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中 文 摘 要 ： 塵螨為台灣以及亞熱帶地區最常見引起氣喘等呼吸道疾病的

主要過敏物種。目前已知的塵螨過敏原，有兩群主要過敏原

(major allergen): 具有蛋白酶活性的第一群塵螨過敏原與

沒有蛋白酶活性的第二群塵螨過敏原，過去的研究文獻顯示

這兩群過敏原的盛行率皆超過 85%。在致病機轉方面，第一

群塵螨過敏原透過其蛋白酶活性破壞呼吸道上皮細胞的連結

進入體內並誘發相關的發炎與過敏反應。有趣的是第二群塵

螨過敏原雖然不具有蛋白酶活性，但仍可以穿過呼吸道上皮

的阻隔進入人體當中。此外，近年來的研究證據發現第二群

塵螨過敏原可以結合並活化第四型類鐸受體(Toll-like 

receptor 4)，進而誘發先天性免疫反應(innate 

immunity)。然而第二群塵螨過敏原究竟是透過第一群塵螨過

敏原的協助穿透上皮細胞還是自己也可以通過上皮細胞，以

及是透過何種機制則仍不清楚。因此，本研究第二群塵螨過

敏原對呼吸道上皮細胞所產生的影響，針對細胞間連結與上

皮-間質轉換(epithelial-mesenchymal transition)的分子

機轉，進行更深入的探討。 

本研究利用 E. coli 表現具有 GST-tag 的歐洲室塵螨第二群

過敏原 Der p 2 重組蛋白(DP2)，以正常人類支氣管上皮細胞

株 BEAS-2B 與正常人類支氣管初代細胞 HBEpiC 建立細胞模式

實驗，以及利用致敏小鼠模式的動物實驗，探討 DP2 對呼吸

道上皮細胞所產生的影響。我們的研究顯示 DP2 會抑制上皮

細胞 E-cadherin 的蛋白表現，同時增加 vimentin 與 alpha-

smooth muscle actin (α-SMA)的蛋白表現。此外，DP2 也

會增加重要的轉錄因子 Snail 與 Slug 的表現，並促進其核轉

位(nuclear translocation)。更進一步的實驗結果發現，前

述的蛋白表現改變是透過 Erk1/2 與 Akt/GSK3β的訊息路徑

所導致的。除蛋白表現的改變之外，實驗結果也證實 DP2 確

實會提高呼吸道上皮細胞 BEAS-2B 以及 HBEpiC 的遷移與侵襲

能力。 

綜合上述研究結果，我們首次發現無蛋白酶活性的 DP2 具有

誘發上皮細胞呼吸道上皮細胞產生 EMT 的現象與提升其遷移

與侵襲能力，並證實 Erk1/2 與 Akt/GSK3β的訊息路徑參與

此一現象是透過活化，這些 DP2 誘發的訊息增加 Snail 與

Slug 的表現，並促進其核轉位(nuclear translocation)。

據此，我們推測第二群塵螨過敏原可利用此一機制造成上皮

細胞屏障的隙漏(leaking)，進入體內誘發相關的致敏反應。

中文關鍵詞： 第二群塵螨過敏原, 呼吸道上皮細胞, 上皮-間葉轉換, 氣喘

英 文 摘 要 ： Non-proteolytic group 2 allergen, Der p 2 (DP2) is 

known as a major allergen derived from house dust 



mite (HDM) Dermatophagoides pteronissinus. 

Paracellular epithelial barrier, being composed of a 

number of tight junction molecules, plays pivotal 

roles in resistance of pathogen invading. Although 

group-1 HDM allergens have been demonstrated to 

destroy epithelial linkage with their protease 

activity, the effects of DP2 on epithelial integrity 

are rarely investigated. 

In the present study, we aimed to investigate the 

effects of DP2 on epithelial integrity with focus on 

expression of epithelial-mesenchymal transition 

(EMT), and the mechanism regulating the expression of 

the EMT markers. Human normal bronchial epithelial 

cell BEAS-2B and human primary bronchial epithelial 

cell HBEpiC were used as in vitro cell model. Acute 

sensitized Balb/c mice with DP2 was used as in vivo 

animal model. Gene expression was determined by using 

real-time quantitative PCR. Cell motility was 

accessed by wound healing and transwell migration 

assay. Immunoblot and immunohistochemistry was 

conducted for relative protein quantitation and 

involvement of signaling cascades. 

