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Inflammatory parameters
In preterm control animals of 125d GA, hardly any MPO

expressing cells were detected (data not shown). At this GA,
endotoxin exposure for 2d did not result in a significant increase of
infiltrating intestinal MPO positive cells (data not shown).
Interestingly, at 14 days post endotoxin treatment, large numbers
of MPO positive cells were present in the lamina propria of the
immature intestine (Figure 3A). Remarkably, 30d post endotoxin

treatment, the number of MPO expressing cells reactivity was still
significantly enhanced in the near term fetus (Figure 3B) when
compared to saline treated control animals of this GA (Figure 3C).
For each individual animal, the number of infiltrating MPO
expressing cells was counted per high-powerfield and displayed in
a scatter plot (Figure 3D).

The recruitment of CD-3 positive T-cells into the fetal gut
paralleled that of PMN: in preterm lambs exposed to endotoxin

Figure 3. At 14 and 30d after intraamniotic endotoxin injection, massive influx of PMNs was detected (A +B). At 140d GA, some MPO
positive cells were detected in control sections (C). For each experimental group mean cell counts of MPO positive cells are depicted per high-power
field (D).
doi:10.1371/journal.pone.0005837.g003

Figure 2. Immunolocalisation of ZO-1 (red) in the fetal intestine. At 125d GA, a fragmented staining pattern for ZO-1 was seen in control
animals (A) or lambs exposed to endotoxin for 2 (B) or 14d (C). At 140d GA, a normal ZO-1 distribution was detected in control animals (D) that
became disrupted upon endotoxin exposure for 30d (E). Magnification 200x. For inset, 1000x magnification was used.
doi:10.1371/journal.pone.0005837.g002
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for 2d, no significant increase of CD-3 expressing T-cells in the
lamina propria was observed when compared with time matched
control tissues of 125d GA (data not shown). In contrast, increased
numbers of CD-3 expressing cells were seen at 14d and 30d post
endotoxin exposure in both preterm and near term animals of 125
and 140d GA respectively, with the highest density in the 14d
group (Figure 4A+B). For each individual section, the number of
CD-3 positive cells was quantified per high-powerfield and data
are depicted in a scatter plot (Figure 4C).

Next, the distribution of gammadelta T-cells was evaluated, cells
known to be crucial in monitoring and maintaining integrity of

epithelial tissues [12]. In saline treated preterm animals of 125d
GA, hardly any gammadelta T-cells were present in the lamina
propria or lower mucosa (data not shown). Accordingly, in these
preterm lambs, migration of gammadelta T-cells from the lower to
the upper mucosa occurred sporadically after 2 or 14d post
endotoxin treatment (Figure 5A+B). In saline injected animals of
140d GA, gammadelta T-cells were also undetectable in the
lamina propria (Figure 5C). However, in these near term lambs,
the lymphoid follicles in the lower mucosa became populated with
gammadelta T-cells (Figure 5D). Interestingly, 30 d of intraam-
niotic endotoxin exposure in near term animals resulted in

Figure 4. Intraamniotic endotoxin results in increased ileal T-cell density. Significant increase of CD-3 immunoreactivity was seen at 14 and
30d after endotoxin exposure (A+B). For each experimental group mean cell counts of CD-3 positive cells are depicted per high-power field (C).
doi:10.1371/journal.pone.0005837.g004
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Figure 5. Endotoxin induced chorioamnionitis results in migration of gammadelta T-cells to sites of mucosal damage at late GA.
After 2d or 14d of endotoxin exposure, hardly any gammadelta T-cells were detected in the upper mucosa of the preterm intestine (A+B). At 140d GA,
gammadelta T-cells were not detected in the lamina propria whereas lymphoid follicles in the basal mucosa became populated with gamma delta T-
cells (C+D). 30d after endotoxin injection, increased numbers of gammadelta T-cells were found within areas of mucosal damage (E).
doi:10.1371/journal.pone.0005837.g005
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important NO precursor arginine is strongly reduced in premature
infants [29–32]. Second, a mechanism for the reduced NO
biosynthesis would be a decreased expression of eNOS. Paradox-
ically, our data showed an enhanced expression of eNOS in the
chorioamnionitis exposed animals. Such an increase in eNOS
expression indicates the presence of a compensatory mechanism,
which would attempt to maintain normal NO level by upregulat-
ing eNOS [33,34].

In summary, in this study evidence is provided that both
prematurity and chorioamnionitis are associated with impaired
development of the intestinal innate immune defence, the tight
junctional distribution and vascular function in utero. Although at
present, we can only speculate about the postnatal consequences of
these developmental disorders, immaturity of the parameters
investigated in this study are all associated with neonatal intestinal
pathology and NEC in particular [35–38]. The immature gut of
preterm babies is a risk factor on its own which is further
aggravated by the presence of antenatal inflammation. In addition,
reduced expression of innate immune receptors as seen in the
intestine of preterm lambs suggests that the capacity to recognize
and sense Gram-negative derived endotoxin by the fetal intestine

is immature at low GA. Such a lack of endotoxin sensing in the
preterm intestine, against the background of a disrupted tight
junctional distribution, supports the theory that an inadequate
immune response contributes to the pathogenesis of NEC,
potentially by allowing bacterial invasion and subsequent
overgrowth in premature infants. Further research is needed to
assess the importance of preterm delivery and the consequences of
inflammation in utero on the development of neonatal intestinal
pathologies such as NEC.
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