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SUMMARY

Various pregnancy associated proteins are detected in maternal
serum during pregnancy, some of which are also present at low levels in
NON~pregnancy Serum, A review of the literature has been made and the
following conclusions have been drawn, Pregnancy assoc iated proteins
are synthesised by a variety of matermal, fetal and placental tissues.
Both steroid amd proteimaceous hormones are produced, together with
enzymes and other proteins, The functions of many of these proteins
have still to be determined, In vitro investigations have suggested
that some of these proteins may be involved in haemostasis and in immuno-
suppression, However, their precise roles in the complex and sensitive
immunobiological equilibrium that exists between maternal and fetal
tissues during pregnancy, has not been established,

Some placental proteins have been used, to varying degrees of
success, to monitor pregnancy and fetal well-being. Others have
proved invaluable for monitoring malignancies, metastasis and the
recurrence of tumours after treatment, A better understanding of the
function of pregnancy specific proteins would significantly increase
their clinical and practical usefulness,

Pregnancy~associated plasma protein A (PAPP-A) one of the more
recently discovered placental proteins, has similar physicochemical
properties to the serum protease inhibitor alpha-2-macroglobulin (azM)n
It has been suggested that these two proteins may be homologues (or
analogues) as has been observed for other pregnancy associated proteins,
A functiomnal homology has also been suggested for these two proteins,

Histological staining studies by various workers have localised

PAPP-A to the syncytiotrophoblast, the villous cytotrophoblast, the
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utero-placental fibrinoid and in reticular fibres around uterine
decidual cells, This distribution is similar to that observed for the
high molecular weight glycoprotein fibronectin, Tissue from the
utero-placental and chorionic plates synthesised both 35S—-labelled
PAPP-A and fibronectin after one week of culturing,

The purpose of this investigation was to develop a purification
protocol for the production of physiologically active PAPP-A, and to
further compare azM and PAPP-A both physicochemically and functionally,
The following results were obtained.

The neutral carbohydrate content of PAPP-A, purified by positive
affinity chromatography, was determined. PAPP-A contained a mean
neutral carbohydrate content of 12,9%, the value obtained for a,M was
369%. Only 4,8% of the protein in a solution of purified PAPP-A
was precipitable in 12.5% trichloroacetic acid, compared with 53.9%
precipitation fer a solution of azM, However, PAPP-A was insoluble in
5% phosphotungstic acid in 2ZM HCL, These results are consistent with
the relatively high total carbohydrate content observed for PAPP-A
(19.2%),

PAPP-A was obtained in an enriched state under mild purification
conditioms, involving Cibacron blue dye-ligand chromatography, negative
antibody affinity chromatography and gel filtration. The product was
a mixture of PAPP-A and azM (the PAPP-A enriched preparation or PEP),
The ability of these proteins to bind I25I-trypsin and 1zsl—plasmin was
studied, In contrast to previous studies, there was no evidence that
PAPP-A bound proteases, and on incubation with an equimolar (approx)
concentration of trypsin 125I—PAPP--Adegradation was observed, The a,M

2

in these PAPP-A enriched preparations did however, bind to 1251~trypsin
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and 125I-plasmina Complement~-induced lysis of sensitised sheep red
cells was not inhibited by the PAPP-A enriched preparation. These
results are contrary to those already published.

SDS-polyacrylamide gel electrophoresis analysis of scrapings
from Nitabuch's layer at the utero-placental interface, revealed two
high molecular weight polypeptide bands, which stained with comparable
intensity with Coomassie blue, The molecular weights of these bands
corresponded to those of fibronectin (230,000) and PAPP-A (187,000).
Other lower molecular weight bands were also observed, some of which
had molecular weights corresponding to fibrin polypeptides, On
culturing Nitabuch®’s layer for 24 h in the presence of 353-methionine,
a polypeptide with a molecular weight of 230,000 in the culture super-
natant, incorporated the most radiocactivity and this was concluded to
be SSS—fibronectino A band at 187,000 mol wt was not observed in the
culture supernatant. A control of cultured villous placenta did not
show comparable incorporation of 358 into fibronectin. The PAPP-A
and azM in the PAPP-A enriched preparations did not bind to the fibro-
nectin in the Nitabuch's culture supernatant nor to columns of gelatin
Sepharose or 3SS—fibronectin:gelatin Sepharose complexes,

On the basis of the results in this thesis there seems to be
little reason to consider that PAPP-A is homologous or analogous to the
serum proteinAazM in function or finer structure, The evidence seems
to indicate that PAPP-A should no longer be considered as a protein
involved in immunosuppression or fibrinolysis, but primarily as a
protein contributing to the structure of the extracellular matrix in
the utero-~placental and chorionic plates, and in certain fibrotic areas

of placental villous trunks.
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CHAPTER 1 : INTRODUCTION




GENERAL INTRODUCTION

In this chapter a review of the current state of knowledge
of the structure and function of pregnancy associated plasma protein A
(PAPP-A) will be presented, together with a comparison between PAPP-A
and alpha-2-macroglobulin (azM), a serum protease inhibitor thought to
be similar to PAPP-A, However, for a better understanding of the
approaches taken and the arguments presented, it is necessary to have
a background knowledge of human placentology. What makes gestation
such a unique process and what parts do the pregnancy-associated
proteins play in this process? What can be gained by studying these
proteins, and how do these studies aid clinicians in the management
and treatment of expectant mothers during normal and complicated

pregnancies?

1. THE HUMAN PLACENTA

The haemochorial type of placenta found in humans arises
from an intimate union of fetal and maternal tissues, It has many
varied purposes including the physiological exchange of materials
between the maternal and fetal circulations, It possesses a limited
life span of approximately 9 months, during which it develops, grows
and ages; showing alteratioms imn structure and function adapted to
the requirements of the growing embryo and fetus at successive stages
of gestation,

In the following sections several aspects of placental
development, structure and function are described, together with a

review of the immunological aspects of pregnancy,



Figure 1:1

Figure 1:2

Figure 1:3

Implantation: (a) first day
(b) second day
(Adapted from FitzGerald, 1978)

Fifth day of implantation
(Adapted from FitzGerald, 1978)

Eighth day of implantation, AS, amniotic
sac; EEM, extraembryonic mesoderm;

YS, yolk sac,

(Adapted from FitzGerald, 1978)
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1  Placental development and structure

The following account has been constructed from the reviews
of Aitken, Beaconsfield and Ginsburg (1979), Boyd and Hamiltom (1970),
FitzGerald (1978), Pijenborg et al (1981), Wyn (1975) and Walker and
James (1976).

By the 120 cell stage the cells of the early blastocyst have

differentiated into those which form the placenta (the trophoblast),

and those which will become the fetus (the inner cell mass), In vitro

the earliest time at which this has been observed is 5 days after
fertilization, On the 6th or 7th day after fertilization the blasto-~

cyst implants in the wall of the uterus (the endometrium). The inner

cell mass orientates towards the endometrial epithelium which is then
penetrated by the cells of the trophoblast (Figure l:la). By the

12th day the blastocyst comes to lie completely embedded in the uterine
endometrium (Figure l:3), The degree of endometrial invasion by the
trophoblast appears to be strictly defined and limited, Whether the
controlling factors in this process are uterine or fetal (or both)

in origin is not known, At the beginning of implantation, the endo-

metrium undergoes the decidual teaction which begins at the site of

implantation and spreads throughout the endometrium in a few days.
Strictly defined, the decidua is the gestational endometrium that is
shed at parturition (Wyn, 1975), A decidual cell refers specifically
to the transformed stromal cells of the pregnant endometrium, and

these are enlarged cells filled with glycogen and lipid, The possible
decidual functioms are: mnutrition of the embryo; formation of a
cleavage zone at parturition; limitation of trophoblastic invasion;
endocrine secretion and an immunological role (Aitken, Beconsfield

and Ginsburg, 1979),



After implantation the trophoblast begins to differentiate,
At the point of contact with the endometrium the flat trophoblastic
cells become cuboidal, then multiply to form an outer syncytial layer,

the syncytiotrophoblast, which invades the endometrium, The inner

cuboidal cells constitute the cytotrophoblast (Figure l:la), Mitotic

figures are abundant in the cytotrophoblast; disintegration of its
plasma membranes can be observed with the electron microscope as new
syncytium is formed, The syncytium then undergoes vacuolation to
form a system of lacunar spaces (lacunae), which conmect with the
maternal sinusoids and fill with maternal blood (Figures l:1b and 1:2),
In this way the placenta is supplied with maternal arterial blood
directly from the uterine vessels, The proliferating cytotrophoblast
enters the syncytial processes, forming cell columns within them.

Thus the primary villi of the placenta are formed (day 15 approx).

These villi are not truly villous in form, however, as they inter-
connect freely, Active proliferation of the cytotrophoblast carries
the tips of the primary villi through the syncytial layer and into

the decidualised endometrial stroma, A proportion of these villi

fuse with the decidua and remain avascular, Their function is to
anchor the placenta to the uterine wall, At the same time the cyto-~
trophoblast cell columns spread laterally in the peripheral syncytium
and endometrium, and join together to form a shell around the conceptus;

the cytotrophoblastic shell (Figures 1:2 and 1:3), Completion of the

shell limits the area of trophoblast invasion. The shell is pierced
by maternal sinusoids at their points of rupture into the lacunae, which

freely intercommunicate, giving rise to the labyrinthine intervillous

space (Figure 1l:4),



Figure 1:4 Implantation, tenth day.
AS, amniotic sac,
(Adapted from FitzGerald, 1978)

Figure 1:5 The placental barrier
{(Adapted from FitzGerald, 1978)
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The extra embryonic mesoderm enters the villi, transforming

them into secondary villi, It does not penetrate as far as the

cytotrophoblastic shell, Capillaries develop in situ from this
mesoderm, Villi containing these blood vessels are called tertiary
villi, These villi increase in complexity by means of side branches.
Up to 200 tree-like colonies of villi are formed (fetal cotyledons),
each fed by one fetal artery and drained by one fetal vein, Fetal
and maternal blood are separated by the syncytium (which may possess
a brush border and frequently shows anucleate stretches at such
levels), the trophoblastic basement membrane, the stromal connective
tissue, the vascular basement membrane, the capillary endothelium and
the cytotrophoblast, in those regions where it persists (Figure 1:5;
Boyd and Hamiltom, 1970),

A sluggish circulation of maternal blood takes place through
the early lacunae but the circulation becomes more brisk as the inter-
villous space enlarges, The uterine arteries undergo major structural
alterations during the formation of the placenta, Trophoblastic cells
migrate into the maternal spiral arteries (but no deeper than the
medial terminal arteries beyond the myometrium; Pijemborg et al, 1981),
supplying the intervillous space (Robertson, Brosens and Dixon, 1975),
The intra-~arterial invasion starts with the plugging of the distal
tips of these arteries by trophoblastic tissue, continuous either
with the cytotrophoblastic shell or with the proliferating tips of the
anchoring villi (Pijenborg et al, 1981). Trophoblastic cells also
become incorporated in the arterial wall , which loses its mormal
histological characteristics to become a tube of fibrinoid material with
a wider diameter than the original vessel, These structural changes

disrupt the autonomic supply to the vessels, with the result that the



Figure 1:6 Diagrams to illustrate the enlargement of the
chorionic vesicle and progressive obliteration
of the uterine cavity.

a) 6 weeks after fertilization
b) 16 weeks after fertilization
(Adapted from FitzGerald, 1978)

Figure 1:7 Component parts of the placenta
(Adapted from FitzGerald, 1978)



/

Figure 17

chorionic
plate

Inter-
villous
space

Basal
plate

Myo—
metrium

Decidua parietalis
Decidua basalis

I*erine cavity

i i Amnion

Chorion
laeve

Decidua
capsularis

Chorion frondosum

Mucous plug

Cervix

Uterine
cavity

Amnion
Umbilical vessels

Extraembryonic
mesoderm
Trophoblast

Stem villus,
with fetal
arteries and
Fetal vein

Syncytial knot

Anchoring villus

Decidua basalis

Gland
Spiral artery

Uterine vein



placental vascular bed does not actively participate in reflex homeo-
static adjustments of the maternal system, The placental vasculature
forms a low resistance system, supplied directly from the systemic
circulation so that flow through the placenta depends on the prevailing
systemic pressure, Hence, despite the absence of autonomic vasomotor
supply, changes in placental bed haemodynamics occur as a passive,
secondary response to changes in the systemic pressure, and/or to
chemical stimuli,

During the third week after fertilization the growing chorionic
vesicle enlarges into the cavity of the uterus, The decidua outside

the vesicle is now called the decidua capsularis and that on the maternal

aspect of the vesicle is the decidua basalis (Figure l:6a), The

decidua parietalis lines the remainder of the body of the uterus,

After some 12 weeks of development the decidua capsularis comes into
contact with, and begins to fuse with the decidua parietalis opposite
(Figure 1:6b), gradually obliterating the uterine cavity. Although
the early chorionic villi develop all around the blastocyst, the later
(tertiary) villi become progressively restricted to the decidua basalis,

where they enlarge to form the chorion frondosum, The chorion laeve,

in contact with the decidua capsularis undergoes atrophy,

During the middle trimester of pregnancy the placenta
continues to grow (Figure 1:10a), but the original relationship between
fetal and maternal components is maintained, The tertiary villi
continue their arborescent growth right up to term; their growing tips
displaying knoblike thickenings of syncytiotrophoblast which contain

many nuclei; these are known as syncytial knots (Figure 1:7).

At 12 weeks the villi are large (up to 0,3 mm in diameter), with 2 well-

defined layers of trophoblast, Capillaries are small and located



Figure 1:8 Diagram of a portion of the mature placenta,
Only ome villous tree is represented, Note:

The intervillous space is normally filled with
maternal blood; the arrows indicate its
direction of flow.

(Adapted from FitzGerald, 1978)

Figure 1:9 Illustration of the mechanism by which blocking

antibodies prevent the attack of sensitized
lymphocytes (immunological enhancement),
(Adapted from Coopex, 1980).
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centrally in the connective tissue core, At term the villi are much
smaller (0,05-0,1 mm in diameter), the capillaries are nearer tﬂé surface,
the syncytiotrophoblast thins and cytotrophoblastic cells are few,
Fibrinoid deposits are commonly seen on the surface of the villi. Fresh
syncytium is continually recruited from the Langhans cytotrophoblast,
which diminishes in amount as pregnancy advances, During the lst
trimester of pregnancy the cytotrophcblast invades the decidua and inner
myometrium, and fusion of these mononuclear cells creates the syncytio-
trophoblastic multinuclear giant cells, Together with the basal decidua
and inner myometrium these make up the placental bed. The transform=
ation of cytotrophoblast into syncytiotrophoblast throughout the 2nd and
3rd trimesters results in interstial giant cells being the predominant
trophoblastic elements seen in the placental bed at term (Pijenborg

et al, 1981), Some of these giant cells in the uterine tissue migrate
into the decidual spiral arteries, Progressive erosion of maternal
vessels accompanies enlargement of the intervillous space. Placental
septae are formed which are narrow ridges of interconnected decidua

that project into the intervillous space, giving rise to more or less

cup-shaped structures (Figure 1:8), the maternal cotyledons,

The placenta at term is disc~shaped, about 20 cm in diameter,
2,5 cm thick in the middle and tapering towards the edges, and weighs
approximately 700 g(Figure 1:10a), The fetal surface is covered by
the amnion beneath which.lies the chorion and fetal vessels, The
maternal surface is lobulated in appearance, The maternal cotyledons
correspond to one, or more usuvally, several fetal cotyledoms, the
grooves between them are created by placental septae, A spiral artery
enters each maternal cotyledon and several peripheral veins return the

blood to the maternal circulation (Figure 1:8), The umbilical cord
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contains two arteries and one vein in a jelly-like substance (Wharton's
jelly), covered with the amnion, It is usually inserted mnear the
centre of the placenta and its length normally lies between 50-100 cm,

Dissection of the placenta shows the chorionic plate attached

to which are the fetal cotyledons, These project towards the decidua
basalis which together with the cytotrophoblastic shell on its fetal
surface make up the basal plate (Figure 1:7), The smallest fetal
cotyledons form groups of villi mear the chorionic plate, The largest
are derived from the anchoring villi of early pregnancy; their anchorage
extending from the chorionic plate to the basal plate. The side branches
of these villi give rise to a profusion of terminal villi (Figure 1:8),
floating in the intervillous space, some of which are united by syncytial
bridges, or by deposits of fibrinoid substances on the surface of

adjacent villi,

Each villus contains an independent capillary network; a wide
capillary loop which follows its irregular contours (Figure 1:7), This
system greatly increases the vascular bed of the branch villi, which
slows the flow of blood so that the circulation time through the terminal
villous loop is increased and more complete physiologic exchange with the
maternal blood is effected, Some 200 spiral arteries open into the
intervillous space with about 500 ml of maternal blood in total passing
through per minute, Movement of intervillous blood has not been
observed in humans, but in monkeys the arterial blood spurts into the
intervillous space, reaching the chorionic plate before being dispersed,
It returns more slowly, percolating through the villous sponge on its
way to the venous exits, Gentle rhythmic contractions of the human

uterus are thought to assist in emptying the intervillous space, The
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anchoring villi contain smooth muscle which, by drawing the chorionic
plate towards the basal plate, may prevent the formation of stagnant
pools of maternal blood,

From very early on in pregnancy deposits of fibrin and the
related substance fibrinoid (see Boyd and Hamiltom, 1970; Sutcliffe
et al, 1982a), are found in the boundary zone between maternal and fetal
tissues, and in relationship to the syncytium in the villi (see Chapter
4:6), Fetal tissues come into direct contact with maternal blood,
lymph and interstial tissue fluids, all of which contain fibrinogen,
It is therefore not surprising that fibrin comes to be laid down in
developing membranes and placenta, What 1is surprising is the comparative
lack of coagulation observed in the intervillous space., Perhaps, like
the endothelium in the maternal blood vessels, fetal syncytium possesses
qualities which inhibit clotting, or augment fibrinolytic activity, and
so keeps coagulation at a minimum, This alteration in coagulation
status had been attributed to steroid production by the fetus and
placenta (Alexander et al, 1956), However, recent reports have
suggested that a protein produced specifically by the syncytiotropho-
blast (placental protein 5, PP5) may be involved in the maintenance
of intervillous blood flow, by locally influencing the coagulation
system (Grudzinskas.gg al, 1979), PP5 interacts with both heparin and
thrombin in vitro and it has been proposed (Salem et al, 1980),that it

may represent a placental analogue of antithrombin IIT,

1:2 Placental Physiology

In addition to providing an anatomical barrier between the
fetal and maternal circulation, the placenta has 4 functions namely:

for respiratory exchange; to provide nutrients, amino acids, sugars,
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lipids, minerals and vitamins; to eliminate the endproducts of fetal
metabolism, and to produce hormones, enzymes and other proteins
necessary for the maintenance of pregnancy,.

Various mechanisms are involved in transporting substances across
the placenta (Bissonnette, 1982), namely: simple diffusion, facilitated
diffusion, active tramsport and special processes such as pinocytosis,
reverse pinocytosis and leakage., These mechanisms take place across

the so called placental barrier, which is composed of the fetal capillary

endothelium, a thin layer of collagen fibres, the basement membrane of
the villus, a film of syncytiotrophoblast and fibrinoid (Figure 1:5),
The placental barrier is therefore entirely fetal in origin, In
addition to the exchange that occurs between the mother and fetus via
the placenta, it is possible that some fluid and electrolytes (and even
large molecules) may pass by way of the chorio-amnion para~placenta and
the vessels of the decidua parietalis,

The transfer of respiratory gases 02 and COZ’ occurs by simple
diffusion, the rate of which is dependent on the relative flow rates of
maternal and fetal bloods, difference in concentration on the 2 sides
of the membrane, the surface area of the membrane (11 sq m approx) and
the thickness of the membrane, The greater 02 affinity of fetal haemo-
globin is of assistance, although not essential to normal fetal develop-
ment, The placenta itself requires an oxygen supply equivalent to
some 25% of that used by the fetus,

Molecules required for the nutrition of the fetus are transferred
by active transport and facilitated diffusion, These include substances
such as glucose (the principal energy source of the fetus), vitamins and

amino acids (where the L isomer is selectively transferred), In
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general, transfer of nutrient materials across the placenta is a fairly
rapid process, perhaps occupying only a few minutes forsubstances
transported by simple and facilitated diffusion, In the case of active
transport, duration of 30 min to 1 h, or less, is likely to be involved
(Dewhurst, 1981).

The synthetic activity of the placenta is a very important
function and it produces a variety of steroid and protein molecules (some
of which are mnot detected in normal non-pregnancy serum), The role of
the steroid hormones is well documented (see Dewhurst, 1981). However,
the precise roles of specific protein hormones and other placental
proteins are incompletely understood, Currently known placental-
specific proteins can be divided into 3 groups:

(1) Hormones = human chorionic gonadotrophin (hCG), human placental
lactogen (hPL), human chorionic thyrotrophin (hCT), uterotrophin and
others,

(2) Enzymes - histamines, placental alkaline phosphatase,
oxytocinase, steroid dehydrogenase and transglutaminase,

(3) Other Proteins - glycoproteins that are secreted almost
entirely into the matermal circulation., Most of these proteins have
been identified by immunological techniques and most are of unkoown
biological functiom, There are at least 6 placental proteins that fit
into this category (see Klopper, 1980; Tatarinov, 1980), namely
Schwangerschafts protein 1 (B, glycoprotein or SPl), placental protein
5 (PP5), pregnancy-associated plasma proteins A and B (PAPP-A and
PAPP-B) and placental-specific d microglobulins (PAMG-1 and PAMG-2).

The evidence is strong that the endocrinologically active
tissue of the human placenta is the syncytiotrophoblast (Wyn, 1975),

with possible small contributions from other well-differentiated and
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specialized forms of trophoblast, All the ultrastructural "machinery’
required for synthesis such as endoplasmic reticulum, Golgi bodies and
mitochondria, have been identified in the syncytiotrophoblast (Wyn,
1975). The cytotrophoblast (Langhan's cells), on the other hand, have
been shown to contain few such organelles (Wyn, 1975) and are concerned
with cellular growth and differentiation rather than synthesis of
endocrine or exocrine products, it is thought that most of the
placental-specific proteins mentioned above are also products of the
syncytiotrophoblast, but evidence is mainly for localization rather
than synthesis (Bohn and Winckler, 1977; Horne et al, 197; Lin and
Halbert, 1976). |

How effective is the placental barrier? At one time it was
thought that the placenta protected the fetus from a number of noxious
substances in the maternal circulation such as infectious diseases or
drugs, But we now know that this view is too simplistic, Certain
common infectious diseases such as rubella and chicken pox can affect
the fetus in utero, Some drugs, even when administered in late
pregnancy, may pass to the fetus with harmful effects, For example,
fetal goitre can be caused by potassium iodide or thiouracil treatment,
and thalidomide, administered in early pregnancy, caused tragic
deformaties in the affected fetuses, Selective transport of antibodies
from the maternal circulation is an important immunological function
of the human placenta as it confers passive immunity upon the fetus
and newborn infant. EE.XEEEQ studies (Wild, 1973) of transport across
the perfused human placenta have shown that immunoglobulins of the
antibody class 1gG are the only ones to pass through, those of classes

IgA and IgM do not. Implicit, therefore, is a requirement for a
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selective molecular recognition of IgG by the placenta, The Fc region
of the IgG molecule has been identified as the functional element in

the recognition process, Specific cell surface receptors omn the
placental membrane are thought to become attached to the Fcy region (see
the review of Johnson and Brown, 1981), Selective transport of the IgG
across the syncytiotrophoblast occurs via receptor-mediated endocytosis
in coated vesicles (see Wild, 1979; Bissonnette, 1982), Fcy receptors
may also be present on other placental cell types, and serve in a quite
different function, that of protecting the fetus from immune complexes
formed with maternal IgG antibodies in situ in the placenta (see

section 1:3 of this Chapter).

