4 . ~ o Y, .
M % b & 20264 FT71%E %19 #4653 ~ 4662 ¢ CPERRE) 2o it
SCIENCE CHINA PRESS

CrossMark

& click for updates

ALY PR M4 2 2R PLLABC A oK 507 12k

HoA A AR, BT R, 2L E, SR

L 2 BRZ MR Pl BB WA, O AR, (R4 R e s, [ 5 A (R R PO JIEAs o5 SR80 2, RO SR
IFO AIRIREEZFFE I, o E BB A B et O I B R SE 80 28, ¥ 200032

2. B HREFAEY PSR, 13 200030

3. B ER YR TRERE AR, FifE 200438

T [R5 BTk

* KA, E-mail: shen_li@fudan.edu.cn; jbge@zs-hospital.sh.cn

2026-03-17 Wk, 2026-04-02 & [1], 2026-04-13 57, 2026-04-14 MLk 3
[ER [ SRRl 5E4:(T2288101) % Bl

% 4ok, V[ [&4F & % %2 (bioresorbable vascular scaffold, BVS)Z &4tk 3 £ e LB (poly(L-lactic acid),
PLLA)E SCH#M . I 5 FEARAT A 2 18 B9 0 B A6 AL B R % 21 T iz R iE. AR BA IR # i fo 3 I R B9
BREEAHPRK. RARS, HEUEARAGRATE P ZIAGRITFLE AAEXHET —EAHBN S B TH
ffi it T1ER, F TPLLAF BB EA M RE £k Gtk EHEZE, FINK. FAME, ZEEAREERT IHES
FHT, ARG AERIFITET HT380000 4 FRE, FFERE2089 M E—FEikyH)F. FARERKHA, R -8
(polyethylene glycol, PEG){T A B K4 T HEFI X Z ERARXRTEZHAN TG IR B, #t— P, AXEGYWERE XE
AN REEFERRHIATTREMER TS, ERFHA, Swit%~ 12 wt% I E N EE LR E AL ZNTHLEE, &+
2985 wt% P fEAREMF AN, AEARET, FREARWFEBAOERREEAAERERE. 5ER, PEG
BHERENTINTRREG ko Fial, ATEERRAEN THPLLAZ A E AW EmMet B RE. FRERA
PLLA A 7 [ % S 28 AR BRI SR 6 T 71 46 8 B0 i B MR 1 20 7 ik BT SE 3 A B e T B 36 [

Kpkin] B AR IBR(PLLA), B4 mE X 2BVS), ALE &, 4 F4 &, FRHHE

] B IMLAE 2 28 (bioresorbable  vascular scaffold,
BVS) B 7E Tk 78 Ifi 4 8 2 P $ L B HLI S H%,
FEAE I8 T REK 5 5 78 0 B fg W e, DT 3 £ 7 A
P4 SR A A I BA A Bty R 08 P A RE I IO
7 BR S e T IAE 2 R AT RR (poly(L-
lactic acid), PLLA)HA PRI AEYIMZEME . FIINT.
PERITREfRIE, B 12 DA R 2 T ik ol A8 S 2R ) B 2
e LR R 2 —04 SR, PLLAK R A iE—2 R
AT 52 Z500AH BAR G ARHEE SR A BRI A RLE RS 24
FE AT AR R 05 (A2 1] SCAE R LRI BE, A 2R
B 28 AP FIAE Jr A D R AR Pk SR XUz, [T HE

A A R T R 5 LA S A ML [
B, ANfRITE SCHEE | SRS B AR A T O 2 ] S
PRSP, 4T3 e AT g LA S AR BE R 5T R A G B
[F=

FIZe b, SO satima Rk 3t
TR | S5 KO T C 2 AR S5 5 535 PLLA
ZREHERET S BRI, X T SR, AEfTRC )y 5%
TSR BACTEAE 2RI i B R A AR T . %
Bozghfie )y, M. S5aAT R . WOk KoK gzl
FEEZANZM, IFRE— LR R0 b TR B
ARG S M B A R ARA T, X A, e o745

