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Preface 
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distinguished Professor of Molecular Biology and Biochemistry, 
Indiana University as Symposium President. 

Some 320 participants from 14 different nations attended this 
initial Congress. 46 papers and 92 posters were presented, the 
majority of which appear in this volume. This volume is divided 
into four sections and contains presentations made either as 
plenary lectures or posters. The manuscripts have been divided 
into four major sections entitled (I) The Inflammatory Response, 
(II) Acute Phase Reactants, (III) Malnutrition and the Immune 
Response and (IV) Posters, which are subdivided further by 
category. 
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A. Corcoran of the Department of Pediatrics, University of 
South Alabama, Miss Brenda Altman of the Department of Labora-
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and Mrs. Dominique Karsenty, Laboratory of Biochemistry, Hopi-
tal Jules Courmont, Lyon, for their outstanding efforts in 
manuscript-retyping and secretarial assistance. 
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The Inflammatory Response 





PROGRESS IN PLASMA PROTEINS: HALLMARKS OF HEALTH AND MARKERS 
OF DISEASE 

Frank W. Putnam 
Department of Biology, Indiana University 
Bloomington, Indiana 4740 5, USA 

Introduction 

In recent years great progress has been made in knowledge of 
the plasma proteins and of their role in health and disease 
(1-4). The advances include better methods for identifica-
tion and isolation, ultrasensitive and precise techniques for 
quantitation, better knowledge of their metabolism and of 
their interaction with each other and with cell surfaces. 
Complex cascades of enzymatic reactions such as blood coagu-
lation, complement action, fibrinolysis, and kinin formation 
are being dissected and reassembled on a molecular basis. 
The intricate interactions of these cascades are being delin-
eated, and their myriad pharmacologically active products— 
both proteins and peptides—are being discovered. The peri-
odic table of the immunoglobulins is now probably complete 
with the recent determination of the structure of human IgD 
in my laboratory (5). The complete amino acid sequences and 
in a few cases even the three-dimensional structures of a 
number of human plasma proteins are already known, and much 
more is on the way. Gene sequencing is revealing startling 
new discoveries such as the phenomenon of skipping genes and 
may be on the verge of deciphering the mechanism of genetic 
control of expression and regulation (6-8). 

Many of you on the symposium committee, speakers on the pro-
gram and others in the audience have been participants in 
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this parade of progress. Some in basic research, others in 
laboratory medicine and clinical research. Our program will 
assemble and integrate the many diverse themes I have refer-
red to into a holistic view through our three topic sessions: 
1) Protein Profile in Malnutrition; 2) Protein Profile in 
Inflammation, and 3) Future Trends on Acute Phase Proteins. 

My purpose today is to give you an overview of recent pro-
gress in plasma proteins, to relate this progress briefly to 
the three major themes of the Symposium, and then to illus-
trate the highlights of some of our current work on human IgD 
as it relates to the themes of the Symposium. 

Progress in Plasma Proteins 

According to an exhaustive survey made in 1975 (1, 2), about 
86 human plasma proteins had been described, but the function 
was known for only about a dozen (see Table I, Ch. 2 of Ref. 
1). Today, about 100 have been purified and the function is 
known for about 40 including many trace proteins. In 1975 
there was a scarcity of structural data on human plasma pro-
teins (see Table II, Ch. 2 of Ref. 1); in 1981 there are pro-
bably more amino acid sequence data on human plasma proteins 
in press or ready for publication than were extant in 1975. 
To use immunoglobulins as an example: In March 1965, when we 
reported our first sequence data for a Bence Jones protein 
(9), the world's literature then contained a total of only 
about 50 amino acid residues of immunoglobulin sequence. By 
1979 even before DNA sequencing began, about 47,500 residues 
had been published. The rate has been increasing exponen-
tially since the advent of the commercial automatic protein 
sequencer and is doubling every three years, and DNA sequenc-
ing will soon shorten the doubling time. However, it is not 
the rate of accumulation of data that I want so much to empha-
size but rather the pace of increase of molecular understand-
ing of antibody specificity, structure, and genetic control. 



3 

Nonetheless, as I will outline later, we still have much to 
learn about the biological effector functions of the Fc 
domain, such as the site and mechanism of complement fixation, 
cytotropic reactions, and binding to cells. And these are the 
antibody functions that are critical to many inflammatory pro-
cesses. Whole systems of plasma.proteins besides the immuno-
globulins have been thoroughly investigated. Much progress 
has been made with the coagulation proteins especially the 
serine proteases, the antiproteases, and the complement sys-
tem. The mechanisms of transport of metal ions, heme, drugs, 
and organic ligands are being elucidated, and the importance 
for human health of the'interaction and competition of these 
processes is being clarified. As we shall see in this Sympo-
sium, inflammation is involved in many of these processes. 

Despite the parade of progress in plasma proteins much remains 
to be learned. As yet, we know the function of less than half 
of the 100 or more readily detectable plasma proteins, and we 
are hardly aware of the hundreds of lesser components, some of 
which may have important physiological roles. C-reactive pro-
tein is the prototype of the acute phase reactant. Yet seren-
dipity led to its discovery 50 years ago through the lucky 
accident that it forms a specific precipitate with the C poly-
saccharide of pneumococcus, and this was observed in the lead-
ing laboratory for study of pneumococcal polysaccharides. 
Still today we are only beginning to learn the biological 
function of CRP. How many such marker proteins remain to be 
discovered? In previous reviews I have listed a dozen alpha 
and beta glycoproteins in search of a function (1, 4). Con-
versely, I could name a dozen other proteins that were iso-
lated, characterized, and named before their function was dis-
covered and then found to be already known under another name 
related to their function. One example is fibronectin, the 
plasma form of which was long known as "cold-insoluble globu-
lin". The role of this cell surface glycoprotein in cellular 
interactions remains to be clarified, and we look forward to 
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Dr. Laurent's discussion of fibronectin. 

Theme 1 - Protein Profile in Malnutrition 

Although plasma protein represents only about 2% of the tissue 
protein mass, the ease of sampling and of analysis early led 
to many studies of changes in total plasma proteins in severe 
human malnutrition or as the result of protein depletion in 
experimental animals. This early work has been rather criti-
cally reviewed by Garrow (10) who emphasized three aspects: 
1) the interaction of plasma protein levels and tissue protein 
stores, where the greatest effect is on liver, 2) the diagnos-
tic value of plasma proteins as a measure of nutritional 
stress, and 3) dynamic changes in plasma protein metabolism. 
However, in recent years the emphasis has focused on two more 
significant phenomena that are the subject of the first theme 
of this Symposium, i.e. 1) general and specific effects of 
malnutrition and concurrent infection on humoral and cellular 
immunity, and 2) specific effects on the plasma protein pro-
file such as characteristic decreases in certain proteins 
other than the general indicator, serum albumin. 

