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Significance of Cytokine Levels in Neonates with Severe Fetal Distress

Won Joung Choi, M.D., Jong Uk Lee, M.D.", Chun Soo Kim, M.D.,
Sang Lak Lee, M.D., Joon Sik Kim, M.D. and Tae Chan Kwon, M.D.

Department of Pediatrics, Keimyung University School of Medicine, Daegu,

Department of Pediatrics’, Chunga General Hospital, Masan, Korea

Purpose : To determine the relation between the initial plasma cytokine response and
the neurological prognosis in term infants with severe fetal distress.

Methods : Infants with severe fetal distress at birth (n=23) were studied prospective-
ly. Cytokine concentrations were measured from umbilical cord blood at 3 and 12 hours
of life by enzyme-linked immunosorbent assays for interleukin (IL)-18, IL-6, and IL-18.
The study groups were divided into good (n=14) or poor prognostic group (n=9) accord-
ing to survival and presence of cerebral palsy (CP) later and correlations with afore
mentioned cytokine levels were determined.

Results : Cord blood IL-18 and IL-18 concentrations were similar in both groups.
However, infants with poor prognosis had significantly higher median (range) IL-6 con-
centration than infants with good prognosis at 3 hours [323.6 (32.6-812.8) vs. 384 (6.3
322.7) pg/mL] (P=0.001), and 12 hours of life [287.1 (16.4-769.1) vs. 66.2 (8.8-757.8) pg/
mL] (P<0.05). Significant higher IL-6 levels greater than 200 pg/mL were observed at 3
hours (P=0.005) and at 12 hours of life (P=0.023) for poor prognosis group.

Conclusion : There was a significant correlation between neurologic outcome and
plasma IL-6 levels. Higher concentrations of IL-6 (>200 pg/mL) may be a useful indica-
tor of poor neurological outcome in infants with severe fetal distress. (J Korean Soc
Neonatol 2004;11:29-34)
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o] Al#E+E cytokine ELISA kit (R&D Systems
Inc, Minneapolis, U.S.A)E °]&3t dZF cyto-
kines (IL-18, IL-6, IL-18) $X& ELISA reader
& o]gsle] A ALt B AFolA AFEE cyto-

Kine® AWAoz F7] MApA F7hEE L6t
dFel ae MAF Y= Aol Aol ABF
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ADAl At A} 7173 18 Apgar 25 2 9|
Aol W dUAl F2E pHO HCO; , AT 34
7+ 124172 8% cytokines (IL-14, IL-6, IL-18)
TFAE S B Alold HlaEA ST B
2 B2 WIN SPSS 11.0 versiong ©o]-&38fo] A%
M4 = Student t-testE, BEWTE Chi-square test
% Mann-Whitney testE ©]-&3le] P<0.054u v
Aok kAT

zZ 1
1. 47| QIR W SUE JARMAA

66.7% Xt} HAX
Apgard 9] T4 <

1-53o2 BFto 29
%i {Saﬂ% pHQ’ HCOs = (]
mEq/LE =39 7017 15.1
9t ato]l&= FIATHTable 1).
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AT 3AIET 12A17E9] EF cytokine TAIY FY
Z(ESHS IL-1487F 242 FadtolA 6.1 (1.5-43.7)
7 58 (1.2-78.3) pg/mLZE E=7 65 (6.3-322.7)9F
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Table 1. Perinatal Data of the Neonates according
to the Outcome

Table 3. Relationship between Cord Blood IL-6
Levels (pg/mL) and Outcome

Good (n=14)  Poor (n=9) Good (n=14) Poor (n=9) P value
Gestational age (wk) 386+16 392122 At 3 hours
Outborn (%) 42.9 66.7 =200 1 6 0.005
Apgar score, 1 min 3 (1-5) 2 (1-5) <200 13 3
Arterial pH 7.10%£0.10 7.01%£0.21 At 12 hours
HCO3; (mEqg/L) 13.6*6.0 15.1£8.1 =200 2 6 0.023
<200 12 3

P>0.1, parentheses denote mean®*SD or median
(range)

Table 2. Cytokine Levels (pg/mL) in the Cord
Blood according to the Outcome

Good (n=14) Poor (n=9) P value

IL-18

at 3 hours 6.1 6.5 >0.1
(1.5-43.7) (25-83.0)

at 12 hours 5.8 86 >0.1
(1.2-78.3) (2.2-73.3)

