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ABSTRACT

A]pha-]-préteése inhibitor («1Pi) is a plasma glycop;otein
which plays a major_role in limiting pfoteolysis'quring inflammation
3ue to its broad specirum of inhibitery activity.

The purification and partial characterization of a1Pi have
a]ioWed for its'inve§tigation as an acute phase reactant during
inflammation. ‘

Mouse alPi is é glycoprotein of molecular weighf 53,500 with
a half-1ife of approximately 15.5 hours. 0On two aimensional
immunoelectrophoresis,.two variants of alPi were seen which exhibited
jmmunological non-identity. ‘The twp‘variants showed trypsid'binding.
activity, both were synthesized by hepatocytes, and both behaved‘as.
acute phése reactants.

The ubiquitous nature of alPi was evident from its presence in
a wide variety of body fluids. Using an immunthstochemical stain, thé
inhibitor was shown to be normally present in the cytoplasm of
hepafdcytes, islet cells of pancreas and in §ome‘Vil]ous epithelial
.,ce]1s of the small intestine. "The hepatocyte was shdwn to be the ﬁgjér
source of serum alPi. A]veo]ar.macﬁdphages, spown to con;ain ol Pi
histochemically in particular inflammatory sfateS'qf the lung,
synthesized mfnima] quantities:

The'acutekphase response of «1Pi was investigated in four models
of infldmmation consisting of either a sybcutaneous‘injectién of celite
or infection with one of three ﬁaraéites: Nippostrongylus brqséliénsis;

. Trichinella spiralis; and Trypanosoma congolense. In addition, studies
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"have been initiated with othef mouse acute anse reactants, namsly,
comp]eﬁEnt component C3, -serum amy]ojd p (SAP) and serum<amy]oid A
(SAA).-

The inducéion of a%yte phase protein synthes{s during -
inflammation was characterﬁzed by an increase in the number of‘
hepatocytes stafning for «1Pi. During ih%]ammation the Tevel of
hepatocyte staining was shown to correlate with the synthetic output
of alPi. The maximum staining activity for o1Pi in.hepatocytes
preéeded the peak .increase in serum ]e&e1s during inf]ammation. Moré-
over, there was a characteristic, progressive alteration in the
distribution pattern of sta1ned hepatocytes w1th1n the liver 1obu1e
These results were consistent with an‘acute phase mediator perhaps
o}iginating from the site of 1nf1ammatidn, géining accé;s to the liver
via the portal circulation causing an induction of acute bhése protein
synthesis. .

The‘éynthesis of an acute phase mediator (APM), probably
1nter1eukin'1 (IL1), By alveplar macrophagés‘and the Zn vitro induction
by APM of olPi synthesis by hepatocytes has been demoﬁétrated.

" It was also .shown that «lPi- accumulated at the site of
1nf1ammation which may account for the apparent lack of ipcrease in ‘
serum levels even though ﬁhere was an increased hepatic output of olPi
at that time. ' , ..

Co11ect1ve1y these’ results demonstrate that in the mouse the
induction of synthesis of alPi dur1ng an acute response to 1nf1ammat1on
is mediated by an acute phase med1ator origlndETﬁg‘erm macrophages -
at the site of 1nf1ammat1on ’
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The increased synthesis of al1Pi has been shown in pivo by a
measure of serum Jevels and immunohistochemical examination of liver

tissue -as well as in vitro by cultures of isolated hepatoéytés:

i 1

These studies constitute a basic framework upon which
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. r h Y
mechanisms for the induction and control of synthesis of acute phase

- &

proteins can be further explored. ‘ ‘ '
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1.1 The Acufe Iiilammatory Response

e

1.1.1 Historical background

> s e

Historically, the concept of Inflammation can be traced to

approximately 5650 B.C. where the term "Shememet" was repeatedly

used in quptian scrolls in association with wounds and injury >
(Ryan and Majno, 1977). "“Shememet" was represented in hieroglyphs

by a flaming brazier, with smoke rising and curving down and as such
was believed to convey the sensations of "hotness" and “burning",

During Higpocrates' century (460 - 380 B.C.), thé Greeks used
the term "phlegmohé" in reference to inflammation which signified
"burning thing". A synonym for inflammation is phlegmasia.

In 100 A.D., Corne]ius‘Celsus, a Roman wri£er, provided one
of the original def{nitions of inflammation:

"The major signs of inflammation ;re'four: Rubor et Tumor/
cum Calore et Dolore." |
that is, redness and swelling with heat and pain. : :

Up until the 17th century, inflammation was considered for the
most part as a dreadful disease since in many instances, pus and local
_pain were a prominent feature of the lesion. This was likely
accentuated by the lack of aseptic treatment of wounds. ‘However,
in 1793, John Hunter, a Scottish surgeon-scientist, strongly
advocated that inflammation was not a disease but rather a beneficial
and necesséry requirement for wound repair and healing as well as for

the destruction of certain pathogenic organiéms.

e
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Rudolph Virchéw‘(1821-~ 1902), the father of cellular pathology
and one of his students, Julius Cohnheim‘(1839 - 1884),. contributed'a
vast amount of knowledge towards the understanding of some of the .
underlying processes of the general inflammatory respénse. While
studying the mesentery of the frog tonque, they were the first to
observe dilatation of arterioles with concomitant increase of blood
flow. Their greatest contribution was perhaps the description of the
movement of white blood cells as they were lining the venule walls
(mardination) while the'red blood cells flowed past them. Subsequent
to this margihation, there was migration of white cells across the
venule wall into the extravascular spaces (diapedesis). It was also
observed that in some venules, red blood cells were so tightly packed
that the p]asmalhad léaked ou£ of the blood vessels (edema).

Although Virchow and Cohnheim had carefully documented the
vascular changes and cell movement across blood vegsels during tissue
injury, the Russian biologist Elie Metchnikoff (1845 - 1916) is credited
for explaining why these cells emigratgd and their possible function(s)
in the extravascular spaces.

In 1882, Metchnikoff, observing the mobile cells of a transparent
starfish larva, postulated that similar cells might serve in the defenge
of tﬁe organism against’invading foreign pathogens. To test this
hypotheéis, he introduced a wooden splinter into the body of a starfish
larva and observed that after a period of time, the splinter Hécame
surrounded by a cellular infiltrate kSi]verstein, 1979).

In 1884, Metchnikoff described the ehgu]fment of anthrax bacillus

by frog leukocytes and referred to this process as “phégocytosis". He
Y .



'

concTuded that the purpose of inflammation was to bring phagocytes to
the iﬁjured area to engulf bacteria or other organisms and as such
constituted a first line of defense against invading pathogens.

Metchnikoff's theory was particularly difficult to integrate
or -assimilate with the then current concepts of host defense since
cellular pathology was a relatively young sc%ence and lLouis Pasteur's
earlier discovery of a vaccine for chicken cholera was strong evidence
for humoral defense mechanisms. ‘

It is only in the past twenty years or so that the concepts of
inflammation and humo}a] and cellular immunity have been integrated as
part of one major defense mechanism against invading pathogens. It is
now evident that inflammation and specific immunity are interdependent
and the study of pathways By which these systems become actiyated; in
response to an invading organism, provides for aﬁ interesting and

highly dynamic field for iﬁvestigation.

1.1.2 The cellular acute phase reaction

_The acute phase reaction consists of two main componentg, the
,cellufar response and the humoral events, and has been Efe subject of
recent reviews (Ryan and Majno, 1977a; ﬁ977b).
The acute inflammatory reaction is characterized by ﬁ:éreases
in blood flow aﬁd vascular permeability as well as by an infiltration
of inflammatory cells. Increased vascular permeébility can be 1nducéd
by a variety of biochemical mediators which include bradykinin, vasoactive

amines such as histamine and S5-hydroxytryptamine (5-HT) (serotonin)g

slow reacting substance of anaphylaxis (SRS-A), prostaglandins E, and



Ez; complement compbnents C3a and C5a and neutrophil lysosomal cationic
proteins. _ .

Increased vascular permeability during acute inflammation is
classified under three main categor$é$. ‘The first type is referred to
< as "immediate—tﬁ@nsient leakage". In this case, the increased vascular
permeability oécur§‘within minutes of influx of mediator(s), is of
brief duration (15 - 30 min) and is characterized by its high degree of
specificity for venules up to about 100 microns 1n'dia$eter. A
typical example of immediate-transient leakage is the allergic wheal.
The under]ying.mechaﬁism for this transient leakage is not fully
understood but the actha] contraction of endothelial cells in venule
walls has been suggested (Majno et al., 196%).

4A second type of incrégéed vascular permeability is "immediate-
prolonged leakage" and is induced by direct vascular injury. The
mechanism is evident: the leakage occurs immediatély fofHowing vessel
disruption and proceeds until‘hea1ing is complete.

The third tybé of increased vascular permeability is "delayed-
protonged 1eaka§e". This type of vascular leakage is often cﬁaracterized
by an initial short burst of increased permeability followed after two
to four hours by a second and more persistent episode (Burke and Miles,
1958; Sevitt, 1958), and as such is considered Biphasic.

.Injurious agents which have been demonstrated to induce delayed-
prolonged leakage include bacteria, bacterial toxins, carageenin and
mild thermal injury (Burke and Miles, 1958; Vinegar:et al., 1969;
Sevitt,A1958; Hurley et al., 1967). |
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In ihis type of increased vascular permeability, capillaries
are usually affected since they are closest to the surface of the skin
and. as such more vulnerable to the injurious stimuli. In some instances,
venules méy also be involved.

As for the mechanism for de]ayeq-proloqud leakage, it is
current]y‘tﬁouéht that it arises as a result of mild direct injury of
the endoth31ium (Ryan and Majno, 1977b). Moreover, if the intensity
of the injurious stimulus is increased such as in cases of severe burns,
the delay periéd between the two bursts of vascular leakage becomes
shorter and the);éaction‘shows;the characteristics of immediate-prolonged

leakage.

One. of the main ce]]u]arievents in acute inflammation is
igukocyte 1nfi]trat16n which is frequently accompanied by a subsequent
release of 1yso§oma1 enzymes from leukocytes and phagocytosis of
pathogens jn the extravascular spaces. This cascade of events is
initiated by leukocyte adherence (margination) against vessel walls in

inflamed areas. Thg\meéhanism for leukocyte adherence is not fully

understood but a role for Ca2' ions has been impiicated (Thompson et al.,

1967; Atherton and Born, 1972; Giddon and Lindhe, 1972) and it is likely
\

that inflammation induces'alterations in the endothelial cell surface,
such ;s glectrostatic changes, which may allow for a more intjmate and
stronger leukocyte to endothelial ce]{ contact (Ryan and Majno, 1977b).
The emigration of leukocytes across vessel walls via inter-
eédothe1ia] cell junctigns (ﬁzrchgsi anakF1orey, 1960; Marchesi, 1961)

is referred to as diapedésis. —ﬁﬂthdhgh the presence of increased

L]
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vascular permeability is not responsible for diapedesis, vascular
1eakage‘accentu$tes the degree of leukocyte infiltration into tissues
during chemotactic stimulus-mediated inflammation (Issekutz, 1981).
Chemotaxis is defined as the directed migration of cells againsﬁ a
chemotactic factor concentration gradient. q
During the course of an acute inflammatory reaction, usually
both polymorphonuclear and monocytic leukocytes emigrate to the site
of injury. The classic experimental models of leukocyte migration
kinetics consisted of an injection of a mild irritant, such as serum,
or a living microorganism, such as Klebstiella pneumoniae, into the
pleural cavity of a rat (Hurley et al., 1966). In these studies,
neutrophils infiltrate the inflamed area within an hour, peak at
abproximate]y four hours and subsequently-rapidly decline. Mononuclear
cells, mainly macrophages derived from blood monocytes, appear at
approximately four hours post-injurious stimulus and reach a
sﬁstained peak 18 to 24'h later.

’ Such studies, however, suffer from the fact that histological
determinations of cellular influx and identification of cell types is
relatively imprecise. Recently, the use of neutrophils and macrophages
labelled with radioisotopes has greatly improved kinetic studies. It
was shown that in the rabbit, nedtrophi]s and monocytes migrate out of
the circulation to the skin simultaneously in response to chemotactic
agents or Escherichia éoli, but the rate of accdmu]ation of monocytes
occurs at a Jawer rate than that-of neutrophils. Neutrophils cease to
migrate into lesions by six hours whereas monocytes continue for an

extended period ( 7 to 24 h). The histologic predominance of neutrophils



in early acute inflammatory lesions likely érises as a result of the
abundant neutrophil emigration compared with monocytes during that
period of time. Furthermore, the ha]f-yife of neutrophils is
relatively shorf (3.8 h) whereas monocytes differentiate into long-
1ived mononuclear phagocytes (39 h) and as such, the absolute number
of neutrophi]s‘gradua11y decreases at the site of inflammation
(Perpér et al., 1974; Jones et al.,41977; Issekutz and Movat, 1980;. .
Kopaniak et~az., 1980; Issekutz, 1981; Issekutz et al., 1981).. One
can, therefore, conclude that the change from neutrophils to a
predominantly macrophage/monocyte infiltrate in acute inflammation
is a result of differences in emigration kinetics as well as 'insthe

lifespan of these two cell types.

These studies are amenable to models of inflammation
in which the inflammatory lesion(s) is somewhat locally
restricted to a particular tissue site. However, in situations in
which the pathogenic organism gives rise to massive tissue destruction
and is involved in a variety of tissue sites such as in natural parasite
infections, the cell types involved may be quite different and kinetic
studies are somewhat more complex. One has to rely heavily on histologic
examination of tissues at successive time intervals. This task is

rendered particularly difficult in tissue sections where a predominance

of one cell type may mask the presence of other inf]amhatory cells.

M%«im T
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1.1.3 The humoral acute phase reaction

The acute inflammatory response is characte}ized by~a raptd
rise in the serum concentration of a number of proteins Jith subsequent
decline to normal levels as healing occurs. These proteins are
c]assically known as acute phase reactants (APR) (Koj, 197b, 1974;
Gordon, 1976; Kindmark, 1976).

Using this operational definition, é variety qf proteins have
been classified as ac:1e phase reactants and these are listed along with
some of their biological functions in Table 1.1.3. A more in depth
description of the acute phase proteins al-protease inhibitor (x1Pi),
C-reactive protein (CRP),hserum amyloid P (SAP) and serum amyloid A

(SAA) is presented in section 1.2.
1.1.3.1 Acute phase reactants as humoral markers of inflammation

In the past{ the main interest in acute phase reactants
resided in their clinical potential as "Markers of Inflammation".

In a recent symposium in Lyon, France (Sympogium sur les
Marqueurs de 1'Inflagmation. Le profile protéique dans la malnutrition
et les états inflammatoires. Lyon, France, April, 1981), the serum
profiles of acute phase proteins in a wide variety of ‘inflammatory
conditions including bacterial infecfions, post-surgica1\trauma,
cancer, burn victims, rheumatoid arthritfs, gastrointestinal- disease,
myocardiaf disease and neonatal complications, were presented. The
~ concluding remarks féom the symposium were that although in many

instances, there was a marked increase in serum concentrations of

o
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TABLE 1.1.3

The Acute Phase Reactants

Proteins

Fibrinogen
Prothrombin
Factor VIII-

PTasminogen

al-antitrypsin (al-protease
inhibitor)
al-antichymotrypsin

Cls, C2, €3, C4, C5, C55,
€9, Factor B, C1 INH, C3b INA,
81H

Ceruloplasmin

Hemopexin )
Haptoglobin

Cold insoluble globulin
(fibronectin)

C-reactive protein (CRP)
Serum amyloid A (SAA)
Serum amyloid P (SAP)

Orosomucoid (al-acid
) glycoprotein)
Gec globulin

|

Biological Function

Involved in the coagulation
sequence

Activator of complement, Winin
and Factor XII

Protease inhibitors

Involved in the complement
sequence and generation of a
variety of effector molecules

Eliminates excess free radicals

Function as transport proteins
for iron\ifom hemoglobin release

Cell to.cell interactions
Binds to a variety of ligands
but biological function not

known

Unknown in vivo biological
function

Stsnn e e e e

-

i



I
L

N

some. acute phase proteins during a particular inflammatory Eondition,
there was no correlation with the intensity of the disease and there
was also considerable variation between individual patients. It was
also evident that the interpretation of serum profiles of écu;e phase
reactants could be misleading in many instances and that the use
of acute phase reactants as diagnostic tools required further
development. It is clear from these studies that a greater knowledge
of the biological function ofrthese acute phase reactants, their site
of synthesis, the mechanism(s) whereby the acute phase response 1is
induced during an inflammatory process, and their role in inflammation
is imperative.

Recent advances in methods of identification, isolation
and quantitation of acute phase reactanfs should allow for the dissection
at the molecu]af and. cellular levels of their biological activities
and hence their role in health and disease.

In conciusion, the acute inflammatory response is defined as
an early host response to tissue injury and is characterized by the cell
type(s) migrating to the site of injury as well as by a rapid rise in

serum levels of a variety of acute phase reactants.

1.1.4 Humoral pathways of inflammation

The humoral pathways of inflammation gonsist of complex cascades
of enzymatic reactions which inv&]ve proteins of the Coagulation, Kinin,
Firbinolytic and Complement systems. Each of these proteins eith%r
participate directly by mediating specific effector functions or act

on other proteins in the cascade.

T
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Although there are numerous mechdnisms whereby each of these
enzymatic cascades can beuinitiatéd, it is important to recognize that
these pathways are all interrelated. The activation of a particu]ar‘
system gives rise to a ﬁumber of active enzymes or produets which can
in turn activate the other pathways. This so called "tangled-web" is
depicted in Figure 1.1.4.1 and has been the subject of recent reviews
(Ryan and Majno, 1977a, 1977b; Leid and Williams, 1979; Wicher, 1981).

The activation of the humoral pathways of inflammation can be
initiated by trauma or tissue/injury. For example, tissue injury
could result in the exposure of co]]agen and other negatively charged.
components of capillary basement membranes. This converts Hageman
Factor (Factor XII) of the coagulation system into activated Hageman
Factor (HFa). HFa initiates the clotting cascade by converting
Factor XI to activated Factor XI (XIa). The coagulation sequence is
terminéted by fhe conversion of fibrinogen to fibrin by thrombin and
stabilization of the fibrin clot by Factor XIII. Factor Xla amplifies
the coagy]ation process by converting more Hageman Factor molecules
to HFa. |

HFa can recruit the fibrinolytic system by converting
plasminogen proactivator to p]ashinogen activator, This is followed
by the conversion of plasminogen to plasmin by plasminogen activator.

HFa fragments can activate the kinin system by generating
kallikrein from prekallikrein which_ in tﬁrn interacts with kininogens
to yield kinins. Kallikrein can a]so‘feed back on the coagulation
sequences by activating Hageman Factor. In addition, activation of

the kinin system produces a so-called Kf fragment which has been

T
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implicated as a helper factor in the production of complement
componént C3 convertase by Cl esterase. Kallikrein can also directly
activate C1 to CTs. Although a role for the complement system in
coagulation is not evident, complement comébnent Cé6 is required for
normal blood coagulation to occur (Zimmerman and Muller-Eberhard,
1971; Siraganian, 1972).

The "tangled-web" becomes simpler to understand when the effects
of plasmin are examined. Plasmin can activate Hageman Factor as well as
convert HFa into HFa fragments. Plasmin has also been implicated in the
conversion of kininogens to kinins and Cls of the first component of
complement to activated Cls and C3 to C3a, a potent monocyte/neutrophil
chemotactic factor. Plasmin is also responsible for the degradation of

the fibrin clot at the terminal stages of the healing process.

Kinins cause constriction of smooth muscles and the release of
vasoactive amines which lead to increased vascu]ér perﬁeabi]ity.

The activation of these humoral pathways of inflammation also
initiates the recruitment of a variety of cell types at the site of
inflammation. Kallikrein exhibits chemotactic activity for

neutrophils, mononuclear phagocytes and basophils.

_The complement system, once aptivated, is likely the most
significant source of mediators for the recruitment of the cellular

component of the {nflammatory reaction. The anaphylatoxins C3a and :

e
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C5a cause histamine release from mast cells, resulting in arteriolar
dilatation énd increased vascular permeability. The chemotaxins C3a,
C5a and C567 cause migration of phagocytes into the area whereas the
production of C3b on the surface of bacteria results in opsonization
and enhancement of phagocytosis. During phagocytosis, the release of
a variety of lysosomal enzymes can potentiate the acgte inflammatory
response by activating the fibrinolytic system and the complement
pathway.

As depicted in Figure 1.1.4.2, direcf tissue injury is not
the sole mechanism whereby the acute inflammatory response is induced.
One type of mechanism is immunologic injury which, as a result of
immune- complex formation and deposition, leads to the activation of
complement and potentially other humoral pathways of inflammation.

A second mechanism for the induction of an inflammatory response
is a delayed-type hypersensitivity reaction where the interaction of
antigen with immunocompetent lymphocytes induces the production of a
number of lymphocyte products termed lymphokines, which include
macrophage migration inhibitory factor (MIF).

The induction of an acute inflammatory response may also occur
by a third mechanism. 1During an immediate hypersensitivity reaction,
the interaction of antigen and IgE-sensitized mast cells causes
releaée of histamine and other vasoactive enzymes as well as an
egsinophil chemotactic factor (ECF), a neutrophil chemotactic factor..
(NCF) and a platelet activating factor (PAF). These various cell types
in turn release a variety of lymphocyte mitogenic products such that

these systems'are all amplified.



Figure 1.1.4.2
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A fourth mechanism whereby the inflammatory response is initiated

is by direct invasion of the host by viruses, parasites and
bacteria. These can lead to the direct activation of complement, via
the alternative ﬁathway, in the absence of an immune response. Certain

bacterial products are also potent leukocyte chemotactic factors.

It is, therefore, quite clear that there are many d%stinct
mechanisms whereby the acute inflammatory response can be initiated.
Regardiess of the initial injurious stimulus, the final result is the
potential activation of all of the humoral pathways of inflammation

with the concomitant release of cellular mediators of inflammation

such as vasoactive amines,  1ymphokines, monokines and lysosomal enzymes.

One must, however, exercise caution in the extrapolation of

these interactions to in vivo situations since most of the evidence for

the various linking pathways has been derived from In vi:ro studies.
It is not clear to what extent these pathways interact I=» vivo and how

" they are regulated. -
1.1.4.1 Inhibitors

A number of potential inhibitors of various enzymes or proteins
of the humoralvpathways of inflammation have been described and include
kininases, Cl esterase inactivator, 3-lipoprotein, a«2-macroglobulin,
antithrombin IIl and al-protease inhibitor (Ryan and Majno, 1977a,
1977b). |

of re]evance»to the present work is al-protease inhibitor

(a1Pi). «1Pi is a major inhibitor of neutral proteases and exhibits

ot
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inhibitory activity towards kallikrein, Factor XIa, thrombin and
possibly plasmin (Hejmburger et al., 1971; Koj, 1974). The a1Pi acute
phase response during inflammation may play an important modulatory
role during development of the acute inflammatory reaction as well as '
during the healing phase. It is worth noting that in patients with

severe alPi deficiency (section 1.2.1), there are no apparent defects

in the activation and modulation of the humoral pathways of inflammation.

It is, therefore, likely that compensatory inhibitory mechanisms are
present. However, as discussed later (section 1.2.1), the impaired
ability to neutralize certain proteolytic enzymes in the lung may play

a major role in the development of pulmonary emphysema in young adults.

1.2 Acute Phase Reactants. Biochemical and Biological Functions

A major portion of'the present study deals with the acute phase
reactant 11Pi and this molecule will therefore receive most of the
attention. A brief description of the acute phase reactanfs SAA, SAP
and CRP will also be presented. Although CRP was not i1nvestigated in
the present studies, it will be “incorporated i1nto our understanding of"

the model (Chapter 6)}.

1.2.1 al-protease inhibitor (x1Pi)

In 1897, Camus and Gley demonstrated that serum exhibited
antitryptic activity. Jacobsson (1953) showed that 90% of the anti-.
tryptic activity wmas in th? al-globulin fraction and, in 1955, reported
on the increased serum concentration of al-globulin tryptic inhibitor

in inflammatory-type diseases. Schultze et al. (1962) identified the,
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"principal trypsin inhibitor as the al 3.5 S-glycoprotein they had
isolated-and characterized in 1955 and called this prote1n al-
antitrypsin (al1AT) which, because of its ‘broad spectrum of inhibitory
activities, is now designated as a11prote$se‘inhibitor («1Pi)(reviewed in
Kueppers and Black, 1974; Fagerhol and Laurell, 1570).

