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Abstract
Background: The presence of specific cytokines in infants’ blood shortly after birth is 
associated with cerebral palsy and other neurological problems. several placental lesions 
are also associated with neurological problems in later life. The pathogenesis of these 
placental-related neurological problems is unclear. 
Aim: To determine whether infectious and non-infectious placental pathologic lesions are 
associated with cytokine levels in preterm infants.
Methods: Placentas of 31 singleton, preterm infants (gestational age 26-31wk, birth weight 
850-2005g), were examined for histopathology. Blood samples were collected at (cord 
blood) or immediately after birth, in which cytokine levels (MIP-1α, MIP-1β, IL-4 IL-6, IL-8, 
IL-10, TNF-α, IL1-RA, L-2R, IL-1β, and IL-17) were determined by Luminex assay. 
Results: The presence of inflammation consistent with ascending intrauterine infection 
(AIUI) was associated with higher levels of MIP-1 β, IL-6, IL-8 and IL-2R at or immediately 
after birth. Fetal thrombotic vasculopathy was associated with higher levels of iL-8, and 
elevated nucleated red blood cells (nRBcs) with higher levels of iL-6. After backward 
multiple regression analyses, only AiUi remained in the models, explaining the elevated 
cytokine responses.
Conclusion: Our data suggest that placental inflammation consistent with AIUI is in 
particular associated with cytokine responses at or immediately after birth. The presence 
of these cytokine responses might be part of the mechanism how infectious placental 
lesions lead to neurological morbidity. if so, the etiology of neurological problems related 
to non-infectious lacental lesions is different compard to infectious placental lesions. 
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Introduction
The placenta is an essential organ for the development of the fetus and it is the link 
between mother and fetus during pregnancy. The placenta is the organ that enables the 
transport of nutrients and oxygen from the mother to the fetus and remove fetal waste 
products.1 Placental lesions can interfere with placental function and may lead to fetal 
hypoxia, neonatal morbidity and even perinatal death.2-6 several placental lesions are 
known to be associated with adverse neurological outcome in preterm and term born 
infants. These problems include intraventricular hemorrhage, white matter injury, cerebral 
palsy, and long-term neurodevelopmental problems.7-11 

The mechanism by which placental lesions lead to cerebral damage is unclear. it 
is hypothesized that elevated cytokine levels take a part in this mechanism. There are 
indications that some cytokine levels are elevated in cord blood of infants born with 
ascending intrauterine infection.12-15 it is known that infants born with placental signs of 
AiUi are at risk to develop cerebral palsy 3,7,9,16 This increased risk for cerebral palsy may 
be mediated by elevated cytokine levels. Apart from AiUi, other (non-infectious) placental 
lesions are also associated with neurological impairment later in life.9-11,17,18 it might be that 
cytokines are also produced in the presence of other (non-infectious) placental lesions. 
The role of cytokines in the pathogenesis of these so-called placental-related neurological 
problems has to be defined as yet. 

cytokine levels in the infant can be assessed in cord blood as well as in blood of the 
infant sampled immediately after birth. The aim of this study was to determine whether 
cytokine levels collected this way were elevated in the presence of infectious and non-
infectious placental lesions. We hypothesized that cytokines are produced in the presence 
of infectious as well as non-infectious placental lesions.

Methods
Patient population
our cohort consisted of 31 preterm, singleton infants. All infants had been admitted to 
the neonatal intensive care Unit of the Beatrix children’s hospital in Groningen, the 
netherlands. The inclusion criteria for this study were singleton infants with a gestational 
age (GA) of less than 32 weeks. exclusion criteria were infants with major chromosomal 
and congenital abnormalities. The review board of University medical center Groningen 
approved the study. Written, informed parental consent was obtained in all cases. 

Placental pathology
The placentas were examined by a perinatal pathologist (AT) in accordance with the 
guidelines published by the Royal college of obstetricians and Gynaecologists and the 
Royal college of Pathologists in Britain, and the college of American Pathologists.19,20 
The pathologist was blinded as to clinical outcome; he was only aware of gestational age 
(GA). We assessed all the placentas for lesions of which an association with neurological 
impairment was suggested.9,18 The lesions were: placental pathology consistent with 
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maternal vascular underperfusion (mVU)21, AiUi,22 chronic villitis of unknown origin (VUe)23, 
chronic deciduitis24, perivillous fibrinoid25, fetal thrombotic vasculopathy (FTV)26, meconium 
associated vascular necrosis27, chorioamniotic haemosiderosis28, elevated nucleated red 
blood cells (nRBcs)29, chorangiosis30, and umbilical cord abnormalities31. An explanation 
and description of these placental lesions are presented in Table 1. in addition to these 
placental lesions, placental weight and umbilical cord length were also recorded. 