71: 4653-4662, doi: 10.1360/CSB-2026-0332

SIER: AR, SRR, LT3, 5. AU R SCARPLL AU A B S i 6. B8 4R, 2026, 71: 46534662
You L, Guo Y, Peng Z, et al. Al-assisted generation and screening of PLLA modifiers for bioresorbable vascular scaffolds (in Chinese). Chin Sci Bull, 2026,

© 2026 (PIEFRFE) Akt

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2026-0332&domain=pdf&date_stamp=2026-6-24
emailto:shen_li@fudan.edu.cn
emailto:jbge@zs-hospital.sh.cn
https://doi.org/10.1360/CSB-2026-0332
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2026-0332

M E LB O200F57TH FT71E L19H

MBI T AR S R AR RE Z [R] IR AE TR
BERMECR, ME—1EYE. MG HZ 2 EA R L
BC A 52 2 DL AR IR % e AR 225 6 140 AR o R 3R i
MBI A B A, AMURIERK . A, T EELATE SR
KAge e 23 [A] PR 07 18 LR S 2 Ak . TR ] St P
5% H bR RE sk ik 1 1O

AR, N TR ReH AN K &N E ZRHME R 1Y)
Pl R A 2 HARA SR TR T ael =L g5 4 m
P, 2290y FA . BT TN A 2 H bR s 1)
BAES, A B M B S T AR, HESIM R
S W1 28 30 3K 2y ) BCE AR Bl 2

TERG YA R TR, N TR BTy i i i H T
TEAWTGRAL.  HAFFE G i B A5 R —1 e,
B MR A B . W1 R [ B AL A T ).
AR R, L A BRI T T ARG
Waskg g WO, JFTE BARtERBZY R R HE A
A BRI A] G SO i iRIE R R, HIEIE, B
SR S il R TR A, WAEHSIRAY
WK 2 3008 3 i) S 0k st k) Rt A
TAEAT) Z 1 1) 388 1 SR A W R Bl —PERE DL AT 55,
Xof T A PR A S SRR S W] N 2 S L SR L AR
P A AL R 20 SR A A TSR G A B, A3k
DA S S R A Y E IS VAL i — IR e 5
HEZE.

SSRGS A SRR TC N S5 % (self-driving la-
boratories) IF7E W RHRR 1 F2 &  Jy 1 e, {5
X T oA 007 S R I IR AR A T Ay v B R L S
BUAS AL i (R BT 2 ORI 75, 7RSI Z B e )™ 4
TS S B PEAS AT B S S AT A HE 4L
i B BT A B P S AL 2B, /MR B,
I — D HAE R G Y2 H S TEZ ), 24Tt
KM B R RCR B I

FEF I, AWFEUPLLASHR M niug s, [
LRI RS SRR TR, M T B AL
(1) 22 B bn it i 5 W3R A& oA AR, BRI |
FHAE . JEAKME . Rt TR 171 S 2 A A,
V5 B e A KBV B 20 1 1% F S REINVENTHESE
AT T A A 2 H ARk, JFR R ¢ B
(polyethylene glycol, PEG){iiAE B2 31 A {H AT H A%
KIFEMMIER G, S, ASCH— L5 A& Fox bl
J7#2 . Flory-Huggins#lig S5 Ficky B 1 AL EE A7
HEZR, XHRPEMR LA R (PLLA/AL-Ester- R G1)2

4654

GAT AT THISVAN. A TR AR B
AFYERERE I, RN o S I T A e i e e 16 4>
F, FFEREH AT R C T .

1 ARG
L1 PREEGRE TR S i i e

DR AT G A L S AR A2 A B < R — A i —
HeAscA s kil 2 1B F O R e A BRSO e, AT
H T BRI MAUG B S Y ELUS & 58 TAE
TEID). IZHEDE T B R ABEE 73 1 A AR AN 1 i
e AT RLR AN E Sy BT 0 ST PR A fh s S W B
PR T S A UG 701 i DU e ey e F )
Tii—R A2 BB IR, R R BT
— PG BRI, R E ISR . A
P SROKIE . A b TR T S PSR b, Xk
O FHTERETT O SHET WS, AT R
MBI BTOT I8, RHRERMEIR IR A R AT R GV Z S
S PEAS. 8 X — TARG, ANSCRBLT ok Tk
EREEREWAT I M e, JFE IR I T ER
— IR IR A e o35 S BE HE T