1.2.1.1 Phenotypeg and disease associations of human «lPi =«

Human «1Pi is a single polypeptide glycoprotein of mo]ec&1ar
weight 49,500 - 56,000 daltons and contaiﬁs approximately 11 - 14%
carbohydrate residues (Chan et al., 1973; Crawford,k1973; Krgfs and
Laskowski, ]973;'éane11 ‘ é% al., 1974; Morii et al., 1978; Jeppsson
et al., 1978b).

Human o1Pi exhibits marked polymorphism as well as considerable
microheterogeneity within phenotypes. . The polymorphism is under the
control of 2-autosomal co-dominant alleles such that éach allele in a
pair codes for the synthesis of one molecular species of «1Pi. The
extensive polymorphism and microheterogeneity of o1Pi is reflected by
a series of protein bands on electrophoresis. Thg bands arising from
the product of each allele exhibit a migration pattern independent of
each other although some overlap may occur. Using acid starch gel
electrophoresis in conjunction with two-dimensional-immunocelectrophoresis
and more recently by isge]ectric focusing, over 27 different phenotypes
and correspanding alleles have been documented in the literature
(reviewed in‘Fagerho1 and Gedde-Dahl, 1969; Fagerhol and Laurell, 1970;
Arnaud et al., 1978). '

The most widely studied «1Pi phenotypes are the PiM, PiS.and

PiZ alleles. Homozygous MM individuals have normal alPi serum levels

1
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whereas SS homozygofes have intermediate «l1Pi deficiency with serum
levels 40 - 60% of normal. ZZ individuals have severe «lPi deficiency
with serum Tevels 5 - 10% of normal. There is, in addition, a recently
described Pi-- allele which is associated with a totally absent a1Pi
level. -Although there is some variation in gene frequencies for «1Pi.
alleles in variaus populations, MM, SS and ZZ occur in approximately
90%, 0.14% ana 0.07% of the population, respectively (Fagerhol, 1967;
. Janus et al., 1975; Klasen et al., 1977; Schwartz et al., 1973; 6
Fagerhol and Tenfjord, 1968; Cook, 1975; Frants and Eriksson, 1976;
Szczeklik et al., 1974; Harada and OmoFo, 1570; Kellerman and Walter,
1970; Blundell et al., 1975).

From a clinical standpo;nt, the interest in alPi stems from
the strong association of certain diseases with the deficiency stéte
(reviewed in Kueppers and Black, 1974; Talamo, 1975).

There is 1ittle doubt that individuals with homozygous 77
deficiency are at an increased risk of early onset of pu]moﬁar§
emphysema (Eriksson, 1964) and liver disease, mast frequently in
the form of neonatal hepatitis and cholestasis followed by juvenile
liver cirrhosis (Sharp, 1971; Sharp et al., 1969; Berg and
Erikssqn, 1972; Kueppers et al., 1976; -Sveger, 1978; Larséon, 1978).

. Efforts to find a co?reiation between intermediate x1Pi
deficiency (heterozygote 1ndigjdua]s) and cirrhosis or emphysema.have
yielded highly conflicting and divergent results. Since a major part
of the literature on alPi deals with a1Pi deficiency and disegke
associations and ;hé pfesent studies are not concerned with this aspect,

the re5u1ts‘gre briefly summarized in Table 1.2.1.1:1.
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Disease

Pulmonary
emphysema

Liver
cirrhosis
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TABLE 1.2.7.1.1

a1Pi_Intermediate Deficiency (PiMS, MZ and SS)

and Disease. Association

Positive Association

Lieberman, .1969;

Kueppers et al., 1969;
Kueppers and Donhardt, 1974
Cox et al., 1976; ‘
Eriksson et al., 1975;
Mittman et al., 1974

Eriksson et al., 1975;
Blenkinsopp et al., 1977;
Hodges et al., 198]

No Association

Webb et al., 1973;

Morse et al., 1975,
1977,

Larsson et al., 1977;

Girvard et al., 1978;

McDonagh e¢* al.,1979

Morin et al., 1975;

Theodoropoulos ez al.,
19765

Kelly et al., 1979;

Carlson et aZ.,1981

.7
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Frém these controversial studies, it is inconclusive whether
heterozygous «1Pi deficient individuals are at an increased risk of
ear]y'onset of pulmonary emphysema or childhood cirrhosis. The
controversy likely arises as a result of a variety of factors in the
different experimental designs such as age, screening methodology,
populations under study, environmental factors (smoking, air pollution,
work environment), medical history, pulmonary and liver function tests
employed and criteria for determination of statistical significance.

The current hypothesis for a]éi deficiency (homozygous)-
related lung disease proposes that lung tissue degeneration occurs as
a result of lack of inhibition of proteases in the lung microenvironment
(Gadek et al., 1980; Fagerhol and Laurell, 1970; Lee et aZ., 1981). In
support for such a hypothesis is the experimental model of pulmonary
emphysema of Weinbaum et 4. (1974) and Janoff_gt al. (19]7) which
consists of the intra-alveolar administration of proteolytic enzymes.

The pathogenesis of alPi deficiency-related liver disease
remains unkndwn. In humans, tHe presence of «lPi in the cytoplasm of
hepatocytes is restricted to homozygous PiZZ or heterozygous deficient
individué]s (see section 1.3). It is spec&lated that an excéss of -
alPi in the hepatocyte may interfere with important intracellylar
“proteolytic enzymes which are involved in the detoxification of proteins ,
and peptides arriving via thé portal circulation and as such lead to
hepatic destruction (Aagenaes et al., 1972).

Other disease states have_been investigated for their
asspciation with a1Pi deficiency (Table 1.2.1.1.2). In all cases,

results are as yet inconclusive with respect to an association between
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TABLE 1.2.1.1.2

Y
¥
Homozygous and Heterozygous «l1Pi Deficiency in Other Disease States

Juvenile rheumatoid arthritis Cox and Huber, 1976;
Arnaud et al., 1977;
Sjoblom and Wollheim, 1977

Malignant hepatoma Berg and Eriksson, 1972;
Lieberman, 1974;
Lieberman et al., 1975

Gastrointestinal disease - Sharp, 1976 (review)
intestinal mucosal atrophy
peptic ulcers °

Panniculitis Rubinstein et aZ., 1977
Systemic sclerosis Novis et al., 1975
Kidney disease Moroz et al., 1978
Systemic lupus erythematosus Karsh &»al., 1979

<7
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alPi homozygous or heterozygous deficiency and increased prevalence

of these various diseases.
1.2.1.2 Biochemical characterization of «1Pi

) Numerous studies have dealt with the isolation and charéc-
terization of some of the more common «1Pi variants.

The extensive polymorphism ana microheterogeneity of human
alPi is attributed in part to differences in the net charge of «lPi
molecules as indicated by isoelectric focusing (Arnaud et al., 1974).
The microheterogeneity within the «1Pi variants is likely due to a
combination of g]?ght differences in the content of charged amino
acids (Jeppsson et al.,197&; Hercz 2z al., 1978; Hercz and Barton,
1977) and/or differences in degree of sialylation (Yoshida e: al.,
1976; Chan and Rees, 1975; Miller et al., 1976; Jeppsson et al., i978b;
Cox, 1975). However, Hercz and co-workers (1978) have demonstrated
microheterogeneity in the ZZ vériant isolated from the liveé incfusion
bodies suggesting that the Qgégrogeneity occurs in tﬁe absenée of

sialic acid residues’ and becomes estab]ished prior to transportation

from the RER.

The amino acid content of «l1Pi Hgs been determined by numerous
investigators and although there are slight differences in the number
of residues of some amino acids, these differences are within the
range of experimental error (Chan et al., 1973; Crawford, 1973;

Heimburger et al.,1964; Kress and Laskowski, 1974; Laurell and

Jeppsson, 1975; Travis et al., 1974; Jeppsson et al., 1978b; Roll et al.,

1978).
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The overall amino acid composition of the MM, SS and ZZ
alPi variants does not differ §ignif1cant1y. However, using tryptic j
peptide maps, the SS «1Pi variant was shown to have a neutral valine
residue substituted for a negatively-charged glutamic acid residue
at positiqn 22 whereas the ZZ x1Pi variant has a positively-charged
lysine residue substituted for a glutamic acid residue at position
100 *(Jeppsson et al.,1978b; Owen et al., 19765 Yoshida et al., 1976).
Whether these, or other as yet unidentified amino acid substitutions,
are in part responsible for the decreased serum levels of «IPi is
not clear.

'Ultraviolet and fluorescence spectra have indicated that MM
and ZZ «1Pi have different 3-dimensional structures (Glaser and Karic,
1978). with the ZZ variants having greatef hydrophobicity. The
increased hydrophobicity of the PiZZ molecule could lead to aggregation
and precipitation of ZZ in the 1iver prior to complete glycosylation
and secretion into the circulation (Jeppsson et al., 1975).

The decreased serum‘1eve1$ of ZZ «1Pq cannot bé attributed
to increased turnover rate since MM, SS and IZ «l1Pi variants'have
similar catabolic rates (Miller et al., 1976; Laurell et al., 1977;
Jeppsson et «l.,1978a; Moser et al., 1978).

Although serum «l1Pi ZZ has pérhaps sliéht]y less carbohydrate
residues than. serum ;3Pi MM (Miller et al., 1976; Chan and Rees,

1975; Yoshida et al., 1976), there are major differences in

carbohydrate residues between «1Pi ZZ isolated from the cytoplasm ) e

of Bepatocytes and serum «1Pi MM (Jeppson et al., 1975; Hercz et al.,

1978). Whether or not this difference in carbohydrate residues has
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any relation to the decreased serum levels of «1Pi in homozygous

ZZ individuals, is unknown.
Interaction of human «1Pi with proteases

«1Pi inhibits proteases ina 1:1 moTar ratio and the reactive
site on the o1Pi molecule involves a methionine residué (Kress and
Laskowski, 1973; Cohen, 1973, 1979; Crawford, 1973; James and Cohen,
1978 ; Baumstqu, 1978; Martodam and Liener, 1981; Travis and Johnson,
19783 Satoh et al., 1979; Johnson and Travis, 1978, 1979; Janoff
et al., 1979). «1Pi can be reversibly inactivated by the oxidation
of the methionine residués to a sulfoxide by strong oxidizing agenté
such as chloramine-T, ozone and myeloperoxidase in the presence of

hydrogen peroxide and halide ion (Matheson ot al., 1979,\]981;

Johnson, 1980; Johnson and Travis, 1979; Janoff et al., 1979
DelMar et al., 1979; James et al., 1980; Beatty et al., 1980; Wong..
and Travis, 1980).

alPi from other species
Rat alPi

Rat «l1Pi has been iso]afed and pgrtia]ly characterized by
several investigators (Rosenberg et al., 1976; Ikehara et al., 1981;
Koj et al., 1978a; Role-and Glew, 1981; Takahara et ai., 1980;
White et al., 1981). Rat «lPi binds trypsin in a 1:1 molar ratio
and shows microheterogeneity (5 bands) on isoelectric focusing.

Ikehara and co-workers (1981) have suggested that,post-trans1atioha1
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modification of amino acid residues causes a primary heterogeneity

of rat «1Pi, which is further modified by uneven sialylation during

* intracellular transport.

Rabbit aTPi

Rabbit «1Pi was purified and characterized by Koj et al.
(1978b, 1981) and Koj and Regoeczi (1978). Rabbit a«lPi is
present in serum as two distinct molecular Qariants designated S and
F components for slow and fast electrophoretic variants and on
isoelectric focusing, exhibits further microheterogeneity. Thése
two variants are separately synthesized in the liver and 1ndepehdently
metaboiized in the circulation (Regoéczi et al., 1980). The two alPi
variants are, however, functionally distinguishable by their binding

kinetics as well as inhibitory capacities towards‘various proteases:

(Koj et al., 1981).

’7§;;}e a1Pi

Very little is known with respect to.canine 21Pi. “The
jsolation of canine o1Pi has revealed one band on SDS-PAGE
(Schnizlein et al., 1980) and two bands on isoelectric focusing

(Abrams et al., 1978).



28
1.2.1.3 Biological function of olPi

The main role of «]Pi in vivo is the preservation of host
tissue integrity during acute and chronic inflammation. This is
achieved by the inhibition of protealytic enzymes- released By
Teukocytes in response to invading pathogens as well as by the
inhibition of the humoral pathways of inflammation, as discussed in
section 1.1.

In the recent past, a role for ~1Pi in the modulation of the
immune response has been suggested. «1Pi has been shown to be
synthesized by 1ymphocytes (Ikuta et aZ.; 1982) and demonstrated on
the surface of concanavalin-A stimulated lymphocytes (Lipsky et al.,
1979). The biological significance of the association of alPi with
lymphocytes is.higH1y speculative. There is accumulating evidenée
that neutral proteases such-as trypsin, elastase, chymotrypsin and
thrombin are involved in the induction of 1ymphocy¥e activation
(Chen 2t «l., 1976; Vischer, 1974; Hart and Streilein, 1976; Girard
and Fernandes, 1976; Vischer et al., 1976). Therefore,‘a1Pi may
function as a modulator of several cellular functions during the
development of an immune response. This is supported by recent
investigations in which x1Pi was shown to prevent the In »itro and
in vivo primary antibody responses to sheep erythrocytes {n the ﬁouse
(Arora and Miller, 1978). - Human «1Pi was also shown to éuppress DNA
synthesis in'stimulated haman lymphocytes and. to inhibit T- and B- .
lymphocyte cell surface protease activity (Bata et al., 1981a,

1981b; Baranova et al., 1978).
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In conclusion, not only does «1Pi play a major role in the
modulation of the inflammatory response and in preserving tissue
integrity but may also assume an important role in the regulation of
the host immune response. This is particularly significant in
inflammatory conditions caused by infections, whether bacterial, vir%]
or parasitic, since the «1Pi acute phase response may influence the
subsequent development of immunity to the invading pathogens. It is
only with a greater understanding of some of the mechanism(s) whereby
a1Pi synthesis is induced and regulated, that the in vivo functions
and overall significance of the a1Pi acute phase\response can be put

into proper perspective in the host response to pathogens.

1.2.2 C-reactive protein (CRP)

»

In 1930, it was discovered that human serum from pétients with
acute bacterial infections precipitated the C-polysaccharide substance
(CPS) from pneumococcus. The precipitating proteih was called C-
reactive protein (CRP) and was shown to be an acute phase reactant

(Tillet and Francis, 1930; Tillet ez zZ., 1930).
1.2.2.1 Biochemical characterization

Human CRP is a molecule with a molecular weight of 105,500
daltons and its structure consists of five identical, noq-g]ycosylated,

non-covalently associated subunits, in a disk-like arrangement with

cyclic pentameric symmetry (QOsmand et al.,1977a; Pepys e: al., 1978a).

Rat CRP has a slightly different configuration than human CRP due to

i T
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covalent association between subunits within the CRP molecule

(De Beer et al., 1982).

1.2.2.2 Biological functions of CRP

In vitro, human CRP binds to a number of ligands (Table
1.2.2.2). The binding of CRP to phosphoryl choline residueg is
particularly significant since materials containing such phosphoryl
choline residues are ubiquitously distributed in diverse peptide:
polysaccharides ("C-substances") of bacteria, fungus, plants and
parasites including Faseiola hepatica, Ascaris swwm, Nippostrongylus
brasiliensis and Haemonchus contortus (Pepys and Longbottom, 1971;
Tillet et al., 1930; Baldo et al., 1977). Such phosphoryl choline
‘residues also occur in mammalian cell membranes.

Subsequent to binding.of CRP to a particular ligand, CRP can
mediate precipitation (Tillet and Francis, 1930), swelling of bacteria
capsules (Lofstrom, 1944) and activation of complement (Kaplan and
Volanakis, 1974; Siegel et al., 1974).

Very little is known with respect to the Zn vivo biological
function of CRP. The injection of complexed CRP into animals causes
Tocal vasculitis whereas subcutaneous deposition of CRP in man results
in cutaneous vasculitis (Parish, 1976, 1977).

It has been suggested that an in vivo function for CRP is to
enhance phagocytic activity and provide greater resistance to bacterial
infection (Patterson and Higginbotham, 1965; Patterson et al., 1968).
However, according to Pepys (1981a), highly purified CRP has failed

to reproduce these results.
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TABLE 1.2.2.2

In vitro Biglogical Activities of Human CRP

Biglogical Activity

Calcium-dependent 1igand binding
to phosphoryl- choline residues

Activates classical complement
cascade upon complex formation
with polyaniaons and polycations,
soluble CPS, particulate CPS,
CPS-coated erythrocytes,
1iposomes

Enhances phagocytosis of
bacteria - pneumococet,
Staph. aureus, E. coli

Binds to T-cells

Inhibits spontanegus E-rosette
formation, T-cell transformation,
1ymphokine production

Suppressive effects on miXxed
lymphocyte cultures, generation
of cytotoxic T-lymphocytes,
antigen-induced proliferative
response and antibody production

Inhibits platelet function

References
Anderson et al., 1978

Potempa et al., 1981;
Volanakis and Narkates, 1981;
DiCamelli et al.,1980;

Kaplan and Volanakis, 1974;
Siegel et al., 1974;

Mold and Gewurz, 1980;

Mold et al., 1981

Kindmark,' 1971

Mortensen et al., 1975;
Croft et al., 1976;
Williams .et al., 1978

Kinsella and Fritzler, 1980;

_Mortensen et al., 1975, 1977

Mortensen and Gewurz, 1976;
Mortensen et al., 1977;
Mortensen, 1979

Fiedel and Gewurz, 1976;
Fiedel et al., 1982
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vBased on all of these studies, Pepys (198la) has proposed
that the <n vivo funétion of CRP is likely as an early broad-spectrum
recognition mechanism for the products of pathogenic microorganisms
as well as for products released from damaged cells such as poly-
cationé, polyanions and phospholipids. The main role for CRP is,
therefore, to recognize, bind and mediate the clearance of potentially
toxic materials, that is, detoxification during an infiammatory
reaction. In addition, recent demonstrations of interaction of CRP
with lymphocytes suggests a role for CRP in the modulation of the
immune response.

In other species, mouse CRP is also an acute phase reactant
whereas rat CRP serum levels do not rise to any significant extent
during an acute inflammatory reaction. In addition, rat CRP does not
precipitate upon complexing with CPS-coated particles and does not
appear to activate complement (De Beer er al., 1982). It is possihle
that the difference in functional properties of rat CRP may be related

to its structural configuration.

1.2.3 Serum amyloid P-component (SAP)

1.2.3.1 Biochemical characterization

Serum amyloid P-component (SAP) was originally ég;gxibed by
Cathcart et al. (1965, 1967) and is a polypeptide with a molecular
weight of 235,000 daltons. SAPls structural configuration consists.
of ten identical glycosylated subunits, non-covalently associated in

the form of two pentameric discs that interact face-to-face with a
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tendency to stack one upon each other (Painter et al., 1976; Pepys
et al., 1977a; Pinteric, 1976; Pepys, 1981b). SAP is closely related
to CRP and there is 60% homology with CRP in the known amfno acid
sequences (Osmand et ai., 1977a; Skinner et al., 1980), is also
present in norﬁa] human vascular basement membranes (Dyck et al.,
1980a, 1980b) and on elastic fibre microfibrils in normal skin and
blood vessels (Breathnach et al., 1981).

SAP is, at the moment, the only acute phase reactant with
potential diagnostic value for a specific type of diseases. Dyck
‘et al. (1980c) have described distinctive{abnorma] immunohisto-
chemical staining patterns for SAP in renal biopsy specimens from
Qﬁtients with diabetes and diverse nephritides. The recognition of
;uch abnormal pattefns of SAP staining may be of significant value as

a diagnostic tool.

1.2.3.2 Biological functions

In vitro, SAP exhibits similar Ca2+-dependence fof'ligand
binding as CRP although it complexes with diffsﬁgng molecules
(Table 1.2.3.2). ’ -

-~

Perhaps the most significant interactions are the binding of
- SAP with some microbial ce11’qgll,pélysaccharides aﬁd to the fixed .
complement component, Céb._ The in vive functional significance of
tbe‘binding to these ligands is unknown, SAP may faci]itafe
agglutination and/or phagocytosis. s
" Other recently described 1igands are fibronectin and C4

binding protein. Fibronectin is a major cell surface protein of many

<&
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TABLE 1.2.3.2

In vitro Biological Activities of SAP

Biological Activity

Binds to:
isolated amyloid fibrils

Galactans (agarose)

Microbial cell wall
polysaccharides
(zymosan)

Fibronectin and C4 binding
protein (C4bp) -
(Ca2™ dependent)

Complexes with fixed C3b
(agglutination of complement-
coated erythrocytes)

References

Pepys et al., 1979a;
Pepys, 1981b

Pepys et al., 1977b; 1977a

Pepys et.al., 1979a
De Beer et al., 1981

Hutchcraft et al., 1981

S
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different cell types and plays a role in cell-cell ang cell-
substratum interactions as well as assuming the function' of a
non-specific opsonin in the phagocjtic function of thé reticulo-
endothelial system. SAP, upon complexing with fibronectin, may
affeqt such functions.

'C4 binding protein is a regulatory protein of the classigal
pathway'of complement and binds to antibody-antigen complexes
(Fujita et al., 1978; Nagasawa et aZ.,‘1980). It is possible that :
SAP may have an effect on this interaction with immune complexes.

However, the exact in vivo significance of SAP binding to fibronectin

and C4 binding protein is highly speculative.

Boxer et al. (1977) reported that SAP functions as a heparin' )

antagonist, that is, a coagulation factor, a]tho&gh Pepys et al. °
(1980) have fa}1ed to demonstrate such activity.

Although SAP is an acute phase reactant in the mouse (Pepys
et al., 1979b; Pepys, 1979), it is not an acute phase protein in
rats (De Beer et al., 1982) nor in humans, although in some patients
with chronic degenerative diseases, serum SAP is slightly elevated

(Pepys, 1981; Pepys et al., 1978b).

1.2.4 Serum amyloid A (SAA)

—_—

1.2.4.1 Biochemical characterization

The fibrils in secondary systemic amyloidosis are mainly
composed of a fibrillar protein called amyloid A protein. Protein

AA is thought to originate from SAA, a serum protein which is
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antigenically and chemically related to AA (Rosenthal et al., 1976;

Linder et al., 1976; lgnaczak et al., 1977; Benson et aZ., 1975). It

has also been suggested that protein AA-probably arises as a result

of proteolytic cleavage of SAA (Lavie er al., 1978).

SAA is a single polypeptide chain of molecular weight 1],b00 -
14,000 (Anders et al., 1975; Rosenthal et al., 1976; Ignaczak et al.,
1977; Linke et al., 1975) although its apparent molecular weight‘has
been reported as 85,000 - 205,000 due to its association in plasma
with high density lipoprotein (HDL) (Benditt and Eriksen, 1977).
SAA may account for as mu;h as 25% of the HDL apoproteins from acute
phése serum (Bausserman et al.,1980). |
‘ There are six polymorphic forms of human SAA all having a
similar amino acid composition (Bausserman et aZ., 1980). The
heterogeneity does not apparently arise from varieq neuraminicvacid
hontent. In ;nother species, mouse SAA has-a{so been shown to be

potymorphic (Gorevic et ql., 1978). ,
1.2.4.2 Biological functions

SAA is an acute phase reactant in human and mouse (McAdam et al.,
1978; McAdam and Sipe, 1976; Rosenthal and Franklin, 1975; Gorevic ot '
al., 1976) but the in vivo function of SAA"is not known.

SAA may play a rofe in the rapid clearance of HdL as a result of
its strong assoéiation with the Tipoprotein (Benditt ez al., 1980;
Skogen et al., 1979).

SAA has also been implicated as an immunoregulatory protein
since it Hgs been shown to inhibit specific induction of antibody to T-

dependent antigens in vitro (Benson and Aldo-Benson, 1979).
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In conclusion, the acute phase reactants, «1Pi, CRP, SAP and
SAA exert a wide range of biological and biochemical activities towards
products or components of a variéty of pathogenic organisms such as
bacteria, parasites‘and possibly viruses. In the case of «1Pi, CRP
and SAA, an immunoregulatory function is also probable. However, we i
know very little with respect to the extent that these various functions
occur <n vivo as well as the individual and overall effects of these
acute phase reactants on host-pathogen interactions. '
[t is, therefore, crucial to obtain a greater understanding
of the mechanism(s) for the induction of the synthesis of these acute
phase reactants, their sites of synthesis, their function(s) at the ,

inflammatory site and their mode(s) of degradation.

1.3 Site of Synthesis and Tissue Localization of Acute Phase Reactants

The site of synthesis of acute phase reactants has been the
subject of numerous investigations and although many cell types exhibit
variable degrees of synthetic activity for some of the APR, it appears

that the hepatocyte is the maior source of these profeins.

1.3.1 ol protease inhibitor

Human olPi s
Using immunohistochemistry, human a1Pi has been demonstrated

in a variety of cell types (Table 1.3.1).