Table 1: Diagnostic terminology and definition of the placental lesions
Diagnostic terminology Definition and scoring criteria

Maternal vascular underperfusion Decidual vasculopathy, e.g. incomplete or absent spiral artery remodelling, acute atherosis, 
fibrinoid necrosis, or thrombosis; parenchymal pathology such as placental hypoplasia, 
increased syncytial knotting, villous agglutination, increased perivillous fibrin, distal villous 
hypoplasia, infarction, retroplacental hematoma.21 

Ascending intrauterine infection Acute inflammation of the extraplacental membranes and chorionic plate. Acute 
chorioamnionitis and chorionitis represent the maternal response; chorionic or umbilical 
vasculitis represents the foetal response.22

Villitis of unknown aetiology Chronic lymphohistiocytic inflammation of the stem and chorionic villi, with or without 
obliterative vasculopathy of stem villus vessels.23

Chronic deciduitis Chronic lymphohistiocytic or plasmacytic inflammation of the decidua basalis.24

Maternal floor infarction / massive 
perivillous fibrinoid deposition 

Excessive perivillous fibrin deposition, either basally at a thickness of ≥3 mm on at least one 
slide (maternal floor infarction) or transmural encasing ≥50% of villi on at least one slide 
(massive perivillous fibrinoid deposition).25

Foetal thrombotic vasculopathy Foetal vascular thrombosis, intimal fibrin cushions, fibromuscular sclerosis, hemorrhagic 
endovasculitis and groups of at least five avascular fibrotic villi without inflammation or 
mineralization and/or adherent thrombi in stem vessels.26

Meconium associated vascular necrosis Meconium associated necrosis of smooth muscle cells in the wall of chorionic plate vessels.27

Chorioamniotic hemosiderosis Presence of hemosiderophages in the amnion and chorion.28

Elevated nucleated red blood cells Only rare NRBCs are normal after the first trimester. More than two NRBC in a randomly 
selected field of 4.5 mm2, corresponding to 18 consecutive fields at 40x magnification, or one 
field at 10x magnification was considered as abnormal.29

Chorangiosis Diffuse increase in the number of villous capillaries.30 

Umbilical cord abnormalities Obstruction or disruption of the umbilical cord blood flow (e.g. umbilical cord prolapse, 
entanglement, knots, disrupted velamentous vessels, hyper/hypo-coiling).31
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Cytokine measurements
We collected blood samples from cord blood (cB) and from the infant immediately after birth 
(T1). These blood samples were collected in anticoagulant-free tubes, centrifuged (at 1200 
g for 10 min), and serum was stored at -80°c. Following thawing, serum samples were used 
to quantify levels of cytokines, cytokine receptors and chemokines with human cytokine 
25-plex Panel (Life Technologies, carlsbad, cA, UsA) according to the manufacturer’s 
instructions. We measured samples using Luminex 100 system (Luminex, Austin, Tx, UsA) 
and analyzed data with starstation software, version 2.3 (Appliedcytometry, Birmingham, 
Uk). 

several studies determined the relation between AiUi and cytokine levels in cord blood 
or during the first days after birth. The choice which cytokines to measure was based on 
these studies.12-15 in addition, we included cytokines which are known to be associated 
with the fetal inflammatory response syndrome (FIRS).16,32-35,12-15 We included both pro-
inflammatory as well as anti-inflammatory cytokines, and cytokines involved in acute and 
chronic inflammation. Thus, the following cytokines, cytokine receptors and chemokines 
were assessed: iL-1β, iL-4, iL-6, iL-10, iL-17, TnF-α, iL-1 receptor antagonist (iL-1RA), 
iL-2R, (ccL11), iL-8, miP-1α (ccL3), and miP-1β (ccL4).

cytokine measurements from cord blood and immediately after birth, from the infant, 
were clustered as one group. in the cases that both cord blood and infant-blood sampled 
after birth were available from the same patient, we took the samples taken from the infant 
for further analysis. 

Statistical analysis
We used sPss 20.0 software for Windows (sPss inc, chicago illinois, UsA) for the 
statistical analyses. When cytokine levels were below detection level, we gave them the 
lowest possible value (0.10) instead of missing values, to enable us to perform statistical 
tests. The cytokine levels were tested for normality by the kolmogorov-smirnov test. All 
cytokines showed a non-normal distribution. Because the associations of the various 
placental lesions with cytokine levels may be interdependent, we used multiple linear 
regression analyses, enter method. Because of the non-normal distribution of the cytokines, 
we applied the logarithm of the cytokine levels for all cytokines except iL-2R, to meet the 
criteria for the multiple linear regression analysis. For iL-2R we used root extraction. next, 
to determine which placental lesions were most explaining the cytokine response, we used 
multiple linear regression analyses, backward method. 