An important question to ask is whether the effect on the 
plasma protein profile caused by malnutrition or marasmus, or 
more generally by protein-calorie malnutrition, is mainly a 
general change in profile or whether there is some specific 
and significant effect, for example on the immune response. 
Last year this question was the subject of an entire symposium 
on nutritional deficiency, immune responses, and infectious 
illness that was chaired by Dr. Chandra (11). At our Sympos-
ium, he, together with Drs. Page Faulk, Touraine, and Gay will 
lead the discussion on our first theme—Protein Profile in 
Malnutrition. In this matter it is difficult to separate the 
individual roles of malnutrition, infection, and socio-cultur-
al status. We will look forward to their efforts to dissect 
the effects of these conditions both on cell-mediated immunity 
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(CMI) and on humoral immunity and to seek to identify the ways 
in which specific nutritional deficiencies may alter CMI 
responses. 

In contrast to the current indication of possible specific 
effects of nutritional deficiencies on the CMI response, is 
the apparently benign effect on humoral immunity. In the 
absence of severe infection, serum IgG, IgA, and IgM levels 
are usually normal or somewhat increased; though, to be sure, 
serum IgE may be elevated and complement levels decreased 
(12). Thus, current interest centers on specific effects on 
the plasma protein profile, notably the profound deficit of 
transferrin in kwashiorkor, as well as the decline in cerulo-
plasmin, B-lipoproteins, and in other proteins to be discussed 
by Touraine. 

Theme 2 - Protein Profile in Inflammation 

The terms "acute-phase proteins," "acute-phase reactants," and 
AP-proteins or AP-reactants have traditionally been used to 
denote plasma proteins whose concentration increases signifi-
cantly in the acute phase of inflammatory processes, and often 
in pregnancy, cancer, and various diseases (13). Originally 
the AP-proteins represented an uncharacterized group consist-
ing mainly of ct-glycoproteins with two characteristics in com-
mon: the presence of carbohydrate and synthesis in the paren-
chymal cells of the liver. These are not very clear distin-
guishing features because all typical plasma proteins except 
immunoglobulins are synthesized in the liver, and virtually 
all plasma proteins are glycoproteins except for albumin, 
retinol-binding protein, and notably C-reactive protein - the 
archtype of AP-reactants. Much of the early literature dealt 
with seromucoid, an a-glycoprotein fraction of plasma which 
contains ai-glycoprotein (orosomucoid) as its major component. 
As summarized in Table I, in recent years the principal AP-
reactants have been isolated and well characterized. In most 
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TABLE 1. Properties of Acute-phase Reactants of Human Plasma 

Protein Symbol 
Molecular 
Weight Pi 

Carbohydrate 
content {%) 

Amount 
in normal 
plasma 

(mg/100 ml) 
Sequence 

ai-Acid glyco-
protein 

(orosomucoid) 

ajS 40,000 2.7 41.4 55-140 complete 

ai-Antitrypsin en AT 54,000 4.8 12.4 200-400 advanced 

Ceruloplasmin Cp 135,000 4.4 8.0 15-60 half-done 

C-reactive 
protein 

CRP (21,500)5-6 ? 0 <1 complete 

Haptoglobin 
(type 1-1) 

Hp 86,000 4.1 16.4 100-200 complete 

Fibrinogen - 341,000 5.5 2.5 200-450 complete 

cases even their amino acid sequence has been determined. New 
quantitative immunochemical methods have facilitated their 
individual measurement. Their biochemical and biological pro-
perties have been thoroughly investigated, and the results of 
these studies will provide a major theme for this Symposium on 
Markers of Inflammation. 

Biochemical properties of the acute-phase reactants. In study 
of Table I and Fig. 1, one is struck by the heterogeneity of 
the characteristics of AP-reactants. Though a significant 
carbohydrate content is said to be a characteristic, C-reac-
tive protein (CRP) is devoid of carbohydrate, whereas oroso-
mucoid (aj-acid glycoprotein; ajS) has about 41%, about the 
highest of any plasma protein. Though most are a-globulins, 
fibrinogen is not. The AP-proteins are unrelated in amino 
acid sequence, and polypeptide chain structure. Likewise, 
they differ in their known biological functions; two (cerulo-
plasmin, Cp; and haptoglobin, Hp) are transport proteins, one 
is a protease inhibitor (a^antitrypsin, o^AT), one a coagula-
tion factor (fibrinogen), and two have unknown or yet to be 
defined functions (ajS and CRP). The molecular weights span 
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Fig. 1. Scatter diagram of the approximate normal mean con-
centration of some 50 human plasma proteins. The concentra-
tion is plotted to a logarithmic scale (ordinate), and the pro-
tein is located by its mobility at pH 8.6. The proteins are 
denoted by standard symbols (1-4). The five classes of immuno-
globulins are at the left of the diagram and are enclosed in 
rectangles. Components of the complement system and properdin 
pathway are enclosed in circles, antiproteases in rectangles, 
albumin and specific binding proteins in diamonds, and a ser-
ies of miscellaneous alpha and beta globulins in hexagons. 
Modified from Putnam (14). AP-reactants are cross-hatched. 

an eight-fold range. The isoelectric points vary. Perhaps 
most important, the normal concentration range varies from 
almost zero for CRP to values up to 200 to 400 mg/100 ml for 
fibrinogen and ai-antitrypsin, which are about the third and 
fourth most abundant plasma proteins. Whereas most AP-reac-
tants double or so in concentration at thè height of the in-
flammatory process, CRP undergoes an exponential increase of 
almost 100-fold. In the rat, two AP-reactants (ai-AP globulin 
and 012-AP globulin) can be induced by trauma and inflammatory 
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agents, but their counterparts in human plasma are not clear. 
They may be related to the human pregnancy-associated glyco-
proteins described by Bohn (15); he designated the pregnancy-
associated proteins as 3iAP~ (acute phase)'glycoprotein and 
C12AP (acute phase) glycoprotein and has shown that they both 
bind steroid hormones. One is reminded that the biosynthesis 
of the major acute phase proteins of plasma is modulated by 
the action of known hormones on the liver, and some are af-
fected by oral contraceptives. 

Table I lists only the so-called classical acute phase reac-
tants in human plasma; it omits lesser-known human AP-reac-
tants such as the pregnancy-associated glycoproteins (15) and 
also the a-AP globulins inducible in the rat by trauma or in-
jection of irritants. There may indeed be other trace pro-
teins similar to CRP (e.g. some carcinofetal antigens) that 
may yet qualify as AP-reactants. The remarkable thing is how 
much we know about the physical properties and structure of 
the AP-reactants listed in Table I and how little we under-
stand their function in the acute phase response. Complete 
amino acid sequence data is available for all AP-proteins 
listed in Table I except for aj-antitrypsin, for which the 
structural study is far advanced, and ceruloplasmin, for which 
we have already reported half the sequence (564 residues) (16, 
17). Again excluding ajAT, all these proteins have been cry-
stallized, but no crystallographic structures have yet been 
reported. Genetic polymorphism has been identified in all 
cases except CRP, and specific deficiencies have been found 
for all but orosomucoid. How these factors influence the 
acute phase response in the affected individuals is not known. 

