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題名

角膜內皮細胞相關研究
題目一: 角膜內皮細胞以E2F2基因轉染後表現變化的研究 

題目二: 以Phosphatase Inhibitor的抑制劑促進老鼠的角膜內皮細胞分裂並分析鼠的角膜內皮細胞Phosphatase類別的表現
摘要
目的: Contact inhibition 在維持角膜內皮細胞的不分裂狀態下扮演了一個非常重要的腳色. Protein tyrosine phosphatases (PTPs) 在維持”胞與細胞的接觸:cell-cell contacts” ，細胞的分化和生長上也是非常重要的.　在這個計畫中，我們計畫評估是否phosphatases在整個角膜內皮細胞分裂功能上的contact-dependent inhibition過程中有其重要的影響力。我們試圖評估角膜內皮細胞中表達了哪些類別的PTP，並且研究哪些PTP牽涉在contact inhibition的機能當中.

方法: 我們事先培養老鼠角膜內皮細胞達到confluent 的狀態，之後再針對這些細胞施以廣泛性的 phosphatase inhibitor, sodium orthovanadate (SOV). 之後我們利用免疫染色Immunocytochemistry (ICC) 來偵測施以SOV 治療之後的角膜內皮細胞其cell-cell contacts相關蛋白質，例如ZO-1及 (-catenin的表現。之後我們再評估是否在這樣的處理之下，細胞將進入分裂狀態（利用Ki67來偵測）. 之後，利用ICC, RT-PCR, 及西方點墨法來測試各種PTPs，例如 PTP-mu, PTP-LAR, PTP-1B, SHP-1, SHP-2, and PTEN的表達. 

結果: 免疫染色法證實SOV可引發細胞由cell-cell contacts的狀態中釋放而出，並且促進細胞分裂. PTP-mu, PTP-1B, SHP-1, SHP-2,及PTEN,而非PTP-LAR, 在角膜內皮細胞中都有表達. 細胞中表達的位置，PTP-mu及PTP1B在 subconfluent或confluent狀態有不同的表達位置。然而 SHP-1, SHP-2,及PTEN 的表達位置則與是否confluent無關.西方點墨法證實了 PTP-1B, SHP-1, SHP-2, 及PTEN的表達. RT-PCR 證實了PTPmu mRNA 在角膜內細胞的表達. 
結論: Phosphatases在cell-cell junctions及細胞分裂上扮演重要的腳色. PTP-mu, PTP1B， SHP-1，SHP-2及PTEN 在rat corneal endothelium有表達，並且牽涉在contact inhibition的機轉之上。 
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目的

本人此次能有寶貴的機會赴美進修，主要目的乃在從事角膜內皮細胞的相關研究。角膜內皮細胞是角膜最內層的細胞，由於它含有非常重要的酵素Na-K-ATPase，也有堅韌的cell-cell junction (tight junction)，因此它掌管了重要的角膜生理作用，負責維持角膜固定的含水量。由於人類角膜內皮細胞本身在正常狀況下是不分裂的，隨著年齡老化，眼內手術，外傷或其他角膜內皮細胞病變的影響，損毀的角膜內皮細胞將無法復原而造成嚴重的後果。若是用藥物無法治療角膜內皮細胞的病變，唯一的治療途徑便是進行角膜移植。角膜移植術雖然成功率很高，但是術後病患可能面臨角膜排斥，嚴重屈光異常，感染等等後遺症。根據本院統計，在台大醫院進行角膜移植手術的病患當中，有一半以上都是因為角膜內皮細胞病變所造成，角膜內皮細胞病變的重要性便可見一斑。因此，若能根本了解角膜內皮的生理功能，徹底探討其基本的生理現象，無論是在臨床上或基礎研究的角度上都會有極大的助益。
角膜內皮細胞的研究雖然重要，然而不管在國內或是國外，有關角膜內皮細胞的相關的研究卻非常缺乏。相關研究缺乏的原因主要是因為人類角膜內皮細胞獲取相當不易，培養亦非常相當困難；其他物種的細胞雖然培養較容易些，但是與人類的角膜內皮細胞功能表現上並不雷同，由於應用性不高。再加上從事相關的研究費時費力，付出了心血往往不能很快得到結果，這也是讓研究者裹足不前的一大主因。

本人此次出國所前往的研究機構(Schepens Eye Research Institute)乃為全美最大，補助最多的眼科基礎研究機構；當中的一個實驗室便是以角膜內皮細胞的相關研究聞名於世。Dr. Nancy Joyce　多年以來便致力於角膜內皮細胞的研究上，曾有許多優秀論文或重要創見。在基因治療，角膜胚胎發育學，或是利用其他生化方法促進角膜內皮細胞的分裂方面，成果更是非凡。本人此次幸運地到此實驗室進行研究，雖然時間有限，能夠完成的實驗並不多，但最大目的便是希望能更宏觀或微觀地了解角膜內皮細胞的生理機能，觀察國外著名實驗室的研究近況，與國外優秀實驗室建立關係，並試圖連結基礎研究與臨床運用性。本人期待在美國進修的過程，能夠對台灣的醫界，台大的研究發展有卓越的貢獻。
過程

