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以色列計畫佔領迦薩國內反戰聲浪擴大

納坦雅胡為加薩擴大軍事行動辯護

apnews.com

以色列國內爆發大規模反戰遊行

以色列襲擊造成半島電台記者死亡

歐盟工作人員指責歐盟對以色列態度
違反道德和法律義務

economist.com

france 24.com

politico.eu

以色列總理納坦雅胡

簡報者
簡報註解
以色列總理納坦雅胡為加薩擴大軍事行動辯護，稱目標是徹底擊敗哈馬斯並拆除加薩城、中央營地與馬瓦西據點，儘管這些地區安置逾50萬流離失所者，引發國際譴責。美國在安理會為以色列辯護，但中、俄批評其集體懲罰。加沙援助現場頻傳槍擊，至少31名巴勒斯坦人喪生，兒童飢餓死亡達百人。以色列國安部長本格維爾率眾登聖殿山祈禱，戰爭影像與飢荒報導衝擊國內輿論，反戰聲浪擴及軍方、政界與人權組織，指控以色列實施種族滅絕。歐盟內部亦因立場分裂，1,500名員工聯署批評未對以色列施壓，並控訴恐嚇與壓制抗議。以軍空襲加薩致半島電視台記者謝里夫等5人死亡，引發國際譴責，德國暫停部分武器出口，澳洲支持承認巴勒斯坦國，聯合國警告行動恐引發“另一場災難”。

https://apnews.com/article/israel-palestinians-hamas-war-hostages-gaza-08-10-2025-e25dba4aa05fc69cda8949391ca7e5c9
https://www.economist.com/middle-east-and-africa/2025/08/07/israeli-sentiment-on-the-war-in-gaza-is-shifting
https://www.politico.eu/article/eu-staff-revolt-over-gaza-inaction-grows-israel-protest-war-crimes/
https://www.france24.com/en/middle-east/20250812-un-eu-media-groups-condemn-israeli-strike-that-killed-al-jazeera-journalists-in-gaza



美國-俄羅斯會晤尋求衝突解方

川普盼收回烏領土並促成三方會談

川普對達成協議抱持樂觀態度

bbc.com

BBC.com

澤倫斯基籲達成正義與和平保障

ftchinese.com川普與歐洲領導人及澤倫斯基商議

簡報者
簡報註解
美國總統川普於上週五在阿拉斯加與俄羅斯總統普丁舉行試探性會面，討論俄烏戰爭和平可能性，包括為烏克蘭收回部分領土或土地交換的方案。烏克蘭總統澤連斯基未受邀，引發歐盟擔憂烏方被邊緣化，並重申任何協議須納入基輔。普丁釋出有限停火訊號，烏方則質疑其真誠。川普警告普丁若不停止戰爭將面臨嚴重後果，但未說明細節，並強調希望未來促成美、俄、烏三方會談。歐洲多國領袖及加、歐盟均支持烏克蘭參與並主導領土議題。俄方重申去年停戰條件，包括烏軍撤離部分占領區與放棄加入北約。雙方軍事行動持續，烏稱擊落多數俄方無人機與飛彈，俄則稱擊落大量烏克蘭無人機。

新聞網址
1.https://abcnews.go.com/Politics/trump-describes-upcoming-summit-russias-putin-feel-meeting/story?id=124548807
2.https://www.bbc.com/news/articles/c0e99yqv332o
3.https://www.aljazeera.com/news/2025/8/11/eu-holds-talks-amid-fear-that-trump-putin-meeting-will-sideline-Ukraine
4.https://www1.ftchinese.com/interactive/225174?exclusive
https://abcnews.go.com/International/trump-putin-meet-listening-exercise-white-house-kyiv/story?id=124602682



伊朗稱核計劃僅供民用拒絕聯合國人員進入檢視

伊朗國防部長納西爾扎德

伊朗伊朗外交部長·阿拉格奇

英法德指伊朗違反核協議，若不遵守IAEA進入核
設施監測，將啟動JCPOA協議制裁措施 timesofisrael.com

Deutsche Welle

法國、德國、英國將制裁伊朗限制核發展

簡報者
簡報註解
英國、法國與德國近日共同對伊朗發出警告，若伊朗不在期限前恢復與美國的核談判，三國將啟動「snap-back」機制，重新實施聯合國制裁。英、法、德已向聯合國傳達此立場，並表明若伊朗展現談判誠意，可能延長時程以避免即刻制裁。若制裁重啟，伊朗威脅將退出《不擴散核武器條約》（NPT）作為反制。此舉顯示歐洲主要國家對伊朗核計畫日益關切，並試圖透過外交與經濟壓力迫使其回到談判桌。

網址:
1. Deutsche Welle -標題《Iran: EU leaders threaten snapback sanctions overnukes》
連結：https://www.dw.com/en/iran-eu-leaders-threaten-snapback-sanctions-over-nukes/a-73620576
2. BBC News-標題《UK, France and Germany ready to reimpose sanctions on Iran over nuclear programme》
連結：https://www.bbc.com/news/articles/ce352drkvdro



蘇丹戰火蔓延加劇飢荒危機人道災難
蘇丹內戰進入第三年戰火與飢荒威脅造成嚴重人道危機

首都喀土穆內戰後成為廢墟

bbc.com

bbc.com

bbc.com

南蘇丹

快速支援武裝軍事組織政府軍

簡報者
簡報註解
蘇丹戰事持續升溫，科爾多凡地區因石油資源成為政府軍與快速支援部隊（RSF）爭奪焦點，控制權攸關全國能源命脈與戰略地位。近月衝突升級，西科爾多凡空襲造成數百平民死亡，包括婦女與兒童，聯合國及人權組織譴責攻擊違反國際人道法。RSF則威脅若空襲不止，將襲擊南科爾多凡產油設施。
同時，遭圍困近16個月的法希爾市糧食嚴重短缺，38%五歲以下兒童急性營養不良，部分居民被迫食用動物飼料維生。世界糧食計劃署（WFP）已備妥援助物資，等待衝突各方同意開放通道。聯合國兒童基金會警告，若不即刻行動，將對整整一代兒童造成不可逆轉的傷害。

https://www.bbc.com/news/articles/c776njyl74po
https://www.bbc.com/news/articles/cx209jr79gko



