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簡報者
簡報註解
烏克蘭重建進程加速，歐盟與義大利主導 URC 2025 高峰會，簽署逾200項、總值約100億歐元協議，
聚焦國防、能源、產業與文化資產重建，強調法治及吸引國際投資，推動歐洲融合與經濟復甦。
�川普近期提高對俄國施壓，宣布若俄烏50天內無和平協議，將對俄及貿易夥伴課重稅，
並且同時重啟烏軍援，包括愛國者飛彈等防空武器，與歐洲盟國協議出自購美製軍備援烏，


https://apnews.com/article/russia-ukraine-war-trump-patriot-missiles-kellogg-ca8cda9b417737188c471390bc312a5d
https://www.economist.com/europe/2025/07/14/fed-up-with-putin-trump-offers-ukraine-arms-and-tariffs 
https://en.ilsole24ore.com/art/in-rome-200-agreements-the-reconstruction-of-ukraine-italy-looks-at-odessa-AHLyVPeB
https://www.urc-international.com/
https://www.ft.com/content/82091347-2637-4729-b025-931fccb8bc42 



WrE+4nF 5| R o - D B SR 2= @R

@ MERFEREELZER %‘Blﬁ’ﬁilﬁL)\ﬁEL
a&*u%ammx# RERARERRE=E

Damascus

. \ S SR fFJ ~
apnews.com \ -'I?ts,.otg*.’t\‘/v v
ERRHEREATEERIENAE


簡報者
簡報註解
以色列近期空襲敘利亞南部蘇韋達地區及黎巴嫩，聲稱為保護德魯茲族，並要求該區非軍事化。敘利亞新總統夏拉上任後雖主張包容，但德魯茲社群疑慮未解，爆發多次衝突。蘇韋達德魯茲與貝都因族衝突持續，已造成逾200人死亡。以軍轟炸政府軍車輛，敘方強烈譴責，國際呼籲停止軍事行動，推動包容性政治對話，局勢依舊緊張未明。

https://www.theguardian.com/world/2025/jul/15/israel-attacks-syrian-military-amid-deadly-clashes-between-druze-and-bedouin-clans
https://www.bbc.com/news/articles/c89e3j4e911o
https://apnews.com/article/syria-clashes-druze-bedouins-sweida-be7e45ae4adc631b758d2bebfb06e0a1
https://edition.cnn.com/2025/07/15/middleeast/israel-strikes-syria-sectarian-clashes-druze-intl
https://tw.news.yahoo.com/%E6%95%98%E5%88%A9%E4%BA%9E%E5%8D%97%E9%83%A8%E7%88%86%E8%A1%9D%E7%AA%81%E9%87%8099%E6%AD%BB-%E6%94%BF%E5%BA%9C%E4%BB%8B%E5%85%A5%E8%AA%BF%E5%81%9C-122700239.html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAHLlJq--mvP-AIEK2L1UYf6ZK33IsJjOiebbhhzVdajAc2CWnpbHJIkO4Qm-VxiYWM75AmsbFlQ7sJkO6j-8ghee92V_u0fjq0221i0HPzEVTqzTRJ729yRnGMvPbLEmgxQVFD1lxAiYxKccHwMCvhoGa8CSd1Qz9ifuKTBXEfqo
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簡報者
簡報註解
比特幣首度突破12萬美元，反映市場對美國「加密週」政策改革期待。眾議院即將審議三大友善法案，包括釐清加密資產監管、限制聯邦數位美元發行、保障隱私。川普政府全力支持、推動美國成為全球加密中心，比特幣市值衝上新高。儘管波動風險仍存，主流機構資金與ETF需求明顯增長。民主黨部分人士仍有疑慮，但市場氛圍轉趨樂觀。

https://www.aljazeera.com/economy/2025/7/14/what-is-the-uss-crypto-week-why-has-bitcoin-hit-a-record-high
https://www.abc.net.au/news/2025-07-15/bitcoin-price-surge-record-high-120k-usd-bubble-warnings/105531466
https://english.alarabiya.net/business/markets/2025/07/14/bitcoin-soars-to-new-alltime-high-as-us-lawmakers-focus-on-procrypto-legislation
https://www.reuters.com/sustainability/boards-policy-regulation/crypto-bills-set-advance-this-week-take-industry-closer-mainstream-2025-07-14/
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簡報者
簡報註解
生成式 AI 崛起造成網站流量與廣告收入大減，特別是健康、教育與知識型平台受衝擊。AI 摘要與「不點擊搜尋」導致原創內容不再導流。大型媒體採訴訟或授權策略，小型網站則難以自保。新創平台嘗試推動 AI 內容分潤機制，但整體解方未明。業界憂心，若無合理分潤制度，將威脅開放網路與知識生態永續。


