PATIENTS WITH AND WIRHOUT PROTEINURIA

SO ST\ 4442

Submitted in Partial Fulfilment
of Requirement for the Degree of
M,S. {CLINICAL PATHOLOGY)

3\

A THESIS

By LA
Ali Mahmoud Ali \
M.B.,8.Ch.

FACULTY OF MEDICINE
AIN SHAMS UNIVERSITY

Supervisiors:

- Professor Dr. Sawsan Hosni Hamza, Prof. Clinical Pathology
Faculty of Medicine, Ain Shams University.

Ass. Prof. M. Awadallah Sallam, Ass. Prof. Clinical Pathology

Faculty of Medicine, Ain Shams University.

1981

Central Library - Ain Shams University



INTRODUCTION

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



INTRODUCTION

- e S s -

Reduction of serum complement has been found

in membraneous glormerulonophrizis with proteinuris.

In disbetic patient same degree of glormerulo-
ronephritis and proteinurea may occur & this is called

Kemilestiel Wilson syndrome.

Central Library - Ain Shams University



(2}

AIM OF _THE_ WORK
To study the serum complement 3 and 4 levels in
digbetie patients with and without proteinurea.Further-
more, & if changes will be found, to study the mechanism
of complement activation i,e. the alternative or the

classical pathway .
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or, in more dervail:

24 + Clars Eillgrs
Ca2+
EACIgrs EsClars
Caa+
BAClgrs > EiClars + a large Cls Polypetidic
ca~* Ifragment.

In addition to Igk and IgG, Clg is capable of reacting
- with certain polyanions, including DNA, other polvpucleotides
(dextran), ard chondroitin-sulfates. The pathophrsiologic

Significance of the latter reactions has not been determined.

Muller-Eberhard ( 1968).

Activation Phases

FORMAIION OF THE C4b2a C3-CCOHVERTASE

The formzticn of tre C4bLls= convertase is the result of

acticn of Cl esterase (Cls) on C4 and C2 componsants.

EACl4b + Caa
EACL + C4 < (3)

C4i(or L)

EAl4bZ2a + C2b
EAC14b+ C2 (%)

C2i (or C)
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This reaction develops in two time phases; Cls cleaves C4
into two fragments: C4b is the heavier of the two (mol. wth,
120,000) and binds to specific receptors present on the
erythrocyte surface, while C4a is a polypeptide of unknown

function.

Woen C4b and C2a fragments are present in the fluid
. phase, they are rapidly inactivated (C2i and C2i)

C4b molecules may also directly bind to the hemolysin
molecule and be hemolytically active, that is, play a fur-
ther role in complement activation, 1leading finally to

hemolysis. Cochrance and Kofflor (1973).

C2 is adsorbed onto C4b, already bound to the erythro-
cyte wall; adsorption occurs only in the presence of Hg2+
ions. Immediately after, C2 is cleaved by Cls molecule;
only the heaviest of its two fragments (C2a, mcl wt, 84,000)

remains fastened to C4b, together forming the C4b2a convertase.

Cib2a is very labile; its half-life at 4°C is seversal
hours, but it is less than 10 min at 37°C. After +this step,
C2a detaches from C4b and loses zall hemolytic activity. This

"decay" reaction may be schematized as follows:

EACl4b2a ——————— EACI14D + C2ai (%)
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Once reformed, the EACl4b complex has zll of the pro-
perties of the initial complex and may react with new C2
molecules to form (in the presence of Mg**) & new 1labile

BACl4b2a complex. Turk (1Y73).

Oxidation of C2 by iodine increases by 10-folds its
nemolytic activity. Convertases formed with C29%Y are muenh

more stable than C4b2a convertases, Bokisch et al (1973).

C42 Convertase Interacts With C3 to Form A C42% C5 Convertase:

C42 convertase has an enz matic activity of uvnidentif-
ied nature that acts onm C3 (B C globulin) to cleave it into
two fragments, C3a (molecular wcight 8700) with anaphylatox~
inic, and chemotactic properties, and C3b (molecular weight
223,000), which binds to specific receptors of the cell mem~
brane. If these receptors are not available, C3b in the
liquid phase is rapidly inactivated ({C3i) A single
C42 convertase site becsuse of its enzymatic action Tbinds

several hundred C3b molecules.

