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Ninu eku, itdju growth factor igbése¢ mé;ji tin awon
egungun digit ti a g€ kuro hu — laipéye

Nibi ti gigé digit eku ti saba mda v san péelii apd, fifi FGF2 ati léyin nda BMP?2 si i da blastema sile, o si
tin phalanx t6 sonu ati isépo kékeré hit — won jo ti akoko sugbon won ko ba won mu, won si jinna si
gbogho esé-owg. O ddabad pé sééli ati ami itin-hiy 1é wa nibi ti eranko omii ti saba kina: proof of principle
nini eku, ki i se itgju eniyan.
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Ibéere Aristotle, ti a béere 16r1 ika ese eku

Ki 16 dé ti salamander fi 1¢ tin gbogbo ese¢ ti a gé kiird hi — egungun, isan, nerve, awo ara, gbogbo r¢ — nigba ti
eku, tabi eniyan, kan wo ogbé kukiité naa san ti 6 si diré? Ibéere nda ti pé: iwé nda so pé 6 pada dé Aristotle, ni
ohun t6 ju egberin odin méji s¢yin. AW(_)n eranko t6 I¢ se ¢ mda 1 tin apd ti 6 sonu hu l4ti ind okiti séeli kékeré
ti ko til ni is¢ akanse, ti a i pe ni blastema, t6 kéra jo si ogbé, t6 si tiin ohun ti 6 sonu k¢. Opi) eranko omu ki i da

a sile rard. Awa 1 fi ap4 ti ogb¢ pa ogb¢é mo.

Nitori nda, iwé ti akolé r¢ jé “itin-hu digit nind eku” dé si adrin okan ldra awon ibéere ti ko tii ni esi t6 dagba ju
lo nind biology — ati, 14ipé yii, si adrin ariwo pip0. Béere 10wo intanéeti ohun ti 6 5o, a 6 so fin ¢ pé eniyan ti fé
bere si 1 tin ika ati es¢-owo té sonlt hii. Ohun ti 6 so t66ro si i, 6 sajeji si i, 6 si fani méra si i: nind eku, nibi ti
gigé digit kan ti sdba mda 1 san peld apd, growth factor méji ti a fi si i ni itoléseese t6 to — FGF2 koko, 1éyin nda
BMP2 — mu ki kukuté nda tin egungun ti 6 sonu k. Ki 1 se gbogbo es¢-owd. Ki 1 se nind eniyan. Ko pé. Sugbén

ogbé ti eranko omu sdba maa 1 fi fibrosis pa m¢ ni a mu ki 6 tin ara r¢ hu, €yi si ni esi t6 ye kd 1ye.

Ohun ti awon onkowé se

Digit eku jé okan lara ibi di¢ ti eranko oma ti I¢ tin ohunkéhun hu. G€ digit ni ori r¢ gan-an, y60 tin hu; gé e ni
isale sii — kojd egungun keji ti digit, phalanx P2 — ko ni tin ht. Kukuté nda mda i san pe¢ld apd, yoo si dard.
Gigé P2 ti ko tin hu yen, nind awon eku ti a s¢s¢ bi, ni awose ti awon onkowé modmo 10: ogbé kan nibi ti eranko

omu ti mda i kina 14ti tin ara hu ni gbogbo igba.

Wén fi prétini signalling méji si 1, 0kan 1€yin omiran. Qjé di¢ 1€yin gigé, nigba ti ogb¢ ti ti, won fi bead kékeré
kan t6 1 td FGF2 (fibroblast growth factor) sil¢ sind re. Qj¢ marun-in I€yin nda, won fi bead keji té 1 ti BMP2
(bone morphogenetic prétini) sil¢. Léyin nda, won topinpin awon digit nda fun 0s¢ mélod kan peli micro-CT scan
ati tissue staining, won se sequencing awon séeli ogb¢ 10kookan, won si lo genetic labelling lati topinpin ibi ti séeli

ogbé kookan pari si.
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Two signals, two tracks

FGF?2 raises blastema-like tissue; BMP2 pushes regeneration, imperfectly

a Mid-P2 cut e FGF2 bead © BMP2 bead o Two outcomes

newborn mouse digit 4 days after amputation 5 days later / 9 dpa similar, not identical

dorsal track
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+ growth plate

ventral track
joint complex
+ sesamoid-like bone

Removed: distal P2, P3 A blastema-like cell mass forms, The second signal pushes tissue
and sesamoid-like joint unit but FGF2 alone is not enough. toward skeletal differentiation.

normally scars, no )
Y ! raw material, not enough sequence matters
regrowth

dpa = days post amputation - P3-like and sesamoid-like structures are similar to the originals, not exact copies

Raster anatomy is illustrative; the editable SVG layer carries the claims, timing and boundaries.

Ami méji, ipa 6na méji: FGF2 n gbé tissue t6 da bi blastema dide; BMP2 1 ti itin-hu siwaju, sugbdn digit ti a tun
ko jo ti akoko, ko si ba a mu patapata.

