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ABSTRACT

Normal washed human erythrocytes are susceptible to lysis,

usually to the extent of 5 to 15%, when treated with guinea pig
complement (C')., The amount of lysis rises with initial washings
to a peak and successive washings bring about a decrease,

The lytic system consisted of a total volume of 6,0 ml., with a
final concentration of 3,5% erythrocytes and 16.5 HD,, guinea pig
C!/ml, The incorporation, in the system, of serum from rheumatoid
arthritis patients, which is known to inhibit immumne hemolysis,
prevented lysis of normal washed erythrocytes,

The osmotic fragility of these erythrocytes was also tested as
the cells were being washed, The fragility did not change., Heat
inactivated C! did not produce lysis, Testing of concentrates of
the wash waters revealed the presence of IgG or 7S globulins,

This lysis could theoretically be due to an antibody in the C!
or to én autoimmne antibody on the washed cells. Various
considerations suggest that the latter is the case and that antibody
against }'mglobulin which is present normally in blood prevents

in vivo lysis,

Author - K.H.A. Jacob,

August, 1967,
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INTRODUCT ION




INTRODUCTION

This study arose out of the finding that normal human
erythrocytes and erythrocytes from rheumtoid arthritis patients
were susceptible to lysis by complement (c);

Romeyn and Onysko (1964) showed that antibody against rabbit
¥=globulin would inhibit the lysis of sheep red blood cells
sensitized with rabbit-produced amboceptor, This inhibition did
not involve the destruction of Ct,

Arguing that rheumatoid factor vas an antibody against Y-
globulin, Bowman (1966) titrated the ability of sera from rheumatoid
arthritis patients to inhibit the complementary lysis of such
sensitized cells, The titres correlated closely with the results
of the latex fixation tests and the sensitized sheep cell
agglutination tests for rheumatoid factor,

Bowman then suggested that the pPresence of a material in
rheumatoid sera which would inhibit the complementary lysis of
sensitized cells might mean that the cells of rheumatoid arthritis
patients were in fact sensitized by an autoimmne antibody and
required protection from complement, He therefore washed the red
blood cells from both rheumatoid arthritis patients and normals
in an effort to remove the protective activity, He then treated
the cells with guinea pig C's, By using high concentrations of
cells and complement, he detected between 005 and 15,5% lysis of
the cells, but found no evidence that rheumatoid cells differed
from normal ones,

These findings led to the present study which involves the




examination of the lysis of washed human erythrocytes by guinea pig

complement, and the mechanism by which it is produced,

2o
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REVIEW OF THE LITERATURE

As indicatéd in the Introduction, the present thesis involves
a study of the lysis of normal human erythrocytes by guinea pig
complement, Since the evidence suggests that this lysis is not
due to the presence of an antibody in the guinea pig complement ,
the phenomenon suggests that normal human erythrocytes have
combined with an auto-immne antibody,

In the early 1900's, Ehrlich enunciated the classic doctrine
of "Horror autotoxicus", Some of the experiﬁents on which this
idea was based were reported by Ehrlich and Morgenroth in 1901,
They were convinced that there existed "certain contrivances by
means of which the immmnity reaction, so easily produced by all
kinds of cells, is prevented from acting against the organism's own
elements and so giving rise to 'autotoxins' " (Ehrlich and
Morgenroth, 1901), They immmized a "strong male goat" with
nearly a litre of blood obtained from three other goats. The serum
which they obtained following immnization lysed the cells of all
but one of the nine goats they tested. Significantly, the cells
of the immnized goat itself were completely unaffected by the
haemolytic serum, The concept of "Horror autotoxicus" still stands
today, and the breakdown of the “internal regulating devices" has
been shown to lead to great dangers to the individual as Ehrlich
sugegested,

These classic studies of Ehrlich and Morgenroth carried out at




at the begimming of this century were of great importance in
investigating the ability of the individual to react imminologically
against its own material,

The present results may or may not be an example of
"autotoxicity" in Ehrlich's sense, If they are not, at least we
may suspect that they are due to a reaction of fresh guinea pig
serum with constituents of the red cell membrane, Furthermore,
the reactive constituents of the membrane might be part of the
membrane itself or some material absorbed by the membrane from the
plasma, Finally, if the phenomena are due to autoantibody, it
should be of help to study the known instances of autoantibody
production against red cells,

'Accordingly, the literature review will be considered under
the following headingss

1. The red cell membrane,

2. Serum components which bind to the red cell membrane,

3. The detection, properties and mechanism of produgtion

of red cell auteantibodies in autoimmune disease,
1l. The red cell membrane

The red cell membrane is made up of a variety of complexes,
including lipids, proteins, mcopolysaccharides as well as
electrolytes. Since there appears to be a vast array of each of
these components, they will only be discussed generally here,

All these categories have been reviewed by Bishop and Surgena (1964).

All of the blood group antigens must be considered to be




e

4,

components of the red cell membrane., These are comprised mainly
of protein, The surface charge of the erythrocyte membrane is
primarily associated with neuraminic acid (Eylar, 1962), probably
involving the carboxyl group of this acid (Cook, 1961),

Abderhalden (1908) first reported that the lipid concentration
of the red cells differed from that of the plasma, The
phospholipids were shown to be cephalin, lecithin and sphingomyelin
by Hack (1942), Because the lipids of the red cell are primrily
structural in function and are concentrated at the surface
(Ponder, 1954), the amount of lipid is related to the surface area
of the cell itself, For this reason, the total lipid content of
the cell is thought to be in the cell membrane (Boyer, 1961).

These lipids are varied and play-a predominant role in the selective
permeability of the cell wall, Hughes-Jones and Gardner (1962)

131 Jabelled lipid with that

have demonstrated the exchange of I
found in the cell wall,

Blagarazumova (1959) has shown that cholesterol bound in the cell
wall is associated with protein, although there is exchange between
the protein bound cholestercl and the cholesterol of the plasma,
This was a confirmation of the work of Brun (1939), in which he
showed that cholesterol existed in the free form rather than
esterified. This factor of exchange with plasma components has
been shown to apply to other constituents as well,

In the membrane of the red cell are also found electrolytes and

amino acids., The amino acids have been assayed by Corsini and his

co-workers (1959b), The electrolytes have also been shown to exist
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exist in the cell membrane and to exchange with free electrolytes

in the plasma (Hughes-Jones and Gardner, 1962),
2, Serum components which bind to the red cell membrane

The components of the plasma are varied and more numerous
than those found in the membrane of the red cell itself,

Most of the red cell menbrane components are found in the plasma,
but besides these there are also various globulins, components of
the complement system, as well as other factors such as conglutinins
and opsonins,

Plasma cholesterol has been shown to freely exchange with
cholesterol in the red cell membrane, Other components have also
been shown to do this, components such as fatty acids, iodine,
globulins and certain components of the complement system,

Hughes=Jones and Gardner (1962) by means of labelled 1131
fatty acids showed definate exchange between the red cells and the
plasma, Their experiments also showed the ability of inorganically
labelled plasma iodine to exchange with inorganic iodine in the
red cell membrane,

Stratton and Jones (1955) found that normal cells had a
globulin-like substance attached to their surface and these cells
gave a positive anti-globulin (Coombs) test when mixed with

antihuman globulin serum produced in the rabbit, This evidence

Suggests that normal globulins can be bound by the surface of




normal human erythrocytes.

