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95

Spearman
correlation Thromboxan A2 receptor
TBXA2R p=0010 CD2 p=0.043 Interleukin-15 IL-15 p=0.043  Regulated upon
Activation, Normal T cell Expressed and Secreted RANTES p<0.001 SCYA4 MIP-1b macrophage
inflammatory protein-1b  »p=0.009 SCYA17 TARC Thymus and activation-related chemokine
p = 0.002

Multiples Linear Regression
Heat = 049 TBXA2R + 1.23 Eotaxin + 093 STAT2 + 5.00 GBP2 + 0.88

Metallothionein - 3.25 CD2 +2.24 IL-15 - 1259 IL-18 +6.50 RANTES
- 224 SCYA4 +1.19 SCYALl7

p<0.05 70.6 %
RANTES SCYA4 SCYAL7
TBXA2R IL-15  IL-18 CD2

2 Tel: 04-22052121 4163 Fax: 04-22032798
E-mail: hsumd@genmont.com.tw
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mast

remodelling 2
humoral cellular
cell eosinophil T TH,-like lymphocyte macrophage
neutrophil epithelial cell cytokines
chemokines * adhesion proteins *
5
signal transduction
G G protein protein kinase C fi§ adenine cyclase

transcription factors

microarray

95 4-68

hybridization
probe
DNA
20.19 52 43
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inclusion criteria) (1) ) forced expiratory

volumn in first second FEV1 >55% (3) FEV1 15%
4) exclusion criteria (1)
@) (©) )
(1) Aas
Score’ (2)Medication Score
=0 beclomet  zaditen = 1
berotec  Theophylline =2 5S5mg/day=3 10-20 mg/day=4 >20mg/day=5 (3)FEVI (4)IgE
(5)Dp-specific IgE  (6) @) Eosinophil Cationic Protein
ECP
0-2 1

S —m DD O = N O = DO = N OoO = NDOoO =D OoO =N =N
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RNA

5 mL EDTA Ficoll-Hypaque 2500 rpm 20
PBS PBS 1500 rpm 10 min
300 m PBS 1.5 mL RNA LATER -20°C RNA
4°C 4000xg 15min 1 mL TRIzol Life Technologies, Paisley, UK
14000 xg 15 0.2 mL CHClL, 14000 xg 15
0.5 mL isopropanol -20°C 20 RNA 4°C 14000xg 15 min
75% RNase
cDNA Cy5s labeling
8 nL total RNA 2 L oligo poly-dT 12-18-mer Life Technologies 0.1 my/nL
primer 70 °C 10 2

Reverse transcription labeling mixture Cy5-dUTP 1mM;3m  SuperScriptll 200 U/m;2n  Rnasin

1 m 42 °C 2 1.5 nL 20mM EDTA RT
1.5 ul 500 mM 70 °C 10 RNA ProbeQuant G-50
Micro Column RNA Cy5 Cy 5-dUTP cDNA -20°C
96 clones® Cytokines Receptors
Signaling molecules Transcriptional factor Adhesion molecules
Metabolic pathway Chemokines and receptors PCR
PCR spotting buffer probe 95 °C
3 denature spotting machine
cross-link

n-methyl-pyrilidinone / succinic anhydride / sodium borate ~ 5X SSC/ 0.1 % SDS/ 1 % BSA
target
RT Cy5 50 % formamide / 0.2 % SDS / 10X SSC
95°C 5 hybridization chamber
42°C 18 1X'SSC/0.1%SDS 0.1XSSC/0.1%SDS  0.1X SSC



mouse cDNA ATBS

mild

GAPDH

duplicate

normalization

GenePix™ Pro 3.0 Axon Instruments Inc.

GAPDH

plants DNA RbCL

SPSS 8.01

Aas Score FEV, %

p <005

95

mild persistent

ECP IgE...

