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Abstract

We developed a new co-culture method mainly in co-culturing cells in suspension.
Unlike the traditional method, cells cultured by this method will aggregate to a sphere
and form a 3D structure, which compared to other systems like the hanging drop
method and the hydrogel method, our system is simple, easy and good in long term

culture.

Our research used fibroblast and keratinocyte in co-culture, and we adopted Hs68
cell line from fibroblast and HaCaT cell line from keratinocyte. These cells are both
from mature male foreskin, and the interaction existing between the two cells have been

confirmed.

We used the shared characteristics of Hs68 and HaCaT, that both will suspend in
chitosan coated plate, to perform a suspension co-culture method. In this system, we can
easily observe how each cells aggregate in time-lapse photography. This paper also
discussed the aggregation process in suspension co-culture system, which was analyzed

by a simple simulation. We’ve got a first step results in hands-on practice at present.

Academically, we also adopted the theory about cadherin to explain our model
design, thus we conducted some experiments in measuring cell-cell cohesion force to

support our model.

Keywords: Fibroblast, Keratinocyte, chitosan, co-culture, simulation, cadherin.
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2.1 £ 1 % % & (co-culture system)
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2.1.1 trans-well method(3 ¢ 4-®] 2-1 #777)
(1) == -

BEEABA f RS2 o A K hme i) LR R

2) #¢

~-.

PR T R A L SR REBE A wH AT RIEY Y

dmve e o T PEIE Jm e ‘L B (ECM)3af4 & T oa i £ o

® 2-1 trans-well é—fw}#_i%(ﬁ] * %kt corning)

2.1.2 hydrogel method



(1) =%
%36 hydrogel W= - BHEFMHPF3 L2 @ lmie it g7z AP d
Ad®s o

(2) #

PELG-BERERAGN Rt 3D BRAAY A ¥ AR

RRTY 0 VEBRIRWE AT L FA A F s 3 &35 niche[12]---

fhizmre T & PFIRMTR S R RO g o
2.1.3 hanging drop method
(1) =+

SERIERF T SR A e o e AR o A L - BRIES R

ME R - fﬁfﬂ_# R E S N P A e ik REEE > 1 dmie B L S TRA, e
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I o
2.2 8 a2 wie & & F e (Fibroblast & Keratinocyte )
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2.2.2 & ¥ (Keratinocyte)

L mre B L mre - f0 BT AR mre el ¢ ok E T o0
33t

SEERE LN E S R T TR S

223 BarmesiFmreini
Bt wre g £ w0 ASAROR AR EE A K (LK B
2:2) 0 % fedp 1A K 2 B 3 5 AUBL N bl4e TGF-beta» » § < ek g

Al h R A R A TG e hien [16] 56 fhinre L2 12 K A4

oA PEERT &0 R u* AP it o

Sudoriferous

W 2-2 A F cotid (W2 %k : Gray's Anatomy)

“

2.3 %% B 8§ F1F+ (Cell aggregation factor)



fm e 2 R e i o @ CadherinP) 44 fm e B ehdg i > AN e SRR 15V A AL

N L SR YL
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3.2 R %
1. A~ & pE Chitosan (from crab shells): 75% deacetylated, Sigma, USA
2. mEkpH
3. ¥ % # Dulbecco’s Modified Eagle Medium [DMEM] : Gibco
4. s 5 5 Fetal bovine serum [FBS] : Biological industries
5. = &- 44 % PEN-STREP-AMPHO SOL. : Biological industries
6. % 3F-v f= Trypsin (Tpye Il from porcine pancreas) : Sigma, USA
7.  Ethylenediaminetetra-acetic acid [EDTA] 99% : Sigma, USA
8. mipka 4 Sodium hydrogen carbonate [NaHCOs3] : Sigma, USA
9. = v A Ty m Dimethyl sulphoxide [DMSQ] : Sigma, USA
10. £ p @& Isopropanol [IPA]: Mallinckodt, USA
11. & % i 4 Sodium hydroxide [NaOH] : Sigma, USA
12. # i 4 Sodium chloride [NaCl] : Sigma, USA
13. % i 49 Potassium chloride [KCI] : Sigma, USA
14. mipt & = 4 Sodium phosphate dibasic anhydrous [NazHPO4] : Sigma, USA
15. @ik = & 4o Potassium Dihydrogenphosphate [KH2PO4] : Sigma, USA