Chaplin and Cassell (1960) found that the eluates from normal
erythrocytes contained a substance which was able to elicit an
antibody against globulin in rabbits, This was probably the
strongest evidence that normal cells existed in the state of
Hpartial sensitization" with a globulin-like substance attached
to their surface,

The term opsonin is generally applied to any protein in the
plasma which will enhance the overall protein composition of a
bacterium or any other particle rendering the particle more
susceptible to phagocytosis. The exact nature of the opsonin or
protein deposited on the surface of the particle has not as yet
been analysed, but these substances are in the serum and are free
to attach or adhere to particles,

Coombs and Coombs (1953) proposed that conglutinin, a substance
present in serum which will agglutinate certain complexes of
antigen, antibody and complement; is an antibody. This antibody
is directed against fixed complement,

Certain complement constituents have been shown to exist on

the surface of erythrocytes, namely GSIE and F&C (Harboe, et al.,

1%63),

3. The detection, properties and mechanism of production of red

cell autoantibodies in autoimmne disease:

Detection

The various methods used to detect autoimmme hemolytic




antibodies have been reviewed by Casey (1966),

Most laboratories today use three basic tests to detect
autoantibodies to erythrocytes, These tests form the basis of the
diagnosis of autoimmme haemolytic amemia (ATHA), and they are also
applicable to other diseases, The antibodies may be attached to
the red cell or may be free in the circulation, The tests used
are the diréct Coombs test, the indirect Coombs test and the tests
using red blood cells which have been pretreated with various
enzymes, such as bromelin (Dacie, 1960a),

A, Direct Coombs Test

This test (Coombs, Mourant and Race, 1945) is used to detect
antibodies attached to red cells, These may be "complete!" or
Hincomplete!antibodies., Complete antibodies are those which will

agglutinate red cells in a saline medium, The incomplete anti-

bodies will rot agglutinate red cells in a saline medium but will
in a protein rich medium, The Coombs test is also known as the
antiglobulin test,

The Coombs test makes use of the fact that red cells coated
with globulins will be agglutinated by an anti-§- globulin serum,
A suitable anti-globulin serum can be prepared by immmizing
rabbits with either human serum or human -globulin, The serum
produced is then treated with A, B and 0 cells to remove anti=A,
anti-B and other non-specific anti-human factors., This absorbed
serum will agglutinate red cells coated with incomplete antibody,

due to the anti-Y~ globulin in it. This‘ability is removed when
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¥-globulin is added to the Coombs serum, but not when other globulins
are added {(Dacie, 1962).

A positive direct Coombs test means that the red cells are
coated with protein that reacts with the Coombs serum, This is
usually due to the presence of a warm incomplete antibody on the
red cell surface, It reacts with the red cell optimally at 37 C.
Sometimes, there are mixed ¥ and non=% globulins on the cells,
while in other.cases there are globulins of the cold variety
(Dacie, 1960b),

Dacie stresses that a positive direct antiglobulin test does
not necessarily mean that the patient is suffering from AIHA,

False positive results may be due to blood being refrigerated, when
an incomplete cold non 3¥-globulin antibody usually present in
human sera is adsorbed onto the red cells,

At the same time (Dacie, 1960a), there are three causes for
false negative results occurring: first, an impotent Coombs serum;
second, failure to wash the cells enough to remove all the serum
(this would leave ¥ =globulins present which would negate the
results); and lastly, inappropriate dilutions of the antiglobulin
serum itself,

The complete or saline acting antibodies were regarded as being
bivalent and consequently able to lead to agglutination in yitro,
whereas the incomplete or blocking antibodies were considered
monovalent and therefore incapable of causing agglutination, This
incomplete antibody is predominant in hemolytic disorders and is

able to cross the placental barrier, When both complete and




incomplete forms are present, the latter form seems to adsorb
preferentially on the red cells which possess the antigen,

It has been shown that when in an apprpriate medium, the
incomplete antibodies will cause agglutination, Such a medium is
20% bovine albumin, The ability of incomplete antibodies to

cause agglutination in such a medium probably accounts for the

destruction of erythrocytes in AIHA,  Such antibodies are thought
to cause small agglutinates in the blood which are removed and
destroyed mainly in the spleen (Dacie 1960b),

In humans the types of autoantibody found usually are regarded
as lacking specificity, although there may be a relationship with
the Rh systems. This led to speculations about the antibody being
directed against some fundamental precursor of blood group substance
(Dacie, 1959, 1960b and 1962),

The ¥-globulin of an animal comprises many specific antibodies
but these heterogeneous components do not have different antigenic
properties when injected into other species (Abrahams, 1962), It
is on this fact that the efficiency of the Coombs test rests. This
test will detect a wide variety of antibodies as well as those
involved in AIHA, The Coombs test has helped considerably to
elucidate the mechanisms of Rh sensitization, the historical aspects
of which have been reviewed by Dacie (1962) and Race and Sanger
(1962), The latter anthors point out that in addition to the Rh
mechanisms, the Kell system of blood groups has alsc been

demonstrated by the test, This test has further demonstrated
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practically all the subsequently discovered blood group systems

by detecting antibodies to the antigens involved,
B, Indirect Coombs Test

The indirect Coombs test is used to demonstrate the presence
of free, circulating incomplete antibodies in the serum, The test
serumt is incubated with normal cells which contain the appropriate
antigens., After washing the cells to remove any serum globulins,
non-specifically adsorbed, Coombs anti-human globulin serum is

added, Agglutination indicates that («globulin antibodies are on
the test cells, having been adsorbed from the serum to be tested,
This test is of less importance in the diagnosis of ATHA than
is the direct Coombs test, It is however, essential in identifying
the donor blood least likely to cause hemolysis if such a patient

requires a transfusion.

C, Pretreatment of Erythrocytes with Enzymes

About the same time that Coomb's et al (1945) developed their

thod for detecting incomplete antibodies, Pickles (1949) found
hat cells previously exposed to a filtrate of a broth culture of
ibrio cholerae would show specific agglutination with incomplete
anti=D sera. He also demonstrated that similar results could be
dbtained by enzymatic treatment of the red cells using trypsin,
Pickles doubts if the mechanisms involved in these two cases are the
same, Some structural alteration of the erythrocyte surface

renders it agglutinable by incomplete antibodies in a saline medium,




Dacie (1964) notes that various enzymes may be used in place
of trypsin, enzymes such as papain and ficin as well as bromelin,
Marrack (1963) has stated that although the indirect Coombs
test is very sensitive, detecting antibody levels of about 54 jagms
per ml,, it is about four times less sensitive than the various
enzyme techniques, ‘

A ficin enzyme technique has been used by Helyer and Howie
(1963) to show the presence of free circulating antibody in the
serum of mice with AIHA and their work has been confirmed by Holmes

and Burnet (1964) using cells treated with the enzyme papain,
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Propertiecs of Autoimmine Hemolvtic Antibodies,

In a review by Leddy (1966), the characteristics of autoanti-
bodies are outlined. The properties of autoantibodies are similar
to those of the various immmne globulins, Anti-erythrocyte
antibodies are generally of the 7S size, these may be either (4
or more comuonly {G, The ¥A antibodies have been demonstrated
by Ishisaka (1965), Kunkel (1963) and Rawson (1964), The more
common ¥ G antibodies have been shown by Mollison (1961) as well
as Polley (1962)., However, sometimes antibodies to erythrocytes
are of‘the larger variety, either YM or as polymers of {,A

(Fudenberg, 1957).

There are two basic types of antibodies, those which agglutinat

and those which are non-agglutinating. The non-agglutinating
antibodies appear to be nearly always {c globulins, Recently,
non-agglutinating ¥ A globulin Rh isoantibodies have been
demonstrated (Prager, 1964),

Some isoantibodies and certain types of autoantibodies are
capable of directly lysing normal human erythrocytes, in vitro,
in the presence of human C!', Both {G and ¥ M antibodies may
be hemolysins, but { A antibodies appear to be incapable of
producing in vitro hemolysis, even in the presence of heterologous
C' (Heremans, 1963 and Polley, 1963), A hemolysin may also
agglutinate erythrocytes and in the absence of C! that is all one
would observe,

In order for these antibodies to be classified as hemolysins,

W
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they mast have the capacity to activate the complete sequence of
C'! components at the erythrocyte membrance (Leddy, 1966),
Pirofsky (1965) worked on the structural properties and
specificity of the erythrocyte autoantibodies from AIHA. The
warm acting erythrocyte autoantibodies were studied using 1131
kinetic techniques, 2-mercaptoethanol procedures and streptomycin
inhibition (streptomycin inhibits the agglutinating activity of
anti-Rh antibodies), This study indicates that the reaction
between the erythrocyte surface and the autuantibodies was similar
to the reaction seen with the incomplete Rh antibodies. Also,
the molecular conformations of the erythrocyte autoantibodies and
the incomplete Rh antibodies were similar, When the tertiary
structure of both was altered, a similar number of reactive groups
were exposed.  Pirofsky postulates that the erythrocyte coating
material is an anﬁibody with its specificity directed against the
entire Rh complex,