BAClu4o223=: + C3a
EAC14b2a + C5< (s)
C2i

A high proportion of bouni €3t molecules are hemelvti-

cally inactive but possess important immunologic properties,
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A bigh proportion of bound C3b molecules are hemolyti-
cally inactive but possess important immunologic properties,
suck as immunoadherence and opsopization. Hemolytic activity
is possessed only by C3b molecules that bind om EAl42 sites,
forming EACL423 sites, in which C3b induces allosteric
modifications of €42, to which it counfers a peptidasic
activity. Phis mechanism explains why despite the large num-
ber of C3b molecules bond To red blood cells, C3b possesses
only weak hemolytic activity. The C423 set, or more precisely
C4b2a3b, forms the c5 cénvertase of the classiczl psthway.
Ruddy et al. (1972).

Kembrane Attack Phase: ¥Formation of the (055789 Complexs

. The attack process reguires the presende of a membrane
surface complex composed of the last five complement compon=
ents (C5 to C9) and C5 convertases of the clagsical and alt=
ernative pathways. Two maln mechanisms have been proposed

for the formation of this complex. Freedman (1971).

Formation By Successive Steps:

Under experimental conditions, 05-7 complex may be
forned stepwise, and the cellulsr intermediates EAC14235, EACL

EAC142356, and EAC1423567 are detected; C5 converftases cleave
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C5 into two gragments: ¢S5a (mol wt 15,000); like C3a, has
anaphylatoxinic and chemotactic properties; C5b {(mol wt
170,000) may either directly enter the liquid phase and be
rapidly inactivated (C5bi) or remain in contact withk the
convertase, subsequently reacting with C6 to form the C5bo
stable complex (see below). If C5b does not react with C6,
it is repidly inactivated (C5bi) despite a brief period of
contact with the convertase before detaching into the
activat on of C5 by C5 convertases cleaves C5 into Cha

and CS5b and induces conformational changes in C5b that
permit an irreversible adsorption of C6 and C7 onto C5.

The trimolecular C567 complex realizes a critical molecular
arrangement that permits binding of C8 and C9, The C567
portion of the complex is then capable of combining with
membrane receptors and penetrating the lnner hydrophobic
medium of the membrane, in which it now proceeds to rearr-
ange the microenvironment and idoce functional changes in
the membrane.  The C5~9 complex can bind to membrane recep-
tor sites only during & very brief period (less than 0.1
sec). If binding does rot occur, the complex remains in
the liguid phase and becomes hemclytically inactive. It
has no agtivities other than the cytolytic function. Gell
ot al. (1974).
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A eircle of 8 to 10-nm diameter that contains a dark
center is observed on electron microscopy and probably cor-
responds to %he molecular rearrangement induced by the
C6~9 complex within the erythrocyte membrare. Sipilar sit-
uations can be demonstrated in 2ll cellular membranes during
development of a complementary reaction. These c¢ircles
occur in lymphocytes, platelets, bacteria, viruses, mycopla-
mas, tumor cells, and even in artificial bilayer 1lipid mem-
branes (liposomes ). It has been suggested that these
circlés may be holes in the membrane creatad by the C5-9
complex, establishing a communication vtetween the intra-and
extracellular media. This belief is not certain, however,
because identical lesions have been observed in lymphoic all
cell membranes transformed by the oloney virus that had been
incubated with specific antibodies and complement 3in the S,
€2, snd M phases of their cellular cycle, at Wwhich time
total resistance to the hemolytic action of complement i1

present, Alper and Posen (1971)

Irrespective of this finding, it is clear that changes
induced by the C5-9 complex make the membrane semipermeable,
permitting by a donnap effect the passage of extracellular
water and salts intc the intracellular milieu, The cell now
swells and bursts (cytolysis). If the binding of a single

C5-9 comples suffices to create the local mecbrane "lesion”
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that provokes cell lysis ("ome~-kit hypothesis™), it is most
likely that"under physiologic conditions, especially because
of the enzymatic nature of some of the steps of the complem-
ent reaction, red blood cell lysis results from multiple

lesions +hat are simultaneously created on the membrane

("multibit reaction"). Gordon (1974).