4-68

negative control

GAPDH

Gene Type

FEV, %

20.19 52 43

Aas score

30
20

10
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Aas score
40
20
/I\
10 \
0 | T
1 2 3 4 5 6
Aas score
2 Aas score
Spearman Correlation
SPSS 8.01 GAPDH
Spearman Correlation 2 Range 95
Mean + SD Heat
p Aas Score Aas Score
p FEV, FEV,
p ECP ECP p

TBXA2R=0.312 p=0.010 CD2=
0.246 p=0.043 1IL15=0.338 p=0.043 RANTES=0414 p<0.001 SCYA4=0315 p=0.009 SCYAl7
=0.373 p=0.002 2 3
Aas score’ TBXA2R=0.202 p
=0.050 GBP2=024 p=.019 Metallothionein=0.171 p=0.098 IL-15=0.255 p=0.013 RANTES
=0204 p=0047 SCYA4=0229 p=0.026 SCYA17=0.307 p=0.002 4 FEV1
TBXA2R =0.268 p=0.027 GBP2=0.242 p=0.046 Metallothionein = 0.25 p = 0.040
CD2=0.284 P0.019 IL-15=0.372 p=0.002 SCYA4=0.282 p=0.020 SCYA17=0.291 p=0.016
2
ECP ECP Metallothionei
n=0266 p=0010 IL-18 =0.227 p=0.029 RANTES = 0.225 p = 0.031 2
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Gene Mean + SD Range Heat Aas Score FEV, ECP
0.268 0.201
TBXA2R 8.65+338  0.14-264.70 (z-f) ié)** %3‘5)(2))* o 0
Eotaxin 0.03+0.01  0.00-1.43 :8:228 :8:2?3 ggzg _gzgzz
STAT2 0.09+0.03  0.00-2.83 :8:;;‘6 :g:g?i ggfé _g: ; ;; ;
GBP2 2684092  0.14-652 _g:ig; ?:(2)‘1‘9)** (Ef)jé)** _g:i;‘;‘
Metallothionein ~ 6.68 +2.58  0.12-202.25 _g:ig; %(1);;)* ?:54510)** (E-f)?g)**
CD2 16554751  0.48-513.29 (z:(z)jg)** _8:1‘7‘5 (213?491)** (z (1) ;3)*
IL-15 048+0.19  0.00-1722 ?:ggg)** (z:(z)fg)** (E'E)Z);)** ?:égi)*
IL-18 439+174 00312235 %322)* ?:(1)22)* %22)** (z:(z)gg)**
RANTES 8.84+337 0.57+224.50 ?:gég)** ?:(2)2;‘)** _8:3(3)6 %ﬁ?)**
SCYA4 6.95+2.77 0.18+203.05 ?:(3)(1)3)** ?:(2)52)** %ié)** (z (1) sg)*
SCYA17 5934231  0.07-154.35 ?:3(7);)** ?:(3)8;)** (Ef)?é)** _g: 1(7) ‘1‘

Note. **p < 0.05, *p <0.1.

25.

20.

15.
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—&—CD2

——RANTE
—*%—SCYA4
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10-14.
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30.0
25. 1 X
20. 1 —&—Met al |l gt hi onei
/+ ——SCYA4
15.1©
/ ——RANTES
10.® —-—-SCYA17
5.0 / ——TBXA2R
0.
1 3 4
Aas score
4 Aas Score
3
Model Variable Gene Type Beta F Value p value R square
Heat TBXA2R 0.49
Eotaxin 1.23
STAT2 0.93
GBP2 5.00
Metallothionei .
etallothionein 0.88 15.14
CD2 -3.25 o 0.706
IL-15 224 <0.001
IL-18 -12.59
RANTES 6.50
SCYA4 -2.24
SCYA17 1.19
Note. Heat=0.49 TBXA2R +1.23 Eotaxin +0.93 STAT2 +5.00 GBP2 +0.88 Metallothionein - 3.25 CD2

+2.24 1IL-15
Note 2.

- 12.59
p<0.05

IL-18 +6.50 RANTES

70.6 %

- 224 SCYA4 +1.19SCYALT.