Warm reacting incomplete antibodies are detachable in vitro
from red cells or stroma (Evans,1957), suggesting that there is a
dynamic equilibrium between the antibodies and the red cell membrane
and that of the serum. Evans gt al (1961) have shown that antibody
from patient's cells can be transferred to normal cells, in vitro,
in a saline medium, and that this process may involve C!,

In the cases of the warm type of antibody associated with AIHA,
the red cells seem to be coated with an antibody which reacts best

at 37 C and there are no abnormal cold agelutinins in the serum,

In most cases, the patient's cells appear to be coated with only
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Y-globulin because they fail to react with an antiglobulin serum to

which Y-globulin has been added. 1In other cases, the red cells do
react with the antiglobulin serum to which Y¥-globulin has been
added indicating that the red cells have adsorbed some "non-Y-
globuling it now appears that this material is of the C! system

and is namelyfﬁ 1C and ?1133 (Eyster, 1966),

Mechanism of Production of

Autoimmine Hemolytic Antibodies in Disease

How and why an apparently healthy individual should suddenly
revolt against his own red cells, leukocytes or platelets still
remins a mystery, In recent years, however, there have been
several hypotheses put forth and some relevant experimental studies
carried out,

There are two main ideas regarding the formation of autoanti-
bodies, First, it is thought that red cells, leukocytes or
platelets undergo some changes which render them antigenic, This
might be caused by unmasking of hidden antigenic sites. On the
other hand, it could be accomplished by the body, or possibly
bacterial enzymes, by adsorption of viruses, or perhaps by adsorption
of bacterial products or drugs. This latter consideration
certainly explains drug induced hypersensitivity with the associated
hemolytic anemia, thrombocytopenia and leucopenia, but it does not
explain disorders which occur "spontaneously", as many of them do,

There has been no support of this hypothesis gained through
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experimental work on animals,
The second hypothesis attributes the primary fault to the anti-
body producing tissue itself, Burnet (1959) has supported this

idea, particularly with respect to the hemolytic anemias, and

explaing the results as failure of normal homestatic mechanisms

and the emergence of "forbidden" clones of antibody=-producing
cells, These"forbidden" clones do not have the capacity of self
recognition, The normal antigens therefore appear "foreign" to
these cells, stimilating the production of autoantibodies., These
clones emerge as a result of spontaneous somatic mutations or as
the result of viral orcther forms of infection. Somatic mtations
are most clearly evidenced in the hemolytic anemia complicating
lymphoid neoplasms, particularly lymphosarcoma and chronic lymphatic
leukemia, wherein autoantibodies are presumed to be synthesized by

the neoplastic tissue itself (Dameshek, 1961),
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It was stored in the refrigerator at least four days prior to using,

Rabbit erythroéytes were obtained by cardiac puncture of
normal laboratory white rabbits, mixed with an equal volume of
sterile Alsever's Solution (see Appendix) and refrigerated,

Human erythrocytes were collected from normal donors.,
Immediately following venipuncture, the blood was added to a heparin
solution at the rate of 10,0 ml, of blood to 0,1 ml., of 1% heparin
sodium U.S.P, The blood was used immediately,

Human Group O Rh negative cells were obtained in the form of
whole blood in standard transfusion bottles from the Winnipeg
Branch of the Canadian Red Cross. These were kept in the
refrigerator at 6 C until used,

The washing and standardisation procedure was identical for
the different types of cells unless otherwise specified, Before
use, the blood was centrifuged at 1000 x G for five minutes and
the plasma discarded. The packed cells were then washed three
times in modified Dulbecco Phosphate=Buffered Saline (DBS)

(see Appendix) in 15,0 ml, centrifuge tubes, using a centrifuge
speed of 1000 x G, Each of the first two washings were for five
minutes while the third washing was for ten minutes., The packed
washed erythrocytes thus obtained were used to make a cell
suspension in DBS, such that 1.0 ml, of the suspension, plus S,0 ml,
of distilled water had an optical density of 0,225 at a wave length
of 550 ﬂ?% This is equivalent to approximately a one per cent

cell suspension, and will be referred to subsequently as "2.25
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cells™, A blank consisting of 1,0 ml, of DBS and 9,0 ml, of
distilled water was used to zerc the machine, Cells were prepared
freshly in this manner each day of an experiment and kept in the

refrigerator until used,
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Sensitizer

Rabbit =produced anti-sheep cell sensitizer was obtained
from Markham Laboratories, Chicago 20, Illinois,

Anti-rabbit erythrocyte sensitizer was prepared by
injection of fifty per cent suspensions of rabbit red blood cells
into normal guinea pigs. These pigs were injected intraperiton-
eally with 1.0 ml., of the cell suspension from five to seven times
over a period of two to three weeks and then bled for serum on two
successive days following a five day interval after the final
injection,

Anti-human red blood cell sensitizer was prepared by
injection of washed erythrocytes in rabbits., Human Group 0 Rh

negative cells were washed three times as previously described,

cell suspension in DBS, Normal rabbits were injected by a method
analogous to that described above for the anti-rabbit erythrocyte

sera,

Complement

The complement source was dehydrated guinea pig serum
(Laboratory of Hygiene, Department of National Health and Welfare,

Ottawa, Ont,) which was reconstituted with the requisite volume of

until used,

Complement was also obtained by bleeding normal laboratory

The washed packed erythrocytes were used to make up a fifty per cent

cold distilled water immediately before use, and kept in an ice bath
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guinea pigs., Cardiac punctures were performed on anaesthetized
guinea pigs., The blood was placed in universal bottles and allowed
to clot., After refrigeration overnight the serum was collected,
pooled and centrifuged at 1000 x G for ten minutes at 4 C, The
serum was distributed in 5.0 ml, amounts and kept at =76 C until

used,

Titratjon of Sensitizer for Complementary Lysis,

Doubling dilutions of sensitizer were made in DBS in 1,0 ml,
amountsin serological test tubes, To each tdbe was added 1,0 ml,
of 2,25 cells, and the tubes were incubated at 37 C in a water bath
for twenty minutes, After the incubation the tubes wefe trans-
ferred to an ice bath., To each tube was added 1,0 ml, of cold
DBS and 1.0 ml, of 1:15 complement in DBS, The tubes were then
incubated at 37 C for twenty minutes with intermittent shaking,
After incubation the tubes were centrifuged in the cold at 1000 x
G and 5 C for five minutes, The supernatants were then transferred
to clean test tubes and the optical densities read at 540 %p, The
blank to which the spectrophotometer was zeroed consisted of the
supernatants of the tubes put through the mechanics of the above
proceduré and containing 1,0 m17 of 2,25 cells, 1,0 ml. of 1:15
complement (in DBS) plus 2.0 ml, of DBS, Appropriate controls
were included to determine the effect on the cells of DBS,
complement and sensitizer alone. Duplicate tubes were prepared

using 1,0 ml, of 2,25 cells plus 3,0 ml, of distilled water.
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The optical density of these tubes was read at 540 mpk, with the
machine being zerced to a blank consisting of 1,0 ml, of DBS plus
3.0 ml, of distilled water. The mean values were then calculated
thus giving a reading for one hundred percent lysis. The per cent
lysis produced in any tube in the titration was calculated using
the formulac:

Optical density of the supernatant at 540 gﬂ

% lysis = x 100

Optical density of one hundred per cent lysis

Results were plotted on logarithmic—-probability paper with
the reciprocal of sensitizer dilutions as abscissae and the per
cent lysis as ordinates., An average straight line was drawn
through the points, and the dilutipn of sensitizer producing fifty
per cent lysis ( 1 HDSO) was noted, Three fifty per cent hemolytic

doses (3 HDSO) were used in routine sensitizations,

Preparation of Sensitized Cells for Complementary Lysis

Equal volumes of 2,25 cells and 3 HD50 of sensitizer were
mixed in a 50,0 ml, centrifuge tube and incubated at 37 C for
twenty minutes with intermittent shaking.‘ The tubes were centri-
fuged at 1000 x G and 5 C for ten minutes, The supernatants were
decanted, DBS was added to the packed.cells without resuspending
and centrifugation was repeated, This procedure will be termed

