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CHITIN-INDUCED IMMUNE RESPONSE
BASED METHOD FOR DIAGNOSING
ALLERGIC ASTHMA IN PATIENTS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method of diag-
nosing allergic asthma in patients, and more particularly to a
method of diagnosing allergic asthma in patients by measur-
ing a chitin-induced response of peripheral blood immune
cells obtained from the patients.

[0003] 2. Description of the Related Art

[0004] To describe the related art of the present invention,
definitions and characteristics of hypersensitivity, asthma and
chitin have to be addressed first.

[0005] Hypersensitivity is an inflammatory reaction
induced by body fluid or cell mediator from immune system,
which may lead to tissue damage or even death. These reac-
tions can be grouped into four types according to their induc-
tion mechanisms. Each type has its unique functional mol-
ecules and clinic characteristics. In clinic, most common
allergic diseases including asthma, allergic rhinitis, and hay
fever exhibit type I hypersensitivity.

[0006] Type 1 hypersensitivity is induced by allergens
which might be protein or small molecule chemicals (Roitt et
al., 1998). Type I hypersensitivity is a quick response with
allergy reactions appearing in several minutes right after an
allergen exposure. In general, these reactions have two
phases—phase I in an early period of sensitization and phase
1 in a prolonged period after phase I. When an individual is
exposed to certain allergen, his/her plasma cells will produce
antibodies, especially IgFEs, to fight against it. This kind of
antibody has high affinity against FceRI receptor on the sur-
face of tissue mast cell and basophil, and low affinity against
IgE receptor (FceRII or CD23) on the surface of lymphocyte,
eosinophil, platelet, and macrophage. When IgEs are bound
1o Fe receptors on the surfaces of mast cells or basophils, the
sensitization is set out. Ifthe individual is exposed to the same
allergen again, (phase II of type I reaction), the allergen will
be bound to IgE on cell receptor, causing degranulation of
mast cell or basophil and release of vascular activating sub-
stance such as fast-responded histamine in huge quantity.
Histamine is the major component in granules of mast cell,
possessing up to 10% of granule weight. It causes smooth
muscle contraction, mucus secretion increase, vessel expan-
sion and permeability increase. Besides histamine, mast cell
granule contains serotonin which causes smooth muscle con-
traction, increases respiration rate, facilitates histamine
release and leads to overall severe allergic symptoms [Peters
etal, 1998].

[0007] Asthma, one of the most common allergic diseases,
is a chronic airway inflammatory disease along with major
symptoms of shortness of breath, wheezing, chest tightness,
and slow cough. These symptoms may last very long period
of time. Most patients can recover from the disease as well as
keep the disease under control to lead a normal life. Generally
speaking, the cause of asthma is very complicated due to the
interaction between genetic and environmental stimulation
factors. For many patients, this disease might root from their
infant stage. Therefore, genetic and environmental factors
play important roles of establishment and development of
asthma. In clinic, it is grouped as extrinsic and intrinsic
asthma according to the cause of asthma. Extrinsic asthma is
a type of allergic and immunogenic asthma induced by aller-
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gens from air or blood, which can be dust mite, pollen, per-
fumeor viral antigen. Intrinsic asthmais a type of primary and
non-allergic asthma caused by chronic and secondary
obstructive bronchitis, which is not correlated to allergen
[Kay, Trends Mol. Med. 2005; 11(4):148-152].

[0008] Chitin is the second abundant natural polymer next
to cellulose. It is widely distributed in cell wall of algae and
mushroom [Bulawa, 1993], and the shell of shrimp, crab and
insect [Neville et al., 1976]. Chitin is a cellulose-like high
molecular weight polymer. This unbranched polysaccharide
polymer is formed by linking N-acetyl glucosamine and glu-
cosamine through $-(1,4) glycosidic bond [Tharanathan and
Kittur, 2003]. Dueto its own highly compact crystal structure,
extrinsic and intrinsic hydrogen bonds are formed in molecu-
lar level, resulting in low water solubility. Also, the sturdy
hydrogen bond structure enables chitin to be physically and
chemically more stable than other polysaccharide and not
easy to break or distort under natural conditions [Merzendor-
fer and Zimoch, 2003].