With all this knowledge of the biochemical properties of the 
acute phase proteins, it is surprising how little we know of 
even the physiological functions of some of them, such as 
orosomucoid, CRP, and the pregnancy-associated glycoproteins; 
this is in addition to our lack of understanding of their role 
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in the acute phase response. However, though we may not know 
all their individual functions, the acute phase response in 
general seems beneficial in that its roles appear to be to pre-
vent a spread of local inflammatory tissue damage and to induce 
repair processes. This role may be mediated by interaction of 
one or more of the AP-proteins (or their cleavage products) 
with leukocytes or other cells involved in immune and phago-
cytic processes. In this regard, we will have special inter-
est in the interaction of CRP with lymphocytes and platelets 
to be described by Gewurz and Fiedel. How can we reconcile 
these diverse characteristics as common to a single process -
probably only by looking at the site of the inflammation and 
the biosynthetic and metabolic processes. This is one of the 
aims of this Symposium. In conclusion, we can say that unlike 
the complement system, or immune complexes, or vasoactive 
polypeptides and lymphokines, the AP-reactants are markers of 
inflammation, not mediators of inflammation. 

Theme 3 - Future Developments for Markers of Inflammation 

I have already hinted at the third theme of the Symposium, 
that is, future trends in the study of markers of inflammation 
and their interaction with cells. Inflammation, immunity and 
hypersensitivity are linked at both the molecular and cellular 
levels. To achieve future developments we must learn more 
about the complex processes and interactions of the humoral 
immune response, the complement cascade, and cell-mediated 
immunity and its manifold mediators. I wish I had both the 
time and the insight to integrate for you the interplay of 
these complex processes. They involve interaction of at least 
four increasingly well defined plasma protein systems: the 
immunoglobulins, the complement cascade, and the coagulation 
and the kinin systems. The systems interact not only with 
each other but with a variety of cells: lymphocytes, leuko-
cytes, platelets, macrophages etc. Some of these cells such 
as the lymphocytes are being elegantly classified into subsets 
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with different functions. Their products and activators are 
collectively known as the mediators of inflammation (18), and 
they include the anaphylatoxins, the kinins, the lymphokines, 
SRS-A, prostaglandins, lysosomal enzymes, proteases and pro-
tease inhibitors. Many workers now concentrate on the mole-
cular and cellular biology of these systems in the .hope of 
deriving a molecular model of inflammation comparable to that 
discovered for humoral immunity from intensive study of the 
structure and properties of the immunoglobulins. Success is 
coming most rapidly in unravelling the intricacies of the com-
plement cascade. Since this is to be described by Colomb 
and Lackman, I will later limit myself to the highlights of 
newer knowledge of the immunoglobulin system, particularly as 
it affects inflammation. 

Many new aspects of cell-protein interactions are developing 
rapidly. The specific interaction of antibodies and cells is 
being clarified through explicit information on the structure 
of Fc fragments and of Fc receptors on cells. The interaction 
of IgE with mast cells and basophils, which elicits acute im-
mediate-type hypersensitivity, is a prime example of this. 
Sometimes a complex assembly process is required, as in the 
classical complement pathway and in the alternative pathway, 
both of which are being elucidated in elegant molecular de-
tail. The nature of opsonins is still obscure, but study of 
the interactions of CRP with platelets and lymphocytes, of 
fibronectin, and of platelet-activating factor will help elu-
cidate the basis of phagocytosis and cell adhesion. 

Control mechanisms. Future directions must also focus on the 
control mechanisms for the synthesis and expression of markers 
of inflammation. We know too little about the physiological 
and genetic mechanisms that control the synthesis of plasma 
proteins especially those derived from cell surfaces. Nor do 
we have an exact idea as to the localization of synthesis of 
particular proteins in individual cells or groups of cells, or 
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to what extent there is independent control of synthesis of 
individual proteins. Are there substances released from cells 
in injury that activate protein synthesis by the liver? We do 
know that normal physiological control can involve responses 
to hormones that increase or inhibit synthesis or release of 
plasma proteins stored in parenchymal cells. Abnormalities 
may result from fluid and electrolyte changes induced by 
shock, burns, trauma, or stress. The changes may be both 
quantitative and qualitative, where quantitative refers to the 
increase or decrease of the major acute phase reactants and 
qualitative denotes the exponential increase in an inflamma-
tion marker such as CRP or a carcinofetal antigen such as 
alphafetoprotein. Trauma and tissue breakdown may release 
intracellular proteins, especially neutral and acid proteases, 
tissue-specific isoenzymes, lysozyme, etc. Since these in-
flammation markers are not true plasma proteins, I have refer-
red to them as "passenger proteins" (1, 4). In addition, the 
triggering of enzymatic cascades such as those of coagulation, 
complement, and fibrinolysis can generate new components and 
bioactive peptides such as anaphylatoxins, kinins, fibrinopep-
tides, etc. 

Biological Effector Functions of Antibodies as Illustrated by 
Recent Studies on Human IgD. 

Structure and function of antibodies. I will use our recent 
findings on the structure of human IgD (5, 19) to illustrate 
some still unsolved problems of the multiple functions of im-
munoglobulins. By now, everyone is familiar with the princi-
ples of the structure of antibodies, which are exemplified by 
the model of IgD given in Fig. 2. Up to now, greatest empha-
sis has been placed on the nature of the antigen combining 
site and how this is determined by the structural variability 
of the V regions. There are two identical combining sites in 
the Fab region, each determined by the V regions of the light 
and heavy chains. Though the development of our knowledge of 
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Fig. 2. Structural model of human IgD protein WAH. This IgD 
molecule has the basic four-chain structure of immunoglobu-
lins. It has a A light chain with a variable (VX) and a con-
stant (CA) domain. The 6 chain consists of one variable 
domain (VH) and three constant domains (C<51, C<52, and C63) 
with an extended hinge region located between the C61 and C62 
domains. The meaning of other symbols is: M, methionine; 
CB, cyanogen bromide fragment; GalN, galactosamine oligosac-
charide; GlcN, glucosamine oligosaccharide; P, pepsin; T, 
trypsin. Modified from Lin and Putnam (19). 

antibody specificity is remarkable, I will restrict my discus-
sion to the hinge region and the Fc portion of antibodies be-
cause it is through these that the ultimate biological effects 
of the antibody-antigen reaction are mediated. 

It is important to recognize that antibodies are multifunc-
tional and that the functions are located in different struc-
tural domains. Whereas the combining sites are in the Fab 
region, the hinge region is the fulcrum for conformational 
change after interaction of antigen and antibody. The first 
domain of Fc is the probable site of complement binding in 
complement-fixing Ig classes. In all Ig classes the principal 
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cytotropic effects are located in the last domain. Finally, 
there is a small tailpiece that is involved in membrane bind-
ing. This tailpiece differs in secreted IgM versus membrane 
IgM, and is coded for by separate DNA exons (7). The latter 
principle probably holds for IgA and IgD, but evidence for IgG 
is still lacking. 

