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Abstract

Pre-eclampsia, an acute complication of human pregnancy, is associated within complete
physiological modification of decidual spiral arteries. This is thought to promote oxidative stress
from perfusion/reperfusion of the placenta and to restrict placental and fetal growth. Alymphoid
(genotype Rag2~ 112rg™") mice, sufficient in dendritic and myeloid cell functions, lack spiral
arterial modification with individual spiral arteries having ~1.7x the vascular resistance and 0.66x
the blood velocity of +/+ mice. Their placentae are measurably hypoxic yet neither placental
growth nor fetal survival is impaired and gestational hypertension is not seen. Thus, lymphocytes
rather than vascular adaptations appear to be the pivotal contributors to the clinical complications
of pre-eclampsia.

Keywords
Fecundity; Immune System; Mean Arterial Pressure; Placental Growth; Vascular Remodeling

1. INTRODUCTION

Pre-eclampsia is an acute, urgent care complication commonly seen during the second half
of human pregnancy;. Pre-eclampsia is characterized by the combined sudden onset of de
novo hypertension and renal impairment, seen as proteinuria. The most common
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histopathology associated with this syndrome is incomplete modification of the endometrial
spiral arteries—. The physiological process of gestational spiral arterial modification
normally turns spiral arteries from high pressure, contractile conduits into dilated, low
pressure structures that are unresponsive to vasoactive signals. In humans, the process of
spiral arterial modification is generally attributed to migration of trophoblast cells into the
walls of the spiral arteries and to the retrograde migration of trophoblast over the endothelial
surface which it transiently replaces. In these locations, trophoblast cells deposit large
amounts of extracellular matrix known as fibrinoid that further reduces arterial wall
elasticity;. Elevation of circulating anti-angiogenic factors and antibodies that engage the
angiotensin Il receptor (AGTR) 1 are also implicated in the deviation of pregnancies towards
pre-eclampsia—. AGTRL1 is a component of the renal renin-angiotensin system (RAS), a key
long-term blood pressure regulatory system. Others have linked patterns between mothers
and fetuses in the inheritance of genes regulating immune functions in gains in risk for pre-
eclampsia;.

Our interest in pre-eclampsia arose from histological studies of implantation sites in various
strains of immune deficient mice. Our studies were directed towards characterization of the
functional immune cell subsets at mouse implantation sites and identification of the lineage
of unique, transient lymphocytes of the deciduas basal is that accumulated in the first half of
gestation. At that time, these cells were called “granulated metrial gland” or “GMG” cells.
We identified two mouse strains, tge26 and common cytokine receptor chain gamma null
(formerly .7~ now //2rg”'~), both genetically deficient in NK cells and T cells, as being
deficient in the transient granulated lymphocyte population of the pregnant mouse uterus.
Unexpectedly, in both strains, we found very thick-walled coiled vessels crossing the
decidua basal is that were not seen in implantation sites from normal mice (Figure 1).
Subsequent studies revealed that decidual tissue in NK-T-mice was edematous and not fully
mature and that engraftment of NK cells (without co-engraftment of T cells or B cells), fully
restored normal implantation site histology, including thinning of the walls of the coiled
arteries and their dilation. Thus, mice do not require uterine (u)NK cells for successful
pregnancy and deliver healthy pups in the absence of spiral arterial modification.

Further studies revealed that the major NK cell-derived cytokine interferon gamma (I1fng)
was central to the process that we called mouse spiral arterial modification. Ifng, widely
known as a pro-inflammatory cytokine, has complex pleiotrophic effects on many cell types
and has been estimated to alter the expression of 0.5% of allgenes in mice under
physiological and pathological conditions.

