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Abstract

Problem—Intrauterine inflammation is a frequent and significant factor associated with the
pathogenesis of preterm labor/birth (PTL/PTB). It is unclear however, whether the intrauterine
inflammatory responses activate the maternal peripheral circulation. We explored the association
between PTL/PTB and the “activation” of the peripheral circulatory system by determining
whether CD55 mRNA expression within peripheral WBC’s differed between PTL and control
patients not in labor.

Method of Study—RNA was purified from white blood cells collected from pregnant women
with preterm labor (n = 45), and from pregnant (n = 30) control women. CD55 gene expression
was evaluated by quantitative PCR.

Results—The mean CD55 mRNA level within the PTL group (0.77 + 0.03) was 1.48-fold higher
then that observed (0.52 + 0.02) within the control group (P < 0.0001); 71% of PTL patients and
only 6.7% of control subjects expressed elevated CD55 mRNA. The receiver operating
characteristics (with 95% CI) of CD55 as a marker for PTL were: Sensitivity; 69% (53-82%),
Specificity; 93% (78-99%), Positive Predictive Value; 94% (80-99%) and Negative Predictive
Value 67% (51-80%). In the patient population that delivered prematurely (before 37 weeks), 81%
expressed elevated CD55 mRNA levels with a mean of 0.78 +/-0.03 and 95% CI of 0.71 to 0.84.
The receiver operating characteristics were: Sensitivity; 73% (54-88%), Specificity; 86% (71—
95%), Positive Predictive Value; 81.5% (62-94%) and Negative Predictive Value 80% (64-91%).

Conclusion—Here we report for the first time that CD55 mRNA expression was elevated in the
peripheral WBC’s of subjects with preterm labor as compared to control gestationally-matched
pregnant woman and that elevated leukocyte CD55 may be a useful predictor of subsequent PTB.
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Introduction

The rate of spontaneous preterm birth (PTB), occurring before week 37 of gestation, has
risen over the last decade in spite of intense efforts toward prevention, detection and
treatment. Preterm births account for 75% of perinatal mortality, >50% of childhood and
long-term morbidity, and remains a major socioeconomic burden (1-4). Infectious and non-
infectious intrauterine inflammation is a frequent and significant factor associated with the
pathogenesis of preterm labor (PTL)/ PTB (5-11). Subclinical intrauterine infections have
been suspected to play a role in the onset of idiopathic preterm labor (12). Inflammatory
processes outside the reproductive unit, such as in periodontal disease (13;14) and urinary
tract infection (15;16) have also been associated with PTL.

Infiltration of gestational tissues by white blood cells and the ensuing inflammatory cascade
appears to be the final common pathway that ultimately leads to the induction of preterm
labor (9;17-19). While a plethora of studies have demonstrated that term and PTL is
associated with an inflammatory signature within tissues of the reproductive unit, there is
little evidence of inflammatory signaling within the peripheral blood stream (see (11;17;20)
and references therein).

The innate immune system of the peripheral circulartory compartment, which is composed
of circulating white blood cells and serum complement (21-23), has also been implicated in
the pathophysiology of pregnancy (see (24) and references therein). As the allogeneic fetal
tissue is directly exposed to the maternal blood, there is risk of complement-mediated cell
lysis at the maternal/fetal interface (23;25-29). The complement regulatory protein, CD55
(also called decay accelerating factor) is a multifunctional cell surface receptor present on
leukocytes and all tissues exposed to maternal serum (22;30;31). Elevated CD55 expression
on the syncytiotrophoblast protects the fetus from injury by maternal serum complement
(26). Low expression of CD55 in the endometrium in patients with luteal phase defect
(LPD) has been implicated in infertility and/or recurrent pregnancy losses (32;33). Aberrant
expression of CD55 is also associated with a number of other inflammatory/pathologic
processes including paroxysmal nocturnal hemoglobinuria (34), endometrial adeno-
carcinoma (35) and renal transplant rejection (36). Paradoxically, protective up-regulation of
CD55 is exploited by various pathogens which recognize and utilize the CD55 receptor to
invade and promote chronic inflammation of uro-genital tissue (37;38).

Of particular relevance to our study is that inflammatory stimuli associated with active
ulcerative colitis have been shown to induce expression of CD55 on peripheral white blood
cells, suggesting that localized tissue inflammation may activate the circulatory system (39).
As inflammation within the reproductive unit is associated with the onset of PTL, we elected
to explore the association between PTL/PTB and the “activation” of the peripheral
circulatory system by determining whether CD55 mRNA expression within peripheral
WBC’s differed between PTL and control patients not in labor.
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MATERIALS AND METHODS

Subjects

The study was approved by the Human Research Committee at the University of Texas
Medical Branch (UTMB) in Galveston, Texas and at Meharry Medical College, Nashville
Tennessee. Written informed consent was obtained from all 75 recruited women. The
following clinical groups were evaluated: pregnant controls without preterm labor (n = 30)
and pregnant women with preterm labor (PTL) (n = 45).

