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Abstract

Objectives: To assess deviations in longitudinally
measured cytokines with preterm birth (PTB).
Methods: Prospective longitudinal study targeting 80
subjects. Phlebotomy specimens for broad panel of cyto-
kine analysis were obtained at three time (T) intervals: first
trimester (T1: 8–14 weeks’ gestation), second trimester (T2:
18–22 weeks’ gestation), and third trimester (T3: 28–
32 weeks’ gestation). Important demographics and out-
comes were tracked. Data were stratified and the target
groups were analyzed as follows: “Uncomplicated”

(delivered ≥37 weeks) or “Preterm Birth” (<37 weeks).
Generalized Linear Modeling determined rate of change
T1–T3 by outcome.
Results: Complete data replete with phlebotomy at all three
visits were obtained on 80 women. Birth outcomes were as
follows: 11 Uncomplicated Term Birth (UTB), 28 PTB, 4 low
birth weight (LBW), 16 OB complications (OBC), 11 current
infections (IFN), and 10 mixed complications (MC=2 or more
of the above). 28 PTB were compared to 11 uncomplicated
termdeliveries. In both groups, T helper type 1 (TH1) cytokine
(IL-1β), pleiotrophic pro-inflammatory cytokine (IL-6), and
counter-regulatory cytokine (IL-10) responses decreased over
gestation, but rates of change in IL-1β, IL-6, and IL-10 were
significantly different. Stratification of women by smoking
status additionally demonstrated significant variance in im-
mune status over the course of pregnancy
Conclusions: Women delivering PTB demonstrated sig-
nificant differences in cytokine trajectory over pregnancy;
these data further validate key role played by immune
regulation in directing pregnancy outcome. Likewise,
smoking impacts longitudinal trajectory of cytokines over
pregnancy.

Keywords: cytokines; immune profiling; inflammation;
preterm birth.

Introduction

Shifts in immune parameters in pregnancy have been
implicated in pregnancy outcomes. A number of adverse
pregnancy outcomes like preeclampsia, preterm prema-
ture rupture of membranes, and miscarriage have all been
hypothesized to have a strong associationwith increases in
systemic inflammation as demonstrated by various serum
markers. A number of environmental factors (e.g., smok-
ing, substance abuse, pollution) and health conditions
(e.g., pelvic infection, periodontal disease) are known to
both increase systemic inflammation and in turn increase
risk for preterm delivery [1–4]. While many inflammatory
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markers exist, cytokines are a diverse family of soluble
small proteins, expressed by various cells and tissue types;
these proteins act as immune mediators and the mapping
corresponding expression profile may be important in
predicting at risk pregnancies.

Maternal immune responses are modified during
pregnancy. Prior data indicate a trend over gestation to-
ward a dampened T helper type 1 (Th1)-associated and
pleiotrophic cytokine expression; such data implicate
enhanced counter regulatory cytokine expression as
instrumental in decreasing inflammatory responses and, in
effect, tolerance to fetal tissues [5]. Other data further
support the belief that maternal immunemodulation plays
a vital role for both establishment of and maintenance of a
viable pregnancy [6, 7].

T cells have often been the focus of many reproductive
studies given their role in signaling and coordination of
immune responses via cytokine signaling [8–10]. Given this
role, experts have identified inflammatory insults and
ability to identify inflammation as a target for the preven-
tion of preterm birth [11]. A cytokine expression profile can
be used to categorize coordinated systemic immune re-
sponses [12]. Assessing multiple cytokines is paramount to
characterize the status of the immune systemwith regard to
the Th type bias and intrinsic levels of inflammation [13].
Previously, Velez et al. reported cytokine variance in a
cohort study of women delivering either term or preterm.
Their datawhile taken from in a singular timepoint in labor
from amniotic fluid added to the growing body of evidence
that cytokine signaling is divergent from normal term
pregnancy when women spontaneously deliver pre-
term.[14]. Our group has previously validated assessment
of a broad panel of cytokines for immune profiling.

While prior data on cytokine response in pregnancy
suggest immune modulation plays an important role in
normal pregnancy [5], complete characterization and un-
derstanding of immune modulation in women achieving
uncomplicated term deliveries vs. preterm delivery re-
mains incomplete [9, 10]. The bulk of existing studies are
limited by cross-sectional design.

Moreover, the trajectory of cytokine expression over
the course of pregnancy in term vs. preterm is not well
characterized. A number of questions surround whether
cytokine profiles differ at time of preterm delivery only or if
trajectory from early and mid-trimesters vary as well [14].
Such gaps underpinned the impetus to perform an inves-
tigation aimed at describing immune state as pregnancy
develops in both women that ultimately carry to term vs.
those that spontaneously deliver prior to completing
37 weeks gestational age [15]. Likewise, our group had
concerns regarding lack of knowledge of what is occurring

prior to labor beginning in terms of inflammatory states
leading up to labor in both groups.

A number of biological fluids have been sampled for
assessing inflammation as it pertains to preterm birth; these
have included amniotic fluid, cervical secretions, urine,
saliva, serum, plasma, vaginal secretions, and periodontal
fluid. Each type of fluid has both strengths and limitations
with respect to knowledge that canbe gained. Pretermbirth is
an endpoint in many respects that which multiple pathways
may lead to triggering inflammation, upregulation of
oxytocin receptors and downregulation of progesterone re-
ceptorswhether the inflammation originates from the gingiva
or the vagina for example. Arguably, the best clinical marker
for the prediction of spontaneous preterm birth to date has
been fetal fibronectin in the cervix and/or vagina [16].

However, cervicovaginal fluids are only one pathway
that leads to preterm birth. Evidence continues to mount
that periodontal disease creates local inflammation in the
oral cavity that spreads systemically and affects other or-
gan systems. Such harm is not limited to increased inci-
dence of cardiovascular disease and myocardial infarction
but joint periodontal and obstetrical investigators have
demonstrated a strong association of periodontal disease
when untreated leads to increased systemic inflammation
that in turn seeds the cervix with inflammatory changes
leading to early shortening and in turn preterm delivery.
Like cervicovaginal lavages, saliva is the ultrafiltrate of the
plasma and facilitates assessment of a number of inflam-
matory markers from C-reactive protein (CRP) to cytokines.
However, both cervicovaginal and saliva fluid samples are
limited by patient activity (e.g., oral lesions, vaginal
abrasions, vaginal intercourse, use of oral and vaginal
hygiene products/soaps/rinses and may also allow
maternal serum proteins to exude more readily or be
degraded by chemicals for hygiene in the vagina or mouth,
thus either falsely elevating or depressing the levels. These
behaviors are difficult to limit and control. Infection and
inflammation may both be present but notably inflamma-
tionmay arise systemically and present to themyometrium
and cervix in absence of infection as in psychological stress
or from metabolic and/or cardiovascular disease pro-
cesses. Serum assessment can, on the other hand, be
collected in absentia of such environmental insults and be
collected with little to no risk to the pregnancy. Phlebot-
omy collection is typically timed every trimester regardless
for routine standard assessments for the patient’s prenatal
care to not add much in the way of added visits or
examinations.

