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Fig. 1. (a) Cell reproduce on the plane, and spreading when reach saturation [16]. (b) ob-

serving MDA-MB-231 breast cancer cells’ moving in micron channel over time 1,
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Fig. 2. Producing 3-D micro pore structure with sodium alginate and CaCly reaction [23].
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Fig. 3. CAD/CAM process for 3-D model, which is imitating target tissue or organ, and it could be printed

automatically. The model is made with medical image data, and the structure data is involved in program,

which could be printed by 3-D Bioprinter (24]

YE TE AR R 22 BT T 1) H 1) S R AL A9 B 3T
ENHL (ITOP), W BEAT A& E A2 AL ST ED, A 4540
BTG A Sk 3R A UL B4 B3 TR
NH-E5H 1) 3-D 3T B, HAS AUt i A0 2B W A )
JRAE AT EIAA KL, T ORI RS Z2 AT 01 RAR K
fEA, Ff T G TRERIBE 787 A B EE 0.

222 EHHEAZEABTHRAK

KRB A ESEARERAIE TR A
22N, ARAE G B AR S SO R W X T
113 5 A W ke Az B AR B ARG OB, AT A A4 L
RAE . FOAZBA R B, Btk
ARG B ) vy, AT DA 3R RS 40 () LAk
2Eg 25271 Buckman 25 28] FIl i iZ 8 A i3 1 4
B 4 FToR FIRS A ZH 23048, 1T Kim %5 PO F i 1

(c)

i
i

.ﬂ%i;g‘l‘ 1
e "’Mf‘#

ine/iif

B4 TR = 4000 LS BOR S 4 415 e g 4 (28]
Fig. 4. Organization structure made by direct fem-

tosecond laser writing technology (28],
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Fig. 5. Structural schematic diagram of UV curing

hydrogel technology [33].
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Fig. 6. GFP-tagged prostate tumour cells crawl on the vertical plane of hathpace: (a) Miniature array structure is produced

by ion etching technology on silicon slice; (b), (c) metastatic PC-3 cells; (d), (e) non-metastatic LNCaP cells; it shows that

LNCaP cells couldn’t occupy the upper surface of hathpace but metastasis PC-3 cells could occupy the whole upper

surface [34].
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Fig. 7. The process of MDA-MB-231 cells invading into the composite ECM is enhanced: Panels (a1)—(a3) show cells’

condition images under the bright-field, and they are taken every 48 h; panels (b1)—(b3) show cells’ condition images under

fluorescent with combined with reflective mode, in these images, green field is Matrigel, blue field is collagen, and red spots

are invading cells; these images indicate that at 96 th hour, cells have invade into rigid Matrigel along the direction of

collagen; panel (c) show that at 144 th hour, cells have broken through the Matrigel; it is clear that collagen could enhance

MDA-MB-231 cells’ intravasation process [35].
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Fig. 8. Complex flower morphologies generated by biomimetic 4-D printing: (a), (b) Simple flowers composed of
90°, 0°, —45° and 45° cellulose fibrils (scale bars, 5 mm; inset = 2.5 mm); (c) printed structure; (d) make the

structure swollen; (e) this flower structure demonstrate a lot of morphologies that a native orchid have; (f) after

the printing process, the flower structure shows four different morphologies: bending, twisting and ruing corolla

surrounding the central funnel-like domain (scale bars, 5 mm) [36].
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Abstract

Traditional cancer researches focus on the analyses of the mice biopsy in order to understand the formation of cancer
and the stage of cancer development. In contrast to in vivo experiments, in vitro investigation of cancer cells provides
the flexible manipulation of the experimental parameters and the real time observation of the growth and reproduction
of cancer cells, thus has been developing rapidly. However, further studies have demonstrated that cells’ behavior in
a two-dimensional (2 D) environment, e. g. petri dish, is dramatically different from that in a three-dimensional (3
D) environment. Therefore, with assistance of bio-microfluidic chips, 3 D bio-printing, direct femtosecond laser writing
technology and UV curing hydrogel technology, an increasing number of 3 D models have been developed to investigate
the behaviors of cancer cells in vitro. Nevertheless, the existing technology is also facing the contradiction between
accuracy and speed requirements, as well as the biocompatibility and biodegradability of scaffold materials in use.

In this paper, we first summarize and compare present 2 D models, e. g. Agar Plate and Boyden Assay, and the
developing 3 D models in vitro experimental approaches as mentioned above, and discuss the merits of these fabricating
technologies. Then we focus on the recent progress and achievements of 3 D bio-techniques, especially the successful
applications in probing the invasion behaviors of cancer cells. Though significant progress has been made from 2 D to 3
D approaches and these in vitro experimental models are becoming more flawless in simulating the in vivo environment
of cells, the following challenges remain: 1) biocompatible material with the appropriate mechanic properties simulating
the environment in vivo; 2) the viability of cells in the complex 3 D model with of biomaterial, especially during the
laser or UV-assisted gelation of hydrogels; 3) the speed and resolution of the present 3 D fabrication technologies; 4)
the in situ observation and control of cells. Nevertheless, with the development of 3 D bio-technologies, breakthroughs
can be expected in solving those problems, and thus will guide the 3 D experimental models for the invasion of cancer
cells in next few years. This will eventually help people in the war towards cancers, and at the same time provide
new experimental approaches for other relevant researches in the interdisciplinary fields of biology, physics, chemistry,

materials and engineering.

Keywords: invasion and metastasis experimental models of tumor cell, 3-D shape molding technology,

cancer biophysical
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