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Cytokine Expression on Microglial Proliferation and Apoptosis in Rat
Lumbar Spinal Cord Following Unilateral Sciatic Nerve Transection

Sang Pyo Kim, Seung Il Suh', Young Rok Cho, Seung Che Cho
Seung Pil Kim, Jong Wook Park’, and Jyung Sik Kwak’

Departments of Pathology, 'Microbiology and “Tmmunology, Institute for Medical Science
Keimyung University School of Medicine, Tacgu 700-712, Korea and
‘Department of Forensic Medicine, Kyungpook National University School of Medicine

This study was carried out to elucidate the cytokine mRNAs expression and morphological features according to a
microglial proliferation and apoptosis in a rat lumbar spinal cord, after a right sciatic nerve transection. The control
group was composed of 5 rats (Spraque-Dawley) and the experimental group was composed of 70 rats. On post operation
day (pod) 1, 2, 3, 5, and 7 eight rats were sacrificed on those days. On pod 10 five rats were sacrificed as well as
five rats sacrificed on post operation weeks 2, 3, 4, 5, and 6. On light microscopy, activated microglia were often found
in a perineuronal position around motoneurons in the ventral gray matter and more randomly distributed throughout
the neuropil in the dorsal gray matter of lumbar spinal cord. GSA 1-By-positive microglia began to increase from |
day after transection, and reached peak at 23 days and it persisted at 5—7 days and decreased thereafter.
TUNEL-positive microglia was not observed in control group and began to increase from 5 days after transection and
increased gradually until 3 weeks and decreased thereafter, On in sirw RT-PCR, the positive signal for 1L-1 ¢ and 1L-6
mEMNA was found mainly in the cytoplasm of the activated microghia and astrocytes at 1 day after transection and showed
stronger signal at 3 days and decreased gradually until 10 days. TNF- 2 mRNA was detected | day after transection
and remained for 7 days and localized to activated microglia as well as probably some astrocytes. The signal intensity
of IL-1 g and IL-6 mENA was generally stronger than TNF-g mBRNA. On transmission electron microscopy, there
were chromatin condensation with margination toward nuclear membrane and condensation of cytoplasm at 3 days after
transection. Apoptotic bodies were found after 5 days and inereased gradually until 3 weeks. According to the above
findings, it is concluded that apoptosis appears to be one mechanism by which activated microglia are gradually
eliminated and cytokine expression seems to plaved an active role in the microglial wrnover. (Korean J Pathol 1998;

32: 94— 103)
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Kerrgoll olaf #-go2 Al o] % g 77 9l
. Apoprosisit ofe] Z§el AIESH @ A Lol
2 el FHA E o, FohalbA] Ay 4 2] ukAadd T
7 A7l AE ul AR FHEH FAE v X
e HARE Fa 423 flHes clixz g)
b1 Apoptosis§ Q1A s Fha F2 e A A
7| Zofl4] DNA laddering® 4S8 I3tsls= Ao A ut
o] A2 =22 EHAHE Ftxle] U4lx]= apopto-
sist= WHahal 7] ook o8} 22 dHAE S587] 4
alo] == 2] FHelrt A% gelell A apoptosisE 3
abis ofe] 7hA] WG] AAlElglen o] FellA Kis-

himotos"2} Fehsels-"e] M=o 2 okl in sine TdT

i e

(terminal deoxynucleotidyl transferase)-mediated dUTP
nick end labeling, = TUNEL #l o] 7}zl HaiH o g
AEE A gleh

