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Schizophrenia and Immunological Abnormalities”

Hee Yeon Jung, M.D., Ph.D.,"®" Yong-Sik Kim, M.D., Ph.D.2?

| ABSTRACT I

nism of immune pathogenesis in schizophrenia still is unclear, even though various immune dysfunction

'|' here have been vast amount studies regarding immunologic dysregulation in schizophrenia. The mecha-

have been reported. We endeavored to report on two major hypothesis on immunologic dysregulation in
schizophrenia, the infection hypothesis and autoimmune hypothesis. We went on to focus on the autoimmune
hypothesis, which has received the most attention over the years. We explored the accumulated data and the
rational behind the autoimmune hypothesis and the implications of the autoimmune hypothesis for future re-

search in the pathogenesis of schizophrenia.
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REl Folabr] skl 1= Fekd W AA} 2
gulo] glrk. BE AlEE W44 (bone marrow) & Ths
A} Z7] M (pluripotent stem cell) olA F-2]=|aL H=
T4 (tymphoid) ¥ 44 (myeloid) A7 A% (progen-
itor) & w8}k Tk Ak Aset AEg o Ealeo] 1
2k ool Wl WA= AA F 7, & Ay Wels
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off W 7154 ztol2 F-Eshd M (cellular) 2 A<
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Table 1. Cytokine alterations in schizophrenia with clinical association

Cytokine Major findings Clinical associations
IL-2 Increased level(also lower levels Age of onset!?
noted in some studies) 18-25 Bizarre behavior2)
Formal thought disorderz26)
Positive symptoms25)
Relapse prone??)
Decrease after treatment21)25)
Soluble IL-2 Increased levels20)28) Epilepsy in younger patients29)
Receptor Acute psychosis2930)
Poor prognosis3?)
Lower in positive symptoms3l)
First degree relative?®
Tardive dyskinesia3®)
IL-4 Increased CSF level3)
IL-6 Increased level32-35 Younger age3®)
liness duration3”
Acute exacerbation3®)
Negative symptoms3?)
Neuroleptic malignant syndromes39)
Delayed responders3?)
Treatment resistance33)
Soluble IL-6 Increased levels40) Paranoid symptomatology4)
Receptor
IL-10 Increased levels®) Decrease in levels after treatment42
IL-12 Increased levels43) Decrease in levels after treatment#4)
TNFa Increased levels23)45) Negative symptoms+6)
Neuroleptic malignant syndromes39)
IFN- 7 Increased levels47-49)
Decreased mitogen stimulated levels®®
modified from Strous and Shoenfeld, 20065
E09 AHAINE IL-27 A1 ffl~r91 wEofasE  gloks o] R0 ok 23 84 medica-
& 3|4 (turnover) & S7FA7] AT FZAM 2] T3} tion artifact) € 4= QTR WITS Worth F IL-2
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SIL—2 5-&A7} CSFelM=
X F7ktslths A7t 3l
& FTPARE R o2t SmQle N A5 A 9T sIL-2
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‘_x]‘oﬂ}ﬂ IL— 6/1 17}19)33)%6)62) IL— 6 ] %
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= 1) Atk [L—67} Bl Ao B o]4= CNS
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3 5 Q7] mjol kY0 sk Aol A GHRHSH
TSH #1015 F58 7 L AIFT AddellA] Hslke
A AN TR} YFFERe] BulE Aot
29 Ag@eeld {Fae AFsle] B3z o )
HEehs HHA7lE APt she 10w A7) of
T'EI:O] El_hh)
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It A IL-29) o QEHE 018 2] mitogen®.
2 A39 AEFRI jHgo] Z7HEIrhe Aotk

3) T helper cell type 2 H% 2 (anti-inflammatory)
TH—2 A A A= 4] o 4h= g X 7|53
A olHEﬂ Ay Aol Ms IL-108 X8k
AEF7FIS] F7kel CSEUlel IL—49] S7H=
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A el o8 F2 eERR=d] A gardy @)
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QA AAEGISE Harskglth ofdl A Ax A
A type 1 w7 Al e wh3-

A& SJulsln, o & uigo g il Fxjeolr] Ao
O% TH-20% o]g¥o] §ivh= 7Mde] ] 3& etk

3. BN WENMOSNS HY oy gt 5
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7h R A9 4, QA F Ak (ol
A7} &), WiF 2 Aol R 1 FF aogelef wE
A

