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1990 Lowrie V¢ AgRwl@Fo] ¥AFH &
AeA AREe] A AEE dEdAsn FESA
g, o] @77t wEHWEAN ARt ALRFUNEZTH
ARE Z7hel FHdelgm =AU AL, 1995
\J Bergstrom $°& CRP$} &3uls% H4&
#A7 4eg weE i, CRP =7 AAES] &<
Ae ve, ARYFEst s JPFETL B
G o] ohym AZAH ANEY 7HeAE AA
s 283 19979 Kaysen 5% ¥4F43% &
92N BAEL BAY ATES T3 T4 BX
e AgRTdZe 49& eAdNe] iR
U= CRP 2712 dEdE @383 g A
o) ermwge A2 WYL stgoi?, we
A AELEE 27717 AsME DANRE @3l
Ao @zurgel 1AE osa: Aol Yasdih
o A= dZe AR, 459 Fad, 947 9
ARzTe] #A, dZol AN viXe 9%, w7
B @Rl @29 9 2 FF9 Am A
wataat gt

HAM7etE (Acute-Phase
Responses) - &

gze) AbAA RoE “xFe] &t o] o
& o7l ZAHe REwgoR o2 A &Y
& Yozl ERolY &48 AL HAAYL, HA
o HAHES s 9¢ Fd'E Houth &
Aok 42L& PR B o dFFHAAA ¥
A Y BYdE Be WsE doth HE I
3 wdgERge B ERAAT, 4FeE dd
Arle 22 ugg FA7EE (acute-phase re-

sponses)©| 2+ 3L o,

FANEe “FAeW ol e B ¥
Aguo] W3 (Table Do B, A=, B,
ook 0 sEAe] Wl (Table 22 ™, AFWE
o BAsAL dZukgol 93] AAHE cytokineE
o] FA7|HeS Yov)A "t

Cytokine® AEzel Azdas 93 843
A EAA BulEE polypeptide®, HF&#9) cytokine
o oors BuME v BE 2 9g@ 7leol
qleh. oleid @2 cytokineol & interleukin-6,
interleukin-1 8, tumor necrosis factor-a, interfer-
on- 7, transforming growth factor 8, % interle-
ukin-8 £o] THAP O o152 o2l FTFH AT
A s 7 Fag A T e
AME dHHEC) o]E F interleukin-67F F &
A gNEsg 22 A38H, O cytokineEL 74
sl@m e} subgroupdl AaE vl

FA7IEgo] ale] Ego] HiE #rt HETle
g AR s, FAVISEHe) g FEoE B
o}, ol wule] WL U zFel| thE o, A
& 2 HeHPoM K& A LY A2 AZH
i gley, 98 7k 9T E g’

91=4 CytokinesOll 2|8t 247|cHuel
KRE ¥ I A9

FA7)eMe 19309 Tillett 701 4719 A
a4 Hd g oM HFTFY C-poly-
saccharidest wWwrgsteE w@Ql Cukg¥ (C-reac
tive protein, ©J3t CRPZ )& #A3EAM a4 A
. FAVIGHe g9ZAge] e 9 FFE=T A
2% 25% AR 27 (F FAIEd) HAAY
A (&4 FAVIeEs GEs Rogy?, F4
Jlamel Exe] Wi RE XA Bite
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Table 1. Acute Phase Proteins

Table 2. Other Acute-phase Phenomena

Proteins whose plasma concentrations increase

Complement system

C3

C4

C9

Factor B

C1 inhibitor

C4b-binding protein

Mannose-binding lectin
Coagulation and fibrinolytic system

Fibrinogen

Plasminogen

Tissue plasminogen activator

Urokinase

Protein S

Vitronectin

Plasminogen-activator inhibitor 1
Antiproteases

@ 1-Protease inhibitor

@ 1-Antichymotrypsin

Pancreatic secretory trypsin inhibitor

Inter- @ ~trypsin inhibitors
Transport proteins

Ceruloplasmin

Haptoglobin

Hemopexin
Particpants in inflammatory responses

Secreted phospholipase Az

Lipopolysaccharide-binding protein

Interleukin-1?receptor antagonist

Granulocyte colony-stimulating factor
Others

C-reactive protein

Serum amyloid A

a1~-Acid glycoprotein

Fibronectin

Ferritin

Angiotensinogen

Albumin

Transferrin

Transthyretin

a2-HS glycoprotein

Alpha-fetoprotein

Thyroxine-binding globulin

Insulin-like growth factor I

Factor XII

Source : adapted from Gabay et al

Neuroendocrine changes
Fever, somnolence, and anorexia
Increased secretion of corticotropin-releasing
hormone, corticotropin, and cortisol
Increased secretion of arginine vasopressin
Decreased production of insulin-like growth
factor 1
Increased adrenal secretion of catecholamines
Hematopoietic changes
Anemia of chronic disease
Leukocytosis
Thrombocytosis
Metabolic changes
Loss of muscle and negative nitrogen balance
Decreased gluconeogenesis
Osteoporosis
Increased hepatic lipogenesis
Increased lipolysis in adipose tissue
Decreased lipoprotein lipase activity in muscle
and adipose tissue
Cachexia
Hepatic changes
Increased metallothionein, inducible nitric oxide
synthase, heme oxygenase, manganese
superoxide dismutase, and tissue inhibitor of
matalloproteinase-1
Decreased phosphoenolpyruvate carboxykinase
activity
Changes in nonprotein plasma constituents
Hypozincemia, hypoferremia, and hypercupremia
Increased plasma retino! and glutathion
concentrations

Source : adapted from Gabay et al'”

dstel 71d@th F7ke] =7)E ceruloplasmin 29|
S0% BE F7HlE ROAMEE CRP, 8% amyloid
A % amyloid A9l ATEA o] 10008 H%Er}x)
dests A= Ao (Fig. DY,

BE71dHe] WEEEE A M= o
2 A9, 94, 7, 348, 23 A4 o8 "oy
A &L crystalol A48 4% 2 AP o So) g
O TR Wit A9 &5, YA 9 B o
A Y £ gd Ae FEe MgE FAA A
A2 Folu o8 JAAGN BRIGLR we
HE2e A o8 FAvIgme] A Zrps)=
AR, 22 Ago] YE e o)A A gol
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Change in Plasma Concentration (%)

Transferrin

0 ? 14 21
Time after Inflammatory Stimulus (days)

