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Apoptosis of Peripheral Mononuclear Cells in Patients with Aseptic Meningitis

Hyun Young Kim, M.D. and Dong Soo Kim, M.D."

Department of Pediatrics, Pundang Jesaeng General Hospital, Yonsei University,
College of Medicine”, Seoul, Korea

Background : The object of this study was to
evaluate apoptosis of peripheral blood mononuclear
cells (PBMC) in patients with aseptic meningitis and
to determine whether Fas-FasL system is involved in
inducing apoptosis.

Methods : Twenty-six patients diagnosed as aseptic
meningitis, 10 patients with fever due to upper respi-
ratory tract infection, and 10 healthy children were
included in the study. Peripheral mononuclear cells
were isolated and after 5h, 24h, 48h incubation, cells
were stained with Annexin V and Propidium Iodide
and were analyzed with FACScan flowcytometer. The
serum levels of soluble Fas were measured by using
ELISA. mRNA expression of FasL was evaluated with
RT-PCR.

Results : The mean rate of early apoptosis of
PBMC in the patient group after 24 hr incubation was
higher than that of the control groups. The mean rate

of total apoptosis in the patient group was higher
than that in the normal control group (P<0.01) but
was not different from the febrile control group. The
mean rates of early and total apoptosis at 48 hours in
the patient group were significantly higher than those
of the other two control groups (P<0.01). The mean
levels of soluble Fas in the subacute stage of the di-
sease were higher than those of in the acute stage of
the disease (P<0.05). mRNA of PBMC of the pa-
tient group in the acute stage of the disease all
expressed FasL.

Conclusion : The decrease of peripheral lympho-
cytes in patients with aseptic meningitis may be
caused by upregulated apoptosis and Fas-FasL. may be
involved in inducing apoptosis.

Key Words : Aseptic meningitis, Apoptosis, Fas-
FasL
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dskl Aeish whe gelg Auwela Azielel kol
RPMI1640uj2) &} 2+ Z&ksl & Ficoll S o]&slo] Ealsl9l
t}. Hgl%l thslTol] CD3, CD4, CD8, CD19 Hzjol] s|s]
= thE-E 31| (Becton Dickins, San Jose, CA) Z+ 10 pLE
Yy 3087 uk2A)7l & 0.1% bovine serum albumino] 3
3tx]l PBSE 13] AH3t & 0.5% paraformaldehyde® %
A7) 5,000~20,0008FES  FACStar(Beckton Kickinson,
San Jose, CA)E Aslqlc}t eldt dallah dF= Seoh
10%2] o] 355 RPMII640u1A] 1 mLg 5x10°4H %9
AEZ Yol 5% CO,, 37Tl wlkslgr)
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1) Annexin V 2} Propidium Iodide 2344

QTS wiekhA AT 24417 W 48X el AES
5 9dojA FITC7} H2k= Annexin V& PE(phycoerythrin)7}
25 Propidium Todide® A3k 157 wiok *
FACScan flow cytometry® E-A&}9ict. zHzF 10,000702] A
ZE ¢ %, Annexin ViF 1AE]o]2l A|lE= 7] apop-
tosisZ Annexin V& PI7} FAJol] GAE|ojR AETE U7
apoptosis 2 FH5slo] 27| apoptosis 2 Z7|¢} L7)E et
% apoptosis&o T, AIE =79} A Aol w
gt & 2 Y= ALIAA Bl

