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Abstract

Introduction—Cytokines and vascular endothelial growth factors (VEGF) are involved in all
aspects of pregnancy: from placentation, through fetal development, parturition and neonatal well-
being. Umbilical cord inflammatory cytokines and/or VEGF have not been well studied with
respect to dysregulation associated with disorders of pregnancy or maternal/neonatal outcomes.

Methods—Here we have used multiplex ELISA to screen umbilical cord lysates (comprising
cord blood, endothelia and Wharton’s jelly, n = 380), for levels of IFN-y, IL1-, IL-6, IL-8, IL-10,
TNF-a and VEGFs A, C and D and associations with 46 ICD9/10 codes encompassing obstetric,
maternal and neonatal variables.

Results—No significant differences were observed for IFNy, VEGFC or VEGFD with any
clinical outcomes. The cytokines IL1-B, IL-6, IL-8, IL-10, and TNF-a showed varying levels of
induction and suppression with primarily fetal-placental and neonatal complications. The largest
number of significant differences between umbilical cytokines and clinical outcomes were
observed for chorioamnionitis (IL1-B, IL-6, IL-8, TNF-a), and meconium passage during birth
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(IL1-B, IL-6, IL-8) where significant pro-inflammatory responses occurred and sex differences in
IL-8 expression were noted. In contrast, gonococcal infection showed suppressed immune
response significantly lowering 1L1-p, IL-6, IL-8, IL-10 and TNF-a.. For 12/46 negative
preghancy outcomes, strong suppression of VEGFA occurred.

Discussion—Angiogenic and inflammatory changes in the umbilical cord could be detrimental
by increasing vascular permeability in the umbilical artery or vein and/or altering vascular tone,
either of which would alter blood flow affecting delivery and removal of compounds. Further
elucidation of inflammatory responses in the umbilical cord may provide mechanistic
understanding of adverse pregnancy outcomes.

Introduction

Cytokines and vascular endothelial growth factors (VEGF) are critical molecules in
pregnancy and parturition [1]. They are involved in all aspects of pregnancy: from
placentation, through fetal and placental development, parturition and neonatal outcomes.
They also play major roles when any of these processes are disrupted or abnormal [1].
Increased cytokine levels in pregnancy have been associated with autoimmune diseases
(including inflammatory bowel disease, where elevated maternal serum IL-8 is observed
(van der Giessen, 2019 #56)), chorioamnionitis and fetal inflammatory response syndrome -
elevated IL-6 in fetal plasma [2], gestational diabetes mellitus - elevated IL6 in maternal
serum [3], pre-eclampsia elevated materna serum TNF-a [4] and pre-term birth - elevated
cord blood IL-6 [5]. Similarly abnormalities in VEGF expression and/or signalling have
been associated with gestational diabetes [6], hypertension [7], intra-uterine growth
restriction (IUGR) [8], pre-eclampsia [9, 10], pre-term birth [11] and recurrent pregnancy
loss [12]. Pregnancy relies on a balance between immune activation and suppression which
requires delicate interplay between pro- and anti-inflammatory mediators, hence any
dysregulation of these processes has serious implications for continuing pregnancy and the
health of the fetus.