IL-6

at 3 hours 38.4 3236 0.001
(6.3-322.7) (32.6-812.8)

at 12 hours 66.2 287.1 <0.05
(8.8-757.8) (16.4-769.1)

IL-18

at 3 hours 122.6 63.1 >0.1
(21.1-322.7)  (40.3-113.7)

at 12 hours 80.2 83.9 >0.1
(180-396.7)  (39.9-173.4)

Parentheses denote median (range)

86 (22-733) pg/mLet FASIHa, IL-18% 717
FoFolA 1226 (21.1-322.7)3 802 (18.0-396.7)
pg/mLE E#FT 631 (40.3-113.7)<F 839 (39.9-
173.4) pg/mL%t FAFIAT IL-6 X5 42 45
ol A 384 (6.3-322.7)7 662 (8.8-757.8) pg/mLE
Bt 3236 (326-812.8)% 287.1 (16.4-769.1) pg/
mLE BFTlM FEFET AT ARG 12413
R ou oAl ERTHP<0.05) (Table 2).

3. 83 IL-6 X[et oflFte] A

AT 3AIZE IL-6 FA17F 200 pg/mL ]/
e shsAo] WA 81.7%, Sol% 81.3%% <
A (P=0.005), MF12A17kel IL-6 427}

200 pg/mL °]dm BEHrd steAdol WTE 75%,
Eo|x 81.3%= 2w UA At P=0.023) (Table 3).
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AFH o2 cytokine?t AW ATE HA A
ofell A @35 ¥kl AL Fd SelA cytokine
(TNF, IL-1, IL-6)°] S7k=lo] 9l Ao mu?
29 m  dgye] cytokine S0 AlAlole] o Fo}
T 2EH2E Mdste AR 2§ due 2
9% o)t

Hj A A o] A A4ka A=Al cytokine TE Q] A
T2% Benyo sl 93 LaxE AA ENFEFEAE
el Al 4A1FE Eke] A4ta A=Al TNF-ao A
o] 2u] o] om A F7IE I, IL-1a = 10A13F &
61, IL-18 & 24A1F A4S 238 F7hslo] A4t
2 A=} cytokine A3AdTe] AF #AAVE k= B
1971 A, Yan 5 ¥ I AL vl A A
b Ap=o]l Hite]l FAAAS IUHAIIY IL-65 T
ZWNZIEE IL-69] EA2 Ak 7173 Au)g gt
2 BasEli oo

Cytokine?] | =

o

N

ool odgkoZ+= cytokine©l

,31,



¥ g HQsrE AR o]E(53] TNF-«,
IL-13, IL-6)3 & cytokineE°] ALEEE US>
e = e fadt FES e Aoz duA
(;)\drl8, 19).

Chao 5%& TNF-@ 9 IL-187} nitric oxide®}
NMDA (N-methyl-D-aspartate) &0 S
ux AgHor AAFEAS fFEdvial Haslal

Garcia 57& WMATAA IL-1 &4 27}
Aakr AFo R Qe AAME] FAE ozt
i Raste] Asta AFF IL-19 S dojud

oj® Q1% NAAE HAAAES ST
FA7] TR QI AMAataA HEA ATl ¥ %
oA A cytokined IS FEIVIE AT
FEATAA cytokine (TNF-a, IL-18, IL-6)E°]
] A9 frdtty waEg
1, Banks %~~' 23’—3— %%%’%‘C*ﬂ/ﬂ IL-1% 1I-69] &
oA HE o]Fg FHste] dFolx 9 cytokine
9 F7HE oE

[e] =

Blol =53 cytokinedHe] A4S Hata 57

o AT A IL-69 IL-89 AE F=7} ejo} 2

o] AT AlAetel Al GIAR AlAJotret ofw] Al
| Utk st A3 BAE ok ekle

=

=

3T AN

BAl v €% pHO pO, &7AE Kol AL
&

A

lo

X

Bl

=

o] 7Verde AABGTE Jokic % Ao
Blo} 2&HFo] YUW AlAotol| A Hlo}
o] AJA 2Aotrt 1L-69 1L-8¢] AtHE
7} om A E=AIRE TNF- @ w2
AA STt sHth AAES BE Ui 2okt
Bjo} o] Maxo] glojx tiza e
skl eFokrt.

