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Abstract

BACKGROUND: The tissue engineering module provides a new idea for the treatment of femoral head necrosis. A vascularized scaffold was constructed and
transplanted into the necrotic area, and the bone marrow mesenchymal stem cells were induced to differentiate into vascular endothelial cells under the
action of growth factors and scaffolds, which promoted the generation of microvessels and improved local blood vascularity, thereby promoting the repair of
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the necrotic area.

OBIJECTIVE: To investigate the feasibility of constructing a dendritic amphiphilic peptide self-assembly gel module with the ability to induce the differentiation

of bone marrow mesenchymal stem cells into vascular endothelial cells in vitro.

METHODS: Bone marrow mesenchymal stem cells were isolated and extracted from SD rats aged 4-6 weeks and identified by flow cytometry. In vitro directed
adipogenic and osteogenic induced differentiation was used to detect the multidirectional differentiation potential of cells. Peptides,Kvif,ﬁinGGGGAAAA(K)—
C,¢H3,0 were synthesized by solid-phase method. The concentration was 10 mg/mL peptide solution. After the addition of normal salt solution, the peptide
self-assembly was triggered, forming a translucent hydrogel. Transmission electron microscopy was utilized to observe the gel structure. In the experimental
group, rat bone marrow mesenchymal stem cells were transfected with adenovirus carrying vascular endothelial growth factor 165 gene. The 10 mg/mL
peptide solution was mixed with the cell suspension, and the cells were distributed inside the gel to form a three-dimensional culture system. In the control
group, bone marrow mesenchymal stem cells transfected with empty virus were mixed with 10 mg/mL peptide solution to form a three-dimensional culture
system. Immunofluorescence and RT-gPCR were used to detect the differentiation of vascular endothelial cells after 7 days of in vitro culture.

RESULTS AND CONCLUSION: (1) Flow cytometry results showed that the expression of CD29 and CD44 on the surface of mesenchymal stem cells was

>95%, and the expression of CD34 and CD45 on the surface of hematopoietic stem cells was <2%. Bone marrow mesenchymal stem cells were successfully
differentiated by osteogenic induction and adipogenic induction in vitro. (2) The dendritic peptide solution was triggered by ions to form a transparent gel, and
the small-sized nanomicelles with uniform morphology were observed under electron microscopy. (3) The results of immunofluorescence and RT-qPCR showed
that the expression level of vascular endothelial growth factor 165 in the experimental group was higher than that in the control group, and the expression
levels of CD31 and CD34 were higher than those in the control group. These results suggest that vascular endothelial growth factor 165 gene transfected

bone marrow mesenchymal stem cells implanted in a tissue engineering module constructed by peptide gel can induce the differentiation of bone marrow

mesenchymal stem cells into vascular endothelial cells.

Key words: dendritic amphiphilic peptide; bone marrow mesenchymal stem cell; gene transfection; vascular endothelial growth factor 165; three-dimensional