1.2 JETREBUMSREINVENTIIEE S 1K 5
Z Hbiitt

RHEBERNES R IREWEZEA RN
PLLAMRMCPER], AWFFRg T 45 & RETRIB 2R
W SREINVENTA BAEZRL B A ik 7 F 3 H i
FRUSL A R F i 1) 2RV RGBTk 2 2] S, 8 s
R NS e R E ot B sk, Py
PRENZE A5 BB T AHAE . M | G SRK R 450
Gk R A T SRR, 1k, RSS90y
W, oo SR e, DRSS SPLLAKAMIZAY
ATRerE; [FEE, XPEA. )R . B RITL K
TiE B R AN M PR 254 1 B AT s HERR 451,  LIAE
RBERIRSE A S A TR BE RN, R, EMERZY
ST, 3E A A RS A AR a3 R A B B SR I
PE, WS KM BB (logP) 4 I 7£0.5~3.519 H bR X
6], VAR 518 B 2k vk, Boa, ARk
FERTATYE, A SCHIA A BT RS (SA score)! WE N
ARSI CFER, XV K T4 o1 45 A%,
HT R Z BiniEsr, RGNk s &R MBI
VRLEA, R TR R EWIER T



T — RESIHE asniTe
_.__._._.____._.__77 po———————y
= / A /
= [/ / R /= Z
- X = / 4 / =
EEHIEHTEAR / / EHRIEREZ BIETR

U4
il

SUERTIEEAT /)

/
l / //

/
/ /

/wp /

/ /

B TT ) PR L S AR B i AL B A0SR 5 0 AR, % AR 2R W 2o M i 37 A i, HI THE
BRI SA AR A g e 3 1 TP IOA TR S A A, T T XMBEt sy T HEAT 2 FAR IR . HEE ERMER R R G WZRIMT; ALK A
T FORIGE IS NS IR ER R 1), A8 TASCL PR RN A, RORLAHEFIRA S AT BT i, &k Fm N r+4:
BN T T B A4 B AR AS [T TR 5T 3R i Gemini 3 Flash ImageZf i

Figure 1 Al-assisted purely computational workflow for the screening and analysis of bioresorbable vascular scaffold materials. The workflow
consists of two main modules: a candidate molecule generation module for generating molecules under predefined physicochemical constraints, and a
screening and analysis module for multi-objective scoring, ranking, and polymer-level analysis of representative systems. The gray section on the right
represents potential future extensions to experimental synthesis and validation, which are not included in the present work. The black dashed box
indicates the scope of the purely computational study, and the arrows denote the data flow from molecular generation to materials-level analysis. All the
image elements in this figure were generated by Gemini 3 Flash Image
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Figure 2 Reinforcement-learning-driven multi-objective directed evolution and phase-space convergence of candidate PLLA blending modifiers.
(a) Population-level convergence of the composite score during generation, shown as the mean, median, and 10th-90th percentile interval; (b) radar plot
showing the property distributions of the initial randomly generated molecules and the final prioritized candidates in terms of flexibility, hydrophilicity,
synthetic accessibility, safety-related constraints, and structural compatibility; (¢) dynamic distribution of logP for candidate molecules during the
generation process; (d) dynamic distribution of the number of rotatable bonds for candidate molecules during the generation process; (e) distribution of
candidate molecules in the two-dimensional hydrophilicity-flexibility phase space during the initial exploration stage (steps 1-50); (f) distribution of
candidate molecules in the same two-dimensional phase space during the final convergence stage (steps 250-300). The dashed boxes indicate the target
property region of interest
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Figure 3 Al-driven multi-objective screening identifies PEG-derived esters as a prioritized candidate family for PLLA blending modification.
(a) UMAP embedding of candidate molecules in two-dimensional space; (b) kernel density distribution of the composite evaluation score; (c) joint
distribution of flexibility-related descriptors and logP for different classes of ester candidates; (d) category-specific Pareto fronts in the flexibility-
proxy—hydrophilicity-proxy space among top-scoring candidates; (e, f) comparison of the distributions of the number of rotatable bonds for the two
candidate classes; (g) comparison of logP distributions within the high-flexibility candidate subset; (h) distribution of synthetic accessibility (SA score)
for the two classes of candidate molecules. Red indicates candidates containing PEG motifs, and blue indicates conventional aliphatic ester candidates
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Figure 4 Polymer-level analysis of the PLLA/AI-Ester blend system based on a physics-informed surrogate model. (a) Predicted glass transition
temperature as a function of composition based on the Fox mixing equation; (b) simulated relative degradation timescale based on diffusion analysis. In
(a), the shaded region indicates the recommended composition range of 5 wt%—12 wt% for focused investigation, and the dashed line denotes the
reference physiological temperature. In (b), the gray dashed line represents the reference degradation profile of neat PLLA, the red line represents the
predicted degradation profile after incorporation of 10 wt% candidate ester, and the orange shaded region indicates the target time window of