[}
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TABLE 1.3.1

Immunohistochemical Localization of Human olPi

Cell type

Hepatocytes from homozygous
and heterozygous alPi
deficiency

Hepatocytes from normal PiM
allele

Bile duct epithelium of PiZ
gene carriers

Proliferating epithelial cells
of bile ductule

Hepatoma cell lines

Peripheral blood macrophages,
tissue macrophages of spleen,
Tymph nodes and small’ intestine,
alveolar macrophages, Kupffer cells

Concanavallin A stimulated
1ymphocytes (cell surface)

Mast cells in the pancreas, small
intestine, skin and connective

tissue of the cervix and uterus

Platelets

Megakaryocytes

References

Ray and Desmet, 1975;.
Palmer et al., 1974;
Hadchouel and Gautier, 1976;
Lieberman et al., 1972;
Gordon et al., 1972;

Sharp, 1971;

Palmer and Wolfe, 1976;

-Palmer et al., 1977

Feldmann et al., 1976;
Hadchouel and Gautier, 1976
Tanaka et al., 1980

Reintoft and Hagerstrand, 1979;
Gerber et al., 1981
Turner and Turner, 1980

Isaacson et al., 1979, 1981;
Gupta et al., 1979;

Cohen, 1973a;

Geboes et al., 1982;

Olsen et al., 1975

Lipsky et al., 1979

Geboeé et al., 1982;
Ray et al., 1977,
Benitez-Bribiesca et al., 1973

Nachman and Harpel, 1976;
Nalli et al., 1977; .
Bagdassarian and Colman, 1975, 1978

Nalli et ai., 1977

X
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TABLE 1.3.1 (cont'd)

Cell type References
Islet cells of the pancreas, McElrath et al., 1979;
parenchymal pancreatic cells Ray et al., 1977;

Ray and Desmet, 1978

Polymorphonuclear leukocytes Benitez-Bribiesca and
Freyre-Horta, 1978

Epfthe11a1 cells in villi and Geboes et al., 1982
crypts of small intestine

LR VR SRS
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It is §}i11 inconclusive whether the presence of «1Pi in these
various cell types represents de novo §ynthesis or uptake into the
cytoplasm.

Monocytes have been shown to synthesize x1Pi although some
of the intracellular «1Pi was attributable to endocytosis of protease-
antiprotease complexes (Isaacson et al., 1981; Wilson et al., 1980).
Lipski et al. (1979) have suggested that the expression of «1Pi on
the surface of concanavallin A stimulated lymphocytes was a result of
active synthesis by the lymphocytes as opposed to passive uptake. More
recently, it has been shown that «1Pi synthesis by lymphocytes is
greatly enhanced by a factor(s) released from concanavalliin A stimulated
macrophages (ITkuta ez al., 1982). However, the synthesis of «1Pi bi
monocytes énd 1ympﬁocytes is 1ikely minimal in comparison to heﬁétocytes.

The hepatocyte has been implicated as the major site of synthesis
of «1Pi (Sharp, 1971; Hood et al., 1980; Putnam et al., 1977; Eriksson
et al., 1978). The best supportive evidence is the féct that in human
liver transplantation, the serum «lPi pheﬁotype of the recipient

converts to that of the donor, following surgery (Hood et al., 1980).
Rat alPi

The major site of synthesis of rat alPi is the Tiver (Koj et al.,
1978a) although rat alveolar macrophages have been shown to synthesize

small amounts of alPi (White ¢t al., 1981).

Rabbit alPi

Rabbit «1Pi is also synthesized primarily by the liver (Koj and
Regoeczi, 1978).

R LT
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1.3.2 C-reactive protein

The hepatocyte has been shown to be the major source of
synthesis of rabbit CRP (Horowitz et al., 1979; Hurlimann et al.,
1966; Kushner and Feldmann, 1978; Kushner and Sommerville-Volanakis,
1976) and it is likely that mouse CRP is also derived from the liver
(Bodmer and Siboo, 1977).

1.3.3 Serum amyloid P

Serum amyloid P (SAP) has been shown to be present in human
fibroblasts (Spark et al., 1978) and in the cytoplasm of mouse ’
hepatocytes as well as in perifollicular regions in the spleen in
response to multiple injections of cagein and hepatocyte§ have been
implicated as the major site of synthesis of SAP (Baltz et ai.,

1980) .

1.3.4 Serum amyloid A

Serum amyloid A (SAA) has been localized in mouse
hepatocytes and kidney when induced by endotoxin and also
shown to be synthesized by hepatocytes (Benson and Kleiner, 1980;
Selinger et al., 1980).

SAA has also been reported to be synthesized by connective
tissue fibroblasts (Linder et al., 1976; Johnson et al., 1977) and
polymorphonuclear leukocytes (Rosenthal and Sullivan, ]978). The
synthesis of SAA by lymphoid cells of the spleen is controversial

(Watanabe &t al., 1977; Baumal et al., 1970; Benson and Kleiner, 1980).
\ A
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1.3.5 O0Other acute phase reactants

t

The immunohistochemical localization and sites of synthesis

of various acute phase reactants is summarized in Table 1.3.5.

In conclusion, it is evident from these studies that acute
phase reactants are widely distributed amongst the various cell types
in the body. Although it is likely that the localization of acute
phése reactants in the cytoplasm or the surface of these cell types
is attributed to uptake and in some cases minimal synthesis, the
major source of serum acute phase reactants, except perhaps C3, is
hepatocyte synthesis.

The role for these acute phase reactants {n the various cell
types is unknown. However, one can.speculate that a major role for
a1Pj synthesis other than hepatic may be to protect fhe cell from a
highly proteolytic microenvironment during an inflammatory reaction
and/or constitute-an effective means of releasing «1Pi directdy into
an inflammatory foci. Although synthesis in vitro may be minimal
in comparison to hepatocytes, the effective concentration of «lPi in

the microenvironment of the cell may be significant.

1.4 Endogenous Mediators of the Acute Phase Inflammatory Response

Koj (1974) originally propdsed that the induction of acute
phase protein synthesis by hepatocytes was mediated by a factor(s)
originating from the site of tissue injury or trauma. Evidence in

suppart of such a proposition was prdvided by Kushner and Feldmann
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(1978) in their studies of the rabbit CRP acute phase response during
acute inflammation. However, a subject of much debate is what cell
type(s) is/are involved in the production of such factor(s) and
whether all acute phase reactants are synthesized in synchrony. In
addition, very little is known with respect to the triggering
mechanism at the hepatocyte for APR synthesis.

The acute phase*inflammatory reaction is generally characl
terized by the onset of fever, a decrease in plasma iron and zinc
as well as an increase in neutrophil release into the peripheral
circulation from the bone marrow and a rapid and transient elevation
in serum levels of the acute phase reactants (Pekarek and Beisel,
1971; Pekarek et al., 1969, 1970; Marsh et al., 1967; Williams and
Johnson, 1976; Rosensheim et aZ., 1979).°

Although bacterial endotoxins (LPS) have been shown to express
pyrogenic activity (Gillman et al., 1961) and induce hypoferremia
(Kampschmidt and Upchurch, 1962; Kampschmidt et «i., 1965, 1969),
zinc depression (Pekarek and Beisel, 1969), increased peripheral
blood neutrophil count (Kampschmidt and Upghurch, 1980) as well as
increased in vivo synthesis of SAA (Watson et al., 1978; McAdam and
Sipe, 1976; Sipe et al., 1979) and fibrinogen (Weidner et al., 1979),
it is likely that these effects are mediated«indirect?} through the
generation of endogenous acute phase mediator(s} (APM). That this
is the situation is supported by the fact that these acute inflammatory
serum changes can be initiated by many different stimuli including
en@otoxin, gram.negative bacteria, gram positive bacteria, certain

fungi, myxoviruses, DNA, poly I-poly C, colchicine, synthetic
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muramyl dipeptides (édjuvants), phorbol myristic acetate and certain
immunologic stimuli such as antigen-antibody immuné complexes and
antigens to which there is an established state of delayed-type
hypersensitivity (Oken et al., 1981; Bernheim et «l., 1979). More-
over, LPS (endotoxin) does not directly produce significant stimulation
of haptoglobin synthesis relative to albumin in isolated hepatocyte
monolayer cultures (Hooper et al., 1981).

Beeson (1948) was the first to recognize that leukocytes
were capable of producing a substance with temperature-elevating or
fever inducing properties. Subsequent studies ﬁave revealed a variety
of molecules with pyrogenic activities as well as numerous biological
activities.

Endogenou; pyrogen (EP), commonly referred to as leukocyte
pyrogen (LP) or crude leukocyte extract (CLE) has been ascribed
numerous biological activities (Table 1.4.1).

Pekarek et al. (1972a, 1972b, 1972c) have described a molecule
with similar pyrogenic and biological activities and called it
leukocyte endogenous mediator (LEM). The biological actiwities of
LEM have been reviewed by Kampschmidt (1978).

Sipe and colleagues (1979) and Selinger et al. (1980) have
reéent]y described a serum amyloid A stimulating factor (SAASF) arising
from LPS stimulated macrophages. This stimulating factor was capable
of inducing the synthesis of SAA in isolated hepatocyte cultures as
well as Zn situ upon {njection‘to LPS non-responder mice.

Amongst the ménokines elaborated By macrophages under

appropriate stimuli is a small molecular weight peptide whose
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TABLE 1.4.1

Biological Activities of.EP (LP, CLE)

Biological Activity

Induce fever

Decrease of plasma iron and zinc
Increase release of neutrophils
from bone marrow

=

L

Increase serum concentration of:
fibrinogen, «2-macroglobulin,
CRP, haptoglobin, SAA,
ceruloplasmin

No significant effects- on

. serum_alPi nor albumin

synthesis

Reference

Kozak et al., 1968;
Kampschmidt and Upchurch, 1970a,
1969a;

‘Bornstein and Waish, 1978%

Gordon and Parker, 1980;
Turchik- and Bornstein, 1980;
Merriman et al., 1977;
Kampschmidt and Upchurch, 1969;
Kampschmidt and Pulliam, 1978

Merriman et al., 1977;

- Bornstein and Walsh, 1978; .

Weidner et al., 1979;
Seligsohn and Klein, 1975;
Turchik-and Bornstein, 1980;
Eddington et al., 1972;
McAdam and Dinarello, 1980;
Sztein et al., 1981

Bornstein and Walsh, 1978;'

‘Weidner et al., 1979 4
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biological activity consisted of inducing lymphocyte proliferation
and hence reférred to as lymphocyte activatiﬁg factor (LAF). LAF

was shown to exhibit a broad spectrum of in vitro immunological

activities which are summarized in Table 1.4.2. According to accepted ’
nomenclature, LAF is now designated as Interleukin 1 (IL1) (Mizel and

Farrar, 1979).

»

Sztein et ql. (1981) have also shown that SAASF activity is

indistinguishable from LAF (IL1) activity and as such these two

factors 1ikely represent the same molecular entity.

It has now become apparent that these putatively different ‘
endogenous mediators of the acute phase phenomenon all be1ong to the
same class of molecules, if not identical molecules. Inpeed, numerous
studies in which these molecules h;ve been purified to apparent
homogeneity and their biological activities and biochemical properties
compared, have been unsuccessful in separating or distinguishing them

from each other,
¥

Therefore, LEM, LP, EP, CLE, SAASF, LAF and IL1 probably

represent one distinct molecular species. Although these molecules

have been so far proven unseparable on the basis of biochemical and ’

biological properties, 1% is only when the full amino acid sequence
of these molecules is known and compared, that their biochemical
relationship will be definitively established. Throughout the

present work these molecules will be referred to as acute phase

mediator (APM).
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TABLE 1.4.2

Biological Activities of Lymphocyte Activating Factor (LAF)

Biological Activity

Enhancement of thymocyte proliferation
in response to T-cell mitogens and
antigens ) ‘

Initiation of in vitro antibody
responses to particulate antigens

Initiation of alloantigen specific
cytotoxic T-1ymphocytes

B-cell activation

Enhancement of Interleukin 2 (IL2)
production '

Induces fever
Increases serum concentration of
SAA

Reference

Mizel and Farrar, 1979;
Mizel, 1980;
Mizel and Mizel, 1981

Sztein et al., 1981
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The mechanism(s) whereby APM induces all of these serum

changes during acute inflammation is not fully understood.

With respect to the pyrogenic activity of APM, it is likely

et - -

that fever is induced by direct interaction of EP with the anterior

portion of the hypothalamus (Snell, 1971; Bornstein and Woods, 1969;
Turchik and Bornstein, 1980).

With respect to the induction of acutehphase reactant synthesis

> . Soren e o
IR e

by the liver, LEM (IL1) has been shown to stimulate the incorporation

of orotate into ribosomes, induce the intracellular accumulation of

a-amino isobutyric acid, increase the inf]ux of anﬁno'acids into the
- liver and increase the synthesis of hepatic RNA (Thompson et al.,

1976; Wannemacher et al., 1972, 1975). Moreover, there is an ( g

aéce]erated movement of amino acids from muscle to liver within one

hour after injection of LEM (Powanda et ai., 1973).

It is possible that the effect of LEM on hepatocytes is

synergistic with another factor(s) as evidenced by only a moderate

écute-phase response when pure LEM is introduced into isolated

hepatqcyte culture systems (Kampschmidt and Upchurch, 1974; Rupb and

Fu]]e}, 1979 ;Selinger et'ai., 1980). To this extent, 1ntroduction. - {i

of an "appropriate" amount Sf‘purified APM into the peritoneal R

cavity, the peripheral circulation or into the hypothalamus givgs'

rise to fncreased serum Jevels of acute phase reactants cbmparaple to

that induced by conyentiona] experimental 1nf1ammatory stimuli (Sipe

et al., 1979; Weidner et al., 1979; McAdam and Dinarello, 1980,

Kampschmidt and Upchurch, 1980a; Turchik and Bornstein, 1980;

Bailey et al., 1976; Sztein et al., 1981). In these in situ systems,
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other putative factor(s) normally present in the circulation may éct
synergistically with de-noyo introduced purified APM to induce APR
synthesis by hepatocytes. Hormones are likely invelved since the
simultaneous incubation of isoiated hepatocytes with CLE and cortisol
gives rise to increased fibrinogen output comparable in intensity to
the increase observed in vivo, following turpentine stimulation (Rupp
and Fuller, 1979, 1979a). Similar findings were reported by Hooper
et al. (1981) although the extent of stimulationvgf haptoglobin was
not as marked in comparison to the in vivo response. This may 1ndiéate
that other factor(s) besides hormones may also be involved. ﬁoreover,
it has been suggested that the increased fibrinogen synthesis comes
about by making more mRNA available, that is, a transcriptional

stimulation.

A role for hormones in the mediatiqn of the acute phase response

is further indicated by the fact that the effects of IL1 on APR
synthesis is blunted in_hypophysectomized or adrenajectomized rats
(Thompson et az.i/IﬁéG; Moretti et.al.,‘1966; Krauss, 1963).

A few iﬁ&estigators have also postulated that the gentra1
nervous system may play a role in the mediation of the acute bhase
response (Kampschmidt et al., 1973; Bailey et al., 19765 Turchik and
Bornstein, 1980). ‘

It was-shown that fa; less LP was required to reprodgce the ,
serum changes in the acute phase reaction if iptroduced intracerebrally
rather than intravenously. It is not known whether the pathway is
neural, endocrine or neurohumoral or a combination of the above. The

1iver contains numerous adreneﬁgic_and parasympathetic fibers (Koo and

~
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Liang, 1979; Koo et ai.,.1977) and it is possible that the central
nervous system plays a non-specific stimulatory function in that the
hepatocytes may contain receptors for APM whereas the CNS controls
the degree of stimulation (Turchik and Bornstein, 1980). Clearly,
further séudies are required in order to establish a role for the
central nervous system in the induction of acute phase reactant

synthesis.

1.5 Parasite Interactions with Host Humoral Pathways of Inflammation

In the present studies, parasitic infections are used as
experimental models of inflammation. Their suitability &s inflammation
models is discussed in Chapter 2. .

Metazoan helminth and protozoan parasites cause widespread'
‘disease Qrimari]y in tropical and sub-tropical developing countries.

It is estimated that more than 1600 million people are afflicted by
parasitic infections of some kind or other and in addition, millions
of cattlé die of parasitic diseases each year with a further 700
million diseaséd to the extent that they are not fit for human
consumption nor can they be used for work on farms. Moreover, in
Africa alone, 7 million sqhare kilometres of grazable Tand capable
of supporting 120 million head of cattle are essentially of no use
for feeding (B]ggm,.1979). The social and econoﬁic impact of parésitic
disease is far—reéching even in North America and Europe where
devastating barasftic'infections such as schjstosomiasis3"
1eishmaqiasis, filariasis. and malaria are of rare occurence.

‘ The modes by which pérasiteé infect humans and cattle, the

vectors and intermediate host and the various migration routes of
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these parasites wi;bin host tissues has been extensively described
(Schmidt and Roberts, 1981). The biochemistry and physiology of .
parasites has also been documented (Brand, 1979) and have provided
a firm basis for the understanding of how parasites'adapt to a
multitude of environmental conditions throughout their 1ife cycle
as well as to their requirements for su?viva].

. Another area which has received considerable attention recently
is the pathology associated with the parasites as it interacts with
the host. Although the gross features of the pathology such as
splenamegaly, elephantiasis, anemia, cutaneous lesions and many
others haye been extensively described, very 1itt1e is kndwn with
regpect'to the pathological events occgrrind in the microenvironment
of the host. The cell types involved in the varioug parasitic
diseases have been the subject.of many reviews (Henson et al., 1979;
Askenasg, 1977, Tizérd et al., 1978; Askenase, 1980; Mitche]], ]979).

With the emergence of a more comprehensive account of the
interre]aﬁionshin of the humoral pathways of inflammation and the
cellular components of the inflammatory response, a firm basis is
provided for the siﬁdy of the host-parasite interaction.

' The interaction 6fnparasites with host humoral pathways of
inflammation has been the subject of receﬁt rgv?ews {Leid, 1981;
Leid and Williams, 1979; Askenase, 1980; Santoro et al., 197§) and

is described in the following sections.
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1.5.1 Coagulation system

The nematode Ancylostoma caninum produces an antﬁcoagu]aat |

which interferes with activated Factor X (Thorsons 1956; Eiff, 1966;
Spellman and Nossel, 1971). Similar effects were observed for
Strongylus spp. (reviewed in Leid and Williams, 1979) and
Haemonchus contortus (Schwartz, 1921). However, little

effort has been made to characterize éither the agents responsible for
inhibition of clot formation or the site(s) at which the‘coagulation
pathway is disrupted. It appears, however, that in the case of

4. caninum, the terminal portion of the coagu]afion cascade is
affected (Eiff, 1966) whereas in Angiostrongylus vasorum, both the
extrinsic and intrinsic pathways are affectea (Dodd, 1973). ‘

A §urface extract of the cestode Taenia taeniaeformis yields
a macromolecular polysulfated polysaccharide (proteoglycan) which
inhibits the coagulation sequence at the initial stages of the
sequence (Hahmerberg et al., 1580). There is little or no inter-
ference with later phases of the coagulation cascade although Leid
(1977) has shown that culture products of T. taeniaeformis prevent
the stabilizatfon of fibrin clots by interaéting with Factor XIII.
Extracts of Echinococcus granulosus- when injec}ed [.V. into dogs
prevented blood coagulation (Rocha and Grana, 1945).
Perhaps one of the most significant ﬁnteréctions of parasite

products with the coagulation cascade 1sAthe inhibition of activation
of Féctor XI by activated Hageman Factor by ﬂhe interaction of adult

trematode Schistosoma mansoni product with activated Hageman Factor
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(Tsang et al., 1977; Tsang and Damian, 1977).  In this case, there

is no thrombih formation around living parasites <n vivo but death

of the worms rapidly leads to the development of thromboembolic
lesions around.the dead parasite. Such an interaction has far

more reaching implications since by direct interaction with activated
Hageman Factor, the parasite can influence the activation of the other
inflammatory mediator pathways due to the pivotal role of activated
Hageman Factor. It would, therefore, appeaf that the interactions

of parasite products with the coagulation sequence are beneficial

to the parasite since such intérference likely minimizes tendencies
for blood clots to form around parasites thereby allowing for easier
migration through tissues. Moreover, the prevention of Hageman Factor-
dependent activation of biologically activelmo1ecu1es would exert a
significant modulatory effect on the local tissue response by

modulating the infiltration of host inflammatory cells.

1.5.2 Kinin s}stem

. There are very few examples of direct 1nteracfion of parasites
with\the enzymes of the kinin pathway. However, infection of rats
with\the nematode Trichinella spiralis resu;%s\in significantly
decreased plasma kininogen feve]s (Leid and Williams, 1979), suggestive bf
activation of the kinin system by some as yet undetermined mechanism.

Leid and Williams (1979) have déscribed an expérimenp whereBy
;he injection. of bradykinin into rat’gut allowed for greater number

of cysts of T. taentaeformis to form in the liver. It was postulated

that inc%qases in local vascular permeability allowed more activated
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oncospheres to migrate from the intestinal epithelium to the liver.

Kinins have also been shown to be generated during trypano1ysis;

in the protozoan infection with Irypanosoma spp. (Resch and Ferber, -
1975; Veenendaal et al., 1976).

The interaction of parasite products with enzymes of the kinin
system may be both beneficial and detrimental to the parasite. In one

instance, the activation of the kinin system leads to increased

vascular permeability which may facilitate the migration of the parasite

through the various tissues and may-constitute a mechanism whereby

nutrients may be concentrated in the immediate vicinity of the parasite.

On the other hand, the activation of the kinin system gives rise to
en;ymesl which have chemotactic properties for inflammatory cells
which have been implicated in the mediation of host-protective defense
mechanisms against parasites (Askenase, 1977, 1980; Henson et al.,

1979; MitchelTl, 1979).

1.5.3 Fibrinolytic system

There is one éocumented example of a potentiq] interaction of
parasites with the fibrinolytic system which describes an increase in
serum plasmin concentration and fibrinogen degrada;ioé products by
a protease released from Trypanosma brucet brucei (Boreham and Facer,
1973). The signifiéance of this jnteraction has not been further
explored but since b]asmin plays such a pivotal role in the activation

3

of the other molecular pathways of inflammation, it is worth pursuing.
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1.5.4 Complement system

The interaction of parasites and/or parasite products with
complement components has been more extensively studied, partly
because of its more obvious importance in host prdtective immunity
to parasite infections either difectly as a lytic system or by
promoting cellular adherence to parasites with subsequent destruction.

Complement components have been found on the tegument of the
nematode Ascaris suum (Ziprin and Jeska, 1975). Complement component
C3b has been found on the surface of infective Trichinella spiralis
larvae and adults as well as Nippostrongylus brasiliensis and appears
to mediate eosinophil adherence and subsequent killing of the parasite
in vitro (Mackenzie et al., 1980).

Asca;%s suwn and thg cestode Echinococcus granulosus release
a phospholipid which can activate the alternate pathway of complement
(Archer et al., 1977) while E. multilocula;is activates complement
via the classical pathway (Kassis and Tanner, 1976, 1977). In
either case, the activation of the complement cascade kills the
parasite. C3 has also been found on the tegument of Hymenolepsis
diminuta and H, mierostama in the mouse (Befus, 1977; Threadgold and
Befus, 1977).

Although it would appear that complement activation by
parasties or parasite p(oducts is detrimental to the parasite due
to direct k111{ng 5{ parasite as well as through the generation‘of

inflammatory cell chemotactic factors and promotion of cell adherence,

T. taeniaeformis-and T. crassiceps have evolved a means of interfering
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with C-mediated attack of their membranes by releasing a.factor
which "consumes" complement components around the parasite and

prevents the assembly 6f attack sequences on the parasite surface

B e Se L L

(Hammerberg et al., 1976, 1977; Hammerberg and Williams, 1978a, t

1978b). This ability to “consume" complement components may allow

—

for the successful evasion of the parasite from inflammatory cells y
by a decreased generation of chemotaxins.
The trematode Schistosoma mansoni has perhaps been the most

widely studied with respect to its interaction with complement

components (Santoro et al., 1979). Incubatioﬁ of 5. mansoni -

cercariae and normal serum activates the alternate pathway of
complement (Machado et al., 1975). S. mansoni products have also
been shown to generate anaphylatoxic activity in normal serum
(Gazzinelli et al., 1969).