2e 18 el Jddel pdE T de
e}

el AP YA, 2 ATE AL EH 7] 3
774 wlol2el dist gHA| Aol Herpes Hfo|2]2~e
st Zlo] 7 @Wokar 1 ¥le) Cytomegalovirus, Ep-

stein—Barr virus, Mump virus, Rubella & Measles vi-
rus, Toxoplasma gondii, Influenza A virus®ll th3t &
A 97 So] olgte} B E|9A|k Fukuda S8 Her-
pes simplex virus, Cytomegalovirus, Varicella zoster
virus, Epstein—Barr virus, Measles, Rubella, Mumps,
Influenza, Japanese encephalitis virusel] tht &=|&
A A Aol BaR 849} AR 5 857}
At EAfoll A vlwgk A} A o7l 7 gl 2t
o7} glalthal Basigict. #HZol= 715olA Algh A
s A3kS- Y ©7)%= Borna disease Bl tist &
Aol AX L gl AAlTa $ake] 3~45%¢4] 8
AU AAE LAEARE A A o7t gl tixel
A 0~5%%t0] AFIT BaEe ™ e
oo uks) Richt %2 4411 ko)A Borna disease
wlolelzel Te BAE 24 Eaoirky wasiin
ghajo)g] A a4 = S 2] 98k A Wolo
U A QA A3 Qe sl e ol
ek Al gl gedo] SRS W 1% A B854
Agho] Qlvpar Fsh= AL dAg 713k E1lel @ i
AlX 54 FATPE S7kehs AS 2E dvh B9
ol o] 44 A7 ONS s ulehzs A of
A% Qo FgRrk= CSFelA e A3zt o Al

Aol Fr}. I L B A7 g2 o]d A
& uHEH X3, 7 whel 741 e (infectious pa-
thology) & A2 574 4= ™ CNS 7 1.
& 2u A2 Akl #I%Ia BBBE el o e
o} AaEds $xjol BBBY M (permeability) ©]
olfths FARE, 2ARE 819] 19~29%14 Tt
}\JO] —?—7]“6} X]_“?‘_7]‘ EO T;]J:— ?1?41)713)86)87)9’]_ O]?j_ g_
AelA= HE Y A55 AXFskE sSICAM-19] %
7} Z7F=o] Qa1 very late antigen—4 (©]8F VLA—4)—
positive CD4+ (T helper cell) % CD8+ A3 (cyto-
toxic T cel) o] F7150] gtk A9 g 5 4= 9)
th 58 o]d dA7=9 Ado] £+ 1 FasARL T v
H3h 7191 49 BBBE] FaelA ] wishrt A ¥
ds TE Sil% A& Asfof gtk mlek 7h4do] CNS
H 547] S (o]et APP) &) Wsh=
71 4= qlek. kA o) TS A oA St
T A AR doj WY AFEks 93] shetslr] f1gt
F7HARI A RFEA] £E7} QL& Wolrk CNS 7Y
789 CSFUelxl= e Ao} AlE7IR13 22 pro—im-
lammatory 9 A3 B39 BT S71E Z10R 4
7 AETR] Aat AF o R & = 9l TroA e W
A A 7)54 TE el Ak 1S A
of tigt Q_‘GJ ﬁxl 7} drh
el m2d gk £8, i) 2l
of whetr] 374] CLEV . T,B# ?L = A viziAl
£ ¥33}(encoding) sh= 4% S
Aol gk 7o) o= A o] %E}. BE“—SJ
tjekst AJE719], chemokine, QIEIHE B T
THI = el oigh A o] A3k t‘a”:aUr 2
JJrO] Utk Al ) Aiido] Sle HelA fxxt
—IL-1 B, IL-2,IL—4, IL-10, TNF—a, TNF- 5,
SICAM—I, HLA-DRB-1, M¥54 T—lymphocyte
antigen—4(CTLA-4) 5% & & Utk Sufjolq 4
AT A dPdow Alsst o] fak - A
3} IL—4 promoter$} IL—4 84 F-Ax}ellA 2] B
B, 1L-10 44 o, 123 TNF- o 344
T = sy st Aol gloka 3}“
o} 22 Jun 510 g=leld CTLA-49] 75
285k Aoz 4 CTLA-4 42 exon loﬂ
81+ position 49°14<] A/G SNP9] #-38%} dig+
Ape] EE7} gkl 77ek vizereld oSt AlolE B
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gk Aol A v Akl disiAe AdiEom
HANES ZHA k= W4 (counterintuitive) 1 2
Wo® ol gt 5 ool thek A O pros-
taglandin ¥4, T—9} B 92+ &4, 94 IL 484 &
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mate =842 NR2 subunit$} w2} #E&-sch= Zlo] o
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704 fed FAE ARS B TE delAE 1
FolollAl FAFFH =42 H3 Wisks do7 4 Qlrk=
2% BolF9tk? Bergen Y& $47] FaRoy
gApe] oo A AASt Ig GE 2lAl2 g0l CSFY
T AR 3 g3 F 22%, 1A dixrt d3
T%7} AzololA] Wa} old-& e = Utk Heath
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27F A7) 2 AR BHe %4 Stk 7
S AAE} AR oW 73 Gy whAlsl=A o)
tfgt A Wol itk H 2ol $rte] doellA] A
Agk 27} 8171 M1 muscarinic acetylcholine 483

