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Effect of bone marrow derived mesenchymal stem cells transplantation combined with
cryopreservation on trachea allograft epithelium vascular endothelial growth factor levels

Han Yun', Ji Zi-zhao', Lan Ni?, Pang Chao-jian, Tong Xiao-jie?, Shi Wen-jun'

Abstract

BACKGROUND: Cryopreserved tissues can maintain their vitality and integrity, and reduce the antigenicity.

OBJECTIVE: Using intravenous transplantation of bone marrow derived mesenchymal stem cells (BMSCs) combined with
cryopreserved allograft, to investigate the role of BMSCs on enhancing the implant survival and revascularization by measuring
vascular endothelial growth factor (VEGF) levels.

METHODS: After transplanted with cryopreserved 2 weeks and 6 weeks allocraft, PKH-26 labeled 3-5 passage BMSCs were
injected into the recipient rats via the tail vein. Rats in the control groups were injected with the same amount of phosphate buffer
solution (PBS). We observed the histology of the transplanted trachea and measured the VEGF protein levels in the epithelium to
evaluate the role of BMSCs transplantation on the epithelium revascularization.

RESULTS AND CONCLUSION: Rats from BMSCs injection group survived a long period. Histological observation showed that
the tracheal lumen was covered by psudo-striated ciliated columnar epithelium. VEGF protein levels in the BMSCs injection
group were higher than PBS group. BMSCs may exert their reparation function via enhancing epithelium VEGF expression and
revascularization.

Han Y, Ji ZZ, Lan N, Pang CJ, Tong XJ, Shi WJ. Effect of bone marrow derived mesenchymal stem cells transplantation
combined with cryopreservation on trachea allograft epithelium vascular endothelial growth factor levels.Zhongguo Zuzhi
Gongcheng Yanjiu yu Linchuang Kangfu. 2011;15(18): 3293-3297. [http://www.crter.cn  http://en.zglckf.com]
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AN KIAEIE AT 4T LAFBMSCsH 1R R ¥ 5
R e, I B HLUT B A R B EAE
FAOS, [ i A A % o6 T-BMSCs i H T 4 4 5k
T, 2 EE 1T 4518 BMSCs iz T+
J Rt %, fE SR LR TR R RN AR . S P
ik # HEBMSCs & i AIG LAk BEAL AR B AT [R) P S5 44
EBE, BN AEE b RmE N A
(vascular endothelial growth factor, VEGF)Z 1A /K P H#
WBMSCsTEfEUE b Bz f AR F I B AL I VE R o

1 SRFTTE

Wit: SEAMNL AR, X WS .

A (8] Rz 3t 25 . T-2009-03/2010-027F 7[5 = B} K 2%
FENh s 2 B A 2% FR S SE

Rl IEESE AT R METEWistar K725, RS
280~300g, ZrallEAN K FEFD A E BRI AR
A BT L R Wistar KB, 747:60~80 g, BMSCs
BRI o S0 B H A [ B R K 2 SR )
Pt PIVEGFHiA A € [F SantaCruze /> 77 Hr; VEGF
HE A AT & e A U A,

K%

L shiFn s MEAEBRAEMANKR24H, &
R WA 26~ BRI AR  AE N TE R
AR BIR 48, BNLSY A4, 4T A F AR
BRI F6 R < E B G, Wil KR kT
BMSCs%3Jil hBMSC 2JE 1M1 BMSC 641, = 4PBS
735 PBS 240 F1PBS 641 ER I . &4 BT
BHJGE1, 48 JE % AbEa H .

PKH-26144MRFiEBMSCs: BMSCsHI4r B 4lifl,, 3555
SRR T 1557 SCHR[10]. H 9664k PKH-26 5 04 i
f{13~5fCBMSCsHE T hric » 1%kl il e sE 15 40 Mo ps s
JRIX 45 G RIS, HREERNIAEFHeNH,
FEH T MAARSbRIC . RSl G TERI 5T Bk 4 414l
MR 7R EERITSY . B PKH-26FR10 )5 IBMSCs A& 71 5
B,

