mR

k/%g?[\, l’/{&/tb = _IJ&%/\HEBEJJ
FREHBEREEK

BiEE2"2#, [t e+ phGg5345# FRRS™ akfne#, XPRKIES, mAS, XUigs10, i 1321, =F', BIBE", BEE', TR
1‘%3 M Zfr'2, BAMS K, ;I31$1$1 §kli$1 Dawn Elizabeth Coates's, g ", XUEF 5,10 , EXES, ;ﬁw & |

- /AA4BRE

e

Al

| |
re

1. EMEREEYZERTLRE, BENZSEEARRE, K&EREEE, K& 130600, FE
2. EMRIKE £HREEP, K& 130118, FE
3. HXERARE, 1t 102601, FEH
4. FERZFRAS £HRFEB, JEE 100049, FE
5. BERESZEAFAERERLRE, LAERARE, Rl 518083, F[E
6. HXAER () , R 518083, FEH
7. R RYMEE, FYI 518083, ARE
8. HERIRIZEISHFRAT, K&F 130112, FE
9. ERHESZAFRAERERLRE, LAERHARE, i 310030, FE
10. L XEEFMRIRASIGEFC, R 518083, HEH
1. REFEEEFAR, PEMEERSR, L 110048, FEH
12. AR, DIHARER (BEREAZFE_IGKRERR; AR AZNESE—ER) | iR 518020, FEH

13. Sir John Walsh tARRAf, FRIFR, RIEEFKAE, KET, rﬁﬁ— iMeta
Wl LEY Science

Hengxing Ba, Shidian He, Haixi Sun, Xin Wang, Hang Zhang, Qiuting Deng, Yue Yuan, et al. 2025. A vaststem-progenitor cell pool, richly vascular

system and hybrid ossification drive the daily centimeter-scale elongation of bony antlers. iMeta 4: €¢70097. https://doi.org/10.1002/imt2.70097



https://doi.org/10.1002/imt2.70097

Deer antler
(~2 cm/day)

® Full regeneration

® Neural crest-derived

. @ Diverse cell types

. ® Vascularized cartilage
. ® Multi-lineage plasticity

Growth plates
(~2 cmlyear)

: |/ ® Architecture precision

| ® Mesoderm-derived

| ® Chondrocytes only

@ Avascular cartilage

® Chondrogenic-restricted

26 =
=

ST~

1 Multi-omics cellular
landscape

gl | |
EHHOO]
el ] |
snRNA-seq snATAC-seq  Stereo-seq

#3{5*@

/ [E

2

Vast stem-progenitor
cell poo

AnSC paracrine
signalings apoptosis

MYC
targets

I
|
v
tummor

non-tumorigenic transcriptional program

3 Richly vascular system

Vascularization support
cartilage growth

vascular maturation signalings
(PDGFB, ANGPT2)
(HIF1A, VE GFA)

Angiogenesis and HIF1A signalings

Hybrid ossification

i © Osteoblasts

! arising via

i chondrocyte-

i lineage :
1 transdifferentiation

..........................

i recruit from




: AnSCs
. @ prolif. AnPCs

non-prolif. AnPCs

® Chondrocytes

er. Chondrocytes

: H\{]p

. ® Chondroclasts
: Mural cells

i ® Endothelial cells

Monocytes Macrophages

@ Mast cells

BEHERAPLSHFHIRES

ANnSCs

@ prolif. AnPCs
non-prolif. AnPCs
® Chondrocytes
Hyper. Chondrocytes
® Chondroclasts
Mural cells
® Endothelial cells
Monocytes Macrophages

® Mast cells

(A) AGC WfREIEM5=2H28% (snRNA-seq. snATAC-seq. Stereo-seq) EVFEIE, AGC BimmZERiman AEE:
RM. PC, TZ, CA. MC
(B) snRNA-seq B9 UMAP &1 EERESIISH
(C) snATAC-seq 2W—HRIMEEE S D

(D) Stereo-seq &7~ 11 KA EIEN LI

i | @prolif. AnPCs

¢+ @ non-prolif. AnPCs

. | @ Chondrocytes

i @ Hypertrophic Chondrocytes
. | @ PHEX* cells

: + @ Chondroclasts

i | @ Osteoblasts

: | ®Endothelial cells
' » Monocytes_Macrophages « g =



(R HBMRIETE, FHERESERBEBARMNIERER

(G) snRNA-seq Stereo-seq

IGF1IR PTHLH  PTHIR

AnSCs

3 09
.. Prolif. AnPCs

(E-G) (EEBIERSHE
B

> (H-J) THREMIIE: AnSC
(B AnPC 158

------------------------------- e (K) FhES1EmEae

(L-M) BRBL&R
S (N) SEmEE
(

04 J_
.4% O-P) TP53, MYC %
Al - o K. pEFEITRE

S 3\.‘," & D ‘;
S| o L (Q) AnPCSJET=

sttt i s e 1 Gk (R) BEERZRERAT
RIEFT R

prolif. AnPCs

I\
Signaling flow

( K) (N) AGC AnPCs vs. Os Osteoblastic
% AnPCs Hedgehog slgnahng —  ——9)

