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M6t mo6 hinh loai bo gan nhw moi qua trinh
140 héa tién trién. Dot bién soma van két
thuc thi nghiém twong tugng

Mo hinh khong noéi rang con nguwoi co thé song tdi 194 ndm. N6 dong bdng tit vong nén
& mitc tudi 30, logi gan nhw moi co’ ché ldo héa tién trién khdc va héi khi nao mdt té€ bao
do dét bién trong bén mé mo hinh hdéa sé gay thdt bai. Nhitng con so lon la dau ra co
diéu kién, khong phdi tudi cé thé dat hay du bdo diéu tri.
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sinh hoc lao héa

M6t m6 hinh loai bo gan nhuw moi qud trinh lao
héa tién trién. POt bién soma van két thuc thi
nghiém twong twong

Hay tudng twogng mot co thé ngudi noi gan nhw moi qua trinh 130 héa quen thudc déu bi tat.
Mach méau khong suy thodi dan. Protein khong tir tit méat chat lugng. Viém, ung thu va céc that
bai lién quan dén tudi khac khong ting theo tudi. Khong co quan nao dugc ghép, va khong co
phuong phép diéu tri nao lam cham s tich 1y thay d6i DNA bén trong té bao.

biéu gi sé hong tiép theo?

Mot nghién ctu moé hinh héa tinh toan mai két hop cac duong cong song sot dan s6 bang toan
hoc v6i mo6 phdng mdy tinh vé mat té bao do dot bién trong bén mo. N6 dwa ra mdt cau tra
10i c6 diéu kién: sy mat dan té bao sau cac doét bién soma c6 hai cudi cing cé thé tré thanh
nut that, dac biét & ndo va tim. Dot bién soma la thay d6i DNA ma mot té bao co thé mac phai
trong doi. N6 khong dugc truyén qua trirng hay tinh trung, va phan 16n cac thay doi nhu vay
khong giét té bao cling khong gy bénh.

Két qua dé duoc trich dan nhit clia nghién cttu 14 tudi tho trung vi mé hinh hdéa tir 146 dén
194 nam, tuy cach cho phép cac that bai @ bon mé phu thudc vao nhau. Nhung day khong phai
wdc tinh con ngudi ngay nay co thé song bao lau. N6 khong phai két qua dy doan ctia mot diéu
tri. Khong nguoi, dong vat hay can thiép chong ldo héa nao dugc thit nghiém.

Con s0 d6 chi xudt hién trong mot kich ban dugc co y ddy dén mic phi thye té. Piéu quan trong
la hiéu kich ban dy cho thay diéu gi.

The large lifespan numbers begin inside an impossible world

Each removal is a model assumption, not a medical step.
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M6 hinh loai bd gan nhu moi qué trinh 130 hda tién trién trudc khi hoi mat té bao do ddt bién sé gay ra diéu gi.
Day 1a mot thé gidi mé hinh co diéu kién, khéng phai ké hoach diéu tri.
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Trudc hét, xay mot dan s6 gan nhu khong gia di

Cdc tac gia bat dau tir dir liéu ti vong ctia Thuy Si. Ho “déng bang” nguy co ti vong hang nam
& mic do dugc quanh tudi 30, roi gitt mirc thap dé khéng d6i mai mai. Trong doi thuc, t& vong
tang manh theo tuodi. Trong dwong co s& nay, n6 khong tang.

Ngay ca dan s6 don gidn héa nay van mat ngudi do ti¥ vong nén: moi nguyén nhan t& vong
ngoai qua trinh dot bién dang dwgc mo hinh héa. Nhung vi nguy co dé khong bao gio tang, so
hoc kéo dai t6i nhitng khoang thoi gian phi thuwong. Tubi tho con lai trung vi mo hinh héa la
1.759 nam. Thoi diém chi con mot ngudi séng trén moi 100.000 ngudi ban dau 1a 29.221 nam.

Khoéng con sd nao la tuyén bo sinh hoc. Chuing cho thay diéu gi xay ra khi mot nguy co hang
nam thap cda tudi trudng thanh sém dugc ngoai suy vo thoi han.

Bai bdo dung nhiéu “dong h6” phai dugc gitt tach biét:

+ Trung vi quan sat dwgc trong dan sé tham chiéu Thuy Sila 79 nam.

Ky luc tuoi tho ngwoi quan sat duge ma bai bado dung 1a 122 nam.

+ Trung vi mé hinh héa la thoi diém mot nita dan s6 moé phong da chét.