Multiple environmental and clinical insults may arise
in gestation and elicit inflammatory stress response
whether the entry point be urogenital infection,
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periodontal disease, psychological stress due to anxiety or
depression affecting cortisol and in effect inflammatory
milieu, or even adipose load raising systemic inflammation
that ultimately presents to the uteroplactental interface
andmay affect labor onset [15–18]. The women in our inner
city population have a number of risk factors for inflam-
mation with cervicovaginal infection/colonization repre-
senting one portal presenting at the nexus to signal/trigger
labor onset whether term or preterm [18, 19]. Cortisol
releasing hormone (CRH) and hypothalamic-pituitary-
adrenal axis (HPA axis) hormones are known to influence
inflammatory response to both infection and psychoso-
matic stress [20, 21]. Such complex interactions and
modification of systemic inflammatory states have not only
been implicated but established as playing a role in pre-
term birth [22, 23].

Our aim was to compare cytokine profiles in preg-
nancies ending in either uncomplicated term delivery or
spontaneous pretermdelivery. Our approach of obtaining a
broad-panel of cytokines at three gestational time-points
intended to identify immune variations of etiologic
importance with respect to term vs. preterm delivery.

Materials and methods

Study design

This study was part of the Philadelphia Collaborate Preterm Preven-
tion Project sponsored by The Children’s Hospital of Philadelphia
(CHOP) and Drexel University. Institutional Review Board (IRB)
approval was obtained from both universities (CHOP IRB 09-007191,
date of approval 12/28/2009 and Drexel IRB 40568, date of approval
9/10/01, renewal 9/10/09). We initiated a prospective, longitudinal
investigation of immune and neuroendocrine parameters associated
with stress, infection, and preterm birth.

Eligibility and enrollment

For this study, all women attending their first prenatal visit at a
hospital-based clinic in Philadelphia, Pennsylvania between March
2001 and November 2002 were screened for eligibility. Women were
considered eligible for participation if they were, (1) English or
Spanish speaking, (2) had a singleton intrauterine pregnancy, (3)
<15 weeks’ gestation, and (4) ≥17 years of age.

Conversely, women were excluded from participating if they had
any immunologic disorder (e.g., Human Immunodeficiency Virus (HIV)/
Acquired Immunodeficiency Syndrome (AIDS), Systemic Lupus Eryth-
ematosis (SLE), sarcoidosis, taken systemic corticosteroids six months
prior to enrollment, or takenantibiotics for infection in the 15daysprior to
enrollment. All eligible women were approached for consent, and those
who provided written informed consent were enrolled. Women became
ineligible at the second or third trimester visits if they were no longer

pregnant, developed an excluding medical condition, or if they moved
out-of-state and could no longer take part in the study.

Data collection

Trained interviewers collected demographics, medical history,
behavioral history, and psychosocial data from study participants
upon enrollment. Study participants were followed at regularly
scheduled prenatal appointments with updated data. Phlebotomy
specimens were obtained at three intervals: first trimester (T1: 8–
14 weeks’ gestation), second trimester (T2: 18–22 weeks’ gestation),
and third trimester (T3: 28–32 weeks’ gestation). These intervals were
carefully selected to accomplish the following: (1) avoid early immune
shifts and variation during the initial phase of implantation; (2) ensure
enrollment after well-established viability and diagnosis of singleton
intrauterine pregnancy; (3) assess phlebotomy and urine at times that
coincidedwith usual standard of care visits; (4) be representative time
points within all three trimesters in well-dated pregnancies; and (5)
avoid drop out and bias due to preterm delivery to facilitate compar-
ison across the two groups that would either deliver preterm or term.

Upon enrollment, all women completed a face-to-face interviewwith
trained study personnel to assess: (1) socio-demographic history, (2) psy-
chosocial history, (3) health behavior history, and (4) medical history.
Maternal variablesabstractedby researchstaffwere thosehavingpertinent
effects onpretermbirth; these included the following: age, race, substance
abuse (e.g., smoking, alcohol, illicit/recreational drug use), education
level, and income. Alcohol use was qualified by patient self-report during
the face-to-face interview. Criteria for being classified as positive for
pregnancy complicated by illicit/recreational drug use was qualified by a
positive urine drug screen or positive patient report of drug use during
pregnancy of any one or more of the following: cocaine, marijuana,
phencyclidine (PCP), amphetamines, opiates, benzodiazepines, barbitu-
rates, methadone, propoxyphene, and/or quaaludes. Likewise, as part of
the consent process for the study, our physician panel had the opportunity
to review all prenatal care records, including outpatient clinic visits, hos-
pitalization records, delivery records, neonatal records during initial hos-
pitalization, and postpartum care to review for any positive report or test
result of any substance use, including tobacco, alcohol and all illicit/
recreationally used drugs or prescribed substance dependency. These re-
sults were abstracted into the data sheets for each patient accordingly for
demographics and outcomes as either positive/negative for substance use
or likewise either positive/negative for smoking.

Anthropometric measurements (e.g., maternal height and
weight) were obtained. All participants had their body mass index
(BMI) calculated. Standard cutoffs for BMI were used as follows:
overweight (>25), obese (>30), morbidly obese (>35).