In vitro analysis revealed that DP2 regulated 

expression of EMT markers, including E-cadherin, 

vimentin and alpha-smooth muscle actin (α-SMA), and 

promoted motility of the airway epithelial cells. DP2 

also triggered signaling cascades including 

activation of Akt/extracellular response-regulated 

kinase (Erk)1/2, inhibition of glycogen synthase 

kinase-3 (GSK3), and translocation of 

Snail/Slug. In vivo analysis also demonstrated that 

E-cadherin level was significantly decreased in the 

lung tissues of DP2-sensitized mice. 

In conclusion, these findings demonstrate that the 

DP2 alters expression of EMT markers and enhances 

cell motility, attributing to Akt/GSK3 signaling 

and activation of Snail and Slug, and the consequent 

initiation of EMT. It is suggested that DP2 alone can 

modulate epithelial integrity via induction of EMT. 

英文關鍵詞： Group 2-house dust mite allergen, airway epithelial 

cell, epithelial to mesenchymal transition, asthma 



 



行政院國家科學委員會補助專題研究計畫行政院國家科學委員會補助專題研究計畫行政院國家科學委員會補助專題研究計畫行政院國家科學委員會補助專題研究計畫 

� 成 果 報 告成 果 報 告成 果 報 告成 果 報 告   

□ 期中進度報告期中進度報告期中進度報告期中進度報告 
 

第二群塵螨過敏原與呼吸道上皮細胞之上皮-間葉細胞轉換

以及氣喘發展的分子機制研究 

Investigating effects of group 2-house dust mite allergens on 

epithelial-to-mesenchymal transition of airway epithelial cells and asthma 

development 

 

 

計畫類別：� 個別型計畫  □ 整合型計畫 

計畫編號：NSC   NSC 99-2320-B-040 -003 -MY3 

執行期間：99 年 08 月 01 日 至 102 年 07 月 31 日 

 

計畫主持人：高紹軒 

 

計畫參與人員：王威鈞、葉期瑋、洪玉全、曾邵群、林君香 

 

 

成果報告類型(依經費核定清單規定繳交)：□精簡報告  �完整報告 

 

本成果報告包括以下應繳交之附件： 

□ 赴國外出差或研習心得報告一份 

□ 赴大陸地區出差或研習心得報告一份 

□ 出席國際學術會議心得報告及發表之論文各一份 

□ 國際合作研究計畫國外研究報告書一份 

 

處理方式：除產學合作研究計畫、提升產業技術及人才培育研究計畫、

列管計畫及下列情形者外，得立即公開查詢 

          □涉及專利或其他智慧財產權，□一年□二年後可公開查詢 

          

執行單位：中山醫學大學生化暨生物科技研究所 

 

中 華 民 國 1 0 2 年 1 0 月 0 5 日 



 

第二群塵螨過敏原與呼吸道上皮細胞之上皮-間葉細胞

轉換以及氣喘發展的分子機制研究 

Investigating effects of group 2-house dust mite allergens on 

epithelial-to-mesenchymal transition of airway epithelial cells and 

asthma development 

 