We did not adjust for clinical factors, because several clinical factors are known to be 
associated with placental lesions (e.g. low gestational age can be the result of AiUi).

We only included those placental lesions in our analyses which were 5 or more 
times present in our study group. A predetermined P value of .05 tested two-sided was 
considered statistical significant. 
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Results
We present the patient characteristics and the distribution of placental lesions of the 31 
infants in Table 2. 

Table 2. Patient characteristics. Data are given as median (range) or numbers (percentage).
Study population N=31

Male/female 19/12 (61% / 39%)

Gestational age in weeks 28+6 (26+0 – 31+5)

Birth weight in grams 1260 (850-2005)

Apgar score at 5 minutes 7 (5-10)

Cerebral lesions

     Periventricular leukomalacia 13 (33%) (all grade 1)

     Intracranial haemorrhage, grade 1-2 5 (16%)

     Intracranial haemorrhage, grade 3-4 - (0%)

Necrotizing enterocolitis 1 (3%)

Preterm pre-labour rupture of the membranes 8 (26%)

Caesarean section (elective and emergency) 8 (26%)

Placental weight in grams 294 (153-453)

Cord length in centimeters 30 (15-56)

Placental lesionsc 28 (90%)

     AIUI 16 (52%)

     Maternal vascular underperfusion 11 (36%)

    Foetal thrombotic vasculopathy 6 (19%)

    Villitis of unknown etiology 5 (16%)

     Chronic deciduitis 2 (7%)

     Chorioamniotic hemosiderosis 4 (13%)

     Perivillous fibrinoid   - (0%)

Placental markers

     Elevated nucleated red blood cells 6 (19%)

     Chorangiosis - (0%)

Placental lesions
out of the 31 placentas we examined only 3 were normal (10%). The largest group of 
placental lesions showed signs of AiUi (16 placentas). eleven placenta’s showed a maternal 
as well as a fetal response, in four placentas only a maternal response was present, and in 
one placenta only a fetal response was present. The second largest group, consisting of 
11 placentas, showed signs of mVU. six placentas had elevated nRBcs, which is a marker 
for fetal hypoxia. The distribution of placental lesions is presented in Table 2. The median 
placental weight was 294 grams (153- 453 grams) and the median cord length was 30 cm 
(15-56 cm).
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Cytokine measurements  
From the 31 infants in our study group, cord blood samples were available for 14 infants, 
blood samples immediately after birth were available for 17 infants. The median levels of 
the cytokines are presented in Table 3. The levels of MIP-1α, TNF-α, IL-4, IL-10, and IL-
1β were all not detectable and were therefore not included in the analyses. 

Table 3: cytokine levels immediately after birth 
Cytokine Description Median   (range)

Mip-1α Chemokine, local inflammatory response -

Mip-1β Chemokine, local inflammatory response 8.4          (2.15 - 33.34)

IL-4 Anti-inflammatory cytokine -

IL-6 Pro-inflammatory cytokine 0.1          (0.10 - 264.70)

IL-8       Pro-inflammatory chemokine 0.1          (0.10 - 323.40)

TNF-α  Pro-inflammatory cytokine, acute phase -

IL1-RA  Anti-inflammatory cytokine 0.1          (0.10 - 8703.40)

IL-2R   Pro-inflammatory cytokine 31.7        (0.10 - 435.50 

IL-10    Anti-inflammatory cytokine -

IL-1β                     Pro-inflammatory cytokine -

IL-17  Pro-inflammatory cytokine 1.9          (0.90 - 7.50)

Abbreviations: Mip – macrophage inflammatory protein; IL – interleukin; TNF – tumor necrosis 
factor; RA – receptor antagonist; R - receptor
-: not detectable in our samples

Placental pathology and cytokine levels
The presence of inflammatory pathology consistent with AIUI was associated with higher 
levels of MIP-1β, IL-6, IL-8, and IL-2 receptor (IL-2R). We also found higher levels of 
iL-1 receptor antagonist (iL-1RA) in the presence of AiUi, but this just failed to reach 
significance. 
FTV was associated with higher levels of iL-8, whereas the presence of elevated nRBcs 
was associated with higher levels of iL-6 (Table 4).
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Table 4: multiple regression analyses of placental lesions explaining cytokine levels immediately 
after birth

