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Abstract

Objective—To characterize immune modulation as expressed by cytokine assays at three time-

points in human pregnancy.

Study Design—This is a prospective, longitudinal study of a broad panel of cytokine expression 

during singleton pregnancies resulting in an uncomplicated, full-term, live births. Peripheral blood 

was obtained at 8–14, 18–22, and 28–32 weeks gestation. Six cytokines—IFN-γ, IL-4, TNF-α, 

IL-1β, IL-6, and IL-10—were measured in supernatants obtained from whole blood stimulations 

with PHA or LPS and were compared to unstimulated controls. Samples were processed by 

Luminex-100 MAP®. We used Generalized Linear Models (GLM) to evaluate cytokine 

trajectories.
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Results—Complete data were obtained for forty-five uncomplicated pregnancies. Overall, 

peripheral blood WBC’s demonstrated dampened cytokine responses. However, over the course of 

pregnancy, we found enhanced counter-regulatory cytokine expression (e.g., shown by increased 

IL-10).

Conclusion—The overall decrease in pro-inflammatory cytokines and increase in counter-

regulatory cytokines as uncomplicated pregnancy progresses supports the evolving concepts of 

immunoregulation for the maintenance of a viable pregnancy.
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1. INTRODUCTION

1.1 Role of the Immune System in Pregnancy

The immune system plays an important role in pregnancy, both in normal and pathologic 

states. The maternal immune response must be modulated to allow establishment and 

maintenance of a viable pregnancy, comprising allogeneic tissues, without rejection [1]. 

Infectious complications and dysregulated immune responses have been associated with 

reproductive pathology and increased risks of abortion [2]. TNF-α, IL-1β, and IL-6 are just a 

few of the cytokines shown to play a key role in implantation and first trimester miscarriage. 

Later in pregnancy, elevated TNF-α levels have been associated with pre-eclampsia while 

decreased IL-10 levels have been associated with pre-term birth [3].

Given the association between immune parameters and obstetric outcomes, early 

identification of alterations in the immune system may help predict and/or impact pregnancy 

outcomes. The longitudinal immunologic profile over the course of human pregnancy, 

however, has yet to be well defined, thus, complicating efforts to characterize the normal 

modulation of the immune system and to identify systemic immune parameters associated 

with specific reproductive pathologies and outcomes.

1.2 Cytokines and the Functional Immune Response

Cytokines are a diverse family of soluble small proteins, expressed by various cells and 

tissue types that act as immune mediators. Their expression profile has been used to 

categorize immune responses and the functional status of the immune system. Although 

cytokines are secreted by a number of immune cell types, T cells have often been 

characterized as playing a key role in determining the nature of an immune response [4]. If 

there is a predominance of T helper 1 (Th1) cells, the immune system will generate a cell-

mediated or cytotoxic response, targeting intracellular pathogens or cancerogenic cells [5]. 

In contrast, a predominance of T helper 2 (Th2) cells would favor an antibody-mediated or 

humoral response to target extracellular pathogens like bacteria [6]. Th1 and Th2 responses 

were among the first classes of immune responses to be characterized, generally function in 

opposition to one another, and have been extensively studied [7]. The number of human 

cytokines described continues to increase with at least 33 interleukins (ILs) identified to date 

[8]. In humans, Th1 associated cytokines include interferon gamma (IFN-γ) and IL-12 while 
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Th2-associated cytokines include IL-4,-5, and -13 [1]. Another cytokine category, which 

includes TNF-α, IL-1β, and IL-6, is considered to exhibit pro-inflammatory function [4].

1.3 T reg cells and Immune Suppression

More recently, regulatory T cells (T reg) or T helper type 3 (Th3) responses have been 

identified [9, 10] and have been found to play an immune suppressive role including in the 

setting of pregnancy [11]. Although the exact mechanism by which regulatory T cells 

function has yet to be firmly established, the cytokine IL-10 appears to play a critical role 

[12,13]. IL-10 is a particularly intriguing cytokine. In humans, IL-10 is a pleiotropic 

cytokine with both immune stimulatory and counter-regulatory (immune suppressive) 

functions that place it outside of the Th1–Th2 paradigm, although it was originally described 

as a Th2-associated cytokine in rodents [14, 15].

