rpE 40 AR 2# 243 Chinese Journal of Cell Biology 2015, 37(8): 11401150 DOI: 10.11844/cjcb.2015.08.0137

= HEMRRIESTROR R 2 R R E AT 40 AR Fn
A 928 2 B B Lz FH

REE ERAT KER HAN 2 I

CAbmtAz i 2z 2 B A an kb 2e 5 A TREESERE, AL At 100044)

WE @R AR ARRAE g mloid e FIAA 6 ek E X RAT ke E L. A
G eI A N AR = Y fm o3 I BOR T vA AT A9 AR MR R AR3R 3%, 4 48 K B R AT IRAR A AT
W, B, ZEmE AR EAR T2, WRF. BARFAT @AY T SRR
H LR . AR R = Y a3 SRR KBS T m A B S B ) LR AT 4R AR
KBEIR AN FREOR; TN R gn i

The Development of Three-Dimensional Cell Culture Technology and
Its Application in Stem Cells and Tumor Cells

Zhao Diandian, Hou Lingling*, Zhang Jingsi, Hu Honggang, Yan Qiong
(College of Life Science and Bioengineering, School of Science, Beijing Jiaotong University, Beijing 100044, China)

Abstract Three-dimensional cell culture technique is a kind of simple and effective culture system
which is developed on the basis of the two-dimensional cell culture and in vivo animal model. Three-dimensional
cell culture can better mimic the in vivo cell environment and provide a new research tool for the relevant fields.
At present, three-dimensional cell culture technique is used in many areas, including tissue engineering, tumor
treatment, regenerative medicine and stem cell biology, etc. Here, we review recent research progress in three-
dimensional cell culture technique and its application in stem cells and tumor cells.
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Fig.1 Three-dimensional cell culture model (modified from

reference [5])
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Table 1 Advantages of 3D cell culture compared to 2D cell culture

YRR

3D cell culture

RFAIE AN B SR

Characteristic 2D cell culture

Morphology Cells in the plane growth, showing spindle
or flat round shape, adherent growth, small
nucleolus

Cell junction Most of cells grow alone, a few cells

aggregate

Gene expression Less secretory factors

and metabolism
Proliferation Apoptosis begin after 5 days
Differentiation Weak differentiation potential

Drug susceptibility ~ High susceptibility

Cells grow in the 3D space and present irregular
polygon or sphere, layered growth, large
nucleolus!

The 3D network structure with large number of
cells-matrix and cell-cell interactions. A large
number of cells aggregate into clusters!'?

Enhance the expression of key growth factors and

secrete more key proteins!®!'%!3

Greater proliferation potential**'®
Greater differentiation potentialt'¢!”!

Low susceptibility!®




AR IS5 — o A0 R SR AR (0 5 B AT AR MR e 20 e o 4 1 P 1143
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FEERE. PIREE.

3.1 R IRERNRP SRR S BE].
Ty SCHY IR LT 4, s ) Bk B s F
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oA B2 D e HLAT S i — BRI A R, 2
SN T O L AR A AR DU B TR
A LM . Luo®EU0E A8 LI 52 45 i it | 3% 97
N JE I 1 2T 4E 40 Jfd(human periodontal ligament
fibroblasts, HPDLFs), £ R ACHL, “FILIE S 15 i J5 1]
234 SHPDLFs[ #8658, HHPDLFs4H it 1] 1) & B g
NPT, W T AR U R R A R R AR
VIR, ATAE D SCEEM RN F T2 A AL 23 TRE0T
Gt MengZEPORFIER Y], LUK IR W KEER h 3¢
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Fa, - REAE ST INF[] A ORAUEH 40 Mg AT ARG 402
AR & A 2R 1 T RE o

