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(The most appropriate antimitotic treatment of Ara-C in Schwann cell-enriched

-

culture from dorsal root ganglia of new born rat)

Abstract

Schwann cell, one of important components of peripheral nervous system, interact with

neurons to mutually support the growth and replication of embryonal nerves and to
maintain the different functions of adult nerves. The Ara-C, known as an antimitotic
agent, have been used to have high effectiveness in eliminating fibroblasts during
Schwann cell culture period. This enrichment effect is also known to be cummulative
with each successive pulse of Ara-C applied and is due to a progressive loss of
fibroblasts. But the cytotoxicity by Ara-C is also cummulative and noticeable over the
period.

To determine the most effective application time and interval of Ara-C in the Schwann
cell culture, we observed the Schwann cell purity and density with the Ara-C treatment
in plain and three-dimensional culture from dorsal root ganglion of new born rat. By
culturing dispersed dorsal root ganglia, we can repeatedly generate homogenous
Schwann cells, and cellular morphology and cell count with mean percentages were
evaluated in the plain culture dishes and in the immunostainings of S-100 and GFAP in
the three—dimensional culture.

The Ara-C treated cultures showed a higher Schwann cell percentage (31.0%6+8.09% in
P4 group to 65.5%t24.08% in P2 group), compared with that obtained in the abscence of
Ara-C (17.6%16.03%) in the plain culture after 2 weeks. And in the three—-dimensional
culture, S-100 positive cells increased to 56.22%+0.67% and GFAP positive cells to
66.46%+1.83% in G2 group (p<0.05), higher vyield than other groups with Ara-C
application.

Therefore, we concluded that the Ara-C treatment is effective for the proliferation of
Schwann cells contrast to the fibroblasts in vitro culture, and the first application after
24 hours from cell harvesting and subsequent 2 pulse treatment (P2 group in plain
culture and G2 group in three-dimensional culture) was more effective than other

application protocols.
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1. A WMAe] A4 SEAILNEH AAAE S

( Primary cell culture from dorsal root ganglia [DRG] of new born rat )

A (Fig. 1, 2. Olympus SZ-40)8 o]&3ste] AlA Sprague Dawley
(Sam:TacN [SD] BR) ®Ad e HFES24dS dASsd=d, = Y9 (main culture
medium)<S MEM (Eagle’s Minimum Essential Medium) 93m¢, =& 3 (horse serum) 5m,
XT3 2mg/ml AEPFolA I T o2 REATH
Medd HArE2d2 5 dAnd el ZA 24 phosphate-buffered solution (PBS,
pH 7.4, Gibco, USA)o A 0.25% Z&}A|1t}obA] (Worthington collagenase type I, USA) 1nf
9} 0.2% DNase (Gibco, USA) 0.1l & o]&ste] &4 AHeste] 7087 37Coll A #j s}
v}, 800 rpmol A 57 914 el 0.125% trypsine-EDTA (Gibco, USA) 2l & F7}
ste] 10%7F 37CellA wgst & F Mt SuiEs AMESt FEEA FSl"ste WA A
wmEth, WA AR AMEEL oAl 5E7F 1000 rpmoll A f4 HeEld & Fajddoz 39

Aolll = wjek &7 (polyethylemine coated dish, Sigma & Corning, USA)oll A Hlj %A 7
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Fig 1. Sprague Dawley 1 day rat

Fig 2. Dissected spine for dorsal root ganglia harvesting under a dissecting microscope



2. Matrigel ® 919 329 79t A E wj %

( Three-dimensional cell culture on Matrigel® )

13 mm #7490 25% Awzelsd 20-30 ule) AZ7]A A (GFR Matrigel, BD
Biosciences, USA)2 kAl ZotsE & nmg 97 & 93 (precooled pipett) & ©]-83lo] g

T, AFSIAZ Y AP 23S w2 24 2HA e (plated)
39y (Fig. 3-ab). ¥ &7 AW 82 (coverslip in 35-mm Petri dishes) & 37 <,
95% air / 5% COy WM F7|ol A 15657t Fo] vtE A ®o] mASH LS & F Fujgd 2w
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Fig 3-ab. Dorsal root ganglia cells plated on Matrigel®.

3. 92 49 x7A9 {9 ( Experimental design )
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T3 Ara-CE A3 AYsA &L #P-C, G-O)& x=4d+ow 39vt (Fig. 4).



Fig 4. Schem of experimental conditions applied to individual groups.

