1° and reportedly directs
naive human B cells to switch to IgG4 and IgE production®® and
induces the pathophysiologic features of asthma independent of
classical IgE and eosinophil mechanisms.!”

Acidic mammalian chitinase is induced during Th2 inflamma-
tion through an IL-13-dependent mechanism in mice and human
subjects.’>14 The presence of chitinase-like proteins in the lungs
and in circulation correlates with the severity of asthma.?! Of par-
ticular interest, the cytokine most robustly stimulated by rZizm 1-P
is IL-13. By inducing IL-13, Ziz m 1, a fruit allergen possessing
chitinase activity, may aggravate allergic inflammation in latex-
fruit-allergic patients in addition to IgE cross-reactivity.

Interleukin-10 is an anti-inflammatory cytokine produced by
regulatory T cells. It inhibits the activation and cytokine production
of both Th1 and Th2 cells.?? Latex-fruit-allergic subjects in this
study secreted more IL-10 than nonallergic subjects, although the
difference did not reach significance. Allergen extracts reportedly
induce IL-10 from activated human B cells?? to modulate IgE pro-
duction. However, the ability of an allergen to produce IL-10 differs
among allergens.?* In the current study, Ziz m 1 may not be a good
IL-10 stimulator compared with what has been reported from dog
allergen.?®

Interleukin-18 is a pro-inflammatory cytokine thought to be
involved in the pathogenesis of allergic asthma?# and cutaneous
allergic reactions.?> The expression of IL-18 is closely controlled in
healthy tissue, and it has been postulated to represent an important
central cytokine in the inflammatory diseases.2® In the current study,
the protein level of IL-18 also shows significant difference between
the patient and control groups after rZiz m1 stimulation (P < .05).

In conclusion, this is the first report on PBMC responses of
latex-fruit-allergic subjects toward an active exogenous plant class
Il chitinase, Ziz m 1. The Th2 predominant cytokine production
from PBMCs of allergic patients occurs after rZiz m 1 stimulation. Of
particular interest, the cytokine most robustly stimulated is IL-13,
which is similar to reports on mammalian chitinase.'®!4 Plant chiti-
nase Il can stimulate multiple cytokines, especially IL-13, from
latex-Indian jujube allergic subjects. This implies the role of cross-
reactive food allergens in propagating allergic inflammation among
allergic subjects.

References

[1] Lee MF, Chen YH, Lan JL, Tseng CY, Wu CH. Allergenic components of Indian
jujube (Zizyphus mauritiana) show IgE cross-reactivity with latex allergen. Int
Arch Allergy Immunol. 2004;133:211-216.

[2] Lee MF,Hwang GY, Chen YH, Lin HC, Wu CH. Molecular cloning of Indian jujube

(Zizyphus mauritiana) allergen Ziz m 1 with sequence similarity to plant class

III chitinases. Mol Immunol. 2006;43:1144-1151.

Lee MF, Tsai JJ, Hwang GY, Lin SJ, Chen YH. Identification of immunoglobulin E

(IgE)-binding epitopes and recombinant IgE reactivities of a latex cross-react-

ing Indian jujube Ziz m 1 allergen. Clin Exp Immunol. 2008;152:464-471.

[4] Wang H, Long XB, Cao PP, et al. Clara cell 10-kD protein suppresses chitinase

3-like 1 expression associated with eosinophilic chronic rhinosinusitis. Am J

Respir Crit Care Med. 2010;181:908-916.

Sutherland TE, Maizels RM, Allen JE. Chitinases and chitinase-like proteins:

potential therapeutic targets for the treatment of T-helper type 2 allergies. Clin

Exp Allergy. 2009;39:943-955.

[6] Lee CG, Da Silva CA, Lee JY, Hartl D, Elias JA. Chitin regulation of immune

responses: an old molecule with new roles. Curr Opin Immunol. 2008;20:684 -

689.

Reese TA, Liang HE, Tager AM, et al. Chitin induces accumulation in tissue of

innate immune cells associated with allergy. Nature. 2007;447:92-96.

O’Neil SE, Heinrich TK, Hales BJ, et al. The chitinase allergens Der p 15 and Der

p 18 from Dermatophagoides pteronyssinus. Clin Exp Allergy. 2006;36:831-

839.

Diaz-Perales A, Sanchez-Monge R, Blanco C, Lombardero M, Carillo T, Salcedo

G. What is the role of the hevein-like domain of fruit class I chitinases in their

allergenic capacity? Clin Exp Allergy. 2002;32:448 - 454.