"washing briefly once", The supernatant was pipetted off and the

cells were reconstituted to their original volume with DBS, After

thorough mixing with a Vortex Junion Mixer, the cells were pooled
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and stored in the refrigerator until used, They were well

vortexed again prior to use to ensure an even suspension,

Titration of Complement

Complement was titrated each day of an experiment. A
dilution of 1:30 complement was made in DBS after the serum was
allowed to melt., This was further distributed in 0.9, 0.8, 0,7 ml,
amounts in two sets of 10 tubes, Amounts of DBS to make up to
1,0 ml, volumes were added to give a harmonic series in the
duplicate rows, A and B, Next, 2,0 ml, of cold DBS was added to
each tube, followed by the addition of 1,0 ml, of sensitized
2,25 cells to each tube of Row A and 1,0 ml, of unsensitized
2.25 cells to Row B, Controls were included containing sensitized
cells and DBS, unsensitized cells and DBS and unsensitized cells,
complement and DBS, The tubes were then incubated at 37 C for
twenty minutes with intermittent shaking. Immediately following
the incubation, the tubes were centrifuged at 1000 x G and 5 C
for five minutes. The supernatants were decanted into clean tubes
and the optical densities at 540 m of each tube of sensitized
cells in Row A read against the corresponding tubes of unsensitized
cells in Row B, The mean optical density of two duplicate
supernatants, each obtained from 1,0 mL, of sensitized cells plus
3.0 ml., of distilled water and put through the mechanics of the
above titration procedure, was used as the optical density at one

hundred per cent lysis, The per cent lysis in each tube was




calculated using the same formila described under Titration of

Sensitizer for Complementary Lysis, The results were plotted on

logarithmic-probability paper with volume of undiluted complement
per tube as abscissae and per cent lysis as ordinates. An average
straight line was drawn through the points, and the amount of
complement corresponding to fifty per cent lysis taken as one fifty

per cent hemolytic dose ( 1 HD In routine experimentation

50)°
four times this amount of same complement was used, unless otherwise

specified,
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Rheumatoid Sera

The "rheumatoid sera! were obtained from patients with
rheumatoid arthritis, The serum was collected, and kept at =20 C
when not in use, Prior to being used for the first time, they
were allowed to melt completely and were inactivated at 58 C for
thirty minutes. During successive uses the sera were ggain

allowed to melt and inactivated at 58 C for ten minutes,
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CHAPTER IIT

FROCEDURES AND EXPER IMENTAL RESULTS

1. WASHING OF NCRMAL ERYTHROCYTES

Bowman (1966) found that when he washed fresh human erythro-
cytes three times in DBS, a mean per cent of 6.5 lysis occurred
when high concentrations of Ct were added, To see if any change in
lysability would occur, the cells were repeatedly washed. The

design of this experiment was as follows:

Procedure

The donor was bled and the blood heparinized, The ratio
of blood to heparin was 10,0 ml, of blood to 0,1 ml, of heparin 1%,
The tubes were centrifuged at 1000 x G for five minutes at 5 C,
The supernatant was then removed and an aliquot of packed cells,
0.7 ml., was removed and made up to 7% suspension in DBS, This
suspension was called "zero washed cells", The remaining packed
erythrocytes were mixed with DBS, and centrifuged, The supernatant
was again removed and an aliquot of packed cells taken and made up
to a 7% suspension in DBS, This suspension was called "once washed
cells", This procedure of washing was continued and the erythrocyte

washed repeatedly,

The 7% cells from each wash were then added in 3,0 ml, amount

S
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to fresh tubes, DBS in 1,0 ml, amounts was added, Finally 2,0 ml
of C' containing 100 HDSO’ was added, This C' was previously
titrated prior to each experiment and was adjusted to contain
100 HDSO (see Materials and Methods), The mixture was then incubate
at 37 C for sixty minutes,

The tubes were then removed from the water bath and 0,5 ml,
of the mixture were added to 4.5 ml, of distilled water. This pro-
vided a measure of 100% lysis. The incubated tubes were then
centrifuged at 1000 x G for five minutes at 5 C, The supernatants
were transferred to fresh tubes and were read on the spectrophotomete
at an optical density of 540 i The machine was blanked to 4,0 ml,
of DBS and 2.0 ml, of the pooled C' used,

The readings were recorded and the per cent lysis occurring

at each wash calculated,

Resuits

The results for three different donors are given in Fig, 1
and Table I, The experiment was performed a total of fourteen times
on the three donors, Observations indicate that when the cells are
washed the amount of lysis rose to a peak after two or three washes,
| After the peak was reached each successive wash resulted in a
decrease in the amount of lysis, The amounts of lysis, at the
maximal level, ranged from 3 to 5%, This level decreased gradually

as the number of washings increased and 0,5% lysis occurred after the




cells had been washed eighteen times in DBS,

From time to time during these experiments, washed cells

were treated with heat inactivated complement and no substantial

degree of lysis was ever observed, Samples of such readings are

shown in Table III, and represent of the order of 0,1 or 0,2% lysis,

Thus, Table I shows a startlingly large percentage of lysis,
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Fig, I, Donors A,B,C - Erythrocytes washed, treated with

complement,
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TABLE I

TREATMINT OF WASHED HUMAN ERYTHROCYTES WITH COMPLEMENT
(DATA FROM FIG.1) A,B AND C ARE DONORS

A
No, 0D540 0.D, 540 % Lysis
Washings 100% Lysis
Calculated
0 0,52 10,0 . 5.2
1, 0,62 10,0 6.2
2 Q.45 10,0 4,5
3 0,36 10,0 3.6
B
0 0,225 10,6 2.1
i 0,585 11,8 5,04
2 0,28 10,6 2,6
3 0,25 11,0 2,7
S Q.17 10,4 1.6
c
0 0,17 . 8,5 2.0
1 0,2 TeS 2.7
2 0,18 7.5 2.4
3 0.1 5,0 1.6
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2, TREATMENT OF NORMAL ERYTHROCYTES WITH RHEUMATOID FACTOR

The presence of rheumatoid arthritis sera does not inhibit
lysis by the destruction of the complement (Bowman, 1966) but
rather seems to block the complement from combining with the
sensitized cell, If the lysis occurring in experiment 1 is immune

lysis, it may be inhibited by the presence of the rheumatoid serum,

The following experiment was designed to investigate this possibility

Procedure

The erythrocytes were obtained and washed as outlined in
experiment 1, After the cells had been washed twice in DBS, the
washed packed erythrocytes were made up to a 6% suspension in
DBS., The 6% cells were then divided into two equal aliquots each
containing 3,0 ml, of 6% cells, Set I was incubated with 1.0 ml,
of DBS, These sera were obtained from the Rheumatoid Arthritis
Clinic and were of high titre. The incubation was carried out
at 37 C for twenty minutes, The C' was then added in 2,0 ml,
amounts {containing 100 HDSO/m1°) to both Sets I and II and
incubated at 37 C for sixty minutes,

After the incubation period, the tubes were centrifuged and
the supernatants were read on the spectrophotometer, Blanks for
reading Set I were made up of 4,0 ml, of DBS plus 2,0 ml, of C! and
for Set IT of 3,0 ml, of DBS, 1,0 ml., of 1:4 RAS plus 2,0 ml., of Ct,

