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Rezime   Abstract  
Patogenezata na autizmot, nevrolo{ko na-
ru{uvawe {to seriozno vlijae vrz malite 
deca, mo`e da gi vklu~i vospalenijata i av-
toimunitetot. Vo ovoj izve{taj, se ispituva 
distribucijata na C-reaktivniot protein 
vo akutna faza (CRP) i S100 proteinite kaj 
normalni i decata so autizam. Nivoto na 
nivniot serum e mereno so proba na imuno-
atsorbent vrzan so enzimi (ELISA). Kaj de-
cata so autizam se najdeni zna~itelno povi-
soki od normalni nivoa na CRP (p=0.005) i 
S100 (p=0.03) proteini. Postoeweto na 
podignatite nivoa na CRP i S100 proteini 
kaj decata so autizam e odli~en znak za sis-
temsko vospalenie {to mo`e da pridonese 
za nevropatologija na ova naru{uvawe na 
mozokot. 

 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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Voved   Introduction  
Autizmot sega op{to e priznat kako bio-
lo{ko naru{uvawe na razvojniot nerven 
sistem (CNS). Toj ne se identifikuva so ne-
koja specifi~na nevropatologija ili bio-
marker tuku glavno so klini~ka dijagnoza 
{to se potpira na razli~ni nevrolo{ki i 
naru{uvawa vo odnesuvaweto, vklu~uvaj}i 
deficiti na povisoki mentalni funkcii 
kako {to se socijalna interakcija,  jazik, 
komunikacija, imaginacija i kognicija. 
Postojat nekolku hipotezi, no pri~inata za 
naru{uvaweto ne e mnogu razjasneto. Me|u 
pridonesuva~kite faktori, imunite fakto-
ri kako {to se avtoimunitetot, proinfla-
matornite i regulatornite citokini mo`at 
da ja igraat fundamentalnata uloga za pato-
genezata na autizmot (1-8). Vo sega{nava 
studija, serumskiot CRP i S100 proteini (i 
podvidovite alfa i beta) se profilirani 
kaj decata so autizam za{to tie se odgovor 
na akutna faza na prototipski reaktanti i 
dobro poznati surogatski markeri na sis-
temskoto vospalenie (9-17). Kako {to e 
opi{ano vo ovoj trud, decata so autizam
imaat povisoki od normalni nivoa na ovie 
proteini vo akutna faza, {to implicira 
mo`no involvirawe na sistemsko inflama-
torniot odgovor kaj autizmot. 

 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.   

   
Materijali i metodi   Materials and Methods 
Studijata vklu~uva vkupno 82 deca: 41 dete 
so autizam (sredna vozrast 6.7 godini; 34 
ma{ki i 7 `enski) i 41 normalno dete 
(sredna vozrast 7.4 godini; 25 ma{ki i 16 
`enski). Decata so autizam vo ovaa studija 
imaat cvrsta dijagnoza na autizam no studi-
jata gi isklu~uva drugite dijagnozi kako 
{to se pervazivnata razvojna nesposobnost 
- ne poinaku specificirana (PDD-NOS), As-
pergeroviot sindrom, Daunoviot sindrom 
ili idiopatska mentalna retardacija [1-5]. 
Klini~kata dijagnoza na autizmot be{e 
glavno utvrdena so pomo{ na Prira~nikot 
za dijagnosti~ki i statisti~ki mentalni 
naru{uvawa, ~etvrto izdanie (DSM-IV).   

 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-IV).   
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Normalnite deca se so cvrsto fizi~ko 
zdravje bez nikakov znak na bolest na mozo-
kot ili mentalna bolest ili nekoja druga 
poznata mentalna sostojba. Kolku {to be{e 
mo`no, subjektite se povrzuvaa spored voz-
rasta i polot. Me|utoa, nikoj ne be{e odbi-
en da u~estvuva zaradi rasa, vozrast ili pol 
osven ako ne be{e vo opsegot na na{eto is-
tra`uvawe. Za da se po~ituva praviloto za 
privatnost od Zakonot za prenoslivost i 
odgovornost na zdravstvenoto osiguruvawe 
(HIPAA), dobivme potrebna dozvola od In-
stituciskiot revizorski odbor na Dr`av-
niot univerzitet vo Juta i porano od Uni-
verzitetot vo Mi~igen. Vo vremeto na sobi-
rawe na krv, normalnite i decata so auti-
zam bea na nulta linija bez nikakvi propi-
{ani lekovi i nitu edno nema{e nekakva 
istorija na kardiovaskularna bolest. Se-
ga{nata studija gi koriste{e primerocite 
od prethodno sobran serum koi bea za~uvani 
zamrznati na –20oC bez povtorlivi ciklusi 
na smrznuvawe i topewe (18-22). Humaniot 
serumski CRP be{e meren so ELISA koris-
tej}i komercijalno kupeni opremi (Biome-
da, Foster City, CA). Probnata procedura na
CRP vklu~uvaj}i gi podatocite za interpre-
tacija be{e striktno spored instrukciite 
na proizvoduva~ot na opremata. Nivoto na 
serumot na S100-alfa i S100-beta proteini 
se mere{e so metodata ELISA kako {to pre-
thodno be{e opi{ano (15). Primerocite od 
serumot bea analizirani na „dvojno slep“
na~in i {ifrata be{e otvorena otkako 
analizata be{e kompletirana. Podatocite 
bea dadeni kako sredna vrednost od grupata 
± standardna gre{ka (S.E.) od sredna vred-
nost i statisti~kata va`nost (p≤0.05) be{e 
evaluirana so testovite na studenti.  

