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Abstract

INTRODUCTION : Neonatal chronic lung disease (CLD) is caused by intrauterine infections, pressure dam-
age, and oxygen toxicity caused by postnatal respiratory management. Inflammatory cytokines are strongly
In this study,

serum cytokine levels of newborns with CLD were comprehensively analyzed at birth, and the association between

induced in CLD, particularly when intrauterine infections, such as chorioamnionitis (CAM) occurs.

respiratory prognosis and severity were investigated.

METHODS : A total of 18 patients, who were given a diagnosis of CLD36 (CLD36 was defined as requiring
oxygen at a corrected gestational age of 36 weeks, i.e., the need of auxiliary ventilation, such as positive pressure
ventilation) after being admitted to the Neonatal Intensive Care Unit (NICU) between March 2018 and October
2019 were included in the study, and their cytokine levels were analyzed. The subjects were classified into 2
groups ; 9 CAM patients and 9 non-CAM patients, and their backgrounds were analyzed. Serum cytokines from
samples on day 0 was measured and compared between the 2 groups. Levels of cytokines interluekin (IL)-1p,
IL-6, IL-8, IL-10, and tumor necrosis factor (TNF)-a were measured using the Bio-Plex suspension array (Bio-
Rad Laboratories). The number of white blood cells (WBC), C-reactive protein (CRP) and serum IgM, duration
of respiratory management were also compared between the 2 groups.

RESULTS : In the CAM group, there were 4 patients who received home oxygen therapy and 1 death. IL-8
The IL-8/IL-10
cytokine ratio tended to be higher in the non-CAM group, but the difference was not statistically significant.

CONCLUSION : IL-8 levels were significantly higher in the CAM group than in the non-CAM group.
Patients with increased serum IgM levels or IL-8/IL-10 tended to require a longer duration of respiratory

levels were significantly higher in the CAM group than in the non-CAM group (P < 0.05).

management. Therefore, IL-8/IL-10 may be a useful biomarker to predict the respiratory prognoses of extremely

preterm infants.

Introduction

Neonatal chronic lung disease (CLD) is caused by
intrauterine infections, pressure damage, and oxygen tox-
icity resulting from postnatal respiratory management' .
Particularly in cases associated with chorioamnionitis
(CAM), the production of chemotic substances, such as
leukotrienes, chemokines, and complements, as well as
the production of various cytokines by macrophages is

increased, leading to hypercytokinemia. Furthermore,
when chronic lung damage occurs owing to pressure
damage from artificial ventilation, the production of
transforming growth factor (TGF)-B leads to dysplasia
and fiber proliferation in alveoli. Furthermore, it has
been reported that alveolar formation is eventually inhib-
ited, leading to the inhibition of vascular development”.
Intrauterine infections, such as vaginitis and cervical
inflammation cause inflammatory responses in the
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mother and fetus, resulting in the release of inflammatory
cytokines and chemokines. Interleukin (IL)-1 and
tumor necrosis factor (TNF)-o induce the production of
prostaglandins and cause uterine contractions, and IL-6,
IL-8, and TNF-a cause rupture of the cervical membrane
and opening, resulting in premature birth. These cyto-
kines are thought to cause periventricular leukomalacia
and lung damage in the fetus®.

Cytokines, which are glycoproteins secreted from
stimulated and activated cells, control the survival, pro-
liferation, and differentiation of cells by acting on cells
expressing their receptors and cells in the vicinity, caus-
ing a variety of reactions, such as immunity and inflam-
mation”. The production of disease-specific cytokines
have been reported in a variety of diseases, and in recent
years, the association of CLD and cytokines has been
reported. This appears to be associated with the fact
that it has become possible to measure and profile vari-
ous cytokines, even in trace samples.

Patients with CLD have been reported to have high
levels of the inflammatory cytokines IL-1, IL-6, IL-8,
and TNF-o in their endotracheal aspirates and serum®.
Takahashi et al reported a positive association between
CLD and levels of IL-6, IL-8, and Monocyte Chemotac-
tic Protein-1 (MCP-1)”. Thus, CLD is thought to be
strongly associated with cytokines. Clarifying the rela-
tionship between CLD and cytokines reveals the pathol-
ogy of CLD and leads to the development of new treat-
ments.