1.4 Innate versus Adaptive Arms of the Immune System

Cytokines can be secreted predominantly by cellular elements of the innate arm of the 

immune system such as monocytes (monokines), predominantly by components of the 

adaptive arm of the immune system such as lymphocytes (lymphokines), or by both [6]. For 

instance, monocytes are the predominant source of IL-1β while lymphocytes are the 

predominant source of IL-4 and IFN–γ [7]. Monocytes and lymphocytes express TNF-α, 

IL-6, and IL-10 [4]. Monocytes and lymphocytes respond to different stimuli, and thus the 

expressed cytokines along with the limitations inherent in the collection of human biological 

specimens, necessitate critical attention to the conditions under which specific samples are 

examined. For example, selection of a stimuli targeting one cell type (e.g., LPS stimulation 

of monocytes) will not provide information regarding primary stimulation of lymphocytes, 

thus limiting the capacity to evaluate their contribution to the physiologic or pathologic 

process in question [6,7].

1.5 Current Paradigms and Study Objective

Various paradigms have been proposed for the modulation of the immune system that 

maintains a viable pregnancy [3, 16]. These paradigms have focused on phenomena such as 

“missing self” [17], “Th2 immunologic bias” [18] and more recently “immunosubversion” 

[19]. Current data support a significant role for placental mechanisms that may dampen 

immune responses rather than a shift in the immune system during pregnancy from a Th1–

Th2 balance to a Th2 bias [20]. Many of the studies supporting these various paradigms 

were conducted in murine models with problems inherent in generalizing rodent systems to 

humans. Existing human data are mostly limited to individuals with a history of 

reproductive pathology or is limited by cross-sectional study design [21–26].

Thus, we conducted a prospective longitudinal epidemiologic study of recently diagnosed 

pregnant women over the course of their pregnancy in which we used three incubation 

conditions for whole blood samples to obtain measures of the longitudinal systemic cytokine 

expression profile associated with pregnancy. Ex vivo analysis offers the clinically 

important advantages of 1) retaining all blood components, including serum, 2) maintaining 

the target cell types at their in vivo ratios with other cell types and non-cellular components, 
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3) ease of handling (does not involve cell purification), and 4) economy in processing costs 

[27].

2. MATERIALS AND METHODS

2.1 Study Design

This study is part of the Philadelphia Collaborative Preterm Prevention Project sponsored by 

The Children’s Hospital of Philadelphia (CHOP) and Drexel University. IRB approval has 

been 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.

2.2 Recruitment

For this study, all women attending their first prenatal visit at a hospital-based clinic in 

Philadelphia, PA between March 2001 and November 2002 were screened for eligibility. 

Eligible women were enrolled after providing written informed consent. Women were 

considered eligible for participation if they, 1) were less than fifteen weeks gestation, 2) 

were seventeen years of age or older, 3) had a singleton intrauterine pregnancy, and 4) were 

English or Spanish speaking. Additionally, women were excluded from participating if they 

had taken antibiotics in the fifteen days prior to enrollment, had taken systemic 

corticosteroids six months prior to enrollment, or if they had ever been diagnosed with HIV/

AIDS, sarcoidosis, rheumatoid arthritis or any other immunologic disorder.

Over the twenty month recruitment period, 681 women were screened for this study with 

267 women being found to be eligible. Among the 267 eligible women, 234 (87.6%) 

consented to participate and subsequently completed the enrollment survey and provided a 

baseline phlebotomy sample. At the 2nd trimester visit, 201 women remained eligible for the 

study, and, of these, 174 (86.6%) completed their study questions and phlebotomy. At the 

3rd trimester visit, 192 study participants remained eligible, and, of these, 164 (85.4%) 

completed their survey questions and phlebotomy.