[0009] Recently, due to massive supply of natural polymer,
chitin is applied in all areas along with discoveries of lots of
biomedical characteristics. It includes (1) non-toxicity and no
obvious side effect to animal [Minami Saburo et al., 2002];
(2) bioactivity through forming micelles by absorbing food
lipid in intestine to reduce micelle uptake, lower triacylglyc-
erol and cholesterol in blood [Zacour et al., 1992], further
relieve obesity, and prevent heart disease. Besides, chitin can
attract negative charged chloride ion from salt and remove it
out of the body for effective prevention of high blood pressure
[Zacouretal., 1992]; (3) liver protection. Theoretically, chitin
is believed to protect liver, inhibit tumor establishment and
growth, treat stomach canker, control blood pressure, and
boost immune system [Esteban et al., 2000]; and (4) high
bio-compatibility, which will not induce antibody. Therefore,
chitin and its derivatives are widely used in all areas, includ-
ing medical, chemical engineering, agriculture, food process-
ing and etc. [Tharanathan and Kittur, 2003; Synowiecki and
Al-Khateeb, 2003; Khor and Lim, 2003].

[0010] Recent studies show that chitin can improve animal
immunity, help inhibit tumor growth and protect host from
pathogen infection [Murata et al., 1991 Nishimura et al.,
1985], wherein 30% or 70% deacetylated chitin and car-
boxymethyl-chitin are the most effective material for induc-
ing macrophage cytotoxicity to inhibit tumor growth [Nish-
imura et al., 1984 Nishimura et al., 1985]. Also, chitin which
has been injected to guinea pig can activate C3 and C5
complement proteins therein to increase to the similar level
by zymosan [Tokura et al., 1999]. Besides, other study also
shows that chitin can significantly elevate macrophage
secreted NO, enhancing anti-pathogen and tumor ability [Pe-
luso et al., 1994]. Therefore chitin and chitin polysaccharide
are believed to be capable of improving non-specific inmune
response, such as macrophage proliferation promotion, nitro-
gen compound secretion, and anti-bacterial and anti-tumor
ability elevation.

[0011] Besides, Shibata et al. show that chitin can improve
THI immunity against antigen Mycobacterium [Shibata et
al., Infect Immune, 2001 69(10) 6123-6130]. When Myco-
bacterium protein (MPB-59) is used alone to immunize rat,
TH2 response can be induced with the characteristics as
increase of total amount of IgEs and specific IgG1s in serum.
Besides, TH2 cells will produce 1L.-4, IL-5 and IL-10. Spleen
THI cells produced interferon-gamma (IFNy) and specific
serum 1gG2a are not detectable. If chitin is combined with
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MPB-50 to immune guinea pig, it shows weak TH2 response
along with elevated spleen TH1 response and serum [gG2a.
Therefore, chitin can improve specific immune response, pro-
mote antibody production and facilitate T cell response.
[0012] Furthermore, Shibata et al. found that chitin can
significantly induce secretion of IFN-y from THI1 cells to
increase macrophage activity [Shibata et al., J Tmmunol, 1997
155(5) 2462-2467]. Engulfing non-allergenic chitin micro-
particle by macrophage leads to TH1 related cytokine pro-
duction such as 1L-12, IL-18 and TNF-a. [Shibata et al.,
Immunol, 1997 155(5) 2462-2467]. It can further activate
THI cells or natural killer cells (NK cells) to produce IFN-y,
inhibit TH2 response, redirect the whole immune response to
TH1 with effective decrease of serum IgEs and eosinophiles
in lung [Shibata et al., ] Immunol, 2000 164(3) 1314-1321],
and finally relieve allergic symptoms. Similar results show
that this type of treatment can improve airway pathological
response [Musumeci et al., 2008].

[0013] Current known allergic asthma induced inflamma-
tion is highly related to allergen induced TH2 cell immune
response. Therefore, chitin induced IFN-y can be used to
inhibit TH2 response in ovalbumin (OVA) sensitized asthma
guinea pig and treat animal’s pathological symptoms. In
studying the mechanism of chitin cured ovalbumin sensitized
guinea pig, it is found chitin can hardly induce sensitized or
treated guinea pig immune cells to significantly produce IFN-
v, far different from the chitin-induced response of a normal
guinea pig. However, this trait has not been utilized in prior art
to diagnose allergic asthma in patients.

SUMMARY OF THE INVENTION

[0014] The primary objective of the present invention is to
propose a fast and convenient method of diagnosing allergic
asthma in patients.