美國延長貿易休戰核准晶片精準出口方案

美中延長貿易休戰90天
聚焦市場與科技角力

超微與輝達同意繳交在中國銷售額
15%以換取出口許可

美財政部表示此彈性調整模式
可能推廣至其他產業以挹注國庫

美國財政部長
貝森特

bbc.com

FT.com
cnn.com

簡報者
簡報註解
美中將貿易休戰延長 90 天至 11 月 10 日，維持原有關稅並持續談判。川普政府與輝達、AMD 達成協議，允許恢復部分 AI 晶片對中出口，條件是繳交在華銷售額 15% 予美方，作為史無前例的「收入分成換許可」。此舉兼顧經濟利益與談判籌碼，美中延長休戰提振亞洲股市表現。

網址:
1. IndraStra -標題《How the world’s most valuable company got caughtin the middle of Trump’s spat with China》
連結：https://edition.cnn.com/2025/08/11/tech/nvidia-amd-trump-china-explained 
2. . FT中⽂網-標題：輝達與AMD將向美國政府上繳在華晶片銷售收入的15%
連結：https://www1.ftchinese.com/premium/001107281?archive
3.BBC News-標題《US and China extend trade truce to avoid tariffs hike》
連結：https://www.bbc.com/news/articles/cg7jjkvzmkxo
4. BBC Verify-標題《How much cash is the US raising from tariffs?》
連結：https://www.bbc.com/news/articles/cr5rm7v5166o 



阻止核衝突科學界的聲音不容忽視
Nature |  Vol 644 (2025)

在全球核戰風險高漲之際，科學界透過跨國研究、政策倡議與國際合作，推動

《禁止核武器條約》及核戰影響研究，期望降低核衝突的可能性並提升全球安全。

風險升高 目前為數十年來最高，所有擁核國都計畫升級或擴張核能力

多元影響範疇 核爆不僅造成傷亡與輻射，還引發核子冬天(Nuclear winter)、

全球性氣候災難、糧食危機與長期社會經濟衝擊

科學家角色關鍵 在核試驗監測、核彈頭驗證、外太空軍事化監控等領域發揮

專業力量

新時代挑戰 需有新一代科學界應對人工智慧與假資訊環境下的核戰風險溝通

條約/計畫名稱 現況 主要挑戰

《禁止核武器條約》
（TPNW）

94 國簽署，73 國批准
9個擁核國未加入，
實際制衡力不足

聯合國核戰影響研究
2026 年前發布核戰物理
與社會後果研究報告

需確保跨國科學家
廣泛參與與合作

國際條約與現況

簡報者
簡報註解
科學倡議的延續性：歷史上的反核運動與科學倡議曾推動國際行動，如今需在新的科技背景下延續。
跨領域合作必要性：核戰影響涉及物理、氣候、醫學、經濟與國際法，需跨界整合知識。
政策與科學連結：若缺乏科學界參與，國際條約的落實與核風險防範將面臨更大挑戰。



作者自 2016 年起訪問 51 名倖存者，
記錄口述歷史。呼籲後世永不再經歷核戰，
保存見證以傳承教訓。

8:14 投下「小男孩」原子彈於600 公
尺高空引爆， 3000-4000°C，半徑

1.5 公里內瞬間氣化

1945年8月6日，廣島遭受原子彈「小男孩」轟炸，瞬間釋放相當於1.5萬噸TNT的能量，
造成8萬人當日喪生、年底死亡人數達14萬(輻傷、飢荒、環境災難)