The placenta, or specifically its trophoblastic component, has
come to be looked upon more as a filter than the barrier it was once
thought to be, However, there is no direct communication between the
fetal and maternal blood streams, except perhaps at parturitiomn, when
fetal red cells are known to appear in maternal blood (though there is
some small-scale exchange of all the formed blood elements during
gestation; Beer and Billingham, 1976). Thew is some evidence that
maternal lymphoid cells can gain access to the fetus (as seen in graft-
versus-host disease; see Beer and Billingham, 1976). But generally,
with respect to cellular traffic, the placenta may well present an

impenetrable barrier,

1:3 Immunological aspects of pregnancy

Throughout gestation the fetus is surrounded by a layer of
trophoblast at the materno~fetal interface, This layer extends from

the placenta out and around the extra embryonic membranes (see section
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1:1 of this chapter), If this trophoblastic layer carries alloantigens
then it should present to the mother an antigenic challenge capable of
initiating an immune response leading to embryonic tissue rejection,
However, the conceptus is mot usually rejected, which would seem to
suggest that it either does not carry paternal antigens or that there
has been a modifying or failure at some level of the afferent and/or
efferent arm of the maternal immune response (i.e, non-recognition,
non-response or a modified Tesponse),

The antigens that are recognised as foreign on a normal allo~
graft are the histocompatibility antigens., Those which provoke the
fastest removal of tissue are a group of closely linked loci known as
the major histocompatibility antigens (MHC), namely HLA~A, B, C and D,
Antigens which provoke weaker responses are controlled by gene loci
collectively referred to as the minor histocompatibility loci (MIH),
which include the ABO and Rhesus (Rh) blood groups. Trophoblastic
localization studies of HLA antigens have lead to conflicting reports
(Loke, Joysey and Borland, 1971; Faulk and Johnson, 1977; McIntyre
and Faulk, 1979). However, the current opinion is that HLA-D antigens
are absent from all trophoblastic tissue, whereas HLA-A, B and C are
present on non~villous trophoblast, but absent from villous trophoblast
(Dr, C.A, Sunderland, personal communication). A subpopulation of
extravillous cytotrophoblast in the placental bed is also thought ta
carry the HLA-A, B and C antigens (Sunderland, Redman and Stirrat, 1981;
Sunderland et al, 198l), These antigens are also present on the cells
of the villous stroma (Faulk, Sanderson and Temple, 1977), ABO blood
group antigens and Rh-antigens are also thought to be absent from

trophoblastic tissue (Szulman, 1973; McCormick et al, 1971), The
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fetus, unlike the trophoblast, expresses all MHC antigens, even in the
early stages of development, since tissues of the inner cell mass of
mouse embryos have been shown to cross-react with MHC antisera
(Heyner, 1973), The conceptus therefore, would appear to be "semi-
allogeneic" in neture (Johmson, 1982},

The antigenic status of the ;onceptus may be masked by the
presence of an immunological barrier lying between the fetal and maternal
tissues, thus preventing the mother from recognising the foreign conceptus,
Substances such as peritrophoblastic, non-cellular fibrinoid and sialic-
rich mucoproteins (Kirby et al, 1964), and transferrin (Galbraith,
Galbraith and Faulk, 1980), have been put forward as candidates for
potential masking agents, Often only incomplete layers of peritropho-
blastic fibrinoid are observed and in some species there is a complete
lack (Boyd and Hamiltom, 1970)., Kirby et al (1964) proposed that
mucine fibrinoid has a protective effect against the maternal immune
response, as it is a highly negatively charged mucoprotein, Currie
and Bagshawe (1967), reported that removal of sialic acid from mouse
trophoblast cells by neuraminidase treatment rendered them immunogenic,
However, subsequent attempts to repeat this experiment have been unable
to reproduce this observation (Simmons et al, 1971). The fibrinoid
layer at the utero-placental interface (Nitabuch®’s layer), has been
found to be an insoluble material and it may therefore, act as a
barrier either against haemorrhage of maternal placental blood or to
limit the migration of trophoblast, maternal lymphocytes, or other
cellular elements (Sutcliffe et al, 1982a), It has been speculated
(Galbraith, Galbraith and Faulk, 1980), that trophoblastic transferrin

receptors might, by their ability to bind maternal transferrin, prevent



19

maternal immune recognition of the trophoblast, Although these agents
may, to a certain degree, form a "barrier" between the mother and the
fetus, it seems unlikely they are solely responsible for the non-rejection
of the fetus, A further theory put forward to explain the apparent
non~recognition of the conceptus is that of the uterus as an immuno-
logically privileged site, The non-~pregnant uterus is normal with
regards to antigen recognition and immune effector mechanisms (Beer and
Billingham, 1974), It seems likely, therefore, that the decidual
response (in some, as yet undefined, way) is important in maintaining
the foreign conceptus, The well documented occurrence of ectopic
pregnancies in extra-uterine sites which elicit decidual reactions,
indicates that the presence of the trophoblast and the evoked decidual
reaction at the site of implantation play a key role in the feto-maternal
co~existence,

Cells from the conceptus can gain access to the maternal
circulation, Trophoblastic fragments (emboli) exfoliate and are
carried away in the maternal blood at a rate of about 100,000-200,000 per
day. These emboli are eventually broken down in the matermal lungs.
A small-scale exchange of all the formed fetal blood elements, including
platelets, is also common (Beer and Billingham, 1976), and it is
evident that the mother is immunologically cogniscent of her conceptus
as some of these antigens stimulate a maternal response, Perhaps the
most well known of these examples is haemolytic disease of the new born,
where a Rh-negative mother makes antibodies to her Rh-positive baby,
which can ultimately cause fetal erythroblastosis,

Allograft survival can be prolonged if the recipient is given

immunosuppressive treatment and there have been many claims that
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immunosuppressive substances play a part in pregnancy. Whether such
immunosuppression is systemic or local, specific for challenging

paternal markers or non-specific, is a current area of investigation,
Possible pregnancy specific agents which may mediate immunosuppression
are summarised in Table 1:1. However, there is controversy about the
immunosuppressive activity of many of these substances in vivo and
therefore caution should be taken when interpreting these findings
(Cooper, 1980). It seems unlikely that all of the agents which have
been put forward as possible pregnancy immunosuppressants can have such
an effect, otherwise the immune capacity of the mother would be greatly
reduced (which would be a strong evolutionary disadvantage), Pregnant
women are not usually more susceptible to infectious diseases (Llewellyn-
Jones, 1969), though some viral diseases are more common in pregnancy
(Menser, 1976), Why is the fetus not rejected therefore, by the
apparently immunologically competent mother? First, as previously
stated, the trophoblast envelope separates the fetus from the mother and
consequently excludes most cells, Also IgM, the major complement fixing
antibody (which is therefore involved in cytotoxicity and graft rejection)
is not bound or transported by the placenta, Using this informatiomn,
and the knowledge from tumour and transplantation immunology, a

tentative general scheme can be drawn up (Voisin, 1979), Enhancing
antibodies made by the mother toward patermal antigens on the conceptus
can act according to 2 mechanisms (peripheral and central), One is
"periphberal' and protects the target by masking the paternal antigens

on accessible cells of the comnceptus, These are also known as 'blocking'
antibodies (see Figure 1:9), and act by preventing the sensitised

maternal lymphocytes and other cellular components from binding to their
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TABLE 1:1 Proposed agents of immunosuppression during pregnancy

a) PROTEINS
Alpha-fetoprotein (AFP)
Chorionic gomadotrophin (hCG)
Pregnancy-associated &z-glycoprotein (azPAG)
Early pregnancy factor (EPF)
Pregnancy-specific al-glycoprotein (SP1)
Human placental lactogen (hPL)

Placental transcortin

b) STEROIDS
Cortisol

Progesterone and other sex steroids

c¢) FLUIDS WITH SEVERAL OR MANY COMPONENTS

Pregnancy serum (blocking factors)
Placental eluates (containing maternal and fetal

immunoglobulins)

*Reproduced from Cooper (1980)
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target cells either by steric hindrance or by direct binding of the
blocking antibodies to the appropriate receptors, The major anti-
paternal alloantibody produced in murine pregnancy is the non-complement
fixing IgGl, and is therefore a candidate for an enhancing antibody
(Bell and Billington, 1980), especially since Fcy receptors exist on the
placenta (see section 1:2), Also, a matern@l serum IgG blocking factor
has been described (Rocklin et al, 1976) that inhibits lymphokine
production by maternal lymphocytes responding to antigens present on
paternal lymphocytes and on trophoblast cell membranes, The other
'central® mechanism acts by inhibiting the maternal lymphocytes
presumably through immﬁne complexes, Wyn (1975) has suggested that

the fetal and trophoblastic cells in the maternal circulation may help
to saturate the maternal antibody producing system, thus "diverting’

the mother's immune attack from the conceptus (immunodeviation),
Suppressor T cells in the maternal circulation which show antigen-~
specific and general suppression, could inactivate primed maternal
lymphocytes for paternal antigens on the conceptus (Voisin, 1979).

These suppressor cells may be stimulated by the enhancing antibodies
complexed to their corresponding antigens (Voisin, 1979), or by
placental proteins themselves,

The placenta also acts as an immunoadsorbent, filtering out at
least some of the matermal compoments which might otherwise attack the
fetus, Cells with the morphological characteristics of mononuclear
phagocytes (Hofbauer cells; Wood, 1980), are present in the chorionic
villi at all stages of gestation., These cells possess Fc and C3
receptors and are therefore thought to be able to remove immune
complexes entering the villus core, Johnson, Brown and Faulk (1980),

have suggested that the placenta acts as a 'sink', by sequestering the

e
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soluble immune complexes formed from the maternal antibodies and
paternal antigens, However, some maternal antibodies do reach the
fetus, as illustrated by the fetal acquisition of passive immunity,

Fcy receptors on the surface of the placenta (Johnson and Brown, 1981)
bind maternal IgG which is then transported across the placenta to the
fetus, Some of the cellular components of the maternal immune system
can also cross the placenta as shown by the graft-versus-host (GVH)
type reactions of the fetus to maternmal T-lymphocytes (Beer and
Billingham, 1976), It is interesting to note that alpha fetoprotein
(AFP) a pregnancy associated protein of fetal origin, has been shown in
both human and murine in vitro systems to selectively suppress cytotoxic
T~lymphocytes, particularly T-helper cells (Peck, Murgita and Wigzell,
1978), and it seems likely, therefore, that AFP may help to suppress
GVH reactions in the fetus,

Recent evidence suggests (see Johnson, 1982) that successful
maternal acceptance of the semi-allogenic conceptus is aided by a
certain degree of histoincompatability between the mother and fetus,
Couples in which the woman has habitual spontaneous abortions are thought
to express a greater degree of sharing of HLA loci than would be
expected by reference to couples with no such clinical history (Beer
et al, 1981), and a high incidence of anti-sperm antibodies are also
found in these women (Jones, 1976), Further, other women who undefgo
recurrent consecutive abortions of unknown aetiology h;ve been shown to
lack matermal IgG blocking factors (Rocklin et al, 1976), It is
interesting to note that Taylor and Faulk (1980) on the basis of the
theory of the selective advantages of allogenic stimulation for a
successful pregnancy, used repeated pooled leucocyte infusions to

successfully treat 4 women with a history of recurrent spontaneous abortion,



24

However, there are risks involved in such forms of treatment such as
anaphylactic hypersensitivity, infection and also cytotoxic responses
that would prejudice the individual should clinical transplantations
ever be required,.

In summary, it seems possible to conclude that no single
explanation can suffice for the survival of the conceptus as an intra-
uterine "allograft'". There is clearly a complex and dynamic
equilibrium between the maternal and fetal systems, which probably
involves the constant interplay of many factors, imcluding at least

some of those described above,

2) PRACTICAL APPLICATIONS FOR STUDIES OF PREGNANCY ASSOCIATED PROTEINS

In this section the clinical applications of placental and other
pregnancy associated proteins (including steroid hormones) will be
briefly comnsidered. These fall into 3 main areas of study; namely

obstetrics, oncology and immunology,

2:1 Obstetric considerations

The diagnosis of pregnancy relies on detecting substances
produced by the conceptus or the uterus bearing a conceptus, found in
maternal blood or urine, The 2 proteins which have proved the most
useful for diagnosis of pregnancy are human chorionic gonadotrophin
(hCcG, the B subunit in particular) and pregnancy-specific Bl glyco-
protein (SPl), which are produced by the embryo during the early stages
of implantation (Vam Leusden, 1976; Grudzinskas et al, 1977),

Measurement of pregnancy-associated proteins can be used as

diagnostic makers of fetal well-being in both early and late pregnancy
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(Chard, 1976), Although hCG is a sensitive diagnostic test for
pregnancy, the marked decrease in the maternal levels of this protein
after the lst trimester render it of little value in the diagnosis of
pregnancy complications, However, it is of prognostic value in early
threatened abortions (low hCG values), and in the detection of tropho-
blastic disease (high hCG values, since there is no fetal consumption

of the hormone; Van Leusden, 1976). In severe rhesus iso-immunization
urinary and serum hCG are increased, presumably due to the increased
production of the large and hydropic placenta, However, matermnal
levels of placental lactogen (hPL) and SPl rise sharply throughout
pregnancy (see Figure 1:10b), and the relationship between the serum
concentrations of these proteins and the status of the feto-placental
unit have been extensively investigated (see reviews of Letchworth,
19763 Klopper, 1980), In about 50% of all cases with intrauterine
growth retardation the serum concentrations of both of these proteins
are below the normal range during the last 2 weeks prior to delivery
(Bellman et al, 1980), and comsistently low values of hPL in 3rd
trimester maternal plasma are claimed to be indicative of fetal

distress in labour (Letchworth and Chard, 1972), Low serial determin-
ations of hPL concentrations between 10-14 weeks of gestation (and
later), are useful predictors of threatened abortiom, Low levels of
hPL have also been associated with fetal death (lower falling 1eve1;),
diabetes mellitus and in pregnancies complicated by pre-eclampsia

(both mild and severe) and hypertension (Letchworth, 1976), Preliminary
data suggests that SPl may be a better indicator of fetal risk in certain
pregnancy complications, particularly in assays of fetal growth retard-
ation and pre-eclamptic toxaemia (Towler et al, 1977), Low SPl values

have also been reported to predict spontaneous abortion with a high
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degree of accuracy (greater than 89%), if serial determinations are
obtained (Schultz-Larsen and Hertz, 1978). Amniotic fluid levels of
SP1 are elevated in cases of diabetes (a 42% increase), rhesus incom-
patibility (a 637 increase), and intrauterine death (a 12-fold increase;
Tatra, 1979). Hence measurement of SPl concentrations in amniotic
fluid may be a valuable clinical index of high-risk fetuses, Both

SPl and hPL levels are raised in multiple pregnancies and therefore
provide a useful corroborative test for the presence of twins (Towler
et al, 1976),

Assays of oestrogen levels (or oestriol; a steroid hormone
synthesised in the feto-placental unit), in maternal blood and urine is
considered to be a relfable index of fetal well-being in late
pregnancy. Reduced oestriol output is associated with an increased
incidence of fetal growth retardation, fetal distress in labour and
fetal death in utero (Beischer et al, 1968), Also in pregnancies
with anencephalic fetuses having defective pituitaries and secondary
hypoplastic adrenals, urinary levels of oestrogens (particularly
cestriol) are observed at about one-tenth of those found in normal
pregnancies (Thau and Lanman, 1975),

Pregnancy zone protein (PZP) and alpha feto-protein (AFP) are
2 pregnancy associated proteins not produced by the placenta, which
have been used to assess fetal status, Women who show no detectable
PZP in their serum tend to show a higher than normal incidence of
spontaneous abortion (Beckman et al, 1974). Neural tube deformities
and anencephaly can be successfully detected in 88% and 79% of cases
respectively, by monitoring serum AFP levels (Brock and Sutcliffe, 1972),

In spite of these findings there are some reservations which
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apply to these tests of placental function and fetal well-being, Due
to assay and biological variation, overlap is present between the normal
and abnormal populations, For example, a normal, but small baby will
have similar hPL levels to a much larger baby in whom placental function
is decreased, There is a percentage of false positive and negative
results, and to reduce this problem larpge populations need to be surveyed
to define the limits, Other clinical biochemical or biophysical tests
may be better predictors of fetal well-being. Prediction of fetal risk
using ultrasonography or fetoscopy may prove superior to biochemical
assays since the fetus is directly assessed, whereas protein concen-
tration, for example, is an indirect test of the feto-placental unit
(Gordon and Grudzinskas, 1978), Other important criteria of such

tests are that small day to day, and subject to subject variations are
observed. Plasma oestrogen assays for example, can be highly variable,
whereas hPL and SP1 show much less variability (Klopper, Smith and
Davidson, 1979), Lack of data on the biological activities of these
proteins, particularly the more recently discovered ones such as PAPP-A,
PAPP-B, has hampered the proper evaluation of the clinical significance
of individual circulating proteins, However, until thesedata are
available the ease and accuracy of measurement is probably the most
important criterion in judging which placental protein to use in

clinical practice (Chard, 1976),

2:2 Oncolopical considerations

Sensitive assay systems have revealed that a wide range of
trophoblastic and non~trophoblastic tumours produce specific placental
proteins such as hCG, placental aklaline phosphatase and SP1, and

pregnancy associated proteins such as AFP, Gordon and Chard (1979),
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have stated that since findings of this type are now so common it would
seem likely that all tumours can produce all placental proteins,
Specific tumour markers may aid in their detection and localization as
well as the detection of recurring tumours, It is current clinical
practice to measure hCG in the plasma or urine of patients known or
suspected to have trophoblastic tumours and in the subsequent diagnosis,
management and follow-up of such patients, In about 1,5% of cases
(Romney, Wharton and Fletcher, 1975), choriocarcinoma (a highly malignant,
invasive derivative of fetal trophoblastic epithelium), appears after a
hydatiform mole (which occurs in 1 out of 2,000 pregnancies; Romney,
Wharton and Fletcher, 1975), Early diagnosis can be made by monitoring
the persistence of B hCG in blood and urine (Bagshawe, 1974), Chorio-
carcinomas metastasize very readily via the veins, involving many
tissues and organs, especially the brain and lungs in addition to the
uterus and other pelvic organs. This malignant neoplasm is curable
even after metastatic dissemination has occurred, The progress of
metastasis and the eradication of the malignant cells with cytotoxic
drugs can readily be estimated by monitoring patient's plasma, urine

and cerebral spinal fluid with a radioimmunocassay for hCG,

The ectopic production of trophoblast-specific proteins by
non-trophoblastic tumours is now a well recognized phenomenon, In
breast cancer, 76% of patients have detectable SPl in the cytoplasm of
tumour cells, and women with SPl negative cancers have significantly
longer survival times than those who are positive (Horne, Reid and
Milne, 1976), SPl has also been detected in the sera of some patients
with malignant tumours of the lung, gastro-intestinal tract and ovary
(Tatarinov and Sokolov, 1977)., Monitoring, serum levels of pregnancy

associated a glycoprotein is said to be a reliable method of predicting
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metastatic disease, the levels increasing prior to clinical recognition

of metastases and decreasing following successful treatment (Stimson,
1975), AFP has been detected in the serum of patients with primary
hepatoma (in some areas of Africa 80% of all patients with hepatomas

give a positive test, whereas in Western countries rates as low as 30%
have been reported), and in primitive gomadal tumour, teratoblastoma
(Alexander, 1972), Ectopic production of placental alkaline phosphatase
has also been found to be associated with a wide range of cancers (Fishman,
1973).

The reason for the production of placental and fetal antigens
by tumours has been the subject of much speculation, but as yet, mo
conclusions have been drawn. Principal theories include the reversion
of normal cells to an embryonic state in association with the process
of mneoplasia, Goodfellow (1982), suggests that cancer results from
the abnormal expression of one of a pumber of normal differentiation
genes which has repercussions on the metabolism and physiology of the
cell, New antigens on transformed cells will fall into 3 categories,
First, the direct gene products of the 'abnormal' fetal differentiation
antigens, Second, gene products induced or elevated by the "phenotype
shift’, for example transferrin receptors, placental specific antigens
etc, Third, changes in carbohydrate antigens resulting from the
altered cellular physiology causing changes in the sizes of the carbo-
hydrate pools used to make glycoproteins and glycolipids,

Certain aspects of tumour biology are comparable to the biology
of the placenta (Aitken, Beaconsfield and Ginsburg, 1979), including
their invasive properties, autonomous cell division, immune tolerance
in the 'host' and production of proteins, However, the placenta has

'brakes' imposed on its growth, if the nature of these brakes (a
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placental protein?) could be determined the repercussions on oncology

would be very great,

2:3 Immunological comnsiderations

Pregnancy-associated proteins may affect the maternal immune
response during gestation and, though somewhat controversially, immuno-
suppressive roles have been postulated for a number of them (see Table
1:1 and section 1:3 of this chapter)., The site of action of these
proteins could be in the maternal systemic circulation or, more
probably, locally at the utero~placental interface, Studying these
proteins and their proposed roles in the maintenance of the conceptus
during pregnancy may well aid our understanding of the contrasting
immunological problems of graft rejection and the body's apparent
tolerance of malignant tumours, If indeed these proteins do contribute
to immunoprotection of the conceptus they could be used clinically in
the following ways: to promote acceptance of tissue and organ trans-
plants, to treat (or even prevent) autolimmune disorders and conditioms
of pregnancy with immunological aetiologies, such as pre-eclampsia,
and to provoke immune rejection of malignant tumours,

Recurrent abortions and pre-~eclamptic toxaemia (PET) are two
conditions thought to have immunological aetiologies, The immuno-
logical theories of recurrent abortion have already been considered in
section 1:3 of this chapter, to which the reader is referred. However
PET will now be considered, This disease occurs to varying degrees
in about 5-7% of all pregnmancies (Wingate et al, 1975) and it is one of
the 3 major causes of maternal death. The clinical symptoms of PET
are hypertension, oedema, proteinuria and occasionally convulsions

(developing in the 3rd trimester of pregnancy), which can result in both



31

fetal and maternal mortality, PET is more common in young, often
submaximally nourished, primigravida who are confronted with a large
placenta, due to a greater than normal genetic disparity between the
mother and fetus (Beer, 1975), The dosage of fetal antigenic determ-
inants confronting the mother may swamp her immune response so that
insufficient blocking antibody is produced, This ultimately results
in the production of specific cytotoxic antibodies to the trophoblast,
This could lead to tissue necrosis at the choriodecidual junction of the
placenta, increased fibrin deposition and damage to matermal and fetal
blood vessels, Theoretically, this local tissue injury could result
in the release of uterine renin, prostaglandins as well as other agents
which might disturb the renin angiotensin system, evoking hypertension,
oedema or premature labour, Trophoblast specific antibodies can
cross-react with human kidney and brain (Curzen, 1968), which may
explain why these areas are also attacked in PET, A second pregnancy
by the same father may have the added advantage of blocking antibodies
to paternal antigens persisting from the first pregnancy. This could
explain the reduction of PET observed in subsequent pregnancies, The
levels of certain pregnancy-associated proteins such as PAPP-A (Hughes
et al, 1980; see section 3:4 of this chapter), and SP1l (Towler et al,
1977), are said to be affected by PET, Hence monitoring the levels
of these proteins may eqable the onset of PET to be predicted and
suitable clinical measures to be taken to prevent its genesis, such
as maternal immunization with paternal antigens or administration of
blocking antibodies (specific for the paternal antigens),

Immunization against placental antigens is’of special interest

with regard to sterility, fertility and contraceptiom, Antibodies to
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placental antigens can arise spontaneously in women during pregnancy
(see section 1:3 of this chapter). Experiments with animals (see
Hearn, 1980 for recent reviews), have been carried out to monitor the
effects of immunization against placental antigens on fertility and
pregnancy, and the induction of abortiomns and reduced fertility have
been observed using these techniques, Studies in this field have extended
over the last few years as purified placenta-specific proteins have
become available, and it is now hoped that these antigens may provide a
new approach to the regulation of fertility in humans, Bohn (1980),
found that monkeys immunized with SPl and PP5 showed a significant
reduction in fertility, whereas immunization with heat-stable alkaline
phosphatase appeared to be less effective, 0f the placental proteins
looked at so far, hCG appears to be the most promising antigen with
respect to fertility control (Stevens, 1980), As passive immunization
with placental proteins can cause abortions it would seem to confirm

the view that these proteins play an important role in the establishing

and maintenance of the conceptus,

3, PREGNANCY-ASSOCIATED PLASMA PROTEIN A

Ten years ago Gall and Halbert (1972) described 4 antigenic
constituents which were found specifically in the plasma of pregnant
WOET, These were later designated pregnancy-associated plasma proteins,
PAPP-A, B, C and D (Lin, Halbert and Kiefer, 1973; Lin et al, 1974b).

It was subsequently found that 2 of these proteins were known pregnancy
proteins, PAPP-C being SPl and PAPP-D being hPL (Lin et al, 1974a),

The remaining 2 proteins, PAPP-A and PAPP-B, were shown to be unrelated
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to other plasma proteins currently known to be increased in concen~
tration during pregnancy (see Halbert and Lin, 1979).

Similar proteins are found in primates (Lin and Halbert, 1978),
rats and mice (Lin, Halbert and Kiefer, 1974)., It is likely, therefore,
that they occur widely in mammals, which argues that they perform some
essential functions in pregnancy (Klopper, 1980).

This section summarises the present state of knowledge of
pregnancy-associated plasma protein A (PAPP-A), also known as pregnancy-

specific protein 4 (SP4; Folkersen et al, 1979),

3:1 Purification of PAPP-A

PAPP-A has been purified using a variety of chromatographic
techniques, as summarised im Table 1:2, and most have produced highly
purified preparations of this protein, However, 3 of the purification
procedures contained steps requiring ammonium sulphate precipitation
(Table 1:2; step 4, Lin et al, 1979; steps 1, Bischof, 1979; and
Sutcliffe et al, 1980b), and those employing affinity chromatography
(Sutcliffe et al, 1980b; Folkersen et al, 198la) required buffers of
high salt concentration for desorbing the PAPP-A (Table 1:2). Such
agents may have disrupted the conformation of the purified PAPP-A
(see Chapter 3), These preparations were used to investigate the
biochemical and physiological properties of PAPP-A reported in this

section,

3:2 Biochemistry of PAPP~A

PAPP-A is a high molecular weight serum glycoprotein, It has
an estimated molecular weight of 750,000 (740,000~820,000; Lin, Halbert

and Kiefer, 1973; Bischof, 1979; Sutcliffe et al, 1980b), and is
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thought to be a homotetramer, a dimer of dimers, with each monomer
having a molecular weight of about 187,000 (Sutcliffe et al, 1980b),

As neuraminidase treatment alters its electrophoretic mobility (Lin

et al, 1974a), PAPP-A is thought to contain sialic acid (2%, approx;
Sutcliffe et al, 1980b), No galactosamine could be detected in PAPP-A
though a 3,17% content of glucosamine was found by Bischof (1979), On
immunoelectrophoresis, PAPP-A migrates with an alpha-2 electrophoretic
mobility (Lin, Halbert and Kiefer, 1973), Isoelectric focusing
studies in ampholine/sucrose and ampholine/urea systems located the
isoelectric point of PAPP~A at pI 4.3 and 4.42 respectively (Lin,
Halbert and Kiefer, 1973; Sutcliffe et al, 1980b). PAPP-A elutes
from ion exchange chromatography columns at 0,25 M NaCl (range 0.175-
0.5 M NaCl; see Table 1:2 for references and details of chromatography
media), Non-immunoreactive PAPP-A is obtained after treatment with
1.5 M KCNS, 2M KI (Sutcliffe et al, 1979), and proteases (Lin et al,
1974b), PAPP-A is precipitated from pregnancy plasma by 50% saturated
ammonium sulphate, but unlike PAPP-B and SPl, it is soluble in 30%
saturated ammonium sulphate (Halbert and Lin, 1979), A specific
interaction between PAPP-A and heparin has been demonstrated, using heparin
affinity crossed immunoelectrophoresis applied to late pregnancy serum

(Sinosich et al, 1981),

3:3 Synthesis and localization studies

There has been some controversy recently over the mature of
PAPP-A, as to whether it should be regarded as a pregnancy-specific or
pregnancy-associated protein, With the development of sensitive radio-
immunoassays (Bischof et al, 1981; Sinosich et al, 1982), it has been

possible to detect very small amounts of PAPP-A (3-14 ng/ml of plasma),
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Figure 1:10 (a) Weight increase of the placenta during
gestation
(Acapted from Klopper, 1969)

(b) Mean concentration of PAPP-A, SP1 and hPL
in random plasma samples during gestation and
after delivery. DD, day of delivery.
(Adapted from Lin et al, 1976)
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Bischof et al (1981) claimed to have detected PAPP-A in the plasma of
non-pregnant women (at 0.l pg/ml), whereas Sinosich et al (1982) did
not detect PAPP-A in the 100 non-pregnant controls they looked at,
This controversy has still to be resolved and the following account of
the synthesis and localization of PAPP-A will be discussed, wherever
possible, bearing these 2 points of view in mind.