本人於民國九十一年九月一日至哈佛大學附屬的Schepens Eye Research Institute研習。起初本人申請出國研究的主題是探討是否能以E2F2基因轉染角膜內皮細胞，並探討轉染後的細胞的分裂活性，生物晶片反應和蛋白表現的變化。當初的想法是因為人類角膜內皮細胞於體內或體外狀況下均不易分裂，且捐贈角膜嚴重不足的狀況下，本研究嘗試增進角膜內皮細胞分裂，以至於治療角膜內皮細胞病變，無論在基礎研究和臨床運用上均有極大意義。然而本人一到實驗室報到後才發現指導教授希望我從事研究的題目能夠更改，理由是因為原本的計畫E2F2用在角膜內皮細胞分裂影響的研究已經在其他研究者手中提前完成。原本指導教授希望我能改作有關corneal endothelial cells 的proteomic 相關實驗，但是因為機器尚未裝修完畢，因此也無法進行相關實驗。最後，本人的研究計畫臨時改變為信息傳導--PTP相關研究。雖然一波三折，研究主題與原先大相逕庭，但是因為新作的實驗相當有趣，富含挑戰性，有更多的發展潛能，因此本人也欣然同意接受不同的挑戰。在大鼠的培養細胞--PTP相關實驗方面，實驗室的其他同事已經事前證實了PTP inhibition的條件下可以引起細胞的分裂；但是PTP的類別非常多，到底角膜內皮細胞表現哪一種PTP，另外又釋哪幾種PTP控制了細胞的分裂，還有細胞分裂是經過哪一種機制才能促進細胞分裂生長，則完全無人探討過，因此急需進一步的分析。因此本人在最起初的實驗方向，便是用免疫染色法在培養的大鼠的角膜內皮細胞，和大鼠角膜切片上，探討大鼠的角膜內皮細胞究竟表達了哪幾些亞種的PTP。有了初步結果之後，本人再利用Western Blotting 和RT-PCR來證實在mRNA和蛋白質的表現上是否吻合。
角膜內皮細胞的研究很注重影像的攝取，在其中顯微鏡的使用尤為重要。在顯微鏡的使用方面，過去本人在國內一直苦於無法正確地使用共軛顯微鏡來觀察角膜內皮細胞；此一點困境在國外的實驗室則得到很好的幫助和指導。目前本人已熟悉正確使用共軛顯微鏡來觀察角膜內皮細胞的方法，且能夠獲取其為漂亮的圖像，這一點收獲在未來的實驗上將成為極大的利器。

本人在美國進修期間雖然收穫良多，但我在實驗室裏很快遇到一個大瓶頸，那就是事前低估角膜內皮細胞初代培養的緩慢速度。為了收集到足夠的細胞以供實驗，實驗室的同仁必須花許多時間在等待上面﹔這和其他實驗室快速緊湊的節奏相當不同。我發現從事角膜內皮細胞研究的醫師們先天上具有＂富含耐心＂和＂沉的住氣＂的美德﹔但我偏偏是不安於室的過動兒，不到一個月之後我就開始心浮氣燥，坐立難安。由於工作時段內有太多空檔，因此我常參加各種大小會議，或到附近的麻省眼耳鼻喉醫院（Massachusetts Eye and Ear Infirmary ）觀摩學習﹔幸運地有許多收穫。MEEI的角膜科主任Dimitri Azar教授是一個精力充沛，臨床與基礎研究都十分在行的天才型人物﹔來自台灣眼科界的張淑雯醫師，呂俊憲醫師，陳克華醫師，林信瓊醫師，陳純真醫師和陳麗如醫師都曾與之合作而留下良好的名聲。而當時Dimitri Azar 的cinical fellow中剛好有一位來自來台灣的小留學生，在這位葉醫師的熱心幫忙之下，我循獲不少管道可以接觸到臨床工作；這一點也是我非常幸運的地方。

本人在波士頓待了一年之後，深知所學仍然不足，因此申請留職停薪，延長在美國的研究期限。在延長的第二年中，我在前幾個月後提前完成實驗，發現能學的東西已經足夠，而是憶起出國之前，幾次與台大的教授前輩們討論有關＂出國進修＂的目的和心態。歸納師長們的建議，我把出國的目的定位在”學習技術以便回國發展本土研究＂，而非＂發表許多文章，但回國後無法繼續接續研究＂。而我認為能夠達到這個目的，最快捷的方法便是到不同地方學習。由於臺大醫院過去與辛辛那提大學的高惠陽教授有聊好的合作關係，因此本人在國內師長們的支持下，決定轉往辛辛那提大學的高惠陽教授實驗室。雖然在離開波士頓之前打了不少強心針，從文明熱鬧的東岸乍到單調乏味的中西部，還真還有王昭君出塞的悲涼。在波士頓我每天可以遇見許多研究同仁，參加多不同性質的會議﹔受到學術刺激不可謂不多。高教授的實驗室則設在偏僻獨立的暗處，與外界甚少接觸﹔加上辛辛那提附近傑出的臨床醫師非常少，全然引不起我到各處觀摩的興趣。所幸，實驗室裡的研究同仁有幾位日本醫師水準非常高﹔他們不僅有MD，PhD的背景，在實驗室更是待了三，四年以上，臨床和實驗的經驗都比我豐富。加上中西部民風淳樸，不管是實驗室同仁或是台灣同鄉都非常高興我的加入，所以在工作上或生活上都得到許多幫助。回想起來，在波士頓每天雖接觸到許多人，但程度良侑不齊，人際關係也較淡泊，真正能在互動中有所收穫的機會並不多。來到辛辛那提這個草地所在，我反而變的比較聰明﹔能夠彼此腦力激盪的同儕，品質其實比數目要重要的多。

由於高教授在實驗室裡採取自由開放的管理方式，我便地接下好幾個不同題目，往往忙到凌晨過後才能回家。當地治安不好，黑人在校園裡搶劫的案件不時發生﹔加上冬夜道路並不鏟雪，可以說是冒著生命危險來從事實驗。在實驗室中我必須犧牲許多成鼠，小鼠，或懷孕中的母鼠，這些活體動物實驗其實讓我極不舒服。此外，我得在艷陽下或大雪天搬運整車臭氣沖天的鼠籠，還必須做很多粗重勞力的工作；這是我在台灣養尊處優一輩子從沒經歷過的＂藍領階級＂生活。好幾次朋友約我下班後吃飯，到了餐廳後我才發現自己的袖口上沾了各色染劑，牛仔褲管有許多破洞，上衣黏了石臘噴跡，甚至全身都是濃濃的老鼠味道。幾次經驗之後，若有朋友邀請我吃飯，總會事先告知我是否該穿著正式裙裝﹔或是一身工人打扮即可，這種有趣的窘境也是在台灣所不曾經歷過的。