 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 –20oC 
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.  

   
Rezultati i diskusija  Results and Discussion 
Eksperimentalnite podatoci za serumskiot 
CRP kaj normalnite i decata so autizam e 
prika`an na sl. 1. I dvete grupi imaa zabe-
le`livi nivoa na CRP no okolu edna ~et-
vrtina od decata so autizam (10 od 41) imaa 
odvaj zabele`livo koli~estvo na protein.  

 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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Slika 1. Distribucija na serumskiot CRP kaj 
normalni i deca so autizam. Leviot panel po-
ka`uva podatoci za normalni deca (solidni 
krugovi) dodeka desniot panel poka`uva poda-
toci za decata so autizam (otvoreni krugovi). 
Aritmeti~kata sredina za sekoja grupa e 
prika`ana so horizontalna linija. Decata so 
autizam (n=41) imaat zna~itelno (p=0.005) po-
visoko nivo na CRP otkolku normalnite deca 
(n=41).  

 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).  

 
 

   Normalni deca             Дeca со аутизам 
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Kako grupa, decata so autizam (1.373±0.318) 
imaa zna~itelno (p=0.005) povisoko nivo na
CRP otkolku normalnite deca (0.417±0.078). 
Ova zna~i deka ima{e pribli`no 3.5-pati
zgolemuvawe na CRP kaj deca so autizam. 
Podatocite od laboratorijata za S100 pro-
teini se opi{ani na slika 2. Nivoto na 
podvidovite alfa i beta be{e zna~itelno 
povisoko kaj decata so autizam sporedeno so 
normalnite deca (okolu 6-pati zgolemuva-
we; so p vrednosti 0.032 i 0.036 za S100-alfa 
i S100-beta posebno, so testot za studenti). 
Najvoobi~aeno, indukcijata na imuno-pos-
redni bolesti vklu~uva imuno-aktivirawe 
kako po~eten nastan. Taka, imuno-aktivira-
weto e eden od primarnite nastani pri vos-
palenijata, virusnite infekcii i avtoimu-
nite reakcii. Imuno-aktiviraweto obi~no 
se manifestira so spontana akumulacija na 
proteini vo akutnata faza i pro-inflama-
tornite citokini vo cirkulacija. CRP e 
klasi~en protein vo akutnata faza {to 
brzo se akumulira vo krvta vo tekot na in-
flamatornite odgovori (9-11). Iako ne e 
specifi~en za nekoja bolest, ovoj protein 
op{to se smeta kako marker-zastapnik na 
sistemskoto vospalenie {to gi pridru`uva 
hroni~nite bolesti, posebno koronarno ar-
teriskata bolest (9-11). S100 proteinot, 
protein za vrzuvawe na kalciumot so afi-
nitet za vrzuvawe na cinkot isto taka,  ori-
ginalno be{e otkrien vo mozokot (12). Toj 
postoi vo dva podvida, imeno S100-alfa i 
S100-beta. Potoa, be{e otkrieno deka pro-
teinot ima mnogu po{iroka raspredelba na 
tkivoto, vklu~uvaj}i go i serumot na krvta 
(15-17), periferni krvni mononuklearni 
kletki (13) i antigen-prezentira~ki kletki 
(12, 13). Vo poslednive godini, otkrieno e 
deka S100 proteinot na serumot isto taka e 
reaktant vo akutna faza za inflamatornite 
reakcii, posebno kaj povreda na mozokot i 
nevrolo{kite sostojbi kako {to se {izof-
renijata (16), Alchajmerovata bolest (14, 
15), Daunoviot sindrom (14) i SIDA demen-
cija kompleks (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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Slika 2. Distribucija na serumskite S100 pro-
teini kaj normalni i deca so autizam. Nivoto 
na serumot na S100-alfa (temna boja) i S100-
beta (svetla boja) e prika`ano za normalnite 
deca (leviot stolb) i za decata so autizam
(desniot stolb). Podatocite se prezentirani 
kako aritmeti~ka sredina ± S.E. za sekoja 