culture; vascularization; femoral head necrosis
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BITLIRE N E ., AP, WERIT N E, R
FARFEZRHEA SR ENBEHEER, X
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HITAEAE R REIE AR %), W2 s &R
BATIEH ST B FAR. BE LI ELMEER
i DR i i 1) 78 0 T A M B B AN 2 I PR DL A it
R Sk I B A . Bl Sk S B e,
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559, Mz E@EASARIRIRA S e, BEE AT
FEFIAR K, BRI 2 (T 78 5 £ T IR 20 X Sk A% Al
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B SRR SR RIE S AL TR LG, R SRR S
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A M 7 A RE 77 2H ST FE R P i i Sk sl af 3R
FEIRIT, HAR 4. AR, gl T
AT B AN EER Y ST R ER A R
UF (A DR A VR R TT B, B A K B FLRR
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Mo AR 3 B4 B 2 AR, AT 33 R B8 X 35
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I FUHT A O A R R 2 SR A M B
RPISEMERK 228 B, R R R FREE 3N
Y2 FLANK AT YR BRI, 2 KIS S T 9K &F
YeRTH, BERESIKEAIE99% UL L, HAIRKE
AR AR, & W AR =yl il =4k 2 5L
(PRI BEAT A e, IXFh AL 3% — 4R EE IR A R IF 4
Fa AR 2% e Y. i L N R A K IR 165(vascular
endothelial growth factor 165, VEGF165) Jt [X #% YL
BE16) 75 BT T4 (bone marrow stromal cells, BMSCs)
Fe R Fh -0 PR, R P 200 B PR T B SR A 2% 1 TR
EEIR A R A 2 TR, IR B fif )
JoT 200 P T IO N R A S S AL AT RE S, A
ST I 2R BE 8 B, A AR B R
TR 25 G H T AR R ARG T B SRR PR AL 5256
A E Ty LY (&
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1.2 BYE ASLE 26T 2022 4 5-10 AR B K2
5 B I B 431 e SR SR Ak
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1.3.1 SEERENY)  4-6 FAESHENE SD KA 20 A, 4%
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BT E IR 22-25 'C, AR EE 40%-60%,
I 12 h, BHUOK, EEFRE. LRTE
SREETE S ANRERESRHEE 2 H L, &
IS4 LLB202217, S FEIEAE 1 PR 5 2 g
e TR SHE R 1R 1R HLR) FiA
iy Je B FE R . SEEG BN ILE BRI N #EAT A R,
I e KRR BE bl A . Ji e BB T .

132 FEERFIAM{LEE DMEM/F12 15 77 % (Hyclon
A, K ); JHEE -EDTA LK (Solarbio 24 7] );
B4 175G (Gibco AF], SEH); BE . BIEE S
i F2 % (Cyagen A \], [ ); VEGF165 s 5 (I
AV TREARAT ), 812 A (SPIAa], £ )
TRIzol = RNA Fifi #2 i 77 (Invitrogen A 7], 3£ H );
HiScript Q RT SuperMix for gPCR 7| & (Vazyme A &,
i1 [E ); RealStar Green Fast Mixture iR, 77| £ (Genstar
o, ) AMiE S . DAPI(Servicebio A F,
HE ) SR — Bt D ECRIE 2 W E ST Anti-
CD31. Anti-CD34(Servicebio, 1 [H ); HiZ %)t P
CY3 Fric il =EPi/N i 18G (Servicebio, [ ); it
& (CD29, CD34, CD45. CD44 Fif&k )(Biolegend A ] );
AL AR (HITACH); BB BisE. EEZOE
AUEE (Nikon A F], HAS ) SN 5% € & PCRAY (ABI
Stepone plus),

1.4 Z¥7ik

141 HHEM AT @R FR SD K R
Jo 30ME Bl F AL AR, AR AR oy R 75% IR I
5min, BNEG TIES, Tow &M T2 5 XU k&
FMEE, HERBREMRE LA KA, KRR
BAEWA K PBS H, B TuK b, B Wum e, H
DMEM/F12 58 35 SR FE ph e ik B BE 41 23, FflcsR
B B B 0 E S B R T 100 mm 4 A5 FR 0L, RN
37 'C. FHCH 5% CO, 4RI FE/ T iE 9%, 48 h
JEE B, VAR 2 d Bl 10k, G IR I
B ik 5] 80% I HEAT A 4K

1.4.2 FfA 7 T4 E RS 2 90% /i
A BB BE R 7R BT A M, Bl REaE R, PBS Pk
W=, IONJEEBEE AL 3 min, 7F B4 N WL 340
FfLf# B 5 NN DMEM/F12 58 A 35 FR B 2 B3 4k, H
WCE R AR IRAT ok, USCEE R, 1000 r/min £.0»
5 min, {345 357, PBS Bk 2 I, 11 PBS =41,
B Ik 2 Dy 1x10° LY, 4 4 AN EP B 400 N
YA 100 pL, VR ECE E TR 5 ul, Rl Bk