Fig. L Change in plasma concentrations o some
acute-phase proteins after a moderate in-
flammatory stimulus™.

zolae Ae otk & FAIGYel FE Aol
Aol &3 waAED, Ao wdo] Sl= A e A
CRP =%/ 344d += At

1. CRP

CRP: 247 ¥ge WEHY NEY B ok
g, we 9¥g ¥3szn Uk CRPE A3 (innate)
wozAe] 4= CRPE 579 $Y¥ subunit?h
pentamer& %433 oitH¥, Mzl phospholipid
o AFsE ol o), ¥ WA B opi &
A9 AE2) phospholipid ¥l AT F RAA
= gAHE, o8 AT AFAIE Rel F
71%olt}. olal® #go2 o} CRPE AH4H A
T4 AE/He Botd 2FF MEE AASE I
ge 8= oz 2251 AW’ CRPY B& &
& vdATM @24 cytokined} tissue factor®
Buz7t A7lE Aolt™®. sixet CRPE It 4
A8} transgenic micedlAl B CRPS AAH
o= g9z’ ® olg@ CRPS &3+ L-
selectin® METEW B FYo2A FAT
um A 2o B3sE AE gASAYY, 24T 9
% superoxide®) 44¢ At 3, 281 9¥A
Fo o1& interleukin-1 F&% AFEAel 449

zZ7tete 59 Sol o3 49E & Ao AT,
2. @& amyloid A

o)A ohe Fa FA47IeHd ¥ amyloid A
= & gEiA A otk ¥H amyloid Ax 44 ¥
o] 3H|ZX|gule] WA ¥H-gEE apolipoprotein
Ade Edz FAHY AL, 434 T¢ FH=
HE dAl 98 pAG? . £8% ¥ amyloid
A: A2 YukTe] 3% chemotaxis® ¥
o, AUEA G Ae] F/HE FAA AU
2o Wy sdse Aoz FEA ATF?. 234
amyloidosis® W AEABel Ye A4 ¥F
amyloid A 557t A&Ro godN yehd F+
zoz Azt": Yo’ =3 VA amyloid A8 A
7229 amyloid P component Alzheimer®§9| &
gl Ay Aoz gHAn A, CRPS se-
rum amyloid A8l ATEAEL ¥KT RF2E A
2 AyaA g92se o

3. =apy

wAgde 43¢ AU AN BH9
= WEAQ FA7IEHejtt. Classic pathway ¢}
BA FALASE dRE FAVIGHoE WLE
dAH FAHoE 94ZFe fuste 4¥E FYseH,
o7lele HZT #HE EA 84 mannose-binding
lectin® TEEC 2AgHRE FATE GAAX
29| chemotaxis, AZFMAe dFdy F&z
ZaFoll} £48 MES opsonization F& FLT
I:]_11. 24)'

4. 81 ¥ MRLBH BY

zA e AE 59 wold ¥Ygust Hf
Ag8e 248 & gEA Yok B3I HHade
247 duoeg 2ARTH FaF FFA WAAE
23l BF (spreading) ¥ F4& Yoy, EF ¥
dgxy BT Yaw 7 TG e I &
Fo] ARAEE ARAE Aoty BAUWERF
AE ¢ D-dimer® CRPS A##AE Huslo] 3
o),

5. Protease inhibitor

@ 1-antitrypsin, @)-antichymotrypsin, R pan-
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creatic secretory trypsin inhibitor 5& 25 84
3he A EY FHT ARshe Bulels prote-
aseE I3 AE& dv wA FPzEe
EFA. Zt2be) inhibitorS e oo proteasecl] i}
47 g Bol4S Jehit wa @ 1-antichymo-
trypsin superoxide anion®] AAE s},

Sazschy

Haptoglobin, hemopexin % ceruloplasmin %]
A71el &3tm, FA7|uEgAA o]Eo] Zrpme =
AL Ayl 24& awsy) 93 ey, mm
& g AT Ad Wastng FAs ek
A AT Qe o g2 Fol: AL =3 Zg
stttk =3 o] gwlke] we Fgyt oxygen free
radical& AAs= 44sb28-8 b Haptoglobin
€ dRYLE ATe] AHA G2 FErp®)

7. Other proteins

Granulocyte colony-stimulating factor: <o)
A BT 14?5%4—4 TE gAY A< By
& YA dzuee TG,

8. 34 2YJIcHy

‘:]'m AT 54 %"6‘7]‘4"—‘14 YFY transthy-
retin® SHAMEY YL 9% interleukin-1 "3
e AR PR, ol Fat 3 A d=
YA A Aop?, grme o ool éﬂﬁ}i—
M T don AYRuYZon okEe g
B H]go] Tou} ko) Ralgol Mgy} Zrly 4~
goug Fogo} g}

HEM CytokinesOl Q&
&S v 9 1 9§t

1. MAURH] gis

WEE FA7IWA g ExHe A7 )
#stolth, HE t}kgt cytokineo] s xgk gy
o] dojut= ntAut GA o= M7} (brain stem) ] A
A EE interleukin-67} ¥ 23, skAet cyto-

kinetho] A& fuats AL oyt & 7oA
subdiaphragmatic vagotomy & Al&J3F 2 ejA] lipo-
polysaccharide® H73U2 FABIE do] g A

= Wdikgo] dFonE dun: R ousictn

A, wde Waye 2093 Al zehg oA
)\]7]]:]_3%
A5 SHHE 428, 29 (somnolence)

719 (lethargy) 59 35 ¥W3l 9A cytokinesol
os fedt 453 #UY 2Y (somnolence) &
AR 2FFE AW F Yo 482Ae oy
cytokinel 98] GI motility7} 245 3, 4k 7}
AEEE, S Ug ARZE dog)s wro
Azt a Ao, JaRd e wdst sl A
B71xe] #elEo] rt. Interleukin-14 o lipopoly-
saccharide® E7J FALE o]%d] 2amzo) gt
HeW wFAZAEY #go] Bas} Sarraf £
& cytokinesol &) ADLAEANM lepting] Hu)7}
M e olAE H8RAe Ags Aoz uw s
o, Don 57 ¥WF4 BAA S.8lel leptin
TRt A9 s

