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MNOOUTAIE HA C-PEAKTUBEH ITPOTENH
HA CEPYMOT U S100 IPOTENHUA 3A
CUCTEMCKOTO BOCITAJIEHUME KAJ
JEHATA CO AYTU3AM
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Pesume

[TaTorenesarta Ha ayTU3MOT, HEBPOJIOIIKO Ha-
pylllyBamke IITO CEPUO3HO BIMja€ Bp3 MajuTe
fiena, MoXe Jia TM BKIIY4YM BOCHaJjeHujaTa U aB-
TOUMYHHUTETOT. BO 0OBOj U3BelITaj, ce UCIUTYBA
puctpuOynujata Ha C-peakTHUBHHOT INPOTEHUH
BO akyTHa ¢aza (CRP) u S100 mporeuHute kaj
HOpPMajHU W fAenarta co aytuzam. HuBoTo Ha
HUBHUOT CEPYM € MEPEHO cO Mpoda Ha UMYHO-
arcopb6eHT Bp3an co en3umu (ELISA). Kaj me-
1aTa co ayTH3aM ce HajJeHU 3HAaUMTEIHO NOBU-
cokn off HopManHu HuBoa Ha CRP (p=0.005) n
S100 (p=0.03) mnporeunu. IlocroeweTo Ha
nopurHatute HuUBOAa Ha CRP m S100 mporennun
Kaj ferara co ayTu3aM € OfJIM4YeH 3HaK 3a CUC-
TEMCKO BOCHAaJIeHHE IITO MOXKE Ja MpHUjoHece
3a HEBPONATOJIOTHja Ha OBa HapyllyBame Ha
MO30KOT.

Kayunu 360poeu: ayiuusam;, C-peaxiiuser
ipoitieun; S100 ipoitieunu; soctianerue;, 0020-
80p Ha akyiiHa ¢hasa; asiloUMyHUILell;, HAPY-
uyearba Ha MO30KOU
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Abstract

The pathogenesis of autism, a neurological disor-
der severely affecting young children, may involve
inflammation and autoimmunity. In this report, the
distribution of acute-phase C-reactive protein
(CRP) and S100 proteins was examined in normal
and autistic children. Their serum levels were
measured by enzyme-linked immunosorbent assay
(ELISA). Autistic children were found to have sig-
nificantly higher than normal levels of CRP
(p=0.005) and S100 proteins (p=0.03). The exis-
tence of elevated levels of CRP and S100 proteins
in autistic children is an excellent sign of systemic
inflammation that may contribute to the neuropa-
thology of this brain disorder.
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Boeseo

AyTH3MOT cera ONIITO € MPHU3HAT Kako Omo-
JIOIIKO HapyllyBamke Ha Pa3BOJHUOT HEPBEH
cucreM (LIHC). Toj He ce ugeHTU(puKyBa co He-
KoOja crenupuyHa HEBPONATOJIOTHja WA OnO-
MapKep TYKY TJIaBHO CO KJIMHUYKA AMjarHO3a
HITO Cé MOTNHpA HA PA3JIMYHU HEBPOJIOLIKH U
HapyllyBalkba BO OJHECYBAaHETO, BKIIy4yBajKu
neuuuTH Ha INOBHCOKM MEHTANHM (DYHKIMH
KakKo IITO Ce COlWjaTHA WHTEepaKiyja, jas3uk,
KOMYyHHUKalldja, WMarWHalyja W KOTHUIH]a.
ITocrojaT HEKONKY XUIIOTE3H, HO IPUYMHATA 32
HapylIyBalkEeTO HE € MHOrY pasjacHeTo. Mery
NPHUAOHECYBAYKUTE (DAKTOPHU, IMYHHUTE (PaKTO-
P KaKO HITO C€ aBTOMMYHUTETOT, NpouHga-
MaTOpPHHUTE U PEryIaTOPHUTE HUTOKUHI MOXKAT
fa ja urpaat (pyHAaMeHTallHaTa yjora 3a naTo-
rerezara Ha aytmsmor (1-8). Bo ceramnaBa
crynmja, cepymckuotr CRP u S100 mporennu (u
noiBupoBUTe anda u 6era) ce MpoUIHpaHH
Kaj fieraTa co ayTu3aMm 3allTO THE CE€ OATOBOpP
Ha akyTHa (a3a Ha MPOTOTHUIICKH PEAKTAHTH U
N00OpO NO3HATH CypOraTCKM MapKepH Ha CHUC-
TeMcKoTO Bocnanenue (9-17). Kako mro e
ONHMIIAHO BO OBOj TPY[, AenaTa co ayTu3am
UMaaT MOBUCOKH Offi HOPMAJIHA HMBOA HA OBHE
IPOTEVHM BO aKyTHa (pasza, IITO MMILIULHUPA
MOXHO MHBOJIBUPamkE Ha CUCTEMCKO UH(Iama-
TOPHHUOT OArOBOP Kaj ayTU3MOT.