<] Apoptosisel] 33k A+

2) DNA fragmentation

24X 74 4x10°702] AES Halslo] PBSE 23] AHE
AEZE Belslo] lysis buffer(5 mM Tris-HCI, 20 mM
EDTA, 0.5% Triton X-100, pH8) 250 xL%} TE(10 mM
Tris-HCI, 1 mM EDTA, pH 8.0) 250 pLE Yo| AZE &
A7) % 13,000 pmel] 1537 4 Relshel AZae 4
microfuge tubeol] B & 5M NaCl 30 pI19} 100% ollgh-%
I mLE o] -20Cel sptikgst WaAZeh 1 % 13,000
pm, 1537F A4 Fel F 45ds weEla J-ES 2025
E7F @2l & TE(10 mM  Tris-HCI, 1 mM EDTA, pH 8.0)
20 pLol] =0l 1.8% agasrose gelo] 60 mA, 70 voltZ runn-
ing A]7] % ethidium bromideol] %3A)A apoptosisA|ol] L}
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A FA719F X8 AR 4~590] A3k oA 7]ell &
Ne AMFst] FA 4ToA AAEEst A ZLel¥
-70Coll W E3slict &4 A% W S Medical
and Biological laboratories(Nagoya, Japan)A}2] ELISA kitE
o] gslo] ZAsAr) 7hgls] Q9FslH anti-Fas antibody S
carbonate-bicarbonate bufferol] 3]4llo] ELISA plateo]] Y31
HZERA71 3 0.05%(vol/vol) tween 200] G- oAk <=
& (PBST, pH 7422 A¥sle] FH=7] k2 A&
AAstL 5%(vol/vol) normal goat serumo| SHF-=1 PBST
(PBSTNGS)Z ol Aghaigich. 13 gole] W 4
3 ¥2A]71 & PBSTE AJ¥slal thA] 343k peroxidase-
conjugated anti-Fas antibodyE W1 HF-S-A|ZTh 7)ol o-
phenylenediamine-H,0, 7]ZA-8-o0-& YW vl-gA7] & 25 N
H2SO4Z HHS-& AANA FHEE el

6. mRNAQ| 22| 2! RT-PCRZ 0|2s} Fas ligand2|

2 HAt

RNeasy Mini Kit(Qiagen, Santa Claris, CA)E o]|-&3s}o]
total RNAS- E2]3l &, total RNA 9 s goll random hexa-
mer(Pharmacia, Uppsala, Sweden) 0.1 O.D.2} M-MLV re-
verse transcriptase(Gibco BRL, Grand Island, NY) 200UE
o]-8slo] ¢cDNAE WFEZ 0.5 ml microfuge tubeol] cDNA
2.5 uLe]] 10X Reaction buffer 2.5 gL, 5mM dNTP 2 xL,
Taq DNA polymerase 0.5 L9} FasLe] 73-%- primer 1(5°-
ATGTTTCAGCTCTTCCACCTACAGAAGGA-3")¢}
primer2(5’-CAGAGAGAGCTCAGATACGTTGAC-3’), internal
control. o] && B-actin®] 7ol 5-CGTGGGCCGCCC



TAGGGCACCA-3’9} 5-TTGGCCTTAGGGTTCAGGGGGG-
3°9] A7|A9-& 7}A = oligonucleotide 22 1 p LRI} =
5 ol =F 25 4Le) dfol WAl ¥ F PCRE A3l
89t PCRE 94 TollA] 30%, 56CollA] 30%, 72TColA] 1
o 27102 FasLe 35F7], B-actine 22F7|5 Ald4s}
o] 15% agrose geloll 417] 9EF F PCR AES 3l
ek
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11,043 +5441/mm’, 4,312+1,055/mm’, 8,240+2,150/mm’Y,
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on, o]F YZF HIEE 77}t 24.0£16.6%, 56.1+12.1
%, 60.1T11.5% % 3hAFFol|A] AAN2TF R} 7Hasle)on
(P<0.05), 3ol w2 w3l= CD3, CD8, CD19 ZH-
Zoll Zol & vehHA] okgkont, CD49] P 27 317+
7.1%, 42.7139%, 43.1152% 2 3HAFollA Ad=F R}t
ZH2=5193c} (P<0.05)(Table 1).
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Table 1. Peripheral Blood Picture of Patients

Febrile
control

Normal
control

Asepic
meningitis

WBC count/mm’ 11,043+5441 4.321-+1,055 8,240+2,150

Lymphocgtes(%) 240+16.6° 56.1Ft121 60.1+11.5
CD3 60.810.2 56.8 8.3 62.91+9.5
CD4 31.7£7.1" 42.7+t39 43.1t5.1
CDS8 29.5£52 19.5+2.1 18.1+2.5
CD19 255+7.4 15.7+2.1 15.1£35

'}“otal 5,000 to 20,000 cells were analyzed.