4174 A 2] apoptosisel] 3t ¢t Ldxtdlo|viy
(Alzheimer's disease), #7155 (Parkinson’s disease),
2334 Z47 31 (amyotrophic lateral sclerosis), o
uba A A 2= (retinitis pigmentosa) 3! A4 (cere-
bellar degeneration) 53 Z-2 Al7FwA zlel| (neuro-
degenerative disorder)el] 4] 54 AZAMEE FHog
el olFol ot 347 ANA el HedAA
g FAE 22ATAE 2 AT} ol

olel] M52 473 FHA AHE ke 3o
179 #F344dE Hehgh &£ 85 HFolly 2a4E
52 47} apoptosis®] Wbl okAS A HE EA A}
9l GSA 1-Bi2} TUNELHM] & o] &2} abebsin|7d 2 o0
A3 Fabi A A s Bl o HefEhE W
ste] #A-E ZolbMal, in sitw reverse transcription
polymerase chain reactiong o] Sale] A4 3
H]| %]+ cytokine?] IL-1 ¢, IL-6 3 TNF- & mRNA®] o
& wae BAgews £ZALES 24 9 apop-
tosis7} cytokine2] ¥} of 4hatabAz} gl AE
skl Bl Aelsglc

Mz 3 2
1. dHES

QR Afsto] 7zl eksbrkn AztE: 3
THF 200250 gmA 2] Sprague-Dawley#] £3 <
#H T5vbelE Feb Ade] Agsielch

2. dEdy

AT 2 vl 2ol 5 ASE-E ZAAske]
TF HEAHE T 2E3AF F 2T AE (sciatic notch)
2829 #FAAE oF 5 mmr}ek Acksl o2 AHR
ol S E5gk 5l = 3 1,2,3,5, 78 9 10gad
2,3, 4,55 9 65 T sl 23 H5E A
stgdek. 7F FAH ALY 35 e sukly A8
Qedl FAE fake 1,2, 3, 59 2 797 273
rheld F7b Adstde dz2de 5 F244 5 3
RRE F FA 24t 539 2 A svkele e
HaE 3]sl

1) YEEH0|AN g FNH|AE FAE AT A
2 HEd 159 25 H5 23 F in siw RT-PCR
W AHAEeHE FAE 93 AREE AHE e =
zZ B55 o]t Al5s 10% T4 T2l
A g 9 A5 A slebaled] Eeldl &
5 pme2] #HEH E vl5o] hematoxylin & eosin®} tolui-
dine blue 34 & st FEHw|H oz T3¢l

2) GSA I-By (Griffonia simplicifolia By isolectin) &
O|3ct MYEZHEEH Ta: T4 o S48 Lo
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o Iakslr) 2laled GSA I-Be-biotin ZghA] (Sigma,
USA)E Adste] fodzzldield a8 AlRsiad
th 5 pm 59 #eld HAE G2 Sehe] 2ol &
AlF]aL 60°Cell 4] 1A4]7F 59 23k § xylened} A|Y
otz 2 g elalolzlal $hE 3 & GSA I-Bs-biotin 2
ghals #8713 105 ool 0.1 mM2] CaCl2}
MgCla % MnCl:7} ‘E:r-rr-'-’fl PBS (phosphate buffered
saline, pH 7.4)el] H2ls}sicl. GSA [-Bs-biotin 7 3|
£ L1022 B)4sle] 4°CellA] 1247 ¥h5-A] 7] a1 PBSE
=42 & streptavidin-peroxidase 2 20537 X 2]l ¢ich
71 4 DAB (3, 3 -diaminobenzidine tetrahydrochloride) -
H,0. 2 5~1057F Algola ki)l 3 Mayer's hema-
toxyline & thze] -8 AAslqict 5 a5 Ha9
A DA E = 2E (ventral) % 9= (dorsal) 3| = o
A ZH 4006 Ho)FAokE B[S F ko v
A5 AN AE 55 Ao} olel] i HFE Ulol
Al4bebsiet.

3) in situ TdT-mediated dUTP nick end labeling
(TUNEL) 2 S O[ZE apoptosisQ| 29X 5|85