43 %A CD34-PE, CD45-FITC. CD29-FITC, CD44-PE,
XTHEZL N PBS, =i FWEE 30 min, Bl LG,
PBS ¥ 3 Yk, 494N\ 500 uL PBS H &4, G
i A L ARSI 23
1.43 fRAME M ECE S B RS 2 85%
Jr A )R R TR e o T 4E L, (Rl R gR 2, HH PBS pf
Ve =, NN JEEEE TS AL 3 min, i RE 40 95 Ry
5x10°/cm?®, Jn 6 FLH, &EFLIIA 2 mL DMEM/F12
SEARR SR, AL AL 60%, N E IS
IR TR AT R Ak, B3 dEIR 1R, 3 A
{5 4 55 77 KL, PBS i 2 ¥k, 40 g/L 2 3R W I [ &
30 min, PBS 1 2 Ik, HOAPERLZLGLE 10 min, WY
FEYG, PBS ML 3 K, BAUET FAEE.
1.4.4 ARAME MRS S04 HUA L & 2 85% 7
BB BE R TS T A0, R s AL, ) PBS phk
= NN RS T AL 3 min, K 40 i 5 Iy
5x10°/cm?, JA 6 LB, %#EFLI0IA 2 mL DMEM/F12
SERREIREL, frANMIIC AR 60%, FE A R 5 T
SR FRIE AT R A, BE 3 d il 1R, BEFR
14 d 58 FUMEHBLE R, K/ANEE IR AT
A0 e, B4k AL, PBS Mk 2 1k, 40g/L
5 H S [ %2 30 min, PBS ¥ 2 IR, MIAJHZ O
TAEW Ge 15 min, TR FF 4L, PBS piifk 3 Ik, &
T N AL .
1.4.5 R SR Mgt B4 (CMV) 1k
FAEN TR BE S, 3\ hVEGF165 JE [k 4 43 Al
KNGS 2, P B4R 3 N AL i X3 (St
W )e WFRIERRBELE 293 AT K214,
o7 25 F &AL i S Ok Bk AT Al Ak, R R
N 1x10° L'-1x10"° L™, HUYH I ff A R 85% /2 A4 1)
B HEE FS R T4, (R gL, ) PBS Yk =
U, IMNJEEEE AL 3 min, A MUK By 1x10° LY,
PAEFL 100 pL 402 (1x10° AN4HH ) #:F0F 96 fL
B, TN 37 °C\ AERFR 5% 5% CO, 15 Fe A h i 7R i 1
6~ EPE, 70l k&g 5 #E N 3, 10, 30,
100, 300, 1000 f#HRETHE MM N Kk B, #F
i 2 100 uL DMEM/F12 SE 15772k ¥ 6 4l &
SIMMAREFRILFIGE 4-8 h, FEA SN
7, PBS Mk 2 IR, #k4:H DMEM/F12 58 4= 1% 97 4k
BiFR. 55597 2 d e WA MAAE TS OL, 0 BB M
MG ORI RIE TR, MRG0 LB & A7
TR AT B R B BUE DU AT N — P sk .
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146 Z KBRS B A3 R [ AL A RK
i) KGGGGAAAA(K)-C,H3,0, LA 10 mg/mL 1)) & ik
o5 S8 Y v B IO RV T 281K . 7 1.5 mL
EP & RN 100 L 2 KA, SAJE2% 12N\ 100 L
AR ER K i 22 K E 2H 28 B AR I B . B — B
WIS L U M B T S VR 4 C Rl E 2-4 h, AR5 =6
TRk 1% IR E 2 h, BRFE OEE. 100% PN R K
812 L FIIEY) Fr, 2% BEFR AN 4L €4 15 min, ik
FRAET YL €4 15 min, 3% 5T HL T BB T M EEEIR A 1
A AELE

