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Application of Targeted Fluorescent Visualization Technique to Study Mesenchymal Stem
Cells in Treating Acute Lung Injury
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Abstract: [Objective] To investigate the mesenchymal stem cells (MSC) in treating acute lung injury (ALL) via ALI mouse
model. [Methods] By monoclonal antibody Anti-GD2 of specific antigen ganglioside (GD2) only expressed on MSC as a carrier,
new fluorescent molecule probe were synthesized through covalently coupling Anti-GD2 and fluorescent group CyDye mono-reac-
tive NHS Esters (Cy7). Synthetic Anti—GD2-Cy7 and MSC were labeled by the specific binding of antigen and antibody in vitro.
Total 84 balb/c male mice were selected and randomly selected 48 mice were divided into three groups: sham group(n = 16), MSC+
ALI group(n = 16), NS + ALI group(n = 16). The lung histopathology and scores, lung W/D ratio and permeability of lung microvas-
culature were examined at 24 h, 48 h after ALl mouse model. Other 36 mice were randomly divided into three groups: normal group
(n=12), sham group(n = 12), MSC + ALI group (n = 12). Labeled MSC-GD2-Cy7 were transplanted into MSC+ALI group and
sham group mice via tail vein injection. At 30 min, 1d, 3 d, and 7 d post—-MSC-GD2-Cy7 injection, the mice were sacrificed after
anesthesia and then the lung was removed. Excised lung was detected on small animal fluorescent imager. [Results] Contrast to NS+

ALI group, the lung histopathology and scores, lung W/D ratio and permeability of lung microvasculature of MSC + ALI group were
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more greatly improved at both 24 h and 48 h. Fluorescent results showed that the signal intensity in the lung of MSC + ALI group was
significantly higher than that of sham group at each time point [ (3.37 + 0.02)x 107 »s (2.05 + 0.04) X 10™ scaled counts/s; (35.54
+0.47)% 10 vs (25.29 + 1.48) X 107 scaled counts/s; (11.17 £ 0.75)%10™ vs (6.09 + 0.62)x 107 scaled counts/s; (3.10 = 0.14) vs
(0.00 = 0.00) % 10 scaled counts/s; all P < 0.05].[Conclusion] Our study showed that a proportion of cells migrated into normal

and injured lungs 30 min after cell transplantation, and the cells started to recruit and largely gather in injured lungs at day 1 and per-

sisted to day 7, these results suggest that MSC possess the ability to home into injured tissues.

Key words: fluorescent probe; visualization; mesenchymal stem cells; acute lung injury; gather
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A': Maximum absorption peak of Anti—GD2 only at 280 nm; B: Maximum absorption peak of Cy—NHS only at 750 nm; C: Maximum absorp-

tion peak of Cy7— GD2 at 280 nm.

1 Anti-GD2,Cy-NHS # Cy7- GD2 g 3¢ 3t i &
Fig.1 Absorption spectra of Anti-GD2, Cy-NHS and Cy7-GD2
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Flow cytometry figure showing GD2 high expression and marked by MSC(Cy7-GD2 vs Cy7 blank)
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Fig.2 Cy7-GD2 labled mesenchymal stem cells (MSC) detected by flow cytometry
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A': Lung histology assessment of representative lung sections after 24, 48 h by hematoxylin and eosin stained from sham group,
NS + ALI group and MSC + ALI group X 20. B: H&E staining of lung sections from MSC + ALI group had signifiantly less injury
compared with NS+ALI group at both 24 h and 48 h(n = 8). Each point corresponds to the x +s. P < 0.05.
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Fig.3 Histopathological changes and lung injury score of every group at each time point
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MSC + ALI group showed a trend toward lower lung wet—to—dry weight ratio compared with NS + ALI group at both 24 h and 48 h (n = 8),

Each point corresponds to the x +s. P < 0.05.
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Fig.4 Lung wet/dry rate of every group at each time point
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Contrast to NS+ALI group, the pulmonary microvascular permeability of MSC+ALI group improved significantly at both 24 h and 48 h (n

8). Each point corresponds to the x +s. P < 0.05.

