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In vivo visualization of tumor microenvironment based on mouse dorsal skin-fold window chamber
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Abstract: Objective To construct a mouse dorsal skin-fold window chamber (DSFC) model for monitoring the tumor
microenvironment continuously, researching tumor proliferation and spread, and providing a technical method to evaluate the
efficacy of anti-tumor drugs. Methods The mouse 4T1 breast cancer cells transfected with green fluorescent protein were used
to construct a mouse DSFC tumor model for the real-time dynamic and continuous monitoring of tumor size, vascular deformation,
blood perfusion and other parameters in the tumor microenvironment, thereby obtaining the precise tumor microenvironment
information. Meanwhile, the proposed model was also used for evaluating the therapeutic effect of PCL-PDEM-siRNA in nano-
gene therapy. Results The tumorigenesis rate of 4T1 breast cancer cells inoculated in the DSFC model of nude mice was higher
than 90%. Two days after tumor inoculation, the capillaries in the inoculated area were increased. On the 4th day after tumor
inoculation, the tumor morphology with clear boundaries could be observed, and the blood perfusion volume at the tumor area
was increased significantly on the 4th to 8th days after tumor inoculation. Four days after nanomedicine injection, the growth rate
of the tumor area slowed down, and a significant tumor suppressor effect appeared; and 8 days after nanomedicine injection, the
neovascularization inside the tumor was decreased, and the blood perfusion volume was beginning to stabilize. Conclusion The
study provides a new strategy for the refined imaging of the tumor microenvironment, and is of great significance to the basic
research of tumor biology and the development of anti-tumor drugs.
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Fig.1 Grouping of experimental mice and the corresponding treatment strategy
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Fig.2 Typical images of mouse dorsal skin—fold window chamber (DSFC)
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Fig.3 Tumor growth observed under stereomicroscope from day 0 to day 22 (Scale bar: 2 mm)

TR R 7 A% 4 S N B
TN B LA T 2, O B 0 A AL P AR 1% T AR
PRER, I 4 B o 18] 4 27 B9 2 R A (AR I8 ol 5
W AR5 R i B 4a T DL, 25 AL AR 2 R
W ST [0 S < 2% G W S 2 A1 5 W0 TR 5% o ¥ 4 3 5 DX O
FESS 8 K B AR 900 wm 19/ B 52, HLBA 52 X 45k
BANMAE R Z 7055 12 K, 152 X BUR R /0N, 1 6
201178 R SR 22 R AR 16 K, BIS2 X Io8 42
THA MW BN 4 RAPIRAS  HED =53k 1
¥ 51 R A R R OAE , ROAE KA AR B Sk TE S A9 SR
4~8 K.

i g A0 v RS TRY A R AT L s 240 R 5 4 K5 4
241, W5 PCL-PDEM-siRNA 24 %) X Jif 88 1) 7 ]
YERT . th I 4a Jm PR IEG AT UL, 5 R 2L AR L, 4K
WG AL 8 KIT AR A DX A5 1 L3S O, A
AEATE BB M (BRI iR iDL A
P S = A0 AL 3 LA 1) R AR S B B AR
R HERRAE A2 bR ) S AR 0, B AT Mg 2 A0 4 K
2593697 AL BRSBTS E B B 18T 4D

F12K 4R

20K

2R

S AL e R A A S SAS B 1 R AR AR S 1k
FAFNIEL, AT WL OK 25 W36 7 LR 5 8 K , T LA i
il 92 200 0 A DT 8 b 88 ) T R A — S
NANAEAY 5 25 B 2 DSFC L1 15 78 2 ff g 24 1) A= 1<
32 PR, FATT R st Xk WL 7 A e T AR A T A, 1
de 7R, iR T AR A 8 10 5 A RS AE R R 2 A
[ 0, 20 2K 25 90 13 2L 1) 1 i 8 400 200 107 e A A
NS EH 4K