Medical records were reviewed to obtain and verify antepartum,
intrapartum, and post-partum information about the study partici-
pant’s demographics, history and medical conditions as well as
documentation of a live birth from available medical records. To
ensure accuracy of the medical record information, medical records
were abstracted by trained personnel and collectively verified by a
physician panel. Obstetrical complications included abruption/pre-
via, intrauterine growth restriction (IUGR) as demonstrated by low
birth weight (LBW) on Fenton index chart, gestational hypertension
(GHTN)/pre-eclampsia, or fetal distress. Abruption was the coded
indication for delivery when maternal hemorrhage suggestive of
abruption was the documented reason for delivery by cesarean. When
placenta previa was documented in the chart as due to ultrasound
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findings, the indication for delivery by cesarean was coded as previa.
Fetal distress was defined as non-reassuring fetal heart tracing
(NRFHT), repetitive fetal heart rate decelerations prompting an indi-
cated delivery, or if a Category III fetal heart tracing was noted. Low
birth weight was defined by birth weight less than the 10th percentile
for the assigned gestational age per Fenton growth chart. Gestational
hypertension (GHTN) was defined as at least two maternal blood
pressures ≥140/90 in the absence of proteinuria. Criteria for pre-
eclampsiawere defined as at least twomaternal blood pressures over a
4 h interval of ≥140/90 with proteinuria (≥1 + protein on 2 separate
urinalyses or ≥300 mg protein on 24 h urine collection. Patients who
progress to either severe pre-eclampsia or severe GHTNwere coded as
an indicated delivery for “pre-eclampsia” or “GHTN,” respectively. All
of these were excluded from this analysis as the purpose of this paper
was to compare immune profile of uncomplicated term delivery to
otherwise uncomplicated spontaneous preterm birth.

When chorioamnionitis or intraamniotic infection (IAI) was the
indication for delivery, we examined six individual variables: (1)
maximum recorded intrapartum temperature, (2) maternal leukocytosis
(≥20,000 mL white blood cell count (WBCs), (3) maternal tachycardia
(maternal heart rate >100 beats per minute (bpm) for 20 min), (4) fetal
tachycardia (fetal heart rate >160 bpm for ≥20 min), (5) malodorous am-
niotic fluid (when documented by labor and delivery nurse/physician),
and (6) uterine tenderness (whendocumentedby examiningphysician in
the medical record). Those identified as having infection (e.g., pyelone-
phritis or chorioamnionitis at time of delivery or identified as such during
their pregnancy were excluded from the analysis).

Immunologic assays

At each of three time points, phlebotomy samples were collected by
standard antecubital venipuncture with vacutainer collection in so-
dium heparin anticoagulant, for in vitro cytokine release assays. For
the cytokine release assay, the sample of anti-coagulated maternal
bloodwas collected and transportedon icewithin 30min to the on-site
laboratory for processing as follows: the cytokine release analysis was
performed on incubated supernatants from stimulated whole blood.
For the cytokine release assay, 24-well plates were prepared in
advance with 1.5 mL of media consisting of Roswell Park Memorial
Institute’s RPMI 1640 (Invitrogen, Carlsbad, CA) containing 10% fetal
bovine serum (Invitrogen, Carlsbad, CA) and penicillin/streptomycin
(Invitrogen, Carlsbad, CA) at 1:100 dilution added to individual wells.
Plates were stored at −20 °C, thawed and brought to room temperature
immediately before use. Heparin anti-coagulated blood samples were
distributed, 0.5 mL of whole blood, into four individual wells of the
previously prepared 24-well plate containing one of the three condi-
tions: (1) supplemented with phytohemagglutinin (PHA) (Sigma, St.
Louis, MO) at a final concentration of 5 μg/mL, (2) supplemented with
lipopolysaccharide (LPS) −2 (Sigma, St. Louis, MO) at a final concen-
tration of 1 μg/mL, or (3) not supplemented as the control.

All plates were incubated for 24 h at 37 °C in 5% humidified CO2. At
the conclusion of this period, plates were placed on ice and the contents
of the four wells for each condition were transferred to 15 mL conical
tubes. Samples were centrifuged at 4 °C for 10min at 300 × g followed by
distribution of the supernatant into 500 µL aliquots that were immedi-
ately frozenat−80 °Candmaintained frozenuntil analysis in triplicate by
Luminex-100 MAP® methods using commercially available kits (Linco
Research Inc. St. Charles, Missouri) according to manufacturer’s in-
structions and as previously reported [12].

Our group extensively researched existing data on immune
variation in pregnancy as it relates to preterm birth and inflammation
as opposed to the immune state demonstrated bywomen delivering at
term. As previously mentioned, most of these data were derived from
cross-sectional study design, making our longitudinal design essen-
tial for understanding how trajectory of cytokine milieu over the
course of these gestations [23–25]. We also needed to represent the
overall immune response in a broad-panel of cytokines that are
involved in (1) monocyte/macrophage mediated responses (T cell
helper type 1 (Th1) pathway); (2) antibody-mediated that promotemast
cell and eosinophil production (T cell helper type 2 (Th2) pathway);
and (3) cytokines exerting their regulatory functions in a Th1/Th2--
unrestricted fashionand in effect regulate T-helper cell development and
responses in an over-arching regulatory role. Utilizing these classic
frameworks for selection of cytokine signals that would compose an
image or profile of an individuals’ immune state at selected time intervals
in gestation, we additionally utilized existing evidence for important
variations in representative cytokines in preterm birth. A Th1/Th2
imbalance remains as a paradigm for specific disease related immune
responses albeitmany studies contradict one another, whichmay be due
to their limitation of cross-sectional design. Rather than arbitrary cut-
points in cytokine concentration for elevation or not, the key to under-
standing cytokine profiles as they relate to pregnancy outcome for an
individual may lie in rate change in inflammatory status over gestation
within individuals as baseline inflammatory states and cytokine baseline
levels may vary from person to person.

We selected the following cytokines for analysis: IFN-γ, the
prototypical Th1-associated cytokine; IL-4, a Th2-associated cytokine;
the less specific pro-inflammatory cytokines TNF-α, IL-10, and IL-6;
and IL-10, a predominant counter-regulatory cytokine associatedwith
suppression of T cell maturation. An extensive literature search and
experience by the investigators led to selection of these cytokines as
representative for the Th1-associated, Th2-associated, pro-
inflammatory, and counter-regulatory cytokine assays to represent
the profile or inflammatory status of each of the subjects and by birth
outcome stratification. A power calculation indicated that assuming a
15% preterm birth rate in our higher risk inner city population that 30
women would be needed in total to detect a 30% variance in cytokine
trajectory between preterm and term birth outcomes. Knowing that
additional pregnancy outcomes in the targeted sample would inevi-
table occur in those completing the three phlebotomies.