The hinge region. The structurally most unique portion of 
each Ig class is the hinge region. This raises questions both 
as to its origin and its functions. Only Ig classes having 
four domains in the heavy chain have a hinge region, namely 
IgG, IgA, and IgD, and in these cases the hinge is coded for 
by a specific discrete exon in the DNA. IgM and IgD have an 
extra C region domain but lack a hinge region. The hinge is 
the site of limited proteolytic cleavage to form Fab and Fc 
fragments and thus is the initial site of catabolism. IgG, 
IgA, and IgD exhibit great differences in susceptibility to 
cleavage to form Fab and Fc, and this difference is related 
both to function and catabolism. IgG is moderately resistant, 
whereas IgA - as the main antibody of mucous fluids - is nec-
essarily highly resistant. In contrast, IgD is extraordinar-
ily susceptible (19); this partially explains the low concen-
tration of IgD in normal plasma and may be related to its 
principal role as a membrane receptor protein on the B lympho-
cyte . 

The Fc region of IgD. Although all domains of all ig light 
and heavy chains have a common structural polypeptide backbone 
known as the "immunoglobulin fold," the exact folding pattern 
differs from chain to chain and from domain to domain (20-22). 
Figure 3 gives a schematic spatial model of the IgD Fc region, 
which is divided into two domains, C.2 and C.3, and a final 0 0 
tailpiece (5). Since three-dimensional structures are not 
available for IgD, this schematic diagram is based on crystal-
lographic structures for IgG and light chains. All immuno-
globulin domains are arranged in a sandwich structure composed 
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Fig. 3. Spatial model of the IgD Fc region adapted from a 
drawing of the CX domain of a light chain for which the three-
dimensional structure has been determined (20). The g-strands 
are numbered according to Edmundson et_ al. (20). The shading 
on the a-carbon backbone indicates the extent of sequence 
homology as follows: open, highly conserved among all five 
chains; shaded, scattered but significant homology among all 
five chains; cross-hatched, high divergence among all five 
chains; solid, high homology among all heavy chains except the 
6 chain. The three glucosamine oligosaccharides attached to 
the Fc region of IgD aré designated CHO, enclosed in circles. 
Arrows pointing to the C63 domain indicate the clustering of 
proline residues at the carboxy terminus. From Lin and Putnam 
(5) . 

of two 8-pleated sheets, one made up of four antiparallel seg-
ments of the chain and the other out of three segments of the 
chain (20-22). Because the amino acid sequences of each do-
main of each class of chain differ, the folding pattern also 
differs somewhat. The shading on the backbone in Fig. 3 indi-
cates the extent of homology between the 6 chain and the other 
four human heavy chains. It is apparent that the Fc region of 
IgD differs considerably from that of other Ig classes, and 
especially so in the last domain, 0^3. Note that this has a 
high clustering of proline residue s (indicated by the arrows) 
and also has two carbohydrates (CHO) lacking in other classes. 
We postulate that these unique structural features of the C-
terminal domain of IgD are related to its function as a sur-
face immunoglobulin on B cells. 
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Fig. 4. Comparison of the amino acid sequence of the five 
classes of human heavy chains at the sequence proposed by 
Burton et al. as the binding site for Clq in the Cf2 domain of 
human IgG. The C-terminal g-strands are designated 3-2 and 3-
3. The sequence given for the Clq binding site in human IgG 
is Gly-316 to Lys-34 0. Homology based on Fig. 2 of Lin and 
Putnam (5). Sequences given in the one-letter code. 

Binding of complement. From the point of view of phagocyto-
sis, and the formation of inflammatory immune complexes, the 
failure of IgD to bind complement is important. Presumably, 
binding of Clq, the first component of complement, is deter-
mined both by the polypeptide chain conformation and the 
nature of the amino acid residues at the binding site. Burton 
et al. (23) have amassed strong though indirect evidence that 
the last two (C-terminal) B-strands of the C 2 domain, which 
are highly charged, are the binding site for the Clq in IgG. 
As indicated in Fig. 3 by the shading of these strands (de-
signated 3-2 and 3-3), the heavy chains of all five Ig classes 
differ greatly in their 3-3 strands. The amino acid sequences 
for these strands are given in Fig. 4. In this stretch of 25 
amino acids, the p and y chains (both of which bind Clq) have 
the greatest homology (10 identical residues), whereas the y 
and 6 chains have least (4 identical residues). Furthermore, 
the y chain is highly charged (7 Lys and 2 Glu), as is the y 
chain (2 Lys, 2 Arg and 2 Glu), and the 6 chain least so (2 
Arg, 1 Glu). Although crystallographic studies will be needed 
to verify the conclusion of Burton et al. (23), comparative 
structural study of this sort can be used to deduce the bind-
ing site for Clq in IgG and IgM and to understand the lack of 
Clq binding in other Ig classes. 
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Membrane binding site. Cloning and nucleic acid sequence ana-
lysis of mouse genes for IgM have shown that two mRNA's with 
different 3' ends encode membrane-bound (um) and secreted (us) 
forms of mouse IgM y chains (7). Of great interest is the 
finding that the only apparent difference in predicted amino 
acid sequence in the two y chains lies in the C-terminal tail-
piece. The y chain has a 20-residue hydrophilic segment 
after the last (C^4) domain similar to that we reported for 
the u chain of human IgM (24). However, in the membrane-bound 
ym chain this is replaced by a 41-residue tailpiece containing 
a hydrophobic sequence that presumably enters the B cell mem-
brane. Cloning and DNA sequencing of mouse tumor 6 genes sug-
gests that secreted and membrane-bound 6 chains likewise may 
differ in their tailpieces (8). Our current work on the amino 
acid sequence of human IgD is directed towards answering this 
question (5). However, it is already clear that whereas the 
20-residue tailpieces of the y and a chains from secreted 
(plasma) IgM and IgA have high homology, they have no similar-
ity to the short tailpiece of the human 6 chain (Fig. 5). 
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Fig. 5. Carboxy-terminal sequences of the 5 human heavy 
chains (5). For the y chain the DNA coding segment (exon) for 
the last domain ends after the sequence GK (Gly-Lys). In the 
mouse (7) the last 18 residues (known as the tailpiece) are 
encoded for by a separate exon for the secreted y chain. How-
ever, this is replaced by a 41-residue sequence in the mem-
brane y chain (7). A GlcN oligosaccharide is attached to the 
tailpiece of the human y and a chains. 
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I have used these examples to illustrate the progress being 
made in elucidating the structural basis and genetic control 
of the four discrete parts of antibody molecules that are most 
involved in determining their biological effector properties 
and cytotropic interactions after their triggering by antigen-
antibody combination; namely, the hinge region, the two Fc 
domains, and the tailpiece. Clearly, elucidation of these 
processes at a molecular level will contribute greatly to 
understanding the complex phenomena of inflammation that in-
volve the humoral immune response, the complement cascade, and 
cell-mediated immunity. 

