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Abstract

Pregnancy is a period of considerable physiological adaption in neuroendocrine, cardiovascular, as
well as immune function. Understanding of typical changes in inflammatory immune responses
during healthy pregnancy is incomplete. In addition, despite considerable racial difference in
adverse pregnancy outcomes, data are lacking on potential racial differences in such adaptation.
This repeated measures prospective cohort study included 37 Black and 39 White women who
provided blood samples during early, mid-, and late pregnancy and 8-10 weeks postpartum.
Peripheral blood mononuclear cells were incubated with lipopolysaccharide (LPS) for 24 hours
and supernatants assayed by electrochemiluminescence to quantify interleukin(IL)-6, tumor
necrosis factor(TNF)-a, IL-1f, and IL-8 production. While no changes were observed in IL-8
production over time, significant increases in IL-6, TNF-a, and I1L-1f production were observed
from early to late pregnancy, with subsequent declines approaching early pregnancy values at
postpartum (ps<.05). Overall, inflammatory response patterns were highly similar among Black
versus White women. However, Black women had greater TNF-a production during mid-
pregnancy (p=.002) and marginally lower IL-153 production at postpartum (p=.054). These data
show a clear trajectory of change in the inflammatory immune response across pregnancy and
postpartum. In this cohort of generally healthy women, Black and White women exhibited
minimal differences in LPS-stimulated cytokine production across the perinatal period. Future
prospective studies in Black and White women with healthy versus adverse outcomes (e.g.,
preeclampsia, preterm birth) would inform our understanding of the potential role of immune
dysregulation in pregnant women and in relation to racial disparities in perinatal health.
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1. INTRODUCTION

Pregnancy is a period of considerable physiological adaption in neuroendocrine,
cardiovascular, as well as immune function. The innate arm of the immune system is critical
in the context of an immune challenge such as an infection or wound. Major functions of
this arm of the immune system include recruitment of immune cells to the site of infection
or injury, activation of the complement cascade, and activation of the adaptive immune
system through antigen presentation. Understanding of typical changes in inflammatory
immune responses during healthy pregnancy is incomplete.

Studies using animal models have primarily reported the inflammatory and fever response to
be diminished during late pregnancy versus non-pregnancy (Aguilar-Valles et al. 2007,
Fofie, Fewell & Moore 2005, Ashdown et al. 2007, McClure et al. 2005), but also enhanced
during midand late gestation versus non-pregnancy (Faas et al. 2003, Vizi et al. 2001).
Repeated assessment of innate immune function using animal models is rare but available
data suggest the possibility of progressive enhancement of inflammatory immune response
across pregnancy followed by a drop near term (Faas et al. 2003, Kabaroff, Boermans &
Karrow 2006).

For clear ethical reasons, studies in pregnant women have focused primarily on ex vivo
stimulation methods. Most commonly, peripheral blood mononuclear cells (PBMCs) are
incubated with lipopolysaccharide (LPS) and response quantified according to
proinflammatory cytokine production. Results of such studies are mixed; some data show no
change in LPS-stimulated proinflammatory cytokine production across the course of
pregnancy (Denney et al. 2011), while others have reported reduced (Amoudruz et al. 2006,
Faas et al. 2014) or heighted (Daher et al. 1999, Brewster et al. 2008) production of some
proinflammatory cytokines in later pregnancy as compared to early pregnancy and non-
pregnancy. Thus, available data are inconsistent. In addition, existing data are primarily
cross-sectional, in relatively small samples of 16-45 total pregnant women, and almost
exclusively in non-US samples (UK, Netherlands, Sweden, Brazil; Amoudruz et al. 2006,
Faas et al. 2014, Brewster et al. 2008, Daher et al. 1999). No data are available on race as a
potential predictor of differential immune adaptation.

The role of race is of interest given considerable racial disparities in risk for adverse birth
outcomes; in the US, Black women show 1.3 to 1.5-fold higher risk than Whites for adverse
outcomes including gestational hypertension and preterm birth (Hamilton et al. 2015, Ghosh
et al. 2014, Cabacungan, Ngui & McGinley 2012).These outcomes have been linked with
dysregulation of inflammatory processes (Kuklina, Ayala & Callaghan 2009, Reddy et al.
2015, Behrman, Stith Butler 2007, Mendola et al. 2015, Hamilton et al. 2015). Better
understanding of typical changes in immune function during healthy pregnancy is need to
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recognize patterns of immune-dysregulation. In a similar vein, data on potential racial
differences in immune adaptation would be informative.