Maiuepujaau u meiwioou

CryaujaTa BKIyyyBa BKyNHO 82 gena: 41 mere
co aytu3aM (cpemHa Bo3pact 6.7 roguHu; 34
Maliku W 7 KeHcku) u 41 HOpManmHO feTe
(cpepna Bo3pact 7.4 ropumHu; 25 Mamkd u 16
KeHcKH). JlemaTa co ayTu3aM BO OBaa CTy/imja
“MaaT LBpCTA JUjarHo3a Ha ayTU3aM HO CTyJu-
jaTa I'M HCKIIy4yBa JpPYTUTE [AMJarHO3M KakKo
LITO ce MepBa3MBHATa Pa3BOjHA HECIIOCOOHOCT
- He nonHaky cnenudpunupana (PDD-NOS), Ac-
NEeprepoBUOT CUHAPOM, [JayHOBHOT CHHAPOM
UM UAONATCKa MEHTalHa perappauuja [1-5].
Knunnukata pujarHo3a Ha ayTU3MOT Oelie
IJIaBHO yTBpAeHa co nmomonl Ha [IpupayHukor
3a JUjarHOCTMYKU M CTAaTUCTHYKU MEHTAJIHU
HapyllyBama, 4eTBpTO u3ganue (DSM-1V).

Introduction

Autism is now commonly recognized as a biologi-
cal disorder of the developing central nervous
system (CNS). It is identified not by any specific
neuropathology or biomarker but mainly by clini-
cal diagnosis relying on various neurological and
behavioral impairments, including deficits of
higher mental functions such as social interaction,
language, communication, imagination and cogni-
tion. There are several hypotheses but the cause of
the disorder is not very well understood. Among
contributing factors, the immune factors such as
autoimmunity, pro-inflammatory and regulatory
cytokines might play a fundamental role in the
pathogenesis of autism (1-8). In the present study,
serum CRP and S100 proteins (both the alpha- and
beta- subtypes) were profiled in autistic children
because they are the prototypic acute-phase re-
sponse reactants and well-known surrogate mark-
ers of systemic inflammation (9-17). As described
in this paper, autistic children had higher than
normal levels of these acute-phase proteins, which
imply possible involvement of a systemic inflam-

matory response in autism.