SRS ERESE: %3.5 mL/kgBEE AR 5L
10%7K A SN 52 PR K RURIER G, BB, BT
172 I R 3 W T - G =
SR AE BN BRI R Y AYRE S A N
DIRAE L. N UIBR6 AN SE . eIk, J5
DI RN o KbV BB (6 UV ER) o B R AL 1A
ARG AR K PR A BY 8N IR LR
NAEHARAE, B R BT . Sema R,
SYRIFEQ, 3, 6, 9QuT AL AR AE 2 H) P 5-0 ] W A 4k
B AT, StstfaRE, JRSETTRE. TERGSE NRE
b WA Ja v S ) PP IR R B TE G S 5
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RO H60~70/min. 25 WUE, B MR 4l 40 o5+
ERTTT . AR, k. DA KAE SR
40x10%U. RFIMEMLEANFEZRE S, AL,

RESpTS: MBS, MR IF1/358 54,
BMSCs#1H1 mLi: 4 #873 A0.5 mL/E 4 L HBMSCE:
W (Z95%10°ANGh L), o] HBZH [F)vETE N 45 PBS. vE A
N JERH g, anBH ORI A] BevE N B B R A2

VEGFEH S BB ENE: SEHREE, K,
FiEasE, AV AHUESDI R, KRS pm, 70 Tk
. BACGEBUIT: YIRS K, ZEI Kk
3 min, 3%; AT E3%H,0.4 3110 minBH KT P U5 2
A LIEE, 0.01 mol/LPBSTRZNEYES min, 31k; A&
Jii \0.01 mol/LHIHLIR £ 2% 1 (pH 6.0), sk iz
WG, MFE5~10 min, RE—FXK, “EISEPBS
VE2UK; T IN5%BSAE I, 20 min, BEL R
& W1 : 100%HiVEGF 4 “Cuk4am & it i, PBSYE
2 min, 3% EWFELFEDRIGE (1:200) =iRIFE
20 min, PBS¥E2 min, 3¥k; % MSABC, =iLiE
20 min, PBS¥t5 min, 47k; DAB & i &.(4.5~15 min,
PBSZ L. AR E R, HKKIEE15 min,
RS K, —HFGEH, Db MRS BT
WHIER EE RS 5, KRRy FRHA, 4
FHBAE. VEGFHIE Y=Y ki s, S GE
L4 N, IR P HH DRI I % 3 65 22 Al e T r
TR e BH P, 8 Bt sk b B TR vk o R
Y BE . RS ESEYA DA RE b A
BEALEEL S F i AR, I MetaMorph/DP10/BX41 & 1%
IHT R LI B B VLR VEGF %33 S5 B BH P HEA T 9
&', VEGF I ik =3 (3R (AH 005, B
@15, IFEE25, FEE T35 )<BHE 4l L #](<5%id
073, 5%~10%ic 145, 11%~50%ic2%%, 51%~80%iC3
55, >80%1c445). HPEEME U EAREh 2
BN M) 260 N v, BH PRI M L 9 o B 5 —
A A PRI Hp 928 2 24 2% G L BE 1 14 7 4 1 L
il o 5A i LEF R P E AR R S 30 5 W (K VEGF B
RIER, N RGIRE, SHVEGFL: R
il P A 3 L R 43 BT 5E o

FEVEIER: AR R, BHEDNTESSE
R BB RDC AR BB SR, SRl K Sk
ARy Ve =2

GitF oW GRPOEE UxtssER. KA
Statistica 6.0 #A-AbTH . 2 R FAE H s B 7 240 #r s
P<0.05hE5H BEMEE L.

2 HR

2.1 hGERFEEFIE BMSCsHAE S IF RIS
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HIAEE

PBSH 4L rh, RAKIE 6 B H <5 (PBS 6)#)
AR T-2)% (PBS 2)E). PBS 65525 K 5
KA71535 d, PBS 2525 K R KA7310 do

BMSCsH# a4+, BMSC 6525 A A7 318
F(12 KB o Al s s & b 461, 4, 8RR ALIE),
BMSC2 A 5z 56 K i P 1 H REA7 15 218 8 (8 LK il 4 il
T LRV R4 R B AR B, 1 R AE8 Rl 4 550 Wit
BE), HA3HY T30, 32F142 diNtFET-. B bk
ARG 82500,
2.2 PKH-26#7itBMSCs# % {FREHLER G S
WAL BAE NG 1 RIAT DLS2 (R W & AL AR
B IChRL, BG4 R8T WLAZ A< F#
MAEF AT bR, g P& D5 e bric i
%o IR BT B A T SIS AR WA 5%
PRty WK1, LHIBMSCs&# Ik )G, Wil
FREF LT B I i, m B R AL i b g
WA REV G BREE TR, &Ev e TR