Conclusion 

Basic research on the structure, biochemical properties, and 
functions of the acute phase proteins and other markers of 
inflammation should be intensified. In my own laboratory we 
are doing this also for human ceruloplasmin for which we have 
just reported half the primary structure as well as evidence 
for a remarkable internal duplication (16, 17, 25). Much re-
mains to be discovered by such approaches. However, the basic 
research must also be transferred to early applications in 
laboratory medicine and clinical research. As markers of 
inflammation, the acute phase proteins are of special interest, 
notably ai-antitrypsin, orosomucoid, haptoglobin, and cerulo-
plasmin. Interactions of the humoral immune system and the 
complement cascade with each other and with lymphoid cells 
affect the inflammatory response, as do the products of such 
cells. Dissection at a molecular level of the biological 
activities of multifunctional plasma proteins is an important 
approach. This is illustrated by recent work on the structure 
and properties of human IgD. 
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PLASMA PROTEINS IMPLICATED IN THE INFLAMMATORY RESPONSE 
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Introduction 

The inflammatory response to tissue turnover or necrosis is 

accompanied by characteristic plasma protein changes. This 

acute phase response pattern is the most common abnormality 

seen in routine protein screening procedures such as electro-

phoresis. The protein changes are coordinated with the time 

course of the inflammatory process, and may be used to differ-

entiate between acute, subacute and chronic pathological con-

ditions. The intensity of the protein changes may or may not 

reflect the extent of tissue damage, and more research is 

needed on the clinical significance of the changes and the 

mechanisms which control the acute phase response. 

Even though the acute phase pattern has been studied in a 

variety of diseases, it is not generally useful in establish-

ing a differential diagnosis. This is due to the nonspecific 

nature of the inflammatory process. Detecting the presence 

of inflammation, however, and determining its progression is 

of clinical importance under many circumstances. 

Postsurgical Acute Phase Response 

The postsurgical acute phase response has been extensively 
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investigated, since surgery provides an excellent opportunity 

to study sequential protein changes with the time of trauma 

well established (1-7). Baseline studies can also be done, 

the amount of tissue damage can be estimated and complicating 

pathophysiological considerations can be kept to a minimum in 

a hospital setting. 

After surgery, and in the absence of infectious complications, 

a well-characterized pattern of protein changes occurs. 

Increases are seen within 6 to 8 hours in C-reactive protein 

and ff^-antichymotrypsin, followed shortly by cx^-acid glyco-

protein. These components reach maximum levels within 48 to 

72 hours. By far the strongest response is seen with 

C-reactive protein, which can reach concentrations 10-fold 

higher than the presurgical level. Strong reactions by 

pf^-antitrypsin, haptoglobin and fibrinogen are observed at 24 

hours. The negative reactants, prealbumin, albumin, ©^-lipo-

protein and transferrin show decreases in the first few post-

operative days. In the subactue phase, hemopexin, C3, cerulo-

plasmin and Gc-globulin show moderate increases. Immuno-

globulins are usually non-reactive in the absence of infection 

or immune stimulation. o< 2-Macroglobulin also shows no 

response and may serve as a control protein to monitor changes 

in hydrational status and blood volume. One exception to this 

finding is in bone surgery, where of 2~macroglobulin levels have 

been shown to decrease early in the postoperative period (3). 

Table 1 summarizes the postsurgical acute phase response. 
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Table 1 

Post Surgical Acute Phase Response 

Protein 6-8 hours 12 hours 1 day 2-3 days 1 week 

prealbumin t t t t 
albumin * * t 
Q!- l ipoprotein * * 
Q!-acid g lycoprote in 4 4 4 4 4 4 4 4 
Qi-ant i t rypsin 4 4 4 4 
Q!-ant ichymotrypsin 4 4 4 4 4 4 4 4 4 
Ql-macrog lobul in 
ceruloplasmin 4 
haptoglobin 4 4 4 4 
hemopexin 4 
Gc-g lobu l in 4 
t ransferr in t , t * V 
C3 4 
f ibr inogen 4 4 4 4 
ig G 
ig A 
Ig M 
C-react ive protein 4 4 4 4 4 4 4 4 

[Adapted from Killingsworth, L.M.: Critical Reviews in 
Clinical Laboratory Sciences. 11, 1-30 (1979)] 

The most useful acute phase reactant for monitoring patients 
after surgery is C-reactive protein (5). It shows an early 
and dramatic increase which is followed by a predictable 
decreasing trend between the third and fourth postoperative 
days. Sequential determinationss of C-reactive protein to 
follow this trend provide a sensitive indicator of infectious 
complications. 
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Myocardial Infarction 

As with surgical trauma, the time of onset of myocardial 
infarction can be documented in most cases. Thus, this 
disease process also lends itself to time course studies of 
the acute phase proteins (8-11). In addition to characteri-
zation of the typical pattern in myocardial infarction, some 
attempts have been made to correlate the extent of tissue 
injury with changes in the concentration of acute phase 
reactants. 

The general pattern consists of three phases. C-reactive pro-
tein, of^-acid glycoprotein, ©^-antitrypsin, or-^-antichymotryp-
sin, haptoglobin and fibrinogen show rapid increases which 
maximize at about 5 days with partial return to normal levels 
by 3 weeks. Prealbumin, albumin, transferrin,of-lipoprotein 
and IgG show rapid decreases, reach minimum levels at day 5 
and return to normal in 3 weeks. Ceruloplasmin and C3 show 
moderate increases which maximize during the second week. 
Some slight changes can be observed with hemopexin, C4, 
cc 2~macroglobul i n and IgM. This overall pattern is similar to 
that observed in the postsurgical period, even though the time 
course is slightly longer. It is useful in interpreting pro-
tein results of a patient with suspected myocardial infarction, 
but its diagnostic value is limited by its nonspecific nature. 

Johansson et al. (9) could find no correlation between maximal 
enzyme levels in myocardial infarction and the intensity of 
the acute phase response. Smith and colleagues (11), however, 
reported a quantitative relationship between enzymatic infarct 
size, as estimated by serial measurements of oc-hydroxybutrate 
dehydrogenase, and the response of C-reactive protein,ttf^-acid 
glycoprotein, haptoglobin and fibrinogen. They postulated 
that humoral factors originating from the site of infarction 
were probably responsible for evoking increased protein 
synthesis by the liver. 
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Infectious Diseases 

Ganrot (12) measured nine acute phase proteins in three acute 
infectious diseases: peritonsillitis, serous meningoencepha-
litis and influenza A. In each disease, «^-antitrypsin, 
antichymotrypsin and haptoglobin and fibrinogen exhibited 
marked increases when compared to levels after recovery. The 
most pronounced changes were in peritonsillitis, however, and 
concentrations of C-reactive protein were from 3 to 10 times 
higher in this disease than in the other two studied. 

Fischer and Gill (4) have also investigated a panel of acute 
phase proteins including «"-¡-acid glycoprotein, of ̂ -antitrypsin, 
haptoglobin and C-reactive protein in infectious diseases. 
They found that the highest levels of all four proteins were 
observed with bacterial infections. Viral infections resulted 
in relatively low levels of C-reactive protein and of-^-acid 
glycoprotein with moderate elevations in ©^-antitrypsin and 
haptoglobin. 