grupa. Decata so autizam (n=25) imaa zna~i-
telno povisoko nivo na S100-alfa (p=0.032) i 
S100-beta (p=0.036) otkolku normalnite deca 
(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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Bidej}i autizmot isto taka e naru{uvawe 
na mozokot so nevrolo{ki deficiti i pro-
inflamatornite citokini se povrzani; nie 
go prostudiravme S100 proteinot kaj decata 
so autizam. Kako {to e ovde ka`ano, i dvata 
podvida alfa i beta na S100 proteinot bea 
zna~itelno podignati kaj deca so autizam, 
naod koj e prili~no postojan so slu~ajna 
uloga na sistemskoto vospalenie vo ova 
naru{uvawe na mozokot. Pred nekolku go-
dini, nie prvi demonstriravme deka autiz-
mot involvira imuni faktori kako {to se 
avtoimunitetot (na pr. Specifi~nite avto-
antitela na mozokot) i proinflamatornite 
citokini (na pr. interferonot-γ i inter-
leukinot-12) davaj}i mu prednost na Th-1 
imuniot odgovor (1-3). Toa n¡ dovede do 
pretpostavka deka autizmot involvira imu-
no aktivirawe na odgovorot na inflama-
torniot sistem (2-4). Sega vospalenieto e 
isto taka opservirano od drugi istra`uva-
~i (23), iako ovie istra`uva~i ne gi citi-
raat na{ite studii {to mnogu porano gi 
objavivme (2, 24). Ponatamu, kako {to e opi-
{ano vo sega{nava studija, autizmot vero-
jatno mo`e da involvira sistemski infla-
matoren odgovor. Impulsivniot agent za 
ovoj inflamatoren odgovor ne e s¡ u{te 
poznat no mo`e da rezultira od imunoto ak-
tivirawe od virusna infekcija ili mik-
robska infekcija. I pokraj toa {to ovaa 
mo`nost ostanuva za ispituvawe, postojat 
zna~itelni laboratoriski podatoci i eks-
perimentalna evidencija {to go implicira 
virusot na mali sipanici vo ovoj odgovor 
(3, 18-20). Kako {to e izlo`eno na drugo 
mesto, dobienata infekcija na mali sipani-
ci od vakcinata na mali sipanici-zau{ki-
rubeola (MMR) mo`e da go pottikne sistem-
skiot inflamatoren odgovor (19-20), glavno 
za{to ovoj virus e poznat pottiknuva~ na 
proinflamatornite citokini (25) i poka-
`a pozitivna korelacija so avtoantitelata 
na mozokot kaj deca so autizam (3, 18-20). 
Zasega, me|utoa, dvata vida laboratoriski 
studii ne dadoa poddr{ka na ulogata na 
timerosalot vo avtoimunata podgrupa na au-
tizmot (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-γ 
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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Ponatamu, zemaj}i ja predvid opservacijata 
deka statinskata terapija gi namaluva 
vrednostite na CRP kaj kardiovaskularnite 
pacienti (9-11), mo`ebi povredno }e bide 
dizajniraweto na dobro kontrolirana stu-
dija za da se evaluira dali ovaa terapija bi 
mo`ela potencijalno da bide korisna za da 
im pomogne na pacientite so autizam so 
podignato nivo na CRP. Vo zaklu~okot, ba-
ziran na nekoi sogleduvawa od imunolo{ki 
studii i avtoimunitetot na mozokot (1-8), 
predizvikuva~ki e da se {pekulira deka 
inflamatorniot odgovor pottiknat od vi-
rus bi mo`el da bide odgovoren  za indukci-
ja na avtoimunitetot kaj autizmot. Dodeka 
dobienata infekcija od mali sipanici od 
MMR imunizacija e dobra mo`nost, drugite 
ostanuvaat da se istra`uvaat. Vo prilog na 
ova, vnimatelno dizajniranata osnova i 
klini~kite studii se opravduvawe za pona-
tamo{no identifikuvawe i karakterizi-
rawe na ulogata na sistemskoto vospalenie
kaj patogenezata na autizmot. 

 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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