Circulating concentrations of PAPP-A have been detected, using
a radioimmunoassay, as early as 28-32 days after ovulation in singleton
pregnancies and 21 days after ovulation in twin pregnancies (Sinosich
et al, 1982), Using rocket immunoelectrophoresis techniques (Bischof
et al, 1979), the earliest PAPP-A can be detected is the 12th week of
pregnancy. The concentration of PAPP-A rises steadily during mid-~
pregnancy and at a steeply increasing rate from 30 weeks right up to
term (Lin, Halbert and Spellacy, 1976), with a mean concentration at
term of 0.1 mg/ml, This is an uncommon pattern of secretion for a
placental protein, Figure 1:10 shows the secretiom pattern of PAPP-A
and compares it with the secretion patterns of hPL and SPl, and a
standard placental weight curve. The concentration of these placental
proteins in maternal blood reaches a plateau at approximately the same
time as the placental weight curve, however, the concentration curve of
PAPP-A does mnot plateau, and its concentration reaches a maximum only
at delivery, A plasma half-life of 2-3 days has been calculated for
PAPP-A from its rate of fall after delivery (Smith et al, 1979), It
wouid appear, therefore, to be more slowly removed from the maternal
bloodstream than other placental proteins such as hPL (half-life of 20
min), SPl (half-life of 1-2 days), and PAPP-B (half-life of less than

1 day; Halbert and Lin, 1979), Smith, Cooper and Thomson (1980),
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Histological localization of PAPP-A in the placenta

Lin and Halbert
(1975)

McIntyre et al

(1981)

Wahlstrom,
Teisner and

Folkersen

(1981)

Sutcliffe,
Khalef and
Horne

(in preparation)

TECHNIQUE

Indirect

immunofluorescence

Immunof luorescence

Enzyme~bridge
immunoperoxidase

staining

Enzyme~bridge
immunoperoxidase

staining

LOCATION

Syncytiotrophoblast

Intervillous fibrin,

Syncytiotrophoblast and
villous fibrinoid (both
showed highly variable

staining),

Syncytiotrophoblast,
concentrated in a thin
intracytoplasmic rim at
the apical border of

those cells

Some patchy staining in the
syncytiotrophoblast,
Strongly staining areas:-
villous cytotrophoblast;
chorionic plate; cyto~
trophoblasts in fibrinoid
material (Nitabuch's layer)
at the utero-placental
interface and in reticular
fibres around uterine

decidual cells,
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suggest that the observations on PAPP-A concentration and half-life can
be explained as follows. PAPP-A levels in late pregnancy increase
with increasing placental size, As the placenta ages and its growth
slows down, PAPP-A continues to rise as the mechanical trauma of uterine
activity (Attwood and Park, 1961) exfoliates the placenta of potential
microemboli (small fragments of trophoblast). These subsequently enter
the maternal circulation and eventually die in the lungs (over a period
of 2-3 days), thus releasing PAPP-A, However, this theory does not
account for the concentration curves of other proteins thought to be of
trophoblastic origin such as SPl, PP5 and PP1l2, If PAPP-A is maternal
in origin (as suggested by Bischof et al, 1981), then the comparison
of PAPP-A synthesis to placental weight is invalid, and the long half-
life observed after parturition can be.ekplained, since synthesis will
not cease on delivery of the placenta,

Using the immunoelectrophoresis method described in Bischof et al
(1979), Smith et al (1979) determined the levels of PAPP-A in various
maternal and fetal compartments, No PAPP-A was found in cord blood
or amniotic fluid wvsing this method, which was taken to show that the
secretion of PAPP-A was directed into the maternal rather than the fetal
compartments, The concentration of PAPP-A in the matermnal peripheral
blood was 8x greater than in the peritoneal fluid (which suggests that
the passage of PAPP-A out of the blood vessels is greatly impeded),
The concentrationsin the uterine and peripheral veins were very nearly the
same, which indicates that the inflow from the placenta is too slow to
raise the local concentration, The mean concentration of the retro-
placental blood was half that of the peripheral blood, Smith et al
(1979), found this unusual distribution difficult to reconcile with the

direct passage of PAPP-A into the intervillous blood, and concluded
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that the intervillous space was not the main point of entry of PAPP-A
into the matermnal circulation, Again they postulated the theory of
embolism, as described above, to explain this distribution, A further
possibility they put forward was that PAPP-A was released directly into
the maternal tissue as a result of the invasion of the decidua by non-
villous trophoblast (see Robertson, Brosens and Dixon, 1975)., Dissolution
of non-villous trophoblast after parturition could account for the
relatively long half-life of PAPP-A,

Sinosich et al (1982) using their radioimmunoassay did not detect
PAPP-A in the umbilical cord circulation but they did observe PAPP-A in
amniotic fluid (less than or equal to 7.4% of PAPP-A in maternal sera at
term; i.e. 2,7 ug/ml).  Bischof et al (1982a) using their radioimmuno-
assay also found PAPP-A in amniotic fluid (3.8 pg/ml at term), with the
increase in amniotic fluid concentration during gestation paralleling
the increase in PAPP-A in the maternal circulation. Neither group
was able to suggest how PAPP-A might enter this fetal compartment at
such concentrations, Duberg et al (1982) using the radioimmunocassay of
Bischof et al (1981), found that the concentration of PAPP-A in
maternal decidua at term (57,0 a0 ug/g) was 3x higher than in the
trophoblast (16,9 5 5.4 ug/g) and that the concentrations in the endo-

metrium of non-pregnant women (1,9

0.6 pg/g) was 40x higher than in
corresponding plasma samples (0,05 ¥ 0,02 pg/ml). Duberg et al (1982)
suggested therefore, that PAPP-A was of decidual rather than placental
origin, (though they did not exclude an additional fetal origin),
Histological staining studies have been used to localize PAPP-A

on sections of placental and decidual tissues, The results of these

experiments are summarised in Table 1:3, Lin and Halbert (1976),



41

McIntyre et al (1981) and Wahlstrom, Teisner and Folkersen (1981),
localized PAPP-A staining to the syncytiotrophoblast, However,
Sutcliffe, Khalef and Horne ( ~ in preparation) found PAPP-A in

the villous cytotrophoblast, chorionic plate, associated with reticular
fibres around uterine decidual cells, and in Nitabuch’s layer at the
utero-placental interface, Some patchy staining was also observed

by these workers in the syncytiotrophoblast, The PAPP-A distribution
that Sutcliffe, Khalef and Horne observed was very similar to that of
the high molecular weight glycoprotein Fibronectin (see Chapter 4,
section 6), and both of these proteins were often observed in conjunction
with reticular fibres, Sites of synthesis cannot be deduced from the
results of such localization studies, However, Khalef, Buultjens and
Sutcliffe (in preparation), carried out tissue culturing experiments on
Nitabuch's layer (see also Chapter 4:6) and chorionic plate, both of
which synthesised 358 labelled PAPP-A and fibronectin, These results
would seem to indicate therefore, that PAPP-A is synthesised by cyto-
trophoblastic cells in these areas, and the staining of reticular fibres

around decidual cells was indicative of PAPP~-A accumulation rather than

synthesis,

3:4 Physiological studies on PAPP-A

A variety of approaches have been employed in an attempt to
elucidate the part that PAPP-A might play in gestational processes and
feto-maternal homeostasis, From the localization studies discussed
above, it has been suggested that the sites of staining of PAPP-A in the
trophoblast are equivalent to its site of synthesis; or synthesis and
action; or its site of accumulation and action, These results have

led to the supposition that PAPP-A is concerned with the maintenance of
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the placenta as an allograft, by suppressing the immune reactions of the
mother, Other possible functional roles have been investigated by
monitoring PAPP-A levels during pregnancy and comparing them with various
obstetric parameters. Circulating levels of PAPP-A have also been
monitored in patients with various malignant tumours, Finally in vitro
biochemical studies, using purified samples of PAPP-A, have also been
carried out and its effect on the activity and binding of several enzymes
and proteins assessed. The results from these approaches will now be

considered,

In vitro, Biochemical studies using purified PAPP-A

Much of the work in this area has been carried out by Dr. Paul
Bischof with PAPP-A produced in the manner described in Table 1:2 and
in Bischof (1979). Therefore, the results obtained must be viewed as
pertaining to this particular preparation of PAPP-A, The functions
assigned to PAPP-A by Bischof may or may not reflect the in vivo functions
of this protein,

Common antigenic determinants between PAPP~A and other proteins
of known biological function were looked for since this might give a
clue to the physiological role of PAPP-A (Bischof, 1979), No reaction
was observed in immunodiffusion studies when PAPP-A was tested against
antisera to human thyroid stimulating hormone, luteinizing hormone,
follicle stimulating horﬁone, prolactin, placental lactogen, alpha
fetoprotein, SPl, SP3, aZM, antithrombin IITI, al~antitrypsin, plasminogen,
prothrombin and non-pregnancy human serum proteins,

The relatively long half~life of PAPP-A after parturitiom (Smith
et al, 1979), suggested to Bischof (1979), that PAPP-A might be a

steroid binding protein, thus extending the short half-life of these
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hormones, However, binding studies between PAPP-A and tritiated
progesterone, oestrone, oestradiol, oestriol, testosterone and cortisone
gave negative results (Bischof, 1979),

On incubation of PAPP-A and plasmin, 307% inhibition of the
plasmin activity in a caseinolytic assay was recorded (Bischof, 1979),
Also inhibition of urokinase mediated fibrinolysis was observed (Bischof,
1979) by the fibrin plate method (Astrup and Mullertz, 1952), Both of
these results suggest that PAPP-A is involved in the regulation of
fibrinolysis, It is well documented that the fibrimnolytic activity of
maternal blood decreases as pregnancy progresses and is rapidly
restored after delivery of the placenta; This points to the presence
of fibrinolytic inhibitors in the placenta, and such inhibitors have
been shown to exist (Astedt, 1972)., However, in vitro studies have
shown that placental protein 5 (PP5) inhibits the proteolytic activity
of trypsin and plasmin (Klopper, 1980) and could therefore represent
the placental protease inhibitor responsible for the observed inhibition
of fibrinolysis,

PAPP-A is also reported to be an inhibitor of complement-mediated
haemolysis (Bischof, 1979, 1981), The inhibitary capacity of PAPP-A
produced by positive affinity chromatography (Sutcliffe et al, 1980b)
was also tested by Bischof (1981) and identical results to those
observed with his own preparation of PAPP-A were obtained, However,
Sutcliffe himself did not observe inhibition of complement-mediated
haemolysis using the same PAPP-A (Dr, R.G. Sutcliffe, personal communi-
cation), Bischof (1981) speculated that if PAPP-A inhibited the
activity of complement during pregnancy, it might participate in the

immunosuppressive mechanisms thought to prevent rejection of the fetus,
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Similarly, Bischof et al (1982b), have reported that PAPP-A inhibits
phytohemaglutinin (PHA) induced T-lymphocyte transformation (but not
pokeweek mitogen (PWM) induced B-lymphoblastogenesis), They suggested
that this was brought about by PAPP-A affecting the secretory products
(possibly lymphokines possessing mitogenic activities), of the transformed
T-cells, McIntyre et al (1981) found neither anti-PAPP-A nor PAPP-A
itself exerted a cytotoxic effect on peripheral blood lymphocytes, and
neither affected lymphoblastogenesis in response to PHA, PWM or
Concanavalin A or in mixed lymphocyte reactions (MLR). They therefore
concluded that PAPP-A was not involved in the regulation of lymphocyte
function in vitro, which is contrary to the view held by Bischof et al
(1982b),  Many pregnancy-associated proteins have been postulated to be
"immunosuppressive" agents (see Table 1:1), and this heterogeneous
collection of compounds has been shown to modify one or more of several
immunological tests such as MLR, mitogen-induced lymphoblastogenesis or
the rosette inhibition assay, With the exception of steroids such as
cortisone, there is little direct evidence that these agents do in fact
have an immunosuppressive effect in vivo. That is, they are immuno-
suppressive only in the restricted sense that they can modify or imhibit
an immunological test in vitro, The immunosuppressive results reported
for PAPP-A by Bischof et al (1982b) should be viewed in this light,

A specific and highly selective interaction has been reported to
occur between PAPP-A (in late pregnancy serum) and hepariﬁ (Sinosich
et al, 1981), Interaction between heparin and a wide range of tissue
and circulating proteins of the non-pregnant state has been examined
using heparin-Sepharose chromatography (McKay and Laurell, 1980), This
report suggested that with the exception of B-lipoprotein, the proteins

which bound to the immobilised heparin could be divided into 4 functionally
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related groups, i.e. coagulation proteins, protease inhibitors, cell
surface proteins and complement system proteins, Sinosich et al
(1981) concluded therefore, in conjunction with the localization of
PAPP-A to the apical membrane of the syncytiotrophoblast (Wahlstrom,
Teisner and Folkersen, 1981), that PAPP-A is involved in the coagulation

system during pregnancy and in particular with the maintenance of the

intervillous blood flow,

The relationship between obstetric parameters and PAPP-A concentrations

By measuring levels of PAPP-A throughout gestation (which is now
possible from approximately the 5th week of pregnancy right through to
the postpartum period using radioimmunoassays) and comparing them with
obstetric parameters in normal and complicated pregnancies, it was
hoped that the function of PAPP-A might be revealed, It was also hoped
that PAPP-A might be useful as a diagnostic marker of pregnancy and
early placental function, aﬁd that measurement of its concentration would
increase the clinician's complement of tests for fetal well-being., The
results of such investigations are summarised in Table 1:4 and will now
be briefly comsidered,

Mothers with large placentae, as in twin and primigravid
pregnancies, seem to have increased serum concentrations of PAPP~A
(Lin, Halbert and Spellacy, 1976)., This could be explained in two
possible ways; the observed high PAPP-A values may simply reflect the
fact that there is more placenta present to synthesise it; or the
larger placenta may evoke a larger immunological response in the mother
and therefore more immunosuppressant (i.e, PAPP-A) is produced to counter
this, The latter hypothesis would seem to be supported by the high

values of PAPP-A observed in PET (see section 2:3 of this chapter) and
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TABLE 1:4 Correlations between PAPP-A serum levels and obstetric
Earameters
Parameter PAPP-A levels c,f,

control at term (pre-labour)

Large fetus

Large placenta
(especially in primigravid
females)

Twin pregnancies
Male fetuses

Increasing maternal
age

Increasing parity

Onset of spontaneous
labour

Induced labour

Premature labour

Pre-eclamptic
Toxaemia

Rh-negative fetuses

High diastollic blood
pressure

Antepartum haemorrhage

Intra uterine growth
retarded fetuses

Babies with high Apgar
scores at 1 min

Gestational diabetes
in mother

Insulin dependent diabetes
in mother

High

High

High

High

Low/
possible increase

Low

High
Higher than spon-

taneous
High
High
High
High
High

As control
High

As control

low/
As control

Reference

Lin, Halbert &
Spellacy (1976)

Lin, Halbert &
Spellacy (1976)

Lin, Halbert &
Spellacy (1974)

Lin, Halbert &
Spellacy (1974)

Bischof, Hughes &
Klopper (1980)/
Sutcliffe et al
(1982b)
Lin, Halbert &
Spellacy (1974);
Bischof, Hughes &
Klopper (1980)

Smith et El
(1979)

Smith, Thomson &
Cooper (1981)

Hughes et al (1980);
Smith, Thomson &
Cooper (1981)

Lin et al (1977);
Hughes et al (1980)

Bischof, Hughes &
Klopper (1980)

Lin, Halbert &
Spellacy (1976)

Hughes et al (1980)

Sutcliffe et al
(1982b);
Hughes et al (1980)

Bischof, Hughes &
Klopper (1980)

Sutcliffe et gl
(1982b)

Sutcliffe et al

=

(1982b)/Lin et al
(1977)
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male fetuses (because of the antigenic determinants on the Y chromosome).
The low values of PAPP-A in the serum of mothers of increasing parity
would also seem to lend support to this hypothesis since "pre-immunization”
to paternal antigens may confer a degree of immunity on the mother, In
subsequent pregnancies less immunosuppression would therefore be required
to counteract the mother's rejection response, It would be interesting

to measure the PAPP-A levels of multiparous women who have had one or

more changes of husband and compare them to monogomous females of equi-
valent parity, Should the levels of PAPP-A be higher than expected

this may lend some support to the notion that it is an Immunosuppressant,

Smith, Thomson and Cooper (1981) suggest that observed increases
in PAPP-A concentration associated with the onset of labour, whether
spontaneous, induced or premature, is the consequence of increasing
uterine activity at this time and not that PAPP-A is involved with the
initiation of labour,.

If PAPP-A is involved in anticoagulation, a high level at term
could result in a greater postpartum persistence of the protein in the
maternal circulation, This could delay the restoration of mnormal
coagulation, which might result in a greater maternmal susceptibility to
antepartum haemorrhage,

Sutcliffe et al (1982b) have suggested that the effect of insulin
on blood levels of PAPP-A shows that the concentration of PAPP-A is
capable of altering significantly in response to certain physiological
changes associated with the control of carbohydrate metabolism,

Contrary to the observations made by Lin, Halbert and Spellacy
(1976) that PAPP-A levels are increased with large fetuses, the reported
normal levels of PAPP-A with intrauterine growth retarded fetuses
(Sutcliffe et al, 1982b), suggest that PAPP-A is not a useful index of

fetal size or weight,



48

Circulating levels of PAPP-A in association with malignant tumours

Using immunoelectrophoresis methods, Lin et al (1974a) were
unable to detect PAPP-A in the sera of 102 patients with various
malignancies, However, Sinosich et al (1982), using a radioimmunoassay,
detected circulating PAPP-A (15,04 pg/ml) in 2 patients with hydatiform
mole, but mot in patients with choriocarcinoma or a patient with
endodermal sinus tumour, Bischof et al (1982¢), found that circulating
levels of PAPP-A in patients with nomn-trophoblastic tumours were not
significantly different from levels in matched control groups. However,
circulating levels of PAPP-A were significantly elevated pre-operatively
in patients with trophoblastic tumours, whereas the post-operative
concentrations gradually decreased, . The production of placental
proteins by tumours is not an uncommon occurrence; in fact it seems
likely that all tumours can produce placental proteins (CGordon and
Chard, 1979), This is thought to be linked to the process of neoplasia
and a general reversion of what were otherwise normal cells to an
embryonic state, So studies of placental protein production in patients
with tumours does little to further our understanding of the function of
these proteiuns,

In summary, there is circumstantial evidence that PAPP-A may
be involved in immunosuppression and regulation of blood coagulation
during pregnancy, To the clinician, PAPP-A could prove useful for
monitoring the onset of pre-eclamptic toxaemia and labour, However,
whether PAPP-A is an effective index of fetal growth and vitality has

yet to be demonstrated,

&

b, HUMAN ALPHA~2-MACROGLOBULIN : A COMPARISON WITH PAPP-A

PAPP-A has certain characteristics in common with the serum
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protein alpha-Z-macroglobulin (oczM)o Before the common characteristics
of these two proteins are considered (section 4:2), a basic review of

the biochemistry and physiology of azM will be presented,

4:1 Biochemistry and Physiology of azM

The data presented in this section has been compiled from the
following reviews on dZM, Harpel (1976), Starkey and Barrett (1977) and
Van Leuven (1982) and references therein,

&ZM is a glycoprotein containing 8-11% carbohydrate including
sialic acid, It is a high molecular weight tetramer (725,000), a dimex
of dimers, which can be split into halves without cleavage of covalent
bonds, and into quarters (181,000-185,000 mol wt), by reduction of
interchain disulphide bonds, On electrophoresis azM is seen to have
an alpha-2 mobility, and a pl between 5,0 and 5.5,

azM forms complexes with and inhibits nearly all endopeptidases
(but not exopeptidases or non-proteolytic enzymes), as well as binding
nickel and 20% of the total serum zinc content (though this does not

seem to play an essential role in the physiological functions of aZM;

Starkey and Barrett, 1977), Considering the unique interaction

between azM and proteases in a little more detail, Active endopeptidases

bind irreversibly (invelving covalent bond formation) to «,M, and

2

saturation of a molecule-of aZM with a protease prevents the subsequent
binding of other proteases, The bound enzymes retain their activity
towards low molecular weight substrates and imhibitors, but are prevented
from binding to large substrate molecules (i.e, their natural protein-
aceous substrates), The bound enzyme is also protected from other

high molecular weight inhibitors and transfer of proteases from other

inbibitors to o,M has been observed in vitro and in vivo.
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As the azM:protease complex is formed, the polypeptide chains
of a,M are proteolytically cleaved., This proteolysis is limited, and
with most endopeptidases yields azM fragments of the same size (85,000
mol wt, onm reduction), Based on these findings Barrett and Starkey
(1973) proposed a 'trap' model for azM, in which a short region located
near the middle of the a,M subunit polypeptide chain (the 'bait' region),
is proteolytically cleaved to provoke a conformation change which
entraps the enzyme, This "bait’ region has been shown to be a sequence
of amino acid residues which reflect the substrate specificity of
virtually all endopeptidases, hence the broad specificity of azM for
these enzymes (Van Leuven, 1982), The inhibition of the protease is
due to steric hindrance which distinguishes aZM from other inhibitors
such as soya bean trypsin inhibitor and al—proteinase iphibitor, which
bind through the catalytic site of the enzyme, thus abolishing all
activity (Starkey and Barrett, 1977), Contact with high molecular
weight substrates is thus prevented, although small substrates (such as
esters), can still gain access., The protease inhibitory capacity of
uzM is destroyed by certain nucleophilic reagents, particularly
ammonium ions, hydrazine, hydroxylamine and a series of aliphatic
primary amines such as methylamine (Steinbuch et al, 1986; Van Leuvan,
1982), Reaction of aZM with these compounds can cause irreversible
conformational changes which prevent the binding of proteases, This
inactivated QZM has characteristics which are very similar to azM:protease
complexes, such as similar electrophoretic mobility and isoelectric
focusing patterns (Barrett, Brown and Sayers, 1979),

azM:protease complexes are rapidly removed (half-life of 6 min

approx) from the circulation by reticuloendothelial cells, This does

not occur for native aZM or other enzyme-inhibitor complexes, azM:protease
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complexes are internalised by macrophages and fibroblasts by receptor
mediated endocytosis in vitro (Willingham, Maxfield and Pastan, 1979),
It has been proposed (VanlLeuvan et al, 1982), that the conformational
change that occurs when dzM binds enzymes, exposes a receptor-recognition
site, separate from the bait region or the internal thioester groups
(which form covalent bonds with the entrapped enzyme molecule), The
rapid clearance of these complexes suggests that azM controls proteolytic
activity in the circulation primarily by removing the enzyme, and that
inhibition is largely incidental, It is difficult to envisage that the
residual activity of the complexed enzymes during their brief time in
the circulation could be of any great importance, However, the increased
vascular permeability which occurs during inflammation, allows azM to
escape into the tissue, In this situation the o, M: enzyme complexes will
not be removed as rapidly as from the circulation and any residual
activity retained by the bound proteases may be important,

There are strong indications that aZM may contribute to the
body's defences against invasive pathogens and parasites, which often

enter the body with the aid of proteolytic activity, as «,M seems to be

2
the only plasma inhibitor of several bacterial and parasitic proteases
(Starkey and Barrett, 1977), It seems that inhibitors which bind
tightly to the active centre of proteases may generally be highly
specialised for control of the body's own serine proteases, whereas dzM
can eliminate proteases of all classes, even when they are exogenous
and the body has had no opportunity to develop specific protective
mechanisms,

azM is a major component in the circulation of vertebrates

(plasma concentration of 2-4 mg/ml in humans), and it has a long

evolutionary history, with for example, aZM-like proteins being found in
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the plaice (Starkey, 1981), (The 3, apparently different, genetic
polymorphisms of uZM in man (A, B and C) are of a Mendelian autosomal,
co-dominant type, and are distinguishable by their differing electro-
phoretic mobilities.) High concentrations of aZM are also found in
extravascular fluids such as lymph, colostrum, semen, pleural fluid and
synovial fluid, The cells of the lymphoreticular system (e.g, fibro-
blasts and lymphocytes), are thought to be respomsible for the synthesis
of this protein, The serum concentrations of azM seem to be affected
by several factors (Harpel, 1976), including: age, infants possess 2,5x
as much azM as adults; sex, with higher concentrations in females;
pregnancy, azM levels increase significantly; and in association with

oral contraceptives, women on the "pill’ have increased o.M levels
P ) P

2
which may account for the increased tendency to thrombosis in women

taking oestrogens, In most disease states, uzM levels remain sub-
stantially normal, though increased levels have been reported in pulmonary
disorders, diabetes mellitus, agamma globulinemia and in patients with
liver diseases (Harpel, 1976), Decreased levels of azM are reported in
multiple myeloma and in women with rheumatoid arthritis, In pre-
eclampsia without associated proteinuria, azM levels fall, But when
pre-eclampsia is accompanied by proteinuria, azM levels increase

(Harpel, 1976). To date there have been no reports of individuals
lacking this protein, which suggests that such a mutation is lethal,

One case of an inherited aZM deficiency has been reported (Bergqvist and
Nilssomn, 1979), This defect appeared to have no overt clinical symptoms
and the heterozygote individuals were in good health, It has been

suggested that o,M in the serum of patients with cystic fibrosis
g 7 P y

(Roberts et al, 1982) and multiple sclerosis (Bridges, Applegarth and
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Johannson, 1982), shows abnormal protease binding properties,

The protease-binding activity of azM may not represent its only
physiological function. S0 large a protein could contain a variety of
independent binding sites, and there are reports of binding to other
molecules such as zinc and nickel as previously stated,  Such inter-
actions are presumably reversible and quite unrelated to its reactivity
with proteases (Starkey and Barrett, 1977), James (1980) has speculated
that azM—protease binding might participate in the triggering of lympho-
cytes and the synthesis, release and activity of immunologically
important lymphoreticular cell preoducts, However, there is no direct
evidence for this occurring in vivo.

Using indirect immunofluorescence studies on term human placentae,
Faulk and Johnsomn (1977) localized intense azM staining in areas of
peri- and inter-villous fibrin/fibrinoid, Occasionally stromal
components of villi exhibited small clusters of staining for aZM including
the peri-vascular regions and apical aspects of the endothelium, Human
complement components C3 and CQ were often localized in the same areas,
aZM shares a number of properties with these proteins (Starkey, 1981;

Van Leuven, 1982), and it has been suggested (Starkey, 1981) that they
may have evolved from a common precursor,

In summary, aZM is an important defense mechanism, aimed at the
inhibition and removal of potentially harmful endoproteases, Thesé may
originate endogenously (e.go, from the blood clotting cascade, injured
tissue, inflammation) or exogenously (e.g. from bacteria)., This protective
action is not restricted to the blood circulation, since azM is present in

body fluids (including amniotic fluid), a fact that indicates a possible

role in the control of proteolytic activity in the extravascular space,



54

TABLE 1:5 Amino acid composition of «,M and PAPP-A

2
Amino acid o, M ’ PAPP-A
residue (a) — (b) ey
- mol/100 mol g/1l00g of protein  residues/100 residues
Lysine 5,92 5.74 5040
Histidine 2,55 2,77 2,30
Arginine 3.16 3.89 4,21
Aspartic acid 8,33 749 9,48
Threonine 7,04 5,79 6,25
Serine 8,73 5,52 7.90
Glutamic acid 12,72 12,65 10,99
Proline 6,59 3.63 5,0
Glycine 6,68 2,91 10.6
Alanine 6.64 3,63 8.23
Valine 9.23 6,82 6.25
Methionine 1,53 1,61 1,18
Isoleucine 3,66 3,13 3.95
Leucine 9,94 7,89 7,63
Tyrosine 3,90 4,92 3.42
Phenylalanine 4,27 4,83 4,01
Tryptophan - 1,29 0
Half cystine - 1,73 -
Cysteic acid - - 2,90

Sources (a) Hamberg, Stelwagen and Ervast (1973)
(b) Hall and Roberts (1978; - average of 4 values given
in table 3)
(c) Bischof (1979)
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432 uZM and PAPP-A; a comparison

Similarities in the amino acid composition and physicochemical
properties of azM and PAPP-A (see Tables 1:5 and 1:6), prompted Bischof
(1979, 1980), and Sutcliffe et al (1980a), to independently propose that
these 2 proteins were in some way related, Gordon and Chard (1979)
have suggested that all placental proteins are analogues of proteins
present in the novmal adult, sharing some chemical immunological and
biological features, Although this has not been shown for all placental
proteins it is certainly true of many that have been thoroughly character-
ised (Gordon and Chard, 1979). TFor example, adrenocorticotrophic hormone
(ACTH) and gonadotrophin~releasing hormone are essentially the same as
the adult product. Human chorionic gonadotrophin (hCG) and human
placental lactogen (hPL) are analogues of luteinizing hormone and
prolactin respectively. The gene for murine a-fetoprotein (AFP), a
serum protein made by the fetal liver amd yolk sac, has been sequenced
and shown to have extensive homology to the serum albumin gene (Law and
Dugaiczyk, 1981), Although the exact functiom of AFP is unclear, it
now seems very likely that it is a fetal counterpart of adult serum
albumin,

Sutcliffe et al (1980a), having observed the apparent similarities

in size and electrophoretic mobility of o,M and PAPP-A, carried out

2

comparative studies into the structure and antigenicity of these two

proteins, Peptide mapping was used to look for structural homology.

125I—labelled protein was digested with V8 protease from Staphylococcus

aureus, which cleaves polypeptides at the COOH~terminal side of aspartic
and glutamic acid residues, Digestion products were analysed by SDS

polyacrylamide gel electrophoresis.  Substantial differences between



56

TABLE 1:6 A comparison of the physicochemical properties of «,M and

2
PAPD- A%

Property aZM PAPP~A
Type of protein serum glycoprotein serum glycoprotein

(macroglobulin) (macroglobulin)
Molecular weight 725,000 750,000
(approx)
Structure Homotetramer Homotetramer

Molecular weight
of monomer (approx)

Molecular weight of
major tryptic fragment
(approx)

Electrophoretic
mobility

pIl in reducing
conditions

Total carbohydrate
Hexosamine

Sialic acid
Dissociating agents/

AACE precipitin
arc-sensitivity

(dimer of dimers)

181,000

85,000

4,34

8.6%
3247
1,147

(b)) 5 M xews
& 2,0 M KT

(dimer of dimers)

187,000

82,500

4,34

19.2%
()3 19,
2% approx

(b)y .5 u kens
& 2,0 M KT

*All data from Sutcliffe et al (1980b) and Hall and Roberts (1978);
except (a) Bischof(1979) and (b) Sutcliffe et al (1979),
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the digest patterns were observed, Sutcliffe et al (1980a) concluded
that this apparent lack of correspondence in the digest patterns did mot
rule out polypeptide homology, since proteins may be homologous in some
amino acid sequences which are not bounded by aspartic or glutamic acid
residues which can be cleaved by V8 (PAPP-A contains more aspartic acid
residues than aZM and fewer glutamic acid residues; see Table 1:5),
However, subsequent cyanogen bromide peptide mapping of these 2 proteins
also showed no detectable stretches of homology (Gore and Sutcliffe;

in press),

Sheep anti-PAPP-A serum raised by Sutcliffe et al (1980a), was
found to contain some anti-azM specificities, Crossed-immunoelectro=
phoresis experiments were carried out to determine whether PAPP-A and
azM antibodies were raised against contaminating protein in the original
immunization, No reactions of partial or complete identity were
observed between azM and PAPP-A, In a more sensitive radioimmunocassay,
azM was unable to compete with purified PAPP-A for binding sites on
immobilised anti-PAPP-A, However, in the reciprocal assay, purified
PAPP-A was able to displace azM from immobilised anti—oczMo Sutcliffe
et al (1980a), suggested that the significance of this experiment
depended on the level of o,M contamination in the purified PAPP-A, which
was not considered to be very great as azM could not be detected on gel
electrophoresis or immunoelectrophoresis.