16. & 'wme mz k Hs68 : ATCC



17. & F e me i HaCaT : CLS
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i) = 3§ k& s (Inverted Fluorescence Microscope )
R o LEICA, USA
A5 © DMI 6000
o= %51 chy
k8 & pcds (Inverted microscope )
i o Olympus, Japan

A5 1 IXT71

I
é}ﬁ""

E

% (Centrifuge)
R4 - Beckman, Germany

A5 ¢+ GS-15R

& #r.o 8 (small type micro centrifuge)
R : Tomy, USA

A%, : HF-120



% # A F % (Autoclave)

R® o c#z ¥
3] 5 ¢ EA-652
R %51 Hip
7k 48 (Refrigerator )
g B JERPE SA S

3|85 © Medicool MPR-411F

45 (Oven)
B D oRBERESP
3]55 ¢ HT-SI-45A
T
& T 84X B ( Stirrer/Hotplate )
K% © Costar, USA
A5 ¢ PC-320
e gt
9. =T % (Shaker)

R4 : Lab. Rotator, USA
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10.

11.

12.

13.

3]55 1 2800A

o= %51 o1

w438 28 4R i -k 1 (Shaking bath )
R4 - Firstek scientific, USA

A% - B601

T

TF LA
- § g4 L3244 (COz-incubator)

R - Nuaire

A 5% ¢ Water jacketed US autoflow automatic CO2 incubator

T
M-
=

=

Ty

=

% + He® % T (electronic microbalance )
R Precisa, Switzerland

3|55 1 205A

B %51 AT

3 33 -k %34 (Reverse Osmosis system )

B RALREF LR, o

A5 : RDI
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14, padk &+ (pH meter)
R 0 SUNTEX, Taiwan
3|55 © SP-701
o %51 Hip
15. 425 s ¥ %58 (Ultrasonic cleaner)
Bl @ NEY

A] 8¢, : Ultrasonik 57H

16. & zf-#c% (Hemocytometer )
Ko - Hausser scientific, USA

4] g5 : Bright line

17. % k& F (Power Supply)
B oa Ly o F
3155 ¢ MP-250
e %51 or
18. * #= £ ¥ & & st (Confocal Fluorescence Microscope)

R4 - LEICA, USA
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3.4 3@ mpedl
1. mERpes 7% % (Phosphate Buffer Solution ) [PBS]
NaCl 8.00 g
KClI 0.20 g
Na2HPO4 1.15¢
KH2PO4 0.20 g

#1325 1000 ml G2 ks E 0 # % NaOH & HCI #-3 2 chpH &2 2

7375 1% FEBRRAFERLFLERT o

2. £ %% Dulbecco’s Modified Eagle Medium (DMEM)

DMEM 13.4g
NaHCO3 3.79
Antibiotics 10mi
FBS 100ml

B FIEER 000 ml s Sk o R RO 0 R R 23R
% NaHCOs #-#2 & A chpH £ & 7.3-7.5 ° & * j=i§ 7]+ 0.22 um PVDF %
1% 40§ i SRS R A 0 X4 10 ml sz £ - a2 £ 40 100 ml s
et g F(FBS)[Pa 2 s i % A B3t 56°CTRIE ¥ 30 A 44 E it 4 T 4T

L

i~
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Trypsin-EDTA 3 %

Trypsin (0.05%) 0.25¢g

EDTA (0.53mM) 0.1g

F=B~ 0.25gtrypsin 2 0.1g HEDTA & #-H 3 **Bifk % 73 % (PBS) ¢ >

73R 15 1 848 F00.22 um PVDF 001 45 #hi% B~ 5Bk 0 4 0 4°C

FTRB Y T e
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35 %
351 M3z % (cell culture) fostt (passage)
A B ehme K p R @5 cell line e o

(1) G a2 mee
Ak % AP s %2 s DMEM 40t 10%eh FBS ¥ 1%:hiisd %
(PEN-STREP-AMPHO) -

b. s i RERETARY 75 0.1%EDTA £ 0.05%% F-v fis < PBS i3

AT o~ HF R L 3547 o B {81 5% F v ~37C - §

Lplimie s £ 457 24 o ¢ % Nfici 25~35 1% o

(2) & Fimee

ar® I APRY o R i DMEM 4+ 10%: FBS & 1%t % -

bk 1 BAERETAR* 77 0.1%EDTA £ 0.05%% 3-v f= 7 PBS /3 /%
Blmre T T o — 0 L 3~54 o BfE 20 5% - § v~ 37C1LL -