https://www.economist.com/business/2025/07/14/ai-is-killing-the-web-can-anything-save-it
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簡報者
簡報註解
巴西政府1989年制定【原住民與部落人民公約】:在有關原住民社群遺產與土地的決策中，必須徵求他們的意見並讓他們參與其中。
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簡報者
簡報註解
以中性原子為基礎的量子電腦研究正快速崛起，逐漸成為與傳統超導與離子型量子電腦並列的有力候選者。文章以哈佛大學物理學家 Mikhail Lukin 團隊的實驗室為例，說明如何使用雷射與光學元件來懸浮與操控銣原子，並以其作為量子位元（qubit）。
過去中性原子彼此互動極弱，導致難以進行邏輯運算，直到 2000 年左右，科學家發現了「Rydberg 阻擋效應」，可大幅放大原子之間的交互作用，成為實現量子閘的關鍵。藉由將原子激發至高能態（Rydberg 態），可暫時改變鄰近原子的量子能階，進而製造糾纏，這項技術讓中性原子在精準控制下，能進行與超導電路、離子陷阱類似的量子計算。近年來技術快速進步，兩顆原子之間的量子閘精確度已達 99.5% 以上。中性原子 qubit 的優勢包括：原子本身一致、無需製造，控制穩定性高；可動性高，原子間可重新排列，避免複雜的錯誤更正手續如 lattice surgery；使用現成光學元件，如空間光調變器與聲光偏折器進行陣列與移動控制。哈佛團隊與 Google 團隊都已進行表面碼（surface code）邏輯 qubit 的驗證實驗，證明隨著物理 qubit 數量增加，邏輯 qubit 的錯誤率會下降，Lukin 團隊更展示邏輯 qubit 間的糾纏與互動，可看作是從單體操作邁向多 qubit 邏輯處理的重要里程碑。QuEra、Pasqal、Infleqtion、Planqc 等新創公司正投入建構商業化中性原子量子電腦，日本、德國等國家亦投入資源建構實驗平台並與傳統超級電腦整合。各家公司也探索不同原子元素（如銣、鐿）或混合使用不同原子以優化操控與讀出效能。持續挑戰包括維持原子陣列穩定性、快速讀取狀態與提升速度（避免過熱造成計算瓶頸），儘管目前運算速度仍落後於超導電路，許多研究者認為中性原子技術擁有更好的可擴展性與錯誤耐受性。雖然距離建構出千位元以上的容錯量子電腦仍有一段距離，但中性原子技術正以快速、優雅的步伐前進，展示出一種獨具特色的量子計算可能路徑。

https://www.science.org/content/article/quantum-computers-made-individual-atoms-leap-fore#
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簡報者
簡報註解
一項涵蓋逾五萬筆腦部影像的研究指出，大腦結構特徵可用來預測個體老化的速度。這些特徵包括大腦皮質的厚度與灰質體積，與思考與記憶能力的退化風險、衰弱與疾病發生皆有密切關聯。
相較於以血液或分子標記為基礎的老化時鐘，此研究開發的「腦影像老化時鐘」可提供更直接的神經結構資訊。研究者來自美國杜克大學與其他機構，首先使用紐西蘭Dunedin縱貫世代研究的資料，藉由磁振造影（MRI）影像分析860位受試者的大腦結構，結合其心血管、代謝、免疫與其他生理功能老化的數據，建立老化速度的預測模型。
該模型在其他大型資料庫如UK Biobank（42,583位參與者）與阿茲海默症影像計畫（1,737位影像）中同樣展現預測力。尤其在患有輕度認知障礙者中，若影像顯示老化加速，其未來發展為失智症的風險顯著提高。值得注意的是，研究團隊將 Dunedin 模型中訓練出的結構影像權重直接套用至這些資料庫，但需留意不同掃描設備、資料處理流程與族群背景所可能造成的差異。目前雖不需重新訓練模型，但資料的品質控制與標準化處理是關鍵，亦須進一步確認其在不同族群下的泛化效能。
目前該老化時鐘仍屬研究工具，尚需進一步驗證其在不同族群與掃描設備間的穩定性與一致性。研究團隊現正探索其應用於思覺失調或睡眠障礙等精神疾病的潛力。
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簡報者
簡報註解
老化的定義與挑戰
雖然每個人都會經歷老化，但從生物學層面來說，老化的機制仍不明確。
哥倫比亞大學 Alan Cohen 指出，老化可能不是單一生物程序，而是多個系統性變化所導致的死亡風險增加。
世界衛生組織認為老化源於分子與細胞損傷的累積，導致身心功能下降、疾病風險上升。

