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Abstract (J. Kor. Oral Maxillofac. Surg. 2004;30:100-107)

THE MOST APPROPRIATE ANTIMITOTIC TREATMENT OF ARA-C IN SCHWANN
CELL-ENRICHED CULTURE FROM DORSAL ROOT GANGLIA OF NEW BORN RAT

Soung-Min Kim*2, Jong-Ho Lee!, Kang-Min Ahn*, Nam-Yeol Kim*, Mi-Ae Sung?,
Soon-Jeong Hwang?, Ji-Hyuck Kim?, Jeong-Won Jahng®
Department of Oral & Maxillofacial Surgery, College of Dentistry, Seoul National University?,
Department of Oral & Maxillofacial Surgery, College of Dentistry, Kangnung National University?,
Department of Pharmacology, Yonsei Medical School®

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 cytotoxic-
ity 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 cul-
turing 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-dimen-
sional culture.

The Ara-C treated cultures showed a higher Schwann cell percentage (31.0%=+8.09% in P4 group to 65.5%+24.08% in P2 group),
compared with that obtained in the abscence of Ara-C (17.6%=+6.03%) 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 yield
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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QA4 oEtH thkst a4 ] (enzymatic and mechanical
dissociation) S 7 A of st
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cyclase activators?, pituitary extract®, activated killer lymphocytes7}
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(Primary cell culture from dorsal root ganglia [DRG] of
new born rat)

s %8 m 7 (Fig. 1, 2. Olympus SZ-40)S o] &-3}o] 214 Sprague
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Fig. 1. Sprague Dawley 1 day rat

A8 YA BT HUME WIS SIE ha-C SHHHS F5 FHjo] it o7

=4, 3 8o (main culture medium)< MEM (Eagle” s Minimum
Essential Medium) 93nl, v}& 3 (horse serum) 5ml, 50% E %3} 2
mg/ml ZVEFuto] Al 1nl 5O = THEQUTH

HYE Hesdd2 sy dn 7 st &7 224 phos-
phate-buffered solution (PBS, pH 7.4, Gibco, USA)ell A 0.25% &
A volA] (Worthington collagenase type I, USA) 1nl <} 0.2% DNase
(Gibco, USA) 0.1ml & o]&-3te] a4 A2 sle] 7027+ 37 CollA
uj FskAtt. 800 rpmel| A 5i7F A4l 2%, 0.125% trypsine-
EDTA (Gibco, USA) 2nl & F7}sfe] 1087k 37°C ol A wlj k3l &,
F vlogol 50l & AHg3le] REHA SR Yshe] WA HEgeh
WA 93 Al ZE-2 thA] 5%7F 1000 rpmell A A4 #E g & F
Hjj okell © 2 33] Mol 5, ulj o 87| (polyethylemine coated dish,
Sigma & Corning, USA)ol| A ulj ok Z o}

ARFENEE AARL &8 FiEES 207 f3) &
g A A (antimitotic agent)Z ] Ara-C (Cytosine -D-Arabino-
Furanoside, Sigma, USA)S Al&3l= Ao A ol 33t 7o)
MZ AY AYE e, T dholl AA S uj g 7] ofn)
uhz g 23 (Lee' s culture technique)S 7% 8151 th,

2. Matrigel® 22| 3X}l #yHF M| HjQF
(Three-dimensional cell culture on Matrigel®)
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13mm 7] 2% Aw kel 2030 ule] Al E <)
(GFR Matrigel”, BD Biosciences, USA)S SFAl Zrols %,
2 = 793 (precooled pipett)< o] &3l¢] gk uHe 3
33 LS 2HZRE QY 2AE vE A 2HA
(plated)3} S th (Fig. 3-a, b). ¥l & &7 2] AwZek2 (coverslip
in 35-mm Petri dishes)& 37°C, 95% air / 5% COz vl k7]l A] 15%
7h Fol mEE| A% YA LE 3 5, Fujtd 2n 5 o] &
afo] F& ok (cultured in rafting fashion)a} 2, o] 3 257 Ab7)
o] Az} A F w3} 712 vl O 2 uj) ok3) ] TR,

Fig. 2. Dissected spine for dorsal root ganglia harvesting
under a dissecting microscope
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Fig. 3. Dorsal root ganglia cells plated on Matrigel®

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

Exp. Group Each pulses (Ara-C 1/ml)
P1(G1) 1st 2nd 3rd
P2(G2 1st 2nd 3rd
P3(G3) 1st 2nd 3rd
P4(G4) 1st 2nd 3rd
Days 0 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

3. = 20 (Experimental design)