Original hybrid diagram — The Clean Paper CC BY 4.0

Ohun ti won ri

FGF2 nikan da ohun &lo akéké sile, siigbén 6 sowén ki 6 mi ési wa. O mi ki ogbé k6 opd séeli té 1i pin, t6 da
bi blastema, jo — ikéjopo séeli té 11 dari ittin-hu gidi nint eranko bi salamander — 6 si tan awon jini ti blastema
1 10. Sugbdn finra r¢, 6 sdba mda i dird sibe: nnkan bi 70% digit ti a tdji ko hi egungun tuntun kankan, nnkan
bi 30% nikan 16 da egungun kan t6 wa ni ibi ti ko t0 sile.

FGF2 l¢yin naa BMP2 pari isé naa — laipéye. Nigba ti bead BMP2 t¢lé bead FGF2, gbogbo digit ti a t¢ji hu
egungun tuntun. Op(} won tun distal phalanx (P3) t6 sonu hut gégé bi egungun t6 seé mo, peli growth plate ni 1sale
r¢ — iseto kan naa ti egungun digit 11 10 nigba ti 6 i dagba — Opo si tin isépd kékeré kan hu: egungun t6 da bi
sesamoid, peld tendon ati ligament t6 tin sopo m¢ kukuté. Nigba ti a won won peld isdra, awon apd ti a tin hu jo
awon akoko suigbon won ko ba won mu patapatd, egungun kukuté naa si dagba sugbdn ko dé iwon r¢ té ye. Awon
onkowé pe esi nda ni “digit t6 pé sugbdn ti ko péye” — 6 pé nitori gbogbo iseto ti gigé yo kiird ni ohun té dird
fin un, ko péye nitori ko si eyikéyii t6 jé ¢da gangan.

A tan séeli ogbé seto ni tootd. Single-cell sequencing fi han pé FGF2 tin fibroblast ogbé se ldadrin 0j¢ kan, 6
tan awon jini (Hmgal, Hmga?2) t6 ni ibdsepd peli ipada si ipd embryonic t6 1i dagba si i. Genetic labelling fi han
I€yin naa pé a fiin pase isé¢ fun awon séeli kukuté lasan — a dari won lati ko iseto té jé ti apa digit t6 jin sii ju ibi
ti won ti ber¢ — woén si kdpa nind phalanx ti 6 tin hu ati tissue synovial ati connective ti is¢p0 tuntun (egungun
kékeré t6 da bi sesamoid wa ni pataki lati séeli miiran).
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Ohun ti eyi se€ se ki 0 timo si

Ttumo méji ti awon onkowé yo, ti a so peld isdra.

Akdko: idi ti eranko omu fi kuna lati tin ara ht nihin-in Ki i se pé awon sé¢li t6 t6 ko si. Awon séeli t6 1e se itin-hu
wa ni ogb¢; ohun t6 ku ni ami 14ti tan won. Fi signalling FGF ati BMP si i ni itoléseese t6 t, ogbé kan t6 ye ki 6
ni apd yoo tin ara hu dipo bée. Gégé bi awon onkowé se so, signalling yii #6 14ti da esi itin-hu sil¢ ni ogbé t6 sdba

mada 1 san peld fibrosis.

Eléekeji: ittin-hu ti a da silé 11 gba ipa ona méji — &yi t6 sinmi léri blastema, t6 tin phalanx k¢ nipa titin
idagbasoke embryonic r¢ se (nitori nda growth plate), ati eyi ti ko sinmi l6ri blastema, t6 tin joint complex ko.

Pap0, wén I& répd ohun ti gigé yo kiird ni afojdsun.

Ohun ti eyi ko fi han

O wa nind eku — digit eku ti a s¢s¢ bi, nind awose ti a yan nifori pé ko saba tin ara hti. Ko si ohun kankan
nihin-in ti a se nind eniyan.

Egungun digit ni, ki 1 se es¢-owd. Gigé nda yo opin ika kan (distal P2, P3, ati egungun sesamoid kékeré); esi
nda ni itin-htt awon apd kékeré wonyen. “Titin es¢-owd hi’” ko si nind iwé yii.

Oko péye. Awon egungun ti 6 tdn hu jo ti akoko suigbdn won ko ba won mu, egungun kukuté ko pada si iwdn
kikin, FGF2 nikan si kuina ni op igba.

o} jé bead growth factor méji, ni itoléseese — ki 1 se odglin, serum, cream, tabi it¢ji éekan. AkSko nda se
pataki: FGF2 kéko, BMP2 ni 0j¢ marun-tn I€yin naa.

Ko fi han pé eyi 1 sisé nind eranko omii agba tabi 1ila, tabi pé 6 ni aabo. Awon eku ti a sésé bi ni nind
idanwo ti a dari ddadaa.

Bawo ni ¢ri naa se lagbara t6?

Laaarin aala tire, esi pataki nda fes¢ mule. Gbogbo digit FGF2—BMP2 hu egungun tuntun nibi ti ko si digit
control kankan té se bée¢, ird ¢ri Ominira marin-dn si t¢ si ona kan nda — awordn egungun 3D, tissue staining,
shape statistics, single-cell sequencing, ati cell-lineage tracing.