In the case 6f protozoan parasites, Trypanosoma cruzt
incubation with normal serum resu1t§ in the activation of alternate
complement pathway and the killing of all epimastigote forms
(Nogueira et al., 1975; kierszenbaum and Heinman, 1977; Kierszenbaum
et al., 1976). Similar results were observed for T. congolense
(Nielsen et al., 1979) although the classical pathway of complement
was also activated. Antigens from T. brucei, T. lewisi and T. congolense
have also been shown to activate complement (Musoke and Barbet,'1977;
Nielsen and Sheppard, 1977; Assoku et al., 1977). The
activation of complement by trypanosomes is usually detrimental to

the parasite.
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Plasmodiwn coatneyi, P. berghei, P. vivax and P. Faleiparum
can also activate complement and schiz nt rupture usually occurs

(Atkinson et al., 1975; Neva et al., 1974). However, Babesia

rodhaint will also activate complement but unlike with Plasmodium spp.
(Ward et al., 1981), the ability of B. rodhatni to penetrate and infect
red blood cells is dependent on factors of the alternate pathway of
" complement (properdin and Factor B) and C3 and C5 (Chapman and Ward,
1977; Jack and Ward, 1980, 1980a). Hence, with Plagmodium spp., the
activation of complement is usually beneficial to the host wheréas
with Babesiavrodhaini, activation of cémp]emeht appears &etrimehﬁa]
to the host. ‘
Therefore, with respect to the direct interaction of parasites
or parasite products with the complement cascade, that is, in the
absence of antibody mediated activation of complement, it appears

that there are both beneficial and detrimental effects., In other

instances, activation of complement leads to parasite killing either

by the direct assgmb]y of lytic components on the surface of parasites
or by mediating cell adherence with s&bsequent killing. On the other
hand, the activation of complement leads to increased vascular -
permeability and affards ease of migration as well as nutr%ent

provision. However, the generation of chemotactic factors for

inflammatory cells may be detrimental to the parasite due to cytolytic

activity.
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.In conclusion, most of the work described in relation to
host-parasite interactions was generated in vitro. It is;;therefore,
difficult to extrapolate to in vivo situations. Clearly, a great
deal of research is required in order to provide more evidence for

the direct interaction of parasites with host humoral pathways of

inflammation. It is evident, howaver, that some of the interactions /

/
describqg provide an important component of host protective mechanisnms.
The study of such interactions will provide a better undersﬁénding/éf

/
hast protective mechanisms against parasites as well as the role ¢f the
/

inflammatory response in specific and non-specific immune defensg

mechanisms.

1
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2.1 Summary of the Literature and Conclusions

A large portion of the literature on acute phase reactants, in
particular the acute phase proteins «1Pi, SAP and SAA, focuses on their

role in health and disease.
alPi

Human a1Pi is high]y po]ymorphic'and exhibits marked microhetero- .° )
geneity. The most common phenotypes, PiM, PiS and PiZ, have been widely
studied with respeét to their associatiﬁn(s) with disease states. There
is a strong assocﬁatibn between the homoz}éous 71 deficiency state and
onset of pulmonary emphysema in young adults and childhood liyer ;irrhésis.
In both instaﬁces, the current hypothesis for the bgthogenesis of the |
diseases proposes that the reduced inhibitory éapacity for'proteolyt{c
enzymes results in ﬁissqe destruction._  However, studies in which J
individuals weré heterozygou§‘for alPi deficiency (PiMS, MZ)., that is,
a]Pi’serum Tevels were in the-inpérmediafe range, yielded highly
ijergent results. It is still inconclusive whether suéh individuals
are at §ﬁ increased risk for deve]opﬁent‘of pulmonary emphysema and/or

Tiver c¢irrhosis.

SAP

<

Amyloidosis is characterized by the_presence of amyloid fibrils
in a variety of tissues but the role for SAP in both primary and

secondary amyloidosis has not been delineated. Protein AP (P-component)

/
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is a universal constituent of amy]oid deposits and AP is identical to
prbtein SAP, a normal serum protein. SAP has calcium-dependent bindiﬁg
affiqifyhfqr a variety of ligands including isolated amyloid fibrils
but how thjs.is related to deposition of AP in amyloidosis is not

known.

SAA

The fibrils in secondary systemic amyloidosis are mainly composed

of a fibrillar protein called amyloid A protein. Protein AA‘is thought
to originate frém SAA, an acute phase reactant in normal serum which is
antigenically and chemically related to .AA. It has also been suggested
that protein AA probably arises as a result of proteolytic cleavage‘ofﬁ

SAA.

L

In the past few years, there.has been a considerable amount of
literature describing the biqchemica] characteristics as well as the
in vitro biological fuﬁctions of «lPi, CRP, SAP and SAA. Unfortunately,
‘we know very little with respecé to the in vivo biological functions
of these acute phase reactants. HoweQer, on the basis of the in vitro
ihformation, we can postulate on an <n_vivo role. It is important to
rea]izg that the in vitro data was'genergted unﬁer optima]ycénditions
and as such, the extent to which the.varjous interactions occur in vivo
is subject to debate. . ' ‘

In summary, «lPi is an acute bhase reactant in the rat, rabbit,
mouse and likely in the human. It is a major inhibitor qf neutrai‘

proteases, elastase, collagenase and trypsin. In addition, «1Pi also
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exhibits inhibitory activity against some effector molecules of the
humoral pathways of inflammation such as thrombin, kallikrein and
plasmin. }he affinity constant for these effector molecules is
considerably less, than that of ﬁeutra] proteases qnd elastase but by
virtue of its relatively high concentration in sérhﬁ, alPi is a
significant inhiSitor Therefore, the main function of «lPi is ]1ke]y
to preserve t1ssue integrity and 1imit tissue destruct1on due to
proteolysis during inflammation. Because of'its interaction with certain
effector molecules of the humoral pathways of inf1ammation,-a1pi may also
function as a regulator of the acute inflammatory response.

SAP binds to a variety of 1igands in a ca]cium-dépendent fashion.
Perhaps the most'éignif{cant interactions are the binding of SAP with
some microbial cell wall polysaccharides (zymosan) and to fhe fixed
éomp]ement'component, C3b. The functional s%gnificance of this ligand
binding is highly specufative, SAP may facilitate agglutination an&/or
* phagocytosis.

SAA; in vivo, is associated With high density lipoprotein (HDL)
and likely mediates the rapid plasma clearance of the lipoprotein. Other

biological functions of SAA are as of yet unknown.

5
L

CRP, in the presence.of calcium,:binds to numerous 11gands and
perhaps the most significant interaction is b1nd1ng to phosphoryl
cho]iné residence. Phosphoryl chol1ne is ub1qu1tous]y distributed
amongst.bacteria, fung1, parasites and mamma]1an ce]l membranes The
'binding of CRR tg various 1igands can result in‘precipitatioq,
?gg]utinat{on and activation of the_cfassicai complement pathway.

Therefore, it has been broposed that CRP may function, in vivo, as an
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early recognition.sysfem for pathogenic invgsion and coﬁstituie a
non-specific defense mechanism,

- A major portion of the iiteratu}e on thé biologica] functions
of theéeAAPR has dealt with the interaction of these moiecuies with a
variety of other béoteins and enzymes. However, in the .
recent past, the interacfions of these APR with a variety of cell
types has received considerable attention. «lPi, CRP and to some
extent, SAA, have been shown to interact with lymphocytes and‘exert
marked effects on their in vitro response to a variety of stimuii.

The Zn vitro interactions of these acuté phase reactants with
ce]is directly invoivea in mediating both cellular and humoral immunity
is potentially very significant. “This would imply that not 6n1y do

these acute phase reactants perfdnn a vital function by either
maintaining tissue integrity, or functioniné as an early recognition and
non-specifié defense mechanism or serve as 3 “detoxificatioﬁ" systenm,
but théy may also modulate the subsequent development of specific
immunity ‘to thé injurious stimuli. With the emergence of a better
understanding of the 1nterre]ationsh1ps between the humora] pathways
of 1nf1ammation as well as the re]ationships between acute inflammation
and specific immunity, we now have a basis for investigating the role

of acute phase reactants.

2.2 Specific Objectives of the Study

It is suggested that «lPi is an acute phasg)reactant in the

mouse and-that its synthesis in hepatocytes can be induced by various

J

1nf1ammatory reactions
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The specific objective of éhe study was to investigate, both

in vivo and in vitro, the alPi acute phase response in a variety of

inflammatory conditions. In particular, using a mouse model, the.

partial biochemical characterization of «lPi, its distribution and .
localization éhroﬁghout the body, its major ;ite of synthesis, the
induction mechanism(§) of acu%e phase protein sygthesis and the
possible sites of utilization during inflammation were investigated.
Similar studies were also initiated with a varjety of other acute phase

reactants such as SAP, SAA and C3, in collaboration with other

laboratories. The information obtained has been incorporated within the
A :

framework of a general model of inflammation (Chapter 6).

In order to achieve these objectives, answers to the following
questions were sought: . ! ¢

1) Is alPi an acute phase reactant in the mouse?
2) Using an immunohistochemical §taining technique for the specific
localization of alPi in various cell.types, are there alterations

in staining intensity.and tissue distribution associated with- the

onset of an acute inflammatory. response?

3) If so, how do these changes correlate with the rise in serum levels

) of the acute phase reactant?

4) In order to ga1n some insight 1nto the bio]og1ca1 funct1on(s)

«1Pi, can we demonstrate sequestration of alPi at the site(s) of

«

1nf1ammat1on and speculate on its r01e7
5) Can we demonstrate the re]ease of -an acute phase med1ator (APM)
‘ originating from the site of’ 1nf]ammat1on?

6) Is so; what is/are the cell type(s) involved? °
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10)
1)

12)

2.3 Description of the Animal Models

67

~ Is there a correlation between the in vivo demonstration of a

acute phase response and the in'vitro synthefic dutput of acute
phase'neactants?

Ié‘fhé «1Pi acute phase serum profi]e identical during an inflam-
matory reaction at a particular tissue site, regardless of initial
injurious §timuli?

How does the serum profile.of other acute'phase proteins compare with
that of alPi under the same inflammatory condition?

Is the serumlprofi1é of a particular acute phase reactant necessarily
indicative of an ongoing acute inf]ammaiory reaction?

Under the same inflammatory condition, is there §tra§n variatién in
any given acute pha§e reactant serum profile?

Is thgre a"corre1ation between the extent of susceptibility of various

strains of mice to a particular infectious agent and the ability w0

generate an acute phase response?

Initially, in order to determine that olPi is an acute phase

reactant in the mouse and to establish the methodology for the study of

olPi during inflammation, celite was used as an injurious stimulus (Koj

. and Dubin, 1976). Celite is a particuléte material and is broadly

‘classified as a diatomaceous earth.” Its composition is mainly siliceous

in nature. The apute'inf1ammatory response has a rapid onset of a few

hours, is of brief duration (24 - 28 h) and the inflammatory focus is

restricted locally to the injection site. For these reasons,-the celite-

0 0 I - ‘
induced inflammation model is advantageous for its.relative simplicity .
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and ease of generation.

Having established the methodology for the study of alPi as an
acute phase reactant in a simp]e inflammation model, these studies were
‘extended to more complex model systems  involving inflammatory
reactions not only in muscle tissue but at mucose] sites such as lungs
and small intestine. For that purpose, parasitic infections of mice
were selected as mo@e]s of inflammation.

These were se1ected for four main reasons: firstly, in
most cases there are significant pathologic changes associated with
the parasite as it migrates through the host; secondly, the kinetics

of migration andlthe tissues'inVO]ved have been well characterized in
the literature; and thirdly, by selecting the appropriate parasite, one

can generate an inflammatory reaction in a specific tissue site or at

muitiple sites, either simultaneously or sequentially. Finally, not only

do these models provfde information as to the mechanism(s) underlying
the acute phase protein phenomenon‘but, in. 1light oflthe recently growipg
%nteresp in the host-parasite interactions, will perhaps give a better )
understanding of some of ﬁhe initiel events that occur in parasitfc
infections and how these in turn may “influence the eventual outcome of
the host-parasite 1nteract1on. It must be stressed, however that the

present studies dea] exclusively with primary 1nfect1ons, that is, 1n

the absence of ‘an amnestic specific immune response as would occur in E

a secondary 1nfect1on._
The first parasite model of inflammation consisted of‘phe .
infection of CBA/J mice wiéﬁ_the nematode Nippostrongylus brasiliensis.

'N. brasiliensis is a parasitic metazoan helminth of the phylum nematoda.
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The bagic form of thg parasite is elongate and tapered it both ends.
The infectivé third stage larvae has a mean length of 300 um. fﬁe iife
cycle of N. brastiliensis in CBA/J mice is depicted in Figure 4.6.1.
Briefly, infective third stage larvae are introduced in tﬁe skin gnd by
two days post-infection, these have migrated to‘fhe lung where an
inflammatory response occurs. The parasites mature and subsequently
migrate to £he gastrointestinal tract, via the trachea and egophagus,
where an inflammatory reaction is iﬁduced. This particular model,
therefore, provides an inflammatory reaction at two different sites.

The second model of inflammation consisted of NIH mice infected
with Trichinella spiralis. \

T. spzralzs is a metazoan nematode of the order Tr1churata and
in the Tr1ch1ne111dae family and the infective larvae
measure 14.0 - 16.0 um long. = The biology of this organism(
is unusual in that one animal serves as both definitive and intermediate
host, with the juveniles and the adults located in different organs .
(Schﬁidt and Roberts, 1981). . '

‘ The life cycle of T. épiralis in the mouse is depicted in

Figure 4.15.1. Brjef]y; the parasites -are intubated into NIH strain of
mice where they procéed to the gut_By day 1. The barasi@es reproduce,

the male dies and the female burrows into the mucosa and submucosa.

+

Newborn 1érvae emerge and may follow the lymphatic ducts to the mesenteric

lymph nodes. The females die or remain in the intestine where they are .

spontanedusly expe]]éd by immune reactions at about day 12. Some
/“\
newborn_ mayﬁ}scape into the 1ntest1na1 luimen where they can rema1n

‘"‘d another intermediate host if transmitted 4n ‘the feces Most

, ) v . .
T s e B s 5, S o g et

.

PO

5 -

e DT T R W T B e X
. E



70

newborn larvae are, however, carried by thé hepatic portal system
through the liver, then th; heart, lungs and other parts of the body.
When the young worms reach muscle tissue at approkimate]y day 12 - 15
post-infection, they penetrate muscle fibers and growth is initiated.
The larvae eventually become encysted. Some muscles are much more
heavily invadgq than others such as the'muscles of the eye, tongue and
diaphragm. The heavy muscles of the arms and legs are less susceptible. The
larvae grow and become infective but remain in cyst-like habitat until
the nextihost feeds on the infected animal (Schmidt and Roberts, 1981).

| Therefore, this particular model gave rise initially to an
inflammatory reéponse in‘the sma11‘1ntestine‘ n subsequéntJy in muscle
tissue.
| .The third parasite model of inflammation cConsisted of tﬁe
%nféction of A/J and C3H/Hed mice with frypanosomu congolense.

T. congolense is a protozoan parasite of the order Kinetoplastida

and 1is main]} a parasite of the b]obdstream Qi;h minimal invasion of the
lymphatics and certain ti§sueé. The insect vectors are Glossina morsitans,

G. paZZidiées and G. swynmnerton, c&hmon tse tse flies throughout much of

Africa.

. In the laboratory, the insect vector stage is not reqqired as
trypano§omes ma& be kepi 1n.cu1thre. In thi§ case, the. morphology and
metabolism of the tfypomaétigotes revert to that found in the fly
midgut (Schmidt and Roberts, 1981): '

e

The interest in this model stems partly from the ‘fact that there

is marked strain variation 1n1suscept1b111ty/resistancé to T. congolense.
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This strain variation has been fairly well documented buF*the underlying
mechanism(s) are poorly understood. This model, therefore, provides an
excellent opportunity to study acute phase protein synthesis in strains

with variable susceptibility/resistance to infection.

In conclusion, the information obtained from these fouf models

of‘inflammation has been_incorporated into an overall model of the

induction of acute phase grotein synthesis (Chapter 6). The model also

depicts certain events subse

to the induction of acute phase
reactant synthesis.

. .
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Materials

DEAE-Sephadex A-50, Sephadex G-25 fine, Sepharose—Conganava]in

A, Sepharose CL;4B-Protein A and Percol] were purchased from Pharmacia
Fine Chemica]s (Uppsala, Sweden); Sepharose-heparin and Sepharose-
Cibacron Blue were gifts from Dr. E. Regoeczi (McMaster University,’
Hamilton, Ontario, Canada); Ion Exchange Resin (GA-540, 100-200 mesh
was purchased from Baker Chemical Co. (Phillipsburg, NJ). Complete
Freund's Adjuvant (CFA) and E. coli 0127:B8 LPS were obtained from
Difco (Detroit, MI); rabbit anti-sheep Ig6 and horseradish peroxidase
conjugated rabbit anti-sheep IgG and sheep anti-ragbit IgG were
purchased from Cappel Laboratories (Cochranville, PA); N-benzoy]-DL~
arginine p-nitroapilide (HC1) (BAPNA),

porcine pancreas trypsiﬁ (T-0134), collagenase {Type I), Hepes
(N-Z-hydroxyethy]piperazine—N'—Z-éthanesu]fonic acid) and cycloheximide
were obtained from Sigma (St. Louis, M0); Nal251, 33S-methionine,
Bolton-Hunter reagent and 3H-thymidine were purchased from New England’
Nuclear (Boston, MA); l“C-isoleucine, .l4G-lysine were ob%ained from
Scharz/Mann (Division of Becton, Dickinson and Company, Orangeburg, NY);
S-aminoéa}icy1ic acid, p-nitrophenyl guéniqinobeﬁzoate and DAB (3,3'-
diaminobenzidene tetra-HC]) were obtained from ICN Pharmaceuticals
(Plainview, NY); 10% byffered formalin and activated charcoal (20-35
mesh) were purchased from BDH Chemicals (Toronto, Oﬁtario, Canada);
William's E medium, fetal calf serum, gamma G-free horse serum and

Eagle's Minimum Essential Medium (MEM) were purchased from Gibco
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(Grand Island, NY), whereas all other culture media were‘obeained from
the Culture Media Centre Resources (Dr. W. Rawls, McMaster University,
Hami{ton, Ontario, Canada); polyethylene glycol-6000 (PEG) washobtained
from Baker Chemical Co. (Phi]]ipsbu}g, NJ); Tween-20 was purchased

from Fisher Scientific Co. (Fairfawn, NJ); 1-0-methyl-a-D-glucopyranoside
was -obtained from General Biochemicals (Chagrin Falls, OH); agarose
Seakem‘(Me, Le) was purchased from Marine Colloids (Rockland, ME);
Chloramine-T was obtained from Eastman Organic Chemicals (Rochester,
NY); heparin sodium (Hepalean) was purchased from Harris Laboratories
(Brantford, Ontario, Canada); DNAse I was obtained from Boehringer
Mannheim (Dorval, Quebec); aquacide II-A was purchased from Calbiochem-
Behring Corp. (La Jolla, CA); plasminogen was purchased from KABI
(Stockholm, Sweden); Permablend II from Packard Instrument Co. (Downers
Grove, IL) and celite was a generous gift from Dr. P. Hdrsewood
(McMaster University, Hamilton, Ontario, Canada).

A1l other reagents and solvents used were of analytical grade.

g
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Methods -

3.1 Animals

Mice of various inbred strains were obtained from %he Jackson
Laboratory, Bar Harbor, Maine™> Animals were fed ad'iibituﬁ and
subjected fb a 12 h diurnal 1jght cycle and were age and sex matched
within experiments’.

For o1Pi ontogeny studies, breeding colonies were
established in. a controlled situation; the sighting of a vaginal plug

"was arbitrarily designated as day 1 of gestatioﬁ.'

3.2 Purification of alPi

Mouse «1Pi was purified with the aid of Dr. A, Koj (Institute

of Molecular Biology, Jagiellonian University, Krakow, Poland), J§ing

an 1soiation procedure similar to that described for the purificatign ofv°

rabbit alPi (Koj ez a?.,1978b) and human «1Pi (Pannell et al., 1974).
The buffers uséd throughou} the purificatfon procedure

consisted of: |

Buffer A

Tris buffer (0.05 M T}is, pH 8.8, 0.05 M NaCl)

Buffer B - '

Tris buffer (0.05 M Tris, pH 8.8, 0.2 M NaCl) \

Buffer C |

Tris buffer (0.1 M Tris, pH 7.5, 0.5 M NaCl, 1 mM MnCl,, } mM MgCl,,

1 @M CaCl,) ' '

PR
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N
Buffer D B
" Tris buffer (0.05 M Tris, pH-8.0, 0.15 M NaCl) :
Buffer E L S .

Phosphate buffer (5 mM phosphate, pH 6.5, 0.05 M NaCl)
Buffer F

Phosphate buffer, (5 mM phosphate, pH 6.5, 0.2 M NaCl)

Purification Protocol

1. Normal CBA mouse p]asma'wgs precipitated with saturated (NH,),SO,
'solution to final saturation of 40%. .

2. The supernatént was dialysed against 0.15 M NaCl and pasgéd -
throdgh a Sepharose-heparfn column.

3. Saturated (NH,),SO, wgs added to-the effluent and the precipitate
collected between 55 and 85% {(NH,),S0, saturation.

4. The dissolved precipitate was dialysed against several changes of
buffer A. |

5. The protein solution was chromatographed on a DEAE-Sephadex A-50
column (2 cm x 30 cm) equilibrated with buffer A.

6. The gb]umn was washed (15 ml/h) with buffer A (100 m1) and a linear
gradgént (200-ml buffer A and 200 ml buffer B) was épp]ied. )

- 7. Eluted fraction§ exhibiting antitryptic activity (section 3.5.1)

were pooled and loaded onto a SépharoseéCogcanavalin A Fo]umn

k2 cm x 20 cm) equi]ibfated with buffer C.'

8. The‘éolumn was was;ed with 5 column volumes of buffer C and

glycoproteins eluted with 0.1 M 1-0-methyl-a-D-glucopyranoside in =~
buffer A,



10.

11.

12.

13.

14.
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The eluate was dialysed against buffer D.and passed through a Cibacron
B]ue-Sepharosezco]umn (5 cm x 50'cm) equilibrated with buffer D. |
The eff19énf was concentrated andvdialysed against buffer.E and -
loaded onto a DEAE-Sephadex A-50 column (1 cm x 15 cm) equilibrated
with buffer E: .
After washing with, 50 ml of this Euffer, a linear gradient (100 mi
of buffer E and 100 ml of buffer F) was app]1ed

Fractions exhibiting maximum ant1trypt1c activity were pooled and
dialysed against Tris buffer (5 mM, pH 8.0).

Preparative acrylamide gel electrophoresis was carried out in an)
apparatus as described by Pajdak (1973). The'acry]amide gel (7.5%)
was cast in a column (2.8 cm x. 2.8 cm) with fris buffgﬁ (5 mm;‘ i
pH 8.2, 39 mM glycine) in the anode and.cathode chambers. 1 ml of
a1Pi (10 mg/ml) was gdded and eléctrophoresis carried out at a
constant current of 20 mA (approx. BQq V). for 2 h'at 49C unti1 .
the Bromogheno1 Blue trackiﬂg dye had;reached the_anode chamber.
Fractions were collected at 3 min intervals and examined for
protein and antitryptic content. Those fractions exhibiting high
specific activities were pooled, examined for homogeneity by ]

analytical. acrylanide gel electrophoresis, dialysed against Tris

buffer ?5 mM, pH 8.0) and stored at -20°C.

Analytical electrophoresis.:in polyacry]am1de tube gels was carried

out at pH 8.2 (Clarke, 1964). Ge]s were stained w1th 0.05% Am1;>

black in 7% acetic.écid (v/v) and destalned in 7% acet1c acid.
\.\. -
N
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3.3 Immunization Protocols and Antisera Production

Anti-mouse a1Pi was obtained by immunizing a sheep with 100

ug of pure alPi emylsified in 1 ml of saline and i ml of comp]eteE
Freund's adjuvant (CFA). Tﬁe jmmunogen was injected intramuscularly
‘ in approximately equal dosage in each of the four legs. Four weeks
following the primary challenge, the sheep was boosted with 100 ug
of pure alPi in 1*m]1 of normal saline, injected intramuscular]y into
tﬁé back legs. The animai‘was bled at weekly intervals (approxiﬁate]y
250 ml) and the specificity and reactivity monitored by doubte diffusion
ana]zsis gnd nephelometry (section 3.5.3).- The sheep was subsequently
boosted at approximately 6 wk intervals with the same antigen dose
and continued to be bled weekly. Individual antiserum‘bleeds were
aliquoted and stored at -ZQOC.

K Rabbits were immunizgd 1ntfamuscu1ar]y with a 25 ug dose of
purifiéd,q]Pi in complete Freund's adjuvant and boosted with 25 ug
doses of alPi in saline. Antiserum b]eedg were processed as described

above.