FRAEREHY A o #r N 50~100 & o
352 AT REAHAAR

A+ 0.5M hvkpr e (aceticacid) #-%7 RpE® &~ + 3% 0 e} & 1%

(WIV) en& - BEEaR o %7 BpE% A% % (coating) & TCPS plate » % »

YR 60C - 9L 2 psp g = 27% > £ 2 05N NaOH # foit 4L ¢

eda 0 B RK
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Mo 30 A it #-NaOH 3 i 45 7 £ 10 Kid i > 2 12 VP KRR e R 3

plate 2x ¥ & UV BT R+ 45 » 45 -
353 Mm% i Ea0¥ &1 7 (fluorescent cell tracking)

(1) Sigma hoechst 33258 :

¥ ikie ) DNA FIph 4 v KBRS mbe w2 1% > £ D317 UV & (350 nm)

Guges € e 0 450nm K 2 Fk
a. peflik B 5 1.25ug/ml 5 Hoechst ** DMEM 3 % % @
b. 4v » griE T himre ¥ B3 37 Cme s 4 45 45 A 4 -
C. #-2 ¥ L hmie t PBSE 3w A3 HHLE o

(2) CellTracker™ Green CMFDA

a kR 10 uM % & v -9 DMEM 33 & % ¢
b, 4v » e ¥ kL T himie 48 ¥ B3 37 Coe 2 £ 4545 2~ 4 -
C. #-% kLT (sehim?e 1t PBS & 3 8w @344 o

(3) CellTracker™ Orange CMRA

MIPEECT S ViR e 0 Y RIS F AN e ’;‘r | 545 nm & g g

pogt 41585 nm & 2 4k o

a. ﬁc"ﬁl/}i& _ 10 HM m%,\iﬂ-ﬂ— /F l:’r’D'\/IE'\/I /| ‘:J
17



D. 4v » i ¥ kBT ehmie 4 B3 37 Cmie s & 5 45 A 48 o

C. #-¥ AR i e e 12 PBS % 3 5 (5w A HAL L o
354 Rxx 2% (suspension Co-culture)

BEREEAET LT A RA NS AT Fime o £ H-Hs68 &2 HaCaT {1

I

-~

CMFDA £ CMRA & % &2+ %15 # Hs68 &2 HaCaT 4>+ %~ B A+ o

A aus £ s £ 7 10%FBS & 1%3#2 4 22 DMEM o 4-F] 3-2 #7 o
(1) st bz g

411 CMFDA(#% ¢ )k %2 Hs68 2 12 CMRA(H ¢ )1k %2 HaCaT » 3* #cid '

72 36000 % » A % 1:1~1:2-2:1 = fav blfd o 5 B0 B pE2 24-well plate
o BRZAXERBZENGELR -

(2) FE1E8 A 4]

a. Hs68 L & - HaCaT & #& :

#-11 CMFDA( ¢ )&% 2 Hs68 » 3+ #c 1,8000 %fim?s » f& % i A~ R pE
2 24-well plate *+ -

B&- X8 1 CMRA(H 4 )i 22 HaCaT - 3+ 1,8000 #fm¥e » f& & ©

ErAg- Rz HB8well ¥ 212 %5 X S EBREAE LR -

b. HaCaT - #& - Hs68 {s f& :

#-r2 CMRA(# 4 )tk 22 HaCaT » 3% 1,8000 #f % » f& & % 5 &7 R pE
2_ 24-well plate F -

18



B&- %t 2 CMFDA(% ¢ )# % 2. Hs68 » 3+ #ikc 1,8000 #f m¥e » f& o ®

ErA- X2 H68ehwell P 2 xa = ¥ BRI HLR -

DMEM

3.5.5 % # £ #HHP (confocal)

R BRI KT R MR G kR E o RAT S HE
WP HT e BE > ARER K6 iEid > TR LTS L T

o R gt o AR B REDLA R

# s CMFDA(% ¢ ) 2_Hs68 &2 CMRA(# ¢ ) < HaCaT » & fé.iw% o £
12 hoechst 33258 2 4% (¢ ) e 121 %% 3,6000 3F > +- 6] 101 = sV i 7R ILE 1