一一一一、、、、 中文中文中文中文摘要摘要摘要摘要

塵螨為台灣以及亞熱帶地區最常見引起氣喘等呼吸道疾病的主要過敏物種。

目前已知的塵螨過敏原，有兩群主要過敏原(major allergen): 具有蛋白酶活性的

第一群塵螨過敏原與沒有蛋白酶活性的第二群塵螨過敏原，過去的研究文獻顯示

這兩群過敏原的盛行率皆超過 85%。在致病機轉方面，第一群塵螨過敏原透過

其蛋白酶活性破壞呼吸道上皮細胞的連結進入體內並誘發相關的發炎與過敏反

應。有趣的是第二群塵螨過敏原雖然不具有蛋白酶活性，但仍可以穿過呼吸道上

皮的阻隔進入人體當中。此外，近年來的研究證據發現第二群塵螨過敏原可以結

合並活化第四型類鐸受體(Toll-like receptor 4)，進而誘發先天性免疫反應(innate 

immunity)。然而第二群塵螨過敏原究竟是透過第一群塵螨過敏原的協助穿透上

皮細胞還是自己也可以通過上皮細胞，以及是透過何種機制則仍不清楚。因此，

本研究第二群塵螨過敏原對呼吸道上皮細胞所產生的影響，針對細胞間連結與上

皮-間質轉換(epithelial-mesenchymal transition)的分子機轉，進行更深入的探討。 

本研究利用E. coli表現具有GST-tag的歐洲室塵螨第二群過敏原Der p 2重組

蛋白(DP2)，以正常人類支氣管上皮細胞株 BEAS-2B與正常人類支氣管初代細胞

HBEpiC建立細胞模式實驗，以及利用致敏小鼠模式的動物實驗，探討 DP2對呼

吸道上皮細胞所產生的影響。我們的研究顯示 DP2 會抑制上皮細胞 E-cadherin

的蛋白表現，同時增加 vimentin與 alpha-smooth muscle actin (α-SMA)的蛋白表

現。此外，DP2也會增加重要的轉錄因子 Snail與 Slug的表現，並促進其核轉位

(nuclear translocation)。更進一步的實驗結果發現，前述的蛋白表現改變是透過

Erk1/2 與 Akt/GSK3β 的訊息路徑所導致的。除蛋白表現的改變之外，實驗結果

也證實DP2確實會提高呼吸道上皮細胞 BEAS-2B以及HBEpiC的遷移與侵襲能

力。 

綜合上述研究結果，我們首次發現無蛋白酶活性的 DP2具有誘發上皮細胞呼

吸道上皮細胞產生 EMT 的現象與提升其遷移與侵襲能力，並證實 Erk1/2 與

Akt/GSK3β 的訊息路徑參與此一現象是透過活化，這些 DP2 誘發的訊息增加

Snail與 Slug的表現，並促進其核轉位(nuclear translocation)。據此，我們推測第

二群塵螨過敏原可利用此一機制造成上皮細胞屏障的隙漏(leaking)，進入體內誘

發相關的致敏反應。 

 



Abstract 

 

Non-proteolytic group 2 allergen, Der p 2 (DP2) is known as a major allergen derived 

from house dust mite (HDM) Dermatophagoides pteronissinus. Paracellular epithelial 

barrier, being composed of a number of tight junction molecules, plays pivotal roles in 

resistance of pathogen invading. Although group-1 HDM allergens have been 

demonstrated to destroy epithelial linkage with their protease activity, the effects of DP2 

on epithelial integrity are rarely investigated. 

In the present study, we aimed to investigate the effects of DP2 on epithelial integrity 

with focus on expression of epithelial-mesenchymal transition (EMT), and the 

mechanism regulating the expression of the EMT markers. Human normal bronchial 

epithelial cell BEAS-2B and human primary bronchial epithelial cell HBEpiC were used 

as in vitro cell model. Acute sensitized Balb/c mice with DP2 was used as in vivo animal 

model. Gene expression was determined by using real-time quantitative PCR. Cell 

motility was accessed by wound healing and transwell migration assay. Immunoblot and 

immunohistochemistry was conducted for relative protein quantitation and involvement 

of signaling cascades. 

In vitro analysis revealed that DP2 regulated expression of EMT markers, including 

E-cadherin, vimentin and alpha-smooth muscle actin (α-SMA), and promoted motility of 

the airway epithelial cells. DP2 also triggered signaling cascades including activation of 

Akt/extracellular response-regulated kinase (Erk)1/2, inhibition of glycogen synthase 

kinase-3β (GSK3β), and translocation of Snail/Slug. In vivo analysis also demonstrated 

that E-cadherin level was significantly decreased in the lung tissues of DP2-sensitized 

mice. 

In conclusion, these findings demonstrate that the DP2 alters expression of EMT 

markers and enhances cell motility, attributing to Akt/GSK3β signaling and activation of 

Snail and Slug, and the consequent initiation of EMT. It is suggested that DP2 alone can 

modulate epithelial integrity via induction of EMT. 