廣島原爆80周年見證與警示

倖存者大岩孝平
- 因胃痛未參加當日工作，且位

於比治山背風面而倖存。

- 親眼見倖存者燒傷倒地，幫忙

搬運屍體時皮肉脫落。長期承

受急性輻射後遺症與沉重倖存

者罪惡感。

- 中年後加入全國被爆者組織，

向學生分享經歷。

Mordecai Sheftall,nature,2025

倖存者小松正光



AI 參與科學論文寫作隱憂
Phie Jacobs, Science, 2025• ChatGPT 於 2022 年 11 月推出後數月，AI 修飾的論文內容急

遽增加。
• 電腦科學領域的使用比例最高（22.5%），其次是電機系統與
工程科學，數學僅 7.7%。

• 生醫、物理等領域比例較低，但所有學科都有上升趨勢。
• 作者可能刻意刪除 AI特徵詞以避免被偵測，真實比例可能更高

• AI 生成內容可能包含錯誤或虛假資訊影響科學專

業與創意

• 若引用文獻依賴 AI可能導致內容同質化，並形成

LLM 訓練資料的惡性循環

風險與隱憂

簡報者
簡報註解
自 2022 年 11 月 OpenAI 推出 ChatGPT 後，科學家在論文撰寫中使用大型語言模型（LLM）的比例快速攀升。部分領域的 AI 修飾內容已接近常態化，其中電腦科學領域使用率在 2024 年 9 月達到 22.5%，居各學科之首。
研究團隊檢視了 2020 年 1 月至 2024 年 9 月間，逾 112 萬篇來自預印本平台 arXiv、bioRxiv 及 15 本 Nature 系列期刊的論文摘要與引言。他們利用統計模型分析 AI 生成文字常見詞彙的出現頻率，追蹤 LLM 修飾的可能跡象。結果顯示，ChatGPT 推出僅數月後，相關內容比例便明顯上升。
在各學科中，除了電腦科學外，電機系統與工程科學領域使用率位居第二，數學為 7.7%，生物醫學與物理領域比例則相對較低。然而，研究人員指出，所有領域的 LLM 使用率均呈上升趨勢，顯示生成式 AI 已逐步融入科研流程。
值得注意的是，真實的 AI 使用頻率可能更高。研究合作者 Dmitry Kobak 指出，隨著檢測方法普及，不少作者可能會刪除容易暴露 AI 痕跡的詞彙。專家警告，若引用文獻等部分大量依賴 AI 撰寫，可能導致內容高度同質化，甚至形成「AI 訓練 AI」的惡性循環。此外，AI 生成文本存在風險，可能提供虛假或誤導資訊，對期刊品質控管構成挑戰。
共同作者、史丹佛大學計算生物學家 James Zou 表示，團隊正計劃舉辦由 AI 擔任作者與審稿人的學術會議，以探討 AI 是否能獨立產生新假說、技術與洞見。他預期成果將「既有趣又充滿錯誤」，但有助於理解 AI 在科研中的潛力與限制。

https://www.science.org/content/article/one-fifth-computer-science-papers-may-include-ai-content



自然啟發AI協作開發創新材料:超黏性水凝膠
Laura Russo, Nature, 2025

分析黏著蛋白

序列模體

由機器學習輔助的水
凝膠設計

超黏性水凝膠

超黏性水凝膠潮濕環境中應用廣泛，例如醫
療手術中止血或組織黏合、傷口癒合與組織
再生、海洋結構與船舶維修等，但材料設計
困難，傳統試誤研發耗時昂貴

🌿🌿創新方法：仿生＋AI
1. 仿生分析：分析自然界中能在濕潤環境

中附著的蛋白質（如貝類等水中生物的
膠蛋白）➜找到胺基酸序列「motifs」。

2. 設計與測試：根據序列設計180種水凝
膠，並測試其黏著力、流變性與吸水性。

3. 機器學習訓練：用上述資料訓練模型，
預測並優化新設計。

🧪🧪實驗成果
• 能在動態與靜態水中長時間穩定黏附（某些可
達一年以上）

 把玩具鴨子黏在海邊岩石上，經受潮汐與波浪
衝擊➜牢固不脫

 植入老鼠皮下具良好生物相容性

 此方法具高度通用性與自動化潛力，未來挑戰
➜有效處理複雜多樣的聚合物結構與龐大資料
整合



落實安全與責任
落實倫理與社會責任

確保量子科技安全、可持續發展

引入法規框架
在標準基礎上引入彈性法規

兼顧創新與風險控管

全球合作建立安全可靠量子科技發展架構

共同推動全球協作，確保量子科技安全可控發展並在各領域創造長遠價值

Aboy et al, Science .2025

量子科技機遇與風險並存

早期治理
以國際標準為基礎

QT-QMS
結合倫理法律社會評估

全球協作
跨國標準化與信任

量子科技
治理模式

建立國際標準
制定全球一致的技術與品質規範

促進互通性與信任

治理模式落實步驟

簡報者
簡報註解
本文探討量子科技快速發展所帶來的機遇與風險，指出其在安全通訊、藥物開發等領域具戰略價值，同時伴隨資安威脅、雙重用途與國際競爭等挑戰。作者主張在此早期階段，應以靈活且全球協調的國際標準作為治理基礎，而非立即訴諸僵化法規。國際標準（如 ISO、IEC、IEEE）能透過統一術語、性能基準與技術協定促進互通性、降低貿易壁壘、加強公眾信任，並為未來法規奠定基礎。文中指出，品質管理系統（QMS）標準可結合倫理、法律與社會影響（ELSPI）評估，確保產品在設計、開發、部署全生命週期中的安全與合規。近期成立的 ISO/IEC JTC 3 量子科技聯合技術委員會，涵蓋量子運算、模擬、計量、通訊等多面向標準化，體現跨國協作趨勢。作者建議建立「量子科技品質管理系統」（QT-QMS），整合現有標準（如 ISO 27001 資訊安全、ISO 27005 風險管理、ISO 42001 AI 管理等），並可作為各國法規的合規依據。此種「標準先行、法規補充」的混合模式，不僅可因應技術快速演進，亦能兼顧創新促進與風險防範，推動量子科技在全球框架下負責任且協調一致地發展。
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時間悖論與

個人化幹細胞療法



天才少女時空旅行蝴蝶效應

2019-06-292019-06-28
布魯克林區天才少女CJ發明時空旅行背包

與好友賽巴斯丁返回前一天

CJ

CJ至前一天作弄前男友為後續一連串事件埋下伏筆

賽巴斯丁

賈里德

簡報者
簡報註解
序幕：科學夢想
布魯克林高中生 CJ 與好友塞巴斯蒂安發明背包式時間機，準備參加科技展。
首次測試失敗，老師提醒時間旅行的倫理風險。
第一次穿越（惡作劇）
成功回到前一天 10 分鐘，CJ 捉弄前男友賈里德，導致他受傷。
塞巴斯蒂安擔心濫用時間旅行。




時間自洽原理維持歷史因果慣性
7月四日

凱文·沃克

2019-07-102019-07-04
CJ與賽巴斯丁返回7/4
警告哥哥離開槍擊現場

前往現場途中遭遇賈里德
阻撓錯過時機: Novikov Self Consistency 

簡報者
簡報註解
悲劇發生
獨立日晚，卡爾文與朋友返家時被誤認為搶劫犯，遭警察開槍擊斃。
CJ 自責，決定回到過去拯救哥哥。
第二次穿越（第一次拯救嘗試）
目標：提前攔下卡爾文。
計畫被賈里德追逐打亂，最終未能阻止槍擊，卡爾文再度身亡。