The above procedure does not determine whether the C' has

been destroyed, A titration of the C' was therefore performed on
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the supernatants from Sets I and II after the final incubation,
The test system consisted of sheep erythrocytes sensitizied with
guinea pig-produced amboceptor, Bowman has shown (1966) that
RAS can cross react with rabbit amboceptor but little or no cross

reaction takes place with guinea pig=-produced amboceptor,

Results

Tﬁe results of this experiment are shown in Fig, 2 and
indicate that the RAS does inhibit the lysis of the washed normal
erythrocytes, The titre of the C' before the experiment was 0,0125
ml, of undiluted C! necessary to cause 50% lysis of sensitized cells
After the experiment, the C' titre changed to 0,016 ml, of C! for
the DBS control and 0,017 ml, of C' for the RAS inhibition, Hence
rheumatoid factor can prevent this lysis from occurring, The
results obtained, illustrate this conclusion, Titration of the C!
demonstrated that there was no C! destruction when the cells were
treated with rheumatoid serum, and that C' destruction cannot be
invoked as an explanation of the decrease in lysis in the presence

of rheumatoid factor,

3.  OSMOTIC FRAGILITY OF NRMAL ERYTHROCYTES

The lysis which was observed as described in experiment 1
could have been due to changes in the osmotic fragility of the cells
as the erythrocytes were being washed, The following experiment

was carried out in order to answer this question,
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RHEUMATOID SERA DBS

The effect of rheumatoid sera on washed human
erythrocytes in the presence of complement,

Three samples of cells are shown,

34,
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Procedure

If normal erythrocytes are suspended in a series of salt
solutions of graded concentration from 0,5% to 0.28% NaCl, it is
found that the first concentration in which any lysis at all is
tested is usually about 0,46%, ("initial lysis") and that complete
lysis occurs when the concentration is about 0,32%, Lysis is
usually determined by simple inspection of the supernatants after
centrifugation, Cells which are abnormally "fragile" show "initial®
and 'complete" lysis at higher salt concentrations,

NaCl solutions were prepared ranging from 0,.5% to 0,28%
NaCl, The difference between adjacent tubes was 0,02%, The
solutions were distributed in 1,25 ml, amounts into each tube and
rows were set up corresponding to the number of washings which had
taken place. After each wash the supernatant was removed and an
aliquot of packed cells was made up to a 50% suspension in DBS, Cne
drop of this suspension was delivered through a Pasteur pipette to
each tube in the corresponding row, This procedure was continued
and after each wash, the 50% suspensions were distributed, The tubes
were allowed to stand at room temperature for two hours, After
centrifugation of the tubes, they were checked for any lysis occurr-
ing. The lysis was determined by means of visual interpretation,
In salt concentrations decreasing from 0,85% (physiological), lysis
of normal cells will first appear and is partial, at 0.40 to 0,46%
NaCl, This is termed"initial® lysis, "Complete" lysis occurs
between 0,3 and 0,36% NaCl,

Results

The cells were tested for their changes in osmotic fregility
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as they were being washed., Results shown in Fig, 3 demonstrate
that there was no change in their fragility as the washing occurred,
When the procedure for osmotic fragility was accompanied by the
procedure for the hemolytic susceptibility complement, the results
were as observed. Fig, 4 illustrates that as the cells were being
washed the amount of lysis followed the expected pattern, when the
cells were treated with complement while the osmotic fragility of
the cells remained unchanged, These results seemed to further
suggest that this phenomenon which was occurring was not merely
mechanical but rather an immune reaction. The osmotic fragility of
the cells was tested three times and in each case, the figures

recorded remained constant,




%Z NaCl

.50 4

.46

37,

o——0'tinitial " lysis

¢———eo complete"” lysis

44 ¢

.42

.40 1

.36 4

34 4

.32

.28 ¢

Osmotic
washed,

NUMBER OF WASHINGS

fragility of human erythrocytes

repeatedly




Z NacCl

Fig, 4.

38,

9-=———o Complement lysis
O——0 "initial® lysis (NaCl)

e——¢@ "complete" lysis
.50 4

.48 4

.46 A . ° 5

N Y
62 4 II \ 4
T \

.38 \

.36 1, P

% LYSIS

.34

.30 1

.28

-

Comparison of Osmotic fragility and haemolysis
of erythrocytes treated with complement,




39.

4, PRESENCE OF AN ANTIBOBY IN THE COMPLEMENT

The lysis which occurred when normal washed erythrocytes
were treated with C!' could be due to the presence of an antibody

in the C! which was directed against the erythrocyte,
4A, DCUBLE TREATMENT OF THE “UNSENSITIZED® HUMAN ERYTHROCYTES

If this lysis were dependant on an antibody in the complement
then double treatments with the complement-containing guinea pig
serum should give more lysis than single treatments, The following

experiment was set up to test this,
Procedure

Group 0, Rh posifive erythrocytes were washed three times
in DBS , A suspension containing 6,0 ml, of washed packed erythro-
cytes and 114,0 ml, of DBS was made, that is, a 5% cell suspension,
The C' used in the test was heat inactivated at 58 C for thirty

minmates., Eight test tubes were set up as shown in Table II,

TABLE 11

EXPERIMENTAL SETUP FOR EXPERIMENT 4A

5% cells 4.4 4.4 4.4 4,4 4.4 4.4 4.4 4.4
DBS - - = - 1.1 1.1 1.1 1.1
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The tubes were then left at room temperature for thirty minutes,
with intermittent shaking., After centrifugation the supernatants
were discarded and 4,2 ml, of DBS added to each tube, Tubes 1, 2,
5 and 6 received 1.1 ml, of fresh, active C¥, Tubes 3, 4, 7 and
8 received 1.1 ml, of heated C', Again the tubes were incubated
at37 C for twenty minutes and again centrifuged at 1000 x G for

five minutes at 5 C,

Results

Results of this experiment are Shown in Table III, The
first two tubes received a treatment of heat inactivated complement
followed by a treatment with fresh active complement, Tubes 5 and
6 received active fresh complement only. There was no difference
between the two sets of tubes and if an antibody were present, the
double treatmeﬁt should have shown more lysis, This experiment
was carried out twice with the same results each time., Hence,
there appears to be no antibody in the complement unless it is a

heat labile substance,
4B, ABSORPTION OF COMPLEMANT WITH BUMAN RBC

Absorption in the cold would not destroy such an antibody,
and if it were present, it should be absorbed from the serum on the

test erythrocytes,

An experiment was set up in order to decide whether there was

a heat labile antibody in the C' which was directed against the

human RBC.  If such an antibody were present it would be destroyed
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due to the heat inactivation process, Therefore, the following

experiment was designed,

/BRAR
= Ty
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TABLE IIIX

OPFTICAL DENSITY OF TUBES FROM TABLE II WITH
DOUBLE DOSES OF COMPLEMENT,

Complement

Batch No, 1 2 3 4 5 6 7 8
A 0.8 0,76 0,02 0,02 1.2 0,9 0.C1 0,01
B 1.4 1.5 0.04 0,03 1.4 1.4 0,02 0,01

c 1.0 1.2 0,015 0,015 1.5 1.4 0,015 0,015
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Procedure

A pool of guinea pig serum was allowed to melt and was
divided into two egual amounts. Fresh human erythrocytes were
washed twice in DBS, Set I consisted of 2,5 ml, of two times
washed packed cells plus 10,0 ml, of guinea pig serum, Set II
consisted of guinea pig serum alone, Both sets were placed at 4 C
for eighteen hours, The tubes were then centrifuged and the serum
collected, A complement titration was performed on each of the

sets and 100 HD_. calculated, Fresh two times washed human erythro-

50
cytes were then mixed with each of the sets of complement, The
system was made up of 3,0 ml, of 7% cells, 1,0 ml, of DBS, and 2,0
ml, of the C', The tubes were allowed to incubate at 37 C for
sixty minutes,

Along with these tubes were also tubes which contained "cold
complement treated cells" as well as "cold untreated cells", These
cells were mixed with fresh active C! which had been titrated and

adjusted to contain 100 HD After the incubation, 0.5 ml., of

50°
each tube were removed and added to 4,5 ml, of distilled water, This
provided a measure for one hundred per cent lysis, These tubes were
read against distilled water. The test tubes from the first part

of the experiment were read against blanks containing 4,0 ml, of DBS

plus 2,0 ml, of the appropriate C',
Results

Table IV illustrates the results, The absorbed C! when




TABIE Iv

HEMOLYTIC ACTIVITY OF "ABSORBED" AND "UNABSORBED" COMPLEMENT

4@6

0.D.540 0.D.540 % Lysis
100% Lysis
Calculated
"Absorbed" and Fresh RBC 0,07 Q.4 0,74
"Unabsorbed!" and Fresh RBC 0,69 9.2 7.5
C' (Fresh) and "Absorbed" RBC 1.50 9,6 15,6
C' (Fresh) and "Unabsorbed" RBC 0,52 9,0 5.8
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treated with fresh twice washed cells showed very little lysis., The
unabsorbed C' when mixed with the same cells showed the expected
amounts of lysis as seen in the prior experiments, When the cold
complement treated cells were mixed with fresh C' the amount of lysis
was much greater than when the same C!' was mixed with the cold un-

treated cells,

4c, TREATMENT OF ERYTHROCYTES WITH "ABSORBED" C!

