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What Controls Organ Regeneration 

器官再生是由什麼所控制的呢？
R. JOHN DAVENPORT（約翰‧達芬普）
Unlike automobiles, humans get along pretty well for most of their lives with their original parts. But organs do sometimes fail, and we can’t go to the mechanic for an engine rebuild or a new water pump—at least not yet. Medicine has battled back many of the acute threats, such as infection, that curtailed human life in past centuries. Now, chronic illnesses and deteriorating organs pose the biggest drain on human health in industrialized nations, and they will only increase in importance as the population ages. Regenerative medicine— rebuilding organs and tissues—could conceivably be the 21st century equivalent of antibiotics in the 20th. Before that can happen, researchers must understand the signals that control regeneration. 

　　不像汽車，人類在其大部份生命過程中，可以憑仗原先身體的各個器官組織的正常運作而存活得很好o 但是器官有時候會損壞，而我們卻沒有辦法像去找汽車技工修復引擎，或更換替一個新的水幫浦──至少在目前是做不到的。醫藥已經打退許多嚴重疾病的威脅，像是在過去幾個世紀剝奪了許多人類生命的感染病。現在，在工業化國家，慢性疾病與器官退化是造成人類健康流失的禍首，而且它們在人口老化時只會顯得更加重要。二十一世紀的再生醫學，即器官與組織的修復，可以想像是等於二十世紀的抗生素那般重要。但在這個再生技術實現之前，研究家們必須了解控制再生能力的信號。
Researchers have puzzled for centuries over how body parts replenish themselves. In the mid-1700s, for instance, Swiss researcher Abraham Trembley noted that when chopped into pieces, hydra—tubelike creatures with tentacles that live in fresh water— could grow back into complete, new organisms. Other scientists of the era examined the salamander’s ability to replace a severed tail. And a century later, Thomas Hunt Morgan scrutinized planaria, flatworms that can regenerate even when whittled into 279 bits. But he decided that regeneration was an intractable problem and forsook planaria in favor of fruit flies. 

　　研究家們對於人體各部位如何進行它們的自我修補已困惑了幾個世紀。例如，在十八世紀中期，瑞士研究員亞伯拉罕‧特瑞布利（Abraham Trembley）發現水螅（一種生活在淡水有觸鬚的管狀生物）在被切割分段時，可以重新長出完整的，新的生物體。那個時代的其他科學家則考察了蠑螈（兩棲生物，形似蜥蜴）斷尾後再長出新尾的能力。一個世紀之後，托瑪斯‧摩爾根（Thomas Hunt Morgan）仔細探究渦蟲，發現這種扁形蟲即使被削成279個小塊，仍然可以再生。但他判定「再生」是一個棘手的問題，並且放棄研究渦蟲，將目標轉至果蠅。
Mainstream biology has followed in Morgan’s wake, focusing on animals suitable for studying genetic and embryonic development. But some researchers have pressed on with studies of regeneration superstars, and they’ve devised innovative strategies to tackle the genetics of these organisms. These efforts and investigations of new regeneration models— such as zebrafish and special mouse lines— are beginning to reveal the forces that guide regeneration and those that prevent it. 

　　主流生物學追隨摩爾根的覺醒，將焦點放在適合做遺傳與胚胎發展研究的動物上o但某些研究人員堅決追求傑出再生學家的研究，並且他們已經設計多項創新策略來探索這些生物體的遺傳學。這些對於新的再生模式的努力和研究，如斑馬魚和特殊的老鼠品種，正開始顯示出引導再生和阻止再生的力量。
Animals exploit three principal strategies to regenerate organs. First, working organ cells that normally don’t divide can multiply and grow to replenish lost tissue, as occurs in injured salamander hearts. Second, specialized cells can undo their training—a process known as dedifferentiation—and assume a more pliable form that can replicate and later re-specialize to reconstruct a missing part. Salamanders and newts take this approach to heal and rebuild a severed limb, as do zebrafish to mend clipped fins. Finally, pools of stem cells can step in to perform required renovations. Planaria tap into this resource when reconstructing themselves. 

　　動物運用三個主要的策略來進行器官的再生。首先，當蠑螈的心臟受傷時，牠們平常不會分裂的工作器官細胞會繁殖與生長，以補充失去的組織。其次，特殊化的細胞可以撤消他們的訓練----這個過程稱為去分化----來承擔更柔韌的形式以便複製，然後再返回特殊化去重建一個丟失的一部分。蠑螈採取這種方式來治療與重建斷肢，用同樣的方式斑馬魚可修補被削去的鯺。最後，多群幹細胞可以進來做一些必要的「整修」工作；渦蟲也利用此種能力來重建自己。
Humans already plug into these mechanisms to some degree. For instance, after surgical removal of part of a liver, healing signals tell remaining liver cells to resume growth and division to expand the organ back to its original size. Researchers have found that when properly enticed, some types of specialized human cells can revert to a more nascent state (see p. 85). And stem cells help replenish our blood, skin, and bones. So why do our hearts fill with scar tissue, our lenses cloud, and our brain cells perish?

