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The Effects of Hypoxia on Human Cytotrophoblasts

By Van M. Hoang

Adviser: Professor Susan J. Fisher

Abstract: Once a blastocyst adheres to the uterus, the continued success of human

pregnancy depends on the process whereby cytotrophoblasts (the specialized epithelial

cells of the placenta) differentiate and invade the uterus and its blood vessels. Arterial

invasion is particularly unusual and important. Cytotrophoblasts replace the maternal

cells that originally formed the vessel wall. This process increases the vessel diameter by

severalfold and enhances blood flow to the placenta. In an interesting feedback

mechanism, the supply of maternal arterial blood (e.g., oxygen tension) regulates the

balance between cytotrophoblast proliferation and differentiation/invasion. Preeclampsia

is a serious maternal vascular disorder that can occur during pregnancy. This syndrome

adversely affects both mother (by altering vascular function) and fetus (by causing

intrauterine growth retardation). Because preeclampsia is the leading cause of maternal

death in developed countries and is associated with a fivefold increase in perinatal infant

mortality, it continues to be a major health problem. This syndrome is associated with

abnormal cytotrophoblast differentiation, shallow uterine arteriole invasion, and

consequently, placental hypoxia. Here we examined the human cytotrophoblast

proteome and studied the effects of decreased oxygen tension in vitro on the global

cytotrophoblast protein repertoire via two-dimensional polyacrylamide gel

electrophoresis and mass spectrometry. Hypoxia exerted a discrete effect upon the

iv



cytotrophoplast proteins. The abundance of most proteins remained unaffected. Matrix

assisted laser desorption/ionization time-of-flight/postsource decay analyses identified

two antioxidants, peroxiredoxin and manganese superoxide dismutase, as being

downregulated by hypoxia. Annexin II, tropomyosin, and the glycolytic enzymes

triosephosphate isomerase and phosphoglycerate mutase were upregulated by hypoxia.

Additionally, we discovered that although the levels of 14-3-3 epsilon were not affected

by decreased oxygen tension, its localization in cytotrophoblasts was. These studies

provided new information on the human cytotrophoblast protein repertoire and insight

into pathways that maybe involved in cytotrophoblast response to changing

oxygen levels.
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Chapter 1: Introduction

Implantation

The initial stages of preimplantation development, from zygote to morula, occur

as the embryo encased within the non-adhesive zona pellucida transits the fallopian tube.

The morula reaches the uterine cavity approximately two to three days postconception.

Within 72 hours, the embryo enters the blastocyst stage and hatches from the zona,

exposing its outer covering of trophoblasts. The few human embryos that have been

recovered after maturation in vivo appear to be covered by multinucleate (syncytial)

trophoblasts (Hertig and Rock, 1973), whereas at least some embryos that develop in

vitro are covered by mononuclear cytotrophoblasts.

Implantation occurs around the sixth to seventh day postconception. Analogous

to events in several primate species (Enders and Lopata, 1999) and rodents (Enders and

Schlafke, 1969), human implantation is likely to occur in at least three stages. Initial

adhesion of the blastocyst to the uterine wall, termed apposition, is probably unstable, i.e.

the blastocyst can be easily dislodged. Apposition is characterized by interdigitation of

the microvilli that compose the apical surface of syncytiotrophoblasts with

microprotrusions from the apical surface of the luminal epithelium, known as pinopodes.

Whether sufficient shear stress is exerted to permit rolling and tethering, as in leukocyte

adhesion (Lawrence et al., 1995), is not known. Most commonly apposition, and

consequently implantation, occur in the upper posterior (fundal) aspect of the uterus.

During stable adhesion the physical interaction between the trophectoderm of the

blastocyst and the luminal epithelium of the uterus strengthens. Penetration of the uterine



epithelium occurs shortly thereafter. By that time the blastocyst is oriented with its

embryonic pole attached to the uterine wall (Hertig et al., 1959).

Human implantation is classified as intrusive (invasive) and interstitial (McMaster

et al., 1994; Pijnenborg et al., 1981). Trophoblast cells rapidly invade the basal lamina

that underlies the uterine epithelium. By day 10 postconception the blastocyst is

completely embedded in subepithelial, interstitial stromal tissue, the uterine epithelium

regrows over the implantation site, and mononuclear cytotrophoblasts stream out of the

trophoblastic shell, further invading the uterus (Benirschke and Kaufmann, 1991).

Successful implantation is the end result of a complex molecular dialogue

between a receptive, hormonally primed uterus and a mature, activated blastocyst.

Timing is critical and failure to synchronize the component processes interrupts the

dialogue. For example, an acceleration or delay in either uterine maturation or blastocyst

activation prevents implantation. Uterine receptivity is defined as the temporal window

during endometrial maturation that allows the blastocyst to implant (Psychoyos, 1986).

Assisted reproductive techniques involving the transfer of human embryos back into the

uterine cavity have identified days 20 to 24 of a regular 28-day menstrual cycle as the

optimal period for human implantation (Bergh and Navot, 1992). Markers for uterine

receptivity include gross histological changes (the endometrium becomes more vascular

and edematous, endometrial glands display enhanced secretory activity) and alterations in

endometrial cell surface properties (the luminal surface of endometrial epithelial cells

develops pinopodes and shows evidence of electrophysiological changes) (Nikas and

Psychoyos, 1997).



Of the multiple signals that synchronize blastocyst and uterine development, the

role of steroid hormones is best understood. Human implantation requires a burst of

preovulatory estradiol-17B that stimulates proliferation and differentiation of uterine

glandular epithelia; continued progesterone production by the corpus luteum stimulates

proliferation and differentiation of stromal cells. Downstream effectors of steroid

hormone actions include peptide hormones, growth factors, and cytokines in the uterine

milieu. For example, progesterone regulates calcitonin expression, which is detected in

the rat uterine epithelium during the window of implantation (Ding et al., 1994). Growth

factors that are expressed in the mouse uterus during the peri-implantation period include

many of the epidermal growth factor family members. Interestingly, expression of

heparin-binding epidermal growth factor is restricted to the luminal epithelium

surrounding the blastocyst just prior to implantation (Das et al., 1994; Leach et al., 1999).

Likewise, a burst of leukemia inhibitory factor expression in endometrial glands precedes

implantation of the mouse blastocyst (Bhatt et al., 1991). Analyses of leukemia

inhibitory factor -/- mice show that this molecule is required for embryo attachment and

uterine decidualization. Unexpectedly, interleukin-11 interactions with the interleukin-11

receptor alpha chain are also required for murine decidualization (Robb et al., 1998).

The blastocyst is an active participant in the process that readies the uterus for

implantation (Paria et al., 1993). Mechanisms that activate the blastocyst include

exposure to catecholestrogens, a class of estrogen metabolites (Paria et al., 1998).

Culture medium of preimplantation embryos contains a myriad of bioactive substances

with potential autocrine and/or paracrine effects. These include transforming growth

factor-o, and -3, platelet-derived growth factor, insulin-like growth factor-II, colony

:
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stimulating factor-1, interleukin-1 and -6, leukemia inhibitory factor, prostaglandin E2

and platelet-activating factor as well as receptors for colony stimulating factor-1,

epidermal growth factor, and leukemia inhibitory factor (Stewart and Cullinan, 1997).

The clearest evidence of cross-talk between the blastocyst and the uterus comes

from studies of the expression of epidermal growth factor family members in a murine

model of hormonally delayed implantation. During delay, uterine heparin-binding

epidermal growth factor expression is not induced, even when the blastocyst is

juxtaposed to the uterine lining. Upon injection of estrogen, the implantation process

resumes with blastocyst activation, and uterine heparin-binding epidermal growth factor

expression is rapidly upregulated at the site of blastocyst apposition (Das et al., 1994).

Completing the loop, peri-implantation-stage embryos express epidermal growth factor

receptors (ErbB1, -B2 and -B4) and heparin sulfate proteoglycans that interact with

epidermal growth factor-like ligands; addition of heparin-binding epidermal growth

factor to cultured embryos stimulates their proliferation, as well as maturation evidenced

by accelerated zona hatching and trophoblast outgrowth (Das et al., 1994; Jun, 2000). At

least a portion of this scenario is probably applicable to human implantation, since

heparin-binding epidermal growth factor appears to have similar effects on human

embryos in vitro (Martin et al., 1998). Interestingly, chorionic gonadotropin alters

endometrial differentiation in the baboon (e.g., upregulates glycodelin expression),

evidence that the primate blastocyst may also communicate with the uterus prior to

implantation (Fazleabas et al., 1999).

Implantation in the mouse requires the biosynthesis of prostaglandins.

Cyclooxygenase, the rate-limiting enzyme in the conversion of arachidonic acid into



prostaglandin H2, exists in two isoforms: constitutive (cyclooxygenase-1) and inducible

(cyclooxygenase-2). Endometrial cyclooxygenase-1 expression is responsive to both

progesterone and estradiol-17B; levels fall precipitously around the time of implantation

(Chakraborty et al., 1996; Marions and Danielsson, 1999). In contrast, cyclooxygenase-2

expression, which is not affected by steroid hormones, is restricted to the site of

implantation and depends on the presence of an activated blastocyst (Chakraborty et al.,

1996; Lim et al., 1997a). There is evidence that the same pattern may exist in humans:

interleukin-1B, which has been detected in the conditioned medium of human embryos

(Sheth et al., 1991) induces cyclooxygenase-2 expression in cultured endometrial

stromal cells (Huang et al., 1998). Recent work shows that prostacyclin derived from

nuclear cyclooxygenase-2 interacts with peroxisome proliferator activated receptor-6

(Lim et al., 1999a). This interaction is likely a critical component of the downstream

effector pathway, because peroxisome proliferator activated receptor-6 -/- mice die at

mid-gestation due to placental defects (Barak et al., 1999). Interestingly, other molecules

that play important roles in implantation have also been linked to prostaglandins. These

include the abdominal B-like homeobox genes (e.g., HOXA-10 and HOXA-11)

previously thought to be associated only with fetal organ development. HOXA-10

deficient mice have abnormalities in decidualization and implantation (Benson et al.,

1996). These defects have been linked to aberrations in progesterone-regulated

expression of two prostaglandin E2 receptor subtypes, EP3 and EP4, in the uterine stroma

(Lim et al., 1999b). Finally, HOXA-10 expression in the human uterus, which is

regulated by both progesterone and estradiol-173, peaks during the implantation window

(Ma et al., 1998; Taylor et al., 1997). Together, these data offer the first potential



molecular explanation for the changes in vascular permeability that are one of the first

signs of implantation in many species.

Once human implantation begins, a comparatively brief interval of stable

attachment is soon followed by a much longer period during which trophoblast cells

exhibit the unusual tumor-like behavior that enables them to invade the uterine luminal

epithelium and underlying endometrial stroma. As in other biological systems in which

stable adhesion is followed by invasion (e.g., leukocyte and tumor extravasation),

strategic modulation of adhesion molecule and proteinase expression is likely a key

element of the strategy trophoblasts use to enter the uterine wall. Because most of our

information comes from studies of specimens obtained mid-way through the first

trimester, whether the process of cytotrophoblast invasion of the uterine wall during the

first half of pregnancy recapitulates the mechanisms involved in initial invasion during

implantation is an important unresolved question.

Placental Growth and Differentiation in Normal Pregnancy

After implantation, in order to maintain a pregnancy, the placenta, a disk-shaped

organ, must successfully grow and develop (Figure 1). Placentation is the result of the

growth and differentiation of cytotrophoblasts, the specialized epithelial cells of the

placenta. A diagram of this process is shown in Figure 2A. During normal placentation,

CTB stem cells undergo one of two different fates (Fisher and Damsky, 1993). First, in

floating villi, they detach from their underlying basement membrane and fuse to form

syncytiotrophoblast that cover the surface of floating villi. The surface of

syncytiotrophoblast lines the intervillous space where gas, waste, and nutrient exchange
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Figure 1. A) The placenta and fetus in utero. B) A transverse section of the upper portion of
the pregnant uterus.
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FIGURE 2: Human placental cytotrophoblast differentiation in vivo. (A) Diagram
depicts the human maternal-fetal interface at mid-gestation. The specialized epithelial
cells of the placenta (cytotrophoblasts) differentiate along one of two pathways. In the
first, they detach from the underlying basement membrane and fuse to form
syncytiotrophoblasts (STB) that cover the surfaces of the villi. In the second pathway,
they aggregate into columns of nonpolarized cells that bridge the gap between the fetal
and maternal tissues. Individual cytotrophoblasts that emerge from these columns
differentiate into tumor-like cells that invade the uterine wall. Invasive cells also breach
maternal blood vessels, where they replace the endothelial lining of arteries and, to a
lesser extent, veins. In this location these placental cells upregulate the expression of
adhesion molecules and receptor tyrosine kinases that are usually found on the
endothelial cell surface. In the end, cytotrophoblast invasion anchors the placenta to the
uterine wall and diverts the flow of maternal blood to the placenta (see arrows). (B)
Tissue sections of the maternal-fetal interface cut from a biopsy of the area diagrammed
in (A). Cytokeratin (CK) staining identifies the syncytio- (STB) and cytotrophoblasts.
The photomicrograph on the left shows a cytotrophoblast column that attaches a villus to
the uterine wall and invasive cytotrophoblasts that migrate from the column into the
decidua. The photomicrograph on the right shows cytotrophoblasts that replaced the
maternal cells in the wall of a uterine spiral arteriole. Both tissue sections were adapted
from work in done in our laboratory (Zhou et al., 1993).
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between mother and fetus occur. Second, cytotrophoblasts aggregate into columns of

nonpolarized, mononuclear cells that attach to and invade the wall of the uterus (see

diagram in Figure 2A and photomicrograph in Figure 2B). In addition to this interstitial

invasion, which normally encompasses the entire endometrium and the inner third of the

myometrium, they also carry out endovascular invasion, a process that diverts the flow of

uterine blood to the intervillous space of the placenta (Pijnenborg et al., 1981). Once

cytotrophoblasts have migrated into the endometrium, many of them invade its arteries,

eventually replacing the endothelial cells of these vessels. Invasion of the arteries

transforms them into low resistance vessels with large diameters, which allows for the

increase of blood supply to the intervillous space to support the developing conceptus

(Figure 2A and 2B). Hence, the mature human placenta is classified as hemochorial.

Blood (hemo) is in direct contact with the placental portion of the extra-embryonic

membrane (chorio).

The process of cytotrophoblast invasion is equally unusual at a molecular level.

The invading cells extensively modulate their adhesion molecule expression in a stepwise

fashion. Particularly striking is the reduced staining for adhesion receptors characteristic

of polarized cytotrophoblast stem cells (integrin o.634 and epithelial cadherin) and the

onset of expression of adhesion receptors characteristic of endothelium, including

cadherins (vascular endothelial cadherin and cadherin-11), IgG-family receptors

(vascular cell adhesion molecule-1, platelet-endothelial cell adhesion molecule-1 and

Mel-CAM), and integrins (ov■ 3 and o.1) (Damsky and Fisher, 1998).

In addition to allowing cytotrophoblasts that line maternal vessels to masquerade

as vascular cells, many of these receptors also play important roles in invasion. Analysis

º
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of the effects of adding function-perturbing antibodies to an in vitro model of

cytotrophoblast invasion reveals a delicate balance. For example, integrins ov63 and

olfil promote cytotrophoblast invasion, but off■ 1 restrains it (Damsky et al., 1994). In

vivo, trophoblast invasion is likely influenced by uterine extracellular matrix, ECM,

components (e.g., laminin, fibronectin, and osteopontin) that are ligands for trophoblast

integrins (Lessey, 1998; Lessey and Arnold, 1998). Adhesion molecule expression is

also extensively modulated during decidualization. Analysis of human embryos that

developed in vitro suggests that maturation is associated with the expression of at least a

subset of the adhesion receptors that are detected in association with cytotrophoblasts

later in gestation (Campbell et al., 1995).

Invading cytotrophoblasts also tightly regulate their proteinase repertoire

(Huppertz et al., 1998). Of particular functional importance is their ability to express and

activate matrix metalloproteinase-9, a major regulator of cytotrophoblast invasiveness in

vitro (Librach et al., 1991). Interestingly, matrix metalloproteinase-9 deficient mice have

a substantial reduction in litter size, suggesting defective placentation (Dubois et al.,

2000). The simultaneous upregulation of tissue inhibitor of metalloproteinase-3

expression is another example of the balancing mechanisms that hold cytotrophoblast

invasion in check (Bass et al., 1997). Invasion also involves maternal expression of

matrix metalloproteinase family members. Studies in genetically engineered mice

indicate that decidual expression of matrix metalloproteinases and tissue inhibitor of

metalloproteinases affects the extent of trophoblast invasion (Alexander et al., 1996), and

their expression in human decidua suggests a similarly important role (Riley et al., 1999).

Other studies in mice suggest that cathepsins B and L may play an important role in

10



invasion (Afonso et al., 1997). In fact, the placenta expresses an interesting set of these

proteinases, including novel cysteine proteases (Bogyo et al., 2000). Although

trophoblast-associated urokinase-type plasminogen activator is probably not involved in

invasion, it, like the aforementioned adhesion molecules, may play a role in vascular

mimicry (Queenan et al., 1987). A subset of these proteinases and inhibitors (e.g., matrix

metalloproteinase-9, tissue inhibitor of metalloproteinase-3) is produced by human

embryos in vitro, suggesting that they could function from implantation onward.

The specific temporal and spatial expression of several growth factors and

cytokines within the uterus (e.g., leukemia inhibitory factor (Cullinan et al., 1996),

interleukin-1 and its receptors (Simon et al., 1996), insulin-like growth factor-1 and -2

and their binding proteins (Giudice and Irwin, 1999), colony stimulating factor-1 (Cohen

et al., 1997), transforming growth factor-o. (Slowey et al., 1994; Taga et al., 1996) and -3

(Godkin and Dore, 1998)) suggests that they could play a modulatory role. In many

cases the functional influences are inferred, but in others direct experimental evidence

exists. For example, leukemia inhibitory factor regulates matrix metalloproteinase-9

expression in mouse blastocysts (Harvey et al., 1995), as does interleukin-1 in human

cytotrophoblasts (Librach et al., 1994). It is interesting that interleukin-1 levels in

embryo culture supernatants have been associated with reproductive success during in

vitro fertilization (Sheth et al., 1991). Physiological regulators may also be particularly

important. For example, oxygen tension controls some aspects of differentiation in

cytotrophoblasts, including integrin o.1 expression (Genbacev et al., 1997).

The maintenance of early pregnancy is inextricably linked with growth and

differentiation of the cells that compose the extra-embryonic membranes. In accord with

11



its critical functions, the trophoblast is the first lineage specified during development.

Much has recently been learned, sometimes inadvertently, from gene deletion studies in

mice about the transcription factors that regulate these early fate decisions. For example

it has recently been reported that levels of Oct-4 determine whether mouse embryonic

stem cells differentiate into trophectoderm which gives rise to trophoblasts, mesoderm,

or endoderm (Niwa et al., 2000). Also, Mash2, a mammalian homologue of Drosophila

achaete/scute complex genes, is involved in the maintenance of the murine trophoblast

stem cell population, a critical determinant of growth potential. Commitment to the

differentiation pathway that leads to the invasive population of trophoblast cells is

characterized by downregulation of the expression of inhibitor of DNA binding proteins

(Ids) (Jen et al., 1997), the mSNA zinc finger transcription factor (Nakayama et al.,

1998), and Oct-4 (Palmieri et al., 1994). Upregulated expression of the positive regulator

Handl is required to complete this differentiation process (Firulli et al., 1998; Riley et

al., 1998). Glial cells missing-1, a novel factor that controls differentiation in the

Drosophila nervous system, regulates the pathway that gives rise to murine

multinucleate trophoblasts, a population that is in some ways analogous to human

syncytiotrophoblasts (Anson-Cartwright et al., 2000). Conversely, lack of expression of

estrogen-receptor-related receptor-3 is associated with an overabundance of invasive

cells (Luo et al., 1997).

Although there are numerous differences between the mouse and the human

placenta at a morphological level, many of the same transcriptional regulators that

control murine placentation are expressed by human trophoblasts (Janatpour et al.,

1999). Functional evidence supports the hypothesis that they play an important role.
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For example, Id-2 regulates aspects of cytotrophoblast differentiation along the invasive

pathway (Janatpour et al., 2000), and Oct-4 overexpression silences expression of the

beta subunit of human chorionic gonadotropin (Liu and Roberts, 1996). Finally, it is

interesting to note that cytotrophoblasts are the only cells that express glial cells missing

1; the functional consequences of this observation are currently being studied in our

laboratory.

Growth factors also play interesting roles, often in a paracrine manner,

supporting the concept that epithelial-mesenchymal interactions are important for

placental development. Mice that carry homozygous mutations in the scatter

factor/hepatocyte growth factor gene show defects in trophoblast differentiation

attributable to absence of this signal, which is normally derived from the underlying

allantois. Mice lacking the hepatocyte growth factor receptor, c-met, die during

development from placental insufficiency secondary to abnormal placental

morphogenesis (Bladt et al., 1995). In the human, mesenchymal cells in the stromal

cores of chorionic villi produce hepatocyte growth factor, cytotrophoblasts express c-met

(Bladt et al., 1995; Clark et al., 1996; Kilby et al., 1996), and hepatocyte growth factor

enhances cytotrophoblast invasion in vitro (Nasu et al., 1999). Strong evidence also

supports the role of fibroblast growth factors family members. The expression pattern of

certain of the factors (e.g., fibroblast growth factor-4) and receptors (e.g., fibroblast

growth factor receptor-2), as well as their null phenotypes (e.g., peri-implantation

lethality in mice) suggests that the trophoblast is an important target. In fact, trophoblast

stem cells were derived by plating blastocysts or early postimplantation trophoblasts on

a fibroblast feeder layer in the presence of fibroblast growth factor-4. Growth factor

ºr sº
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withdrawal resulted in differentiation (Tanaka et al., 1998).

One of the most interesting placental functions is the regulation of the maternal

immune response such that the fetal hemi-allograft is tolerated during pregnancy.

Syncytiotrophoblasts and invasive cytotrophoblasts are presumed to be essential to this

unique phenomenon because they lie at the maternal-fetal interface, where they are in

direct contact with cells of the maternal immune system. Several studies suggest that

none of the trophoblast subpopulations express class II molecules (Bulmer and Johnson,

1985; Redman, 1983). Surprisingly, cytotrophoblasts upregulate expression of the class

Ib major histocompatibility complex protein (HLA-G) as they differentiate and invade

the uterus (Ellis et al., 1990; Kovats et al., 1990; McMaster et al., 1998). This pattern of

expression, together with the fact that HLA-G exhibits limited polymorphism

(Bainbridge et al., 1999), suggests it has an important function in pregnancy. But the

exact mechanisms involved remain enigmatic. One obstacle has been the identification

of HLA-G receptor(s) on relevant cells, a controversial area (Bainbridge et al., 1999).

Within the uterine wall, cytotrophoblasts that express HLA-G come in contact

with maternal lymphocytes, which are abundant in the uterus during early pregnancy.

Although estimates vary, a minimum of 10% to 15% of all cells found in the decidua are

leukocytes, many of which are found in large lymphoid clusters (Mincheva-Nilsson et

al., 1994). Although it is clear that immune recognition of paternally-derived antigens

occurs during pregnancy (Tafuri et al., 1995), cytotoxicity against trophoblast must be

inhibited. The factors responsible for this localized immunosuppression are unclear, but

likely include cytotrophoblast-derived interleukin-10, a cytokine that inhibits

alloresponses in mixed lymphocyte reactions (Roth et al., 1996). Interestingly, steroid

º
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hormones, including progesterone, can have similar effects (Pavia et al., 1979). The

complement system must also be involved, because deletion of the complement

regulator, Cry, leads to fetal loss secondary to placental inflammation in mice (Xu et al.,

2000). Finally, pharmacological data, also in the murine system, suggest that

trophoblasts express an enzyme, indoleamine 2,3-dioxygenase, that rapidly degrades

tryptophan, which is essential for T-cell activation (Munn et al., 1998). Whether this

same mechanism operates in humans is not yet known, although syncytiotrophoblasts

express indoleamine 2,3-dioxygenase (Kamimura et al., 1991) and systemic tryptophan

levels fall during pregnancy (Schrocksnadel et al., 1996).

In summary, cytotrophoblast differentiation and placental development are

regulated by a multitude of factors. These include transcription factors, proteases,

cytokines, adhesion molecules, growth facors, and oxygen tension. Determining

molecules and pathways that result in normal placentation gives insights into

mechanisms involved in pregnancy complications that stem from abnormal placental

development which is discussed in the following section.

Pregnancy Complications

Normal human placentation shares elements of the developmental program that is

executed during embryonic organogenesis. However, a higher-order requirement is

imposed on placental development because this organ not only develops first, but also

serves as the structural and functional interface between the mother and the

embryo/fetus. At a structural level, cytotrophoblasts that emanate from anchoring villi

invade to a depth that securely anchors the placenta to the uterine wall. During this
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invasion process the cells also form stable connections with the maternal vasculature, a

process that diverts the flow of uterine arterial blood to the placenta and creates a

pathway for venous return.

At a functional level, the placenta must integrate maternal and fetal physiology,

immunology, and endocrinology. For example, nutrient, gas, and waste exchange take

place in the intervillous space, which is lined by the syncytiotrophoblasts that cover the

floating villi. The intriguing possibility exists that complications that arise relatively late

during pregnancy actually reflect errors that occurred much earlier in the program that

governs placental development. The correlative — that such errors could be detected

and ameliorative or corrective action taken before pregnancy outcome is compromised

— is a major challenge facing maternal-fetal medicine.