\

3.4 CharacterizZation of a]Pi

3.4.1 Molecular wéight

+

-~

The molecular weight of «1Pi was determined by SDS-poly-

‘acrylamide gel electrophoresis as described by Laemmli (1970).

>
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3.4.2 Two-dimensional immunoe]ectrophbresis

Barbital buffer

Barbital Sodium . 3.0 mM

Barbital - 6.1 mM
Tris B o 0.19 M
Glycine 0.36 M
pH g2

This buffgr system was used for all electrophoresis work and is
characterized by a high buffering capacity and low ionic strength
(u = 0.08) resulting in minimal pH changes-gurfng‘electrophoresis
(Axe]s?n et al., J973). Throughout the electrophoresis procedures,
the above bﬁffer was diluted 1/1.6 with distilled water to an ionic

strength of u = 0.05.
Protocol

a1Pi variants were identified by two-dimensional immunoelectro-
phoresis‘(Lagre113 1965) against sheep anti-mouse «1Pi. Agarose gel
(1% in barbital buffer) of Jniform'thickness was obtaiﬁed'by pouring‘
the gel between two glass plates (8.3 cm x 10.2 cm) (Kodak, Rochester,
NY) spaced 1 mm apart and a well of uniform size (10 u1 volume) was
punched out. The same agarose preparation was used as "wicks" for -
conducting the electrical current. The sample to be analysed was
appropriately diluted with the barbital buffer and e]eétrophoresgd in:
the first dimension at 50 mA, 12 volts/cm at 4°C for 4 h. Subsequent

to this separation, the sample was electrophoresed, in a direction

T i, & }
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perpendicular to the first dimension, into a 1% agarose gel containing
3.2% sheep anti-mouse-alPi at 25 mA, 7 volts/cm for 18 h at 4°C. The
gels were washed extensively with 0.9% saline, pressed, dried and

stained with Coomassie blue (Axelsen et al., 1973).

3.4.3 Trxpsin binding studies

3.4.3.1 Radioiodination of «l1Pi

*z

Purified a1Pi was jodinated with iodide-125 by using the strong
oxidizing agent chloramine-T or under mild conditions using the Bolton-

Hunter reagent.

A) Ch]oramine:T method |

Purified a]Pi‘Qas jodinated by the chloramine~T method of
Hunter and Greenwood (1962). To 100 ug/50 ul (epﬁs of purified protein,
20 ug of chloramine-T (4 mg/ml in H,0) (Eaétﬁan Kodak, Lﬁﬁ A8C,
Rochester, NY) were added. 1 m Ci of !25] (sodium iodide, New England
Nuclear, Boston, MA) in 20 » (PBS) was subsequently introduced in the
reaction mixture. The icdination wés allowed to proceed gt room
_temperature for 90 sec with constant mixing. The jodination was
terminated by quenching with sodium meta bisﬁlfité (25 u1 of 10 mg/ml in
PBS) followed by potassium iodide (25 ul'of 13 mg/m]hin PBS).

Radioiodinated protein was separated froﬁ free iodide-by ion
exchange ch}ométography. Alcmx5 cm‘co1umn of lon Exchange Resin
CGA-540 was saturated with 1% BSA in 0.85% NaCl. The column.was
.subsequentli washed with 0.85% NaCl. %he iodinéied»materia] was applied

to the column and eluted with 0.85% NaCl. Protein-associated
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radioactivity was determined by precipitation with a 10% trichloro-

acetic acid solution.

B) Boiton—Hunter Method

g(alPi was iodinatedyunder non-éxidizing conditions by the
80]ton-Hunter technique (Bglton and Hunter, 1973). Briefly, protein o
(50 ug/50 ul in PBS) was added to 25‘u] of 0.1 M borate buffer, pH
8.5 and reacted with the iodinated esiér Bolton-Hunter
‘ reagent (New Eng]and(Nuclear, Boston, MA). The reaction mixture was
agitated for 15 min at 0°C. and excess reagent hydrolyzed by the addition
of 0.2 M g]ycine.-

Iodinated material was separated from unreacted products by
chromatography on Sephadex-G25 fine (0.1 M borate, pH 8.5). The
column was -initially washed with 0.5% gelatin in bS?até buffer
followed by a borate buffer wésh. - The iodinated material was
subsequent]y(applied to the column énd eluted with borate buffer.
Protetn-associated material was determined by precjpitation with a 10%
trichloroacetic acid solution. '

For the trypsin binding studies, labelled o1Pi was incubated
in a 1:1 molar ratio with pqrcine pancreas trypsin in Tris buffer
(0.05 M, pH 8.0) at 25%¢C %or 1 h (Koj et aZ., 1981). The sample was
subsequently subjected to two-dimensional immunoe{;ctrophorésis
(section 3.4.2) and éutoradiography on x-ray film .(X~-Omat-R, Kodak,
Rochester, NY). | o
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3.4.3.2 Radioiodination of trypsin
14
. In a second series of experiments, binaing of jodide-125
labelled trypsin to «lPi was investigéted.
Paorcine pancreas trypsin was iodinated using chloramine-T
as aescribed earlier (section 3.4.3.1). Separation of iodinated
material from free iodine was achieved by chromatography on Sephadgx-
G25-fine. Bfnding of 125]-trypsin to qui was inveﬁtigated by two-
dimensional electrophoresis using two different approaches:
i) Normal CBA mouse serum was electrophoresed in the first dimension
and the gel was overlayed with }25I-trypsin (3 x 105 dpm)
for 15 min at room temperature. The reaction mixture was then
electrophoresed in a pérpendicu]ar direction into the antibddy-containing
gel. '
ii) In the §econd approach, the seruﬁ sample was electrophoresed in
both dimensions prior to overlaying with 125I-trypsin.

In both methods, the gels were exhaustively washed to remove

unbound '25I-trypsin and electrophoresis plates exposed to x-ray films.

3.4.4 Plasma clearance and placental transfer of «l1Pi

3.4.4.1 Plasma clearance of «lPi

CBA/J female mice (12 wks old) were used, Each animal was
injected intravenously via the tail vein with 200 ul of jodine-125
labelled alPi in saling (Chloramine-T method; section 3.4.3.1) and
adjusted to approximately 1-2 x 106 dpm. After an initial period of

30 min, a serum sample was collected from the retroorbital plexus
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and designated time T(0). The same animals were then bled out by

cardiac puncture, at selected times,’T(n), over a period of 60 h,

L gt At

\
~to detqrmine the in vivo alPi plasma half-life. The half-life

was estﬁmated from the, terminal portion of the plasma clearance
curve. i N |
3.4.4.21‘P1acenta1 transfer of «1Pi

/

Purified mouse «1Pi (100 ng) was iodinaged by the chloramine-
T method (section 3.4.3.1). CBA/J pregnant mice (CBA x CBA) were
injected with 100 ul.(1'ug) of radioiodinated alPi (approximéte‘specific
activity 3 x 106 dpm/ug) intravenously via the tail vein. MHice were \
'1hjected both at 17 and 19 days gestation and in.each group, serum
was obtained from the female mice by iqtracardiac puncture and from
fetuses by decapitation. Serum from fetuses of one pregnancy were
pooled but kept separate from other ﬁregnant mice. These serum
samples were collected at 1, 2.5 and 4 h post-injection of radio-
jodinated mateéia]. A small aliquot of serum was couﬁted in a
Beckman 8000 gamma counter and protein-associatéd radioactivity
assessed by trjch]oroacetic acid precipitation. <Controls included

the injection o?\ya125l.
AN

3.4.5 «lPi distribug}bg in body fluids

The presence of alPi in various body fluids was investigated o
by collecting fluids from various tissues in the mouse and quantitating

by nephelometry and ELISA assays (sections 3.5.3; 3.5.4).
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"For“the detection of alPi in the Tumen of the gut, a section
- of small intestine (20 cm in length), consisting of the jejunum and
ileum, Qas excised, filled with 2 ml of sa]iné and clamped‘at.both
ends. After gentle massage, the lumen washing was collected, centrifuged
to remove fecal material and 0.1% sodium azide was added.’
Breast milk was obtained from nursing mice by manual manipulation
of the nipple after stimulation by a single injection of oxytocin (1 1.U.).

L3

The milk.was centrifuged and the supernatant stored with 0.1% sodium

“azide., . '
Bile ' from the gall bladder was co}]ected by aspiration with a
syringe and pooled pfior to concentration and dialysis against PBS.

‘Bronchiolavage fluid was obtained by infusion of 10 x 1 m]l
aliquots of PBS (37°C) via cannulation of the éracheé (Godleski and .
Brain, 1972) as fully described invsection 3.9.2.

Féta] blood was obtained by clamping the_umbi]ﬁca] cord and
removing the fetuses from preénaﬁ; CBA/J mice at various times of
gestatiop. Fetuses were rinsed in PBS, blotted on filter paper and
blood samples collected by decapitation.

Amniotic fluid was obtained by aspiration from the amniotic

sac.

3.5 Quantitation of «lPi

3.5.1 Antitryptic activity assay

Reagenté

~

Porcine pancreas trypsin (2.1 x 1077 M in 0.0025 M HC1)
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N-benzoyl-dl-arginine para nitroanilide (BAPNA)-(2 x 10°% M in
distilled water)

Tris buffer (0.5 M, pH 7.8, 0.02 M CaCl, * 2H,0)

»

Protocol

s

. Serum antitryptic activity was determined by a modified
chromogenic substrate assay (Hoffmann et al., 1976; Eriksson, 1965;
Cohen et al., 1978; Takada et al., 1979).

The specific protocoi consisted of a preincub&tion of a mixture
of 45 u1 of heat inactivated .(569C, 30 min) diluted mouse serum samples
(1/50 - 1/300 in Tris buffer), 50 ul of Tris buffer and 50 1 of
trypsin stock solution for 5 min at 30°C. The remaining uninhibited
tryptic activity was determined by the addition of 300 ul of the
BAPNA substrate solution and the release of p-nitroanilide mqpitored
by spectrophotometric recording of the absorbance at 495 nm in a 1 cm?
cell for a period of 1 to 5 min usihg a Beckman Spectrophotometer Acta
[IT. The percent inhibition was expressed as initial rate of substrate
c]eavagé for’ the sample over initial rate of substrate cleavage for a
control sample with no «1Pi.

3.5.2 Rocket ,jmmunoelectrophoresis

&5

alPi _serum levels were determined by Laurell rocket

immunoelectrophoresis (Laurell, 1966).

Protocol

" The barbital buffer used for the electrophoresis was as

o

Fal
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&5

described in section 3.4.2. A 1% agarose gel of uniform thicknegs

was obtained by pouring the gel between two glass plates spaced 1 mm
apart. The gel contained‘3.2% sheep anti-mouse «1Pi and wells of ‘
uniform sizel(lo ul volume) were punched out. Purified mouse a]Pi

was used to standardize a pool of normal mouse serum which was
subsequently used as the standard for Q]Pi measurements. Electro-
phoresis was carried out at 15 V/cm (25 mA) for 18 h at 49C. Gels wére
washed, dried and stained as described earlier (section 3.4.2).
Quantitation of «lPi was obtained By measuring peak heights and p]otting‘

against antigen ¢oncentration in the standard curve.

3.5.3 Nephelometry

-

Serum «1Pi was measured by nephelometry on a Technicon Auto-

analyzer Il Fluoronephelometer (Walkeﬁ and Gauldie, 1978).

Reagents

~

Saline Solution (0.9%, 0.05% Tween-20)

Polyethylene glycol solution (PEG-6000) (4% in saline solution)
Protocol’

Sheep anti-mouse «lPi was dituted 1/30 with polyethylene glycol
solution and filtered through 0.45 um pore size filters and serum samples
were appropriately diluted (1/400 - 1/2000) in saline solution.

For the detérmination of o«1Pi serum level, the antiserum stock
solution and antigen preparation were mixed at a rate of 0.80 ml/min

and 0.32 ml/min, respectively. The sampling rate was 100/h with a 2:1
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-

sample 'to saline solution wash ratio.

-

o1Pi was quantitated by measuring peak height and the

concentration obtained from the standard’ curve.

%
St

3.5.4 Enzyme-linked immunosorbent assay

SN
& T

In order to achieve levels of sensitivity for the quantitation
of «1Pi in the range 10 - 500 ng/ml, an ELISA {(Voller et al.,.1978)
was developed using 96 well microtitre plates (NUNC3 Gibco Laboratories,

Grand Island, NY). .

1

Reagents i
* i) Rabbit anti-mouse olPi

Rabbit IgG was 1so}ated from rabbit anti-mouse «1Pi antiserum
by affinity chromatograﬁhy on a column of protein A-Sepharose CL-4B.
The  column (1 cm x 15 cm) was washed with PBS (pH 7.6) and 1 mf of
antiserum was applied. The column was subsequentlx washed with 10 mi
of PBS and the eluate discarded. The absorbed IgG was eluted with
3 ml of 0.1 M glycine (pH 2.8). The acidic eluate fraction was
neutralized with 1 N sodium hydroxide and dialysed against PBS; The
dialysed material was essentially{pure IgG with specificity for mouse
alPi as determined by ddublé diffusion,immunoassay.
ii) Suéstraté

The substrate for the enzyme horseradish peroxidase was prepared
by dissolving 20 mg of 5-amjnosa1icy]ic acid in 25 ml of warm distilled

water. The pH was adjusted to 6 with 1N NaOH.
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{11) -catalyst
' The reaction between horseradish peroxidase‘and szstrate
‘wgs catalyzed by "the additipn of 10% of 0.16% hjdréxide peroxide <
solutfon in distilled wétéi? : R
iv) Bicarbonate buffer (0.05 M, pH 9.6, 0.02% azide)
y)‘ Saline solution (0.9% NaCl, 0.025% tween-20%,/ .

Protocol

Eéch of the following steps is intersgersed with three saline
solution washes and.stepé 2 ; 6 weré performed at room ;empe}aturea A
1. Rabbit IgG anti-mouse alPi was diluted 1/400 with bicarbonate buffer
e and 100 u1 (approximately 1 ug IgG) were added to each well and
jncubated at room temperature for 2 h with subsequent overnight
incubation at 4°C.

2. 150 ul of 2% BSA in PBS (pH 7.2) was added for 30 min as a blocking
step. -

3. 100 ul of test material was added for 2.5 h. : I\

4, To the wells, 100 uf of sheep anti-mouse alPi antiserum, diluted

1}1000 with PBS, was added and incubated for 2 h.

)do'ul of rabbit anti-sheep IgG-conjugated with horseradish

{&

peroxidq§g diluted 1/500 with PBS was added to the wells and
incubated for 1% h. - /
6. 100 pi of substrate contéining']o% of hydrogen peroxide catalyst
'sb1ut1on Qas added and the‘cé]orimetric reaction was termipated
by.the_addifion of 50 ul of 1IN NaOH. The absorbance was recorded

on a Microelisa Minireader MR590 (Dynatech).
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3.6 Immunohistochemistry

+

al1Pi was demonstrated in tissues and in the cytoplasm of

various cell types by immunohistochemical means. v
Protocol

1. Tissues were fixed in 10% buffered formalin.

-

- 2. Fixed tissues‘were processed in fresh absolute ethano? for £hree
cyc]és*of 2 h each; xylol for three cyc]és of 2 h each; 54?(
paraffin for two cyéles~of 2 h each, except for lung tissue
whiéh was proég;sed 1n,paraffin under.vacuuﬁ. Tissues were
.subsequently embedded in pafaffin.

3. Tissue sections {5 um) were dewaxed in absolute ethanol and
background peroxidase activity was blocked with 3% hydrogen
peroxide i methanol for 7 min.

Each .of the subsgquent steps are interspersed with three PBS washes

of 5 min each.

4. Tissue sections were overlayed with sheep anti-mouse o1Pi diluted
1/150 with PBS (0.01 M, 0.1% Triton X-100, 2.5% BSA, 0.25% sodium
azide, pH 7.3) for 30 min. '

5. Tissue sections were overlayed with‘rabbit anti-sheep IgG diluted
1/50 with PBS for 30 min.

6. The tiJsue sections were iﬁcubated (30 min) with sheep ahti-rabbit
IgG-conjugated with horserédish perogidase diluted 1/100 with PBS.

71 Slides were quhé& in Tris - saline (0.05 M NaCl, pH 7.6) and the
sgbstrate DAB (6 mg/10 ml in fris - saline solution, 0.016% hydrogen

peroxide) added for 10 - 15 min.
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8. Slides were washed in tap water, coun{erstained with methyl green

(0.1% in distilled water), dehydrated and cover slipped. ‘2

. . ;

3.7 Ontogeny Studies é

Fetal serum was co]]ecté§ as described earlier (section 3.4.5). : E

Neonatal (birth - day 20) serum samples were also 6611ected by ?

decapitation whereas aduit serum:samp]es were collected by cardiac ) j
puncture. Excepf for fetal blood, where several samples were pooled, | ' fé‘

the serum «1Pi levels of neonaté] and adult mice were expressed as an | %

average of seven animals. Serum alPi concentration was determined by ‘ |

nephelometry and rocket immunoelectrophoresis.

3.8 Inflammation Models

3.8.1 Celite induced inflammation

Celite (gift from Dr. Peter Horsewood, McMaster Universityy

Hamilton, Ontario, Canada), a diatomaceous earth, was routinely used.

to induce an inf]ammatdry response in CBA/J mice. 150 ul of sterile

celite suspension (30 mg/ml) was injected subcutaneously into both.

'

Y
‘
-

At selected time intervals, mice were bled by cardiac.puncture

and serum collected for quantﬁtation of a1Pi. A variety of tissues

were also taken and fixed (section 3.6) for immunohistochemical and

, .

histological studies.

B
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3.8.2 Parasite_infections
3.8.2.1 Nippostréngylus brasiliensis -

N. brasiliensis was obtained from Dr. N. Croll at the Institute
” )
of Parasttology, Montreal, Quebec in 1976. The nematode was maintained

by serial passage‘(SOOO L3 larvae injected supcutaheous]y at the back

“of the neck) in Sprague-Dawley rats, 150 - 250 g (Biobreediné,‘Ottawa, !

Ontario, Canada) (Befus et‘gz.,]979).

Infective third stage larvae (L3) were cu]thed in vitro by
routine téchniqués (Jennings et~al.; 19633. Brieny; rat feces were
co]iected at'days 6 to 9 post-infection and mixed with an equal weight
of activated charcoal (20 - 35 ﬁ?sh) (BDH Chemicals, Toronto, Ontario,
Canada). The fecal-charcoé] mixture was sogked with water and a
suspension obtained by°grin¢jng the feces with a mortar and peétle:
Aﬂsma]1 amount of this mixture was placed on filter paper §u#ported
by a piece of foam, to retain moisturei in a glass petri Qiéh. Eggs f
were allawed to hatch (10 - 18 days)’By ipcubating the plgtes at 30°C
while maintaining a moist environment. ‘Upon hatching, the first stqge
larvae migrate oﬁtitowards the edge of tHe fiTte; paper as‘they mature
to the second and third stage (infective) larvae (L3). .

L3 larvae were collected by cuttiﬁg small pieces of the
infected filter paper, and setting them on cotton gauze placed on top
of a funnel partially filled with water (room temperafure). The larvae

migrate .off the -filter paper into the water and settle by gravity to

—

the bottom of the funnel. -
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For the inflammation iodel, mice were infected with 500 L3.
larvae via the subcutaneous route. Serum samples were obtained at

I
various time intervals by cardiac puncture and tissues removed and

' storéq at 4°C in buffered formalin until processing (section 3.6). |
3.8.2.2 ITypanbgoma‘éongolense

Mice (A/J and C3H/HeJd) were infected by
Dr. Terry Pearson (Department of Biochemistry and Microbiology,
University of Victoria, Victoria; British Columbia, Canada) by
intraperitoneal injection of 103 7. congolense strain 5E-1é,organisms ‘ ﬁ
* (Pearson et al., 1979; Morrison et al., 1978). Mice were sacrificed A
at selected time intervals and serum samples (frozen) and buffered A %
formalin-fixed tissues sent to our laboratory for alPi quantitatian

as well as immunohistochemical and histological studies.

3.8.2.3 TIrichinella spiralis

M{ge (NIH.strain, Anglia Laboratogy'ﬁﬁTma1s) were infected by

Dr. Derek Wakelin (we11comé Léboratories for Experimental Parasitology,

Fen K oah mmr Ao S gvat e

University of Glasgow, Scotland) with 400 I. spirglis infective muscle . g
larvae, by intubation. Lyophilized serum samples and.buffered formalin-
_ fixed tissues were subsequently sent to our laboratory for olPi

. quantitation as well as immunohistochemical and histological studies.

[

v
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3.9 In.vitro Culture Systems

3.9.1 Isolated hepatocyte cultures

i) Perfusion protocol

Hepatocytes were isolated from mice by a éwo-step perfusion
procedure simf]ar to thét described by Seglen (1973) and Deschénes
et al. (1980) with a few modifications. Briefly, 20 - 30 g micé
were anesthefized~with a 500 ul intraﬁeritoneaT injection of 10%

“sodium pentobarbital containing 10 U/m]l heparin ;odium (Harris

. Laboratories, Brantford, Ontario, Canada). The abdominal cavity was
exposed and a 25-gauge buttgrf]y cannula was inserted into the portal

M . ‘lg . < e ‘
vein and clamped in place.

The perfhsate consisted of a Cadt free, sterile Hepes buffer -

(100 mM Hepes, 67 mM KC1, 1.4 M NaCl, pH 7.3) and méintained at a _
temperature of 37°C usfng a circulating waéer bath. Immediately after
perfusion was initiated, the superior vena cava was severed.to allow
perfuéate_to flow out and‘thus prevent excess{ve build up of pressure
in the.liver aﬁd as such minimize rupture of B]ood vessels. '

. In the first part of the perfusion brocedure, the liver was
perfused at a rate of 6.6 ml/min with a'1/10 dilution of the above
stock Hepes buffer. Uniform b]anéhing of the liver, which occurred -
immediately upon perfusion, indicated an:extensive removal of.B]ood.
_The'perfus}on was allowed to proceed for 6 - 7 min in order to
irreversibly remove Ca2¥ from the desmosomes, thereby causing cleavage
of intercellular junctions. In order to optimize ca2® rémova1, thé

© superior vena cava was periodically cyamﬁed with forceps in order to

o St i e
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allow pressure build up in the liver, as judgea by swelling of the

-

organ.

- The‘second step consisted of perfusing the liver, at the same
rate and vo]ume with a freshly prepared stock co]Tagenase solution
(Sigma, Type I, St. Lou1s, MO; 0.375% co]1agenase 54.4 mM CaCl,-2H,0,
0.12 M NaCl, 10 mM Hepes, pH 7.3 with 0.1 N NaOH) diluted 1/10 with
Hepes buffer from the first perfusate solution. It wés crucial that
ca2* jons be present in the perfusate buffer since the activity of thé
collagenase enzyme is Ca2+~dependent. In each of the two perfusion
steps, a single-pass, ndn-recircuﬁating, system was used. |

Upon cbmp]etion of perfusion, the liver was excised from the -
animal and held in the portal region (Qith forceps). The Tiver Eapsule
was disrupted w1th forceps and with confinuous gentle mixing, ]1ver
cells were collected in CaZ -free Hepes buffer at room temperature
Large aggrégates and clumps were removed by decantation and the resulting
suspension consisted of a mixture of intact and damaged parenchymal and
non-parenchymal cg]]s. Viable hepatocytés were optained by sedimenting
twice through 50 ml of Ca2+1free Hepes buffer in a 50 ml coni&a] tube
for 15 min under unit gravity and room temperature" Viability waE.
assessed by staining with eth1d1um brom1de/f1uoresce1n diacetate

(Takasug1, 1971).

ii) Preparation, of collagen coated plates
Co]iagen solution was prepared as described by Sirica et al.
(1979). Briefly, collagen fibers (2 -.3 cm) were mechanically e*tracted

from rat tailsland stored in PBS at 720°C2 to prepare the collégen

 n e .
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§o1ution, 1 g of fibers were suspended in 300 ml of a 0.1% g]acia]
acetic acid solution and stirred at 4°C for 24 - 48 h. “The
undissolved fiber remnants were removed by filtration, first through
coarse filter paper fo]]owed by a 0.45 um filter and the.acid éoluﬁ]e
- collagen stored at -20°c. ~

" Collagen-coated plates were prepared by infrodgciﬁg 3 ml of
acid soluble collagen solution into a 25 cmé tissue culture flask

R, Division of Becton, Dickinson and Co., Oxnard, CA). The

(Falcon
p1ates were incubated at room temperature for 24 h in a sterile hood, .
under ultraviolet Tight. Following this inchbatiop period, the acetic
acid and any excess collagen were removed by rinsing phe culture

flasks twice with 5 ml volumes of Ca2*-free Hepes buffer and once with
pH indicator containing culture medium (3 ml) fo monitor'for

neutrality. This procedure allows for a thin film of collagen to attach

to the bottom of the éu]ture flasks.

iii) Hepatocyte culture conditions
Hepatocyte cultures were 1nitiate& by adding 5 ml of Tiver cell

preparation, containing 3 x 10 viable hepatocytes, in William's E
me&ium supplemented with 1%"L-G1utamihe, 1% penici]lin/streptomycin,\
1% Hepes, 10% gamma G-free horse éerum.or fetal calf serum and 1076 #
. dexamethgsone sodium phosphafg (Hexadrofgz,Organon Canada Ltd., Toronta,"

_.Ontario, Canada) to each plate. The hepatocytes were allowed to adhere

) for‘1.5 h'ﬁt 37°C in a closed-cap system. Non-adherent dead/damaged
hepatocytes and ndn-parenchqul cells were washed off with 5 ml of

William's E medium and 10 m1 of fresh medium added. Hepatocytes -



96

[P P

were maintained in culture for 24 h with no significant 1oss of

o S

viability.