B

a: Anastomotic site, oval tracheal
ring can be seen. Arrow points to
non-specific binding of suture

b: Recipient trachea that are further
away from the anastomotic site,
basically no visible red
fluorescence

Figure 1 PKH-26 red fluorescence labeling of bone
marrow derived mesenchymal stem cells
(scale bar = 500 pm, x200)
1 YIS B PKH-26 fRIc e 86 R 5o ) 40
(b R=500 um, x200)

Fe) bRz, mst AL bR B A s U 2. S Ah,
VEGF [H 1 #IA7EBMSCsF AL 4L( . 3¢) ¥ & = T-PBS
SRR (L EI3d). &AVEGFE A A MERIE RN K.

a: Normal (recipient) tracheal
epithelium (Hematoxylin-eosin
staining)

b: Normal tracheal epithelium.
VEGF immunochemistry

P

d: Anastomotic site, VEGF
immunochemistry. VEGF levels at
located at lower par. thickness = 59 the allograft epithelia were higher

c: Anastomotic site, recipient
normal tracheal epithelia are

um, donor tracheal epithelia are
located at upper part, thickness =
26 ym(Hematoxylin-eosin staining)

than those at the normal epithelia
(Immunohistochemistry staining)

Figure 2 Rat trachea from BMSCs-6 wk group at 4 wk
post-surgery(x400).
2 BMSC6 HHHAENRIG 4 JHFRA (x400)

23 XKAAF LA SFEAGALENR EFSE LK
WE2a, b, Mg R RMVEGFEAESE L
N EBMERIS, fEWE DAL, TTILERESENEZEF
R (B2, FRic59 umik, AREATHAL IE <
RSy, BUABMSCG A 4L K B R E 4R bRAR),
MBS L BEHA, H5IEF LA L
2c, FRid26 pmik, ABATEALBAESE L),
FAL, BRUE B EIVEGF I MERIA m T IEH _ER (W
K2d), #EFHLIBMSCsHl BE1EH T2 Htah i, ek
B b R FAERIVEGF mikiks,  DARRERT A= M A2 1l o
BMSCs# 8 A 1) b Bz B AE 1 DAL T 73 41 PBS AT 1Y
A(NK3a, b), BMSCsHMA T W.EZ (B IEHE L

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

a: Tracheal epithelium in BMSCOwWk  : Tracheal epithelium in PBS6wk
group (Hematoxylin-eosin staining) group (Hematoxylin-eosin staining)

LN RS
c: Tracheal epithelium in BMSC6wk

group (Immunohistochemistry
staining)

d: Tracheal epithelium in PBS6wk
group (Immunohistochemistry
staining)

Figure 3 Rat trachea from BMSC-6wk group and
PBS-6wk group at 4 wk post-surgery(x400).
K 3 BMSC6 AE4LFI PBS6 ARG 4 AR KRS
B R AR B (x400)
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# 1 #U% VEGF & H BRI R W HE .
Table 1 VEGF-ir levels in each experimental group (xts, n=5, %)

Group 1 wk 4 wk 8 wk
PBS 2 wk 1.5+0.3
PBS 6 wk 3.2+0.3 3.0+0.4
BMSC 2 wk 10.2+0.7° 10.0+0.8% 8.8
BMSC 6 wk 11.1+0.8° 11.60.6° 10.7£1.2%

P < 0.05,vs. PBS group; ®n=1 at this time point

BMSCs# A 51, 4R8I EFrArH,
BMSC 2JHFIBMSC 64 {5 # <& VEGF B PEFKIA T
I ZH, WIEA4ECABMSC 28K JGF4EFRA).
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a: Hematoxylin-eosin staining b: Immunohistochemistry staining

Figure 4 Rat trachea from BMSC2wk group at 4 wk
post-surgery(x400).
4 BMSC 2 A4l 4 AR RSEBME LY
AL VEGF BH & 1% (x400)