Addressing gaps in the literature, this study examined innate immune function, as measured
by ex vivo LPS-stimulated proinflammatory cytokine production, during early, mid-, and
late pregnancy and postpartum among 76 US women, inclusive of 37 Blacks and 39 Whites
who were recruited to be demographically similar. This study aimed to: 1) describe
longitudinal changes in the inflammatory immune response across pregnancy and
postpartum, and 2) determine if racial differences are present in observed patterns of
adaptation.

2. MATERIALS AND METHODS

2.1 Study Design and Participants

This repeated measures prospective cohort study enrolled 84 women (41 non-Hispanic
White, 41 non-Hispanic Black, and 2 Hispanic White) assessed during early, mid-, and late
pregnancy (early pregnancy mean 12 weeks, range 9-17 weeks; mid-pregnancy mean 21
weeks, range 19-24 weeks; late pregnancy mean 29 weeks, range 26—35 weeks) and at 7-11
weeks postpartum (mean 9 weeks, range 7-11 weeks). In the current analyses, immune
adaptation in healthy pregnancy was the focus. Thus, per medical record review, women
who developed gestational hypertension or preeclampsia during pregnancy (n = 3) or
delivered preterm (n = 5) were excluded, resulting in a final sample size of 76 (39 White
including 2 Hispanics, and 37 Black).

Participants were recruited from The Ohio State University Wexner Medical Center
(OSUWMC) and surrounding community of Columbus, Ohio. Exclusion criteria included
multifetal gestation, diagnosed fetal anomaly, chronic conditions (e.g., cancer, systemic
lupus erythematosus) or use of medications (e.g., progesterone) with implications for
immune function, illicit drug use other than marijuana, and consumption of >2 alcoholic
beverages per week per self-report or medical record at time of enrollment. Women
reporting acute illness, such as cold- or flu-like symptoms, or antibiotic use within ten days
of a study visit were rescheduled. Blood samples were obtained between 8:00AM and
4:00PM. The study was approved by The Ohio State University Biomedical Institutional
Review Board. Informed consent and HIPAA authorizations were obtained from all
participants and modest compensation provided.

2.2 Demographics, Health, and Pregnancy Outcomes

Race, ethnicity, age, education, annual household income, smoking status, gravidity, and
parity were determined by self-report. Maternal pre-pregnancy BMI (kg/m?) was calculated
using self-reported pre-pregnancy weight and height measured at a study visit. Development
of gestational hypertension, preeclampsia, and preterm birth during the current pregnancy
was determined by post-delivery medical record review.
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2.3 Inflammatory Immune Response

PBMCs at a concentration of 1 x 108 cells/ml were stimulated with 1ug/ml LPS in
RPMI-1640 supplemented with 10% human male serum for 24 hours. A non-LPS media
control was incubated simultaneously. After 24 hours, samples were centrifuged and
aliquots removed and frozen at —80°C until assayed. Media samples were assayed neat,
while LPS samples were diluted 1:6. Samples were assayed in duplicate for IL-6, TNF-q,
IL-1, and IL-8 (pg/ml) using human Prolnflammatory 1l multiplex tissue culture kits from
Meso Scale Discovery (MSD; 1601 Research Blvd., Rockville, MD). Plates were read by an
MSD Sector Imager 2400 measuring electrochemiluminescence. The inter-assay coefficients
of variation were 8.28, 6.02, 8.59, and 9.23, for IL-6, TNF-a, IL-1f, and IL-8, respectively.
The intraassay coefficients of variation were 3.2, 2.36, 1.91, and 2.93, for IL-6, TNF-q,
IL-1pB, and IL-8, respectively.

2.4 Statistical Analyses

Patient characteristics were examined by descriptive statistics as mean/standard deviation or
count/frequency. For the primary analyses, following log transformation of stimulated
cytokine values, a linear mixed model with a random subject effect was fit to each
stimulated cytokine endpoint. The random subject effects accounted for the correlation in
repeated measures from the same subject across time. Also, the quadratic trend across the
four time points was tested. In order to test whether patterns in stimulated cytokine
production differed between White and Black women, race by visit interactions were used.
Parameter contrasts were estimated within each model to compare cytokine means at each
pair of time points, to compare the races at each time point, and to test for differences in the
quadratic trends. Two outliers (>3 SD below the mean) for stimulated production of IL-8
were excluded from analysis for early and mid-pregnancy. All tests were evaluated at the a
= 0.05 level of significance. No adjustments were made for multiple comparisons. All
analyses were performed in SAS/STAT software version 9.3 (Cary, NC).