A A Aoto| Al AAakaA] 4T cytokine] F7F

of g ®at =Zolx 1996 Yoon B0 W<

R

i
For ofN ox

-
TEE

1o off
=

H] =

ofoll A =29 WA AsLS(PVL) $holEo] 1%
e ol Bl AthE W IL-6 FX7F v A
=X TNF-alpha$t IL-123 %Et A7 AJo)

N

b gldltta Rasto 24 cytokine@ ¥ F& &4
o] AW E AHe TEST

o]% Martin-Ancel 5°& A% 1247 Ao =3
g HAgA IL-6 $=/F T35 HIE #elelA 65-
2250 pg/mL= HIE7F iAW A5 299 0-10

“

A% - olge - AEA - A —

pg/mL Et} ngAl F7kE o] 9lol IL-67F HIEY
Aol At A5 BisS ok Savman
Ve bl wh A Aols} thx alAgole] Lo
lﬁ IL-6 %2 T4kl 250 vs 0 pg/mLE, IL-8
Lo Fde 250 vs 0 pg/mLE ZHAR wkzl 4l
*Moﬂﬁ iz AAetETE m Al = %IL(P<0.01),
T FAE HIES AR Uys dds 7w
TNF-ea, IL-14, IL-10, GM-CSF £-& %< A}o]
of W ztol7b §ltki 319 Oygur 578 AF 12
Ndue] 2AgH A1)z ARSI AY A4
F U AMgERE 29 AF 2443 o9
Pl HH e A waLelA] ¥ H
TNF-@e ¢ IL-18 FE7F 27elA 178 on| oA
Ego, dd) o859 TR T it & A olvt
glolA] HHFAI o]E cytokined FX=7F HIES
o AAT7E E A Qdvka e, 53] Axka A
=& 6A1ZF ool FES HHSFA 1)
IL-18 %7t A5 6Ael$ A3
1= 1] ‘:]r ol °lE cytokine2 ®HH7I7F
2 8 2 Aol A& e Azt

. 6)

Akisu S "%
=
()

= Z
5o

mlo i&
O

H

platelet—activating factor
= HIE 4l7Jo}ell A 1494.2+386.6
2 F%X HIE $o}9] 8283%61.1 pg/mL,
A7Fs 2ol 410241486 pg/mL Eth u[ A
=olA HIES T35 Axe " @A
Eiss =g

20021 Shalak 57 44 =
H o619 AAoket A gzt Aol HluAT
o ] AF 6AIZ 30417k AE cytokine (IL-1
B IL-6, IL-8) =& SA3t AT 6AIXE oelA
AR § AAYolrt hzret 3
1 IL-69F TIL-8 F=7F 20-408] =A A=A,
o5& A% 3047+ ZAHoNA we] Fadtia 3}
A3, 53] HIEY 4¥o] yhd 2lAolrk FukE =]
Be AAerntt A% A7 A IL-67F 3130
3} 1219 pg/mLE, IL-8% 54333 780 pg/mLE &
o gudAl F7hEe] delA HIES %71 AItHE
cytokine &=9 F7FeF #AVE Aoia sk 1
U AREY Aol gy adn e Jegs
WA SFA] 2F Aot

AR AT A=

ATk H

f

=4 oku]—oﬂ oﬂ L—_%fﬂ

AF AR ARE IL-6

,32,



— Hjo} 2T Aol A EF Cytokine 4 —

SGakol BErolM 3236 pg/mLE FET 38
pg/mL Eth udA =k, AF 1241719 A
IL-6 Td¢aHe FF oﬂ*ﬂ 287.1 pg/mLE Y43
66.2 pg/mL Er} lul | =¢AT I A3 A
3AIH Hoe E

g ZVPPA Ao} zrdely P35 o]
gdolr 7] 93] ol HIo] UL W T8 2
el IL-18%Y9 IL-18" Ve ZAsd e o
o} BEgd o gFET Abold zkol= glolA
uf

=:)
O =
o) gFe o= AR WA 5 A

=

Job A

fso]:

o

_A_, of,
f

7o

o rl

5 N FF Hel2dso] AAY AAololA HF
cytokine ¢k A& F o Foke] @A A &
oA}t 3T}

gb B 1998 195 2002 129704 A st
A FA R Aol FEAAC FF Hol2TFol
AAA Pedgh whrtoly X7 F o Fof uwiEl E@ &
F5ol flo]l AET Fz Ty AMFEAAY WA ehe <)
FTH5E B BEEToR o] Zholl A g
(Ha A7, A¥A 85 pH, 1% Apgar 2),
AT A 12A13Ee] 8F  cytokines (IL-14,
IL-6, IL-18) A& Hlu&A 8T} F47] 74AL 7]
T2 HolZ@ZF(late S variable deceleration, EH
oF Aol IAY 1% Apgar A57F 3% <lskd
-2 star, A 71Fe] AAY 27 AP Fol
Bt AR 13 E FERETAl AN A
A elstAtt. F cytokine 578-& ELISA kitE ©]

stgem SAA B4 WIN SPSS 11.0 version
o]-&3}o] Student t-test, Chi-square test %
Mann-Whitney testE ©]83}o] P<0.05dw <=l
=] 0}035}