a5 pm TR HEHARS F8 Febe| S

a7 a 60°Cell A 1212E ek A F xylened} A
dofehg ufalnl u B4EE AW g PBS
(phosphate buffered saline, pH 7.4)% Ml s} o X
A A e chelal & A3ha)7] 7§89l proteinase K
2 15570 Helsk & Yol peroxidased] 2HE )3
2% FH4shrs flel| SEIF HEste] PBSE AH
dck L & TdT (terminal deoxynucleotidyl transferase)
(Trevigen, U.S.A)S 7lale] 37°CellA] 60571 wb-22]3]
ks PBSE A3 3}al streptavidin-horseradish perox-
idase (Trevigen, US.A)S 7}3led 4l Zof|l4 1087} vl
e#lch b oAl PBSE F4l1a DAB (3, 3-
diaminobenzidine tetrahydrochloride) & 105278 4] 20
A vk 7 . Mayer's hﬁmamxvlinﬂi ol =od A2
.A]o“ﬂﬂ];]. :}:}:A-] 1_,],].-2.-?::: :ﬁaﬂ. uﬂ,{.]__l ,.L;J.;ﬂﬂ].
g olgsigon SAUAL TIT Ha dlAld ZH4
£ Agste] BUR HHoE AT AT BEL
o] 2oz AN A%E Yo AFe
DNAZEE Y2l AE & 55 9 ulF Hyiey
bz w4000 Huol7 Aoz ARl F ko I
= HAle] AE FE Alo] ofd it HeE el Al
Abshed o}

4) in situ RT-PCR (in situ reverse transcription
polvmerase chain reaction) S 0|28 IL-1 ¢, IL-6
9 TNF-g mRNA @82 & in situ RT-PCRE 2.;
H3E Q4 X 22E —70°C2| isopentanedl] 102
shek do] FAA7 ks 200 FAAFH A
OCT 855 & F 3087 ¥XA3] § 2F 10 pm2

eAAH L Sgch £AHH S 50°C hot plates] 1
e = } rﬁ% paraformaldehyde £-<fef] 7%}
L']-%- ﬂ]fgﬂ-]]ﬁ-]_- abal Al Sl 4] H;’j‘]fﬂﬂ'

