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皮膚細胞如何變成神經細胞

How Can a Skin Cell Become a Nerve Cell
葛瑞陳‧包吉爾（GRETCHEN VOGEL）
中世紀時，煉金士試圖尋找一種能將金屬冶鍊成黃金的煉金液；時至今日，生物學家猶如現代的煉金士，已經能夠利用卵母細胞（oocyte）將皮膚細胞轉變為有價值的幹細胞，甚至是完整的動物個體。經反覆實驗，科學家已經能夠輕易的進行細胞核轉殖（nuclear transfer），創造出牛、貓、老鼠、綿羊、山羊、豬，甚至如同一韓國研究團隊於五月份所宣稱的人類胚胎幹（ES）細胞。他們希望能夠更進一步將幹細胞應用於目前無法治癒的病症；然而，如同中世紀的煉金士，現在的複製技術以及幹細胞生物學家所面對的問題，也是自己尚未能完全掌握的程序：究竟是什麼作用促使卵母細胞內的細胞核發生變化呢？至今這仍是個謎。科學家仍須大量學習，才能夠像大自然般平穩地主導細胞分化，由受精卵發展成多細胞，進而製造新生兒。 
※ 圖文：細胞的煉金士（人類卵母細胞）（Cellular alchemist --- A human oocyte）
Like Medieval alchemists who searched for an elixir that could turn base metals into gold, biology’s modern alchemists have learned how to use oocytes to turn normal skin cells into valuable stem cells, and even whole animals. Scientists, with practice, have now been able to make nuclear transfer nearly routine to produce cattle, cats, mice, sheep, goats, pigs, and—as a Korean team announced in May—even human embryonic stem (ES) cells. They hope to go still further and turn the stem cells into treatments for previously untreatable diseases. But like the medieval alchemists, today’s cloning and stem cell biologists are working largely with processes they don’t fully understand: What actually happens inside the oocyte to reprogram the nucleus is still a mystery, and scientists have a lot to learn before they can direct a cell’s differentiation as smoothly as nature’s program of development does every time a fertilized egg gives rise to the multiple cell types that make up a live baby.