 

 

 

 



二二二二、、、、 研究背景研究背景研究背景研究背景 

過敏 (allergy) 為免疫系統發生異常所導致的疾病，其中較為嚴重的症狀有過

敏性休克與氣喘(1,2)。依據過去的研究顯示其致病機制與第二型助手型 T 細胞 T 

helper cell-2 (TH-2)所主導的免疫機制所產生(3)。一般認為過敏疾病的產生，是由於

外來物 (過敏原) 的侵入，經抗原呈現細胞 (Antigen-presenting cells, APCs) 處理之

後，活化 TH-2 細胞使得 B 細胞產生專一性的 IgE 抗體。當人體再次接觸到同一

種過敏原的入侵時，過敏原會與肥大細胞 (mast cell) 或嗜鹼性白血球 (basophils) 

上高親和力的 IgE 結合造成交叉連結 (cross-linking reaction)，進而使肥大細胞與嗜

鹼性白血球產生去顆粒化  (degranulation) 反應而釋放出許多的發炎介質 

(mediator)：如組織胺 (histamine)、白三烯素 (leukotrienes)、前列腺素 (prostaglandins) 

與血小板活化因子 (platelet-activating factor, PAF) 等。這些介質會造成氣管平滑肌

的收縮，黏液增加而導致氣喘等症狀(4)。 

塵螨為導致呼吸道過敏的最主要室內過敏來源，已有超過 20 種以上的塵螨過

敏原被發現、鑑定和研究(5)。其中以第一群的塵螨過敏原最廣為人知，第二型塵螨

過敏原 (Group II-house dust mite allergen)，已知為一種主要過敏原(major allergen)，

然而其致敏機制仍尚未被研究清楚。近年來的研究發現第二群歐洲室塵螨過敏原

Der p 2可透過 Toll-like receptor 4 的訊息途徑誘發先天性免疫反應 (6)。然而Der p 2

是否具有影響第一道防線:呼吸道上皮細胞的完整性則仍未清楚。 

我們先前的研究已建立酵母菌蛋白表現系統以及大腸桿菌蛋白表現系統，可以

持續地表現與純化Der p 2重組蛋白(DP2)，並證實DP2可以調控人類肺癌細胞A549 

的 claudin-2以及 ZO-1，以及 Akt/glycogen synthase kinase (GSK)3β訊息傳導路徑的

參與。在本研究中，我們建立兩種細胞模式與致敏動物模式，針對 DP2是否透過誘

發上皮間質轉換 EMT，進而影響呼吸道上皮細胞的完整性進行更深入的分子機制探

討。 

 

三三三三、、、、 研究方法研究方法研究方法研究方法 

Expression and purification of DP2 and control protein GST 

DP2, a fusion protein of Der p 2 with an N-terminal GST tag, and control protein GST 

were expressed in E. coli and purified using the same methods as previously described 

[11]. After filtrated with 0.22-µm sterile filter (Millipore, Bedford, MA), purified proteins 

were quantitated using BCA protein assay kit (Pierce Biotechnology, Rockford, IL) 

according to the manufacturer’s instructions and used for the following treatments. 



Cell culture and treatments 

Human bronchial epithelial HBEpiC cell (Cat no.3210) was purchased and cultured in the 

recommended cell medium from ScienCell Research Laboratories (Carlsbad, CA, USA). 

Cells were maintained at 37°C in a humidified atmosphere with 5% CO2 and subcultured 

according to resources’ instructions. 

For investigation of protein expression, cells at a density of 5 x 10
5
/mL were incubated 

with DP2 at serial concentrations or GST protein at 20 µg/mL for 24 h. For investigation 

of kinase activation, cells at a density of 1 x 10
6
/mL were incubated with DP2 at 20 

µg/mL for indicated times. Induction of serine-9 phosphorylation at GSK3β (pS9-GSK3β) 

was achieved by treating cells with LiCl (Sigma-Aldrich, St. Louis, MO, USA) at 

concentrations of 5, 10 or 20 mM in DMEM. Inhibition of Erk1/2 or Akt activation was 

performed by pretreating cells with MEK1 inhibitor PD98059 at 20 µM or 

phosphatidylinositol 3-kinase (PI3K) inhibitor wortmannin at 200 nM for 30 min and 

following the DP2 treatments, respectively. 