在結束辛辛那提的實驗工作後，我又特地撥出兩週時間到邁阿密—曾垂拱教授自設的研究中心見習。曾教授在離開Bascom Plamar Eye Institute 後自設實驗室與臨床部門，兩個單位巧妙地結合一起，讓人有大開眼界的驚嘆。在這短短的兩星期中，我參觀了精采的門診教學，刀術示範﹔也參與每天的極有效率的晨會討論，更在中心裡面與為數不少的各國醫師天南地北的閒聊。在我離去前，曾教授特別另闢時段間與我分享醫學研究的原則和技巧；短短兩週的觀摩真是讓我滿載而歸。

回顧本人在美國兩年的時間，學習到的有形技術，或無形的知識體驗，收穫真是非常的多。本人非常感謝能有此次寶貴的機會到國外進修，也甚盼這樣的學習過程能夠有助於本人回國後對本土研究有所貢獻。

心得

能夠到哈佛大學附屬的Schepens Eye Research Institute研習角膜內皮細胞是我一直以來的夢想。雖然在踏入這個領域之前，許多前輩恐嚇我這是個從不曾熱門過，且註定看不到前景的死水，但我還是按耐不住心中的著迷。一年多前，在角膜內皮細胞領域中頗負盛名的Nancy Joyce博士應榮總陳克華醫師訪台演講，我在與Nancy 短暫討論過後，便決定花至少一年的時間往這攤死水‘撩落去”。 這兩年在國外的學習雖然有許多辛苦，但是回顧整個過程，真是感到充實和豐盛。角膜內皮細胞的研究因為一些技術上的問題，因此很少有人願意投入；然而很難做的研究並不表示就是不值得作的研究；在兩年過後，我是抱著感恩和願意付出的心情回到國內。
　　這兩年不在台大的日子，我最感謝的是台大林隆光主任和胡芳蓉教授的全力支持，包容我在國外消遙兩年，不事生產。台大所有師長同仁在我缺席時的溫暖鼓勵和職務分擔，也是我深深感謝的。榮總的陳克華醫師在我一次挫折經驗時的勸導，我永遠銘刻在心。我也很榮幸地與長庚的葉隆坤醫師，和在Bascom Palmar 的劉家陽博士有一個愉快的合作經驗。劉博士雖然和我不在同一地點，但總是不厭其煩地用電子郵件或電話解答我的大小問題﹔更是我的地下良師。到邁阿密參觀時，有賴馬偕醫院劉宗學醫師熱心的幫忙，解決我單身女子旅居外地的種種不便。當然，能夠遇見 Nancy Joyce, 高惠陽教授和曾垂拱教授三位恩師，也是我深覺感恩之處。唯一遺憾的，是無法排出行程參觀台大畢業生黃經緯醫師的醫院，希望以後能夠再有機會專程前往學習。

　　　2004年八月底，當我不得不放下在美國所有未完成的的實驗，坐在返台的飛機上﹔看著太平洋的波光粼粼，我的腦海中開始浮現許許多多的念頭。比起兩年前，我自認多懂一點東西；但卻沒有＂麻雀變鳳凰”般的變成天才。我雖完成一些研究，但論文發表量比預期少了一半以上。更糟的是，許多同胞告訴我這兩年台灣的醫療環境變的很差，要我做好所有的心理準備。一堆利空的消息明明充滿我的腦海，很奇妙的是我一點也不覺得沮喪或擔憂。美國是很多人嚮往的天堂；但生活兩年過後，我不覺得美國的醫療環境比台灣進步多少；兩國的醫學進展不僅達到近乎同步的狀態，美國醫師也不比台灣醫師優秀勤奮。在幾次經歷到對岸人士打壓台灣的國際事件，或是台灣因為國際知名度而吃虧的窘況，更令我萌生一股想為美麗故鄉打拼的願望。雖然我還不知道自己這一顆小螺絲釘能夠做些什麼：但是我相信只要有心，努力的付出一定可以得到報償。
建議

在國內醫院的醫師能夠到國外學習，是一個非常難得的經驗。本人很幸運地在物質上精神上都得到國內相關單位很大的幫助，因此學習的過程相當順利。然而本人還是有以下幾點建議，期望能對往後出國的研究人員有所幫助:

(1)希望國內和國外更多的的研究機構能夠建立更為頻繁和正式交流管道，使出國　　

　進修者能夠與國外機構順利連線，並且方便未來的國內研究者繼續出國進修。
(2)希望夠補助有意延長進修者更多經濟上的支援。留職停薪在國外生活是相當大

　的經濟壓力，然而一年的出國進修時間往往是不夠的；對於有心學習的研究者

　而言，是很辛苦的決定。
(3)對於有心在國外進修，修習學位的研究者，建議不妨允與鼓勵和支持。
(4)目前國內的學生出過的意願和競爭力已經大不如前，這是整個國家學術界極大

　的隱憂。建議可以多鼓勵在國內唸研究所的學生能夠短期出國進修，擴展視野。

(5)希望國外完成的研究也能成為升等或是研究所畢業的參考條件之一。

 附件（本人在國外完成的論文，目前正在投稿中）
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ABSTRACT
1. Introduction 

Corneal endothelium is a single layer of neural crest-derived cells located on the posterior surface of the cornea. The endothelium helps maintain corneal transparency by regulating corneal hydration through its barrier (Iwamoto and Smelser, 1965; Kreutziger, 1976) and ionic “pump” functions (Maurice, 1972; Geroski and Edelhauser, 1984). Corneal endothelial cells grow as a strict monolayer and human corneal endothelial cells do not proliferate in vivo (Joyce, 2003). This is suggested by the fact that, in response to wounding, healing of corneal endothelium occurs mainly by cell enlargement and migration. (Sherrard, 1976; Kaufman and Katz,1977; Joyce et al., 1990). Although human endothelial cells do not appear to divide in vivo, there is strong evidence that they do possess the capacity to proliferate. Wilson et al (Wilson et al.,1993, 1995) reported that human corneal endothelial cells have high proliferative capacity when infected with viral oncogenes. Our previous studies indicate that human corneal endothelial cells in vivo have not exited the cell cycle, but are arrested in G1-phase (Joyce et al.,1996). The ability to successfully culture untransformed human corneal endothelial cells from both young and older donors provides strong evidence that these cells retain the ability to proliferate, regardless of age (Chen et al., 2001).