Most studies involving umbilical cord have tested cord blood in order to determine
circulating endogenous factor levels [1, 7, 13-16], measure fetal drug or chemical exposure
[17], or for genetic abnormalities [18]. In comparison to other reproductive tissues, the
umbilical cord has received far less attention as a useful tissue for determining endogenous
markers of pregnancy outcomes. Some endogenous molecules tested in cord blood have
been shown to be reflective of specific syndromes including immune activation and sepsis
altering umbilical acute phase reactants [19], the specific cord blood peptidome caused by
gestational-diabetes-induced macrosomia [20], mapping the immune response in the fetus
(as different to the mother) in cord blood [21], measuring antioxidant status of the newborn
in smokers [22], and measuring cord blood TSH as a biomarker of congenital
hypothyroidism [15]. However, blood testing can be problematic when trying to quantify
exogenous or endogenous molecules as their residence time in blood can be short, so only a
snapshot of immediate exposure is available. As an alternative, several researchers have
focused on using different reproductive tissues as screening tools for drugs, chemicals,
nutrients and other endobiotics [6, 17, 23, 24]. These tissues include neonatal meconium,
uterine tissue, placenta and umbilical cord tissue, and each presents advantages and
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limitations for screening, as compounds’ physicochemical characteristics and
pharmacokinetic profiles vary and may cause higher (or lower) affinity for certain tissues.
Several authors have published methods of screening in umbilical cord tissues including use
of techniques such as ELISA [23-26], gas-chromatography/mass spectrometry [27, 28],
liquid chromatography/mass spectrometry [26, 29-34] and radioimmunoassay [35]. It is
uncertain whether these results represent accurate results to systemic exposure of either the
mother or fetus because the bi-directional flow of endogenous and exogenous compounds
across the placenta, and diffusion into the umbilical tissues from both maternal and fetal
blood is not well characterized.

Specifically in the case of prior studies of cytokines in umbilical tissues, using freshly
extracted human umbilical vein endothelial cells increases in IL6 and decreases in 1L8 have
been documented due to autoimmune disease (systemic lupus erythematosus) [36], increases
in IL8 in response to infection [37], increases in IL-6, IL-8, TNF-a and IFN-y due to
gestational diabetes mellitus [38], and increases in IL-6 and 1L-8 due to pre-eclampsia [39]
have been observed.

Additionally, several studies of VEGF molecules directly detected in the umbilical tissues
have been published. These variously show down-regulation of VEGF in response to
hypertension in pregnancy [7], that VEGF and VEGF-receptor levels are higher in pre-
eclampsia [40], and umbilical VEGF levels are higher in pre-term birth, very pre-term birth
and miscarriage [11, 41]. One critical point is that the umbilical cord may not react the same
as other reproductive tissues in the fetal-placental unit. As an example VEGF dysregulation
in placental vascular beds in diabetes does not extend to the umbilical cord, where VEGF
and vascular function is normal [6], therefore investigation of specific umbilical cord
responses in different syndromes of pregnancy and parturition will help to elucidate the
mechanisms behind reproductive outcomes.

Umbilical cord has been somewhat overlooked with respect to localized inflammation that
may affect vascular permeability and tone, and hence blood flow. This is despite the fact that
alterations to blood flow in the umbilical cord will affect all aspects of delivery and removal
of substances to and from the fetus. This study has screened a moderately large cohort of
umbilical cords (n = 380) to determine [19] whether the UC might present a useful matrix
for screening these molecules and (2) whether alterations to inflammatory and angiogenic
factors in umbilical cord can associated with adverse obstetric and neonatal outcomes. The
purpose of this is to establish whether there are associations between cytokines and/or
VEGF and obstetric outcomes that can be detected reliably with cords (that are easy to
collect). These associations can be further examined in order to understand if they are
diagnostic of reproductive outcomes, and in time; the UC might be a useful rapid pre-screen
to assist pathologists.

Materials and Methods

All chemicals were obtained from VWR International Ltd (Mississauga, ON, Canada) unless
otherwise stated.
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Human umbilical sample collection and processing

The human umbilical cords used in this project (n = 380) were collected at birth, with
informed consent from women for inclusion of their tissues into the Hawaii Biorepository,
including consent for future investigation after anonymization and de-identification.
Exclusion criteria for this study included: age < 18 or > 45, cords collected and stored > 12
months, cords collected > 4 hrs after birth, caesarean section initiated after labor began,
emergency caesarean section, fetal or neonatal death, multiple birth. This specific study was
approved by the Review Ethics Board at the University of British Columbia (H14-00092)
and The University of Hawaii (CHS 15080) and tissues transferred under an executed
material transfer agreement M17-00402. The demographics of the cohort as requested by
the journal are presented in Table 1 [42].