[0015] Another objective of the present invention is to pro-
pose a method of diagnosing allergic asthma by processing
two samples of peripheral blood immune cells obtained from
a subject.

[0016] To achieve the foregoing objectives of the present
invention, a novel method of diagnosing allergic asthma in
patients is proposed, the method including the steps of:
obtaining from a subject a first sample of peripheral blood
immune cells and a second sample of peripheral blood
immune cells; adding chitin to the first sample; measuring the
average amount of IFN-y in both the first sample and the
second sample to get a first value and a second value respec-
tively; and dividing the first value with the second value to get
a ratio, wherein if the ratio is smaller than a threshold value,
the subject is diagnosed as an allergic asthma patient.
[0017] To make it easier for our examiner to understand the
objective of the invention, its structure, innovative features,
and performance, we use a preferred embodiment together
with the accompanying drawings for the detailed description
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 shows two concentration profiles of IFN-y
produced by retrieved peripheral blood mononuclear cells
(PBMC)inresponse to chitin over a range of doses for a group
of healthy subjects and a group of asthma subjects respec-
tively.

[0019] FIG. 2 shows comparison of IFN-y concentrations
produced by retrieved peripheral blood mononuclear cells
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(PBMC) in response to different stimulants for a group of
healthy subjects and that for a group of asthma subjects.
[0020] FIG. 3 shows comparison of IFN-y production by
peripheral blood mononuclear cells (PBMC) from healthy
subjects and asthma subjects in response to chitin. The ratio
(chitin/blank) is derived by dividing chitin stimulated IFN-y
concentration with chitin-free IFN-y concentration. The
mean and individual results by PBMC from healthy subjects
(n=24) and asthma subjects (n=12) are shown after an
unpaired Student T test, with *** representing p<0.001.
[0021] FIG. 4 shows the gene relative expressions of tran-
scription factors, GATA-3 and T-bet, in chitin stimulated
PBMC analyzed by real-time PCR (Polymerase Chain Reac-
tion). The gene relative expression is a ratio of an averaged
chitin stimulated transcription factor expression over an aver-
aged chitin-free (blank) transcription factor expression.
[0022] FIG. 5 shows the correlation between chitin stimu-
lated IFN-y production and serum total IgE in asthma
patients. The IFN-y (chitin/blank) is derived by dividing
chitin stimulated IFN-y concentration with chitin-free IFN-y
concentration and correlated with the clinical results for
serum total IgE concentration in asthma subjects (n=8, R*=0.
1861).

[0023] FIG. 6 shows the correlation between IFN-y produc-
tion and hypersensitivity level against mite for asthma sub-
jects. The hypersensitivity level against mite for asthma sub-
jects is grouped as high hypersensitivity (concentration of
specific IgE against mite 1.0 mg/dl) and low hypersensitivity
(10.0 mg/dl). For the correlation result against house mite,
p=0.0815, for the correlation result against dust mite, p=0.
0106, and the results were obtained by student t test.

[0024] FIG. 7 shows the correlation between IFN-y produc-
tion and severity of allergic response against common aller-
gens for asthma patients. Patients are grouped as allergic
(specific IgE against allergen 1.0 mg/dl) and non-allergic (1.0
mg/dl) based on the level of hypersensitivity against common
allergens. The correlation between IFN-y production ratio
and allergic/non-allergic for patients against the listed aller-
gens were performed by student t test and p=0.2344.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] The present invention will be described in more
detail hereinafter with reference to the accompanying draw-
ings that show the preferred embodiment of the invention. To
better understand the principle of the present invention, char-
acteristics of TH1 and TH2 pathways, as well as T cell
response related transcription factor should be addressed first.
PS TH1 and TH2 Pathways:

[0026] Under normal condition, the status of in vivo TH1
and TH2 cell 1s balanced. TH1 subgroup mainly secrets IFN-
v, TNF-f and IL-2, and TH2 subgroup produces cytokines as
1L-4, IL-5, IL-6, IL-10 and IL-13 [Romagnani et al., 1997].
THI cell is mainly involved in cellular inmune response, and
the cytokine it generated can activate cytotoxicity, inflamma-
tory reaction and delayed allergic response. TH2 is involved
in antibody production which can effectively induce B cell
proliferation and antibody production (such as IgE) against
dissociated microorganism. TH2 cell generated cytokine is
related to allergic response regulation [Romagnani, 1994].
Various cytokine inductions can specifically affect T-helper
cell differentiation, whereas gene transcription factor also has
cellular specificity. It is known that TH1 and TH2 cell devel-
opments require STAT-1 and STAT-6, respectively [ Grogan et
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al., Curr Opin Immunol, 2002 14(3) 366-72]. Besides, tran-
scription factors have been found selectively expressed in
THI1 and TH2 cells, such as GATA-3 in TH2 cell and T-bet in
THI cell [Grogan et al., Curr Opin Immunol, 2002 14(3)
366-72].