147 GErOtiill OLIeH . B & % 85%
fe b B R RE A 7R o AR, D IR B i R
¥ % VEGF £ [F] (& 4t 52 % =100) 3£ 15 Fh 1 41 L
HY il 26 85% 7o A IR0 T4 B, {54585 7= 2L, PBS
MR =R, IR T AL 3 min, 1 RS 20 B iRk R
N 1x10° L N 24 FLAR, 4 FL 200 pL (2x10° 4~ 41
M), 15200 mL 2 K& IR & fik & B 2 388 Bl
e =455 7%, Xt HR 4L B4 P fk A R 85% A A
() o 8 TR) 78 o1 T A P, D e A U 4 &2 000 e o JR
T EE (YL E 2 =100) ZRAGF T 4H M, BLRE S 3
85% e A M T aH M, fEldREFREE, PBS ML =
W N BREEHE Ak 3 min, 1 H 40 B B N 1x10° LY
BN 24 FLBR, 3FL 200 L (2x10° M4 ), L5 200 mL
Z R WOR A il R B 3T i = 4ERE 9%, A
AHMT 37 C. SR HON 5% CO, 4G 748
B 7d, {40 g/L Z FHEEE E 30 min, =i T
IINE IS B 7 20 min, TN —$i)/5 4 CHE
R, MNP, ZWRTEEF 0.5 h, BOCHMILE
R TS, —PUN/NRORIE 2 W E ik
Anti-CD31( # Bt 1 @ 500). Anti-CD34( FifelL 1 :
500), —Hi A CY3 hrid i EPr/NER 1gG( MLl 1 ¢
300).

1.4.8 SEWIZEE & PCR (DSLIRZ: U4l & %
85% A A7 I E R [H) 78 T T4 A,  DAs A B L 52 £
B L YL VEGF JE [ (/26 4% 5 40 =100) FR15H4 41 s
HYfi & 25 85% Ao (PP T 4H ff, {31455 97 3%, PBS
MR =R, IONJEEGTE AL 3 min, VAR EE R
1x10° L, HL—3He 6 fLARE LN 10 mg/mL £ k%
W1 mL, SRFEIN 1 mL 4 f 8 i A F 2H 2% AR
IS A AR B NI IE i = 43 ek &, R
3L, @XFHEH: HUAN Al A 2R 85% £ A 1B HE
B 70 00 T2 A, DA R I3 e A2 5 ot HE S i 7 (U
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HeiF £ =100) 3R1G P40 HURE A 2 85% i fa (1)
gy, (Rl IREs, PBS MR =K, I
iV 16 3 min, B A K BE O 1x10° LT, L — Bk
6 FLiREEFLIIA 10 mg/mL Z KA 1 mL, ZAJEIA
1 mL 4B fik B AT = 4ess 7wk R, ER
34ML. WA MffE 37 'C. MRFI % 5% CO, i figks
FAP IR 7 d G, Kpidie fLBIH, FFEREIR A,
PBS #ik 2 3, AEFLANA 1 mL TRIzol ik 7145 41 flu 4
i, BZLAERIRENEE N 1.5 mLEP 41, 12 000 r/min
290 10 min, AR EIEWBINN 0.2 mL 07, T30
5] 15s, ZEIEWH 3 min, 4 C. 12 000 r/min & {»
15 min, LIy 3 2, NEANLEH i HH, RNA
ST EIETGEIKA: K EEKMER S 20w
RNA B B0, ISR FR ) 7 A I VR & 18 RNA
UIVE, ZEIR W BF 10 min, 4 ‘C. 12 000 r/min & . »
10 min, B RNA JTUE T8 IR ES: K LI ER,
TN 1 mLARFR 7> # 75% ToK LIS e RNA JTTE,
4 ‘C. 7000 r/min & > 5 min, /N0 W BR TG K 4
B, JNANJG RNAJig7K 20 ub S EHT A RNA 5842
filt, AN IEHCEVED E RNA [ B A2l g . i A
SuperMix 1ot 771 &5 K $2 HU 1) RNA J % 5% 6 i) cDNA,
iz ¢ 6 S 52 & PCR Al 5] 4 VEGF165., CD31,
CD34, HIWMFFI W3k 1. A 3G KN AR RIMA
cDNA 2 uL. RealStar Green Fast Mixture {7} 10 pL,
5| ¥ Forward 0.4 uL, Reverse 0.4 uL, ddH,0 7.2 uL;
PCR ¥ PG RS F: T 95 °C, 10 min; ZFHE 95 °C
15, 3Bk 55 “C 30's, ZEfH1 72 °C 15 s, T FEAEIR 40 V.
TRAALRF A SR 3 YR N 5 W58 ) GAPDH, SR fif 27
ARHEHPER SN SN RIEE .