Bischof (1979, 1980), looked for possible similarities in
biological function between o,M and PAPP-A.  As previously stated
(section 4:1 of this chapter), a,M is a potent inhibitor of endo-

proteases and therefore is directly and indirectly involved in the

regulation of the haemostatic, inflammatory and complement pathways,
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PAPP-A has been reported to inhibit plasmin, urokinase (azM was thought
to inhibit urokinase, Ogston et al, 1973; but there have been several
subsequent reports contradicting this; see Starkey and Barrett, 1977),
and the haemolytic activity of complement, in vitro (Bischof, 1979,
1981), Therefore, these prelimimary results tend to suggest that PAPP-A
and aZM show functional similarities, In pre-eclamptic toxaemia {when
associated with proteinuria), both PAPP-A and a,M levels are raised
(Hughes et al, 1980; Harpel, 1976), which may also be indicative of
functional similarities,

Using indirect immunofluorescence studies on full term placentae,
McIntyre et al (1981), and Faulk and Johmson (1977), have located a2M
and PAPP-A staining in intexrvillous fibrin/fibrinoid together with
complement compoment C4, plasminogen and the bleocod clotting factor,
-factor VIIL, These observations are again compatible with the notion
that azM and PAPP-A are both involved in the complement and fibrinolytic
pathways,

There is no genetic information available on PAPP-A at present,
However, Sutcliffe et al (1980b), have speculated on the possible origins
of PAPP-A, They suggest that PAPP-A is structurally related to azM and
is expressed in the placenta from a structural gene distinct from that
of azM. They also suggest that it is possible that PAPP-A is a post-
transcriptionally modified form of the placental a,M gene product, ﬁhich
is modified in a way different from that occurring when aZM is synthesized
in other tissues, Anotﬁer possibility indicated, is that serum azm is
converted to PAPP-A in the placenta, The ohserved lack of serological

cross~reactivity between these proteins does not seem to support the

theory of a common genetic origin for azM and PAPP-A, However, when
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the antigenic determinants of these two proteins have been determined

this apparent discrepancy may be resolved,

5. THE USE OF BINDING ASSAYS AS A MEANS OF DETECTING ENZYME

INHIBITION

The interaction between proteases and their inhibitors is
characterised by the formationm of highly associated complexes, in which
the active site of the enzyme is covered or occupied by the inhibitor
(Feeney, 1971; Heimburger, 1975). In the case of «

2M, complex

formation with proteases results in structural changes in the «,M molecule

2
(see section 4:1), which lead to an irreversible complex being formed,
This has been particularly well demonstrated by Saunders et al (1971),
who were unable to displace 1251—trypsin from o,M complexes on the
addition of cold trypsin (and vice versa). In the case of az-plasmin
inhibitor (az PI; the primary inhibitor of plasmin in human plasma),
binding to plasmin is also rapid and irreversible (Mullertz and Clemmenson,
1976). Such irreversibility may not be absolute for all inhibitors,
For example, there is a slow transfer of trypsin from complexes with -
soya bean trypsin inhibitor and, also al-antitrypsin (al protease
inhibitor) to o, M (see Starkey and Barrett, 1977)., Therefore, enzymes
and inhibitors should perhaps, in most cases, be comsidered to form
tightly associated complexes rather than irreversible ones,

Activity assays have been routinely used to assess enzyme
inhibition (for examples see Table 1 in Starkey and Barrett, 1977), such

as the caseinoloysis assay of Crawford, Ogston and Douglas (1976) used to

investigate the plasmin inhibitory capacity of PAPP-A (Bischof, 1979),
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A disadvantage of such an activity assay is that the purity of the
enzyme and inhibitor has to be of a very high standard, otherwise a
precise identification of the protein species which is actually inter-
acting with the enzyme cannot be made, However, it is mot always
possible to obtain such pure protein preparations, especially when
purifying under physiological conditions,. Therefore, other methods
for assessing enzyme inhibition have had to be employed, Binding assays
involving the radio-labelling of one of the protein components (usually
the enzyme) and the resolution of the resulting components (chromato~
graphically, electrophoretically and immunologically), have been most
useful when working with partially purified solutioms, and as an
alternative to an activity assay when using highly purified solutions,

Harpel (1977) separated incubation mixtures of o PI and1251~p1asmin

M %
(after the addition of a SDS-urea solution and boiling), by SDS gel

electrophoresis, The electrophoretic mobility of the complexes and
free protein species were sufficiently different to allow the precise
identification of the various components to be made, and their degree
of 125I—plasmin binding to be quantified. Hence the distribution of

radiolabelled plasmin between the two protease inhibitors could be

compared, and Harpel (1977) was able to conclude that a, PI rather

2
than azM was the major circulating plasmin inhibitor, Using an
activity assay in conjunction with the binding assay, Harpel (1977)

was able to show that 1zsl—plasmin bound as readily to these inhibitors
as did the native enzyme, Barrett and Starkey (1973) have shown that
azM also binds radiolabelled trypsin, chymotrypsin, papain and cathepsin
Blg They separated free enzyme from enzyme:azM complexes by gel

filtering the partially purified aZM-enzyme incubation mixtures,
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Samples of the chromatographed proteins or enzyme-plasma mixtures were
run on immunoelectrophoresis gels against anti-whole human serum and
anti—azM, and the plates stained for activity,. From these experiments,

Barrett and Starkey (1973) were able to show that a,M could bind to

2
essentially all proteases, The stability of oy antitrypsin:trypsin
complexes on chromatographic and electrophoretic separation was demon-
strated by Jeppsson and Laurell (1975), and it would appear, therefore,
that these two methods are generally useful for identifying enzyme:inhibitor
complexes,

An "immunocapture" technique was independently developed by both
Harpel and Hayes (1981) and Sutcliffe (Dr., R.G. Sutcliffe, personal
communication), Harpel and Hayes (1981) used this techmique to
spepifically isolate azM:13lI-Btrypsin complexes from plasma, and from
purified and iodinated aZM, trypsin mixtures, Protein solutions were
incubated with anti—azM immobilised on an agarose gel matrix. The
antibody-bound aZM:trypsin complexes were remarkably stable since they
remained associated with the agarose gel matrix even through repeated
washing, This assay was a highly sensitive and specific assay, Other
immobilised antibodies bound only insignificant amounts of «

2
1BlI-Btrypsin itself did not bind to the immobilised anti-a,M, Trypsin

M, and

activity (amidolysis) was observed and used as a specific measure of
azM:trypsin complexes,  Harpel and Hayes (1981), concluded that this
technique was able to facilitate i) the rapid isolation aﬁd concentration
of a,M:protease complexes, and ii) the measurement of their catalytic
capacity in biological fluid in various physiologic and pathologic states,
In summary, activity assays as a means of identifying enzyme
inhibitors, are only wvalid if highly purified preparations of proteins

are involved, When using whole plasma or partially purified preparations
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of potential protease inhibitors, identification of the interacting
protein species can be made by using an enzyme binding assay. This can
be carried out with great precision if techniques, such as the specific

and sensitive “immunocapture" assay, are employed.

6, EXPERTMENTAL OBJECTIVES

"To date the experimental approach to elucidating biological
function (of placental proteins), has concentrated on
assessing purified proteins which may have been denatured
during purification, and in future, approaches may well be
directed to the study of combinations of molecules"

Y.B, Gordon and T, Chard (1979)

"The isolation of the nmew placental proteins opens new
vistas, Although attention has been fixed on assays of
these proteins as a measure of placental function, it is
likely that their importance stretches well beyond this,
Their true significance cannot be assessed until we know
more about their function,c... We have too easily fallen
for the temptation to seek immediate clinical applications
for the assay of placental proteins, We should now isolate
enough pure material to test hypotheses about their function.
The future lies there"

A, Klopper (1980)

The experimental objectives of this thesis were two fold:
i) to develop a purification protocol for the production of physiologically

active PAPP-A; and ii) to further compare o, M and PAPP-A, both physico-

2
chemically and physiologically,

6:1 The purification of physiologically active PAPP-A

The relevance of any in vitro functiomal investigations to
in vivo systems depends on a number of factors, an important one of
which is that the purified protein is in sufficient of a native state

to permit observations on its possible physiological role, The methods
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of PAPP-A purification used to date have produced highly purified
samples of PAPP-4A, which were useful for studying protein composition
and subunit structure. However, Bischof (1979), Halbert and Lin (1979)
and Sutcliffe et al (1980b), used ammonium sulphate fractions of maternal
serum as a source of PAPP-A for chromatography. This may be signifi-
cant as ammonium salts can cause irreversible conformational changes in
aZM which prevent the binding and inhibition of proteases (see section
4:1 of this chapter). In addition, some purification procedures for
PAPP-A contained steps requiring buffers of high salt concentration
(see Table 1:2; 1M NaCl and 1M KI, Sutcliffe et al, 1980b; 1M NaCl,
Folkersen et al, 198la). Such agents may disrupt the conformation of the
molecules enough to interfere with any functional properties PAPP-A
might have,

The first objective, therefore, was to develop a method of
purifying PAPP-A which did not involve ammonium sulphate precipitation
or high salt concentrations, in order to avoid such conformational or

other changes,

6:2 Homologies, analogies or anomalies?

To what extent can the comparison between «.,M and PAPP-A be taken?

2
Are these proteins structurally and functionally homologous or analogous,

or can the observed similarities be explained in other terms? The

second objective of this thesis was to further compare «a,M both physico-

2
chemically and physiologically with PAPP-A purified under mild conditions,
and to determine if this PAPP-A was indeed an inhibitor of plasmin and

the complement system as stated by Bischof (1979, 1981),
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1. INTRODUCTION

The physicochemical properties of a protein have an important
influence on the elucidation of its structure and ultimately its
biological functiom. PAPP~-A and azM are both glycoproteins (Lin et al,
1974a; Starkey and Barrett, 1977), and because of the similarities in
their overall molecular weight, electrophoretic mobility and amino
acid composition, it has been suggested that these two proteins may be
structurally related (Bischof, 1979 and 1980; Sutcliffe et al, 1980b).
Isoelectric focusing studies on PAPP-A and oM (Sutcliffe et al, 1980b),
showed that their isoelectric points were indistinguishable under both
reducing and non-reducing conditions. Estimations of the total
carbohydrate content bave shown that the value for PAPP-A exceeds that
of a,M by 10.6% (Sutcliffe et al, 1980b). Bischof (1979) estimated
the glucosamine content of PAPP-A to be 3.1%, compared with a mean
value of 3.2% for the hexosamine content of a,M (Hall and Roberts, 1978).
Neuraminidase treatment decreases the apparent size of both proteins by
approximately the same amount (2%; Sutcliffe et al, 1980b), which
indicates that their sialic acid contents are also comparable.

As these proteins have co-incident isoelectric points and since
their amino acid compositions are similar, it would suggest that the
contribution of their carbohydrate residues to their net molecular
charges is also similar. It is possible, therefore, that PAPP-A is
equivalent to a molecule of @,M with additional, attached carbohydrate,
If so, this 'extra' carbohydrate wmust be composed of neutral sugars or
equal numbers of positively and negatively charged residues (or both),
thereby maintaining the overall molecular charges the same. To

investigate this hypothesis, the neutral carbohydrate content of PAPP-A

and azM were determined.
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2. MATERIALS AND METHODS

MATERIALS

aZM and PAPP-A were prepared according to the method of
Sutcliffe et al (1980b). Bovine serum albumin, ovalbumin and
phosphotungstic acid were obtained from Sigma Chemical Company,
Galactose, trichloroacetic acid (Anal-R) and phenol (chromatographic
grade), were obtained from BDH. H,50, and acetone (both Anal-R), were

obtained from Hopkins and Williams.

METHODS

Protein precipitation

Trichloroacetic acid (TCA; 12.5%, w/v at 4°C) was added to an
equal volume of protein solution and mixed. After standing on ice for
15 min the solutions were centrifuged (2,500 g for 15 min), and the
precipitates recovered. TCA soluble proteins were precipitated with
phosphotungstic acid (PTA) as follows. The protein solutions (1 ml)
containing 6.25% TCA (w/v final concentration), were mixed with 0.2 ml
of 5% (w/v) PTA in 2M HCl at 4°C.  The precipitates were recovered as
described above, after standing on ice for 10 min.

For acetone precipitation, 5 volumes of acetone were added to
1 volume of protein solution (1 ml). After 15 min, at room temperature,

the precipitate was recovered by centrifugation (2,500 g for 15 min).

Determination of neutral carbohydrate

Neutral carbohydrate was assayed by the phenol/H2804 method of
Dubois ‘et ‘al (1956), using a galactose standard. The protein for

analysis (400-600 pg/ml) was either in PBS or had been resuspended in

water after precipitation in TCA, TCA plus PTA or acetone.
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TABLE 2:1 Precipitation of &ZM and PAPP-A
(a) (b)
Method of Total protein  Protein %o Mean
precipi- (ng) precipi- precipi-
tation tated (ug) tated
azM TCA 9210 440 48 .4 )
910 540 59.3 ) 53,9
TCA + PTA 960 340 35.4 35.4
Acetone 330 60 18,2 )
440 73 16,6 ) 20,3
960 250 26,0 )
PAPP-A TCA 420 30 7.1 )
420 20 4.8 ) 4,8
500 10 2.4 )
TCA + PTA 280 140 50.0 50,0
Acetone 280 150 53.6 )
280 160 57,1 ) 55.4

(a) Determined by the Folin method (Lowry, 1951)
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The effect of TCA on carbohydrate and protein
estimation assays:-

a) The effect of TCA on the phenol/HZSO
(————) expected values of standards
( O—0) galactose standaxrd (50 ug/ml)
( A—A ) ovalbumin standard (20 ug of

, @ssay:

carbohydrate/ml)
b) The effect of TCA on the Folin assay:
(———) expected value of standard

( A—A) ovalbumin standard (90 pg/ml)

All points plotted are the average of
triplicate determinations,

CHO = carbohydrate.
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Determination of protein

Protein was assayed by the Folin method (Lowry et al, 1951),
with bovine serum albumin (BSA), as standard. Acid-precipitated

samples were first neutralised.

The effect of TCA and PTA on the determination of carbohydrate and

Erotein

The effects of TCA and PTA on the phenol/HZS and Folin assays

04
were determined. Increasing amounts of TCA (0-32.5 mg/ml) or PTA
(0-5 mg/ml) were added to 100 pl of galactose (50 pg/ml) and 100 ul of

ovalbumin (90-650 upg/ml). These solutions were then analysed for

their nmeutral carbohydrate and protein content.

3. RESULTS

Precipitation of protein

Unlike a,M, it was found that PAPP-A precipitated to only a
small extent (4.8%; Table 2:1) in 6.25% TcA (w/v). Precipitation
was increased to 50% on the addition of 5% PTA (w/v) to the TCA/PAPP-A
solutions, which was comparable with the value obtained on acetome

precipitation (Table 2:1). A reduction in precipitated o, M was

2
observed with TCA plus PTA (35.4%; Table 2:1), and acetone (20.3%),

compared with TCA alone (53.9%).

The effect of TCA and PTA on the determination of neutral carbohydrate

and protein content

There was no detectable effect on the estimation of neutral
carbohydrate content as the amount of TCA or PTA added to the phenol/

H2804 assay was increased (Figures 2:1a and 2:2a). Observed values
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TABLE 2:2  Carbohydrate content of PAPP-A and oM

Method of Mean carbohydrate content (g/100 g
protein)
precipitation  PAPP-A azM PAPP-ArazM
Neutral carbo- a) TCA 10.0 4,7 5.3
hydrate (phenol/
H,S0, assay; b) TCA + PTA 12.9 6,2 6.7
Dubois, 1956) ¢) Acetone 15,9 5.6 10,3
Mean of (a)-(c) 12.9 5.5 7.4
d)no precipi-
tation 12,9 (4) 3.9 (3) 9,0
[9-15.7 ] [3.8-4.0]
Total carbo- e) no precipi- 19,3 (3) 8.6 (3) 10,6
hydrate (Anthrone tationt [17.7-21.5] [7.3-9.6]
assay; Koehler,
1952)

Each value was obtained as a mean of at least 2 determinations,
Values in parentheses refer to number of independent determinations
(each in duplicate), and values in square brackets represent the range

of values observed for non-precipitated proteins,

Abbreviations: TCA, trichloroacetic acid; PTA, phosphotungstic acid.

+ data from Sutcliffe et al (1980b),
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The effect of PTA on carbohydrate and protein
estimation assays,

a) The effect of PTA on the phen.ol/HZ'SO4
assays
( ) expected values of standards
(O~0) galactose standard (50 pg/ml)
(A—A) ovalbumin standard (20 ug
carbohydrate per ml)

b) The effect of PTA on the Folin assay:
( ) expected value of standard
(A=~-A) ovalbumin (500 pg/ml)

All points plotted are the average of
triplicate determinations,

CHO = carbohydrate.
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varied little from the expected, even at the highest concentrations of
acid (TCA: 32.5 mg/ml; PTA: 5 mg/ml). However, as the amount of

acid added to the Folin assay was increased a corresponding decrease in
the estimated protein concentration was detected (Figures 2:1b and 2:2b).
For example, the amount of protein observed ét the highest concentrations

of TCA and PTA were 55.67 and 74% respectively of the expected values.

Neutral carbohydrate content of PAPP-A and a2M

The neutral sugar content was investigated by the phenol/H?_SO4
method of Dubois et al (1956), using a galactose standard (see Table 2:2).
Proteins were precipitated prior to analysis to separate the protein-
bound carbohydrate from any free carbohydrate in the samples, acquired
during the preparation of the proteins from the chromatography media.
The mean neutral carbohydrate content of PAPP-A was 12.9%, This value
was observed for both precipitated and non-precipitated samples.
However, the amount of neutral carbohydrate was found to be greater in

precipitated a,M (mean of 5.5%), than in the non-precipitated samples

2
(mean of 3.9%).

4, DISCUSSION

PAPP-A and uzM prepared in the manner described by Sutcliffe
Tet'al (1980b) were analysed for their neutral carbohydrate content
(Table 2:2). A value af 12,9% was obtained for the neutral carbo-
hydrate content of PAPP-A, with and without prior precipitation. The
mean value of neutral carbohydrate in azM, without prior precipitation,
was 3.9%, which compares closely with the published values of 3.08-4.57%

(see Hall and Roberts, 1978). However, an increase in the neutral

carbohydrate content was observed after precipitation, when a value of
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5.5% was obtained. The cause of this increase was unclear, especially
as no such effect was observed with precipitated PAPP-A. It is not
due to the effect of residual acid on the carbohydrate determination

as TCA and PTA were shown to have no effect on the phenol/HZS assay

%
(Figures 2:1la and 2:2a). The Folin assay was shown to be sensitive to
the presence of acid (Figures 2:1b and 2:2b), so resuspended pellets
were neutralised before they were assayed. This neutralisation may
have been an unnecessary precaution as it was estimated that a residue
of 10 ul (approx.) of acidified solution would remain in the precipi-
tates leading, after resuspension, to a concentration of PTA and TCA
of 0.08 mg/ml and 0.6 mg/ml respectively. The effect on the Folin
assay of such concentrations was found to be minimal (Figures 2:1b and
2:2b).

azM and PAPP-A exhibited different precipitation properties in
TCA, PTA and acetone (Table 2:1)., PAPP-A precipitated to only a small
extent in TCA, unlike @ M, but precipitation could be increased on the
addition of PTA or by using acetone instead. TCA solubility has been
observed for a range of human serum glycoproteins (Putnam, 1965) and
for bovine fetuin which has a large carbohydrate content (5.57% hexos-
amines and 8.3% hexoses; Spiro, 1960). PAPP~A, like fetuin, has a
relatively high proportion of carbohydrate, being composed of 19.2%
total carbohydrate (Sutcliffe'g£ 3l, 1980b), and 12,9% neutral
carbohydrate (see Table 2:2). Similarly, both proteins precipitate
in 5% PTA (Spiro, 1960; Table 2:1), forming a heavy precipitate of
insoluble protein-tungstate salts (Rendina, 1971). Presumably their
high carbohydrate content increases their TCA solubility through the

relatively high surface density of hydroxyl groups.

The mean total carbohydrate content of PAPP-A was found to be
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19.2% compared with a mean value of 8.6% for o, M (Sutcliffe et al,

2
1980b). These determinations were carried out on un-precipitated
samples, therefore it is possible that they may be overestimates due

to the presence of free carbohydrate acquired during the purification
of these proteins. However, the observed TCA solubility confirms

that the carbohydrate content of PAPP-A must be relatively high and it
was apparent from the neutral carbohydrate assay that precipitation had
no effect on the estimated values. Also the estimated total carbo-

hydrate content of o, M is in good agreement with those already published

2
(see Hall and Roberts, 1978), which indicates that contaminating
carbohydrate is not having a significant effect on this estimation.

The observed difference in neutral carbohydrate content of
PAPP-A and o,M (7.4-9.0%) accounts for 69.8-84.9% of the difference in
total carbohydrate content, It is interesting to note that if the
amounts of neutral carbohydrate (12.9%; see Table 2:2), glucosamine
(3.1%; Bischof, 1979) and sialic acid (2%; Sutcliffe et 'al, 1980b) in
PAPP-A are totalled, then the figure obtained for total carbohydrate is
18%. Using this value, the contribution of meutral carbohydrate to
the difference in total carbohydrate observed between uzM and PAPP-A
increases from 69.8-84.9% to 78.7-95.7%. These results would appear
to support the hypothesis that a high proportion of the additional

carbohydrate present in PAPP-A compared with o

oM is made up of mneutral

sugars, which have little or no effect on the overall molecular charge.

The molecular weight of the PAPP-A polypeptide, as estimated from

polyacrylamide gels (Sutcliffe et al, 1980b), exceeds that of a,M by
about 6,000 oxr 3.3%. Therefore, the notion that PAPP-A is equivalent

to a,M plus additional carbohydrate is too simplistic, as the molecular
weight analysis suggests that the PAPP-A polypeptide is smaller than

that of azM.



CHAPTER 3 : PURIFICATION OF PAPP-A UNDER MILD CONDITIONS
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1. INTRODUCTION

PAPP-A has been isolated from maternal serum by several
different methods (see Table 1:2), some of which have produced highly
purified samples of this protein. These samples were useful for
studying its composition and subunit structure (Bischof, 1979;

Sutcliffe et al, 1980b). However, these preparations of PAPP-A may

have been denatured during their purification. Some purification
procedures contained steps requiring buffers of high salt concentration
(1M NaCl and 1.5M KI, Sutcliffe et al, 1980b; 1M NaCl, Folkersen et al,
1981a). Such agents may disrupt the conformation of PAPP-A sufficiently
to interfere with any functional properties it might have. Similarly,
ammonium sulphate precipitation, as used by Bischof (1979),Halbert and
Lin (1979) and Sutcliffe et al (1980b), may also interfere with the
functioning of PAPP-A, since ammonium salts can cause conformational
changes in o,M (see chapter 1:6).

In order to avoid such conformational and other changes
occurring, a method of purification of PAPP-A was developed which did
not involve ammonium sulphate precipitation or high salt concentration.
This method was expected to produce PAPP-A in sufficient of a native

state to permit observations on its possible physiological role.

2.  MATERIALS AND METHODS

‘MATERIALS

Samples of maternal blood (25-175 ml) were collected per vagina
from normal patients at delivery. Sodium citrate was added to the
blood to give a final concentration of 0.5% (w/v), though some

unavoidable clotting occurred before treatment with the anti-coagulent,
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The individual blood samples were pooled at QDC, centrifuged at 9,000g
for 15 min and the plasma stored at 20°¢,

Sephadex G200 and Sepharoseé 4B and CL6B were obtained from
Pharmacia (GB) Ltd. Cibacron blue was obtained from Ciba Geigy Ltd.
and was coupled to Sepharose CL6B by the method of Travis et al (1976).
Anti-adult male serum was coupled to Sepharose using the method of
Porath, Axen and Ernback (1967).

Sheep anti-adult male serum and sheep anti-PAPP-A were raised as
described by Sutcliffe et al (1978, 1979), rabbit anti-azM and anti-
human albumin were obtained from Behring Diagnostics. SDS and Tris
were obtained from the Sigma Chemical Company, all other chemicals and

materials were obtained from BDH.

METHODS

All chromatographic procedures were carried out at 4°C.  The
supernatants obtained after centrifugation of the blood samples were
filtered as previously described by Sutcliffe et al (1980b), to prevent
the possible accumulation of any clot-like material on top of the

colums.

2:1  Approach Experiment: Negative antibody affinity chromatography;

a possible single step purification procedure

Aliquots of filtered supernatant (100 ml and 200 ml) were
applied to a column of sepharose 4B (9 x 16.5 cm) on which had been
immobilised 1.5g of immunoglobulin from sheep antisera to adult male
serum (Sutcliffe et al, 1978). The antibody column had previously
been equilibrated with 0,3M NaCl, 5 mM potassium phosphate pH 7.5
(buffer B). Samples were applied and eluted at 400 ml/h. The

eluate from the column was passed through a Uvicord II analyser
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(LKB Instruments), and the A280 recorded, The proteins which did not
bind to the column were collected and antibody-antigen crossed
electrophoresis (AACE) analysis used to detect their points of elutionm.

For regeneration and re-use, the column was later treated with
300 ml of 0.5M acetic acid followed by 50 mM potassium phosphate pH 7.5.
When the pH of the eluate had reached neutrality the column was

re-equilibrated with buffer B,

2:2  Purification protocol: A 3 step procedure

Depletion of albumin from plasma by dye ligand chromatography

A sample of filtered supernatant (6 g of protein in 100 ml),
which had previously been dialysed against 10 mM potassium phosphate,
pH 7.5 (buffer A), was applied to a column (2.5 x 90 cm) of Sepharose
CL6B to which Cibacron blue dye had been conjugated. The column was
equilibrated with buffer A, at a flow rate of 5 ml/h. The eluate from
the column was passed through a Uvicord II analyser (LKB Instruments),
and the A280 recorded. When the absorbance began to fall, the
column was washed with IM NaCl in buffer A, to remove the bound

protein. The column was re-equilibrated with buffer A at 50 ml/h.

Peak PAPP-A fractionms were pooled (100 ml approx.) and stored at -20°C.

Negative antibody affinity chromatography (NAAC)

The salt concentration of the pooled PAPP~A fractions from
the Cibacron blue column was adjusted to 0,3M NaCl and applied to the
NAAC column. Chromatography was carried out as described in the

section headed 'Approach Experiment’'.

Gel filtratiom

The PAPP-A pool from the negative antibody affinity step was
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concentrated to 10 ml by ultrafiltration, using a 7.6 cm diameter
XM100A membrane (Amicon).  The PAPP-A concentrate was applied to a
Sephadex G200 gel filtration column equilibrated with buffer B. The
sample was eluted at 4 ml/h and the PAPP-A enriched fractions stored

at -20°¢.

2:3 Electrophoresis

Antibody-antigen crossed electrophoresis (AACE)

Fractions containing PAPP-A, o,M and albumin were identified

2
by AACE (Laurell, 1966), with the modification that 100 mM Tris was

present in the tank and gel buffers (Sutcliffe et al, 1980b).

Polyacrylamide gel electrophoresis (PAGE)

SDS/Tris polyacrylamide gel electrophoresis (method 2 in
Sutcliffe et al, 1980b), was used to ascertain the purity of the eluate
collected during the isolation of the PAPP-A enriched preparation.

