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Abstract

Objectives—To examine whether high insulin resistance versus high inflammation identifies
subtypes of preeclampsia.

Methods—A cytokine panel, glucose and insulin were measured in 37 preeclampsia plasma
samples. Wilcoxon rank sum assessed median concentration of HOMA g by pro-inflammatory:
anti-inflammatory ratio. Regression stratifying by BMI and preterm birth was conducted.

Results—There was no difference in median HOMAr by the pro-inflammatory: anti-
inflammatory ratio (p = 0.16). No subsets scatterplot clusters emerged. A positive correlation
between HOMAIog and the ratio was significant (p = 0.04).

Conclusions—No dichotomous subsets of preeclampsia by inflammation versus insulin
resistance were detected. Contrary to our hypothesis, insulin resistance was higher as
inflammation increased in preeclampsia.

Keywords
Multi-plex cytokines; Subtypes; Systems biology; Pregnancy complication

INTRODUCTION

Hypertensive disorders persist as a leading cause of maternal mortality worldwide (1).
Preeclampsia affects approximately 4-8% of all pregnant women (2,3) and the frequency
appears to be increasing in the U.S. with the obesity epidemic (4). Defined by the new onset
of hypertension and proteinuria after 20 weeks gestation, preeclampsia is a heterogeneous
disorder manifesting different phenotypes. Identification of subsets of preeclampsia would
increase understanding of the disorder (5).
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We were intrigued by the unexpected finding that the pro-inflammatory cytokine tumor
necrosis factor alpha (TNFa) was not elevated in obese compared to lean women with
preeclampsia (6). We had anticipated that adipocyte secretion would augment the levels of
inflammatory biomarkers in preeclampsia (7-11) but this was not the case. Others in our
group demonstrated that approximately one third of the total effect of body mass index
(BMI) on preeclampsia risk is mediated through inflammation and triglyceride levels (12).
This led us to conjecture that perhaps insulin resistance, another component of the metabolic
syndrome mediated by BMI, would account for additional variance in preeclampsia.

Robillard had suggested that preeclampsia might be separated into either an immunological
or metabolic pathogenesis in different populations. In developed countries, prepregnancy
maternal metabolic factors in older (=30 years), mildly obese pregnant women with near
term onset may play a greater role in preeclampsia pathogenesis (13). However,
preeclampsia remains even more common in settings of under nutrition (1,14). Preeclampsia
in young women (15-25 years) from developing countries and certain lower socioeconomic
groups in developed countries may be more likely to originate with immune maladaptation
(13). An immune etiology is supported by evidence indicating that maternal exposure to
paternal antigens reduces the incidence of preeclampsia (15). For example, an extended
period of sexual cohabitation with a new male partner before conception may protect against
pregnancy-induced hypertension, including preeclampsia (16). The semiallogeneic fetus in
normal pregnancy stimulates an increased maternal inflammatory status compared to non-
pregnancy and inflammation is further increased in preeclampsia compared to normal
pregnancy (17). A shift to pro-inflammatory Th1l cytokine predominance over anti-
inflammatory Th2 may account for this excessive inflammation in preeclampsia (18,19).

Metabolic origins are implicated by differences in preeclampsia compared to normal
pregnancy. Maternal hyperinsulinemia and insulin resistance which support the growing
conceptus in normal pregnancy (20) are accentuated in preeclampsia. Preeclamptic
pregnancies demonstrated 37% lower insulin sensitivity and 70% higher free fatty acid
concentration at 29 to 39 weeks gestation than was present in control women (21).
Moreover, women entering pregnancy with metabolic syndrome are more likely to develop
preeclampsia (22). Obesity triples the risk of preeclampsia, yet 90% of obese pregnant
women do not develop the disease (15). Insulin resistance also occurs in non-obese
metabolic syndrome (23). Although inflammation and insulin resistance commonly are
associated, lack of correlation between these processes has been found in studies of
hypertensive disorders of pregnancy (24-26).

We attempted to address the hypothesis of immune versus metabolic origins of preeclampsia
by comparing pro-inflammatory and anti-inflammatory markers and insulin resistance in
preeclamptic women to see if there was any evidence of clustering into separate subtypes.
The inflammatory status was determined by a ratio of pro- versus anti-inflammatory
cytokines. Metabolic status was assessed by the homeostasis model assessment of insulin
resistance (HOMA\R) (27), which has been validated for use with lean and obese pregnant
women (28,29). A negative correlation of the two variables was predicted if high insulin
resistance and high inflammation identified different subtypes of preeclampsia.