Hd olele) the NFWEH EE cytokines,
hypothalamic-pituitary-adrenal axis ¥ A7 uj&n|
A oe ¥stsel ExstA d8u. o2 =
o] HE#Y cytokinesEe corticotropin-releasing
hormoned #4581, ol& <18 corticotropin® cor-
tisol Fiko] FrlEm, Te BNS Ay zssw
gl Glucocorticoids = ’é]f.f} Ag Tkl YAty
FEE FrAsh=E F Ge dn, oe shx) gm
Aol oig wWel ¢ Cg}it‘ﬂg% Z43%r). Interleu
kin-6°l 2|8} arginine vasopressin®] 44o| Z7}g
o AvEFEFL dozint

Interleukin-1 8 Y} tumor necrosis factor- a = ZF
HEANX ] HFZER 89 WHL BaAA A
FEEE heAS Wolra) 1 insulin-like growth
factor 19} EFF=E 22F". Interleukin-6% 3}
O AAEHE transgenic micel Uw A3z ol u)8)
insulin-like growth factor 19] ¥ZE%7} Y, A

Aol A} o]l AMHE Bol VHEZARo] Y=
aotellA Al REHozUnl AZA cyio
kine9] 7} wjgelztm Ao,
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2. ChAlel B8

2o NE olgtAgol FAH L, FRETFTE A
A, AazAdAE AWyt FrtEY, o2 o
# Z7te HESE $FWold #FAdE HAXA 9
Frow TIHAL AYHE AT HEOE A
He ez Azgg'?. AAEAAE lipopro-
tein lipase BAE7 #AHW o2 A F7Hd ¥
z g e lipopolysaccharideol ZAgstd 1 4
& gargozA uAEe] AR Fole) ToIBoh,

A Ay oh FHAYAAAEFOIY ASKH F
Az o] ol AFoz s FA7INEl AEHY,
olggt iAozt A&Ee] FAST R AT HRE
2aM 02 cachexiadl °l&TH”. o7]o)E inter
leukin-1 2, interleukin-6, tumor necrosis factor-a
9 interferon-y Fol ®F #oj@n* . gyoz
Ag A= AEH azdMHYE 7N B4
g cytokineel 1% W37} AEHY AT,

o3

3. ZioiiMel st

g =4 cytokineE< inducible nitric oxide syn-
thase, manganese superoxide dismutase, MICroso-
mal heme oxygenase % tissue inhibitor of metal-
loproteinase-1 59 FHAEW EAEE WIAAG
' Heme oxygenaselt manganese superoxide
dismutases] AAF/HE 2B A% =HEYE
Zo|i, tissue inhibitor of metalloproteinase-1+=
metalloproteinase®l 72l #&& F3do

Interleukin-6= 24242 metallothionein?|
BRe ZANA ot AFE FVHATR, EF o}
ARFZNHE LT

4. RSN s

H3=4 cytokine®] erythropoietino} W& HET
ATA S WA ¥ erythropoietin® A7
8 gadEaRee AR 4 #aY g A2
sto] wrA A G| A 9] WIge] WA JTE d= A
oz Az Ul FE9 FUdAE e FE
interleukin-43 interleukin-139] AF2.2 Q8] F7}
9 apoferritinel 93 HAME el Hie] Az
(sequestration) SHA AAF?. @F fAelxef &
A%Z712 ¢ interleukin-6°1 o8 A7,

A Aol AFNE T —

FMourgo WEXIE} ANH F8Y

HE 27t Ago] di3 SolHelAe FAT, H47)
gme 2QsE Ae 4FHA EAd AxE W
g oM gAMez Fasch & CRPY =
e nuz7gA FPeosyH ZAPARE e
¥ 2olx, P AGAN Ame Hagolt ARE

=22 Hriste ddl fe3ith 2E FAALaA
Ao} |AEHAG T AR FRAME dFE
Bgseds Bgo) 9t

CRP: zA&A, 4% 2 #d 59 A3 s
cytokineo] Z7HE 1 UM F&sA (6AIZF o), &
Ag 271 (-1,00081)F JehiE b8 dEHd 54
shegaol o g7y @atzy] (194174 frac
tional excretion rate’t Z4d, 4% % % FA A
AAyelal zpol7k itk ol ARdEC] CRP7E A
AZBHE, & cytokine AF FEF vt “pre-
cise objective index”"2 7PF @ ol&HE o]0l
=5

gutd ez HYFARET (erythrocyte sedimen-
tation rate, ©}3t ESRZ Z¢HE FA7IWHee AR
2 ®@o] A}gx 1 glth ESRE dF¥-E HA/4¥ ¥
so] wal AP} HAAEA 9 ESRE A 53
o, gase #4708 549 ARV dve FHol
qltt. 1ddE B7stn CRPE ESRel w3 oz
74A1 Aol Atk ESRL A FA7IGHe] AL
Ags H¥Fe A7), BY L SR o} HAYE
22U ge v FEA MR A T
& wth gty st R, dze e
Qo7 £t gtk HE ESRe| 19208 E%H Az
olF & LAl URAT, olME HFrds A 4
& 917 @l oj2jd HHAN PPe o o ¥
834 @tk gxel AEs A w2t CRP: %
7] Walis ubd ESRE Atid ez 33 Hstdt
ESR& uold mat F7hshd, CRPE 1¥A ¥Th
CRP2] Wa¥$i= ESRel sl Wow, oz ¥
7b ol #A Jehdtie Hold ddHez Aol
g 4 qul. deldez AN FHARRAATE
CRP %7} 9439 ¥y A=s vlasA deh
Ak el 7d wee XY /e e

o spRluk 343 AA serositis™ W ¥HJ syno-
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vitis ol = CRP7} B¢ & QU7] g&d #jae] =
oJafjo}f g},

Young §%'& vl 67h) AgolA CRPe =
Aol f&stttn Ak @ welol ol g
Aol g vhe-g B2 o, @ Fuo] wa yR 4
Hol A a%-e 23U 2EdHE U] SjeN, O
AU THA G Folg AYYNTE BN A
B44est A9 e sy feM, @ FuiAyad
Holld AREAEY Agod] g gL Y7 93
A, @ F€ F AN 454 FH9EL =27 v
371 AEA, 2 ® EF014 R B o)y
HsFuhee sy 4% 23 Solo) sixw
CRPE: Bol¥ zgdge 2v¥ £+ 93, &3
defeotd] g ZdH miolgxd] o UL 7
a3y = Qo