The results of the above experiment seem to indicate the
presence of an antibody in the C' which is directed against the
human erythrocyte, However, another possibility could explain these
results, If during the adsorption procedure a substance were being
added to the C' from the erythrocytes and this substance had an
inhibitory effect on the lysis the results would be the same, This
material might inhibit the lysis of the erythrocytes in the same
manner as does rheumatoid factor. In order to investigate this

possibility, the following experiment was designed,

Procedure

Human erythrocytes were washed twice in DBS and were made up
to a 7% suspension, in the usual manner. The guinea pig serum was
melted along with the melting of "absorbed" guinea pig serum, The

experiment was set up as shown in Table V,
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TABLE V

EXPERIMENTAL SETUP FOR EXPERIMENT 4C

1 2 3 4 5
Fresh C! 2.0 - - 3,0 2,0
"Absorbed" C? - 2,0 - - 1.0
DBS 1,0 1,0 3,0 - -
Cells 3.0 3.0 3.0 3.0 3.0

After centrifugation of the tubes at 1000 x G for five minutes at

5 C, the supernatants were read and recorded,
Results

Table VI illustrates the results obtained. Tube 5 shows
fifty per cent inhibition when compared to tube 4, These results

indicate the inhibitory effect of the "absorbed" complement,

5, LABELLING OF ERYTHROCYIES

Fesg is an isotope of iron which may be used to label the

hemoglobin of newly formed erythrocytes, Cells were labelled in
order to see if there was preferential lysis of new or old cells in

the phenomenon described in experiment 1,

Procedure

A 10,0 ml, sample of blood was taken and added to sodium
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citrate, After centrifugation, 5.0 nl., of plasma was removed and
added to 15 uCi 59Fe=ferrous citrate under sterile conditions and
incubated at 37 C for thirty minutes., The sample, with the label,
was then reintroduced via venipuncture., Samples of blood were
taken at 5, 10, 15, 30 and 90 minute intervals to determine the
plasma clearance of the isotope. These samples were centrifuged
and the plasma samples counted to determine the time required to
remove one half of the isotope from the circulation, This was
called T4 clearance. Samples were collected at 3, 5, 11 and 13
day intervals to determine the incorporation rate of the isotope
with respect to the whole blood, After 13 days, the incorporation
of the isotope was over 90%, All samples were counted in a
scintillation well type counter and the counts recorded as counts
per minute (CPM), The background counts were calculated on the
basis of the counts obtained with distilled water in place of the

samples,

At regular weekly intervals, samples of blood were taken
and treated with complement, as described in experiment 1, The
supernatants which showed lysis were then amalysed for the radio-
active counts and these results were compared with the results

obtained when the erythrocytes were lysed by complement,
Results

In the calculations of experiment 1 the per cent lysis was

calculated by the formuwla given in the materials and methods chapter,




TABLE VI

THE EFFECT OF "ABSORBED" COMPLEMENT ON
THE LYSIS OF HUMAN ERYTHROCYTES,

'j@’ 8')

0.D.540 100% Lysis % Lysis
Calculated
00,540
0,50 10,0 5,0
0,07 8.0 0.7
0000 905 oeo
0,43 11,0 3.9
0,19 9,5 2,0
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The calculated per cent lysis for this experiment was calculated as:

CPM of the supernatant % 100

per cent = CPM of the 3,5% suspension

In each case, the background CPM was subtracted from the
total counts, If there were preferential lysis of newly formed
erythrocytes then the QPM of the supernatants should reveal greater
lysis than if merely random lysis was occurring. If a maximum
level of 5% lysis is attained through complementary treatment, then
approximately 5% of newly formed cells should also lyse if there is
no preferential lysis.

Preferential lysis of newly formed cells was not observed,
However, it should be noted that in order for significant readings
to be obtained the counts should be at least the square root of the
background above background, i.e., if the background were equal to
100 CPM, then readings must be above 110 CPM in order to be classifie
as statistically significant,

The results, with respect to experiments on two donors,
indicate that no significant readings were obtained (see Table VII)
and that there was no preferential lysis of newly formed cells,

There could still be preferential lysis of old cells,
6. CONCENTRATING POOLED SUFERNATANTS

The initial rise in lysis and subsequent fall seems to
indicate the presence of a protective substance which was being

removed initially. Later washing brings about the removal of the
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lytic agent. If the latter statement is true, then the concentrated
supernatants from the descending portion of the curve should contain
this factor, Therefore, procedures were designed to concentrate

the pooled supernatants from the descending portion of the curve,

Y CONCENTRATION BY POLYETHYLENE GLYCOL
Procedure

The supernatants from the descending portion of the curve
were pooled. These pooled supernatants were placed in dialysis |
tubing and the ends were sealed off. Polyethylene glycol powder

{Carbowax 20M Union Carbide Canada Ltd,, Toronto, Ont.) was spread
over the surface of the tubing and the apparatus was placed at 4 C

for twenty=four hours. After this period of time the tubing was

removed and the contents recovered,
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6B, CONCENTRATION BY FREEZE DRYING
Procedure

The supernatants were obtained by the same method as
described in experiment 6A, The supernatants were then placed in
dialysis tubing and the ends were sealed off. The tubing was then
placed into 10x volume distilled water. This was left at 4 C for
forty-eight hours with changes of distilled water after twenty-four
hours, Later,the supernatant was freeze-dried using the freeze
drier, Thermovac Corp., N.Y¥Y. The remaining material was recoensti-

tuted with DBS to restore isotonicity,
70 AGAR GEL DIFFUSION

If the concentrated supernatants from experiment 44 and 4B
do contain a lytic material, agar gel diffusion techniques should
reveal a line of precipitation if the appropriate antisera were used,
Therefore, various antisera were tested against the concentrated

supernatants,
Procedure

The slides were poured using 1% Noble agar. After allowing
them to cool, they were placed in a humid atmosphere for forty-eight
hours at 5 C before use, A template was then used to cut holes in

the agar, Two wells were filled with the concentrated supernatant




and two were filled with DBS. 1In the center wells, was placed,

goat anti-human group O serum, rabbit anti-human globulin, anti-f M
or anti-$ G, These test slides were then left for forty-eight hours
at 5 €, After twenty-four hours of washing with DBS, to remove the
excess protein on the slides, the slides were placed in the incubator
at 37 C for six to eight hours, Each of the slides was covered
with strips of filter paper to prevent the cracking of the agar,while
the drying was taking place., The slides were then placed in 10%

glacial acetic acid in 90% ethanol for ten to fifteen minutes and intd

amido black (see Appendix) for the same period of time. To decolorize,

the slides were placed in 10% glacial acetic acid for ten minutes,

After decolorizations, they were washed with distilled water and dried,

Results

The antisera used were anti-human, anti-7S and anti-19S,
The only antisera which did not give lines of precipitation were the
anti-19S sera, There appears to be a globulin fraction present
which is of the 7S variety (see Table VIII), This experiment has
been carried out four times on the same supernatant, each time using

a different antisera.

8. RESENSITIZATION COF ERYTHROCYTES

The concentrated supernatants from 44 and 4B were added to
fresh cells in order to try to show the presence of a lytic agent

which was being removed as the cells were being washed,
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TABLE VIII

PRECIPITATION LINES OF ANTISERA AND CONCENTRATED SUPERNATANTS

Anti-h  Anti- ¥ -globulin Anti-¥-G  Anti-Y-M

Supernatant + + + -

DBS - - - -
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Procedure

The erythrocytes were washed three times and 7% cells were

made, The concentrated supernatants (from experiment 6A) were

added to the suspension of cells, The system was 3,0 ml, of 7%
cells, 1.0 ml, of concentrated supernatant and 2,0 ml, of C!