3.1.2 Matrigel Matrigel /& M & 75 J 40 3 i 4 1
#'JEngelbreth-Holm-Swarm(EHS) /)™ il I8 43 25
K 1) T AL FE TN 4 . Matrigel [ 32 2 il 43 e J2 3%
A A (laminin), —Fl I PERR > 7R S E, 20 AfE
)P 9 AN Sl e e e e TR
TG, A e sedn &b K S 01k.
Matrigel 138 &5 IV IR R . Bk ZBEIT 3=, A
ZhE. W HAu K T-B(transforming growth
factor-B, TGF-B) 1 B & 25 # /E 1< A 1°-1(insulin-like
growth factors-1, IGF-1)55 2 Ml M 3L T, & 1 1
AAERK R TRy, Btz 5w an a1k,
TR LA R, K, Matrigel L 52— 41 g #E J5
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Ui 7 G 8
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FAAE ATk K mT B, T H e BAT L
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RZR B, MPEG-PLA X 5452 1 IR B0 25 W) A 1)
BAEEFE . LlorensSEM il 25 1 24 28 /5 W FHEEXUIK
(polyhexamethylenebiguanide hydrochloride, PHMB)
MIPLAGH KT YE, JF %M BE ) A S0 R =
YES IR AT dedn A L B2 A0, 25 R0, 5 4
FRAA L, = YE 157 I 40 I B A S L P 8 B R
b E
322 R T AB Z & W B(polycaprolactone,
PCL)& Hie-C A R JT 348 58 5 B 493 1) 2 M M 017 1 2%
Mo H20MEZL605E ALK, PCLEAT RUf I 253
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V541 ffd(bone marrow-derived cells, BMDCs), 45 5 & 20,
BMDCsH A7 B L7 (PG5 &6 A s i v e, AT it
W] 728G SO RAT RUFI D)5 B s A
R AR, BEWS NBMDCsHICAT KN ZhFf. 1
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RGBT DR B HS S, H5Rra e 4L
Py TR R, N TR 2 2 KB SN D e
. g5 b, K2 T ARIPRN & H LGRS
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RRSGBCR B, B R s o badE . B, dd s
PR RGOS R SRR RORRE S, SR
B BT 2 = 4E R LG P SR E A
SHERLEO AR AOR LT YE SN REE KT
WA S e EOAAE, O A RIS SE ORI . AT R
B R

4 ZHEMRIEFTRORFELRREAT 5 P RY R A

= AR SRR PR AT DL A A A 1 4K
WARKNEO, CAEMERZ RG>, W
H R LN AT 7 e R (T R 0 R S S S S G
K, BEAE AL B RERLEE . A R e e
HE L AR AU TR A NG, (et T =440
B IR B IANWT K AN 56 3, B2 W 1 B4R 22 B 4

R2 SRR RY SRR
Table 2 3D cell culture’s scaffold

4%

Classification

9=
Advantages

e

Disadvantages

S|
Application

Natural material

Macromolecule

Collagen

Matrigel

Polylactic acid

Low antigenicity, non-toxic,
biodegradable, super-hydrophilic property,
low cost, easy to absorb and combine a
variety of enzymes and cells, etc

Stable proliferation rate, high telomerase
activation, best adhesion ability and
biocompatibility, promote cell proliferation
and secretion of matrix, etc

High mechanical strength, better

Poor mechanical properties,
poor plasticity, etc

Expensive, low mechanical
strength, easy to degrade

Strong hydrophobicity, not
easy to osteogenesis, acidic
degradation products can
lead to inflammation in the
body, disadvantages for cell
adhesion and proliferation

intensity, greatly change

Engineered tissue constructs
of heart, liver and other body
tissues and organs, etc!'*?"!

The research of embryonic
development and tumor
treatment, tissue injury repair,
etel?324

Medcine, agriculture and
other fields**!

Biomedicine, pharmaceutical
materials and other fields!'?

s[30-3]]

Promote the differentiation capacity to astrocytes and neuronal cell, enhance nerve-related genes

Establish microenvironment model that is closer to in vivo niche, provide the conditions for drug

material (PLA) biodegradability and biocompatibility, etc
Polycaprolatone  High drug permeability, better mechanical ~ Weak hydrophilic, low
(PCL) properties and biocompatibility, low
toxicity, easy to process, etc of pH value during the
degradation process
R3 ZHMMIEFRARNES FARAE AR A
Table 3 The application of three-dimensional cell culture technique in variety of cells
(HES ol V]
Direction Cell Application
Stem cell Mesenchymal stem cells Improve nuclear cytoplasm ratio and differentiation potential, increase the expression of cells factor:
Neural stem cells
expression!**33
Embryonic stem cells Significantly increased proliferation rate and differentiation potential®*!
Tumor Breast cancer, hepatic
treatment  carcinoma, ovarian cancer  screening and potential therapeutic methods!*>~¢!