The molecular weight standard used on these gels was made up of bovine
serum albumin (68,000 mol wt), ovalbumin (43,000 mol wt), carbonic
anhydrase (29,182 mol wt) and B-lactoglobulin (18,363 mol wt).  PAPP-A
standards were prepared by positive affinity chromatography (Sutcliffe

~etal, 1980b), and uZM standards by gel filtration of human serum on

Sepharose CL6B. Gels were stained with Coomassie brilliant blue R.
3. © RESULTS

Approach experiment: WNegative antibody affinity chromatography

The results from the fractionation of 100 ml and 200 ml of
filtered supernatant are summarised in Figure 3:1 and Table 3:1.
Considering the 200 ml fractionation in detail; of the PAPP-A loaded

onto the column (16 mg), 13 mg (81.25%) were recovered between 0.52 1
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TABLE 3:1 Protein recovery from NAAC of filtered maternal blood

Sample Protein Protein recovered Recovery Elution

applied applied unadsorbed (g) (%) range (1)
(g)

100 ml of 2,7 0,92 o 34,1 0o,14-1,54

filtered

maternal blood

200 ml of 5.4 2,11 39,1 0,14-1,46
filtered

maternal blood

PAPP-A applied 0,016 0,013 81l.25 é?g2-19302
in 200 ml | (0.6%)
sample

(b)
Albumin 5.0 1,75 35,0 0,49-%1,302
applied in (83%)

200 ml sample

Figures in parentheses are percent of total unadsorbed protein,
(a) maximum PAPP-A and a,M elution points at 0,96 1 and 1,06 1
respectively,

(b) Albumin recovered in.PAPP-A elution range, Ratio of PAPP-A:
Albumin, 1:134.6.,



Figure 3:1
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Analysis of the fractions eluted from a NAAC
column, Tracks 1-5, fractionation of 200 ml
of filtered maternal blood; unbound protein
eluting between 0.934-0,99 1, Tracks 8-12,
fractionation of 100 ml of filtered maternal
blood; unbound protein eluting between
0.846-0,902 1, Track 6, PAPP-A standard,
Track 7, aZM standard,
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and 1,3021 eluted (Table 3:1). This represented 0,6% of the total
unadsorbed protein recovered from the column. The albumin eluted in
the PAPP-A range (1.75 g; Table 3:1), amounted to 35% of that loaded
and 83% of the total unadsorbed protein, azM was also detected in the
PAPP-A range, however, its recovery was not calculated. The fractions
of maximum PAPP-A concentration (0.85-0,9 1 and 0,93-0.98 1 eluted for
100 ml and 200 ml of filtered supernatant respectively), were analysed
on SDS polyacrylamide gels (4% - 12%%; Figure 3:1). All fractions
contained proteins other than PAPP-A, When 100 ml of filtered super-
natant were fractiomated, 5 polypeptide bands were visible at 187,000,
181,000, 86,000, 68,000 and 36,000 mol wt. The polypeptides at
187,000, 181,000 and 68,000 were judged to be PAPP-A, uzM and albumin
respectively. The amount of albumin in each fraction greatly exceeded
any of the other proteins, On fractionation of 200 ml of filtered
supernatant these polypeptides were again observed, as were at least 6
others, at approximately 47,000, 92,000, 108,000, 140,000, 250,000 and
300,000 mol wt, The identity of these polypeptides was not determined.

As before albumin was the main contaminant and a ratio of 1:135 for

PAPP-A to albumin was observed in the PAPP-A range,

Purification of PAPP-A

Albumin depleted plasma was prepared by passing filtered
supernatant of maternal blood through a column of Cibacron blue
Sepharose, The results from a typical fractionation are shown in
Figures 3:2, 3:3 and Table 3:2, The protein eluted between 120-220 ml
(Figure 3:2) contained 77% of the PAPP-A originally applied to the
column (Table 3:2), and compared with the starting material there was

a 248-fold reduction in albumin content in this pool. The progress
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TABLE 3:2 Dye Ligand Chromatograph of Filtered maternal blood on

Cibacron Blue Sepharose¥®

Volume Total Albumin azM PAPP-A PAPP-A/azM
protein
(ml) (mg) (mg) (mg) (mg) x 100%
Filtered
maternal 100 6100 3800 169 7 4,1
blood
loaded
Protein
in pooled
fractions 100 965 15,4 129 5.4 4o2
(unbound . o o o
protein) (16%) (0.4%) (76%) (77%)

% Figures in parentheses are 7% recovery.
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Figure 3:3
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Transmission at 280 nm ( ) of the effluent
from the Cibacron blue column, Filtered
maternal blood (100 ml) was applied at zero
volume, The concentrations of PAPP-A (o—n0O),

o, M (A—A) and albumin (O—0) were measured
by AACE,

Analysis of the fractions eluted from the
Cibacron blue column, Track 1, a,M; track 2,
molecular weight standard; track %, PAPP-A
standard; tracks 4 and 5, 50 and 25 pl of

1/20 diluted filtered maternal blood, Tracks
6-12, aliquots of fractions from Figure 3:2
containing unbound protein; tracks 3-16,

aliquots of fractions subsequently eluted with
the salt wash,
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TABLE 3:3 Negative antibody affinity chromatography of pooled fractions
containing PAPP-A from the column ofCibacron blue Sepharose¥
Volume Total Albumin a,M  PAPP-A PAPP—A/&ZM
protein
(ml) (mg) (mg) (mg)  (mg) x 100%
Protein
Loaded 180 1512 23 84 6.2 7ot
onto
column
Protein
in pooled
fractions 684 47,6 £ 0,02 22,5 5 22,2
(unbound (3%) (€0.1%) (26,8%) (81%)
protein)

*Figures in parentheses are % recovery.
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Figure 3:4 The PAPP-A pool from the Cibacron blue column
. was adjusted to 0,3 M NaCl and applied to the

NAAC column, The unbound protein was eluted
with buffer B and monitored via transmission
at 280 nm ( o .. The concentrations of
PAPP-A (O==0) and o.M (A——A) were measured
by AACE, The fractIoms indicated were pooled
and concentrated by ultra filtratiomn,

Figure 3:5 Analysis of the unbound protein eluted from
the NAAC column, Track 1, molecular weight
standards; track 2, a,M; track 3, PAPP-A,
Tracks 4~15, 500 ul of“the various fractions
were dialysed against buffer A, lyophilised
and resuspended in 50 pl of H,0, before
running on the gel, Track 16; 10 pl of
the material applied to the NAAC column,
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Gel filtration of the pooled and concentrated fractions

containing PAPP-A from the NAAC column¥

Volume Total Albumin azM PAPP-A PAPP-A/aZM

protein
(ml) (mg) (mg) (mg) (mg) x 100%

Protein
loaded 8 42 .4 nd 4 1.2 30
Protein in
pooled 30 nd nd 3.6 1.0 27.8
fractions (90%) (83%)

*Figures in

parentheses are 7% recovery

nd; values not determined,
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Figure 3:6 Transmission at 280 mm ( ) of the effluent
' from Sephadex G200 gel filtration column,.
The concentrations of PAPP-A (O==-p) and azM
(A=—A) were measured by AACE,

Figure 3:7 Analysis of the fractions eluted from the gel
filtration column, Track 1, o,M; track 2,
molecular weight standards; track 3, PAPP-A,
Tracks 4-16, aliquots of altermate fractions

containing PAPP-A and oczM as ascertained by
AACE, :
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of fractionation is shown in Figure 3:3. Compared to the proteins in
the starting material (Figure 3:3, tracks 4 and 5), the protein retained
and then eluted from the column (tracks 13-16), contained predominantly
serum albumin (mol wt 68,000). 1In addition, certain polypeptides
increased in concentration from tracks 6 through to 12, this includes
albumin (see also Figure 3:2), but also polypeptides of 120,000, 78,000,
48,000 and 24,000 mol wt, A heavy staining band of molecular weight
similar to a, M was also present in the fractioms (tracks 6-12), only a
faint band was seen of size corresponding to PAPP-A,

The PAPP-A pool from the column of Cibacron blue Sepharose was
further purified by immunoadsorption of the contaminating proteins onto
an antibody affinity column of sheep anti-adult male serum proteins.
PAPP-A eluted before the peak of o.M (Figure 3:4). Similarly on SDS
gels (Figure 3:5) a polypeptide of molecular weight corresponding to
pure PAPP-A (see Figure 3:5, track 3), eluted earlier from the column

(tracks 4-10), than the polypeptide corresponding to o,M (tracks 4-15).

2
Compared with the starting material (Table 3:3), the pooled protein which
failed to bind to the column contained no detectable albumin. In this

step, the content of o, M had been reduced 3-fold and the recovery of

2
PAPP-A was 81Z. Sephadex G200 filtration (Figure 3:6), was accompanied
by an 83% recovery of PAPP-A (Table 3:4) and separated away many low
molecular weight contaminants (Figure 3:7). The @,M to PAPP-A ratio

was not affected by this step as these proteins co-elute on gel

filtration (Figure 3:6),

4, . - 'DISCUSSION

Approach experiment

As an approach towards purifying PAPP-A under mild purification
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conditions, maternal blood was fractionated using negative antibody
affinity chromatography (NAAC). All of the fractions containing PAPP-A
were found to be contaminated with other serum proteins (Figure 3:1).
The degree of contamination was dependent on the volume of filtered
supernatant applied to the column, as many more polypeptides were
observed on PAGE when 200 ml of maternal blood (Fig 3:1, tracks 1-5),
were fractionated, compared with 100 ml (tracks 8-12). The major
contaminant in these fractions was serum albumin, which made up 83% of
the unadsorbed protein recovered after the 200 ml fractionation

(Table 3:1). A high recovery of PAPP-A was observed, equivalent to
81.25% (Table 3:1) of the amount loaded, but only 0.6% of the total
unadsorbed protein. This indicated that under these conditions the
capacity of the NAAC column for immuno-adsorption of adult non-pregnancy
specific proteins had been saturated, and it was evident, therefore,
that if a more pure preparation of PAPP-A was to be isolated, this
protocol would have to be modified. On consideration of these results,
it was decided that there were three possible ways to approach the
problem, namely; by reducing the volume of filtered supernatant

loaded onto the column; by increasing the gel filtering capacity of

the NAAC column or by incorporating a further chromatographic step to
selectively remove the major contaminants. A reduction in the amount
of filtered supernatant loaded onto the column could result in a
reduction in the PAPP-A recovery. A lower limit of 100 ml of

filtered supernatant was therefore decided upon. On fractionation of
this volume (Figure 3:1, tracks 8-12) only 4 significant contaminating
polypeptides were observed in the PAPP-A fractions. Separation of
these lower molecular weight contaminants from the PAPP-A could

possibly be achieved if the gel filtering capacity of the NAAC columm
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were increased (by changing its shape from short and wide to longer
and narrower) , though it seems unlikely that the problem of albumin
contamination would be fully resolved by this step. As albumin is
the main contaminant in the NAAC-PAPP-A fractions, and because of the
problems considered with the other approaches, it was decided to
incorporate a step to selectively remove albumin before the negative
antibody affinity chromatography step. Travis et al (1976) showed
that a column of Sepharose conjugated to the dye Cibacron blue could
be used as an affinity column for serum albumin. Albumin represents
at least 50%, by weight, of the proteins in plasma, therefore this
step could remove over one half of protein with only very minor
mechanical losses of other proteins. Thus much smaller quantities
of protein have to be processed in subsequent steps. The efficiency
of binding of Cibacron blue Sepharose was reported to be very high
(Travis et El’ 1976) , with approximately 98% of the albumin being
removed on passage of whole human plasma through the column, Moreover,
this was said by Travis et al to be a mild procedure and that
denaturation of the unretarded protein was minimized. Virca et al
(1978) and Travis et al (1976) reported that Cibacron blue Sepharose

also retarded lipoproteins and gamma globulins, but not o, M. Hence a

2
column of Cibacron blue Sepharose was used as an initial step in the

purification protocol to selectively remove albumin while effecting

the molecular sieving of the remainder of the plasma proteins.

Isolation of PAPP~A enriched preparations

PAPP-A was isolated from maternal blood by a series of 3
chromatographic steps using mild purification conditions. Albumin
depleted plasma was produced by dye ligand chromatography on Cibacron

blue Sepharose as an alternative to an ammonium sulphate precipitation
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step as used previously (Bischof, 1979; Halbert and Lin, 1979;
Sutcliffe et al, 1980b). Compared with the starting material, a
248-fold reduction in albumin concentration was observed in the pooled

fractions, whilst o M and PAPP-A were obtained with high recovery

2
values (Table 3:2). Analysis of the salt wash (Figure 3:3, tracks
13-16) , showed that serum albumin was the predominant protein binding
to the Cibacron blue, Some albumin eluted with the later fractions
of unbound protein (Figure 3:2), since the columm had become saturated
with albumin.  However, this was sufficiently delayed to allow a
relatively albumin-free PAPP-A pool to be collected (Figure 3:2)., As
the fractionation progressed (Figure 3:3, tracks 6-12), there was an
increase in certain polypeptides which did not bind appreciably to the
matrix (tracks 13-16). Gel filtration is the most likely explanation
for this, and probably contributed to the purification process at work
in this step.

Immunoadsorption of the adult, non-pregnancy specific proteins
from this albumin-depleted pool, produced fractions containing PAPP-A,
o, M and other low molecular weight contaminants. Most of the PAPP-A
eluted before the peak of the o M (Figures 3:4 and 3:5), though some
-a,M was observed in all the PAPP-A containing fractions (Figure 3:5).
These proteins would normally co-elute from a column of Sepharose 4B,
the disparity between their maximum elution points in this step is due
to the saturation of anti-a,M antibodies on the Sepharose 4B, A

2

3-fold reduction in azM content was achieved in the pooled PAPP-A

fractions compared with the starting material and 817 of the PAPP-A
applied to the column was recovered in the pool (Table 3:3). Both
proteins were obtained with high recovery from the subsequent gel

filtration step (Table 3:4).
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The PAPP~A produced by this method was not as pure as that
obtained after positive affinity chromatography (Sutcliffe et al, 1980b;
Folkersen et al, 1981a). However, this was largely an operational
factor, since the purity of the PAPP-A could be markedly increased by
reducing the volumes loaded onto the columms and restricting the pool
size to those fractions containing the maximum concentration of PAPP-A.
Inevitably this stringency would lead to a reduction in the recovery

of PAPP-A, The problems of the contaminating o,M can be resolved as

2
these two proteins can be separated by ion exchange chromatography (see
Chapter 4:3). However, to avoid further processing of the PAPP-A,
this step was not employed until after investigating its functional
properties (see Chapter 4). It is not possible to be certain that
the present purification scheme has maintained PAPP-A in an essentially

native and potentially active state, but it does avoid the more severe

conditions used in previous methods.



CHAPTER 4 ; FUNCTIONAL STUDIES ON PAPP-A ENRICHED PREPARATIONS
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1. " " INTRODUCTION

This chapter contains the experimental details and results of
the functional studies carried out on the PAPP-A purified in the manner
described in Chapter 3. The following functional aspects of the PAPP-A
enriched preparation (PEP) were investigated:-

.

i) The trypsin binding properties
ii) The plasmin binding properties
iii) The complement inhibitory properties

iv) The fibronectin and gelatin binding properties.

uZM is a potent protease inhibitor (see Starkey and Barrett,
1977). Most of the research on its inhibitory properties has been
carried out using trypsin inhibition as a model, uZM also inhibits
plasmin (Harpel, 1977; Starkey and Barrett, 1977) and it has been
reported (Bischof, 1979) that PAPP-A inhibits this enzyme too., Hence
the trypsin and plasmin binding properties of the PAPP-A enriched
preparation (PEP) were investigated. The interaction between proteases
and their inhibitors is characterized by the formation of highly
associated complexes, in which the active site of the enzyme is covered
or occupied by the inhibitor (see Chapter 1:5). Compared with
activity assays, protease binding assays have the initial advantage
that a precise identification can be made of the protein species which
is actually interacting with the enzymes. This is important in thé
present work where the PEP is contaminated with a2M.

PAPP-A has also been reported to inhibit complement mediated
red cell lysis (Bischof, 1981), therefore the complement inhibitory

properties of PEP were determined. Finally, the fibronectin and

gelatin binding properties were also studied since immunoperoxidase
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staining of placental tissues has located these proteins in similar

areas (Sutcliffe, Khalef and Horme, in preparation).

2, GENERAL MATERIALS - AND ‘METHODS

MATERIALS

PAPP-A enriched preparation (PEP) was purified as described
in Chapter 3. For those experiments involving column chromatography,
aliquots of PEP (1 ml) were dialysed overnight at 400, against 2 1 of
the column buffer.

Sepharoses of types 4B, CL6B and DEAE CL6B were obtained
from Pharmacia (GB) Ltd. Column buffers were either 10 mM potassium
phosphate pH 7.5 (buffer A) or 0.3 M NaCl 5 mM potassium phosphate pH
7.5 (buffer B).

Sheep anti-PAPP-A was raised as described by Sutcliffe et al
(1979), rabbit anti-azM was obtained from Behring Diagnostics (Hoescht
Pharmaceuticals) or Seward Laboratories, All protein samples were
coupled to Sepharose 4B (15 mg protein/g Sepharose 4B, approx), using
the method of Porath, Axen and Ernback (1967);

Tris, SDS, agarose, trypsin (type III, from bovine pancreas)
and all other proteins were obtained from the Sigma Chemical Company.
Chemicals and other materials were obtained from BDH unless otherwise
stated. Enhance was purchased from New England Nuclear.

Carrier-free 1251 was obtained from Amersham with a specific

activity of 100 uCi/ml.

"METHODS

Ion exchange chromatography

Protein solutions were applied to a column of Sepharose
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DEAE CL6B (0.8 x 0.9 cm) equilibrated at 4°C with buffer A, The column
was washed with 10-15 ml of the same buffer at 10 ml/h . An 18 ml
(10 ml in the trypsin binding assay) salt gradient (0-0.4 M NaCl in
buffer A) was then applied at 5 ml/h, followed by a further 5 ml of

0.4 M NaCl in buffer A. The column was re-equilibrated with buffer A

before re-use,

Precipitation studies using protein-Sepharose conjugates

The fractions obtained after ion-exchange chromatography and
gel filtration were analysed using protein-Sepharose conjugates and the
subsequent precipitation values recorded., Duplicate aliquots (50-100 ul)
of these fractions were shaken vigorously, overnight at room temperature
with 75-100 pl of the immobilised protein conjugates which had been

diluted with Sepharose 4B (anti-o,M Sepharose, 1/10 diluted; anti-PAPP-A

2
and horse serum Sepharoses, 1/4 diluted). Anti-PAPP-A Sepharose was
mixed with 100 nl of adult male serum per ml of Sepharose prior to
immunoodgerphion (except in the gel filtration approach experiment
to trypsin binding), to block any contaminating pregnancy non-specific
binding sites (see Sutcliffe et 'al, 1980a). The unbound counts were
removed by 3 cycles of washing with PBS and centrifugation (2,500 g

for 10 min). The counts in each tube before and after washing were

measured using a 1275 minigamma counter (LKB Instruments).

‘Antibody antigen crossed electrophoresis (AACE)

AACE was used for the detection of a2M and PAPP-A in the

column eluates, using the method of Laurell (1966), with the modification

that 100 mM Tris was present in the tank and gel buffers (Sutcliffe

‘et al, 1980b). A 2% antibody solution was used in the antibody beds
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for both antisera. This method was also used to estimate the concen-
tration of azM and PAPP-A in the PEP, against standards of known

concentration,

‘Polyacrylamide ‘gel ‘electrophoresis (PAGE)

SDS/Tris PAGE, under reducing and non-reducing conditions
(see methods 1 and 2, Sutcliffe et al, 1980b) was used as described in
the subsequent methods sections.‘ The molecular weight standards
used on these gels were made up of bovine serum albumin (68,000 mol wt),
ovalbumin (43,000 mol wt), carbonic anhydrase (29,182 mol wt), and
‘B-lactoglobulin (18,363 mol wt). PAPP-A standards were prepared as
described by Sutcliffe et al (1980b), and a,M standards by gel
filtration of human serum on Sepharose CL6B., Gels were stained with
Coomassie brilliant blue R,

Autoradiography, when required, was carried out on the dried-
down gels. 1251 counts were detected using NS-2T film (Kodak) and

’g counts were detected using X-omatS film (Kodak) on enhanced gels

(1 t in enhance followed by 1 h in H_0, before drying down). Films

2

were exposed at room temperature unless otherwise stated,

"TCA and PTA precipitationfoffleI*prctein counts

Aliquots (100 ul) of the fractions collected during ion-
exchange chromatography and gel filtration were mixed with 400 ul of
BSA (RIA grade 1 mg/ml) .in 50 mM potassium phosphate pH 7.5, to which
was added 500 ul of 12.5% (w/v) TCA at 4°C or 100 pl of 5% (w/v) PTA
in 2 M HC1., After standing on ice for 15 min the precipitates were
recovered by centrifugation (2,500 g for 15 min), The counts present
were recorded before and after precipitation using a 1275 minigamma

counter (LKB Instruments).
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Protein Iodinations’

Iodinated trypsin and PEP were prepared by the chloramine T
method of Hunter and Greenwood (1962), with final concentrations of
chloramine T and sodium metabisulphite in the reaction mixture of
80 pg/ml and 200 pg/ml respectively. TIodinated plasminogen was

prepared by the lactoperoxidase method (Boltom, 1977).

3. TRYPSIN BINDING PROPERTIES OF PEP

3:1° INTRODUCTION

In an initial experiment the 1251-trypsin binding capacities
of the components in a partially purified preparation of PAPP-A made
by negative antibody affinity chromatogréphy of a small volume of
maternal blood (see section 3:2 of this chapter), were investigated.
This preparation contained some GZM and other contaminants such as
albumin, Separation of these components was achieved by gel filtratiom.
An immune-adsorphion riassay was then used to identify specific
protein-trypsin complexes (for validation of this assay see Gore and
Sutcliffe, in press). Subsequent binding assays were carried out
using PEP as a source of PAPP-A, which was separated from contaminating
a2M by ion exchange chromatography.A Again specific trypsin-protein

complexes were identified by am immunchQSorP+Torl assay.

3:2 MATERTALS AND METHODS

" "MATERTALS

The following materials were obtained from the Sigma Chemical
Company: trypsin (type III from bovine pancreas), human serum albumin,
trypsin inhibitor (type II-O from egg white), Soya bean trypsin inhibitor,

BSA (RIA grade) and phosphotungstic acid (PTA).
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Anti-human albumin was purchased from Behring Diagnostics
(Hoescht Pharmaceuticals), a,M was prepared by gel filtration of
human serum on Sepharose CL6B, BSA buffer, composed of 0.1% BSA in
50 mM potassium phosphate pH 7.5, was the column buffer in the gel

filtration experiment.

METHODS

* Approach Experiments

i) To determine the trypsin binding activity of a partially purified

" preparation of PAPP-A

The PAPP-A used in these experiments was produced on an
NAAC column (2.5 x 95 cm) equilibrated with buffer B. A 25 ml sample
"of filtered maternal blood was applied to the column at 30 ml/h. A
fraction containing 25 ug PAPP-A/ml (approx) was used in gel filtration
experiments as an approach to investigating the trypsin binding
properties of PAPP-A, However, the assay was initially developed using
uZM and 125I—trypsin.

The elution point of 1251-trypsin was determined prior to the
u2M binding assay. A 100 nl aliquot of trypsin (0.2 ug; 18.8 uCi/ug)
was mixed with 200 1l of human albumin (1 mg/ml) and 700 ul of BSA
buffer. This was then applied to a column of Sepharose CL6B (0.9 x 52.5cm)
equilibrated with BSA buffer at £%c, The sample was eluted at 10 ml/h
(for 8 h) with the same puffer. The radioactivity in the fractions was
measured and the elution point of albumin determined by AACE. Protein

125

bound 1251 and free I were located by TCA precipitation.

azM (0,7 ml, 1 mg/ml) was incubated with 200 ul of human
albumin (1 mg/ml) and 100 ul of 125'I~trypsin (0.2 pg, 18.8 uCi/ug) for

10 min at room temperature. This sample was fractionated as for the
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1251-trypsin experiment, The radioactivity in the fractions was

measured and the elution points of a M and albumin determined by AACE,

2
uZM:trypsin complexes were located by immunoaésorpkkww with immob-
ilised anti-azM° A TCA precipitation was also carried out.

PAPP-A (0.9 ml; 0.32 mg) from an NAAC fraction (as described
above), was incubated with 100 ul of 125I-trypsin (0.2 pg; 18.8 ucCi/ug)
for 10 min at room temperature. Gel filtration was carried out as for
the oM binding assay. PAPP-A and albumin elution points were
detected by AACE and PAPP-A bound counts were precipitated using
immobilised anti-PAPP-A, As PAPP-A is soluble in TCA (see Chapter 2),

a PTA precipitation assay was used to locate protein-bound and free 1251.

ii) Validation of the trypsin binding assay incorporating ion

exchange chromatography

The assay was initially developed using oM (400 pl; 0,1 mg/ml)
incubated for 1 h at 37°C with a mixture of 1251 labelled and unlabelled
trypsin (100 pl, 0.2 pg, 19 uCi/ug and 5 pl, 0,25 pg respectively).
Unbound trypsin was removed by incubation (% h at room temperature), on
a column (0.5 x 4 cm) of soya bean trypsin inhibitor (12 mg) coupled to
Sepharose 4B, The column was equilibrated in buffer A and unbound
protein eluted with same buffer, 1 ml fractions were collected. The
fractions containing the main peak of counts were pooled and applied to
the ion exchange column (see general methods, this chapter). The
radioactivity and conductivity of the fractions were detefmined,
together with the a,M elution point. A TCA precipitation and immuno-
adsorption  with immobilised anti—uzM, were carried out,

Separate ion exchange experiments were performed on iodinated

trypsin (0,1 ng; 19 uCi/ijg) and PEP (67 ng, PAPP-A; 239 ug, aZM) to
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determine the molarity of their points of elution in the salt gradient,

Trypsin binding properties of PEP

A 1 ml sample of PEP containing approximately 50 ug of PAPP-A
and 150 pg of azM (previously dialysed against buffer A), was incubated
for 1 h at 37°C with 0.3 ﬁg/lOO pl of iodinated trypsin (19 uCi/pg) and
0.25 g of non-iodinated trypsin (5 ul; 50 ng/ml). To remove unbound
trypsin the mixture was then incubated for ¥ h at room temperature on a
column of Sepharose 4B (0.5 x 4 cm), to which 12 mg of soya bean trypsin
inhibitor had been coupled. The column had first been equilibrated
with buffer A, The unbound protein was eluted with buffer A and 1 ml
fractions collected. The counts eluted were recorded using a bench
top gamma counter (Mini Assay type 6-20, Mini Instruments), and the
fractions containing the main peak of counts were pooled and applied
to the ion exchange column (see general methods, this chapter). The
radioactivity and conductivity of the fractions were measured, together

with the elution points of a,M and PAPP-A. For immune Ckéscr?*ﬁbﬂS s

2
aliquots of the individual fractions were incubated with anti-PAPP-A,
anti*azM and a control of non-immune (horse) serum, coupled to

Sepharose 4B (see general methods, this chapter). The precipitated

counts were measured,

The effect of trypsin on the PAPP-A enriched preparation

The degradation of PEP in the presence of trypsin was
investigated, An iodinated aliquot (300 1) of PEP containing 1.5 Mg
PAPP-A and 1,5 Mg @,M approx (10.6 1Ci/¥g) was incubated for 30 min
with 1.5 #g of trypsin (15 ¥1; 0.1 mg/ml) at room temperature.

Samples (15 pl) of the incubation mix were withdrawn after 0, 1, 3, 5,

15 and 30 min, and the reaction stopped by the addition of 10 pl of egg
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Figure 4:1  AACE analysis of the partially purified
preparation of PAPP-A after fractionation of
25 ml of filtered maternal blood on a NAAC
column,

(a) antiserum, sheep anti-PAPP-Aj;
wells A-D, 10 pl of comsecutive fraction
pools; Well E, 10 pl of filtered
maternal blood (0.1 mg/ml PAPP-A approx).