<ot
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3.9.2. A]Qeo]ar macrophage cultures

j) Isolation of lung alveolar cells

A er B

Murine (CBA(J female mice) alveolar macrophages were isolated ‘€

as essentially described by Godleski and Brain (1972): Briéf]y, mice K
were anesthetized(with a 500 ul intraperifonea] injection of 10%
sodium.pentobarbita] containing 10 U/ml hepaéfﬁ sodium. fn order to
maximize alveolar macrophage yields, 14‘% 18 wk old mice were selected, '
Under aseptic conditions, the déritoneé] ca&ity was exposed and the N
ﬁbdmoﬁinal aorta was transected to exsanguinate the mouse. The lungs

were co]fapsed by 1ightly puncturing the diaphragm. The trachea was

exposed by Femoving the thyroid gland aﬁd excising the oesophagus. A

small incision was made and a po1yethy]ené cannula (I.D. 0.76 mm,

0.0. 1.33 mm) was inserted into the.trachea andlimmobi1ized, above the

main bronchi, by surgical thread. Alveolar macrophage§ were collected

by ten in situ bre]iminary lavages of 0.8 - 1.0 ml each of PBS

maintained at 32 - 37°C. The infusion and recovery of bronchiolavage #
fluid was performed relatively slowly to prevent bursting of ]uhgs'and
collapse of trachea. Slow motion of the syringe plunger back and forth i
during the lavages as well as gentle massage of the rib cage also
maximized cell yields. Cells were collected on ice in 12 ml polyethylene
tubes and centrifuged at 200 g on an MSE centrifuge (Measuring of
" Scientific Equipment, Ltd., England) for 12 min at 4°C. . Cells were

pooled in PBS, centrifuged once more and resusﬁgnded in RPMI medium.
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Viability was assessed by ethidium bromide/fluorescein diacetaéé

staining and cell differentials by May-Giemsa-Grunwald staining.

1i), Culture conditions

~ Alveolar macrophages (5 x 105/2 m1) were allowed to adhere to‘
plastic ﬁétri dishes (35 x 10 mm) (fa]conR, Division of Becton,
Dickinson and Co., Oxnard, CA) for 1.5 h at 37°C, 6% C0p, in RPMI-1640
medium containing 10% fetal calf serum or yG-free horse serum, 1%
bicarbonatet)a% P/S, 1% Hepes and 1% L-glutamine. Ndn-adherent cells

were removed by rinsing the petri dishes*with 1 ml volumes of medium.

Adhered alveolar macrophages were cultured in 2 ml of medium at 37°C,
6% CO,.

3.9.3 Peritoneal macrophage cultures

L&

Peritoneal macrophaées were obtained as described by Conrad
(1981). CBA/J female mice, 10 - 14 wk, were anesthetized with ether
and sacrificed by cervical dislocation. The abdominal skin was washed
with alcohol and retracted taking care not to tear the peritoneal wall.
A 20-gauge needle was attached to a syringe filled with 8 ml of PBS
(4°C) containing 10 U/ml of heparin and inserted into the peritoneal
cavity. The buffer was injected and the needle pulfed out of the
cavity, thé point of entry was sealed by ﬁidching~the peritoneal wall
with forceps. The abdominal cavity was gently massaged and the peritoneal
lavage: fluid was subsequently aspirated with thé syringe'.

The peritonea1'exudate cells were collected on ice ip 50 ml

polyethylene tubes and spun at 250 g (MSE centrifuge, England) for

JPRPREEPEEEY
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12 min at 4°C. The cells were resuspended in RPMI-1640 medium (1%
L-glutamine, 1% P/S, 15 mM Hépes, 1%’bicarbonate, pH 7.1) and enriched
for pgritoneaj macrophages by gdherence on plastic for 2.5 h at 37°C,
.6% CO,. After removal of the non-adherent ce]i population, peritonealt
macrophages were cultured at a density of 1.1 x 106/m1 (75 cm? culture

flask) (Falcon®) in 30 ml of RPMI medium.

3.9.4 Isolated pancreatic islets of Jdangerhans cultures

i)‘ Isolation of islets of Langerhans

Pancreatic islets of Langerhans were isolated by the éo]]agenase
digestion procedure described by Buitrago et aZ. (1977). Briefly, three
CBA/J female mice (14 wk) were sacrificed by cervical dislocation and'
the pancreas excised, transferred to ice cold RPMI-1640 mediuﬁ and cut
into small pieces. The pieces were pooled and added to 1.5 m] of
RPMI£1640 medium containigg 2.5 mg'of collagenase (Sjgma, St. Llouis, MO,
Type 1). Enzymatic digestion of the pancreas was allowed to proceed
for 20 min at 37°C, with constant vigorous agitation on a Fisher Roto-
ﬁack. The pancreas digest was subsequently diluted to a volume of 10 ml
with ice cold RPMI-1640 medium and allowed to sediment at unit grav{ty
for & min, The supernatant was subsequently discarded and 25 ul of
DNAse I solution (10 mg/ml) added. _

Pancrea;ihkis]ets were separated by density céﬁ;rifugat?on on
Percoll, A s;ock solution of Percoll was prepared by diluting 2 m]
of 10x concentrated RPMI-1640 Eedium (Gibco, Grand Ié]ﬁnd, NY) with
18 m1 of Percoll. The density gradjent was prepared by diluting 14 m]
of the above Percoll stock solution with 26 ml of RPMI;1640 medium and

~
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layered over 2 mi of stock Pércol] solution in a 2.5 cm x 10 cm round
bottom polypropylene tube. The pancreas digest was layered on top of
the Percoll separating medium and allowed to sediment for 15 min under
unit gravity. .The panéreas digest$was sqbsequently aspirated and

pancreatic islets of Langerhans collected at the bottom interface.

ii) Culture conditions _
Islets of Langerhans were cultured for 24 h in RPML-1640

supplemented with 15% gamma G-free horse serum, 1% P/S, 1% bicarbonate

and 1% L-glutamine. . '

3.9.5 Whole organ cultures

" Supernatants from whole organ cultures of -rat (Sprague Dawley,
Biobreeding, Ottawa, Ontario, Canada) spleen, lung, trachea, Peygr's
Patches, jejunum, ileum and mesenteric, mediastinal, peripheral,
popliteal and inguinal lymph nodes we#e kindly provided by Ms. Gudrun
" Goetsche (McMaster University, Hamilton, Ontario, Canada). These
various tissues were cultured for 24 h in Minimum éssential Medium
(Eagle, Gibco, Grand Island, NY) in the presence of l*C-isoleucine
and 1*C-lysine (Scharz/Mann - Division of Bectan, Dickinson and

Co., Orangeburg, NY).

3.10 In vitro Amino Acid Incorporation Studies

Murine hepatocyes were isolated and cultured as described

earlier (section 3.9.1). For carbon-14 lysine incorporation, hepatocytes

were cultured in Eagle's lysine. free MEM medium (Gibco, Grand Island, NY)
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supplemented with 10% dialysed gamma G-free horse serum, 2.2 g 1%

. bicarbonate, 1% P/S, 1% L-glutamine, pH 7.4. Hepatocytes (3 x 108) were

cultured in 10 m] of Eagle's lysine-free medium, containing 1.05 uCi/
ml of “C-lysine for .24 h.

Similar labelled amino acid incorporation studies were
performed using 39S-methionine. 1 x 106 hepatocytes/2ml of methionine
free medium were pulsed for 2.5 h with 20 uCi 355-methionine/m1.‘
After the pulse, 100 p3 of "unlabelled" methionine
(0.3 mg/m1) (Sigma, St. Louis, MO) was added and the hepatocytes
cultured for 2¢—h at 37°C, 6% CO,. As controls, 3.6 ug/ml of the
protein synthésis inhibitor, cycloheximide, was added to the hepatocytes
%or‘30 min. The hepatocytes were then washed with methionine-free
medium and pulsed with 35S-methionine as described ébove.

Cu]turéfsupernatants (35S-methionine labelled) from the murine
hepétoma_ce11 lines Hepa-1, 125, 11ab, 19/2 and HH were kindly provided
by Dr. G. Darlington (Cornell University, NY).

| Murine alveolar macrophages were isolated and cultured as
described (sectioﬁ 3.9.2) and 1%C-lysine incorporation was perfor@ed
using the hepatocyte protocol.

Alveolar macrophages wére also.pulsed with 35S-methionine using
the incorporation protocol describéd for hepatocytes. ,

Islets of Langerhans were isolatéd and cultured as described"

earlier (section 3.9.4) and pufsed with 14C-lysine.

R T,
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3.11 Autoradiography

The ability of %hese various cell types to synthesize «lPi
was deténnjned by autoradiography-. Culture supernatants and cell
lysates (successive rapid freezing-thawing method) were exhaustively .
dialysed against PBS to remove free labelled amino acids and
concentrated using aquacide I1-A (CalBiochem - Behring Corp.,‘ﬁa Jolla,
CA): An appropriate amount of theée supernatants was diluted with

normal mouse serum and two-dimensional crossed immunoelectrophoresis

carried out. Electrophoregrams were processed in EnhanceR {New Eng]and'

* Nuclear, Boston, MA) and autoradiography perfofmed on x-ray film.

3.12 Alveolar Macrophage Functional Assays

3.12.1 Morphology

The morphology of the alveolar macrophage from norma} and
J. bgasiliensis 1nfectgd animals was determined by conventional
microscopy using May-Grunwald-Giemsa (MGG) sta%ning as well as by
rézk, Department

{
of Pediatrics, McMaster University, Hamilton, Ontarﬁp, Canada).

electron microscopy (kindly carried out by Ms. B. B

3.12.2 Plasminogen activator release assay

The extent of activation of the alveolar macrophage was
determined by an assay for the release of plasminogen activator

(Vassalli and Reich, 1977).
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Reagents

>

}) Kreb's Ringer Buffer
. 100.parts 0.15 M NaC1 -
4 parts 1.15% KC1
1 part 3.82% MgS0,-7H,0
20 parts 0.1 M phosphate buffer, pH 7.4’
glucose 100 mg % ‘ ) .

!

ii) Tris/HC1 Buffer
0.024 M Tris
0.1 M NaCl |
0.05 M KC1
0.0037 M NagHPO,
pH 7.45

Protocol -

1. Preparation of iodine 125-fibrinogen coated plates
Fibrinogen was labelled with iodine-125 by the Department of
Nuc]edr Medicine (McMaster Univeﬁsity, Hamilton, Ontario, anada).

The labelled fibrinogen was adjusted to approximately 3 x 106. dpm/ml

‘with Kreb's Ringer Buffer and 60 ug/ml of cold fibrinogen added.

For plating, the stock of 125I-fibrinogen solution was diluted
1/10 with Kreb's Ringer Buffer and 300 w1 added to edch well (Linbro

Disposo Trays; Linbro Chemical Co., New Haven, CT). The plates were

< ' ¢ .
. subsequently dried at 45°C over a period of 5 days in a sterile incubator.

&
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2. Conversion of 123]-fibrinogen to 25[-fibrin

| Two-3 h prior to addition of macrophaﬁes, 500 u1 of 10%
heat inagtﬁvaied fetal calf serum in Dulbeccos (1% P/S, 1% bicarbonate)
was adqéd to each well and incubated at 37°C, 6% CO, for 2 h. The

plates.were subsequently washed twice with hank's balanced salt solution

and washes kept for counting.

3. Fibr%no]ysis‘by macrophages //
Alveolar macrophages (1 x 108/0.4 m1) were plated onto 125I-
fibrin-coated wells in,Dulbecco's. medium containing 100 ug/ml soybean

trypsin inhibitor. After an incubation pénigd of 1.5 h (37°C, 6% €0,),

the plates were washed with Tfis/HCi buffer and washes kept for counting.

To gHe wells, 8 ug/ml of plasminoger in Dulbecco's medium was added
and.plates incubated for' 2’ h at 37°C, 6% CO,. A 100 ul aliquot of
the gupernatanf medium was taken froﬁ each well and kept'for counting.
_ Plates were~incubated for a further 2% h and the remaining supernatant
~ medium collected. Maximum fibrinolysis in control wells was obtained

. by adding urokiﬁase (10 1.U.) to the well. )

The. higher the amount of plasminogen activator released, the

_more activated the alveolar macrophage (Unkeless et al.,1974).

3.12.3 Adherence/phagocytosis

The assay was carried out by a modified Leighton tube method
using human D-positive red blood cells (RBC) coated with anti-D

antibodies. Briefly, the macrophages were incubated for 90 min at
] . . .
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37°C for attachment to Leighton tubes and subsequently for 1 h at
37°C with sensitized red blood célls, airdried and stained with MGG

to assess attachment and phagocytosis of RBC.

3.13 Generation of LAF (IL1)

In@erleukin I (LAF) pro&uction was induced in murine peritoneal
and a]veoir macrophages as described by M?zei (1981) and Simon and
Willoughby (1987).

Murine (CBA/J) peritoneal macrophages were isolated and
enriched as described previously (section 3.9.3). 85 ]Oﬁ/lé cmz
“adhered peritoneal macrbphages we;e cu]tured‘for 24 h (&% CO,) in
30 ml of RPMI-1640 medium (1% L-glutamine, 1% P/S, 15 mM Répes, 1%
bjcarbonaté, pH 7.é) containing 200 ug of LPS. The culture SUpérnatants
were removed and centrifuged to remove cellular debris and dialysed
exhaugtively (dialysis tubing, 6000-8000 Mw cut-off) against 0.03 M '
" PBS. The supernatants were stored frozen (-20°C).

The generation of interleukin 1 (LAF) by alveolar macrophages
was investigated in a]veo]ér macrophages.frpm normal and N. brasiliené%g <
infected lungs either with or without LPS (40 yng) stimulation. In aii

cases, 3 x 10® alvealar macrophages were cultured in 5 ml of medium

in a 25 cm? culture flask at -37°C, 6% CO, for 24 h.

'3.14 Thymocyte Assay for Interleukin 1 (IL1 £ LAF)

Production of interleukin 1 (LAF) by peritoneal and alveolar -

macrophages was determined using a thymocyte proliferation assay
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(Mizef, 1981). Lipopolysaccaride (LPS) - unresponsive C3H/HeJ

female mice (Jacksqn Laboratories, Bar Harbor, ME) are generally
interleukin 1 (LAF) responsive mice and as sucﬁ were used as a
sourcé-of thymocytes. TBe thymus from 8 - 10 wk old mice was excised
and thymocytes obtained by gently pressing through 60-gadge stainless
steel wire sieves into RPMI-1640 medium supplemented with 1%LHepes,

1% L-glutamine, 1% bicarbonate, and 1% P/S. The thymocyte susgzﬁsion
was subsequently layered over gamma G;free horse serum and allowed to
sediment at unit gravity for 30 min at 4°C. Large aggregates: rapidly
settled in the horse serum and thymocytes jn the medium were Earefu]]y
aspirated and layered over gamma G-free horse serum. The cell
suspension was centrifuged at 250 g for 15 min at 4°C .~ The thymocytes
were suspended in RPMI-1640 medium at a concentration of 15 x 106/ml.

The interleukin -l assay consisted of adding 1.5 x 10® thymocytes

(100 ul) into each well of §6-we11 microtiter piates, 10 ul of phytohema-
glutinin (PHA, 200 ug/ml) and 90 ul of macropﬁége culture supernatant.
The presence of interleukin 1 'ﬁd’PHA have a synergistic effect on
£hymocyté proliferation and at high concentr&tions of ILT inhibition
of.proliferation occurs. Therefore, serial dilutions of culture
supernatants were added tq'the wells in order to titrate the ILI

act Vity. The thymocytes Qere cultured for 72 h at 37°C and 6% Cbz
Aand<pu1§éd'with 3H-thymidine iO.S uCi/well) for 4 h.

Incorporated 3H-thymidine was meaéured by harvest%ng phe cells

on cellulose filter papér'using a cell harvester (Skatron, Norway),

drying the filter papers, placing each of them into 10 ml of scintillation

. o ATt O
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fluié (20 gm of Permablend II, Packard Instrument Co., Downers Grove,

IL; 4 1 of scintillation grade toluene) and counting in a Beckman

LS-233 beta countér.

3.15 Alveolar Macrophage Derived Acute Phase Mediator (APM)

Twenty-four h culture supernatants from normal alveolar
macrophages and from day 2 post-N. brasiliensis infection were obtained
as described in section 3.9.2. ‘ |

Hepatocytes from norma] mice were isolated and cultured as
described in sectioh 3.9.1 but the culture mediuﬁ was supplemented
with 6 - 10% alveolar macrophage supernatants. Hepatocytés were
cultured for 24 h under closed-cap system at 379¢ and supernatanté

assayed for alPi by ELISA (section 3.5.4).

3.16 Statistical Analysis

Tests forlsignificanf differences between groups were conducted
" by use of the two-sample Student's t test. The two-tailed hypotheses,
| HO:,QI - 42 =0 and Hy: ul - 42 # O were tested in each case. Al1

data is presented as mean * standard error of the mean (SEM).
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4.1 Isolation of al-aptitrypsin (alPi)

-

The trypsin- inhibitory capacity qf pooled CBA/J mouse plasma
was 1.42 mg trypsin 5nhibited/m1 plasma which contained 51 mg of protein.
The specific activity of the fina} alPi preparation was 336 ug trypsin
inhibited/mg a]Pi,‘rebresentjng a(purificatiOn %actor of 12 (Table 4.1).

The purif%ed alPi from the final DEAE-Sephadex Eolumn exhibited
a single homogeneous band on analytical polyacrylamide ge]telectrophoresis
(Fig. 4.1.1). This purified olPi represented 27.4% of the total plasma
antitryptic activity. The molecular weight of 2lPi, as deternﬁned by
SDS-po]yacry}amide gel electrophoresis (Laemmli,(1970) was 53,500 =
2,000 daltons, :

The plasmg clearance of 125]-radiolabelled alPi over a period of
50 hours suggested a half-life of qpproximately 16.5 hours (Fig. 4.].2).’
The inifia] time points of the plasma clearance curve do not show the ‘
expected compartmentalization of «lPi into extravascular s{tes following
injection of radiolabelled material. This may be due tb the actual
expe?imental protocol where T(0) was taken at approximately 30 min
post-injection of }25I-alPi. In the.mouse,vthi§ initial 30 nﬁq period
. may be sufficient for compartmentalization to have occurred. Howaver,
this should not have any effect on the remainder of the plasma clearance

Fl

curve which was used for estimating Ti.

g
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Figure 4.1.1
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Polyacrylamide gel electrophoresis of purified
mouse alPi
a) DEAE, pH 6.5 active fraction
b) final purified olPi
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Figure 4.1.2 Plasma Clearance of 125I.q1Pj
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_ 4.2 Immunochemical Characterization of «lPi

Sheep anti-mouse olPi antiserum reacted with a single precipitin
line in double-diffusion against normal mouse serum showing identity
with the purified «1Pi fraction. The same antiserum exhibited marked
cross-reactivity with normal rat serum (Fig. 4.2.1) QLereas sheep, goat,
rabp%t and guinea pig sera &id not react. . \

On two;dimensional immunoelectrophoresis against normal mouse

“serum, two crossing precipitin arcs are observed (Fig. 4.2.2), suggesting

that «1Pi in the mouse occurs as two antigenically distinct entities or

e AR e ———
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.Figure 4.2.1 Specificity of «lPi antiserum

sheep serum Q Q mouse serum
H

goat se ‘ rat serum

sheep anti-mouse a«lPi

rabbit serum Q quinea pig serum g g



Figure 4.2.2
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a1Pi variants

Mouse o1Pi was electrophoresed in the first
dimension (cathode at 1eft) in 1% agarose and
electrophoresed in the second dimension (cathode
at bottom) against 3.2% sheep anti-mouse x1Pi

bt e D ombet
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variants. Such results are consistent with those of Myerowitz and

o o

co-workers (1972a). The ratio of slow to fast variant indicates that
both molecules are present in substantial amounts in normaj ﬁouse‘

serum (Tablg 4.2.1) although there is considerable va}iation 1n-peak ’
ratios amongst different mouse strains. Within an individual strain,

however, the two «1Pi variants are present in the same relative

R v e s

concentrations in fetal circulation, gut washings, breast milk, as ’ @
well as in supernatants of cultured hepatocytes. Moreover, during tﬁé
onset of an a;ute inflammatory reaction, both al1Pi variants. rise
proportionally such that the relative ratio of the two peaks remains
constant (data not shown). ; ( '
Both alPi variants bind to porcine pancreas trypsin although
there were some differences depending on the iodination procedures used \
for «1Pi. Chloramine-T, whicﬁ is a strong oxidizing agent, interferes
bonsiderab]y with the trypsin binding activity gf the fast variant of
a1Pi as evidenced by the nearly complete absence of fast variant in the
slower migrating «1Pi-trypsin complex (Fig. 4.2.3). Ilodination of alPi
by the m{ld Bo]ton-Hunter’reagent has no apparent effect on the two
variants with respect to their trypsin binding activities (Fig. 4.2.4).
These results are consistent with the work of éarp/and Janoff (1978) who
showed that under oxidizing coﬁditibns, the methionine reactive site of
alPi was inhibited. !25I-labelled porcine pancreas trypsin bound to
both a1Pi variants. ﬂ "
Normaf adult «}Pi serum levels showed va;ia;ion between strains _%

of mice (Table 4.2.2).
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- TABLE 4.2.1

Ratios of Electrophoretically Heterogeneous o«lPi Variants in Mouse Strains

Strain B Ratio slow :

fast variants

CBA/J 2.7
RF/C5781 2.6
Balb/C 2.3
DBA 2.3
RI/ 2.1
hu/nu 2.1
C3H 2.1
A/d 1.9
C57B1 1.6

TABLE 4.2.2

Mouse Serum

alPi Concentration in Normal

CBA/J
C3H
C3D2
n=10

mg/m
+ 0.7

3.0

3.5

4.6

H

i+

0.6

1.0
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@

The ubiquitous nature of alPi was 1nd1cated by its presence in
various body fluids (Table 4.2.3) as we]1 as its localization in a ‘
var1ety of tissues such.as liver hepatocytes (Fig. 4.2.5} control, Fig.
4,2.6), pancreatic islets of Langerhans (F1g.(4.2.7); some epithelial
cells in the small intestine yil]i as well as interstially in the lamina
propria (Fig.n4.2.8). alPi was thus fonnd in all body fluids examined
and although. the amounts varied, these never exceeded plasma levels.

Gsing in vitro incorpbration of 35$-methionine/1“c-]ysineoin
isolated cell culture systems, it was shown that the major site of
synthesis of alPi was the hepatocyte (Fig. 4.2.9) whereas alveolar
mdcrophages;synthesized minimal quantities of al1Pi in comparison to
hepatocytes (Fig. 4.2.10).

Islets of Langerhans did not synthesize detectable amounts of

"a1Pi under these conditions but fhere was release of cytoplasmic «lPi

.

-as evidenced by iodinat%on of culture supernatant proteins
and subsequent specific immunoprecipitation of 125I-labelled olPi on
two-dimensional electrophoresis. -

Both «lPi variants were also synthesizedﬂny the murine hepatoma
cell lines Hepa-1, 125 11ab, -19/2 and HH.