Exp. Group Each pulses (Ara-C lul/ml)
P1(G1 |lIst 2nd 3rd
P2 (G2 Ist 2nd 3rd
P 3 (G 3) Ist 2nd 3rd
P4 (G4 Ist 2nd 3rd
Days 0O 1 2 3 4 5 6 7 ( 2 weeks ) Eval.

0 : Initial culture day, Eval. : Evaluation
P 1-4 : Plate group 1-4,

G 1-4 @ Three-dimensional culture group 1-4

4,339 wte) AAzAse 94 @7

( Immunostaining of three—dimensional culture groups )

32k Ml (GL-GA) o] 2 o =2 Arrstr] fs 255, 34

il EL
A e slegdd e 3m =279 A AWE wEolN A7 H&E IAT $-100 A
(rabbit, 1:100, Dako, Denmark) 2@ GFAP (glial fibril acidic protein) A (rabbit, 1:100,
Pharmingen, USA)E o] &% A x2351812 gas A s3]
HAMZeetd G PAP 7HAWe Al d=dl, 7EFs] AHEW, pH 749 PBSA
Astk A1 F, 3087 0.6% AFEtrsm wjdete] WjAbsl QRS WlEAEAT] AL, 1:509)
A HA dFor HEFo] &AE floded o 27 1A]7F &<k rabbit polyclonal S-100 %
¢} rabbit polyclonal GFAP dA¢ 22 Azl A& uk-SA|ZAT}E. oA 3A (horseradish
peroxidase-conjugated secondary antibody)E 1A]7F H¢F 87| a1, wtxgo &2 Azwa o

34 EA A (3,3'-diaminobenzidine tetrahydrochloride chromogen, DAB, Dako, Denmark)& 10
EE kAl o100 SME FrbEA R o R 887 99 (counterstain) 8k 31 E).”



5. AlESF AR ( Cell count )

WMt &7 e A2 = 9330 (inverted microscope, Leica Cambridge
Ltd, UK)# " A4 (hemocytometer) & ©]-83FR o™ AMEA G Axde] e s 7|5
ato] oML e Aok (W& 100, Imm®) o] AA AE Fo} FubAE $5 Aabs
=), 225 Fol7] 98l a=EA Zek AZEu golgl2 Hol e AlEE AAIAT
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AFEE BA94 42 (ImageTool® computer analysis image system, Version 2.0 Alpha
3 [patch level 1DE o]&3l W wh&olA FAHE B AZES A, 2 At A

Az 38 o4 Aolq Mgk H4ea

6. =4 ®A ( Statistical Analysis )

o

FAa wg 2 33 A dojd mE AFHd dixe FA Z2a9W  (SPSS
R10.0.7, SPSS Inc.)9 Student's t-test® o] &3lo] H94e AZFsgon, 2+ #7ke v uAZ
A Z}o] (semiquantitative differences)E H|ws}7] ]3] Mann-Whitney U-test® o]-&3v}. 9

A
FEL S%Z pvaluet 0.05HTH e A (P<O.09)RE Fo4 e Aom Wt
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1. 99 w3t A E S dlg H7} ( Evaluation of cells in plain cultured dishes )

277 AW Wl ol AEEe] BE L 34 4e T M FeR paEge
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(Fig. 5), T+9AIE+= 1 =4 (long bipolar) B A=A (tripolar)©]

i
N
i
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o
By
T,

°] & (oval nucleus) 1 W33 (spindle-shaped)®] A|¥E R4S 7Hxom, AF
FRAEE A3 e B Ay T58 AxE7IE Ad H1Ed tdd  (flattened
polygonal shape)®] R4S 7HXl o= FE Aoz il oA Ax FEl= i3t
st Ay Rk SEE Hrhsiled A AESel digh fFukAl ] vj&S Al4lsted

t} (Table 1, Fig. 9).