(b) antiserum, rabbit anti-o M;
Wells A-D, 10 pl of conseécutive fraction
pools; well E, 1 pl of filtered maternal
blood (3 mg/ml o, M approx).

(c) antiserum, rabbit anti-albumin;
Wells A~D, 1 pl of consecutive fraction
pools; well E, 1 pl of 1/20 diluted
filtered maternal blood (2 mg/ml albumin
approx).



Figure 4:1
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Gel filtration of partially purified
preparations of o, M (A—-A) and, PAPP-A
(m—m) after incubation with I-trypsin,
plus a filtration of l25I-trypsin (
as control, Whole fraction counts were
recorded,
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white trypsin inhibitor (100 ug/ml). After 30 min, 200 ul of trypsin
inhibitor were added to the remaining 125'I-PEP/trypsin mix (210 ul).

This solution was then fractionated by ion exchange chromatography

(see general methods, this chapter). The radioactivity and conductivity
of the fractions were measured. SDS-PAGE (5-12%7) under reducing
conditions was carried out on the samples collected during the 1251—PEP/
trypsin incubation., Similarly, the fractions eluted during the salt
gradient were analysed by SDS-PAGE, under both reducing and non-reducing
conditions. These gels were dried down after staining with Coomassie
blue and autoradiographs set up. Integrated densitometry on the auto-

radiograph from the trypsin digestion of PEP, was used to determine the

degree of trypsin digestion of the PAPP-A and uZM.

3:3° RESULTS

Approach experiments

i) Determination of the trypsin-binding activity of a partially

" purified preparation of PAPP-A

Radiolabelled trypsin was incubated with partially purified
preparations of uzM and PAPP-A (see Figure 4:1), and the resulting
mixtures fractionated on Sepharose CL6B. When 1251-trypsin plus human
serum albumin (HSA) carrier were gel-filtered 2 peaks of radioactivity
were observed (Figure 4:2). The first and smallest peak reached its
maximum at 24 ml eluted; and the second at 35 ml eluted., Gel
filtration of an alelzsI—trypsin/HSA mixture gave rise to 3 peaks of
radioactivity. The first and smallest peak reached its maximum at
17 ml, the second at 23 ml, and the thifd and largest peak at 35 ml

eluted (Figure 4:2), On fractionation of a PAPP-A/1251~trypsin
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Precipitation of lzsl—trypsin counts after
gel filtration assay.

(a) TCA/PTA precipitations:

(b)

azM/trypsin (A——p) and trypsin (A-=--A)
fractionations; TCA precipitable counts,
PAPP-A/trypsin (D-=p) and trypsin

(0- --0) fractionations; PTA precipitable
counts:

TImmune gd&orjpknbns et

aZM/trypsin (A——A) and trypsin (A-- -A)
fractionations; anti-o M precipitable
counts, PAPP-A/trypsin (0——0O) and
trypsin (o---0) fractionations; anti-
PAPP-A precipitable counts,
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mixture, the elution profile for the radiocactivity was similar to that
obtained with 1251-trypsin/HSA (Figure 4:2), with peaks of radio-
activity at 24 ml and 33 ml eluted.

AACE analysis of the fractions, located the o M elution range

2
to 13-23 ml eluted (max, at 18 ml); the PAPP-A range to 14-23 ml

eluted (max at 17 ml) and the HSA range to 19-29 ml eluted (max at 23 ml).
From the AACE and TCA/PTA precipitation results the fractions were

divided up into 3 ranges, designated as follows; the uzM/PAPP-A range
(14-24 m1); the 1251-trypsin range (24-34 ml) and the 1251—range (34-

44 ml). The percent of counts recorded after precipitation with TCA/PTA

or antiserum were calculated for each range (Table 4:1). TCA precipitation:
on the eluate from the fractionation of 125I-trypsin gave a broad

precipitation curve (Figure 4:3a), which started in the o M range and

2
reached its maximum at 30 ml eluted. This was judged to be the point
of maximum trypsin concentration. In the trypsin range, 62.5% of the
counts precipitated with TCA were recorded, compared with 17.5% and 20%
in the oM and 1251 ranges respectively (Table 4:1)5 Similarly, after
PTA precipitation, 65% of the precipitable counts were observed in the
trypsin range, 187 in the PAPP-A range and 17% in the 1251 range, This
time, however, 2 precipitation peaks were observed, the first at the
point of maximum albumin concentration (23 ml eluted) and the second at
the point of maximum trypsin concentration (29 ml eluted). TCA
precipitations on the eluate from the uzM/trypsin fractionation gavé

a broad precipitgtion curve (Figure 4:3a), The fraction of maximum
radioactivity and azM concentration were co-incident (at 18 ml eluted),
In this range 59% of fhe TCA and 72.5% of the anti-azM precipitable

125

counts were recorded (Table 4:1). Very few of the control I-trypsin

counts were precipitated by the anti-uZM in any of the ranges (Figure 4:3b).
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TABLE 4:1 Precipitation values for trypsin binding assay

(gel filtration method)

FRACTION RANGE

14-24 ml 24=-34 ml 34-44 ml
QZM/PAPP-A trypsin 1251-
Precipitation(a) range range range
TCA (b) 59% -33.5% 745%
(17.5%) (62,5%) (20%)
anti"'azM (b) 720579 ' 2400’/{: 30570
(17.0%) (67.0%) (16.0%)
PTA (c) 16,0% 54,0% 30,0%
(18,0%) (65.0%) (17.0%)
anti-PAPP-A (c) 32.0% 58,0% 10.0%
(26%) (63%) (11%)

(a)Values given as % of TCA, PTA or immune precipitable counts
(b)Average of 2, azM/trypsin gel filtration experiments

(c)Results from 1, PAPP-A/trypsin gel filtration experiment

Figures in parentheses are values obtained for trypsin/albumin gel

filtration controls,



Figure 4:4

Figure 4:5
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Ton exchange chromatography of PAPP-A
enriched product. Proteins were eluted
with an NaCl gradient (- - =) and their
absorbance at 280 nm recorded ( Yo

Ton exchange chromatography of an aZM
E5§paration after incubation with

-trypsin, Proteins were eluted with
an NaCl gradient (- - =) and the counts in
an 100 pl aliquot of the fractions, recorded
( o TCA (wm—m) and anti-o,M (A———a)
precipitable counts were determined,
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Two peaks of PTA precipitable counts were observed in the eluate {rom
the PAPP-A/trypsin fractionation; The first occurred at 23-24mal eluted
(max: albumin concentration) and the second at 33 ml eluted, In the
PAPP-A range 16% of the PTA and 32% of the anti-PAPP-A counts were

precipitated, In the trypsin range the values were 54% and 58%

125

respectively, and for the I range 30% and 10%, Immobilised anti-

PAPP-A precipitated 26%, 63% and 11% of the 127

125

I-trypsin counts in the
PAPP-A, trypsin and I ranges in the control fractionation (Table 4:1;

Figure 4:3),

ii) Validation of the trypsin binding assay incorporating iom exchange

chromatography

125

Separate ion exchange experiments on I-trypsin and PEP

were performed to ascertain their points of elution in a NaCl gradient,

The 1251-trypsin was found to elute maximally at 180 mM NaCl (data not

shown), The elution maxima for azM and PAPP-A were at 120 mM and

270 mM NaCl respectively (Figure 4:4), Some aZM was also eluted in
the fractions containing PAPP-A,

The assay was developed using azM incubated with 125

I-trypsin
(Figure 4:5), Two peaks of radiocactivity were eluted by the salt
gradient, The first and largest peak occurred at 20,5 ml eluted

(120 mM NaCl) with the second peak at 27.5 ml eluted (295 mM NaCl),

The azM concentration was maXimum at 120 mM NaCl (20.5 m} eluted),

which coincided with the peak of the TCA precipitable counts (45,9%
precipitation), The peak of anti~a2M precipitable counts (15,1%
precipitation) was at 156 mM NaCl (21 ml eluted). TCA and anti-azM

precipitable counts were also observed in the second peak (52,5% and

9.2% respectively), however, o, M was not detected in this range by AACE

2
(Figure 4:5),
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Figure 4:7

Figure 4:8
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Ion exchange chromatography of a PAPP-A
fgglched fraction after incubation with
I-trypsin, Proteins were eluted with

an NaCl gradient (- ~ -) and whole fraction

counts recorded (A—b4),

Immunoadscrphion . of 125{§§rypsin/a2M

complexes, Lower pamnel: Iatrypsin
counts precipitated by anti-o,M (A-—=A)"
and horse serum (e—®), Upper panel:
concentration of aZM (A——A) determined
AACE,

Immunoewsorptien - with immobilised anti-
PAPP-A, Lower pamel: 123I-trypsin counts
precipitated by anti-PAPP-A (O——0O) and a

control of non-immune serum (@-—ae),

Upper panel: concentration of PAPP-A (D——LD

‘determined by AACE,
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Trypsin binding properties of PEP

In this experiment 125

1 labelled trypsin was added to the
purified preparation of PAPP-A: Since this preparation contained .
both PAPP-A and aZM it was essentiagl to separate the two proteins by
ion exchange chromatography in order to investigate the trypsin binding
capacity of PAPP-A, This chromatographic step was carried out after
the addition of labelled trypsin, The number of steps the PAPP-A was
exposed to before it was tested for trypsin binding was thus reduced,
The azM present was used as a positive control for the trypsin binding
procedure, Three peaks of radioactivity were observed (Figure 4:6).
The counts in the first peak, which eluted before the NaCl gradient,
did not precipitate with TCA and were therefore judged to be free 1251.
The second peak was largest and eluted maximally at 130 mM NaCl, The
third peak was smallest and began to elute at 200 mM NaCl (max, 210 mM),
AACE assays showed that most aZM was eluted in those fractions
containing the largest peak of radioactive trypsin (20-26 ml eluted;
Figure 4:6), PAPP-A was eluted at 28-30 wml and some azM was also
detected there; In the fraction of maximum radioactivity (21,75 ml
eluted), 75.5% of the iodine counts were precipitable by immobilised
anti-azM (Figure 4:7), and 65% of the counts were precipitated in the
peak fraction from the smallest peak (28.5 ml eluted), Results of
similar immunoo,dsorptions with immobilised anti~PAPP-A are shown in
Figure 4:8, The precipitated counts were very low and compared

closely with the controls in Figure 4:7,

The effect of trypsin on the PAPP-A enriched preparation

Trypsin (Q-I5 pg) was incubated with an iodinated sample of

PEP (1.5 pg PAPP-A, 1.5 pg uZM), in a 3:1 molar ratio of trypsin to azM
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TABLE 4:2 Integrated densitometry on the autoradiograph from the

(a)

1
trypsin/ 25I-PEP incubation

Incubation time PAPP-A azM
(min) (mg)" (ng)®

0 1,2 4.1

1 0.6 2,1

3 0.3 1.9

5 0,3 1,9

15 0.2 1,5

30 0.2 1.5

(a) See Figure 4:9a

(b) Densitometric peaks were cut out and weighed,
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Analysis of .the degradation of iodinated
PAPP~A and o,M in PEP after incubation with
an equimolar” (approx) ratilo of trypsim,

(a) SDS-PAGE under reducing conditions,
Track 1, reduced o, M (181 k) and PAPP-A
(187 k) standard, Stained with Coomassie
blue. Tracks 2-7, autoradiogram showing
the degradation of 1251.pEp during a
30 min incubation with trypsin, Aliquots
were withdrawn at 0, 1, 3, 5, 15 and 30
min respectively,

(b) SDS-PAGE under reducing conditions on the
fractions collected after ion exchange
chromatography of 125I-PEP/trypsin, after
a 30 min incubation, Track 1, reduced
a,M (181l k) and PAPP-A (187 k) after
staining with Coomassie blue., Tracks
2-8 autoradiogram of the fractions in the
a,M peak (tracks 2-5, 13-16 ml eluted)
and in the PAPP-A peak (tracks 6-8, 30-32
ml eluted) in the salt gradient,

(c) as for (b) except that the gel was rum
under non-reducing conditions. Track 1,
non-reduced PAPP-A (420 k) and a,M (400 k
approx) after staining with Coomassie blue,

All autoradiograms were exposed for one month
at -ZOOC-
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content, Aliquots of the incubation mix were withdrawn after 0, 1,
3, 5, 15 and 30 min, and the degree of degradation analysed by PAGE,
autoradiography and densitometry (Figure 4:9a; Table 4:2), At zero
incubation time (i.e., before addition of trypsin), PAPP-A and a2M bands
were clearly visible on the autoradiograph at 187,000 and 181,000
respectively (Figure 4:%a; track 2), as were other lower molecular
weight contaminants, As the incubation progressed a reduction in the
intensity of the PAPP-A polypeptide at 187,000 was observed, until
after 30 min only a very faint band remained, A reduction in the o M
polypeptide at 181,000 was also apparent from 0-1 min, After 1 min
the intensity of the uzM band remained approximately constant (Table 4:2),
Two bands at 50,000 and 40,000 (approx), increased in intensity as the
incubation progressed (Figure 4:9a; tracks 3-7), . These bands were not
present in the PEP starting material (O min, track 2},

SDS polyacrylamide gel electrophoresis of the fractions of
maximum counts after ion exchange chromatography (Figure 4:10; 13-16 ml
and 30-32 ml eluted), was carried out under reducing and non-reducing
conditions (Figure 4:9b and c¢). The first peak of radioactivity

(Figure 4:10 ; 12-18 ml) contained the 125

I-azM (Tracks 2-5;

Figure 4:9b and c), and other lower molecular weight contaminants,
Faint bands were also visible in the fraction of maximum radioactivity
from the second peak (Figure 4:10, 29-34 ml eluted; Figure 4:9 b and c,
tracks 6-8). These corresponded to reduced and non-redgced PAPP-A
respectively, A faint azM band was also visible in the peak PAPP-A

fractions under non-reducing conditions (Figure 4:9c; track 7), but not

in the equivalent fraction under reducing conditions,
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Figure 4:10 TIon exchange chromatography of iodinated
PEP, The proteins were eluted in an
NaCl gradient (- - ~-) and the whole fraction

counts recorded ( )., affter 30 mins
incubafion with -l'rjpsm,
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3:4 * DISCUSSION

Approach experiments

i) °~ To determine the trypsin binding activity of a partially

purified preparation of PAPP-A

125

In these experiments I-labelled trypsin was added to

preparations of aZM and partially purified PAPP-A, Gel filtration was
carried out on these mixtures to separate the high molecular weight

125

proteins and I-trypsin:protein complexes from albumin and other low

125

molecular weight contaminants, such as unbound I-trypsin and free

1251, The PAPP-A fraction used in this experiment was contaminated

with albumin (Figure 4:lc), therefore equivalent concentrations were
added to the gel filtered solutions of azM/trypsin and trypsin to
monitor the effect of its presence on the assay.

Two peaks of radioactivity were eluted when PAPP-A/trypsin
and trypsin alone were fractionated (Figure 4:2). These peaks
coincided (approx) with 2 of the peaks observed after gel filtration
of uzM/trypsin, A peak of radioactivity at 13-19 ml eluted (Figure
4:2) was observed after the aZM/trypsin fractionation only, and was

coincident with the maximum o.M concentration (17 ml eluted), On

2
fractionation of azM/trypsin, 75.5% and 59% of the anti-azM and TCA

precipitable counts occurred in the g M/PAPP-A range, compared with.

2
32% and 16% of the anti-PAPP~A and PTA precipitable counts after gel

filtration of PAPP-A/trypsin, As PAPP-A and uzM eluted in the same
range, and from the precipitation results (Figure 4:3a and b), it

125

would appear that PAPP-A does not bind I-trypsin in this assay,

whereas a2M does,
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The PTA/TCA precipitation results suggest that the albumin
present in the gel filtration experiments was associating with the
125I-trypsino This observation is not unexpected as a characteristic
feature of serum albumin is its ability to bind a large number of
different biological substances such as long chain fatty acids and
steroids, as well as synthetic substances such as dyes (e.g. Cibacron
blue) and drugs (Andersson, 1979),

From the results of this experiment the following improvements
were suggested. The immune precipitation results (Figure 4:3b) after
gel filtration of PAPP~A/trypsin and trypsin showed that the immobili-
sed anti-PAPP-A was precipitating albumin/trypsin complexes and free

I-trypsin, The specificity of these assocliations was not determined.
However, to eliminate any possible contaminating non~-pregnancy specific
antibodies (see Sutcliffe et al, 1980a) the PAPP-A antiserum was
reabsorbed with adult male serum and a fresh batch of immobilised
anti-PAPP-A prepared. Also, as an added precaution, 100 pl of adult
male serum were mixed with each ml of immobilised anti-PAPP-A prior to
further immune adsorption analyses, to ensure complete blocking of
any remaining non-pregnancy specific antibodies, Subsequent immuno-
adsorphion experiments confirmed the success of these measures (see,
for example, Figure 4:8),

As only a singie PAPP-A/trypsin binding assay had been carried
out and because of the problems encountered with the anti-PAPP-A
immunoad sorptrons y it was decided to repeat the experiment using a
more pure preparation of PAPP-A. Consequently the purification
protocol reported in Chapter 3 was developed, However, as the
resultant PAPP-A enriched preparation was contaminated with a

significant amount of «,M, the protocol of the trypsin binding assay
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had to be changed accordingly, and an ion exchange chromatography step
incorporated instead of the gel filtration in order to separate these

two proteins,

ii) Validation of the trypsin binding assay incorporating ion exchange

chromatography

On ion exchange chromatography (Figure 4:4), azM eluted
maximally at 120 mM NaCl and PAPP-A at 270 mM, though some azM was also
detected here, These results are in good agreement with those already
published despite the difference in the methods of purification (Bischof,
1979; Sutcliffe et al, 1980b),

The results of the initial experiment using azM and 125I-trypsin
showed that this was indeed a valid assay for assessing trypsin binding
(Figure 4:5), The immobilised anti~&2M used in this particular
experiment was rather ‘old' and hence its capacity for precipitation
was not very high compared with subsequent immunoodserption
experiments using 'fresh' conjugates (see, for example, Figure 4:7),
However, it was apparent that aZM:trypsin complexes could be
precipitated in the expected region, as predicted by AACE, TCA
precipitations and previous ion exchange experiments, A few aZM:
trypsin complexes (too few to be detected by AACE), were also eluted in
the small peak of radioactivity at 27,5 ml eluted (295 mM NaClj; Figure
4:5), as indicated by immunoadsorption  (9,2% c.f. a lZSIatrypsin
control which gave 6.5% precipitation with anti-o:?_M)u The reason for
the elution of the small amount of &2M at this molarity is not known,
but it was not considered to be a problem, since the immune adsorphion

values would enable azM:trypsin complexes to be distinguished

from any PAPP-A:trypsin complexes which would also elute in this range,
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Trypsin binding properties of PEP

When mixed with iodinated trypsin, a,M and PAPP-A eluted from
the ion exchange column at substantially different points, which
enabled the analyses of their respective trypsin binding capacities,
However, as previously observed some &2M was eluted in the fractions
containing PAPP-A (see section (ii) in Approach experiments)o In
Figure 4:7, there is a close parallelism between the concentration of
azM and the number of 125I-trypsin counts in the fractions, Further,
the majority of these counts were precipitated with anti-azM (Figure
4:7), This indicated that these fractions contained aZM:trypsin
complexes, In the fractions containing PAPP-A less than 10% of the
counts were precipitable with anti-PAPP-A, a value comparable with
the precipitation control (Figure 4:8), Thus there was no evidence

for trypsin being bound to PAPP-A,

The effect of trypsin on the PAPP-A enriched product

PAPP-A enriched product (PEP) was incubated with a 3:1 molar
ratio of trypsin to aZM content, to ensure that more than enough trypsin
was available to saturate all the &ZM binding sites and to interact
with PAPP-A (azM binds 1-2 molecules of trypsin; Starkey & Barrett,
1977). The results from autoradiography and densitometry of the
aliquots withdrawn during the incubation period, suggest that PAPP-A
was being degraded by the trypsin (Figure 4:9a and Table 4:2), As
the incubation progressed the band at 187,000 decreased in intensity
(Table 4:2), while bands at 40,000 and 50,000 (thought to be tryptic

fragments; Figure 4:9a), increased. The band at 181,000, corresponding

to o,M, showed an initial decrease in intensity between 0-1 min
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(Table 4:2), On reduction azM:trypsin complexes are broken down into
fragments of 85,000 mol wt (see Hall and Roberts, 1978), due to the
tryptic cleavage of the 'bait' region in azM (see Chapter 1, section
4:1), During the remainder of the incubation period the intensity of
this band remained approximately constant (Table 4:2), Starkey and

Barrett (1977) noted that irrespective of the ratio of trypsin to «,M,

2
the binding reaction was complete in one minute and no further change
occurred over a subsequent 30 min incubatiom, The results obtained
here are also in keeping with these observations, The trypsin not
bound by azM continued to degrade the PAPP-A throughout the incubation
pexiod, The results from the iom exchange chromatography showed that
o, M (aZM:trypsin complexes and free azM), was present in the incubation
mix, together with some native PAPP-A (Figure 4:9b and c¢). Both
proteins eluted at the expected molarities,

It is apparent from the autoradiography and densitometric

analyses (Figure 4:9a and Table 4:2), that the o, M and PAPP-A in PEP

2
show disproportionate radiclabelling, with the amount of 125I—labelled

azM being 3.4 times greater than 125I—labelled PAPP-A (Table 4:2),
The reason for this difference is not clear. On ion exchange of
125I—PEP, after the 30 min trypsin incubation (Figure 4:10), the number

of counts in the fraction of maximum radioactivity in the ‘a,M' peak

2
(15 ml eluted; 3l.4 X'lO3 cps) was 6.4 times greater than the numﬁer
of counts in the fraction of maximum radiocactivity in the PAPP-A peak
(31 ml eluted; 4.9 x 103cps)° The disproportiomate radiolabelling of
these 2 proteins in PEP cannot account for the total difference

observed in the peak heights, Faint bands at approximately 40,000 and

50,000 (thought to be tryptic fragments of PAPP-A), are apparent in
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this region (tracks 2-5; Figure 4:9b), but not in the corresponding
PAPP-A region (tracks 6-8), This would seem to suggest that radio-
labelled, tryptic fragmentsof PAPP-A are eluting in the 'a2M° TANge,
Together with the disproportionate radiolabelling of PEP, this
observation would seem to account for the difference in the amount of
radioactivity in the aZM and PAPP-A peaks after ion exchange chromatog-
raphy.

Previously, in the trypsin binding experiments, the molar
concentrations of aZM in the PEP sample were in excess of the trypsin
molar concentrations, Therefore, it could be argued that the aZM
was binding to the majority of the trypsin, leaving only a small
amount unbound to interact with PAPP-A and hence no PAPP-A:trypsin
complexes were detected, However, in the incubation studies described
above, conditions were such that the molar concentrations of trypsin
exceeded those of o, M and PAPP-A (1.5:1), Hence sufficient trypsin
was present to saturate the aZM binding sites and interact with PAPP-A
too, Even under these conditions, PAPP~A:trypsin binding was not
detected, and PAPP-A remained susceptible to tryptic digestion
throughout the incubation period, These observations, together with -
the ion exchange chromatography and gel filtration results, indicate

that PAPP~A, unlike azM, does mnot bind trypsin.

b4 PLASMIN BINDING PROPERTIES OF PEP

4:1 INTRODUCTTION

oM is a major inhibitor of plasmin in blood (Starkey and

Barrett, 1977), and the experiments of Bischof (1979) have claimed
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that PAPP-A also inhibits plasmin., The plasmin binding properties
of the PAPP-A enriched preparation, purified as described in Chapter 3,
was therefore investigated, As in the trypsin binding assay, 1251~

plasmin was added to PEP, The different protein species were

subsequently resolved by gel filtration and iom exchange chromatography.

422 MATERIALS AND METHODS

MATERTALS

Plasminogen and fibrinogen (peak 1), were a gift from Dr,
Graham Kemp, St. Andrews University, Streptokinase and a further
source of fibrinogen (fraction 1), were obtained from Sigma. Gelatin
was purchased from BDH and EDTA from Koch Light Laboratories Ltd,
Plasminogen (in 50 mM Tris, 12 mM NaCl pH 7.4), was iodinated by the

lactoperoxidase method (Bolton, 1977).