In this study, we analyzed serum cytokines at birth in
CLD infants and examined the relationship between
respiratory prognosis and severity.

Objective

Comprehensive analysis of serum cytokines at birth in
CLD infants were analyzed, and differences in cytokine
levels in the presence and absence of intrauterine infec-
tions were compared. We revealed that CLD is a condi-
tion centered on inflammation and we also inferred the
respiratory prognosis from cytokine values at birth.

The association between respiratory prognosis and
severity of CLD was also analyzed.

Materials and methods

A total of 40 preterm infants, gestational age less than
33 weeks, who were admitted and treated in our Neonatal
Intensive Care Unit (NICU) between March 2018 and
October 2019 were included in this study. Serum cyto-
kine levels of 18 out of 40 patients who met the diagnosis
of CLD36 were measured at birth. CLD36 was defined
as requiring oxygen at a corrected gestational age of 36
weeks, i.e., the need of auxiliary ventilation, such as pos-
itive pressure ventilation. Cytokine levels were mea-
sured using the Bio-Plex suspension array (Bio-Rad
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Laboratories), after obtaining the parents’ informed con-
sent at the time of hospitalization. The background
characteristics of the patients, such as the number of
weeks of gestation, birth weight, sex, and Apgar score
were determined, and patients were classified into 2
groups ; CAM or non-CAM. Serum cytokine levels
(IL-1p, IL-6, IL-8, IL-10, and TNFa), the number of
white blood cells (WBCs), and C-reactive protein (CRP)
and serum IgM levels from day O (day of birth) samples
were measured and compared between the 2 groups. In
this study, we could not measure bronchoalveolar lavage
(BAL) samples and the number of neutrophils. The
duration of intubation, presence or absence of respiratory
distress syndrome (RDS), time to the observation of
foam-like shadows on X-ray, and the duration of respira-
tory management were also compared between the 2
groups. RDS was diagnosed by the attending physician
from the patient’s clinical course, gastric fluid, chest
X-ray results, and the need for surfactant administration.
We sprayed the surfactant (1 V=120 mg/kg) in three
directions during hospitalization as RDS treatment. The
appearance of foam-like shadows is a characteristic
X-ray finding in chronic lung disease, indicating emphy-
sema changes in the lungs. CAM was defined as higher
than Blanc classification II in placental pathology. A
foam-like appearance on chest X-ray was determined by
the author. Home oxygen therapy (HOT) was per-
formed in patients who required oxygen even at the cor-
rected gestational age of 40 weeks. Statistical analyses
were performed using Statcel4 software, and the Mann-
Whitney U test was used to analyze the difference
between 2 groups. A P-value of less than 0.05 was con-
sidered to indicate a statistically significant difference
between 2 groups. This study was carried out with the
approval of the Ethics Association of Tokyo Medical
University Hospital (study approval no. : SH3648).

Results

The total number of patients given a diagnosis of
CLD36 was 18 (13 male and 5 female infants). Nine
patients were in the CAM group. The number of
median gestational weeks and birth weight were 25.6
weeks and 770 g in the CAM group, and 28.4 weeks and
948 g in the non-CAM group, respectively. The gesta-
tional weeks of patients in the CAM group were lower
than the non-CAM group (P = 0.04), and the birth
weights of patients in the CAM group tended to be
lighter. The median Apgar scores at 1 min and 5 min
were 4 points and 7 points in the CAM group, and 8
points, 9 points in the non-CAM group, respectively.
RDS was observed in 8 patients in the CAM group, and
8 patients in the non-CAM group. Four patients
received HOT, and there was 1 death. In addition,
foam-like shadows appeared earlier in the CAM group,

(2)



July, 2020

and the intubation period was longer, but there was no
statistical significance. There were 4 patients who
received HOT in the CAM group. One patient with
necrotizing enteritis, short bowel syndrome, and liver
failure in the CAM group died. WBC number, and CRP
and IgM levels showed no statistical significance
between the 2 groups (Table 1).

Serum cytokine levels are shown in Table 2. 1L-8
levels were significantly higher in the CAM group than
in the non-CAM group (P = 0.015). There were no sta-
tistically significant differences in IL-1p, IL-6, TNF-a,
and IL-10 levels between the 2 groups. The ratios of
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inflammatory cytokines and inhibitory cytokines are
shown in Table 3.