Biopsy of the placenta and uterus at the time of delivery has allowed microscopic

assessment of the floating and anchoring villi that compose the maternal-fetal interface

in a variety of pregnancy complications. With regard to floating villi, intrauterine

growth restriction with absent end-diastolic flow velocity in the umbilical artery is

associated with fewer capillary loops and branches in the villus cores, and with fibrin

deposition on the syncytial surface (Krebs et al., 1996). The maternal vasculature is also

important, as directed vascular expression of the receptor for thromboxane A2, a smooth

muscle cell constrictor and mitogen, leads to (murine) intrauterine growth retardation

(Rocca et al., 2000). Heritable coagulopathies lead to (human) intrauterine growth

retardation and other serious pregnancy complications (Lockwood, 1999).

Maternal cigarette smoking has a severe negative effect on all aspects of

pregnancy, from conception to birth, when many affected infants show evidence of

º ºg

- ***

-

-

:

16



intrauterine growth retardation. Given the known actions of nicotine and hypoxia, it is

not surprising that the placentas of women who smoke show dramatic changes in

morphology when compared to those of gestation-matched control placentas obtained

from women who do not smoke (Shiverick and Salafia, 1999). The fetal blood vessels

within the villus mesenchymal cores also develop adaptations, principally increased

density (Pfarrer et al., 1999), and areas of the syncytium thin dramatically (Genbacev et

al., 1999a). Clearly, compromised syncytiotrophoblast function is associated with

impaired fetal growth.

With regard to anchoring villi, cytotrophoblast invasion to the proper depth is a

major factor in determining pregnancy outcome. Excessive invasion can lead to

deficient development of the decidua with abnormally firm attachment of the placenta

directly onto the myometrium (placenta accreta), to extension into the myometrium

(placenta increta), or to invasion through the myometrium to the uterine serosa and even

into adjacent organs (placenta percreta). Despite improvements in diagnosis and clinical

management, such disorders of placentation are still associated with significant

intrapartum maternal morbidity and mortality, due primarily to hemorrhage (O'Brien et

al., 1996). Inadequate invasion has been implicated in the pathophysiology of

intrauterine growth retardation and preeclampsia which is discussed in the following

section.

Preeclampsia

Preeclampsia is the leading cause of maternal mortality in the industrialized

world and increases perinatal mortality fivefold. The clinical diagnosis includes the
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sudden onset of hypertension, blood pressure greater than 140/90 mm Hg, the

appearance of proteinuria, over 300 mg in a 24 hour collection, and edema. The

symptoms usually develop after 20 weeks of gestation and onset and progression of the

disease are unpredictable. If not treated, seizures (known as eclampsia), coma, and death

can follow.

There are many risk factors associated with preeclampsia. Although

preeclampsia is thought of as a disease of first pregnancies, a change in partner with

subsequent pregnancies is associated with the loss of the protective effect of multiparity;

similarly, artificial donor insemination is also reported to result in increased risk of

preeclampsia (Dekker, 1999). The use of contraceptive devices which prevent exposure

to sperm also increases the risk of preeclampsia (Klonoff-Cohen et al., 1989). These

epidemiological studies suggest that maladaptation to a paternal factor may play a role in

the development of preeclampsia. Genetics can also be a risk factor in the development

of preeclampsia, reviewed in (Morgan and Ward, 1999). The rate of preeclampsia is

higher in mothers, sisters, daughters, and granddaughters of women with preeclampsia,

although the mode of inheritance is unclear.

The clinical symptoms of preeclampsia are only a small component of a

multisystem disease. Because of the importance of the maternal immune system during

normal pregnancy, immune maladaptation is reported to be involved in preeclampsia.

Many observations point to the involvement of the immune system, including exposure

to paternal antigens as described previously. Levels of tumor necrosis factor-o. (Meekins

et al., 1994a) and interleukin-6 (Vince et al., 1995) are increased in blood samples from

preeclamptic patients. Also, there is increased staining for interleukin-2 in decidua of
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women with preeclampsia (Hara et al., 1995), and HLA-G expression is downregulated

on cytotrophoblasts in preeclampsia (Lim et al., 1997b).

Abnormal lipid metabolism is also believed to contribute to the development of

preeclampsia. Serum triglyceride and free fatty acid concentrations are increased in

pregnant women with preeclampsia relative to normal pregnant women (Hubel et al.,

1996; Lorentzen et al., 1995; Vigne et al., 1997) while total cholesterol levels are not

different. The increased levels of circulating free fatty acids are reported to be increased

15 to 20 weeks prior to the clinical symptoms of preeclampsia (Lorentzen et al., 1995).

An increasing body of data supports the hypothesis that many aspects of the

disease process could be explained by alterations in the function of maternal vascular

endothelium (Roberts and Redman, 1993), including an excessive inflammatory

response (Redman et al., 1999). Changes in maternal vessel relaxation in response to a

variety of vasoactive substances in preeclamptic women as compared to normal pregnant

women have been described. For example, there is impaired endothelium-dependent

relaxation in preeclamptic women in response to bradykinin (Ashworth et al., 1999) and

acetylcholine (McCarthy et al., 1993). The converse question of whether sera from

preeclamptic women have different effects on endothelium function than sera from

normal pregnant women has also been investigated. For example, exposure of human

umbilical vein endothelial cells to the plasma from preeclamptic patients changed the

ecoisanoid secretion profile of these cells; increased secretion of prostacyclin,

prostaglandin F20, and 8-isoprostane was noted (de Groot et al., 1998). Results such as

these suggest the presence of circulating factors present in preeclampsia which are either

absent in normal pregnancies or modulated abnormally in preeclampsia. The origins of
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such factors are debated, but likely sources include the placenta (Redman, 1991).

Preeclampsia is believed to originate from a placental disorder, since it occurs in

complete molar pregnancies in which there is trophoblast, but no fetal tissue (Goldstein

and Berkowitz, 1994). Also, delivery of the fetus and placenta remains the only

effective treatment. Although the etiology of preeclampsia is unknown, the

characteristic pathological lesion is variably shallow interstitial cytotrophoblast invasion

and, more consistently, restricted endovascular invasion (Brosens, 1977; Genbacev et al.,

1999b; Meekins et al., 1994b; Zhou et al., 1993). Immunolocalization studies of biopsy

specimens suggest a focal molecular lesion that affects a specific aspect of placental

development (Figure 3). Normally cytotrophoblasts that invade uterine vessels switch

their adhesion molecule repertoire to resemble that of vascular cells, but in preeclampsia

many aspects of this program fail (Zhou et al., 1993). In turn, the uterine arterioles

remain as small-bore, high-resistance vessels that cannot adequately respond to the ever

increasing fetal demands for blood flow. Ultrasound Doppler techniques have shown

that uteroplacental blood flow is reduced in preeclampsia (Campbell et al., 1986;

Harrington et al., 1997). Determining the consequences of reduced placental perfusion

and how they ultimately lead to the clinical characteristics of preeclampsia is a major

challenge.

In Vitro Models

In human diseases, where direct experimentation is usually not possible, we have

utilized in vitro culture models to better understand normal human cytotrophoblast

differentiation (Figure 4). Cytotrophoblasts isolated from placentas of women with
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decidua basalis myometrium

FIGURE 3. Placental bed biopsies from preeclamptic pregnancies reveal reduced

cytotrophoblast invasion of the uterus and its spiral arteries. (A) and (B) During the

course of a normal pregnancy, cytotrophoblasts invasion occurs through the decidua and

the myometrium. As previously shown, the maternal uterine arteries are also replaced

by these invading cells. (C) and (D) In preeclamptic pregnancies, there is reduced

invasion of the uterus and its resident arteries. Due to decreased invasion by

cytotrophoblasts, the radii of the arteries remain constricted in preeclampsia as compared

to normal pregnancies resulting in decreased blood flow to the placenta. Cytokeratin

(CK) staining identifies syncytiotrophoblast and cytotrophoblasts. Arrowheads identify

the spiral arteries in the myometrium. This figure is modified from (Zhou et al., 1993).
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uncomplicated pregnancies are maintained under standard culture conditions (20% O2)

on Matrigel, a tumor extract that contains basement membrane components. This

induces the cells to enter the differentiation pathway that leads to uterine invasion in

vivo. For example, cytotrophoblasts cultured on Matrigel express stage specific antigens

such as integrins (Damsky et al., 1994; Fisher and Damsky, 1993; Zhou et al., 1997b),

matrix metalloproteinase-9 (Librach et al., 1991), and HLA-G (McMaster et al., 1995)

Seen in vivo.

Tissue explants of chorionic villus are also used to study placental development.

With this model, all cell types found in the placenta in vivo are present including

syncytiotrophoblast and stem cell cytotrophoblasts. Culture of villus explants on

Matrigel induces the formation of cytotrophoblast outgrowths that share many

characteristics of anchoring villi (Genbacev et al., 1993; Genbacev et al., 1992).

Experiments in which normal cytotrophoblasts were maintained in hypoxia (2%

O2) reproduced many of the defects seen in preeclampsia. For example,

cytotrophoblasts cultured under hypoxic conditions show reduced invasion, as measured

by the ability to traverse a Matrigel-coated filter (Genbacev et al., 1996). Also, hypoxia

abnormally modulates adhesion molecule expression such as the downregulation of

integrin oil which correlates to what is seen in preeclampsia (Zhou et al., 1993; Zhou et

al., 1997a). In addition, oxygen tension controls some aspects of placental growth and

cytotrophoblast differentiation. Villus explants cultured in 2% O2 show continued

proliferation of cytotrophoblasts and impaired differentiation and invasion while those

cultured in 20% O2 showed differentiation of cytotrophoblasts (Genbacev et al., 1997).

This corresponds to findings in preeclampsia of an increased number of proliferative

tº tº

tº

gº

tºº.

tºº

*-

= -

--

*

23



cytotrophoblasts (Redline and Patterson, 1995).

Because molecules released from the placenta have the potential to exert an

effect on the maternal vasculature, factors secreted by cytotrophoblasts maintained under

standard conditions or hypoxia have also been examined. Conditioned medium from

hypoxic cultures increases vessel sensitivity to vasoconstriction (Gratton et al.,

manuscript in preparation); similar responses have been described in vessels isolated

from preeclampsia patients (Aalkjaer et al., 1985). These results strengthen the linkage

between placental hypoxia and preeclampsia.

In light of the current information about the relationship between reduced oxygen

tension and pregnancy complications, we have been very interested in determining the

effects of hypoxia on the cytotrophoblast protein repertoire. As discussed next, a

proteomics-based approach to survey changes that occur in response to hypoxia was

chosen. Knowing whether similar or different changes occur in preeclampsia is equally

important for determining how the syndrome progresses.

Proteomics

The rapid development and improvement of DNA technologies has led to the

success of multiple genome projects. The completion of genome sequences from at least

18 organisms, with many more expected in the near future (Blackstock and Weir, 1999),

has been followed by the realization that genomic sequences are not adequate to fully

understand complex biological processes. The burgeoning of the field of proteomics is a

product of this awareness.
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Proteomics is broadly defined as the study of the protein complement of the

genome. This wide encompassing term, however, is a field, just as genomics is. In

general, the term is used to describe studies that seek to define and explore relative

protein levels in order to characterize and define biological processes. Although in its

infancy relative to genomics, this area of investigation is (arguably) among the fastest

growing and exciting area of science today.

Proteomics studies are based on techniques designed to separate and rapidly

identify proteins (Blackstock and Weir, 1999; Haynes et al., 1998; Hochstrasser, 1998).

Methods used to separate complex protein mixtures include subcellular fractionation,

chromatography, immunopurification, and two-dimensional polyacrylamide gel

electrophoresis (2-D PAGE). Furthermore, many studies use combinations of these

methods. For example, Edman sequencing and mass spectrometry are commonly used to

determine protein sequence and identity. Here we used a combination of 2-D PAGE and

mass spectrometry.

Genomic studies usually focus on one of two goals. In the first, the genome of an

organism is sequenced. In the second, termed functional genomics, experiments are

designed to identify differences, at the DNA level, that are induced by a wide variety of

factors, either in vitro or in vivo. For example, pharmacogenomics deals with variability

in drug efficacy and toxicity in different populations due to genetic polymorphisms

(Evans and Relling, 1999). It has been reported that variations in the gene that encodes

the serotonin (5-HT) receptor are implicated in the efficacy of treatment of schizophrenia

with clozapine (Arranz et al., 1998). Also, recent attempts at mapping single nucleotide
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polymorphisms (SNPs), led to the discovery of a common polymorphism in KCNE2 that

is associated with drug-induced arrythmia (Sesti et al., 2000).

Likewise, proteomics approaches can be subdivided according to focus. Protein

expression mapping entails the production of reference maps of proteins expressed in a

given system. Functional proteomics, includes studies that identify protein-protein

interactions and changes in protein levels and modifications that are induced by various

stimuli. As in functional genomics, the effects of a vast number of variables can be

investigated in these studies.

Reference expression maps have been created of proteins isolated from a variety

of sources. These include rat liver (Li et al., 1997), human bronchoalveolar lavage

(Wattiez et al., 1999), murine mammary epithelial cells (Fialka et al., 1997), human

reflex tear fluid (Molloy et al., 1997), placental mitochondria (Rabilloud et al., 1998),

placental lysosome (Chataway et al., 1998), and Saccharomyces cerevisiae (Perrot et al.,

1999). This systematic cataloging of proteins defines the normal or basal state of a

biological system. As a result, comprehensive 2-D gel databases can be established that

allow comparisons between normal and experimental or diseased states. In order to

provide increased accessibility, these databases can be reached on the internet at sites

such as http://www-lmmb.ncifcrf.gov/2dwgDB/2D gelDB table.html and

http://www.expasy.ch/ch2d/2d-index.html. As the information in these databases grows,

so will their value. Eventually, they will provide indispensable information to scientists

worldwide in identifying proteins and protein networks that play critical roles in normal

and diseased states.
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Researchers have also been using proteomics to study the regulated expression of

proteins in a variety of systems. These studies are crucial to rapid identification of global

changes induced by diverse stimuli. Examples of this application of proteomics

techniques include the identification of proteins in cells that are phosphorylated upon

stimulation with platelet-derived growth factor (Soskic et al., 1999), and the detection

and identification of proteins induced by Y-interferon and interleukin-4 treatment of

human renal carcinoma cells (Sullivan et al., 1997).

Finally, proteomics approaches are commonly used to identify protein-protein

interactions. Identifying the protein partners in a complex is crucial to drawing structure

function correlation about individual members as well as the complex as a whole. For

example, proteomics has been successfully utilized in the identification of proteins in

various biological and signaling complexes such as the characterization of the subunits of

the anaphase promoting complex (Zachariae et al., 1998), and the discovery of FLICE

(Muzio et al., 1996), a proapoptotic protease, which binds to FADD.

2-D PAGE

2-D PAGE separates proteins by both isoelectric point and molecular weight. In

the past, 2-D PAGE relied on carrier ampholytes during isoelectric focusing (IEF) to

establish and maintain the pH gradient (O'Farrell, 1975). There were many

disadvantages with this method, the most common being reproducibility and protein load

capacity. Additionally, variability in gels produced from different laboratories made the

creation of worldwide reference gels difficult. The advent of immobilized pH gradients

(IPG) gels, where the pH gradient is covalently linked with the acrylamide, has greatly
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reduced this variability and allowed for a high degree of reproducibility (Bjellqvist et al.,

1982; Görg et al., 1988; Righetti and Bossi, 1997). The use of immobilized pH gradients

in the first dimension has also increased the amount of protein that can be loaded.

Traditional IEF have a capacity of one milligram of protein, whereas immobilized pH

gradients allow loading of up to five milligrams (Bjellqvist et al., 1993; Rabilloud et al.,

1994). Because of reproducibility, ease of use, and unparalleled resolving power, the

latter technique is now most commonly used for the separation of complex protein

mixtures.

Many proteins, such as those that span the plasma membrane, are traditionally

difficult to solubilize (Herbert, 1999; Molloy, 2000). High levels of sodium dodecyl

sulfate (SDS) are commonly used to extract these proteins. However, charged species are

usually minimized during IEF since separation is by charge. Immobilized pH gradients

have even more stringent requirements due to their low tolerance of ionic detergents

including SDS. The use of different chaotropic agents such as thiourea, surfactants e.g.

(3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate (CHAPS), and reducing

agents including dithiothreitol (DTT) and tributyl phosphine, have greatly improved the

efficiency of solubilization of hydrophobic proteins (Molloy, 2000). Also serial

extractions with various lysis buffers increases the solubilization of additional proteins in

lysates (Molloy et al., 1998). However, this method can lead to inconsistent recoveries

after each step and introduces errors that preclude quantitative comparisons of protein

levels in various conditions. For these reasons, we chose a single extraction with a lysis

buffer consisting of 7 Murea, 2 M thiourea, 4% CHAPS and 100 mM DTT.
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After solubilization of proteins and separation by 2-D PAGE, proteins are

visualized by staining the gels with various dyes. Commonly, Coomassie Brilliant Blue

and silver stain are used for this purpose. Coomassie-based stains have the advantage of

linearity over a wide range of protein concentration whereas silver stains allow for

increased levels of sensitivity in detection. In this study, we used Fast-stain”, a

Coomassie based dye, because the experiment we conducted which focused on

examining the effects of oxygen required a wide range of detection rather than sensitivity.

Ongoing improvements in fluorescent dyes such as the recently described Sypro Ruby

allow for the detection of even lower levels of protein while maintaining wide ranges in

linearity of detection (Celis and Gromov, 1999). In summary, continued developments in

reagents for sample preparation and solubilization and stains for protein detection will

increase the analytical powers of 2-D gels.

As methods for 2-D PAGE have improved, there has also been a coevolution of

software for analysis of these gels. The new software packages allow a user to scan the

gels and store the image. Protein expression levels can also be quantified. This

facilitates searches for differences in protein patterns. As a result, these packages allow

comparison and analysis of the vast amounts of information conveyed from these gels. In

this study, we used the ImageMaster 2D software. Similar to other programs,

ImageMaster detects, quantitates, and matches spots from multiple gels. In addition to

these basic functions, ImageMaster has a querying function that allows the user to focus

on a subset of gel spots. For example, one can identify and only focus on protein spots

whose levels of expression are upregulated by a specified amount.
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Mass Spectrometry (MS)

The development of two soft ionization techniques, matrix assisted laser

desorption/ionization (MALDI) (Karas and Hillenkamp, 1988) and electrospray

ionization (ESI) (Fenn et al., 1989), in the late 1980s has helped to link the fields of MS

and biology. Recent advances have made these techniques ideal for the rapid and

accurate identification and characterization of proteins in peptide mixtures. For example,

postsource decay (PSD) can be used to obtain partial peptide sequence (Spengler et al.,

1992). Instruments which couple a continuous ionization source with a time-of-flight

(TOF) analyzer, such as ESI-TOF mass spectrometers, help to circumvent limits imposed

by quadrupole mass filters, which are commonly used with ESI sources, such as the

tradeoff between sensitivity and resolution (Chernushevich et al., 1999; Verentchikov et

al., 1994). Sample introduction methods have also improved. For example, nanospray

(Wilm and Mann, 1996; Wilm et al., 1996) and microscale high pressure liquid

chromatography (HPLC)-ESI sources (Costello, 1999; Davis and Lee, 1998; Davis et al.,

1995; Shevchenko et al., 1997) facilitate delivery. Due to the advent of these

improvements, current instruments allow the application of proteomics approaches to

samples that contain relatively low levels of proteins.

MS has been widely used in proteomics and constitutes the core of most studies.

It is compatible with not only 2D-PAGE, but also quantitative proteomics methods being

developed which would remove the need for quantitation by gel electrophoresis such as

isotope-coded affinity tags (Gygi et al., 1999). By using mass spectrometry, novel

proteins such as FLICE (Muzio et al., 1996), Rabex-5 – a protein involved in membrane

fusion (Horiuchi et al., 1997) — and Nem.1p, which participates in the formation of the

** *--
** ***''' -----

* *

gº * : *****
** **, * *****
* - ºn tºº
** *** --

* -
-

ºf ºa * * * ~*

º ºg
-

-

** - - - -* *-* --~~~
- --

** * *-a-3
* - ****

tº- tº- ~i

- * –
r º

º “*- *
º * * *

**
*
4.

- ºg ºss

- *-

30



spherical nucleus in yeast (Siniossoglou et al., 1998), have been identified. Post

translational modifications (Broekhuis et al., 2000; Kalo and Pasquale, 1999) and **

xenobiotic covalent adducts with proteins (Qiu et al., 1998) have also been identified. Jº

The following chapters describe results that were obtained in three different — `

projects that employed mass spectrometry and/or proteomics techniques. The major * . .

focus was the identification of oxygen-regulated placental proteins. Additionally,

MALDI-TOF/PSD allowed the identification of two other proteins in different : ºr ---
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Chapter 2. Functional Proteomics: Examining the Effects of Hypoxia

on the Human First Trimester Cytotrophoblast Protein Repertoire.

Summary

The outcome of human pregnancy depends on the differentiation of

cytotrophoblasts, specialized placental cells that physically connect the embryo/fetus to

the mother. As cytotrophoblasts differentiate, they acquire tumor-like characteristics that

enable them to invade the uterus. In a novel feedback loop, the increasingly higher levels

of oxygen they encounter within the uterine wall influence their differention into

vascular-like cells. Together, the invasive and cell surface properties of cytotrophoblasts

enable them to form vascular connections with uterine blood vessels that divert maternal

blood flow to the placenta, a critical hurdle in pregnancy. It is therefore important to

understand, at a fundamental level, how cytotrophoblasts respond to changes in oxygen

tension. Here we used a proteomics approach, 2-D PAGE combined with mass

spectrometry, to characterize the protein repertoire of first trimester human

cytotrophoblasts that were maintained under standard tissue culture conditions (20% O2).

2-D PAGE showed a unique protein map as compared to placental fibroblasts and human

JEG-3 choriocarcinoma cells. Mass spectrometry allowed the identification of 43 spots

on the cytotrophoblast map. Enzymes involved in glycolysis and responses to oxidative

stress, as well as the 14-3-3 signaling/adapter proteins, were particularly abundant.

Hypoxia in vitro (2% O2) produced discrete changes in the expression of a subset of

proteins in all the aforementioned functional categories. Together, these data offer new

information about the early gestation cytotrophoblast protein repertoire and the
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generalized mechanisms the cells use to respond to changes in oxygen tension at the

maternal-fetal interface.

Introduction

A great deal has been learned about normal cytotrophoblast differentiation by in

situ immunolocalization of candidate molecules on tissue sections of the maternal-fetal

interface (e.g., Figure 2B). Because isolated stem cells plated on extracellular matrix

substrates recapitulate the differentiation process that leads to invasion in vivo (see

Chapter 1 and diagram in Figure 4A and photomicrograph in Figure 4B), this culture

model has been used to study the function of candidate regulatory molecules. Data

generated by using a combination of in situ and in vitro approaches have led to a better

understanding of placental development at a molecular level. As previously discussed in

Chapter 1, cytotrophoblast differentiation is governed by an interesting set of

transcription factors and their downstream targets. Among the transcription factors with

known actions are both positive and negative regulators of the basic helix-loop-helix

family (Cross, 1998; Janatpour et al., 2000) and the novel factor glial cells missing

(Janatpour et al., 1999; Schreiber et al., 2000). Downstream targets include a number of

stage-specific antigens, such as adhesion molecules, that allow cytotrophoblasts to mimic

the surface of endothelial cells (Damsky and Fisher, 1998), and proteinases that likely

play a role in invasion (Alexander et al., 1996; Bass et al., 1997; Librach et al., 1991).

Among the most interesting antigens in this category are molecules that protect

cytotrophoblasts within the uterine wall from the immune response typically elicited in
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transplant situations by other hemiallogeneic cells. These include HLA-G, a major

histocompatibility complex class Ib molecule (McMaster et al., 1995).

In comparison to published information about the properties of normal

cytotrophoblasts, relatively little is known about the effects of pregnancy complications

on these cells. With regard to shallow invasion in preeclampsia, cytotrophoblasts within

the uterine wall fail to correctly modulate the expression of a number of stage-specific

antigens, many of which are related to the acquisition of an adhesion molecule repertoire

that is usually associated with vascular cells (Zhou et al., 1993; Zhou et al., 1997a).

Interestingly, some aspects of the phenotype of cytotrophoblasts in preeclampsia can be

replicated in vitro by culturing the cells under hypoxic conditions (Genbacev et al., 1996;

Genbacev et al., 1997). Together, these observations suggest the hypothesis that

abnormal differentiation and hypoxia are critical components of the pathway that leads to

this syndrome. With regard to excessive invasion in choriocarcinoma, much of the

existing information lies at the genetic level (Hui et al., 2000).

What approaches can be used to obtain new information about the pathways and

the processes that are critical to both normal and abnormal placental development? The

growing number of transgenic mice that have been generated to study the intraembryonic

functions of particular molecules, but yielded placental phenotypes instead (Cross, 2000),

illustrates the difficulties inherent in candidate, single molecule approaches. Conversely,

gene array technologies often identify many more candidate molecules than it is feasible

to study (Tanaka et al., 2000). Here we used a proteomics approach, two-dimensional

polyacrylamide gel electrophoresis (2-D PAGE) coupled with mass spectrometry, to map

cytotrophoblast protein expression at a global level in normal pregnancy. We also
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examined the effects of hypoxia in vitro as a model of preeclampsia. The results showed

that major cytotrophoblast proteins normally include an interesting set of molecules that

are involved in carrying out glycolysis and handling oxidative stress. In addition, the 14

3-3 signaling proteins are abundant. Of note was the fact that the cytotrophoblast 2-D

PAGE map, which was very different from that of placental fibroblasts, bore a greater

resemblance to that of the JEG-3 human choriocarcinoma cell line. Hypoxia produced

discrete changes in the cytotrophoblast protein repertoire and resulted in nuclear

localization of 14-3-3-epsilon. Together, our results suggest that the cytotrophoblast

protein repertoire is specially adapted to handle fluctuations in the cells' metabolic state

and oxygen environment as they invade the uterus and form vascular connections with
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MATERIALS AND METHODS

Materials. Matrigel and Dispase were from Becton-Dickinson (Bedford, MA).