A gl grE] =AM H zAe trypsinogen £ (2 mg/
ml)<- —‘.*‘ﬂ ZF o] A5 gelA B F Az 15F
=il DEPC-DW=E =72 33 Ay F RQI
RNuase-free DNase (8 U100 )& 2= ol Yeof 37°Cd)|
A 30E7 £ & 70°Ce| 1087 Fo| DNasedt4 & ¢l
of 5 DEPC DW 2 33 4&s)lelich 5X RT buffers
10 mM =52 dATP, dTTP, dCTP 4! dGTPS
,-1},-1} 0.5 1, DMase inhibitor (40 Ul S 05 pl,
MMLYV reverse transcriptase (200 UfplE 02 gl
oligo dT primer (50 pM)S 1 pl, DWE 123 pl 3
7}ale] RT-mixtured YHE 5 2% fdl E58la
para-filme. g =# & o1& 5 sl £7)4 yo] 42°C
ol 608, 95°Cell 5%+ ol H#HA WISE a3
ch, RT vh2-e] Eupd 2X S8C, 1X SS5C = 0.5X 55CE
7hzt 534 AME F 2T DWE 13] A3 ¥ PCR
ub2-g AA)algich. PCROubS-Alel] A8 Z7e
cytokineel] ¥t primer52] 7] A IL-1¢ 9 45
L S-AGATGGCCAAAGTTCCAGACATG-3'/5'-CTAC
GCCTGGTTTTCCAGTATCTG-3", IL-6= 5"-ATGAAC
TOCTTCTCCACAAGC-3 /5 -CTACATTTGOCGAAGAGT
CCT-3" ul TNF-a+ 5-ATGAGCACTGAAAGCATG
ATC-3'15-TCACAGGGCAATGATCCCAAA-3 I}
DW 60.15 1, 10X PCR buffer 7.5 g1, 25 mM MgCl;
45 pl, 10 mM ANTPES ZHZ} 0.6 pl, 350 ¢ M dig-
dUTPS 0.375 ], 5 Uf 12| Tag polymerase = 0.375
pl, 50 pME 7+ primerd 075 pl H7lele] PCR
mixtureS A =Hslgch RTHRE-o] £yt 22 Selel = 9
ol] Slide seal (Hybaid Co)& %2l ¥ 75 ;12 PCR
mixtureS Slide seal\j 2 K543 mineral oil 2 seald)
F5 ek 5 PCRZ 4 A]stglch PCRE slideS 94°C
of] 37 5 3 94°Cel| 4] 302, 56°Cell4] 302, 72°Ce
A 1S | eyele® Sbed 5 cycle HEEA #H e} Shide
seald m|o 32X S5C, 1X SSC, 0.5X SSC= 7} 5]
4 H|% 4k 3 ALP (alkaline phosphatase)”} F2M%& anti-
digoxigenin antibody ® RT-PCRuF-Z-2 &2 1A% cDNA
of] 495 o] 93 dig-dUTPE 7] &3}3 ). Dig-dUTPF
SHM 2 Sofe| o E 0.1 M maleic acid, 0.15 M NaCl
o| o] g+ buffer 1] 157+ & ¥, buffer 1o hln:r::]-:mg_
reagent7} 10% 5521 buffer 11of] Wol 424 308
Folek 1 & ALP7E 22E anti-digoxigenin ant1bw_{y
£ buffer 12 543 & =22l L33lo] 4A-2ell4 34
7F Solck &Sele| =& buffer 1 22 1057 23] 44
& =] 10 mM Tris, 100 mM NaCl, 50 mM MgCli(pH
§.2)7} Selgli buffer HIZ 1087 18] 4)%algdcl.
Buffer 1llell NBT 45 u 12} X-phosphate 35 q17}
g wbal Lol g =3 o] B4 F HAelA 1020570
b2z oo DWE &3t A= & 2% (mounting)
sle] #n| 7 o2 shdslglch
5) SNFEAE0|1AY aE: SapiaAsn)dE e s A
25 92 Mo 92 zAHS | mm'e) 7|2 AAH
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sled 2.5% glutaraldelyde E91 (0.0 M phosphate buffer,
pH 7, )2 % 1-4Cell 4] 24050 duds- sl 01 M
PESE AEAl 319 (s, S]] 2 47l Al s
Qi v e SFEMon HHE slef Aolewg
2 gealedich ™ Propylene oxidest 239 £ Loft 1
ool 21eh epon R EE Foilshe] 37T 124170
45°Cel A 124] 7k 60°Call 4 48 ]2 Hob ) ale)
TR Al 2l =8 1 A RS &
wluidine bluetd 45 #lo] Fhablla)s g8 ofe &
b S Garyall M SO0 _._".”,'-",i_]_ Zloll Dypom uvhe| o}
£ gy aelol Huldl (60-90 nm)e] 71448
Ehle 2k aE 8 elo] 4] gridell Hhalebe] Watson
ol Revnolds ”.:!"’;}H*'hnil Llak uranyl acerate®h lead
citrate 5 .:];e;.,q;..:pmgw slAlEbed Hituchi H-6004 %
vhel el o2 s gic

= 2t

1. ZefEioEs 24

el -f;ﬂ@ﬂ Al &2 -3 G R
el ATl ) B AwE e | &
B slue SEAAE RS 0E
ul aba] ol 4 1_ -]'?-I'E]Sﬂ':"l-q -'_-‘L,-E]IE{Q-I 3.1-&-1 :.::l-_ﬂ
-Iﬂ] 7 skt Wl mEd el a4 A

AmAl e e

Ao alede} (Fig LA, D),
OlgE 2TMES Z4 24
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Fig, 1. Three days atier right sciatic nerve transection. (Aj
Activatcd microshias(amows) are noled at a perineuronal area
in the wventral gray matter of lumbar spinal cord. {B)
Activated microglias{arrows) are randomly distribuced throun-
ghout the neuropt] n the dorsal pray matter of lombur spimal
card.