Both intrinsic and extrinsic factors appear to maintain the corneal endothelium in a non-replicative state (Jampel et al., 1990; Van Setten et al.,1996; Chen et al., 1999; Joyce, 2002;2003). Among all these factors, cell contact-mediated regulation of proliferation appears to be especially important. Our laboratory has demonstrated that, in confluent cultures of rat corneal endothelial cells, there was no evidence of proliferation when the monolayer was incubated in 10% FBS alone. However, when cell-cell contacts were broken by pretreatment of the confluent culture with the calcium/magnesium chelator, EDTA, followed by 10% FBS, cells readily proliferated (Senoo et al., 2000). We also demonstrated a role for contact inhibition of proliferation in ex vivo human corneal endothelium. Addition of mitogens to the intact endothelial monolayer was ineffective in inducing proliferation; however, proliferation was promoted when monolayer integrity is disrupted by mechanical wounding or by treatment with EDTA prior to exposure to mitogens (Senoo et al., 2000). Protein tyrosine phosphorylation and dephosphorylation are important physiological mechanisms that control various cellular behaviors, such as proliferation, adhesion, and migration. Dephosphorylation events are mediated by a diverse group of enzymes, including protein tyrosine phosphatases (PTPs) (Barford et al., 1998). A number of studies suggest that PTPs are important in regulating the integrity of cell-cell contacts . This role for PTPs is suggested by the finding that PTP activity is significantly higher in confluent than in subconfluent cells (Pallen and Tong, 1991; Gebbink et al., 1995). A subset of PTPs exist as transmembrane, receptor-like proteins and are involved in regulating cadherin-based adhesion junctions. (Gebbink et al., 1995; Kypta et al., 1996; Brady-Kalnay et al., 1995;1998; Burden-Gulley and Brady-Kalnay,1999). 
In addition, certain non-receptor, cytosolic PTPs help regulate the integrity of both cell-cell and cell-substrate contacts (Balsamo et al., 1996; 1998; Rhee et al., 2001; Pathre et al., 2001). PTPs also play an important role in growth factor function (Sorby and Ostman, 1996; Keilhack et al., 1998; Qu et al., 1999). Several PTPs associate with receptor tyrosine kinases, such as the EGF-receptor and PDGF-receptor, and may be active in regulating cell cycle signaling through the phosphoinositol-3 kinase (PI3K)/Akt or mitogen-activated protein kinase pathways. The importance of phosphatases in regulating proliferative function is demonstrated by studies using sodium orthovanadate (SOV), a general phosphatase inhibitor, to inhibit this activity. For example, in confluent cultures of human vascular endothelial cells, treatment with SOV caused contact-inhibited cells to reenter the cell cycle (Suzuki et al., 2000) Other studies have demonstrated that treatment of NRK-1 cells with SOV was accompanied by decreased density-dependent growth inhibition, increased rates of uptake of 2-deoxyglucose, and growth in the absence of a solid support (Klarlund, 1985).

The role of phosphatases in regulating contact-dependent inhibition of proliferation in corneal endothelial cells has not been previously investigated. One aim of this study was to determine whether phosphatases play a role in regulating contact inhibition in corneal endothelial cells. Toward this end, we examined whether treatment of confluent cultures of rat corneal endothelial cells with SOV could alter cell-cell contacts and/or induce non-proliferating cells to proliferate. The second aim was to identify candidate PTPs expressed in rat corneal endothelial cells that might play a role in regulating rat corneal endothelial proliferation. 
2. Materials and Methods 

2.1. Antibodies and Reagents
Rabbit-anti-human SHP-1, rabbit-anti-human SHP-2, goat-anti-rat PTP-LAR, mouse-anti-human PTEN, goat-anti-human (-catenin, horseradish peroxidase-conjugated donkey-anti-rabbit, goat-anti-mouse and donkey-anti-goat secondary antibodies, as well as blocking peptides for SHP-1, SHP-2, PTP-LAR and PTEN were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Mouse anti-human-PTP1B was obtained from Oncogene Sciences (Cambridge, MA). Polyclonal rabbit-anti-human zonula occludins-1 (ZO-1) and monoclonal mouse-anti-human Ki67 were purchased from Zymed Laboratories (San Francisco, CA). Monoclonal antibody against the intracellular (SK7) domains of PTP-mu was kindly provided by Dr. Susan M. Brady-Kalnay (Case Western Reserve University, Cleveland, OH). Rabbit polyclonal anti-nonmuscle myosin have the data regarding (Biomedical Technologies, Inc., Stoughton, MA) was used to be positive control for Western blot analysis. SOV, ethylene glycol-bis (-aminoethyl ether)-N,N,N’,N’-tetraacetic acid (EGTA), ethylenediaminetetraacetic acid (disodium EDTA), and 100X antibiotic/antimycotic solution were from Sigma (St. Louis, MO). FITC-conjugated donkey anti-rabbit, mouse, and goat secondary antibodies were purchased from Jackson ImmunoResearch (West Grove, PA). Mounting medium containing propidium iodide (PI) was purchased from Vector Laboratories (Burlingame, CA). Medium-199 and gentamicin were obtained from Gibco/Life Technologies (Gaithersburg, MD). Fetal bovine serum (FBS) was purchased from Hyclone (Logan, UT).