Materials and Methods
The study included a total of 82 children: 41 autis-

tic children (mean age 6.7 yrs; 34 male and 7 fe-
male) and 41 normal children (mean age 7.4 yrs;
25 male and 16 female). Autistic children in this
study had a firm diagnosis of autism but the study
excluded other diagnoses such as the pervasive
developmental disability-not otherwise specified
(PDD-NOS), Asperger’s syndrome, Down’s syn-
drome or idiopathic mental retardation [1-5]. The
clinical diagnosis of autism was established mainly
by the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-1V).
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Hopmanaure pema ce co UBpCTO (pU3MUKO
3/paBje 0e3 HUKAKOB 3HAaK Ha 00JecT Ha MO30-
KOT WJIM MEHTaJlHa OOJiecT WM HEeKoja Jpyra
mo3Hara MeHTaJiHa cocTojoa. Konky mrro Gemre
MOXKHO, Cy0OjeKTUTE ce MOBp3yBaa CHOpe]] BO3-
pacTa 1 nojaoT. MefyTroa, HUKOj He Oellle of0u-
€H J1a YYECTBYBA 3apajii paca, BO3pacT UJH IOJI
OCBEH aKO He Oellle BO OIICErOT Ha HAIETO UC-
TpaxyBamwe. 3a [la c€ NOYUTYBa NMPABUIOTO 32
NPUBATHOCT Off 3aKOHOT 3a NPEHOCIUBOCT U
ONITOBOPHOCT Ha 3[IPaBCTBEHOTO OCHTYPYBAaHE
(HIPAA), no6uBme noTtpeOHa go3Boia op UH-
CTUTYLUCKHOT PEBU30PCKHM Of00p Ha [IpKas-
HUOT YHUBEP3UTET BO JyTa ¥ MOpaHO Off YHHU-
Bep3UTETOT BO MuunreHn. Bo BpemeTo Ha coou-
pame Ha KpB, HOpPMaJIHUTE W felaTa co ayTu-
3aM Oea Ha HyJITa JIMHMAja O0€3 HUKAKBH MPOINH-
IIaHW JIEKOBM M HUTY €HO HeMallle HeKaKBa
UCTOpUja Ha KappauoBackylsiapHa Oosect. Ce-
ramHaTa CTyjuja ' KOpUCTele MpUMEPOLUTE
Of] IPETXOAHO cOOpaH cepyM Kou Oea 3a4yBaHU
3amMp3HaTH Ha —20°C 6e3 MOBTOPJIUBYU IMKJITYCH
Ha CMp3HyBame W Tonewe (18-22). XymaHuor
cepyMcku CRP Oeme Mepen co ELISA xopuc-
TejKN KOoMepIujanHo KymneHu ompemnu (Biome-
da, Foster City, CA). ITpo6bHaTa mpouenypa Ha
CRP BKJIyuyBajK¥l ' NOJATOLUTE 3a MHTEPIpE-
Tanyja Oelle CTPUKTHO CIOPE]] MHCTPYKIUUTE
Ha IPOM3BOAYBAYOT Ha onpemara. HuBoTo Ha
cepymort Ha S100-anca u S100-6Geta npoTenHu
ce Mepeme co Mmerorara ELISA kako mro npe-
TXO0HO Geme onumano (15). IIpumeponure on
cepyMoT Oea aHaJIW3MpaHM Ha ,JJBOJHO ciem™
HauuH W mmdpaTta Oelle OTBOPEHAa OTKAKO
aHanmu3aTa Oeme KomiuietupaHa. IlogaTonure
Oea JafieHu Kako cpeflHa BPEeHOCT Off rpynaTa
+ cra”gapgHa rpemka (S.E.) ox cpemHa Bpepn-
HOCT M cTaTUCcTHYKaTa BaskHOCT (p<0.05) Gere
€BaJlyupaHa CO TECTOBUTE HA CTYIECHTH.

Pe3yawiaiuu u ouckycuja
ExcnepuMeHTanHATE NOaTOLU 32 CEPYMCKHOT
CRP kaj HOpManHUTE M JelaTa co ayTu3am €
npukaxas Ha cit. 1. Y iBete rpynu umaa 3a0e-
nexnuBya HUBoa Ha CRP HO okony efgHa 4eT-
BpTHHA Off AenaTa co ayrusam (10 og 41) umaa
0/1Ba]j 3a0€JIEXKINBO KOJIUYECTBO Ha IPOTENH.

Normal children were those having a firm physical
health without any sign of brain disease or mental
illness or any other known medical condition. As
far as possible, the subjects were matched for age
and gender. However, no one was denied partici-
pation in the study because of the race, age or gen-
der factors except those beyond the scope of our
research. To comply with the Health Insurance
Portability and Accountability Act (HIPAA) Pri-
vacy Rule, we obtained necessary permission of
the Institutional Review Board (IRB) at Utah State
University and formerly at the University of
Michigan. At the time of blood collection, both the
normal as well as the autistic children were at the
baseline without any prescription medications and
none had the history of any cardiovascular disease.
The present study utilized previously collected
serum samples that were preserved frozen at —20°C
without repetitive cycles of freezing and thawing
(18-22). Human serum CRP was measured by
ELISA using the commercially bought kits (Bio-
meda, Foster City, CA). The CRP assay procedure
including the data interpretation was strictly in
compliance with the kit manufacturer’s instruc-
tions. The serum level of S100-alpha and S100-
beta proteins was measured by ELISA method as
described previously (15). Serum samples were
analyzed in a double-blind fashion and the code
was broken after the analysis has been completed.
The data are given as the mean of the group +
standard error (S.E.) of the mean and the statistical
significance (p<0.05) was evaluated by the Stu-
dent’s t test.

