846 4 49 W ooE % Ok Vol. 46, No. 9
2019 4 9 J CHINESE JOURNAL OF LASERS September, 2019

u

PR TZ B AR BRI I i 12 2 i 1%

FHS, IRV, YR

BN BB R A A S B . W BLIN 310018;
WL EE RS AR ST RN S0 %, WL UM 310018

)41

TE M IS Y R A B AR ZE AL T i I A L = 2 0 o e R O vk — R RE B S M B, M TR
it 1 mm (= 4 bR A SR 2B T R4l 8 Al RS SO A A T2 AT BUR R G R DU T 4 1 RS AR 22 B
75 o DA 20 I S B 78 Al AR R B A R 4 A T 5 T K A Jir JR A L Y 4 A R 2 R 5 3 S O A AR T 2 AT IR B R
AT 1Y 0 {72 b A et 00 e 988 48 6L %9 S0 I S L 5 = 0 PR M A IO ek 19 2 T I B L R R AR R BR AR A ok 2R
1E Jieh 927 200 M 42 2% ook e 00 R S A B O3 i 5 R TR AR R, . A5 R IR WY L G A T2 BT UG B AR A I 3 64 e 7 A0 i (= 25 51
P9 20 1t 1A 5 67 A A i A R A B 5 R RS- 2 e U] B O S R AR S A T D I HIE TR 2R T2 T
S AG A A I fir 9 240 i 42 28 1 T AT P 5 ek R TR TR SR AR B R TR pH SR BE TR B = 4 b A R R R O
2R TR AT BUR R G, WEBA M b T A R B E) AN [R) R S0 R BR BR T iR A R S R B B L R R e vt LR
A RETRAR AL, 5O ARE - Y 6 BOGS IR A T7 A L, BT 48 77 30 mT LA 52 W W00 e 38 44t 6 1) 432 28 2ok A L B 4 1D
b S5 e fir 723 4 e ST A% AR 22 LA

KR BEADLY: e TR RGRE AR @R M =G BRI L5

FESFESE R73-37; 0434.3 XERARIRED A doi: 10.3788/CJL201946.0907003

Tumor Cell Invasion Imaging Based on Optical Coherence Tomography
Si Peijian', Wang Ling"?*, Xu Ming'en!?*
"School of Automation, Hangzhou Dianzi University, Hangzhou, Zhejiang 310018, China ;
! Zhejiang Provincial Key Lab of Medical Information and Three-Dimensional Bio-Printing ,
Hangzhou, Zhejiang 310018, China

Abstract Cancer research has increasingly focused on developing appropriate tumor cell invasion models and
developing a quantitative method to monitor tumor cell invasion. In this study, a three-dimensional tumor invasive
model with 1 mm thickness is constructed. An ultra-wideband spectral domain optical coherence tomography
system is used to detect cell migration and invasion dynamics, and the in witro invasion process of tumor cells is
characterized by the change of cell migration distance and matrix material decomposition. The quantitative detection
of tumor cell migration distance based on peak change of the optical coherence tomography scattering interface is
combined with three-dimensional images to quantify the matrix surface curvature, thickness, and overall volume
change, thereby realizing the characterization of the matrix material decomposition and deformation information
during tumor cell invasion. The changes of cell cluster positions caused by tumor cell invasion and morphological
changes of matrix materials are matched with hematoxylin-eosin staining sections and laser confocal results, which
verifies the feasibility of optical coherence tomography for detecting tumor-cell invasion. Three-dimensional tumor
models under different nutrient gradients and different pH microenvironments are utilized. The established optical
coherence tomography system accurately quantifies the migration distance of tumor cells and surface curvature and
overall volume change of matrix materials at different time and in vitro microenvironments. Compared with
hematoxylin-eosin staining and the laser confocal imaging method, the proposed optical coherence tomography-based
method enables the continuous monitoring of the invasion process of tumor cells, thereby providing a more
comprehensive view of tumor-cell migration and invasion mechanisms.
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Fig. 1 Principle diagram of tumor cell invasion
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Fig. 8 OCT images of cell invasion with different upper chamber serum volume fractions of 0, 2%, 5%, and 10%

and different culture time of 12, 24, and 48 h

conventional,
two-dimensional

acidic,
two-dimensional

conventional,
three-dimensional

acidic,
three-dimensional

12h

1mm

1mm

24h 48h

B9 W MLE IR PR AR PR G SR IR (pH=6.8) T L& Ui AR 808 200 HHG57 12,24,48 h MR JSLAY — 48 Al = 4 K&

Fig. 9 Two-dimensional and three-dimensional images of collagen in conventional culture environment and acidic culture

environment (pH=6.8) with upper chamber serum volume fraction of 2% and different culture time of 12, 24, and 48 h
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