6—18 months
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Poly (L-lactic acid) (PLLA) is widely recognized as a premier matrix material for bioresorbable vascular scaffolds (BVS)
due to its excellent biocompatibility and processability. However, optimizing its overall performance remains a formidable
challenge, as the material must satisfy multiple, often conflicting clinical requirements. Specifically, a delicate equilibrium
is required among maintaining sufficient radial support in the early stages of implantation, exhibiting adequate structural
flexibility to prevent brittle fracture, and ensuring a degradation timeline that properly aligns with the natural healing
process of the target vessel. Traditional trial-and-error modification strategies, which rely heavily on empirical judgment
and single-factor adjustments, struggle to navigate this high-dimensional and highly coupled property space efficiently,
leading to prolonged development cycles and elevated costs. To overcome these limitations and accelerate material
discovery, this study establishes an integrated, Al-assisted multi-objective computational screening workflow specifically
designed for the generation and selection of PLLA blending modifiers. By leveraging a reinforcement learning framework
coupled with comprehensive property evaluation, we systematically explored a vast chemical space under strict
physicochemical constraints. Our multi-objective scoring functions simultaneously evaluated structural compatibility
(prioritizing ester bonds), segmental flexibility (via rotatable bonds), controlled hydrophilicity (targeting specific logP
ranges), molecular safety (excluding toxic structural alerts), and overall synthetic accessibility. The continuous generation
process yielded over 38000 molecular proposals, which were subsequently deduplicated and rigorously filtered to secure
22089 unique and viable candidates. Analysis of the generative phase revealed a clear convergence toward high-scoring
molecular spaces, successfully mitigating the inherent trade-off between polymer flexibility and excessive hydrophobicity.
Notably, polyethylene glycol (PEG) -derived esters emerged as the prioritized candidate family. Compared to conventional
aliphatic esters, these PEG-derived structures demonstrated a significantly more favorable balance, primarily because the
introduction of ether linkages facilitates enhanced chain mobility without violating the necessary hydrophilic boundaries
required for controlled degradation. To translate these molecular-level insights into macroscopic polymer behavior, we
further subjected a representative candidate system to a physics-informed surrogate evaluation framework encompassing
the Fox mixing equation, Flory-Huggins theory, and Fickian diffusion analysis. The theoretical assessment suggests an
optimal blending window of 5 wt% to 12 wt% for subsequent experimental validation, with approximately 8.5 wt% serving
as a pivotal intermediate ratio. Within this predicted range, the glass transition temperature of the blend approaches
physiological temperatures, indicating a potential enhancement in mechanical compliance. Furthermore, diffusion models
predict that the incorporation of PEG-like motifs accelerates water permeability, thereby effectively shortening the relative
degradation timescale compared to neat PLLA and aligning it closer to the ideal 6-to-18-month clinical window.
Ultimately, this purely computational workflow provides high-confidence structural blueprints and formulation starting
points for future wet-lab experiments. By bridging molecular innovation with multi-scale physical predictions, this data-
driven approach paves the way for designing next-generation BVS materials that achieve optimal device suitcordance,
harmonizing short-term mechanical suitability with long-term biological concordance.

poly (L-lactic acid) (PLLA), bioresorbable vascular scaffold (BVS), artificial intelligence, molecular generation,
blending modification
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