Kindmark and Laurell (19, 20) assayed a panel of plasma pro-
teins in patients with hepatitis A and hepatitis B. They 
showed that the general acute phase response was not present 
in the early stages of either disease, but that specific pat-
terns for some acute phase reactants did occur. In hepatitis 
B, they found that of-^-antitrypsin was increased from the 
beginning with elevations persisting during the first month of 
illness. Values for of-^-acid glycoprotein clustered around the 
normal mean and haptoglobin levels were below the normal mean 
during the first month. Their results for hepatitis A 
revealed elevations in or^-antitrypsin with levels ofofl-acid 
glycoprotein above the normal mean for the first 10 days. 
Haptoglobin was also above the normal mean for the first two 
weeks after jaundice began. No significant differences 
between the two diseases were found for albumin, «<•-lipoprotein, 
of 1-antichymotrypsin, ceruloplasmin, hemopexin, transferrin, 
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C3, C4 and C-reactive protein. The negative acute phase 

reactant, prealbumin, was shown to best reflect the clinical 

course of either disease. 

Rheumatoid Arthritis 

The rheumatic diseases constitute a variety of disorders which 

are characterized by both acute and chronic inflammatory epi-

sodes. This inflammation usually involves the connective 

tissues, but can be accompanied by systemic manifestations. 

Patients with rheumatic diseases frequently demonstrate plasma 

protein abnormalities. The most common abnormalities include 

those associated with the inflammatory response and those 

resulting from chronic stimulation of the immune system. 

Rheumatoid arthritis is a chronic disease in which inflamma-

tion of the diarthrodial joints is often combined with a 

variety of extra-articular symptoms. Several groups of inves-

tigators have studied protein patterns in this disease (13-18). 

Though no distinct protein pattern is associated with rheuma-

toid arthritis, acute inflammatory patterns are commonly seen 

withof^-acid glycoprotein, haptoglobin and C3 as the most 

consistently abnormal components. 

Immunoglobulin increases are most often of the IgA class, with 

elevations in IgG and IgM occurring less often. No signifi-

cant correlation has been shown between duration or stage of 

the disease and serum immunoglobulin levels. 

Killingsworth and coworkers (17) determined nine plasma pro-

teins on eighty-three patients with well-characterized rheuma-

toid arthritis. They showed that, of the proteins measured, 

the most sensitive indicator of disease activity was 

glycoprotein, though some patients without clinically detect-

able disease activity exhibited slight abnormalities in this 

protein. 
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RHEUMATOID ARTHRITIS 

0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 
HAPTOGLOBIN (g/l) 

Figure 1. Comparison of «"^-acid glycoprotein (orosomucoid) 
and haptoglobin levels as indicators of disease activity in 
patients with rheumatoid arthritis. 
Closed circles: active disease (65 patients) 
Open circles: inactive disease (18 patients) 

Other Disorders 

Weeke and Jarnum (21) investigated patients with Crohn's dis-

ease and ulcerative colitis and found no significant differ-

ences between the protein patterns in the two diseases. Their 
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studies showed increased serum concentrations of or^-acid glyco-
protein, or2 - a n ti t ryP si n» f<"i-antichymotrypsin, haptoglobin and 
hemopexin, with decreased levels of prealbumin, albumin, 
ceruloplasmin, oC2~macro9l°fc,ulin and transferrin. They con-
cluded that concentrations of the positive acute phase 
reactants reflected the amount of disease activity. 

Fischer and Gill (4) have shown that tumors which are associ-
ated with tissue necrosis can bring about an atypical acute 
phase response. It can be characterized by low levels of 
C-reactive protein with marked elevations inoC-^-acid glycopro-
tein and moderate increases in ©r^-antitrypsin and haptoglobin. 
The authors emphasized, however, that this pattern was not 
diagnostic and would only be useful when interpreted along 
with the appropriate clinical data. 

Active systemic lupus erythematosus can result in a wide vari-
ety of protein abnormalities (17, 22). The disease process 
can bring out a marked acute-phase response, often with normal 
or decreased haptoglobin due to iji vivo hemolysis. Rather 
than acting as positive subacute phase proteins, complement 
components C3 and C4 are often decreased in concentration due 
to activation of the complement system by circulating immune 
complexes. Immunoglobulins are commonly involved, with a 
cathodal increase in IgG being a characteristic, but not diag-
nostic, finding. 

In the cirrhotic process, the most dramatic findings are for 
immunoglobulins, but the acute phase reactants can also show 
abnormalities (23, 24). Of the positive acute phase reactants, 
«^•antitrypsin is the most sensitive indicator for hepato-
cellular disease, while C-reactive protein, ceruloplasmin and 
fibrinogen are usually normal or slightly increased. Levels 
of ©f^-acid glycoprotein are normal or decreased. Haptoglobin 
is usually normal, but can be decreased as a result of 
increased erythrocyte turnover. Complement component C3 is 
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usually normal, but advanced cirrhosis can lead to subnormal 

levels. The negative acute phase reactants, prealbumin, 

albumin,©^-lipoprotein and transferrin show characteristic 

decreases, with prealbumin a sensitive indicator of hepatic 

function. Concentrations of p^-macroglobulin can be elevated 

in cirrhosis, probably secondary to hyperestrogenism. 

General Considerations 

It should be noted that most of the commonly measured plasma 

proteins are either positive or negative acute phase reactants. 

These proteins also have fundamental biological functions in 

addition to their roles as indicators of the inflammatory 

response. In interpreting protein abnormalities, both the 

primary pathophysiological conditions and the secondary inflam-

matory status of the patient must be taken into account. This 

is best done when individual proteins are viewed in relation 

to the overall protein picture with a clear understanding of 

the patient's clinical status. Interpretation must be a syn-

thetic, interactive process, involving the laboratory and the 

physician, with the ultimate goal of improved patient care. 
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( PATIENT ) 

Figure 2. Interpretation of protein data: A synthetic, 
interactive process. 

[Reproduced with permission from: Killingsworth, L.M.: 
Critical Reviews in Clinical Laboratory Sciences. 11, 1-30 
(1979)] 
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Introduction 

The description of the four cardinal signs : RuboA. zt Tumoi cum CaZoAe 

zt VoloKZ - and later - iX ¿unction Ixtea., of inflammation finds its 
origin in latin history (Celsus C.A.D. 178, and Galen C.A.D. 130). The 
inflammatory process involves a great number of events such as vascular, 
humoral, cellular phenomena which have for final aims the restoration 
ad .Lntzgium of tissue damage. The physiological and biological aspects 
of the inflammatory process were first described by Cohnheim (1839 -
1884) who stressed the local circulatory disturbances, and Mechnikoff 
(1845 - 1916) who stressed the phagocytic process during inflammation. 
The first line of the host's defense against injury is constituted by 
the inflammatory response, therefore it is not a pLÎOfu. a harmful 
response. 