The clinical criteria for preterm labor were those used by the American College of
Obstetricians and included regular contractions, cervical dilation = 2 cm and/or cervical
effacement. Exclusion criteria included maternal illness, anemia, uterine malformations,
cervical incompetence, placental abruption, placenta previa and steroid use. All women in
preterm labor were clinically evaluated for symptoms of chorioamnionitis (40), bacterial
vaginosis (BV) and urinary tract infection (UTI) using ACOG guidelines. The subpopulation
of PTL patients (N=11) with infection-associated PTL were identified to have urinary tract
or vaginal/cervical infections. Because the major goal of this investigation was to evaluate
the CD55 mRNA levels in peripheral blood we collected blood samples only.

White blood cell and RNA isolation

Peripheral venous blood (5 mL) was drawn once from each woman into heparinized
vacutainers prior to treatment. White blood cells were separated from erythrocytes by
dextran sedimentation and pelleted by centrifugation; total RNA was isolated using Tri-
Reagent (Sigma, St. Louis, Mo). Isolated RNA was quantified by optical density readings at
260 nm, and the purity was estimated by the ratio of 260/280 nm.

Reverse transcriptase-polymerase chain reaction

The Dual Gene Quantitative (Maxim Biotech Dp-10201) method was used to determine
CD55 mRNA levels. Isolated RNA was treated with RNAse-free DNase (Ambion, Austin,
Tex) to ensure no contamination with genomic DNA and 1 pg of RNA was reverse
transcribed using Moloney-Murine Leukemia Virus reverse transcriptase (RT) and random
decamer primers using the manufactures protocol (RETROscript Kit, Ambion). Dual
quantitative polymerase chain reaction (PCR) amplification was performed using 5 pL of
cDNA (~0.25 pg), 1.5 U of Taq polymerase (Life Technologies, Carlsbad, Calif.), and PCR
thermal cycler (Thermo Hybrid, Franklin, Mass.). The PCR amplification reaction was
optimized (96° C for 1 minute, 36 cycles of 94° C for 1 minute, 60° C for 90 seconds
followed by a final extension at 72° C for 10 minutes) so that end-point analysis of the
amplified CD55 amplicon was in the linear range. The observed differences between
replicates from the same women were less than 10% and on average varied from 2% to 5%.
Of several house keeping genes evaluated, we selected the 18S rRNA gene since its
expression remained constant during pregnancy. As the number of 18S copies greatly
exceeds that of CD55, the amount of 18S was determined using a 1:500 dilution of the
rtRNA with linear range amplification at cycle 14.
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Quantitation of RT-PCR products

The intensities of the PCR products were digitally captured and quantitated using the Alpha-
imager image-scanning system (Alpha Innotech Corporation, San Fernando, Calif.). The
expression level of CD55 was normalized based on the expression level of the 18S
ribosomal gene.

After our analysis was complete, we had leftover RNA form PTL (N=17) and control
(N=14) samples. We retrospectively determined CD55 mRNA levels (relative to 18S RNA)
within these samples using the quantitative real time PCR approach. These data were
consistent with those obtained using the Dual Gene approach.

Statistical analyses

An unpaired t-test was used to compare differences in CD55 expression levels between the
control and PTL groups. To analyze differences in CD55 expression levels between various
PTL subgroups (as a function of gestational age at time of blood draw, idiopathic vs.
infection-associated PTL, and delivery date) a pair-wise analysis utilizing the nonparametric
one-way ANOVA (Kruskal-Wallis) test was performed. The t-test and One-way ANOVA
was performed using GraphPad Prism version 4.03 for Windows, GraphPad Software, San
Diego California USA, www.graphpad.com. Post-hoc power analysis was performed using
PS power and sample size program, version 2.1.31, 2004 (Dupont WD and Plummer WD,
http://biostat.mc.vanderbilt.edu/twiki/bin/view/Main/PowerSampleSize).

Sensitivity/Specificity: Receiver Operating Characteristic (ROC) Curves

Results

In order to obtain measures of sensitivity and specificity for the data set, receiver operating
characteristics curve analysis was conducted using MedCalc for Windows, version 10.0.0.0
(MedCalc Software, Mariakerke, Belgium). This technique avoids using a single value as the
classification threshold by graphing coordinate pairs of sensitivity versus 1-specificity across
a range of thresholds.