Nutridoma-HU was obtained from Boehringer Mannheim Biochemicals (Indianapolis,

IN). Millicell-CM cell culture inserts (12-mm) were from Millipore Corporation

(Bedford, MA). Bio-Rad Protein Assay reagent was from Bio-Rad (Hercules, CA).

Immobiline Drystrips and Pharmalyte pH 3-10 were from Amersham Pharmacia Biotech

(Piscataway, NJ). Fast-stain” was acquired from Zoion Research (Shrewsbury, MA).

Sequencing grade modified trypsin was obtained from Promega (Madison, WI). o

cyano-4-hydroxycinnamic acid was from Hewlett-Packard (Böblingen, Germany).

Nitrocellulose membranes (0.45 pm) were obtained from Schleicher & Schuell (Keene,

NH). A rabbit polyclonal antibody to 1-Cys peroxiredoxin and purified recombinant 1

Cys peroxiredoxin were the kind gift of Dr. Vladimir I. Novoselov (Russian Academy of

Sciences, Pushchino, Russia) (Novoselov et al., 1999). A mouse monoclonal antibody to

annexin II and lysates of MDCK cells were from Zymed Laboratories, Inc. (South San

Francisco, CA). A rat monoclonal antibody to cytokeratin (Damsky et al., 1992) and a

mouse monoclonal antibody to HLA-G (McMaster et al., 1995) were produced in this

laboratory. Affinity-purified rabbit polyclonal antibodies to 14-3-3 epsilon and zeta were

from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Horseradish peroxidase

conjugated donkey anti-mouse IgG (heavy and light chains), horseradish peroxidase

conjugated donkey anti-rabbit IgG (heavy and light chains), biotin-conjugated donkey

anti-rabbit IgG (heavy and light chains), ChromPure donkey IgG (whole molecule), and

rhodamine-conjugated donkey anti-rat IgG (heavy and light chains) were from Jackson

Immuno Research Laboratories Inc. (West Grove, PA). Enhanced chemiluminescence
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(ECL) kits were from Amersham Pharmacia Biotech. Avidin/biotin blocking kits,

fluorescein-conjugated streptavidin, and Vectashield were from Vector Laboratories, Inc.

(Burlingame, CA). All other reagents were acquired from Sigma Chemical Co. (St.

Louis, MO).

Cell Culture. Placentas were obtained immediately after first trimester terminations (8-

12 wk). Cytotrophoblasts were isolated from pools of multiple placentas by published

methods (Librach et al., 1991). Fibroblast contamination, as measured by staining with

an anti-vimentin antibody, was s 5%. The resulting cells were plated on a Matrigel

substrate (~100 pm thick) in serum-free medium (Dulbecco's modified Eagle’s medium

with 2% Nutridoma-HU, 1% glutamine, and 50 pg/ml gentamycin). The cultured cells

were maintained as previously described under either standard tissue culture conditions

(5% CO2/95% air) or in hypoxia (2% O2/5% CO2/93% N2) (Genbacev et al., 1996). After

48 h, cells were released from the Matrigel by treatment with Dispase and isolated by

centrifugation (8 min, 400 x g) in a Sorvall RT 6000D centrifuge (Kendro Laboratory

Products, Newtown, CT). The cell pellets were washed three times with Ca”- and Mg”-

free phosphate-buffered saline (PBS-CMF) and frozen as a pellet prior to lysis.

Anchoring villi were prepared for culture as previously described (Genbacev et

al., 1993; Genbacev et al., 1992). Briefly, small fragments of placental tissue from the

maternal-fetal interface were teased apart until they had the characteristic tree-like

appearance of chorionic villi as viewed in a stereo microscope. Anchoring villi were

identified by the attached remnants of cell columns. Light microscopic examination of

hematoxylin-stained sections of villus tissue preparations consistently showed the
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presence of floating and anchoring villi and the absence of endometrial contamination.

Anchoring villi (wet weight, 5-10 mg) were transferred to Matrigel-coated 12-mm l
y º

Millicell-CM culture dish inserts (0.4 pm). The inserts were then placed into 24-well *

dishes and cultured up to 3 days in a mixture of Dulbecco's modified Eagle's medium/F-

12 Ham's (1:1/viv) culture medium supplemented with 0.1% of an antibiotic/antimycotic

preparation (500 units penicillin, 1 mg streptomycin, 1.25 pig amphotericin B/ml; Sigma

A-7295) and 2% Nutridoma-HU. Chorionic villus explants were cultured as previously : * ----

described in either standard conditions (20% O2) or hypoxia (2% O2) (Genbacev et al., . º º:

1997). : .
Fibroblasts, isolated from first trimester placentas as previously described (Fisher : º

- * *
s

et al., 1989), were used after the third passage to ensure that contaminating cells were no -- º
-

* * *-

longer present. The cells were cultured in Dulbecco's modified Eagle's medium with

10% fetal bovine serum, 1% glutamine, and 50 pg/ml gentamycin. The JEG-3

choriocarcinoma cell line was obtained from the American Type Culture Collection -* ~ *

(Manassas, VA) and maintained in Eagle's Minimal Essential Medium with Earle’s salts, -- ~~

1% L-glutamine and 10% fetal calf serum. When confluent, both fibroblasts and JEG-3

cells were released from the substrate with Dispase and isolated by centrifugation. The

cell pellets were washed three times with PBS-CMF and frozen as a cell pellet prior to * …

lysis.

2-D Polyacrylamide Gel Electrophoresis. Cells were lysed in protein extraction buffer (7

M urea, 2 M thiourea, 4% (3-[(3-cholamidopropyl)dimethylammonio]-1- **

propanesulfonate) (CHAPS), 100 mM dithiothreitol (DTT) and 1% Pharmalyte pH 3-10) !
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and lysates were centrifuged at 356,000 x g for 10 min in a Beckman Optima TL

Tabletop Ultracentrifuge (Beckman Instruments Inc., Palo Alto, CA). The supernatant

was removed and the protein concentration of the extracts was determined by using the

Bio-Rad Protein Assay reagent (Bradford, 1976). Immobiline DryStrips (180 mm, pH 3

10 L) were rehydrated overnight in 400 ul of lysate that contained 250 pig of protein.

Isoelectric focusing was carried out up to a total of 70 kVh at 20°C on a Multiphor II

system (Amersham Pharmacia Biotech). After IEF, the strips were incubated for 20 min

in equilibration buffer (50 mM Tris pH 6.8, 6 Murea, 30% glycerol, 2% SDS) containing

1% (w/v) DTT, and for an additional 20 min in the same buffer containing 4.5% (w/v)

iodoacetamide. SDS-PAGE was performed on 10% gels run at 10,000 mW on the

Investigator System (Genomic Solutions, Chelmsford, MA). Proteins were visualized

using Fast-stain”, a modified Coomassie Blue stain with increased sensitivity. Digital

images of the 2-D PAGE maps were acquired using a Sharp JX-330 Desktop Scanning

Unit. The gels were analyzed with the ImageMaster 2D v 2.0 software from Amersham

Pharmacia Biotech. Protein spot comparisons were done according to prescribed

software instructions. Briefly, the computer program identified protein spots from the

digitized images of the gels. In all cases spot identification was verified by visual

inspection of the gels. Then we used the software program to compare spots from

different gels. Background staining, defined as the average intensities of pixels bordering

the spots, was subtracted from the gel spots.

In-Gel Trypsin Digestion of Proteins and Mass Spectrometry. After gels were destained

in 10% acetic acid, protein spots were excised and macerated with a scalpel. In-gelp p
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trypsin digests were performed as previously described (Matsui et al., 1997). Briefly, the

gel pieces were transferred to a microfuge tube and washed with 50% acetonitrile/25 mM

ammonium bicarbonate. Protein gel spots were digested overnight with 0.5 pig trypsin at

37°C, and tryptic peptides were eluted with 50% acetonitrile/5% trifluoroacetic acid in

H2O. After concentration under reduced pressure in a SpeedVac Concentrator (Savant,

Holbrook, NY), portions (typically 1/20" of the total volume) of the unseparated tryptic

digests were co-crystallized in a matrix of o-cyano-4-hydroxycinnamic acid and analyzed

by using a PerSeptive Biosystems DE-STR MALDI-TOF mass spectrometer equipped

with delayed extraction operated in the reflector mode. Spectra were internally calibrated

using trypsin autoproteolysis peaks.

For samples that required peptide separation by HPLC, an Eldex Micropro pump

was used. Chromatographic runs were performed on a Michrom Bioresources MagicMS

C18 column (0.2 x 50 mm; 5 pm particle size; 200 A pore size) using a flow rate of 1

pl/min. The column was equilibrated with 7% acetonitrile/0.1% trifluoroacetic acid in

H2O. Peptides were eluted isocratically for 10 min followed by a linear gradient

(0.95%/min) to a final mobile phase composition of 63% acetonitrile/0.082%

trifluoroacetic acid in H2O. HPLC fractions of one-2 pil were spotted directly onto a

MALDI target with 1.5 pil of o-cyano-4-hydroxycinnamic acid. Postsource decay (PSD)

sequencing was done as previously described (Clauser et al., 1999). Database searches

with spectral information were done via MS-Fit and MS-Tag programs, which are

available on the internet (http://prospector.ucsf.edu) (Clauser et al., 1999).
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Immunoblotting. The amount of protein in cell lysates prepared from cytotrophoblasts

cultured as described above under standard and hypoxic conditions was estimated by

densitometry. Briefly, samples were separated by 1-D PAGE on 10% SDS

bis/acrylamide gels and bands were visualized by using Fast-stain". Digital images of the

gels were acquired with a Sharp JX-330 Desktop Scanning Unit, then the intensities of all

the pixels in each lane were summed using ImageMaster 2D software. The background

intensities were subtracted and the amount of protein loaded in each lane was estimated

using these values.

Portions of the cell lysates that contained equal amounts of protein were subjected

to 10% SDS-PAGE and then transferred onto nitrocellulose membranes. Nonspecific

binding was blocked by incubating for 1 h at room temperature in PBS-CMF containing

0.1% Tween-20 (T-PBS) and 5% Carnation non-fat dry milk (blocking buffer). The

following antibodies were diluted (v/v) in blocking buffer at the ratios indicated: anti-1-

Cys peroxiredoxin (1:1000), anti-annexin II (1:1000), anti-14-3-3 epsilon (1:500), anti

14-3-3 zeta (1:500), and anti-HLA-G (1:200). The membranes were incubated for 2 h at

room temperature with one of the diluted antibodies. After washing three times with T

PBS, each membrane was incubated for 1 h at room temperature with the appropriate

species-specific secondary antibody. Horseradish peroxidase-conjugated donkey anti

mouse IgG (diluted 1:4000 in blocking buffer) was used to detect anti-annexin II and

anti-HLA-G. Horseradish peroxidase-conjugated donkey anti-rabbit IgG (diluted 1:4000

in blocking buffer) was used to detect anti-1-Cys peroxiredoxin and anti-14-3-3 epsilon

and zeta. Membranes were washed three times in T-PBS and processed for

chemiluminescence with ECL detection kits according to the manufacturer's instructions.
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ImageMaster 2D software was used to measure band intensities for comparison purposes.

Finally, HLA-G levels, which are not regulated by oxygen tension, were used as a second

method for estimating the amount of protein that was transferred to each lane of the blot

(Genbacev et al., 1997; Janatpour et al., 2000).

Immunohistochemistry. Villus explants, cultured as described above under either

standard or hypoxic conditions, were fixed, embedded, and sectioned as previously

reported (Genbacev et al., 1997). Double indirect immunofluorescence was performed as

follows. Nonspecific reactivity was blocked by using an avidin/biotin blocking kit from

Vector Laboratories according to the manufacturer’s instructions. Tissue sections were

incubated overnight at 4°C in antibodies specific to cytokeratin (diluted 1:50 [v/v) in

PBS), 14-3-3 epsilon (diluted 1:100 [v/v) in PBS) or 14-3-3-zeta (diluted 1:100 [v/v) in

PBS). After washing in PBS, sections were exposed to rhodamine-conjugated donkey

anti-rat IgG (diluted 1:200 [v/v) in PBS-CMF) and biotin-conjugated donkey anti-mouse

IgG (diluted 1:200 [v/v) in PBS-CMF) for 30 min at 37°C. Slides were washed and

incubated with fluorescein-conjugated streptavidin (diluted 1:200 [v/v) in PBS-CMF) at

37°C for 15 min. After washing, sections were mounted with Vectashield. Antibody

reactivity was visualized by dual channel fluorescence imaging. As a control, the

expression of each antigen was evaluated separately on adjacent sections to rule out the

possibility of overlap of the emission spectra. Additional controls included omission of

either the primary or secondary antibodies.
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Results

Overview of Experimental Strategy. The strategy that was used is diagrammed in Figure

5. Cell lysates were prepared from cultures of early gestation human cytotrophoblasts

that were either maintained for 48 h under standard tissue culture conditions (20% O2)

that allow the cells to differentiate/invade normally, or subjected for the same length of

time to hypoxia (2% O2), conditions that replicate the shallow invasion that is the

hallmark of preeclampsia (Genbacev et al., 1997). Lysates were also prepared from

placental fibroblasts and the JEG-3 choriocarcinoma cell line. Cellular proteins were

separated by 2-D PAGE (10% acrylamide) and the protein spots were visualized by using

a modified Coomassie blue stain, which was subsequently removed during the washing

procedure. The area of the gel that contained a protein spot was excised, macerated and

subjected to an “in-gel” trypsin digest followed by final extraction of the proteolytic

peptides. In some cases, the total extracted peptides from each digest was directly

analyzed and in other instances the peptides were first separated by HPLC. MALDI

TOF/PSD generated peptide mass fingerprint and sequence data. This information was

used in database searches to identify the protein.

2-D PAGE. We began by mapping the protein repertoire of cytotrophoblasts cultured

under standard conditions. The results are shown in Figure 6. After staining, the number

of spots was estimated by using ImageMaster 2D software; approximately 250 spots were

resolved. Since the analysis focused on primary cells, we also investigated whether there

were substantial individual variations in the protein components of cytotrophoblast

lysates prepared from different placentas, a possible confounding factor
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FIGURE 5. Diagram of the experimental strategy for proteomics-based study.
Cytotrophoblasts were cultured under standard culture conditions (20% O2), which
trigger their exit from the cell cycle and differentiation along the invasive pathway, or
hypoxic conditions (2% O2) that cause them to proliferate rather than differentiate. As a
result, invasion is also impaired and the cells sit atop the Matrigel (MG) substrate.
Lysates were prepared from cells cultured under both conditions and subjected to 2-D
PAGE. The proteins were visualized with Fast-stain”. Spots were excised for
identification by matrix assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), which yielded mass fingerprints. Fragment ions which
provided sequence information were obtained by postsource decay (PSD). The mass
fingerprint and protein sequence information were used to search databases via the MS
Fit and MS-Tag programs, which allowed protein identification.
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Figure 6. 2-D PAGE of lysates that were prepared from first trimester
cytotrophoblasts cultured for 48 h in 20% O2.



pH 3

84 kDºm

45 kDºm

29 kDºm

22 kDºm

pH 10

placental fibroblast

º
º

º

º º#
** v13 -* º

º *1.
º º:
º º

- * * *-17

º

º

3
s

Figure 7. 2-D PAGE of lysates that were prepared from placental
fibroblasts cultured for 48 h in 20% O,. The pattern of cytotrophoblast
spots bore little resemblance to that of placental fibroblasts, the other
major cell type found in the placenta (see Figure 2A and B).
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for interpreting the results of subsequent experiments that investigated the effects of

hypoxia on these cells. Accordingly, this experiment was repeated three additional times.

No substantial variations in the repertoire or intensity of protein spots was detected,

suggesting that the map shown in Figure 6 accurately reflected the cytotrophoblast

protein repertoire within the confines of the analytical parameters of this experiment.

We also investigated whether the cytotrophoblast protein map was different from

or similar to that of fibroblasts, the other major cell type found in the placenta. The

fibroblasts that form the stromal cores of chorionic villi (see Chapter 1, photomicrograph

in Figure 2B) yielded a very different protein map (Figure 7). The results showed that a

few major proteins, such as spots 3, 13, 14 and 17, appeared at the same position on both

maps, but most occupied unique locations (Figure 7), evidence that suggests the

cytotrophoblast protein repertoire reflects the specialized biological functions these cells

perform. Finally, we compared the cytotrophoblast 2-D PAGE map to that of the JEG-3

choriocarcinoma cell line. Although these cells have adapted to culture, their protein

repertoire bore a greater resemblance to primary cytotrophoblasts than did that of

placental fibroblasts (Figure 8).

MALDI-TOF MS/PSD. Our ultimate goal is to determine the identity of all the protein

spots that are visible in Figure 6. To date we have used mass spectrometry approaches,

primarily MALDI-TOF, to identify 43 different spots. Figures 9 and 10 shows examples

of the spectra generated and the methods used to interpret them. The MALDI-TOF MS

data from spots 1 and 4 are shown in Figure 9A and 10A, respectively. Peptides labeled

“C” were present in a control blank gel plug and those labeled “T” are trypsin
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FIGURE 9: MALDI-TOF and PSD MS spectra of peptides obtained after in-gel
trypsin digestion show that spot number 1 was 1-Cys peroxiredoxin. The spectra
were acquired on a MALDI-TOF mass spectrometer operated in the reflectron mode. (A)
MALDI-TOF MS spectra showing peptide mass fingerprints. Trypsin autoproteolysis
products (peaks labeled “T”) were used for internal calibration of spectra. Peaks labeled
“C” were peptides detected in a control region of the polyacrylamide gel that did not stain
for protein. (B) PSD spectra of ions marked with an asterisk in (A). Fragment types are
indicated above peaks and the cleavage sites in the y- and b-series are labeled. The
fragmentation pattern allowed assignment of the amino acid sequence illustrated above
each spectrum. After database searches using information obtained from the analyses of
several peptides (see Table 1), spot 1 was identified as 1-Cys peroxiredoxin.
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FIGURE 10: MALDI-TOF and PSD MS spectra of peptides obtained after in-gel

trypsin spot number 4 was annexin II. (A) MALDI-TOF MS spectra showing peptide

mass fingerprints. Trypsin autoproteolysis products (peaks labeled “T”) were used for

internal calibration of spectra. Peaks labeled “C” were peptides detected in a control

region of the polyacrylamide gel that did not stain for protein. (B) PSD spectra of ions

marked with an asterisk in (A). After database searches using information obtained from

the analyses of several peptides (see Table 1), spot 4 was identified as annexin II.
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autoproteolytic peptides. Unlabeled peaks were assumed to be from the protein in the gel

spot of interest. Peptides, such as those designated by an asterisk in the MALDI spectra

in Figures 9A and 10A, were subjected to PSD analysis. The resulting peptide

fragmentation patterns (i.e., a-, b- and y-series ions), shown in Figure 9B and 10B,

respectively, gave the amino acid sequence information shown. The masses and

sequences of several peptides were used in database searches to identify the protein. For

identification of gel spot 1, mass information from 6 peptides and the sequence

information from a subset of 4 showed that this protein was the human 1-Cys

peroxiredoxin. In the particular case of gel spot 4, mass information from 6 peptides and

the sequence information from a subset of 2 identified this protein as annexin II.

The results of the entire analysis are summarized in Table 1 where spot numbers,

marked on the gel in Figure 6, are correlated with protein identity. The peptide masses

and sequences, obtained as described for spots 1 and 4, are also shown in the table. The

majority of proteins could be organized into functional groupings. These included the

antioxidants manganese superoxide dismutase (Mn SOD), 1-Cys peroxiredoxin and AOE

37-2. Several enzymes in the glycolytic pathway were also identified. With regard to

protein chaperones, we detected HSP 27, HSP 70 and GRP-94 (the endoplasmic

reticulum form of HSP90), and molecules that mediate protein folding—protein disulfide

isomerase (PDI), PDI-related proteins, ERp28, and cyclophilin. We also found four

members of the annexin family of phospholipid-binding proteins. Calcium-binding

proteins included calneticulin and calumenin. Finally, we found that three members of

51



Table
1.
Summary
ofMSanalyses
of
cytotrophoblastproteinsidentifiedfrom2-Dgels.PROTEINSTHATFUNCTION

AS
ANTIOXIDANTS

Spot
#
Protein(MW)%
coverageMH"oftrypticpeptides(Da)"(start-endposition)

2

Superoxidedismutase
30815.3(124-130),1004.5"(195-202),1028.6%(115-123),1424.8(76-89),1738.8(54-68),

(Mn)(24,722.2)1743.8(203-216)

1

1-Cysperoxiredoxin
29906.4”(156-162),1007.5(133-141),1085.5”(98-106),1135.6(133-142),1191.6”(145-155),

(25,035.1)2098.1”(2-22)

42
Antioxidantenzyme30780.4(166-173),797.5(166-173),819.4(224–230),1208.7%(213-223),1212.6(231-240),(AOE)37-2(30,540.1)1225.7(213-223),1464.8(174-186),1624.8(187-200),2185.9(48–66),2443.1(46–66)

PROTEINSTHATFUNCTION
IN
GLYCOLYSIS

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

5

Glyceraldehyde-3-
27811.4”“(228-234),909.5(108-117),1411.8(201-215),1544.8(235-248),1613.9%(67–80),

phosphate1763.8(310-323),1767.0(201-219)

dehydrogenase(GAPDH)(36,053.3)
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Table
1

(cont.)

PROTEINSTHATFUNCTION
IN
GLYCOLYSIS(cont.)

Spot#
Protein(MW)%

coverageMH"oftrypticpeptides(Da)"(start-endposition)

8
Triosephosphate
271234.6(195-206),1414.8(20-33),1458.7(101-113),1466.7(176-188),1542.9(19-33),

isomerase(TIM)1637.8%(70–85)

(26,669.6)

9

Phosphoglyceratemutase151059.6(91-100),1150.7(181-191),2131.1°(223-240)

(28,804.1)

11
Enolase(47,169.2)
21806.5(407-412),1143.6(184-193),1406.7(16-28),1425.7(270-281),1556.8°(240–253),

1804.9"(33-50),2033.1(307-326)

33

Phosphoglyceratekinase181101.5(31–39),1634.8"(157-171),1769.0°(201-216),2023.0(280-297)

(43,967.2)

34
Aldolase(39,289.0)
33937.
5

(322-329),940.5”(14-21),1027.5”“(60-68),1044.6%(60-68),1342.7(87-98),1434.7(1-12),

1646.8(42-55),1691.8"(243-257),2123.1"(153-172),2272.1(111-133)

PROTEINSTHATACTAS

CHAPERONES/MEDIATORS
OFPROTEINFOLDING

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)
40Heatshockprotein2714

II63.6%(28-37),1906.0"(172-188)

(HSP27)(22,782.6)
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Table
1

(cont.)

PROTEINSTHATACTAS

CHAPERONES/MEDIATORS
OF
PROTEINFOLDING(cont.)

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

23BiP(HSP70
FAMILY)
45919.5"(262-268),986.5(533–540),997.5(298-306),1074.5(524–532),1191.6(465-474),(72,160.0)1228.6(50-60),1233.6"(186-197),1316.7(563-573),1329.6°(327-336),1397.8(622-633),1430.7(102-113),1460.8(354-367),1528.7%(325-336),1566.8(61-74),1588.8(353–367),1604.9(124-138),1659.9(198-213),1677.8(82–96),1816.0(198-214),1888.0°(165-181),

1934.0°(475-492),1974.9(602–617),2165.0(289-306),2176.0(633-653)
22Glucoseregulated
231015.5(396–404),1047.5"(538-547),1081.5(76-84),1139.6(494-503),1150.5(548-557),protein-94(GRP-94)1187.7(385-395),1278.6(547-557),1485.8(742-753),1515.7(475-486),1525.7(253-265),(HSP90family)1529.8"(143-156),1627.7°(416–428),1785.9°(52-67),2046.0(117-135),2260.0(512-530)

(92,469.3)

12Proteindisulfide
31877.5(297-304),1191.6(63-73),1236.5(108-119),1359.7(352–362),1370.7(472-482),isomerase(PDI)1579.8(483-496),1619.8(259-271),1680.8"(434-448),1832.9(380-395),2348.1(153-173),

(56,679.6)2575.3(306–329)

16Prolyl4-hydroxylase
33910.4°(445-452),966.6(301-308),991.5(223–230),1066.5(453-461),1081.7(255-263),beta-subunit/PDI1158.6(32–42),1202.6(121-130),1213.5(376-385),1222.6°(317-326),1424.8(196-207),precursor(57,116.6)1451.7(327-338),1729.9(410–424),1780.8”(82–97),1833.9(286-300),1965.0(231-247)
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PROTEINSTHATACTAS

CHAPERONES/MEDIATORS
OF
PROTEINFOLDING
(cont.)