We employed two primary stimuli: (1) LPS to activate CD14&TLR-
4 expressing cells—evokes TH2 response bymonocytes, and (2) PHA to
activate T lymphocytes—evokes TH1 response. Together, these stimuli
provided measures of induced cytokine expression for monocytes,
components of the innate arm of the immune system, and for lym-
phocytes, integral elements of the adaptive armof the immune system.
Notably, the utilization of a mitogen has limitation as it does not
precisely replicate an antigen specific response (i.e., in vivo in-
teractions between monocytes/dendritic cells and T cells). However,
mitogen use has been validated and is a widely-accepted approach for
the study of the immune response [12, 14]. Cytokine expression was
evaluated at 24 h to limit the effect of secondary induction of cytokine
byproducts derived from the primary stimulus.

Smoking status

Smoking status was assessed in enrolled subjects at each time point.
Status was based on patient report and confirmed by “nicometer”
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utilizing measurement of urine cotinine at the same visit as each of
the three phlebotomy collections to control for smoking influence
on inflammatory state at each visit. The urine cotinine assay is a
validated tool to assess smoking status in a “positive” or “nega-
tive” result format. An interaction term of group with gestational
age was used to compare rates of change over gestation by
smoking status.

Statistical analysis

Data were stratified into two groups based upon pregnancy outcomes:
(1) uncomplicated term birth (UTB): delivery at term (≥37 weeks) of
normal birth weight neonate with no identifiedmedical complications
over the course of gestation; or, (2) preterm birth (PTB)–delivery
<37weeks’ gestational agewith no other identifiedmedical/obstetrical
complications over the course of gestation.

We determined the rate of change for each cytokine from T1 to T3
using Generalized Linear Models (GLM with gamma distribution and
log link). Adjustment for clustering was made using robust standard
errors via the Huber-White sandwich estimator. An interaction term of
groupwith gestational agewas used to compare the rates of change by
pregnancy outcome. Differences were defined as significant with a
p-value <0.05.

For these analyses, we included all participants with complete
immune data for their first three study visits and available medical
record data providing documentation of a live birth. Replicate cyto-
kine determinations were evaluated for potential outliers within the
triplicate values for each sample using the Grubbs formula at the 5%
critical Z-value [22]. Mean determinations for replicates from each
sample were used for subsequent analysis.

To assess immune modulation during pregnancy, we fit a
regression model to assess the trajectory of each cytokine
throughout pregnancy. For all regression analyses, we used GLM
with the gamma family of distributions and a log link [10]. Such
models accounted for the distribution of the data. Since the cyto-
kine values were measured repeatedly over time, and thus corre-
lated for each subject, we calculated robust standard errors using
the Huber-White sandwich estimator [10]. Statistical significance
was defined at p<0.05.

Results

A total of 80 women that met inclusion criteria had com-
plete data as well as completed the three phlebotomy and
urine samples; this longitudinal study of broad cytokine
panels over the three trimesters in gestation comparing
preterm birth vs. term birth is the largest of its kind to date.
Notably, during the screening and enrollment process
women became ineligible at the second or third trimester
visits upon learning the following: (1) no longer pregnant
(e.g., abortion (n=12), a stillbirth (n=2), or a miscarriage
(n=21)); (2) onset of excluding medical condition (n=1), or
(3) theymoved out-of-state and could no longer take part in
the study (n=2).

Sociodemographic characteristics

Our cohort of 39 of 80 women with either uncomplicated
spontaneous preterm delivery or uncomplicated term delivery
demonstrated a mean age of 23.3 years and were predomi-
nately African-American (92.3%), multiparous (53.8%), un-
married (75%), and most did not attain at least a high school
diploma (77.5%). Demographics between groups—preterm
birth and term delivery—did vary by birth etiology amongst
those who were both enrolled and had a live birth (Table 1).
Namely, women in the preterm birth group were 28/28 non-
hispanic black vs. 8/11 uncomplicated term deliveries (p=0.04
by ANOVA). Marriage or living as married demonstrated a
reduction in odds of havingpretermdelivery (8/11UTBvs. 7/28
spontaneous pretermbirth; p<0.01; OR0.12 95%CI 0.03, 0.61).
Age, parity, income, substance use (recreational/illicit drug
use, namely one or more positive of any of the following:
cocaine, marijuana, PCP, amphetamines, opiates, benzodiaz-
epines, barbiturates, methadone, propoxyphene, and quaa-
ludes), and BMI were similar between groups (Table 1).

Outcome stratification and cytokine assays

Eighty women with complete data had the 54 assays run.
Birth outcomes were as follows: 11 UTB, 28 PTB, 4 LBW, 16

Table : Sociodemographic characteristics of sample stratified by
birth etiology.

Uncomplicated
n=

PTB n= p-Value

Age—median years
(SD)

. (.) . (.) .

Race/Ethnicity, %
– Non-hispanic

white
/ (.) / () .

(ANOVA)
– Hispanic/Latina / (.) / ()
– Nonhispanic

black
/ (.) / ()

– Other /() / ()
Substance use, % / (.) / (.) .
Education, %
– Did not finish

high school
/ (.) / (.) .

(ANOVA)
– High School/GED / (.) / (.)
– Continued post

high school
/ (.) / (.)

Married/living as
married

/ (.) / () <.

Annual income—dol-
lars (mean, SD)

,. (.) ,.
(.)

.

Nulliparous, % / (.) / (.) .
BMI (mean, SD) . (.) . (.) .
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OB complications (OBC), 11 current infections (IFN), and 10
mixed complications (MC=2 or more of the above). Per our
planned analysis, 28 women with PTB were compared to 11
women with UTB; (see Table 1). We evaluated replicate
cytokine determinations for potential outliers in each
condition and that we utilized mean determinations for
replicates from each sample in the analysis to produce the
results. Notably, we performed our analysis with and
without the outliers. No changes in statistical significance
were noted when removing outliers from the analysis,
indicating that our analysis and data sets were robust
(Figure 1).