改變歷史產生平行未來

2019-07-102019-07-04
CJ與賽巴斯丁返回7/4

阻止商店搶案

混亂中過去賽巴斯丁受誤擊死亡
現在賽巴斯丁也消失，以維持時間因果關係

過去 (7/4)
賽巴斯丁

產生賽巴斯丁死亡
凱文存活平行宇宙

簡報者
簡報註解
第三次穿越（第二次拯救嘗試）
目標：阻止便利店搶劫，從源頭避免警察追捕。
過程中過去的塞巴斯蒂安誤入現場遭槍殺，現在的塞巴斯蒂安因此消失。
卡爾文倖免，但塞巴斯蒂安犧牲。




歷史事件發生必然性
過去 (7/4)
賽巴斯丁

2019-07-102019-07-04
CJ與賽巴斯丁返回7/4

再次嘗試將哥哥帶離槍擊現場

與過去賽巴斯丁相逢
嘗試改變歷史

成功趕到現場，混亂中凱文受槍擊但賽巴斯丁存活:

歷史事件發生必然性

簡報者
簡報註解
第四次穿越（第三次拯救嘗試）
目標：同時救回卡爾文與塞巴斯蒂安。
選擇直接提前找到卡爾文，避開便利店事件。
警察仍趕到現場，卡爾文為保護眾人再次中彈身亡。
第五次穿越（尾聲）




See You Yesterday 時間旅行效應

次數 穿越
時間點 主要目標 結果 影響與後果

1 前一天 測試時間機器
克勞黛·CJ·沃克與賽巴
斯汀成功回到前一天，
CJ捉弄前男友賈里德

賈里德受傷，
為後續事件埋下伏筆

2 7 月 4 日
晚上

攔下哥哥
凱文·沃克
避免遭槍擊

CJ與賽巴斯丁受賈里
德追逐未及時攔下

卡爾文

凱文仍然被
警察誤殺

3 7 月 4 日
傍晚

阻止便利店搶劫
消除警察追捕誘因 成功阻止搶劫

凱文倖免，但過去的
賽巴斯丁中槍，
導致現在的
賽巴斯丁消失

4 7 月 4 日
晚上

同時救回凱文與
賽巴斯丁

順利避開便利店事件
與賈里德干擾

警察仍趕到現場，
凱文為保護眾人
再次中彈身亡

5 未知 最後一次嘗試改變
一切 未明示結果 將時空旅行逆轉未來

結果供觀眾推論



受精卵
囊胚

取出
胚胎幹細胞

hESC

人類
胚胎幹細胞

1998 人類胚胎幹
細胞(hESC)

2006 誘導多能
幹細胞（iPSC）

多能幹細胞

患者

皮膚或血液細胞

重編程因子
山中因子 OSKM

誘導
多能幹細胞

自我
複製

分化成
體細胞

細胞時間旅行療法: hESC與 iPSC

加
速
成
熟
分
化

細
胞
時
間
旅
行
修
復
歷
史

- 人類胚胎幹細

胞(hESC)可持
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- 誘導多能幹細

胞(iPSC)由自

體細胞重編程

發展個人化療

法

簡報者
簡報註解
In 1998, scientists succeeded in isolating human embryonic stem cells, or hESCs, for the first time. Since then, the more versatile and flexible regenerative potential of hESCs has proved vital to scientific research, enabling scientists to learn about human developmental processes that would otherwise be inaccessible. Unlike tissue-specific stem cells, hESCs have two distinct capabilities: They can replicate indefinitely, and they’re pluripotent, meaning they can produce the more than 200 cell types found in the human body through a process called differentiation .
Induced Pluripotent Stem Cells
In 2006, a team in Japan showed it was possible to induce pluripotency in mature cells, creating what are known as induced pluripotent stem cells, or iPSCs. Shortly after, center members Drs. Kathrin Plath, William Lowry, Amander Clark and April Pyle were the first in California to report the successful generation of iPSCs.
iPSCs originate from cells — such as skin or blood — that are removed from a person and reprogrammed back to a pluripotent state. Like hESCs, these reprogrammed cells can replicate indefinitely as well as differentiate into any cell type in the human body. Since iPSCs are made from a patient’s own cells, therapies created from these cells could potentially be perfectly matched to the patient. 




幹細胞來源與疾病治療發展

胚胎幹細胞
hESC

成體幹細胞
iPSC

• 心臟疾病

• 神經系統疾病

• 骨髓間質幹細胞
• 神經系統疾病心、血管疾病

• 脂肪間質幹細胞
• 生殖系統疾病、皮膚再生

• 臍帶間質幹細胞
• 肺部疾病、免疫調節

Duc M. Hoang et al.(2022)

簡報者
簡報註解
1
幹細胞兩大來源 [大字: 來源 應用]
胚胎幹細胞: hPSC [hESC, hiPSC]

成人幹細胞
HSC (造血幹細胞)
MSC (間質幹細胞):心臟衰竭治療 
(hiPSC 和 hiPSC 衍生的心肌細胞治療心血管疾病的臨床路徑受到限制，因為 hiPSC 可能形成畸胎瘤，而且 hiPSC 衍生的心肌細胞不成熟，可能會帶來癌症形成的風險，299心律不整和患者心臟驟停)
BM-MSC (bone marrow): 神經傷害治療
UC-MSC (umbilical cord): 呼吸系統 (ARDS)、肺纖維化治療 
AT-MSC (adipose tissue): 內分泌、生殖功能恢復、燒傷治療