Umbilical cords were collected, washed, snap-frozen in liquid nitrogen and stored at —80°C.
Upon request, pieces of umbilical cord tissue (0.2 — 0.5 g) were cut from frozen cords and
shipped on dry ice to the University of British Columbia, where they were stored at —80°C
until processing to lysates as previously described [24, 25]. Almost all umbilical tissues
retained varying levels of cord blood, but externally derived blood was completely washed
off. Briefly, tissues were thawed and mechanically homogenized using a Tissue Tearor™
(Daigger Scientific, Vernon Hills, IL, USA) in 1:3 (w:v) Tris-HCI buffer containing 5 mM
MgCl, and 2 mM PMSF. Lysates were separated into 50 L aliquots and frozen at —80°C
until use.

Validation of commercial ELISA for detection in umbilical cord lysates

Commercial ELISAs were from Mesoscale Diagnostics, Rockville, MD, USA and
performed as per the manufacturer’s instructions. These ELISAs are multiplex in two
platforms, the Cytokine ELISA simultaneously detects the classical pro-inflammatory
cytokines TNFa, IL-1pB, IL-6, IL-8. IL-10 and IFN-y and the vascular endothelial growth
factor (VEGF) platform simultaneously detects VEGFA, C and D.

To validate the specificity of the ELISA for detection of analytes in individual umbilical
cord lysates, samples were blinded by study number and included spiked positives (assay
positive control). The bench investigator did not receive the key for analysis until all samples
had been screened, including being unaware of the presence of spiked controls.

Demographic and Statistical Analyses

Associations between analytes and 46 ICD9/ICD10 chart fields for obstetric and neonatal
outcomes were performed. Normality of the data was determined by D’agostino-Pearson
Omnibus test for normality. For clinical conditions and demographics with binary outcomes
(n = 38), unpaired sample t-tests were performed between control and cases, with Welches
correction for unequal variance, only case groups of 4 or more were considered. For
continuous variables (n = 8) correlations were performed using Pearson’s or Spearman’s
tests as appropriate. Numbers of cases and controls varied as not all ICD9/10 codes were
complete for all samples. All statistical analyses were performed using GraphPad Prism 6.0
for Mac OSX (Graph Pad Prism, San Diego, CA).
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Results

Multiplex ELISA utility and validation for umbilical cord lysates

The method requires between 10 and 25 pl of UC lysate to detect cytokines (equivalent to
2.5 - 6.25 mg of tissue) and 25 — 40 ul of UC lysate to detect VEGF molecules (6.25 - 10
mg tissue), allowing for the use of very small pieces of UC to detect up to six and three
analytes simultaneously.

When the bench scientist was blinded and tubes were spiked with commercial standard
100% detection of TNF-a, IL-1p and VEGFD were recorded, on each of two separate days.
The method has 100% method selectivity, meaning that the bench scientist always detected
the spiked samples. When known concentrations of TNF-a, IL-1p and VEGFD were spiked
into umbilical lysate, then non-spiked background subtracted, the TNF-a standard was
detected at 57 £ 5 % of calculated concentration (1150 + 98 pg/mL detected vs. 2000 pg/mL
expected), the IL-1p detected at 33 + 10 % of expected (17 + 5 pg/mL detected vs. 50
pg/mL expected), and VEGFD a spike of 30 ng/mL returned quantitation of 2 £ 1 ng/mL (7
+ 4 % of expected). Detection is lower than absolute levels due to matrix effects. This means
lysates with low levels of cytokines/VEGF may be missed (increase of Type Il/false negative
error). Accordingly for cytokines and VEGF molecules in umbilical cords relative
comparisons are valid between groups, but quantitative statements about absolute levels or
concentrations of molecules are not supported.

IL1-B, IL-6 and IL-8 were detected in all UC lysates tested. concentration. TNF-a was
detected in 376 cords (99%), IL-10 in 280 cords (74%) and IFN-y detected in 131 cords
(34%). VEGF detection was much lower, being observed in 181 cords for VEGFA (48%),
132 cords for VEGFD (35%) and 14 cords for VEGFC (4%).