(containing 100 HD First, the concentrated supernatants and

50)°
the cells were incubated at 37 C for twenty minutes, followed by

the addition of the C' and a further incubation for thirty minutes,
The tubes were then centrifuged at 1000 x ¢ for five minutes at 5 C,
The optical densities were read at an 0.,D. of 540 qp, The blank

to zero the machine contained 3,0 ml, of DBS, 1,0 ml, of the concen-
trated supernatant and 2,0 ml. of the C!' used., One hundred per cent

lysis was obtained using 0,5 ml, of cells plus 9,5 ml, of distilled

water, blanked to distilled water,
Results

In each attempt to resensitize the erythrocytes with the con-
centrated supernatants (Table IX illustrates the results), the amount
of lysis in the test, i.e., cells plus supernatant was less than the
amounts of lysis which occurred in the controls, When the C! was
titrated after the test it was found that the C! titre was comparable

with the C' titre when it was kept in an ice bath,
9, ARTIFICIAL SENSITIZATION OF HUMAN ERYTHROCYTES

If an imme phenomenon is involved in the rise and fall,




TABLE IX

RESENSITIZATION OF WASHED ERYTHROCYTES

56,

0.0, 540  100% Lysis % Lysis
Calculated
0,D.540
Cells +
Concentrated Supernatant 0,16 8e4 1.9
Cells + DBS 0,21 8.6 2.4
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with respect to the lysability of human erythrocytes which are
repeatedly washed, we should be able to prepare cells artificially

and duplicate the washing phenomenon, This was attempted,

Procedure

Group 0 Rh negative erythrocytes were washed three times in
DBS. Anti-human group O amboceptor was used to sensitize the
washed erythrocytes. The initial experiment used erythrocytes plus
amboceptor. The amboceptor was diluted to 1,0 ml, of amboceptor to
7,0 mL, of DBS, Equal volumes of amboceptor were mixed with washed
packed erythrocytes. The suspension was incubated at 37 C for
thirty minutes., After this incubation period, the suspension was

put through the mechanics of experiment 1,

Secondly, the sensitized cells were also mixed with rheumatoid
sera, which acts as an anti- ¥ -globulin, The same procedure, as
mentioned above, was followed, i.e., packed washed erythrocytes;
amboceptor but in addition the rheumatoid sera, The rheumntoid sera
was diluted to 1.0 ml. of RAS to 9.0 ml. of DBS., The sensitized
cells were centrifuged at 1000 x G for five minutes at 5 C and the
supernatant taken off, The RAS dilution was then added and after
vortexing briefly, the mixture was incubated at 37 C for twenty

minutes, Experiment 1 was then carried out on these cells which

had been sensitized and also had had the addition of anti- {-globulin

Results

This experiment has only been carried out once and was a
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preliminary test to see if an artificial system could be prepared,
When amboceptor was used to sensitize the erythrocytes, followed by
treatment with complement, there was a decrease in the amount of
lysis as the number of washings increased, as seen in fig. 5.

With the addition of rheumatoid sera to the sensitized cells
there was a slight initial rise in lysis followed by a decrease, as
shown in fig, 6, This rise was not pronounced, as was the rise
seen in fig. 1,

These results are suggestive that an artificial system
could be prepared using red cells, amboceptor and rheumatoid sera
which would behave in a mamner similar to normal erythrocytes, but

do not conclusively show this,
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Fig, 5. Washed artificially sensitized Cells treated
with complement,
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Erythrocytes sensitized with amboceptor and
anti- ¥ - globulin repeatedly washed and treated
with complement,
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10, JATEX FIXATION TESTS

The latex fixation test is a measure of the ability of sera
to cause agglutination of ineft latex particles of uniform size
coated with a preparation of human gamma globulin, This test was
performed in order to study the complement which had been absorbed
with the washed human erythrocytes, to observe any difference be-
tween the erythrocyte treated and untreated complement, The

experiment was set up as follows:

Procedure

Reagents were obtained from the Consolidated Laboratories
(Canada) Ltd., Weston, Ontario, and the procedure suggested by the
manufacturer was followed. The quantitative tube agglutination
test was performed on the test sera,

The buffer was diluted to the suggested dilution and 0,5 mi,
of buffer were added to each tube of each row, Serial doubling
dilutions of the sera to be tested were made in 0,5 ml, amounts,.

The antigen was added, 0,5 ml., and the tubes were shaken for one
minute, Incubation at 56 C for one hour followed, After the
incubation the tubes were refrigerated for one hour, Centrifugation
of the tubes followed at 1000 x G, for twenty minutes, at which time

the tubes were read for agglutination,
Results

Both the "absorbed" and "unabsorbed" guinea pig sera pro-

duced some agglutination, to a dilution of 1:8, There was no
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difference in the titres of the two., This observation suggests
that the sera involved have a material which will cross react with
the latex coated particles, The agglutination observed was only

slight and could merely be due to non-specific agglutination of the

latex particles;
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DISCUSSION OF RESULTS

Normal human erythrocytes when treated with complement were
found to be susceptible to lysis. The amount of lysis rose to a
maxinmum level as the number of washes increased, and after the second
or third wash, the lysability of the cells began to decrease, When
the osmotic fragility of the cells was tested, it was found that as
the number of washings increased, the fragility of the cells remained
unchanged, Rheumatoid factor protected the erythrocytes from lysis,
without the destruction of complement., Radiocactive isotope labelling
of the erythrocytes did not reveal any preferential lysis of newly
formed cells,

In the field of immnology today there are several factors,
which are hemolytic in the presence of complement and are found in
normal human sera. The possibility of one of these factors causing
this lysis requires discussion.

Dacie (1950a) has shown that cold agglutinins, present in
normal human sera, are capable of causing lysis in the presence of
complement., Certain requirements must be fulfilled before this can
pccur, Firstly, the medium involved must be of an acidic pH and
secondly, the temperature of the medium must be below 35 C, In view
of these facts, cold agglutinins seem improbable as the cause of the
hemolysis which has been observed, The experimental temperature,
when the cells are treated with complement is constant at 37 C and
the pH of the environment is about 7.2,

Another possibility is the action of immunoconglutinins,which




are antibodies against fixed complement, (Coombs and Coombs, 1953),
It is a substance which will agglutinate certain complexed of antigen,
antibody and complement, Coombs et al (1961) suggest that immuno-
conglutinins, which are present in normal human sera, are poorly
hemolytic, Coombs goes on to say that conglutinin will only be
absorbed by fixed complement, and since, in our system, complement is
added after the cells are washed, conglutinin is unlikely to be
responsible for the lysis°

The erythrocyte membrane can adsorb certain other substances,
The substances include: 1131 labelled fatty acids of the plasma
lipids, which can exchange with red cell membrane lipids (Hughes-Jones
and Gardner, 1962; Costea et al., 1962), It has also been shown

that free 1131

labelled inorganic iodine exchanges with the intra-
cellular red cell anions (Costea et al,, 1962),

If these substances were involved in the experimental test
system, it seems unlikely that they would cause the lysis which is
observed, If so the amount of lysis should not rise and later
fall, but it should start at a maximum level and after successive
washings reach a minimal level,

From the results previously described two explanations for
the complementary hemolysis of washed normal erythrocytes are possible
First, there may be a hemolytic antibody on the surface of the normal
cell itself, or second, there may be a hemolytic antibody present in

the guinea pig complement which is directed against the erythrocyte,

If there was an antibody in the complement, then it would
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sensitize the normal erythrocytes and bring about their complementary
lysis. The results of the absorption experiment suggest that such
an antibody was absorbed from the guinea pig complement during
incubation of the serum with normal human erythrocytes. The absorbed
complement showed little power to lyse fresh erythrocytes. However,
the results of the washing experiment, which show the initial rise
and subsequent fall in the amount of lysis as the number of washings
increase, do not support the theory of there being an antibody in
the complement, If an antibody were present, then it would be
present in a a definite quantity, and since the complement was the
same throughout a single experiment the quantity of antibody being
added after each wash would also be constant, the only variable

being the number of washings. Therefore, if an antibody were pre-
the amount of lysis occurring would not rise and later fall, with
increasing washings, but rather would remain constant.