A number of theories have been advanced to explain the pathogenesis of pre-eclampsia;;—.
Often included as a key feature in these models are defects in endothelial cell function,
angiogenesis and/or spiral arterial modification (Figure 2). These defects are associated with
renal, hepatic and central nervous system signs clinically and are thought to lead to notched
Doppler pulses in the uterine arteries during diastole and to high pulsatility indices (> 1.45),
intermittent flow to the intervillous space, placental hypoxia, oxidative-reperfusion stress,
coagulation and exaggerated inflammation of the systemic endothelium. These complex
interactions are also considered to restrict placental growth and thus birth weight in many
pre-eclamptic pregnancies; and to aggregate long term cardiovascular risk factors of mothers
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and children experiencing pre-eclamptic gestations;. Here, we summarize a series of murine
experiments designed to separate the primary from the secondary outcomes that result from
deficient spiral arterial modification during pregnancy. Our studies compare gestations
between mice that lack all lymphocytes (Rag2”~/H2rg™~(formerly RagZ2”~1y;77)) on
BALB/c (current work) or C57BI/6 (previously published work) backgrounds and their
congenic normal (genotype +/#) controls. The immune deficient mice used in this study are
fully competent in the responses of macrophages, dendritic cells and all myeloid lineage
cells such as neutrophils. The studies of pregnant mice reviewed here utilize histological and
immunohistological assessments of placental growth, hypoxia and cellular composition,
micro-ultrasound, blood pressure evaluation by chronic radiotelemetric recording,
reproductive outcomes and post-partum growth to build the argument that deficits in spiral
arterial remodeling per se mildly alter perfusion of the placenta but alone are of little
consequence. This leads to the hypothesis that circulating and/or tissue-based lymphocytes
are central to the generation of the adverse, gestational outcomes seen in women with
impaired spiral arterial remodeling.

2. HISTOLOGICAL COMPARISONS BETWEEN IMPLANTATION SITES WITH
AND WITHOUT SPIRAL ARTERIAL MODIFICATION

As shown in Figure 1, there is an easily recognized difference between spiral arterial
structure at mid-pregnancy (term ~19 days) in histological sections of implantation sites of
mice with and without lymphocytes. When the wall to lumen ratios are calculated for both
genotypes on a BALB/c background at gestation day (gd) 12 using perfusion-fixed
specimens, the RagZ”~/I2rg~" ratio is almost twice that seen in +/#(0.39£0.02 versus
0.21+0.009; P< 0.001). The Rag2~~/I2rg™"~ value does not change significantly between gd
8 and 12, indicating vessel stability. Calculations indicate that resistance in Rag2~~/I12rg™~
spiral arteries should be ~1.7 fold greater than in BALB/c+/+ We undertook a time course
study from gd10 to gd18 in RagZ'~/Il2rg™~ and BALB/c +/+mice using micro-ultrasound
to establish whether there are differences in blood flow in the uterine and spiral arteries.

3. DOPPLER MICRO-ULTRASOUND COMPARISONS BETWEEN
IMPLANTATION SITES WITH AND WITHOUT SPIRAL ARTERIAL
MODIFICATION

The Doppler wave forms detected in the uterine arteries of BALB/c +/+ changed dynamically
over pregnancy as is reported for random bred +/+ mice. At gd2 when morula stage embryos
are present in the oviducts, peak systolic velocity was ~2 cm/sand end diastolic flow was just
below 1 cm/s. After spiral arterial modification, peak uterine artery systolic velocity was ~4
cm/s, a two-fold increase that was stable over the rest of pregnancy. End diastolic flow at
gd12 was just over 2 cm/sand later in pregnancy reached 5 cm/s. Preliminary examination of
tracings from Rag2~”~/I/2rg™~ uterine arteries found a major difference to these control
strain values after gd10. Peak velocity rose to reach ~9 cm/s by gd14 and then declined
(zhang and Cray, unpublished).
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Spiral arterial Doppler wave forms were also compared between BALB/c+/+and Rag2”~/
1/2rg™~ on gd 10-18. Mean velocities were similar in both genotypes over the interval of
study. The pulsatility and resistance indices of the spiral arteries became statistically greater
in the unmodified RagZ~~/II2rg™~ spiral arteries by gd14 and remained elevated to gd18
(Zhang and Cray, unpublished).