Results and Discussion

The experimental data for serum CRP in normal
and autistic children are shown in Fig. 1. Both
groups of children had detectable levels of CRP
but about one-quarter of the autistic children (10
out of 41) had a barely detectable amount of this
protein.
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Normal Children

HopmanHu geua

Cmuka 1. Juciupubyuyuja Ha cepymckuoiti CRP kaj
HOpMaaHU U Oeya co ayiiusam. Jlesuoil iianen io-
Kaxcysa HoOQiioyu 3a HOpMAAHU Oeua (CoAuOHU
Kpy208u) 000eka OeCHUOUL faHea HOKaxXcysa iooa-
woyu 3a Oeyaitia co ayiiusam (omeopeHu Kpy2o8uL).
Apuilimeiiudkaitia cpeOuHa 3a cexoja 2zpyua e
HpuKax¥cana co XxopuaoHiaama auHuja. /leyaitia co
aytiuzam (N=41) umaaii snaquitiearo (p=0.005) io-
sucoko Hueo Ha CRP oitikoaxy Hopmanrnuitie Oeua
(n=41).

Autistic Children

Jleya co aytuzam

Figure 1. Distribution of serum CRP in normal and
autistic children. The left hand panel shows data points
for normal children (solid circles) whereas the right
hand panel shows data points for autistic children (open
circles). The arithmetic mean for each group is shown
by horizontal bar. Autistic children (n=41) had a
significantly (p=0.005) higher level of CRP than the
normal children (n=41).
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Kako rpymna, genata co aytuzam (1.373+£0.318)
rmaa 3HauuTesHo (p=0.005) MOBUCOKO HUBO HA
CRP otkonky Hopmanaute gena (0.417+0.078).
OBa 3HauM JleKka MMallle NpUuOMMKHO 3.5-maTu
srogeMmyBalkbe Ha CRP kaj mena co ayTtusam.
ITogaTonure on nmadoparopujara 3a S100 mpo-
TeVMHM ce onuilaHu Ha cimka 2. HuBoTo Ha
nopBuioBuTe andga u Oerta Oelle 3HAYUTEITHO
MOBUCOKO Kaj JieliaTa co ayTu3aM CIOpPEeeHO CO
HOpMaJlHUTE jAena (OKOoJy 6-maTw 3rojieMyBa-
we; co p Bpegnoctu 0.032 u 0.036 3a S100-anda
1 S100-6eTa moce6HO, CO TECTOT 3a CTY/IEHTH).
HajBooOuyaeHo, mHAyKI#MjaTa Ha MMYHO-IIOC-
penHn OOJIECTH BKIIy4yBa MMYHO-aKTHBHPAHE
Kako novyeTeH HacTaH. Taka, IMyHO-aKTHBHpa-
HETO € €IeH Ol IPUMapHUTE HACTaHU NP BOC-
najeHujaTa, BAPYCHATE UH(EKIMHA U aBTOUMY-
HUTE peakiyuu. MIMyHO-aKTUBHPAHETO OOMYHO
ce MaHH(ecTupa co CIIOHTaHa aKyMmyJjaluja Ha
MPOTEHMHN BO aKyTHaTa ¢a3a u npo-uHdaama-
TOPHUTE UUTOKUHM BO wHupKyinanuja. CRP e
KJacMyeH NpOTEeMH BO akyTHaTa asza IITO
Op30 ce aKkyMyJIHpa BO KpBTa BO TEKOT Ha WH-
¢namaropuuTe oprosopu (9-11). Mako He e
cnenuguieH 3a HeKoja OoyecT, OBOj MPOTEHH
ONIITO CE CMETa KaKO MapKep-3acTalHUK Ha
CHCTEMCKOTO BOCHAaJIEeHUE LITO TH NPUAPYKYyBa
XpOHUYHHUTE OOJIECTH, TOCEOHO KOPOHAPHO ap-
tepuckata Ooject (9-11). S100 mporeuHOT,
MPOTENH 3a Bp3yBame Ha KaJUYMOT co adu-
HUTET 32 Bp3yBame Ha HUHKOT UCTO TaKa, OpH-
THHAJHO Oelre oTKpueH BO Mo30KoT (12). Toj
MMOCTOM BO fiBa mopasupaa, umMeHo S100-anda u
S100-6eta. IToToa, Oemie OTKPUEHO fieKa MPoO-
TEMHOT MMa MHOTY IOIIMpOKa pacnpesenda Ha
TKHABOTO, BKJIYYyBajKi IO U CEPyMOT Ha KpBTa
(15-17), mepucpepHr KpPBHH MOHOHYKJICAPHU
ki1eTky (13) n aHTUTeH-TIPEe3eHTUPAYKH KIIETKH
(12, 13). Bo mocnegHuBe TOAWHU, OTKPUEHO €
peka S100 mpOoTEMHOT Ha CEPYMOT UCTO TaKa €
peaKkTaHT BO aKyTHa (pa3a 3a HH(pIAMaTOPHUTE
peakuuu, Noce6HO Kaj moBpefia Ha MO30KOT U
HEBPOJIOUIKUTE COCTOjOM KaKO IITO ce u30Q-
penmjata (16), AmnnxajMepoBata Gosect (14,
15), JaynoBuot cuanpom (14) u CUJA nemeH-
uja Komruiekce (17).