 

Subcellular fractionation 

Enriched nuclear and cytosolic fraction was obtained as previously described [11]. Briefly, 

cells were washed with PBS and subsequently lyzed with HEPES buffer containing 

protease inhibitor cocktail, and then the lysates were centrifuged at 2,500 g for 10 min. 

The supernatant was further centrifuged at 20,000 g for 15 min at 4°C, namely cytosolic 

fraction. The pellets were washed with PBS, resuspended in the HEPES buffer containing 

additional 0.1% v/v Igepal CA-630, and centrifuged at 10,000 g for 15 min at 4 °C. The 

resulting supernatants were collected, namely nuclear fraction. 

 

Immunoblotting 

Cells were collected and lysed for protein extraction and the followed immunoblot as 

previously described [11]. Phosphorylation and level of protein was demonstrated by 

using antibodies against human cellular proteins, including E-cadherin, vimentin, α-SMA, 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH),  phosphorylated Akt (p-Akt), 

total Akt (t-Akt), phosphorylated serine-9 of glycogen synthase kinase 3β (pS9-GSK3β), 

phosphorylation of Thr202/Tyr204 in Erk1/2 (p-Erk1/2), total Erk1/2 (t-Erk1/2), Snail, 

Slug and histone H1 (Cell signaling, Beverly, MA), and antibody against mouse 

E-cadherin (Novus Biologicals, Littleton, CO). The detection of antigen-antibody 

complex was performed by using ECL reagent (Millipore) and luminescence image 

system (LAS-4000; Fujifilm, Tokyo, Japan). Semi-quantitation of reacted signals was 

determined using Multi Gauge software version 2.2 (FujiFilm) and three independent 

immunoblot analyses were performed for statistical analysis. 

 



Wound healing assay 

Cells were seeded on 6-cm dishes at 1 x 10
6 
cells/mL and cultured in DMEM 

supplemented with 10% FBS until 90% confluence, followed by starvation with 

serum-free DMEM for 16 h. The wound line was generated by scratching in cell 

monolayer using a sterile 10 µL-pipette tip, and the cells were subsequently exposed to 

DP2 or inhibitors in DMEM at indicated concentration for 24 h. Images of resulting 

culture were obtained at 0 and 24 h using a light microscopy with digital camera. 

 

Transmigration assay 

Transmigration assay was performed in 24-well Transwell plates (pore size: 8 µm; Costar, 

Cambridge, MA, USA) as previously described [12]. In brief, 5x10
4
 of cells were seeded 

on the upper chamber and treated with various concentrations of DP2 in serum-free 

DMEM, incorporating placement of 10% FBS/DMEM in the lower chamber. After 24-h 

incubation, the cells were fixed with methanol and then stained with crystal violet 

(Sigma-Aldrich). The cells that migrated to the lower surface of the membrane were 

counted. The average number of migrating cells from 5 randomly chosen fields on the 

lower surface of the membrane was counted. Three independent experiments were 

performed for statistical analysis. 

 

RNA extraction and quantitative real-time PCR (qPCR) 

Total RNA extraction of lung was performed by using RNeasy mini kit (Qiagen, Hilden, 

Germany). cDNA was synthesized from total RNA by reverse transcription using 

RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific Inc, Waltham, MA, 

USA). qPCR was performed using the ABI PRISM 7700 sequence detection system 

(Applied Biosystems, Foster City, CA, USA). For mRNA quantitation, FastStart 

Universal SYBR Green Master (Roche Applied Science, Mannheim, Germany) was used 

for Taqman PCR. Relative gene expressions were calculated by using the 2
-∆∆Ct

 method 

[13]. The GADPH gene was used an internal endogenous control. All qPCR experiments 

were performed in duplicates for each sample. The correct size of the PCR products was 

confirmed by agarose gel electrophoresis. 

 

Statistical analysis 

Data were expressed as means ± SEMs of the three independent experiments. Statistical 

significance analysis was determined by using 1-way ANOVA followed by Dunnett’s test 

for multiple comparisons with the control or the impaired 2-tailed Student t test. The 

differences were considered significant for p values less than 0.05. 