MATERIALS AND METHODS

Design

A cross-sectional study was conducted of preeclamptic women who consented to protocols
approved by the University of Pittsburgh Institutional Review Board. Preeclamptic cases
were hypertensive, hyperuricemic and proteinuric. Hypertension was defined as blood
pressure greater than or equal to 140 or 90 and an increase of greater than 30 systolic or
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increase of 15 diastolic after 20 weeks gestation in previously normotensive women,
returning to usual BP by 12 weeks postpartum. Proteinuria was defined as >300 mg per 24-
hour urine collection, >1+ protein on a catheterized or 2+ on a voided urine sample or a
protein/creatinine ratio >0.3 (30). Hyperuricemia was included to increase specificity of the
diagnosis of preeclampsia and was defined as uric acid >1 standard deviation above the
mean for gestational age. Hyperuricemia, which occurs in 75% of preeclamptic pregnancies,
is associated with an increased risk of iatrogenic prematurity and SGA infants (31). Women
with medical or other obstetric problems were excluded. Prepregnancy BMI (kg/m?2) was
based on measured height and maternal self-report of prepregnancy weight at the initial
Visit.

Samples were obtained as part of a prospective study of preeclampsia (PEPP study). Plasma
samples were available from 40 women with preeclampsia who were fasting at least 6 hours
when sampled prior to the onset of labor. These restrictions were applied to allow the
determination of insulin resistance and to avoid the confounding inflammatory effects of
labor. Blood had been drawn in EDTA and stored at —80°C. Participants were primiparous.
With the 40 available samples, we estimated we could detect an r of 0.5 with 80% power
and p=0.05.

Samples were analyzed by a Cytokine Ultrasensitive Human 10-Plex Panel (Catalog
#LLHC6004, Biosource; Invitrogen, Carlsbad, CA) using Luminex 100 instrumentation
(Luminex Corporation; Austin, TX). Analytes in the panel included granulocyte-
macrophage colony stimulating factor (GM-CSF), interferon gamma (IFNy), TNFa,
interleukin 1-beta (1L1p), IL2, IL4, IL5, IL6, IL8, and IL10. The intra-assay (n = 16)
coefficient of variation (CV %) ranged 6.6-9.3 and the inter-assay (n = 32) CV ranged 7.0-
9.6 for each singleplex assay, excluding IFNy and IL15 (not available).

Glucose was measured by glucose oxidase colorimetric assay (Pointe Scientific, Inc.). Intra-
assay CV averaged 0.6 and inter-assay CV averaged 1.9. Insulin was measured by ELISA
(Linco, St. Charles, Missouri) with intra-assay CV 6.0, inter-assay CV 10.3, and sensitivity
was 2 pU/ml. Insulin resistance was calculated using the homeostasis model assessment
(HOMA\R = Insulin pU/ml x [Glucose mM/L/22.5]) (27).

Means and percentages of demographic and clinical variable values were determined for
descriptive purposes. The distribution of each cytokine was assessed. A pro-inflammatory
group was created to assess the effects of the two inflammation stimulating chemokines,
GM-CSF and IL8, along with Th1 cytokines IL2, IL6, IFNy, and TNFa. IL4, IL5, IL10 were
grouped as Th2 or anti-inflammatory cytokines. The pro-inflammatory: anti-inflammatory
ratio was calculated using the mean of the multiple of the median (MOM) for each relevant
cytokine to normalize the data for comparison. HOMA g was not normally distributed
(Shapiro-Wilk p < 0.01). Therefore, the correlation between the median concentration of
HOMA\r and each chemokine as well as the pro-inflammatory:anti-inflammatory ratio was
tested with Wilcoxon rank sum test. In addition HOMA g was logarithmically transformed
(log10) in linear regression models evaluating the relationship with the pro-inflammatory:
anti-inflammatory ratio. Results were also stratified by BMI (<25 vs. >25 kg/m?) and
preterm birth (<37 vs. 237 weeks).

Forty samples were analyzed. Three participants were deleted because most cytokine (pro-
inflammatory and anti-inflammatory) values fell below the range of sensitivity as
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determined by all MOM values <0.5. IL1/ was omitted from analysis because the
concentration in a majority of samples was out of range of sensitivity.

The average participant was a 25-year-old White nonsmoker, who was sampled and
delivered preterm at 35 weeks gestation and whose infant was not growth restricted (>10t
percentile for gestational age; Table 1). The mean, median, range and MOM for each
cytokine were determined (Table 2). Each cytokine concentration was tested for correlation
with HOMA R (Table 3). Pro-inflammatory Th1 cytokines IFNy and TNF« and anti-
inflammatory Th2 cytokine I1L4 were significantly and positively correlated to HOMAg.