P<0.05 compared to normal controls
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Figure 1. Evaluation of apoptosis in a patient with acute stage of aseptic meningitis and a normal control (N) by Annexin
V and PI with cultured peripheral mononuclear cells in 24 hours and 48 hours.
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Figure 2. Serial changes of early apoptosis measured by
Annexin V(*%P<0.01, compared to normal controls).
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Figure 3. Serial changes of total apoptosis measured by
Annexin V & PI (¥%P<0.01, compared to normal controls)

7k 8l 48A17F wljek & Annexin V&} PIZ 34 % FACScan
o7 HA gFHel 18 HolFEy QckFigure 1).
nkZelall ol 2] €] apoptosise] ¥7}= Annexin ViF o34
¥l %7)] apoptosis&3}, PI JME Zro] = 7] apoptosisAl
EFE Q8 F apoptosisER Uro] AR A, AT
ok & %x7] 9l & apoptosisg 7+ 3hAlTo| 47134
3.1%, AANZETo] 1.3£0.5%, 3.312.5%, )
3.0+2.1%, 4.81t3.6% % 7] apopotosis& AT

Figure 4. Typical DNA laddering pattern of the 24 hr cul-
tured lymphocytes from 4 different patients with aseptic
meningitis.

o] I xR} BF E=943(P<0.01), & apoptosisg-2 Al
bl Feldt Aozt igiek 24417 ik & 27 B F
apoptosis&-2 Z+7F 3kAbfo] 10.7+5.9%, 16.1+158%, A4
zFo] 55£1.7%, 11.6:3.4%, WrAtizFo] 58+2.7%,
13.6144% 2 27] apoptosis&2 3HAlgo] AANZH(P<
0017} HrIt=7H(P<0.05)2c} &3, £ apoptosisi
ATl AAUIZFEG FRHHPO0D, BT
F9I%F Aol g MolA Qgiek. 48AI7 ik F BATY
7] apoptosis&2 17.019.1% 2 AANZT(9.211.8%) 3 1
A2 F(5.8+2.1%)He} 5 =9kow(P<0.01), & apopto-
SiSEE 29.5110.8% 8 AANZT(203+2.7%)9} Hrel)z
F(175+62%) R 2% =9kch(P<0.01)(Figure 2, 3). 472
$hate] Wz J¥g- DNAS F%3to] gel runningdt 73} 4
70¢] lane EollA] DNA fragmentationo] #-2-%] 91 t}(Figure
4)

3. FasL mRNAQ| tts

4. 47| Y olgAM7|e] €A soluble Fase| EH

$k2F9] soluble fas®] X+ F47]7F 0.3610.24 ng/
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Figure 5. Fas-L expression of the peripheral lymphocytes
from the 7 different patients with aseptic meningitis during
the acute phase of disease (lane 1-7), 2 febrile controls
(lane 8-9), and a normal control (lane 10).
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Figure 6. Serial changes of serum soluble Fas in acute and
subacute phase of aseptic meningitis (xP<0.05).

mL, oFFAI7]7} 0.6940.36 ng/mLE o}FA7|7F B4 7| He}
Z=9kcH(P<0.05)(Figure 6).
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Apoptosist T] o] felgellA dert flolAAY £4
= W2 AEE Astddgozn felne A A
A 7lfs=l, el dAdere el WAIAe]
U AZAEE] A, el o3k AlES] 913, WAl
Aggiel. 2 5 WAl 9] apoptosise] A& A7HES
A RZF8 wHenkge] dojd & FrpsiAl S Al
AAS MWL AEFA el Boigtozsy el B4
el W vk AAIE P4k dloll 7]ef3iet. skt
w3k AQloll A3 apoptosise] FEo| 7o Aufjel] o
wol whAslAl ©r. o5 Fol A} wheS Yo |
AE7L s AEEA A AlE dol wheE 2o
] Z7F we] Aglo] whAE|w, HIV(human immunodefici-
ency virus) ZHS3Alell= CD4+ TAHZ7} FohsiAl AbdS 4
o7|AlEo] CD4+ TAIEe] thdt AlE =iz we vkl
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&A5]0] HIVE] 9H) giedo] 715 Aek,