The other explanation for this phenomenon assumes that a normal
antibody is present on the surface of the erythrocyte, On the basisy
the results of the absorption experiment could be explained by the
release from the cells, during the absorption procedure, of a factor
which would inhibit the lysis of the erythrocytes., This factor
would inhibit the lysis of the fresh erythrocytes, The results of
the test on the complement “absorbed" with red cells (experiment 4C)
did, in fact, reveal that the “absorbed" complement did reduce the

lysis of additional cells, by 50%, even when fresh "unabsorbed"




complement was present,

Rheumatoid factor can inhibit the lysis of sensitized
erythrocytes in the presence of guinea pig complement, and does not
bring about the destruction of the complement (Bowman, 1966),

Heimer (1963) has shown that normal human sera as well as sera from
rheumatoid arthritis patients, has the ability to inhibit the lysis
of sensitized sheep erythrocytes. The inhibition of lysis produced
by rheumatoid sera is consistent with either of the above interpre=-
tations and is suggestive, in itself, that the lysis is immune in
nature,

The osmotic fragility of the erythrocytes, as the cells were
being washed, was tested and remained constant throughout the pro-
cedure, Since the results of this test were constant the poésibility
of the lysis observed being due to mechanical effects is slight, The
test is sensitive in distinguishing between normal erythrocytes and
erythrocytes from patients with hematological disorders associated
with reduced fragility.

Examination of the supernatants from the descending portion
of the graph, when concentrated, also, suggests the presence of IgG
globulin, Such globulin might come from the surface of the erythro-
cyte or may represent residual plasma IgG globulin,

The rise and subsecuent fall in lysis with repeated washing
has been partially reproduced by artificial sensitization of the
erythrocytes, with amboceptor and rheumatoid factor. Only further

investigation will reveal whether in fact the two agents, namely
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antibody and rheumatoid factor, are involved in the lysis that
occurs,

In the literature review it was noted that the indirect
Coombs test would reveal the presence of an antibody in the serum,
When there is none in the serum, that is, in less acute diseases,
such an antibody is then detectable on the red cells using the
direct Coombs test. However, in this case there must be a large
enough proportion of red cells carrying the antibody to agglutinate
fairly grossly in the test is to be positive., The present experi-
ments suggest that amounts of such antibody too low to be revealed
by the direct Coombs test might be observable using this technicue,

In view of these findings, the following hypothesis is pro-
posed to explain these results:

Normal human sera may possess a distinct if indeed mmted
spectrum of antibodies reacting with various autologous or isologous
tissue components., In the norman human system, it is possible to
have naturally occurring autoantibodies, which normally are not
harmful, Alsc present, along with the autoantibodies, are naturally
occurring anti=Y¥=-globulins, which inhibit immune hemolysis. Erythro+
cytes combine with autoimmune antibody and these "sensitized cells®
combine with anti-¥-globulin. The protective anti=Y¥-globulin
prevents immine complementary lysis, The exact nature or purpose
of these globulins is not as yet known, but in disease states of the
autoimmme variety the delicate balance which has been set up is

disrupted and the resultant disease occurs., In rheumatoid arthritis
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the production of high quantities of anti—g=globulin is predominant,
whereas in acquired hemolytic anemia, the opposite is true, It has
been said that "A little autoantibody--unlike learning-- is not a

dangerous thing" (Castanedo, 1967),

e

Recently, Frommel et al (1967) have shown that the IgG globulir
is capable of being absorbed to normml human erythrocytes when the
two mixtures are incubated together., Unaltered IgG did not bind as
well as did denatured IgG but nevertheless the possibility exists of
there being sites on the erythrocyte which have the ability to take

up IgG, These sites might be free anti—g-globulin valences,

Immanoglobulins bound to the surface of erythrocytes probably
represent a readily available reserve which can be drawn upon in
emergencies similar to the situation postulated for fibrinogen by
Traber and Kolmen (1965)., As the fibrinogen concentration increases|
the percentage of the total content on the erythrocyte surface will
correspondingly increase, Therefore, as the blood becomes hypo-
fibrinogenic,the carrier fibrinogen dissociates from its binding
sites on the red cell, thus increasing the concentration in the
plasma until normal conditions have been reached. Similarly, immuno+
globulin bound to the erythrocyte may leave the cell on occasion,

Chaplin (1960) demonstrated the presence of a substance on
the surface of normal erythrocytes which behaved as a protein or
protein-like material and was able to elicit an antibody response in

rabbits, The response obtained with the eluate from normal red
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cells was definite although considerably weaker than the responses
to eluates from sensitized cell stroma,

Only further experimentation on these remaining problems will
help to shed some light on the solutions, Several possible lines
of investigation may be useful through eluate analysis. The methods
of Ponder (1948) and Greenwalt (1956) have proven benificial in the
work of Chaplin, The use of eluatés prepared from the cells to
stimilate an antibody response in rabbits would enable further
exploration of the exact nature of the substance on the surface of
the erythrocytes, Labelling of the anti-§-globulin, that is the
rheumatoid factor, would help to explain the mechanism involved
when the rheumatoid serum demonstrated inhibition of lysis. The
nature of the inhibition mechanism as well as its mode of action
could be further studied, With a labelled anﬁiw8=globulin other
methods of analysis could be employed to discover the exact
mechanism involved, The use of immunoelectrophoresis or radio=-
smmnodiffusion with the eluate and labelled anti-§-globulin could
confirm that the substance on the cell is a globulin, Studies
with the Fab and Fc fragments would further reveal whether the
adherent substance is bound specifically or nonspecifically, and to
what fragment,.

In conclusion, the most likely explamation for the complemen=
tary lysis of washed normal erythrocytes is that the cells involved
are coated or carry on their surface an antibody. Under the arti-

ficial circumstances of these experiments, complementary lysis

occurs, but in vivo it is prevented by the presence of normal anti-

§ ~globulin,
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SUMMARY

Experiments were performed on fresh human erythrocytes to

observe their susceptibility to lysis by guinea pig complement,

The following conclusions have been drawn:

1. As the erythrocytes are washed, the amount of lysis increases

to peak, and further successive washings decrease this suscepti-

bility,
2. Rheumatoid factor can inhibit this lysis from occurring.

3, The cells which are lysing do not appear to be preferentially

newly formed cells,

4, This lysis phenomenon has been partially reproduced using cells

treated with amboceptor and anti-x -globulin,

5, The guinea pig serum (C!')} does not contain an antibody which is

directed against the human erythrocytes,

5, It is proposed that normal human erythrocytes have on their

surface a cytolytic antibody and an anti-Y =globulin,
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Alseverts Solution

10,25
4,00
2,10
275

500,00

gl
gilto
gl
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ml,

APFENDIX

(modified from Oslet et al, 1952)

dextrose
sodium citrate
sodium chloride
citric acid

distilled water

Adjust to pH 6.1

Filter with millipore filter and store in sterile containers

Dulbecco Phosphate = Buffered Saline (DBS)

rl 1In each of two liter flasks: 80,0

2.0
11,5
2.0

1400,0

r2 In a 500 ml, flask: 10,0

r3 In a 50C ml, flasks

400,0

400,0

v4 In a 500 mi, flask: 2.0

400,0

0,34

(modified from Merchant

et al, 1961, p. 162)

g,

gilt,

221198

g,

ml,

NaCl

KC1

NaZPO4

KHZPO4
distilled water
dextrose

distilled water

CaCl2

distilled water

MgC1,~GH,0

distilled water
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Autoclave all units separatelyat 10 lbs. for thirty minutes, To

ecach of the two 2 liter flasks (rl) add: 200 ml, r2
200 ml, r3
with sterile precautions 200 ml, 4

Bottle with sterile precautions in sterile screwcapped bottles,

Dilute 1:5 with distilled water prior to use,

Amido Black Stain: (for agar gel diffusion)

0.5 gms, amido black

5,0 gms, mercuric chloride

5,0 ml, glacial acetic acid

Mix in 100 ml, of distilled water,