2.2. Culture of Rat Corneal Endothelial Cells

Corneas were obtained from adult male Sprague-Dawley rats, which were treated in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. Endothelial cells were grown in explant culture as previously described (Chen et al., 1999). To remove the epithelial cell layers, corneas were incubated for 1 hr at 37°C in 2.5 mM EDTA to disrupt hemidesmosomes, and then gently removed. For explant culture of the endothelium, corneas were cut in half and placed endothelium-side down in a 6-well tissue culture plate. Pieces were allowed to attach to the culture plate for approximately 5 min, after which 1 drop of culture medium was placed over the tissue. Culture medium consisted of Medium-199, 50 µg/ml gentamicin, 1X antibiotic/antimycotic solution, and 10% FBS. Corneal pieces were incubated overnight at 37°C in a 5% CO2 humidified atmosphere. On the following day, 1 ml culture medium was gently added and cultures were incubated undisturbed. After 5 days, 2 ml of medium were added per well. Medium was changed every other day thereafter. After approximately 10 days, when a sufficient number of endothelial cells had migrated off the cornea, the corneal pieces were carefully removed, and the remaining endothelial cells were grown to confluence. Primary cultured cells were then trypsinized, resuspended in culture medium, and seeded into 2-well chamber slides or into T75 flasks at a density of 2.5(105 cells per flask. 
2.3. Immunocytochemical Localization
For analysis of cultured cells, cells were seeded onto chamber slides and either used as a non-confluent culture or grown to confluence. After washing three times with phosphate-buffered saline (PBS), cells were fixed in methanol at –20(C for 15 min followed by a further wash with PBS. The fixed cells were then permeabilized with 1% Triton X-100 in PBS for 10 min. After a PBS wash, cells were pre-incubated for 10 min in 2% FBS in PBS (5% donkey serum when goat antibody was used) to block non-specific binding, and then incubated with primary antibody at room temperature for 2hrs. Concentrations of primary antibodies were as follows: anti-( catenin=1:100; anti-ZO-1=1:150; anti-Ki67=1:100; anti-PTP-mu=1:400; anti-PTP-LAR=1:200; anti-PTP1B=1:100; anti-SHP-1=1:400; anti-SHP-2=1:400; and anti-PTEN=1:100. Following primary antibody incubation, cells were washed with PBS, incubated for 10 min with blocking buffer, and then incubated for 1 hr with a 1:200 dilution of the appropriate FITC-conjugated secondary antibody. To assess specificity of the staining, cells were either processed without primary antibody or incubated with primary antibody that had been pre-absorbed overnight with a 5X concentration of blocking peptide. Cells were then washed with PBS and mounted in medium containing propidium iodide (PI) for visualization of nuclei. Immunocytochemical (ICC) localization studies were also conducted using transverse sections of rat cornea. Corneas were obtained from adult male Sprague-Dawley rats. Rat corneas were fixed, sectioned, and immunostained according to published methods (Joyce et al, 1996, 1998).The localization pattern in both cultured cells and transverse sections was observed by fluorescence microscopy using an Eclipse E800 Nikon Microscope with a VFM Epi-Fluorescence Attachment (Nikon Inc., Melville, NY) equipped with a Spot digital camera and Spot version 1.1 CE software (Diagnostic Instruments, Sterling Heights, MI). 
2.4. Protein Extraction and Immunoblotting

Cultured cells grown in T75 flasks were trypsinized, suspended, and homogenized in buffer containing 1% Triton X-100, 250 mM NaCl, 2 mM EDTA, 50mM Tris-HCl, 10(g/ml leupeptin, and 1 mM phenylmethylsulfonyl fluoride (all from Sigma). Equal amounts of protein were loaded on 4-12% polyacrylamide gels (Invitrogen, Carlsbad, CA) for SDS-PAGE. After electrophoresis, proteins were transferred to polyvinylidene difluoride (PVDF) membranes (Millipore Corp., Bedford, MA). Non-specific binding was blocked by incubation overnight at 4(C with 5% nonfat dry milk in PBS. Membranes were then incubated at room temperature for two hrs with anti-PTP-LAR, anti-PTP-1B, anti-SHP-1, anti-SHP-2 or anti-PTEN primary antibodies at the same dilutions indicated for ICC, with or without pre-incubation with blocking peptide. Membranes were washed three times with the blocking buffer and then incubated with the appropriate horseradish peroxidase-conjugated secondary antibody at a final dilution of 1:10,000. After final washes with 0.1% Triton X-100 in PBS, signal was detected by enhanced chemiluminescence following manufacturer’s instructions (Pierce, Rockford, IL) and exposed to autoradiographic film. 
2.5. RT-PCR of PTP-mu

For RT-PCR studies, total RNA was prepared from confluent cultures of endothelial cells according to the manufacturer’s directions (TRIzol; Gibco, Gaithersburg, MD). cDNA was prepared from 1 µg total RNA by reverse transcription in a volume of 20 µl using reagents from a commercially available kit (Promega, Pittsburgh, PA). Primers specific for PTP-mu were designed using MacVector 5.0 software (Oxford Molecular Group, Oxford, UK). The primer pairs used were: upstream sequence, 5'-TCCTATTACCCAGATGAAACCCAC-3', downstream sequence, 5'-CCACTTCCACAAGATTGGTCACC-3'. PCR was performed in a reaction mixture containing 1 µg cDNA and 2.5 µM each of the upstream and downstream primers, plus reagents from a commercially available kit (Gibco, Gaithersburg, MD). Specificity and yield of the PCR products were enhanced using the hot-start approach (Erlich et al., 1991).PCR was performed for 40 cycles in a thermal cycler. Cycle conditions included denaturation at 95°C for 1 min, annealing at 50°C for 1 min, and extension at 72°C for 2 mins. A 5-min extension was added at the end of the 40 cycles of PCR. PCR products and 100-bp DNA ladder molecular weight markers were electrophoresed in 1.5% agarose gels containing 0.5 µg/ml ethidium bromide and photographed. Glyceraldehyde-3-phosphate dehydrogenase (G3PDH; Clontech, Palo Alto, CA) acted as a positive control for the PCR. Negative control samples consisted of the PCR reaction mixture, including primers, but without cDNA. To ensure that the total RNA samples were not contaminated with genomic DNA, a negative control using 1 µg total RNA was substituted for cDNA in the PCR reaction mixture, along with 2.5 µM each of upstream and downstream G3PDH primers. 
3. Results 
3.1. Phosphatase Inhibition Disrupts Cell-Cell Junctions in Confluent Rat Corneal Endothelial Cells