 



四四四四、、、、 結果與討論結果與討論結果與討論結果與討論 

DP2 altered expression of EMT markers in HBEpiC cell 

To investigate initiation of EMT on airway epithelial cells in response to DP 2, HBEpiC 

cells were stimulated with DP2 and levels of epithelial marker E-cadherin and 

mesenchymal makers vimentin and α-SMA were determined by immunoblot analysis. As 

shown in Figure 1A (upper panel), HBEpiC cells exposed to DP2 (5, 10, 20 µg/mL) 

resulted in a significant and dose-dependent reduction of E-cadherin level as compared to 

that in the cells exposed to GST (20 µg/mL). The levels of E-cadherin in HBEpiC cells 

treated with DP2 were reduced to 65.4 ± 2.6% of that treated with the GST (P <0.005). In 

addition, exposure to DP2 led to an increased protein level of mesenchymal markers 

vimentin and α-SMA in HBEpiC cells. Protein levels of vimentin and α-SMA in HBEpiC 

cells treated with DP2 were increased up to 223.4 ± 13.6% and 168.8 ± 14.2% of that 

treated with GST (P <0.005) (Figure 1A, lower panel). 

In addition to protein levels, mRNA expression of the tested EMT markers in HBEpiC 

cells was further determined. As shown in Figure 1B, mRNA levels of E-cadherin were 

decreased in a dose-dependent manner in HBEpiC cells stimulated with DP2. Consistent 

with changes of protein levels, mRNA levels of vimentin and α-SMA were 

dose-dependently elevated in HBEpiC cells in response to DP2 treatments (Figure 1C and 

1D). The level of E-cadherin mRNA in HBEpiC cells treated with DP2 was reduced to 

0.29 ± 0.10-fold as compared to the cells treated with GST (P <0.01), and the levels of 

vimentin and α-SMA mRNA in HBEpiC cells treated with DP2 was increased up to 

11.52 ± 1.24-fold and 5.82 ± 1.43-fold as compared to the cell treated with GST, 

respectively (P <0.01). 

DP2 induced accumulation and nuclear translocation of Snail and Slug in HBEpiC 

cells 

Transcription factors Snail (Snai1) and Slug (Snai2) are known as the critical E-cadherin 

repressors and the EMT inducers [14]. Since DP2 was found to regulate both the protein 

and mRNA expression levels of EMT markers, effects of DP2 on expression levels and 

cellular location of Snail and Slug in HBEpiC cells was further investigated. As shown in 

Figure 2A, DP2 treatments led to significant elevations in protein level of Snail and Slug. 

In addition, DP2 treatments further induced nuclear translocation of Snail and Slug in 

HBEpiC cells (Figure 2B), and the levels of nuclear Snail and Slug reached their 



maximum in 90 min after DP2 treatment (20 µg/mL). 

 

DP2 regulated levels of E-cadherin, vimentin and α-SMA in HBEpiC cells via 

Erk1/2 and Akt activation 

Erk1/2 and Akt signaling have been reported to be involved in expression and activation 

of Snail and Slug [15, 16]. Therefore, we next investigated the effects of DP2 on 

activation of Erk1/2 and Akt in HBEpiC cells. As shown in Figure 3A, Erk1/2 and Akt 

were significantly phosphorylated in response to DP2 treatment (20 µg/mL) and reached 

peak phosphorylation at 30 min and 20 min after the treatments, respectively. 

Involvement of Erk1/2 and Akt activation in DP2-triggered nuclear translocation of Snail 

and Slug and alteration of EMT markers was further demonstrated. As shown in Figure 

3B, pretreatment of MEK inhibitor PD98059 and PI3K inhibitor Wortmannin 

significantly lowered nuclear levels of Snail and Slug in HBEpiC cells exposed to DP2. 

In addition, inhibition of Erk1/2 and Akt by PD98059 and Wortmannin restored 

E-cadherin level suppressed by DP2 treatment as well as diminished levels of vimentin 

and α-SMA elevated by DP2 treatment (Figure 3C). These findings indicated 

involvement of Erk1/2 and Akt activation in DP2-triggered core characteristics of EMT 

in HBEpiC cells. 