Demographic differences with sex

Because there were more male than female babies in our sample (170 females: 210 males)
we analysed all ICD9/10 codes for differences with sex. Male sex was associated with
significantly higher baby weight (3226 + 629 g) as compared to females (3091 £ 578 g, p =
0.03), significantly more likely to be admitted to NICU ( 11% rate of admission for males as
compared to 6% rate for females, p = 0.06), significantly more likely for the mother the have
gentational hypertension with a male baby 11% for male babies and 5 % for female babies, p
= 0.02. In contrast females approached significantly longer gestational age in weeks (38.52
+2.15vs. 38.07 + 2.42, p = 0.05) and were more likely to be born to women with chlamydia
infection 11% infection rate female babies vs. 5 % in male babies, p = 0.06.

Correlations between cytokines and VEGF molecules and continuous variables

There were no biologically significant correlations observed with any cytokines or VEGF
molecules with the continuous variables of maternal age (years), gestational age (days),
length of membrane rupture (cm), amount of blood loss (mL), baby weight (grams), baby
head circumference (cm), baby chest circumference (cm) or length of hospital stay (days).
Although several correlations were statistically significant due to large sample size, the
correlation coefficients (r2) were never above 0.2, indicating poor biological significance.
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Differences between cytokines and VEGF molecules with discrete variables

For discrete variables no differences in cytokines or VEGF molecules were observed for 8-
streptococcus infection, chlamydia infection, estimated date of confinement (EDC) based on
last menstrual period, 15t, 2"d or 3'd trimester scans; fetal bradycardia, fetal distress (all
types), fetal heart trace monitoring, gestational hypertension, intrauterine growth restriction,
maternal anemia, mild pre-eclampsia, neonatal respiratory distress syndrome, placental
abruption or sex.

No significant differences in IFN-y, VEGFC or VEGFD were observed for any of the
obstetric variables or neonatal outcomes described in our ICD9/10 codes.

Significant differences in obstetric and neonatal outcomes were observed for IL1-8, IL-6,
IL-8, IL-10, TNF-a and VEGFA, detailed in Figures 1 — 3. Changes in cytokines detected in
the umbilical cord were primarily associated with variables related to the fetal-placental unit,
labour and neonatal outcomes. In general maternal variables were not associated with
significant differences in cytokine levels in umbilical tissues. In contrast, maternal variables
(vaginal bleeding, asthma, and smoking) were observed to affect VEGFA in addition to
fetal-placental unit, labour and neonatal variables. Because there were more female than
males, sex-based stratification was performed for all significant associations. The only effect
that sex had on cytokines was for IL8 levels and meconium passage (as below).

Briefly, for the pro-inflammatory cytokines; IL1-p was significantly decreased in severe pre-
eclampsia and with gonococcus infection (p < 0.001, both ~6-fold decreased, Fig. 1A) and
significantly increased when there was premature rupture of the membranes (p < 0.05, 3-fold
increase), chorioamnionitis (p < 0.001, 6-fold increase), meconium passage during birth (p <
0.01, 3-fold increase) and admission to the NICU (p < 0.05, 5-fold increase), Figure 1B.

The levels of IL-6 were significantly diminished in severe pre-eclampsia (p < 0.001, 4-fold),
oligohydramnios (p < 0.01, 4-fold), and caesarean section (p < 0.001, 3-fold) and profoundly
diminished with repeat caesarean section and gonococcus (p < 0.001, 10-fold, both), Figure
1C. For IL-6 significantly higher levels were observed in chorioamnionitis and with passage
of meconium during birth (p < 0.001 both, Figure 1D).

Relatively few significant changes in TNF-a. were observed, with significantly lower levels
in umbilical tissues from severe pre-eclampsia and gonococcus infection (p < 0.001 both,
and ~2-fold inhibition both, Figure 1E). Interestingly chorioamnionitis caused a large and
significant increase in TNF-a of around 10-fold (p < 0.01, Figure 1F).