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

27Proteindisulfide
38708.3(368-373),759.3(391-396),1078.6(295-303),1151.5(227-237),1191.6(90-99),isomeraserelated1386.8(100-113),1396.6(142-153),1483.7(355-367),1514.7(176-189),1524.7(141-153),

protein-5(46,199.1)1527.8(198-212),1615.8(374-390),1825.9(67–83),2057.0(1-18)

3

Cyclophilin(22,611.3)
38812.4(37-42),880.5(51-58),896.4(114-120),1047.6°(163-171),1244.7(196-206),

1302.6°(90-100),1364.7(63-75),1457.7(137-149)

41ERp28
(28,993.6)
26937.5(198-204),1134.7(244-253),1247.6(60-69),1320.7°(113-122),1608.8(123-137),

1676.9(110-122),1724.8%“(209–223)

PROTEINSTHATBINDPHOSPHOLIPIDS

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

7

Annexin
I

(38,714.5)
34908.4(215-212),1213.5(167-177),1262.6(114-124),1387.8(59–71),1550.8(215-228),

1606.0(99-113),1702.9(129-144),1739.7(189-204),1905.0(82–98)
4

Annexin
II
(38,604.2)
16

1086.4”(29-37),1094.5'(69-77),1111.5(69-77),1225.5(158-168),1244.6(136-145),

1542.9°(50-63)

32Annexin
II
(38,604.2)
341051.5"(213-220),1094.5'(69-77),1111.6(69-77),1244.6(136-145),1421.7(314-324),1476.7(234-245),1542.8(50-63),1651.0(89-104),1908.9(180-196),2065.0(179-196)

3
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(cont.)

******---***
-º*-*-

PROTEINSTHATBINDPHOSPHOLIPIDS(cont.)

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

39
AnnexinIV
(35,882.9)
381091.5"(276-284),1134.5(142-150),1279.7(193-202),1366.6°(173-184),1427.8%"(144-155),

1477.1°(173-185),1692.9"(29–44),1941.0°(254-270),2366.2”(1-24)
17

Annexin
V
(35,804.8)
51954.5(193-200),1001.6(108-116),1014.5(89-96),1106.6(276-284),1143.7"(79–88),1155.6(260-270),1172.7°(151-160),1290.6"(290–300),1340.6%(6-17),1418.7%(289-300),1446.8(63-75),1613.9(227–241),1704.9(29–44),1749.9°(245-259),1818.9"(212-226)

PROTEINSTHATBINDCALCIUM

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

15
Calreticulin(48,141.8)
47772.4(273-278),975.5(65-73),992.5(279-286),1019.6(144-151),1047.5(359-366),1147.7(143-151),1219.7(88–98),1410.6%(25-36),1490.7(99-111),1607.8(74-87),

1800.8(208-222)

31
Calumenin(37,072.9)
24954.5(235-241),1109.5(104-111),1887.9(256-271),1987.9(293–311),2479.1(38-59),

2701.3(288–311)

PROTEINSINVOLVED
IN
SIGNALING

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

2014-3-3epsilonform33907.6°(24-31),1205.7”(197-206),1256.6(112-122),1463.7%(11-23),1835.9"(135-151),

(29,174.1)

2088.0°(178-196)

$2
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(cont.)

PROTEINSINVOLVEDINSIGNALING(cont.)

2114-3-3zeta(27,745.3)
44948.4°(121-127),1017.6(84-91),1124.6°(159-167),1205.7"(213-222),1252.6*(158-167),1279.7(128-139),1304.7(104-115),1548.7%(28–41),2041.0(140-157),2132.0(194-212)13Actin(41,813.1)

14795.5(329-335),800.5(62-68),II32.5"(197-206),1499.7(360-372),1516.7(360-372),

1790.9%(313-328)

****:***º,ºaºyº

--**-s
ºn-
-**--
--------

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)
3814-3-3gamma10

1205.7”“(216-225),1644.0°(29–42)

(28,374.6)

PROTEINSTHATFUNCTION
INCELLMOTILITY
OR
STRUCTURE

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

18
Tropomyosin(32,876.1)
29915.5(192-198),988.5(183-191),1073.6(13-21),1186.7(169-178),1210.6(218-226),1243.7(92-101),1314.8(168-178),1475.8"(141-152),1597.8(52-65),1648.8°(137-149)19

Tropomyosin(28,522.0)
141170.7(133-142),1243.8(55-64),1298.8(132-142),1399.8(55-65),1614.8(14–27),

1742.9(13-27)

14Actin(41,813.1)
141132.5(197-206),1516.7(360-372),1639.8"(178-191),1790.9(313-328)

26Actin(41,813.1)
181132.5(197-206),1499.7(360-372),1515.7(85-95),1516.7(360-372),1790.9(313-328),

1954.1(96-113)

R
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(cont.)

PROTEINSTHATFUNCTION
INCELLMOTILITY
OR
STRUCTURE(cont.)

Spot
#
Protein(MW)%
coverageMH'oftrypticpeptides(Da)"(start-endposition)

24
Cytokeratin
8

(53,562.3)
301079.5(226-233),1129.6(342-352),1137.6(286-295),1277.7(382-392),1344.7(329-341),1368.7°(187-197),1419.7(214-225),1808.9"(161-176),1879.8"(134-148),2125.0°(234-252)25

Cytokeratin
8

(53,562.3)
151079.5(226-233),1129.6(342-352),1277.7(382-392),1344.7(329-341),1419.7(214-225)

28
Cytokeratin
1838758.4(132-137),8074(159-165),837.4(91-97),889.5(318-325),965.5(254-261),975.5(7-14),

(47,334.2)982.4(125-131),1041.6(150-158),1065.6(373-381),1109.5"(82–90),1250.6(176-186),1267.6(176-186),1292.7(371-381),1319.7(138-149),1402.7(359-370),1419.7(359-370),

1522.7"(302-314),1884.0(223-241),21932"(197-214)

29
Cytokeratin
1954948.5"(359-365),965.4(359-365),993.5(169-176),1008.5(112-118),1029.6(189-197),(44,106.2)1041.6(151-159),1073.6(141-150),1082.5(266-274),1120.5"(82–90),1122.6(373-381),1220.6"(177-187),1222.6(167-176),1227.6(217-226),1365.7(371-381),1370.6"(254-264),1389.7(318-330),1418.7(114-125),1501.7"(281-293),1674.8(126-138),1904.9(382-398),

2014.0(227-247),2139.1"(198-215),2407.3(331-353)

3



Table
1

(cont.)

PROTEINSTHATFUNCTION
INCELLMOTILITY
OR
STRUCTURE(cont.)

Spot
#
Protein(MW)%
coverageMH'oftrypticpeptides(Da)"(start-endposition)

30
Cytokeratin
8

(53,562.3)
43906.5(111-117),995.5"(305-312),1000.6(317-325),1062.5°(226-233),1066.5(179-186),1079.5(265-273),1129.6(342-352),1137.6(286-295),1169.6(373-381),1185.6°(276-285),1277.7(382-392),1336.7°(253-264),1344.7(329-341),1368.7"(187-197),1419.7(214-225),

1808.8"(161-176),1879.8"(134-148),2125.1°(234-252)

35
Cytokeratin
8

(53,562.3)
231062.5°(226-233),1066.5(179-186),1079.5(226-233),1129.6(342-352),1277.7(382-392),

1344.7(329-341),1368.7°(187-197),1419.7(214-225),2125.0°(234-252)
36

Cytokeratin
1932850.5(25-32),948.4%(359-365),965.4(359-365),993.5(169-176),1029.6(189-197),(44,106.2)1041.6(151-159),1222.6(167-176),1227.6(217-226),1365.7(371-381),1370.6"(254-264),1389.7(318-330),1501.7(281-293),1537.7°(8-24),1554.8(8-24),1674.8(126-138)

OTHERS

Spot
#
Protein(MW)%

coverageMH'oftrypticpeptides(Da)"(start-endposition)

6
Aldosereductase
19694.3"(252-256),892.5(34–41),901.6(244-251),1083.4(309-316),1120.6%(70-78),

(35,853.6)2452.3"(156-177)

10
Carbonicanhydrase
13935.5"(81-89),1169.5(172-181),1669.0(133-148)

(29,218.1)

3.
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1

(cont.)

OTHERS(cont.)

Spot
#
Protein(MW)%
coverageMH'oftrypticpeptides(Da)"(start-endposition)

37Nuclearchlorideion15957.5(209-216),1037.5"(196-204),1458.7(96-113)

channel(26,923.4)

43

Glutathione-s-transferase
31980.6(4-11),1337.7°(1-11),1883.9(55-70),2126.2(121-140),2132.9(82-100)

(23,224.8)

“Themassaccuracy
oftrypticpeptideswerewithin+0.05Da.

*
PSDwasdoneonbolditalicizedpeptides
toobtainsequenceinformation.

*

Peptidecontains
an
N-terminalpyro-glutamicacid.

“Peptidecontainsan
oxidizedmethionine

$3



the 14-3-3 family of adapter/signaling molecules were among the prominent Coomassie

blue-stained spots.

Functional Proteomics: the Effects of Hypoxia on the Cytotrophoblast Protein

Repertoire. A number of pregnancy complications, including preeclampsia, are thought

to be related either directly or indirectly to reduced blood flow at the maternal-fetal

interface (see Chapter 1, Figure 3), and consequently to placental hypoxia. Therefore, we

were interested in the effects of hypoxia in vitro on cytotrophoblast protein expression as

monitored by 2-D PAGE. Visual comparison of the maps of cytotrophoblasts maintained

under standard and hypoxic conditions, Figures 11A and 11B respectively, showed that

the intensity of relatively few protein spots changed when the oxygen tension was

reduced to 2%. This finding is in agreement with our previous work that suggests these

cells are unusually resistant to the effects of hypoxia, which in fact causes them to

proliferate (Genbacev et al., 1996; Genbacev et al., 1997). We used the Pharmacia

ImageMaster 2D system to compare the intensities of protein spots whose abundance

appeared to be regulated by oxygen tension. This analysis showed that only six spots

changed in abundance by > twofold. Levels of four proteins increased as indicated:

triosephosphate isomerase (twofold), phosphoglycerate mutase (twofold), annexin II

(twofold) and tropomyosin (twofold). In contrast, levels of two antioxidants, 1-Cys

peroxiredoxin (threefold) and Mn superoxide dismutase (twofold), decreased. Together,

these results suggest that hypoxia exerts discrete effects on the cytotrophoblast protein

repertoire; the abundance of most proteins on the 2-D PAGE map did not change.
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Immunoblot Analyses of Cytotrophoblast Expression of 1-Cys Peroxiredoxin, Annexin II,

14-3-3 Epsilon, and 14-3-3 Zeta. We performed immunoblot analyses to confirm the

identity and oxygen regulation (or lack thereof) of four cytotrophoblast proteins

identified in the MALDI-TOF MS/PSD analyses. We analyzed the expression of one

protein that was downregulated in hypoxia (1-Cys peroxiredoxin), one protein that was

upregulated in hypoxia (annexin II) and, as controls, two members of the 14-3-3 family

whose levels were not influenced by oxygen tension. Figure 12A shows the results of

immunoblotting with anti-1-Cys peroxiredoxin. A single band of the expected size (26

kD) was detected in the lane that contained the recombinant protein. In four separate

experiments, hypoxia induced a two- to eightfold reduction in cytotrophoblast levels of 1

Cys peroxiredoxin. This was in contrast to the results of immunoblotting with anti-HLA

G, which was used here and subsequently to compare within individual experiments the

protein load of lysates prepared from control (20% O2) and experimental cytotrophoblasts

(2% O2).

Figure 12B shows the results of immunoblotting with anti-annexin II. The

antibody detected a single band of 38 kD in a MDCK cell lysate that served as a positive

control. Likewise, cytotrophoblast lysates prepared from cells that were not treated with

Dispase also contained a single band (data not shown). In contrast, most of the lysates

prepared from Dispase-treated cells contained multiple immunoreactive bands, likely due

to proteolysis of the antigen. Therefore, quantitation was accomplished by Summing the

signals from all the bands. These results showed that in three of five experiments

annexin II levels rose between two- and fivefold in hypoxia, suggesting that this response
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FIGURE 12: Immunoblot analyses confirmed that in cytotrophoblasts the levels of 1-Cys
peroxiredoxin and annexin II, but not 14-3-3 epsilon and 14-3-3 zeta, were regulated by
oxygen tension. (A) Immunoblot analyses confirmed that in four different cell preparations
the levels of 1-Cys peroxiredoxin decreased in hypoxia. (B) In contrast, three of the five samples
analyzed showed that annexin II levels increased in hypoxia, suggesting greater individual
variations in the response. In this case, many of the cytotrophoblast samples contained multiple
bands, not present in the standard MDCK lysates, that were attributable to Dispase treatment
during harvesting of the cultured cells. Conclusions were based on summing the signals from all
the bands. (C and D) As expected from the 2-D PAGE analyses (see Figure 3A and B), expression
of neither 14-3-3 epsilon nor 14-3-3 zeta was regulated by oxygen tension. In all cases the blots
were stripped and reprobed with an antibody against HLA-G, the cytotrophoblast class I molecule
whose abundance does not change in hypoxia. The results, which are shown below each immunoblot,
allowed comparison of protein loads within individual experiments (e.g., 20% vs. 2% O.).



was somewhat less consistently observed in individual cytotrophoblast preparations than

the downregulation of 1-Cys peroxiredoxin expression.

Next, we performed immunoblot analyses of two members of the 14-3-3 family.

Anti-14-3-3 epsilon reacted with a single band of the expected size (29 kD) in all the

cytotrophoblast lysates except one sample that contained a doublet (Figure 12C). The

levels of this antigen did not change in hypoxia. Likewise, anti-14-3-3 zeta primarily

reacted with a protein of the expected size (28 kD), and the levels were not affected by a

reduction in oxygen tension (Figure 12D). Taken together, the results of the immunoblot

analyses confirmed those obtained using the 2-D PAGE/MS approach.

Hypoxia Alters the Subcellular Localization of 14-3-3 Epsilon, but Not 14-3-3 Zeta.

Finally, we investigated whether the subcellular localization, rather than the abundance,

of the 14-3-3 signaling and adapter proteins changes in hypoxia. Immunolocalization

experiments were performed on sections cut from villus explants cultured on Matrigel

plugs in either a 20% or a 2% O2 atmosphere (see Materials and Methods). The results

are shown in Figure 13. The sections were stained with anti-cytokeratin to confirm that

the cells were cytotrophoblasts (CK, Figure 12A and C). In 20% O2 staining for 14-3-3

epsilon was primarily detected in association with the plasma membrane region of the

cells (Figure 13B, denoted by arrow). In 2% O2 many of the cytotrophoblasts showed

nuclear staining (Figure 13D, denoted by arrowhead) in addition to plasma membrane

antibody reactivity (Figure 13D, denoted by arrow). In contrast, the staining pattern for

14-3-3 zeta, which was also plasma membrane associated, was the same whether the cells
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FIGURE 13: Immunolocalization showed that hypoxia induced translocation of 14-3-3
epsilon to the nucleus in cytotropoblasts from cultured villi. Sections of villi cultured on
Matrigel (MG) that were maintained in either 20% O. (A and B) or 2% O, (C and D)
were stained with antibodies that specifically reacted with cytokeratin (CK), a trophoblast
marker (A and C), and 14-3-3 epsilon (B and D). In 20% O., 14-3-3 staining primarily
localized to the plasma membrane region of the cell (arrow), although some antibody
reactivity was also detected in the cytoplasm. In hypoxia, 14-3-3 epsilon expression was
detected in association with both the plasma membrane (arrow) and the nucleus (arrow head).
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were maintained in 2% or 20% O2 (data not shown). To our knowledge this is the first

evidence that 14-3-3 proteins play a role in cellular responses to hypoxia.

* --> --

* * * *

****** *
*-* *

* *

* * *
- -----

*---

----,
***::

*** *

--i

67



Discussion

We performed an initial characterization of the proteome of first trimester human

placental cytotrophoblasts that differentiated along the invasive pathway in vitro. We

were particularly interested in these cells because of their unusual tumor-like ability to

invade the uterus and their molecular mimicry of endothelium; both properties are key

determinants of pregnancy outcome (Damsky and Fisher, 1998). Although the

cytotrophoblast proteome has not been studied by the methods we employed, 2-D PAGE

maps of proteins isolated from other cellular compartments of the human term placenta

have been published. These include the microvillus membranes of a different trophoblast

population—multinucleate syncytiotrophoblasts that cover the chorionic villi (see

Chapter 1, Figure 2A and 2B). Although the identity of most of the spots was not

determined, the overall pattern was very different from that of our cytotrophoblast map

(Webb et al., 1985). In contrast, an approach very similar to the one we applied, 2-D

PAGE combined with protein spot identification by mass spectrometry, was used to map

the proteome of mitochondria isolated from whole term placenta (Rabilloud et al., 1998).

Since the cytotrophoblast stem cell population is largely depleted at the time of delivery,

this preparation likely reflects the protein composition of mitochondria from other

placental cell types, primarily fibroblasts and syncytiotrophoblasts (see Chapter 1, Figure

2A and 2B). Thus, it is not surprising that the cytotrophoblast proteome was also distinct

from that of placental mitochondria. This result is in keeping with the 2-D PAGE

database of radiolabeled mouse embryo proteins, including those of trophoblast cells

(Latham et al., 1992). Although the identity of most of the gel spots is unknown, these

maps demonstrate the specialized and changing nature of the trophoblast protein
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repertoire during prenatal development. A similar picture has emerged from studies that

used cDNA microarray technology to compare, at a global level, gene expression patterns

in the mid-gestation mouse embryo and placenta (Tanaka et al., 2000).

The identification of protein gel spots in 2-D PAGE maps of cytotrophoblasts

maintained under standard tissue culture conditions revealed high abundance proteins that

are commonly found in all cells, as well as particular specializations. The former

category included tropomyosin, cytokeratin and actin isoforms. Since term placenta is

often used as a source of human proteins and RNA, the latter category included proteins

that were already known to be expressed somewhere in this organ. However, only a

subset has been localized to the specialized invasive cytotrophoblast population that was

the subject of this study. For example, we were intrigued to find that abundant

antioxidants included 1-Cys peroxiredoxin and AOE 37-2, in addition to Mn SOD, whose

expression in human trophoblasts has been well studied (Church et al., 1992).

Experiments to localize protein and mRNA have shown that 1-Cys peroxiredoxin is

highly expressed in organs exposed to high oxygen levels, such as skin and lung (Kim et

al., 1998; Novoselov et al., 1999). This finding correlates with the protein’s function as

an antioxidant. Interestingly, 1-Cys peroxiredoxin expression reduces phospholipid

hydroperoxides and may thus play a vital role in defending the plasma membrane against

the effects of oxidative stress (Fisher et al., 1999).

Similarly, we expanded the list of heat shock and chaperone proteins known to be

expressed in cytotrophoblasts to include Grp-94, the endoplasmic reticulum homologue

of HSP 90 that controls expression of the epidermal growth factor receptor (Supino-Rosin

et al., 2000). Cyclophilin, which possesses enzymatic peptidyl-prolyl isomerase activity
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that is essential for protein folding, was also abundant. Clearly, the annexins are also

among the major cytotrophoblast proteins. Our work shows that annexin IV, which is

expressed by epithelial cells (Dreier et al., 1998), is among other annexins whose

expression in cytotrophoblasts has been previously described [e.g., annexin II; (Jensen

and Matre, 1995)]. Finally, in keeping with the high glycogen content of these cells,

enzymes that are involved in glycolysis are among the most abundant proteins in the

cells.

We also examined the effects of hypoxia (2% O2) on the first trimester human

cytotrophoblast proteome. The reason for focusing on this variable was our past work

showing that oxygen tension is an important regulator of cytotrophoblast

differentiation/invasion. This relationship may reflect the fact that the placenta is the first

organ to function during development. As a result, the initial stages of placental

development occur before the conceptus accesses a supply of maternal blood [• 10 wk of

gestation; (Burton et al., 1999)]. In accord with this constraint, our previous work shows

that cytotrophoblasts proliferate in vitro under hypoxic conditions that are comparable to

those found during early pregnancy in the uterine lumen and the superficial decidua (2%

O2). As trophoblast invasion of the uterus and its resident blood vessels proceeds, the

placental cells encounter increasingly higher oxygen levels (Pijnenborg et al., 1981),

which trigger their exit from the cell cycle and subsequent differentiation (Genbacev et

al., 1996; Genbacev et al., 1992). Very recently, we have explained the unusual response

of cytotrophoblasts to hypoxia in terms of the known regulators of oxygen-dependent

cellular responses. Specifically, hypoxia induces cytotrophoblast expression of the von

Hippel-Lindau tumor suppressor protein which targets hypoxia-inducible factors for
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ubiquitination and degradation (Genbacev et al., manuscript submitted). Thus, the

placenta appears to have evolved highly specialized mechanisms for protecting itself

against the usual spectrum of hypoxia-induced changes in cellular protein expression.

In accord with this observation, we found that hypoxia produced very few

changes in the expression of cytotrophoblast proteins; some were anticipated and others

could not have been predicted. As expected, we did see changes in the abundance of

proteins that are involved in glycolysis and in mitigating the effects of oxidative stress.

With regard to glycolysis, we observed an increase in the expression of triosephosphate

isomerase and phosphoglycerate mutase. This result is consistent with hypoxia-induced

increases in glycolysis that have been observed in other systems [including hepatoma (Li

et al., 1996) and endothelial cells (Graven et al., 1994)], and with increased glucose

consumption by human term cytotrophoblasts in response to hypoxia (Esterman et al.,

1997). We also expected changes in the levels of antioxidants. In fact, the expression of

two such proteins, Mn SOD and 1-Cys peroxiredoxin, decreased. The fall in SOD levels

is consistent with our previous finding that the in situ expression of the Cu/Zn form of

this enzyme is downregulated in invasive cytotrophoblasts in preeclampsia, a pregnancy

complication that is thought to occur as a consequence of placental hypoxia (Many et al.,

2000). Because of increasing evidence that reactive oxygen species (ROS) play a role in

signaling pathways and gene transcription (Khan and Wilson, 1995; Palmer and Paulson,

1997; Servitja et al., 2000), identifying changes in the levels of the proteins which

modulate levels of ROS may help to unravel pathways involved in the etiology of this

clisease.

71



Other changes in the observed cytotrophoblast response to reduced oxygen

tension were unexpected. With regard to changes in protein abundance, we were

surprised to see that the expression of both annexin II and tropomyosin were upregulated

by hypoxia. Annexins are a family of calcium and phospholipid binding proteins with

multiple functions (Raynal and Pollard, 1994). With regard to the consequences of

increased cytotrophoblast expression of annexin II in hypoxia, several possibilities exist.

In other cells, annexin II levels correlate with proliferative capacity (Menaa et al., 1999)

(Chiang et al., 1999). Our results suggest that this relationship may also be true in

cytotrophoblasts. Additionally, the ability of annexin II to control fibrinolysis in

endothelial cells (Hajjar and Acharya, 2000) may suggest a parallel function in

cytotrophoblasts which have many vascular-like properties. Clearly, limiting fibrin

deposition at sites where cytotrophoblasts interface with maternal blood (see Figure 2A)

is a critical determinant of the outcome of pregnancy. Likewise, an increase in

tropomyosin expression in response to hypoxia has been observed in arterial endothelial

cells, although the functional significance of this observation is not yet understood (Rao

et al., 1994).

Finally, the relative abundance in cytotrophoblasts of certain members of the 14

3-3 protein family prompted us to use additional methods to search for hypoxia-induced

changes in their expression. Immunoblotting analyses confirmed that both 14-3-3 epsilon

and zeta migrated as single bands on 1-D gels and that their abundance was not

influenced by oxygen tension. In contrast, immunolocalization showed that the epsilon,

but not the zeta species, moved to the nucleus in hypoxia. Although the precise

consequences of this translocation are not known, we assume that this observation is
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indicative of oxygen-regulated interactions between 14-3-3 epsilon and a subset of

proteins to which it binds. These include components of intracellular pathways that

influence processes such as transcription (Brunet et al., 1999; Pan et al., 1999), passage

through the cell cycle (Peng et al., 1997; Yang et al., 1999; Vincenz and Dixit, 1996;

Waterman et al., 1998; Zha et al., 1996), signal transduction (Fu et al., 1994; Hausser et

al., 1999; Muslin et al., 1996; Ogihara et al., 1997; Wakui et al., 1997), and cell adhesion

(Garcia-Guzman et al., 1999; Gu et al., 1999).

In summary, this study focused on the proteome of first trimester human

cytotrophoblasts. We obtained new data about their intracellular milieu by identifying

relatively abundant proteins with potentially important functions, such as 1-Cys

peroxiredoxin and AOE 37-2 that are involved in handling oxidative stress. These

results, combined with information about the effects of hypoxia, give us new insights into

how these unusual cells respond to the changes in oxygen tension that normally occur

during the first trimester of pregnancy. In addition, a subset of these molecules could be

used as markers to aid in unraveling the etiology of pregnancy complications that have

been linked to placental hypoxia, studies now in progress.
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Chapter 4: Salivary agglutinin is gp-340.

Summary

While the previous sections dealt with functional expression proteomics, that is

identifying changes in protein expression while probing a system with different variables,

the following two chapters pertain to the identification of proteins in biological

complexes. In this chapter, we discuss our studies that identified the protein core of

salivary agglutinin, a protein which binds to and aggregates various oral bacteria.

Salivary agglutinin was identified to be gp-340.

Introduction

Human saliva has several critical functions, including lubrication (Aguirre et al.,

1989; Gans et al., 1990; Hatton et al., 1985), digestion (Mandel, 1987), and formation of

a bioactive semipermeable barrier (pellicle) that coats oral surfaces (Al-Hashimi and

Levine, 1989; Bennick et al., 1983; Fisher et al., 1987). Saliva also acts to regulate the

composition of the oral flora and is critical in maintaining oral health. Saliva fulfills this

function by virtue of its antimicrobial activity (Levine et al., 1987; Obenaufet al., 1986).

It also promotes selective microbial clearance or adherence (Gillece-Castro et al., 1991;

Groenink et al., 1996; Murray et al., 1992; Scannapieco et al., 1995). The diverse

functions attributed to saliva are allocated among its many components, which include

amylases, cystatins, proline-rich proteins, proline-rich glycoproteins, carbonic

anhydrases, peroxidases, statherins, histatins, lactoferrin, lysozyme, sIgA, mucins and

salivary agglutinin. Protein sequences have now been deduced for all the major salivary
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components except the agglutinin (Azen and Maeda, 1988; Bobek et al., 1993; Levine,

1993; vanderSpek et al., 1989).