The correlation between HOMA R and the pro-inflammatory:anti-inflammatory ratio was
significant with one outlier observation excluded (IL8 = 566 pg/ml; Table 2 and Figure 1; r
=0.34, p = 0.04). Contrary to our hypothesis, the correlation was positive. The pro-
inflammatory ratio was highly correlated with the Th1:Th2 ratio (r = 0.66; p < 0.0001), and
the Th1:Th2 ratio was even more strongly positively correlated with HOMAr (Spearman r
= 0.45, p < 0.01). There were no clusters by scatterplot. There was no difference in median
HOMA\ R by pro-inflammatory:anti-inflammatory ratio above and below 1 (p = 0.33; Table
4). Similarly, these relationships were unchanged when limited to White women (n = 32) or
nonsmokers (n = 28). Stratifying by overweight status versus normal weight or the
occurrence of preterm preeclampsia did not identify a subset with a negative relationship
between HOMA\r and the pro-inflammatory:anti-inflammatory ratio. For none of these
subsets was the relationship to HOMA significant (p > 0.05 for all subsets).

HOMAIlog was correlated with prepregnancy BMI (Figure 2); the pro-inflammatory:anti-
inflammatory ratio was not (r = —0.06, p = 0.74). The pro-inflammatory:anti-inflammatory
ratio positively correlated with HOMA-log among both normal weight and overweight
women, but did not achieve the chosen level of significance in either group (p = 0.11 in both
groups). Despite the strong positive correlation between IL4 and HOMAR (Table 3), IL4
did not relate to BMI (r = 0.13, p = 0.47). HOMAIog and the pro-inflammatory:anti-
inflammatory ratio were positively correlated with gestational age at delivery (r = 0.46, p <
0.01; r=0.36, p = 0.03).

COMMENT

In a disorder as broadly defined and presenting with such heterogeneous findings it is likely
that subsets of the disorder exist. Evaluating subsets of preeclampsia by differences in
pathophysiology should enhance understanding of the disorder and provide information on
women who would be likely to benefit from specific novel therapies as they become
available (15). We pursued this concept of subsets by expanding on the suggestion that
preeclampsia could be caused by immunological versus metabolic origins (13). It was
anticipated that one group of preeclamptic women would demonstrate a high pro-
inflammatory:anti-inflammatory balance with a low insulin resistance measured by
HOMA\|r, whereas another group would demonstrate lower inflammation and higher insulin
resistance.

Our results do not support the hypothesis that these subsets are detectable in our sample of
preeclamptic women. There was no clustering of data points nor was the correlation of the
immunologic and metabolic factors negative as would have been predicted by the existence
of two subsets. In fact, there was a significant positive association between inflammation
and insulin resistance (p = 0.04; Figure 1). This is consistent with a positive relationship
between TNFa and insulin resistance demonstrated in normal pregnancy (32). However,
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others showed no relationship between markers of insulin resistance and markers of
inflammation in preeclampsia in less extensive evaluations (24,25). We examined the
possibility that the metabolic and immunological subtypes might be evident in obvious
subsets of preeclampsia, overweight versus normal weight women, and early versus late
onset preeclampsia. These stratifications did not indicate the hypothesized negative
relationship of HOMA R and the pro-inflammatory:anti-inflammatory ratio.

We found that insulin resistance increased with higher prepregnancy BMI, but higher pro-
inflammatory and Th1 status in preeclampsia were not related to BMI. This finding was
consistent with our previous work. Although TNFa was higher in preeclampsia compared
with control subjects, concentrations were not associated with obesity in either group (6).
Either prepregnancy BMI is not an adequate proxy for obesity when assessing metabolic
factors in pregnancy or the inflammatory effect of pregnancy and preeclampsia blunt the
inflammatory effect of obesity.

In this study we attempted to compare several relevant pro-inflammatory and anti-
inflammatory cytokines. Previous studies demonstrated conflicting results in individual
cytokine concentrations in preeclampsia (19,33,34). The ratio of pro-inflammatory:anti-
inflammatory cytokines predicted inflammatory status in preeclampsia better than either
type of cytokine alone (18,35). Multiplexed immunoassays provided the opportunity to
examine a panel of cytokines in preeclampsia and their concentrations were normalized by a
summary MOM ratio to strengthen a more systemic view of the innate and Th1 and Th2
network with less influence of any one particular cytokine on the pro-inflammatory:anti-
inflammatory balance. Importantly, the cytokine milieu was examined in the plasma of
fasted women who met strict criteria for preeclampsia without confounding effects of
infection or onset of labor (36). Neither race nor smoking affected the pro-
inflammatory:anti-inflammatory ratio in this sample, We demonstrated the pro-
inflammatory shift and Th1 predominance characteristic of preeclampsia (18,19), unlike two
other studies that used multiplexed cytokine immunoassays in preeclampsia (33,37).
Although these studies measured concentrations of many inflammatory markers, they
included fewer cytokines.