SOV has been shown to disrupt cell-cell junctions and to trigger cell cycle entry in contact-inhibited human umbilical vein endothelial cells (Suzuki et al., 2000). To test whether phosphatase inhibition could have similar effects on confluent rat corneal endothelial cells, we first examined the effect of SOV on cell-cell contacts. For these studies, cells were grown to confluence and then maintained an additional week to ensure the formation of a mature, contact-inhibited monolayer. Confluent cells were then incubated for 24 hrs under one of the following conditions: (1) plus 10% FBS; (2) minus FBS; (3) 50(m SOV, minus FBS; or (4) 30 min pre-incubation in 5 mM EGTA, followed by incubation minus FBS. The calcium chelator, EGTA, acted as a positive control for release of cell-cell contacts. Cultures were then fixed, prepared for ICC of ZO-1 (a tight junction-associated protein) (Siliciano and Goodenough, 1988),or (-catenin (a component of cadherin-based adhesion junctions) (Van Aken et al., 2002);, and then mounted in medium containing PI to permit visualization of nuclei. As shown in Figure 1A, B, E and F, monolayer integrity was maintained in both the presence and absence of FBS, as indicated by the intense, linear staining pattern for ZO-1 at the cell borders (A and B) and by intense membrane associated staining of (-catenin (E and F). Both SOV and EGTA caused visible breaks in the endothelial monolayer, indicated by loss of the normal linear pattern of ZO-1 (C and D) and loss of membrane-associated (-catenin (G and H). These results suggest that SOV is capable of disrupting cell-cell junctions in confluent rat corneal endothelial cells. Since SOV is a general phosphatase inhibitor, these results further suggest that there is a constitutive phosphatase activity in the confluent corneal endothelial monolayer that helps maintain junctional integrity.
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Figure 1. Immunolocalization of ZO-1 (A-D) and -catenin (E-H) in fully confluent cultures of rat corneal endothelial cells incubated in 10% FBS (A, E); minus FBS (B, F); 50 M SOV minus FBS (C, G); or 5 mM EGTA minus FBS (D, H). Arrows in C and D indicate breaks in the confluent monolayer. Arrows in G ad H indicate areas where -catenin is dissociated from the side of the cell where breaks have occurred in the monolayer. -catenin is still membrane-associated on the side of the cell where contact with the neighboring cell is maintained. Green: primary antibody staining. Red: PI. Original magnification = 400X.

3.2. Phosphatase Inhibition Promotes Confluent Rat Corneal Endothelial Cells to proliferate

Phosphatases are known to regulate tyrosine phosphorylation in mitogen-induced signaling pathways. We next tested the ability of SOV to promote cell proliferation in confluent cultures of rat corneal endothelial cells. Cultures were treated under the four conditions described above and 48 hrs later were immunostained for Ki67, a marker of actively cycling cells (Gerdes et al., 1991). As expected, no positive Ki67 staining was observed in confluent cultures maintained in the absence of FBS (Fig 2A). Interestingly, positive Ki67-stained cells were detected in confluent cultures treated in the absence of FBS, but with SOV (Fig. 2B). Since results described above indicated that both SOV and EGTA treatment promoted the release of cell-cell contacts, we tested whether release of these contacts alone was sufficient to induce cell cycle entry. No positive staining for Ki67 was observed in cultures treated with EGTA alone (Fig. 2C), but Ki67-positive cells were present in EGTA-treated cultures maintained in the presence of 10% FBS (Fig 2D). These results indicate that disruption of cell-cell contacts alone was not sufficient to induce cell cycle entry, but that SOV-induced inhibition of phosphatase activity, by itself, could promote cell cycle entry. 
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Figure 2. Immunolocalization of Ki67 in confluent cultures of rat corneal endothelial cells incubated minus FBS (A, E); 50 (M SOV alone (B, F); 5 mM EGTA alone (C, G); or 5 mM EGTA plus 10% FBS (D, H). Ki67 (green) staining is shown in (A-D); PI (red) in (E-H) show nuclear staining in the same microscopic field. Original magnification = 400X. 
3.3. Detection of Candidate PTPs in Rat Corneal Tissue

Many PTP isoforms have been identified in mammalian cells, but not all tissues express all isoforms. Since phosphatase inhibition by SOV resulted in loss of cell-cell contacts and induced cell cycle entry in confluent rat corneal endothelial cells, we attempted to identify specific candidate PTPs known to mediate these functions. PTP-mu, PTP-LAR, and PTP-1B are cell contact-associated PTPs. PTP-mu (Brady-Kalnay et al., 1993, 1998) and PTP-LAR (Aicher et al., 1997) are receptor-like transmembrane proteins, while PTP-1B is a cytosolic non-receptor protein. (Balsamo et al., 1996, 1998; Rhee, et al., 2001). We used ICC to determine the relative expression of these PTPs in transverse sections of rat cornea. In Figure 3, we show that PTP-mu, PTP-LAR and PTP1B are expressed at the plasma membrane of all layers of the corneal epithelium. Intense staining of PTP-mu was particularly evident in the lateral domains of basal epithelial cells. PTP-mu and PTP-1B, but not PTP-LAR, are expressed in rat corneal endothelium. Although no nuclear staining was evident, it was not possible to determine in these sections whether PTP-mu or PTP-1B were present throughout the cytoplasm or at cell borders. In non-confluent cultured rat corneal endothelial cells, perinuclear distribution of PTP-mu was found. There was no staining for PTP-LAR and little-to-no staining for PTP1B. When the cultured cells became confluent, the perinuclear location of PTP-mu persisted; however, intense positive staining for both PTP-mu and PTP1B was also associated with the plasma membrane. This staining pattern is consistent with the cell-cell junction associated property of these PTPs. RT-PCR confirmed the existence of mRNA for PTP-mu in confluent cells. Expression of PTP1B protein and lack of PTP-LAR expression was confirmed by Western blot. 
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Figure 3. Expression of contact inhibition-associated PTPs in rat corneal cells. ICC studies of rat corneal sections confirm the existence of PTPmu, PTP-LAR and PTP1B (green) in corneal epithelium, PTP-mu and PTP1B (green) in corneal endothelium. PTP-mu is found in cytoplasma, especially perinuclear are when the cells are in non-confluent status. When the cells become confluent, PTPmu is found in cell membrane in addition to cytoplasm. PTP1B is associated with the plasma membrane of confluent cultured corneal endothelial cells, but not subconfluent cells. PI staining (red) indicates nuclei. RT-PCR for PTP-mu and Western blots for PTP-LAR and PTP-1B confirm the expression of mRNA for PTP-mu, and protein for PTP1B, but not PTP-LAR in corneal endothelial cells GAPDH acted as the positive control for the RT-PCR. Non-muscle myosin was the positive control for the Western blots. EPI=epithelium, ENDO=endothelium, non-con CEC=non-confluent corneal endothelial cells. Con-CEC=confluent corneal endothelial cells. S=stroma. Original magnification, 100X for EPI, 200X for ENDO, 600X for Non-confluent CEC, 400X for Confluent CEC.