Wi l'l;]nf‘a sng:'lalmg via n‘lk
ela catenin signaling
a— 0.6 *kk Mitoti |cgpmdlg
1

e

. 804

B Cholesterol homeostasis -
Epithelial mesenchymal Imnsmnn

Kras slgnaﬁng up
Anglogenesis |
Comp emem

Mwm smnaﬁq

Holch 5|gnahng

%I beta signaling -

1i6 jak stat3 S|gnahng
Apopio

Kras s_qnalmg dn

P53 pathiway

Inflammator respnnse

Faity acid metabol\sm
Pi3k akt mior slgnahng

HkkE  kkkE
|ns *kkk

5
i

0.4

0.2

o
n

# _‘
Germ 96t activity scores

CytoTRACE2 score

0.0

Cell viability (%)
GSEA hallmark gene sets
~log,,(P-value)

g

o

- H Oxidati h h H
prolif. non-prolif. Reaciive é‘Ly%efspe"c?é‘s%’a’?ﬁ&‘éﬂ

(L) . osteosarcoma M

100
075

_ Zhouetal, 2020
(o]
w
Probability ™~
> —of
BhE5

| 050
| = :
' - ool
) . ‘, | & F S & P S <1 """"""""""""""""""""" PG T m s s s s ———
o ___.. f%“i&yf @@‘Z@{w&e@* gf?‘, ,(# aP& (P) hr::;l.
MSCs | Flbroblast | Osteoblastic | S & & T ; i N

____Intervertebral Discs __ Anscs AnPCs Ghondrocytes  Hyper. chandrocytes At i =0 (S) MY Eegtti,\
& ; e - o0 100 [ e, AriCa 1 C k W
= ' T os 075| oS
= ! ID B o 050 YY soe-proi. AsPCy

2 ! - S oz 0z oz i Gama Activity
3! ' T gl H 4 - H Ehondrocyian ns

| ’ & FF & FF L & (? & i J i i h

[ ‘g‘@éﬁﬂ‘wf‘ “":f ‘fgcr@é\e" ‘g'pa‘;\‘ 3 i il ' | Hyew. chonsrecymn | ff « on : ]

AnPCs Chondrocytes  Hyper. chondrocyles ] ] ] - ] L L

= 3.m “ i : I ' ' 1;"," .f;. ‘ L ' I L I TR R T 1%

i £ H 0 H =15 '
& EL &8¢ H H H H _--..—p_\.m--pqn— umﬂé\mn-’u_
o gw lessssssssssssssEEEEEEEEEEESssEsssssseE AP

i}
ﬁl §'Z§ 0.00 E:ZAA i oo & Acevaied WYE teguts ()i AGE AnPéa l:!wl'.‘rrdl-—:-el-q-hg T Al At
£ Q@ 4@;a 73 per }15- # Achvaled MYE larguta {115} in s ol b L T ST ————— T

1 c#“:* 6"6" 6"?6‘ rﬁ? ® Irtarpechzs (3] oftolt dand O ¥ lrvecies () of ot #and O

ﬁ 4 a* L2
o o [
OGPs | Osteoprogenitors | Chondroblasts | &



BEERPURRIRSZISIESRSE, (B ’-FA%QE'I'X 5pk&

(A)

Branching involved in blood Hypoxia inducible factor Regulation of blood vessel >
vesselgmorphogene3|s yp1a|pha signaling endothalial cel migration (B) snRNA-seq Stereo-seq : Distal <— Proximal
o . =084, 05000018 F=0.07, p = 2d-08 = HIF1A o VEGFA : ‘
= . ' HIF1A
8. EIREY . = ANGPT2 = PDGFB : VEGEL |
i a0k l 1 |
O . oy |
2 ‘ 0.75 4
.. ; <
T . i
. )
2 050 g:
. Regulation of cellular Angiogenesis involved 5 : o‘
Blood vessel maturation ‘reSponse to hypoxia. in wound healing = ANGPT?2 PDGFB | £
o [T @ 0.25 A0 SO : Ul)1
S« . g =
i il g«
2. 0.00 - O
Pseudotime bin Pseudotime bin Pseudotime bin