For the chemokine IL-8 (that is not classically pro-inflammatory, but does contribute to the
inflammatory response through neutrophil recruitment by chemotaxis) the overwhelming
response in umbilical tissues was significantly decreased I1L-8 levels of between 20 and

40%. This included in gestational diabetes (p < 0.05), premature labour (p < 0.01),
premature birth (p < 0.001), chronic maternal hypertension (p < 0.05), oligohydramnios (p <
0.01), caesarean delivery (p < 0.01) and repeat caesarean (p < 0.05, Figure 2A). In contrast
chorioamnionitis and meconium passage during birth were both associated with significantly
increased 1L8 (p < 0.01, Figure 2B). When meconium passage was further stratified by sex,
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male and female fetuses demostrated different IL-8 profiles. IL8 in females with meconium
passage was significantly lower than in females without meconium (49.0 + 25.9 vs. 67.2

+ 42.9 pg/mg tissue, p = 0.012) while males with meconium as compared to males without
meconium passage did not show IL8 inhibition ( 65.3 £ 39.3 vs. 69.3 £ 2.11, p = 0.74).
When female fetuses with meconium passage were compared to males with meconium
significantly lower 1L-8 was present (49.1 + 25.9 vs. 65.3 + 39.3 pg/mg tissue, p = 0.015).

For the lone anti-inflammatory cytokine detected, 1L-10; the opposite pattern was observed
than for pro-inflammatory cytokines - names that fewer variables cause inhibition of IL-10
(n = 2) and there was more induction of IL-10 (n = 5 variables). IL-10 was significantly
decreased in umbilical tissue that tested positive for gonococcus infection and came from
caesarean section repeat (p < 0.001, 3-fold decrease, both Figure 2C). Levels of IL-10 were
significantly increased in membrane rupture (p < 0.05, 50% increase), premature rupture of
membranes (p < 0.05, 100% increase), chorioamnionitis (p < 0.001, with a large ~4-fold
increase), meconium passage during birth (p < 0.001, but only a modest 2-fold increase) and
admission to the NICU (p < 0.05, with ~4-fold and very variable increase), Figure 2D.

In contrast to the cytokines, VEGFA was decreased in umbilical cords in response to 12/46
variables tested (Figure 3). It was also associated with maternal variables (vaginal bleeding,
asthma, smoking), labour and delivery variables (premature labour, premature birth,
caesarean section, repeated caesarean section), placental/fetal unit abnormalities
(chorioamnionitis, oligohydramnios) and neonatal variables (any neonatal abnormality,
abnormal neonatal genitals, NICU admission)

Discussion

We have successfully detected associations between obstetric and neonatal clinical variables
and changes in proinflammatory cytokines/VEGFA in umbilical cord lysates. With respect to
cytokines, the umbilical cord appears useful to detecting immune responses of the fetal-
placental unit, and caused during labour and delivery. For the molecule VEGFA only
suppression was observed (no increases) and changes in response to maternal variables of
vaginal bleeding, asthma and smoking were observed in addition to fetal-placental
outcomes, (whereas cytokine levels were not altered by maternal variables). Asthma and
smoking are classical inhibitors of VEGFA and can almost be considered positive controls
for the accuracy of the associations we observed [13, 43]. Our specific findings that
cytokines present in umbilical cord lysates are significantly elevated in chorioamnionitis,
meconium passage during birth, premature rupture of membranes, NICU admission and
significantly depressed with gonococcus infection and oligohydramnios are novel. There are,
however; several other studies demonstrating associations between cord blood cytokines and
pregnhancy outcomes, including risk of neonatal hearing test failure [5], neonatal brain injury
[44, 45], and maternal illicit drug use [16], supporting the plausibility of our findings.