“To6i da” mo hinh héa cia bai khong phai nguoi gia nhat cé thé ton tai. N6 1a thoi diém ty
1é song s6t gidm xudng 0,001%, tirc con mot ngudi séng trén moi 100.000 ngwoi bt dau.
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Three clocks that must not be merged

Observed lifespan and modeled survival markers answer different questions.

OBSERVED MEDIAN MODELED MEDIAN MODELED TAIL MARKER
79 years half of the Swiss 156 years four tissues assumed 470 years survival falls to one
reference cohort had died mutually independent person in 100,000

79 156 470

an observed record age a predicted oldest person a hard biological ceiling

Original diagram - The Clean Paper - CC BY 4.0

Tubi tho quan sat dugc, trung vi mé hinh héa va méc séng sét mét trén 100.000 clia md hinh tra 16i cac cau hoi
khac nhau. Méc 470 ndm khéng phai tudi ky luc dudc du doan hay mét tran sinh hoc cuing.
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Vi sao goi mdt ngudi sdng sét trén 100.000 Ia “t6i da"?

Mot mé phong c6 dwong cong sdng sét tron c6 thé khéng bao gio dat chinh xac bang
khong. Vi vay cac tac gid chon mot phan song s6t rat nho, 0,001%, lam diém két thuc
thao tac. biéu nay cho phép so sdinh nhat quan gitra cac 1an chay mé hinh. N6 khong cé
nghia sinh hoc c6 mot birc twong & tudi do, va cling khéng xac dinh nguoi gia nhat cé
thé co.

Cac té bao khé thay thé tré thanh nut that sém

MO0 hinh tiép theo thém mat té bao do dot bién. Mot dot bién chi dugc tinh 1a gay chét khi n6
lam héng du vat liéu di truyén thiét yéu khién té€ bao mat chitc nang. Xac suat diéu nay xay ra
con bat dinh va dugc mo6 hinh héa chit khéng do tryc ti€p cho tirng té bao.

bau tién cac tac gid xét hai quan thé té bao hau phan bao: cic té bao truwdng thanh khong
thuong xuyén duoc thay thé bang phan chia. Vi du cia ho la neuron vé nédo va cardiomyocyte,

tttc té bao co lam tim co bop.

Khi thém mat neuron vao nguy co nén da déng bang, dan s6 moé hinh héa dat trung vi 194
nam va moc mot trén 100.000 ¢ 557 nam. V&i mat cardiomyocyte, cac gi tri 1a 208 nam va
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868 nam. Thoi gian that bai co quan trung vi khi chi xét co quan, trwéc khi thém t vong nén,
khoang 198 va 212 nam.

Nhitng dau ra nay khong cho thdy néo hay tim that c6 mot dong hé dém ngugc. Chung noi
rang bén trong mo hinh nay, khi gan nhw moi van dé tién trién khéac da bi loai bd, mat té bao
& nhitng quan thé it dugc thay thé thuong xuyén tré nén quan trong sém hon nhiéu so vai
nguy co nén hang dinh néu dirng mét minh.

Kha nang thay thé lam thay doi so hoc

Céc mo cd té bao phan chia hanh xit khac vi té bao mat di c6 thé dugc bo sung.

V6i té bao gan khong c6 ho trg tit quéan thé té bao tién than, thoi gian trung vi that bai co quan
mo hinh héa la 37.664 nam. Tuy nhién, sau khi thém nguy co nén da dong bang, trung vi dan
s6 giam lai con 1.755 nam, gan véi duong co sé khong 1do héa. That bai gan do dot bién xay
ra mudn dén muc t& vong nén chiém wu thé trudc.

Khi m6 hinh cho gan mgt quan thé tién than cé kha nang bo sung té bao, khong gan mé phéng
nao dat ngudng that bai trong ctva s6 100.000 nam. D6 khong phai mot 14 gan bat t. Pay la
két qua bi kiém duyét bén phdi: quan sat két thic truede khi that bai mo hinh héa xay ra.

Té bao day duong ho héap, giip bo sung 16p 16t dwong thd, dat trung vi that bai co quan mo
hinh héa 4.359 nam va méc mdot trén 100.000 khi chi xét co quan la 7.617 nam. Sau khi thém
t& vong nén, trung vi khodng 1.755 ndm va moc & dudi la 7.132 nam.

Nhitng con s6 hang nghin nam nay khong phai dy doan vé phéi hay gan. Mo that trai qua viém,
X0 hoéa, tén thuwong mach, ung thw, nhiém trung va twong tac véi co quan khac — tit ca déu
khong cé trong moé hinh da lwgc bo nay.
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Replacement changes the model's failure time

Organ-only clocks are kept separate from population survival after background mortality.