 

DP2 regulated levels of E-cadherin, vimentin and α-SMA in HBEpiC cells through 

Akt-dependent inhibition of GSK3β 

GSK3β is regarded as an important mediator that controls turnover and localization of 

Snail and Slug during EMT [17, 18]. Inhibition of GSK-3β leads to accumulation of Snail, 

downregulation of E-cadherin, and development of EMT in cultured epithelial cells [19]. 

Accordingly, effects of DP2 on GSK3β activation are determined. As shown in Figure 4A, 

DP2 significantly induced inhibitory phosphorylation of GSK3β at serine-9 (pS9-GSK3β) 

in a dose-dependent manner. 

Activated Akt is known to inactivate GSK3β via triggering phosphorylation at serine-9. 

Therefore, involvement of DP2-triggered Akt and Erk1/2 activation in pS9-GSK3β was 

further examined. As shown in Figure 4B, DP2 significantly led to pS9-GSK3β in 

HBEpiC cells, which was diminished by pretreatment with PI3K inhibitor Wortmannin 

but not by Erk1/2 inhibitor PD98059. These findings indicated that DP2-triggered Akt 



activation contributed to inhibitory phosphorylation of downstream GSK3β in HBEpiC 

cells. 

Effects of pS9-GSK3β on alteration of EMT markers in HBEpiC cells were also 

demonstrated. As shown in Figure 4C, treatments of GSK3β inhibitor LiCl (5, 10, 20 mM) 

induced pS9-GSK3β in a dose-dependent manner, and E-cadherin levels were decreased 

in proportional to pS9-GSK3β levels. Conversely, levels of vimentin and α-SMA were 

increased in proportional to pS9-GSK3β levels. 

DP2 promoted motility of HBEpiC cells via Akt/GSK3β signaling 

Promoted cell motility of airway epithelial cell has been recognized as an important 

characteristic of EMT in airway hypersensitiveness [20]. Therefore, effects of DP2 on 

cell motility were investigated. As shown in Figure 5A and 5B, DP2-treated HBEpiC 

cells exhibited enhanced cell migration and transmigration with significance using wound 

healing assay and transwell migration assay, respectively (P <0.01 for 10 and 20 µg/mL 

DP2 as compared to GST control). Moreover, the enhanced cell migration and 

transmigration induced by DP2 were diminished in presence of Wortmannin but slightly 

affected by PD98059 (p <0.01 as compared to 20 µg/mL DP2 alone) (Figure 5C and 5D). 

Furthermore, effects of GSK3β on cell motility were also demonstrated. As shown in 

Figure 5C and 5D, motility of HBEpiC cells was enhanced by inhibition of GSK3β upon 

20 mg/mL LiCl treatment (p <0.05 as compared to GST control). 

 

E-cadherin expression was diminished in lung tissue of DP2-sensitized mice 

To investigate the influence of DP2 on E-cadherin expression in airway epithelium in 

vivo, E-cadherin in lung tissues of DP2-sensitized mice was determined by 

immunohistochemical analysis. Our results revealed that E-cadherin expression was 

significantly reduced in lung tissues of DP2-sensitized mice as compared to that of PBS- 

or GST-sensitized mice (Fig. 6A). Moreover, mRNA level of E-cadherin in the lung was 

also relatively quantitated by using qPCR. As shown in Figure 6B, mRNA expression of 

E-cadherin in lungs from rDP2-sensitized mice was diminished to 56.1 ± 8.4% as 

compared to that in lungs from PBS-treated mice (n=12 for each group, P <0.01). 

Collectively, these results indicated that both protein level and mRNA expression of 

E-cadherin was significantly lowered in lungs of mice in responses to DP2-sensitization. 

 



圖表說明圖表說明圖表說明圖表說明    

Figure 1. DP2 reduced E-cadherin and elevated vimentin and α-SMA expression in 

HBEpiC cells. 

Cells were treated with DP2 at indicated concentrations or treated with control protein 

GST at 20 µg/mL for 24 h (A) or 6 h (B - D), and then the cells were lyzed for 

immunoblotting or qPCR analysis. Quantitative analysis for immunoblotting was 

acquired by densitometer and level of GAPDH was used as internal control. Three 

independent experiments were performed for statistical analysis. *, ** and ***, p <0.05, 

p <0.01 and p <0.005 as compared to GST control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 2. DP2 elevated level of Snail and Slug and enhanced their nuclear 

translocation in HBEpiC cells. 