Vascular changes and humoral factors : 

RuboK, COLZOH. eX doton. are the consequences of several changes in the 
microvascular bed, of the blood composition and the connective tissue. 
These changes take place immediately following injury. The vascular ef-
fects are largely mediated through vasoactive amines, mainly histamine, 
serotonine (5 Hydroxy Tryptamine) and a number of factors derived from 

Marker Proteins in Inflammation 
© 1982 by Walter de Gruyter &. Co., Berlin • New York 
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the plasma kinin system, the f i b r i n o l y t i c system and the complement sys-

tem (1 ) . These mediators act a f t e r a short period of ischemia (vasocons-

t r i c t i on ) but are immediately followed by a slowing of the blood and 

stasis due to an increase of vascular permeability with exudation of 

plasma into the connective t issue. A persistent vasodi lat ion occurs in 

10 to 30 minutes of the i n i t i a l lesion (2 ) . 

The vasoactive amines result from act ivat ion of ce l l s l i ke Mast Ce l l s 

and P la te le ts ( 3 ) . However, there are a great number of phlog ist ic 

substances derived from plasma components and the pivotal substance in 

the act ivat ion of these plasma systems is Hageman factor or fac tor 

X I I (4 ) , table 1. The homeostasis of these in t r i ca te systems is assumed 

by certain plasma proteinases inhibitors and ch i e f l y CI Inact ivator , 

Antithrombin I I I , alpha 2 macroglobulin, and alpha 1 ant i trypsin, 

table 2 (1 , 5 ) . 

HAGEMAN FACTOR 
XII 

Intr ins ic Pathway of 

Clott ing Mecanism 

Pre PTA-«»-PTA (XIa) 

/ 
Fibrinogen 

Fibrin 

t 
Fibrinopeptide 

•ACTIVATED XII 

Prekal l ikre in 

Kal l ikre in 

I ^ 

Plasminogen Proactivator 

,<C1 I Ntf 

Plasminogen Act ivator 

J<C/ INH 

Plasminogen ^ ^ Plasmin 

CI CI 

CI INH 

CI INH 

Kininogen Bradykinin 

Table 1 : Interrelat ionship of the Hageman factor dependant i n i t i a t i on 
of coagulation, f i b r i n o l y t i c system, kinin generation and plasmin a c t i -
vat ion. CI INH = inhibitory e f f e c t . 
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PLASMA PROTEINASE INHIBITORS 

CI INH AT III Okl AT C*2 M 

Factor XIa Factor XIa 

Factor Xlla 

Factor Xllf 

Kallikrein Kallikrein Kallikrein Kallikrein 

Plasmin Plasmin Plasmin Plasmin 

CI esterase CI esterase 

Prekallikrein 
activator 

Prekallikreir 
activator 

Plasminogen 
activator 

Table 2 : effect of plasma proteinase inhibitors on the enzymes implicated 

in the vasoactive phenomena. CI INH = CI inactivator, AT III = anti-

thrombin III, Oil AT = alpha 1 antitrypsin, ok2 M = alpha 2 macroglobulin. 
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COMPONENT 
OR FRAGMENT 

BIOLOGIC FUNCTION 

c 2 b C2 kinin = increased vascular permeability 
C3a Anaphylatoxin = histamine release 

Lysosomal enzyme release 
c 3 b Immune adherence of lymphocytes and phagocytes 

Opsonization 
Enhanced induction of antibody formation 
Enhanced ADCC 
Stimulation of B-Cell lymphokine production 
Triggers bone marrow release of leukocytes 
Activation of alternative complement pathway 

c 3 d Immune adherence 
c 4 b Immune adherence 
C5a Anaphylatoxin = histamine release 

Chemotaxis of leukocytes ( PMN, Monocytes, P.Eosino. ) 
c 5 b Opsonization of fungi 
C6 Promotion of blood coagulation 
C567 Chemotaxis of PMN leukocytes and Monocytes 

S - 9 Cytolysis 
Table 3 : Biologic activities of components from activation of complement 
system. 
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The complement system is a group of several proteins normally present 
in the blood. The activation of this system by the classical pathway 
or alternative pathway induces the production of activated components 
which possess the biological properties and play a pivotal role in the 
inflammatory process, table 3 (6). 

The prostaglandins represent a separate class of inflammatory mediator 
substances produced and secreted by platelets. Prostaglandins present 
in the blood are almost entirely produced by platelets during aggrega-
tion and blood clotting. The main prostaglandins are PGE2 and , the 
former act via the AMPc and the later probably by GMPc (7). Prostaglan-
dins E2, El, F1 and F2 are chemotactic for human blood PMN leukocytes. 
The main biological activities are summarized in table 4. The PMN can 
synthesize Thromboxane A2 and its stable metabolite Thromboxane B2 (8). 
The monocyte can synthetize prostaglandin E, which plays a role in the 
induction of collagenase secretion (3). 

VASCULAR EFFECT 

VASODILATOR 
TB x A, 

PGE, 
PGGÍ 

PGD, 
PGH„ VASOCONSTRICTOR 

2 x""2 
EFFECTS ON LEUKOCYTE MOBILITY 

INHIBITOR OF 
CHEMOKINE SIS 

TXB 
HHT HETE 
PGF2 

PGEF„ 

CHEMOTAXIN 

ENHANCER OF 
CHEMOKINESIS 

EFFECTS ON PLATELET AGGREGATION 

PGG„ PGH„ • PLATELET 
AGGREGATION 

INHIBITOR OF ^ 
AGGREGATION 2 

Table 4 : biologic activities of prostaglandins liberated by activated 
platelets. 
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The cellular response : 

1) Platelet activation and aggregation : 

Following injury of blood vessels, the immediate adhesion of circulating 
platelets, aggregation and release of a great number of intracellular 
substances make up the first step of the hemostatic process. 
Thrombin, ADP, collagen, antigen-antibody complexes, arachidonate and 
certain bacteria and virus can induce platelet activation and aggregation (3). 

C5 A C T I V A T I N G 
PROTEASE 

A 

ALPHA GRANULE v . J f ^ y LYSOSOMAL 
CONSTITUENTS M p l ^ t k HYDROLASES 

PROSTAGLANDINS 
THROMBOXANE A2 SEROTONIN 

V 
PRODUCTS OF 

ARACHIDONIC ACID 
HHT 
HETE 

Table 5 : Intracellular inflammatory mediators released following acti-
vation and aggregation of platelets. 