iPSC 細胞時間旅行療法應用

- 誘導多能幹細胞可回溯多能狀態，結合基因編輯與定向分化，應
用於自體治療、藥物研發與疾病模型建立

Rowe and Daley 2019

患者

新藥

個人療法
目標驗證 自體療法

類器官
檢測結果 藥物篩選

病患的專一性細胞

定向分化
建立細胞平行未來 個人化iPSC

專一性細胞

患者體細胞 修復後的誘導
多能幹細胞

嵌合體

基因修復改變歷史

OSKM

簡報者
簡報註解
KLF4 / MYC / OCT4 / SOX2（重編程因子）
�Upon the discovery of induced pluripotent stem cells (iPSCs), approaches to cell-based therapy and drug discovery were proposed22. Here, we illustrate the progress made towards these goals in the past decade. Iterative improvements in reprogramming methodologies have increased the efficiency of iPSC derivation and the quality of iPSC lines in use. As a stride towards autologous iPSC-based therapy, gene editing using CRISPR–Cas9 technology has been widely applied to iPSCs to enable repair of disease-causing genetic lesions. As discussed in this Review, remarkable advances have been made in approaches to directed differentiation that can be used to derive gene-corrected, terminally differentiated cells. However, with rare exceptions150, widespread autologous iPSC-based cell therapy remains out of reach. Optimization of transplantation and directed differentiation in chimeric models and improvement in the efficiency and scalability of generating clinical-grade cells will continue to advance towards the goal of autologous therapy in varied organ systems. Noncorrected cells differentiated from patient-derived iPSCs have been used in drug screening and validation studies largely using cell-level readouts23. Currently, a handful of candidate drugs identified in iPSC-based systems are under study in human trials23. We anticipate that increased sophistication of iPSC-based disease models using organoids will integrate into these approaches to drug discovery by improving preclinical drug screening, design and validation using highly disease-relevant readouts to accelerate candidate therapies into clinical trials. 

Since the first isolation of human embryonic stem cells (ESCs) in 1998, much effort has focused on the differentiation of ESCs into mature tissues with the long-term objective of allogeneic cell therapy5. Protocols were developed to differentiate ESCs into neural cells6,7, cardiomyocytes8, pancreatic β-cells9 and haematopoietic cells10,11, which were leveraged into early ESC-based disease models12,13,14. Given that the isolation of primary diseased ESC lines was limited by the requirement for a preimplantation genetic diagnosis in the context of in vitro fertilization12, genetic manipulation of normal ESC lines was used to introduce disease-relevant molecular defects using contemporary technologies such as RNA interference or homologous recombination13,14. These seminal studies sustained optimism for modelling diseases using ESCs; after all, these human systems lack the limitations of evolutionary divergence inherent to the interpretation of disease studies in model organisms.
The emergence of reprogramming technology enabled the use of disease-specific iPSCs in established directed-differentiation protocols, circumventing many limitations of disease modelling in ESCs, such as the need for gene editing15,16,17,18 (Fig. 1). Cell-level phenotypes were identified in cells differentiated from patient-specific iPSCs across a panoply of diseases, including impaired motor neuron differentiation in iPSCs from patients with spinal muscular atrophy15; decreased neuronal connectivity, neurite formation and synaptic protein expression in neurons derived from iPSCs obtained from patients diagnosed with schizophrenia19; prolonged action potential in cardiomyocytes derived from patients with familial long-QT syndrome16; defects in neural differentiation of iPSCs from patients with familial dysautonomia20; and diminished colony formation in haematopoietic progenitors derived from patients with Fanconi anaemia21. These phenotypes seem robust, reproducible and disease-relevant, are measurable in cell culture-based systems and reflect diseases intrinsic to the cellular level.
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細胞時間旅行

iPSC個人化藥物研發



iPSC 個人化療法藥物研發
Rowe and Daley 2019
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藥
物
篩
選

重編成
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患者體細胞

誘導多能幹細胞
基因校正

修復後多能幹細胞

定向分化

患病類器官

健康類器官

iPSC 可建立疾病模型並用於個

人化治療靶點驗證與藥物篩選，

結合嵌合體移植與微環境訊號

促成熟，推進個人化細胞療法

與精準醫療

iPSC 可分化
為多種類器官
比較、辨別
致病關鍵特徵定向分化

簡報者
簡報註解
Remarkable progress has been made in the differentiation of increasingly complex multicellular and diverse organoid systems across many tissues. We propose that parallel differentiation of organoids from patient-derived induced pluripotent stem cells (iPSCs) as well as genetically corrected, isogenic control iPSCs will allow attribution of an organoid-level disease phenotype to a specific molecular lesion. Once a clear organoid-level readout is established, diseased organoids can be used in drug screening and validation studies.