Table 1. Cell number by cellular marphology & mean percentage

Spindle-shaped, bi—polar Mean ( %)
p-C 7.30£1.52 x 10 17.6%6.03%
P1” 3.02:0.43 x 10° 32.0%+4.55%
p2- 6.80+2.50 x 10° 65.5%+24.08%
P3° 3.56+1.58 x 10° 45.3%+20.10%
P4 1.80£0.47 = 10° 31.02%6£8.09%

Each data were counted using a hemocytometer and ™ means significant data (p<0.05)
Mean value (%) was the ratio of spindle-shaped cells to total counted cells
P-C: cytosine arabinoside was not applied during two weeks
Pl group : cytosine arabinoside (Ara-C, 1gi/ml, 5mM) was applied
on the harvesting day
P2 group : Ara-C was applied after 24 hour
P3 group : Ara-C was applied after 48 hour

P4 group : Ara-C was applied after 72 hour



Fig 5. Photomicrographs of plain cultured cells

a. Control group showing flattened polygonal shape with a large round nucleus and
blunt cytoplasmic processes (H&E stain, x100)

b. P1 group after 2 week culture (Phase contrast, x200)

c. P2 group showing abundant cells with multi-polar processes and spindle-shaped
morphology (Phase contrast, x100)

d. P3 group (Phase contrast, x200)

e. P4 group showing fibroblast-like cells with polygonal shape and blunt cytoplasmic

processes (Phase contrast, x200)

Fig 6. Cell number comparisons by cellular morphology

Cell Number by Cellular Morphology

Cell Number(16)
O = NDW PS> OO N O O

P-C P1 P3 P4

P2
Experimental Group

P-C: cytosine arabinoside was not applied during two weeks

Pl group : cytosine arabinoside (Ara-C, 1gi/ml, 5mM) was applied
on the harvesting day

P2 group : Ara-C was applied after 24 hour

P3 group : Ara-C was applied after 48 hour

P4 group : Ara-C was applied after 72 hour



2. MtEZA® Fo 334 W Fe AE 9 Ft

( Evaluation of three-dimensionally cultured cells on Matrigel® )

A

3 wjeket AAS A4 A (serial sections) .2 REOA HFH #4974 A4

% (ImageTool ® computer analysis image system, Version 2.0 Alpha 3 [patch level 1]) &

o| &3sto] 400uhgoll A HAA AZEFE AL, Ha 33 o] 49 gha Hrstsisiv

(Table 2 and Fig. 7). S-100 I ZA 318 A= G2 A 713 2e 49 A A=

So] #e Az ZeA 712 (extracellular collagen matrix) ¥ o] #@Hl o™ | GE-

A rgor e U BT A3 A A AEAe} HEe qA 9 a4 =7
gd‘

g AUt 499 ALEE

W83k AN FE (astrocyte) B AW AT AMEE (astroglial precursor cells) & G2+ % Gl
oA weo] BEE AT (Fig. 8-¢, 9-¢).

Edt, 7 PR uexAss o A wes 2 AEE HRE A48 A



Table 2. Cell number and relative percentage ( %) respect to the H&E stained cells

in three-dimensional culture after 2 weeks

H&E S-100 GFAP
144.80£8.8 17321162
G1 297.02+23.4
(48.75%+1.75%) (568.31%6+0.81%)
193.21+9.4 228.4+14.7
G2 343.62+12.5
(56.2226%0.67%) (66.46%6+1.83%)
125.93£8.9 108.93+£10.0
G3 438.72+22.5
(28.70%+0.53%) (24.82%6+0.96%)
98.83+17.2 89.327.4
G4 452.96+36.7

(21.81%+1.88%) (19.72%6+0.03%)

Each data were counted using IrnageTool® computer analysis image system
and all data was significant (p<0.03).
G1 group : cytosine arabinoside (Ara-C, 1 gf/ml, 5mM) was applied
on the harvesting day
G2 group : Ara-C was applied after 24 hour
G3 group @ Ara-C was applied after 48 hour

G4 group @ Ara-C was applied after 72 hour
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Fig 7. Cell number comparisons in three—dimensional culture after 2 weeks.

600

OH&E
e 500 -} M S-100
'_
o O GFAP
2 400 A
£
c 300 [rE _I_l
g 200
€
=)
- il

O 1 1 1
G 1 G2 G3 G 4
Each Group

G1 group : cytosine arabinoside (Ara-C, 1 gl/ml, 5mM) was applied
on the harvesting day