生物標記與預測工具
功能性指標（如心肺耐力、握力）目前仍優於大多數分子生物標記，具較佳的預測死亡風險能力。
Steve Horvath 發展的 表觀遺傳時鐘（epigenetic clocks） 如 GrimAge，透過 DNA 甲基化與血漿蛋白的資訊，可預測壽命與健康狀態，並應用於臨床試驗。
Horvath 的跨物種研究顯示，表觀遺傳老化高度保守，暗示可能存在普遍的生物控制程序。


例子
內源性逆轉錄病毒（ERVs）與老化
中科院劉光慧團隊研究發現，ERVs 在衰老細胞中活化，會引發慢性發炎，並可在細胞間擴散老化訊號。
研究顯示 HIV 藥物 abacavir 可減緩人類神經細胞的老化，成為可能的干預靶點。

https://www.nature.com/articles/s41591-023-02560-9
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簡報者
簡報註解
老化模型與因果判斷
在模式生物 秀麗隱桿線蟲（C. elegans）中發現，某些生理與行為變化（如活躍度）與壽命呈相關，但可被干預「解耦」，表示這些指標未必反映真實老化過程。
Nicholas Stroustrup 指出，僅憑改善某些生物標記無法確認是否真的延緩老化。

https://www.nature.com/articles/s41591-023-02560-9
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP282887
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簡報者
簡報註解
系統失調與AI應用
Altos Labs 的 Morgan Levine 透過 AI 分析大規模 DNA 甲基化與 RNA 表現數據，以識別老化相關的系統性失調。
她發展的 PCBrainAge 可預測與阿茲海默症相關的腦部老化變化。
https://pmc.ncbi.nlm.nih.gov/articles/PMC9365556/

AI 輔助藥物開發
Insilico Medicine 透過 PandaOmics 平台整合多組學數據，找出同時作用於老化與疾病的潛在藥物靶點。
公司在中國建置自動化藥物研發平台，從樣本分析到藥物設計全程機器化，加速老化藥物的發現。
https://insilico.com/

結語：對老化的理解仍有限
對「生物年齡」的準確測量是進行老化干預的前提，但目前的科學尚未完全掌握老化的標準尺規。
未來研究需結合功能性與分子層級的指標，採取跨系統、跨物種與 AI 技術整合的方法，才能真正解碼老化。
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簡報者
簡報註解
系統失調與AI應用
Altos Labs 的 Morgan Levine 透過 AI 分析大規模 DNA 甲基化與 RNA 表現數據，以識別老化相關的系統性失調。
她發展的 PCBrainAge 可預測與阿茲海默症相關的腦部老化變化。
https://pmc.ncbi.nlm.nih.gov/articles/PMC9365556/

AI 輔助藥物開發
Insilico Medicine 透過 PandaOmics 平台整合多組學數據，找出同時作用於老化與疾病的潛在藥物靶點。
公司在中國建置自動化藥物研發平台，從樣本分析到藥物設計全程機器化，加速老化藥物的發現。
https://insilico.com/

結語：對老化的理解仍有限
對「生物年齡」的準確測量是進行老化干預的前提，但目前的科學尚未完全掌握老化的標準尺規。
未來研究需結合功能性與分子層級的指標，採取跨系統、跨物種與 AI 技術整合的方法，才能真正解碼老化。
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簡報者
簡報註解
Telomeres are the genomic portions at the ends of linear chromosomes. Telomeric DNA in vertebrates is made of TTAGGG repeats bound by a set of proteins that modulate their biological functions and protect them from being recognized as DNA damage that triggers a DNA damage response (DDR). As standard DNA polymerases cannot fully replicate linear DNA templates in the absence of telomerase, a DNA-template-independent DNA polymerase, and because of nucleolytic processing, DNA replication results in the generation of chromosomes with progressively shortened telomeres1. As telomeres reach a critical length, they become unable to bind enough telomere-capping proteins and are sensed as exposed DNA ends2, which activates the DDR pathways that, through the induction of the cell cycle inhibitors p21 and p16, arrest proliferation3,4. Such short telomeres, however, retain a sufficient number of telomere-binding proteins to inhibit DNA repair and avoid fusions5, and consequently fuel a persistent DNA damage signal that enforces a permanent DNA damage-induced proliferative arrest. This initiates and maintains cellular senescence, a key contributor to organismal ageing and multiple age-related diseases6,7. Activation of the DDR at telomeres (termed tDDR hereafter) results in the formation of telomere-associated DDR foci (TAFs) or telomere-induced DNA damage foci (TIFs), which are markers of cellular senescence in cultured cells and tissues (Box 1). Following telomere dysfunction, some cell types may also undergo cell death by apoptosis8,9 or autophagy10.
In addition to irreversible cell cycle arrest, cellular senescence is characterized by changes in chromatin, gene expression, organelles and cell morphology11. Importantly, senescent cells secrete a complex set of pro-inflammatory cytokines, known as the senescence-associated secretory phenotype (SASP). This alters the composition of the extracellular matrix, impairs stem cell functions, promotes cell transdifferentiation and can spread the senescence phenotype to surrounding cells, thereby causing systemic chronic inflammation12. SASP is both promoted by DDR13 and can promote DDR and TAF formation in an autocrine and paracrine fashion14,15,16.