In both groups, TH1 cytokine (IL-1β), pleiotrophic pro-
inflammatory (IL-6), and counter-regulatory cytokine (IL-
10) responses decreased over the course of gestation.
However, the rates of change in IL-1β, IL-6, and IL-10 were
significantly different (Table 2). The rates of change for IL-
1β to PHA stimulation demonstrated more suppression
(more negative slope) in uncomplicated term deliveries
when compared to the otherwise uncomplicated preterm
deliveries; this is illustrated in Figure 2. IL-6 showed very
little change in expression over gestation in the uncom-
plicated term deliveries as opposed to the decrease in IL-6
demonstrated by the preterm delivery group (Figure 3). IL-
10 expression decreased over gestation significantly in the
preterm birth group when compared to the uncomplicated

term delivery group as seen in Figure 4. For all other
measured cytokines, trajectories did not vary significantly
between the groups.

Figure 1: Cytokine cohort flowsheet.

Table : Coefficients and p-values for cytokines differing by
smoking.

Cytokine Non-smokers Smokers p-Value of interaction term

IL-—control −. −. .
TNFα—control −. −. .

L

Figure 2: IL 1β-PHA trajectory of expression over gestation.

L

Figure 3: IL-10-control trajectory of expression over gestation.

L

Figure 4: IL-6-control trajectory of expression over gestation.
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Data stratified by smoking status

At T3, among the self-reported smokers (n=7 of 39 or
17.9%), 6 (85.7%) had a positive Cotinine test. Among the
people with positive cotinine test (6/39), 4/6 (75%) re-
ported smoking. Given small numbers of smoking pa-
tients within the cohort of 39 (11 UTB and 28
uncomplicated spontaneous preterm birth), we addi-
tionally looked at data on smoking for the entire group of
80 women with complete data on smoking. Figure 5
demonstrates the incidence of smoking (by% “negative”
and % “positive”) over the three time points. “Negative”
was defined as having both a negative cotinine test and
denied smoking at each time point. “Positive” was
assigned for use reported and/or urine cotinine positive.
At T3, among the 14 self-reported smokers, 12 (85.71%)
had a positive Cotinine test whereas among the people
with positive cotinine test, only 52.17% reported smok-
ing. Self-report of smoking seems to be under reported in
this sample as measured by a cotinine test.

There were significant differences in cytokine
expression by smoking status demonstrated by pleio-
trophic pro-inflammatory (TNF-α) and counter-
regulatory cytokine class responses (IL-10). Decrease in
TNF-α found in smokers may contribute to the mecha-
nism behind previously reported findings that smoking
has a protective effect on the incidence of hypertensive
disorders of pregnancy, namely that of preeclampsia
(i.e., TNF-α elevation has been reported in pre-
eclamptics vs. normal controls). An associated
decrease in IL-10 with smoking in this analysis is
consistent with previous reports on IL-10 decrease hav-
ing association with both preterm birth and smoking.
Table 2 illustrates the coefficients and p-values for cy-
tokines differing by smoking. Table 3 illustrates the
median values of cytokines differing by smoking status.
There were no significant differences by smoking status
in TH1 (IL-1beta, IFN-gamma) or TH2 (IL-4) class
responses.

Discussion

Our data indicate there are critical variations in cytokine
networks leading to preterm delivery. The observation of a
temporal alteration in IL1β, IL-10, and IL-6 accentuates the
notion that preterm labor is a disruption of a delicate bal-
ance essential to achieve delivery at term.

Our data show that women with either preterm birth or
term delivery demonstrate similar IL-1β expression over
gestation with the exception of the TH1 response. Women
who ultimately delivered at term exhibited increasingly
more suppression of their IL-1β expression in response to
TH1 mitogen from their baseline response as gestation pro-
gressed. On the contrary, this immune modulation was not
exhibited by those who ultimately delivered preterm (less
negative slope from T1 to T3). Accordingly, progesterone
mediated activation of membrane progesterone receptors
inhibit IL-1β gene activity in prior reports. Progesterone
supplementation for those with history of preterm birth is
now widely used to prevent subsequent preterm delivery
[26]. Our data showing lack of IL-1β suppression in the
preterm deliveries suggest intrinsic cytokine variances un-
derpin the effectiveness of the progesterone supplementa-
tion. Prior data has demonstrated progesterone withdrawal
to have effects on cells with progesterone receptors, leading
to cytokine upregulation, increase in local inflammation
and enzymes responsible for tissue breakdown as well as
vasoconstriction. Cytokine release within the myometrium

Figure 5: Incidence of smoking by timepoint
in gestation (whole cohort of 80 women).

Table : Median values of cytokines differing by smoking status.

Cytokine Non-smokers median
(range)

Smokers median
(range)

IL-—control-T . (., .) . (., .)
IL-—control-T . (., .) . (., .)
IL-—control-T . (., .) . (., .)
TNFα—control-T . (., .) . (., .)
TNFα—control-T . (., .) . (., .)
TNFα—control-T  (., .) . (., .)
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has been shown to effect matrix metalloproteinase activity
that has been demonstrated to lead to cervical modeling
with decrease in cervical stroma and in effect cervical
shortening as well as weakening of the amniotic and cho-
rionic membranes thereby priming the gestation for labor
whether preterm or term [27, 28]

Our finding of IL-10 decrease over gestation in those
delivering preterm is likewise interesting. We previously
found IL-10 to demonstrate an increase over normal
gestation [11]. The observed deviation or reversal in tra-
jectory by those ultimately delivering preterm suggests
inadequate suppression of inflammatory responses leads
to preterm birth. The IL-10 expression in our preterm pa-
tients showed lower initial levels as well as more pro-
nounced decrease as these patients progressed into the
second and third trimesters when compared to the term
deliveries. Herrera-Munoz also found decreased IL-10 in
the serum of women with threatened preterm labor [27].
Cecati et al. demonstrated that the IL-10 receptors were
downregulated in the endometrium in a group of women
recently delivering preterm when compared to non-
pregnant women (experiencing term birth) by endometrial
biopsy [28]. Hence, the demonstration of IL-10 decrease in
our cohort of preterm deliveries again points toward IL-10’s
importance in achieving term gestational age.

Preterm deliveries demonstrated a marked fall in IL-6
relative to that of the patients who ultimately achieved
delivery at term. The increased negative slope across
gestation with respect to both IL-6 and IL-10 is particularly
interesting. IL-6 functions as both inflammatory and anti-
inflammatory per a large accumulation of conflicting data.
IL-6 may serve as an inhibitor of inflammatory pathways
and when seen to increase or decrease in concert with IL-
10, this appears to be an important coordination by the
systemic cytokine network within thematernal circulation.
In our data, the simultaneous decrease in both IL-6 and IL-
10 is found in associationwith the adverse outcomeof early
delivery. Said another way, the inability to maintain
adequate IL-6 and IL-10 concentrations appears to lower
the threshold for entering the pathway of preterm labor.

