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ABSTRACT. Amniotic fluid samples were obtained by
transabdominal amniocentesis from 20 women in preterm
labor (<34 wk gestation), Concentrations of IL-6 ir cul-
ture-positive amniotic fluids (mean 8706 pg/mL, range
5100-14 446 pg/mL) were higher than those in culture-
negative fluids (mean 1133 pg/mL, range 156534 pg/mL,
p < 0.0001) or fluids from healthy term pregnancies (mean
196 pg/mL, range <5-790 pg/ml., p < 0.001), To assess
possible sources of the IL-6 in amniotic fluid, we tested
the ability of a variety of fetal and maternal cells to produce
IL~6 in vitro after stimulation with IL-1, a cytokine known
to stimulate 1L-6 production. Very low concentrations of
IL-6 were present in supernatants of cells not stimuvlated
with 1L-1; however, high concentrations were observed in
supernatants of stimplated umbilical venous endothelial
cells, decidual cells, and fetal and maternal blood mono-
nuclear cells. To determine whether cells from adults pro-
duce IL-6 with kinetics similar to those of neonates, we
incubated mononuclear cells obtained from blood of adults
and term and preterm neonates with IL-1. After 6 h, IL-6
was detected in supernatants of adult cells and term neo-
natal cells, but not in supernatants of preterm cells. Con-
centrations at 18, 24, and 48 h were similar for adult and
term cell supernatants, but were lower in supernatants of
preterm celis. We alsa observed considerably more IL-6
mRNA accumulation in circulating mononuclear cells from
aglgll(s than in those from neonates. (Pediatr Res 29: 14,
1991}

Abbreviations

CSF, colony stimulating factor

Intraamniotic infection is one of the causes of preterm labor
{1-5). Thus, in women with preterm labor, efforts are often made
to establish whether or not intraamniotic infection is present (4,
5). Such information can influence the management of the
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pregnancy. For instance, if infection is detected delivery is gen-
erally recommended, but if infection is not present tocolysis
might be attempted {4, 5}.

Despite its pivotal role in management, rapid diagnosis of
intraamniotic infection in its early stages 1s often difficult. For
instance, the time required to obtain results of amniotic fluid
cultures severely limits the usefulness of this test in immediate
management. Although Gram stains of amniotic fluid can be
obtained promptly, they appear 1o be relatively insensitive indi-
cators of early infection (6, 7). Additionally, clinical signs of
infection, such as maternal fever, neutrophilia, a leukocyte “left
shift” (8), fetal tachycardia, or the loss of beat-beat variability
(9), might be relatively late-appearing (5). Thus, rapid tests that
are sensitive and specific for the diagnosis of intraamniotic
infection would be useful,

[L-6 is a multifunctional cytokine that appears to play a central
role in antibacterial defense (10). Recognized functions of this
23 to 26-kDa glycoprotein include stimulation of antigen-specific
antibody production by B-cells (1 1), stimulation of T-cell prolif-
eration and dififerentiation {12), and induction of hematopoietic
progenitor cell cycling (13-16). Because of its role in antibacterial
defense, we postulated that concentrations of 1L-6 might be
elevated in amniotic fluid if intraammiotic infection was present.
To test this hypothesis, we obtained amniotic fluid by transab-
dominal amniocentesis from 20 women with the diagnosis of
preterm labor (<34 wk gestation) and five women with healthy
pregnancies at term and subjected the samples to culture and IL-
6 quantification. We observed that IL-6 concentrations were
elevated in specimens from which bacteria were cultured. To
assess the possible sources of the IL-6 in infected amniotic fluid,
we tested the capacity of a variety of fetal and maternal cell types
to produce 1L-6 in vitro. We also assessed the kinetics of IL-6
production and IL-6 mRNA accumulation in mononuclear cells
obtained from blood of adults versus term and preterm neonates.

MATERIALS AND METHODS

Subjects. Ammuiotic fluid was obtained by transabdominal am-
niocentesis of 20 women admitted with the diagnosis of labor at
=34 wk gestation. Samples were also obtained at cesarean section
delivery of five healthy term pregnancies. The amniotic fluid
specimens were capped and transported immediately to the
laboratory for culture and then stored at —20°C until the IL-6
concentrations were measured. Blood was obtained by venipunc-
ture from 10 healthy adults and by needle-puncture of an um-
bilical vessel immediately after delivery of five noninfected term
neonates and three noninfected preterm neonates (29-30 wk
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gestation). Blood mononuclear cells were obtained after density
gradient centrifugation {sp gr < 1.077) of heparinized blood
(Squibb-Marsam, Inc., Cherry Hill, NJ). The cell types in the
moenonuclear preparations were assessed by 200-500 differential
cell counts on Wright stained smears.