As a group, autistic children (1.373+£0.318) had a
significantly (p=0.005) higher level of CRP than
the normal children (0.417+0.078). This means
that there was approximately 3.5-fold increase of
CRP in children with autism. The laboratory data
for S100 proteins are described in Figure 2. The
level of both the alpha- and beta- subtypes was
significantly higher in autistic children as com-
pared to normal children (about 6-fold increase; p
values being 0.032 and 0.036 for S100-alpha and
S100-beta, respectively, by the Student’s t test).

Most commonly, the induction of immune-medi-
ated diseases involves immune activation as the
initial events. Thus immune activation is one of the
primary events in inflammation, viral infections
and autoimmune reactions. Immune activation is
commonly manifested by the spontaneous accu-
mulation of acute-phase proteins and pro-inflam-
matory cytokines in the circulation. CRP is the
classic acute-phase protein that rapidly accumu-
lates in blood during inflammatory responses (9-
11). Although not specific of any disease, this
protein is commonly regarded as a proxy marker of
systemic inflammation that accompanies chronic
diseases, in particular the coronary artery disease
(9-11). The S100 protein, a calcium binding pro-
tein with affinity for binding zinc also, was origi-
nally found in the brain (12). It exists in two main
subtypes, namely the S100-alpha and S100-beta.
Subsequently, the protein was found to have a
much wider tissue distribution, including the blood
serum (15-17)), peripheral blood mononuclear
cells (13) and antigen-presenting cells (12, 13). In
recent years, serum S100 protein has also been
found to be an acute-phase reactant for inflamma-
tory reactions, particularly in brain injury and neu-
rological conditions such as schizophrenia (16),
Alzheimer’s disease (14, 15), Down’s syndrome
(14) and AIDS dementia complex (17).
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Normal Children (n=18)
HopmanHu geua (n=18)

Autistic Children (n=25)
Heua co aytnsam (n=35)

Subject Populations
MpepgmeTHa nonynauyuja

Cmuka 2. /luciupubyyuja na cepymcxuitie S100 iipo-
fHleuHu Kaj Hopmaauu u oeua co ayimuzam. Hugoitio
Ha cepymoiti Ha S100-aagpa (iiemna 60ja) u S100-
beitia (cseitina 6oja) e UPUKANCAHO 3A HOPMAAHUILLE
Oeua (nesuoill citionb) u 3a Oeuyailia co ayimiu3am
(Oecruoiti cition6). Tooaitioyuitie ce tipe3eHIUUPAHU
Kaxko apuitimeiiuuka cpedouHa * S.E. 3a cexoja
2pyia. [leyaitia co ayiuiusam (N=25) umaa 3Haqu-
tiearno tosucoxo Huso Ha S100-aagha (p=0.032) u
S100-6eitia (p=0.036) oitixoaky HopmaaHuilie Oeua
(n=18).