LARGELY NON-DIVIDING CELLS REPLENISHING CELL POPULATIONS
Cortical neurons Liver without progenitor support

population median 194 years organ-only median 37,664 years

tail marker 557 years Airway basal cells

Heart muscle cells organ-only median 4,359 years

population median 208 years replacement and replicative capacity delay failure

tail marker 868 years
lost mature cells are not routinely replaced

With progenitor support, no modeled liver failed within 100,000 years: right-censored, not immortal.

Original diagram - The Clean Paper - CC BY 4.0

Céc té bao phan I6n khéng phan chia va cdc mé cé kha nang b6 sung phan ting khac nhau véi mat té bao trong
mé hinh. Th&i gian that bai khi chi xét ¢ quan dugc gill tdch khdi séng sot dan sé sau khi thém ti vong nén.
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Bon mo mod hinh héa cho ra 156 nam chi khi gia
dinh doc lap

Sau do cac tac gia két hgp neuron, cardiomyocyte, hepatocyte va té bao ddy duwong ho hap. Co
thé dugc bi€u dién nhw mot hé do tin cay: néu bat ky thanh phén can thiét nao that bai, sinh
vat mo hinh héa that bai. Nguy co nén & tudi 30 van dugc gitt ¢6 dinh.

DEé két hgp bon mé hinh mé, céc tac gid xem co thé nhw mot hé mac noi tiép: sinh vat mo
hinh hoa chi séng khi moi thanh phan mo can thiét vin hoat déng. Trong gia dinh déc 1ap 1an
nhau, biét m6t mé that bai khi nao sé khong lam thay déi xac sudt that bai ciia mo khac, nén
bon xdc suat séng sét ¢é thé nhan vai nhau. Véi gid dinh do, tudi tho trung vi mo hinh hoéa la
156 nam. Moc mot trén 100.000 1a 470 nam.

DPoc 14p thuln tién vé todn hoc, nhung céc co quan khong phai nhitng c6 may doc 1ap. Ching
dung chung nguén mau, viém, hormone, than kinh va stress toan than. That bai & mdt co quan
c6 thé thay doi diéu kién & co quan khéc.

DE cho thdy phu thudc chwa biét c¢6 thé lam thay déi két qua ra sao, cac tac gid tinh giéi han
Fréchet: cac gigi han ngoai vé toan hoc clia mot dwong cong song soét két hop khi biét dwong


https://en.wikipedia.org/wiki/Fr%C3%A9chet_inequalities
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cong cua tirng thanh phan nhung khong biét sy phu thudc gitta chung. Khoang trung vi thu

dugc 1a 146 dén 194 nam. Khoadng méc mot trén 100.000 1a 210 dén 557 nam.

Cac khoang nay khong phai khoang tin cdy quanh mot dy bao. Gia tri trén twong wng véi thoi
diém that bai hoan toan dong bd. V&i hon hai thanh phéan, gigi han Fréchet dudi tham chi cé
thé khong twong ng vGi bat ky kiéu phan bo chung kha thi nao. Cac gidi han cho thay cau tra
10i c6 thé dich chuyén bao nhiéu khi mé hinh biét cac bé phan nhung khong biét that bai cia

chung di cung nhau thé nao.

Modeled survival (%)

One model, two survival thresholds

Threshold-matched reconstruction of final-paper Figure 3b
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Smooth curves interpolate reported thresholds; they are not raw simulation output.
Bounds are not confidence intervals or forecasts.

Pudng mau xanh luc lam 1a két qua bon mé dudi gia dinh déc 1ap. Vung mau hé phach néi cac tai dung khép

ngudng

du bao.

cla gidi han phu thudc toan hoc, con dudng mau gi la tham chiéu Iao héa binh thusng cua bai bao. Vi
dt lieu dusng cong ngudn cudi khéng dudc céng b6, cac dudng tron ndi suy cac diém cat 50% va 0,001% dudc
bao cao; chung khong phai chay lai mé phéng. Cac gidi han la gidi han toan hoc, khdng phai khoang tin cay hay

Original chart - The Clean Paper; thresholds from Efimov et al., npj Aging (2026), Figure 3b CC BY 4.0
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One reference case, two different uncertainties

Dependence and parameter sensitivity are not the same calculation.

INDEPENDENCE DEPENDENCE BOUNDS PARAMETER SENSITIVITY
four organ-failure times assumed same component curves; unknown 300 sampled parameter sets;

mutually independent joint failure pattern uncertain chance that one mutation
median 156 years median 146-194 years kills a cell

tail marker 470 years tail marker 210-557 years some organ clocks can shift by one

or two orders of magnitude

Frechet bounds are mathematical outer limits, not none of the values is a forecast of reachable human
confidence intervals lifespan

Original diagram - The Clean Paper - CC BY 4.0

K&t qua ddc l1ap 1a mdt trudng hop tham chiéu. Gisi han phu thudc & cac gisi han ngoai toan hoc, va 300 bd
tham s6 cho thay thém b4t dinh vé xac suat mot ddt bién dudc gia dinh sé giét té bao.