A 1} F 238F dEato]l 1481(60.9%), B Hw>
981](391%030134 Hit AR 1% Apgard S
9 o]f ZAlol % YA FF pH % HCO; %
S FEE fo Aol fldrh A 31 124
7te] % cytokined FTHR(HE)= IL-189F IL-

= 44 Ak e, IL-6 FAe 4 &
Zaol A 384 (6.3-322.7)% 66.2 (8.8-757.8) pg/mL

L 3
o op rr FIO o

AL
|

,33,

=
b ousta BF olol W@ © we A7y

~

=

fa

=

~

2 BEt 3236 (32.6-812.8)9F 287.1 (16.4-769.1)
pg/mLE EErolr SRt AF 3x73 124
B QuAl ERTHP<0.05). A 3A1Zel IL-
6 A7k 200 pg/mL olddw EFTd A7h Nk

81.7%, Eol= 81.3%= A BRkI(P=

0.005), A% 12717kl IL-6 417} 200 pg/mL ©]%
du) BFTd A7 UPE 75%, 5ol 81.3% %
R A B ATHP=0.023).

A 2347 sRF SolelA AT x7]e "F
IL-6 A7} A& & 4% #AA7 S A

1) MacDonald HM, Mulligan JC, Allen AC, Taylor

PM. Neonatal asphyxia. I. Relationship of obste-
tric and neonatal complications to neonatal mor-
tality in 38,405 consecutive deliveries. ] Pediatr
1980;96:898-902.

Vannucci RC, Perlman JM. Interventions for
perinatal hypoxic ischemic encephalopathy. Pedi-
atrics 1997;100:1004-14.

Martin—Ancel A, Garcia—Alix A, Pascual-Salcedo
D, Cabanas F, Valcarce M, Quero ]J. Interleukin—
6 in the cerebrospinal fluid after perinatal
asphyxia is related to early and late neurologic
manifestations. Pediatrics 1997;100:789-94.
Savman K, Blennow M, Gustafson K, Tarkowski
E, Hagberg H. Cytokine response in cerebro-
spinal fluid after birth asphyxia. Pediatr Res
1998;43:746-51.

Oygur N, Sonmez O, Saka O, Yegin O. Pre-
dictive value of plasma and cerebrospinal fluid
tumor necrosis factor-alpha and interleukin-1 beta
concentrations on outcome of full term infants
with hypoxic—ischemic encephalopathy. Arch Dis
Child Fetal Neonatal Ed 1998;79:F190-3.

Akisu M, Kultursay N, Coker I, Huseyinov A.
Plasma platelet—activating factor levels in new-
born infants with and without perinatal asphyxia:
is it an additional marker of perinatal asphyxia?
Acta Paediatr Jpn 1998;40:427-31.

Dallman M]J. Cytokines. In: Tilney NL, Strom
TB, Paul LC, editors. Transplantation biology :



8

=z

9

=

10)

11)

12)

13

=

14)

15

N

16)

17)

[e)
z2 .7

— A A AR - ol

cellular and molecular aspects. Philadelphia :
Lippincott-Raven; 1996. p. 201-14.

de Bont ES, JM, Martens A, van Raan ],
Samson G, Fetter WP, Okken A, et al. Tumor
necrosis factor- @, interleukin-14, and interleu-
kin—-6 plasma levels in neonatal sepsis. Pediatr
Res 1993;33:380-3.

MC, Costarino AT Jr, Sullivan JS,
Dulkerian S, McCawley L, Corcoran L, et al.
Cytokine elevations in critically ill infants with
sepsis and necrotizing enterocolitis. ] Pediatr
1994;124:105-11.