B2 A4edE CRP ¥%7F 2 mg/l ©]8to]A]
gL d¥E 10 mg/LHNE gzith A= gingi-
vitisth trivial injury Z-& AU d=ukgd 4
Ad & glon o] Axe A e YAHor Fgst
A e Ao A2 £ 9ok 100 mg/l oA
@zte] 80-85% drH|Eole] oJF Aoz Hyztw
. Mcintyre 57 48 9% (hREe 74d)
o] lv 54 &3 249 F 229 (92%)9A CRP &
E7F 50 mg/L ololgtm &ttt Osteoarthritis
A, 53] progressive joint damage’} QI& Fapo] A
10 mg/L olste] ARt Aaelnthe ¥ vt B3
Hed, ol o] AFoE PFo] BAHY 2L 9
M@, CRPE HAMIPH} mg/L9 me/dLe} 27}
A2 BiHEz 72t deddME o Ru=itx)
Z gotg "ot gk

Hol= 71&9 CRP &AWl v 0
& ZYIZE CRP (high-sensitivity CRP) g0} A}
&85 AP P4AolA high-sensitivity CRPE
high sensitivity ELISA, nephelometric, and turbi-
dometric methods %9 Wyoez ZAF Agd o
29 F9gol 058904 113 mg/L Abolg®. @z
21,3999 L dgew sty high-sensitivity CRP&
4% Bie] m2d FYFL 064 mg/L, 75 per
centile®} 95 percentile® 2tz 1233 401 mg/LY
o EAFY @A 62901M9 F4E 2.3 mg/Lo
2 4ol vs) 84 Eten) 75 percentiled 95
percentile 22} 6,19} 384 mg/LRt,

¥% amyloid A: ©i7l CRPS wl#jsin, ®%
amyloid A7} t] 9¢ NEe Bae Qo 8
A ¥ amyloid Ax EZ35o] U= o} <4}
HogE MR AMEHA Erh

34480l Ut FAAA cytokine (5€ 2 4
)Y FFEx dTFHAoY, YwnHog wizly)
7b &3, BEEe AxTF Qo] 2Ho] oy,
¥% interleukin-6 FEE @248 U Bzl
A ey e d3leg yehdds RS Al9)stn
E CRP 3380 42 He o,

e A@elx & YAl cytokine WOl o}
e Hog Hol cytokine EHES Yo WA
7HE 7H Qg Aez® A4AgS . gxu
M= WAL EFSE0] YA ol YAbolA
cytokineol\d 1 £4-AE AR gn

e

[
“

HEL SUANASO| LA

19784 Joris §%0] SuMAsIze) wyd Jzur
&) FdHo] ki Bud olF th4e dAFEo)
CRP 3+t F9W4slzye Bude Rusguh
1990l Berk $%.0] B4y P4ZolM CRP
45& EI3YL, CRP $EE coronary, periph-
eral, and extracranial brain arteriesol]*19] E=7 8}
39 A== el Y™, CRP =9 Ao
FFYY R oAy A=Vl Uz FHNE
B4Z9 Ao Algat fod Aol AU 7
28 Role 4Ag dgos 3 A dFdME
ol2F AMdo]l YFHUZ® ™™ US. Physicians’
Health Studyell4] Ridker 5 (NEJM 1997)2 CRP
=7 W 1/4 (highest quartile)?l AJ¢lo] @ of
B 1/4R9 A2AF0] 4 #Eo] 34, HEFo]
AE Fgo] 2d AE oz AN Be A7)
A CRPE Yo|, §4, 4929 2 X3 59 ga
¢ AHEIRER Bl YE Aoz Yeygg®?,
A2k CRPE ©# ¥ confounding factorEs X3
T oolFoE HURARY EYHoln 2HF o<l
AT B¢ CRPx= A Ao £35t: o8 ARG
E o ZEE 428 waygt @,

F5H AdsAne #AYo] s Park 57 3
F AFadEErt BUARY AEAPYZe Y
4 A¥AAGn sk 957 EBHS (vascular
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access)Fe] Aol sl Song 50 ¥R M
QETrt YRPS A 53 dEdAST A
. o] ATESAN ¥H &R FEE ZolE HE
oo}, CRPE 3A4HA 23t

1993 % Natureol E%7 2% ¥ “Response-
to-injury hypothesis"& ZE3HE Ross"= 1999
W% NEJMol 2EF review articleold $9733Z
o] z7)%Ee A wAHRAPo] FFNEFH YA
gaso] gox sn FHANSE AFA¥elHT
4 (Fig. 2. B¢ 2% $9%433 A
Aol MERS zge RARE, FukAA #EY, A
TAARE, HAEE L THAFE F de g
23-44F44 ABoINe 2EHoEE QEX &
a5} (Table 3). #P7E FAFSFoIU o
g APdME =EI FopNgBEdHR HAAFKZ
Auk g, s FelgREdy 3¢ 20
go] APTFREE AR} AT, oJEE FE
AT HAET, g gzt 9
g7t F2 A43std, Aoy W mde 4o
1, ojAE AF M§24 (pannus)o2 A€ ¥
Hegzel ASE Z7)6 AETE AEGHA e

TOXIC INSULT
(Modified lipoproteins,
hemodynamic insults,

infectious agents, oxidative
stress)

O,

ENDOTHELIAL

DYSFUNCTION

(Increased adherence, permeability, — —
hypercoagulability, expression of adhesion
molecules, release of chemokines) @

INFLAMMATORY CELL
RECRUITMENT
(Adhesion to endothlium, migration to
subendothelium, release of cytkines, platelet

7= sAT 2IHo ARt gA4sE dddd
Ne gAAES dnre] Ffol Ack @A B9
A%y g QYFNSEL 2 Ao @
5 ag®.