[10] Cohen-Kupiec R, Chet I. The molecular biology of chitin digestion. Curr Opin
Biotechnol. 1998;9:270-277.

[11] Boot RG, Blommaart EF, Swart E, et al. Identification of a novel acidic mamma-
lian chitinase distinct from chitotriosidase. J Biol Chem. 2001;276:6770-6778.

[12] Renkema GH, Boot RG, Muijsers AO, Donker-Koopman WE, Aerts JM. Purifica-
tion and characterization of human chitotriosidase, a novel member of the
chitinase family of proteins. J Biol Chem. 1995;270:2198 -2202.

[13] Zhu Z, Zheng T, Homer R], et al. Acidic mammalian chitinase in asthmatic Th2
inflammation and IL-13 pathway activation. Science. 2004;304:1678 -1682.

[14] Elias JA, Homer RJ], Hamid Q, Lee CG. Chitinases and chitinase-like proteins in
T(H)2 inflammation and asthma. J Allergy Clin Immunol. 2005;116:497-500.

[15] Daines MO, Chen W, TabataY, et al. Allergen-dependent solubilization of IL-13
receptor alpha2 reveals a novel mechanism to regulate allergy. J Allergy Clin
Immunol. 2007;119:375-383.

[16] Kellar KL, Kalwar RR, Dubois KA, Crouse D, Chafin WD, Kane BE. Multiplexed
fluorescent bead-based immunoassays for quantitation of human cytokines in
serum and culture supernatants. Cytometry. 2001;45:27-36.

[17] Wills-Karp M, Luyimbazi J, Xu X, et al. Interleukin-13: central mediator of
allergic asthma. Science. 1998;282:2258 -2261.

[18] Minty A, Chalon P, Derocq JM, et al. Interleukin-13 is a new human lymphokine
regulating inflammatory and immune responses. Nature. 1993;362:248 -250.

[19] Kelly-Welch AE, Hanson EM, Boothby MR, Keegan AD. Interleukin-4 and inter-
leukin-13 signaling connections maps. Science. 2003;300:1527-1528.

[20] Punnonen ], Aversa G, Cocks BG, et al. Interleukin 13 induces interleukin
4-independent IgG4 and IgE synthesis and CD23 expression by human B cells.
Proc Natl Acad Sci U S A. 1993;90:3730-3734.

[21] Chupp GL, Lee CG, Jarjour N, et al. A chitinase-like protein in the lung and
circulation of patients with severe asthma. N Engl] Med. 2007;357:2016-2027.

[22] Akdis CA, Joss A, Akdis M, Blaser K. Mechanism of IL-10-induced T cell inacti-
vation in allergic inflammation and normal response to allergens. Int Arch
Allergy Immunol. 2001;124:180-182.

[23] Milovanovic M, Heine G, Zuberbier T, Worm M. Allergen extract-induced
interleukin-10 in human memory B cells inhibits immunoglobulin E produc-
tion. Clin Exp Allergy. 2009;39:671-678.

[24] Okada S, Inoue H, Yamauchi K, et al. Potential role of interleukin-1 in allergen-
induced late asthmatic reactions in guinea pigs: suppressive effect of interleu-
kin-1 receptor antagonist on late asthmatic reaction. J Allergy Clin Immunol.
1995;95:1236-1245.

[25] Bochner BS, Charlesworth EN, Lichtenstein LM, et al. Interleukin-1 is released
at sites of human cutaneous allergic reactions. J Allergy Clin Immunol. 1990;86:
830-839.

[26] Xing L, Remick DG. Mechanisms of dimethyl sulfoxide augmentation of IL-1
beta production. ] Immunol. 2005;174:6195-6202.

3

[5

(7

(8

[9



	Plant chitinase III Ziz m 1 stimulates multiple cytokines, most predominantly interleukin-13, fr ...
	Introduction
	Methods
	Subjects
	Purification of recombinant Ziz m 1 from Pichia pastoris and Escherichia coli expression system
	Isolation and culture of peripheral blood mononuclear cells
	Cytokine measurement by ELISA
	Cytokine measurements by fluorescent bead immunoassay
	RNA extraction and cDNA synthesis
	Reverse transcription polymerase chain reaction
	Statistical analysis

	Results
	Characteristics of the subjects
	rZiz m 1-P–induced IL-13 protein secretion but not rZiz m 1-E
	IL-5, IL-13, and IFN-γ mRNA expression by rZiz m 1-P–stimulated PBMCs
	Cytokine Profiles of rZiz m 1-P–stimulated PBMCs

	Discussion
	References


