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遺傳變異與個人健康的關聯到何種程度？
To What Extent Are Genetic Variation and 

Personal Health Linked 

珍妮芙‧庫任（JENNIFER COUZIN）
    四十年前，醫生發現了為什麼有些病人在接受麻醉的骨骼肌肉鬆弛劑──琥珀膽（succinylcholine）之後，可以正常的甦醒，卻留下短暫的麻痺以及無法呼吸的症狀。這些人都遺傳到了令該藥物代謝緩慢的特殊體質。後來，科學家們就追溯到了造成骨骼肌肉鬆弛劑代謝緩慢的特定基因變異體（gene variant）。大約在 3500人當中就會有一個帶有兩種有害的基因變異，這也使他們成為飽受該藥物副作用折磨的高危險群。 
Forty years ago, doctors learned why some patients who received the anesthetic succinylcholine awoke normally but remained temporarily paralyzed and unable to breathe: They shared an inherited quirk that slowed their metabolism of the drug. Later, scientists traced sluggish succinylcholine metabolism to a particular gene variant. Roughly 1 in 3500 people carry two deleterious copies, putting them at high risk of this distressing side effect. 
    解開骨骼肌肉鬆弛劑（琥珀膽）的謎團，是發現基因變異與每個人對同一種藥物產生不同反應之間關係的第一步。從此之後，雖然基因為數不多，但卻是個人藥物代謝差異案例持續增加的要因。這有助於解釋為什麼有些病人，會因某些特別的藥物可以得到舒緩，而有些人卻不會，甚至有些人還會承受可怕的副作用。 
The solution to the succinylcholine mystery was among the first links drawn between genetic variation and an individual’s response to drugs. Since then, a small but growing number of differences in drug metabolism have been linked to genetics, helping explain why some patients benefit from a particular drug, some gain nothing, and others suffer toxic side effects. 
    很明顯的，相同種類的變異，是個人罹患各種疾病風險的關鍵因素。我們已知擁有特定基因變異的人罹患阿茲海默症到乳癌等等的風險比一般人高。這也許有助於解釋，為什麼有些吸菸者會罹患肺癌，但許多其他抽煙的人卻不會。 
The same sort of variation, it is now clear, plays a key role in individual risks of coming down with a variety of diseases. Gene variants have been linked to elevated risks for disorders from Alzheimer’s disease to breast cancer, and they may help explain why, for example, some smokers develop lung cancer whereas many others don’t. 
    這些發展引燃了希望（儘管其中不免有些誇大其詞），意即我們即將邁入客製化醫療的新時代。在這個時代中，我們將能透過基因檢測的方式，判斷罹患疾病的風險，並且主導疾病的預防策略和治療方法。但抓出「犯案」的DNA（雖然我們還無法斷定DNA是否真的有任何「罪行」），並將該辦案過程轉換成醫生所能運用的基因檢測模式，仍是個高難度的挑戰！　
These developments have led to hopes— and some hype—that we are on the verge of an era of personalized medicine, one in which genetic tests will determine disease risks and guide prevention strategies and therapies. But digging up the DNA responsible—if in fact DNA is responsible—and converting that knowledge into gene tests that doctors can use remains a formidable challenge. 

    當一種特定基因組合與環境中的某些要素，如尼古丁或是高脂飲食，相互作用時，許多病症因而產生，包括各種的癌症、心臟病的發作、狼瘡（lupus）以及憂鬱症狀。如同上述的多種基因相互影響，比單一基因導致的各種疾病，如血友病（hemophilia）與囊性纖維化（cystic fibrosis），更加微妙且更難理解。要辨識它們，必須有如同神來之筆般的統計數據分析與嚴格反覆的實驗過程，以防止未經驗證的基因檢驗被納入臨床階段。在決定治療的策略上也更加複雜。舉例來說，去年夏天有一個科學團隊，將僅僅四種白血病（leukemia）藥物的抗藥成因與高達124種不同基因做出聯結。
Many conditions, including various cancers, heart attacks, lupus, and depression, likely arise when a particular mix of genes collides with something in the environment, such as nicotine or a fatty diet. These multi-gene interactions are subtler and knottier than the single gene drivers of diseases such as hemophilia and cystic fibrosis; spotting them calls for statistical inspiration and rigorous experiments repeated again and again to guard against introducing unproven gene tests into the clinic. And determining treatment strategies will be no less complex: Last summer, for example, a team of scientists linked 124 different genes to resistance to four leukemia drugs. 
    但確認基因間錯綜複雜的關係只是個開始而已。最困難的工作之一，是複製這些研究成果。對於氣喘之類並非一定經由遺傳而罹患的疾病，或對少數病患有影響的，如特定兒童癌症等疾病來說，尤其如此。許多臨床實驗並不會向實驗參與者例行收集DNA樣本，這或許也使科學家們難以在基因與疾病或藥物反應之間找出關聯性。一次可測量出數十種基因表現型態的基因微陣列技術（Gene microarrays）則缺乏穩定性，使每次分析結果不一致。另外，基因研究也常因成本過高而無法進行。　
　　But identifying gene networks like these is only the beginning. One of the toughest tasks is replicating these studies—an especially difficult proposition in diseases that are not overwhelmingly heritable, such as asthma, or ones that affect fairly small patient cohorts, such as certain childhood cancers. Many clinical trials do not routinely collect DNA from volunteers, making it sometimes difficult for scientists to correlate disease or drug response with genes. Gene microarrays, which measure expression of dozens of genes at once, can be fickle and supply inconsistent results. Gene studies can also be prohibitively costly. 