3 92 8% ooy AL FUAFHRF
A A7)E 2oz WHAL AFide F4NEE
Aol EHAHFe] HPARAVIE stk e F
HureE29 WA amyloid A% ceruloplasmin 31
¥]Z= 4 (high density lipoprotein)& WEAIA,
Au)ZA @ (low density lipoprotein)®] 233474
2 Juste 2488 WEHFY™. Ceruloplasmine A
A ge AFHoz ARNA FHZFHF T
Ag zANAT

=% CRP AA7 98] 713& B3 $Y335H
o guze) 2Ald ARF oz o Tde FAE
o] A, MAEZ, CRP7 &4€ AEo| A3t
BAAE 84 AA 24e3e 4ot Tor
zewski 9& WIAZ oifdl e AFMES
CRPA & Mo ¥A4e UelL, intima®l deep
fibroelastic®} fibromuscular layers®l= activated
complement components$} ¥7 CRP$] P 9 3k

THROMBUS FORMATION
(Rupture of the fibrous cap or ulceration of
plaque, continuing influx and activatin of

macrophages)
activation)

(o ® | ® o | ® & ® [ ® |

t
® |

FOAM CELL FORMATION
(Uptake of low-density lipoproteins by
monocyte-derived macrophages)
FATTY STREAK
(Aggregation of lipid-rich
macrophages and T lymphocytes) @

Fig. 2. Development of atherosclerotic lesions according to “Response-to-injury” hypothesis

FIBROUS PLAQUE
(Progression of intermediate lesion with
fibrous cap formation, mixture of

INTERMEDIATE LESION / inflacellular and extracellular lipid,
(Layers of macrophages and smooth
muscle cells)

increased matrix proteins and necrotic
cellular debris)

78, 81}
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Table 3. Characteristics of Atherosclerosis and Other Chronic Inflammatory Diseases

Disease Monocytes & Lympho- Granu- CAonnective~ Extrace!lular PATHOGENETIC
Macrophages  cytes  locytes tissue cells matrix MECHANISMS
Atherosclerosis + + - Smooth-muscle Collagen I, II, IV Endothelial-cell injury and
cells elastin, dysfunction; fibrous cap;
fibronectin, new matrix formation and
proteoglycan degradation; necrotic core
Cirrhosis + + — Fibroblasts, Collagen 1, III Parenchymal-cell injury;
Ito cells new matrix and scarring
replacing necrotic parenchyma
Rheumatoid arthritis + + +/—  Synovial Collagen I, 11, Synovial-cell injury;
fibroblasts fibronectin, erosion of cartilage;
proteoglycan new matrix scarring (pannus)
Glomerulosclerosis + + - Mesangial cells Collagen I, IV, Epithelial- and endothelial-
fibronectin cell injury and dysfunction;
decrease in glomerular filtration;
new matrix formation
Pulmonary fibrosis + + +/—  Smooth-muscle Collagen III, IV, Inflammatory exudate in alveoli
cells, fibronectin and bronchi, organized by
fibroblasts extensive matrix deposition and
scarring
Chronic pancreatitis + + - Fibroblasts Collagen, Epithelial injury;
fibronectin periductal - inflammation;
proteoglycan interstitial fat necrosis:

new matrix formation

Source  adapted from Ross™

Aol #FEUGL Haatgd. CRPE activated
complement components$} 2] infarcted myocar-
diumelA H2E o] wAUG A2 CRP:
AuEA Gt 2 A Fx o] F§acl*™. Bhakdi
5%& CRP7} #3819 LDL particlesol 23tste] 9l
A FHAERFY £7] lesionolH #HEIGT B3}
ek MAZ, CRPE monocytesoll 213 tissue fac-
tor AAE B AFa0, oz mRe g

SHAAL EA solN 1S AHADE,

oY AvEel FHANTY Had 2279 7y
@ (herpesviruses & C pneumoniae)e] @B&o] g
01 RusdoY o) HdFze AL Ty
WEEdoit thE 71w FUAsA Wl wy
HAUS Y. o] BAFGe] W P 27ty e
ATAYZAN dFE 9428 4 A= AFega B
PP el e BFatm o] HATS] £
Aoee dote AP AL QB BM o)
dETEl e 23 Br)dA dA=E A,
ol FATE TEAN FAA SuUHszo] Sty
A getE AAde A8UAREAY M54 E Fojm
ALk AT AR @AM g 253 g Sy

0

255 fuE bsde Aot
WIIMSHM CRP E719 E24

1988\ Sethi §%c] HARA B 35%0)4
CRP7} 455042 Mgz nud of e o
TE0l 4 #AeM 9F9 wEst e AL BT
3T (Table 4). 2 HEE B4 why Zuby o
cut-off leveldl we} chany 12%oA 65%743 B3
g9,

FY @2l dFD AAHA AlPge BAS
A= 6O o]F F Noh 59 dAFgte] ®ut
F4 @AM APEAT e dTEL ARy
Barg oo @ Sk (Table 5). °]% % 4304
CRP, & d7olA interleukin-6, T}& & QAFoa)=
R gFwel AAHA AFES Y #F dag
a3k

95 HEAAE AFEY BAE ATE 489
=% (Table 5) ¥ Zimmermann %3} Yeun 5%
2 CRPS uol7h A¥#AAY AES d=si=y)
M $a¥ JdAS%L Yok Koda 53 Ohasi
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Table 4. A Chronological Summary of Clinical Studies that Assessed Elevated C-reactive Protein Prevalence in
ESRD Patients

Author Year Study group Method (ngrig:iu;g;yg &) Pz;ltil;gts(:lv}vlgth
Sethi et al® 1988 99 (HD) End-point immunonephelometry 5 mg/L (<10 mg/L) 35 (HD)
Docci et al” 1990 30 (Control) Nephelometric immunoassay 2.7 mg/L (<5 mg/L) 40.6 (HD)
30 (CRF)
69 (HD)
Mclntyre et al® 1997 98 (HD) Immunoturbidometry ND (<10 mg/1.) 53 (HD)
68 (PD) 25 (PD)
Quereshi et al® 1998 44 (Control) Immunonephelometry ND (10 mg/L) 53 (HD)
128 (HD)
Owen & Lowrie® 1998 983 (HD) Rate nephelometry ND (<8 mg/L) 35 (HD)
Noh et al'® 1998 105 (PD) End point nephelometry ND ( 8 mg/L) 12 (PD)
CREED'" 1998 112 (HD) ND ND (0-5 mg/L) 65 (HD)
Zimmermann et al'® 1999 160 (Control)  Nephelometric immunoassay ND (<8 mg/L) 46 (HD)
280 (HD) 25 (PD)
Iseki et al'™ 1999 163 (HD) Turbimetric immunoassay ND (<6 mg/L) 21 (HD)
Panichi et al'® 2000 201 (HD) Laser nephelometry 1 mg/L (0.1-4.0 mg/L) 47 (HD)

Abbreviations : ND, no data; CRF, predialysis chronic renal failure patients: HD, chronic hemodialysis patients; PD, peri-
toneal dialysis patients
Source : adapted from Arici M & Walls J"