AR S5 — A A0 R SR AR (0 5 B AT A0 MR e 20 e o 4 1 P 1145

WIS (£3)
4.1 Z=HEYMARIEFRRRTE T 4HRE a5 A

H M3 B o 2% ) ThomsonZ5EB7E 1998 4F 1
OSSN 640 i 28 LUK, =48 Bt 5 528
BRI AR SRR A SE R RE
T RE 7 F0 22 1) 43 A0 RE IR J5L 6 AR AR A 40 IR R 8 R
TN Bz N A P AR B AL S e s RN IR v
S AR . B 40 IR SRR B YRR SR ) = 4R
FRMHEAR, T-A B ) = 4E 55 23045 T R 2 11 ¢
o WEFURIL, —H4ERGFR 00140 i S B sz b, 1
HAartbRe i 238 0, @A 2k, hitkn]
A, ZHERS SR T A ML T 4R IR, YA s R
AR A M5 5 5 n) B A S L 0 N AN BT 5% o
411 Z AR EDN LR F @i o LR
5] 78 5t T 2l g (mesenchymal stem cells, MSCs) /& >k
BT IR 2 ) — 2R B AT B B IR EEE AR ) A £ ) o)
AV T ) BT 40 B, e A& AN AT LA 5 2 A B
fia. MRIDTAEN. PR Mo SRR, Bl A N HOA TR &
W H &, MSCsTEMH L2 R igae. Ko
ik, H o T d. Jiges ¥ SR SO —Fp
BEAR B “Rh A, ) N TR SRR
PVRIT~ RIEIEIIRTT MR TT A, 1T AF,
MSCs¥ H T~ [ v6 97 77 T IR B BTR N . — L8
SR B, MSCss iz 4 i ) AE KAk & HAT (e ik
15 AEL[R] Bt A SI2 56 UF BH, MSCsX 8 41 i H A7
FUHIE FH (BE2)10, MSCsxit g 4i i i) X AF ] 5
MSCIRIE S o3 BT RS 71 DL
AR B A 0. (Rl 5 BRI FH = 4 40 fu k% 7=

Involve in
tumor tissue  |——
construction

Enhance tumor

invasion Promote

Immunosuppr-

Growth
factors

Cytokines —

Provide IL-8
CD54, etc

Cell cycle

Direct }smem

_.[] inhibition 1nase
Inhibit] activity

tumor
tumor
(+) _
C Mesenchymal \(-) —
essive stem cells factor
(T cell, NK cell) (MSCs)

FE A T I PR AR AAR P Tl B 55 R AR IR MISCs 7E i 8
PR iR (SRR IV ING

I, 0 1) 78 53 40 i iRl 9T 22 4t BE e 4R 41
10 N o W e S AT K7 T4 OB i e
MU BG5E . TEA . G RE ) 55 T T34 S B AR N i
5% . Becerra-BayonaZ5 A H] = 4 41 i £% 77 H R
R T AMMAME T e A, AR A A
R HE DN MSCs ) J8 1 40 1 23 A4 PR 52 i, 3 1 s il
BE SN R 93 bR s R, = 4E RS SR IIMSCs I ik
IR EFRE A T R A, IR UEM T a2, a6 FIEES
R R rp R4 T HEAER] . Toh&E* EW] T
] I ) BH 5 R ISR 1% (hyaluronic acid-tyramine,
HA-Tyr) /K BER 1 = 4E TR 55 e 0% A1 20 W 2 2EMSCs
TR TG R S R A SR et A EH . Guof§ ™
RIBFFT R I, —4ERE 77 B9 AMSCsiti id mRNAFIZH £
HKF S, 2 6etER 4 ge I W BN . Yeatts
SEUSTDL R R 6 BRAE 0 SCBR M RL, IR 45 & IR AR &
G AW RN A = e B AR IR AMSCs, 45 REH], X
Pl 707 M L TR 1) — 4E s 77 B Re e
HEMSCsIPHAFE R 734k ek, LigEg = e 55 75 1
MSCsH fL Ik /N AR A, KDL= 4ERE 77 FIMSCsfig
L ATE R EREI e w7/ NS P Y15 AN R
SR BEIR ol 73 W, ATkAR T IHFIASE . Lindg™
K BRI A S AR S0 B8R U FIMSCs, R 1E
BT = 4E4N BB FR B AR L TAR S — Y RE IR 1E %%
J7 T35 W AL
412 Z$@EARBREMNZF@p PR
214 ffl(neural stem cells, NSCs) A& — 5 fig ) A= 4l

Apoptotic

Antigen

Indirect presentation
| inhibition
Cell vector

E2 j8)7e R T-4m B ppdE R 1

Fig.2 The role of mesenchymal stem cells to tumors
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