The Clean Paper CC BY 4.0

GigGi han phu thuoc la gi?

Gia st bon thanh phan déu c6 xac sudt da biét 1a van hoat dong 6 mot thoi diém, nhung
ta khong biét chung c6 xu hwéng that bai cung nhau hay khong. Gigi han Fréchet cho
khoang rong nhat duwgc todn hoc cho phép ctia két qua két hgp ma khong can chon mot
kiéu phu thudc cu thé. Ching 1a hang rao quanh théng tin con thiéu, khong phai thanh
sai sO t cac quan sat nguoi lap lai.

Xac suat dot bién gay chét 1a moét bat dinh 1on

Mot dau vao mo hinh dac biét khoé 1a xac suat mdt dot bién mai sé gay chét té bao.

Phan b6 sung chay lai phan tich trén 300 b tham sd. Vi ca dot bién thay d6i mot nucleotide
va chen/xéa ngan, xac sudt gia dinh mot dot bién giét té bao cé cung gidi han dwdila 1,94 x 10A-
7. Gidi han trén theo loai té bao la 2,25 x 10A-4 cho neuron, 1,08 x 10~-4 cho cardiomyocyte,
1,02 x 10/~-4 cho hepatocyte, 1,60 x 10/-4 cho t€ bao tién than gan va 1,77 x 10A-4 cho té bao
day duong thd. Cac gia tri dugce 14y mau doc 1ap trén thang logarit, nén c6 thé thay doéi theo
nhiéu bac do 16n ch khong chi vai phan tram.

Thay d6i cac dau vao bat dinh dé 1am madt s6 tudi that bai mé thay doi theo hé s6 khodng 10
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dén 100. Du vay, moi b0 tham s6 dwgc thi déu gitt cung thit ty tong quat: mo khong phan chia
tré nén bi giéi han béi dot bién sém hon mé cé khad ning bé sung. Thit ty 6n dinh d6 ho trg so
sanh gitra cac loai mo, nhwng khong cho biét wdc tinh tudi tho chinh xac nao la dung.

Phan tich d6 nhay trd 10i cau hoi “két luan cé con khi dau vao bat dinh thay doi khéng?”. N6
khong tiét 10 gia tri dau vao nao la that.

M6 hinh loai bo sinh hoc ma binh thud'ng sé€ xuat
hién trudc

Kich ban chi bao gobm bon quéan thé té bao. N6 xem ddt bién giy chét nhu céc sy kién doc lap
& cap té bao va mo ta that bai co quan bang cac ngudng quan thé dugc chon. N6 bé qua réi
loan chitc nang duwdi ngudng gay chét, noi té bao van séng nhung hoat dong kém. N6 bé qua
s m& rong cda cac clone bi ton thuwong lan at té bao khde. N6 don gidn héa tuwong tac gitra cac
CO quan.

Ung thu cling dugc dit sang mot bén. M6 hinh gia dinh cdc bién d6i ac tinh bi gidm sat mién
dich loai bd, nén ung thu khong tang theo tudi. Cac vong phan hoi viém, noi tiét, mach mau va
than kinh tién trién déu vang mat.

Con mot van dé phan thuyc té sdu hon. Ty 1é dot bién dugc wée tinh tir mo that bén trong cac
co thé that dang ldo héa. Nhung sau dé mé hinh dat cac ty 1é d6 vao mot co thé noi stress oxy
hoa va cac qua trinh 130 hda tién trién khac da bi loai bd. Khéng c6 quan thé nao ton tai dé co
thé kiém chirng tryc tiép tién dé két hgp do.

Thém cac cach that bai bi b6 qua chi c6 thé khién mot gigi han trén dé xudt dén sém hon. N6
s& khong lam céc tudi dugc bao cdo dé dat hon.

Nhitng con s 16n that sy dung dé lam gi

Dboc theo chiéu thuan, bai bdo c6 vé di tir 1.759 nam xudng 156. Poc ngugc lai, muc dich trd
nén ro hon.

buong co s6 1.759 nam co y phi ly. N6 thiét 1ap mot thé gidi noi tudi khong con lam tang phan
16n nguy co. Mat té bao do dot bién trong nao va tim moé hinh héa sau d6 kéo thé gidgi ay tré lai
mot khoang van cao hon tudi tho nguwoi quan sat duwge nhung thap hon rat nhiéu so véi duong
co s@ nhan tao.