Fig. 1: Telomere shortening and damage and their consequences.
a, Genomic DNA damage (DD) triggers a transient DNA damage response (DDR) that may not be sufficient for senescence establishment. Alternatively, an irreparable, therefore persistent, DNA damage at telomeres causes a protracted DDR and cellular senescence that are associated with SASP-mediated inflammation and consequent fibrosis. These events in a stem-cell context impair stem-cell properties and alter differentiation. Overall this contributes to organismal ageing17. 
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簡報者
簡報註解
Although conceptually appealing to explain proliferative exhaustion and cell ageing, telomere shortening is inadequate to explain ageing in non-proliferating, quiescent or terminally differentiated cells. Nevertheless, TAFs and senescence have been reported in ageing post-mitotic cells, including cardiomyocytes, adipocytes, neurons, osteocytes and osteoblasts17. These observations can be explained by an evolutionary perspective by which telomere-binding proteins inhibit DNA repair in cis18,19 to maintain the linear structure of chromosomes and to prevent fusions. As a consequence, DNA damage that occurs within telomeric repeats (tDD) resists repair, which causes persistent tDDR signalling and TAF formation also at long telomeres19,20,21. Endogenous or exogenous DNA damage is constantly generated, and the fraction that occurs at telomeres, which is less efficiently repaired, thus accumulates and induces a senescence-like phenotype (Fig. 1a).
Therefore, persistent tDDR activation is the shared causative event of both replicative cellular senescence caused by critically short telomeres and the senescence-like state caused by damaged telomeres in non-replicating cells (Fig. 1b). Although these events may be mechanistically distinct in origin, DNA damage at long telomeres may cause, within the time frame of organismal ageing, degradation or loss of the terminal portions of telomeres, therefore leading to telomere shortening.

In the broader context of organismal ageing, the notion that DNA is the only irreplaceable component of the cell makes a strong argument in favour of an apical role of DNA integrity in ageing. The irreparability of telomeres makes it more so.

In addition to being hard to repair, telomeric DNA is hypersensitive to oxidative DNA damage, a phenomenon recently named TelOxidation22. Oxidative stress reportedly both induces tDD without telomere shortening and accelerates telomere shortening23,24,25,26 by inhibiting telomerase27 and disrupting the recognition by telomere-binding proteins, which contributes to telomere uncapping22,28.

Fig. 1: Telomere shortening and damage and their consequences.
. b, In proliferating tissues, telomeres are shortened with cell cycle divisions and, when critically short, they trigger a DDR. In non-proliferating, post-mitotic tissues, telomere dysfunction can be driven by irreparable DNA damage within telomeres. In both cases, the persistent DDR activation sustains a senescent phenotype that is characterized by arrested proliferation and SASP activation.
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簡報者
簡報註解
1. Pulmonary diseases
Several lung diseases have been associated with ageing50 and causally linked to telomere dysfunction and senescent cell accumulation.
Chronic obstructive pulmonary disease
Chronic obstructive pulmonary disease (COPD) affects around 300 million people globally and is associated with high morbidity and mortality in elderly patients65. COPD exhibits accelerated lung ageing characterized by inflammation of parenchyma and airways, chronic remodelling of the peripheral bronchi and inter-alveolar septa disruption towards emphysema. Compared with unaffected individuals, small airway epithelial cells from patients with COPD show higher levels of TAFs and senescence markers34. Cigarette smoke (a major risk factor for COPD) induced TAFs, cellular senescence and SASP in cultured primary human airway epithelial cells and fibroblasts34 and reduced telomere protection protein 1 (TPP1) levels in mouse and human lungs, which caused tDDR activation66. Short telomeres were also observed in lungs and circulating leukocytes of patients with COPD66,67. Telomerase mutations are a risk factor for emphysema among patients with COPD68.