Women became ineligible at the second or third trimester visits because of the following 

reasons: (1) they were no longer pregnant because they had an abortion (N=12), a stillbirth 

(N=2), or a miscarriage (N=21), (2) they developed a medical condition that excluded them 

from participation (N=1), or (3) they moved out-of-state and could no longer take part in the 

study (N=2).

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. 

Cytokine analysis was discontinued during the course of the study due to cost of the assays, 

resulting in a total study group of pregnancies that includes forty-five eligible participants 

with complete data to establish cytokine profiles over the three trimesters of a “normal 

pregnancy” defined as singleton pregnancies that concluded in a live birth at ≥ 37 weeks 

gestation in the absence of adverse outcome (e.g., pre-eclampsia, preterm delivery, growth 

restriction, low birth weight, infection, diabetes).
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2.3 Data Collection

Baseline medical history, demographic, behavioral, and psychosocial data were collected 

from study participants at the time of enrollment by trained female interviewers. Baseline 

phlebotomy was collected during the first trimester (8–14 weeks gestation). Study 

participants were followed at their regularly scheduled prenatal appointments with updated 

psychosocial status and medical history data along with phlebotomy specimens obtained at 

two additional intervals—once during their second trimester (between 18 and 22 weeks’ 

gestation) and once during their third trimester (between 28 and 32 weeks’ gestation).

Medical records were reviewed to obtain and verify antepartum, intrapartum, and post-

partum information about the study participant’s medical 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 with 

all controversial aspects of the chart flagged and reviewed by three consulting physicians for 

eligibility purposes.

2.4 Immunologic Assays

At each of three time points, phlebotomy samples were collected by standard antecubital 

venipuncture with vacutainer collection in sodium heparin anticoagulant, for in vitro 

cytokine release assays. For the cytokine release assay, the sample of anti-coagulated 

maternal blood was collected and transported on ice within thirty minutes 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, twenty-

four well plates were prepared in advance with 1.5 ml of media consisting of 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 twenty-four well plate containing one 

of the three conditions: 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 concentration of 1 μg/ml, or 3) unsupplemented as the 

control. All plates were incubated for twenty-four hours 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 

ten minutes at 300 x g followed by distribution of the supernatant into 500 μl aliquots that 

were immediately frozen at −80° C and maintained frozen until analysis in triplicate by 

Luminex-100 MAP® methods using commercially available kits (Linco Research Inc. St. 

Charles, MO) according to manufacturer’s instructions and as previously reported [27].

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-1β, and IL-6; and IL-10, a predominant counter-regulatory cytokine associated 

with suppression of T cell maturation. We employed two primary stimuli: 1) LPS that 

activates CD14 & TLR-4 expressing cells, i.e. monocytes, and 2) PHA that activates 
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predominantly T lymphocytes. Together, these stimuli provide measures of induced 

cytokine expression for monocytes, components of the innate arm of the immune system, 

and for lymphocytes, integral elements of the adaptive arm of the immune system. Notably, 

the utilization of a mitogen has some limitations, as it does not precisely replicate an 

antigen-specific response (i.e., in vivo interactions between monocytes/dendritic cells and T 

cells). However, mitogen use has been validated and is a widely accepted approach for the 

study of general, polyclonal immune responses [18, 27]. Cytokine expression was evaluated 

at twenty-four hours to limit the effect of secondary induction of cytokine byproducts 

derived from the primary stimulus.

2.5 Statistical Analysis

Replicate cytokine determinations were evaluated for potential outliers within the triplicate 

values for each sample using the Grubbs formula at the 5% critical Z-value [28]. 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. Specifically for all regression analyses, 

we used Generalized Linear Models with the Gamma family of distributions and a log link 

[28]. Such models accounted for the distribution of the data. Since the cytokine values were 

measured repeatedly over time, and thus correlated for each subject, we calculated robust 

standard errors using the Huber-White sandwich estimator [28]. Statistical significance was 

defined at p<0.05.