小段落說明可分化細胞型態
Neural organoids
Neural differentiation of PSCs has been intensely investigated, as neurectoderm seems to be a default cell fate induced upon removal of PSCs from culture conditions that maintain pluripotency6,7. Early studies in ESCs and iPSCs utilized neural differentiation methodologies to model neurological disorders15,19,20. As a great stride forward, the development of 3D cerebral organoids derived from human PSCs31 built upon these foundational neural differentiation protocols but additionally provided instructive morphogenetic cues followed by growth in a suspension bioreactor for up to 70 days31,32. These organoids contained functional neurons with cortical self-organization and specified forebrain and hindbrain regions and, remarkably, even included differentiation of immature retina and choroid plexus31,32. Refinement of this methodology has led to the specification of further specific regions of the brain such as hippocampus and cerebellum, the derivation of functional photoreceptors and astrocytes and the induction of cortical folding29,33,34,35,36,37,38. Along with this innovation, such meticulously patterned organoids likely bear less variability in structure compared with their predecessors.
The remarkable complexity of neural organoids has been harnessed to model a variety of monogenic and polygenic neurological, developmental and psychiatric disorders that have collectively provided deep insight into the pathobiology of neurological diseases. Human iPSC-derived neural organoids were initially leveraged to model microcephaly due to compound heterozygous mutations in CDK5RAP2, which encodes a centrosomal protein that localizes to the spindle poles during mitosis. This led to findings that patient-specific neural organoids underwent premature neuroepithelial differentiation and showed aberrant radial glial orientation and smaller areas of differentiated neural tissue31. Similar phenotypes were observed in neural organoids derived from iPSCs from patients with Seckel syndrome with microcephaly caused by mutations in CENPJ39, another centrosomal protein that functions in the regulation of microtubule assembly and nucleation. Neural organoids derived from iPSCs from patients with autism showed normal early neuronal differentiation but a relative increase in inhibitory GABAergic neuron fate over glutamatergic fate owing to overproduction of the transcriptional repressor FOXG1, suggesting this differentiation imbalance as a mechanism underlying autism pathogenesis40. Using iPSCs bearing MECP2 mutations, derived from patients with Rett syndrome, neural organoids showed impaired neurogenesis and reduced neuronal migration41. Cortical organoids from iPSCs from patients with lissencephaly due to Miller–Dieker syndrome, which is caused by a heterozygous deletion at 17p13.3, showed poor neurite growth, apoptosis in the ventricular zone and impaired neuronal migration42.
Recently, neural organoids derived from human PSCs have been used as a platform for the study of brain tumours43. Cerebral organoids containing neural stem and progenitor cells were transduced with vectors to introduce mutations commonly found in brain tumours, resulting in overgrowth of transduced cells43. Thus, compared with 2D systems, neural organoids have enhanced our understanding of the pathobiology of neurological diseases.
Gastrointestinal and liver organoids
Gastrointestinal organoids have been intensely studied for the past 10 years28. Intestinal organoids can be derived from adult intestinal stem cells44 as well as PSCs45. By using a strict schedule of morphogen exposure to specify endoderm commitment and foregut and hindgut fate, organoids can be generated from human PSCs containing functional enterocytes as well as goblet cells, Paneth cells and neuroendocrine cells45. Subsequently, by modulating retinoic acid signalling to define posterior foregut specification, gastric antral organoids could be generated with a complex antral epithelial structure, and these organoids were used for modelling infection with Helicobacter pylori30. Another layer of complexity was added when PSC-derived neural precursor cells were incorporated into intestinal organoids, forming a functional enteric nervous system capable of mediating contractile waves46. Defects in neuronal migration into the primitive intestine underlie Hirschsprung disease, which frequently requires surgical resection of large tracts of aganglionic intestine owing to impaired motility. Human iPSC-derived intestinal organoids combined with neuronal precursor cells deficient in the PHOX2B gene — which, when mutated in humans, causes complete loss of intestinal innervation — showed impaired organization of an enteric nervous system46. Together, these studies have ushered in the advanced regional specification and complexity of iPSC-derived gastrointestinal organoids and have resulted in marked improvements in disease modelling.
2D differentiation protocols have proved effective in generating hepatocytes from iPSCs for a variety of liver disorders47. More recently, cholangiocytes derived from iPSCs with hepatobiliary disease have been derived in 3D organoid systems48,49. Two similar differentiation protocols have been described, both beginning with initial directed differentiation into definitive endoderm and hepatoblasts followed by specification to cholangiocyte-like cells in 3D culture48,49. These cholangiocyte organoids could efflux bile acids and possessed functional secretory action48,49, enabling the modelling of Alagille syndrome, a condition of impaired bile duct formation caused by disrupted Notch signalling49. In cholangiocyte organoids differentiated from a patient with polycystic liver disease, the synthetic somatostatin analogue octreotide decreased the size of organoids, consistent with the action of this drug in patients with polycystic liver disease49. Cholangiocyte organoids derived from iPSCs from patients with cystic fibrosis carrying the F508del CFTR mutation showed impaired chloride transport and diminished CFTR-dependent, forskolin-induced swelling that was rescued with the CFTR corrector drug lumacaftor (also known as VX-809)48,49. In each of these cases, modelling of a complex disease phenotype was uniquely enabled by the development of a 3D organoid.
Gastrointestinal organoids derived from PSCs can be used to model intestinal neoplasia. Precise morphogen-directed specification of hindgut endoderm can yield colonic organoids with morphological crypts containing goblet cells, epithelial cells and neuroendocrine cells50. iPSCs from patients with familial adenomatous polyposis with germline mutations in the APC gene generated colonic organoids with increased nuclear localization of β-catenin and proliferation compared with control organoids50.
Kidney organoids
The discovery of human iPSCs raised enthusiasm for the potential differentiation of functional renal tissue for autologous transplantation; thus, renal differentiation of iPSCs and modelling of kidney disorders has received much attention51,52. Derivation of human kidney organoids from iPSCs was first reported in 2015 as complex 3D structures containing nephron components (glomeruli and proximal and distal tubules) as well as stroma and vasculature53. Subsequently, it was shown that iPSCs can be differentiated into ureteric bud progenitor-like cells that, upon culture in three dimensions, develop into primitive ureteric buds that can be applied to modelling polycystic kidney disease (PKD)52. Another method first differentiates human iPSCs into epiblast spheroids in three dimensions and then into kidney organoids by inhibiting GSK3β signalling54. Genetic ablation of the PKD1 or PKD2 genes in human iPSCs in this system results in the formation of aberrant cysts54. Methods for generating kidney organoids from human iPSCs continue to advance in complexity, such that it is reasonable to anticipate further refinement of renal disease models55,56. As an alternative system, models of functional vascularized iPSC-derived glomeruli dependent on laminar flow provide a platform for modelling functional glomerular disease in the future57.
Lung organoids
Two recent studies have highlighted the power of human iPSC-derived lung organoids in disease modelling58,59 by directed differentiation of human iPSCs into an NKX2.1+ airway progenitor capable of subsequent patterning into either proximal or distal airway cells58. Culture of NKX2.1+ progenitors in three dimensions with low WNT activation resulted in the reproducible formation of proximal airway organoids containing cells of secretory, goblet and basal lineages58. iPSCs from patients with cystic fibrosis homozygous for the F508del CFTR mutation efficiently formed proximal airway organoids but showed impaired forskolin-induced swelling compared with those of organoids from a control human iPSC line58. Attributing this phenotype to CFTR dysfunction, genetic correction of F508del in iPSCs rescued forskolin-induced swelling58, thereby revealing the power of gene editing to confirm genotype–phenotype relationships in iPSC disease models.
Human iPSC-derived NKX2.1+ lung progenitor cells can also be differentiated into distal alveolar organoids in 3D culture59. These alveolar organoids contain functional type 2 alveolar epithelial cells that contain lamellar bodies and secrete surfactant proteins59. Using iPSCs from a patient deficient in surfactant protein B, the investigators found that differentiated type 2 alveolar epithelial cells did not contain lamellar bodies or synthesize SFTPB (also known as SPB), a phenotype reversible by Cas9-mediated correction of the SFTPB mutations59.
Cardiac organoids
Recently, considerable advances have been made in the development of self-organizing cardiac organoids. iPSC-derived cardiac organoids show features of fetal-like differentiation and have been used to model cardiomyocyte regeneration following injury60. This finding reinforces the notion that cardiomyocytes and other tissues derived from iPSCs often show fetal-like differentiation, which can hamper modelling of adult disease61,62,63. Progressive refinement of differentiation protocols has recently generated complex cardiomyocyte organoids with a central void chamber64. Furthermore, iPSCs have been used to engineer 3D cardiac muscle tissue to evaluate the effect of mechanical forces, metabolism and the extracellular matrix on cardiomyocyte maturation65,66. These studies incorporate aspects of tissue engineering using iPSCs. Interestingly, iPSCs have also been used to model cardiomyopathy using 3D organ-on-a-chip technology, a strategy gaining traction in many other disease systems that provides the added dimension of modelling vascular perfusion26,57,67,68.