48 h
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Fig.5 Pulmonary vascular permeability change of every group at each time point
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Changes in fluorescence intensity of mouse using optical imaging. A: Near infrared color—coded fluorescence images of mice’ lung tissue at 30
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min, 1 d, 3d, and 7 d post—MSC transplantation. B: The value of the average fluorescent signal intensities in the lung was measured from 30 min to

7 d, each point corresponds to the x 5. P < 0.05.
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Fig.6 Changes in fluorescent visualization and fluorescence intensity of every group at each time point

NS + ALIZH W/D 5 i TR 20 AH He 3 B R 3,
24 h(P < 0.001) 84248 h(P < 0.001) ; 1fif MSC
+ ALITZH 5 NS + ALLAH e W /D I8 3070, Toie 24
h(P <0.001)i8 /& 48 h(P < 0.001, 5 4),
2.3.3 AhffeE i@ E AN K H Evans Blue 7
Rz Al 2L 2 M A AR i M . 24 h 48 h %41 EBDH.
AE(F=42.86,P<0.001;F=23.16,P <0.001), 2%
SH G X NS+ALLZH i (94 i 455 38 375 1 45
B F AL B E AN ICIE 24 h(P < 0.001) i 4248 h
(P <0.001),MSC+ALI £ 5 NS+ALIAH He i i i 45
3 37 AT B R ek, JCi8 24 h(P < 0.001) 6 /&
48 h(P =0.003,/&5),
24 BWHRBRIRER

PR i 7 7 [A] 32 J5T -1 20 i B A8 S 19 30
min BJVA]ZE TE 5 M R0 4 it b 0 21 A A 1)
A B ] SO AR 7R BRI R Bt S ' I BE AR (&
6) T HI MSC + ALI 41 7E 4% B[] o5 Jifi 58 - 34 28 '
5o 3 TR TR ALRD . [ (3.37 £ 0.02)%x 107
vs (2.05 +0.04) X 107 scaled counts/s, t = 52.92,
P < 0.001;(35.54 +0.47)x 10™ vs (25.29 + 1.48) X
107* scaled counts/s, ¢ = 6.60, P = 0.003; (11.17 +
0.75) %107 vs (6.09 = 0.62) % 107 scaled counts/s,
t=8.94, P<0.001; (3.10 + 0.14) vs (0.00 + 0.00)x
10 scaled counts/s, ¢ = 38.87, P <0.001 ],

34 i

() 72 5 T 20 L (MSC ) S —Fp 25 5 WUl B (14 422 7Y
Y, AEA 2 1) 53 AT RE R A 2 32 30 1 4
2 i HAELAG K A e e T RE I RS SE B R R
R o AR 75 A =1y 5 i 1 R 2 1
R AE G IR L 45 g i B A — A oA w5 R T O
> AW ENE T R AR R
A B 7R B T 1536 B TR) 58 5T T 40 MR Y7 2
Pifrad B o FRATTG BT — i B i 9 o T IR A
AT 350 % B2 7 (B 78 5 1 20 ML, R O[] 78
JoT T 4R A T S it A 4 2k R v A AR | A S
HEWEAT R HEAT T RI2E 9 . FRATTSE B[R] BHHIE
ST MSC ] A B D T 2P It 4 405 /0 R
JIE AR, VAR T M AL SRR AR X AR
PR 7 H AT I OR VR o DA 4 2L B P
2FPE A, e/ B (W/D ) BRI 0 i B i
3 B A =T T HEAT AR . S5 AR BN iR
EVRITJE 1Y 24 hik & 48 h, MSC + ALI 41 7 ifi 41
2011 Bt A 20 K i R R O AR 1) 3 3
PEB & L NS+ALL . X5 Z A7 aFse = g
— B,

HAw, 8] 78 5+ 40 i (MSC) 78 &5 5 3 R E0]



5533 XUBFIE 45, B PR SEO6 7R B 6] FE 5T 20 AR 7 Ak 45 3 339

I3 MR BUR GRS AT WO RR  Herh
Al WE GG A R S5O R PR AR ™
MRT 2 3 1k o 240 B b 1 8 T e 48 b 4k 40 K 7
(SPIO) SEI 7R 5, HLA B 8 4 ] 43 HE R e, A
ST ARG AR BUAG B B ZH 20 P9 H 7 2% FE AR
% A5 1R 55 Je R, MR RCR A RE A A
oo BE BARAEAE T MG SR SR VR, X 4
it R 2H 2 ) T M AR A AR AR KR . AR
FOUF UG PG A = REE T # G
R A PR AR 2, S — R A S AT AT Y
TN . ARWEFT R, CyT7 4R FE 5% FAME e i
WAL, BT IR, & B & E5 0, 38 i Lk
fEAE A Anti-GD2 M 254 B L Cy7-GD2 fb &
Yo I 4 GTE 2 A AT L4366 BE A T K 1
AT RAR £ CyT-GD2 BRARHE T Cy7 i
FEPE, SOR AR B B HT AR Anti-GD2 1) fe 331G
P8, HEANEARIC LT 425 M9065 T4 T %
FEFRICIR S (F/PHAE 4 ~ 9 Z R i A id ) o
PR ;0 NS 1L 7 o 75 3 i T L1 o e
RORIA 71.3% , B 1B & L1 3 14K Cy7-GD2 i
[ 51505 i 11 S SR e