Cytokine Placental lesion beta R2 P

IL-6 AIUI .400 36.8 .033*

MVU -.323 .095

FTV .178 .381

VUE -.173 .422

↑NRBCs .390 .045*

IL-17 AIUI -.293 33.4 .119

MVU -.250 .203

FTV -.263 .211

VUE -.117 .594

↑NRBCs -.304 .121

IL-1RA AIUI .410 18.7 .052

MVU .052 .809

FTV .254 .272

VUE -.216 .378

↑NRBCs .285 .186

IL-2R AIUI .555 33.7 .005*

MVU .005 .979

FTV -.082 .692

VUE .104 .636

↑NRBCs .098 .608

IL-8 AIUI .439 40.9 .017*

MVU -.356 .059

FTV .580 .006*

VUE -.377 .078

 ↑NRBCs .153 .399

MIP-1β AIUI .511 28.8 .012*

MVU .214 .289

FTV .197 .362

VUE .077 .735

↑NRBCs .130 .512

Abbreviations: iL – interleukin; RA – receptor antagonist; R – receptor; AiUi – ascending intrauterine 
infection; mVU – maternal vascular underperfusion; FTV – fetal thrombotic vasculopathy; VUe – 
villitis of unknown etiology; nRBcs – nucleated red blood cells
multiple regression, method enter. All placental lesions which were present 5 or more times in our 
study group were entered in the model.
Beta represents the standardized coefficients. 
* P<.05
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In the presence of MVU we found slightly lower levels of IL-6 and IL-8, but the difference 
failed to reach significance. In the presence of VUE we also found slightly lower levels of 
IL-8, again not reaching statistical significance (Table 4).

To determine which placental lesions were most explaining the cytokine increase or 
decrease, we performed multiple linear regression, backward method, entering all placental 
lesions that occurred more than 5 times in our sample. After backward multiple regression, 
AIUI and elevated NRBCs remained significant in the model for IL-6, explaining 28.8% of 
the variance. For IL-2R, only AIUI remained significant in the model, explaining 31.1% of 
the variance. For MIP-1β and IL-8 both AIUI and FTV remained in the model, AIUI with 
P-values below .05, but FTV failing to reach statistical significance. Together, AIUI and FTV 
explained 23.7% of the variance of MIP-1β and 27.1% of the variance of IL-8. For IL-17, 
only FTV remained significant in the model explaining 15.7% of the variance. None of the 
placental lesions remained significant in the model for IL-1RA (Table 5).
 Finally, we determined whether cytokine responses in the AIUI cases differed between 
presence of maternal response (15 cases), or fetal response (12 cases).We repeated the 
multiple regression analyses, method backward, in 2 new models, now entering either 
AiUi maternal response or AiUi fetal response, instead of AiUi. For iL-6, beta was higher 
in case of a fetal response compared to a maternal response (beta = 0.568 and 0.500 
respectively). For IL-2R, IL-8, and MIP-1β, beta was higher in case of a maternal response 
(beta = 0.563 and 0.514, 0.313 and 0.296, 0.296 and 0.244 respectively). 

Table 5: multiple regression analyses of placental lesions explaining cytokine levels immediately 
after birth 

Cytokine Placental lesion beta R2 P

IL-6 AIUI .467 28.8 .008**

↑NRBCs .362 .034*

IL-17 FTV -.396 15.7 .028*

IL-1RA AIUI .279 7.8 .129

IL-2R AIUI .558 31.1 .001**

IL-8 AIUI .468 27.1 .008**

FTV .328 .055

MIP-1β AIUI .436 23.7 .015*

FTV .309 .076

Abbreviations: iL – interleukin; RA – receptor antagonist; R – receptor; AiUi – ascending intrauterine 
infection; FTV – fetal thrombotic vasculopathy; nRBcs – nucleated red blood cells
multiple regression, method backward: AiUi, mVU, FTV, VUe, and elevated nRBcs were all 
included in the model. We only reported the final step of the regression analyses.
Beta represents the standardized coefficients. 
* P<.05
**P<.01
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Discussion
our study indicated that, in very preterm infants, placental pathology consistent with 
ascending intrauterine infection is primarily associated with higher cytokine levels around 
birth. non-infectious placental lesions were not conclusively associated with cytokine 
responses. our primary hypothesis that cytokine levels are both higher in the presence of 
infectious as well as non-infectious placental lesions was therefore not confirmed. 