3. RESULTS

We conducted a longitudinal study of eligible pregnant women in an attempt to describe 

cytokine profiles across uncomplicated pregnancy. Forty-five subjects had complete medical 

record data and assayed phlebotomies at all three time points. Physician review verified that 

the pregnancies resulted in singleton livebirths at ≥ 37 weeks gestation and that they were 

uncomplicated; i.e., none of the subjects included in the analysis had pre-eclampsia, 

diabetes, low birthweight/intrauterine growth restriction, or diagnosis of antepartum/

intrapartum infection.

3.1 Population Demographics

Demographic characteristics of the study sample are presented in Table 1. All participants 

enrolled during the first trimester of pregnancy. These women were mostly young, black, 

born in the U.S., multiparous, and had limited income and education.

3.2 Th1 Response

Median values and interquartile ranges for each measured cytokine are summarized in Table 

2. Regression coefficients and percent change in cytokine measurements for gestational age 

weeks along with respective confidence intervals are presented in Table 3. To evaluate 

modulation in Th1 response, we measured IFN-γ. In both control and PHA-stimulated 

conditions, significant decreases occurred in maternal cytokine responses—IFN-γ control β= 

−0.011 (95% CI −0.022 to −0.001; p=0.03), and IFN-γ PHA-stimulated β = −0.042 (95% CI 
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−0.055 to −0.029; p<0.01). No significant decrease occurred in that of the LPS-stimulated 

condition, INF-γ LPS stimulation β = −0.014 (95% CI −0.043 to 0.016; p=0.3). In effect, the 

observed trend was toward a dampened maternal Th1 response as pregnancy progressed, 

Figure 1, Table 3.

3.3 Th2 Response

IL-4 was used as the surrogate measure for the evaluation of Th2 response. No significance 

longitudinal change was observed in the absence of antigenic stimulation; e.g., IL-4 Control 

β = 0.002 (95% CI −0.004 to 0.008; p=0.50). Likewise, no significant modulation occurred 

in the presence of LPS-stimulation; β = −0.002 (95% CI −0.015 to 0.011; p=0.74). Oddly, a 

significant decrease in response to the lymphocyte mitogen, PHA, was demonstrated; β =

−0.021 (95% CI −0.035 to −0.006; p<0.01) as depicted in Figure 2 and Table 3.

3.4 Pleiotrophic Pro-inflammatory Response

Assessment of the pleiotrophic pro-inflammatory cytokines was performed by measuring 

TNF-α, IL-1β, and IL-6. In both control and PHA-stimulated incubations, significantly 

decreased responses were observed as pregnancy progressed—TNF-α control β −0.015 

(95% CI −0.029 to −0.015; p=0.03), TNF-α PHA stimulation β= −0.014 (95% CI −0.023 to 

−0.005; p<0.01), IL-1β control β = −0.069 (95% CI −0.086 to −0.051; p<0.01), IL-1β PHA-

stimulated β = −0.028 (95% CI −0.040 to −0.016), IL-6 control β = −0.019 (95% CI −0.033 

to −0.005; p<0.01), and IL-6 PHA stimulation β = −0.003 (95% CI −0.006 to −0.001; 

p<0.01). LPS-stimulation did not result in any significant changes: TNF-α LPS stimulation β 

= 0.006 (95% CI −0.004 to 0.015; p=0.29), IL-1β LPS stimulation β= −0.010 (95% CI 

−0.028 to 0.009; p=0.32), and IL-6 LPS stimulation β = 0.002 (95% CI −0.003 to 0.006; 

p=0.50). Overall, there was a diminished pleiotrophic pro-inflammatory response over the 

course of pregnancy, as shown in Figures 3a, 3b, and 3c and Table 3.