Table 5. Summary of Studies Evaluating Markers of Inflammation as Predictors of Overall and Car-
diovascular Mortality in Dialysis Patients

Study Year n Modality F/U (Y) Independent predictors of mortality
Overall mortality
Bergstrom et al” 1995 128 HD 4 CRP
Noh et al'™ 1998 106 PD 2 Cardiovascular disease>CRP>hematocrit
Bologa et al'™® 1998 90 HD 25 Interleukin-6>age>albumin>body mass index
Owen & Lowrie™ 1998 1,054 HD 05 Albumin>creatinine>total lymphocyte count
Iseki et al'™ 1999 163 HD 7 CRP (not analyzed for other factors)
Yeun et al'® 2000 91 HD 28 CRP>age
Cardiovascular mortality
Zimmerman et al'® 1999 280 HD 2 Age>CRP>body mass index>diabetes>albumin
Koda et al'™ 1999 390 HD 23 Lipoprotein (a), age, diabetes
Ohashi et al'® 1999 268 HD 5 Lipoprotein (a)
Yeun et al'® 2000 91 HD 2.8 CRP>age

Source : adapted from Yeun & Kaysen“’”

=®o Jinoprotein ()7t ABAAYR AFES 45
s= #8923 34tk Koda 5'7& CRPE &
Hagort thiF BAdAE Adddd. AAT
lipoprotein (a)3 CRP¢] A##AE AFE ¥ FE

i sk

WIIAIRE BRI CRP S712| #el

& g dPdAE nag o Ao

739 WASENFA A YPgl FFE vIAE
292 BAE IkizZer ¥V CRP% bio-electrical
impedance analysis& ©|&3&c %73% lean body
mass7} Qg EgHoz JFL wAE AAH

24 S 929 4d& A F43% dd€
ol BA3 Zag 49902 UE § dew, 89
2o Mol B&E, AT AAFHTAY
(bio-incompatibility), B##HZ (vascular access)¥
A% subclinical infection®}t} microbial coloniza-
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tion R AXF @S YARHTH Fo), BR=ioA
= FAYY] HARAGA, EgsihE e} B¥E sub-
clinical infection®i\} microbial colonization o] ¢
VY A2 FHAG. AR BN 2EF
8922 85% 1 A, oxidative stress9) 7,
Chlamydia &¢] #4179 2 FHH3ZE Eo] H9l
o= AgZ]'E]:E %lqm‘ 112)'

1. HUmMO 3 Raoy

A5 ¢ A9 AePr gFuige o
ode ez AZdEd. ¥ 29 mononuclear
cellso] FAgo] @AY e oo =Nutg
lipopolysaccharidedl 2+ RHo] dZwse Yo
cytokine FE2 F7HE & A Aoz AdEg
"o BAu 2o =Mdg ma AR Hie
Table 69 2.9 9t} Honkanen 59 Ajaj
A% FATU cuprophanolvt YAAF EAjmro)
cellulose acetate ¥ polymethylmetachrylate 2] 3
TH FHY EZFM IL-69 CRP/F Z7bsutn
BEudtdch. F4 F 24A47+9) CRP $5E8 =x%
crossover @7 w=W AdiEoz yAAFHA
polysulfon F4utel wia), PAEHFH2A cupram-
monjum T4 uellA £4 Fo| CRP7} 937 =
A, 158 ®H cuprammonium membrane
% 34 endotoxin filterd A3 E4e A& 7
F%= polysulfon $4e] w8 IL-69} CRP7} =
O3 Hudte, RNdutE S F57} Yo
4 9 FANEY Aol gdu U A=
Memoli ¥'%8 ojg] Eehe] HadTE Fsho
synthetically meodified cellulosic membraneo]1}

cellulose diacetate membrane& AMEE A$71 cu-
prophang AHE-3 Z$o Hls) A CRP %57 v
o, GRYFEE Bt B IY)

2. Moy

FHo A HE £AE 9E0Ld IFL nx=
Aoz AR =rute £8 lipopolysaccha-
ride®] back-leakagelt “less—than-sterile” 4o} o]
AHgel B4 fEd 9438 9oz 5 gE Aom
gAA A, B AL filterstd] endotoxino] 7]
v FAYes BXNg W cytokine XEE g
T Bzt om® oY e nEmy we 4
€ o o F23 Aoz AA4HP? gxu Papi-
chi & 20189 %4 @48 gaoz A7 2
B T &&Fol HE& hemodiafiltration WHH o)A
We] £ wls) CRPS} IL-67} $rojstA =
Hushax, 2583y Fagolu} £9jd Lo
hemodiafiltration®l A2} wtelgjols} By B
=9 ¥Ho29 AF (backfiltration)7} A He
FTHHE Fadcin sk

3. REFEIQ Wy

Kaysen ¢ 8454 819 wyws} CRP7}
Aol EXdol} FAute Ry mo
T 83 5ol Bgo] 4AY Ao}z sk 1
< SAYURY Az¥AL J1F R AuA
BHEE 7H) @AolN 83 9Rw Fxi g
dottka sy,

X mo L

e wo fu

@ 6

- |

Table 6. Dialysis Membrane, Dialysate and Acute Phase Response

Author Year Marker Results

Honkanen et al'® 191  SAA, IL.-173 Increased in all Cuprophan (E2), Cellulose acetate (CA130),
and Polymethylmetachrylate (B2-1.0H)

Herbelin et al'® 1991 IL-6 Cellulose=PAN

Schouten et al''” 2000 CRP, IL-6 Cuprammonium (AM-UP-75) with or without endotoxin filter
>Polysulfon (F 60 S)

Panichi et al'® 2000 CRP, IL-6 Hemodiafiltration with low infusion volume or
High-flux membrane >Hemodiafiltration with
high infusion volume

Memoli et al'® 2002 CRP, Albumin  Cuprophan >Cellulose diacetate membrane (DN1813-15),

IL-6 Synthetically modified cellulosic membrane (NC 1485)
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4, wapmaol U WMo EE

Haubitz 23 McIntyre 522 E%%4 8%
o B3 WA @AM} CRP =7t t &R
1 pasou, Kaysen'®e AR g AA
Qo] WARA @AM Hrh BRFA AN o
weoim 3Tk (Table 7). B%5A #dA CRP
z7te) fiQle] dial 2ubEAde] AARHTA W
g Moz AZLYWS® Butmyoex WHEHZ=
7b2A (plasticizer)™ 1t Ea7te el g A H-A
g 2oy M g5 @ ddeR F
253 ok