Placentas were obtained from five women with normal preg-
nancies after cesarean section delivery, and decidual cells were
isolated and cultured as previously described (17). Endothelial
cells were obtained from umbilical cord veins of five normal
pregnancies and cultured as described by Jaffe et al. (18). The
studies were approved by the Institutional Review Boards of the
University of Utah and Yale University, and informed consent
was obtained from the participants.

Bacterial cultures. Aliquots of the 20 amniotic fluid samples
were plated within 30 min of collection on blood agar, Mac-
Conkey agar, Columbia colistin-nalidixic acid agar, and choco-
late agar (36°C in 8% CO,)} for aerobic culture, and blood agar,
Bacteroides, bile-esculin agar/laked kanamycin, vancomycin
agar, and Martin-Eewis agar (all prereduced) for anaerobic cul-
ture. Amniotic fluid was also inoculated in thioglvcollate broth.
For Mycoplasma and Ureaplasma cultures, amniotic fluid was
centrifuged at 2000 X g for 20 min and the sediment placed into
2 mL holding media (pleuropneumaonia-like organism broth,
supplemented with fresh yeast extract and horse serum, penicil-
lin, polymixin B, and amphotericin).

Recombinant factors and conditioned media. Purified recom-
binant human I1.-1 alpha (R&D Systems, Minneapolis, MN)
had a sp act of =5 X 10® U/mg with a purity by SDS-PAGE
=95%. Endothelial and decidual cell monolayers were incubated
in 35-mm tissue culture dishes for 16 h at 37°C and 5% CO,,
with 0 or 1 ng IL-1/mL. Blood mononuclear cells were incubated
at concentrations of 10° cells/mL for 2, 6, 18, 24, and 48 h with
0 or | mg IL-1/ml.. Concentrations of IL-6 were assayed by
ELISA (R&D Systems). No cross-reactivity of the IL-6 ELISA
with other cytokines {(GM-CSF, G-CSF, M-CSF, IL-3, IL-2, IL-
4, tumor necrosis factor, or erythropoietin) was observed, and
the method was sensitive to concentrations as low as 5 pg/mL.

RNA isolation. Blood mononuclear cells, at a concentration
of 10%/mL., were obtained from three adults, three term neonates,
and three pretermn neonates (29-30 wk gestation), and studied
either before or 24 h afier incubation with | ng IL-{/mL. RNA
was extracted using a guanidinium thiocyanate extraction buffer
and isolated by centrifugation through a cesium chloride gradient
(19). The RNA was then subjected 1o electrophoresis through a
1% agarose-formaldehyde gel and the RNA transferred to a
Biotrace nylon membrane (Gelman Sciences, Ann Arbor, M)
(19). The RNA was immobilized on the membrane by UV cross-
linking (20). The human IL-6 cDNA probe {pCSF309, American
Type Culture Collection, Rockville, MD) was labeled, hybridized
to the blot, washed, and subjected to autoradiography (19).

Statistical analyses. The t test was used for assessing differences
between groups.

RESULTS

Concentrations of 1L-6 in amniotic fluid samples. Organisms
were isolated from 10 of the amniotic fluid samples, The orga-
nists recovered are listed in Table 1. The gestational ages of the
10 pregnancies with culture-positive amniotic fluid (26 = 3 wk
gestation; mean # SD) were less than those of the 10 preterm
pregnancies with culture-negative fluid (31 + 4 wk, p < 0.001).
All five healthy term pregnancies were 38-40 wk gestation.

Concentrations of IL-6 in each of the 25 amniotic fluid samples
are shown in Figure 1. [L-6 concentrations in the five control
samples ranged from =5-790 pg/mL. The 10 culture-negative
preterm samples ranged from 15 10 6534 pg/mL. Considerably
higher concentrations of IL-6 were present in the culture-positive
samples {(mean 8706 pg/mL, range 5100—14 446 pg/mL, p <
0.0001 versus control and versus culture-negative).

Production of 11.-6 by fetal and maternal cells. To assess 1L-6

Table 1. Organisms isolated from amniotic fluid from 10
women with preterm labor

Organism* Number of patients
Gardnerefla vaginalis 4
Ureaplasma urealvticum

Candida tropicalis
Mixed anaerobic flora
Clostridium sp.