[0027] Ingeneral, allergic inflammatory reaction of asthma
is related to an imbalance between THI1 and TH2 cells, espe-
cially to TH2 cell generated I1.-4 and IL-13 [Dittrich et al.,
1997]. Due to the inhibition ability of IFN-y on IgE synthesis
and TH2 cell differentiation, lack of IFN-y facilitates allergic
inflammatory reaction. TH2 cell generated cytokine I1.-4 can
significantly induce B cell secreted IgE [Gascan et al., 1991]
as well as inhibit macrophage activity, block IFN-y activated
macrophage effect, and induce mast cell growth and devel-
opment. Furthermore, IL-5 can induce eosinophil growth and
differentiation. Therefore, itis considered as a major player of
allergic reaction [Robinson et al., N Engl ] Med, 1992326(5)
298-304].

[0028] Also, it is believed that asthma is a chronic airway
inflammatory disease related to over Th2 immune reaction.
Mass expression of cytokine as 1L.-4, IL-5 and IL-13 induces
eosinophil and mast cell accumulation and activation, leads to
chronic lung inflammation, results in airway hyperrespon-
siveness (AHR), and causes airway block, mucus accumula-
tion and airway inflammation [WillsKarp et al., Science,
1998; 282(5397): 2258-2261]. Although high level of 1L-4,
IL-5 and IL-13 inducing over Th2 immune response is related
to allergic diseases, more and more evidences demonstrate
low Th1l immune response is also the cause of these allergic
diseases. T cell response related transcription factor:

[0029] Prematurehelper T cell differentiation is affected by
different cytokine stimulation, different transcription factor,
or the interaction between cytokine and transcription factor.
For example: the presence of IL-4 can stimulate cell differ-
entiation towards type II helper T cell, and the presence of
1L-12 can stimulate cell differentiation towards type 1 helper
T cell [Szabo et al., Science, 295(5553):338-42]. Based on
this molecular biology knowledge, some transcription factors
are chosen as experimental material in the present invention:
[0030] 1.GATA-3: a specific transcription factor for type I1
helper T cell. Started by 1L-4 gene transcription, it promotes
undifferentiated helper T cell differentiation towards type 11
helper T cell. Besides, GATA-3 can inhibit IL-12 to block
type helper T cell development [Thomas et al., 2001].
[0031] 2.T-betItis a specific transcription factor for type 1
helper T cell, which can promote undifferentiated helper T
cell to differentiate. IL-12 induced IFN-y can promote T-bet
gene expression, and T-bet can also increase IFN-y produc-
tion in a mutual positive feedback relationship [Szabo et al.,
Science, 295(5553):338-42].

[0032] The present invention has used chitin to induce
peripheral blood mononuclear cells of allergic asthma patient
and normal healthy person to produce IFN-y, and observed
the difference of their immune response. The experiment
result shows that chitin induced IFN-y concentration of
peripheral blood mononuclear cells from allergic asthma
patients is significantly lower than that from healthy normal
persons. Regarding the correlation between IFN-y production
ratio and allergen hypersensitivity of allergic asthma patient,
the results show patient highly allergic to dust mite has lower
IFN-y production ratio whereas patient less allergic to dust
mite has higher IFN-y production ratio. Therefore, low
immune response of asthma patient against chitin might be
partially correlated to patient’s specific IgE against to dust
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mite. Although dust mite is full of chitin, it might be corre-
lated with specific IgE concentration and chitin induced IFN-
v. However, chitin is also found in crab and shrimp shell with
less correlation between hypersensitivity of patient and chitin
induction.

[0033] As such, the present invention discloses a method of
diagnosing allergic asthma in patients, the method including
the steps of: obtaining from a subject a first sample of periph-
eral blood immune cells and a second sample of peripheral
blood immune cells; adding chitin to the first sample; mea-
suring the average amount of [FN-y in both the first sample
and the second sample to get a first value and a second value
respectively; and dividing the first value with the second
value to get a ratio, wherein if the ratio is smaller than a
threshold value, the subject is diagnosed as an allergic asthma
patient.