僅管如此，某些疾病的基因剖析是一日千里的，例如癌症、氣喘、心臟病等。其他像精神疾病等領域的進展就不這麼順利了。重度憂鬱症或精神分裂病患雖然也能透過適當用藥及其劑量得到極大助益，但不如氣喘，因為精神疾病的藥物作用無法像氣喘那樣能從可由生理的量化反應來判斷成效，所以基因與用藥的關聯相較之下較不易釐清。　
Nonetheless, genetic dissection of some diseases—such as cancer, asthma, and heart disease—is galloping ahead. Progress in other areas, such as psychiatric disorders, is slower. Severely depressed or schizophrenic patients could benefit enormously from tests that reveal which drug and dose will help them the most, but unlike asthma, drug response can be difficult to quantify biologically, making gene-drug relations tougher to pin down. 

隨著DNA序列變得更容易獲得加上科技的進步，主宰人體健康的特定基因構造很可能會更加明確。正在開發中的基因分析工具，例如用來辨別常見疾病之基因變化的單體型圖（haplotype map），可以讓我們更快速地找出造成疾病的基因。　
As DNA sequence becomes more available and technologies improve, the genetic patterns that govern health will likely come into sharper relief. Genetic tools still under construction, such as a haplotype map that will be used to discern genetic variation behind common diseases, could further accelerate the search for disease genes. 
    下一步即是設計能夠主導臨床治療的DNA檢測，並將其實際應用。參考過去醫療發展經驗，將這類檢測納入正規治療的療程需要一些時間。在緊急狀況下，如心臟病發作、急性癌症、氣喘病發作時，這類檢測一定得迅速得到成效才會有所價值。　
The next step will be designing DNA tests to guide clinical decision-making—and using them. If history is any guide, integrating such tests into standard practice will take time. In emergencies—a heart attack, an acute cancer, or an asthma attack—such tests will be valuable only if they rapidly deliver results.　

歸根究底，在製藥公司肯從事的前提之下，全面性個人醫療才會有所進展，而發展過程中則需要龐大的研發成本。許多製藥公司擔心基因檢測一旦可行，市場將會分化、縮小，進而使公司利潤萎縮。　
Ultimately, comprehensive personalized medicine will come only if pharmaceutical

companies want it to—and it will take enormous investments in research and development. Many companies worry that testing for genetic differences will narrow their market and squelch their profits. 


然而，研究人員仍然在找尋新的可能性。五月時，冰島一家名為Genetics的公司指出，製藥業巨頭拜耳（Bayer）公司已放棄開發的一種似乎能為170多位帶有特定遺傳基因的病人們降低心臟病發機率的實驗性氣喘藥物。該藥物以這些遺傳基因之一所產生的蛋白質為標的。在解開如亂碼般的DNA、藥物、與疾病互動謎題之際，這項發現很有可能只是未來眾多突破之中的小小甜頭。　
Still, researchers continue to identify new opportunities. In May, the Icelandic company decode Genetics reported that an experimental asthma drug that pharmaceutical giant Bayer had abandoned appeared to decrease the risk of heart attack in more than 170 patients who carried particular gene variants. The drug targets the protein produced by one of those genes. The finding is likely to be just a foretaste of the many surprises in store, as the braids binding DNA, drugs, and disease are slowly unwound. 

問題討論
· 與夸克相較，還有更微小的組成單位嗎？ 　
· Are there smaller building blocks than quarks? 　
· 原子本來被認為是不可切割的。然而，科學家發現質子（protons）、中子（neutrons）和其他的次原子粒子 (subatomic articles)。而這些又都是由夸克和膠子（gluons）所組成。還有比這些元素更為根本的東西嗎？　
· Atoms were “uncuttable.” Then scientists discovered protons, neutrons, and other subatomic particles— which were, in turn, shown to be made up of quarks and gluons. Is there something more fundamental still? 　
· 微中子（neutrinos）就是它們本身的反粒子（antiparticle）嗎？ 
· Are neutrinos their own antiparticles?  
· 沒有人知道這個關於微中子的假定是否成立，不過已經有一些在地底進行的實驗正在驗證該假定中。解開這個謎題或許會成為了解宇宙中物質之始的關鍵步驟。
· Nobody knows this basic fact about neutrinos, although a number of underground experiments are under way. Answering this question may be a crucial step to understanding the origin of matter in the universe. 
· 有任何統一的理論足以解釋所有相關聯的電子體系嗎？ 
· Is there a unified theory explaining all correlated electron systems? 

· 高溫超導體與巨磁電阻材料（giant magnetoresistance materials）、超巨磁電阻物質（colossal magnetoresistance materials），其特性都遵循電子的群體作用，而非個體作用。目前並無法透過一個共同的架構來分析它們。　
· High-temperature superconductors and materials with giant and colossal magnetoresistance are all governed by the collective rather than individual behavior of electrons. There is currently no common framework for understanding them. 
· 研究人員能夠製造出的最強雷射為何？　
· What is the most powerful laser researchers can build? 　
· 理論科學家們認為夠密集的雷射場能將光子拆解為一對一對的電子與正子，在這過程中雷射光束也將會解散，但沒有人知道我們是否能將雷射加強到那個程度。　
· Theorists say an intense enough laser field would rip photons into electron positron pairs, dousing the beam. But no one knows whether it’s possible to reach that point. 　
※ 圖文：（1）歐洲核子研究組織（CERN）（2）美國聖地亞國家實驗室（Sandia National Laboratory）　
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