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[Abstract] Pancreatic ductal adenocarcinoma (PDAC) is highly aggressive, often diagnosed at late stages, and generally shows limited
response to systemic therapies. The dense fibrotic stroma, abnormal vasculature, and immunosuppressive tumor microenvironment
collectively impair drug penetration and contribute to the "cold tumor" phenotype, significantly limiting therapeutic efficacy.
Mesenchymal stromal cells (MSCs), known for their inflammatory-directed migration, immune modulation, and paracrine effects, can
serve as living delivery vehicles to selectively deliver cytokines, chemotherapeutic agents, oncolytic viruses, and suicide genes to tumor
sites, offering promising strategies to overcome stromal barriers and reshape the tumor microenvironment. However, MSCs exhibit
significant plasticity in the tumor context, displaying a "double-edged sword" effect, potentially being reprogrammed by the tumor
microenvironment to exert immunosuppressive, pro-angiogenic, pro-fibrotic, pro-invasive, and drug-resistance-supporting activities.
Moreover, the in vivo distribution and payload release of MSCs lack quantifiable and controllable evidence, while inconsistent
manufacturing processes and functional quality control standards hinder clinical translation. This review focuses on the mechanisms
underlying MSC-tumor microenvironment interactions and recent advances in engineered MSC-based delivery of therapeutic proteins,
drugs, oncolytic viruses, and suicide genes, with particular emphasis on challenges related to safety, efficacy evaluation, and quality
control. Developing programmable MSC platforms with microenvironment-responsive release and safety switches, establishing
functional evaluation or release criteria for tumor therapy, and advancing cell-free approaches such as MSC-derived extracellular
vesicles may enhance reproducibility and reduce risks associated with long-term persistence in vivo.
[Key words] pancreatic ductal adenocarcinoma (PDAC); tumor microenvironment; tumor homing; mesenchymal stromal cell (MSC);
engineered mesenchymal stromal cells; drug delivery
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8] 75 iU & J7 48 #E (mesenchymal stromal cell,
MSOERESARF I Z FRIA BN TR
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PD-1/PD-L1 [EL W7 % 25367 B R A IR E E Y,

MSCH HA# B Ak T R T E T X E HH4A
YUR ke M, T PDAC B EL B 35 £ 42 o Wb RO A R L 4
W F B &K B F, H i gE 4% % 5 MSC™ (F 1,

s 1] ez

[
)
<& 1
4 \ >
A -
N\

DC EWMEgifl NK4fE T4 B4

MSC il it C-X-C £ 7 #a b H + 52 &k 4(CXCR4) .C-C 7t

PR T 5244 2(CCR2) MU A IR F i 7> T--1 (VCAM-1D (41 i
R B 231~ 1 ACAM-1) S5 6 Bt 431 R D8 1 52 4k , Wi J82 i
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FEVA 5822 g 0 5 7R R A 15 P, MSC AT I 1 5 DC
AR | E 2R 25457 (natural killer, NKOZH0 T 40 il . B 40 0 2%
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WER, EHERREZTHAEREEKRE,
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I RENTY
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REH AR, WA T ER BT IE T RAFER AR
HEBM T HEZCEE, K IILET YaEE L
WEBRRHEXFEHRARNGE 7, LN ER

FRAUMME R TR FNANRA T, FRLTE
W5 T2 902 42 o gb | IR &2 BF 5 8 % F %
il %2 AW RS, DUR T 7 807 Tl 5 &= & 7T 42 .

F1 MSCH (RS ANRE E R

wEREEN Bl PUIIRE R0 2% IR bR 2 2% A KEENLH
Il AR B BERUE TR TR e IR 2 ORR , 43I R A
i 7 S5 BUR L] {17575 VEGF JHGF 25 {2 L4 R T
Bt/ 28 A VR B BUR JEAETRAS , G2 e A3, A
Bkt FERUEL AR (P1~P3) EARIR G PS) AR H B Gt S R A )
R
RSy AR A7 /72 i35 e I R A A R TR R I DR T R R 3 WA RT3 B "MISC
BUA AN SRR (1%~3% 02) K E A (< 1%) HIF W0 F8 B P 2 A L R 5 4
FREHNIH FE AT K A FAEICAZTE B, IR 5 /A8 i 98 R AL AR A
Jifr e A 5% g8 41 g S TN WS 493/ i P88 47 4 G PE RIS G e A 85
Bk R FEE B (< 0.5% 02) HIF- 1 a/20 3 3505
GPEIRE RIS (T .NK A G il (Treg.MDSCES) G J% Y I MSC 43l 1%
o R IAEE (< 5 kPa) T (> 12 kPa) HUIAS S8 5T YAP/TAZ 38 4 540 234K,
T ITIE FHRY El ey 197185 T MSC R I v 3K A
BT BA Sl [l (s S MS CAE sl R
G PEIRIT I A G BEAG 2T s ) 7 R Bk o 2 4] J5 MISC Zh R 55 1)

VEGF: L% N {7 42 K [ 7 (vascular endothelial growth factor) ; HIF : 4875 5 [ 7 (hypoxia-inducible factor) ; YAP/TAZ: Yes #H ¢
B A/ F IS R 7 PDZ 454 3£ ¥ (Yes-associated protein/transcriptional coactivator with PDZ-binding motif) ; P A EL .
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KIS, R E O IE B LAMSC A 218 677 F B %%
1] 4 MSC AR Ak, 4 T 4 B Jib 85 %0 1) 26 34 04K, DAFEAF 4
WRELZE 255 HXRUTRETZIETHEAR
WEHE &, FERegFH"" ., JARETHE AN
WK HRIETHE G/ BIE T AT/ K.
HRBIERE, AR EREE/ M ARE RS v 1E
PRI L 5 W3 BORL L S B 8  FE S Bt ], AR &
SREERESTELAEN SR, EEMTEFT
Fo—HE AAsR SRR ERRKE RS
IT VT T P B e PR 38 (PR 2) 57
41 IAKMSCHZETHEA