(mAChR) ol] E0]4d0o] Qlar, o] Algy) AglofA 2

At 78 3 5 gl%o] Hldxlr/]. 16 ]2 &= pat-
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ol A= Burl Qe o Al Fet
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WA Yileedel B A e
B HGHS Wolx] 4] 2] 2
o ekl B ATAE] obAE HAR e o
& g3 GAZ AFLRE 7P} ek AZSHe 4

& ofehs) B APdel 2%k
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(1) ¥ A4 gt 27E A

AEAH gixke] 28~95%M HA g At
2B BT} 28 o]QA| 2P INIIEID o) &
B AR o] AHE AFE 5 I3l Pan-
dey E'#Vo] xé"dl"fr‘é 2po] 48%NA Frgulel 3
u] AL Qlckar Hargt o] 54 ] F-9jel] tjgh A
= wARgs B OMﬂE}. Su} PP 0]
ok (septumn) 1912130149 mole} (cingulate gyrus),!
129197 e 5119w oju} 14 (frontal cortex) Vo] tf
FAE LA At QAR diF-e] Al
| Zegek 2 ogkell o Al B4 el sk A
EAE Hagh A7 Btk FARay SAtellA A
7F &) o] o Wgithy Rud Ao R Alxu g
2,12 gangliodase, ™ GFAP,®Y Alg} A4 24 EE
AEZ2] P80-85 w Y S100 ¥ neuron—spe-
ific enolase,"™ 2177 M3 (neuronal cell) ™™ my-
lin basic protein’™”*?¢] tjgk FAE0IG Ot A

i

N, ot

N

Table 2. Autoantibodies detected in people with schiz-
ophrenia compared with control

Autoantibody to Findings Reference
Brain Significantly higher 117-122)
None detected 120)123)124)
No difference 125-127)
Brain septal region No difference 13)

Significantly higher 128)

Brain lipids No difference 129)
Cerebellum Significantly higher 130
Gangliosides No difference 131)
Hippocampus No difference 132)

133)134)

Cell nuclei Significantly higher

No difference 135)136)
Present in sera 137)
Lymphocyte nuclei

DNA

Significantly higher 138)
Significantly higher 139
None detected 133)

Anticardiolipin Significantly higher 140

141)142)

Heat shock proteins  Significantly higher

Gastric parietal cells Higher frequency 135)

Present in sera 137)

Platelets Significantly higher 143

Neurotransmitter Significantly higher 116)144)145)
receptors

Quoted from Jones et al.,
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Graves disease, 5% -F9%, 42714 3871 &

3 5 FFEA FAG BEo] vk ARl
M o8 JA5E F8A2] Zeel T stk AEde

=4 FEA gt ﬂ%ﬂE AT ] t My cholinr-
gic muscarinic 5&4),"** nicotinic acetylcholine
44, dopamine Dy =&, Bolar AE M; 2 M,