R 1 | ZOEERIESE PCR 514F5

Table 1 | Primer sequences for real-time quantitative PCR

FE 514551 (5'-3') GlEZE R

GAPDH Forward AGT GCCAGCCTCGTCTCATA NM_017008.4
Reverse AGA GAA GGC AGC CCT GGT AA

VEGF165 Forward GGG AGC AGA AAG CCC ATG AA NM_001110333.2
Reverse AGA TGT CCA CCA GGG TCT CA

CD31 Forward CGT TCA ACA GAG CCAGCATT NM_031591.1
Reverse GGC AAT GAC CACTCC AAT GA

CD34 ACA CTC CAC CTG GAACACCA

AGC ACATGG CTC AGT GGT TG

Forward NM_001107202.2

Reverse

FE: VEGF165 I P iz A KK F 165,

15 EE2ALRAEAF OF MR 75T E
Loyt~ R AL g QBKIE TR B ALK BRI
PEIR RGBS LG NS OB IR 7R
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K @R B g Ja ) B ) 78 R T A S 2 ik
IARASMNETR 7 d Ja5, Gy el i B A B 40 B =
PE K124 CD31, CD34 % ik, qPCR ¥4l VEGF165.
CD31. CD34 Xl RiEE.

1.6 SitF a4 FrA %R A SPSS 20.0 Suit ikt
BEATALBE, RO DA xts FoR. 9 EL IR T
SLFEAS t K555, K HH GraphPad Prism 5 Ziit 22 f A
Kl. LAP<0.05 NERAFEEMEE L. LESIT
FECaEd s EENE S ANRERED G5
FH o

2 Z5E Results

21 KREME R Tl SR 5T ER KR
H B PRI B AR R 3 d JE, TERE B
BN A DOWLEE B HAE 20 A0 G BEA AR, TR 2R
T SRR 5 FE2 43 AR AR B R LR, FF AT L8 AN U B 11
M (B 1A); 5557 7 d Jo BE A 0 B0 AN I B X 48
Mo bk, W TFEKRIE. 2 MK T T2 5 EE 4
Mo (B 1B). 25 2 RGMMEES RSN KRIE
BTG (B 1C), 28 3 U402 S 1de i iR A 71
( & 1D).

ARBHETRTHRRERBELEELER:
i X A e I 1) 78 J53 - 4 B BH 14 bR 5 4 (CD29
CD44) = 95%, M. CD29 FKik#* }y 98.8%, CD44 £
18 # K 97.8%; (1] 78 51 T 41 B B 4 br & 4 (CD34,
CD45) < 2%, CD34 3 ik % 1.61%, CD45 F ik K N
1.28%, W& 2.

ARBHEFZRTHEKE. RIEFSHLEE
J1: BRER T S SR TR 3 W e, Tl
SLRNE RS AT Y AL 5 ([ 3A); B IH) 78 )i
TSNS S 2 G, AT RHM L O TAEMR
Jers el g (& 3B).