3.5 Counter-regulatory Response

The longitudinal measurement of the counter-regulatory cytokine IL-10 demonstrated some 

interesting patterns. No significant change of IL-10 expression occured in either the absence 

of antigenic stimulation (control) or in response to PHA-stimulation. However, in response 

to the chosen monocyte stimulant, LPS, IL-10 expression increased as pregnancy 

progressed, β = 0.011 (95% CI 0.001 to 0.021). See Figure 4 and Tables 2 and 3.

Recall that 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 above 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.

4. DISCUSSION

Evaluation of our study population revealed a general trend over pregnancy toward 

enhanced counter-regulatory cytokine expression, and a dampening of Th1-associated and 

pleiotrophic cytokine expression. Longitudinal modulation of Th2-associated cytokine 
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expression was less clearly demonstrated but did demonstrate a muted response during 

lymphocyte stimulation.

Studies published to date have been limited by relatively small sample sizes and absence of 

longitudinal sampling for individual subjects. In effect, the complete immune profile in 

normal pregnancy has yet to be fully described. Because immune modulation is thought to 

be important in the maintenance of a viable pregnancy as well as the development of normal 

or pathologic outcomes, we sought to characterize immune system changes in pregnancy. 

Our study was designed to prospectively follow whole blood cytokine profiles in singleton 

pregnancies throughout pregnancy.

In our study population, PHA-stimulated expression of most of the measured cytokines was 

generally observed to decrease over pregnancy, including a significant decrease in IFN-γ, 

representative of the Th1 class of immune response. Recall that this response is directed 

towards intracellular pathogens, such as viruses, and is responsible for hyperacute allograft 

rejection, suggesting that the immune system is modulating itself for tolerance of the fetal 

allograft. Likewise, significant decreases in response were observed in the pleiotropic pro-

inflammatory cytokines (TNFα, IL-1β, and IL-6) that were measured, further supporting 

immune modulation’s role in pregnancy. One could speculate that this decreased 

inflammation not only permits tolerance of the fetal allograft but also highlights the 

importance of decreased inflammation so as to promote carrying a pregnancy to term. These 

findings are consistent with the evolving paradigm of immunologic modulation associated 

with pregnancy.

Zenclussen and colleagues found T regulatory cell activity to play a critical role in murine 

models of pregnancy [11]. Our observation—the trajectory of increasing IL-10 expression 

was seen with LPS stimulation but not that of PHA stimulation—at first glance, may be 

confusing. However, dendritic cells (DCs) at the maternal-fetal interface possess the 

capacity to bridge between the innate and adaptive arms of the immune system. IL-10 

appears to be critical for the induction of tolerogenic dendritic cells, which are likewise 

critical in the induction of T suppressor cells and other regulatory cells. In effect, our 

observation of a longitudinal increase in stimulated IL-10 expression is placed squarely 

within the evolving reproductive immunology paradigm [1]. Our understanding of T 

regulatory cell biology and mechanisms of tolerance in humans is evolving and future 

studies may implicate other cytokines with counter-regulatory or immune suppressive 

activities, such as TGF beta. Nevertheless, we speculate that this increased expression in 

IL-10 is a driving force in suppressing the generation of a Th1 and pro-inflammatory 

cytokine class responses to achieve an overall suppression in maturation of T cells during 

pregnancy.

The importance of this suppression could be tested by comparing uncomplicated pregnancy 

to complicated pregnancy (e.g., spontaneous preterm deliveries, preeclampsia, and intra-

uterine growth restriction). If cytokine trajectories vary by outcome, we could identify 

patients at risk for adverse outcomes by immunologic profiling during the course of 

pregnancy. Furthermore, learning which controllable factors modulate cytokine trajectories 

Denney et al. Page 8

Cytokine. Author manuscript; available in PMC 2015 October 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



may help us guide patient care in terms of prevention, risk reduction for adverse outcome, 

and development of potential interventions.