R H 4 B 5 IR S (1) 72 3t T 4 M AR YR T St
s 453 47 1) 2o e v S A A PR (] 4 08 52 T =X R
BB I EAE 2 O, B T A
R EPAGIAL, S Z A 2 A0, AR T
ol CLIRFE ) 20 L 5 R4 =X ok 0 22 o A4 i
T, e 2 A 2L B B AR SR
i, H AT B A s 2y S b7 3 S & BRI
TP SRAS ARG 2 o FRATHIB 5 K PR [0) 78 5T T4
MRS A S5 30 min RV AT 7 3 B 25 0F F Jili 45 47 fili
w3 T R B 1 R R AR i A T I T R
FELR BN 7 R, WiAE 1L 5 M EE 1 R B T ()5
BUPRE ) R, B 7 RELE LR T o RN, 52
05 2 5 B[] 5 i 98 e 7 o T 40 M P o 3 08 5 o
FARF AR . X 45500 BH ) 781 4 A ) 45347335
PR RE SRR RE ) o AT AR MY R R MSC 4 4
) S Il TR IS 5403 1 T 4 0 1) — R 51 4
Jit R L AR R T BB 4R 55 MSC [ 52 51 41 209 1A
X TR

25 b6 36T 40 i (MSC) 7] A R4 b s /b 27k
i 453 47 /1 B 8 4 JE 4 AR IS I | s i 4 4 1 48
AR EE , 6F SRE Pk It 450 1 BA i PR P AR . TRl 58
Jo T 4 AR VE S5 B9 30 min BV AT 5 4% 21 1F & it Al

WGt b, FLAESE 1R R 9 3R 4 78 3145 il v ot
FREE 5 7 K 5 X B 18] 78 B T 40 A (MSC) HA
) 5105 3 R A IAE

2E 3k

[1] Zimmerman JJ, Akhtar SR, Caldwell E, et al. Inci-
dence and outcomes of acute lung injury [J]. Pediat-
ries, 2009, 124 (1) :87-95.

[2] Sheu CC, Gong MN, Zhai R, et al. Clinical character-
istics and outcomes of sepsis—related vs non—sepsis—
related ARDS[J]. Chest, 2010,138(3):559-567.

[3] HuX, Qian S, Xu F, et al. Incidence, management
and mortality of acute hypoxemic respiratory failure and
acute respiratory distress syndrome from a prospective
study of Chinese paediatric intensive care network [Jl.
Acta Paediatrica, 2010,99(5):715-721.

[4] Ware LB, Koyama T, Billheimer DD, et al. Prognostic
and pathogenetic value of combining clinical and bio-
chemical indices in patients with acute lung injury [J ].
Chest, 2010, 137(2) :288-296.

[5] Prockop DJ, Oh JY. Mesenchymal stem/stromal cells
(MSCs) : role as guardians of inflammation [J]. Mol
Ther, 2012, 20(1) : 14-20.

[6] Ren G, Chen X, Dong F, et al. Concise review: mes-
enchymal stem cells and translational medicine: emerg-
ing issues[J ]. Stem Cells Trans Med, 2012, 1(1):51-
58.

[7] Ho MS, Mei SH, Stewart DJ. The Immunomodulatory
and Therapeutic Effects of Mesenchymal Stromal Cells
for Acute Lung Injury and Sepsis[J]. J Cellular Physiol-
ogy, 2015, 230(11) :2606-2617.

(8] WM, SR mI4E, sRBObk. ¥ Yokl 1P 5 Y i A% 75
WEgEl )], A - W AE - 72, 2016,26(2) : 135-139.
Wu YL, Wu XH, Zhang DL. The genetic toxicity of 5—
polymethine cyanine [J].Carcinogens, Teratogens &
Mutagens, 2016,26(2) : 135-139.

[9] Kim DE, Schellingerhout D, Jaffer FA, et al. Near—in-
frared fluorescent imaging of cerebral thrombi and
blood—=brain barrier disruption in a mouse model of cere-
bral venous sinus thrombosis [J]. J Cereb Blood Flow
Metabolism, 2005,25(2) :226-233.

[10] Park K. Polysaccharide— based near— infrared fluores-
cence nanoprobes for cancer diagnosis [J]. Quant Imag-
ing Med Surgery, 2012,2(2):106-113.

[11] Rao J, Dragulescu— Andrasi A, Yao H. Fluorescence

imaging in vivo: recent advances [J]. Current Opinion



340

AR AR (B2 R D 5384

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Biotech, 2007,18(1) :17-25.

Martinez C, Hofmann TJ, Marino R, et al. Human
bone marrow mesenchymal stromal cells express the
neural ganglioside GD2: a novel surface marker for the
identification of MSCs [J]. Blood, 15 2007, 109(10) :
4245-4248.