HH g 23R v v A M A 4o R b
o]A] Cytosine arabinoside (Ara-C, 1ul/ml, 5SmM)S 3™ Hj -
ol A vl ket A (PL), 24417+ 5 (P2), 48A17F 5 (P3) B 72417}
H (P4) ol ZH7k A= A st el 24 & 5mM Ara-CE 2 s}

£ A NGO AERE 25 36} 55 20 202 A
2@k w3l 33k wr s 247k Gl G2, G3, G4 o7 B
ato] 22 W B 22 A 0 & AraCE A @it ol v 21194
Hj ol 2 B =5 AR 2 A GDNF (0.2 rg/mi)E 23]4 7o)
A2l a3tk

T3 Ara-CE A8 % 2|31A
aheiet (Fig. 4)

ERE R
£% A
=EX)

ke 2(PC, GC)E % 2

4. 3Rt HHQETS| HAXA SIS HM HTL
(Immunostaining of three-dimensional culture groups)

34 Wi F(CLGA9) 7 2 it A2l ok B EEE
B7ret7] 8l 255, 339l wj g3t viEACE 3 27]9) &
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2] AAL wEolA 7tz H&E 94 3 $-100 3+4) (rabbit, 1:100,
Dako, Denmark) % GFAP (glial fibril acidic protein) 3}4 (rabbit,
1:100, Pharmingen, USA)E: o] &8 @ el 2431514 A4S A)3)
By

A 3ot A2 PAP ZHEY & Al R, 7hee] 4
3 W, pH 7.4¢] PBSO| A Zj =3} 171 %, 3027+ 0.6% b3t
AR Fate] atst AR v SIA7] 3, 1509 A2 = A
YO R H5o] 4L QlAE the 247 LAZE 5<F rabbit
polyclonal S-100 &} £} rabbit polyclonal GFAP 8} 9} 722 o2
A & WA TE o)A} 844 (horseradish peroxidase-conjugated
secondary antibody)E 1417 St WFA]7 1, vpx e o 2 ¥ 3}
W2 Gt B A (3.3 -diaminobenzidine tetrahydrochloride
chromogen, DAB, Dako, Denmark)2 105 7F wjj okA] 71 &, 100) 3]
A A 0 2 877 o ¢ Al (counterstain) st 3 .

5. M|ZZ A& (Cell count)

g &7 Wl AE &= 938 r7 (inverted microscope,
Leica Cambridge Ltd., UK)z} & A 4k2k (hemocytometer)- o] &



st om, Al A o Al 28 o] FE S 7]t AXN o] 9] Aok
(e1& 100, Imm?) Wi o] AAl M E o} A X FE Aatet S
<, L2k Fol7] fal L E2A X Al xy dojg g Bof 3
v A EZE AN AT AANGY A Ee FHARE ARG
Y3 AFA7) 33 A ste] WA E A om, ALtE
A Z4o]) 100008) & 3 A Lml QFo) Al 245 F-3F A T2,

AFE £ 94 A= (ImageTool® computer analysis image sys-
tem, Version 2.0 Alpha 3 [patch level 1)) o]-&3 M wh-S-of 4
Fes B AEZES A, 2 AdFeA HA4 33 o)
AoiA Ha3ke g ataith

6. EH| 2A (Statistical Analysis)

e ok 2 32k v el A o7 BE A FA] A F
A =213 (SPSSR10.0.7, SPSS Inc.) 2] Student' s t-testS o] &3}
F4E BFeAReR, 2t 270 ¥ T A Fol (semiquanti-
tative differences)= ¥ 1.3}7] ¢ Mann-Whitney U-testS- o] £-31
th f9 FEL 5%E pvalue: 005K T 2 7 (P<0.05)7HS
o4 de AL E "agith
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1. @™ BiS M of Chet ot
(Evaluation of cells in plain cultured dishes)

Aok Tl NEES £35 2 $A A4S F A F

LH A= (Fig. 5), kA Z+= 71 =4 (long bipolar)
*g (tripolar)¢] E712 AU et .4 31 (oval nucle-
d W53 (spindle-shaped)®] Al = RkS 7HxloH, 4
Eﬁz—iﬁi AFEAEE 332 52 2% ??HJJr 5 NEEY]
= A A3 o9 d (flattened polygonal shape)e] RS 717
Ao PHAH O ek o/AE A E P E st g
A% #HPH]E«] TEE GretAed AA A 25 ek ik
A E ] vl &5 A4Fel T (Table 1, Fig. 9).