Khoang cach d6 ho trg mot y twdng hep: tich lity dot bién soma van cé thé 1a mot rang budc
dang ké ngay cd néu nhiéu qua trinh 130 hoéa tién trién khac bién mat. N6 khéng chirng minh
dot bién 1a nguyén nhan duy nhat ctia 1do héa. N6 khong noéi loai bd dot bién sé mang lai cac
tuoi dugc bao cdo. Nghién cttu khong mo6 hinh héa mét can thiép, cling khong mo hinh héa tac
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hai hay danh doi cta viéc thay déi ty 1é dot bién.

Gia tri cia bai todn khéng phai 16i hita vé tudi tho cuc dai. N6 1a cach hoéi nhirng thit bai nao
con lai sau khi cdc that bai hién nhién da bi loai bé.

Tém tat gon

Nghién cttu nay dung mo6 hinh nhan khau hoc va dé tin cdy mo dé héi mat té bao do dot bién
c6 thé gidi han tuoi tho ra sao trong mat thé gigi phan thyc té noi gan nhw moi qua trinh 1o
hoa tién trién khac da bi loai bd. Tk vong nén dugc déng bang mai & mic tudi 30 ctia Thuy Si
duong dai. Chi bon quan thé té bao mo hinh héa dwgc két hgp, khong cho ghép tang hay can
thiép lam gidm dot bién. Vi gia dinh doc 1ap, mod hinh cho tu6i tho trung vi 156 ndm va méc
song s6t mot trén 100.000 1a 470 nam. Khi cac tac gid cho phép moi quan hé toan hoc cé thé
gitta cac that bai mo, cac gi¢i han ngoai md& rong cac gia tri thanh 146-194 va 210-557 nam.
Neuron va té bao co tim trd thanh nut that sém hon cic quan thé gan va dwong thé trong mo
hinh. Pay la dau ra moé phéng cé diéu kién, khong phai gi¢i han quan sat cia con nguoi, dy
bao diéu tri hay bang chitng con nguoi cé thé séng téi cac tuoi do.

Danh gia thang than

Bai bao cho thay gi: Trong m6t mo hinh c6 tinh lwgc bé rat nhiéu sinh hoc, mat té bao do dot
bién & cac té bao phan 16n khéng phan chia tré thanh nut that quan trong sém hon nhiéu so
v&inguy co ti vong nén thap bi déng bang. Pau ra chinh xac phu thuéc mé hinh co quan, gia
dinh phu thudc va tham s6 xac suat dot bién gay chét.

DPiéu hitu ich nhwng c6 diéu kién: Trung vi tich hgp 1a 156 nam duwdi giad dinh doc 1ap 1an
nhau. V6i cung cac duong cong thanh phan nhwng phu thudc chwa biét, gi¢i han ngoai toan
hoc cho 146-194 ndm. M6c mot trén 100.000 ciia mo hinh 1a 470 ndm dudi doc lap va 210-557
qua cac gidi han.

Piéu n6 khong cho thiy: Con nguoi co thé song t¢i 194 hay 557 nam; cac tudi do la gidi han
sinh hoc cttng; dot bién soma la nguyén nhan duy nhat cta ldao hoéa; bat ky diéu tri nao co thé
loai cac quad trinh 1o héa khéc; hay gidm dot bién sé tao ra két qua mo hinh hoéa.

Han ché chinh: Bon quan thé té bao dai dién cho toan co thé; ti vong nén bi déng bang &
tuoi 30 mai mai; ung thu va cac co ché 1do hda tién trién khac bi loai bang gia dinh; twong tac
co quan dugc don gian hoa; ty 1&€ dot bién lay tir mo that dang lao héa; nhiéu ngudng that bai
va xac sudt gay chét 1a Iva chon md hinh; va phan thyc té trung tam khong thé duwoc kiém tra
trong mot quan thé nguoi twong duwong.

Mot doc gia pho thong nén tin cidy dén mic nao? Tin cao rang cac con sé dugc bao cao di
theo diang mo6 hinh va lya chon tham s6 da néu. Tin vira phai vao twong phan dinh tinh gitta
mo khong phan chia va mo bé sung trong céac gia dinh d6. Tin rat thap rang bat ky con so tudi
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nao trong tiéu dé dy doan tudi tho nguoi cé thé dat dugc.

Nguon

Efimov et al., Somatic mutations impose an entropic upper bound on human lifespan, npj Aging (2026), article

in press
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Computational Aging Lab, model and analysis code
https://github.com/ComputationalAginglab/somatic-mutations-simulation
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