2.2 JAEFHEREREL I R HRIE N 3,
10, 30, 100, 300, 1 000 Fff 5 5% e 15 B a) 78 i T
UM, 3EFE 2 d FEDROL R TS, R EHUE
3 PSR B DB g (O (B 4A), BEE RS L
EAG R SE Er, AH D I 8 G R IE B T I o, g
SHME Y 100 B WEE2 B SR80 6 = ¢ ( [E] 4B-D). J&
53 HH = 300 B A H K EAETS, PRI HEMR S
HU{E R 100 4 R R me ik

2.3 AFMEREEE I T KGGGGAAAA
(K)- CyeH3,0 7 T &5 ¥ =L W & 5 fr 7s. HX 1.5 mL EP

B, ¥100puL Z RKE W NN EP E R, 18 N
AR AR K fih Rk 2K B L R, KA R R R
HRIR, BETEPEPARIE. HERBEHET
UV =2l I A N N R B Nl S N YR o s
200 nm, L& 6.

24 RIFERKAAMGER SLIGHME =47 7d )5,
BB LR 5O A N W AR B I N B brad
%) CD31, CD34 KIEL (s, e #bm 72i T
2 i ) I PN B A RS 5 A Ak 0 R R LR B 4T
tBaRRE, WE 7,

2.5 QgRT-PCR A M % R LI % 4 H 19 5 A
VEGF165 33 7K~ B . iy T X HE2HL,  IfiL 8 PN 2 48 i
FHOCIE A CD31, CD34 & = X e 4, ZERA L
EME X (P<0.05), UL[E 8.

3 1571 Discussion

JBE B Sk PR AE R 08 AT WA A ], AT RE RN AT
WERAYN AL, WAl RE s el S, H
SRR I G B A0 N T A TS R
PIFE ML 2 . BRACI SR H . A MR IR i 45 2,
FSFPHLEAE EL 2, 5 A0 AR A% 5 B R I
BRI A S R B E T, RBEM AN, 2k
— D INE R IR T MU IE R S R E
SRR, AR X IR ROR . A Y. B
Tl = R T a0 M R B E A B A, R E kIR
FEIX I A5 5 I A

B Sk IRFE RV TY — B — R, IR
SPYRIT SR IE RIS RN T, IR R, 2
VTS, (HS2REE ] AR IR IR &, &
R OB D I, S A VS I T NS AN
BFAR. BREFREFIIFAH THEZB O ERT
A, BT EAEEGART AT TEEZ RFR, Xt
BH GG RO IR KT &, B2 ®ioeT
B B R ARG T R T I 855 350 7 S i O T TE Bl %
R an SRR HETF AR R 2 Z IR0 X 3h i Sk
WH, ¥R REGEWRBKPIF . FIHHHA
TAE S AR BE X 3 e 345 5 8 — SRR #E
Jime HATHENHTRERNIEHIRZH I, H
ANHI T RERE B 5 1k, R AT SZ A8 M K] BE 68 S 4
H KNSR AR B, Az KPR T RE A% 75 5 200 i 1) 79 1
(5 ) o0 Ao A S0 UG 2 — > B Ik 1) 4H.
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Figure 1 | Morphology of Sprague-Dawley rat bone marrow mesenchymal
stem cells
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Figure 2 | Detection of surface antigens
of the third generation rat bone marrow
mesenchymal stem cells by flow cytometry
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Figure 3 | Multidirectional differentiation potential of rat bone marrow
mesenchymal stem cells
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Figure 4 | Fluorescence microscopic observation of rat bone marrow
mesenchymal stem cells 48 hours after virus transfection at different
multiplicity of infection values
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Figure 5 | Molecular structure of dendritic peptide
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Figure 6 | Dendritic peptide gel identification

50 Tml

Pl e e i P B2 A DR 165 5 DRI 1) O SR+ ) 7 0 400 MR 7E 22 ik
B =478 7d. B A, COAXTHRZ CD31, CD34 I 1:5i%; B, D
NS4 CD31, CD34 PHMERIL.

7 | CD31, CD34 GiET et (x200)

Figure 7 | Immunofluorescence staining of CD31 and CD34 (x200)
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