3. RESULTS

3.1 Descriptive Statistics and Comparisons by Race

Demographics, health, and birth outcome descriptive statistics and comparisons between
White and Black women are shown in Table 1. White and Black women did not
significantly differ in age, education, annual household income, smoking status, gravidity,
parity, or maternal pre-pregnancy BMI (ps = 0.10). Black women were marginally more
likely to be classified in the lower income category (p = 0.06).

3.2 Inflammatory Immune Response across Pregnancy and Postpartum

For the overall sample, quadratic patterns were evidenced for production of interleukin
(IL)-6 (p < .001), tumor necrosis factor (TNF)-a (p < .001), and IL-18 (p = .01). For IL-6
and TNF-a production, values rose from early to mid-pregnancy (ps < .005) and mid- to late
pregnancy (ps < .05), and declined postpartum relative to late pregnancy (ps < .001). For
IL-1B production, values rose from early to late pregnancy (p <.001) and declined
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postpartum relative to late pregnancy (p = .03). For IL-8 production, there were no
significant changes or differences in values over the course of pregnancy (ps > 0.14).

3.3 Effects of Race on Stimulated Cytokine Production

Overall, patterns of cytokine production were highly similar among White and Black women
(Figure 1 a—d). Racial differences were observed in only two instances. Black women had
greater TNF-a production during midpregnancy (p = .002) and marginally lower IL-153
production at postpartum (p = .054).

4. DISCUSSION

The current study demonstrates a clear trajectory of change in the inflammatory immune
response across pregnancy. Specifically, while LPS-stimulated cytokine production of IL-8
remained relatively stable, production of IL-6, TNF-a, and IL-1f increased progressively
across pregnancy. Our findings of overall increases in inflammatory responses are in line
with the findings of two prior observational studies in non-US samples that utilized cross-
sectional designs with 13 — 47 pregnant women at a given time point (Brewster et al. 2008,
Daher et al. 1999). The current findings are also consistent with two studies using murine
and ovine models (Vizi et al. 2001, Kabaroff, Boermans & Karrow 2006). In contrast, in the
only longitudinal and US study, Denney et al. reported no change in production of IL-6,
TNF-q, or IL-1f through pregnancy among 43 women (79% non-Hispanic Black; Denney et
al. 2011). The basis for this difference in findings is unknown, but could be related to assay
methodology.

In this sample, LPS-stimulated IL-6, TNF-a, and IL-1f production returned to levels
comparable to early pregnancy values by 8-10 weeks postpartum. To our knowledge, this is
the first study assessing rebound of these pregnancy-associated changes among the same
participants at postpartum. Our findings are in line with the observation of similar TNF-a
production among 28 pregnant women in their 15t trimester compared to 19 healthy non-
pregnant controls in a Brazilian study (Daher et al. 1999).

This study also provides novel data on pregnancy-related immune adaptation in women of
different races. We found that Black and White women displayed quite similar patterns of ex
vivo LPS-stimulated proinflammatory cytokine production across pregnancy and
postpartum. Black women exhibited higher TNF-a production at the mid-pregnancy
assessment and lower IL-1f production at postpartum. However, given the lack of a
consistent pattern of effects, these differences may be due to chance. Replication would
clarify if this is the case. Overall, these data suggest that in healthy pregnant women,
adaptation of the innate immune response, as measured by LPS-stimulated cytokine
production, is similar among Black and White women.

Women with gestational hypertension, preeclampsia, and preterm birth (n = 8) were
excluded from analyses in the current study and were not represented in large enough
numbers to compare to healthy controls. This approach allowed conclusions regarding
immune adaptation in healthy pregnancy. However, important empirical questions remain
regarding the potential role of inflammatory immune dysregulation in predicting onset of
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these disorders. In addition, if racial differences in immune dysregulation do contribute to
the racial disparities observed in these conditions, they may be observable only among those
who ultimately exhibit the adverse outcome. This warrants examination in future studies.

A strength of the current study includes collection of immune data longitudinally across four
time points in pregnancy and postpartum. This allowed for evaluation of patterns as opposed
to cross-sectional comparisons between pregnant women assessed at different points in
pregnancy. Further, ex vivo LPS-stimulated proinflammatory cytokine production has been
minimally studied; however, the initial, non-specific response to challenges that mimic in
vivo infection is likely of particular importance during pregnancy. Overly robust responses
may lead to chronic inflammation and/or initiation of an inflammatory cascade while
insufficient responses may increase vulnerability to infection.