A few potential reasons for the lack of support for inflammation and metabolic etiological
subsets in this study can be identified. The sample of preeclamptic women was from a single
region in the U.S. populations in different regions or countries might better demonstrate
these different etiologies in development of preeclampsia (13). There are likely to be
immunological explanations for our results. Evidence is beginning to accumulate that insulin
changes T cell polarization to an anti-inflammatory Th2-type response through extracellular
signal-regulated kinase (ERK) phosphorylation (38). Concomitantly, the Th1:Th2 paradigm
probably oversimplifies the complex immunology of pregnancy and preeclampsia (39).

We attempted to address this issue by evaluating the pro-inflammatory: anti-inflammatory
ratio. IL6 is mainly produced by monocytes and macrophages and also guides naive T-
helper cells towards the Th17 lineage (40). Grouping the pro-inflammatory stimulating
molecules GM-CSF and IL8 with pleiotropic IL6 integrated innate with adaptive immunity
in the pro-:anti-inflammatory ratio. IL-6 exerts both beneficial and detrimental effects on
insulin resistance, in part through the NF-kB and Jun kinases pathway (40-42), which may
account for the stronger relationship we found between HOMA\r and the Th1:Th2 ratio
compared to HOMAr and the pro-:anti-inflammatory ratio.

The cross-sectional design of women with preeclampsia and the small sample size may limit
our findings. Subsets of inflammation versus insulin resistance may become apparent in
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larger longitudinal studies. Prospective study of insulin sensitivity/resistance by V- or oral
glucose tolerance testing may provide more reliable results. Comparison of each cytokine
and the pro-inflammatory:anti-inflammatory ratios versus insulin resistance between
preeclampsia and control groups would add information on each factor.

CONCLUSION

This study indicated no evidence of a dichotomy in preeclampsia by inflammation and
insulin resistance as the data do not identify subtypes in this sample. Insulin resistance was
higher as inflammation increased in preeclampsia. The pro-inflammatory:anti-inflammatory
ratio is a novel approach for a more systemic view of the cytokine milieu. Although the
findings did not support the hypothesis of subsets, the investigation points toward pathways-
oriented thinking about the interactions of immunologic and metabolic systems in
preeclampsia.
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Figure 1.

The positive correlation between insulin resistance measured by HOMA R and the pro-
inflammatory:anti-inflammatory ratio was significant with p=0.04. Scatterplot displays no
clustering of data points.
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Figure 2.
The positive correlation between insulin resistance measured by HOMAIlog and
prepregnancy body mass index was significant, p < 0.01.
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Factor Mean (range) or count (%) Factor Mean (range) or count (%)
Gestational age at sampling ~ 34.8 weeks (25.3-41.3) Smoke Yes 5 (13.5 %)

No 32 (86.5 %)
Gestational age at delivery ~ 34.98 weeks (25.4-41.4) BP in labor 158/94 (130-189/76-124)

Maternal age
BMI

Race

24.96 years (15.9-37.2) Uric acid
27.82 (kg/m?) (16.7-36.7) Birthweight

5 Black (14%) Birthweight centiles of growth restricted (N = 5
32 White (86%) <10t

6.63 mg/dL (4-11)
2262.14 grams (704-4224)
2.6 (1-5)
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Correlation of HOMA and cytokines.

Table 3
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Cytokine  Type Correlation® with HOMA g P-value
GM-CSF  Pro-inflammatory 0.14 0.42
L8 Pro-inflammatory -0.07 0.66
IFNy Pro-inflammatory 0.36 0.03*
TNFa Pro-inflammatory 0.35 0.04™
L2 Pro-inflammatory 0.27 0.11
IL6 Pro-inflammatory —-0.16 0.34
IL4 Anti-inflammatory 0.48 <0.01"
IL5 Anti-inflammatory 0.21 0.25
IL10 Anti-inflammatory -0.19 0.25

Pro-inflammatory: Anti-inflammatory 0.37 0.02

aSpearman.

*
Significant; p < 0.05.
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Table 4

Median concentrations of HOMA g according to pro-inflammatory: anti-inflammatory ratio.

Median (IQR) HOMA g P-value?

Pro-inflammatory: Anti-inflammatory <1 (n = 20) 1.6 (1.1, 2.6) 0.16
Pro-inflammatory: Anti-inflammatory >1 (n = 17) 24(1.7,34)

aWilcoxon rank sum.

IQR = Interquartile range.
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