Although VEGF is generally considered to be derived from the vascular endothelia, here
primarily umbilical vein endothelia, with a small contribution from umbilical artery
endothelia [7, 40, 46], during pregnancy circulating levels of VEGF in maternal serum
almost double [13].
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Hence VEGF present in the umbilical cord is likely to be a combination of locally produced
and maternally-derived molecules. This fits well with our derived data where VEGFA was
associated with maternal variables, including asthma, smoking and vaginal bleeding as well
as fetal-placental and neonatal outcomes.

Similarly for inflammatory cytokines there are two ways that they could enter the umbilical
cord: they may be produced locally by venous and arterial endothelia [39, 40, 46] or enter by
passive diffusion from cord blood. The umbilical cord is highly perfused and IL1-8, IL-8,
and TNF-a can increase the permeability of endothelia allowing molecules as large as
polymorphonuclear neutrophils (PMNS) to cross into endothelial tissue [47, 48]. As
cytokines are smaller than PMNs it is possible that they may also cross into the endothelia
throught heir own permeabilization mechanism, but this requires mechanistic confirmation.
It is possible that the cytokines detected in lysates are produced locally, and there is some
support for this because cytokines were solely associated with variables relating to the fetal-
placental unit and the labour and delivery process and not with maternal factors. However to
determine the veracity of this statement, blood from umbilical vein and umbilical artery
would have to be collected separately and compared for cytokine levels; differences on
either side of the circulation would indicate their placental or maternal origin. The VEGF
and cytokines concentrations detected may be representative of their concentrations within
umbilical arterial and venous blood, and not produced by local endothelia - or it could be a
combination of both.

A further consideration of these data demonstrated that the chorioamnionitis (IL1-f, IL-6,
IL-8, TNF-a), and meconium passage during birth (IL1-B, IL-6, IL-8) were associated with
strong pro-inflammatory responses. The exception to this is IL-8 where stratified analysis
indicated that sex plays a role in the inflammatory response to meconium. Female fetuses
downregulated IL-8 production, as compared to male fetuses, so the global response is not
up-regulation, but rather driven by a sex difference where females are not able to maintain/
produce IL-8 with meconium passage. The mechanism behind this sex-based difference
remains to be resolved. One potential explanation for the inflammation observed with
chorioamnionitis is that when this is coupled with funisitis and/or vasculitis within umbilical
cord/chorionic plate fetal inflammatory response syndrome occurs, and elevated IL-6 is
always present [2]. However, it is unlikely that umbilical cords from the acute syndrome
were included in this study because placentas and their cords from abnormal or clearly
compromised pregnancies are sent to pathology and not available for research.

In contrast, gonococcal infection was associated with suppressed immune response across-
the-board with significantly decreased IL1-8, IL-6, IL-8, IL-10 and TNF-a. For the other
infections agents on which we had data similar trends were observed that did not reach
significance due to the small number of coded samples. There were only 91 records of
streptococcus B testing of which 17 were positive, likewise of the 213 records coded for
Chlamydia sp., only 27 were positive. When ELISA non-detects were removed, the samples
sizes were very underpowered, which is likely the reason for not reaching significance.
However, global inhibition of immune responses in placental and umbilical tissues by active
infection is an area deserving of more study, perhaps in order to develop an early-alert
diagnostic for neonates.
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In terms of method reliability, umbilical lysates are an accurate tool for investigating these
analytes, as blinded bench researchers always detected spiked samples. However, only
relative quantitation of molecules could be achieved as a spiking study showed lower levels
of analyte than the known concentration added. This is likely due to matrix effects of the
umbilical cord lysate itself. This means our data likely contains greater Type Il error (false
negative). Hence, this platform can only be used for relative quantitation such as in case-
control studies of this type. The positive outcome from this validation, is that because there
is higher Type Il error, our results are conservative meaning that statistically significant
results are probably even more biologically important than reported. Additionally, we are
missing data on the use of several medications, particularly the use of antibiotics in labour
and/or prophylactically for e.g. infection or PROM, and also the use of antenatal steroids,
magnesium sulfate and prostaglandins for labour induction were all unknown. These may
have a confounding effect on our results.