A statistically significant difference in IL-8/IL-10 was
not observed between the 2 groups, but it tended to be
higher in the CAM group (P = 0.085) (Figure 1). Serum
IgM levels and IL-8/IL-10 ratios at the time of hospital-
ization of 4 patients who received HOT are shown in
Table 4. All 4 HOT cases were RDS. Patients with a
high IgM level or IL-8/IL-10 tended to require
HOT. Tracheotomy was performed in patient 4 because
of intolerance to extubation owing to subglottic stenosis,
and HOT was performed.

Table 1 Characteristics of CAM and non-CAM patients

CAM (n=9) Non-CAM (n=9) P-value

Gestational age (weeks) 25.6 (25.3,27.8) 28.4 (26.9,29.4) 0.04
Birth weight (g) 770 (649.5, 920) 948 (754.5, 1,359.5) 0.14
Male 6 7 0.69
Apgar (1 min) 4 (1.5-6) 7 (3-7.5) 0.07
Apgar (5 min) 8 (7-8.5) 9 (6.5-9) 0.83
RDS 8 8 1

Intubation duration (days) 23 (1.5, 83.5) 6(1,37.5) 0.35
Foam-like appearance 3 0 0.23
HOT 4 0 0.11
Mortality 1 0 0.69
WBC (/uL) 9,600 (6,500, 12,350) 5,700 (4,250, 8,200) 0.06
CRP (mg/dL) 0.05 (0, 0.5) 0.03 (0.01, 0.2) 0.66
IgM (mg/dL) 7(3.5,21.5) 5(2.5,7) 0.13

Gestational age, birth weight, Apgar score, intubation duration, WBC number, and CRP and

IgM levels are described as the median (interquartile range).
syndrome, HOT : home oxygen therapy, CAM :

RDS : respiratory distress
chorioamnionitis

Table 2 Serum cytokine levels of CAM and non-CAM patients on day 0

CAM (n=9) Non-CAM (n=9) P-value
Proinflammatory
TNFa (pg/mL) 31(24.2,35.9) 23(13.4,30.1) 0.23
IL-1P (pg/mL) 0.2 (0.09, 0.7) 0.2 (0.1, 0.27) 0.54
IL-6 (U/mL) 63.6 (17.6, 693.9) 152 (6.1, 141.4) 0.27
Chemokines
IL-8 (ng/mL) 153 (69.4, 176) 39.1(26.8,73.7) 0.015
Inhibitory
IL-10 (pg/mL) 8.3(3.0,23.2) 8.8(3.8,18.2) 0.83

Cytokine levels are described as the median (interquartile range).

Table 3 Ratios of inflammatory cytokines to inhibitory cytokines

CAM (n=9) Non-CAM (n=9) P-value
TNFo/IL-10 2.7 (1.6, 13.1) 2.6 (1.1,7.3) 0.66
IL-1B/IL-10 0.05 (0.03, 0.07) 0.02 (0.01, 0.06) 0.20
IL-6/IL-10 3.4(0.9,72.5) 5.2(0.3, 23.0) 0.40
IL-8/IL-10 9.8 (5.3, 13.0) 3.7(1.8,16.6) 0.085

Cytokines are shown as the median (interquartile range).
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Fig. 1 IL-8/IL-10 levels between CAM and non-CAM patients
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p = 0.085
e HOT

Non-CAM

Patients in the CAM group tended to have higher IL-8/IL-10 ratios, and there were more patients requiring HOT, but the dif-

ference was not statistically significant (P = 0.085).