METHODS

Approach Experiments

(i) To establish the activity of the 1251—Elasmin

Non-iodinated plasminogen (17,5 pg) in 100 pl of 50 mM Tris,
12 mM NaCl pH 7.4 and lactoperoxidase iocdinated plasminogen (1.4 ug;
19 uCi/ug) in 200 pl of 50 mM potassium phosphate, 0.2% gelatin pH 7.5,
were activated on incugation with 80 units of Streptokiﬁase (2,000
units/ml) for 20 min at 37°C. The fibrinogenmolytic activity of the
plasmin produced was determined as follows, An aliquot (25 pl) of
the activated plasminogen mixtures was incubated for 3 h at 37°C with

0.1 mg of fibrinogen (1 mg/ml in 5 mM EDTA). SDS polyacrylamide gels
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(5-15%) and autoradiography were used to detect the presence of
iodinated and enzymatically active plasmin, as judged from fibrinogen

degradation,

(ii) Separation of bound and unbound components by gel filtration

A 1l ml sample of dialysed PEP (83 pg PAPP~A; 138 pg aZM) was
mixed with 100 pul of iodinated plasminogen (0.5 pg; 19 pCi/ug) and 1 mg
of BSA, This solution was applied to a gel filtration column of
Sepharose 4B (0,9 x 57 cm), equilibrated with buffer A at 4°c,  The
sample was eluted for 7 h at 5 ml/hr with the same buffer., The
points of elution of PAPP-A and azM were determined by AACE, BSA
elution was monitored by PAGE and a TCA precipitation was used to

locate the 125I~p1asminogeno

Plasmin binding properties of PEP

125I-labelled plasminogen (1.4 pg; 19 uCi/ug) were activated

with Streptokinase (see section (i) in Approach experiments), Half
of the reaction mix (120 pl) was subsequently incubated with 1 ml of

dialysed PEP containing 80 pg of PAPP-A and 140 pg of o, M, for 1 h at

2
37°¢, As an activity control, the fibrinogen degradative properties
of the 125I-plasmin were determined by PAGE (see section (i) in

Approach experiments),

The mixture of 125I—plasmin and PEP was appliedvto a Sepharose
4B gel filtration column (see section (ii) in Approach experiments),
linked at its lower end to a2 column of Sepharose DEAE CL6B (0,9 x 0.8 cm).
After the protein mixture had been applied, the columns were washed
with 27 ml of buffer A at 5 ml/h, The two columns were then

disconnected and an 18 ml salt gradient (0-0,4M NaCl in buffer A)
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Figure 4:11 %nalysis of ‘the fibrinolytic properties of

Figure 4:12

I-plasmin, Fibrinogen breakdown was .
observed on 6-12% SDS-polyacrylamide gels.
Track 1, molecular weight standards;
track2 , 100 pg of fibrinogen after incubation
with 0.2 pg of Streptokinase activated 1257
plasminogen; track 3, 100 pg of fibrinogen
after incubation with 3 pg of streptokinase
activated plasminogen; track 4, 100 pg of
fibrinogen after incubation with 40 p
of streptokinase,

An autoradiogram of an SDS-PAGE gel under
reducing conditions showings 12 -plasminogen
i%gack 1); 0.2pg streptokinase activated
-plasminogen (track 2;' and 0.2 pg of
streptokinase activated 1 SI-plasminogen
after incubation with 100 pg of fibrinogen
(track 3), Exposure 6 days at room
temperature,
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applied to the ion exchange column (see General methods section of
this chapter). Fractions were analysed by immune qascm?fTbn o
Their radioactivity and conductivity were also measured, together with

the elution points of PAPP-A and a, M,

2
4:3 RESULTS

Approach Experiments

(i) To establish the activity of the 1ZSI-plasmin

Before the 125I-labelled plasmin was used in protein binding
assays, controls were made to test its enzymatic activity. Fibrinogen
breakdown was observed on SDS polyacrylamide gels after incubation with
activated 125I—plasminogen (track 2; Figure 4:11), Compared with the
control fibrinogen (track 4), there was a reduction in the fibrinogen o
doublet and some intensification of low molecular weight bands (track 2),
This experiment was carried out with limiting quantities of lzsI—plasmino
When unlabelled plasmin was added in excess, the degradation of
fibrinogen approached completion (track 3), On autoradiography of
125I-plasminogen, an intense band was observed at 91,000, corresponding
to radiolabelled plasminogen (track 1, Figure 4:12), With strepto-

kinase activation the intensity of this band was reduced, and two new

bands appeared at 48,000 and 26,000 respectively (tracks 2 and 3),

(ii) Separation of bound and unbound components by gel filtration

Gel filtration was investigated as a possible method for the
separation of plasminogen and unbound plasmin from bound plasmin, aZM
and PAPP-A, A solution of PEP, 125I-plasminogen and BSA was fraction~

ated on a column of Sepharose 4B, and the points of elutiom of these
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Figure 4:13 Gel filtration of a solution of PEP, I-
plasminogen and BSA on a column of
Sepharose 4B,

(a)

(b)

Elution of BSA (upper panel) was
monitored on SDS-PAGE and the intensity
of staining of the bands with Coomassie
blue plotted. «,M and PAPP-A elution
(middle and lower panels respectively)
were monitored on AACE and rocket
height plotted, "’ '

The elution poimnt of 125I-plasminogen was
monitored by determining the elution of
the TCA precipitable counts ( ). The
counts in the unprecipitated fractions
were also recorded (- = =),
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proteins determined (Figure 4:13), o M and PAPP-A were detected from
2

21-32 ml eluted (maximum PAPP-A at 25-26.5 ml and maximum o.M at 25,5 -

2
28,5 ml). BSA began to elute after 26 ml, reaching a maximum at

31.5 ml, and 25I-plasminogen began to elute after 27 ml, reaching its

maximum at 31 ml,

Plasmin binding properties of PEP

In this experiment l251-1abe11ed plasmin was formed by
activating 125I-plasminogen with streptokinase and the mixture added to
the PEP, This preparation was subsequently fractionated by gel
filtration to remove the free plasminogen and plasmin from any bound
plasmin, &ZM and PAPP-A, Ion exchange chromatography was used to
separate aZM from the PAPP-A and to resolve any high molecular weight
plasmin complexes, Initially, separate ion exchange fractionations
were carried out on lzsI-plasminogen and streptokinase activated
l251-plasminogen, and their elution maxima were located at 150 mM and
90 mM NaCl respectively,

Radiolabelled plasmin was then incubated with PEP and the
mixture fractionated on Sepharoses 4B and DEAE CL6B, Two peaks of
radioactivity were observed (Figure 4:14) in the eluate collected
from the ion exchange column, after it had been disconnected from the
column of Sepharose 4B, The first peak was largest and eluted
maximally at 130 mM NaCl, The second peak began to eiute at 265 mM
NaCl, with the maximum counts at 325 mM NaCl, AACE always showed
that most azM was eluted between 42-47 ml (Figure 4:15), which

‘corresponded to the fractions making up the largest peak of radioactive
plasmin, PAPP-A was eluted between 56-59 ml and some d M was also

2
detected there (Figure 4:15),
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Figure 4:14 Ion exchange chromatography of a PAPP-A
enriched fraction after incubation with
1251-plasmin, The proteins were eluted
with an NaCl gradient (- - -) and whole
fraction counts recorded (e—e@),

Figure 4:15 Immunoadserphon | with immobilised
anti~o,M and anti-PAPP-A, Lower panel:
1251~p%asmin counts precipitated by
jimmobilised anti-o,M (A-——s) and anti-
PAPP-A (Oo—n), 6pper panel: concen-
trations of o, ,M (ao—a) and PAPP-A {(p—m)
determined by AACE,
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TABLE 4:3 1251-p1a5min counts binding to uzM in PEP after iomn
exchange chromatography
Volume Total aZM Total PAPP-A Total cps per
eluted
(ml1) (ug) (ug) cps g a,M
43~46 39 not detected 3960 101,5

57-58 3.5 29 430 122.9
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Figure 4:16 TCA precipitable counts ( ) in 100 pl
aliquots of the fractions collected from
the column of Sepharose 4B after disconnection
from the ion-exchange column, during the
fractionation of the 125I-plasmin/PEP mix,

I counts in 100 pl unprecipitated fractiomns
were also recorded (- - =),
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In the fraction of maximum radioactivity (44 ml eluted), 55%
of the lZSI-plasmin counts were precipitable by the immobilised
anti-&zM compared with 7% by the anti-PAPP-A. Of the radioactivity
in the smaller peak (at 58 ml), 75% of the counts were precipitable
by the anti-dzM and 217 by the anti-PAPP-A (Figure 4:15), A-further
2 peaks of radioactivity were observed in the fractioms collected
from the column Sepharose 4B, after disconnection from the ion exchange
column (Figure 4:16), The first peak which eluted between 0-4 ml
after disconnection, was smallest, and 84% of the counts in this peak
were TCA precipitable, In the second peak (4-18 ml), 8% of the

counts were TCA precipitable, The 2 peaks were therefore judged to be

radiolabelled plasminogen plus plasmin, and free iodime respectively.
4:4 DISCUSSION

Approach Experiments

Streptokinase activation of iodinated plasminogen produced
iodinated and enzymatically active plasmin, On autoradiography of an
electrophoresed (SDS PAGE) sample of labelled plasminogen (Chloramine T
~ iodinated), the major band of radioactivity was detected at 91,000 mol
wt (track 1, Figure 4:12), which corresponded to the expected molecular
weight for plasminogen (83,800-93,000; Robbins, 1978), On strepto-
kinase activation of 1?5I-p1asminogen the intensity of Fhe plasminogen
band was reduced and two new bands were observed at 48,000 and 26,000
mol wt respectively (track 3; Figure 4:12), When plasmin is reduced
(see Robbins, 1978), 2 chains are formed, a heavy or A chain (48,800-
69,000 mol wt), and a light or B chain (24,000-26,000 mol wt), The 2

additional bands observed om activation of lzsl—plasminogen were
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therefore judged to be the A and B chain derivatives of iodimated
plasmin, The reduction in the o doublet of fibrinogen on SDS~PAGE
(track 2; TFigure 4:11) after incubation with this 125I-~p1asmin
demonstrated that it was also enzymatically active,

The plasminogen used in these experiments was iodinated by the
lactoperoxidase method (Bolton, 1977), Chloramine T iodinated plasmino-
gen was initially used, but the BSA present in the diodination column
buffer was found to have a molecular weight similar to the « doublet
of fibrinogen, This made it difficult to detect any reduction in
these bands due to plasmin degradation,

The results of the gel filtration experiment (Figure 4:13),
showed that it was possible to separate plasminogen and any unbound
plasmin from the high molecular weight proteins, BSA (68,000 mol wt)
was used as an approximate molecular weight marker for plasmin (75,000-
81,000 mol wt; Robbins, 1978), As the elution ranges for these
proteins were not discrete, a 'cut-off' point after the elution of
27 ml was arbitrarily decided upon, Most of the PAPP-A, and at least
half of the a,M were eluted before 27 ml (Figure 4:13), whereas the
majority of the BSA and plasminogen were eluted after this point,
Originally, a column of lysine Sepharose (which binds plasminogen) had
been used to remove the plasminogen from the PEP/plasmin preparations

(instead of gel filtration)., However, it appeared that a,M and

2
possibly PAPP-A were also binding to this column (data not shown).
For this reason it was decided not to include the lysine Sepharose
step, Even though the activated plasminogen mixture could have been

treated this way prior to incubation with PEP, unbound plasmin and

possibly some plasminogen would still have been present in the ion
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exchanged preparation, The subsequently included gel filtration step

was able to separate both of these proteins from the o M, PAPP-A and

2

plasmin complexes,

Plasmin binding properties of PEP

In the presence of iodinated plasmin, dzM and PAPP-A eluted
from the ion exchange column at substantially different points, which
enabled the analyses of their respectively plasmin binding properties
(Figure 4:15), The results with immobilised antisera are comparable
to those in the trypsin binding assays (Figures 4:7 and 8), The
elution profile of azM closely followed that of the radicactivity and
on immunoadsorption with anti-a,M, the fraction containing the
greatest amount of azM, precipitated the most 1251—p1asmin° From the
observed number of counts and the concentration of azM between 43-46 ml
eluted (Figure 4:15), it is possible to calculate the number of
125I-—plasmin counts per pg of QZM (101,5 cps/pg Table 4:3), If PAPP-A
were to bind 125I—plasmin in a manner similar to azM, this figure can
then be used to calculate the expected number of counts in the PAPP-A
range (Figure 4:15), Allowing for the differences in their molecular
weights, the expected number of lZSI-plasmin counts per ug of PAPP-A is
calculated to be 101,5 x 181,000/187,000 = 98,2 cps/ug. Since 29 ug
of PAPP-A were eluted between 57-58 ml (Figure 4:15, Table 4:3), the
number of 12_SI-plasmin counts expected to bind to PAPP-A is 29 x 98,2 =
2848 cps, However, the observed number of counts between 57-58 ml is
430 cps of which a substantial fraction (67%) are immune precipitable
with anti~o;2M° Indeed, the plasmin binding activity of a,M in the

2
fractions between 43-46 ml (Table 4:3), suggests that the 3,5 ug of
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&ZM in the fractions at 57-58 ml would be expected to bind 101.5 x 3,5 =
355,25 cps, or 82,6% of the total plasmin counts in these fractions,
On these calculations the remaining 75 cps are not bound to aZM and
they could, therefore, be available to bind PAPP-A, However, these
counts are only 2,67 of the 2848 cps expected if PAPP-A were to bind
plasmin in a manner similar to that of azM, It therefore seems
improbable that PAPP-A binds 1251—plasmin to any significant degree,

The present results are not consistent with the view that
PAPP-A inhibits plasmin in an homologous way to &ZM (Bischof, 1979,
1980), The reason for this incomsistency is not clear, Bischof's
results (1979, 1980) are based on a caseinolytic activity assay, but
it is improbable that PAPP-A could inhibit the enzyme without binding

v

strongly to it., The disadvantage with the activity assay is that
it does not preclude the possibility that the inhibitory activity is
due to a component other than PAPP-A, Both Bischof (1979) and I have
found it difficult to remove contaminating azM from preparations of
PAPP-A, This stresses the importance of binding assays and of using
sensitive methods to assess the purity of preparations, Tube gel
electrophoresis and immunodiffusion (Bischof, 1979, 1981), may not be
suitably sensitive, It is not possible to be certain that the present
purification scheme has not denatured or inactivated the PAPP-A in
the PEP, However, the azM in PEP was active (as it bound both tfypsin
and plasmin), and the more severe conditions used in previous methods
were avoided, This would seem to suggest that the PAPP-A was also

in a potentially active state,

5, COMPLEMENT INHIBITORY PROPERTIES OF PEP
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5:1 INTRODUCTION

An immunosuppressive role has been put forward for PAPP-A as it
is reported to be an inhibitor of complement mediated red cell lysis
and lymphocyte transformation (Bischof, 1981; Bischof et al, 1982b),

A complement fixation assay was carried out using PEP as a source of
PAPP~A. As dzM has no effect on complement mediated red cell lysis
(James, 1980), it was judged that the presence of this protein in PEP
was unlikely to interfere with the complement fixation assay,

This data was obtained by Jack Hunter, an assistant to my
supervisor, using samples of PEP I purified using the method developed
in Chapter 3, His contribution is gratefully acknowledge, as is some

technical help from Isabel Edwards during the large scale purification

of PEP,

5:2 MATERTALS AND METHODS

MATERTIALS

Sheep red cells were obtained from 50% whole blood, 50% Alsevers
solution (Gibco, Europe), Guinea pig complement (CT01/02) and rabbit

haemolytic serum for sheep cells were obtained from Wellcome,

METHODS

Complement fixation assays were carried out using the haemélytic
assay of Mayer (196l), Typically, 10g sheep erythrocytes were used in
a final volume of 1.5 ml of complement fixation diluent containing 15 ul
of 1/2000 dilution of rabbit anti-sheep haemolysin, After incubation
at 37°C for 15 min, 200 pl of complement was added, diluted 1/200

(guinea pig complement) or 1/50 (adult human male complement). Both
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Figure 4:17 .Titration of complement in an haemolysis
assay. Various dilutions of complement
were added to sensitised sheep red cells
and lysis was estimated by absorbance at
415 nm, The values  are from two different
samples of guinea pig complement,



Figure 4:17
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TABLE 4:4 Effect of PAPP-A enriched fractions on complement fixation
Comp lement Protein tested E 43 Mean
source lysis
value
Human None 0,93 0.94 0.96 0.9%4
serum ..
*5 ug PAPP-A + 7 pug azM 0.99 1,00
Guinea Pig None 1,27 1.27 1,28 1.27
serum
*2 pg PAPP-A + 4 ug azM 1,30 1,30 1,30 1,30
*2 ug PAPP~A + 5 ug aZM 1,29 1,27 1.28 1.28
*10 H,g PAPP"'A. + 20 ug (sz 1032 1932 1034 ]-033
%10 ug PAPP-A 4+ 22 pug a,M 1,28 1,29 1,29 1,29
2 ug aZM 1,27 1.28 1,30 1.28
10 pg oM 1.26 1,28 1,30 1,28
2 ug «HSA 1,31 1,31 1,32 1,31
10 pg oHSA 1,31 1,32 1,33 1.32

*PAPP-A enriched fractiomn,
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sources of complement were adsorbed with sheep red blood cells at 20°¢
before use, The tubes were stood at 37°C for 30 min, centrifuged at
3,000 g for 10 min and the optical density of the supernatant measured
at 415 nom, For complement inhibition assays, the quantity of
complement was adjusted to limiting concentrations. All test proteims
used in inhibition studies had first been dialysed against complement

fixation diluent,

5

3 RESULTS

In the experiments to test for possible inhibitory
effects of PAPP-A on complement-induced red cell lysis, it was
necessary to determine that a limiting concentration of complement was
present in the assay, Figure 4:17 shows a typical complement titration
curve for this purpose, Table 4:4 shows the level of haemolysis with
limiting quantities of guinea pig or human complement in the presence
or absence of various preparations of aZM and PAPP-A, The PAPP-A
used in these assays was from a sample of PEP, No evidence of
inhibition of complement~mediated red cell lysis was detected for any

preparation containing either of these two proteins,

514  DISCUSSION

In repeated assays no evidence could be found that PAPP-A
is able to inhibit the.lysis of sheep red blood cells by guinea pig or
human complement, The finding that éZM is not inhibitory is consistent
with the previous knowledge (see James, 1980), and suggests that were
PAPP-A homologous to &ZM, it would not necessarily be expected to have

anti-complementary properties, In these experiments the PAPP-A

concentrations varied from 1.3 pg/ml to 6,7 pug/ml in the fixation assay,
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that is some ‘15-60 fold less than the mean concentration of PAPP-A in
maternal serum at term (Sutcliffe et al, 1980a; 1982b), However,
as the source of complement itself was diluted by 1/1500 to 1/375 and
was present in limiting concentrations in the assay, this was not
considered to be an objection to the experiment,

These findings on PAPP-A cannot be reconciled with those of
Bischof (198l) who reported anti-complementary activity for PAPP-A,
Indeed no such activity was found in the PAPP~A made by Sutcliffe et al
(1980b), though Bischof (1981) detected complement-inhibitory activity
in this material, This contradiction suggested that this preparation
of PAPP-A (Sutcliffe et al, 1980b) may have been in some way unstable
or subject to progressive imactivation, possibly due to the chaotropic
conditions used for its purification., These considerations prompted

the development of the method of purification described in Chapter 3,

6. FIBRONECTIN AND GELATIN BINDING PROPERTIES OF PEP

6:1 INTRODUCTION

Fibronectin, also known by its earlier name of cold insoluble
globulin, is a high molecular weight glycoprotein of approximately
450,000 (depending on the source), found in a soluble form in blood
and other body fluids (_eng0 amniotic fluid), For recent reviews see
Mosher (1980) and Ruoslahti et al (1982a and b) and reférences therein,
Insoluble forms of this protein also exist, which are located in
connective tissue, at the cell surface and in basement membranes,

The differences observed among fibronectins from different sources are

mainly due to variations in glycosylation of the molecule, with the
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polypeptide portions being approximately the same (Ruoslahti et al,
1982a), Fibronectins appear to exist as disulphide bonded multimeric
aggregates at the cell surface (which contributes to their insolub-
ility), whereas soluble fibronectin mainly consists of dimers. These
different forms of fibronectin are involved in a variety of seemingly
unrelated events ranging from cell surface phenomena to blood
coagulation, A summary of the major fibronectin interactions are
presented imn Table 4:5,

The distribution of PAPP-A in placental tissue has recently
been studied using immunoperoxidase staining (Sutcliffe, Khalef and
Horne, in preparation), PAPP-A was identified in Nitabuch's layer
(at the utero-placental interface), chorionic plate, placental septae,
syncytiotrophoblasts and cytotrophoblastic cell islands (see Table 1:3),
which are some of the principal zones for the deposition of fibrin and
the related fibrinoid material (Boyd and Hamilton, 1970), A similar
distribution pattern was also observed by these workers with immuno-
peroxidase staining for fibronectin, particularly in regions of
decidua containing reticular fibres and fibrinoid material,

Nitabuch®s layer, also known as Nitabuch's membrane or striae
(Boyd and Hamilton, 1970), is a layer of extracellular fibrinoid material
containing fibrin/fibrinogen type proteins and a variety of other poly-
peptides (Sutcliffe et-al, 1982a). It forms a boundary very early on
in pregnancy, between the fetal and maternal tissues (Boyd and Hamilton,
1970), and is therefore of interest since it might be involved in the
maintenance of the fetal allograft, On culturing this layer for omne
week in the presence of 3SS-methionine, radioactive PAPP-A and fibromnectin
were identified in the culture supernatant (Khalef, Buultjens and

Sutcliffe, in preparation),
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TABLE 4:5 Fibromectin interactions‘®)

Macromolecule Interaction with fibronectin-

Collagen Binding: possibly forms extracellular matrices,
Gelatin Binding: stronger than collagen,

Fibrinogen Binding: weak.

Fibrin Binding: .weak, but is cross-linked to fibro-

Glycosaminoglycans

(including heparin)

Thrombin
Plasmin

Transglutaminase

(Factor XIII)

Urokinase

DNA
Actin

Gangliosides

Compounds‘of bacterial

cell walls

Tissue debris

nectin by transglutaminase, therefore both
proteins are incorporated into clots., May
provide a temporary adhesive matrix for cells

to grow into a wound,

Binding: thought to be involved in the
formation of the extracellular matrix,
Heparin binding enhances collagen binding to

fibronectin,
Fibronectin acts as a substrate,

Fibronectin acts as a substrate

Cross-links fibronectin and fibrin,

Fibronectin enhances activation of plasminogen
by urokinase, :

Binding

Binding

Possible cell surface receptor on eukaryotic

cells that fibromectin binds to, mediating

cellular adhesion to the extracellular matrix,

Fibronectin is involved in bacterial

opsonization,

Fibronectin may serve as a non-specific
opsonin promoting removal of imnsoluble tissue

debris by the reticular endothelial system,

(a) Data from Mosher (1982) and Ruoslahti et al (1982a & b).
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As PAPP-A and fibronectin seem to have a similar distribution
in placental tissue and are both associated with reticular fibres
around decidual cells, it was considered possible that they might bind
to each other or to some common substrate, To investigate this
hypothesis, the binding properties of PAPP-A to fibronectin, gelatin

and gelatin:fibronectin complexes were investigated,

6:2 NMATERIALS AND METHODS

MATERIALS

All solutions, glassware and dissecting instruments were
sterilised prior to use and a sterile technique maintained throughout
the tissue culturing experiments, Tissue culturing media were made
up as follows, using materials obtained from Flow Laboratories or Gibco
Bio-Cult Ltd, Complete medium: to 150 ml of sterile HZO the
following were added; 18 ml, 10 x Eagle's medium (Glasgow modification);
6,7 ml, 7,5% sodium bicarbonate; 2 ml, 200 mM glutamine; 20 ml,

Fetal Bovine serum (FBS; mycoplasma and virus screened); 2 ml, 100 mM
sodium pyruvate; 2 ml, 100 x non-essential amino acids; 2 ml 100 x
Penicillin/streptomycin, Methionine minus medium: as for complete
medium, except that 10 x Eagle's medium (Glasgow modification) minus
methionine was used and the FBS was omitted, Culture medium: (2% FBS);
was made by diluting cémplete medium (10% FBS) 1 in 5 with methionine

minus medium (0% FBS). 35

S-methionine (Amersham) was diluted with
culture medium to give a specific activity of 10 uCi/ul,
Triton~X 100 and gelatin were obtained from BDH, and fibrin

clot was prepared as described in Sutcliffe et al (1982a),

Scintillation counts were measured in a SL30 Liquid Scintillation
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Spectrometer (Intertechnique), All samples were prepared in a 10 ml
volume of high efficiency emulsifier cocktail (Biofluor, New England

Nuclear),
METHODS

Culturing Nitabuch's layer

The uteroplacental surface of a freshly delivered placenta
(less than 1 h old), was washed free of contaminating blood with PBS,
Samples of Nitabuch's layer, which was observed as a colourless,
translucent material on the surface, were removed by blunt dissection,
and washed with methionine minus medium, Similarly, a piece of tissue
from the villous placenta was also removed and this was used as a control
in the culturing experiments, The samples of Nitabuch's layer and
villous placenta were cut into pieces about 2-3 mm square by 1 mm thick
and incubated (individually) in 0,5 ml of culture medium, to which
50 uCi of 35Smmethionine were added, After 24 h at 3700, the super-
natants were harvested, Aliquots were analysed on SDS polyacrylamide
gels (5-15%) and by autoradiography. A TCA precipitation was also
carried out on these supernatants,

Further samples of Nitabuch's layer were removed from the fresh
placenta by scraping the utero-placental surface with a scalpel blade,
and washed by centrifugation in PBS (5,000 g for 5 min)? The resﬁlting
pellets were washed by vigorous agitation in a solution of 0.5% (v/v)
Triton-X 100 in PBS (for 3 min using a Fison's Whirlimixer), and by
centrifugation (5,000 g for 5 min), This procedure was repeated until
all traces of blood were removed from the pellets and the discarded

supernatants, A 0,5 mm square piece of pellet was then homogenised in
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500 ul of 1% (w/v) SDS,. Aliquots of the homogenates (5, 25 and 50 pl)
were reduced with 1% (v/v) B-mercaptoethanol and analysed on SDS

polyacrylamide gels (5%-12%).

Fibronectin binding assay

A sample of the supernmatant from cultured Nitabuch's layer
(300 pl) containing 358-fibron20tin, was incubated for 1 h at 37°C with
1 ml of dialysed PEP (89 g PAPP-A; 130 ug &ZM), plus 100 pl of lacto-
peroxidase iodinated PEP (0,9 g PAPP-A, 2.7 pg &ZM; 11 pci/pg)e  This
was then applied, at room temperature, to a gel filtration colummn of
Sepharose 4B (0,45 x 57 cm). The column was equilibrated with PBS
and the sample eluted with the same buffer at a flow rate of 5 ml/h,
The radioactivify (1251 and 35S) in the fractions was measured, together
with the elution points of PAPP-A and &2M° Aliquots of the fractions
were analysed by SDS-PAGE (5-15%). TCA precipitations were carried

out and the protein bound 1251 and 358 located,

Interactions of PEP with gelatin and gelatin:fibronectin complexes

PEP-gelatin interactions

A 750 pul sample of dialysed PEP, containing 170.5 pg of PAPP-A
and 173,3 pg of &ZM, was incubated at room temperature for 1 h on a
column of Sepharose 4B (0.5 x 4 cm), to which 15 mg of gelatin had been
coupled, The column Qés equilibrated with PBS and the unbound
protein eluted with 4 ml of the same buffer, This was followed by
4 ml of buffer B, The fractions (1l ml) were analysed for their

PAPP~-A and azM content,



143

TABLE 4:6  Incorporation of'358-methionine into the proteins in the

supernatant, after culturing Nitabuch's layer

Culture Pre-counts Precipitated(a) Incorporation
supernatant (cpm) (counts (cpm) %
Nitabuch's 337458 26453 7.8
layer (4 388115 23679 6,1
separate 382515 17335 b4o5
cultures, 272073 21962 8,1
from omne
placenta)

Villous 479859 8233 1.7
placenta 522778 4054 0.8

(2 separate
cultures,
from one

placenta)

(a) TCA precipitations om 10 pl of supernatant,

Averages of duplicate precipitations,
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PEP-gelatin:fibronectin interactions

358-fibronectin in 500 pl of supernatant from cultured
Nitabuch's layer was incubated for % h at room temperature on a column
(0.5 x 4 cm) of gelatin (15 mg) coupled to Sepharose 4B, The column
was equilibrated with PBS, After the incubation 5 ml of PBS were
applied to the column to elute any free 358 and unbound protein, A
750 ul sample of dialysed PEP (130.5 ug PAPP-A; 124.5 ug &ZM) was
subsequently applied to the gelatin Sepharose/fibronectin column,
where it was incubated at room temperature for 1 h, Unbound
protein was eluted with a further 5 ml of PBS and the concentration of

PAPP-A and azM in these fractions (1 ml) determined,

TCA precipitation of 358—labelled proteins

Duplicate aliquots (10-50 ul) of labelled protein solutions
were spotted onto filter paper discs (Whatman no., 1), and left to dry.
Proteins were precipitated by gently stirring the discs in ice cold
5% (w/v) TCA for 30 min., Unprecipitated counts and TCA were removed
by washing with 4-5 volumes of methanol, The washed and dried disecs
were placed in scintillation vials with 10 ml of Biofluor and the

precipitated counts measured,

6:3 RESULTS

Culturing Nitabuch's layer

0f the 35S-methionine counts in the supernatant from cultured
Nitabuch's layer, 4.5-8,1% were precipitable with TCA, compared with
0.8-1,7% of the counts in the control supernatants (Table 4:6),

Analysis on SDS polyacrylamide gels (Figure 4:18a) revealed many bands,
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Figure 4:18 Analysis of the supernatant after culturing
Nitabuch's layer for 24 h with 35S-methionine,

(a) SDS-PAGE under reducing conditions,

(b)

stained with Coomassie blue, Tracks 1-8,
aliquots of 8 different culture supernatants
from Nitabuch's layer (odd mo. tracks are
radiolabelled, even mno, tracks are not),
Track 9, PAPP-A (187 k) and a,M (181 k)
standards; tracks 10 and 11, control
supernatants from villous placenta

(track 10, 33s-labelled; track 11,
unlabelled),

Autoradiogram of gel shown in figure 4:18a,
Tracks 2-5, Nitabuch's supernatant, showing
a radiolabelled polypeptide at 230 k.,

-Track 6, villous placenta control super-

natant, Track 1, an aliquot of Nitabuch's
supernatant (see Figure 4,18a) stained
with Coomassie blue, Exposurej 4 days

at room temperature,
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Figure 4:19 Analysis of the scrapings taken from
Nitabuch’s layer on SDS-PAGE under reducing
conditions, Track 1, molecular weight
standards; track 2, fibrin clot standard;
track 3, PAPP-A (187 k) and a,M (181 k)
standards. Tracks 4~6 and 7-9, samples
(5, 25 and 50 pl) of homogenised Nitabuch's
scrapings from 2 different placentae,
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some of which were common to both types of supernatant., For example
the heavily stained band at 68,000 (mol wt) and the lighter stained
bands at 181,000, 43,000 and 30,000, A high molecular weight poly-
peptide (230,000 approx) was observed in the supernatant from Nitabuch's
layer (tracks l-é; Figure 4:18a), This band was also present in the
supernatant from the villous placenta control, but to a lesser extent
(tracks 9 and 10)., Radiolabelling of this polypeptide was observed
on autoradiographs for the Nitabuch's supernatant only (tracks 1-4:
Figure 4:18b), Other lower molecular weight polypeptides (less than
68,000) observed on the autoradiographs of the Nitabuch's supernatant
weremore weakly labelled. A polypeptide with molecular weight of
about 43,000 showed some 35S incorporation in the control supernatant
(Figure 4:18b, track 5) and a similar band in the Nitabuch's super-
natant showed comparable labelling (tracks 1-4),