　　科學家已經研究卵母細胞「程序重編」（reprogramming）的能力長達半個世紀之久。發展生物學家於1957 年首次發現，將成蛙細胞的細胞核置入蛙卵，可以製造出具相同基因的蝌蚪。不過50年來，卵母細胞依然是團待解之謎。
Scientists have been investigating the reprogramming powers of the oocyte for half a century. In 1957, developmental biologists first discovered that they could insert the nucleus of adult frog cells into frog eggs and create dozens of genetically identical tadpoles. But in 50 years, the oocyte has yet to give up its secrets. 
這箇中的答案就在於細胞生物學。科學家了解控制發展的基因（在成人細胞內通常處於關閉狀態）會被卵母細胞再次啟動，促使細胞呈現出新受精卵般的年輕潛力。至於普通細胞如何進行閉合之間的轉換，科學家則知之甚少，更遑論核轉殖這種不尋常的轉換了。 
The answers lie deep in cell biology. Somehow, scientists know, the genes that control development—generally turned off in adult cells—get turned back on again by the oocyte, enabling the cell to take on the youthful potential of a newly fertilized egg. Scientists understand relatively little about these on-and-off switches in normal cells, however, let alone the unusual reversal that takes place during nuclear transfer. 
細胞分化時，DNA會變得更加緊密，不再需要的或不應該表現的基因會被封鎖住。這些DNA會緊密的纏繞在組織蛋白（histone）四周，然後被標記上甲基群（methyl group）以防止被細胞的蛋白質製造機制所觸及。許多研究顯示，移除這些甲基群的酵素，對於核轉殖作用的發生是相當重要的，只是其關鍵也並非僅限於此項。 
As cells differentiate, their DNA becomes more tightly packed, and genes that are no longer needed—or those which should not be expressed—are blocked. The DNA wraps tightly around proteins called histones, and genes are then tagged with methyl groups that prevent the protein making machinery in the cell from reaching them. Several studies have shown that enzymes that remove those methyl groups are crucial for nuclear transfer to work. But they are far from the only things that are needed. 
科學家若能揭開卵母細胞的秘密，才有可能不借助卵母細胞而能夠複製其訣竅。更何況卵母細胞取得不易，且使用上仍有許多道德的爭議。假如科學家能發明一種無細胞浴（cell-free bath）來逆轉已分化的細胞，其所帶來的意涵可謂無窮。如此一來，在實驗室裡就能活化取自病患的細胞，或使之生長成新組織，以修補部份因老化或疾病而損耗的組織。 
If scientists could uncover the oocyte’s secrets, it might be possible to replicate its tricks without using oocytes themselves, a resource that is fairly difficult to obtain and the use of which raises numerous ethical questions. If scientists could come up with a cell-free bath that turned the clock back on already differentiated cells, the implications could be enormous. Labs could rejuvenate cells from patients and perhaps then grow them into new tissue that could repair parts worn out by old age or disease.
不過，科學家很難斷定這種「無細胞鍊金術」的可行性。卵的特殊蛋白質支撐構造，在細胞分裂過程中負責引導染色體，扮演著啟動必要基因之重要角色。倘若這項推測屬實，要發展出可以逆轉細胞分化的蛋白質「煉金液」（elixir），仍然困難重重。 
But scientists are far from sure if such cell-free alchemy is possible. The egg’s very structure, its scaffolding of proteins that guide the chromosomes during cell division, may also play a key role in turning on the necessary genes. If so, developing an elixir of proteins that can turn back a cell’s clock may remain elusive.
　　要完全駕馭卵母細胞的力量，科學家仍需學習如何去主導活化幹細胞的發展，並且引導其形成特定的組織。幹細胞，取自於胚胎者尤甚，會自動生成多種型式的細胞，但若要控制其發展成單一形式的細胞則更為困難了。雖然已有研究團隊從胚胎幹細胞製造出近乎純淨群聚的特定種類之神經細胞，目前尚未有人能找到一種的方法來引導這些細胞進一步生長，成為像是具製造多巴胺的神經元純淨群聚（pure population of dopamine-producing neurons），以取代巴金森氏症所遺失者。　
To really make use of the oocyte’s power, scientists still need to learn how to direct the development of the rejuvenated stem cells and guide them into forming specific tissues. Stem cells, especially those from embryos, spontaneously form dozens of cell types, but controlling that development to produce a single type of cell has proved more difficult. Although some teams have managed to produce nearly pure colonies of certain kinds of neural cells from ES cells, no one has managed to concoct a recipe that will direct the cells to become, say, a pure population of dopamine-producing neurons that could replace those missing in Parkinson’s disease.
科學家才剛剛瞭解到不同信號是如何的互相影響，並決定細胞的最終命運。發展生物學界數十年來累積的成果已經賦予了一個開端：生物學家已經透過研究突變的青蛙、蒼蠅、老鼠、雞和魚類等，辨別出一些能控制發展中細胞成長為骨或肌肉細胞的主要基因。即便如此，觀察基因遺漏所導致的錯誤，畢竟比學習如何控制培養皿裡的細胞分化來得容易。僅僅要瞭解人體內約25,000個基因如何的交互運作來形成組織，以及如何調整出對應的基因以引導未成熟細胞的發展，就足以讓研究人員忙上數十年了。不過一旦成功，這價值將遠大於「黃金」論斤秤兩的重量。　
Scientists are just beginning to understand how cues interact to guide a cell toward its final destiny. Decades of work in developmental biology have provided a start: Biologists have used mutant frogs, flies, mice, chicks, and fish to identify some of the main genes that control a developing cell’s decision to become a bone cell or a muscle cell. But observing what goes wrong when a gene is missing is easier than learning to orchestrate differentiation in a culture dish. Understanding how the roughly 25,000 human genes work together to form tissues—and tweaking the right ones to guide an immature cell’s development—will keep researchers occupied for decades. If they succeed, however, the result will be worth far more than its weight in gold. 
問題討論
· 冰河期的成因為何？　
· What causes ice ages?　
· 行星的傾斜角度、擾動以及繞太陽公轉的傾斜方式，可能是導致大約每十萬年一次冰河時期發生的原因，然而大量的氣候記錄仍無法確切解釋冰河期的成因。　
· Something about the way the planet tilts, wobbles, and careens around the sun presumably brings on ice ages every 100,000 years or so, but reams of climate records haven’t explained exactly how. 

· 地球磁場逆轉（reversal）的成因為何？　
· What causes reversals in Earth’s magnetic field?　
· 由電腦模型及各類實驗不斷提供的新資料顯示：地球的磁極（magnetic poles）可能會逆轉。為求建立具說服力的案例，關鍵就在於對不可及之地核以外的磁場因素做充分的模擬。　
· Computer models and laboratory experiments are generating new data on how Earth’s magnetic poles might flip-flop. The trick will be matching simulations to enough aspects of the magnetic field beyond the inaccessible core to build a convincing case.

· 地震有前兆可以來有效預測嗎？　
· Are there earthquake precursors that can lead to useful predictions?　
· 1970年代以來，人們一直期望找出地震前的徵兆。雖然對斷層的暸解會帶來進展，但是除非有空前重大的突破，例行性的測震仍是遙不可及的。

· Prospects for finding signs of an imminent quake have been waning since the 1970s. Understanding faults will progress, but routine prediction would require an as-yet-unimagined breakthrough.
· 太陽系現在及過去是否曾有生命存在？
· Is there—or was there—life elsewhere in the solar system?
· 為了尋找在其它星球上，無論是現在或過去的生命跡象，曾經富含水分、有可能出現首次生命的火星，因而成為美國太空總署行星探測計畫的焦點。　
· The search for life—past or present—on other planetary bodies now drives NASA’s planetary exploration program, which focuses on Mars, where water abounded when life might have first arisen.
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