WMSCHATHH &, EHAEH AR T RIABTH
EAR,.RERNARENENNREZ — (A3,
IFN-BR—FEFLZMIERANERE T, EAEEN
LK B T A R R BLE R SY. KIDD & iF T
MSC B4 P9 72 2% 51 B £ 1E  TFN-P 3% 3% 2 4K 72 ik AR B 78
EKFRNFRE., BRI PANC-1 B EEER
E.2NRERAEXEREESAESE K REERKER
K % B B9 MSC (MSC—ffLuc) B 4 T B i DLk 38 A %
IFN-B #9 MSC—ffLuc (MSC—ffLuc—IFN-B) . A 47 % %

ARG ER, 5 EEH KA, B AMSC %7 48 i
BAEKAL XM, MEF 21 K, EAMBFHNE
S 58 & 4 7l £9 H MSC—ffLuc F7 MSC—ffLuc—IFN-B fiF
W ABER0E., B AEBRLKETHN Y E T H
BARTEMRFLI LR E KA E, RENE 2L
K # ,MSC—ffLuc—IFN-P 48 & 47 ) 1€ J ¥ 5% T MSC-
fflucH ,(ERFEZI0ORAF HAZ U F LR EEZ
F, S i RE 45 4 TFN-a B MSC Rz A
B KRAS 3 [F IR 51 89 PDAC #£ & S B, /5 1 7 R (L&
i,

TRAIL & TNF 2 ik & R Z — , B L B 2 4 L
MK AER MBI T, WA S B EFHLN
FHBN, H I F 5k A F TH B A MSC % &
A % 35 TRAIL B9 48 1, 7 & 0 3098 5 T # 42 PDAC 4%
AU o iy 47 o B VE 1 . SPANO 45 9SE BH , 2 38 Bk RE 4%
419 ¥ 7 M TRAIL 2% 4K B9 A g B & R B9 MSC & 2
TEAEWERNTAR, XL AKE ST PDAC 4 8
BT, FEZR RGP T HENAEK. LA,
MATF A F AN ARG R AN T RERE, &
& T MSC = TRAIL #h 4 3 & , # 7 1 & TRAIL #£ ik B%
HEARTER, TR, BMART EROITIFE
HER,
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LN, EAEE] RRRE AR ORIk E R FD A=)
i A A Bl S g 2 AL
P g AR BEMERREARK MSC-Az-PTXHOKEUR L PR AR I 2.8 65 S0l 5k s A 4, b
(MSC-IFN-B AR ZE SRR T 58 PTX, R i (IR ZH 4.8 6%) , Fifl = At
YR AAE 5 LR AIG AN ) 2 42.1%~48.9%
2015
R PEURBMSC KR m(MSC RIS + 259 " (MSCIRYREE + il /& (MSCHE A 31 + §i 24 )= 36
AT EO JREREIBO SRR ST D WoED
Eoez e BHR R RREE (B0 AR St TR 08D AROR TR MSC AR IR AT (A2 4 B 45 24, ANAE R
JL PR 77T e R GURRIO G REE) /b F R AL
ERFEME  BERGERRBERE F PEEYRIEMSCH] BKORRTEH + 55WE F S R MSC 173 e 1) f
B AD REAEIE B T EYITA) )
SN, ARAEIR TGS AR AR EAER SO R R SR GEEE i (A B A A
FEl A B TRED SR 4N D Eisingzit)iop)
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MICD8" T 4H i) JA B g REA PR
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FILIAL) KR £ R+ LMD k)
GRS ROt KIARIL 298 R —50 e etk e s, ITZBE N ERETE AR ER
AT AL R SR P AR A R TR 4 A SR IAT

PTX: B A28 (paclitaxel) s HSV-1 : LA 255 55 1 Y (herpes simplex virus type 1)+
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THE, FIL-15 18 0k & BR 8 B 8 I R R
B MSC BE 45 45 e M ST RS B g 00, 0 W R B WY

IL-15, B Z & T PDACH £ K. —TFUHR™KH,
3T /NRIL-15 & FH 8 A K B 1t ok R 89 MSC &
A AR B B0 A B R TL-15, B Bk 3 98 NK 20 A An
CD8* T 48 A A\~ 5 By 470 B 95 7 e , 407 1 385 4 B AR v g
MR EEK, TEHRIFTIE-IBA:
TRMMSCH {E H PDACIETT H A & HE A £
EMFEIA TR EE RS, AR E T RERF, 2
&M EK,

BATWE MSCE#EH#ETHEANZOREAET
KEuERALEESFZYXIRN EDF A A
. Fr S, M T 78 PDAC 3X b 38 1% % [HL 8 % 0 = 3K 15
FPEHMERESEFWETE™. R, NAE T
Wy 52 B M 32 R MSC B & A 4 5 R VT RE T30 3O T
Bk (o g BEMSC A 7F ¥ #1  fr g £ KO, B EFH A b
RGN RBIETRERE, METHGUT 2
Wy 77 RAEBRFE B WA R E R R R4
UR=ZFWIEXRR,FELFABERELLERET
S IIT AL B, B B RLK R FE o KR (e g % 30 4
RmEEREEHNETREAFEENTREMNAEK
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