The most prominent relation existed between AiUi and cytokine responses. We found 
AIUI to be associated with higher levels of the pro-inflammatory cytokines IL-6, IL-8, IL-2R, 
and MIP-1β at or immediately after birth. This finding is in accordance with the detection 
of elevated cytokines (IL-1β, IL-6, IL-10, IL-2R, TNF-α, IL-8, MIP-1β and RANTES) in the 
amniotic fluid and cord blood in the presence of an ascending infection 12-15. in contrast 
to these studies in our study IL-1β, IL-10, and TNF-α were not detectable (too low to 
measure). 

AIUI is an acute inflammation of the extraplacental membranes and chorionic plate.22 
it can be divided into a maternal response (acute chorioamnionitis and chorionitis) and a 
fetal response (umbilical or chorionic vasculitis). The fetal response is thought to be the 
histological manifestation of the fetal inflammatory response syndrome (FIRS). FIRS is a 
condition characterized by systemic activation of the fetal immune system.33 It is defined 
by an elevated plasma iL-6 concentration in a fetus with preterm labor or preterm prelabor 
rupture of the membranes.36 in our study we found iL-6 increase most related to AiUi with 
a fetal response supporting the theory that AiUi with a fetal response is the histological 
counterpart of FiRs.37 

Placental lesions with signs of AiUi as well as FiRs are known to be associated with 
neurological impairment and cerebral palsy.3,7,9,16,32,33. mechanisms of early brain injury 
leading to neurodevelopmental problems later in life can grossly be divided into three 
groups: cerebral hypoperfusion, coagulopathy leading to thrombosis, and cytokine 
mediated cerebral damage.32 our study gives support that placental lesions with signs of 
AiUi increase cytokine levels around birth in preterm infants and thus may be the mediating 
factor leading to neurodevelopmental problems later in life. The inflammatory cytokines 
can be neurotoxic and inhibit oligodendrocytes in their myelin production. This results in 
damage of white matter, which can in turn lead to cerebral palsy. 16,38-40

We could not confirm the second part of our hypothesis, i.e. that non-infectious 
placental lesions are also associated with cytokine levels, and therefore being a possible 
mediating factor in non-infectious placental related neurological problems. We found several 
associations, but they disappeared after multiple regression analyses. in the presence of 
fetal thrombotic vasculopathy (FTV) levels of iL-8 were increased, and in the presence of 
elevated nucleated red blood cells (nRBcs) levels of iL-6 were increased. But following 
multiple regression, we found that AiUi explained the increase. Both FTV and elevated 
nRBcs did not remain in the model.  it could well be that AiUi led to activation of clotting 
in some cases, resulting in FTV, and to more susceptibility of hypoxia in the fetus, resulting 
in elevated nRBcs. FTV in itself may lead to neurological problems due to the presence 
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of thrombi in the fetal circulation of the placenta. such thrombi may travel into the fetal 
circulation via the umbilical vein and into large cerebral blood vessels across the foramen 
ovale or ductus arteriosus, causing embolic cerebral arterial infarction.41 elevated nRBcs 
is a marker for fetal hypoxia. elevated nRBcs are also suggested to be associated with 
cerebral palsy. This might be explained by a direct effect of hypoxia to the (developing) 
brain.9 other non-infectious placental related neurological problems are probably also 
mediated by a different mechanism than via elevated cytokine responses.
 In the presence of FTV we also found lower levels of the pro-inflammatory cytokine 
iL-17, compared to infants without FTV. The relation between FTV and iL-17 has not been 
studied before. Due to the number of cytokines we tested, this might be due to chance 
finding. In addition, the range of IL-17 in our study group was minimal, and therefore 
probably not clinically significant.  

The strength of this study is the broad spectrum of placental lesions we studied. 
in most studies concerning placental lesions and cytokine responses, only placental 
pathology consistent with AiUi is studied. in this study we also included non-infectious 
placental lesions. There are, however, several limitations we have to point out. Firstly, 
almost all children in our study group had one or more placental lesions. When focusing 
on one specific placental lesion, the comparison group consists of infants with other 
placental lesions. We therefore did not use univariate testing, but deliberately chose to 
use regression models. secondly, we categorized cord blood samples and blood samples 
immediately post partum as one group. Thirdly, on forehand we made a selection which 
cytokines would be analyzed. We did not use all cytokines measured with the Luminex 
technique to avoid multiple testing. 

in conclusion, this study indicated that placental lesions with signs of AiUi generate a 
cytokine response at or immediately after birth in preterm infants. AiUi is suggested to be 
associated with neurological impairment. This cytokine response in the presence of AiUi 
might play a role in the etiology of these placental related neurological problems. non-
infectious placental lesions are not conclusively associated with cytokine responses. The 
etiology of non-infectious placental related neurological problems is therefore different 
compared to neurological problems related to infectious placental lesions.
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