The mean CD55 mRNA level, represented as the normalized integrated density value (IDV),
within the PTL group (0.77 £ 0.03 (SEM); N=45) was 1.48-fold higher then that observed
(0.52 £ 0.02 N=30) within the control group ((P < 0.0001 (Fig. 1)). Using 0.72 IDV (lower
95% confidence interval) as a cutoff value for elevated CD55 mRNA levels, 32/45 (71.1%)
of PTL patients expressed elevated CD55 mRNA as compared to 2/30 (6.7%) in control
subjects. Post-hoc power analysis was conducted to determine the power of the study,
assuming the effect size in the samples was equal to the effect size in the population. Given
the sample sizes and observed standard deviations our study achieved more than 99% power
with a level of significance of 0.05. A sample size of at least 12 in each group is sufficient to
achieve 80% power at a 0.05 significance level. We also determined (as a function of true
positive fraction (sensitivity) versus false positive fraction (1 - specificity)) the receiver
operating characteristic (ROC) curve to explore the “diagnostic accuracy” of elevated CD55
levels as a marker for PTL (Figure 2). The area under the curve (AUC) was 0.844 +/- 0.04
(p<0.0001) with a 95%CI of 0.742 to 0.918. That is to say that 84.4% of the time a randomly
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chosen PTL subject would have a higher CD55 level than a randomly chosen individual for
the negative group. Using elevated CD55 levels (0.72) as the decision threshold, the receiver
operating characteristics (with 95% CI) of CD55 as a marker for PTL were: Sensitivity; 69%
(53-82%), Specificity; 93% (78-99%), Positive Predictive Value; 94% (80-99%) and
Negative Predictive Value 67% (51-80%).

As there is an association between urogenital infections and premature labor/delivery, we
analyzed the subpopulation of PTL subjects (N=11) that presented with clinical evidence of
infection. The mean CD55 expression level was (0.84 +/- 0.04) in this subpopulation of PTL
subjects with an 95% CI from 0.75 to 0.92 (Figure 1), which was 1.6-fold higher then that
observed within the control group (P < 0.0001). Strikingly, 100% of these patients expressed
high levels (= 0.71) of CD55 mRNA. Given the sample sizes and observed standard
deviations between the infection-associated and control subjects, this comparison achieved
more than 95% power with a level of significance of 0.05. Even though meaningful
qualitative conclusions cannot be drawn because of the limited nature of the data set, the
receiver operating characteristics were engaging. The AUC value determined from the ROC
curve (Figure 2) was 0.955 +/- 0.05 (p < 0.0001). Using 0.71 as the decision threshold for
elevated CD55 as a marker for infection-associated PTL, the receiver operating
characteristics were: Sensitivity; 81% (48-97%), Specificity; 93% (78-99%), Positive
Predictive Value; 81% (43-97%) and Negative Predictive Value 93% (78-99%). The
remaining PTL subjects, 68% (23/34) expressed elevated CD55 mRNA. We found no
significant difference in the mean CD55 expression levels as a function of elevated risk
factors associated with gestational age (20-29 vs 30-34 weeks).

Finally, we evaluated the relationship between the CD55 expressions levels (obtained upon
admission to hospital) and the ultimate date of delivery. The delivery date was available for
36 of 45 PTL patients. In Figure 3, the level of CD55 at the time of admission was plotted as
a function of gestational age at the time of delivery. The horizontal line divides patients into
high and low CD55 (>0.7 IDV) and the vertical lines divide patients according to high risk
(before 34 weeks) and premature (before week 37) birth. In the patient population that
delivered prematurely (before 37 weeks), 22 of 27 (81%) expressed elevated CD55 mRNA
levels with a mean of 0.78 +/- 0/03 and 95% CI of 0.71 to 0.84. There was no statistical
difference in CD55 expression within the high risk PTB subgroup, 17 of 20 (85%) patients
had elevated CD55. The mean for this subgroup was 0.8 =+/- 0.03 with an 95% CI of 0.74
to 0.87.

We also determined the receiver operating characteristic curve to explore the potential of
elevated CD55 levels as a predictor for PTB. For this, the control and PTL subjects were
analyzed as a function of premature (N=30) vs normal (N=36) delivery dates. The area
under the curve (AUC) was 0.795 +/- 0.06 (p<0.0001) with a 95%CI of 0.687 to 0.885.
Using elevated CD55 levels of 0.72 as the selection criterion, the receiver operating
characteristics (with 95% CI) were: Sensitivity; 73% (54-88%), Specificity; 86% (71-95%),
Positive Predictive Value; 81.5% (62-94%) and Negative Predictive Value 80% (64-91%).
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Discussion

Here we report for the first time that CD55 mRNA expression was elevated in the peripheral
WBC'’s of subjects with preterm labor as compared to control gestationally-matched
pregnant woman and that elevated leukocyte CD55 may be a useful predictor of subsequent
PTB.