2) Leukocytes emigration : 

Concomitant modification of vasomotion, then occurs ; and thereafter 
the enhancement of vascular permeability, the migration of blood cells 
towards the connective tissue, notably polymorphonuclear leukocytes and 
monocytes. The chemotaxis of cells is preceded by adhesion to the endo-
thelium of the microvessels involved in the inflammatory process (9). 
For about 3 hours, the polymorphonuclear leukocytes dominate in the 
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focus of inflammation ; after a day or so the prevaling cell is the mono-
nuclear, or macrophage, which is derived from the blood monocyte. This 
migration of cells is due to a great number of humoral factors. The 
crucial role of the complement system is to attract polymorphonuclear 
leukocyte (C5a, C567), but the chemoattractants are not limited to com-
plement components or factors (10). Thus a number of bacteria such as 
s-tapkytoc.oc.aai aZbui, Sa£mone£Ca. typhi...are chemotactic to polymorpho-
nuclear leukocytes (1). Activated factor XII of the fibrinolytic system, 
some prostaglandins and some lymphokines can induce chemotaxis (3, 11, 
12, 13). On the other hand, some lymphokines such as the macrophage 
inhibiting factor (MIF) exhibit an opposite effect in inhibiting cell 
mobility. The aim of cellular migration is phagocytosis by ingestion 
and digestion of particular matter, such as bacteria or damaged cells, 
etc... Once the inflammatory stimulus has been eliminated, the proces-
ses leading to restoration of normal tissue structure or to scar for-
mation begin. The chronic inflammation focus may occur if the foreign 
substances are persistant. In the latter case, the typical focus of 
inflammation shows macrophage, lymphocytes fibroblasts and plasma cell (14). 

Phagocytosis is influenced by a number of humoral factors such as op-
sonins. Immunoglobulins, complement and perhaps plasma fibronectin and 
some acute phase proteins (C.R.P.). 

3) Release of lysosomal constituents : 

The activation of polymorphonuclear leukocytes and macrophages during 
chemotaxis and phagocytosis leads to release of granule contents (15). 
These secreted products (lysosomes) appear to have important modulato-
ry roles in the inflammation process. A large number of these substances 
possess an enzymatic activity such as collagenase, elastase, chymotryp-
sin like enzyme, cathepsin G (15). 

The neutral protease released from human neutrophil leukocytes can act 
on kinin like peptides, plasmin derived substrates C3 and C5 (16). 
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The most important neutral protease which produces tissue and vascular 
injury is probably the elastase like enzyme. Some other substances can 
be released during cell activation. These include cationic proteins 
which can induce enhancement of vascular permeability, acid proteases 
like cathepsin D and slow reacting substances, which are implicated 
in tissue injury and inflammation (1). 

The mechanisms of release of lysosomal constituents include cell lysis, 
the suicide sac (phagocytosis of uric crystals or silicate), regurgi-
tation during phagocytosis, membrane Pertubation by several concomitant 
stimulating agents, frustrated phagocytosis and IgG binding (15). 

MARGINATION ^ 
ADHERENCE 

AGGREGATION 

PLASMA ANTIPROTEASES E 

PROTEASES 

L > CLEAVAGE OF C3 AND C 5 

KININ LIKE PEPTIDE 

C I R C U L A T I N G C E L L S 

PHAGOCYTOSIS 

DIAPEDESIS 

CHEMOKINES IS 
CHEMOTAXIS 

Table 6: activation and functions of polymorphonuclear 
leukocytes and release of lysosomal constituents ( proteases) 
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The consequence of this release of enzymes is the high proteolytic acti-
vities in an inflammatory focus. But the protease-antiprotease interplay 
modulates these activities. 

Consequences of early event in the interstitium 

Although the blood vascular system seems to dominate the scene during 
the inflammatory response, it only proceeds to the extent allowed by 
the lymphatic vascular system in coordination with the surrounding in-
terstitial area. The indispensable component of tissue homeostasis is 
provided by the lymphatic vascular system. Therefore the primary func-
tion of the lymphatics is to drain the interstitium of plasma proteins 
that have leaked from blood capillaries and return these components to 
the circulation. In addition to the drainage of escaped protein, the 
lymphatics are also essential for the continual migration of lympho-
cytes through out the body (17). 

The accumulation at the site of the inflammatory focus of tissue debris, 
of activated plasma proteins, of products of cellular activation and 
cellular metabolism, induces a number of modifications in homeostasis. 
The ENDOPYROGENS coming from monocytes act on the hypothalamus and ther-
moregulation with a product derived from arachidonic acid (18). The 
COLONY STIMULATING FACTOR (CSF), protein synthetized by macrophage, 
stimulates the growth of granulocyte macrophage colonies. The SYNTHESIS 
INDUCTORS OF ACUTE PHASE REACTANT PROTEINS (APRP) have been not been 
precisely identified. They may be derived from leukocyte activation and 
increase the cellular activities of hepatocytes to produce the protein 
markers of inflammation. 
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CHANGES PROTEINS FUNCTIONS 

+ alpha 1 antitrypsin antiproteases 
+ alpha 1 antichymotrypsin 
+ ceruloplasmin copper transport oxidase 
+ haptoglobin hemoglobin transport 
- transferrin binding iron 

+ alpha 1 acid glycoprotein immunoregulatory ? 
binding drugs 

+ C-Reactive Protein immunoregulatory 
opsonin 

- albumin binding driigs 
- prealbumin 
+ f ibrinogen blood coagulation 

Table 7 : Acute Phase Reactant Proteins (APRP) : the main proteins and 
their functions. 

Among the APRP two groups are individualized by their changes in the 
blood during acute inflammation : the negative changes, and the posi-
tives changes after injury (table 7). Each APRP may have a specific 
biological function, some of which include the protease antiprotease 
interplay on clotting mecanism, on transport of copper, hemoglobin, 
iron etc. The more interesting role of certain APRP such as alpha_]-acid 
glycoprotein and CRP are that they enhance some immunological acti-
vities while suppressing others, and point to a immunomodulator role 
in immunopathologic mechanisms. Therefore these APRP can serve as an 
intermediate step between the early host response and the specific im-
mune response. 
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THE INFLAMMATORY RESPONSE 

D.A. Willoughby, A. Sedgwick and J. Edwards 
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London, ENGLAND 

In the past the acute inflammatory response has been exten-
sively investigated. This is due to the well characterized 
nature of the vasoactive pharmacological agents involved, in-
cluding histamine, 5-hydroxytryptamine, bradykinin and more 
recently the prostaglandins. 

The metabolic pathway of prostaglandin synthesis from aracha-
donic acid has been hailed as one of the most important aspects 
of the action of the non-steroidal anti-inflammatory drugs. It 
has been shown by elegant studies from Vane's group that most 
of the non-steroidal anti-inflammatory agents are capable of 
inhibiting prostaglandin synthetase. Yet the prostaglandin 
family has been subsequently found to be capable of antagonis-
ing fellow members, i.e., PGE2 is pro-inflammatory while PGFjf-
is anti-inflammatory. Thus PGE2 is capable of causing vaso-
dilation or increased vascular permeability in certain species, 
of promoting chemotaxis of leukocytes, of causing histamine re-
lease and most important potentiating receptor sites for other 
mediators, such as those which promote pain. 

If we consider the four cardinal signs of inflammation as 
described by Celsus:- heat, redness, swelling and pain, PGE2 
would seem to be adequately endowed to play an important role 
in these basic processes. It seems logical that inhibition of 
the formation of this fatty acid should give symptomatic relief 
in many inflammatory conditions. However it was shown experi-
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