Figure 2. Distribution of serum S100 proteins in
normal and autistic children. The serum level of S100-
alpha (dark color) and S100-beta (light color) is shown
for normal children (left hand bars) and autistic
children (right hand bars). Data are presented as the
arithmetic mean £ S.E. for each group. Autistic children
(n=25) had a significantly higher level of S100-alpha
(p=0.032) and S100-beta (p=0.036) than the normal
children (n=18).
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Bupejku ayTu3MOT MCTO Taka € HapyllyBame
Ha MO30KOT CO HEBPOJIOMIKYU Ae(UIUTU U TPO-
nH(pIAMaTOPHUTE UTOKUHY Ce TOBpP3aHU; HUE
ro npocrygupasMme S100 mpoTenHOT Kaj fenara
co ayru3aM. Kako mTo e opjie KaxkaHo, 1 iBaTa
nopsuaa anga u 6era Ha S100 npoTenHOT Oea
3HAUUTEJHO TOJUTHATH Kaj Jlella CO ayTh3aM,
HaoJ] KOj € MPWJIHWYHO TOCTOjaH CO Clly4yajHa
yjora Ha CHCTEMCKOTO BOCIAJIEHHE BO OBa
HapyllyBawbe Ha MO30KOT. IIpeq HEKOJKy ro-
NUHY, HUE MPBU JIEMOHCTpUpaBME JieKa ayTH3-
MOT MHBOJIBUpA UMYHH (PaKTOpPH KaKO HITO ce
aBTOMMYHUTETOT (Ha np. CrnenuuaHuTE aBTO-
aHTHUTENIa Ha MO30KOT) W MPOUH(pIaMaTOPHUTE
UTOKMHU (Ha Tp. HHTep(EpOHOT-y U MHTEP-
NeyKuHOT-12) maBajkm My mpepgHocT Ha Th-1
umyHnot oprosop (1-3). Toa HE poBexe A0
IpEeTHOCTaBKa JlekKa ayTU3MOT MHBOJIBUPA UMY-
HO aKTHBHpame Ha OATOBOPOT Ha HH(Iama-
TopHUOT cucteM (2-4). Cera BocmajeHHETO €
UCTO TaKa OICEPBUPAHO OJf APYTH HCTpaKyBa-
uyn (23), 1aKo OBHE MCTPAKyBaud HE TW IUTHU-
paaT HaIIWTe CTYAMU IITO MHOTY IOpPaHO TH
oGjaBuBMe (2, 24). [TonaTaMy, Kako HITO € OIH-
IIaHO BO ceramiHaBa CTYAHja, ayTU3MOT BEpo-
jaTHO MOXKE Jla MHBOJIBUPA CUCTEMCKHU HMH(JIa-
MaTOpeH OAroBop. VIMIYJICHBHHMOT areHT 3a
0BO] MH(JIaMaTOpeH OJrOBOp HE € C& YIITe
MO3HAT HO MOKE Jla pe3yJTHpa Off IMyHOTO aK-
TUBHPAkE Ofl BUPYCHA WMH(EKIHUja WUIN MUK-
poOcka uH(pexkuuja. M nmokpaj Toa mTO OBaa
MOXHOCT OCTaHyBa 3a UCIUTYyBame, MOCTOjaT
3HAUUTEJHU Ja0OpaTOPUCKM TOAATOUM M EKC-
NepruMeHTaIHa eBUJIeHIHja IITO IO NMITUIIPA
BUPYCOT Ha Majll CUIAHUIM BO OBOj OJOBOP
(3, 18-20). Kako mTO € W3IIOKEHO Ha JpPYyro
MecCTO, JoOueHaTa nH(eKIrja Ha Maju CUTIaHu-
¥ Of] BaKIMHATa HAa MaJll CUIAHUIM-3ayIIKU-
py6eona (MMR) Moxke ia TO MOTTUKHE CUCTEM-
ckuoT nH(iamaTopen ogrosop (19-20), rmaBHO
3allITO OBOj BUPYC € MO3HAT NMOTTHKHYBad Ha
nponH(pIaMaTOPHATE IHUTOKMHU (25) M TOKa-
>Ka MO3UTUBHA KOpealyja co aBTOaHTUTeaTa
Ha MO3OKOT Kaj jfena co aytm3am (3, 18-20).
3acera, mefyToa, qBaTa Buja J1ab00OpaTOPUCKHU
CTyIuUH He Jajoa MOJApILIKAa Ha yjorarta Ha
THMEpOCaJIOT BO aBTOMMYHAaTa MOATpyIa Ha ay-
TU3MOT (21, 22).

Since autism is also a brain disorder with neuro-
logical deficits and pro-inflammatory cytokines
have been linked, we studied S100 protein in au-
tistic children. As reported here, both the alpha-
and beta- subtypes of S100 protein were signifi-
cantly elevated in children with autism, a finding
that is quite consistent with the causal role of sys-

temic inflammation in this brain disorder.