Table 4 Characteristics of the 4 patients receiving HOT

Patient Gestational age (weeks) Birth weight (g) IgM (mg/dL) IL-8/IL-10
1 24w0d 546 34 200
2 25w0d 712 56 27.5
3 28wld 1,122 9 60
4 26w3d 832 3 7.6

HOT : home oxygen therapy

Discussion

In this study, we measured cytokine levels of CLD36
patients at birth and analyzed their respiratory progno-
ses. Although there are many studies on the association
of CLD and cytokines, only a few reports have analyzed
the association between the cytokine network and the
clinical course of patients. As a cytokine can affect the
production and activity of other cytokines and form a
complex cytokine network, inflammation can lead to a
disruption in the cytokine network balance, resulting in
increased inflammation and the progression of tissue dis-

orders'OV,

Sakai et al analyzed the cytokine-producing
ability of very preterm infants and preterm infants after
32 weeks of gestation, and reported that the production
of inflammatory and inhibitory cytokines was sufficient
and balanced. On the other hand, in extremely preterm
infants with CAM, although their ability to produce
inflammatory cytokines, such as IL-8, is maintained,
their ability to produce inhibitory cytokines is very low,
and hence excessive fetal inflammation persists in the
uterus, and they are more likely to develop fetal inflam-
matory response syndrome'”. In our present study, the
reason why there was a statistically significant difference
between the 2 groups only in IL-8 level is thought to be

due to the difference in cytokine-producing ability in
infants of different gestational weeks. Patients from 24
weeks to 32 weeks of gestation are included in this study,
and cytokine-producing ability is different among the
infants owing to differences in their maturity. There-
fore, we believe a statistically significant difference was
detected only for IL-8 levels because the ability to pro-
duce this cytokine is not affected by gestational age. We
analyzed IL-8/IL-10 ratios, focusing on the disruption of
the balance of inflammatory and inhibitory cyto-
kines. Although there was no statistically significant
difference in IL-8/IL-10 ratios between the 2 groups,
IL-8/IL-10 tended to be relatively high in the CAM
group, and foam-like shadows appeared earlier in CAM
patients leading to the need of HOT. In addition, a
study analyzing cytokines of serum and bronchoalveolar
lavage from subjects in their early stages of life demon-
strated that an increase in IL-8 level and IL-8/IL-10
causes severe RDS and progression to CLD'. In this
study, IL-8/IL-10 of the serum and BAL was higher in
the CLD than non-CLD, and a statistically significant
difference was found in serum. In other words, IL-8
may move to the lungs due to blood circulation and lead
to alveolar injury. It is necessary to examine the corre-
lation between IL-8 and neutrophils. Huang et al have
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similarly reported an association between the increase in
IL-8 levels and the onset of CLD'". However, it has
been reported that a decrease in the levels of the inhibi-
tory cytokine IL-10 is involved in CLD develop-
ment” '™, These studies have shown that IL-10 inhibits
IL-8 production by monocytes and granulocytes.

In our present study, there was no statistically signifi-
cant difference in the number of WBCs, as well as CRP
and IgM levels between the 2 groups, but foamy shadows
appeared early in 2 patients with high IgM levels, who
subsequently required HOT. In summary, if there is an
increase in IL-8/IL-10 or IgM levels indicating intrauter-
ine infection and decreased biological defense ability,
early CLD onset is expected, which is likely to lead to
the need of HOT.

At present, the American Academy of Pediatrics and
the Canadian Pediatrics Society state that routine steroid
administration for the prevention and treatment of CLD
is not recommended, except in severe cases, in which it
should be performed in short-term doses'”. In addition,
large-scale comparative studies on inhaled steroids sug-
gest that steroid inhalation may reduce the incidence of
CLD, but it is not effective compared with systemic ste-
roid administration®”?",  The treatment for CLD has not
been established, hence we hope that this cytokine profil-
ing method will lead to the development of effective
treatments in the future.

This study has several limitations.
cases was small and the variation was large in IL-8/
IL-10, therefore it is necessary to increase the number of
cases in the future to confirm our results. In addition,
the measurement of cytokine levels was only performed
at 1 timepoint, and treatment course was not considered
and should be clarified in the future.

The number of

Conclusions

IL-8 was significantly higher in the CAM group.
Systemic hypercytokinemia, especially increased IL-8
activity, by CAM plays a key role in the development of
CLD. Respiratory management of patients with
increased IL-8/IL-10 and IgM levels was difficult and
such patients tended to require HOT. IL-8/IL-10 may
hence be a biomarker to predict the respiratory prognoses
of extremely preterm infants, which will be useful for
comparing preterm infants of different gestational ages.
Further studies are required to clarify useful respiratory
prognostic markers for CLD.