There was no detectab]e synthesis of «1Pi by who]e organ cu]tures ;
of rat sp]een, Tung, trachea, Peyer's patches and mesenteric, medxast1na1
peripheral and inguinal lymph nodes. However, a labelled protease(s)

- was synthesized and secreted by jejunum and 11eum tissues and nas bound

to exogenous cold a«lPi as evidenced by altered electrophqret1c mobility

“of alPi,

o ———_

o - e 4 ok A .
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TABLE 4.2.3

Presence of olPi in Various Body Fluids (CBA/J mice)

&

Fluid _al-protease inhibitor
) Foncentrat1on

Adu!t serum 3 mg/ml ‘ | ‘N

Fe£a1 seFum 0.4 mg/mll“ "N

Amnibtic fluid 28 ug/ml ‘ E.
Bile 19 ug/ml - E

Breast milk 2 mg/ml | N

Géétrointestinal washings 7.?‘ug/20 cm gut H’ E

Bron;hiolavagg fluid 65 ug}]ung p ’ E

N, assayed by nephelometry
(E, assayed by ELISA -
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Figure 4.2.5 Adult liver stained for &1Pi with horseradish
. peroxidase conjugated immunoreagents (x100)

Fighkg 4,2.6 Negative cgntrol for «l1Pi staining in adult liver
(Counterstain methyl green)
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Im vitro synthesis of «l1Pi by alveolar mécrophages
_from normal lung in a 24 h culture. 335S-methionine
incorpgration revealed by autoradiography

Figure 4.2.10 (b)

In vitro synthesis of alPi by N. brasiliensis infected
lungs in a 24 h culture. .35S-methionine incorporation
revealed by autoradiography .
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4.3 Ontogeny of «lPi

Thé‘serum Tevels of «1Pi in the fetus represent approximately
15% of the nqrma] adult level (Fig.‘4.3.1); There is a progressive
rise in serum(1eve]s to the adult range‘approximately 25 days post—’
narturition and the antitryptic activity oftserum correlates with the
immunoquantitation profile (Fig. 4.3.]). Throughdut the pregnancy, the
maternal serum level is within the norma] adult range.

In order to determ1ne whether the low levels present in the
feta] circulation represent synthesis of alPi by the fetus or trans-
placental transfer of maternally derived «1Pi, 1251-41Pi was injected
intravenously into pregnant mice at 17-19 days gestation. Maternal and
fetai°sera were obtained at selected time intervals and total serum
radioactivity as well as protein-associated iodine-125 determined. As
shown in Figure 4.3.2, there ts a progresstve linear increase in the
ratio of total radioactivity of fetal to maternal serum with time.
However,'the ratio of protein-assocdéted iodine-125 in fetal and maternal
serum is constant with time and is ]ees than 1%, Snch data wouid
1nd1cate that fetal olPi is not materna]]y derived to any s1gn1f1cant
‘extent, if at all and hence, the low feta] levels likely represent
synthes1s by the fetus. "The small  amount of protein-associated radio-
activity ceuldnpotentially arise from non-specific binding of free

‘1od1ne-125 to serum proteins, such as IgG.
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Figure 4.3.1 Ontogeny of «1Pi in CBA/J mice. Each-data point

represents a.pool of sera from seven mice. alPi
serum levels (x x) were determined using sheep
anti-mouse alPi and antitryptic activity (o------ 0)
using BAPNA as substrate
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4.4 Celite Induced Acute Inflammation

Following a single subscapular injection of a sterile suspension

of celite, «1Pi levels in serum showed a steady increase approximately
five hours post-injection and reached a maximum of 125% of normal adult
levels by 24 h (Fig. 4.4.1). Subsequently, «1Pi serum levels decreased

to within a normal range by approximately 45 h. The initial decrease

EN .
in serum alPi levels (1 - 4 h) Zf\likely due to initial rapid

sequestration of ol1Pi at the site“of the inflammatory stimulus although
experiments to demonstrate this phenomenon have not been carried out.

Using immunohistochemistry, there was a marked alteration in
the number of hepatocytes which stained for «1Pi and also in the overall
distribution of such hepatocytes throughout the liver lobule during
celite induced inflammation. In normal mouse ljver, most hepatocytes
exhibit Tow-level diffuse cytoplasmic staining for a1Pi although the
intensity of staining varies within the 1ivgr lobule. There are a
1imitéd number of hepatocyte§ (1 - 3%) which stain intensely for alPi
(Fig. 4.4.2.1) whereas others exhibit weaker staining intensity. The
intense o1Pi cytoplasmic staining does noi appear to be restricted to
a particular siie of hepatocytes and is found ih both uni- and multi-
nucleated hepatocytes. These hepatocytes are distributed mainly in
areas around the portal triads as well as being randomly distributed
throughout the liver lobule. Under high power magnification,‘a1pi was
located in diffuse granular-like deposits throughout the cytoplasm’
(Fig. 4.4.3). ‘ .

In marked contrast, six hours posf-inf]amﬁatory stimulus

(celite), at a time when there were no significant changes in serum
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¢
a1Pi level, a greater number.of hepatocytes which stained intensely for

cytoplasmic o1Pi were observed. Furthermore, there was a significant

increase in the intensity of ;he Tow level "background" staining of
hepatocytes for «1Pi. This increase in the number of hepatocytes which
‘stained intensely for cytoplasmic «1Pi was more accentuated at nine
hours (Fig. 4:4.2.2) and maximum staining activiiy was observed at
approximatély 9 -~ ]2 h. Concurrent with this increase in aTPi cytob]asmic
staining activity there was a marked alteration in the distributign '
pattern of such hepatocytés. Thése now tended to be ]ocated jﬁ the
_vicinity of the central vein és well as being distributed throughout

the liver lobule. At 24 h, corrésponding to maximum inérease in alPi
serum level, ihe nuﬁber and distribution of intensely staining hepatocytes
was more characteristic of a normal liver.
‘ Fetal liver hepatocytes also stained for «lPi (Fig. 4.4.4) as

qid neonatal 119er. In both instances, as was the case with adult

liver, there were a few hepatocytes which stained intensely fqr' .
cyéoplasmic alPi. Kupffer ce]is and épithe]ia] cé]ls lining the bile’

ducts were negative for «lPi.

4.5_ In vitro Hepatocyte Output of Acute Phase Reactants in Celite

" Induced Inflammation

As described in.section 4.4, there were'mhrked alterations in
«1Pi staining intensity and distribution of such hepatocytes in the
Tiver dyring thé course of a celite %nduced fnf1amhatory response. -
These jmmuhohistochemical findings .suggested an incréased hepatic

output of «lPi with maximum actiVity at approximately 9 - 12 h post- .
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stimulus. In ;rdek to substantiate this, the in vitro output of olPi
by isolated hepatocytés was studied..

Hepatocytes from mice injected with celite were isolatﬁg
(section 3.9115 at 9 - 12 h post-stimulus and cultured for a 24 h
period; At selected times, a small aliquot of culture supernatant was
collected aqd(assayed for «1Pi by ELISA (section 3.5.4). This putput
was compared to that obtained from hepatocytes froﬁ nop-treated
(normal) mice. ‘

Over 24 h, there was a 1.5 to 3-fold increase in alPi hepatic
- output in celite treated animals as compared to normal mice'(Fig.‘4.5.1).
The increés@d hepatocyte output of alPi in witro, in celite induced
inf]hmmagion; correlates with the increased cytoplasmic alPi activity
as determ1ned by 1mmunohlstochem1stry

The in vitro hepatocyte output of SAA in ce11te induced
1nf1amm§tion also demonstrated an acute phase reaction although the
immunohistochemical localization of SAA in this model was not studied.
There was,approximate]y a 25-fold increase in éAA from hepatocytes
from celite s?imulatéd animals as compared to hepatqéytes-froﬁ non-treated

mice (Fig. 4.5.2). ‘ !

4.6 Nippoatrongylus brasiliensis Induced Inflammation

The 1ife cyc]e of N. brasiliensis in mice 1s shown in Figure 4.6.1.
Previous workers have described the m1grat1on kinetxcs and assoc1ated

pathology of this parasite. In the skin, there 1s_ev1dence of dissolution of
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oo, Figure 4.5.2  In vitro-hepatocyte output of SAA in celite treated
s . mice 9 - 12 h post-injection
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.. collagen around the nematode but this need not necessarily be an
enzymatic degradation of the co]]aden as an alteration in pH of the
_microenvironment could bring about dissociation of the collagen fibres
(Lee, 1972). Within th days, L3's migrate, via thé central stream of
the arter1es, to cap111ary beds and are passively trapped in the lungs
(Cro11 and Ma, 1978) At this stage, the parasites 1n1t1ate a local
acute inflammatory response with ﬁarked edema, hemorrhage épd‘destruction
of alveolar spaces (Fig. 4.6.2; 4.6.3): Morphologically, the external
Tung surface is characterized by large hemorrhagic foci giving it a
"patchy" apbearance Such a d1st1ngu1sh1ng feature of a paras1t1zed
]ung has been used as a rap1d qua11tat1ve assessment of the “success"
of an infection protocol and the intensity of the worm burden. The
paras{tes then deVe1ob into fourth stage larvae (L4) and m{graté £0 the
| gastrointestinal tract via the trachea and esophagus. fhe parasités ére
transportéd in the mucus stream which 1ines_thevwh61e trachea'as well as
by the flagellated motion of the cilia (Croql and Ma, 1978). An acute |
inflammatory react1on deve]ops in the small intestine by day 5§ caus1ng
edema and villous atrophy w1th crypt hyperp1;;1a (Symons. and Fa1rb§1rn,
1962) (Fig. 4.6u4, 4.6.5). Upon maturation to the.adult stage, the
nemétodes reproduce .and maximum numbe} of eggs are layed between 7 -9
days. The eggs and adu]t stage paras1tes are subsequent]y expe]]ed in

_ the feces by days 14 - 19 (wescott and Todd, 1964).

4.7 Serum and Tissue Acute Phase Response in N. brasiliensis Infection

During the initial five days following the infectjon of mice

with .. brasiliensis, the serum levels of «lPi fluctuated within the .
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Normal mouse_infestine (H & E)} (x100)

Figure 4.6.5

"Mouse intestine 6 days post-infection with -
N. brasiliensis (H & E) (x100)
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normal range with an indication of é_s]ight bqt insignificant increase
in serum levels at day 2 (Fig. 4.7.1), aotime corresponding to massive
Tung inflammation. Subsequently, there was a gradual increase in alPi
serum levels to a maximﬁm of 120% of norma]iadu1t by day 10 post-
infection, a time corresponding to gastrointestinal inflammation. The
1P 1e§e1s subsided to normal by approximately 20 days post-infection.
As indicatéd in Figure 4.7.1, at the time of massive 1ung.
inflammation (day 25, thefe was no significant increase in alPi serum
concentratiqn. However, the immunohistéchemical localization of olPi
in the liver revealed an intenée acute phase response at this particular

time in the course of the pa}asite_infection (Fig. 4.7.2)a As was the

case for celite induced inflammation, there wds a significant increase

¢

in the number of hepatocytes which staﬁned intensely for cytoplasmic alPi.

The lobular distribution of such hepgtocytes was consistent with previoué
fjndings in that the intensely staining hepatocytes were sftuated around
the centrai vein as well as throughout the iiver lobule whereas the
areas around the portal triads were relatively devoid of such intense
staining hepatocytes. With this inf1ammét§on model, thé liver acute
phase response was of such intensity that“individuaI 1ivér lobules were
c]eariy demarcated. This was of.consfderable significance sinﬁe, unlike
the human: liver, ipdividua] lobules in the mouse liver were not clearly
. defined under common ﬁ & E staining.

During thehintestinal inf]ammatory'§tage, the Tiver was still
uﬁdergoipg an acute phase response as evidencgd by a large number of
intensely staining hepatocytes for cytoﬁlgsmic «1Pi, but there were

areas within the lobule in which «1Pi hepatic content was markedly

i
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reduced (Fig. 4.7.3). The distribution and number of intense ;taining
hepatocytes for cytoplasmic a]Pf returned to normal following expulsion
of worms from the host.

By immunohistochemistry, there were no apparent alterations in
alPi staining in intestinal tissue during the gut stage of N. brasiliensis.
Interestingly, however, on some occasions, the a1Pi positivity in the
islets of Langerhans in the pancreas progressively diminished to
undetectable levels during the gut stage of ¥. brasiliensis (Fig. 4.7.4
versus Fig. 4.2.7) and «1Pi pogitivity was restored following éxpu]siqn
of the worms. The exaét nature of this «lPi pancreatic activity was

not further investigated.

In an attempt to account for the apparent lack of serum alPi
acute phage reaction, the immunohistochemical localization of «l1Pi at
the site of inflammation (lung) was investigated. At day 2 post-infection,
at a time corresponding to maximal parasite burden in the lung, there
was a marked increase in 1nterstjtia1 staining for «1Pi (Fig. 4.7.5).
Perhaps of greater significance was the intense a1Pi cytoplasmic staining
of a]veo]ar macrophages, particularly those surrounding the parasites
(Fig. 4.7.5). The identity of these alveolar macrophages was confirmed
by fluoride jon inhibitable non-specific esterase activity. Alveolar
macrophages from déy 1 and 3 post~infection did not exhibit alPi
cytoplasmic staining nor did uninfected normal lung. 'Moreover,‘in
these latter instances, background interstitial staining for «lPi was

minimal .
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Increased localization of o1Pi in infected lungs, as compared to
normai, was shown using !251-41Pi (Table 4.7.1). There was a significant
increase in !251-q1Pi in bronchiolavage fluid and washed lung tissue of
infected animals. This data is consistent with the increased interstitial

staining for «1Pi in infected lung tissue.

Figure 4.7.4 Absence of alPi in islets of Langerhans 8 days k
post-¥. brastliensis infection as determined by
horseradish peroxidase conjugated immunoreagents
(x400) .
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Mouse lung stained for «lPi with horseradish
peroxidase conjugated immunoreagents 2 days
post-N. brastliensts infection

Negative coniro]
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TABLE 4.7.1

= ) . v
Lung Distribution of }Zsl-a]Pi 24 h After Intravenous Administration

.

.dpm samplg/dpm seruny
Non=infected Infected
Bronchiolavage Fluid 0.037 # 0.009 . 0.246 + 0.036*
(1'ml volume) ’

Washed - C ,

Lung Tissue o 0,039 = 0.005 0.130 £ 0.028**

(1 gm wet weight) ° _ ‘

* Significant at 0.002 < P < 0.005 o
* %% Significant at 0.02 < P < 0.05 . : T

! dpm in serum were similar in both groups of mice Fy

v PN «
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4.8 In vitro Hepatocyte Qutput of Acute Phase Rgaetaﬁts in N. brasiliensis
" £} 1/

Induced Inflammation {

In order to correlate the increased alPi cytoplasmic activity %

in hepatocytes. day 2 post-u. Erasiliensis inféction‘(Fig. 4.7.2) with

incréased hepatocyte synthesis, alPi was measured by ELISA in culture .

supernatants from hepatbcytes is%1dted two days post-infectfan.

[ o
* e T 30

. Over a 24 h period, in culture, there was a 5- to 10-fold

increase in alPi output by hepatocytes from day 2 infected mice as
compared to normal mice (Fig. 4.8.1). As in celite induced inflammation,
there is good correlation between the increased a1Pi cytoplasmic presence

in ‘hepatocytes, as determined by immunohistoéhemistry and <n vitro

4 T et
—— b a o la -

.hepatocyte synthesis.
The in vitro hepatocyte synthesis of “SAA was also indicative of
‘an acute phase response as evidenced by a three-fold incregse in SAA

synthesis in day 2 N. brasiliensis infected mice (Fig. 4.8.2).

4.9 Other Acute Phase Reactants in . brasiliensis Induced Inflammation

¥
¢
i) C3 and SAP

4

Serum Jevels of the acute phasé reactants‘C3, the third.componenﬁ

of cqmplement, and ;erum amyloid P'protein (SAP), were measdred by .

Drs. M. Baltz and M. Pepys (Royal ﬁostgraduate Co]]egé, London, England).
. Following }nfection of mice'with.N. brasiliensis, C3 serum

Tevels fluctuated within.the normal range up to approximafgly day 8

post-infection (Fig. 4.9.1). As was the case for «lPi, there was no

7

apparent C3 serum acute phase resbonée during the lung stage inflammation.
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Howéver, during the gut inflammatory stage, there was a marked c3
serum acute phase response (Fig. 4.9.1) with approximate]y a two-
fold increase over normal. . |
éerum amyloid P component (SAP) showed a stgnificant rise in

serum levels (two-fajd) at approximately 2.5 days pést-infectioﬁ,
‘cprresponding to the lung inflammation stage {Fig. 4.9.2). There :
was a subsequent decline to the normal raﬁge at days § - 7. During
the gut inflammation stage, thére was a marked increase in SAP serum

levels (three-fold) peaking at days 10 - 12 post-infection.
i1) SAA

A fourth acute phase reattant,‘serum amy]oiq A (SAA), was '
. measured by Dr. K. McAdam (Tufts University, Boston, MAf and the serum
profile is depicted in Figure 429'3" There was a marked increése in
SAA serum levels (13-fo1d)‘in the-ear]y'étages of the infection with
the maximﬁm occurring at 1°- 1.5 days post-infection. Subsequent]y,'
-there was a rap1d dec]1ne to norma] levels by day 3 and at day 8 - 9,
there was a gradual 1ncrease inserum 1evels with an e1ght-fold
increase at approximately day 12. - S

As shown in composite F1gure 4 9. 4 the overall serum C3 and
alPi profiles were very sim1Jar to’each.other whereas SAP and SAA
demonstrate remarkable simi]ar{ty of the four acute phase reactants,
only SAP ‘and SAA 1nd1cated a serum acute phase response dur1ng Tung

inflammation whereas all four behaved-as "classical" acute-phase

}eaqtants during gut inflammation. Although the maximum serum response
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Serum laevels of SAA during &. brasiliensts

infection®
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for ehgh acute phase reactant may not.peak on exactly the same day(s) %

following infection, there was nevertheless significant overlap.

4.10 State of Activation of Alveolar Macrophages in ¥. brasilienais

Parasitized Lung

Alveolar macrophages were obtained by bronchiolar lavage and
their state of activation asSessed by morphology, the adherence and ’
phagocytosis of opsonized red blood cells (RBC) and, the release of

plasminogen activator.

. ‘ . {

i) Morphology

Morphologicaily, the alveolar macrophages frém the day 2 : é

infected lung as compaﬁgd‘to the normal lung were larger, had a higher . :

_cytoplasm to nuclear ratio, a greater number of mitochondria and more
“endoplasmic reticulum, and were usually more extensively vacuoTizéd

(F&y. 4.10.1; 4.10.2; 4.10.3; 4.10.4).

ii) Adherence and Phagocytosis

Alveolar macrophages from normal uninfegted lungs had a ' P

" weak capacity fdr adherence and phagocytosis while most alveolar .
macrophages from parasitized Jungs had 5 - 10 RBC bound to their '
surface and on a@erage ingesteg 2 - 3.RBC (Fig. 4.10.2) a]thoubh as _ f

much as 8 RBC have been opéerved.

v

iy -
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Figure 4.10.1 Mouse alveolar macrophages from uninfected lungs. .
May-Grunwald-Giemsa stain (x400)

Figure 4.10,2° Mouse alveolar macrophages from . brasiliensis
infected Tungs (x400)
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ii1) Plasminogen Activator Release

Plasminogen activator release by alveolar macrophage was
indirgctT quantitated by meésuring the amount of !25I-fibrin degradation(
products released from 125]_fibrin coated plates.

Alveolar macrophages from uninfected Tungs induced the release
of 18% of plated !25I-fibrin whereas there was 42% release induced from
alveolar macrophages from parasitized lungs. The maximum inducible

release, using urokinase, was 80%.

]

4.11 Trypanosoma congolense Induced Inflammation

Preliminary studies of the acute phase response in T. congolense
infected mice weréfinitiated with the collaboration of Dr. T. Pearson
(Department of Biochemistry and Microbiology, University of Victoria,

Victoria, British Columbia, Canada).

Mice of different strains with variable resistance to
T. congolense were infected with 103 7. congolense strain S5E-12
organisms into the peritoneum and the pathology of the infection and

serum profiles of «1Pi and SAA are described in the following sections.

4,12 Pathology of Experimentally Induced 7. congolense Infection in Mice

T. congolense infection is characterized by ‘the appearance of
successive waves of parasitemia, each containing one or more populations

of organisms with distinct surface antigenicity. Im these preliminqry
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studies, levels of parasitemia were not evaluated in the different

strains of mide but the strain of T. congolense and the protocol for
infection were %dentiga1 to that of Morrison et al. (1978) énd as such
their data for relative. strain susceptibilities and levels of

‘

< , ¢
parasitemia will be quoted. . . ) /

-/

The A/J mouse is the most susceptible strain and the me

A/J mice

prepafent period, that is, the time from inoculation-until first
detectable parasitemia is 5.8 days (Morr%son et al., 1978) 4h1s
period of time is significantly shorter than that for any of the other
more resistant strains. The mean parasitemia level was agprox1mate1y
2 x 10%/u1 serum. This'level of parasitemia was much hiéher than that

with the other, strains and.was attained by day 10 - 12 post-inoculation.
Moreover, this level of parasitemia was maintained uqff] death of
the animals which had a mean survival time of 15.8 days.

D

In our studies, at four days post-infection, the liver histology
was normal. L,

In the lung, there was evidence of edema but no mononuclear cell
infiltration. /

At the onset of the paras1tem1a (day 5) the lung alveolar
StrUCtUPeS appeared slightly distorted and there was evidence of a s]1ght
mononuclear cell infiltration. ‘

At day 8 post-infection, there was a slight fncreasp in the

number of mononuclear ¢ells which were especially prominent in the

-~
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" sinusoidal spaces of the liver,. In addition, there were-small foci of

_mononpcléar cell infiltrates and these were randomly distributed

throughout  the liver lobule:

(Thén1ung tissue was edematous as well as hemorrhagic_as indicated
by the presence of‘}ed.blbpd cells in the alveolar and interstitial:
sp;ces. . 7

At 12 days post-infectfon, the 1ivér morﬁﬁo]ogy'was intact and

there were humerous trypanosome organ1sms w1th some mononuc]ear cell

1

,1nf1ltrat1on in the swnuso1da1 spaces

_~The lung was genera]]x swollen and ‘there was a significant mono- -
huc]ear_cel]-ani?tra£ion extending into the 1jning of'fhe bronchials
(Fig. 4.12.1). '

The higté]ogical fjndings indica;ed.that in A/J mice, the'early

(day 1 - 4) inflammatory reaction to the parasite infection was minimal

. and it was"bnly at a 1ater‘time that there was any indication of a

significant ihf]ammatory-respoﬁse and morionuclear cell infiltration.

By such a time, the parasitemia had reached a lethal level.
. s Ly N

C3H/Hed mice

C3H/Hed mice had intermediate levels of resistance td

T, congolensa 1nfect1on with a mean survival time of 59 days (Morr1son

‘et al., ]978) Although the prepatent per1od was the same as fhe

:_susceptib]e A/d strain of mice (5.8 days), the fwrst wave of paras1tem1a

waf considerably Tower. (6 x 103 organisms/ul b]ood) at days 9 --10.

‘ Mo%eover, there was a marked drop in parasitem1a to bare]y detectable

Jevels on-diys 11 - 13 before r1sing aga1n with a second wave
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Figure 4.]é.1 Lung 12 days post-infection of A/J m1ce with
T. congolense (H & £) (x]OO

Figure.4.12.2 Lung 12 days post- -infection of C3H/HeJ mice with
T congolense (H & E) (x100)
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at apﬁgggiTately day 17 post-idocd]ation. -Th}s cycle -was répeatéd and

a thi d peaﬁ eccufred on déy 25. Of gréater significance, perhaps, is
the f&et'that with each success1ve wave of, paras1tem1a, the maximum
number/gk organ1sms peaked at'6 x 103,-5 x 10* and 2 x 10%/ul for

the ff}st, second and third waves, respect1ve1y This progressive change
in paraS]tem1a coincided w1th onset of death (13% at day 40) (Morrison

et al., 1978).

In qur‘study, six days following the infection,.the Tung-already -
sﬁowed evidence o% mononuclear cell infiltration an&‘at déy 8, both the
1iver (Fig.‘4.12.3) and the lungs exhibited prominent mononucleaf cell

-infiltration. By day. 12, liver architecture was altered with promiheqt
_areas of tissue necrosis. There was*an increase in the number of mono-
nbclear cells, presumably Kupffer cel]g.‘ The lung tissue was also
characterized‘by heavy. mononuclear cell infiltration (Fig,..4.12.2}).

4 ‘The histo]oéica]*fjndiﬁgs indicated thét in contrast to A/J mice, -
'tﬁere was a prohpt and heavy -mononuclear celT infi]pration in both ]iyer'

and lung tissue dur{ﬁé T. gongolénsé infection.

4,13 ImmunohistochemicaT Localization of alPi {n T. congolensge Infeétion

- There were_ﬁarked diffé}ences in «1Pi staining activity in 1jver
tissueﬁin the resistant CBH/HeJ strajn in comparison to tﬁelmoré ' ‘
'suscept1b1e A/d mice In the sugcépfib1e strain, there was-a s]ight'bUt
. significant increase in background alPi cytop]asm1c staining 1ntens1ty
as well as a s]1ght 1ncrease in the number of hepatocytes which sta1ned

intensely for cytopIasmic «1Pi on days'6 - 8 post-~infection.