Our data on IL-6 placed in context of prior data on both
IL-6 and progesterone receptor polymorphisms continue to
indicate intricate interactions between cytokine networks
and hormonal levels. Such cytokine/hormone balance
likely exists prior to the onset of labor whereby there are
key tipping points that lend to immune-mediated activa-
tion of metalloproteinases and prostaglandin production
for cervical ripening, along with up-regulation of oxytocin
receptors, and donw-regulation of mPR (membrane pro-
gesterone receptors) to disengage maternal efforts in
continuation of the pregnancy to more advanced

gestational age. Given data supporting the role of the im-
mune shift away from the proinflammatory pathway in
those achieving term delivery vs. inadequate shift in those
experiencing preterm delivery, our study continues to add
to the mounting evidence for TH-2/antiinflammatory
cytokine signaling is important to achieve an uncompli-
cated term delivery. TH-1 cytokines have been proven to
activatemacrophages.Many of thewomenwith decreasing
ability to maintain TH2 cytokine signaling may have un-
derlying chronic infection, thus predisposing them to so-
called macrophage priming and hyperresponsiveness to
minor inflammatory stimuli, leading to a lower threshold to
enter the labor pathway at increasing early gestational
ages.

To date there are limitations to impact of smoking of
inflammatory states during the course of pregnancy as most
data are cross-sectional. Conversely, our data demonstrate
the impact of smoking on inflammatory states over the course
of the three trimesters inpregnancy longitudinally tomeasure
impact of smoking on the trajectory of cytokine expression
during pregnancy. Our data show significant differences in
cytokine expression by smoking status demonstrated by
pleiotrophic pro-inflammatory (TNF-α) and counter-
regulatory cytokine class responses (IL-10). Decrease in
TNF-α found in smokers may contribute to the mechanism
behind previously reported findings that smoking has a
protective effect on the incidence of PIH/pre-eclampsia
(i.e., TNF-α elevation has been reported in pre-eclamptics
vs. normal controls). An associated decrease in IL-10 with
smoking in this analysis is consistentwithprevious reports on
IL-10 decrease having association with both preterm birth
and smoking. Our demonstration that smoking decreases IL-
10 is critical as decrease in IL-10 has previously been asso-
ciated with pregnancy loss and preterm birth. As prior in-
vestigations have demonstrated, IL-10 is a key counter-
regulatory cytokine to suppress inflammatory responseand is
thought to be a key player in the immune shift to facilitate
tolerance of the pregnancy and in effect advancement to term
pregnancy with amature fetus prior to onset of inflammatory
cascades that ultimately trigger labor.

Likewise, smoking has long been associated with risk
for both miscarriage and preterm premature rupture of
membranes. Our finding implicates inflammatory alter-
ation rooted in decrease of IL-10 when smoking during
pregnancy as biologically causative in preterm birth. There
were no significant differences by smoking status in TH1
(IL-1β, IFN-γ) or TH2 (IL-4) class responses. Further inves-
tigation is required to determine whether these immune
alterations play a role in development of adverse preg-
nancy outcomes associated with smoking. Unfortunately
due to the nature of our urine cotinine assessment being
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that of a kit that detects presence of 200 ng/mL or more
(positive) vs. not or less than 200 ng/mL (negative), our
group is unable to generate a dose response curve. None-
theless, our findings provide additional insight into the
association of both decreased IL-10 with preterm birth as
well as smoking with decreased IL-10, implicating smok-
ing’s role in immune modulation that predisposed these
women to a premature delivery.

While our data implicate deviation of IL1β, IL-10, and
IL-6 in the pathogenesis of preterm birth, our study has a
number of inherent limitations. Preterm birth ismanifested
by a myriad of underlying predispositions and environ-
mental insults. Our cohort is predominantly African-
American with low-education level and poor financial re-
sources. Although the demographics limit generalization
to all populations, our cohort is somewhat controlled. The
uniformity of our sample also has the benefit of similar
lifestyles, diet, and stress levels amongst participants. The
variances demonstrated by our data shed light on the un-
derlying immunologic differences predisposing a pregnant
woman toward delivering preterm, especially in a cohort of
inner city women at high risk.

Prior data have focused on cervicovaginal and amniotic
fluid inflammatory milieu [1, 29–34]. Cervicovaginal secre-
tions are known to be colonized with bacteria whereas
phlebotomy specimens are collected in a sterile fashion pre-
cluding degradation and change over time due to the influ-
ence of bacteria. Analyzing the secretions generated from the
cervicovaginal mucosa undoubtedly facilitates evaluation of
the innate immune cellular presence. A plethora of prior
studies have shed light on immune variances as determined
by cervicovaginal lavage. In 2018, Amabebe et al. published
data on RANTES and IL-1B concentration in cervicovaginal
fluid across two gestational age windows (20–22 6/7 weeks
and 26–28 6/7 weeks GA) [1]. They demonstrated that
increasingprevalenceof vaginal anaerobes (e.g., bacteroides,
fusobacterium, mobiluncus) over gestation corresponded
withboth increased risk for spontaneouspretermbirth aswell
as IL-1B. Accordingly, FFN detection also corresponded with
these changes in asymptomatic women to suggest predictive
value from making such assessments.

Our project was designed to assess and analyze cyto-
kine milieu via ELISA on phlebotomy specimens. Ex vivo
analysis offers the important advantages of (1) ease of
handling; (2) low or negligible risk on pregnancy outcome
for the patient; (3) maintaining target cell types at their in
vivo ratios with other cell types and non-cellular compo-
nents; (4) retention of all blood components including
serum; and, (5) ability to assess systemic inflammatory
alterations in pregnancy that result from other portals of
entry (e.g., periodontal disease, psychological stress,

obesity, smoking/environmental respiratory insults, and
cardiovascular inflammation from metabolic processes,
etc.).