Alternative Pathway of Activation:

As in the classical pathway, the alternative pathway
includes a series of component parts, the activation of
which leads to the producfion of several convertases that
react with both C3 and CS5. Despite recent extensive stud-
jes, the mechanisms of the alternative pathway are still
obscure or controversisl. It should be obvious that the
scheme given below is not definitive and does not account
for all experimental data Tecently brought to our attent-
ion. Roitt (1974).

Aternative Pathway Activatorss
The alternative pathway may be activated by immunologic

substance (Ig agregates and, by inference, immune complexes
in whose formation immunoglobulins also participate) and also
by nonimmunologic substances (polysaccharides). Alexander

and Good (1977).
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Of Che inolin type, gram-nezetive bacterial endotox-

ins, yeast walls, zymosan, cobra venom (fzector).

Of the bhuman Ig, IgA was forcely believed to be the

only Ig capatle of activatisz the alternative pathway.

The activation site of the alternative pathway is
present on the F(ab ) = 535 portion of molecules. C3b
formation induced by the activation of the classical pathwavy
could lead to factor-B recruitment, incdependently of alter-

native pathwsy intervenion. Fudenberz et al . (1976).

Cobra venom factor (CoPF) inducing C3 cleavage and
activation of the terminal C5-9 components by the alter-~
native pathway would be cobra C3, modified in Buch a way
as human C3b znd therefore capable of activating the alter-

netive patbway., Park and Good (1974),

Compconents of the Alternative FPainways

Al least five components are implicated in activation
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of the alterngtive pathway, four proper components (factors
B and D, IF, or "initiating factor,” and properdin) and C3.
Factor B iptervenmes probably in all steps of this activation,
whereas C3 intervenes in the native state in the first step
and in bhe ¢3b state in subseaquent steps. Welser et al

(1979).

Factor B (C3PA, GVG, or glycin-rich glycoprotein) is
a B giobulin (mol wt of about (100,0C0) that is thermol-
ablile at 50 °C for 10 min, Its concantration in normal

human serum is relatively nigh (100 to 200 g/ml).

factor D(C3PAase, GBGase) is a globulin (mol wt 25,000),
the active site of which is a serine esterase. Its S8pecific

function consists of cleaving factor B into two fragments.

Properdin is a B globulin {mol wt 223,000) with sn
jsoelectric point nigher that 9.5 that contains four appar-
ently ideﬁtica} subunits, esch ol 45,000 molecular weight,
Properdin activity is linked to its ability to <react with
C3b and to delay the decay {inactivation) of C3%b-dependent
convertase. Properdin seems, therefore, to play a stabiliz-

ing role for this convertase. Alper and Rosen (1971).

It is a pseudoglobulin of an electrophoretic migration,
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with a 68 to 78 ultracentrifugation index, present in trace
apounts in human serum. WYhen sctivated, it may be analogous
t0 the nephritic factor of merbrzncprolilferative glomerulone-

phritis. Gotze and Muller-Eberhard (1974).

Activation Phases of the Alternative Pathway:

Schematically, activaticn occurs in three phases.

The first phase consists of formation of the initial
convertase, which has the function of inducing the prodoct—
jon of C3b molecules necessasry for the formation of +the
second C3 convertase. The inivial convertase is composed
of factors B, native C3. The forzation of this intial
convertase and the C3b production it induces may be written

schematically as follows. Gotze and Miller-Eberhard (1971).

Activeting substance + IF + B + C3 + D—>» S1-IF,B,C3 (1)

{initisl convertase)

S1-IF, B, C3 + C3 ——=— 52-C3b, (2)

81 designates the site of the activating substances
on which the initial convertzz:s is formed, and S2 is the
site to which C3?b molecules bind, wnich have been generated

by the action of the initial convertase on native C3., The
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