4. ASSESSMENT OF PLACENTAL AND FETAL HYPOXIA AND FETAL
SURVIVAL BETWEEN IMPLANTATION SITES WITH AND WITHOUT SPIRAL
ARTERIAL MODIFICATION

It is possible to assess hypoxia histologically in animal tissue by infusion of
Hypoxyprobe-1™ (Millipore) shortly before euthanasia and applying immunohistochemical
reagents to detect metabolized adducts of the probe. We compared implantation sites of
Rag2”~/112rg™~ and BALB/c*/* mice that were given Hypoxyprobe-1™ 60 min prior to
euthanasia on gd12, a time point following spiral arterial modification in the +/+mice.
Placentae in both mice were reactive with the probe, particularly the trophoblast giant cells.
Reactivity was somewhat stronger in the placentae of Rag2~~/Il2rg™" than of +/+. RagZ™~/
112rg~~ and +/+ fetal tissues were unreactive at gd12. Studies of later gestational times are in
progress.

We hypothesized that even mild placental hypoxia from mid-gestation would have
consequences for the viability of Rag2”~/I/2rg™~ fetuses. Therefore, pregnant mice were
euthanized and fetal survival rates were addressed. As shown in Figure 3A, when 3-4
pregnancies were examined for each strain a teach time point studied (gd7-18), both strains
appeared to lose concept uses during the second half of pregnancy. However, in this small
sample, RagZ”~/II2rg~~ tended overall to have more implantation sites that were viable than
+/+. At peripartum gd18, the viability of fetuses was similar for both genotypes. Thus, the
mild hypoxic stress of mid-pregnancy placental giant cells that accompanies lack of spiral
arterial modification does not promote fetal death.

5. ASSESSMENT OF PLACENTAL SIZE AND VASCULARIZATION BETWEEN
IMPLANTATION SITES WITH AND WITHOUT SPIRAL ARTERIAL
MODIFICATION

Intrauterine growth restriction is commonly associated with pre-eclampsia;. We asked
whether the failure to modify spiral arteries at mid-gestation leads to placental growth
restriction. Mid-saggital histological sections stained with hematoxylin and eosin were
quantified using 15 sections/placenta and three placentas from each of 3 mothers for each
time point (i.e. 135 tissue sections). As shown in Figure 3B, placentas from Rag2~~/Il2rg™~
mice were equivalent in surface area to those from +/+at gd10, the first day after spiral
arterial modification in +/+mice. Over the next 4 days, placental growth was equivalent in
the two genotypes but by gd16 the placentas from RagZ2~~///2rg™~ were smaller than those
from +/+mice. The placentas in BALB/c +/+mice did not grow between gd16 and gd18.
This is not unexpected as others studying normal CD1 mice by micro-ultrasound report that
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no growth occurs in +/+mouse placenta after gd14. In contrast to BALB/c +/+ placentas,
Rag2™~/112rg™~ placentas continued to grow after gd16 and were statistically larger on the
last day of pregnancy (~<0.05).

6. ASSESSMENT OF POST-NATAL GROWTH BETWEEN MICE GESTATED IN
IMPLANTATION SITES WITH AND WITHOUT SPIRAL ARTERIAL
MODIFICATION

To address whether absence of spiral arterial modification has an effect on post-partum
growth, we weighed female Rag2~"///2rg™'~ between birth and 16 weeks of age (Figure 4).
We do not maintain BALB/c +/+ breeding stocks but purchase +/+females at 8 weeks of age.
Thus, comparisons from birth to week 8 are based on published information; and
<www.jax.org>. BALB/c +/+weights at weeks 10-16, that were statistically less than age-
matched weights of Rag2~~/I12rg™", are measurements on animals in our care. At 10 weeks
of age, female Rag2”~///2rg™~ mice were on average 3.2 g heavier that BALB/c mice
(P<0.001), a finding that had implications for our anaesthetic protocol and overall post-
surgical success for surgical implantation of radiotransmitters in BALB/c control mice (see
below). Thus, the continued late gestational growth of the placenta in Rag2~~/I[2rg™~ mice
appears to promote larger than normal offspring. This finding contrasts with the IUGR-
associated phenotype seen in many human pre-eclamptic gestations and suggests that IUGR
must be attributed to processes that are not linked with or are secondary to a lack of spiral
arterial modification.