Data from women is required to inform understanding of immune function and perinatal
health. While animal models have applicability to understanding human reproductive
biology, there are limitations to generalizability to humans. For example, in rats, increasing
inflammatory responses from days 4-11 of pregnancy, followed by a drop to non-pregnant
levels near term on day 20 have been reported (Faas et al. 2003). In contrast, there is no
evidence to suggest that the inflammatory response declines among humans approaching
term and considerable evidence supports enhanced inflammation during labor (Romero, Dey
& Fisher 2014, Romero et al. 2007, Gomez-Lopez et al. 2014). There may be fundamental
differences in the role of inflammation in labor initiation in humans versus other mammals.
For example, declining progesterone levels appear to be critical in labor initiation among
mice and sheep (Ratajczak, Fay & Muglia 2010). In women, progesterone levels remain
elevated but changes in receptor profiles reduce signaling during labor (Mesiano, Wang &
Norwitz 2011). An advancing inflammatory cascade is capable of, and may even be key in,
inducing functional progesterone withdrawal among humans (Jiang et al. 2012, Condon et
al. 2006).

In conclusion, these data demonstrate that ex vivo LPS-stimulated IL-6, TNF-a, and IL-1B
production changes significantly through pregnancy and postpartum, with the greatest
production of these cytokines observed in late pregnancy. In contrast, LPS-stimulated
production of IL-8 appears to be unchanged throughout pregnancy and postpartum. Overall,
observed patterns of cytokine production were highly similar among Black versus White
women. Given the robust and consistent pattern observed in healthy pregnancy, it is possible
that women deviating from this pattern of adaptation will exhibit risk for adverse pregnancy
outcomes (e.g., gestational hypertension, preeclampsia, preterm birth). Further, prospective
data in Black and White women with healthy versus adverse outcomes would inform our
understanding of the potential role of immune-dysregulation in women in general and in
relation to racial disparities in perinatal health.
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Highlights

e We examined LPS-stimulated cytokine responses across pregnancy and
postpartum.

e IL-6, TNF-a, and IL-1p production increased from early to late pregnancy.

e Subsequent declines approaching early pregnancy values were seen at
postpartum.

» Minimal differences were observed among Black versus White women.

e Future data on adaptation in healthy versus disordered pregnancy would be
informative.
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Fig. 1. Inflammatory Immune Response across Pregnancy and Postpartum according to

Maternal Race

Lipopolysacharide-stimulated production of (a) IL-6, (b) TNF-a, (c) IL-1p, and (d) IL-8
during early (1), mid- (2), and late (3) pregnancy and postpartum among Black and White
women. Black women exhibited greater TNF-a production during mid-pregnancy (p = .002)
and marginally lower IL-1p production at postpartum (p = .054). No other statistically
significant differences were observed. Error bars = +1 SE.
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Table 1

Descriptive Statistics and Comparisons by Maternal Race

White (n=39) Black (n=37) t-test/y2
Mean(SD) or n(%) | Mean(SD) or n(%) | p Value
Age 25.5(3.4) 25.5(4.8) 0.98
Education 3(7.7%) 3(8.1%) 0.97
< High School Graduate 9 (23.1%) 7 (18.9%)
High School Graduate 14 (35.9%) 15 (40.5%)
Some College 13 (33.3%) 12 (32.4%)
2 College Degree
Annual Household Income 9 (23.1%) 16 (43.2%) 0.06
<$15,000 30 (76.9%) 21 (56.8%)
>$15,000
Smoking Status 5 (12.8%) 33(89.2%) 0.79
Current Smoker 4 (87.2%) 4 (10.8%)
Current Non-Smoker
Gravidity 12 (30.8%) 6 (16.2%) 0.35
1 12 (30.8%) 11 (29.7%)
2 7 (18.0%) 12 (32.4%)
3 8 (20.5%) 8 (21.6%)
>4
Parity 17 (43.6%) 8 (21.6%) 0.10
0 12 (30.8%) 13 (35.1%)
1 10 (25.6%) 16 (43.2%)
22
Maternal Pre-Pregnancy BMI 28.4 (6.3) 27.1(5.2) 0.34
Gestational Age at Delivery@ 39.5(1.0) 39.2(LY) 0.37

adata available from n=37 White and n=36 Black participants

J Reprod Immunol. Author manuscript; available in PMC 2017 April 01.

Page 11