Our study design further adds to knowledge of immune
modulation as expressed systemically and moreover
longitudinally over the course of both gestations that result
in uncomplicated term deliveries vs. otherwise uncompli-
cated spontaneous preterm deliveries. We additionally
include data on how smoking affects longitudinal expres-
sion of a broad panel of cytokines over the course of
gestation. Our group of investigators has experience in
evaluating systemic inflammation in pregnancy and the
Luminex assay methodology has been validated [12].
Furthermore, our group has previously published data on
longitudinal modulation of immune system in otherwise
uncomplicated pregnancies [5]. Data presented in this
manuscript add to such findings in that we evaluated for
variance in term vs. preterm deliveries longitudinally over
the course of gestational as well as impact of smoking vs.
no smoking over the course of gestation longitudinally.
Both are areas that have been previously poorly under-
stood as prior investigations have centered on singular
time points of assessment such as upon presentation in
preterm labor and/or shortly after delivery.

Our study has a number of other strengths. Both key
clinical data andmaternal biological sampleswere collected
prospectively. Our group of includes statistical expertise as
well as substantial experience in measurement and inter-
pretation of cytokine levels using Luminex ELISA assays.
Additionally, our study is unique in that we performed a
longitudinal study in pregnant women on cytokine profiles
across pregnancy ending in either uncomplicated term de-
livery or spontaneous preterm delivery.

Prior data demonstrate that IL-1β plays a key role in
mediating the inflammatory response to bacterial vagino-
sis. Such response underpins the association of bacterial
vaginosis with preterm birth. The response to the bacteria
or lack thereof until inflammatory colonization sets in is
likely rooted in polymorphisms in the host or gravid fe-
male’s immune system [23]. IL-1β is elevated in amniotic
fluid during the midtrimester in women destined for pre-
term delivery [23–25]. Given this positive association, IL-1β
has been labeled as a predictor for preterm birth. Mid-
trimester variance in IL-1β levels may be genetic as recent
studies have elucidated polymorphisms in the IL-1β gene
that lend toward preterm delivery [24].

Future studies in this area may prove useful in the care
of the obstetrical patient by (1) identifying deviations from
normal longitudinal patterns and (2) potentially identifying
interventions to modify outcomes for at risk populations.
Studies on the effect of interventions (e.g., progesterone
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whether vaginal, intramuscular, or oral; or, treatment of
periodontal disease and pelvic infection) on cytokine tra-
jectories may likewise shed light on mechanisms of action
by known treatments for those at risk of delivering preterm.

Notably, the population studied is that of predominantly
African-American community andmay limit generalizability to
other populations and their respective outcomes and immune
responses in pregnancy. Given disparities in healthcare re-
sources and research funding alike as they pertain to the un-
derserved poor African-American population, our data are
critical for the scientific and clinical community to add to the
growing knowledge of our understanding of pregnancy
biology in these underserved women. Better understanding of
environmental triggers and underlying maternal immune
response longitudinallyoverpregnancymayenablephysician-
scientists to identify modifiable variables that may ultimately
impact pregnancy outcomes which are notably worse in the
poor, underserved African American communities.

Analyses of cytokine trajectories associated with
environmental insults like stress and smoking along with
other adverse outcomes such as preeclampsia and stillbirth
may be useful in better understanding mechanisms lead-
ing to their occurrence.

Acknowledgments: Patient care and data collection for this
study are supported by the Pennsylvania Department of
Health and The March of Dimes. Cytokine assays were
performed at the UC Irvine Development, Health and Dis-
ease Research Program Laboratory by Edward Nelson, MD
and Pathik Wadhwa, MD, PhD.
Research funding: Cytokine assays were supported, in
part, by US PHS (NIH) Grants R01 HD-041696 and PO1 HD-
047609 to Pennsylvania Department of Public Welfare
(PDW).
Author contributions: All authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.
Competing interests: Authors state no conflict of interest.
Informed consent: Informed consent was obtained from all
individuals included in this study.
Ethical approval: Institutional Review Board (IRB)
approval was obtained from both universities (CHOP IRB
09-007191, date of approval 12/28/2009 and Drexel IRB
40568, date of approval 9/10/01, renewal 9/10/09).

References

1. Amabebe E, Chapman DR, Stern VL, Stafford G, Anumba D. Mid-
gestational changes in cervicovaginal fluid cytokine levels in
asymptomatic pregnant women are predictive markers of

inflammation-associated spontaneous preterm birth. J Reprod
Immunol 2018;126:1–10.

2. Agrawal V, Hirsch E. Intrauterine infection and preterm labor.
Semin Fetal Neonatal Med 2012;17:12–9.

3. Chandiramani M, Seed PT, Orsi NM, Ekbote UV, Bennett PR,
Shennan AH. Limited relationship between cervico-vaginal fluid
cytokine profiles and cervical shortening in women at high risk of
spontaneous preterm birth. PloS One 2012;7:e52412.

4. Genc MR, Witkin SS, Delaney ML, Paraskevas LR, Tuomala RE,
Norwitz ER. A disproporationate increase in IL-1β over IL-1ra in the
cervicovaginal secretions of pregnant women with altered
microflora correlates with preterm birth. Am J Obstet Gynecol
2004;190:1191–7.

5. Denney JM, Nelson EL, Wadhwa PD, Waters TP, Mathew L, Chung
E, et al. Longitudinal modulation of immune system cytokine
profile during pregnancy. Cytokine 2011;53:170–7.

6. Kwak-Kim JY, Gilman-Sachs A, Kim CE. T helper 1 and 2 immune
responses in relationship to pregnancy, nonpregnancy, recurrent
spontaneous abortions and infertility of repeated implantation
failures. Chem Immunol Allergy 2005;88:64–79.

7. Zenclussen AC. CD4(+) CD25+ Tregulatory cells in murine
pregnancy. J Reprod Immunol 2005;65:101–10.

8. Raghupathy R. Pregnancy: success and failure within the
Th1/Th2/Th3 paradigm. Semin Immunol 2001;13:219–27.

9. Quinn KH, Parast MM. Decidual regulatory T cells in placental
pathology and pregnancy complications. Am J Reprod Immunol
2013;69:533–8.

10. Chaouat G, Ledée-Bataille N, Dubanchet S, Zourbas S, Sandra O,
Martal J. Reproductive immunology 2003: reassessing the
Th1/Th2 paradigm? Immunol Lett 2004;92:207–14.