Salivary agglutinin was identified as a protein fraction that mediates specific

adhesion and aggregation of Streptococcus mutans (Carlén et al., 1996; Ericson and

Rundegren, 1983; Kishimoto et al., 1989; Lamont et al., 1991). Monoclonal antibodies to

agglutinin block adherence of S. mutans to experimental pellicles and aggregation of the

bacterial cells by parotid saliva (Carlén et al., 1998; Carlén and Olsson, 1995). Several

studies have related the levels of agglutinin in saliva to the numbers of S. mutans in

dental plaque (Carlén et al., 1996; Emilson et al., 1989), the rate of plaque formation

(Magnusson et al., 1976), and the susceptibility to dental caries (Rosan et al., 1982).

Other studies have not found these associations (Lenander-Lumikari et al., 1992;

Tenovuo et al., 1992).

In spite of a potentially important role of agglutinin in regulating the composition

of the oral flora, very little is known about the chemical nature of the molecule. When

isolated from parotid saliva, it behaves as a 5 x 10° Da oligomeric complex which

contains a major 440 kDa glycoprotein (Ericson and Rundegren, 1983). Immunoblotting

experiments show that this protein is recognized by the same mab that blocks S. mutans

adherence and its parotid saliva-induced aggregation in vitro (Carlén and Olsson, 1995;

Ericson and Rundegren, 1983). SDS-PAGE shows that the complex contains other

proteins, including secretory IgA, and minor, as yet unidentified, components (Ericson

and Rundegren, 1983; Kishimoto et al., 1989; Oho et al., 1998).

Although the bacterial aggregation properties of agglutinin have been studied,

nothing is known of its amino acid sequence. We isolated the glycoprotein and analyzed
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its peptide portion by mass spectrometry. The results showed identity with gp-340

discovered in airway secretions by virtue of its affinity for surfactant protein D

(Holmskov et al., 1997; Holmskov et al., 1999).
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Materials and Methods

Materials. High purity trypsin was from Promega (Madison, WI). Fast-stain”

(Coomassie blue) was from Zoion Biotech (Shrewsbury, MA). o-cyano-4-

hydroxycinnamic acid was obtained from Hewlett-Packard (Böblingen, Germany). All

other reagents were obtained from Sigma Chemical Co. (St. Louis, MO).

Collection of Saliva and SDS-PAGE. Human parotid and submandibular/sublingual

(SM/SL) salivas were collected as the ductal secretions as previously described (Bratt et

al., 1999; Gillece-Castro et al., 1991). The samples were either used immediately or

mixed with an equal volume of loading buffer and stored at -20°C before the experiment.

Parotid and SM/SL saliva samples, purified salivary agglutinin preparations and purified

lung gp-340 were electrophoretically separated on polyacrylamide gels (Laemmli, 1970).

The gels consisted of a 3% stacking gel and 10% running gel. Protein bands were

visualized by staining with Fast-stain(R). Dr. Akraporn Prakabphol collected the saliva

and did the SDS-PAGE.

Biochemical Purification of Salivary Agglutinin. Four hundred pil of fresh parotid saliva

from one donor was concentrated to 25 pil by using a Centricon-Plus 20 filter (Millipore,

Marlborough, MA), then mixed with an equal volume of loading buffer. The

concentrated sample was electrophoretically separated; the stacking gel contained 3%

acrylamide and the running gel contained 10% acrylamide. After electrophoresis, the

protein bands were visualized with Fast-stain(3). Under these conditions the salivary
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agglutinin was well separated from other proteins. This allowed excision of the M. -350

kDa band. This was done by Akraporn Prakabphol in Susan Fisher's laboratory.

Mass Spectrometry of Peptides Isolated from the Biochemically Purified Agglutinin. The

excised agglutinin band was macerated and washed with 25 mM ammonium

bicarbonate/50% acetonitrile. After concentrating under reduced pressure in a SpeedVac

Concentrator (Savant, Holbrook, NY), the samples were placed in a solution of high

purity trypsin (0.05 pg/ul of 25 mM ammonium bicarbonate). The proteolytic digestion

was allowed to continue at 37°C for 16 h. The resulting peptides were eluted from the gel

with a solution of 50% acetonitrile and 5% TFA in distilled water and the volume was

reduced in a SpeedVac Concentrator. First, the eluate was analyzed by MALDI-TOF

MS. Portions of unseparated tryptic digests were cocrystallized in a matrix of o-cyano-4-

hydroxycinnamic acid and analyzed by using a PerSeptive Biosystems DE-STR MALDI

TOF mass spectrometer equipped with delayed extraction operated in the reflector mode.

Alternatively, peptide samples were subjected to HPLC separation prior to mass

spectrometry. The apparatus was fitted with a Michrom Bioresources MagicMS C18

column (0.2 x 50 mm; 5 pm particle size; 200 A pore size) which was equilibrated with

7% acetonitrile/0.1% TFA in H2O. A flow rate of 1 pil/min was established by using an

Eldex Micropro pump. Peptides were eluted isocratically for 10 min followed by a linear

gradient (0.95%/min) to a final mobile phase composition of 63% acetonitrile/0.082%

TFA in H2O. One to 2 pil HPLC fractions were spotted directly onto a MALDI target

with 1.5 pil of o-cyano-4-hydroxycinnamic acid. Peptide sequence information was

obtained by PSD as previously described (Clauser et al., 1999).
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The peptide mass and peptide fragment-ion data were used with the MS-Fit and

MS-Tag programs, which are available on the World Wide Web

(http://prospector.ucsf.edu), to search databases to determine peptide identity.
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Results

Salivary agglutinin was isolated by electrophoretically separating whole parotid

saliva on a SDS-PAGE gel (Figure 14). The band corresponding to the molecular weight

of agglutinin was excised and subjected to an in-gel trypsin digest. After elution of

peptides, an aliquot of the unseparated digest was processed for MALDI-TOF MS to give

a peptide mass fingerprint (Figure 15). A total of 15 peptides and 14 unique sequences

were obtained from the biochemically purified sample (Table 2). The sequence of 5 of

these peptides was determined by MALDI-TOF/PSD (bold italic typeface in Table 2). A

PSD spectrum and fragmentation of the peptide m/z 1459.8 is shown in Figure 16,

together with the interpretation and deduced amino acid sequence. The peptide mass

fingerprint and PSD fragment-ions (Table 2) were used for database searching. The

results showed that the peptides were identical to regions found within both gp-340 and

its splice variant DMBT1, both members of the scavenger receptor cysteine-rich protein

family.
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FIGURE 14. A sample of whole
parotid saliva was separated on
a 10% polyacrylamide gel. The
band of 350 kDa, denoted by the
arrow head, was excised and

subjected to an “in-gel” trypsin
digest, prior to analysis by mass
spectrometry.
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allowed assignment of the amino acid sequence shown above the spectrum. This

sequence is identical to a region found within the scavenger receptor, cysteine-rich region

of gp-340. The y- and b-ion series are labeled in the sequence.
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TABLE 2. Summary of MS analyses of tryptic peptides from salivary agglutinin.

The biochemically purified salivary agglutinin was subjected to in-gel trypsin digestion

and an aliquot of the unseparated digest was analyzed by MALDI-TOF MS, which gave

the mass of 15 peptides. The remainder of the digest was subjected to HPLC, and the

separated peptides were analyzed by MALDI-TOF/PSD; the spectra showed the

sequences of 5 peptides (bold italicized typeface).

Peptide sequence Start-end" MH" Of gp-340 domain
tryptic
peptides"

247-252, 376-381, 778.4 SRCR2, SRCR3,

507–512, 615–620, SDSR4, SRCR5,

VEVLYR 746-751,875-880, SRCR6, SDCR7,

1135-1140, 1264-1269, SRCR9, SRCR10,

1393-1398, 1653-1658 SRCR11, SRCR13

VEILYR 115-120 792.5 SRCR1

MTIHFR 1855-1860 804.4 CUB1

FPSVYLR 2353-2359 881.5 ZP

AFHFLNR 2346-2352 904.5 ZP

GRVEVLYR 245-252, 1651-1658 991.6 SRCR2, SRCR13

FISDHSITR 2099-2107 1075.6 CUB2

qIFTSSYNR: 1846–1854 1098.5 CUB1

QIFTSSYNR 1846-1854 1115.5 CUB1

GSFTSSSNFMSIR 2086-2098 1420.7 CUB2

DDTYGPYSSPSLR 2326–2338 1457.7 ZP

418-431,549-562, 1459.8 SRCR3, SDSR4,

657-670, 788-801, SRCR5, SRCR6,

FGQGSGPIVLDDVR 917-930, 1048-1061, SDCR7, SRCR8,
1177-1190, 1306–1319, SRCR9, SRCR10,

1435-1448, 1695-1708 SRCR11, SRCR13

QPGCGWAMSAPGNAR 1033-1047 1559.7 SRCR8

SAPGNAQFGQGSGPIVLDDVR 282-302, 1557-1577 2085.0 SRCR2, SRCR12

SAPGNAWFGQGSGPIALDDVR 150-170 2115.0 SRCR1

*Position of the amino acid residue in the deduced peptide sequence of gp-340.

* The mass accuracy of tryptic peptides was within +0.05 Da and masses listed are for the monoisotopic

maSS.

* q, pyro-glutamic acid.
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Discussion

The primary structure of gp-340, recently established by molecular cloning,

shows a polypeptide chain of 2413 amino acids (Holmskov et al., 1999). The N-terminus

consists of a signal peptide and a sequence of 69 unique amino acids. Residues 95 to

1741 contain highly repetitive regions consisting of 13 scavenger receptor cysteine-rich

(SRCR) domains. These domains are separated by SID (SRCR interspersed domain)

sequences, of which there are 12. The interval between residues 1742 and 2134 contains

a Ser-Thr-Pro-rich region and an additional SRCR domain flanked by two CUB (C1r/C1s

Uegf Bmpl) domains, proteins modules initially found in complement subcomponents

C1r/C1s, Uegf, and bone morphogenetic protein-1. The remaining residues contain a

hydrophobic zona pellucida domain.

The 14 unique agglutinin peptides we detected by mass spectrometry were

scattered throughout the entire protein and occurred within all the major domains (see

Table 2). The identification of salivary agglutinin as the gp-340 protein was also

suggested by the results of immunoblotting experiments with multiple antibodies specific

for gp-340 (data not shown). The size of the salivary molecule was the same as that of

gp-340 isolated from lung lavage, evidence that the agglutinin is the full-length molecule

rather than the splice variant DMBT1, which lacks 628 amino acids consisting of 5 paired

SRCR and SID domains (Holmskov et al., 1999; Mollenhauer et al., 1997). However, we

have not ruled out the possibility that the salivary molecule is a differentially

glycosylated form of DMBT1. Finally, the presence of this glycoprotein in saliva is

consistent with reverse transcription-polymerase chain reaction analyses that show the
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main sites of gp-340 expression are lung, trachea, salivary glands, small intestine and

stomach (Holmskov et al., 1999).

Future studies will include determining the carbohydrate moieties of this

glycoprotein. Knowing the structure of salivary agglutinin will greatly facilitate

experiments to understand its various biological roles. One important general function

likely arises from the glycoprotein’s ability to interact with bacteria. The outcome of

agglutinin binding may depend on the microbial ligand and its method of interaction, as

well as whether the interaction occurs in solution, which probably favors clearance, or on

oral surfaces where adherence becomes possible. In this regard, it is interesting to note

that the agglutinin-binding adhesin AgI/II of S. mutans possess different domains that are

involved in either agglutinin-mediated adhesion to hydroxyapatite surfaces or

aggregation in solution (Brady et al., 1992). Finally, since gp-340 is an opsonin receptor

for surfactant proteins A and D (Holmskov et al., 1999), future studies should investigate

whether this interaction influences the bacteria-binding properties of the salivary

molecule.

Dissecting the interactions between salivary agglutinin and various bacteria at a

molecular level offers an interesting opportunity to restore, in the case of relevant disease

states, the normal balance found in healthy individuals. Results from our lab show, an

affinity of H. pylori for the salivary agglutinin. This supports the hypothesis of oral

transmission which could include transient adherence in the mouth (Dunn et al., 1997). It

is interesting that salivary mucins also interact with this bacterium (Prakobphol, Borén

and Fisher; unpublished observations). The latter observation is in accord with two

previous studies. First, it was shown that salivary mucins carried the fucosylated blood
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group antigens (i.e. the ABO and Lewis type) (Prakobphol et al., 1993). Second, the Le”

and H-1 histo-blood group antigens mediate adherence of H. pylori to human gastric

mucosa (Borén et al., 1993). Eradication of H. pylori infection with antibiotic treatment

has proved to be difficult in patients who harbor H. pylori in the oral cavity/dental plaque

(Miyabayashi et al., 2000). The results of this study suggest new, pharmacological

strategies for inhibiting infections by this organism.

With regard to interactions with cells of the host immune system, work done in

this lab has shown that the salivary agglutinin can carry the sLe” epitope. This suggests

that this molecule, like the low-molecular-weight salivary mucin (Prakobphol et al.,

1999), could tether both bacteria and leukocytes, a potentially important consideration for

immune interactions in the oral cavity. Also with regard to immune function, it is

interesting to consider data that show gp-340 from lung stimulates random migration

(chemokinesis) of alveolar macrophages (Tino and Wright, 1999). This activity could

also enhance bacterial interactions with cellular components of the host immune system.

Finally, studies by Nagashunmugam et al. suggest that salivary agglutinin has HIV

neutralizing properties. Thus, the agglutinin could be a component of the molecular

system that prevents oral transmission of the virus. Now that we have determined the

sequence of agglutinin, understanding the relationship between the structure of this

protein and the many interesting functions it may carry out is the focus of future

experiments.
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Chapter 5. Calcineurin homologous protein (CHP) interacts with upstream

binding factor (UBF), a nuclear transcription factor.

Summary

Mass spectrometry provides the sensitivity required to unravel complexes present

in low abundance. In this project, immunoprecipitation was used to isolate proteins that

interact with calcineurin homologous protein. After 1-D PAGE separation, the identity of

an interacting protein was determined by mass spectrometry. MALDI-TOF/PSD

analyses gave partial peptide sequences and a peptide mass fingerprint for upstream

binding factor. This is the first example of the in vivo interaction of calcineurin

homologous protein with a transcription factor.

Introduction

Calcineurin homologous protein (CHP) is a myristoylated Ca”-binding protein

belonging to the EF-hand family of proteins. This 22 kDa protein is expressed in many

tissues including eye, lung, liver, muscle, heart, kidney, thymus, and spleen (Lin and

Barber, 1996). CHP is highly homologous to both calmodulin and the regulatory B

subunit of calcineurin. This protein is implicated in many biological processes such as

intracellular pH regulation (Lin and Barber, 1996), vesicular trafficking (Barroso et al.,

1996), microtubule function (Timm et al., 1999), and T-cell activation (Lin et al., 1999).

CHP's regulation of these multiple cellular pathways occurs through its interactions with

other proteins. A few of CHP's protein partners have been identified. These include the
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Na'-H' exchanger (NHE1), a ubiquitously expressed plasma membrane transporter (Lin

and Barber, 1996) and calcineurin (Lin et al., 1999), a widely expressed phosphatase.

The abundance of CHP is regulated by intracellular calcium levels; CHP levels

decrease in Jurkat cells with increasing [Ca”] (Lin et al., 1999). Little, however, is

known about the mechanisms or signaling pathways that regulate CHP. To better

understand CHP's role in cell signaling and to study the mechanisms involved in the

regulation of CHP expression, proteins that interacted in vivo with CHP were identified.

By using a combination of immunoprecipitation and mass spectrometry, it was found that

the transcription factor, upstream binding factor (UBF), interacts with CHP in a calcium

sensitive manner.

i
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Materials and Methods

Materials. High purity trypsin was from Promega (Madison, WI). Fast-stain.”

(Coomassie blue) was from Zoion Biotech (Shrewsbury, MA). o. -cyano-4-

hydroxycinnamic acid was obtained from Hewlett-Packard (Böblingen, Germany).

ZipTips were acquired from Millipore (Marlborough, MA).

Immunoprecipitation and 1-D SDS-PAGE. Immunoprecipitations and 1-D SDS-PAGE

were performed by Luanna Putney in Diane Barber's laboratory as previously described

(Lin et al., 1999).

Mass Spectrometry. The bands of interest were excised, macerated and washed with 25

mM ammonium bicarbonate/50% acetonitrile. A blank gel piece that did not stain with

Fast-stain” was also processed in parallel as a negative control. After drying under

reduced pressure in a SpeedVac Concentrator (Savant, Holbrook, NY), the samples were

placed in a solution of high purity trypsin (0.5 pg/ul of 25 mM ammonium bicarbonate).

The proteolytic digestion was allowed to continue at 37°C for 16 h. The resulting

peptides were eluted from the gel with a solution of 50% acetonitrile and 5%

trifluoroacetic acid (TFA) in distilled water and the volume was reduced in a SpeedVac

Concentrator. Samples were brought back to 15 pil with 1% TFA and desalted with

ZipTips according to the manufacturer's instructions. Portions of unseparated tryptic

digests were cocrystallized in a matrix of o-cyano-4-hydroxycinnamic acid and analyzed

by using a PerSeptive Biosystems DE-STR MALDI time-of-flight (TOF) mass

spectrometer equipped with delayed extraction operated in the reflector mode.
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Peptides were separated by high performance liquid chromatography (HPLC)

prior to sequencing. The apparatus was fitted with a Michrom Bioresources MagicMS

C18 column (0.2 x 50 mm; 5 pm particle size; 200 A pore size) which was equilibrated

with 7% acetonitrile/0.1% TFA in H2O. A flow rate of 1 pil/min was established by using

an Eldex Micropro pump. Peptides were eluted isocratically for 10 min followed by a

linear gradient (0.95%/min) to a final mobile phase composition of 63%

acetonitrile/0.082% TFA in H2O. One to 2 pil HPLC fractions were spotted directly onto

a MALDI target with 1.5 pil of o-cyano-4-hydroxycinnamic acid. Peptide sequence

information was obtained by PSD as previously described (Clauser et al., 1999). MS and

PSD spectra were interpreted to yield protein identities using the MS-Fit and MS-Tag

programs (http://prospector.ucsf.edu) (Clauser et al., 1999).
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Results

Hamster lung fibroblasts were cultured in the presence and absence of 2 mM

CaCl2. After lysing, polyclonal antibodies to CHP were used to affinity purify the protein

and co-precipitating proteins were separated by SDS-PAGE. After staining with Fast

stain”, a doublet of proteins migrating at ~95 kDa co-precipitated with CHP in the

absence, but not in the presence of calcium (Figure 17). This was done by Luanna

Putney in the Barber Laboratory.

The two bands were excised and subjected to an overnight in-gel trypsin digest.

Tryptic peptides were eluted from the gel, desalted with ZipTips, and analyzed by

MALDI-TOF to obtain a peptide mass fingerprint. The two bands from the doublet gave

the same fingerprint (Figure 18). A total of 6 peptides were detected by MALDI-TOF

MS. Next, peptides were separated by HPLC and the sequence of peptide m/z 1504.7

was obtained by PSD. The spectrum and interpretation are shown in Figure 19. The

peptide sequence and mass fingerprint of the two unknowns corresponded to UBF.
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FIGURE 17. Calcineurin homologue protein (CHP) coimmunoprecipitates with a

doublet (as shown by double arrows) in the absence of 2 mM CaCl2. Control IgG

does not coimmunoprecipitate with this protein.
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Discussion

UBF, a nuclear transcription factor required for basal activation of RNA

polymerase I transcription of ribosomal RNA genes, plays a critical role in ribosome

synthesis and cell proliferation (Klein and Grummt, 1999). This interplay between cell

cycle progression and UBF could be mediated through UBF phosphorylation by a

cyclin/cyclin dependent kinase (cdk) (Voit et al., 1999). Also, it has been town that the

protein encoded by the retinoblastoma tumor suppressor gene (Rb), which prevents

progression through the cell cycle by its interaction with the E2F family of transcription

factors (Harbour and Dean, 2000), can interact with UBF to repress the transcription of

ribosomal RNA (Cavanaugh et al., 1995).

This is the first time that CHP has been shown to interact with a transcription

factor and raises the possibility that CHP's function is mediated through transcription

regulation. Interestingly, overexpression of CHP in fibroblasts inhibits cell proliferation

and may be regulated by its interaction with UBF (L. Putney and D. Barber, unpublished

observations). The connection between CHP, UBF, and cell proliferation is currently

under investigation in the Barber laboratory.
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Chapter Five. Conclusion

A valuable source for reproductive biologists has been developed with the

determination of the protein expression profile of human cytotrophoblasts under standard

culture conditions. These gels serve as a reference map of proteins from whole cell lysate

to which future studies on human cytotrophoblasts can be compared. The development

of organelle protein profiles of human cytotrophoblasts such as 2-D gel protein maps of

nuclear proteins in the future would also be of benefit. These maps could possibly aide in

protein translocation studies.

We have used these 2-D gels in the determination of the global effects of hypoxia

on the suite of normal cytotrophoblast proteins. Hypoxia serves as an in vitro model for

pregnancy complications such as preeclampsia which are believed to arise from reduced

cytotrophoblast invasion of the uterus resulting in lowered oxygen tension at the

maternal-fetal interface. Whether the same effects are seen with preeclampsia remains to

be ascertained and will constitute the future directions taken in these studies.

Because the placenta is believed to contribute significantly to the development of

preeclampsia, factors secreted by the placenta may be involved in promoting the maternal

symptoms of preeclampsia (e.g. altered vascular function) (Ashworth et al., 1999; de

Groot et al., 1998; McCarthy et al., 1993). Previous experiments suggest that conditioned

media from cytotrophoblasts cultured under hypoxia can result in an altered response to

vasoactive substances in isolated arteries similar to that seen in preeclampsia (Aalkjaer et

al., 1985; Gratton et al., manuscript in preparation). This remains an open area for future

proteomic investigations. What are the molecules secreted by the preeclamptic placenta

which may result in these observed changes? Do cytotrophoblasts or placental villus
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explants maintained under hypoxia also secrete the same suite of proteins? Similar

approaches such as 2-D gels or isotope coded affinity tag-like chemistry and MS can be

utilized in answering these questions.

As technologies and instrumentation improve, increased sensitivities will be

gained in many aspects of proteomic studies. This should facilitate protein identification

of less abundant proteins. For example, it will become increasingly easier to identify

components of low-level complexes such as the CHP/UBF complex discussed

previously. Finally, as the field of proteomics grows, protein identification will require

less time and become readily accessible to more scientists.

98



Bibliography

Aalkjaer, C., Johannesen, P., Pedersen, E. B., Rasmussen, A., and Mulvany, M.J. (1985).

Resistance vessel abnormalities in preeclampsia, Acta Medica Scandinavica

Supplementum 693, 23-7.

Afonso, S., Romagnano, L., and Babiarz, B. (1997). The expression and function of

cystatin C and cathepsin B and cathepsin L during mouse embryo implantation and

placentation, Development 124, 3415-25.

Aguirre, A., Mendoza, B., Reddy, M. S., Scannapieco, F. A., Levine, M. J., and Hatton,

M. N. (1989). Lubrication of selected salivary molecules and artificial salivas, Dysphagia

4, 95-100.

Al-Hashimi, I., and Levine, M. J. (1989). Characterization of in vivo salivary-derived

enamel pellicle, Archives of Oral Biology 34, 289-95.

Alexander, C. M., Hansell, E. J., Behrendtsen, O., Flannery, M. L., Kishnani, N. S.,

Hawkes, S. P., and Werb, Z. (1996). Expression and function of matrix

metalloproteinases and their inhibitors at the maternal-embryonic boundary during mouse

embryo implantation, Development 122, 1723–36.

Anson-Cartwright, L., Dawson, K., Holmyard, D., Fisher, S.J., Lazzarini, R. A., and

Cross, J. C. (2000). The glial cells missing-1 protein is essential for branching

:

99



morphogenesis in the chorioallantoic placenta [see comments], Nature Genetics 25, 311

4.

Arranz, M. J., Munro, J., Sham, P., Kirov, G., Murray, R. M., Collier, D. A., and Kerwin,

R. W. (1998). Meta-analysis of studies on genetic variation in 5-HT2A receptors and

clozapine response, Schizophrenia Research 32, 93-9.

Ashworth, J. R., Baker, P. N., Warren, A. Y., and Johnson, I. R. (1999). Mechanisms of

endothelium-dependent relaxation in myometrial resistance vessels and their alteration in

preeclampsia, Hypertension in Pregnancy 18, 57-71.

Azen, E. A., and Maeda, N. (1988). Molecular genetics of human salivary proteins and

their polymorphisms, Advances in Human Genetics 17, 141-99.

Bainbridge, D. R., Ellis, S. A., and Sargent, I. L. (1999). Little evidence of HLA-G

mRNA polymorphism in Caucasian or Afro- Caribbean populations, Journal of

Immunology 163, 2023-7.

Barak, Y., Nelson, M. C., Ong, E. S., Jones, Y. Z., Ruiz-Lozano, P., Chien, K. R., Koder,

A., and Evans, R. M. (1999). PPARgamma is required for placental, cardiac, and adipose

tissue development, Molecular and Cellular Biology 4, 585-95.

Barroso, M. R., Bernd, K. K., DeWitt, N. D., Chang, A., Mills, K., and Sztul, E. S.

(1996). A novel Ca2+-binding protein, p22, is required for constitutive membrane traffic,

Journal of Biological Chemistry 271, 10183-7.