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has been predicted to cause long-term lung fibrosis70. Disease severity has been correlated with patient age and leukocyte telomere length71, which is consistent with a recent finding that tDDR activation induced by telomere shortening increases the expression of ACE2, the SARS-CoV-2 receptor on human lung cells72.


2. Acquired bone marrow failure syndromes
Nucleated blood cells show the shortest telomeres among human tissues40. Thus, it is not surprising that impaired telomere maintenance most acutely impairs haematopoiesis.
Aplastic anaemia
Aplastic anaemia is a rare disease with a variable age of diagnosis and is characterized by pancytopaenia in the peripheral blood and markedly hypocellular bone marrow73. Around 9% of patients with acquired aplastic anaemia carry mutations in the telomerase components TERC, TERT and DKC1, which are also mutated in inherited aplastic anaemia, as in dyskeratosis congenita74,75. Additional rarer mutations in other telomere homeostasis genes have been identified76,77,78. About one-third of patients with aplastic anaemia show short telomeres in peripheral blood, which suggests that there is a causative link between aplastic anaemia pathology and telomere dysfunction75,76,79. Patients with shorter telomeres at diagnosis show a more severe disease, a poorer response to treatments, an increased risk of relapse and development of myelodysplastic syndrome (MDS; see below) and a lower survival rate75,80,81. Leukocyte telomere length in the donor, but not in the recipient, positively correlates with survival following allogenic haematopoietic cell transplantation82. The use of the androgen receptor agonist danazol in patients with aplastic anaemia with critically short telomeres improved their condition by increasing telomerase expression and lengthening telomeres. This provides support for a causative role of telomere length in this disease83.
Liver diseases
Telomere shortening has been implicated in hepatocyte senescence94 and in disease progression in patients with liver cirrhosis95. Patients with cirrhosis have a higher incidence of telomerase mutations and bear shorter telomeres than unaffected individuals96. Late-generation telomerase-deficient mice exposed to chronic liver injury show accelerated cirrhosis development97.
Non-alcoholic fatty liver disease (NAFLD) is characterized by an excess of hepatic fat accumulation (steatosis) and, in later stages, inflammation (non-alcoholic steatohepatitis) and fibrosis. TAF and p21 levels in hepatocytes positively correlate with NAFLD severity41, and the clearance of senescent cells in aged and obese mice reduced the fraction of TAF-positive hepatocytes and alleviated liver steatosis41. Primary biliary cirrhosis, an autoimmune disease with chronic, progressive cholestasis and liver failure, is associated with short telomeres, DDR activation and senescence marker accumulation in biliary epithelial cells98. Treatment of a mouse model of biliary liver fibrosis with a senolytic drug reduced fibrosis99. Alcoholic liver disease and chronic viral hepatitis have also been associated with telomere dysfunction in human liver biopsies100,101.