7. 1S THERE PROTEINURIA OR RENAL HISTOPATHOLOGY IN DAMS
EXPERIENCING PREGNANCIES WITHOUT SPIRAL ARTERIAL
MODIFICATION?

Renal function was assessed over pregnancy in Rag2~~/Il2rg™~ and +/+ using an ELISA for
urinary albumin (corrected with creatinine; Exocell, Philadelphia PA). No significant
changes in protein excretion were detected over pregnancy for either genotype. Protein and
creatinine excretion were stable and comparable to virgin animals of each genotype (Burke
and Croy, unpublished data). We also examined pregnant Rag2~~///2rg™~ mice for gross
and microscopic signs of renal and hepatic pathology. None were found (Burke, Zhang and
Croy, unpublished data). Indeed, Rag2~~///2rg™~ dams can be maintained in excellent
health and routinely deliver 68 healthy litters (Zhang, Bilinski and Croy, unpublished data).
No CNS disturbances have been seen in our C57BI/6 Rag2™~/Il2rg”~ or BALB/c RagZ”~/
/12rg™~ pregnant or non-pregnant animals during the 15 years we have held this genotype.

8. DO DAMS EXPERIENCING PREGNANCIES WITHOUT SPIRAL ARTERIAL
MODIFICATION BECOME HYPERTENSIVE DURING LATE GESTATION?

To address whether spiral arterial modification prevents gestational hypertension,
radiotransmitters (PA-C10, DSI St. Paul, MN) were surgically implanted into ten week old
Rag2™~/Il2rg™~ and BALB/c mice to record hemodynamic properties from the aortic arch.
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Ten days of recovery were given before baseline recordings commenced. Both strains have
arterial pressures that change in response to dietary salt manipulation. Using 12 or 24 hr
means of arterial pressure (MAP), a five phase pattern of gestational MAP was defined for
BALBI/c mice (Figure 5). Unexpectedly, a similar pattern was present in Rag2~~/I2rg™~
(Figure 5). The pattern was coincident with significant events occurring in mouse placental
development. Over the pre-implantation period from gdO (day copulation plug detected and
post-mating recording began) to gd3, there was no change (A) in MAP from that recorded in
the post-salt challenge baseline. Between gd4 and gd9, AMAP declined. This is the interval
of post-implantation/pre-placental development in mice associated with ectoplacental
conetrophoblast. After gd9, AMAP rose. The increase in AMAP was more rapid between
gd10 and gd14 than after gd14. The gd10-14 interval follows fusion of the allantois and
chorion and initiation of placental circulation. In this phase, growth of both the fetus and
placenta continue. The fourth stage appears to be when fetal growth continues but placental
growth does not. The final stage is peripartum. The status of spiral arterial modification had
no direct effect on the regulation of gestational blood pressure.

Of note, two other pregnant Rag2~~/I[2rg~~ females had severe, late gestational
hypertension. These were the only two females in the study to give birth to litters comprised
of stillborn pups. This raises the question of whether the concept us provides unique
hemodynamic control during pregnancy. Some of our radiotransmitter-implanted females
mated but failed to conceive and were endocrinologically pseudopregnant. There was no
AMAP in these animals following mating which indicates that the hormonal milieu does not
dynamically regulate gestational MAP. We have yet to establish whether maternal regulation
is possible through differentiation of decidual tissue in the absence of a conceptus but these
studies are ongoing.