2
Fusebacterium sp. 2
1
1
|
Capnocytophaga sp. 1

* Twelve types of organisms were grown from the 10 samples; one
sample grew both Capnocytophaga and Clostridium, another grew both
Gardnerella vaginalis and Ureaplasma urealyticum.
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Fig. 1. Interleukin-6 concentrations were determined in amniotic
fluid samples obtained from five healthy term pregnancies (Controf
Fluid) and compared with concentrations in 20 ammiotic fluid samples
obtained by transabdominal amniocentesis of women with the diagnosis
of preterm labor (<34 wk gestation). In 10 of the 20 samples, no
organisms were cultured {Cufture Negative) and, in the other 10, orga-
nisms were cultured (Cufture Positive). The IL-6 concentration in each
of the samples is represented by a dot.

production by fetal and maternal cells, umbilical venous endo-
thelium, blood mononuclear cells, and decidua were placed in
liquid culture for 16~18 h, after which concentrations of IL-6 in
the supernatants were measured. As shown in Table 2, low or
undetectable concentrations of IL-6 were present in supernatants
of cells to which IL-1 was not added. With the addition of 1L-1,
however, high concentrations of IL-6 were detected in superna-
tants of all of the cell types tested.

Kinetics of IL-6 production by blood mononuclear cells. Pro-
duction of IL-6 by mononuclear cells from the blood of adults
and from term and preterm neonates is shown in Figure 2, Afier
2 h of culture, no samples had detectable IL-6 concentrations
(=5 pg/mL). After 6 h of culture, however, 1L-6 was detected in
supernatants of adult (61 + 23 pg/mL, mean * SEM) and term
neonatal cells {99 = 56 pg/mL), but was not detected in super-
natants of cells from preterm neonates. Concentrations of IL-6
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Table 2. IL-6 concentrations determined in supernatanis 16-18
h after stimulation with IL-1 of cells from term neanates
{umbilical vernous endothelium and mononuciear blood cells) or
maternal cells fdecidua and mononuclear blood cells)

IL-6 (pg/mL)*
Term Neonatal Cells Adult cells
Umbilical
venous  Mononuclear Mononuclear
endothelium blood cells  Decidua  blood cells
Stimulated 6189 = 1691 3261 £ 908 2960 & 884 4521 + 227
Nonstimulated 26+ 11 =5 140 £ 79 63 + 58

* Concentrations of IL-6 in supernatants from control {nonstimulated)
cells were also determined. Each value represents the mean (£5D) of five
samples, each run in duplicate,
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Fig. 2. Interleukin-6 concentrations were determined in supernatants
at various intervals after stimulating mononuclear cells obtained from
:he blood of adults, term neonates, and preterm neonates with 1L-1.

were similar in supernatants of adult and term cells after 18, 24,
ind 48 h of culture. Concentrations in supernatants from preterm
:ells, however, were consistently lower than in those from adult
and term neonatal cells.

Accumulation of IL-6 mRNA by circulating monenuclear cells
‘tom adults, term neonates, and preterm neonates is shown in
Sigure 3. Before incubation with IL-1 (Ty), little or no IL-6
nRNA was detected in cells from adult (/ane 1), term (lane 5},
o preterm (lane 9) subjects. However, after a 24-h incubation
vith IL-1, IL-6 mRNA was detected in cells from all three adults
lanes 2-4), whereas less was detected in ceils from the three
erm neonates (lanes 6-8). 1L-6 mRNA was detected in cells of
wly one (Jane 10) of the three preterm neonates (lanes 10-12).
[he proportion of monocytes in the preparations of tight-density
selis from adults (12.0 + 8.3%, mean, £8D) did not differ from
hat of the neonates (15.7 £ 6.1%).
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Fig. 3. IL-6 mRNA accumulation by blood mononuclear cclls ob-
tained from three adults, three term neonates, and three preterm neo-
nates. 1L-6 mRNA was determined before (T,) and 24 h after incubation
with | ng IL-1/mL {Stinudated). Lanes 1, 5, and 9 were loaded with
RNA extracted from biood mononuclear cells of adult, term, and preterm
origin, respectively, before stimulation with IL-1. Lanes 2, 3, and 4 were
loaded with RNA from bload mononuclear cells of three adults 24 h
after stimulation with IL-1. Lanes 6, 7, and 8 were loaded with RNA
from blood monenuclear ¢ells of three term neonates 24 h after stimu-
lation with IL-1, and fanes 10, 11, and 12 were loaded with RNA from
blood mononuclear cells of three preterm neonates 24 h after stimulation
with IL-1.