References

1) Fujimura M,Takeuchi T, Kitajima H, Nakayama M :
Chorioamnionitis and IgM in Wilson-Mikity syn-
drome. Arch Dis Child 64 : 1379-1383, 1989

2) Yoon BH, Romero R, Jun JK, Park KH, Park JD,
Ghezzi F, Kim BI: Amniotic fluid cytokines (inter-

(5)

N. HANYU, et al : Cytokine profiles of newborns exposed to chorioamnionitis who developed chronic lung disease

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

—243 —

leukin-6, tumor necrosis factor-a, interleukin-1p, and
interleukin-8) and the risk for the development of
bronchopulmonary dysplasia. Am J Obstet Gynecol
177 : 825-830, 1997

Lands LC : Chorioamnionitis and bronchopulmonary
dysplasia in evolution. Pediatr Respir Rev 15 : 47-
48,2014

Thomas W, Speer CP : Chorioamnionitis is essential
in the evolution of bronchopulmonary dysplasia-the
case in favour. Paediatr Respir Rev 15: 49-52,
2014

Vigneswaran R : Infection and preterm birth : Evi-
dence of a commom casual relationship with bron-
chopulmonary dysplasia and cerebral palsy. J Paedi-
atr Child Health 36 : 293-296, 2000

Waites KB, Schelonka RL, Xiao L, Grigsby PL, Novy
MJ : Congenital and opportunistic infections : Urea-
plasma species and Mycoplasma hominis. Sem
Fetal Neonat Med 14 : 190-199, 2009

Takahashi N : Cytokine profiles. Perinatal Medi-
cine 46 : 1393-1397, 2016

Copland IB, Post M : Understanding the mechanism
of infant respiratory distress and chronic lung disease.
Am J Respir Cell Mol Biol 26 : 261-265, 2002
Takahashi N, Uehara R, Kobayashi M, Yada Y, Koike
Y, Kawamata R, Odaka J, Honma Y, Momoi MY :
Cytokine profiles of seventeen cytokines, growth fac-
tors and chemokaines in cord blood and its relation to
perinatal clinical findings. Cytokine 49 : 331-337,
2010

Strieter RM, Koch AE, Antony VB, Fick RB Jr, Stan-
diford TJ, Kunkel SL: The immunopathology of
chemotactic cytokines : the role of interleukin-8 and
monocyte chemoattractant protein-1. J Lab Clin
Med 123 : 183-197, 1994

Ueda T, Miura S : Inflammation and cytokine. In
Japanese with English abstract. Sargery Frontier
16 : 139-142,2009

Sakai M, Yoneda S, Watanabe H, Sasaki Y, Shiozaki A,
Saito S : Cytokines in extremely preterm infant. In
Japanese with English abstract. J JPN Soc Prin
Neon Med 40 : 746-750, 2004

Hammoud MS, Raghupathy R, Barakat N, Eltomi H,
Elsori D : Cytokaine profiles at birth and the risk of
developing severe respiratory distress and chronic
lung disease. J Res Med Sci 22 : 62,2017

Huang HC,Tai FY, Wang FS, Liu CA, Hsu TY, Ou
CY, Yang KD : Correlation of augmented 1L-8 Pro-
duction to premature chronic lung disease : implica-
tion of posttranscriptional regulation. Pediatr Res
58 : 216-221, 2005

Jones CA, Cayabyab RG, Kwong KY, Stotts C, Wong
B, Hamdan H, Minoo P, deLemos RA : Undetectable
interleukin(IL)-10 and persistent IL-8 expression
early in hyaline membrane disease : a possible devel-
opmental basis for the predisposition to chronic lung
inflammation in preterm newborns. Pediatr Res 39 :



—244—

16)

17)

18)

19)

966-975, 1996

An H, Nishimaki S, Ohyama M, Haruki A, Naruto T,
Kobayashi N, Sugaai T, Kobayashi Y, Mori M, Seki
K, Yokota S : Inteleukin-6, interleukin-8, and soluble
tumor necrosis factor-1 in the cord blood as predic-
tors of chronic lung disease in premature infants.
Am J Obstet Gynecol 191 : 1649-1654, 2004

Oei J, Lui K, Wang H, Henry R : Decreased interleu-
kin-10 in tracheal aspirates from preterm infants
developing chronic lung disease. Acuta Paediatr
91: 1194-1199, 2002