o]Aoll= wlolg] A 7HedA] wfol# A7} A|EQ] transcrip-
tion B translation 7 25 AR 7| X9 =& =4
Aoz AEE FAvka 7Pgste] siglont, HZolle 2
I elelle w2 nlolE|aFo] At AlRE ZAAIA
Algl A|ZEAHprogrammed cell death) &, apoptosis®] A4S
oted AES Fole ZAer dEiRlek ol A S-elFelA
npolef 27} Zhed®l AEQ] apoptosis7} Bolube A npol
227t Babske Ae WA 13 S50 wolr)Ad el
5, virus 4] ¥ AEA 2 AR wed Hkgo] A7]7)
Aol ulol# 2ol 7+edEl AH|EZE apoptosis A|FLEH Hlo]
220 S5 wellslal, progeny wlolHAE FHAste] F
9 AZEAA oldehs AL =7 Aolr. Herpes-
viruses4), Adenovirusess), Poxoviruses(’), Baculoviruses7), Ortho-
myxovirusess), Togavirusesg), 18]35 Piconaviruses'”7} ok
5 A|Eol|A] apoptosisE sl Alo] WAE L) o]l
tste] AA7EA] wAE W ERe wlelEliaes A Al
apoptosisE AAX7I= FAE wHEo] ZdE AlEe] apop-
tosisE AAlsto] nlolg| 27t FE8] FAS ¢ e VI¥E
AFAZIL AEZ 54 T AEE AEFHo] MHC class 1
Al 3 mpolE| 2 peptides st AEE FHAstA
SYozy nlolE 2o S AARRIE AF7HA] 4Rl
o] 28] apoptosis HA|UAZE bel-29 72 8 7]l
A% adenovisuse] Ebl 19K'"S} apoptosis & B2 0l
p3337 Agksto] p53e FA)7]E Ebl 55K, T bel-29}
H|<3t A ZLE Epstein-Barr #}o|#]22] BHRF-1", Her-
pesvirus saimiri®] ORF16'Y, Human herpes virus 82 KS
bcl-2" 8l African swine fever virus®] 5-HL'%o] ¢Jom
bel-29F GAFskA] €k baculovirus®] p35'"7) @ IAP(inhibitor
of apoptosis gene)18)7]- 9Jal, cowpoxvirus®] crmA(cytokine
response modifier)'”= serpinZ2] protease inhibitorZ A
ZF¥ B212] ICE(interleukin 14 converting enzyme)S <43k
t}. ICE+ cystein protease® 4379l Caenorhabditis ele-
gans®| AT ARAEAE FLATIE ced-39F 4
& apoptosis FFEAFo]tF?. o]uloll = cytomegalovirus2]
IE1, TE2*9} Rabbit poxviruse] SPI-1°7} Vaccinia virus2]
E3LGo] glt}.

HbH adenovirusE EIEF HH wlo|lHie AFHow
apoptosisE sl EAS AU 2 A eR
T A FAE AT zZR AES] apoptosisE
A FAE ERs=dl 2 71 Al2£e] apoptosis7}
oJt}7] A replication cycles Ewlxl & 7id=l A