DISCUSSION

Preterm labor is aften the result of intraamniotic infection {1-
5), but the mechanism by which infection induces the onset of
labor is not known. It has been speculated that infection leads to
an increased generation of prostaglandins that initiate labor (3).
Prostaglandin biosynthesis during intraamniotic infection might
be the result of bacterial phospholipase (21} or actions of cyto-
kines produced by macrophages or amnion cells {22-24).

Rapid diagnosis of intraamniotic bacterial infection in women
with preterm labor can be important to the medical management
of the pregnancy. Despite its importance, however, the diagnosis
of infection in its early stages is often difficult. In our study, we
sought to determine whether concentrations of IL-6, a cytokine
with a central role in antibacterial defense, were higher in am-
niotic fluid of women with preterm labor associated with in-
traamniotic infection than in fluid from women in preterm labor
without intraamniotic infection. Indeed, IL-6 concentrations in
fluid from which organisms were recovered were significantly
greater than in culture-negative fluid. It is not clear whether the
one culture-negative case with elevated amniotic fluid IL-6 (Fig.
1) had an undetected infection or whether stimuli other than
microbes initiated IL-6 production.

During intraamniotic infection, maternal and fetal macro-
phages can be present in amniotic fluid (25). Because a vanety
of cells, including monocytes and macrephages, produce IL-6
after stimulation (26, 27), we postulated that the high IL-6
concentrations in infected amniotic fluid might have been pro-
duced from either maternal or fetal cells, or a combination of
the two., The likelihood that fetal cells produce IL-6 during
intraamniotic infection could not be assessed empirically, be-
cause production of IL-6 by human feta! cells had not previously
been reported. Therefore, we obtained fetal and maternal cells,
and after stimulation by IL-1, directly compared production of
IL-6. IL-6 was detected in supernatants from umbilical venous
endothelial cells, fetal blood mononuclear cells, decidua, and
maternal blood mononuclear cells.

In other studies, we compared IL-6 accumulation in cultures
of a standardized number of monenuclear cells obtained from
the bleod of healthy adults and from term and preterm infants.
No substantial differences were observed in the kinetics of IL-6
accumulation in cultures of adult and term neonatal cells. In
contrast, substantially less IL-6 was present in supernatants of
cells from preterm neonates. Our studies do not determine
whether this was the result of less IL-6 accumulation by the same
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number of participating cells, reduced populations of [L-6 pro-
ducing cells, or increased binding or degradation of IL-6 by
preterm cells. However, we favor the hypothesis that less IL-6
was produced by cells of preterm neonates because we observed
far less IL-6 mRNA in extracts from such cells (Fig. 3).

In our studies, we also observed lgss IL-6 mRNA accumulation
after stimulation with IL-! in mononuclear cells from term
neonates than in those from adults. It is not clear why IL-6
generation by cells from term neonates was only slightly less than
that by cells from adults (Fig. 2), whereas their IL-6 mRNA
accumulation was substantially less (Fig. 3). Cellular accumula-
tion of IL-6 mRNA is the net result of transduction of signals
for production, the transcription rate, message stability, and
efficiency of translation. Clearly, additional investigation will be
required to determine the explanation for reduced mRNA, but
similar [L-6 concentrations, in the term neonatal cells versus
adult cells.

We emphasize that our study did not attempt to establish the
utility of IL-6 quantification as a means of rapidly diagnosing
intraammniotic infection. Similarly, a recent report by Romero et
al. {28), in which high IL-6 concentrations were observed in
infected amniotic fluid, did not evaluate the diagnostic or prog-
nostic usefulness of IL-6 determination in the management of
women in preterm labor. Rather, the purposes of our studies
were, first, to test the hypothesis that IL-6 concentrations in
amniotic fluid would be increased during intraamniotic infection
and, second, to assess the capacity of a varety of fetal and
maternal cells to generate IL-6 in vitro. Indeed, whether quanti-
fication of IL-6 in amniotic fluid would be of clinical utility
remains to be determined.

Finally, we point out that limitations in antibody production
(29, 30) and neutrophil production (31, 32) have been described
in preterm neonates. It has been suggested that such limitations
might, in part, be responsible for the increased susceptibility of
preterm neonates to overwhelming bacterial infection (33). Be-
cause IL-6 appears to play a regulatory role in antibody produc-
tion {10-12) and granulocytopoiesis (13-16), reduced 1L-6 pro-
duction by cells of preterm neonates might be relevant to the
understanding of their limitations in antibacterial defense.
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