9. ARE THERE POST-PARTUM HEMODYNAMIC DIFFERENCES BETWEEN
DAMS EXPERIENCING PREGNANCIES WITH OR WITHOUT SPIRAL
ARTERIAL MODIFICATION?

Post-partum sequelae to pre-eclampsia include elevated risk for hypertension;. We therefore
collected and compared pre-partum and post-partum hemodynamic data from Rag2~~/Il2rg
~~to determine whether absence of spiral arterial modification during pregnancy might
elevate post-partum MAP. Twenty-four hour MAP were compared from pre-partum
baselines (n=16), early pregnancy (gd 0-3; n=9) and 10-14 days post-partum (n=9). There
were no differences between these three time points, indicating that no apparent systemic
circulatory alterations result from pregnancies lacking spiral arterial modification, at least in
the first few weeks after parturition (Burke, Barrette, Adams and Croy, unpublished data).

10. MECHANISMS THAT MAYBE KEY TO UNK CELL ACTIONS ON SPIRAL
ARTERIES

The molecules Ephrin B2 (Efnb2) and EphB4 (Ephb4) are used to discriminate arterial from
venous endothelia. We examined the expression of these markers in mouse implantation
sites. At gd 8 in both RagZ~”~/1/2rg™~ and +/+ mice, spiral arteries are typical
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Efnb2+Ephb4-arteries and histologically similar. By +/+gd10, these vessels express much
less detectable Efnb2 and are beginning to express Ephb4. By gd12, +/+spiral arteries have
lost Efnb2 expression and weakly express Ephb4. In contrast, Efnb2 is expressed by spiral
arteries of Rag2™~/I12rg™~ between gd6 and gd12, suggesting retention of arterial functions.
These functions would include vasoreactivity and higher vascular resistance but might also
include expression of lymphocyte recruitment molecules. Between gd6 and gd10, uNK cells
in +/+mice became strongly Efnb2+, which may account for their localization with arterial
rather than venous structures. In Rag2~~//[2rg™~, mesometrial myometrium became
strongly positive for Efnb2. This region was non reactive with anti-Efnb2 in normal mice at
mid-pregnancy.

T cells of humans and mice and human NK cells are reported to express all components of
RAS, including angiotensin receptors Agtrl and Agtr2—. Because of the close association
between uNK cells and spiral arteries in mouse implantation sites, we postulated that UNK
cells would be equipped with Agtrl and Agrt2 and that this would contribute to gestational
blood pressure regulation. Using dual staining immunohistological techniques to identify
UNK cells and localize one or other receptor, we found that many (~40%) but not all gd10
mouse UNK cells express Agtr2. Agtrl is also expressed but by a smaller proportion of uUNK
cells (Hatta K, Carter A, Zhen A, Leno-Duran E, Ruiz-Ruiz C, Olivares EG, Tse Y, Pang SC
and Croy BA, manuscript submitted). However, it is not yet clear if any uNK cell co-
expresses these receptors or expresses other components of the renin angiotensin system
Thus, despite our findings using radiotelemetry to examine blood pressure in pregnant,
alymphoid Rag2~/~/I12rg™~ mice, it remains possible that deviations in uNK, NK and/or T
cell functions in pregnant +/+mice may contribute directly to dysregulation of MAP.