Heat=049 TBXA2R +1.23 Eotaxin +0.93 STAT2 +5.00 GBP2 +0.88 Metallothionein —

325 CD2 +224 1IL-15
p < 0.05

Cytokines Receptors

—12.59 IL-18 +6.50 RANTES

70.6 %

Signaling molecules

-224 SCYA4 +1.19
3

96

SCYAL17

Transcriptional factor

n
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Adhesion molecules Metabolic pathway Chemokines and receptors

TBXA2R CD2 IL-15 IL-18 RANTES SCYA4 SCYAL17

Aas score’ FEV1
ECP 2 Aas score FEVI
ECP 10
ECP
70.6 % 3
TBXA2R IL-15  IL-18
CD2 RANTES SCYA4 SCYALl7
TBXA2R thromboxane A2 receptor arachidonic
acid cascade effector
TBXA2R
. TBXA2R
+ single nucleotide polymorphism 12
IL-15
IL-8 13
lipid mediator ROI reactive oxygen intermediates protease
elastase a Th,
Th, IL-2 CD,”

IL-18 IL-12
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interferon-g

IL-4

TH,

regulated upon activation, normal T-cell expressed and secreted

' RANTE CcC
17 T

Thymus and activation-related chemokine
CCR4 T
necrosies factor-a

hyperresponsiveness * SCYA4

IL-18 Th,
Th, IL-5
TH,
RANTES
CC chemokine C3b/iC3b
RANTES
T '® SCYA17 TARC
CC Th,
1 tumor
eosinophilia
MIP-1b  macrophage inflammatory protein-1b CcC
major basic protein MBP A
22
RNA

1. Wilson JW, Bamford TL. Assessing the evidence for remodelling of the airway in asthma. Pulm Pharmacol Ther

14: 229-247, 2001.

2. National Heart, Lung and Blood Institute. Global Initiative for asthma. National Institutes of Health pub no 95-

3659, 1995.



AN n b~ W

10.

I1.

12.

13.

14.
15.

16.
17.

18.

19.

20.

21.

119

. Robinson DS, Durham SR, Kay AB. Cytokines in asthma. Thorax 48: 845-853, 1993.

. Albelda SM. Endothelial and epithelial cell adhesion molecules. Am J Respir Cell Mol Biol 4: 195-203, 1991.

. Horwitz RJ, Busses WW. Inflammation and asthma. Clin Chest Med 16: 583-602, 1995.

. Debouck C, Goodfellow PN. DNA microarrays in drug discovery and development.nature genetics supplement 21:

48-50, 1999.
2 11-13 2001

. Rogge L, Bianchi E, Biffi M, Bono E, Chang SYP, Alexander H, Santini C, Ferrari G, Sinigaglia L, Neeb M,

Mous J, Sinigaglia F and Certa U. Transcript imaging of the development of human T helper cells using
oligonucleotide arrays. Nature Genetics 25: 96-101, 2000.

. Asa K. Heterogeneity of bronchial asthma. Sub-populations--or different stages of the disease.Allergy. 36: 3-14,

1981.