116) .
muscarinic cholinergic &4, > ux—opioid ¥ sero-
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tonin (5—HT1a) &A1 tst 27} A7) gxpe] &
Aol fola o wrhe Bavt Stk A7t dAvt
HAAL =3l FEAE ety FASAY e
NMDA 484 52 PCP A5 tist A} &
AT FAhe ARE 9ink R A1 Ganvnell
§1%0) AaRy @4 B9 o) My cholinergic
A gt 2} A HEAE A
ANFA A< oln} @A nitric oxide synthase (nNoS)
m RNA 3z 9l A Ags s 59,
A7} FAE DAL} fraket 28-S o zM tiE mu-
scarinic ace-tylcholine S=&A12] 752 &Ael Fd=

v ek 7o)t o} Ak 8k 47 v kL,
oI B12] Qiis AR Tl Soli) ke

muscarinic ‘|‘ )

o= Bala, Aolw Qi Sl AR AGEA 4
GAloll tig A7k o] whgo] QLS AAkeITh

[e] .
Borda 5''9¢] AAASEA 584 So]2 & o
st A7 AT FAEdHelx A7t WY whgo] ofdA
HPASR=AE olsllshe d] st 7191E sisit) 7154
FAl= A w7l AAAES AsfA A=sh=,
o9} whedsl AlA Aghe] o2, congenital heart block
= oFse] A U Ig G= Ao Al 9l
adrenoreceptor® mACh &4 ¢} Agste] &
A8} 8L w8k Trypansoma cruzi 243l <& &
Lx= Ao o] WAIss Chagas'diseasedlAe T
cruzi®] R chile] tidk dA7E A7k Akl 3=
A1 adrenergic &3¢} WA} HH-g3k] AUA|A 4
AE DS, A 78A B Alxy ]o
& oItk ” H58AEE(scleroderma) 7 Sjogren’s
syndrome®|A % M3 mACh F&A°] st 7153 =
7} 3|7} —I—ZH‘GI—E]‘I’E” 7154 A7 AARAGEA 5
Ao dgshd 444 ligand] ATHS Wallsted 4
A AEY olFE ‘Q OAX 715H ARALEA -’F%
A =AE AT ]744 AT FZF TS
g Sl A7 A7 AAESFol e (neuromuscular
junction) ol Q= /\]‘4”\ < nicotinic acetylcholine <~
A Agsto] A AEY ols= FTHIAA s
A 8A19) 75 AT

Tk AFHGEL Al oist A7t 7L 7154
ofghs Shhd A 3Ao] B 54 584 AlARel
A a3 X5t oq;LgoM: gitk o]Alo] vkz 4
ALEdelre] WX g deks AlE <AV E Aotk

o] 3k
= B

(3) Al o] 5ol thgh A7} A

WAAGEA FEA 5olA At FAg) Ak &
= 7t} o2 59 Lambert—Eaton o585 3+
o= L—, N— or P/Q—type voltage—gated calcium
channels (13} VGCO) ol Sold& 7F A7t A17F 4
el 417 Wke] Sl active zone particlesl fﬂEH
82 W3l(], cross—linking) 7} Yolthd AAAGE
o] Hu)7} AP VGCC A3t AP~ ghalA o) 3}4‘1
synaptotagmin©] 2] F2o]chPV 10 Al selx
o]} 2 27} AL wisfshs /o] Al elA

TRe 47 Ediou) algudsld oy} 722 g
A} 314 (pathogenic process) 2.8 Uojup= 9AkA]

A} FARE SRS PYATIEAE & 5 gk 29
U 3% 2RI sk R ofe] 7h Al
ThE 1 3ol Agle] HAT AT BI5E 9
Aol BREE YA A P2elof dek”
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2) E A PN
T WL s ZAME oV S E s A3 E Q)
t}, o2 S cardiolipin®] t)at &) 401617169 g
g(}_i‘”,134*136)164)165) 6(}- ds DNA 8(}_%”,139)162)166) gc}_ hiS‘
tone @_i‘”127)167)168) 1;4 ﬁ_/go]_/%qq] ‘:Hisl' fg_i‘”,li*}éﬁ)l(iZ)lGQ)
7o) sk a0 W g s gk 1912
e 27k Igiek

HSP 4] AAlEadige] iy olat wAHE 278
8 oldolit WMol 28 2eke] BA & ) w4
& 11 B0tk HSPE: A4 A5 HEsh: 7%
& 23 YgoR ol gt dAle] EAe AFNE V]
oo Alsks eRlow A8 e Qv Hg HSPel
oig Al ONSeli 9] ofe] 711 A7} o] kol

S7hetch whEbr] A $hatellA HSP &) &
A= 2} M 7)Ao] BIELS AR B Z=A7) =
4% 9t} Kilidireas SV Aanody sxto] 93
A 60—kilodalton (kDa) 2&7 w2 (HSP60) ol i
Sk AP A= NI Azl vlE] ¥ stk
iﬂé}oﬂv}. Z7)o] LHE 22 WEE FA AAE