11. CONCLUSIONS

The studies presented here report in detail our current findings on outcomes from
impairment of gestational spiral arterial modification in mice. We estimated a 1.7-fold
higher resistance to flow in individual spiral arteries of alymphoid mice compared with
controls from histological specimens. Decreased spiral arterial flow was not confirmed in
RagZ™~/Il2rg™~ by micro-ultrasound at mid-gestational though from mid to late gestation
these vessels had elevated pulsatility and resistance indices. The upstream (towards the
heart) uterine arteries in Rag2~~///2rg™~ had elevated flow compared with +/+ uterine
arteries from gd10 and this may account for the relatively mild placental hypoxia we found
in RagZ”~/1l2rg~~ at gd12. Despite the vascular abnormalities in Rag2™~/Il2rg™~
implantation sites, fetal viability was maintained and post-natal growth was promoted rather
than impaired. These data call into question the mechanisms that have been proposed for the
association between spiral arterial modification and human intrauterine growth restriction.
Trophoblast growth was not restricted by failure of remodeling of the spiral arteries. Rather
trophoblast appeared to compensate for reduced perfusion by continued growth into the
peripartum interval. Thus, in mice, it is unlikely that uterine lymphocytes uniquely provide
any essential growth factors to trophoblast and it is more probable that their primary actions
are on maternal tissue.
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The data presented here differ from those we reported for the very first NK cell deficient
strain, tge26. The tge26 strain was developed as a T cell deficient strain and bred with
phenotype selection for the most severe T cell deficit. At the time we received breeding
stock (1994), small litters (mean ~3) and significant fetal death characterized this strain. As
previously reported, tge26 lost this reproductive phenotype after 3 years by applying
breeding selection pressure on large litter size. Our studies with that strain were terminated
and transferred to superior genotypes as they became available. The alymphoid BALB/c
Rag2™~/112rg™~, as summarized above, is our most thoroughly investigated strain. We have
not found significant differences between these mice and C57BL/6 Rag2~~/I2rg™~, used in
many of our previous publications.

The immune deficit in Rag2~~/112rg™" is restricted to lymphocytes. Thus, antigen uptake
and presentation pathways are intact as are chemokine and cytokine production by
macrophages, dendritic cells and myeloid cells. This implies that consequences that lead
from placental hypoxia to fetal growth restriction or death must depend upon lymphocyte
functions. Figure 6 presents a “lymphocentric” model for the pathogenesis of pre-eclampsia
based upon the data summarized here and suggests that clinical interventions for pre-
eclampsia might be beneficially designed by consideration of alymphocyte-based pathology.
In Figure 7, known pathways of lymphocyte function that could contribute to pregnancy
complications such as intrauterine growth restriction and pre-eclampsia are summarized. It
will be important to identify the subsets of lymphocytes critical in promotion of gestational
complications to advance these hypotheses.

Phenotypic characterization of pregnancies in Rag2”~///2rg™~ mice provides a strong, novel
platform for further studies on the pathogenesis of pre-eclampsia. This strain has consistent
histological evidence for failure of gestational spiral arterial modification but retains normal
placenta growth, fetal survival and hemodynamic function. When these features are
quantitatively assayed in combination with chronic radiotelemetry and micro-ultrasound, the
actions and dosages of test molecules or combinations of molecules on each feature can be
assessed independently. This should provide an /7 vivo model in which step wise
incremental reconstitution of elements suspected to contribute to the pathogenesis of pre-
eclampsia can be tested. For example, osmotic pump infusions of s-Vegfrl, Tnf, STBMs,
uric acid or antibodies activating Agtrl could be tested over wide dose ranges and in
combinations. Because Rag2™~/I12rg™~ mice readily accept xenografts, they could also be
constructed to assess the functions of specific human lymphocyte subsets within
implantation sites.
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BALB/c +/+ Rag2//ii2rg*

Figurel.
Photomicrograph of mids aggital sections of placenta and deciduas basalis of (A) +/+and

(B) Rag2 ~~/Il2rg™~ on gd12. Mesometrial aspect is to the top of each image. Panels (C, D)
show at higher magnification, the typically observed differences in the decidua basalis
between (A) modified and (B) unmodified spiral arteries, respectively. The differences in
wall thicknesses and lumen diameters can be quantified morphometrically. From a series of
comparisons between these genotypes on the BALB/c background, it was estimated that
vascular resistance is 1.7x greater in an unmodified artery at gd12. Stained using DBA
lectin. DB, decidua basalis; MLAp, mesometrial lymphoid aggregate of pregnancy P,
placenta; SA, spiral artery; TGC, trophoblast giant cells; UNK + arrows, indicates several of
the very abundant DBA+ uNK cell population. Bars indicate magnifications.
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A model for the pathogenesis of pre-eclampsia in which endothelial cell dysfunction (ie
activation, insufficient availability of viability and growth factor molecules, pro-coagulant

state etc) is seen as the pivotal systemic event.
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Figure 3.