Infection/inflammation has been proposed to be a major contributing factor in idiopathic
PTL (6;9). The detection of increased PWBC’s CD55 in PTL is reminiscent of the observed
induction of CD55 expression on PWBC'’s of patients with active ulcerative colitis (39). Our
data set on patients with diagnosed urogenital infections (N=11, 95% power) supports the
notion that elevated peripheral blood CD55 mRNA expression is a potential biomarker for
infection/inflammation. Within the non-infection associated PTL population, there were 18
patients with no overt manifestations of obstetric complications (e.g. chronic hypertension,
gestational diabetes). Remarkable, 18 out of 18 of these patients expressed elevated CD55
MRNA levels with a mean value of 0.90 +/- 0.02 and 95% CI from 0.85-0.95 (Figure not
shown). We propose that in observed upregulation of CD55 within the PWBC’s of these
idiopathic PTL subjects may be a manifestation of a subclinical inflammatory process within
the uterus.

At present we do not know the mechanism(s) by which CD55 is upregulated in the
peripheral blood system. In the case of microbial or viral infections, it could be in direct
response to pathogen molecular pattern recognition involving Toll-receptor signaling. An
alternative, but not mutually exclusive pathway might involve Th1 and/or Th2 signaling
intermediates. Additional mediators are possible (41). Previous data published in our
laboratory demonstrated regulation of endometrial CD55 expression was influenced by nitric
oxide and progesterone of which both are significant factors in uterine/PTL pathophisiology
(29;37;42;43). Further analysis will be required to resolve this issue.

It is also not clear if elevated CD55 precedes the initiation of PTL or is a consequence
thereof. Our data suggests that elevated CD55 expression in peripheral WBC may serve as a
useful marker for PTL. The receiver operating characteristic curve analysis appears
promising in terms of sensitivity versus specificity. In order to provide a metric for the
aggregate performance of the ROC across the range of sensitivity/specificity trade-offs, the
Area Under the ROC Curve (AUC) was calculated. This allows for assessing the overall
performance of the classifier rather than a single threshold point and further allows for direct
comparisons to other systems. In general, an AUC of 0.5 means that the classifier or variable
in question is no better than random guessing and therefore not useful for prediction or
diagnosis. In contrast, an AUC of 1.0 means that the classifier is perfect and always gives the
“right answer”. While there is no absolute consensus for what a “good” AUC number
threshold is, conventions are that AUC from 0.9 to 1.0 are considered “excellent”, an AUC
from 0.8 to 0.9 is “very good”, and an AUC from 0.5 to 0.6 are “failures”. The AUC for the
all PTL (n=45) data set was 0.836 indicating “very good” performance in terms of
sensitivity versus specificity. The AUC for the infection-associated PTL subgroup (AUC =
0.966, n=11) was in the excellent range. The AUC for the pre term birth group (AUC =
0.795, n=30) was at the upper limit of the good range One weakness of the ROC analysis is
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that sample sizes were small, as indicated by the 95%CI’s of the various receiver operating
characteristics. Regardless, the results were statistically significant and support the notion
that elevated peripheral blood CD55 mRNA levels may serve as a marker for infection and
PTL and a predictor for PTB. Further studies with larger sample sizes and temporal
expression patterns of CD55 will be required to more precisely determine the predictive
value of CD55 expression on PTL and PTB.

In summary, our primary findings are that peripheral WBC CD55 expression is elevated in
PTL and it may have potential predictive value for PTB. Studies are in progress to further
delineate the cell-specific, temporal, and functional role of increased CD55 expression in
PTL and to explore the diagnostic potential of CD55 as a biomarker for woman at risk of
PTL/PTB in a larger patient population.
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Figure 1. CD55 mRNA is Elevated in the PWBC’fs of Infection-associated and Idiopathic PTL
Subjects
The normalized integrated density values for CD55 mRNA levels are plotted for PTL (weeks

24-37 of gestation) and gestationally-matched control subjects as indicated; the horizontal
bar indicates the mean value. The P value was determined using a two-tailed t-test. The
CD55 mRNA levels of infection-associated PTL subjects are plotted as indicated.
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Figure 2. Receiver Operating Characteristics (ROC) of CD55 Levels as Indicator of PTL and
Infection-associated PTL

The true positive rate (Sensitivity) is plotted in function of the false positive rate (1-
Specificity) for different cut-off points. Area Under ROC Curve (AUC) are indicated. The
upper and lower confidence intervals @ 95% are included in the Results Section text.
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Figure 3. CD55 Expression Levels and Preterm Birth
CD55 expression level of each individual patient at the time of admission is plotted as a

function of gestational age at delivery. Horizontal line indicates elevated CD55 threshold
value and vertical line separates patients into high (<34 weeks) and low (34 — 37 weeks) risk
PTL.
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