[0034] A preferred embodiment of the present invention is
that immune cell is mononuclear cell. ELISA is used for
IFN-y quantification. IFN-y production ratio equals to ELISA
standard curve derived average of chitin-induced IFN-y con-
centration from each sample divided by that of blank assay.

[0035] The method of the present invention can also be
used for diagnosing healthy person without allergic asthma.
When IFN-y production ratio is over 10, the subject is diag-
nosed as a healthy person without allergic asthma. When
IFN-y production ratio is between 6-10, the subject is diag-
nosed as a suspected allergic asthma patient.

[0036] The method of present invention can also beused for
diagnosing severe dust mite hypersensitive patient. When
IFN-y is lower than IFN-y production ratio of 2, the subject is
diagnosed as severe dust mite hypersensitive patient.

EXAMPLE
Example 1

[0037] The present invention collected data from 30 aller-
gic asthma patients and 30 non-patients for this study. The
criteria of selected patients were first-visit allergic asthma
patients (experimental group) and non-allergic asthma his-
tory healthy persons (control group). Elimination criteria
were patients with hypersensitivity history. Below are aller-
gen test results over allergic asthma patients.

Total IgF concentration of allergic asthma patients:

Patient number Total IgE (mg/dl)

1873
60.2
104
11.4
167
79.3
193
61.8
695
207
64.1
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TABLE1

The hypersensitivity level against allergen
of allergic asthma patients:

Pa- D, pteronys- D. Cock- FEgg Dog
tient sinus faringe  roach white Crab Shrimp dander
1 6 6 0 1 0 0 2
2 2 2 0 0 0 0 0
3 0 0 0 0 0 0 0
4 0 0 0 0
5 2 2 0 0
6 4 3 0 0 0 0 0
7 3 2 2 1 2 2 1
8 2 2 0 0

9 0 1 1
10 4 0 0
11 1 0 0 1 0 0 0
TABLE II

The hypersensitivity level against allergen of allergic asthma patients:

Candida
Patient Catdander  albicans Milk  Fish (cod) Peanut

1 0 0 0 0 0
2 0 1 0 0 0
3 0 0 0 0 0
4 0 0
5 0 0
6 0 0 0 0 0
7 0 0 2 0 0
8 1 0
9 0 0 0

10 0 0

11 0 0 0 0 0

Chitin Preparation

[0038] After the allergen test was done, chitin micro par-
ticles (4-5 um in diameter) were provided and examined by
Dr. Chen Jeen-Kuan from CPC Biotech RD department.
Endotoxin-free verified microchitin was prepared as 10
mg/ml suspension in phosphate buffered saline (PBS). It was
stored at 4 after autoclaving and mixed well before use.

Isolation of Peripheral Blood Mononuclear Cells

[0039] Heparin tube (Na-Heparin) was used for blood col-
lection from healthy persons and allergic asthma patients.
After centrifugation, removed upper layer plasma and froze it
at -80 for later use. Residual blood was mixed with PBS, and
moved to a centrifugation tube with Ficoll. After another
centrifugation, there should be three layers based on Ficoll
concentration gradient. The middle white-cloudy layer con-
tained human peripheral mononuclear cells (PBMC). PBMC
was isolated, washed with PBS for 2~3 times, and kept on ice.

Cell Culture

[0040] After separation of PBMC, cells cultured in 96 well
plates with complete medium of dissolved RPMI 1640, 10%
fetal bovine serum (FBS), 1% L-Glutamine and 2% Penicillin
and Streptomycin. 200 ul/well medium was added in 96 well
dishes or 2 ml medium in 24 well dishes. The cell number in
each well is 2x105 (for 96 well dishes) or 2x106 (for 24 well
dishes). Different stimulants were added into each sample to
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culture it for appropriate time. Plates were placed in an incu-
bator to culture cells at 37 with 5% CO,.

Sample Preparation (Cell Culture Supernatant and Cell)

[0041] Cell culture plates were placed into an incubator,
taken out at day 5, and then put into an eppendorf. After
centrifugation, cell pellets appeared in the bottom of the
eppendorf. Supernatant was removed into a new tube which
was then labeled before frozen at —80 for further ELISA test.