*

*º

100



Bass, K. E., Li, H., Hawkes, S. P., Howard, E., Bullen, E., Vu, T. K., McMaster, M.,

Janatpour, M., and Fisher, S.J. (1997). Tissue inhibitor of metalloproteinase-3 expression

is upregulated during human cytotrophoblast invasion in vitro, Developmental Genetics

21, 61-7.

Benirschke, K., and Kaufmann, P. (1991). Early development of the human placenta. In

Pathology of the human placenta, K. Benirschke, and P. Kaufmann, eds. (New York,

Springer-Verlag), pp. 13-21.

Bennick, A., Chau, G., Goodlin, R., Abrams, S., Tustian, D., and Madapallimattam, G.

(1983). The role of human salivary acidic proline-rich proteins in the formation of

acquired dental pellicle in vivo and their fate after adsorption to the human enamel

surface, Archives of Oral Biology 28, 19–27.

Benson, G. V., Lim, H., Paria, B. C., Satokata, I., Dey, S. K., and Maas, R. L. (1996).

Mechanisms of reduced fertility in Hoxa-10 mutant mice: uterine homeostasis and loss of

maternal Hoxa-10 expression, Development 122, 2687-96.

Bergh, P. A., and Navot, D. (1992). The impact of embryonic development and

endometrial maturity on the timing of implantation, Fertility and Sterility 58,537-42.

Bhatt, H., Brunet, L. J., and Stewart, C. L. (1991). Uterine expression of leukemia

inhibitory factor coincides with the onset of blastocyst implantation, Proceedings of the

National Academy of Sciences of the United States of America 88, 11408-12.

101



Bjellqvist, B., Ek, K., Righetti, P. G., Gianazza, E., Görg, A., Westermeier, R., and

Postel, W. (1982). Isoelectric focusing in immobilized pH gradients: principle,

methodology and some applications, Journal of Biochemical and Biophysical Methods 6,

317–39.

Bjellqvist, B., Sanchez, J. C., Pasquali, C., Ravier, F., Paquet, N., Frutiger, S., Hughes, G.

J., and Hochstrasser, D. (1993). Micropreparative two-dimensional electrophoresis

allowing the separation of samples containing milligram amounts of proteins,

Electrophoresis 14, 1375-8.

Blackstock, W. P., and Weir, M. P. (1999). Proteomics: quantitative and physical

mapping of cellular proteins, Trends in Biotechnology 17, 121-7.

Bladt, F., Riethmacher, D., Isenmann, S., Aguzzi, A., and Birchmeier, C. (1995).

Essential role for the c-met receptor in the migration of myogenic precursor cells into the

limb bud [see comments], Nature 376, 768-71.

Bobek, L. A., Tsai, H., Biesbrock, A. R., and Levine, M. J. (1993). Molecular cloning,

sequence, and specificity of expression of the gene encoding the low molecular weight

human salivary mucin (MUC7), Journal of Biological Chemistry 268, 20563-9.

Bogyo, M., Verhelst, S., Bellingard-Dubouchaud, V., Toba, S., and Greenbaum, D.

(2000). Selective targeting of lysosomal cysteine proteases with radiolabeled electrophilic

substrate analogs, Chemistry & Biology 7, 27-38.

102



Borén, T., Falk, P., Roth, K. A., Larson, G., and Normark, S. (1993). Attachment of

Helicobacter pylori to human gastric epithelium mediated by blood group antigens [see

comments], Science 262, 1892-5.

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram

quantities of protein utilizing the principle of protein-dye binding, Analytical

Biochemistry 72,248-54.

Brady, L. J., Piacentini, D. A., Crowley, P. J., Oyston, P. C., and Bleiweis, A. S. (1992).

Differentiation of salivary agglutinin-mediated adherence and aggregation of mutans

streptococci by use of monoclonal antibodies against the major surface adhesin P1,

Infection and Immunity 60, 1008-17.

Bratt, P., Borén, Borén, T., and Str ■ mberg, N. (1999). Secretory immunoglobulin A

heavy chain presents Galbeta1-3GalNAc binding structures for Actinomyces naeslundii

genospecies 1, Journal of Dental Research 78, 1238-44.

Broekhuis, C. H., Neubauer, G., van der Heijden, A., Mann, M., Proud, C. G., van

Venrooij, W. J., and Pruijn, G. J. (2000). Detailed analysis of the phosphorylation of the

human La (SS-B) autoantigen. (De)phosphorylation does not affect its subcellular

distribution, Biochemistry 39, 3023-33.

Brosens, I. A. (1977). Morphological changes in the utero-placental bed in pregnancy

hypertension, Clinics in Obstetrics and Gynaecology 4, 573-93.

103



Brunet, A., Bonni, A., Zigmond, M. J., Lin, M. Z., Juo, P., Hu, L. S., Anderson, M. J.,

Arden, K. C., Blenis, J., and Greenberg, M. E. (1999). Akt promotes cell survival by

phosphorylating and inhibiting a Forkhead transcription factor, Cell 96, 857-68.

Bulmer, J. N., and Johnson, P. M. (1985). Antigen expression by trophoblast populations

in the human placenta and their possible immunobiological relevance, Placenta 6, 127–40.

Burton, G. J., Jauniaux, E., and Watson, A. L. (1999). Maternal arterial connections to

the placental intervillous space during the first trimester of human pregnancy: the Boyd

collection revisited, American Journal of Obstetrics and Gynecology 181, 718-24.

Campbell, S., Pearce, J. M., Hackett, G., Cohen-Overbeek, T., and Hernandez, C. (1986).

Qualitative assessment of uteroplacental blood flow: early screening test for high-risk

pregnancies, Obstetrics and Gynecology 68,649-53.

Campbell, S., Swann, H. R., Seif, M. W., Kimber, S.J., and Aplin, J. D. (1995). Cell

adhesion molecules on the oocyte and preimplantation human embryo, Human

Reproduction 10, 1571-8.

Carlén, A., Bratt, P., Stenudd, C., Olsson, J., and Strömberg, N. (1998). Agglutinin and

acidic proline-rich protein receptor patterns may modulate bacterial adherence and

colonization on tooth surfaces, Journal of Dental Research 77, 81–90.

Carlén, A., and Olsson, J. (1995). Monoclonal antibodies against a high-molecular

weight agglutinin block adherence to experimental pellicles on hydroxyapatite and

aggregation of Streptococcus mutans, Journal of Dental Research 74, 1040–7.

104



Carlén, A., Olsson, J., and Ramberg, P. (1996). Saliva mediated adherence, aggregation

and prevalence in dental plaque of Streptococcus mutans, Streptococcus sanguis and

Actinomyces spp., in young and elderly humans, Archives of Oral Biology 41, 1133–40.

Cavanaugh, A. H., Hempel, W. M., Taylor, L. J., Rogalsky, V., Todorov, G., and

Rothblum, L. I. (1995). Activity of RNA polymerase I transcription factor UBF blocked

by Rb gene product [see comments], Nature 374, 177-80.

Celis, J. E., and Gromov, P. (1999). 2D protein electrophoresis: can it be perfected?,

Current Opinion in Biotechnology 10, 16–21.

Chakraborty, I., Das, S. K., Wang, J., and Dey, S. K. (1996). Developmental expression

of the cyclo-oxygenase-1 and cyclo-oxygenase-2 genes in the peri-implantation mouse

uterus and their differential regulation by the blastocyst and ovarian steroids, Journal of

Molecular Endocrinolology 16, 107-22.

Chataway, T. K., Whittle, A. M., Lewis, M. D., Bindloss, C. A., Davey, R. C., Moritz, R.

L., Simpson, R. J., Hopwood, J. J., and Meikle, P. J. (1998). Two-dimensional mapping

and microsequencing of lysosomal proteins from human placenta, Placenta 19, 643-54.

Chernushevich, I. V., Ens, W., and Standing, K. G. (1999). Orthogonal-injection TOFMS

for analyzing biomolecules, Analytical Chemistry 71,452A-461A.

Chiang, Y., Rizzino, A., Sibenaller, Z. A., Wold, M. S., and Vishwanatha, J. K. (1999).

Specific down-regulation of annexin II expression in human cells interferes with cell

proliferation, Molecular and Cellular Biochemistry 199, 139-47.

105



Church, S. L., Farmer, D. R., and Nelson, D. M. (1992). Induction of manganese

superoxide dismutase in cultured human trophoblast during in vitro differentiation,

Developmental Biology 149, 177-84.

Clark, D. E., Smith, S. K., Sharkey, A. M., Sowter, H. M., and Charnock-Jones, D. S.

(1996). Hepatocyte growth factor/scatter factor and its receptor c-met; localisation and

expression in the human placenta throughout pregnancy, Journal of Endocrinoly 151,

459–67.

Clauser, K. R., Baker, P., and Burlingame, A. L. (1999). Role of accurate mass

measurement (+/- 10 ppm) in protein identification strategies employing MS or MS MS

and database searching, Analytical Chemistry 71,2871-2882.

Cohen, P. E., Zhu, L., and Pollard, J. W. (1997). Absence of colony stimulating factor-1

in osteopetrotic (csfmop/csfmop) mice disrupts estrous cycles and ovulation, Biology of

Reproduction 56, 110-8.

Costello, C. E. (1999). Bioanalytic applications of mass spectrometry, Current Opinion in

Biotechnology 10, 22-8.

Cross, J. C. (1998). Formation of the placenta and extraembryonic membranes, Annals of

the New York Academy of Sciences 857, 23-32.

Cross, J. C. (2000). Genetic insights into trophoblast differentiation and placental

morphogenesis, Seminars in Cell & Developmental Biology 11, 105-113.

106



Cullinan, E. B., Abbondanzo, S.J., Anderson, P. S., Pollard, J. W., Lessey, B. A., and

Stewart, C. L. (1996). Leukemia inhibitory factor (LIF) and LIF receptor expression in

human endometrium suggests a potential autocrine/paracrine function in regulating

embryo implantation, Proceedings of the National Academy of Sciences of the United

States of America 93, 3115-20.

Damsky, C. H., and Fisher, S. J. (1998). Trophoblast pseudo-vasculogenesis: faking it

with endothelial adhesion receptors, Current Opinion in Cell Biology 10, 660-6.

Damsky, C. H., Fitzgerald, M. L., and Fisher, S. J. (1992). Distribution patterns of

extracellular matrix components and adhesion receptors are intricately modulated during

first trimester cytotrophoblast differentiation along the invasive pathway, in vivo, Journal

of Clinical Investigation 89, 210-22.

Damsky, C. H., Librach, C., Lim, K. H., Fitzgerald, M. L., McMaster, M. T., Janatpour,

M., Zhou, Y., Logan, S. K., and Fisher, S.J. (1994). Integrin switching regulates normal

trophoblast invasion, Development 120, 3657-66.

Das, S. K., Wang, X. N., Paria, B. C., Damm, D., Abraham, J. A., Klagsbrun, M.,

Andrews, G. K., and Dey, S. K. (1994). Heparin-binding EGF-like growth factor gene is

induced in the mouse uterus temporally by the blastocyst solely at the site of its

apposition: a possible ligand for interaction with blastocyst EGF- receptor in

implantation, Development 120, 1071-83.

107



Davis, M. T., and Lee, T. D. (1998). Rapid protein identification using a microscale

electrospray LC/MS system on an ion trap mass spectrometer, Journal of the American

Society for Mass Spectrometry 9, 194-201.

Davis, M. T., Stahl, D.C., Hefta, S.A., and Lee, T. D. (1995). A Microscale Electrospray

Interface for on-Line, Capillary Liquid Chromatography Tandem Mass Spectrometry of

Complex Peptide Mixtures, Analytical Chemistry 67,4549-4556.

de Groot, C. J., Murai, J. T., Vigne, J. L., and Taylor, R. N. (1998). Eicosanoid secretion

by human endothelial cells exposed to normal pregnancy and preeclampsia plasma in

vitro, Prostaglandins Leukotrienes and Essential Fatty Acids 58, 91-7.

Dekker, G. A. (1999). Risk factors for preeclampsia, Clinical Obstetrics and Gynecology

42, 422-35.

Ding, Y. Q., Zhu, L. J., Bagchi, M. K., and Bagchi, I. C. (1994). Progesterone stimulates

calcitonin gene expression in the uterus during implantation, Endocrinology 135,2265

74.

Dreier, R., Schmid, K. W., Gerke, V., and Riehemann, K. (1998). Differential expression

of annexins I, II and IV in human tissues: an immunohistochemical study, Histochemistry

and Cell Biology 110, 137-48.

Dubois, B., Arnold, B., and Opdenakker, G. (2000). Gelatinase B deficiency impairs

reproduction, Journal of Clinical Investigation 106,627-628.

108



Dunn, B. E., Cohen, H., and Blaser, M. J. (1997). Helicobacter pylori, Clinical

Microbiology Reviews 10, 720-41.

Ellis, S.A., Palmer, M. S., and McMichael, A. J. (1990). Human trophoblast and the

choriocarcinoma cell line BeWo express a truncated HLA Class I molecule, Journal of

Immunology 144, 731-5.

Emilson, C. G., Ciardi, J. E., Olsson, J., and Bowen, W. H. (1989). The influence of

saliva on infection of the human mouth by mutans streptococci, Archives of Oral Biology

34, 335-40.

Enders, A. C., and Lopata, A. (1999). Implantation in the marmoset monkey: expansion

of the early implantation site, Anatomical Record 256, 279-99.

Enders, A. C., and Schlafke, S. (1969). Cytological aspects of trophoblast-uterine

interaction in early implantation, American Journal of Anatomy 125, 1-29.

Ericson, T., and Rundegren, J. (1983). Characterization of a salivary agglutinin reacting

with a serotype c strain of Streptococcus mutans, European Journal of Biochemistry 133,

255–61.

Esterman, A., Greco, M. A., Mitani, Y., Finlay, T. H., Ismail-Beigi, F., and Dancis, J.

(1997). The effect of hypoxia on human trophoblast in culture: morphology, glucose

transport and metabolism, Placenta 18, 129-36.

Evans, W. E., and Relling, M. V. (1999). Pharmacogenomics: translating functional

genomics into rational therapeutics, Science 286, 487-91.

109



Fazleabas, A. T., Donnelly, K. M., Srinivasan, S., Fortman, J. D., and Miller, J. B.

(1999). Modulation of the baboon (Papio anubis) uterine endometrium by chorionic

gonadotrophin during the period of uterine receptivity, Proceedings of the National

Academy of Sciences of the United States of America 96, 2543–8.

Fenn, J. B., Mann, M., Meng, C. K., Wong, S. F., and Whitehouse, C. M. (1989).

Electrospray ionization for mass spectrometry of large biomolecules, Science 246, 64-71.

Fialka, I., Pasquali, C., Lottspeich, F., Ahorn, H., and Huber, L. A. (1997). Subcellular

fractionation of polarized epithelial cells and identification of organelle-specific proteins

by two-dimensional gel electrophoresis, Electrophoresis 18, 2582–90.

Firulli, A. B., McFadden, D. G., Lin, Q., Srivastava, D., and Olson, E. N. (1998). Heart

and extra-embryonic mesodermal defects in mouse embryos lacking the bFILH

transcription factor Hand 1, Nature Genetics 18, 266-70.

Fisher, A. B., Dodia, C., Manevich, Y., Chen, J. W., and Feinstein, S. I. (1999).

Phospholipid hydroperoxides are substrates for non-selenium glutathione peroxidase,

Journal of Biological Chemistry 274, 21326-34.

Fisher, S.J., Cui, T. Y., Zhang, L., Hartman, L., Grahl, K., Zhang, G. Y., Tarpey, J., and

Damsky, C. H. (1989). Adhesive and degradative properties of human placental

cytotrophoblast cells in vitro, Journal of Cell Biology 109,891-902.

Fisher, S.J., and Damsky, C. H. (1993). Human cytotrophoblast invasion, Seminars in

Cell Biology 4, 183-8.

110



Fisher, S. J., Prakobphol, A., Kajisa, L., and Murray, P. A. (1987). External

radiolabelling of components of pellicle on human enamel and cementum [published

erratum appears in Archives of Oral Biology 1988;33(4):I], Archives of Oral Biology 32,

509-17.

Fu, H., Xia, K., Pallas, D.C., Cui, C., Conroy, K., Narsimhan, R. P., Mamon, H., Collier,

R. J., and Roberts, T. M. (1994). Interaction of the protein kinase Raf-1 with 14-3-3

proteins [see comments], Science 266, 126-9.

Gans, R. F., Watson, G. E., and Tabak, L. A. (1990). A new assessment in vitro of human

salivary lubrication using a compliant substrate, Archives of Oral Biology 35, 487-92.

Garcia-Guzman, M., Dolfi, F., Russello, M., and Vuori, K. (1999). Cell adhesion

regulates the interaction between the docking protein p130(Cas) and the 14-3-3 proteins,

Journal of Biological Chemistry 274, 5762-8.

Genbacev, O., DiFederico, E., McMaster, M., and Fisher, S. J. (1999a). Invasive

cytotrophoblast apoptosis in pre-eclampsia, Human Reproduction 14 Suppl 2, 59-66.

Genbacev, O., Jensen, K. D., Powlin, S. S., and Miller, R. K. (1993). In vitro

differentiation and ultrastructure of human extravillous trophoblast (EVT) cells, Placenta

14,463-75.

Genbacev, O., Joslin, R., Damsky, C. H., Polliotti, B. M., and Fisher, S. J. (1996).

Hypoxia alters early gestation human cytotrophoblast differentiation/invasion in vitro and

111



models the placental defects that occur in preeclampsia, Journal of Clinical Investigation

97, 540-50.

Genbacev, O., Krtolica, A., Kaelin, W., and Fisher, S.J. (manuscript submitted). Human

cytotrophoblast expression of the von Hippel-Lindau protein is downregulated during

uterine invasion in situ and upregulated by hypoxia in vivo, Proceedings of the National

Academy of Sciences of the United States of America.

Genbacev, O., Schubach, S.A., and Miller, R. K. (1992). Villous culture of first trimester

human placenta--model to study extravillous trophoblast (EVT) differentiation, Placenta

13, 439-61.

Genbacev, O., Zhou, Y., Ludlow, J. W., and Fisher, S. J. (1997). Regulation of human

placental development by oxygen tension, Science 277, 1669-72.

Genbacev, O., Zhou, Y., McMaster, M. T., Ludlow, J. W., Damsky, C. H., and Fisher, S.

J. (1999b). Oxygen regulates human cytotrophoblast proliferation, differentiation, and

invasion: implications for endovascular invasion in normal pregnancy and preeclampsia.

In Embryo implantation: molecular, cellular and clinical aspects, D. D. Carson, ed. (New

York, Springer), pp. 39-53.

Gillece-Castro, B. L., Prakobphol, A., Burlingame, A. L., Leffler, H., and Fisher, S. J.

(1991). Structure and bacterial receptor activity of a human salivary proline-rich

glycoprotein, Journal of Biological Chemistry 266, 17358-68.

112



Giudice, L. C., and Irwin, J. C. (1999). Roles of the insulin-like growth factor family in

nonpregnant human endometrium and at the decidual: trophoblast interface, Seminars in

Reproductive Endocrinology 17, 13-21.

Godkin, J. D., and Dore, J. J. (1998). Transforming growth factor beta and the

endometrium, Reviews of Reproduction 3, 1-6.

Goldstein, D. P., and Berkowitz, R. S. (1994). Current management of complete and

partial molar pregnancy, Journal of Reproductive Medicine 39, 139–46.

Görg, A., Postel, W., and Günther, S. (1988). The current state of two-dimensional

electrophoresis with immobilized pH gradients, Electrophoresis 9, 531–46.

Gratton, R. J., Gandley, R. E., Genbacev, O., McCarthy, J. F., Fisher, S. J., and

McLaughlin, M. K. (manuscript in preparation). Conditioned media from hypoxic

trophoblast alters arterial function.

Graven, K. K., Troxler, R. F., Kornfeld, H., Panchenko, M. V., and Farber, H. W. (1994).

Regulation of endothelial cell glyceraldehyde-3-phosphate dehydrogenase expression by

hypoxia, Journal of Biological Chemistry 269,24446-53.

Groenink, J., Ligtenberg, A. J., Veerman, E. C., Bolscher, J. G., and Nieuw Amerongen,

A. V. (1996). Interaction of the salivary low-molecular-weight mucin (MG2) with

Actinobacillus actinomycetemcomitans, Antonie Van Leeuwenhoek 70, 79-87.

Gu, M., Xi, X., Englund, G. D., Berndt, M. C., and Du, X. (1999). Analysis of the roles

of 14-3-3 in the platelet glycoprotein Ib-IX-mediated activation of integrin

113



alpha(IIb)beta(3) using a reconstituted mammalian cell expression model, Journal of Cell

Biology 147, 1085–96.

Gygi, S. P., Rist, B., Gerber, S. A., Turecek, F., Gelb, M. H., and Aebersold, R. (1999).

Quantitative analysis of complex protein mixtures using isotope-coded affinity tags,

Nature Biotechnology 17,994-9.

Hajjar, K. A., and Acharya, S. S. (2000). Annexin II and regulation of cell surface

fibrinolysis, Annals of the New York Academy of Sciences 902, 265-71.

Hara, N., Fujii, T., Okai, T., and Taketani, Y. (1995). Histochemical demonstration of

interleukin-2 in decidua cells of patients with preeclampsia, American Journal of

Reproductive Immunology 34, 44-51.

Harbour, J. W., and Dean, D. C. (2000). Rb function in cell-cycle regulation and

apoptosis, Nature Cell Biology 2, E65-7.

Harrington, K., Carpenter, R. G., Goldfrad, C., and Campbell, S. (1997). Transvaginal

Doppler ultrasound of the uteroplacental circulation in the early prediction of pre

eclampsia and intrauterine growth retardation, British Journal of Obstetrics and

Gynaecology 104,674-81.

Harvey, M. B., Leco, K. J., Arcellana-Panlilio, M. Y., Zhang, X., Edwards, D. R., and

Schultz, G. A. (1995). Proteinase expression in early mouse embryos is regulated by

leukaemia inhibitory factor and epidermal growth factor, Development 121, 1005-14.

114



Hatton, M. N., Loomis, R. E., Levine, M. J., and Tabak, L. A. (1985). Masticatory

lubrication. The role of carbohydrate in the lubricating property of a salivary

glycoprotein-albumin complex, Biochemical Journal 230, 817-20.

Hausser, A., Storz, P., Link, G., Stoll, H., Liu, Y. C., Altman, A., Pfizenmaier, K., and

Johannes, F. J. (1999). Protein kinase C mu is negatively regulated by 14-3-3 signal

transduction proteins, Journal of Biological Chemistry 274, 9258-64.

Haynes, P. A., Gygi, S. P., Figeys, D., and Aebersold, R. (1998). Proteome analysis:

biological assay or data archive?, Electrophoresis 19, 1862-71.

Herbert, B. (1999). Advances in protein solubilisation for two-dimensional

electrophoresis, Electrophoresis 20, 660-3.

Hertig, A. J., Rock, J., Adams, E. C., and Menkin, M. C. (1959). Thirty-four fertilized

human ova, good, bad and indifferent, recovered from 210 women of known fertility: a

study of biologic wastage in early human pregnancy, Pediatrics 23, 202-11.

Hertig, A. T., and Rock, J. (1973). Searching for early fertilized human ova, Gynecologic

Investigation 4, 121–39.

Hochstrasser, D. F. (1998). Proteome in perspective, Clinical Chemistry and Laboratory

Medicine 36, 825-36.

Holmskov, U., Lawson, P., Teisner, B., Tornoe, I., Willis, A. C., Morgan, C., Koch, C.,

and Reid, K. B. (1997). Isolation and characterization of a new member of the scavenger

115



receptor superfamily, glycoprotein-340 (gp-340), as a lung surfactant protein-D binding

molecule, Journal of Biological Chemistry 272, 13743-9.

Holmskov, U., Mollenhauer, J., Madsen, J., Vitved, L., Gronlund, J., Tornoe, I., Kliem,

A., Reid, K. B., Poustka, A., and Skjodt, K. (1999). Cloning of gp-340, a putative

opsonin receptor for lung surfactant protein D, Proceedings of the National Academy of

Sciences of the United States of America 96, 10794-9.

Horiuchi, H., Lippé, R., McBride, H. M., Rubino, M., Woodman, P., Stenmark, H.,

Rybin, V., Wilm, M., Ashman, K., Mann, M., and Zerial, M. (1997). A novel Rab5

GDP/GTP exchange factor complexed to Rabaptin-5 links nucleotide exchange to

effector recruitment and function, Cell 90, 1149–59.

Huang, J. C., Liu, D. Y., Yadollahi, S., Wu, K. K., and Dawood, M. Y. (1998).

Interleukin-1 beta induces cyclooxygenase-2 gene expression in cultured endometrial

stromal cells, Journal of Clinical Endocrinology and Metabolism 83,538-41.

Hubel, C. A., McLaughlin, M. K., Evans, R. W., Hauth, B. A., Sims, C. J., and Roberts,

J. M. (1996). Fasting serum triglycerides, free fatty acids, and malondialdehyde are

increased in preeclampsia, are positively correlated, and decrease within 48 hours post

partum, American Journal of Obstetrics and Gynecology 174,975-82.

Hui, P., Parkash, V., Perkins, A. S., and Carcangiu, M. L. (2000). Pathogenesis of

placental site trophoblastic tumor may require the presence of a paternally derived X

chromosome, Laboratory Investigation 80,965-72.

116



Huppertz, B., Kertschanska, S., Demir, A. Y., Frank, H. G., and Kaufmann, P. (1998).

Immunohistochemistry of matrix metalloproteinases (MMP), their substrates, and their

inhibitors (TIMP) during trophoblast invasion in the human placenta, Cell and Tissue

Research 291, 133-48.