S )Y
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apoptosis 7J 25 HA3HA7 apoptosis7t LolubAl sfaL, F
A1g A wlol# AL apoptosis7} Dolub AZeRS wlAdu;
oA =} ulolg]A 7ol 2l apoptosise] frato] &
oAlAl si7tsl= ohE e7kAl 71 AjAle] Bobsdt AlES]
apoptosisE fFitsl= 73-$¢ldl, L o2 Sindbis Bl
zrede] 735 A7 Alxe] dFEo| apoptosis® S EZA] 2|7
& Aol E Dok, 7k5IA] apoptosisE ZA1A]7]
= 248 9¥A AL adenovirus®] E1A9} ADP(adeno-

4), chicken anemia virus®] VP3/apop-

virus death protein)2
tin™, reovirus?] ¢ 1°°, HIV gplZOmi} Tat®™, Sindbis
virus2] E2”9} baculovirus®] IE-1*0] 9t}

Fas(APO-1, CD95)+= TNF-¢ familyoll &3l 222 ¥
ZF APAIE 5 715AS FEAIE THAR S Al
4] Fas ligand®} ZAgtslo] apoptosisE FHbsl] TA|Z &
Aol g Bz AFUzzs Ael?. wedA] glo]
Fas 9 Fas ligandol] 2]&t apoptosist= FAlol|Ae] T AE
Ad, we] vhgo] 4] 9l T Aol o3k AlE FAel o
o]} . FasfFasL A|Al= wlole]lx 7+d 3 apoptosis &
who| 2 923 od3kS 3=, influenzaA| Fas/FasL|A]o]|
o8] == AES apoptosis7} influenza wlo]#]AE Fo
T el Fa3 %S sk Aol ¥ Aem”, HIV 2]
ol A/ %= HIV-1 Tat proteino] FasL9] 8-S Z7IA|AH T A
E9| apoptosisS FEohe Ao w A, wlolglx 7t
o] & Fasol] 98+ A|E2] apoptosisel] ZHaljA= hepatitis B*”
2 B R wolelz BelAE Bol QlTEIsic
B QT tgel B wmed Hobe] Aoy &
%] ujo]g] A+ echovirus 3022 enterovirus®| apoptosisol|
S Bat oby glolidl, B QT Ag geld wx o
T-9] apoptosis7} F7}E]= A oE Hol o}F apoptosisE
Aele 42 fhe AR 455 apoptosis?] e
£ mRNAoJ|A] FasL7} W&l 7o & Ho} Fas/FasL ||
ogk Ao AZEck aE|B g, Table 1049} Zro]
A el glote] FA7] Hx d fl=F] 7t B
zrolut whdtfzrrEel dAjsA "olRl AL olF #
=7e) apoptosis7h Z7Hel szl vhehd wgdle o 4
9931, &3] CD4+ T A|=E7} 714 who] apoptosis7} Lol
1o Y 4 ot

Fast =7| membraneous Fas®} soluble Fas®] F7}A] &
ElE ¥ =], soluble Fast= Fas mRNAQ| variant® exon
9] deletion® 2 ©lgF transmembrane domain®] HFHoF
soluble, secreted formo. 2 WHE|o|z|A] =}, HAAA &
WA R el S 28 At wel gl

2 0 12 g E
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T A Hehed ghobe] g ko] Apoptosisel] #EE AT

L o]#)3F soluble Fas7} Z7}xlo] ulsl -l Soluble Fas
+ FasLE E3}X7) 0 24 Fas/FasL A|Alol] 2]l apoptosis
g oldlshs 8E s S, Ak W ARelAs o
=40 %2 Ayt WA ®ZF7F HA3s]| apoptosisE =
Ae AAls= 2l A7F W Azt olglol= HIV 7]
o|u} HTLV type-1 7+ A]ol| = soluble Fas7} Z7}=lvta B
sekglent”, 2gjels Hol Fek ARGAE ZohE 2
o] WAty H adFellA ¥ukad 3Slote] oA 7wt
FA7IwEc} soluble Fas®] X171 Z7k=ledl, o A
L o] B4 dele SAHE dZT e e
2329l apoptosis7} Fas/FasL Aol o]l Euts] Z3P=]
ik, ol HHA F4719 i er Sk "=
T-9] apoptosisE A7) 57 8k HAH O Z soluble Fas
b ZAARE Aol oprh 34 S AAT, A
soluble Fas®|] F7}7} o] Aske] 7zt wWe|7]Adel ogA
AgseAe ol Aol & FAlolrk tmo] obE47]
9 $]57101A19] apoplosise] 3 GHHE Bl EAE Bho]
of soluble Fas7} apotosisol] ojwl oJ&ks w|X|=x] sjelg:
% sk Aele