8 1926 1999
Hochino M, Sim J, Shimizu K, Nakayama H, Koya A. Effect of AA-2414, a thromboxane A2 receptor antagonist,
on airway inflammation in subjects with asthma. J ALLlergy Clin Immunol. 103: 1054-1061, 1999.
Unoki M, Furuta S, Onouchi Y, Watanabe O, Doi S, Fujiwara H, Miyatake A, Fujita K, Tamari M, Nakamura Y.
Association stydies of 33 single nucleotide polymorphisms (SNP) in 29 candidate genes for bronchial asthma:
positive associateion a T924C polymorphism in the thromboxane A2 receptor gene. Human genetics. 106: 440-
446, 2000 .
Muro S, Taha R, Tsicopoulos A, Olivenstein R, Tonnel AB, Christodoulopoulos P, Wallaert B, Hamid Q.
Expression of IL-15 in inflammatory pulmonary disease. J allergy clin immunol. 108: 970-975, 2001.
Sampson AP. The role of eosinophils and neurophils in inflammation. Clin Exp allergy 30 Suppl 122-127, 2000.
Kodama T, Matsuyama T, Kuribayashi K, Nishioka Y, Sugita M, Akira S, Nakanishi K Okamura H. IL-18
deficiency selectively enhances allergen-induced eosinophilia in mice.J Allergy Clin Immunol 105:45-53,2000.
Kayaba H, Chihara J. Eosinophils and related chemokines. Rinsho-Byori. 49: 370-375, 2001.
Velazquez JR, Lacy P, Mogbel R. Replenishment of RANTES mRNA expression in activated eosinophils from
atopic asthmatics. Immunology 99: 591-599, 2000.
Chihara J. The roles of adhesion molecules, cytokines and chemokines in allergic inflammation.Rinsho-Byori 45:
519-527,1997.
Panina-Bordignon P, Papi A, Mariani M, Di Lucia P, Casoni G, Bellettato C, Buonsanti C, Miotto D, Mapp C,
Villa A, Arrigoni G, Fabbri LM, Singaglia F.The C-C chemokine receptors CCR4 and CCRS identify airway T
cells of allergen-challenged atopic asthmatics. J Clin Invest. 107: 1357-1364, 2001.
Berin MC, Eckmann L, Broide DH, Kagnoff MF.Regulated production of the T helper 2-type T-cell
chemoattractant TARC by human bronchial epithelial cells in vitro and in human lung xenografts. Am J Respir
Cell Mol Biol. 24: 382-389, 2001.
Shahan TA, Sorenson WG, Paulauskis JD, Morey R, Lewis DM.Concentration- and time-dependent upregulation
and release of the cytokines MIP-2, KC, TNF, and MIP-1alpha in rat alveolar macrophages by fungal spores



120

implicated in airway inflammation.Am J Respir Cell Mol Biol. 18: 435-440, 1998.
22.
155-164 2000

12



121

J Chin Med 14(2): 109-121, 2003

GENE EXPRESSION IN “HEAT” ZHENG
PATTERN OF ALLERGIC ASTHMA
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The pathogenesis of allergic asthma involves a very complicate immune response in which
thousands of genes are expressed. “Zheng” is an unique theory of both diagnosis and treatment in
traditional Chinese medicine (TCM). In this study, we try to analysis the correlation between heat
“Zheng” score of allergic asthma patients and the differences of their gene expression in order to
understand the molecular mechanism of heat “Zheng” in asthma. Therefore, we included 95 allergic
asthma patients in our study. According to the theory of TCM, we decided their heat “Zheng” score
via the frequency and severity of their clinical symptoms. At the same time, their peripheral
monocytes were collected. So, we used microarray to detect the gene expression of patients’
peripheral lymphocytes which are involved in the pathogenesis of allergic asthma. Then, the results
were analyzed by Spearman correlation statistics. We found Thromboxan A2 receptor (TBXA2R) (p
=0.010) CD2 (p=0.043) Interleukin-15 (IL-15) (»p =0.043) Regulated upon Activation, Normal
T cell expressed and secreted (RANTES) (p <0.001) SCYA4 (MIP-1b  macrophage inflammatory
protein-1b) (» =0.009) SCYA17 (TARC Thymus and activation-related chemokine) (p = 0.002)
were positive correlated to heat “Zheng” score which were significant in statistics (p < 0.05). A
regression analysis was then performed. We obtained a formulation: Heat = 0.49 (TBXA2R) + 1.23
(Eotaxin) + 0.93 (STAT2) + 5.00 (GBP2) + 0.88 (Metallothionein) — 3.25 (CD2) + 2.24 (IL15) —
12.59 (IL18) + 6.50 (RANTES) —2.24 (SCYA4) + 1.19 (SCYA17), which allowed us to predict
patient’ s heat “Zheng” score by the expression amount of those genes. The accuracy is 70.6 %.

On the base of the results, we can conclude that signaling factor TBXA2R, cytokines IL-15 and
IL-18, adhesion molecular CD2 and chemokins RANTES, SCYLA4, SCYA17 must play important
roles in allergic heat “Zheng” of asthma pathogenesis. The regression formulation we obtained has
great value of clinical application. It provides an objective evidence to diagnose allergic heat
“Zheng” asthma and to estimate the efficacy of therapy.

Key words: Heat Zheng, Allergic asthma, Biochip, Microarray.
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