£B54) AHAEF - I~ F X S FZ X EFEEPBRREGEAR -

3.5.6 ¥R (time-lapse)

o5 PR 2% + B k4 DMIG000 & & ehst ac 2. — > ¥ iR TR PR en e Bhdn

B R R e R AL Bef T s 4 K AR R RESLAR -
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A CMFDA(% ¢ )22 Hs68 &2 CMRA(H ¢ )1 22 HaCaT » lw® 3
# 360004 > w113 N EFREE A (P 5% 354 A W] s B g

PESe P ~%z pERT P

Jir

R E-p o E
3.5.7 lm¥ s R 4 )2 (cell cohesion force test)
(1) *4eekb 4 250

a ARG A

oy

FUi 4 ) #- Hs68 & HaCaT H b (7R T3 & » FHE S B

ml4

2

f
Mo BB W4 SR

3C.Cx & k6em dish ¢ » F #-dish 3 »4g 3 k79 w2 1) prendg

b. &# = ;% (shaking) :
RIS A FHET S me BAR K R ARG o AP LR
CMRA( ¢ ) 2.2 HaCaT %3 % - % » £ 4 » CMFDA(# ¢ ){% %2 Hs68 %

{812 40rpm ik B ¥ H 7 0 e Hs68 Tk 48 HaCaT &k ik -

VBB A BB R o~ RS s R 6- X chlme A5 o

(2) Hwre sz %> 500

a. Hs68 :
11 CMFDA(% ¢ )5 %2 Hs68 AR ifs % - 2% = 2 £ 4 » CMRA(H ¢ )
Hs68 » BLE - fm%e 7 b X B & » thim e B foiFa) o

k&

b. HaCaT :

20



"7 CMFDA(% ¢ )# %2 HaCaT LR ix % - % » %= 2 £ 4 » CMRA(#

¢ )% 2 HaCaT @ LB w4 X B 48 » chim e B Ao lFa) o
c. time-lapse g% :

AP AR E R A AN wme B> T35 0 HS68 iwre B HaCaT iw¥e

BT ApAE L nfFA; 0 ¥ H % time-lapse i& (7L o

3.5.8 fiFE* = (simulation method)

(1) = -

QD
F_k

FoRRAYER-BELREL -
YOTEEE S I B 0 JE P 0 BERR RS A e eh > HSB8 i@ * ¢

W o HaCaT &% ‘= d %> - BIEGHE ~FEd > % - B 13w > 5 - B

~83F 0 H = BI3E ~ 1635 0 M HEdE o

C.HE N wo BRI AL APERTI e 3 Rl iid o

"
7 © At

4

3

e s 4 Kl »mbe DS oo
d AFPFOGL > RENHERRESPEE -
(2) * =
a i EHE 10% % 100 g o AP > Si8E P 25 B RS Hs68(1

o i %4 ) ¢ 25 B8 S HaCaT(Hhie 5 i d ) o

b. #-& B & fwie e 3 08 B il > BAH5LS B wE o

C. #dHp
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@ BB w i B e AL BRI E BRI BHE o k)
TAE 9L 0 R hZ A AR N o

(b) # 2| 20 NBFH B wE L P o B s Bl > 1 EA

A RIL B HY @GN 2L o RPpE3A P E2AE LA
FARALES 2o HE > &4 LFR RHEAH o HP o HS68 © 2t E HsB8 k3l
34

» £ HaCaT e 4 » @ HaCaT Bk &2+ » Hs68 2 HaCaT 2 ¥ 4 -

-

m

z L
I

(€) e REL T Fh- =8 > § QG- Wi &HF I A B
j
B wmie B A E o B mie P

Hs68 » Hs68 ik thdp =% » 2t 72 L Ap st =% B
B FRHE8 PIMEALE BLUEREE

2

f

(d) B R =B s mre N 2 P F (a)(b)(c)g 8L (v m P [§] g — A= f o
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11 REEBEVERE

d %‘] 41 "Jﬁ}};ﬂ] s A p;.;b l/}llé’f"“m"t? , :Cf%“

4 4 o bt A8 % HaCaT

Bfh o HSB8 b cnime 7] o 3 Rt BN BH AL P T B2 R e
P A - 3

412 FE{EER )

B

F4-2 % g R HaCaT £ =3k enig 27 > ¢35 HaCaT

e ?h > Hs68

-

B aimie ] B APERY ot HS68 & A 3k ek i

P~ o
42 % ¢ BB/R
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