5. R%8

z27e B4 A DHARE BAINE F7HHA
gn YATH Fo Frienn sAod’, oFs
AFEANE FHYE wAARA BANAE CRPY
424 cytokineBol fdA F7tHE Aoz B
Srple 2B 1D (Taple 7). o] Re 8EFF 1 A
A7t dF4EE HLE F ASE Axd AR,
252049 939 9do2e 854 54, 93
Agel Wst 2 ASY 2EH2e) 3 FE €T
%l\i}sl‘ 112)‘

6. #¢d

Ade B4 N EF PIF T R,
ug zrdel Azol gE A$7h Aok Graftl &

Zo] A7 A$E $1¥ A9 vhviAE BN
e 270 YertA @A CRPY €] € +
on o] A% Win WET 24 9 AL 28
g & A

A8e 24 @xolA A uis 10M A= &
#4719 1 fEEE A% F7hn Q. #FA4
= 23 247 8 & Yol 58 olf glel CRP7}
z7t50] Qe ASE 2¥e i & gavt o
gHo] e ALE 929 J¥E/ O BE AL
2 g4 Jom®, oRe FxwolH Fo el
Z Q7 ABE o) g Aoz AZHIL At
BulEs gy Bugoes CRP7/ ¥6dE +
Atk

A71% uiel 2o} Stenvinkel sWo 24 gz}
5 gz 12719 F A%H 2&%E FH4
A g A SHASZe) AYP 82 (223N 7
A IL-6 5% #Chlamydia I[gA FA S 7Pt ¥
gtony thAFEHAA 714 IL-6 FEwo] THA
gz9 Age d=sgdotn BasRc ojgL o
& Azt 24 @A|N A£HQ Chlamydia Z9
o] IL-6 FEE A&5A71L, o2 A FUAG3ZFO
AEE AL oulshe Aoz dAAth

7. SHANHS

A7 AR AN AET FHEINF % BA
g §AF 9UA AF (cross-sectional study)E°l
o&W % CRP FEE 11299 AT #xjolA

Table 7. Comparison of Inflammatory Markers in the Blood Among Chronic Renal Failure, Hemo-

dialysis and Peritoneal Dialysis Patients

Author Year n Marker Results

Docci et al™ 1990 Control 30, CRP HD>CRF=Control
CRF 30, HD 69

Herbelin et al'™® 1991 Control 33 IL-1, TNF-a HD=CRF>Control
CRF 16, HD 32

Cavaillon et al'’® 1992 Control 13 IL-6 HD>CRF>Control
CRF 9, HD 14

Pereira et al'™ 1994 Control 15, CRF 29 o.-18, IL-1Ra HD=PD=CRF>Control
PD 13, HD 42

Kario et al'™ 1995 Control 30, HD 54 CRP, IL-6 HD>Control

Haubitz et al'™® 1996 Control 33, CRF 16 CRP HD>PD=CRF>C
HD 21, PD 24

Mclntyre et al® 1997 HD 98, PD 68 CRP HD>PD

Kaysen et al'® 1999 No data CRP, SAA PD>HD (no data)
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BEHY 443 (atherosclerotic plague)©) =A
ASARALY, £ 10999 BHARA Fxpo]A]
A WH-F95E4 (intima-media thickness) ¢}
SHE ASARGIF?. Ty & 5 =y
B2l CRP ¥%9 AEuzen e Azw 1
g WAz o] AABA 9L Bis
At AT olejF ATEL CRP HE8 13 =
& o= CRPx: Alzlo] @ Wz}l Aalv] wio
W18 2yvnoz: Fudszy ge wyAne
A&7 ojalg Aow AWAHYL ol Kim s
< 2A9EE ol 6709 ol CRP %57 {47
o8 7 #abe] 73% (19/26)7F A¥AAEL 1)
3 FUANY 2988L N gk B3}

=
of

o,

W, CRPY A% 27} B3 grads 4y
VARG %Y SAFEY uA) e AP}
Fesrtn s,

FY RN SRAssel tg AYHe 944
A ololel @523 BaE APl % BAY B

B APAREol EAeln, o|5o) BgtHon g
3] WO AERlE dos)n, FA/|Nee Yo
THEEES fdsisd A% Hozm HE 9
o (Fig. 3).
Hs9 X3
AR FHFE T BAS Wy & g

RISK FACTORS FOR ATHEROSCLEROSIS

« ! .

CLASSIC UREMIA-RELATED

(Hypertension, (Increased oxidized LDL, Bi l,)IALYS:.iT
hyperlipidemia, free radicals, ( toincompatibility,
diabetes mellitus, hyperhomocysteinemia, exopsuy_'e bacten.al components
smoking) hemodynamic overload, of dialysate, infections)

metabolic acidosis,

viral infections,
uremic toxins) l
/ PROINFLAMMATORY

CYTOKINE RELEASE

ENDOTHELIAL
DYSFUNCTION

SYSTEMIC INFLAMMATORY RESPONSE
ACUTE PHASE RESPONSE

N g

ELEVATED CRP
(Binding LDL,
complement activation,
tissue factor secretion)

l

ACCELERATED ATHEROSCLEROSIS
INCREASED CARDIOVASCULAR MORTALITY

Fig. 3. F4 @342 Fuga5e) wys)z
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za8 274 29 shies FANHEE Y F U
ABE AFEEd BuAsE wAo] HAHEXNE B
= Aolu}. ol@A AWAHY WP A7d AL of
Uxigk, @A7x SAA8E w4 dsted AH
s GEE Fo 928 294 FEY e A
g 5o Atk 93¢ #AANF F YE AL
N2« g okEEE statins, aspirin, TEER
Y Fo] drk

1. Statins

Statin® HMG-CoA reductase inhibitor& %3}
u pZdsuE¥zd Amd /M 98 AEEHh
Statin® Zd 28189 ATEE mevalonated] ¥
Ne Aty UH2HEY FEE FaAEd, o
mevalonatey £33 & nonsteroidal isoprenoid
compounds®) ATEAE AEe o 7 71l
»2Ael BEaolr}. wabd, statin® FF #Ha, Ag
N 2EHA A EAFARS, AHAEH 3 7
Matrix Metalloproteinase 71%5# 38} (plaque tHE
) = A3 #do] gl o deTH FHEE A
o)