11. Denney JM, Culhane JF, Goldenberg RL. Prevention of preterm
birth. Women’s Health 2008;4:625–38.

12. Dupont NC, Wang K, Wadhwa P, Culhane JF, Nelson EL.
Validation and comparison of Luminex multiplex cytokine
analysis kits with ELISA: determinations of a panel of nine
cytokines in clinical sample culture supernatants. J Reprod
Immunol 2005;66:175–91.

13. Velez D, Fortunato S, Morgan N, Edwards T, Lombardi S, Williams
SM, et al. Patterns of cytokine profiles differ with pregnancy
outcome and ethnicity. Human Reprod 2008;23:1902–9.

14. MakhseedM, Raghupathy R, Azisieh F, Al-Azemi MM, Hassan NA,
Bandar A. Mitogen-induced cytokine responses of maternal
peripheral blood lymphocytes indicate a differential Th-type bias
in normal pregnancy andpregnancy failure. Am J Reprod Immunol
1999;42:273–81.

15. Cobo T, Palacio M, Martinez-Terron M, Navarro-Sastre A, Bosch J,
Filella X, et al. Clinical and inflammatorymarkers in amniotic fluid
as predictors of adverse outcomes in preterm premature rupture
of membranes. Am J Obstet Gynecol 2011;205:126. e1–8.

16. Berghella V, Hayes E, Visintine J, Baxter JK. Fetal fibronectin
testing for reducing the risk of preterm birth. Cochrane Database
Syst Rev 2008;4:CD006843.

17. Chan RL. Biochemical markers of spontaneous preterm birth in
asymptomatic women. BioMed Res Int 2014;2014:164081.

18. Goldenberg RL, Goepfert AR, RamseyP. Biochemicalmarkers for the
prediction of preterm birth. Am J Obstet Gynecol 2005;192:S36–46.

19. Vogel I, Goepfert AR, Thorsen P, Skogstrand K, Hougaard DM,
Curry A, et al. Early second-trimester inflammatory markers and
short cervical length and risk for recurrent preterm birth. J Reprod
Immunol 2007;75:133–40.

10 Denney et al.: Cytokine profiling identifies signals associated with preterm birth pathogenesis



20. Chrousos GP. Stressors, stress, and neuroendocrine integration
of the adaptive response. The 1997 Hans Selye memorial lecture.
Ann N Y Acad Sci 1998;851:311–35.

21. Smith R, Mesiano S, McGrath S. Hormone trajectories leading to
human birth. Regul Pept 2002;108:159–64.

22. SheskinD. Handbook of parametric andnonparametric statistical
procedures. In: Hall C, editor. Boca Raton, FL: CRC Press; 2004.

23. GencMR,Witkin SS, Delaney, et al. A disproportionate increase in
IL-1beta over IL-1ra in the cervicovaginal secretions of pregnant
women with altered vaginal microflora correlates with preterm
birth. Am J Obstet Gynecol 2004;190:1191–7.

24. Puchner K, Lavazzo C, Gourgiotis D, Boutsikou M, Baka S,
Hassiakos D, et al. Mid-trimester amniotic fluid interleukins (IL-
1β, IL-10, and IL-18) as possible predictors of preterm delivery.
Vivo 2011;25:141–8. http://iv.iiarjournals.org/content/25/1/141.
long.21282748.

25. Schmid M, Haslinger P, Stary S, Leipold H, Egarter C, Grimm C.
Interleukin-1 beta gene polymorphisms and preterm birth. Eur J
Obstet Gynecol Reprod Biol 2012;165:33–6.

26. Meiss PJ, KlebanoffM, ThomE, DombrowskiMP, Sibai B,Moawad
AH, et al. Prevention of recurrent preterm delivery by 17 alpha-
hydroxyprogesterone caproate. N Engl J Med 2003;348:2379–85.

27. Herera-Munoz A, Fernandez-Alonso AM, Fischer-Suarez N,
Chedraui P, Perez-Lopez FR. Maternal cytokine levels in
pregnancies complicated with threatened preterm labour.
Gynecol Endocrinol 2017;33:408–12.

28. Cecati M, Sartini D, Campagna R, Biagini A, Ciavattini A,
Emanualli M, et al. Molecular analysis of endometrial
inflammation in preterm birth. Cell Mol Biol 2017;63:51–7.

29. Romero R, Grivel JC, Tarca AL, Chaemsaithong P, Xu Z, Fitzgerald
W. Evidence of perturbations of the cytokine network in preterm
labor. Am J Obstet Gynecol 2015;213:e1–e18. 836.

30. Vogel I, Goepfert AR, Thorsen P, Skogstrand K, Hougaard DM,
Curry AH. Early second-trimester inflammatorymarkers and short
cervical length and the risk of recurrent preterm birth. J Reprod
Immunol 2007;75:133–40.

31. Park JY, Romero R, Lee J, Chaemsaithong P, Chaiyasit N, Yoon
BH. An elevated amniotic fluid prostaglandin F2alpha
concentration is associated with intra-amniotic inflammation/
infection, and clinical and histologic chorioamnionitis, as well
as impending preterm delivery in patients with preterm labor
and intact membranes. J Matern Fetal Neonatal Med 2016;29:
2563–72.

32. Romero R, Mazor M, Brandt F, Sepulva W, Avila C, Cotton DB.
Interleukin-1 alpha and interleukin 1 beta in preterm and term
human parturition. Am J Reprod Immunol 1992;27:117–23.

33. Romero R, Erez O, Espinoza J. Intrauterine infection,
preterm labor, and cytokines. J Soc Gynecol Invest 2005;12:
463–5.

34. Romero R, Gotsche F, Pineles B, Kusanovic JP. Inflammation in
pregnancy: its roles in reproductive physiology, obstetrical
complications, and fetal injury. Nutr Rev 2007;65:S194–202.

Denney et al.: Cytokine profiling identifies signals associated with preterm birth pathogenesis 11

http://iv.iiarjournals.org/content/25/1/141.long
http://iv.iiarjournals.org/content/25/1/141.long

	Cytokine profiling: variation in immune modulation with preterm birth vs. uncomplicated term birth identifies pivotal signa ...
	Introduction
	Materials and methods
	Study design
	Eligibility and enrollment
	Data collection
	Immunologic assays
	Smoking status
	Statistical analysis

	Results
	Sociodemographic characteristics
	Outcome stratification and cytokine assays
	Data stratified by smoking status

	Discussion
	Acknowledgments
	References