Our data indicate an overall decrease in pro-inflammatory cytokine trajectories in the innate 

and adaptive arms of the immune system and an increase in counter-regulatory cytokines as 

pregnancy progresses; these changes support the role of immune modulation to permit 

maintenance of a viable pregnancy. Future studies in this area may prove useful in the care 

of the obstetrical patient to both identify predictive deviations from this normal longitudinal 

pattern and to potentially identify interventions to modify the outcomes for at risk 

populations.
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Figure 1. 
Th1 Response Over Gestation

*GLM models for IFN-γ in each incubation condition.
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Figure 2. 
Th2 Response

*GLM models for IL-4 expression in each incubation condition.
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Figure 3. 
Figure 3a: Pleiotrophic Pro-inflammatory Response

*GLM models for TNF-α expression in each incubation condition.

Figure 3b: Pleiotrophic Pro-inflammatory Response

*GLM models for IL1β expression in each incubation condition.

Figure 3c: Pleiotrophic Pro-inflammatory Response

*GLM models for IL-6 expression in each incubation condition.
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Figure 4. 
Counter-Regulatory Response

*GLM models for IL-10 expression in each incubation condition.
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Table 1

Sociodemographic Characteristics of Sample (N=45).

Age--mean years (sd) 23.1 (5.1)

Race/Ethnicity--no. (%)

 Non-hispanic White 3 (6.7)

 Hispanic/Latina 6 (13.3)

 Non-hispanic Black 34 (75.6)

 Other 2 (4.4)

US Born--no. (%) 37 (82.2)

Education--no. (%)

 Did not finish High School 14 (31.1)

 High School or GED 22 (48.9)

 Continued Post High School 9 (20.0)

Marital Status, single—no. (%) 32 (71.1)

Annual Income--median dollars (range) 10838 (0,36120)

Nulliparous--no. (%) 17 (37.8)

Gestational age at recruitment--mean weeks (sd) 10.3 (2.4)
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Table 3

Regression Coefficients, Percent Change, and 95% Confidence Intervals for Longitudinal Cytokine 

Trajectories.

Dependent Variable
β coefficient for gestational age 

weeks 95% CI
%Change for gestational age 

weeks
95% CI for % change

IFNγ--Control −0.011* −0.022, −0.001 −1.1* (−2.2, −0.09)

IFNγ--PHA −0.042* −0.055, −0.029 −4.1* (−5.4, −2.9)

IFNγ--LPS −0.014 −0.043, 0.016 −1.4 (−4.2, 1.6)

IL4--Control 0.002 −0.004, 0.008 −0.20 (−0.4, 0.80)

IL4--PHA −0.021* −0.035, −0.006 −2.1* (−3.4, −0.6)

IL4--LPS −0.002 −0.015, 0.011 −0.19 (−1.5, 1.1)

TNFα--Control −0.015* −0.029, −0.015 −1.5* (−2.9, −1.5)

TNFα--PHA −0.014* −0.023, −0.005 −1.4* (−2.3, −0.5)

TNFα--LPS 0.006 −0.004, 0.015 0.6 (−0.4, 1.5)

IL1β--Control −0.069* −0.086, −0.051 −6.6* (−8.2, −5.0)

IL1β--PHA −0.028* −0.040, −0.016 −2.8* (−3.9, −1.6)

IL1β--LPS −0.010 −0.028, 0.009 −0.99 (−2.7, 0.90)

IL6--Control −0.019* −0.033, −0.005 −1.9* (−3.2, −0.5)

IL6--PHA −0.003* −0.006, −0.001 −0.3* (−0.6, −0.1)

IL6--LPS 0.002 −0.003, 0.006 0.2 (−0.3, 0.6)

IL10--Control −0.016 −0.040, 0.008 −1.6 (−3.9, 0.8)

IL10--PHA −0.004 −0.012, 0.004 −0.4 (−1.2, 0.4)

IL10--LPS 0.011* 0.001, 0.021 1.1* (0.1, 2.1)

Data derived from the entire study population (N=45) was analyzed for longitudinal linear trends for each cytokine and culture condition. 
Significant trends are denoted by an asterisk to identify p-values <0.05.
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