3. Metabolic diseases
Metabolic diseases occur when the organism is incapable of efficiently converting food into energy. Here, we summarize the evidence that suggests that telomere dysfunction is a common causal factor in several of these diseases.
Metabolic syndrome
Estimated to affect one in three people in the United States, metabolic syndrome is a set of related conditions including chronic inflammation, obesity, dyslipidaemia, high blood pressure and insulin resistance co-occurring in an individual, which together increase the risk of serious cardiovascular disease. Similar to the other conditions contributing to it, obesity is associated with increased TAFs in various organs and tissues37,41,92. Short telomeres in adipose tissues are associated with metabolic disease progression, and causality was demonstrated by telomerase inactivation in mouse adipocyte precursors that led to hypertrophy and inflammation9
Type 2 diabetes
Type 2 diabetes (T2D) is an age-associated disease characterized by a decrease in pancreatic β-cell mass and function and insulin resistance in multiple tissues that results in hyperglycaemia. Several cross-sectional human studies of white blood cells have shown an association between T2D and short telomeres102. Mice with short telomeres display impaired insulin secretion and glucose intolerance associated with an accumulation of senescence markers, which suggests a causal role for telomere shortening in this pathology. Senescent cell clearance improved glucose homeostasis and insulin sensitivity in obese and aged mice
3.
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簡報者
簡報註解
4. Cardiovascular diseases
Cardiovascular diseases are the leading causes of morbidity and mortality in western countries, and ageing is a major risk factor for their development104. Both telomere shortening and telomere damage have been reported as hallmarks and potential drivers of heart diseases and as indicators of therapeutic outcomes105.
Cardiac diseases
The heart exhibits cardiomyocyte hypertrophy and fibrosis during ageing that leads to increased ventricular stiffness and impaired cardiac function. During physiological ageing in humans and mice, TAFs occur independently from telomere length in post-mitotic cardiomyocytes. This is associated with the induction of p16 and p21 and a cardiac-specific form of SASP that contributes to cardiac hypertrophy and fibrosis36. The clearance of senescent cells in aged mice improves heart functions and reduces the fraction of TAF-positive cardiomyocytes without a significant effect on mean telomere length36. This observation confirms a role for cellular senescence in heart disease and hints at the negligible contribution of telomere length to cardiomyocyte senescence36. Length-independent telomere damage may result from oxidative damage, as mouse models of increased oxidative stress and mitochondrial dysfunction show early onset of age-dependent telomere dysfunction36. Consistently, cardiac ischaemia–reperfusion injury (IRI), which is associated with massive induction of oxidative stress, promotes TAF formation and senescence, and treatment with a senolytic agent improved cardiac function106.
Patients with genetic forms of hypertrophic or dilated cardiomyopathy, conditions that affect 1 in 500–2,500 people worldwide, have cardiomyocytes with shorter telomeres than age-matched individuals107,108. Short telomeres were also observed in a large independent cohort, with the severity of hypertrophic cardiomyopathy correlating with the telomere length of leukocyte telomeres109. A causal role of short and dysfunctional telomeres in cardiac diseases has been established in mice110. Late-generation telomerase-deficient mice show severe left ventricular loss of function, increased cardiomyocyte hypertrophy and decreased number of cardiomyocytes111. AAV-mediated Tert expression in adult mice improved their survival following myocardial infarction112.
Atherosclerosis
Atherosclerosis is a vascular disease that is characterized by the formation of artery plaques containing vascular smooth muscle cells (VSMCs) that potentially leads to thrombosis and myocardial infarction, and is considered a leading cause of mortality worldwide113. In a limited cohort, patients with atherosclerosis bear shorter telomeres in circulating leukocytes than healthy age-matched individuals114. VSMCs in human atherosclerotic plaques show cellular senescence markers and telomeres that are markedly shorter than those in unaffected vessels from the same individual115. Telomere dysfunction induced by VSMC-specific expression of mutant TRF2 is sufficient to increase atherosclerosis116,117. Indeed, clearance of senescent cells reduced TAF-positive cells in the medial layer of the aorta from aged and hypercholesterolaemic mice46 and alleviated plaque formation and disease progression46,118.