Polyacrylamide gels of Nitabuch's scrapings showed a different
banding pattern on staining with Coomassie blue (Figure 4:19),
However, the high molecular weight bands at 230,000 and 181,000 (mol
wt) were again apparent, though the latter was only faint (tracks 4-7;
Figure 4:19), A third high molecular weight band, not present in
the supernatant from cultured Nitabuch's layer, was observed at
187,000 (tracks 4-7), The intensity of the Coomassie staining of
this band was comparable to that seen for the 230,000 mpl wt poly-~

peptide,

Fibronectin binding assay

As this experiment involved radioisotopes emitting different

125

types of radiation (358, B-radiation; I, y-radiatiom), it was
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Figure 4:20 Correction curve for the fibronectin binding
assay: The gamma counts in solutions. of
1257.PEP were recorded and plotted against
the number of counts per second recorded for

the same solutions in the liquid scintillation
counter,



Figure 4:20
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Figure 4:21 Fibrgonectin binding assay. Gel filtration
of 1231-pEP and 39s-fibronectin after
incubation for 1 h, v

(a) Concentration of o,M (A~ - —&) and PAPP-A
(——e) as determified by AACE,

(b) The elution Erofiles of the 35S—counts
(8——®) and 251 counts (m—n) were
recorded, The correction curve in
Figure 4:20 was used to determine the
“"corrected” 39S-counts (- -~ -), The
fibronectin elution range (x) was
determined from SDS-PAGE (see Figure
4.22%. The elution range of free 12571
and 398 (y) was determined by a TCA
precipitation,
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necessary to determine how the presence of one isotope affected the
detection of the other, in a mixture of the two, This was ascertained
by recording both the gamma and scintillation counts measured in
various dilutioﬁs of the individual isotopes, No solution containing
35S-fibronectin gave a reading above background when measured in the
gamma counter, However, a substantial number of counts were recorded
when 125I-PEP solutions were measured in the liquid scintillation
counter, and these were plotted against the number of gamma counts
recorded for the same solutiomns (Figure 4:20), An approximate 1l:1
relationship was observed, in that ome cps recorded by the gamma
counter was recorded as one cps by the liquid scintillation counter,.
The supernatant from cultured Nitabuch's layer containing

35S-fibronectin (plus other proteins such as BSA from the culture

medium), was incubated with 12SI-PEP and unlabelled PEP, The proteins
were then separated by gel filtration, Two peaks of radiocactivity were
observed in the eluate for the 358 (corrected and uncorrected) and

1251 counts (Figure 4:21b), The counts in the first peak (21-35 ml)
reached their maximum at 27 ml eluted for both isotopes, The

second peak (35-45 ml) eluted maximally at 39-~40 ml and 40 ml for the
355 and 1251 counts respectively, These were judged to be free 1251
and 355 counts as very few of them were TCA precipitable (6% or less).
AACE assays showed that a,M and PAPP-A eluted in the first peak of
radicactivity (23-34 ml; Figure 4:2la),  SDS-PAGE located the fibro-

nectin elution range to approximately 27-33 ml eluted (Figure 4:22),

Interactions of PEP with gelatin and gelatin:fibronectin complexes

PAPP-A and azM were initially incubated on a column of gelatin

Sepharose to determine their gelatin binding capacity, The results of
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Figure 4:22 SDS-PAGE analysis of the column eluate
after gel filtration of 1231-PEP/35S-
fibronectin, Tracks 1-3, aliquots of
fractions at 26, 28 and 33 ml eluted,
respectively, Track 4, PAPP-A, o M and
other molecular weight standards (See
methods section).
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TABLE 4:7 PEP/Gelatin interactions

Fraction Column Concentration Concentration of
collected buffer of azM (pg/ml) PAPP-A (pg/ml)
1 PBS 38,0 51.3
2 " 60,3 56,7
3 " 34,3 41,3
4 " 11,0 4,0
Total not 143,6 (82,9%) 153,3 (89,9%)
binding
5 Buffer B 9,3 4,0
6 " 7.3 2.7
7 " 5.7 2.7
8 " 3.7 2,7
Total binding 26,0 (15.0%) 12,1 (7.1%)

Total protein recovered

169,6 pg (97.9%)

Figures in parentheses = 7, recovery

TABLE 4:8 PEP/Fibronectin:Gelatin interactions

Concentration
of aZM (ug/ml)

165.4 pg (97.0%)

Concentration of
PAPP-A (upg/ml)

Fraction Cps (in
collected 100 pl)

1 21630

2 128825

3 19218

4 2850

5 476
Total cps :
cluted 172999 (61,22%)

6 170

7 95

8 68

9 33

10 19

Total eluted 385 (0,14%)

Total rem- 109212 (38,.64%)
aining on column,

o

o N W ke
W o~ o
-]
O~ WWwo

o

106,
18,2

W

|

Figures in parentheses = 7, recovery,

Hg
23]

(85.4%)
(14,6%)

ng (88.6%)
854 (lloq’%)
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this experiment are summarised in Table 4:7, Of the protein loaded
153.3 ug (89.9%) of the PAPP-A and 143,6 pg (82.9%) of the a,M were
recovered from the column during the PBS elution (fractions 1-4).

On washing the gelatin Sepharose with 0.3 M NaCl in PBS, a further

12,1 pg (7.1%) of the PAPP-A and 26 pg (15%) of the o.M were recovered

2
(fractions 5-8),

Radiolabelled fibromectin was then incubated on a similar
column, Unbound counts were washed off the column with PBS (Table
4:8, fractioms 1-5), These amounted to 61.2% of the total counts
loaded (Table 4:8), A further 0,14% of the counts were eluted after
the PEP incubation (fractions 6-10), along with 115,6 ug (88.6%) of

the PAPP-A and 106,3 pg (85.4%) of the a,M originally applied,

6:4 DISCUSSION

The incorporation of 35S-methionine into the supernatant
proteins of cultured Nitabuch's layer was observed on polyacrylamide
gels and autoradiography (Figure 4:18a and b),. A polypeptide with
molecular weight of 230,000 (approx) incorporated the most 355 (Figure
4:18b), This was judged to be fibronectin, as the protein in this
band had previously been shown to bind to gelatin and anti-fibronectin
immobilised on Sepharose (Khalef, Buultjens and Sutcliffe, in
preparation), The idgntity of the other more weakly labelled proteins
present in the supernatant was not determined, No PAP?-A or ézM
synthesis was observed after culturing for 24 h,

The polyacrylamide gel analysis of Nitabuch's scrapings from

two different placentae, after staining with Coomassie blue, is shown



154

in Figure 4:19 (tracks 4-7), Fibromectin (230,000) was again

apparent, as was a faint band at 181,000 thought to be a,M, However,

2
a high molecular weight band, not present in the superantant of

cultured Nitabuch's layer, was also observed. The molecular weight

of this band was estimated to correspond to that of PAPP-A (ioe;

187,000). This band showed a similar intensity of staining to the
fibronectin band, which suggests that they were present in approxi-
mately the same concentration, Some of the smaller polypeptides had
molecular weights corresponding to those observed in the fibrin standard,
such as the B and y-y dimer subunits (track 2, Figure 4:17), Further
analyses of these and the other bands was not carried out,

As both PAPP-A and fibronectin were present in analysed samples
of Nitabuch's scrapings, since they show a similar distribution in
placental and decidual tissue and since they are both synthesised by
Nitabuch's layer (Khalef, Buultjens and Sutcliffe, in preparation),
it was considered possible that these two proteins might bind to each
other or to some common substrate such as the collagen in the reticular
fibres (type III). This type of association is observed in basement
membranes, where collagen is found in conjunction with two non-collagenous
glycoproteins (Kefalides, 1975), These proteins are secreted by the
cell and interact extracellularly to form the desired structural
arrangement required for each tissue (see Chapter 5, Figure 5:1), . If
PAPP-A and fibronectin were to bind to each other a comblex with a
molecular weight of well over one million (450,000 + 750,000) would be
formed. Such a high molecular weight complex could be resolved from
free PAPP-A and fibronectin by gel filtration. Differential radio-

labelling of these 2 proteins would allow the identification of any
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such high molecular weight complexes (even at low concentrations),
present in the column void voluﬁe, and distinguish them from the
unbound componentéo Such was the rationale behind the gel filtration
experiment carried out omn the 35S—fibronectin after incubation with

125I-PEP0

The elution profile for the l251 and 358 counts (corrected
and uncorrected) were made up of 2 peaks of radiocactivity (Figure 4:21),
the first peak (21-35 ml eluted) being composed of the protein bound
counts and the second (35-45 ml eluted), the free 1251 and 358 (TCcA
non-precipitable counts), PAPP-A, QZM'and fibronectin were detected
in the first peak only, The order of their elution confirmed that
gel filtration had indeed occurred, since the fibronectin (450,000

mol wt) began to elute after the o,M and PAPP-A (620,000-820,000 mol wt),

2
and before the BSA (68,@00 mol wt; tracks 2 and 3, Figure 4:22),
Neither PAPP-A mor fibromectin were detected by AACE or SDS-PAGE and
autoradiography in the earlier fractioms (10~23 ml eluted). It was
concluded therefore, that under these conditions PAPP-A and fibromnectin
do not associate to form a high molecular weight complex,

Since fibronmectin has a high affinity for gelatin (see Mosher,
1980), the binding properties of PAPP-4, and &ZM, to gelatin and
fibronectin:gelatin complex were investigated, Gelatin is produced
when collagen is denatured by boiling, thus fibronectin. bound to
gelatin = Sepharose was used as a model for the binding of insoluble
fibronectin to collagen, Denatured collagens aremore efficient
binders of fibronectin than their native forms, but of the native forms,

collagen type III, as found in reticular fibres, is the most active

(Ruoslahti, 1982a), Initially, the capacity of the gelatin Sepharose
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to bind PAPP-A and azM was determined (Table 4:7), The majority of
the PAPP-A and aZM loaded onto the column was eluted during the PBS
wash (89,9% and 82,9% respectively), Some, however, did appear to
bind to the gelatin (7,1%, PAPP-A; 15%, aZM), but most of this was
eluted in the subsequent salt wash (Table 4:7), The binding was thus
thought to be of an ionic nature, rather than a covalent nature, The
total recovery of PAPP-A and azM was 97% and 97.9% respectively,
therefore it was concluded that the gelatin Sepharose showed no
capacity to bind PAPP-A or oczMu (Fibronectin, which does bind to
gelatin Sepharose, requires 4M urea in 50 mM Tris-HCl pH 7.5; 2M urea
in 1M NaCl; glycine HCL Nal buffer pH 2.6 or ethylene glycol to
dissociate it from gelatin ; Ruoslahti, 1982a),

After incubation of Nitabuch's supernatant on a similar column,
38.,6% of the counts loaded remained on the gelatin Sepharose after
washing with 5 ml of PBS (Table 4:8). These were taken to be bound
35S-fibronectin counts, The recoveries of PAPP-A and azM (88,6% and 85.4%
respectively; Table 4:8), after subsequent incubation of PEP on the
fibronectin:gelatin Sepharose, were very similar to those observed in
the absence of fibromectin (Table 4:7), From these results itwuld
appear that the similarities in the distribution of PAPP-A and fibfonectin
throughout placental tissue canmot be attributed to these proteins
forming an association with each other or with collagen, nor by PAPP-A
binding to a fibronectin : collagen complex, Fibronectin is known to
bind to many proteins (see Table 4:5), such as heparin, fibrinogen,
fibrin and other components of the fibrinolytic andhaemstatic systems

(Mosher, 1980), and any of these molecules could act as a common binding

substrate for fibronectin and PAPP-A, It has been reported that PAPP-A
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has a high specific affinity for heparin (Sinosich et al, 1981).
Fibronectin binding to collagen is enhanced in the presence of heparin
(Ruoslahti, 1982b), and the binding of heparin (heparin sulphate or
hyaluronic acid) to fibronectin:gelatin complexes conveys upon them
greater stability than in the absence of heparin (Ruoslahti, 1982a),
PAPP-A binding of collagen may therefore be dependent on the presence
of other molecules such as heparin, Further studies of this type are
required therefore, before any definite statements on the interactions

of PAPP-A and fibronectin can be made,



CHAPTER 5 : DISCUSSION AND CONCLUSIONS
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DISCUSSTION AND CONCLUSIONS
"In Science the primary duty of ideas is to be
useful and interesting even more than to be true"

Wo Trotter (1941)

In this last chapter, the main conclusions presented in Chapters
2, 3 and 4 will be reviewed and discussed in the light of the experimental
objectives (as presented in Chapter 1, section 6), The notion that aZM
and PAPP-A might be related to each other arose because of the similar-
ities observed in their physicochemical properties, Under reducing
conditions their isoelectric points were found to be equivalent
(Sutcliffe et al, 1980b), and their amino acid, hexosamine and sialic
acid compositions similar (see Tables 1:5 and 1:6), However, their
total carbohydrate contents differed quite markedly, with a mean value
of 19,2% carbohydrate.for PAPP-A and 8,6% for a,M (Sutcliffe et al, 1980b),
The meutral carbohydrate content of these two proteins was determined
to see if this could account for the observed difference in their total
carbohydrate content, If so, this would be consistent with the view
that the molecular charges on these proteins are similar, as implied by
the equivalence in their isoelectric points, The neutral carbohydrate
content of PAPP-A (using a galactose standard) was found to have a mean
value of 12,9%, compared with a value of 3.9% for a,M (Table 2:2). The
observed difference in the neutral carbohydrate (9.0%) accounts therefore,
for a high proportion (70796%’ see Chapter 2:4), of the difference in
total carbohydrate, It could be argued that this result supports the
hypothesis that PAPP-~A represents a modified form of aZM (at either the
level of the gene or post-transcriptiomally), being equivalent to a

molecule of oM plus additiomal neutral carbohydrate, However, electro-
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phoresis results (Sutcliffe et al, 1980b), indicate that the molecular

weight of the PAPP-A polypeptide exceeds that of «,M by about 3.3%.

2
Since their total carbohydrate contents differ by 10.6%, this would

suggest that the PAPP-A polypeptide is smaller than that of o, M, It

2
would appear therefore, that the notion that PAPP-A is equivalent to a
molecule of aZM plus additional mneutral carbohydrate is too simplistic.
If indeed, these proteims are related, then it seems more likely that
PAPP-A represents a modified form of &ZM which has had a portion of its
polypeptide chain removed and carbohydrate added, It could be argued
that polyacrylamide gel electrophoresis is not a sufficiently accurate
method for assessing molecular weight, and determination of the sediment-
ation equilibrium point of PAPP-A, for example, might give a molecular
weight value for PAPP-A that is more in keeping with this hypothesis,
Gordon and Chard (1979), have suggested that all placental proteins

are analogues of proteins present in the normal adult, Human pituitary
growth hormone (prolactin), for example, is the mon-pregnant analogue

of human placental lactogen (hPL) (Josimovich, 1977) and the pregnancy-
associated alpha fetoprotein (AFP) is thought to be the fetal counter-
part of adult serum albumin (see Law and Dugaiczyk, 1981l; and references
therein)., However, it is important to note that the theories of
homelogy for these proteins are based on detailed analysis mnot just of
their physicochemical properties, but also an analysis of their primary
structure at the amino acid and/or DNA levels, Amino acid analysis

of hPL and prolactin has shown that these two hormones have 163 out of
190 amino acid residues in common (Josimovich, 1977), Of the remaining

27 residues, 24 are "highly acceptable™ alternatives in terms of the

genetic code, Homology between the primary structure of AFP and serum
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albumin was deduced from a complete c~DNA sequence and from the fact
that AFP can be organized into a 3-domain structure almost identical to
that of serum albumin (Law ard Dugaiczyk, 1981), It is interesting to

note that attempts to peptide map «,M and PAPP-A with V8 protease and

2
cyanogen bromide (Sutcliffe et al, 1980a; Gore and Sutcliffe, in press),
have failed to produce evidence of homology., This cannot be taken to
be indicative of a total lack of homology, but a lack of homology in
those sequences flanked by methionine, aspartic acid and glutamic acid
residues, However, it does not lend support to a theory of homology.
Previous attempts to find antigenic cross-reactivities between these two
molecules have also failed to yield evidence of homologies (Sutcliffe

et al, 1980a & b). The observed similarities in their physicochemical
properties do not constitute strong evidence for homology, Both
proteins are serum macroglobulins whose tetrameric structures are to be
expected from their size, and whose very similar isocelectric points are
typical of many other proteins,

PAPP-A was obtained in an enriched state under mild conditions of
purification involving Cibacron blue dye-ligand chromatography, negative
antibody affinity chromatography and gel filtration (see Chapter 3).

The product was a mixture of PAPP-A and o,M (the PAPP-A enriched
preparation or PEP), The PAPP-A produced by this method was not as

pure as that obtained after positive affinity chromatography (Sutcliffe
et al, 1980b; Folkersen et al, 198la), However, this was largely an
operational factor, since the purity of the PAPP-A could be markedly
increased by reducing the volumes loaded onto the columns and restricting
the pool size to those fractions containing the maximum concentration

of PAPP-A, The problem of the contaminating aZM was greatly reduced
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after ion exchange chromatography, This step was not employed however,
until after the investigation of the functional properties of PAPP-A,
thus avoiding further processing of the PAPP-A and making use of the
contaminating azM as a positive internal control during the subsequent
protease binding experiments, Starkey and Barrett (1977), noted that
long, complex purification procedures tended to result in serious
inactivation of dzM, and that it was sometimes mnecessary to compromise
between obtaining azM free from all contaminants and retaining the major
part of the azM in an active form, Such was the ratiomale behind this
method of PAPP-A purification, It was mot possible to be certain that
the PAPP-A produced by this method was in an essentially native and
potentially active state, but the more severe conditions such as high
salt concentrations and ammonium sulphate precipitation employed in
previous methods were avoided.

The results of the trypsin and plasmin binding assays (Chapter
4, sections 3 and 4), also lend no support to the hypothesis that PAPP-A
has a function which is homologous to o¢2MD The PAPP-A in PEP bound
neither trypsin nor plasmin, whereas the azM did, Therefore it is
improbable, as binding was mnot observed, that PAPP-A inhibits either
of these enzymes (see Chapter 1:5), though the possibility that it
inhibits enzymes other than trypsin or plasmin cannot be excluded, It
is usual to carry out a stoichiometric analysis on the inhibition of
enzyme activity in conjunction with such binding experiments, It is
acknowledged that this type of information would have been useful for

accurately assessing the degree of activity of the «,M in the PEP,

2

thus acting as a point of reference for the quantitative assessment of

the activity status of the PAPP-A, Had the PAPP-A shown trypsin or
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plasmin binding a stoichiometric analysis would have been performed, as
it did not, this type of analysis was not considered necessary,

aZM does not inhibit complement, if PAPP-A were functionally
homologous to uzM, it would also not be expected to have complementary-
inhibitory properties, In repeated assays, no evidence could be found
to show that PAPP-A was able to inhibit the lysis of sensitised sheep
red blood cells by guinea‘pig or human complement (Chapter 4; section
5). This megative result however, cannot be interpreted as an
indication of functional homology,

The present results are not consistent with the views that PAPP-A

inhibits plasmin in a way homologous to «,M (Bischof, 1979), or that

2
PAPP-A is an inhibitor of complement (Bischof, 1981)., How can these
conflicting results be reconciled? It could be argued that the PAPP-A
in PEP, contrary to expectations, had been sufficiently denatured to
prevent its functioning, Indeed, there is no direct proof that the
PAPP-A in PEP is physiologically active. However, the presence of
native and active aZM in PEP would seem to suggest that the conditions

of purification were sufficiently mild to have maintained the PAPP-A

in a similar state, Obviously it is not possible to assess the
activity status of the PAPP-A purified by Bischof (1979), but he did

use an ammonium sulphate precipitation step (see Table 1l:2) which would
have had adverse effects on &2M (see Chapter 1, section 4:1), Bischof's
assays (1980, 1981) for the inhibition of plasmin by PAPP;A were based
on a caseinolytic activity assay, Such assays are open to misinterpre-
tation as any observed inhibition may be due to a contaminant and not

to the protein being tested as an inhibitor., Both Bischof (1979), and

I have found it difficult to remove contaminating aZM from preparations
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of PAPP-A, This stresses the.importance of binding assays and of
using sensitive methods to assess the purity of preparations., Tube
gel electrophoresis and immunodiffusion (Bischof, 1979, 1981), may not
be suitably sensitive, Sutcliffe et al (1980a), detected some anti=
azM specificities in their sheep anti-PAPP-A serum, which had been
raised against purified preparations of PAPP-A (Sutcliffe et al, 1978),
This would seem to suggest that there was some azM in these preparations,
The problem of contamination of PAPP-A by uZM may underly some
of the disagreements in thg literature concerning the radioimmunocassays
of PAPP-A, Sinosiéh et al (1982), for example, were unable to detect
PAPP-A in the blood of the 100 non-pregnant individuals they tested,
whereas Bischof et al (198l), using a comparable radioimmunoassay,
detected PAPP-A in non-pregnant subjects at a concentration of 0.1 pg/ml.
This discrepancy could be explained if the radiolabelled PAPP-A used
by Bischof et al was contaminated by azM and if the antiserum gontained
anti-azM specificities, dZM in non-pregnant sera would then compete
with the small amount of lzsl-aZM in the tracef in the assay, which
would give the impression that there was PAPP-A in the non-pregnancy
sera competing with the 1ZSI-PAPP-A for binding sites. Similarly,
Sinosich et al (1982) did not detect PAPP-A in the umbilical circulation,
whereas Bischof's colleagues did (0.1 pg/ml; Duberg et al, 1982), It
is interesting to note that the concentration of "PAPP-A" detected in
both non-pregnancy and umbilical chord sera was 0,1 pg/ml, it is

possible that this reflects the concentration of the contaminating o.M,

2
If the PAPP-A that Bischof (1979) purified is contaminated
with uZM, this would account for the plasmin inhibitory properties

assigned to PAPP-A by Bischof (1979), and possibly even the urokinase
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inhibition too (though there is some doubt as to whether azM inhibits
urokinase; Starkey and Barrett, 1977), However, the complement
inhibitory properties of PAPP-A observed by Bischof (1981l), cannot be
explained in these tgrms, It is curious that Bischof (1981) detected
the inhibition of complement using the PAPP-A purified by Sutcliffe et
al (1980b), as they themselves were unable to detect such activity
(Dr. R.G. Sutcliffe, personal communication), The reason for the
observed .inhibitory capacity of both preparations of PAPP-A is not
understood, |

The immunoperoxidase localization studies on PAPP-A and fibro-
nectin carried out by Sutcliffe, Khalef and Horme (in preparation), shows
that these two proteins have a very similar distribution pattern in
placental tissues, particularly in Nitabuch’s (fibrinoid) layer at the
utero~placental interface and in association with the reticular fibres
observed around decidual cells (see Chapter 1, section 3:3), SDS
polyacrylamide gel analysis of scrapings from Nitabuch®s layer (Chapter
4:6), showed that PAPP-A, fibronecfin and other lower molecular weight
polypeptides were present in this layer. On culturing Nitabuch's layer
for 24 h with 35S-methionine, radiolabelled fibronectin was located imn
the culture supernatant (Chapter 4:6), Recent results have shown that
if this layer and chorionic plate tissue are cultured for 1 week under
the same conditions, radiolabelled PAPP-A is also synthesised (Khalef,
Buultjens and Sutcliffe, in preparation). Experiments were carried
out to see if PAPP-A and fibromectin bound to each other or to a common
substrate of collagen, (in the form of gelatin; see Chapter 4:6),
PAPP-A did not appear to bind to fibronectin, gelatin or to a fibronectin:

gelatin complex, However, it is currently believed (Khalef, Buultjens
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and Sutcliffe, in preparation), that PAPP-A can primarily be regarded
as a protein contributing to the structure of the extracellular matrix
in the utero-placental and chorionic plates, and in certain fibrotic
areas of placental villous trunks, The observation that there is a
specific interaction between PAPP-A and heparin (Sinosich et al, 1981),
would seem to give further weight to this view of PAPP-A, McKay and
Laurell (1980) have pointed out that proteins which bind to immobilised
heparin can be divided into 4 functionally related groups, namely;
coagulation proteins, protease inhibitors, complement system proteins
and cell surface proteins, As PAPP-A does not appear to inhibit
plasmin, trypsin or complement mediated haemolysis it seems unlikely
that PAPP-A fits into any of the first 3 categories, thus leaving the
cell surface protein group, This' group includes fibronectin, and
could therefore, be possibly extended to contain proteins of the extra-
cellular matrix as fibronectin is also located there (and since it is
difficult to- define the precise demarcation barrier between these two
areas), In the presence of heparin, more stable fibronectin:gelatin
complexes are formed (Ruoslahti,_l9823), and fibronectin forms co-polymers
with collagen of types I and III (as found in reticular fibres), when
incubated with heparin (Mosher, 1980), It would be very interesting
as a future limne of investigétion, to see if PAPP-A and heparin form
associations with fibronectin and/or collagen mixes,

Figure 5:1 shows a schematic diagram of the intraéellular
events in the synthesis of extracellular matrices, It is possible
that this represents the events taking place in the cytotrophoblastic
cells of the chorionic plate and Nitabuch®s layer, leading to the

incorporation of PAPP-A and fibronectin into the reticular fibres,
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A schematic diagram of the intracellular
events in the synthesis of basement membrane,
A possible model for the synthesis of PAPP-A
and fibronectin leading to their incorporation
in the extracellular matrix., (Adapted from
Kefalides, 1975).



Figure 5:1
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extracellular matrices and fibrotic areas in the villous trunks, What
role might these areas play in gestation? Sutcliffe et al (1982a),
suggested that the layer of fibrin/fibrinoid material at the utero~
placental interface (i.e. Nitabuch's layer, which stains for PAPP-A)
since it is so extensively distributed over the delivered placenta, may
have a role in the separation of the placenta from the uterus during
parturition, In contrast the reticular fibres observed around the
uterine decidual cells, which stain for PAPP-A, may possibly be involved
in maintaining a tight junction between the placenta and uterus (Khalef,
Buultjens and Sutcliffe, in preparation). It may be that the character-
istic increase in PAPP-A concentration in maternal serum right up to
term, reflects the involvement of PAPP-A in the maintenance of the
placental-uterine unit, The long half-life of PAPP-A might be
attributable to the presence of PAPP-A around the uterine decidual cells
persisting into the post partum period, or to some Nitabuch's layer
remaining on the wall of the uterus, continuing to synthesize PAPP-A after
parturition,

The experimental objectives of this thesis were to purify PAPP-A
under mild conditions in an attempt to obtain it in a physiologically
active form; to further cémpare dzM and PAPP-A physicochemically and
physiologically; and to compare the activity of the PAPP-A (purified
in this manner), to the activity of that purified by other workers, * On
the basis of the results in this thesis there seems littlé reason to
consider that PAPP-A is homologous or analogous to the serum protein
azM, in function or fimer structure, The gross similarities in their
tetromeric structure afe to be expected from their size, and their

very similar isoelectric points are typical of many other proteins,
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The evidence indicates that PAPP-A should mo longer be considered as a
protein involved in immunosuppression or fibrinolysis, but primarily
as a protein contributing to the structure of the extracellular mat;ix
in the utero-placental and chorionic plates, and in certain fibrotic
areas of placental villous trunks,

Should the observed similarities between &ZM and PAPP=-A be
dismissed as mere anomalies? Van Leuven (1982), has noted thatAfibrin-
monomers, fibronectin and &ZM are the major (if not the only) substrates
in plasma for factor XIIL (transglutaminase, a cross linking enzyme),
and that both fibronectin and &ZM interact with cellular receptors on
macrophages and fibroblasts, He concludes that, "this is a set of
high-molecular weight, glycoproteins, having major biochemical features
in common and interacting, very specifically, with cells", It would
be of great interest to see if PAPP-A too is a substrate for factor XIII,
for if it is, then the relationship between PAPP-A and x,M may well be

clarified, and PAPP-A added to this group of proteins,
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