Shy kB T2 R0 43 i gRg DX A N R 22, FRATTNS
iy IR DX IREA T 2 LB, M 4T 1 20 e g 2
@IOEHE A, 1T LATE 20 8 R AR R B (181 5)
FT 1AL 5 AT T, 7 Fif e 2E 422 b Ao s 200 i 2 4 K T
00 G0 AT 04 R 25 5 265 8 IR Mg 4L ) e 8 RO
SR, 2 1) B RE DX ISP S A BRR € Y A AR A
RTCHEIC BT A LS s A T4 4 KBS AR 259)
TRITUL, 2R 8 KAYTAYT LAY I ad -t s, (E R 9
A LA BRSO /0 TR 25 5 12 R MR 41
it 96 0 S 14 O, i TR P S T A i A R R R 2 HLRE
SRR, T Ah K 250167 20 B9 B )T 556 8 KIC 2



9 L, . FET/NEITH R R

T 0 R TS 6 1R T A 52

- 1081 -

EEPN ERVS

BETPHY

THERE

i
il

i
4l

Et

A

SEHEBRY

#

807 -

—a— RO
- MR

604 - #pKaiminri

IS
(=)
L

i g

H“P{%" DI AT mm?
(=]

0 2 4

6 8 10 12 14 16 18 20
/INBRCHE 3 WL A AR/

b : B A IR TR 2% ]

a: /MR DSFC AL E MR FAIAMR %

HI6KR

157 + A4

- BRI
4 = fEA

o GeRREET A

BiE gt

NS}

i DX T B /mm
o
1

0o 2 4

6 8 10 12 14 16 18 20
/N OL B g I TR/

c: A KX E R AL

E4 EEKEHEGERH2 mm)

Fig.4 Typical stereomicroscope images and tumor growth curves (Scale bar: 2 mm)
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F4R PN 12K CAGYR

it

2RI AL

s

§ 10 12 14 16 18 20
/N B B LT A e ) /d

a: M B RBE R IR E b: M7 E XL T2k
E6 /MR DSFCEFHBEA G E (#rR A1 mm)
Fig.6 Laser speckle imaging of mouse DSFC (Scale bar: 1 mm)

K254 PCL-PDEM-siRNA Xf T 4T1 FLIRSE A 530 RIS

A ALZTYITERS 4 AR IR RO R FERER R A 5 P 5 R 25 2 5 R 5 51
il MG TS AOREIIER R 6 KIE S s pwiE B E e m A L, A C3E i DSFC
IR 2% PP 4 HE A — B A5E AU 17 FH A 2L B 8 ok 9o 0 A AR R AR e 5 T



9 L, T/ S ST A B AT I 1A T AL AT 7S ~ 1083 -

D HBCEE RGN T I e TR A BE 1 W, B A R
e 23R T W ST At — B B o] AR B4 3l 2 UL
Jiid o ARWFIY TAESEREA Ko B R P i B 4T1 3L
i 958 41 B oA AL /N U R DSFC 5, 76 4 F DSFC
HLET N4 FD AT1 400 3~5 d i, 90% LA |- ) DSEC /)N
AT B R o R S B X S5 2= R A R
PR 99k SE AT 25 %) PCL-PDEM-siRNA Y47/
BRCFL M i 1) o R R A 7 3 AR T R A S5, AT DA
DAL T 1522 d VA o SEER s R0, P07 P Al 4l
F14) XL 38 R Y e A A G, R 0 R R T AL R
e PN A L 38 22, P R R 00 A E K 3
T SR 5 0K 25 9 3R 7 4L I 98 %) 44 REURN 1 FRLLE 24
Y 4 dJE ASTFERE A, TR PR A o A e A vk
AL MR R AR YR YT 6 dJE fa TR %
AFF 5 DA ] AR P I B 1 S e s T 3R RR YT 24
) PCL-PDEM-siRNA Xt /)N B L B i B H A R 15 1 1
FHACAR o Ry b (AR B8 ] R Ak B st A B AL 35 119 3R
W, 6T Fif IR A ) 2 4 S B BIE 5 RN vk e 25 W L
HEEE L,

(5% i)

[1] YOU S X, TU H H, CHANEY E J, et al. Intravital imaging by
simultaneous label-free autofluorescence-multiharmonic microscopy
[J]. Nat Commun, 2018, 9(1): 1-9.

[2] ARNETH B. Tumor microenvironment[ J]. Medicina (Kaunas), 2019,
56(1): 15.

[3] THAKKAR S, SHARMA D, KALIA K, et al. Tumor
microenvironment targeted nanotherapeutics for cancer therapy
and diagnosis: a review[ J]. Acta Biomater, 2020, 101: 43-68.