AR A statine] CRP $E& 9¥3E AL o
3 d7EdMN 2=t Ridker $%& 47298 5
W o]A 22§ Cholesterol and Recurrent Events
(CARE) trialolA pravastatin® AM8% ¥& CRP
w27} 216% P2HAT Strandberg 5 6073
o) = AEB0] S BAETH FAE RALE
simvastatin®|\} pravastating 127149 AH&% A3
CRP £%7} #9& #28& Jehiicn nustgch
Ridker 5'V'¢ 7859 nZH2HE8WT HAIA
cerivastating 85 A&t} CRP ¥E7} 245% %
rstgoky Basiach Jialadl $9% 2299 1A
¥z #242 4 o2 % randomized, double-blind,
cross-over trialol* simvastatin (20 mg/d), pra-
vastatin (40 mg/d), &< atorvastatin (10 mg/d)
& 6= A% A% hs-CRP FE7F foldtA #4
Holvty Busgch sHvbA R, Musial 7€ 33
e mza nEd2HE ¥F B 253 B
2lAg PBAE AOE simvastating 37¥ AHE
§ A7 FFolH =% CRPSt TNF-a o % 2
AZ Yo

Y5 FANME Chang 59 @77 e

n olE%E 28W¢ uAeR @ AFdM FHF 20
mg? simvastating 8% %< AHE® @ CRP &
w7t o8t FaHAGL BustAth

2. Aspirin

Aspirin® A¥@A#Y o AAHOEZ, con
traindication®] §1thd A2AAZo HEY HEF
axel A Aol Abge] A8A4S #HAANT A#
&2 75-325 mgel A4FE AHLAREE AFHL A
o A RA R E SEA4A gl JAY
uge gAe] B BAolA &F 75-162 mgd
A4 ALRES BPHR AP

Age aspirine WA #r|5AAE FTH EHE
Uehe Aes gExm AW, dFad=E
9l Aoz »uslxn ek US. Physicians’ Health
Studyel 4 Ridker $%¢ CRP =7} 19 1/4
(highest quartile)?) A4A aspiring AHEE 7
o ARz f1¥Ael 55.7% (p=0.02) FHEHU
gx w3mstgch sAT CRP FE7F o9 1/4
(lowest quartile)?! A& 139% (p=0.7DZ Felst
2 ore WsE BT srdrh Ikonomidis §'L
4099 ¥AZF @x}o)A aspirin 300 mge 3F FL
2ag A7 IL-69 CRP ¥t ZAHAGL Hil
&t Kennon £7& 30479 #AHIGMAE
gL AT AP aspiring ¥ H&I}R AN
9 gRpol A Aol ASAMFe] wAsE CRPY
=gyl Erim e, aspirine] FFWHEE WEAY
£ Aol AT

But=y gAdAE Kim 599 477 e,
olge 42%¢ WAoz 3% 200 mge aspiring 8
= %o} 8% AT CRP¥E/ W37t ddsta &
Atk

3. 328 Ay

Sattar e A28 FmHol e #HAY A4
A A3 oestradiol 80 pgI A&A 7 norethi-
sterone 1 mge olFHWAPA ez 64U FAY
A3 CRP7} @438 #HaHAUTE ok Modena
g0 AR #HY F AHAM FF B A=ER
A 0625 mg¥ ZEAL~HE 25 mgd 670Uz ALE
% 27 CRP ¥57 Z4addcas 2ustdch A2
Zo] 337 YAREN @AM &F AT AEEER
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A 0625 mg# T2AAHE 25 mgd 125 9 A}
4% A7dME CRP 2 H449%5%d Was) g
qulSl. 152).

4. Cyclooxygenase -2 (COX-2) YRR

COX-2 dAAle AFAEAA COX-28 HgxH
22 At prostaglandin® A& oA,
287 NEAH F2 COX-19] HdsHez e
NSAID¢= g8 43817 Fof7t e Ao] Exol}
. Tzivoni 3% 1399 Baryy Yz R
A Rofecoxib® &% 25 mg¥ 37198 S @w
CRP®} IL-6 7} #93tA #2HUvty wasg.
Heba ™% statind] rofecoxib (125 mg/d)&
7beted CRP9 IL-69 ©l$ dA% 728 dasy
ot &gk

5. §AN SO [Tb-1lla $RA US|

v FUY Ib-Ma S84 2G4 Fz ¥a
BAAEE AW GFugo] FHgsl= Hozw o
24 Atk Lincoff $'°& 80%¢l #AoA abci-
ximab”} coronary angioplasty %o CRP$ IL-67}
27HEE Ag JAPTT FY3, Merino 5%
eptifibatide”} ©l¢ AL &S Jelde B3}
At

6. Antioxidants

PUAFAE AFAEEL 3= RAog BuEo
Atk Devaraj $™¢ HA49l B gyw Aol A 3}
5 alpha tocopherol 1,200 IUE 37897 T3y
CRP #%=7} #4AHUTZ B udt9c) Antoniades
e HHZAR M 82 Vitamin C 2 g vita-
min E 800 [& #F §¢ T8 A3 VCAM-I,
ICAM-1 % TNF-a $°] Z4HActy Basgo)

7. Antibiotics

B71% vist o] o] EulAsizel Yelow
AZH 3 9len, Kaski 5% 3249 24894
AAE B 8 amoxicillin (1,000 mg/d) +
metronidazole (800 mg/d) %€ azithromycin (500
mg/d) +metronidazole (800 mg/d)& 15U 5o
gtod 19 F4e) Abgoly AYY WEs) Az

1 Hasgoh. olF amoxicillinZolME dF A

SUEET FoSA astgln

4 =

FA BN JFLe Ayt Fxlo] w3 &
A3 F7HHo Qi ot AltE R 4ued VPG
ol AU B4 g ks F71e] @l
LEE 453 AT IF 997 =43 gEd 9
del Qg Aoz AZEs, AT AZwey Tz
332e] ARBA FLAHT Yok

T4 @AolAe Age] dojx wAwgo] 2 o
UERd = Slo] &8 ZdolRE ¢7] s E= CRP
€ AF 338 Aol gy =3 3o 245}
8ol CRP7F A&H oz Frlso] Q= Feo: o
AEAAE vRE FUANY YBAB By 3
AZE Be¥ Aor NZEn. aen FEMgd &
H7 Qe A2 AR 2Bl B AL A
SHe nesor & Ao Az,
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