€
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Figure 4.12.3 Liver 12 days post-infection of C3H/Hed mice
with 7. congolense (H & E) (x100)
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In contrast the «1Pi acute phase response in the liver occurred
. much more rap1d1y in the more res1stant C3H/Hed mice. Background a]P1
cytoplasm1c~sta1n1ng was s1gnif1cant]y increased four days post-infection
and an 1ncrease in the number of hepatocytes with intense «lPi
cytop]asm1c sta1n1ng was obserwed on day 6 post-infection. The -
distribution of such intense staining hepatocytes was as described
previously. There was a progressive increase dn the number of- these :
hepatocytes as well as.background «1Pi cytoplasmic activity from

days 6 - 12. o ) ' . .

~

4

4.14 «1Pi and SAA Serum 5rofi1es During 7. qongolense Infection

_ As shown in Fignre‘4 14.1, there was no apparent .serum acute
'phase response for a1P1 nor SAA 1n the suscept1b]e A/d° stra1n In
both cases there was a marked decrease below norma] in serum 1eve1

In contrast, there was a SAA and alPi serum acute phase response in
the more resistant C3H/HeJ mice - (Fig. 4 14.2) and: the maximum response
coincided with the onset of the mononuc]ear cell 1nf11trat1on in

Tiver and']ung tissues. During the peak paras;tem1a, however, there
was a decrease to normal 1eVe]s of hoth acute phase reaotants Thus,
the acute\phase/rpaétants alPi and SAA had similar serum prof11es in
T. congolense 1nfect1on but there were marked differences in the serum
acute phase response in the two strains of mice whhch can be correlated

with the1r relative suscept1b111ties to T congoZense 1nfect1on
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-4.15  Irichinélla spiralis Induced Inflammation

The 1ife cycle of T. spzralzs in the mouse is dep1cted in

Figure 4 15.1 and was der1ved from Bell et a1‘3(1979).

?

4,16 Patholoay of T. spiralis Induced Inflammation

In thé initigl 24 h fo]lo@ing'infubétign of T. spiralis mqsclé

Tarvae, the gut mucosa reﬁainéd intact. 'However, in a nQMbér of areas
of the gut, there was a bronounced mononuc]eér céi] infiltrate in thg
lamina propria, ihé'basal lamina propria as well as‘in'the ep%the]ial-
. .1ike cell layer lining the villi. Day 3 post-infection, shbsequent-to -
mating, the muscular1s mucosa was 1nf11trated w1th mononuclear cells as
well as the lamina propria. The villi were swo]]en and had a “ruff]ed"'
. appéarance. In geqera], the gut arch}tegture is d1stortedi T. spiralis
parasites were occasionally observed, not jn the 1umeh of £;e but; but

Todged usually at the basal part of>iﬁe villus near the crypt. At

day:B when the first newborn larvae had emergéd and.had beguh to
_penétrate the gut_mucosa,_yi]]uslgtrophy was prominent 5nd, goblet cell

and paneth cell hyperplasia Qa; discernible (Fig. 4.16.1; 4ﬂ16.?§.

.T. spiralis adults and newborn were present in the basal part of the Qil]j
" -at the 'surface of the gut wall. OQver the next few @gys (day 8?- 10)
fherg was mérked a]terationé.in gut villi morpho1ogy And spatial

orientation. There was a mononuclear cell 1nf11tration and gob]et cell

hy }a,np]\asia and marked V'”]‘IS atrophy angd vi'llus tip destructwn .

There were 1arge areas with marked destruction of villi structure and

. there wére a few areas where the basal lamina propria wé; partially

-
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Figure 4.15.1 Life cycle of Trichinella spiralis

b

Infection with .
muscie larvae {intubation)

day 0
i spiraZis_larvae
(muscle cysts) .
’ days 19 -
» ~
.day 1.5
RE adult mating
day 15 °

newborns - -
to muscle e .
tissue T
adult worm :
rejection day 12 ' - day 5
begins .4 first newborn
: larvae - .

Y
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Figure 4.16.1

Figure 4.16.2"

.Normal small intesfine (NIH mice)
H & £ stain (x250)

Small intestine from day 8 post-infection
with T. spiralis (H & E) (x250) -



168 . .~

&4
detached from the(mﬁscu]aris mucosa. At day 14, when the mqjoﬁify o%\
adult worms had been expe11éd from t@e gut and newborn larvae had :
migrated to musc]é tissue, the gut-inflammatory condition was less
severe. There were still indications 6f villus atrobhy<but the goblet
ée]l hype}p]asia was not as prominent. During the muscle stage of
T. spiralie (days 19 - 28) (Fig. 4.16.3), the gut regained its normal
appearance but the 1iver began to show signs of mononuclear cef]
~infiltration. At days 19 - 28 post-infection, the gross morbho]ogy
of the 11Qer was intact but there were numerous foci of mononuclear
cell infiltration, especially around the central. and portal veins and
‘ throqghout the liver lobule. There were also abundant mononuclear cells
in the sinusoidal spaces. The mononﬁcTear cell infiltration became more

intense 35 dayé post-infection but subsided to a relatively normal

appearance by days 60 through 80. The larval cysts were also surrounded

by prominent mononuclear cell infiltration (Fig. 4.16.3).

-

4.17 Immunohistochemical Localization of alPi in 7. spiralis Infection

_ The introduction of T. spiralis larvae in the smal]l intestine
gavé'rise to an acut ase rasponse as evidenced by thé significant
increase in the numb:;p:;\;;Batocytes staininé intensely for cytoplasmic
alPi. These hepatocytes aﬁpeared sjng]y'és well as in large clusters
~(Fig. 4.17.1). The genera] appearance therefore consistéd of large
areas with intense a!Pi cytoplasmic activity {nterspersed with‘large

areas of minimal o1Pi specific staining:

e oS o S P RSl e e 0 s g gt e
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Figure 4.17.}

T. 3
(H &

»

piralis muscle larvae
E) (x100) ,

Immunohistochemical localization of alPi in
liver day 8 post-infection with 7. ‘spiralis
(x100)
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A liver alPi acute phase response a1§o occuryed during the
formatioﬁ of T. spiralis cyst-liké structures %n muscle tissue.
Durlng the muscle stage of the parasite there was also evidence of
u1P1 in the interstitial spaces in muscle tissue and some of the

mononuclear cells surrounding the larvae were also positive for «lPi.

4.[8 a1Pi and SAA Serum Profiles During 7. spiralis Infection

There was a progressive decline in alPi serum levels to 50%
below normai levels at day 8 post-infection (Fig. 4.18.1).
Subsequently, tbere was a dradua] rise in serum levels, during the
migration of the juvenile larvae from the gut mucosa to the muscle
tissue, to 25% below normal levels. This was followed by a decrease

in serum levels to 45% below normal.

In contrast, there was a serum SAA acute phase response during
the gut stage of the parasite (Fig. 4.18.1) followed by a rapid decline
to normal levels-at days 12 - 20. During the muscle stage of the

ldrvae, there was a minimal serum SAA acute phase response.:

AN : ,
4.19 Synthesis of LAF (IL1) by Alveolar Macrophages

The synthesis of lymphocyte activating factor (LAF) by

peritoneal macrophages and alveolar macrophages is shown in Table 4.19.1,

Culture supernatants from LPS stimulated peritoneal macrophages
produced maximal 3H-thymidine incorporation in fhyﬁocytes at.a 1/8.
dilution whereas alveolar macrophages from uninfected animals were

optimal at a % dilution. Culture supernatants from alveolar macrophages

, .
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N TABLE 4.19.]
.

Synthesis of Lymphocyte Activating Factor (LAF) by Alvecglar and

Peritoneal Macrophages

Cell population ' Dilution Counts Incorporated
- ~ (3H-thymidine) cpm

o,

LPS alone : e 200
Peritoneal exudate . 1/2 : 820
- cells + LPS ) _
1/8 1080
1/32 o . 202
Alveolar macrophage 1/2 . 1823
from uninfected ¢ ~ o j
animals + LPS 1/8 460 /
. 1/32 , 197
Alveolar macrophage 172 . 203
from infected animals :
1/8 ° 440

1/32 - 1010,
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from », brasilieﬁ;is infécted Tungs, in'the absenﬁe of LPS stimulation,

.~showed maximal stimu1€tion at a 1/32 di]ution.{ |
This pféffminary data would indicate that alveolar macrophéges‘e

from both ﬁorma] and iﬁfected”anima?s are capable of producing LAF and
that the latter synthesigz greater amounts of LAF in comparison to-PS
stimu]aﬁed alveolar macrophages from normaf animé]s. Clearly, further

experiments are required to further compare LAF producing capabilities

of these various cell types.

L

4.20- In vitro Induction of Hepatocyte Synthesis of «1Pi by ATveolar

Macrophage Culture Supernatants -

-

As shown in Tab]e‘4.20.1, hepatocyte cultures- supplemented
.Qith: i) 6.6% alveolar macrophage (from normal lung) culture
supernatanté synthesized 1170 + 60 ng/ml of a]Pi; ii) 10% alveolar
macrophage (from N. brasiliensis infected lungs) culture supernatants

synthesized 1140 £ 90 ng/ml ‘of «1Pi;. iii) 15% alveolar macrophage

4

(LPS stimuiated) culture supernatants synthesized 1125 + 15 ng/ml

+

«1Pi and; iv) 15% LPS control medium synthesized 880 + 56 ng/ml of
o«1Pi. Hepatocyte cultures not §upp1emeﬁted with alveolar macrophage

cuiture'supernatants synthesized 260 + 40 ng/mi of'alPi.
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TABLE 4.20.1

In vitro Induction of «1Pi Synthesis, in Hepatocyte Cultures, by Alveolar

™

Macrdphage Culture Supernatants

Additions to ‘ Final a1Pi (ng/mi)

hepatocyte . concentration . ~ (24 h culture period)
cul tures ' - .
* . Medium (control) . 10% : 260 + 40
. . XRPM 1-1640) )
Alveolar macrophage 6.6% 1170 =+ 60* -
culture supernatant :
from normal lungs
" Alveolar macrophage ' 10% ; 1140 + 90%*
culture supernatant ) ‘ '
from N. brasiliensis
infected-lungs t
Cu]tu}e"supernatant 15% 1125 = 15*
from normal alveolar . :
macrophages pre-stimulated . '
with LPS
LPS (control) ' 15% 880 z‘SG

* Statistically significant from medium ggontFOI) at 0.01. < P < 0.02
Statistically significant from LPS {control) at 0.02 < P < 0.05



-

CHAPTER 5

'DISCUSSION
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5.1 Purification and Characterization of alPi

The isolation o% immunoldgically pure mbpsé a]lprotease'
inhibitor has been achieved by a combination of ion exchange and
affinity column ch}omatography. The affinity co]umns‘included
Sepharose-heparin to sbecifica]]y'remové antithrombih IIl; Sepharose-
concanavallin-A for the generation of a giycoprotein-rich.fraction;
and, Sepharose-cibacron blue for the ;e1ective removal of albumin.

The final preparatiQe polyacrylamide gé1 purification sfep yielded
a homogeneous protein band on analytical polyacryjamide gel electro-
" phoresis (Fig. 4.1.1) with MW 53,500 = 2,000 and ts of 15.5 hours..

The specific activity of the purified alPi was 336 ug of
t(&psﬁn inhibited per mg of alPij (Tap]e 4,1). Theoretically, the
optimum specific activity is apprqximate]y 440 ug of trypsin inhibited
pe; mg of alPi, assuTing a 1:1 stoichiometry for the iphibition reaction
and molecular weights of 23,500 and 53,5bédfor-trypsin and-g1Pi,
respectively. Based on the specific activity of whole mouse pJasma
(Table 4.1), the &1Pi péeparation represented a purification factor Qf'
12 with a 28% recovery. However, since'wﬁofé plasﬁa contains a var%ety
of other inhibitor proteins with some deéree of activify against érypsin,
such as antithrombin III, «2-macroglobulin and antichymotrypsin, the
purification factor and overall yield were probably slightly higher. ‘
Myerowitz et aZ. (1972b) have isd]ated mouse alPi from sgruﬁ witﬁ a
purification factor of approximately seven and a-recoéé?&n;ate of 13%.

Recently, Takahara and Sinohara (1982) have repofted the isolation of
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_mouse lPi with a purification fégtor of 6.7 and overall yield of 14%. |
The present isolation of mouse a1P1 represents a s1gn1f1cant advance
1n purification ‘as well as in overall yield.

This purifjed alPi was used as antigen in the immunization
profodo]s described zn }ection 3.3. The specificity of sheep and
rabbit anti-mouse a1Pi antisera was determined by doubie immunodi ffusion
and twé-dimensiona]Aé]ectrophoresfs. JIn addition to the reactivity

.against «1P1, the antisera exhibited minor reactivity against albumin.
The antjsera were made monospecific %or ale by 1iquid phase absorption
with pure mouse albumin. For the immunohistochemical localization of
alPi in tissues, albumin absgrbed sheep anti-mouse al1Pi was used in the
staihing’protocéaf This pre-absorption assured that cytoplasmic
staining was specific for a1Pi. For the quantitation of.a1Pi by’
nephelometry, unabsorbed antiserum waé'used since tﬁe addition of pu}e
albumin tb the samp]gs did not have ény measurab]e effdct. Thjs,fack
of interferencé with the quantitation of aiPi is probably due to the
Tow anti-a]bumﬁn antibody titer in the original antiserum. Moreover, 
the dtJution at which the qntise?um was used jp édditiop to the
relatively large concentration af albumin in the serum samples to be
aﬁa]yéed, did not consti£ute optimal conditions for quantitétion by
nephelometry. In the ELISA‘assay; specificity for a1Pi was obtained
,‘by uging monospecific.rabbit IgG anti-moqse al1Pi as the first layer.
Using these antisera, it was shown by double immunodiffusion,
that mouse alPi cross-reacts strongly wwth rat alPi (Fxg 3.2.1),
indicating some degree of homology in these two rodent a1Pi a]though

Rol11 and Glew (1981)4have not found any such cross-reactivity but did
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not show experimental'probf of thése resﬁ1ts. Cross-reactivity df
mouse and rat «lPi is not totaT]y Qnexpected since their.respective
amino acid compositions are similar (Takahara-and Sinohara, 1982).

The Qheep and rabbit anti-mouse «l1Pi aﬁtisera wére also used
in rocket immunoelectrophoresis (section 3.5.2), nephe]omefry (section
3.5.3) and ELISA (section 3.5.4) for the quantitation of «TPi in the
various models of inflammation (sect1oﬁ 5:3). . In additioﬁ the sheep
ant1serum.was also used in the 1mmunoperox1dase staining techn1que for
the specific localization of «1Pi in tissue sections and within the |
cytpp]aém of a variety of cell types (section 3;6). As such, these'
anti-alPi antisera were invaluable to Fhe study of aiPi as an acufe
phase reactaqtﬁ | ' |

On two dimensional immunoe]ect;ophorgsis in agarése éel, thé
purified mouse alPi exhibits electrogﬁoretic.heteﬁpgeneity (Fig. 4.2.2)
and the two precipitin peaks can be referre& to as the faﬁt (f) and
slow (s) electrophoretic vaéiants. These two variants are not artifacts
of the purification procedurg since they-are present in the same
relative proportion ih purified «1Pi fractions, normal mousé serum'and
hepatocytg cell lysates and culture supernatants. fhe slow aﬁg fast
e]ectropéoretip components bind trypsin‘(Fig. 4.2.3, 4.2.4i‘section
4.2) and are therefore hoth Tikely to be aiPi molecules.

In addition, tﬁe two a]Pi variants are;immuno]ogica11y non-
identical as indicated by the cross1ﬁg Brgc1p in 11ne fast and
slow molecules. Myerowitz et al. (1972a) using po]yacrylamide gel

electrophoresis in the first dimensjon and agarose in the .second
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dimension, have also demonstrated two distinct non-fusing'precipitin

peaks. Lee and Janoff (peréona] communicatio&) have'obsépved simi ar.-
e]ectfophoretié heterogeneity with purified rat a]Pi. Eleectrophor tiz
heterogeneit} of o1Pi is also obse}ved in rabbit (Koj etLaZ.; 1978,
]98}), rat (Takahara et al., 1980; Ikehara et al., 1981; 3011 and Glew,
1981), human (Pannell ¢t al.,1974), dog (Abrams et al., 1978;

Schﬁiz]ein et al.,’]980) and rhesus-monkey (Berninger and Mathis,‘19VE).
However, -unlike mouse and rat «1Pi, rabbit, human‘end rhesus-monkey

«1Pi variants are inmuno]ogica]]y'identicaf as(revéhled by two-

Mathis, 1976). - | A

-dimensional immunoelectrophoresis (Koj et al., 1981;\Bern%nger and

There are two hypothéses which could accounﬁ\ for ‘the
two immunq]ogica]]y distinct «1Pi variants in the mouse. They could
arise as a result of post;trans1ationa] modification ofia single alPi
gene product either -before or after its release'?rom'th"hepatocyte. Or

alternatively, as suggested for rabhit «l1Pi, the mouse alPi variants

could bé coded for by two autosomal genes or two sets of |autosomal allelic

genes (Regoeczi et al., 1980). '

,‘ My preliminary studies, in collaboration with Dr.!R.K. Murray‘
(University of foronto,AToronto, Canada), have shown that the antiserum‘
to mouse alPi precipitate§ an apparent single precursor polypeptide
from ﬁRNA gxﬁracts of hepatocytes in é'retichlocyte cell free system.
A]thbugh the detection of & single band wés.by single dimension SDS-
acrylamide ge1,'and may not resolve fwo closely e]e;trophoresing
polypeptides, such results are consistent with posf-translational

modification of a single gene broduct. This modification would

i
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Tikely occur pr1or to secre 1on s1nce hepatocyte cell 1ysates express

both forms in relat1ve propo tions similar to that observed in serum (data
not shown). Ikehara et al. (1981) have proposed a similar mechqn1sm for the
heterogeneity of rat «1Pi. 1t was suggested that post-transle;iona1

modifications of amino acids |causes a primary heterogeneiiy of rat «lPi

and uneven sialylation during, intracellular transport causes further

mod1f1cat10ns

H

As ment1oned ear11e » both: a]P1 variants exh1b1t antitryptic

activity but the binding kinetics, the stoichiometry of the reaction

and the relative inhibitory eEfivities of both «1Pi variants have not
beeF de}ermined in these studies. However, Fhe oxidation of the reactive
site ef alPi (methionine residue) by chloramine-T, resulted in

éreater impeirment of the antitryptic activity of the fast variant -
(Figi 4.2.3, 4.2.4); These results suggest that fhe reactive site of

the fasp alPi variant is more susceptieﬂe to attack by strong oxidants
and, as such, it is tempting to speculate that the tériiary structure

of slow abd fastfyariants, in the vicinity of the reactive site, is
differehti Such. configurational differences could result in differenfial
inhibitorx activities’;owards proteases. This is consistent with results
obtained.for rabbit «1Pi wvariants. (Koj et aZ., 1981). In tpeiﬁ’studies,‘
it was shown that the .fast component was more reactive:than the slow
vaéiaﬁt when tested against plasmin, trypsin, chymotrypsin, elastase

and leucocyte proteinases. It ie interestinglto note that in the raebit,

the slow o1Pi variant has a higher catabolic rate than the fast

component (Regoeczi et al., ]986),‘with the synthetic rate of the s]qw

variant being greater than that of the fast aiPi variant. Therefore,

v
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the Tower reactivity of the slow variant is likely compensated for by .

K tﬁe ability to be replenished at a faster rate. ’

In summary, we havg/pur%fied mouse“alPi énd have ra{sed ‘

monospecific antisera in #ﬁeep and.rabbits. The partia]icharactérization

of a1Pi has ﬁevea]egitwd immunoIdgi&aiiy non-identical e]ectrophorétic

variants (fast‘and slow Cbmponentg)”gnd bbth exhibit trypsin binding

activity, on the basis of preliminary studies, it is suggestéd that .

alPi %; coded by a single gene and the two variants arise as a resb1t

of post-translational modifications. However, as the tw6 molecules

react differently to oxidation and exhibit differeqt substrate

sbecifiéjties, it is pogéible that -these are separately coded molecules.
" The assays for the quantitation.of «1Pi and an immunohistochemic§]

“kstaining'technique for its 1oca1izatio? in tissues and ce]]s'honstitute

the basic investigative tools for the study of alP{i as an acute phase

reactant. . -

5.2 Distribution of alPi in Bédy Fluids and Tissues

Prior to the study of alPi as an acute phase reactant in a
variety of inflammation models, we.have investigated the distribution
of the inhibitor in body fluids and tissue§ and documented its

development through ontogeny.

5.2.1 0Ontogeny

.The serum levels of alPi seen .during ontogeny in the mouse
(Fig. 4.3.1) differ markedly from those seen in the human (Gitlin and .

G%tlin, 1975) and pig (Westrom et al., 1982). Early in géstation, mouse

e a¥
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(day 8) and human (wk‘ﬁ) fetal serum’levels are similar at approximately

' 6 - 15% of normal adult levels. However, midway through gestation,

, ™ ' ? !
fetal-serum levels increase to 100% and 1500% of normal adult in

<

the human and pig respectively, while «1Pi fetal serum levels in the

~

| I /

A - e
mouse remain unchanged at that time. At qﬁrturition, mouse levels have

~_not changed whereas human fetal alPi rise to 175% of normal adult

and pig fetal alPi decrease- to 400%. During neonatal development,

+

P

0 Q N

mouse «1Pi serum levels rapidly increase to adult levels while human

and big decrease to normal. ‘
Maternal serum levels of «1Pi remain unchanged in the mouse
(normal adult levels) throughout gestation as ye]] as at birth whereas ' f
in the human, maternal serum concentration at term averages 200% of '
that in the normal adult. The increased materna] serum levels suggest
that the high fetal serum levels in the humén'could be die to placental
transfer from the mother or perhaps the same mediator(s) which induces
. increased synthesis in the mother crosses the placenta and induces
Jincreased synthesis in the fetus.
The réasons for the dissimilarities in the alPi serum levels é
during ontogeny in the mouse as compared to the .human and the pig, are

not .apparent. The concentration of any particular protein in fetal

o

serum is a function of fetal synthesis and degradation rates as well
as ‘maternal-fetal and fetaT-materna] exchange rates.

Maternal proteins can be transfered to the fetus by two main

[

mechanisms: 1) amniotic fluid protein exchange and{ 2) placental
transfer. Gitlin and Gitlin (1975) have shown that there is 1ittle . RE

absorption of intact protein from amniotic fluid by the human fetus,

PRSI S .-
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either through the lungs, skin, umbilical cord or gastrointestinal °
tract. As such, amniotic fluid protein exchange-as a mechanism for
maternal-fetal transfer of proteins constitutes a minor contribution,

Most of the protein that is transfered from the mother to the

fetus procéeds via the placenta. The transfer of plasma proteins across

the maternofetal barrier is independent of the molecular weight of the
protein and as such, the fact that IgG- (MW 165,000) crosses the murine
placenta does not necessarily imply that «1Pi (56,000) will. In fact,

albumin with a molecular weight of approximately 65,000 does not cross

———

the placenta as readily as IgG (Gitlin and Koch, 1968).

In the human, fetal a1Pi is not likely maternally derived
since the alPi phenotype present in the fetus is not necessarily that
of the mother (Adinofi, 1971). - '

In the hodbe, it is 1ikely that the low serum levels of aIPir
in the fetus represent fetal synthgsis wjth minimal éoﬁiribution from
maternal-fetal'transferi This is derived from the fact that fetal
hepatocytes stain for alPi (Fig. 4.4.4) as early as day 10 gestation
and more prominently at day 15. As discussed in greafer'det§i1
in later sections, the specific localizétion of alPi within tﬁe
cytop]ash of hepatocytes correlates with syntheﬁic activity and does
not repreéent uptake of alPi into the hepatocytes. There is an
increasing number of these intense staining hepatocytes during fetal
development and the cytoplasmic staining progressively changes from a
granular- to a diffuse-like appearance. This alteration in cytoplasmic
distribution during ontogeny likely reflects a functional change during

hepatocyte developmenf. Fetal hebqtocytes staining positive for mouse

i
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(Kuh]maﬁn, 1975), aéd human a-fetoprotein (Peyrol e£ al., 1977) and h
rat\fibrinogen‘(Legrele et al., 1980) have also been descr%bed. )

Therefore, the iﬁmunohistbchemical‘1ocalizatf0n of alPi Withig
" fetal hepatocytes is supportive of fetal ;ynthesis but does