Janatpour, M. J., McMaster, M. T., Genbacev, O., Zhou, Y., Dong, J., Cross, J. C., Israel,

M. A., and Fisher, S.J. (2000). Id-2 regulates critical aspects of human cytotrophoblast

differentiation, invasion and migration [In Process Citation], Development 127, 549–58.

Janatpour, M. J., Utset, M. F., Cross, J. C., Rossant, J., Dong, J., Israel, M.A., and Fisher,

S. J. (1999). A repertoire of differentially expressed transcription factors that offers

insight into mechanisms of human cytotrophoblast differentiation, Developmental

Genetics 25, 146-57.

Jen, Y., Manova, K., and Benezra, R. (1997). Each member of the Id gene family exhibits

a unique expression pattern in mouse gastrulation and neurogenesis, Developmental

Dynamics 208, 92-106.

Jensen, T. S., and Matre, R. (1995). Fc gamma-receptor activity in the developing human

placenta, Apmis 103,433-8.

Jun (2000). Development.

Kalo, M. S., and Pasquale, E. B. (1999). Multiple in vivo tyrosine phosphorylation sites

in Ephb receptors, Biochemistry 38, 14396–408.

117



Kamimura, S., Eguchi, K., Yonezawa, M., and Sekiba, K. (1991). Localization and

developmental change of indoleamine 2,3-dioxygenase activity in the human placenta,

Acta Medica Okayama 45, 135-9.

Karas, M., and Hillenkamp, F. (1988). Laser desorption ionization of proteins with

molecular masses exceeding 10,000 daltons, Analytical Chemistry 60,2299-301.

Khan, A. U., and Wilson, T. (1995). Reactive oxygen species as cellular messengers,

Chemistry and Biology 2, 437-45.

Kilby, M. D., Afford, S., Li, X. F., Strain, A. J., Ahmed, A., and Whittle, M. J. (1996).

Localisation of hepatocyte growth factor and its receptor (c-met) protein and mRNA in

human term placenta, Growth Factors 13, 133-9.

Kim, T. S., Dodia, C., Chen, X., Hennigan, B. B., Jain, M., Feinstein, S.I., and Fisher, A.

B. (1998). Cloning and expression of rat lung acidic Ca(2+)-independent PLA2 and its

organ distribution, American Journal of Physiology 274, L750-61.

Kishimoto, E., Hay, D. I., and Gibbons, R. J. (1989). A human salivary protein which

promotes adhesion of Streptococcus mutans serotype c strains to hydroxyapatite,

Infection and Immunity 57, 3702-7.

Klein, J., and Grummt, I. (1999). Cell cycle-dependent regulation of RNA polymerase I

transcription: the nucleolar transcription factor UBF is inactive in mitosis and early G1,

Proceedings of the National Academy of Sciences of the United States of America 96,

6096-101.

118



Klonoff-Cohen, H. S., Savitz, D. A., Cefalo, R. C., and McCann, M. F. (1989). An

epidemiologic study of contraception and preeclampsia [see comments], Jama 262, 3143

Kovats, S., Main, E. K., Librach, C., Stubblebine, M., Fisher, S. J., and DeMars, R.

(1990). A class I antigen, HLA-G, expressed in human trophoblasts, Science 248, 220–3.

Krebs, C., Macara, L. M., Leiser, R., Bowman, A. W., Greer, I. A., and Kingdom, J. C.

(1996). Intrauterine growth restriction with absent end-diastolic flow velocity in the

umbilical artery is associated with maldevelopment of the placental terminal villous tree,

American Journal of Obstetrics and Gynecology 175, 1534–42.

Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the head

of bacteriophage T4, Nature 227,680-5.

Lamont, R. J., Demuth, D. R., Davis, C. A., Malamud, D., and Rosan, B. (1991).

Salivary-agglutinin-mediated adherence of Streptococcus mutans to early plaque bacteria,

Infection and Immunity 59,3446–50.

Latham, K. E., Garrels, J. I., Chang, C., and Solter, D. (1992). Analysis of embryonic

mouse development: construction of a high-resolution, two-dimensional gel protein

database, Applied and Theoretical Electrophoresis 2, 163-70.

Lawrence, M. B., Berg, E. L., Butcher, E. C., and Springer, T. A. (1995). Rolling of

lymphocytes and neutrophils on peripheral node addressin and subsequent arrest on

ICAM-1 in shear flow, European Journal of Immunology 25, 1025-31.

119



Leach, R. E., Khalifa, R., Ramirez, N. D., Das, S. K., Wang, J., Dey, S. K., Romero, R.,

and Armant, D. R. (1999). Multiple roles for heparin-binding epidermal growth factor

like growth factor are suggested by its cell-specific expression during the human

endometrial cycle and early placentation, Journal of Clinical Endocrinology and

Metabolism 84, 3355-63.

Lenander-Lumikari, M., Tenovuo, J., Puhakka, H. J., Malvaranta, T., Ruuskanen, O.,

Meurman, O., Meurman, P., and Vilja, P. (1992). Salivary antimicrobial proteins and

mutans streptococci in tonsillectomized children, Pediatric Dentistry 14, 86-91.

Lessey, B. A. (1998). Endometrial integrins and the establishment of uterine receptivity,

Human Reproduction 13 Suppl 3, 247-58; discussion 259-61.

Lessey, B. A., and Arnold, J. T. (1998). Paracrine signaling in the endometrium: integrins

and the establishment of uterine receptivity, Journal of Reproductive Immunology 39,

105-16.

Levine, M. J. (1993). Development of artificial salivas, Critical Reviews in Oral Biology

and Medicine 4, 279-86.

Levine, M. J., Aguirre, A., Hatton, M. N., and Tabak, L. A. (1987). Artificial salivas:

present and future, Journal of Dental Research 66 Spec No, 693-8.

Li, G., Waltham, M., Anderson, N. L., Unsworth, E., Treston, A., and Weinstein, J. N.

(1997). Rapid mass spectrometric identification of proteins from two-dimensional

polyacrylamide gels after in gel proteolytic digestion, Electrophoresis 18, 391-402.

120



Li, H., Ko, H. P., and Whitlock, J. P. (1996). Induction of phosphoglycerate kinase 1

gene expression by hypoxia. Roles of Arnt and HIF1alpha, Journal of Biological

Chemistry 271, 21262-7.

Librach, C. L., Feigenbaum, S. L., Bass, K. E., Cui, T. Y., Verastas, N., Sadovsky, Y.,

Quigley, J. P., French, D. L., and Fisher, S.J. (1994). Interleukin-1 beta regulates human

cytotrophoblast metalloproteinase activity and invasion in vitro, Journal of Biological

Chemistry 269, 17125-31.

Librach, C. L., Werb, Z., Fitzgerald, M. L., Chiu, K., Corwin, N. M., Esteves, R. A.,

Grobelny, D., Galardy, R., Damsky, C. H., and Fisher, S. J. (1991). 92-kD type IV

collagenase mediates invasion of human cytotrophoblasts, Journal of Cell Biology 113,

437–49.

Lim, H., Gupta, R. A., Ma, W. G., Paria, B. C., Moller, D. E., Morrow, J. D., DuBois, R.

N., Trzaskos, J. M., and Dey, S. K. (1999a). Cyclo-oxygenase-2-derived prostacyclin

mediates embryo implantation in the mouse via PPARdelta, Genes and Development 13,

1561–74.

Lim, H., Ma, L., Ma, W. G., Maas, R. L., and Dey, S. K. (1999b). Hoxa-10 regulates

uterine stromal cell responsiveness to progesterone during implantation and

decidualization in the mouse, Molecular Endocrinology 13, 1005-17.

121



Lim, H., Paria, B. C., Das, S. K., Dinchuk, J. E., Langenbach, R., Trzaskos, J. M., and

Dey, S. K. (1997a). Multiple female reproductive failures in cyclooxygenase 2-deficient

mice, Cell 91, 197-208.

Lim, K. H., Zhou, Y., Janatpour, M., McMaster, M., Bass, K., Chun, S. H., and Fisher, S.

J. (1997b). Human cytotrophoblast differentiation/invasion is abnormal in pre-eclampsia,

American Journal of Pathology 151, 1809-18.

Lin, X., and Barber, D. L. (1996). A calcineurin homologous protein inhibits GTPase

stimulated Na-H exchange, Proceedings of the National Academy of Sciences of the

United States of America 93, 12631-6.

Lin, X., Sikkink, R. A., Rusnak, F., and Barber, D. L. (1999). Inhibition of calcineurin

phosphatase activity by a calcineurin B homologous protein, Journal of Biological

Chemistry 274, 36125-31.

Liu, L., and Roberts, R. M. (1996). Silencing of the gene for the beta subunit of human

chorionic gonadotropin by the embryonic transcription factor Oct-3/4, Journal of

Biological Chemistry 271, 1668.3-9.

Lockwood, C. J. (1999). Heritable coagulopathies in pregnancy, Obstetrical and

Gynecological Survey 54,754-65.

Lorentzen, B., Drevon, C. A., Endresen, M. J., and Henriksen, T. (1995). Fatty acid

pattern of esterified and free fatty acids in sera of women with normal and pre-eclamptic

pregnancy, British Journal of Obstetrics and Gynaecology 102,530-7.

122



Luo, J., Sladek, R., Bader, J. A., Matthyssen, A., Rossant, J., and Giguere, V. (1997).

Placental abnormalities in mouse embryos lacking the orphan nuclear receptor ERR-beta,

Nature 388,778-82.

Ma, L., Benson, G. V., Lim, H., Dey, S. K., and Maas, R. L. (1998). Abdominal B

(AbdB) Hoxa genes: regulation in adult uterus by estrogen and progesterone and

repression in mullerian duct by the synthetic estrogen diethylstilbestrol (DES),

Developmental Biology 197, 141-54.

Magnusson, I., Ericson, T., and Pruitt, K. (1976). Effect of slivary agglutinins on

bacterial colonization of tooth surfaces, Caries Research 10, 113–22.

Mandel, I. D. (1987). The functions of saliva, Journal of Dental Research 66 Spec No,

623–7.

Many, A., Hubel, C. A., Fisher, S.J., Roberts, J. M., and Zhou, Y. (2000). Invasive

cytotrophoblasts manifest evidence of oxidative stress in preeclampsia, American Journal

of Pathology 156, 321-31.

Marions, L., and Danielsson, K. G. (1999). Expression of cyclo-oxygenase in human

endometrium during the implantation period, Molecular Hum Reproduction 5,961-5.

Martin, K. L., Barlow, D. H., and Sargent, I. L. (1998). Heparin-binding epidermal

growth factor significantly improves human blastocyst development and hatching in

serum-free medium, Human Reproduction 13, 1645-52.

123



Matsui, N. M., Smith, D. M., Clauser, K. R., Fichmann, J., Andrews, L. E., Sullivan, C.

M., Burlingame, A. L., and Epstein, L. B. (1997). Immobilized pH gradient two

dimensional gel electrophoresis and mass spectrometric identification of cytokine

regulated proteins in ME-180 cervical carcinoma cells, Electrophoresis 18, 409–417.

McCarthy, A. L., Woolfson, R. G., Raju, S. K., and Poston, L. (1993). Abnormal

endothelial cell function of resistance arteries from women with preeclampsia, American

Journal of Obstetrics and Gynecology 168, 1323-30.

McMaster, M., Zhou, Y., Shorter, S., Kapasi, K., Geraghty, D., Lim, K. H., and Fisher, S.

(1998). HLA-G isoforms produced by placental cytotrophoblasts and found in amniotic

fluid are due to unusual glycosylation, Journal of Immunology 160,5922–8.

McMaster, M. T., Bass, K. E., and Fisher, S. J. (1994). Human trophoblast invasion.

Autocrine control and paracrine modulation, Annals of the New York Academy of

Sciences 734, 122-31.

McMaster, M. T., Librach, C. L., Zhou, Y., Lim, K. H., Janatpour, M. J., DeMars, R.,

Kovats, S., Damsky, C., and Fisher, S.J. (1995). Human placental HLA-G expression is

restricted to differentiated cytotrophoblasts, Journal of Immunology 154, 3771-8.

Meekins, J. W., McLaughlin, P. J., West, D.C., McFadyen, I. R., and Johnson, P. M.

(1994a). Endothelial cell activation by tumour necrosis factor-alpha (TNF-alpha) and the

development of pre-eclampsia, Clinical and Experimental Immunology 98, 110–4.

124



Meekins, J. W., Pijnenborg, R., Hanssens, M., McFadyen, I. R., and van Asshe, A.

(1994b). A study of placental bed spiral arteries and trophoblast invasion in normal and

severe pre-eclamptic pregnancies, British Journal of Obstetrics and Gynaecology 101,

669–74.

Menaa, C., Devlin, R. D., Reddy, S. V., Gazitt, Y., Choi, S.J., and Roodman, G. D.

(1999). Annexin II increases osteoclast formation by stimulating the proliferation of

osteoclast precursors in human marrow cultures, Journal of Clinical Investigation 103,

1605–13.

Mincheva-Nilsson, L., Baranov, V., Yeung, M. M., Hammarstrom, S., and

Hammarstrom, M. L. (1994). Immunomorphologic studies of human decidua-associated

lymphoid cells in normal early pregnancy, Journal of Immunology 152, 2020-32.

Miyabayashi, H., Furihata, K., Shimizu, T., Ueno, I., and Akamatsu, T. (2000). Influence

of oral Helicobacter pylori on the success of eradication therapy against gastric

Helicobacter pylori, Helicobacter 5, 30-7.

Mollenhauer, J., Wiemann, S., Scheurlen, W., Korn, B., Hayashi, Y., Wilgenbus, K. K.,

von Deimling, A., and Poustka, A. (1997). DMBT1, a new member of the SRCR

superfamily, on chromosome 10q25.3-26.1 is deleted in malignant brain tumours, Nature

Genetics 17, 32-9.

Molloy, M. P. (2000). Two-dimensional electrophoresis of membrane proteins using

immobilized pH gradients, Analytical Biochemistry 280, 1-10.

125



Molloy, M. P., Bolis, S., Herbert, B. R., Ou, K., Tyler, M.I., van Dyk, D. D., Willcox, M.

D., Gooley, A. A., Williams, K. L., Morris, C. A., and Walsh, B.J. (1997). Establishment

of the human reflex tear two-dimensional polyacrylamide gel electrophoresis reference

map: new proteins of potential diagnostic value, Electrophoresis 18, 2811-5.

Molloy, M. P., Herbert, B. R., Walsh, B. J., Tyler, M. I., Traini, M., Sanchez, J. C.,

Hochstrasser, D. F., Williams, K. L., and Gooley, A. A. (1998). Extraction of membrane

proteins by differential solubilization for separation using two-dimensional gel

electrophoresis, Electrophoresis 19, 837-44.

Morgan, T., and Ward, K. (1999). New insights into the genetics of preeclampsia,

Seminars in Perinatology 23, 14–23.

Munn, D. H., Zhou, M., Attwood, J. T., Bondarev, I., Conway, S. J., Marshall, B.,

Brown, C., and Mellor, A. L. (1998). Prevention of allogeneic fetal rejection by

tryptophan catabolism, Science 281, 1191-3.

Murray, P. A., Prakobphol, A., Lee, T., Hoover, C. I., and Fisher, S.J. (1992). Adherence

of oral streptococci to salivary glycoproteins, Infection and Immunity 60, 31-8.

Muslin, A. J., Tanner, J. W., Allen, P. M., and Shaw, A. S. (1996). Interaction of 14-3-3

with signaling proteins is mediated by the recognition of phosphoserine, Cell 84, 889-97.

Muzio, M., Chinnaiyan, A. M., Kischkel, F. C., O'Rourke, K., Shevchenko, A., Ni, J.,

Scaffidi, C., Bretz, J. D., Zhang, M., Gentz, R., et al. (1996). FLICE, a novel FADD

126



homologous ICE/CED-3-like protease, is recruited to the CD95 (Fas/APO-1) death--

inducing signaling complex, Cell 85, 817-27.

Nagashunmugam, T., Malamud, D., Davis, C., Abrams, W. R., and Friedman, H. M.

(1998). Human submandibular saliva inhibits human immunodeficiency virus type 1

infection by displacing envelope glycoprotein gp120 from the virus, Journal of Infectious

Diseases 178, 1635–41.

Nakayama, H., Scott, I. C., and Cross, J. C. (1998). The transition to endoreduplication in

trophoblast giant cells is regulated by the mSNA zinc finger transcription factor,

Developmental Biology 199, 150-63.

Nasu, K., Sugano, T., Matsui, N., Narahara, H., Kawano, Y., and Miyakawa, I. (1999).

Expression of hepatocyte growth factor in cultured human endometrial stromal cells is

induced through a protein kinase C-dependent pathway, Biology of Reproduction 60,

1183–7.

Nikas, G., and Psychoyos, A. (1997). Uterine pinopodes in peri-implantation human

endometrium. Clinical relevance, Annals of New York Academy of Sciences 816, 129

42.

Niwa, H., Miyazaki, J., and Smith, A. G. (2000). Quantitative expression of Oct-3/4

defines differentiation, dedifferentiation or self-renewal of ES cells [see comments],

Nature Genetics 24, 372-6.

127



Novoselov, S. V., Peshenko, I. V., Popov, V. I., Novoselov, V. I., Bystrova, M. F.,

Evdokimov, V. J., Kamzalov, S. S., Merkulova, M. I., Shuvaeva, T. M., Lipkin, V. M.,

and Fesenko, E. E. (1999). Localization of 28-kDa peroxiredoxin in rat epithelial tissues

and its antioxidant properties, Cell and Tissue Research 298,471-80.

O'Brien, J. M., Barton, J. R., and Donaldson, E. S. (1996). The management of placenta

percreta: conservative and operative strategies, Am J ObstetGynecol 175, 1632-8.

O'Farrell, P. H. (1975). High resolution two-dimensional electrophoresis of proteins,

Journal of Biological Chemistry 250, 4007-21.

Obenauf, S. D., Cowman, R. A., and Fitzgerald, R. J. (1986). Immunological cross

reactivity of anionic proteins from caries-free and caries-active salivas which differ in

biological properties toward oral streptococci, Infection and Immunity 51,440-4.

Ogihara, T., Isobe, T., Ichimura, T., Taoka, M., Funaki, M., Sakoda, H., Onishi, Y.,

Inukai, K., Anai, M., Fukushima, Y., et al. (1997). 14-3-3 protein binds to insulin

receptor substrate-1, one of the binding sites of which is in the phosphotyrosine binding

domain, Journal of Biological Chemistry 272,25267-74.

Oho, T., Yu, H., Yamashita, Y., and Koga, T. (1998). Binding of salivary glycoprotein

secretory immunoglobulin A complex to the surface protein antigen of Streptococcus

mutans, Infection and Immunity 66, 115-21.

Palmer, H. J., and Paulson, K. E. (1997). Reactive oxygen species and antioxidants in

signal transduction and gene expression, Nutrition Reviews 55, 353-61.

128



Palmieri, S. L., Peter, W., Hess, H., and Scholer, H. R. (1994). Oct-4 transcription factor

is differentially expressed in the mouse embryo during establishment of the first two

extraembryonic cell lineages involved in implantation, Developmental Biology 166, 259

67.

Pan, S., Sehnke, P. C., Ferl, R. J., and Gurley, W. B. (1999). Specific interactions with

TBP and TFIIB in vitro suggest that 14-3-3 proteins may participate in the regulation of

transcription when part of a DNA binding complex, Plant Cell 11, 1591-602.

Paria, B. C., Das, S. K., and Dey, S. K. (1998). Embryo implantation requires estrogen

directed uterine preparation and catecholestrogen-mediated embryonic activation,

Advances in Pharmacology 42, 840-3.

Paria, B. C., Huet-Hudson, Y. M., and Dey, S. K. (1993). Blastocyst's state of activity

determines the "window" of implantation in the receptive mouse uterus, Proceedings of

the National Academy of Sciences of the United States of America 90, 10159-62.

Pavia, C., Siiteri, P. K., Perlman, J. D., and Stites, D. P. (1979). Suppression of murine

allogeneic cell interactions by sex hormones, Journal of Reproductive Immunology 1, 33

Peng, C. Y., Graves, P. R., Thoma, R. S., Wu, Z., Shaw, A. S., and Piwnica-Worms, H.

(1997). Mitotic and G2 checkpoint control: regulation of 14-3-3 protein binding by

phosphorylation of Cdc25C on serine-216 [see comments], Science 277, 1501-5.

129



Perrot, M., Sagliocco, F., Mini, T., Monribot, C., Schneider, U., Shevchenko, A., Mann,

M., Jenö, P., and Boucherie, H. (1999). Two-dimensional gel protein database of

Saccharomyces cerevisiae (update 1999), Electrophoresis 20, 2280–98.

Pfarrer, C., Macara, L., Leiser, R., and Kingdom, J. (1999). Adaptive angiogenesis in

placentas of heavy smokers [letter] [see comments], Lancet 354, 303.

Pijnenborg, R., Robertson, W. B., Brosens, I., and Dixon, G. (1981). Review article:

trophoblast invasion and the establishment of haemochorial placentation in man and

laboratory animals, Placenta 2, 71-91.

Prakobphol, A., Leffler, H., and Fisher, S.J. (1993). The high-molecular-weight human

mucin is the primary salivary carrier of ABH, Le(a), and Le(b) blood group antigens,

Critical Reviews in Oral Biology and Medicine 4, 325–33.

Prakobphol, A., Tangemann, K., Rosen, S. D., Hoover, C. I., Leffler, H., and Fisher, S. J.

(1999). Separate oligosaccharide determinants mediate interactions of the low-molecular

weight salivary mucin with neutrophils and bacteria, Biochemistry 38,6817-25.

Psychoyos, A. (1986). Uterine receptivity for nidation, Ann NY Acad Sci 476, 36–42.

Qiu, Y., Benet, L. Z., and Burlingame, A. L. (1998). Identification of the hepatic protein

targets of reactive metabolites of acetaminophen in vivo in mice using two-dimensional

gel electrophoresis and mass spectrometry, Journal of Biological Chemistry 273, 17940

53.

130



Queenan, J. T., Jr., Kao, L. C., Arboleda, C. E., Ulloa-Aguirre, A., Golos, T. G., Cines,

D. B., and Strauss, J. F. d. (1987). Regulation of urokinase-type plasminogen activator

production by cultured human cytotrophoblasts, Journal of Biological Chemistry 262,

10903-6.

Rabilloud, T., Kieffer, S., Procaccio, V., Louwagie, M., Courchesne, P. L., Patterson, S.

D., Martinez, P., Garin, J., and Lunardi, J. (1998). Two-dimensional electrophoresis of

human placental mitochondria and protein identification by mass spectrometry: toward a

human mitochondrial proteome, Electrophoresis 19, 1006-14.

Rabilloud, T., Valette, C., and Lawrence, J. J. (1994). Sample application by in-gel

rehydration improves the resolution of two-dimensional electrophoresis with immobilized

pH gradients in the first dimension, Electrophoresis 15, 1552-8.

Rao, U.J., Denslow, N. D., and Block, E. R. (1994). Hypoxia induces the synthesis of

tropomyosin in cultured porcine pulmonary artery endothelial cells, American Journal of

Physiology 267, L271-81.

Raynal, P., and Pollard, H. B. (1994). Annexins: the problem of assessing the biological

role for a gene family of multifunctional calcium- and phospholipid-binding proteins,

Biochimica et Biophysica Acta 1197, 63-93.

Redline, R. W., and Patterson, P. (1995). Pre-eclampsia is associated with an excess of

proliferative immature intermediate trophoblast, Human Pathology 26, 594-600.

131



Redman, C. W. (1983). HLA-DR antigen on human trophoblast: a review, American

Journal of Reproductive Immunology 3, 175-7.

Redman, C. W. (1991). Current topic: pre-eclampsia and the placenta, Placenta 12, 301

Redman, C. W., Sacks, G. P., and Sargent, I. L. (1999). Preeclampsia: an excessive

maternal inflammatory response to pregnancy, American Journal of Obstetrics and

Gynecology 180,499-506.

Righetti, P. G., and Bossi, A. (1997). Isoelectric focusing in immobilized pH gradients:

an update, Journal of Chromatography B, Biomedical Sciences and Applications 699, 77

89.

Riley, P., Anson-Cartwright, L., and Cross, J. C. (1998). The Hand 1 bhLH transcription

factor is essential for placentation and cardiac morphogenesis, Nature Genetics 18, 271-5.

Riley, S. C., Leask, R., Chard, T., Wathen, N. C., Calder, A. A., and Howe, D.C. (1999).

Secretion of matrix metalloproteinase-2, matrix metalloproteinase-9 and tissue inhibitor

of metalloproteinases into the intrauterine compartments during early pregnancy,

Molecular Human Reproduction 5,376-81.

Robb, L., Li, R., Hartley, L., Nandurkar, H. H., Koentgen, F., and Begley, C. G. (1998).

Infertility in female mice lacking the receptor for interleukin 11 is due to a defective

uterine response to implantation, Nature Medicine 4, 303-8.

132



Roberts, J. M., and Redman, C. W. (1993). Pre-eclampsia: more than pregnancy-induced

hypertension [published erratum appears in Lancet 1993 Aug 21;342(8869):504] [see

comments], Lancet 341, 1447-51.

Rocca, B., Loeb, A. L., Strauss, J. F., 3rd, Vezza, R., Habib, A., Li, H., and FitzGerald,

G. A. (2000). Directed vascular expression of the thromboxane A2 receptor results in

intrauterine growth retardation, Nature Medicine 6, 219–21.

Rosan, B., Appelbaum, B., Golub, E., Malamud, D., and Mandel, I. D. (1982). Enhanced

saliva-mediated bacterial aggregation and decreased bacterial adhesion in caries-resistant

versus caries-susceptible individuals, Infection and Immunity 38, 1056-9.