4710 27481 apoptosis7h kel o= AEol 74 2
W] Poup=A] PobH A}t Annexin VoI H7tA glZF
F33 9] monoclonal AbE o]Fdste] A3t At apop-
tosisTH ol U= AFEES 83 2] monoclonal Ab7} 2 o
AR ghot H7VE w7 PEJAL gk FAF el vt A
E5 Felstaat s a2 3 AAIPE Ab=Se] E o] apop-
wsisE PADE geme UL WAL Al B
ek b WSl R A Edel @ YE
Fol BES % ul CDa+ T AT A shol sl
R9lom g CD4+ TAHIEZ} F& apoptosis7} Doluks Ao
2 3% Aok

ZAEZA 07 echovirusol] 23t AHAA  7hIA

(=]
KN
©

SEEE
apoptosise= Z719-S & 4 U9, o]ZAL Fas-Fas ligand
AAl o3l o]Fo] A Zlew Agxdct thE F ule]d
2EollA AR wlolels ApA7F 2w BES S 1t
EolMl= apoptosis A| Q1A= echovirusol| A= o EA)
A kg Ao g FAET HHHE echovirus7}
Tl BAS Bl FE& Nen 4
2F-gste] apoptosisE S7HAIZIE Aol HfiAe do o
Fol Mool & Zolel, TAES FaWel wet elslol
apoptosis®] AEE 7 Y WHE QAFelo] ofuld
ER39] YT} S apoplosis HEA Absiatol & 2ol
o} =8k Fas 9 Fas ligand®] mRNAoA]e] FdE =z

apotosisE-
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Aol we Helete] zAste] Hriul cchovirus 73]
Al a A wejeld wol7] e yelisule] Ego] 2

= Az,

2 5 234 e dote] xR4T Y Lo
o Wls) WAY Y=PY Ak AAE WG F i,
o] ¥gol LT apoptosis Z7hel I3k ZelA| Yopuiw

A} 89l at, w3l o|#] 3l apoptosis®] =717} Fas/Fas ligand 4|
Alsk A} YA ok o1

DA 2 e Mol A4 A REd wuedoz 71
ok 2679 3slotel 4 AVIE Zedell ol wdo] S+
]. 1()1:&3]. Zé/g- 5:0]. 1()\71& q]xL_gE -a].oq uLz upsu;
Ha] % 10% FBS7} 395 RPMI 16408]2|o]] 7+7+ 54]
7k, 24A17F 9 48A17F wlek & AEE Helslo] Annexin V
¢} PI(Propidium iodide)Z <34 s}od flowcytometry AW o
Z apoptosisS H7}s}9dr). Soluble Fas9] X+ F47] ¥
obA7Iwel dX & Felsle] ELISAY ez FAs% o,
RE gaslolol| A 1z "ol kel o] total RNA Ha] &
RT-PCRE A|3Yslo] Fas ligande] FHS Al H i)

4 257 ek & ekl
Aol F T Heh F%eH(P<0.01), ¥
Rol7 14 ghskel. 244171 wjof %
Aol A4 5l ke iz 2950 1H(P<0.01, P<0.05),
% apoptosis&  3hAhre] AT HuE  E}AP
001), WAYETIE HolZ UEhiA shgkch 48417
% F AL 27 U % apoplosis&E F xR} 2
F A ZvtEle] 9drhP<0.01). A9 soluble Fasl
TAE ohATIZE FA47IEY £%em(P<0.05), FA7I
skl ghahe] vk alpe] mRNAGIA Fasl} B 4
Hie}.
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