G2 group @ Ara-C was applied after 24 hour

G3 group : Ara-C was applied after 48 hour

G4 group : Ara-C was applied after 72 hour
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TFig 8. Representative photomicrographs of three-dimensional culture in Group 1 (Phase

contrast x400)

a. H&E stain
b. S-100 immunocytostain showing the typical oval shaped cell body with a

prominent nucleus and bipolar extensions, overall spindle shape, most likely

Schwann cells

c. GFAP immunocytostain, showing abundant astrocyte proliferation

Fig 9. Representative photomicrographs of three-dimensional culture in Group 2
a. H&E stain (Phase contrast x200), showing multiple neurite projections
b. S-100 immunocytostain (Phase contrast x400), showing bipolar or some tripolar

cells were found

c. GFAP immunocytostain (Phase contrast x200), with abundant astrocyte and

astroglial precursor cells

TFig 10. Representative photomicrographs of three-dimensional culture in Group 3 (Phase

contrast x400)
a. H&E stain
b. S-100 immunocytostain

¢. GFAP immunocytostain

TFig 11. Representative photomicrographs of three-dimensional culture in Group 4 (Phase

contrast x400)
a. H&E stain
b. S-100 immunocytostain

¢. GFAP immunocytostain
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Hbt Alv s Exad &40l 28 WA (demyelination) 2 5 %3t (tumorigenesis)
oF #e WA AEjel A w3kste, 549 A (axonal regeneration)s FxlshE A=
ade A e AEFFAEA (cell adhesion molecules)olt 7] A" AEE (basement
membrane components) ¥ 2 Y Fst AAFY QAE (neurotrophic factors) & FH| 3§+
o w2247 (Rat sciatic nerve) ol 9] Fiub AE At ol AEEE H1 8

5 (mitogenic factors)s FRAIT & Ad+=dl, WA Fit Ax F3 & SAA7&= 3=

=

AAEL QAW 7ub Ax S Fa4d AL

=

ojA ™ A ujFel e rt Axe) 5 TN vE AxEs FaAd 7 ds U

A9 A A ZA cholera toxin, forskolin, isobutyl-methyxanthine &3  8-hromo-cAMP

a
9} 22 adenylate cyclased A7 ¢ A&d, ¥ FEAAN AFEAMAEY L35 dAS)
=g 59449 Aoz dy4 Avt? e 5-fluouracil ¥ JE] lEAN BAAAAR &

HA AT Ara-CE & F2E glo] AAY Tx2AA Alxe] mde] #8838 o= 1By
T S/ A= Ara-C8 %3 (cummulative) TS o] &35}
JoB FAFELEE I A4 AHA (successive pulseVt ZH 23}
%!

L A4 F A= AEEA (cytotoxicity)] ©dh me s wi=x) &

Ara-C AA7F & A9 MEF -2 F7HA] 79 AEe = Wagle] fA54 st

2 AFRATe HE A

(contact inhibition) @40 & ut Az 44 9 Bai= AAHA Ak Casella 57 2

6 mge dry fascicles?l4 heregulin®

forskolin X2 Z3] g 10° M9 79 AZE A& F Jubs Hada 2% A9 w)k

71Zb o] Wallerian®d #A S AWM B 9 79 A2E & F vt 3§53

o 7w B oAt ME 27 M F 2% 3 /17he bR o WA e HpFa
AZRY 7|9 Mgy s 8% a4 A

o TddAAL] F7F glo]l Ara-Cel W= EawkE Hux e, FHudE 49094

31.0%+8.09% 2 Hulujok 270N 655%24.08%9) 8k Al MRS Bl Ara-C A 9

(Lee’s culture technique) ™™ & o] &34
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o] #jEt tF Y 17.6%26.03% 1l 53 435 98 4 v}
AFREAEZE 53], Wallerian® ol s2=7] AAAAGAA Az 72 (extracellular

matrix) Wol| 79k A2 =45 HX5k= FE 758 7HA= A2 A o= dF
Aol Aolg} & 4= Qv}, w3 AFRAEE DRAA 9ol E8 A (mechanical), 9
F a9 (nutritional) % X% (protective) 75X % Fas A&s dFdsl=dl, 247 =3

b N7 = 715S ste] ak 4
Zop e QAo 2ad oy Az JEEo] AgAlE sk X (guide)
g5 A "o 28y, GM-CSF (granulocyte macrophage—colony stimulating factor)s
vte= B F2 FAS JdAs)E st=d], HAAME (macrophages) 9 479t AlZ X
W el MAC-2 (galactose-specific lectin)® Iv} @& (upregulate)s =3 Fx 2 &
(myelin phagocytosis) &< W2 AxZ 7|5& A3 A7th 8 HAFRAxze] Ir; 54
Tz A9 AF3 (fibrosis) Ao vk& A (scar formation)&
7t dRAom= A QLS HelstA "ok weps, 9o ddk vkep o] A
BAES 7]%E FASE Haghe] dash U fFAHUEA Hogke] e u AMEE
o] AsNoF W7 AL T wFHH 2ol & 5