RAGIR V5 s B REFD RS RS 10 S e HE R S v, SR
PR KIMRAE A 0515, 2 SE BT R Y. F
(077 1] o T [R] 15 S FH BMS Cs R L 10 Uk 7 0 128k Je S
R A M A, (R R E R A, AT
TR 2 Ak LI IR, BMSCsHHE & HR(K
A G MR AE S Gl e 38, ULV A IR N A R
RIZABARR D, Wi ERERIE; RGH6
KHIT7IG - PBSHHEZLH, KRG A M HE < & (PBS6
JA) A wAR T2 I (PBS2)E), PBS6fESzi K i,
I KA7I535 d, PBS2JE 5236 K Fl i K47 7510 d; BMSCs
BAEH, BMSCE )& 525 K L Ae/7 1% RIS A (12 UK i
Iy S VAR, 4, 8JEETALAE), BMSC2 A 524 K
B 1 S BE AT S 28 JE] (8 LK B 40 il 44 SE 58 e vk 1 ]
4R AEFE, 1 R AE8 i H SR il AbFE), HAx3 H 43
T30, 32142 diNfFET. BAEY b B B A Ul e ) B 2
il

PKH-26#1 i [{IBMSCs 7 S /& 4L 2 e Hl J5 R L4
. ARJEAERIA W2 RS EWE AR H G
PIFRIC, RG4S WA A E AL & AL
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Fereasthrid, HhUWE OARIhrIciRZ . S0
(M B B W) A O RS2 R UE AR WAL B kR 12 -
KHBMSCs& ik 5, LA HNITE
ez, i Hon] B RS A S I A B T SRR
SBESETY, SEnei TREERE.

VEGF & —FifiL & P 5z 4l Ry S PR 2257 24
BN AR Bt R S B v (1) L A e A 428 R 1
ERERE AR T A 1 B4R, (R RS R M
(R T2, A e A R B R
1IN, Dodge-Khatami5"F 57 T 7E TS 78 B 147
BRIMNHVEGF BB G AR &S, AN
VEGF il ik A B A <8 I s, (e id s
SamadiZs " HVEGF 1214 Ye iy B HCE BT i S
AR, WRIMVEGF H4Ret (i i, tif
o S B RVR YT 1 U7 1K bF GF 22 K FIVEGF 2 [A]
A L B A g L 5 L PR PREART SN 5 v DL A e, AR S5
AL RN AP R0 NI 3 AR < et
ITREEVATT, SR s g s 3 K s,

BMSCs:kii TH It 2, —AAETHHEERTH—
FhZ e T4, BT uA e, EeBREE A
HAE G BA 2 eel®, frag T, AMH
BMSCsTENF 74l e, ZBFR 0105 54 F A9 K

S, EEE L B DU, W0 S 2 AR P20
BMSCs % JE M55, ASFIEMHC-2E4T JE s T 40 i 4t )
Wy 7B7, HERIEDEMHC-IZEHUR, K R & AE2 14k
WA HBAE VS AT e &4t - BMSCsTE /KA B I T4 fiw
R M, B AR R g e T oh e, PRl BMSCs ]
BRI 52, R R AEHEF R YA
BHYbiE B EBAE R, 54, BMSCsHA £ 4%
BHIREMEM L ma1eigne, AT I A&
TR, M E AW G A2 B 4214
N, Tl 2 R T R R A 5 + B BR
AP ZRBAT IR 0, 5 XBMSCsIt#8 B {140 A1 2
HERMERVEIA T ZHEN, BHEBMSCsH] [H &4
YRR 1k, BMSCs 5 BAELE ) 704k 40 i
B, 5% BN A3 A I SO B AN e ) PR 4R
FH DURAHIRS B 304 5 R I 2O [l v 5%, T4k, A
1R IBMSCSTE 1A PN B A Sh 5 50 b 23 B0 H 4 1 78 7
e IR, BMSCs ml it 43 WAVE GF 1651 HiAly 2
K DR Sk o Y B 40 TS 1 L e s i e 0234,
BMSCs7E 4 P 85 A4 41 S 56 o 32 2R B 1 A2 1045 A s 9 1R
FIB3A . BMSCs T i it 43 WAVE GF 1651 H At £ K- R 7
Sfe MR P 0 W ST L ey B e P00, R
JBMSCsH 4 41 ] g a8 1 75 & VEGF £ 41 24 473 i A
HRIERAT IR Y T IIE . 8 S 41 2UL 2246 I e
FHRIMVEGFHEAEAE LN RIS, RE1EK
REFRA T, BMSCsHAEAIVEGFRAM: i RiEm T
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BMSCs 1] BE e BB 47 o FELB AR A (8 n, A fie 1k
SRR, S 4k, BMSCsthnl il ik 3kl s
HER NSRRI R A U 0 R A AE AT BE KR
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