Awon aala otitd jé nipa iwon ohun ti 6 kan, ki 1 se pé eri ko dara. Esi nda yato, ko si péye; 6 wa ninud eku ti a s¢s¢
bi; 0ro t6 ldgbdra “t6” si kan ogbé awose yif, ki 1 se eniyan. Iwé nda fi han pé a 1¢ bori ikina itdn-hu nind eranko

omu nipa fiftn digit eku ni ami té t6. Ko fi ona si ittin-hl es¢-owé eniyan — tabi kdda ika eniyan — han.



THE CLEAN PAPER iségun itun-hu
Idi ti 6 f1 se pataki

Fun igba pipé, ibéere t6 si sile ni boyd eranko omu ko ni séeli fin itin-hu tabi pé won kan kuna 14ti /o wén. 1sé
yii jé 1bo t6 se kedere fin ekeji: awon séeli t6 Ie se is¢ wa ni ogb¢, awon ami t6 tg, ni itoléseese té to, si le ji won.
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Ero t6 ni ireti gidi ni — t6 si lora. Yiyi “6 t6 nind digit eku ti a s¢s¢ b
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si ohun ti eniyan I fiyesi jé Ona giglin, iwé
naa ko si se bi eni pé ko ri bée. Iye t6 wa nihin-in ni proof of principle, ki 1 se iléri.

Akoétan mimo

Nind awon eku ti a s¢s¢ bi, gigé koja egungun digit keji (P2) sdba mda i san peld ap4 1disi itin-hu. Fifi bead FGF2
si 1, Iéyin 0j¢ marun-tn ki a fi bead BMP2 si i, yi eyi pada: FGF2 dd opo séeli té 1 pin ti 6 da bi blastema sile,
BMP2 mi un differentiate, digit nda si tiin phalanx té sonu hit — peld growth plate idagbaséke — ati, ni Opo igba,
15€ép0o kékeré, tendon, ligament ati egungun sesamoid. Awon apd ti 6 tan hu jo ti akoko sugbdn won ko bd won mu,
&si nda ko si péye. Cell tracing fi han pé a tin awon séeli ogbé€ lasdn se, a si flin won ni isé tuntun lati ko iseto té
sonu. Ohun pataki: nihin-in, ikiina itin-hu nind eranko omu j¢é isoro ami t6 ku, ki 1 se séeli t6 ku, signalling FGF
+ BMP si t6 lati bori r& nintd awose yii. O jé proof of principle ninii eku — ki i se it6ji éniyan, ki 1 si se “tittin

ese-owo hu.”

Ayewo laisi Oro asan

Ohun ti iwé naa fi han: Nind eku ti a s¢s¢ bi, itoji FGF2-1¢yin-naa-BMP2 Iéseese 16ri gigé digit P2 ti ko saba
tin hu d4 itin-hu distal phalanx ti a gé kuro sile (nipas¢ blastema té da growth plate sile) ati, ni opo igba, joint
complex t6 bd a rin (egungun t6 da bi sesamoid, tendon, ligament). 112 &ri martin-in — micro-CT, histology,
shape morphometrics, single-cell sequencing, ati lineage tracing — se atiléyin fiin un. Awon isetd tuntun jo ti

akoko sugbdn won ko bd won mu patdpata.

Ohun t6 seé gba sugbén ti a ko fidi re miile: Pé FGF2 nikan, peld akoko tabi dose té yato, 1& pari itin-hu;
developmental programme pat6 ti awon séeli ti a tin fin ni isé 11 telé.

Ohun ti ko fi han: Ohunkdéhun nind éniyan, tabi eranko omu agba tabi 1ild; itin-hu gbogbo es¢-owd tabi gbogbo
ika; odgun, serum, tabi itdjud igbése kan; aabo; pé esi nda péye tabi pé 6 mda i pari ni gbogbo igba.

Awon aala pataki: Eku ti a sesé bi; awdse egungun digit, ki 1 se es¢-owd; esi ti ko péye, t6 si yatd (FGF2 nikan
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saba kuna); “6 t6” kan ogbé awose yii, ki 1 se éniyan; ko si data eéniyan tabi eranko omu agba.

Igbékelé méloo ni oluka ghogboogbo ye ki 6 ni? Igbékelé giga pé, nind awose eku yii, FGF2—BMP2 d4 itin-hu
digit apa kan sile ni to6td, ati pé awon séeli to 1e se isé wa nibe sugbdn won ko ri ami. Igbékelé giga pé eyi ki i se
itdn-ht es¢-ow¢ eniyan, Ki 1 si se it¢ju. Igbékelé kékeré si adrin 16ri bi principle naa se 1¢ timo si ohun mii. Idiré6
t6 ye: proof of principle gidi, t6 1éwa, nipa idi ti eranko omu fi kuna Iati tiin ara hit — t6 si jinna si akolé ariwo.
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Awon orisun
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