SHP-1, SHP-2 and PTEN are growth factor and cell-cycle associated PTPs (Keilhack et al., 1998; Yu et al.,1998; Besson et al., 1999; Qi et al., 1999; Qu et al., 1999; Ramaswamy et al., 1999;). SHP-1 and SHP-2 are cytosolic PTPs known to help regulate the function of receptor tyrosine kinases, such as the EGF and PDGF receptors. PTEN is a cytosolic dual-specificity phosphatase, i.e., it regulates serine and threonine, as well as tyrosine phosphorylation. Its function, in part, is to regulate signaling via the PI3K/Akt pathway. In Figure 4, we show that SHP-1, SHP-2 and PTEN were expressed in the cytoplasm within the entire rat corneal epithelium. Intense staining of SHP-2 was also observed in the perinuclear area. Staining for SHP-1, SHP-2 and PTEN was also seen in the corneal endothelium. In cultured cells, all SHP-1, SHP-2 and PTEN antibodies labeled subconfluent and confluent rat corneal endothelial cells, and the staining patterns were similar under both subconfluent or confluent conditions. There was intense nuclear staining with moderate cytoplasmic staining for all three PTPs. The staining was specific for SHP-1, SHP-2, and PTEN, as it was completely blocked when the primary antibodies were pre-incubated with the corresponding antigen peptide (data not shown). Western Blot analysis confirmed the expression of SHP-1, SHP-2 and PTEN protein in confluent rat corneal endothelial cells. For all three PTPs, positive reaction disappeared after pre-incubating the primary antibodies with specific blocking peptides (data not shown). 
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Figure 4. Expression of growth factor-associated PTPs in corneal cells. ICC studies confirm the expression of SHP-1, SHP-2 and PTEN(Green) in corneal epithelium, corneal endothelium, confluent and non-confluent corneal endothelial cells. PI staining (red) indicates nuclei. Arrows indicate the granular staining in the nucleus of PTEN in confluent corneal endothelial cells. Western blots confirm the expression of SHP-1, SHP-2 and PTEN in rat corneal endothelial cells. Non-muscle myosin is used as a positive control for Western blots in all experiments. EPI=epithelium, ENDO=endothelium, Non-con CEC=non-confluent corneal endothelial cells. Con-CEC=confluent corneal endothelial cells. S=stroma. Original magnification, 100X for EPI, 200X for ENDO, 800X for Non-confluent CEC, 400X for Confluent CEC. 

4. Discussion
The present study elucidate the role of SOV, a generalized phosphatase inhibitor, to disrupt junctional integrity of confluent rat corneal endothelial cells, and trigger the contact-inhibited corneal endothelial cells to proliferate. We previously demonstrated the importance of cell-cell contacts in mediating inhibition of proliferation in confluent cultures of rat corneal endothelial cells and in mature ex vivo human corneal endothelium. In those studies, the calcium/magnesium chelator, EDTA, was used to disrupt cell junctions (Senoo et al., 2000). In the current studies, the calcium-specific chelator, EGTA, also disrupted cell-cell junctions in confluent rat corneal endothelial cells. As in our previous studies, cell proliferation did not occur unless the EGTA-treated cells were exposed to serum. (Senoo et al., 2000) Together, our results suggest a relationship between the status of cell-cell junctions and the capability of cells to respond to mitogens. Of interest is the fact that exposure of confluent rat corneal endothelial cells to SOV was sufficient to both disrupt cell-cell junctions and promote cell proliferation, even in the absence of serum. It should be noted that positive Ki67 staining in SOV treated endothelium indicates the presence of actively cycling cells; however, we did not investigate whether exposure to SOV alone was sufficient to induce cells to complete the cell cycle and produce daughter cells. Our results are consistent with a previous report that SOV induced contact-inhibited human vascular endothelial cells to reenter the cell cycle (Suzuki et al., 2000). The fact that this general phosphatase inhibitor was able to both alter the integrity of cell contacts and induce cell proliferation clearly implicates phosphatases in regulating contact-induced inhibition of proliferation in corneal endothelium. This intriguing finding led us to initiate studies to identify the action of PTP, and the specific phosphatases that could be responsible for this regulation.