　　人體已經在某種程度上具備了這些機制。例如，在外科手術切除部份的肝臟之後，「治療信號」會告訴其餘肝細胞重新生長與分裂，使器官恢復到原來的大小。研究人員發現在適當的引誘之下，某些類型特殊化的人體細胞會回復到一個近乎新生狀態（參閱第八十五頁）o並且幹細胞會協助補充血液、皮膚和骨骼。但為什麼我們的心臟會有充滿瘢痕的組織，視晶體會變得模糊，而且我們的腦細胞會老化死亡呢？　
Animals such as salamanders and planaria regenerate tissues by rekindling genetic mechanisms that guide the patterning of body structures during embryonic development. We employ similar pathways to shape our parts as embryos, but over the course of evolution, humans may have lost the ability to tap into it as adults, perhaps because the cell division required for regeneration elevated the likelihood of cancer. And we may have evolved the capacity to heal wounds rapidly to repel infection, even though speeding the pace means more scarring. Regeneration pros such as salamanders heal wounds methodically and produce pristine tissue. Avoiding fibrotic tissue could mean the difference between regenerating and not: Mouse nerves grow vigorously if experimentally severed in a way that prevents scarring, but if a scar forms, nerves wither. 

　　蠑螈和渦蟲這類動物再生組織的功能是憑藉重新點燃其在胚胎發育期間主導形體結構圖案的遺傳機制。我們利用類似的途徑來塑造我們仍處於胚胎階段的身體組成；但在進化的過程中，人類在成年時可能已經失去了這個機制的能力，這也許是因為再生所需的細胞分裂會提高罹患癌症的可能性。而且我們可能已經進化到一種能迅速癒合傷口擊退感染的地步，即使加快步伐只不過意謂著更多疤痕。如蠑螈這類的再生專家，能夠有條理的將傷口癒合，並且產生原生組織。避免纖維化組織可能意謂著再生與非再生之間的差異。老鼠的神經如果以避免疤痕的方式做實驗性的切斷，牠的神經會蓬勃生長，但如果一個疤痕形成了，則神經萎縮。
Unraveling the mysteries of regeneration will depend on understanding what separates our wound-healing process from that of animals that are able to regenerate. The difference might be subtle: Researchers have identified one strain of mice that seals up ear holes in weeks, whereas typical strains never do. A relatively modest number of genetic differences seems to underlie the effect. Perhaps altering a handful of genes would be enough to turn us into super-healers, too. But if scientists succeed in initiating the process in humans, new questions will emerge. What keeps regenerating cells from running amok? And what ensures that regenerated parts are the right size and shape, and in the right place and orientation? If researchers can solve these riddles—and it’s a big “if ”--- people might be able to order up replacement parts for themselves, not just their ’67 Mustangs. 

　　揭開再生的奧秘，將取決於能否理解什麼因素是可用來區別我們的傷口癒合過程和有再生能力動物的癒合過程兩者間的不同。這中間的差異性可能是很細微的：研究人員發現有一品種的老鼠在數週之內會封住耳洞，而典型品種的老鼠卻永遠辦不到。一個不太大的遺傳差異似乎是促成這兩個不同結果的背後原因。或許改變一小撮基因即足以使我們也轉變成「超級療癒者」。然而，一旦科學家成功地開創了人類的超級治療，則新的問題將會產生。究竟是什麼能防止再生細胞肆意橫行呢？又是什麼在確保了再生部位大小和形狀的正確，並在正確的地方和方向呢？如果研究家們可以解決這個謎團──而這是一個很大的如果（假設），人們也許能夠索取自己身體的更換器件，而不僅僅只是替他們的1967年野馬牌汽車更換零件。
問題討論
· What is the ultimate efficiency of photovoltaic cells? 

· 光伏電池的最終效率為何？
· Conventional solar cells top out at converting 32% of the energy in sunlight to electricity. Can researchers break through the barrier? 

· 一般常見的太陽能電池最多僅能將太陽光中32%的能量轉換為電能。研究家們能否突破這個極限？
· Will fusion always be the energy source of the future? 

· 核融合將永遠是未來的能源嗎？
· It’s been 35 years away for about 50 years, and unless the international community gets its act together, it’ll be 35 years away for many decades to come.

· 核融合在過去五十年左右，曾被預測為三十五年後便可運用的未來技術。除非國際社會能夠共同行動，否則接下來的數十年，核融合仍舊會被認為是三十五年後的未來技術。
· What drives the solar magnetic cycle? 

· 太陽磁場週期由什麼所驅動？
· Scientists believe differing rates of rotation from place to place on the sun underlie its 22-year sunspot cycle. They just can’t make it work in their simulations. Either a detail is askew, or it’s back to the drawing board. 

· 科學家們相信22年長的太陽黑子週期，其理論基礎是太陽上從一個地方到另一個地方它的自轉率不同，只是他們無法成功的將它模擬出來。這表示要不是某個細節出了歪差，要不就得回到繪圖板重新再算過。
· How do planets form? 

· 行星是如何形成的？
· How bits of dust and ice and gobs of gas came together to form the planets without the sun devouring them all is still unclear. Planetary systems around other stars should provide clues. 

· 我們仍然不清楚眾多小塊的宇宙塵、冰、與大量的氣體是如何凝聚成行星而又不被太陽吞噬。環繞著其他恆星的行星系統應該可以提供一些線索。
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