5 Skeletal disorders
Changes in bone and joint tissues that lead to osteoporosis and osteoarthritis are associated with an accumulation of senescent cells.
Osteoarthritis
Osteoarthritis is characterized by the degeneration of joint cartilage and subchondral bone, and affects more than 30 million adults in the United States (https://oaaction.unc.edu/oa-module/oa-prevalence-and-burden/). Chondrocytes, the cells that constitute the articular cartilage, show several senescence markers, including DDR activation, in osteoarthritis119,120. A causal role of senescence in this pathogenesis was established by evidence showing that removal of senescent cells reduced the development of post-traumatic and naturally occurring osteoarthritis in mouse models121. Moreover, treatment with a senolytic therapy mitigated age-dependent disc degeneration122. A link between osteoarthritis and telomere dysfunction is supported by the observations that patients with osteoarthritis have leukocytes with shorter telomeres than age-matched individuals123,124, and telomere length inversely correlates with chronic severe pain125. Moreover, cultured chondrocytes isolated from areas close to the osteoarthritis lesions from the hips of patients have shorter mean telomere length and increased levels of senescence markers than those from distal sites in the same joint126. Interestingly, the presence of ultrashort telomeres has been proposed to be a better marker than average telomere length for the extent of osteoarthritis damage127.
Osteoporosis
Osteoporosis is a chronic skeletal disorder that affects more than 200 million people worldwide. It is characterized by low bone mineral density and microarchitectural deterioration of bone tissues that can lead to an increased fracture risk128. A total of 33% of women and 20% of men over the age of 50 years are estimated to experience osteoporosis-related fractures. Increasing evidence points towards a role for telomere dysfunction and senescence in osteoporosis129. Senescent osteocytes that express p16 at high levels have been associated with age-related bone loss in mice, and their clearance increased bone strength130. Osteoporosis correlates with short telomeres in the leukocytes of patients, and long telomeres in a female cohort were associated with high bone mineral density and reduced risk of osteoporosis131. Supporting a causal role of telomere dysfunction in osteoporosis, late-generation telomerase-deficient mice recapitulate several features of osteoporosis, such as decreased bone volume, diminished osteoblast number and function, and increased porosity, with TAFs being associated with impaired osteoblast differentiation132,133.
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簡報者
簡報註解
6. Kidney diseases
During physiological ageing, kidneys experience detrimental structural and functional changes. Several renal pathologies such as acute kidney injury, glomerulonephritis, diabetic nephropathy, polycystic kidney disease and chronic kidney disease (CKD) have been associated with cellular senescence and telomere dysfunction134.
CKD, which is estimated to affect 15% of the adult population in the United States (https://www.kidney.org/news/newsroom/fsindex), is an independent risk factor for cardiovascular events in older people, often leading to end-stage renal disease. Dialysis and kidney transplant remain the only two major treatments. CKD shows several features of accelerated ageing, including decreased kidney weight, atrophy, sclerosis, fibrosis and a CKD-associated secretory phenotype, which is similar to SASP135. In CKD, senescence markers were observed in tubular epithelial cells, podocytes, interstitial and mesangial cells136, and their accumulation was associated with disease progression135.
DNA damage accumulates in many forms of kidney injury. Kidneys in patients with CKD exhibited an increased number of tubules positive for the DDR marker γH2AX, which was inversely correlated with the estimated glomerular filtration rate, and a greater number of phosphorylated ATR-positive cells137. Increased levels of γH2AX and phosphorylated ATM in glomeruli are associated with clinicopathological parameters in patients with IgA nephropathy, a condition that often leads to CKD138. Thus, DDR activation and senescence alone or in combination with insults such as infections, lipopolysaccharides, uraemic toxins and dialysis treatments, can contribute to CKD139,140.
In patients with uraemia, a sign of kidney damage, lymphocyte telomere length was significantly shorter than in unaffected individuals141. A study of a large cohort of patients with CKD revealed that telomere length measured in peripheral blood was a strong independent predictor of all-cause mortality142. Moreover, in a large population study, telomere shortening was associated with an increased risk for CKD progression in individuals who actively smoke and in patients with diabetes mellitus143. Telomere length predicts long-term kidney allograft function, and telomere shortening is linked to complications of kidney transplantation144.
Animal studies suggest that telomere dysfunction is causally implicated in kidney ageing, acute kidney injury and decreased recovery after insult. Mice with dysfunctional telomeres show an age-dependent decline in kidney function and morphology145 as well as reductions in renal function and regeneration after IRI146. In aged mice, clearance of senescent cells reduced glomerulosclerosis and retained blood urea nitrogen levels, which indicates that senescence contributes to these pathological alterations147. Cats with CKD also show shortened telomeres and increased numbers of senescent cells in the kidney148.
Recently, strong evidence has linked telomere shortening and dysfunction with kidney fibrosis. In two independent mouse models, short and dysfunctional telomeres were shown to sensitize kidneys to folic acid-induced toxicity that resulted in fibrosis, thereby demonstrating a key contribution of telomere dysfunction in this pathology149.