重要 簡短摘要
human iPSCs to differentiate into cells with an immature embryonic or fetal identity rather than a fully mature, adult state. In our experience, this has been a considerable barrier to modelling haematopoietic differentiation from iPSCs, as evidenced by the expression of predominantly embryonic and fetal globins in erythrocytes derived from iPSCs, which impedes the modelling of disorders of adult globins, such as thalassemia and sickle cell disease106,136. Similar effects have been reported in iPSC-derived intestinal organoids61, cardiomyocytes63 and pancreatic β-cells62. Engraftment of iPSC-derived tissue as chimaeras may enhance maturation owing to the integration of niche-derived signals61,70.




細胞時間旅行: iPSC誘導與分化成熟
Rosholm et al., 2022
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Figure 2. Strategies for improving hiPSC maturity. Several strategies are used to improve the maturity and phenotype specificity of hiPSC-derived cell lines. However, the mechanism and efficiency of these strategies are still being explored and requires rigorous characterization and quality control.

Cell reprogramming, differentiation and maturation are manipulations that lead to many intracellular changes that can affect the lifespan of cells. Indeed, a somatic cell obtained from a patient which is “rejuvenated” into a stem-cell like phenotype, shows intracellular signatures such as an active telomerase activity and immature mitochondria, as well as a decrease in senescence markers [e.g., senescence marker p21, (Strässler et al., 2018)]. After differentiation, although the cellular aging process may restart, certain improved characteristics remain compared to the parent cell (e.g., longer telomeres).
Due to these intracellular changes, additional challenges arise when referring to how the age of patients could influence the functionality and maturity of hiPSC-derived models and whether it is feasible to apply this technology in age-related diseases. There is also an increasing need to perform safety pharmacology in “aged” senescent cells to functionally model and translate the complex physiology, pathophysiology and pharmacology of the aging, senior population, particularly in light of the growth of this demographic (Fermini and Bell, 2022).
In addressing these challenges, there is a need to define quality standards during hiPSC reprogramming and differentiation, as well as rigorous and statistically sound characterization of the final product (Engle et al., 2018). The specific composition of ion channels is an important marker of cell maturity and subtype specificity, for example in hiPSC-and -neurons (Jonsson et al., 2012; Bardy et al., 2016; Goversen et al., 2018b), rendering APC important as a high-throughput (HT) characterization method providing ion channel maturation metrics. Thus, we envision molecular and genetic approaches in combination with APC electrophysiological characterization will generate authentic, translatable and quantifiable hiPSC models for disease investigation and drug-screening.





iPSC 藥物研發應用

iPSC單一細胞膜偵測技術可精確量測單一神經元離子通道電流
評估藥物分子對神經傳導作用開發個人化藥物

Rosholm et al., 2022
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https://www.criver.com/products-services/discovery-services/pharmacology-studies/neuroscience-models-assays/neuroscience-methods-endpoints/electrophysiology/patch-clamp?region=3701

Whatever your therapeutic area – cognitive decline, schizophrenia, neuropathic pain, or epilepsy – chances are you are interested in the precise action of your compounds on neurotransmission. Manual patch-clamp electrophysiology allows for high resolution recordings from a single neuron. Detailed physiological and pharmacological inquiries can be addressed with this technique.
Patch-clamp electrophysiology is performed with a borosilicate electrode of 1-2 µm tip diameter within a pipette containing electrolyte solution. The pipette tip is tightly sealed onto the neuronal membrane and “patches” an isolated part of the membrane, electrically. Currents flow through the channels in this patch and can then be recorded by an electrode connected to a differential amplifier. The pipette tip makes a giga-ohm seal with the neuronal membrane, providing metrics related to membrane conductance from the electrical current flow.
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Figure 1. Generation of specialized hiPSC-derived cells and APC applications. Somatic patient cells can be reprogrammed into hiPSCs, followed by the differentiation and maturation into specialized cells. The specialized cells can be used directly in regenerative medicine, or they can be employed together with APC for a range of applications including: characterization and quality control; disease modeling; drug screening and discovery; and pharmacology and safety screening. Patient hiPSCs can be used as personalized drug screening and pharmacology models in trials.
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案例一
新藥心臟毒性預測評估