It ole] Aol SJalA FAEAE Fagla Y
%Ev& AT S AREEE ALe] FA] @ <=
T s gPo s s we o Nk s 4
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QA o 5 dojlshas FEH 0T v oS
1ol 3xke] FHoA HSP 602] A4S gR13 5 31l
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o}4 wedl Al o 2 WoEkE odo] Q18-S A
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oy} Aol B2 o] 7k PRI TAVT B
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5. M G} ojFH MEHZ EOHET)?

izl A7} &7 A3 Evkar skejekE BBBE St
715 ofHuka A8k, o]Fo] A7t WS 7pdefA <]
8k ZAlolch BBBE CNSE Hashs 9e-s sid], #
24 ES s o glov 8 sRMES B9
4= Qltk o] YRk e R A= CNSE S0 & ¢l
B2 2t A deAle) g 24se] FHskEd
BBBell o7} wsiok gtk 21S ojnlsict” 12y
Aol % & 714 8= BBBE £3ehs Z0® Hily
Ak wet B4sd B Al¥E 9E BBBS St
o] CNSE Sol7p &A15 Atsiths 7% gkl
gy dizle A% BBB AAI7F 93 e "Wz
EAF ook 7hssit) oE B0, thdsleelA BBB &
Aoz nAsl dA7E w2 Sojzith Huetra 5709 A
Tl W= DNAS] peptide mimetop L2 HAE A
7} DNA 3L NMDA =849} §E--8h= 329} firAkeh
A E AAFslR=d), lipopolysaccharide X S.% BBBe]
e oy o AF e sfnf A AE E4E
O A 719147} WAEIT). Epinephrines th &3
< $7M711 BBB 7ES 2427 7FsAdo] Sldl A

epinephrine< & ¥ BBB ol QI3 25 A2 217

AEE EMA FE-Z78} (fear—conditioning) 2]
ple] ot Wk AP o= st gl s doTlrh=
3} epinephrine®] @A w7 2AA=4E &8s= =
Ax 2838 glFo] Ha¥qltk BBB7} GelA ®=
12 sl 4] ¥ 97t W54 Al Hoket
=31 FAl= w2 Ao FFate] 1A T ok
A A7k WskeE 4ol 4 ok Aol #
Z Mayilyan 51772 lectin 422 Ed] 24 AAHS
A 31A)7]= mannan—binding lectin(¢]8} MBL) %
MBL associated serine proteases (15} MASP) —27}
u7ishs BA| A o] FARAY SAflA] A7ds
ozl Hisl] S7kEo] vk R ushEA] Al
19| BBBAelel thgh 7Hd-& AASItH2# 1) MLB
AR FAo] Fold HAQ BI3E FEEA FX
AZ13 mAEL] Y 22 B3 A (activator) ol 2]3]
e AT Wl B ERARIGE FARa 4t
X o] AF wiZlES] Aol A o= sk o]
1 EA)oll 8% kallikrein—kinin system] g4o] 7}
Ho] glom F47e BTt glgo] B gk
oA mlAlEgo] BBBY FiMdS SV 4 Sl
olgA HH PN} ¥ Alo]of] F L] wElo] £
w31, Al SolAQl whifdo] Fefjz Sof7kd A}
7} GAE B 4 9tk ol M2 A E§A) E
75 A AEEAL w2t SVl Ho] 22
A& Ha W84 = (classical pathway) & &3l
HAE JsA71A Ee o) BBBel U] & 45 ¢
e} wPdAow sk 5] e WA dd ARt

e 4T 2P

Mo
SR
o

ox

TS A ol 24 S I
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5 AR 5 QLS Flojnh
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Microbial Invasion : e.g.
viruses or retroviruses

\
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[ e—

Upregulated activity of
MBL-(MASP-2) complexes

[ Genetic Predisposition

Activation of classical
pathway of complement

T

Increased concentration and
deposition of CICs

T

Excessive production of
anti-brain autoantibodies

activation via MBL-

T

Low level chronic
inflammatory processes

ty

High total complement level ]

Increased complement ]

Increased permeability of
BBB

'\ |
/'

e
t \

Elevated degranulation
of neutrophils

Other factors

Kallikrein-kinin system
raised activity

Fig. 1. Involvement of complement activity and activation in the pathogenesis of schizophrenia : A hypothesis (qu-

oted from Mayilyan et al., 2006.179) .
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