Tz A7 AL e 2 AEe) A1, AA9E AR % AX QEE) 4 A

F F3b (nerve gap)s A4 (bridge

N

i
Ho
12
o
&2
2
o

rlo

of daddl, Alx AE= F=2 A Axst out Alxe F FF9 AxEy #ojsiA |

o gHb AlEE Tx A QA slo] FH AA 9E (supporting factor)S = 4
o Aol AAsty] & Zadk o 44 2AES AY (permissive climate) 3
E3) 7] A7 QAN =24 2717 A (axotomy)® 3 A7 7+A (nerve gaps) E 4

7 e whgatel AlE Edo] F(mitosis)H Al k'Y mE, rub Al ¥ Wallerian
HA A NGF (nerve growth factor), BDNF (brain—derived neurotrophic factor), CNTF
(ciliary neurotrophic factor), L1/Ng-CAM # & cell adhesion molecules, N-cadherin %
integrins ¢ T2 o8 AHGLAH AAE  (neurotrophic factors)g wH|stH  ebed
(laminin) 7 22 A £ 7|4 ALE 8=, ol s AAFE dxEo] s24=719 A4
8 AR e FXATed #ASA Har, gk AlET R S2ET)e oF A4
(axonal outgrowth)-& 1%t w7l A (substrate)®] 4&& LA
kol = Engelbreth-Holm-Swarm (EHS) mouse SEolA AT F A=
714 (solubilized basement membrane matrix)¢l PFEZA Y & Ap&g=d, 43 AA AR
o] Hxgd wEZA® (growth factor reduced [GFR] Matrigel ®)¢] 2 ARo=

Y (laminin, 61%), ZFaHAl (collagen IV, 30%), = ®(entactin, 7%), 3|73 T+
(heparin sulfate proteoglycan, HSPG) GS°o|™, g TGF-B FGF (fibroblast growth

factor), TPA (tissue plasminogen activator) % & A& QA& X383 F2 o9&
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A BRS AU BEY mga mlEgd® of ARSe] e /| 7hdd fu AE ] A9 )
e A FL& A ATt 5T 7 o, 53], FA g 540z LA
2 g2 of&4 A EE (anchorage dependent cells)e] 3z A<l wjdke] #AS 712 ¢

~ 1.
kool 71A o] w Ao Fk FAE (proteoglycan macromolecules)2 4174 Al X

¥E
o] o]F 2 2717 AAAsteE A s fFeste e 43 FPA0 A=
(three-dimensional pathways) & &84 g}, 2%
GFAP % S-100 W9 xz3s JdAHes 58 3x9 sy vk Axe dbg A

(antigenic profile) S Yol Ay 274 S-100 A dH3-S Hol AEE AA A ESF
g3 56.22%+0.67%, *7] HAE AAA} (early glial marker)¢l GFAP ¢4 W32
66.46%+1.83% 5 E A+, & vEY 7MY =2 whgE EATE (p<0.05). GFAP 344
ek Wl whg-o] dizfe] Al Tk AEZA A= ek Ag aEEtd uk AEE Ha AE
712 HolEWA GFAP A9t wkE (GFAP expression) ©] Aojzvk= 78 &g &

18,24.25)
At

Pt el ;e e 2 349 W mEel FRHOR AP Ara-C AT 7
W AlSe) RohE FAATS AHRAEY $5E dsted TuAd Pyelw, 53 A
& M 2407 S0l Ag AY F 48N AAow 28 A% Aelah Aol 1 F

Tt A o Fe M Ara-Ce) 7Hd mabAR)l AA Al7|eE A s doprry] Hs) A4
WAe] Ao A ofgete] FRl wiek B AR el o] ik AE st g A
|

3} 9o SEACE

AL

flo
o

1 255 B vl A= Ara-CE AASA &L o (17.6%26.03%) EtF Ara-CE A A5
o (P4at9] 31.0%+8.09% 9 A P2a-9] 65.5%%24.08% 7+ <) ol A} Bt} &2 ik ME7F &

M E7} 66.46%6+1.83% 0.2 THE oA BT} $-

3 Ara-Ct QA WP PHEATRT Ao 285 dalq madoln, A%
ek a5 Hel Folald Asdon 3 Folste] (W PN P2ET
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