案例二
罕見遺傳疾病模型與新藥篩選

• 應用情境：
新藥上市前評估
引發心律不整風險

• 操作流程：
1. 使用誘導性多能幹細胞分化為人

類心肌細胞
2. 結合自動化細胞動作電位與離子

通道活性測量
3. 測試藥物是否影響 hERG 通道等，

篩選有潛在風險的化合物

• 關鍵成效：
比傳統動物實驗更貼近人類反應，
提升藥物安全性

• 應用情境：
模擬罕見離子通道病變，
進行個人化藥物開發

• 操作流程：
1. 由患者細胞製備 iPSC，分化為心

肌細胞或神經元
2. 利用自動化膜片鉗檢測異常電流

（Na⁺、K⁺、Ca²⁺）
3. 測試中加入多種化合物，評估能

否修復功能異常

• 關鍵成效：
高通量快速測試藥效與基因功能，
促進罕病藥物精準研發
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例子
1. 新藥心臟毒性測試（Cardiac Safety）
情境：新藥要上市前，最怕造成心律不整（例如「QT 間期延長」）。
做法：
研究人員用 hiPSC 分化成「人類心肌細胞」。
利用 APC 同步測量數百個心肌細胞的電生理反應（如動作電位、離子通道活性）。
測試新藥對離子通道（像 hERG）的影響，能快速篩查哪些藥物有潛在心臟副作用。
成效：�比起傳統動物實驗，更貼近人類真實情況，大幅提升新藥的安全預測力。

2. 罕見遺傳疾病模型與新藥篩選
情境：�某些患者有特殊離子通道突變（如 LQT、Brugada syndrome）。
做法：
取患者細胞誘導成 hiPSC，分化成心肌細胞或神經元。
用 APC 測量這些細胞的電生理特性（例如異常的鈉、鉀、鈣通道電流）。
測試多種化合物能否「矯正」異常電流，找到治療潛力藥物。
成效：�快速又高通量地評估基因突變對細胞功能的影響與新藥效果。


應用單位
案例內容
Novartis、Pfizer
以 APC 系統+hiPSC 心肌細胞高通量篩選新藥，提前排除有心律不整風險的藥物
QPatch、Patchliner、SyncroPatch等設備廠商
為全球藥廠和學研機構提供全自動化APC平台，讓藥物篩選流程標準化





- 脊髓性肌萎縮
症患者(SMA)
多能幹細胞分
化所得之運動
神經元具異常
鈉離子通道活
性

- 經 SMN-C3 處
理後，電流振
幅與半活化電
壓可部分恢復
至對照組水準
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Figure 8. APC evaluation of compound effects on Nav channel properties in SMA hiPSC-neurons. Parallel recordings of control neurons (black), SMA neurons (orange), and SMA neurons treated with SMN-C3 during culturing (blue). (A) Average Nav current versus step voltage. (B) Quantification of the current amplitude at –20 mV. The current amplitude is significantly larger in SMA cells than in control cells [Student’s t-test, p < 0.05 (*), 95% confidence interval]. (C) Average Nav current normalized to the current recorded at V = –20 mV. Fitting of a Boltzmann function (solid lines) yielded the half-activation voltage (V12, mV)

Disease Modeling, Drug-Screening, and Personalized Medicine
As the quality of hiPSC-derived cell lines increases, an obvious next step will be to utilize the HT capability of APC for studying disease models, drug-screening and personalized (or stratified) medicine (Chen et al., 2016). hiPSC disease models, characterization and drug-screening assays employing these cells have been developed for a range of diseases including neurodegenerative diseases (Kim, 2015; Lee and Huang, 2017) such as Alzheimer’s Disease (Medda et al., 2016; Brownjohn et al., 2017), and cardiovascular diseases (Braam et al., 2009; Sube and Ertel, 2017; Mummery, 2018; Wu et al., 2020) such as long-QT syndrome (Friedrichs et al., 2015; Jouni et al., 2015; Chen et al., 2016).
Although examples of APC applications within personalized biomedicine are still scarce, their need and value mean they are in active development (Friedrichs et al., 2015; Goversen et al., 2018a), with expectations high that we will see more in the near future. For an example of such an application see Rosholm (2019) in which an hiPSC motor neuron disease model, derived from a Spinal Muscular Atrophy patient (Faravelli et al., 2015) was characterized together with control cells from healthy subjects. The results showed the expected overactivity of Nav channels, which could be rescued by a Nav antagonistic compound addition (SMN-C3), see Figure 8.




31

陳秀熙
教授

許辰陽
醫師

林庭瑀
博士

劉秋燕

嚴明芳
教授

梅少文主持人

台北醫學大學

國立台灣大學

星球永續健康
線上直播

陳立昇
教授

侯信恩主持人 楊心怡製作人

不只是科技

羅崧瑋

林家妤

陳虹彣
周于榛

曾暐哲

李羽朔


	�星球永續健康線上直播�星球健康週新知 & �專題: 時間旅行與預防醫學 (4)�時間悖論與幹細胞療法
	投影片編號 2
	站
	投影片編號 4
	投影片編號 5
	投影片編號 6
	投影片編號 7
	投影片編號 8
	投影片編號 9
	投影片編號 10
	投影片編號 11
	投影片編號 12
	投影片編號 13
	投影片編號 14
	投影片編號 15
	投影片編號 16
	投影片編號 17
	投影片編號 18
	投影片編號 19
	投影片編號 20
	投影片編號 21
	投影片編號 22
	投影片編號 23
	投影片編號 24
	投影片編號 25
	投影片編號 26
	投影片編號 27
	投影片編號 28
	投影片編號 29
	投影片編號 30
	投影片編號 31