Grobmyer SR, Lin E, Lowry SF, Rivadeneira
DE, Potter S, Barie PS, et al. Elevation of IL-18
in human sepsis. J Clin Immunol 2000;20:212-5.
Kabir K, Keller H, Grass G, Minor T, Stueber
F, Schroeder S, et al. Cytokines and chemokines

Harris

in serum and urine as early predictors to
identify septic patients on intensive care unit. Int
J Mol Med 2003;12:565-70.

McCracken GH Jr, Mustafa MM, Ramilo
Olsen KD, Risser RC. Cerebrospinal fluid

terleukin 1-beta and tumor necrosis factor con-

O,
in-

centration and outcome from neonatal gram-ne-
gative enteric bacillary meningitis. Pediatr Infect
Dis 1989;8:155-9.

Morecroft JA, Spitz L, Hamilton PA, Holmes S]J.
Plasma cytokine levels in necrotizing enterocoli-
tis. Acta Paediatr Suppl 1994;396:18-20.

Miller LC, Isa S, LoPreste G, Schaller ]G,
Dinarello CA. Neonatal interleukin—14, interleu-
kin-6, and tumor necrosis factor:cord blood le-
vels and cellular production. ] Pediatr 1990;117:
961-5.

Benyo DF, Miles TM, Conrad KP. Hypoxia
stimulates cytokine production by villous ex-
plants from the human placenta. J Clin Endo-
crinol Metab 1997;82:1582-8.

Yan SF, Tritto I, Pinsky D, Liao H, Huang ],
Fuller G, et al. Induction of interleukin-6 (IL-6)
by hypoxia in vascular cells. J Biol Chem 1995;
270:11463-71.

Yan SF, Ogawa S, Stern DM, Pinsky DJ.
Hypoxia-induced modulation of endothelial cell
properties : regulation of barrier function and ex-
pression of interleukin-6. Kidney Int 1997;51:419-
25.

A -

18)

19)

20

=

21

22)

23)

24

=

25)

26)

27)

,34,

ol gt

Al
sl

CAEA - HEz—

Gerlach H, Gerlach M, Clauss M. Relevance of
tumor necrosis factor-alpha and interleukin—1-
alpha in the pathogenesis of hypoxia-related
organ failure. Eur J Aneaesthesiol 1993;10:273-85.
Chao CC, Hu S, Ehrlich L, Peterson PK. Inter-
leukin—1 and tumor necrosis factor—alpha, syner-
gistically mediate neurotoxicity; involvement of
nitric oxide and of N-methyl-D-aspartate recep-
tors. Brain Behav Immun 1995;9:355-65.

Garcia JH, Liu KF, Relton JK.
receptor antagonist decreases the number of
necrotic neurons in rats with middle cerebral
artery occlusion. Am J Pathol 1995;147:1477-86.
De Vries HE, Blom-Roosemalen MC, van Oosten
M, de Boer AG, van Berkel TJC, Breimer DD,
et al. The influence of cytokines on the integrity

Interleukin-1

of the blood-brain barrier in vitro. J Neuro-
immunol 1996;64:37-43.

Banks WA, Ortiz L, Plotkin SR, Kastin A]J.
Human interleukin(OL)-1 @, murine IL-1a
murine IL-1B are transported from blood to brain
in the mouse by a shared saturable mechanism.
J Pharmacol Exp Ther 1991;259:988-96.

Banks WA, Kastin A]J, Gutierrez EG. Penetration
of interleukin—6 across the murine blood-brain
barrier. Neurosci Lett 1994;179:53-6.

Hata T, Kawamura T, Inada K, Fujiwaki R,
Ariyuki Y, Hata K, et al. Interleukin-6, inter-
leukin-8, and granulocyte elastase in newborns
with fetal distress. Gynecol Obstet Invest 1996;
42:174-7.

Jokic M, Guillois B, Cauquelin B, Giroux ]D,
Bessis JL, Morello R, et al. Fetal distress in-
creases interleukin—-6 and interleukin-8 and de-

and

creased tumor necrosis factor-alpha cord blood
levels in noninfected full-term neonates. BJOG
2000;107:420-5.

Yoon BH, Romero R, Yang SH, Jun JK, Kim IO,
Choi JH, et al. Interleukin—6 concentrations in
umbilical cord plasma are elevated in neonates
with white matter lesions associated with peri-
ventricular leukomalacia. Am ] Obstet Gynecol
1996;174:1433-40.

Shalak LF, Laptook AR, Jafri HS, Ramilo O,
Perlman JM. Clinical chorioamnionitis, elevated
cytokines, and brain injury in term infants. Pe-
diatrics 2002;110:673-80.