Roth, I., Corry, D. B., Locksley, R. M., Abrams, J. S., Litton, M. J., and Fisher, S. J.

(1996). Human placental cytotrophoblasts produce the immunosuppressive cytokine

interleukin 10, Journal of Experimental Medicine 184,539-48.

Scannapieco, F. A., Torres, G. I., and Levine, M. J. (1995). Salivary amylase promotes

adhesion of oral streptococci to hydroxyapatite, Journal of Dental Research 74, 1360-6.

Schreiber, J., Riethmacher-Sonnenberg, E., Riethmacher, D., Tuerk, E. E., Enderich, J.,

Bösl, M. R., and Wegner, M. (2000). Placental failure in mice lacking the mammalian

homolog of glial cells missing, GCMa, Molecular and Cellular Biology 20, 2466-74.

Schrocksnadel, H., Baier-Bitterlich, G., Dapunt, O., Wachter, H., and Fuchs, D. (1996).

Decreased plasma tryptophan in pregnancy, Obstetrics and Gynecology 88,47-50.

133



Servitja, J. M., Masgrau, R., Pardo, R., Sarri, E., and Picatoste, F. (2000). Effects of

oxidative stress on phospholipid signaling in rat cultured astrocytes and brain slices,

Journal of Neurochemistry 75, 788-94.

Sesti, F., Abbott, G. W., Wei, J., Murray, K. T., Saksena, S., Schwartz, P. J., Priori, S. G.,

Roden, D. M., George, A. L., Jr., and Goldstein, S.A. (2000). A common polymorphism

associated with antibiotic-induced cardiac arrhythmia, Proceedings of the National

Academy of Sciences of the United States of America 97, 10613-8.

Sheth, K. V., Roca, G. L., al-Sedairy, S. T., Parhar, R. S., Hamilton, C. J., and al-Abdul

Jabbar, F. (1991). Prediction of successful embryo implantation by measuring

interleukin-1-alpha and immunosuppressive factor(s) in preimplantation embryo culture

fluid, Fertility and Sterility 55,952-7.

Shevchenko, A., Chernushevich, I., Ens, W., Standing, K. G., Thomson, B., Wilm, M.,

and Mann, M. (1997). Rapid 'de novo' peptide sequencing by a combination of

nanoelectrospray, isotopic labeling and a quadrupole/time-of-flight mass spectrometer,

Rapid Communications in Mass Spectrometry 11, 1015-24.

Shiverick, K. T., and Salafia, C. (1999). Cigarette smoking and pregnancy I: ovarian,

uterine and placental effects, Placenta 20, 265-72.

Simon, C., Mercader, A., Frances, A., Gimeno, M. J., Polan, M. L., Remohi, J., and

Pellicer, A. (1996). Hormonal regulation of serum and endometrial IL-1 alpha, IL-1 beta

and IL-1 ra: IL-1 endometrial microenvironment of the human embryo at the apposition

134



phase under physiological and supraphysiological steroid level conditions, Journal of

Reproductive Immunology 31, 165-84.

Siniossoglou, S., Santos-Rosa, H., Rappsilber, J., Mann, M., and Hurt, E. (1998). A novel

complex of membrane proteins required for formation of a spherical nucleus, Embo

Journal 17, 6449-64.

Slowey, M. J., Verhage, H. G., and Fazleabas, A. T. (1994). Epidermal growth factor,

transforming growth factor-alpha, and epidermal growth factor receptor localization in

the baboon (Papio anubis) uterus during the menstrual cycle and early pregnancy, Journal

of the Society for Gynecologic Investigation 1, 277-84.

Soskic, V., Görlach, M., Poznanovic, S., Boehmer, F. D., and Godovac-Zimmermann, J.

(1999). Functional proteomics analysis of signal transduction pathways of the platelet

derived growth factor beta receptor, Biochemistry 38, 1757-64.

Spengler, B., Kirsch, D., Kaufmann, R., and Jaeger, E. (1992). Peptide sequencing by

matrix-assisted laser-desorption mass spectrometry, Rapid Communications in Mass

Spectrometry 6, 105-8.

Stewart, C. L., and Cullinan, E. B. (1997). Preimplantation development of the

mammalian embryo and its regulation by growth factors, Developmental Genetics 21, 91

101.

Sullivan, C. M., Smith, D. M., Matsui, N. M., Andrews, L. E., Clauser, K. R.,

Chapeaurouge, A., Burlingame, A. L., and Epstein, L. B. (1997). Identification of

135



constitutive and gamma-interferon- and interleukin 4-regulated proteins in the human

renal carcinoma cell line ACHN, Cancer Research 57, 1137-43.

Supino-Rosin, L., Yoshimura, A., Yarden, Y., Elazar, Z., and Neumann, D. (2000).

Intracellular retention and degradation of the epidermal growth factor receptor, two

distinct processes mediated by benzoquinone ansamycins, Journal of Biological

Chemistry 275,21850-5.

Tafuri, A., Alferink, J., Moller, P., Hammerling, G. J., and Arnold, B. (1995). T cell

awareness of paternal alloantigens during pregnancy, Science 270, 630-3.

Taga, M., Saji, M., Suyama, K., and Minaguchi, H. (1996). Transforming growth factor

alpha, like epidermal growth factor, stimulates cell proliferation and inhibits prolactin

secretion in the human decidual cells in vitro, Journal of Endocrinologic Investigation 19,

659-62.

Tanaka, S., Kunath, T., Hadjantonakis, A. K., Nagy, A., and Rossant, J. (1998).

Promotion of trophoblast stem cell proliferation by FGF4, Science 282,2072-5.

Tanaka, T. S., Jaradat, S.A., Lim, M. K., Kargul, G. J., Wang, X. H., Grahovac, M. J.,

Pantano, S., Sano, Y., Piao, Y., Nagaraja, R., et al. (2000). Genome-wide expression

profiling of mid-gestation placenta and embryo using a 15,000 mouse developmental

cDNA microarray, Proceedings of the National Academy of Sciences of the United States

of America 97,9127-9132.

136



Taylor, H. S., Vanden Heuvel, G. B., and Igarashi, P. (1997). A conserved Hox axis in

the mouse and human female reproductive system: late establishment and persistent adult

expression of the Hoxa cluster genes, Biology of Reproduction 57, 1338-45.

Tenovuo, J., Jentsch, H., Soukka, T., and Karhuvaara, L. (1992). Antimicrobial factors of

saliva in relation to dental caries and salivary levels of mutans streptococci, Journal de

Biologie Buccale 20, 85-90.

Timm, S., Titus, B., Bernd, K., and Barroso, M. (1999). The EF-hand Ca(2+)-binding

protein p22 associates with microtubules in an N-myristoylation-dependent manner,

Molecular Biology of the Cell 10, 3473-88.

Tino, M. J., and Wright, J. R. (1999). Glycoprotein-340 binds surfactant protein-A (SP

A) and stimulates alveolar macrophage migration in an SP-A-independent manner,

American Journal of Respiratory Cell and Molecular Biology 20, 759-68.

vanderSpek, J. C., Wyandt, H. E., Skare, J. C., Milunsky, A., Oppenheim, F. G., and

Troxler, R. F. (1989). Localization of the genes for histatins to human chromosome 4q13

and tissue distribution of the mRNAS, American Journal of Human Genetics 45, 381-7.

Verentchikov, A. N., Ens, W., and Standing, K. G. (1994). Reflecting time-of-flight mass

spectrometer with an electrospray ion source and orthogonal extraction, Analytical

Chemistry 66, 126-33.

Vigne, J. L., Murai, J. T., Arbogast, B. W., Jia, W., Fisher, S. J., and Taylor, R. N.

(1997). Elevated nonesterified fatty acid concentrations in severe preeclampsia shift the

137



isoelectric characteristics of plasma albumin, Journal of Clinical Endocrinology and

Metabolism 82, 3786–92.

Vince, G. S., Starkey, P. M., Austgulen, R., Kwiatkowski, D., and Redman, C. W.

(1995). Interleukin-6, tumour necrosis factor and soluble tumour necrosis factor receptors

in women with pre-eclampsia [see comments], British Journal of Obstetrics and

Gynaecology 102, 20–5.

Vincenz, C., and Dixit, V. M. (1996). 14-3-3 proteins associate with A20 in an isoform

specific manner and function both as chaperone and adapter molecules, Journal of

Biological Chemistry 271, 20029–34.

Voit, R., Hoffmann, M., and Grummt, I. (1999). Phosphorylation by G1-specific cqk

cyclin complexes activates the nucleolar transcription factor UBF, Embo Journal 18,

1891–9.

Wakui, H., Wright, A. P., Gustafsson, J., and Zilliacus, J. (1997). Interaction of the

ligand-activated glucocorticoid receptor with the 14-3-3 eta protein, Journal of Biological

Chemistry 272, 8153-6.

Waterman, M. J., Stavridi, E. S., Waterman, J. L., and Halazonetis, T. D. (1998). ATM

dependent activation of p53 involves dephosphorylation and association with 14-3-3

proteins, Nature Genetics 19, 175-8.

138



Wattiez, R., Hermans, C., Bernard, A., Lesur, O., and Falmagne, P. (1999). Human

bronchoalveolar lavage fluid: two-dimensional gel electrophoresis, amino acid

microsequencing and identification of major proteins, Electrophoresis 20, 1634–45.

Webb, P. D., Evans, P. W., Molloy, C. M., and Johnson, P. M. (1985). Biochemical

studies of human placental microvillous plasma membrane proteins, American Journal of

Reproductive Immunology and Microbiology 8, 113-9.

Wilm, M., and Mann, M. (1996). Analytical properties of the nanoelectrospray ion

source, Analytical Chemistry 68, 1-8.

Wilm, M., Shevchenko, A., Houthaeve, T., Breit, S., Schweigerer, L., Fotsis, T., and

Mann, M. (1996). Femtomole sequencing of proteins from polyacrylamide gels by nano

electrospray mass spectrometry, Nature 379, 466-9.

Xu, C., Mao, D., Holers, V. M., Palanca, B., Cheng, A. M., and Molina, H. (2000). A

critical role for murine complement regulator crry in fetomaternal tolerance, Science 287,

498–501.

Yang, J., Winkler, K., Yoshida, M., and Kornbluth, S. (1999). Maintenance of G2 arrest

in the Xenopus oocyte: a role for 14-3-3-mediated inhibition of Cdc25 nuclear import,

Embo Journal 18, 2174-83.

Zachariae, W., Shevchenko, A., Andrews, P. D., Ciosk, R., Galova, M., Stark, M. J.,

Mann, M., and Nasmyth, K. (1998). Mass spectrometric analysis of the anaphase

2.

139



promoting complex from yeast: identification of a subunit related to cullins, Science 279,

1216–9.

Zha, J., Harada, H., Yang, E., Jockel, J., and Korsmeyer, S. J. (1996). Serine

phosphorylation of death agonist BAD in response to survival factor results in binding to

14-3-3 not BCL-X(L) [see comments], Cell 87,619-28.

Zhou, Y., Damsky, C. H., Chiu, K., Roberts, J. M., and Fisher, S.J. (1993). Preeclampsia

is associated with abnormal expression of adhesion molecules by invasive

cytotrophoblasts, Journal of Clinical Investigation 91, 950-60.

Zhou, Y., Damsky, C. H., and Fisher, S. J. (1997a). Preeclampsia is associated with

failure of human cytotrophoblasts to mimic a vascular adhesion phenotype. One cause of

defective endovascular invasion in this syndrome 2, Journal of Clinical Investigation 99,

2152-64.

Zhou, Y., Fisher, S. J., Janatpour, M., Genbacev, O., Dejana, E., Wheelock, M., and

Damsky, C. H. (1997b). Human cytotrophoblasts adopt a vascular phenotype as they

differentiate. A strategy for successful endovascular invasion? [see comments], Journal of

Clinical Investigation 99, 2139-51.

140



w º, t_-__j - “. . . . v. --> cº-r « sº º, I wº,
-

º e–.
*-*. * -->

-

42, sº º, Nº. º º /
* * * * º, ºº “… º ºglº■■ º º, cºcº, º º■ ºc º

7 º’c’■ W. J. Sº &.
-

º- º, º// , i■ t {■ o SS %. ~ sº º- */
-

- “…, * > Z- 2* - º

sº f- º %) o, & | ** C.
RARY L. Jº Ole s ■ º tºº [...] ..." le s […]”*r- A- C "...y º

< *
c & º o Q- --- C

ºr sº c- º, sº ~ º [...] sº cº- Cº. [ ] & 1- ºs ºn tºls (■ / %. […] sº ºvºi gin º. × [/C %, ’º ºvº, 3
º º º le, Sº º º! º

º
º º º /~

º' Q - *** -, -- º, Sº o º/º
-

9 -º *… º lº■■ º.
. . º/vºcºco gº cºpy ■ º sº º/Zºo sº, */
º sº º, 2- º,Sº *% *- º º,º /

º

() C ** * Jº -> * r * - - - -º ”, L! B RARY s —r- º, J/2 . sº [...] º, L! º RA R_Y cº *2. O le
J.

-
C | | o wº S. [...] Qe

o, L. sº º, […] o”
- -

°. [...] sº º […] ~
`■ 9 IT 'º cº %2. ºf g : T & º ( ■ /C º, º

sy - + º º sº º
.2// Sº 2. º sº24/*@ ºs (, , , gº ºf C, º ºs

-

sº. Cºncºco sº, - 4) sº Cº■ /ºcºco SS 4.
* } sº º, sº º **

º º
º Q,

º is 4 - º º,
/4-5 s °, -15 RARY ºr ■ º *** A-2 º' º, 115 RARY ºsº [...] 9. sº [] ‘o. º º >

C (x - º
-

º {- * * ***| sº . º, Lºl s * c ■ ] sº * LC sº
-- " 'º ºvºº gº º,2 º c ■ /C %, & Cº VY Gi- * - (/C

S. ~, *... sº º º, sº
= ~ * ~, %2, N- ---

**** - tº , ºr 2 º'
º & Nº 12% ºf/º

-
º *-r-, * ~ *cºlº■ / º sº º/vºcº º º■ º S. º. º/7/ºc.

alsº º;2 & 4
-

gº º a". -s. * º ºg

º, /25 sº, º Lie RARY sº , º, J/2 sº-º. Li■ . RARY
*** r- ºº sº [...] % *- º [...] aº º sº *•.-es * - O *

Oe > •o 6. º, ~ * o,
a.tº "º ºf tº

*.
(C %, º Aºi ºf g in *. gº // *. ºv's º! 1 * sº

* - º º º N- *-* º P *** --
º!. Sº

--- - !, cº- tº sº. *12 º' ~y -a- * , . Nº º ■ º
sº 2 Sº ***** -- º Cºl/11/ º º * * * * * 2. zº-■ º * - cº !/?? / º

-

- "º■■ o & 4
*

* * º/ fººt J s & º º 4,Sº 'º O dº ’º, º º 0. º «9 Q.º º º tº . .*, ** º 2.
* º * º ~~ {}. A * > º ~ & ºsº tºº. [] … º
r > º C •o º ^c º,

º º o […] &
* …

º º º º * Mººi al
---

ºls //? %.
w
º Aº■ vºj Q | "I º, sº / º & A. *_º vºj &

. º * *-* %2. Sº *** * º * -º º, sº CºA ■ y'.
e. ~ -S. ºr º It'■ CC, º Cºlº■■ º C º Cºº■ ■ ºo J. Ç -- *-**** - / A,

*
º º/ i■ /L 4. º &, * Sº 4. • * *** * * *. º º ~ s

* %. -º- º * † s º, sº *. ©. ..)
-

º y --> * .*,
-

& 4. ºjº, L! B RA R_Y º [...] º, J/2 . sº […] %, Li D. RA ■ º Y º [] º /) ->1– wº O $,
J.

& º sº ~0 C C.
.

9, TT sc * [...] sº, * -- ~ * [º
R■ . 9 in º [...] º ~/C º ■ A. Nº Q 11 º, º ( º >

~

c) º º w- º º 49
º Sº º sº an

-

%. º -
º S

º º, Nº *º dº ///ºC, º, S. vº 77 . . . º
* 2 º' * ** -- -

-- ?- ºf t = f_ - * * º * * * * * /* : *, *. -ºº sº cº, Kºo sº. –
sº cº■ º sº,

sº tº sº º zº, º sº o º º
* y * *.. & º º * … *..

j sº º, {} RA R_Y sº %. e' A-2 cº [...] º, L! i- RARY º [] º~ J * C) S. ~. >s º > º C C. **ºn tº ■ º. % -- sº cº, 2* ºr - -- . Kº --
º, ex

*-*.3 ºvºi g in º, J s -/C * -'º wºug in * - !C
º -* º. *... Sº º, º

º º, sº 12 *- * (*, * j, ºf y?, ? O º º -* *

º 2010/11//º º * * ~ * º Jº■ /º.
-

º, fºr ºf .
-

cºln ■ º
* & 4. C.?”, fººd Nº &.

º ---
º º, */■ º

*.
-*** º 4

-
* > -º as "º *-

º, º

- ** -3- ** º * * *

** º º, º t $º ºr, 0) º º, LI C RAR ×º, Ole s * In 42- . E- ºne
A- c –– º * Qe »” *o

-

o ~ * Oº | | sº º C, | | O ºf \,\! -, º [] º• *
- --> s * Q ~ º - ºt. *_*-C º, […] ºvuº■ º º sº ~/C * - ºug-i º !.

-

--> &-
-

º, cº- 42, sº
- -

~ * **. wº *** * * * * -ºf ■ º, º º º, ■ º º ■ º 7.1 //º o º
º - * *

- a.

* * º - ?, ?,**** º

*/■ º sº. -º- & 4 º/Tºo sº. ºr ºf
º º !. 1. ^ j. º º

º º *…* * L ■ jº º º ■ º Y º º 0. sº -->

* * Y & fºr-1 ■ º // > sº *— º . . . * * * * ~ * , ºr *2. & 2.9 * [...] *.*-A. R. ~ l º, º º [ j º gº A- &’ -i.
O

> Qe [I] º -*. o --, - º […] * º,
r * * - * * --- 4.

- º t - - -y a.º. * -y - º -- * ~ ** (C - sº ºn sº tºsº *y
- s - * ºn º V º■ .* I -:*. º

--- º, --> º º t tº º º, º *

º º: --- *** . º - "...º. * * * * * * * * * *\ - - - - -- º ºg ■ º º * * * º Cº. ■ º
c

º
..??, º ■ º º J *" & * - * & A. Jº J / .i. ºº sº &. º ---- *-

- *~~ º % ryy - º, *- º % * º*** ---- - º º e º, *.. -

! P RA ■ º& Y sº ----l º 4 º' / j º sº °. L ! § R. A. ■ Y cº º, 42'' ~
* A- .* I | Q **

| o
- - - - * - - ** –– ºx -- º – º –

■ r- j º * * º F-- ** °o ■ -- - -3_a_ _ _ “------ º * - -- -

º

!



-

* -º - - - w w = -s a a *J. s — ... -- *
- - -

'º, º ––– J º * º, L- º
Cº. º. * sº (/C ºvoun *, *, JT

**

*1. - ------ º -: º

* - -- - - * > º/º
- * , ºr ~, 22 ->

Cº-º º – !/? * -º JºJº, (º º, s \~ 2. *
Nº 42. * },

C * º º O). 5
If Not to be taken Oy) º * *- *sº

*-
|

A. C f
-

* * ~~ > º

Tom the room. º ■ º- ** 1~

~ —º

is ºn º […] º *. […] &

- *
º, 7 º’■ º *S 0. (?

º, Sº ~,
Cly &/7

º
■ º º %.

* -º- AC/ (0. º ºpl/?. ºº, L. BRARY sº º ^)/ ) º 'º,
-

sº "…
* - ~

* > - L. º. 628.404 "º jº, C/º•o C O ** º - * ~ *

!" ºr ºld º |||||■ Fºl -º ºº, º º || Q - In
2,2'. D 42 Sº cy º sº *Y. º

%, º** * ºf 77/7 tºo º
-

º O. º.
º º, º/ 7.3/?■ º. O 3 1378 00628 4049 sº º º Vººdºo s … “

-> sº º, L. BRARY ºr , , º y cº º
*

sº *.

II*. º * Lºº ■ º tº tºº ■ º.
-

s
- -

º: -g º º "e * so º 9.

ºivº º in * - Tº º 'º ºvº an *. L. s º/C ºtº ■ /ºC, º ( – º, sº *...... . /> → * * ºl t
* - -

- * * : * ~~ º
C.J.57.0/11///7/25 (TY "2 º'

-

-
..) sº cº, Zºcºco sº, ºn / lº sº º 7. //, /\■ º

º *.

* .** *3. º- º

, ) ! º Cz cº *z- º
* / º º gº º, / .** O -º, sº […] º, L■ 5 RARY º ”, º °. Li B RAR ºr sº

*.
-

[...] º > •o º Cº. > Y- —— 9. --y *º *– º
C.

~. o y-- ~
KN ^ ºf ºn …” º c-7 C, | | º ºf ~ *

º AQ'■ vºi G 17 º, º ( /('
& º Aº■ vº, G | TI º, | sº -

-
º

w *-

º
… --

- ** * O. *-

*_ _º º º º º º *
- - - * * () )) /º/, / A ■ º *2 º' * ~ º, Nº.

- - 4 - N
-

- *** 0. sº C, º 1/21/ º' - .* º 7/7 7./? ºf ■ º, * > wºlf. º º º \"as 'º ■ 4–0 sº º º//ºncºco sº,
*

Nº º º
Rºy & *. Q, p º O º º sº -
's- - º ~~ / w º - -

, - & º 9.
--sº [...]”. 4- tº tºº sº ■ º. O/7 sºlº J.

… ? º & ---, º- J A. - ■ | º…? Zº (* […] A C. 8 º: ~ ----- º

> / *2. º A. : : * , , , º ~ * C //? ** ~ º
* º y

s 2-y * * * % sº i v d tº ■ | º º /( %,
---

sº A. ºf v. Ni {j | | º,
- -? - -

*~

\, º
*s ºoº... . /* º, ºr º, sº º,

Cº/Zºo º, Cºlº■■ º () "2: C) ºf fººt ºn *s wº, ■ º
*- tº º,

* --- & A. ºf * Jºo
- -- ***** -1. * * * *

Nº º º & A. sº 4.
sº-

\
º, L. B RA: Y \º º

O º “o
-

-º- 'º. *- ~... → * * * * ~~~~ º º / gº º, Li B RAR Y. Sº & ) -.”
* *

... [I] … º º■ --, -, -ºº sº. . ))) .s

º: > `… _- Lºl °, - º
-

+, & C. - o O & 9. >
-*…, sº º, *

-
* * - a

º ºg Cls ºvº gº º L. * - ■ º º [I] sº,º º º -> º ~ - *…* - • * *
º º, S. *2. Nº

-
72 º ** º ->

..)" º C}º fººd º cº-A■ ºo º sº
*

V.
- *

*º dº.
gº º ºvº is a **, º/vºcºco sº, “Sº C. - º 3. -º- º º *

y sº 22. - a se º 'º' , --> ºf , ) gº C. º * - -

º [. T º, º RAR Y sº [-,- º, 72– º º, L. B RAR Y sº r º
* Sº –– º - ... * º \º L º º

O
$ --, - ºr.* Aº Vºl 3 in º

*

o S- Qe Sº
& cº- º Sºº “Tº º o, [] º º **º * -A * *

O sº ºvºi g : T * & cº- 2, 2 º,
º *… sº º, Sº *2 sº f

(
**tººl■ .■ º

* 2 º' * 7– º, sº ºn , ■ º º sº , ■ º
º ºr ** * * & 12 Jº, ■ /º. 9

-
005'■ 22/11///ºC 2. A º

*** * *~. sº º, . º/ tº lº■ t º º
…”

–Z S & J." ■ º ºf tº
º O/? gº º, Ll º ** *.

-
Y sº º, 9)

A-
º **, *- *- -~2 > T

* . . . . A -- ",■ | y
-

3. Y sº a - -º º "t. --- º * - C _º J º, º V º […] °. ■ º R& RY sº(s - ----- º **º
-N º • *

- r

[…] ºf
C fºr

a. § ºvºi (; 17 ° S - C; º ºr ■ º
* * ºn º sº (/( * - sºvº gº º [...] sº :

* * -º cºlº■■ º
1. ºº ~y * > ~, º, sº

* -- - -- J/2" / 7// * 2.S. c)
-

* * * ■ , , , , º, º º º... O AS %. º
- * *

- * ..???, Jºco sº º, */º
-- ~~ -

º* -- 0 sº "k. Sº º J -s º Cº.",zºº 42. J Cz º *2. jº *~* Lºº ºle s ■ º tºo ºr ■ º O/)

º
9.
º,

& J
--- • Q. -

* Qe […] ** *A. º
º | ºr- | ”. ...” 4-> º ■ º- º, Lº c- o -*. C. > ~ Sº * º

* * º + | o * º(// º * Mº■ vºj G | | * sº cº-º/” * [ ] sº º, . . . -- **
* \- C. & Ci J. > (■ ‘… -> * ºf ºr * * * * * - ºry -º- º s * º

-

º () º v ºf £2 "I **

c)??, 77/14 ■ co º, Sº wº º ^2 º º º sº } ~
-

** ** *- : - -- ? - y// - º

r-
---, -º-º-

º * * * , / , , , , Ysº º sº º º/, ºncºco sº, ºn º/º |
Tº A ■ C 3. º º sº º

-
F.LIBRARY s º 9/2 ºr Liºns sº º * .

-> Jº [...] ^*. 4. sº *A. RA R_ Sº I ". ºo, ■ ºn 3 * --- 9 tº º sº | | | | º