Pang P, Wu C, Shen M, et al. An MRI-visible non—vi-
ral vector bearing GD2 single chain antibody for target-
ed gene delivery to human bone marrow mesenchymal
stem cells[J ]. PloS one, 2013,8(10):e76612.

Pan GZ, Yang Y, Zhang J, et al. Bone marrow mesen-
chymal stem cells ameliorate hepatic ischemia/reperfu-
sion injuries via inactivation of the MEK/ERK signaling
pathway in rats [J]. ] Surgical Research, 2012, 178
(2):935-948.

MRHTIE , A HE, ubll, 25.CD20 #2 15] Cy7-Rituximab 73
TARET ] A KA/ USRS LR i HILT ]
AR AA 4, 2013,34(9) ,2139-2145.

Lin XF, Zhu H, Hong Y, et al. The preparation and
application in vivo fluorescence imaging in mice of tar-
geted CD20 Cy7-Rituximab molecular probe [J]. Chem
J chin univ, 2013, 34(9), 2139-2145.

Danchuk S, Ylostalo JH, Hossain F, et al. Human mul-
tipotent stromal cells attenuate lipopolysaccharide— in-
duced acute lung injury in mice via secretion of tumor
necrosis factor—alpha—induced protein 6 [J]. Stem cell
Res therapy, 2011,2(3):27.

Gupta N, Su X, Popov B, et al. Intrapulmonary deliv-
ery of bone marrow—derived mesenchymal stem cells im-
proves survival and attenuates endotoxin—induced acute
lung injury in mice. Intrapulmonary delivery of bone
marrow— derived mesenchymal stem cells improves sur-
vival and attenuates endotoxin—induced acute lung inju-
ry in mice[ J]. J Immuno, 2007,179(3) : 1855-1863.
XN, B4, B, A H) ST A0 M4 ] MEK/
ERK 15 518 & 235 5 W 45 4L 2 AL B 80201 i 4545
e I b g A A JA T [0 ] rh il R Al (8=
SRR ,2016,37(3) : 367-375.

Liu J, Lv HJ, An YL, et al. Mesenchymal stem cell
protects apoptosis of aec Il from cecal ligation and punc-
ture induced acute lung injury via inhibition of MEK/

ERK- mediated pathway [J]. J SUN Yat- sen univ

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(med sci ), 2016,37(3):367-375.
RICIR, RF B AR EIMR OISR ik 2 M
F o 2 DA B W R I O 9] [ . D ai o S5O
B7,2013,33(7),1845-1849.
Zhu YR, Wu RC, Lin Y. The ultraviolet absorption
spectrum integral method analysis protein concentra-
tion — a case study of alkaline phosphatase [J]. Spec-
trosc and Spect Anal ,2013,33(7),1845-1849.
Zhang B, Liu R, Shi D, et al. Mesenchymal stem cells
induce mature dendritic cells into a novel Jagged—2-de-
pendent regulatory dendritic cell population[J]. Blood,
2009,113(1) :46-57.
Li H, Guo Z, Jiang X, et al. Mesenchymal stem cells
alter migratory property of T and dendritic cells to delay
the development of murine lethal acute graft— versus—
host disease [J]. Stem Cells, 2008, 26 (10) : 2531-
2541.
Garbern JC, Lee RT. Cardiac stem cell therapy and the
promise of heart regeneration [J]. Stem Cell, 2013, 12
(6):689-698.
Tong L, Zhou J, Rong L, et al. Fibroblast Growth Fac-
tor-10 (FGF-10) Mobilizes Lung-resident Mesenchy-
mal Stem Cells and Protects Against Acute Lung Injury
[J].Sci Reports, 2016,6:21642.
Maron— Gutierrez T, Silva JD, Asensi KD, et al. Ef-
fects of mesenchymal stem cell therapy on the time
course of pulmonary remodeling depend on the etiology
of lung injury in mice[J]. Critical Care Med, 2013, 41
(11):319-333.
Nguyen PK, Riegler J, Wu JC. Stem cell imaging:
from bench to bedside [J]. Stem Cell, 2014, 14(4) :
431-444.
Wu C, Li J, Pang P, et al. Polymeric vector-mediated
gene transfection of MSCs for dual bioluminescent and
MRI tracking in vivo[ ] ]. Biomaterials, 2014,35(28) :
8249-8260.
Wang YY, Li XZ, Wang LB. Therapeutic implications
of mesenchymal stem cells in acute lung injury/acute re-
spiratory distress syndrome [J]. Stem Cell Res Thera-
py, 2013,4(3):45.

(%4 Zwekh)