Several years ago, we were the first to demonstrate
that autism involves immune factors such as
autoimmunity (e.g., brain-specific autoantibodies)
and pro-inflammatory cytokines (e.g., interferon-y
and interleukin-12) favoring a Th-1 immune re-
sponse (1-3) This led us to postulate that autism
involves immune activation of the inflammatory
response system (2-4). The inflammation has now
been observed by other researchers (23) also even
though these researchers did not cite our research
studies that we published well in advance (2, 24).
Furthermore, as described in the present study,
autism may possibly involve a systemic inflam-
matory response. The trigger agent for this in-
flammatory response is not presently known but it
might result from immune activation by a virus
infection or microbial infection. While this possi-
bility remains to be investigated, there is consider-
able laboratory data and experimental evidence to
implicate measles virus in this response (3, 18-20).
As outlined elsewhere, an acquired measles infec-
tion from the measles-mumps-rubella (MMR) vac-
cine might induce a systemic inflammatory re-
sponse (19, 20), mainly because this virus is a
well-known inducer of the pro-inflammatory cyto-
kines (25) and it showed positive correlation with
brain autoantibodies in autistic children (3, 18-20).
To this end, however, two types of laboratory
studies did not lend support to the role of
thimerosal in the autoimmune subset of autism (21,
22).
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ITonaramy, 3emajku ja mpefBHj, oTNicepBalyjaTa
JieKa CTaTHHCKaTa Tepamnuja Td HaMailyBa
BpegHoctuTe Ha CRP Kaj KapAnoBacKylapHUTE
nanueHTn (9-11), Moxkebu moBpegHO Ke Ouje
[M3aJHUPAKETO HA JOOPO KOHTPOJMpAHA CTY-
[uja 3a 1a ce eBajyupa Jajd OoBaa Tepanuja ou
MOXKela MOTEeHIMjalHo J1a Oujile KOpHUCHA 3a Ja
UM TIOMOTHE Ha MallMeHTUTE CO ayTHh3aM CcO
nopgurato HuBo Ha CRP. Bo 3akaydokor, 6a-
3MpaH Ha HEKOM COTJIeyBatha Off UMYHOJIOIIKU
CTYIUM W aBTOMMYHUTETOT Ha MO30KOT (1-8),
NpEIU3BUKYBAaYKM € Jla ce WIIeKyaupa jeKa
UH(pIAMaTOPHUOT OATOBOP MOTTHUKHAT Off BU-
pyc 61 MOKea 1a 6uje OArOBOPEH 3a MHAYKIH-
ja Ha aBTOMMYHHUTETOT Kaj ayTU3MOT. [lomeka
noOueHaTta uMH(QeEKIUja O Majdu CUINAHULIU Off
MMR umyHu3anuja e fo6pa MOXKHOCT, APYyTruTe
ocTaHyBaaT Jla ce McTpaxyBaaT. Bo mpuior Ha
OBa, BHHMMATEJIHO [M3ajHUpaHaTa OCHOBA U
KJIMHUYKUTE CTYJIUU CE OINpaBAyBame 3a MOHa-
TaMOIIIHO HUJIEHTU(UKYBake U KapaKTepU3H-
pame Ha yJoraTa Ha CUCTEMCKOTO BOCHAJIEHUE
Kaj maToreHe3ara Ha ayTU3MOT.

IIpusnanue

OrpoMHO Tpu3HaHUE 32 OrPOMHATA MOMPIIKA
Ha TPOEKTOT ABTOMMYHUTETOT Kaj ayTU3MOT,
HMHCTUTYTOT 3a WCTpaXXyBame HAa ayTW3aM H
donpganmjata Dudley T. Dougherty.

Furthermore, by considering the observation that
statin therapy lowers CRP values in cardiovascular
patients (9-11), it might be worth designing a well-
controlled study to evaluate if this therapy could
potentially be useful in helping autistic patients
with elevated levels of CRP. In conclusion, based
on several lines of immunological studies and
brain autoimmunity (1-8), it is tempting to specu-
late that a virus-induced inflammatory response
might be responsible for the induction of autoim-
munity in autism. While an acquired measles in-
fection from MMR immunization is a good possi-
bility, others remain to be investigated. In addition,
carefully designed basic and clinical studies are
warranted to further identify and characterize the
role of systemic inflammation in the pathogenesis

of autism.
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