(A) Data are shown for mean + SEM of viable fetuses in BALB/c+/+ (open bars) and Rag2
~~/I12rg™~ (solid bars) mice mated and euthanized within our colony. Either 3 or 4 litters
were studied per histogram bar. Many more litters would need to be sacrificed to obtain an
accurate estimation of fetal success for these genotypes. These preliminary data show
however that viability of Rag2 7~/I12rg™~ is not disadvantaged compared with +/+. (B) Data
are shown for mean SEM cross sectional areas of placentae. Errors are too small for
visualization of the error bars. A total of 135 tissues sections were scanned for each mean.
At gd10, 12 and 14, there were no significant differences in placenta size between the
genotypes. At gd 16, +/+ placentae were significantly larger (6.16mm? + 0.17 versus 5.4
mm? + 0.14 P<0.001) and there was no subsequent placental growth (+/+ placental size at
gd18 was 5.99 mm? + 0.29). Rag2 ~~/II2rg~~ placentae continued to grow and had a
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peripartum gd18 mean size of 7.02 mm? + 0.26. This was statistically larger (P<0.01) than in
the +/+females.
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Figure 4.
Postnatal growth (mean weight +SEM) of BALB/c +/+(O) and Rag2 ~~/II2rg™~ (@) from

birth to 16 wks of age. All Rag2 7~/I12rg™~ data are from our Queen’s University laboratory
with 6-9 animals weighed/time point. BALB/c+/+ data are from mixed sources. BALB/c
birth weights were published by Pal et al., (n=9) and Buzas et al., (n=11). Data for BALB/c
growth to 8 wks of age (#) are from the Jackson Laboratory Mouse Phenome Database
(n=40; www.jax.org). Data for BALB/c+/+ growth after 8 wks is from our Queen’s
University laboratory. Because husbandry and diet may influence weight measurements,
statistics are not presented for measures made before wk 10, which was 2 wk after receipt
and conditioning of BALB/c +/+at our colony. For both genotypes, data collected before
weaning (<4 wk), include both sexes. Wk 4-16 data are for females only. *P<0.01 compared
with BALB/c+/+ females.
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Change (A) in 24 hr mean arterial pressures (MAP) across pregnancy in BALB/c +/+(O;
n=5) and Rag2 7~/Il2rg™~ (®; n=9) for females delivering live born offspring. Because no
changes from a 4 day pre-conception baseline were found during pre-implantation gestation
in these mice or C57BI/6J, gd0-3 mean 24 hr MAP was used for subsequent daily 24hr
mean statistical comparisons. Both strains showed a decline in AMAP shortly after
implantation that continued until the time of spiral arterial modification and opening of the
placental circulation (~gd9-10). The decline was statistically significant from the pre-
implantation baseline for Rag2 7~/Il2rg™~. A gain in AMAP followed and baseline values
were achieved a few days later. These remained relatively stable, without hypertension until
parturition (P). A pattern of late gestational hypertensive (not shown) was seen in two Rag2
~~/Il2rg~~ females that gave birth to litters of stillborn pups.
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Figure®6.
A model for the pathogenesis of pre-eclampsia in which lymphocyte dysfunction triggers the

pregnancy complications that arise from absence of spiral arterial modification. Although
immune activation has been documented by others as a component of the pre-eclampsia
syndrome, our studies suggest that it is exclusively the changes in lymphocytes and not those
in antigen presenting or myeloid-lineage immune cells such as macrophages, neutrophils
and mast cells that are central to pathogenesis.
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A model for pathways that lymphocytes may utilize to drive pregnancy complications

including intrauterine growth restriction and fetal death.
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