Endothelial cells

(D) Endothelial cells (E)

é %ﬁ b el (A) ANSC fTAEAEIRE PR AR EIM A AUCeIl 375
“;* ________ (B) snRNA-seq 5 Stereo-seq X BIFCEERIFALT
seEey P (C) AGC SESH BRI SR SRR ELI
e p e g (D) BRI SEMIN CyloTRACER SELKF
S ﬁw*@- (B SuEaBRRS RS RETRAE, B TF Bk
% T j}CLT = %M - 2! 55 CytoTRACE2 {9 Pearson HB% 5%, FHREAIRAL TFs

QQ <V C}r Iog FC of TF (RNA expression)



PHEX*#lji@iEidHedgehog{SS{RHIR B 16, HAEIEAIEXER B HRNEEE SRS HRRENIAE

(F) REAIE. EXREAIRS PHEX igR=S

(K) (L)
M Y
Cmee L (GH) SR HH ESEEREHH
| eee R R ESIEIA
e (1) MMP9 55 MMP13 gS/ase
Ssem W HEEReE (J) RUNX2 ) UMAP, ZSIISEiA TR St B e
Soves L et wemm——" A58 Wit i (RM 5 MC H95a1M)
(G) PTCH1_SMO O) .

(K-L) PHEX* Mg Sp &4k (OB-p. OB-d)
AYZSEIRER

4. ]
N———4 " Em

W, BESH, LEANBAREEIRS OB
m cronooyes d
e (O) HRE R R AL
(P) IR BT ME BRI R R 30-60 KX
SRS
(Q) MEWHBEIEE (60 K) &7 OB-p 5 OB-
d HISEREE RFP IEMIS SMETH

Expression level
N

DAPI/BGLAP/RFP/ DAPI/SP7/RFP/




FEEEYY FRTHAAMEEiEX. {REUETE.
{EHRRATIBENENW, KEMERERED
SHRNESAEAN, LI TEREXEHN
RumRETER, MIRERIRNESTIE.
EHGREARZ R DR,
RAEARMIRRX SR AT THRREA

RERREIR SRHIRIERE '31l/ao

é'iﬂicr

Hengxing Ba, Shidian He, Haixi Sun, Xin Wang, Hang Zhang, Qiuting Deng, Yue Yuan, et al. 2025. A vaststem-progenitor cell pool, richly vascular
system and hybrid ossification drive the daily centimeter-scale elongation of bony antlers. iMeta 4: €70097. https://doi.org/10.1002/imt2.70097



https://doi.org/10.1002/imt2.70097

N iMeta
| A% .
& Science

—~

S //"
- ¥ i
WI o

iMeta(=)HAHI2ALEIZ., TREAREZEFRFBIIER LR, XTRCellBVEY/EFSEGEEAT], XN
IAEFEHEHIR, WSS, BiEfMGRgTE, ERXTFEIRAN. AEEFMNAFEZEFIHARXY
FEl, E#SCIE. PubMedEW=R, &i#ilF 33.2, {UAEBKSCIEBTIFE65M(BIT0<2=), FEFESL, M
EMZHREETKE—, PRIEEDFZN1XTop, IMEFIY21K, IRBEAFRPNEIBTX.
fTliMetaOmics (7r48%). iMetaMed (7RE=Z)ERIIF>10F0158944). EFLSERT, WiBikRE!
Q: http://www.imeta.science office@imeta.science
Hhg#t: https://wileyonlinelibrary.com/journal/imeta @ imetaomics@imeta.science

iMeta: https://wiley.atyponrex.com/journal/IMT2

El :Jr'ﬁif% iMetaOmics: https://wiley.atyponrex.com/journal/IMO2
iMetaMed: https://wiley.atyponrex.com/journal/IMM3



https://onlinelibrary.wiley.com/journal/2770596x
https://jcr.clarivate.com/jcr-jp/journal-profile?journal=IMETA&year=2023
https://www.ncbi.nlm.nih.gov/pmc/journals/4576/
https://onlinelibrary.wiley.com/journal/29969514
https://onlinelibrary.wiley.com/journal/3066988x
http://www.imeta.science/
https://wileyonlinelibrary.com/journal/imeta
https://wiley.atyponrex.com/journal/IMT2
https://wiley.atyponrex.com/journal/IMO2
https://wiley.atyponrex.com/journal/IMM3
mailto:office@imeta.science
mailto:imetaomics@imeta.science
https://www.bilibili.com/video/BV1K4iUYjErS/
https://mp.weixin.qq.com/s/6V6HJG12tNDdphcIWXW4QA

	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8