2. OIEZ|H® Abof| 3R} HiQFSt M o Tt
(Evaluation of three-dimensionally cultured cells on
Matrigel®)

319 vk WA A% A

(serial sections) © 2 WHE-0] A

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)
P2 group showing abundant cells with multi-polar processes and spindle-shaped morphology (Phase contrast, x 100)
P83 group (Phase contrast, x200)
P4 group showing fibroblast-like cells with polygonal shape and blunt cytoplasmic processes (Phase contrast, X 200)

® oo
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Table 1. Cell number by cellular morphology & mean

percentage
Spindle-shaped, bi-polar Mean (%)
p-C 7.30+152 x 10¢ 17.6%+6.03%
P1* 302+043 x 10° 32.0%+4.55%
p2* 6.80+250 x 10° 65.5%+24.08%
pP3* 356+158 x 10° 45.3%=+20.10%
p4x 180+047 x 10° 31.0%+8.09%

Cell Number by Cellular morphology

Cell Number (10°)

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

P1 group : cytosine arabinoside (Ara-C, 1ul/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

Table 2. Cell number and relative percentage (%) respect
to the H&E stained cells in three-dimensional culture
after 2 weeks

H&E 5100 GFAP

G1 297.02+234 14480+-88 17321+162
(48.75%+175%)  (58.31%+0.81%)

G2 34362+125 193.21+94 2284+147
(56.2%+067%)  (66.46%1.83%)

G3 43872425 12593+89 10893+100
(2870%+053%)  (24.82%+096%)

G4  45296+367 9883+17.2 8032474
B (2181%+188%)  (19.72%+0.03%)

Each data were counted using ImageTool® computer analysis image sys-

tem and all data was significant (p<0.05).

G1 group : cytosine arabinoside (Ara-C, 14 /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

AFE 294

F2] (ImageTool® computer analysis image sys-

&-3ko] 400uH ol A
A A xS AT, H 4 33 o]} 73 ghe Htstat
%1t} (Table 2 and Fig. 7). S-100 ¥ &} 2] 38} &4 of| Al = G230
A 7HE B T YA AES] B AEY 2kl 714
(extracellular collagen matrix)=} 7Fo] #2E] ) o1, Glol| A ¢t
o2 g 57h B3tk AYA d9F A9 B

A
o

tem, Version 2.0 Alpha 3 [patch level 1))E ©]
Alrt

Rl
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Experimental Group

Fig. 6. Cell number comparisons by cellular morphology
P-C : cytosine arabinoside was not applied during
two weeks

P1 group : cytosine arabinoside(Ara-C, 14/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

600 o H&E |
% 500 | S-100
. a0 o3 GFAP |
(o)
1S
g 200
g
2 100 *l— .-I—

0
G1 G2 G3 G4
Each Group

Fig. 7. Cell number comparisons in three-dimensional
culture after 2 weeks.
G1 group : cytosine arabinoside (Ara-C, 14/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

97 9 FFA ) B8 AUE el AEEE 94 G2zol
A o] #FE Stk GFAP H 24318t Aol A] uh-g-gt AJ 4
A 3E (astrocyte)R AAw A+ A 5 (astroglial precursor cells) =
G2 3 Grizol 4 ] 2251515, 66, 90,

EEZ‘)‘}’ Z} 2HE MW %2 58 Oﬂz\noﬂ}q oA w ]-%g Hol A
o] H&Eoll A E HA AMEESo] thgh vl &5 Table 2094
ek

oX
L) ﬂlll‘l
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Fig. 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

Fig. 10. Representative photomicrographs of three-dimensional culture in Group 3 (Phase contrast x400)
a. H&E stain  b. S-100 immunocytostain - ¢. GFAP immunocytostain

Fig. 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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cules)& 4173 M) 0|59 F4F 5717 4 el A
2 9] 7 & (three-dimensional pathways)

e AS A8k g4
& Al FstA drpres,

GFAP 9! §-100 A 2] s} 8F HA-& 3l 32k v 5 77ik
A E 2] Bk AT (antigenic profile)E Lol 2 3} 27 A 100
A WHES WOl Al 2E AA A X0l thal 56.22%+0.67%, =

7] A E 1A A} (early glial marker)2] GFAP %4 1F-8-2 66.46%
+183%E HYed, o2 #hg /M 5 S B
(p<0.05). GFAP ﬂXﬂ o that W wkg-o] thrfe] Ak Al

A okt A Astd i AEE FA AS7E Hols
4] GFAP 4] QH 1H-5- (GFAP expression)o] o] dth= 25
ST 4 e,

o33} 7ol HH HH G 23 v BFoA AR OE A
oJuj A Ara-C ﬂ = 7Rt *11294 3E +
A F3kE 9

T UNTE T A A F 7 A
Agate Ao] I FAAME 7P S&40 Mg Hd s &
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