Enzyme-Linked Immuno-Sorbent Assay (ELISA)

[0042] ELISA was used to determine IFN-y concentration.
Anti-human cytokine capture antibody was diluted in 250
fold with coating buffer and add 100 pl/well to coat 96-well
ELISA plate overnight at 4. The plate was washed with wash-
ing buffer (0.05% Tween-20 PBS) for several times (as manu-
facturer’s instruction). 200 pul of assay diluent was added to
each well to block non-specific spaces for 1 hour at room
temperature. The plate was washed with washing buffer for
several times. 100 pul/well of 2 fold diluted standard (maximal
starting concentration of 2000 pg/ml IFN-y) was added in
duplicate for 2 hours at room temperature. The plate was
washed with washing buffer for several times. 100 pl/well of
detection antibody (250 fold diluted with assay diluent) was
added and incubated for 1 hour at room temperature. The
plate was washed with washing buffer for several times. Avi-
din-horseradish peroxidase (Avidin-HRP) was added and
incubated for 30 minutes at room temperature. Finally, the
plate was washed with washing buffer for several times and
100 pl/well of substrate (tetramethylbenzidine-TMB) was
added for 15-minute reaction. 50 pl/well of 2N H2S04 was
added to stop the reaction. OD450 nm was determined by
ELISA reader.

Example 2

Microchitin-Induced IFN-y Production from Periph-
eral Blood Mononuclear Cells

[0043] To confirm whether microchitin can induce TFN-y
production, the present invention co-cultured various concen-
trations of chitin (5 10 20 40 80 pg/ml) with peripheral blood
mononuclear cells from normal healthy persons, and deter-
mined IFN-y production at various time points (from day 4 to
day 7). PBMC were freshly obtained from healthy individuals
or asthma patients, and stimulated with 20 pg/ml of chitin.
Stimulant-free (blank) was served as a control. After 5 days of
culture, the culture supernatant was harvested and the pres-
ence of IFN-y was quantified by ELISA. The representative
results are shown in FIG. 1. IFN-y production of peripheral
blood mononuclear cells can be induced by various concen-
trations of chitin. Chitin concentration of 20 pg/ml had the
most optimal response, such as 1072.2, 1897.4, 2687.1, and
4708.6 pg/ml of IFN-y production at day 4, 5, 6, and 7,
respectively. The concentration of released IFN-vy was
elevated according to the reaction time under same concen-
tration of chitin induction. As shown in FIG. 2, in order to
compare [FN-y production by PBMC from healthy individu-
als and asthma patients in response to different stimulants,
PBMC were freshly obtained from healthy individuals and
asthma patients, and stimulated with chitin, phytohemagglu-
timin (PHA) and anti-CD3 plus anti-CD28. Stimulant-free
(blank) was served as a control. After desired culture days (2
days for PHA, 3 days for anti-CD3 plus anti-CD28, and 5
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days for chitin), the culture supernatant was harvested and the
presence of IFN-y was quantified by ELISA.

Example 3

The Difference of Peripheral Blood Mononuclear
Cell Expressed IFN-y Between Asthma Patients and
Healthy Persons

[0044] In order to compare the difference of peripheral
blood mononuclear cell expressed IFN-y between asthma
patients and healthy persons, ELISA was used to measure the
concentration of IFN-y from supernatant of co-cultured
peripheral blood mononuclear cells and microchitin. The
chitin-induced IFN-y production ratio was calculated by
dividing the average of chitin-induced IFN-y concentration
(in duplicate) with that of blank. Blank was obtained in the
cell culture without chitin treatment.

[0045] There were 24 healthy subjects as shown in FIG. 3.
PBMC were freshly obtained from healthy individuals or
asthma patients, and stimulated with 20 pg/ml of chitin.
Stimulant-free (blank) was served as a control. After 5 days of
culture, the culture supernatant was harvested and the pres-
ence of IFN-y was quantified by ELISA. Most IFN-y produc-
tion ratio was between 15~25, with exception of 40 and
above, one below 10, and most over 10. However, the IFN-y
production ratio of 12 samples from asthma patients was
between 4-6, with average of 5, and some samples less than 2.
After that, analyzed data from asthma patient and healthy
persons by nonparametric Mann-Whitney U test or student
t-test, the a value of two-tailed test was below 0.001 and p was
less than 0.001 showing statistically difference. The average
ratio of healthy person was 20 and that of asthma patient was
4 with p value of 0.0008 which was less than set o value of
0.001. Therefore, this result shows statistical difference.
[0046] To understand the expression of transcription fac-
tors, GATA-3 and T-bet, in chitin stimulated PBMC, PBMC
were freshly obtained from healthy individuals and asthma
patients, and stimulated with 20 pg/ml of chitin. Stimulant-
free (blank) was served as a control. After 5 days of culture,
the cells were harvested and analyzed for the expression of
transcription factors, GATA-3 and T-bet by real-time RT-
PCR. Data are shown in FIG. 4.