A Aadae] 24wl el ]2 Cyeokine®] WHE 97

Ml HaERellA] gRAubEE Hglad A
f*lﬁiﬁ] ohebrh th=qtoll 4 GSA T-ReEA 2
a == | A gl (Fig 2A) vla) A el 4
-?— L‘ﬂ-?ﬂ*l] 24y Rl Akl 23904
of = Ak T6--REA 24 HWa)w] a=sbebydoh (Fig 20
Aet A5 Tldael A SRk A A 7 aaky] 4
Arste] At F AR RE = di2n o] ok g
Bl vk (Fig 3) 43 9 Ml AL 5
A A gAY PR S gl

0| Z8 DhA BE 24
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3. TUNEL HHHE

TUNEL sbr]ef] 2|%h of g7ap 52
:i]-'":]]-'1'::'-l'-'.i5:"?]’ "‘.‘:‘.Il El.r"'-.-rf':"] .’?L._Tifg.l_:'jt__‘ﬁ] '-‘3-"]:;:.-‘,] |-_|-]'|:‘.,..l:.| __

Fig, 2. Control prouplA) versus three daysiB) oatter righe
seiatic nerve transection. (A} G53A -5y immunostain shows
positive cyluplasmic immunoresctivity(armows) of microglias
and endethelial vells o the ventral gray matter of lombar
spinal cord. (B} There are many GS5A -Hj-positive mivro-
aligs{arrows) among the neoropil in the doesal eray matler
of lumbar spinal cord.
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Fig. 3. Quantitative analysis of microglial prolilermion in the
grav matter of lwonbar spinal cord after sciatic nerve
transection. Values represent means. HPE, high power Reld;
ST, aciatic nerve ranscction.
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= gdsyoey olF & £ sldd HE
A T guﬂ,ﬁ DNA 2448 Ho|=
= HAY 5 oglsn 48 LedlA e A —‘iL 544
of| 7 47} H*H ]9l ee] (Fig 4Ay T % H2F 57
sto] 3Fale]] HF 267054 s the] sbEtE|Rln
(Fig. 4B) T F FAx 4 o5 josle] 67 =aflofl = 2 3 3
Aud a1k s gl (Fig 3).

4. in silu RT-PFCR Y= 0|2
INF- ¢ mRNA g& HM

g IL-1 e, 1L-6 3

LH?-' aflell 4 -1 g 46l [L-6 mENA] Lg-ag,_g- l
w8 G Rge) e el g1 ¢+ gl
’q?a'm-?' Mele]] r)ekak -1 g 2F IL-6 mENA 'UT ol

Fig. 4, Five davaiA) versus three weeks{D) after vighr sciatic
nerve ransection. (Al TUNEL immuncstain demonsiraes
apoptotic micropliasiarrows) in the ventral gray mader of
lombar spinal cord, (B) TUNEL-positive microglias (armows)
are markedly increased in the dorsal gray maver of lumbar
apinal cord.
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Fig, 5, Cuantitative analvsis of DNA Tragrmentation LT ImniCrs-
glin in the gray matter of lumbar spinal cord aller setic
nerve teansection. Values represant means, HPU, lugh power
Feld; SN, stiallc nerve fransection.
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sz vk Awsts] 5§55 a5 Fa FEeld Il-la
g} IL-6 mRNA hele] FHxl 1 dwet] R Z] AZ
sto] 3adsifel 7hab 7% W AEE PLE ¢ AHT
(Fig. 64, By 0 I 334 ':’E {,]'13._1'1']-071 ek =0
o) Folss wlel S st = oglelnl TNF-¢ mENA S
i iy ot P Rl ol e B L e S R o L ]
7w 7] Al skl TRl S Ee] gl 2o g 7)
oo del] gasle AEE 2] Meles) 106 3
TNF- ¢ mRNAZ o2 o 4o ase] AlARa]ane]

el AR
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EdE e IR STV -‘I:IIB-‘
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fig. 6. Three davs after right scialic nerve ransection. (A
The signal for IL-1x mRNA demonstrales sirong positive
regetion in the activated microglias and astocyles in the
dorsal grav mater of hombar spinal cond. (B Note the stromg
positive signal for [L-6 mRMNA in the sctivated microglias
and astrocytes i the dotsal gray matler of lumbar spinal

cord,

¥ ¥
-I:‘.. - . i
R 3 T
b .ﬁln
R s TN e L S S e e LD S e R

Tig. 7. Five days ufler right sciatic nerve transection. The
positive sigmal Tor TNE- o mBRNA iy deected 0 activated
microglios as well ws some astrocytes in the dovsal gray

mattet of lunbar spinal cord.
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Fig. 8. Control group. The microglia shows elongated nu-
cleus with dense heterochromatin and the prominent wide
cisternae of rough endoplasmic reticulum (TEM, X 13,600