Beresford MW, Shaw NJ: Detectable IL-8 and
IL-10 in bronchoalveolar lavage fluid from preterm
infants ventilated for respiratory distress syndrome.
Padiatr Res 52 : 973-978, 2002

American Academy of Periatrics, Comittiee on Fetus

THE JOURNAL OF TOKYO MEDICAL UNIVERSITY

20)

21)

(6)

Vol. 78 No. 3

and Newborn, Canadian Paediatric Society, Fetus and
Newborn Committee : Postnatal corticosteroids to
treat or prevent chronic lung disease in preterm
infants. Pediatrics 109 : 330-338, 2002

Bassler D, Plavka R, Shinwell ES, Hallman M, Jar-
reau PH, Carnielli V, Van den Anker JN, Meisner C,
Engel C, Schwab M, Halliday HL, Poets CF ; NEU-
ROSIS Trial Group : Early Inhaled Budesonide for
the Prevention of Bronchopulmonary Dysplasia. N
Engl J Med 373 : 1497-1506, 2015

Shah SS, Ohisson A, Halliday HL, Shah VS : Inhaled
versus systemic corticosteroids for preventing bron-
chopulmonary dysplasia in ventilated very low birth
weight preterm neonates. Cochrane database Syst
Rev 10, 2017



July, 2020 N. HANYU, et al : Cytokine profiles of newborns exposed to chorioamnionitis who developed chronic lung disease —245 —

MBI R A GO B R MR IC B T 5
MEY 4 - A4 v ORE

P4 | ® (=S (TR LIE I N7 S
w8

PR NEEL - RS2

[ZE] [TUoic] Frali@umizEi, MEEERL (CAM) ITRE SN FEMNIEIHER. BRI OIS
WD ERG R IR R EC & 0 iR O SER B LA ER S NA L 5, BIEMER (CLD) (Z&KEMET A MY
AU EELTVWDLI EHIRBENTEY) ., CAM & EDOTHNEAREABE L 22548 Tld L ) Z 0% ik <
ZAF. MR ENERE L 22 2 ERE SN TV L, 40, FrdREEmEEEICB T 2 HAEROMEYS A bAoA
¥ R NBRERIRAT L. TR0 B & o B O W TRET L 72

(b5 e ] 2018 453 HA5 2019 4F 10 H £ TIZHPBE NICU I ABE L. CLD36 ODZMWICEY, 4 M H A v %
il E@“é ENTEZI8PIRFRE Lize IR T CAM 2680 L7z 9Bl JEEHE o Bl 2 BEICHEL . Z e
NIEMRBAR MARE LR OB FRERAE L/, FMAER (HiEo) BT 2MEY A M7 A »&2llEL 2 #HT
WG 2175 720 4 b1 4 > @WFZEIZ 1L Bio-Plex suspension array (Bio-Rad Laboratories) % Fi\v>, IL-1B. IL-6.
IL-8, IL-10, TNFa Z{ll%E L72c & S I ABEREEART L (WBC, CRP, IgM) IR, L > MroicBirsia
HIREEE O MBIFHIC O W T L RET 2175 720

[#R]  CAM A9 TR INIRIREE 2 L FE H S RWEITIC S o 720 CAM AHFEE CTIEERR R 4 6.
T 1 Bl 272 ABERED WBC. CRP. IgM IZMHE CREHEMEEEIIRBO L o7z MFEF A M4 VX IL-8
DHCAM BBV THBILEBETH 572 (p<0.05)0 RIEHET A M A ¥ EHHIRYA I A AL 2 OHTH S IL-8/
IL-10 I3 FHARE EEIZFRO R h o 7205, CAM G HFBECIEABHE & LB WIS - 720

[#5] CAM & BTl iéE/‘Tﬂa*—é:ktix LTCIL-S BHEIZEMTH > 720 I [gM O LH % 7213 IL-8/IL-10 O
LR D HEME. L) RIOMAEE % 2 LEELT @IS - 720 IL-8/1L-10 25BH R O M- F # 2 Tl
LY —H— R DL D,

(F=T—=F) ¥4 b aArTa7 74V FrAaREEREE (CLD) FERFE %S (CAM) JEEIRFEFRDE (HOT).
IL-8/IL-10

(7))