[0047] From results above, microchitin induced IFN-y pro-
duction from peripheral blood mononuclear cells was signifi-
cantly different between asthma patients and healthy persons.

Example 4

Correlation of Asthma Patient’s Low Reactivity
Against Chitin and Allergic Diseases

[0048] After that, it came the allergen specific IgE. As
shown in FIG. 5, to understand the correlation of chitin stimu-
lated IFN-y production with serum total IgE in asthma
patients, PBMC were freshly obtained from healthy individu-
als and asthma patients, and stimulated with 20 pg/ml of
chitin. Stimulant-free (blank) was served as a control. After 5
days of culture, the culture supernatant was harvested and the
presence of IFN-y was quantified by ELISA. Data presented
here are the ratio of chitin stimulated IFN-y production levels
divided by blank and correlated with the clinical results for
serum total IgE levels in asthma patients (n=8).

[0049] However, mite was the top allergen in Taiwan of
90.79% responsible for inducing child allergic asthma. Mite
can be grouped as house dust mite and dust mite. Therefore,

Oct. 6,2011

the present invention compared asthma patient’s allergic
response against house dust mite and dust mite (dust mite
specific IgH concentration) and IFN-y production ratio. As
shown in FIG. 6, the present invention observed that patients
highly allergic to mites have lower IFN-y production ratio,
whereas patients less allergic to mites have higher IFN-y
production ratio, and the statistic difference is especially
obvious for dust mite (p=0.0106). The present invention dem-
onstrated the weak immune response of asthma patients
against chitin might be partially correlated to their specific
IgE against dust mite. Besides, the present invention also
compared patient’s response against other allergen (crab,
shrimp, dog dander, cockroach and egg white) with IFN-y
production ratio. It demonstrates no correlation as shown in
FIG. 7.

[0050] Inconclusion, the current invention provides anovel
method of diagnosing allergic asthma in patients.

[0051] While the invention has been described by way of
example and in terms of a preferred embodiment, it is to be
understood that the invention is not limited thereto. To the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

[0052] Insummation of the above description, the present
invention herein enhances the performance than the conven-
tional structure and further complies with the patent applica-
tion requirements and is submitted to the Patent and Trade-
mark Office for review and granting of the commensurate
patent rights.

What is claimed is:

1. A chitin-induced immune response based method for
diagnosing allergic asthma in patients, comprising the steps
of:

obtaining from a subject a first sample of peripheral blood

immune cells and a second sample of peripheral blood
immune cells;

adding chitin to said first sample;

measuring the average amount of IFN-y in both said first

sample and said second sample to get a first value and a
second value respectively; and

dividing said first value with said second value to get a

ratio, wherein if said ratio is smaller than a threshold
value, said subject is diagnosed as an allergic asthma
patient.

2. The chitin-induced immune response based method for
diagnosing allergic asthma in patients of claim 1, wherein
said peripheral blood immune cell is mononuclear cell.

3. The chitin-induced immune response based method for
diagnosing allergic asthma in patients of claim 1, wherein
said measuring the average amount of IFN-y comprises a step
of performing an enzyme-linked immunosorbent assay
(ELISA).

4. The chitin-induced immune response based method for
diagnosing allergic asthma in patients of claim 1, wherein
said measuring the average amount of IFN-y including a step
of using an ELISA standard curve to derive said average
amount.

5. The chitin-induced immune response based method for
diagnosing allergic asthma in patients of claim 1, wherein
said subject is diagnosed as healthy person without allergic
asthma when said ratio is over 10.

6. The chitin-induced immune response based method for
diagnosing allergic asthma in patients of claim 1, wherein,
said subject is diagnosed as a suspected allergic asthma
patient when said ratio is below 10.
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