Fig. 9. Five days after right sciatic nerve transection. Mem-
brane-bound apoptotic body  shows  chromatin condensed
nucleus with relatively intact organelle (TEM, X 17,000

@b AEA Holl4 3R o glglon| AHubAon
IL-1 & 2} IL-6 mRNA Wéle] TNF-g mRNAS] uhsl g
o} 23 Agke Bech

5. RopEIHOiEE ~A

tatell H A EEE AAAE 5 a5l
Fs]glon wlad AEe] =77 23 eldEH e w
S HolmA AMEH delle H2 z=wAdERu
(RER)& 7}2] 2 glgich (Fig. 8). d@F9]ofl4 ghat=)
A EE METe] 7] Tk (basal laminayo] IHEH
ek AgstellA Ank F 3U# AaAE a4

B A S4] gl A alE Cytokines| w99

HAl 7l =& o] AA (heterochromatin)e] v}
of g13ele] SAHEglen] WAe] Fellols Hapy
b dA sy EAE FEEE AHS B9
o @le] ®ekwp 37]7F o chekalda A EA o
v FAEE 92 FE7F Wel HA=Ee ich 2
F AAHeE Loz A oAzl M2y
Fa W FHe] Aglxlo] Ak & 5Usel = apoptotic
body7} Z¥sled en] 355 7labk WA s)a] kel
(Fig. 9). 2te 2 Ee]4e] apoptotic bodvi ¥lekwake]
8 FHHT o)F FHE A HEe] e A4 47|
3k (intact organelle) 2.2 FF4=|o] ¢l st 2 32| apop-
totic body<= 9173 Al el 2fl gAl5 A o
e elgdd Al £ 353 o] EEE apoptotic body
| g e w Fhasts s B

i &

FAZIY] L£nAMEE TG A Gy EES]
pen off] 7A] wAHel zpSo] ubaala) 5w ghad )
slo] 21 v ZrkebA] Elao Wl Eea e Fad o
@ TR Kreuzberg§olo] w4 o] w7 =
AAMNE F 2 Aejdde] FEAAA N LnAE
=8 Sl gk delebE WibE B o olalw 24
Shel ASAESE Yo Tz g <4 =0
gov H3o] FApAEsE ol a4 CR3 HaAlTR
™2} major histocompatibility complex (MHC) class 1
A class 11 3451 9] w11 interleukin (IL)-1, IL-6, tumor
necrosis factor (TNF)- ¢ %! transforming growth factor
(TGF)- 21 52] cytokine 5uv]° chal Ba g 479 g4l
Sttt ) AbshAATe) WulE sl wlo] wledA)
EE2Z42] 7155 el =lsich 239 F32474
o A= vl hgEl HEEH WH Fl
A 443 E A grew & dakEa] g AR E
T gt FERE Feola WA 4
= o8& 2el2 T2 ua (blood-brain
barrier) & HES 5 QL7 wifell S0 el &
Fabal @l A Egke] S4lE ghakdt o= gl A
of qlar delofla] 7|glel chelgh) A Ee] 258 ]
& 4 Qlek” wEl FER A 2 E48 Fa4 o
of AL Ee FA o5 AH e nae 4= gl
o0 Atk £RAES QeleiHes BAY % gl
= ubH2 Griffonia simplicifolia isolectin 1-By 2 Rici-
nus communis agglutinin 179} 72 lectins2 o] &s)i=
ahd], MUC-1019 MUC-102" 1] OX-42"53} 7+2 2}
A E ol gshe Wl Sel et B H¥ldlAs ulaz]
Ab&e] FHERE Griffonia simplicifolia isolectin 1-B42
Ab-gshic)

B Al iz EF 8] M ES A7
et "ol sAEglen) A FellHi= Hel
1Al FAE Al Eare] 2-3U=ell Ht 76—
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