(A) Cells were treated with DP2 at indicated concentration for 24 h, and the level of total 

protein was determined by immunoblotting. (B) Cells were treated with 20 µg/mL DP2 

for indicated time (min), and the levels of nuclear and cytosolic targets were determined 

by immunoblotting. Histone H1 and GAPDH was used as nuclear and cytosolic marker. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 3. Involvement of Akt and Erk1/2 activation in regulation of EMT markers 

in HBEpiC cells treated with DP2. 

(A) Cells were treated with DP2 at 20 µg/mL for 10, 20 and 30 min, and then lysed for 

immunodetection of p-Erk1/2, t-Erk1/2, p-Akt and t-Akt. Cells were pretreated with 

PD98059 or Wortmannin for 1 h, and then treated with DP2 at 20 µg/mL for 24 h. 

Treated cells were lysed for immunodetection of (B) the nuclear fraction of Snail and 

Slug or (C) E-cadherin, vimentin and α-SMA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 4. DP2 regulated expression of EMT markers via Akt-dependent inhibition of 

GSK-3β. 

(A) Cells were treated with DP2 at 20 µg/mL for 10, 20 and 30 min, and then lysed for 

immunodetection of pS9-GSK-3β. (B) Cells were pretreated with PD98059 or 

Wortmannin for 1 h, and then treated with DP2 at 20 µg/mL for 24 h. The treated cells 

were lysed for immunodetection of p-Erk1/2, p-Akt and pS9-GSK-3β. (C) Cells were 

treated with LiCl at indicated concentration for 24 h, and then lyzed for immunodetection 

of pS9-GSK-3β and the indicated EMT markers. Level of GAPDH was used as internal 

control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 5. DP2 promoted cell motility of HBEpiC cells through Akt/GSK-3β and 

Erk1/2 signaling. 

Cells treated with DP2 at indicated concentration for 24 h were used for (A) wound 

healing assay or (B) transwell migration assay. Cells pretreated with individual inhibitor 

for 1 h and then treated with DP2 at 20 µg/mL for 24 h, or treated with 20 mg/mL LiCl, 

were used for (C) wound healing assay or (D) transwell migration assay. Three 

independent experiments were performed for statistical analysis. #, p <0.05 as compared 

to GST control. **, p <0.01 as compared to DMSO control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 6. Reduced level of E-cadherin in lung tissues from rDP2-sensitized mice. (A) 

Lung tissues from rDP2-sensitized mice were analyzed by IHC staining using mAb 

against mouse E-cadherin. (B) Total RNA was extracted from lung tissues of 

rDP2-sensitized mice and mRNA expression of E-cadherin was quantitated by using 

qPCR. **, p <0.01 as compared to rGST control. 
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1. 請就研究內容與原計畫相符程度、達成預期目標情況作一綜合評估 

■達成目標 

□未達成目標（請說明，以 100字為限） 

□實驗失敗 

□因故實驗中斷 

□其他原因 

說明： 

2. 研究成果在學術期刊發表或申請專利等情形： 

論文：■已發表 □未發表之文稿 □撰寫中 □無 

專利：□已獲得 □申請中 ■無 

技轉：□已技轉 □洽談中 ■無 

其他：（以 100字為限） 
3. 請依學術成就、技術創新、社會影響等方面，評估研究成果之學術或應用價
值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）（以

500字為限） 

本研究首次證實不具蛋白水解活性的過敏原 DP2，具有調控呼吸道上皮細胞連結蛋白的表

現，進而誘發上皮間-質轉換 EMT 的能力。臨床證據顯示 EMT 可能在慢性呼吸道疾病如氣

喘與慢性阻塞性肺病 COPD 的致病機轉與進程惡化上扮演重要的角色，因此本研究的結果

延伸我們對於第二群塵螨過敏原在這些慢性呼吸道疾病的認知與了解，未來有機會藉此找

出減緩疾病惡化的分子標的並進一步開發相關的治療策略與藥物。 

 