7. Neurodegenerative diseases
Brain ageing is characterized by a progressive decline in memory and cognition and is recognized as the greatest risk factor for neurodegenerative diseases. Senescent cells accumulate with age in the murine brain and is exacerbated in late-generation telomerase-deficient mice150, which suggests a causal role for telomere dysfunction in this process. Indeed, TAFs increase with age in hippocampal neurons in baboons19 and mice151. Age-dependent TAF increases in the brain also correlate with chronic inflammation151 and obesity37, both of which are associated with age-dependent cognitive decline. Single-cell RNA sequencing of the hippocampus of aged mice revealed an increased p16 level with age, which was stronger in microglia and oligodendrocyte progenitor cells152. Clearance of senescent cells in aged mice significantly improved cognitive function152, which indicates that senescence has an important role in age-associated cognitive impairment.
Alzheimer’s disease
Alzheimer’s disease is the most common cause of dementia and affects around 10% of people over the age of 65 years (https://www.alz.org/alzheimers-dementia/facts-figures). Cellular senescence markers have been reported in neurons and astrocytes from patients with Alzheimer’s disease and in cultured human astrocytes exposed to β-amyloid153. DNA damage and DDR markers have been observed in models of Alzheimer’s disease154,155 and in neurons in postmortem brains from patients with the disease156. Neuronal cell death, a characteristic of Alzheimer’s disease, is thought to be a consequence of microglia senescence, and telomeres in microglia were reported to be shorter in patients with the disease than in healthy individuals157.
Genetic clearance of senescent cells or senolytic treatment in tauopathy mouse models mitigated cognitive decline and neurodegeneration158,159, which suggests that cellular senescence has a causative effect in this pathology. Similarly, treatment of an Alzheimer’s disease mouse model with a senolytic agent improved memory and learning ability160.
Although blood cells from patients with Alzheimer’s disease were found to have shorter telomeres, the role of telomere length is controversial161. In a mouse model of Alzheimer’s disease, shorter telomeres were found in blood cells but not in the hippocampus compared to wild-type mice162. Across patients with amyloid pathology, leukocyte telomere length positively correlated with better cognition and memory, whereas cognitive decline over 2 years was steeper in patients with the lowest quartile of telomere length, who also have a greater chance of developing dementia163. In support of a role of short telomeres in neurodegenerative diseases, late-generation telomerase-deficient mice recapitulate Alzheimer’s disease phenotypes164. Notably, AAV-mediated Tert expression ameliorated memory impairment164. Telomerase appears to have a protective role against tau pathological hyperphosphorylation in neurons from patients165 and against amyloid-β-induced cell death in embryonic mouse hippocampal neurons in vitro166. Conversely, β-amyloid can induce telomere shortening and inhibit telomerase activity167.
Parkinson’s disease
Parkinson’s disease is a progressive disorder in which movement is impaired. The disease affects more than 10 million people worldwide (https://www.parkinson.org/Understanding-Parkinsons/Statistics), and age is the main risk factor in both sporadic and familial forms. Senescent astrocytes have been detected in postmortem brain samples from patients with Parkinson’s disease168, and senescence of dopamine neurons has been proposed to contribute to disease pathogenesis169. Although there is no clear evidence of telomere length changes in patients with Parkinson’s disease170, mice with critically short telomeres recapitulate some features of the disease, including poor performance in neuromuscular coordination tests164. Pointing to a causal role of telomere dysfunction in Parkinson’s disease, telomerase activators led to decreased levels of pathological α-synuclein protein and improved motor symptoms in a mouse model of Parkinson’s disease171.
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Although conceptually appealing to explain proliferative exhaustion and cell ageing, telomere shortening is inadequate to explain ageing in non-proliferating, quiescent or terminally differentiated cells. Nevertheless, TAFs and senescence have been reported in ageing post-mitotic cells, including cardiomyocytes, adipocytes, neurons, osteocytes and osteoblasts17. These observations can be explained by an evolutionary perspective by which telomere-binding proteins inhibit DNA repair in cis18,19 to maintain the linear structure of chromosomes and to prevent fusions. As a consequence, DNA damage that occurs within telomeric repeats (tDD) resists repair, which causes persistent tDDR signalling and TAF formation also at long telomeres19,20,21. Endogenous or exogenous DNA damage is constantly generated, and the fraction that occurs at telomeres, which is less efficiently repaired, thus accumulates and induces a senescence-like phenotype (Fig. 1a).
Therefore, persistent tDDR activation is the shared causative event of both replicative cellular senescence caused by critically short telomeres and the senescence-like state caused by damaged telomeres in non-replicating cells (Fig. 1b). Although these events may be mechanistically distinct in origin, DNA damage at long telomeres may cause, within the time frame of organismal ageing, degradation or loss of the terminal portions of telomeres, therefore leading to telomere shortening.

In the broader context of organismal ageing, the notion that DNA is the only irreplaceable component of the cell makes a strong argument in favour of an apical role of DNA integrity in ageing. The irreparability of telomeres makes it more so.

In addition to being hard to repair, telomeric DNA is hypersensitive to oxidative DNA damage, a phenomenon recently named TelOxidation22. Oxidative stress reportedly both induces tDD without telomere shortening and accelerates telomere shortening23,24,25,26 by inhibiting telomerase27 and disrupting the recognition by telomere-binding proteins, which contributes to telomere uncapping22,28.

Fig. 1: Telomere shortening and damage and their consequences.
. b, In proliferating tissues, telomeres are shortened with cell cycle divisions and, when critically short, they trigger a DDR. In non-proliferating, post-mitotic tissues, telomere dysfunction can be driven by irreparable DNA damage within telomeres. In both cases, the persistent DDR activation sustains a senescent phenotype that is characterized by arrested proliferation and SASP activation.
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