In summary, the cytokines and angiogenic factors tested are not individually diagnostic of
any single syndrome, disease or complication, indeed by their very nature they are
generalized response molecules of the immune system. Despite this, our study demonstrated
that umbilical cord lysate may provide reliable information about inflammation in the intra-
uterine environment during pregnancy and during labour and delivery. In addition to
mechanistic considerations of inflammation affecting umbilical arterial and venous tone and
permeability with respect to fetal health, with more in depth study it may be possible to
confirm specific patterns of cytokines and angiogenic factor dysregulation in the umbilical
cord that are together associated with specific syndromes. That would enable these
molecules to be used in parallel with pathological examination of reproductive tissues to
assist in confirming subtle effects, as part of differential diagnosis or as a preliminary “alert
screening to rule out (or confirm) that further testing of the mother or neonate for example
for an active bacterial infection, may be needed.
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Highlights

Umbilical inflammatory responses are altered by negative pregnancy
outcomes.

Umbilical angiogenic responses are diminished by negative pregnancy
outcomes.

Further study at cell and molecular level may reveal the associations’
mechanisms.
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Figure 1: Proinflammatory cytokine levels are decreased (A, C, E) or increased (B, D, F) in
umbilical cord lysates by fetal-placental, labour & delivery, and neonatal variables.

A: Suppression of IL1-p. B: Induction of IL1-B. C: Suppression of IL-6. D: Induction of
IL-6. E: Suppression of TNF-a.. F: Induction of TNF-a.. Bars are mean £ SEM. N values
are listed below bars. * = p < 0.05, ** = p < 0.01, *** = p <0.001. CHORIO =
chorioamnionitis, CHRONIC HTN = maternal chronic hypertension, C-SECT = current
caesarean section; C-SECT R = repeat caesarean section, GEST DIA = gestational diabetes,
GON = gonococcus infections, MEC = meconium passage in utero, NICU = neonatal
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admission to NICU, OLIGO = oligohydramnios, PREM B = premature birth, PREM L =
premature labour, PROM = premature rupture of membranes, SEVERE PE = severe pre-
eclampsia.
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Figure 2: IL-8 and IL-10 levels are decreased (A, C) or increased (B, D) in umbilical cord lysates
by fetal-placental, labour & delivery and neonatal variables.

Bars are mean £ SEM. N values are listed below bars. ** = p < 0.01, *** = p < 0.001.
CHORIO = chorioamnionitis, C-SECT R = repeat caesarean section, GON = gonococcus
infections, MEC = meconium passage in utero, MEMB = membrane rupture, NICU =
neonate admitted to the NICU, PROM = premature rupture of the membranes, SEVERE PE
= severe pre-eclampsia.
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Figure 3: VEGFA levels are suppressed in umbilical cord lysates in association with fetal-
placental, maternal, labour & delivery and neonatal variables.

Bars are mean + SEM. N values are listed below bars. * = p < 0.05, *** = p < 0.001.
ABNORMAL = any neonatal abnormality, ASTHMA = maternal asthma, CHORIO =
chorioamnionitis, C-SECT = current caesarean section, C-SECT R = repeat caesarean
section, GENITALS = abnormalities of the neonatal genitalia, GON = gonococcus
infections, MEC = meconium passage in utero, MEMB = membrane rupture, NICU =
neonate admitted to the NICU, OLIGO = oligohydramnios, PREM B = premature birth,
PREM L = premature labour, PROM = premature rupture of the membranes, VAG BLEED
= maternal vaginal bleeding prior to birth.
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N =380
Mean * SD (range)

Maternal Age (years)

Gestational Age (weeks)
Ethnicity (%)

Caucasian

Asian

Indigenous

Other or Unknown

Baby weight (g)

Maternal BMI (kg/mm¥)

Maternal weight gain (kg)

28.2+6.3 (18 - 44)
38.3+2.3(25-42)

32
37

12

19

2950 + 725 (836 — 4250)
26.2+65(15.2-52.7)
3165 + 609 (860 — 4692)
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