[4] IKEDA W, SASAI K, AKAGI T. Imaging window device for
subcutaneous implantation tumor[J]. Methods Mol Biol, 2018, 1763:
153-163.

[5] MEADS M B, OLIVEIRA P, DISTLER A, et al. Identification of target
pathways induced by the multiple myeloma tumor microenvironment
using activity-based protein profiling and ex vivo protein kinase
inhibitor screening[ J . Blood, 2016, 128(22): 3288.

[6] CACHO-DIAZ B, GARCiA-BOTELLO D R, WEGMAN-
OSTROSKY T, et al. Tumor microenvironment differences
between primary tumor and brain metastases [J]. J Transl Med,
2020, 18(1): 1-12.

(7] #Fecf, Bm, o, & BN H AR LG LM B SRR 8

A LT] I K & S H(F T HR), 2013, 30(5): 518-526.
XU G X, ZHAI P, LIN S X, et al. The applications of tumor in vivo
imaging by using transparent dorsal skin fold window chamber[J].
Journal of Shenzhen University (Science and Engineering), 2013, 30
(5): 518-526.

[8] SCKELL A, LEUNIG M. Dorsal skinfold chamber preparation in mice
[J]. Methods Mol Med, 2001, 46: 95-105.

[9] DEMIDOV V, MAEDA A, SUGITA M, et al. Preclinical longitudinal
imaging of tumor microvascular radiobiological response with
functional optical coherence tomography[ J]. Sci Rep, 2018, 8(1): 1-12.

[10] ROUFFIAC V, SER-LE ROUX K, SALOME-DESNOULEZ S, et al.
Multimodal imaging for tumour characterization from micro - to
macroscopic level using a newly developed dorsal chamber designed
for long-term follow-up[ J]. J Biophotonics, 2020, 13(1): €201900217.

[11] PALMER G M, FONTANELLA A N, SHAN 8, et al. In vivo optical
molecular imaging and analysis in mice using dorsal window chamber
models applied to hypoxia, vasculature and fluorescent reporters[J ].
Nat Protoc, 2011, 6(9): 1355-1366.

[12] STARESINIC B, JESENKO T, KAMENSEK U, et al. Effect of
calcium electroporation on tumour vasculature[ J]. Sci Rep, 2018, 8
(1): 1-14.

[13] MCLUCKIE M, ROBOTTI F, SANCHEZ-MACEDO N, et al.
Lipoconstruct  surface topography grating size influences
vascularization onset in the dorsal skinfold chamber model[ J]. Acta
Biomater, 2020, 106: 136-144.

[14] CHEN D, YUAN W, PARK H-C, et al. In vivo assessment of vascular-
targeted photodynamic therapy effects on tumor microvasculature
using ultrahigh-resolution functional optical coherence tomography
[J]. Biomed Opt Express, 2020, 11(8): 4316-4325.

[15] CAO ZL,XIAO HY, LI L, et al. The codelivery of siRNA and QDs
by pH-responsive micelle for hepatoma cancer cells [J]. Front
Pharmacol, 2019, 10: 1194.

[16] KIANIAN B. A multimodal microvascular imaging system for the
rodent dorsal skinfold window chamber: development, validation and
application[ D |. California: University of California, 2017.

[17]1 KELLY A, PAI A, LERTSAKDADET B, et al. Microvascular effects
of pulsed dye laser in combination with oxymetazoline[J]. Lasers Surg
Med, 2020, 52(1): 17-22.

[18] ESAM K, FADEL M, NAOUM L, et al. Thalidomide is better than
Rapamycin in prevention of neovascularization after laser
photocoagulation in dorsal window chamber rat model[ J]. Eur J Mol
Clin Med, 2021, 8(3): 863-878.

[19] FRIESENECKER B E, TSAI A G, MARTINI J, et al. Arteriolar
vasoconstrictive response: comparing the effects of arginine
vasopressin and norepinephrine[J]. Crit Care, 2006, 10(3): 1-7.

[20] #2035, kI, B s, & iz R AT LF B[], &
&%, 2003, 30(7): 668-672.

CHENG H Y, ZHU D, LUO Q M, et al. Optical monitoring of the
dynamic change of blood perfusion[J]. Chinese Journal of Lasers,
2003, 30(7): 668-672.

CENI TS