Protein tyrosine phosphorylation/dephosphorylation is an important physiological mechanism which controls a diverse cellular behaviors such as cell growth, differentiation, adhesion, and migration. (Pallen and Tong, 1991; Brady-Kalnay et al., 1993; Takahashi and Suzuki, 1996; Aicher et al., 1997). Balanced effect of both protein tyrosine kinase (PTK) and protein tyrosine phosphatases (PTPs) is important for regulating intracellular phosphotyrosine status. Even brief inhibition of tyrosine dephosphorylation can dramatically increases overall phosphotyrosine levels and cause a breakdown of normal control mechanisms (Petrone and Sap, 2000). Similarly to PTKs, PTP family can be divided into receptor-like transmembrane proteins and soluble cytosolic proteins (Barford et al., 1998). The cytosolic nonreceptor forms include SHP-1, SHP-2, PTP1B, etc. The receptor-like, transmembrane forms of PTPs included PTP-mu, PTP-(, PTP-(, PTP-LAR, PTP( and CD45, etc. There are also dual-specificy phosphatases such as PTEN, CDC25, MAP kinase phosphatase-1,etc, which catalyze the dephosphorylation of both protein serine/threonine and tyrosine kinases.(Barford et al., 1998). 
Our study result showed that using SOV itself without adding of serum or other mitogens, not only released cell contacts, but also promote cell cycle entry in this study. We may suggest that the establishment of strong cell-cell contact is important for cessation of corneal endothelial cell proliferation in contacte inhibited status. Cadherins are important molecules to maintain cell-cell contact in a number of ways. (Daniel and Reyrolds, 1997; Jamora et al.,2003). Part of the integrity of cadherin is dependent on the relative balance between tyrosine phosphorylation induced by RTKs and dephosphorylation by PTPs (Hiscox and Jiang,1998). PTP activity is significantly higher in confluent than subconfluent cells, and the treatment of confluent cells with SOV promotes loss of junctional integrity (Sorby and Ostman,1996; Takahashi and Suzuki, 1996). A subset of PTPs exist as transmembrane, receptor-like protein and are involved in cadherin-based adhesion junctions. (Fuchs et al.,1996; Cheng et al., 1997; Aicher et al., 1997). They directly send signals in response to cell adherion and may be the candidate PTPs related to the responsiveness of SOV in disrupting cell-cell junctions. 

We report here the identification of several candidate PTPs that might be associated with cadherins in regulating contact-induced inhibition of proliferation. A variety of candidate PTPs were chosen for study. Among the PTPs that might mediate cell-cell contacts, we chose the receptor-like transmembrane PTPs, PTP-mu and PTP-LAR, and cytosolic non-receptor PTP1B. PTPmu is known to interact with a number of classical cadherins, including E-, N- and R-cadherin (Brady-Kalnay et al., 1998). Leukocyte antigen-related PTP (PTP-LAR) is also associated with the cadherin-catenin complex (Kypta et al., 1996), while PTP1B has been shown to be essential for both N-cadherin and beta-1 integrin-mediated adhesion (Balsamo et al., 1996; Balsamo et al., 1998; Pathre et al., 2001; Rhee et al., 2001;) Immunolocalization of these PTPs in corneal cross-sections indicated expression directly in corneal tissue, with the epithelium acting, in part, as a positive control for staining. Results indicated that PTP-mu and PTP1B are expressed in both the epithelium and endothelium; however, PTP-LAR was only expressed in the epithelium. The specific function of PTP-LAR in corneal epithelium remains to be elucidated. Of interest was the observation of differences in the relative localization of PTP-mu and PTP1B in subconfluent and confluent cells. Their plasma membrane association in the intact endothelium suggests that both PTP-mu and PTP1B may be involved in the regulation of the integrity of junctional complexes. 

As mentioned before that instead of cellular junction-associated PTPs, there might be other mechanism controlling the SOV associated cell cycle entry. Not only cell contact associated PTPs, the cytosolic nonreceptor PTPs, SHP-1 and SHP-2, and the dual-specificity phosphatase, PTEN, were also expressed in rat corneal endothelium. Unlike with PTP-mu and PTP1B, these PTPs did not demonstrate a change in localization based on the state of confluence of the endothelial monolayer. Several positive growth factors, such as EGF, FGF, and PDGF, have been shown to trigger proliferation in corneal endothelial cells. (Gospodarowicz et al., 1977; Kamiyama et al., 1995.) SHP-1 and SHP-2 are both associated with regulation of the function of various growth factors and cytokines.(Keilhack et al., 1998; Yu et al., 1998; Qi et al., 1999; Qu et al.,1999;). SHP-1 and SHP-2 are regulated in the similar manners. SHP-1 is usually considered a negative regulator of cell signaling, while SHP-2 is largely considered a positive signal transducer. (Marrero et al., 1998) PTEN, a dual specificity phosphatase, has been shown to negatively regulate cell cycle progression through the PI3K/Akt pathway. (Li et al., 1997; Besson et al.,1999; Paramio et al.,1999; Ramaswamy et al.,1999) have linked PTEN activity to cell cycle control through its modulation of activities that lead to inactivation of pRb. Since PTEN is found in rat corneal endothelial cells by Western blotting and immunohistochemical staining, the role of it’s function in rat corneal endothelial cells should be further investigated. 
Although we have found several cellular junction and growth factor related PTPs expressed in rat corneal endothelial cells, it remains possible that cellular junction or growth factors are not the only mechanisms leading to the SOV induced proliferation of corneal endothelial cells. Since PTPs control a lots of cellular functions, it’s possible that some other mechanisms, or synergestic effects of different mechanisms of PTPs may contriblute to the PTP-associated proliferation effect of contact-inhibited corneal endothelial cells. Further research is in progress to specify other PTPs expressed in the corneal endothelial cells, and the functions of the whole control system of PTPs in the corneal endothelia.  
To the best of our knowledge, this is the first study regarding phosphatase function and PTP expression in corneal endothelium. In summary, the results of our studies suggest that phosphatases play an important role in regulating the integrity of cell-cell junctions and cell proliferation in this tissue. We have identified five phosphatases, PTP-mu, PTP1B, SHP-1, SHP-2, and PTEN, that are expressed in rat corneal endothelium. These are most likely not the only phosphatases expressed in this tissue and their specific function in the endothelium remains to be elucidated. Regardless, this study has opened a fruitful avenue for future investigation into the specific mechanisms underlying regulation of contact inhibition in corneal endothelium.
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